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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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 the 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 is
input 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 whileit isin this undefined state. For those
products which have areset function, reset the LSl 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 address. Do not access these registers: the system'’s
operation is not guaranteed if they are accessed.
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Preface

The H85/2345 Group is a series of high-performance microcontrollers with a 32-bit H85/2000
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 16-bit
general registers with a 32-bit internal 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.

The address space is divided into eight areas. The data bus width and access states can be selected
for each of these areas, and various kinds of memory can be connected fast and easily.

On-chip memory consists of large-capacity ROM and RAM. With regard to on-chip ROM**,
single power supply flash memory (F-ZTAT™*?), PROM (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 supporting functions include a 16-bit timer pulse unit (TPU), 8-bit timers, watchdog timer
(WDT), serial communication interface (SCI), A/D converter, D/A converter, and 1/0 ports.

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

Use of the H8S/2345 Group enables compact, high-performance systems to be implemented
easily.

This manual describes the hardware of the H8S/2345 Group. Refer to the H8S/2600 Series and
H8S/2000 Series Programming Manual for a detailed description of the instruction set.

Notes: 1. The H8S/2345, H8S/2344, H8S/2343, and H8S/2341 have on-chip ROM.
The H85/2340 does not have on-chip ROM.

2. F-ZTAT (Flexible-ZTAT) isatrademark of Renesas Technology Corp.
ZTAT isaregistered trademark of Renesas Technology Corp.
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Main Revisionsin This Edition

Iltem Page Revision (See Manual for Details)
All — All references to Hitachi, Hitachi, Ltd., Hitachi Semiconductors,
and other Hitachi brand names changed to Renesas
Technology Corp. Designation for categories changed from
“series” to “group”
9.7 Usage Notes 370 Figure 9.57 amended
Figure 957 TCNT write cycle
. T1 T2
Contention between o
TCNT Write and 0 T T LT L]
Overflow
Address X TCNT address ><
Write signal .
TCNT write data
2
TCNT H'FFFF X M
TCFV flag Prohibited \i *************************
11.2.2 Timer 399 Table amended
Control/Status [Clearing condition]
Register (TCSR)

Cleared by reading TCSR when OVF = 1¥, then writing O to
OVF

Note * added

Note: * When OVF is polled and the interval timer interrupt is
disabled. OVF = 1 must be read at least twice.

14.4.3 Input Sampling 521
and A/D Conversion

Time

Figure 14.5 A/D
Conversion Timing

Figure 14.5 amended

@

Address bus

A%l,\
N L

Write signal

Input sampling
timing (J

ADF

tp tspL

CONV
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Iltem

Page

Revision (See Manual for Details)

20.1.6 Flash Memory 648

Characteristics

Table 20.10 Flash
Memory Characteristics

Table 20.10 amended

Test

Item Symbol Min Typ Max  Unit Conditions
Programming time***** t, — 10 200 ms/
32 bytes

Erase time™**** t. — 100 1200 ms/block
Reprogramming count Nyee 100*" 10,000*° — Times
Data retention time™® e 10 — — Years
Programming Wait fime after setting SWEbit™ _ x 1 e .
649 Notes 7 to 9 amended

Notes: 7. Minimum number of times for which all characteristics
are guaranteed after rewriting. (Guarantee range is 1 to
minimum value.)
8. Reference value for 25°C (as a guideline, rewriting should
normally function up to this value).
9. Data retention characteristic when rewriting is performed
within the specification range, including the minimum value.

Appendix G Package 897 Figure G.1 replaced

Dimensions

Figure G.1 TFP-100B

Package Dimensions

Figure G.2 TFP-100G 898 Figure G.2 replaced

Package Dimensions

Figure G.3 FP-100A 899 Figure G.3 replaced

Package Dimensions

Figure G.4 FP-100B 900 Figure G.4 replaced

Package Dimensions
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Section 1 Overview

Section1l Overview

11 Overview

The H85/2345 Group is a series of microcomputers (MCUs: microcomputer units), built around
the H8S/2000 CPU, employing Renesas' proprietary architecture, and equipped with peripheral
functions on-chip.

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

On-chip peripheral functions required for system configuration include data transfer controller
(DTC) bus masters, ROM and RAM, a 16-hit timer-pulse unit (TPU), an 8-bit timer, a watchdog
timer (WDT), aserial communication interface (SCI), an A/D converter, aD/A converter, and I/O
ports.

The on-chip ROM™* is either single power supply flash memory (F-ZTAT™*?), PROM
(ZTAT®*?), or mask ROM, with a capacity of 128, 96, 64, or 32 kbytes. ROM is connected to the
CPU viaa 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.

Seven operating modes, modes 1 to 7, are provided, and there is a choice of address space and
single-chip mode or external expansion mode.

The features of the H8S/2345 Group are shown in table 1.1.

Notes: 1. The H8S/2345, H8S/2344, H8S/2343, and H8S/2341 have on-chip ROM. The
H8S5/2340 does not have on-chip ROM.

2. F-ZTAT isatrademark of Renesas Technology Corp.
ZTAT isaregistered trademark of Renesas Technology Corp.
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Section 1 Overview

Tablel.1 Overview

Iltem

Specification

CPU

General-register machine

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

High-speed operation suitable for realtime control

0 Maximum clock rate: 20 MHz

0 High-speed arithmetic operations
8/16/32-bit register-register add/subtract : 50 ns
16 x 16-bit register-register multiply 11000 ns
32 + 16-hbit register-register divide 11000 ns

Instruction set suitable for high-speed operation

O Sixty-five basic instructions

O 8/16/32-bit move/arithmetic and logic instructions

O Unsigned/signed multiply and divide instructions

O Powerful bit-manipulation instructions

Two CPU operating modes

O Normal mode: 64-kbyte address space (ZTAT, mask ROM, and
ROMIless versions only)

0 Advanced mode: 16-Mbyte address space

Bus controller

Address space divided into 8 areas, with bus specifications settable
independently for each area

Chip select output possible for areas 0 to 3

Choice of 8-bit or 16-bit access space for each area

2-state or 3-state access space can be designated for each area
Number of program wait states can be set for each area

Burst ROM directly connectable

External bus release function

Data transfer
controller (DTC)

Can be activated by internal interrupt or software

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

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

Specification

16-hbit timer-pulse

6-channel 16-bit timer on-chip

unit (TPU) « Pulse I/O processing capability for up to 16 pins'

* Automatic 2-phase encoder count capability
8-bit timer » 8-bit up-counter (external event count capability)
2 channels

Two time constant registers
Two-channel connection possible

Watchdog timer

Watchdog timer or interval timer selectable

Serial
communication
interface (SCI)
2 channels

Asynchronous mode or synchronous mode selectable
Multiprocessor communication function
Smart card interface function

A/D converter

Resolution: 10 bits
Input: 8 channels

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

operation)
Single or scan mode selectable
Sample and hold circuit

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

D/A converter

Resolution: 8 bits
Output: 2 channels

I/O ports

71 1/0 pins, 8 input-only pins

Memory

Flash memory, PROM, or mask ROM
High-speed static RAM

Product Name ROM RAM

H8S/2345 128 kbytes 4 kbytes
H8S/2344 96 kbytes 4 kbytes
H8S/2343 64 kbytes 2 kbytes
H8S/2341 32 kbytes 2 kbytes
H8S/2340 — 2 kbytes

Interrupt controller

Nine external interrupt pins (NMI, IRQO to IRQ7)
43 internal interrupt sources
Eight priority levels settable
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Iltem

Specification

Power-down state

Medium-speed mode
Sleep mode

Module stop mode
Software standby mode

» Hardware standby mode

Operating modes

Eight MCU operating modes (F-ZTAT version)

External Data Bus

CPU

Operating On-Chip Initial Maximum
Mode Mode Description ROM Value Value
0 J— — J— — —
1
2
3
4 Advanced On-chip ROM disabled Disabled 16 bits 16 bits
5 expansion mode 8 bits 16 bits
6 On-chip ROM enabled Enabled 8 bits 16 bits

expansion mode

7 Single-chip mode — —
8 J— — J— — —
9
10 Advanced Boot mode Enabled 8 bits 16 bits
11 — —
12 — — — — —
13
14 Advanced User-programmable Enabled 8 bits 16 bits
15 mode _ _
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Item Specification

Operating modes

Seven MCU operating modes (ZTAT, mask ROM, and ROMless versions)
External Data Bus

CPU
Operating On-Chip Initial  Maximum
Mode Mode Description ROM Value Value
1 Normal On-chip ROM disabled Disabled 8 bits 16 bits
expansion mode
2* On-chip ROM enabled Enabled 8bits 16 bits
expansion mode
* Single-chip mode Enabled —
4 Advanced On-chip ROM disabled Disabled 16 bits 16 bits
expansion mode
5 On-chip ROM disabled Disabled 8 bits 16 bits
expansion mode
6" On-chip ROM enabled Enabled 8 bits 16 bits
expansion mode
7* Single-chip mode Enabled —
Note: * Not used on ROMless versions.
Clock pulse * Built-in duty correction circuit
generator
Packages e 100-pin plastic TQFP (TFP-100B, TFP-100G)
« 100-pin plastic QFP (FP-100A, FP-100B)
Product lineup Model Name
Mask ROM ROM/RAM
Version F-ZTAT ZTAT (Bytes) Packages
HD6432345 HD64F2345 HD6472345 128 k/4 k TFP-100B
HD6432344 — — 96 k/4 k TFP-100G
HD6432343 — — 64 k/2 k FP-100A
HD6432341 — — 32k/i2k FP-100B
HD6412340 — — —/2 k
(ROMless
versions)
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12 Block Diagram

Figure 1.1 shows an internal block diagram of the H8S/2345 Group.
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Notes: 1. Functions as WDTOVF pin on ZTAT, mask ROM, and ROMless versions.
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2. Not present on ROMless version.

Figure1l.1 Block Diagram
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1.3 Pin Description

131 Pin Arrangement

Figures 1.2 and 1.3 show the pin arrangement of the H8S/2345 Group.
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Note: * Functions as WDTOVF pin on ZTAT, mask ROM, and ROMIless versions.
Functions as FWE pin on F-ZTAT version, not as WDTOVF pin.

Figurel1.2 Pin Arrangement (FP-100B, TFP-100B, TFP-100G: Top View)
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Note: * Functions as WDTOVF pin on ZTAT, mask ROM, and ROMless versions.

Functions as FWE pin on F-ZTAT version, not as WDTOVF pin.

Figure 1.3 Pin Arrangement (FP-100A: Top View)
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132

Pin Functionsin Each Operating Mode

Table 1.2 shows the pin functions of the H85/2345 Group in each of the operating modes.

Table1.2 Pin Functionsin Each Operating Mode
Pin No. Pin Name
Flash
FP-100B, Memory
TFP-100B, Mode Mode Mode Mode Mode Mode Mode PROM  Writer
TFP-100G FP-100A 1** 2%1*e 3 4 5 6*’ 7*? Mode®® Mode™*
1 3 P1,/ P1/ P1/ P1/ P1,/ P1,/ P1,/ NC NC
TIOCCO/ TIOCCO/ TIOCCO/ TIOCCO/ TIOCCO/ TIOCCO/ TIOCCO/
TCLKA  TCLKA  TCLKA  TCLKA/  TCLKA/ TCLKA/  TCLKA
AZZ AZZ AZZ
2 4 P1,/ P1/ P1/ P1/ P1,/ P1,/ P1,/ NC NC
TIOCDO/ TIOCDO/ TIOCDO/ TIOCDO/ TIOCDO/ TIOCDO/ TIOCDO/
TCLKB  TCLKB  TCLKB  TCLKB/ TCLKB/ TCLKB/  TCLKB
A23 A23 A23
3 5 P1,/ P1/ P1/ P1/ P1,/ P1,/ P1,/ NC NC
TIOCAL TIOCA1 TIOCA1 TIOCA1 TIOCAL TIOCA1 TIOCA1
4 6 P1/ P1/ P1/ P1/ P1/ P1/ P1/ NC NC
TIOCB1/ TIOCB1/ TIOCB1/ TIOCB1/ TIOCB1/ TIOCB1/ TIOCB1/
TCLKC  TCLKC  TCLKC  TCLKC  TCLKC  TCLKC  TCLKC
5 7 P1/ P1/ P1/ P1/ P1/ P1/ P1/ NC NC
TIOCA2 TIOCA2 TIOCA2 TIOCA2 TIOCA2 TIOCA2 TIOCA2
6 8 P1,/ P1/ P1/ P1/ P1,/ P1,/ P1,/ NC NC
TIOCB2/ TIOCB2/ TIOCB2/ TIOCB2/ TIOCB2/ TIOCB2/ TIOCB2/
TCLKD  TCLKD  TCLKD TCLKD  TCLKD  TCLKD  TCLKD
7 9 VSS VSS VSS VSS VSS VSS VSS VSS VSS
8 10 P3/TxD0 P3/TxD0 P3/TxD0 P3/TxD0 P3/TxD0O P3/TxD0 P3/TxDO NC NC
9 11 P3/TxD1 P3/TxD1 P3/TxD1 P3/TxD1 P3/TxD1 P3/TxD1 P3/TxD1 NC NC
10 12 P3,/RxD0 P3,/RxD0 P3/RxD0 P3/RxD0 P3/RxD0 P3/RxD0 P3,/RxD0 NC NC
11 13 P3/RxD1 P3/RxD1 P3/RxD1 P3/RxD1 P3/RxD1 P3/RxD1 P3/RxD1 NC NC
12 14 P3,/ P3,/ P3,/ P3,/ P3,/ P3,/ P3,/ NC NC
SCKO/ SCKO/ SCKO/ SCKO/ SCKO/ SCKO/ SCKO/
IRQ4 IRQ4 IRQ4 IRQ4 IRQ4 IRQ4 IRQ4
13 15 P3,/ P3,/ P3,/ P3,/ P3,/ P3,/ P3,/ NC NC
SCK1/ SCK1/ SCK1/ SCK1/ SCK1/ SCK1/ SCK1/
IRQ5 IRQ5 IRQ5 IRQ5 IRQ5 IRQ5 IRQ5
14 16 PE,D, PE,D, PE, PE,D, PE,D, PE,D, PE, NC NC
15 17 PE,/D, PE,/D, PE, PE,/D, PE,/D, PE,/D, PE, NC NC
16 18 PE,DD, PE,DD, PE, PE,DD, PE,DD, PE,DD, PE, NC NC
17 19 PE,/D, PE,D, PE, PE,D, PE,/D, PE,/D, PE, NC NC
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Pin No. Pin Name
Flash

FP-100B, Memory
TFP-100B, Mode Mode Mode Mode Mode Mode Mode PROM  Writer
TFP-100G FP-100A 1% 2rre 3rre 4 5 6"’ 7 Mode** Mode**
18 20 Vg Vg Vg Vg Vg Vg Vg Vg Vg
19 21 PE,/D, PE,D, PE, PE,D, PE,/D, PE,D, PE, NC NC
20 22 PE./D, PE./D, PE, PE/D, PE./D, PE./D, PE, NC NC
21 23 PE,D, PE,/D, PE, PE,/D, PE,D, PE,D, PE, NC NC
22 24 PE,/D, PE/D,  PE, PE/D, PE/D, PE/D,  PE, NC NC
23 25 D, D, PD, D, D, D, PD, EO, FO,
24 26 D, D, PD, D, D, D, PD, EO, FO,
25 27 D, D, PD, D, D, D, PD, EO, FO,
26 28 D, D, PD, D, D, D, PD, EO, FO,
27 29 D, D, PD, D, D, D, PD EO FO,
28 30 D, D, PD, D, D, D, PD, EO, FO,
29 31 D,, D, PD, D, D,, D,, PD, EO, FO,
30 32 D, D, PD, D, D, D, PD, EO, FO,
31 33 Vg Vg Vg Vg Vg Vg Vg Vg Vg
32 34 A, PC/A,  PC, A, A, PC/A,  PC, EA, FA,
33 35 A PCJ/A,  PC, A, A PC/A,  PC, EA, FA,
34 36 A, PC,A, PC, A, A, PC,/A, PC, EA, FA,
35 37 A, PC/A, PC, A, A, PC/A, PC, EA, FA,
36 38 A, PC,/A, PC, A, A, PC,/A, PC, EA, FA,
37 39 A, PC/A,  PC, A, A, PCJA,  PC, EA, FA,
38 40 A, PCJ/A,  PC, A, A, PC/JA,  PC, EA, FA,
39 41 A, PC,A, PC, A, A, PC/A, PC, EA, FA,
40 42 VCC VCC VCC VCC VCC VCC VCC VCC VCC
41 43 A, PB/A, PB, A, A, PB/A, PB, EA, FA,
42 44 A, PB,/A, PB, A, A, PB,/A, PB, OE FA,
43 45 A, PBJA, PB, A, A, PBJA, PB, EA, FA,
44 46 A, PBJA,  PB, A, A, PBJA,  PB, EA, FA,
45 47 A, PBJA,  PB, A, A, PBJA, PB, EA, FA,
46 48 A, PBJA,  PB, A, A, PBJA,  PB, EA, FA,
47 49 A, PBJ/A,  PB, A, A, PBJA,  PB, EA, FA,
48 50 A, PBJA,  PB, A A, PBJA,  PB, EA, FA,
49 51 VSS VSS VSS VSS VSS VSS VSS VSS VSS

50 52 PA, PA, PA, A, A, PAJA,  PA, EA, FA,

Rev. 4.00 Feb 15, 2006 page 10 of 900
REJ09B0291-0400

RENESAS



Section 1 Overview

Pin No. Pin Name
Flash
FP-100B, Memory
TFP-100B, Mode Mode Mode Mode Mode Mode Mode PROM  Writer
TFP-100G FP-100A 1% 2rre 3rre 4 5 6"’ 7 Mode** Mode**
51 53 PA, PA, PA, A, A, PAJA,  PA, V. NC
52 54 PA, PA, PA, A, A, PAJA,  PA, Ve NC
53 55 PA, PA, PA, A, A, PAJA,  PA, NC NC
54 56 P2,/ P2/ P2/ P2/ P2/ P2/ P2/ NC OE
TIOCA3  TIOCA3 TIOCA3 TIOCA3 TIOCA3 TIOCA3  TIOCA3
55 57 P2/ P2,/ P2,/ P2,/ P2,/ P2/ P2/ NC CE
TIOCB3 TIOCB3 TIOCB3 TIOCB3 TIOCB3 TIOCB3  TIOCB3
56 58 P2,/ P2,/ P2,/ P2,/ P2,/ P2,/ P2,/ NC WE
TIOCC3/ TIOCC3/ TIOCC3/ TIOCC3/ TIOCC3/ TIOCC3/ TIOCC3/
TMRIO  TMRIO  TMRI0O  TMRIO  TMRIO  TMRIO  TMRIO
57 59 MD, MD, MD, MD, MD, MD, MD, Vo Vo
58 60 MD, MD, MD, MD, MD, MD, MD, - -
59 61 P2/ P2/ P2/ P2/ P2/ P2/ P2/ NC Ve
TIOCD3/ TIOCD3/ TIOCD3/ TIOCD3/ TIOCD3/ TIOCD3/ TIOCD3/
TMCIO  TMCIO  TMCIO  TMCIO  TMCIO  TMCIO  TMCIO
60 62 WDTOVF WDTOVF WDTOVF WDTOVF WDTOVF WDTOVF WDTOVF NC FWE
(FWE™) (FWE™) (FWE™) (FWE™)
61 63 MD, MD, MD, MD, MD, MD, MD, Vo Vo
62 64 RES RES RES RES RES RES RES V., RES
63 65 NMI NMI NMI NMmI NMI NMI NMI EA, Ve
64 66 STBY STBY STBY STBY STBY STBY STBY Vo Ve
65 67 VCC VCC VCC VCC VCC VCC VCC VCC VCC
66 68 XTAL XTAL XTAL XTAL XTAL XTAL XTAL NC XTAL
67 69 EXTAL  EXTAL  EXTAL  EXTAL  EXTAL EXTAL EXTAL NC EXTAL
68 70 VSS VSS VSS VSS VSS VSS VSS VSS VSS
69 71 PF,/¢ PF./@ PF./@ PF./@ PF,/¢@ PF,/p PF,/@ NC NC
70 72 AS AS PF, AS AS AS PF, NC NC
71 73 RD RD PF, RD RD RD PF, NC NC
72 74 HWR HWR PF, HWR HWR HWR PF, NC NC
73 75 LWR LWR PF/IRQ3 L[WR LWR LWR PF/IRQ3 NC NC
74 76 PF,/ PF,/ PF/IRQ2 PF/ PF,/ PF,/ PF/IRQ2 CE Ve
WAIT/ WAIT/ WAIT/ WAIT/ WAIT/
IRQ2 IRQ2 IRQ2 IRQ2 IRQ2
75 77 PF,/ PF/ PF/RQ1 PF/ PF,/ PF,/ PF/RQT PGM Vv
BACK/  BACK/ BACK/  BACK/  BACK/
IRQ1 IRQ1 IRQ1 IRQ1 IRQ1
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Pin No. Pin Name
Flash
FP-100B, Memory
TFP-100B, Mode Mode Mode Mode Mode Mode Mode PROM  Writer
TFP-100G FP-100A 1** 2" gr*e 4 5 6" 7 Mode** Mode™*
76 78 PF/ PF/ PF/IRQ0 PF/ PF/ PF/ PF/IRQ0 NC Vg
BREQ/ BREQ/ BREQ/ BREQ/ BREQ/
IRQO IRQO IRQO IRQO IRQO
77 79 AV . AV . AV . AV . AV AV . AV Ve Ve
78 80 Vrei Vrel Vrel Vrel Vrei Vrei Vrei VCC cc
79 81 P4 /ANO P4 /ANO P4 /ANO P4 /ANO P4/ANO  P4/ANO  P4/ANO NC NC
80 82 P4 /AN1 P4 /AN1 P4 /AN1 P4 /AN1 P4/AN1  P4/AN1 P4 /AN1 NC NC
81 83 P4,/AN2 P4,/AN2 P4,/AN2 P4,/AN2 P4/AN2  P4/AN2  P4,/AN2 NC NC
82 84 P4, /AN3 P4 /AN3 P4 /AN3 P4 /AN3 P4/AN3 P4 /AN3  P4/AN3 NC NC
83 85 P4 /AN4 P4/AN4  P4/AN4  P4/AN4  P4/AN4  P4/AN4  P4,/AN4 NC NC
84 86 P4JANS P4 /AN5  P4/AN5 P4/AN5 P4/ANS P4/ANS P4/AN5 NC NC
85 87 P4JANG/ P4JANG/ P4 JAN6/ P4 JAN6/ P4 J/AN6/ P4 JAN6/ P4 J/AN6/ NC NC
DAO DAO DAO DAO DAO DAO DAO
86 88 P4 J/AN7/  P4/AN7/ P4/AN7/ P4/AN7/ P4JAN7/ P4/AN7/ P4JAN7/ NC NC
DAl DAl DAl DAl DAl DAl DAl
87 89 AV AV AV AV AV AV AV Vg Vg
88 90 VSS VSS VSS VSS VSS VSS VSS ss ss
89 91 P2,/ P2/ P2/ P2/ P2,/ P2,/ P2,/ NC NC
TIOCA4/ TIOCA4/ TIOCA4/ TIOCA4/ TIOCA4/ TIOCA4/ TIOCA4/
TMRI1 TMRI1 TMRI1 TMRI1 TMRI1 TMRI1 TMRI1
90 92 P2,/ P2/ P2/ P2/ P2,/ P2,/ P2,/ NC Vg,
TIOCB4/ TIOCB4/ TIOCB4/ TIOCB4/ TIOCB4/ TIOCB4/ TIOCB4/
TMCI1 TMCI1 TMCI1 TMCI1 TMCI1 TMCI1 TMCI1
91 93 P2/ P2/ P2/ P2/ P2,/ P2/ P2/ NC NC
TIOCA5/ TIOCAS5/ TIOCA5/ TIOCAS/ TIOCA5/ TIOCAS/ TIOCAS/
TMOO0 TMOO0 TMOO0 TMOO0 TMOO0 TMOO0 TMOO0
92 94 P2/ P2/ P2/ P2/ P2/ P2/ P2/ NC NC
TIOCB5/ TIOCB5/ TIOCB5/ TIOCBS5/ TIOCB5/ TIOCBS/ TIOCBS/
TMO1 TMO1 TMO1 TMO1 TMO1 TMO1 TMO1
93 95 PG/ PG/ PG/ PG/ PG/ PG/ PG/ NC NC
IRQ6/ IRQ6/ IRQ6/ IRQ6/ IRQ6/ IRQ6/ IRQ6/
ADTRG ADTRG ADTRG ADTRG ADTRG ADTRG ADTRG
94 96 PG/IRQ7 PG/IRQ7 PG,/IRQ7 PG/CS3/ PG,/CS3/ PG,/CS3/ PG/IRQ7 NC NC
IRQ7 IRQ7 IRQ7
95 97 PG, PG, PG, PG,/CS2 PG,/CS2 PG,CS2 PG, NC NC
96 98 PG, PG, PG, PG,/CS1 PG,/CS1 PG,/CS1 PG, NC NC
97 99 PG,/CSO0 PG,/CSO PG, PG,/CSO0 PG,/CSO PG,/CSO PG, NC NC
98 100 VCC VCC VCC VCC VCC VCC VCC VCC VCC
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Pin No. Pin Name
Flash
FP-100B, Memory
TFP-100B, Mode Mode Mode Mode Mode Mode Mode PROM  Writer
TFP-100G FP-100A 1** or*e 3rre 4 5 6"’ 7 Mode™® Mode™*
99 1 P1/ P1/ P1/ P1/ P1/ P1/ P1/ NC NC
TIOCA0O TIOCAO TIOCAO TIOCAO/ TIOCAO/ TIOCAO/ TIOCAO
AZO AZO AZO
100 2 P1/ P1/ P1/ P1/ P1/ P1/ P1/ NC NC
TIOCBO TIOCBO TIOCBO TIOCBO/ TIOCBO/ TIOCBO/ TIOCBO
A21 A21 A21
Notes: 1. Modes 1 to 3 are not available on the F-ZTAT version.

as>wDd

Modes 2, 3, 6, and 7 are not available on the ROMless version.

ZTAT version only.
F-ZTAT version only.

The FWE pin is only used on the F-ZTAT version. It cannot be used as a WDTOVF pin

on the F-ZTAT version.
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133 Pin Functions
Table 1.3 outlines the pin functions of the H8S/2345 Group.

Table1.3 Pin Functions

Pin No.
FP-1008B,
TFP-1008B,
Type Symbol TFP-100G FP-100A 1/O Name and Function
Power supply V. 40, 65, 42, 67, Input  Power supply: For connection to the
98 100 power supply. All V__ pins should be
connected to the system power
supply.
Ve 7,18, 9, 20, Input  Ground: For connection to ground
31, 49, 33, 51, (0 V). All V pins should be
68, 88 70, 90 connected to the system power
supply (0 V).
Clock XTAL 66 68 Input  Connects to a crystal oscillator.
See section 18, Clock Pulse
Generator, for typical connection
diagrams for a crystal oscillator and
external clock input.
EXTAL 67 69 Input  Connects to a crystal oscillator.
The EXTAL pin can also input an
external clock.
See section 18, Clock Pulse
Generator, for typical connection
diagrams for a crystal oscillator and
external clock input.
(0] 69 71 Output System clock: Supplies the system

clock to an external device.
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Pin No.

FP-100B,
TFP-100B,
Type Symbol TFP-100G FP-100A 1/O Name and Function

Operating mode MD, to 61, 58, 63, 60, Input  Mode pins: These pins set the
control MD, 57 59 operating mode.
The relation between the settings of
pins MD, to MD, and the operating
mode is shown below. These pins
should not be changed while the
H8S/2345 Group is operating.

* F-ZTAT Version

Operating
FWE MD, MD, MD, Mode

0 0 0 0 —

1 J—
1 0 —
1 P
1 0 0 Mode 4
1 Mode 5
1 0 Mode 6
1 Mode 7
1 0 0 0 —
1 P
1 0 Mode 10
1 Mode 11
1 0 0 —
1 P
1 0 Mode 14
1 Mode 15
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Pin No.
FP-100B,
TFP-100B,
Type Symbol TFP-100G FP-100A /O Name and Function
Operating mode MD, to 61, 58, 63, 60, Input < ZTAT, mask ROM, and ROMless
Operating
MD, MD, MD, Mode
0 0 0 —
1 Mode 1
1 0 Mode 2*
1 Mode 3*
1 0 0 Mode 4
1 Mode 5
1 0 Mode 6*
1 Mode 7*
Note: * Not used on ROMless
version.

System control RES 62 64 Input  Reset input: When this pin is driven
low, the chip is reset. The type of
reset can be selected according to
the NMI input level. At power-on, the
NMI pin input level should be set
high.

STBY 64 66 Input  Standby: When this pin is driven low,
a transition is made to hardware
standby mode.

BREQ 76 78 Input  Bus request: Used by an external
bus master to issue a bus request to
the H8S/2345 Group.

BACK 75 77 Output Bus request acknowledge: Indicates
that the bus has been released to an
external bus master.

FWE™* 60 62 Input  Flash write enable: Enables or

disables writing to flash memory.
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Pin No.
FP-100B,
TFP-100B,
Type Symbol TFP-100G FP-100A 1/O Name and Function
Interrupts NMI 63 65 Input  Nonmaskable interrupt: Requests a
nonmaskable interrupt. When this pin
is not used, it should be fixed high.
IRQ7 to 94, 93, 96, 95, Input Interrupt request 7 to 0: These pins
IRQO 13, 12, 15, 14, request a maskable interrupt.
73t0 76 75t0 78
Address bus A, to 2,1, 4101, Output Address bus: These pins output an
A, 100,99, 55t052, address.
53to 50, 50to43,
48t041, 41to34
39to0 32
Data bus D, to 30to 19, 32to21, 1/O Data bus: These pins constitute a

D, 17t014 19to 16 bidirectional data bus.

Bus control CS83to 941097 961099 Output Chip select: Signals for selecting

CSo areas 3 to 0.

AS 70 72 Output Address strobe: When this pin is low,
it indicates that address output on
the address bus is enabled.

RD 71 73 Output Read: When this pin is low, it
indicates that the external address
space can be read.

HWR 72 74 Output High write: A strobe signal that writes
to external space and indicates that
the upper half (D, to D,) of the data
bus is enabled.

LWR 73 75 Output Low write: A strobe signal that writes
to external space and indicates that
the lower half (D, to D)) of the data
bus is enabled.

WAIT 74 76 Input  Wait: Requests insertion of a wait

state in the bus cycle when
accessing external 3-state address
space.
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Pin No.
FP-100B,
TFP-100B,
Type Symbol TFP-100G FP-100A 1/O Name and Function
16-bit timer- TCLKDto 6,4,2,1 8,6,4,3 Input Clockinput D to A: These pins input
pulse unit TCLKA an external clock.
(TPU) TIOCAO, 99,100, 1lto4 I/0 Input capture/ output compare match
TIOCBO, 1,2 A0 to DO: The TGROA to TGROD
TIOCCO, input capture input or output
TIOCDO compare output, or PWM output pins.
TIOCA1, 3,4 56 I/0 Input capture/ output compare match
TIOCB1 Al and B1: The TGR1A and TGR1B
input capture input or output
compare output, or PWM output pins.
TIOCA2, 5,6 7,8 I/0 Input capture/ output compare match
TIOCB2 A2 and B2: The TGR2A and TGR2B
input capture input or output
compare output, or PWM output pins.
TIOCA3, 54to56, 56t058, /O Input capture/ output compare match
TIOCB3, 59 61 A3 to D3: The TGR3A to TGR3D
TIOCCS, input capture input or output
TIOCD3 compare output, or PWM output pins.
TIOCA4, 89,90 91, 92 I/0 Input capture/ output compare match
TIOCB4 A4 and B4: The TGR4A and TGR4B
input capture input or output
compare output, or PWM output pins.
TIOCA5, 91,92 93,94 I/0 Input capture/ output compare match
TIOCB5 A5 and B5: The TGR5A and TGR5B
input capture input or output
compare output, or PWM output pins.
8-bit timer TMOO, 91, 92 93,94 Output Compare match output: The
TMO1 compare match output pins.
TMCIO, 59, 90 61, 92 Input  Counter external clock input: Input
TMCI1 pins for the external clock input to the
counter.
TMRIO, 56, 89 58,91 Input  Counter external reset input: The
TMRI1 counter reset input pins.
Watchdog WDTOVF*? 60 62 Output Watchdog timer overflows: The
timer (WDT) counter overflows signal output pin in

watchdog timer mode.
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Pin No.
FP-100B,
TFP-100B,
Type Symbol TFP-100G FP-100A /O Name and Function
Serial TxD1, 9,8 11, 10 Output Transmit data (channel 0, 1):
communication TxDO Data output pins.
interface (SCI) RxD1, 11,10 13,12 Input  Receive data (channel 0, 1):
Smart Card RxDO Data input pins.
interface
SCK1 13,12 15,14 I/0 Serial clock (channel 0, 1):
SCKO Clock I/O pins.
A/D converter  AN7 to 86to79 88to81 Input Analog 7 to 0: Analog input pins.
ANO
ADTRG 93 95 Input  A/D conversion external trigger input:
Pin for input of an external trigger to
start A/D conversion.
D/A converter DAL, DAO 86, 85 88, 87 Output Analog output: D/A converter analog
output pins.
A/D converter AV 77 79 Input  This is the power supply pin for the
and D/A A/D converter and D/A converter.
converters When the A/D converter and D/A
converter are not used, this pin
should be connected to the system
power supply (+5 V).
AV 87 89 Input  This is the ground pin for the A/D
converter and D/A converter.
This pin should be connected to the
system power supply (0 V).
V., 78 80 Input  This is the reference voltage input
pin for the A/D converter and D/A
converter.
When the A/D converter and D/A
converter are not used, this pin
should be connected to the system
power supply (+5 V).
I/O ports P1,to 6to1, 8tol I/0 Port 1: An 8-bit I/O port. Input or
P1, 100, 99 output can be designated for each bit
by means of the port 1 data direction
register (P1LDDR).
P2, to 92t089, 94t091, 1/0 Port 2: An 8-bit I/O port. Input or
P2, 59, 61, output can be designated for each bit
56to 54 58to 56 by means of the port 2 data direction

register (P2DDR).
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Pin No.
FP-100B,
TFP-100B,
Type Symbol TFP-100G FP-100A /O Name and Function
I/O ports P3, to 13to 8 15to 10 /0 Port 3: A 6-hit I/0 port. Input or

P3, output can be designated for each bit
by means of the port 3 data direction
register (P3DDR).

P4, to 86to79 88to81 Input Port4: An 8-bit input port.

P4,

PA, to 53t050 55t052 /O Port A: An 4-bit I/O port. Input or

PA, output can be designated for each bit
by means of the port A data direction
register (PADDR).

PB, to 48t041 50to43 1/O Port B: An 8-bit I/O port. Input or

PB, output can be designated for each bit
by means of the port B data direction
register (PBDDR).

PC, to0 39t032 41to34 I/O Port C: An 8-bit I/O port. Input or

PC, output can be designated for each bit
by means of the port C data direction
register (PCDDR).

PD, to 30to23 32t025 1/O Port D: An 8-bit I/O port. Input or

PD, output can be designated for each bit
by means of the port D data direction
register (PDDDR).

PE, to 22t019, 24t02l1, 10 Port E: An 8-hit I/0 port. Input or

PE, 17to14 19to 16 output can be designated for each bit
by means of the port E data direction
register (PEDDR).

PF, to 69to76 71to78 1/O Port F: An 8-bit I/O port. Input or

PF, output can be designated for each bit
by means of the port F data direction
register (PFDDR).

PG, to 971093 99t095 1/O Port G: A 5-bit I/O port. Input or

PG output can be designated for each bit

by means of the port G data direction
register (PGDDR).

Notes: 1. F-ZTAT version only.
2. Applies to ZTAT, mask ROM, and ROMless versions only.
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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
0 Maximum clock rate : 20 MHz

0 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

Two CPU operating modes

O Norma mode (Supported on ZTAT, mask ROM, and ROMIess versions only)
O Advanced mode

Power-down state

O Transition to power-down state by SLEEP instruction

O CPU clock speed selection

212 Differences between H85/2600 CPU and H85/2000 CPU

The differences between the H8S/2600 CPU and the H8S/2000 CPU are as shown below.

Register configuration
The MAC register is supported only by the H85/2600 CPU.
Basic instructions

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.
Internal Operation

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 al so differencesin the address space, CCR and 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 expanded registers, and one 8-bit control register, have been added.
Expanded address space

O Norma mode supports the same 64-kbyte address space as the H8/300 CPU. (ZTAT, mask
ROM, and ROMless versions only)

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

00 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 a maximum 16-Mbyte program area and a maximum of 4 Gbytes for
program and data areas combined). The mode is selected by the mode pins of the microcontroller.

Maximum 64 kbytes, program
4{ Normal mode and data areas gombiaec?
(Supported on ZTAT,
mask ROM, and ROMless
versions only)

CPU operating modes }7

Maximum 16-Mbytes for

—{ Advanced mode | program and data areas
combined

Figure2.1 CPU Operating Modes
(1) Normal Mode (ZTAT, Mask ROM, and ROMIess Versions Only)
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-hit 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
H'0002 |
H'0003
H'0004 |
H0005 | (Reserved for system use)  --- .
H'0006 Exception

H'0007 | “1 " vector table
H'0008 |
H'0009
H'O00A|
H'000B

- -- Power-on reset exception vector - -

- Manual reset exception vector --

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 this areaiis also 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, condition-code register (CCR), and extended control register (EXR) are pushed onto
the stack in exception handling, they are stored as shown in figure 2.3. When EXR isinvalid, it is
not pushed onto the stack. For details, see section 4, Exception Handling.

\/\ \/\

sP—~| PC o SP— EXR*1
(16 bits) 2 Reserved*!*3
(SP—» CCR
\/\ CCR*3
L. PC .
(16 bits)
(&) Subroutine Branch (b) Exception Handling

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

Figure2.3 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 N
~ Power-on reset exception vector o
H'00000003
H'00000004 | | Reserved |
~ Manual reset exception vector o
H'00000007
H'00000008
I 71 > Exception vector table
H'0000000B | o
(Reserved for system use)
H'0000000C | O
HooOOOOI0 | Reserved |
7 Exception vector 1 o

Figure2.4 Exception Vector Table (Advanced Mode)

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

subroutine call, and the PC, condition-code register (CCR), and extended control register (EXR)
are pushed onto the stack in exception handling, they are stored as shown in figure 2.5. When
EXRisinvalid, it is not pushed onto the stack. For details, see section 4, Exception Handling.

SP-—~

\\\\__~////////’——\\\\

Reserved

I PC R
- (24 bits) -

\\\\___'///////"—_\\\\

(@) Subroutine Branch

SP-»

*2
(SP—)

\\\\ﬁ__~////////’__\\\\

EXR*!

Reserved®1*3

CCR

- _ PC I
- (24 bits) L

\\\\___'///////"—_\\\\

(b) Exception Handling

Notes: 1. When EXR is not used it is not stored on the stack.

2. SP when EXR is not used.
3. Ignored when returning.

Figure2.5 Stack Structurein Advanced Mode

Rev. 4.00 Feb 15, 2006 page 28 of 900
REJ09B0291-0400

RENESAS




Section 2 CPU

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 norma mode™, and a maximum 16-Mbyte
(architecturally 4-Gbyte) address space in advanced mode.

Note: * ZTAT, mask ROM, and ROMless versionsonly.

H'0000 H'00000000
HFFFF Program area
H'00FFFFFF Data area
Cannot be
used by the
H8S/2345
Group
H'FFFFFFFF
(a) Normal Mode* (b) Advanced Mode

Note: * ZTAT, mask ROM, and ROMIless versions only.

Figure2.6 Memory Map
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24 Register Configuration

24.1 Overview

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

General Registers (Rn) and Extended Registers (En)

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

Control Registers (CR)
23 0
| PC |

76543210
EXR |T|=|—[—[[12]i1]i0]

76543210
CCR | I ulH[u[N]Z]Vv|C]|

Legend:

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

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

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

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

Note: * Inthe H8S/2345 Group, this bit cannot be used as an interrupt mask.

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 RY). These registers are functionally equivalent, providing a maximum sixteen 16-bit
registers. The E registers (EO to E7) are also referred to as extended registers.

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

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

« Address registers

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

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

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

Figure2.8 Usageof General Registers

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

SP (ER7) —»]

Stack area

/\_/

Figure2.9 Stack

24.3 Control Registers

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

(1) Program Counter (PC)

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

(2) Extended Control Register (EXR)
This 8-bit register contains the trace bit (T) and three interrupt mask bits (12 to 10).

Bit 7—Trace Bit (T): Selectstrace mode. When this bit is cleared to 0, instructions are executed
in sequence. When this bit is set to 1, atrace exception is generated each time an instruction is
executed.

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 designate the interrupt mask level (0 to
7). For details, refer to section 5, Interrupt Controller.

Operations can be performed on the EXR bits by the LDC, STC, ANDC, ORC, and XORC
instructions. All interrupts, including NMI, are disabled for three states after one of these
instructions is executed, except for STC.
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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. With the H8S5/2345 Group, this bit cannot be
used as an interrupt mask bit.

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

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

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

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

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

e Addingtructions, to indicate a carry
» Subtract instructions, to indicate a borrow
» Shift and rotate instructions, to store the value shifted out of the end bit

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

2.4.4 Initial Register Values

Reset exception handling loads the CPU's program counter (PC) from the vector table, clears the
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 Register Number Data Format
1-bit data RnH 7 0
|7l6]s|a[3[2]1[o]  Dontcare
1-bit data R
_______ Dontcare  |7]6]5[4]3]2[1]0]
4-bit BCD data RnH 7 43 o
| Upper | Lower |  Dontcare
4-bit BCD data R . 7 43 0
_______ Dontcare | Upper | Lower |
Byte data RnH 7 0O
] ot
MSB s T
Byte data R 7 0
Don't care |
""""""""""" MSB LSB

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

Word data Rn 15 0
MSB LSB

Word data En

15 0

MSB LSB

Longword data ERn

31 16 15 0

MSB En Rn LSB

Legend:

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

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

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

instruction fetches.

Data Type

1-bit data

Byte data

Word data

Longword data

Address

Address L

Address L

Address 2M
Address 2M + 1

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

Data Format

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

MSB, i r i
iLSB

MSB ¢
'LSB

Figure2.11 Memory Data Formats

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

or longword size.
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2.6 I nstruction Set

2.6.1 Overview

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

table 2.1.

Table2.1 Instruction Classification

Function Instructions Size  Types
Data transfer MOV BWL 5
POP*!, PUSH™* WL
LDM, STM L
MOVFPE, MOVTPE™® B
Arithmetic ADD, SUB, CMP, NEG BWL 19
operations ADDX, SUBX, DAA, DAS B
INC, DEC BWL
ADDS, SUBS L
MULXU, DIVXU, MULXS, DIVXS BW
EXTU, EXTS WL
TAS B
Logic operations AND, OR, XOR, NOT BWL
Shift SHAL, SHAR, SHLL, SHLR, ROTL, ROTR, ROTXL, ROTXR BWL
Bit manipulation  BSET, BCLR, BNOT, BTST, BLD, BILD, BST, BIST, BAND, B 14

BIAND, BOR, BIOR, BXOR, BIXOR

Branch

Bcc*?, JMP, BSR, JSR, RTS

System control

TRAPA, RTE, SLEEP, LDC, STC, ANDC, ORC, XORC, NOP

Block data
transfer

EEPMOV

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.

2. Bcc is the general name for conditional branch instructions.

3. Cannot be used in the H8S/2345 Group.
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26.2

Instructions and Addressing Modes

Table 2.2 indicates the combinations of instructions and addressing modes that the H8S/2600 CPU

can use.
Table2.2 Combinationsof Instructions and Addressing M odes
Addressing Modes
"
c
) . | | & -
Function Instruction o 14 ® ~ (@]
wo| w8 2% =
s 9 8 gle 33 8 |ag 9 g
x| oo 2|2 | Y 8 & §| &8 2 2|09
£ x ® ® | ® ® ® | ® ® ® | ® ® ® |
Data MOV BWL | BWL | BWL | BWL | BWL [BWL| B |BWL| — |BWL| — — | -
transfer POP, PUSH _ _ | _ _ | — _ — | = — — | — — | wL
LDM, STM - = =22 =] =] === L
MOVEPE", — | = = = = = | = B - = =] =] =
MOVTPE"
Arithmetic |ADD, CMP BWL | BWL | — — — — — — — — — _ _ _
operations SUB WL | BWL | — _ _ _ _ _ _ _ — — — —
ADDX, SUBX B B — - = = = = = = =] ===
ADDS, SUBS | — L — ==l =]l =] =1=1=1]=
INC, DEC —BwWL| — | — | — | — | | | = = = = | =
DAA, DAS — B — - = = =] =] =] =] = =1=1=
MULXU, — W | — | —m | — | — | | = =] = = =] ==
DIVXU
MULXS, — W | — | — | — | — | | = =] = = =] ==
DIVXS
NEG —BwL| — | — | — | — | — | = = = = = | =] =
EXTU, EXTS [ R VY/ T AN R I R R e
TAS - | - B e e T e e e e B B B
Logic AND, OR, BWL | BWL | — — — — — — — — — _ _ _
operations | XOR
NOT —|BWL| — | — | — | — | — | — | — | — | — | — | — | —
Shift —|BWL| — | — | — | — | — | — | — | — | — | — | — | —
Bit manipulation — B B — — — B B — B — — — —
Branch Bcc, BSR — — — — — — — — — — o) o — —
JMP, JSR — - - = = =] =] =] o =|=1]= o | —
RTS — — — — — — — — — — — — — o
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Addressing Modes

¥
=
) . c c & ~
Function | Instruction o 2 ® - @)
W w = 8 o ©
g8 |8 g2 3|85 9]¢
x| c |22 Y8/ 8| &8 8§ |=2|2 ©
# 12 ® ® ® ® ® ® ® ® ® ® ® |
System TRAPA — — — — — — — — _ _ _ o
control RTE — — — — — — — — — — — 5
SLEEP e e e e e e e e e e B B B e
LDC B B w w w w — w — W — —_ — —
STC — B w w w w — w — w — — — —
ANDC, ORC, B — | — — — | — — — | = — — | = _ —
XORC
NOP — — — — — — — — — — — — — ®)
Block data transfer — — | — — - | - — — | = — — | — — | BW

Legend:
B: Byte
W: Word
L: Longword

Note: * Cannot be used in the H8S/2345 Group.
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26.3 Table of Instructions Classified by Function

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

Operation Notation

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

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

(EAs) Source operand

EXR Extended control register
CCR Condition-code register

N N (negative) flag in CCR

Z Z (zero) flag in CCR

\% V (overflow) flag in CCR

C C (carry) flag in CCR

PC Program counter

SP Stack pointer

#IMM Immediate data

disp Displacement

+ Addition

- Subtraction

X Multiplication

= Division

ad Logical AND

g Logical OR

ad Logical exclusive OR

- Move

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

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

Type Instruction  Size®  Function

Data transfer MOV B/W/L (EAs) - Rd, Rs - (Ead)
Moves data between two general registers or between a
general register and memory, or moves immediate data to
a general register.

MOVFPE B Cannot be used in the H8S/2345 Group.
MOVTPE B Cannot be used in the H8S/2345 Group.
POP W/L @SP+ - Rn

Pops a 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 W/L Rn - @-SP
Pushes a 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.
ST™M L Rn (register list) -~ @-SP
Pushes two or more general registers onto the stack.
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 or borrow on
byte data in two general registers, or on immediate data
and data in a general register.

INC B/W/IL Rdz1 - Rd, Rd+2 - Rd

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

ADDS L Rd+*1 - Rd, Rd+2 - Rd, Rd+t4 - Rd

SUBS Adds or subtracts the value 1, 2, or 4 to or from data in a

32-bit register.
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Type Instruction  Size®  Function
Arithmetic DAA B Rd decimal adjust — Rd
operations 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.
DIVXS B/W Rd +Rs - Rd
Performs signed division on data in two general registers:
either 16 bits + 8 bits — 8-bit quotient and 8-bit remainder
or 32 bits + 16 bits — 16-bit quotient and 16-bit remainder.
CMP B/W/L Rd-Rs, Rd-#MM
Compares data in a general register with data in another
general register or with immediate data, and sets CCR bits
according to the result.
NEG B/W/L O0-Rd - Rd
Takes the two's complement (arithmetic complement) of
data in a general register.
EXTU WI/L Rd (zero extension) - Rd
Extends the lower 8 bits of a 16-bit register to word size, or
the lower 16 bits of a 32-bit register to longword size, by
padding with zeros on the left.
EXTS WI/L Rd (sign extension) — Rd
Extends the lower 8 bits of a 16-bit register to word size, or
the lower 16 bits of a 32-bit register to longword size, by
extending the sign bit.
TAS B @ERd -0, 1 - (<hit 7> of @Erd)

Tests memory contents, and sets the most significant bit
(bit 7) to 1.
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Type Instruction  Size®  Function
Logic AND B/W/L RdORs - Rd, RdO#IMM - Rd
operations Performs a logical AND operation on a general register and
another general register or immediate data.
OR B/W/L RdORs - Rd, Rd O#IMM - Rd
Performs a logical OR operation on a general register and
another general register or immediate data.
XOR B/W/L RdORs - Rd, 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 of general register contents.
Shift SHAL B/W/L  Rd (shift) - Rd
operations SHAR Performs an arithmetic shift on general register contents.
1-bit or 2-bit shift is possible.
SHLL B/W/L  Rd (shift) - Rd
SHLR Performs a logical shift on general register contents.
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.
Bit- BSET B 1 - (<bit-No.> of <EAd>)
manipulation Sets a specified bit in a general register or memory operand
instructions to 1. The bit number is specified by 3-bit immediate data or
the lower three bits of a general register.
BCLR B 0 - (<bit-No.> of <EAd>)
Clears a specified bit in a general register or memory
operand to 0. The bit number is specified by 3-bit immediate
data or the lower three bits of a general register.
BNOT B = (<bit-No.> of <EAd>) - (<bit-No.> of <EAd>)
Inverts a specified bit in a general register or memory
operand. The bit number is specified by 3-bit immediate
data or the lower three bits of a general register.
BTST B = (<bit-No.> of <EAd>) - Z

Tests a specified bit in a general register or memory
operand and sets or clears the Z flag accordingly. The bit
number is specified by 3-bit immediate data or the lower
three bits of a general register.
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Type Instruction  Size®  Function
Bit- BAND B C O(<bit-No.> of <EAd>) - C
manipulation ANDs the carry flag with a specified bit in a general register
instructions or memory operand and stores the result in the carry flag.
C 0= (<bit-No.> of <EAd>) -~ C
BIAND B ANDs the carry flag with the inverse of a specified bit in a
general register or memory operand and stores the result in
the carry flag.
The bit number is specified by 3-bit immediate data.
BOR B C 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 O~ (<bit-No.> of <EAd>) - C
BIOR B ORs the carry flag with the inverse of a specified bit in a
general register or memory operand and stores the result in
the carry flag.
The bit number is specified by 3-bit immediate data.
BXOR B C O (<bit-No.> of <EAd>) - C
Exclusive-ORs the carry flag with a specified bit in a
general register or memory operand and stores the result in
the carry flag.
BIXOR 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 imnmediate 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 - (<bit-No.> of <EAd>)
Transfers the carry flag value to a specified bit in a general
register or memory operand.
BIST B - C - (<bit-No.> of <EAd>)

Transfers the inverse of the carry flag value to a specified
bit in a general register or memory operand.
The bit number is specified by 3-bit immediate data.
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Type Instruction  Size®  Function
Branch Bcc — Branches to a specified address if a specified condition is
instructions 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
System TRAPA — Starts trap-instruction exception handling.
F:ontrol ) RTE — Returns from an exception-handling routine.
instructions
SLEEP — Causes a transition to a power-down state.
LDC B/W (EAs) - CCR, (EAs) - EXR

Moves the source operand contents or immediate data to
CCR or EXR. Although CCR and EXR are 8-bit registers,
word-size transfers are performed between them and
memory. The upper 8 bits are valid.
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Type Instruction  Size®  Function
System STC B/W CCR - (EAd), EXR - (EAd)
control Transfers CCR or EXR contents to a general register or
instructions memory. Although CCR and EXR are 8-bit registers, word-
size transfers are performed between them and memory.
The upper 8 bits are valid.
ANDC B CCR O#IMM - CCR, EXR O#IMM - EXR
Logically ANDs the CCR or EXR contents with immediate
data.
ORC B CCR O#IMM - CCR, EXR O#IMM - EXR
Logically ORs the CCR or EXR contents with immediate
data.
XORC B CCR O #IMM - CCR, EXR O #IMM - EXR
Logically exclusive-ORs the CCR or EXR contents with
immediate data.
NOP — PC+2 - PC

Only increments the program counter.

Block data EEPMOV.B —
transfer
instruction

EEPMOV.W —

if R4L # 0 then
Repeat @ER5+ -~ @ER6+

R4L-1 - R4L
UntilR4L =0
else next;
if R4 # 0 then
Repeat @ER5+ -~ @ERG6+
R4-1 - R4
UntiiR4=0
else next;

Transfers a data block according to parameters set in
general registers R4L or R4, ER5, and ERG6.

R4L or R4: size of block (bytes)
ERS5: starting source address
ERG6: starting destination address

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

Note: * Size refers to the operand size.

B: Byte
W: Word
L: Longword
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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).

Figure 2.12 shows examples of instruction formats.

(1) Operation field only

op NOP, RTS, etc.

(2) Operation field and register fields

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

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

op m rm

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

EA (disp)

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

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

Figure2.12 Instruction For mats (Examples)

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

(2) 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.

(3) Effective Address Extension: Eight, 16, or 32 bits specifying immediate data, an absolute
address, or a displacement.

(4) Condition Field: Specifiesthe branching condition of Bcc instructions.
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2.7 Addressing Modes and Effective Address Calculation

271 Addressing M ode

The CPU supports the eight addressing modes listed in table 2.4. Each instruction uses a subset of
these addressing modes. Arithmetic and logic instructions can use the register direct and
immediate modes. Data transfer instructions can use all addressing modes except program-counter
relative and memory indirect. Bit manipulation instructions use register direct, register indirect, or
absolute addressing mode to specify an operand, and register direct (BSET, BCLR, BNOT, and
BTST instructions) or immediate (3-bit) addressing mode to specify a bit number in the operand.

Table2.4 Addressing Modes

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

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

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

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

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 transfer instruction, or 4 for longword transfer instruction. For word or
longword transfer instruction, 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 transfer
instruction, or 4 for longword transfer instruction. For word or longword transfer instruction,
the register value should be even.

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

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

A 24-bit 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 absol ute 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'FFFF00 to H'FFFFFF

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

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

Program instruction 24 bits (@aa:24)
address

Note: * ZTAT, mask ROM, and ROMIless versions only.
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(6) Immediate—#xx:8, #xx:16, or #xx:32: Theinstruction contains 8-bit (#xx:8), 16-bit
(#xx:16), or 32-hit (#xx:32) immediate data as an operand.

The ADDS, SUBS, INC, and DEC instructions contain immediate dataimplicitly. 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.

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

(8) Memory Indirect—@@aa: 8: This mode can be used by the IMP and JSR instructions. The
instruction code contains an 8-bit absolute address specifying a memory operand. This memory
operand contains a branch address. The upper bits of the absolute address are all assumed to be O,
so the address range is 0 to 255 (H'0000 to H'00FF in normal mode, H'000000 to H'0000FF in
advanced mode). In normal mode”* the memory operand is aword operand and the branch address
is 16 hitslong. In advanced mode the memory operand is a longword operand, the first byte of
which is assumed to be all 0 (H'00).

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

Note: * ZTAT, mask ROM, and ROMless versionsonly.
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\/\\/\

Specified — Reserved
by @aa:8

Specified —~
by @aa:8

,,,,, Branch address ----

\/_\

Branch address

(a) Normal Mode* (b) Advanced Mode

Note: * ZTAT, mask ROM, and ROMless versions only.

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 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.

Note: * ZTAT, mask ROM, and ROMless versionsonly.
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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
op | ¢ disp ore
31 0
Sign extension disp
)
4 Register indirect with post-increment or pre-decrement
* Register indirect with post-increment @ERN+
31 0 31 2423 0
Don't

»  General register contents

care

op

« Register indirect with pre-decrement @-ERn

Longword 4

31 0
»  General register contents
31 2423 0
A
. O—» Don't
op r care
Operand | Value j
Size | Added 1'31"“
Byte 1
Word 2
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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
| |
@aa:16
31 2423 1615 0
« | Sign
Don't
op abs care e;itgr?—
@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
Don't
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
H'000000 abs 31 2423 1615 0
Don't "
care H'00
15
Memory
contents
* Advanced mode
op abs
31 87 y
H'000000 abs
31 31 2423 0
Don't

Memory contents

care

Note: * ZTAT, mask ROM, and ROMless versions only.
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2.8 Processing States

2.8.1 Overview

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

Reset state

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

Exception-handling
state

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

instruction.
Processing Program execution
states state

The CPU executes program instructions in sequence.

Bus-released state

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

Sleep mode

Power-down state Software standby

mode

CPU operation is stopped

to conserve power.* Hardware standby
mode

Note: * The power-down state also includes a medium-speed mode, module stop mode etc.

Figure2.14 Processing States
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End of bus request

Bus request

Program execution
state
End of bus SLEEP
request Bus instruction
request SLEEP P =
s . \SSBY =0
Y instruction
with
SSBY =1

Bus-released state

Request for

o/ Sctpton ; —
handling handling Sleep mode
Interrupt
request
Exception-handling state
[ External interrupt

RES = high

“ STBY = high, RES = low -
Reset state™! - Hardware standby mode™?

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.

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. The
CPU enters the power-on reset state when the NMI pinis high, or the manual reset state when the
NMI pinislow. All interrupts are masked in the reset state. Reset exception handling starts when
the RES signal changes from low to high.

The reset state can also be entered by awatchdog timer overflow. For details, refer to section 11,
Watchdog Timer.
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2.8.3

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.

(1) Typesof Exception Handling and Their Priority

Exception handling is performed for traces, 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.

Trace End of instruction When the trace (T) bit is set to
execution or end of 1, the trace starts at the end of
exception-handling the current instruction or current
sequence™* exception-handling sequence

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. Traces are enabled only in interrupt control mode 2. Trace exception-handling is not

executed at the end of the RTE instruction.

Interrupts are not detected at the end of the ANDC, ORC, XORC, and LDC instructions,

or immediately after reset exception handling.

Trap instruction exception handling is always accepted, in the program execution state.
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(2) 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. The CPU enters the power-on reset state when the NMI pin is high,
or the manual reset state when the NMI pin islow. 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.

(3) Traces

Traces are enabled only in interrupt control mode 2. Trace mode is entered when the T bit of EXR
isset to 1. When trace mode is established, trace exception handling starts at the end of each
instruction.

At the end of atrace exception-handling sequence, the T bit of EXR is cleared to 0 and trace mode
is cleared. Interrupt masks are not affected.

The T bit saved on the stack retainsits value of 1, and when the RTE instruction is executed to
return from the trace exception-handling routine, trace mode is entered again. Trace exception-
handling is not executed at the end of the RTE instruction.

Trace mode is not entered in interrupt control mode 0, regardless of the state of the T bit.
(4) Interrupt Exception Handling and Trap Instruction Exception Handling

When interrupt or trap-instruction exception handling begins, the CPU references the stack pointer
(ER7) and pushes the program counter and other control registers onto the stack. Next, the CPU
alters the settings of the interrupt mask 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.
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Normal mode*!

sp—

CCR

CCR*2

PC
(16 bits)

w

(a) Interrupt control mode O

Advanced mode

SP—

CCR

- _ Pc I
(24 bits)

w

(c) Interrupt control mode 0

SP-—~

sp—

Notes: 1. ZTAT, mask ROM, and ROMless versions only.

2. Ignored when returning.

w

EXR
Reserved*?2

CCR

CCR*?

PC
(16 bits)

w

(b) Interrupt control mode 2

w

EXR
Reserved*?2
CCR

L - - - Pc ——— -
(24 bits)

w

(d) Interrupt control mode 2

Figure2.16 Stack Structure after Exception Handling (Examples)
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284 Program Execution State

In this state the CPU executes program instructions in sequence.

2.85 Bus-Released State

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

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

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

2.8.6 Power-Down State

The power-down state includes both modes in which the CPU stops operating and modes in which
the CPU does not stop. There are three modes in which the CPU stops operating: sleep mode,
software standby mode, and hardware standby mode. There are also two other power-down
modes. medium-speed mode, and module stop 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. For details, refer to section 19, Power-Down Modes.

(1) 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) iscleared to 0. In sleep
mode, CPU operations stop immediately after execution of the SLEEP instruction. The contents of
CPU registers are retained.

(2) Software Standby Mode: A transition to software standby mode is made if the SLEEP
instruction is executed while the SSBY bit in SBY CR is set to 1. 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 I/O ports also remain in their
existing states.

(3) Hardware Standby Mode: A transition to hardware standby mode is made when the STBY
pin goes low. In hardware standby mode, the CPU and clock halt and all MCU operations stop.
The on-chip supporting modules are reset, but as long as a specified voltage is supplied, on-chip
RAM contents are retained.
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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
HWR, LWR High
Data bus iHigh-impedance statei
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-impetj:lance state

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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Section 3 MCU Operating Modes

31 Overview

311 Operating M ode Selection (F-ZTAT™ Version)

The H85/2345 Group has eight operating modes (modes 4 to 7, 10, 11, 14 and 15). These modes
are determined by the mode pin (MD, to MD,) and flash write enable pin (FWE) settings. The
CPU operating mode and initial bus width can be selected as shown in table 3.1.

Table 3.1 lists the MCU operating modes.

Table3.1 MCU Operating Mode Selection (F-ZTAT™ Version)

External Data Bus

MCU CPU

Operating Operating On-Chip Initial Max.

Mode FWE MD, MD, MD, Mode Description ROM Width Width

0 0 0 0 0 — — — — —

1 1

2 1 0

3 1

4 1 0 0 Advanced On-chip ROM disabled, Disabled 16 bits 16 bits

5 1 expanded mode 8bits 16 bits

6 1 0 On-chip ROM enabled, Enabled 8 bits 16 bits
expanded mode

7 1 Single-chip mode — —

8 1 0 0 0 — — — — —

9 1

10 1 0 Advanced Boot mode Enabled 8 bits 16 bits

11 1 — —

12 1 0 0 — — — — —

13 1

14 1 0 Advanced  User program mode Enabled 8 bits 16 bits

15 1 — —

The CPU's architecture allows for 4 Gbytes of address space, but the H8S/2345 Group actually
accesses a maximum of 16 Mbytes.
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Modes 4 to 6 are externally expanded modes that allow accessto external memory and peripheral
devices.

The external expansion modes allow switching between 8-bit and 16-bit bus modes. After program
execution starts, an 8-bit or 16-bit address space can be set for each area, depending on the bus
controller setting. If 16-bit accessis selected for any one area, 16-bit bus mode is set; if 8-bit
access is selected for al areas, 8-bit bus mode is set.

Note that the functions of each pin depend on the operating mode.

Modes 10, 11, 14, and 15 are boot modes and user program modes in which the flash memory can
be programmed and erased. For details, see section 17, ROM.

The H85/2345 Group can only be used in modes 4 to 7, 10, 11, 14, and 15. This means that the
flash write enable pin and mode pins must be set to select one of these modes.

Do not change the inputs at the mode pins during operation.

312 Operating Mode Selection (ZTAT, Mask ROM, and ROMless Versions)

The H85/2345 Group has seven operating modes (modes 1 to 7). These modes enable selection of
the CPU operating mode, enabling/disabling of on-chip ROM, and the initial bus width setting, by
setting the mode pins (MD, to MD,).

Table 3.2 lists the MCU operating modes.
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Table3.2 MCU Operating Mode Selection

External Data Bus

MCU CPU

Operating Operating On-Chip Initial Max.

Mode MD, MD, MD, Mode Description ROM Width Width

0 0 0 0 — — — —

1 1 Normal On-chip ROM disabled, Disabled 8 bits 16 bits
expanded mode

2" 1 0 On-chip ROM enabled,  Enabled 8 hits 16 bits
expanded mode

3" 1 Single-chip mode —

4 1 0 0 Advanced  On-chip ROM disabled, Disabled 16 bits 16 bits

5 1 expanded mode 8bits 16 bits

6" 1 0 On-chip ROM enabled,  Enabled 8 hits 16 bits
expanded mode

7 1 Single-chip mode —

Note: * Not used on ROMless version.

The CPU's architecture allows for 4 Ghytes of address space, but the H8S/2345 Group actually
accesses a maximum of 16 Mbytes.

Modes 1, 2, and 4 to 6 are externally expanded modes that allow access to external memory and
peripheral devices.

The external expansion modes allow switching between 8-bit and 16-bit bus modes. After program
execution starts, an 8-bit or 16-bit address space can be set for each area, depending on the bus
controller setting. If 16-bit accessis selected for any one area, 16-bit bus mode is set; if 8-hit
access is selected for al areas, 8-bit bus mode is set.

Note that the functions of each pin depend on the operating mode.

The H85/2345 Group can be used only in modes 1 to 7. This means that the mode pins must be
set to select one of these modes. Do not change the inputs at the mode pins during operation.

313 Register Configuration

The H85/2345 Group has a mode control register (MDCR) that indicates the inputs at the mode
pins (MD, to MD,), and a system control register (SY SCR) and a system control register 2
(SYSCR2)** that control the operation of the H8S/2345 Group. Table 3.3 summarizes these
registers.
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Table3.3 MCU Registers

Name Abbreviation R/IW Initial Value Address™*
Mode control register MDCR R Undetermined H'FF3B
System control register SYSCR R/W H'01 H'FF39
System control register 2*° SYSCR2 R/W H'00 H'FF42

Notes: 1. Lower 16 bits of the address.

2. The SYSCR2 register can only be used in the F-ZTAT version. In the ZTAT, mask
ROM, and ROMiIess versions, this register cannot be written to and will return an
undefined value of read.

3.2 Register Descriptions

321 Mode Control Register (MDCR)

Bit : 7 6 5 4 3 2 1 0
— — — — — MDS2 | MDS1 | MDSO

Initial value: 1 0 0 0 0 —* —* —*

R/W : — — — — — R R R

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

MDCR is an 8-bit read-only register that indicates the current operating mode of the H85/2345
Group.

Bit 7—Reserved: Read-only bit, awaysread as 1.
Bits 6 to 3—Reserved: Read-only bits, alwaysread as 0.

Bits2to 0—Mode Select 2to 0 (MDS2 to MDS0): These bitsindicate the input levels at pins
MD, to MD, (the current operating mode). Bits MDS2 to MDSO correspond to MD, to MD,,.
MDS2 to MDSO are read-only bits-they cannot be written to. The mode pin (MD, to MD,) input
levels are latched into these bitswhen MDCR isread. These latches are canceled by a power-on
reset, but are retained after a manual reset.
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322 System Control Register (SYSCR)

Bit : 7 6 5 4 3 2 1 0

| — | — | INTM1 | INTMO | NMIEG | — | — | RAME ‘
Initial value: 0 0 0 0 0 0 0 1
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

Bits 7 and 6—Reserved: Only 0 should be written to these hits.

Bits 5 and 4—Interrupt Control Mode 1 and 0 (INTM 1, INTMO): These bits select the control
mode of the interrupt controller. For details of the interrupt control modes, see section 5.4.1,
Interrupt Control Modes and Interrupt Operation.

Bit 5 Bit4 Interrupt

INTM1 INTMO Control Mode Description

0 0 0 Control of interrupts by I bit (Initial value)
1 — Setting prohibited

1 0 2 Control of interrupts by 12 to 10 bits and IPR
1 — Setting prohibited

Bit 3—NM I Edge Select (NMIEG): Selectsthe valid edge of the NMI interrupt input.

Bit 3

NMIEG Description

0 An interrupt is requested at the falling edge of NMI input (Initial value)
1 An interrupt is requested at the rising edge of NMI input

Bits 2 and 1—Reserved: Only 0 should be written to these bits.

Bit 0—RAM Enable (RAME): Enables or disables the on-chip RAM. The RAME hit is
initialized when the reset statusisreleased. Itisnot initialized in software standby mode.

Bit 0

RAME Description

0 On-chip RAM is disabled

1 On-chip RAM is enabled (Initial value)
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323 System Control Register 2 (SYSCR2) (F-ZTAT Version Only)

Bit : 7 6 5 4 3 2 1 0

e e e e S e i
Initial value : 0 0 0 0 0 0 0 0
R/W : — — — — R/W — — —

SY SCR2 is an 8-bit readable/writable register that performs on-chip flash memory control.
SYSCR2 isinitialized to H'00 by areset and in hardware standby mode.

SY SCR2 can only be accessed in the F-ZTAT version. In other versions, this register cannot be
written to and will return an undefined value if read.

Bits 7 to 4—Reser ved: Read-only bits, alwaysread as 0.

Bit 3—Flash Memory Control Register Enable (FLSHE): Controls CPU access to the flash
memory control registers (FLMCR1, FLMCR2, EBR1, and EBR2). For details, see section 17,
ROM.

Bit 3
FLSHE Description
0 Flash control registers are not selected for addresses H'FFFFC8 to H'FFFFCB
(Initial value)
1 Flash control registers are selected for addresses H'FFFFC8 to H'FFFFCB

Bits 2 to 0—Reserved: Read-only bits, alwaysread as 0.
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3.3 Operating Mode Descriptions

331 Model (ZTAT, Mask ROM, and ROMless Versions Only)

The CPU can access a 64-kbyte address space in normal mode. The on-chip ROM is disabled, and
8-hit bus mode is set, immediately after areset.

Ports B and C function as an address bus, port D functions as a data bus, and part of port F carries
bus control signals. However, note that if 16-bit accessis designated by the bus controller, the bus
mode switches to 16 bits and port E becomes a data bus.

332 Mode 2** (ZTAT and Mask ROM Versions Only)

The CPU can access a 64-kbyte address space in normal mode. The on-chip ROM is enabled, and
8-bit bus mode is set. immediately after areset.

Ports B and C function asinput portsimmediately after areset. They can each be set to output
addresses by setting the corresponding bits in the data direction register (DDR) to 1. Port D
functions as a data bus, and part of port F carries bus control signals. However, note that if 16-bit
access is designated by the bus controller, the bus mode switchesto 16 bits and port E becomes a
data bus.

The amount of on-chip ROM that can be used is limited to 56 kbytes.

333  Mode3* (ZTAT and Mask ROM Versions Only)

The CPU can access a 64-kbyte address space in normal mode. The on-chip ROM is enabled, but
external addresses cannot be accessed.

All 1/0 ports are available for use as input-output ports.

The amount of on-chip ROM that can be used islimited to 56 kbytes.

334  Mode4*’
The CPU can access a 16-Mbyte address space in advanced mode. The on-chip ROM is disabled.

Pins P1, to P1,, ports A, B, and C function as an address bus, ports D and E function as a data bus,
and part of port F carries bus control signals. Pins P1, to P1, function as inputs immediately after a
reset. Each of these pins can be set to output addresses by setting the corresponding bit in the data
direction register (DDR) to 1.
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Theinitial bus mode after areset is 16 hits, with 16-bit accessto all areas. However, note that if
8-hit accessis designated by the bus controller for all areas, the bus mode switches to 8 hits.

335 Mode5*’
The CPU can access a 16-Mbyte address space in advanced mode. The on-chip ROM is disabled.

Pins P1, to P1,, ports A, B, and C function as an address bus, port D function as a data bus, and
part of port F carries bus control signals. Pins P1, to P1, function as inputs immediately after a
reset. They can each be set to output addresses by setting the corresponding bits in the data
direction register (DDR) to 1.

Theinitial bus mode after areset is 8 bits, with 8-bit accessto al areas. However, note that if at
least one areais designated for 16-bit access by the bus controller, the bus mode switchesto 16
bits and port E becomes a data bus.

336 Mode6*!
The CPU can access a 16-Mbyte address space in advanced mode. The on-chip ROM is enabled.

PinsP1, to P1, ports A, B, and C function as input portsimmediately after areset. They can each
be set to output addresses by setting the corresponding bits in the data direction register (DDR) to
1. Port D functions as a data bus, and part of port F carries bus control signals.

Theinitial bus mode after areset is 8 bits, with 8-bit accessto all areas. However, if any areais
designated as 16-hit access space by the bus controller, 16-bit bus mode is set and port E becomes
adatabus.

337 Mode7"!

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

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

Notes: 1. Not used on ROMIess version.

2. The upper address pins (A, to A,) cannot be used as outputsin mode 4 or 5
immediately after areset. To use the upper address pins (A, to A,)) asoutputs, it is
necessary to first set the corresponding bitsin the port 1 data direction register
(P1DDR) to 1.
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3.38 Modes8and 9 (F-ZTAT Version Only)

Modes 8 and 9 are not supported in the H8S/2345 Group, and must not be set.

339 Mode 10 (F-ZTAT Version Only)
Thisisaflash memory boot mode. For details, see section 17, ROM.

MCU operation is the same as in mode 6.

3310 Modell (F-ZTAT Version Only)
Thisisaflash memory boot mode. For details, see section 17, ROM.

MCU operation isthe same asin mode 7.

3.3.11 Modes12and 13

Modes 12 and 13 are not supported in the H8S/2345 Group, and must not be set.

3312 Model4 (F-ZTAT Version Only)
Thisisaflash memory user program mode. For details, see section 17, ROM.

MCU operation is the same as in mode 6.

3.3.13 Model15 (F-ZTAT Version Only)
Thisisaflash memory user program mode. For details, see section 17, ROM.

MCU operation isthe same asin mode 7.
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34 Pin Functionsin Each Operating Mode

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

Table3.3 Pin Functionsin Each Mode

Mode 6*° Mode 7*°
Mode 10** Mode 11**
Port Mode 1** Mode 2** Mode 3** Mode4 Mode5 Mode 14** Mode 15**
Portl P1,toPl, P*YT  P*YT P*YT P*ITIA P*YTIA P*YTIA  P*YT
PortA PAtoPA, P P P A A P*YA P
Port B A P*YA P A A P*YA P
Port C A P*YA P A A P*YA P
Port D D D P D D D P
Port E P*!D P*'ID P P/D P*'ID P*'ID P
Port F  PF, p/C**  P/IC* P*IC pic**  pP/C™  P/IC* P*IC
PF,toPF, C C P C C C P
PF,to PF, P*IC  P"C P*/IC  P*C  P"C

Legend:

. 1/O port

Timer 1/O

Address bus output
Data bus I/O

Control signals, clock 1/0

Oo»d40

Notes: 1. After reset

2. Not used on F-ZTAT.

3. Not used on ROMIless version.
4. Applies to F-ZTAT version only.
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35 Memory Map in Each Operating Mode

Memory maps for the H8S/2345, H85/2344, H8S/2343, H85/2341, and H85/2340 are shown in
figure 3.1 to figure 3.5.

The address space is 64 kbytesin modes 1 to 3 (normal modes)®, and 16 Mbytesin modes 4 to 7,
10, 11, 14, and 15 (advanced modes). The on-chip ROM capacity of the H8S/2345 is 128 kbytes,
that of the H8S/2344 96 kbytes, and that of the H8S/2343 64 kbytes. However, only 56 kbytes are
available in modes 2 and 3 (normal modes)*.

The address space is divided into eight areas for modes 4 to 6, 10, and 14. For details, see section
6, Bus Controller.

Note: * Not availableon F-ZTAT version.

Rev. 4.00 Feb 15, 2006 page 77 of 900
REJ09B0291-0400
RENESAS



Section 3 MCU Operating Modes

H'0000

H'EC00

H'FC00
H'FE40
H'FFO8

H'FF28
HFFFF

Mode 1*2

(normal expanded mode
with on-chip ROM disabled)

External address
space

On-chip RAM*1

External address
space

Internal I/O registers

External address
space

Internal /0 registers

(normal expanded mode
with on-chip ROM enabled)

H'0000

H'DFFF
H'E000

H'ECO00

H'FC00
H'FE40
H'FFO8

H'FF28
H'FFFF

Mode 2*2

On-chip ROM

External address
space

On-chip RAM*1

External address
space

Internal I/O registers

External address
space

Internal I/O registers

Mode 3*2
(normal single-chip mode)

H'0000

On-chip ROM
H'DFFF
H'EC00

On-chip RAM
H'FBFF

H'FEA40 Internal I/0 registers

H'FFO7

A
HEEEE Internal /O registers

Notes: 1. External addresses can be accessed by clearing the RAME bit in SYSCR to 0.
2. Not available on F-ZTAT version.

Figure3.1 Memory Map in Each Operating Mode in the H85/2345
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Modes 4 and 5 Mode 6 Mode 7
(advanced expanded modes (advanced expanded mode (advanced single-chip mode)
with on-chip ROM disabled) with on-chip ROM enabled)

H'000000 H'000000 H'000000
On-chip ROM On-chip ROM
External address
space HOOFFFF| HOOFFFF|
H'010000 H'010000
On-chip ROM/ On-chip ROM/
external address reserved area*?
space*1
H'O1FFFF H'O1FFFF
R R H'020000_]_External address_|_.
T T T space T
H'FFEC00 H'FFECO00 H'FFEC00
On-chip RAM*3 On-chip RAM*3 On-chip RAM
H'FFFBFF
H'FFFCO0| External address H'FFFCO00| External address
Space space
H'FFFE40 [|nternal 110 registers H'FFFE40| |nternal 110 registers ::;:;:;Eg? Internal I/O registers
H'FFFFO8 | External address H'FFFF0O8| External address
space space 8
H'FFFF28 ’ H'FFFF28 ! H'FFFF2 )
HEFEFEF Internal 1/O registers H'EEEEEE Internal 1/O registers H'EEEFEE Internal I/O registers

Notes: 1. When the EAE bit in BCRL is set to 1, this area is external address space.
When the EAE bit is cleared to 0, it is on-chip ROM.
2. When the EAE bit in BCRL is set to 1, this area is reserved.
When the EAE bit is cleared to 0, it is on-chip ROM.
3. External addresses can be accessed by clearing the RAME bit in SYSCR to 0.

Figure3.1 Memory Map in Each Operating Mode in the H85/2345 (cont)
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Notes: 1.

3.
4.

Mode 10*4 Boot Mode Mode 11*4 Boot Mode
(advanced expanded mode (advanced single-chip
with on-chip ROM enabled) mode)

H'000000 H'000000
On-chip ROM On-chip ROM
HOOFFFF| HOOFFFF |
H'010000 H'010000
O”'Chilp Eg'\"’ On-chip ROM/
external a*lress reserved area*2
space

H'01FFFF H'01FFFF
H020000 External address
= space ==
H'FFECO00 H'FFECO00
On-chip RAM™*3 On-chip RAM*3
H'FFFBFF
H'FFFCO00 | External address
space
H'FFFE40 Internal H'FFFE40 Internal
I/O registers H'FFFFO7 I/0O registers
H'FFFFO8 | External address
space
H'FFFF28 Internal H'FFFF28 Internal
H'EEEFFE| VO registers H'EFFEFE | VO registers

When the EAE bit in BCRL is set to 1, this area is external address space.

When the EAE bit is cleared to 0, it is on-chip ROM.

When the EAE bit in BCRL is set to 1, this area is reserved.

When the EAE bit is cleared to 0, it is on-chip ROM.

On-chip RAM is used for flash memory programming. Do not clear the RAME bit to 0 in SYSCR.
Modes 10 and 11 are provided in the F-ZTAT version only.

Figure3.1 Memory Map in Each Operating Mode in the H85/2345 (cont)
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Mode 14™4 User Program Mode Mode 15™4 User Program Mode
(advanced expanded mode (advanced single-chip
with on-chip ROM enabled) mode)

H'000000 H'000000
On-chip ROM On-chip ROM

HOOFFFF| | HOOFFFF |
H'010000 H'010000

O”'Chilp SSM’ On-chip ROM/

externa a*lress reserved area*?

space
H'01FFFF H'O1FFFF
H'020000 | gxternal address
= space =

H'FFECO00 H'FFECO00

On-chip RAM*3 On-chip RAM*3

H'FFFBFF
H'FFFCO00| External address
space
H'FFFE40 Internal H'FFFE40 Internal
I/O registers H'FFFFO7 1/O registers
H'FFFFO8 | External address
space

H'FFFF28 Internal H'FFFF28 Internal
H'EEEEFE| VO registers H'FFFEFE | VO registers

Notes: 1. When the EAE bit in BCRL is set to 1, this area is external address space.
When the EAE bit is cleared to 0, it is on-chip ROM.
2. When the EAE bit in BCRL is set to 1, this area is reserved.
When the EAE bit is cleared to 0, it is on-chip ROM.
3. On-chip RAM is used for flash memory programming. Do not clear the RAME bit to 0 in SYSCR.
4. Modes 14 and 15 are provided in the F-ZTAT version only.

Figure3.1 Memory Map in Each Operating Mode in the H85/2345 (cont)
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Mode 1

(normal expanded mode
with on-chip ROM disabled)

H'0000

H'ECO00

H'FCO00
H'FE40
H'FFO8
H'FF28

External address
space

On-chip RAM*

External address
space

Internal I/O registers

External address
space

H'FFFF

Internal I/O registers

(normal expanded mode
with on-chip ROM enabled)

H'0000

H'DFFF
H'E000

H'ECO00

H'FC00
H'FE40
H'FF08

HFF28
H'FFFF

Mode 2

On-chip ROM

External address
space

On-chip RAM*

External address
space

Internal I/O registers

External address
space

Internal I/O registers

Mode 3
(normal single-chip mode)

H'0000

On-chip ROM
H'DFFF
H'ECO00

On-chip RAM
H'FBFF
H'FE40 ‘ Internal I/O registers‘
H'FFO7
H'FF28 .
HEFEE ‘ Internal I/O reglsters‘

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

Figure3.2 Memory Map in Each Operating Modein the H85/2344
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Modes 4 and 5 Mode 6 Mode 7
(advanced expanded modes (advanced expanded mode (advanced single-chip mode)
with on-chip ROM disabled) with on-chip ROM enabled)

H'000000 H'000000 H'000000
On-chip ROM On-chip ROM

External address

space HOOFFFF| HOOFFFF|
H'010000 H'010000
On-chip ROM/ On-chip ROM/
external address reserved area”3
space”!
H'017FFF H'O17FFF
H'018000 H'018000
Reserved area/
external address Reserved area
space*?
H'01FFFF H'01FFFF
. L H'OZOOOOv?External address_|,
T 7 T space 7
H'FFECO00 H'FFECO00 H'FFECO00
On-chip RAM™4 On-chip RAM™4 On-chip RAM
H'FFFBFF
H'FFFC00| External address H'FFFCO00| External address
space space
H'FFFE40 |1nernal 1/0 registers H'FFFEA0| |nternal 110 registers :EEEES? Internal I/O registers
H'FFFFO8 | External address H'FFFF08| External address
space space
H'FFFF28 . H'FFFF28 . H'FFFF28 .
HEEFEFE Internal I/O registers H'FEFEEF Internal I/O registers H'EFEFEE Internal I/O registers

Notes: 1. When the EAE bit in BCRL is set to 1, this area is external address space.
When the EAE bit is cleared to 0, it is on-chip ROM.
2. When the EAE bit in BCRL is set to 1, this area is external address space.
When the EAE bit is cleared to 0, it is a reserved area.
3. This area is reserved when the EAE bit in BCRL is set to 1, and on-chip ROM when the EAE
bit is cleared to 0.
4. External addresses can be accessed by clearing the RAME bit in SYSCR to 0.

Figure3.2 Memory Map in Each Operating Mode in the H85/2344 (cont)
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Section 3 MCU Operating Modes

Mode 1
(normal expanded mode
with on-chip ROM disabled)

Mode 2
(normal expanded mode
with on-chip ROM enabled)

Mode 3
(normal single-chip mode)

H'0000 H'0000 H'0000
On-chip ROM On-chip ROM
External address
space
H'DFFF H'DFFF
H'EO00 | External address
space
H'EC00 Reserved area* H'EC00 Reserved area*
H'F400 . H'F400 . H'F400
On-chip RAM On-chip RAM -chi
p p H'EBFF On-chip RAM
H'FCO0| External address H'FCO0 | External address
. space space HEE40
H'FE40 | Internal 1/0 registers H'FE40 | Internal /0 registers HEFO7 ‘ Internal 1/0 registers‘
H'FFO8 | External address H'FFO8 | External address
space space
H'FF28 . H'FF28 . H'FF28 ‘ . ‘
HEFFE Internal I/O registers H'EEEF Internal I/O registers HEFEE Internal I/O registers

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

Figure3.3 Memory Map in Each Operating Modein the H85/2343
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Modes 4 and 5 Mode 6 Mode 7
(advanced expanded modes (advanced expanded mode (advanced single-chip mode)
with on-chip ROM disabled) with on-chip ROM enabled)

H'000000 H'000000 H'000000
On-chip ROM On-chip ROM

External address
Space H'OOFFFF| H'00FFFF
H'010000

External address

space/reserved
area™!
H'01FFFF
4 = H'020000_L External address J~
T T space T
HFFECO0| Reserved area*? HFFECO0 | Reserved area*2
H'FFF400 ‘o H'FFF400 2 H'FFF400
On-chip RAM On-chip RAM -chi
p p HEEFBEE On-chip RAM
H'FFFCO00| External address H'FFFC00 | External address
space space
H'FFFEA0 | 1nternal 110 registers H'FFFE40 | nternal 1/0 registers :;E;Egg Internal 1/O registers
H'FFFF0O8 | External address H'FFFFO8 | External address
space space
H'FFFF28 . H'FFFF28 ) H'FFFF28 )
H'FEFFER Internal I/O registers H'EEEFFE Internal 1/O registers H'EFEFFE Internal 1/O registers

Notes: 1. When the EAE bit in BCRL is set to 1, this area is external address space. When the EAE bit is

cleared to 0, it is on-chip ROM.
2. External addresses can be accessed by clearing the RAME bit in SYSCR to 0.

Figure 3.3 Memory Map in Each Operating Mode in the H85/2343 (cont)
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Section 3 MCU Operating Modes

Mode 1 Mode 2 Mode 3
(normal expanded mode (normal expanded mode (normal single-chip mode)
with on-chip ROM disabled) with on-chip ROM enabled)
H'0000 H'0000 H'0000
On-chip ROM On-chip ROM
H'7FFF H'7FFF
External address H'8000
space

Reserved area

H'DFFF
H'EO0O | External address
space
H'EC00 Reserved area* H'EC00 Reserved area*
H'F400 . H'F400 . H'F400
On-chip RAM On-chip RAM -chi
p p H'EBFF On-chip RAM
H'FCO0| External address H'FCO0 | External address
space space HEE40
H'FE40 | Internal 1/0 registers H'FE40 | Internal /0 registers HEFO7 ‘ Internal 1/0 registers‘
H'FFO8 | External address H'FFO8 | External address
space space
H'FF28 . H'FF28 . H'FF28 ‘ . ‘
HEFFE Internal I/O registers H'EEEF Internal I/O registers HEFEE Internal I/O registers

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

Figure3.4 Memory Map in Each Operating Modein the H85/2341
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Section 3 MCU Operating Modes

Modes 4 and 5
(advanced expanded modes
with on-chip ROM disabled)

H'000000
External address
space
HFFECO0| Reserved area*?
H'FFF400 .
On-chip RAM*2
H'FFFCO00| External address
space
H'FFFE40 Internal I/0O registers
H'FFFFO8 | External address
space
H'FFFF28 ;
H'EFFEFE Internal 1/O registers

Mode 6

(advanced expanded mode

with on-

chip ROM enabled)

H'000000

H'007FFF
H'008000

H'00FFFF
H'010000

H'O1FFFF

On-chip ROM

Reserved area

External address
space/regerved
area*?!

H020000_L External address J

))

space

H'FFECO00

Reserved area*?2

H'FFF400

On-chip RAM™*2

H'FFFC00

External address
space

(advanced single-chip mode)

Mode 7

H'000000

H'007FFF

On-chip ROM

H'FFF400
H'FFFBFF

On-chip RAM

H'FFFE40

Internal 1/O registers

H'FFFFO8

External address
space

F{Freros Imemal O egisters
HEFEFO7 Internal 1/O registers

H'FFFF28
H'FFFFFF

Internal 1/O registers

cleared to 0, it is on-chip ROM.
2. External addresses can be accessed by clearing the RAME bit in SYSCR to 0.

H'FFFF28

H'EFEFFE Internal 1/O registers

Notes: 1. When the EAE bit in BCRL is set to 1, this area is external address space. When the EAE bit is

Figure3.4 Memory Map in Each Operating Mode in the H85/2341 (cont)
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odes

Mode 1

(normal expanded mode
with on-chip ROM disabled)

H'0000

External address

space

H'ECO00

Reserved area®

H'F400

On-chip RAM*

H'FC00

External address
space

H'FE40 | |nternal 110 registers

H'FF08

External address
space

H'FF28
HFFFF

Internal I/O registers

Mod

es4and5

(advanced expanded modes
with on-chip ROM disabled)

H'000000

External address

space

H'FFECO00

Reserved area®

H'FFF400

On-chip RAM*

H'FFFC00

External address
space

H'FFFEA40 | |nternal 110 registers

H'FFFFO8

External address
space

H'FFFF28
HFFFFFF

nternal 1/O registers

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

Figure3.5 Memory Map in Each Operating Modein the H85/2340

(Modes 1, 4, and 5 Only)
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Section 4 Exception Handling

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 times, in 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 bits of SYSCR.

Table4.1 Exception Typesand Priority

Priority Exception Type Start of Exception Handling
High Reset Starts immediately after a low-to-high transition at the
A RES pin, or when the watchdog timer overflows. The

CPU enters the power-on reset state when the NMI pin
is high, or the manual reset state when the NMI pin is

low.
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™”

Low Trap instruction (TRAPA)*®  Started by execution of a trap instruction (TRAPA)
Notes: 1. Traces are enabled only in interrupt control mode 2. 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 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), condition code register (CCR), and extended register (EXR) are
pushed onto the stack.

2. Theinterrupt mask bits are updated. The T bit is cleared to 0.

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.

4.1.3 Exception 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.

Power-on reset

Reset
Manual reset
Trace
Exception External interrupts: NMI, IRQ7 to IRQO
sources Interrupts

Internal interrupts: 43 interrupt sources in
on-chip supporting modules

Trap instruction

Figure4.1 Exception Sources

In modes 6 and 7 in the H8S/2345, the on-chip ROM available for use after a power-on reset isthe
64-kbyte area comprising addresses H'000000 to H'00FFFF. Care is required when setting vector
addresses. In this case, clearing the EAE bit in BCRL enables the 128-kbyte area comprising
addresses H'000000 to H'01FFFF to be used.
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Table 4.2

Exception Source

Exception Vector Table

Vector Number

Vector Address™*

Normal Mode*?

Advanced Mode

Power-on reset

H'0000 to H'0001

H'0000 to H'0003

Manual reset

H'0002 to H'0003

H'0004 to H'0007

Reserved for system use

H'0004 to H'0006

H'0008 to H'000B

H'0006 to H'0007

H'000C to H'000F

H'0008 to H'0009

H'0010 to H'0013

Trace

H'000A to H'000B

H'0014 to H'0017

Reserved for system use

H'000C to H'000D

H'0018 to H'001B

External interrupt NMI

H'000E to H'000F

H'001C to H'001F

Trap instruction (4 sources)

H'0010 to H'0011

H'0020 to H'0023

Ol N/ 0|~ WIN| PO

H'0012 to H'0013

H'0024 to H'0027

=
o

H'0014 to H'0015

H'0028 to H'002B

[N
[N

H'0016 to H'0017

H'002C to H'002F

Reserved for system use

[EEY
N

H'0018 to H'0019

H'0030 to H'0033

[EEY
w

H'001A to H'001B

H'0034 to H'0037

[ERY
I

H'001C to H'001D

H'0038 to H'003B

[EEY
)]

H'001E to H'O01F

H'003C to H'003F

External interrupt IRQO

=
[o)]

H'0020 to H'0021

H'0040 to H'0043

IRQ1

B
~

H'0022 to H'0023

H'0044 to H'0047

IRQ2

=
(o]

H'0024 to H'0025

H'0048 to H'004B

IRQ3

=
©

H'0026 to H'0027

H'004C to H'004F

IRQ4

N
o

H'0028 to H'0029

H'0050 to H'0053

IRQ5

N
=

H'002A to H'002B

H'0054 to H'0057

IRQ6

N
N

H'002C to H'002D

H'0058 to H'005B

IRQ7

N
w

H'002E to H'002F

H'005C to H'005F

Internal interrupt™?

24

|
87

H'0030 to H'0031

|
H'00AE to H'00AF

H'0060 to H'0063

|
H'015C to H'015F

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

Vector Table.

3. ZTAT, mask ROM, and ROMless versions only.
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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 H8S/2345 Group entersthe reset state. A
reset initializes the internal 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.

Thelevel of the NMI pin at reset determines whether the type of reset is a power-on reset or a
manual reset.

The H85/2345 Group can aso be reset by overflow of the watchdog timer. For details see section
11, Watchdog Timer.

4.2.2 Reset Types

A reset can be of either of two types: a power-on reset or amanual reset. Reset types are shown in
table 4.3. A power-on reset should be used when powering on.

The internal state of the CPU isinitialized by either type of reset. A power-on reset also initializes
all the registersin the on-chip supporting modules, while amanual reset initializes all the registers
in the on-chip supporting modules except for the bus controller and 1/0 ports, which retain their
previous states.

With amanual reset, since the on-chip supporting modules are initialized, ports used as on-chip
supporting module 1/O pins are switched to 1/O ports controlled by DDR and DR.

Table4.3 Reset Types

Reset Transition

Conditions Internal State
Type NMI RES CPU On-Chip Supporting Modules
Power-on reset High Low Initialized Initialized
Manual reset Low Low Initialized Initialized, except for bus controller

and /O ports

A reset caused by the watchdog timer can also be of either of two types: a power-on reset or a
manual reset.
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423 Resat Sequence
The H85/2345 Group enters the reset state when the RES pin goes low.

To ensure that the H8S/2345 Group isreset, hold the RES pin low for at least 20 ms at power-up.
To reset the H8S/2345 Group during operation, hold the RES pin low for at least 20 states.

When the RES pin goes high after being held low for the necessary time, the H8S/2345 Group
starts reset exception handling as follows:

1. Theinterna state of the CPU and the registers of the on-chip supporting modules are
initialized, the T bitisclearedto 0 in EXR, and the | bitisset to 1 in EXR and CCR.

2. Thereset exception handling 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.

Vector Internal Prefetch of first program
fetch  processing instruction

S

RES J ‘
Internal : ‘ ‘ i ‘
address bus >< @) 1 >< ©) >< ><:
Internal read | | |
signal

Internal write

signal High
o s
Lnutgrnal data — @) / — 4 / D—

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

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

(4) First program instruction

Figure4.2 Reset Sequence (Modes 2 and 3)
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Internal Prefetch of first

Vectorfetch ) 5cessing  program instruction

-y

. nafAnAR AT
RES [ A

Address bus : 1) >< 3 >< ®) X:
D;5 to Dg @ @ : (6)

(1) (3) Reset exception handling vector address ((1) = H'000000, (3) = H'000002)
(2) (4) Start address (contents of reset exception handling 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 4)

424 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 aprogram is
always executed immediately after the reset state ends, make sure that this instruction initializes
the stack pointer (example: MOV.L #xx:32, SP).

425 State of On-Chip Supporting Modules after Reset Release

After reset release, MSTPCR isinitialized to H'3FFF and all modules except the DTC enter
modul e stop mode. Consequently, on-chip supporting module registers cannot be read or written
to. Register reading and writing is enabled when module stop mode is exited.
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4.3 Traces

Traces are enabled in interrupt control mode 2. Trace mode is not activated in interrupt control
mode O, irrespective of the state of the T bit. For details of interrupt control modes, see section 5,
Interrupt Controller.

If the T bitin EXR isset to 1, trace modeis activated. In trace mode, a trace exception occurs on
completion of each instruction.

Trace modeis canceled by clearing the T bit in EXR to 0. It is not affected by interrupt masking.
Table 4.4 shows the state of CCR and EXR after execution of trace exception handling.
Interrupts are accepted even within the trace exception handling routine.

The T bit saved on the stack retains its value of 1, and when control is returned from the trace
exception handling routine by the RTE instruction, trace mode resumes.

Trace exception handling is not carried out after execution of the RTE instruction.

Table4.4 Statusof CCR and EXR after Trace Exception Handling

CCR EXR
Interrupt Control Mode
| | ul 2tol0 | T
Trace exception handling cannot be used.
1 | — — | 0
Legend:
1: Settol

0: Clearedto 0
—: Retains value prior to execution.

Rev. 4.00 Feb 15, 2006 page 95 of 900
REJ09B0291-0400
RENESAS



Section 4 Exception Handling

4.4 Interrupts

Interrupt exception handling can be requested by nine external sources (NMI, IRQ7 to IRQO) and
43 internal sourcesin the on-chip supporting modules. Figure 4.4 classifies 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 timer-pulse unit (TPU), 8-bit timer, serial communication interface (SCI), data transfer
controller (DTC), and A/D converter. Each interrupt source has a separate vector address.

NMI is the 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 to
eight priority/mask levels to enable multiplexed interrupt control.

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

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

Interrupts
WDT" (1)

TPU (26)
Internal 8-bit timer (6)
interrupts SCl (8)

DTC (1)

A/D converter (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
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4.5 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 4.5 shows the status of CCR and EXR after execution of trap instruction exception handling.

Table45 Statusof CCR and EXR after Trap Instruction Exception Handling

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

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

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

\/_\ \/_\

SP —» EXR
Reserved”
SP —» CCR CCR
CCR* CCR*
777777777 pc ] ___pPc
(16 bits) (16 bits)
\/\ \_/\
(a) Interrupt control mode O (b) Interrupt control mode 2

Note: * Ignored on return.

Figure4.5(1) Stack Statusafter Exception Handling (Normal M odes)
(ZTAT, Mask ROM, and ROMIless Versions Only)

SP —» EXR
Reserved
SP —» CCR CCR
———————— PC - - PC -
,,,,,,,, (24 bits) -~ L (24 bits) .- __

\_/\ \_/\

(a) Interrupt control mode O (b) Interrupt control mode 2

Note: * Ignored on return.

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

When accessing word data or longword data, the H8S/2345 Group assumes that the lowest address
bitis0. The stack should aways be accessed by word transfer instruction or longword transfer
instruction, and the value of the stack pointer (SP, ER7) should always be kept even. Usethe
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 a malfunction. Figure 4.6 shows an example of what
happens when the SP value is odd.

CCR SP-» RIL H'FFFEFA
SP—» H'FFFEFB
PC PC H'FFFEFC
H'FFFEFD
sPw| 1 1 [
fffffffffffffffffffffffffffffffffffffffffffffffffff H'FFFEFF

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

SP setto H'FFFEFF  Data saved above SP Contents of CCR lost

Legend: CCR: Condition code register
PC: Program counter
R1L: General register R1L
SP: Stack pointer

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

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

Section 5 Interrupt Controller

51 Overview

511 Features

The H85/2345 Group controls interrupts by means of an interrupt controller. The interrupt
controller has the following features:

Two interrupt control modes

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

Priorities settable with IPR

O Aninterrupt priority register (IPR) is provided for setting interrupt priorities. Eight priority
levels can be set for each module for all interrupts except NMI.

O NMI isassigned the highest priority level of 8, and can be accepted at al times.

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.

Nine external interrupts

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

O Faling edge, rising edge, or both edge detection, or level sensing, can be selected for IRQ7
to IRQO.

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

A block diagram of the interrupt controller is shownin Figure 5.1.

CPU

| CCR

i

| EXR

| INTM1 INTMO
SYSCR|
NMIEG ‘ L
NMI input = NMI input unit - Interrupt
request
IRQ input IRQ input unit L Vector
ISR
number
ISCR ﬁ Priority
determination
. I, Ul
Internal interrupt
request 12to0 10
WOVI to TEI
Interrupt controller
Legend:
ISCR :IRQ sense control register
IER : IRQ enable register
ISR : IRQ status register
IPR . Interrupt priority register

SYSCR : System control register

Figure5.1 Block Diagram of Interrupt Controller

Rev. 4.00 Feb 15, 2006 page 102 of 900
REJ09B0291-0400
RENESAS




Section 5 Interrupt Controller

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

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'01 H'FF39
IRQ sense control register H ISCRH R/W H'00 H'FF2C
IRQ sense control register L ISCRL R/W H'00 H'FF2D
IRQ enable register IER R/W H'00 H'FF2E
IRQ status register ISR RI(W)*? H'00 H'FF2F
Interrupt priority register A IPRA R/W H'77 H'FEC4
Interrupt priority register B IPRB R/W H'77 H'FEC5
Interrupt priority register C IPRC R/W H'77 H'FEC6
Interrupt priority register D IPRD R/W H'77 H'FEC7
Interrupt priority register E IPRE R/W H'77 H'FEC8
Interrupt priority register F IPRF R/W H'77 H'FEC9
Interrupt priority register G IPRG R/W H'77 H'FECA
Interrupt priority register H IPRH R/W H'77 H'FECB
Interrupt priority register | IPRI R/W H'77 H'FECC
Interrupt priority register J IPRJ R/W H'77 H'FECD
Interrupt priority register K IPRK R/W H'77 H'FECE

Notes: 1. Lower 16 bits of the address.
2. Can only be written with O for flag clearing.
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52 Register Descriptions

521 System Control Register (SYSCR)

Bit : 7 6 5 4 3 2 1 0

| — | — | INTM1 | INTMO | NMIEG | — | — | RAME ‘
Initial value: 0 0 0 0 0 0 0 1
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

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

Only bits 5 to 3 are described here; for details of the other bits, see section 3.2.2, System Control
Register (SY SCR).

SYSCRisinitialized to H'01 by areset and in hardware standby mode. It isnot initialized in
software standby mode.

Bits5 and 4—Interrupt Control Mode 1 and O (INTM1, INTMO): These bits select one of two
interrupt control modes for the interrupt controller.

BitS5  Bit4  |nterrupt

INTM1  INTMO Control Mode Description

0 0 0 Interrupts are controlled by | bit (Initial value)
1 — Setting prohibited

1 0 2 Interrupts are controlled by bits 12 to 10, and IPR
1 — Setting prohibited

Bit 3—NM | Edge Select (NMIEG): Selectsthe input edge for the NMI pin.

Bit 3

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 Priority Registers A toK (IPRA to IPRK)

Bit : 7 6 5 4 3 2 1 0

| — | IPR6 | IPR5 | IPR4 | — | IPR2 | IPR1 | IPRO ‘
Initial value: 0 1 1 1 0 1 1 1
R/W : — R/W R/W R/W — R/W R/W R/W

The IPR registers are eleven 8-bit readable/writable registers that set priorities (levels 7 to 0) for
interrupts other than NMI.

The correspondence between PR settings and interrupt sourcesis shown in table 5.3.
The IPR registers set apriority (level 7 to 0) for each interrupt source other than NMI.
The IPR registers are initialized to H'77 by areset and in hardware standby mode.
Bits 7 and 3—Reserved: Read-only hits, always read as 0.

Table5.3 Correspondence between Interrupt Sourcesand | PR Settings

Bits

Register 6to 4 2to 0
IPRA IRQO IRQ1
IPRB IRQ2 IRQ4

IRQ3 IRQ5
IPRC IRQ6 DTC

IRQ7
IPRD Watchdog timer —*
IPRE — AID converter
IPRF TPU channel 0 TPU channel 1
IPRG TPU channel 2 TPU channel 3
IPRH TPU channel 4 TPU channel 5
IPRI 8-bit timer channel 0 8-bit timer channel 1
IPRJ —* SCI channel 0
IPRK SCl channel 1 —*

Note: * Reserved bits. Only 1 should be written to these bits.
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Asshown in table 5.3, multiple interrupts are assigned to one |PR. Setting avalue in the range
from H'0 to H'7 in the 3-bit groups of bits 6 to 4 and 2 to 0 sets the priority of the corresponding
interrupt. The lowest priority level, level 0, isassigned by setting H'0, and the highest priority
level, level 7, by setting H'7.

When interrupt requests are generated, the highest-priority interrupt according to the priority
levels set in the IPR registersis selected. Thisinterrupt level isthen compared with the interrupt
mask level set by the interrupt mask bits (12 to 10) in the extend register (EXR) in the CPU, and if
the priority level of theinterrupt is higher than the set mask level, an interrupt request isissued to
the CPU.

523  IRQ Enable Register (IER)

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

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
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

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

Bits 7 to 0—IRQ7to IRQO Enable (IRQ7E to IRQOE): These bits select whether IRQ7 to
IRQO are enabled or disabled.

Bitn
IRQNE Description
0 IRQn interrupts disabled (Initial value)
1 IRQn interrupts enabled
(n=71t00)
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524 IRQ Sense Control RegistersH and L (ISCRH, ISCRL)

ISCRH
Bit : 15 14 13 12 11 10 9 8

| IRQ7SCB| IRQ?SCA| IRQ68CB| IRQGSCA| IRQ5SCB | IRQ58CA| IRQ4SCB | IRQ4SCA‘
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
ISCRL
Bit : 7 6 5 4 3 2 1 0

| IRQSSCB| IRQ3$CA| IRQ28CB| IRQZSCA| IRQ1SCB | IRQlSCA| IRQOSCB | IRQOSCA‘
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

The ISCR registers are 16-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.

The ISCR registers are initialized to H'0000 by areset and in hardware standby mode.

Bits15t0 0: IRQ7 Sense Control A and B (IRQ7SCA, IRQ7SCB) to IRQO0 Sense Control A and
B (IRQOSCA, IRQOSCB)

Bits 15to0 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

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
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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
R/W : RI(W)Y*  R/(W)*  R/(W)* R/MW)* RI(MW)* RIW)* R/(W)* R/I(W)*

Note: * Only 0 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.

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)
e Cleared by reading IRQnF flag when IRQnF = 1, then writing O to IRQnF flag
* When interrupt exception handling is executed when low-level detection is set
(IRQNSCB = IRQNSCA = 0) and IRQn input is high
«  When IRQn interrupt exception handling is executed when falling, rising, or both-
edge detection is set (IRQnSCB =1 or IRQnSCA =1)

e When the DTC is activated by an IRQn interrupt, and the DISEL bit in MRB of the
DTCis cleared to O

1 [Setting conditions]

«  When IRQn input goes low when low-level detection is set (IRQNSCB = IRQNSCA =
0)

« When a falling edge occurs in IRQn input when falling edge detection is set
(IRQNSCB =0, IRQNSCA = 1)

* When arising edge occurs in IRQn input when rising edge detection is set
(IRQnNSCB =1, IRQNSCA =0)

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

(n=71t00)
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5.3 Interrupt Sources

Interrupt sources comprise external interrupts (NMI and IRQ7 to IRQO) and internal interrupts (43
sources).

531 External Interrupts

There are nine external interrupts: NMI and IRQ7 to IRQO. Of these, NMI and IRQ2 to IRQO can
be used to restore the H8S/2345 Group from software standby mode.

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

The vector number for NMI interrupt exception handling is 7.

IRQ7to 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:

» Using ISCR, it is possible to select whether an interrupt is generated by alow level, falling
edge, rising edge, or both edges, at pinsIRQ7 to IRQO.

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

* Theinterrupt priority level can be set with IPR.

» 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 5.2.

IRQNE

IRQNSCA, IRQNSCB
# IRQNF

}—m IRQn interrupt
> Edge/level
detection circuit S Q

request
IRQnN input R

Clear signal

Note: n:7to0

Figure5.2 Block Diagram of Interrupts IRQ7 to IRQO
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Figure 5.3 shows the timing of setting IRQNF.

IRQN
input pin

IRQNF

Figure5.3 Timing of Setting IRQNF

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. However, when a pin is used as an external interrupt input pin, do not clear the
corresponding DDR to 0 and use the pin as an I/O pin for another function.

5.3.2 Internal Interrupts
There are 43 sources for internal interrupts from on-chip supporting modules.

 For each on-chip supporting modul e there are flags that indicate the interrupt request status,
and enabl e bits that select enabling or disabling of these interrupts. If both of these are set to 1
for a particular interrupt source, an interrupt request is issued to the interrupt controller.

» Theinterrupt priority level can be set by means of IPR.

e TheDTC can be activated by a TPU, 8-bit timer, SCI, or other interrupt request. When the
DTC isactivated by an interrupt, the interrupt control mode and interrupt mask bits are not
affected.

533 Interrupt Exception Handling 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 the IPR. 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 IPR Priority
NMI External 7 H'000E H'001C High
IRQO pn 16 H'0020 H'0040 IPRAGto4 4
IRQ1 17 H'0022 H'0044 IPRA2t0 0
IRQ2 18 H'0024 H'0048 IPRB6 to 4
IRQ3 19 H'0026 H'004C
IRQ4 20 H'0028 H'0050 IPRB21t0 0
IRQ5 21 H'002A H'0054
IRQ6 22 H'002C H'0058 IPRC6 to 4
IRQ7 23 H'002E H'005C
SWDTEND (software DTC 24 H'0030 H'0060 IPRC2to 0
activation interrupt end)
WOVI (interval timer) Watchdog 25 H'0032 H'0064 IPRD6 to 4
timer
Reserved — 26 H'0034 H'0068
27 H'0036 H'006C
ADI (A/D conversion end) A/D 28 H'0038 H'0070 IPRE2to O
Reserved — 29 H'003A H'0074
30 H'003C H'0078
31 H'003E H'007C
TGIOA (TGROA input TPU 32 H'0040 H'0080 IPRF6 to 4
capture/compare match) channel 0
TGIOB (TGROB input 33 H'0042 H'0084
capture/compare match)
TGIOC (TGROC input 34 H'0044 H'0088
capture/compare match)
TGIOD (TGROD input 35 H'0046 H'008C
capture/compare match)
TCIOV (overflow 0) 36 H'0048 H'0090
Reserved — 37 H'004A H'0094
38 H'004C H'0098
39 H'004E H'009C Low
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Vector Address™

Origin of
Interrupt Vector Normal Advanced

Interrupt Source Source Number Mode*? Mode IPR Priority
TGI1A (TGR1A input TPU 40 H'0050 H'00AO0 IPRF2to 0 High
capture/compare match) channel 1 A
TGI1B (TGR1B input 41 H'0052 H'00A4
capture/compare match)
TCI1V (overflow 1) 42 H'0054 H'00A8
TCI1U (underflow 1) 43 H'0056 H'00AC
TGI2A (TGR2A input TPU 44 H'0058 H'00BO IPRG6 to 4
capture/compare match) channel 2
TGI2B (TGR2B input 45 H'005A H'00B4
capture/compare match)
TCI2V (overflow 2) 46 H'005C H'00B8
TCI2U (underflow 2) 47 H'005E H'00BC
TGI3A (TGR3A input TPU 48 H'0060 H'00CO IPRG2to 0
capture/compare match) channel 3
TGI3B (TGR3B input 49 H'0062 H'00C4
capture/compare match)
TGI3C (TGR3C input 50 H'0064 H'00C8
capture/compare match)
TGI3D (TGR3D input 51 H'0066 H'00CC
capture/compare match)
TCI3V (overflow 1) 52 H'0068 H'00DO
Reserved — 53 H'006A H'00D4

54 H'006C H'00D8

55 H'006E H'00DC
TGI4A (TGR4A input TPU 56 H'0070 H'00EO IPRH6 to 4
capture/compare match) channel 4
TGI4B (TGR4B input 57 H'0072 H'OOE4
capture/compare match)
TCIl4V (overflow 4) 58 H'0074 H'OOES8
TCIl4U (underflow 4) 59 H'0076 H'O0EC
TGI5A (TGR5A input TPU 60 H'0078 H'00FO0 IPRH2 to 0
capture/compare match) channel 5
TGI5B (TGR5B input 61 H'007A H'O0F4
capture/compare match)
TCI5V (overflow 5) 62 H'007C H'00F8
TCI5U (underflow 5) 63 H'007E H'OOFC Low
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Vector Address™

Origin of
Interrupt Vector Normal Advanced

Interrupt Source Source Number Mode™? Mode IPR Priority
CMIAOQ (compare match AO)  8-bit timer 64 H'0080 H'0100 IPRI6 to 4 High
CMIBO (compare match Bo) ~ chamnelo g5 H'0082  H0104 A
OVI0 (overflow 0) 66 H'0084 H'0108
Reserved — 67 H'0086 H'010C
CMIA1 (compare match A1)  8-bit timer 68 H'0088 H'0110 IPRI2 to O
CMIB1 (compare match B1) ~ chamnell — gq H008A  HO0114
OVI1 (overflow 1) 70 H'008C H'0118
Reserved — 71 H'008E H'011C

72 H'0090 H'0120

73 H'0092 H'0124

74 H'0094 H'0128

75 H'0096 H'012C

76 H'0098 H'0130

77 H'009A H'0134

78 H'009C H'0138

79 H'009E H'013C
ERIO (receive error 0) SCI 80 H'00A0 H'0140 IPRJ2to 0
RXIO (reception completed 0) cMamnelo gy HO00A2  H0144
TXIO (transmit data empty 0) 82 H'00A4 H'0148
TEIO (transmission end 0) 83 H'00A6 H'014C
ERI1 (receive error 1) SCI 84 H'00A8 H'0150 IPRK6 to 4
RXI1 (reception completed 1) Shannell — gg H'00AA  HO154
TXI1 (transmit data empty 1) 86 H'00AC H'0158
TEI1 (transmission end 1) 87 H'00AE H'015C Low

Notes: 1. Lower 16 bits of the start address.
2. ZTAT, mask ROM, and ROMless versions only.
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54 Interrupt Operation

54.1 Interrupt Control Modesand Interrupt Operation
Interrupt operations in the H8S/2345 Group differ depending on the interrupt control mode.

NMI interrupts are accepted at all times except in the reset state and the hardware standby state. In
the case of IRQ interrupts and on-chip supporting module interrupts, an enable bit is provided for
each interrupt. Clearing an enable bit to O 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 PR, and the masking state indicated
by the | and Ul bitsin the CPU’s CCR, and bits 12 to 10 in EXR.

Table55 Interrupt Control Modes

Interrupt SYSCR Priority Setting Interrupt

Control Mode INTM1 INTMO Registers Mask Bits  Description

0 0 0 — | Interrupt mask control is
performed by the | bit.

— 1 — — Setting prohibited

2 1 0 IPR 12to 10 8-level interrupt mask control
is performed by bits 12 to 10.
8 priority levels can be set
with IPR.

— 1 — — Setting prohibited
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Figure 5.4 shows a block diagram of the priority decision circuit.

Interrupt
control
mode 0 |

.

Interrupt
acceptance
control

Interrupt source —__ A Default.prlo'rlty [ > Vector number
determination

8-level
mask control

t 1

12to 10
IPR

Interrupt control mode 2

Figure5.4 Block Diagram of Interrupt Control Operation
(1 Interrupt Acceptance Control
In interrupt control mode O, interrupt acceptance is controlled by the | bit in CCR.
Table 5.6 shows the interrupts selected in each interrupt control mode.

Table5.6 Interrupts Selected in Each Interrupt Control Mode (1)

Interrupt Mask Bits

Interrupt Control Mode | Selected Interrupts
0 0 All interrupts

1 NMI interrupts
2 * All interrupts
Legend:
*: Don't care
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(2) 8-Level Control

In interrupt control mode 2, 8-level mask level determination is performed for the selected
interrupts in interrupt acceptance control according to the interrupt priority level (IPR).

Theinterrupt source selected is the interrupt with the highest priority level, and whose priority
level set in IPR is higher than the mask level.

Table5.7 Interrupts Selected in Each Interrupt Control Mode (2)

Interrupt Control Mode Selected Interrupts
0 All interrupts
2 Highest-priority-level (IPR) interrupt whose priority level is greater

than the mask level (IPR > 12 to 10).

(3) Default Priority Determination

When an interrupt is selected by 8-level control, its priority is determined and a vector number is
generated.

If the same valueis set for PR, acceptance of multiple interruptsis enabled, and so only the
interrupt source with the highest priority according to the preset default priorities is selected and
has a vector number generated.

Interrupt sources with alower priority than the accepted interrupt source are held pending.

Table 5.8 shows operations and control signal functionsin each interrupt control mode.
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Table5.8 Operationsand Control Signal Functionsin Each Interrupt Control Mode

Interrupt Setting Interrupt Acceptance 8-Level Control Default
Control Control Priority T (Trace)
Mode | INTM1 | INTMO [ I2to10| IPR |Determination
0 0 0 O IM X — | —* O —
2 1 0 X —* O IM PR O T
Legend:

O : Interrupt operation control performed

X . No operation. (All interrupts enabled)

IM : Used as interrupt mask bit

PR : Sets priority.

— : Not used.

Note: 1. Setto 1 when interrupt is accepted.
2. Keep the initial setting.

54.2 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. Interrupts are enabled when the | bit is cleared to 0, and
disabled when set to 1.

Figure 5.5 shows a flowchart of the interrupt acceptance operation in this case.

[1] If an interrupt source occurs when the corresponding interrupt enable bit is set to 1, an
interrupt request is sent to the interrupt controller.

[2] Thel bit isthen referenced. If the | bit is cleared to O, the interrupt request is accepted. If the |
bit isset to 1, only an NMI interrupt is accepted, and other interrupt requests are held pending.

[3] Interrupt requests are sent to the interrupt controller, the highest-ranked interrupt according to
the priority system is accepted, and other interrupt requests are held pending.

[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 CCR isset to 1. This masks all interrupts except NMI.
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[7] 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.

'

Program execution status

No
Interrupt generated?

Yes

Hold pending

| Save PC and CCR |

1

| |

1

| Read vector address

!

|Branch to interrupt handling routine|

Figure5.5 Flowchart of Procedure Up to Interrupt Acceptancein
Interrupt Control Mode O
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54.3 Interrupt Control Mode 2

Eight-level masking isimplemented for IRQ interrupts and on-chip supporting module interrupts
by comparing the interrupt mask level set by bits 12 to 10 of EXR in the CPU with IPR.

Figure 5.6 shows a flowchart of the interrupt acceptance operation in this case.

[1] If aninterrupt source occurs when the corresponding interrupt enable bit isset to 1, an
interrupt request is sent to the interrupt controller.

[2] When interrupt requests are sent to the interrupt controller, the interrupt with the highest
priority according to the interrupt priority levels set in IPR is selected, and lower-priority
interrupt requests are held pending. If a number of interrupt requests with the same priority are
generated at the same time, the interrupt request with the highest priority according to the
priority system shown in table 5.4 is selected.

[3] Next, the priority of the selected interrupt request is compared with the interrupt mask level set
in EXR. An interrupt request with a priority no higher than the mask level set at that timeis
held pending, and only an interrupt request with a priority higher than the interrupt mask level
is accepted.

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

[5] The PC, CCR, and EXR are saved to the stack area by interrupt exception handling. The PC
saved on the stack shows the address of the first instruction to be executed after returning from
the interrupt handling routine.

[6] The T bitin EXR iscleared to 0. The interrupt mask level is rewritten with the priority level of
the accepted interrupt.

If the accepted interrupt is NMI, the interrupt mask level is set to H'7.

[7] 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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Figure5.6 Flowchart of Procedure Up to Interrupt Acceptancein
Interrupt Control Mode 2
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544 Interrupt Exception Handling Sequence

Figure 5.7 shows the interrupt exception handling sequence. The example shown is for the case
where interrupt control mode O is set in advanced mode, and the program area and stack area are
in on-chip memory.
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Figure5.7 Interrupt Exception Handling
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545 Interrupt Response Times

The H85/2345 Group is capable of fast word transfer instruction to on-chip memory, and the
program areais provided in on-chip ROM and the stack areain on-chip RAM, enabling high-
speed processing.

Table 5.9 shows interrupt response times - the interval between generation of an interrupt request
and execution of the first instruction in the interrupt handling routine. The execution status
symbols used in table 5.9 are explained in table 5.10.

Table5.9 Interrupt Response Times

Normal Mode™® Advanced Mode

No. Execution Status INTM1=0 |INTM1=1 INTM1=0 INTM1=1
Interrupt priority determination™* 3 3 3 3

2 Number of wait states until executing 1 to 1to 1lto 1lto
instruction ends™* 19+2-S, 19+2-S, 19+2-S, 19+2-S,

3 PC, CCR, EXR stack save 2-S, 3-S, 2-S, 3-S,

4 Vector fetch S, S, 2-S, 2-S,

5 Instruction fetch™* 2:S, 2:S, 2'S, 2'S,

6 Internal processing™* 2 2 2 2

Total (using on-chip memory) 11to 31 12to 32 12 to 32 13to 33

Notes: 1. Two states in case of internal interrupt.
2. Refers to MULXS and DIVXS instructions.
3. Prefetch after interrupt acceptance and interrupt handling routine prefetch.
4. Internal processing after interrupt acceptance and internal processing after vector fetch.
5. ZTAT, mask ROM, and ROMIless versions only.
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Table5.10 Number of Statesin Interrupt Handling Routine Execution Statuses

Object of Access

External Device

8-Bit Bus 16-Bit Bus
Internal 2-State 3-State 2-State 3-State
Symbol Memory  Access Access Access Access
Instruction fetch S, 1 4 6+2m 2 3+m
Branch address read S,
Stack manipulation S,
Legend:

m: Number of wait states in an external device access.

55 Usage Notes

55.1 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.

Figure 5.8 shows and example in which the CMIEA bit in 8-bit timer TCR is cleared to 0.
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TCR write cycle by CPU CMIA exception handling
- -

Internal
address bus

TCR address X

Internal
write signal

CMIEA ! !

CMFA ! !

CMIA
interrupt signal

Figure5.8 Contention between Interrupt Generation and Disabling

The above contention will not occur if an enable bit or interrupt source flag is cleared to 0 while
the interrupt is masked.

55.2 Instructionsthat Disable I nterrupts

Instructions that disable interrupts are LDC, ANDC, ORC, and XORC. After any of these
instructions is executed, all interruptsincluding NMI are disabled and the next instruction is
always executed. When the | bit is set by one of these instructions, the new value becomes valid
two states after execution of the instruction ends.

55.3 Timeswhen Interrupts Are Disabled
There are times when interrupt acceptance is disabled by the interrupt controller.

Theinterrupt controller disables interrupt acceptance for a 3-state period after the CPU has
updated the mask level with an LDC, ANDC, ORC, or XORC instruction.
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554 Interrupts during Execution of EEPMOV Instruction
Interrupt operation differs between the EEPM OV .B instruction and the EEPMOV.W instruction.

With the EEPMOQV .B instruction, an interrupt request (including NMI) issued during the transfer
is not accepted until the move is compl eted.

With the EEPMOV.W instruction, if an interrupt request isissued during the transfer, interrupt
exception handling starts at a break in the transfer cycle. The PC value saved on the stack in this
case is the address of the next instruction.

Therefore, if aninterrupt is generated during execution of an EEPMOV.W instruction, the
following coding should be used.

L1: EEPMOV. W
MOV. W R4, R4
BNE L1

5.6 DTC Activation by Interrupt

5.6.1 Overview
The DTC can be activated by an interrupt. In this case, the following options are available:

* Interrupt request to CPU
e Activation request to DTC
» Selection of anumber of the above

For details of interrupt requests that can be used with to activate the DTC, see section 7, Data
Transfer Controller.
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5.6.2 Block Diagram

Figure 5.9 shows a block diagram of the DTC interrupt controller.

|
| DTC activation

Interrupt
pt N E— request vector
reques Selection [ number
circuit
IRQ
interrupt ﬂ Select
signal .
Clear signal Control logic bTC
. Interrupt source| DTCER .
upporing|, e sona Clear signal
supporting
module 4L
DTVECR %
SWDTE _
clear signal CPU interrupt
request vector
Determination of | umber cPU
priority _
1,12to 10
Interrupt controller ‘

Figure5.9 Interrupt Control for DTC and DMAC

56.3 Operation
Theinterrupt controller has three main functionsin DTC control.
(1) Selection of Interrupt Source

Interrupt sources can be specified as DTC activation requests or CPU interrupt requests by means
of the DTCE bit of DTCEA to DTCEE 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 has performed the specified number of data transfers and the transfer counter value
is zero, the DTCE hit is cleared to 0 and an interrupt request is sent to the CPU after the DTC data
transfer.
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(2) 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.

(3) Operation Order

If the sameinterrupt is selected asa DTC activation source and a CPU interrupt source, the DTC
datatransfer is performed first, followed by CPU interrupt exception handling.

If the same interrupt is selected asa DTC activation source or CPU interrupt source, operations are
performed for them independently according to their respective operating statuses and bus
mastership priorities.

Table 5.11 summarizes interrupt source selection and interrupt source clearance control according
to the settings of the DTCE hit of DTCEA to DTCEE in the DTC and the DISEL bit of MRB in
the DTC.

Table5.11 Interrupt Source Selection and Clearing Control

Settings
DTC Interrupt Source Selection/Clearing Control
DTCE DISEL DTC CPU
0 * X A
1 0 A X
O 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

(4) Noteson Use

SCI 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

6.1 Overview

The H85/2345 Group has a built-in bus controller (BSC) that manages the external address space
divided into eight areas. The bus specifications, such as bus width and number of access states,
can be set independently for each area, enabling multiple memories to be connected easily.

The bus controller also has a bus arbitration function, 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.

» Manages external address space in area units
O In advanced mode, manages the external space as 8 areas of 2-Mbytes
O Innormal mode*, manages the external space asasingle area
O Bus specifications can be set independently for each area
» Basic businterface
0 Chip select (CSO to CS3) can be output for areas 0 to 3
O 8-bit access or 16-bit access can be selected for each area
0 2-state access or 3-state access can be selected for each area
O Program wait states can be inserted for each area
* Burst ROM interface
0 Burst ROM interface can be set for area 0
0 Choice of 1- or 2-state burst access
e ldlecycleinsertion
O Anidlecycle can beinserted in case of an external read cycle between different areas

O Anidlecycle can beinserted in case of an external write cycle immediately after an
external read cycle

* Busarbitration function

O Includes abus arbiter that arbitrates bus mastership among the CPU and DTC
e Other features

O Externa bus release function

Note: * ZTAT, mask ROM, and ROMless versionsonly.
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6.1.2 Block Diagram

Figure 6.1 shows a block diagram of the bus controller.

CS0to CS3 . Internal
Area decoder _ address bus
O
ABWCR [
External bus control signals ASTCR :
BCRH [
BCRL [

BREQ ———————*™

DAL - |
BACK Bus Internal control

signals

controller

— Bus mode signal

Internal data bus

Q

Wait
controller WCRH

WCRL

-«—— CPU bus request signal

-«—— DTC bus request signal

Bus arbiter
= CPU bus acknowledge signal

— DTC bus acknowledge signal

Figure6.1 Block Diagram of Bus Controller
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6.1.3 Pin Configuration
Table 6.1 summarizes the pins of the bus controller.

Table6.1 BusController Pins

Name Symbol I/0 Function

Address strobe AS Output  Strobe signal indicating that address output on address
bus is enabled.

Read RD Output  Strobe signal indicating that external space is being read.

High write HWR Output  Strobe signal indicating that external space is to be
written, and upper half (D, to D,) of data bus is enabled.

Low write LWR Output  Strobe signal indicating that external space is to be
written, and lower half (D, to D,) of data bus is enabled.

Chip select CSO0 to Output  Strobe signal indicating that areas 0 to 3 are selected.

Oto3 CS3

Wait WAIT Input Wait request signal when accessing external 3-state
access space.

Bus request BREQ Input Request signal that releases bus to external device.

Bus request BACK Output  Acknowledge signal indicating that bus has been

acknowledge released.

6.1.4 Register Configuration
Table 6.2 summarizes the registers of the bus controller.

Table6.2 BusController Registers

Initial Value
Power-On Manual
Name Abbreviation R/W  Reset Reset Address™*
Bus width control register ABWCR R/W  HFF/H'00"® Retained HFEDO
Access state control register ASTCR R/W H'FF Retained H'FED1
Wait control register H WCRH R/W  HFF Retained H'FED2
Wait control register L WCRL RW  HFF Retained H'FED3
Bus control register H BCRH R/W  HDO Retained H'FED4
Bus control register L BCRL R/W H'3C Retained H'FED5

Notes: 1. Lower 16 bits of the address.
2. Determined by the MCU operating mode.
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6.2 Register Descriptions

6.2.1 Bus Width Control Register (ABWCR)

Bit : 7 6 5 4 3 2 1 0
| ABW7 | ABW6 | ABW5 | ABW4 | ABW3 | ABW2 | ABW1 | ABWO ‘
Modes 1t0 3*,5t0 7

Initial value : 1 1 1 1 1 1 1 1
RW : R/W RIW R/W RIW R/W R/W RIW R/W
Mode 4

Initial value : 0 0 0 0 0 0 0 0
RW : R/W R/W R/W R/W R/W R/W R/W R/W

ABWCR isan 8-bit readable/writable register that designates each areafor either 8-bit access or
16-bit access.

ABWCR sets the data bus width for the external memory space. The bus width for on-chip
memory and internal 1/O registersis fixed regardiess of the settingsin ABWCR.

In normal mode”, the settings of bits ABW7 to ABW1 have no effect on operation.

After a power-on reset and in hardware standby mode, ABWCR isinitialized to H'FF in modes 1,
2,3",and 5, 6, 7, and to H'00 in mode 4. Itisnot initialized by a manual reset or in software
standby mode.

Bits 7 to 0—Area 7 to 0 Bus Width Control (ABW7 to ABWO): These hits select whether the
corresponding area is to be designated for 8-bit access or 16-hit access. In normal mode™, only
part of area 0 is enabled, and the ABWO bit selects whether external space isto be designated for
8-bit access or 16-hit access.

Note: * ZTAT, mask ROM, and ROMlessversionsonly.

Bit n

ABWn Description

0 Area n is designated for 16-bit access
1 Area n is designated for 8-bit access

(n=7to0)
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6.2.2 Access State Control Register (ASTCR)

Bit : 7 6 5 4 3 2 1 0

| AST7 | AST6 | AST5 | AST4 | AST3 | AST2 | AST1 | ASTO |
Initial value : 1 1 1 1 1 1 1 1
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

ASTCR isan 8-bit readable/writable register that designates each area as either a 2-state access
space or a 3-state access space.

ASTCR sets the number of access states for the external memory space. The number of access
states for on-chip memory and internal 1/0 registersis fixed regardless of the settingsin ASTCR.

In normal mode”, the settings of bits AST7 to AST1 have no effect on operation.

ASTCRisinitialized to H'FF by a power-on reset and in hardware standby mode. It is not
initialized by amanual reset or in software standby mode.

Bits 7to 0—Area 7to 0 Access State Control (AST7to AST0): These hits select whether the
corresponding area is to be designated as a 2-state access space or a 3-state access space. In
normal mode*, only part of area0 is enabled, and the ASTO bit selects whether external space is
to be designated for 2-state access or 3-state access.

Wait state insertion is enabled or disabled at the same time.

Note: * ZTAT, mask ROM, and ROMless versionsonly.

Bit n
ASTn Description
0 Area n is designated for 2-state access
Wait state insertion in area n external space is disabled
1 Area n is designated for 3-state access (Initial value)

Wait state insertion in area n external space is enabled

(n=7to0)
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6.2.3 Wait Control RegistersH and L (WCRH, WCRL)

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

In normal mode”, only part of areais 0 is enabled, and bits W01 and W00 select the number of
program wait states for the external space . The settings of bits W71, W70 to W11, and W10 have
no effect on operation.

Program waits are not inserted in the case of on-chip memory or internal 1/O registers.

WCRH and WCRL are initialized to H'FF by a power-on reset and in hardware standby mode.
They are not initialized by a manual reset or in software standby mode.

Note: * ZTAT, mask ROM, and ROMless versionsonly.

() WCRH
Bit : 7 6 5 4 3 2 1 0

| W71 | W70 | W61 | W60 | W51 | W50 | w4l | W40 |
Initial value : 1 1 1 1 1 1 1 1
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

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

Bit 7 Bit 6
W71 W70 Description
0 0 Program wait not inserted when external space area 7 is accessed
1 1 program wait state inserted when external space area 7 is accessed
1 0 2 program wait states inserted when external space area 7 is accessed
1 3 program wait states inserted when external space area 7 is accessed

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

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

(Initial value)

Bits 3 and 2—Area 5 Wait Control 1 and 0 (W51, W50): These bits select the number of
program wait states when area 5 in external space is accessed whilethe AST5 bit in ASTCR is set
to 1.

Bit 3 Bit 2
w51 W50 Description
0 0 Program wait not inserted when external space area 5 is accessed
1 1 program wait state inserted when external space area 5 is accessed
1 0 2 program wait states inserted when external space area 5 is accessed
1 3 program wait states inserted when external space area 5 is accessed

(Initial value)

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

Bit 1 Bit 0
w41 W40 Description
0 0 Program wait not inserted when external space area 4 is accessed
1 1 program wait state inserted when external space area 4 is accessed
1 0 2 program wait states inserted when external space area 4 is accessed
1 3 program wait states inserted when external space area 4 is accessed

(Initial value)
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(2) WCRL
Bit : 7 6 5 4 3 2 1 0
| W31 | W30 | w21 | W20 | W11l | W10 | W01 | W00 ‘
Initial value : 1 1 1 1 1 1 1 1
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

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

Bit 7 Bit 6
w31 W30 Description
0 0 Program wait not inserted when external space area 3 is accessed
1 1 program wait state inserted when external space area 3 is accessed
1 0 2 program wait states inserted when external space area 3 is accessed
1 3 program wait states inserted when external space area 3 is accessed

(Initial value)

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

Bit 5 Bit 4
w21 W20 Description
0 0 Program wait not inserted when external space area 2 is accessed
1 1 program wait state inserted when external space area 2 is accessed
1 0 2 program wait states inserted when external space area 2 is accessed
1 3 program wait states inserted when external space area 2 is accessed

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

Bit 3 Bit 2
w11l W10 Description
0 0 Program wait not inserted when external space area 1 is accessed
1 1 program wait state inserted when external space area 1 is accessed
1 0 2 program wait states inserted when external space area 1 is accessed
1 3 program wait states inserted when external space area 1 is accessed

(Initial value)

Bits 1 and 0—Area 0 Wait Control 1 and 0 (W01, W00): These bits select the number of
program wait states when area 0 in external space is accessed whilethe ASTO bit in ASTCR is set
to 1.

Bit 1 Bit 0
w01 W00 Description
0 0 Program wait not inserted when external space area 0 is accessed
1 1 program wait state inserted when external space area 0 is accessed
1 0 2 program wait states inserted when external space area 0 is accessed
1 3 program wait states inserted when external space area 0 is accessed
(Initial value)
6.24 Bus Control Register H (BCRH)
Bit : 7 6 5 4 3 2 1 0
| ICIS1 | ICISO |BRSTRM| BRSTSl| BRSTSO| — | — | — ‘
Initial value : 1 1 0 1 0 0 0 0
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

BCRH is an 8-bit readable/writable register that selects enabling or disabling of idle cycle
insertion, and the memory interface for areas2to 5 and area 0.

BCRH isinitialized to H'DO by a power-on reset and in hardware standby mode. It is hot
initialized by amanual reset or in software standby mode.
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Bit 7—Ildle CycleInsert 1 (1CIS1): Selects whether or not one idle cycle state isto be inserted
between bus cycles when successive external read cycles are performed in different areas.

Bit 7

ICIS1 Description

0 Idle cycle not inserted in case of successive external read cycles in different areas
1 Idle cycle inserted in case of successive external read cycles in different areas

(Initial value)

Bit 6—Ildle CycleInsert 0 (I1CIS0): Selects whether or not one idle cycle state isto 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 area 0 is used as a burst ROM
interface. In normal mode®, the selection can be made from the entire external space.

Burst ROM interface and PSRAM burst operation cannot be set at the same time.

Note: * ZTAT, mask ROM, and ROMless versionsonly.

Bit 5

BRSTRM Description

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

Bit 4—Burst 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)
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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

Bits 2 to 0—Reserved: Only 0 should be written to these bits.

6.2.5 Bus Control Register L (BCRL)

Bit : 7 6 5 4 3 2 1 0

| BRLE | — | EAE | — | — | — | — | WAITE |
Initial value : 0 0 1 1 1 1 0 0
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

BCRL is an 8-hit readable/writable register that performs selection of the external bus-rel eased
state protocol, and enabling or disabling of WAIT pin input.

BCRL isinitialized to H'3C by a power-on reset and in hardware standby mode. It is not
initialized by amanual reset or in software standby mode.

Bit 7—Bus Release Enable (BRLE): Enables or disables external bus release.

Bit 7
BRLE Description
0 External bus release is disabled. BREQ and BACK can be used as /O ports.
(Initial value)
1 External bus release is enabled.

Bit 6—Reserved: Only 0 should be written to this bit.

Bit 5—External Address Enable (EAE): Selects whether addresses H'010000 to H'01FFFF are
to beinternal addresses or external addresses.

This setting isinvalid in normal mode®.

Note: * ZTAT, mask ROM, and ROMless versionsonly.
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Bit 5

EAE Description

0 Addresses H'010000 to H'O1FFFF are in on-chip ROM (in the H8S/2345)
Addresses H'010000 to H'017FFF are in on-chip ROM and addresses H'018000 to
H'01FFFF are a reserved area (in the H8S/2344)
Addresses H'010000 to H'O1FFFF are a reserved area (in the H8S/2343 and
H8S/2341)

1 Addresses H'010000 to H'O1FFFF are external addresses (external expansion mode)
or areserved area” (single-chip mode) (Initial value)

Note: * Reserved areas should not be accessed.

Bits4 to 2—Reserved: Only 1 should be written to these bits.
Bit 1—Reserved: Only 0 should be written to this bit.

Bit 0—WAIT Pin Enable (WAITE): Selects enabling or disabling of wait input by the WAIT
pin.

Bit 0

WAITE Description

0 Wait input by WAIT pin disabled. WAIT pin can be used as 1/O port. (Initial value)
1 Wait input by WAIT pin enabled

6.3 Bus Control

6.3.1 AreaDivisions

In advanced mode, the bus controller partitions the 16-Mbyte address space into eight areas, 0 to
7, in 2-Mbyte units, and performs bus control for external space in area units. In normal mode™, it
controls a 64-kbyte address space comprising part of area 0. Figure 6.2 shows an outline of the
memory map.

Chip select signals (CSO to CS3) can be output for areas 0 to 3.

Note: * ZTAT, mask ROM, and ROMlessversionsonly.
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H'000000
Area 0
(2 Mbytes)
H'1FFFFF
H'200000
Area 1
(2 Mbytes)
H'3FFFFF
H'400000
Area 2
(2 Mbytes)
H'5FFFFF
H'600000
Area 3
(2 Mbytes)
H'7FFFFF
H'800000
Area 4
(2 Mbytes)
H'9FFFFF
H'A00000
Area 5
(2 Mbytes)
H'BFFFFF
H'C00000
Area 6
(2 Mbytes)
H'DFFFFF
H'E00000
Area 7
(2 Mbytes)
H'FFFFFF

(1) Advanced mode

H'0000

@

Note: * ZTAT, mask ROM, and ROMless versions only.

Normal mode*

Figure6.2 Overview of Area Partitioning
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6.3.2 Bus Specifications

The external space bus specifications consist of three elements. bus width, number of access
states, and number of program wait states.

The bus width and number of access states for on-chip memory and internal /O registers are
fixed, and are not affected by the bus controller.

(1) BusWidth: A buswidth of 8 or 16 bits can be selected with ADWCR. An areafor which an
8-bit busis selected functions as an 8-bit access space, and an area for which a 16-bit busis
selected functions as al6-hbit access space.

If al areas are designated for 8-bit access, 8-bit bus mode is set; if any areais designated for 16-bit
access, 16-bit bus mode is set. When the burst ROM interface is designated, 16-bit bus modeis
always set.

(2) Number of Access States: Two or three access states can be selected with ASTCR. An area
for which 2-state access is selected functions as a 2-state access space, and an area for which 3-
state access is selected functions as a 3-state access space.

With the burst ROM interface, the number of access states may be determined without regard to
ASTCR.

When 2-state access space is designated, wait insertion is disabled.

(3) Number of Program Wait States: When 3-state access space is designated by ASTCR, the
number of program wait states to be inserted automatically is selected with WCRH and WCRL.
From O to 3 program wait states can be selected.

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)

ABWCR  ASTCR WCRH, WCRL Bus Specifications (Basic Bus Interface)
Program Wait
ABWn ASTn Wwn1l Wno Bus Width Access States States
0 0 — — 16 2 0
1 0 0 3 0
1 1
1 0 2
1 3
1 0 — — 8 0
0 0 0
1 1
1 0 2
1 3

6.3.3 Memory Interfaces

The H85/2345 Group memory interfaces comprise a basic bus interface that allows direct
connection of ROM, SRAM, and so on, and a burst ROM interface (for area 0 only) that allows
direct connection of burst ROM.

An areafor which the basic bus interface is designated functions as normal space, and an areafor
which the burst ROM interface is designated functions as burst ROM space.

6.3.4 Advanced Mode

Theinitia state of each areais basic bus interface, 3-state access space. Theinitia buswidthis
selected according to the operating mode. The bus specifications described here cover basic items
only, and the sections on each memory interface (6.4, Basic Bus Interface and 6.5, Burst ROM
Interface) should be referred to for further details.

Area 0: Area0 includes on-chip ROM, and in ROM-disabled expansion mode, al of area0is
external space. In ROM-enabled expansion mode, the space excluding on-chip ROM is external
space.

When area 0 external space is accessed, the CSO0 signal can be output.

Either basic bus interface or burst ROM interface can be selected for area 0.
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Areas1to 6: Inexternal expansion mode, all of areas 1 to 6 is external space.

When area 1 to 3 external space is accessed, the CS1 to CS3 pin signals respectively can be
output.

Only the basic businterface can be used for areas 1 to 6.

Area 7: Area7 includes the on-chip RAM and internal I/O registers. In external expansion mode,
the space excluding the 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 hit is cleared to O, the on-chip RAM is disabled and the corresponding space becomes
external space.

Only the basic businterface can be used for the area 7 memory interface.

6.3.5 Areasin Normal Mode (ZTAT, Mask ROM, and ROM less Ver sions Only)

In normal mode, a 64-kbyte address space comprising part of area0 is controlled. Area
partitioning is not performed in normal mode. In ROM-disabled expansion mode, the space
excluding the on-chip RAM and internal 1/O registersis externa space. In ROM-enabled
expansion 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 hit in the system control register
(SYSCR) 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 .

When external space is accessed, the CS0 signal can be output.

The basic bus interface or burst ROM interface can be selected.
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6.3.6 Chip Select Signals

The H8S/2345 Group can output chip select signals (CSO to CS3) to areas 0 to 3, the signal being
driven low when the corresponding external space areais accessed. In normal mode™, only the
CSO0 signal can be output.

Figure 6.3 shows an example of CSn (n = 0 to 3) output timing.

Enabling or disabling of the CSn signal is performed by setting the data direction register (DDR)
for the port corresponding to the particular CSn pin.

In ROM-disabled expansion mode, the CS0 pin is placed in the output state after a power-on reset.
Pins CS1 to CS3 are placed in the input state after a power-on reset, and so the corresponding
DDR should be set to 1 when outputting signals CS1 to CS3.

In ROM-enabled expansion mode, pins CSO to CS3 are all placed in the input state after a power-
on reset, and so the corresponding DDR should be set to 1 when outputting signals CS0 to CS3.

For details, see section 8, 1/0 Ports.

Note: * ZTAT, mask ROM, and ROMless versionsonly.

: Bus cycle
| T1 T, Ts |
v I T
Address bus X Area n external address X
CSn

Figure6.3 CSn Signal Output Timing (n = 0to 3)
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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 ABWCR, ASTCR, WCRH, and WCRL (seetable
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 (D, to D,) or lower databus (D, to D,) is used according to the bus specifications
for the area being accessed (8-bit access space or 16-bit access space) and the data size.

8-Bit Access Space: Figure 6.4 illustrates data alignment control for the 8-bit access space. With
the 8-hit access space, the upper data bus (D, to D,) is always used for accesses. The amount of
data that can be accessed at one time is one byte; aword transfer instruction is performed as two
byte accesses, and a longword transfer instruction, as four byte accesses.

Upper data bus Lower data bus
D15 Dg, D7 Dy,

Byte size [

Word < | 1st bus cycle L
Or S e T T T T T T T
12 | 2ndbuscycle | 0 0 00 ]

[ 1st bus cycle

Longword size 2nd bus cycle

3rd bus cycle
| 4th bus cycle

Figure6.4 Access Sizesand Data Alignment Control (8-Bit Access Space)
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16-Bit Access Space; Figure 6.5 illustrates data alignment control for the 16-bit access space.
With the 16-bit access space, the upper data bus (D, to D,) and lower data bus (D, to D,) are used
for accesses. The amount of data that can be accessed at one time is one byte or one word, and a
longword transfer instruction is executed as two word transfer instructions.

In byte access, whether the upper or lower data busis used is determined by whether the addressis
even or odd. The upper databus isused for an even address, and the lower data bus for an odd
address.

Upper data bus Lower data bus
Dis Dg D7 Do,

Byte size « Even address ]
Byte size » Odd address B

WOI’d SIZE | T T T T T T T | T T T T T T T |

Longword 1st bus cycle
size

2nd bus cycle

Figure6.5 Access Sizesand Data Alignment Control (16-Bit Access Space)
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6.4.3 Valid Strobes
Table 6.4 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.

Table6.4 DataBusesUsed and Valid Strobes

Access Read/ Valid Upper Data Bus Lower data bus
Area Size Write  Address  Strobe (D,;to D) (D,to D)
8-bit access  Byte Read — RD Valid Invalid
space Write  — HWR Hi-Z
16-bit access Byte Read Even RD Valid Invalid
space Odd Invalid Valid
Write  Even HWR Valid Hi-Z
Odd LWR Hi-Z Valid
Word Read — RD Valid Valid
Write  — HWR, LWR Valid Valid

Notes: Hi-Z: High impedance.
Invalid: Input state; input value is ignored.
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6.4.4 Basic Timing

8-Bit 2-State Access Space: Figure 6.6 shows the bus timing for an 8-bit 2-state access space.
When an 8-hit access space is accessed , the upper half (D, to D,) of the data busis used.

The LWR pinisfixed high. Wait states cannot be inserted.

Read

Write

Address bus

D15 to D8

D7 to Dg

D;5to Dg

D7 to DO

Note: n=0to 3

| |
-, —_——————
‘ Bus cycle !

T1 T2

S——

{ valid |—
{ Invalid )—

|
L — | —_—
|

High

=

High impedance

Figure6.6 BusTimingfor 8-Bit 2-State Access Space

Rev. 4.00 Feb 15, 2006 page 149 of 900
REJ09B0291-0400
RENESAS




Section 6 Bus Controller

8-Bit 3-State Access Space: Figure 6.7 shows the bus timing for an 8-bit 3-state access space.
When an 8-hit access space is accessed, the upper haf (D, to D,) of the databusis used.

The LWR pinisfixed high. Wait states can be inserted.

Bus cycle
T2

Address bus ><

CSn

Valid |

Read D15 to D8

D7 to DO

HWR

Invalid

DQ } e ;"

Write

High

Valid

D15 to Dg *—<

High impedance

D7 to DO

Note: n=0to 3

Figure6.7 BusTimingfor 8-Bit 3-State Access Space
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16-Bit 2-State Access Space: Figures 6.8 to 6.10 show bus timings for a 16-bit 2-state access
space. When a 16-bit access space is accessed, the upper haf (D, to D,) of the data busis used for
the even address, and the lower half (D, to D,) for the odd address.

Wait states cannot be inserted.

~————— Buscycle ————

T T2

Address bus >< X

CSn

Read Dj;5to Dg 3 3 Valid 3

Dy to Dy Invalid

LTIk

I
=
By

LWR 3 High

Dysto Dg ——< | valid >7

High impedance

Write

D+ to Do

Note: n=0to 3

Figure6.8 BusTimingfor 16-Bit 2-State Access Space (1) (Even Address Byte Access)
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————— Buscycle —————

T, Ty
. B I
Address bus >< ><:
- _1 l_
o —

Read D5 to Dg 3 { Invalid | }—

Dy to Dy ‘ : {  Vvalid '}—

HWR | High
LWR |
Write | ! 1
High impedance |
D15 to D8 T

D, to Dy —< " Valid >7

Note: n=0to 3

Figure6.9 BusTimingfor 16-Bit 2-State Access Space (2) (Odd Address Byte Access)
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Buscycle —————— =

Address bus

Read D15 to Dg

D7 to DO

Write

D7 to DO

-
Ty

Dys to Dg ——< " Valid >7

—< Valid >7

Note: n=0to 3

Figure6.10 BusTiming for 16-Bit 2-State Access Space (3) (Word Access)
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16-Bit 3-State Access Space: Figures 6.11 to 6.13 show bustimings for a 16-hit 3-state access
space. When a 16-bit access space is accessed, the upper half (D, to D,) of the data busis used for
the even address, and the lower half (D, to D,) for the odd address.

Wait states can be inserted.

- Bus cycle
Ty T2 |

Address bus ><

Invalid

D7 to DO

T
uy)

High

Write

T3
Read D15 to Dg i i : < Valid i >_

Dis5 to Dg ————— Valid

High impedance

D7 to DO

Note: n=0to 3

Figure6.11 BusTiming for 16-Bit 3-State Access Space (1) (Even Address Byte Access)
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Address bus

CSn

Read Di5to Dg

D7 to DO

LWR

Write
D15 to DS

Note: n=0to 3

- Bus cycle -
| T, T, T3 |
{ Invalid —
j { valid |—
| High | |

i High impedance

valid | >—

Figure6.12 BusTimingfor 16-Bit 3-State Access Space (2) (Odd Address Byte Access)
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- Bus cycle -
1 T1 Tz T3 1
®
Address bus >< B
CSn 3
AS | | | |
RD : 3 1
Read | DystoDg —— ‘ { vald (}—
D;to Dy —— . { valid | }—
HWR : !
WR | |
Write | | | 3
Dj5 to Dg —< : valid | >—
D, to Dy ~—< Valid >—

Note: n=01t0o 3

Figure6.13 BusTiming for 16-Bit 3-State Access Space (3) (Word Access)
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6.4.5 Wait Control

When accessing external space, the H85/2345 Group can extend the bus cycle by inserting one or
more wait states (T, ). There are two ways of inserting wait states: program wait insertion and pin
wait insertion using the WAIT pin.

Program Wait Insertion

From O to 3 wait states can be inserted automatically between the T, state and T, state on an
individual areabasisin 3-state access space, according to the settings of BWCRH and BWCRL.

Pin Wait Insertion

Setting the WAITE bit in BCRL to 1 enables wait insertion by means of the WAIT pin. Program
wait insertion isfirst carried out according to the settingsin WCRH and WCRL. Then, if the
WAIT pinislow at thefalling edge of gpinthelast T,or T state, a T, state isinserted. If the
WAIT pinisheld low, T, states are inserted until it goes high.

Thisis useful when inserting four or more T, states, or when changing the number of T, states for
different external devices.

The WAITE bit setting appliesto all areas.
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Figure 6.14 shows an example of wait state insertion timing.

By program wait By WAIT pin

Tl TZ Tw Tw TW T3
= ~t= -1 1= - -1 >
° |
WAIT
Address bus :>< ><i
AS

R |
Read
Data bus < Read data >—
HWR, LWR
Write
Data bus 4< Write data >—

Note: } indicates the timing of WAIT pin sampling.

Figure6.14 Example of Wait State Insertion Timing

The settings after a power-on reset are: 3-state access, 3 program wait state insertion, and WAIT
input disabled. When amanual reset is performed, the contents of bus controller registers are
retained, and the wait control settings remain the same as before the reset.
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6.5 Burst ROM Interface

6.5.1 Overview

With the H8S/2345 Group, external space area 0 can be designated as burst ROM space, and burst
ROM interfacing can be performed. The burst ROM space interface enables 16-bit configuration
ROM with burst access capahility to be accessed at high speed.

Area 0 can be designated as burst ROM space by means of the BRSTRM bit in BCRH.
Consecutive burst accesses of a maximum of 4 words or 8 words can be performed for CPU
instruction fetches only. One or two states can be selected for burst access.

6.5.2 Basic Timing

The number of statesin the initial cycle (full access) of the burst ROM interface isin accordance
with the setting of the ASTO hit in ASTCR. Also, when the ASTO bit is set to 1, wait state
insertion is possible. One or two states can be selected for the burst cycle, according to the setting
of the BRSTSL1 bit in BCRH. Wait states cannot be inserted. When area 0 is designated as burst
ROM space, it becomes 16-hit access space regardless of the setting of the ABWO bit in ABWCR.

When the BRSTSO bit in BCRH is cleared to O, burst access of up to 4 words is performed; when
the BRSTSO hit is set to 1, burst access of up to 8 wordsiis performed.

The basic access timing for burst ROM space is shown in figures 6.15 (a) and (b). The timing
shown in figure 6.15 (@) is for the case where the ASTO and BRSTSL1 bits are both set to 1, and
that in figure 6.15 (b) is for the case where both these bits are cleared to 0.
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Full access Burst access

Ty | T, | T3 Ty | T2 Ty | T,

CSo

\/
Address bus :>< >< Only lower ad/d\ress changed ><

RD r
Data bus —< Read data >—< Read data >—< Read data >—

Figure6.15(a) Exampleof Burst ROM Access Timing (When ASTO=BRSTS1=1)
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Full access

T T,

Burst access

Ty

T

Address bus X

A

Only lower ad/d\ress changed x

\/

CSo _‘

Data bus 4< Read data ><Read data><Read data>i

Figure6.15 (b) Example of Burst ROM Access Timing (When ASTO=BRSTS1 = 0)

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.
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6.6 Idle Cycle

6.6.1 Operation

When the H8S/2345 Group accesses external space, it can insert a 1-state idle cycle (T,) between
bus cyclesin the following two cases: (1) when read accesses between different areas occur
consecutively, and (2) when awrite cycle occursimmediately after aread cycle. By inserting an
idle cycleit is possible, for example, to avoid data collisions between ROM, with along output
floating time, and high-speed memory, 1/O interfaces, and so on.

(1) Consecutive Reads between Different Areas

If consecutive reads between different areas occur while the ICIS1 bitin BCRH issetto 1, anidle
cycleisinserted at the start of the second read cycle. Thisis enabled in advanced mode.

Figure 6.16 shows an example of the operation in this case. In this example, buscycle A isaread
cycle from ROM with along output floating time, and bus cycle B isaread cycle from SRAM,
each being located in adifferent area. In (a), an idle cycleis not inserted, and acollision occursin
cycle B between the read data from ROM and that from SRAM. In (b), anidle cycleisinserted,
and adata collision is prevented.

Bus cycle A Buscycle B Bus cycle A Bus cycle B

T, T, T3

Address bus :b( 9( 9(: Address bus :b( :X X:

CS (area A) 3 CS (area A) 3
CS(areaB) | 1

' ' Data
Long output | collision
floating time
(a) Idle cycle not inserted (b) Idle cycle inserted
(ICIS1=0) (Initial value ICIS1 = 1)

Figure6.16 Example of Idle Cycle Operation (1)
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(2) Write after Read

If an external write occurs after an external read while the ICIS0 bit in BCRH isset to 1, an idle
cycleisinserted at the start of the write cycle.

Figure 6.17 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.

, BuscycleA BuscycleB, , BuscycleA = BuscycleB
| T, T, T3 | LR P | | T, T, T3 | T T |
@ ¢
Address bus j K 9(: Address bus j JX 9(:
CS (area A) | CS (area A) |
CS(areaB) | CS(areaB) i
RD | 1 RD | |
AR LI AR 1 1
Databus N F omems —AT
‘ : Data
Long output | jigjon
floating time
(a) Idle cycle not inserted (b) Idle cycle inserted
(ICI1s1 =0) (Initial value ICIS1 = 1)

Figure6.17 Example of Idle Cycle Operation (2)
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(3) Relationship between Chip Select (CS) Signal and Read (RD) Signal

Depending on the system’ s load conditions, the RD signal may lag behind the CS signal. An

example is shown in figure 6.18.

In this case, with the setting for no idle cycle insertion (a), there may be a period of overlap
between the bus cycle A RD signal and the bus cycle B CS signal.

Setting idle cycle insertion, asin (b), however, will prevent any overlap between the RD and CS

signals.

Intheinitial state after reset release, idle cycleinsertion (b) is set.

Possibility of overlap between
CS (area B) and RD

(a) Idle cycle not inserted
(ICIS1=0)

Bus cycle A Bus cycle B

| |
e Tt
| |
| |
| |

T, T T3 T T, T

¢

Address bus j JX

(b) Idle cycle inserted
(Initial value ICIS1 = 1)

Figure 6.18 Relationship between Chip Select (CS) and Read (RD)
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6.6.2 Pin Statesin Idle Cycle
Table 6.5 shows pin statesin anidle cycle.

Table6.5 Pin Statesin ldleCycle

Pins Pin State

A 10 A, Contents of next bus cycle
D, to D, High impedance

CSn High

AS High

RD High

HWR High

LWR High

6.7 Bus Release

6.7.1 Overview

The H85/2345 Group can release the external bus in response to a bus request from an external
device. In the external bus released state, the internal bus master continues to operate aslong as
there is no external access.

6.7.2 Operation

In external expansion mode, the bus can be released to an external device by setting the BRLE bit
in BCRL to 1. Driving the BREQ pin low issues an external bus request to the H8S/2345 Group.
When the BREQ pin is sampled, at the prescribed timing the BACK pin isdriven low, and the
address bus, data bus, and bus control signals are placed in the high-impedance state, establishing
the external bus-released state.

In the external bus released state, an internal bus master can perform accesses using the internal
bus. When an internal bus master wants to make an external access, it temporarily defers
activation of the bus cycle, and waits for the bus request from the external bus master to be
dropped.

When the BREQ pinisdriven high, the BACK pinisdriven high at the prescribed timing and the
external bus released state is terminated.
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In the event of simultaneous external bus rel ease request and external access request generation,
the order of priority isasfollows:

(High) External bus release > Internal bus master external access (Low)

6.7.3 Pin Statesin External Bus Released State
Table 6.6 shows pin statesin the external bus released state.

Table6.6 Pin Statesin Bus Released State

Pins Pin State

A to A, High impedance
D, toD, High impedance
CSn High impedance
AS High impedance
RD High impedance
HWR High impedance
LWR High impedance
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6.7.4 Transition Timing

Figure 6.19 shows the timing for transition to the bus-released state.

CPU
CPU cycle External bus released state cycle

2 I O O O B O B

High impedadce

Address bus >< Address /

High impedance

Data bus

—
High impedance 7_
—

High impedance

High impedan%ce
n

HAWR, LWR }
BREQ \ /
BACK ' Minimum | /o

| lstate | \ ‘
[1] [2] (3] [4] (5]

[1] Low level of BREQ pin is sampled at rise of T, state.

[2] BACK pin is driven low at end of CPU read cycle, releasing bus to external
bus master.

[3] BREQ pin state is still sampled in external bus released state.

[4] High level of BREQ pin is sampled.

[5] BACK pin is driven high, ending bus release cycle.

Figure6.19 Bus-Released State Transition Timing
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6.7.5 Usage Note

When MSTPCR is set to H'FFFF or H'EFFF and atransition is made to sleep mode, the external
bus release function halts. Therefore, MSTPCR should not be set to H'FFFF or H'EFFF if the
external bus release function isto be used in sleep mode.

6.8 Bus Arbitration

6.8.1 Overview
The H8S5/2345 Group has a bus arbiter that arbitrates bus master operations.

There are two bus masters, the CPU and DTC, which perform read/write operations when they
have possession of the bus. Each bus master requests the bus by means of a bus request signal. The
bus arbiter determines priorities at the prescribed timing, and permits use of the bus by means of a
bus request acknowledge signal. The selected bus master then takes possession of the bus and
begins its operation.

6.8.2 Operation

The bus arbiter detects the bus masters' bus request signals, and if the busis requested, sends a bus
request acknowledge signal to the bus master making the request. If there are bus requests from
more than one bus master, the bus request acknowledge signal is sent to the one with the highest
priority. When a bus master receives the bus request acknowledge signal, it takes possession of the
bus until that signal is canceled.

The order of priority of the bus mastersis as follows:
(Highy DTC > CPU (Low)

An internal bus access by an internal bus master, and external bus release, can be executed in
parallel.

In the event of simultaneous external bus rel ease request, and internal bus master external access
request generation, the order of priority is asfollows:

(High) External bus release > Internal bus master external access (Low)
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6.8.3 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 abus request is received from the DTC,
the bus arbiter transfers the bus to the bus master that issued the request. The timing for transfer of
the busisasfollows:

» 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 bus is not transferred.

» If the CPU isin sleep mode, it transfers the busimmediately.
DTC: The DTC sends the bus arbiter arequest for the bus when an activation request is generated.

The DTC can release the bus after a vector read, aregister information read (3 states), a single data
transfer, or aregister information write (3 states). It does not release the bus during aregister
information read (3 states), asingle data transfer, or aregister information write (3 states).

6.8.4 External Bus Release Usage Note

External bus release can be performed on completion of an external bus cycle. TheRD signal and
CS0 to CS3 signals remain low until the end of the external bus cycle. Therefore, when external
bus release is performed, the RD and CSO0 to CS3 signals may change from the low level to the
high-impedance state.

6.9 Resets and the Bus Controller

In a power-on reset, the H8S/2345, including the bus controller, enters the reset state at that point,
and an executing bus cycle is discontinued.

In amanual reset, the bus controller’ s registers and internal state are maintained, and an executing
external bus cycleis completed. Inthiscase, WAIT input isignored and write datais not
guaranteed.

Rev. 4.00 Feb 15, 2006 page 169 of 900
REJ09B0291-0400
RENESAS



Section 6 Bus Controller

Rev. 4.00 Feb 15, 2006 page 170 of 900
REJ09B0291-0400

RENESAS



Section 7 Data Transfer Controller

Section 7 Data Transfer Controller

71 Overview

The H85/2345 Group includes a data transfer controller (DTC). The DTC can be activated by an
interrupt or software, to transfer data.

7.1.1 Features
The features of the DTC are:

» 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 source and destination addresses can be selected
» Direct specification of 16-Mbyte address space possible

O 24-hit transfer source and destination addresses can be specified
» Transfer can be set in byte or word units
¢ 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 the specified data transfers have
completely 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 sregister 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 and hence helping to increase processing speed.

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 |
< Wl = IS
Interrupt oo e 2 g ol =N
request} 6208 [ = 7% << > =
E EBIE lexl | E S|<|m|B|h 3 |
o glal 188 | ¢ | Sl B !
23| O <|O|0 >
88 4 o
o = x .
'_ 1
O ] U
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 A to E
DTVECR : DTC vector register

Figure7.1 Block Diagram of DTC
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7.13 Register Configuration
Table 7.1 summarizes the DTC registers.

Table7.1 DTC Registers

Name Abbreviation R/W Initial Value  Address™

DTC mode register A MRA —*? Undefined —*3

DTC mode register B MRB —* Undefined —*3

DTC source address register SAR —*? Undefined —*3

DTC destination address register ~ DAR —* Undefined —*3

DTC transfer count register A CRA —*2 Undefined —*3

DTC transfer count register B CRB —* Undefined —*3

DTC enable registers DTCER R/W H'00 H'FF30 to H'FF34
DTC vector register DTVECR R/W H'00 H'FF37

Module stop control register MSTPCR R/W H'3FFF H'FF3C

Notes: 1. Lower 16 bits of the address.
2. Registers within the DTC cannot be read or written to directly.

3. Register information is located in on-chip RAM addresses H'F800 to H'FBFF. It cannot
be located in external space. When the DTC is used, do not clear the RAME bit in
SYSCR to 0.
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7.2 Register Descriptions

721  DTC ModeRegister A (MRA)

MRA is an 8-hit register that controls the DTC operating mode.

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

RIW : — — — — — — — —

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

RIW : — — — — — — — —

MRB isan 8-hit register that controls the DTC operating mode.

Bit 7—DTC Chain Transfer Enable (CHNE): Specifies chain transfer. With chain transfer, a
number of data transfers can be performed consecutively in response to a single transfer request.

In data transfer with CHNE set to 1, determination of the end of the specified number of transfers,
clearing of the interrupt source flag, and clearing of DTCER is not performed.

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 requeststo 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)

Bits 5 to 0—Reserved: These bits have no effect on DTC operation in the H8S/2345 Group, and
should always be written with 0 in awrite.
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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

rRW ¢ - = - - — --- _ = = = —

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

R/W = = = = = --- —_ = = = —

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

rRW = = = = = = = = = = = = = = = =

-« 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 functions as a 16-bit transfer counter (1 to 65536). Itis
decremented by 1 every time datais transferred, and transfer ends when the count reaches H'0000.

In repeat mode or block transfer mode, the CRA is divided into two parts: the upper 8 bits
(CRAH) and the lower 8 bits (CRAL). CRAH holds the number of transfers while CRAL
functions as an 8-hit transfer counter (1 to 256). CRAL isdecremented by 1 every time datais
transferred, and the contents of CRAH are sent 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

rRW O = = = = = = = = = = = = = = = =

CRB is a16-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 65536) 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| DTCES | DTCE4 | DTCE3 | DTCE2 | DTCE1 | DTCEO ‘
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

The DTC enable registers comprise five 8-bit readable/writable registers, DTCERA to DTCERE,
with bits corresponding to the interrupt sources that can activate the DTC. These bits enable or
disable DTC service for the corresponding interrupt sources.

The DTC enableregisters areinitialized to H'00 by areset and in hardware standby mode.

A DTCE bit can be set for each interrupt source that can activate the DTC. The correspondence
between interrupt sources and DTCE bits is shown in table 7.4, together with the vector number
generated for each interrupt controller.

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.

Bit n—DTC Activation Enable (DTCEn)

Bit n

DTCEn Description

0 DTC activation by this interrupt is disabled (Initial value)
[Clearing conditions]
* When the DISEL bit is 1 and the data transfer has ended
e When the specified number of transfers have ended

1 DTC activation by this interrupt is enabled

[Holding condition]
When the DISEL bit is 0 and the specified number of transfers have not ended
(n=7t00)

A DTCE hit can be set for each interrupt source that can activate the DTC. The correspondence
between interrupt sources and DTCE bits is shown in table 7.4, together with the vector number
generated for each interrupt controller.
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728  DTC Vector Register (DTVECR)

Bit : 7 6 5 4 3 2 1 0
SWDTE | DTVEC6|DTVECS5| DTVEC4|DTVEC3|DTVEC2 | DTVEC1|DTVECO

Initial value: 0 0 0 0 0 0 0 0

RIW : RIW)*  RMW RIW RIW R/W RIW RIW RIW

Note: * A value of 1 can always be written to the SWDTE bit, but 0 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.

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

Bit 7—DTC Softwar e Activation Enable (SWDTE): Enables or disables DTC activation by
software.

When clearing the SWDTE bit to 0 by software, write 0 to SWDTE after reading SWDTE set to 1.

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 the DISEL bit is 1 and data transfer has ended
¢ When the specified number of transfers have ended

« During data transfer due to software activation

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 expressed as H'0400 + ((vector number) << 1). <<1 indicates a one-bit |eft-
shift. For example, when DTVECG6 to DTVECO = H'10, the vector address is H'0420.
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7.29 Module Stop Control Register (MSTPCR)

MSTPCRH MSTPCRL
Bit : 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Initial value : 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1
R/W : R/W R/W R/W R/W R/W R/W R/IW R/W RIW RIW RIW RIW R/IW R/W R/W R/W

MSTPCR is a 16-bit readable/writable register that 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. However, 1 cannot be written in the MSTP14 hit
whilethe DTC is operating. For details, see section 19.5, Module Stop Mode.

MSTPCR isinitialized to H'3FFF by areset and in hardware standby mode. It isnot initialized in
software standby mode.

Bit 14—Module Stop (M STP14): Specifies the DTC module stop mode.

Bit 14

MSTP14  Description

0 DTC module stop mode cleared (Initial value)
1 DTC module stop mode set
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7.3 Operation

7.3.1 Overview

When activated, the DTC reads register information that is already stored in memory and transfers
data on the basis of that register information. After the data transfer, it writes updated register
information back to memory. Pre-storage of register information in memory makes it possible to
transfer data over any required number of channels. Setting the CHNE bit to 1 makes it possible
to perform anumber of transfers with a single activation.

Figure 7.2 shows aflowchart of DTC operation.

Read DTC vector

Next transfer

B

Read register information

'

Data transfer

v

Write register information

;

No

Transfer Counter = 0
orDISEL=1

Yes

Y

Clear an activation flag Clear DTCER

End Interrupt e>_<ception
handling

Figure7.2 Flowchart of DTC Operation
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The DTC transfer mode can be normal mode, repeat mode, or block transfer mode.

The 24-bit SAR designates the DTC transfer source address and the 24-bit DAR designates the
transfer destination address. After each transfer, SAR and DAR are independently incremented,
decremented, or left fixed.

Table 7.2 outlines the functions of the DTC.

Table7.2 DTC Functions

Address Registers

Transfer  Transfer

Transfer Mode Activation Source Source Destination
* Normal mode « IRQ 24 bits 24 bits
O One transfer request transfers one e TPUTGI
byte or one word +  8-hit timer CMI
O Memory addresses are incremented e« SCITXI or RXI
or decremented by 1 or 2 « A/D converter ADI
0 Up to 65,536 transfers possible . Software
* Repeat mode
O One transfer request transfers one
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
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7.3.2 Activation Sour ces

The DTC operates when activated by an interrupt or by awriteto DTVECR by software. An
interrupt request can be directed to the CPU or DTC, as designated by the corresponding DTCER
bit. An interrupt becomes a DTC activation source when the corresponding bit isset to 1, and a
CPU interrupt source when the bit is cleared to O.

At the end of adatatransfer (or the last consecutive transfer in the case of chain transfer), the
activation source or corresponding DTCER bit is cleared. Table 7.3 shows activation source and
DTCER clearance. The activation source flag, in the case of RXI0, for example, isthe RDRF flag
of SCIO.

Table7.3 Activation Source and DTCER Clearance

When the DISEL Bit Is 0 and When the DISEL Bit Is 1, or when

Activation the Specified Number of the Specified Number of

Source Transfers Have Not Ended Transfers Have Ended

Software The SWDTE bit is cleared to O The SWDTE bit remains set to 1

activation An interrupt is issued to the CPU

Interrupt The corresponding DTCER bit The corresponding DTCER bit is cleared to 0

activation remains setto 1 The activation source flag remains set to 1
The activation source flag is A request is issued to the CPU for the
clearedto O activation source interrupt

Figure 7.3 shows a block diagram of activation source control. For details see section 5, Interrupt
Controller.
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Source flag cleared

Clear
controller
Clear
A
DTCER
Clear request
Select
\ /
On-chip .
supporting = DTC
module 3]
‘©
. - oy
IRQ interrupt ™ S
Interrupt o
request < -
DTVECR o »{ Interrupt controller CPU

Interrupt mask

Figure 7.3 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 operates in accordance with the default priorities.

7.3.3 DTC Vector Table
Figure 7.4 shows the correspondence between DTC vector addresses and register information.

Table 7.4 shows the correspondence between activation, vector addresses, and DTCER bits. When
the DTC is activated by software, the vector address is obtained from: H'0400 + (DTVECR][6:0]
<< 1) (where << 1lindicates a 1-bit left shift). For example, if DTVECR is H'10, the vector
addressis 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.
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Table7.4 Interrupt Sources, DTC Vector Addresses, and Corresponding DTCEs

Origin of

Interrupt Vector Vector
Interrupt Source Source Number Address DTCE" Priority
Write to DTVECR Software DTVECR  H'0400+ — High

(DTVECR A
[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
IRQ4 20 H'0428 DTCEA3
IRQ5 21 H'042A DTCEA2
IRQ6 22 H'042C DTCEAl
IRQ7 23 H'042E DTCEAO
ADI (A/D conversion end) A/ID 28 H'0438 DTCEB6
TGIOA (GROA compare match/ TPU 32 H'0440 DTCEB5
input capture) channel 0
TGIOB (GROB compare match/ 33 H'0442 DTCEB4
input capture)
TGIOC (GROC compare match/ 34 H'0444 DTCEB3
input capture)
TGIOD (GROD compare match/ 35 H'0446 DTCEB2
input capture)
TGI1A (GR1A compare match/ TPU 40 H'0450 DTCEB1
input capture) channel 1
TGI1B (GR1B compare match/ 41 H'0452 DTCEBO
input capture)
TGI2A (GR2A compare match/ TPU 44 H'0458 DTCECY
input capture) channel 2
TGI2B (GR2B compare match/ 45 H'045A DTCECS6
input capture) Low
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Origin of

Interrupt Vector Vector
Interrupt Source Source Number Address DTCE* Priority
TGI3A (GR3A compare match/ TPU 48 H'0460 DTCEC5 High
input capture) channel 3 A
TGI3B (GR3B compare match/ 49 H'0462 DTCEC4
input capture)
TGI3C (GR3C compare match/ 50 H'0464 DTCEC3
input capture)
TGI3D (GR3D compare match/ 51 H'0466 DTCEC2
input capture)
TGI4A (GR4A compare match/ TPU 56 H'0470 DTCEC1
input capture) channel 4
TGI4B (GR4B compare match/ 57 H'0472 DTCECO
input capture)
TGI5A (GR5A compare match/ TPU 60 H'0478 DTCED5
input capture) channel 5
TGI5B (GR5B compare match/ 61 H'047A DTCED4
input capture)
CMIAO 8-bit timer 64 H'0480 DTCED3
CMIBO channel0 g5 H0482  DTCED2
CMIAL 8-bit timer 68 H'0488 DTCED1
CMIB1 channel 1  “gq H'048A  DTCEDO
RXIO (reception complete 0) SCI 81 H'04A2 DTCEE3
TXIO (transmit data empty 0) channel0  “gy H04A4  DTCEE2
RXI1 (reception complete 1) SCI 85 H'04AA DTCEE1
TXI1 (transmit data empty 1) channell  “gg H04AC  DTCEEO Low

Note: * DTCE bits with no corresponding interrupt are reserved, and should be written with 0.
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m m
DTC vector Register information / . . -
e — Register information

address start address

.

Chain transfer
m \_/—\

Figure7.4 Correspondence between DTC Vector Address and Register Information

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 (contents of the vector address). In the case of chain transfer, register
information should be located in consecutive areas.

Locate the register information in the on-chip RAM (addresses: H'FFF800 to H'FFFBFF).

Lower address

) 0 1 2 3
Register T T ~
information — ™| MRA SAR
start address ) . )
MRB DAR Register information
Chain CRA CRB
transfer = MRA SAR
Register information
MRB DAR for 2nd transfer in
chain transfer
CRA CRB
- 4 bytes o

T

Figure7.5 Location of 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 Designates source address
DTC destination address register DAR Designates destination address
DTC transfer count register A CRA Designates 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 state of the transfer counter and the address register specified as the repeat areais restored,
and transfer is repeated. In repeat mode the transfer counter value 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 Designates source address
DTC destination address register DAR Designates destination address
DTC transfer count register AH CRAH Holds number of transfers
DTC transfer count register AL CRAL Designates transfer count (8 bits x 2)
DTC transfer count register B CRB Not used
N N
SAR or DAR or
DAR — ™ Repeat area <:> -— AR
Transfer
~N_ ~N_

Figure7.7 Memory Mapping in Repeat Mode
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7.37 Block Transfer Mode
In block transfer mode, one operation transfers one block of data.

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 asthe block areais restored. The other address register
isthen incremented, decremented, or |eft 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 Designates transfer source address
DTC destination address register DAR Designates destination address
DTC transfer count register AH CRAH Holds block size

DTC transfer count register AL CRAL Designates block size count

DTC transfer count register B CRB Transfer count
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- First block

] m
SAR or B N B
DAR ™ <:> Block area

- - Transfer -

B N m

Nth block
Y
m

DAR or
* SAR

Figure7.8 Memory Mappingin Block Transfer Mode
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7.3.8 Chain Transfer

Setting the CHNE hit to 1 enables a number of data transfers to be performed consecutively in
responseto asingle transfer request. SAR, DAR, CRA, CRB, MRA, and MRB, which define data
transfers, can be set independently.

Figure 7.9 shows the memory map for chain transfer.

T~

Source

Destination

Register information

—/
CHNE =1
DTC vector Register information
address start address
Register information
CHNE =0
r Source
L\ o
) Destination
/—\_/

Figure7.9 Chain Transfer Memory Map

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 an example of DTC operation timing.

0 Sy L
DTC activation \
request /

DTC J \—

request

Data transfer
Vector read

- -
s O OO0k 0
-~ -

Transfer Transfer
information read information write

Figure7.10 DTC Operation Timing (Examplein Normal Mode or Repeat M ode)

JUUUUUUUUUUUUUUUULULL
DTC activation

request / \
DTC request / \

Data transfer

Vector read

B e —
s O OO0 0

-y -
Transfer Transfer
information read information write

Figure7.11 DTC Operation Timing (Example of Block Transfer Mode,
with Block Size of 2)
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¢ iy uyyurryryiuyuyuyl

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 (Example of Chain Transfer)

7.3.10 Number of DTC Execution States

Table 7.8 lists execution statuses for asingle DTC data transfer, and table 7.9 shows the number of
states required for each execution status.

Table7.8 DTC Execution Statuses

Register Information Internal
Vector Read Read/Write Data Read Data Write Operations
Mode | J K L M
Normal 1 6 1 1 3
Repeat 1 6 1 1 3
Block transfer 1 6 N N 3

N: Block size (initial setting of CRAH and CRAL)
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Table7.9 Number of States Required for Each Execution Status

Object to be Accessed (?hr}p (?hr}p Ogt;ggit%rl{so External Devices
RAM | ROM
Bus width 32 16 8 16 8 16
Access states 1 1 2 2 2 3 2 3
Execution |Vector read S, — 1 — — 4 |6+2m| 2 3+m
status Register information S, 1 — — — — — — —
read/write
Byte data read S, 1 1 2 2 2 3+m 2 3+m
Word data read 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 data write S, 1 1 4 2 4 |6+2m| 2 3+m
Internal operation S, 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 in which the CHNE bit isset to 1,
plus1).

Number of execution states=1-S+X(J-S;+K-S +L-S)+M-S,

For example, when the DTC vector address table islocated in on-chip ROM, normal modeis set,
and datais transferred from the on-chip ROM to an internal 1/0 register, the time required for the
DTC operation is 13 states. The time from activation to the end of the datawrite is 10 states.
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7311  Proceduresfor UsngDTC

Activation by Interrupt: The procedure for using the DTC with interrupt activation is as follows:
[1] Set the MRA, MRB, SAR, DAR, CRA, and CRB register information in the on-chip RAM.

[2] Set the start address of the register information in the DTC vector address.

[3] Set the corresponding bitin DTCER to 1.

[4] Set the enable bits for the interrupt sources to be used as the activation sourcesto 1. The DTC
is activated when an interrupt used as an activation source is generated.

[5] After the end of one data transfer, or after the specified number of data transfers have ended,
the DTCE bit is cleared to 0 and a CPU interrupt is requested. If the DTC isto continue
transferring data, set the DTCE bhit to 1.

Activation by Software: The procedure for using the DTC with software activation is as follows:
[1] Set the MRA, MRB, SAR, DAR, CRA, and CRB register information in the on-chip RAM.
[2] Set the start address of the register information in the DTC vector address.

[3] Check that the SWDTE hit is 0.

[4] Write 1 to SWDTE bit and the vector number to DTVECR.

[5] Check the vector number written to DTVECR.

[6] 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 data transfers have ended, the
SWDTE hitisheld at 1 and a CPU interrupt is requested.
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7.3.12 Examplesof Useof theDTC
(1) 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 bitin 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 SSRisset 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 flagis
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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(2) Software 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, SM0 = 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'04CO0).
[3] Check that the SWDTE bit in DTVECR is 0. Check that thereis 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'EO.

[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 the write was successful, the DTC is activated and a block of 128 bytes of datais transferred.

[7] After the transfer, an SWDTEND interrupt occurs. Theinterrupt 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 bit to O.

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 bitin MSTPCR isset to 1, the DTC clock stops, and the DTC
enters the module stop state. However, 1 cannot be written in the MSTP14 bit whilethe DTC is
operating.

On-Chip RAM: The MRA, MRB, SAR, DAR, CRA, and CRB registersare all located in on-chip
RAM. When the DTC is used, the RAME hit in SY SCR must not be cleared to 0.

DTCE Bit Setting: For DTCE hit setting, read/write operations must be performed using bit-
mani pulation instructions such as BSET and BCLR. For theinitial setting only, however, when
multiple activation sources are set at onetime, it is possible to disable interrupts and write after
executing a dummy read on the relevant register.
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Section 8 1/0O Ports

8.1 Overview
The H85/2345 Group has 10 1/0O ports (ports 1, 2, 3, and A to G), and one input-only port (port 4).
Table 8.1 summarizes 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), adata register (DR) that stores output data, and a port register (PORT) used to
read the pin states.

Ports A to E have a built-in MOS input pull-up function, and in addition to DR and DDR, have a
MOS input pull-up control register (PCR) to control the on/off state of MOS input pull-up.

Ports 3 and A include an open-drain control register (ODR) that controls the on/off state of the
output buffer PMOS.

Ports 1, and A to F can drive asingle TTL load and 90 pF capacitive load, and ports 2, 3, and G
can driveasingle TTL load and 30 pF capacitive load. All the I/O ports can drive a Darlington
transistor when in output mode. Ports 1, and A to C can drive an LED (10 mA sink current).

Port 2, and interrupt input pins (IRQO to IRQ7) are Schmitt-triggered inputs.

For block diagrams of the ports see appendix C, 1/0 Port Block Diagrams.
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Table81 Port Functions
. . Mode Mode Mode Mode Mode Mode Mode
Port |Description Pins 1* gXixz g*i*2 4 5 62 72
Port 1 |« 8-bit /O P1,/TIOCB2/ |8-bit I/O port also functioning as TPU I/O pins (TCLKA, TCLKB, TCLKC,
port TCLKD TCLKD, TIOCAQ, TIOCBO, TIOCCQO, TIOCDO, TIOCA1, TIOCB1, TIOCA2,
p1/TIOCA2 |T'OCB2)
P1./TIOCB1/
TCLKC
P1,/TIOCAl
P1,/TIOCDO/ When DDR = 0: input port also
TCLKB/A,, functioning as TPU I/O pins
P1/TIOCCO/ (TCLKA, TCLKB, TIOCAO,
TCZLKA/A TIOCBO, TIOCCO, TIOCDO)
P1 /TIOCBO/ When DDR = 1: address output
1
AZl
P1,/TIOCAOQ/
AZU
Port 2 |« 8-bit /O P2,/TIOCBS/ |8-bit I/O port also functioning as TPU 1/O pins (TIOCA3, TIOCB3, TIOCC3,
port TMO1 TIOCD3, TIOCA4, TIOCB4, TIOCAS, TIOCB5), and 8-bit timer (channels 0
« Schmitt-  |P2 /TIocAs/ |2hd 1) /O pins (TMRIO, TMCIO, TMOO, TMRI1, TMCI1, TMO1)
6
triggered | TMOO
input P2,/TIOCB4/
TMCI1
P2,/TIOCA4/
TMRI1
P2,/TIOCD3/
TMCIO
P2,/TIOCC3/
TMRIO
P2,/TIOCB3
P2/TIOCA3
Port 3 |+ 6-bit I/O P3./SCK1/ |6-bit I/O port also functioning as SCI (channels 0 and 1) I/O pins (TxDO,
port IRQ5 RxDO0, SCKO, TxD1, RxD1, SCK1) and interrupt input pins (IRQ5, IRQ4)
* Open-drain |P3,/SCKO0/
output IRQ4
capability |p3 jpryp1
* Schmitt- o3 RyDo
triggered
input P31/TXD1
(IRQ5, P3,/TxDO
IRQ4)
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Port |Description Pins Mode Mode Mode Mode Mode Mode Mode
p 1*1 2*1*2 3*1*2 4 6*2 7*2
Port 4 |« 8-bit input |P4,/AN7/ 8-bit input port also functioning as A/D converter analog inputs (AN7 to
port DAl ANO) and D/A converter analog outputs (DA1 and DAQ)
P4,/AN6/
DAO
P4./AN5
P4,/AN4
P4.,/AN3
P4,/AN2
P4,/AN1
P4,/ANO
Port A |+ 4-bit I/O PAJA, to I/O ports Address output When I/O ports
port PAJA,, DDR =0
« Built-in (after
MOS input _reset).
pull-up input
ports
» Open-drain
output \S/SE”_ N
capabili e
pability address
output
Port B | 8-bit I/O PB,/A, to Address |When I/O port  |Address output When 1/O port
port PB/A, output DDR =0 DDR =0
« Built-in (after (after
MOS input _reset): _reset):
pull-up input port input port
When When
DDR =1: DDR =1:
address address
output output
Port C |+ 8-bit /O PC.,/A, to Address |When /0O port  |Address output When 1/O port
port PCJ/A, output DDR=0 DDR=0
« Built-in (after (after
MOS input reset): reset):
pull-up input port input port
When When
DDR =1: DDR =1:
address address
output output
Port D |+ 8-bit I/O PD,/D, to Data bus input/ I/O port |Data bus input/output 1/O port
port PD,/D, output
* Built-in
MOS input
pull-up

RENESAS
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Port |Description Pins Mode Mode Mode Mode Mode Mode Mode
p 1*1 2*1*2 3*1*2 4 5 6*2 7*2
Port E |+ 8-bit I/O PE./D, to In 8-bit bus mode:  |I/O port |In 8-bit bus mode: I/O port 1/O port
port PE/D, VO port In 16-bit bus mode: data bus
* Built-in In 16-bit bus mode: input/output
MOS input data bus input/output
pull-up
Port F |« 8-bit I/O PF./@ When DDR = 0: When When DDR = 0: input port When
port input port DIthR =0 When DDR = 1 (after reset): DIthR =0
e Schmitt- When DDR =1 (after @ er_ @ output @ er_
triggered reset): @ output _reset). _reset).
input (IRQ3 input port input port
to IRQO) When When
DDR = 1: DDR = 1:
@output @output
PF/AS AS, RD, HWR, LWR |I/O port |AS, RD, HWR, LWR output I/O port
PF/RD output
PF,/HWR
PFJ/LWR/ 1/0O port 1/0O port
IRQ3 also func- also func-
PF,/WAIT/ |When WAITE =0 F";”'”g 2 | When WAITE = 0 (after reset): F";”'”g >
IRQ2 (after reset): 1/0 port in ert“”? 1/0 port also functioning as in ertr“‘?
also functioning as INput pins interrupt input pin (IRQ2) INput pins
: : . (IRQ3 to (IRQ3 to
interrupt input pin 1RQO 1RQO
(IRQ2) ) )
When WAITE = 1: When WAITE = 1: WAIT input
WAIT input also also functioning as interrupt
functioning as input pin (IRQ2)
interrupt input pin
(IRQ2)
PF/BACK/ |When BRLE =0 When BRLE = 0 (after reset):
IRQ1 (after reset): 1/0 port 1/0 port also functioning as
PF /BREQY also functioning as interrupt input pins (IRQ1,
m interrupt input pins IRQO)
(IRQ1, IRQO)
When BRLE = 1: When BRLE = 1: BREQ input,
BREQ input, BACK BACK output also functioning
output also as interrupt input pins (IRQ1,

functioning as
interrupt input pins
(IRQ1, IRQO)

TRQO)
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Port |Description Pins Mode Mode Mode Mode Mode Mode Mode
p 1*1 2*1*2 3*1*2 4 5 6*2 7*2
Port |e5-bitl/lO |PG/CSO  |WhenDDR=0"* |l/Oport |When DDR =0** input port /0 port
G port input port a}lso_ func- When DDR = 1**: TS0 output a}lso func-
« Schmitt- When DDR = 1*4: .tlonlng as .t|0ns as
triggered CSO0 output !nterrupt !nterrupt
input input pins input pins
RQ7 PG,/CS1 1/O port also (IRQ7, When DDR = 0 (after reset): (IRQ7,
I(RW’ PG /CS2 functioning as IRQ6) input port also functioning as  (JRQ6)
) z interrupt input pins  |and A/D  |interrupt input pin (IRQ7) and A/D
:;iQ%CSS/ (IRQ7, IRQ6) and converter |\hen DDR = 1: CS1, CS2, converter
AD Z(I);'I\'/;r(t-}er NpUtlinput pin |83 output also functioning as |iNPUt pin
pin ( ) (ADTRG) |interrupt input pin (TRQ7) (ADTRG)
PG,/IRQ6/ 1/O port also functioning as
ADTRG interrupt input pin (IRQ6) and
A/D converter input pin
(ADTRG)
Notes: 1. Modes 1 to 3 are not available on the F-ZTAT version.

2. Modes 2, 3, 6, and 7 are not available on the ROMless version.
3. After aresetin mode 2 or 6.
4. After aresetin mode 1, 4 or 5.
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8.2 Port 1

821 Overview

Port 1 isan 8-hit 1/0 port. Port 1 pins also function as TPU 1/O pins (TCLKA, TCLKB, TCLKC,
TCLKD, TIOCAO, TIOCBO, TIOCCO, TIOCDO, TIOCAL, TIOCB1, TIOCA2, and TIOCB2) and
an address bus output function. Port 1 pin functions change according to the operating mode.

Figure 8.1 shows the port 1 pin configuration.

Port 1 pins

e P17 (I/0)/TIOCB2 (/O)/TCLKD (input)
e P1g (I/0)/TIOCA2 (1/O)
e P15 (I/0)/TIOCB1 (/O)/TCLKC (input)
bort1 [ Pla(VO)TIOCAL (IO)
«—» P13 (I/0)/TIOCDO (I/O)/TCLKB (input)/Az3 (output)
e—» P1, (I/0)/TIOCCO (I/O)/TCLKA (input)/Azz (output)
e P1; (I/O)/TIOCBO (I/0)/A21 (output)

e P1g (I/O)/TIOCAO (I/0)/Az (output)

Pin functions in modes 4 to 6*

P17 (1/0)/TIOCB2 (I/0)/TCLKD (input)
P15 (I/0)/TIOCA2 (1/O)

P15 (I/0)/TIOCB1 (I/O)/TCLKC (input)
P14 (I/0)/TIOCAL1 (1/O)

P13 (input)/TIOCDO (I/O)/TCLKB (input)/Azs (output)
P1, (input)/ TIOCCO (I/O)/TCLKA (input)/Azz (output)

P1; (input)/TIOCBO (I/O)/Az1 (output)
P1o (input)/TIOCAO (1/O)/Az0 (output)

Note: * Modes 1 to 3 are not available on the F-ZTAT version.

Modes 2, 3, 6, and 7 are not available on the ROMless version.

Pin functions in modes 1to 3 and 7*

P17 (I/O)/TIOCB2 (/O)/TCLKD (input)
P1s (I/O)/TIOCA2 (l/O)
P15 (I/O)/TIOCB1 (O)/TCLKC (input)
P14 (/O)/TIOCAL (1/O)
P13 (I/O)/TIOCDO (I/O)/TCLKB (input)
P1, (I/O)/TIOCCO (I/O)/TCLKA (input)
P1; (I/O)/TIOCBO (1/O)
P1o (I/O)/TIOCAO (1/O)

Figure8.1 Port 1 Pin Functions
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822 Register Configuration
Table 8.2 shows the port 1 register configuration.

Table8.2 Port 1Registers

Name Abbreviation R/W Initial Value Address”
Port 1 data direction register P1DDR W H'00 H'FEBO
Port 1 data register P1DR R/W H'00 H'FF60
Port 1 register PORT1 R Undefined H'FF50

Note: * Lower 16 bits of the address.

Port 1 Data Direction Register (P1DDR)

Bit : 7 6 5 4 3 2 1 0
|P17DDR| P16DDR| P15DDR| P14DDR| PlSDDR|P12DDR | P11DDR|P10DDR‘

Initial value : 0 0 0 0 0 0 0 0

R/W : 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. PLDDR cannot be read; if it is, an undefined value will be read.

Setting a PLDDR bit to 1 makes the corresponding port 1 pin an output pin, while clearing the bit
to 0 makes the pin an input pin.

P1DDR isinitialized to H'00 by a power-on reset, and in hardware standby mode. It retainsits
prior state after amanual reset, and in software standby mode. Asthe TPU isinitialized by a
manual reset, the pin states are determined by the PADDR and P1DR specifications.

Whether the address output pins maintain their output state or go to the high-impedance state in a
transition to software standby mode is selected by the OPE bit in SBY CR.

« Modes1to3and 7

The corresponding port 1 pins are output ports when PAIDDR is set to 1, and input ports when
cleared to O.

« Modes4to6"
The corresponding port 1 pins are address outputs when P13DDR to PIODDR are set to 1, and
input ports when cleared to 0.
The corresponding port 1 pins are output ports when P17DDR to P14DDR are set to 1, and
input ports when cleared to O.
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Note: * Modes 1 to 3 are not available on the F-ZTAT version.
Modes 2, 3, 6, and 7 are not available on the ROMIess version.

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 (P1, to P1,).

P1DR isinitialized to H'00 by a power-on reset, and in hardware standby mode. It retains its prior
state after a manual reset, and in software standby mode.

Port 1 Register (PORT1)

Bit : 7 6 5 4 3 2 1 0

| P17 | P16 | P15 | P14 | P13 | P12 | P11 | P10 ‘
Initial value : —* —* — —* _* _* _* _
R/W : R R R R R R R R

Note: * Determined by state of pins P17 to P1o.

PORT1 is an 8-bit read-only register that shows the pin states. It cannot be written to. Writing of
output data for the port 1 pins (P1, to P1)) must always be performed on P1DR.

If aport 1 read is performed while PADDR bits are set to 1, the PIDR values are read. If aport 1
read is performed while PADDR bits are cleared to O, the pin states are read.

After a power-on reset and in hardware standby mode, PORT1 contents are determined by the pin
states, as PLDDR and P1DR areinitialized. PORT1 retainsiits prior state after a manual reset, and
in software standby mode.
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8.2.3

Pin Functions

Port 1 pins also function as TPU 1/O pins (TCLKA, TCLKB, TCLKC, TCLKD, TIOCAO,
TIOCBO, TIOCCO, TIOCDO, TIOCA1, TIOCB1, TIOCA2, and TIOCB2) and address output pins
(A to A,). Port 1 pin functions are shown in table 8.3.

Table 8.3

Pin

Port 1 Pin Functions

Selection Method and Pin Functions

P1,/TIOCB2/
TCLKD

The pin function is switched as shown below according to the combination of
the TPU channel 2 setting by bits MD3 to MDO in TMDRZ2, bits IOB3 to IOBO in
TIOR2, bits CCLR1 and CCLRO in TCR2, bits TPSC2 to TPSCO in TCRO and
TCRS, and bit P17DDR.

TPU Channel
2 Setting Table Below (1) Table Below (2)
P17DDR — 0 1
Pin function TIOCB2 output P1, input P1, output
TIOCB2 input™*
TCLKD input*?
TPU Channel
2 Setting 2 Q) 2) 2 Q) 2)
MD3 to MDO B'0000, B'01xx B'0010 B'0011
IOB3 to IOBO | B'0000 |B'0001 to — B'xx00 | Other than B'xx00
B'0100 |B'0011
B'ixxx |B'0101 to
B'0111
CCLR1, — — — — Other B'10
CCLRO than B'10
Output — Output — — PWM —
function compare mode 2
output output
x: Don't care

Notes: 1. TIOCB2 input when TPU channel 2 is in normal operation mode
(MD3 to MDO = B'0000) and input capture is set (I0OB3 to IOB0 =

B'1xxx).

2. TCLKD input when the setting for either TCRO or TCR5 is: TPSC2

to TPSCO = B'111.

TCLKD input when channels 2 and 4 are set to phase counting

mode (MD3 to MDO = B'01xx).
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Pin Selection Method and Pin Functions
P1,/TIOCA2 The pin function is switched as shown below according to the combination of

the TPU channel 2 setting by bits MD3 to MDO in TMDR2, bits IOA3 to IOAO0 in
TIOR2, bits CCLR1 and CCLRO in TCR2, and bit P16DDR.

TPU Channel
2 Setting Table Below (1) Table Below (2)
P16DDR — 0 1
Pin function TIOCAZ2 output P1, input P1, output
TIOCAZ input™*
TPU Channel
2 Setting (2) @) 2 @) Q) 2
MD3 to MDO B'0000, B'01xx B'001x | B'0011 B'0011
IOA3 to IOA0 | B'0000 |B'0001to| B'xx00 Other than B'xx00
B'0100 |B'0011
B'1xxX B'0101 to
B'0111
CCLR1, — — — — Other B'01
CCLRO than B'01
Output — Output — PWM PWM —
function compare mode 1 | mode 2
output output®® | output
x: Don't care
Notes: 1. TIOCAZ2 input when TPU channel 2 is in normal operation mode

(MD3 to MDO = B'0000) and input capture is set (IOA3 to IOA0 =
B'10xx).
2. TIOCB2 output is disabled.
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Pin

Selection Method and Pin Functions

P1/TIOCB1/
TCLKC

The pin function is switched as shown below according to the combination of
the TPU channel 1 setting by bits MD3 to MDO in TMDR1, bits IOB3 to I0BO0 in
TIOR1, bits CCLR1 and CCLRO in TCR1, bits TPSC2 to TPSCO in TCRO,
TCR2, TCR4, and TCR5, and bit PI5DDR.

TPU Channel
1 Setting Table Below (1) Table Below (2)
P15DDR — 0 1
Pin function TIOCB1 output P1, input P1, output
TIOCB1 input™*
TCLKC input*?
TPU Channel
1 Setting ) 1) @) ) (1) (2
MD3 to MDO B'0000, B'01xx B'0010 B'0011
IOB3 to IOBO | B'0000 |B'0001 to — B'xx00 | Other than B'xx00
B'0100 |B'0011
B'1xxx B'OlOl to
B'0111
CCLR1, — — — — Other B'10
CCLRO than
B'10

Output — Output — — PWM —
function compare mode 2

output output

x: Don't care

Notes: 1. TIOCBL1 input when TPU channel 1 is in normal operation mode
(MD3 to MDO = B'0000) and input capture is set (IOB3 to IOB0 =

B'10xx).

2. TCLKC input when the setting for either TCRO or TCR2 is: TPSC2

to TPSCO = B'110; or when the setting for either TCR4 or TCR5 is

TPSC2 to TPSCO = B'101.

TCLKC input when channels 2 and 4 are set to phase counting

mode (MD3 to MDO = B'01xx).
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Pin Selection Method and Pin Functions
P1,/TIOCA1 The pin function is switched as shown below according to the combination of

the TPU channel 1 setting by bits MD3 to MDO in TMDR1, bits IOA3 to IOAO0 in
TIOR1, bits CCLR1 and CCLRO in TCR1, and bit P14DDR.

TPU Channel
1 Setting Table Below (1) Table Below (2)
P14DDR — 0 1
Pin function TIOCAL1 output P1, input P1, output
TIOCA1 input™*
TPU Channel
1 Setting (2) Q) 2 @) Q) 2
MD3 to MDO B'0000, B'01xx B'001x | B'0010 B'0011
IOA3 to IOA0 | B'0000 |B'0001to| B'xx00 Other than B'xx00
B'0100 |B'0011
B'1xxX B'0101 to
B'0111
CCLR1, — — — — Other B'01
CCLRO than B'01
Output — Output — PWM PWM —
function compare mode 1 | mode 2
output output®® | output
x: Don't care
Notes: 1. TIOCAL1L input when TPU channel 1 is in normal operation mode

(MD3 to MDO = B'0000) and input capture is set (IOA3 to IOAO =
B'10xx).
2. TIOCBL1 output is disabled.
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Pin

Selection Method and Pin Functions

P1,/TIOCDO/
TCLKBIA,,

The pin function is switched as shown below according to the combination of
the operating mode, TPU channel 0 setting (by bits MD3 to MDO in TMDRO,
bits IOD3 to I0DO0 in TIOROL, and bits CCLR2 to CCLRO in TCRO), bits TPSC2
to TPSCO in TCRO to TCR2, and bit PA3DDR.

Operating
Mode Modes 1, 2, 3, 7°* Modes 4, 5, 6**
TPU Channel Table Table Table Table
0 Setting Below (1) Below (2) Below (1) Below (2)
P13DDR — 0 1 0 1 0 1
Pin function TIOCDO P1, | P1, TIOCDO A, | Pl, | A,
output input | output| output | output | input | output
TIOCDO TIOCDO
input*? input*?
TCLKB input™?
TPU Channel
0 Setting 2) (1) 2) 2) (1) 2)
MD3 to MDO B'0000 B'0010 B'0011
IOD3to IODO | B'0O000 |B'0001 to — B'xx00 | Other than B'xx00
B'0100 |B'0011
B'Ixxx |B'0101 to
B'0111
CCLR2 to — — — — Other B'110
CCLRO than
B'110
Output — Output — — PWM —
function compare mode 2
output output
x: Don'’t care
Notes: 1. Modes 1 to 3 are not available on the F-ZTAT version.

Modes 2, 3, 6, and 7 are not available on the ROMless version.
2. TIOCDO input when TPU channel 0 is in normal operation mode
(MD3 to MDO = B'0000) and input capture is set (IOD3 to IODO0 =
B'10xx).
3. TCLKB input when the TCRO, TCR1, or TCR2 setting is: TPSC2 to
TPSCO =B'101.
TCLKB input when channels 1 and 5 are set to phase counting
mode (MD3 to MDO = B'01xx).
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Pin Selection Method and Pin Functions

P1,/TIOCCO/ The pin function is switched as shown below according to the combination of
TCLKA/A,, the operating mode, TPU channel 0 setting (by bits MD3 to MDO in TMDRO,

bits IOC3 to I0CO0 in TIOROL, and bits CCLR2 to CCLRO in TCRO), bits TPSC2
to TPSCO in TCRO to TCR2, and bit P12DDR.

Operating
Mode Modes 1, 2, 3, 7** Modes 4, 5, 6™
TPU Channel Table Table Table Table
0 Setting Below (1) Below (2) Below (1) Below (2)
P12DDR — 0 1 0 1 0 1
Pin function TIOCCO P1, P1, [TIOCCO A, P1, A,
output input | output | output | output | input | output
TIOCCO TIOCCO
input*? input*?
TCLKA input™?
TPU Channel
0 Setting 2 @) 2 @) Q) 2)
MD3 to MDO B'0000 B'001x | B'0010 B'0011
IOC3to IOCO | B'0000 |B'0001to| B'xx00 Other than B'xx00
B'0100 |B'0011
B'lxxx |B'0101 to
B'0111
CCLR2 to — — — — Other B'101
CCLRO than
B'101
Output — Output — PWM PWM —
function compare mode 1 | mode 2
output output™ | output
x: Don't care
Notes: 1. Modes 1 to 3 are not available on the F-ZTAT version.

Modes 2, 3, 6, and 7 are not available on the ROMIless version.
2. TIOCCO input when TPU channel 0 is in normal operation mode
(MD3 to MDO = B'0000) and input capture is set (IOC3 to IOCO0 =
B'10xx).
3. TCLKA input when the TCRO to TCR5 setting is: TPSC2 to TPSCO
= B'100.
TCLKA input when channel 1 and 5 are set to phase counting
mode (MD3 to MDO = B'01xx).
4. TIOCDO output is disabled.
When BFA =1 or BFB =1 in TMDRO, output is disabled and
setting (2) applies.
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Pin

Selection Method and Pin Functions

P1,/TIOCBO/
A

21

The pin function is switched as shown below according to the combination of
the operating mode, TPU channel 0 setting (by bits MD3 to MDO in TMDRO,
bits IOB3 to I0OBO0 in TIOROH, and bits CCLR2 to CCLRO in TCRO), and bit

P11DDR.
Operating
Mode Modes 1, 2, 3, 7** Modes 4, 5, 6**
TPU Channel Table Table Table Table
0 Setting Below (1) Below (2) Below (1) Below (2)
P11DDR — 0 1 0 1 0 1
Pin function TIOCBO P1, P1, [TIOCBO| A, P1, A,
output input |output | output | output | input |output
TIOCBO TIOCBO
input*? input*?
TPU Channel
0 Setting 2 Q) 2 2 Q) 2
MD3 to MDO B'0000 B'0010 B'0011
IOB3to IOBO | B'0000 |B'0001 to — B'xx00 | Other than B'xx00
B'0100 |B'0011
B'lxxx |B'0101 to
B'0111
CCLR2 to — — — — Other B'010
CCLRO than
B'010
Output — Output — — PWM —
function compare mode 2
output output
x: Don't care

Notes: 1. Modes 1 to 3 are not available on the F-ZTAT version.
Modes 2, 3, 6, and 7 are not available on the ROMless version.
2. TIOCBO input when TPU channel 0 is in normal operation mode
(MD3 to MDO = B'0000) and input capture is set (IOB3 to I0OB0 =
B'10xx).
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Pin

Selection Method and Pin Functions

P1,/TIOCAO/
A

20

The pin function is switched as shown below according to the combination of
the operating mode, TPU channel 0 setting (by bits MD3 to MDO in TMDRO,
bits IOA3 to IOA0 in TIOROH, and bits CCLR2 to CCLRO in TCRO), and bit

P10DDR.
Operating
Mode Modes 1, 2, 3, 7** Modes 4, 5, 6™
TPU Channel Table Table Table Table
0 Setting Below (1) Below (2) Below (1) Below (2)
P10DDR — 0 1 0 1 0 1
Pin function TIOCAOQ P1, P1, [TIOCAQ| A, P1, A,
output input |output | output | output | input |output
TIOCAO TIOCAO
input*? input™?
TPU Channel
0 Setting 2 Q) 2 Q) Q) 2
MD3 to MDO B'0000 B'001x | B'0010 B'0011
IOA3 to IOAO | B'0000 |B'0001to| B'xx00 Other than B'xx00
B'0100 |B'0011
B'lxxx |B'0101 to
B'0111
CCLR2 to — — — — Other B'001
CCLRO than
B'001
Output — Output — PWM PWM —
function compare mode 1 | mode 2
output output™ | output
x: Don't care
Notes: 1. Modes 1 to 3 are not available on the F-ZTAT version.

Modes 2, 3, 6, and 7 are not available on the ROMIless version.

2. TIOCAO input when TPU channel 0 is in normal operation mode
(MD3 to MDO = B'0000) and input capture is set (IOA3 to IOAO =
B'10xx).

3. TIOCBO output is disabled.
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8.3 Port 2

83.1 Overview

Port 2 is an 8-hit 1/0 port. Port 2 pins also function as TPU 1/O pins (TIOCA3, TIOCB3, TIOCC3,
TIOCD3, TIOCA4, TIOCB4, TIOCAS, and TIOCBS), and 8-bit timer 1/0 pins (TMRIO, TMCIO,
TMOO, TMRI1, TMCI1, and TMOL). Port 2 pin functions are the same in all operating modes.
Port 2 uses Schmitt-triggered input.

Figure 8.2 shows the port 2 pin configuration.

Port 2 pins

- P2 (1/0)/TIOCBS5 (I/0)/TMO1 (output)
> P2, (I/0)/TIOCAS (I/0)/TMOO (output)
-~ P2 (I/0)/TIOCB4 (/0)/TMCI1 (input)
Port2 [ P24 (/O)TIOCA4 (O)TMRIL (input)
L P2, (1/0)/TIOCD3 (I/0)/TMCIO (input)
e P2, (I/0)/TIOCC3 (I/O)/TMRIO (input)

<= P2, (I/0)/TIOCBS3 (I/O)

> P2, (I/0)/TIOCAS3 (I/O)

Figure8.2 Port 2 Pin Functions
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832 Register Configuration
Table 8.4 shows the port 2 register configuration.

Table8.4 Port 2 Registers

Name Abbreviation R/W Initial Value Address”
Port 2 data direction register P2DDR W H'00 H'FEB1
Port 2 data register P2DR R/W H'00 H'FF61
Port 2 register PORT2 R Undefined H'FF51

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
R/W : 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 read.

Setting a P2DDR bit to 1 makes the corresponding port 2 pin an output pin, while clearing the bit
to 0 makes the pin an input pin.

P2DDR isinitialized to H'00 by a power-on reset, and in hardware standby mode. It retainsits
prior state after amanual reset, and in software standby mode. Asthe TPU and 8-bit timer are
initialized by a manual reset, the pin states are determined by the P2DDR and P2DR
specifications.
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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 (P2, to P2,).

P2DR isinitialized to H'00 by a power-on reset, and in hardware standby mode. It retains its prior
state after a manual reset, and in software standby mode.

Port 2 Register (PORT?2)

Bit : 7 6 5 4 3 2 1 0
P27 P26 P25 P24 P23 P22 P21 P20

Initial value : —* — _* —* _* _* _ _ x

R/W : R R R R R R R R

Note: * Determined by state of pins P27 to P2q.

PORT2 is an 8-bit read-only register that shows the pin states. It cannot be written to. Writing of
output data for the port 2 pins (P2, to P2,) must always be performed on P2DR.

If aport 2 read is performed while P2DDR bits are set to 1, the P2DR values are read. If aport 2
read is performed while P2DDR hits are cleared to O, the pin states are read.

After a power-on reset and in hardware standby mode, PORT2 contents are determined by the pin
states, as P2DDR and P2DR areinitialized. PORT2 retainsiits prior state after a manual reset, and
in software standby mode.
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8.3.3

Pin Functions

Port 2 pins also function as TPU 1/0 pins (TIOCA3, TIOCB3, TIOCC3, TIOCD3, TIOCA4,
TIOCB4, TIOCA5, and TIOCB5), and 8-bit timer I/0 pins (TMRIO, TMCIO, TMOO, TMRI 1,
TMCI1, and TMOL). Port 2 pin functions are shown in table 8.5.

Table 8.5

Pin

Port 2 Pin Functions

Selection Method and Pin Functions

P2 /TIOCBS/
TMO1

The pin function is switched as shown below according to the combination of
the TPU channel 5 setting by bits MD3 to MDO in TMDRS, bits IOB3 to I0BO in
TIORS5, bits CCLR1 and CCLRO in TCRS5, bits OS3 to OS0 in TCSR1, and bit

P27DDR.
0S3 to 0OS0 AllO Any 1
TPU Channel Table
5 Setting Below (1) Table Below (2) —
P27DDR — 0 1 —
Pin function TIOCB5 P2 input P2, output | TMO1 output
output TIOCBS input*
TPU Channel
5 Setting 2 Q) 2) 2 Q) 2
MD3 to MDO B'0000, B'01xx B'0010 B'0011
IOB3 to IOBO | B'0000 |B'0001 to — B'xx00 | Other than B'xx00
B'0100 |B'0011
B'1xxX B'0101 to
B'0111

CCLR1, — — — — Other B'10
CCLRO than B'10
Output — Output — — PWM —
function compare mode 2

output output

x: Don't care

Note: * TIOCBS input when TPU channel 5 is in normal operation mode

(MD3 to MDO = B'0000) and input capture is set (IOB3 to IOB0 =
B'1xxx).
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Pin

Selection Method and Pin Functions

P2, /TIOCA5/
TMOO

The pin function is switched as shown below according to the combination of
the TPU channel 5 setting by bits MD3 to MDO in TMDRS, bits IOA3 to IOAO0 in
TIORS5, bits CCLR1 and CCLRO in TCRS5, bits OS3 to OS0 in TCSRO, and bit

P26DDR.

0S3to OSO All O Any 1
TPU Channel Table

5 Setting Below (1) Table Below (2) —
P26DDR — 0 1 —
NDER6 — — 0 —
Pin function TIOCAS P2, input P2, output | TMOO output

output TIOCAS input**

TPU Channel

5 Setting (2) 1) 2 1) 1) 2
MD3 to MDO B'0000, B'01xx B'001x | B'0010 B'0011
IOA3 to IOAO | B'O000 |B'0001 to| B'xx00 Other than B'xx00

B'0100 |B'0011
B'1xxX B'0101 to
B'0111

CCLR1, — — — — Other B'01
CCLRO than B'01

Output — Output — PWM PWM —
function compare mode 1 | mode 2

output output®® | output
x: Don't care

Notes: 1. TIOCAS input when TPU channel 5 is in normal operation mode

(MD3 to MDO = B'0000) and input capture is set (IOA3 to IOA0 =
B'1xxx).

2. TIOCBS output is disabled.
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Pin

Selection Method and Pin Functions

P2/TIOCB4/
T™CI1

This pin is used as the 8-bit timer external clock input pin when external clock
is selected with bits CKS2 to CKSO0 in TCR1.
The pin function is switched as shown below according to the combination of
the TPU channel 4 setting by bits MD3 to MDO in TMDR4 and bits IOB3 to
I0BO in TIOR4, bits CCLR1 and CCLRO in TCR4, and bit P25DDR.

TPU Channel

4 Setting Table Below (1) Table Below (2)
P25DDR — 0 1

Pin function TIOCB4 output P2, input P2, output

TIOCB4 input”
TMCI1 input

TPU Channel

4 Setting ) (1) ) (2) @ 2
MD3 to MDO B'0000, B'01xx B'0010 B'0011

IOB3to IOBO | B'0000 |B'0001 to — B'xx00 | Other than B'xx00

B'0100 |B'0011
B'1xxX B'0101 to
B'0111

CCLR1, — — — — Other B'10
CCLRO than B'10

Output — Output — — PWM —
function compare mode 2

output output
x: Don't care

Note: *

TIOCB4 input when TPU channel 4 is in normal operation mode

(MD3 to MDO = B'0000) and input capture is set (IOB3 to IOB0 =
B'10xx).
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Pin Selection Method and Pin Functions
P2,/TIOCA4/ This pin is used as the 8-bit timer counter reset pin when bits CCLR1 and
TMRI1 CCLRO in TCR1 are both set to 1.

The pin function is switched as shown below according to the combination of
the TPU channel 4 setting by bits MD3 to MDO in TMDR4, bits IOA3 to IOAO0 in
TIORA4, bits CCLR1 and CCLRO in TCR4, and bit P24DDR.

TPU Channel
4 Setting Table Below (1) Table Below (2)
P24DDR — 0 1
Pin function TIOCA4 output P2, input P2, output
TIOCA4 input™*
TMRIL input
TPU Channel
4 Setting (2) 1) 2 (1) 1) (2)
MD3 to MDO B'0000, B'01xx B'001x | B'0010 B'0011
IOA3 to IOAO | B'O000 |B'0001 to| B'xx00 Other than B'xx00
B'0100 |B'0011
B'1xxX B'0101 to
B'0111
CCLR1, — — — — Other B'01
CCLRO than B'01
Output — Output — PWM PWM —
function compare mode 1 | mode 2
output output™ | output
x: Don't care
Notes: 1. TIOCA4 input when TPU channel 4 is in normal operation mode

(MD3 to MDO = B'0000) and input capture is set (IOA3 to IOA0 =
B'10xx).
2. TIOCB4 output is disabled.
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Pin Selection Method and Pin Functions
P2/TIOCD3/ This pin is used as the 8-bit timer external clock input pin when external clock
TMCIO is selected with bits CKS2 to CKS0 in TCRO.

The pin function is switched as shown below according to the combination of
the TPU channel 3 setting by bits MD3 to MDO in TMDRS3, bits IOD3 to IODO in
TIOR3L, bits CCLR2 to CCLRO in TCR3, and bit P23DDR.

TPU Channel
3 Setting Table Below (1) Table Below (2)
P23DDR — 0 1
Pin function TIOCD3 output P2, input P2, output
TIOCD3 input”
TMCIO input
TPU Channel
3 Setting (2) 1) 2 (2) 1) (2)
MD3 to MDO B'0000 B'0010 B'0011
IOD3 to IODO | B'0000 |B'0001 to — B'xx00 | Other than B'xx00
B'0100 |B'0011
B'1xxX B'0101 to
B'0111
CCLR2 to — — — — Other B'110
CCLRO than
B'110

Output — Output — — PWM —
function compare mode 2

output output

x: Don't care

Note: * TIOCDS3 input when TPU channel 3 is in normal operation mode
(MD3 to MDO = B'0000) and input capture is set (I0D3 to IODO =
B'10xx).
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Pin Selection Method and Pin Functions
P2,/TIOCC3/ This pin is used as the 8-bit timer counter reset pin when bits CCLR1 and
TMCIO CCLRO in TCRO are both set to 1.

The pin function is switched as shown below according to the combination of
the TPU channel 3 setting by bits MD3 to MDO in TMDRS3, bits IOC3 to IOCO in
TIORS3L, bits CCLR2 to CCLRO in TCR3, and bit P22DDR.

TPU Channel
3 Setting Table Below (1) Table Below (2)
P22DDR — 0 1
Pin function TIOCCS output P2, input P2, output
TIOCC3 input™*
TMRIO input
TPU Channel
3 Setting 2 Q) 2) 1) Q) 2
MD3 to MDO B'0000 B'001x | B'0010 B'0011
IOC3 to IOCO | B'O000 |B'0001to| B'xx00 Other than B'xx00
B'0100 |B'0011
B'1xxX B'0101 to
B'0111
CCLR2 to — — — — Other B'101
CCLRO than
B'101
Output — Output — PWM PWM —
function compare mode 1 | mode 2
output output®® | output
x: Don't care

Notes: 1. TIOCCS input when TPU channel 3 is in normal operation mode
(MD3 to MDO = B'0000) and input capture is set (IOC3 to IOCO =
B'10xx).
2. TIOCD3 output is disabled.
When BFA = 1 or BFB = 1 in TMDR3, output is disabled and
setting (2) applies.
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Pin Selection Method and Pin Functions
P2, /TIOCB3 The pin function is switched as shown below according to the combination of

the TPU channel 3 setting by bits MD3 to MDO in TMDR3, bits IOB3 to I0BO0 in

TIOR3H, bits CCLR2 to CCLRO in TCR3, and bit P21DDR.

TPU Channel
3 Setting Table Below (1) Table Below (2)
P21DDR — 0 1
Pin function TIOCB3 output P2, input P2, output
TIOCB3 input”
TPU Channel
3 Setting 2 Q) 2 2 Q) 2
MD3 to MDO B'0000 B'0010 B'0011
IOB3 to IOBO | B'0000 |B'0001 to — B'xx00 | Other than B'xx00
B'0100 |B'0011
B'1xxX B'0101 to
B'0111
CCLR2 to — — — — Other B'010
CCLRO than
B'010

Output — Output — — PWM —
function compare mode 2

output output

x: Don't care

Note: * TIOCB3 input when TPU channel 3 is in normal operation mode

(MD3 to MDO = B'0000) and input capture is set (IOB3 to IOB0 =
B'10xx).
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Pin

Selection Method and Pin Functions

P2,/TIOCA3

The pin function is switched as shown below according to the combination of
the TPU channel 3 setting by bits MD3 to MDO in TMDR3, bits IOA3 to IOAO0 in
TIOR3H, bits CCLR2 to CCLRO in TCR3, and bit P20DDR.

TPU Channel
3 Setting Table Below (1) Table Below (2)
P20DDR — 0 1
Pin function TIOCA3 output P2, input P2, output
TIOCA3 input™*
TPU Channel
3 Setting 2 Q) 2 1) Q) @)
MD3 to MDO B'0000 B'001x | B'0010 B'0011
IOA3 to IOAO | B'0000 |B'0001 to| B'xx00 Other than B'xx00
B'0100 |B'0011
B'1xxX B'0101 to
B'0111
CCLR2 to — — — — Other B'001
CCLRO than
B'001
Output — Output — PWM PWM —
function compare mode 1 | mode 2
output output®® | output
x: Don't care

Notes: 1. TIOCA3 input when TPU channel 3 is in normal operation mode
(MD3 to MDO = B'0000) and input capture is set (IOA3 to IOAQ =
B'10xx).
2. TIOCB3 output is disabled.
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8.4 Port 3

84.1 Overview

Port 3isa6-bit 1/0 port. Port 3 pins also function as SCI 1/0 pins (TxDO0, RxDO0, SCKO, TxD1,
RxD1, and SCK 1) and interrupt input pins (IRQ4, IRQ5). Port 3 pin functions are the samein all
operating modes. The interrupt input pins (IRQ4, IRQS5) are Schmitt-triggered inputs.

Figure 8.3 shows the port 3 pin configuration.

Port 3 pins

~—» P3; (1/0)/SCK1(I/0)/IRQS5 (input)
~— P3, (1/0)/SCKO0(I/0)/IRQ4 (input)
port3 [ ™ P35 (I/0)/RxD1 (input)
~— P3, (I/0)/RxDO0 (input)
~+— P3, (1/0)/TxD1 (output)

= P3, (1/0)/TxDO0 (output)

Figure8.3 Port 3 Pin Functions

8.4.2 Register Configuration
Table 8.6 shows the port 3 register configuration.

Table8.6 Port 3 Registers

Name Abbreviation RIW Initial Value™*  Address™?
Port 3 data direction register P3DDR W H'00 H'FEB2
Port 3 data register P3DR R/W H'00 H'FF62
Port 3 register PORT3 R Undefined H'FF52
Port 3 open drain control register P3ODR R/W H'00 H'FF76

Notes: 1. Value of bits 5to 0.
2. Lower 16 bits of the address.
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Port 3 Data Direction Register (P3DDR)

Bit : 7 6 5 4 3 2 1 0

| — | — | P35DDR| P34DDR| P33DDR | P32DDR | P31DDR| P30DDR|
Initial value : Undefined Undefined 0 0 0 0 0 0
R/W : — — W W W W W W

P3DDR is an 8-hit write-only register, the individual bits of which specify input or output for the
pins of port 3. Bits 7 and 6 are reserved. P3DDR cannot beread; if it is, an undefined value will be
read.

Setting a P3DDR hit to 1 makes the corresponding port 3 pin an output pin, while clearing the bit
to 0 makes the pin an input pin.

P3DDR isinitialized to H'00 (bits 5 to 0) by a power-on reset, and in hardware standby mode. It
retains its prior state after amanual reset, and in software standby mode. Asthe SCI isinitialized,
the pin states are determined by the P3DDR and P3DR specifications.

Port 3 Data Register (P3DR)

Bit : 7 6 5 4 3 2 1 0

| — | — | P35DR | P34DR | P33DR | P32DR | P31DR | P30DR |
Initial value :  Undefined Undefined 0 0 0 0 0 0
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 (P3; to P3,).
Bits 7 and 6 are reserved; they return an undetermined value if read, and cannot be modified.

P3DR isinitialized to H'00 (bits 5 to 0) by a power-on reset, and in hardware standby mode. It
retains its prior state after a manual reset, and in software standby mode.
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Port 3 Register (PORT3)

Bit : 7 6 5 4 3 2 1 0
— — P35 P34 P33 P32 P31 P30

Initial value : Undefined Undefined —* —* —* —* —* —*

R/W : — — R R R R R R

Note: * Determined by state of pins P35 to P3p.

PORT3 isan 8-bit read-only register that shows the pin states. Writing of output data for the port 3
pins (P3; to P3)) must always be performed on P3DR.

Bits 7 and 6 are reserved; they return an undetermined value if read, and cannot be modified.

If aport 3 read is performed while P3DDR bits are set to 1, the P3DR values are read. If aport 3
read is performed while P3DDR bits are cleared to O, the pin states are read.

After a power-on reset and in hardware standby mode, PORT3 contents are determined by the pin
states, as P3ADDR and P3DR areinitialized. PORT3 retainsiits prior state after a manual reset, and
in software standby mode.

Port 3 Open Drain Control Register (P30ODR)

Bit : 7 6 5 4 3 2 1 0

| — | — | P350DR| P34ODR| P330DR | P320DR | P310DR|P3OODR‘
Initial value :  Undefined Undefined 0 0 0 0 0 0
R/W : — — R/W R/W R/W R/W R/W R/W

P30ODR is an 8-hit readable/writable register that controls the PMOS on/off status for each port 3
pin (P3,to P3).

Bits 7 and 6 are reserved; they return an undetermined value if read, and cannot be modified.

Setting a P3ODR bit to 1 makes the corresponding port 3 pin an NMOS open-drain output pin,
while clearing the bit to 0 makes the pin a CMOS output pin.

P30DR isinitialized to H'00 (bits 5 to 0) by a power-on reset, and in hardware standby mode. It
retainsits prior state after amanual reset, and in software standby mode.
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8.4.3 Pin Functions

Port 3 pins also function as SCI 1/0O pins (TxDO, RxDO, SCKO, TxD1, RxD1, and SCK1) and
interrupt input pins (IRQ4, IRQ5). Port 3 pin functions are shown in table 8.7.

Table8.7 Port 3 Pin Functions

Pin Selection Method and Pin Functions

P3,/SCK1/IRQ5 The pin function is switched as shown below according to the combination of
bit C/A in the SCI1 SMR, bits CKEO and CKEL1 in SCR, and bit P35DDR.

CKE1 0 1
C/A 0 1 —
CKEO 0 1 — —
P35DDR 0 1 — — —
Pin function P3, P3, SCK1 SCK1 SCK1
input pin  |output pin**|output pin**|output pin**| input pin
IRQ5 interrupt input pin*?

Notes: 1. When P350DR = 1, the pin becomes on NMOS open-drain output.
2. When this pin is used as an external interrupt input, it should not be
used as an input/output pin with other functions.

P3,/SCKO/IRQ4 The pin function is switched as shown below according to the combination of
bit C/A in the SCIO SMR, bits CKEO and CKEL in SCR, and bit P34DDR.

CKE1 0 1
C/A 0 1 —
CKEO 0 1 — —
P34DDR 0 1 — — —
Pin function P3, P3, SCKO SCKO SCKO
input pin |output pin**|output pin**|output pin**| input pin
TRQ4 interrupt input pin™?

Notes: 1. When P340DR = 1, the pin becomes an NMOS open-drain output.
2. When this pin is used as an external interrupt input, it should not be
used as an input/output pin with other functions.
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Pin Selection Method and Pin Functions
P3./RxD1 The pin function is switched as shown below according to the combination of
bit RE in the SCI1 SCR, and bit P33DDR.
RE 0 1
P33DDR 0 1 —
Pin function P3, input pin P3, output pin® RxD1 input pin
Note: * When P330DR =1, the pin becomes an NMOS open-drain output.
P3,/RxD0O The pin function is switched as shown below according to the combination of
bit RE in the SCI0 SCR, and bit P32DDR.
RE 0 1
P32DDR 0 1 —
Pin function P3, input pin P3, output pin” RxDO input pin
Note: * When P320DR =1, the pin becomes an NMOS open-drain output.
P3,/TxD1 The pin function is switched as shown below according to the combination of
bit TE in the SCI1 SCR, and bit P31DDR.
TE 0 1
P31DDR 0 1 —
Pin function P3, input pin P3, output pin* TxD1 output pin
Note: * When P310DR =1, the pin becomes an NMOS open-drain output.
P3,/TxD0O The pin function is switched as shown below according to the combination of
bit TE in the SCIO SCR, and bit P30DDR.
TE 0 1
P30DDR 0 1 —
Pin function P3, input pin P3, output pin” TxDO output pin
Note: * When P300DR =1, the pin becomes an NMOS open-drain output.
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85 Port 4

85.1 Overview

Port 4 is an 8-bit input-only port. Port 4 pins also function as A/D converter analog input pins
(ANOto AN7) and D/A converter analog output pins (DAO and DA1). Port 4 pin functions are the
samein all operating modes. Figure 8.4 shows the port 4 pin configuration.

Port 4 pins

—— P4 (input)/ AN7 (input)/DA1 (output)
—— P4 (input)/ AN6 (input)/DAO (output)
~+—— P4 (input)/ AN5 (input)

~—— P4, (input)/ AN4 (input)

Port 4
~+—— P4, (input)/ AN3 (input)
~—— P4, (input)/ AN2 (input)
~—— P4, (input)/ AN1 (input)

~—— P4, (input)/ ANO (input)

Figure8.4 Port 4 Pin Functions

8.5.2 Register Configuration

Table 8.8 shows the port 4 register configuration. Port 4 is an input-only port, and does not have a
data direction register or data register.

Table8.8 Port 4 Registers

Name Abbreviation R/W Initial Value Address®
Port 4 register PORT4 R Undefined H'FF53
Note: * Lower 16 bits of the address.
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Port 4 Register (PORT4)

Bit : 7 6 5 4 3 2 1 0

| P47 | P46 | P45 | P44 | P43 | P42 | P41 | P40 ‘
Initial value : —* —* = —* _* _* _x _x
R/W : R R R R R R R R

Note: * Determined by state of pins P47 to P4o.

PORT4 is an 8-hit read-only port. A read always returns the pin states. Writes are invalid.

8.5.3 Pin Functions

Port 4 pins also function as A/D converter analog input pins (ANO to AN7) and D/A converter
analog output pins (DAO and DAL).

8.6 Port A

8.6.1 Overview

Port A is an 4-bit I/O port. Port A pins aso function as address bus outputs. The pin functions
change according to the operating mode.

Port A has a built-in MOS input pull-up function that can be controlled by software.

Figure 8.5 shows the port A pin configuration.
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Port A pins

— PA3/Ag
= PA,/Ag
Port A
~— PA /A,

— PAy/Ag

Pin functions in modes 4 and 5

A1 (output)
A g (output)
A, (output)

A1 (output)

Pin functions in modes 1, 2, 3, and 7*

PA; (I/0)
PA, (I/O)
PA, (I/O)
PA, (I/0)

Pin functions in mode 6*

PA; (input)/A;g (output)

PA, (input)/A;g (output)

PA/ (input)/A;; (output)

PAq (input)/A; (output)

Note: * Modes 1 to 3 are not available on the F-ZTAT version.
Modes 2, 3, 6, and 7 are not available on the ROMless version.

Figure8.5 Port A Pin Functions

8.6.2 Register Configuration

Table 8.9 shows the port A register configuration.

Table8.9 Port A Registers

Name Abbreviation R/W Initial Value™  Address™
Port A data direction register PADDR w H'0 H'FEB9
Port A data register PADR R/W H'0 H'FF69
Port A register PORTA R Undefined H'FF59
Port A MOS pull-up control register PAPCR R/W H'0 H'FF70
Port A open-drain control register PAODR R/W H'0 H'FF77

Notes: 1. Value of bits 3 to 0.

2. Lower 16 bits of the address.
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Port A Data Direction Register (PADDR)

Bit : 7 6 5 4 3 2 1 0

— — — — PA3DDR|PA2DDR|PA1DDR|PAODDR
Initial value :  Undefined Undefined Undefined Undefined 0 0 0 0
R/W : — — — — w W W W

PADDR isan 8-hit write-only register, the individual bits of which specify input or output for the
pinsof port A. PADDR cannot beread; if it is, an undefined value will be read. Bits 7 to 4 are

reserved.

PADDR isinitialized to H'0 (bits 3 to 0) by a power-on reset and in hardware standby mode. It
retains its prior state after amanual reset, and in software standby mode. The OPE bit in SBY CR
is used to select whether the address output pins retain their output state or become high-
impedance when atransition is made to software standby mode.

e Modes1, 2,3, and 7"

Setting a PADDR bit to 1 makes the corresponding port A pin an output port, while clearing
the bit to 0 makes the pin an input port.

e Modes4and5

The corresponding port A pins are address outputs irrespective of the value of bits PA3DDR to

PAODDR.
+ Mode6"

Setting a PADDR bit to 1 makes the corresponding port A pin an address output while clearing
the bit to 0 makes the pin an input port.

Note: * Modes1to 3 arenot available onthe F-ZTAT version.
Modes 2, 3, 6, and 7 are not available on the ROMless version.
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Port A Data Register (PADR)

Bit : 7 6 5 4 3 2 1 0

| — | — | — | — | PA3DR | PA2DR | PA1DR | PAODR |
Initial value :  Undefined Undefined Undefined Undefined 0 0 0 0
R/W : — — — — R/W R/W R/W R/W

PADR isan 8-bit readable/writable register that stores output data for the port A pins (PA, to PA)).
Bits 7 to 4 are reserved; they return an undetermined value if read, and cannot be modified.

PADR isinitialized to H'O (bits 3 to 0) by a power-on reset, and in hardware standby mode. It
retains its prior state after a manual reset, and in software standby mode.

Port A Register (PORTA)

Bit : 7 6 5 4 3 2 1 0

| — | — | — | — | pas | pa2 | Pa1r | Pro |
Initial value :  Undefined Undefined Undefined Undefined — —* —* —* —*
R/W : — — — — R R R R

Note: * Determined by state of pins PAz to PAo.

PORTA isan 8-bit read-only register that shows the pin states. It cannot be written to. Writing of
output data for the port A pins (PA, to PA) must always be performed on PADR.

Bits 7 to 4 are reserved; they return an undetermined value if read, and cannot be modified.

If aport A read is performed while PADDR bits are set to 1, the PADR values are read. If aport A
read is performed while PADDR bits are cleared to O, the pin states are read.

After a power-on reset and in hardware standby mode, PORTA contents are determined by the pin
states, as PADDR and PADR are initialized. PORTA retainsits prior state after amanual reset,
and in software standby mode.

Note: * Modes 1 to 3 are not available on the F-ZTAT version.
Modes 2, 3, 6, and 7 are not available on the ROMIess version.
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Port A MOS Pull-Up Control Register (PAPCR)

Bit : 7 6 5 4 3 2 1 0

| — | — | — | — |PA3PCR|PA2PCR | PAlPCR| PAOPCR‘
Initial value : Undefined Undefined Undefined Undefined 0 0 0 0
R/W : — — — — R/W R/W R/W R/W

PAPCR is an 8-hit readable/writable register that controls the MOS input pull-up function
incorporated into port A on an individual bit basis.

Bits 7 to 4 are reserved; they return an undetermined value if read, and cannot be modified.

Bits3to O arevalidin modes 1, 2, 3, 6, and 7, and al the bitsare invalid in modes 4 and 5. When
aPADDR hit iscleared to O (input port setting), setting the corresponding PAPCR bit to 1 turnson
the MOS input pull-up for the corresponding pin.

PAPCR isinitialized to H'O (bits 3 to 0) by a power-on reset, and in hardware standby mode. It
retains its prior state after amanual reset, and in software standby mode.

Port A Open Drain Control Register (PAODR)

Bit : 7 6 5 4 3 2 1 0

| — | — | — | — |PA3ODR|PA20DR|PAlODR|PAOODR‘
Initial value :  Undefined Undefined Undefined Undefined 0 0 0 0
R/W : — — — — R/W R/W R/W R/W

PAODR is an 8-hit readabl e/writable register that controls whether PMOS is on or off for each
port A pin (PA,to PA)).

Bits 7 to 4 are reserved; they return an undetermined value if read, and cannot be modified.
All bitsarevalid in modes 1, 2, 3, and 7.*

Setting a PAODR bit to 1 makes the corresponding port A pin an NMOS open-drain output, while
clearing the bit to 0 makes the pin a CMOS output.

PAODR isinitialized to H'0 (bits 3 to 0) by a power-on reset, and in hardware standby mode. It
retains its prior state after a manual reset, and in software standby mode.

Note: * Modes1to 3 arenot available onthe F-ZTAT version.
Modes 2, 3, 6, and 7 are not available on the ROMless version.
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8.6.3 Pin Functions

Modes1,2,3and 7°: Inmode 1, 2, 3, and 7*, port A pins function as I/0 ports. Input or output
can be specified for each pin on an individual bit basis. Setting a PADDR bit to 1 makes the
corresponding port A pin an output port, while clearing the bit to 0 makes the pin an input port.

Port A pin functionsin modes 1, 2, 3, and 7 are shown in figure 8.6.

~—» PA; (I/O)
~—m PA, (I/O)
Port A
~— PA, (I/O)

> PA, (I/O)

Figure8.6 Port A Pin Functions(Modes1, 2, 3, and 7)*

Modes 4 and 5: In modes 4 and 5, the lower 4 bits of port A are designated as address outputs
automatically.

Port A pin functionsin modes 4 and 5 are shown in figure 8.7.

— Ajg (output)

— Ajg (output)
Port A
— Aj; (output)

— Ay (output)

Figure8.7 Port A Pin Functions (Modes 4 and 5)

Mode 6*: In mode 6%, port A pins function as address outputs or input ports. Input or output can
be specified on an individual bit basis. Setting a PADDR bit to 1 makes the corresponding port A
pin an address output, while clearing the bit to 0 makes the pin an input port.

Port A pin functionsin mode 6 are shown in figure 8.8.

Note: * Modes 1 to 3 are not available on the F-ZTAT version.
Modes 2, 3, 6, and 7 are not available on the ROMIess version.
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When PADDR =1 When PADDR =0

— A, 4 (Output) PAz (input)

~— Ao (output) PA, (input)
Port A

— A, (output) PA (input)

~— A, (output) PAq (input)

Figure8.8 Port A Pin Functions (Mode 6)*

8.6.4 MOS Input 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 modes 1, 2, 3, 6, and 7*, and cannot be used in modes 4 and
5. MOS input pull-up can be specified as on or off on an individual bit basis.

When a PADDR bit is cleared to 0, setting the corresponding PAPCR bit to 1 turns on the MOS
input pull-up for that pin.

The MOS input pull-up function isin the off state after a power-on reset, and in hardware standby
mode. The prior stateis retained after amanual reset, and in software standby mode.

Table 8.10 summarizes the MOS input pull-up states.

Table8.10 MOSInput Pull-Up States (Port A)

Hardware Software
Power-On  Standby Manual Standby In Other
Modes Reset Mode Reset Mode Operations
1t03,6,7° PAtoPA, OFF OFF ON/OFF ON/OFF ON/OFF
4,5 PA, to PA, OFF OFF OFF
Legend:
OFF: MOS input pull-up is always off.

ON/OFF: On when PADDR =0 and PAPCR = 1; otherwise off.

Note: * Modes 1to 3 are not available on the F-ZTAT version.
Modes 2, 3, 6, and 7 are not available on the ROMIless version.
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8.7 Port B

87.1 Overview

Port B is an 8-bit I/O port. Port B has an address bus output function, and the pin functions change
according to the operating mode.

Port B has a built-in MOS input pull-up function that can be controlled by software.

Figure 8.9 shows the port B pin configuration.

Port B pins Pin functions in modes 1, 4, and 5"
— PB,/A;5 Aq5 (output)
> PBg/Ayy Aq4 (output)
> PBg/Aj3 A, (output)
— PB,/A, A1, (output)
POMtB e PBy/A, Ay (output)
> PBy/Aqg A; (output)
~—m PB;/Ag Ag (output)
— PBy/Ag Ag (output)
Pin functions in modes 2 and 6" Pin functions in modes 3 and 7"
PBy (input)/A;5 (output) PB- (I/0)
PBg (input)/A,4 (output) PBg (1/0)
PBs (input)/A, 3 (output) PBs (1/0)
PBy, (input)/A45 (output) PB, (I/0)
PB; (input)/A,, (output) PB; (1/0)
PB, (input)/A;, (output) PB, (1/0)
PB; (input)/Ag (output) PB, (1/O)
PBy (input)/Ag (output) PBy (I/0)

Note: * Modes 1 to 3 are not available on the F-ZTAT version.
Modes 2, 3, 6, and 7 are not available on the ROMIless version.

Figure8.9 Port B Pin Functions
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8.7.2 Register Configuration
Table 8.11 shows the port B register configuration.

Table8.11 Port B Registers

Name Abbreviation R/W Initial Value Address”
Port B data direction register PBDDR W H'00 H'FEBA
Port B data register PBDR R/W H'00 H'FF6A
Port B register PORTB R Undefined H'FF5A
Port B MOS pull-up control register PBPCR R/W H'00 H'FF71

Note: * Lower 16 bits of the address.

Port B Data Direction Register (PBDDR)

Bit : 7 6 5 4 3 2 1 0
|PB7DDR| PBGDDR| PBSDDR| PB4DDR|PB3DDR|PBZDDR| PBlDDR|PBODDR‘

Initial value : 0 0 0 0 0 0 0 0

R/W : w W W W W W w w

PBDDR is an 8-hit write-only register, the individual bits of which specify input or output for the
pins of port B. PBDDR cannot be read; if it is, an undefined value will be read.

PBDDR isinitialized to H'00 by a power-on reset and in hardware standby mode. It retainsits
prior state after amanual reset, and in software standby mode. The OPE hit in SBY CR is used to
select whether the address output pins retain their output state or become high-impedance when a
transition is made to software standby mode.

« Modes1, 4, and5"
The corresponding port B pins are address outputs irrespective of the value of the PBDDR bits.
« Modes2and 6
Setting a PBDDR bit to 1 makes the corresponding port B pin an address output, while
clearing the bit to 0 makes the pin an input port.
+ Modes3and 7*

Setting a PBDDR bit to 1 makes the corresponding port B pin an output port, while clearing
the bit to 0 makes the pin an input port.

Note: * Modes 1 to 3 are not available on the F-ZTAT version.
Modes 2, 3, 6, and 7 are not available on the ROMIess version.
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Port B Data Register (PBDR)

Bit : 7 6 5 4 3 2 1 0

| PB7DR | PB6DR| PB5DR | PB4DR | PB3DR | PB2DR | PB1DR | PBODR ‘
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

PBDR is an 8-hit readable/writable register that stores output data for the port B pins (PB, to PB,).
PBDR isinitialized to H'00 by a power-on reset, and in hardware standby mode. It retains its prior
state after amanual reset, and in software standby mode.

Port B Register (PORTB)

Bit : 7 6 5 4 3 2 1 0

| PB7 | PB6 | PB5 | PB4 | PB3 | PB2 | PB1 | PBO |
Initial value : —* —* — —* _* _* _x _ *
R/W : R R R R R R R R

Note: * Determined by state of pins PB7 to PBo.

PORTB is an 8-bit read-only register that shows the pin states. It cannot be written to. Writing of
output data for the port B pins (PB, to PB,) must always be performed on PBDR.

If aport B read is performed while PBDDR bits are set to 1, the PBDR values are read. If a port B
read is performed while PBDDR bits are cleared to O, the pin states are read.

After a power-on reset and in hardware standby mode, PORTB contents are determined by the pin
states, as PBDDR and PBDR are initialized. PORTB retains its prior state after a manual reset, and
in software standby mode.
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Port B MOS Pull-Up Control Register (PBPCR)

Bit : 7 6 5 4 3 2 1 0

| PB7PCR| PB6PCR| PBSPCR| PB4PCR| PB3PCR | PB2PCR | PBlPCR|PBOPCR‘
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

PBPCR is an 8-hit readable/writable register that controls the MOS input pull-up function
incorporated into port B on an individual bit basis.

When a PBDDR bit is cleared to O (input port setting) in mode 2, 3, 6, or 7*, setting the
corresponding PBPCR hit to 1 turns on the MOS input pull-up for the corresponding pin.

PBPCR isinitialized to H'00 by a power-on reset, and in hardware standby mode. It retains its
prior state after amanual reset, and in software standby mode.

Note: * Modes 1 to 3 are not available on the F-ZTAT version.
Modes 2, 3, 6, and 7 are not available on the ROMIess version.

8.7.3 Pin Functions

Modes 1, 4, and 5% In modes 1, 4, and 5%, port B pins are automatically designated as address
outputs.

Port B pin functionsin modes 1, 4, and 5 are shown in figure 8.10.

—» A5 (output)
—= A, (output)
—» A3 (output)
Port B — A, (output)
—= Ay; (output)

— Ao (output)

—» Ag (output)

— Ag (output)

Figure8.10 Port B Pin Functions (Modes 1, 4, and 5)*

Note: * Modes1to 3 arenot available onthe F-ZTAT version.
Modes 2, 3, 6, and 7 are not available on the ROMIess version.
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Modes 2 and 6*: In modes 2 and 6%, port B pins function as address outputs or input ports. Input
or output can be specified on an individual bit basis. Setting a PBDDR hit to 1 makes the
corresponding port B pin an address output, while clearing the bit to 0 makes the pin an input port.

Port B pin functionsin modes 2 and 6 are shown in figure 8.11.

When PBDDR =1

When PBDDR =0

— A, (output) PB- (input)
— A, , (output) PBg (input)
— A, (output) PBs (input)
PortB [ Aj, (output) PBy, (input)
— A, (output) PB; (input)
- A,, (output) PB, (input)
— A, (output) PB; (input)
~— Ag (output) PBy (input)
Figure8.11 Port B Pin Functions (M odes 2 and 6)*

Modes 3 and 7*: In modes 3 and 7%, port B pins function as 1/O ports. Input or output can be
specified for each pin on an individual bit basis. Setting a PBDDR bit to 1 makes the
corresponding port B pin an output port, while clearing the bit to 0 makes the pin an input port.

Port B pin functionsin modes 3 and 7 are shown in figure 8.12.

Port B

|

PB, (1/0)
PBg (1/O)
PBs (1/O)
PB, (1/0)
PB; (1/0)
PB, (1/0)
PB, (l/0)
PB, (1/0)

Figure8.12 Port B Pin Functions (Modes 3 and 7)*

Note: * Modes1to 3 arenot available onthe F-ZTAT version.
Modes 2, 3, 6, and 7 are not available on the ROMless version.
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8.7.4 MOS Input 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 2, 3, 6, and 7, and can be specified as on or off on an
individual bit basis.

When a PBDDR hit iscleared to 0 in mode 2, 3, 6, or 7, setting the corresponding PBPCR bit to 1
turns on the MOS input pull-up for that pin.

The MOS input pull-up function isin the off state after a power-on reset, and in hardware standby
mode. The prior stateis retained after amanual reset, and in software standby mode.

Table 8.12 summarizes the MOS input pull-up states.

Table8.12 MOSInput Pull-Up States (Port B)

Hardware Software
Power-On  Standby Manual Standby In Other
Modes Reset Mode Reset Mode Operations
1,4,5" OFF OFF OFF OFF OFF
2,3,6, 7 ON/OFF ON/OFF ON/OFF
Legend:
OFF: MOS input pull-up is always off.

ON/OFF: On when PBDDR = 0 and PBPCR = 1, otherwise off.

Note: * Modes 1to 3 are not available on the F-ZTAT version.
Modes 2, 3, 6, and 7 are not available on the ROMless version.
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8.8 Port C

88.1 Overview

Port C isan 8-bit I/O port. Port C has an address bus output function, and the pin functions change
according to the operating mode.

Port C has a built-in MOS input pull-up function that can be controlled by software.

Figure 8.13 shows the port C pin configuration.

Port C pins Pin functions in modes 1, 4, and 5
- PC,/A; A (output)
e PC4/Aq Ag (output)
= PCg/Ag As (output)
potc ™ PC,/A, Ay (output)
- PC,/A, Az (output)
— PC,/A, A, (output)
— PC,/A; A; (output)
— PCy/A, A (output)
Pin functions in modes 2 and 6" Pin functions in modes 3 and 7*
PC- (input)/A; (output) PC, (/0)
PCg (input)/Ag (output) PCs (1/0)
PCs (input)/Ag (output) PCs (1/0)
PC, (input)/A, (output) PC, (1/0)
PC; (input)/Az (output) PC; (1/0)
PC, (input)/A, (output) PC, (1/0)
PC, (input)/A; (output) PC, (/0)
PC, (input)/Aqg (output) PC, (1/0)

Note: * Modes 1 to 3 are not available on the F-ZTAT version.
Modes 2, 3, 6, and 7 are not available on the ROMless version.

Figure8.13 Port C Pin Functions
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882 Register Configuration
Table 8.13 shows the port C register configuration.

Table8.13 Port C Registers

Name Abbreviation R/W Initial Value Address”
Port C data direction register PCDDR W H'00 H'FEBB
Port C data register PCDR R/W H'00 H'FF6B
Port C register PORTC R Undefined H'FF5B
Port C MOS pull-up control register PCPCR R/W H'00 H'FF72

Note: * Lower 16 bits of the address.

Port C Data Direction Register (PCDDR)

Bit : 7 6 5 4 3 2 1 0
|PC7DDR| PC6DDR| PC5DDR| PC4DDR|PC3DDR|PC2DDR| PClDDR|PCODDR‘

Initial value : 0 0 0 0 0 0 0 0

R/W : W W w AW W W W w

PCDDR is an 8-hit write-only register, the individual bits of which specify input or output for the
pins of port C. PCDDR cannot be read; if it is, an undefined value will be read.

PCDDR isinitialized to H'00 by a power-on reset and in hardware standby mode. It retainsits
prior state after amanual reset, and in software standby mode. The OPE hit in SBYCR is used to
select whether the address output pins retain their output state or become high-impedance when a
transition is made to software standby mode.

« Modes1, 4, and5"
The corresponding port C pins are address outputs irrespective of the value of the PCDDR bits.
« Modes2and 6
Setting a PCDDR bit to 1 makes the corresponding port C pin an address output, while
clearing the bit to 0 makes the pin an input port.
+ Modes3and 7*

Setting a PCDDR bit to 1 makes the corresponding port C pin an output port, while clearing
the bit to 0 makes the pin an input port.

Note: * Modes 1 to 3 are not available on the F-ZTAT version.
Modes 2, 3, 6, and 7 are not available on the ROMIess version.
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Port C Data Register (PCDR)

Bit : 7 6 5 4 3 2 1 0

| PC7DR | PC6DR| PC5DR | PC4DR | PC3DR | PC2DR | PC1DR | PCODR ‘
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

PCDR is an 8-bit readable/writable register that stores output data for the port C pins (PC, to PC).

PCDR isinitialized to H'00 by a power-on reset, and in hardware standby mode. It retains its prior
state after a manual reset, and in software standby mode.

Port C Register (PORTC)

Bit : 7 6 5 4 3 2 1 0
| pc7 | pcs | pes | pca | pes | pc2 | pe1 | poo |

Initial value : —* —* —* —* _* _* _ _ x

RIW : R R R R R R R R

Note: * Determined by state of pins PC7 to PCo.

PORTC is an 8-bit read-only register that shows the pin states. It cannot be written to. Writing of
output data for the port C pins (PC, to PC,) must always be performed on PCDR.

If aport C read is performed while PCDDR bits are set to 1, the PCDR values are read. If aport C
read is performed while PCDDR bits are cleared to O, the pin states are read.

After a power-on reset and in hardware standby mode, PORTC contents are determined by the pin
states, as PCDDR and PCDR are initialized. PORTC retainsiits prior state after a manual reset, and
in software standby mode.
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Port C MOS Pull-Up Control Register (PCPCR)

Bit : 7 6 5 4 3 2 1 0
|PC7PCR| PCGPCR| PC5PCR| PC4PCR|PC3PCR|PC2PCR| PClPCR|PCOPCR‘

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

PCPCR is an 8-hit readable/writable register that controls the MOS input pull-up function
incorporated into port C on an individual bit basis.

When a PCDDR bit is cleared to O (input port setting) in mode 2, 3, 6, or 7*, setting the
corresponding PCPCR hit to 1 turns on the MOS input pull-up for the corresponding pin.

PCPCR isinitialized to H'00 by a power-on reset, and in hardware standby mode. It retains its
prior state after amanual reset, and in software standby mode.

Note: * Modes 1 to 3 are not available on the F-ZTAT version.
Modes 2, 3, 6, and 7 are not available on the ROMIess version.

8.8.3 Pin Functions

Modes 1, 4, and 5% In modes 1, 4, and 5%, port C pins are automatically designated as address
outputs.

Port C pin functionsin modes 1, 4, and 5 are shown in figure 8.14.

—» A, (output)
—= Ag (output)
— Ag (output)
Port C — A, (output)
—= A (output)

— A, (output)

— A, (output)

— Ag (output)

Figure8.14 Port C Pin Functions (Modes 1, 4, and 5)*

Note: * Modes1to 3 arenot available onthe F-ZTAT version.
Modes 2, 3, 6, and 7 are not available on the ROMless version.
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Modes 2 and 6*: In modes 2 and 6%, port C pins function as address outputs or input ports. Input
or output can be specified on an individual bit basis. Setting a PCDDR hit to 1 makes the
corresponding port C pin an address output, while clearing the bit to 0 makes the pin an input port.

Port C pin functionsin modes 2 and 6 are shown in figure 8.15.

When PCDDR =1

— A, (output)
— Ay (output)
— A (output)
Port C — A, (output)
— A, (output)

— A, (output)

~— A, (output)

~— A, (output)

When PCDDR =0

PC; (input)
PCg (input)
PCs (input)
PC, (input)
PC; (input)
PC, (input)
PC, (input)
PC, (input)

Figure8.15 Port C Pin Functions (Modes 2 and 6)*

Modes 3 and 7*: In modes 3 and 7%, port C pins function as 1/O ports. Input or output can be
specified for each pin on an individual bit basis. Setting a PCDDR bit to 1 makes the
corresponding port C pin an output port, while clearing the bit to 0 makes the pin an input port.

Port C pin functionsin modes 3 and 7 are shown in figure 8.16.

Port C

-

PC;, (/0)
PCq (1/0)
PC (1/0)
PC, (/10)
PC; (1/0)
PC, (I/0)
PC, (1/0)
PC, (/0)

Figure8.16 Port C Pin Functions (Modes 3 and 7)*

Note: * Modes 1 to 3 are not available on the F-ZTAT version.
Modes 2, 3, 6, and 7 are not available on the ROMIess version.
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884 MOS Input Pull-Up Function

Port C 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, 3, 6, and 7*, and can be specified as on or off on an
individual bit basis.

When a PCDDR bit is cleared to 0 in mode 2, 3, 6, or 7*, setting the corresponding PCPCR bit to
1 turns on the MOS input pull-up for that pin.

The MOS input pull-up function isin the off state after a power-on reset, and in hardware standby
mode. The prior stateis retained after amanual reset, and in software standby mode.

Table 8.14 summarizes the MOS input pull-up states.

Table8.14 MOSInput Pull-Up States (Port C)

Hardware Software
Power-On  Standby Manual Standby In Other
Modes Reset Mode Reset Mode Operations
1,4,5" OFF OFF OFF OFF OFF
2,3,6, 7 ON/OFF ON/OFF ON/OFF
Legend:
OFF: MOS input pull-up is always off.

ON/OFF: On when PCDDR =0 and PCPCR = 1, otherwise off.

Note: * Modes 1to 3 are not available on the F-ZTAT version.
Modes 2, 3, 6, and 7 are not available on the ROMless version.
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8.9 Port D

89.1 Overview

Port D isan 8-bit 1/0 port. Port D has a data bus 1/0 function, and the pin functions change

according to the operating mode.

Port D has a built-in MOS input pull-up function that can be controlled by software.

Figure 8.17 shows the port D pin configuration.

Port D pins

~—» PD-/D;5
— PD¢/Dqy
~—» PDg/D;3
Port D PD4/Drz
~— PD3/D,

— PD,/D,,

~— PD,;/Dg

~— PD,/Dg

Pin functions in modes 1, 2, 4, 5, and 6"

D5 (1/0)
Dy, (/O)
Dy3 (1/0)
Dy, (1/0)
Dy (/O)
Dy (I/O)
Dy (I/O)
Dg (1/O)

Pin functions in modes 3 and 7*

PD; (1/O)
PDg (I/O)
PDg (I/O)
PD, (1/0)
PD; (I/O)
PD, (I/O)
PD;, (I/0)
PD, (I/O)

Note: * Modes 1 to 3 are not available on the F-ZTAT version.
Modes 2, 3, 6, and 7 are not available on the ROMIless version.

Figure8.17 Port D Pin Functions
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8.9.2 Register Configuration
Table 8.15 shows the port D register configuration.

Table8.15 Port D Registers

Name Abbreviation R/W Initial Value Address”
Port D data direction register PDDDR W H'00 H'FEBC
Port D data register PDDR R/W H'00 H'FF6C
Port D register PORTD R Undefined H'FF5C
Port D MOS pull-up control register PDPCR R/W H'00 H'FF73

Note: * Lower 16 bits of the address.

Port D Data Direction Register (PDDDR)

Bit : 7 6 5 4 3 2 1 0
|PD7DDR| PD6DDR| PD5DDR| PD4DDR|PD3DDR|PD2DDR| PDlDDR|PDODDR‘

Initial value : 0 0 0 0 0 0 0 0

R/W : W W w W w W W w

PDDDR isan 8-hit write-only register, the individual bits of which specify input or output for the
pins of port D. PDDDR cannot beread; if it is, an undefined value will be read..

PDDDR isinitialized to H'00 by a power-on reset, and in hardware standby mode. It retains its
prior state after amanual reset, and in software standby mode.

« Modes1,2,4,5,and 6"
The input/output direction specification by PDDDR isignored, and port D is automatically
designated for data l/O.

« Modes3and 7

Setting a PDDDR bit to 1 makes the corresponding port D pin an output port, while clearing
the bit to 0 makes the pin an input port.

Note: * Modes 1 to 3 are not available on the F-ZTAT version.
Modes 2, 3, 6, and 7 are not available on the ROMIess version.
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Port D Data Register (PDDR)

Bit : 7 6 5 4 3 2 1 0

| PD7DR | PD6DR| PD5DR | PD4DR | PD3DR | PD2DR | PD1DR | PDODR |
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

PDDR is an 8-bit readable/writable register that stores output data for the port D pins (PD, to PD,).

PDDR isinitialized to H'00 by a power-on reset, and in hardware standby mode. It retainsits prior
state after a manual reset, and in software standby mode.

Port D Register (PORTD)

Bit : 7 6 5 4 3 2 1 0

| PD7 | PD6 | PD5 | PD4 | PD3 | PD2 | PD1 | PDO ‘
Initial value : —* —* —* —* _* _* _* —
R/W : R R R R R R R R

Note: * Determined by state of pins PD7 to PDo.

PORTD is an 8-hit read-only register that shows the pin states. It cannot be written to. Writing of
output data for the port D pins (PD, to PD,) must always be performed on PDDR.

If aport D read is performed while PDDDR hits are set to 1, the PDDR values are read. If aport D
read is performed while PDDDR bits are cleared to 0, the pin states are read.

After a power-on reset and in hardware standby mode, PORTD contents are determined by the pin
states, as PDDDR and PDDR are initialized. PORTD retainsits prior state after amanual reset,
and in software standby mode.
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Port D MOS Pull-Up Control Register (PDPCR)

Bit : 7 6 5 4 3 2 1 0
|PD7PCR| PD6PCR| PD5PCR| PD4PCR| PD3PCR|PD2PCR | PDlPCR| PDOPCR|

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

PDPCR is an 8-hit readable/writable register that controls the MOS input pull-up function
incorporated into port D on an individual bit basis.

When a PDDDR bit is cleared to O (input port setting) in mode 3 or 7, setting the corresponding
PDPCR hit to 1 turns on the MOS input pull-up for the corresponding pin.

PDPCR isinitialized to H'00 by a power-on reset, and in hardware standby mode. It retainsits
prior state after amanual reset, and in software standby mode.
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8.9.3 Pin Functions

Modes 1, 2, 4,5, and 6*: Inmodes 1, 2, 4, 5, and 6*, port D pins are automatically designated as

data I/O pins.

Port D pin functionsin modes 1, 2, 4, 5, and 6 are shown in figure 8.18.

Port D

|-

Dy5 (/O)
Dy (1O)
D13 (/O)
Dy, (1/O)
Dy, (/O)
Dy (1/0)
Dy (I/0)
Dg (I/0)

Figure8.18 Port D Pin Functions (Modes 1, 2, 4, 5, and 6)*

Modes 3 and 7*: In modes 3 and 7*, port D pins function as /O ports. Input or output can be
specified for each pin on an individua bit basis. Setting a PDDDR bit to 1 makes the
corresponding port D pin an output port, while clearing the bit to 0 makes the pin an input port.

Note: * Modes 1 to 3 are not available on the F-ZTAT version.
Modes 2, 3, 6, and 7 are not available on the ROMIess version.

Port D pin functionsin modes 3 and 7 are shown in figure 8.19.

Port D

PD; (1/0)
PDg (1/O)
PDs (1/O)
PD, (I/0)
PD; (1/0)
PD, (I/0)
PD, (1/0)
PD, (1/0)

Figure8.19 Port D Pin Functions (Modes 3 and 7)*
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8.94 MOS Input Pull-Up Function

Port D 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 3 and 7*, and can be specified as on or off on an
individual bit basis.

When a PDDDR bit is cleared to 0 in mode 3 or 7*, setting the corresponding PDPCR bit to 1
turns on the MOS input pull-up for that pin.

The MOS input pull-up function isin the off state after a power-on reset, and in hardware standby
mode. The prior stateis retained after amanual reset, and in software standby mode.

Table 8.16 summarizes the MOS input pull-up states.

Table8.16 MOSInput Pull-Up States (Port D)

Hardware Software
Power-On  Standby Manual Standby In Other
Modes Reset Mode Reset Mode Operations
1,2,4t06" OFF OFF OFF OFF OFF
3,7 ON/OFF ON/OFF ON/OFF
Legend:
OFF: MOS input pull-up is always off.

ON/OFF: On when PDDDR =0 and PDPCR = 1, otherwise off.

Note: * Modes 1to 3 are not available on the F-ZTAT version.
Modes 2, 3, 6, and 7 are not available on the ROMless version.
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8.10 PortE

8.10.1 Overview

Port E isan 8-bit I/O port. Port E has a data bus I/O function, and the pin functions change
according to the operating mode and whether 8-bit or 16-bit bus mode is selected.

Port E has a built-in MOS input pull-up function that can be controlled by software.

Figure 8.20 shows the port E pin configuration.

Port E pins Pin functions in modes 1, 2, 4, 5, and 6*
= PE;/D; PE; (1/0)/D; (1/O)
<> PE4/Ds PEg (1/0)/Dg (1/O)
> PEs/Ds PE; (1/0)/Ds (1/O)
Port E > PE4/D, PE, (/0)/D, (1/O)
= PE3/D; PE, (/0)/Dj (1/0)
> PE,/D, PE, (/0)/D, (1/0)
= PEJ/D, PE; (1/O)/D (I/O)
> PEy/Dq PE, (I/0)/D,, (1/0)

Pin functions in modes 3 and 7*

PE, (I/O)
PEg (1/0)
PE; (1/O)
PE, (I/O)
PE, (1/O)
PE, (I/O)
PE, (I/O)
PE, (I/O)

Note: * Modes 1 to 3 are not available on the F-ZTAT version.
Modes 2, 3, 6, and 7 are not available on the ROMIless version.

Figure8.20 Port E Pin Functions
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8.10.2 Register Configuration
Table 8.17 shows the port E register configuration.

Table8.17 Port E Registers

Name Abbreviation R/W Initial Value Address”
Port E data direction register PEDDR \W H'00 H'FEBD
Port E data register PEDR R/W H'00 H'FF6D
Port E register PORTE R Undefined H'FF5D
Port E MOS pull-up control register PEPCR R/W H'00 H'FF74

Note: * Lower 16 bits of the address.

Port E Data Direction Register (PEDDR)

Bit : 7 6 5 4 3 2 1 0
|PE7DDR| PE6DDR| PE5DDR| PE4DDR|PE3DDR|PE2DDR| PElDDR|PEODDR‘

Initial value : 0 0 0 0 0 0 0 0

R/W : W W w \W w \W w w

PEDDR is an 8-bit write-only register, the individual bits of which specify input or output for the
pins of port E. PEDDR cannot be read; if it is, an undefined value will be read.

PEDDR isinitialized to H'00 by a power-on reset, and in hardware standby mode. It retainsiits
prior state after amanual reset, and in software standby mode.

+ Modes1,2, 4,5, and 6"
When 8-bit bus mode has been selected, port E pins function as 1/0 ports. Setting a PEDDR bit
to 1 makes the corresponding port E pin an output port, while clearing the bit to 0 makes the
pin an input port.
When 16-bit bus mode has been selected, the input/output direction specification by PEDDR is
ignored, and port E is designated for data |/O.
For details of 8-bit and 16-bit bus modes, see section 6, Bus Controller.

+ Modes3and 7

Setting a PEDDR bit to 1 makes the corresponding port E pin an output port, while clearing the
bit to 0 makes the pin an input port.

Note: * Modes 1 to 3 are not available on the F-ZTAT version.
Modes 2, 3, 6, and 7 are not available on the ROMIess version.
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Port E Data Register (PEDR)

Bit : 7 6 5 4 3 2 1 0

| PE7DR | PE6DR| PE5DR | PE4DR | PE3DR | PE2DR | PE1DR | PEODR ‘
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

PEDR is an 8-bit readable/writable register that stores output data for the port E pins (PE, to PE,).

PEDR isinitialized to H'00 by a power-on reset, and in hardware standby mode. It retains its prior
state after a manual reset, and in software standby mode.

Port E Register (PORTE)

Bit : 7 6 5 4 3 2 1 0

| PE7 | PEG6 | PES | PE4 | PE3 | PE2 | PE1 | PEO ‘
Initial value : —* —* —* —* _* _* _ _x
R/W : R R R R R R R R

Note: * Determined by state of pins PE7 to PEo.

PORTE is an 8-bit read-only register that shows the pin states. It cannot be written to. Writing of
output data for the port E pins (PE, to PE,) must always be performed on PEDR.

If aport E read is performed while PEDDR bits are set to 1, the PEDR values are read. If aport E
read is performed while PEDDR bits are cleared to 0, the pin states are read.

After a power-on reset and in hardware standby mode, PORTE contents are determined by the pin
states, as PEDDR and PEDR areinitialized. PORTE retains its prior state after amanual reset, and
in software standby mode.

Port E MOS Pull-Up Control Register (PEPCR)

Bit : 7 6 5 4 3 2 1 0
|PE7PCR| PE6PCR| PE5PCR| PE4PCR| PE3PCR | PE2PCR | PE1PCR|PEOPCR‘

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

PEPCR is an 8-bit readable/writable register that controls the MOS input pull-up function
incorporated into port E on an individual bit basis.
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When a PEDDR hit is cleared to O (input port setting) when 8-bit bus mode is selected in mode 1,
2,4,5,0r 6", orin mode 3 or 7%, setting the corresponding PEPCR bit to 1 turns on the MOS
input pull-up for the corresponding pin.

PEPCR isinitialized to H'00 by a power-on reset, and in hardware standby mode. It retains its
prior state after amanual reset, and in software standby mode.

8.10.3 Pin Functions

Modes1, 2, 4,5, and 6*: Inmodes 1, 2, 4, 5, and 6, when 8-bit accessis designated and 8-bit
bus mode is selected, port E pins are automatically designated as I/O ports. Setting a PEDDR bit
to 1 makes the corresponding port E pin an output port, while clearing the bit to 0 makes the pin
an input port.

When 16-bit bus mode is selected, the input/output direction specification by PEDDR isignored,
and port E is designated for data |/O.

Port E pin functionsin modes 1, 2, 4, 5, and 6 are shown in figure 8.21.

8-bit bus mode 16-bit bus mode
e PE, (I/O) D (1/0)
~—» PEg (I/O) Dg (1/0)
~— PE; (I/O) Ds (1/0)
potg [ ™ PEs (/O) D, (//0)
a—» PE, (I/O) D, (1/0)
e—» PE, (I/O) D, (I/O)
~— PE, (I/O) D; (I/O)
— PE, (I/O) D, (1/0)

Figure8.21 Port E Pin Functions(Modes1, 2, 4, 5, and 6)*
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Modes 3 and 7*: In modes 3 and 7%, port E pins function as I/O ports. Input or output can be
specified for each pin on abit-by-bit basis. Setting a PEDDR hit to 1 makes the corresponding
port E pin an output port, while clearing the bit to 0 makes the pin an input port.

Note: * Modes 1 to 3 are not available on the F-ZTAT version.
Modes 2, 3, 6, and 7 are not available on the ROMIess version.

Port E pin functionsin modes 3 and 7 are shown in figure 8.22.

Port E

PE; (I/O)
PE¢ (1/O)
PE (I/O)
PE, (I/O)
PE; (I/O)
PE, (I/O)
PE, (I/O)
PE, (I/O)

Figure8.22 Port E Pin Functions (Modes 3 and 7)*
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8.104 MOSInput Pull-Up Function

Port E 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, 4, 5, and 6* when 8-bit bus mode is selected, or
in mode 3 or 7*, and can be specified as on or off on an individual bit basis.

When a PEDDR bit is cleared to 0 in mode 1, 2, 4, 5, or 6° when 8-bit bus mode is selected, or in
mode 3 or 7*, setting the corresponding PEPCR bit to 1 turns on the MOS input pull-up for that

pin.

The MOS input pull-up function isin the off state after a power-on reset, and in hardware standby
mode. The prior state is retained after a manual reset, and in software standby mode.

Table 8.18 summarizes the MOS input pull-up states.

Table8.18 MOSInput Pull-Up States (Port E)

Hardware Software

Power-On  Standby Manual Standby In Other
Modes Reset Mode Reset Mode Operations
3,7 OFF OFF ON/OFF ON/OFF ON/OFF
1,2,4t06" 8-bitbus

16-bit bus OFF OFF OFF

Legend:
OFF: MOS input pull-up is always off.

ON/OFF: On when PEDDR =0 and PEPCR = 1; otherwise off.

Note: * Modes 1to 3 are not available on the F-ZTAT version.
Modes 2, 3, 6, and 7 are not available on the ROMIless version.
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8.11 Port F

8.11.1 Overview

Port F isan 8-bit 1/0 port. Port F pins also function as bus control signal input/output pins (AS,
RD, HWR, LWR, WAIT, BREQ, and BACK), the system clock (¢) output pin and interrupt input
pins (IRQO to IRQ3).

Theinterrupt input pins (IRQO to IRQ3) are Schmitt-triggered inputs.

Figure 8.23 shows the port F pin configuration.

Port F pins Pin functions in modes 1, 2, 4, 5, and 6*
> PF;/o PF,, (input)/@ (output)
—» PF;/AS AS (output)
—w= PF;/RD RD (output)
PortE [ ™ PF,/HWR HWR (output)
~— PF,/LWR/IRQ3 LWR (output)
l«— PF,/WAIT/IRQ2 PF, (I/O)/WAIT (input)/IRQ2 (input)
~—» PF,/BACK/IRQT PF, (/O)/BACK (output)/IRQT (input)
—= PF,/BREQ/IRQ0 PF, (/0)/BREQ (input)/IRQO (input)

Pin functions in modes 3 and 7*
PF (input)/¢ (output)

PFg (1/0)

PF (I/0)

PF, (1/0)

PF; (I1O)IRQ3 (input)

PF, (/0)IRQ2 (input)

PF; (VO)IRQT (input)

PF, (/0)/IRQO (input)

Note: * Modes 1 to 3 are not available on the F-ZTAT version.
Modes 2, 3, 6, and 7 are not available on the ROMless version.

Figure8.23 Port F Pin Functions
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8.11.2 Register Configuration

Table 8.19 shows the port F register configuration.

Table8.19 Port F Registers

Name Abbreviation R/W Initial Value Address™*
Port F data direction register PFDDR W H'80/H'00™* H'FEBE
Port F data register PFDR R/W H'00 H'FF6E
Port F register PORTF R Undefined H'FF5E
Notes: 1. Lower 16 bits of the address.
2. Initial value depends on the mode.
Port F Data Direction Register (PFDDR)
Bit : 7 6 5 4 3 2 1 0
PF7DDR| PF6DDR|PF5DDR|PF4ADDR|PF3DDR |PF2DDR |PF1DDR|PFODDR
Modes 1, 2, 4, 5, 6*
Initial value : 1 0 0 0 0 0 0 0
R/W : W W W W w W W W
Modes 3 and 7*
Initial value : 0 0 0 0 0 0 0 0
R/W : W W W W W W W W

PFDDR is an 8-bit write-only register, the individual bits of which specify input or output for the
pins of port F. PFDDR cannot be read; if it is, an undefined value will be read.

PFDDR isinitidlized by apower-on reset, and in hardware standby mode, to H'80 in modes 1, 2,
4,5, and 6, and to H'00 in modes 3 and 7*. It retains its prior state after amanual reset, and in
software standby mode. The OPE hit in SBY CR is used to select whether the bus control output
pins retain their output state or become high-impedance when atransition is made to software

standby mode.

« Modes1,?2,4,5,and6*

Pin PF, functions as the ¢ output pin when the corresponding PFDDR bit isset to 1, and asan
input port when the bit iscleared to 0.
The input/output direction specified by PFDDR isignored for pins PF, to PF,, which are
automatically designated as bus control outputs (AS, RD, HWR, and LWR).
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Pins PF, to PR, are designated as bus control input/output pins (WAIT, BACK, BREQ) by

means of bus controller settings. At other times, setting a PFDDR bit to 1 makes the

corresponding port F pin an output port, while clearing the bit to 0 makes the pin an input port.
« Modes3and 7*

Setting a PFDDR bit to 1 makes the corresponding port F pin PF, to PF, an output port, or in

the case of pin PF,, the ¢ output pin. Clearing the bit to O makes the pin an input port.

Note: * Modes1to 3 arenot available onthe F-ZTAT version.
Modes 2, 3, 6, and 7 are not available on the ROMIess version.

Port F Data Register (PFDR)

Bit : 7 6 5 4 3 2 1 0

| PF7DR | PF6DR| PF5DR | PFADR | PF3DR | PF2DR | PF1DR | PFODR |
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

PFDR is an 8-bit readable/writable register that stores output data for the port F pins (PF, to PF,).

PFDR isinitialized to H'00 by a power-on reset, and in hardware standby mode. It retainsits prior
state after amanual reset, and in software standby mode.

Port F Register (PORTF)

Bit : 7 6 5 4 3 2 1 0

| PF7 | PF6 | PF5 | PF4 | PF3 | PF2 | PF1 | PFO ‘
Initial value : —* _* _* _x _* _x _x _x
R/W : R R R R R R R R

Note: * Determined by state of pins PF7 to PFo.

PORTF is an 8-hit read-only register that shows the pin states. Writing of output data for the port
F pins (PF, to PF,) must always be performed on PFDR.

If aport F read is performed while PFDDR bits are set to 1, the PFDR values are read. If aport F
read is performed while PFDDR bits are cleared to 0, the pin states are read.

After a power-on reset and in hardware standby mode, PORTF contents are determined by the pin
states, as PFDDR and PFDR areinitialized. PORTF retains its prior state after a manual reset, and
in software standby mode.
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8.11.3 Pin Functions

Port F pins also function as bus control signal input/output pins (AS, RD, HWR, LWR, WAIT,
BREQ, and BACK) the system clock (¢) output pin and interrupt input pins (IRQO to IRQ3). The
pin functions differ between modes 1, 2, 4, 5, and 6*, and modes 3 and 7*. Port F pin functions are
shown in table 8.20.

Table8.20 Port F Pin Functions

Pin Selection Method and Pin Functions

PF./¢ The pin function is switched as shown below according to bit PF7DDR.
PF7DDR 0 1
Pin function PF, input pin @ output pin

PFG/E The pin function is switched as shown below according to the operating mode
and bit PF6DDR.
Operating Modes
Mode 1,2,4,5,6 Modes 3 and 7*
PF6DDR — 0 1
Pin function AS output pin PF, input pin PF, output pin
Note: * Modes 1 to 3 are not available on the F-ZTAT version.
Modes 2, 3, 6, and 7 are not available on the ROMless version.
PFS/W The pin function is switched as shown below according to the operating mode
and bit PF5DDR.
Operating Modes
Mode 1,2,4,5,6° Modes 3 and 7*
PF5DDR — 0 1
Pin function RD output pin PF, input pin PF, output pin
Note: * Modes 1 to 3 are not available on the F-ZTAT version.
Modes 2, 3, 6, and 7 are not available on the ROMless version.
PF/HWR The pin function is switched as shown below according to the operating mode
and bit PFADDR.
Operating Modes
Mode 1,2,4,5,6° Modes 3 and 7*
PF4DDR — 0 1
Pin function HWR output pin PF, input pin PF, output pin
Note: * Modes 1 to 3 are not available on the F-ZTAT version.

Modes 2, 3, 6, and 7 are not available on the ROMless version.
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Pin

Selection Method and Pin Functions

PF,/LWR/IRQ3

The pin function is switched as shown below according to the operating mode
and bit PF3DDR.

Operating

Mode

Modes
1,2,4,5, 6 Modes 3 and 7**

PF3DDR

— 0 1

Pin function

LWR output pin PF, input pin PF, output pin
IRQ3 interrupt input pin*’

Notes: 1.

Modes 1 to 3 are not available on the F-ZTAT version.

Modes 2, 3, 6, and 7 are not available on the ROMIess version.
When this pin is used as an external interrupt input, the pin function
should be set as a port (PF,) input pin.

PF,/WAIT/IRQ2

The pin function is switched as shown below according to the operating mode,
and WAITE bit in BCRL, and PF2DDR bit.

Operating
Mode Modes 1, 2, 4, 5, 6** Modes 3 and 7**
WAITE 0 1 —
PF2DDR 0 1 — 0 1
Pin function PF, PF, WAIT PF, PF,
input pin | output pin | inputpin | inputpin | output pin
IRQ2 interrupt input pin**

Notes: 1. Modes 1 to 3 are not available on the F-ZTAT version.

Modes 2, 3, 6, and 7 are not available on the ROMless version.

2. When this pin is used as an external interrupt input, the pin function

should be set as a port (PF,) input pin.

PF /BACK/IRQ1

The pin function is switched as shown below according to the operating mode,
and the BRLE bit in BCRL and PF1DDR bit.

Operating
Mode Modes 1, 2, 4, 5, 6" Modes 3 and 7**
BRLE 0 1 —
PF1DDR 0 1 — 0 1
Pin function PF, PF, BACK PF, PF,
input pin | output pin | output pin | input pin | output pin
IRQT interrupt input pin*?

Notes: 1. Modes 1 to 3 are not available on the F-ZTAT version.

Modes 2, 3, 6, and 7 are not available on the ROMlIess version.

2. When this pin is used as an external interrupt input, the pin function

should be set as a port (PF,) input pin.
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Pin

Selection Method and Pin Functions

PF /BREQ/IRQO

The pin function is switched as shown below according to the operating mode,
and the BRLE bit in BCRL and PFODDR bit.

Operating

Mode Modes 1, 2, 4, 5, 6** Modes 3 and 7**

BRLE 0 1 —

PFODDR 0 1 — 0 1

Pin function PF, PF, BREQ PF, PF,
input pin | output pin | inputpin | inputpin | output pin

IRQO interrupt input pin**
Notes: 1. Modes 1 to 3 are not available on the F-ZTAT version.

Modes 2, 3, 6, and 7 are not available on the ROMless version.

2. When this pin is used as an external interrupt input, the pin function
should be set as a port (PF,) input pin.

812 PortG

8.12.1

Overview

Port G isa5-hit 1/0 port. Port G pins also function as bus control signal output pins (CSO to CS3).
The A/D converter input pin (ADTRG), and interrupt input pins (IRQ6, IRQ7). The interrupt input
pins (IRQ6, IRQ7) are Schmitt-triggered inputs.

Figure 8.24 shows the port G pin configuration.
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Port G pins Pin functions in modes 1 and 2"
—= PG,/CSO PG, (input)/CSO0 (output)
~—» PG;/CS1 PG; (I/0)
PortG |«—= PG,/CS2 PG, (I/0)
-+—» PG,/CS3/IRQ7 PG, (I/O)/IRQ7 (input)
> PGo/ADTRG/IRQ6 PG, (I/0)/ADTRG (input)/IRQ6 (input)
Pin functions in modes 3 and 7* Pin functions in modes 4 to 6
PG, (I/0) PG, (input)/ CSO (output)
PG; (1/0) PG; (input)/CS1 (output)
PG, (1/O) PG, (input)/CS2 (output)
PG, (/0)/IRQ7 (input) PG (input)/CS3 (output)/IRQ7 (input)
PG, (I/0)/ADTRG (input)/IRQ6 (input) PG, (1/0)/ADTRG (input)/IRQ6 (input)

Note: * Modes 1 to 3 are not available on the F-ZTAT version.
Modes 2, 3, 6, and 7 are not available on the ROMless version.

Figure8.24 Port G Pin Functions

8.122 Register Configuration
Table 8.21 shows the port G register configuration.

Table8.21 Port G Registers

Name Abbreviation RIW Initial Value™* Address™’
Port G data direction register PGDDR W H'10/H'00™° H'FEBF
Port G data register PGDR R/W H'00 H'FF6F
Port G register PORTG R Undefined H'FF5F

Notes: 1. Value of bits 4 to 0.
2. Lower 16 bits of the address.
3. Initial value depends on the mode.

Rev. 4.00 Feb 15, 2006 page 271 of 900
REJ09B0291-0400
RENESAS




Section 8 1/0 Ports

Port G Data Direction Register (PGDDR)

Bit : 7 6 5 4 3 2 1 0
— — — |PGADDR|PG3DDR|PG2DDR|PG1DDR|PGODDR

Modes 1, 4, 5*

Initial value :  Undefined Undefined Undefined 1 0 0 0 0
R/W : — — — w w w w w
Modes 2, 3, 6, 7*

Initial value :  Undefined Undefined Undefined 0 0 0 0 0
R/W : — — — W W W W W

PGDDR is an 8-hit write-only register, the individual bits of which specify input or output for the
pins of port G. PGDDR cannot be read, and bits 7 to 5 are reserved. If PGDDR isread, an
undefined value will be read.

The PGDDR isinitialized by a power-on reset and in hardware standby mode, to H'10 (bits 4 to 0)
in modes 1, 4, and 5%, and to H'00 (bits 4 to 0) in modes 2, 3, 6, and 7”. It retainsits prior state
after amanual reset and in software standby mode. The OPE bit in SBY CR is used to select
whether the bus control output pins retain their output state or become high-impedance when a
transition is made to software standby mode.

« Modes 1 and 2*
Pin PG, functions as a bus control output pin (CS0) when the corresponding PGDDR bit is set
to 1, and as an input port when the bit is cleared to 0.
For pins PG, to PG,, setting the corresponding PGDDR hit to 1 makes the pin an output port,
while clearing the bit to 0 makes the pin an input port.

« Modes3and 7*
Setting a PGDDR bit to 1 makes the corresponding port G pin an output port, while clearing
the bit to 0 makes the pin an input port.

+ Modes4, 5, and 6
Pins PG, to PG, function as bus control output pins (CSO to CS3) when the corresponding
PGDDR hitsare set to 1, and as input ports when the bits are cleared to 0.

Note: * Modes 1 to 3 are not available on the F-ZTAT version.
Modes 2, 3, 6, and 7 are not available on the ROMIess version.
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Port G Data Register (PGDR)

Bit : 7 6 5 4 3 2 1 0

| — | — | — | PG4DR | PG3DR | PG2DR | PG1DR | PGODR |
Initial value : Undefined Undefined Undefined 0 0 0 0 0
R/W : — — — R/W R/W R/W R/W R/W

PGDR is an 8-bit readable/writable register that stores output data for the port G pins (PG, to PG,).
Bits 7 to 5 are reserved; they return an undetermined value if read, and cannot be modified.

PGDR isinitialized to H'00 (bits 4 to 0) by a power-on reset, and in hardware standby mode. It
retains its prior state after a manual reset, and in software standby mode.

Port G Register (PORTG)

Bit : 7 6 5 4 3 2 1 0

| — | — | — | PG4 | PG3 | PG2 | PG1 | PGO |
Initial value : Undefined Undefined Undefined —* —* —* —* —*
R/W : — — — R R R R R

Note: * Determined by state of pins PG4 to PGo.
PORTG is an 8-hit read-only register that shows the pin states. It cannot be written to. Writing of
output data for the port G pins (PG, to PG,) must always be performed on PGDR.
Bits 7 to 5 are reserved; they return an undetermined value if read, and cannot be modified.

If aport G read is performed while PGDDR bits are set to 1, the PGDR values are read. If aport G
read is performed while PGDDR bits are cleared to O, the pin states are read.

After a power-on reset and in hardware standby mode, PORTG contents are determined by the pin
states, as PGDDR and PGDR are initialized. PORTG retains its prior state after a manual reset,
and in software standby mode.
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8.12.3

Pin Functions

Port G pins also function as bus control signal output pins (CS0 to CS3) the A/D converter input
pin (ADTRG), and interrupt input pins (IRQ6, IRQ7). The pin functions are different in modes 1
and 2, modes 3 and 7, and modes 4 to 6. Port G pin functions are shown in table 8.22.

Table8.22 Port G Pin Functions

Pin Selection Method and Pin Functions
PG,/CSO0 The pin function is switched as shown below according to the operating mode
and bit PG4DDR.
Operating
Mode Modes 1, 2, 4, 5, 6 Modes 3 and 7*
PG4DDR 0 1 0 1
Pin function PG, input pin |CSO0 output pin| PG, input pin | PG, output pin
Note: * Modes 1 to 3 are not available on the F-ZTAT version.
Modes 2, 3, 6, and 7 are not available on the ROMless version.
PG,/CS1 The pin function is switched as shown below according to the operating mode
and bit PG3DDR.
Operating
Mode Modes 1, 2, 3, 7* Modes 4 to 6"
PG3DDR 0 1 0 1
Pin function PG, input pin | PG, output pin| PG, input pin {CS1 output pin
Note: * Modes 1 to 3 are not available on the F-ZTAT version.
Modes 2, 3, 6, and 7 are not available on the ROMless version.
PG,/CS2 The pin function is switched as shown below according to the operating mode

and bit PG2DDR.

Operating

Mode Modes 1, 2, 3, 7* Modes 4 to 6
PG2DDR 0 1 0 1

Pin function PG, input pin | PG, output pin| PG, input pin CS2 output pin
Note: * Modes 1 to 3 are not available on the F-ZTAT version.

Modes 2, 3, 6, and 7 are not available on the ROMless version.
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Pin

Selection Method and Pin Functions

PG /CS3/IRQ7

The pin function is switched as shown below according to the combination of
operating mode and bit PG1DDR.

Operating

Mode Modes 1, 2, 3, 7** Modes 4 to 6™*
PG1DDR 0 1 0 1

Pin function PG, input pin | PG, output pin| PG, input pin {CS3 output pin

IRQ7 interrupt input pin*

2

Notes: 1. Modes 1 to 3 are not available on the F-ZTAT version.
Modes 2, 3, 6, and 7 are not available on the ROMless version.
2. When this pin is used as an external interrupt input, it should not be
used as an input/output pin with other functions.

PG,/ADTRG/IRQ6 The pin function is switched as shown below according to the combination of
bits TRGS1 and TRGSO (trigger select 1 and 0) in the A/D control register

(ADCR).
PGODDR 0 1
Pin function PG, input PG, output
ADTRG input pin**
TRQ6 interrupt input pin*’
Notes: 1. ADTRG input when TRGS1 = TRGSO = 1.

2. When this pin is used as an external interrupt input, it should not be
used as an input/output pin with other functions.
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Section 9 16-Bit Timer Pulse Unit (TPU)

91 Overview

The H85/2345 Group has an on-chip 16-hit timer pulse unit (TPU) that comprises six 16-bit timer
channels.

9.1.1 Features

e Maximum 16-pulse input/output
O A total of 16 timer general registers (TGRs) are provided (four each for channels 0 and 3,
and two each for channels 1, 2, 4, and 5), each of which can be set independently as an
output compare/input capture register
0 TGRC and TGRD for channels 0 and 3 can also be used as buffer registers
» Selection of 8 counter input clocks for each channel
» Thefollowing operations can be set for each channel:
O Waveform output at compare match: Selection of 0, 1, or toggle output
O Input capture function: Selection of rising edge, falling edge, or both edge detection
O Counter clear operation: Counter clearing possible by compare match or input capture
O Synchronous operation: Multiple timer counters (TCNT) can be written to simultaneously
Simultaneous clearing by compare match and input capture possible
Register smultaneous input/output possible by counter synchronous operation
0 PWM mode: Any PWM output duty can be set
Maximum of 15-phase PWM output possible by combination with synchronous operation
» Buffer operation settable for channels 0 and 3
O Input capture register double-buffering possible
O Automatic rewriting of output compare register possible
¢ Phase counting mode settable independently for each of channels 1, 2, 4, and 5
0 Two-phase encoder pulse up/down-count possible
e Cascaded operation

O Channel 2 (channel 5) input clock operates as 32-hit counter by setting channel 1 (channel
4) overflow/underflow

¢ Fast accessviainternal 16-bit bus
0 Fast accessispossible viaa 16-bit businterface
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e 26 interrupt sources

0 For channels 0 and 3, four compare match/input capture dua -function interrupts and one
overflow interrupt can be requested independently

0 For channels1, 2, 4, and 5, two compare match/input capture dual-function interrupts, one
overflow interrupt, and one underflow interrupt can be requested independently

» Automatic transfer of register data

O Block transfer, 1-word data transfer, and 1-byte data transfer possible by data transfer
controller (DTC) activation

« A/D converter conversion start trigger can be generated

0 Channel 0to 5 compare match A/input capture A signals can be used as A/D converter
conversion start trigger

e Module stop mode can be set

O Astheinitial setting, TPU operation is halted. Register access is enabled by exiting module
stop mode.

Table 9.1 lists the functions of the TPU.
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Table9.1 TPU Functions

Iltem Channel 0 Channel 1 Channel 2 Channel 3 Channel 4 Channel 5

Count clock @1 @1 @1 @1 @1 @1
@4 @4 @4 @4 @4 @4
@16 @16 @16 @16 @16 @16
@64 @64 @64 @64 @64 @64
TCLKA @256 @1024 @256 @1024 @256
TCLKB TCLKA TCLKA @1024 TCLKA TCLKA
TCLKC TCLKB TCLKB @4096 TCLKC TCLKC
TCLKD TCLKC TCLKA TCLKD

General registers TGROA TGR1A TGR2A TGR3A TGR4A TGR5A
TGROB TGR1B TGR2B TGR3B TGR4B TGR5B

General registers/ TGROC — — TGR3C — —

buffer registers TGROD TGR3D

I/O pins TIOCAO TIOCA1 TIOCA2 TIOCA3 TIOCA4 TIOCAS5
TIOCBO TIOCB1 TIOCB2 TIOCB3 TIOCB4 TIOCB5
TIOCCO TIOCC3
TIOCDO TIOCD3

Counter clear TGR TGR TGR TGR TGR TGR

function compare compare compare compare compare compare
match or matchor matchor matchor matchor matchor
input input input input input input
capture capture capture capture capture capture

Compare 0 output O O @) @) @) @)

match 1 guput o 0 0 0 0 0o

output

Toggle O O O O @) @)
output

Input capture O O O @) @) O

function

Synchronous O O O O @) @)

operation

PWM mode O O O O O O

Phase counting — O O — @) @)

mode

Buffer operation O — — @) — —

DTC activation TGR TGR TGR TGR TGR TGR
compare compare compare compare compare compare
match or matchor matchor matchor matchor match or
input input input input input input
capture capture capture capture capture capture
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Section 9 16-Bit Timer Pulse Unit (TPU)

Iltem Channel 0 Channel 1 Channel 2 Channel 3 Channel 4 Channel 5
A/D converter trigger TGROA TGR1A TGR2A TGR3A TGR4A TGR5A
compare compare compare compare compare compare
match or matchor matchor matchor matchor match or
input input input input input input
capture capture capture capture capture capture
Interrupt sources 5sources 4 sources 4 sources 5sources 4 sources 4 sources
e Compare ¢ Compare < Compare < Compare ¢ Compare < Compare
matchor matchor matchor matchor matchor match or
input input input input input input
capture capture capture capture capture capture
0A 1A 2A 3A 4A 5A
e Compare ¢ Compare < Compare ¢ Compare < Compare ¢ Compare
matchor matchor matchor matchor matchor match or
input input input input input input
capture capture capture capture capture capture
0B 1B 2B 3B 4B 5B
» Compare ¢ Overflow < Overflow ¢ Compare e« Overflow < Overflow
match OF . Underflow « Underflow match 0T . Underflow « Underflow
input input
capture capture
oC 3C
e Compare e Compare
match or match or
input input
capture capture
0D 3D
» Overflow » Overflow

Legend:
— . Not possible
O : Possible
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Section 9 16-Bit Timer Pulse Unit (TPU)
9.1.2 Block Diagram
Figure 9.1 shows a block diagram of the TPU.
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Figure9.1 Block Diagram of TPU
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Section 9 16-Bit Timer Pulse Unit (TPU)

9.1.3 Pin Configuration

Table 9.2 summarizes the TPU pins.

Table9.2 TPU Pins
Channel Name Symbol 1/O Function
All Clock input A TCLKA  Input  External clock A input pin
(Channel 1 and 5 phase counting mode A
phase input)
Clock input B TCLKB Input  External clock B input pin
(Channel 1 and 5 phase counting mode B
phase input)
Clock input C TCLKC Input  External clock C input pin
(Channel 2 and 4 phase counting mode A
phase input)
Clock input D TCLKD Input  External clock D input pin
(Channel 2 and 4 phase counting mode B
phase input)
0 Input capture/out TIOCAO 1/O TGROA input capture input/output compare
compare match AO output/PWM output pin
Input capture/out TIOCBO /O TGROB input capture input/output compare
compare match BO output/PWM output pin
Input capture/out TIOCCO 1/O TGROC input capture input/output compare
compare match CO output/PWM output pin
Input capture/out TIOCDO 1/O TGROD input capture input/output compare
compare match DO output/PWM output pin
1 Input capture/out TIOCA1 1/O TGR1A input capture input/output compare
compare match Al output/PWM output pin
Input capture/out TIOCB1 /O TGR1B input capture input/output compare
compare match B1 output/PWM output pin
2 Input capture/out TIOCA2 1/O TGR2A input capture input/output compare
compare match A2 output/PWM output pin
Input capture/out TIOCB2 1/O TGR2B input capture input/output compare

compare match B2

output/PWM output pin

Rev. 4.00 Feb 15, 2006 page 282 of 900
REJ09B0291-0400

RENESAS



Section 9 16-Bit Timer Pulse Unit (TPU)

Channel Name Symbol 1/O Function

3 Input capture/out TIOCA3 1/O TGR3A input capture input/output compare
compare match A3 output/PWM output pin
Input capture/out TIOCB3 1/O TGR3B input capture input/output compare
compare match B3 output/PWM output pin
Input capture/out TIOCC3 1/O TGR3C input capture input/output compare
compare match C3 output/PWM output pin
Input capture/out TIOCD3 1/0O TGR3D input capture input/output compare
compare match D3 output/PWM output pin

4 Input capture/out TIOCA4 1/O TGRA4A input capture input/output compare
compare match A4 output/PWM output pin
Input capture/out TIOCB4 1/O TGR4B input capture input/output compare
compare match B4 output/PWM output pin

5 Input capture/out TIOCA5 1/O TGRB5A input capture input/output compare
compare match A5 output/PWM output pin
Input capture/out TIOCB5 /O TGR5B input capture input/output compare

compare match B5

output/PWM output pin
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914 Register Configuration
Table 9.3 summarizes the TPU registers.

Table9.3 TPU Registers

Channel Name Abbreviation R/W Initial Value Address™*
0 Timer control register O TCRO R/W H'00 H'FFDO
Timer mode register 0 TMDRO R/W H'CO H'FFD1
Timer I/O control register OH TIOROH R/W H'00 H'FFD2
Timer 1/O control register OL TIOROL R/W H'00 H'FFD3
Timer interrupt enable register 0 TIERO R/W H'40 H'FFD4
Timer status register 0 TSRO RI(W)** H'CO H'FFD5
Timer counter O TCNTO R/W H'0000 H'FFD6
Timer general register 0A TGROA R/W H'FFFF H'FFD8
Timer general register OB TGROB R/W H'FFFF H'FFDA
Timer general register 0C TGROC R/W H'FFFF H'FFDC
Timer general register 0D TGROD R/W H'FFFF H'FFDE
1 Timer control register 1 TCR1 R/W H'00 H'FFEO
Timer mode register 1 TMDR1 R/W H'CO H'FFE1
Timer I/O control register 1 TIOR1 R/W H'00 H'FFE2
Timer interrupt enable register 1 TIER1 R/W H'40 H'FFE4
Timer status register 1 TSR1 R/I(W)** H'CO H'FFES
Timer counter 1 TCNT1 R/W H'0000 H'FFE6
Timer general register 1A TGR1A R/W H'FFFF H'FFES8
Timer general register 1B TGR1B R/W H'FFFF H'FFEA
2 Timer control register 2 TCR2 R/W H'00 H'FFFO
Timer mode register 2 TMDR2 R/W H'CO H'FFF1
Timer 1/O control register 2 TIOR2 R/W H'00 H'FFF2
Timer interrupt enable register 2 TIER2 R/W H'40 H'FFF4
Timer status register 2 TSR2 RI(W)** H'CO H'FFF5
Timer counter 2 TCNT2 R/W H'0000 H'FFF6
Timer general register 2A TGR2A R/W H'FFFF H'FFF8
Timer general register 2B TGR2B R/W H'FFFF H'FFFA
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Channel Name Abbreviation R/W Initial Value Address™*
3 Timer control register 3 TCR3 R/W H'00 H'FE80
Timer mode register 3 TMDR3 R/W H'CO H'FE81
Timer 1/O control register 3H TIOR3H R/W H'00 H'FE82
Timer I/O control register 3L TIOR3L R/W H'00 H'FE83
Timer interrupt enable register 3 TIER3 R/W H'40 H'FE84
Timer status register 3 TSR3 R/I(W)** H'CO H'FE85
Timer counter 3 TCNT3 R/W H'0000 H'FE86
Timer general register 3A TGR3A R/W H'FFFF H'FE88
Timer general register 3B TGR3B R/W H'FFFF H'FE8SA
Timer general register 3C TGR3C R/W H'FFFF H'FE8C
Timer general register 3D TGR3D R/W H'FFFF H'FEBE
4 Timer control register 4 TCR4 R/W H'00 H'FEQ0
Timer mode register 4 TMDR4 R/W H'CO H'FE91
Timer 1/O control register 4 TIOR4 R/W H'00 H'FE92
Timer interrupt enable register 4 TIER4 R/W H'40 H'FE94
Timer status register 4 TSR4 RI(W)** H'CO H'FE95
Timer counter 4 TCNT4 R/W H'0000 H'FE96
Timer general register 4A TGR4A R/W H'FFFF H'FE98
Timer general register 4B TGR4B R/W H'FFFF H'FE9A
5 Timer control register 5 TCR5 R/W H'00 H'FEAOQ
Timer mode register 5 TMDR5 R/W H'CO H'FEAL
Timer I/O control register 5 TIOR5 R/W H'00 H'FEA2
Timer interrupt enable register 5 TIERS R/W H'40 H'FEA4
Timer status register 5 TSR5 R/I(W)** H'CO H'FEAS
Timer counter 5 TCNT5 R/W H'0000 H'FEA6
Timer general register 5A TGR5A R/W H'FFFF H'FEA8
Timer general register 5B TGR5B R/W H'FFFF H'FEAA
All Timer start register TSTR R/W H'00 H'FFCO
Timer synchro register TSYR R/W H'00 H'FFC1
Module stop control register MSTPCR R/W H'3FFF H'FF3C
Notes: 1. Lower 16 bits of the address.

. Can only be written with 0 for flag clearing.
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9.2 Register Descriptions

921 Timer Control Register (TCR)

Channel 0: TCRO
Channel 3: TCR3

Bit : 7 6 5 4 3 2 1 0
CCLR2 | CCLR1 | CCLRO | CKEG1 | CKEGO | TPSC2 | TPSC1 | TPSCO

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

Channel 1: TCR1
Channel 2: TCR2
Channel 4: TCR4
Channel 5: TCR5

Bit : 7 6 5 4 3 2 1 0

— CCLR1 | CCLRO | CKEG1 | CKEGO | TPSC2 | TPSC1 | TPSCO
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

The TCR registers are 8-bit registers that control the TCNT channels. The TPU has six TCR
registers, one for each of channels0to 5. The TCR registers are initialized to H'00 by a reset, and
in hardware standby mode.

Note: Make TCR settings only when TCNT operation is stopped.
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Bits 7, 6, 5—Counter Clear 2, 1, and 0 (CCLR2, CCLR1, CCLRO0): These hits select the

TCNT counter clearing source.

Bit 7 Bit 6 Bit 5
Channel CCLR2 CCLR1 CCLRO Description
0,3 0 0 0 TCNT clearing disabled (Initial value)

1 TCNT cleared by TGRA compare match/input

capture
1 0 TCNT cleared by TGRB compare match/input
capture

1 TCNT cleared by counter clearing for another
channel performing synchronous clearing/
synchronous operation™*

1 0 0 TCNT clearing disabled
TCNT cleared by TGRC compare match/input
capture™?
1 0 TCNT cleared by TGRD compare match/input
capture*?

1 TCNT cleared by counter clearing for another
channel performing synchronous clearing/
synchronous operation**

Bit 7 Bit 6 Bit 5
Channel Reserved™® CCLR1 CCLRO Description
1,2,4,5 0 0 0 TCNT clearing disabled (Initial value)

1 TCNT cleared by TGRA compare match/input

capture
1 0 TCNT cleared by TGRB compare match/input
capture

1 TCNT cleared by counter clearing for another

channel performing synchronous clearing/
synchronous operation™*

Notes: 1. Synchronous operation setting is performed by setting the SYNC bit in TSYR to 1.

2. When TGRC or TGRD is used as a buffer register, TCNT is not cleared because the
buffer register setting has priority, and compare match/input capture does not occur.

3. Bit 7 is reserved in channels 1, 2, 4, and 5. It is always read as 0 and cannot be

modified.
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Bits4 and 3—Clock Edge 1 and 0 (CKEG1, CKEGQ): These bits select the input clock edge.
When the input clock is counted using both edges, the input clock period is halved (e.g. ¢/4 both
edges = @/2 rising edge). If phase counting mode is used on channels 1, 2, 4, and 5, this setting is
ignored and the phase counting mode setting has priority.

Bit 4 Bit 3

CKEG1 CKEGO Description

0 0 Count at rising edge (Initial value)
1 Count at falling edge

1 — Count at both edges

Note: Internal clock edge selection is valid when the input clock is @/4 or slower. This setting is
ignored if the input clock is @1, or when overflow/underflow of another channel is selected.

Bits2, 1, and 0—Time Prescaler 2, 1, and 0 (TPSC2 to TPSCO0): These bits select the TCNT
counter clock. The clock source can be selected independently for each channel. Table 9.4 shows
the clock sources that can be set for each channel.

Table9.4 TPU Clock Sources

Internal Clock External Clock Overflow/
Underflow
Channel
on Another
@l | ¢4 | @16 | @64 | @256 | (/1024 | 4096 | TCLKA | TCLKB | TCLKC | TCLKD Channel
0 Ol 0| O] O O @) O O
1 Ol 0| O] O O @) e) o
2 Ol 0| O] O @) O 0 0O
3 Ol 0| O] O O @) O @)
4 Ol 0| O] O @) O 0O o
5 Ol 0| O] O O @) O 0
Legend:
O : Setting

Blank : No setting
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Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSC1 TPSCO Description
0 0 0 0 Internal clock: counts on @1 (Initial value)
1 Internal clock: counts on @/4
1 0 Internal clock: counts on @/16
1 Internal clock: counts on @/64
1 0 0 External clock: counts on TCLKA pin input
1 External clock: counts on TCLKB pin input
1 0 External clock: counts on TCLKC pin input
1 External clock: counts on TCLKD pin input
Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSC1 TPSCO Description
1 0 0 0 Internal clock: counts on @1 (Initial value)
1 Internal clock: counts on @/4
1 0 Internal clock: counts on @/16
1 Internal clock: counts on @/64
1 0 0 External clock: counts on TCLKA pin input
1 External clock: counts on TCLKB pin input
1 0 Internal clock: counts on @256
1 Counts on TCNT2 overflow/underflow

Note: This setting is ignored when channel 1 is in phase counting mode.

Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSC1 TPSCO Description
2 0 0 0 Internal clock: counts on /1 (Initial value)
1 Internal clock: counts on @4
1 0 Internal clock: counts on @/16
1 Internal clock: counts on @/64
1 0 0 External clock: counts on TCLKA pin input
1 External clock: counts on TCLKB pin input
1 0 External clock: counts on TCLKC pin input
1 Internal clock: counts on ¢/1024

Note: This setting is ignored when channel 2 is in phase counting mode.

Rev. 4.00 Feb 15, 2006 page 289 of 900
REJ09B0291-0400

RENESAS



Section 9 16-Bit Timer Pulse Unit (TPU)

Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSC1 TPSCO Description
3 0 0 0 Internal clock: counts on @1 (Initial value)
1 Internal clock: counts on @/4
1 0 Internal clock: counts on @/16
1 Internal clock: counts on @/64
1 0 0 External clock: counts on TCLKA pin input
1 Internal clock: counts on ¢/1024
1 0 Internal clock: counts on @256
1 Internal clock: counts on (/4096
Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSC1 TPSCO Description
4 0 0 0 Internal clock: counts on @1 (Initial value)
1 Internal clock: counts on @4
1 0 Internal clock: counts on @/16
1 Internal clock: counts on @/64
1 0 0 External clock: counts on TCLKA pin input
1 External clock: counts on TCLKC pin input
1 0 Internal clock: counts on ¢/1024
1 Counts on TCNT5 overflow/underflow

Note: This setting is ignored when channel 4 is in phase counting mode.

Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSC1 TPSCO Description
5 0 0 0 Internal clock: counts on /1 (Initial value)
1 Internal clock: counts on @/4
1 0 Internal clock: counts on @/16
1 Internal clock: counts on @/64
1 0 0 External clock: counts on TCLKA pin input
1 External clock: counts on TCLKC pin input
1 0 Internal clock: counts on ¢/256
1 External clock: counts on TCLKD pin input

Note: This setting is ignored when channel 5 is in phase counting mode.
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922 Timer Mode Register (TMDR)

Channel 0: TMDRO
Channel 3: TMDR3

Bit : 7 6 5 4 3 2 1 0
— — BFB BFA MD3 MD2 MD1 MDO

Initial value : 1 1 0 0 0 0 0 0

R/W : — — R/W R/W R/W R/W R/W R/W

Channel 1: TMDR1
Channel 2: TMDR2
Channel 4: TMDR4
Channel 5: TMDR5

Bit : 7 6 5 4 3 2 1 0
— — — — MD3 MD2 MD1 MDO

Initial value : 1 1 0 0 0 0 0 0

R/W : — — — — R/W R/W R/W R/W

The TMDR registers are 8-bit readable/writabl e registers that are used to set the operating mode
for each channel. The TPU has six TMDR registers, one for each channel. The TMDR registers
areinitialized to H'CO by areset, and in hardware standby mode.

Note: Make TMDR settings only when TCNT operation is stopped.
Bits 7 and 6—Reserved: Read-only hits, always read as 1.

Bit 5—Buffer Operation B (BFB): Specifies whether TGRB isto operate in the normal way, or
TGRB and TGRD are to be used together for buffer operation. When TGRD is used as a buffer
register, TGRD input capture/output compare is not generated.

In channels 1, 2, 4, and 5, which have no TGRD, hit 5isreserved. It isalwaysread as 0 and
cannot be modified.

Bit 5

BFB Description

0 TGRB operates normally (Initial value)
1 TGRB and TGRD used together for buffer operation
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Bit 4—Buffer Operation A (BFA): Specifies whether TGRA isto operate in the normal way, or
TGRA and TGRC are to be used together for buffer operation. When TGRC is used as a buffer
register, TGRC input capture/output compare is not generated.

In channels 1, 2, 4, and 5, which have no TGRC, hit 4 isreserved. It isaways read as 0 and cannot
be modified.

Bit 4

BFA Description

0 TGRA operates normally (Initial value)
1 TGRA and TGRC used together for buffer operation

Bits 3to 0—Modes 3to 0 (MD3 to MDO): These bits are used to set the timer operating mode.

Bit 3 Bit 2 Bit 1 Bit 0
MD3** MD2** MD1 MDO Description

0 0 0 0 Normal operation (Initial value)
1 Reserved
1 0 PWM mode 1
1 PWM mode 2
1 0 0 Phase counting mode 1
1 Phase counting mode 2
1 0 Phase counting mode 3
1 Phase counting mode 4
1 * * * —

*: Don't care
Notes: 1. MD3 is a reserved bit. In a write, it should always be written with 0.

2. Phase counting mode cannot be set for channels 0 and 3. In this case, 0 should always
be written to MD2.
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9.2.3

Channel 0: TIOROH
Channel 1: TIOR1
Channel 2: TIOR2
Channel 3: TIOR3H
Channel 4: TIOR4
Channel 5: TIOR5

Timer 1/O Control Register (TIOR)

Bit : 7 6 5 4 3 2 1 0
10B3 10B2 10B1 10B0O IOA3 I0A2 I0A1 I0A0

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

Channel 0: TIOROL

Channel 3: TIOR3L

Bit : 7 6 5 4 3 2 1 0
I0D3 I0D2 10D1 10D0 I0C3 I0C2 I0C1 10CO

Initial value : 0 0 0 0 0 0 0 0

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

Note:

register operates as a buffer register.

When TGRC or TGRD is designated for buffer operation, this setting is invalid and the

The TIOR registers are 8-bit registersthat control the TGR registers. The TPU haseight TIOR
registers, two each for channels 0 and 3, and one each for channels 1, 2, 4, and 5. The TIOR
registers are initialized to H'00 by areset, and in hardware standby mode.

Careisrequired since TIOR is affected by the TMDR setting. Theinitial output specified by
TIOR isvalid when the counter is stopped (the CST bit in TSTRis cleared to 0). Note also that, in
PWM mode 2, the output at the point at which the counter is cleared to O is specified.
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Bits 7to 4—1/O Control B3to BO (I0B3to 10B0)
/O Control D3to DO (I0D3to 10D0):

Bits 10B3 to 10BO specify the function of TGRB.
Bits IOD3 to 10DO specify the function of TGRD.

* TIOROH

Bit7 Bit6 Bit5 Bit4

Channel I0B3 10B2 I0OB1 IOBO Description

0 0 0 0 0 TGROB

Output disabled

(Initial value’

1 is output
compare

1 0 register
1

Initial output is O
output

0 output at compare match

1 output at compare match

Toggle output at compare
match

Output disabled

1 0 0
1

1 0

1

Initial output is 1
output

0 output at compare match

1 output at compare match

Toggle output at compare
match

1 0 0 0 TGROB is

Capture input
source is
TIOCBO pin

Input capture at rising edge

Input capture at falling edge

Input capture at both edges

1 input
capture
1 * register
l * *

Capture input

source is channel count- up/count-down®

1/count clock

Input capture at TCNT1

1

*: Don'’t care

Note: 1. When bits TPSC2 to TPSCO in TCR1 are set to B'000 and @1 is used as the TCNT1
count clock, this setting is invalid and input capture is not generated.
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+ TIOROL

Channel

Bit7 Bit6 Bit5 Bit4

IOD3 10D2 I10D1 IOD0O Description

0

0 0 0 0 TGROD  Output disabled

(Initial value

0 output at compare match

1 output at compare match

Toggle output at compare
match

1 is output njtial output is 0
L compare ot
1 0 register*’
1
1 0 0 Output disabled
1 Initial output is 1
1 0 output

0 output at compare match

1 output at compare match

Toggle output at compare
match

1 0 0 0 TGROD  Capture input

Input capture at rising edge

Input capture at falling edge

Input capture at both edges

1 isinput  sourceis
capture  TIOCDO pin
1 register*?
1 * * Capture input

source is channel count-up/count-down*

1/count clock

Input capture at TCNT1

1

Notes: 1.

*: Don’t care

When bits TPSC2 to TPSCO in TCR1 are set to B'000 and @1 is used as the TCNT1
count clock, this setting is invalid and input capture is not generated.

When the BFB bit in TMDRO is set to 1 and TGROD is used as a buffer register, this
setting is invalid and input capture/output compare is not generated.
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+ TIOR1

Bit7 Bit6 Bit5 Bit4

Channel 10B3 10B2 I0B1 IOBO Description
1 0 0 0 0 TGR1B  Output disabled (Initial value
1 IS OUPUt |njtial output is O O output at compare match
compare  q,tnyt
1 0 register 1 output at compare match
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial outputis 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 0 0 0 TGR1B  Capture input Input capture at rising edge
1 IS input  source s Input capture at falling edge
1 " capture  TIOCBL1 pin | both ed
register nput capture at both edges
1 * * Capture input Input capture at generation

source is TGROC of TGROC compare

compare match/
input capture

match/input capture

*: Don’t care
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 TIOR2
Bit7 Bit6 Bit5 Bit4
Channel 10B3 10B2 I0B1 IOBO Description
2 0 0 0 0 TGR2B  Output disabled (Initial value’
1 IS output —ifiq outputis 0 0 output at compare match
compare output
1 0 register 1 output at compare match
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial outputis 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 * 0 0 TGR2B  Capture input Input capture at rising edge
IS Input  source is . Input capture at falling edge
capture  TIOCB2 pin
1 Input capture at both edges

register

*: Don'’t care
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* TIOR3H

Bit7 Bit6 Bit5 Bit4

Channel 10B3 10B2 I0B1 IOBO Description
3 0 0 0 0 TGR3B  Output disabled (Initial value’
1 IS Output —ifiq outputis 0 0 output at compare match
compare output
1 0 register 1 output at compare match
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial outputis 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 0 0 0 TGR3B  Capture input Input capture at rising edge
IS Input  source is . Input capture at falling edge
capture  TIOCBS3 pin
1 register Input capture at both edges
1 * * Capture input Input capture at TCNT4
source is channel count-up/count-down™**
4/count clock
*: Don't care
Note: 1. When bits TPSC2 to TPSCO in TCR4 are set to B'000 and @1 is used as the TCNT4

count clock, this setting is invalid and input capture is not generated.

Rev. 4.00 Feb 15, 2006 page 298 of 900

REJ09B0291-0400

RENESAS



Section 9

16-Bit Timer Pulse Unit (TPU)

+ TIOR3L

Channel

Bit7 Bit6 Bit5 Bit4

IOD3 10D2 I10D1 IOD0O Description

3

0 0 0 0 TGR3D  Output disabled

(Initial value

0 output at compare match

1 output at compare match

Toggle output at compare
match

1 is output njtial output is 0
L compare ot
1 0 register*’
1
1 0 0 Output disabled
1 Initial output is 1
1 0 output

0 output at compare match

1 output at compare match

Toggle output at compare
match

1 0 0 0 TGR3D  Capture input

Input capture at rising edge

Input capture at falling edge

Input capture at both edges

1 isinput  sourceis
capture  TIOCD3 pin
1 register*?
1 * * Capture input

source is channel count-up/count-down*

4/count clock

Input capture at TCNT4

1

Notes: 1.

*: Don’t care

When bits TPSC2 to TPSCO in TCR4 are set to B'000 and @1 is used as the TCNT4
count clock, this setting is invalid and input capture is not generated.

When the BFB bit in TMDR3 is set to 1 and TGR3D is used as a buffer register, this
setting is invalid and input capture/output compare is not generated.
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« TIOR4

Bit7 Bit6 Bit5 Bit4

Channel 10B3 10B2 I0B1 IOBO Description
4 0 0 0 0 TGR4B  Output disabled (Initial value
1 IS OUPUt |njtial output is O O output at compare match
compare  q,tnyt
1 0 register 1 output at compare match
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial outputis 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 0 0 0 TGR4B  Capture input Input capture at rising edge
1 IS input  source s Input capture at falling edge
1 " capture  TIOCB4 pin | both ed
register nput capture at both edges
1 * * Capture input Input capture at generation

source is TGR3C of TGR3C compare match/

compare match/
input capture

input capture

*: Don’t care
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* TIOR5
Bit7 Bit6 Bit5 Bit4
Channel 10B3 10B2 I0B1 IOBO Description
5 0 0 0 0 TGR5B  Output disabled (Initial value’
1 IS output —ifiq outputis 0 0 output at compare match
compare output
1 0 register 1 output at compare match
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial outputis 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 * 0 0 TGR5B  Capture input Input capture at rising edge
IS Input  source is . Input capture at falling edge
capture  TIOCBS5 pin
1 Input capture at both edges

register

*: Don'’t care
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Bits3to 0— 1/O Control A3to A0 (I0A3toI0OAQ)
/O Control C3to CO (I0C3to 10C0):
IOA3 to IOAO specify the function of TGRA.
IOC3 to 10CO0 specify the function of TGRC.

* TIOROH

Bit3 Bit2 Bitl BitO

Channel I0OA3 I0A2 IOA1 IOAO0 Description
0 0 0 0 0 TGROA  Output disabled (Initial value’
1 IS output - igig outputis O 0 output at compare match
compare ot
1 0 register P 1 output at compare match
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial outputis 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 0 0 0 TGROA  Capture input Input capture at rising edge
1 IS Input source is . Input capture at falling edge
capture  TIOCAO pin
1 * register Input capture at both edges
1 * * Capture input Input capture at TCNT1

source is channel count-up/count-down

1/ count clock

*: Don'’t care
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16-Bit Timer Pulse Unit (TPU)

+ TIOROL

Bit3 Bit2 Bitl Bit0

Channel I0C3 10C2 IOC1 IOCO Description

is output

0 0 0 0 0
1

1 0

1

1 0 0

1

1 0

1

TGROC  Output disabled

(Initial value’

Initial outputis 0 0 output at compare match
compare output
register™* 1 output at compare match
Toggle output at compare
match
Output disabled
Initial outputis 1 0 output at compare match
output

1 output at compare match

Toggle output at compare
match

1 0 0 0

TGROC  Capture input
isinput  source is
capture  TIOCCO pin
register**

Input capture at rising edge

Input capture at falling edge

Input capture at both edges

Capture input

Input capture at TCNT1

source is channel count-up/count-down

1/count clock

*: Don't care

Note: 1. When the BFA bitin TMDRO is set to 1 and TGROC is used as a buffer register, this
setting is invalid and input capture/output compare is not generated.
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+ TIOR1

Bit3 Bit2 Bitl Bit0

Channel I0OA3 I0A2 IOA1 IOAO Description
1 0 0 0 0 TGR1A  Output disabled (Initial value’
1 IS Output —ifiq outputis 0 0 output at compare match
compare output
1 0 register 1 output at compare match
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial outputis 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 0 0 0 TGR1A  Capture input Input capture at rising edge
IS Input  source is . Input capture at falling edge
capture  TIOCAL pin
1 register Input capture at both edges
1 * * Capture input Input capture at generation

source is TGROA
compare match/
input capture

of channel 0/TGROA
compare match/input
capture

*: Don't care
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 TIOR2
Bit3 Bit2 Bitl Bit0
Channel 10A3 I0A2 I0A1 IOAQ Description
2 0 0 0 0 TGR2A  Output disabled (Initial value’
1 IS output —ifiq outputis 0 0 output at compare match
compare output
1 0 register 1 output at compare match
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial outputis 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 * 0 0 TGR2A  Capture input Input capture at rising edge
IS Input  source is . Input capture at falling edge
capture  TIOCA2 pin
1 Input capture at both edges

register

*: Don'’t care
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* TIOR3H

Bit3 Bit2 Bitl Bit0

Channel 10A3 I0A2 I0A1 IOAQ Description

3 0 0 0 0 TGR3A  Output disabled (Initial value’
1 IS Output —ifiq outputis 0 0 output at compare match
— compare output
1 0 register 1 output at compare match
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial outputis 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 0 0 0 TGR3A  Capture input Input capture at rising edge
IS Input  source is . Input capture at falling edge
- capture TIOCAS pin
1 * register Input capture at both edges
1 * * Capture input Input capture at TCNT4

source is channel count-up/count-down
4/count clock

*: Don't care
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16-Bit Timer Pulse Unit (TPU)

+ TIOR3L

Bit3 Bit2 Bitl Bit0

Channel I0C3 10C2 IOC1 IOCO Description

is output

3 0 0 0 0
1

1 0

1

1 0 0

1

1 0

1

TGR3C  Output disabled

(Initial value’

Initial outputis 0 0 output at compare match
compare output
register*' 1 output at compare match
Toggle output at compare
match
Output disabled
Initial outputis 1 0 output at compare match
output

1 output at compare match

Toggle output at compare
match

1 0 0 0

TGR3C  Capture input
isinput  source is
capture  TIOCC3 pin
register**

Input capture at rising edge

Input capture at falling edge

Input capture at both edges

Capture input

Input capture at TCNT4

source is channel count-up/count-down

4/count clock

*: Don't care

Note: 1. When the BFA bitin TMDR3 is set to 1 and TGR3C is used as a buffer register, this
setting is invalid and input capture/output compare is not generated.
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« TIOR4

Bit3 Bit2 Bitl Bit0

Channel IOA3 I0A2 IOA1 IOAO Description
4 0 0 0 0 TGR4A  Output disabled (Initial value)
1 IS OUPUt |njtial output is O O output at compare match
compare  q,tnyt
1 0 register 1 output at compare match
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial outputis 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 0 0 0 TGR4A  Capture input Input capture at rising edge
1 IS input  source s Input capture at falling edge
1 " capture  TIOCA4 pin | both ed
register nput capture at both edges
1 * * Capture input Input capture at generation

source is TGR3A of TGR3A compare

compare match/
input capture

match/input capture

*: Don’t care
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* TIOR5
Bit3 Bit2 Bitl Bit0
Channel 10A3 I0A2 I0A1 IOAQ Description
5 0 0 0 0 TGR5A  Output disabled (Initial value)
1 IS output —ifiq outputis 0 0 output at compare match
compare output
1 0 register 1 output at compare match
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial outputis 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 * 0 0 TGR5A  Capture input Input capture at rising edge
IS Input  source is . Input capture at falling edge
capture  TIOCAS pin
1 Input capture at both edges

register

*: Don'’t care
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924 Timer Interrupt Enable Register (TIER)

Channel 0: TIERO
Channel 3: TIER3

Bit : 7 5 4 3 2 1 0
TTGE — TCIEV | TGIED | TGIEC | TGIEB | TGIEA

Initial value : 0 0 0 0 0 0 0

R/W : R/W — R/W R/W R/W R/W R/W

Channel 1: TIER1

Channel 2: TIER2

Channel 4: TIER4

Channel 5: TIERS

Bit : 7 5 4 3 2 1 0
TTGE TCIEU | TCIEV — — TGIEB | TGIEA

Initial value : 0 0 0 0 0 0 0

R/W : R/W R/W R/W — — R/W R/W

The TIER registers are 8-bit registers that control enabling or disabling of interrupt requests for
each channel. The TPU has six TIER registers, one for each channel. The TIER registers are
initialized to H'40 by areset, and in hardware standby mode.

Bit 7—A/D Conversion Start Request Enable (TTGE): Enables or disables generation of A/D

conversion start requests by TGRA input capture/compare match.

Bit 7

TTGE Description

0 A/D conversion start request generation disabled (Initial value)
1 A/D conversion start request generation enabled

Bit 6—Reserved: Read-only bit, always read as 1.
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Bit 5—Underflow Interrupt Enable (TCIEU): Enables or disables interrupt requests (TCIU) by
the TCFU flag when the TCFU flag in TSR isset to 1 in channels 1 and 2.

In channels 0 and 3, bit 5isreserved. It is always read as 0 and cannot be modified.

Bit 5

WDescription

0 Interrupt requests (TCIU) by TCFU disabled (Initial value)
1 Interrupt requests (TCIU) by TCFU enabled

Bit 4—Overflow Interrupt Enable (TCIEV): Enables or disablesinterrupt requests (TCIV) by
the TCFV flag when the TCFV flagin TSRisset to 1.

Bit 4

TCIEV Description

0 Interrupt requests (TCIV) by TCFV disabled (Initial value)
1 Interrupt requests (TCIV) by TCFV enabled

Bit 3—TGR Interrupt Enable D (TGIED): Enables or disables interrupt requests (TGID) by the
TGFD bit when the TGFD bit in TSR isset to 1 in channels 0 and 3.

Inchannels 1, 2, 4, and 5, bit 3isreserved. It isawaysread as 0 and cannot be modified.

Bit 3

TGIED Description

0 Interrupt requests (TGID) by TGFD bit disabled (Initial value)
1 Interrupt requests (TGID) by TGFD bit enabled

Bit 2—TGR Interrupt Enable C (TGIEC): Enables or disables interrupt requests (TGIC) by the
TGFC bit when the TGFC bit in TSR isset to 1 in channels 0 and 3.

In channels 1, 2, 4, and 5, bit 2 isreserved. It is always read as 0 and cannot be modified.

Bit 2

TGIEC Description

0 Interrupt requests (TGIC) by TGFC bit disabled (Initial value)
1 Interrupt requests (TGIC) by TGFC bit enabled
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Bit 1—TGR Interrupt Enable B (TGIEB): Enables or disablesinterrupt requests (TGIB) by the
TGFB bit when the TGFB bit in TSRis set to 1.

Bit 1

TGIEB Description

0 Interrupt requests (TGIB) by TGFB bit disabled (Initial value)
1 Interrupt requests (TGIB) by TGFB bit enabled

Bit 0—TGR Interrupt Enable A (TGIEA): Enables or disables interrupt requests (TGIA) by the
TGFA bit when the TGFA bitin TSR issetto 1.

Bit 0

TGIEA Description

0 Interrupt requests (TGIA) by TGFA bit disabled (Initial value)
1 Interrupt requests (TGIA) by TGFA bit enabled
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9.25 Timer Status Register (TSR)

Channel 0: TSRO
Channel 3: TSR3

Bit 7 6 5 4 3 2 1 0
— — — TCFV | TGFD | TGFC TGFB | TGFA

Initial value : 1 1 0 0 0 0 0 0

R/W — — — R/(W)*  R/(W)* R/(W)* R/(W)* R/(W)*

Note: * Can only be written with O for flag clearing.

Channel 1: TSR1

Channel 2: TSR2

Channel 4: TSR4

Channel 5: TSR5

Bit 7 6 5 4 3 2 1 0
TCFD — TCFU TCFV — — TGFB | TGFA

Initial value : 1 1 0 0 0 0 0 0

R/W R — R/I(W)*  RI(W)* — — R/(W)*  R/(W)*

Note: * Can only be written with O for flag clearing.

The TSR registers are 8-hit registers that indicate the status of each channel. The TPU hassix TSR
registers, one for each channel. The TSR registers areinitialized to H'CO by areset, and in
hardware standby mode.

Bit 7—Count Direction Flag (TCFD): Status flag that shows the direction in which TCNT
countsin channels 1, 2, 4, and 5.

In channels 0 and 3, bit 7 isreserved. It is alwaysread as 1 and cannot be modified.

Bit 7

TCFD Description

0 TCNT counts down

1 TCNT counts up (Initial value)

Bit 6—Reserved: Read-only bit, always read as 1.
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Bit 5—Underflow Flag (TCFU): Status flag that indicates that TCNT underflow has occurred
when channels 1, 2, 4, and 5 are set to phase counting mode.

In channels 0 and 3, bit 5isreserved. It is always read as 0 and cannot be modified.

Bit 5

TCFU Description

0 [Clearing condition] (Initial value)
When 0 is written to TCFU after reading TCFU = 1

1 [Setting condition]

When the TCNT value underflows (changes from H'0000 to H'FFFF)

Bit 4—Overflow Flag (TCFV): Statusflag that indicates that TCNT overflow has occurred.

Bit 4

TCFV Description

0 [Clearing condition] (Initial value)
When 0 is written to TCFV after reading TCFV =1

1 [Setting condition]

When the TCNT value overflows (changes from H'FFFF to H'0000 )

Bit 3—Input Capture/Output Compare Flag D (TGFD): Status flag that indicates the
occurrence of TGRD input capture or compare match in channels 0 and 3.

In channels 1, 2, 4, and 5, bit 3isreserved. It is awaysread as 0 and cannot be modified.

Bit 3

TGFD Description

0 [Clearing conditions] (Initial value)
< When DTC is activated by TGID interrupt while DISEL bit of MRB in DTC is 0
e When 0 is written to TGFD after reading TGFD = 1

1 [Setting conditions]

*  When TCNT = TGRD while TGRD is functioning as output compare register

«  When TCNT value is transferred to TGRD by input capture signal while TGRD is
functioning as input capture register
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Bit 2—Input Capture/Output Compare Flag C (TGFC): Status flag that indicates the
occurrence of TGRC input capture or compare match in channels 0 and 3.

Inchannels 1, 2, 4, and 5, bit 2 isreserved. It is always read as 0 and cannot be modified.

Bit 2

TGFC Description

0 [Clearing conditions] (Initial value)
e When DTC is activated by TGIC interrupt while DISEL bit of MRB in DTC is 0
¢ When 0 is written to TGFC after reading TGFC =1

1 [Setting conditions]

¢ When TCNT = TGRC while TGRC is functioning as output compare register

e When TCNT value is transferred to TGRC by input capture signal while TGRC is
functioning as input capture register

Bit 1—Input Capture/Output Compare Flag B (TGFB): Statusflag that indicates the
occurrence of TGRB input capture or compare match.

Bit 1

TGFB Description

0 [Clearing conditions] (Initial value)
e When DTC is activated by TGIB interrupt while DISEL bit of MRB in DTC is O
¢« When 0 is written to TGFB after reading TGFB = 1

1 [Setting conditions]

«  When TCNT = TGRB while TGRB is functioning as output compare register

e When TCNT value is transferred to TGRB by input capture signal while TGRB is
functioning as input capture register
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Bit 0—Input Capture/Output Compare Flag A (TGFA): Status flag that indicates the
occurrence of TGRA input capture or compare match.

Bit 0

TGFA Description

0 [Clearing conditions] (Initial value)
e When DTC is activated by TGIA interrupt while DISEL bit of MRB in DTC is O
¢ When 0 is written to TGFA after reading TGFA =1

1 [Setting conditions]

«  When TCNT = TGRA while TGRA is functioning as output compare register

« When TCNT value is transferred to TGRA by input capture signal while TGRA is
functioning as input capture register

9.2.6 Timer Counter (TCNT)

Channel 0: TCNTO (up-counter)
Channel 1: TCNT1 (up/down-counter*)
Channel 2: TCNT2 (up/down-counter*)
Channel 3: TCNT3 (up-counter)
Channel 4: TCNT4 (up/down-counter®)
Channel 5: TCNT5 (up/down-counter*)

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Initial value : o o o0 o o o o o o o o o o o o o
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 R/W

Note: * These counters can be used as up/down-counters only in phase counting mode or
when counting overflow/underflow on another channel. In other cases they function
as up-counters.

The TCNT registers are 16-bit counters. The TPU has six TCNT counters, one for each channel.
The TCNT counters areinitialized to H'0000 by areset, and in hardware standby mode.

The TCNT counters cannot be accessed in 8-bit units; they must always be accessed as a 16-bit
unit.
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9.2.7 Timer General Register (TGR)

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Initialvaluoe: 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
R/W . R/W R/W R/W R/W R/W R/WR/W R/W R/W R/W R/W R/W R/W R/WR/W R/W

The TGR registers are 16-hit registers with adual function as output compare and input capture
registers. The TPU has 16 TGR registers, four each for channels 0 and 3 and two each for channels
1, 2,4, and 5. TGRC and TGRD for channels 0 and 3 can also be designated for operation as
buffer registers®. The TGR registers are initiaized to H'FFFF by areset, and in hardware standby
mode.

The TGR registers cannot be accessed in 8-bit units; they must always be accessed as a 16-bit unit.

Note: * TGR buffer register combinations are TGRA-TGRC and TGRB-TGRD.
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9.28 Timer Start Register (TSTR)

Bit L7 6 5 4 3 2 1 0
| — | — | csts | csta | csts | cst2 | csmi | csto |

Initial value : 0 0 0 0 0 0 0 0

RIW S — RW RW RW RW RW RW

TSTR isan 8-hit readable/writable register that selects operation/stoppage for channels 0 to 5.
TSTRisinitialized to H'00 by areset, and in hardware standby mode.

Note: When setting the operating mode in TMDR or setting the count clock in TCR, first stop
the TCNT counter.

Bits 7 and 6—Reserved: Should always be written with 0.

Bits5to 0—Counter Start 5to 0 (CST5to CST0): These hits select operation or stoppage for
TCNT.

Bit n

CSTn Description

0 TCNTn count operation is stopped (Initial value)
1 TCNTn performs count operation

n=5t0
Note: If O is written to the CST bit during operation with the TIOC pin designated for output, the
counter stops but the TIOC pin output compare output level is retained. If TIOR is written to
when the CST bhit is cleared to 0, the pin output level will be changed to the set initial output
value.
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9.29 Timer Synchro Register (TSYR)

Bit L7 6 5 4 3 2 1 0

| — | — | svncs|synea|synes | synez | syner | syneo |
Initial value : 0 0 0 0 0 0 0 0
RIW S — RW RW RW RW RW RW

TSYR isan 8-hit readable/writable register that selects independent operation or synchronous
operation for the channel 0to 5 TCNT counters. A channel performs synchronous operation when
the corresponding bit in TSYR isset to 1.

TSYRisinitialized to H'00 by areset, and in hardware standby mode.
Bits 7 and 6—Reserved: Should always be written with 0.

Bits5to 0—Timer Synchro 5to 0 (SYNC5 to SYNCO): These hits select whether operation is
independent of or synchronized with other channels.

When synchronous operation is selected, synchronous presetting of multiple channels**, and
synchronous clearing through counter clearing on another channel™* are possible.

Bit n
SYNCn Description
0 TCNTn operates independently (TCNT presetting/clearing is unrelated to
other channels) (Initial value)
1 TCNTn performs synchronous operation

TCNT synchronous presetting/synchronous clearing is possible

n=5to00
Notes: 1. To set synchronous operation, the SYNC bits for at least two channels must be set to 1.

2. To set synchronous clearing, in addition to the SYNC bit, the TCNT clearing source
must also be set by means of bits CCLR2 to CCLRO in TCR.
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9.210 Module Stop Control Register (MSTPCR)

MSTPCRH MSTPCRL
Bit : 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Initial value : 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1
R/W :  R/W R/W R/W R/W R/W R/W R/W R/W RIW RIW RIW RIW R/IW R/W R/W R/W

MSTPCR is a 16-bit readable/writable register that performs module stop mode control.

When the MSTP13 bit in MSTPCR is set to 1, TPU operation stops at the end of the bus cycle and
atransition is made to module stop mode. Registers cannot be read or written to in module stop
mode. For details, see section 19.5, Module Stop Mode.

MSTPCR isinitialized to H'3FFF by areset and in hardware standby mode. It is not initialized in
software standby mode.

Bit 13—M odule Stop (M STP13): Specifies the TPU module stop mode.

Bit 13

MSTP13  Description

0 TPU module stop mode cleared

1 TPU module stop mode set (Initial value)
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9.3 Interfaceto Bus M aster

931 16-Bit Registers

TCNT and TGR are 16-bit registers. As the data bus to the bus master is 16 bits wide, these
registers can be read and written to in 16-bit units.

These registers cannot be read or written to in 8-bit units; 16-bit access must always be used.

An example of 16-bit register access operation is shown in figure 9.2,

Internal data bus

> Module
> data bus

Bus

master L 4 \}
>

VY

| TCNTH | TCNTL |

Bus interface

VAN

Figure9.2 16-Bit Register Access Operation [BusMaster « TCNT (16 Bits)]

932  8-Bit Registers

Registers other than TCNT and TGR are 8-bit. Asthe data bus to the CPU is 16 bits wide, these
registers can be read and written to in 16-bit units. They can also be read and written to in 8-bit
units.

Examples of 8-bit register access operation are shown in figures 9.3 to 9.5.
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Internal data bus
H

master : L [ Bus interface

> Module

78
>

VAN

TCR

Figure9.3 8-Bit Register Access Operation [BusMaster « TCR (Upper 8 Bits)]

Internal data bus

H

master L Bus interface

—

> Module
> data bus

VANDAN

TMDR

Figure9.4 8-Bit Register Access Operation [BusMaster - TMDR (Lower 8 Bits)]

Internal data bus

> Module
> data bus

Bus

master Bus interface

Il

VANZAN

T3

TMDR |

Figure9.5 8-Bit Register Access Operation [BusMaster « TCR and TMDR (16 Bits)]
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9.4 Operation

94.1 Overview
Operation in each mode is outlined below.

Normal Operation: Each channel hasa TCNT and TGR register. TCNT performs up-counting,
and is also capable of free-running operation, synchronous counting, and external event counting.

Each TGR can be used as an input capture register or output compare register.

Synchronous Oper ation: When synchronous operation is designated for a channel, TCNT for
that channel performs synchronous presetting. That is, when TCNT for a channel designated for
synchronous operation is rewritten, the TCNT counters for the other channels are also rewritten at
the same time. Synchronous clearing of the TCNT counters is also possible by setting the timer
synchronization bitsin TSYR for channels designated for synchronous operation.

Buffer Operation

* When TGR is an output compare register

When a compare match occurs, the value in the buffer register for the relevant channel is
transferred to TGR.

*  When TGRisan input capture register

When input capture occurs, the value in TCNT istransfer to TGR and the value previoudly
held in TGR istransferred to the buffer register.

Cascaded Operation: The channel 1 counter (TCNT1), channel 2 counter (TCNTZ2), channel 4
counter (TCNT4), and channel 5 counter (TCNT5) can be connected together to operate as a 32-
bit counter.

PWM Mode: In thismode, a PWM waveform is output. The output level can be set by means of
TIOR. A PWM waveform with a duty of between 0% and 100% can be output, according to the
setting of each TGR register.

Phase Counting Mode: In this mode, TCNT isincremented or decremented by detecting the
phases of two clocks input from the external clock input pinsin channels 1, 2, 4, and 5. When
phase counting mode is set, the corresponding TCLK pin functions as the clock pin, and TCNT
performs up- or down-counting.

This can be used for two-phase encoder pulse input.
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94.2 Basic Functions

Counter Operation: When one of bits CSTOto CST5issetto 1in TSTR, the TCNT counter for
the corresponding channel starts counting. TCNT can operate as a free-running counter, periodic
counter, and so on.

« Example of count operation setting procedure
Figure 9.6 shows an example of the count operation setting procedure.

C Operation selection ) [1] Select the counter
clock with bits

TPSC2 to TPSCO in
TCR. At the same
Select counter clock [1] time, select the
input clock edge
with bits CKEG1
and CKEGO in TCR.

Periodi F . [2] For periodic counter
eriodic counter ree-running counter operation, select the

TGR to be used as
the TCNT clearing

—

Select counter clearing source | [2] source with bits .
CCLR2 to CCLRO in
TCR.
[3] Designate the TGR
Select output compare register | [3] selected in [2] as an

output compare
register by means of
TIOR.

Set the periodic
counter cycle in the
TGR selected in [2].
Start count operation [5] Start count operation [5] [5] Setthe CST bitin
TSTR to 1 to start

<Periodic counter> <Free-running counter> the counter
Operatlon.

Set period [4] [4

[l

Figure9.6 Exampleof Counter Operation Setting Procedure
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Free-running count operation and periodic count operation

Immediately after areset, the TPU’s TCNT counters are al designated as free-running
counters. When the relevant bit in TSTR is set to 1 the corresponding TCNT counter starts up-
count operation as afree-running counter. When TCNT overflows (from H'FFFF to H'0000),
the TCFV hitin TSR is set to 1. If the value of the corresponding TCIEV bitin TIER is1 at
this point, the TPU requests an interrupt. After overflow, TCNT starts counting up again from
H'0000.

Figure 9.7 illustrates free-running counter operation.

TCNT value

H'0000 ; } t Time

CST bit 5 5

TCFV

Figure9.7 Free-Running Counter Operation

When compare match is selected asthe TCNT clearing source, the TCNT counter for the
relevant channel performs periodic count operation. The TGR register for setting the period is
designated as an output compare register, and counter clearing by compare match is selected
by means of bits CCLR2 to CCLRO in TCR. After the settings have been made, TCNT starts
up-count operation as periodic counter when the corresponding bit in TSTR is set to 1. When
the count value matchesthe value in TGR, the TGF bit in TSR isset to 1 and TCNT is cleared
to H'0000.

If the value of the corresponding TGIE bitin TIER is 1 at this point, the TPU requests an
interrupt. After acompare match, TCNT starts counting up again from H'0000.
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Figure 9.8 illustrates periodic counter operation.

TCNT value Counter cleared by TGR

TGR  foecmmmmm e s comparematch

H'0000 ’ } 1 Time
CST bit 5 '

Flag cleared by software or

! 4+~ DTC activation
TGF

Figure 9.8 Periodic Counter Operation

Waveform Output by Compare Match: The TPU can perform 0, 1, or toggle output from the
corresponding output pin using compare match.

» Example of setting procedure for waveform output by compare match
Figure 9.9 shows an example of the setting procedure for waveform output by compare match

) [1] Select initial value O output or 1 output, and
Output selection
compare match output value 0 output, 1 output,

or toggle output, by means of TIOR. The set
initial value is output at the TIOC pin until the
first compare match occurs.

Select waveform output mode | [1]

[2] Set the timing for compare match generation in

TGR.
Set output timing 2] [3] Set thg CST bitin TSTR to 1 to start the count
operation.
Start count operation [3]

i

<Waveform output>

Figure9.9 Example Of Setting Procedur e for Waveform Output By Compare Match
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¢ Examples of waveform output operation
Figure 9.10 shows an example of 0 output/1 output.

In thisexample TCNT has been designated as a free-running counter, and settings have been
made so that 1 is output by compare match A, and 0 is output by compare match B. When the
set level and the pin level coincide, the pin level does not change.

TCNT value

Time

-~ No change

i . i ~ 1 output
TIOCA ' ! ! P

TIOCB f'\ No change /'\ No change 0 output
e o

-~ No change
&

Figure9.10 Example of 0 Output/1 Output Operation
Figure 9.11 shows an example of toggle output.

In thisexample TCNT has been designated as a periodic counter (with counter clearing
performed by compare match B), and settings have been made so that output istoggled by both
compare match A and compare match B.

TCNT value

Time

' ' : : Toggl
TocB —— | ! ' : oggle output

TIOCA Toggle output

Figure9.11 Example of Toggle Output Operation
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Input Capture Function: The TCNT value can be transferred to TGR on detection of the TIOC
pin input edge.

Rising edge, falling edge, or both edges can be selected as the detected edge. For channels 0, 1, 3,
and 4, it is also possible to specify another channel’s counter input clock or compare match signal
as the input capture source.

Note: When another channel’s counter input clock is used as the input capture input for channels
0 and 3, ¢/1 should not be selected as the counter input clock used for input capture input.
Input capture will not be generated if @/1 is selected.

» Example of input capture operation setting procedure
Figure 9.12 shows an example of the input capture operation setting procedure.

< Inout selection > [1] Designate TGR as an input capture register by
P means of TIOR, and select rising edge, falling

edge, or both edges as the input capture source
and input signal edge.

Select input capture input (1 [2] Setthe CST bitin TSTR to 1 to start the count
operation.

Start count [2]

i

<Input capture operation>

Figure9.12 Example of Input Capture Operation Setting Procedure

Rev. 4.00 Feb 15, 2006 page 328 of 900
REJ09B0291-0400

RENESAS




Section 9 16-Bit Timer Pulse Unit (TPU)

Example of input capture operation
Figure 9.13 shows an example of input capture operation.

In this example both rising and falling edges have been selected as the TIOCA pin input
capture input edge, falling edge has been selected as the TIOCB pin input capture input edge,
and counter clearing by TGRB input capture has been designated for TCNT.

Counter cleared by TIOCB
TCNT value ,/ input (falling edge)
00 i

1] > <t N

H'0010 |- --ccm e oD SN SRR PN NP 4 S

H'0005 |- - - - - ¥ e S I R R \\ ____________
: \ . . : Time

H'0000

|

TIOCA \,

TGRA >< H'0005 ' X H'0160 : E H'0010

TGRB >< X_Ho180

Figure9.13 Example of Input Capture Operation
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9.4.3 Synchronous Oper ation

In synchronous operation, the valuesin anumber of TCNT counters can be rewritten
simultaneously (synchronous presetting). Also, a number of TCNT counters can be cleared
simultaneously by making the appropriate setting in TCR (synchronous clearing).

Synchronous operation enables TGR to be incremented with respect to a single time base.
Channels 0 to 5 can al be designated for synchronous operation.

Example of Synchronous Operation Setting Procedur e: Figure 9.14 shows an example of the
synchronous operation setting procedure.

Synchronous operation)
selection
Set synchronous 1]
operation
(Synchronous presettin@ (Synchronous cIearing)
Set TCNT [2] Clearing No
sourcegeneration
channel?
Yes
Select counter [3] Set synchronous [4]
clearing source counter clearing
\ \
| Start count | [5] | Start count | [5]
<Synchronous presetting> <Counter clearing> <Synchronous clearing>

[1] Setto 1 the SYNC bits in TSYR corresponding to the channels to be designated for synchronous
operation.

[2] When the TCNT counter of any of the channels designated for synchronous operation is
written to, the same value is simultaneously written to the other TCNT counters.

[3] Use bits CCLR2 to CCLRO in TCR to specify TCNT clearing by input capture/output compare,
etc.

[4] Use bits CCLR2 to CCLRO in TCR to designate synchronous clearing for the counter clearing
source.

[5] Setto 1the CST bits in TSTR for the relevant channels, to start the count operation.

Figure9.14 Example of Synchronous Operation Setting Procedure
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Example of Synchronous Operation: Figure 9.15 shows an example of synchronous operation.

In this example, synchronous operation and PWM mode 1 have been designated for channels 0 to
2, TGROB compare match has been set as the channel 0 counter clearing source, and synchronous
clearing has been set for the channel 1 and 2 counter clearing source.

Three-phase PWM waveforms are output from pins TIOCOA, TIOC1A, and TIOC2A. At this
time, synchronous presetting, and synchronous clearing by TGROB compare match, is performed

for channel 0to 2 TCNT counters, and the data set in TGROB is used as the PWM cycle.

For details of PWM modes, see section 9.4.6, PWM Modes.

TCNTO to TCNT2 values

TGROB
TGR1B
TGROA
TGR2B
TGR1A
TGR2A
H'0000

TIOCOA

TIOC1A

TIOC2A

Synchronous clearing by TGROB compare match

—

Figure9.15 Example of Synchronous Operation
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9.4.4 Buffer Operation

Buffer operation, provided for channels 0 and 3, enables TGRC and TGRD to be used as buffer
registers.

Buffer operation differs depending on whether TGR has been designated as an input capture
register or as a compare match register.

Table 9.5 shows the register combinations used in buffer operation.

Table9.5 Register Combinationsin Buffer Operation

Channel Timer General Register Buffer Register
0 TGROA TGROC

TGROB TGROD
3 TGR3A TGR3C

TGR3B TGR3D

* When TGR is an output compare register

When a compare match occurs, the value in the buffer register for the corresponding channel is
transferred to the timer general register.

Thisoperation isillustrated in figure 9.16.

Compare match signal

Timer general [\

Buffer register (
° register | | Comparator

TCNT

[

Figure9.16 Compare Match Buffer Operation
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¢ When TGRisan input capture register

When input capture occurs, the value in TCNT is transferred to TGR and the value previously
held in the timer general register istransferred to the buffer register.

Thisoperation isillustrated in figure 9.17.

Input capture
signal

Buffer register Timer general TCNT
register

Figure9.17 Input Capture Buffer Operation

Example of Buffer Operation Setting Procedure: Figure 9.18 shows an example of the buffer
operation setting procedure.

( Buff i > [1] Designate TGR as an input capture register or
Htter operation output compare register by means of TIOR.
‘ [2] Designate TGR for buffer operation with bits
Select TGR function [1] BFA and BFB in TMDR.
‘ [3] Setthe CST bitin TSTR to 1 to start the count
Set buffer operation [2] operation.
Start count [3]

'

<Buffer operation>

Figure9.18 Example of Buffer Operation Setting Procedure
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Examples of Buffer Operation

¢ When TGR is an output compare register
Figure 9.19 shows an operation example in which PWM mode 1 has been designated for
channel 0, and buffer operation has been designated for TGRA and TGRC. The settings used
in this example are TCNT clearing by compare match B, 1 output at compare match A, and 0
output at compare match B.
As buffer operation has been set, when compare match A occurs the output changes and the
valuein buffer register TGRC is simultaneously transferred to timer general register TGRA.
This operation is repeated each time compare match A occurs.
For details of PWM modes, see section 9.4.6, PWM Modes.

TCNT value
TOROB |- - oo oo oo o T T A 0520
TGROA|.. . i | | o
H'0000 : : . . T T T T Time

TGROC H'OZOOE E H'0450 E H'0520

Transfer!

TGROA 0200 | X Hoaso Xt

TS T
T EEh Lk
P

Figure9.19 Example of Buffer Operation (1)
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When TGR is an input capture register

Figure 9.20 shows an operation example in which TGRA has been designated as an input
capture register, and buffer operation has been designated for TGRA and TGRC.

Counter clearing by TGRA input capture has been set for TCNT, and both rising and falling
edges have been selected as the TIOCA pin input capture input edge.

As buffer operation has been set, when the TCNT value is stored in TGRA upon occurrence of
input capture A, the value previoudly stored in TGRA is simultaneously transferred to TGRC.

TCNT value

HIOFO7 - - - m o e e e e e e e e e e e e e e e e e

HUOOFB |-« <= oo mmeme el

HO532 oo ool

H'0000 Time

TIOCA |

TGRA ! H'0532 X H'OFO7 X H'09FB

TGRC ! >< H'0532 >< H'0F07

Figure9.20 Example of Buffer Operation (2)
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945 Cascaded Operation

In cascaded operation, two 16-bit counters for different channels are used together as a 32-bit
counter.

This function works by counting the channel 1 (channel 4) counter clock upon overflow/underflow
of TCNT2 (TCNT5) as set in bits TPSC2 to TPSCO in TCR.

Underflow occurs only when the lower 16-bit TCNT isin phase-counting mode.
Table 9.6 shows the register combinations used in cascaded operation.

Note: When phase counting mode is set for channel 1 or 4, the counter clock setting isinvalid
and the counter operates independently in phase counting mode.

Table9.6 Cascaded Combinations

Combination Upper 16 Bits Lower 16 Bits
Channels 1 and 2 TCNT1 TCNT2
Channels 4 and 5 TCNT4 TCNT5

Example of Cascaded Operation Setting Procedure: Figure 9.21 shows an example of the
setting procedure for cascaded operation.

( Cascaded operation ) [1] Set bits TPSC2 to TPSCO in the channel 1
P (channel 4) TCR to B'111 to select TCNT2
‘ (TCNT5) overflow/underflow counting.

Set cascading [1] [2] Setthe CST bitin TSTR for the upper and lower
‘ channel to 1 to start the count operation.

Start count [2]

!

<Cascaded operation>

Figure9.21 Cascaded Operation Setting Procedure
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Examples of Cascaded Operation: Figure 9.22 illustrates the operation when counting upon
TCNT2 overflow/underflow has been set for TCNT1, TGR1A and TGR2A have been designated
asinput capture registers, and TIOC pin rising edge has been selected.

When arising edge isinput to the TIOCA1 and TIOCAZ2 pins simultaneously, the upper 16 bits of
the 32-bit data are transferred to TGR1A, and the lower 16 bitsto TGR2A.

TCNT1 ,_l
clock

TCNT1 H'03A1 X H'03A2

TCNT2 ,_l ,_l
clock

TCNT2  HFFFE X H'0000 X H'0001

TIOCAL,
TIOCA2 | I—

TGRI1A X H'03A2

TGR2A X H'0000

Figure9.22 Example of Cascaded Operation (1)

Figure 9.23 illustrates the operation when counting upon TCNT2 overflow/underflow has been set
for TCNT1, and phase counting mode has been designated for channel 2.

TCNT1 isincremented by TCNT2 overflow and decremented by TCNT2 underflow.

TCLKA _,—\—, I—,_
TCLKB m

TCNT2 XerEDX FFFE XFFFFX 0000 X 0001 X 0002 X 0001 X 0000 X FFFF X

TCNT1 0000 X 0001 X 0000

Figure9.23 Example of Cascaded Operation (2)
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9.4.6 PWM Modes

In PWM mode, PWM waveforms are output from the output pins. 0, 1, or toggle output can be
selected as the output level in response to compare match of each TGR.

Designating TGR compare match as the counter clearing source enables the period to be set in that
register. All channels can be designated for PWM mode independently. Synchronous operation is
also possible.

There are two PWM modes, as described below.

PWM mode 1

PWM output is generated from the TIOCA and TIOCC pins by pairing TGRA with TGRB and
TGRC with TGRD. The output specified by bits IOA3 to IOA0 and IOC3to IOCOin TIOR is
output from the TIOCA and TIOCC pins at compare matches A and C, and the output
specified by bits IOB3 to IOB0 and IOD3 to IODO0 in TIOR is output at compare matches B
and D. Theinitial output valueisthe value set in TGRA or TGRC. If the set values of paired
TGRs are identical, the output value does not change when a compare match occurs.

In PWM mode 1, a maximum 8-phase PWM output is possible.

PWM mode 2

PWM output is generated using one TGR as the cycle register and the others as duty registers.
The output specified in TIOR is performed by means of compare matches. Upon counter
clearing by a synchronization register compare match, the output value of each pinistheinitial
value set in TIOR. If the set values of the cycle and duty registers are identical, the output
value does not change when a compare match occurs.

In PWM mode 2, a maximum 15-phase PWM output is possible by combined use with
synchronous operation.

The correspondence between PWM output pins and registersis shown in table 9.7.
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Table9.7 PWM Output Registersand Output Pins

Output Pins
Channel Registers PWM Mode 1 PWM Mode 2
0 TGROA TIOCAO TIOCAO
TGROB TIOCBO
TGROC TIOCCO TIOCCO
TGROD TIOCDO
1 TGR1A TIOCAl TIOCAL
TGR1B TIOCB1
2 TGR2A TIOCA2 TIOCA2
TGR2B TIOCB2
3 TGR3A TIOCA3 TIOCA3
TGR3B TIOCB3
TGR3C TIOCC3 TIOCC3
TGR3D TIOCD3
4 TGR4A TIOCA4 TIOCA4
TGR4B TIOCB4
5 TGR5A TIOCAS TIOCAS
TGR5B TIOCB5

Note: In PWM mode 2, PWM output is not possible for the TGR register in which the period is set.
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Example of PWM M ode Setting Procedure: Figure 9.24 shows an example of the PWM mode
setting procedure.

C PWM mode > [1] Select the counter clock with bits TPSC2 to
TPSCO in TCR. At the same time, select the

‘ input clock edge with bits CKEG1 and CKEGO in

TCR.

Select counter clock [1]

‘ [2] Use bits CCLR2 to CCLRO in TCR to select the
TGR to be used as the TCNT clearing source.

Select counter clearing source | [2]
‘ [3] Use TIOR to designate the TGR as an output

compare register, and select the initial value and
Select waveform output level | [3] output value.

‘ [4] Setthe cycle in the TGR selected in [2], and set
the duty in the other the TGR.

Set TGR [4]
‘ [5] Select the PWM mode with bits MD3 to MDO in
TMDR.
Set PWM mode [5] .
[6] Setthe CST bitin TSTR to 1 to start the count
‘ operation.
Start count [6]
<PWM mode>

Figure9.24 Example of PWM Mode Setting Procedure
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Examples of PWM Mode Operation: Figure 9.25 shows an example of PWM mode 1 operation.

In this example, TGRA compare match is set asthe TCNT clearing source, 0 is set for the TGRA
initial output value and output value, and 1 is set as the TGRB output value.

In this case, the value set in TGRA is used as the period, and the values set in TGRB registers as
the duty.

TCNT value
Counter cleared by

/ TGRA compare match
TGORA |emmcmmom e A .

TGRB |- et Tl
H'0000

TIOCA J I—, I—, |

Figure9.25 Example of PWM Mode Operation (1)
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Figure 9.26 shows an example of PWM mode 2 operation.

In this example, synchronous operation is designated for channels 0 and 1, TGR1B compare match
isset asthe TCNT clearing source, and 0 is set for the initial output value and 1 for the output
value of the other TGR registers (TGROA to TGROD, TGR1A), to output a 5-phase PWM
waveform.

In this case, the value set in TGR1B is used as the cycle, and the values set in the other TGRs as
the duty.

Counter cleared by TGR1B
TCNT value / compare match

T~ 1
TGRLA Femmomoooeeee e R EE e T R
TGROD oo < (R R i I

TGROC | --vmmmmemmmee et ; . ;

TGROB |--cceeee T R BoEE £ R S
TGROA [---_ =7 . LIt EER : :

H'0000 : : : : s - : ; : s - : ;

........................................................

.........................

TIOCAO — |

TiocBo | oo oo ;

mocco— |+ | P

TIOCDO ; ;

TIOCAL _\ _i

Figure9.26 Example of PWM Mode Operation (2)

Rev. 4.00 Feb 15, 2006 page 342 of 900
REJ09B0291-0400

RENESAS




Section 9 16-Bit Timer Pulse Unit (TPU)

Figure 9.27 shows examples of PWM waveform output with 0% duty and 100% duty in PWM
mode.

TCNT value TGRB rewritten
TGRA [-----mmoon e
O ...............
TGRB TGRB rewritten
[

H'0000 : |
TIOCA | 0% duty

Output does not change when cycle register and duty register
compare matches occur simultaneously

TCNT value
TGRB rewritten
TGRA

TGRB | TGRB rewritten

H'0000 5 | B |+ Time
: 100% duty I_I
TIOCA H
Output does not change when cycle register and duty
register compare matches occur simultaneously
TCNT value
TGRB rewritten O ........................................................................................ .
TGRA |--ccccmeaan- 4 RPN S
TGRB rewritten
TGRB | O
TGRB rewritten
H'0000 Time

100% duty | 0% duty

TIOCA _/

Figure9.27 Example of PWM Mode Operation (3)
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94.7 Phase Counting M ode

In phase counting mode, the phase difference between two external clock inputsis detected and
TCNT isincremented/decremented accordingly. This mode can be set for channels 1, 2, 4, and 5.

When phase counting mode is set, an external clock is selected as the counter input clock and
TCNT operates as an up/down-counter regardless of the setting of bits TPSC2 to TPSCO and bits
CKEG1 and CKEGO in TCR. However, the functions of bits CCLR1 and CCLRO in TCR, and of
TIOR, TIER, and TGR are valid, and input capture/compare match and interrupt functions can be
used.

When overflow occurs while TCNT is counting up, the TCFV flag in TSR is set; when underflow
occurswhile TCNT is counting down, the TCFU flag is set.

The TCFD hit in TSR isthe count direction flag. Reading the TCFD flag provides an indication of
whether TCNT is counting up or down.

Table 9.8 shows the correspondence between external clock pins and channels.

Table9.8 Phase Counting Mode Clock Input Pins

External Clock Pins

Channels A-Phase B-Phase
When channel 1 or 5 is set to phase counting mode TCLKA TCLKB
When channel 2 or 4 is set to phase counting mode TCLKC TCLKD

Example of Phase Counting Mode Setting Procedure: Figure 9.28 shows an example of the
phase counting mode setting procedure.

] [1] Select phase counting mode with bits MD3 to
Phase counting mode MDO in TMDR.
‘ [2] Setthe CST bitin TSTR to 1 to start the count
Select phase counting mode | [1] operation.
Start count [2]

'

<Phase counting mode>

Figure9.28 Example of Phase Counting Mode Setting Procedure
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Examples of Phase Counting M ode Operation: In phase counting mode, TCNT counts up or
down according to the phase difference between two external clocks. There are four modes,
according to the count conditions.

¢ Phase counting mode 1

Figure 9.29 shows an example of phase counting mode 1 operation, and table 9.9 summarizes
the TCNT up/down-count conditions.

TCLKA (channels 1 and 5) | | | | | | | | |
TCLKC (channels 2 and 4) | i i ; f

TCLKB (channels 1 and 5) | | | | | | | | | |
TCLKD (channels 2 and 4) ‘ | — ——

TCNT value

1Up-pant fDovyn-courﬁt

Time

Figure9.29 Example of Phase Counting Mode 1 Operation

Table9.9 Up/Down-Count Conditionsin Phase Counting Mode 1

TCLKA (Channels 1 and 5) TCLKB (Channels 1 and 5)

TCLKC (Channels 2 and 4) TCLKD (Channels 2 and 4) Operation
High level 4 Up-count
Low level R

ES Low level

R High level

High level R Down-count
Low level £

K3 High level

2 Low level

Legend:

_{ : Rising edge

Y : Falling edge
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¢ Phase counting mode 2

Figure 9.30 shows an example of phase counting mode 2 operation, and table 9.10 summarizes
the TCNT up/down-count conditions.

TCLKA (Channels 1 and 5)
TCLKC (Channels 2 and 4) | | | | | I_, l_, |_

TCLKB (Channels 1 and 5) |

TCLKD (Channels 2 and 4) !

TCNT value
Figure9.30 Example of Phase Counting Mode 2 Operation

Time

Table9.10 Up/Down-Count Conditionsin Phase Counting Mode 2

TCLKA (Channels 1 and 5) TCLKB (Channels 1 and 5)

TCLKC (Channels 2 and 4) TCLKD (Channels 2 and 4) Operation
High level 4 Don’t care
Low level R

£ Low level

R High level Up-count
High level RS Don’t care
Low level ES

£ High level

R Low level Down-count
Legend:

_{ : Rising edge

Y : Falling edge
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¢ Phase counting mode 3

Figure 9.31 shows an example of phase counting mode 3 operation, and table 9.11 summarizes
the TCNT up/down-count conditions.

TCLKA (channels 1 and 5) ,_l
TCLKC (channels 2 and 4) J I—, ‘ ;
TCLKB (channels 1 and 5) ;

TCLKD (channels 2 and 4) | | ‘ | | | | |_

TCNT value ! : ! !
1 | Down-count

Time

Figure9.31 Example of Phase Counting Mode 3 Operation

Table9.11 Up/Down-Count Conditionsin Phase Counting Mode 3

TCLKA (Channels 1 and 5) TCLKB (Channels 1 and 5)

TCLKC (Channels 2 and 4) TCLKD (Channels 2 and 4) Operation
High level K3 Don't care
Low level 2

ES Low level

RS High level Up-count
High level R Down-count
Low level ES Don't care
£ High level

R Low level

Legend:

_f : Rising edge

t_: Falling edge
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¢ Phase counting mode 4

Figure 9.32 shows an example of phase counting mode 4 operation, and table 9.12 summarizes
the TCNT up/down-count conditions.

TCLKA (channels 1 and 5) J
TCLKC (channels 2 and 4)

TCLKD (channels 2 and 4)
TCNT value

; [

TCLKB (channels 1 and 5) | | |

Up-count

Time

Figure9.32 Example of Phase Counting Mode 4 Operation

Table9.12 Up/Down-Count Conditionsin Phase Counting Mode 4

TCLKA (Channels 1 and 5) TCLKB (Channels 1 and 5)

TCLKC (Channels 2 and 4) TCLKD (Channels 2 and 4) Operation
High level 4 Up-count
Low level R

ES Low level Don'’t care
R High level

High level R Down-count
Low level ES

ES High level Don’t care
2 Low level

Legend:

_{ :Rising edge

1 : Falling edge
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Phase Counting M ode Application Example: Figure 9.33 shows an example in which phase
counting mode is designated for channel 1, and channel 1 is coupled with channel 0 to input servo
motor 2-phase encoder pulsesin order to detect the position or speed.

Channel 1 is set to phase counting mode 1, and the encoder pulse A-phase and B-phase are input
to TCLKA and TCLKB.

Channel 0 operates with TCNT counter clearing by TGROC compare match; TGROA and TGROC
are used for the compare match function, and are set with the speed control period and position
control period. TGROB is used for input capture, with TGROB and TGROD operating in buffer
mode. The channel 1 counter input clock is designated as the TGROB input capture source, and
detection of the pulse width of 2-phase encoder 4-multiplication pulsesis performed.

TGR1A and TGR1B for channel 1 are designated for input capture, channel 0 TGROA and
TGROC compare matches are selected as the input capture source, and store the up/down-counter
values for the control periods.

This procedure enables accurate position/speed detection to be achieved.
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Channel 1
TCLKA Edge
detection| TCNT1
TCLKB circuit

TGR1A
(speed period capture)

TGR1B = i]V -
(position period capture) [\ E—

L TCNTO

a
5

TGROA (speed control period)

y
o

TGROC +
(position control period) ;l>

vy
TGROB (pulse width capture) <<]>

~l>> TGROD (buffer operation)

Channel 0

Figure9.33 Phase Counting M ode Application Example
9.5 Interrupts

951 Interrupt Sourcesand Priorities

There are three kinds of TPU interrupt source: TGR input capture/compare match, TCNT
overflow, and TCNT underflow. Each interrupt source has its own status flag and enable/disabled
bit, allowing generation of interrupt request signals to be enabled or disabled individually.

When an interrupt request is generated, the corresponding status flag in TSR is set to 1. If the
corresponding enable/disable bit in TIER is set to 1 at thistime, an interrupt is requested. The
interrupt request is cleared by clearing the status flag to 0.

Relative channel priorities can be changed by the interrupt controller, but the priority order within
achannel isfixed. For details, see section 5, Interrupt Controller.
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Table 9.13 liststhe TPU interrupt sources.

Table9.13 TPU Interrupts

Interrupt DTC
Channel  Source Description Activation Priority
0 TGIOA TGROA input capture/compare match Possible High
TGIOB TGROB input capture/compare match Possible 4
TGIOC TGROC input capture/compare match Possible
TGIOD TGROD input capture/compare match Possible
TCIOV TCNTO overflow Not possible
1 TGI1A TGR1A input capture/compare match Possible
TGI1B TGRI1B input capture/compare match Possible
TCIl1V TCNT1 overflow Not possible
TCI1lU TCNT1 underflow Not possible
2 TGI2A TGR2A input capture/compare match Possible
TGI2B TGR2B input capture/compare match Possible
TCI2V TCNT2 overflow Not possible
TCl2U TCNT2 underflow Not possible
3 TGI3A TGR3A input capture/compare match Possible
TGI3B TGRS3B input capture/compare match Possible
TGI3C TGR3C input capture/compare match Possible
TGI3D TGR3D input capture/compare match Possible
TCI3V TCNT3 overflow Not possible
4 TGI4A TGRA4A input capture/compare match Possible
TGl4B TGRA4B input capture/compare match Possible
TClaVv TCNT4 overflow Not possible
TCl4U TCNT4 underflow Not possible
5 TGI5A TGR5A input capture/compare match Possible
TGI5B TGRS5B input capture/compare match Possible
TCI5V TCNTS5 overflow Not possible
TCI5U TCNT5 underflow Not possible Low

Note: This table shows the initial state immediately after a reset. The relative channel priorities
can be changed by the interrupt controller.
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Input Capture/Compare Match Interrupt: Aninterrupt is requested if the TGIE bit in TIER is
set to 1 when the TGF flag in TSR is set to 1 by the occurrence of a TGR input capture/compare
match on a particular channel. The interrupt request is cleared by clearing the TGF flag to 0. The
TPU has 16 input capture/compare match interrupts, four each for channels 0 and 3, and two each
for channels 1, 2, 4, and 5.

Overflow Interrupt: Aninterrupt is requested if the TCIEV bit in TIER is set to 1 when the
TCFV flagin TSR isset to 1 by the occurrence of TCNT overflow on a channel. The interrupt
request is cleared by clearing the TCFV flag to 0. The TPU has six overflow interrupts, one for
each channel.

Underflow Interrupt: Aninterrupt is requested if the TCIEU bit in TIER is set to 1 when the
TCFU flagin TSR is set to 1 by the occurrence of TCNT underflow on a channel. The interrupt
request is cleared by clearing the TCFU flag to 0. The TPU has four overflow interrupts, one each
for channels 1, 2, 4, and 5.

95.2 DTC Activation

DTC Activation: The DTC can be activated by the TGR input capture/compare match interrupt
for achannel. For details, see section 7, Data Transfer Controller.

A total of 16 TPU input capture/compare match interrupts can be used as DTC activation sources,
four each for channels 0 and 3, and two each for channels 1, 2, 4, and 5.

9.5.3 A/D Converter Activation
The A/D converter can be activated by the TGRA input capture/compare match for a channel.

If the TTGE bit in TIER is set to 1 when the TGFA flag in TSR is set to 1 by the occurrence of a
TGRA input capture/compare match on a particular channel, arequest to start A/D conversionis
sent to the A/D converter. If the TPU conversion start trigger has been selected on the A/D
converter side at thistime, A/D conversion is started.

Inthe TPU, atotal of six TGRA input capture/compare match interrupts can be used as A/D
converter conversion start sources, one for each channel.
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9.6 Operation Timing

9.6.1 I nput/Output Timing

TCNT Count Timing: Figure 9.34 shows TCNT count timing in internal clock operation, and
figure 9.35 shows TCNT count timing in external clock operation.

UL

Internal clock Falling edge Rising edge

N\ \

input clock —M —_—

TCNT N-1 >< N >< N+1 >< N+2

Figure9.34 Count Timingin Internal Clock Operation

» J Uy

External CIOCk—(b Falling edge (b Rising edge (1) Falling edge
TCNT

input clock — —_—

TCNT N-1 >< N >< N+1 >< N+2

Figure9.35 Count Timingin External Clock Operation

Output Compare Output Timing: A compare match signal is generated in the final statein
which TCNT and TGR match (the point at which the count value matched by TCNT is updated).
When a compare match signal is generated, the output value set in TIOR is output at the output
compare output pin. After amatch between TCNT and TGR, the compare match signal is not
generated until the TCNT input clock is generated.
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Figure 9.36 shows output compare output timing.

o e

TCNT
input clock

TCNT N >< N+1

TGR

Compare

match signal

TIOC pin ><

Figure9.36 Output Compare Output Timing

Input Capture Signal Timing: Figure 9.37 shows input capture signal timing.

A o o o B o A

Input capture
input

ISrll grl:; Icapture —\ —\—
TCNT >< N >< N+1 >< N+2 >< X:
. .

TGR >< N >< N+2

Figure9.37 Input CaptureInput Signal Timing
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Timing for Counter Clearing by Compare Match/I nput Capture; Figure 9.38 showsthe
timing when counter clearing by compare match occurrence is specified, and figure 9.39 shows the
timing when counter clearing by input capture occurrence is specified.

N T U
Compare
match signal

Counter

clear signal

TCNT N >< H'0000
TGR N

Figure9.38 Counter Clear Timing (Compare Match)

- Uy

Input capture

signal

Counter clear '

signal

TCNT N 5 >< H'0000
TGR >< N

Figure9.39 Counter Clear Timing (Input Capture)
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Buffer Operation Timing: Figures 9.40 and 9.41 show the timing in buffer operation.

TCNT

Compare
match signal

TGRA,
TGRB

TGRC,
TGRD

IS .

n+1

b

Figure9.40 Buffer Operation Timing (Compare Match)

¢

Input capture

signal

TCNT

TGRA,
TGRB

TGRC,
TGRD

ISR .
]
=~
)

>< N+1

N+1

_/
/L

Figure9.41 Buffer Operation Timing (Input Capture)
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9.6.2 Interrupt Signal Timing

TGF Flag Setting Timing in Case of Compare Match: Figure 9.42 shows the timing for setting
of the TGF flag in TSR by compare match occurrence, and TGI interrupt request signal timing.

TCNT input
clock

TCNT

TGR

Compare
match signal

TGF flag

TGl interrupt

IR .

N >< N+1

Figure9.42 TGI Interrupt Timing (Compare Match)
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TGF Flag Setting Timing in Case of Input Capture: Figure 9.43 shows the timing for setting of
the TGF flag in TSR by input capture occurrence, and TGI interrupt request signal timing.

- J L L L L
Input capture
signal

TCNT N

TGR

.
\

TGF flag

TGl interrupt

Figure9.43 TGI Interrupt Timing (Input Capture)
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TCFV Flag/TCFU Flag Setting Timing: Figure 9.44 shows the timing for setting of the TCFV
flag in TSR by overflow occurrence, and TCIV interrupt request signal timing.

Figure 9.45 shows the timing for setting of the TCFU flag in TSR by underflow occurrence, and
TCIU interrupt request signal timing.

TCNT input
clock

TCNT
(overflow)

Overflow
signal

TCFV flag

TCIV interrupt

S
[

>< H'0000

[ ]

HFFFF

Figure9.44 TCIV Interrupt Setting Timing

S

)
TCNT ,—\
input clock
TCNT ‘ '
(underflow) H'0000 >< H'EEFE

Underflow signal

TCFU flag

TCIU interrupt

[

Figure9.45 TCIU Interrupt Setting Timing
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Status Flag Clearing Timing: After astatusflag isread as 1 by the CPU, it is cleared by writing
Otoit. When the DTC is activated, the flag is cleared automatically. Figure 9.46 shows the timing
for status flag clearing by the CPU, and figure 9.47 shows the timing for status flag clearing by the
DTC.

TSR write cycle

T1 T2
0 S
Address >< TSR address ><

Write signal

Status flag

Interrupt
request
signal

Figure9.46 Timing for Status Flag Clearing by CPU

DTC DTC
read cycle write cycle

T1 T2 T1 T2
}4—»’4—»’4—»’4—»‘

Destination
Address >< Source address address ><

Status flag

Interrupt
request
signal

Figure9.47 Timing for Status Flag Clearing by DTC Activation
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9.7 Usage Notes
Note that the kinds of operation and contention described below occur during TPU operation.

Input Clock Restrictions: The input clock pulse width must be at least 1.5 statesin the case of
single-edge detection, and at least 2.5 states in the case of both-edge detection. The TPU will not
operate properly with a narrower pulse width.

In phase counting mode, the phase difference and overlap between the two input clocks must be at
least 1.5 states, and the pulse width must be at least 2.5 states. Figure 9.48 shows the input clock
conditions in phase counting mode.

Phase Phase
differ- differ-
: Overlap . ence 30verlap3 ence | 1 Pulse width ! Pulse width |
TCLKA ‘ ‘ ‘ ‘ ‘
(TCLKC) ! ! ! ! !
TCLKB | ‘ | | —
(TCLKD) 1 | 1 1 |
| | | |
. Pulse width | . Pulse width |

Notes: Phase difference and overlap: 1.5 states or more
Pulse width : 2.5 states or more

Figure9.48 Phase Difference, Overlap, and Pulse Width in Phase Counting M ode

Caution on Period Setting: When counter clearing by compare match isset, TCNT iscleared in
the final state in which it matches the TGR value (the point at which the count value matched by
TCNT is updated). Consequently, the actual counter frequency is given by the following formula:

¢
(N+1)

Where  f : Counter frequency
¢ : Operating frequency
N : TGR set value
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Contention between TCNT Writeand Clear Operations: If the counter clear signal is
generated in the T2 state of a TCNT write cycle, TCNT clearing takes precedence and the TCNT
write is not performed.

Figure 9.49 shows the timing in this case.

TCNT write cycle

T1 T2

e
0 J UYLy LY L
Address >< TCNT address ><
Write signal
Counter clear
signal
TCNT N >< H'0000

Figure9.49 Contention between TCNT Writeand Clear Operations
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Contention between TCNT Writeand Increment Operations: If incrementing occursin the T2
state of a TCNT write cycle, the TCNT write takes precedence and TCNT is not incremented.

Figure 9.50 shows the timing in this case.

TCNT write cycle
T1 T2
e
- U UYL L L L L
Address >< TCNT address ><
Write signal
TCNT input
clock
TCNT N >< P M
TCNT write data

Figure9.50 Contention between TCNT Write and I ncrement Operations
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Contention between TGR Write and Compare Match: If acompare match occursin the T2
state of a TGR write cycle, the TGR write takes precedence and the compare match signal is
inhibited. A compare match does not occur even if the same value as before is written.

Figure 9.51 shows the timing in this case.

TGR write cycle

PL,PT—Z,‘
P T O
Address >< TGR address ><
Write signal
Compare I EEREEE : N
match signal | . Prohibited
TCNT N >< NeL
TGR N >< / M

TGR write data

Figure9.51 Contention between TGR Write and Compare Match
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Contention between Buffer Register Write and Compare Match: If acompare match occursin
the T2 state of a TGR write cycle, the data transferred to TGR by the buffer operation will be the
data prior to the write.

Figure 9.52 shows the timing in this case.

TGR write cycle

T1 T2 |

Buffer register ><
address

Address

Write signal

Compare

match signal

Buffer -~
register

Buffer register write data

TGR >< N

Figure9.52 Contention between Buffer Register Write and Compare Match
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Contention between TGR Read and I nput Capture: If theinput capture signal is generated in
the T1 state of a TGR read cycle, the data that is read will be the data after input capture transfer.

Figure 9.53 shows the timing in this case.

TGR read cycle

T1 T2 |
o U UL
Address >< TGR address ><

Read signal

Input capture
signal

TGR X >< M

Internal >< ><
data bus M

Figure9.53 Contention between TGR Read and Input Capture

Rev. 4.00 Feb 15, 2006 page 366 of 900
REJ09B0291-0400
RENESAS



Section 9 16-Bit Timer Pulse Unit (TPU)

Contention between TGR Write and Input Capture: If the input capture signal is generated in
the T2 state of a TGR write cycle, the input capture operation takes precedence and the write to

TGR is not performed.

Figure 9.54 shows the timing in this case.

TGR write cycle

| T1 T2 |
Address >< TGR address ><
Write signal
Input capture
signal
TCNT M
TGR >< M

Figure9.54 Contention between TGR Write and Input Capture
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Contention between Buffer Register Write and Input Capture: If the input capture signal is
generated in the T2 state of a buffer write cycle, the buffer operation takes precedence and the
write to the buffer register is not performed.

Figure 9.55 shows the timing in this case.

Buffer register write cycle

Tl T2 |

Uy

Buffer register ><
address

Address

Write signal

Input capture

A= |1

signal

TCNT .

TGR M : >< N
Buffer >< M
register

Figure9.55 Contention between Buffer Register Write and I nput Capture
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Contention between Over flow/Underflow and Counter Clearing: If overflow/underflow and
counter clearing occur simultaneously, the TCFV/TCFU flag in TSR is not set and TCNT clearing

takes precedence.

Figure 9.56 shows the operation timing when a TGR compare match is specified as the clearing
source, and H'FFFF is set in TGR.

TCNT input
clock

TCNT

Counter
clear signal

TGF

TCFV

S

HFFFF >< H'0000

—
|

Prohibited —___;-----"-mmmmommmmmoo oo

Figure9.56 Contention between Overflow and Counter Clearing
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Contention between TCNT Write and Overflow/Underflow: If thereisan up-count or down-
count in the T2 state of a TCNT write cycle, and overflow/underflow occurs, the TCNT write
takes precedence and the TCFV/TCFU flagin TSR isnot set .

Figure 9.57 shows the operation timing when there is contention between a TCNT write and
overflow.

TCNT write cycle

| T1 | T2 |

\ \ \
0 ST TP
Address >< TCNT address ><
Write signal

TCNT write data
?

TCNT H'FFFF >< M

Prohibited L
TCFV flag T~

Figure9.57 Contention between TCNT Write and Overflow

Multiplexing of 1/O Pins: In the H8S/2345 Group, the TCLKA input pin is multiplexed with the
TIOCCO I/0 pin, the TCLKB input pin with the TIOCDO I/O pin, the TCLKC input pin with the
TIOCB1 I/0 pin, and the TCLKD input pin with the TIOCB2 I/O pin. When an external clock is
input, compare match output should not be performed from a multiplexed pin.

Interrupts and Module Stop Mode: If module stop mode is entered when an interrupt has been
requested, it will not be possible to clear the CPU interrupt source or DTC activation source.
Interrupts should therefore be disabled before entering module stop mode.
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Section 10 8-Bit Timers

10.1 Overview

The H85/2345 Group includes an 8-bit timer module with two channels (TMRO and TMR1).
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 match events. The 8-bit
timer module can thus be used for avariety of functions, including pulse output with an arbitrary
duty cycle.

10.1.1 Features
The features of the 8-bit timer module are listed below.

» Selection of four clock sources

The counters can be driven by one of three internal clock signals (¢/8, @/64, or ¢/8192) or an
external clock input (enabling use as an external event counter).

» Selection of three ways to clear the counters
The counters can be cleared on compare match A or B, or by an external reset signal.
» Timer output control by a combination of two compare match signals

The timer output signal in each channel is controlled by a combination of two independent
compare match signals, enabling the timer to generate output waveforms with an arbitrary duty
cycle or PWM output.

» Provision for cascading of two channels

0 Operation as a 16-bit timer is possible, using channel 0 for the upper 8 bits and channel 1
for the lower 8 bits (16-bit count mode).

0 Channel 1 can be used to count channel 0 compare matches (compare match count mode).
» Three independent interrupts

Compare match A and B and overflow interrupts can be requested independently.
¢ A/D converter conversion start trigger can be generated

Channel 0 compare match A signal can be used as an A/D converter conversion start trigger.
¢ Module stop mode can be set

O Astheinitial setting, 8-bit timer operation is halted. Register accessis enabled by exiting
module stop mode.
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10.1.2 Block Diagram

Figure 10.1 shows a block diagram of the 8-bit timer module.
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start request
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Figure10.1 Block Diagram of 8-Bit Timer
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10.1.3  Pin Configuration
Table 10.1 summarizes the input and output pins of the 8-bit timer.

Table 10.1 Input and Output Pins of 8-Bit Timer

Channel Name Symbol I/0 Function

0 Timer output pin 0 TMOO0 Output Outputs at compare match
Timer clock input pin 0 TMCIO Input Inputs external clock for counter
Timer reset input pin 0 TMRIO Input Inputs external reset to counter

1 Timer output pin 1 TMO1 Output Outputs at compare match
Timer clock input pin 1 TMCI1 Input Inputs external clock for counter
Timer reset input pin 1 TMRI1 Input Inputs external reset to counter

10.1.4 Register Configuration
Table 10.2 summarizes the registers of the 8-bit timer module.

Table 10.2 8-Bit Timer Registers

Channel Name Abbreviation R/W Initial value Address™*
0 Timer control register O TCRO R/W H'00 H'FFBO
Timer control/status register 0 TCSRO R/(W)**  H'00 H'FFB2
Time constant register AO TCORAO R/W H'FF H'FFB4
Time constant register BO TCORBO R/W H'FF H'FFB6
Timer counter O TCNTO R/W H'00 H'FFB8
1 Timer control register 1 TCR1 R/IW H'00 H'FFB1
Timer control/status register 1 ~ TCSR1 R/(W)** H10 H'FFB3
Time constant register Al TCORA1 R/W H'FF H'FFB5
Time constant register B1 TCORB1 R/W H'FF H'FFB7
Timer counter 1 TCNT1 R/W H'00 H'FFB9
All Module stop control register MSTPCR R/W H'3FFF H'FF3C

Notes: 1. Lower 16 bits of the address
2. Only 0 can be written to bits 7 to 5, to clear these flags.

Each pair of registersfor channel 0 and channel 1 is 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 transfer
instruction.
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10.2 Register Descriptions

10.21 Timer CountersOand 1 (TCNTO, TCNT1)

TCNTO TCNT1

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value: 0 0 0 0 0 0 0 0 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 R/W RIW RIW R/IW R/W R/W R/W R/W

TCNTO and TCNT1 are 8-hit readable/writable up-counters that increment on pul ses generated
from an internal or external clock source. This clock sourceis selected by clock select bits CKS2
to CKS0 of TCR. The CPU can read or writeto TCNTO and TCNT1 at all times.

TCNTO and TCNT1 comprise asingle 16-bit register, so they can be accessed together by word
transfer instruction.

TCNTO and TCNT1 can be cleared by an external reset input or by a compare match signal.
Which signal isto be used for clearing is selected by clock clear bits CCLR1 and CCLRO of TCR.

When atimer counter overflows from H'FF to H'00, OVF in TCSR is set to 1.
TCNTO and TCNT1 are each initialized to H'00 by areset and in hardware standby mode.

10.2.2 Time Constant Registers A0 and A1 (TCORAO, TCORA1)

TCORAO TCORA1

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
R/W : R/W R/W R/W R/W RIW R/IW R/W R/W R/W R/W RIW R/W R/IW R/W R/W R/W

TCORAO and TCORA1 are 8-hit readable/writable registers. TCORAO and TCORA1 comprise a
single 16-bit register so they can be accessed together by word transfer instruction.

TCORA iscontinually compared with the value in TCNT. When amatch is detected, the
corresponding CMFA flag of TCSR isset. Note, however, that comparison is disabled during the
T2 state of a TCOR write cycle.
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The timer output can be freely controlled by these compare match signals and the settings of bits
OS1 and OS0 of TCSR.

TCORAO and TCORA1 are each initialized to H'FF by areset and in hardware standby mode.

10.23 Time Constant RegistersB0 and B1 (TCORBO, TCORB1)

TCORBO TCORB1

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
R/W : R/W R/W R/W R/W R/IW R/IW R/W R/W R/W R/W RIW R/IW R/IW R/W R/W R/W

TCORBO and TCORBL are 8-bit readable/writable registers. TCORBO and TCORB1 comprise a
single 16-bit register so they can be accessed together by word transfer instruction.

TCORSB is continually compared with the valuein TCNT. When amatch is detected, the
corresponding CMFB flag of TCSR is set. Note, however, that comparison is disabled during the
T2 state of a TCOR write cycle.

The timer output can be freely controlled by these compare match signals and the settings of
output select bits OS3 and OS2 of TCSR.

TCORBO and TCORBL are each initialized to H'FF by areset and in hardware standby mode.

10.24 TimeControl Registers0and 1 (TCRO, TCR1)

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
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

TCRO and TCR1 are 8-hit readabl e/writable registers that select the clock source and the time at
which TCNT is cleared, and enable interrupts.

TCRO and TCR1 are each initialized to H'00 by areset and in hardware standby mode.

For details of thistiming, see section 10.3, Operation.
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Bit 7—Compare Match Interrupt Enable B (CMIEB): Selects whether CMFB interrupt
requests (CMIB) are enabled or disabled when the CMFB flag of TCSR is set to 1.

Bit 7

CMIEB Description

0 CMFB interrupt requests (CMIB) are disabled (Initial value)
1 CMFB interrupt requests (CMIB) are enabled

Bit 6—Compare Match Interrupt Enable A (CMIEA): Selects whether CMFA interrupt
requests (CMIA) are enabled or disabled when the CMFA flag of TCSR isset to 1.

Bit 6

CMIEA Description

0 CMFA interrupt requests (CMIA) are disabled (Initial value)
1 CMFA interrupt requests (CMIA) are enabled

Bit 5—Timer Overflow Interrupt Enable (OVIE): Selects whether OV F interrupt requests
(OV1) are enabled or disabled when the OVF flag of TCSRisset to 1.

Bit 5

OVIE Description

0 OVF interrupt requests (OVI) are disabled (Initial value)
1 OVF interrupt requests (OVI) are enabled

Bits4 and 3—Counter Clear 1 and 0 (CCLR1 and CCLRO0): These hits select the method by
which TCNT is cleared: by compare match A or B, or by an external reset input.

Bit 4 Bit 3

CCLR1 CCLRO Description

0 0 Clear is disabled (Initial value)
1 Clear by compare match A

1 0 Clear by compare match B
1 Clear by rising edge of external reset input
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Bits 2 to 0—Clock Select 2to 0 (CKS2to CKS0): These bits select whether the clock input to
TCNT isaninternal or external clock.

Three internal clocks can be selected, al divided from the system clock (¢): @/8, ¢/64, and ¢/8192.
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.

Bit 2 Bit 1 Bit 0

CKS2 CKS1 CKSO Description
0 0 0 Clock input disabled (Initial value)
1 Internal clock, counted at falling edge of ¢/8
1 0 Internal clock, counted at falling edge of ¢/64
1 Internal clock, counted at falling edge of ¢/8192
1 0 0 For channel O: count at TCNT1 overflow signal®
For channel 1: count at TCNTO compare match A*
1 External clock, counted at rising edge
1 0 External clock, counted at falling edge
1 External clock, counted at both rising and falling edges

Note: * If the count input of channel O is the TCNT1 overflow signal and that of channel 1 is the
TCNTO compare match signal, no incrementing clock is generated. Do not use this

setting.
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10.25 Timer Control/Status RegistersOand 1 (TCSRO, TCSR1)

TCSRO

Bit : 7 6 5 4 3 2 1 0
CMFB CMFA OVF ADTE 0S3 0Ss2 0Os1 0Sso

Initial value : 0 0 0 0 0 0 0 0

R/W : R/(W)*  R/I(W)* R/I(W)* R/W R/W R/W R/W R/W

TCSR1

Bit : 7 6 5 4 3 2 1 0
CMFB CMFA OVF — 0S3 0Ss2 0Os1 0Sso

Initial value : 0 0 0 1 0 0 0 0

R/W : R/(W)*  R/(W)* R/I(W)* — R/W R/W R/W R/W

Note: * Only 0 can be written to bits 7 to 5, to clear these flags.

TCSRO and TCSR1 are 8-hit registers that display compare match and overflow statuses, and
control compare match output.

TCSRO isinitialized to H'00, and TCSR1 to H'10, by areset and in hardware standby mode.

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)

e Cleared by reading CMFB when CMFB = 1, then writing 0 to CMFB

< When DTC is activated by CMIB interrupt while DISEL bit of MRB in DTC is 0
1 [Setting condition]

Set when TCNT matches TCORB
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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)

e Cleared by reading CMFA when CMFA = 1, then writing 0 to CMFA

< When DTC is activated by CMIA interrupt while DISEL bit of MRB in DTC is O
1 [Setting condition]

Set when TCNT matches 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)
Cleared by reading OVF when OVF = 1, then writing O to OVF

1 [Setting condition]

Set when TCNT overflows from H'FF to H'00

Bit 4—A/D Trigger Enable (ADTE) (TCSRO Only): Selects enabling or disabling of A/D
converter start requests by compare-match A.

In TCSR1, thisbit isreserved: it isalways read as 1 and cannot be modified.

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
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Bits 3to 0—Output Select 3t0 0 (0OS3to OS0): These bits specify how the timer output level is
to be changed by a compare match of TCOR and TCNT.

Bits OS3 and OS2 select the effect of compare match B on the output level, bits OS1 and OS0O
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: toggle 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 event occurs.

Bit 3 Bit 2

0s3 0Ss2 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

0Os1 0so 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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10.26  Module Stop Control Register (M STPCR)

MSTPCRH MSTPCRL
Bit : 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Initial value : 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1
R/W :  R/W R/W R/W R/W R/W R/W R/IW R/W RIW RIW RIW RIW R/IW R/W R/W R/W

MSTPCR is a 16-bit readable/writable register that performs module stop mode contral.

When the MSTP12 hit in MSTPCR is set to 1, the 8-bit timer operation stops at the end of the bus
cycle and atransition is made to module stop mode. Registers cannot be read or written to in
module stop mode. For details, see section 19.5, Module Stop Mode.

MSTPCR isinitialized to H'3FFF by areset and in hardware standby mode. It isnot initialized in
software standby mode.

Bit 12—M odule Stop (M STP12): Specifiesthe 8-hit timer stop mode.

Bit 12

MSTP12  Description

0 8-bit timer module stop mode cleared

1 8-bit timer module stop mode set (Initial value)
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10.3  Operation

10.3.1 TCNT Incrementation Timing
TCNT isincremented by input clock pulses (either internal or external).

Internal Clock: Three different internal clock signals (¢/8, @/64, or ¢/8192) divided from the
system clock () can be selected, by setting bits CKS2 to CKS0 in TCR. Figure 10.2 showsthe
count timing.

0 1 T e e e O

((
| o

Internal clock _|

Clock input
to TCNT ( ()()

((
TCNT =D N i X N+
)

Figure 10.2 Count Timing for Internal Clock Input

External Clock: Three incrementation methods can be selected by setting bits CKS2 to CKS0 in
TCR: at the rising edge, the falling edge, and both rising and falling edges.

Note that the external clock pulse width must be at least 1.5 states for incrementation at asingle
edge, and at least 2.5 states for incrementation at both edges. The counter will not increment
correctly if the pulse width is less than these values.

Figure 10.3 shows the timing of incrementation at both edges of an external clock signal.
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External clock {§
in);)jtrna cloc —| ()S | |_

Clock input

to TCNT ( .
i )

TCNT N-1 X . N X 0 N
)] )]

Figure10.3 Count Timing for External Clock Input

10.3.2 CompareMatch 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 isnot generated until the
next incrementation clock input. Figure 10.4 shows thistiming.

¢ A A O B

TCNT N X N+1

TCOR N
Compare match
signal

\

CMF |

Figure10.4 Timing of CMF Setting
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Timer Output Timing: When compare match A or B occurs, the timer output changes a specified
by bits OS3 to OS0 in TCSR. Depending on these hits, the output can remain the same, change to
0, changeto 1, or toggle.

Figure 10.5 shows the timing when the output is set to toggle at compare match A.

¢ O Y O O 0 e A e R
Compare match A4,—|
signal \

\
—

Timer output pin |

Figure10.5 Timing of Timer Output

Timing of Compare Match Clear: The timer counter is cleared when compare match A or B
occurs, depending on the setting of the CCLR1 and CCLRO bitsin TCR. Figure 10.6 showsthe
timing of this operation.

¢ A I
Compare match
signal

\

TCNT N X H00

Figure10.6 Timing of Compare Match Clear
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10.3.3 Timing of External RESET on TCNT

TCNT iscleared at the rising edge of an external reset input, depending on the settings of the
CCLR1 and CCLRO bitsin TCR. The clear pulse width must be at least 1.5 states. Figure 10.7
shows the timing of this operation.

® N O A
External reset

input pin |

Clear signal

TCNT N-1 X N X H'00

Figure10.7 Timing of External Reset

10.34 Timing of Overflow Flag (OVF) Setting

The OVFin TCSRis set to 1 when the timer count overflows (changes from H'FF to H'00). Figure
10.8 shows the timing of this operation.

¢ B O

TCNT HFE X H'00

Overflow signal

\

OVF

Figure 10.8 Timing of OVF Setting
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10.3.5 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 could be used (16-bit timer
mode) or compare matches of the 8-bit channel 0 could be counted by the timer of channel 1
(compare match counter mode). In this case, the timer operates as below.

16-Bit Counter Mode: When bhits CKS2 to CKS0 in TCRO are set to B'100, the timer functions
asasingle 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 event occurs.
O TheCMFflagin TCSR1isset to 1 when alower 8-bit compare match event occurs.

» Counter clear specification
O If the CCLR1 and CCLRO bitsin TCRO have been set for counter clear at compare match,
the 16-bit counter (TCNTO and TCNTL1 together) is cleared when a 16-bit compare match
event 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.

* Pinoutput
0 Control of output from the TMOO pin by bits OS3 to OS0 in TCSRO isin accordance with
the 16-bit compare match conditions.

O Control of output from the TMOL pin by bits OS3 to OS0 in TCSR1 isin accordance with
the lower 8-bit compare match conditions.

Compare Match Counter Mode: When bits CKS2 to CKS0 in TCR1 are B'100, TCNT1 counts
compare match A’sfor channel 0.

Channels 0 and 1 are controlled independently. Conditions such as setting of the CMF flag,
generation of interrupts, output from the TMO pin, and counter clear are in accordance with the
settings for each channel.

Note on Usage: If the 16-bit counter mode and compare match counter mode are set
simultaneously, the input clock pulsesfor TCNTO and TCNT1 are not generated and thus the
counters will stop operating. Software should therefore avoid using both these modes.
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10.4  Interrupts

10.4.1 Interrupt Sourcesand DTC Activation

There are three 8-bit timer interrupt sources: CMIA, CMIB, and OVI. Their relative priorities are
shown in table 10.3. Each interrupt source is set as enabled or disabled by the corresponding
interrupt enable bit in TCR, and independent interrupt requests are sent for each to the interrupt
controller. Itisalso possible to activate the DTC by means of CMIA and CMIB interrupts.

Table 10.3 8-Bit Timer Interrupt Sources

Interrupt Source Description DTC Activation Priority
CMIAO Interrupt by CMFA Possible High
CMIBO Interrupt by CMFB Possible

oVvio Interrupt by OVF Not possible

CMIAL Interrupt by CMFA Possible

CMIB1 Interrupt by CMFB Possible

ovii Interrupt by OVF Not possible Low

Note: This table shows the initial state immediately after a reset. The relative channel priorities
can be changed by the interrupt controller.

10.4.2 A/D Converter Activation
The A/D converter can be activated only by channel 0 compare match A.

If the ADTE bit in TCSRO is set to 1 when the CMFA flag is set to 1 by the occurrence of channel
0 compare match A, arequest to start A/D conversion is sent to the A/D converter. If the 8-bit
timer conversion start trigger has been selected on the A/D converter side at thistime, A/D
conversion is started.
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10.5 Sample Application

In the example below, the 8-hit timer is used to generate a pulse output with a selected duty cycle,
as shown in figure 10.9. The control bits are set as follows:

[1] InTCR, bit CCLR1 iscleared to 0 and bit CCLRO is set to 1 so that the timer counter is
cleared when its value matches the constant in TCORA.

[2] In TCSR, bits OS3 to OS0 are set to B'0110, causing the output to changeto 1 at a TCORA
compare match and to 0 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.

T™MO

Figure10.9 Example of Pulse Output
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10.6  Usage Notes

Application programmers should note that the following kinds of contention can occur in the 8-bit
timer.

10.6.1 Contention between TCNT Write and Clear

If atimer counter clock pulse is generated during the T, state of a TCNT write cycle, the clear
takes priority, so that the counter is cleared and the write is not performed.

Figure 10.10 shows this operation.

TCNT write cycle by CPU
T Tz

D A
; B e

Address >< TCNT address ><

Internal write signal | |

Counter clear signal | |

TCNT N >< H'00

Figure10.10 Contention between TCNT Write and Clear
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10.6.2 Contention between TCNT Write and Increment

If atimer counter clock pulse is generated during the T, state of a TCNT write cycle, the write
takes priority and the counter is not incremented.

Figure 10.11 shows this operation.

TCNT write cycle by CPU
Ty T,

R
; N S S

Address >< TCNT address ><

Internal write signal | |

TCNT input clock | |

TCNT N >< P M

Counter write data

Figure10.11 Contention between TCNT Write and Increment
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10.6.3  Contention between TCOR Write and Compare Match

During the T, state of a TCOR write cycle, the TCOR write has priority and the compare match
signal is disabled even if acompare match event occurs.

Figure 10.12 shows this operation.

TCOR write cycle by CPU
T1 T,

T
; N s e

Address >< TCOR address ><

Internal write signal | |

TCNT N >< N+1

TCOR N >< M

TCOR write data

Compare match signal 1 :\

Disabled

Figure10.12 Contention between TCOR Write and Compare Match
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10.6.4 Contention between Compare Matches A and B

If compare match events A and B occur at the same time, the 8-bit timer operates in accordance
with the priorities for the output statuses set for compare match A and compare match B, as shown
intable 10.4.

Table 10.4 Timer Output Priorities

Output Setting Priority
Toggle output High

1 output

0 output T

No change Low

10.6.5 Switching of Internal Clocksand TCNT Operation

TCNT may increment erroneously when the internal clock is switched over. Table 10.5 showsthe
relationship between the timing at which theinternal clock is switched (by writing to the CKS1
and CK SO bits) and the TCNT operation.

When the TCNT clock is generated from an internal clock, the falling edge of the internal clock
pulseisdetected. If clock switching causes a change from high to low level, asshownin case 3in
table 10.5, aTCNT clock pulseis generated on the assumption that the switchover isafalling
edge. Thisincrements TCNT.

The erroneous incrementation can also happen when switching between internal and external
clocks.
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Table 10.5 Switching of Internal Clock and TCNT Operation

Timing of Switchover
by Means of CKS1

No. and CKSO Bits TCNT Clock Operation
1 Switching from Clock before !
low to low™* switchover J I_‘_, | | |
Clock after :
switchover
TCNT clock }
TCNT N X N+1 X
CKS bit write
2 Switching from Clock before !
low to high*? switchover _,—\_, | ‘ | |
Clock after :
switchover
TCNT clock !
TCNT NoOX O N X k2 X
CKS bit write
3 Switching from Clock before

high to low**

switchover

Clock after
switchover

TCNT clock

TCNT

CKS bit write
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Timing of Switchover
by Means of CKS1

No. and CKSO Bits TCNT Clock Operation

4 Zv::;:ing from high gdﬁfcil;sfe?re J I—, | ,__l
Clock after ‘
switchover
TCNT clock

TCNT N X w1 X w2 X

CKS bit write

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.

10.6.6 Usage Note

Interruptsand Module Stop Mode: If module stop mode is entered when an interrupt has been
requested, it will not be possible to clear the CPU interrupt source or DTC activation source.
Interrupts should therefore be disabled before entering module stop mode.
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Section 11 Watchdog Timer

111  Overview

The H85/2345 Group has a single-channel on-chip watchdog timer (WDT) for monitoring system
operation. The WDT outputs an overflow signal (WDTOVE)" 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 for the H8S/2345 Group.

When this watchdog function is not needed, the WDT can be used as an interval timer. Ininterval
timer operation, an interval timer interrupt is generated each time the counter overflows.

11.1.1 Features
WDT features are listed below.

» Switchable between watchdog timer mode and interval timer mode
«  WDTOVF output® when in watchdog timer mode

If the counter overflows, the WDT outputs WDTOVE.” It is possible to select whether or not
the entire H8S/2345 Group isreset at the sametime. Thisinternal reset can be a power-on
reset or amanual reset.

¢ Interrupt generation when in interval timer mode
If the counter overflows, the WDT generates an interval timer interrupt.
¢ Choice of eight counter clock sources.

Note: * The WDTOVF pin function is not supported by the F-ZTAT version.
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11.1.2 Block Diagram

Figure 11.1 shows a block diagram of the WDT.

3 Overflow @2
WOV | Interrupt |~ -« @64 ‘
(interrupt request control -« @128 ‘
signal) : Clock [« ®512 |
| Clock 0C |
| select [«——@2048 1
1 -~ @8192 }
NE—— <« @32768 |
WDTOVF'2 = |
° ! Resetl < @131072
Internal reset signal*! -~ contro Internal clock |
i sources !

| e |

| rstesr |« | TONT o] TsCR | e

| B

) 3 9]

: Bus L=

! Module bus interface D

Legend:

TCSR : Timer control/status register
TCNT  : Timer counter

RSTCSR: Reset control/status register

Notes: 1. The type of internal reset signal depends on a register setting. Either power-on reset or manual
reset can be selected.
2. The WDTOVF pin function is not supported by the F-ZTAT version.

Figure11.1 Block Diagram of WDT
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11.1.3  Pin Configuration
Table 11.1 describes the WDT output pin.

Table11.1 WDT Pin

Name Symbol I/0 Function

Watchdog timer overflow WDTOVF" Output Outputs counter overflow signal in watchdog
timer mode

Note: * The WDTOVF pin function is not supported by the F-ZTAT version.

11.14 Register Configuration

The WDT hasthree registers, as summarized in table 11.2. These registers control clock selection,
WDT mode switching, and the reset signal.

Table11.2 WDT Registers

Address™*
Name Abbreviation R/W Initial Value ~ Write** Read
Timer control/status register TCSR R/I(W)*®  H'18 H'FFBC H'FFBC
Timer counter TCNT R/W H'00 H'FFBC H'FFBD
Reset control/status register RSTCSR R/I(W)*®  H'1F H'FFBE H'FFBF

Notes: 1. Lower 16 bits of the address.
2. For details of write operations, see section 11.2.4, Notes on Register Access.
3. Only a write of 0 is permitted to bit 7, to clear the flag.
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11.2  Register Descriptions

11.21 Timer Counter (TCNT)

Bit : 7 6 5 4 3 2 1 0

| | | | | | | | |
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

TCNT is an 8-bit readable/writable™* up-counter.

When the TME bitissetto 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), either the watchdog timer overflow signal (WDTOVF)*? or an interval timer
interrupt (WOV) is generated, depending on the mode selected by the WT/IT bit in TCSR.

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: 1. Themethod for writing to TCNT is different from that for general registers to prevent
inadvertent overwriting. For details see section 11.2.4, Notes on Register Access.

2. The WDTOVF pin function is not supported by the F-ZTAT version.
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11.22 Timer Control/Status Register (TCSR)

Bit : 7 6 5 4 3 2 1 0
OVF | WTAT | TME — — CKS2 | CKS1 | CKSO

Initial value : 0 0 0 1 1 0 0 0

RIW . RIW) RIW RIW — — RIW RIW RIW

Note: * Can only be written with 0 for flag clearing.

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'18 by areset and in hardware standby mode. It is not initialized in software
standby mode.

Note: * The method for writing to TCSR is different from that for general registers to prevent
inadvertent overwriting. For details see section 11.2.4, Notes on Register Access.

Bit 7—Overflow Flag (OVF): Indicatesthat TCNT has overflowed from H'FF to H'00, when in
interval timer mode. This flag cannot be set during watchdog timer operation.

Bit 7
OVF Description
0 [Clearing condition]
Cleared by reading TCSR when OVF = 1%, then writing 0 to OVF (Initial value)
1 [Setting condition]

Set when TCNT overflows (changes from H'FF to H'00) in interval timer mode

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 the WDTOVF
signal® when TCNT overflows.

Note: * The WDTOVF pin function is not supported by the F-ZTAT version.
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Bit 6
WTAT Description
0 Interval timer: Sends the CPU an interval timer interrupt request (WOVI)
when TCNT overflows (Initial value)
1 Watchdog timer: Generates the WDTOVF signal®* when TCNT overflows™?

Notes: 1. The WDTOVF pin function is not supported by the F-ZTAT version.

2. For details of the case where TCNT overflows in watchdog timer mode, see section
11.2.3, Reset Control/Status Register (RSTCSR).

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

Bits 4 and 3—Reserved: Read-only bits, always read as 1.

Bits2to 0: Clock Select 2 to 0 (CKS2 to CKS0): These bits select one of eight internal clock
sources, obtained by dividing the system clock (¢), for input to TCNT.

Bit 2 Bit 1 Bit 0 Description

CKS2 CKsS1 CKSO  Clock Overflow Period (when @= 20 MHz)"
0 0 0 @2 (initial value)  25.6 ps
1 @64 819.2 s
1 0 @128 1.6 ms
1 @512 6.6 ms
1 0 0 @2048 26.2 ms
1 8192 104.9 ms
1 0 @'32768 419.4 ms
1 @131072 1.68s

Note: * The overflow period is the time from when TCNT starts counting up from H'00 until
overflow occurs.
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11.23 Reset Control/Status Register (RSTCSR)

Bit : 7 6 5 4 3 2 1 0

WOVF | RSTE | RSTS — — — — —
Initial value: 0 0 0 1 1 1 1 1
RIW : RIW)*  RMW RIW — — — — —

Note: * Can only be written with O for flag clearing.

RSTCSR is an 8-bit readable/writable”™ register that controls the generation of the internal reset
signal when TCNT overflows, and selects the type of internal reset signal.

RSTCSR isinitialized to H'1F by areset signa from the RES pin, but not by the WDT internal
reset signal caused by overflows.

Note: * The method for writing to RSTCSR is different from that for general registersto
prevent inadvertent overwriting. For details see section 11.2.4, Notes on Register
Access.

Bit 7—Watchdog Overflow Flag (WOVF): Indicatesthat TCNT has overflowed (changed from
H'FF to H'00) during watchdog timer operation. This bit isnot set in interval timer mode.

Bit 7
WOVF Description
0 [Clearing condition] (Initial value)

Cleared by reading RSTCSR when WOVF = 1, then writing 0 to WOVF
1 [Setting condition]

Set when TCNT overflows (changed from H'FF to H'00) during watchdog timer
operation
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Bit 6—Reset Enable (RSTE): Specifies whether or not areset signal is generated in the
H8S5/2345 Group if TCNT overflows during watchdog timer operation.

Bit 6

RSTE Description

0 Reset signal is not generated if TCNT overflows” (Initial value)
1 Reset signal is generated if TCNT overflows

Note: * The modules within the H8S/2345 Group are not reset, but TCNT and TCSR within the
WDT are reset.

Bit 5—Reset Select (RSTS): Selectsthe type of internal reset generated if TCNT overflows
during watchdog timer operation.

For details of the types of resets, see section 4, Exception Handling.

Bit 5

RSTS Description

0 Power-on reset (Initial value)
1 Manual reset

Bits 4 to 0—Reserved: Read-only bits, alwaysread as 1.

11.24 Noteson Register Access

The watchdog timer’s TCNT, TCSR, and RSTCSR registers differ from other registersin being
more difficult to writeto. The procedures for writing to and reading these registers are given
below.

Writing to TCNT and TCSR: These registers must be written to by aword transfer instruction.
They cannot be written to with byte instructions.

Figure 11.2 shows the format of datawritten to TCNT and TCSR. TCNT and TCSR both have the
same write address. For awriteto TCNT, the upper byte of the written word must contain H'5A
and the lower byte must contain the write data. For awriteto TCSR, the upper byte of the written
word must contain H'A5 and the lower byte must contain the write data. This transfers the write
data from the lower byteto TCNT or TCSR.
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TCNT write
15 8 7 0
Address: HFFBC H'SA Write data
TCSR write
15 8 7 0
Address: HFFBC H'A5 Write data

Figure11.2 Format of Data Written to TCNT and TCSR

Writing to RSTCSR: RSTCSR must be written to by word transfer instruction to address
H'FFBE. It cannot be written to with byte instructions.

Figure 11.3 shows the format of data written to RSTCSR. The method of writing 0 to the WOVF
bit differs from that for writing to the RSTE and RSTS hits.

To write 0 to the WOVF hit, the write data must have H'A5 in the upper byte and H'00 in the
lower byte. This clears the WOVF hit to 0, but has no effect on the RSTE and RSTS bits. To write
to the RSTE and RSTS hits, the upper byte must contain H'5A and the lower byte must contain the
write data. Thiswritesthe valuesin bits 6 and 5 of the lower byte into the RSTE and RSTS hits,
but has no effect on the WOVF hit.

Writing 0 to WOVF bit

15 8 7 0
Address: HFFBE HAS H'00
Writing to RSTE and RSTS bits
15 87 0
Address: H'FFBE H'S5A Write data

Figure11.3 Format of Data Written to RSTCSR

Reading TCNT, TCSR, and RSTCSR: Theseregisters are read in the same way as other
registers. The read addresses are H'FFBC for TCSR, H'FFBD for TCNT, and H'FFBF for
RSTCSR.

Rev. 4.00 Feb 15, 2006 page 403 of 900
REJ09B0291-0400
RENESAS




Section 11 Watchdog Timer

11.3 Operation

11.3.1 Watchdog Timer Operation

To use the WDT as awatchdog timer, set the WT/IT and TME bits to 1. Software must prevent
TCNT overflows by rewriting the TCNT value (normally be writing H'00) before overflows
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, the WDTOVF
signal® isoutput. Thisis shown in figure 11.4. This WDTOVF signal™ can be used to reset the
system. The WDTOVF signal™ is output for 132 states when RSTE = 1, and for 130 states when
RSTE =0.

If TCNT overflowswhen 1isset in the RSTE hit in RSTCSR, asignal that resets the H8S/2345
Group internally is generated at the same time as the WDTOVF signal™. This reset can be selected
as a power-on reset or amanual reset, depending on the setting of the RSTS bit in RSTCSR. The
internal reset signal is output for 518 states.

If areset caused by asignal input to the RES pin occurs at the same time as areset caused by a
WDT overflow, the RES pin reset has priority and the WOVF bit in RSTCSR is cleared to O.

Note: * The WDTOVF pin function is not supported by the F-ZTAT version.
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TCNT count
Overflow

» Time

H'00 {
WTAT =1
TME =1

s

H'00 written
to TCNT

b

WOVF=1
WDTOVF" and
internal reset are
generated { ‘

1 H'00 written
to TCNT

WDTOVF signal™3

-

132 states*2

Internal reset signal*1

518 states

Legend:

WT/IT : Timer mode select bit
TME : Timer enable bit

Notes: 1. The internal reset signal is generated only if the RSTE bit is set to 1.
2. 130 states when the RSTE bit is cleared to 0.
3. The WDTOVF pin function is not supported by the F-ZTAT version.

Figure11.4 Watchdog Timer Operation

11.3.2 Interval Timer Operation

To usethe WDT asan interval timer, clear the WT/IT bit in TCSR to 0 and

set the TME bit to 1.

Aninterval timer interrupt (WOV1) is generated each time TCNT overflows, provided that the
WDT is operating as an interval timer, as shown in figure 11.5. This function can be used to

generate interrupt requests at regular intervals.
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TCNT count

A
HEE Overflow Overflow Overflow Overflow

= Time

" ' ' ' '

WT/AT =0 WOovI wovi WOVI WOVI
TME=1

Legend:
WOVI: Interval timer interrupt request generation

Figure115 Interval Timer Operation

11.3.3  Timing of Setting 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 11.6.

e T LT LT LT LT LT

TCNT % H'FF >< H'00

Overflow signal
(internal signal) ((
) \
OVF (¢ |
)

Figure11.6 Timing of Setting of OVF
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11.3.4  Timing of Setting of Watchdog Timer Overflow Flag (WOVF)

The WOVFflagissetto 1if TCNT overflows during watchdog timer operation. At the same time,
the WDTOVF signa™ goeslow. If TCNT overflows while the RSTE bit in RSTCSR isset to 1, an
internal reset signal is generated for the entire H8S5/2345 Group chip. Figure 11.7 shows the timing
in this case.

Note: * The WDTOVF pin function is not supported by the F-ZTAT version.

<p T L LT LT LT LT LT L

TCNT % H'FF >< H'00 % !
Overflow signal
(internal signal) ﬁ( SS
WOVF | SS

((
))

WDTOVF signal* S_,—"i 132 states 43:,7

Internal reset S

signal (( |‘— 518 states ————————————— ™
)

Note: * The WDTOVF pin function is not supported by the F-ZTAT version.

I~

—~

\,

Figure11.7 Timing of Setting of WOVF
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114  Interrupts

During interval timer mode operation, an overflow generates an interval timer interrupt (WOVI).
Theinterval timer interrupt is requested whenever the OVF flagisset to 1in TCSR.

115  Usage Notes

11.5.1 Contention between Timer Counter (TCNT) Writeand Increment

If atimer counter clock pulse is generated during the T, state of a TCNT write cycle, the write
takes priority and the timer counter is not incremented. Figure 11.8 shows this operation.

TCNT write cycle

Address ><

Internal write signal

TCNT input clock

TCNT N ><

Counter write data

Figure11.8 Contention between TCNT Write and Increment
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1152 Changing Value of CKS2 to CK SO

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

11.5.3  Switching between Watchdog Timer Mode and Interval Timer Mode

If the mode is switched from watchdog timer to interval timer, or vice versa, whilethe WDT is
operating, errors could occur in the incrementation. Software must stop the watchdog timer (by
clearing the TME hit to O) before switching the mode.

1154  System Reset by WDTOVF Signal

If the WDTOVF output signal™ isinput to the RES pin of the H85/2345 Group, the H85/2345
Group will not beiinitialized correctly. Make sure that the WDTOVE signal™ is not input logically
to the RES pin. To reset the entire system by means of the WDTOVF signal®, use the circuit
shown in figure 11.9.

Note: * The WDTOVF pin function is not supported by the F-ZTAT version.

H8S/2345

Reset input q RES

Reset signal to entire system 4—0@;0 WDTOVE*

Note: * The WDTOVF pin function is not supported by the F-ZTAT version.

Figure11.9 Circuit for System Reset by WDTOVF Signal (Example)
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1155 Internal Reset in Watchdog Timer Mode

The H85/2345 Group is not reset internally if TCNT overflows while the RSTE hit is cleared to O
during watchdog timer operation, but TCNT and TSCR of the WDT are reset.

TCNT, TCSR, and RSTCR cannot be written to while the WDTOVEF signa™ islow. Also note that
aread of the WOVF flag is not recognized during this period. To clear the WOVF flag, therefore,
read TCSR after the WDTOVF signal™ goes high, then write 0 to the WOVF flag.

Note: * The WDTOVF pin function is not supported by the F-ZTAT version.
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121

Section 12 Serial Communication Interface (SCI)

Overview

The H85/2345 Group is equipped with a 2-channel serial communication interface (SCI). Both
channels have the same functions. The SCI can handle both asynchronous and clocked
synchronous serial communication. A function is also provided for serial communication between
processors (multiprocessor communication function).

1211

Features

SCI features are listed below.

e Choice of asynchronous or clocked synchronous serial communication mode
Asynchronous mode

O

O

O
O

Serial data communication executed using asynchronous system in which synchronization
is achieved character by character

Serial data communication can be carried out with standard asynchronous communication
chips such as a Universal Asynchronous Receiver/Transmitter (UART) or Asynchronous
Communication Interface Adapter (ACIA)

A multiprocessor communication function is provided that enables serial data
communication with a number of processors

Choice of 12 seria datatransfer formats

Datalength . 7or8bits

Stop bit length . 1lor2bits

Parity : Even, odd, or none

Multiprocessor bit : 1lor0

Receive error detection : Parity, overrun, and framing errors

Break detection . Break can be detected by reading the RxD pin level directly in

case of aframing error

Clocked Synchronous mode

O

Serial data communication synchronized with a clock

Serial data communication can be carried out with other chipsthat have a synchronous
communication function

One seria datatransfer format
Data length . 8hits
Receive error detection : Overrun errors detected
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* 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

*  On-chip 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

» 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 interrupts can activate the data
transfer controller (DTC) to execute data transfer

* Choice of LSB-first or MSB-first transfer

0 Can be selected regardless of the communication mode”™ (except in the case of
asynchronous mode bit data)

e Module stop mode can be set

O Astheinitial setting, SCI operation is halted. Register accessis enabled by exiting module
stop mode.

Note: * Descriptionsin this section refer to LSB-first transfer.
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1212

Block Diagram

Figure 12.1 shows a block diagram of the SCI.

TXD =

SCK =

(0]
o
S
Module data bus 5 O:niergal
£ ata bus
>
@
RDR | TDR SCMR | BRR .
T
(W * L) * SSR -
RD=[| RsR | [[ TSR SCR Baud rate |=— @4
A SMR generator @16
Transmission/
reception control - (/64
Parity generation | 4 m ]
Parity check
External clock
L TEI
= TXI
> RXI
> ERI

Legend:

SCMR
RSR
RDR
TSR
TDR
SMR
SCR
SSR
BRR

: Smart Card mode register
: Receive shift register
: Receive data register
: Transmit shift register
: Transmit data register
: Serial mode register

: Serial control register
: Serial status register

: Bit rate register

Figure12.1 Block Diagram of SCI
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12.1.3  Pin Configuration

Table 12.1 shows the serial pinsfor each SCI channel.

Table12.1 SCI Pins

Channel Pin Name Symbol 1/0 Function

0 Serial clock pin O SCKO 1/0 SCIO0 clock input/output
Receive datapin0  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 datapinl RxD1 Input SCI1 receive data input
Transmitdata pin1 TxD1 Output SCI1 transmit data output
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12.1.4 Register Configuration

The SCI hasthe internal registers shown in table 12.2. These registers are used to specify
asynchronous mode or clocked synchronous mode, the data format, and the bit rate, and to control
transmitter/receiver.

Table12.2 SCI Registers

Channel Name Abbreviation R/W Initial Value Address™*
0 Serial mode register 0 SMRO R/W H'00 H'FF78
Bit rate register O BRRO R/W H'FF H'FF79
Serial control register 0 SCRO R/W H'00 H'FF7A
Transmit data register O TDRO R/W H'FF H'FF7B
Serial status register 0 SSRO RI(W)™  H®84 HFF7C
Receive data register 0 RDRO R H'00 H'FF7D
Smart card mode register 0 SCMRO R/W H'F2 H'FF7E
1 Serial mode register 1 SMR1 R/W H'00 H'FF80
Bit rate register 1 BRR1 R/W H'FF H'FF81
Serial control register 1 SCR1 R/W H'00 H'FF82
Transmit data register 1 TDR1 R/W H'FF H'FF83
Serial status register 1 SSR1 R/I(W)**  H'84 H'FF84
Receive data register 1 RDR1 R H'00 H'FF85
Smart card mode register 1 SCMR1 R/W H'F2 H'FF86
All Module stop control register MSTPCR R/W H'3FFF H'FF3C

Notes: 1. Lower 16 bits of the address.
2. Can only be written with 0 for flag clearing.
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12.2  Register Descriptions

12.21 Receive Shift Register (RSR)

Bit : 7 6 5 4 3 2 1 0

RIW — — — — — — — —

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.

12.2.2 Receive Data Register (RDR)

Bit : 7 6 5 4 3 2 1 0

- 1 7 7 1 |
Initial value : 0 0 0 0 0 0 0 0
R/W

RDRisaregister 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, enables continuous receive
operations to be performed.

RDR is aread-only register, and cannot be written to by the CPU.

RDR isinitialized to H'00 by areset, and in standby mode or module stop mode.
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12.2.3  Transmit Shift Register (TSR)

Bit : 7 6 5 4 3 2 1 0

RIW — — — — — — — —

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.

12.24 Transmit Data Register (TDR)

Bit : 7 6 5 4 3 2 1 0
Initial value : 1 1 1 1 1 1 1 1
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

TDRisan 8-bit register that stores data for serial 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 or module stop mode.
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1225 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
R/W : R/W RIW RIW R/W R/W R/W R/W RIW

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 or module stop mode.

Bit 7—Communication M ode (C/A): Selects asynchronous mode or clocked synchronous mode
as the SCI operating mode.

Bit 7

C/A Description

0 Asynchronous mode (Initial value)
1 Clocked synchronous mode

Bit 6—Character Length (CHR): Selects 7 or 8 bits as the data length in asynchronous mode. In
clocked synchronous mode, afixed data length of 8 bits is 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 it is not
possible to choose between LSB-first or MSB-first transfer.
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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 clocked synchronous mode,
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 usein 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 clocked synchronous mode, and
when parity addition and checking is disabled in asynchronous mode.

Bit 4

O/E 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.

Bit 3—Stop Bit Length (STOP): Selects 1 or 2 bits as the stop bit length in asynchronous mode.
The STOP hits setting is only valid in asynchronous mode. If clocked synchronous modeis set the
STOP hit setting isinvalid since stop bits are not added.
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Bit 3

STOP Description

0 1 stop bit: In transmission, a single 1 bit (stop bit) is added to the end of each
transmitted character before it is sent (Initial value)

1 2 stop bits: In transmission, two 1 bits (stop bits) are added to the end of each

transmitted character before it is sent

In reception, only thefirst stop bit is checked, regardless of the STOP bit setting. If the second
stop bitis1, itistreated asastop bit; if it is O, it istreated as the start bit of the next transmit
character.

Bit 2—M ultiprocessor 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 clocked synchronous mode.

For details of the multiprocessor communication function, see section 12.3.3, 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 hits select the clock source for the
baud rate generator. The clock source can be selected from @, /4, ¢/16, and ¢/64, according to the
setting of bits CKS1 and CKS0.

For the relation between the clock source, the bit rate register setting, and the baud rate, see
section 12.2.8, Bit Rate Register (BRR).

Bit 1 Bit 0

CKs1 CKSso Description

0 0 @clock (Initial value)
1 @4 clock

1 0 @16 clock
1 @64 clock
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12.26  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
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

SCR isaregister that performs enabling or disabling of SCI transfer operations, serial clock output
in asynchronous mode, and interrupt requests, and selection of the serial clock source.

SCR can be read or written to by the CPU at all times.
SCRisinitialized to H'00 by areset, and in standby mode or 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) requests disabled” (Initial value)
1 Transmit data empty interrupt (TXI) requests enabled

Note: * TXIl interrupt request cancellation can be performed by reading 1 from the TDRE flag,
then clearing it to O, or clearing the TIE bit to 0.

Bit 6—Receive Interrupt Enable (RIE): Enables or disables receive datafull interrupt (RX1)
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 flag, or the FER, PER, or ORER flag, then clearing the flag to 0, or clearing the
RIE bit to 0.
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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 SSR is 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 transfer 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 clocked synchronous mode.

SMR setting must be performed to decide the transfer 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 the MP bitin SMRisset to 1.

The MPIE bit setting isinvalid in clocked synchronous mode or when the MP bit is cleared to O.

Bit 3

MPIE Description

0 Multiprocessor interrupts disabled (normal reception performed) (Initial value)
[Clearing conditions]
*  When the MPIE bit is cleared to 0
e When MPB= 1 data is received

1 Multiprocessor interrupts enabled®

Receive interrupt (RXI) requests, receive error interrupt (ERI) requests, and setting
of the RDRF, FER, and ORER flags in SSR are disabled until data with the
multiprocessor bit set to 1 is received.

Note: * When receive data including MPB = 0 is received, receive data transfer from RSR to
RDR, receive error detection, and setting of the RDRF, FER, and ORER flags in SSR ,
is not performed. When receive data including 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 when thereis no valid transmit datain TDR in MSB data transmission.

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.
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Bits 1 and 0—Clock Enable 1 and 0 (CKE1, CKEOQ): These hits are used to select the SCI clock
source and enable or disable clock output from the SCK pin. The combination of the CKE1 and
CKEDO bits determines whether the SCK pin functions as an 1/0 port, the serial clock output pin, or
the serial clock input pin.

The setting of the CKEO bit, however, is only valid for internal clock operation (CKEL1 =0) in
asynchronous mode. The CKEO bit setting isinvalid in clocked synchronous mode, and in the case
of external clock operation (CKEL = 1). Note that the SCI’ s operating mode must be decided using
SMR before setting the CKE1 and CKEQ bits.

For details of clock source selection, see table 12.9.

Bit 1 Bit 0
CKE1 CKEO Description
0 0 Asynchronous mode Internal clock/SCK pin functions as 1/O port™*
Clocked synchronous Internal clock/SCK pin functions as serial clock
mode output
1 Asynchronous mode Internal clock/SCK pin functions as clock output™?
Clocked synchronous Internal clock/SCK pin functions as serial clock
mode output
1 0 Asynchronous mode External clock/SCK pin functions as clock input®*
Clocked synchronous External clock/SCK pin functions as serial clock
mode input
1 Asynchronous mode External clock/SCK pin functions as clock input®*
Clocked synchronous External clock/SCK pin functions as serial clock
mode input

Notes: 1. Initial value
2. Outputs a clock of the same frequency as the bit rate.
3. Inputs a clock with a frequency 16 times the bit rate.
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12.2.7  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
R/W : R/(W)*  R/(W)* R/(W)* R/(W)* R/(W)* R R R/W

Note: * Only O can be written, to clear the flag.

SSRis an 8-hit register containing status flags that indicate the operating status of the SCI, and
multiprocessor hits.

SSR can be read or written to by the CPU at all times. However, 1 cannot be written to flags
TDRE, RDRF, ORER, PER, and FER. Also note that in order to clear these flags they must be
read as 1 beforehand. The TEND flag and MPB flag are read-only flags and cannot be modified.

SSRisinitialized to H'84 by areset, and in standby mode or module stop mode.

Bit 7—Transmit Data Register Empty (TDRE): Indicates that data has been transferred from
TDR to TSR and the next serial data can be written to TDR.

Bit 7
TDRE Description
0 [Clearing conditions]

e When 0 is written to TDRE after reading TDRE = 1
*«  When the DTC is activated by a TXI interrupt and writes data to TDR

1 [Setting conditions] (Initial value)
¢ When the TE bitin SCRis 0

¢« When data is transferred from TDR to TSR and data can be written to TDR
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Bit 6—Receive Data Register Full (RDRF): Indicates that the received datais stored in RDR.

Bit 6

RDRF Description

0 [Clearing conditions] (Initial value)
e When 0 is written to RDRF after reading RDRF = 1
* When the DTC is activated by an RXI interrupt and reads data from RDR

1 [Setting condition]

When serial reception ends normally and receive data is transferred from RSR to RDR

Note: RDR and the RDRF flag are not affected and retain their previous values when an error is
detected during reception or when the RE bit in SCR is cleared to 0.
If reception of the next data is completed while the RDRF flag is still set to 1, an overrun
error will occur and the receive data will be lost.

Bit 5—Overrun Error (ORER): Indicatesthat an overrun error occurred during reception,
causing abnormal termination.

Bit 5

ORER Description

0 [Clearing condition] (Initial value)**
When 0 is written to 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 clocked synchronous mode, serial transmission cannot be
continued, either.
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Bit 4—Framing Error (FER): Indicates that aframing error occurred during reception in
asynchronous mode, causing abnormal termination.

Bit 4

FER Description

0 [Clearing condition] (Initial value)**
When 0 is written to FER after reading FER = 1

1 [Setting condition]
When the SCI checks whether the stop bit at the end of the receive data when
reception ends, and the stop bit is 0*?

Notes: 1. The FER flag is not affected and retains its previous state when the RE bit in SCR is

cleared to 0.

In 2-stop-bit mode, only the first stop bit is checked for a value of 0; the second stop bit
is not checked. If a framing error occurs, the receive data is transferred to RDR but the
RDREF flag is not set. Also, subsequent serial reception cannot be continued while the
FER flag is set to 1. In clocked synchronous mode, serial transmission cannot be
continued, either.

Bit 3—Parity Error (PER): Indicates that a parity error occurred during reception using parity
addition in asynchronous mode, causing abnormal termination.

Bit 3

PER Description

0 [Clearing condition] (Initial value)**
When 0 is written to 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 bitin 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 clocked synchronous mode, serial transmission cannot be continued, either.
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Bit 2—Transmit End (TEND): Indicates that thereis no valid datain TDR when the last bit of
the transmit character is sent, and transmission has been ended.

The TEND flag is read-only and cannot be modified.

Bit 2
TEND Description
0 [Clearing conditions]

¢ When 0 is written to TDRE after reading TDRE = 1
e When the DTC is activated by a TXI interrupt and writes data to TDR
1 [Setting conditions] (Initial value)
¢ When the TE bitin SCRis 0
< When TDRE =1 at transmission of the last bit of a 1-byte serial transmit character

Bit 1—Multiprocessor Bit (MPB): When reception is performed using multiprocessor format in
asynchronous mode, MPB stores the multiprocessor bit in the receive data.

MPB is aread-only bit, and cannot be modified.

Bit 1

MPB Description

0 [Clearing condition] (Initial value)®
When data with a 0 multiprocessor bit is received

1 [Setting condition]

When data with a 1 multiprocessor bit is received

Note: * Retains its previous state when the RE bit in SCR is cleared to 0 with multiprocessor
format.
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Bit 0—Multiprocessor Bit Transfer (MPBT): When transmission is performed using
multiprocessor format in asynchronous mode, MPBT stores the multiprocessor bit to be added to
the transmit data.

The MPBT hit setting is invalid when multiprocessor format is not used, when not transmitting,
and in clocked 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

12.2.8 Bit Rate Register (BRR)

Bit : 7 6 5 4 3 2 1 0

| | | | | | | | |
Initial value : 1 1 1 1 1 1 1 1
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

BRR isan 8-hit register that sets the 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 or module stop mode.

As baud rate generator control is performed independently for each channel, different values can
be set for each channel.

Table 12.3 shows sample BRR settings in asynchronous mode, and table 12.4 shows sample BRR
settings in clocked synchronous mode.
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Table12.3 BRR Settingsfor Various Bit Rates (Asynchronous M ode)

¢®=2MHz @=2.097152 MHz @=2.4576 MHz @®=3MHz

Bit Rate Error Error Error Error
(bit/s) n N (%) n N (%) n N (%) n N (%)
110 1 141 0.03 1 148 -0.04 1 174 -026 1 212 0.03
150 1 103 0.16 1 108 0.21 1 127 0.00 1 155 0.16
300 0 207 0.16 0 217 0.21 0 255 0.00 1 77 0.16
600 0 103 0.16 0 108 0.21 0 127 0.00 0 155 0.16
1200 0 51 0.16 0 54 -0.70 O 63 0.00 0 77 0.16
2400 0 25 0.16 0 26 1.14 0 31 0.00 0 38 0.16
4800 0 12 0.16 0 13 -2.48 0 15 0.00 0 19 -2.34
9600 0 6 — 0 6 -2.48 0 7 0.00 0 9 -2.34
19200 0 2 — 0 2 — 0 3 0.00 0 4 -2.34
31250 0 1 0.00 0 1 — 0 1 — 0 2 0.00
38400 0 1 — 0 1 — 0 1 0.00 — — —

¢=3.6864 MHz =4 MHz @=4.9152 MHz @®=5MHz
Bit Rate Error Error Error Error
(bit/s) n N (%) n N (%) n N (%) n N (%)
110 2 64 0.70 2 70 0.03 2 86 0.31 2 88 -0.25
150 1 191  0.00 1 207 0.16 1 255  0.00 2 64 0.16
300 1 95 0.00 1 103 0.16 1 127 0.00 1 129 0.16
600 0 191  0.00 0 207 0.16 0 255  0.00 1 64 0.16
1200 0 95 0.00 0 103 0.16 0 127 0.00 0 129 0.16
2400 0 47 0.00 0 51 0.16 0 63 0.00 0 64 0.16
4800 0 23 0.00 0 25 0.16 0 31 0.00 0 32 -1.36
9600 0 11 0.00 0 12 0.16 0 15 0.00 0 15 1.73
19200 0 5 0.00 0 6 — 0 7 0.00 0 7 1.73
31250 - = — 0 3 0.00 0 4 -1.70 0 4 0.00
38400 0 2 0.00 0 2 — 0 3 0.00 0 3 1.73
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@=6 MHz @=6.144 MHz @=7.3728 MHz @®=8 MHz

Bit Rate Error Error Error Error
(bit/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 0.16 1 159  0.00 1 191  0.00 1 207 0.16
600 1 77 0.16 1 79 0.00 1 95 0.00 1 103 0.16
1200 0 155 0.16 0 159  0.00 0 191  0.00 0 207 0.16
2400 0 77 0.16 0 79 0.00 0 95 0.00 0 103 0.16
4800 0 38 0.16 0 39 0.00 0 47 0.00 0 51 0.16
9600 0 19 -234 0 19 0.00 0 23 0.00 0 25 0.16
19200 0 9 -234 0 9 0.00 0 11 0.00 0 12 0.16
31250 0 5 0.00 0 5 2.40 0 6 — 0 7 0.00
38400 0 4 -234 0 4 0.00 0 5 0.00 0 6 —

@=9.8304 MHz =10 MHz @=12 MHz @=12.288 MHz
Bit Rate Error Error Error Error
(bit/s) n N (%) n N (%) n N (%) n N (%)
110 2 174 -0.26 2 177  -025 2 212 0.03 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 0.16 1 155 0.16 1 159 0.00
1200 0 255 0.00 1 64 0.16 1 77 0.16 1 79 0.00
2400 0 127 0.00 O 129 0.16 0 155 0.16 0 159 0.00
4800 0 63 0.00 O 64 0.16 0 77 0.16 0 79 0.00
9600 0 31 0.00 O 32 -136 O 38 0.16 0 39 0.00
19200 0 15 0.00 O 15 1.73 0 19 -234 0 19 0.00
31250 0 9 -1.70 O 9 0.00 0 11 0.00 0 11 2.40
38400 0 7 0.00 O 7 1.73 0 9 -234 0 9 0.00
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=14 MHz @= 14.7456 MHz =16 MHz @=17.2032 MHz
Bit Rate Error Error Error Error
(bit/s) n N (%) n N (%) n N (%) n N (%)
110 2 248 -0.17 3 64 0.70 3 70 0.03 3 75 0.48
150 2 181 0.16 2 191 0.00 2 207 0.16 2 223 0.00
300 2 90 0.16 2 95 0.00 2 103 0.16 2 111 0.00
600 1 181 0.16 1 191 0.00 1 207 0.16 1 223 0.00
1200 1 90 0.16 1 95 0.00 1 103 0.16 1 111 0.00
2400 0 181 0.16 0 191 0.00 0 207 0.16 0 223 0.00
4800 0 90 0.16 0 95 0.00 0 103 0.16 0 111 0.00
9600 0 45 -093 0 47 0.00 0 51 0.16 0 55 0.00
19200 0 22 -093 0 23 0.00 0 25 0.16 0 27 0.00
31250 0 13 0.00 0 14 -1.70 O 15 0.00 0 16 1.20
38400 0 10 — 0 11 0.00 0 12 0.16 0 13 0.00
=18 MHz @= 19.6608 MHz @= 20 MHz
Bit Rate Error Error Error
(bit/s) n N (%) n N (%) n N (%)
110 3 79 -0.12 3 86 0.31 3 88 -0.25
150 2 233 0.16 2 255 0.00 3 64 0.16
300 2 116  0.16 2 127 0.00 2 129 0.16
600 1 233 0.16 1 255 0.00 2 64 0.16
1200 1 116  0.16 1 127 0.00 1 129 0.16
2400 0 233 0.16 0 255 0.00 1 64 0.16
4800 0 116  0.16 0 127 0.00 0 129 0.16
9600 0 58 -0.69 O 63 0.00 0 64 0.16
19200 0 28 1.02 0 31 0.00 0 32 -1.36
31250 0 17 0.00 0 19 -1.70 O 19 0.00
38400 0 14 -234 0 15 0.00 0 15 1.73

Note: Settings with an error of 1% or less are recommended.

Legend:
—: Setting possible, but error occurs
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Table12.4 BRR Settingsfor Various Bit Rates (Clocked Synchronous M ode)

@=2MHz  @=4MHz @=8MHz @=10MHz @=16MHz  @=20 MHz

Bit Rate

(bit/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 R —
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 S — 0 3 0 4
25M S — 0 0" S — 0 1
5M S — 0 0"
Legend:

Blank : Cannot be set.
— : Can be set, but there will be a degree of error.
* : Continuous transfer is not possible.

Rev. 4.00 Feb 15, 2006 page 433 of 900
REJ09B0291-0400
RENESAS



Section 12 Serial Communication Interface (SCI)

The BRR setting is found from the following formulas.
Asynchronous mode:

N:—(p x106-1
64 x 2201 x B

Clocked synchronous mode:

¢
N=z—F X106—1
8x22n_1xB

Where B: Bit rate (bit/s)
: BRR setting for baud rate generator (0 < N < 255)
Operating frequency (MHz)
Baud rate generator input clock (n =0to 3)
(See the table below for the relation between n and the clock.)

268 =2

SMR Setting
n Clock CKS1 CKSO0
0 (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 formula:

@ x106
Error (%) = (N+1)xB =64 x 2271 -1, x100
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Table 12.5 shows the maximum bit rate for each frequency in asynchronous mode. Tables 12.6

and 12.7 show the maximum bit rates with external clock input.

Table12.5 Maximum Bit Rate for Each Frequency (Asynchronous Mode)

¢ (MHz) Maximum Bit Rate (bit/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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Table12.6 Maximum Bit Rate with External Clock Input (Asynchronous Mode)

¢ (MHz) External Input Clock (MHz) Maximum Bit Rate (bit/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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Table12.7 Maximum Bit Rate with External Clock Input (Clocked Synchronous M ode)

¢ (MHz) External Input Clock (MHz) Maximum Bit Rate (bit/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
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1229 Smart Card Mode Register (SCMR)

Bit : 7 6 5 4 3 2 1 0

| — | — | — | — [sor|sn | — | swmF|
Initial value : 1 1 1 1 0 0 1 0
R/W : — — — — R/W R/W — R/W

SCMR selects LSB-first or MSB-first by means of bit SDIR. Except in the case of asynchronous
mode 7-bit data, L SB-first or M SB-first can be selected regardless of the serial communication
mode. The descriptionsin this chapter refer to LSB-first transfer.

For details of the other bitsin SCMR, see section 13.2.1, Smart Card Mode Register (SCMR).
SCMRiisinitialized to H'F2 by areset, and in standby mode or module stop mode.
Bits 7 to 4—Reserved: Read-only bits, alwaysread as 1.

Bit 3—Smart Card Data Transfer Direction (SDIR): Selectsthe serial/parallel conversion
format.

The transmit/receive format is valid for 8-bit data.

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

Bit 2—Smart Card Data Invert (SINV): When the smart card interface operates as a normal
SCI, 0 should be written in this bit.

Bit 1—Reserved: Read-only bit, always read as 1.

Bit 0—Smart Card Interface M ode Select (SM1F): When the smart card interface operatesas a
normal SCI, 0 should be written in this bit.
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12.2.10 Module Stop Control Register (M STPCR)

MSTPCRH MSTPCRL
Bit : 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Initial value : 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1
R/W :  R/W R/W R/W R/W R/W R/W R/IW R/W RIW RIW RIW RIW R/IW R/W R/W R/W

MSTPCR is a 16-bit readable/writable register that performs module stop mode contral.

When the corresponding bit of bit MSTP6 or MSTP5 is set to 1, SCI operation stops at the end of
the bus cycle and atransition is made to module stop mode. Registers cannot be read or written to
in module stop mode. For details, see section 19.5, Module Stop Mode.

MSTPCR isinitialized to H'3FFF by areset and in hardware standby mode. It isnot initialized in
software standby mode.

Bit 6—Module Stop (M STP6): Specifiesthe SCI channel 1 module stop mode.

Bit 6

MSTP6 Description

0 SCI channel 1 module stop mode cleared

1 SCI channel 1 module stop mode set (Initial value)

Bit 5—Module Stop (M STP5): Specifiesthe SCI channel 0 module stop mode.

Bit 5

MSTP5 Description

0 SCI channel 0 module stop mode cleared

1 SCI channel 0 module stop mode set (Initial value)
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123  Operation

12.3.1 Overview

The SCI can carry out serial communication in two modes: asynchronous mode in which
synchronization is achieved character by character, and clocked synchronous mode in which
synchronization is achieved with clock pulses.

Selection of asynchronous or clocked synchronous mode and the transmission format is made
using SMR as shown in table 12.8. The SCI clock is determined by a combination of the C/A bit
in SMR and the CKE1 and CKEOQ bitsin SCR, as shown in table 12.9.

Asynchronous Mode

» Datalength: Choice of 7 or 8 bits

e 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

O When external clock is selected:

A clock with afrequency of 16 timesthe bit rate must be input (the on-chip baud rate
generator is not used)

Clocked Synchronous Mode

» Transfer format: Fixed 8-bit data
» Detection of overrun errors 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 serial clock is output off-chip
O When external clock is selected:
The on-chip baud rate generator is not used, and the SCI operates on the input serial clock
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Table12.8 SMR Settingsand Serial Transfer Format Selection

SMR Settings

SCI Transfer Format

Bit_7 Bité6 Bit2 Bit5 BIit3 Data erlé)ltt:Ie-ssor 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-bit data Yes No 1 bit
— ! glzg:s(gc])lrjl:grmat) - 72 bits
1 — 0 7-bit data 1 bit
— 1 2 bits
1 — — — — Clocked 8-bitdata No None

synchronous mode

Table12.9 SMR and SCR Settings and SCI Clock Source Selection

SMR SCR Setting

Bit7 Bitl BitO

C/A CKE1 CKEO

Mode

SCI Transmit/Receive Clock

Clock
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 Clocked Internal Outputs serial clock
1 synchronous
mode
1 0 External Inputs serial clock
1
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12.3.2  Operation in Asynchronous Mode

In asynchronous mode, characters are sent or received, each preceded by a start bit indicating the
start of communication and 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 12.2 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
Seriall o | po | p1 | D2 | D3| D4 | D5 | D6 | D7 |01 | 1 | 1
data
Start Parity| Stop bit
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

Figure12.2 Data Format in Asynchronous Communication
(Examplewith 8-Bit Data, Parity, Two Stop Bits)
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Data Transfer Format

Table 12.10 shows the data transfer formats that can be used in asynchronous mode. Any of 12
transfer formats can be selected according to the SMR setting.

Table 12.10 Serial Transfer Formats (Asynchronous M ode)

SMR Settings Serial Transfer Format and Frame Length
CHR | PE MP | STOP 2 3 4 5 6 7 8 9 10 11 12
0 0 0 0 | 8-bit data [stop
0 0 0 1 | 8-bit data [sTor sTop
0 1 0 0 | 8-bit data | P stop
0 1 0 1 | 8-bit data I |STOP|STOP
1 0 0 0 | 7-bit data [stop
1 0 0 1 | 7-bit data |STOP|STOP
1 1 0 0 | 7-bit data | P [sop
1 1 0 1 | 7-bit data | P |stop|srop
0 — 1 0 | 8-bit data |wpg | sToP
0 — 1 1 | 8-bit data | P [sTop[sTOP
1 — 1 0 | 7-bit data | wpa [sToP
1 — 1 1 | 7-bit data | upasTo[sTop
Legend:
S : Start bit
STOP : Stop bit
P : Parity bit

MPB : Multiprocessor bit
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Clock

Either an internal clock generated by the on-chip baud rate generator or an external clock input at
the SCK pin can be selected as the SCI’s serial clock, according to the setting of the C/A bit in
SMR and the CKE1 and CKEO bitsin SCR. For details of SCI clock source selection, see table
12.9.

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 isin the middle of the transmit data, as shown in figure 12.3.

JuUuyuyuyuyy

0 DO | D1 D2 D3 D4 | D5 | D6 D7 | 0/1 1 ‘ 1

1 frame

A

-
-

Figure 12.3 Relation between Output Clock and Transfer Data Phase
(Asynchronous Mode)

Data Transfer Operations

SClI initialization (asynchronous mode): Before transmitting and receiving data, you should first
clear the TE and RE bitsin SCR to O, then initialize the SCI as described below.

When the operating mode, transfer format, etc., is changed, the TE and RE bits must be cleared to
0 before making the change using the following procedure. When the TE bit is cleared to O, the
TDRE flag isset to 1 and TSR isinitialized. Note that clearing the RE bit to 0 does not change the
contents of the RDRF, PER, FER, and ORER flags, or the contents of RDR.

When an external clock is used the clock should not be stopped during operation, including
initialization, since operation is uncertain.

Rev. 4.00 Feb 15, 2006 page 444 of 900
REJ09B0291-0400
RENESAS




Section 12 Serial Communication Interface (SCI)

Figure 12.4 shows a sample SCI initialization flowchart.

C Start initialization > [1] Set the clock selection in SCR.
Be sure to clear bits RIE, TIE,
‘ TEIE, and MPIE, and bits TE and

| Clear TE and RE bits in SCR to 0 | RE, to 0.
‘ When the clock is selected in
Set CKE1 and CKEQ bits in SCR X asynchronous mode, it is output
(TE, RE bits 0) (1 immediately after SCR settings are
made.

\
Set data transfer format in
SMR and SCMR 2]

\ [3] Write a value corresponding to the
Set value in BRR [3] bit rate to BRR. Not necessary if an
external clock is used.

[2] Set the data transfer format in SMR
and SCMR.

- Wait
- [4] Wait at least one bit interval, then
No set the TE bit or RE bit in SCR to 1.
1-bit interval elapsed? Also set the RIE, TIE, TEIE, and
MPIE bits.
Yes . .
Setting the TE and RE bits enables
the TxD and RxD pins to be used.
Set TE and RE bits in
SCRto 1, and set RIE, TIE, TEIE, [4]

and MPIE bits

<Transfer completion>

Figure12.4 Sample SCI Initialization Flowchart

Rev. 4.00 Feb 15, 2006 page 445 of 900
REJ09B0291-0400

RENESAS




Section 12 Serial Communication Interface (SCI)

Serial data transmission (asynchronous mode): Figure 12.5 shows a sample flowchart for serial
transmission.

The following procedure should be used for seria data transmission.

‘ Initialization | [ [1] SClinitialization:
I The TxD pin is automatically

( . > designated as the transmit data
Start transmission .
output pin.

}4— After the TE bit is set to 1, a frame

‘ Read TDRE flag in SSR | 2] of 1s is output, and transmission is
enabled.

No [2] SCI status check and transmit data
write:
Read SSR and check that the

Yes TDRE flag is set to 1, then write
transmit data to TDR and clear the

Write transmit data to TDR TDRE flag to 0.
and clear TDRE flag in SSR to 0

[3] Serial transmission continuation
procedure:
To continue serial transmission,
read 1 from the TDRE flag to
confirm that writing is possible,

All data transmitted?

Yes then write data to TDR, and then
- 13] 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 date 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
setDDRto 1

PE—)

Clear TE bitin SCRto 0 |

<End>

Figure12.5 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 is 0, 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 datais 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.
[c] 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.
[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, 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 isset to 1, the TEND flag in SSRis set to 1, the stop hit is sent, and then the
“mark state” is entered in which 1 is output continuously. If the TEIE bitin SCRissetto 1 at
thistime, a TEI interrupt request is generated.
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Figure 12.6 shows an example of the operation for transmission in asynchronous mode.

Start Data Parity Stop Start Parity Stop
1 bit % bit bit  bit ( bit 1
) )
0 | DO | D1 D7 | 0/1 | 1 0 D1 o Idle state
( (« (mark state)
) )
(
)
TDRE («
A A ) A
TEND (« «
) )
TXI interrupt Data written to TDR and TXI interrupt )
request generated TDRE flag cleared to 0 in request generated TEl interrupt
TXI interrupt service routine request generated
1 frame

Figure12.6 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 12.7 shows a sample flowchart for seria
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 processing 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
processing, ensure that the
3] ORER, PER, and FER flags are
- all cleared to 0. Reception cannot
( Error processing ) 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

PEROFER OORER =1

(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 RDRF flag to 0. The RDRF
<End> flag is cleared automatically
when the DTC is activated by an
RXI interrupt and the RDR value
is read.

All data received?

Clear RE bitin SCRto 0

Figure12.7 Sample Serial Reception Data Flowchart
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(3]

< Error processing >

No
ORER =1

Yes

Overrun error processing

No

Break?

Yes
A

Framing error processing | | Clear RE bitin SCRto 0

-

No
PER=1

Yes

Parity error processing

|
Pl

Clear ORER, PER, and
FER flags in SSR to 0

<End>

Figure12.7 Sample Serial Reception Data Flowchart (cont)
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In serial reception, the SCI operates as described below.

[1] The SCI monitors the 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] Statuscheck:

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 12.11.

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 bit in SCRis 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 12.11 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 12.8 shows an example of the operation for reception in asynchronous mode.

Start Data Parity Stop Start Data Parity Stop
1 it (« bit bit  bit (« bit bit 1
) ) Idle state
0 DO | D1 D7 | 0/1 1 0 DO | D1 D7 | 0/1 0
(mark state)

RDRF

FER

f§ i
RXI interrupt RDR data read and RDRF
request flag cleared to 0 in RXI ERI interrupt request

generated interrupt service routine generated by framing
error

1 frame

A
Y

Figure 12.8 Example of SCI Operation in Reception
(Example with 8-Bit Data, Parity, One Stop Bit)
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12.3.3  Multiprocessor Communication Function

The multiprocessor communication function performs serial communication using the
multiprocessor format, in which a multiprocessor bit is added to the transfer data, in asynchronous
mode. Use of thisfunction 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 1D 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 12.9 shows an example of inter-processor communication using the multiprocessor format.

Data Transfer For mat
There are four data transfer formats.
When the multiprocessor format is specified, the parity bit specification isinvalid.

For details, see table 12.10.
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Clock

See the section on asynchronous mode.

Transmitting
station
Y Serial transmission line
! 1 1 1
Receiving Receiving Receiving Receiving
station A station B station C station D
(ID=01) (ID=02) (ID =03) (ID =04)
Serial T
data | | nor | HAA
(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

Figure12.9 Example of Inter-Processor Communication Using M ultiprocessor For mat
(Transmission of Data H'AA to Recelving Station A)

Data Transfer Operations

Multiprocessor serial datatransmission:; Figure 12.10 shows a sample flowchart for
multiprocessor serial datatransmission.

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 bitis setto 1, a
| Read TDRE flag in SSR | [z  frameof1sis 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 bit in SCR to 0.

Break output?

Clear DR to 0 and set DDR to 1

E—

Clear TE bitin SCRto 0 |

<End>

Figure12.10 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 is 0, 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.
[c] 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 checks the 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, atransmission end interrupt (TEI) request is generated.
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Figure 12.11 shows an example of SCI operation for transmission using the multiprocessor

format.
Multi-
proce- Multi-
Start Data ssor Stop Start Data proces- Stop
1 bit ‘« bit  bit  bit « sorbit bit 1
)] )
0 | DO | D1 D7 | o1 | 1 0 | po | D1 D7 | o/1 | 1 Idlestate
(( ( (mark state)
)] )
(
))
TDRE B
A A ) A
TEND B B
) ) i

TXI interrupt
request generated

Data written to TDR

and TDRE flag cleared to
0 in TXI interrupt service

routine

1 frame

TXI interrupt _
request generated TEl interrupt
request generated

Figure12.11 Example of SCI Operation in Transmission
(Examplewith 8-Bit Data, Multiprocessor Bit, One Stop Bit)

Multiprocessor serial datareception: Figure 12.12 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]
I

C Start reception >

o
| Read MPIE bit in SCR | 2
\
| Read ORER and FER flags in SSR |

FEROORER =1
No

Read RDRF flag in SSR [3]

No
Yes

Read receive data in RDR

This station's ID?

Yes

—
e

Read ORER and FER flags in SSR

Y

Yes
FER OORER =1
No

Read RDRF flag in SSR [4]

*

Read receive data in RDR

All data received?

Clear RE bitin SCRto 0

<End>

y

|

(5]

(1]

(2]

(3]

[4]

5]

SCl initialization:

The RxD pin is automatically
designated as the receive data
input pin.

ID reception cycle:
Set the MPIE bit in SCR to 1.

SCI status check, ID reception
and comparison:

Read SSR and check that the
RDRF flag is set to 1, then read
the receive data in RDR and
compare it with this station’s ID.
If the data is not this station’s ID,
set the MPIE bit to 1 again, and
clear the RDRF flag to 0.

If the data is this station’s ID,
clear the RDRF flag to O.

SCI status check and data
reception:

Read SSR and check that the
RDRF flag is set to 1, then read
the data in RDR.

Receive error processing and
break detection:

If a receive error occurs, read the
ORER and FER flags in SSR to
identify the error. After
performing the appropriate error
processing, ensure that the
ORER and FER flags are all
cleared to 0.

Reception cannot be resumed if
either of these flags is set to 1.

In the case of a framing error, a
break can be detected by reading
the RxD pin value.

( Error processing )

(Continued on
next page)

Figure12.12 Sample Multiprocessor Serial Reception Flowchart
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(5] < Error processing >
No
ORER =1
Yes

Overrun error processing

-
-

Yes

No

A
Framing error processing | | Clear RE bitin SCR to 0

| ‘
|

Clear ORER, PER, and
FER flags in SSR to 0

<End>

Figure12.12 Sample Multiprocessor Serial Reception Flowchart (cont)
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Figure 12.13 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 lIdle state

{ (mark state)

((
)]

MPIE

RDRF ,—l
Z/

RDR X ID1
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 service 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
D) )
0 DO D1 D7 1 ‘ 1 0 DO D1 D7 0 1 Idle state

{ (mark state)

((
)]

MPIE |

RDRF ,—l
S~/

A

T L

RDR
value ID1 X D2 X Data2
MPIE=0 RXlinterrupt 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) service routine interrupt service routine
generated

(b) Data matches station’s ID

Figure12.13 Example of SCI Operation in Reception
(Examplewith 8-Bit Data, Multiprocessor Bit, One Stop Bit)
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12.3.4  Operation in Clocked Synchronous Mode

In clocked 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 12.14 shows the general format for clocked synchronous serial communication.

One unit of transfer data (character or frame)

- -
*

Serial E’_
clock
LSB MSB

j:tr;al A Bito X Bit1 X Bit2 X Bit3 X Bit4 X Bit5 X Bit6 X Bit7 X 4
\

Don't care Don'’t care

Note: * High except in continuous transfer

Figure 12.14 Data Format in Synchronous Communication

In clocked synchronous serial communication, data on the transmission line is output from one
falling edge of the serial clock to the next. Data confirmation is guaranteed at the rising edge of
the serial clock.

In clocked 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 clocked synchronous mode, the SCI receives data in synchronization with the rising edge of the
seria clock.
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Data Transfer Format
A fixed 8-bit dataformat is used.

No parity or multiprocessor bits are added.

Clock

Either an internal clock generated by the on-chip baud rate generator or an external serial clock
input at the SCK pin can be selected, according to the setting of the C/A bit in SMR and the CKE1
and CKEQ hitsin SCR. For details of SCI clock source selection, seetable 12.9.

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. If you want to
perform receive operations in units of one character, you should select an external clock asthe
clock source.
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Data Transfer Operations

SClI initialization (clocked synchronous mode): Before transmitting and receiving data, you
should 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.

Figure 12.15 shows a sample SCI initialization flowchart.

C Start initialization > [1] Set the clock selection in SCR. Be sure
‘ to clear bits RIE, TIE, TEIE, and MPIE,
TE and RE, to 0.

| Clear TE and RE bits in SCR to 0 |
‘ [2] Setthe data transfer format in SMR
and SCMR.

Set CKE1 and CKEDO bits in SCR

- [1] . . )
(TE, RE bits 0) [3] Write a value corresponding to the bit
‘ rate to BRR. Not necessary if an
Set data transfer format in 2] external clock is used.
SMR and SCMR

‘ [4] Wait at least one bit interval, then set
the TE bit or RE bit in SCR to 1.

setvalue in BRR [3] Also set the RIE, TIE, TEIE, and MPIE
- Wait bits.
_ Setting the TE and RE bits enables the
No TxD and RxD pins to be used.

1-bit interval elapsed?

Set TE and RE bits in SCR to 1, and
set RIE, TIE, TEIE, and MPIE bits [4]

<Transfer start>

Note: When transmitting and receiving data simultaneously, the TE and RE bits should be
cleared to 0 and then set to 1 at the same time.

Figure12.15 Sample SCI Initialization Flowchart
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Serial data transmission (clocked synchronous mode): Figure 12.16 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>

Figure12.16 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 is 0, 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.

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).

[3] The SCI checks the TDRE flag at the timing for sending the MSB (hit 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, a TEI interrupt request is generated.

[4] After completion of serial transmission, the SCK pinisfixed.
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Figure 12.17 shows an example of SCI operation in transmission.

Transfer direction

sewoos ™[] [T L
Serial data Bit 7 X Bit 0 ><j§ X Bit7 X Bito X Bit1 ><j§ X Bit6 X Bit7

((

)

TDRE .
1 A ) | —
TEND
(( ((
/ |
TXI interrupt Data written to TDR TXI interrupt TEI interrupt
request generated and TDRE flag request generated request generated

cleared to 0 in TXI
interrupt service routine

Y

—
-t

1 frame

Figure12.17 Example of SCI Operation in Transmission

Serial data reception (clocked synchronous mode): Figure 12.18 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 clocked synchronous, be sure to check
that the ORER, PER, and FER flags are all cleared to O.

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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[1] [1] SClinitialization:
The RxD pin is automatically
designated as the receive data
input pin.

| Initialization |
\

Start reception

.
[2] [3] Receive error processing:

| Read ORER flag in SSR | [2] If a receive error occurs, read the
ORER flag in SSR, and after
performing the appropriate error
[3] processing, clear the ORER flag
to 0. Transfer 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

No clear the RDRF flag to O.
Transition of the RDRF flag from
0 to 1 can also be identified by

Yes an RXI interrupt.

No ( Error processing >
[4]

(Continued below)

Read RDRF flag in SSR | [4]

[5] Serial reception continuation
procedure:
To continue serial reception,
before the MSB (bit 7) of the
current frame is received, finish
5] reading the RDRF flag, reading
RDR, and clearing the RDRF flag
to 0. The RDRF flag is cleared
automatically when the DTC is
| Clear RE bit in SCR t0 0 | activated by a receive data full
interrupt (RXI) request and the
RDR value is read.

Read receive data in RDR, and
clear RDRF flag in SSR to 0

All data received?

<End>

[3] ( Error processing )

| Overrun error processing |

| Clear ORER flag in SSRto 0 |

<End>

Figure12.18 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 12.11.

Neither transmit nor receive operations can be performed subsequently when areceive error
has been found in the error check.

[3] If the RIE bitin SCRis set to 1 when the RDRF flag changes to 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 12.19 shows an example of SCI operation in reception.

Serial E
clock
Serial : - - . - -
Seri CD € I €1 CIYCIY I €D €30
RDRF
A
ORER

RXI interrupt request | RDR data read and RXl interrupt request ~ ERI interrupt request
generated RDRF flag cleared to 0 generated generated by overrun
in RXI interrupt service error
routine
D 1 frame o

Figure12.19 Example of SCI Operation in Reception

Simultaneous serial data transmission and reception (clocked synchronous mode): Figure
12.20 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] SClinitialization:
The TxD pin is designated as the
[ transmit data output pin, and the
( Start transmission/reception ) RxD pin is designated as the
receive data input pin, enabling
Nl simultaneous transmit and receive
operations.

| Initialization | [1]

| Read TDRE flag in SSR | 2]

[2] 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
Yes TDRE flag to 0.
Transition of the TDRE flag from O
Write transmit data to TDR and to 1 can also be identified by a TXI
clear TDRE flag in SSR to 0 interrupt.

No

Receive error processing:
If a receive error occurs, read the
Read ORER flag in SSR | ORER flag in SSR, and after
performing the appropriate error
processing, clear the ORER flag to
0. Transmission/reception cannot be
resumed if the ORER flag is set to
1.

- (3]

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
No RDREF flag to 0. Transition of the
RDRF flag from 0 to 1 can also be
identified by an RXI interrupt.

Read RDRF flag in SSR | [4]

Yes [5] Serial transmission/reception
continuation procedure:
Read receive data in RDR, and To cor_]tinue serial transmissipn/
clear RDRF flag in SSR to 0 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
5] 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
<End> interrupt (TXI) request and data is
written to TDR. Also, the RDRF flag
is cleared automatically when the
Note: When switching from transmit or receive operation to simultaneous DTC is activated by a receive data
transmit and receive operations, first clear the TE and RE bits to 0, full interrupt (RXI) request and the
then set both of these bits to 1. RDR value is read.

All data received?

Clear TE and RE bits in SCRto 0

Figure12.20 Sample Flowchart of Simultaneous Serial Transmit and Receive Operations
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12.4  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 12.12 shows the interrupt sources and their relative priorities. Individual interrupt
sources can be enabled or disabled with the TIE, RIE, and TEIE bitsin the 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 12.12 SCI Interrupt Sources

Interrupt DTC
Channel Source Description Activation Priority™
0 ERI Interrupt due to receive error (ORER, FER, Not possible  High
or PER) A
RXI Interrupt due to receive data full state (RDRF) Possible
TXI Interrupt due to transmit data empty state Possible
(TDRE)
TEI Interrupt due to transmission end (TEND) Not possible
1 ERI Interrupt due to receive error (ORER, FER, Not possible
or PER)
RXI Interrupt due to receive data full state (RDRF) Possible
TXI Interrupt due to transmit data empty state Possible
(TDRE)
TEI Interrupt due to transmission end (TEND) Not possible  Low

Note: * This table shows the initial state immediately after a reset. Relative priorities among
channels can be changed by means of ICR and IPR.

A TEI interrupt is requested when the TEND flag is set to 1 while the TEIE bit issetto 1. The
TEND flagis cleared at the same time asthe TDRE flag. Consequently, if a TEI interrupt and a
TXI interrupt are requested simultaneously, the TXI interrupt may be accepted first, with the
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result that the TDRE and TEND flags are cleared. Note that the TEI interrupt will not be accepted
in this case.

125 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 12.13. If there is an overrun error, dataiis not transferred from RSR to RDR, and
the receive dataislost.

Table 12.13 State of SSR Status Flagsand Transfer of Receive Data

SSR Status Flags Receive Data Transfer

RDRF ORER FER PER RSR to RDR Receive Error Status

1 1 0 0 X Overrun error

0 0 1 0 O Framing error

0 0 0 1 O Parity error

1 1 1 0 X Overrun error + framing error
1 1 0 1 X Overrun error + parity error

0 0 1 1 O 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 Feb 15, 2006 page 471 of 900
REJ09B0291-0400

RENESAS



Section 12 Serial Communication Interface (SCI)

Break Detection and Processing (Asynchronous Mode Only): When framing error (FER)
detection is performed, 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 (Asynchronous Mode Only): The TxD pin has adual function asan 1/O port
whose direction (input or output) is determined by DR and DDR. This can be used to send a break.

Between seria transmission initialization and setting of the TE bit to 1, the mark stateis 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 are first set to 1.

To send a break during serial transmission, first clear DR to O, then clear the TE bit to 0.

When the TE bit 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 (Clocked Synchronous Mode Only):
Transmission cannot be started when areceive error flag (ORER, PER, or FER) isset to 1, even if
the TDRE flag is cleared to O. Be sure to clear the receive error flags to O before starting
transmission.

Note also that receive error flags cannot be cleared to 0 even if the RE hit is cleared to O.

Receive Data Sampling Timing and Reception Margin in Asynchronous Mode:
In asynchronous mode, the SCI operates on a basic clock with afrequency of 16 times the transfer
rate.

In reception, the SCI samples the falling edge of the start bit using the basic clock, and performs
internal synchronization. Receive datais latched internally at the rising edge of the 8th pulse of the
basic clock. Thisisillustrated in figure 12.21.
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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 o
timing H H

Figure12.21 Receive Data Sampling Timing in Asynchronous M ode

Thus the reception margin in asynchronous mode is given by formula (1) below.

Ip-05 | (

M= {0.5- i) —(L-0.5)F- 1+F)| x100% ........ Formula (1)
2N

Where M : Reception margin (%)

N : Ratio of bit rateto clock (N = 16)

D : Clock duty (D =010 1.0)

L : Framelength (L =9t012)

F : Absolute value of clock rate deviation

Assuming values of F=0and D = 0.5in formula (1), areception margin of 46.875% is given by
formula (2) below.

WhenD =0.5and F=0,

1
M=(05- =) x100%

=46.875% Formula (2)

However, thisis only the computed value, and a margin of 20% to 30% should be allowed in
system design.
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Restrictionson Useof DTC

»  When an external clock source is used asthe serial clock, the transmit clock should not be
input until at least 5 @ clock cycles after TDR is updated by the DTC. Misoperation may occur
if the transmit clock isinput within 4 ¢ clocks after TDR is updated. (Figure 12.22)

* When RDRisread by the DTC, be sure to set the activation source to the relevant SCI
reception end interrupt (RX1).

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 clocks.

Figure 12.22 Example of Clocked Synchronous Transmission by DTC

Interrupts and Module Stop Mode: If module stop mode is entered when an interrupt has been
requested, it will not be possible to clear the CPU interrupt source or DTC activation source.
Interrupts should therefore be disabled before entering module stop mode.
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Switching from SCK Pin Function to Port Pin Function

Problem in Operation: When switching the SCK pin function to the output port function (high-
level output) by making the following settingswhile DDR = 1, DR =1, C/A = 1, CKE1 = 0,
CKEO =0, and TE = 1 (synchronous mode), low-level output occurs for one half-cycle.

1. End of serial datatransmission
2. TEbit=0
3. C/A bit=0 ... switchover to port output
4. Occurrence of low-level output (see figure 12.23)
E Half-cycle low-level output
P
SCK/port | | | I_l
1. End of transmission H 4. Low-level output
Data Bit6 X Bit7 )
2.TE=0 :

TE | ' /

C/A | 3.C/A=0

CKE1

CKEO

Figure 12.23 Operation when Switching from SCK Pin Function to Port Pin Function

Rev. 4.00 Feb 15, 2006 page 475 of 900
REJ09B0291-0400
RENESAS




Section 12 Serial Communication Interface (SCI)

a ks w DN e

Sample Procedure for Avoiding Low-Level Output: Asthis sample procedure temporarily
places the SCK pin in the input state, the SCK/port pin should be pulled up beforehand with an
external circuit.

With DDR =1, DR=1, C/A = 1, CKE1 = 0, CKEO = 0, and TE = 1, make the following
settings in the order shown.

End of serial datatransmission

TEbit=0

CKElbit=1

C/A bit = 0 ... switchover to port output

CKElbit=0

High-level outputTE

1. End of transmission

s
sckpot | || &)

Data Bit 6 X Bit 7

2.TE=0 1
TE :

CiA 4.C/IA=0

3.CKE1=1 ,
CKE1 E 5.CKE1=0

CKEO

Figure 12.24 Operation when Switching from SCK Pin Function to Port Pin Function
(Example of Preventing Low-L evel Output)
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Section 13 Smart Card Interface

13.1 Overview

SCI supportsan IC card (Smart Card) interface conforming to | SO/IEC 7816-3 (Identification
Card) as a serial communication interface extension function.

Switching between the normal serial communication interface and the Smart Card interfaceis
carried out by means of aregister setting.

1311 Features
Features of the Smart Card interface supported by the H85/2345 Group are as follows.

» Asynchronous mode

Data length: 8 bits

Parity bit generation and checking

Transmission of error signal (parity error) in receive mode

Error signal detection and automatic data retransmission in transmit mode
Direct convention and inverse convention both supported

*  On-chip baud rate generator allows any bit rate to be selected

e Threeinterrupt sources

O Threeinterrupt sources (transmit data empty, receive data full, and transmit/receive error)
that can issue requests independently

O Thetransmit data empty interrupt and receive data full interrupt can activate the data
transfer controller (DTC) to execute data transfer

Ooo0Ooogod
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13.1.2

Block Diagram

Figure 13.1 shows a block diagram of the Smart Card interface.

]
Q
8
Module data bus @
E
>
[}
ROR | | TOR | SCMR | BRR L
i K SSR -9
RDw | RSR | || TsR SCR Baudrate (= @4
I SMR generator |, 16
Transmission/
TxD reception control - @/64
Parity generation ) { Clock
Parity check
SCK =
= TXI
= RXI
Legend: = ERI
SCMR : Smart Card mode register
RSR : Receive shift register
RDR : Receive data register
TSR : Transmit shift register
TDR : Transmit data register
SMR : Serial mode register
SCR : Serial control register
SSR : Serial status register
BRR : Bit rate register

Internal
data bus

Figure13.1 Block Diagram of Smart Card Interface
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13.1.3  Pin Configuration

Table 13.1 shows the Smart Card interface pin configuration.

Table13.1 Smart Card Interface Pins

Channel Pin Name Symbol 110 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
Transmit data pin 1 TxD1 Qutput SCI1 transmit data output
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13.1.4 Register Configuration

Table 13.2 shows the registers used by the Smart Card interface. Details of SMR, BRR, SCR,
TDR, RDR, and MSTPCR are the same as for the normal SCI function; see the register
descriptionsin section 12, Serial Communication Interface (SCI).

Table13.2 Smart Card Interface Registers

Channel Name Abbreviation R/W Initial Value ~ Address™

0 Serial mode register 0 SMRO R/W H'00 H'FF78
Bit rate register O BRRO R/W H'FF H'FF79
Serial control register 0 SCRO R/W H'00 H'FF7A
Transmit data register O TDRO R/W H'FF H'FF7B
Serial status register 0 SSRO RI(W)™> H'84 HFF7C
Receive data register O RDRO R H'00 H'FF7D
Smart card mode SCMRO R/W H'F2 H'FF7E
register O

1 Serial mode register 1 SMR1 R/W H'00 H'FF80
Bit rate register 1 BRR1 R/W H'FF H'FF81
Serial control register 1 SCR1 R/W H'00 H'FF82
Transmit data register 1 TDR1 R/W H'FF H'FF83
Serial status register 1 SSR1 R/I(W)** H'84 H'FF84
Receive data register 1 RDR1 R H'00 H'FF85
Smart card mode SCMR1 R/W H'F2 H'FF86
register 1

All Module stop control register MSTPCR R/W H'3FFF H'FF3C

Notes: 1. Lower 16 bits of the address.
2. Can only be written with O for flag clearing.
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13.2 Register Descriptions

Registers added with the Smart Card interface and bits for which the function changes are
described here.

13.21 Smart Card 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
R/W : — — — — R/W R/W — R/W

SCMR is an 8-hit readable/writable register that selects the Smart Card interface function.
SCMRisinitialized to H'F2 by areset, and in standby mode or module stop mode.
Bits 7 to 4—Reserved: Read-only bits, alwaysread as 1.

Bit 3—Smart Card Data Transfer Direction (SDIR): Selectsthe serial/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—Smart Card Data Invert (SINV): Specifiesinversion of the datalogic level. This
function is used together with the SDIR bit for communication with an inverse convention card.
The SINV bit does not affect the logic level of the parity bit. For parity-related setting procedures,
see section 13.3.4, Register Settings.

Bit 2

SINV Description

0 TDR contents are transmitted as they are (Initial value)
Receive data is stored as it is in RDR

1 TDR contents are inverted before being transmitted

Receive data is stored in inverted form in RDR

Bit 1—Reserved: Read-only bit, always read as 1.

Bit 0—Smart Card Interface M ode Select (SM1F): Enables or disables the Smart Card interface
function.

Bit 0

SMIF Description

0 Smart Card interface function is disabled (Initial value)
1 Smart Card interface function is enabled

13.22  Serial Status Register (SSR)

Bit : 7 6 5 4 3 2 1 0

| TDRE | RDRF | ORER | ERS | PER | TEND | MPB | MPBT ‘
Initial value : 1 0 0 0 0 1 0 0
R/W o RIW)*  R/(W)*  R/(W)* R/I(W)* R/(W)* R R R/W

Note: * Only O can be written to bits 7 to 3, to clear these flags.

Bit 4 of SSR has a different function in Smart Card interface mode. Coupled with this, the setting
conditionsfor bit 2, TEND, are also different.

Bits 7 to 5—Operate in the same way as for the normal SCI. For details, see section 12.2.7, Seria
Status Register (SSR).
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Bit 4—Error Signal Status (ERS): In Smart Card interface mode, bit 4 indicates the status of the
error signal sent back from the receiving end in transmission. Framing errors are not detected in
Smart Card interface mode.

Bit 4
ERS Description
0 Indicates that data was received normally and no error signal was sent

[Clearing conditions] (Initial value)
¢ Upon reset, and in standby mode or module stop mode
e When 0 is written to ERS after reading ERS = 1

1 Indicates that an error signal was sent from the receiving side showing that a parity
error was detected

[Setting condition]
When the low level of the error signal is sampled

Note: Clearing the TE bit in SCR to 0 does not affect the ERS flag, which retains its previous
state.

Bits 3 to 0—Operate in the same way as for the normal SCI. For details, see section 12.2.7, Serial
Status Register (SSR).

However, the setting conditions for the TEND hit, are as shown below.

Bit 2

TEND Description

0 Indicates data transmission in progress
[Clearing conditions] (Initial value)
¢ When 0 is written to TDRE after reading TDRE = 1
e When the DTC is activated by a TXI interrupt and writes data to TDR

1 Indicates that data transmission is finished

[Setting conditions]

e Upon reset, and in standby mode or module stop mode

¢ When the TE bitin SCR is 0 and the ERS bit is also 0

e When TDRE = 1 and ERS = 0 (normal transmission) 2.5 etu after a 1-byte serial
character is transmitted when GM =0

¢  When TDRE = 1 and ERS = 0 (normal transmission) 1.0 etu after a 1-byte serial
character is transmitted when GM = 1.

Note: etu: Elementary Time Unit (time for transfer of 1 bit)
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13.2.3 Serial Mode Register (SMR)

Bit : 7 6 5 4 3 2 1 0
GM CHR PE OfE STOP MP CKS1 | CKSO
Initial value : 0 0 0 0 0 0 0 0
Set value™ : GM 0 1 OE 1 0 CKS1 CKSO
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

Note: * When the smart card interface is used, be sure to make the 0 or 1 setting shown for
bits 6, 5, 3, and 2.

Bit 7 of SMR has a different function in smart card interface mode.
Bit 7—GSM Mode (GM): Setsthe smart card interface function to GSM mode.

This bit is cleared to 0 when the normal smart card interfaceis used. In GSM mode, thisbit is set
to 1, the timing of setting of the TEND flag that indicates transmission completion is advanced
and clock output control mode addition is performed. The contents of the clock output control
mode addition are specified by bits 1 and 0 of the serial control register (SCR).

Bit 7

GM Description

0 Normal smart card interface mode operation (Initial value)
e TEND flag generation 12.5 etu after beginning of start bit
¢ Clock output ON/OFF control only

1 GSM mode smart card interface mode operation

« TEND flag generation 11.0 etu after beginning of start bit

< High/low fixing control possible in addition to clock output ON/OFF control (set by
SCR)

Note: etu: Elementary time unit (time for transfer of 1 bit)

Bits 6 to 0—Operate in the same way as for the normal SCI.

For details, see section 12.2.5, Serial Mode Register (SMR).
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13.24  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
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

Bits 1 and 0 of SCR have adifferent function in smart card interface mode.
Bits 7 to 2—Operate in the same way as for the normal SCI.
For details, see section 12.2.6, Serial Control Register (SCR).

Bits 1 and 0—Clock Enable (CKE1, CKEQ): Selects the clock source, and enables or disables
clock output from the SCK pin.

In smart card interface mode, it is possible to switch between enabling and disabling of the normal
clock output, and specify afixed high level or fixed low level for the clock output.

SCMR SMR SCR Setting ] ) o
SMIF |C/A GM| CKEL CKEOD SCK Pin Function Description
0 Refer to SCI designation
1 0 0 0 The pin functions as an 1/O port
1 The pin outputs the clock as the SCK output pin
1 0 The pin outputs fixed low level as the SCK output pin
1 The pin outputs the clock as the SCK output pin
1 0 The pin outputs fixed high level as the SCK output pin
1 The pin outputs the clock as the SCK output pin
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13.3  Operation

13.3.1 Overview
The main functions of the Smart Card interface are as follows.

e Oneframe consists of 8-hit data plus a parity bit.

* Intransmission, aguard time of at least 2 etu (Elementary Time Unit: the time for transfer of
one bit) isleft between the end of the parity bit and the start of the next frame.

» If aparity error is detected during reception, alow error signal level is output for one etu
period, 10.5 etu after the start bit.

e If theerror signal is sampled during transmission, the same data is transmitted automatically
after the elapse of 2 etu or longer.

* Only start-stop asynchronous communication is supported; there is no clocked synchronous
communication function.

13.3.2 Pin Connections
Figure 13.2 shows a schematic diagram of Smart Card interface related pin connections.

In communication with an IC card, since both transmission and reception are carried out on a
single datatransmission line, the TxD pin and RxD pin should be connected with the LS| pin. The
data transmission line should be pulled up to the V. power supply with aresistor.

When the clock generated on the Smart Card interfaceis used by an IC card, the SCK pin output is
input to the CLK pin of the IC card. No connection is needed if the IC card uses an internal clock.

LS| port output is used as the reset signal.

Other pins must normally be connected to the power supply or ground.

Rev. 4.00 Feb 15, 2006 page 486 of 900
REJ09B0291-0400
RENESAS



Section 13 Smart Card Interface

Vce
TxD %
. I/0
RxD
Clock line
SCK CLK
Reset li
Px (port) eset line RST
H8S/2345 Group IC card
Connected equipment

Figure 13.2 Schematic Diagram of Smart Card I nterface Pin Connections

Note: If an IC card is not connected, and the TE and RE bits are both set to 1, closed
transmission/reception is possible, enabling self-diagnosis to be carried out.
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13.3.3 DataFormat

Figure 13.3 shows the Smart Card interface data format. In reception in this mode, a parity check
is carried out on each frame, and if an error is detected an error signal is sent back to the
transmitting end, and retransmission of the datais requested. If an error signal is sampled during
transmission, the same data is retransmitted.

When there is no parity error

Ds | DO | D1 | D2 | D3 | D4 | D5 | D6 | D7 | Dp

Transmitting station output

When a parity error occurs

Ds | DO | D1 | D2 | D3 | D4 | D5 | D6 | D7 | Dp DE

Transmitting station output

- -

A
Y

Receiving
Legend: station
Ds . Start bit output
DO to D7 : Data bits
Dp : Parity bit
DE : Error signal

Figure13.3 Smart Card Interface Data Format
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The operation sequence is as follows.

[1] When the datalineisnot in useit isin the high-impedance state, and is fixed high with a pull-
up resistor.

[2] The transmitting station starts transfer of one frame of data. The data frame starts with a start
bit (Ds, low-level), followed by 8 data bits (DO to D7) and a parity bit (Dp).

[3] With the Smart Card interface, the data line then returns to the high-impedance state. The data
lineis pulled high with a pull-up resistor.

[4] The receiving station carries out a parity check.

If thereis no parity error and the data is received normally, the receiving station waits for
reception of the next data.

If aparity error occurs, however, the receiving station outputs an error signal (DE, low-level)
to request retransmission of the data. After outputting the error signal for the prescribed length
of time, the receiving station places the signal line in the high-impedance state again. The
signal lineis pulled high again by a pull-up resistor.

[5] If the transmitting station does not receive an error signal, it proceeds to transmit the next data
frame.

If it does receive an error signal, however, it returns to step [2] and retransmits the erroneous
data
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13.3.4 Register Settings
Table 13.3 shows a bit map of the registers used by the smart card interface.

Bitsindicated as 0 or 1 must be set to the value shown. The setting of other bitsis described
below.

Table 13.3 Smart Card Interface Register Settings

Bit

Register  Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
SMR GM 0 1 O/E 1 0 CKS1 CKSO0
BRR BRR7 BRR6 BRR5 BRR4  BRR3 BRR2 BRR1 BRRO
SCR TIE RIE TE RE 0 0 CKE1*  CKEO
TDR TDR7 TDR6 TDR5 TDR4  TDR3 TDR2  TDR1  TDRO
SSR TDRE RDRF ORER ERS PER TEND 0 0
RDR RDR7 RDR6 RDR5 RDR4 RDR3 RDR2 RDR1  RDRO
SCMR — — — — SDIR SINV — SMIF

Notes: — : Unused bit.
*:  The CKEL1 bit must be cleared to 0 when the GM bit in SMR is cleared to 0.

SMR Setting: The GM hit is cleared to 0 in normal smart card interface mode, and setto 1in
GSM mode. The O/E bit is cleared to 0 if the IC card is of the direct convention type, and set to 1
if of theinverse convention type.

Bits CKS1 and CK SO select the clock source of the on-chip baud rate generator. See section
13.3.5, Clock.

BRR Setting: BRR isused to set the bit rate. See section 13.3.5, Clock, for the method of
calculating the value to be set.

SCR Setting: The function of the TIE, RIE, TE, and RE bits is the same as for the normal SCI.
For details, see section 12, Serial Communication Interface (SCI).

Bits CKE1 and CKEO specify the clock output. When the GM bit in SMRis cleared to 0, set these
bitsto B'00 if aclock is not to be output, or to B'01 if aclock isto be output. When the GM bit in
SMRisset to 1, clock output is performed. The clock output can also be fixed high or low.
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Smart Card Mode Register (SCMR) Setting: The SDIR bit is cleared to O if the IC card is of the
direct convention type, and set to 1 if of the inverse convention type.

The SINV hit iscleared to 0 if the IC card is of the direct convention type, and set to 1 if of the
inverse convention type.

The SMIF bit isset to 1 in the case of the Smart Card interface.

Examples of register settings and the waveform of the start character are shown below for the two
types of IC card (direct convention and inverse convention).

+ Direct convention (SDIR = SINV = O/E = 0)

@ A zZ zZ A Z Z Z A A Z (@ State

Ds | DO D1 | D2 | D3 D4 D5 | D6 D7 | Dp

With the direct convention type, the logic 1 level corresponds to state Z and the logic O level to
state A, and transfer is performed in LSB-first order. The start character data above is H'3B.

The parity bit is 1 since even parity is stipulated for the Smart Card.

+ Inverse convention (SDIR = SINV = O/E = 1)

@ A zZ zZ A A A A A A Z (@ State

Ds | D7 D6 | D5 D4 D3 D2 D1 DO | Dp

With the inverse convention type, the logic 1 level corresponds to state A and the logic O level
to state Z, and transfer is performed in MSB-first order. The start character data above is H'3F.
The parity bit is 0, corresponding to state Z, since even parity is stipulated for the Smart Card.
With the H8S/2345 Group, inversion specified by the SINV bit applies only to the data bits,
D7 to DO. For parity bit inversion, the O/E bit in SMR is set to odd parity mode (the same
appliesto both transmission and reception).
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13.35 Clock

Only aninternal clock generated by the on-chip baud rate generator can be used as the
transmit/receive clock for the smart card interface. The bit rate is set with BRR and the CKS1 and
CK S0 bitsin SMR. The formulafor calculating the bit rate is as shown below. Table 13.5 shows
some sample bit rates.

If clock output is selected by setting CKEO to 1, a clock with afrequency of 372 times the bit rate
is output from the SCK pin.
?

B= x 106
1488 x 2201 x (N + 1)

Where: N =Vauesetin BRR (0< N < 255)
B = Bit rate (bit/s)
¢ = Operating frequency (MHz)
n= Seetable 13.4

Table 13.4 Correspondence between n and CKS1, CK S0

n CKS1 CKSO0
0 0 0
1 1
2 1 0
3 1

Table13.5 Examplesof Bit RateB (bit/s) for VariousBRR Settings (When n = 0)

9(MH2)
N 10.00 10.714 13.00 14.285 16.00 18.00 20.00
0 13441 14400 17473 19200 21505 24194 26882
1 6720 7200 8737 9600 10753 12097 13441
2 4480 4800 5824 6400 7168 8065 8961

Note: Bit rates are rounded to the nearest whole number.
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The method of calculating the value to be set in the bit rate register (BRR) from the operating
frequency and bit rate, on the other hand, is shown below. N isan integer, 0 < N < 255, and the
smaller error is specified.

N = ¢ x106-1
1488 x 22n-1 x B

Table 13.6 Examplesof BRR Settingsfor Bit Rate B (bit/s) (When n =0)

¢ (MHz)
7.1424 10.00 10.7136 13.00 14.2848 16.00 18.00 20.00
bit/s N Error N Error N Error N Error N Error N Error N Error N Error

9600 0 000 1 30 1 25 1 899 1 000 1 1201 2 1599 2 6.60

Table 13.7 Maximum Bit Rate at Various Frequencies (Smart Card I nterface M ode)

@ (MHz) Maximum Bit Rate (bit/s) N n
7.1424 9600 0 0
10.00 13441 0 0
10.7136 14400 0 0
13.00 17473 0 0
14.2848 19200 0 0
16.00 21505 0 0
18.00 24194 0 0
20.00 26882 0 0

The bit rate error is given by the following formula:

Error (%) = ¢ x 108—-1 | x 100
1488 x 221 x B x (N + 1)
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13.3.6 DataTransfer Operations

Initialization: Before transmitting and receiving data, initialize the SCI as described below.
Initialization is also necessary when switching from transmit mode to receive mode, or vice versa.

[1] Clear the TE and RE bitsin SCR to 0.
[2] Clear the error flags ERS, PER, and ORER in SSR to 0.

[3] Set the O/E bit and CKS1 and CK S0 bitsin SMR. Clear the C/A, CHR, and MP bitsto 0, and
set the STOP and PE bitsto 1.

[4] Set the SMIF, SDIR, and SINV bitsin SCMR.

When the SMIF bit is set to 1, the TXD and RxD pins are both switched from portsto SCI pins,
and are placed in the high-impedance state.

[5] Set the value corresponding to the bit rate in BRR.

[6] Set the CKEO hitin SCR. Clear the TIE, RIE, TE, RE, MPIE, TEIE, and CKEL1 bitsto O.
If the CKEO bit is set to 1, the clock is output from the SCK pin.

[7] Wait at least one bit interval, then set the TIE, RIE, TE, and RE bitsin SCR. Do not set the TE
bit and RE bit at the same time, except for self-diagnosis.
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Serial Data Transmission: Asdatatransmission in smart card mode involves error signal
sampling and retransmission processing, the processing procedure is different from that for the
normal SCI. Figure 13.4 shows an example of the transmission processing flow.

Also, figure 13.5 shows the relationship between transmission operations and the internal
registers.

[1] Perform Smart Card interface mode initialization as described above in Initialization.
[2] Check that the ERS error flag in SSRis cleared to 0.
[3] Repeat steps[2] and [3] until it can be confirmed that the TEND flag in SSR is set to 1.

[4] Write the transmit datato TDR, clear the TDRE flag to 0, and perform the transmit operation.
The TEND flag iscleared to O.

[5] When transmitting data continuously, go back to step [2].

[6] To end transmission, clear the TE bit to O.
With the above processing, interrupt servicing or data transfer by the DTC is possible.

If transmission ends and the TEND flag is set to 1 while the TIE bit is set to 1 and interrupt
requests are enabled, atransmit data empty interrupt (TXI1) request will be generated. If an error
occursin transmission and the ERS flag is set to 1 while the RIE hit is set to 1 and interrupt
requests are enabled, atransfer error interrupt (ERI) request will be generated.

The timing for setting the TEND flag depends on the value of the GM hit in SMR. The TEND
timing is shown in figure 13.6.

If the DTC is activated by a TXI request, the number of bytes set in the DTC can be transmitted
automatically, including automatic retransmission.

For details, see Interrupt Operations and Data Transfer Operation by DTC below.
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< Start >

| Initialization |

< Start transmission >

Error processing

Write data to TDR,
and clear TDRE flag
in SSRto 0

Error processing

| Clear TE bitto 0 |

|
( End >

Figure 13.4 Example of Transmission Processing Flow
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TDR TSR
(shift register)

(1) Data write | Data 1

Data 1 | ; Data remains in TDR

Data 1 . .
|—> I/0 signal line output

(2) Transfer from | Data 1

TDR to TSR

IS

(3) Serial data output | Data 1

In case of normal transmission: TEND flag is set
In case of transmit error: ERS flag is set
Steps (2) and (3) above are repeated until the TEND flag is set

Note: When the ERS flag is set, it should be cleared until transfer of the last bit (D7 in LSB-first
transmission, DO in MSB-first transmission) of the next transfer data to be transmitted has
been completed.

Figure 13.5 Relation between Transmit Operation and Internal Registers

/O data Ds |DO|D1|D2|D3|D4|D5|D6|D7|Dp| DE! |
Guard
TXI time
(TEND interrupt) 12.5etu i
WhenGM=0 [ ~
When GM = 1 11.0ew
Legend:
Ds . Start bit
DO to D7 : Data bits
Dp : Parity bit
DE : Error signal

Figure13.6 TEND Flag Generation Timing in Transmission Operation
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Serial Data Reception: Datareception in Smart Card mode uses the same processing procedure
as for the normal SCI. Figure 13.7 shows an example of the transmission processing flow.

[1] Perform Smart Card interface mode initialization as described above in Initialization.

[2] Check that the ORER flag and PER flag in SSR are cleared to O. If either is set, perform the
appropriate receive error processing, then clear both the ORER and the PER flag to O.

[3] Repeat steps [2] and [3] until it can be confirmed that the RDRF flag is set to 1.
[4] Read the receive datafrom RDR.
[5] When receiving data continuously, clear the RDRF flag to 0 and go back to step [2].

[6] To end reception, clear the RE hit to 0.

C Start >

| Initialization

C Start reception >

Yes
<—< Error processing )

No
RDRF =17?

Read RDR and clear
RDREF flag in SSR to 0

All data received?

| Clear RE bitto 0 |

Figure 13.7 Example of Reception Processing Flow
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With the above processing, interrupt servicing or data transfer by the DTC is possible.

If reception ends and the RDRF flag is set to 1 while the RIE bit is set to 1 and interrupt requests
are enabled, areceive data full interrupt (RXI) request will be generated. If an error occursin
reception and either the ORER flag or the PER flag is set to 1, atransfer error interrupt (ERI)
request will be generated.

If the DTC isactivated by an RXI request, the receive data in which the error occurred is skipped,
and only the number of bytes of receive data set in the DTC are transferred.

For details, see Interrupt Operation and Data Transfer Operation by DTC below.

If aparity error occurs during reception and the PER is set to 1, the received datais still
transferred to RDR, and therefore this data can be read.

Mode Switching Operation: When switching from receive mode to transmit mode, first confirm
that the receive operation has been completed, then start from initialization, clearing RE bitto 0
and setting TE bit to 1. The RDRF flag or the PER and ORER flags can be used to check that the
receive operation has been completed.

When switching from transmit mode to receive mode, first confirm that the transmit operation has
been completed, then start from initialization, clearing TE bit to O and setting RE bit to 1. The
TEND flag can be used to check that the transmit operation has been completed.

Fixing Clock Output Level: When the GM bitin SMR is set to 1, the clock output level can be
fixed with bits CKE1 and CKEQ in SCR. At thistime, the minimum clock pulse width can be
made the specified width.

Figure 13.8 shows the timing for fixing the clock output level. In thisexample, GM issetto 1,
CKELliscleared to 0, and the CKEO bit is controlled.

Specified pulse width Specified pulse width

| | |
- e e ]
| | | |

mT ¢| L

SCR write SCR write
(CKEO =0) (CKEO =1)

N
T~

Figure13.8 Timing for Fixing Clock Output Level
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Interrupt Operation: There are three interrupt sources in smart card interface mode: transmit
data empty interrupt (TX1) requests, transfer error interrupt (ERI) requests, and receive data full
interrupt (RXI) requests. The transmit end interrupt (TEI) request is not used in this mode.

When the TEND flag in SSRis set to 1, a TXI interrupt request is generated.
When the RDRF flag in SSR is set to 1, an RXI interrupt request is generated.

When any of flags ORER, PER, and ERSin SSRis set to 1, an ERI interrupt request is generated.
The relationship between the operating states and interrupt sources is shown in table 13.8.

Table13.8 Smart Card Mode Operating States and Interrupt Sour ces

Operating State Flag Enable Bit Interrupt Source DTC Activation
Transmit ~ Normal TEND TIE TXI Possible
Mode operation

Error ERS RIE ERI Not possible
Receive Normal RDRF RIE RXI Possible
Mode operation

Error PER, ORER RIE ERI Not possible

Data Transfer Operation by DTC: In smart card mode, as with the normal SCI, transfer can be
carried out using the DTC. In atransmit operation, the TDRE flag is also set to 1 at the same time
asthe TEND flag in SSR, and a TXI interrupt is generated. If the TXI request is designated
beforehand asa DTC activation source, the DTC will be activated by the TXI request, and transfer
of the transmit datawill be carried out. The TDRE and TEND flags are automatically cleared to O
when data transfer is performed by the DTC. In the event of an error, the SCI retransmits the same
data automatically. However, the ERS flag is not cleared automatically when an error occurs, and
so the RIE bit should be set to 1 beforehand so that an ERI request will be generated in the event
of an error, and the ERS flag will be cleared.

When performing transfer using the DTC, it is essentia to set and enable the DTC before carrying
out SCI setting. For details of the DTC setting procedures, see section 7, Data Transfer Controller.

In areceive operation, an RX| interrupt request is generated when the RDRF flag in SSR is set to
1. If the RXI request is designated beforehand as a DTC activation source, the DTC will be
activated by the RXI request, and transfer of the receive datawill be carried out. The RDRF flag is
cleared to 0 automatically when data transfer is performed by the DTC. If an error occurs, an error
flag is set but the RDRF flag is not. The DTC is not activated, but instead, an ERI interrupt request
is sent to the CPU. Therefore, the error flag should be cleared.
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13.3.7 Operationin GSM Mode

Switching the M ode: When switching between smart card interface mode and software standby
mode, the following switching procedure should be followed in order to maintain the clock duty.

* When changing from smart card interface mode to software standby mode

[1] Set the data register (DR) and data direction register (DDR) corresponding to the SCK pin to
the value for the fixed output state in software standby mode.

[2] Write O to the TE bit and RE bit in the serial control register (SCR) to halt transmit/receive
operation. At the sametime, set the CKEL bit to the value for the fixed output state in
software standby mode.

[3] Write 0 to the CKEOQ bit in SCR to halt the clock.
[4] Wait for one serial clock period.
During thisinterval, clock output isfixed at the specified level, with the duty preserved.
[5] Write H'00 to SMR and SCMR.
[6] Make the transition to the software standby state.

e When returning to smart card interface mode from software standby mode
[7] Exit the software standby state.

[8] Set the CKE1 hit in SCR to the value for the fixed output state (current SCK pin state) when
software standby mode isinitiated.

[9] Set smart card interface mode and output the clock. Signal generation is started with the
normal duty.

Software

Normal operation standby Normal operation
- |- P

? Pt

(1] [2] [3] (4] 5] [6] (71 (81 [9]

Figure13.9 Clock Halt and Restart Procedure
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Powering On: To secure the clock duty from power-on, the following switching procedure should
be followed.

[1] Theinitial state is port input and high impedance. Use a pull-up resistor or pull-down resistor
to fix the potential.

[2] Fix the SCK pin to the specified output level with the CKE1L bit in SCR.
[3] Set SMR and SCMR, and switch to smart card mode operation.
[4] Set the CKEOQ bit in SCR to 1 to start clock output.

134 Usage Note

The following points should be noted when using the SCI as a smart card interface.

Receive Data Sampling Timing and Reception Margin in Smart Card Interface Mode: In
smart card interface mode, the SCI operates on a basic clock with afrequency of 372 timesthe
transfer rate.

In reception, the SCI samples the falling edge of the start bit using the basic clock, and performs
internal synchronization. Receive datais latched internally at the rising edge of the 186th pulse of
the basic clock. Thisisillustrated in figure 13.10.
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372 clocks
186 clocks
0 185 3710 185 3710
Internal ﬂ
basic
clock . L ) L )
. RN . ¢ B L
eceive e . —
o Start bit
data (RxD) e DO (( ( b1
)T )) )) )]
Synchro-

~—
~—
~

~—
~

nization . .
sampling : (G L
timing /
Data

sampling ( (( (( (
timing ) )] )] ]

Figure13.10 Receive Data Sampling Timingin Smart Card Mode

Thus the reception margin in smart card interface modeis given by the following formula

Ip-05 |

(1+F)| x 100%

M = ‘(0.5— Ay _w-05F-
2N

Where M: Reception margin (%)

N: Ratio of hit rateto clock (N = 372)

D: Clock duty (D =0to 1.0)

L: Framelength (L = 10)

F: Absolute value of clock frequency deviation

Assuming values of F =0 and D = 0.5 in the above formula, the reception margin formulais as
follows.

When D =0.5and F=0,

M = (0.5 — 1/2 x 372) x 100%
= 49.866%
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Retransfer Operations: Retransfer operations are performed by the SCI in receive mode and
transmit mode as described below.

» Retransfer operation when SCI isin receive mode
Figure 13.11 illustrates the retransfer operation when the SCI isin receive mode.

[1] If an error isfound when the received parity bit is checked, the PER bit in SSR is
automatically set to 1. If the RIE bit in SCR is enabled at thistime, an ERI interrupt request is
generated. The PER bit in SSR should be kept cleared to O until the next parity bit is sampled.

[2] The RDRF bit in SSR is not set for aframe in which an error has occurred.
[3] If no error isfound when the received parity bit is checked, the PER bit in SSR isnot set to 1.

[4] If no error isfound when the received parity bit is checked, the receive operation is judged to
have been completed normally, and the RDRF flag in SSR is automatically set to 1. If the RIE
bit in SCR is enabled at thistime, an RXI interrupt request is generated.

If DTC datatransfer by an RXI source is enabled, the contents of RDR can be read
automatically. When the RDR datais read by the DTC, the RDRF flag is automatically cleared
to 0.

[5] When anormal frame is received, the pin retains the high-impedance state at the timing for
error signal transmission.

Transfer
«——— nth transfer frame ~«+—— Retransferred frame frame n+1

-|Ds|Do|D1|D2|D3|D4|D5|DB|D7|Dp|-|D_E,—|Ds|Do|D1|D2|D3|D4|D5|DB|D7|Dpr—E)|Ds|Do|D1|Dz|D3|D4|
RDRF

g b
PER

b El

Figure13.11 Retransfer Operation in SCI Receive Mode
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* Retransfer operation when SCI isin transmit mode
Figure 13.12 illustrates the retransfer operation when the SCI is in transmit mode.

[6] If an error signal is sent back from the receiving end after transmission of one frame is
completed, the ERS bit in SSRis set to 1. If the RIE bit in SCR is enabled at thistime, an ERI
interrupt request is generated. The ERS bit in SSR should be kept cleared to O until the next
parity bit is sampled.

[7] The TEND bitin SSR is not set for aframe for which an error signal indicating an abnormality
is received.

[8] If an error signal is not sent back from the receiving end, the ERS bit in SSR is not set.

[9] If an error signal is not sent back from the receiving end, transmission of one frame, including
aretransfer, isjudged to have been completed, and the TEND bit in SSRisset to 1. If the TIE
bit in SCR is enabled at thistime, a TXI interrupt request is generated.

If datatransfer by the DTC by means of the TXI source is enabled, the next data can be written
to TDR automatically. When datais written to TDR by the DTC, the TDRE bit is
automatically cleared to 0.

Transfer
‘H nth transfer frame HF* Retransferred frame ———» frame n+1

1Ds|Do|D1|D2|D3|D4|D5|D<—3|D7|Dp|-|__E'—|Ds,|D0|D1|D2|D3|D4|D5|D6|D7|Dp|£|Ds pojp1/p2|p3jp4

J TDRE |_|

4 Transfer to TSR from TDR 4 Transfer to TSR from TDR 4 Transfer to TSR
; from TDR
TEND 1
b b
FER/ERS
kel kg

Figure13.12 Retransfer Operation in SCI Transmit Mode
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Section 14 A/D Converter

Section 14 A/D Converter

141 Overview

The H85/2345 Group incorporates a successive approximation type 10-bit A/D converter that
allows up to eight analog input channels to be selected.

14.1.1 Features
A/D converter features are listed below

» 10-bit resolution
« Eight input channels
» Settable analog conversion voltage range

O Conversion of analog voltages with the reference voltage pin (V ) as the analog reference
voltage

» High-speed conversion
O Minimum conversiontime: 6.7 us per channel (at 20-MHz operation)
e 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 (TPU or 8-bit timer), or ADTRG pin
e A/D conversion end interrupt generation
O A/D conversion end interrupt (ADI) request can be generated at the end of A/D conversion
¢ Module stop mode can be set

O Astheinitial setting, A/D converter operation is halted. Register accessis enabled by
exiting module stop mode
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1412

Block Diagram

Figure 14.1 shows a block diagram of the A/D converter.

AVcc ™
_ AlA|lA]|A Al A
o) D|D|D|D D|D
Viee —|  10-bit DIA K122 b |DpD|D|D clc
@ R|R|R|R s | R
AlB|cC|D R

AVss ™

ANQ —
AN1 —» _—
AN2 —»] %—O\QT_>_
AN3 —> |
AN4 —»
AN5 ——»
ANE —»
AN7 —»

ADTRG

Legend:
ADCR

ADCSR
ADDRA
ADDRB
ADDRC
ADDRD

Module data bus

Internal data bus

AANA Q0

Successive approximations

Bus interface

| L

% 1 Comparator Control circuit

Multiplexer

Sample-and-
hold circuit

ADI
interrupt

Conversion start
trigger from 8-bit
timer or TPU

: A/D control register
: A/ID control/status register
: A/ID data register A
: A/ID data register B
: A/ID data register C
: A/ID data register D

Figure14.1 Block Diagram of A/D Converter
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14.1.3 Pin Configuration
Table 14.1 summarizes the input pins used by the A/D converter.

The AV and AV 4 pins are the power supply pinsfor the analog block in the A/D converter. The
V . pinisthe A/D conversion reference voltage pin.

The eight analog input pins are divided into two groups: group 0 (ANO to AN3), and group 1
(AN4 to AN7).

Table14.1 A/D Converter Pins

Pin Name Symbol I/0 Function

Analog power supply pin AV . Input Analog block power supply

Analog ground pin AV Input Analog block ground and A/D conversion
reference voltage

Reference voltage pin V. Input A/D conversion reference voltage

Analog input pin 0 ANO Input Group 0 analog inputs

Analog input pin 1 AN1 Input

Analog input pin 2 AN2 Input

Analog input pin 3 AN3 Input

Analog input pin 4 AN4 Input Group 1 analog inputs

Analog input pin 5 AN5 Input

Analog input pin 6 AN6 Input

Analog input pin 7 AN7 Input

A/D external trigger input pin  ADTRG Input External trigger input for starting A/D
conversion
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14.1.4 Register Configuration
Table 14.2 summarizes the registers of the A/D converter.

Table14.2 A/D Converter Registers

Name Abbreviation R/W Initial Value Address™
A/D data register AH ADDRAH R H'00 H'FF90
A/D data register AL ADDRAL R H'00 H'FF91
A/D data register BH ADDRBH R H'00 H'FF92
A/D data register BL ADDRBL R H'00 H'FF93
A/D data register CH ADDRCH R H'00 H'FF94
A/D data register CL ADDRCL R H'00 H'FF95
A/D data register DH ADDRDH R H'00 H'FF96
A/D data register DL ADDRDL R H'00 H'FF97
A/D control/status register ADCSR RI(W)**  H'00 H'FF98
A/D control register ADCR R/W H'3F H'FF99
Module stop control register MSTPCR R/W H'3FFF H'FF3C

Notes: 1. Lower 16 bits of the address.
2. Bit 7 can only be written with O for flag clearing.
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14.2  Register Descriptions

1421 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

R/W : R R R R R R R R R R R R R R R R

There are four 16-hit read-only ADDR registers, ADDRA to ADDRD, used to store the results of
A/D conversion.

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
14.3.

ADDR can aways 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 14.3,
Interface to Bus Master.

The ADDR registers are initialized to H'0000 by areset, and in standby mode or module stop
mode.

Table14.3 Analog Input Channelsand Corresponding ADDR Registers

Analog Input Channel

Group O Group 1 A/D Data Register
ANO AN4 ADDRA
AN1 ANS5 ADDRB
AN2 AN6 ADDRC
AN3 AN7 ADDRD

Rev. 4.00 Feb 15, 2006 page 511 of 900
REJ09B0291-0400

RENESAS



Section 14 A/D Converter

14.2.2  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
R/W : RI(W)* R/W R/W R/W R/W R/W R/W R/W

Note: * Only 0 can be written to bit 7, to clear this flag.

ADCSR is an 8-hit readabl e/writable register that controls A/D conversion operations and shows
the status of the operation.

ADCSR isinitialized to H'00 by areset, and in hardware standby mode or modul e stop mode.

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)

¢ When 0 is written to the ADF flag after reading ADF = 1
e When the DTC is activated by an ADI interrupt and ADDR is 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 disabled (Initial value)
1 A/D conversion end interrupt (ADI) request enabled
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Bit 5—A/D Start (ADST): Selects starting or stopping on 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

WDescription

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

e 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 14.4, Operation, for single mode and scan mode operation. Only set the SCAN
bit while conversion is stopped.

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 channels.

Only set the input channel while conversion is stopped.
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Group
Selection Channel Selection Description
CH2 CH1 CH2 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 AN5 AN4, AN5
1 0 AN6 AN4 to AN6
1 AN7 AN4 to AN7
14.23 A/D Control Register (ADCR)
Bit : 6 5 4 3 2 1 0
|tRest|TReso| — | — | — | — | — | — |
Initial value : 0 1 1 1 1 1 1
R/W R/W R/W — — R/W — — —

ADCR is an 8-hit readabl e/writable register that enables or disables external triggering of A/D

conversion operations.

ADCRisinitialized to H'3F by areset, and in standby mode or module stop mode.

Bits 7 and 6—Timer Trigger Select 1 and 0 (TRGS1, TRGS0): Select enabling or disabling of
the start of A/D conversion by atrigger signal. Only set bits TRGS1 and TRGS0 while conversion

is stopped.

Bit 7 Bit 6

TRGS1 TRGSO Description

0 0 A/D conversion start by external trigger is disabled (Initial value)
1 A/D conversion start by external trigger (TPU) is enabled

1 0 A/D conversion start by external trigger (8-bit timer) is enabled
1 A/D conversion start by external trigger pin (ADTRG) is enabled

Bits5to 0—Reserved: These bits are reserved; write as 1 in awrite.
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1424 Module Stop Control Register (M STPCR)

MSTPCRH MSTPCRL
Bit : 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Initial value : 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1
R/W :  R/W R/W R/W R/W R/W R/W R/IW R/W RIW RIW RIW RIW R/IW R/W R/W R/W

MSTPCR is a 16-bit readable/writable register that performs module stop mode contral.

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 written to in
module stop mode. For details, see section 19.5, Module Stop Mode.

MSTPCR isinitialized to H'3FFF by areset and in hardware standby mode. It isnot initialized in
software standby mode.

Bit 9—Module Stop (M STP9): Specifiesthe A/D converter module stop mode.

Bit 9

MSTP9 Description

0 A/D converter module stop mode cleared

1 A/D converter module stop mode set (Initial value)
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14.3 Interfaceto Bus Master

ADDRA to ADDRD are 16-hit registers, and the data bus to the bus master is 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 byte is read, 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 byte is read, incorrect data may be obtained.

Figure 14.2 shows the data flow for ADDR access.

Upper byte read

Module data bus
Bus master ﬁ Bus interface

(H'AA)
TEMP
(H'40)
ADDRnNH ADDRnNL
(HAA) (H40) (n=AtoD)

Lower byte read

Bus master ) Module data bus
<4=mmm) Bus interface

(H'40)
TEMP
(H'40)
ADDRNH ADDRNL
(H'AA) (H'40)
(n=AtoD)

Figure14.2 ADDR Access Operation (Reading H'AA40)
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144  Operation

The A/D converter operates by successive approximation with 10-bit resolution. It hastwo
operating modes:. single mode and scan mode.

1441 Single Mode (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 is set to 1, according to the software or external trigger
input. The ADST bit remains set to 1 during A/D conversion, and is automatically cleared to 0
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
bit 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
14.3 shows atiming diagram for this example.

[1] Single mode is selected (SCAN = 0), input channel AN1 isselected (CH2 =0, 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 =1 and ADIE =1, an ADI interrupt is requested.

[4] The A/D interrupt handling routine starts.

[5] The routine reads ADCSR, then writes 0 to the ADF flag.

[6] The routine reads and processes the connection 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”
1
ADIE AD . R [
conversion 1 Set | Set
starts N
ADST " "
\/‘1 } Clear | Clear
ADF \> /
State of channel 0 (ANO) | Il /
State of channel 1 (AN1) [ Idle [ AID conversion TN Idle [ AID conversion 2, Idle
State of channel 2 (AN2) [ Idie ] \
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 ( | ) indicate instructions executed by software.

Figure 14.3 Example of A/D Converter Operation (Single Mode, Channel 1 Selected)
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1442  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 a software, timer or external trigger input, A/D conversion starts on the
first channel in the group (ANO). When two or more channels are selected, after conversion of the
first channel ends, conversion of the second channel (AN1) startsimmediately. A/D conversion
continues cyclically on the selected channels until the ADST bit is cleared 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 hit 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 14.4 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 istransferred to
ADDRA. Next, conversion of the second channel (AN1) starts automatically.

[3] Conversion proceeds in the same way through the third channel (AN2).

[4] When conversion of all the selected channels (ANO to AN2) is completed, the ADF flag is set
to 1 and conversion of thefirst channel (ANOQ) starts again. If the ADIE bitisset to 1 at this
time, an ADI interrupt is requested after A/D conversion ends.

[5] Steps[2] to [4] arerepeated as long asthe 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'! i Clear*?
ADST
\ | Clear™*
ADF L
A/D conversion time
g
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 | \/ ]
\ 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.

Figure 14.4 Example of A/D Converter Operation
(Scan Mode, Channels ANO to AN2 Selected)

Rev. 4.00 Feb 15, 2006 page 520 of 900
REJ09B0291-0400

RENESAS



Section 14 A/D Converter

1443 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 14.5 showsthe A/D
conversion timing. Table 14.4 indicates the A/D conversion time.

Asindicated in figure 14.5, the A/D conversion time includest, and the input sampling time. The
length of t, varies depending on the timing of the write accessto ADCSR. Thetotal conversion
time therefore varies within the rangesindicated in table 14.4.

In scan mode, the values given in table 14.4 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.

o

Address bus

A%[,\
N =

Write signal

Input sampling
timing 0
ADF
((
)J
to tspL
tcony
Legend:
(1) : ADCSR write cycle
(2) : ADCSR address
tp : A/D conversion start delay
tsp : Input sampling time

tconv : A/D conversion time

Figure14.5 A/D Conversion Timing
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Table14.4 A/D Conversion Time (Single Mode)

CKS =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 t 259 — 266 131 — 134

'CONV

Note: Values in the table are the number of states.

1444  External Trigger Input Timing

A/D conversion can be externaly triggered. When the TRGS1 and TRGSO bitsare setto 11 in
ADCR, external trigger input isenabled 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 asif the ADST bit has been set to 1 by software. Figure 14.6 showsthe
timing.

ADTRG

Internal trigger signal

ADST

A/D conversion

L

Figure14.6 External Trigger Input Timing
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145 Interrupts

The A/D converter generates an A/D conversion end interrupt (ADI) at the end of A/D conversion.
ADI interrupt requests can be enabled or disabled by means of the ADIE bit in ADCSR.

The DTC can be activated by an ADI interrupt. Having the converted dataread by the DTC in
response to an ADI interrupt enables continuous conversion to be achieved without imposing a
load on software.

The A/D converter interrupt source is shown in table 14.5.

Table14.5 A/D Converter Interrupt Source

Interrupt Source Description DTC Activation

ADI Interrupt due to end of conversion Possible

146  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 analog input pins ANO to AN7 during A/D conversion should bein the
range AV <ANn <V .

(2) Relation between AV ., AV and V., Vg

Asthe relationship between AV ., AV and V , Vg, set, AV =V  and AV =V If the
A/D converter is not used, the AV . and AV . pins must on no account be |eft open.

(3) V,, input range
The analog reference voltage input at the V  pin set intherangeV , < AV ..

ref —

If conditions (1), (2), and (3) 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 are in 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.
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Also, digital circuitry must be isolated from the analog input signals (ANO to AN7), analog
reference power supply (V ), and analog power supply (AV ) by the analog ground (AV ).

Also, the analog ground (AV ) should be connected at one point to a stable digital ground (V) on
the board.

Notes on Noise Countermeasures: 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) and analog
reference power supply (V ) should be connected between AV . and AV, as shown in figure
14.7.

Also, the bypass capacitors connected to AV . and V , and the filter capacitor connected to ANO
to AN7 must be connected to AV .

If afilter capacitor is connected as shown in figure 14.7, 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 istherefore required
when deciding the circuit constants.

/\/

O AVce
O ‘ Vet

al *i ANO to AN7
ol |

/\/

Notes: Values are reference values.
1.

10 pF 0.01 pF

2. Rj,: Input impedance

Figure 14.7 Example of Analog Input Protection Cir cuit
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Table14.6 Analog Pin Specifications

Item Min Max Unit
Analog input capacitance — 20 pF
Permissible signal source impedance — 10* kQ

Note: * WhenV_=4.0Vto55Vand@<12 MHz

10 kQ

ANO to To A/ID
AN7 A converter
L 20 pF

Note: Values are reference values.

Figure14.8 Analog Input Pin Equivalent Circuit

A/D Conversion Precision Definitions: H8S/2345 Group A/D conversion precision definitions
are given below.

* Resolution
The number of A/D converter digital output codes
o 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 14.10).
* Full-scaleerror
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'1111111111 (H'3FF) (see
figure 14.10).
e Quantization error
The deviation inherent in the A/D converter, given by 1/2 LSB (see figure 14.9).
¢ Nonlinearity error
The error with respect to theideal 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
H3FE [~
H'3FD
H'002 — L Quantization error
H'001 [~
H'000 | | | 55 | | |
1 2 1022 1023 g
1024 1024 1024 1024
Analog

input voltage

Figure14.9 A/D Conversion Precision Definitions (1)

Digital output Full-scale error

Ideal A/D conversion
characteristic

/"L— Nonlinearity
error

-—— Actual A/D conversion
characteristic

FS

Analo
Offset error 9

input voltage

Figure14.10 A/D Conversion Precision Definitions (2)
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Permissible Signal Source | mpedance: H8S/2345 Group analog input is designed so that
conversion precision is guaranteed for an input signal for which the signal source impedanceis 10
kQ 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, 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.

However, since alow-pass filter effect is obtained in this case, it may not be possible to follow an
analog signal with alarge differential coefficient (e.g., 5 mV/usor greater).

When converting a high-speed analog signal, alow-impedance buffer should be inserted.

Influences on Absolute Precision: Adding capacitance resultsin 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 signals on the
mounting board, so acting as antennas.

H8/2345 Group
A/D converter

Sensor output equwalent circuit

impedance
to 10 kQ 10 kQ

Sensor input —AAA . .
l Cin = l

Low-pass ! ' L
+filter ;L 15 pF ;L L
1 Cto 0.1 pF '

.......................

20 pF

Note: Values are reference values.

Figure14.11 Example of Analog Input Cir cuit
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Section 15 D/A Converter

15.1 Overview

The H85/2345 Group includes a two-channel D/A converter.

15.1.1 Features
D/A converter features are listed below

» 8-hit resolution

e Two output channels

* Maximum conversion time of 10 ps (with 20 pF load)
+ Output voltageof OV to V

» D/A output hold function in software standby mode
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15.1.2 Block Diagram

Figure 15.1 shows a block diagram of the D/A converter.

Module data bus

Internal data bus

>

Bus interface

Vref Lt

AVee ——»

DAl - 8-bit D/A

DADRO
DADR1
DACR

DAQ —-—

AVgg ——»=

|

Control circuit

Figure15.1 Block Diagram of D/A Converter
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15.1.3 Pin Configuration
Table 15.1 summarizes the input and output pins of the D/A converter.

Table15.1 Pin Configuration

Pin Name Symbol 110 Function

Analog power pin AV . Input Analog power source

Analog ground pin AV Input Analog ground and reference voltage
Analog output pin 0 DAO Output Channel 0 analog output

Analog output pin 1 DAl Output Channel 1 analog output

Reference voltage pin V. Input Analog reference voltage

15.14 Register Configuration
Table 15.2 summarizes the registers of the D/A converter.

Table15.2 D/A Converter Registers

Name Abbreviation R/W Initial Value Address”
D/A data register 0 DADRO R/W H'00 H'FFA4
D/A data register 1 DADR1 R/W H'00 H'FFAS
D/A control register DACR R/W H'1F H'FFA6
Module stop control register MSTPCR R/W H'3FFF H'FF3C

Note: * Lower 16 bits of the address.
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152 Register Descriptions

1521 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
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

DADRO and DADRI are 8-bit readable/writable registers that store data for conversion.

Whenever output is enabled, the valuesin DADRO and DADRL1 are converted and output from the
analog output pins.

DADRO and DADR1 are each initialized to H'00 by areset and in hardware standby mode.

15.2.2 DJ/A Control Register (DACR)

Bit : 7 6 5 4 3 2 1 0

| DAOE1 | DAOE0| DAE | — | — | — | — | — ‘
Initial value: 0 0 0 1 1 1 1 1
R/W : R/W R/W R/W — —_ — — _

DACR is an 8-bit readable/writable register that controls the operation of the D/A converter.
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 for channel
1

Bit 7

DAOE1 Description

0 Analog output DAL is disabled (Initial value)
1 Channel 1 D/A conversion is enabled; analog output DA1 is enabled
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Bit 6—D/A Output Enable 0 (DAOEQ): Controls D/A conversion and analog output for channel
0.

Bit 6

DAOEO Description

0 Analog output DAO is disabled (Initial value)
1 Channel 0 D/A conversion is enabled; analog output DAO is enabled

Bit 5—D/A Enable (DAE): The DAOEO and DAOEL bits both control D/A conversion. When
the DAE bit is cleared to 0, the channel 0 and 1 D/A conversions are controlled independently.
When the DAE bit is set to 1, the channel 0 and 1 D/A conversions are controlled together.

Output of resultant conversionsis always controlled independently by the DAOEO and DAOE1
bits.

Bit 7 Bit 6 Bit 5

DAOE1 DAOEO DAE Description

0 0 * Channel 0 and 1 D/A conversions disabled
1 0 Channel 0 D/A conversion enabled

Channel 1 D/A conversion disabled

Channel 0 and 1 D/A conversions enabled

1 0 0 Channel 0 D/A conversion disabled
Channel 1 D/A conversion enabled

1 Channel 0 and 1 D/A conversions enabled

1 * Channel 0 and 1 D/A conversions enabled

*: Don'’t care

If the H8S/2345 Group enters software standby mode when D/A conversion is enabled, the D/A
output is held and the analog power current is the same as during D/A conversion. Whenitis
necessary to reduce the analog power current in software standby mode, clear the DAE, DAOEO
and DAOEL1 bitsto 0 to disable D/A output.

Bits 4 to 0—Reserved: Read-only bits, alwaysread as 1.
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15.23 Module Stop Control Register (M STPCR)

MSTPCRH MSTPCRL
Bit : 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Initial value : 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1
R/W :  R/W R/W R/W R/W R/W R/W R/W R/W RIW RIW RIW RIW R/IW R/W R/W R/W

MSTPCR is a 16-bit readable/writable register that performs module stop mode control.

When the MSTP10 bhit in MSTPCR is set to 1, D/A converter operation stops at the end of the bus
cycle and atransition is made to module stop mode. Registers cannot be read or written to in
module stop mode. For details, see section 19.5, Module Stop Mode.

MSTPCR isinitialized to H'3FFF by areset and in hardware standby mode. It is not initialized in
software standby mode.

Bit 10—Module Stop (M STP10): Specifiesthe D/A converter module stop mode.

Bit 10

MSTP10 Description

0 D/A converter module stop mode cleared

1 D/A converter module stop mode set (Initial value)
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15.3 Operation

The D/A converter includes D/A conversion circuits for two channels, each of which can operate
independently.

D/A conversion is performed continuously while enabled by DACR. If either DADRO or DADR1
iswritten to, the new dataisimmediately converted. The conversion result is output by setting the
corresponding DAOEO or DAOEL1 hit to 1.

The operation example described in this section concerns D/A conversion on channel 0. Figure
15.2 shows the timing of this operation.

[1] Write the conversion datato DADRO.

[2] Set the DAOEOQ bitin DACR to 1. D/A conversion is started and the DAO pin becomes an
output pin. The conversion result is output after the conversion time has elapsed. The output
valueis expressed by the following formula:

DADR contents

xV
256 ref

The conversion results are output continuously until DADRO is written to again or the DAOEO
bitiscleared to 0.

[3] If DADRO iswritten to again, the new datais immediately converted. The new conversion
result is output after the conversion time has elapsed.

[4] If the DAOEQ hit is cleared to 0, the DAO pin becomes an input pin.
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DADRO DACR DADRO DACR
write cycle write cycle write cycle write cycle

- UL
paaess. X XX XXX

DADRO X Conversion data 1 >< Conversion data 2

DAGED | % % B

DA) @ — e ——-.._ , Conversion
L e | Conversion | e P
High-impedance state ! ! result 1 ! ..l result2
34—»‘ i
thconv tbcony

Legend:
tpcony: D/A conversion time

Figure 15.2 Example of D/A Converter Operation

154  Usage Notes
Setting range for pins other than analog power pin

(1) Relationship between AV, V., AV, and Vss
The relationship between AV, V., AV, and VisAV =V and AV = V. Also, the
AV and AV pins should never be |eft open, even if the D/A converter is not used.

(2) Vref setting range
The setting range for the reference voltage from the Vref pinisVref < AV .

Note: Failureto observe (1) and (2) above could have an adverse effect on the reliability of the
LS.
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Section 16 RAM

16.1 Overview

The H85/2345 and H8S/2344 have 4 kbytes of on-chip high-speed static RAM, and the H85/2343,
H8S5/2341, and H8S/2340 have 2 kbytes. The RAM is connected to the CPU by a 16-bit data bus,
enabling one-state access by the CPU to both byte data and word data. This makesit possible to
perform fast word data transfer.

The on-chip RAM of the H85/2345 and H8S/2344 is all ocated addresses H'ECO0 to H'FBFF (4
kbytes) in the normal modes (modes 1 to 3)*, and addresses H'FFECO00 to H'FFFBFF (4 kbytes) in
the advanced modes (modes 4 to 7).

The on-chip RAM of the H8S5/2343, H85/2341, and H85/2340 is allocated addresses H'F400 to
H'FBFF (2 kbytes) in the normal modes (modes 1 to 3)*, and addresses H'FFF400 to H'FFFBFF (2
kbytes) in the advanced modes (modes 4 to 7).

The on-chip RAM can be enabled or disabled by means of the RAM enable bit (RAME) in the
system control register (SY SCR).

Note: * ZTAT, mask ROM, and ROMlessversionsonly.
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16.1.1 Block Diagram

Figure 16.1 shows a block diagram of the on-chip RAM.

Internal data bus (upper 8 hits)

N

Internal data bus (lower 8 bits)

((
)

H'FFECO00 HFFECO01
H'FFEC02 H'FFECO03
H'FFEC04 H'FFECO5
HFFFBFE H'FFFBFF

Figure16.1 Block Diagram of RAM (H8S/2345, Advanced Mode)

16.1.2 Register Configuration

The on-chip RAM is controlled by SYSCR. Table 16.1 shows the address and initial value of

SYSCR.

Table16.1 RAM Register

Name Abbreviation

R/W

Initial Value

Address*

System control register SYSCR

R/W

H'01

H'FF39

Note: * Lower 16 bits of the address.
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16.2 Register Descriptions

16.2.1 System Control Register (SYSCR)

Bit : 7 6 5 4 3 2 1 0

| — | — | INTM1 | INTMO | NMIEG | — | — | RAME ‘
Initial value : 0 0 0 0 0 0 0 1
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

The on-chip RAM is enabled or disabled by the RAME bit in SY SCR. For details of other bitsin
SY SCR, see section 3.2.2, System Control Register (SY SCR).

Bit 0—RAM Enable (RAME): Enables or disables the on-chip RAM. The RAME bit 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)

16.3  Operation

When the RAME bhit is set to 1, accesses to addresses H'FFEC00 to H'FFFBFF (in the case of the
H8S/2345 and H8S/2344) or addresses H'FFF400 to H'FFFBFF (in the case of the H85/2343,
H8S/2341, and H8S/2340) are directed to the on-chip RAM. When the RAME bit is cleared to O,
the off-chip address space is accessed.

Since the on-chip RAM is connected to the CPU by an internal 16-bit data bus, it can be written to
and read in byte or word units. Each type of access can be performed in one state.

Even addresses use the upper 8 hits, and odd addresses use the lower 8 bits. Word data must start
at an even address.

16.4  Usage Note

DTC register information can be located in addresses H'FFF800 to H'FFFBFF. Whenthe DTC is
used, the RAME bit must not be cleared to O.
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Section 17 ROM

171  Overview

The H85/2345 has 128 kbytes of on-chip ROM (flash memory, PROM, or mask ROM); the
H8S5/2344 has 96 kbytes of on-chip ROM (mask ROM); the H85/2343 has 64 kbytes of on-chip
ROM (mask ROM); and the H8S/2341 has 32 kbytes of on-chip ROM (mask ROM). The ROM is
connected to the H8S/2000 CPU by a 16-bit data bus. The CPU accesses both byte data and word
datain one state, making possible rapid instruction fetches and high-speed processing.

The on-chip ROM is enabled or disabled by setting the mode pins (MD,, MD,, and MD) and bit
EAE in BCRL.

The flash memory versions of the H8S/2345 Group can be erased and programmed on-board as
well aswith a PROM programmer.

The PROM version of the H8S/2345 Group can be programmed with a PROM programmer, by
setting PROM mode.

17.1.1 Block Diagram

Figure 17.1 shows a block diagram of the on-chip ROM.

Internal data bus (upper 8 bits)

N

Internal data bus (lower 8 bits)

H'000000 H'000001
H'000002 H'000003
H'O1FFFE H'O1FFFF

Figure17.1 Block Diagram of ROM (H8S/2345)
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17.1.2 Register Configuration

The H85/2345's on-chip ROM is controlled by the mode pins and register BCRL. The register
configuration is shown in table 17.1.

Table17.1 ROM Register

Name Abbreviation R/W Initial Value Address”
Mode control register MDCR R/W Undefined H'FF3B
Bus control register L BCRL R/W Undefined H'FED5

Note: * Lower 16 bits of the address.

17.2  Register Descriptions

17.21 Mode Control Register (MDCR)

Bit L7 6 5 4 3 2 1 0

- — [ — [ = ] = ] — [ wps2] mpsi | mpso |
Initial value : 1 0 0 0 0 —* _* _*
RIW S — — — — R R R

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

MDCR is an 8-bit read-only register that indicates the current operating mode of the H85/2345
Group.

Bit 7—Reserved: Read-only bit, awaysread as 1.
Bits 6 to 3—Reserved: Read-only bits, alwaysread as 0.

Bits 2to 0—Mode Select 2to 0 (MDS2 to MDS0): These bitsindicate the input levels at pins
MD, to MD, (the current operating mode). Bits MDS2 to MDSO correspond to pins MD, to MD,.
MDS2 to MDSO are read-only bits, and cannot be written to. The mode pin (MD, to MD,) input
levels are latched into these bits when MDCR is read. These latches are canceled by a power-on
reset, but are retained after a manual reset.
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17.2.2 BusControl Register L (BCRL)

Bit : 7 6 5 4 3 2 1 0
\ BRLE \ — \ EAE \ — — — — ‘WAITE

Initial value : 0 0 1 1 1 1 0 0

RIW . RW RIW RIW RIW RIW RIW RIW RIW

Enabling or disabling of part of the H8S/2345' s on-chip ROM area can be selected by means of
the EAE bit in BCRL. For details of the other bitsin BCRL, see section 6.2.5, Bus Control
Register L (BCRL).

Bit 5—External Address Enable (EAE): Selects whether addresses H'010000 to H'O1FFFF are
to beinternal addresses or external addresses.

Bit 5

EAE Description

0 Addresses H'010000 to H'O1FFFF are in on-chip ROM (H8S/2345).
Addresses H'010000 to H'017FFF are in on-chip ROM and addresses H'018000 to
H'01FFFF are a reserved area (in the H8S/2344).
Addresses H'010000 to H'O1FFFF are a reserved area (in the H8S/2343 and
H8S/2341).

1 Addresses H'010000 to H'O1FFFF are external addresses (external expansion mode)
or areserved area” (single-chip mode). (Initial value)

Note: * Reserved areas should not be accessed.

17.3  Operation

The on-chip ROM is connected to the CPU by a 16-hit data bus, and both byte and word data can
be accessed in one state. Even addresses are connected to the upper 8 bits, and odd addresses to
the lower 8 bits. Word data must start at an even address.

The on-chip ROM is enabled and disabled by setting the mode pins (MD,, MD,, and MD,) and bit
EAE in BCRL. These settings are shown in tables 17.2 and 17.3.
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Table17.2 Operating Modesand ROM Area (F-ZTAT)

Mode Pin BCRL

Operating Mode FWE MD, MD, MD, EAE On-Chip ROM

Mode 0 — 0 0 0 0 — —

Mode 1 1

Mode 2 1 0

Mode 3 1

Mode 4  Advanced expanded mode 1 0 0 — Disabled
with on-chip ROM disabled

Mode 5 Advanced expanded mode 1
with on-chip ROM disabled

Mode 6 Advanced expanded mode 1 0 0 Enabled (128 kbytes)**
with on-chip ROM enabled 1 Enabled (64 kbytes)

Mode 7  Advanced single-chip mode 1 0 Enabled (128 kbytes)**

1 Enabled (64 kbytes)

Mode 8 — 1 0 0 0 — —

Mode 9

Mode 10 Boot mode (advanced 1 0 0 Enabled (128 kbytes)**
expanded mode with 1 Enabled (64 kbytes)
on-chip ROM enabled)

Mode 11 Boot mode (advanced 1 0 Enabled (128 kbytes)**

. . *4
single-chip mode) 1 Enabled (64 kbytes)

Mode 12 — 1 0 0 — —

Mode 13

Mode 14 User program mode 1 0 0 Enabled (128 kbytes)**
(a_dvanced_ expanded mode*3 1 Enabled (64 kbytes)
with on-chip ROM enabled)

Mode 15 User program mode 1 0 Enabled (128 kbytes)**
(advanced single-chip 1 Enabled (64 kbytes)
mode)

Notes: 1. Note that in modes 6, 7, 14, and 15, the on-chip ROM that can be used after a power-
on reset is the 64-kbyte area from H'000000 to H'OOFFFF.

2. Note that in the mode 10 and mode 11 boot modes, the on-chip ROM that can be used
immediately after all flash memory is erased by the boot program is the 64-kbyte area
from H'000000 to H'00FFFF.

3. Apart from the fact that flash memory can be erased and programmed, operation is the
same as in advanced expanded mode with on-chip ROM enabled.

4. Apart from the fact that flash memory can be erased and programmed, operation is the
same as in advanced single-chip mode.
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Table17.3 Operating Modesand ROM Area (ZTAT or Mask ROM)

Operating Mode

Mode Pin

BCRL

MD2 MD1 MDO

EAE

On-Chip ROM

Mode0 — 0 0 0 — H8S/2345 HB8S/2344 HB8S/2343 H8S/2341
Mode 1  Normal expanded 1 — — — —
mode with on-chip
ROM disabled
Mode 2** Normal expanded 1 0 Disabled Disabled  Disabled Disabled
mode with on-chip
ROM enabled
Mode 3** Normal single-chip 1 Enabled Enabled Enabled Enabled
mode (56 kbytes) (56 kbytes) (56 kbytes) (32 kbytes)
Mode 4  Advanced 1 0 0 — Disabled Disabled  Disabled Disabled
expanded mode
with on-chip ROM
disabled
Mode 5 Advanced 1
expanded mode
with on-chip ROM
disabled
Mode 6™ Advanced 1 0 0 Enabled  Enabled*” Enabled  Enabled
expanded mode (128 (96 kbytes) (64 kbytes) (32 kbytes)
with on-chip ROM kbytes)*?
enabled 1 Enabled Enabled
(64 kbytes) (64 kbytes)
Mode 7** Advanced single- 1 0 Enabled  Enabled*?
chip mode (128 (96 kbytes)
kbytes)*?
1 Enabled Enabled

(64 kbytes) (64 kbytes)

Notes: 1. Not used on ROMless version.

2. In H8S/2345 modes 6 and 7, the on-chip ROM available after a power-on reset is the
64-kbyte area comprising addresses H'000000 to H'O0OFFFF.
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174 PROM Mode

17.41 PROM Mode Setting

The PROM version of the H8S/2345 suspends its microcontroller functions when placed in PROM
mode, enabling the on-chip PROM to be programmed. This programming can be done with a
PROM programmer set up in the same way as for the HN27C101 EPROM (V= 12.5 V). Use of
a 100-pin/32-pin socket adapter enables programming with a commercial PROM programmer.

Note that the PROM programmer should not be set to page mode as the H8S/2345 does not
support page programming.

Table 17.4 shows how PROM mode is selected.

Table17.4 Selecting PROM Mode

Pin Names Setting
MD,, MD_, MD, Low
STBY

PA,, PA, High

1742  Socket Adapter and Memory Map

Programs can be written and verified by attaching a socket adapter to the PROM programmer to
convert from a 100-pin arrangement to a 32-pin arrangement. Table 17.5 gives ordering
information for the socket adapter, and figure 17.2 shows the wiring of the socket adapter. Figure
17.3 shows the memory map in PROM mode.
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H8S/2345 Group EPROM socket
FP-100B, TFP-100B, HN27C101
TFP-100G FP-100A Pin Pin (32 Pins)
62 64 RES Vpp 1
23 25 PDg EQq 13
24 26 PD; EO, 14
25 27 PD, EO, 15
26 28 PD3 EO; 17
27 29 PD, EO, 18
28 30 PDg EOg 19
29 31 PDg EOg 20
30 32 PD; EO; 21
32 34 PCo EAg 12
33 35 [ EA; 11
34 36 PC, EA, 10
35 37 PC3 EA3 9
36 38 PCy EA, 8
37 39 PCs EAs 7
38 40 PCq EAg 6
39 41 PC, EA; 5
41 43 PBy EAg 27
63 65 NMI EAq 26
43 45 PB, EAqg 23
44 46 PB, EA;; 25
45 47 PBy EA1» 4
46 48 PBs EA3 28
47 49 PBg EAy4 29
48 50 PB, EAss 3
50 52 PAg EAg 2
74 76 PF, CE 22
42 44 PB; OE 24
75 77 PFy PGM 31
40, 65, 98 42,67, 100 Vee Vee 32
77 79 AVce
78 80 v
51 53 PA;
52 54 PA,
7,18, 31, 9, 20,33 Vss Vss 16
49, 68, 88 51, 70, 90
87 89 AVgg
64 66 STBY Legend:
57 59 MDg Vpp : Programming power
58 60 MD4 supply (12.5 V)
61 63 MD, EO;to EQq : Data inpl_Jtloutput
EAj6 to EAg : Address input
% : Output enable
CE : Chip enable
Note: Pins not shown in this figure should be left open. PGM : Program

Figure17.2 Wiring of 100-Pin/32-Pin Socket Adapter
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Table17.5 Socket Adapter

Socket Adapter

MINATO
Microcontroller  Package ELECTRONICS INC. DATA I/O CO.
H8S/2345 100-pin TQFP (TFP-100B) ME2345ESNS1H H72345T100D3201
100-pin TQFP (TFP-100G) ME2345ESMS1H H7234GT100D3201
100-pin QFP (FP-100A) ME2345ESFS1H H7234AQ100D3201
100-pin QFP (FP-100B) ME2345ESHS1H H7234BQ100D3201
Addresses in Addresses in
MCU mode PROM mode
H'000000 H'00000
On-chip PROM
H'01FFFF H'1FFFF

Figure17.3 Memory Map in PROM Mode
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17.5 Programming

1751 Overview
Table 17.6 shows how to select the program, verify, and program-inhibit modesin PROM mode.

Table17.6 Mode Selection in PROM Mode

Pins
Mode PGM Vv, V. EO,toEO, EA, to EA,
Program V.., V. Data input Address input
Verify V.., V. Data output Address input
Program-inhibit Voo Ve High impedance Address input

m
Il—Il—r—Io|
m
Tzl |x|r|D

Legend:

L: Low voltage level
H: High voltage level
V... V,, voltage level
V.. V. voltage level

Programming and verification should be carried out using the same specifications as for the
standard HN27C101 EPROM.

However, do not set the PROM programmer to page mode, as the H8S/2345 does not support page
programming. A PROM programmer that only supports page programming cannot be used. When
choosing a PROM programmer, check that it supports high-speed programming in byte units.
Always set addresses within the range H'00000 to H'1FFFF.

1752 Programming and Verification

An efficient, high-speed programming procedure can be used to program and verify PROM data.
This procedure writes data quickly without subjecting the chip to voltage stress or sacrificing data
reliability. It leavesthe data H'FF in unused addresses. Figure 17.4 shows the basic high-speed
programming flowchart. Tables 17.7 and 17.8 list the electrical characteristics of the chip during
programming. Figure 17.5 shows atiming chart.
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( Start )

Y

Set programming/verification mode
Ve = 6.0V+0.25V,
Vpp = 12.5V+0.3V

1

Address =0

Address + 1 — address

Set read mode
Vee=5.0V+0.25V
Vep = Vec

Figure17.4 High-Speed Programming Flowchart
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Table17.7 DC Characteristicsin PROM Mode
(WhenV,_,.=60V+£025V,V,,=125V +£0.3V,V_ =0V, T,=25°C +5°C)

Test

Item Symbol Min  Typ Max Unit  Conditions
Input high voltage EO, to EQO,, Vi, 24 — V. +03 V

EA, 10 EA,

OE, CE, PGM
Input low voltage EO, to EQO,, V., -03 — 08 \

EA,t0 EA,

OE, CE, PGM
Output high voltage  EO, to EO, vV, 24 —  — \ I, =—200 pA
Output low voltage  EO, to EQ, Vo — — 045 \ lo. = 1.6 MA
Input leakage EO, to EO,, [ 1,1 — — 2 HA V, =
current EA to EA, 5.25V/0.5V

OE, CE, PGM
V.. current lee — — 40 mA
V., current I — — 40 mA

PP
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Table17.8 AC Characteristicsin PROM Mode
(WhenV,_.=60V +£025V,V,_,=125V +03V,T,=25C + 5°C)

Test

Item Symbol Min Typ Max Unit Conditions
Address setup time te 2 — — ps  Figure 17.5™*
OE setup time (. 2 —  —  us

Data setup time te 2 — — s

Address hold time [ 0 — — ps

Data hold time to, 2 — — Us

Data output disable time t.*° —  — 130 ns

V., setup time tos 2 — — us

Programming pulse width tow 0.19 020 0.21 ms

PGM pulse width for overwrite programming tor,w*3 019 — 525 ms

V. setup time s 2 — — Us

CE setup time (. 2 —  —  us

Data output delay time toe 0 — 150 ns

Notes: 1. Input pulselevel: 0.8V t022V
Input rise time and fall time < 20 ns

Timing reference levels: Input: 1.0V, 2.0V
Output: 0.8 V,2.0V

2. t, is defined to be when output has reached the open state, and the output level can no
longer be referenced.

3. t., is defined by the value shown in the flowchart.
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‘ Program ‘ Verify ‘
Address X ! :§<
volas ‘ o tan
- ‘ i ‘ o
Data —< Input data } ( Outputdata »——
tps | , ton : ‘ ' top !
" - | | : !

Vee tvps | !

v Vet ; : } ; } ; 1
¢ Vee ves : : | : ‘
CE \ | | | | | |
1 lees ! : ! |

PGM \ ; :

-
OE 3 topw™ 3 \Ai /7
.~

Note: * topy is defined by the value shown in the flowchart.

Figure17.5 PROM Programming/Verification Timing

17.5.3 Programming Precautions

Program using the specified voltages and timing.

The programming voltage (V) in PROM modeis12.5 V.

If the PROM programmer is set to Renesas Technology HN27C101 specifications, V., will be
12.5V. Applied voltagesin excess of the specified values can permanently destroy the MCU.
Be particularly careful about the PROM programmer’ s overshoot characteristics.

Before programming, check that the MCU is correctly mounted in the PROM programmer.
Overcurrent damage to the MCU can result if the index marks on the PROM programmer,
socket adapter, and MCU are not correctly aligned.

Do not touch the socket adapter or MCU while programming. Touching either of these can
cause contact faults and programming errors.
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e The MCU cannot be programmed in page programming mode. Select the programming mode
carefully.

e Thesize of the H8S/2345 Group PROM is 128 kbytes. Always set addresses within the range
H'00000 to H'1FFFF. During programming, write H'FF to unused addresses to avoid
verification errors.

1754 Rédiability of Programmed Data

An effective way to assure the data retention characteristics of the programmed chipsisto bake
them at 150°C, then screen them for data errors. This procedure quickly eliminates chips with
PROM memory cells proneto early failure.

Figure 17.6 shows the recommended screening procedure.

Program chip and verify data

Y

Bake chip for 24 to 48 hours at
125 C to 150 C with power off

/

Read and check program

Y

( Mount )

Figure17.6 Recommended Screening Procedure

If aseries of programming errors occurs while the same PROM programmer is being used, stop
programming and check the PROM programmer and socket adapter for defects.

Please inform Renesas Technology of any abnormal conditions noted during or after programming
or in screening of program data after high-temperature baking.
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17.6  Overview of Flash Memory

17.6.1 Features

The features of the flash memory are summarized below.

Four flash memory operating modes
0 Program mode

O Erase mode

O Program-verify mode

O Erase-verify mode

Programming/erase methods

The flash memory is programmed 32 bytes at atime. Erasing is performed by block erase (in
single-block units). When erasing multiple blocks, the individual blocks must be erased
sequentially. Block erasing can be performed as required on 1-kbyte, 8-kbyte, 16-kbyte, 28-
kbyte, and 32-kbyte blocks.

Programming/erase times (5 V version)

The flash memory programming time is 10 ms (typ.) for simultaneous 32-byte programming,
equivalent to 300 s (typ.) per byte, and the erase time is 100 ms (typ.) per block.

Reprogramming capability
The flash memory can be reprogrammed up to 100 times.

On-board programming modes

There are two modes in which flash memory can be programmed/erased/verified on-board:
O Boot mode

O User program mode

Automatic bit rate adjustment

With data transfer in boot mode, the bit rate of the H85/2345 Group chip can be automatically
adjusted to match the transfer bit rate of the host. (9600 bps, 4800 bps)

Flash memory emulation by RAM

Part of the RAM area can be overlapped onto flash memory, to emulate flash memory updates
inreal time.
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* Protect modes

There are three protect modes, hardware, software, and error protect, which alow protected
status to be designated for flash memory program/erase/verify operations.

*  Writer mode

Flash memory can be programmed/erased in writer mode, using a PROM programmer, as well
asin on-board programming mode.

17.6.2 Block Diagram

Internal data bus (lower 8 bits)

Internal data bus (upper 8 bits)

< fsvscra?—, Q

< >{FLMCR1*?| FLMCRl*Z i g
0 - Bus interface/controller OF;?(;ZZ”Q FWE pin
3K >[FLMcR27?] Mode pins
] * A (MD2 to MDo)
3 <[ EBR1™2
*2
S < >|_EBR2

C> RAMER"2 H'000000 | H'000001

H'000002 | H'000003

_|_ Flashmemory |
- (128 kbytes) 1~

H'01FFFC |H'O1FFFD

H'01FFFE | HO1FFFF

Even Odd
addresses addresses

Legend:

SYSCR2: System control register 2
FLMCR1: Flash memory control register 1
FLMCR2: Flash memory control register 2
EBR1: Erase block register 1

EBR2: Erase block register 2

RAMER: RAM emulation register

Notes: 1. Functions as FWE pin on F-ZTAT version. Functions as WDTOVF pin on ZTAT,
mask ROM, and ROMless versions.

2. The flash memory control registers (SYSCR2, FLMCR1, FLMCR2, EBR1, EBR2,
RAMER) are enabled on the F-ZTAT version only. They do not exist on the ZTAT,
mask ROM, and ROMless versions, so an undefined value will be returned if they
are read, and it is not possible to write to these registers.

Figure 17.7 Block Diagram of Flash Memory
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17.6.3 Flash Memory Operating Modes

Mode Transitions: When the mode pins and the FWE pin are set in the reset state and a reset-start
is executed, the MCU enters one of the operating modes shown in figure 17.8. In user mode, flash
memory can be read but not programmed or erased.

Flash memory can be programmed and erased in boot mode, user program mode, and writer mode.

FWE =0,

MD, =MD; =1 Reset state

User mode with
on-chip ROM
enabled

RES =0

FWE =1,
SWE=1
Writer mode

User
program mode

Boot mode

On-board programming mode

Notes: Only make a transition between user mode and user program mode when the CPU is
not accessing the flash memory.
1. NMI=1, MDy =MDy =MDy =0, PF, =1, PF; =PFy=0
2. NMI=1, FWE=1,MD,=0,MD; =1

Figure17.8 Flash Memory Mode Transitions
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On-Board Programming Modes

Boot mode

1.

3.

Initial state

The old program version or data remains written
in the flash memory. The user should prepare the
programming control program and new
application program beforehand in the host.

Host
Programming control
program
New application
program

H8S/2345 F-ZTAT chip

Flash memory RAM

Application program
(old version)

Flash memory initialization

The erase program in the boot program area (in
RAM) is executed, and the flash memory is
initialized (to H'FF). In boot mode, entire flash
memory erasure is performed, without regard to

blocks.
Host

New application )
program

H8S/2345 F-ZTAT chip

Flash memory RAM

Boot program area

Programming control
program

Flash memory
erase

. Programming control program transfer

When boot mode is entered, the boot program in
the H8S/2345 chip (originally incorporated in the
chip) is started and the programming control
program in the host is transferred to RAM via SCI
communication. The boot program required for
flash memory erasing is automatically transferred
to the RAM boot program area.

New application
program

H8S/2345 F-ZTAT chip

k Boot program ‘

Flash memory RAM

Ilcl?

Boot program area

Programming contro
program

Application program
(old version)

. Writing new application program

The programming control program transferred
from the host to RAM is executed, and the new
application program in the host is written into the
flash memory.

Host

H8S/2345 F-ZTAT chip

RAM

Flash memory

Boot program area

New application
program AN

Programming control J
- program

Program execution state

Figure17.9 Boot Mode
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User program mode

1. Initial state
(1) The FWE assessment program that confirms
that the FWE pin has been driven high, and (2)
the program that will transfer the programming/
erase control program to on-chip RAM should be
written into the flash memory by the user
beforehand. (3) The programming/erase control
program should be prepared in the host or in the
flash memory.

2. Programming/erase control program transfer
When the FWE pin is driven high, user software
confirms this fact, executes the transfer program
in the flash memory, and transfers the
programming/erase control program to RAM.

Host Host

Programming/ i !
erase control program L ]
New application New application
program program

H8S/2345 F-ZTAT chip H8S/2345 F-ZTAT chip

Flash memory RAM Flash memory RAM

FWE assessment
Do RrOgram Aavy
Transfer program

FWE assessment
[____Program ___

Transfer program

Programming/
erase control program

Application program
(old version)

Application program
(old version)

3. Flash memory initialization
The programming/erase program in RAM is
executed, and the flash memory is initialized (to
H'FF). Erasing can be performed in block units,
but not in byte units.

4. Writing new application program
Next, the new application program in the host is
written into the erased flash memory blocks. Do
not write to unerased blocks.

Host Host

New application
program I

H8S/2345 F-ZTAT chip H8S/2345 F-ZTAT chip

Flash memory
erase

New application
program

SCI SCI
Boot program Boot program
Flash memory RAM Flash memory RAM
FWE assessment FWE assessment
program program
ransfer program
Programming/ \ ‘ Programming/ < ‘
[\erase control program [\ erase control program

Y Program execution state

Figure17.10 User Program Mode (Example)
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Flash Memory Emulation in RAM: Emulation should be performed in user mode or user
program mode. When the emulation block set in RAMER is accessed while the emulation function
is being executed, data written in the overlap RAM isread.

» Reading Overlap Datain User Mode and User Program Mode

SCI
Flash memory RAM
D Overlap RAM
Emulation block (emulation is performed
- _ | on data written in RAM)

Application program

Execution state

Figure17.11 Reading Overlap Datain User Mode and User Program Mode

*  Writing Overlap Datain User Program Mode
When overlap RAM datais confirmed, the RAMS bit is cleared, RAM overlap is released, and
writes should actually be performed to the flash memory.
When the programming control program istransferred to RAM, ensure that the transfer

destination and the overlap RAM do not overlap, as thiswill cause datain the overlap RAM to
be rewritten.

SCI

Flash memory RAM

Overlap RAM

Programming data - (programming data)

Programming control
program execution state

Application program

Figure17.12 Writing Overlap Datain User Program Mode
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Table17.9 Differences between Boot Mode and User Program Mode

Boot Mode User Program Mode
Entire memory erase Yes Yes
Block erase No Yes
Programming control program* Program/program-verify Program/program-verify

Erase/erase-verify

Note: * To be provided by the user, in accordance with the recommended algorithm.

Block Configuration: The flash memory is divided into four 1-kbyte blocks, one 28-kbyte block,
one 16-kbyte block, two 8-kbyte blocks, and two 32-kbyte blocks.

Address H'000000 1~ T Kbyte
1 kbyte
1 kbyte
1 kbyte
28 kbytes
16 kbytes
P
g § 8 kbytes
Py
qé 2 8 kbytes
<
a3
LL
32 kbytes
32 kbytes

Address H'O1FFFF '

Figure17.13 Flash Memory Block Configuration
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17.6.4 Pin Configuration

The flash memory is controlled by means of the pins shown in table 17.10.

Table 17.10 Flash Memory Pins

Pin Name Abbreviation I/O Function

Reset RES Input Reset

Flash write enable FWE" Input Flash program/erase protection by hardware
Mode 2 MD, Input Sets MCU operating mode

Mode 1 MD, Input Sets MCU operating mode

Mode 0 MD, Input Sets MCU operating mode

Port F, PF, Input Sets MCU operating mode in writer mode
Port F, PF, Input Sets MCU operating mode in writer mode
Port F, PF, Input Sets MCU operating mode in writer mode
Transmit data TxD1 Output  Serial transmit data output

Receive data RxD1 Input Serial receive data input

Note: * FWE pin functions as WDTOVF pin on ZTAT, mask ROM, and ROMless versions.
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17.6.5 Register Configuration

The registers used to control the on-chip flash memory when enabled are shown in table 17.11.
In order for these registers to be accessed, the FLSHE bit must be set to 1 in SY SCR2.

Table 17.11 Flash Memory Registers

Register Name Abbreviation R/W Initial Value  Address™
Flash memory control register 1 FLMCR1** R/W*®  H'00** H'FFC8*?
Flash memory control register 2 FLMCR2"*® R/W*®  H'00™® H'FFC9™?
Erase block register 1 EBR1** R/W*®  H'00*® H'FFCA*?
Erase block register 2 EBR2*° R/W*®  H'00™® H'FFCB™?
System control register 2 SYSCR2 R/W H'00 H'FF42
RAM emulation register RAMER R/W H'00 H'FEDB

Notes: The registers listed in table 7.11 are enabled on the F-ZTAT version only. They do not exist
on the ZTAT, mask ROM, and ROMless versions, so an undefined value will be returned if
they are read, and it is not possible to write to these registers.

1. Lower 16 bits of the address.

2. Flash memory registers share addresses with other registers. Register selection is
performed by the FLSHE bit in the system control register 2 (SYSCR2).

3. In modes in which the on-chip flash memory is disabled (modes 4 and 5), a read will
return H'00, and writes are invalid. Writes are also disabled when the FWE bit is cleared
to 0 in FLMCRL1.

4. When a high level is input to the FWE pin, the initial value is H'80.

5. When a low level is input to the FWE pin, or if a high level is input and the SWE bit in
FLMCR1 is not set, these registers are initialized to H'00.

6. FLMCR1, FLMCR2, EBR1, and EBR2 are 8-bit registers. Only byte accesses are valid
for these registers, the access requiring 2 states.

Rev. 4.00 Feb 15, 2006 page 563 of 900
REJ09B0291-0400
RENESAS



Section 17 ROM

17.7 Register Descriptions

17.71  Flash Memory Control Register 1 (FLMCR1)

Bit 7 6 5 4 3 2 1 0
\ FWE \ SWE \ — \ — \ EV \ PV \ E \

Initial value = —* 0 0 0 0 0 0 0

Read/Write R R/W — — R/W R/W R/W R/W

Note: * Determined by the state of the FWE pin.

FLMCRL1 is an 8-hit register used for flash memory operating mode control. Program-verify mode
or erase-verify modeis entered by setting SWE to 1 when FWE = 1. Program mode is entered by
setting SWE to 1 when FWE = 1, then setting the PSU bit in FLMCR2, and finally setting the P
bit. Erase mode is entered by setting SWE to 1 when FWE = 1, then setting the ESU hit in
FLMCR2, and finally setting the E bit. FLMCRL1 isinitialized by areset, and in hardware standby
mode and software standby mode. Itsinitial value is H'80 when ahigh level isinput to the FWE
pin, and H'00 when alow level isinput. When on-chip flash memory is disabled (modes 4 and 5),
aread will return H'00, and writes are invalid.

Writes to the SWE bit in FLMCR1 are enabled only when FWE = 1; writesto the EV and PV bits
only when FWE=1 and SWE=1; writes to the E bit only when FWE =1, SWE = 1, and ESU = 1,
and writesto the P bit only when FWE =1, SWE = 1, and PSU = 1.

Bit 7—Flash Write Enable Bit (FWE): Sets hardware protection against flash memory
programming/erasing. See section 17.14, Flash Memory Programming and Erasing Precautions,
before using this bit.

Bit 7

FWE Description

0 When a low level is input to the FWE pin (hardware-protected state)
1 When a high level is input to the FWE pin
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Bit 6—Software Write Enable Bit (SWE): Enables or disables flash memory programming.
SWE should be set before setting bits ESU, PSU, EV, PV, E, P, and EB9 to EBO, and should not
be cleared at the same time as these bits.

Bit 6

SWE Description

0 Writes/erasing disabled (Initial value)
1 Writes/erasing enabled

[Setting condition]
When FWE = 1

Bit 5 and 4—Reserved: Read-only hits, always read as 0.

Bit 3—Erase-Verify (EV): Selects erase-verify mode transition or clearing. Do not set the SWE,
ESU, PSU, PV, E, or P bit at the sametime.

Bit 3
EV Description
0 Erase-verify mode cleared (Initial value)

Transition to erase-verify mode
[Setting condition]
When FWE =1 and SWE =1

Bit 2—Program-Verify (PV): Selects program-verify mode transition or clearing. Do not set the
SWE, ESU, PSU, EV, E, or P bit at the same time.

Bit 2

PV Description

0 Program-verify mode cleared (Initial value)
1 Transition to program-verify mode

[Setting condition]
When FWE =1 and SWE =1
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Bit 1—Erase (E): Selects erase mode transition or clearing. Do not set the SWE, ESU, PSU, EV,
PV, or P bit at the same time.

Bit 1

E Description

0 Erase mode cleared (Initial value)
1 Transition to erase mode

[Setting condition]
When FWE =1, SWE=1,and ESU =1

Bit 0—Program (P): Selects program mode transition or clearing. Do not set the SWE, ESU,
PSU, EV, PV, or E bit at the same time.

Bit 0

P Description

0 Program mode cleared (Initial value)
1 Transition to program mode

[Setting condition]
When FWE =1, SWE =1, and PSU =1

17.7.2 Flash Memory Control Register 2 (FLMCR2)

Bit 7 6 5 4 3 2 1 0

\ FLER \ — \ — \ — \ — \ — \ ESU \ PSU \
Initial value 0 0 0 0 0 0 0 0
Read/Write R — — — — — R/W R/W

FLMCR2 is an 8-hit register that monitors the presence or absence of flash memory program/erase
protection (error protection) and performs setup for flash memory program/erase mode. FLMCR2
isinitialized to H'00 by areset, and in hardware standby mode. The ESU and PSU bits are cleared
to 0 in software standby mode, hardware protect mode, and software protect mode.

When on-chip flash memory is disabled, aread will return H'00.
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Bit 7—Flash Memory Error (FLER): Indicates that an error has occurred during an operation on
flash memory (programming or erasing). When FLER is set to 1, flash memory goes to the error-
protect mode.

Bit 7

FLER Description

0 Flash memory is operating normally (Initial value)
Flash memory program/erase protection (error protection) is disabled
[Clearing condition]
Reset or hardware standby mode

1 An error has occurred during flash memory programming/erasing

Flash memory program/erase protection (error protection) is enabled
[Setting condition]
See section 17.10.3, Error Protection

Bits 6 to 2—Reserved: Read-only bits, alwaysread as 0.

Bit 1—Erase Setup (ESU): Prepares for atransition to erase mode. Set this bit to 1 before setting
the E bitto 1in FLMCRL. Do not set the SWE, PSU, EV, PV, E, or P bit at the sametime.

Bit 1

ESU Description

0 Erase setup cleared (Initial value)
1 Erase setup

[Setting condition]
When FWE =1, and SWE =1

Bit 0—Program Setup (PSU): Preparesfor atransition to program mode. Set this bit to 1 before
setting the P bit to 1 in FLMCRL1. Do not set the SWE, ESU, EV, PV, E, or P bit at the same time.

Bit 0

PSU Description

0 Program setup cleared (Initial value)
1 Program setup

[Setting condition]
When FWE =1, and SWE =1
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17.7.3 EraseBlock Registers1and 2 (EBR1, EBR2)

Bit
EBR1

Initial value
Read/Write

Bit
EBR2

Initial value
Read/Write

7 6 5 4 3 2 1 0
== 1= = — les e
0 0 0 0 0 0 0 0
— — — — — — RW  RW
7 6 5 4 3 2 1 0
\ EB7 \ EB6 \ EB5 \ EB4 \ EB3 \ EB2 \ EB1 EBO \
0 0 0 0 0 0 0 0
RW RW RW RW RW RW RW RMW

EBR1 and EBR2 are registers that specify the flash memory erase area block by block; bits 1 and
2 in EBR1 and bits 7 to 0 in EBR2 are readable/writable bits. EBR1 and EBR2 are each initialized
to H'00 by areset, in hardware standby mode and software standby mode, when alow level is
input to the FWE pin, and when ahigh level isinput to the FWE pin and the SWE bit in FLMCR1
iscleared to 0. When abit in EBR1 or EBR2 is set, the corresponding block can be erased. Other
blocks are erase-protected. Blocks are erased separately (in one-block units), so set only one bit in
EBR1 or EBR2 (more than one bit cannot be set to 1). To erase al blocks, erase one block at a
time, once after another in sequence. Then on-chip flash memory is disabled (modes 4 and 5), a
read with return H'00, and writes are disabled.

The flash memory block configuration is shown in table 17.12.

Table 17.12 Flash Memory Erase Blocks

Block (Size)

Address

EBO (1 kbyte)

H'000000 to H'0003FF

EB1 (1 kbyte)

H'000400 to H'0007FF

EB2 (1 kbyte)

H'000800 to H'O00BFF

EB3 (1 kbyte)

H'000CO00 to H'O00FFF

EB4 (28 kbytes)

H'001000 to H'007FFF

EB5 (16 kbytes)

H'008000 to H'00BFFF

EB6 (8 kbytes)

H'00C000 to H'OODFFF

EB7 (8 kbytes)

H'00E000 to H'0OOFFFF

EB8 (32 kbytes)

H'010000 to H'017FFF

EB9 (32 kbytes)

H'018000 to H'O1FFFF
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17.74  System Control Register 2 (SYSCR2)

Bit 7 6 5 4 3 2 1 0

e T e T S T e
Initial value 0 0 0 0 0 0 0 0
Read/Write — — — — R/W — — _

SYSCR2 is an 8-hit readabl e/writable register that controls on-chip flash memory (in F-ZTAT
versions).

SYSCR2 isinitialized to H'00 by areset and in hardware standby mode.

SYSCR2 isavailable only inthe F-ZTAT version. Inthe mask ROM and ZTAT versions, this
register cannot be written to and will return an undefined value if read.

Bits 7 to 4—Reserved: Read-only bits, alwaysread as 0.

Bit 3—Flash Memory Control Register Enable (FLSHE): Controls CPU access to the flash
memory control registers (FLMCR1, FLMCR2, EBR1, and EBR?2). Setting the FLSHE bit to 1
enables read/write access to the flash memory control registers. If FLSHE is cleared to O, the flash
memory control registers are deselected. In this case, the flash memory control register contents
are retained.

Bit 3

FLSHE Description

0 Flash control registers deselected in area H'FFFFC8 to H'FFFFCB (Initial value)
1 Flash control registers selected in area H'FFFFC8 to H'FFFFCB

Bits 2 to 0—Reserved: Read-only bits, alwaysread as 0.
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1775 RAM Emulation Register (RAMER)

Bit 7 6 5 4 3 2 1 0

\ — \ — \ — \ — \ — \ RAMS \ RAM1 \ RAMO \
Initial value 0 0 0 0 0 0 0 0
RIW — — — — — RW  RW  RMW

RAMER specifies the area of flash memory to be overlapped with part of RAM when emulating
real-time flash memory programming. RAMER isinitialized to H'00 by areset and in hardware
standby mode. It isnot initialized in software standby mode. RAMER settings should be madein
user mode or user program mode.

Flash memory areadivisions are shown in table 17.13. To ensure correct operation of the
emulation function, the ROM for which RAM emulation is performed should not be accessed
immediately after this register has been modified. Normal execution of an accessimmediately
after register modification is not guaranteed.

Bits 7 to 3—Reserved: These bits are dwaysread as 0.

Bit 2—RAM Select (RAMYS): Specifies selection or non-selection of flash memory emulation in
RAM. When RAMS = 1, al flash memory block are program/erase-protected.

Bit 2
RAMS Description

0 Emulation not selected (Initial value)
Program/erase-protection of all flash memory blocks is disabled

1 Emulation selected

Program/erase-protection of all flash memory blocks is enabled

Bits 1 and 0—Flash Memory Area Selection (RAM 1, RAMO): These bits are used together
with bit 2 to select the flash memory area to be overlapped with RAM. (Seetable 17.13.)
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Table 17.13 Flash Memory Area Divisions

Bit 2 Bit 1 Bit 0

Addresses Block Name RAMS RAM1 RAMO Description
H'FFECO0-H'FFEFFF RAM area 1 kbyte 0 * * RAM emulation not
selected
H'000000-H'0003FF EBO (1 kbyte) 1 0 0 RAM emulation
H'000400-H'0007FF  EB1 (1 kbyte) 1 0 1 selected
H'000800-H'000BFF  EB2 (1 kbyte) 1 1 0
H'000C00-H'000FFF  EB3 (1 kbyte) 1 1 1
Notes: To use RAM for flash memory emulation, set the RAME bit of SYSCR to 1.
*: Don't care
Flash memory area RAM area
[ H'000000 EBO Overlap RAM H'FFECO00 ]
H'0003FF (1 kbyte) H'EEEFEE
H'000400 |  Emulation block H'FFF000
H'0007FF EB1
H'000800
EB? RAM
H'000BFF (3 kbytes)
H'000C00
EB3
L H'O0OFFF H'FFFBFF
H'001000 EB4
H'O1FFFF EB9

Figure17.14 Example of Overlap Between Flash Memory Area and RAM Area
(When RAMS=1, RAM1=0,and RAM0=1)
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17.8 On-Board Programming M odes

When pins are set to an on-board programming mode, they enter an on-board programming status
in which program, erase, and verify operations can be performed on the on-chip flash memory.
There are two on-board programming modes: boot mode and user program mode. The pin settings
for transition to each of these modes are shown in table 17.14. For adiagram of the transitions to
the various flash memory modes, see figure 17.8.

Table 17.14 Setting On-Board Programming M odes

Mode
Mode Name CPU Operating Mode FWE  MD, MD, MD,

Boot mode Mode 10  Advanced expanded mode with 1 0 1 0
on-chip ROM enabled

Mode 11  Advanced single-chip mode

User program  Mode 14  Advanced expanded mode with ~ 1*? 1 1 0
mode™* on-chip ROM enabled
Mode 15  Advanced single-chip mode 1

Notes: 1. Normally, user mode (modes 6 and 7) should be used. Set FWE to 1 to make a
transition to user program mode (modes 14 and 15) before performing a
program/erase/verify operation.

2. Refer to section 17.14, Flash Memory Programming and Erasing Precautions, for
information on programming and clearing FWE.
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17.8.1 Boot Mode

When boot mode is used, the flash memory programming control program must be prepared in the
host beforehand. The channel 1 SCI to be used is set to asynchronous mode.

When areset-start is executed after the H8S/2345 M CU'’ s pins have been set to boot mode, the
boot program built into the MCU is started and the programming control program prepared in the
host is serially transmitted to the MCU viathe SCI. In the MCU, the programming control
program received via the SCI iswritten into the programming control program areain on-chip
RAM. After the transfer is completed, control branches to the start address of the programming
control program area and the programming control program execution state is entered (flash
memory programming is performed).

The transferred programming control program must therefore include coding that follows the
programming algorithm given later.

The system configuration in boot mode is shown in figure 17.15, and the boot program mode
execution procedure in figure 17.16.

H8S/2345 chip

Flash memory

Host

Write data reception

RxD1

Verify data transmission SCi1
- TxD1

y

4

On-chip RAM

Figure17.15 System Configuration in Boot Mode
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Set pins to boot mode
and execute reset-start
\
Host transfers data (H'00)
continuously at prescribed bit rate

| |
H8S/2345 measures low period

Host transmits number
of H'00 data transmitted by host of programming control program
I bytes (N), upper byte followed
H8S/2345 calculates bit rate and by lower byte
sets value in bit rate register — -
‘ H8S/2345 transmits received
After bit rate adjustment, H8S/2345 number of bytes to host as verify
transmits one H'00 data byte to data (echo-back)
host to indicate end of adjustment . ‘_ 1
‘ =
Host confirms normal reception }4
f bit rate adjustment end . .
) dc') . H'00 d . Host transmits programming control
indication ( ), and transmits program sequentially in byte units
one H'55 data byte
I

After receiving H'SS, rogramming control program to
H8S/2345 transmits one H'AA phogt - Veri?y e (eghf_back) IEE
data byte to host :
Transfer received programming
control program to on-chip RAM

SR

Yes
| End of transmission |
I

Check flash memory data, and
if data has already been written,

erase all blocks
I

After confirming that all flash
memory data has been erased,
H8S/2345 transmits one H'AA data
byte to host

I

\
H8S/2345 transmits received

Execute programming control
program transferred to on-chip RAM

Note: If a memory cell does not operate normally and cannot be erased, one H'FF byte is
transmitted as an erase error, and the erase operation and subsequent operations
are halted.

Figure17.16 Boot Mode Execution Procedure
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Automatic SCI Bit Rate Adjustment

St} g | b1 | p2 | D3 | D4 | D5 | D6 | D7 | S
bit bit
Low period (9 bits) measured (H'00 data) High period

(1 or more bits)

Figure17.17 Measurement of Low Period of Host Transmission Data

When boot mode is initiated, the H8S/2345 MCU measures the low period of the asynchronous
SCI communication data (H'00) transmitted continuoudly from the host, see figure 17.17. The SCI
transmit/receive format should be set as follows: 8-bit data, 1 stop bit, no parity. The MCU
calculates the bit rate of the transmission from the host from the measured low period, and
transmits one H'00 byte to the host to indicate the end of bit rate adjustment. The host should
confirm that this adjustment end indication (H'00) has been received normally, and transmit one
H'55 byte to the MCU. If reception cannot be performed normally, initiate boot mode again
(reset), and repeat the above operations. Depending on the host’s transmission bit rate and the
MCU’s system clock frequency, there will be a discrepancy between the bit rates of the host and
the MCU. To ensure correct SCI operation, the host’ s transfer bit rate should be set to (4800, or
9600) bps.

Table 17.15 shows typical host transfer bit rates and system clock frequencies for which automatic
adjustment of the MCU’ s hit rate is possible. The boot program should be executed within this
system clock range.

Table 17.15 System Clock Frequenciesfor which Automatic Adjustment of H85/2345 Bit
Rate is Possible

System Clock Frequency for which Automatic Adjustment

Host Bit Rate of H8S/2345 Bit Rate is Possible
9600 bps 8 MHz to 20 MHz
4800 bps 4 MHz to 20 MHz

On-Chip RAM Area Divisionsin Boot Mode: In boot mode, the 2 kbytes area from H'FFEC00
to H'FFF3FF is reserved for use by the boot program, as shown in figure 17.18. The areato which
the programming control program istransferred is H'FFF400 to H'FFFBFF. The boot program
area can be used when the programming control program transferred into RAM enters the
execution state. A stack area should be set up as required.
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H'FFECO00
Boot program
area*
(2 kbytes)
H'FFF3FF ‘
H'EFF400 On chip RAM (4 kbytes)
Programming
control program
area
(2 kbytes)
H'FFFBFF

Note: * The boot program area cannot be used until a transition is made to the execution state
for the programming control program transferred to RAM. Note that the boot program
remains stored in this area after a branch is made to the programming control program.

Figure17.18 RAM Areasin Boot Mode
Notes on Use of User Mode:

» When the chip comes out of reset in boot mode, it measures the low-level period of the input at
the SCI's RxD1 pin. The reset should end with RxD1 high. After the reset ends, it takes
approximately 100 states before the chip is ready to measure the low-level period of the RxD1
pin.

* Inboot mode, if any data has been programmed into the flash memory (if all dataisnot 1), al
flash memory blocks are erased. Boot mode is for use when user program mode is unavailable,
such as the first time on-board programming is performed, or if the program activated in user
program mode is accidentally erased.

* Interrupts cannot be used while the flash memory is being programmed or erased.
» TheRxD1 and TxD1 pins should be pulled up on the board.

» Before branching to the programming control program (RAM area H'FFF400), the chip
terminates transmit and receive operations by the on-chip SCI (channel 1) (by clearing the RE
and TE bitsin SCR to 0), but the adjusted bit rate value remains set in BRR. The transmit data
output pin, TxD1, goesto the high-level output state (P31DDR = 1, P31DR = 1).
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Notes: 1. FWE pin and mode pin input must satisfy the mode programming setup time (t,,

The contents of the CPU’s internal general registers are undefined at thistime, so these
registers must be initialized immediately after branching to the programming control program.
In particular, since the stack pointer (SP) is used implicitly in subroutine calls, etc., astack area
must be specified for use by the programming control program.

Initial settings must also be made for the other on-chip registers.

Boot mode can be entered by making the settings to the FWE pin and the mode pins (MD, to
MD,) shown in Table 17.14 and executing a reset-start. (See figure 17.36.)

To change from boot mode to another mode (user mode, etc.), the microcomputer'sinternal
boot mode status must first be cleared by inputting a reset using the RES pin**. In this case, the
RES pin must be kept low (t..,) for at least 20 states. (See figure 17.38.)

Do not change the FWE pin and mode pin input levelsin boot mode, and do not drive the FWE
pin low while the boot program is being executed or while flash memory is being programmed
or erased.”*

If the FWE pin or mode pin input levels are changed (for example, from low to high) during a
reset, the state of ports with multiplexed address functions and bus control output pins (AS,
RD, HWR, LWR) will change according to the change in the microcomputer’ s operating
mode*®,

Therefore, care must be taken to make pin settings to prevent these pins from becoming output
signal pinsduring areset, or to prevent collision with signals outside the microcomputer.

200 ns) with respect to the reset release timing, as shown in figures 17.36 to 17.38.

2. For further information on FWE application and disconnection, see section 17.14,
Flash Memory Programming and Erasing Precautions.

3. Seeappendix D, Pin States.

17.8.2 User Program Mode

When set to user program mode, the chip can program and erase its flash memory by executing a
user program/erase control program. Therefore, on-board reprogramming of the on-chip flash
memory can be carried out by providing on-board means of FWE control and supply of
programming data, and storing a program/erase control program in part of the program area as
necessary.

To select user program mode, select a mode that enables the on-chip flash memory (mode 6 or 7),
and apply a high level to the FWE pin. In this mode, on-chip supporting modules other than flash
memory operate as they normally would in modes 6 and 7, see figures 17.37 and 17.38.
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The flash memory itself cannot be read while the SWE bit is set to 1 to perform programming or
erasing, so the control program that performs programming and erasing should be run in on-chip
RAM or external memory.

Figure 17.19 shows the procedure for executing the program/erase control program when
transferred to on-chip RAM.

Write the FWE assessment program
and transfer program (and the program/
erase control program if necessary) to
flash memory beforehand

MD,, MD4, MDg = 110, 111
Reset-start

!

Transfer program/erase control
program to RAM

!

Branch to program/erase control
program in RAM area

!

FWE = high*
(Enter user program mode)

!

Execute program/erase control
program (flash memory rewriting)

!

Clear FWE*
(Clear user program mode)

!

Branch to flash memory application
program

Notes: Do not apply a constant high level to the FWE pin. Apply a high level to the FWE pin
only when the flash memory is programmed or erased. Also, while a high level is
applied to the FWE pin, the watchdog timer should be activated to prevent
overprogramming or overerasing due to program runaway, etc.

* For further information on FWE application and disconnection, see section 17.14,
Flash Memory Programming and Erasing Precautions.

Figure17.19 User Program Mode Execution Procedure
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17.9  Programming/Erasing Flash Memory

In the on-board programming modes, flash memory programming and erasing is performed by
software, using the CPU. There are four flash memory operating modes: program mode, erase
mode, program-verify mode, and erase-verify mode. Transitions to these modes can be made by
setting the PSU and ESU bitsin FLMCR2, and the P, E, PV, and EV bitsin FLMCRL. Refer to
figure 17.20 regarding mode transitions using the settings of the bitsin FLMCR1 and FLMCR2.

The flash memory cannot be read while being programmed or erased. Therefore, the program that
controls flash memory programming/erasing (the programming control program) should be
located and executed in on-chip RAM or external memory.

Notes: 1. Operation is not guaranteed if setting/resetting of the SWE, EV, PV, E, and P bitsin
FLMCRL, and the ESU and PSU hitsin FLMCR?2, is executed by a program in flash
memory.

2. When programming or erasing, set FWE to 1 (programming/erasing will not be
executed if FWE = 0).

3. Perform programming in the erased state. Do not perform additional programming on
previously programmed addresses.
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*3

E=1
Erase setup \ —»
et - Erase mode
E=0
User mode )*1
FWE = 1 l TFWE ) Erase verify
*2 mode
On-board
C SWE=1
programming mode oven?/(r)i{tgv:rl;Zbled
J -—
Software ogerl\tlsijrge disabled SWE =0 status
=1
Program setup > Program
status -0 mode

Program verify
mode

Notes: 1. :user mode, C_: on-board programming mode
2. Do not make transitions by setting or clearing multiple bits simultaneously.
3. After changing from erase mode to erase setup status, do not change back to erase mode except
via software overwrite enable status.
4. After changing from program mode to program setup status, do not change back to program mode
except via software overwrite enable status.

Figure17.20 Mode Transitions Using Settings of Bitsin FLMCR1 and FLMCR2

179.1 Program Mode

Follow the procedure shown in the program/program-verify flowchart in figure 17.21 to write data
or programs to flash memory. Performing program operations according to this flowchart will
enable data or programs to be written to flash memory without subjecting the device to voltage
stress or sacrificing program datareliability. Programming should be carried out 32 bytes at a
time.

Thewait times (X, Y, z, a, B, y, €, n)after bits are set or cleared in flash memory control registers 1
and 2 (FLMCR1, FLMCR2) and the maximum number of programming operations (N) are shown
in table 20.10.
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Following the elapse of (x) ps or more after the SWE hit isset to 1 in FLMCR1, 32-byte program
datais stored in the program data area and reprogram data area, and the 32-byte datain the
reprogram data area written consecutively to the write addresses. The lower 8 bits of the first
address written to must be H'00, H'20, H'40, H'60, H'80, H'A0, H'CO, or H'EQ. Thirty-two
consecutive byte data transfers are performed. The program address and program data are latched
in the flash memory. A 32-byte data transfer must be performed even if writing fewer than 32
bytes; in this case, H'FF data must be written to the extra addresses.

Next, the watchdog timer is set to prevent overprogramming in the event of program runaway, etc.
Set avalue greater than (y + z + a + B) usasthe WDT overflow period. After this, preparation for
program mode (program setup) is carried out by setting the PSU hit in FLMCR2, and after the
elapse of (y) ps or more, the operating mode is switched to program mode by setting the P bit in
FLMCRL1. Thetime during which the P bit is set is the flash memory programming time. Make a
program setting so that the time for one programming operation is within the range of (z) ps.

17.9.2 Program-Verify Mode

In program-verify mode, the data written in program mode is read to check whether it has been
correctly written in the flash memory.

After the elapse of agiven programming time, the programming mode is exited (the P bit in
FLMCRL1 iscleared to 0, then the PSU bit in FLMCR2 iscleared to O at least (a) s later). Next,
the watchdog timer is cleared after the elapse of (y + z + a + B) us or more, and the operating
mode is switched to program-verify mode by setting the PV bit in FLMCRL. Before reading in
program-verify mode, a dummy write of H'FF data should be made to the addresses to be read.
The dummy write should be executed after the elapse of (y) ps or more. When the flash memory is
read in this state (verify datais read in 16-bit units), the data at the latched address is read. Wait at
least (€) us after the dummy write before performing this read operation. Next, the originally
written data is compared with the verify data, and reprogram data is computed (see figure 17.21)
and transferred to the reprogram data area. After 32 bytes of data have been verified, exit program-
verify mode, wait for at least () ps, then clear the SWE bit in FLMCR1 to 0. If reprogramming is
necessary, set program mode again, and repeat the program/program-verify sequence as before.
However, ensure that the program/program-verify sequence is not repeated more than (N) times on
the same bits.

Note: Anareain RAM for storing write data (32 bytes) and an areafor storing rewrite data (32
bytes) are required.
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Set SWE bit in FLMCR1 |
¥

Perform programming in the erased state.
Do not perform additional programming
on previously programmed addresses.

Increment address

[ Wait (x) ps *5
I
Store 32-byte program data in program | «4
data area and reprogram data area
12
I n=1 |
¥
I m=0 |
¥
Write 32-byte data in RAM reprogram data | «;
area consecutively to flash memory
[ Enable WDT |
¥
[ Set PSU bit in FLMCR2 |
]
| Wait (y) us *5
)
[ Set P bitin FLMCR1 | start of programming
I}
[ Wait (z) s 5
)
| Clear P bit in FLMCR1 | End of programming
| Wait (o) ps Notes: 1. Data transfer is performed by byte transfer. The lower
K *5 8 bits of the first address written to must be H'00, H'20, H'40,
H'60, H'80, H'AQ, H'CO, or H'EO. A 32-byte data transfer
| Clear PSU bit in FLMCR2 | must be performed even if writing fewer than 32 bytes;
in this case, H'FF data must be written to the extra addresses.
| Wait (B) is 5 2. Verify data is read in 16-bit (word) units.
3. Even bits for which programming has been completed in a 32-byte
programming loop will be subjected to additional programming if
| Disable WDT | the subsequent verify operation fails.
7 4. An area for storing program data (32 bytes) and reprogram data
| Set PV bit in FLMCR1 | (32 bytes) must be provided in RAM. The contents of the latter
are rewritten as programming progresses.
- 5. The values of x, y, z, a, B, v, € n, and N are shown in section
| Wait (y) ps *5 20.1.6, Flash Memory Characteristics.
v Program  Verify Reprogram
| H'FF dummy write to verify address | Data Data Data Comments
0 0 1 Programmed bits are
| Wait (£) ps *5 not reprogrammed
0 1 0 Programming incomplete;
| Read verify data *2 reprogram
1 0 1 —
*3
Program data = 1 1 1 Still in erased state;

verify data?

| Reprogram data computation

I
| Transfer reprogram data to reprogram | 4
data area
[ Clear PV bit in FLMCR1 |
]
| Wait (n) Us *5
LT —

OK

no action

Note: The memory erased state is 1. Programming is
performed on O reprogram data.

RAM

Program data storage
area (32 bytes)

Reprogram data storage
area (32 bytes)

[ Clear SWE bitin FLMCRL |

Clear SWE bit in FLMCR1 |

End of programming

Programming failure

Figure17.21 Program/Program-Verify Flowchart
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1793 EraseMode

Flash memory erasing should be performed block by block following the procedure shown in the
erase/erase-verify flowchart (single-block erase) shown in figure 17.22.

Thewait times (X, Y, z, a, B, y, €, n)after bits are set or cleared in flash memory control registers 1
and 2 (FLMCR1, FLMCR2) and the maximum number of programming operations (N) are shown
in table 20.10.

To perform data or program erasure, make a 1 bit setting for the flash memory areato be erased in
EBR1 or EBR2 at least (x) ps after setting the SWE bit to 1 in FLMCR1. Next, the watchdog timer
is set to prevent overerasing in the event of program runaway, etc. Set avalue greater than (y + z +
o + }) usasthe WDT overflow period. After this, preparation for erase mode (erase setup) is
carried out by setting the ESU bhit in FLMCR2, and after the elapse of (y) us or more, the operating
mode is switched to erase mode by setting the E bit in FLMCR1. The time during which the E bit
is set isthe flash memory erase time. Ensure that the erase time does not exceed (z) ms.

Note:  With flash memory erasing, preprogramming (setting all datain the memory to be erased
to 0) is not necessary before starting the erase procedure.

1794 Erase-Verify Mode

In erase-verify mode, datais read after memory has been erased to check whether it has been
correctly erased.

After the elapse of the erase time, erase mode is exited (the E bit in FLMCR1 is cleared to 0, then
the ESU bit in FLMCR2 is cleared to O at least (a) ps later), the watchdog timer is cleared after the
elapse of () us or more, and the operating mode is switched to erase-verify mode by setting the
EV bitin FLMCRL. Before reading in erase-verify mode, adummy write of H'FF data should be
made to the addresses to be read. The dummy write should be executed after the elapse of (y) psor
more. When the flash memory isread in this state (verify dataisread in 16-bit units), the data at
the latched addressisread. Wait at least (€) ps after the dummy write before performing this read
operation. If the read data has been erased (all 1), adummy write is performed to the next address,
and erase-verify is performed. If the read data has not been erased, set erase mode again, and
repeat the erase/erase-verify sequence in the same way. However, ensure that the erase/erase-
verify sequence is not repeated more than (N) times. When verification is completed, exit erase-
verify mode, and wait for at least (n) us. If erasure has been completed on all the erase blocks,
clear the SWE bitin FLMCR1 to 0. If there are any unerased blocks, make a 1 bit setting in EBR1
or EBR2 for the flash memory areato be erased, and repeat the erase/erase-verify sequencein the
same way.
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GETIDY

Set SWE bit in FLMCR1

¥

Wait (x) us

n=1

lef 11 ¥

Set EBR1, EBR2

Y

Enable WDT

¥

Set ESU bit in FLMCR2

¥

*2

Wait (y) us
¥

Set E bitin FLMCR1

¥

Wait (z) ms

*2

¥

Clear E bitin FLMCR1

Wait (a) ps

| -2

]

Clear ESU bit in FLMCR2
¥

Wait (B) ps

¥

Disable WDT

[

Set EV bitin FLMCR1
[

Wait (y) us

| 2

|Set block start address to verify addressl
]

Increment |
address

)

| H'FF dummy write to verify address |
¥

| -2

Wait (€) ps
¥

Read verify data

| -3

Halt erase

Start of erase

Clear EV bit in FLMCR1

Wait (n) Us

Notes: 1. Preprogramming (setting erase block data to all 0) is not necessary.

erasing of all erase
blocks?

*2

OK

Clear SWE bit in FLMCR1

Clear SWE bit in FLMCR1

End of erasing

2. Thevalues of x,y, z, a, B, y, € n, and N are shown in section 20.1.6, Flash Memory Characteristics.
. Verify data is read in 16-bit (word) units.

3
4. Set only one bit in EBR1or EBR2. More than one bit cannot be set.
5

. Erasing is performed in block units. To erase a number of blocks, the individual blocks must be erased sequentially.

Figure17.22 Erase/Erase-Verify Flowchart (Single-Block Erase)
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17.10 Flash Memory Protection

There are three kinds of flash memory program/erase protection: hardware protection, software
protection, and error protection.

17.10.1 Hardware Protection

Hardware protection refers to a state in which programming/erasing of flash memory isforcibly
disabled or aborted. Hardware protection is reset by settings in flash memory control registers 1
and 2 (FLMCR1, FLMCR?2) and erase block registers 1 and 2 (EBR1, EBR2). (Seetable 17.16.)

Table 17.16 Hardwar e Protection

Functions

Item Description Program Erase Verify*
FWE pin +  When a low level is input to the FWE pin,  No No No
protection FLMCR1, FLMCR?2 (excluding the FLER

bit), EBR1, and EBR2 are initialized, and

the program/erase-protected state is

entered.
Reset/standby « In areset (including a WDT overflow No No No
protection reset) and in standby mode, FLMCR1,

FLMCR2, EBR1, and EBR2 are initialized,
and the program/erase-protected state is
entered.

In a reset via the RES pin, the reset state
is not entered unless the RES pin is held
low until oscillation stabilizes after
powering on. In the case of a reset during
operation, hold the RES pin low for the
RES pulse width (t,.,) specified in the AC
Characteristics section.

Note: * Program verify and erase verify modes.
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17.10.2 Software Protection

Software protection can be implemented by setting the SWE bit in FLMCRL, erase block registers
1 and 2 (EBR1, EBR2), and the RAMS bit in RAMER. When software protection isin effect,
setting the P or E bit in flash memory control register 1 (FLMCRZ1) does not cause atransition to
program mode or erase mode. (See table 17.17.)

Table 17.17 Softwar e Protection

Functions

Item Description Program Erase Verify*
SWE bit ¢ Clearing the SWE bitto 0 in FLMCR1 sets No No No
protection the program/erase-protected state for all

blocks.

(Execute in on-chip RAM or external

memory.)
Block « Erase protection can be set for individual — No Yes
specifigation blocks by settings in erase block registers
protection 1 and 2 (EBRL, EBR2),

However, write protection is disabled.

e Setting EBR1 and EBR2 to H'00 places all

blocks in the erase-protected state.
Emulation e Setting the RAMS bit to 1 in the RAM No No Yes
protection emulation register (RAMER) places all

blocks in the program/erase-protected

state.

Note: * Program verify and erase verify modes.
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17.10.3 Error Protection

In error protection, an error is detected when MCU runaway occurs during flash memory
programming/erasing, or operation is not performed in accordance with the program/erase
algorithm, and the program/erase operation is aborted. Aborting the program/erase operation
prevents damage to the flash memory due to overprogramming or overerasing.

If the MCU malfunctions during flash memory programming/erasing, the FLER bitissetto 1 in
FLMCR2 and the error protection state is entered. The FLMCR1, FLMCR2, EBR1, and EBR2
settings are retained, but program mode or erase mode is aborted at the point at which the error
occurred. When the FLER bit isset to 1, it is not possible to re-enter the program mode or erase
mode by resetting the P and E bits of FLMCR1. However, setting of the PV and EV bits of
FLMCRL is enabled, and atransition can be made to verify mode.

FLER bit setting conditions are as follows:

e When flash memory isread during programming/erasing (including a vector read or instruction
fetch)

» Immediately after exception handling (excluding areset) during programming/erasing

e When a SLEEP instruction (including software standby) is executed during
programming/erasing
*  When the CPU loses the bus during programming/erasing

Error protection isreleased only by areset and in hardware standby mode.

Figure 17.23 shows the flash memory state transition diagram.

Rev. 4.00 Feb 15, 2006 page 587 of 900
REJ09B0291-0400
RENESAS



Section 17 ROM

Memory
read verify mode

RES =0o0r STBY =0
or software standby

Reset release and
hardware standby release
and software standby release

Normal operating mode
Program mode
Erase mode

Reset or hardware standby
ES=00rSTBY =0 (hardware protection)

DVFPRERFLER=0 \
Error occurrence RES =0or FLMCR1, FLMCR2,
(software standby) ~ STBY =0 EBR1, EBR2
Error RES=0or initialization state
occurrence STBY =0
. Software Error protection mode
Error protection mode standby mode (software standby)

_—
-~

Software standby
mode release

FLMCR1, FLMCR2 (except FLER
bit), EBR1, EBR2 initialization state

Legend:

RD: Memory read possible
VF: Verify-read possible
PR: Programming possible
ER: Erasing possible

Memory read not possible
Verify-read not possible
Programming not possible
Erasing not possible

m| o|<| 3
B33

Figure17.23 Flash Memory State Transitions

The error protect function has no effect on illegal operations unrelated to the setting conditions for
the FLER bit. Also, if asignificant amount of time has elapsed before the transition to the protect
status, thereis a possibility that the data in flash memory may aready have become corrupted.
Consequently, this function is not able to provide complete protection against corruption of the
datain flash memory.

For this reason, it is necessary to run program and erase algorithms correctly while flash write
enable (FWE) is being applied and to monitor the internal operation of the microcomputer for
abnormalities using a watchdog timer, or the like, in order to prevent illegal operations of the sort
mentioned above. Also, at the point when the transition is made to the protect mode, in some cases
the flash memory may be in an erroneously programmed or erased status, or the programming or
erasing may be incomplete due to a forced shutdown. In such a case, make sure to force a recovery
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(program rewrite) using the boot mode. Note that there may till be cases in which boot mode
cannot be started normally due to excessive programming or erasing of the flash memory.

17.11 Flash Memory Emulation in RAM

17.11.1 Emulation in RAM

Since programming or erasing the flash memory takestime, it may be difficult to perform tuning
by overwriting parameters and other datain real time. In such cases, making a setting in the RAM
emulation register (RAMER) enables part of RAM to be overlapped onto the flash memory area
so that data to be written to flash memory can be emulated in RAM in real time. After the
RAMER setting has been made, accesses can be made from the flash memory area or the RAM
area overlapping flash memory. Emulation can be performed in user mode and user program
mode. Figure 17.24 shows an example of emulation of real-time flash memory programming.

< Start emulation program )

Y
Set RAMER

Y

Write tuning data to overlap
RAM

A
Execute application program

e

Yes

Clear RAMER

Y

Write to flash memory emulation
block

A

< End of emulation program )

Figure17.24 Flowchart for Flash Memory Emulation in RAM
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17.11.2 RAM Overlap

An example in which flash memory block area EB1 is overlapped is shown below.

A H'000000
H'000400
H'000800
H'000C00

EBO

EB1

EB2

EB3

Flash memory
EB4 to EB9

This area can be accessed
from both the RAM area

“~._ and flash memory area

H'FFECO00
HFFEFFF

On-chip RAM

Figure17.25 Example of RAM Overlap Operation

Examplein Which Flash Memory Block Area (EB1) is Overlapped

1. SetbitsRAMS, RAM1, and RAMOin RAMERto 1, 0, 1, to overlap part of RAM onto the

area (EB1) for which real-time programming is required.
2. Real-time programming is performed using the overlapping RAM.

3. After the program data has been confirmed, the RAMS hit is cleared, releasing RAM overlap.

4. The datawritten in the overlapping RAM iswritten into the flash memory space (EB1).

Notes: 1. Whenthe RAMS hit is set to 1, program/erase protection is enabled for all blocks
regardless of the value of RAM1 and RAMO (emulation protection). In this state,
setting the P or E bit in flash memory control register 1 (FLMCRL) will not cause a

transition to program mode or erase mode. When actually programming aflash
memory area, the RAMS bit should be cleared to 0.

2. A RAM area cannot be erased by execution of software in accordance with the erase

algorithm while flash memory emulation in RAM is being used.

3. Block area EBO includes the vector table. When performing RAM emulation, the
vector table is needed by the overlap RAM.
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17.12 Interrupt Handling when Programming/Erasing Flash Memory

All interrupts, including NMI interrupt is disabled when flash memory is being programmed or
erased (when the P or E bit is set in FLMCR1), and while the boot program is executing in boot
mode™*, to give priority to the program or erase operation. There are three reasons for this:

1. Interrupt during programming or erasing might cause a violation of the programming or
erasing algorithm, with the result that normal operation could not be assured.

2. Intheinterrupt exception handling sequence during programming or erasing, the vector would
not be read correctly*?, possibly resulting in MCU runaway.

3. If interrupt occurred during boot program execution, it would not be possible to execute the
normal boot mode segquence.

For these reasons, in on-board programming mode alone there are conditions for disabling
interrupt, as an exception to the general rule. However, this provision does not guarantee normal
erasing and programming or MCU operation. All requests, including NMI interrupt, must
therefore be restricted inside and outside the MCU when programming or erasing flash memory.
NMI interrupt is aso disabled in the error-protection state while the P or E bit remains set in
FLMCRL.

Notes: 1. Interrupt requests must be disabled inside and outside the MCU until the programming
control program has completed programming.
2. The vector may not be read correctly in this case for the following two reasons:

 If flash memory is read while being programmed or erased (while the P or E bit is
set in FLMCRY), correct read datawill not be obtained (undetermined values will
be returned).

« If theinterrupt entry in the vector table has not been programmed yet, interrupt
exception handling will not be executed correctly.
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17.13 Flash Memory Writer Mode

17.13.1 Writer Mode Setting

Programs and data can be written and erased in writer mode as well asin the on-board
programming modes. In writer mode, the on-chip ROM can be freely programmed using a PROM
programmer that supports the Renesas Technology microcomputer device type with 128-kbyte on-
chip flash memory. Flash memory read mode, auto-program mode, auto-erase mode, and status
read mode are supported with this device type. In auto-program mode, auto-erase mode, and
status read mode, a status polling procedureis used, and in status read mode, detailed internal
signals are output after execution of an auto-program or auto-erase operation.

Table 17.18 shows writer mode pin settings.

Table 17.18 Writer Mode Pin Settings

Pin Names Settings/External Circuit Connection

Mode pins: MD,, MD,, MD, Low-level input

Mode setting pins: PF,, PF, PF, High-level input to PF,, low-level input to PF, and PF,

FWE pin High-level input (in auto-program and auto-erase
modes)

STBY pin High-level input (do not select hardware standby mode)

RES pin Power-on reset circuit

NMI pin High-level input (for power-on reset)

XTAL, EXTAL pins Oscillator circuit

Other pins requiring setting: P2, P2, High-level input to P2, and P2,
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17.13.2 Socket Adaptersand Memory Map

In writer mode, a socket adapter is mounted on the writer programmer to match the package
concerned. Socket adapters are available for each writer manufacturer supporting the Renesas
Technology microcomputer device type with 128-kbyte on-chip flash memory. The model
numbers of compatible socket adapters are listed in table 17.19.

Figure 17.26 shows socket adapter pin correspondences and figure 17.26 shows the memory map
in writer mode. For pin namesin writer mode, see section 1.3.2, Pin Functionsin Each Operating
Mode.

Table 17.19 Socket Adapter Name

Socket Adapter Name

Product Model Package Name Minato Electronics Data I/O Japan

HD64F2345 100-pin TQFP (TFP-100B) ME2345ESNF1H HF234BT100D3201
100-pin TQFP (TFP-100G) ME2345ESMF1H HF234GT100D3201
100-pin QFP (FP-100A) ME2345ESFF1H HF234AQ100D3201
100-pin QFP (FP-100B) ME2345ESHF1H HF234BQ100D3201

MCU mode H8S/2345 Writer mode

H'000000 H'00000

On-chip
ROM area

H'OLFFFF H'1FFFF

Figure17.26 Memory Map in Writer Mode
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17.13.3 Writer Mode Operation

Table 17.20 shows how the different operating modes are set when using writer mode, and table
17.21 lists the commands used in writer mode. Details of each mode are given below.

Memory Read Mode

Memory read mode supports byte reads.

Auto-Program Mode

Auto-program mode supports programming of 128 bytes at atime. Status polling is used to
confirm the end of auto-programming.

Auto-Erase Mode

Auto-erase mode supports automatic erasing of the entire flash memory. Status polling is used
to confirm the end of auto-erasing.

Status Read Mode

Status polling is used for auto-programming and auto-erasing, and normal termination can be

confirmed by reading the FO, signal. In status read mode, error information is output if an
Error occurs.

Table 17.20 Settingsfor Each Operating Mode in Writer Mode

Pin Names
Mode FWE CE OE WE FO,to FO, FA toFA,,
Read HorL L L H Data output ~ Ain™?
Output disable HorlL L H H Hi-Z X
Command write  HorL* L H L Datainput  Ain*?
Chip disable™* HorL H X X Hi-Z X
Legend:
H: High level
L: Low level
X: Don't care

Hi-Z: High impedance

Notes: 1. Chip disable is not a standby state; internally, it is an operation state.

2. Ain indicates that there is also address input in auto-program mode.

3. For command writes when making a transition to auto-program or auto-erase mode,
input a high level to the FWE pin.
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Table17.21 Writer Mode Commands

Number 1st Cycle 2nd Cycle
Command Name of Cycles Mode Address Data Mode Address Data
Memory read mode 1+n* Write X H'00 Read RA Dout
Auto-program mode ~ 129** Write X H'40 Write WA Din
Auto-erase mode 2 Write X H'20 Write X H'20
Status read mode 2 Write X H71 Write X H'71

Legend:
RA: Read address

WA: Program address (Write address)

Dout: Read data
Din: Program data

Notes: 1. In memory read mode, the number of cycles depends on the number of address write

cycles (n).

2. In auto-program mode. 129 cycles are required for command writing by a simultaneous
128-byte write.
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Table 17.22 DC Characteristicsin Writer Mode

Conditions: V.= 5.0V +10%, V=0V, T, = 25°C +5°C

Test
Item Symbol Min Typ Max Unit Conditions
Input high-level ~ FO,-FO,, FA —FA, V,, 2.2 — V,.+03V
voltage
Input low-level FO,-FO,, FA ~FA, V, 0.3 — 0.8 \
voltage
Schmitt trigger ~ OE, CE, WE A 1.0 — 2.5 \Y
input voltage
V., 2.0 — 35 \Y,
V.-V, 04 — — \Y,
Output high-level FO,-FO, Vo, V—~05 — — V|, =-200 pA
voltage
Output low-level FO,-FO, Vo — — 0.4 Vo I, =16mA
voltage
Input leak current FO,-FO,, FA —FA, |I,]| — — 2 HA
V. current During read lee — 60 89 mA
During programming |, — 70 89 mA
During erasing | — 70 89 mA

cc

Note: Refer to the maximum rating for the F-ZTAT version “20.1.1 Absolute Maximum Ratings.”
If the maximum rating is exceeded, the LSI may be damaged permanently.

17.13.4 Memory Read Mode

» After the end of an auto-program, auto-erase, or status read operation, the command wait state
is entered. To read memory contents, a transition must be made to memory read mode by

means of acommand write before the read is executed.

» Command writes can be performed in memory read mode, just asin the command wait state.
» Once memory read mode has been entered, consecutive reads can be performed.

» After power-on, memory read mode is entered.
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AC Characteristics

Table 17.23 AC Characteristicsin Memory Read Mode Transition AC Char acteristics

Conditions: V.= 5.0V +10%, V=0V, T, = 25°C +5°C

Item Symbol Min Max Unit Notes
Command write cycle toe 20 ps
CE hold time - ns
CE setup time t_. 0 ns
Data hold time tn 50 ns
Data setup time th 50 ns
Write pulse width toe 70 ns
WE rise time t 30 ns
WE fall time t, 30 ns
Command write » Memory read mode
Address >< Address stable

1

Data

Note: Data is latched on the rising edge of WE.

Figure 17.27 Memory Read Mode Transition Timing Waveforms
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Table 17.24 AC Characteristicsin Memory Read Mode

Conditions: V.= 5.0V +10%, V=0V, T, = 25°C +5°C

Item Symbol Min Max Unit Notes
Access time te. 20 ps
CE output delay time t, 150 ns
OE output delay time t, 150 ns
Output disable delay time t, 100 ns
Data output hold time t 5 ns

Address 3< Address stable ><

Address stable ><

CE VIL
OE tace VIL
WE ] 3 < VIH
tace l 1ton | 1Toh
Data < Data > < Dataf >

Figure 17.28 Timing Waveformsfor CE/OE Enable State Read

Address D< Address stable ><

Address stable ><

CE i :\ tce ; 3 Xj j\ tce 1 ﬂ:

OE 1 e — § -~ |
OE 1 1 \ e | 3 1 \  foe /

tacc

WE o VIH
! tace /1/ | 1t§ P ‘ Lot
Data ‘ . Data | | Data : >—
‘ \ —— / = E—
' ton' ton

Figure17.29 Timing Waveforms for CE/OE Clocked Read
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Table 17.25 AC Characteristicswhen Entering Another Mode from Memory Read M ode

Conditions: V.= 5.0V +10%, V=0V, T, = 25°C +5°C

Item Symbol Min Max Unit Notes
Command write cycle toe 20 ps
CE hold time t., 0 ns
CE setup time t.. 0 ns
Data hold time [ 50 ns
Data setup time th 50 ns
Write pulse width toe 70 ns
WE rise time t 30 ns
WE fall time t 30 ns

Memory read mode ——» XX mode command write

Address Address stable

WE
Data Data fH'XXf
I -
o tan!
-
tds

Note: Do not enable WE and OE at the same time.

Figure17.30 Timing Waveformswhen Entering Another Mode from Memory Read Mode
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17.13.5 Auto-Program Mode
AC Characteristics: The auto-program mode supports the writing of 128 bytes simultaneously.

Table 17.26 AC Characteristicsin Auto-Program Mode

Conditions; V.= 5.0V +10%, V=0V, T, = 25°C +5°C

Item Symbol Min Max Unit Notes
Command write cycle toe 20 ps
CE hold time - ns
CE setup time t.. 0 ns
Data hold time [ 50 ns
Data setup time t 50 ns
Write pulse width toe 70 ns
Status polling start time tosts 1 ms
Status polling access time toa 150 ns
Address setup time t, 0 ns
Address hold time t, 60 ns
Memory write time Lo 1 3000 ms
WE rise time t 30 ns
WE fall time t, 30 ns
Write setup time t 100 ns

pns

Write end setup time 100 ns

pnh
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FWE -
tons : :  tonh
— NG B
e tcen itas tahi 3 !
CE | Lo
| i [ P E— | | | |
3 3 N v txte | ! ! Lo | ! !
OE 3 33 i : ! D | | \ 3 ! \ri
Pl ‘ ‘ | | A 1ot

WE Y / ) w Data transfer W}
WE ‘01\—/ 1\—/1 1 byte to 128 bytes w twsts tspa .

\t [ i h d : :
i | | ‘ ! twrite (1to 3000 ms) |+ !
Pt | i Programming operation ' ! !
FO7 L \ / \end identification W
T — —
las o |
S IR
i tdh, Programming normal ! ! '
FOg ) / \ / \end identification w
7_“ ‘ Programming wait ‘
Data \ H'40 ) {3 Data g} {3 Data g} FOp to FO5 =0

Figure17.31 Auto-Program Mode Timing Waveforms
Notes on Use of Auto-Program Mode

¢ Inauto-program mode, 128 bytes are programmed simultaneously. This should be carried out
by executing 128 consecutive byte transfers.

e A 128-byte data transfer is necessary even when programming fewer than 128 bytes. In this
case, H'FF data must be written to the extra addresses.

e Thelower 8 hits of the transfer address must be H'00 or H'80. If a value other than an effective
addressisinput, processing will switch to a memory write operation but awrite error will be
flagged.

e Memory address transfer is performed in the second cycle (figure 17.31). Do not perform
memory address transfer after the second cycle.

¢ Do not perform a command write during a programming operation.

e Perform one auto-programming operation for a 128-byte block for each address.
Characteristics are not guaranteed for two or more programming operations.

» Confirm normal end of auto-programming by checking FO,. Alternatively, status read mode
can also be used for this purpose (FO, status polling uses the auto-program operation end
identification pin).

» Thestatus polling FO, and FO, pin information is retained until the next command write. Until
the next command write is performed, reading is possible by enabling CE and OE.
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17.13.6 Auto-Erase Mode
Autro-erase mode supports only automatic erasure of the entire flash memory mat.
AC Characteristics

Table 17.27 AC Characteristicsin Auto-Erase Mode

Conditions: V.= 5.0V +10%, V=0V, T, = 25°C +5°C

Item Symbol Min Max Unit Notes
Command write cycle toe 20 ps
CE hold time t.. 0 ns
CE setup time t.. 0 ns
Data hold time t 50 ns
Data setup time t 50 ns
Write pulse width toe 70 ns
Status polling start time et 1 ms
Status polling access time toa 150 ns
Memory erase time toroce 100 40000 ms
WE rise time t 30 ns
WE fall ime t, 30 ns
Erase setup time t. 100 ns
Erase end setup time ton 100 ns
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FWE ]H R

i tens ! ! tenh |
|

Address < 1 ‘ ;

|
| itces‘ ‘tceh‘ ‘ ‘

N S -
E g e e
RN ‘ Erase end identification |

I
Erase normal end !

FOg / \ / "\ confirmation signal\i\_/—\—C
CLin DLy |

Data H'20 {H'zo} «: FOgto FOg =0 »—<

terase (100 to 40000 ms)

3

E

Figure17.32 Auto-Erase Mode Timing Wavefor ms
Notes on Use of Erase-Program Mode

¢ Auto-erase mode supports only entire memory erasing.

e Do not perform a command write during auto-erasing.

» Confirm normal end of auto-erasing by checking FO,. Alternatively, status read mode can also
be used for this purpose (FO, status polling uses the auto-erase operation end identification
pin).

* The status polling FO, and FO, pin information is retained until the next command write. Until
the next command write is performed, reading is possible by enabling CE and OE.

17.13.7 Status Read Mode

e Statusread mode is used to identify what type of abnormal end has occurred. Use this mode
when an abnormal end occurs in auto-program mode or auto-erase mode.

¢ Thereturn codeis retained until acommand write for other than status read modeiis
performed.

Rev. 4.00 Feb 15, 2006 page 603 of 900
REJ09B0291-0400
RENESAS




Section 17 ROM

AC Characteristics

Table 17.28 AC Characteristicsin Status Read Mode

Conditions: V.= 5.0V +10%, V= 0V, T, = 25°C +5°C

Item Symbol Min Max Unit Notes
Command write cycle toe 20 ps
CE hold time - ns
CE setup time t.. ns
Data hold time t 50 ns
Data setup time th 50 ns
Write pulse width toe 70 ns
OE output delay time t, 150 ns
Disable delay time ty 100 ns
CE output delay time " 150 ns
WE rise time t 30 ns
WE fall ime t, 30 ns
Address
U e T
§ - ; e

OE | :‘“—’H ' Tnxte

i twep

WE

T
\tces}}
|

I

Data

Note: FO, and FO are undefined.

e e (e P—————
fcen 1 lces ! [ tcen | ot )
b oo A |

Figure 17.33 Status Read Mode Timing Waveforms

Rev. 4.00 Feb 15, 2006 page 604 of 900

REJ09B0291-0400

RENESAS




Section 17 ROM

Table 17.29 Status Read Mode Return Commands

Pin Name FO, FO, FO, FO, FO, FO, FO, FO,
Attribute Normal Command  Program- Erase — — Program- Effective
end error ming error  error ming or address
identification erase count error
exceeded
Initial value 0 0 0 0 0 0 0 0
Indications Normal Command  Program- Erase — — Count Effective
end: 0 error: 1 ming error: 1 exceeded: 1 address
Abnormal Otherwise: 0 &MO"" 1 Otherwise: 0 Otherwise: 0 €M 1
end: 1 Otherwise: 0 Otherwise: 0

Note: * FO,and FO, are undefined.

Status Read M ode Usage Note: After the auto-program mode or auto-erase mode has compl eted,
make sure to enter the status read mode before powering off the system.

The return commands are undefined immediately after power-on or if the system has been
powered off once.

17.13.8 StatusPolling

* TheFO, status polling flag indicates the operating status in auto-program or auto-erase mode.

» The FO, status polling flag indicates a normal or abnormal end in auto-program or auto-erase
mode.

Table 17.30 StatusPolling Output Truth Table

Internal Operation

Pin Names in Progress Abnormal End — Normal End
FO, 0 1 0 1
FO, 0 0 1 1
FO, to FO, 0 0 0 0
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17.13.9 Writer Mode Transition Time

Commands cannot be accepted during the oscillation stabilization period or the writer mode setup
period. After the writer mode setup time, atransition is made to memory read mode.

Table 17.31 Command Wait State Transition Time Specifications

Item Symbol Min Max Unit Notes
Standby release (oscillation toeer 10 — ms
stabilization time)
Writer mode setup time o 10 — ms
V. hold time tun 0 — ms
| | | | « | | |
J i i i J) i i E
vee 3 tosca 3 tomy 3 3 (( 3 3 tawn 3
| | | )7  Command . |
=Fa | ! 'Memory read 'Auto-program mode 'wait state |\ Ponteare,
RES ! 'mode 1Auto-erase mode ' Normal/ !
| | | o (( | |
! ! 'Command wait ' ) . abnormal end | i
FWE 3 3 |state / ()g \?\identification [ Don't care 3

Note: Except in auto-program mode and auto-erase mode, drive the FWE input pin low.

Figure17.34 Oscillation Stabilization Time, Writer Mode Setup Time, and Power Supply
Fall Sequence
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17.13.10 NotesOn Memory Programming

»  When programming addresses which have previously been programmed, carry out auto-
erasing before auto-programming. (Seefigure 17.35.)

e When performing programming using writer mode on a chip that has been programmed/erased
in an on-board programming mode, auto-erasing is recommended before carrying out auto-
programming.

Notes: 1. Theflash memory isinitially in the erased state when the deviceis shipped by Renesas
Technology. For other chips for which the erasure history is unknown, it is
recommended that auto-erasing be executed to check and supplement the initialization
(erase) level.

2. Auto-programming in the writer mode should be performed only once for each 128-
byte write unit block.

It is not possible to write additional datato a 128-byte write unit block that has already
been programmed. To reprogram a block, first use the auto-erase mode and then use
the auto-program mode.

Reprogramming an address that
has already been programmed

Auto-erase
(all of flash memory)

Auto-program

(=

Figure 17.35 Reprogramming an Addressthat has Already Been Programmed
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17.14 Flash Memory Programming and Erasing Precautions

Precautions concerning the use of on-board programming mode, the RAM emulation function, and
writer mode are summarized below.

Use the specified voltages and timing for programming and erasing: Applied voltagesin
excess of the rating can permanently damage the device. Use a PROM programmer that supports
Renesas Technology microcomputer device types with 128-kbyte on-chip flash memory.

Do not select the HN28F101 setting for the PROM programmer, and only use the specified socket
adapter. Incorrect use will result in damaging the device.

Powering on and off (see figures 17.36 to 17.38): Do not apply a high level to the FWE pin until
V. has stabilized. Also, drive the FWE pin low before turning off V..

When applying or disconnecting V
hardware protection state.

fix the FWE pin low and place the flash memory in the

cc?

The power-on and power-off timing requirements should also be satisfied in the event of a power

failure and subsequent recovery. If these timing requirements are not satisfied, the microcomputer
experience program runaway, possibly resulting in excessive programming and erasing that could
cause the memory cell to no longer operate properly.

FWE pin application/disconnection (see figures 17.36 to 17.38): FWE pin application should be
carried out when MCU operation isin astable condition. If MCU operation is not stable, fix the
FWE pin low and set the protection state.

The following points must be observed concerning FWE pin application and disconnection to
prevent unintentional programming or erasing of flash memory:

+ Apply the FWE pin when the V. voltage has stabilized within its rated voltage range. Apply
the FWE pin when oscillation has stabilized (after the oscillation settling time t .., has
elapsed).

* In boot mode, apply and disconnect the FWE pin during a reset.

e Inuser program mode, the FWE pin can be switched between high and low level regardless of
the reset state. FWE pin input can also be switched during program execution in flash memory.

» Do not apply the FWE pin if program runaway has occurred.

» Disconnect the FWE pin only when the SWE, ESU, PSU, EV, PV, P, and E bitsin FLMCR1
and FLMCR?2 are cleared.

e Make sure that the SWE, ESU, PSU, EV, PV, P, and E hits are not set by mistake when
applying or disconnecting the FWE pin.
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Do not apply a constant high level to the FWE pin: The only time a high level should be
applied to the FWE pin in order to prevent erroneous programming or erasing due to program
runaway is when programming or erasing flash memory (including when RAM is being used to
emulate flash memory). A system configuration in which a high level is constantly applied to the
FWE should be avoided. Also, while ahigh level is applied to the FWE pin, the watchdog timer
should be activated to prevent overprogramming or overerasing due to program runaway, etc.

Use the recommended algorithm when programming and erasing flash memory: The
recommended al gorithm enables programming and erasing to be carried out without subjecting the
device to voltage stress or sacrificing program data reliability. When setting the P or E bitin
FLMCRL, the watchdog timer should be set beforehand as a precaution against program runaway,
etc.

Do not set or clear the SWE bit during program execution in flash memory: Clear the SWE
bit before executing a program or reading data in flash memory. When the SWE bit is set, datain
flash memory can be rewritten, but flash memory should only be accessed for verify operations
(verification during programming/erasing). Similarly, when using the RAM emulation function
while ahigh level is being input to the FWE pin, the SWE bit must be cleared before executing a
program or reading datain flash memory. However, the RAM area overlapping flash memory
space can be read and written to regardless of whether the SWE bit is set or cleared.

Do not useinterruptswhile flash memory isbeing programmed or erased: All interrupt
requests, including NMI, should be disabled during FWE application to give priority to
program/erase operations (including when RAM is being used to emulate flash memory).

Also, it is necessary to prohibit release of the bus.

Do not perform additional programming. Erase the memory befor e reprogramming: In on-
board programming, perform only one programming operation on a 32-byte programming unit
block. In writer mode, too, perform only one programming operation on a 128-byte programming
unit block. Programming should be carried out with the entire programming unit block erased.

Before programming, check that the chip is correctly mounted in the PROM programmer:
Overcurrent damage to the device can result if the index marks on the PROM programmer socket,
socket adapter, and chip are not correctly aligned.

Do not touch the socket adapter or chip during programming: Touching either of these can
cause contact faults and write errors.
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Programming
and erase
Wait time: x ~ possible

tosct Min O us

|
FWE /| tups'? Min 0 ps:.i
=7

-
MD2 to MDO* 1 m_

typs” 3;
ES -+ N
] set clear
SWE bit

|:| Flash memory access disabled period
(x: Wait time after SWE setting)*2

[ Flash memory reprogrammable period
(Flash memory program execution and data read, other than verify, are disabled.)

Notes: 1. Always fix the level by pulling down or pulling up the mode pins (MD2 to MDg) until
powering off, except for mode switching.
2. See section 20.1.6, Flash Memory Characteristics.
3. Mode programming setup time tmps (min) = 200 ns.

Figure 17.36 Powering On/Off Timing (Boot M ode)
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Programming
and erase
Wait time: x possible

¢ 4 \
 toscr Min O ps
£
Vee
V A \
FWE /] i
L
MD, to MDg*1 m_
tAMDS '3
- ~
RES 17 N
SWE SWE
set
. A clear
SWE bit
‘User' h User program mode -

mode

[ Flash memory access disabled period
(x: Wait time after SWE setting)*2

[ Flash memory reprogrammable period
(Flash memory program execution and data read, other than verify, are disabled.)

Notes: 1. Always fix the level by pulling down or pulling up the mode pins (MD2 to MDg) up to
powering off, except for mode switching.
2. See section 20.1.6, Flash Memory Characteristics.
3. Mode programming setup time tmps (min) = 200 ns.

Figure 17.37 Powering On/Off Timing (User Program Mode)
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Programming Programming
and and
Programming and erase Wait Programming and Wait erase
Wait time: x  erase possible Wait time: X possible  time: x erase possible time:x  possible
tosci
/s
Vee
> Min O ps
/s \ /- \ /L
FWE / N / N /
tvps 2
- MDS
MD2 to MDO 7x(
tmps
tresw
/a
RES -+ N 1
SWE set
. Y SWE clear
SWE bit »
z ) < Dl
Mode switching*? ~ Boot mode Mode User User program mode User User
switching*! mode mode program
mode

|:| Flash memory access disabled period
(x: Wait time after SWE setting)*3

[ Flash memory reprogammable period
(Flash memory program execution and data read, other than verify, are disabled.)

Notes: 1. In transition to the boot mode and transition from the boot mode to another mode, mode switching via RES

input is necessary.
During this switching period (period during which a low level is input to the RES pin), the state of the address
dual port and bus control output signals (AS, RD, HUR, LWR) changes.
Therefore, do not use these pins as output signals during this switching period.

2. When making a transition from the boot mode to another mode, the mode programming setup time
twps (Min) = 200 ns relative to the RES clear timing is necessary.

3. See section 20.1.6, Flash Memory Characteristics.

Figure17.38 Mode Transition Timing
(Example: Boot Mode — User Mode « User Program Mode
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17.15 Noteswhen Convertingthe F—ZTAT Application Softwareto the
Mask-ROM Versions

Please note the following when converting the F-ZTAT application software to the mask-ROM
versions.

The values read from the internal registers for the flash ROM of the mask-ROM version and F—
ZTAT version differ asfollows.

Status
Register Bit F—ZTAT Version Mask-ROM Version
FLMCR1 FWE 0: Application software running 0: Is not read out
1: Programming 1: Application software running

Note: This difference applies to all the F-ZTAT versions and all the mask-ROM versions that have
different ROM size.
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Section 18 Clock Pulse Generator

18.1 Overview

The H85/2345 Group has abuilt-in clock pulse generator (CPG) that generates the system clock
(@), the bus master clock, and internal clocks.

The clock pulse generator consists of an oscillator circuit, a duty adjustment circuit, a medium-
speed clock divider, and a bus master clock selection circuit.

18.1.1 Block Diagram

Figure 18.1 shows a block diagram of the clock pulse generator.

SCKCR

EXTAL —

XTAL —

Oscillator

SCK2 to SCKO

Medium-
speed

divider @2 to @32

Duty
adjustment ' -

circuit

System clock to ¢ pin Internal clock

to supporting

modules

Bus master
clock
selection
circuit

Bus master clock
to CPU and DTC

Figure 18.1 Block Diagram of Clock Pulse Generator
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18.1.2 Register Configuration
The clock pulse generator is controlled by SCKCR. Table 18.1 shows the register configuration.

Table18.1 Clock Pulse Generator Register

Name Abbreviation R/W Initial Value Address*

System clock control register SCKCR R/W H'00 H'FF3A

Note: * Lower 16 bits of the address.

18.2 Register Descriptions

18.21 System Clock Control Register (SCKCR)

Bit : 7 6 5 4 3 2 1 0
|PSTOP| — | — | — | — | SCK2 | SCK1 | SCKO ‘

Initial value : 0 0 0 0 0 0 0 0

R/W : R/W R/W — — — R/W R/W R/W

SCKCR is an 8-hit readable/writable register that performs @ clock output control and medium-
speed mode control.

SCKCRisinitialized to H'00 by areset and in hardware standby mode. It isnot initialized in
software standby mode.

Bit 7—@ Clock Output Disable (PSTOP): Controls ¢ outpuit.

Description
Bit 7 Software Hardware
PSTOP Normal Operation Sleep Mode Standby Mode Standby Mode
0 @output (initial value)  @output Fixed high High impedance
1 Fixed high Fixed high Fixed high High impedance

Bit 6—Reserved: Thisbit can be read or written to, but only 0 should be written.

Bits 5 to 3—Reserved: Read-only bits, alwaysread as 0.
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Bits 2 to 0—System Clock Select 2to 0 (SCK 2 to SCKO0): These bits select the clock for the bus

master.

Bit 2 Bit 1 Bit 0

SCK2 SCK1 SCKO Description
0 0 0 Bus master is in high-speed mode (Initial value)
1 Medium-speed clock is @2
1 0 Medium-speed clock is @4
1 Medium-speed clock is ¢/8
1 0 0 Medium-speed clock is @/16¢
1 Medium-speed clock is ¢/32
1 J— J—

18.3 Oscillator

Clock pulses can be supplied by connecting a crystal resonator, or by input of an external clock.

18.3.1 Connecting a Crystal Resonator

Circuit Configuration: A crystal resonator can be connected as shown in the examplein figure
18.2. Select the damping resistance R, according to table 18.2. An AT-cut parallel-resonance

crystal should be used.

EXTAL

XTAL

Ry Ci, Ci1=Cp = 10 to 22pF

Figure 18.2 Connection of Crystal Resonator (Example)

Table 18.2 Damping Resistance Value

Frequency (MHz) 2

4 8 10 12 16 20

R, (Q) 1k

500 200 100 0 0 0
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Crystal Resonator: Figure 18.3 shows the equivalent circuit of the crystal resonator. Use a crystal
resonator that has the characteristics shown in table 18.3 and the same resonance frequency as the
system clock (¢).

L R
XTAL EXTAL

o—+
o) —

AT-cut parallel-resonance type

Figure 18.3 Crystal Resonator Equivalent Cir cuit

Table18.3 Crystal Resonator Parameters

Frequency (MHz) 2 4 8 10 12 16 20
R, max (Q) 500 120 80 60 60 50 40
C, max (pF) 7 7 7 7 7 7 7

Note on Board Design: When a crystal resonator is connected, the following points should be
noted:

Other signal lines should be routed away from the oscillator circuit to prevent induction from
interfering with correct oscillation. See figure 18.4.

When designing the board, place the crystal resonator and its load capacitors as close as possible
tothe XTAL and EXTAL pins.

Avoid —— Signal A Signal B

C | | H8S/2345
N | |
= |
[ T : : EXTAL
CLl

Figure 18.4 Example of Incorrect Board Design
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18.3.2 External Clock Input

Circuit Configuration: An external clock signal can be input as shown in the examplesin figure
18.5. If the XTAL pinisleft open, make sure that stray capacitance is no more than 10 pF.

In example (b), make sure that the external clock is held high in standby mode.

EXTAL J_|_|_|_|_|_ External clock input

XTAL Open

(a) XTAL pin left open

External clock input

EXTAL ;
XTAL

(b) Complementary clock input at XTAL pin

Figure18.5 External Clock Input (Examples)
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External Clock: The external clock signal should have the same frequency as the system clock

(9.

Table 18.4 and figure 18.6 show the input conditions for the external clock.

Table18.4 External Clock Input Conditions

V,.=27V" V_=50V

to 55V *+10%
Test

Item Symbol Min  Max Min  Max Unit Conditions
External clock input toe 40 — 20 — ns Figure 18.6
low pulse width
External clock input o 40 — 20 — ns
high pulse width
External clock rise time  t_ — 10 — 5 ns
External clock fall time  t_, — 10 — 5 ns
Clock low pulse width  t_ 04 06 04 06 t, ©=5MHz  Figure 20.4
level 80 — 80 — ns @<5MHz
Clock high pulse width  t_, 04 06 04 06 t, ©=5MHz
level 80 — 80 — ns @<5MHz

Note: * ZTAT, mask ROM, and ROMIless versions only.

texH texL

EXTAL

! |
| ! [
tEXI’ - [ = - tEXf

Figure18.6 External Clock Input Timing
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18.4  Duty Adjustment Circuit

When the oscillator frequency is5 MHz or higher, the duty adjustment circuit adjusts the duty
cycle of the clock signal from the oscillator to generate the system clock (¢).

185 Medium-Speed Clock Divider

The medium-speed clock divider divides the system clock to generate @2, ¢4, @/8, ¢/16, and ¢/32.

18.6 BusMaster Clock Selection Circuit

The bus master clock selection circuit selects the system clock (¢) or one of the medium-speed
clocks (¢/2, @/4, or @/8, @/16, and ¢/32) to be supplied to the bus master, according to the settings
of the SCK2 to SCKO bitsin SCKCR.
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Section 19 Power-Down Modes

191 Overview

In addition to the normal program execution state, the H8S/2345 Group has five power-down
modes in which operation of the CPU and oscillator is halted and power dissipation is reduced.
L ow-power operation can be achieved by individually controlling the CPU, on-chip supporting
modules, and so on.

The H85/2345 Group operating modes are as follows:

(1) High-speed mode

(2) Medium-speed mode
(3) Sleep mode

(4) Module stop mode

(5) Software standby mode
(6) Hardware standby mode

Of these, (2) to (6) are power-down modes. Sleep mode is a CPU mode, medium-speed mode is a
CPU and bus master mode, and module stop mode is an on-chip supporting module mode
(including bus masters other than the CPU). A combination of these modes can be set.

After areset, the H8S/2345 Group isin high-speed mode.

Table 19.1 shows the conditions for transition to the various modes, the status of the CPU, on-chip
supporting modules, etc., and the method of clearing each mode.

Rev. 4.00 Feb 15, 2006 page 623 of 900
REJ09B0291-0400

RENESAS



Section 19 Power-Down Modes

Table19.1 Operating Modes
i iti i CPU Modules

Operating Transhlt.|on Clear-mg Oscillator 1/0 Ports

Mode Condition | Condition Registers Registers
High Control register Functions |High Functions |High Functions |High
speed speed speed speed
mode
Medium- Control register Functions |Medium |Functions |High/ Functions |High
speed speed medium speed
mode speed™
Sleep Instruction  |Interrupt Functions |Halted |Retained |High Functions |High
mode speed speed
Module Control register Functions |High/ Functions |Halted |Retained/ |Retained
stop medium reset”?
mode speed
Software Instruction  |External Halted Halted |Retained |Halted |Retained/ |Retained
standby interrupt reset”™?
mode
Hardware Pin Halted Halted |Undefined |[Halted |Reset High
standby impedance
mode
Notes: 1. The bus master operates on the medium-speed clock, and other on-chip supporting

19.1.1 Register Configuration

modules on the high-speed clock.

The SCI and A/D converter are reset, and other on-chip supporting modules retain their
state.

Power-down modes are controlled by the SBY CR, SCKCR, and MSTPCR registers. Table 19.2
summarizes these registers.

Table19.2 Power-Down Mode Registers

Name Abbreviation R/W Initial Value Address”
Standby control register SBYCR R/W H'08 H'FF38
System clock control register SCKCR R/W H'00 H'FF3A
Module stop control register H MSTPCRH R/W H'3F H'FF3C
Module stop control register L MSTPCRL R/W H'FF H'FF3D

Note: *

Lower 16 bits of the address.
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19.2 Register Descriptions

19.21  Standby Control Register (SBYCR)

Bit : 7 6 5 4 3 2 1 0

| SSBY | STS2 | STS1 | STSO | OPE | — | — | — ‘
Initial value : 0 0 0 0 1 0 0 0
R/W : R/W R/W R/W R/W R/W — — R/W

SBY CR is an 8-hit readable/writable register that performs software standby mode control.

SBYCRisinitialized to H'08 by areset and in hardware standby mode. It is not initialized in
software standby mode.

Bit 7—Software Standby (SSBY): Specifies a transition to software standby mode. Remains set
to 1 when software standby modeis released by an external interrupt, and a transition is made to
normal operation. The SSBY bit should be cleared by writing O to it.

Bit 7

SSBY Description

0 Transition to sleep mode after execution of SLEEP instruction (Initial value)
1 Transition to software standby mode after execution of SLEEP instruction

Bits 6 to 4—Standby Timer Select 2to 0 (STS2 to STS0): These bits select the time the MCU
waits for the clock to stabilize when software standby mode is cleared by an external interrupt.
With crystal oscillation, refer to table 19.4 and make a selection according to the operating
frequency so that the standby timeis at least 8 ms (the oscillation stabilization time). With an
external clock, any selection™ can be made.

Note: * The 16-state standby time cannot be used in the F-ZTAT version; a standby time of
8192 states or longer should be used.
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Bit 6 Bit 5 Bit 4
STS2 STS1 STSO Description

0 0 0 Standby time = 8192 states (Initial value)
1 Standby time = 16384 states
1 0 Standby time = 32768 states
1 Standby time = 65536 states
1 0 0 Standby time = 131072 states
1 Standby time = 262144 states
1 0 Reserved
1 Standby time = 16 states”

Note: * Not used on the F-ZTAT version.

Bit 3—Output Port Enable (OPE): Specifies whether the output of the address bus and bus

control signals (CSO to CS3, AS, RD, HWR, LWR) is retained or set to the high-impedance state
in software standby mode.

Bit 3

OPE Description

0 In software standby mode, address bus and bus control signals are high-impedance
1 In software standby mode, address bus and bus control signals retain output state

(Initial value)

Bits 2 and 1—Reserved: Read-only hits, always read as 0.

Bit 0—Reserved: Thisbit can be read or written to, but only 0 should be written.
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19.2.2  System Clock Control Register (SCKCR)

Bit L7 6 5 4 3 2 1 0
lpstor| — | — | — | — | scke | scki | scko |

Initial value : 0 0 0 0 0 0 0 0

RIW . RW  RW  — — — RW RW  RW

SCKCR is an 8-bit readable/writable register that performs ¢ clock output control and medium-
speed mode control.

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

Bit 7—@ Clock Output Disable (PSTOP): Controls ¢ output.

Description
Bit 7 Normal Operating Software Standby Hardware Standby
PSTOP Mode Sleep Mode Mode Mode
0 @ output (initial value)  @output Fixed high High impedance
1 Fixed high Fixed high Fixed high High impedance

Bits 6—Reserved: Thisbit can be read or written to, but only 0 should be written.
Bits 5 to 3—Reserved: Read-only bits, alwaysread as 0.

Bits2 to 0—System Clock Select (SCK2 to SCKO0): These bits select the clock for the bus
master.

Bit 2 Bit 1 Bit 0
SCK2 SCK1 SCKO Description

0 0 0 Bus master in high-speed mode (Initial value)
1 Medium-speed clock is @/2
1 0 Medium-speed clock is @4
1 Medium-speed clock is @/8
1 0 0 Medium-speed clock is ¢/16
1 Medium-speed clock is ¢/32
1 J— J—
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19.23 Module Stop Control Register (M STPCR)

MSTPCRH MSTPCRL
Bit : 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Initial value : 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1
R/W :  R/W R/W R/W R/W R/W R/W R/W R/W RIW RIW RIW RIW R/IW R/W R/W R/W

MSTPCR is a 16-bit readable/writable register that performs module stop mode control.

MSTPCR isinitialized to H'3FFF by areset and in hardware standby mode. It is not initialized in
software standby mode.

Bits 15to 0—Module Stop (M STP 15to M STP 0): These bits specify module stop mode. See
table 19.3 for the method of selecting on-chip supporting modules.

Bits 15to O

MSTP15 to MSTPO Description

0 Module stop mode cleared
1 Module stop mode set

19.3 Medium-Speed Mode

When the SCK2 to SCKO bitsin SCKCR are set to 1, the operating mode changes to medium-
speed mode as soon as the current bus cycle ends. In medium-speed mode, the CPU operates on
the operating clock (¢/2, /4, @/8, @/16, or ¢/32) specified by the SCK2 to SCKO bits. The bus
masters other than the CPU (the DTC) also operate in medium-speed mode. On-chip supporting
modules other than the bus masters always operate on the high-speed clock (¢).

In medium-speed mode, a bus accessis executed in the specified number of states with respect to
the bus master operating clock. For example, if ¢/4 is selected as the operating clock, on-chip
memory is accessed in 4 states, and internal 1/0O registersin 8 states.

Medium-speed mode is cleared by clearing all of bits SCK2 to SCKO0 to 0. A transition is made to
high-speed mode and medium-speed mode is cleared at the end of the current bus cycle.

If a SLEEP instruction is executed when the SSBY bit in SBY CR iscleared to 0, atransition is
made to sleep mode. When sleep mode is cleared by an interrupt, medium-speed mode is restored.
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If a SLEEP instruction is executed when the SSBY bitin SBYCR isset to 1, atransition is made
to software standby mode. When software standby mode is cleared by an external interrupt,
medium-speed mode is restored.

When the RES pinisdriven low, atransition is made to the reset state, and medium-speed mode is
cleared. The same appliesin the case of areset caused by overflow of the watchdog timer.

When the STBY pinisdriven low, atransition is made to hardware standby mode.

Figure 19.1 shows the timing for transition to and clearance of medium-speed mode.

Medium-speed mode

i
1 1

Bus master clock

Internal address bus < SCKCR >< >< >< SCKCR >< >< >
Internal write signal ‘_’7

Figure19.1 Medium-Speed Mode Transition and Clearance Timing

194  Sleep Mode

If a SLEEP instruction is executed when the SSBY bhit in SBY CR is cleared to O, the CPU enters
sleep mode. In sleep mode, CPU operation stops but the contents of the CPU’ sinternal registers
areretained. Other supporting modules do not stop.

Sleep mode is cleared by areset or any interrupt, and the CPU returns to the normal program
execution state via the exception handling state. Sleep mode is not cleared if interrupts are
disabled, or if interrupts other than NMI are masked by the CPU.

When the STBY pin isdriven low, atransition is made to hardware standby mode.
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195 Module Stop Mode

1951 Module Stop Mode
Module stop mode can be set for individual on-chip supporting modules.

When the corresponding MSTP bit in MSTPCR is set to 1, module operation stops at the end of
the bus cycle and a transition is made to module stop mode. The CPU continues operating
independently.

Table 19.3 shows MSTP hits and the corresponding on-chip supporting modules.

When the corresponding MSTP bit is cleared to O, module stop mode is cleared and the module
starts operating at the end of the bus cycle. In module stop mode, the internal states of modules
other than the SCI and A/D converter are retained.

After reset clearance, all modules other than DTC are in module stop mode.

When an on-chip supporting module isin module stop mode, read/write accessto itsregistersis
disabled.

If atransition is made to sleep mode when all modules are stopped (MSTPCR = H'FFFF), or
modules other than the 8-hit timers are stopped (M STPCR = H'EFFF), operation of the bus
controller and 1/0O portsis aso halted, enabling current dissipation to be further reduced.
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Table19.3 MSTP Bitsand Corresponding On-Chip Supporting Modules

Register Bit Module
MSTPCRH MSTP15 —
MSTP14 Data transfer controller (DTC)
MSTP13 16-bit timer pulse unit (TPU)
MSTP12 8-bit timer
MSTP11 —
MSTP10 D/A converter
MSTP9 A/D converter
MSTP8 —
MSTPCRL MSTP7 —
MSTP6 Serial communication interface (SCI) channel 1
MSTP5 Serial communication interface (SCI) channel 0
MSTP4 —
MSTP3 —
MSTP2 —
MSTP1 —
MSTPO —

Note: Bits 15, 11, 8, 7, and 4 to 0 can be read or written to, but do not affect operation.

19.5.2 Usage Notes

DTC Module Stop: Depending on the operating status of the DTC, the MSTP14 bit may not be
set to 1. Setting of the DTC module stop mode should be carried out only when the respective
moduleis not activated.

For details, refer to section 7, Data Transfer Controller.

On-Chip Supporting Module Interrupt: Relevant interrupt operations cannot be performed in
module stop mode. Consequently, if module stop mode is entered when an interrupt has been
requested, it will not be possible to clear the CPU interrupt source or the DTC activation source.
Interrupts should therefore be disabled before entering module stop mode.

Writing to MSTPCR: MSTPCR should only be written to by the CPU.
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19.6  Software Standby Mode

19.6.1 Software Standby Mode

If a SLEEP instruction is executed when the SSBY bit in SBY CR is set to 1, software standby
mode is entered. In this mode, the CPU, on-chip supporting modules, and oscillator all stop.
However, the contents of the CPU’sinternal registers, RAM data, and the states of on-chip
supporting modules other than the SCI and A/D converter, and 1/0 ports, are retained. Whether the
address bus and bus control signals are placed in the high-impedance state or retain the output
state can be specified by the OPE bit in SBY CR.

In this mode the oscillator stops, and therefore power dissipation is significantly reduced.

19.6.2 Clearing Software Standby Mode

Software standby mode is cleared by an external interrupt (NMI pin, or pins IRQO to IRQ2), or by
means of the RES pin or STBY pin.

» Clearing with an interrupt
When an NMI or IRQO to IRQ2 interrupt request signal is input, clock oscillation starts, and
after the elapse of the time set in bits STS2 to STS0 in SY SCR, stable clocks are supplied to
the entire H8S/2345 Group chip, software standby mode is cleared, and interrupt exception
handling is started.
When clearing software standby mode with an IRQO to IRQ2 interrupt, set the corresponding
enable bit to 1 and ensure that no interrupt with ahigher priority than interrupts IRQO to IRQ2
is generated. Software standby mode cannot be cleared if the interrupt has been masked on the
CPU side or has been designated as a DTC activation source.

+ Clearing with the RES pin
When the RES pin is driven low, clock oscillation is started. At the same time as clock
oscillation starts, clocks are supplied to the entire H85/2345 Group chip. Note that the RES
pin must be held low until clock oscillation stabilizes. When the RES pin goes high, the CPU
begins reset exception handling.

» Clearing with the STBY pin
When the STBY pinisdriven low, atransition is made to hardware standby mode.
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19.6.3  Setting Oscillation Stabilization Time after Clearing Software Standby M ode
Bits STS2 to STS0 in SBY CR should be set as described below.

Using a Crystal Oscillator: Set bits STS2 to STS0 so that the standby timeis at least 8 ms (the
oscillation stabilization time).

Table 19.4 shows the standby times for different operating frequencies and settings of bits STS2 to
STS0.

Table19.4 Oscillation Stabilization Time Settings

20 16 12 10 8 6 4 2
STS2 STS1 STSO Standby Time MHz MHz MHz MHz MHz MHz MHz MHz Unit

0 0 0 8192 states 041 051 068 08 10 13 20 41 ms

1 16384 states 082 1.0 1.3 16 20 27 41
1 0 32768 states 1.6 20 27 33 41 55 16.4
1 65536 states 33 41 55 6.6 16.4 32.8
1 0 0 131072 states 6.6 | 8.2 //10.9//13.1]16.4 21.8 32.8 655
1 262144 states  [13.1/16.4 21.8 26.2 32.8 436 656 1312
1 0 Reserved —_ = = = = = = = —
1 16 states 08 10 1.3 16 20 27 40 80 s

D: Recommended time setting

Using an External Clock: Any value can be set. Normally, use of the minimum timeis
recommended.”

Note: * The 16-state standby time cannot be used in the F-ZTAT version; a standby time of
8192 states or longer should be used.

19.64  Software Standby Mode Application Example

Figure 19.2 shows an example in which atransition is made to software standby mode at the
falling edge on the NMI pin, and software standby mode is cleared at the rising edge on the NMI

pin.

In this example, an NMI interrupt is accepted with the NMIEG hit in SYSCR cleared to O (falling
edge specification), then the NMIEG bit is set to 1 (rising edge specification), the SSBY bit is set
to 1, and a SLEEP instruction is executed, causing a transition to software standby mode.

Software standby mode is then cleared at the rising edge on the NMI pin.

Rev. 4.00 Feb 15, 2006 page 633 of 900
REJ09B0291-0400
RENESAS



Section 19 Power-Down Modes

Oscillator|||||||||||||
- [JULUUUL

NMIEG
SSBY

|

L

NMI exception Software standby mode f——— NMI exception
handling (power-down mode) Oscillation handling
NMIEG=1 stabilization

SSBY=1 time toge)

SLEEP instruction

Figure19.2 Software Standby Mode Application Example

19.6.5 Usage Notes

I/0O Port Status: In software standby mode, /O port states are retained. If the OPE bitissetto 1,
the address bus and bus control signal output is also retained. Therefore, there is no reduction in
current dissipation for the output current when ahigh-level signal is output.

Current Dissipation during Oscillation Stabilization Wait Period: Current dissipation
increases during the oscillation stabilization wait period.
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19.7 Hardware Standby Mode

19.71 Hardware Standby Mode
When the STBY pinisdriven low, atransition is made to hardware standby mode from any mode.

In hardware standby mode, all functions enter the reset state and stop operation, resulting in a
significant reduction in power dissipation. Aslong as the prescribed voltage is supplied, on-chip
RAM dataisretained. I/O ports are set to the high-impedance state.

In order to retain on-chip RAM data, the RAME bit in SY SCR should be cleared to 0 before
driving the STBY pin low.

Do not change the state of the mode pins (MD, to MD,) while the H8S/2345 Group isin hardware
standby mode.

Hardware standby mode is cleared by means of the STBY pin and the RES pin. When the STBY
pin is driven high while the RES pin is low, the reset state is set and clock oscillation is started.
Ensure that the RES pin is held low until the clock oscillator stabilizes (at least 8 ms—the
oscillation stabilization time—when using a crystal oscillator). When the RES pin is subsequently
driven high, atransition is made to the program execution state via the reset exception handling
state.

19.7.2 Hardware Standby Mode Timing
Figure 19.3 shows an example of hardware standby mode timing.

When the STBY pinisdriven low after the RES pin has been driven low, atransition is made to
hardware standby mode. Hardware standby mode is cleared by driving the STBY pin high, waiting
for the oscillation stabilization time, then changing the RES pin from low to high.
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osaitaor | | | [ [||[]]]1] AT

STBY ! !
e -
Oscillation Reset
stabilization exception
time handling

Figure 19.3 Hardware Standby Mode Timing (Example)

19.8  @Clock Output Disabling Function

Output of the @ clock can be controlled by means of the PSTOP bit in SCKCR, and DDR for the
corresponding port. When the PSTOP bit is set to 1, the @ clock stops at the end of the bus cycle,
and @ output goes high. @ clock output is enabled when the PSTOP bit is cleared to 0. When DDR
for the corresponding port is cleared to 0, @ clock output is disabled and input port mode is set.
Table 19.5 shows the state of the ¢ pin in each processing state.

Table19.5 ¢@Pin Statein Each Processing State

DDR 0 1

PSTOP — 0 1
Hardware standby mode High impedance

Software standby mode High impedance Fixed high

Sleep mode High impedance @ output Fixed high
Normal operating state High impedance ¢ output Fixed high
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Section 20 Electrical Characteristics

20.1 Electrical Characteristicsof F-ZTAT Version

20.1.1 Absolute Maximum Ratings
Table 20.1 lists the absolute maximum ratings.

Table20.1 Absolute Maximum Ratings

Item Symbol Value Unit
Power supply voltage c -0.3t0 +7.0 \%
Input voltage (FWE)** A -0.3t0 V. +0.3 v
Input voltage (except port 4) v, -0.3toV_ +0.3 \%
Input voltage (port 4) V, -0.3t0 AV +0.3 \%
Reference voltage V. -0.3t0 AV +0.3 \
Analog power supply voltage AV -0.3t0 +7.0 \%
Analog input voltage Va —0.3t0 AV +0.3 \
Operating temperature Tor Regular specifications: —20 to +75*° °C
Wide-range specifications: —40 to +85** °C
Storage temperature T -55to +125 °C

stg

Caution: Permanent damage to the chip may result if absolute maximum rating are exceeded.

Notes: 1. Never apply 12 V to any of the pins. Doing so could permanently damage the LSI.

2. The operating temperature range for flash memory programming/erase operations is
T, =0 to +75°C (regular specifications), T, = 0 to +85°C (wide-range specifications).
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20.1.2 DC Characteristics
Table 20.2 lists the DC characteristics. Table 20.3 lists the permissible output currents.

Table20.2 DC Characteristics

Conditions: V.. =AV_,=50V +10%,V =45V t0AV_, V. =AV =0V"},
T,=-20to +75°C (regular specifications), T, = —40 to +85°C (wide-range

specifications)
Item Symbol Min Typ Max Unit Test Conditions
Schmitt Port 2, Vv, 1.0 — — \Y
trigger input  IRQO to IRQ7 Vv, _ _ V. x07 V
voltage " -
V' -V, 04 - - Y
Input high RES, STBY, V, V—-07 — V,+03 V
voltage NMI, MD,
to MD,, FWE
EXTAL V. x07 —  V, +03 V
Ports 1, 3, 2.0 — V,.+03 V
Ato G
Port 4 2.0 — AV . +03V
Input low RES, STBY, vV, -0.3 — 0.5 \Y
voltage MD, to MD,),
FWE
NMI, EXTAL, -0.3 — 0.8 \Y
Ports 1, 3, 4,
Ato G
Output high  All output pins  V, Vi—-05 — — \ lo, =—200 pA
voltage 3.5 - — Voo l,=-1mA
Outputlow  All output pins  V,, — — 0.4 \ l,,=1.6 mA
voltage Ports 1, Ato C — — 10 V1, =10mA
Input RES [ 1] — — 10.0 HA V=
Ieakage STT NMI _ _ 1.0 HA 0.5to VCC -05V
current MDZ to MDDI
FWE
Port 4 — — 1.0 MA V=
05t0 AV . -05V
Three-state  Ports 1 to 3, oo — — 1.0 HA V=
leakage Ato G 05tV -05V
current
(off state)
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Item Symbol Min Typ Max Unit Test Conditions
MOS input  PortAto E -, 50 — 300 HA V, =0V
pull-up
current
Input RES C, — — 80 pF VvV, =0V
capacitance — — 50 pF f=1MHz
All input pins — — 15 pF T, =25°C
except RES
and NMI
Current Normal ot — 60 89 mA =20 MHz
dissipation*®  operation B.oVv)
Sleep mode — 40 73 mA =20 MHz
5.0V)
Standby — 0.01 5.0 HA T _<50°C
*3
mode — — 20 50°C <T,
During flash — 70 89 mA 0°C<T,<75°C
memory (5.0V) f =20 MHz
programming/
erase
Analog During A/D Al — 08 20 mA
power and D/A (5.0V)
supply conversion
current Idle — 0.01 5.0 LA
Reference During A/D Al — 1.9 3.0 mA V_ =50V
current and D/A 5.0V)
conversion
Idle — 0.01 5.0 HA
RAM standby voltage Ve 2.0 — — \
Notes: 1. Ifthe A/D and D/A converters are not used, do not leave the AV ., AV, and V  pins
open.

Connect AV__and V., to V., and connect AV to V.

2. Current dissipation values are for V,, min = V. —0.5 V and V, max = 0.5V with all output
pins unloaded and the on-chip pull-up transistors in the off state.

3. Thevalues are for vV, , <V <4.5V,V, mn=V_x09,and V, max=0.3V.

4. | dependsonV_ and f as follows:
l.c max = 1.0 (mA) + 0.80 (MA/(MHz x V)) x V__ x f [normal mode]

I, max = 1.0 (mA) + 0.65 (MA/(MHz x V)) x V__ x f [sleep mode]

cc?
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Table20.3 Permissible Output Currents

Conditions: V. .=AV_ =50V £10%,V _=45t0AV_,V=AV =0V,
T, =-20to +75°C (regular specifications), T, = —40 to +85°C (wide-range

specifications)

Item Symbol Min Typ Max Unit
Permissible output Ports 1, Ato C loc — — 10 mA
low current (per pin) Other output pins — — 2.0 mA
Permissible output Total of 28 pins 2l — — 80 mA
low current (total) including ports 1

and Ato C

Total of all output — — 120 mA

pins, including the

above
Permissible output All output pins —lg,, — — 2.0 mA
high current (per pin)
Permissible output Total of all output > I, — — 40 mA
high current (total) pins

Notes: 1. To protect chip reliability, do not exceed the output current values in table 20.3.

2. When driving a darlington pair or LED directly, always insert a current-limiting resistor in
the output line, as show in figures 20.1 and 20.2.

H8S/2345 Group

Port

Darlington Pair

Figure20.1 Darlington Pair Drive Circuit (Example)
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H8S/2345 Group

600 Q
I

Ports 1, Ato C

LED

Figure20.2 LED Drive Circuit (Example)

20.1.3 AC Characteristics

Figure 20.3 show, the test conditions for the AC characteristics.

5V

C=90pF: Ports1,Ato F
) C=30pF:Ports 2,3, G
LSI output pin ’ ’ H R =2.4kQ
Ry=12kQ

1/O timing test levels
¢ Low level: 0.8 V
C Ry « High level: 2.0 V

i

Figure20.3 Output Load Cir cuit
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Clock Timing: Table 20.4 lists the clock timing

Table20.4 Clock Timing

Conditions: V. =AV_ =50V +10%,V =45V oAV,
¢=21020MHz, T, =-20to +75°C (regular specifications),
T, =40 to +85°C (wide-range specifications)

Vo =AV_ =0V,

Item Symbol Min Max Unit Test Conditions
Clock cycle time t. 50 500 ns

Clock high pulse width t., 20 — ns Figure 20.7
Clock low pulse width t, 20 — ns

Clock rise time t., — 5 ns

Clock fall time t., — 5 ns

Clock oscillator setting toser 10 — ms Figure 20.8
time at reset (crystal)

Clock oscillator setting time  t__, 8 — ms Figure 19.2
in software standby (crystal)

External clock output toeer 500 — ps Figure 20.8

stabilization delay time
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Control Signal Timing: Table 20.5 lists the control signal timing.
Table20.5 Control Signal Timing

Conditions; V. .=AV_ =50V £10%,V _ =45Vt0AV_,V =AV =0V,
¢=21020MHz, T, =-20to +75°C (regular specifications),
T, =40 to +85°C (wide-range specifications)

Item Symbol  Min Max Unit Test Conditions
RES setup time toces 200 — ns Figure 20.9
RES pulse width toecy 20 — t.

NMI reset setup time towirs 200 — ns

NMI reset hold time [ 200 — ns

Mode programming setup time  t,, . 200 — ns

NMI setup time [ 150 — ns Figure 20.10
NMI hold time [ 10 — ns

NMI pulse width (exiting [ 200 — ns

software standby mode)

IRQ setup time tros 150 — ns

IRQ hold time tron 10 — ns

IRQ pulse width (exiting t 200 — ns

IRQW
software standby mode)
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Bus Timing: Table 20.6 lists the bus timing.

Table20.6 BusTiming

Conditions; V. .=AV_. =50V £10%, V=45V t0AV_,V=AV =0V,
¢= 21020 MHz, T,=-20to +75°C (regular specifications),
T, =40 to +85°C (wide-range specifications)

Item Symbol Min Max Unit Test Conditions
Address delay time to — 20 ns Figure 20.11 to
Address setup time t, 05xt, —15  — ns Figure 20.15
Address hold time o 0.5xt,—10 — ns

CS delay time 1 tecon — 20 ns

AS delay time toeo — 20 ns

RD delay time 1 tocon — 20 ns

RD delay time 2 tocos — 20 ns

CAS delay time torso — 20 ns

Read data setup time teps 15 — ns

Read data hold time teon 0 — ns

Read data access time 1 tacer — 1.0xt,—25 ns

Read data access time 2 taces — 15xt  —25 ns

Read data access time 3 taces — 20xt, —25 ns

Read data access time 4 taces — 25xt  —25 ns

Read data access time 5 taces — 3.0xt, —25 ns

WR delay time 1 turon — 20 ns

WR delay time 2 troe — 20 ns

WR pulse width 1 tysmn 1.0xt, —20 — ns

WR pulse width 2 b 15xt,-20 — ns

Write data delay time oo — 30 ns

Write data setup time twos 0.5xt  —20 — ns

Write data hold time o 0.5xt,—10 — ns

WAIT setup time trs 30 — ns Figure 20.13
WAIT hold time trs 5 — ns

BREQ setup time toros 30 — ns Figure 20.16
BACK delay time tonco — 15 ns

Bus-floating time toso — 50 ns
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Timing of On-Chip Supporting Modules. Table 20.7 lists the timing of on-chip supporting
modules.

Table20.7 Timing of On-Chip Supporting Modules

Conditions: V. .=AV_ =50V £10%,V _ =45Vt0AV_,V =AV_ =0V,
@=21020MHz, T, =-20to +75°C (regular specifications),
T, =40 to +85°C (wide-range specifications)

Item Symbol  Min Max Unit Test
Conditions
I/O port  Output data delay time towo — 50 ns Figure 20.17
Input data setup time [ 30 —
Input data hold time torn 30 —
TPU Timer output delay time toco — 50 ns Figure 20.18
Timer input setup time tes 30 —
Timer clock input setup time trexs 30 — ns Figure 20.19
Timer clock Single edge S 15 — toe
pulse width Both edges S 25 —
8-bit timer Timer output delay time oo — 50 ns Figure 20.20
Timer reset input setup time s 30 — ns Figure 20.22
Timer clock input setup time tres 30 — ns Figure 20.21
Timer clock Single edge [ 15 — toe
pulse width Both edges [ 25 —
SCI Input clock Asynchronous  tg, 4 — toe Figure 20.24
cycle Synchronous 6 —
Input clock pulse width tckw 0.4 0.6 toe
Input clock rise time oo — 15 toe
Input clock fall time [T — 15
Transmit data delay time tro — 50 ns Figure 20.25
Receive data setup time [ 50 — ns
(synchronous)
Receive data hold time o 50 — ns
(synchronous)
A/D Trigger input setup time tres 30 — ns Figure 20.26

converter
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20.1.4 A/D Conversion Characteristics
Table 20.8 lists the A/D conversion characteristics.

Table20.8 A/D Conversion Characteristics

Conditions: V. .=AV_. =50V £10%,V _ =45Vt0AV_,V =AV_ =0V,
@=21020MHz, T, =-20to +75°C (regular specifications),
T, =40 to +85°C (wide-range specifications)

Item Min Typ Max Unit
Resolution 10 10 10 bits
Conversion time — — 6.7 us
Analog input capacitance — — 20 pF
Permissible signal-source — — 10** kQ
impedance — _ 5*2
Nonlinearity error — — +3.5 LSB
Offset error — — +3.5 LSB
Full-scale error — — +3.5 LSB
Quantization — — +0.5 LSB
Absolute accuracy — — +4.0 LSB
Notes: 1. @< 12 MHz

2. 9> 12 MHz
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20.1.5 D/A Conversion Characteristics
Table 20.9 lists the D/A conversion characteristics.

Table20.9 D/A Conversion Characteristics

Conditions: V. .=AV_ =50V £10%,V _ =45Vt0AV_,V =AV =0V,
@=21020MHz, T, =-20to +75°C (regular specifications),
T, =40 to +85°C (wide-range specifications)

Item Min Typ Max Unit Test Conditions

Resolution 8 8 8 bit

Conversion time — — 10 us 20-pF capacitive load

Absolute accuracy — +1.0 +15 LSB 2-MQ resistive load
— — +1.0 LSB 4-MQ resistive load
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20.1.6  Flash Memory Characteristics

Table 20.10 lists the flash memory characteristics.

Table 20.10 Flash Memory Characteristics

Conditions: Vce=AVcc=4.5t05.5V, Vgs=AVss=0V, T, =0 to +75°C (flash memory
programming/erase operating temperature range; regular specifications),
T, =0 to +85°C (flash memory programming/erase operating temperature range;

wide-range specifications)

Item Symbol Min Typ Max  Unit -(I.;antditions
Programming time™** *2*4 to — 10 200 ms/
32 bytes

Erase time™' ***® te — 100 1200  ms/block
Reprogramming count Nwec — — 100 Times
Programming Wait time after setting SWE bit™’ X 10 — — Hs

Wait time after setting PSU bit™*"' y 50 — — us

Wait time after setting P bit™" ** 150 — 200 us

Wait time after clearing P bit™’ a 10 — — Hs

Wait time after clearing PSU bit™! B 10 — — Us

Wait time after setting PV bit™"’ y 4 — — ps

Wait time after H'FF dummy write®' ¢ 2 — — Hs

Wait time after clearing PV bit*’ n 4 — — us

Max. number of programmings™ ** N — — 1000* Times  z =200 ps
Erase Wait time after setting SWE bit™"  x 10 — — us

Wait time after setting ESU bit™"' y 200 — — us

Wait time after setting E bit*' *® z 5 — 10 Hs

Wait time after clearing E bit™"' a 10 — — us

Wait time after clearing ESU bit*' B 10 — — ps

Wait time after setting EV bit™"’ y 20 — — Hs

Wait time after HFF dummy write™ & 2 — — us

Wait time after clearing EV bit™' n 5 — — ps

Max. number of erases™' *® N 120 — 240  Times

Notes: 1. Time settings should be made in accordance with the programming/erase algorithm.
2. Programming time per 32 bytes. (Indicates the total time the P bit in the flash memory
control register 1 (FLMCRH1) is set. The program verification time is not included.)
3. Time to erase one block. (Indicates the total time the E bit in FLMCR1 is set. The erase

verification time is not included.)
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4.

5.

Write time maximum value (tr (max.) = wait time after P bit setting (z) x maximum
number of programmings (N)).
Number of times when the wait time after P bit setting (z) = 200 ps.
The maximum number of writes (N) should be set according to the actual set value of z
so0 as not to exceed the maximum programming time (tp (max)).
For the maximum erase time (te (max)), the following relationship applies between the
wait time after E bit setting (z) and the maximum number of erases (N):
te (max) = Wait time after E bit setting (z) x maximum number of erases (N)
The values of z and N should be set so as to satisfy the above formula.

Examples: When z =5 [ms], N = 240 times

When z = 10 [ms], N = 120 times
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20.2 Electrical Characteristicsof ZTAT, Mask ROM, and ROM less
Versions

20.2.1  Absolute Maximum Ratings

Table 20.11 lists the absolute maximum ratings.

Table 20.11 Absolute Maximum Ratings

Item Symbol Value Unit
Power supply voltage V. -0.31t0 +7.0 \%
Programming voltage” V., -0.3t0 +13.5 \%
Input voltage (except port 4) vV, -0.3toV_ +0.3 \%
Input voltage (port 4) vV, -0.3t0 AV . +0.3 \%
Reference voltage V. -0.3t0 AV +0.3 \
Analog power supply voltage AV -0.31t0 +7.0 \%
Analog input voltage N -0.3t0 AV +0.3 \
Operating temperature oo Regular specifications: —20 to +75 °C
Wide-range specifications: —40 to +85 °C
Storage temperature T -551t0 +125 °C

stg

Caution: Permanent damage to the chip may result if absolute maximum rating are exceeded.

Note: * ZTAT version only.
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20.2.2 DC Characteristics
Table 20.12 lists the DC characteristics. Table 20.13 lists the permissible output currents.

Table 20.12 DC Characteristics (1)

Conditions: V.. =AV_,=50V +10%,V =45V t0AV_, V =AV =0V",
T,=-20to +75°C (regular specifications), T, = —40 to +85°C (wide-range

specifications)
Item Symbol Min Typ Max Unit Test Conditions
Schmitt Port 2, Vv, 1.0 — — \Y
trigger input  IRQO to IRQ7 v, _ _ V, x07 V
voltage " -
V)=V, 04 — — Y
Input high RES, STBY, V, V=07 — V,+03 V
voltage NMI, MD,
to MD,
EXTAL V. x07 — V,+03 V
Ports 1, 3, 2.0 — V,+03 V
Ato G
Port 4 2.0 — AV +03V
Input low RES, STBY, vV, -0.3 — 0.5 \Y
voltage MD, to MD,
NMI, EXTAL, -0.3 — 0.8 Vv
Ports 1, 3, 4,
Ato G
Output high  All output pins  V, Vi.—-05 — — \ l,, =—200 pA
voltage 3.5 — — Voo l,=-1mA
Output low All output pins  V, — — 0.4 \% l,, =1.6 mA
voltage Ports 1, Ato C — — 1.0 V1, =10mA
Input RES [ 1] — — 10.0 MA V=
Ieakage STT NMI _ _ 1.0 HA 0.5to VCC -05V
current MDZ to MDO
Port 4 — — 1.0 HA Vv, =
0.5t0 AV, - 05
\%
Three-state  Ports 1 to 3, oo — — 1.0 HA V=
leakage Ato G 05to0V . —-05V
current
(off state)
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Iltem Symbol Min Typ Max Unit Test Conditions
MOS input  PortsAtoE I, 50 — 300 HA  V, =0V
pull-up
current
Input RES C, — — 80 pF VvV, =0V
capacitance — — 50 pF f=1MHz
All input pins — — 15 pF T, =25°C
except RES
and NMI
Current Normal ot — 60 89 mA  f=20MHz
dissipation®*  operation B.oVv)
Sleep mode — 40 73 mA =20 MHz
5.0V)
Standby — 0.01 5.0 HA T _<50°C
*3
mode — — 20 50°C <T,
Analog During A/D Al — 0.8 2.0 mA
power and D/A (5.0V)
supply conversion
current Idle — 001 50 LA
Reference During A/D Al — 1.9 3.0 mA V_ =50V
current and D/A 5.0V)
conversion
Idle — 001 5.0 PA
RAM standby voltage Ve 2.0 — — \
Notes: 1. Ifthe A/D and D/A converters are not used, do not leave the AV ., AV, and V  pins

open.

Connect AV _and V _ to V,

and connect AV to V..

cc?

2. Current dissipation values are for V,, min = V. —0.5 V and V, max = 0.5V with all output
pins unloaded and the on-chip pull-up transistors in the off state.

3. The values are for V

RAM —

4. | dependsonV_ and f as follows:
l.c max = 1.0 (mA) + 0.80 (MA/(MHz x V)) x V__ x f [normal mode]
l.c max = 1.0 (mA) + 0.65 (MA/(MHz x V)) x V__ x f [sleep mode]

SV, <45V,V, mn=V_x0.9 andV max=0.3V.
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Table 20.12 DC Characteristics (2)

Conditions: V. =AV,=27t055V,V,_=27V10AV_,V =AV =0V"
T,=-20to +75°C (regular specifications), T, = —40 to +85°C (wide-range

specifications)
Item Symbol Min Typ Max Unit Test Conditions
Schmitt Port 2, \'A V%02 — — \
trigger input  IRQO to IRQ7 ~, + — — V. _x07 V
voltage i cc
V. =V, V. x007 — — %

Input high RES, STBY, V, V%09 — V103 V
voltage NMI, MD,

to MD,

EXTAL V%07 — V. +0.3

Ports 1, 3, V,.x07 — V. +0.3

Ato G

Port 4 V%07 — AV +0.3 V
Input low RES, STBY, VvV, -0.3 — V%01 V
voltage MD, to MD,

NMI, EXTAL, -0.3 — V. x02 V V. <40V

Ports 1, 3, 4,

Ato G

0.8 V,.=40t055V

Output high  All output pins  V, V,.-05 — — \ I, =—200 pA
voltage -

9 V.-10 — — V.o l,=-1mA
Output low  All output pins  V, — — 0.4 \ l,,=1.6 mA
voltage Ports 1, Ato C — — 10 VoV <4V

l,, =5 mA
40<V, <55V
l,.=10 mA
Input RES [ 1,1 — — 10.0 HA V=
leakage STBY. NMI _ _ 1.0 LA 05t0V, -05V
current MD, to MD,
Port 4 — — 1.0 HA vV, =
05t AV_-05V
Three-state  Ports 1 to 3, a.o — — 1.0 MA V=
leakage Ato G 05t0V. -05V
current

(off state)
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Item Symbol Min Typ Max Unit Test Conditions
MOS input  Ports AtoE I, 10 — 300 MA V. =27Vto
pull-up 55V,V, =0V
current
Input RES C, — — 80 pF V, =0V
capacitance — — 50 pF f=1MHz

All input pins — — 15 pF T,=25°C

except RES

and NMI
Current Normal o™ — 18 45 mA  f=10 MHz
dissipation®* operation (3.0V)

Sleep mode — 11 37 mA f=10MHz

(3.0V)
Standby — 0.01 5.0 MA T, <50°C
*3

mode — — 20 50°C <T,
Analog During A/D Al — 0.2 2.0 mA
power and D/A (3.0V)
supply conversion
current Idle — 001 50 HA
Reference During A/D Al — 1.2 3.0 mA V_=30V
current and D/A (3.0V)

conversion

Idle — 0.01 5.0 PA
RAM standby voltage V 2.0 — — \%

RAM

Notes: 1. If the A/D and D/A converters are not used, do not leave the AV

o AV, and Vref pins

open.

Connect AV _and V_to V,

and connect AV to V..

cc?

2. Current dissipation values are for V,, min = V. —0.5 V and V, max = 0.5V with all output
pins unloaded and the on-chip pull-up transistors in the off state.

3. Thevaluesare forV,,, <V <27V,V, min=V_x0.9, and V, max =0.3V.

RAM —

4. | dependsonV_ and f as follows:
l.c max = 1.0 (mA) + 0.80 (MA/(MHz x V)) x V__ x f [normal mode]
l.c max = 1.0 (mA) + 0.65 (MA/(MHz x V)) x V__ x f [sleep mode]
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Table 20.13 Permissible Output Currents

Conditions: V  =AV_ =27t055V,V =27t0AV _,V =AV =0V,
T,=-20to +75°C (regular specifications), T, = —40 to +85°C (wide-range

specifications)

Item Symbol Min Typ Max Unit
Permissible output Port1,Ato C loc — — 10 mA
low current (per pin) Other output pins — — 2.0 mA
Permissible output Total of 28 pins 2l — — 80 mA
low current (total) including port 1

and Ato C

Total of all output — — 120 mA

pins, including the

above
Permissible output All output pins —lg,, — — 2.0 mA
high current (per pin)
Permissible output Total of all output > I, — — 40 mA
high current (total) pins

Notes: 1. To protect chip reliability, do not exceed the output current values in table 20.13.

2. When driving a darlington pair or LED directly, always insert a current-limiting resistor in
the output line, as show in figures 20.4 and 20.5.

H8S/2345 Group

Port

Darlington Pair

Figure20.4 Darlington Pair Drive Circuit (Example)
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H8S/2345 Group

600 Q
I

Ports 1, Ato C

LED

Figure20.5 LED Drive Circuit (Example)

20.2.3 AC Characteristics

Figure 20.6 show, the test conditions for the AC characteristics.

5V

C=90pF:Ports1, Ato F
. C=30pF:Ports 2,3, G
LSI output pin ’ ’ H R =2.4kQ
Ry=12 kQ

1/O timing test levels
¢ Low level: 0.8 V
C Ry « High level: 2.0 V

i

Figure20.6 Output Load Cir cuit
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Clock Timing: Table 20.14 lists the clock timing

Table 20.14 Clock Timing

ConditionA: V =AV_=27t055V,V_ =27Vt0oAV_,V =AV, =0V,
¢=2t010MHz, T, =-20to +75°C (regular specifications),
T, =40 to +85°C (wide-range specifications)

ConditionB: V_.=AV_ =50V £10%,V _ =45Vt0AV_,V =AV =0V,
@=21020MHz, T, =-20to +75°C (regular specifications),
T, =40 to +85°C (wide-range specifications)

Condition A Condition B

Item Symbol Min  Max Min  Max Unit Test Conditions
Clock cycle time t. 100 500 50 500 ns Figure 20.7
Clock high pulse width t., 35 — 20 — ns

Clock low pulse width t, 35 — 20 — ns

Clock rise time t., — 15 — 5 ns

Clock fall time t., — 15 — 5 ns

Clock oscillator setting toser 20 — 10 — ms Figure 20.8
time at reset (crystal)

Clock oscillator setting time  t__, 8 — 8 — ms Figure 19.2
in software standby (crystal)

External clock output toar 500 — 500 — Us Figure 20.8

stabilization delay time
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Control Signal Timing: Table 20.15 lists the control signal timing.

Table 20.15 Control Signal Timing

ConditionA: V. =AV_ =27t055V,V_ =27Vt0AV_, V. =AV, =0V,
¢=2t010MHz, T, =-20to +75°C (regular specifications),
T, =40 to +85°C (wide-range specifications)

ConditionB: V_.=AV_ =50V £10%,V _ =45Vt0AV_,V =AV =0V,
@=21020MHz, T, =-20to +75°C (regular specifications),
T, =40 to +85°C (wide-range specifications)

Condition A Condition B

Item Symbol Min  Max Min  Max Unit Test Conditions
RES setup time (. 200 — 200 — ns  Figure 20.9
RES pulse width toeoy 20 — 20 — ot

NMI reset setup time tovirs 250 — 200 — ns

NMI reset hold time [ 200 — 200 — ns

NMI setup time s 250 — 150 — ns Figure 20.10
NMI hold time [ 10 — 10 — ns

NMI pulse width (exiting Lo 200 — 200 — ns

software standby mode)

IRQ setup time trgs 250 — 150 — ns

IRQ hold time tron 10 — 100 — ns

IRQ pulse width (exiting o 200 — 200 — ns

software standby mode)
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Bus Timing: Table 20.16 lists the bus timing.

Table 20.16 Bus Timing

ConditionA: V =AV_ =27t055V,V =27V toAV

ccy

¢=2t010MHz, T, =-20to +75°C (regular specifications),
T, =40 to +85°C (wide-range specifications)

Condition B: V. =AV. =50V *10%, V=45V to AV

cc?

¢= 21020 MHz, T,=-20to +75°C (regular specifications),
T, =40 to +85°C (wide-range specifications)

Vo =AV_ =0V,

Vo =AV_ =0V,

Condition A Condition B
Item Symbol Min Max Min Max Unit  Test Conditions
Address delay time ty — 40 — 20 ns Figure 20.11 to
Address setup time g 05x — 05x — ns Figure 20.15
t,.—30 t,.—15
cyc cyc
Address hold time t,, 05x — 05x — ns
t,,—20 t,,— 10
CS delay time 1 teoos — 40 — 20 ns
AS delay time teo — 40 — 20 ns
RD delay time 1 tooos — 40 — 20 ns
RD delay time 2 tocos — 40 — 20 ns
CAS delay time teaso — 40 — 20 ns
Read data setup time t__ 30 — 15 — ns
Read data hold time  t_, 0 — 0 — ns
Read data access tecer — 1.0x — 1.0x ns
time 1 t,—50 t,,—25
Read data access e — 15x — 15x ns
time 2 t,.—50 t,.—25
Read data access e — 2.0 % — 20x ns
time 3 t,—50 t,,—25
Read data access teces — 2.5 x — 25%x ns
time 4 t,.—50 t,.—25
Read data access s — 3.0 x — 3.0x ns
time 5 t,.—50 t,.—25

cyc

cyc
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Condition A Condition B

Item Symbol Min Max Min Max Unit Test Conditions
WR delay time 1 tyos — 40 — 20 ns Figure 20.11 to
WR delay time 2 (. — 40 — 20 ns Figure 20.15
WR pulse width 1 s 1.0x  — 1.0x  — ns

t,.—40 t,.—20

cyc cyc
WR pulse width 2 t e 15x  — 15x — ns

t,,—40 t,,—20
Write data delay time  t,, . — 60 — 30 ns
Write data setup time  t, 05x — 05x — ns

t,,—40 t,,—20
Write data hold time  t,, 05x — 05x — ns

t,,—20 t,,— 10
WAIT setup time turs 60 — 30 — ns Figure 20.13
WAIT hold time [ 10 — 5 — ns
BREQ setup time toros 60 — 30 — ns Figure 20.16
BACK delay time tonco — 30 — 15 ns
Bus-floating time top — 100 — 50 ns
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Timing of On-Chip Supporting Modules. Table 20.17 lists the timing of on-chip supporting
modules.

Table 20.17 Timing of On-Chip Supporting Modules

ConditionA: V .=AV_ =27V 1t055V,V_ =27V10AV_,V =AV =0V,
¢=2t010MHz, T, =-20to +75°C (regular specifications),
T, =40 to +85°C (wide-range specifications)

ConditionB: V_.=AV_ =50V £10%,V _ =45Vt0AV_,V =AV =0V,
@=21t020MHz, T, =-20to +75°C (regular specifications),
T, =40 to +85°C (wide-range specifications)

Condition A Condition B

Item Symbol  Min Max Min Max Unit  Test Conditions
1/0 port Output data delay town — 100 — 50 ns Figure 20.17
time
Input data setup tors 50 — 30 —
time
Input data hold tors 50 — 30 —
time
TPU Timer output delay troco — 100 — 50 ns Figure 20.18
time
Timer input setup tres 50 — 30 —
time
Timer clock input trexs 50 — 30 — ns Figure 20.19
setup time
Timer  Single | S 15 — 15 — tye
clock edge
pL.’('EE Both t o 25  — 25  —
wi edges
8-bit timer Timer output delay oo — 100 — 50 ns Figure 20.20
time
Timer reset input tums 50 — 30 — ns Figure 20.22
setup time
Timer clock input s 50 — 30 — ns Figure 20.21
setup time
Timer  Single | S 15 — 15 — t.
clock edge
ulse
\‘,’w G Bomh ton 25  — 25  —
edges
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Item

Symbol

Condition A

Condition B

Min Max

Min

Max

Unit

Test Conditions

WDT Overflow output
delay time

"WOVD

— 100

50

ns

Figure 20.23

SCI Input Asynchro-
clock nous
cycle

nous

Synchro-

t

Scyc

cyc

Input clock pulse
width

t

SCKW

0.4 0.6

0.4

0.6

Scyc

Input clock rise
time

SCKr

15

Input clock fall
time

'SCKf

15

cyc

Figure 20.24

Transmit data
delay time

TXD

— 100

50

ns

Receive data setup
time (synchronous)

t

RXS

100 —

50

ns

Receive data hold
time (synchronous)

t

100 —

50

ns

Figure 20.25

A/ID Trigger input setup
converter time

t

TRGS

50 —

30

ns

Figure 20.26
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20.2.4  A/D Conversion Characteristics
Table 20.18 lists the A/D conversion characteristics.

Table 20.18 A/D Conversion Characteristics

ConditionA: V =AV_ =27t055V,V_ =27Vt0AV_,V =AV, =0V,
¢=2t010MHz, T, =-20to +75°C (regular specifications),
T, =40 to +85°C (wide-range specifications)

ConditionB: V_.=AV_ =50V £10%,V _ =45Vt0AV_,V =AV =0V,
@=21020MHz, T, =-20to +75°C (regular specifications),
T, =40 to +85°C (wide-range specifications)

Condition A Condition B

Item Min Typ Max Min Typ Max Unit
Resolution 10 10 10 10 10 10 bits
Conversion time — — 13.4 — — 6.7 us
Analog input capacitance — — 20 — — 20 pF
Permissible signal-source — — 10** — — 10"°  kQ
impedance _ _ 5*2 — — *4
Nonlinearity error — — +7.5 — — +3.5 LSB
Offset error — — 7.5 — — +3.5 LSB
Full-scale error — — 7.5 — — +3.5 LSB
Quantization — — +0.5 — — +0.5 LSB
Absolute accuracy — — +8.0 — — +4.0 LSB

Notes: 1. 40V <AV <55V
2. 27TV<AV <40V
3. <12 MHz

4, @>12 MHz
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20.2.5 D/A Conversion Characteristics
Table 20.19 lists the D/A conversion characteristics.

Table 20.19 D/A Conversion Characteristics

Condition A: V_=AV_=27V1t055V,V, =27V0AV,, V. =AV_=0V,

¢=2t010MHz, T, =-20to +75°C (regular specifications),
T, =40 to +85°C (wide-range specifications)

ConditionB: V_=AV_ =50V +£10%,V _=45Vt0AV_,V =AV_ =0V,
@=21t020MHz, T, =-20to +75°C (regular specifications),
T, =40 to +85°C (wide-range specifications)
Condition A Condition B
Item Min  Typ Max Min  Typ Max Unit Test Conditions
Resolution 8 8 8 8 8 8 bit
Conversion time — — 10 — — 10 us 20-pF capacitive
load
Absolute accuracy — +2.0 3.0 — +1.0 +1.5 LSB 2-MQ resistive
load
— — +2.0 — — +1.0 LSB 4-MQ resistive

load
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20.3  Operation Timing

The operation timing is described below.

20.3.1 Clock Timing
The clock timing is shown below.

System Clock Timing: Figure 20.7 shows the system clock timing.

: foye :
i tecn |, le 3
| ter X ter

Figure20.7 System Clock Timing

Oscillator Settling Timing: Figure 20.8 shows the oscillator settling timing.

Figure20.8 Oscillator Settling Timing

Rev. 4.00 Feb 15, 2006 page 665 of 900
REJ09B0291-0400
RENESAS




Section 20 Electrical Characteristics

20.3.2 Control Signal Timing
The control signal timing is shown below.
Reset Input Timing: Figure 20.9 shows the reset input timing.

Interrupt Input Timing: Figure 20.10 shows the interrupt input timing for NMI and IRQ.

:
i
E

tresS, | tRess: tRess |
4>J‘—‘r<7 ‘ :<—>\ :<—>:
RES / x /
a i tresw “
r tnmirs ! | INMIRH :
NMI >< | ><
: twps |
MD2 to MD, >< i ><
mps |

FWE 21

Figure20.9 Reset Input Timing
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tmis | tnmiH
NMI >< ¥ ><
! Tumiw :
IRQI >< ¥ ><
(i=0to2) ! t|§dw !
© lros L tron |
5 E——
Edge input \ 1
tirgs

IRQ \!
Level input b

Figure20.10 Interrupt Input Timing

20.3.3 BusTiming
The bus timing is shown below.

Basic Bus Timing (Two-State Access): Figure 20.11 shows the basic bus timing for external two-
state access.

Basic Bus Timing (Three-State Access): Figure 20.12 shows the basic bus timing for external
three-state access.

Basic Bus Timing (Three-State Accesswith One Wait State): Figure 20.13 shows the basic bus
timing for external three-state access with one wait state.

Burst ROM Access Timing (Two-State Access): Figure 20.14 shows the burst ROM access
timing for two-state access.

Burst ROM Access Timing (One-State Access): Figure 20.15 shows the burst ROM access
timing for one-state access.

External Bus Release Timing: Figure 20.16 shows the external bus release timing.
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Figure20.11 Basic Bus Timing (Two-State Access)
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Figure20.12 Basic Bus Timing (Three-State Access)
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T T2 Tw Ts

RD
(read)

Dy5to Dy
(read)

HWR, LWR
(write)

D5 to Dy
(write)

tWTs t\/\/TH tWTs tWTH

0

e /7 X

Figure20.13 Basic Bus Timing (Three-State Accesswith One Wait State)

Rev. 4.00 Feb 15, 2006 page 670 of 900
REJ09B0291-0400

RENESAS



Section 20 Electrical Characteristics

T, T,orTy T T,

¢ ! !
tap! D
(¢ T N
) / i Ty
Ags to Ag >< . >< ‘ ><
) 1 1 —

CS31to CSO ><

(o0 /

!
taccs tRDS | tRoH
!

D510 Dg —_— ‘

Figure20.14 Burst ROM Access Timing (Two-State Access)
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(read) 3 : —
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! tacc1 trps! tRDH
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D15 to DO / \

Figure20.15 Burst ROM Access Timing (One-State Access)
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w JWUU

tBRQS : | tBRQS w ‘ :
BREQ \ ( ( 1 1 ;
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' tBacD 'tgacp
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! ) D) !
tazp tezo
Ay to A, — !
23 0 4 X IS
CS3to CSO 711 S() S() \;_
AS, RD. )
HWR, LWR

Figure20.16 External BusRelease Timing

20.34 Timing for On-Chip Supporting Modules

Figure 20.17 to figure 20.26 show the timings for on-chip peripheral modules.

T T2
tPRSw ' TerH !
Ports 1 to 4, ; ‘
Ato G (read) >< >< !
! towp
Ports 1 to 3, ‘
Ato G (write) \

Figure20.17 1/O Port Input/Output Timing
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Output compare y
output® ><

Input capture

input* ><

Note: * TIOCAO to TIOCAS5, TIOCBO to TIOCBS, TIOCCO, TIOCC3, TIOCDO, TIOCD3

Figure20.18 TPU Input/Output Timing

trekwL ‘ trekwH

Figure20.19 TPU Clock Input Timing

TMOO0, TMO1 ><

Figure20.20 8-Bit Timer Output Timing
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trmes! trmcs |
4>?_:<i (« —»:—?«—
) )] -
TMCIO, TMCI1 \ / N
: 5 :
‘ trmewt s trmewn ‘

Figure20.21 8-Bit Timer Clock Input Timing

TMRIO, TMRI1 /

Aﬁ—f<7 Aﬁ—f<—
WDTOVF \ /

Figure20.23 WDT Output Timing
(ZTAT Version, Mask ROM Version, and ROMIless Version Only)

tsckw tsckr tscks

SCKO and SCK1 | ! ‘

tScyc

Figure20.24 SCK Clock Input Timing
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SCKO and SCK1 m

'trxp |

e L

TxDO0 and TxD1 / T
transit data ‘ Vo

trxs | 'tRXH

RxDO0 and RxD1 >< >< < > >< ><
receive data \ /

Figure20.25 SCI Input/Output Timing (Clock Synchronous M ode)

Figure20.26 A/D Converter External Trigger Input Timing

20.4  Usage Note

Although the F-ZTAT, ZTAT, mask ROM, and ROMIess versions fully meet the electrical
specifications listed in this manual, due to differences in the fabrication process, the on-chip
ROM, and the layout patterns, there will be differencesin the actual values of the electrical
characteristics, the operating margins, the noise margins, and other aspects.

Therefore, if asystem isestimated using the F-ZTAT or ZTAT version, asimilar evaluation
should also be performed using the mask ROM version.
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Appendix A Instruction Set

Al Instruction List

Operand Notation

Rd General register (destination)**

Rs General register (source)**

Rn General register™*

ERn General register (32-bit register)

MAC Multiply-and-accumulate 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

#MM Immediate data

disp Displacement

+ Add

- Subtract

X Multiply

+ Divide

ad Logical AND

g Logical OR

a Logical exclusive OR

N Transfer from the operand on the left to the operand on the right, or
transition from the state on the left to the state on the right

- Logical NOT (logical complement)

() <> Contents of operand

:8/:16/:24/:32

8-, 16-, 24-, or 32-hit length

Notes: 1. General registers include 8-bit registers (ROH to R7H, ROL to R7L), 16-hit registers (RO
to R7, EO to E7), and 32-bit registers (ERO to ER7).

2. The MAC register cannot be used in the H8S/2345 Group.
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Condition Code Notation

Symbol

7 Changes according to the result of instruction
* Undetermined (no guaranteed value)

0 Always cleared to 0

Always set to 1

— Not affected by execution of the instruction
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Instruction Codes

A2

Table A.2 shows the instruction codes.

Instruction Codes

TableA.2

dsip 0 i T 8 s |— (9T:p 48) 9T:p NMg
_ dsip T v | — (8:p 49) 8:p Nug
dsip 0 i 0 8 s |— (91:p 18) 9T:p Vg
_ dsip 0 vo|— (8:p 1) 8:p vyg 209
0 iWWEol 9 | L sqe 0 € v 9 |8 zeeR@ e ANV
0 iNWEO| 9 i 2 sqe 0 T v 9 | g 9T:ER®‘€XX# ANV
0 AWiol 9 L sqe 3 L |4 8:BR® ‘E:XX# ANVE
0 WWiol 9 L 0 ip@i0| O L |4 pPYID E:Xx# ANVE
Pl iNWEO| 9 L |4 py'EXx# ANVE|  ANvE
NI _ 9 i 0 T 14 T o |4 UXT'8:XX# DANY
NI 9 o |4 OD'8Xx# OANY|  OANY
pia {0} sio 6_ 9 i 9 0 E| T o |1 pPY3'sY3 TANY
NI p12i0i 9 v L1 pYI‘ZEXX# T"ANY
_ p1 i s 9 9 | M py'sd M ANV
NI p1 9 6 L | m PY'OTXX# M'ANY
pr i sl 9 T |9 py'sy g'ANV
NI prio3 |4 PY'8:Xx# &'ANY anvy
pi i st | 3 o |4 py‘sy xaav
NI pi 6 |4 py‘g:Xx# Xaav |  xaav
p12i0i 6 g o |1 pya'v# Saav
p12ioi 8 g o |1 py3‘z# saav
p12i0i 0 g o |1 py3'T#SAav| saav
piai0isi Tl Vv o |1 py3'sy3 Taav
I p2ioi T v L1 py3‘zZEXX# 1"AAY
p1 i s 6 0 |Mm py'sy Mm'aav
NI p1 T 6 L | m pPY'9TXX# M'AAY
pr i sl 8 0o |4 py'sy g'aav
NI pi 8 |4 py'g:xx# g'aav aav
a1kq uot | @1hq uie alka yig alka yiL a1hq u19 a1hq uig akquw | eikqplie | @1kq puz a1kq 1sT uon
9ZIS] JlUoWaUN .u::.m:_

Jewlio4 uononasul
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dsip 0 {4 |8 5§ |— 9T:p 378
_ dsip 1 v |— gpag
dsip 0oi3 |8 s |— 9T:p 199
_ dsip 3 iv |— 8:p 198
dsip 0i{aj|s ;s |— 9T:p 178
_ dsip aiv |- gp L1
dsip 0 {92 |8 6§ |— 9T:p 399
_ dsip 2y |— g:p 398
dsip oig |8 s |— 9T:p INgG
_ dsip a v |— 8P INg
dsip 0i{Vv |85 |— 9T:P 1dd
_ dsip v iy | — g:p 1dg
dsip 0 i 6 8 s |— 9T:p SAd
_ dsip 6 v | — 8:p SAG
dsip 0oi8 |8 5§ |— 9T:p ONd
_ dsip 8 v | — 8:p OAG
dsip 0L |85 |— 9T:p O34
_ dsip Ly | — g:p 038
dsip 0{ 9|85 |— 9T:p 3Ng
_ dsip 9 | v |— g:p 3INg
dsip 0{Ss |8 6§ |— (91:p 0718) 9T:P S04
_ dsip s v |— (g:p 018) 8:p 509
dsip oiv |8 s |— (9T:p SHE) 9T:P 008
_ dsip v v | — (8:p SHe) 8:p 009
dsip 0i¢e |85 |— 9T:P S8
_ dsip e v |— gpsig
dsip 0iz |8 i{§|— 9T:P IHg
dsip 4 v | — 8:p IHg 20g
81Aq YiI0T | @1Aq Yie a1k uig aiha yiz 814q Y19 a1kg uig alka yw a1hq pig a1Aq pug | 91hqistT uon
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dsip Ly oz | 8§ 9 | 0 {sio] 8 | L |M|PA(SUITEP)® MAON
dsip p1 iswiol 4 9 | M | pd'(s¥3'9T:P)® M'AOW
pi iseiol 6 9 | M py‘s43I® M'AOW
pr | si a 0 | m py‘sd M'AOW
NI pi 0 6 L |m pY‘9TXX# M'AOW
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Operation Code Map

A.3

Table A.3 shows the operation code map.

TableA.3 Operation Code Map (1)
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TableA.3 Operation Code Map (2)
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TableA.3 Operation Code Map (3)
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TableA.3 Operation Code Map (4)
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A.4  Number of States Required for Instruction Execution

The tables in this section can be used to calculate the number of states required for instruction
execution by the CPU. Table A.5 indicates the number of instruction fetch, data read/write, and
other cycles occurring in each instruction. Table A.4 indicates the number of states required for
each cycle. The number of states required for execution of an instruction can be calculated from
these two tables as follows:

Executionstates=1 xS +JxS+KxS +L xS +M xS, +N xS

Examples: Advanced mode, program code and stack located in external memory, on-chip
supporting modules accessed in two states with 8-bit bus width, external devices accessed in three
states with one wait state and 16-bit bus width.

1. BSET #0, @FFFFC7:8
From table A.5:
I=L=2, J=K=M=N=0
From table A.4:
S=4, §=2
Number of statesrequired for execution=2x4+2x2=12
2. JSR @@30
From table A.5:
I=J=K=2, L=M=N=0
From table A.4:
S=S=S5=4

Number of statesrequired for execution=2x4+2x4+2x4=24
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TableA.4 Number of Statesper Cycle

Access Conditions

On-Chip External Device
Supporting
Module 8-Bit Bus 16-Bit Bus
On-Chip 8-Bit 16-Bit 2-State 3-State  2-State 3-State

Cycle Memory Bus Bus Access Access Access Access
Instruction fetch S 1 4 2 4 6 +2m 2 3+m
Branch address read S,
Stack operation S,
Byte data access S 2 3+m
Word data access S, 4 4 6 +2m
Internal operation S, 1 1 1 1 1 1

Legend:
m: Number of wait states inserted into external device access
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Table A.5 Number of Cyclesin Instruction Execution

Instruction

Mnemonic

Instruction Address Stack

Branch

Fetch Read

Byte
Data
Operation Access

Word
Data Internal
Access Operation

J

L

M N

ADD

ADD.B #xx:8,Rd
ADD.B Rs,Rd
ADD.W #xx:16,Rd
ADD.W Rs,Rd
ADD.L #xx:32,ERd
ADD.L ERs,ERd

ADDS

ADDS #1/2/4,ERd

ADDX

ADDX #xx:8,Rd
ADDX Rs,Rd

AND

AND.B #xx:8,Rd
AND.B Rs,Rd
AND.W #xx:16,Rd
AND.W Rs,Rd
AND.L #xx:32,ERd
AND.L ERs,ERd

ANDC

ANDC #xx:8,CCR
ANDC #xx:8,EXR

BAND

BAND #xx:3,Rd
BAND #xx:3,@ERd
BAND #xx:3,@aa:8
BAND #xx:3,@aa:16
BAND #xx:3,@aa:32

N =

Bcc

BRA d:8 (BT d:8)
BRN d:8 (BF d:8)
BHI d:8

BLS d:8

BCC d:8 (BHS d:8)
BCS d:8 (BLO d:8)
BNE d:8

BEQ d:8

BVC d:8

N NN N N N DNDNDNDNPEE ODNDNEPEPNRPDN OWFRPDNPPRPRFP P[IRPIP O FP NP P
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Branch Byte Word
Instruction Address Stack Data Data Internal
Fetch Read Operation Access Access Operation

Instruction Mnemonic | J K L M N

Bcc BVS d:8
BPL d:8
BMI d:8
BGE d:8
BLT d:8
BGT d:8
BLE d:8
BRA d:16 (BT d:16)
BRN d:16 (BF d:16)
BHI d:16
BLS d:16
BCC d:16 (BHS d:16)
BCS d:16 (BLO d:16)
BNE d:16
BEQ d:16
BVC d:16
BVS d:16
BPL d:16
BMI d:16
BGE d:16
BLT d:16
BGT d:16
BLE d:16

P R R R R R R R R R R R R RB B B

BCLR BCLR #xx:3,Rd
BCLR #xx:3,@ERd
BCLR #xx:3,@aa:8
BCLR #xx:3,@aa:16
BCLR #xx:3,@aa:32
BCLR Rn,Rd
BCLR Rn,@ERd
BCLR Rn,@aa:8
BCLR Rn,@aa:16
BCLR Rn,@aa:32

AW N N PFP DB WODNDNPEPINDNDNDNDDNDDNDDNDDNDDNDDNDDNDDNDDNDDNDDNDDNDDNDDNDDNDDNDDNDDNDDN
N N NN

N N NN
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Instruction

Mnemonic

Branch

Instruction Address Stack

Fetch

Read

Operation

Byte
Data
Access

Word
Data
Access

Internal
Operation

J

K

L

M N

BIAND

BIAND #xx:3,Rd
BIAND #xx:3,@ERd
BIAND #xx:3,@aa:8
BIAND #xx:3,@aa:16
BIAND #xx:3,@aa:32

N =

BILD

BILD #xx:3,Rd
BILD #xx:3,@ERd
BILD #xx:3,@aa:8
BILD #xx:3,@aa:16
BILD #xx:3,@aa:32

[ = SN

BIOR

BIOR #xx:8,Rd
BIOR #xx:8,@ERd
BIOR #xx:8,@aa:8
BIOR #xx:8,@aa:16
BIOR #xx:8,@aa:32

N = )

BIST

BIST #xx:3,Rd
BIST #xx:3,@ERd
BIST #xx:3,@aa:8
BIST #xx:3,@aa:16
BIST #xx:3,@aa:32

N N NN

BIXOR

BIXOR #xx:3,Rd
BIXOR #xx:3,@ERd
BIXOR #xx:3,@aa:8
BIXOR #xx:3,@aa:16
BIXOR #xx:3,@aa:32

R R Rk e

BLD

BLD #xx:3,Rd

BLD #xx:3,@ERd
BLD #xx:3,@aa:8
BLD #xx:3,@aa:16
BLD #xx:3,@aa:32

AW NN PRFPIA WOWDNDNDERPPEAE ODNMDNDERP DA ODDDNDPERPIDDR ODDDNDEP D ODNDNDNDPR

L =
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Branch Byte Word
Instruction Address Stack Data Data Internal
Fetch Read Operation Access Access Operation

Instruction Mnemonic | J K L M N

BNOT BNOT #xx:3,Rd
BNOT #xx:3,@ERd
BNOT #xx:3,@aa:8
BNOT #xx:3,@aa:16
BNOT #xx:3,@aa:32
BNOT Rn,Rd
BNOT Rn,@ERd
BNOT Rn,@aa:8
BNOT Rn,@aa:16
BNOT Rn,@aa:32

N N NN

N N N DN

BOR BOR #xx:3,Rd
BOR #xx:3,@ERd
BOR #xx:3,@aa:8
BOR #xx:3,@aa:16
BOR #xx:3,@aa:32

N =

BSET BSET #xx:3,Rd
BSET #xx:3,@ERd
BSET #xx:3,@aa:8
BSET #xx:3,@aa:16
BSET #xx:3,@aa:32
BSET Rn,Rd
BSET Rn,@ERd
BSET Rn,@aa:8
BSET Rn,@aa:16
BSET Rn,@aa:32

N N NN

N N NN

BSR BSR d:8

BSR d:16

BST BST #xx:3,Rd
BST #xx:3,@ERd
BST #xx:3,@aa:8
BST #xx:3,@aa:16
BST #xx:3,@aa:32

AW N DN RPRPINDNE ODNMDNMNE B ODNMNDNDERPPEE ODNMDNDERPPE ODNMDNDE MM ODNDNP

N N NN
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Instruction

Mnemonic

Instruction Address Stack

Branch

Fetch Read

Byte
Data
Access

Word
Data Internal
Access Operation

J

L

M N

BTST

BTST #xx:3,Rd
BTST #xx:3,@ERd
BTST #xx:3,@aa:8
BTST #xx:3,@aa:16
BTST #xx:3,@aa:32
BTST Rn,Rd

BTST Rn,@ERd
BTST Rn,@aa:8
BTST Rn,@aa:16
BTST Rn,@aa:32

N )

R R R e

BXOR

BXOR #xx:3,Rd
BXOR #xx:3,@ERd
BXOR #xx:3,@aa:8
BXOR #xx:3,@aa:16
BXOR #xx:3,@aa:32

A W NN PRFPIA OODNMNDNDE MM ODNMNDNPRP

1
1
1
1

CLRMAC

CLRMAC

Cannot be used in the H8S/2345 Group

CMP

CMP.B #xx:8,Rd
CMP.B Rs,Rd
CMP.W #xx:16,Rd
CMP.W Rs,Rd
CMP.L #xx:32,ERd
CMP.L ERs,ERd

DAA

DAA Rd

DAS

DAS Rd

DEC

DEC.B Rd
DEC.W #1/2,Rd
DEC.L #1/2,ERd

DIVXS

DIVXS.B Rs,Rd
DIVXS.W Rs,ERd

11
19

DIVXU

DIVXU.B Rs,Rd
DIVXU.W Rs,ERd

P R[N NP R RIR[(RPRIRP ®OWRPR NP PR

11
19
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Branch Byte Word
Instruction Address Stack Data Data Internal
Fetch Read Operation Access Access Operation

Instruction Mnemonic | J K L M N

2n+2*?

2n+2*2

EEPMOV EEPMOV.B
EEPMOV.W

EXTS EXTS.W Rd
EXTS.L ERd

EXTU EXTU.W Rd
EXTU.L ERd

INC INC.B Rd
INC.W #1/2,Rd
INC.L #1/2,ERd

JMP JMP @ERnN
JMP @aa:24

JMP @@aa:8

JSR JSR @ERnN

JSR @aa:24

JSR @@aa:8

LDC LDC #xx:8,CCR
LDC #xx:8,EXR
LDC Rs,CCR
LDC Rs,EXR
LDC @ERs,CCR
LDC @ERs,EXR
LDC @(d:16,ERs),CCR
LDC @(d:16,ERs),EXR
LDC @(d:32,ERs),CCR
LDC @(d:32,ERs),EXR
LDC @ERs+,CCR
LDC @ERs+,EXR
LDC @aa:16,CCR
LDC @aa:16,EXR
LDC @aa:32,CCR
LDC @aa:32,EXR

B A W W NN OO W®WNRNNRNERERNR[NNNDNMNONRRRIRRR RPR[NMDN
R R R R R R R R R R R
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Instruction

Mnemonic

Branch Byte
Instruction Address Stack Data
Fetch Read Operation Access

Word
Data Internal
Access Operation

| J K L

M N

LDM

LDM.L @SP+,
(ERn-ERN+1)

LDM.L @SP+,
(ERn-ERN+2)

LDM.L @SP+,
(ERN-ERN+3)

2 4

1

LDMAC

LDMAC ERs,MACH
LDMAC ERs,MACL

Cannot be used in the H8S/2345 Group

MAC

MAC @ERn+,@ERmM+

Cannot be used in the H8S/2345 Group

MOV

MOV.B #xx:8,Rd
MOV.B Rs,Rd

MOV.B @ERs,Rd
MOV.B @(d:16,ERs),Rd
MOV.B @(d:32,ERs),Rd
MOV.B @ERs+,Rd
MOV.B @aa:8,Rd
MOV.B @aa:16,Rd
MOV.B @aa:32,Rd
MOV.B Rs,@ERd
MOV.B Rs,@(d:16,ERd)
MOV.B Rs,@(d:32,ERd)
MOV.B Rs,@-ERd
MOV.B Rs,@aa:8
MOV.B Rs,@aa:16
MOV.B Rs,@aa:32
MOV.W #xx:16,Rd
MOV.W Rs,Rd

MOV.W @ERs,Rd
MOV.W @(d:16,ERs),Rd
MOV.W @(d:32,ERs),Rd
MOV.W @ERs+,Rd
MOV.W @aa:16,Rd
MOV.W @aa:32,Rd
MOV.W Rs,@ERd

T e e S = T = T = Y = Sy RN

P W N R DNPRP RPN ®O®NERPRDNRPER ®O®NRPRPRPDAMDNEPR PP

N =
[EEN
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Branch Byte Word
Instruction Address Stack Data Data Internal
Fetch Read Operation Access Access Operation

Instruction Mnemonic | J K L M N

MOV MOV.W Rs,@(d:16,ERd) 2 1

MOV.W Rs,@(d:32,ERd) 4 1

MOV.W Rs,@-ERd 1 1 1

MOV.W Rs,@aa:16 2 1

MOV.W Rs,@aa:32 3 1
MOV.L #xx:32,ERd 3
MOV.L ERs,ERd 1
MOV.L @ERs,ERd 2
MOV.L @(d:16,ERs),ERd 3
MOV.L @(d:32,ERs),ERd 5
MOV.L @ERs+,ERd 2
MOV.L @aa:16,ERd 3
MOV.L @aa:32,ERd 4
MOV.L ERs,@ERd 2
MOV.L ERs,@(d:16,ERd) 3
MOV.L ERs,@(d:32,ERd) 5
MOV.L ERs,@-ERd 2
MOV.L ERs,@aa:16 3
MOV.L ERs,@aa:32 4

N NN DN DN DNDDNMNDNDDNDDNDN

MOVFPE MOVFPE @:aa:16,Rd Can not be used in the H8S/2345 Group
MOVTPE MOVTPE Rs,@:aa:16

MULXS MULXS.B Rs,Rd 11

MULXS.W Rs,ERd 19

MULXU MULXU.B Rs,Rd 11

MULXU.W Rs,ERd 19

NEG NEG.B Rd
NEG.W Rd
NEG.L ERd

NOP NOP

NOT NOT.B Rd
NOT.W Rd
NOT.L ERd

P R R[(RPR|RP P R[R[RINMN
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Instruction

Mnemonic

Instruction Address Stack

Branch

Fetch Read

Byte Word
Data Data Internal

Operation Access Access Operation

J

K

L M N

OR

OR.B #xx:8,Rd
OR.B Rs,Rd
OR.W #xx:16,Rd
OR.W Rs,Rd
OR.L #xx:32,ERd
OR.L ERs,ERd

ORC

ORC #xx:8,CCR
ORC #xx:8,EXR

POP

POP.W Rn
POP.L ERNn

PUSH

PUSH.W Rn
PUSH.L ERn

N RN R
N

ROTL

ROTL.B Rd
ROTL.B #2,Rd
ROTL.W Rd
ROTL.W #2,Rd
ROTL.L ERd
ROTL.L #2,ERd

ROTR

ROTR.B Rd
ROTR.B #2,Rd
ROTR.W Rd
ROTR.W #2,Rd
ROTR.L ERd
ROTR.L #2,ERd

ROTXL

ROTXL.B Rd
ROTXL.B #2,Rd
ROTXL.W Rd
ROTXL.W #2,Rd
ROTXL.L ERd
ROTXL.L #2,ERd

P R R R R R[RP R R R R R[RPR R R R RRNRINREPNRINM®WERLRNR R
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Instruction

Mnemonic

Branch Byte Word

Instruction Address Stack Data Data Internal

Fetch

Read Operation Access Access Operation

J K L M N

ROTXR

ROTXR.B Rd
ROTXR.B #2,Rd
ROTXR.W Rd
ROTXR.W #2,Rd
ROTXR.L ERd
ROTXR.L #2,ERd

RTE

RTE

2/3** 1

RTS

RTS

SHAL

SHAL.B Rd
SHAL.B #2,Rd
SHAL.W Rd
SHAL.W #2,Rd
SHAL.L ERd
SHAL.L #2,ERd

SHAR

SHAR.B Rd
SHAR.B #2,Rd
SHAR.W Rd
SHAR.W #2,Rd
SHAR.L ERd
SHAR.L #2,ERd

SHLL

SHLL.B Rd
SHLL.B #2,Rd
SHLL.W Rd
SHLL.W #2,Rd
SHLL.L ERd
SHLL.L #2,ERd

SHLR

SHLR.B Rd
SHLR.B #2,Rd
SHLR.W Rd
SHLR.W #2,Rd
SHLR.L ERd
SHLR.L #2,ERd

SLEEP

SLEEP

RPlRPr P P P R R(RP P P R R RIRPR R R R R RRPR PP PR PRPPRPRPNNRP R R R P PR
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Instruction

Mnemonic

Instruction Address Stack

Branch

Fetch Read

Operation Access

Word
Data Internal
Access Operation

J

K

M N

STC

STC.B CCR,Rd
STC.B EXR,Rd
STC.W CCR,@ERd
STC.W EXR,@ERd

STC.W CCR,@(d:16,ERd)
STC.W EXR,@(d:16,ERd)
STC.W CCR,@(d:32,ERd)
STC.W EXR,@(d:32,ERd)

STC.W CCR,@-ERd
STC.W EXR,@-ERd
STC.W CCR,@aa:16
STC.W EXR,@aa:16
STC.W CCR,@aa:32
STC.W EXR,@aa:32

R R R R R R R R R R R

ST™M

STM.L (ERn-ERn+1),
@-SP

STM.L (ERn-ERN+2),
@-SP

STM.L (ERN-ERn+3),
@-SP

NS B W W N DN OO OO W W NDNPEFP P

STMAC

STMAC MACH,ERd
STMAC MACL,ERd

Cannot be used in the H8S/2345 Group

SUB

SUB.B Rs,Rd
SUB.W #xx:16,Rd
SUB.W Rs,Rd
SUB.L #xx:32,ERd
SUB.L ERs,ERd

SUBS

SUBS #1/2/4,ERd

SUBX

SUBX #xx:8,Rd
SUBX Rs,Rd

TAS

TAS @ERd

TRAPA

TRAPA #x:2 Advanced

NN P[RR, W R, N R

2/3**
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Branch
Instruction Address
Fetch Read

Word
Data
Access

Byte
Stack Data
Operation Access

Internal
Operation

Instruction Mnemonic | J

K L M N

XOR XOR.B #xx:8,Rd
XOR.B Rs,Rd
XOR.W #xx:16,Rd
XOR.W Rs,Rd
XOR.L #xx:32,ERd

XOR.L ERs,ERd

XORC XORC #xx:8,CCR

XORC #xx:8,EXR

N RPN W R N R

Notes: 1. 2 when EXR is invalid, 3 when EXR is valid.
2. When n bytes of data are transferred.
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A5 Bus States during Instruction Execution

Table A.6 indicates the types of cycles that occur during instruction execution by the CPU. See
table A.4 for the number of states per cycle.

How to Read the Table:

‘ ‘ ‘ Order of execution

Instruction 1 2 3 4 5 6 7 8
Internal operation
IJMP@aa:24 R:W 2nd 1 state R:W EA
A A A {

End of instruction
Read effective address (word-size read)
No read or write
Read 2nd word of current instruction
(word-size read)

Legend

R:B Byte-size read

R:W Word-size read

W:B Byte-size write

W:wW Word-size write

‘M Transfer of the bus is not performed immediately after this cycle

2nd Address of 2nd word (3rd and 4th bytes)

3rd Address of 3rd word (5th and 6th bytes)

4th Address of 4th word (7th and 8th bytes)

5th Address of 5th word (9th and 10th bytes)

NEXT Address of next instruction

EA Effective address

VEC Vector address
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Figure A.1 shows timing waveforms for the address bus and the RD, HWR, and LWR signals
during execution of the above instruction with an 8-hit bus, using three-state access with no wait
states.

Address bus

HWR, LWR ‘ ‘ High level
| ‘ - : |
| R:W 2nd Internal RW EA |
| i operation i |
- - i it —— !
Fetching Fetching Fetching Fetching
3rd byte 4th byte 1nd byte of 2nd byte of
of instruction of instruction instruction at instruction at

jump address jump address

FigureA.1 AddressBus, RD, HWR, and LWR Timing
(8-Bit Bus, Three-State Access, No Wait States)
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Instruction Execution Cycles

TableA.6

vamd| 1Xanmd 8:p 194
vamd| IXaNnmd 8:p 119
vamd|  LIXaN M 8:p 3949
vamd|  IXaN M 8:p INg
vamd|  IXaNmd 8:p 1dg
vamd| IXanmd 8:p SAQ
vamd| IXanmd 8:p OAd
vamd| 1IXanmd 8:p 039
vamd| 1Xanmd 8:p INg
vamd| 1IxXaNmy (8:p 0719) 8:p S04
vamd| 1IxXaNmy (8:p SHA) 8:p 004
vaImd|  IXaNmd 8:p S19
vamd|  IXanNmd 8:p IHg
vamd| 1X3aN MY (8:p 49) 8:p Nu4
vamd| 1X3N MY (8:p 19) 8:p Vg
1X3IN WM EERS uy Mo pige M puz Mo ZeeR® '€ Xx# ANV
IX3AN WM v3 g:d pig M puz Mo 9T'eR® '€:XX# ANVE
LX3AN WM v3 gy puz Mo 8'ee®'e:xx# ANV
LX3AN WM v3 gy puz Mo pYIAD'EXx# ANVE
1X3N M py‘e:xx# ANV
INENIES puz Mo UX3'8Xx# DANY
1X3aN M U428 Xx# DANY
INENIRS puz Mo py3‘sy3 TANV
1X3aN Mo pig M puz Mo pH3‘ZEX# TANY
1X3N M py'sd M'ANY
1X3IN M puz Mo pPH'9TXX# M ANY
1X3IN M py'sy 9'aNY
1X3IN M pY'8:xx# 9'ANY
1X3aN M py‘sd xaav
1X3aN M py'8:xx# Xaav
1X3aN M py3a‘v/2/T# SAAV
1X3N M py3‘sy3 1aav
INENES pig M puz Mo py3a‘zeXx# 1'AQv
1X3N M pd'sd M'aav
1X3aN M puz Mo pH'9TXX# M'AAY
1X3N M py'sd g9'aav
1X3aN M pY'8:xx# 9'aav
S 14 € z T uononusu|
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V3 d'M | LX3IN W\ VY3 NG pig M pug M\ 9T:Ee® €:XX# 109
v3 g:M| LXIN WM va Ngy puz My g:ee® 'cXX# 41049
V3 a'M| LX3IN N:NH VY3 NG puz m:d PHI@ 'S XX# Y109

1IX3aAN Md pY'eXx# 4109
aeIs T

V3 M:Y | ‘uoneiado feussiy| puz m:d 9T:p 314
aeIs T

V3 M:Y | ‘uoiresado [eussiy| puz My 9T:p 1Od
aeIs T

V3 M:Yd | ‘uoirelado [eussiy| puz m:d 9T:p 17149
aeIs T

V3 M:Yd | ‘uoirelado [eussiy| puz My 9T:p 3949
aeIs T

V3 M:Yd | ‘uoirelado [eussiy| puz m:d 9T:p INgG
aeIs T

V3 M:Yd | ‘uoirelado feussiy| puz m:d 9T:p 1dg
aeIs T

V3 M:Yd | ‘uonrelado feussiy| puz My 9T:p SAd
aeIs T

V3 M:Yd | ‘uonrelado eussiy| puz My 9T:p OAd
aeIs T

V3 M:d | ‘uonrelado eussiy| puz My 9T:p 039
aeIs T

V3 M:Yd | ‘uonrelado eussiy| puz Mo 9T:p ANd
aeIs T

V3 MY | ‘uopesado [eusaiu| puz m:d (9T:p 0719) 9T:p SO4
aeIs T

V3 MY | ‘uoesado [eusaiu| puz m:d (9T:p SHA) 9T:p 009
aels T

V3 M:d | ‘uoiesado [eussiul puz m:d 9T:p S14d
aeIs T

V3 M:Yd | ‘uonrelado eusaiy| puz m:d 9T:P IHG
aeIs T

V3 MY | ‘uopesado [eusaiu| puz m:d (9T:p 49) 9T:P NHg
aeIs T

V3 MY | ‘uopesado [eusaiu| puz m:d (9T:p 19) 9T:p vH4

LERR:] 1X3IN M 8:p 3719

S v e z T uononasu|
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IXaN M pU'€Xx# LONg

LX3N WM va gy By Mo pIE MY pUZ M Zere@ CXx4 A9

LIX3aN WM vaay pIE MY puZ M oTEE@'CXx# A9

LX3N WM vaay pUZ M greR@ 'SXx# 419

LX3N WM vaay puz M pHIDEXx# A1

IXan M paEXx# Q18

LX3N WM va gy Wy Mo pIE MY PUZ M| ZEBe@ EXX# HOXIE

LX3N WM vaay pIE NN pUZ Mid|  9T:EE®'EXX# HOXIE

LX3N WM vaay pUZ Mo 8eB®) 'EXX# JOXID

LX3N WM vaay puz M PHID E:Xx# HOXID

LXan M pY'EXX# HOXID

v3 &M | LXaN WMY| V3 e Wy M pIE MY puz M Ze'e@ EXX# 1SId

V3 @M| LXIN MWY| Va3 e pIE N pUZ M 9T EE® '€ XX# 1SId

vaaMm|IXaN WM | va wa pUZ M 8:ee® XX 1SI9

va M| IXaN WM | va wa pUZ Mo PUID EXx# 1519

IXan M pU'EXX# 1SI

LX3N WM va gy Wy M pIE N puz M ZEERD EXX# WOl

LXaN WM vaay PIE MY puz M 9TER® 'EXX# HOIg

LX3N WM vaay puz M gree® € Xx# UOIg

LX3N WM vaay puz M PUID EXx# HOIF

IXan m PU'EXX# JOIg

LX3N WM va gy Wy M pIE N puz M ZeeRD 'EXX4 ATIE

LX3aN WM vaay PIE MY puz M oTER® '€ XX# AT1IF

LX3N WM vaay puz M gree® 'exXx# Aig

LX3N WM vaay puz M PUID €Xx# QTIg

IXan M paEXx# QTIg

LXaN WM TEER By M pIE N PUZ Md|  cEeee®@'€xXx# ANVIE

LX3aN WA vaay PIE MY pUZ Md|  9T:Be®@'EXx# ANVIE

LX3N WM vaay puz M 8ree® '€ Xx# ANVIE

LX3N WM vaay puz M PUI® €Xx# ANVIE

IXan M PU'EXX# ANVIE

v3 &M | LXaN W] v wea iy M pIE MY puz M zeee® Uy 4109

v3 @M| LXIN WMY| V3 N PIE MY puzZ M oTeE® 'UY 4109

v3 M| IXIN WMYE|  v3 na puz M gree® Uy 109

va M| IXIN WME|  v3 na puzZ M PUI® Uy Y109

1IXan M py‘uy 9109

v3 &M | LXaN W] v wea Gy M pIE M puz M ZeeR® 'EXx¢ U109
9 g v € z T uononnsu
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LX3AN WM YEER puz Mo pHIA@‘eXx# 15149
1X3aN M pa‘EXxX# 1S19
V3 €M | LXaN WM v3 NG i m:d pig M puz M Zeee@ exXx# 1S9
V3 EM [ LXIN WM v3 NG pig Mo puz Mo 9TeR@‘CXX# 1S9
V3 EM[ LXIN WM v3 NG puz Mo gree® exXx# 159
V3 EM[ LXIN WM v3 N:gd puz Mo pPHA@ ‘€ Xx# 1S9
1X3IN M pd‘exx# 1S9
QRIS T

(7) 0m18 MM | (H) YoBIS I V3 MY | ‘uoiiesado [euseiu| puz m:o 9T:p ¥S9
(7) yoeis MM | (H) Xoe1s IN:MM vamd| LX3aNmd 8:p ¥sdg
V3 €M | LIXaN WM v3 NG i m:d pige M puz Mo Zeee®@'uy 1359
V3 EM[ LXIN WM v3 NG pig Mo puz Mo 9T'ER®@'UY 1359
V3 EM[ LXIN WM v3 NG puz Mo g'ee® Uy 1359
V3 EM[ LXIN WM v3 Ngd puz Mo pyaA®@‘uy 1359
1X3IN M py‘uy 1359
V3 &M | IXIN WM v3a N:gd Uy M pie Mo puz Mo zeee®@ exx# 1359
V3 EM [ LXaN WM v3 NG pie Mo puz Mo gTeR@‘CXX# 1359
V3 EM [ LXIN WM v3 NG puz Mo gree®'exXx# 1359
V3 EM[ LXIN WM v3 NG puz Mo pHI@‘eXx# 1359
1X3IN M:A pd'exx# 1359
LX3IN WM YEERS uy M pie Mo puz Mo ZeeRr® e Xx# 409
LX3IN WM v3 g pie Mo puz Mo 9TBR® ‘€ XX# HOT
LX3AN WM YEERS puz Mo g'eR® eXX# 404
LIX3AN WM v3 g puz Mo pHAD ‘€:Xx# HOd
1X3IN M py‘e:xx# 409
V3 €M | LIXaN WM v3 NG U m:d pig Mo puz Mo zeee®@'ud 1ONg
V3 EM[ LXIN WM v3 NG pie Mo puz Mo 9T'ER®'Ud LONS
V3 EM [ LXIN WM v3 NG puz Mo g'ee® Uy 1ONd
V3 EM | LXIN WM v3 N:gd puz Mo pYaA®‘ud LONS
1X3IN M py‘ud 1ON9
V3 &M | IXIN WM v3a N:ad U M pie M puz Mo zeee® exx# 1ONG
V3 E:M [ LXIN WM v3 NG pig Mo puz Mo 9T:eR@ ‘e XX# LONY
V3 EM [ LXIN WM v3 NG puz Mo g'ee® eXx# LONg
V3 EM [ LXIN WM v3 NG puz Mo PHIA@ ‘€ Xx# LONG

9 S ¥ € z T uononasu|
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IXaN M pd ONI
IXaN M Py TNLXI
IXaN M pd MNLXT
LXan M NEREINE]
< 2 Sown u pajeaday — IXaN M pd M'S1X3
IXaNMH| zpvaam| csvaad| ipvagd| isvagad puz M MAONd33
IXSNMH| L pvaam| csvaad| i pvagd| isvaad puz M ' AOWd33
sajels 6T ‘uonelado [eusdlul | IX3IN M pHI'sY M NXAIQ
7 saje)s 17 ‘uonelado feusalul | IX3IN M py'sy g'NXAIQ
salels 6T ‘uonesado feusalul | 1XIN Md pUZ M pHI'SH M'SXAIQ
sele)s TT ‘uonesado feusalul | 1X3IN Md pUZ Mo pd'sd 9'SXAIQ
IXan m pY3'Z/T# 103d
IXan m pY'Z/T# M'O3A
IXan m pd 9030
IXan m pd Sva
IXan m pd vva
IXan m py3'sY3 TdIND
LXaN M PIE MY puz M PUIZEXXH TdIND
IXan m pa'sd M'dIND
LXan M puz M PU9TXX# M dIND
IXan m py'sd 8'diND
IXan m PU'8Xx# @' dND
dnoiS GrEZ/SSH @) Ul pasn g Jouued OVIWYTO
LX3N WM vaay By M pIE MY PUZ MH|  Zeee® 'exx# HOXd
LX3aN WA vaay PIE MY PUZ Md|  9T:ER®'EXX# HOXE
LX3N WM vaay puz M gree® € Xx# 4OXE
LX3N WM vaay puz M PUID® €Xx# JOXE
IXan md pU‘EXxX# HOXE
LX3N WM vaay By M pIE MY puz M zeee® Uy 1514
LX3aN WA vaay PIE MY puzZ M oTER®'Ud 1514
LX3N WM vaay puzZ M gree@ Uy 119
LX3N WM vaay puzZ M pPUI®@'UY 1S1g
LXan md pyuy 1S19
LX3N WM va gy iy M pIE M puz M zeeR® eXx# 1519
LX3aN WM va gy pIE MY puz M oTeR® 'EXX# 1519
LX3N WM vaay puz M gree® 'exx# 1514
9 g v € z T uononnsu
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aels

(T+ud3-uy3)

¢,(1)08Is MY |g, (H) oIS WMy | ‘uonesado [ewsaiu| | XN IN:M:H puz m:d +dS® TWAT
vamd| L1xanmd uw M pig M puz m:o dx3'zeee® OaT
vamd| L1xanmd uw M pig M puz M:d doD'zeee® OaT
vamd| Lxanmd pig M puz M:d dx3'9T:ee® Oq1
vamd| LIXaNmd pig M:d puz M:d d02'9TeR® OQT
AwIS T
V3 M:d | ‘uonesedo ewai | IXIN MY puz M:d dX3'+s43®@ 0a1
AwIS T

V3 M:d | ‘uonesedo ewsaiu | IXIN MY puz M:d 400 +s43I® 2a1
vamd| 1XaNnm nws md U M:d pig M puz \:d| dx3'(s¥a‘ze:p)@ Oai
vaMmd|  IXIN MY ns m:d i M pie A puz M:d| ¥0D'(sd3a‘zep)® Oan
vamd| LIXaNmd pig M puz M:d| dX3'(s¥3'9T:P)® Oa1
vaMmd|  LXaN M pig M puz M| ¥0D(SYA'9T:P)® OaT
vamd| LIXaNnmd puz M:d dX3'sy43®@ O0al
vamd| LIXaNnmd puz M:d ¥02'sy3®@ 0a1
LXaAN M dx3'sd 041
LX3AN M 400'sy 0a1
LX3IN M- puz M:d dX3'8:xx# 0aT
LX3N M d02'8xx# 0a

vI M| (1) 20eIs MM | (H) X0IS MM gee M| gER W:MY|  IX3IN M
8'ee®® HSC

aeIS T

(1) Yoeis MM |(H) X0BIS IN:M:M V3 MY | ‘uonesado [ewiaiu| puz m:d
vz:eed dsr

(7) YoeIs M:M |(H) oBls IN:MM vaImd| L1XaNmd
uyaA® ¥SC

BEY;

Y3 M\ _:oz«:wao [eulajul gee M\’ g:ee N MNH 1X3IN M\:H

8ee@® dAC
ajels T
VA MY | ‘Uojeiado [eusal puz m:d vzee® dNC
vIMmd| IXaNmd uya® dNC
LX3IN M py3a‘2/T# T ONI
LX3IN M py‘2/T# MONI
9 S 4 € z T uonanasy|
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VI MM LX3aN M py3®'sd M AOW
v3 gy LXaN m:d pig M puz m:d py'zeeR® M AON
vamd LX3N Mo puz m:d pY'9T:ER® M AON
alels T
V3 MY | ‘uonesado [eusaiul LXaN M pY ‘+s43® M'AOW
va My LX3N MY Uy Mo pIg M:d puz Md | pY(sd3'zeP)® MAOW
vam:d LX3N Mo puz \:d|  pd'(SY3'9T:P)® M'AOW
va Mo LXaN M py'syYI® M AOW
LXaN M pY‘sd M'AOW
LX3N Mo puz m:d pY'9TXX# M AOW
V3 M LX3aN m:d pIg MY puz m:d zeee®'sy 9'AOW
v3 M LX3N Mo puz m:d 9TER®'SY 9'AOW
v3 EM LXaN M g'ee®'sy 9’ AOW
QIS T
V3 g'M | ‘uoiesado feussiul LXaN M pYI-@‘sy 9'AOW
v3 gM LX3aN M:H U Mo pig M puz :d|  (pd3‘zEP)D'sH 9'AOW
v3gm 1X3AN MY puz e | (PYI'IT:P)D'SH 9'AOW
v3 gM LXaN M pYID'sy 9'AOW
v3 gy LXaN m:d pIg Mo puz M:d py‘zeee® 9'AOW
va g LXaN Mo puz M:d py'9T:eR® 9'AOW
va gy LXaN M py'g:ee® 9'AON
QIS T
V3 g | ‘vojelado [eusau LX3N M py'+s43® 9'AON
va gy LXaN M U Mo pig M puz \:d|  pd‘(sd3'ZEP)® 9'AON
v3 g LX3N Mo puz M| pY(SHI'9T:P)® 9'AOW
va gy LXaN M py‘syY3I® 9'AOW
LXaN M py'sd 9°AON
LXaN M pY'8Xx# 9'AOW
+WYID'+uyID OV
TOV'SH3 OV
dnoi9 GyEZ/SSH By Ul pasn aq Jouued HOVIN'SY3 OVING1
aels T
¢,(1) %0818 MY |, (H) XoBIS WM | ‘uomessdo eusaiu] LX3N M puz M | (E+ud3-uy3)'+dS® TINAT
aels T
¢,(1) %081s MY |, (H) XoBIS WM | ‘uopessdo eussiu] LX3N MY puz M | (Z+ud3-uy3)'+dS® TINAT
g B € z 1 uonoNISu|
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LX3IN M py'sy 940

LX3IN M PY'8:Xx# 8°40

1X3IN M PY3 T1ON

1X3IN M P M\'LON

1X3IN M Py 9'1ON

LX3IN M dON

LX3IN M [RERREL

1X3IN M Py M'O3AN

1X3IN M Py 9'93N

sajess 6T ‘uoelado [eussiul 1X3IN M py3‘'sd M'NXININ

sajess TT ‘uohelado [eussiul 1X3IN M py'sd a'NXTINN

sajess 6T ‘uoelado [eussiul 1X3IN M puz md pya‘sd M'SXININ
sajess TT ‘uopelado [eussiul 1X3IN M puz M\ py'sy g'SXINN

dnoio GyEZ/S8H BU3 Ul Pasn aq jouued

9T:ee®'sy IdLAOW

pYy‘9T:Ee® FdJ4AON

HVIMM| VINMM]  IXaN MY urmd|  piE M puz m:d Zeee®'sd3 TAON
YAMM| VIWMM|  LXANMHE|  pIE MY puz m:d 9T:ER®'s43 TAON
QeS|
ZHYI MM | V3 WM | ‘vonessdo feussiul | TXAN IN:MY puz m:d pY3-®'sd3 TAON
ZHVAMM|  VIWMM|  IXaNmd ws M| Wy W] pIE puz M | (PH3‘ZEP)D@'SsHT TAON
ZYAMM|  VIWMM|  LXANMHE|  pIE MY puz M | (PHI'9T:P)@'sH3 TAOW
ZHVAMM| V3 WMM| LX3IN WM puz M:d pPYID'sy3 TAOW
Z+vAMY| vawmd| IXanmd urmad|  piE M puz m:d pY3'ZEEE® TAOW
ZHvam vIWNME|  IXINME|  piE M puz m:d PYI'9TEE® TAOW
QLS T
ZHvam V3 IN:M:Y | ‘uonerado feusaiul | 1XAN MY puz m:d PYI'+s43® TAOW
ZvAMY | VIWMHE]|  IXaNmH ws M| Wy Wwmd| pIg e puz M | Py (s83'ZEP)D TAON
ZHvam VINME|  IXaNME|  piE M puz M | P (S43'9T:P)® TAOW
ZvAMH| VI WMAH| IXAN M puz m:o pY3's4I® TAOW
IXaN md py3‘sd3 TAON
LX3aN M pIE MM puz m:d pY3ZEXX# TAON
vamMm| IXanmd pIE M puz M- zeee®'sd MAOIN
vamMm| IXanmd puz m:o 9T:ER®'Sd M'AOI
IS T
V3 MM | ‘Uonesedo feusalul | IX3AN MY pY3-®'sd MAOW
vaMM| LXanmy Uy 3 pig M puz M| (pY3ZEP)@ 'S MAOI
vaIMM|  IX3aN MY puz \d | (PHI'9TP)@'Sd MAOI
L 9 S v € z 1 uononusuj
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IXaN Mo pd3 TUXL10od
LIXaN Mo pd'zH# M UXL0d
LIXaN Mo pPd M UXL10d
LIXaN Mo pd'c# 9 UXL10d
IXaN Mo pY g'uX10d
LIXaN Mo pg3c# 1IXL0Y
LIXaN Mo pd3 17IXL10d
IXaN M pY‘z# M IXLOY
IXaN M pPY MIX10Y
IXaN M pY'z# 9 1X10Y
IXaN Mo Py 81XL10d
IXaN Mo pYI‘c# 1THLOY
IXaN Mo py3 THLOY
IXaN Mo pY‘z# M'UL0Y
IXaN Mo pPY M'HL10Y
IXaN Mo py'z# ' d10Y
LIXaN Mo pyd 9°9.10d
IXaN Mo pu3z# 1110d
LIXaN M pY3 11L0Y
IXaN Mo pY'z# M110Y
IXaN Mo pd M1L0Y
IXaN Mo pd'z# @110d
IXaN Mo py @104
aes T
ZHVI MM | Y3 LM | ‘uoiesado feusaul | LXIIN MY puz MY uy3 THSNd
aels T
V3 MM | ‘uoliesado feusalul | IX3IN M uyd M°HSNd
aeIS T
ZHVI M| V3 NMGY | ‘uoleiado feusalul | 1XIIN MY puz M uy3 1'dod
aels T
V3 MY | ‘uoliesado eusalul | IX3IN M uyd M°dod
LXaN M pUZ M UXT'8Xx# DHO
INEN J0D'8Xx# 04O
LXaN md pUZ M RERCERES
LX3aN M PIE MY puZ M PUI ZEXXE THO
LIX3aN M py'sd M'HO
LX3AN M puZ M PY'9TXX# M'HO
S ¥ e 2z T uononisu|
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VI MM|  LIXIN M pig Mo puz mid| (PEF'9T:P)@'WDD D1S
VIMM| IXaINMA puz m:d pYI® YX3A D1S
VIMM| LIXINMAH puz Mo pY3® ™00 O1S
1X3aN M py'dX3 O1S
1X3aN M pd'd00 O1S
IN:uonesado feusalul | 1X3IN M:A d33ais
1X3N M pHI‘Z# THTHS
1X3N M pY3 THTHS
1X3N M py‘z# M YTHS
1X3N M pd MHTHS
1X3N M py‘z# 9°UHS
1X3N M Py g°91HS
IX3N M pya‘Z# TTIHS
IX3N M pY3 TTTHS
IX3IN M py‘Z# MTIHS
1X3aN M pd MTIHS
1X3aN M py‘Z# 9 1THS
1X3aN M py g 1THS
1X3aN M pY3'2# TUVHS
1X3aN M py3 THVHS
1X3aN M pH'Z# M IVHS
1X3aN M pd M dVHS
1X3aN Mo py'Z# 9°dVHS
1X3N M Py 9'dVHS
1X3N M pya‘z# TIVHS
LIX3IN M py3 TIVHS
1X3N M pY'z# M IVHS
1X3N M Py M IVHS
IX3IN M pY'Z# 9 IVHS
1X3N M pY 9IVHS
aeIS T
v, M | ‘Uoieiado feusaul | (7)oBIs i | (H)YoBIs M| LX3N M S1d
aeIS T
v N | ‘vonesado eussiul | (T)oeIs M | (H) s M | (ux3)eis M| LX3N MY 31y
1X3aN M py3'Z# TUXLOY
9 g v e 4 T uononJsu|
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IX3IN M pig M puz m:d pPYI‘ZEXX# T HOX
1X3N M pd'sd MHOX
LX3IN M puz Mo PA9TXX# M HOX
1X3N M pd'sd 9°HOX
1X3N M pA‘8Xx# 40X
aeIs T aeIs T

,M:d| ‘voneiado feussiul|  Z+OIA M:H| DI WY |(MX3) 10es WM | (H) Yoeis wom | () Yoeis mim | ‘uoliessdo feuseiu|  IXIN MY TX# VdVHL
vigm| vawegd| 1Ixanmy puz m:d pPY3® SYL
1X3N M:d py'sd XaNs
1X3N M:d py'8:xXx# XaNs
1X3N M:d py3a'v/2/T# SANS
1X3N M py3a‘'sy3 1dNS
1X3aN M pie M puz m:o pya‘zEXX# 1dNS
1X3N M pa‘'sd M'dns
LX3IN M- puz m:o pH‘9T:XX# M'ANS
1X3N M py‘sd 9'dns
pPA3I1OVIN OVINLS
dnois sy£2/S8H Ui ul pasn ag jouue) PAI'HOVIN OVINLS

QIS T
¢.,(1) 00818 WM | ¢, (H) %0BIS ;MM | ‘Uonesado feusaiul | I XN N:MH puz M|  dS-@'(e+udF-Ud3)TINLS

QIS T
£.,(1) 00818 MM | ¢, (H) %0BIS ;MM | ‘Uonesado fewsaiul | 1X3AN IN:MH puz M|  dS-@'(z+udF-ud3) TINLS

IS T
¢ ,(1) 00818 WM | ¢, (H) %0BIS ;MM | ‘Uonesado fewsaiul | I XN MY puz M:id|  dS-@'(T+Uud3-Ud3) TINLS
VIMM|  LX3IN M iy M pie M puz m:o zeee®'yx3d O1S
VIMM|  LIX3aN M Uiy M pig M puz Mo Z£€e® Y00 J1S
vIMM|  LX3IN M pig M:H puz M:d 9T:eR® dX3d O1S
VIMM|  LX3IN M pig M puz M:d 91:€e®"YID J1S

aeIs T
V3 MM | ‘voieizdo eusel| | IX3AN MM puz m:o pYI-®'YX3 O1S

aEIs T
V3 MM | ‘voieisdo eusei| | IX3AN MM puz Mo pPY3I-®'Y0D O1S
VIMM|  LXIN MY s M iy M pie M puz M| (PY3'ZEP)D UXT O1S
VIMM|  LIXIN MY s M Uiy M pie M puz M| (PYIZEP)D HDID O1S
VI MM|  LX3IN MY pie M:H puz Mo (PH3'9T:P)@'UX3 O1S

6 8 L 9 S 4 € z T uononssu|

Rev. 4.00 Feb 15, 2006 page 745 of 900

REJ09B0291-0400

RENESAS



Appendix A Instruction Set

peal ay) apow Agpuels alemyos 1o apow daa|s woij A1aA02al U] “Yoels ayl oluo paysnd anjea Dd ay: snid omy 01 [enba ‘ssaippe yoiajaid
‘wesbold ay) Jo ssalppe uels -
"uin}al 1aye ssalppe Uels -
'sJ19)s16al 1oy 1o} sawi} N0y 10 ‘s1a1sIBal 931y} 10} SaWN 931y} ‘s191sIBal OM] 9101Sal 10 SAES 0} SaWl) om) pareaday

‘aunnol Buipuey-1dnuiaiul ay) Jo ssaippe ueis '/
‘uonesado reusaiul ue Aq paosejdal si uoirelado

™M < 16O

"PIN2aXa 10U I SBJ9AD SN 8sayl ‘0 = U J| " 10 Y 40 anjea
[eniul 8yl SI U "UonoNISUI BY) JO UONNIBXS Jaye T AQ pajuswaloul ale sisisifal ylog ‘943 JO SIUSIU0D Y} SI PYT "GHT JO SIUSIU0D BY) SI ST 2

‘943 JO SJUSIU0I Byl SI PV "G JO SIUSIUOD Byl SI SV ‘T S8ION
aels T aels T Bulpuey
1M ‘vonesado fewalul | Z+DIA ME | DA WM X3 Peismm | (H) oIS i | (7) oIS M | ‘uonesado eusaul 9,MH uondaoxa 1dnuau|
aels T Bulpuey
g, M | ‘voeiado ewseil | Z+O3A Mid| O3IA WM uondaoxa 1959y
1X3IN M puz M\ UXI'B:XX# DHOX
1X3IN M HOD'8:XX# DHOX
1X3IN M puz M\ pY3‘'sy3 THOX
6 8 L 9 S 14 € Z T uononisui
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A.6 Condition Code M odification

This section indicates the effect of each CPU instruction on the condition code. The notation used
in the table is defined below.

m= 31 for longword operands
15 for word operands

7 for byte operands

S The i-th bit of the source operand
Di Thei-th bit of the destination operand
Ri Thei-th bit of the result

Dn The specified bit in the destination operand

— Not affected

I Modified according to the result of the instruction (see definition)
0 Always cleared to O

1 Alwayssetto 1

* Undetermined (no guaranteed value)

z Z flag before instruction execution

c C flag before instruction execution
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TableA.7 Condition Code Modification

Instruction H N Z VvV C Definition

ADD T H=Sm-4 - Dm—4 + Dm—4 - Rm—-4 + Sm—4 - Rm—4
N =Rm
Z=Rm-Rm-1.- RO
V=Sm-Dm-Rm+Sm-Dm:Rm
C=Sm-Dm+Dm-Rm + Sm - Rm

ADDS @&— — — — —

ADDX T H=Sm-4 - Dm—4 + Dm-4 - Rm—-4 + Sm—4 - Rm—4
N =Rm
Z=7Z -Bm:---R0O
V=Sm-Dm-Rm+Sm-Dm:Rm
C=Sm-Dm+Dm-Rm +Sm - Rm

AND — 1! T 0 — N =Rm
Z=Rm-Rm-1.- RO

ANDC K Stores the corresponding bits of the result.
No flags change when the operand is EXR.

BAND —_ — — — 7 C=C'-Dn

Bce @0 0—- — — — —

BCLR @ @ — = — — —

BIAND - — — =1 C=C'-Dn

BILD - — — — C=Dn

BIOR - — — =1 C=C'+Dn

BistT = - = = — —

BIXOR - — — =1 C=C-Dn+C'-Dn

BLD _— — =7 C=Dn

BNOT @~ @&—— — — — —

BOR —- — — — 1 C=C'+Dn

BSET @~ & — — — — —

BSR === - = = — —

BstT 0 == — — —

BTST — — ! — — Z=Dn

BXOR - — — — C=C-Dn+C'-Dn
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Instruction H N Zz Vv C Definition

CLRMAC Cannot be used in the H8S/2345 Group

CMP 1T H=Sm-4 - Dm—4 + Dm—4 - Rm-4 + Sm—4 - Rm—4
N =Rm
Z=Rm-BRm-1 - -RO

V=Sm-Dm-Rm+Sm-Dm:Rm

C=Sm-Dm+Dm:Rm+Sm:Rm

DAA * 1 o 1 N =Rm
Z=Rm-Rm=1 - RO
C: decimal arithmetic carry

DAS * 7 o 1 N =Rm
Z=Rm-Rm=T - - - RO
C: decimal arithmetic borrow

DEC -7 1 7 — N =Rm
Z=Rm-Rm=1 - RO
V =Dm - Rm

DIVXS — 1!t — — N=Sm-Dm+Sm-Dm
Z=Sm-Sm-1 .- -S0

DIVXU — 1! 1 — — N=Sm
Z=5m-Sm=T - - 50

EEPMOV ~ — — — — —

EXTS — 1 1 0 — N=Rm
Z=Rm - Rm-1 RO

EXTU — 0 t 0 — ZzZ=Bm-Rm-1---R0

INC -7 1 7 — N =Rm
Z=Rm - BRm—1 RO
V =Dm :Rm

VP = — — — —

JSR = — — — —

LDC O Stores the corresponding bits of the result.

No flags change when the operand is EXR.

LbM - — — — —
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Instruction H N Z V C Definition
LDMAC Cannnot be used in the H8S/2345 Group
MAC
MOV — 1! T 0 — N =Rm
Z=Rm-Rm-1 -~ - RO
MOVFPE Can not be used in the H8S/2345 Group
MOVTPE
MULXS -7 7 — — N =R2m
Z=Rom -R2m=1 - - - RO
MuLx = - - — — —
NEG O H = Dm—4 + Rm—4
N =Rm
Z=Rm-Rm-1 -~ - RO
V=Dm - -Rm
C=Dm+Rm
NOP = - - — —
NOT — 1! T 0 — N =Rm
Z=Rm-Rm-1 -~ - RO
OR — 1! T 0 — N =Rm
Z=Rm-Rm-1 -~ - RO
ORC K Stores the corresponding bits of the result.
No flags change when the operand is EXR.
POP — 1t 1 0 — N=Rm
Z=Rm-BRm-1 .- -RO
PUSH — 1! T 0 — N =Rm
=Rm-Rm-1 - - - RO
ROTL — 7 1 0 7 N =Rm
Z=Rm-BRm-1 - -RO
C = Dm (1-bit shift) or C = Dm-1 (2-bit shift)
ROTR — 1t T 0 7 N =Rm

Z=Rm-Rm-1- RO
C = DO (1-bit shift) or C = D1 (2-bit shift)
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Instruction H N Z V C Definition
ROTXL — 7 1 0 7 N =Rm

Z=Rm-Rm=1 - RO

C = Dm (1-bit shift) or C = Dm-1 (2-bit shift)
ROTXR — 1 T 0 7 N =Rm

Z=Rm-Rm=T - - - RO

C = DO (1-bit shift) or C = D1 (2-bit shift)
RTE K Stores the corresponding bits of the result.
RTS — — — — —
SHAL — 1 12 N =Rm

Z=Rm-Rm=1 - RO

V =Dm - Dm-1 + Dm - Dm=1 (1-bit shift)

V =Dm - Dm-1 - Dm-2 - Dm - Dm—1 - Dm=2 (2-bit shift)

C = Dm (1-bit shift) or C = Dm-1 (2-bit shift)
SHAR — 1 t o0 ¢ N =Rm

Z=Rm-Rm=1 - RO

C = DO (1-bit shift) or C = D1 (2-bit shift)
SHLL — 1 T 0 3 N =Rm

Z=Rm-Rm=T - - - RO

C = Dm (1-bit shift) or C = Dm-1 (2-bit shift)
SHLR — 0 ¢ 0 ¢ N =Rm

Z=Rm-Rm=1 - RO

C = DO (1-bit shift) or C = D1 (2-bit shift)
SLEEP @ @ — — — — —
stfc 000 - — — — —
st M 0 - = — — —
STMAC Cannot be used in the H8S/2345 Group
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Instruction H N Z C Definition
SUB DO ! H = Sm-4 - Dm—4 + Dm—4 - Rm—4 + Sm—4 - Rm—4
N =Rm
Z=Rm -Rm=T - - - RO
V=8m-Dm-Rm+Sm-Dm-Rm
C=Sm -Dm+Dm-Rm+Sm:Rm
suBS = 0— — — — —
SUBX Tt ! H = Sm-4 - Dm—4 + Dm—4 - Rm-4 + Sm—4 - Rm—4
=Rm
Z=7-Rm----R0
=Sm-Dm-Rm+ Sm-Dm - Rm
C=Sm -Dm+Dm-Rm+Sm:Rm
TAS — 1 1 — =Dm
7 =Dm -Dm=T - - - DO
TRAPA  — — — — —
XOR — 1 7 — N =Rm
Z=Rm-Rm-1.- RO
XORC 111 ! Stores the corresponding bits of the result.

No flags change when the operand is EXR.
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Appendix B Internal |/O Register

B.1 Addresses

Address Register Module Data Bus
(low) Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Name Width
H'F800 MRA SM1 SM0 DM1 DMO MD1 MDO DTS Sz DTC 16/32**
to S bit
HFBFF  SAR

MRB CHNE DISEL — — — — — —

DAR

CRA

CRB
H'FE80 TCR3 CCLR2 CCLR1 CCLRO CKEG1 CKEGO TPSC2 TPSC1 TPSCO TPU3 16 bit
HFE81T TMDR3 — — BFB BFA MD3 MD2 MD1 MDO

HFE82 TIOR3H 10B3 10B2 10B1 10B0O I0A3 I0A2 I0A1 I0A0

HFE83 TIOR3L 10D3 10D2 10D1 10D0 10C3 10C2 10C1 10CO

HFE84 TIER3 TIGE — — TCIEV TGIED TGIEC TGIEB TGIEA

H'FE85 TSR3 —_ — — TCFV TGFD TGFC TGFB  TGFA

HFE86 TCNT3

H'FE87

HFE88 TGR3A

H'FE89

H'FEBA TGR3B

H'FE8SB

HFE8BC TGR3C

H'FE8D

HFESE TGR3D

H'FESF
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Appendix B

Internal I/O Register

Address Register Module Data Bus
(low) Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Name Width
H'FE9O TCR4 — CCLR1 CCLRO CKEG1 CKEGO TPSC2 TPSCl1 TPSCO TPU4 16 bit
H'FE91 TMDR4 — — — — MD3 MD2 MD1 MDO

H'FE92 TIOR4 10B3 10B2 10B1 10B0O I0A3 I0A2 I0A1 I0A0

H'FE94 TIER4 TTGE — TCIEU TCIEV — — TGIEB TGIEA

H'FE95 TSR4 TCFD — TCFU TCFV — — TGFB TGFA

H'FE96 TCNT4

H'FE97

H'FE98 TGR4A

H'FE99

H'FE9A TGR4B

H'FE9B

H'FEAO TCR5 — CCLR1 CCLRO CKEG1 CKEGO TPSC2 TPSCl1 TPSCO TPUS 16 bit
H'FEA1 TMDR5 — — — — MD3 MD2 MD1 MDO

H'FEA2 TIORS5 10B3 10B2 10B1 10B0O I0A3 I0A2 I0A1 I0A0

H'FEA4 TIERS TTGE — TCIEU TCIEV — — TGIEB TGIEA

H'FEA5 TSR5 TCFD — TCFU TCFV — — TGFB TGFA

H'FEA6 TCNT5

H'FEA7

H'FEA8 TGR5A

H'FEA9

H'FEAA TGR5B

H'FEAB

H'FEBO P1DDR P17DDR P16DDR P15DDR P14DDR P13DDR P12DDR P11DDR P10DDR Port 8 bit
H'FEB1 P2DDR P27DDR P26DDR P25DDR P24DDR P23DDR P22DDR P21DDR P20DDR

H'FEB2 P3DDR — — P35DDR P34DDR P33DDR P32DDR P31DDR P30DDR

H'FEB9 PADDR — — — — PA3DDR PA2DDR PA1DDR PAODDR

H'FEBA PBDDR PB7DDR PB6DDR PB5DDR PB4DDR PB3DDR PB2DDR PB1DDR PBODDR

H'FEBB PCDDR PC7DDR PC6DDR PC5DDR PC4DDR PC3DDR PC2DDR PC1DDR PCODDR

H'FEBC PDDDR PD7DDR PD6DDR PD5DDR PD4DDR PD3DDR PD2DDR PD1DDR PDODDR

H'FEBD PEDDR PE7DDR PE6DDR PESDDR PE4DDR PE3DDR PE2DDR PE1DDR PEODDR

H'FEBE PFDDR PF7DDR PF6DDR PF5DDR PF4DDR PF3DDR PF2DDR PF1DDR PFODDR

H'FEBF PGDDR — — — PG4DDR PG3DDR PG2DDR PG1DDR PGODDR
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Appendix B Internal I/0O Register

Address Register Module Data Bus
(low) Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Name Width
H'FEC4 IPRA — IPR6 IPR5 IPR4 — IPR2 IPR1 IPRO Interrupt 8 bit
H'FEC5 IPRB — IPR6 IPR5 IPR4 — IPR2 IPR1 IPRO controller

H'FEC6 IPRC — IPR6 IPR5 IPR4 — IPR2 IPR1 IPRO

H'FEC7 IPRD — IPR6 IPR5 IPR4 — IPR2 IPR1 IPRO

H'FEC8 IPRE — IPR6 IPR5 IPR4 — IPR2 IPR1 IPRO

H'FEC9 IPRF — IPR6 IPR5 IPR4 — IPR2 IPR1 IPRO

H'FECA IPRG — IPR6 IPR5 IPR4 — IPR2 IPR1 IPRO

H'FECB IPRH — IPR6 IPR5 IPR4 — IPR2 IPR1 IPRO

H'FECC IPRI — IPR6 IPR5 IPR4 — IPR2 IPR1 IPRO

H'FECD IPRJ — IPR6 IPR5 IPR4 — IPR2 IPR1 IPRO

H'FECE IPRK — IPR6 IPR5 IPR4 — — — —

HFEDO ABWCR ABW7 ABW6 ABW5 ABW4 ABW3 ABW2 ABW1 ABWO Bus controller 8 bit

HFED1 ASTCR AST7 AST6 AST5 AST4 AST3 AST2 AST1 ASTO

HFED2 WCRH W71 W70 w61 W60 W51 W50 w41 W40

HFED3 WCRL w31 W30 w21 W20 Wil W10 wo1 W00

H'FED4 BCRH ICIS1 ICISO BRSTR BRSTS1 BRSTSO — —_ —_

M

H'FED5 BCRL BRLE — EAE — — — — WAITE

H'FEDB RAMER — — — — — RAMS RAM1 RAMO

H'FF2C ISCRH  IRQ7SCB IRQ7SCA IRQ6SCB IRQ6SCA IRQ5SCB IRQ5SCA IRQ4SCB IRQ4SCA Interrupt 8 bit

H'FF2D ISCRL  IRQ3SCB IRQ3SCA IRQ2SCB IRQ2SCA IRQLSCB IRQ1SCA IRQOSCB IRQOSCA controller

HFF2E IER IRQ7E  IRQ6E IRQ5E IRQ4E IRQ3E IRQ2E IRQIE IRQOE

HFF2F ISR IRQ7F IRQ6F IRQ5F IRQ4F IRQ3F IRQ2F IRQ1F IRQOF

H'FF30 DTCER DTCE7 DTCE6 DTCE5 DTCE4 DTCE3 DTCE2 DTCE1l DTCEO DTC 8 bit

to

H'FF34

H'FF37 DTVECR SWDTE DTVEC6 DTVEC5 DTVEC4 DTVEC3 DTVEC2 DTVEC1 DTVECO

H'FF38 SBYCR SSBY STS2 STS1  STSO OPE — — — Power-down 8 bit
mode

HFF39 SYSCR — — INTM1 INTMO NMIEG — — RAME MCU 8 bit

H'FF3A SCKCR PSTOP — — — — SCK2 SCK1 SCKO Clock pulse 8 bit
generator

H'FF3B  MDCR — — — — — MDS2 MDS1 MDSO MCU 8 bit

H'FF3C MSTPCRH MSTP15 MSTP14 MSTP13 MSTP12 MSTP11 MSTP10 MSTP9 MSTP8 Power-down 8 bit

H'FF3D MSTPCRL MSTP7 MSTP6 MSTP5 MSTP4 MSTP3 MSTP2 MSTP1 MSTPO mode

H'FF42 SYSCR2 — — — — FLSHE — — — MCU 8 bit
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Address Register Module Data Bus
(low) Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Name Width
HFF44 Reserved — — — — — — — — Reserved —

HFF45 Reserved — — — — — — — —

HFF50 PORT1 P17 P16 P15 P14 P13 P12 P11 P10 Port 8 bit
HFF51 PORT2 P27 P26 P25 P24 P23 P22 P21 P20
HFF52 PORT3 — — P35 P34 P33 P32 P31 P30
HFF53 PORT4 P47 P46 P45 P44 P43 P42 P41 P40
HFF59 PORTA — — — — PA3 PA2 PAl PAO

HFF5A PORTB PB7 PB6 PB5 PB4 PB3 PB2 PB1 PBO

HFF5B PORTC PC7 PC6 PC5 PC4 PC3 PC2 PC1 PCO

HFF5C PORTD PD7 PD6 PD5 PD4 PD3 PD2 PD1 PDO

HFF5D PORTE PE7 PE6 PES PE4 PE3 PE2 PE1 PEO

HFFSE PORTF PF7 PF6 PF5 PF4 PF3 PF2 PF1 PFO

HFF5F PORTG — — — PG4 PG3 PG2 PGl  PGO

HFF60 PI1DR P17DR P16DR P15DR P14DR P13DR P12DR P11DR PI10DR

HFF61 P2DR P27DR P26DR P25DR P24DR P23DR P22DR P21DR P20DR

H'FF62 P3DR — — P35DR P34DR P33DR P32DR P31DR P30DR

HFF69 PADR — — — — PA3DR PA2DR PA1DR PAODR

H'FF6A PBDR PB7DR PB6DR PB5DR PB4DR PB3DR PB2DR PB1DR PBODR

HFF6B PCDR PC7DR PC6DR PC5DR PC4DR PC3DR PC2DR PC1DR PCODR

HFF6C PDDR PD7DR PD6DR PDS5DR PD4DR PD3DR PD2DR PD1DR PDODR

H'FF6D PEDR PE7DR PE6DR PE5DR PE4DR PE3DR PE2DR PEIDR PEODR

H'FF6E PFDR PF7DR PF6DR PF5DR PF4DR PF3DR PF2DR PF1DR PFODR

HFF6F PGDR — — — PGADR PG3DR PG2DR PGIDR PGODR

HFF70 PAPCR — — — — PA3PCR PA2PCR PA1PCR PAOPCR

HFF71 PBPCR PB7PCR PB6PCR PB5PCR PB4PCR PB3PCR PB2PCR PB1PCR PBOPCR

HFF72 PCPCR PC7PCR PC6PCR PC5PCR PC4PCR PC3PCR PC2PCR PC1PCR PCOPCR

HFF73 PDPCR PD7PCR PD6PCR PD5PCR PD4PCR PD3PCR PD2PCR PD1PCR PDOPCR

HFF74 PEPCR PE7PCR PE6PCR PES5PCR PE4PCR PE3PCR PE2PCR PE1PCR PEOPCR

HFF76 P30ODR — — P350DR P340DR P330DR P320DR P310DR P300DR

HFF77 PAODR — — — — PA30ODR PA20DR PA1ODR PAOODR
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Appendix B Internal I/0O Register

Address Register Module Data Bus
(low) Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Name Width
H'FF78 SMRO CIA/ CHR PE O/E STOP MP CKS1 CKSO  SCIo, 8 bit
GM™? Smart card
interface 0

HFF79 BRRO

HFF7A  SCRO TIE RIE TE RE MPIE TEIE CKE1 CKEO

H'FF7B  TDRO

HFF7C SSRO TDRE RDRF ORER FER/ PER TEND MPB MPBT

ERS
HFF7D RDRO
HFF7E SCMRO — — — — SDIR  SINV. = — SMIF
HFF80 SMR1 CIAI CHR PE O/E STOP  MP CKS1 CKSO ScCli, 8 bit
GM*? Smart card
interface 1
HFF81 BRR1
HFF82 SCR1 TIE RIE TE RE MPIE  TEIE CKE1  CKEO

H'FF83 TDR1

H'FF84 SSR1  TDRE RDRF ORER FER/  PER TEND MPB MPBT
ERS™®

H'FF85 RDR1

HFF86 SCMR1 — — — — SDIR SINV — SMIF

HFF90 ADDRAH AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2 A/D converter 8 bit

HFF91  ADDRAL AD1 ADO — — — — — —

HFF92 ADDRBH AD9 AD8 AD7 ADG6 AD5 AD4 AD3 AD2

H'FF93 ADDRBL AD1 ADO — — — — — —

H"FF94 ADDRCH AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2

HFF95 ADDRCL AD1 ADO — — — — — —

H'FF96 ADDRDH AD9 AD8 AD7 AD6 ADS AD4 AD3 AD2

H'FF97 ADDRDL AD1 ADO — — — — — —

H'FF98 ADCSR ADF ADIE ADST  SCAN CKS — CH1 CHO

H'FF99  ADCR TRGS1 TRGSO — —_ —_ —_ —_ —_

H'FFA4 DADRO D/A converter 8 bit

H'FFA5 DADR1

HFFA6 DACR DAOE1 DAOEO DAE — — — — —
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Address Register Module Data Bus
(low) Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Name Width
H'FFBO TCRO CMIEB CMIEA OVIE CCLR1 CCLRO CKS2 CKS1 CKSO 8-bit timer 16 bit
HFFB1 TCR1 CMIEB CMIEA OVIE CCLR1 CCLRO CKS2 CKS1 CKSO channel 0, 1

H'FFB2 TCSRO CMFB CMFA OVF ADTE 0OS3 OS2 0OS1 [150]

HFFB3 TCSR1 CMFB CMFA OVF — 0OS3 OS2 0OSs1 (O15{0]

H'FFB4 TCORAO

H'FFB5 TCORAl

H'FFB6 TCORBO

H'FFB7 TCORB1

H'FFB8 TCNTO

H'FFB9 TCNT1

H'FFBC TCSR OVF WTAT TME — — CKS2 CKS1 CKSO0 wWDT 16 bit
(read)

H'FFBD TCNT

(read)

H'FFBF RSTCSR WOVF RSTE RSTS — — — — —

(read)

H'FFCO TSTR — — CST5 CST4 CST3 CST2 CST1 CSTO TPU 16 bit
H'FFC1 TSYR — — SYNC5 SYNC4 SYNC3 SYNC2 SYNC1 SYNCO

H'FFC8 FLMCR1 FWE SWE — — EV PV E P FLASH 8 bit
H'FFC9 FLMCR2 FLER — — — — — ESU PSU

H'FFCA EBR1 — — — — — — EB9 EB8

H'FFCB EBR2 EB7 EB6 EB5 EB4 EB3 EB2 EB1 EBO

H'FFDO TCRO CCLR2 CCLR1 CCLRO CKEG1 CKEGO TPSC2 TPSCl TPSCO TPUO 16 bit

HFFD1 TMDRO — — BFB BFA MD3 MD2 MD1 MDO

HFFD2 TIOROH 10B3 10B2 10B1 10BO I0A3 I0A2 I0A1 I0A0

HFFD3 TIOROL 10D3 10D2 10D1 10D0 10C3 10C2 10C1 10CO

HFFD4 TIERO TIGE — — TCIEV TGIED TGIEC TGIEB TGIEA

H'FFD5 TSRO —_ — — TCFV TGFD TGFC TGFB  TGFA

H'FFD6 TCNTO

H'FFD7

HFFD8 TGROA

H'FFD9

HFFDA TGROB

H'FFDB
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Internal I/O Register

Address
(low)

Register
Name

Bit 7 Bit 6 Bit 5

Bit 4 Bit 3

Bit 2

Bit1 Bit 0

Module
Name

Data Bus
Width

H'FFDC

H'FFDD

TGROC

H'FFDE

H'FFDF

TGROD

HFFEO

TCR1

— CCLR1 CCLRO

CKEG1 CKEGO

TPSC2

TPSC1 TPSCO

H'FFEL

TMDR1

— MD3

MD2

MD1 MDO

HFFE2

TIOR1

10B3 10B2 10B1

10BO I0A3

I0A2

I0A1 I0A0

HFFE4

TIER1

TIGE — TCIEU

TCIEV ——

TGIEB TGIEA

H'FFE5

TSR1

TCFD — TCFU

TCFV —

TGFB  TGFA

HFFE6

H'FFE7

TCNT1

H'FFE8

H'FFE9

TGR1A

H'FFEA

HFFEB

TGR1B

TPU1 16 bit

H'FFFO

TCR2

— CCLR1 CCLRO

CKEG1 CKEGO

TPSC2

TPSC1 TPSCO

HFFF1

TMDR2

MD3

MD2

MD1 MDO

HFFF2

TIOR2

10B3 10B2 10B1

10BO I0A3

I0A2

I0A1 I0A0

HFFF4

TIER2

TIGE — TCIEU

TCIEV —

TGIEB TGIEA

H'FFF5

TSR2

TCFD TCFU

TCFV —

TGFB  TGFA

H'FFF6

HFFF7

TCNT2

HFFF8

H'FFF9

TGR2A

H'FFFA

HFFFB

TGR2B

TPU2 16 bit

Notes:

1. Located in on-chip RAM. The bus width is 32 bits when the DTC accesses this area as

register information, and 16 bits otherwise.

2. Functions as C/A for SCI use, and as GM for smart card interface use.
3. Functions as FER for SCI use, and as ERS for smart card interface use.
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B.2 Functions

MRA—DTC Mode Register A H'F800—H'FBFF DTC
Bit : 7 6 5 4 3 2 1 0
| SM1 | SMO | DM1 | DMO | MD1 | MDO | DTS | Sz |

Initial value : Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
Read/Write : — — — — — — - _

DTC Data
Transfer Size

0 | Byte-size
transfer

1 | word-size
transfer

DTC Transfer Mode Select

0 | Destination side is repeat
area or block area

1 | Source side is repeat area
or block area

DTC Mode —-

0 | 0 | Normal mode
1 | Repeat mode

1 | 0 | Block transfer mode
1 J—

Destination Address Mode

0 | — | DAR s fixed

1 | 0 | pARisincremented 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)

Source Address Mode

0 | — | SARis fixed

1 | 0 | saRis 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)

Rev. 4.00 Feb 15, 2006 page 760 of 900
REJ09B0291-0400

RENESAS



Appendix B Internal I/0O Register

MRB—DTC Mode Register B H'F800—H'FBFF DTC

Bit : 7 6 5 4 3 2 1 0
CHNE DISEL — — — — — —
Initial value :  Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
Read/Write : — — — — — — — —

Reserved
Only 0 should be written to these bits

DTC Interrupt Select

0 | After a data transfer ends, the CPU interrupt is
disabled unless the transfer counter is 0

1 | After a data transfer ends, the CPU interrupt is enabled

DTC Chain Transfer Enable
0 | End of DTC data transfer

1 | DTC chain transfer

SAR—DTC Source Address Register H'F800—H'FBFF DTC
Bit : 23 22 21 20 19 --- 4 3 2 1 0
Initial value : Unde- Unde- Unde-Unde- Unde- S Unde- Unde- Unde- Unde- Unde-
fined fined fined fined fined fined fined fined fined fined
Read/Write : —_ = = = = - - = = = =

Specifies transfer data source address

DAR—DTC Destination Address Register H'F800—H'FBFF DTC
Bit : 23 22 21 20 19 --- 4 3 2 1 0
iti - Unde- Unde- Unde- Unde- Unde- R Unde- Unde- Unde- Unde- Unde-
Initial value : fi2e3 firr11e§ firr]1e§ figeg fi?leg figeg firr]leg fi?leg firrleg firrlelcei
Read/Write : @ — — — — — R - - — —

Specifies transfer data destination address
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CRA—DTC Transfer Count Register A H'F800—H'FBFF
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 ——»=-«+———————————— CRAL —»
\
Specifies the number of DTC data transfers
CRB—DTC Transfer Count Register B H'F800—H'FBFF DTC
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 :
Specifies the number of DTC block data transfers
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TCR3—Timer Control Register 3 H'FE80 TPU3
Bit : 7 6 5 4 3 2 1 0
’ CCLR2 ‘ CCLR1 ‘ CCLRO ‘ CKEG1 ‘ CKEGO ‘ TPSC2 ‘ TPSC1 ‘ TPSCO ‘
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
Timer Prescaler J
0 | 0 | O |Internal clock: counts on @/1
1 |Internal clock: counts on @/4
1 | 0 |Internal clock: counts on @¢/16
1 |Internal clock: counts on @/64
1 | 0 | 0 |External clock: counts on TCLKA pin input
1 |Internal clock: counts on ¢/1024
1 | 0 |Internal clock: counts on (/256
1 |Internal clock: counts on ¢/4096

Clock Edge

0| O Count at rising edge

1 | Count at falling edge

1 | — | Count at both edges

Counter Clear

0 | 0 | O |TCNT clearing disabled

TCNT cleared by TGRA compare match/input capture

1
1 | O |TCNT cleared by TGRB compare match/input capture
1

TCNT cleared by counter clearing for another channel

performing synchronous clearing/synchronous operation*l

1 | 0 | O |TCNT clearing disabled
1 |TCNT cleared by TGRC compare match/input capture™?2
1 | O |TCNT cleared by TGRD compare match/input capture*2
1

TCNT cleared by counter clearing for another channel

performing synchronous clearing/synchronous operation™*

Notes: 1. Synchronous operation setting is performed by setting the SYNC
bitin TSYR to 1.
2. When TGRC or TGRD is used as a buffer register, TCNT is not
cleared because the buffer register setting has priority, and
compare match/input capture does not occur.
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Appendix B Internal 1/0O Register

TMDR3—Timer Mode Register 3 H'FE81 TPU3
Bit : 7 6 5 4 3 2 1 0
|—|—|BFB|BFA|MD3|MD2|MD1|MDO|
Initial value : 1 1 0 0 0 0 0 0
Read/Write : — — RIW R/W RIW RIW ‘ R/W R/W
Mode
0| 0 | 0| O |Normal operation
1 |Reserved
1|0 [PWMmodel
1 |PWM mode 2
1 | 0 | 0O |Phase counting mode 1
1 |Phase counting mode 2
1 | 0 |Phase counting mode 3
1 |Phase counting mode 4
1| * |+ [ * |—
* : Don't care
Notes: 1. MD3 is a reserved bit. In a write,
it should always be written with 0.
2. Phase counting mode cannot be
set for channels 0 and 3. In this
case, 0 should always be written
to MD2.

Buffer Operation A

0 | TGRA operates normally

for buffer operation

1 | TGRA and TGRC used together

Buffer Operation B

0

TGRB operates normally

1

TGRB and TGRD used together
for buffer operation
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Appendix B

Internal I/O Register

TIOR3H—Timer 1/O Control Register 3H H'FE82 TPU3
Bit : 7 6 5 4 3 2 1 0
Initial value : ’ 10B3 ‘ 10B2 ‘ 10B1 ‘ 10B0 ‘ I0A3 ‘ I10A2 ‘ I0A1 ‘ I0A0 ‘
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
TGR3A 1/O Control
0| 0|0 |0 | TGR3A |Outputdisabled
T is output [~ | .
compare Initial output is 0 output at compare match
register |0 Output
10 g 1 output at compare match
1 Toggle output at compare match
1100 Output disabled
1 Initial output is 0 output at compare match
1 output
110 1 output at compare match
1 Toggle output at compare match
1|0 |0 |0 |TGR3A |Captureinput Input capture at rising edge
——isinput |source is .
1 | capture |TIOCAS3 pin Input capture at falling edge
1 | = |register Input capture at both edges
1| * | * Capture input Input capture at TCNT4 count-up/
source is channel| count-down
4/count clock
*: Don't care
TGR3B 1/0O Control
0| 0|0|0|TGR3B | Output disabled
[ |isoutput| -
1 compare Initial output is 0 output at compare match
register | O output
110 g 1 output at compare match
1 Toggle output at compare match
1100 Output disabled
1 Initial output is 1 | 0 output at compare match
output
10 1 output at compare match
1 Toggle output at compare match
1|0|0 |0 |TGR3B | Capture input Input capture at rising edge
——isinput | source is -
1 | capture | TIOCB3 pin Input capture at falling edge
1 | = |register Input capture at both edges
1|* | * Capture input Input capture at TCNT4 count-up/
source is channel | count-down*!
4/count clock
*: Don'’t care
Note: 1. If bits TPSC2 to TPSCO in TCR4 are set to B'000, and ¢/1 is used as the

TCNT4 count clock, this setting will be invalid and input capture will not
occur.
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Appendix B

Internal I/O Register

Bit

Initial value :
Read/Write :

TPU3

TIOR3L—Timer I/O Control Register 3L H'FES83
7 6 5 4 3 2 1 0
[ 1ops | 1002 | 1op1 | 1obo | 1ocs | 1ocz | 1oct | ioco |
0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/IW R/W R/W R/W
TRG3C I/O Control
0| 0|0 |0 |TGR3C |Outputdisabled
is output [~ N
1 |compare Initial outputis | 0 output at compare match
register 0 output
1|0 9 1 output at compare match
1 Toggle output at compare match
1(010 Output disabled
1 Initial outputis 1 | 0 output at compare match
output
10 1 output at compare match
1 Toggle output at compare match
10|00 TGR3C |Captureinput Input capture at rising edge
lisinput |source is
1 capture | TIOCC3 pin Input capture at falling edge
1| * |register Input capture at both edges
1]~ Capture i”%"‘t (| Input capture at TCNT4 count-up/
source is channel| .y nt-down
4/count clock
*: Don’t care
Note: When the BFA bitin TMDR3 is set to 1 and TGR3C is used as a buffer register,
this setting is invalid and input capture/output compare is not generated.
TGR3D /0 Control
0| 0|0 |0 |TGR3D | Outputdisabled
[ |isoutput [, - -
1 compare Initial output is 0 | 0 output at compare match
register | OUtPut
110 9 1 output at compare match
1 Toggle output at compare match
1/010 Output disabled
1 Initial output is 1 | 0 output at compare match
output
1]0 1 output at compare match
1 Toggle output at compare match
1|/0|0|0 |TGR3D |Capture input Input capture at rising edge
——isinput | source is -
1 capture | TIOCD3 pin Input capture at falling edge
1 |« |register Input capture at both edges
N Capture inﬁut | | Input capture at TCNT4 count-up/
source is channel | .\t down*1
4/count clock

*: Don't care

this setting is invalid and input capture/output compare is not generated.

1. When bits TPSC2 to TPSCO in TCR4 are set to B'000 and ¢/1 is used as
the TCNT4 count clock, this setting is invalid and input capture is not generated.

Note: When TGRC or TGRD is designated for buffer operation, this setting is invalid and the
register operates as a buffer register.

Notes: When the BFB bit in TMDR3 is set to 1 and TGR3D is used as a buffer register,
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Appendix B Internal I/0O Register

TIER3—Timer Interrupt Enable Register 3 H'FE84 TPU3
Bit : 7 6 5 4 3 2 1 0
’ TTGE ‘ — ‘ — ‘ TCIEV ‘ TGIED ‘ TGIEC ‘ TGIEB ‘ TGIEA ‘
Initial value : 0 1 0 0 0 0 0 0
Read/Write : R/IW — — R/W R/W R/IW R/W R/IW

TGR Interrupt Enable A

0 | Interrupt requests (TGIA)
by TGFA bit disabled

1 | Interrupt requests (TGIA)
by TGFA bit enabled

TGR Interrupt Enable B

0 | Interrupt requests (TGIB)
by TGFB bit disabled

1 | Interrupt requests (TGIB)
by TGFB bit enabled

TGR Interrupt Enable C

0 | Interrupt requests (TGIC) by
TGFC bit disabled

1 | Interrupt requests (TGIC) by
TGFC bit enabled

TGR Interrupt Enable D

0 | Interrupt requests (TGID) by TGFD
bit disabled

1 | Interrupt requests (TGID) by TGFD
bit enabled

Overflow Interrupt Enable
0 | Interrupt requests (TCIV) by TCFV disabled

1 | Interrupt requests (TCIV) by TCFV enabled

A/D Conversion Start Request Enable

0 | AJD conversion start request generation disabled

1 | A/D conversion start request generation enabled
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Appendix B Internal 1/0O Register

TSR3—Timer Status Register 3 H'FES85 TPU3
Bit 7 6 5 4 3 2 1 0
’ — ‘ — ‘ — ‘ TCFV ‘ TGFD ‘ TGFC ‘ TGFB ‘ TGFA ‘
Initial value : 1 1 0 0 0 0 0 0
Read/Write : — — — R/I(W)*  R/(W)*  R/A(W)* R/I(W)* R/I(W)*

Input

Input Capture/Output Compare Flag A
0

[Clearing conditions]

« When DTC is activated by TGIA interrupt while
DISEL bit of MRB in DTC is 0

* When 0 is written to TGFA after reading TGFA = 1

[Setting conditions]

« When TCNT=TGRA while TGRA is function-
ing as output compare register

* When TCNT value is transferred to TGRA by
input capture signal while TGRA is functioning as
input capture register

Input Capture/Output Compare Flag B

0 |[Clearing conditions]
* When DTC is activated by TGIB interrupt while DISEL bit
of MRB in DTC is 0
« When 0 is written to TGFB after reading TGFB = 1
1 |[Setting conditions]

* When TCNT = TGRB while TGRB is functioning as
output compare register

* When TCNT value is transferred to TGRB by input
capture signal while TGRB is functioning as input capture
register

Capture/Output Compare Flag C

[Clearing conditions]

* When DTC is activated by TGIC interrupt while DISEL bit of MRB in
DTCis 0

* When 0 is written to TGFC after reading TGFC = 1

[Setting conditions]

* When TCNT = TGRC while TGRC is functioning as output compare
register

* When TCNT value is transferred to TGRC by input capture signal

while TGRC is functioning as input capture register

Input Capture/Output Compare Flag D

0

is0

[Clearing conditions]
* When DTC is activated by TGID interrupt while DISEL bit of MRB in DTC

* When 0 is written to TGFD after reading TGFD = 1

[Setting conditions]

* When TCNT = TGRD while TGRD is functioning as output compare register
* When TCNT value is transferred to TGRD by input capture signal while
TGRD is functioning as input capture register

Overflow Flag

to TCFV after reading TCFV =1

0 | [Clearing condition]
When 0 is written
1 |[Setting condition]

When the TCNT value overflows (changes from H'FFFF to H'0000 )

Note: * Can only be written with O for flag clearing.
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Appendix B Internal I/0O Register

TCNT3—Timer Counter 3 H'FE86 TPU3

Bit : 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Initalvalue: 0 0 O O O O O O O O O o o o0 o 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

Up-counter
TGR3A—Timer General Register 3A H'FES88 TPU3
TGR3B—Timer General Register 3B H'FE8SA TPUS3
TGR3C—Timer General Register 3C H'FE8C TPU3
TGR3D—Timer General Register 3D H'FESE TPUS3
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 : 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
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Appendix B Internal 1/0O Register

TCR4—Timer Control Register 4 H'FES0 TPU4
Bit : 7 6 5 4 3 2 1 0
’ — ‘ CCLR1 ‘ CCLRO ‘ CKEG1 ‘ CKEGO ‘ TPSC2 ‘ TPSC1 ‘ TPSCO ‘
Initial value : 0 0 0 0 0 0 0 0
Read/Write — RIW RIW RIW RIW RIW R/W R/W

Timer Prescaler
0 | 0 | O |Internal clock: counts on ¢/1

Internal clock: counts on @/4

Internal clock: counts on @/16

Internal clock: counts on @/64

External clock: counts on TCLKC pin input

Internal clock: counts on @/1024

1
0
1
1 | 0 | 0 |External clock: counts on TCLKA pin input
1
0
1

Counts on TCNT5 overflow/underflow

Note: This setting is ignored when channel 4 is in phase
counting mode.

Clock Edge

0|0 Count at rising edge

1 | Count at falling edge

1 | — | Count at both edges

Note: This setting is ignored when channel

Counter Clear 4 is in phase counting mode.

0 | O |TCNT clearing disabled

TCNT cleared by TGRA compare match/input capture

1
1 | O |TCNT cleared by TGRB compare match/input capture
1

TCNT cleared by counter clearing for another channel
performing synchronous clearing/synchronous operation*

Note: * Synchronous operating setting is performed by setting
the SYNC bit TSYR to 1.
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Appendix B Internal I/0O Register

TMDR4—Timer Mode Register 4 H'FES1 TPU4
Bit : 7 6 5 4 3 2 1 0
’—‘—‘—‘—‘MD3‘MD2‘MD1‘MDO‘
Initial value : 1 1 0 0 0 0 0 0
Read/Write : — — — — R/W R/W ‘ R/W R/W
Mode
0 | 0| 0 | 0 |Normal operation
1 |Reserved
1|0 |PWMmode1l
1 |PWM mode 2
1 | 0 | O |Phase counting mode 1
1 |Phase counting mode 2
1 | 0 |Phase counting mode 3
1 |Phase counting mode 4
1l | * [+ ]

*: Don't care

Note: MD3 is a reserved bit. In a write,
it should always be written with 0.
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Appendix B

Internal I/O Register

TIOR4—Timer |/O Control Register 4 H'FE92 TPU4
Bit 7 6 5 4 3 2 1 0
’ 10B3 ‘ 10B2 ‘ 10B1 ‘ 10B0O ‘ I0A3 ‘ I0A2 ‘ I0A1 ‘ I0A0 ‘
Initial value : 0 0 0 0 0 0 0 0
Read/Write : RIW RIW RIW R/W R/IW RIW RIW RIW
TGRA4A 1/O Control
0| 0|0 |0 |TGR4A |Output disabled
Tis output [~ | X
compare Iondiﬁu?utput is 0 | 0 output at compare match
1 | o |register 1 output at compare match
1 Toggle output at compare match
1100 Output disabled
1 Initial output is 1 | 0 output at compare match
output
1]0 1 output at compare match
1 Toggle output at compare match
1|10 |0]|0 |TGR4A | Capture input Input capture at rising edge
T isinput | source is R
capture | TIOCA4 pin Input capture at falling edge
1 | * |register Input capture at both edges
1%~ Capture input Input capture at generation of
source is TGR3A| TGR3A compare match/input
compare match/ | capture
input capture
*. Don't care
TGR4B 1/0 Control
0| 0|0 |0 |TGR4B |Outputdisabled
[ lisoutput [ .° -
1 compare l)nul';lslllnoutput is 0 | 0 output at compare match
1 | o |register 1 output at compare match
1 Toggle output at compare match
1/0]0 Output disabled
1 Initial outputis 1 | O output at compare match
output
110 1 output at compare match
1 Toggle output at compare match
10|00 |TGR4B | Capture input Input capture at rising edge
. ]isinput | source is B
1 capture | TIOCB4 pin Input capture at falling edge
1| |register Input capture at both edges
1|*|* Capture input Input capture at generation of
source is TGR3C| TGR3C compare match/input
compare match/ | capture
input capture

*: Don't care
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Appendix B Internal I/0O Register

TIER4—Timer Interrupt Enable Register 4 H'FE94 TPU4
Bit : 7 6 5 4 3 2 1 0
’ TTGE ‘ — ‘ TCIEU ‘ TCIEV ‘ — ‘ — ‘ TGIEB ‘ TGIEA ‘
Initial value : 0 1 0 0 0 0 0 0
Read/Write : RW — R/IW R/IW — — R/W R/IW

TGR Interrupt Enable A

0 | Interrupt requests (TGIA)
by TGFA bit disabled
1 | Interrupt requests (TGIA)
by TGFA bit enabled

TGR Interrupt Enable B

0 | Interrupt requests (TGIB) by
TGFB bit disabled

1 | Interrupt requests (TGIB) by
TGFB bit enabled

Overflow Interrupt Enable
0 | Interrupt requests (TCIV) by TCFV disabled

1 | Interrupt requests (TCIV) by TCFV enabled

Underflow Interrupt Enable
0 | Interrupt requests (TCIU) by TCFU disabled

1 | Interrupt requests (TCIU) by TCFU enabled

A/D Conversion Start Request Enable

0 | A/D conversion start request generation disabled

1 | A/D conversion start request generation enabled
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Appendix B Internal 1/0O Register

TSR4—Timer Status Register 4

Bit : 7

6 5

4 3 2

H'FE95 TPU4

1 0

l ’ TCFD

‘ — ‘TCFU‘TCFV‘ — ‘ —

TGFB ‘ TGFA ‘

Initial value : 1
Read/Write : R

1 0

0 0 0

0 0

—  RIWy* RIW)*  — —  RIW)  RIW)*

Input Capture/Output Compare Flag B

Input Capture/Output Compare Flag A

0 |[Clearing conditions]

« When DTC is activated by TGIA interrupt while
DISEL bit of MRB in DTC is 0

* When 0 is written to TGFA after reading TGFA =1

1 |[Setting conditions]

* When TCNT = TGRA while TGRA is functioning
as output compare register

« When TCNT value is transferred to TGRA by
input capture signal while TGRA is functioning
as input capture register

0

[Clearing conditions]

* When DTC is activated by TGIB interrupt while DISEL
bit of MRB in DTC is 0

* When 0 is written to TGFB after reading TGFB = 1

[Setting conditions]

* When TCNT = TGRB while TGRB is functioning as
output compare register

* When TCNT value is transferred to TGRB by input
capture signal while TGRB is functioning as input
capture register

Overflow Flag

0 | [Clearing condition]
When 0 is written to TCFV

after reading TCFV = 1

1 | [Setting condition]

When the TCNT value overflows (changes from H'FFFF to H'0000 )

Underflow Flag

0

[Clearing condition]

When 0 is written to TCFU after reading TCFU = 1

[Setting condition]
When the TCNT value underflows (c

hanges from H'0000 to H'FFFF)

Count Direction Flag

0 | TCNT counts down

1 | TCNT counts up

Note: * Can only be written with O for flag clearing.
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Appendix B Internal I/0O Register

TCNT4—Timer Counter 4 H'FE96 TPU4

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Initalvalue: 0 0 O O O O O O O O O o o o0 o 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

Up/down-counter”

Note: * This timer counter can be used as an up/down-counter only in phase counting
mode or when performing overflow/underflow counting on another channel. In
other cases it functions as an up-counter.

TGR4A—Timer General Register 4A H'FE98 TPU4
TGR4B—Timer General Register 4B H'FE9A TPU4
Bit : 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Bl EEEEEEEE NN
Initial value : 11 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
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Appendix B Internal 1/0O Register

TCR5—Timer Control Register 5 H'FEAO TPUS
Bit : 7 6 5 4 3 2 1 0
’ — ‘ CCLR1 ‘ CCLRO ‘ CKEG1 ‘ CKEGO ‘ TPSC2 ‘ TPSC1 ‘ TPSCO ‘
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

—

Time Prescaler

0 | 0 | O |Internal clock: counts on (/1
1 |Internal clock: counts on @/4
1 | O |Internal clock: counts on @¢/16
1 |Internal clock: counts on @/64
1 | 0 | 0O |External clock: counts on TCLKA pin input
1 |External clock: counts on TCLKC pin input
1 | 0 |Internal clock: counts on ¢/256
1 |External clock: counts on TCLKD pin input

Note: This setting is ignored when channel 5 is in phase
counting mode.

Clock Edge

0 | 0 | Countat rising edge

1 | Count at falling edge

1 | — | Count at both edges

Note: This setting is ignored when channel
5 is in phase counting mode.

Counter Clear

0 | O | TCNT clearing disabled

TCNT cleared by TGRA compare match/input capture

1
1 | O |TCNT cleared by TGRB compare match/input capture
1

TCNT cleared by counter clearing for another channel
performing synchronous clearing/synchronous operation®

Note: * Synchronous operating setting is performed by setting
the SYNC bit TSYR to 1.
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Appendix B Internal I/0O Register

TMDR5—Timer Mode Register 5 H'FEA1 TPU5
Bit : 7 6 5 4 3 2 1 0
— [ — [ — [ — [ wos | woz | wor | woo |
Initial value : 1 1 0 0 0 0 0 0
Read/Write : — — — — R/W R/W ‘ R/W R/W
Mode
0 | 0| 0| O |Normal operation
1 |Reserved
1|0 |PWMmode 1
1 |PWM mode 2
1| 0 | O |Phase counting mode 1
1 |Phase counting mode 2
1 | 0 |Phase counting mode 3
1 |Phase counting mode 4
1] x|+ |+ |—

*: Don'’t care

Note: MD3 is a reserved bit. In a write,
it should always be written with 0.
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Appendix B Internal 1/0O Register

TIOR5—Timer |/O Control Register 5 H'FEA2 TPUS5S
Bit : 7 6 5 4 3 2 1 0
’ 10B3 ‘ 10B2 ‘ 10B1 ‘ 10BO ‘ I0A3 ‘ 10A2 ‘ I0A1 ‘ I0A0 ‘
Initial value : 0 0 0 0 0 0 0 0
Read/Write : RIW R/IW RIW RIW R/IW RIW RIW RIW
TGR5A 1/0 Control
0| 0|0 |0 |TGR5A |Output disabled
T is output [ R
compare Initial outputis O | 0 output at compare match
register |OUtPut
1|0 |9 1 output at compare match
1 Toggle output at compare match
11010 Output disabled
1 Initial output is 1 | O output at compare match
output
10 1 output at compare match
1 Toggle output at compare match
1] *]0]|0 |TGR5A |Captureinput Input capture at rising edge
1 isinput |source is Inout "  fali d
capture | TIOCAS pin nput capture at falling edge
1 | * |register Input capture at both edges
*: Don't care
TGRS5B 1/0O Control
0| 0|0 |0 |TGR5B |Outputdisabled
[ ]isoutput| -
1 compare Iond'ilF.Ja\llnoutput is0 | O output at compare match
1 | o |register 1 output at compare match
1 Toggle output at compare match
1100 Output disabled
1 Initial output is 1 | O output at compare match
output
1|0 1 output at compare match
1 Toggle output at compare match
1| *]0|0 |TGR5B |Capture input Input capture at rising edge
[ |isinput |sourceis | fali d
1 capture | TIOCBS pin nput capture at falling edge
1 | * |register Input capture at both edges

*: Don't care
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Appendix B Internal I/0O Register

TIER5—Timer Interrupt Enable Register 5 H'FEA4 TPUS
Bit : 7 6 5 4 3 2 1 0
’ TTGE ‘ — ‘ TCIEU ‘ TCIEV ‘ — ‘ — ‘ TGIEB ‘ TGIEA ‘
Initial value : 0 1 0 0 0 0 0 0
Read/Write : RW — R/W R/W — — R/IW R/IW

TGR Interrupt Enable A

0 | Interrupt requests (TGIA)
by TGFA bit disabled
1 | Interrupt requests (TGIA)
by TGFA bit enabled

TGR Interrupt Enable B

0 | Interrupt requests (TGIB)
by TGFB bit disabled
1 | Interrupt requests (TGIB)
by TGFB bit enabled

Overflow Interrupt Enable
0 | Interrupt requests (TCIV) by TCFV disabled
1 | Interrupt requests (TCIV) by TCFV enabled

Underflow Interrupt Enable
0 | Interrupt requests (TCIU) by TCFU disabled

1 | Interrupt requests (TCIU) by TCFU enabled

A/D Conversion Start Request Enable

0 | A/D conversion start request generation disabled

1 | A/D conversion start request generation enabled
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Appendix B Internal 1/0O Register

TSR5—Timer Status Register 5 H'FEAS5 TPUS5S
Bit : 7 6 5 4 3 2 1 0
’ TCFD ‘ — ‘ TCFU ‘ TCFV ‘ — ‘ — ‘ TGFB ‘ TGFA ‘
Initial value : 1 1 0 0 0 0 0 0
Read/Write : R — ﬂNLV %VE — — RL(V\K R/(W)*

Overflow Flag

Input Capture/Output Compare Flag A

0

[Clearing conditions]

» When DTC is activated by TGIA interrupt while
DISEL bit of MRB in DTC is 0

* When 0 is written to TGFA after reading TGFA =1

[Setting conditions]

« When TCNT = TGRA while TGRA is functioning
as output compare register

* When TCNT value is transferred to TGRA by
input capture signal while TGRA is functioning

as input capture register

Input Capture/Output Compare Flag B

0 | [Clearing conditions]
« When DTC is activated by TGIB interrupt while DISEL
bit of MRB in DTC is 0
* When 0 is written to TGFB after reading TGFB = 1
1 |[Setting conditions]

* When TCNT = TGRB while TGRB is functioning as
output compare register

« When TCNT value is transferred to TGRB by input
capture signal while TGRB is functioning as input
capture register

0

[Clearing condition]

When 0 is written to TCFV after reading TCFV = 1

[Setting condition]

When the TCNT value overflows (changes from H'FFFF to H'0000 )

Underflow Flag

0 | [Clearing condition]
When 0 is written to TCFU after reading TCFU =1

1 | [Setting condition]
When the TCNT value underflows (changes from H'0000 to H'FFFF)

Count Direction Flag
0 | TCNT counts down
1 TCNT counts up

Note: * Can only be written with 0 for flag clearing.
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Appendix B Internal I/0O Register

TCNT5—Timer Counter 5 H'FEAG TPUS

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Initalvalue : 0 0 O O O O O O O O O O O o o 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

Up/down-counter®

Note: * This timer counter can be used as an up/down-counter only in phase counting
mode or when performing overflow/underflow counting on another channel. In
other cases it functions as an up-counter.

TGR5A—Timer General Register 5A H'FEA8 TPUS
TGR5B—Timer General Register 5B H'FEAA TPUS
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Initial value : 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

P1DDR—Port 1 Data Direction Register H'FEBO Port 1
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

Specify input or output for individual port 1 pins
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Appendix B Internal 1/0O Register

P2DDR—Port 2 Data Direction Register H'FEB1 Port 2
Bit : 7 6 5 4 3 2 1 0
| P27DDR| P26DDR| P25DDR| P24DDR| P23DDR |P22DDR | P21DDR| PZODDR‘
Initial value : 0 0 0 0 0 0 0 0
Read/Write : Y W Y w w w W W

Specify input or output for individual port 2 pins

P3DDR—Port 3 Data Direction Register H'FEB2 Port 3
Bit . 7 6 5 4 3 2 1 0
— — P35DDR|P34DDR|P33DDR |P32DDR [ P31DDR|P30DDR
Initial value :  Undefined Undefined 0 0 0 0 0 0
Read/Write : _ — W \Y; \Y; W W W

Specify input or output for individual port 3 pins

PADDR—Port A Data Direction Register H'FEB9 Port A
Bit : 7 6 5 4 3 2 1 0

| — | — | — | — |PA3DDR|PA2DDR|PAlDDR|PAODDR|
Initial value :  Undefined Undefined Undefined Undefined 0 0 0 0
Read/Write — — — — w w W W

Specify input or output for individual port A pins
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Appendix B

Internal I/O Register

PBDDR—Port B Data Direction Register H'FEBA Port B
Bit 7 6 5 4 3 2 1 0
PB7DDR|PB6DDR|PB5DDR|PB4DDR|PB3DDR|PB2DDR (PB1DDR|PBODDR
Initial value 0 0 0 0 0 0 0 0
Read/Write Wi w w w w w w w
Specify input or output for individual port B pins
PCDDR—Port C Data Direction Register H'FEBB Port C
Bit 7 6 5 4 3 2 1 0
PC7DDR|PC6DDR|PC5DDR|PC4DDR|PC3DDR|PC2DDR|PC1DDR|{PCODDR
Initial value 0 0 0 0 0 0 0 0
Read/Write w W W W W W W W
Specify input or output for individual port C pins
PDDDR—Port D Data Direction Register H'FEBC Port D
Bit 7 6 5 4 3 2 1 0
PD7DDR|PD6DDR|PD5DDR|{PD4DDR|PD3DDR|PD2DDR |[PD1DDR|(PDODDR
Initial value : 0 0 0 0 0 0 0 0
Read/Write : W W W W W W W W

Specify input or output for individual port D pins
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Appendix B Internal 1/0O Register

PEDDR—Port E Data Direction Register H'FEBD Port E
Bit : 7 6 5 4 3 2 1 0
|PE7DDR| PE6DDR| PE5DDR| PE4DDR|PE3DDR|PE2DDR| PElDDR|PEODDR‘
Initial value : 0 0 0 0 0 0 0 0
Read/Write : W \"Y; W W W w W w

Specify input or output for individual port E pins

PFDDR—Port F Data Direction Register H'FEBE Port F

Bit : 7 6 5 4 3 2 1 0

PF7DDR| PF6DDR|PF5DDR|PF4ADDR|PF3DDR|PF2DDR |PF1DDR|PFODDR
Modes 1, 2,4to 6

Initial value 1 0 0 0 0 0 0 0
Read/Write Wi w W " w W w W
Modes 3, 7

Initial value 0 0 0 0 0 0 0 0

Read/Write W W Y W W w W W

Specify input or output for individual port F pins
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Appendix B Internal I/0O Register

PGDDR—Port G Data Direction Register H'FEBF Port G
Bit : 7 6 5 4 3 2 1 0

— — — PG4DDR|PG3DDR|PG2DDR|PG1DDR|PGODDR
Modes 1, 4, 5
Initial value  : Undefined Undefined Undefined 1 0 0 0 0
Read/Write — — — w % W W w
Modes 2, 3, 6, 7
Initial value  : Undefined Undefined Undefined 0 0 0 0 0
Read/Write — — — w w W W w

Specify input or output for individual port G pins
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Appendix B

Internal I/O Register

IPRA—Interrupt Priority Register A H'FEC4 Interrupt Controller
IPRB—Interrupt Priority Register B H'FEC5 Interrupt Controller
IPRC—Interrupt Priority Register C H'FEC6 Interrupt Controller
IPRD—Interrupt Priority Register D H'FECY Interrupt Controller
IPRE—Interrupt Priority Register E H'FEC8 Interrupt Controller
IPRF—Interrupt Priority Register F H'FEC9 Interrupt Controller
IPRG—Interrupt Priority Register G H'FECA Interrupt Controller
IPRH—Interrupt Priority Register H H'FECB Interrupt Controller
IPRI—Interrupt Priority Register | H'FECC Interrupt Controller
IPRJ—Interrupt Priority Register J H'FECD Interrupt Controller
IPRK—Interrupt Priority Register K H'FECE Interrupt Controller

Bit : 7 6 5 4 3 2 1 0

| — | IPR6 | IPR5 | IPR4 | — | IPR2 | IPR1 | IPRO |
Initial value : 0 1 1 1 0 1 1 1
Read/Write : — R/W RIW RIW — R/W R/W R/W

Correspondence between Interrupt Sources and IPR Settings

Set priority (levels 7 to 0) for interrupt sources

Bits
Register
6to4 2to0

IPRA | IRQO IRQ1
IPRB | IRQ2 IRQ4

IRQ3 IRQ5
IPRC IRQ6 DTC

IRQ7
IPRD WDT -
IPRE | — A/D converter
IPRF TPU channel 0 TPU channel 1
IPRG TPU channel 2 TPU channel 3
IPRH TPU channel 4 TPU channel 5
IPRI 8-bit timer channel 0 8-bit timer channel 1
IPRJ | — SCI channel 0
IPRK | SCIchannel 1 "

Note: * Reserved bits. May be read or written, but the setting is ignored.
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Appendix B Internal I/0O Register

ABWCR—BusWidth Control Register H'FEDO Bus Controller

Bit : 7 6 5 4 3 2 1 0
| ABW7 | ABW6 | ABW5 | ABW4 | ABW3 | ABW2 | ABW1 | ABWO |
Modes 1t0 3,5t0 7

Initial value : 1 1 1 1 1 1 1 1
R/W : R/W R/W R/W R/W R/W R/W R/W R/W
Mode 4

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

Area 7 to 0 Bus Width Control

0 | Arean is designated for 16-bit access

1 | Areanis designated for 8-bit access

(n=7t00)
ASTCR—Access State Control Register H'FED1 Bus Controller
Bit : 7 6 5 4 3 2 1 0
AST7 AST6 ASTS AST4 AST3 AST2 AST1 ASTO
Initial value : 1 1 1 1 1 1 1 1
Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W

Area 7 to 0 Access State Control

0 | Areanis designated for 2-state access
Wait state insertion in area n external space is disabled

1 | Areanis designated for 3-state access
Wait state insertion in area n external space is enabled

(n=7100)
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Appendix B

Internal I/O Register

Bit

Initial value :
Read/Write :

WCRH—Wait Control Register H H'FED2 Bus Controller
7 6 5 4 3 2 1 0
’ w71 ‘ W70 ‘ W61 ‘ W60 ‘ W51 ‘ W50 ‘ w41 ‘ W40 ‘
1 1 1 1 1 1 1 1
R/W R/W R/W R/W R/W R/W R/W R/W
Area 4 Wait Control
0 | 0 |Program wait not inserted

1 program wait state inserted
1 | 0 |2 program wait states inserted
1 |3 program wait states inserted

Area 5 Wait Control

0

0

Program wait not inserted

1 program wait state inserted

2 program wait states inserted

1
1|0
1

3 program wait states inserted

Area 6 Wait Control

0 | 0 |Program wait not inserted
1 |1 program wait state inserted
1 | 0 |2 program wait states inserted
1 |3 program wait states inserted

Area 7 Wait Control

0 | 0 |Program wait not inserted
1 |1 program wait state inserted
1 | 0 |2 program wait states inserted
1 |3 program wait states inserted
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Internal I/O Register

WCRL—Wait Control Register L

Bit

Initial value :
Read/Write :

7 6

5 4 3 2

H'FED3

Bus Controller

1 0

’ W31 ‘ W30 ‘ w21 ‘

W20 ‘ Wil ‘

W10 ‘ wo1 ‘ W00 ‘

1 1
R/W R/W

1 1 1 1
R/W R/W R/W

R/W

1 1
R/W R/W

Area 0 Wait Control

0

Program wait not inserted

1 program wait state inserted

2 program wait states inserted

k| O |r

3 program wait states inserted

Area 1 Wait Control

0

Program wait not inserted

1 program wait state inserted

2 program wait states inserted

0
1
0
1

3 program wait states inserted

Area 2 Wait Control

0|0

Program wait not inserted

1 program wait state inserted

2 program wait states inserted

1
1|0
1

3 program wait states inserted

Area 3 Wait Control

0

0

Program wait not inserted

1 program wait state inserted

2 program wait states inserted

1
0
1

3 program wait states inserted

Rev. 4.00 Feb 15, 2006 page 789 of 900
REJ09B0291-0400

RENESAS



Appendix B Internal 1/0O Register

BCRH—Bus Control Register H H'FED4 Bus Controller
Bit : 7 6 5 4 3 2 1 0
ICIS1 ICISO |BRSTRM|BRSTS1|BRSTSO — — —
Initial value : 1 1 0 1 0 0 0 0
Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W
Reserved

Only 0 should be written
to these bits

Burst Cycle Select 0

0 | Max. 4 words in burst access

1 | Max. 8 words in burst access

Burst Cycle Select 1

0 | Burst cycle comprises 1 state

1 | Burst cycle comprises 2 states

Area 0 Burst ROM Enable

0 | AreaOis basic bus interface

1 | AreaO0 is burst ROM interface

Idle Cycle Insert O

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

Idle Cycle Insert 1

0 | Idle cycle not inserted in case of successive external
read cycles in different areas

1 | Idle cycle inserted in case of successive external
read cycles in different areas
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Appendix B Internal I/0O Register

BCRL—Bus Control Register L

Bit

Initial value :
Read/Write :

H'FED5 Bus Controller
7 6 5 4 3 2 1 0
BRLE — EAE — — — — WAITE
0 0 1 1 1 1 0 0
R/W R/W R/W R/W R/W R/W R/W R/W

Reserved
Only 0 should be written to this bit

WAIT Pin Enable
0 | Wait input by WAIT pin disabled
1 | Wait input by WAIT pin enabled

Reserved
Only 1 should be written to these bits

External Addresses H'010000 to H'O1FFFF Enable

0

On-chip ROM (H8S/2345) or reserved area* (H8S/2343)

1

External addresses (in external expansion mode) or
reserved area (in single-chip mode)

Reserved

Note: * Do not access a reserved area.

Only 0 should be written to this bit

Bus Release Enable

External bus release is disabled

External bus release is enabled
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Appendix B Internal 1/0O Register

RAMER—RAM Emulation Register H'FEDB Bus Controller
Bit : 7 6 5 4 3 2 1 0
— — — — — RAMS RAM1 | RAMO
Initial value : 0 0 0 0 0 0 0 0
Read/Write : — — — — — R/W R/W R/W

RAM Select, Flash Memory Area Select

RAMS | RAM1|RAMO RAM Area
0 * * H'FFECO0-H'FFEFFF
1 0 0 H'000000-H'0003FF
1 H'000400-H'0007FF
1 0 H'000800—H'000BFF
1 H'000C00—H'000FFF
*: Don't care

Rev. 4.00 Feb 15, 2006 page 792 of 900
REJ09B0291-0400

RENESAS




Appendix B Internal I/0O Register

ISCRH—IRQ Sense Control Register H H'FF2C Interrupt Controller
ISCRL—IRQ Sense Control Register L H'FF2D Interrupt Controller
ISCRH
Bit 15 14 13 12 11 10 9 8
IRQ7SCB | IRQ7SCA| IRQ6SCB | IRQ6SCA | IRQ5SCB | IRQ5SCA | 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
IRQ7 to IRQ4 Sense Control
ISCRL
Bit 7 6 5 4 3 2 1 0
IRQ3SCB | IRQ3SCA| IRQ2SCB | IRQ2SCA | IRQ1SCB | IRQ1SCA | 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
IRQ3 to IRQO Sense Control
IRQNSCB|IRQNSCA Interrupt Request Generation
0 0 IRQn input low level
1 Falling edge of IRQn input
1 0 Rising edge of IRQn input
1 Both falling and rising edges of IRQn input

(n=71t00)
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Appendix B Internal 1/0O Register

|[ER—IRQ Enable Register H'FF2E Interrupt Controller
Bit : 7 6 5 4 3 2 1 0
IRQ7E | IRQ6E | IRQ5E | IRQ4E | IRQ3E | IRQ2E | IRQLE | 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
IRQn Enable

0 | IRQn interrupt disabled

1 | IRQn interrupt enabled

(n=7100)
|SR—IRQ Status Register H'FF2F Interrupt Controller
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 :  RI(W)*  RIW)* RIW)* RIW)* RIW)* RI(W)* RIW)* RI(W)*

Indicate the status of IRQ7 to IRQO interrupt requests

Note: * Can only be written with 0 for flag clearing.
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Appendix B

Internal I/O Register

DTCERA to DTCERF—DTC Enable Registers H'FF30to H'FF34 DTC
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

DTC Activation Enable

DTC activation by this interrupt is disabled

When the DISEL bit is 0 and the specified number of

transfers have not ended

0 | [Clearing conditions]
» When the DISEL bit is 1 and data transfer has ended
» When the specified number of transfers have ended
DTC activation by this interrupt is enabled

1 [Holding condition]

Correspondence between Interrupt Sourcesand DTCER

Bits
Register 7 6 5 4 3 2 1 0
DTCERA IRQO IRQ1 IRQ2 IRQ3 IRQ4 IRQ5 IRQ6 IRQ7
DTCERB — ADI TGIOA TGIOB TGIOC TGIOD TGI1A TGI1B
DTCERC TGI2A TGI2B TGI3A TGI3B TGI3C TGI3D TGI4A TGI4B
DTCERD — — TGI5A TGI5B CMIAO CMIBO CMIA1 CMIB1
DTCERE — — — — RXI0 TXIO RXI11 TXI1
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Appendix B Internal 1/0O Register

DTVECR—DTC Vector Register H'FF37 DTC
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)* RW RW RW RW RW RW  RW

Sets vector number for DTC software activation

DTC Software Activation Enable

0 | DTC software activation is disabled

[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 the DISEL bit is 1 and data transfer has ended
* When the specified number of transfers have ended
 During data transfer due to software activation

Note: * A value of 1 can always be written to the SWDTE bit, but 0 can only be written after 1
is read.
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Appendix B

Internal I/O Register

SBY CR—Standby Control Register

Bit

Initial value :
Read/Write :

H'FF38 Power-Down State
7 6 5 4 3 2 1 0
SSBY STS2 STS1 STSO OPE — — —
0 0 0 0 1 0 0 0
RIW R/W R/W R/W R/W — — RIW
Reserved

Only 0 should be written to this bit

Output Port Enable

0

In software standby mode, address bus and
bus control signals are high-impedance

In software standby mode, address bus and
bus control signals retain output state

Standby Timer Select

0

0,0

Standby time = 8192 states

Standby time = 16384 states

Standby time = 32768 states

Standby time = 65536 states

Standby time = 131072 states

Standby time = 262144 states

Reserved

o
R|lOo|rRr|O|R|O|R

Standby time = 16 states

Software Standby

0 | Transition to sleep mode after execution of SLEEP instruction

1 | Transition to software standby mode after execution of SLEEP instruction

Rev. 4.00 Feb 15, 2006 page 797 of 900

RENESAS

REJ09B0291-0400



Appendix B Internal 1/0O Register

SYSCR—System Control Register H'FF39 MCU
Bit : 7 6 5 4 3 2 1 0
— — INTM1 | INTMO | NMIEG — — RAME
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

Reserved j

Only 0 should be written
to this bit

RAM Enable

0 | On-chip RAM disabled
1 | On-chip RAM enabled

NMI Input Edge Select

0 | Falling edge

1 | Rising edge

Interrupt Control Mode Selection

0 | O | Interrupt control mode O

1
1 | O | Interrupt control mode 2
1

Reserved
Only 0 should be written to this bit
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Internal I/O Register

SCKCR—System Clock Control Register H'FF3A Clock Pulse Generator
Bit : 7 6 5 4 3 1 0
|PSTOP| — | — | — | — | SCK2 | SCK1 | SCKO |
Initial value : 0 0 0 0 0 0 0
Read/Write : RW R/W — — — R/W R/W R/W
Bus Master Clock Select
0 | 0 | O | Bus masterisin high-speed mode
1 | Medium-speed clock is @¢/2
1 | 0 | Medium-speed clock is ¢/4
1 | Medium-speed clock is ¢/8
1| 0| O | Medium-speed clock is ¢/16
1 | Medium-speed clock is ¢/32
1 J— J—
¢ Clock Output Control
. Software Hardware
PSTOP | Normal Operation Sleep Mode Standby Mode Standby Mode
0 ¢ output @ output Fixed high High impedance
1 Fixed high Fixed high Fixed high High impedance
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Appendix B Internal 1/0O Register
MDCR—M ode Control Register H'FF3B MCU
Bit : 7 6 5 4 3 2 1 0
T— T — ] — | = [ — [wosz | wost]woso|
Initial value : 1 0 0 0 —* —* —*
Read/Write : — — — — — R R R
|

Note: * Determined by pins MD, to MDg

Current mode pin operating mode

MSTPCRH—M odule Stop Control Register H
MSTPCRL—M odule Stop Control Register L

Power-Down State
Power-Down State

H'FF3C
H'FF3D

MSTPCRH MSTPCRL
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Initial value : 0 0 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

Specifies module stop mode

Module stop mode cleared

0
1 | Module stop mode set
SYSCR2 — System Control Register 2 H'FF42 MCU
Bit : 7 6 5 4 3 2 1 0
— — — — FLSHE — — —
Initial value : 0 0 0 0 0 0 0 0
Read/Write : — — — — R/W — — —

=

Flash Memory Control Register Enable

0

Flash memory control register is not selected

1

Flash memory control register is selected
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Appendix B Internal I/0O Register

Reserved Register H'FF44
Bit : 7 6 5 4 3 2 1 0
Initial value : 0 0 0 0 0 0 0 0
Read/Write : — — R/W — — — — _
Reserved

Only 0 should be written to these bits

Reserved Register H'FF45
Bit : 7 6 5 4 3 2 1 0
Initial value : 0 0 0 0 1 1 1 1
Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W

Reserved

PORT1—Port 1 Register H'FF50 Port 1

Bit : 7 6 5 4 3 2 1 0
P17 P16 P15 P14 P13 P12 P11 P10

Initial value : —* —x —x % _ _ _ _ x
Read/Write : R R R R R R R R

State of port 1 pins

Note: * Determined by the state of pins P1; to P1,.
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PORT2—Port 2 Register H'FF51 Port 2
Bit : 7 6 5 4 3 2 1 0
P27 P26 P25 P24 P23 P22 P21 P20
Initial value : —* —* —* —* —* —* —* —*
Read/Write : R R R R R R R R
State of port 2 pins
Note: * Determined by the state of pins P2; to P2,.
PORT3—Port 3 Register H'FF52 Port 3
Bit 7 6 5 4 3 2 1 0
— — P35 P34 P33 P32 P31 P30
Initial value : Undefined Undefined ——* —* —* —* —* —*
Read/Write : — — R R R R R R
State of port 3 pins
Note: * Determined by the state of pins P35 to P3;.
PORT4—Port 4 Register H'FF53 Port 4
Bit : 7 6 5 4 3 2 1 0
P47 P46 P45 P44 P43 P42 P41 P40
Initial value : —* —* —* —* —* —* —* —*
Read/Write : R R R R R R R R

State of port 4 pins

Note: * Determined by the state of pins P4; to P4,.
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Appendix B Internal I/0O Register

PORTA—Port A Register H'FF59 Port A
Bit : 7 6 5 4 3 2 1 0
— — — — PA3 PA2 PA1 PAO
Initial value : Undefined Undefined Undefined Undefined — —* —* —* —*
Read/Write : — — — — R R R R

State of port A pins

Note: * Determined by the state of pins PA3 to PA,.

PORTB—Port B Register H'FF5A Port B
Bit : 7 6 5 4 3 2 1 0
PB7 PB6 PB5 PB4 PB3 PB2 PB1 PBO
Initial value : —* —* —* —* —* —* —* —*
Read/Write : R R R R R R R R

State of port B pins

Note: * Determined by the state of pins PB; to PBy.

PORTC—Port C Register H'FF5B Port C
Bit : 7 6 5 4 3 2 1 0
PC7 PC6 PC5 PC4 PC3 PC2 PC1 PCO
Initial value : —* —* _* _* _ _* _ _ *
Read/Write : R R R R R R R R

State of port C pins

Note: * Determined by the state of pins PC to PC,,.
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Appendix B Internal 1/0O Register

PORTD—Port D Register H'FF5C Port D
Bit : 7 6 5 4 3 2 1 0
PD7 PD6 PD5 PD4 PD3 PD2 PD1 PDO
Initial value : —* — — — — —* —* —*
Read/Write : R R R R R R R R
State of port D pins
Note: * Determined by the state of pins PD; to PDy.
PORTE—Port E Register H'FF5D Port E
Bit : 7 6 5 4 3 2 1 0
PE7 PE6 PE5 PE4 PE3 PE2 PE1 PEO
Initial value : —* —* —* —F —* —* —* —*
Read/Write : R R R R R R R R
State of port E pins
Note: * Determined by the state of pins PE; to PE,.
PORTF—Port F Register H'FF5E Port F
Bit : 7 6 5 4 3 2 1 0
PF7 PF6 PF5 PF4 PF3 PF2 PF1 PFO
Initial value : —* _* —* —* % _* _* _*
Read/Write : R R R R R R R R

State of port F pins

Note: * Determined by the state of pins PF; to PF.
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PORTG—Port G Register H'FF5F Port G
Bit : 7 6 5 4 3 2 1 0
_ — — PG4 PG3 PG2 PG1 PGO
Initial value : Undefined Undefined Undefined — —* —* —* —* —*
Read/Write : — — — R R R R R

State of port G pins

Note: * Determined by the state of pins PG4 to PGy

P1DR—Port 1 Data Register H'FF60 Port 1
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

Stores output data for port 1 pins (P1; to P1lp)

P2DR—Port 2 Data Register H'FF61 Port 2
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/IW R/W R/W R/W R/W R/IW R/IW

Stores output data for port 2 pins (P27 to P2g)
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P3DR—Port 3 Data Register H'FF62 Port 3
Bit : 7 6 5 4 3 2 1 0
| — | — | P35DR | P34DR | P33DR | P32DR | P31DR | P30DR |
Initial value : Undefined Undefined 0 0 0 0 0 0
Read/Write : — — R/W R/W R/W R/W R/W R/W

Stores output data for port 3 pins (P35 to P3g)

PADR—Port A Data Register H'FF69 Port A
Bit : 7 6 5 4 3 2 1 0
| — | — | — | — | PA3DR | PA2DR | PA1DR | PAODR |
Initial value : Undefined Undefined Undefined Undefined 0 0 0 0
Read/Write : — — — — R/W R/W R/W R/W

Stores output data for port A pins (PAz to PAg)

PBDR—Port B Data Register H'FF6A Port B
Bit : 7 6 5 4 3 2 1 0
| PB7DR | PBGDR| PB5DR | PB4DR | PB3DR | PB2DR | PB1DR | PBODR ‘
Initial value : 0 0 0 0 0 0 0 0
Read/Write : R/W R/W R/IW R/W R/W R/W R/W R/W

Stores output data for port B pins (PB7 to PBy)
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Appendix B Internal I/0O Register

PCDR—Port C Data Register H'FF6B Port C
Bit : 7 6 5 4 3 2 1 0
PC7DR | PC6DR | PC5DR | PC4DR | PC3DR | PC2DR | PC1DR | PCODR
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

Stores output data for port C pins (PC+to PCy)

PDDR—Port D Data Register H'FF6C Port D
Bit : 7 6 5 4 3 2 1 0
| PD7DR | PD6DR| PD5DR | PD4DR | PD3DR | PD2DR | PD1DR | PDODR ‘
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

Stores output data for port D pins (PD; to PDg)

PEDR—Port E Data Register H'FF6D Port E
Bit : 7 6 5 4 3 2 1 0
| PE7DR | PE6DR| PESDR | PE4DR | PE3DR | PE2DR | PE1DR | PEODR ‘
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

Stores output data for port E pins (PE; to PEy)
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Appendix B Internal 1/0O Register

PFDR—Port F Data Register H'FF6E Port F
Bit : 7 6 5 4 3 2 1 0
PF7DR | PF6DR | PF5DR | PF4DR | PF3DR | PF2DR | PF1DR | PFODR
Initial value : 0 0 0 0 0 0 0 0
Read/Write : R/W RIW R/W R/W R/W R/W R/W R/W

Stores output data for port F pins (PF; to PFp)

PGDR—Port G Data Register H'FF6F Port G
Bit : 7 6 5 4 3 2 1 0
| — | — | — | PG4DR | PG3DR | PG2DR | PG1DR | PGODR ‘
Initial value : Undefined Undefined Undefined 0 0 0 0 0
Read/Write : — — — R/W R/W R/W R/W R/W

Stores output data for port G pins (PG4 to PGg)

PAPCR—Port A MOS Pull-Up Control Register H'FF70 Port A
Bit : 7 6 5 4 3 2 1 0

— — — — PA3PCR|PA2PCR|PA1PCR|PAOPCR
Initial value : Undefined Undefined Undefined Undefined 0 0 0 0
Read/Write : — — — — R/W R/W R/W R/W

Controls the MOS input pull-up function incorporated into port A on a bit-by-bit basis
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Appendix B Internal I/0O Register

PBPCR—Port B MOS Pull-Up Control Register H'FF71 Port B
Bit : 7 6 5 4 3 2 1 0

| PB7PCR| PB6PCR| PBSPCR| PB4PCR| PB3PCR | PB2PCR | PBlPCR|PBOPCR|
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

Controls the MOS input pull-up function incorporated into port B on a bit-by-bit basis

PCPCR—Port C MOS Pull-Up Control Register H'FF72 Port C
Bit : 7 6 5 4 3 2 1 0
|PC7PCR| PC6PCR| PC5PCR| PC4PCR| PCSPCR|PCZPCR | PClPCR|PCOPCR|
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

Controls the MOS input pull-up function incorporated into port C on a bit-by-bit basis

PDPCR—Port D MOS Pull-Up Control Register H'FF73 Port D
Bit : 7 6 5 4 3 2 1 0
PD7PCR|PD6PCR|PD5PCR|PD4PCR|PD3PCR|PD2PCR|PD1PCR|PDOPCR
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

Controls the MOS input pull-up function incorporated into port D on a bit-by-bit basis
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Appendix B Internal 1/0O Register

PEPCR—Port E MOS Pull-Up Control Register H'FF74 Port E
Bit : 7 6 5 4 3 2 1 0
|PE7PCR| PE6PCR| PE5PCR| PE4PCR| PE3PCR |PE2PCR | PE1PCR| PEOPCR|
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

Controls the MOS input pull-up function incorporated into port E on a bit-by-bit basis

P30ODR—Port 3 Open Drain Control Register H'FF76 Port 3
Bit : 7 6 5 4 3 2 1 0
| — | — | P350DR| P34ODR| P330DR | P320DR | P31ODR|P3OODR|
Initial value : Undefined Undefined 0 0 0 0 0 0
Read/Write : — — R/W R/W R/W R/W R/W R/W

Controls the PMOS on/off status for each port 3 pin (P35 to P3g)

PAODR—Port A Open Drain Control Register H'FF77 Port A
Bit : 7 6 5 4 3 2 1 0
— — — — PA3ODR|PA20DR|PA10ODR|PAOODR
Initial value : Undefined Undefined Undefined Undefined 0 0 0 0
Read/Write : — — — — R/W R/W R/W R/W

Controls the PMOS on/off status for each port A pin (PAzto PAg)
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Appendix B

Internal I/O Register

SMRO—Serial Mode Register 0

Bit

Initial value :
Read/Write :

H'FF78 SCI0
7 6 5 4 3 2 1 0
C/A | CHR | PE | O/E |STOP| MP | CKS1 | CKSO|
0 0 0 0 0 0 0 0
R/W R/W R/IW R/W R/W R/IW R/W R/W
|
Clock Select
0 | 0| @clock
1 | @4 clock
1| 0 | ¢/16 clock
1 | @64 clock
Multiprocessor Mode
0 | Multiprocessor function disabled
1 | Multiprocessor format selected

Stop Bit Length

0 | 1 stop bit
1 | 2 stop bits
Parity Mode

0 | Even parity

1 | Odd parity

Parity Enable

0

Parity bit addition and checking disabled

1

Parity bit addition and checking enabled

Character Length

0 8-bit data

1 | 7-bit data*

Asynchronous Mode/Synchronous Mode Select

0

Asynchronous mode

1

Synchronous mode

Note: * When 7-bit data is selected, the MSB (bit 7) of TDR is not transmitted.
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Appendix B

Internal I/O Register

SMRO—Serial Mode Register 0 H'FF78 Smart Card Interface 0
Bit 7 6 5 4 3 2 1 0
| oM | cir | PE | oF | stop | mp | ckst | 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
Clock Select‘
0 | 0 | @clock
1 | @4 clock
1 | 0 | @/16 clock
1 | @64 clock
Multiprocessor Mode
0 | Multiprocessor function disabled
1 | Setting prohibited
Stop Bit Length
0 | Setting prohibited
1 | 2 stop bits
Parity Mode
0 | Even parity
1 | Odd parity
Parity Enable
0 | Setting prohibited
1 | Parity bit addition and checking enabled
Character Length
0 | 8-bitdata
1 | Setting prohibited
GSM Mode
0 | Normal smart card interface mode operation
* TEND flag generated 12.5 etu after beginning of start bit
» Clock output on/off control only
1 | GSM mode smart card interface mode operation

« TEND flag generated 11.0 etu after beginning of start bit

« Fixed high/low-level control possible (set in SCR) in addition to clock output on/off control
Note: etu (Elementary Time Unit): Time for transfer of one bit
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Appendix B Internal I/0O Register

BRRO—Bit Rate Register 0 H'FF79  SCI0, Smart Card Interface0
Bit : 7 6 5 4 3 2 1 0
Initial value : 1 1 1 1 1 1 1 1
Read/Write : RIW RIW R/W RIW R/W R/W RIW RIW

Sets the serial transfer bit rate

Note: See section 12.2.8, Bit Rate Register (BRR), for details.
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Appendix B Internal 1/0O Register

SCRO—Serial Control Register 0 H'FF7A SCIO0
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/IW R/IW R/IW R/W R/W R/W R/W
Clock Enable
0 | 0 | Asynchronous | Internal clock/SCK pin functions
mode as 1/0 port
Synchronous | Internal clock/SCK pin functions
mode as serial clock output
1 | Asynchronous | Internal clock/SCK pin functions
mode as clock output™®
Synchronous | Internal clock/SCK pin functions
mode as serial clock output
1 | 0 | Asynchronous | External clock/SCK pin functions
mode as clock input*2
Synchronous | External clock/SCK pin functions
mode as serial clock input
1 | Asynchronous | External clock/SCK pin functions
mode as clock input*2
Synchronous | External clock/SCK pin functions
mode as serial clock input
Notes: 1. Outputs a clock of the same frequency as the bit rate.
2. Inputs a clock with a frequency 16 times the bit rate.
Transmit End Interrupt Enable
0 | Transmit end interrupt (TEI) request disabled
1 | Transmit end interrupt (TEI) request enabled

Multiprocessor Interrupt Enable

0 | Multiprocessor interrupts disabled
[Clearing conditions]

* When the MPIE bit is cleared to 0
* When MPB= 1 data is received

1 | Multiprocessor interrupts enabled

Receive interrupt (RXI) requests, receive error interrupt (ERI)
requests, and setting of the RDRF, FER, and ORER flags in
SSR are disabled until data with the multiprocessor bit set to 1
is received

Receive Enable

0 | Reception disabled

1 | Reception enabled

Transmit Enable

0 | Transmission disabled

1 | Transmission enabled

Receive Interrupt Enable

0 | Receive data full interrupt (RXI) request and
receive error interrupt (ERI) request disabled

1 | Receive data full interrupt (RXI) request and
receive error interrupt (ERI) request enabled

Transmit Interrupt Enable

0 | Transmit data empty interrupt (TXI) requests disabled
1 | Transmit data empty interrupt (TXI) requests enabled
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Appendix B Internal I/0O Register

SCRO—Serial Control Register 0 H'FF7A Smart Card Interface O
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 RIW R/W R/W RIW
Clock Enable
SMCR | SMR SCR setting . .
— SCK pin function
SMIF |C/A,GM CKE1l | CKEO
0 See SCI specification
1 0 0 0 Qperates as port input
pin
1 0 0 1 Clock output as SCK
output pin
Fixed-low output as
1 1
0 0 SCK output pin
1 1 0 1 Clock output as SCK
output pin
Fixed-high output as
1 ! 1 0 SCK output pin
1 1 1 1 Clock output as SCK
output pin

Transmit End Interrupt Enable

0 | Transmit end interrupt (TEI) request disabled

1 | Transmit end interrupt (TEI) request enabled

Multiprocessor Interrupt Enable

0 | Multiprocessor interrupts disabled
[Clearing conditions]

« When the MPIE bit is cleared to 0
* When MPB= 1 data is received

1 | Multiprocessor interrupts enabled

Receive interrupt (RXI) requests, receive error interrupt (ERI)
requests, and setting of the RDRF, FER, and ORER flags in
SSR are disabled until data with the multiprocessor bit set to 1
is received

Receive Enable

0 | Reception disabled

1 | Reception enabled

Transmit Enable

0 | Transmission disabled

1 | Transmission enabled

Receive Interrupt Enable

0 | Receive data full interrupt (RXI) request and
receive error interrupt (ERI) request disabled

1 | Receive data full interrupt (RXI) request and
receive error interrupt (ERI) request enabled

Transmit Interrupt Enable

0 | Transmit data empty interrupt (TXI) requests disabled

1 | Transmit data empty interrupt (TXI) requests enabled
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Appendix B Internal 1/0O Register

TDRO—Transmit Data Register O H'FF7B  SCI0, Smart Card InterfaceO
Bit : 7 6 5 4 3 2 1 0
Initial value : 1 1 1 1 1 1 1 1
Read/Write : RIW R/W R/W R/W R/W R/W R/W R/W

Stores data for serial transmission
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Appendix B Internal I/0O Register

SSRO—Serial Status Register 0

Bit : 7

6 5 4

‘ TDRE ‘ RDRF ‘ ORER ‘ FER ‘ PER ‘ TEND ‘ MPB ‘ MPBT ‘

Initial value : 1
Read/Write :  R/(W)*

0 0 0
RIW)*  RIW)*  RI(W)*

H'FF7C SCIO0
3 2 1 0
0 1 0 0
RIWY R R RIW

Multiprocessor Bit Transfer

0 | Data with a 0 multiprocessor bit is transmitted

1 | Data with a 1 multiprocessor bit is transmitted

Multiprocessor Bit

0 | [Clearing condition]
When data with a 0 multiprocessor bit is received

1 | [Setting condition]
When data with a 1 multiprocessor bit is received

Transmit End

0 | [Clearing conditions]
« When 0 is written to TDRE after reading TDRE = 1
« When the DTC is activated by a TXI interrupt and writes data to TDR

1 | [Setting conditions]

« When the TE bitin SCR is 0

« When TDRE = 1 at transmission of the last bit of a 1-byte
serial transmit character

Parity Error

0

[Clearing condition]
When 0 is written to PER after reading PER = 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

Framing Error

0 | [Clearing condition]
When 0 is written to FER after reading FER = 1

1 | [Setting condition]
When the SCI checks whether the stop bit at the end of the receive
data when reception ends, and the stop bit is 0

Overrun Error

0 | [Clearing condition]
When 0 is written to ORER after reading ORER = 1

i

[Setting condition]
When the next serial reception is completed while RDRF = 1

Receive Data Register Full

0 | [Clearing conditions]

*When 0 is written to RDRF after reading RDRF = 1
«When the DTC is activated by an RXI interrupt and reads data from RDR

1 | [Setting condition]

When serial reception ends normally and receive data is transferred from RSR to RDR

Transmit Data Register Empty

0

[Clearing conditions]

* When 0 is written to TDRE after reading TDRE = 1
« When the DTC is activated by a TXI interrupt and writes data to TDR

[Setting conditions]
* When the TE bitin SCRis 0

« When data is transferred from TDR to TSR and data can be written to TDR

Note: * Can only be written with O for flag clearing.
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Appendix B Internal 1/0O Register

SSRO—Serial Status Register 0 H'FF7C Smart Card Interface 0
Bit : 7 6 5 4 3 2 1 0
‘ TDRE ‘ RDRF ‘ ORER ‘ ERS ‘ PER ‘ TEND ‘ MPB ‘ MPBT ‘
Initial value : 1 0 0 0 0 1 0 0
Read/Write :  R/W)* RI(W)* RIW)* RIW)* RIW)* R R RIW

Multiprocessor Bit Transfer

0 | Data with a 0 multiprocessor bit is transmitted
1 | Data with a 1 multiprocessor bit is transmitted

Multiprocessor Bit

0 | [Clearing condition]
When data with a 0 multiprocessor bit is received

1 | [Setting condition]
When data with a 1 multiprocessor bit is received

Transmit End

0 | [Clearing conditions]
* When 0 is written to TDRE after reading TDRE = 1
« When the DTC is activated by a TXI interrupt and writes data to TDR

1 | [Setting conditions]

« On reset, or in standby mode or module stop mode

* When the TE bit in SCR is 0 and the ERS bit is 0

* When TDRE =1 and ERS = 0 (normal transmission) 2.5 etu
after a 1-byte serial character is transmitted when GM = 0

* When TDRE = 1 and ERS = 0 (normal transmission) 1.0 etu
after a 1-byte serial character is transmitted when GM = 1

Note: etu: Elementary Time Unit (the time taken to transmit one bit)

Parity Error

0 | [Clearing condition]
When 0 is written to 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

Error Signal Status

0 | [Clearing conditions]
« On reset, or in standby mode or module stop mode
* When 0 is written to ERS after reading ERS = 1

i

[Setting condition]
When the error signal is sampled at the low level

Note: Clearing the TE bit in SCR to 0 does not affect the ERS flag, which retains its prior state.

Overrun Error

0 | [Clearing condition]
When 0 is written to ORER after reading ORER = 1

1 | [Setting condition]
When the next serial reception is completed while RDRF = 1

Receive Data Register Full

0 | [Clearing conditions]
* When 0 is written to RDRF after reading RDRF = 1
* When the DTC is activated by an RXI interrupt and reads data from RDR

[N

[Setting condition]
When serial reception ends normally and receive data is transferred from RSR to RDR

Transmit Data Register Empty

0 | [Clearing conditions]
* When 0 is written to TDRE after reading TDRE = 1
* When the DTC is activated by a TXI interrupt and writes data to TDR

[N

[Setting conditions]
* When the TE bit in SCR is 0
« When data is transferred from TDR to TSR and data can be written to TDR

Note: * Can only be written with O for flag clearing.
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Appendix B Internal I/0O Register

RDRO—Receive Data Register 0 H'FF7D SCI0, Smart Card InterfaceO
Bit : 7 6 5 4 3 2 1 0
Initial value : 0 0 0 0 0 0 0 0
Read/Write : R

Stores received serial data

SCMRO—Smart Card Mode Register 0 H'FF7E  SCI0, Smart Card Interface0
Bit : 7 6 5 4 3 2 1 0
| — | — | = | — | sor[snw | — | suF|
Initial value : 1 1 1 1 0 0 1 0
Read/Write : — — — — R/W R/W — R/W

Smart Card J

Interface Mode Select

0 | Smart Card interface
function is disabled

1 | Smart Card interface
function is enabled

Smart Card Data Invert

0 | TDR contents are transmitted as they are
Receive data is stored in RDR as it is

1 | TDR contents are inverted before
being transmitted

Receive data is stored in RDR

in inverted form

Smart Card Data Direction

0 | TDR contents are transmitted LSB-first
Receive data is stored in RDR LSB-first

TDR contents are transmitted MSB-first
Receive data is stored in RDR MSB-first
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Appendix B Internal 1/0O Register

SMR1—Serial Mode Register 1 H'FF80
Bit 7 6 5 4 3 2 1 0
| C/A | CHR | PE | O/E |STOP| MP | 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
|
Clock Select
0| 0 | pclock
1 | @4 clock
1| 0 | @/16 clock
1 | @/64 clock
Multiprocessor Mode
0 | Multiprocessor function disabled
1 | Multiprocessor format selected

Stop Bit Length

0 | 1stop bit
1 | 2 stop bits
Parity Mode
0 | Even parity
1 | Odd parity

Parity Enable

0 | Parity bit addition and checking disabled
1 | Parity bit addition and checking enabled
Character Length
0 | 8-bitdata
1 | 7-bit data*

Asynchronous Mode/Synchronous Mode Select

0

Asynchronous mode

1 | Synchronous mode

Note: * When 7-bit data is selected, the MSB (bit 7) of TDR is not transmitted.
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Appendix B Internal I/0O Register

SMR1—Serial Mode Register 1 H'FF80 Smart Card Interface 1

Bit : 7 6 5 4 3 2 1 0

| oM [ cir | PE | OF |stop | wmp | cksi | 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

Clock Select‘

0 | O | @clock
1 | @/4clock

1| 0 | @16 clock

1 | @64 clock

Multiprocessor Mode

0 | Multiprocessor function disabled

1 | Setting prohibited

Stop Bit Length

0 | Setting prohibited

1 | 2 stop bits

Parity Mode

0 | Even parity
1 | Odd parity

Parity Enable

0 | Setting prohibited

1 Parity bit addition and checking enabled

Character Length
0 | 8-bitdata

1 | Setting prohibited

GSM Mode

0 | Normal smart card interface mode operation
« TEND flag generated 12.5 etu after beginning of start bit
 Clock output on/off control only

1 | GSM mode smart card interface mode operation
« TEND flag generated 11.0 etu after beginning of start bit
« Fixed high/low-level control possible (set in SCR) in addition to clock output on/off control

Note: etu (Elementary Time Unit): Time for transfer of one bit
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Appendix B Internal 1/0O Register

BRR1—Bit Rate Register 1 H'FF81 SCIl1, Smart Card Interface 1
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

Sets the serial transfer bit rate

Note: See section 12.2.8, Bit Rate Register (BRR), for details.
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Appendix B Internal I/0O Register

SCR1—Serial Control Register 1 H'FF82 SCil
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/IW R/W R/W RIW R/W R/W
Clock Enable
0 | 0 | Asynchronous | Internal clock/SCK pin functions
mode as 1/0 port
Synchronous | Internal clock/SCK pin functions
mode as serial clock output
1 | Asynchronous | Internal clock/SCK pin functions
mode as clock output™?!
Synchronous | Internal clock/SCK pin functions
mode as serial clock output
1 | 0 | Asynchronous | External clock/SCK pin functions
mode as clock input*?
Synchronous | External clock/SCK pin functions
mode as serial clock input
1 | Asynchronous | External clock/SCK pin functions
mode as clock input*?
Synchronous | External clock/SCK pin functions
mode as serial clock input
Notes: 1. Outputs a clock of the same frequency as the bit rate.
2. Inputs a clock with a frequency 16 times the bit rate.
Transmit End Interrupt Enable
0 | Transmit end interrupt (TEI) request disabled
1 | Transmit end interrupt (TEI) request enabled

Multiprocessor Interrupt Enable

0 | Multiprocessor interrupts disabled
[Clearing conditions]

* When the MPIE bit is cleared to 0
* When MPB= 1 data is received

Multiprocessor interrupts enabled

Receive interrupt (RXI) requests, receive error interrupt (ERI)
requests, and setting of the RDRF, FER, and ORER flags in
SSR are disabled until data with the multiprocessor bit set to 1
is received

Receive Enable

0 | Reception disabled

1 | Reception enabled

Transmit Enable

0 | Transmission disabled

1 | Transmission enabled

Receive Interrupt Enable

0 | Receive data full interrupt (RXI) request and
receive error interrupt (ERI) request disabled

1 | Receive data full interrupt (RXI) request and
receive error interrupt (ERI) request enabled

Transmit Interrupt Enable

0 | Transmit data empty interrupt (TXI) requests disabled

1 | Transmit data empty interrupt (TXI) requests enabled
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Appendix B Internal 1/0O Register

SCR1—Serial Control Register 1 H'FF82 Smart Card Interface 1
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 RIW R/W R/W RIW
Clock Enable
SMCR | SMR SCR setting . .
— SCK pin function
SMIF |C/A,GM CKE1l | CKEO
0 See SCI specification
1 0 0 0 Qperates as port input
pin
1 0 0 1 Clock output as SCK
output pin
Fixed-low output as
1 1
0 0 SCK output pin
1 1 0 1 Clock output as SCK
output pin
Fixed-high output as
1 ! 1 0 SCK output pin
1 1 1 1 Clock output as SCK
output pin

Transmit End Interrupt Enable
0 | Transmit end interrupt (TEI) request disabled

1 | Transmit end interrupt (TEI) request enabled

Multiprocessor Interrupt Enable

0 | Multiprocessor interrupts disabled
[Clearing conditions]

* When the MPIE bit is cleared to 0
* When MPB= 1 data is received

1 | Multiprocessor interrupts enabled

Receive interrupt (RXI) requests, receive error interrupt (ERI)
requests, and setting of the RDRF, FER, and ORER flags in
SSR are disabled until data with the multiprocessor bit set to 1
is received

Receive Enable

0 | Reception disabled

1 | Reception enabled

Transmit Enable

0 | Transmission disabled

1 | Transmission enabled

Receive Interrupt Enable

0 | Receive data full interrupt (RXI) request and
receive error interrupt (ERI) request disabled

1 | Receive data full interrupt (RXI) request and
receive error interrupt (ERI) request enabled

Transmit Interrupt Enable

0 | Transmit data empty interrupt (TXI) requests disabled

1 | Transmit data empty interrupt (TXI) requests enabled
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Appendix B Internal I/0O Register

TDR1—Transmit Data Register 1 H'FF83  SCI1, Smart Card Interface 1
Bit : 7 6 5 4 3 2 1 0
Initial value : 1 1 1 1 1 1 1 1
Read/Write : RIW R/W R/W R/W R/W R/W R/W R/W

Stores data for serial transmission
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Appendix B Internal 1/0O Register

SSR1—Serial Status Register 1 H'FF84 SCll
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 RIW

Multiprocessor Bit Transfer

0 | Data with a 0 multiprocessor bit is transmitted

1 | Data with a 1 multiprocessor bit is transmitted

Multiprocessor Bit

0 | [Clearing condition]
When data with a 0 multiprocessor bit is received

1 | [Setting condition]
When data with a 1 multiprocessor bit is received

Transmit End

0 | [Clearing conditions]
« When 0 is written to TDRE after reading TDRE = 1
* When the DTC is activated by a TXI interrupt and writes data to TDR

1 | [Setting conditions]

* When the TE bitin SCR is 0

* When TDRE = 1 at transmission of the last bit of a 1-byte
serial transmit character

Parity Error

0

[Clearing condition]
When 0 is written to PER after reading PER = 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 bitin SMR

Framing Error

0 | [Clearing condition]
When 0 is written to FER after reading FER = 1

1 | [Setting condition]
When the SCI checks whether the stop bit at the end of the receive
data when reception ends, and the stop bit is O

Overrun Error

0 | [Clearing condition]
When 0 is written to ORER after reading ORER =1

[

[Setting condition]
When the next serial reception is completed while RDRF = 1

Receive Data Register Full

0 | [Clearing conditions]

« When 0 is written to RDRF after reading RDRF = 1
* When the DTC is activated by an RXI interrupt and reads data from RDR

[

[Setting condition]

When serial reception ends normally and receive data is transferred from RSR to RDR

Transmit Data Register Empty

0 | [Clearing conditions]

« When 0 is written to TDRE after reading TDRE = 1
« When the DTC is activated by a TXI interrupt and writes data to TDR

1 | [Setting conditions]
* When the TE bitin SCR is 0

* When data is transferred from TDR to TSR and data can be written to TDR

Note: * Can only be written with O for flag clearing.
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Appendi

x B Internal /0O Register

SSR1—Serial Status Register 1 H'FF84

Bit

1 0

- ‘ TDRE ‘ RDRF ‘ ORER ‘ ERS ‘ PER ‘ TEND ‘ MPB ‘ MPBT ‘

Initial value : 1
Read/Write :  R/(W)*

0 0 0 0 1 0 0

R/

Wy RIW)*  RIW)* RIW)Y* R R RIW

Smart Card Interface 1

Multiprocessor Bit Transfer

0 | Data with a 0 multiprocessor bit is transmitted

1 | Data with a 1 multiprocessor bit is transmitted

Multiprocessor Bit

0 | [Clearing condition]

When data with a 0 multiprocessor bit is received

1 | [Setting condition]

When data with a 1 multiprocessor bit is received

Transmit End

0 | [Clearing conditions]
« When 0 is written to TDRE after readi

* When the DTC is activated by a TXI interrupt and writes data to TDR

ng TDRE =1

1 | [Setting conditions]

after a 1-byte serial character is trans

+ On reset, or in standby mode or module stop mode
« When the TE bit in SCR is 0 and the ERS bit is 0
* When TDRE = 1 and ERS = 0 (normal transmission) 2.5 etu

* When TDRE = 1 and ERS = 0 (normal transmission) 1.0 etu
after a 1-byte serial character is transmitted when GM = 1

mitted when GM = 0

Parity Error

Note: etu: Elementary Time Unit (Time for transfer of one bit)

0 | [Clearing condition]
When 0 is written to 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

Error Signal Status

0 | [Clearing conditions]
« On reset, or in standby mode or module stop mode
« When 0 is written to ERS after reading ERS =1

1 | [Setting condition]
When the error signal is sampled at the low level

Overrun Error

0 | [Clearing condition]
When 0 is written to ORER after reading ORER =1

[N

[Setting condition]
When the next serial reception is completed while RDRF = 1

Re

ceive Data Register Full

Note: Clearing the TE bit in SCR to 0 does not affect the ERS flag, which retains its prior state.

0

[Clearing conditions]
* When 0 is written to RDRF after reading RDRF = 1
* When the DTC is activated by an RXI interrupt and reads data from RDR

[,

[Setting condition]

When serial reception ends normally and receive data is transferred from RSR to RDR

Transmit Data Register Empty

0

[Cleari

* When 0 is written to TDRE after reading TDRE = 1
* When the DTC is activated by a TXI interrupt and writes data to TDR

ng conditions]

i

[Settin

* When the TE bit in SCR is 0
« When data is transferred from TDR to TSR and data can be written to TDR

g conditions]

Note: * Can only be written with 0 for flag clearing.
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Appendix B Internal 1/0O Register

RDR1—Receive Data Register 1 H'FF85 SCI1, Smart Card Interface 1
Bit : 7 6 5 4 3 2 1 0
Initial value : 0 0 0 0 0 0 0 0
Read/Write : R

Stores received serial data

SCMR1—Smart Card Mode Register 1 H'FF86  SCI1, Smart Card Interface 1
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

Smart Card J
Interface Mode Select

0 | Smart Card interface
function is disabled

1 | Smart Card interface
function is enabled

Smart Card Data Invert

0 | TDR contents are transmitted as they are
Receive data is stored in RDR as it is

1 | TDR contents are inverted before
being transmitted

Receive data is stored in RDR

in inverted form

Smart Card Data Direction

0 | TDR contents are transmitted LSB-first
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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Appendix B Internal I/0O Register

ADDRAH—A/D Data Register AH H'FF90 A/D Converter
ADDRAL—A/D Data Register AL H'FFI1 A/D Converter
ADDRBH—A/D Data Register BH H'FF92 A/D Converter
ADDRBL—A/D Data Register BL H'FF93 A/D Converter
ADDRCH—A/D Data Register CH H'FF94 A/D Converter
ADDRCL—A/D Data Register CL H'FF95 A/D Converter
ADDRDH—A/D Data Register DH H'FF96 A/D Converter
ADDRDL—A/D Data Register DL H'FF97 A/D Converter
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| — | — | — | — | — | — ‘
Initialvalue : 0 0 0 O O O O O O O O O O O o0 O
ReadWrite : R R R R R R R R R R R R R R R R

Stores the results of A/D conversion

Analog Input Channel

Group 0 Group 1 A/D Data Register
ANO AN4 ADDRA
AN1 ANS5 ADDRB
AN2 ANG6 ADDRC
AN3 AN7 ADDRD
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Appendix B Internal 1/0O Register

ADCSR—A/D Control/Status Register H'FF98 A/D Converter
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

— 1 ]

Channel Select
Group| Channel
select|  select | gingle Mode | Scan Mode
CH2 |CH1 | CHO
0 0 0 ANO ANO
1 AN1 ANO, AN1
1 0 AN2 ANO to AN2
1 AN3 ANO to AN3
1 0 0 AN4 AN4
1 ANS5 AN4, ANS
1 0 AN6 AN4 to AN6
1 AN7 AN4 to AN7

Group Select

0 | Conversion time= 266 states (max.)

1 | Conversion time= 134 states (max.)

Scan Mode

0 | Single mode

1 | Scan mode

A/D Start

0 | A/D conversion stopped

1 |+ Single mode: A/D conversion is started. Cleared to 0
automatically when conversion 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 transition to standby mode or
module stop mode

A/D Interrupt Enable
0 | A/D conversion end interrupt (ADI) request disabled

1 | A/D conversion end interrupt (ADI) request enabled

A/D End Flag

0 [Clearing conditions]
* When 0 is written to the ADF flag after reading ADF =1
* When the DTC is activated by an ADI interrupt, and ADDR is read

1 [Setting conditions]
« Single mode: When A/D conversion ends
» Scan mode: When one round of conversion has been performed on all specified channels

Note: * Can only be written with 0 for flag clearing.
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Appendix B Internal I/0O Register

ADCR—A/D Control Register H'FF99 A/D
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 — — R/W _ _ _

Reserved bit. Write as 1.

Timer Trigger Select
TRGS1| TRGSO Description

0 0 | A/D conversion start by external trigger is disabled

1 A/D conversion start by external trigger (TPU) is enabled

1 0 A/D conversion start by external trigger (8-bit timer) is enabled

1 A/D conversion start by external trigger pin (ADTRG) is enabled

DADRO—D/A Data Register 0 H'FFA4 D/A
DADR1—D/A Data Register 1 H'FFAS5 D/A
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

Stores data for D/A conversion
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Appendix B Internal 1/0O Register

DACR—D/A Control Register H'FFA6 D/A
Bit : 7 6 5 4 3 2 1 0
DAOCE1 | DAOEO| DAE — — — — —
Initial value : 0 0 0 1 1 1 1 1
Read/Write : R/W R/W R/W — — — — —

D/A Output Enable 0

0

Analog output DAO is disabled

1

Channel 0 D/A conversion is enabled
Analog output DAO is enabled

D/A Output Enable

1

0 | Analog output DAL is disabled

1 | Channel 1 D/A conversion is enabled
Analog output DAL is enabled

D/A Conversion Control

DAOE1| DAOEO| DAE Description
0 0 * Channel 0 and 1 D/A conversion disabled
1 0 Channel 0 D/A conversion enabled
Channel 1 D/A conversion disabled
1 Channel 0 and 1 D/A conversions enabled
1 0 0 Channel 0 D/A conversion disabled
Channel 1 D/A conversion enabled
1 Channel 0 and 1 D/A conversion enabled
1 * Channel 0 and 1 D/A conversion enabled

*: Don’t care
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Appendix B Internal I/0O Register

TCRO—Time Control Register 0 H'FFBO 8-Bit Timer Channel 0
TCR1—Time Control Register 1 H'FFB1 8-Bit Timer Channd 1
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

Clock Select
0 0 0 Clock input disabled
1 Internal clock: counted at falling edge

of @/8
1 0 Internal clock: counted at falling edge
of @64
1 Internal clock: counted at falling edge
of ¢/8192

1 0 0 For channel 0:

Count at TCNT1 overflow signal*
For channel 1:

Count at TCNTO compare match A*

1 External clock: counted at rising edge

1 0 External clock: counted at falling edge

1 External clock: 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 is generated.
Do not use this setting.

Counter Clear

0 0 Clear is disabled
1 Clear by compare match A
1 0 Clear by compare match B
1 Clear by rising edge of external reset input

Timer Overflow Interrupt Enable

0 OVF interrupt requests (OVI) are disabled

1 OVF interrupt requests (OVI) are enabled

Compare Match Interrupt Enable A

0 CMFA interrupt requests (CMIA) are disabled
1 CMFA interrupt requests (CMIA) are enabled

Compare Match Interrupt Enable B

0 CMFB interrupt requests (CMIB) are disabled
1 CMFB interrupt requests (CMIB) are enabled
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Appendix B

Internal I/O Register

TCSRO—Timer Control/Status Register 0 H'FFB2 8-Bit Timer Channel 0
TCSR1—Timer Control/Status Register 1 H'FFB3 8-Bit Timer Channdl 1
TCSRO Bit : 7 6 5 4 3 2 1 0
| CMFB | CMFA | OVF | ADTE | 0s3 | 0Ss2 | 0Os1 | 0OS0 |
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
TCSR1 Bit : 7 6 5 4 3 2 1 0
| CMFB | CMFA | OVF | — | 0S3 | 0Ss2 | Os1 | OS0 |
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
]
Output Select A
0 0 | No change when compare
match A occurs
1 | Ois output when compare
match A occurs
1 0 | 1is output when compare
match A occurs
1 | Outputis inverted when
compare match A
occurs (toggle output)
Output Select
0 0 | No change when compare match B occurs
1 | Ois output when compare match B occurs
1 0 | 1is output when compare match B occurs
1 | Output is inverted when compare match B
occurs (toggle output)
AID Trigger Enable (TCSRO only)
0 A/D converter start requests by compare match A are disabled
1 AID converter start requests by compare match A are enabled

Timer Overflow Flag

0 [Clearing condition]

Cleared by reading OVF when OVF = 1, then writing 0 to OVF
1 [Setting condition]

Set when TCNT overflows (changes from H'FF to H'00)

Compare Match Flag A

0

[Clearing conditions]
« Cleared by reading CMFA when CMFA = 1, then writing 0 to CMFA
* When the DTC is activated by a CMIA interrupt, while DISEL bit of MRB in DTC is 0.

[Setting condition]
Set when TCNT matches TCORA

Compare Match Flag B

0 | [Clearing conditions]
« Cleared by reading CMFB when CMFB = 1, then writing 0 to CMFB
« When the DTC is activated by a CMIB interrupt, while DISEL bit of MRB in DTC is 0.

1 | [Setting condition]
Set when TCNT matches TCORB

Note: * Only 0 can be written to bits 7 to 5, to clear these flags.
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Appendix B Internal I/0O Register

TCORAO—Time Constant Register AO H'FFB4 8-Bit Timer Channel 0

TCORA1—Time Constant Register Al H'FFB5 8-Bit Timer Channd 1
TCORAO TCORA1

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 : 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

TCORBO—Time Constant Register BO H'FFB6 8-Bit Timer Channel 0

TCORB1—Time Constant Register B1 H'FFB7 8-Bit Timer Channdl 1
TCORBO TCORB1

Bit : 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Initial value : 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

TCNTO—Timer Counter O H'FFB8 8-Bit Timer Channel 0

TCNT1—Timer Counter 1 H'FFB9 8-Bit Timer Channel 1
TCNTO TCNT1

Bit .15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value : 0 0 0 0 0 0 0 0 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 R/W R/W R/W R/W R/W R/W R/W R/W
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Appendix B Internal 1/0O Register

TCSR—Timer Control/Status Register H'FFBC (W) H'FFBC (R) WDT
Bit : 7 6 5 4 3 2 1
| OVF | WT/ﬁ| TME | — | — | CKS2 | CKs1 | CKS0 |
Initial value : 0 0 0 1 1 0 0 0
Read/Write :  R/(w)*  RW RIW — — RIW RW RIW
Clock Select ‘
CKS2|cKS1/cKS0|  Clock (V(V)r‘]’:r:ﬂ(;"’z" Sgrﬁﬂl)
0 0 0 | @2 (initial value)| 25.6us
1 | @64 819.2us
1| 0 | @128 1.6ms
1 | @512 6.6ms
1|0 | 0 | @2048 26.2ms
1 | @/8192 104.9ms
1| 0 | ¢/32768 419.4ms
1 | @/131072 1.68s
Note: * The overflow period is the time from when TCNT

) starts counting up from H'00 until overflow occurs.
Timer Enable

0 TCNT is initialized to H'00 and halted
1 TCNT counts

Timer Mode Select

0 | Interval timer mode: Sends the CPU an interval timer interrupt request
(WOVI) when TCNT overflows

1 | Watchdog timer mode: Generates the WDTOVF signal when
TCNT overflows

Overflow Flag

0 [Clearing condition]
Cleared by reading TCSR when OVF = 1, then writing 0 to OVF

1 | [Setting condition]
Set when TCNT overflows from H'FF to H'00 in interval timer mode

The method for writing to TCSR is different from that for general registers to prevent inadvertent overwriting.
For details see section 11.2.4, Notes on Register Access.

Note: * Can only be written with 0 for flag clearing.
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Appendix B Internal I/0O Register

TCNT—Timer Counter H'FFBC (W) H'FFBD (R) WDT
Bit : 7 6 5 4 3 2 1 0
I N S N N e
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 method for writing to TCNT is different from that for general registers to prevent inadvertent
overwriting. For details, see section 11.2.4, Notes on Register Access.
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Appendix B Internal 1/0O Register

RSTCSR—Reset Control/Status Register H'FFBE (W) H'FFBF (R) WDT
Bit : 7 6 5 4 3 2 1 0
WOVF | RSTE | RSTS — — — — —
Initial value : 0 0 0 1 1 1 1 1
Read/Write @ R/(W)* R/W R/W — — — — —

Reset Select

0 Power-on reset

1 Manual reset

Reset Enable

0 | Reset signal is not generated if TCNT overflows*

1 | Reset signal is generated if TCNT overflows

Note: * The modules H8S/2345 Group are not reset, but TCNT

and TCSR in WDT are reset.

Watchdog Timer Overflow Flag

0 | [Clearing condition]
Cleared by reading TCSR when WOVF = 1, then writing 0 to WOVF

1 | [Setting condition]
Set when TCNT overflows (changed from H'FF to H'00) during
watchdog timer operation

Note: * Can only be written with 0 for flag clearing.

The method for writing to RSTCSR is different from that for general registers to prevent

inadvertent overwriting. For details see section 11.2.4, Notes on Register Access.
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Appendix B Internal I/0O Register

TSTR—Timer Start Register H'FFCO TPU
Bit : 7 6 5 4 3 2 1 0

— — CST5 CST4 CST3 CST2 CST1 CSTO
Initial value : 0 0 0 0 0 0 0 0
Read/Write : — — R/W R/W R/W R/W R/W R/W

Counter Start

0 | TCNTn count operation is stopped

1 | TCNTn performs count operation
(n=5t00)

Note: If 0 is written to the CST bit during operation with the TIOC pin designated for output,
the counter stops but the TIOC pin output compare output level is retained. If TIOR
is written to when the CST bhit is cleared to 0, the pin output level will be changed to
the set initial output value.

TSYR—Timer Synchro Register H'FFC1 TPU
Bit : 7 6 5 4 3 2 1 0
— — SYNC5 | SYNC4 | SYNC3 | SYNC2 | SYNC1 | SYNCO
Initial value : 0 0 0 0 0 0 0 0
Read/Write : — — R/W R/W R/W R/W R/W R/W

Timer Synchronization

0 | TCNTn operates independently (TCNT presetting/
clearing is unrelated to other channels)

1 | TCNTn performs synchronous operation
TCNT synchronous presetting/synchronous clearing
is possible

(n=51t00)

Notes: 1. To set synchronous operation, the SYNC bits for at least two channels must
be setto 1.
2. To set synchronous clearing, in addition to the SYNC bit , the TCNT clearing
source must also be set by means of bits CCLR2 to CCLRO in TCR.
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Appendix B

Internal I/O Register

FLMCR1—Flash Memory Control Register 1

Bit

Initial value :
Read/Write :

H'FFC8 FLASH
7 6 5 4 3 2 1 0
FWE SWE — — EV PV
— 0 0 0 0 0 0 0
R RIW — — R/W R/W R/W R/W
]
Program —————————
0 | Program mode cleared
1 | Transition to program mode
[Setting condition]
When FWE =1, SWE = 1,
and PSU =1
Erase

Software Write Enable

0 | Writes disabled

1 | Writes enabled
[Setting condition]
When FWE =1

Flash Write Enable

0 | Erase mode cleared

1 | Transition to erase mode
[Setting condition]

When FWE =1, SWE =1,
and ESU =1

Program-Verify

0 | Program-verify mode cleared

1 | Transition to program-verify mode
[Setting condition]
When FWE =1 and SWE =1

Erase-Verify

0 | Erase-verify mode cleared

1 | Transition to erase-verify mode
[Setting condition]
When FWE =1 and SWE =1

0 | When a low level is input to the FWE pin (hardware-protected state)

1 | When a high level is input to the FWE pin

Note: * Determined by the state of the FWE pin.
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Appendix B Internal I/0O Register

FLMCR2—Flash Memory Control Register 2 H'FFC9 FLASH
Bit : 7 6 5 4 3 2 1 0

FLER — — — — — ESU PSU
Initial value : 0 0 0 0 0 0 0 0
Read/Write : R — — — — — R/W R/W

Program Setup ——

0 | Program setup cleared

1 | Program setup
[Setting condition]
When FWE =1, and SWE =1

Erase Setup

0 | Erase setup cleared

1 | Erase setup
[Setting condition]
When FWE =1, and SWE =1

Flash Memory Error

0 | Flash memory is operating normally

Flash memory program/erase protection (error protection) is disabled
[Clearing condition]

Reset or hardware standby mode

1 | An error has occurred during flash memory programming/erasing
Flash memory program/erase protection (error protection) is enabled
[Setting condition]

See section 17.10.3, Error Protection
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Appendix B

Internal I/O Register

EBR1—Erase Block Register 1 H'FFCA FLASH
EBR2—Erase Block Register 2 H'FFCB FLASH
Bit : 7 6 5 4 3 2 1 0
EBR1 | — — | — | — | — | — EB9 EB8 ‘
Initial value : 0 0 0 0 0 0 0 0
Read/Write : — — — — — — R/W R/W
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 : R/W R/W R/W R/W R/W R/W R/W R/W
Flash Memory Erase Blocks
Block (Size) Address

EBO (1 kbyte)

H'000000 to H'0003FF

EB1 (1 kbyte)

H'000400 to H'0007FF

EB2 (1 kbyte)

H'000800 to H'000BFF

EB3 (1 kbyte)

H'000C00 to H'O00FFF

EB4 (28 kbytes)

H'001000 to H'007FFF

EB5 (16 kbytes)

H'008000 to H'00BFFF

EB6 (8 kbytes)

H'00C000 to H'OODFFF

EB7 (8 kbytes)

H'00EO000 to H'0O0FFFF

EB8 (32 kbytes)

H'010000 to H'017FFF

EB9 (32 kbytes)

H'018000 to H'01FFFF
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Appendix B Internal I/0O Register

TCRO—Timer Control Register 0 H'FFDO TPUO
Bit : 7 6 5 4 3 2 1 0
’ CCLR2 ‘ CCLR1 ‘ CCLRO ‘ CKEG1 ‘ CKEGO ‘ TPSC2 ‘ TPSC1 ‘ TPSCO ‘
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
Time Prescaler
0 | 0 | O |Internal clock: counts on @/1
1 |Internal clock: counts on @4
1 | 0 |Internal clock: counts on ¢/16
1 |Internal clock: counts on @/64
1 | 0 | 0O |External clock: counts on TCLKA pin input
1 |External clock: counts on TCLKB pin input
1 | 0 |External clock: counts on TCLKC pin input
1 |External clock: counts on TCLKD pin input

Clock Edge

0 | 0 | Count atrising edge

1 | Count at falling edge

1) * Count at both edges

*: Don't care
Counter Clear

0 | 0 | O |TCNT clearing disabled

TCNT cleared by TGRA compare match/input capture

TCNT cleared by TGRB compare match/input capture

N
,|lOo| R

TCNT cleared by counter clearing for another channel
performing synchronous clearing/synchronous operation®!

TCNT clearing disabled

TCNT cleared by TGRC compare match/input capture™?2

0
1

1 | 0 |TCNT cleared by TGRD compare match/input capture®2
1

TCNT cleared by counter clearing for another channel
performing synchronous clearing/synchronous operation™!

Notes: 1. Synchronous operation setting is performed by setting the
SYNC bitin TSYR to 1.
2. When TGRC or TGRD is used as a buffer register, TCNT is
not cleared because the buffer register setting has priority,
and compare match/input capture does not occur.
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Appendix B Internal 1/0O Register

TMDRO—Timer Mode Register 0 H'FFD1 TPUO
Bit : 7 6 5 4 3 2 1 0
|—|—|BFB|BFA|MD3|MD2|MD1|MDO|
Initial value : 1 1 0 0 0 0 0 0
Read/Write : — — RIW RIW RIW RIW R/W RIW
Mode
0| O | 0| O [Normal operation
1 |Reserved
1|0 |PWMmode 1l
1 |PWM mode 2
1 | 0 | O |Phase counting mode 1
1 |Phase counting mode 2
1 | 0 |Phase counting mode 3
1 |Phase counting mode 4
1 * * * P
*: Don't care
Notes: 1. MD3 is a reserved bit. In a write, it
should always be written with 0.

2. Phase counting mode cannot be
set for channels 0 and 3. In this
case, 0 should always be written to
MD2.

TGRA Buffer Operation
0 | TGRA operates normally
1 | TGRA and TGRC used together
for buffer operation

TGRB Buffer Operation

0 | TGRB operates normally

1 | TGRB and TGRD used together
for buffer operation
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Appendix B

Internal I/O Register

TIOROH—Timer I/O Control Register OH H'FFD2 TPUO
Bit 7 6 5 4 3 2 1 0
’ 10B3 ‘ 10B2 ‘ 10B1 ‘ 10BO ‘ 10A3 ‘ 10A2 ‘ I0A1 ‘ I0A0 ‘
Initial value : 0 0 0 0 0 0 0 0
Read/Write : R/W R/W R/W R/W R/IW R/W R/W R/W
TGROA /O Control
0| 0|0 |0 |TGROA |Outputdisabled
1 is output Initial .
compare nitial outputis |0 output at compare match
register |0 OUtpUt
1|0 g 1 output at compare match
1 Toggle output at compare match
1/01]0 Output disabled
1 Initial outputis |0 output at compare match
1 output
110 1 output at compare match
1 Toggle output at compare match
1]10|0|0 |TGROA |Capture input Input capture at rising edge
Tis input | source is falli d
capture | TIOCAO pin Input capture at falling edge
1 | » |register Input capture at both edges
1% | = Capture input Input capture at TCNT1 count-up/
source is channel|count-down
1/count clock
TGROB I/O Control .
*: Don’t care
0| 0|0 |0 |TGROB |Outputdisabled
[ |isoutput/ - -
1 compare Initial output is 0 output at compare match
register |0 Output
1|0 g 1 output at compare match
1 Toggle output at compare match
11010 Output disabled
1 Initial output is 0 output at compare match
0 output
1|0 1 output at compare match
1 Toggle output at compare match
1|0 |0|0 |TGROB |Capture input Input capture at rising edge
T isinput |source is falli d
compare| TIOCBO pin Input capture at falling edge
1 | |register Input capture at both edges
1| |~ Capture input Input capture at TCNT1 count-up/
source is channel| count-down*!
1/count clock

*: Don'’t care

Note: 1. When bits TPSC2 to TPSCO in TCR1 are set to B'000, and @/1 is used as the TCNT1 count clock, this setting is invalid and

input capture is not generated.
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Appendix B

Internal I/O Register

TIOROL—Timer I/O Control Register OL H'FFD3 TPUO
Bit 7 6 5 4 3 2 1 0
: ’ 10D3 ‘ 10D2 ‘ 10D1 ‘ 10D0 ‘ 10C3 ‘ 10C2 ‘ 10C1 ‘ 10CO ‘
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
TGROC I/0 Control
0| 0|0 |0 |TGROC |Outputdisabled
[ |isoutput -
1 compare Initial output is 0 output at compare match
register | 0 OutPut
1|0 9 1 output at compare match
1 Toggle output at compare match
1]1010 Output disabled
1 Initial output is 0 output at compare match
1 output
1|0 1 output at compare match
1 Toggle output at compare match
10|00 |TGROC |Capture input Input capture at rising edge
isinput |source is )
1 capture | TIOCCO pin Input capture at falling edge
1|+ E?gister Input capture at both edges
1| * | = Capture input Input capture at TCNT1 count-up/
source is channel| count-down
1/count clock
*: Don't care
Note: 1. When the BFA bit in TMDRO is set to 1 and TGROC is used as a buffer register,
this setting is invalid and input capture/output compare is not generated.
TGROD /O Control
0| 0|0 |0 |TGROD |Output disabled
[ |isoutput [ | .
1 compare Initial output is 0 output at compare match
register | 0 output
1|0 g 1 output at compare match
1 Toggle output at compare match
1/01]0 Output disabled
1 Initial output is 0 output at compare match
1 output
1]0 1 output at compare match
1 Toggle output at compare match
1|0|0 |0 |TGROD |Capture input Input capture at rising edge
——isinput |source is .
1 capture | TIOCDO pin Input capture at falling edge
1]+ it;:glster Input capture at both edges
1| * | * Capture input Input capture at TCNT1 count-up/
source is channel| count-down*t
1/count clock
*: Don't care
Notes: 1. When bits TPSC2 to TPSCO in TCR1 are set to B'000, and /1 is used as

the TCNT1 count clock, this setting is invalid and input capture is not generated.

this setting is invalid and input capture/output compare is not generated.

. When the BFB bit in TMDRO is set to 1 and TGROD is used as a buffer register,

Note: When TGRC or TGRD is designated for buffer operation, this setting is invalid and the register operates as a buffer register.
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Appendix B Internal I/0O Register

TIERO—Timer Interrupt Enable Register O H'FFD4 TPUO
Bit : 7 6 5 4 3 2 1 0
’ TTGE ‘ — ‘ — ‘ TCIEV ‘ TGIED ‘ TGIEC ‘ TGIEB ‘ TGIEA ‘
Initial value : 0 1 0 0 0 0 0 0
Read/Write : R/W — — R/W R/W R/W R/W R/W

TGR Interrupt Enable A

0 | Interrupt requests (TGIA)
by TGFA bit disabled
1 | Interrupt requests (TGIA)
by TGFA bit enabled

TGR Interrupt Enable B

0 | Interrupt requests (TGIB)
by TGFB bit disabled

1 | Interrupt requests (TGIB)
by TGFB bit enabled

TGR Interrupt Enable C

0 | Interrupt requests (TGIC) by
TGFC bit disabled

1 | Interrupt requests (TGIC) by
TGFC bit enabled

TGR Interrupt Enable D

0 | Interrupt requests (TGID) by TGFD
bit disabled

1 | Interrupt requests (TGID) by TGFD
bit enabled

Overflow Interrupt Enable
0 | Interrupt requests (TCIV) by TCFV disabled

1 | Interrupt requests (TCIV) by TCFV enabled

A/D Conversion Start Request Enable

0 | A/D conversion start request generation disabled

1 | A/D conversion start request generation enabled
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Appendix B Internal 1/0O Register

TSRO—Timer Status Register 0 H'FFD5
Bit : 7 5 4 3 2 1 0

] — \ — \ TCFV \ TGFD \ TGFC \ TGFB \ TGFA \
Initial value : 1 1 0 0 0 0 0 0
Read/Write : — — — RIW)*  RIW)*  RIW)* RIW)* RI(W)*

Input Capture/Output Compare Flag A

TPUO

0 | [Clearing conditions]
DISEL bit of MRB in DTC is 0

TGFA=1

* When 0 is written to TGFA after reading

* When DTC is activated by TGIA interrupt while

1 | [Setting conditions]

as output compare register

as input capture register

* When TCNT = TGRA while TGRA is functioning

* When TCNT value is transferred to TGRA by
input capture signal while TGRA is functioning

Input Capture/Output Compare Flag B

0 | [Clearing conditions]

of MRB in DTC is 0

« When DTC is activated by TGIB interrupt while DISEL bit

* When 0 is written to TGFB after reading TGFB = 1

1 | [Setting conditions]

output compare register

* When TCNT = TGRB while TGRB is functioning as

« When TCNT value is transferred to TGRB by input
capture signal while TGRB is functioning as input capture

register
Input Capture/Output Compare Flag C
0 | [Clearing conditions]
« When DTC is activated by TGIC interrupt while DISEL bit of MRB in
DTCis O
« When 0 is written to TGFC after reading TGFC = 1
1 | [Setting conditions]

register

while TGRC is functioning as input capture register

* When TCNT = TGRC while TGRC is functioning as output compare

« When TCNT value is transferred to TGRC by input capture signal

Input Capture/Output Compare Flag D

« When TCNT = TGRD while TGRD is functioning as output compare register
« When TCNT value is transferred to TGRD by input capture signal while

0 | [Clearing conditions]
« When DTC is activated by TGID interrupt while DISEL bit of MRB in DTC
is0
« When 0 is written to TGFD after reading TGFD = 1
1 | [Setting conditions]

TGRD is functioning as input capture register

Overflow Flag

0

[Clearing condition]
When 0 is written to TCFV after reading TCFV =1

[Setting condition]

When the TCNT value overflows (changes from H'FFFF to H'0000 )

Note: * Can only be written with O for flag clearing.
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Appendix B Internal I/0O Register

TCNTO—Timer Counter O H'FFD6 TPUO

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Initalvalue : 0 O O O O O O O O O O O o o o 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

Up-counter
TGROA—Timer General Register 0A H'FFD8 TPUO
TGROB—Timer General Register OB H'FFDA TPUO
TGROC—Timer General Register 0OC H'FFDC TPUO
TGROD—Timer General Register 0D H'FFDE TPUO
Bit : 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initalvalve : ' 2 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
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Appendix B Internal 1/0O Register

TCR1—Timer Control Register 1 H'FFEO TPU1
Bit : 7 6 5 4 3 2 1 0
’ — ‘ CCLR1 ‘ CCLRO ‘ CKEG1 ‘ CKEGO ‘ TPSC2 ‘ TPSC1 ‘ TPSCO ‘
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
Time Prescaler
0 | 0 | O |Internal clock: counts on @/1
1 |Internal clock: counts on @/4
1 | 0 |Internal clock: counts on @/16
1 |Internal clock: counts on @/64
1 | 0 | 0 |External clock: counts on TCLKA pin input
1 |External clock: counts on TCLKB pin input
1 | 0 |Internal clock: counts on ¢/256
1 |Counts on TCNT2 overflow/underflow
Note: This setting is ignored when channel 1 is in phase
counting mode.
Clock Edge
0|0 Count at rising edge
1 Count at falling edge
1] * Count at both edges
*: Don’t care
Note: This setting is ignored when channel 1
is in phase counting mode.

Counter Clear

0

0

TCNT clearing disabled

TCNT cleared by TGRA compare match/input capture

TCNT cleared by TGRB compare match/input capture

1
0
1

TCNT cleared by counter clearing for another channel
performing synchronous clearing/synchronous operation

*

Note:

Synchronous operating setting is performed by setting

the SYNC bitin TSYR to 1.
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Appendix B Internal I/0O Register

TMDR1—Timer Mode Register 1 H'FFE1 TPU1
Bit : 7 6 5 4 3 2 1 0
|—|—|—|—|MD3|MD2|MD1|MDO|
Initial value : 1 1 0 0 0 0 0 0
Read/Write : — — — — R/W R/W RIW R/W
Mode
0| 0| 0| O |Normal operation
1 |Reserved
1|0 |[PWMmode1l
1 |PWM mode 2
1 | 0 | 0 |Phase counting mode 1
1 |Phase counting mode 2
1 | 0 |Phase counting mode 3
1 |1Phase counting mode 4
1] x|« | =

*: Don't care

Note: MD3 is a reserved bit. In a write,
it should always be written with 0.
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Appendix B Internal 1/0O Register

TIOR1—Timer 1/O Control Register 1 H'FFE2 TPU1
Bit 7 6 5 4 3 2 1 0
’ 10B3 ‘ 10B2 ‘ 10B1 ‘ 10B0 ‘ I0A3 ‘ I0A2 ‘ I10A1 ‘ I0A0 ‘
Initial value : 0 0 0 0 0 0 0 0
Read/Write : R/W RIW RIW RIW R/IW RIW RIW RIW
TGR1A I/O Control
0| 0|0 |0 |TGR1A |Outputdisabled
[ lisoutput [ | -
1 compare Initial output is 0 output at compare match
register | 0 output
1|0 9 1 output at compare match
1 Toggle output at compare match
1100 Output disabled
1 Initial outputis | 0 output at compare match
1 output
1|0 1 output at compare match
1 Toggle output at compare match
10|00 |TGR1A | Capture input Input capture at rising edge
——1isinput |source is -
1 capture | TIOCA1 pin Input capture at falling edge
1 | = |register Input capture at both edges
1|* | * Capture input Input capture at generation of
source is TGROA | channel 0/TGROA compare match/
compare match/ |input capture
input capture
*: Don't care
TGR1B 1/0 Control
0| 0|0| 0 |TGR1B |Outputdisabled
T is output [ > | .
compare Bngiipc::tput is 0 output at compare match
1|0 |register 1 output at compare match
1 Toggle output at compare match
1/0|0 Output disabled
1 Initial outputis | 0 output at compare match
1 output
10 1 output at compare match
1 Toggle output at compare match
1)10|0 |0 |TGR1B | Capture input Input capture at rising edge
T is input | source is falli d
capture | TIOCB1 pin Input capture at falling edge
1| * |register Input capture at both edges
1> |* Capture input Input capture at generation of
source is TGROC| TGROB compare match/input
compare match/ | capture
input capture

*: Don't care
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Appendix B Internal I/0O Register
TIER1—Timer Interrupt Enable Register 1 H'FFE4 TPU1
Bit : 7 6 5 4 3 2 1 0
’ TTGE ‘ —_ ‘ TCIEU ‘ TCIEV ‘ —_ ‘ — ‘ TGIEB ‘ TGIEA ‘
Initial value : 0 1 0 0 0 0 0 0
Read/Write :  R/W_ — R/W R/W — — RW. R/W
TGI Interrupt Enable A
0 | Interrupt requests (TGIA)
by TGFA bit disabled
1 | Interrupt requests (TGIA)

by TGFA bit enabled

TGR Interrupt Enable B

0 | Interrupt requests (TGIB)
by TGFB bit disabled

1 | Interrupt requests (TGIB)
by TGFB bit enabled

Overflow Interrupt Enable

0 | Interrupt requests (TCIV) by TCFV disabled

1 | Interrupt requests (TCIV) by TCFV enabled

Underflow Interrupt Enable

0 | Interrupt requests (TCIU) by TCFU disabled

1 | Interrupt requests (TCIU) by TCFU enabled

A/D Conversion Start Request Enable

0

A/D conversion start request generation disabled

1

A/D conversion start request generation enabled
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Appendix B Internal 1/0O Register

TSR1—Timer Status Register 1 H'FFES TPU1L
Bit : 7 6 5 4 3 2 1 0
’ TCFD ‘ — ‘ TCFU ‘ TCFV ‘ — ‘ — ‘ TGFB ‘ TGFA ‘
Initial value : 1 1 0 0 0 0 0 0
Read/Write : R — RI(W)*  RI(W)* — — RIW)* RI(W)*

Overflow Flag

o

Input Capture/Output Compare Flag A

0

[Clearing conditions]

* When DTC is activated by TGIA interrupt while
DISEL bit of MRB in DTC is 0

* When 0 is written to TGFA after reading
TGFA=1

[Setting conditions]

* When TCNT = TGRA while TGRA is functioning
as output compare register

* When TCNT value is transferred to TGRA by
input capture signal while TGRA is functioning
as input capture register

Input Capture/Output Compare Flag B

0 | [Clearing conditions]
» When DTC is activated by TGIB interrupt while DISEL
bit of MRB in DTC is 0
* When 0 is written to TGFB after reading TGFB = 1
1 | [Setting conditions]

* When TCNT = TGRB while TGRB is functioning as
output compare register

* When TCNT value is transferred to TGRB by input
capture signal while TGRB is functioning as input
capture register

0

[Clearing condition]

When 0 is written to TCFV after reading TCFV =1

[Setting condition]

When the TCNT value overflows (changes from H'FFFF to H'0000 )

Underflow Flag

0 | [Clearing condition]
When 0 is written to TCFU after reading TCFU = 1

1 | [Setting condition]
When the TCNT value underflows (changes from H'0000 to H'FFFF)

Count Direction Flag
0 | TCNT counts down
1 | TCNT counts up

Note: * Can only be written with O for flag clearing.
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Appendix B Internal I/0O Register

TCNT1—Timer Counter 1 H'FFE6 TPU1

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Initalvalue : 0 0 0 O 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

Up/down-counter*

Note: * This timer counter can be used as an up/down-counter only in phase counting
mode or when performing overflow/underflow counting on another channel. In
other cases it functions as an up-counter.

TGR1A—Timer General Register 1A H'FFES8 TPU1
TGR1B—Timer General Register 1B H'FFEA TPU1
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 : 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
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Appendix B Internal 1/0O Register

TCR2—Timer Control Register 2 H'FFFO TPU2
Bit : 7 6 5 4 3 2 1 0
’ — ‘ CCLR1 ‘ CCLRO ‘ CKEG1 ‘ CKEGO ‘ TPSC2 ‘ TPSC1 ‘ TPSCO ‘
Initial value : 0 0 0 0 0 0 0 0
Read/Write : — R/W R/W R/W R/W R/IW R/IW R/W
Time Prescaler
0 | 0 | O [Internal clock: counts on @/1
1 |Internal clock: counts on @/4
1 | 0 |Internal clock: counts on ¢/16
1 |Internal clock: counts on @/64
1 | 0 | 0 |External clock: counts on TCLKA pin input
1 |External clock: counts on TCLKB pin input
1 | 0 |External clock: counts on TCLKC pin input
1 |Internal clock: counts on @/1024
Note: This setting is ignored when channel 2 is in phase
counting mode.
Clock Edge
0| O Count at rising edge
1 | Count at falling edge
1| * Count at both edges
*: Don't care
Note: This setting is ignored when channel 2
is in phase counting mode.

Counter Clear

0 | O | TCNT clearing disabled

TCNT cleared by TGRA compare match/input capture

1
1 | O | TCNT cleared by TGRB compare match/input capture
1

TCNT cleared by counter clearing for another channel
performing synchronous clearing/synchronous operation*

Note: * Synchronous operating setting is performed by setting

the SYNC bit TSYR to 1.
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Appendix B Internal I/0O Register

TMDR2—Timer Mode Register 2 H'FFF1 TPU2
Bit : 7 6 5 4 3 2 1 0
— 1 — | — | — [ woa ] woz | wor | woo |
Initial value : 1 1 0 0 0 0 0 0
Read/Write : — — — — R/W R/W R/W R/W
Mode
0| 0 | 0| O |Normal operation
1 |Reserved
1|0 |PWMmode 1
1 |PWM mode 2
1 | 0 | 0 |Phase counting mode 1
1 |Phase counting mode 2
1 | 0 |Phase counting mode 3
1 |Phase counting mode 4
1 x |+ [+ |

*: Don’t care

Note: MD3 is a reserved bit. In a write,
it should always be written with 0.
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Appendix B Internal 1/0O Register

TIOR2—Timer |/O Control Register 2 H'FFF2 TPU2
Bit : 7 6 5 4 3 2 1 0
’ 10B3 ‘ 10B2 ‘ 10B1 ‘ 10B0 ‘ I10A3 ‘ I10A2 ‘ I10A1 ‘ I0A0 ‘
Initial value : 0 0 0 0 0 0 0 0
Read/Write : R/W RIW RIW RIW R/W R/W RIW R/IW
|
TGR2A /O Control
0o|o0j0]|O0 TGR2A | Output disabled
T::Sotr)#gglrjé Initial output is | O output at compare match
1 |0 |register | Ooutput 1 output at compare match
1] Toggle output at compare match
1100 Output disabled
1] Initial output is | O output at compare match
1|0 1 output 1 output at compare match
T Toggle output at compare match
1] *|0 |0 |TGR2A | Captureinput | Input capture at rising edge
Ti:sai;tﬂl:; i?(u)rgizispm Input capture at falling edge
1 | * |register Input capture at both edges
*: Don’t care

TGR2B /0 Control

0| 0|0 |0 |TGR2B | Output disabled
[, | is output . -
1 compare :)muatl ottnput is | O output at compare match
=1 reaqi outpu
1 | o | register P 1 output at compare match
1 Toggle output at compare match
1/0]0 Output disabled
1 Initial output is 0 output at compare match
110 1 output 1 output at compare match
1 Toggle output at compare match
1| *|0 |0 |TGR2B | Captureinput | Inputcapture at rising edge
isinput | sourceis -
1 capture | TIOCB2 pin Input capture at falling edge
1 | * |register Input capture at both edges
*: Don't care
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Appendix B Internal I/0O Register

TIER2—Timer Interrupt Enable Register 2 H'FFF4 TPU2
Bit : 7 6 5 4 3 2 1 0
’ TTGE ‘ — ‘ TCIEU ‘ TCIEV ‘ — ‘ — ‘ TGIEB ‘ TGIEA ‘
Initial value : 0 1 0 0 0 0 0 0
Read/Write :  R/W_ — R/IW R/W — — RW R/IW

TGR Interrupt Enable A

0 | Interrupt requests (TGIA)
by TGFA bit disabled

1 | Interrupt requests (TGIA)
by TGFA bit enabled

TGR Interrupt Enable B

0 | Interrupt requests (TGIB)
by TGFB bit disabled

1 | Interrupt requests (TGIB)
by TGFB bit enabled

Overflow Interrupt Enable
0 | Interrupt requests (TCIV) by TCFV disabled

1 | Interrupt requests (TCIV) by TCFV enabled

Underflow Interrupt Enable
0 | Interrupt requests (TCIU) by TCFU disabled

1 | Interrupt requests (TCIU) by TCFU enabled

A/D Conversion Start Request Enable

0 | A/D conversion start request generation disabled

1 | A/D conversion start request generation enabled
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Appendix B Internal 1/0O Register

TSR2—Timer Status Register 2 H'FFF5 TPU2
Bit : 7 6 5 4 3 1 0
’ TCFD ‘ — ‘ TCFU ‘ TCFV ‘ — ‘ TGFB ‘ TGFA ‘
Initial value : 1 1 0 0 0 0 0
Read/Write : R —  RIW)* RIW)*  — RIW)*  RI(W)*

Overflow Flag

Input Capture/Output Compare Flag B

S

Input Capture/Output Compare Flag A

0 | [Clearing conditions]

« When DTC is activated by TGIA interrupt
while DISEL bit of MRB in DTC is 0

* When 0 is written to TGFA after reading
TGFA=1

1 | [Setting conditions]

« When TCNT = TGRA while TGRA is
functioning as output compare register

« When TCNT value is transferred to TGRA by
input capture signal while TGRA is functioning
as input capture register

« When DTC is activated by TGIB interrupt while DISEL

* When 0 is written to TGFB after reading

0 | [Clearing conditions]
bit of MRB in DTC is 0
TGFB =1

1 | [Setting conditions]

* When TCNT = TGRB while TGRB is functioning as
output compare register

« When TCNT value is transferred to TGRB by input
capture signal while TGRB is functioning as input
capture register

0 | [Clearing condition]
When 0 is written to TCFV after reading TCFV = 1

1 | [Setting condition]

When the TCNT value overflows (changes from H'FFFF to H'0000 )

Underflow Flag

0

[Clearing condition]
When 0 is written to TCFU after reading TCFU = 1

[Setting condition]

When the TCNT value underflows (changes from H'0000 to H'FFFF)

Count Direction Flag

0 | TCNT counts down

1 | TCNT counts up

Note: * Can only be written with O for flag clearing.
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Appendix B Internal I/0O Register

TCNT2—Timer Counter 2 H'FFF6 TPU2

Bit .15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Initialvave: o0 o o 0o o 0 O O O O O O O O O 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

Up/down-counter*

Note: * This timer counter can be used as an up/down-counter only in phase counting
mode or when performing overflow/underflow counting on another channel. In
other cases it functions as an up-counter.

TGR2A—Timer General Register 2A H'FFF8 TPU2
TGR2B—Timer General Register 2B H'FFFA TPU2
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 : 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
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Appendix C 1/O Port Block Diagrams
Appendix C 1/0O Port Block Diagrams
Cl Port 1 Block Diagram

Reset
!
R
—<Z— Q D— | 8 2
P1nDDR = °
C = ]
\ S £
WDDR1 © S
c ©
= i
Re‘set = g
R 2
' _ Mode 1/2/3/7 £
Q D
P1nDR
P1, ?
Mode WDR1
4/5/6 |
TPU module __
~ Output compare
| output/PWM
' output enable
| Output compare
' output/PWM
! output
RDR1 !
RPOR1 }
™~ !
L~ !
»Input capture
" input
Legend: .

WDDR1: Write to PLDDR
WDR1 : Write to P1IDR
RDR1 :Read P1DR
RPOR1 : Read port 1

Note: n=0or1l

FigureC.1(a) Port 1 Block Diagram (PinsP1,and P1))
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P1,

Reset
!
R
Q D | @ o)
— P1nDDR 3| |3
C 8 a
! S o
WDDR1 = 3
c ©
Reset 9] =
‘ £ =
! Mode 1/2/3/7 R 2
Q D[] =
d P1nDR
Mode C
(" T4isl6 ‘
(., WDR1
TPU module
~ Output compare
! output/PWM
' output enable
3 Output compare
| output/PWM
| output
RDR1 !
RPOR1 !
N |
'L-rlnput capture
. input
»External clock
I input
Legend: [

WDDR1 : Write to PIDDR
WDR1 : Write to P1IDR
RDR1 :Read P1DR
RPORL1 : Read port 1

Note: n=2o0r 3

FigureC.1(b) Port 1Block Diagram (PinsP1,and P1)
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I/O Port Block Diagrams

P1,

Legend:

WDDR1 :
WDR1
RDR1
RPOR1 :

™~
L~

Write to PIDDR

- Write to P1DR
: Read P1DR

Read port 1

Note: n=4o0r 6

Reset
R
(e Qoo | s
P1nDDR 2
¢ I
[
WDDR1 °
[
c
Re‘set Ft’
c
R £
Q D—
P1nDR
C
\
WDR1
TPU module_
Output compare output/
' PWM output enable
1 Output compare output/
. PWM output
RDR1
RPOR1 !
':‘— Input capture input

FigureC.1(c) Port 1 Block Diagram (PinsP1, and P1)
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P1,

Reset
!
R
— ool | |2
P1nDDR a
C 8
\ 3
WDDR1 ‘_é
Reset ks
\ E
R
Q D—
P1nDR
C
\
WDR1
TPU module
~ Output compare output/
1 PWM output enable
Output compare output/
. PWM output
RDR1 w
RPOR1 !
N |
L~ !
»Input capture input
»External clock input

Legend:

WDDRL1 : Write to PLDDR
WDR1 : Write to P1DR
RDR1 :Read P1DR
RPORL1 : Read port 1

Note: n=5o0r7

FigureC.1(d) Port 1Block Diagram (PinsP1, and P1)
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>

C.2 Port 2 Block Diagram
Reset
!
R
Q D— | .,
P2nDDR 2
> s
WDDR?2 3
©
Reset 1S
! ¥
R £
Q DI
P2, P2nDR
* , c
\
WDR2
TPU module_
- Output compare output/
' PWM output enable
~ Output compare output/
RDR2 . PWM output
RPOR2 }
J—flnput capture input

Legend:

WDDR?2 : Write to P2DDR
WDR2 : Write to P2DR
RDR2 :Read P2DR
RPOR2 : Read port 2

Notes: n=0or1

* Priority order: Output compare output/PWM output > DR output

FigureC.2 (a) Port 2 Block Diagram (Pins P2, and P2))
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Reset
S R
R
Q DI—
P2nDDR 8
C Ne)
— S
WDDR?2 g
©
Reset c
(]
R =
Q D]
P2nDR
* C
L5
WDR2
TPU module
- Output compare output/
1 PWM output enable
~Output compare output/
RDR2 ‘ PWM output
RPOR2 ‘
N !
L~ !
» Input capture input
8-bit timer module
»Counter external reset
| input

Legend:

WDDR2 : Write to P2DDR
WDR2 : Write to P2DR
RDR2 :Read P2DR
RPOR2 : Read port 2

Notes: n=2or 4
* Priority order: Output compare output/PWM output > DR output

FigureC.2 (b) Port 2 Block Diagram (Pins P2, and P2)
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P2,

Reset
!
R
e Ron0DR| |
P2nDDR 2
C Ne)
)
‘ o
WDDR2 o
©
Reset c
! 2
R =
Q D]
P2nDR
h C
\
WDR2
TPU module
r Output compare output/
1 PWM output enable
~ Output compare output/
RDR2 ‘ PWM output
RPOR2 | | !
™~ ;
L~ !
» Input capture input
8-bit timer module
»Counter external clock
" input

Legend:

WDDR?2 : Write to P2DDR
WDR2 : Write to P2DR
RDR2 :Read P2DR
RPOR2 : Read port 2

Notes: n=3or5
* Priority order: Output compare output/PWM output > DR output

FigureC.2 (c) Port 2 Block Diagram (Pins P2, and P2,)
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I/O Port Block Diagrams

Reset
N
R
O f D "
NS P2nDDR 2
C o
s
WDDR?2 3
[
Reset £
N 2
R =
Q D
P2, P2rC1:DR
*
WDR2 o
8-bit timer___
- Compare-match
. output enable
- Compare-mateh output
TPU module
-~ Output compare output/
1 PWM output enable
- Output compare output/
. PWM output
RDR2 |
RPOR2 ‘
N |
L !
*Input capture input
Legend:
WDDR?2 : Write to P2DDR
WDR2 : Write to P2DR
RDR2 :Read P2DR
RPOR2 : Read port 2

Notes: n=6or7

* Priority order: Output compare output/PWM output > compare match output > DR output

FigureC.2 (d) Port 2 Block Diagram (Pins P2, and P2)
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C3

Port 3 Block Diagram

P3,

Reset
\

R

— RaDoR,| |
P3nDDR

C
I
WDDR3

Reset
|

R

*1

Q D
P3nDR

C
I
WDR3

*2 Reset
|

R

Q D
P3nODR
C

I
WODR3

RODR3

Internal data bus

SCI module

: Serial transmit enable

RDR3

RPOR3

™~
L

Legend:

WDDR3 : Write to P3DDR
WDR3  : Write to P3DR
WODR3 : Write to P3ODR
RDR3 : Read P3DR
RPOR3 : Read port 3
RODR3 : Read P3ODR

Notes: n=0or1
1. Output enable signal
2. Open drain control signal

~ Serial transmit data

FigureC.3 (a) Port 3 Block Diagram (Pins P3,and P3))

Rev. 4.00 Feb 15, 2006 page 870 of 900
REJ09B0291-0400

RENESAS




Appendix C 1/O Port Block Diagrams

Reset
|

R

D O — PamooR,
P3nDDR

C
I
WDDR3

*1

Reset
|

R

Internal data bus

Q D
P3nDR
c

I
WDR3

JARRN

*2
Reset
|

R

Q D—

P3nODR
c

I
WODR3

RODR3

SCI module

- Serial receive data
i enable

RDR3

RPOR3

™~
L

|
|
|
|
|
|
|
|
|
» Serial receive data

Legend:

WDDR3 : Write to P3DDR
WDR3  : Write to P3DR
WODR3 : Write to P3ODR
RDR3  :Read P3DR
RPOR3 : Read port 3
RODR3 : Read P3ODR

Notes: n=2o0r3
1. Output enable signal
2. Open drain control signal

Figure C.3 (b) Port 3Block Diagram (PinsP3, and P3,)
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Reset
|

R
( E é Q Di—
P3nDDR
C
I
WDDR3

Reset
|

*2

Internal data bus

R

Q D
P3nDR
C

|
WDR3

*3 Reset
|

R

Q D
P3nODR
C

I
WODR3

RODR3

SCI module

Serial clock output
enable

Serial clock output

- Serial clock input

RDR3 enable

RPOR3

™~
L

WDDR3 : Write to P3DDR

WDR3 :WritetoP3DR  mmmommeees
WODRS3 : Write to P3ODR

RDR3 :Read P3DR

RPOR3 : Read port 3

RODRS3 : Read P30ODR

Legend: %Serial clock input

Notes: n=4o0r5
1. Priority order: Serial clock input > serial clock output > DR output
2. Output enable signal
3. Open drain control signal

FigureC.3(c) Port 3 Block Diagram (Pins P3, and P3,)
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C4 Port 4 Block Diagram

(2]
=}
o]
©
o
©
RPOR4 g
N N 2
Pén L~ L~ - |E
A/D converter module
» Analog input
Legend:
RPOR4 : Read port 4
Note: n=0to5
FigureC.4 (a) Port 4 Block Diagram (Pins P4, to P4,)
[%2]
=}
fe]
]
k]
©
RPOR4 S
P4 N N o |8
n | L~ =

A/D converter module

- Output enable

D : Analog output

Legend:
RPOR4 : Read port 4

Note: n=6o0r7

FigureC.4 (b) Port 4 Block Diagram (Pins P4, and P4,)
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C5 Port A Block Diagram

PA

Reset
|
R
|o—o( Q D—1 | 4,
PANPCR 3
c o
] o
WPCRA o
]
RPCRA £
Q
£
Mode
4/5*3 Reset
| |
S R
Q D—
PANDDR
Cc
T
WDDRA
*1
Reset
|
R
Q D—
Mode 1/2/3/6/7 PANDR
Mode 4/5 C
1
WDRA
*2 Reset
|
R
D
PAnODR
C
T
WODRA
RODRA
RDRA
RPORA
N
l/
Legend:
WDDRA : Write to PADDR
WDRA : Write to PADR
WODRA : Write to PAODR
WPCRA : Write to PAPCR
RDRA : Read PADR Notes: n=0to0 3
RPORA : Read port A 1. Output enable signal
RODRA : Read PAODR 2. Open d rain control signal
RPCRA : Read PAPCR 3. Set priority

Internal address bus

FigureC.5 Port A Block Diagram (Pins PA,to PA))
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C.6

Port B Block Diagram

PB,

Internal address bus

Reset
\
R
p——l; el | |8
PBnPCR 2
c ©
‘ o
WPCRB °
©
c
RPCRB @
=
Mode
1/4/5* Reset
\ \
S R
Q D—
PBnDDR
C
\
WDDRB
Reset
\
R
Q D—
Mode 3/7 PBNnDR
Mode 1/2/4/5/6 C
\
WDRB
RDRB
RPORB
™~
I/
Legend:
WDDRB : Write to PBDDR
WDRB : Write to PBDR
WPCRB : Write to PBPCR
RDRB : Read PBDR
RPORB : Read port B Notes: n=0to7
RPCRB : Read PBPCR * Set priority

Figure C.6 Port B Block Diagram (Pin PB))
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C.7 Port C Block Diagram

Internal address bus

Reset
!
R
P} el ] |2
PCnPCR 2
c g
\ ©
WPCRC °
[
£
RPCRC 9
£
Mode
1/4/5* Reset
! !
S R
Q D—
PCnDDR
C
\
WDDRC
Reset
!
R
Q D—
PC Mode 3/7 PCnDR
n Mode 1/2/4/5/6 C
\
WDRC
RDRC
RPORC
™~
I/
Legend:
WDDRC : Write to PCDDR
WDRC : Write to PCDR
WPCRC : Write to PCPCR
RDRC :Read PCDR
RPORC : Read port C Notes: n=0to7
RPCRC : Read PCPCR * Set priority

FigureC.7 Port C Block Diagram (Pin PC)
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(O] Port D Block Diagram

Internal lower data bus

Reset
!
R
b ok Popck| | |4
PDnPCR o
C 8
] g
WPCRD .
[}
g
RPCRD S
©
c
(0]
E
Reset
!
R
—— Sonoon |
— External address PDnDDR
write C
\
WDDRD
Reset
!
R
Q D—
PD +— Mode 3/7 PDnDR
n Mode 1/2/4/5/6 c
\
WDRD
External address RDRD
upper write
External address
lower write
RPORD
>
Legend:
WDDRD : Write to PDDDR External address upper read
WDRD : Write to PDDR
WPCRD : Write to PDPCR
RDRD : Read PDDR
RPORD : Read port D External address lower read
RPCRD : Read PDPCR

Note: n=0to 7

L

Figure C.8 Port D Block Diagram (Pin PD,)
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C.9 Port E Block Diagram

Reset
\
R
k} o | Q D 4]
PEnPCR o
C 8
w g
WPCRE o
[
s
RPCRE =1
©
£
[0
IS
Reset
!
R
e ool
— External address PEnDDR
write C
\
WDDRE
Reset
R
Q DI—
PE +—Mode 3/7 PENDR
n Mode 1/2/4/5/6 C
\
WDRE
RDRE
RPORE
NS
I/
Legend:
WDDRE : Write to PEDDR External address lower read
WDRE : Write to PEDR
WPCRE : Write to PEPCR |
RDRE : Read PEDR
RPORE : Read port E
RPCRE : Read PEPCR Note: n=0to7

Internal lower data bus

FigureC.9 Port E Block Diagram (Pin PE )
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C.10 Port F Block Diagram
(2]
a
Re‘set <
©
R i)
Q D— | &
PFODDR 5
C £
[
Mode 1/2/4/5/6 WDDRF Bus controller
Resel - BRLE bit
! |
R 1
PF, Q D— |
~ PFODR !
c |
‘ I
WDRF }
RDRF !
RPORF| | !
N |
L 1
OI> * Bus request input
Interrupt controller
OI> %IRQ interrupt input
Legend: R R
WDDRF : Write to PFDDR
WDRF : Write to PFDR
RDRF :Read PFDR
RPORF : Read port F

FigureC.10 (a) Port F Block Diagram (Pin PF )
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I/O Port Block Diagrams

Reset

R
Q D
PF1DDR
C
WDDRF

Reset
|

PF,

—

Mode 1/2/4/5/6

R

Q D
PFIDR

C

|
WDRF

Internal data bus

Bus controller

~BRLE output

o]

>
L

RDRF

RPORF

L Bus request
1 acknowledge output

Interrupt controller

Legend:
WDDRF : Write to PFDDR

WDRF : Write to PFDR
RDRF :Read PFDR
RPORF : Read port F

Figure C.10 (b) Port F Block Diagram (Pin PF))
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I/O Port Block Diagrams

PF,

[2]
3
Reset P
‘ IS
R s
Q D |E
PF2DDR i
C £
WDDRF Bus controller
Reset : Wait enable
| |
Mode 1/2/4/5/6 R 3
Q D— | |
~ PF2DR |
c 1
\ |
WDRF !
RDRF |
RPORF \
™~ ;
L 1
Ol> = Wait input
et corirolle
Legend: OI> = IRQ interrupt input
WDDREF : Write to PFDDR
WDRF : Write to PFDR
RDRF : Read PFDR
RPORF : Read port F

Figure C.10 (c) Port F Block Diagram (Pin PF,)
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I/O Port Block Diagrams

PF,

Bus controller

Reset
R
D
PF3DDR ]
C o
Mode 1/2/4/5/6 8
WDDRF 3
Reset g
Mode 3/7 \ 3]
- R E
Q D—
PF3DR
1 c
Mode 1/2/4/5/6 ‘
WDRF
RDRF
RPORF

™~
L~

Interrupt controller

Legend:

WDDREF : Write to PFDDR
WDRF : Write to PFDR
RDRF : Read PFDR
RPORF : Read port F

Figure C.10 (d) Port F Block Diagram (Pin PF,)
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PF,

Bus controller

Reset
!
R
Q Dr—
PF4DDR 3
C o]
Mode 1/2/4/5/6 : g
WDDRF o
©
Reset £
Mode 3/7 \ Q
| R =
Q DI—
PFADR
] c
Mode 1/2/4/5/6 ‘
WDRF
RDRF
RPORF

™~
L

Legend:

WDDRF : Write to PFDDR
WDRF  : Write to PFDR
RDRF :Read PFDR
RPORF : Read port F

,,,,,,,,,,,,,

Figure C.10 (¢) Port F Block Diagram (Pin PF,)
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Bus controller

™~
L~

Legend:

Reset
R
Q D— | ,
PF5DDR S
C o]
Mode 1/2/4/5/6 : g
WDDRF °
©
Reset £
Mode 3/7 \ L
PFg Q D—
PF5DR
» c
Mode 1/2/4/5/6 I
WDRF
RDRF
RPORF

WDDREF : Write to PFDDR
WDRF : Write to PFDR
RDRF : Read PFDR
RPORF : Read port F

,,,,,,,,,,,,,

Figure C.10 (f) Port F Block Diagram (Pin PF,)
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PFg

Bus controller

Legend:
WDDRF
WDRF
RDRF
RPORF

Reset
!
R
Q D
PF6DDR 4
Ke]
Mode 1/2/4/5/6 ¢ <
WDDRF g
©
Reset £
Mode 3/7 \ Q
- R =
Q D
PF6DR
" C
Mode 1/2/4/5/6 I
WDRF
RDRF
RPORF
N
I/
: Write to PFDDR
. Write to PFDR
: Read PFDR
: Read port F

Figure C.10 (g) Port F Block Diagram (Pin PF))
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Mode

1/2/4/5(6* I‘\"eset
S R

Q D—

PF7DDR

C

I
WDDRF

Reset
|

R

PF;

~ PF7DR
c

|
WDRF

Internal data bus

RDRF

RPORF

™~
L

Legend:

WDDRF : Write to PFDDR
WDRF : Write to PFDR
RDRF : Read PFDR
RPORF : Read port F

Note: * Set priority

Figure C.10 (h) Port F Block Diagram (Pin PF.)
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C.11 Port G Block Diagram

Reset

Q D—
PGODDR

[
WDDRG

Reset

Internal data bus

PG, Q D
~ PGODR

l
WDRG

RDRG

RPORG

Y

A/D converter

% A/D converter external
' trigger input

v

-¥-
Pyl
o)
=)
o
c
=t
=
e}
=3

Legend: T
WDDRG : Write to PGDDR

WDRG : Write to PGDR

RDRG : Read PGDR

RPORG : Read port G

FigureC.11 (a) Port G Block Diagram (Pin PG)
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Reset
\
R
Q Dr— %)
PG1DDR 3
C ©
\ ©
WDDRG ©
T
Reset =
Mode 1/2/3/7 ! S'C:‘
- R —_
PG, Q D
PG1DR
o C
Mode 4/5/6 ‘
WDRG
Bus controller
O<} - Chip select
RDRG
RPORG
™
l/
Interrupt controller
OI> = IRQ interrupt input
Legend: N/ T
WDDRG : Write to PGDDR
WDRG : Write to PGDR
RDRG :Read PGDR
RPORG : Read port G

FigureC.11 (b) Port G Block Diagram (Pin PG,)
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PG,

Reset

R

Q D

PGNDDR
c

WDDRG

Reset
Mode 1/2/3/7 ese
— R

Internal data bus

D—

Q
PGnDR
c

l
WDRG

1
Mode 4/5/6

Bus controller

RDRG

RPORG

™~
L

Legend:

WDDRG : Write to PGDDR
WDRG : Write to PGDR
RDRG :Read PGDR
RPORG : Read port G

Note: n=2o0r3

FigureC.11 (c) Port G Block Diagram (Pins PG, and PG,)
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Mode Mode
1/4/5 2/3/6/7

Reset 6—6

s R
Q D—
PG4DDR 4
C Ke)
‘ 9
WDDRG 8
3
Reset c
Mode 3/7 | e
L R <
PG, Q D
PG4DR
o c
Mode 1/2/4/5/6 ‘
WDRG

Bus controller

,,,,,,,,,,,,,

RDRG

RPORG

™~
L

Legend:

WDDRG : Write to PGDDR
WDRG : Write to PGDR
RDRG :Read PGDR
RPORG : Read port G

FigureC.11 (d) Port G Block Diagram (Pin PG,)
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Appendix D Pin States

Appendix D Pin States

D.1 Port Statesin Each Mode

TableD.1 1/O Port Statesin Each Processing State
Program
MCU Power- Hardware Software Bus Execution
Port Name Operating On Manual Standby Standby Release State
Pin Name Mode Reset  Reset Mode Mode State Sleep Mode
P1/TIOCB2/ 1to7 T kept T kept kept 1/0O port
TCLKD
P1,/TIOCA2
P1,/TIOCB1/
TCLKC
P1,/TIOCA1
P1/TIOCDO/ 1t03,7 T kept kept kept 1/0O port
TCLKB/A, 4106 T kept [DDR-OPE=0] T [DDR = 0]
P1,/TIOCCO/ T Input port
TCLKA/A,, [DDR - OPE = 1] [DDR = 1]
P1,/TIOCBO/ kept Address
A, output
P1,/TIOCAOQ/
AZO
Port 2 lto7 kept kept kept 1/O port
Port 3 1lto7 kept kept kept 1/0O port
P4./DAL lto7 T T T [DAOE1 = 1] kept 1/0 port
kept
[DAOE1 = 0]
T
P4,/DAO 1to7 T T T [DAOEO = 1] kept 1/0 port
kept
[DAOEDO = 0]
T
P4, to P4, lto7 T T T T T Input port
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Program
MCU Power- Hardware Software Bus Execution
Port Name Operating On Manual Standby Standby Release State
Pin Name Mode Reset  Reset Mode Mode State Sleep Mode
Port A 1t03,7 T kept T kept kept 1/O port
4,5 L kept T [OPE =0] T Address
T output
[OPE = 1]
kept
6 T kept T [DDR-OPE=0] T [DDR = 0]
T Input port
[DDR - OPE = 1] [DDR = 1]
kept Address
output
Port B 1,4,5 L kept T [OPE =0] T Address
T output
[OPE = 1]
kept
2,6 T kept T [DDR-OPE=0] T [DDR = 0]
T Input port
[DDR - OPE = 1] [DDR = 1]
kept Address
output
3,7 T kept kept kept 1/O port
Port C 1,4,5 L kept [OPE =0] T Address
T output
[OPE =1]
kept
2,6 T kept T [DDR-OPE=0] T [DDR = 0]
T Input port
[DDR - OPE =1] [DDR =1]
kept Address
output
3,7 T kept T kept kept 1/O port
Port D 1,2,4t06 T T T T T Data bus
3,7 T kept T kept kept 1/0O port
Port E 1, 2, 8bit T kept T kept kept 1/0 port
4t06 bus
16bit T T T T T Data bus
bus
3,7 T kept T kept kept 1/0O port
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Program
MCU Power- Hardware Software Bus Execution
Port Name Operating On Manual Standby Standby Release State
Pin Name Mode Reset  Reset Mode Mode State Sleep Mode
PF,/@ 1,2,4t06 Clock [DDR=0] T [DDR = 0] [DDR=0] [DDR =0]
output T Input port Input port Input port
[DDR =1] [DDR =1] [DDR =1] [DDR =1]
Clock H Clock Clock
output output output
3,7 T kept T [DDR = 0] [DDR=0] [DDR =0]
Input port Input port Input port
[DDR =1] [DDR =1] [DDR =1]
H Clock Clock
output output
PF/AS 1,2,4t06 H H* T [OPE =0] T AS, RD,
PFS/ﬁ T HWR, LWR
[OPE =1]
PF/HWR H
PF/LWR/ 3,7 T kept T kept kept 1/0 port
IRQ3
PF,/WAIT/ 1,2,4t06 T [WAITE=0] T [WAITE =0] [WAITE =0] [WAITE =0]
IRQ2 kept kept kept 1/O port
[WAITE = 1] [WAITE = 1] [WAITE = 1] [WAITE = 1]
T T T WAIT
3,7 kept T kept kept 1/O port
PF/BACK/  1,2,4t06 [BRLE = 0] [BRLE = 0] L [BRLE = 0]
IRQ1 kept kept 1/0 port
[BRLE = 1] [BRLE = 1] [BRLE = 1]
BACK H BACK
3,7 kept kept kept 1/O port
PF,/BREQ/ 1,2,4t06 [BRLE = 0] [BRLE = 0] T [BRLE = Q]
IRQO kept kept 1/O port
[BRLE = 1] [BRLE =1] [BRLE =1]
BREQ T BREQ
3,7 kept kept kept 1/O port
PG,/CSO 1,4,5 [DDR = 0] [DDR-OPE=0] T [DDR = 0]
2.6 T T T Input port
[DDR = 1] [DDR - OPE = 1] [DDR = 1]
Hx H CS,
3,7 T kept T kept kept 1/O port
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Appendix D Pin States

Program
MCU Power- Hardware Software Bus Execution
Port Name Operating On Manual Standby Standby Release State
Pin Name Mode Reset  Reset Mode Mode State Sleep Mode
PG,/CS1 1t03,7 T kept T kept kept 1/0 port
PG,/CS2 4t06 T [DDR=0] T [DDR-OPE=0] T [DDR = 0]
PG,/CS3/ T T Input port
RQ7 [DDR = 1] [DDR - OPE = 1] [DDR = 1]
H* H CS, to CS,
PG/ADTRG/ 1t03,7 T kept kept kept I/O port
IRQ6 4106 T kept kept T 1/O port
Legend:
H : High level
L : Low level
T . High impedance
kept : Input port becomes high-impedance, output port retains state

DDR : Data direction register
OPE : Output port enable
WAITE : Wait input enable
BRLE : Bus release enable

Note: * Indicates the state after completion of the executing bus cycle.
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Appendix E Timing of Transition to and Recovery from
Hardware Standby Mode

Timing of Transition to Har dwar e Standby Mode

(1) Toretain RAM contents with the RAME bit set to 1 in SY SCR, drive the RES signal low at
least 10 states before the STBY signal goes low, as shown below. RES must remain low until
STBY signal goeslow (delay from STBY low to RES high: 0 ns or more).

STBY

t; = 10ty t, 2 0ns
|-
ES #\

FigureE.1 Timing of Transition to Hardware Standby Mode

(2) Toretain RAM contents with the RAME bit cleared to 0 in SY SCR, or when RAM contents do
not need to be retained, RES does not have to be driven low asin (1).

Timing of Recovery from Hardwar e Standby Mode

Drive the RES signal low and the NMI signal high approximately 100 ns or more before STBY
goes high to execute a power-on reset.

STBY
t>100ns tosc
RES / tNMIRH
-
NMI AN

FigureE.2 Timing of Recovery from Hardware Standby Mode
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Appendix F Product Code Lineup

TableF.1 H8S/2345 Group Product Code Lineup
Product Type Product Code Mark Code Package (Package Code)
H8S/2345 Mask ROM  HD6432345 HD6432345(***)TE  100-pin TQFP (TFP-100B)
HD6432345(***)TF  100-pin TQFP (TFP-100G)
HD6432345(***)F 100-pin QFP (FP-100A)
HD6432345(***)FA  100-pin QFP (FP-100B)
ZTAT™ HD6472345 HD6472345TE 100-pin TQFP (TFP-100B)
HD6472345TF 100-pin TQFP (TFP-100G)
HD6472345F 100-pin QFP (FP-100A)
HD6472345FA 100-pin QFP (FP-100B)
F-ZTAT™ HD64F2345 HD64F2345TE 100-pin TQFP (TFP-100B)
HD64F2345TF 100-pin TQFP (TFP-100G)
HD64F2345F 100-pin QFP (FP-100A)
HD64F2345FA 100-pin QFP (FP-100B)
H8S/2344 Mask ROM HD6432344 HD6432344(***)TE  100-pin TQFP (TFP-100B)
HD6432344(***)TF  100-pin TQFP (TFP-100G)
HD6432344(***)F 100-pin QFP (FP-100A)
HD6432344(***)FA  100-pin QFP (FP-100B)
H8S/2343 Mask ROM  HD6432343 HD6432343(***)TE  100-pin TQFP (TFP-100B)
HD6432343(***)TF  100-pin TQFP (TFP-100G)
HD6432343(***)F 100-pin QFP (FP-100A)
HD6432343(***)FA  100-pin QFP (FP-100B)
H8S/2341 Mask ROM  HD6432341 HD6432341(***)TE  100-pin TQFP (TFP-100B)
HD6432341(***TF 100-pin TQFP (TFP-100G)
HD6432341(***)F 100-pin QFP (FP-100A)
HD6432341(***)FA  100-pin QFP (FP-100B)
H8S/2340 ROMless HD6412340 HD6412340TE 100-pin TQFP (TFP-100B)
HD6412340TF 100-pin TQFP (TFP-100G)
HD6412340F 100-pin QFP (FP-100A)
HD6412340FA 100-pin QFP (FP-100B)
Note: (***) indicates the ROM code.
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Appendix G Package Dimensions

Figures G.1 to G.4 show the package dimensions of the H8S/2345 Group.

JEITA Package Code | RENESAS Code Previous Code | MASS[Typ] |
P-TQFP100-14x14-0.50 | PTQPO100KA-A [TFP-100B/TFP-100BV]| 059 |

Ho
D

75 51
HAAAAAARRRAAAARRAARAAAARAR
NOTE)
== o 50 1. DIMENSIONS"*1"AND"*2"
= = DO NOT INCLUDE MOLD FLASH
== =5 2. DIMENSION™3"DOES NOT
== =3 INCLUDE TRIM OFFSET.
= =2 b
== ==
= =5 by
= =5
= =5
= =
= =5 . 3| o
(== - wl T
= == .
== ==
= =5
E ::3,': Terminal cross section Reforence Dimension in Millmeters
= == 3 Symbol | "Min | Nom| Max
ES =5 o 4 D | — | 14 | —
= = 3 E | — | 14 | —
" ] Az [ — [100] —
CEEESEEEEEEEEEEEEEEEEEEL! Hp[ 15.8]16.0] 16.2
i 25 4z o He | 15.8] 16.0 | 16.2
b2y Index mark | Al—]—1[120
— = 0 A110.00]0.10 ] 0.20
. E L by | 0.17]0.22]0.27
L b1 | — 020 —
T — Detail F C 1012]0.17]0.22
= ¢t | — 045 —
[Z] 0° | — 8°
g gyl S @ © [ —|o05]—
X |— | — |0.08
y |— | —10.10
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FigureG.1 TFP-100B Package Dimensions
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JEITA Package Code |

RENESAS Code | Previous Code | MASS[Typ] |

P-TQFP100-12x12-0.40 ‘

PTQP0100LC-A  [TFP-100G/TFP-100GV| 049 |

Ho

‘i

aAAAAaRBRRR BB ,

AR ARRARARARRRRRRRRRARAAA

100

38

by

Terminal cross section
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O AN
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A

Detail F
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1. DIMENSIONS"*1"AND"*2"
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DO NOT INCI
2. DIMENSION"*3"DOES NOT

INCLUDE TRIM OFFSET.

Reference| Dimension in Millimeters
Symbol T"Min [ Nom| Max
D —1 12 | —
E|— 1] 12| —
A2 [— 100 —
Ho | 13.8] 14.0[ 14.2
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FigureG.2 TFP-100G Package Dimensions
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JEITA Package Code | RENESAS Code | Previous Code | MASS[Typ] |
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Figure G.3 FP-100A Package Dimensions
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FigureG.4 FP-100B Package Dimensions
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