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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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Notes regarding these materials

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

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

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

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

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

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

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

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

(1) artificial life support devices or systems

(2) surgical implantations

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

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

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

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

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

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

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

The following usage notes are applicable to all MPU/MCU products from Renesas. For detailed usage notes

on the products covered by this manual, refer to the relevant sections of the manual. If the descriptions under
General Precautions in the Handling of MPU/MCU Products and in the body of the manual differ from each

other, the description in the body of the manual takes precedence.

1.

Handling of Unused Pins

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

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

Processing at Power-on

The state of the product is undefined at the moment when power is supplied.

O The states of internal circuits in the LSI are indeterminate and the states of register
settings and pins are undefined at the moment when power is supplied.

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

Prohibition of Access to Reserved Addresses

Access to reserved addresses is prohibited.

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

Clock Signals

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

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

Differences between Products

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

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

The H8/3039 Group comprises high-performance single-chip microcomputers (MCUs) that
integrate system supporting functions together with an H8/300H CPU core.

The H8/300H CPU has a 32-hit internal architecture with sixteen 16-bit general registers, and a
concise, optimized instruction set designed for speed. It can address a 16-Mbyte linear address
space.

The on-chip system supporting functions include ROM, RAM, a 16-bit integrated timer unit
(ITU), aprogrammable timing pattern controller (TPC), awatchdog timer (WDT), a seria
communication interface (SClI), an A/D converter, 1/0 ports, and other facilities. Of the two SCI
channels, one has been expanded to support the ISO/IEC 7816-3 smart card interface. Functions
have also been added to reduce power consumption in battery-powered applications: individual
modules can be placed in standby, and the frequency of the system clock supplied to the chip can
be divided down under software control.

The five MCU operating modes offer a choice of expanded mode, single-chip mode, and address
space size, enabling the H8/3039 Group to adapt quickly and flexibly to avariety of conditions.

In addition to its mask-ROM versions, the H8/3039 Group has an F-ZTAT™ version with user
programmable on-chip flash memory that can be programmed on-board. These versions enable
users to respond quickly and flexibly to changing application specifications.

This manual describes the H8/3039 Group hardware. For details of the instruction set, refer to the
H8/300H Series Software Manual.

Note: F-ZTAT isatrademark of Renesas Technology Corp.
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Main Revisions for This Edition

Item Page

Revision (See Manual for Details)

All —

« Notification of change in company name amended
(Before) Hitachi, Ltd. — (After) Renesas Technology Corp.
* Product naming convention amended
(Before) H8/3039 Series — (After) H8/3039 Group

2.3 Address Space 20

Figure 2.2 Memory
Map

Figure amended
H'0000

HFFFF

1. Normal mode (64-Kbyte mode)

5.2.2 Interrupt Priority 91
Registers A and B
(IPRA, IPRB)

Interrupt Priority
Register B (IPRB)

Description amended

Bit 7 6 5 4 3 2 1 0
‘ IPRB7 ‘ IPRB6 ‘ — ‘ — ‘ IPRB3 ‘ IPRB2 ‘ IPRB1 ‘ — ‘
Initial value 0 0 0 0 0 0 0 0

Read/Write R/IW R/IW R/W RIW R/IW RIW

T T ST T T T T

5.2.3 IRQ Status 93 Description amended

Register (ISR) Bits 5, 4, 1 and 0—IRQ,, IRQ,, IRQ, and IRQ, Flags (IRQS5F,
IRQ4F, IRQ1F, and IRQOF): These bits indicate the status of
IRQ,, IRQ,, IRQ,, and IRQ, interrupt requests.

5.2.4 IRQ Enable 94 Description amended

Register (IER)

Bit 7 6
Initial value 0 0
Read/Write R/W R/W

e

Reserved bits
Bits 5, 4, 1, and 0—IRQ,, IRQ,, IRQ,, and IRQ, Enable (IRQ5E,
IRQ4E, IRQ1E, IRQOE): These hits enable or disable IRQ5 ,
IRQ4 , IRQ1 , IRQO interrupts.
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Item Page

Revision (See Manual for Details)

5.3.3 Interrupt Vector 98
Table

Table 5.3 Interrupt
Sources, Vector
Addresses, and Priority

Table amended
WOQVI (interval timer)

5.5.4 Usage Notes 109

Figure 5.9 IRQNF Flag
when Interrupt
Exception Handling is
not Executed

Figure amended

1read O written

-

lread O
written

(Inadvertent clearing)

‘ Generation condition (2) ‘

6.4.2 Precautionson 131
Setting ASTCR and

Description amended
Modes 5 and 7

ABWCR*
ASTCRO =0
ABWCR = H'FC
11.2.8 Bit Rate 349 Description added

Register (BRR)

The baud rate generator is controlled separately for the
individual channels, so different values may be set for each.

Table 11.3 Examples 351
of Bit Rates and BRR
Settings in

Asynchronous Mode

Table amended

@ (MHz)
1 12 1
Bit Rate Error
(bits/s) in N (%) ‘

11.3.4 Synchronous 376

Description amended

Operation
Clock

An internal clock generated by the on-chip baud rate generator
or an external clock input from the SCK pin can be selected by
clearing or setting the CKE1 and CKEO bits in SCR and the C/A
bit in SMR. See table 11.9.
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Item Page

Revision (See Manual for Details)

16.2.1 Connectinga 500
Crystal Resonator

Table 16.2 Crystal
Resonator Parameters

Preliminary deleted

18.1.3 AC 532 Table amended
Characteristics Condition A Conditon B  Condition C
8 MHz 10 MHz 18 MHz
Table 185 Control Item Symbol  Min Max Min Max Min Max Unit Test Conditions
Signal Timing RES setup time [T 200 — 200 — 2000 — ns  Figure 18.10
RES pulse width teeaw 10 — 10 — 10 — teyc
Mode programming tuos 200 — 200 — 200 — ns
setup time (MD,, MD,,
ey
18.1.4 A/D Conversion 535 Newly added
Characteristics
18.2.2 DC 541 Table amended
Characteristics
Item
Table_ 18'10 Permissible output Total of 27 pins
Permissible Output low current (total) including ports 1, 2, 5
Currents and B
A.1 Instruction List 576 Table amended
8. Block transfer
instructions
%
|Mnemonic ] S |operation
EEPMOV. W — | if R4 20 then
repeat @R5 - @R6
R5+1 ~ R5
R6+1 — R6
R4-1 - R4
until R4=0
else next
A.3 Number of States 584 Table amended
Required for Execution Word Data _Internal
Table A.4 Number of }Access  Operation
: . Instruction  Mnemonic ™ N
Cycles per Instruction nom R o 3 i
Advanced j 2
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Section 1 Overview

Section1l Overview

11 Overview

The H8/3039 Group comprises microcomputers (MCUSs) that integrate system supporting
functions together with an H8/300H CPU core featuring an original Renesas Technology
architecture.

The H8/300H CPU has a 32-hit internal architecture with sixteen 16-hit general registers, and a
concise, optimized instruction set designed for speed. It can address a 16-Mbyte linear address
space. Itsinstruction set is upward-compatible at the object-code level with the H8/300 CPU,
enabling easy porting of software from the H8/300 Series.

The on-chip system supporting functions include ROM, RAM, a 16-bit integrated timer unit
(ITU), aprogrammable timing pattern controller (TPC), awatchdog timer (WDT), a seria
communication interface (SCI), an A/D converter, 1/0 ports, and other facilities.

The H8/3039 Group consists of four models: the H8/3039 with 128 kbytes of ROM and 4 kbytes
of RAM, the H8/3038 with 64 kbytes of ROM and 2 kbytes of RAM, the H8/3037 with 32 kbytes
of ROM and 1 kbytes of RAM, and the H8/3036 with 16 kbytes of ROM and 512 bytes of RAM.

The five MCU operating modes offer a choice of expanded mode, single-chip mode and address
space size.

In addition to the mask-ROM version of the H8/3039 Group, an F-ZTAT™ version with an on-
chip flash memory that can be freely programmed and reprogrammed by the user after the board is
installed is also available. This version enables users to respond quickly and flexibly to changing
application specifications, growing production volumes, and other conditions.

Table 1.1 summarizes the features of the H8/3039 Group.

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

Tablel.1 Features

Feature Description
CPU Upward-compatible with the H8/300 CPU at the object-code level
General-register machine

e Sixteen 16-hit general registers
(also useable as sixteen 8-bit registers or eight 32-bit registers)

High-speed operation

e Maximum clock rate: 18 MHz
* Add/subtract: 111 ns

e Multiply/divide: 778 ns

Two CPU operating modes
* Normal mode (64-kbyte address space)
e Advanced mode (16-Mbyte address space)

Instruction features

« 8/16/32-bit data transfer, arithmetic, and logic instructions

e Signed and unsigned multiply instructions (8 bits x 8 bits, 16 bits x 16 bits)
» Signed and unsigned divide instructions (16 bits + 8 bits, 32 bits + 16 bits)
» Bit accumulator function

» Bit manipulation instructions with register-indirect specification of bit
positions
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Section 1 Overview

Feature Description
Memory H8/3039
« ROM: 128 kbytes
*  RAM: 4 kbytes

H8/3038
*  ROM: 64 kbytes
* RAM: 2 kbytes

H8/3037
* ROM: 32 kbytes
*  RAM: 1 kbyte

H8/3036
*  ROM: 16 kbytes
e RAM: 512 bytes

Interrupt controller «  Five external interrupt pins: NMI, IRQ,, IRQ
e 25internal interrupts
» Three selectable interrupt priority levels

Bus controller * Address space can be partitioned into eight areas, with independent bus
specifications in each area

* Two-state or three-state access selectable for each area

* Selection of four wait modes

16-bit integrated » Five 16-bit timer channels, capable of processing up to 12 pulse outputs
timer unit (ITU) or 10 pulse inputs

» 16-bit timer counter (channels O to 4)

« Two multiplexed output compare/input capture pins (channels 0 to 4)
* Operation can be synchronized (channels 0 to 4)

«  PWM mode available (channels 0 to 4)

* Phase counting mode available (channel 2)

« Buffering available (channels 3 and 4)

* Reset-synchronized PWM mode available (channels 3 and 4)

e Complementary PWM mode available (channels 3 and 4)
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Section 1 Overview

Feature

Description

Programmable
timing pattern
controller (TPC)

Maximum 15-bit pulse output, using ITU as time base

Up to three 4-bit pulse output groups and one 3-bit pulse output group (or
one 15-hit group, one 8-hit group, or one 7-bit group)
Non-overlap mode available

Watchdog timer
(WDT), 1 channel

Reset signal can be generated by overflow

Reset signal can be output externally (However, not available with the
F-ZTAT version.)

Usable as an interval timer

Serial
communication
interface (SCI),
2 channels

Selection of asynchronous or synchronous mode
Full duplex: can transmit and receive simultaneously
On-chip baud-rate generator

Smart card interface functions added (SCIO only)

A/D converter

Resolution: 10 bits

Eight channels, with selection of single or scan mode
Variable analog conversion voltage range
Sample-and-hold function

Can be externally triggered

I/O ports

55 input/output pins
8 input-only pins

Operating modes

Five MCU operating modes

Mode Address Space Address Pins Bus Width
Mode 1 1 Mbyte A to A, 8 bits
Mode 3 16 Mbytes A to A, 8 bits
Mode 5 1 Mbyte A to A, 8 bits
Mode 6 64 kbytes — —

Mode 7 1 Mbyte — —

On-chip ROM is disabled in modes 1 and 3

Power-down state

Sleep mode

Software standby mode

Hardware standby mode

Module standby function

Programmable System clock frequency division
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Feature

Description

Other features

*  On-chip clock oscillator

Product lineup

Model (5 V) Model (3 V)* Package ROM
HD64F3039F HD64F3039VF 80-pin QFP (FP-80A) Flash memory
HD64F3039TE  HD64F3039VTE  80-pin TQFP (TFP-80C)

HD6433039F HD6433039VF 80-pin QFP (FP-80A) Mask ROM
HD6433039TE  HD6433039VTE 80-pin TQFP (TFP-80C)

HD6433038F HD6433038VF 80-pin QFP (FP-80A) Mask ROM
HD6433038TE  HD6433038VTE  80-pin TQFP (TFP-80C)

HD6433037F HD6433037VF 80-pin QFP (FP-80A) Mask ROM
HD6433037TE  HD6433037VTE  80-pin TQFP (TFP-80C)

HD6433036F HD6433036VF 80-pin QFP (FP-80A) Mask ROM
HD6433036TE  HD6433036VTE  80-pin TQFP (TFP-80C)

Note: * There are two 3 V versions: one with V.. =2.7Vto 5.5V and ¢= 2 to 8 MHz,
and one with V. =3.0 Vto 5.5V and ¢ = 2 to 10 MHz. However, there is only
one flash memory version, with V. =3.0t0 5.5V and ¢ =2 to 10 MHz.
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Section 1 Overview

1.2

Block Diagram

Figure 1.1 shows an internal block diagram of the H8/3039 Group.
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Figure1l.1 Block Diagram
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Section 1 Overview

1.3 Pin Description

131 Pin Arrangement

Figure 1.2 shows the pin arrangement of the H8/3039 Group.
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Figure1.2 Pin Arrangement (FP-80A, TFP-80C Top View)
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1.3.2 Pin Functions

Pin Assignmentsin Each Mode

Table 1.2 lists the FP-80A and TFP-80C pin assignments in each mode.

Tablel.2 FP-80A and TFP-80C Pin Assignmentsin Each Mode

Pin Name
Pin PROM Mode
No. Model Mode 3 Mode 5 Mode 6 Mode 7 Flash memory
1 PB,/TP,/ PB,/TP,/ PB,/TP,/ PB,/TP,/ PB,/TP,/ NC
TIOCA, TIOCA, TIOCA, TIOCA, TIOCA,
2 PB,/TP/ PB,/TP/ PB,/TP/ PB,/TP/ PB,/TP/ NC
TIOCB, TIOCB, TIOCB, TIOCB, TIOCB,
3 PB,/TP,/ PB,TP,/ PB,/TP,/ PB,/TP,/  PBJTP,/ NC
TIOCA, TIOCA, TIOCA, TIOCA, TIOCA,
4 PB/TP,/ PB/TP,/ PB/TP,/ PB/TP,/  PBJTP,/ NC
TIOCB, TIOCB, TIOCB, TIOCB, TIOCB,
5 PB,/TP,/ PB,/TP,/ PB,/TP,/ PB,/TP,/  PB/JTP,/ NC
TOCXA, TOCXA, TOCXA, TOCXA, TOCXA,
6 PB/TP,/ PB/TP,/ PB/TP,./ PB/TP./  PBJTP./ NC
TOCXB, TOCXB, TOCXB, TOCXB, TOCXB,
MD, MD, MD, MD, MD, Ve
PB,/TP,/ PB,/TP,/ PB,/TP,./ PB/TP./  PBJTP./  NC
ADTRG ADTRG ADTRG ADTRG ADTRG
9 P9,/TxD, P9,/TxD, P9,/TxD, P9/TxD,  P9/TxD, NC
10  P9,/RxD, P9,/RXD, P9,/RxD, P9,/RxD,  P9/RxD, V.
11 P9,/SCK// P9, /SCK/ P9, /SCK/ P9/SCK/  P9,/SCK/ NC
IRQ, IRQ, IRQ, IRQ, IRQ,
12 VSS VSS VSS VSS VSS VSS
13 D, D, D, P3, P3, /0,
14 D, D, D, P3, P3, /0,
15 D, D, D, P3, P3, /0,
16 D, D, D, P3, P3, /0,
17 D, D, D, P3 P3 1/0

4

4

4
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Pin Name
Pin PROM Mode
No. Model Mode 3 Mode 5 Mode 6 Mode 7 Flash memory
18 D, D, D, P3, P3, /0,
19 D, D, D, P3, P3, 110,
20 D, D, D, P3, P3, /0,
2 1 VCC VCC VCC VCC VCC VCC
22 A, A, P1/A, P1, P1, A,
23 A A, P1/A, P1, P1, A,
24 A, A, PLJ/A, P1, P1, A,
25 A, A, P1/A, P1, P1, A,
26 A, A, P1,/A, P1, P1, A,
271 A, A, P1J/A, P1, P1, A,
28 A, A, P1/A, P1, P1, A,
29 A A, PL/A, P1, P1, A,
30 Vg Ve Ve Vg Ve, Ve,
31 A A, P2,/A, P2, P2, A,
32 A A, P2,/A, P2, P2, A,
33 A, A, P2,JA,, P2, P2, A,
34 A, A, P2JA, P2, P2, A,
35 A, A, P2JA,, P2, P2, A,
36 A, A, P2JA,, P2, P2, A,
37 A, A, P2JA,, P2, P2, A,
38 A, A P2JA, P2, P2, A
39 A, A, P5,/A,, P5, P5, A,
40 A, A, P5/A,, PS5, PS5, Ve
41 A, A, P5,/A,, PS5, PS5, Vg,
42 A, A, P5,J/A,, P5, P5, Vi
43 P6,/WAIT P6,/WAIT P6,/WAIT P6, P6, NC
44 MD, MD, MD, MD MD, Ve,
45  MD, MD, MD, MD MD, Vg,
46 o ¢ ) ¢ ¢ NC

RENESAS
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Pin Name

Pin PROM Mode
No. Model Mode 3 Mode 5 Mode 6 Mode 7 Flash memory
47  STBY STBY STBY STBY STBY Ve
48 RES RES RES RES RES RES
49  NMI NMI NMI NMI NMI Ve
50 VSS VSS VSS VSS VSS VSS
51  EXTAL EXTAL EXTAL EXTAL EXTAL EXTAL
52  XTAL XTAL XTAL XTAL XTAL XTAL
53 Vcc Vcc Vcc Vcc Vcc Vcc
54 AS AS AS P6, P6, NC
55 RD RD RD P6, P6, NC
56  WR WR WR P6, P6, Ve
57 RESO/ RESO/ RESO/ RESO/ RESO/ FWE

FWE* FWE* FWE* FWE* FWE*
58 AV AV AV AV AV Ve
59  P7/AN, P7,/AN, P7,/AN, P7,/AN, P7,/AN, NC
60  P7/AN, P7,/AN, P7,/AN, P7/AN, P7 /AN, NC
61  P7,/AN, P7,/AN, P7,/AN, P7,/AN, P7,/AN, NC
62  P7/AN, P7,/AN, P7,/AN, P7,/AN, P7,/AN, NC
63  P7,/AN, P7,/AN, P7,/AN, P7/AN, P7,/AN, NC
64  P7/AN, P7.JAN, P7.JAN, P7.J/AN, P7.JAN, NC
65  P7/AN, P7/AN, P7/AN, P7/AN, P7/AN, NC
66  P7,/AN, P7,/AN, P7,/AN, P7./AN, P7,/AN, NC
67 AV, AV AV AV AV Ve,
68  P8/IRQ, P8/IRQ, P8/IRQ, P8,/IRQ, P8/IRQ, Vg
69 P8/IRQ, P8/IRQ, P8/IRQ, P8/IRQ, P8/IRQ, Vg
70  P9/TxD, P9,/TxD, P9,/TxD, P9,/TxD, P9,/TxD, NC
71 P9/RxD, P9,/RxD, P9,/RxD, P9,/RXD, P9/RxD, NC
72 P9,/SCK/ P9./SCK/ P9./SCK/ P9/SCK/ P9/SCK/ V.

IRQ, IRQ, IRQ, IRQ, IRQ,
73 PA/JTP/ PA/TP/ PA/TP/ PA TP/ PA TP/ CE

TCLKA TCLKA TCLKA TCLKA TCLKA
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Pin Name

Pin PROM Mode

No. Model Mode 3 Mode 5 Mode 6 Mode 7 Flash memory

74 PAJTP/ PA,/TP./ PA,/TP./ PA/TP./ PA/TP./ OE
TCLKB TCLKB TCLKB TCLKB TCLKB

75 PAJTR/ PA TP,/ PA TP,/ PA TP,/ PA TP,/ WE
TIOCA// TIOCA// TIOCA// TIOCA,/ TIOCA,/
TCLKC TCLKC TCLKC TCLKC TCLKC

76 PAJTP/ PAJ/TP./ PA TP/ PATP/ PATP/ NC
TIOCB,/ TIOCB,/ TIOCB,/ TIOCB,/ TIOCB,/
TCLKD TCLKD TCLKD TCLKD TCLKD

77 PAJTP/ PAJTP,/ PAJTP,/ PAJTP,/ PAJTP,/ NC
TIOCA, TIOCA/A,, TIOCA, TIOCA, TIOCA,

78  PAJTP/ PATP/ PATP/ PATP./ PATP./ NC
TIOCB, TIOCB,/A,, TIOCB, TIOCB, TIOCB,

79  PAJTR/ PA TP/ PA TP/ PAJTP/ PAJTP/ NC
TIOCA, TIOCA,A,, TIOCA, TIOCA, TIOCA,

80  PA/TP./ A, PAITP./ PAITP./ PAITP./ NC
TIOCB, TIOCB, TIOCB, TIOCB,

Notes: Pins marked NC should be left unconnected.
For details about PROM mode see section 15, ROM.

*  Mask ROM: RESO
Flash Memory: FWE
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1.4 Pin Functions
Table 1.3 summarizes the pin functions.

Table1.3 Pin Functions

Type Symbol Pin No. 110 Name and Function
Power Ve 21, Input Power: For connection to the power supply.
53 Connect all V_ pins to the system power
supply.
Vo 12, Input Ground: For connection to ground (0 V).
30, Connect all V, pins to the 0-V system power
50 supply.
Clock XTAL 52 Input For connection to a crystal resonator

For examples of crystal resonator and
external clock input, see section 16, Clock
Pulse Generator.

EXTAL 51 Input For connection to a crystal resonator or input
of an external clock signal. For examples of
crystal resonator and external clock input, see
section 16, Clock Pulse Generator.

[0} 46 Output System clock: Supplies the system clock to
external devices
Operating MD,, 7, Input Mode 2 to mode O: For setting the operating
mode control  MD,, 45, mode, as follows. These pins should not be
MD, 44 changed during operation.
MD, MD, MD, Operating Mode
0 0 0 —
0 0 1 Mode 1
0 1 0 —
0 1 1 Mode 3
1 0 0 —
1 0 1 Mode 5
1 1 0 Mode 6
1 1 1 Mode 7
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Type Symbol Pin No. 110 Name and Function
System RES 48 Input Reset input: When driven low, this pin resets
control the chip

RESO/ 57 Output/  Reset output (Mask ROM version): Outputs

FWE Input WDT-generated reset signal to an external
device.

Write enable signal (F-ZTAT version): Flash
memory write control signal.

STBY 47 Input Standby: When driven low, this pin forces a
transition to hardware standby mode

Interrupts NMI 49 Input Nonmaskable interrupt: Requests a
nonmaskable interrupt

IRQ,, IRQ, 72,11, Input Interrupt request 5, 4, 1, 0: Maskable

IRQ,, IRQ, 69, 68 interrupt request pins

Addressbus A, toA,, 77t080, Output Address bus: Outputs address signals
A t0 A, 421031,
A 10 A, 29 to 22
Data bus D,to D, 20to0 13 Input/ Data bus: Bidirectional data bus
output
Bus control AS 54 Output  Address strobe: Goes low to indicate valid
address output on the address bus

RD 55 Output  Read: Goes low to indicate reading from the
external address space.

WR 56 Output Write: Goes low to indicate writing to the
external address space indicates valid data on
the data bus.

WAIT 43 Input Wait: Requests insertion of wait states in bus
cycles during access to the external address
space.

16-bit TCLKDto 76to73 Input Clock input A to D: External clock inputs
integrated TCLKA
timer unit .
ITU TIOCA,to 3,1, 79, Input/ Input capture/output compare A4 to AO:
(ITV) TIOCA 77,75 Output GRA4 to GRAO output compare or input
0
capture, or PWM output

TIOCB,to 4, 2, 80, Input/ Input capture/output compare B4 to BO

TIOCB, 78,76 output GRB4 to GRBO output compare or input
capture, or PWM output

TOCXA, Output Output compare XA4: PWM output

TOCXB, Output Output compare XB4: PWM output
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Type Symbol Pin No. 110 Name and Function
Programmable TP, 8,6t01 Output TPC output 15, 13 to 0 : Pulse output
timing pattern TP, to TP, 80 to 73
controller
(TPC)
Serial com- TxD,, 70,9 Output Transmit data:(channels 0 and 1): SCI data
munication TxD, output
|nstgrlface RxD,, 71, 10 Input Receive data:(channels 0 and 1): SCI data
(SCh RxD, input
SCK,, 72,11 Input/ Serial clock:(channels 0 and 1): SCI clock
SCK, output input/output
A/D AN, to AN, 66 to 59 Input Analog 7 to 0: Analog input pins
converter ADTRG 8 Input A/D trigger: External trigger input for starting
A/D conversion
AV . 67 Input Power supply pin and reference voltage input
pin for the A/D converter. Connect to the
system power supply when not using the A/D
converter.
AV 58 Input Ground pin for the A/D converter. Connect to
system power-supply (0 V).
I/O ports P1,to P1, 29to 22 Input/ Port 1: Eight input/output pins. The direction
output of each pin can be selected in the port 1 data
direction register (P1DDR).
P2, to P2, 38to31 Input/ Port 2: Eight input/output pins. The direction
output of each pin can be selected in the port 2 data
direction register (P2DDR).
P3,to P3, 201013 Input/ Port 3: Eight input/output pins. The direction
output of each pin can be selected in the port 3 data
direction register (P3DDR).
P5,t0 P5, 421039 Input/ Port 5: Four input/output pins. The direction of
output each pin can be selected in the port 5 data
direction register (P5DDR).
P6,to P6,, 56to54, Input/ Port 6: Four input/output pins. The direction of
P6, 43 output each pin can be selected in the port 6 data
direction register (P6DDR).
P7,to P7, 66to59 Input Port 7: Eight input pins
P8,, P8, 69, 68 Input/ Port 8: Two input/output pins. The direction of
output each pin can be selected in the port 8 data

direction register (P8DDR).
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Type Symbol Pin No. 110 Name and Function
I/O ports P9, to 72,11 Input/ Port 9: Six input/output pins. The direction of
P9, 71, 10 output each pin can be selected in the port 9 data
70,9 direction register (PO9DDR).
PA, to 80to 73 Input/ Port A: Eight input/output pins. The direction
PA, output of each pin can be selected in the port A data
direction register (PADDR).
PB, PB, 8, 6tol Input/ Port B: Seven input/output pins. The direction
to PB, output of each pin can be selected in the port B data

direction register (PBDDR).
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Section2 CPU

21 Overview

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

211 Features
The H8/300H CPU has the following features.

e Upward compatibility with H8/300 CPU
Can execute H8/300 series object programs without alteration
e General-register architecture
Sixteen 16-bit general registers (also usable as sixteen 8-bit registers or eight 32-bit registers)
e Sixty-two 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:24, ERn)]
Register indirect with post-increment or pre-decrement [ @ERN+ or @—ERnN]
Absolute address [ @aa:8, @aa: 16, or @aa:24]
Immediate [#xx:8, #xx:16, or #xx:32]
Program-counter relative [@(d:8, PC) or @(d:16, PC)]
Memory indirect [ @@aa:8]
e 16-Mbyte linear address space
¢ High-speed operation
O All frequently-used instructions execute in two to four states

OooOooogoooao

O Maximum clock frequency: 18 MHz
O 8/16/32-bit register-register add/subtract: 111 ns
O 8 x 8-hit register-register multiply: 778 ns
O 16 + 8-bit register-register divide: 778 ns
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O 16 x 16-hit register-register multiply: 1222 ns
O 32+ 16-hit register-register divide: 1222 ns
Two CPU operating modes

O Norma mode

O Advanced mode

L ow-power mode

Transition to power-down state by SLEEP instruction

212 Differences from H8/300 CPU

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

More general registers

Eight 16-bit registers have been added.

Expanded address space

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

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

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

Enhanced instructions
O Datatransfer, arithmetic, and logic instructions can operate on 32-hit data.
O Signed multiply/divide instructions and other instructions have been added.
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22 CPU Operating Modes

The H8/300H CPU has two operating modes: normal and advanced. Normal mode supports a
maximum 64-kbyte address space. Advanced mode supports up to 16 Mbytes. See figure 2.1.

Unless specified otherwise, all descriptionsin this manual refer to advanced mode.

Maximum 64 kbytes, program
and data areas combined

Normal mode

CPU operating modes

Advanced mode Maximum 16 Mbytes, program
and data areas combined

Figure2.1 CPU Operating Modes
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2.3 Address Space

The maximum address space of the H8/300H CPU is 16 Mbytes. ThisL S| allows selection of a
normal mode and advanced mode 1-Mbyte mode or 16-Mbyte mode for the address space
depending on the MCU operation mode. Figure 2.2 shows the address ranges of the H8/3039
Group. For further details see section 3.6, Memory Map in Each Operating Mode.

The 1-Mbyte operating mode uses 20-bit addressing. The upper 4 bits of effective addresses are
ignored.

H'0000 H'00000 H'000000
H'FFFF
H'FFFFF
H'FFFFFF
(a) 1-Mbyte mode (b) 16-Mbyte mode
1. Normal mode (64-Kbyte mode) 2. Advanced mode

Figure2.2 Memory Map
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24 Register Configuration

24.1 Overview

The H8/300H CPU hasthe internal registers shown in figure 2.3. There are two types of registers:
general registers and control registers.

General Registers (ERn)

15 0 7 0 7 0
ERO EO ROH ROL
ER1 El R1H R1L
ER2 E2 R2H R2L
ER3 E3 R3H R3L
ER4 E4 R4H R4L
ERS5 E5 R5H R5L
ER6 E6 R6H R6L
ER7 E7 (SP) R7H R7L

Control Registers (CR)
23 0
PC | |

76543210
ccr | 1]ulH]ulN]z]v|c]

Legend:

SP:  Stack pointer

PC: Program counter

CCR: Condition code register
I: Interrupt mask bit

Ul:  User bit or interrupt mask bit
Half-carry flag

User bit

Negative flag

Zero flag

Overflow flag

Carry flag

OsSNzczIT

Figure2.3 CPU Registers
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242 General Registers

The H8/300H CPU has eight 32-hit general registers. These general registersare all functionally
alike and can be used without distinction between data registers and address registers. When a
genera register isused as a dataregister, 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 as address registers, they are designated
by the letters ER (ERO to ER7).

The ER registers divide into 16-bit general registers designated by the letters E (EO to E7) and R
(RO to R7). These registers are functionally equivalent, providing a maximum 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-hbit
registers.

Figure 2.4 illustrates the usage of the general registers. The usage of each register can be selected
independently.

» Address registers

» 32-bit registers e 16-bit registers « 8-bit registers
E registers
— (extended registers)
EOto E7
ER registers | ] RH registers
ERO to ER7 ROH to R7H
L R registers |
RO to R7
L RL registers

ROL to R7L

Figure2.4 Usage of General Registers
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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 2.5 shows the
stack.

/\/

Free area

SP (ER7) —

Stack area

/\/

Figure2.5 Stack

24.3 Control Registers

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

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) or a multiple of 2 bytes, so the least significant PC
bit isignored. When an instruction is fetched, the least significant PC bit is regarded as 0.

Condition Code Register (CCR)

This 8-hit register containsinternal CPU status information, including the 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. NMI is accepted
regardless of the | hit setting. The | bit is set to 1 at the start of an exception-handling sequence.

Bit 6—User Bit or Interrupt Mask Bit (Ul): Can be written and read by software using the
LDC, STC, ANDC, ORC, and XORC instructions. This bit can also be used as an interrupt mask
bit. For details see section 5, Interrupt Controller.
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Bit 5—Half-Carry Flag (H): When the ADD.B, ADDX.B, SUB.B, SUBX.B, CMP.B, or NEG.B
instruction is executed, thisflag is set to 1 if thereisacarry or borrow at bit 3, and cleared to 0
otherwise. When the ADD.W, SUB.W, CMP.W, or NEG.W instruction is executed, the H flag is
setto 1if thereisacarry or borrow at bit 11, and cleared to O otherwise. When the ADD.L,
SUB.L, CMP.L, or NEG.L instruction is executed, the H flag is set to 1 if thereisacarry or
borrow at bit 27, and cleared to 0 otherwise.

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

Bit 3—Negative Flag (N): Indicates the most significant bit (sign bit) of data.
Bit 2—Zero Flag (Z): Set to 1 to indicate zero data, and cleared to 0 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 flag bits unchanged. Operations can be performed on CCR by the LDC,
STC, ANDC, ORC, and XORC instructions. The N, Z, V, and C flags are used by conditional
branch (Bcc) instructions.

For the action of each instruction on the flag bits, see appendix A.1, Instruction List. For the | and
Ul bits, see section 5, Interrupt Controller.

244 Initial CPU Register Values

In reset exception handling, PC isinitialized to a value loaded from the vector table, and the | bit
in CCRisset to 1. The other CCR hits and the general registers are not initialized. In particular,
the stack pointer (ER7) is not initialized. The stack pointer must therefore be initialized by an
MOV .L ingtruction executed immediately after a reset.
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25 Data Formats

The H8/300H CPU can process 1-hit, 4-bit (BCD), 8-bit (byte), 16-bit (word), and 32-bit
(longword) data. Bit-manipulation instructions operate on 1-bit data by accessing bitn (n=0, 1, 2,
..., 1) 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

Figures 2.6 and 2.7 show the data formatsin general registers.

General
Data Type Register Data Format
7 o
1-bit data RnH EE Don't care ,
7 0

1-bit data RnL Don't care Ea

7 43 0

4-bit BCD data RnH Don't care '

________________ 7 43 0

4-bit BCD data RnL ! Don'tcare

7 o
Byte data RnH I::j Don't care '
MSB tse
________________ 7 0
Byte data RnL ' Don't care ]:::I
""""""""MSB LSB

Legend:
RnH: General register RH
RnL: General register RL

Figure2.6 General Register Data Formats
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General
Data Type Register
Word data Rn
Word data En

Longword data ERn

Legend:

ERn: General register
En:  General register E
Rn:  General register R
MSB: Most significant bit
LSB: Least significant bit

Data Format
15 0
MSB LSB
15 0
MSB LSB
31 16 15 0
MSB LSB

Figure2.7 General Register Data Formats
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25.2 Memory Data For mats

Figure 2.8 shows the data formats on memory. The H8/300H CPU can access word data and
longword data on memory, but word or longword data must begin at an even address. If an attempt
is made to access word or longword data at an odd address, no address error occurs but the least
significant bit of the addressis regarded as 0, so the access starts at the preceding address. This
also appliesto instruction fetches.

Data Type Address Data Format
7 0
1-bit data Address L 7]e|s|al3]2]1]o0
Byte data Address L MSB: - :LSB
Word data Address 2m MSB: ‘ ‘ ‘ ‘ L
Address 2m + 1 | | | | | | :LSB
Address 2n MSB: ‘ ‘ ‘ ‘ L
Longword data Address 2n + 1 T
Address 2n + 2 -
Address 2n + 3 LsB

Figure2.8 Memory Data Formats

When ER7 (SP) is used as an address register to access the stack, the operand size should be word
size or longword size.
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2.6 I nstruction Set

26.1 Instruction Set Overview
The H8/300H CPU has 62 types of instructions, which are classified as shown in table 2.1.

Table2.1 Instruction Classification

Function Instruction Types
Data transfer MOV, PUSH**, POP*!, MOVTPE*?, MOVFPE*? 3

Arithmetic operations  ADD, SUB, ADDX, SUBX, INC, DEC, ADDS, SUBS, DAA, DAS, 18
MULXU, MULXS, DIVXU, DIVXS, CMP, NEG, EXTS, EXTU

Logic operations AND, OR, XOR, NOT

Shift operations SHAL, SHAR, SHLL, SHLR, ROTL, ROTR, ROTXL, ROTXR 8

Bit manipulation BSET, BCLR, BNOT, BTST, BAND, BIAND, BOR, BIOR, BXOR, 14
BIXOR, BLD, BILD, BST, BIST

Branch Bce*®, JMP, BSR, JSR, RTS 5

System control TRAPA, RTE, SLEEP, LDC, STC, ANDC, ORC, XORC, NOP 9

Block data transfer EEPMOV 1

Total 62 types
Notes: 1. POP.W Rn is identical to MOV.W @SP+, Rn.
PUSH.W Rn is identical to MOV.W Rn, @-SP.
POP.L ERn is identical to MOV.L @SP+, Rn.
PUSH.L ERn is identical to MOV.L Rn, @-SP.
2. These instructions are not available on the H8/3039 Group.
3. Bcc is a generic branching instruction.
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26.2

Instructions and Addressing Modes

Table 2.2 indicates the instructions available in the H8/300H CPU.

Table2.2 Instructionsand Addressing Modes
Addressing Modes
jou
—~ | x
. . =2y ~
Function Instruction ﬁ w @ 8 g °
sle (3|23 |«|8|5|8
| |G|z |G |88 |8 |=|2|0|=
£ x| 0®|9|® |8 |0 |®|0 |8 |6 |6 |E
Data MOV BWL |BWL |BWL |BWL {BWL|BWL| B [BWL|BWL| — | — | — | —
transfer POP, PUSH | N N R R — | wL
MOVFPE, -]l ==l=]l=]=|Bl=]l=]|=|=1=
MOVTPE
Arithmetic |ADD, CMP BWLIBWL| — | — | — | — | — | — | — | — | — | — | —
operations [ |5 WL IBWLI — | — | — | — | — | — | — | — | — | — | —
ADDX, SUBX B B S | [ I [ (I N N [ -
ADDS, SUBS — L — — — — —_ _ | — | — | = | = | —
INC, DEC — [BWL| — — — — — _ | — | — | = | = | —
DAA, DAS — B (RN U NN U (I (NI S, [ I (NI —
MULXU, — | BW | — — — — — _ | — | — | = | = | —
MULXS,
DIVXU, DIVXS
NEG — [BWL| — — — — — _ | — | — | = | = | —
EXTU, EXTS — | WL | — — — — — _ | — | - = | = | —
Logic AND, OR, BWLIBWL| — | — | — | — | — | — | — | — | — | — | —
operations | XOR
NOT — [BWL| — — — — — _ | — | - = | = | —
Shift instructions —BWL| — | — | — | — | — | — | — | — | — | — | —
Bit manipulation — B B — | — | = B S [ R RS R —
Branch Bcc, BSR RN [ [ U S e P — ) O | — | —
JMP, JSR — | —]o|l=|=] =] =|=]l0O| =] —=]|0/|—
RTS -l - - === === —=160
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Addressing Modes
jo
—~ | x
o | 2|y .
Function | Instruction & & ® &’3‘ o .

c S N 2 ® 33 er s | & g 3
| |G|zl |H| 88| 8|lcs|les|o|2
£ || ®|©®|®|®|08|0 |6 || |6 |E

System TRAPA — - === =] = == =]=10

control RTE R D e o
SLEEP S [ I (NS [ (N R (- S O
LDC B B W w w W — W w —_ — — —
STC — B W W[ W|W|—|W | W|—|—|—]|—
ANDC, ORC, B |l — | — | - - - - =] = = = ==
XORC
NOP e el el el el el el e el e e e )

Block data transfer — -] =] = =] =] =|=1]—=1|—=|BW

Legend:

B: Byte

W: Word

L: Longword
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26.3 Tables of Instructions Classified by Function

Tables 2.3 to 2.10 summarize the instructions in each functional category. The operation notation
used in these tables is defined as follows.

Operation Notation

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

ERn General register (32-bit register or address register)
(EAd) Destination operand
(EAS) Source operand

CCR Condition code register

N N (negative) flag of CCR
Z Z (zero) flag of CCR

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

PC Program counter

SP Stack pointer

#IMM Immediate data

disp Displacement

+ Addition

- Subtraction

X Multiplication

+ Division

g Logical AND

ad Logical OR

g Exclusive logical OR

- Move

- NOT (logical complement)
:3/:8/:16/:24 3-, 8-, 16-, or 24-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 data or address registers (ERO to ER7).
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Table2.3 DataTransfer Instructions

Instruction Size* Function
MOV B/W/L (EAs) - Rd, Rs - (EAd)
Moves data between two general registers or between a general
register and memory, or moves immediate data to a general register.
MOVFPE B (EAs) - Rd
Cannot be used in the H8/3039 Group.
MOVTPE B Rs - (EAs)
Cannot be used in the H8/3039 Group.
POP Wi/L @SP+ - Rn
Pops a general register from the stack. POP.W Rn is identical to
MOV.W @SP+, Rn. Similarly, POP.L ERn is identical to MOV.L
@SP+, ERn.
PUSH Wi/L Rn - @-SP

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

Note: * Size refers to the operand size.

B: Byte
W: Word
L: Longword
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Table2.4 Arithmetic Operation Instructions

Instruction  Size* Function

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

SuB Performs addition or subtraction on data in two general registers, or on
immediate data and data in a general register. (Immediate byte data
cannot be subtracted from data in a general register. Use the SUBX or
ADD instruction.)

ADDX, B Rd+Rs+C - Rd,Rdx#MM + C - Rd

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

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

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

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

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

DAA, B Rd decimal adjust — Rd

DAS Decimal-adjusts an addition or subtraction result in a general register by
referring to 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.

Note: * Size refers to the operand size.

B: Byte
W: Word
L: Longword
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Instruction Size* Function

DIVXU B/W Rd+Rs - Rd
Performs unsigned division on data in two general registers: either 16
bits + 8 hits - 8-bit quotient and 8-bit remainder or 32 bits + 16 bits —
16-hit 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-bhit quotient and 8-bit remainder, or 32 bits + 16 bits —
16-bit quotient and 16-bit remainder.

CMP B/W/L Rd - Rs, Rd — #IMM
Compares data in a general register with data in another general
register or with immediate data, and sets CCR according to the result.

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

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

EXTU WI/L Rd (zero extension) — Rd
Extends byte data in the lower 8 bits of a 16-bit register to word data,
or extends word data in the lower 16 bits of a 32-bit register to
longword data, by padding with zeros.

Note: * Size refers to the operand size.

B: Byte
W: Word

L: Longword
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Table25 Logic Operation Instructions

Instruction Size* Function
AND B/WI/L Rd ORs - Rd, Rd O#IMM - Rd

Performs a logical AND operation on a general register and another
general register or immediate data.

OR B/WIL Rd ORs - Rd, Rd O#IMM - Rd

Performs a logical OR operation on a general register and another
general register or immediate data.

XOR B/WIL RdORs - Rd, Rd O #IMM - Rd

Performs a logical exclusive OR operation on a general register and
another general register or immediate data.

NOT B/WI/L - Rd - Rd

Takes the one's complement of general register contents.

Note: * Size refers to the operand size.

B: Byte
W: Word
L: Longword

Table2.6  Shift Instructions

Instruction  Size* Function
SHAL, B/WI/L Rd (shift) - Rd
SHAR Performs an arithmetic shift on general register contents.
SHLL, B/WI/L Rd (shift) - Rd
SHLR Performs a logical shift on general register contents.
ROTL, B/WIL Rd (rotate) —» Rd
ROTR Rotates general register contents.
ROTXL, B/WIL Rd (rotate) —» Rd
ROTXR Rotates general register contents through the carry bit.
Note: * Size refers to the operand size.
B: Byte
W: Word
L: Longword
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Table2.7 Bit Manipulation Instructions

Instruction Size* Function

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

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

BAND B C 0 (<bit-No.> of <EAd>) - C
ANDs the carry flag with a specified bit in a general register or memory
operand and stores the result in the carry flag.

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

BOR B C 0 (<bit-No.> of <EAd>) - C
ORs the carry flag with a specified bit in a general register or memory
operand and stores the result in the carry flag.

BIOR B C O[- (<bit-No.> of <EAd>)] -~ C

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

The bit number is specified by 3-bit immediate data.
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Instruction Size* Function

BXOR B C 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 immediate data.

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

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

BST B C - (<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.

Note: * Size refers to the operand size.

B: Byte
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Table2.8 Branching Instructions
Instruction  Size Function
Bcc — Branches to a specified address if a specified condition is true. The
branching conditions are listed below.
Mnemonic Description Condition
BRA (BT) Always (true) Always
BRN (BF) Never (false) Never
BHI High chz=0
BLS Low or same chz=1
Bcc (BHS) Carry clear (highorsame) C=0
BCS (BLO) Carry set (low) c=1
BNE Not equal Z=0
BEQ Equal Z=1
BvVC 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 NOV=1
BGT Greater than ZONOV)=0
BLE Less or equal ZONOV)=1
JMP — Branches unconditionally to a specified address
BSR — Branches to a subroutine at a specified address
JSR — Branches to a subroutine at a specified address
RTS — Returns from a subroutine
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Table2.9 System Control Instructions

Instruction  Size*  Function

TRAPA — Starts trap-instruction exception handling

RTE — Returns from an exception-handling routine

SLEEP — Causes a transition to the power-down state

LDC B/W (EAs) - CCR
Moves the source operand contents to the condition code register. The
condition code register size is one byte, but in transfer from memory, data
is read by word access.

STC B/W CCR - (EAd)
Transfers the CCR contents to a destination location. The condition code
register size is one byte, but in transfer to memory, data is written by word
access.

ANDC B CCR O#IMM - CCR
Logically ANDs the condition code register with immediate data.

ORC B CCR O#IMM - CCR
Logically ORs the condition code register with immediate data.

XORC B CCR O #IMM - CCR
Logically exclusive-ORs the condition code register with immediate data.

NOP — PC+2 - PC
Only increments the program counter.

Note: * Size refers to the operand size.

B: Byte
W: Word
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Table2.10 Block Transfer Instruction

Instruction Size Function

EEPMOV.B — if R4L # 0 then
repeat @ER5+ - @ER6+, R4L-1 - R4L
until R4L=0

else next;
EEPMOV.W if R4 # 0 then
repeat @ER5+ . @ER6+, R4-1 - R4
until R4=0
else next;

Transfers a data block according to parameters set in general registers
R4L or R4, ERS5, and ERG.

R4L or R4: Size of block (bytes)
ERS: Starting source address
ERG6: Starting destination address

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

2.6.4 Basic I nstruction For mats

The H8/300H instructions consist of 2-byte (1-word) units. An instruction consists of an operation
field (OPfield), aregister field (r field), an effective address extension (EA field), and a condition
field (cc).

Operation Field: Indicates the function of the instruction, the addressing mode, and the operation
to be carried out on the operand. The operation field always includes the first 4 bits of the
instruction. Some instructions have two operation fields.

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

Effective Address Extension: Eight, 16, or 32 bits specifying immediate data, an absolute
address, or adisplacement. A 24-bit address or displacement is treated as 32-bit datain which the
first 8 bits are 0 (H'00).

Condition Field: Specifiesthe branching condition of Bcc instructions.
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Figure 2.9 shows examples of instruction formats.

Operation field only

| op | NOP, RTS, etc.

Operation field and register fields

| op ‘ m ‘ rm | ADD.B Rn, Rm, etc.

Operation field, register fields, and effective address extension

op ‘ m ‘ rm

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

EA (disp)

Operation field, effective address extension, and condition field

op cc ‘ EA (disp) BRA d:8

Figure2.9 Instruction Formats

2.6.5 Notes on Use of Bit Manipulation Instructions

The BSET, BCLR, BNOT, BST, and BIST instructions read a byte of data, modify abit in the
byte, then write the byte back. Care is required when these instructions are used to access registers
with write-only bits, or to access ports.

The BCLR instruction can be used to clear flagsin the on-chip registers. In an interrupt-handling
routine, for example, if it is known that the flag is set to 1, it is not necessary to read the flag ahead
of time.

2.7 Addressing Modes and Effective Address Calculation

271 Addressing M odes

The H8/300H CPU supports the eight addressing modes listed in table 2.11. Each instruction uses
a subset of these addressing modes. Arithmetic and logic instructions can use the register direct
and immediate modes. Data transfer instructions can use all addressing modes except program-
counter relative and memory indirect. Bit manipulation instructions use register direct, register
indirect, or absolute (@aa:8) addressing mode to specify an operand, and register direct (BSET,
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BCLR, BNOT, and BTST instructions) or immediate (3-bit) addressing mode to specify abit
number in the operand.

Table2.11 Addressing Modes

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

1. Register Direct—Rn

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

2. Register Indirect—@ERN

Theregister field of the instruction code specifies an address register (ERn), the lower 24 bits of
which contain the address of the operand.

3. Register Indirect with Displacement—@(d: 16, ERn) or @(d:24, ERn)

A 16-bit or 24-bit displacement contained in the instruction code is added to the contents of an
address register (ERn) specified by the register field of the instruction, and the lower 24 bits of the
sum specify the address of a memory operand. A 16-bit 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) the lower 24 bits
of which contain the address of amemory operand. After the operand is accessed, 1, 2, or 4is
added to the address register contents (32 bits) and the sum is stored in the address register.
The value added is 1 for byte access, 2 for word access, or 4 for longword access. For word or
longword access, the register value should be even.

Register indirect with pre-decrement—@-ERn

Thevalue 1, 2, or 4 is subtracted from an address register (ERn) specified by the register field
in the instruction code, and the lower 24 hits of the result become the address of a memory
operand. Theresult is also stored in the address register. The value subtracted is 1 for byte
access, 2 for word access, or 4 for longword access. For word or longword access, the resulting
register value should be even.

5. Absolute Address—@aa: 8, @aa: 16, or @aa: 24

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

Table2.12 Absolute Address Access Ranges

Absolute
Address 1-Mbyte Modes 16-Mbyte Modes
8 bits (@aa:8) H'FFFOO to H'FFFFF H'FFFFOO0 to H'FFFFFF
(1,048,320 to 1,048,575) (16,776,960 to 16,777,215)
16 bits (@aa:16) H'00000 to H'O7FFF, H'000000 to H'007FFF,
H'F8000 to H'FFFFF H'FF8000 to H'FFFFFF
(0to 32,767, 1,015,808 to 1,048,575) (0 to 32,767, 16,744,448 to 16,777,215)
24 bits (@aa:24) H'00000 to H'FFFFF H'000000 to H'FFFFFF

(0 to 1,048,575) (0 to 16,777,215)

Rev.3.00 Mar. 26, 2007 Page 43 of 682
REJ09B0353-0300
RENESAS



Section 2 CPU

6. Immediate—#xx:8, #xx:16, or #xx:32

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

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

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

Thismode is used in the Bcc and BSR instructions. An 8-hit or 16-bit displacement contained in
the instruction code is sign-extended to 24 bits and added to the 24-bit PC contents to generate a
24-bit branch address. 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 memory operand is accessed by longword access. The first byte of the memory operand is
ignored, generating a 24-bit branch address. See figure 2.10. The upper bits of the 8-bit absolute
address are assumed to be 0 (H'0000), so the address range is 0 to 255 (H'000000 to H'0000FF).
Note that the first part of thisrange is aso the exception vector area. For further detail s see section
5, Interrupt Controller.

/_\/

Specified by @aa:8 — Reserved

Figure2.10 Memory-Indirect Branch Address Specification
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When aword-size or longword-size memory operand is specified, or when abranch addressis
specified, if the specified memory addressis odd, the least significant bit isregarded as 0. The
accessed data or instruction code therefore begins at the preceding address. See section 2.5.2,
Memory Data Formats.

2.7.2 Effective Address Calculation

Table 2.13 explains how an effective addressis calculated in each addressing mode. In the
1-Mbyte operating modes the upper 4 bits of the calculated address are ignored in order to
generate a 20-bit effective address.
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Table2.13 Effective Address Calculation
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2.8 Processing States

2.8.1 Overview

The H8/300H CPU has four processing states: the program execution state, exception-handling
state, power-down state, and reset state. The power-down state includes sleep mode, software

standby mode, and hardware standby mode. Figure 2.11 classifies the processing states. Figure
2.13 indicates the state transitions.

Processing states k% Program execution state |

The CPU executes program instructions in sequence

% Exception-handling state |

A transient state in which the CPU executes a hardware sequence
(saving PC and CCR, fetching a vector, etc.) in response to a reset,
interrupt, or other exception

% Reset state

The CPU and all on-chip supporting modules are initialized and halted

% Power-down state Sleep mode ‘

The CPU is halted to conserve power

Software standby mode ‘

Hardware standby mode ‘

Figure2.11 Processing States

282 Program Execution State

In this state the CPU executes program instructions in normal seguence.
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283 Exception-Handling State

The exception-handling state is a transient state that occurs when the CPU alters the normal
program flow due to areset, interrupt, or trap instruction. The CPU fetches a starting address from
the exception vector table and branchesto that address. In interrupt and trap exception handling
the CPU references the stack pointer (ER7) and saves the program counter and condition code
register.

Types of Exception Handling and Their Priority: Exception handling is performed for resets,
interrupts, and trap instructions. Table 2.14 indicates the types of exception handling and their
priority. Trap instruction exceptions are accepted at all timesin the program execution state.

Table2.14 Exception Handling Typesand Priority

Priority Type of Exception Detection Timing Start of Exception Handling
High Reset Synchronized with Exception handling starts
A clock immediately when RES changes
from low to high
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
current exception-handling
sequence
Trap instruction When TRAPA instruction Exception handling starts when
is executed a trap (TRAPA) instruction is
Low executed

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

Figure 2.12 classifies the exception sources. For further details about exception sources, vector
numbers, and vector addresses, see section 4, Exception Handling, and section 5, Interrupt
Controller.
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STBY = high, RES = low
( Reset state™! >=

/Hardware standby mode*D

Power-down state

Reset
External interrupts
Exception
SOUICES Interrupt
Internal interrupts (from on-chip supporting modules)
Trap instruction
Figure2.12 Classification of Exception Sources
<Program execution state>
SLEEP
instruction
with SSBY =0
End of Exception
exception | !
hand‘I)ing ; Sleep mode > !
Interrupt | SLEEP instruction 3
| with SSBY =1 ;
NMI, IRQo, IRQ 4, 3 !
<E . t\ or IRQ;, interrupt ! Softw wandb g > |
xception-handling s ae/= ; \\ oftware standby mode |
} : }
RES = high 3 3

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

Figure2.13 State Transitions

284 Exception-Handling Sequences

Reset Exception Handling: Reset exception handling has the highest priority. The reset state is
entered when the RES signal goes low. Reset exception handling starts after that, when RES
changes from low to high. When reset exception handling starts the CPU fetches a start address
from the exception vector table and starts program execution from that address. All interrupts,
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including NMI, are disabled during the reset exception-handling sequence and immediately after it

ends.

Interrupt Exception Handling and Trap I nstruction Exception Handling: When these
exception-handling sequences begin, the CPU references the stack pointer (ER7) and pushes the
program counter and condition code register on the stack. Next, if the UE bit in the system control
register (SYSCR) isset to 1, the CPU setsthis set to 1, the CPU setsthe | bit in the condition code
register to 1. If the UE bit is cleared to 0, the CPU sets both the | bit and the Ul bit in the condition
code register to 1. Then the CPU fetches a start address from the exception vector table and
execution branches to that address.

Figure 2.14 shows the stack after the exception-handling sequence.

SPDb4
SPB3
SPP2
SPDb1

SP (ER7) —=|

Legend:

\_/_\

Stack area

\_/_\

SP (ER7) —
SP+1
SP+2
SP+3
SP+4

\_/_\

CCR

PC

\_/_\

Before exception
handling starts

CCR: Condition code register

SP:

Stack pointer

Pushed on stack

= After exception
handling ends

Notes: 1. PC is the address of the first instruction executed after the return from the
exception-handling routine.

2. Registers must be saved and restored by word access or longword access,
starting at an even address.

Even
address

Figure2.14 Stack Structure after Exception Handling
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2.85 Reset State

When the RES input goes low all current processing stops and the CPU enters the reset state. The |
bit in the condition code register is set to 1 by areset. 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 see section 10,
Watchdog Timer.

2.8.6 Power-Down State

In the power-down state the CPU stops operating to conserve power. There are three modes. sleep
mode, software standby mode, and hardware standby mode.

Sleep Mode: A transition to sleep mode is made if the SLEEP instruction is executed while the
SSBY bhit is cleared to 0 in the system control register (SY SCR). CPU operations stop
immediately after execution of the SLEEP instruction, but the contents of CPU registers are
retained.

Softwar e Standby Mode: A transition to software standby mode is made if the SLEEP
instruction is executed while the SSBY bit isset to 1 in SY SCR. The CPU and clock halt and al
on-chip supporting modules stop operating. The on-chip supporting modules are reset, but as long
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.

Hardware Standby Mode: A transition to hardware standby mode is made when the STBY input
goes low. Asin software standby mode, the CPU and clock halt and the on-chip supporting
modules are reset, but as long as a specified voltage is supplied, on-chip RAM contents are
retained.

For further information see section 17, Power-Down State.
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29 Basic Operational Timing

29.1 Overview

The H8/300H CPU operates according to the system clock (). Theinterval from onerise of the
system clock to the next riseisreferred to as a "state." A memory cycle or bus cycle consists of
two or three states. The CPU uses different methods to access on-chip memory, the on-chip
supporting modules, and the external address space. Access to the external address space can be
controlled by the bus controller.

292 On-Chip Memory Access Timing

On-chip memory is accessed in two states. The databusis 16 bits wide, permitting both byte and
word access. Figure 2.15 shows the on-chip memory access cycle. Figure 2.16 indicates the pin
states.

Bus cycle

O I

~— T, state %Tz state —»

: I W e W

Internal address bus X Address X

Internal read signal \ ! : /
Internal data bus 1
(read access) :>—< ‘Read data ‘)

Internal write signal ! \—/—
Internal data bus :‘) ( ‘ . ‘
(write access) ‘ : Write data >—

Figure2.15 On-Chip Memory Access Cycle
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cp I o W e W

Address bus X Address ><

D, WR

AS,

High imbedance

D7 to DO T

Figure2.16 Pin Statesduring On-Chip Memory Access

293 On-Chip Supporting Module Access Timing

The on-chip supporting modules are accessed in three states. The data busis 8 or 16 bitswide,
depending on the register being accessed. Figure 2.17 shows the on-chip supporting module access
timing. Figure 2.18 indicates the pin states.

Bus cycle

— o
e |

a— T, state —»e— T, state —»-«— T3 state —»

Internal address bus X Address

Internal read signal : \ ! ! / ‘
Read ! !
access | data b | ! ! |
Internal data bus :> ( Read da;a :)
Internal write signal | \ ! / 1
Write 3 : : i
access ! ! | !
Internal data bus :>—< Write data >—

Figure2.17 AccessCyclefor On-Chip Supporting Modules
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0 S

- Tt T)—a—T3—»

Address bus X Address X
AS, RD, WR — ; | |
i High ! | |
High impedance |
D7 to DO i ' i i

Figure2.18 Pin Statesduring Accessto On-Chip Supporting Modules

294 Access to External Address Space

The external address space is divided into eight areas (areas 0 to 7). Bus-controller settings
determine whether each area accessed in two or three states. For details see section 6, Bus
Controller.
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Section 3 MCU Operating Modes

31 Overview

311 Operating M ode Selection

The H8/3039 Group has five operating modes (modes 1, 3, 5 to7) that are selected by the mode
pins (MD, to MD,) asindicated in table 3.1. The input at these pins determines expanded mode or
single-chip mode.

Table3.1 Operating Mode Selection

Mode Pins Description
Operating Initial Bus On-Chip On-Chip
Mode MD, MD, MD, Address Space Mode*! ROM RAM
— 0 0 0 — — — —
Mode 1 0 0 1 Expanded mode 8 bits Disabled Enabled**
Mode 2 0 1 0 — — — —
Mode 3 0 1 1 Expanded mode 8 hits Disabled Enabled**
Mode 4 1 0 0 — — — —
Mode 5 1 0 1 Expanded mode 8 hits Enabled Enabled**
Mode 6 1 1 0 Single-chip normal mode  — Enabled Enabled*’
Mode 7 1 1 1 Single-chip advanced mode — Enabled Enabled*’

Notes: 1. If the RAM enable bit (RAME) in the system control register (SYSCR) is cleared to 0,
these addresses become external addresses.

2. In mode 6 and 7, clearing bit RAME in SYSCR to 0 and reading the on-chip RAM
always return H'FF, and write access is ignored. For details, see section 14.3,
Operation.

For the address space size there are three choices: 64 kbytes, 1 Mbyte, or 16 Mbytes.

Modes 1 and 3 are on-chip ROM disable expanded modes capable of accessing external memory
and peripheral devices.

Mode 1 supports a maximum address space of 1 Mbyte.

Mode 3 supports a maximum address space of 16 Mbytes.
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Mode 5 is externally expanded mode that enables access to external memory and peripheral
devices and also enables access to the on-chip ROM. Mode 5 supports a maximum address space
of 1 Mbyte.

Modes 6 and 7 are single-chip modes that operate using the on-chip ROM, RAM, and registers.
All 1/O ports are available. Mode 6 is a normal mode with 64-kbyte address space. Mode 7 is an
advanced mode with a maximum address space of 1 Mbyte.

The H8/3039 Group can be used only in modes 1, 3, or 5 to 7. The inputs at the mode pins must
select one of these seven modes. The inputs at the mode pins must not be changed during
operation.

312 Register Configuration

The H8/3039 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). Table 3.2 summarizes these registers.

Table3.2 Registers

Address* Name Abbreviation R/W Initial Value
H'FFF1 Mode control register MDCR R Undetermined
H'FFF2 System control register SYSCR R/W H'0B

Note: * The lower 16 bits of the address are indicated.
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32 Mode Control Register (MDCR)

MDCR is an 8-hit read-only register that indicates the current operating mode of the H8/3039
Group.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ — ‘ — ‘ MDS2 ‘ MDS1 ‘ MDSO0 ‘
Initial value 1 1 0 0 0 —* —* —*
Read/Write — — — — — R R R
Reserved bits Mode select 2to 0

Bits indicating the current
operating mode

Note: Determined by pins MD, to MDy.

Bits 7 and 6—Reserved: These bits cannot be modified and are awaysread as 1.
Bits 5 to 3—Reserved: These bits cannot be modified and are always read as 0.

Bits2to 0—Mode Select 2to 0 (MDS, to MDS)): These bits indicate the logic levels at pins
MD, to MD, (the current operating mode). MDS, to MDS, correspond to MD, to MD,. MDS, and
MDS, are read-only bits. The mode pin (MD, to MD,) levels are latched when MDCR is read.
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3.3 System Control Register (SYSCR)

SYSCR is an 8-hit register that controls the operation of the H8/3039 Group.

Bit 7 6 5 4 3 2 1 0
‘ SSBY ‘ STS2 ‘ STS1 ‘ STSO ‘ UE ‘NMIEG‘ — ‘ RAME ‘

Initial value 0 0 0 0 1 0 1 1

Read/Write R/W R/W R/W R/W R/W R/W — R/W
RAM enable
Enables or

disables
on-chip RAM

Reserved bit

NMI edge select
Selects the valid edge
of the NMI input

User bit enable
Selects whether to use Ul bit in CCR
as a user bit or an interrupt mask bit

Standby timer select 2to 0
These bits select the waiting time at
recovery from software standby mode

Software standby
Enables transition to software standby mode

Bit 7—Software Standby (SSBY): Enables transition to software standby mode. (For further
information about software standby mode see section 17, Power-Down State.)

When software standby mode is exited by an external interrupt, this bit remains set to 1. To clear
this bit, write 0.

Bit 7

SSBY Description

0 SLEEP instruction causes transition to sleep mode (Initial value)
1 SLEEP instruction causes transition to software standby mode

Bits 6 to 4—Standby Timer Select (STS2 to STS0): These bits select the length of time the CPU
and on-chip supporting modules wait for the internal clock oscillator to settle when software
standby mode is exited by an external interrupt. Set these bits so that the waiting time will be at
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least 7 ms at the system clock rate. For further information about waiting time selection, see
section 17.4.3, Selection of Oscillator Waiting Time after Exit from Software Standby Mode.

Bit 6 Bit 5 Bit 4
STS2 STS1 STSO Description

0 0 0 Waiting time = 8,192 states (Initial value)

Waiting time = 16,384 states

Waiting time = 32,768 states

Waiting time = 131,072 states

1
0
1 Waiting time = 65,536 states
0
1

Waiting time = 1,024 states

PRI, O|O| O
P O|O|kFR|kF,|O

— lllegal setting

Bit 3—User Bit Enable (UE): Selects whether to use the Ul hit in the condition code register asa
user bit or an interrupt mask hit.

Bit 3

UE Description

0 Ul bit in CCR is used as an interrupt mask bit

1 Ul bit in CCR is used as a user bit (Initial value)

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

Bit 2

NMIEG Description

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

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

Bit 0—RAM Enable (RAME): Enables or disables the on-chip RAM. The RAME bit is
initialized by the rising edge of the RES signal. 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)
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34 Operating Mode Descriptions

34.1 Mode 1

Ports 1, 2, and 5 function as address pins A , to A, permitting access to a maximum 1-Mbyte
address space. The initial bus mode after areset is 8 hits, with 8-bit accessto all areas.

34.2 Mode 3

Ports 1, 2, and 5 and part of port A function as address pins A, to A, permitting accessto a
maximum 16-Mbyte address space. The initial bus mode after areset is 8 bits, with 8-bit accessto
al areas. A, to A, arevalid when O iswritten in bits 7 to 5 of the bus release control register
(BRCR). (Inthismode A, is always used for address output.)

343 Mode 5

Ports 1, 2, and 5 can function as address pins A , to A, permitting access to a maximum 1-Mbyte
address space, but following areset they are input ports. To use ports 1, 2, and 5 as an address bus,
the corresponding bitsin their data direction registers (PLDDR, P2DDR, and PSDDR) must be set
to 1. The address bus width can be selected freely by setting DDR of ports 1, 2, and 5. The initia
bus mode after areset is 8 bits, with 8-bit accessto al areas.

344 Mode 6

This mode operates using the on-chip ROM, RAM, and registers. All I/O ports are available.
Mode 6 is anormal mode with 64-kbyte address space.

3.4.5 Mode 7

This mode is an advanced mode with a 1-Mbyte address space which operates using the on-chip
ROM, RAM, and registers. All I/O ports are available.

Note: The H8/3039 Group cannot be used in mode 2 and 4.
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35 Pin Functionsin Each Operating Mode

The pin functions of ports 1 to 3, port 5 and port A vary depending on the operating mode. Table
3.3 indicates their functions in each operating mode.

Table3.3 Pin Functionsin Each Mode

Port Model  Mode2*' Mode 3 Mode 4** Mode 5 Mode 6  Mode 7

Portl A toA, — — A t0A, — Pl,toP1** P1,toPl, P1,toP1,
Port2 A toA, —— A t0A, — P2, to P2** P2,to P2, P2, to P2,
Port3 D,toD, — D,to D, — D,to D, P3,to P3, P3,toP3,
Port5 A toA, — A toA, — P5,t0 P5** P5,to P5, P5,to P5,
Port A PA toPA, — PAto PAX° A — PA to PA, PA toPA, PA toPA,

Notes: 1. H8/3039 Group cannot be used in these modes.

2. Initial state. These pins become address output pins when the corresponding bits in the
data direction registers (P1DDR, P2DDR, P5DDR) are set to 1.

3. Initial state A, is always an address output pin. PA to PA, are switched over to A, to
A, output by writing 0 in bits 7 to 5 of ADRCR.

3.6 Memory Map in Each Operating Mode

Figure 3.1 shows a memory map of the H8/3039. Figure 3.2 shows a memory map of the H8/3038.
Figure 3.3 shows a memory map of the H8/3037. Figure 3.4 shows a memory map of the H8/3036.
The address space is divided into eight areas.

Modes 1, 3 and 5 are the 8-bit bus mode.

The address locations of the on-chip RAM and on-chip registers differ between the 1-Mbyte
modes (modes 1, 5, and 7) and 16-Mbyte mode (mode 3), and 64-kbyte mode (mode 6). The
address range specifiable by the CPU in the 8- and 16-bit absolute addressing modes (@aa:8 and
@aa:16) also differs.
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Mode 3

(16-Mbyte expanded modes with
on-chip ROM disabled)

Mode 1
(1-Mbyte expanded modes with
on-chip ROM disabled)
H'00000 RRE D —| H000000
Vector area g k|
_____________ =0 -
H'000FF |--==-==-----1 5 £ |8 g| HO00OFF
SR (=8
E5S|ES
55|98
HO7FFF| | ® Sy | HOOTFFF
HiFFFF| | Aread
H'20000 H'1FFFFF
H3rFFF| | Areal 14200000
H'40000
HSFFFF| | Areaz
H'60000 | External address | preq 3 H'3FFFFF
H7FFFF | ___space ___|"7°9% H'400000
H'80000
HOFFFF | ...l Aread
H'A0000 H'5FFFFF
s N | AreaS | H600000
H'C0000
HDFFFF| ...l Areab —
H'E0000 '
Area 7 H'800000
_______________________ H'OFFFFF
H'F8000 H'A00000
H'FEFOF 0
H'FEF10 _ 2 | HBFFFFF
On-chip RAM* @ g | H'C00000
............. . =}
H'FFFO0 2 |5
H'FFFOF 5 |w@ |HDFFFFF
HFFF10 External ® 3 % HE00000
address £ |8<
= ke]
HFFF1B|  SPace s |Sg
H'FFF1C g |83
On-chip I/0 = Se
— registers 3 H'FF8000
”””” H'FFEFOF
H'FFEF10
H'FFFF00
H'FFFFOF
H'FFFF10
H'FFFF1B
H'FFFF1C
H'FFFFFF

Vector area

External
address

External
address
space

On-chip I/O
registers

16-bit absolute
addresses (first half)

(second half)

Note: * External addresses can be accessed by disabling on-chip RAM.

Figure3.1 H8/3039 Memory Map in Each Operating Mode (1)
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Mode 5

(1-Mbyte expanded mode with
on-chip ROM enabled)

(single-chip normal mode)

Mode 6

H'00000

H'000FF

H'O7FFF

H'1FFFF
H20000
H'3FFFF
H'40000
H'5FFFF
H'60000
H'7FFFF
H'80000
H'OFFFF
H'A0000
H'BFFFF
H'C0000
H'DFFFF
H'E0000

H'F8000
H'FEFOF
HFEF10

H'FFF00
H'FFFOF
H'FFF10

H'FFF1B
HFFF1C

H'FFFFF

5 =
Vector area 8 [
_____________ =
To|lwb
£8 |5
............. Y=o oy
S T 2 9
Q
§8 |54
On-chpROM | ES |23
28|58
0 Qa
Area 0
Area 1l
Area 2
‘Extemnal address | o ona
. _space ___|Ar€a3
Area 4
Area 5
Area 6
Area 7
[%]
(]
. " 2
On-chip RAM 0 o
Q —
_____________ . S
%] =}
@ IS
o Q
= S
External © ok
Q 0 c
address = 2
= < O
space 8 - g
g |28
On-chip /0 = Se
registers 2

H'0000

H'00FF

H'F70F
H'F710

FFFO0
FFFOF

HFFLC
HFFFF

Vector area

On-chip ROM

On-chip RAM

On-chip 1/0

registers

8-bit absolute addresses

8-bit memory-indirect

Mode 7
(single-chip advanced mode)
H'00000 ity
Vector area g
1+ S I s 8 g
£ H'O00FF |--=---=-----1 - £E
@ 5538
5 OnchipRoM | EE|S 8
P 25|58
= HO7FFF ] ° ©2y3 R
H'1FFFF
H'F8000 ------==-==--==----7- -
[%2]
H'FEF10 g
On-chip RAM 2 g
_____________ -0 =}
H'FFFO0 2 |8
H'FFFOF S |e
® |3<
2 |88
>
g |Z%
HFFF1C s |29
On-chip /0 = Se
registers 2
HFFFFF[ [y~ v _

Note: * External addresses can be accessed by disabling on-chip RAM.

Figure3.1 H8/3039 Memory Map in Each Operating Mode (2)
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Mode 1

(1-Mbyte expanded modes with
on-chip ROM disabled)

(16-Mbyte expanded modes with
on-chip ROM disabled)

Mode 3

H'00000

H'000FF

H'O7FFF

H'1FFFF
H'20000
H'3FFFF
H'40000
H'5FFFF
H'60000
H'7FFFF
H'80000
H'OFFFF
H'A0000
H'BFFFF
H'C0000
H'DFFFF
H'E0000

H'F8000
HFEF10
HFF70F
HFF710

H'FFF00
H'FFFOF
HFFF10

H'FFF1B
H'FFF1C

HFFFFF

Vector area

Reserved”!

On-chip RAM*?

External
address
space

On-chip I/O
registers

16-bit absolute addresses

(second half)

H'000000

H'0000FF

H'007FFF

H'1FFFFF
H'200000

H'3FFFFF
H'400000

H'SFFFFF
H'600000

H'7FFFFF
H'800000

H'OFFFFF
H'A00000

H'BFFFFF
H'C00000

H'DFFFFF
H'E00000

H'FF8000

Vector area

External
address

H'FFEF10
H'FFF70F
HFFF710

H'FFFFO0
H'FFFFOF
H'FFFF10

H'FFFF1B
HFFFF1C

H'FFFFFF

Reserved*!

On-chip RAM*2

External
address
space

On-chip I/0
registers

(second half)

Notes: 1. Do not access the reserved area.

2. External addresses can be accessed by disabling on-chip RAM.

Figure3.2 HB8/3038 Memory Map in Each Operating Mode (1)
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Mode 5
(1-Mbyte expanded mode with . Mode 6 . . Mode 7
on-chip ROM enabled) (single-chip normal mode) (single-chip advanced mode)
H'00000 S =| H'0000 N H'00000 LT =
Vector area 8 [ Vector area 8 Vector area 8 [
""""""" 28 e T 28 T 28 | e
I 128 |3% I lv_ %8 U 133|3%
H'000FF S£|3g| HOOFF 55 H'000FF 55133
£ET |28 =] ET (R Y
g®|%9 @ 2 [ 2 =3
OnchipROM | E§ |23 On-chip ROM £5 OnchipROM | E§ |23
2g.°° 25 55|88
HO7FFF | _ ] ¢ 2y H'F70F ®© a HO7FFF | ___1_° ©*2y
H'08000 HF710 HORFEE
H'OFFFF On-chip RAM Y
Q
* 1 7]
Reserved HEFOO [[777 7 - —g
H'1FFFF Area 0 HFFOF b
20000 11T 2
:glo:g?:?: Area 1 H'EF1C é
H'40000 [T LT On-chip %
HSFFFF || Areaz | I/O registers £
H'60000 | External address | p(aq 3 HFFFF e
H7FFFF | ___space ___|"""7°
H'80000
HOFFFF | ___________| Aread
H'A0000
HBFFFF|. .| Areas
H'C0000
HDFFFF|.___________| Area6
H'E0000 Area 7
HF8000 --------""""""""-""}3" "~
H'F8000 | "~~~ """ T @
. H'FF710 a
EEE?&S Reserved*? 0 On-chipRAM | o |8
. o | ] __® S
H'FF710 onchipram®| , |3 H'FFFO0 $ |8
_____________ - H'FFFOF T e
H'FFF00 2 12 c |2
H'FFFOF 5 o g |8
' ° S
HFFF10 External s |35 3 |SE
address i) ? ’ a £5
3 |=3 H'FFF1C ] S |29
H'EFF1B space S = On-chip /0 = -2
H'FEF1C % 2 8 registers f-;
On-chip I/0 = |Sa HFFFFFL vy~ ¥
registers 3
HFFFFF[ vy - ¥y __

Notes: 1. Do not access the reserved area.
2. External addresses can be accessed by disabling on-chip RAM.

Figure3.2 HB8/3038 Memory Map in Each Operating Mode (2)
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Mode 1

(1-Mbyte expanded modes with
on-chip ROM disabled)

(16-Mbyte expanded modes with
on-chip ROM disabled)

Mode 3

H'00000

H'000FF

H'O7FFF

H'1FFFF
H'20000
H'3FFFF
H'40000
H'SFFFF
H'60000
H'7FFFF
H'80000
H'OFFFF
H'A0000
H'BFFFF
H'C0000
H'DFFFF
H'E0000

H'F8000
H'FEF10
H'FFBOF
HFFB10

H'FFF00
H'FFFOF
HFFF10

H'FFF1B
H'FFF1C

HFFFFF

Vector area

8-bit memory-indirect
16-bit absolute
addresses (first half)

Reserved”!

On-chip RAM*?

External
address
space

On-chip I/O
registers

16-bit absolute addresses

(second half)

H'000000

H'0000FF

H'007FFF

H'1FFFFF
H'200000

H'3FFFFF
H'400000

H'SFFFFF
H'600000

H'7FFFFF
H'800000

H'9FFFFF
H'A00000

H'BFFFFF
H'C00000

H'DFFFFF
H'E00000

H'FF8000

H'FFEF10
H'FFFBOF
HFFFB10

H'FFFFO0
H'FFFFOF
H'FFFF10

H'FFFF1B
HFFFF1C

H'FFFFFF

Vector area

External
address

Reserved*!

On-chip RAM*2

External
address
space

On-chip I/0
registers

16-bit absolute
addresses (first half)

(second half)

Notes: 1. Do not access the reserved area.

2. External addresses can be accessed by disabling on-chip RAM.

Figure 3.3 H8/3037 Memory Map in Each Operating Mode (1)
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Mode 5
(1-Mbyte expanded mode with inal hl\_/lode 6 | mod ingle-chi Mo((jje 7 d mod
on-chip ROM enabled) (single-chip normal mode) (single-chip advanced mode)
H'00000 TR H0000 T H'00000 ———— [~ <
Vector area 8 g Vector area 8 Vector area 8 g
""""""" 28|ep el 28 Tl 28 e
33|3% 38 38 |3%
H'000FF |-==-===-==-"1 55 |8 g| HOOFF |-=========-"1 53 H'000FF [-=-=-==-=-="-1 55|83
ER | ER ER [T
. cec |88 : £S5 i ES |53
On-chip ROM Ze|8s On-chip ROM =g On-chip ROM Ze|8s
2g.°° B8 55|88
H'O7FFF B8y | HTFFF & 5 H'O7FFF b8y
H'08000
Reserved*? HFB10
On-chip
H1FFFF Areald RAM "
HSPFPF aear L] N
H40000 77777 meaz | o
HSFFFF | LT o
H'60000 [ External address Area 3 ’ %
H7FFFF | ___space | 77792 HFFIC| onchipio || 8
H: :
Hgg?:?:?: Aread HEFFF registers |, 7%
140000 :
HC0000 [T prens
HOFFFF| .| Areab
H'E0000 Area 7
HF8000 --------"--"""""--"}3""~
H'F8000 [~~~ ° T TN T n
. HFFB10 2
:EEE%E Reserved”? 2 On-chip RAM § é
HFFB10 . & eeep [T T2 |3
On-chip RAM*? @ H'FFF00 g |®
______ PRAV 8 |2 HFFFOF T e
H'FFFO0 2 |3 3 |2€
H'FFFOF 5 e |88
HFFF10 g |22 3 |83
External @ S5 2 =&
address g |25 HFFF1C s |8g
HFFF1B|  Space s |SE onchipio || £ |48
HEEF1C ) 29 registers >
On-chip I/0 o =Ro) HFFFFFL v ¥ __
registers >
HFFFFF| |y -~ ¥y __

Notes: 1. Do not access the reserved area.
2. External addresses can be accessed by disabling on-chip RAM.

Figure 3.3 H8/3037 Memory Map in Each Operating Mode (2)
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Mode 1

(1-Mbyte expanded modes with
on-chip ROM disabled)

(16-Mbyte expanded modes with
on-chip ROM disabled)

Mode 3

H'00000

H'000FF

H'O7FFF

H'1FFFF
H'20000
H'3FFFF
H'40000
H'SFFFF
H'60000
H'7FFFF
H'80000
H'OFFFF
H'A0000
H'BFFFF
H'C0000
H'DFFFF
H'E0000

H'F8000

H'FEF10
H'FFDOF
HFFD10

H'FFF00
H'FFFOF
HFFF10

H'FFF1B
H'FFF1C

HFFFFF

Vector area

8-bit memory-indirect
16-bit absolute
addresses (first half)

Reserved”!

On-chip RAM*?

External
address
space

On-chip I/O
registers

16-bit absolute addresses

(second half)

H'000000

H'0000FF

H'007FFF

H'1FFFFF
H'200000

H'3FFFFF
H'400000

H'SFFFFF
H'600000

H'7FFFFF
H'800000

H'OFFFFF
H'A00000

H'BFFFFF
H'C00000

H'DFFFFF
H'E00000

H'FF8000

Vector area

External
address

H'FFEF10
H'FFFDOF
H'FFFD10

H'FFFFO0
H'FFFFOF
H'FFFF10

H'FFFF1B
HFFFF1C

H'FFFFFF

Reserved*!

On-chip RAM*2

External
address
space

On-chip I/0
registers

16-bit absolute
addresses (first half)

(second half)

Notes: 1. Do not access the reserved area.

2. External addresses can be accessed by disabling on-chip RAM.

Figure3.4 HB8/3036 Memory Map in Each Operating Mode (1)
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Mode 5
(1-Mbyte expanded mode with . Mode 6 . . Mode 7
on-chip ROM enabled) (single-chip normal mode) (single-chip advanced mode)
H'00000 I S =| H0000 . H'00000 Ry S =
Vector area 8 N [ Vector area 8 N Vector area 8 N [
""""""" 28 |eB T B8 N R =R R R
\OOOFE |- == =mmmmmm] L2812 2 HooRE |ocmmmmmmmed 138 \OOOFE |- === m o ome 128|387
H'000FF 53|23 2 H'0O0FF 53 H'000FF 535 |2 4
On-chpROM | 5% |® & 5% 58 |=8
H'O3FFF ES |52 On-chpROM | E§ On-chpRoM | E§ |5 £
5583 55 P 55 4%
0 O 0 O " 0 O
HOTFFF |- L - 22X H'3FFF HOsFRFL | 27y
Reserved*? H'FD10
p— éf?"’} 9”” On-chip RAM §
' 1%
:g?:g?:?: Area 1 FFFOO [~ """"""777] Y g
10T e Yo" e N e 1 o
_______________________ E
E'gg?:?:?: Exterr;:laigdress Area 3 H'FF1C On-chip 110 g
H80000 T T T registers s
H'OFFFF Area 4 H'FFFF . g
HA0000 [T e
HBFFFF| ... Areab
H'C0000
HDFFFF| .| Area6
H'E0000 Area 7
H'F8000 --------"""""""""""34""-
HF8000 [~~~ """ TTh T @
. H'FFD10 *
:EEE%,O: Reserved** 0 On-chipRAM | o |8
\ o | R
HFFD10 on-chip RAM?| | 8 H'FFF00 g |®
v |5 H'FFFOF 5 |e
HFFFOO [ 77777777777 Tg |g ® |2€
H'FFFOF 5 | 2 |83
' ° S
HFFF10 | External s |25 s |SE
address 2 |25 HFFF1C S |29
HFEF1B space 5 |sg On-chip I/0 = |32
H'FFF1C % —§ § registers f-;
On-chip I/0 = |Se HFFFFFL 1y~ v
registers 3
HFFFFF| |y -~ ¥y __

Notes: 1. Do not access the reserved area.
2. External addresses can be accessed by disabling on-chip RAM.

Figure3.4 HB8/3036 Memory Map in Each Operating Mode (2)
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3.7

Restrictionson Use of Mode 6

In mode 6 (single-chip normal mode), on-chip ROM area datais undefined if address H'10000 or
above (64 kbytes or above) is accessed, and therefore instruction code fetch and data read
operations may not always be performed normally.

However, there is no problem with address H'10000 and above if the lower 16-bit addressis an
on-chip RAM (H'F710 to H'FFOF) or internal 1/O register (H'FF1C to H'FFFF) address.

Table 3.4 shows the restrictions concerning each addressing mode.

Table3.4 AccessRestrictionsin Mode 6 (Single-Chip Normal Mode)

Conditions

Addressing Mode Restricted Item Address Range Operation Restriction

Register direct (Rn) O O No problem O

Register indirect Contents of ERn H'00010000 or Read datais Set upper 16 bits of ERn

(@ERN) above, with lower  undefined. to H'0000; or, write
16 bits in range Writes are same data as in
H'0000 to H'F710  invalid. H'00000—H'0FFFF to

H'10000-H'1FFFF in
on-chip ROM.

Register indirect with Value of ERn

displacement contents plus

(@(d:16,ERn), displacement

@(d:16,ERn))

Register indirect with Value of ERn

post-increment contents

(@ERnN+) incremented (or

Register indirect with decremented) by

pre-decrement 1.2.0r4

(@ERn-)

Absolute address O O No problem 0O

(@aa:8)

Absolute address Value of @aa H'010000 or Read datais Do not specify H'8000

(@aa:16) sign-extended to above, with lower  undefined. or above as absolute

24 bits 16 bits in range Writes are address; or, write same

H'0000 to H'F710  invalid. data as in H'00000—

H'OFFFF to H'20000—
H'1FFFF in on-chip
ROM.
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Conditions
Addressing Mode Restricted Item Address Range Operation Restriction
Absolute address Value of @aa H'010000 or Read datais Do not access
(@aa:24) above, with lower  undefined. addresses in range
16 bits in range Writes are shown under conditions;
H'0000 to H'F710 invalid. or, write same data as in
H'00000-H'0FFFF to
H'10000-H'1FFFF in
on-chip ROM.
Immediate O O No problem O
Program-counter Value of PC plus H'010000 or Does not Do not access
relative displacement above, with lower  operate addresses in range
(@(d:8,PC), 16 bits in range normally shown under conditions;
@(d:16,PC)) H'0000 to H'F710  since or, write same data as in
instruction H'00000-H'OFFFF to
code is H'10000-H'1FFFF in
undefined. on-chip ROM.
Memory indirect O O No problem O

(@@aa:8)

RENESAS
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Section 4 Exception Handling

41 Overview

41.1 Exception Handling Typesand Priority

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

Table4.1 Exception Typesand Priority

Priority Exception Type Start of Exception Handling
High Reset Starts immediately after a low-to-high transition at the
RES pin
Interrupt Interrupt requests are handled when execution of the
current instruction or handling of the current exception
is completed
Low Trap instruction (TRAPA) Started by execution of a trap instruction (TRAPA)

4.1.2 Exception Handling Operation
Exceptions originate from various sources. Trap instructions and interrupts are handled as follows.

1. The program counter (PC) and condition code register (CCR) are pushed onto the stack.
2. The CCR interrupt mask bit isset to 1.

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

For areset exception, steps 2 and 3 above are carried out.
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4.1.3 Exception Vector Table

The exception sources are classified as shown in figure 4.1. Different vectors are assigned to
different exception sources. Table 4.2 lists the exception sources and their vector addresses.

¢ Reset
External interrupts: NMI, IRQg, IRQ, IRQ,, IRQs

Exception
sources * Interl’uptS

Internal interrupts: 25 interrupts from on-chip

« Trap instruction supporting modules

Figure4.1 Exception Sources
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Table 4.2

Exception Source

Exception Vector Table

Vector Number

Vector Address**

Normal Mode

Advanced Mode

Reset

H'0000 to H'0001

H'0000 to H'0003

Reserved for system use

H'0002 to H'0003

H'0004 to H'0007

H'0004 to H'0005

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

H'000A to H'000B

H'0014 to H'0017

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|O|O| Bl W[N|FL,]|O

H'0012 to H'0013

H'0024 to H'0027

[EnY
o

H'0014 to H'0015

H'0028 to H'002B

[ERN
[N

H'0016 to H'0017

H'002C to H'002F

External interrupt IRQ,

[EEY
N

H'0018 to H'0019

H'0030 to H'0033

IRQ,

[EnY
w

H'001A to H'001B

H'0034 to H'0037

Reserved for system use

=
N

H'001C to H'001D

H'0038 to H'003B

[EEY
)]

H'001E to H'O01F

H'003C to H'003F

External interrupt IRQ,

=
[e2]

H'0020 to H'0021

H'0040 to H'0043

IRQ,

[ERY
~

H'0022 to H'0023

H'0044 to H'0047

Reserved for system use

[EnY
(o}

H'0024 to H'0025

H'0048 to H'004B

19

H'0026 to H'0027

H'004C to H'004F

Internal interrupts*?

20
to
60

H'0028 to H'0029
to
H'0078 to H'0079

H'0050 to H'0053
to
H'00FO0 to H'00F3

Notes: 1. Lower 16 bits of the address.
2. For the internal interrupt vectors, see section 5.3.3, Interrupt Vector Table.
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4.2 Reset

42.1 Overview

A reset is the highest-priority exception. When the RES pin goes low, all processing halts and the
H8/3039 Group entersthe reset state. A reset initializes the internal state of the CPU and the
registers of the on-chip supporting modules. Reset exception handling begins when the RES pin
changes from low to high.

The chip can also be reset by overflow of the watchdog timer. For details see section 10,
Watchdog Timer.

422 Reset Sequence
The H8/3039 Group enters the reset state when the RES pin goes low.

To ensure that the chip is reset, hold the RES pin low for at least 20 ms at power-up. To reset the
chip during operation, hold the RES pin low for at least 10 system clock () cycles. When using
the flash memory version, hold at "Low" level for aleast 1usec. See appendix D.2, Pin States at
Reset, for the states of the pinsin the reset state.

When the RES pin goes high after being held low for the necessary time, the H8/3039 Group chip
starts reset exception handling as follows.

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

» The contents of the reset vector address (H'0000 to H'0003 in advanced mode) are read, and
program execution starts from the address indicated in the vector address.

Figure 4.2 shows the reset sequence in modes 5 and 7.
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423 Interrupts after Reset

If an interrupt is accepted after areset but before the stack pointer (SP) isinitialized, PC and CCR
will not be saved correctly, leading to a program crash. To prevent this, all interrupt requests,
including NMI, are disabled immediately after areset. Thefirst instruction of the program is
always executed immediately after the reset state ends. This instruction should initialize the stack
pointer (example: MOV .L #xx:32, SP).

4.3 Interrupts

Interrupt exception handling can be requested by five external sources (NMI, IRQ,, IRQ,, IRQ,,
IRQ,) and 25 internal sourcesin the on-chip supporting modules. Figure 4.3 classifies the interrupt
sources and indicates the number of interrupts of each type.

The on-chip supporting modules that can request interrupts are the watchdog timer (WDT), 16-bit
integrated timer unit (ITU), serial communication interface (SCI), and A/D converter. Each
interrupt source has a separate vector address.

NMI isthe highest-priority interrupt and is always accepted. Interrupts are controlled by the
interrupt controller. The interrupt controller can assign interrupts other than NMI to two priority
levels, and arbitrate between simultaneous interrupts. Interrupt priorities are assigned in interrupt
priority registers A and B (IPRA and IPRB) in the interrupt controller.

For details on interrupts see section 5, Interrupt Controller.

. NMI (1)
External interrupts
P { IRQg, IRQ1, IRQ4, IRQ5 (4)

Interrupts
WDT* (1)
ITU (15)
Internal interrupts | SCI (8)
A/D converter (1)

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

Figure4.3 Interrupt Sourcesand Number of Interrupts
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4.4 Trap Instruction

Trap instruction exception handling starts when a TRAPA instruction is executed. If the UE bit is
set to 1 in the system control register (SY SCR), the exception handling sequence setsthe | bit to 1
in CCR. If the UE bitis O, the | and Ul bits are both set to 1. The TRAPA instruction fetches a
start address from a vector table entry corresponding to a vector number from 0 to 3, whichis
specified in the instruction code.

4.5 Stack Status after Exception Handling

Figure 4.4 shows the stack after completion of trap instruction exception handling and interrupt
exception handling.

\/\\/\

SP-4 SP (ER7) - CCR

SP-3 SP+1 PCe

SP-2 SP+2 PCH

SP-1 SP+3 PC_

SP (ER7) - SP+4 Even address
——— Stack area ———

\/\\/\

Before exception handling ——— After exception handling
Save on stack

Legend:

PCE: Bits 23 to 16 of program counter (PC)
PCH: Bits 15 to 8 of program counter (PC)
PCL: Bits 7 to 0 of program counter (PC)
CCR: Condition code register

SP:  Stack pointer

Notes: 1. PC indicates the address of the first instruction that will be executed after return.
2. Saving and restoring of registers must be conducted at even addresses in word-size
or longword-size units.

Figure4.4 Stack after Completion of Exception Handling (Advanced M ode)
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4.6 Notes on Stack Usage

When accessing word data or longword data, the H8/3039 Group regards the lowest address bit as
0. The stack should always be accessed by word access or longword access, and the value of the
stack pointer (SP, ER7) should always be kept even. Use the following instructions to save
registers.

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

Use the following instructions to restore registers:

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

Setting SP to an odd value may lead to amalfunction. Figure 4.5 shows an exampl e of what
happens when the SP value is odd.

CCR sp—> R1L HFFEFA

Sp—> HFFEFB
PC PC HFFEFC

i 1 i | ererD
77777777777777777777777777777777777777 HFFEFF

SP —*

TRAPA instruction executed MOV. B R1L, @-ER7
_—
SP set to H'FFEFF Data saved above SP CCR contents lost

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

Note: The diagram illustrates modes 1, 3, and 5.

Figure4.5 Operation when SP ValueisOdd
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Section 5 Interrupt Controller

51 Overview

511 Features
The interrupt controller has the following features:

* Interrupt priority registers (IPRs) for setting interrupt priorities
Interrupts other than NMI can be assigned to two priority levels on a module-by-module basis
ininterrupt priority registers A and B (IPRA and IPRB).

» Three-level masking by the | and Ul bitsin the CPU condition code register (CCR)

* Independent vector addresses
All interrupts are independently vectored; the interrupt service routine does not have to
identify the interrupt source.

» Fiveexterna interrupt pins
NMI has the highest priority and is always accepted; either the rising or falling edge can be
selected. For each of IRQ,, IRQ,, IRQ,, and IRQ,, sensing of the falling edge or level sensing
can be selected independently.
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5.1.2 Block Diagram

Figure 5.1 shows a block diagram of the interrupt controller.

NMI
input

IRQ input

OVF
TME

ADI :

ADIE

Legend:
I:

IER:
IPRA:
IPRB:
ISCR:
ISR:
SYSCR:
UE:

ul:

|ISCR| | IER | | IPRA, IPRB |
Y w
.| [RQinput -
section ISR
Interrupt
- Priority request
decision logic
Vector
) > number

Interrupt controller

CPU

ul

Interrupt mask bit

IRQ enable register
Interrupt priority register A
Interrupt priority register B
IRQ sense control register
IRQ status register
System control register
User bit enable

User bit/interrupt mask bit

[g]

SYSCR

CCR

Figure5.1 Interrupt Controller Block Diagram
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513 Pin Configuration

Table 5.1 lists the interrupt pins.

Table5.1 Interrupt Pins
Name Abbreviation I/0 Function
Nonmaskable interrupt NMI Input Nonmaskable interrupt, rising edge or

falling edge selectable

External interrupt IRQ

request5,4,1,and 0 IRQ,, IRQ,

Input Maskable interrupts, falling edge or level
sensing selectable

514 Register Configuration

Table 5.2 lists the registers of the interrupt controller.

Table5.2 Interrupt Controller Registers

Address** Name Abbreviation RIW Initial Value
H'FFF2 System control register SYSCR R/W H'0B
H'FFF4 IRQ sense control register ISCR R/W H'00
H'FFF5 IRQ enable register IER R/W H'00
H'FFF6 IRQ status register ISR R/(W)*? H'00
H'FFF8 Interrupt priority register A IPRA R/W H'00
H'FFF9 Interrupt priority register B IPRB R/W H'00

Notes: 1. Lower 16 bits of the address.
2. Only 0 can be written, to clear flags.
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5.2 Register Descriptions

521 System Control Register (SYSCR)

SY SCR is an 8-bit readable/writable register that controls software standby mode, selects the
action of the Ul bit in CCR, selects the NMI edge, and enables or disables the on-chip RAM.

Only bits 3 and 2 are described here. For the other bits, see section 3.3, System Control Register
(SYSCR).

SYSCRisinitialized to H'OB by areset and in hardware standby mode. It is not initialized in
software standby mode.

Bit 7 6 5 4 3 2 1 0
‘ SSBY ‘ STS2 ‘ STS1 ‘ STSO ‘ UE ‘ NMIEG ‘ — ‘ RAME ‘
Initial value 0 0 0 0 1 0 1 1
Read/Write R/W R/W R/W R/W R/W R/W — R/W
RAM enable

Reserved bit

Standby timer NMI edge select
select 2t0 0 Selects the NMI input edge
Software standby User bit enable

Selects whether to use the Ul bitin CCR
as a user bit or interrupt mask bit
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Bit 3—User Bit Enable (UE): Selects whether to use the Ul bit in CCR as a user bit or an
interrupt mask bit.

Bit 3

UE Description

0 Ul bit in CCR is used as interrupt mask bit

1 Ul bit in CCR is used as user bit (Initial value)

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

Bit 2

NMIEG Description

0 Interrupt is requested at falling edge of NMI input (Initial value)
1 Interrupt is requested at rising edge of NMI input
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522 Interrupt Priority Registers A and B (IPRA, IPRB)

IPRA and IPRB are 8-bit readable/writable registers that control interrupt priority.

Interrupt Priority Register A (IPRA)

IPRA is an 8-bit readable/writable register in which interrupt priority levels can be set.

Bit 7 6 5 4 3 2 1 0
‘ IPRA7 ‘ IPRA6 ‘ — ‘ IPRA4 ‘ IPRA3 ‘ IPRA2 ‘ IPRA1 ‘ IPRAO ‘
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
Priority
level AO
Selects the
priority level
of ITU
channel 2
interrupt
requests
Priority level Al
Selects the priority level
of ITU channel 1
interrupt requests

Priority level A2
Selects the priority level of
ITU channel O interrupt requests

Priority level A3
Selects the priority level of
WDT interrupt requests

Priority level A4
Selects the priority level of IRQ4 and IRQsg
interrupt requests

Reserved bit

Priority level A6
Selects the priority level of IRQ interrupt requests

Priority level A7
Selects the priority level of IRQq interrupt requests
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IPRA isinitialized to H'00 by areset and in hardware standby mode.

Bit 7—Priority Level A7 (IPRA7Y): Selectsthe priority level of IRQO interrupt requests.

Bit7

IPRA7 Description

0 IRQO interrupt requests have priority level 0 (low priority) (Initial value)
1 IRQO interrupt requests have priority level 1 (high priority)

Bit 6—Priority Level A6 (IPRAB): Selectsthe priority level of IRQL interrupt requests.

Bit6

IPRAG6 Description

0 IRQ1 interrupt requests have priority level 0 (low priority) (Initial value)
1 IRQ1 interrupt requests have priority level 1 (high priority)

Bit 5—Reserved bit: This bit can be written and read, but it does not affect interrupt priority.

Bit 4—Priority Level A4 (IPRA4): Selectsthe priority level of IRQ, and IRQ, interrupt requests.

Bit4

IPRA4 Description

0 IRQ,, IRQ, interrupt requests have priority level O (low priority) (Initial value)
1 IRQ,, IRQ, interrupt requests have priority level 1 (high priority)

Bit 3—Priority Level A3 (IPRA3): Selectsthe priority level of WTD interrupt requests.

Bit3

IPRA3 Description

0 WDT interrupt requests have priority level O (low priority) (Initial value)
1 WDT interrupt requests have priority level 1 (high priority)
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Bit 2—Priority Level A2 (IPRA2): Selectsthe priority level of ITU channel O interrupt requests.

Bit2

IPRA2 Description

0 ITU channel O interrupt requests have priority level O (low priority) (Initial value)
1 ITU channel 0 interrupt requests have priority level 1 (high priority)

Bit 1—Priority Level A1 (IPRAL): Selectsthe priority level of ITU channel 1 interrupt requests.

Bitl

IPRAL Description

0 ITU channel 1 interrupt requests have priority level O (low priority) (Initial value)
1 ITU channel 1 interrupt requests have priority level 1 (high priority)

Bit 0—Priority Level AO (IPRAOQ): Selectsthe priority level of ITU channel 2 interrupt requests.

Bit0

IPRAO Description

0 ITU channel 2 interrupt requests have priority level O (low priority) (Initial value)
1 ITU channel 2 interrupt requests have priority level 1 (high priority)
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Interrupt Priority Register B (IPRB)

IPRB isan 8-bit readable/writable register in which interrupt priority levels can be set.

Bit 7 6 5 4 3 2 1 0

‘ IPRB7 ‘ IPRBG‘ — ‘ — ‘ IPRB3 ‘ IPRB2 ‘ IPRB1 ‘ — ‘
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

Reserved bit

Priority level B1
Selects the priority level
of A/D converter
interrupt request

Priority level B2
Selects the priority level of SCI
channel 1 interrupt requests

Priority level B3
Selects the priority level of SCI
channel O interrupt requests

Reserved bits

Priority level B6
Selects the priority level of ITU channel 4 interrupt requests

Priority level B7
Selects the priority level of ITU channel 3 interrupt requests

IPRB isinitialized to H'00 by areset and in hardware standby mode.
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Bit 7—Priority Level B7 (IPRB7): Selects the priority level of ITU channel 3 interrupt requests.

Bit7

IPRB7 Description

0 ITU channel 3 interrupt requests have priority level O (low priority) (Initial value)
1 ITU channel 3 interrupt requests have priority level 1 (high priority)

Bit 6—Priority Level B6 (IPRB6): Selectsthe priority level of ITU channel 4 interrupt requests.

Bit6

IPRB6 Description

0 ITU channel 4 interrupt requests have priority level O (low priority) (Initial value)
1 ITU channel 4 interrupt requests have priority level 1 (high priority)

Bits 5 and 4—Reserved: These bits cannot be modified and are awaysread as 0.

Bit 3—Priority Level B3 (IPRB3): Selects the priority level of SCI channel O interrupt requests.

Bit3

IPRB3 Description

0 SCI channel O interrupt requests have priority level O (low priority) (Initial value)
1 SCI channel 0 interrupt requests have priority level 1 (high priority)

Bit 2—Priority Level B2 (IPRB2): Sdectsthe priority level of SCI channel 1 interrupt requests.

Bit2

IPRB2 Description

0 SCI channel 1 interrupt requests have priority level O (low priority) (Initial value)
1 SCI channel 1 interrupt requests have priority level 1 (high priority)

Bit 1—Priority Level B1 (IPRB1): Selectsthe priority level of A/D converter interrupt requests.

Bitl

IPRB1 Description

0 A/D converter interrupt requests have priority level O (low priority) (Initial value)
1 A/D converter interrupt requests have priority level 1 (high priority)

Bit 0—Reserved: This bit cannot be modified and is always read as 0.
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523  IRQ StatusRegister (ISR)

ISR is an 8-bit readable/writable register that indicates the status of IRQ,, IRQ,, IRQ,, and IRQ,
interrupt requests.

Bit 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ IRQ5F ‘ IRQ4F ‘ — ‘ — ‘ IRQLF ‘ IRQOF ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write — — RIW)* RIW*  — —  RIW)*  RIW)*

Reserved bits

Reserved bits

IRQs to IRQ,4 flags IRQ4, IRQq flags
These bits indicate IRQs and IRQ4 These bits indicates IRQ; and IRQq
interrupt request status interrupt request status

Note: * Only 0 can be written, to clear flags.

ISR isinitialized to H'00 by areset and in hardware standby mode.
Bits 7, 6, 3 and 2—Reserved: These bits cannot be modified and are always read as 0.

Bits5, 4, 1 and 0—IRQ,, IRQ,, IRQ, and IRQ, Flags (IRQ5F, IRQ4F, IRQ1F, and IRQOF):
These bitsindicate the status of IRQ,, IRQ,, IRQ,, and IRQ, interrupt requests.

Bits 5,4, 1,and 0

IRQ5F, IRQA4F,

IRQ1F, and IRQOF Description

0 [Clearing conditions] (Initial value)
e 0 is written in IRQnNF after reading the IRQnF flag when IRQnF = 1.
« IRQNSC =0, IRQn input is high, and interrupt exception handling is

carried out.

* IRQNSC =1 and IRQn interrupt exception handling is carried out.

1 [Setting conditions]

« IRQNSC = 0 and IRQn input is low.
« IRQNSC =1 and IRQn input changes from high to low.
Note: n=5,4,1and0
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524  |IRQ Enable Register (IER)

IER is an 8-bit readable/writable register that enables or disables IRQ,, IRQ,, IRQ,, and IRQ,
interrupt requests.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ IRQ5E ‘ IRQ4E ‘ — ‘ — ‘ IRQ1E ‘ IRQOE ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Reserved bits Reserved bits

IRQs to IRQ,4 enable IRQq to IRQq enable
These bits enable or disable These bits enable or disable
IRQs and IRQy interrupts IRQ; and IRQyq interrupts

IER isinitialized to H'00 by areset and in hardware standby mode.
Bits 7, 6, 3, and 2—Reserved: These bits cannot be modified and are always read as 0.

Bits5, 4, 1, and 0—IRQ,, IRQ,, IRQ,, and IRQ, Enable (IRQ5E, IRQ4E, IRQ1E, IRQOE):
These bits enable or disable IRQ5, IRQ4, IRQ1, IRQO interrupts.

Bits 5,4, 1,and 0

IRQ5E, IRQA4E,

IRQ1E, and IRQOE  Description

0 IRQ,, IRQ,, IRQ,, IRQ, interrupts are disabled (Initial value)
1 IRQ,, IRQ,, IRQ,, IRQ, interrupts are enabled
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525 IRQ Sense Control Register (ISCR)

ISCR is an 8-hit readable/writable register that selects level sensing or falling-edge sensing of the
inputs at pinsIRQ,, IRQ,, IRQ,, and IRQ,

Bit 7 6 5 4 3 2 1 0
\ — \ — \ IRQSSC‘ IRQ4SC‘ — \ — \ IRQ1SC \ IRQOSC \
Initial value 0 0 0 0 0 0 0 0

Read/Write RIW R/IW RIW R/W RIW R/W R/IW RIW

Reserved bits Reserved bits

IRQs and IRQ,4 sense control
These bits select level sensing or falling-edge
sensing for IRQs and IRQy interrupts

IRQ; and IRQq sense control
These bits select level sensing or falling-edge
sensing for IRQ; and IRQg interrupts

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

Bits 7, 6, 3, and 2—Reser ved: These bits are readabl e/writable and do not affect selection of
level sensing or falling-edge sensing.

Bits5, 4, 1, and 0—IRQ,, IRQ,, IRQ, and IRQ, Sense Control (IRQ5SC, IRQ4SC, IRQ1SC,
IRQOSC): These bits selects whether interrupts IRQ,, IRQ,, IRQ,, IRQ, are requested by level
sensing of pinsIRQ,, IRQ,, IRQ,, IRQ, or by falling-edge sensing.

Bits 5,4, 1,and 0
IRQ5SC, IRQ4SC,
IRQ1SC, IRQOSC Description

0 Interrupts are requested when IRQ,, IRQ,, IRQ,, IRQ, inputs are low
(Initial value)
1 Interrupts are requested by falling-edge input at IRQ,, IRQ,, IRQ,, IRQ,
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5.3 Interrupt Sources

The interrupt sources include external interrupts (NMI, IRQ,, IRQ,, IRQ, and IRQ,) and 25
internal interrupts.

531 External Interrupts

There are five external interrupts: NMI, and IRQ,, IRQ,, IRQ,, and IRQ,. Of these, NMI, IRQO,
IRQL, can be used to exit software standby mode.

NMI: NMI isthe highest-priority interrupt and is always accepted, regardless of the states of the
| and Ul bitsin CCR. The NMIEG bit in SY SCR selects whether an interrupt is requested by the
rising or falling edge of the input at the NMI pin. NMI interrupt exception handling has vector
number 7.

IRQ,, IRQ,, IRQ,, IRQ, Interrupts: These interrupts are requested by input signals at pins IRQ,,
IRQ,, IRQ,, IRQ,. The IRQ,, IRQ,, IRQ,, IRQ, interrupts have the following features.

* ISCR settings can select whether an interrupt is requested by the low level of the input at pins
IRQ,, IRQ,, IRQ,, IRQ,, or by the falling edge.

* |ER settings can enable or disable the IRQ,, IRQ,, IRQ,, IRQ, interrupts.
Interrupt priority levels can be assigned by four bitsin IPRA (IPRA7, IPRAG, and IPRA4).

* Thestatusof IRQ,, IRQ,, IRQ,, IRQ, interrupt requestsisindicated in ISR. The ISR flags can
be cleared to 0 by software.

Figure 5.2 shows a block diagram of interrupts IRQ,, IRQ,, IRQ,, IRQ,.

IRQNSC IRQNE
l IRQNF
Edgel/level - s Q IRQn interrupt
sense circuit request
R
IRQn input f

Clear signal

Note: n=5,4,1and 0

Figure5.2 Block Diagram of InterruptsIRQ,, IRQ,, IRQ,, and IRQ,
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Figure 5.3 shows the timing of the setting of the interrupt flags (IRQNF).

IRQN
input pin

IRQNF

Note: n=5,4,1and0

Figure5.3 Timing of Setting of IRQNF

Interrupts IRQ,, IRQ,, IRQ,, IRQ,have vector numbers 17, 16, 13, 12. These interrupts are
detected regardless of whether the corresponding pin is set for input or output. When using apin
for external interrupt input, clear its DDR hit to 0 and do not use the pin for SCI input or output.

5.3.2 Internal Interrupts
Twenty-five internal interrupts are requested from the on-chip supporting modules.

» Each on-chip supporting module has status flags for indicating interrupt status, and enable bits
for enabling or disabling interrupts.

* Interrupt priority levels can be assigned in IPRA and I PRB.

533 Interrupt Vector Table

Table 5.3 lists the interrupt sources, their vector addresses, and their default priority order. In the
default priority order, smaller vector numbers have higher priority. The priority of interrupts other
than NMI can be changed in IPRA and IPRB. The priority order after areset is the default order
shown in table 5.3.
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Interrupt Controller

Table5.3 Interrupt Sources, Vector Addresses, and Priority

Vector Vector Address*
Interrupt Source Origin Number Normal Mode Advanced Mode IPR Priority
NMI External pins 7 H'000E to H'000F H'001C to H'001F — High
IRQ, 12 H'0018 to H'0019 H'0030 to H'0033 IPRA7 *
IRQ, 13 H'001A to H'001B H'0034 to HO037 IPRA6
Reserved — 14 H'001C to H'001D H'0038 to H'003B —

15 H'001E to H'001F H'003C to H'003F
IRQ, External pins 16 H'0020 to H'0021 H'0040 to H'0043 IPRA4
IRQ, 17 H'0022 to H'0023 H'0044 to H'0047
Reserved — 18 H'0024 to H'0025 H'0048 to H'004B

19 H'0026 to H'0027 H'004C to H'004F
WOVI (interval timer) Watchdog timer 20 H'0028 to H'0029 H'0050 to H'0053 IPRA3
Reserved — 21 H'002A to H'002B H'0054 to H'0057

22 H'002C to H'002D H'0058 to H'005B

23 H'002E to H'002F H'005C to H'005F
IMIAO (compare match/ ITU channel0 24 H'0030 to H'0031 H'0060 to H'0063 IPRA2
input capture A0)
IMIBO (compare match/ 25 H'0032 to H'0033 H'0064 to H'0067
input capture BO)
OVI0 (overflow 0) 26 H'0034 to H'0035 H'0068 to H'006B
Reserved — 27 H'0036 to H'0037 H'006C to H'006F
IMIA1 (compare match/  ITU channel1 28 H'0038 to H'0039 H'0070 to H'0073 IPRA1
input capture A1)
IMIB1 (compare match/ 29 H'003A to H'003B H'0074 to H'0077
input capture B1)
OVI1 (overflow 1) 30 H'003C to H'003D H'0078 to H'007B
Reserved — 31 H'003E to H'0O03F H'007C to H'007F
IMIA2 (compare match/ ITU channel 2 32 H'0040 to H'0041 H'0080 to H'0083 IPRAO
input capture A2)
IMIB2 (compare match/ 33 H'0042 to H'0043 H'0084 to H'0087
input capture B2)
OVI2 (overflow 2) 34 H'0044 to H'0045 H'0088 to H'008B
Reserved — 35 H'0046 to H'0047 H'008C to H'008F
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Vector Address*

Vector
Interrupt Source Origin Number Normal Mode Advanced Mode IPR Priority
IMIA3 (compare match/ ITU channel 3 36 H'0048 to H'0049 H'0090 to H'0093 IPRB7 A
input capture A3)
IMIB3 (compare match/ 37 H'004A to H'004B  H'0094 to H'0097
input capture B3)
OVI3 (overflow 3) 38 H'004C to H'004D H'0098 to H'009B
Reserved — 39 H'004E to H'004F H'009C to H'009F
IMIA4 (compare match/ ITU channel 4 40 H'0050 to H'0051 H'00AOQ to H'0O0A3 IPRB6
input capture A4)
IMIB4 (compare match/ 41 H'0052 to H'0053 H'00A4 to H'00A7
input capture B4)
OVI4 (overflow 4) 42 H'0054 to H'0055 H'00A8 to H'00AB
Reserved — 43 H'0056 to H'0057 H'O0AC to H'O0OAF —
44 H'0058 to H'0059 H'00BO to H'00B3
45 H'005A to H'005B H'00B4 to H'00B7
46 H'005C to H'005D H'00B8 to H'00BB
47 H'0O05E to H'005F H'00BC to H'00OBF
48 H'0060 to H'0061 H'00CO to H'00C3
49 H'0062 to H'0063 H'00C4 to H'00C7
50 H'0064 to H'0065 H'00C8 to H'00CB
51 H'0066 to H'0067 H'00CC to H'O0CF
ERIO (receive error 0) SClchannel0 52 H'0068 to H'0069 H'00DO to H'00D3 IPRB3
RXI0 (receive data full 0) 53 H'006A to H'006B H'00D4 to H'00D7
TXIO (transmit data 54 H'006C to H'006D H'00D8 to H'00DB
empty 0)
TEIO (transmit end 0) 55 H'006E to H'006F H'00DC to H'OODF
ERI1 (receive error 1) SClchannel1 56 H'0070 to H'0071 H'O0EO to H'0OOE3 IPRB2
RXI1 (receive data full 1) 57 H'0072 to H'0073 H'00E4 to H'OOE7
TXI1 (transmit data 58 H'0074 to H'0075 H'00ES to H'00EB
empty 1)
TEI1 (transmit end 1) 59 H'0076 to H'0077 H'OOEC to H'OOEF
ADI (A/D end) A/D 60 H'0078 to H'0079 H'00F0 to H'OOF3 IPRB1 Low

Note: *

Lower 16 bits of the address.
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54 Interrupt Operation

54.1 Interrupt Handling Process

The H8/3039 Group handles interrupts differently depending on the setting of the UE bit. When
UE = 1, interrupts are controlled by the | bit. When UE = 0, interrupts are controlled by the | and
Ul bits. Table 5.4 indicates how interrupts are handled for all setting combinations of the UE, I,
and Ul bits.

NMI interrupts are always accepted except in the reset and hardware standby states. |RQ interrupts
and interrupts from the on-chip supporting modules have their own enable bits. Interrupt requests
areignored when the enable bits are cleared to 0.

Table54 UE, I, and Ul Bit Settingsand Interrupt Handling

SYSCR CCR

UE I ul Description

1 0 — All interrupts are accepted. Interrupts with priority level 1 have
higher priority.

— No interrupts are accepted except NMI.

0 0 — All interrupts are accepted. Interrupts with priority level 1 have

higher priority.
1 0 NMI and interrupts with priority level 1 are accepted.

No interrupts are accepted except NMI.

UE=1

Interrupts IRQ,, IRQ,, IRQ,, and IRQ, and interrupts from the on-chip supporting modules can all
be masked by the | bit in the CPU's CCR. Interrupts are masked when the | hit isset to 1, and
unmasked when the | bit is cleared to 0. Interrupts with priority level 1 have higher priority. Figure
5.4 isaflowchart showing how interrupts are accepted when UE = 1.
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1

Program execution state

Y

No
Interrupt requested?

Yes

Priority level 1?

Yes

| Save PC and CCR |
Y

| |
Y

| Read vector address |

]

Branch to interrupt
service routine

Figure5.4 ProcessUp toInterrupt Acceptancewhen UE =1
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If an interrupt condition occurs and the corresponding interrupt enable bitissetto 1, an
interrupt request is sent to the interrupt controller.

When the interrupt controller receives one or more interrupt requests, it selects the highest-
priority request, following the IPR interrupt priority settings, and holds other requests pending.
If two or more interrupts with the same I PR setting are requested simultaneously, the interrupt
controller follows the priority order shown in table 5.3.

Theinterrupt controller checksthe | bit. If thel bit is cleared to O, the selected interrupt request
isaccepted. If thel bitisset to 1, only NMI is accepted; other interrupt requests are held
pending.

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

In interrupt exception handling, PC and CCR are saved to the stack area. The PC valuethat is
saved indicates the address of the first instruction that will be executed after the return from the
interrupt service routine.

Next the | bitisset to 1 in CCR, masking all interrupts except NMI.

The vector address of the accepted interrupt is generated, and the interrupt service routine
starts executing from the address indicated by the contents of the vector address.

Thel and Ul bitsin the CPU's CCR and the IPR bits enable three-level masking of IRQ,, IRQ,,
IRQ,, and IRQ; interrupts and interrupts from the on-chip supporting modules.

Interrupt requests with priority level 0 are masked when the | bit is set to 1, and are unmasked
when the | bit is cleared to 0.

Interrupt requests with priority level 1 are masked when the | and Ul bits are both set to 1, and
are unmasked when either the | bit or the Ul bitiscleared to O.

For example, if theinterrupt enable bits of all interrupt requests are set to 1, IPRA isset to
H'10, and IPRB is set to H'00 (giving IRQ, and IRQ, interrupt requests priority over other
interrupts), interrupts are masked as follows:

a If1=0,al interrupts are unmasked (priority order: NMI > IRQ, > IRQ, > IRQO ...).
b. If I =1and Ul =0, only NMI, IRQ,, and IRQ, are unmasked.
c. If1=1and Ul =1, all interrupts are masked except NMI.

Figure 5.5 shows the transitions among the above states.
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<0
a. All interrupts are -~ <1 Ul -0 b. Only NMI, IRQ,, and
unmasked ! - IRQsg are unmasked

Exception handling,
orl <1,Ul <1

Ul <0
Exception handling,
orUl <1

c. All interrupts are
masked except NMI

Figure5.5 Interrupt Masking State Transitions (Example)
Figure 5.6 isaflowchart showing how interrupts are accepted when UE = 0.

« If aninterrupt condition occurs and the corresponding interrupt enable bit is set to 1, an
interrupt request is sent to the interrupt controller.

* When the interrupt controller receives one or more interrupt requests, it selects the highest-
priority request, following the IPR interrupt priority settings, and holds other requests pending.
If two or more interrupts with the same | PR setting are requested simultaneously, the interrupt
controller follows the priority order shown in table 5.3.

» Theinterrupt controller checksthel bit. If thel bit is cleared to O, the selected interrupt request
is accepted regardless of its IPR setting, and regardless of the Ul bit. If the | bitisset to 1 and
the Ul hit iscleared to 0, only NMI and interrupts with priority level 1 are accepted; interrupt
requests with priority level 0 are held pending. If the | bit and Ul bit are both set to 1, only
NMI is accepted; all other interrupt requests are held pending.

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

e Ininterrupt exception handling, PC and CCR are saved to the stack area. The PC value that is
saved indicates the address of the first instruction that will be executed after the return from the
interrupt service routine.

e Thel and Ul hitsare set to 1 in CCR, masking all interrupts except NMI.

e Thevector address of the accepted interrupt is generated, and the interrupt service routine
starts executing from the address indicated by the contents of the vector address.
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1

Program execution state

Y

No
Interrupt requested?

Yes

Priority level 1?

Yes

Pending

'

| Save PC and CCR |

1

| I <1,Ul <1 |

1

| Read vector address |

1

Branch to interrupt
service routine

Figure5.6 ProcessUp to Interrupt Acceptance when UE =0
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Section 5

Interrupt Sequence

54.2

Figure 5.7 shows the interrupt sequence in mode 5 when the program code and stack arein an on-

chip memory area.
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Figure5.7 Interrupt Sequence (Mode5, Stack in On-Chip Memory)
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54.3 Interrupt Response Time

Table 5.5 indicates the interrupt response time from the occurrence of an interrupt request until the
first instruction of the interrupt service routine is executed.

Table5.5 Interrupt Response Time

External Memory

on-Chip 8-Bit Bus

No. Item Memory 2 States 3 States
Interrupt priority decision 2%t 2%t 2%t

2 Maximum number of states 1to 23 1lto 27 1to 31**
until end of current instruction

3 Saving PC and CCR to stack 4 8 12**

4 Vector fetch 4 8 12%*

5 Instruction prefetch*? 4 8 12**

6 Internal processing*® 4 4 4

Total 19to 41 31to 57 43t0 73

Notes: 1. 1 state for internal interrupts.

2. Prefetch after the interrupt is accepted and prefetch of the first instruction in the interrupt
service routine.

3. Internal processing after the interrupt is accepted and internal processing after prefetch.
4. The number of states increases if wait states are inserted in external memory access.
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55 Usage Notes

551 Contention between Interrupt and I nterrupt-Disabling I nstruction

When an instruction clears an interrupt enable bit to O to disable the interrupt, the interrupt is not
disabled until after execution of the instruction is completed. If an interrupt occurs whileaBCLR,
MOV, or other instruction is being executed to clear its interrupt enable bit to O, at the instant
when execution of the instruction ends the interrupt is still enabled, so itsinterrupt exception
handling is carried out. If ahigher-priority interrupt is also requested, however, interrupt exception
handling for the higher-priority interrupt is carried out, and the lower-priority interrupt isignored.
This also appliesto the clearing of an interrupt flag.

Figure 5.8 shows an example in which an IMIEA bit isclearedto 0inthe ITU'S TIER.

, TIER write cycle by CPU | IMIA exception handling
0 |
Internal : :
address bus >< TIER address >< ><
Internal !
write signal
IMIEA

-

IMFA interrupt
signal ‘

Figure5.8 Contention between Interrupt and Interrupt-Disabling Instruction

Thistype of contention will not occur if the interrupt is masked when the interrupt enable bit or
flagiscleared to O.
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55.2 Instructionsthat Inhibit Interrupts

The LDC, ANDC, ORC, and XORC instructions inhibit interrupts. When an interrupt occurs, after
determining the interrupt priority, the interrupt controller requests a CPU interrupt. If the CPU is
currently executing one of these interrupt-inhibiting instructions, however, when the instruction is
completed the CPU always continues by executing the next instruction.

55.3 Interrupts during EEPM OV Instruction Execution
The EEPMOV.B and EEPMOV.W instructions differ in their reaction to interrupt requests.

When the EEPMOV .B instruction is executing a transfer, no interrupts are accepted until the
transfer is completed, not even NMI.

When the EEPM OV .W instruction is executing a transfer, interrupt requests other than NMI are
not accepted until the transfer is completed. If NMI is requested, NMI exception handling starts at
atransfer cycle boundary. The PC value saved on the stack is the address of the next instruction.
Programs should be coded as followsto allow for NMI interrupts during EEPM OV .W execution:

L1: EEPMO V. W
MOV. WR4, R4
BNE L1

554 Usage Notes

The IRQNF flag specification calls for the flag to be cleared by writing O to it after it has been read
while set to 1. However, it is possible for the IRQnF flag to be cleared by mistake simply by
writing 0 to it, irrespective of whether it has been read while set to 1, with the result that interrupt
exception handling is not executed. Thiswill occur when the following conditions are met.

1. Setting Conditions

(1) Multiple external interrupts (IRQa, IRQb) are being used.
(2) Different clearing methods are being used: clearing by writing O for the IRQaF flag, and
clearing by hardware for the IRQbF flag.

(3) A bit-manipulation instruction is used on the IRQ status register for clearing the IRQaF flag, or
else ISR isread as a byte unit, the IRQaF flag bit is cleared, and the values read in the other
bits are written as a byte unit.
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2. Generation Conditions

(1) A read of the ISR register is executed to clear the IRQaF flag whileitis set to 1, then the
IRQbF flag is cleared by the execution of interrupt exception handling.
(2) When the IRQaF flag is cleared, there is contention with IRQb generation (IRQaF flag setting).

(IRQbF was 0 when I SR was read to clear the IRQaF flag, but IRQbF isset to 1 before ISR is
written to.)

If the above setting conditions (1) to (3) and generation conditions (1) and (2) are al fulfilled,
when the ISR write in generation condition (2) is performed the IRQbF flag will be cleared
inadvertently, and interrupt exception handling will not be executed.

However, thisinadvertent clearing of the IRQbF flag will not occur if 0 iswritten to this flag even
once between generation conditions (1) and (2).

IRQaF

(C

e I

1read O written 1 read O written

o B .
b1 b

lread 1 IRQb lread O
written executed written

(Inadvertent clearing)

‘ Generation condition (1) Generation condition (2)

Figure5.9 IRQnF Flagwhen Interrupt Exception Handling is not Executed
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Either of the methods shown below should be used to prevent this problem.

Method 1: When clearing the IRQaF flag, read I SR as a byte unit instead of using a hit-
mani pulation instruction, and write a byte value that clears the IRQaF flag to 0 and sets the other
bitsto 1.

Example: Whena=0

MOV.B @ISR, ROL
MOV .B #HFE, ROL
MOV.B ROL, @ISR

Method 2: Perform dummy processing within the IRQb interrupt exception handling routine to
clear the IRQbF flag.

Examplee Whenb=1

IRQB MOV.B #HFD, ROL
MOV.B ROL, @ISR
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Section 6 Bus Controller

6.1 Overview

The H8/3039 Group has an on-chip bus controller that divides the external address space into eight
areas and can assign different bus specifications to each. This enables different types of memory to
be connected easily.

6.1.1 Features
Features of the bus controller are listed below.

» Independent settings for address areas0to 7
O 128-kbyte areasin 1-Mbyte mode.
0 2-Mbyte areasin 16-Mbyte mode.
O Areas can be designated for two-state or three-state access.
» Four wait modes
O Programmable wait mode, pin auto-wait mode, and pin wait modes 0 and 1 can be selected.
0 Zero to three wait states can be inserted automatically.
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6.1.2 Block Diagram

Figure 6.1 shows a block diagram of the bus controller.

ASTCR
Internal WCER
address bus Area
I decoder
Bus control
circuit
WAIT Wait-state
controller
WCR
Legend:

ASTCR: Access state control register

WCER: Wait state controller enable register

WCR:  Wait control register

Internal data bus

------ Internal signals -----

EAccess state control signal
EWait request signal

Figure6.1 Block Diagram of Bus Controller
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6.1.3 I nput/Output Pins
Table 6.1 summarizes the bus controller's input/output pins.

Table6.1 BusController Pins

Name Abbreviation 110 Function

Address strobe AS Output Strobe signal indicating valid address output on
the address bus

Read RD Output Strobe signal indicating reading from the external
address space

Write WR Output Strobe signal indicating writing to the external
address space, with valid data on the data
bus(D7 to DO)

Wait WAIT Input Wait request signal for access to external three-
state-access areas

6.1.4 Register Configuration
Table 6.2 summarizes the bus controller's registers.

Table6.2 BusController Registers

Address* Name Abbreviation R/IW Initial Value
H'FFED Access state control register ASTCR R/W H'FF
H'FFEE Wait control register WCR R/W H'F3
H'FFEF Wait state controller enable register WCER R/W H'FF
H'FFF3 Address control register ADRCR R/W H'FE

Note: * Lower 16 bits of the address.
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6.2 Register Descriptions

6.2.1 Access State Control Register (ASTCR)

ASTCR isan 8-bit readable/writable register that selects whether each areais accessed in two
states or three states.

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

Bits selecting number of states for access to each area

ASTCRisinitialized to H'FF by areset and in hardware standby mode. It isnot initialized in
software standby mode.

Bits 7to 0—Area 7 to 0 Access State Control (AST7 to ASTO0): These bits select whether the
corresponding areais accessed in two or three states.

Bits 7to 0

AST7 to ASTO Description

0 Areas 7 to 0 are accessed in two states

1 Areas 7 to 0 are accessed in three states (Initial value)

ASTCR specifies the number of states in which external areas are accessed. On-chip memory and
registers are accessed in afixed number of states that does not depend on ASTCR settings.
Therefore, in the single-chip modes (modes 6 and 7), the set value is meaningless.
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6.2.2 Wait Control Register (WCR)

WCR is an 8-hit readable/writable register that selects the wait mode for the wait-state controller
(WSC) and specifies the number of wait states.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ — ‘ WMS1 ‘ WMSO0 ‘ WC1 ‘ WCO ‘
Initial value 1 1 1 1 0 0 1 1
Read/Write — — — — R/W R/W R/W R/W
Reserved bits Wait count 1/0

These bits select the
number of wait states
inserted

Wait mode select 1/0
These bits select the wait mode

WCRisinitialized to H'F3 by areset and in hardware standby mode. It isnot initialized in
software standby mode.

Bits 7 to 4—Reser ved: These bits cannot be modified and are always read as 1.

Bits 3 and 2—Wait Mode Select 1 and 0 (WM SL/0): These hits select the wait mode.

Bit3 Bit2

WMS1 WMSO0 Description

0 0 Programmable wait mode (Initial value)
1 No wait states inserted by wait-state controller

1 0 Pin wait mode 1
1 Pin auto-wait mode
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Bits 1 and 0—Wait Count 1 and 0 (WC1/0): These hits select the number of wait statesinserted
in access to external three-state-access areas.

Bitl Bit0
WC1 WCOo Description
0 0 No wait states inserted by wait-state controller
1 1 state inserted
1 0 2 states inserted
1 3 states inserted (Initial value)

6.2.3 Wait State Controller Enable Register (WCER)

WCER is an 8-bit readable/writable register that enables or disables wait-state control of external
three-state-access areas by the wait-state controller.

Bit 7 6 5 4 3 2 1 0

‘ WCE7 ‘ WCE®6 ‘ WCE5 ‘ WCE4 ‘ WCE3 ‘ WCE2 ‘ WCE1 ‘ WCEO ‘
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

Wait state controller enable 7to 0
These bits enable or disable wait-state control

WCER isinitialized to H'FF by areset and in hardware standby mode. It isnot initialized in
software standby mode.

Bits 7 to 0—Wait-State Controller Enable 7 to 0 (WCE7 to WCEQ): These bits enable or
disable wait-state control of external three-state-access areas.

Bits 7to 0

WCE7 to WCEO Description

0 Wait-state control disabled (pin wait mode 0)

1 Wait-state control enabled (Initial value)

WCER enables or disables wait-state control of external three-state-access areas. Therefore, in the
single-chip modes (modes 6 and 7), the set value is meaningless.
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6.2.4 Address Control Register (ADRCR)

ADRCR is an 8-hit readable/writable register that enables address output on buslines A23 to A21.

Bit 7 6 5 4 3 2 1 0
Ao | Ak [ AnE | — | — | — [ — [ — |
Modes 1 | Initial value 1 1 1 1 1 1 1 0
and 510 7 | Read/Write — — — — — — — RIW
Initial value 1 1 1 1 1 1 1 0
Mode 3 ]
Read/Write R/IW R/IW R/W — — — — R/W
Address 23 to 21 enable Reserved bits

These bits enable PAg to
PA, to be used for Ay to
A,q address output

ADRCRisinitialized to H'FE by areset and in hardware standby mode. It isnot initialized in
software standby mode.

Bit 7—Address 23 Enable (AE): Enables PA4 to be used as the A, address output pin. Writing
0in this bit enables A, address output from PA4. In modes other than 3 this bit cannot be
modified and PA4 has its ordinary input/output functions

it7

»E Description

PA, is the A, address output pin

ROl >m

PA, is the PA /TP /TIOCA, input/output pin (Initial value)

Bit 6—Address 22 Enable (AE): Enables PA,to be used asthe A,, address output pin. Writing O
in this bit enables A, address output from PA,. In modes other than 3 this bit cannot be modified
and PA, hasits ordinary input/output functions.

it6

»E Description

PA, is the A, address output pin

ROl >m

PA, is the PA /TP /TIOCB, input/output pin (Initial value)
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Bit 5—Address 21 Enable (A,,E): Enables PA, to be used as the A, address output pin. Writing
0inthisbit enables A, address output from PA. In modes other than 3 this bit cannot be modified
and PA, hasits ordinary input/output functions.

Bit 5

A E Description

0 PA,is the A, address output pin

1 PA, is the PA /TP /TIOCA, input/output pin (Initial value)
Bits4 to 0—Reserved
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6.3 Operation

6.3.1 Area Division
The external address space is divided into areas 0 to 7. Each area has a size of 128 kbytesin the

1-Mbyte mode and 2 Mbytes in the 16-Mbyte mode. Figure 6.2 shows a general view of the
memory map.

H'00000 H'000000 H'00000 On-chip ROM*1
Area 0 (128 kbytes) Area 0 (2 Mbytes)
H'1FFFF H'1FFFFF H1FFFF | Area 0 (128 kbytes)
H'20000 H'200000 H'20000
Area 1 (128 kbytes) Area 1 (2 Mbytes) Area 1 (128 kbytes)
H'3FFFF H'3FFFFF H'3FFFF
H'40000 H'400000 H'40000
Area 2 (128 kbytes) Area 2 (2 Mbytes) Area 2 (128 kbytes)
H'SFFFF H'SFFFFF H'SFFFF
H'60000 H'600000 H'60000
Area 3 (128 kbytes) Area 3 (2 Mbytes) Area 3 (128 kbytes)
H'7FFFF H'7FFFFF H'7FFFF
H'80000 H'800000 H'80000
Area 4 (128 kbytes) Area 4 (2 Mbytes) Area 4 (128 kbytes)
H'OFFFF H'OFFFFF H'OFFFF
H'A0000 H'A00000 H'A0000
Area 5 (128 kbytes) Area 5 (2 Mbytes) Area 5 (128 kbytes)
H'BFFFF H'BFFFFF H'BFFFF
H'C0000 H'C00000 H'C0000
Area 6 (128 kbytes) Area 6 (2 Mbytes) Area 6 (128 kbytes)
H'DFFFF H'DFFFFF H'DFFFF
H'E0000 Area 7 (128 kbytes) H'E00000 Area 7 (2 Mbytes) H'E0000 Area 7 (128 kbytes)
On-chip RAM*1*2 On-chip RAM*1*2 On-chip RAM*1*2
External address space™3 External address space*3 External address space™3
H'EFEEE | On-chip /O registers™ | yepeppr| On-chip /O registers™® | eppee|  On-chip 1/0 registers™?

a. 1-Mbyte modes with b. 16-Mbyte modes with c. 1-Mbyte mode with
on-chip ROM disabled on-chip ROM disabled on-chip ROM enabled
(mode 1) (mode 3) (mode 5)

Notes: There is no area division in modes 6 and 7.

1. The number of access states to on-chip ROM, on-chip RAM, and on-chip I/O registers is fixed.
2. This area follows area 7 specifications when the RAME bit in SYSCR is 0.
3. This area follows area 7 specifications.

Figure6.2 AccessAreaMap (Mode 1, 3, and 5)
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The bus specifications for each area can be selected in ASTCR, WCER, and WCR as shown in
table 6.3.

Table6.3 Bus Specifications

ASTCR WCER WCR Bus Specifications

Bus Access
ASTn WCEn WMS1 WMSO Width  States Wait Mode

0 — — — 8 2 Disabled
1 0 — — 8 3 Pin wait mode 0
0 0 8 3 Programmable wait mode
1 8 3 Disabled
1 0 8 3 Pin wait mode 1
1 8 3 Pin auto-wait mode

Note: n=0to7
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6.3.2 Bus Control Signal Timing

8-Bit, Three-State-Access Areas

Figure 6.3 shows the timing of bus control signals for an 8-hit, three-state-access area. Wait states
can be inserted.

Bus cycle -
T : T, : Ts
]
Address bus >< External address§ ><
AS |
RD ‘
Read
access ! ! !
D7 to DO 3 3 3 Valid
WR
Write
access ! -
D5 to Dg ; Valid

Figure6.3 BusControl Signal Timing for 8-Bit, Three-State-Access Area

Rev.3.00 Mar. 26, 2007 Page 121 of 682
REJ09B0353-0300

RENESAS




Section 6 Bus Controller

8-Bit, Two-State-Access Areas

Figure 6.4 shows the timing of bus control signals for an 8-hit, two-state-access area. Wait states
cannot be inserted.

~—— Buscycle——»

T | T, |
o
Address bus >< External address ><
AS ! 1 |
- | | I
RD ! | }
Read ! ! |
access ! ! :
D to Dg : : Valid :
~ | | |
- ;
WR |
Write :
access \
D7 to Dy ; ' Valid :

Figure6.4 BusControl Signal Timing for 8-Bit, Two-State-Access Area
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6.3.3 Wait Modes
Four wait modes can be selected for each area as shown in table 6.4.

Table6.4 Wait Mode Selection

ASTCR WCER WCR
ASTn Bit WCEn Bit WMS1 Bit WMSO0 Bit WSC Control Wait Mode
0 — — — Disabled No wait states
1 0 — — Disabled Pin wait mode 0
0 0 Enabled Programmable wait mode
1 Enabled No wait states
1 0 Enabled Pin wait mode 1
1 Enabled Pin auto-wait mode

Note: n=0to7

The ASTn and WCERn bits can be set independently for each area. Bits WM S1 and WM S0 apply
to all areas. All areas for which WSC control is enabled operate in the same wait mode.
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Pin Wait Mode O

The wait state controller is disabled. Wait states can only be inserted by WAIT pin control. During
access to an external three-state-access areg, if the WAIT pinislow at the fall of the system clock
(9) inthe T, state, await state (T,,) isinserted. If the WAIT pin remains low, wait states continue
to be inserted until the WAIT signal goes high. Figure 6.5 shows the timing.

Inserted by WAIT signal
Tw T3

Address bus :>< External address ><:
AS
Read "o

access Read data

Data bus Dﬁ
~

Write
access

Data bus Write data

~

Note: * Arrows indicate time of sampling of the WAIT pin.

Figure6.5 Pin Wait ModeO
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Pin Wait Mode 1

In all accesses to external three-state-access areas, the number of wait states (T,,) selected by bits
WC1 and WCO are inserted. If the WAIT pinislow at thefall of the system clock (¢) in the last of
these wait states, an additional wait state isinserted. If the WAIT pin remains low, wait states
continue to be inserted until the WAIT signal goes high.

Pin wait mode 1 is useful for inserting four or more wait states, or for inserting different numbers
of wait states for different external devices.

If the wait count is 0, this mode operates in the same way as pin wait mode 0.

Figure 6.6 shows the timing when the wait count is 1 (WC1 = 0, WCO = 1) and one additional wait
state is inserted by WAIT input.

Inserted by Inserted by
wait count | WAIT signal

T T2 Tw Tw T3
o | L0 L] & ]

WAIT pin

Address bus X External address
AS
RD

Read

access Read data

Data bus

W

Data bus Write data

~

Ik

W

Write
access

Note: * Arrows indicate time of sampling of the WAIT pin.

Figure6.6 Pin Wait Mode 1
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Pin Auto-Wait M ode

If the WAIT pin islow, the number of wait states (T,,) selected by bits WC1 and WCO are
inserted.

In pin auto-wait mode, if the WAIT pin islow at the fall of the system clock (¢) in the T, state, the
number of wait states (T,,) selected by bits WC1 and WCO are inserted. No additional wait states
are inserted even if the WAIT pin remains low.

Figure 6.7 shows the timing when the wait count is 1.

wJIIL/(IIIIILIII

WAIT

Address bus X External address External address

\
X
s ]
—

LA

RD
Read
access Read data Read data
Data bus
L n____/ \ /
( [—
WR
Write
access
Data bus Write data >—< Write data
L \ /

Note: * Arrows indicate time of sampling of the WAIT pin.

Figure6.7 Pin Auto-Wait Mode
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Programmable Wait Mode

The number of wait states (T,,) selected by bits WC1 and WCO are inserted in all accessesto
external three-state-access areas. Figure 6.8 shows the timing when the wait count is 1 (WC1 = 0,
WCO0 =1).

R DU S S PR R
(-

0 I
Address bus X External address

AS

RD

Data bus
~

1Iut

Read

access Read data

—

WR

Write
access

)

L Data bus Write data

Figure6.8 Programmable Wait Mode
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Example of Wait State Control Settings

A reset initializes ASTCR and WCER to H'FF and WCR to H'F3, selecting programmable wait
mode and three wait states for all areas. Software can select other wait modes for individual areas
by modifying the ASTCR, WCER, and WCR settings. Figure 6.9 shows an example of wait mode
settings.

3-state-access area,

Area 0 programmable wait mode =
Area 1 3-state-access area, P
rea programmable wait mode

Area 2 3-state-access area, A
pin wait mode 0

Area 3 3-state-access area, A
pin wait mode 0O h

2-state-access area,
Area 4 -

no wait states inserted

2-state-access area,
Area 5 -

no wait states inserted

2-state-access area,

Area 6 no wait states inserted

2-state-access area,

Area 7 no wait states inserted T

Bt: 7 6 5 4 3 2 1
ASTCR HOF: [ 0 | o | o [ o | 1 [ 1 [ 1] 1|

WCER H33: | o [ o | 1 [ 1 [ o | o] 1] 1]

wer HF3: | — [ — [ — [ — ] ol o] 1] 1]

Note: Wait states cannot be inserted in areas designated for two-state access by ASTCR.

Figure6.9 Wait Mode Settings (Example)
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6.34 I nter connectionswith Memory (Example)

For each area, the bus controller can select two- or three-state access. In three-state-access areas,
wait states can be inserted in avariety of modes, simplifying the connection of both high-speed
and low-speed devices.

Figure 6.10 shows a memory map for this example.

A 32-kword x 8-bit EPROM is connected to area 2. This deviceis accessed in three states via an
8-bit bus.

Two 32-kword x 8-bit SRAM devices (SRAM1 and SRAM?2) are connected to area 3. These
devices are accessed in two states via an 8-bit bus.

One 32-kword x 8-hit SRAM (SRAM3) is connected to area 7. Thisdevice is accessed via an 8-hit
bus, using three-state access with an additional wait state inserted in pin auto-wait mode.
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H'00000
H'1FFFF
H'20000
H'3FFFF
H'40000
H'47FFF
H'48000

H'5FFFF
H'60000

H'6FFFF
H'70000

H7FFFF

H'E0000

HE7FFF

H'FFFFF

SRAML1, 2

Not used

w

SRAM3

AN _

Not used

On-chip RAM

On-chip /O registers

On-chip ROM }Area 0
}Area 1
EPROM
Area 2
8-bit, three-state-access area
Not used

Area 3
8-bit, two-state-access area

Areas 4,5, 6

Area 7
8-bit, three-state-access area
(one auto-wait state)

Note: The bus width and the number of access states of the on-chip memories and I/O registers
are fixed; they cannot be changed by register setting.

Figure6.10 Memory Map (H8/3039 Mode 5)
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6.4  UsageNotes

6.4.1 Register Write Timing

ASTCR and WCER Write Timing

Data written to ASTCR or WCER takes effect starting from the next bus cycle. Figure 6.11 shows
the timing when an instruction fetched from area 2 changes area 2 from three-state access to two-
state access.

Address :>< >< ASTCR address >< ><

et
|

2-state access
to area 2

' 3-state access to area 2

Figure6.11 ASTCR Write Timing

6.4.2 Precautionson Setting ASTCR and ABWCR*

Use the H8/3039 Group on-chip program to set ASTCR and ABWCR as shown below, so that the
on-chip ROM access cycle for H8/3039 Group can be emulated using the evaluation chip for
support tools.

Modes5 and 7

ASTCRO=0
ABWCR=H'FC

Note: * The ABWCR (buswidth control register; lower 16-bit address. H'FFEC) is not built
onto thisLSI. For detailed features of the ABWCR, see the H8/3048 Group,
H8/3048F-ZTAT™ Hardware Manual.
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Section 7 1/0O Ports

71 Overview

The H8/3039 Group has nine input/output ports (ports 1, 2, 3, 5, 6, 8, 9, A, and B) and one input
port (port 7). Table 7.1 summarizes the port functions. The pinsin each port are multiplexed as
shown intable 7.1.

Each port has a data direction register (DDR) for selecting input or output, and a data register
(DR) for storing output data. In addition to these registers, ports 2, and 5 have an input pull-up
control register (PCR) for switching input pull-up transistors on and off.

Ports 1 to 3 and ports 5, 6, and 8 can drive one TTL load and a 90-pF capacitive load. Ports 9, A,
and B can drive one TTL load and a 30-pF capacitive load. Ports 1 to 3 and ports 5, 6, 8, 9, A, and
B can drive a Darlington pair. Ports 1, 2, 5, and B can drive LEDs (with 10-mA current sink). Pins
P8,, P8, PA_to PA,, and PB, to PB, have Schmitt-trigger input circuits.

For block diagrams of the ports see appendix C, I/0O Block Diagrams.
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Table7.1  Port Functions
Port | Description Pins Mode 1 Mode 3 Mode 5 Mode 6 Mode 7
Port 1 |+ 8-bit I/O port |P1,to P1/ Address output Address output |Generic input/ output
« Can drive A to A pins (A, to A) (A, to AO) and
LEDs generic input
DDR = 0:
generic input
DDR = 1:
address output
Port 2 |+ 8-bit I/O port (P2, to P2/ Address output pins (A, to  |Address output |Generic input/ output
« Input pull-up A t0A, A,) (A to' A'B) and
generic input
» Candrive .
LEDs DDR = 0
generic input
DDR =1:
address output
Port 3 |+ 8-bit I/O port |P3, to P3/ Data input/output (D, to D,) Generic input/ output
D,to D,
Port 5 |+ 4-bit I/O port |P5, to P5/ Address output (A, to A,) Address output |Generic input/ output
. |nput pu”_up A19 to AlG (Aw' to AIG) and
4-bit generic
» Candrive input
LEDs
DDR = 0:
generic input
DDR = 1:
address output
Port 6 |+ 4-bit I/O port |P6,/WR, Bus control signal output (WR, RD, AS) Generic input/ output
P6,/RD,
P6,/AS
P6,/WAIT Bus control signal input/output (WAIT) and 1-bit
generic input/output
Port 7 [+ 8-bit Input P7,to P7/ Analog input (AN, to AN,) to A/D converter, and generic input
port AN, to AN,
Port 8 |+ 2-bit I/O port |P8/IRQ, IRQ, input and 1-bit generic input/output IRQ, and IRQ, input
- P8, and P8, and generic input/
have Schmitt |pg /IRQ, TRQ, input and 1-bit generic input/output output
inputs
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Port | Description Pins Mode 1 Mode 3 Mode 5 ‘ Mode 6 ‘ Mode 7
Port 9 |+ 6-bit I/O P9./SCK,/IRQ,, |Input and output (SCK,, SCK,, RxD,, RxD,, TxD,, TxD,) for serial
port P9,/SCK/IRQ,, |communication interfaces 1 and 0 (SCIO, 1), IRQ, and IRQ, input, and
P9./RxD,, 6-bit generic input/output
P9,/RxD,,
P9,/TxD,,
P9,/TxD,
Port A [+ 8-bit I/O port |PA,/TP,/ Output (TP,) |Address TPC output (TP,), ITU input or output
« Schmitt TIOCB,/A,, from pro- output (A,;) [(TIOCB,), and generic input/output
inputs g_ra_mmable
timing pattern
controller
(TPC), input
or output
(TIOCB,) for
16-bit
integrated
timer unit
(ITY), and
generic
input/output
PAJTP,/ TPC output  [TPC output | TPC output (TP, to TP,), ITU input and
TIOCA/A,, |(TP,toTP,), [(TP,toTP,), |output (TIOCA,, TIOCB,, TIOCA)), and
PAJTP,/ ITU input ITU input generic input/output
TIOCB,/A,,, |and output and output
PAJTP,/ (TIOCA,, (TIOCA,,
TIOCA/A,, |TIOCB, TIOCB,,
TIOCA)), and |TIOCA),
generic input/ |address
output output
(Azz to A21)’
and generic
input/output
PAJTP./ TPC output (TP, to TP,), ITU input and output (TCLKD, TCLKC,
TIOCB,/ TCLKB, TCLKA, TIOCB,, TIOCA,), and generic input/output
TCLKD,
PAJTP,/
TIOCA,/
TCLKC,
PA/TP,/
TCLKB,
PA/TP/
TCLKA
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Port | Description Pins Mode 1 Mode 3 Mode 5 ‘ Mode 6 ‘ Mode 7
Port B |* 7-bit I/Oport |PB./TP_./ TPC output (TP,,), trigger input (ADTRG) to A/D converter, and generic
« Can drive ADTRG input/output.
LEDs PB,/TP,/ TPC output (TP, to TP,), ITU input and output (TOCXB,, TOCXA,,
« PB, to PB, TOCXB,, TIOCB,, TIOCA,, TIOCB,, TIOCA,), and generic input/output
have Schmitt [PB/TP../
inputs TOCXA,
PB,/TP,./
TIOCB,,
PB,/TP,/
TIOCA,,
PB,/TP/
TIOCB,,
PB,/TP,/
TIOCA,
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7.2 Port 1

7.2.1 Overview

Port 1 isan 8-bit input/output port with the pin configuration shown in figure 7.1. The pin
functions differ between the expanded modes with on-chip ROM disabled, expanded modes with
on-chip ROM enabled, and single-chip mode. In modes 1, 3 (expanded modes with on-chip ROM
disabled), they are address bus output pins (A, to A,).

In mode 5 (expanded modes with on-chip ROM enabled), settingsin the port 1 data direction
register (PLDDR) can designate pins for address bus output (A, to A,) or generic input. In modes 6
and 7 (single-chip mode), port 1 is ageneric input/output port.

Pinsin port 1 can drive one TTL load and a 90-pF capacitive load. They can also drivea
Darlington transistor pair.

Port 1 pins Modes 1and 3 Mode 5 Modes 6 and 7
s P1,/A, A+ (output) P1; (input)/A; (output) P1; (input/output)
e Plg/Ag Ag (output) P1g (input)/Ag (output) Plg (input/output)
— Plg/Ag Ag (output) P15 (input)/Ag (output) Plg (input/output)
> P1,/A, A, (output) P1, (input)/A, (output) P14 (input/output)
Port1 — P13/A; A3 (output) P13 (input)/A3 (output) P13 (input/output)
— P1,/A, A, (output) P1, (input)/A, (output) P1, (input/output)
> P1;/A; A (output) P1; (input)/A; (output) P1; (input/output)
~— P1y/Ag A, (output) P1y (input)/Ag (output) P1y (input/output)

Figure7.1 Port 1 Pin Configuration
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7.2.2 Register Descriptions
Table 7.2 summarizes the registers of port 1.

Table7.2 Port 1 Registers

Initial Value
Address* Name Abbreviation R/W Modes 1,3 Modes 5to 7
H'FFCO Port 1 data direction P1DDR w H'FF H'00
register
H'FFC2 Port 1 data register P1DR R/W H'00 H'00

Note: * Lower 16 bits of the address.

Port 1 Data Direction Register (P1LDDR)

P1DDR is an 8-hit write-only register that can select input or output for each pinin port 1.

Bit 7 6 5 4 3 2 1 0
‘P17DDR‘ PleDDR‘ P15DDR‘ P14DDR‘ PlgDDR‘PlzDDR \ PllDDR‘PloDDR‘

Modes{lnitial value 1 1 1 1 1 1 1 1

1,3 Read/Write — — — — — — — —

Modes{lnitial value 0 0 0 0 0 0 0 0

5107 | Read/Write W W W W W W W W

Port 1 data direction 7 to O
These bits select input or
output for port 1 pins

P1DDR isinitialized to H'00 by areset and in hardware standby mode. In software standby mode
it retainsits previous setting. If aP1DDR bit is set to 1, the corresponding pin maintains its output
state in software standby mode.
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Port 1 Data Register (P1DR)

P1DR is an 8-bit readable/writable register that stores data for pins P1, to P1,.

Bit 7 6 5 4 3 2 1 0
‘ P1; ‘ Pls ‘ Pls ‘ P14 ‘ P13 ‘ P1, ‘ P14 ‘ Plg ‘
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/IW

Port 1data7to 0
These bits store data for port 1 pins

When abitin PADDR isset to 1, if port 1 isread the value of the corresponding P1DR bit is
returned directly, regardless of the actual state of the pin. When abit in PADDRis cleared to O, if
port 1 isread the corresponding pin level isread.

P1DR isinitialized to H'00 by areset and in hardware standby mode. In software standby mode it
retains its previous setting.
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7.2.3 Pin Functionsin Each Mode

The pin functions of port 1 differ between mode 1, 3 (expanded mode with on-chip ROM
disabled), mode 5 (expanded mode with on-chip ROM enabled), mode 6, and 7 (single-chip
mode). The pin functions in each mode are described as follows.

Modes1 and 3

Address output can be selected for each pinin port 1. Figure 7.2 shows the pin functions in modes
land3.

—— A (output)
~~— Ag (output)
~~— Ag (output)
~——> A, (output)
Port 1
~——> A3 (output)
~——> A, (output)
~—— A (output)

~~— A, (output)

Figure7.2 Pin Functionsin Modes 1 and 3 (Port 1)

Mode5

Address output or generic input can be selected for each pinin port 1. A pin becomes an address
output pin if the corresponding PADDR bit is set to 1, and ageneric input pin if thisbit is cleared
to 0. Following areset, all pins are input pins. To use a pin for address output, its PLDDR bit must
be set to 1. Figure 7.3 shows the pin functions in mode 5.
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When P1DDR =1 When P1DDR =0

~——> A5 (output) P1; (input)
~— Ag (output) P1g (input)
~—— Ag (output) P1g (input)
~——> A, (output) P1, (input)
Port 1
~—— A3 (output) P13 (input)
~——> A, (output) P1, (input)
~——> A, (output) P1; (input)
~— A, (output) P1, (input)
Figure 7.3 Pin Functionsin Mode5 (Port 1)

Modes 6 and 7 (Single-Chip M ode)

Input or output can be selected separately for each pinin port 1. A pin becomes an output pin if
the corresponding PLDDR hit isset to 1, and an input pin if thisbit iscleared to 0. Figure 7.4
shows the pin functionsin modes 6 and 7.

Port 1

P1, (input/output)
P1g (input/output)
P15 (input/output)
P1, (input/output)
P15 (input/output)
P1, (input/output)
P1; (input/output)

P14 (input/output)

Figure7.4 Pin Functionsin Modes 6 and 7 (Port 1)
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7.3 Port 2

7.3.1 Overview

Port 2 is an 8-bit input/output port with the pin configuration shown in figure 7.5. Pin functions

differ according to operation mode.

In modes 1 and 3 (expanded mode with on-chip ROM disabled), port 2 consists of address bus
output pins (A, to A,). In mode 5 (expanded mode with on-chip ROM enabled), settingsin the
port 2 data direction register (P2DDR) can designate pins for address bus output (A, to A,) or
generic input. In modes 6 and 7 (single-chip mode), port 2 is a generic input/output port.

Port 2 has software-programmable built-in pull-up transistors. Pinsin port 2 can drive one TTL
load and a 90-pF capacitive load. They can also drive a Darlington transistor pair.

Port 2 pins

D P25/A13
Dl P24/A12
Port 2
R —— P23/A11
I P22/A10
™ P21/A9

i P20/A8

Modes 1 and 3

A15 (output)
Aq4 (output)
A1z (output)
A4, (output)
Aq; (output)
Aqg (output)
Ag (output)

Ag (output)

Modes 5

P2, (input)/A;5 (output)
P2g (input)/A14 (output)
P25 (input)/A13 (output)
P2, (input)/A1, (output)
P23 (input)/A,; (output)
P2, (input)/A1g (output)
P2, (input)/Ag (output)
P2, (input)/Ag (output)

Mode 6 and 7

P2 (input/output)
P2¢ (input/output)
P25 (input/output)
P2, (input/output)
P23 (input/output)
P2, (input/output)
P2, (input/output)
P2, (input/output)

Figure7.5 Port 2 Pin Configuration
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7.3.2 Register Descriptions
Table 7.3 summarizes the registers of port 2.

Table7.3 Port 2 Registers

Initial Value
Address* Name Abbreviation R/W Modes 1and 3 Modes 5to 7
H'FFC1 Port 2 data direction P2DDR w H'FF H'00
register
H'FFC3 Port 2 data register P2DR R/W H'00 H'00
H'FFD8 Port 2 input pull-up P2PCR R/W H'00 H'00

control register

Note: * Lower 16 bits of the address.

Port 2 Data Direction Register (P2DDR)

P2DDR is an 8-hit write-only register that can select input or output for each pin in port 2.

Bit 7 6 5 4 3 2 1 0
‘P27DDR‘ P26DDR‘ P25DDR‘ P24DDR‘ P23DDR \ P2,DDR \ P21DDR‘P20DDR‘
Modes {Initial value 1 1 1 1 1 1 1 1
1and 3| Read/Write — — — — — — — —
Modes {Initial value 0 0 0 0 0 0 0 0
St07 | ReadMWrite W W W W W W W W

Port 2 data direction 7to 0
These bits select input or
output for port 2 pins

P2DDR isinitialized to H'00 by areset and in hardware standby mode. In software standby mode
it retainsits previous setting. If aP2DDR bit is set to 1, the corresponding pin maintains its output
state in software standby mode.
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Port 2 Data Register (P2DR)

P2DR is an 8-bit readable/writable register that stores data for pins P2, to P2,.

Bit 7 6 5 4 3 2 1 0

‘ P2, ‘ P2g ‘ P25 ‘ P24 ‘ P23 ‘ P2, ‘ P24 ‘ P2y ‘
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

Port 2data7to 0
These bits store data for port 2 pins

When abit in P2DDR isset to 1, if port 2 isread the value of the corresponding P2DR bit is
returned directly, regardless of the actual state of the pin. When abit in P2DDRis cleared to O, if
port 2 is read the corresponding pin level isread.

P2DR isinitialized to H'00 by areset and in hardware standby mode. In software standby mode it
retains its previous setting.

Port 2 Input Pull-Up Control Register (P2PCR)

P2PCR is an 8-hit readable/writable register that controls the MOS input pull-up transistorsin port
2.

Bit 7 6 5 4 3 2 1 0

‘ P27PCR‘ P26PCR‘ P25PCR‘ P24PCR‘P23PCR ‘ P2,PCR ‘ P2,PCR ‘ P20PCR‘
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

Port 2 input pull-up control 7to 0
These bits control input pull-up
transistors built into port 2

When a P2DDR hit is cleared to 0 (selecting generic input) in modes 7 to 5, if the corresponding
bit from P2,PCR to P2,PCR is set to 1, the input pull-up transistor is turned on.

P2PCR isinitialized to H'00 by areset and in hardware standby mode. In software standby mode it
retains its previous setting.
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7.3.3 Pin Functionsin Each Mode

The pin functions of port 2 differ between mode 1, 3 (expanded mode with on-chip ROM
disabled), mode 5 (expanded mode with on-chip ROM enabled), mode 6, and 7 (single-chip
mode). The pin functions in each mode are described followings.

Modes1 and 3

Address output can be selected for each pinin port 2. Figure 7.6 shows the pin functionsin modes
land3.

— A5 (output)
—— A4, (output)
~— A3 (output)
~——> A1, (output)
Port 2
i All (Output)
D AlO (Output)
~— Ag (output)

~— Ag (output)

Figure7.6 Pin Functionsin Modes1 and 3 (Port 2)

Mode5

Address output or generic input can be selected for each pinin port 2. A pin becomes an address
output pin if the corresponding P2DDR bit is set to 1, and ageneric input pin if thisbit is cleared
to 0. Following areset, all pins are input pins. To use a pin for address output, its P2DDR bit must
be set to 1. Figure 7.7 shows the pin functions in modes 5.
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When P2DDR =1 When P2DDR =0

~— A5 (output) P2, (input)
~— A4, (output) P2¢ (input)
~— Aq3 (output) P2 (input)
~—— A4, (output) P2, (input)
Port 2
~— A, (output) P23 (input)
~—> Ao (output) P2, (input)
~— Ag (output) P2, (input)
~— Ag (output) P2, (input)

Figure7.7 Pin Functionsin Modes 1 and 3 (Port 2)

Modes6 and 7

Input or output can be selected separately for each pinin port 2. A pin becomes an output pin if
the corresponding P2DDR hit is set to 1, and an input pin if thisbit is cleared to 0. Figure 7.8
shows the pin functionsin modes 6 and 7.

~—— P25 (input/output)
~———> P24 (input/output)
+——= P2g (input/output)
—= P2, (input/output)
Port 2
~——> P25 (input/output)
~—— P2, (input/output)
— P2; (input/output)

— P2, (input/output)

Figure7.8 Pin Functionsin Modes 6 and 7 (Port 2)
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7.34 Input Pull-Up Transistors

Port 2 has built-in MOS input pull-up transistors that can be controlled by software. These input
pull-up transistors can be turned on and off individually.

When a P2PCR bhit is set to 1 and the corresponding P2DDR bit is cleared to O, the input pull-up
transistor isturned on.

Theinput pull-up transistors are turned off by areset and in hardware standby mode. In software
standby mode they retain their previous state.

Table 7.4 summarizes the states of the input pull-up transistors in each mode.

Table7.4 Input Pull-Up Transistor States (Port 2)

Hardware Standby Software Standby
Mode Reset Mode Mode Other Modes
1 Off Off Off Off
3
5 Off Off On/Off On/Off
6
7
Legend:
Off: The input pull-up transistor is always off.

On/Off: The input pull-up transistor is on if P2PCR = 1 and P2DDR = 0. Otherwise, it is off.
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7.4 Port 3

7.4.1 Overview

Port 3 is an 8-hit input/output port with the pin configuration shown in figure 7.9. Port 3 is a data
busin modes 1, 3 and 5 (expanded modes) and a generic input/output port in mode 6 and 7
(single-chip mode).

Pinsin port 3 can drive one TTL load and a 90-pF capacitive load. They can also drivea
Darlington transistor pair.

Port 3 pins Modes 1,3 and 5 Modes 6 and 7

—— P3,/D, D; (input/output) P3, (input/output)
— P34/Dg Dg (input/output) P3¢ (input/output)
«— P35/Dg Dg (input/output) P35 (input/output)
— P3,/D, D, (input/output) P34 (input/output)
Port 3
~— P33/D3 D3 (input/output) P35 (input/output)
~— P3,/D, D, (input/output) P3, (input/output)
— P3,/D, D, (input/output) P3, (input/output)
~—* P3y/Dyg Dy (input/output) P3¢ (input/output)

Figure7.9 Port 3 Pin Configuration

74.2 Register Descriptions
Table 7.5 summarizes the registers of port 3.

Table7.5 Port 3Registers

Address*  Name Abbreviation R/W Initial Value
H'FFC4 Port 3 data direction register P3DDR w H'00
H'FFC6 Port 3 data register P3DR R/W H'00

Note: * Lower 16 bits of the address.
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Port 3 Data Direction Register (P3DDR)

P3DDR is an 8-hit write-only register that can select input or output for each pinin port 3.

Bit 7 6 5 4 3 2 1 0

‘ P37DDR‘ P36DDR‘ P35DDR‘ P34DDR‘ P3;DDR ‘ P3,DDR ‘ P31DDR‘P30DDR‘
Initial value 0 0 0 0 0 0 0 0
Read/Write w w w w w w w w

Port 3 data direction 7to O
These bits select input or output for port 3 pins

Modes 1, 3, and 5: Port 3 functions as a data bus. P3BDDR isignored.

Modes 6 and 7: Port 3 functions as an input/output port. A pinin port 3 becomes an output pin if
the corresponding P3DDR hit isset to 1, and an input pin if thisbit iscleared to O.

P3DDR isawrite-only register. Its value cannot be read. All bits return 1 when read.

P3DDR isinitialized to H'00 by areset and in hardware standby mode. In software standby mode
it retainsits previous setting. If aP3DDR bit is set to 1, the corresponding pin maintains its output
state in software standby mode.

Port 3 Data Register (P3DR)

P3DR is an 8-bit readable/writable register that stores datafor pins P3, to P3,.

Bit 7 6 5 4 3 2 1 0

‘ P3+ ‘ P3¢ ‘ P35 ‘ P34 ‘ P33 ‘ P3, ‘ P3; ‘ P3g ‘
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

Port 3data7to 0
These bits store data for port 3 pins

When abitin P3ADDRisset to 1, if port 3 isread the value of the corresponding P3DR bit is
returned directly, regardliess of the actual state of the pin. When abit in PBDDRis cleared to O, if
port 3 isread the corresponding pin level isread.

P3DR isinitialized to H'00 by areset and in hardware standby mode. In software standby mode it
retains its previous setting.
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7.4.3 Pin Functionsin Each Mode

The pin functions of port 3 differ between modes 1, 3 and 5 and modes 6 and 7. The pin functions
in each mode are described below.

Modes1,3and 5

All pins of port 3 automatically become data input/output pins. Figure 7.10 shows the pin
functionsin modes 1, 3 and 5.

~——> D5 (input/output)
~——= Dg (input/output)
~——> Dg (input/output)
~——= D, (input/output)
Port 3
~—> D3 (input/output)
~—> D, (input/output)
~——> D, (input/output)

~— Dy (input/output)

Figure7.10 Pin Functionsin Modes 1, 3and 5 (Port 3)
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Modes6 and 7

Input or output can be selected separately for each pinin port 3. A pin becomes an output pin if
the corresponding P3DDR hit isset to 1, and an input pin if thisbit iscleared to 0. Figure 7.11
shows the pin functionsin modes 6 and 7.

~—— P3- (input/output)
~———> P3¢ (input/output)
+——= P35 (input/output)
~——= P3, (input/output)
Port 3
~~——> P33 (input/output)
~—— P3, (input/output)
~—— P3, (input/output)

—* P3; (input/output)

Figure7.11 Pin Functionsin Modes6 and 7 (Port 3)
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7.5 Port 5

75.1 Overview

Port 5 is a4-bit input/output port with the pin configuration shown in figure 7.12. The pin

functions differ depending on the operating mode.

In modes 1, 3 (expanded modes with on-chip ROM disabled), port 5 consists of address output
pins (A19 to A16). In modes 5 (expanded modes with on-chip ROM enabled), settingsin the port
5 data direction register (PSDDR) designate pins for address bus output (A, to A,.) or generic
input. In mode 6 and 7 (single-chip mode), port 5 is a generic input/output port.

Port 5 has software-programmable built-in pull-up transistors. Port 5 can driveone TTL load and a
90-pF capacitive load. They can also drive an LED or a Darlington transistor pair.

Port 5 Modes 1, 3
pins

~— P53/A19  Aqg (Output)
> P5,/A1g  Aqg(output)
Port 5
[ P51/A17 A17 (Output)

I P50/A16 AlG (Output)

Mode 5

P53 (input)/A;g (output)
P5, (input)/A.g (output)
P54 (input)/A;- (output)

P5; (input)/A,g (output)

Modes 6 and 7

P53 (input/output)
P5, (input/output)
P5, (input/output)

P5 (input/output)

Figure7.12 Port 5 Pin Configuration
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752 Register Descriptions
Table 7.6 summarizes the registers of port 5.

Table7.6 Port 5Registers

Initial Value
Address* Name Abbreviation R/W Modes 1 and 3 Modes 5to 7
H'FFC8 Port 5 data direction P5DDR w H'FF H'FO
register
H'FFCA Port 5 data register PSDR R/W H'FO H'FO
H'FFDB Port 5 input pull-up P5PCR R/W H'FO H'FO

control register

Note: * Lower 16 bits of the address.

Port 5 Data Direction Register (PSDDR)

P5DDR is an 8-hit write-only register that can select input or output for each pin in port 5.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ — ‘P53DDR ‘ P5,DDR ‘ P51DDR‘ PSODDR‘
Modes | Initial value 1 1 1 1 1 1 1 1
1and 3{Read/Write — — — — — — — —
Modes {Initial value 1 1 1 1 0 0 0 0
S07 | ReadWrite — — — — W W w W
Reserved bit‘s Port 5 data (‘jirection 3to0

These bits select input or
output for port 5 pins

P5DDR isinitialized to H'FO by areset and in hardware standby mode. In software standby mode
it retainsits previous setting. If aPSDDR bit is set to 1, the corresponding pin maintains its output
state in software standby mode.
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Port 5 Data Register (P5DR)

PSDR is an 8-bit readable/writable register that stores datafor pins P5, to P5,.

Bit 7 6 5 4 3 2 1 0
— | — | — [ — [P Ps, | P5 | P5g |
Initial value 1 1 1 1 0 0 0 0
Read/Write — — — — R/W R/W R/W R/W
Reserved bits Port 5data3to 0

These bits store data
for port 5 pins

When abit in PSDDR isset to 1, if port 5 is read the value of the corresponding PSDR bit is
returned directly, regardless of the actual state of the pin. When abit in PSDDRis cleared to O, if
port 5 is read the corresponding pin level isread.

Bits P5, to P5, are reserved. They cannot be modified and are always read as 1.

P5DR isinitialized to H'FO by areset and in hardware standby mode. In software standby mode it
retains its previous setting.

Port 5 Input Pull-Up Control Register (P5PCR)

P5PCR is an 8-bit readable/writable register that controls the MOS input pull-up transistors in port
5.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ — ‘ P53PCR ‘ P5,PCR ‘ P5,PCR ‘ P59PCR ‘
Initial value 1 1 1 1 0 0 0 0
Read/Write — — — — R/W R/W R/W R/W
Reserved bits Port 5 input pull-up control 3to 0

These bits control input pull-up
transistors built into port 5

When a P5DDR bit is cleared to O (selecting generic input) in modes 5 to 7, if the corresponding
bit from P5,PCR to P5,PCR is set to 1, the input pull-up transistor is turned on.

P5PCR isinitialized to H'FO by areset and in hardware standby mode. In software standby mode
it retains its previous setting.
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7.5.3 Pin Functionsin Each Mode

The pin functions differ between mode 1, 3 (expanded modes with on-chip ROM disabled), mode
5 (expanded modes with on-chip ROM enabled), mode 6, and 7 (single-chip mode). The pin
functions in each mode are described below.

Modes1 and 3

Address output can be selected for each pinin port 5. Figure 7.13 shows the pin functionsin
modes 1 and 3.

~— Ajg (output)
~— A5 (output)
Port 5
— A7 (output)

Figure7.13 Pin Functionsin Modes 1 and 3 (Port 5)

Mode5

Address output or generic input can be selected for each pinin port 5. A pin becomes an address
output pin if the corresponding PSDDR bit is set to 1, and ageneric input pin if thisbit is cleared
to 0. Following areset, all pinsareinput pins. To use a pin for address output, its PSDDR must be
set to 1. Figure 7.14 shows the pin functions in mode 5.

When P5DDR =1 When P5DDR =0

~—* A9 (output) P53 (input)

~— A5 (output) P55 (input)
Port 5

~—> A7 (output) P51 (input)

~— A (output) P54 (input)

Figure7.14 Pin Functionsin Mode5 (Port 5)
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Modes6 and 7

Input or output can be selected separately for each pinin port 5. A pin becomes an output pin if
the corresponding PSDDR hit is set to 1, and an input pin if thisbit is cleared to 0. Figure 7.15
shows the pin functionsin modes 6 and 7.

~— P55 (input/output)
~— P5, (input/output)
Port 5
+— P5, (input/output)

+— P5 (input/output)

Figure7.15 Pin Functionsin Mode 6 and 7 (Port 5)

754 Input Pull-Up Transistors

Port 5 has built-in MOS input pull-up transistors that can be controlled by software. These input
pull-up transistors can be turned on and off individually.

When a P5SPCR bit is set to 1 and the corresponding PSDDR hit is cleared to O, the input pull-up
transistor is turned on.

The input pull-up transistors are turned off by areset and in hardware standby mode. In software
standby mode they retain their previous state.

Table 7.7 summarizes the states of the input pull-up transistors in each mode.

Table7.7 Input Pull-Up Transistor States (Port 5)

Mode Reset Hardware Standby Mode Software Standby Mode  Other Modes

1 Off Off Off Off

3

5 Off Off On/Off On/Off
6

7

Legend:

Off: The input pull-up transistor is always off.

On/Off: The input pull-up transistor is on if PSPCR = 1 and P5DDR = 0. Otherwise, it is off.
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7.6 Port 6

7.6.1 Overview

Port 6 is a 4-bit input/output port that is also used for input and output of bus control signals (WR,

RD, AS, and WAIT).

Figure 7.16 shows the pin configuration of port 6. In modes 1, 3 and 5, the pin functions are WR,
RD, AS, and P6,/WAIT. In modes 6 and 7, port 6 is a generic input/output port.

Pinsin port 6 can drive one TTL load and a 90-pF capacitive load. They can also drivea

Darlington transistor pair.

Port 6 pins Modes 1,3 and 5

~— P65/WR WR (output)

~— P6,/RD RD (output)
Port 6 o o

<~ P63/AS AS (output)

~—™ P6y/WAIT P6¢ (input/output)/WAIT (input)

Modes 6 and 7

P65 (input/output)
P6, (input/output)
P6 5 (input/output)
P6 (input/output)

Figure7.16 Port 6 Pin Configuration
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7.6.2 Register Descriptions
Table 7.8 summarizes the registers of port 6.

Table7.8 Port 6 Registers

Initial Value
Address* Name Abbreviation R/W Modes 1,3,and5 Modes 6 and 7
H'FFC9 Port 6 data direction P6DDR w H'F8 H'80
register
H'FFCB Port 6 data register P6DR R/W  H'80 H'80

Note: * Lower 16 bits of the address.

Port 6 Data Direction Register (P6DDR)

P6DDR is an 8-bit write-only register that can select input or output for each pin in port 6.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ P65DDR‘ P64DDR‘ P63DDR‘ — ‘ — ‘PGODDR‘
Initial value 1 0 0 0 0 0 0 0
Read/Write — W W w W w W W
Reserved bits Port 6 data direction 5to 3,0

These bits select input or output for port 6 pins

Bits 7, 6, 2, and 1 are reserved.
P6DDR isawrite-only register. Its value cannot be read. All bits return 1 when read.

P6DDR isinitialized to H'80 by areset and in hardware standby mode. In software standby mode
it retainsits previous setting. If aP6DDR bit is set to 1, the corresponding pin maintains its output
state in software standby mode.
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Port 6 Data Register (P6DR)

P6DR is an 8-bit readable/writable register that stores datafor pins PG, to P6, and P6,.

Bit 7 6 5 4 3 2 1 0
— | — [ Pes [ Pes | Pes | — | — | Peo |

Initial value 1 0 0 0 0 0 0 0

Read/Write — R/W R/W R/W R/W R/W R/W R/W
Reserved bits Port 6 data5to0 3,0

These bits store data for port 6 pins

When abitin PB(DDR isset to 1, if port 6 isread the value of the corresponding P6DR bit is
returned directly. When abit in PEBDDR is cleared to O, if port 6 isread the corresponding pin level
isread. Bits 7, 6, 2, and 1 are reserved. Bit 7 cannot be modified and always reads 1. Bits 6, 2, and
1 can be written and read, but cannot be used as ports. If bit 6, 2, or 1in PEDDR isread while its

valueis 1, the value of the corresponding bit in PEDR will be read. If bit 6, 2, or 1in PEDDR is
read while itsvalueis 0, it will alwaysread 1.

P6DR isinitialized to H'80 by areset and in hardware standby mode. In software standby mode it
retains its previous setting.
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7.6.3 Pin Functionsin Each Mode

Modes 1, 3,and 5

P6, to P6, function as bus control output pins. P6, is either abus control input pin or generic
input/output pin, functioning as an output pin when bit P6,DDR is set to 1 and an input pin when
thishit is cleared to 0. Figure 7.17 and table 7.9 indicate the pin functionsin modes 1, 3, and 5.

— WR (output)
——= RD

Port 6 (output)
— AS (output)

~— P6; (input/output)/WAIT (input)

Figure7.17 Pin Functionsin Modes 1, 3, and 5 (Port 6)
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Table7.9 Port 6 Pin Functionsin Modes 1, 3, and 5
Pin Pin Functions and Selection Method
P6,/WR Functions as follows regardless of P6,DDR

P6,DDR 0 1

Pin function WR output
P6,/RD Functions as follows regardless of P6,DDR

P6,DDR 0 1

Pin function RD output
P6,/AS Functions as follows regardless of P6,DDR

P6,DDR 0 1

Pin function AS output
P6,/WAIT Bits WCE7 to WCEO in WCER, bit WMS1 in WCR, and bit P6,DDR select the pin

function as follows

WCER All 1s Not all 1s
WMS1 0 1 —
P6,DDR 0 1 o* 0*
Pin function P6, input P6, output WAIT input
Note: * Do not set bit P6,DDR to 1.
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Modes6 and 7

Input or output can be selected separately for each pinin port 6. A pin becomes an output pin if
the corresponding PE6DDR hit is set to 1, and an input pin if thisbit is cleared to 0. Figure 7.18
shows the pin functionsin modes 6 and 7.

~— P65 (input/output)
Port 6 ~— P6, (input/output)
~— P63 (input/output)

™ P6; (input/output)

Figure7.18 Pin Functionsin Modes6 and 7 (Port 6)
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7.7 Port 7

7.7.1 Overview

Port 7 is an 8-bit input port that is also used for analog input to the A/D converter. The pin
functions are the same in all operating modes. Figure 7.19 shows the pin configuration of port 7.

Port 7 pins

——— P75 (input)/AN (input)
—— P7¢ (input)/ANg (input)
——— P75 (input)/AN5 (input)
+—— P74 (input)/AN4 (input)
Port 7
~——— P73 (input)/AN; (input)
~——— P75 (input)/AN, (input)
~—— P74 (input)/AN (input)

~—— P74 (input)/ANg (input)

Figure7.19 Port 7 Pin Configuration

7.7.2 Register Description

Table 7.10 summarizes the port 7 register. Port 7 is an input-only port, so it has no data direction
register.

Table7.10 Port 7 Data Register

Address* Name Abbreviation R/W Initial Value
H'FFCE Port 7 data register P7DR R Undetermined
Note: * Lower 16 bits of the address.
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Port 7 Data Register (P7DR)

Bit 7 6 5 4 3 2 1 0

‘ P7; ‘ P76 ‘ P75 ‘ P74 ‘ P73 ‘ P7, ‘ P7, ‘ P70 ‘
Initial value —* —* —* —* —* = _* _*
Read/Write R R R R R R R R

Note: * Determined by pins P; to Pg.

When P7DR isread, the pin levels are always read.

7.8 Port 8

7.8.1 Overview

Port 8 is a 2-hit input/output port that is also used for IRQ, and IRQ, input. Figure 7.20 shows the
pin configuration of port 8.

Pin P8, functions as input/output pin or as an IRQ, input pin. Pins P8, function as either input pins
or IRQ, input pinsin modes 1, 3, and 5, and as input/output pins or IRQ, input pinsin modes 6 and
7.

Pinsin port 8 can drive one TTL load and a 90-pF capacitive load. They can also drivea
Darlington transistor pair. Pins P8, and P8, have Schmitt-trigger inputs.

Port 8 pins Modes 1, 3, and 5 Modes 6 and 7

ot © P8,/IRQ; P8, (input)/IRQ; (input) P8 (input/output)/IRQ; (input)
or

— P8y/IRQy P8, (input/output)/IRQg (input) P8, (input/output)/IRQg (input)

Figure7.20 Port 8 Pin Configuration
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7.8.2 Register Descriptions
Table 7.11 summarizes the registers of port 8.

Table7.11 Port 8 Registers

Address*  Name Abbreviation R/W Initial Value
H'FFCD Port 8 data direction register P8DDR w H'EO
H'FFCF Port 8 data register P8DR R/W H'EO

Note: * Lower 16 bits of the address.

Port 8 Data Direction Register (PBDDR)

P8DDR is an 8-hit write-only register that can select input or output for each pin in port 8.

7 6 5 4 3 2 1 0

Bit ‘ —_ ‘ —_ ‘ —_ ‘ — ‘ — ‘ — ‘ P81DDR‘ P8oDDR ‘
Initial value 1 1 1 0 0 0 0 0
Read/Write — — — w wW W w w
Reserved bits Port 8 data direction 1 and 0

These bits select input or
output for port 8 pins

P8DDR isinitialized to H'EO by areset and in hardware standby mode. In software standby mode
it retainsits previous setting. If aP8DDR hit is set to 1, the corresponding pin maintains its output
state in software standby mode.
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Port 8 Data Register (P8DR)

P8DR is an 8-bit readable/writable register that stores datafor pins P8, to P8,

Bit 7 6 5 4 3 2 1 0
- = = =] = = [P | P |
Initial value 1 1 1 0 0 0 0 0
Read/Write — — — R/W R/W R/W R/W R/W
Reserved bits Port 8 data 1l and O

These bits store data
for port 8 pins

When abit in PBDDR isset to 1, if port 8 isread the value of the corresponding P8DR bit is
returned directly. When abit in PBDDR is cleared to O, if port 8 isread the corresponding pin level
isread.

Bits 7 to 2 are reserved. Bits 7 to 5 cannot be modified and always read 1. Bit 4, 3, and 2 can be
written and read, but it cannot be used for port input or output. If bit 4, 3, and 2 of PBDDR isread
whileitsvalueis 1, bit 4, 3and 2 of PBDR isread directly. If bit 4, 3, and 2 of PBDDR is read
whileitsvalueisO, it alwaysreads 1.

P8DR isinitialized to H'EO by areset and in hardware standby mode. In software standby mode it
retains its previous setting.
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7.8.3

Pin Functions

The port 8 pins are also used for IRQ, and IRQ,. Table 7.12 describes the selection of pin

functions.

Table7.12 Port 8 Pin Functions

Pin Pin Functions and Selection Method
P8/IRQ,  Bit P8,DDR selects the pin function as follows
P8,DDR 0
Modes 1, 3, and 5 Modes 6 and 7
Pin function P8, input lllegal setting P8, output
IRQ, input
P8/IRQ,  Bit P8,DDR selects the pin function as follows
P8,DDR 0 1
Pin function P8, input P8, output
IRQ, input
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7.9 Port 9

7.9.1 Overview

Port 9 is a 6-bit input/output port that is also used for input and output (TxD,, TxD,, RxD,, RxD,,
SCK,, SCK ) by serial communication interface channels 0 and 1 (SCI0 and SCI1), and for IRQ,
and IRQ, input.

Port 9 has the same set of pin functionsin all operating modes. Figure 7.21 showsthe pin
configuration of port 9.

Pinsin port 9 can drive one TTL load and a 30-pF capacitive load. They can also drivea
Darlington transistor pair.

Port 9 pins

l«——= P9 (input/output)/SCK; (input/output)/IRQ5 (input)
«—= P9, (input/output)/SCK (input/output)/IRQ, (input)
+—— P93 (input/output)/RxD1 (input)

Port 9
~——> P9, (input/output)/RxDq (input)
~——> P9, (input/output)/TxD; (output)

~——> P9, (input/output)/TxDg (output)

Figure7.21 Port 9 Pin Configuration

7.9.2 Register Descriptions
Table 7.13 summarizes the registers of port 9.

Table7.13 Port 9 Registers

Address*  Name Abbreviation R/W Initial Value
H'FFDO Port 9 data direction register PODDR W H'CO
H'FFD2 Port 9 data register PODR R/W H'CO

Note: * Lower 16 bits of the address.
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Port 9 Data Direction Register (PO9DDR)

PODDR is an 8-hit write-only register that can select input or output for each pin in port 9.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ P95DDR‘ P94DDR‘ P93;DDR ‘ P9,DDR ‘ P91DDR‘P90DDR‘
Initial value 1 1 0 0 0 0 0 0
Read/Write — — w w w W W W
Reserved bits Port 9 data direction 5to 0

These bits select input or
output for port 9 pins

A pinin port 9 becomes an output pin if the corresponding PODDR bit is set to 1, and an input pin
if thisbit iscleared to 0.

PODDR isawrite-only register. Its value cannot be read. All bits return 1 when read.
PODDR isinitialized to H'CO by areset and in hardware standby mode. In software standby mode

it retainsits previous setting. If aPODDR bit is set to 1, the corresponding pin maintains its output
state in software standby mode.

Port 9 Data Register (P9DR)

PIDR is an 8-bit readable/writable register that stores output data for pins P9, to P9,.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ P95 ‘ P9, ‘ P93 ‘ P9, ‘ P9, ‘ P9y ‘
Initial value 1 1 0 0 0 0 0 0
Read/Write — — R/W R/W R/W R/W R/W R/W
Reserved bits Port 9data5to 0

These bits store data
for port 9 pins

When abitin PODDR isset to 1, if port 9 isread the value of the corresponding PODR bit is
returned. When abit in PODDR iscleared to O, if port 9 is read the corresponding pin level is read.

Bits 7 and 6 are reserved. They cannot be modified and are awaysread as 1.
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PODR isinitialized to H'CO by areset and in hardware standby mode. In software standby mode it
retains its previous setting.

7.9.3 Pin Functions

The port 9 pins are also used for SCI input and output (TxD, RxD, SCK), and for IRQ, and IRQ,
input. Table 7.14 describes the selection of pin functions.

Table7.14 Port 9 Pin Functions
Pin Pin Functions and Selection Method
P9./SCK,/ Bit C/A in SMR of SCI1, bits CKEO and CKE1 in SCR of SCI1, and bit P9,DDR select
IRQ, the pin function as follows
CKE1 0 1
C/A 1 —
CKEO 1 — —
P9.DDR 0 1 — — —
Pin function P9, P9, SCK, output SCK, output SCK, input
input | output
IRQ, input
P9,/SCK,/ Bit C/A in SMR of SCI0, bits CKEO and CKE1 in SCR of SCI, and bit P9,DDR select
IRQ, the pin function as follows
CKE1 0 1
C/A 1 —
CKEO 1 — —
P9,DDR 0 1 — — —
Pin function P9, P9, SCK, output SCK, output SCK, input
input | output
IRQ, input
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Pin Pin Functions and Selection Method
P9./RxD, Bit RE in SCR of SCI1 and bit P9,DDR select the pin function as follows

RE 0 1

P9,DDR 0 1 —

Pin function P9, input P9, output RxD, input
P9,/RxD, Bit RE in SCR of SCI, bit SMIF in SCMR, and bit P9,DDR select the pin function as

follows

SMIF 0 1

RE 0 1 —

P9,DDR 0 1 — —

Pin function P9, input | P9, output RxD, input RxD, input
P9,/TxD,  Bit TE in SCR of SCI1 and bit P91DDR select the pin function as follows

TE 0 1

P9,DDR 0 1 —

Pin function P9, input P9, output TxD, output
P9,/TxD, Bit TE in SCR of SCIO, bit SMIF in SCMR, and bit P9 DDR select the pin function as

follows

SMIF 0 1

TE 0 1 —

P9,DDR 0 1 — —

Pin function P9, input | P9, output TxD, output TxD, output*

Note: * Functions as the TxD, output pin, but there are two states: one in which

the pin is driven, and another in which the pin is at high impedance.
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7.10 Port A

7.10.1 Overview

Port A isan 8-bit input/output port that is also used for output (TP, to TP,) from the programmable
timing pattern controller (TPC), input and output (TIOCB,, TIOCA,, TIOCB,, TIOCA,, TIOCB,,
TIOCA,, TCLKD, TCLKC, TCLKB, TCLKA) by the 16-bit integrated timer unit (ITU), and
address output (A, to A,). Figure 7.22 shows the pin configuration of port A.

Pinsin port A can driveone TTL load and a 30-pF capacitive load. They can also drive a
Darlington transistor pair. Port A has Schmitt-trigger inputs.

Port A pins Modes 1,5 and 7
[«— PA;/TP;/TIOCB, /A, PA 7 (input/output)/TP; (output)/TIOCB,, (input/output)
[+— PAG/TP/TIOCA, /Ay, PA ¢ (input/output)/TPg (output)/ TIOCA, (input/output)
(«— PAg/TP/TIOCB, /A5, PA 5 (input/output)/TPg (output)/TIOCB, (input/output)
e PA,/TP,/TIOCA, /A3 PA 4 (input/output)/TP, (output)/TIOCA, (input/output)

Port A «— PA3/TP4/TIOCB, /TCLKD PA 3 (input/output)/TP3 (output)/TIOCB (, (input/output)/TCLKD (input)
[+ PA,/TP,/TIOCA, /TCLKC PA , (input/output)/TP, (output)/TIOCA ( (input/output)/TCLKC (input)
[+ PA/TP,/TCLKB PA ; (input/output)/TP; (output)/ TCLKB (input)
= PAy/TPyTCLKA PA o (input/output)/TP, (output)/ TCLKA (input)

Mode 3

A,y (output)

PAg (input/output)/TPg (output)/TIOCA, (input/output) /A, (output)
PA5 (input/output)/TPg (output)/TIOCB, (input/output) /A,, (output)
PA 4 (input/output)/TP4 (output)/TIOCA; (input/output) /A,3 (output)
PA 3 (input/output)/TP; (output)/TIOCB ( (input/output)/TCLKD (input)
PA ;> (input/output)/TP, (output)/TIOCA  (input/output)/TCLKC (input)
PA; (input/output)/TP; (output)/ TCLKB (input)

PA (input/output)/TP, (output)/ TCLKA (input)

Figure7.22 Port A Pin Configuration
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7.10.2 Register Descriptions
Table 7.15 summarizes the registers of port A.

Table7.15 Port A Registers

Initial Value
Address* Name Abbreviation R/W Modes 1,5,and 7 Mode 3
H'FFD1 Port A data direction =~ PADDR w H'00 H'80
register
H'FFD3 Port A data register PADR R/W H'00 H'00

Note: * Lower 16 bits of the address.

Port A Data Direction Register (PADDR)

PADDR is an 8-bit write-only register that can select input or output for each pinin port A. The
corresponding PADDR bit should also be set when apinisused as a TPC output.

7 6 5 4 3 2 1
Bit ‘PA7DDR‘ PAGDDR‘ PA5DDR‘ PA4DDR‘PA3 DDR‘PAZ DDR ‘ PA1 DDR‘PAODDR‘
Modes Initial value 0 0 0 0 0 0 0 0
1,5 and 7| Read/Write w w w w w W W w
Initial value 1 0 0 0 0 0 0 0
Mode 3 .
Read/Write — W W w W w W W

Port A data direction 7 to 0
These bits select input or output for port A pins

A pinin port A becomes an output pin if the corresponding PADDR bit is set to 1, and an input
pinif thishit is cleared to 0. However, in mode 3, PA, DDR isfixed at 1, and PA7 functions as an
address output pin.

PADDR isawrite-only register. Its value cannot be read. All bits return 1 when read.

PADDR isinitialized to H'00 in modes 1, 5 and 7 and to H'80 in mode 3 by areset and in
hardware standby mode. In software standby mode it retainsits previous setting. If a PADDR bit
is set to 1, the corresponding pin maintains its output state in software standby mode.
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Port A Data Register (PADR)

PADR is an 8-bit readable/writable register that stores data for pins PA, to PA,.

Bit 7 6 5 4 3 2 1 0

‘ PA 7 ‘ PAg ‘ PAs ‘ PA 4 ‘ PA3 ‘ PA ‘ PA 1 ‘ PAo ‘
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

Port Adata7to 0
These bits store data for port A pins

When abitin PADDRisset to 1, if port A isread the value of the corresponding PADR bit is
returned directly. When abit in PADDR iscleared to O, if port A isread the corresponding pin
level isread.

PADR isinitialized to H'00 by areset and in hardware standby mode. In software standby mode it
retains its previous setting.

When port A pins are used for TPC output, PADR stores output data for TPC output groups 0 and
1. If abit in the next data enable register (NDERA) is set to 1, the corresponding PADR bit cannot
be written. In this case, PADR can be updated only when datais transferred from NDRA.
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7.10.3 Pin Functions

The port A pinsare aso used for TPC output (TP, to TR,), ITU input/output (TIOCB, to TIOCB,,
TIOCA, to TIOCA,) and input (TCLKD, TCLKC, TCLKB, TCLKA), and as address bus pins (A,
to A,)). Table 7.16 describes the selection of pin functions.

Table7.16 Port A Pin Functions

Pin Pin Functions and Selection Method

PATP/
TIOCB,/
A, as follows

The mode setting, ITU channel 2 settings (bit PWM2 in TMDR and bits I0B2 to IOB0O
in TIOR2), bit NDER7 in NDERA, and bit PA7DDR in PADDR select the pin function

Mode

1,5t07

ITU channel 2
settings

(1) in table below

(2) in table below

PA DDR

0

1 —

NDER7

0

1 —

Pin function

TIOCB, output

PA,
input

PA

7

output

TP,

output | output

TIOCB2 input*

Note: *

TIOCB2 input when IOB2 =1 and PWM2 = 0.

ITU channel 2
settings

@ @

)

10B2

I0B1

I0B0O
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Pin Pin Functions and Selection Method

PAJTP/  The mode setting, bit A,,E in BRCR, ITU channel 2 settings (bit PWM2 in TMDR and
TIOCA,/  bits IOA2 to IOAO in TIOR2), bit NDER6 in NDERA, and bit PA.DDR in PADDR select
A, the pin function as follows

Mode

1,5t07

A, E

1

ITU
channel 2
settings

(1) in
table
below

(2) in table below

1) in
table
below

(2) in table below

PA,DDR

0

1

0

1

NDERG6

0 1

0

1

Pin
function

TIOCA,
output

PA,
input

PA, | TP

6 6

output | output

TIOCA,
output

TIOCA, input*

PA,
input

PA,
output

TP,
output

TIOCA, input*

21

output

Note: *

TIOCA, input when IOA2 = 1.

ITU
channel 2
settings

)

@

)

@

PWM2

I0A2

IOA1

IOAO
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Pin Pin Functions and Selection Method

PA/TP,/  The mode setting, bit A_,E in BRCR, ITU channel 1 settings (bit PWM1 in TMDR and
TIOCB,/  bits IOB2 to IOBO in TIOR1), bit NDER5 in NDERA, and bit PA.DDR in PADDR select
A the pin function as follows

22

Mode

1,5t07

AE

1

ITU
channel 1
settings

(1) in
table
below

(2) in table below

@) in
table
below

)

in table below

PA,DDR

0

1

0

1

NDERS

— 0

1

0 1

Pin
function

TIOCB,
output

PA, PA
input

5

output

TP,
output

TIOCBL1 input*

TIOCB,
output

PA,
input

PA,
output

TP
output

5

TIOCBL1 input*

22

output

Note: *

TIOCB, input when IOB2 = 1 and PWM1 = 0.

ITU
channel 1
settings

)

1)

@

10B2

I0B1

I0B0O
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Pin

Pin Functions and Selection Method

PA/TP,/
TIOCB /
A

23

The mode setting, bit A,_E in BRCR, ITU channel 1 settings (bit PWM1 in TMDR and
bits IOA2 to IOAQ in TIOR1), bit NDER4 in NDERA, and bit PA,DDR in PADDR select
the pin function as follows

Mode

1,5t07

A E

1

ITU
channel 1
settings

(1) in
table
below

(2) in table below

@) in
table
below

(2) in table below

PA,DDR

0

1

0

1

NDER4

0

1

0

1

Pin
function

TIOCA,
output

PA,
input

PA

4

TP

5

output | output

TIOCA,
output

TIOCA, input*

PA,
input

PA,
output

TP,
output

TIOCA, input*

23

output

Note: *

TIOCA, input when IOA2 = 1.

ITU
channel 1
settings

)

1)

)

1)

PWM1

I0A2

IOA1

IOAO
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Pin Pin Functions and Selection Method

PAJ/TP,/  ITU channel 0 settings (bit PWMO in TMDR and bits IOB2 to IOBO in TIORO), bits
TIOCB,/ TPSC2to TPSCO in TCR4 to TCRO, bit NDER3 in NDERA, and bit PASDDR in
TCLKD PADDR select the pin function as follows

ITU (1) in table below (2) in table below
channel 0
settings
PA,DDR — 0 1 1
NDERS3 — — 0 1
Pin TIOCB, output PA, input | PA, output | TP, output
function TIOCB, input**
TCLKD input*?

Notes: 1. TIOCBO input when IOB2 =1 and PWMO = 0.
2. TCLKD input when TPSC2 = TPSC1 = TPSCO = 1 in any of TCR4 to

TCRO.
ITU
channel 0 (2 (1) (2)
settings
10B2 0 1
I0B1 0 0 1 —
I0BO 0 1 — —
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Pin Pin Functions and Selection Method

PAJ/TP,/  ITU channel 0 settings (bit PWMO in TMDR and bits IOA2 to IOAO in TIORO), bits
TIOCA,/ TPSC2to TPSCO in TCR4 to TCRO, bit NDER2 in NDERA, and bit PA.DDR in PADDR
TCLKC select the pin function as follows

ITU (1) in table below (2) in table below
channel 0
settings
PA,DDR — 0 1 1
NDER2 — — 0 1
Pin TIOCA, output PA, input | PA, output | TP, output
function TIOCA, input**
TCLKC input*?

Notes: 1. TIOCA, input when IOA2 = 1.
2. TCLKC input when TPSC2 = TPSC1 =1 and TPSCO =0 in any of TCR4 to

TCRO.

ITU
channel 0
settings

)

1)

)

1)

PWMO

IOA2

IOA1

IOAO
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Pin Pin Functions and Selection Method
PA/TP,/  Bit NDER1 in NDERA and bit PA1DDR in PADDR select the pin function as follows
TCLKB
PA,DDR 0 1 1
NDER1 — 0 1
Pin PA, input PA, output TP, output
function TCLKB input*
Note: * TCLKB input when MDF =1 in TMDR, or when TPSC2 =1, TPSC1 =0,
and TPSCO =1 in any of TCR4 to TCRO.
PA/TP,/  Bit NDERO in NDERA and bit PAODDR in PADDR select the pin function as follows
TCLKA

PADDR 0 1 1

NDERO — 0 1

Pin PA, input PA, output TP, output
function TCLKA input*

Note: * TCLKA input when MDF =1 in TMDR, or when TPSC2 =1 and TPSC1 =

TPSCO =0 in any

of TCR4 to TCRO.
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7.11 Port B

7.11.1 Overview

Port B is a 7-bit input/output port that is also used for TPC output (TP, TP, to TR,), ITU
input/output (TIOCB,, TIOCB,, TIOCA,, TIOCA,) and ITU output (TOCXB,, TOCXA,), and
ADTRG input to the A/D converter. Port B has the same set of pin functionsin all operating
modes. Figure 7.23 shows the pin configuration of port B.

Pinsin port B can drive one TTL load and a 30-pF capacitive load. They can also drive an LED or
aDarlington transistor pair. Pins PB, to PB, have Schmitt-trigger inputs.

Port B pins

«—— PB (input/output)/TP;5 (output)/ADTRG (input)
~——= PBg (input/output)/TP;3(output)/ TOCXB 4 (output)
~—— PB, (input/output)/TP;, (output)/ TOCXA 4 (output)
PortB [+ PBj3 (input/output)/TP;; (output)/TIOCB 4 (input/output)
~——— PB, (input/output)/TP;q(output)/TIOCA 4 (input/output)
—* PB (input/output)/TPq (output)/TIOCB 3 (input/output)

~~— PBj (input/output)/TPg (output)/TIOCA 3 (input/output)

Figure7.23 Port B Pin Configuration

7.11.2 Register Descriptions
Table 7.17 summarizes the registers of port B.

Table7.17 Port B Registers

Address*  Name Abbreviation R/W Initial Value
H'FFD4 Port B data direction register PBDDR W H'00
H'FFD6 Port B data register PBDR R/W H'00

Note: * Lower 16 bits of the address.
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Port B Data Direction Register (PBDDR)

PBDDR isan 8-bit write-only register that can select input or output for each pin in port B.

Bit 7 6 5 4 3 2 1 0
‘PB7DDR‘ — ‘PB5DDR‘PB4DDR‘P83DDR‘PBZDDR‘PBlDDR‘PBODDR‘

Initial value 0 0 0 0 0 0 0 0

Read/Write W w w w w w w w

|
_ Port B data7,5to 0
Reserved bit These bits select input or output for port B pins

A pinin port B becomes an output pin if the corresponding PBDDR hit isset to 1, and an input pin
if thisbit is cleared to 0.

Bit 6 isreserved.
PBDDR isawrite-only register. Its value cannot be read. All bits return 1 when read.
PBDDR isinitialized to H'00 by areset and in hardware standby mode. In software standby mode

it retainsits previous setting. If aPBDDR hit is set to 1, the corresponding pin maintains its output
state in software standby mode.

Port B Data Register (PBDR)

PBDR is an 8-hit readable/writable register that stores data for pins PB,, PB, to PB,,.

Bit 7 6 5 4 3 2 1 0

‘ PB 7 ‘ — ‘ PBsg ‘ PB4 ‘ PB 3 ‘ PB > ‘ PB 1 ‘ PBg ‘
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
_ Port B data7,5to 0
Reserved bit These bits store data for port B pins

When abitin PBDDR s set to 1, if port B is read the value of the corresponding PBDR bit is
returned directly. When abit in PBDDR iscleared to O, if port B isread the corresponding pin

level isread. Bit 6 isreserved. Bit 6 can be written and read, but cannot be used for a port input or
output.
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If bit 6in PBDDR isread whileitsvalueis 1, the value of bit 6 in PBDR will be read directly. If
bit 6 in PBDDR isread whileitsvalueis 0, it will always be read as 1.

PBDR isinitialized to H'00 by areset and in hardware standby mode. In software standby mode it
retains its previous setting.

When port B pins are used for TPC output, PBDR stores output data for TPC output groups 2 and
3. If abit in the next data enable register (NDERB) is set to 1, the corresponding PBDR bit cannot
be written. In this case, PBDR can be updated only when datais transferred from NDRB.

7.11.3 Pin Functions

The port B pinsare also used for TPC output (TP, TP, to TR,), ITU input/output (TIOCB,,
TIOCB,, TIOCA,, TIOCA,) and output (TOCXB,, TOCXA,), and ADTRG input. Table 7.18
describes the selection of pin functions.

Rev.3.00 Mar. 26, 2007 Page 184 of 682
REJ09B0353-0300
RENESAS



Section 7 1/0 Ports

Table7.18 Port B Pin Functions

Pin Pin Functions and Selection Method
PB./ Bit TRGE in ADCR, bit NDER15 in NDERB and bit PB7DDR in PBDDR select the pin
TP,/ function as follows
ADTRG  [pg ppR 0 1 1
NDER15 — 0 1
Pin function PB, input PB, output TP, output
ADTRG input*
Notes: * ADTRG input when TRGE = 1.
PB./ ITU channel 4 settings (bit CMD1 in TFCR and bit EXB4 in TOER), bit NDER13 in
TP,/ NDERB, and bit PB,.DDR in PBDDR select the pin function as follows
TOCXB,  Texpa, Not both 1 Both 1
CMD1
PB.DDR 0 1 1 —
NDER13 — 0 1 —
Pin function | PB,input | PB, output | TP output TOCXB, output
PB,/ ITU channel 4 settings (bit CMD1 in TFCR and bit EXA4 in TOER), bit NDER12 in
TP,/ NDERB, and bit PB4DDR in PBDDR select the pin function as follows
TOCXA, - [Exaa, Not both 1 Both 1
CMD1
PB,DDR 0 1 1 —
NDER12 — 0 1 —
Pin function | PB,input | PB, output | TP, output TOCXA, output
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Pin Pin Functions and Selection Method
PB./ ITU channel 4 settings (bit PWM4 in TMDR, bit CMD1 in TFCR, bit EB4 in TOER, and
TP,/ bits I0B2 to IOBO0 in TIOR4), bit NDER11 in NDERB, and bit PB,DDR in PBDDR select
TIOCB,  the pin function as follows
ITU channel (1) in table below (2) in table below
4 settings
PB,DDR — 0 1 1
NDER11 — — 0 1
Pin function TIOCB, output PB, input | PB, output | TP, output
TIOCB, input*

Note: * TIOCB, input when CMD1 = PWM4 =0 and IOB2 = 1.

deetmon | @ @ @) @ @
EB4 0 1

CMD1 — 0 1
10B2 — 0 0 0 1 —
10B1 — 0 0 1 — —
10BO — 0 1 — — —_
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Pin Pin Functions and Selection Method
PB,/ ITU channel 4 settings (bit CMD1 in TFCR, bit EA4 in TOER, bit PWM4 in TMDR, and
TP,/ bits IOA2 to IOA0 in TIOR4), bit NDER10 in NDERB, and bit PB,DDR in PBDDR select
TIOCA,  the pin function as follows
ITU channel (1) in table below (2) in table below
4 settings
PB,DDR — 0 1 1
NDER11 — — 0 1
Pin function TIOCA, output PB, input | PB, output | TP, output
TIOCA, input*

Note: * TIOCA, input when CMD1 = PWM4 =0 and IOB2 = 1.

et | @ | @ &) @ &)
EA4 0 1

CMD1 — 0 1
PWM4 — 0 1 —
I0A2 — 0 0 0 1 — —
I0Al — 0 0 1 — — —
I0A0 — 0 1 — — — —
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Pin Pin Functions and Selection Method

PB,/TP,/  ITU channel 3 settings (bit PWM3 in TMDR, bit CMD1 in TFCR, bit EB3 in TOER, and
TIOCB, bits IOB2 to IOBO in TIOR3), bit NDER11 in NDERB, and bit PB,DDR in PBDDR select
the pin function as follows

ITU channel (1) in table below (2) in table below

3 settings

PB,DDR — 0 1 1

NDER9 — — 0 1

Pin function TIOCB, output PB, input | PB, output | TP, output
TIOCB, input*

Note: * TIOCB3 input when CMD1 = PWM3 = 0 and IOB2 = 1.

et | @ @ @) @ @
EB3 0 1

CMD1 — 0 1
10B2 — 0 0 0 1 —
10B1 — 0 0 1 — —
10BO — 0 1 — — —
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Pin Pin Functions and Selection Method

PB,/TP,/  ITU channel 3 settings (bit CMD1 in TFCR, bit EA3 in TOER, bit PWM3 in TMDR, and
TIOCA, bits IOA2 to IOAQ in TIOR3), bit NDERS in NDERB, and bit PB,DDR in PBDDR select
the pin function as follows

ITU channel (1) in table below (2) in table below

3 settings

PB,DDR — 0 1 1

NDERS — — 0 1

Pin function TIOCA, output PB, input | PB, output | TP, output
TIOCA, input*

Note: * TIOCA, input when CMD1 = PWM3 =0 and IOA2 = 1.

et | @ | @ W @ W

EA3 0 1

CMD1 — 0 1
PWM3 — 0 1 —
I0A2 — 0 0 0 1 — —
I0Al — 0 0 1 — — —
IOAO — 0 1 — — — —
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8.1

Section 8 16-Bit Integrated Timer Unit (ITU)

Overview

The H8/3039 Group has a built-in 16-bit integrated timer-pulse unit (ITU) with five 16-bit timer
channels.

811

Features

ITU features are listed below.

» Capahility to process up to 12 pulse outputs or 10 pulse inputs

» Ten genera registers (GRs, two per channel) with independently-assignable output compare or
input capture functions

» Sdlection of eight counter clock sources for each channel:
Internal clocks: @, ¢/2, ¢/4, (/8
External clocks: TCLKA, TCLKB, TCLKC, TCLKD

» Five operating modes selectablein all channels:

O

Waveform output by compare match

Selection of 0 output, 1 output, or toggle output (only O or 1 output in channel 2)
Input capture function

Rising edge, falling edge, or both edges (selectable)

Counter clearing function

Counters can be cleared by compare match or input capture

Synchronization

Two or more timer counters (TCNTS) can be preset simultaneously, or cleared
simultaneously by compare match or input capture. Counter synchronization enables
synchronous register input and output.

PWM mode

PWM output can be provided with an arbitrary duty cycle. With synchronization, up to
five-phase PWM output is possible

» Phase counting mode selectable in channel 2
Two-phase encoder output can be counted automatically.
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» Three additional modes selectable in channels 3 and 4
O Reset-synchronized PWM mode

If channels 3 and 4 are combined, three-phase PWM output is possible with three pairs of
complementary waveforms.

O Complementary PWM mode

If channels 3 and 4 are combined, three-phase PWM output is possible with three pairs of
non-overlapping complementary waveforms.

O Buffering

Input capture registers can be double-buffered. Output compare registers can be updated
automatically.
» High-speed accessviainternal 16-hit bus
The 16-bit timer counters, genera registers, and buffer registers can be accessed at high speed
viaa 16-bit bus.
 Fifteen interrupt sources
Each channel has two compare match/input capture interrupts and an overflow interrupt. All
interrupts can be requested independently.
« Output triggering of programmable pattern controller (TPC)
Compare match/input capture signals from channels 0 to 3 can be used as TPC output triggers.

Table 8.1 summarizes the I TU functions.
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Table8.1

Item

ITU Functions

Channel 0

Channel 1

Channel 2

Channel 3

Channel 4

Clock sources

Internal clocks: @, @2, @4, ¢/8
External clocks: TCLKA, TCLKB, TCLKC, TCLKD, selectable independently

General registers GRAO, GRBO GRAL,GRB1 GRA2,GRB2 GRA3,GRB3 GRA4, GRB4
(output compare/

input capture registers)

Buffer registers — — — BRA3, BRB3 BRA4, BRB4

Input/output pins

TIOCA,, TIOCB, TIOCA,, TIOCB, TIOCA,, TIOCB,

TIOCA,, TIOCB,

TIOCA,, TIOCB,

Output pins — — — — TOCXA,,
TOCXB,
Counter clearing GRAO/GRBO GRA1/GRB1 GRA2/GRB2 GRA3/GRB3 GRA4/GRB4

function

compare match
or input capture

compare match
or input capture

compare match
or input capture

compare match
or input capture

compare match
or input capture

Compare O

match
output

Toggle

Input capture function

Synchronization

PWM mode

olo|lOo|O|0O]|O

olo|lO|0O|0O]|O

Reset-synchronized
PWM mode

OoO|lO0|O0|O0|0O|0O]|O

o|lO0|O0|O0|O|0O]|O

Complementary PWM
mode

@]

@)

Phase counting mode

(0]

Buffering

(o]

o

Interrupt sources

Three sources

* Compare
match/input
capture AO

* Compare
match/input
capture BO

¢ Overflow

Three sources

* Compare
match/input
capture Al

* Compare
match/input
capture B1

* Overflow

Three sources

* Compare
match/input
capture A2

* Compare
match/input
capture B2

« Overflow

Three sources

* Compare
match/input
capture A3

* Compare
match/input
capture B3

¢ Overflow

Three sources

* Compare
match/input
capture A4

* Compare
match/input
capture B4

* Overflow

Legend:
O: Available
. Not available
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Section 8 16-Bit Integrated Timer Unit (ITU)

8.1.2 Block Diagrams

ITU Block Diagram (Overall)

Figure 8.1 isablock diagram of the ITU.

TCLKA to TCLKD IMIAO to IMIA4

— Clock selector | > IMIBO to IMIB4
¢ @2, ¢4, pi8 > OVIO0 to OVI4
TOCXA4, TOCXB, <_| Control logic

K
K
K
K

]

o

2

TIOCBy to TIOCB, :
<
T
c
C
@
e
o
o
£
3

Bus interface

—
<
O
Py}

©
—

Q

(32] N — o
sllsllsl|s <] TOoCcrR K>
C C C c
sl|c||&8||&
< < < < < | TSTR K
(&] (8] (8] (8]
o o o o
E||E||E||E <] TSNC K
2 2 2 2
o © © ©
— — — —

—
T
(@)
Py

<
<
<

Module data bus

Legend:

TOER: Timer output master enable register (8 bits)
TOCR: Timer output control register (8 bits)

TSTR: Timer start register (8 bits)

TSNC: Timer synchro register (8 bits)

TMDR: Timer mode register (8 bhits)

TFCR: Timer function control register (8 bits)

Figure8.1 1TU Block Diagram (Overall)

Internal data bus
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Block Diagram of ChannelsO and 1

ITU channels 0 and 1 are functionally identical. Both have the structure shown in figure 8.2.

TCLKA to TCLKD >
Q@2 @4, @8

Legend:
TCNT:
GRA, GRB:
TCR:
TIOR:
TIER:

TSR:

Clock selector

<~ TIOCA,
== TIOCB,

Control logic

Comparator

— IMIAO
— IMIBO
— OVIO

)

A

A

ANANNANNG

TCNT

GRA

GRB

TCR
TIOR
TIER
TSR

0 0 0 0

Module data bus

Timer counter (16 bits)

General registers A and B (input capture/output compare registers) (16 bits x 2)

Timer control register (8 bits)
Timer 1/O control register (8 bits)

Timer interrupt enable register (8 bits)

Timer status register (8 bits)

Figure8.2 Block Diagram of Channels0and 1 (for Channel 0)
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Block Diagram of Channel 2

Figure 8.3 isablock diagram of channel 2. Thisisthe channel that provides only 0 output and 1
output.

TCLKA to TCLKD > = TIOCA,
Clock selector < TIOCB,
0. 92, g4, @8 _
Control logic - IMIA2
Comparator —= IMIB2
— OVI2
IR RERE:
) 04 14 O o w n
Module data bus
Legend:
TCNT2: Timer counter 2 (16 bits)
GRA2, GRB2: General registers A2 and B2 (input capture/output compare registers)
(16 hits x 2)
TCR2: Timer control register 2 (8 bits)
TIOR2: Timer 1/O control register 2 (8 bits)
TIER2: Timer interrupt enable register 2 (8 bits)
TSR2: Timer status register 2 (8 bits)

Figure 8.3 Block Diagram of Channel 2
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Block Diagramsof Channels3 and 4

Figure 8.4 isablock diagram of channel 3. Figure 8.5 isablock diagram of channel 4.

TCLKA to D
;C@L;D Clock selector
cp'/ " (p)8 >

Legend:
TCNT3:
GRA3, GRB3:

BRA3, BRB3:

TCR3:
TIORS:
TIERS:
TSR3:

Comparator

Control logic

= TIOCA;
= TIOCB,

— IMIA3
— IMIB3
— OVI3

0 [

[ANANIAN

TCNT3
BRA3
GRA3

BRB3

0
GRB3
TCR3
TIOR3
TIER3

00 0

TSR3

.

000

dule data bu

Timer counter 3 (16 bits)
General registers A3 and B3 (input capture/output compare registers)

(16 bits x 2)

Buffer registers A3 and B3 (input capture/output compare buffer registers)

(16 hits x 2)

Timer control register 3 (8 bits)

Timer 1/O control register 3 (8 hits)
Timer interrupt enable register 3 (8 bits)
Timer status register 3 (8 bits)

Figure8.4 Block Diagram of Channel 3
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TCLKA to — TOCXA,
TCLKD ] —» TOCXB,
0, @2 Clock selector TIOCA
X , - 4
@4, ¢'8 — Control logic ™ TIOCB,
Comparator - :m:gj
— OVI4

O N NNNMN10

TCNT4
BRA4
GRA4
BRB4
GRB4
TCR4
TIOR4
TIER4
TSR4

00 00 00000

Module data bus

Legend:

TCNT4: Timer counter 4 (16 bits)

GRA4, GRB4: General registers A4 and B4 (input capture/output compare registers)
(16 bits x 2)

BRA4, BRB4: Buffer registers A4 and B4 (input capture/output compare buffer registers)
(16 bits x 2)

TCR4: Timer control register 4 (8 bits)

TIORA4: Timer 1/O control register 4 (8 bits)

TIER4: Timer interrupt enable register 4 (8 bits)

TSR4: Timer status register 4 (8 bits)

Figure8.5 Block Diagram of Channel 4
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8.13 I nput/Output Pins
Table 8.2 summarizesthe ITU pins.

Table8.2 ITU Pins

Abbre-  Input/

Channel Name viation  Output Function
Common  Clock input A TCLKA  Input External clock A input pin
(phase-A input pin in phase counting
mode)
Clock input B TCLKB  Input External clock B input pin
(phase-B input pin in phase counting
mode)
Clock input C TCLKC  Input External clock C input pin
Clock input D TCLKD  Input External clock D input pin
0 Input capture/output  TIOCA,  Input/ GRAO output compare or input capture pin
compare A0 output  PWM output pin in PWM mode
Input capture/output  TIOCB,  Input/ GRBO output compare or input capture pin
compare BO output
1 Input capture/output  TIOCA,  Input/ GRAL output compare or input capture pin
compare Al output  PWM output pin in PWM mode
Input capture/output  TIOCB,  Input/ GRBL1 output compare or input capture pin
compare Bl output
2 Input capture/output  TIOCA,  Input/ GRAZ2 output compare or input capture pin
compare A2 output  PWM output pin in PWM mode
Input capture/output  TIOCB,  Input/ GRB2 output compare or input capture pin
compare B2 output
3 Input capture/output  TIOCA,  Input/ GRAS3 output compare or input capture pin
compare A3 output  PWM output pin in PWM mode,

complementary PWM mode, or reset-
synchronized PWM mode

Input capture/output  TIOCB,  Input/ GRB3 output compare or input capture pin
compare B3 output ~ PWM output pin in complementary PWM
mode or reset-synchronized PWM mode
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Abbre-  Input/

Channel Name viation  Output Function
4 Input capture/output  TIOCA,  Input/ GRA4 output compare or input capture pin
compare A4 output  PWM output pin in PWM mode,

complementary PWM mode, or reset-
synchronized PWM mode

Input capture/output  TIOCB,  Input/ GRB4 output compare or input capture pin
compare B4 output  PWM output pin in complementary PWM
mode or reset-synchronized PWM mode

Output compare XA4 TOCXA, Output PWM output pin in complementary PWM
mode or reset-synchronized PWM mode

Output compare XB4 TOCXB, Output PWM output pin in complementary PWM
mode or reset-synchronized PWM mode
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8.14 Register Configuration
Table 8.3 summarizesthe ITU registers.

Table8.3 I1TU Registers

Abbre- Initial
Channel Address** Name viation R/W Value
Common H'FF60 Timer start register TSTR R/W H'EO
H'FF61 Timer synchro register TSNC R/W H'EO
H'FF62 Timer mode register TMDR R/W H'80
H'FF63 Timer function control register TFCR R/W H'CO
H'FF90 Timer output master enable register TOER R/W H'FF
H'FF91 Timer output control register TOCR R/W H'FF
0 H'FF64 Timer control register 0 TCRO R/W H'80
H'FF65 Timer I/O control register 0 TIORO R/W H'88
H'FF66 Timer interrupt enable register 0 TIERO R/W H'F8
H'FF67 Timer status register 0 TSRO R/(W)*? H'F8
H'FF68 Timer counter 0 (high) TCNTOH R/W H'00
H'FF69 Timer counter O (low) TCNTOL R/W H'00
H'FF6A General register AO (high) GRAOH R/W H'FF
H'FF6B General register A0 (low) GRAOL R/W H'FF
H'FF6C General register BO (high) GRBOH R/W H'FF
H'FF6D General register BO (low) GRBOL R/W H'FF
1 H'FF6E Timer control register 1 TCR1 R/W H'80
H'FF6F Timer 1/O control register 1 TIOR1 R/W H'88
H'FF70 Timer interrupt enable register 1 TIER1 R/W H'F8
H'FF71 Timer status register 1 TSR1 R/(W)*? H'F8
H'FF72 Timer counter 1 (high) TCNT1IH R/W H'00
H'FF73 Timer counter 1 (low) TCNT1L R/W H'00
H'FF74 General register Al (high) GRA1H R/W H'FF
H'FF75 General register Al (low) GRALL R/W H'FF
H'FF76 General register B1 (high) GRB1H R/W H'FF
H'FF77 General register B1 (low) GRBI1L R/W H'FF
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Abbre- Initial
Channel Address** Name viation R/W Value
2 H'FF78 Timer control register 2 TCR2 R/W H'80
H'FF79 Timer I/O control register 2 TIOR2 R/W H'88
H'FF7A Timer interrupt enable register 2 TIER2 R/W H'F8
H'FF7B Timer status register 2 TSR2 RI(W)*? H'F8
H'FF7C Timer counter 2 (high) TCNT2H R/W H'00
H'FF7D Timer counter 2 (low) TCNT2L R/W H'00
H'FF7E General register A2 (high) GRA2H R/W H'FF
H'FF7F General register A2 (low) GRA2L R/W H'FF
H'FF80 General register B2 (high) GRB2H R/W H'FF
H'FF81 General register B2 (low) GRB2L R/W H'FF
3 H'FF82 Timer control register 3 TCRS3 R/W H'80
H'FF83 Timer 1/O control register 3 TIOR3 R/W H'88
H'FF84 Timer interrupt enable register 3 TIER3 R/W H'F8
H'FF85 Timer status register 3 TSR3 RI(W)*? H'F8
H'FF86 Timer counter 3 (high) TCNT3H R/W H'00
H'FF87 Timer counter 3 (low) TCNT3L R/W H'00
H'FF88 General register A3 (high) GRA3H R/W H'FF
H'FF89 General register A3 (low) GRA3L R/W H'FF
H'FF8A General register B3 (high) GRB3H R/W H'FF
H'FF8B General register B3 (low) GRB3L R/W H'FF
H'FF8C Buffer register A3 (high) BRA3H R/W H'FF
H'FF8D Buffer register A3 (low) BRA3L R/W H'FF
H'FF8E Buffer register B3 (high) BRB3H R/W H'FF
H'FF8F Buffer register B3 (low) BRB3L R/W H'FF

Rev.3.00 Mar. 26, 2007 Page 202 of 682

REJ09B0353-0300

RENESAS



Section 8 16-Bit Integrated Timer Unit (ITU)

Abbre- Initial
Channel Address** Name viation R/W Value
4 H'FF92 Timer control register 4 TCR4 R/W H'80
H'FF93 Timer I/O control register 4 TIOR4 R/W H'88
H'FF94 Timer interrupt enable register 4 TIER4 R/W H'F8
H'FF95 Timer status register 4 TSR4 RI(W)*? H'F8
H'FF96 Timer counter 4 (high) TCNT4H R/W H'00
H'FF97 Timer counter 4 (low) TCNT4L R/W H'00
H'FF98 General register A4 (high) GRA4H R/W H'FF
H'FF99 General register A4 (low) GRAA4L R/W H'FF
H'FF9A General register B4 (high) GRB4H R/W H'FF
H'FF9B General register B4 (low) GRBA4L R/W H'FF
H'FFOC Buffer register A4 (high) BRA4H R/W H'FF
H'FF9D Buffer register A4 (low) BRA4L R/W H'FF
H'FF9E Buffer register B4 (high) BRB4H R/W H'FF
H'FFOF Buffer register B4 (low) BRB4L R/W H'FF

Notes: 1. The lower 16 bits of the address are indicated.
2. Only 0 can be written, to clear flags.
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8.2 Register Descriptions

821 Timer Start Register (TSTR)

TSTR isan 8-bit readable/writable register that starts and stops the timer counter (TCNT) in
channels 0 to 4.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ STR4 ‘ STR3 ‘ STR2 ‘ STR1 ‘ STRO
Initial value 1 1 1 0 0 0 0 0
Read/Write — — — R/W R/W R/W R/W R/W
Reserved bits Counter start 4to 0
These bits start and
stop TCNT4 to TCNTO

TSTRisinitialized to H'EO by areset and in standby mode.
Bits 7 to 5—Reserved: These bits cannot be modified and are always read as 1.

Bit 4—Counter Start 4 (STR4): Starts and stops timer counter 4 (TCNT4).

Bit4

STR4 Description

0 TCNT4 is halted (Initial value)
1 TCNTA4 is counting

Bit 3—Counter Start 3 (STR3): Starts and stops timer counter 3 (TCNT3).

Bit 3

STR3 Description

0 TCNT3 is halted (Initial value)
1 TCNT3 is counting
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Bit 2—Counter Start 2 (STR2): Starts and stops timer counter 2 (TCNT2).

Bit 2

STR2 Description

0 TCNT2 is halted (Initial value)
1 TCNT2 is counting

Bit 1—Counter Start 1 (STR1): Starts and stopstimer counter 1 (TCNT1).

Bit 1

STR1 Description

0 TCNT1 is halted (Initial value)
1 TCNT1 is counting

Bit 0—Counter Start 0 (STRO0): Starts and stops timer counter O (TCNTO).

Bit 0

STRO Description

0 TCNTO is halted (Initial value)
1 TCNTO is counting
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8.2.2 Timer Synchro Register (TSNC)

TSNC is an 8-bit readable/writable register that selects whether channels 0 to 4 operate
independently or synchronously. Channels are synchronized by setting the corresponding bitsto 1.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ SYNC4 ‘ SYNC3 ‘ SYNC2 ‘ SYNC1 ‘ SYNCO ‘
Initial value 1 1 1 0 0 0 0 0
Read/Write — — — R/W R/W R/W R/W R/W
Reserved bits Timer sync4to 0

These bits synchronize
channels 4 to 0

TSNC isinitialized to H'EQ by areset and in standby mode.
Bits 7 to 5—Reser ved: These bits cannot be modified and are always read as 1.

Bit 4—Timer Sync 4 (SYNC4): Selects whether channel 4 operates independently or
synchronously.

Bit 4

SYNC4  Description

0 Channel 4's timer counter (TCNT4) operates independently TCNT4 is preset and
cleared independently of other channels (Initial value)

1 Channel 4 operates synchronously

TCNT4 can be synchronously preset and cleared

Bit 3—Timer Sync 3 (SYNC3): Selects whether channel 3 operates independently or
synchronously.

Bit 3

SYNC3  Description

0 Channel 3's timer counter (TCNT3) operates independently TCNT3 is preset and
cleared independently of other channels (Initial value)

1 Channel 3 operates synchronously

TCNT3 can be synchronously preset and cleared
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Bit 2—Timer Sync 2 (SYNC2): Selects whether channel 2 operates independently or

synchronously.

Bit 2

SYNC2  Description

0 Channel 2's timer counter (TCNT2) operates independently TCNT2 is preset and

cleared independently of other channels (Initial value)

Channel 2 operates synchronously
TCNT2 can be synchronously preset and cleared

Bit 1—Timer Sync 1 (SYNC1): Selects whether channel 1 operates independently or

synchronously.

Bit 1

SYNC1 Description

0 Channel 1's timer counter (TCNT1) operates independently TCNT1 is preset and

cleared independently of other channels (Initial value)

Channel 1 operates synchronously
TCNT1 can be synchronously preset and cleared

Bit 0—Timer Sync 0 (SYNCO): Selects whether channel 0 operates independently or

synchronously.

Bit O

SYNCO  Description

0 Channel 0's timer counter (TCNTO) operates independently TCNTO is preset and

cleared independently of other channels (Initial value)

Channel 0 operates synchronously
TCNTO can be synchronously preset and cleared
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823 Timer Mode Register (TMDR)

TMDR is an 8-hit readable/writable register that selects PWM mode for channels 0 to 4. It also
selects phase counting mode and the overflow flag (OVF) setting conditions for channel 2.

Bit 7 6 5 4 3 2 1 0

‘ — ‘ MDF ‘ FDIR ‘ PWM4 ‘ PWM3 ‘ PWM2 ‘ PWM1 ‘ PWMO ‘
Initial value 1 0 0 0 0 0 0 0
Read/Write — R/W R/W R/W R/W R/W R/W R/W

PWM mode 4to 0
These bits select PWM

mode for channels 4 to 0
Flag direction

Selects the setting condition for the overflow
flag (OVF) in timer status register 2 (TSR2)

Phase counting mode flag
Selects phase counting mode for channel 2

Reserved bit

TMDRisinitialized to H'80 by areset and in standby mode.
Bit 7—Reserved: This bit cannot be modified and is always read as 1.

Bit 6—Phase Counting M ode Flag (MDF): Selects whether channel 2 operates normally or in
phase counting mode.

Bit 6

MDF Description

0 Channel 2 operates normally (Initial value)
1 Channel 2 operates in phase counting mode

When MDF is set to 1 to select phase counting mode, timer counter 2 (TCNT2) operates as an
up/down-counter and pins TCLKA and TCLKB become counter clock input pins. TCNT2 counts
both rising and falling edges of TCLKA and TCLKB, and counts up or down as follows.

Counting Direction Down-Counting Up-Counting
TCLKA pin 4 High Y Low £ Low Y High
TCLKB pin Low £ High Y High £ Low Y
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In phase counting mode channel 2 operates as above regardless of the external clock edges
selected by bits CKEG1 and CKEGO and the clock source selected by bits TPSC2 to TPSCO in
timer control register 2 (TCR2). Phase counting mode takes precedence over these settings.

The counter clearing condition selected by the CCLR1 and CCLRO bitsin TCR2 and the compare
match/input capture settings and interrupt functions of timer 1/0 control register 2 (TIOR2), timer
interrupt enable register 2 (TIER2), and timer status register 2 (TSR2) remain effective in phase
counting mode.

Bit 5—Flag Direction (FDIR): Designates the setting condition for the overflow flag (OVF) in
timer status register 2 (TSR2). The FDIR designation isvalid in all modesin channel 2.

Bit 5

FDIR Description

0 OVF is setto 1 in TSR2 when TCNT2 overflows or underflows (Initial value)
1 OVF is set to 1 in TSR2 when TCNT2 overflows

Bit 4—PWM Mode 4 (PWM4): Selects whether channel 4 operates normally or in PWM mode.

Bit 4

PWM4 Description

0 Channel 4 operates normally (Initial value)
1 Channel 4 operates in PWM mode

When bit PWM4 is set to 1 to select PWM mode, pin TIOCA4 becomes a PWM output pin. The
output goesto 1 at compare match with general register A4 (GRA4), and to 0 at compare match
with general register B4 (GRB4).

If complementary PWM mode or reset-synchronized PWM mode is selected by bits CMD1 and
CMDOQO in the timer function control register (TFCR), the CMD1 and CM DO setting takes
precedence and the PWM4 setting is ignored.

Bit 3—PWM Mode 3 (PWM 3): Selects whether channel 3 operates normally or in PWM mode.

Bit 3

PWM3 Description

0 Channel 3 operates normally (Initial value)
1 Channel 3 operates in PWM mode
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When bit PWM3 is set to 1 to select PWM mode, pin TIOCA3 becomes a PWM output pin. The
output goesto 1 at compare match with general register A3 (GRA3), and to 0 at compare match
with general register B3 (GRB3).

If complementary PWM mode or reset-synchronized PWM mode is selected by bits CMD1 and
CMDO in the timer function control register (TFCR), the CMD1 and CMDO setting takes
precedence and the PWM 3 setting is ignored.

Bit 2—PWM Mode 2 (PWM 2): Selects whether channel 2 operates normally or in PWM mode.

Bit 2

PWM2 Description

0 Channel 2 operates normally (Initial value)
1 Channel 2 operates in PWM mode

When bit PWM2 is set to 1 to select PWM mode, pin TIOCA2 becomes a PWM output pin. The
output goesto 1 at compare match with general register A2 (GRA?2), and to 0 at compare match
with general register B2 (GRB2).

Bit 1—PWM Mode 1 (PWM1): Selects whether channel 1 operates normally or in PWM mode.

Bit 1

PWM1 Description

0 Channel 1 operates normally (Initial value)
1 Channel 1 operates in PWM mode

When bit PWM 1 is set to 1 to select PWM mode, pin TIOCA 1 becomes a PWM output pin. The
output goesto 1 at compare match with general register A1 (GRA1), and to 0 at compare match
with general register B1 (GRB1).

Bit 0—PWM Mode 0 (PWMO0): Selects whether channel 0 operates normally or in PWM mode.

Bit 0

PWMO Description

0 Channel 0 operates normally (Initial value)
1 Channel 0 operates in PWM mode

When bit PWMO is set to 1 to select PWM mode, pin TIOCAO becomes a PWM output pin. The
output goesto 1 at compare match with general register A0 (GRAO), and to 0 at compare match
with general register BO (GRBO).
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824 Timer Function Control Register (TFCR)

TFCR isan 8-bit readable/writable register that sel ects complementary PWM mode, reset-
synchronized PWM mode, and buffering for channels 3 and 4.

Bit 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ CMD1 ‘ CMDO ‘ BFB4 ‘ BFA4 ‘ BFB3 ‘ BFA3 ‘
Initial value 1 1 0 0 0 0 0 0
Read/Write — — R/W R/W R/W R/W R/W R/W

Reserved bits

Combination mode 1/0

These bits select complementary
PWM mode or reset-synchronized
PWM mode for channels 3 and 4

Buffer mode B4 and A4
These bits select buffering of
general registers (GRB4 and
GRAA4) by buffer registers
(BRB4 and BRA4) in channel 4

Buffer mode B3 and A3
These bits select buffering
of general registers (GRB3
and GRA3) by buffer
registers (BRB3 and BRA3)
in channel 3

TFCRisinitialized to H'CO by areset and in standby mode.

Bits 7 and 6—Reser ved: These hits cannot be modified and are awaysread as 1.
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Bits 5 and 4—Combination Mode 1 and 0 (CM D1, CMDQ): These bits select whether channels
3 and 4 operate in normal mode, complementary PWM mode, or reset-synchronized PWM mode.

Bit 5 Bit 4

CMD1 CMDO Description

0 0 Channels 3 and 4 operate normally (Initial value)
1

1 0 Channels 3 and 4 operate together in complementary PWM mode
1 Channels 3 and 4 operate together in reset-synchronized PWM mode

Before selecting reset-synchronized PWM mode or complementary PWM mode, halt the timer
counter or counters that will be used in these modes.

When these bits select complementary PWM mode or reset-synchronized PWM mode, they take
precedence over the setting of the PWM mode bits (PWM4 and PWM3) in TMDR. Settings of
timer sync bits SYNC4 and SYNC3 in the timer synchro register (TSNC) arevalid in
complementary PWM mode and reset-synchronized PWM mode, however. When complementary
PWM mode is selected, channels 3 and 4 must not be synchronized (do not set bits SYNC3 and
SYNC4 bothto 1 in TSNC).

Bit 3—Buffer Mode B4 (BFB4): Selects whether GRB4 operates normally in channel 4, or
whether GRB4 is buffered by BRB4.

Bit 3

BFB4 Description

0 GRB4 operates normally (Initial value)
1 GRB4 is buffered by BRB4

Bit 2—Buffer Mode A4 (BFA4): Selects whether GRA4 operates normally in channel 4, or
whether GRA4 is buffered by BRA4.

Bit 2

BFA4 Description

0 GRA4 operates normally (Initial value)
1 GRA4 is buffered by BRA4
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Bit 1—Buffer Mode B3 (BFB3): Selects whether GRB3 operates normally in channel 3, or
whether GRB3 is buffered by BRB3.

Bit 1

BFB3 Description

0 GRB3 operates normally (Initial value)
1 GRB3 is buffered by BRB3

Bit 0—Buffer Mode A3 (BFA3): Selects whether GRA3 operates normally in channel 3, or
whether GRA3 is buffered by BRA3.

Bit 0

BFA3 Description

0 GRA3 operates normally (Initial value)
1 GRAZ3 is buffered by BRA3
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8.25 Timer Output Master Enable Register (TOER)

TOER is an 8-hit readabl e/writable register that enables or disables output settings for channels 3
and 4.

Bit 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ EXB4 ‘ EXA4 ‘ EB3 ‘ EB4 ‘ EA4 ‘ EA3 ‘
Initial value 1 1 1 1 1 1 1 1
Read/Write — — R/W R/W R/W R/W R/W R/W

Reserved bits

Master enable TOCXA4, TOCXB,
These bits enable or disable output
settings for pins TOCXA, and TOCXB,4

Master enable TIOCA3, TIOCB3, TIOCA,, TIOCB,4
These bits enable or disable output settings for pins
TIOCAgz, TIOCB3, TIOCA,, and TIOCB,

TOER isinitialized to H'FF by areset and in standby mode.
Bits 7 and 6—Reser ved: These hits cannot be modified and are awaysread as 1.

Bit 5—Master Enable TOCXB, (EXB4): Enables or disables | TU output at pin TOCXB,.

Bit 5

EXB4 Description

0 TOCXB, output is disabled regardless of TFCR settings (TOCXB, operates as a generic
input/output pin). If XTGD = 0, EXB4 is cleared to 0 when input capture A occurs in
channel 1.

1 TOCXB, is enabled for output according to TFCR settings (Initial value)

Bit 4—Master Enable TOCXA, (EXA4): Enables or disables ITU output at pin TOCXA,,.

Bit 4

EXA4 Description

0 TOCXA, output is disabled regardless of TFCR settings (TOCXA, operates as a generic
input/output pin).
If XTGD = 0, EXA4 is cleared to 0 when input capture A occurs in channel 1.

1 TOCXA, is enabled for output according to TFCR settings (Initial value)

Rev.3.00 Mar. 26, 2007 Page 214 of 682
REJ09B0353-0300
RENESAS



Section 8 16-Bit Integrated Timer Unit (ITU)

Bit 3—Master Enable TIOCB, (EB3): Enables or disables ITU output at pin TIOCB..

Bit 3

EB3 Description

0 TIOCB, output is disabled regardless of TIOR3 and TFCR settings (TIOCB, operates as
a generic input/output pin).
If XTGD = 0, EB3 is cleared to 0 when input capture A occurs in channel 1.

1 TIOCB, is enabled for output according to TIOR3 and TFCR settings (Initial value)

Bit 2—Master Enable TIOCB, (EB4): Enables or disables ITU output at pin TIOCB,.

Bit 2

EB4 Description

0 TIOCB, output is disabled regardless of TIOR4 and TFCR settings (TIOCB, operates as
a generic input/output pin).
If XTGD = 0, EB4 is cleared to 0 when input capture A occurs in channel 1.

1 TIOCB, is enabled for output according to TIOR4 and TFCR settings (Initial value)

Bit 1—Master Enable TIOCA, (EA4): Enables or disables ITU output at pin TIOCA,.

Bit 1

EA4 Description

0 TIOCA, output is disabled regardless of TIOR4, TMDR, and TFCR settings (TIOCA,
operates as a generic input/output pin).
If XTGD = 0, EA4 is cleared to 0 when input capture A occurs in channel 1.

1 TIOCA, is enabled for output according to TIOR4, TMDR, and TFCR settings

(Initial value)

Bit 0—Master Enable TIOCA, (EA3): Enables or disables ITU output at pin TIOCA..

Bit 0

EA3 Description

0 TIOCA, output is disabled regardless of TIOR3, TMDR, and TFCR settings (TIOCA,
operates as a generic input/output pin).
If XTGD = 0, EA3 is cleared to 0 when input capture A occurs in channel 1.

1 TIOCA, is enabled for output according to TIOR3, TMDR, and TFCR settings

(Initial value)
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8.2.6 Timer Output Control Register (TOCR)

TOCR is an 8-bit readable/writable register that selects externally triggered disabling of output in
complementary PWM mode and reset-synchronized PWM mode, and inverts the output levels.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ XTGD ‘ — ‘ — ‘ oLSs4 ‘ OLS3 ‘

Initial value 1 1 1 1 1 1 1 1
Read/Write — — — R/W — — R/W R/W
Reserved bits Output level select 3, 4

These bits select output
levels in complementary
PWM mode and reset-
synchronized PWM mode

Reserved bits

External trigger disable

Selects externally triggered disabling of output in
complementary PWM mode and reset-synchronized
PWM mode

The settings of the XTGD, OL$4, and OL S3 bits are valid only in complementary PWM mode
and reset-synchronized PWM mode. These settings do not affect other modes.

TOCR isinitialized to H'FF by areset and in standby mode.
Bits 7 to 5—Reserved: These bits cannot be modified and are alwaysread as 1.

Bit 4—External Trigger Disable (XTGD): Selects externaly triggered disabling of ITU output
in complementary PWM mode and reset-synchronized PWM mode.

Bit 4
XTGD Description

0 Input capture A in channel 1 is used as an external trigger signal in complementary
PWM mode and reset-synchronized PWM mode.

When an external trigger occurs, bits 5 to 0 in the timer output master enable register
(TOER) are cleared to 0, disabling ITU output.

1 External triggering is disabled (Initial value)
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Bits 3 and 2—Reserved: These bits cannot be modified and are awaysread as 1.

Bit 1—Output Level Select 4 (OL $4): Selects output levelsin complementary PWM mode and
reset-synchronized PWM mode.

Bit 1

OLS4 Description

0 TIOCA,, TIOCA,, and TIOCB, pin outputs are inverted

1 TIOCA,, TIOCA,, and TIOCB, pin outputs are not inverted (Initial value)

Bit 0—Output Level Select 3 (OL S3): Selects output levelsin complementary PWM mode and
reset-synchronized PWM mode.

Bit 0

OLS3 Description

0 TIOCB,, TOCXA,, and TOCXB, pin outputs are inverted

1 TIOCB,, TOCXA,, and TOCXB, pin outputs are not inverted (Initial value)
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8.2.7 Timer Counters (TCNT)

TCNT isa16-bit counter. The ITU hasfive TCNTSs, one for each channel.

Channel Abbreviation Function

0 TCNTO Up-counter
1 TCNT1
2 TCNT2 Phase counting mode: up/down-counter
Other modes: up-counter
TCNT3 Complementary PWM mode: up/down-counter
TCNT4 Other modes: up-counter

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Initial value o 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

Each TCNT isa 16-bit readable/writable register that counts pulse inputs from a clock source. The
clock source is selected by bits TPSC2 to TPSCO in the timer control register (TCR).

TCNTO and TCNTL1 are up-counters. TCNT2 is an up/down-counter in phase counting mode and
an up-counter in other modes. TCNT3 and TCNT4 are up/down-counters in complementary PWM
mode and up-counters in other modes.

TCNT can be cleared to H'0000 by compare match with general register A or B (GRA or GRB) or
by input capture to GRA or GRB (counter clearing function) in the same channel.

When TCNT overflows (changes from H'FFFF to H'0000), the overflow flag (OVF) issetto 1in
the timer status register (TSR) of the corresponding channel.

When TCNT underflows (changes from H'0000 to H'FFFF), the overflow flag (OVF) issetto 1in
TSR of the corresponding channel.

The TCNTsare linked to the CPU by an internal 16-bit bus and can be written or read by either
word access or byte access.

Each TCNT isinitialized to H'0000 by areset and in standby mode.

Rev.3.00 Mar. 26, 2007 Page 218 of 682
REJ09B0353-0300
RENESAS



Section 8 16-Bit Integrated Timer Unit (ITU)

8.2.8 General Registers (GRA, GRB)

The general registers are 16-hit registers. The ITU has 10 general registers, two in each channel.

Channel Abbreviation Function

0 GRAO, GRBO  Output compare/input capture register

1 GRA1, GRB1

2 GRA2, GRB2

3 GRA3, GRB3  Output compare/input capture register; can be by buffer registers
4 GRA4, GRB4 BRAand BRB

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Initalvaloe 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

A general register is a 16-bit readable/writable register that can function as either an output
compare register or an input capture register. The function is selected by settingsin the timer 1/0
control register (TIOR).

When a general register is used as an output compare register, its value is constantly compared
with the TCNT value. When the two values match (compare match), the IMFA or IMFB flag is set
to 1inthe timer status register (TSR). Compare match output can be selected in TIOR.

When ageneral register is used as an input capture register, rising edges, falling edges, or both
edges of an external input capture signal are detected and the current TCNT valueis stored in the
general register. The corresponding IMFA or IMFB flag in TSR is set to 1 at the sametime. The
valid edge or edges of the input capture signal are selected in TIOR.

TIOR settings are ignored in PWM mode, complementary PWM mode, and reset-synchronized
PWM mode.

General registers are linked to the CPU by an internal 16-bit bus and can be written or read by
either word access or byte access.

General registers are initialized to the output compare function (with no output signal) by areset
and in standby mode. The initial value is H'FFFF.
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8.29 Buffer Registers(BRA, BRB)

The buffer registers are 16-bit registers. The ITU has four buffer registers, two each in channels 3
and 4.

Channel Abbreviation Function
3 BRA3, BRB3 Used for buffering

4 BRA4,BRB4 « When the corresponding GRA or GRB functions as an output
compare register, BRA or BRB can function as an output compare
buffer register: the BRA or BRB value is automatically transferred
to GRA or GRB at compare match

* When the corresponding GRA or GRB functions as an input
capture register, BRA or BRB can function as an input capture
buffer register: the GRA or GRB value is automatically transferred
to BRA or BRB at input capture

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Initalvaloe 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

A buffer register is a 16-bit readable/writable register that is used when buffering is selected.
Buffering can be selected independently by bits BFB4, BFA4, BFB3, and BFA3 in TFCR.

The buffer register and general register operate as a pair. When the general register functions as an
output compare register, the buffer register functions as an output compare buffer register. When
the general register functions as an input capture register, the buffer register functions as an input
capture buffer register.

The buffer registers are linked to the CPU by an internal 16-bit bus and can be written or read by
either word or byte access.

Buffer registers areinitialized to H'FFFF by areset and in standby mode.
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8.

210 Timer Control Registers (TCR)

TCRisan 8-hit register. The ITU hasfive TCRs, one in each channel.

Channel Abbreviation Function
0 TCRO TCR controls the timer counter. The TCRs in all channels are
1 TCR1 functionally identical. When phase counting mode is selected in
channel 2, the settings of bits CKEG1 and CKEGO and TPSC2 to
2 TCR2 TPSCO in TCR2 are ignored.
3 TCR3
4 TCR4
Bit 7 6 5 4 3 2 1 0
‘ — ‘ CCLR1 ‘ CCLRO ‘ CKEG1 ‘ CKEGO ‘ TPSC2 ‘ TPSC1 ‘ TPSCO ‘
Initial value 1 0 0 0 0 0 0 0
Read/Write — R/W R/W R/W R/W R/W R/W R/W

Timer prescaler 2to 0
These bits select the
counter clock

Clock edge 1/0
These bits select external clock edges

Counter clear 1/0
These bits select the counter clear source

Reserved bit

Each TCR is an 8-bit readable/writable register that selects the timer counter clock source, selects
the edge or edges of external clock sources, and selects how the counter is cleared.

TCRisinitialized to H'80 by areset and in standby mode.

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

Bits 6 and 5—Counter Clear 1/0 (CCLR1, CCLRO0): These bits select how TCNT is cleared.
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Bit 6 Bit 5

CCLR1 CCLRO Description

0 0 TCNT is not cleared (Initial value)
1 TCNT is cleared by GRA compare match or input capture**

1 0 TCNT is cleared by GRB compare match or input capture**
1 Synchronous clear: TCNT is cleared in synchronization with other

synchronized timers**

Notes: 1. TCNT is cleared by compare match when the general register functions as an output
compare match register, and by input capture when the general register functions as an
input capture register.

2. Selected in the timer synchro register (TSNC).

Bits4 and 3—Clock Edge 1/0 (CKEG1, CKEGO): These bits select external clock input edges
when an external clock sourceis used.

Bit 4 Bit 3

CKEG1 CKEGO Description

0 0 Count rising edges (Initial value)
1 Count falling edges

1 — Count both edges

When channel 2 is set to phase counting mode, bits CKEG1 and CKEGO in TCR2 are ignored.
Phase counting takes precedence.

Bits2to 0—Timer Prescaler 2to 0 (TPSC2 to TPSCO): These hits select the counter clock
source.

Bit 2 Bit 1 Bit 0
TPSC2 TPSC1 TPSCO Function
0 0 0 Internal clock: @ (Initial value)
1 Internal clock: @/2
1 0 Internal clock: @/4
1 Internal clock: @/8
1 0 0 External clock A: TCLKA input
1 External clock B: TCLKB input
1 0 External clock C: TCLKC input
1 External clock D: TCLKD input
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When bit TPSC2 is cleared to 0 an internal clock source is selected, and the timer counts only
falling edges. When bit TPSC2 is set to 1 an external clock source is selected, and the timer counts
the edge or edges selected by bits CKEG1 and CKEGO.

When channel 2 is set to phase counting mode (MDF = 1 in TMDR), the settings of bits TPSC2 to
TPSCO in TCR2 are ignored. Phase counting takes precedence.

8.2.11 Timer 1/O Control Register (TIOR)

TIOR isan 8-hit register. The ITU hasfive TIORs, one in each channel.

Channel Abbreviation Function

0 TIORO TIOR controls the general registers. Some functions differ in PWM
1 TIOR1 mode. TIOR3 and TIOR4 settings are ignored when complementary
PWM mode or reset-synchronized PWM mode is selected in
2 TIOR2 channels 3 and 4.
3 TIOR3
4 TIOR4
Bit 7 6 5 4 3 2 1 0
‘ — ‘ I0B2 ‘ I0B1 ‘ I0BO ‘ — ‘ I0A2 ‘ I0Al ‘ IOA0 ‘
Initial value 1 0 0 0 1 0 0 0
Read/Write — R/W R/W R/W — R/W R/W R/W

I/O control A2 to AO
These bits select GRA
functions

Reserved bit

1/0 control B2 to BO
These bits select GRB functions

Reserved bit

Each TIOR is an 8-bit readable/writable register that selects the output compare or input capture
function for GRA and GRB, and specifies the functions of the TIOCA and TIOCB pins. If the
output compare function is selected, TIOR also selects the type of output. If input captureis
selected, TIOR also selects the edge or edges of the input capture signal.

TIOR isinitialized to H'88 by areset and in standby mode.
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Bit 7—Reserved: This bit cannot be modified and is always read as 1.
Bits6to 4—I/O Control B2 to BO (10B2 to 10B0): These hits select the GRB function.

Bit 6 Bit 5 Bit 4
I0B2 I0B1 I0BO Function

0 0 0 GRB is an output  No output at compare match (Initial value)

compare register 0 output at GRB compare match**

1
1 0 1 output at GRB compare match**
1

Output toggles at GRB compare match
(1 output in channel 2)***?

1 0 0 GRB is an input GRB captures rising edge of input
1 capture register GRB captures falling edge of input
1 0 GRB captures both edges of input

1

Notes: 1. After a reset, the output is 0 until the first compare match.

2. Channel 2 output cannot be toggled by compare match. This setting selects 1 output
instead.

Bit 3—Reserved: This bit cannot be modified and is always read as 1.
Bits 2to 0—I/O Control A2to A0 (I0OA2to 10A0): These hits select the GRA function.

Bit 2 Bit 1 Bit 0
I0OA2 IOA1 IOAQ Function

0 0 0 GRA is an output  No output at compare match (Initial value)

compare register 0 output at GRA compare match**

1
1 0 1 output at GRA compare match**
1

Output toggles at GRA compare match
(1 output in channel 2)***?

1 0 0 GRA is an input GRA captures rising edge of input
1 capture register GRA captures falling edge of input
1 0 GRA captures both edges of input

1

Notes: 1. After a reset, the output is 0 until the first compare match.

2. Channel 2 output cannot be toggled by compare match. This setting selects 1 output
instead.
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8.2.12 Timer Status Register (TSR)

TSR isan 8-hit register. The ITU hasfive TSRs, one in each channel.

Channel  Abbreviation Function

0 TSRO Indicates input capture, compare match, and overflow status

1 TSR1

2 TSR2

3 TSR3

4 TSR4
Bit 7 6 5 4 3 2 1 0

— ‘ — ‘ — ‘ — ‘ — ‘ OVF ‘ IMFB ‘ IMFA ‘

Initial value 1 1 1 1 1 0 0 0
Read/Write — — — — — RI(W)*  RI(W)* R/(W)*

Reserved bits

Overflow flag
Status flag indicating
overflow or underflow

Input capture/compare match flag B
Status flag indicating GRB compare
match or input capture

Input capture/compare match flag A
Status flag indicating GRA compare
match or input capture

Note: * Only O can be written to clear the flag.

Each TSR is an 8-bit readable/writable register containing flags that indicate TCNT overflow or
underflow and GRA or GRB compare match or input capture. These flags are interrupt sources
and generate CPU interruptsif enabled by corresponding bits in the timer interrupt enable register
(TIER).

TSRisinitialized to H'F8 by areset and in standby mode.

Bits 7 to 3—Reserved: These bits cannot be modified and are alwaysread as 1.
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Bit 2—Overflow Flag (OVF): This status flag indicates TCNT overflow or underflow.

Bit 2

OVF Description

0 [Clearing condition] (Initial value)
Read OVF when OVF = 1, then write 0 in OVF

1 [Setting condition]

TCNT overflowed from H'FFFF to H'0000, or underflowed from H'0000 to H'FFFF*

Notes: * TCNT underflow occurs when TCNT operates as an up/down-counter. Underflow
occurs only under the following conditions:

1. Channel 2 operates in phase counting mode (MDF =1 in TMDR)

2. Channels 3 and 4 operate in complementary PWM mode (CMD1 = 1 and CMDO =0
in TFCR)

Bit 1—Input Capture/Compare Match Flag B (IMFB): This status flag indicates GRB
compare match or input capture events.

Bit 1
IMFB Description
0 [Clearing condition]
Read IMFB when IMFB = 1, then write O in IMFB (Initial value)
1 [Setting conditions]

¢ TCNT = GRB when GRB functions as a compare match register.

¢« TCNT value is transferred to GRB by an input capture signal, when GRB functions
as an input capture register.

Bit 0—Input Capture/Compare Match Flag A (IMFA): This status flag indicates GRA
compare match or input capture events.

Bit 0
IMFA Description
0 [Clearing condition]
Read IMFA when IMFA = 1, then write 0 in IMFA. (Initial value)
1 [Setting conditions]

¢« TCNT = GRA when GRA functions as a compare match register.

e TCNT value is transferred to GRA by an input capture signal, when GRA functions
as an input capture register.
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8.2.13 Timer Interrupt Enable Register (TIER)
TIER isan 8-hit register. The ITU hasfive TIERs, one in each channel.

Channel Abbreviation Function

0 TIERO Enables or disables interrupt requests.

1 TIER1

2 TIER2

3 TIER3
4 TIER4

Bit 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ — ‘ — ‘ — ‘ OVIE ‘ IMIEB ‘ IMIEA ‘

Initial value 1 1 1 1 1 0 0 0
Read/Write — — — — — R/W R/W R/W

Reserved bits

Overflow interrupt enable
Enables or disables OVF
interrupts

Input capture/compare match
interrupt enable B
Enables or disables IMFB interrupts

Input capture/compare match
interrupt enable A

Enables or disables IMFA
interrupts

Each TIER is an 8-bit readable/writable register that enables and disables overflow interrupt
requests and general register compare match and input capture interrupt requests.

TIER isinitialized to H'F8 by areset and in standby mode.

Bits 7 to 3—Reserved: These bits cannot be modified and are alwaysread as 1.
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Bit 2—Overflow Interrupt Enable (OVIE): Enables or disables the interrupt requested by the
overflow flag (OVF) in TSR when OVF isset to 1.

Bit 2

OVIE Description

0 OVl interrupt requested by OVF is disabled (Initial value)
1 OVl interrupt requested by OVF is enabled

Bit 1—Input Capture/Compare Match Interrupt Enable B (IMIEB): Enables or disablesthe
interrupt requested by the IMFB flag in TSR when IMFB isset to 1.

Bit 1

IMIEB Description

0 IMIB interrupt requested by IMFB is disabled (Initial value)
1 IMIB interrupt requested by IMFB is enabled

Bit O—Input Capture/Compare Match Interrupt Enable A (IMIEA): Enables or disablesthe
interrupt requested by the IMFA flag in TSR when IMFA isset to 1.

Bit 0

IMIEA Description

0 IMIA interrupt requested by IMFA is disabled (Initial value)
1 IMIA interrupt requested by IMFA is enabled

8.3 CPU Interface

831 16-Bit Accessible Registers

The timer counters (TCNTS), general registers A and B (GRAs and GRBs), and buffer registers A
and B (BRAs and BRBs) are 16-hit registers, and are linked to the CPU by an internal 16-bit data
bus. These registers can be written or read aword at atime, or abyte at atime.

Figures 8.6 and 8.7 show examples of word access to atimer counter (TCNT). Figures 8.8, 8.9,
8.10, and 8.11 show examples of byte accessto TCNTH and TCNTL.
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Internal data bus
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=

CPU L Bus interface L Module
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| TCNTH | TCNTL |

A\

Figure8.6 Accessto Timer Counter (CPU Writesto TCNT, Word)

Internal data bus

=) =
{} L Module

CPU L Bus interface > data bus

TCNTH | TCNTL

VANIVAN

Figure8.7 Accessto Timer Counter (CPU Reads TCNT, Word)

Internal data bus
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CPU L Bus interface
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Figure8.8 Accessto Timer Counter (CPU Writesto TCNT, Upper Byte)
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Internal data bus
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| TCNTH | TCNTL |

Figure8.9 Accessto Timer Counter (CPU Writesto TCNT, Lower Byte)
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Figure8.10 Accessto Timer Counter (CPU Reads TCNT, Upper Byte)
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Figure8.11 Accessto Timer Counter (CPU Reads TCNT, Lower Byte)
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8.32 8-Bit Accessible Registers

The registers other than the timer counters, general registers, and buffer registers are 8-hit
registers. These registers are linked to the CPU by an internal 8-bit data bus.

Figures 8.12 and 8.13 show examples of byte read and write accessto a TCR.

If aword-size datatransfer instruction is executed, two byte transfers are performed.

Internal data bus

<H:> ¢ :
CPU L Bus interface ‘ ‘ L (l;/lodule
<:> < > ata bus
TCR
Figure8.12 TCR Access(CPU Writesto TCR)
Internal data bus
<H:> ¢ .
. Module
CPU L Bus interface < {} L > data bus

TCR

Figure8.13 TCR Access (CPU Reads TCR)

Rev.3.00 Mar. 26, 2007 Page 231 of 682
REJ09B0353-0300
RENESAS




Section 8 16-Bit Integrated Timer Unit (ITU)

8.4 Operation

84.1 Overview
A summary of operationsin the various modesiis given below.

Normal Operation: Each channel hasatimer counter and general registers. The timer counter
counts up, and can operate as a free-running counter, periodic counter, or external event counter.
General registers A and B can be used for input capture or output compare.

Synchronous Oper ation: The timer counters in designated channels are preset synchronously.
Data written to the timer counter in any one of these channels is simultaneously written to the
timer countersin the other channels as well. The timer counters can also be cleared synchronously
if so designated by the CCLR1 and CCLRO bitsin the TCRs.

PWM Mode: A PWM waveform is output from the TIOCA pin. The output goesto 1 at compare
match A and to 0 at compare match B. The duty cycle can be varied from 0% to 100% depending
on the settings of GRA and GRB. When a channel is set to PWM mode, its GRA and GRB
automatically become output compare registers.

Reset-Synchronized PWM Mode: Channels 3 and 4 are paired for three-phase PWM output with
complementary waveforms. (The three phases are related by having a common transition point.)
When reset-synchronized PWM mode is selected GRA3, GRB3, GRA4, and GRB4 automatically
function as output compare registers, TIOCA,, TIOCB,, TIOCA,, TOCXA,, TIOCB,, and
TOCXB, function as PWM output pins, and TCNT, operates as an up-counter. TCNT4 operates
independently, and is not compared with GRA4 or GRB4.

Complementary PWM Mode: Channels 3 and 4 are paired for three-phase PWM output with
non-overlapping complementary waveforms. When complementary PWM mode is selected
GRA3, GRB3, GRA4, and GRB4 automatically function as output compare registers, and
TIOCA,, TIOCB,, TIOCA,, TOCXA,, TIOCB,, and TOCXB, function as PWM output pins.
TCNT3 and TCNT4 operate as up/down-counters.

Phase Counting M ode: The phase relationship between two clock signalsinput at TCLKA and
TCLKB isdetected and TCNT2 counts up or down accordingly. When phase counting mode is
selected TCLKA and TCLKB become clock input pins and TCNT2 operates as an up/down-
counter.
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Buffering:
» |If the general register is an output compare register
When compare match occurs the buffer register value is transferred to the general register.
» |If the general register is an input capture register
When input capture occurs the TCNT valueis transferred to the general register, and the
previous genera register value is transferred to the buffer register.
e Complementary PWM mode

The buffer register valueis transferred to the general register when TCNT3 and TCNT4
change counting direction.

* Reset-synchronized PWM mode
The buffer register value is transferred to the general register at GRA3 compare match.
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84.2 Basic Functions

Counter Operation

When one of bits STRO to STR4 is set to 1 in the timer start register (TSTR), the timer counter
(TCNT) in the corresponding channel starts counting. The counting can be free-running or
periodic.

Sample setup procedure for counter: Figure 8.14 shows a sample procedure for setting up a
counter.

( Counter setup )

Select counter clock 1

No

Type of counting?

Yes . .
( Free-running counting )
( Periodic counting )

Select counter clear source 2

Select output compare

register function 3
Set period 4
Start counter 5 Start counter 5
Periodic counter Free-running counter

Figure8.14 Counter Setup Procedure (Example)
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1. Set bits TPSC2 to TPSCO in TCR to select the counter clock source. If an external clock source
is selected, set bits CKEG1 and CKEGO in TCR to select the desired edge(s) of the external
clock signal.

2. For periodic counting, set CCLR1 and CCLRO in TCR to have TCNT cleared at GRA compare
match or GRB compare match.

3. Set TIOR to select the output compare function of GRA or GRB, whichever was selected in
step 2.

4. Write the count period in GRA or GRB, whichever was selected in step 2.

5. Setthe STRbitto 1in TSTR to start the timer counter.

Free-running and periodic counter operation: A reset leaves the counters (TCNTs) in ITU
channels 0 to 4 all set as free-running counters. A free-running counter starts counting up when the
corresponding bit in TSTR is set to 1. When the count overflows from H'FFFF to H'0000, the
overflow flag (OVF) isset to 1 in the timer status register (TSR). If the corresponding OVIE bitis
set to 1 in the timer interrupt enable register, a CPU interrupt is requested. After the overflow, the
counter continues counting up from H'0000. Figure 8.15 illustrates free-running counting.

TCNT value

H'FFFF

H'0000 ; ‘ ‘ Time

STRO to 1 1
STR4 bit | |
OVF )

Figure8.15 Free-Running Counter Operation

When achannel is set to have its counter cleared by compare match, in that channel TCNT
operates as a periodic counter. Select the output compare function of GRA or GRB, set bit CCLR1
or CCLRO in the timer control register (TCR) to have the counter cleared by compare match, and
set the count period in GRA or GRB. After these settings, the counter starts counting up as a
periodic counter when the corresponding bit is set to 1 in TSTR. When the count matches GRA or
GRB, the IMFA or IMFB flagisset to 1 in TSR and the counter is cleared to H'0000. If the
corresponding IMIEA or IMIEB bitissetto 1in TIER, aCPU interrupt is requested at thistime.
After the compare match, TCNT continues counting up from H'0000. Figure 8.16 illustrates
periodic counting.
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TCNT value Counter cleared by general

/ register compare match
GR ‘ 7777777777777777777777

H'0000 ‘ |
STR bit | |
IMF

Time

Figure8.16 Periodic Counter Operation

Count timing:

* Interna clock source
Bits TPSC2 to TPSCO in TCR select the system clock (@) or one of three internal clock sources
obtained by prescaling the system clock (¢/2, @4, @¢/8).
Figure 8.17 shows the timing.

0 InEpEuEREREEEnEEER

((
Internal )
ClOCk ‘I \ SS | | \
TCNT input

(
)

TCNT N-1 X E X N+1
)

N

Figure8.17 Count Timingfor Internal Clock Sources

» Externa clock source
Bits TPSC2 to TPSCO in TCR select an external clock input pin (TCLKA to TCLKD), and its
valid edge or edges are selected by bits CKEG1 and CKEGO. Therising edge, falling edge, or
both edges can be selected.
The pulse width of the external clock signal must be at least 1.5 system clocks when asingle
edge is selected, and at least 2.5 system clocks when both edges are selected. Shorter pulses
will not be counted correctly.

Figure 8.18 shows the timing when both edges are detected.
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0 InmEnEnEeEnEnEnEEEE
E | ((
cl)c(JtceI:ri]r?put 2 ( | 2 ) I_
TCNT input [

))
TCNT N-1 X N X E N+1

Figure8.18 Count Timing for External Clock Sources (when Both Edges ar e Detected)

Waveform Output by Compare Match

In1TU channels 0, 1, 3, and 4, compare match A or B can cause the output at the TIOCA or
TIOCB pinto goto 0, goto 1, or toggle. In channel 2 the output can only goto 0 or go to 1.

Sample setup procedur e for waveform output by compare match: Figure 8.19 shows a sample
procedure for setting up waveform output by compare match.

( Output setup ) 1. Select the compare match output mode (0, 1, or
toggle) in TIOR. When a waveform output mode
‘ is selected, the pin switches from its generic input/
output function to the output compare function
1 (TIOCA or TIOCB). An output compare pin outputs
0 until the first compare match occurs.

Select waveform
output mode

Set output timing 2 2. Set a value in GRA or GRB to designate the
compare match timing.

Start counter 3 3. Setthe STR bitto 1 in TSTR to start the timer
i counter.

Waveform output

Figure8.19 Setup Procedurefor Waveform Output by Compare Match (Example)
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Examples of waveform output: Figure 8.20 shows examples of 0 and 1 output. TCNT operates
as afree-running counter, 0 output is selected for compare match A, and 1 output is selected for
compare match B. When the pin is already at the selected output level, the pin level does not
change.

TCNT value
i
[l o S e T

GRB  f-----s--smmsoos COCR LR R R R e CARCEEEEREEES

GRA  b--ooeee — A ZC . - S B —

H'0000 1 : 1 : 1 : - Time

TIOCB | ‘ ' No change ' No change 1 output

TIOCA Y No change o No change 0 output

Figure8.20 0and 1 Output (Examples)

Figure 8.21 shows examples of toggle output. TCNT operates as a periodic counter, cleared by
compare match B. Toggle output is selected for both compare match A and B.

TCNT value .
Counter cleared by compare match with GRB

U ‘o

GRA [~ S B S SR

H'0000 | Time
TIOCB ZS%?J?

‘ Toggle
TIOCA 1 \— output

Figure8.21 Toggle Output (Example)
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Output compar e timing: The compare match signal is generated in the last state in which TCNT
and the general register match (when TCNT changes from the matching value to the next value).
When the compare match signal is generated, the output value selected in TIOR is output at the
output compare pin (TIOCA or TIOCB). When TCNT matches a general register, the compare
match signal is not generated until the next counter clock pulse.

Figure 8.22 shows the output compare timing.

¢

TCNT input
clock

TCNT

GR

Compare
match signal

TIOCA,
TIOCB

S S s o

N+1

[ ]
X

Figure8.22 Output Compare Timing
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Input Capture Function

The TCNT value can be captured into ageneral register when atransition occurs at an input
capture/output compare pin (TIOCA or TIOCB). Capture can take place on the rising edge, falling
edge, or both edges. The input capture function can be used to measure pulse width or period.

Sample setup procedure for input capture: Figure 8.23 shows a sample procedure for setting up
input capture.

( Input selection > 1. Set TIOR to select the input capture function of a
general register and the rising edge, falling edge,
‘ or both edges of the input capture signal. Clear the

port data direction bit to O before making these
Select input-capture input | 1 TIOR settings.
Start counter 2 2. Setthe STR bitto 1 in TSTR to start the timer
counter.

!

Input capture

Figure8.23 Setup Procedurefor Input Capture (Example)
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Examples of input capture: Figure 8.24 illustrates input capture when the falling edge of TIOCB
and both edges of TIOCA are selected as capture edges. TCNT is cleared by input capture into

GRB.
TCNT value Counter cleared by TIOCB
/ input (falling edge)
e A
[ O) 510 I S < BN
HO005 [--- (AN e
H'0000 > Time

TIOCA j | \ f
| S \ |
GRA X HO0005 X Hoieo| X
i A
ere X X H'0180
Figure8.24 Input Capture (Example)

RENESAS
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Input capture signal timing: Input capture on the rising edge, falling edge, or both edges can be
selected by settingsin TIOR. Figure 8.25 shows the timing when the rising edge is selected. The

pulse width of the input capture signal must be at least 1.5 system clocks for single-edge capture,
and 2.5 system clocks for capture of both edges.

° | L

Input-capture input

Internal input
capture signal

TCNT N

GRA, GRB >< N

Figure8.25 Input Capture Signal Timing
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8.4.3 Synchronization

The synchronization function enables two or more timer counters to be synchronized by writing
the same data to them simultaneously (synchronous preset). With appropriate TCR settings, two or
more timer counters can also be cleared simultaneously (synchronous clear). Synchronization
enables additional general registers to be associated with a single time base. Synchronization can
be selected for all channels (0 to 4).

Sample Setup Procedurefor Synchronization

Figure 8.26 shows a sample procedure for setting up synchronization.

(Setup for synchronization)

| Select synchronization | 1

( Synchronous preset ) ( Synchronous clear )

Clearing

No

synchronized to this
) channel?
Write to TCNT 2
Yes
| Select counter clear source |3 | Select counter clear source | 4
| Start counter | 5 | Start counter | 5
Synchronous preset Counter clear Synchronous clear

1. Setthe SYNC bits to 1 in TSNC for the channels to be synchronized.

2. When a value is written in TCNT in one of the synchronized channels, the same value is
simultaneously written in TCNT in the other channels.

. Set the CCLR1 or CCLRO bit in TCR to have the counter cleared by compare match or input capture.

. Set the CCLR1 and CCLRO bits in TCR to have the counter cleared synchronously.

. Setthe STR bits in TSTR to 1 to start the synchronized counters.

g~ w

Figure8.26 Setup Procedurefor Synchronization (Example)

Rev.3.00 Mar. 26, 2007 Page 243 of 682
REJ09B0353-0300
RENESAS




Section 8 16-Bit Integrated Timer Unit (ITU)

Example of Synchronization

Figure 8.27 shows an example of synchronization. Channels 0, 1, and 2 are synchronized, and are
set to operate in PWM mode. Channel 0 is set for counter clearing by compare match with GRBO.
Channels 1 and 2 are set for synchronous counter clearing. The timer countersin channels0, 1,
and 2 are synchronously preset, and are synchronously cleared by compare match with GRBO. A
three-phase PWM waveform is output from pins TIOCA , TIOCA,, and TIOCA,,. For further
information on PWM mode, see section 8.4.4, PWM Mode.

Value of TCNTO to TCNT2 Cleared by compare match with GRBO

GRBO / / ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

GRB1

GRAO
GRB2

GRA1

GRA2 ‘ |
HoooQ b — Kt . Time

TIOCA, !

TIOCA,;

TIOCA,

Figure8.27 Synchronization (Example)
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8.4.4 PWM Mode

In PWM mode GRA and GRB are paired and a PWM waveform is output from the TIOCA pin.
GRA specifies the time at which the PWM output changesto 1. GRB specifies the time at which
the PWM output changesto 0. If either GRA or GRB is selected as the counter clear source, a
PWM waveform with a duty cycle from 0% to 100% is output at the TIOCA pin. PWM mode can
be selected in all channels (0 to 4).

Table 8.4 summarizes the PWM output pins and corresponding registers. If the sasmevalue is set
in GRA and GRB, the output does not change when compare match occurs.

Table84 PWM Output Pinsand Registers

Channel Output Pin 1 Output 0 Output
0 TIOCA, GRAO GRBO
1 TIOCA, GRA1 GRB1
2 TIOCA, GRA2 GRB2
3 TIOCA, GRA3 GRB3
4 TIOCA, GRA4 GRB4
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Sample Setup Procedurefor PWM Mode

Figure 8.28 shows a sample procedure for setting up PWM mode.

C PWM mode

Select counter clock

Select counter clear source

Set GRA

Set GRB

Select PWM mode

Start counter

l

PWM mode

[N

. Set bits TPSC2 to TPSCO in TCR to

select the counter clock source. If an
external clock source is selected, set
bits CKEG1 and CKEGO in TCR to
select the desired edge(s) of the
external clock signal.

. Set bits CCLR1 and CCLRO in TCR

to select the counter clear source.

. Set the time at which the PWM

waveform should go to 1 in GRA.

. Set the time at which the PWM

waveform should go to 0 in GRB.

. Set the PWM bit in TMDR to select

PWM mode. When PWM mode is
selected, regardless of the TIOR
contents, GRA and GRB become
output compare registers specifying
the times at which the PWM

goes to 1 and 0. The TIOCA pin
automatically becomes the PWM
output pin. The TIOCB pin conforms
to the settings of bits IOB1 and IOBO
in TIOR. If TIOCB output is not
desired, clear both IOB1 and IOBO to 0.

. Setthe STR bitto 1 in TSTR to start

the timer counter.

Figure8.28 Setup Procedurefor PWM Mode (Example)
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Examples of PWM Mode

Figure 8.29 shows examples of operation in PWM mode. The PWM waveform is output from the
TIOCA pin. The output goesto 1 at compare match with GRA, and to 0 at compare match with

GRB.

In the examples shown, TCNT is cleared by compare match with GRA or GRB. Synchronized
operation and free-running counting are also possible.

TCNT value

GRA

GRB

H'0000

TIOCA

/ Counter cleared by compare match with GRA

TCNT value

GRB

GRA

H'0000

TIOCA

. Counter cleared by GRA

Time

/ Counter cleared by compare match with GRB

b. Counter cleared by GRB

Time

Figure8.29 PWM Mode (Example 1)
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Figure 8.30 shows examples of the output of PWM waveforms with duty cycles of 0% and 100%.
If the counter is cleared by compare match with GRB, and GRA is set to a higher value than GRB,
the duty cycleis 0%. If the counter is cleared by compare match with GRA, and GRB isset to a
higher value than GRA, the duty cycle is 100%.

TCNT value Counter cleared by compare match with GRB
GRB ,,,,,,,,,,,,,,,,,,,, - Z ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
GRA [ SRR |
H'0000 3 — S - Time
TIOCA L -

Write to GRA Write to GRA
a. 0% duty cycle

TCNT value Counter cleared by compare match with GRA
GRA [~ 7 R el it
GRB [ SRR |
H'0000 3 — . = Time
TIOCA |

i N

Write to GRB Write to GRB

b. 100% duty cycle

Figure8.30 PWM Mode (Example 2)
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845 Reset-Synchronized PWM Mode

In reset-synchronized PWM mode channels 3 and 4 are combined to produce three pairs of
complementary PWM waveforms, al having one waveform transition point in common.

When reset-synchronized PWM mode is selected TIOCA,, TIOCB,, TIOCA,, TOCXA,, TIOCB,,
and TOCXB, automatically become PWM output pins, and TCNT, functions as an up-counter.

Table 8.5 lists the PWM output pins. Table 8.6 summarizes the register settings.

Table85 Output Pinsin Reset-Synchronized PWM Mode

Channel  Output Pin Description
3 TIOCA, PWM output 1
TIOCB, PWM output 1' (complementary waveform to PWM output 1)
4 TIOCA, PWM output 2
TOCXA, PWM output 2' (complementary waveform to PWM output 2)
TIOCB, PWM output 3
TOCXB, PWM output 3' (complementary waveform to PWM output 3)

Table8.6 Register Settingsin Reset-Synchronized PWM Mode

Register  Setting
TCNT3 Initially set to H'0000
TCNT4 Not used (operates independently)

GRA3 Specifies the count period of TCNT3

GRB3 Specifies a transition point of PWM waveforms output from TIOCA, and TIOCB,
GRA4 Specifies a transition point of PWM waveforms output from TIOCA, and TOCXA,
GRB4 Specifies a transition point of PWM waveforms output from TIOCB, and TOCXB,
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Sample Setup Procedurefor Reset-Synchronized PWM Mode

Figure 8.31 shows a sample procedure for setting up reset-synchronized PWM mode.

Geset-synchronized PWM moda

Stop counter

Select counter clock

Select counter clear source

Select reset-synchronized
PWM mode

Set TCNT

Set general registers

Start counter

'

Reset-synchronized PWM mode

[N

. Clear the STR3 bitin TSTR to 0 to

halt TCNT3. Reset-synchronized
PWM mode must be set up while
TCNT3 is halted.

. Set bits TPSC2 to TPSCO in TCR to

select the counter clock source for
channel 3. If an external clock source
is selected, select the external clock
edge(s) with bits CKEG1 and CKEGO
in TCR.

. Set bits CCLR1 and CCLRO in TCR3

to select GRA3 compare match as
the counter clear source.

. Set bits CMD1 and CMDO in TFCR to

select reset-synchronized PWM mode.
TIOCAg, TIOCBg3, TIOCA,, TIOCBy,
TOCXA,, and TOCXB, automatically
become PWM output pins.

. Preset TCNT3 to H'0000. TCNT4

need not be preset.

. GRA3 is the waveform period register.

Set the waveform period value in
GRAS3. Set transition times of the
PWM output waveforms in GRB3,
GRA4, and GRBA4. Set times within
the compare match range of TCNT3.
X £ GRA3 (X: setting value)

. Set the STR3 bit in TSTR to 1 to start

TCNTS.

Figure8.31 Setup Procedurefor Reset-Synchronized PWM Moaode (Example)
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Example of Reset-Synchronized PWM Mode

Figure 8.32 shows an example of operation in reset-synchronized PWM mode. TCNT3 operates as
an up-counter in this mode. TCNT4 operates independently, detached from GRA4 and GRBA4.
When TCNT3 matches GRA3, TCNT3 is cleared and resumes counting from H'0000. The PWM
outputs toggle at compare match with GRB3, GRA4, GRB4, and TCNT3 respectively, and when
the counter is cleared.

TCNT3 value

GRAS3
GRB3
GRA4
GRB4
H'0000

TIOCA;

TIOCB,

TIOCA,

TOCXA,

TIOCB,

TOCXB,

/ Counter cleared at compare match with GRA3

,,,,,,,,,,,,,,,,,,,,,

,,,,,,,,,,,,,,,,,,,,,

Time

Figure8.32 Operation in Reset-Synchronized PWM M ode (Example)

(when OLS3=0LS4=1)

For the settings and operation when reset-synchronized PWM mode and buffer mode are both
selected, see section 8.4.8, Buffering.
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8.4.6 Complementary PWM Mode

In complementary PWM mode channels 3 and 4 are combined to output three pairs of
complementary, non-overlapping PWM waveforms.

When complementary PWM modeis selected TIOCA,, TIOCB,, TIOCA,, TOCXA,, TIOCB,, and
TOCXB, automatically become PWM output pins, and TCNT3 and TCNT4 function as up/down-
counters.

Table 8.7 lists the PWM output pins. Table 8.8 summarizes the register settings.

Table8.7 Output Pinsin Complementary PWM Mode

Channel  Output Pin Description
3 TIOCA, PWM output 1
TIOCB, PWM output 1' (non-overlapping complementary waveform to PWM
output 1)
4 TIOCA, PWM output 2
TOCXA, PWM output 2' (non-overlapping complementary waveform to PWM
output 2)
TIOCB, PWM output 3
TOCXB, PWM output 3' (non-overlapping complementary waveform to PWM
output 3)

Table8.8 Register Settingsin Complementary PWM Mode

Register  Setting

TCNT3 Initially specifies the non-overlap margin (difference to TCNT4)

TCNT4 Initially set to H'0000

GRA3 Specifies the upper limit value of TCNT3 minus 1

GRB3 Specifies a transition point of PWM waveforms output from TIOCA, and TIOCB,
GRA4 Specifies a transition point of PWM waveforms output from TIOCA, and TOCXA,
GRB4 Specifies a transition point of PWM waveforms output from TIOCB, and TOCXB,
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Setup Procedurefor Complementary PWM Mode

Figure 8.33 shows a sample procedure for setting up complementary PWM mode.

C Complementary PWM mode )

Stop counting

Select counter clock

Select complementary
PWM mode

Set TCNTs

Set general registers

Start counters

'

Complementary PWM mode

[EnY

. Clear bits STR3 and STR4 to 0 in
TSTR to halt the timer counters.
Complementary PWM mode must be
set up while TCNT3 and TCNT4 are
halted.

. Set bhits TPSC2 to TPSCO in TCR to
select the same counter clock source
for channels 3 and 4. If an external
clock source is selected, select the
external clock edge(s) with bits
CKEG1 and CKEGO in TCR. Do not
select any counter clear source
with bits CCLR1 and CCLRO in TCR.

. Set bits CMD1 and CMDO in TFCR
to select complementary PWM mode.
TIOCA3, TIOCB3, TIOCA,, TIOCBy,
TOCXA,, and TOCXB, automatically
become PWM output pins.

. Clear TCNT4 to H'0000. Set the
non-overlap margin in TCNT3. Do not
set TCNT3 and TCNT4 to the same
value.

. GRA3 is the waveform period
register. Set the upper limit value of
TCNT3 minus 1 in GRAS. Set
transition times of the PWM output
waveforms in GRB3, GRA4, and
GRB4. Set times within the compare
match range of TCNT3 and TCNT4.
T < X (X: initial setting of GRB3,
GRA4, or GRB4. T: initial setting of
TCNT3)

. Set bits STR3 and STR4 in TSTR to
1 to start TCNT3 and TCNTA4.

Note: After exiting complementary PWM mode, to resume operating in complementary

PWM mode, follow the entire setup procedure from step 1 again.

Figure8.33 Setup Procedurefor Complementary PWM M ode (Example)
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Clearing Complementary PWM Mode

Figure 8.34 shows a sample procedure for clearing complementary PWM mode.

Complementary PWM mode

1. Clear bit CMD1 in TFCR to 0, and set
channels 3 and 4 to normal operating

Clear complementary mode 1
mode.

2. After setting channels 3 and 4 to normal
operating mode, wait at least one clock
count before clearing bits STR3 and
STR4 of TSTR to 0 to stop the counter

l operation of TCNT3 and TCNT4.

Stop counting 2

Normal operation

Figure8.34 Clearing Procedurefor Complementary PWM Mode (Example)
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Examples of Complementary PWM Mode

Figure 8.35 shows an example of operation in complementary PWM mode. TCNT3 and TCNT4
operate as up/down-counters, counting down from compare match between TCNT3 and GRA3
and counting up from the point at which TCNT4 underflows. During each up-and-down counting
cycle, PWM waveforms are generated by compare match with general registers GRB3, GRA4,
and GRB4. Since TCNT3 isinitially set to a higher value than TCNT4, compare match events

occur in the sequence TCNT3, TCNT4, TCNT4, TCNT3.

TCNT3 and
TCNT4 values Down-counting starts at compare
/ match between TCNT3 and GRA3
GRA3
GRB3
GRA4
GRB4 [ — S
H0000 —r———+ I i 1 Time
‘ T ' Up-counting starts when
TIOCA; G '\ TCNT4 underflows ;1 |
Toce; 1 1
TocA, || i i
TOCXAY L
TIOCB, ! | |
TOCXB,
Figure8.35 Operation in Complementary PWM M ode (Example 1)

(when OLS3 = OLS4=1)
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Figure 8.36 shows examples of waveforms with 0% and 100% duty cycles (in one phase) in
complementary PWM maode. In this example the outputs change at compare match with GRB3, so
waveforms with duty cycles of 0% or 100% can be output by setting GRB3 to a value larger than
GRAZ3. The duty cycle can be changed easily during operation by use of the buffer registers. For
further information see section 8.4.8, Buffering.

TCNT3 and
TCNT4 values

A A Y Y .

GRB3 [—ff----\

ol A,
TIOCA; |_| |_| |_| |_|_
TIOCB3 |_| 0% duty cycle |_| I_,

a. 0% duty cycle

TCNT3 and
TCNT4 values

GRABZ [ e

GRB3 |- 7

H'0000 Time

TIOCA, J |_-’ 1 i
TIOCB, _| |_| : 3 |_| I_I

100% duty cycle

b. 100% duty cycle

Figure8.36 Operation in Complementary PWM M ode (Example 2)
(when OLS3=0LA=1)
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In complementary PWM mode, TCNT3 and TCNT4 overshoot and undershoot at the transitions
between up-counting and down-counting. The setting conditions for the IMFA bit in channel 3 and
the OVF bit in channel 4 differ from the usual conditions. In buffered operation the buffer transfer
conditions also differ. Timing diagrams are shown in figures 8.37 and 8.38.

TCNT3 ><NE)1>< N >< N+l>< N ><NDl
i |

; i Flag not set

IMFA

Setto 1

Buffer transfer
signal (BR to GR)

GR >< L

Buffer transfer

No buffer transfer

Figure 8.37 Overshoot Timing
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Underflow Overflow
TCNT4 >< H'0001 >< H'0000 >< H'FFFF>< H'0000 ><
; Flag not set

OVF

Setto 1

Buffer transfer
signal (BR to GR)

or O

Buffer transfer N No buffer transfer

Figure8.38 Undershoot Timing

In channel 3, IMFA is set to 1 only during up-counting. In channel 4, OVF is set to 1 only when
an underflow occurs. When buffering is selected, buffer register contents are transferred to the
general register at compare match A3 during up-counting, and when TCNT4 underflows.

General Register Settingsin Complementary PWM Mode

When setting up general registers for complementary PWM mode or changing their settings
during operation, note the following points.

* Initial settings
Do not set values from H'0000 to T — 1 (where T isthe initial value of TCNT3). After the
counters start and the first compare match A3 event has occurred, however, settingsin this
range also become possible.

» Changing settings
Use the buffer registers. Correct waveform output may not be obtained if ageneral register is
written to directly.

e Cautions on changes of general register settings
Figure 8.39 shows six correct examples and one incorrect example.
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H'0000
| ] Not allowed

e e
GR ><V ><V ><V ><V ><V [} ><V ><V

Figure8.39 Changing a General Register Setting by Buffer Transfer (Example 1)

O Buffer transfer at transition from up-counting to down-counting
If the general register valueisin the range from GRA3 —T + 1 to GRAS3, do not transfer a
buffer register value outside this range. Conversely, if the general register value is outside
thisrange, do not transfer a value within this range. See figure 8.40.

GRA3+ 1 oo N\ .
GRA3 " lllegal changes
GRA3 — T+ 1 oo o= TCNT3
GRA3-T ~~ 7 e e N

Figure8.40 Changing a General Register Setting by Buffer Transfer (Caution 1)

O Buffer transfer at transition from down-counting to up-counting
If the general register valueisin the range from H'0000 to T — 1, do not transfer a buffer
register value outside this range. Conversely, when a general register valueis outside this
range, do not transfer a value within this range. See figure 8.41.
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TCNT3

lllegal changes

Figure8.41 Changing a General Register Setting by Buffer Transfer (Caution 2)

O General register settings outside the counting range (H'0000 to GRA3)
Waveforms with a duty cycle of 0% or 100% can be output by setting a general register to
avalue outside the counting range. When a buffer register is set to avalue outside the
counting range, then later restored to a value within the counting range, the counting
direction (up or down) must be the same both times. See figure 8.42.

H'0000

Output pin

Output pin

BR D R

Y o Xi) 7 \7
GR \/ \&

Write during down-counting Write during up-counting

Figure8.42 Changing a General Register Setting by Buffer Transfer (Example 2)

Settings can be made in this way by detecting GRA3 compare match or TCNT4 underflow
before writing to the buffer register.
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8.4.7 Phase Counting M ode

In phase counting mode the phase difference between two external clock inputs (at the TCLKA
and TCLKB pins) is detected, and TCNT2 counts up or down accordingly.

In phase counting mode, the TCLKA and TCLKB pins automatically function as external clock
input pins and TCNT2 becomes an up/down-counter, regardless of the settings of bits TPSC2 to
TPSCO0, CKEGL, and CKEGO in TCR2. Settings of bits CCLR1, CCLRO in TCR2, and settingsin
TIOR2, TIER2, TSR2, GRA?2, and GRB2 are valid. The input capture and output compare
functions can be used, and interrupts can be generated.

Phase counting is available only in channel 2.

Sample Setup Procedurefor Phase Counting Mode

Figure 8.43 shows a sample procedure for setting up phase counting mode.

( Phase counting mode )

Select phase counting mode 1 1. Setthe MDF bitin TMDR to 1 to select
phase counting mode.

2. Select the flag setting condition with
the FDIR bit in TMDR.

3. Setthe STR2 bitto 1 in TSTR to start

Select flag setting condition 2 the timer counter.

Start counter 3

'

Phase counting mode

Figure8.43 Setup Procedurefor Phase Counting M ode (Example)
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Example of Phase Counting Mode

Figure 8.44 shows an example of operationsin phase counting mode. Table 8.9 lists the up-
counting and down-counting conditions for TCNT2.

In phase counting mode both the rising and falling edges of TCLKA and TCLKB are counted. The
phase difference between TCLKA and TCLKB must be at least 1.5 states, the phase overlap must
also be at least 1.5 states, and the pulse width must be at least 2.5 states. See figure 8.45.

TCNT2 value
A
Counting up

wig dOWn

Time
TCLKB f 1 f 1 f l f { f
TCLKA f | } { } Y f i f
Figure8.44 Operation in Phase Counting M ode (Example)
Table8.9 Up/Down Counting Conditions
Counting Direction Up-Counting Down-Counting
TCLKA pin 4 High Y Low High Y Low £
TCLKB pin Low £ High Y Y Low EY High
P_hase P_hase
difference difference , Pulse width Pulse width
-~ - - :4—»:

—

| Phase difference and overlap: at least 1.5 states

‘ ‘ ‘ ‘ Pulse width: at least 2.5 states
Overlap Overlap

Figure8.45 Phase Difference, Overlap, and Pulse Width in Phase Counting M ode
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8.4.8 Buffering

Buffering operates differently depending on whether a general register is an output compare
register or an input capture register, with further differences in reset-synchronized PWM mode and
complementary PWM mode. Buffering is available only in channels 3 and 4. Buffering operations
under the conditions mentioned above are described next.

» General register used for output compare

The buffer register valueis transferred to the general register at compare match. See
figure 8.46.

Compare match signal

BR GR Comparator TCNT

Figure8.46 Compare Match Buffering

» General register used for input capture
The TCNT valueistransferred to the general register at input capture. The previous general
register value is transferred to the buffer register.
Seefigure 8.47.

Input capture signal

BR GR TCNT

Figure8.47 Input Capture Buffering

» Complementary PWM mode

The buffer register value is transferred to the general register when TCNT3 and TCNT4
change counting direction. This occurs at the following two times:

O When TCNT3 matches GRA3
O When TCNT4 underflows

» Reset-synchronized PWM mode
The buffer register value istransferred to the general register at compare match A3.
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Sample Buffering Setup Procedure

Figure 8.48 shows a sample buffering setup procedure.

( Buffering )

| Select general register functions | 1 1. SetTIOR to select the output compare or input
capture function of the general registers.
2. Set bits BFA3, BFA4, BFB3, and BFB4 in TFCR
- to select buffering of the required general registers.
| Set buffer bits | 2 3. Setthe STR bits to 1 in TSTR to start the timer
counters.

| Start counters | 3

'

Buffered operation

Figure 8.48 Buffering Setup Procedure (Example)

Examples of Buffering

Figure 8.49 shows an example in which GRA is set to function as an output compare register
buffered by BRA, TCNT is set to operate as a periodic counter cleared by GRB compare match,
and TIOCA and TIOCB are set to toggle at compare match A and B. Because of the buffer setting,
when TIOCA toggles at compare match A, the BRA value is ssimultaneously transferred to GRA.
This operation is repeated each time compare match A occurs. Figure 8.50 shows the transfer

timing.
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TCNT value Counter cleared by compare match B

A
GRB |-

Lo T R, B ity (IR
H'0200 |-~ ot b R B L Lttt EELEE

HO0100 |---- 5~ --mmmmbommemoaf oo e R SRR A

H'0000 : : 1 ! 3 3 ‘ Time

BRA H'0200 | | H0100 | >< |~ | H0200 |

GRA H'0250 >< T H0200 ><* H'0100 >< T H0200 |

Toggle
output

e | LT L
T T b T

Compare match A

TIOCB ‘ |

Figure8.49 Register Buffering (Example 1: Buffering of Output Compare Register)

9 [ i A i B i B

TCNT n X n+1
Compare |—|
match signal

Buffer transfer I—I
signal

BR N

GR n X =N

Figure 850 CompareMatch and Buffer Transfer Timing (Example)

Rev.3.00 Mar. 26, 2007 Page 265 of 682
REJ09B0353-0300
RENESAS




Section 8 16-Bit Integrated Timer Unit (ITU)

Figure 8.51 shows an example in which GRA is set to function as an input capture register
buffered by BRA, and TCNT is cleared by input capture B. The falling edgeis selected asthe
input capture edge at TIOCB. Both edges are selected as input capture edges at TIOCA. Because
of the buffer setting, when the TCNT value is captured into GRA at input capture A, the previous
GRA vaueis simultaneously transferred to BRA. Figure 8.52 shows the transfer timing.

TCNT value Counter cleared by

/ input capture B
H'0180 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ,‘,{ ,,,,,,,,,,,,,,,,,,,,
HIOLBO0 |- Tk

H'0005 |----=- i e ]
H'0000 i i = Time

TIOCB |

TIOCA | f

GRA

H'0005 ! H'0160

BRA

GRB :>< >< H'0180

Input capture A

Figure8.51 Register Buffering (Example 2: Buffering of Input Capture Register)
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25 [ Y Y O O B

TIOC pin b . «i>\
N

Input capture

signal 55
TCNT n X n+1 N XN+1
¢ ) \
GR M— X \n n., X~N
N {5
BR m X M " M X \n

Figure8.52 Input Captureand Buffer Transfer Timing (Example)
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Figure 8.53 shows an example in which GRB3 is buffered by BRB3 in complementary PWM
mode. Buffering is used to set GRB3 to a higher value than GRA3, generating a PWM waveform
with 0% duty cycle. The BRB3 value istransferred to GRB3 when TCNT3 matches GRA3, and
when TCNT4 underflows.

TCNT3 and
TCNT4 values

H'1FFF ‘ ‘
GRAB [ R

H'0999 [~/ i\ |

H'0000 Time

BRB3 Hosge | X

GRB3 H'Oé99 >< H:'(:)999 >< H'1FFF >< H'1FFF >< H'0:9:99

TIOCA, ]

TIOCB,

Figure8.53 Register Buffering (Example 4: Buffering in Complementary PWM M ode)
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8.4.9 ITU Output Timing

The ITU outputs from channels 3 and 4 can be disabled by bit settingsin TOER or by an external
trigger, or inverted by bit settingsin TOCR.

Timing of Enabling and Disabling of ITU Output by TOER

In this example an I TU output is disabled by clearing a master enable bit to 0in TOER. An
arbitrary value can be output by appropriate settings of the data register (DR) and data direction
register (DDR) of the corresponding input/output port. Figure 8.54 illustrates the timing of the
enabling and disabling of ITU output by TOER.

T1 T2 T3
D D

Address X TOER address ><
TOER ><

ITU output pin Timer output >< I/O port

ITU output 4><7 Generic input/output

Figure8.54 Timing of Disabling of ITU Output by Writingto TOER (Example)
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Timing of Disabling of I TU Output by External Trigger

If the XTGD hit iscleared to 0in TOCR in reset-synchronized PWM mode or complementary
PWM mode, when an input capture A signal occursin channel 1, the master enable bits are
cleared to 0in TOER, disabling ITU output. Figure 8.55 shows the timing.

TIOCA; pin o— ¢~ | L
Input capture \\ L

signal '—I

{(

)T

55 : 3
TOER N XHeo N X_i HCo
ITU output 4 ‘
ins ITU output X 1o port ITUoutput X 1/ port

)T

ITU output — == Generic ITU output —»==— Generic
‘ input/output ‘ input/output

Legend:

N: Arbitrary setting (H'C1 to H'FF)

Figure8.55 Timing of Disabling of I TU Output by External Trigger (Example)
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Timing of Output Inversion by TOCR

The output levelsin reset-synchronized PWM mode and complementary PWM mode can be
inverted by inverting the output level select bits (OLS4 and OL S3) in TOCR. Figure 8.56 shows

the timing.

Address X TOCR address ><

TOCR ><
~—

ITU output pin ><
Inverted

Figure8.56 Timing of Inverting of ITU Output Level by Writingto TOCR (Example)
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8.5 Interrupts

The ITU hastwo types of interrupts: input capture/compare match interrupts, and overflow
interrupts.

85.1 Setting of Status Flags

Timing of Setting of IMFA and IMFB at Compare Match

IMFA and IMFB are set to 1 by a compare match signal generated when TCNT matches a general
register (GR). The compare match signal is generated in the last state in which the values match
(when TCNT is updated from the matching count to the next count). Therefore, when TCNT
matches a general register, the compare match signal is not generated until the next timer clock
input. Figure 8.57 shows the timing of the setting of IMFA and IMFB.

; i L

TCNT input
clock

TCNT N X N+1

GR N

Compare
match signal

IMF

IMI

Figure8.57 Timing of Setting of IMFA and IMFB by Compare Match
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Timing of Setting of IMFA and IMFB by Input Capture

IMFA and IMFB are set to 1 by an input capture signal. The TCNT contents are simultaneously
transferred to the corresponding general register. Figure 8.58 shows the timing.

o | L

Input capture

signal

IMF

TCNT N

GR >< N
IMI

Figure8.58 Timing of Setting of IMFA and IMFB by Input Capture

Timing of Setting of Overflow Flag (OVF)

OVF isset to 1 when TCNT overflows from H'FFFF to H'0000 or underflows from H'0000 to
H'FFFF. Figure 8.59 shows the timing.
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o | L

TCNT H'FFFF >< H'0000

Overflow
signal

OVF

ovi

Figure8.59 Timing of Setting of OVF

85.2 Clearing of Status Flags

If the CPU reads a status flag while it is set to 1, then writes 0 in the status flag, the status flag is
cleared. Figure 8.60 shows the timing.

TSR write cycle

Ty T, T3
|<—>|<—>|<—>|

Address >< TSR address ><

IMF, OVF

Figure8.60 Timing of Clearing of Status Flags
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8.5.3 Interrupt Sources

Each ITU channel can generate a compare match/input capture A interrupt, a compare match/input
capture B interrupt, and an overflow interrupt. In total there are 15 interrupt sources, all
independently vectored. An interrupt is requested when the interrupt request flag and interrupt
enable bit are both set to 1.

The priority order of the channels can be modified in interrupt priority registers A and B (IPRA
and IPRB). For details see section 5, Interrupt Controller.

Table 8.10 lists the interrupt sources.

Table8.10 ITU Interrupt Sources

Channel Interrupt Source Description Priority*
0 IMIAO Compare match/input capture AO High
IMIBO Compare match/input capture BO 4
oVvIo Overflow 0
1 IMIAL Compare match/input capture Al
IMIB1 Compare match/input capture B1
ovii Overflow 1
2 IMIA2 Compare match/input capture A2
IMIB2 Compare match/input capture B2
oVvI2 Overflow 2
3 IMIA3 Compare match/input capture A3
IMIB3 Compare match/input capture B3
oVI3 Overflow 3
4 IMIA4 Compare match/input capture A4
IMIB4 Compare match/input capture B4
ovi4 Overflow 4 Low

Note: * The priority immediately after a reset is indicated. Inter-channel priorities can be
changed by settings in IPRA and IPRB.
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8.6 Usage Notes

This section describes contention and other matters requiring special attention during ITU
operations.

Contention between TCNT Write and Clear

If acounter clear signal occursin the T, state of a TCNT write cycle, clearing of the counter takes
priority and the write is not performed. See figure 8.61.

TCNT write cycle
Ty T2 T3

Address X TCNT address ><

Internal write signal

Counter clear signal

TCNT N >< H'0000

Figure8.61 Contention between TCNT Write and Clear
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Contention between TCNT Word Write and | ncrement

If an increment pulse occursin the T, state of a TCNT word write cycle, writing takes priority and
TCNT isnot incremented. See figure 8.62.

TCNT word write cycle
Ty T2 T3

Address X TCNT address ><

Internal write signal

TCNT input clock

TCNT N >< P M

TCNT write data

Figure8.62 Contention between TCNT Word Write and I ncrement
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Contention between TCNT Byte Write and I ncrement

If an increment pulse occursin the T, or T, state of a TCNT byte write cycle, writing takes priority
and TCNT is not incremented. The TCNT byte that was not written retains its previous value. See
figure 8.63, which shows an increment pulse occurring in the T, state of a byte writeto TCNTH.

TCNTH byte write cycle
T T2 T3

Address X TCNTH address ><

Internal write signal

TCNT input clock

TCNTH N >< M
A

TCNT write data

TCNTL X >< X+1 >< X

Figure8.63 Contention between TCNT Byte Write and Increment
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Contention between General Register Write and Compare Match

If acompare match occursin the T, state of ageneral register write cycle, writing takes priority
and the compare match signal isinhibited. See figure 8.64.

General register write cycle

T T, T3

Address X GR address ><

Internal write signal

TCNT N >< N+1

GR N >< /M

General register write data

Compare match signal --—— |nhibited

Figure8.64 Contention between General Register Write and Compare Match
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Contention between TCNT Write and Overflow or Under flow

If an overflow occursin the T, state of aTCNT write cycle, writing takes priority and the counter
isnot incremented. OVF is set to 1. The same holds for underflow. See figure 8.65.

TCNT write cycle
Ty T2 T3

Address X TCNT address ><

Internal write signal

TCNT input clock

Overflow signal

TCNT H'FFFF >< M

TCNT write data

OVF

Figure8.65 Contention between TCNT Write and Overflow
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Contention between General Register Read and Input Capture

If an input capture signal occurs during the T, state of a general register read cycle, the value
before input capture is read. See figure 8.66.

General register read cycle

[ L e |

Address :>< GR address ><

Internal read signal

Input capture signal

GR X >< M
Internal data bus 4< X >7

Figure8.66 Contention between General Register Read and Input Capture
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Contention between Counter Clearing by Input Capture and Counter | ncrement

If an input capture signal and counter increment signal occur simultaneously, the counter is
cleared according to the input capture signal. The counter is not incremented by the increment
signal. The value before the counter is cleared istransferred to the genera register. Seefigure
8.67.

<P .

Input capture signal

Counter clear signal

TCNT input clock

TCNT N >< H'0000

GR >< N

Figure8.67 Contention between Counter Clearing by Input Captureand
Counter Increment
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Contention between General Register Write and Input Capture

If an input capture signal occursin the T, state of a general register write cycle, input capture takes
priority and the write to the general register is not performed. See figure 8.68.

General register write cycle

T T, T3

Address X GR address ><

Internal write signal

Input capture signal

TCNT M

GR \M
X

Figure8.68 Contention between General Register Writeand Input Capture

Note on Waveform Period Setting

When a counter is cleared by compare match, the counter is cleared in the last state at which the
TCNT value matches the general register value, at the time when this value would normally be
updated to the next count. The actual counter frequency is therefore given by the following
formula:
_®

(N+1

(f: counter frequency. ¢: system clock frequency. N: value set in general register.)
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Contention between Buffer Register Write and I nput Capture

If abuffer register is used for input capture buffering and an input capture signal occursinthe T,
state of awrite cycle, input capture takes priority and the write to the buffer register is not
performed. See figure 8.69.

Buffer register write cycle

Ty T, T3

Address X BR address ><

Internal write signal

Input capture signal

GR N \>< \X

BR M \N
X

TCNT value

Figure8.69 Contention between Buffer Register Write and Input Capture
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Note on Synchronous Preset

When channels are synchronized, if a TCNT value is modified by byte write access, all 16 bits of
all synchronized counters assume the same value as the counter that was addressed.

(Example) When channels 2 and 3 are synchronized

» Byte write to channel 2 or byte write to channel 3

Write A to upper byte

Tent2 [ w | x| ofchannel2 Tent2 | A | x|
Tents |y |z | Tents | oA | x|
Upper byte Lower byte Wite A to lower byte Upper byte Lower byte

of channel 3
—_ Tent2 |y | A |
Tents |y | A |

Upper byte Lower byte

* Word write to channel 2 or word write to channel 3

TeNT2 | w | x| Tent2 | oA | B |

TeNT3 | v |z | WiteABwordto Tent3 | A | B |
channel 2 or 3

Upper byte Lower byte Upper byte Lower byte

Note on Setup of Reset-Synchronized PWM Mode and Complementary PWM Mode
When setting bits CMD1 and CMDO in TFCR, take the following precautions:

*  Writeto bits CMD1 and CMDO only when TCNT3 and TCNT4 are stopped.

» Do not switch directly between reset-synchronized PWM mode and complementary PWM
mode. First switch to normal mode (by clearing bit CMD1 to 0), then select reset-synchronized
PWM mode or complementary PWM mode.
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ITU Operating Modes

Table8.11 (a) 1TU Operating Modes (Channel 0)
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Table8.11 (b) ITU Operating Modes (Channdl 1)
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Table8.11 (c) ITU Operating Modes (Channel 2)
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Table8.11(d) ITU Operating M odes (Channel 3)
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Table8.11 () I1TU Operating Modes (Channel 4)
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Section 9 Programmable Timing Pattern Controller

Section 9 Programmable Timing Pattern Controller

91 Overview

The H8/3039 Group has a built-in programmable timing pattern controller (TPC)* that provides
pulse outputs by using the 16-bit integrated timer-pulse unit (ITU) as atime base. The TPC pulse
outputs are divided into 4-bit groups (group 3 to group 0) that can operate simultaneously and
independently.

9.1.1 Features
TPC features are listed below.

e 15-bit output data
Maximum 15-bit data can be output. TPC output can be enabled on a bit-by-hit basis.
» Four output groups and one 3-hit output.

Output trigger signals can be selected in 4-bit groups to provide up to three different 4-bit
outputs and one 3-bit output.

e Sdlectable output trigger signals

Output trigger signals can be selected for each group from the compare-match signals of four
ITU channels.

* Non-overlap mode
A non-overlap margin can be provided between pulse outputs.

Note: * Note that sincethisLS| doesnot havea TP, pin, it isa 15-bit programmable timing
pattern controller (TPC).
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Section 9 Programmable Timing Pattern Controller

9.12

Block Diagram

Figure 9.1 shows a block diagram of the TPC.

TP]_S e B
(TPg)*~— Pulse output
TP;3 ~«— pins, group 3
TP12 ]

ITU compare match signals

Ll

PADDR

PBDDR

Control logic

NDERA

NDERB

TPMR

TPCR

e PBDR

TPy -+— Pulse output
TPy —=— pins, group 2
TP8 -
TP, =+
TPg —+— Pulse output
TPs; —=— pins, group 1
TP4 ]
TPy
TP, —+—| Pulse output
TP, | pins, group O
TPO B

Legend:
TPMR:
TPCR:

NDERB:
NDERA:
PBDDR:

PADDR:
NDRB:
NDRA:
PBDR:
PADR:

Note: * Since this LSI does not have this pin, this signal cannot be output to the outside.

——————————————— PADR

TPC output mode register
TPC output control register
Next data enable register B
Next data enable register A
Port B data direction register
Port A data direction register
Next data register B

Next data register A

Port B data register

Port A data register

————— NDRB --- -

77777 NDRA - - -

Internal
data bus

Figure9.1 TPC Block Diagram

Rev.3.00 Mar. 26, 2007 Page 292 of 682
REJ09B0353-0300

RENESAS




Section 9 Programmable Timing Pattern Controller
9.1.3 TPC Pins
Table 9.1 summarizes the TPC output pins.
Table9.1 TPC Pins
Name Symbol 1/0 Function
TPC output O TP, Output Group 0 pulse output
TPC output 1 TP, Output
TPC output 2 TP, Output
TPC output 3 TP, Output
TPC output 4 TP, Output Group 1 pulse output
TPC output 5 TP, Output
TPC output 6 TP, Output
TPC output 7 TP, Output
TPC output 8 TP, Output Group 2 pulse output
TPC output 9 TP, Output
TPC output 10 TP, Output
TPC output 11 TP, Output
TPC output 12 TP, Output Group 3 pulse output
TPC output 13 TP, Output
(TPC output 14)* (TP, )* (Output)*
TPC output 15 TP, Output

Note: * Since this LS| does not have this pin, this signal cannot be output to the outside.

RENESAS
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9.14 Registers
Table 9.2 summarizes the TPC registers.

Table9.2 TPC Registers

Address** Name Abbreviation R/W Initial Value
H'FFD1 Port A data direction register PADDR W H'00
H'FFD3 Port A data register PADR RI(W)*? H'00
H'FFD4 Port B data direction register PBDDR W H'00
H'FFD6 Port B data register PBDR RI(W)*? H'00
H'FFAOQ TPC output mode register TPMR R/W H'FO
H'FFA1 TPC output control register TPCR R/W H'FF
H'FFA2 Next data enable register B NDERB R/W H'00
H'FFA3 Next data enable register A NDERA R/W H'00
H'FFA5/ Next data register A NDRA R/W H'00
HFFA7*

H'FFA4/ Next data register B NDRB R/W H'00
H'FFA6*°

Notes: 1. Lower 16 bits of the address.

2. Bits used for TPC output cannot be written.

3. The NDRA address is H'FFA5 when the same output trigger is selected for TPC output
groups 0 and 1 by settings in TPCR. When the output triggers are different, the NDRA
address is H'FFA7 for group 0 and H'FFAS for group 1. Similarly, the address of NDRB
is H'FFA4 when the same output trigger is selected for TPC output groups 2 and 3 by
settings in TPCR. When the output triggers are different, the NDRB address is H'FFA6
for group 2 and H'FFA4 for group 3.
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9.2 Register Descriptions

921 Port A Data Direction Register (PADDR)

PADDR isan 8-hit write-only register that selects input or output for each pinin port A.

Bit 7 6 5 4 3 2 1 0

‘ PA7DDR‘ PA6DDR‘ PA5DDR‘ PA4DDR‘ PA3DDR ‘ PA,DDR ‘ PA1DDR‘PA0DDR‘
Initial value 0 0 0 0 0 0 0 0
Read/Write w w w w w w w w

Port A data direction 7to 0
These bits select input or
output for port A pins

Port A is multiplexed with pins TP, to TP,. Bits corresponding to pins used for TPC output must
be set to 1. For further information about PADDR, see section 7.10, Port A.
922 Port A Data Register (PADR)

PADR is an 8-bit readable/writable register that stores TPC output data for groups 0 and 1, when
these TPC output groups are used.

Bit 7 6 5 4 3 2 1 0
‘ PA; ‘ PAg ‘ PA5 ‘ PA 4 ‘ PA3 ‘ PA, ‘ PA { ‘ PAg ‘
Initial value 0 0 0 0 0 0 0 0

Read/Write  R/W)* R/AW)* RIW)* RIW)* R/AW)* RIAW)* RIW)* R/(W)*

Port Adata7to 0
These bits store output data
for TPC output groups 0 and 1

Note: * Bits selected for TPC output by NDERA settings become read-only bits.

For further information about PADR, see section 7.10, Port A.
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9.23 Port B Data Direction Register (PBDDR)

PBDDR is an 8-hit write-only register that selects input or output for each pinin port B.

Bit 7 6 5 4 3 2 1 0
‘PB7DDR‘ — ‘PB5DDR‘PB4DDR‘PB3DDR‘PBZDDR‘PBlDDR‘PBoDDR‘

Initial value 0 0 0 0 0 0 0 0

Read/Write w w w w w w w w

Port B data direction 7,5t0 0
These bits select input or
Reserved bit output for port B pins

Port B is multiplexed with pins TP,,, TP,, to TP,. Bits corresponding to pins used for TPC output
must be set to 1. For further information about PBDDR, see section 7.11, Port B.

9.24 Port B Data Register (PBDR)

PBDR is an 8-bit readable/writable register that stores TPC output data for groups 2 and 3, when
these TPC output groups are used.

Bit 7 6 5 4 3 2 1 0
‘ PB~ ‘ — ‘ PBsg ‘ PB4 ‘ PB3 ‘ PB, ‘ PB;, ‘ PBy ‘
Initial value 0 0 0 0 0 0 0 0

Read/Write  RIW)*  RIW)* RIW)Y* RIW)* RIW)* RIW)* RIW)* RIW)*
[

Port B data7,5t0 0
These bits store output data
Reserved bit for TPC output groups 2 and 3

Note: * Bits selected for TPC output by NDERB settings become read-only bits.

For further information about PBDR, see section 7.11, Port B.
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9.25 Next Data Register A (NDRA)

NDRA is an 8-hit readable/writable register that stores the next output data for TPC output groups
1and O (pins TP, to TR,). During TPC output, when an ITU compare match event specified in
TPCR occurs, NDRA contents are transferred to the corresponding bitsin PADR. The address of
NDRA differs depending on whether TPC output groups 0 and 1 have the same output trigger or
different output triggers.

NDRA isinitialized to H'00 by areset and in hardware standby mode. It isnot initialized in
software standby mode.

Same Trigger for TPC Output GroupsOand 1

If TPC output groups 0 and 1 are triggered by the same compare match event, the NDRA address
isH'FFAS. The upper 4 bits belong to group 1 and the lower 4 bitsto group 0. Address H'FFA7
consists entirely of reserved bits that cannot be modified and always read 1.

Address H'FFA5

Bit 7 6 5 4 3 2 1 0
‘ NDR7 ‘ NDR6 ‘ NDR5 ‘ NDR4 ‘ NDR3 ‘ NDR2 ‘ NDR1 ‘ NDRO ‘
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
Next data 7 to 4 Next data 3to 0
These bits store the next output These bits store the next output
data for TPC output group 1 data for TPC output group 0

Address HFFA7

Bit 7 6 5 4 3 2 1 0
Initial value 1 1 1 1 1 1 1 1
Read/Write — — — — — — — —

Reserved bits
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Different Triggersfor TPC Output GroupsOand 1

If TPC output groups 0 and 1 are triggered by different compare match events, the address of the
upper 4 bits of NDRA (group 1) is H'FFAS5 and the address of the lower 4 bits (group 0) is
H'FFA7. Bits 3 to O of address H'FFA5 and bits 7 to 4 of address H'FFA7 are reserved bits that
cannot be modified and always read 1.

Address H'FFA5
Bit 7 6 5 4 3 2 1 0
‘ NDR7 ‘ NDR6 ‘ NDR5 ‘ NDR4 ‘ — ‘ — ‘ — ‘ — ‘
Initial value 0 0 0 0 1 1 1 1
Read/Write R/W R/W R/W R/W — — — —

Next data 7 to 4 Reserved bits
These bits store the next output
data for TPC output group 1

Address H'FFA7

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ — ‘ NDR3 ‘ NDR2 ‘ NDR1 ‘ NDRO ‘
Initial value 1 1 1 1 0 0 0 0
Read/Write — — — — R/W R/W R/W R/W
Reserved bits Next data3to 0

These bits store the next output
data for TPC output group 0
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9.2.6 Next Data Register B (NDRB)

NDRB is an 8-hit readable/writable register that stores the next output data for TPC output groups
3and 2 (pins TP, to TR,)*. During TPC output, when an ITU compare match event specified in
TPCR occurs, NDRB contents are transferred to the corresponding bits in PBDR. The address of
NDRB differs depending on whether TPC output groups 2 and 3 have the same output trigger or
different output triggers.

NDRB isinitialized to H'00 by areset and in hardware standby mode. It isnot initialized in
software standby mode.

Note: * SincethisLSl does not havea TP, pin, the TP, signal cannot be output to the outside.

Same Trigger for TPC Output Groups2 and 3

If TPC output groups 2 and 3 are triggered by the same compare match event, the NDRB address
isH'FFA4. The upper 4 bits belong to group 3 and the lower 4 bits to group 2. Address H'FFA6
consists entirely of reserved bits that cannot be modified and always read 1.

Address H'FFA4

Bit 7 6 5 4 3 2 1 0
‘ NDR15 ‘ NDR14‘ NDR13 ‘ NDR12 ‘ NDR11 ‘ NDR10 ‘ NDR9 ‘ NDR8 ‘
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
Next data 15 to 12 Next data 11 to 8
These bits store the next output These bits store the next output
data for TPC output group 3 data for TPC output group 2

Address H'FFA6

Bit 7 6 5 4 3 2 1 0
Initial value 1 1 1 1 1 1 1 1
Read/Write — — — — — — — —

Reserved bits
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Different Triggersfor TPC Output Groups2 and 3

If TPC output groups 2 and 3 are triggered by different compare match events, the address of the
upper 4 bits of NDRB (group 3)* is H'FFA4 and the address of the lower 4 bits (group 2) is
H'FFAG6. Bits 3 to O of address H'FFA4 and bits 7 to 4 of address H'FFAG are reserved bits that
cannot be modified and always read 1.

Note: * SincethisLSl does not have aTP,, pin, the TP, signal cannot be output off-chip.

Address H'FFA4

Bit 7 6 5 4 3 2 1 0
‘ NDR15 ‘ NDR14‘ NDRlS‘ NDR12 ‘ — ‘ — ‘ — ‘ — ‘
Initial value 0 0 0 0 1 1 1 1
Read/Write R/W R/W R/W R/W — — — —
Next data 15to 12 Reserved bits

These bits store the next output
data for TPC output group 3

Address H'FFA6

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ — ‘ NDR11 ‘ NDR10 ‘ NDR9 ‘ NDR8 ‘
Initial value 1 1 1 1 0 0 0 0
Read/Write — — — — R/W R/W R/W R/W
Reserved bits Next data 11to 8

These bits store the next output
data for TPC output group 2
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9.2.7 Next Data Enable Register A (NDERA)

NDERA isan 8-bit readable/writable register that enables or disables TPC output groups 1 and 0
(TP, to TR,) on ahit-by-hit basis.

Bit 7 6 5 4 3 2 1 0

‘ NDER7 ‘ NDERG‘ NDERS5 ‘ NDER4 ‘ NDER3 ‘ NDER2 ‘ NDER1 ‘ NDERO ‘
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

Next data enable 7to 0
These bits enable or disable
TPC output groups 1 and 0

If abit isenabled for TPC output by NDERA, then when the ITU compare match event selected in
the TPC output control register (TPCR) occurs, the NDRA valueis automatically transferred to
the corresponding PADR bit, updating the output value. If TPC output is disabled, the bit value is
not transferred from NDRA to PADR and the output value does not change.

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

Bits 7 to 0—Next Data Enable 7 to 0 (NDER7 to NDERO): These bits enable or disable TPC
output groups 1 and O (TP, to TPR,) on a bit-by-bit basis.

Bits 7to 0
NDER7 to NDERO Description
0 TPC outputs TP, to TP, are disabled
(NDR, to NDRO are not transferred to PA, to PA) (Initial value)
1 TPC outputs TP, to TP, are enabled

(NDR, to NDR, are transferred to PA, to PA )
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9.2.8 Next Data Enable Register B (NDERB)

NDERB is an 8-hit readabl e/writable register that enables or disables TPC output groups 3 and 2
(TP, to TP)* on abit-by-bit basis.

Bit 7 6 5 4 3 2 1 0
‘NDERlS‘ NDER14‘ NDERlS‘ NDERlZ‘NDERll‘NDERlO‘ NDER9 ‘ NDERS8 ‘

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

Next data enable 15to 8

These bits enable or disable
TPC output groups 3 and 2

If abit isenabled for TPC output by NDERB, then when the ITU compare match event selected in
the TPC output control register (TPCR) occurs, the NDRB value is automatically transferred to the
corresponding PBDR bit, updating the output value. If TPC output is disabled, the bit value is not
transferred from NDRB to PBDR and the output value does not change.

NDERB isinitialized to H'00 by areset and in hardware standby mode. It isnot initialized in
software standby mode.

Bits 7 to 0—Next Data Enable 15to 8 (NDER15 to NDERS): These bits enable or disable TPC
output groups 3 and 2 (TP, to TP,)* on abit-by-bit basis.

Bits 7to 0
NDER15 to NDER8  Description
0 TPC outputs TP, to TP, are disabled
(NDR15 to NDRS8 are not transferred to PB, to PB,) (Initial value)
1 TPC outputs TP, to TP, are enabled

(NDR15 to NDRS are transferred to PB, to PB)

Note: * SincethisLSl does not havea TP, pin, the TP, signal cannot be output to the outside.
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9.29 TPC Output Control Register (TPCR)

TPCR is an 8-hit readabl e/writable register that selects output trigger signals for TPC outputson a
group-by-group basis.

Bit 7 6 5 4 3 2 1 0
‘G3CM81‘GSCMSO‘ GZCMSl‘ GZCMSO‘ G1CMS1 ‘GlCMSO ‘ GOCMSl‘GOCMSO‘

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

Group 3 compare

match select 1 and 0

These bits select

the compare match Group 2 compare

eventthat triggers 1 ach select 1 and 0

TPC output group 3 These bits select

(TP15t0 TP1p)* the compare match
event that triggers
TPC output group 2
(TPq4 to TPg)

Group 1 compare
match select 1 and 0
These bits select

the compare match Group 0 compare

event that triggers match select 1 and 0
TPC output group 1. Tpese pits select

(TP710TPy) the compare match
event that triggers
TPC output group 0
(TP3 to Tpo)

Note: * Since this LSI does not have a TP14 pin, the TP14 signal cannot be output to the outside.

TPCRisinitialized to H'FF by areset and in hardware standby mode. It isnot initialized in
software standby mode.
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Bits 7 and 6—Group 3 Compare Match Select 1 and 0 (G3CM S1, G3CM S0): These bits
select the compare match event that triggers TPC output group 3 (TP, to TP,)*.

Bit 7 Bit6
G3CMS1 G3CMSO0 Description
0 0 TPC output group 3 (TP to TP_,)* is triggered by compare match
in ITU channel O
1 TPC output group 3 (TP, to TP_,)* is triggered by compare match
in ITU channel 1
1 0 TPC output group 3 (TP to TP_,)* is triggered by compare match
in ITU channel 2
1 TPC output group 3 (TP, to TP_,)* is triggered by compare match

in ITU channel 3 (Initial value)

Note: * Since this LSI does not have a TP, pin, the TP, signal cannot be output off-chip.

Bits 5 and 4—Group 2 Compare Match Select 1 and 0 (G2CM S1, G2CM S0): These bits
select the compare match event that triggers TPC output group 2 (TP, to TR,).

Bit 5 Bit4
G2CMS1 G2CMSO0 Description
0 0 TPC output group 2 (TP,, to TP,) is triggered by compare match in
ITU channel 0
1 TPC output group 2 (TP,, to TP,) is triggered by compare match in
ITU channel 1
1 0 TPC output group 2 (TP,, to TP,) is triggered by compare match in
ITU channel 2
1 TPC output group 2 (TP,, to TP,) is triggered by compare match in

ITU channel 3 (Initial value)
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Bits 3 and 2—Group 1 Compare Match Select 1 and 0 (G1CM S1, GICM S0): These bits
select the compare match event that triggers TPC output group 1 (TP, to TP,).

Bit 3 Bit2
G1CMS1 G1CMSO0 Description
0 0 TPC output group 1 (TP, to TP,) is triggered by compare match in
ITU channel 0
1 TPC output group 1 (TP, to TP,) is triggered by compare match in
ITU channel 1
1 0 TPC output group 1 (TP, to TP,) is triggered by compare match in
ITU channel 2
1 TPC output group 1 (TP, to TP,) is triggered by compare match in

ITU channel 3 (Initial value)

Bits 1 and 0—Group 0 Compare Match Select 1 and 0 (GOCM S1, GOCM S0): These bits
select the compare match event that triggers TPC output group O (TP, to TR,).

Bitl Bit0
GOCMS1 GOCMSO0 Description
0 0 TPC output group 0 (TP, to TP,) is triggered by compare match in
ITU channel 0
1 TPC output group 0 (TP, to TP,) is triggered by compare match in
ITU channel 1
1 0 TPC output group 0 (TP, to TP,) is triggered by compare match in
ITU channel 2
1 TPC output group 0 (TP, to TP,) is triggered by compare match in

ITU channel 3 (Initial value)
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9.210 TPC Output Mode Register (TPMR)

TPMR is an 8-bit readable/writable register that selects normal or non-overlapping TPC output for
each group.

Bit 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ — ‘ — ‘ G3NOV ‘ G2NOoV ‘ G1NOV ‘ GONOV ‘
Initial value 1 1 1 1 0 0 0 0
Read/Write — — — — R/W R/W R/W R/W

Reserved bits

Group 3 non-overlap
Selects non-overlapping TPC
output for group 3 (TP;5 to TPy,)*

Group 2 non-overlap
Selects non-overlapping TPC
output for group 2 (TP, to TPg)

Group 1 non-overlap
Selects non-overlapping TPC
output for group 1 (TP, to TP,)

Group 0 non-overlap
Selects non-overlapping TPC
output for group 0 (TP; to TP,)

Note: * Since this LSI does not have a TP44 pin, the TP4 signal cannot be output to the outside.

The output trigger period of a non-overlapping TPC output waveform is set in general register B
(GRB) inthe ITU channel selected for output triggering. The non-overlap margin is set in genera
register A (GRA). The output values change at compare match A and B. For details see section
9.3.4, Non-Overlapping TPC Output.

TPMRisinitialized to H'FO by areset and in hardware standby mode. It isnot initialized in
software standby mode.

Bits 7 to 4—Reserved: These bits cannot be modified and are alwaysread as 1.
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Bit 3—Group 3 Non-Overlap (G3NOV): Selects normal or non-overlapping TPC output for
group 3 (TP, to TP,)*.

Note: * SincethisLSl doesnot have a TP, pin, the TP, signal cannot be output off-chip.

Bit 3

G3NOV Description

0 Normal TPC output in group 3 (output values change at compare match A in the
selected ITU channel) (Initial value)

1 Non-overlapping TPC output in group 3 (independent 1 and 0 output at compare

match A and B in the selected ITU channel)

Bit 2—Group 2 Non-Overlap (G2NOV): Selects normal or non-overlapping TPC output for
group 2 (TP, to TR,).

Bit 2

G2NOV Description

0 Normal TPC output in group 2 (output values change at compare match A in the
selected ITU channel) (Initial value)

1 Non-overlapping TPC output in group 2 (independent 1 and 0 output at compare

match A and B in the selected ITU channel)

Bit 1—Group 1 Non-Overlap (GINOV): Selects normal or non-overlapping TPC output for
group 1 (TP, to TR)).

Bit 1

G1NOV Description

0 Normal TPC output in group 1 (output values change at compare match A in the
selected ITU channel) (Initial value)

1 Non-overlapping TPC output in group 1 (independent 1 and 0 output at compare

match A and B in the selected ITU channel)
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Bit 0—Group 0 Non-Overlap (GONOV): Selects normal or non-overlapping TPC output for
group O (TP, to TR,).

Bit 0

GONOV Description

0 Normal TPC output in group 0 (output values change at compare match A in the
selected ITU channel) (Initial value)

1 Non-overlapping TPC output in group 0 (independent 1 and 0 output at compare

match A and B in the selected ITU channel)

9.3 Operation

93.1 Overview

When corresponding bitsin PADDR or PBDDR and NDERA or NDERB are set to 1, TPC output
is enabled. The TPC output initially consists of the corresponding PADR or PBDR contents.
When a compare-match event selected in TPCR occurs, the corresponding NDRA or NDRB bit
contents are transferred to PADR or PBDR to update the output values.

Figure 9.2 illustrates the TPC output operation. Table 9.3 summarizes the TPC operating
conditions.

DDR NDER

Output trigger signal

Internal
data bus

Q DR D= Q NDR Df~—

TPC output pin

Figure9.2 TPC Output Operation
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Table9.3 TPC Operating Conditions

NDER DDR Pin Function

0 0 Generic input port

Generic output port

1 0 Generic input port (but the DR bit is a read-only bit, and when compare
match occurs, the NDR bit value is transferred to the DR bit)

1 TPC pulse output

Sequential output of up to 16-bit patternsis possible by writing new output datato NDRA and
NDRB before the next compare match. For information on non-overlapping operation, see section
9.3.4, Non-Overlapping TPC Output.

932 Output Timing

If TPC output is enabled, NDRA/NDRB contents are transferred to PADR/PBDR and output
when the selected compare match event occurs. Figure 9.3 shows the timing of these operations
for the case of normal output in groups 0 and 1, triggered by compare match A.

0 HEEREEEEENERE

TCNT N N+1

GRA N
Compare
match A signal

NDRA n

PADR m N n

TPy to TP, m n

Figure9.3 Timing of Transfer of Next Data Register Contentsand Output (Example)
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9.3.3

Normal TPC Output

Sample Setup Procedurefor Normal TPC Output

Figure 9.4 shows a sample procedure for setting up normal TPC output.

( | Select GR functions 1 1. Set TIOR to make GRA an output compare
[ register (with output inhibited).
| Set GRA value 2 2. Setthe TPC output trigger period._ _
ITU setup ‘ 3. Select the counter_clock source with bits
| Select counting operation 3 TPSC2 to TPSCO in TCR. Select the counter
clear source with bits CCLR1 and CCLRO.
‘ 4. Enable the IMFA interrupt in TIER.
L | Select interrupt request 4 5. Set the initial output values in the DR bits
‘ of the input/output port pins to be used for
_ — TPC output.
| Set initial output data 5 6. Set the DDR bits of the input/output port
\ pins to be used for TPC output to 1.
| Select port output 6 7. Setthe NDER bits of the pins to be used for
[ TPC output to 1.
Port and | Enable TPC output 7 8. Select the ITU compare match gvent to be
TPC setup ‘ used as the TPC output tngger.m TPCR. .
| - 9. Set the next TPC output values in the NDR bits.
Select TPC output trigger 8 10. Setthe STR bitto 1in TSTR to start the
‘ timer counter.
Set next TPC output data 9 11. Ateach IMFA interrupt, set the next output
~ | values in the NDR bits.
ITU setup | Start counter 10

Normal TPC output

Compare match?
Yes

Set next TPC output data

11

Figure9.4 Setup Procedurefor Normal TPC Output (Example)
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Example of Normal TPC Output (Example of Five-Phase Pulse Output)

Figure 9.5 shows an example in which the TPC is used for cyclic five-phase pul se output.

TCNT value Compare match

GRA

H'0000

T
|

T

T T T T T
| | | | | | |
| | | |

NDRA 80 ><c:o><4jo><ejo><2jo><3

o X a0 X e Yo e ) Cao Xeo a0~

paprR 00 X 80 X co X 40 X 60 X 20 X 30 X 10 X 18 X 08 X 88 X 80

TP, }

TPg

Cco

TPg

TP3

™, i

« The ITU channel to be used as the output trigger channel is set up so that GRA is an output compare
register and the counter will be cleared by compare match A. The trigger period is set in GRA.
The IMIEA bit is set to 1 in TIER to enable the compare match A interrupt.

* H'F8is written in PADDR and NDERA, and bits GICMS1, GI1CMS0, GOCMS1, and GOCMSO are set in
TPCR to select compare match in the ITU channel set up in step 1 as the output trigger.

Output data H'80 is written in NDRA.

« The timer counter in this ITU channel is started. When compare match A occurs, the NDRA contents
are transferred to PADR and output. The compare match/input capture A (IMFA) interrupt service routine
writes the next output data (H'CO) in NDRA.

« Five-phase overlapping pulse output (one or two phases active at a time) can be obtained by writing
H'40, H'60, H'20, H'30, H'10, H'18, H'08, H'88... at successive IMFA interrupts.

Figure9.5 Normal TPC Output Example (Five-Phase Pulse Output)
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9.34 Non-Overlapping TPC Output

Sample Setup Procedure for Non-Overlapping TPC Output

Figure 9.6 shows a sample procedure for setting up non-overlapping TPC output.

Non-overlapping
TPC output

( | Select GR functions | 1 1. Set TIOR to make GRA and GRB output

[ compare registers (with output inhibited).
| Set GR values | 2 2. Set the TPC output trigger period in GRB
‘ and the non-overlap margin in GRA. '
| Select counting operation | 3. Select the counter clock source with bits
TPSC2 to TPSCO in TCR. Select the counter
‘ clear source with bits CCLR1 and CCLRO.
. | Select interrupt requests | 4 4. Enable the IMFA interrupt in TIER.
‘ 5. Set the initial output values in the DR bits

— of the input/output port pins to be used for
e | Set initial output data | 5 TPC output.

ITU setup

\ 6. Set the DDR bits of the input/output port pins
| Set up TPC output | 6 to be used for TPC output to 1.
[ 7. Set the NDER bits of the pins to be used for
| Enable TPC transfer | 7 TPC outputto 1.
Port and I 8. In TPCR, select the ITU compare match
TPC setup | event to be used as the TPC output trigger.
In TPMR, select the groups that will operate
‘ in non-overlap mode.
| Select non-overlapping groups | 9 10. Set the next TPC output values in the NDR
[ bits.
11. Set the STR bit to 1 in TSTR to start the timer
counter.
12. At each IMFA interrupt, write the next output
value in the NDR bits.

Select TPC transfer trigger | 8 9

L Set next TPC output data 10

ITU setup Start counter 11

No

Compare match A?

Yes

Set next TPC output data 12

Figure9.6 Setup Procedurefor Non-Overlapping TPC Output (Example)
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Example of Non-Overlapping TPC Output
(Example of Four-Phase Complementary Non-Overlapping Output)

Figure 9.7 shows an example of the use of TPC output for four-phase complementary non-
overlapping pulse output.

TCNT value

GRB [ rnt ‘ ”””””””””””””””””””””””””””””
,,,,, T~ S S S S S

GRA : : : : : : :

H0000 *—— \ T T T Time

Nora 95 X 65 X s X s X 95 X e X |

Non overlap margm

TP,

i ———

:

N N
EEE T

[

I

TPy

I

The ITU channel to be used as the output trigger channel is set up so that GRA and GRB are output
compare registers and the counter will be cleared by compare match B. The TPC output trigger

period is set in GRB. The non-overlap margin is set in GRA. The IMIEA bit is set to 1 in TIER to enable
IMFA interrupts.

H'FF is written in PADDR and NDERA, and bits GLCMS1, G1CMS0, GOCMS1, and GOCMSO are set in
TPCR to select compare match in the ITU channel set up in step 1 as the output trigger.

Bits GINOV and GONOV are set to 1 in TPMR to select non-overlapping output. Output data H'95 is
written in NDRA.

The timer counter in this ITU channel is started. When compare match B occurs, outputs change from
1to 0. When compare match A occurs, outputs change from 0 to 1 (the change from 0 to 1 is delayed
by the value of GRA). The IMFA interrupt service routine writes the next output data (H'65) in NDRA.
Four-phase complementary non-overlapping pulse output can be obtained by writing H'59, H'56, H'95...
at successive IMFA interrupts.

Figure9.7 Non-Overlapping TPC Output Example (Four-Phase Complementary
Non-Overlapping Pulse Output)
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9.35 TPC Output Triggering by Input Capture

TPC output can be triggered by 1TU input capture as well as by compare match. If GRA functions
as an input capture register in the ITU channel selected in TPCR, TPC output will be triggered by
the input capture signal. Figure 9.8 shows the timing.

TIOC pin \\

Input capture
signal

NDR N

\
DR M ><\‘N

Figure9.8 TPC Output Triggering by Input Capture (Example)
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9.4  UsageNotes

94.1 Operation of TPC Output Pins

TP, to TP, * are multiplexed with ITU pin functions. When ITU output is enabled, the
corresponding pins cannot be used for TPC output. The data transfer from NDR bitsto DR bits
takes place, however, regardless of the usage of the pin.

Pin functions should be changed only under conditions in which the output trigger event will not
occur.

Note: * SincethisLSl doesnot havea TP, pin, the TP, signal cannot be output to the outside.

94.2 Note on Non-Overlapping Output

During non-overlapping operation, the transfer of NDR bit values to DR bits takes place as
follows.

1. NDR hitsare alwaystransferred to DR bits at compare match A.

2. At compare match B, NDR hits are transferred only if their value is 0. Bits are not transferred
if their valueis 1.

Figure 9.9 illustrates the non-overlapping TPC output operation.

DDR NDER
Q Q
Compare match A
Compare match B
C
Q DR Dj= ‘ Q NDR Df——

TPC output pin

Figure9.9 Non-Overlapping TPC Output
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Therefore, 0 data can be transferred ahead of 1 data by making compare match B occur before
compare match A. NDR contents should not be altered during the interval from compare match B
to compare match A (the non-overlap margin).

This can be accomplished by having the IMFA interrupt service routine write the next datain
NDR, or by having the IMFA interrupt activate the DMAC. The next data must be written before
the next compare match B occurs.

Figure 9.10 shows the timing relationships.

Compare
match A

Compare
match B

! ! NDR write ! ! NDR write
NDR >< ><
oR X X

0 output 0/1 output 0 output 0/1 output
Write to NDR Write to NDR
P in this interval ™ i this interval
Do not write Do not write
to NDR in this to NDR in this
interval interval

Figure9.10 Non-Overlapping Operation and NDR Write Timing
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Section 10 Watchdog Timer

Section 10 Watchdog Timer

10.1 Overview

The H8/3039 Group has an on-chip watchdog timer (WDT). The WDT has two selectable
functions: it can operate as a watchdog timer to supervise system operation, or it can operate as an
interval timer. As awatchdog timer, it generates areset signal for the H8/3039 Group chip if a
system crash allows the timer counter (TCNT) to overflow before being rewritten. Ininterval
timer operation, an interval timer interrupt is requested at each TCNT overflow.

10.1.1 Features
WDT features are listed below.

e Sdlection of eight counter clock sources
@2, ¢'32, @64, (128, ¢/256, @512, /2048, or /4096

e Interval timer option

» Timer counter overflow generates areset signal or interrupt.
The reset signal is generated in watchdog timer operation. An interval timer interrupt is
generated in interval timer operation.

e Watchdog timer reset signal resets the entire H8/3039 Group chip internally, and can also be
output externally.*

The reset signal generated by timer counter overflow during watchdog timer operation resets
the entire H8/3039 Group internally. An external reset signal can be output from the RESO pin
to reset other system devices simultaneoudly.

Note: * TheRESO pin of the mask ROM version is the dedicated FWE input pin of the F-
ZTAT version. Therefore, the F-ZTAT version cannot output the reset signal to the
outside.
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10.1.2 Block Diagram

Figure 10.1 shows a block diagram of the WDT.

Overflow

TCNT Internal
| I Read/ | data bus
Interrupt signal <—————— nterrupt write >
(interval timer) | control control
TCSR
I
Internal clock sources
2
RSTCSR v
@32
@64
(internal, external) Clock @128
selector @256
512
Legend: v
TCNT:  Timer counter ¢'2048
TCSR: Timer control/status register 4096

RSTCSR: Reset control/status register

Figure10.1 WDT Block Diagram

10.1.3 Pin Configuration
Table 10.1 describes the WDT output pin.*

Note: * Showsthe mask ROM version pin. The F-ZTAT does not have any pins used by the
WDT. For F-ZTAT version, see section 15.9, Notes on Flash Memory
Programming/Erasing.

Table10.1 WDT Pin

Name Abbreviation 110 Function

Reset output  RESO Output* External output of the watchdog timer reset signal

Note: * Open-drain output. Externally pull-up to Vcc whether or not the reset output is used
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10.1.4 Register Configuration
Table 10.2 summarizes the WDT registers.

Table10.2 WDT Registers

Address**
Write*? Read Name Abbreviation R/W Initial Value
H'FFA8 H'FFA8  Timer control/status register TCSR RI(W)**  H'18
H'FFA9  Timer counter TCNT R/W H'00
H'FFAA H'FFAB  Reset control/status register RSTCSR RI(W)**  H'3F

Notes: 1. Lower 16 bits of the address.
2. Write word data starting at this address.
3. Only 0 can be written in bit 7 to clear the flag.

10.2 Register Descriptions

10.2.1  Timer Counter (TCNT)

TCNT isan 8-bit readable and writable* up-counter.

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

When the TME bit isset to 1in TCSR, TCNT starts counting pulses generated from an internal
clock source selected by bits CKS2 to CKS0 in TCSR. When the count overflows (changes from
H'FF to H'00), the OVF bit issetto 1in TCSR. TCNT isinitialized to H'00 by areset and when
the TME bit iscleared to 0.

Note: * TCNT iswrite-protected by a password. For details see section 10.2.4, Notes on
Register Access.
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10.22  Timer Control/Status Register (TCSR)

TCSR isan 8-hit readable and writable* register. Its functions include selecting the timer mode
and clock source.

Note: * TCSR iswrite-protected by a password. For details see section 10.2.4, Notes on

Register Access.
Bit 7 6 5 4 3 2 1 0
\ OVF \ WT/W‘ TME \ — \ — \ CKS2 \ CKS1 \ CKSO0
Initial value 0 0 0 1 1 0 0 0
Read/Write RI(W)*  R/IW RIW — — RIW RIW RIW

Clock select
These bits select the
TCNT clock source

Reserved bits

Timer enable
Selects whether TCNT runs or halts

Timer mode select
Selects the mode

Overflow flag
Status flag indicating overflow

Note: * Only 0 can be written to clear the flag.

Bits 7 to 5 areinitialized to 0 by areset and in standby mode. Bits2to O are initializedto O by a
reset. |n software standby mode bits 2 to 0 are not initialized, but retain their previous values.
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Bit 7—Overflow Flag (OVF): This status flag indicates that the timer counter has overflowed
from H'FF to H'00.

Bit 7
OVF Description
0 [Clearing condition]
Cleared by reading OVF when OVF = 1, then writing 0 in OVF (Initial value)
1 [Setting condition]

Set when TCNT changes from H'FF to H'00

Bit 6—Timer Mode Select (WT/IT): Selects whether to use the WDT as awatchdog timer or
interval timer. If used as an interval timer, the WDT generates an interval timer interrupt request
when TCNT overflows. If used as awatchdog timer, the WDT generates a reset signal when
TCNT overflows.

Bit 6

WT/IT Description

0 Interval timer: requests interval timer interrupts (Initial value)
1 Watchdog timer: generates a reset signal

Bit 5—Timer Enable (TME): Selects whether TCNT runs or is halted.

Bit 5

TME Description

0 TCNT is initialized to H'00 and halted (Initial value)
1 TCNT is counting

Bits 4 and 3—Reserved: These bits cannot be modified and are awaysread as 1.

Bits 2 to 0—Clock Select 2 to 0 (CK S2/1/0): These bits select one of eight internal clock sources,
obtained by prescaling the system clock (¢), for input to TCNT.
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Bit 2 Bit 1 Bit 0
CKS2 CKs1 CKSOo Description
0 0 0 @2 (Initial value)
1 @32
1 0 @64
1 @128
1 0 0 @256
1 @512
1 0 @2048
1 ©4096

10.2.3 Reset Control/Status Register (RSTCSR)

RSTCSR is an 8-hit readable and writable* register that indicates when areset signal has been
generated by watchdog timer overflow, and controls external output of the reset signal.

Note: * RSTCSR iswrite-protected by a password. For details see section 10.2.4, Notes on

Register Access.
Bit 7 6 5 4 3 2 1 0
wrsT |RsTOE| — | — | — | — | — | — |
Initial value 0 0 1 1 1 1 1 1

Read/Write ~ R/(W)*1  R/W — — — — — _

Reserved bits

Reset output enable*2
Enables or disables external output of the reset signal

Watchdog timer reset
Indicates that a reset signal has been generated

Notes: 1. Only 0 can be written in bit 7 to clear the flag.
2. With the mask ROM version, enable and disable can be set. With the F-ZTAT version,
do not set enable.

Bits 7 and 6 are initialized by input of areset signal at the RES pin. They are not initialized by
reset signals generated by watchdog timer overflow.
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Bit 7—Watchdog Timer Reset (WRST): During watchdog timer operation, this bit indicates that
TCNT has overflowed and generated areset signal. This reset signal resets the entire chip
internally. If bit RSTOE is set to 1, thisreset signal is also output (low) at the RESO pin** to
initialize externa system devices.

Bit 7
WRST Description
0 [Clearing conditions] (Initial value)

(1) Cleared to 0 by reset signal input at RES pin
(2) Cleared by reading WRST when WRST = 1, then writing 0 in WERST
1 [Setting condition]

Set when TCNT overflow generates a reset signal during watchdog timer operation

Bit 6—Reset Output Enable (RSTOE): Enables or disables external output at the RESO pin** of
the reset signal generated if TCNT overflows during watchdog timer operation.

Bit 6

RSTOE Description

0 Reset signal is not output externally (Initial value)
1 Reset signal is output externally*?

Notes: 1. Mask ROM version. Dedicated FWE input pin for F-ZTAT version.
2. Mask ROM version. Do not set to 1 with the F-ZTAT version.

Bits 5 to 0—Reserved: These bits cannot be modified and are alwaysread as 1.
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10.24 Noteson Register Access

The watchdog timer's TCNT, TCSR, and RSTCSR registers differ from other registersin being
more difficult to write. The procedures for writing and reading these registers are given below.

Writingto TCNT and TCSR

These registers must be written by aword transfer instruction. They cannot be written by byte
instructions. Figure 10.2 shows the format of data written to TCNT and TCSR. TCNT and TCSR
both have the same write address. The write data must be contained in the lower byte of the
written word. The upper byte must contain H'5A (password for TCNT) or H'A5 (password for
TCSR). This transfers the write data from the lower byteto TCNT or TCSR.

TCNT write 15 8 7 0
Address H'FFAS* | H'5A | Write data |
TCSR write 15 8 7 0
Address H'FFA8* | H'A5 | Write data |

Note: * Lower 16 bits of the address.

Figure 10.2 Format of Data Written to TCNT and TCSR
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Writingto RSTCSR

RSTCSR must be written by aword transfer instruction. It cannot be written by byte transfer
instructions. Figure 10.3 shows the format of data written to RSTCSR. To write 0 in the WRST
bit, the write data must have H'A5 in the upper byte and H'00 in the lower byte. The H'00 in the
lower byte clears the WRST bit in RSTCSR to 0. To write to the RSTOE bit, the upper byte must
contain H'5A and the lower byte must contain the write data. Writing this word transfers awrite
data value into the RSTOE bit.

Writing 0 in WRST bit 15 8 7 0
Address H'FFAA* | H'A5 | H'00 |
Writing to RSTOE bit 15 8 7 0
Address H'FFAA* | H'5A | Write data |

Note: * Lower 16 bits of the address.

Figure10.3 Format of Data Written to RSTCSR

Reading TCNT, TCSR, and RSTCSR

These registers are read like other registers. Byte access instructions can be used. The read
addresses are H'FFA8 for TCSR, H'FFA9Q for TCNT, and H'FFAB for RSTCSR, aslisted in table
10.3.

Table10.3 Read Addressesof TCNT, TCSR, and RSTCSR

Address* Register
H'FFA8 TCSR
H'FFA9 TCNT
H'FFAB RSTCSR

Note: * Lower 16 bits of the address.
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10.3  Operation

Operations when the WDT is used as awatchdog timer and as an interval timer are described
below.

10.3.1 Watchdog Timer Operation

Figure 10.4 illustrates watchdog timer operation. To use the WDT as awatchdog timer, set the
WT/IT and TME bitsto 1 in TCSR. Software must prevent TCNT overflow by rewriting the
TCNT value (normally by writing H'00) before overflow occurs. If TCNT fails to be rewritten and
overflows due to a system crash etc., the H8/3039 Group isinternally reset for a duration of 518
states.

The watchdog reset signal can be externally output from the RESO pin* to reset external system
devices. Thereset signal is output externally for 132 states. External output can be enabled or
disabled by the RSTOE bit in RSTCSR.

A watchdog reset has the same vector as areset generated by input at the RES pin. Software can
distinguish aRES reset from awatchdog reset by checking the WRST bit in RSTCSR.

If aRES reset and awatchdog reset occur simultaneously, the RES reset takes priority.

Note: * Mask ROM version.
Since the RES pin is a dedicated FWE input pin with the F-ZTAT version, the reset
signal cannot be output to the outside.
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WDT overflow

HIFFE  mmmmm o m e e
TCNT count TME setto 1
value l
HoO W —F A
T \ T / OVF=1 \ T /
Y
Start H'00 written Reset H'00 written
Int | in TCNT in TCNT
nterna
reset signal
518 states
RESO
132 states

Figure10.4 Watchdog Timer Operation (Mask ROM Version)

10.3.2 Interval Timer Operation

Figure 10.5 illustrates interval timer operation. To usethe WDT as an interval timer, clear bit

WT/IT to 0 and set bit TME to 1 in TCSR. An interval timer interrupt request is generated at each
TCNT overflow. This function can be used to generate interval timer interrupts at regular

intervals.
R e B R A
TCNT
count value
Time t
H'00 T R ] S e T L P ETl COREEE
A Y Y Y y
WT/IT=0 Interval Interval Interval Interval Interval
TME=1 timer timer timer timer timer
interrupt interrupt interrupt interrupt interrupt

Figure10.5 Interval Timer Operation
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10.3.3  Timing of Setting of Overflow Flag (OVF)

Figure 10.6 shows the timing of setting of the OVF flag in TCSR. The OVF flag is set to 1 when
TCNT overflows. At the same time, areset signal is generated in watchdog timer operation, or an
interval timer interrupt is generated in interval timer operation.

; ] N

TCNT H'FF >< H'00

Overflow signal

\

OVF

Figure10.6 Timing of Setting of OVF
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10.3.4 Timing of Setting of Watchdog Timer Reset Bit (WRST)
The WRST bit in RSTCSR is valid when bits WT/IT and TME are both set to 1 in TCSR.

Figure 10.7 shows the timing of setting of WRST and the internal reset timing. The WRST bit is
set to 1 when TCNT overflows and OVF is set to 1. At the sametime an internal reset signal is
generated for the entire H8/3039 Group chip. Thisinternal reset signal clears OVF to 0, but the
WRST bit remains set to 1. The reset routine must therefore clear the WRST bit.

0 | L

TCNT H'FF >< H'00

Overflow signal

OVF

WDT internal
reset

WRST

Figure10.7 Timing of Setting of WRST Bit and Internal Reset

104  Interrupts

During interval timer operation, an overflow generates an interval timer interrupt (WOVI). The
interval timer interrupt is requested whenever the OVF bitissetto 1in TCSR.
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10.5 Usage Notes

Contention between TCNT Write and Increment

If atimer counter clock pulse is generated during the T3 state of awrite cycleto TCNT, the write
takes priority and the timer count is not incremented. See figure 10.8.

Write cycle: CPU writes to TCNT
T T2 T3

0 I O
TCNT:>< X

Internal write
signal

TCNT input
clock

TCNT N >< . M

Counter write data

Figure 10.8 Contention between TCNT Write and Increment

Changing CKS2 to CK S0 Values

Halt TCNT by clearing the TME bit to 0 in TCSR before changing the values of bits CKS2 to
CKS0.
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Section 11 Serial Communication I nterface

111  Overview

The H8/3039 Group has a serial communication interface (SCI) with two independent channels.
The two channels are functionally identical. The SCI can communicate in asynchronous or
synchronous mode. It also has a multiprocessor communication function for serial communication
among two or more processors.

When the SCI is not used, it can be halted to conserve power. Each SCI channel can be halted
independently. For details see section 17.6, Module Standby Function.

Channel 0 (SCI0) also has a smart card interface function conforming to the ISO/IEC7816-3
(Identification Card) standard. This function supports serial communication with a smart card. For
details, see section 12, Smart Card Interface.

11.1.1 Features
SCI features are listed below.

» Sdlection of asynchronous or synchronous mode for serial communication
a. Asynchronous mode

Serial data communication is synchronized one character at atime. The SCI can communicate
with a universal asynchronous receiver/transmitter (UART), asynchronous communication
interface adapter (ACIA), or other chip that employs standard asynchronous serial
communication. It can also communicate with two or more other processors using the
multiprocessor communication function. There are twelve selectable serial data
communication formats.

O Datalength: 7 or 8 hits

O Stop hit length: 1 or 2 bits

O Parity bit: even, odd, or none

O Multiprocessor hit: lor0

O Receive error detection: parity, overrun, and framing errors

O Break detection: by reading the RxD level directly when aframing error occurs
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b. Synchronous mode
Serial data communication is synchronized with a clock signal. The SCI can communicate with
other chips having a synchronous communication function. Thereis one serial data
communication format.
O Datalength: 8 hits
O Receive error detection: overrun errors

e Full-duplex communication
The transmitting and receiving sections are independent, so the SCI can transmit and receive
simultaneoudly. The transmitting and receiving sections are both double-buffered, so serial
data can be transmitted and received continuously.

» Built-in baud rate generator with selectable bit rates

» Sdlectable transmit/receive clock sources: internal clock from baud rate generator, or external
clock from the SCK pin.

» Four types of interrupts

Transmit-data-empty, transmit-end, receive-data-full, and receive-error interrupts are requested
independently.
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1112

Block Diagram

Figure 11.1 shows a block diagram of the SCI.

8 | Internal
& | data bus
[}
Module data bus z >
w
]
y s
__ROR_| [ TR | SSR [ BRR | —
¢ ! ScR -
RxD —{ | RSR [[ Tsr Baudrate |« @4
Transmit/ generator -~ @16
D < receive control ~— @64
Parity generation| ! } Clock [
Parity check External clock
SCK
= TEI
TXI
= RXI
= ERI
Legend:
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

Figure11.1 SCI Block Diagram
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11.1.3  Input/Output Pins
The SCI has the seria pinsfor each channel aslisted in table 11.1.

Table11.1 SCI Pins

Channel Name Abbreviation I/0 Function

0 Serial clock pin SCK, Input/output SCI, clock input/output
Receive data pin RxD, Input SCI, receive data input
Transmit data pin TxD, Output SCI, transmit data output

1 Serial clock pin SCK, Input/output SCI, clock input/output
Receive data pin RxD, Input SCI, receive data input
Transmit data pin TxD, Output SCI, transmit data output
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11.1.4 Register Configuration

The SCI hasthe internal registers aslisted in table 11.2. These registers select asynchronous or
synchronous mode, specify the data format and bit rate, and control the transmitter and receiver

sections.

Table11.2 Registers

Channel Address** Name Abbreviation R/IW Initial Value

0 H'FFBO Serial mode register SMR R/W H'00
H'FFB1 Bit rate register BRR R/W H'FF
H'FFB2 Serial control register SCR R/W H'00
H'FFB3 Transmit data register TDR R/W H'FF
H'FFB4 Serial status register SSR R/(W)*? H'84
H'FFB5 Receive data register RDR R H'00

1 H'FFB8 Serial mode register SMR R/W H'00
H'FFB9 Bit rate register BRR R/W H'FF
H'FFBA Serial control register SCR R/W H'00
H'FFBB Transmit data register TDR R/W H'FF
H'FFBC Serial status register SSR R/(W)*? H'84
H'FFBD Receive data register RDR R H'00

Notes: 1. Lower 16 bits of the address.

2. Only 0 can be written to clear flags.
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11.2  Register Descriptions

11.21 Receive Shift Register (RSR)

RSR is an 8-hit register that receives serial data.

Bit 7 6 5 4 3 2 1 0

Read/Write — — — — — — — —

The SCI loads serial datainput at the RxD pin into RSR in the order received, LSB (bit O) firgt,
thereby converting the data to parallel data. When 1 byte has been received, it is automatically
transferred to RDR. The CPU cannot read or write RSR directly.

11.2.2 Receive Data Register (RDR)

RDR is an 8-bit register that stores received serial data.

Bit 7 6 5 4 3 2 1 0
Initial value 0 0 0 0 0 0 0 0
Read/Write R R R R R R R R

When the SCI finishes receiving 1 byte of serial data, it transfers the received data from RSR into
RDR for storage. RSR is then ready to receive the next data. This double buffering allows data to
be received continuoudly.

RDR is aread-only register. Its contents cannot be modified by the CPU. RDR isinitialized to
H'00 by areset and in standby mode.
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11.2.3  Transmit Shift Register (TSR)

TSR isan 8-bit register used to transmit serial data.

Bit 7 6 5 4 3 2 1 0

Read/Write — — — — — — — —

The SCI loads transmit datafrom TDR into TSR, then transmits the data serially from the TxD
pin, LSB (bit 0) first. After transmitting one data byte, the SCI automatically loads the next
transmit data from TDR into TSR and starts transmitting it. If the TDRE flag isset to 1 in SSR,
however, the SCI does not |oad the TDR contents into TSR. The CPU cannot read or write TSR
directly.

11.2.4  Transmit Data Register (TDR)

TDR isan 8-bit register that stores data for serial transmission.

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

When the SCI detects that TSR is empty, it moves transmit datawritten in TDR from TDR into
TSR and starts serial transmission. Continuous serial transmission is possible by writing the next
transmit datain TDR during serial transmission from TSR.

The CPU can alwaysread and write TDR. TDR isinitialized to H'FF by areset and in standby
mode.
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1125 Serial Mode Register (SMR)

SMR is an 8-hit register that specifies the SCI serial communication format and selects the clock
source for the baud rate generator.

Bit 7 6 5 4 3 2 1 0
C/A CHR ‘ PE ‘ O/E ‘ STOP ‘ MP ‘ CKS1 ‘ CKSO0 ‘

Initial value 0 0 0 0 0 0 0 0

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

|
Clock select 1/0
These bits select the
baud rate generatorOs
clock source

Multiprocessor mode
Selects the multiprocessor
function

Stop bit length
Selects the stop bit length

Parity mode
Selects even or odd parity

Parity enable
Selects whether a parity bit is added

Character length
Selects character length in asynchronous mode

Communication mode
Selects asynchronous or synchronous mode

The CPU can aways read and write SMR. SMR isinitialized to H'00 by areset and in standby
mode.

Bit 7—Communication Mode (C/A): Selects whether the SCI operates in asynchronous or
synchronous mode.

Bit 7

C/A Description

0 Asynchronous mode (Initial value)
1 Synchronous mode
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Bit 6—Character Length (CHR): Selects 7-bit or 8-bit data length in asynchronous mode. In
synchronous mode the data length is 8 hits 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) in TDR is not transmitted.

Bit 5—Parity Enable (PE): In asynchronous mode, this bit enables or disables the addition of a
parity bit to transmit data, and the checking of the parity bit in receive data. In synchronous mode
the parity bit is neither added nor checked, regardless of the PE setting.

Bit 5

PE Description

0 Parity bit not added or checked (Initial value)
1 Parity bit added and checked*

Note: * When PEis setto 1, an even or odd parity bit is added to transmit data according to the
even or odd parity mode selected by the O/E bit, and the parity bit in receive data is
checked to see that it matches the even or odd mode selected by the O/E bit.

Bit 4—Parity Mode (O/E): Selects even or odd parity. The O/E bit setting is valid in
asynchronous mode when the PE hit is set to 1 to enable the adding and checking of a parity bit.
The O/E setting is ignored in synchronous mode, or when parity adding 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 selected, the parity bit added to transmit data makes an even
number of 1s in the transmitted character and parity bit combined. Receive data must
have an even number of 1s in the received character and parity bit combined.

2. When odd parity is selected, the parity bit added to transmit data makes an odd nhumber
of 1s in the transmitted character and parity bit combined. Receive data must have an
odd number of 1s in the received character and parity bit combined.

Bit 3—Stop Bit Length (STOP): Selects one or two stop bitsin asynchronous mode. This setting
isused only in asynchronous mode. In synchronous mode no stop bit is added, so the STOP hit
setting isignored.
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Bit 3

STOP Description

0 One stop bit** (Initial value)
1 Two stop bits*?

Notes: 1. One stop bit (with value 1) is added at the end of each transmitted character.
2. Two stop bits (with value 1) are added at the end of each transmitted character.

In receiving, only thefirst stop bit is checked, regardless of the STOP bit setting. If the second
stop bitis1 it istreated as astop bit. If the second stop bit isQ it istreated as the start bit of the
next incoming character.

Bit 2—M ultiprocessor Mode (M P): Selects a multiprocessor format. When a multiprocessor
format is selected, parity settings made by the PE and O/E bits are ignored. The MP bit setting is
valid only in asynchronous mode. It isignored in synchronous mode.

For further information on the multiprocessor communication function, see section 11.3.3,
Multiprocessor Communication.

Bit 2

MP Description

0 Multiprocessor function disabled (Initial value)
1 Multiprocessor format selected

Bits 1 and 0—Clock Select 1 and 0 (CK S1/0): These hits select the clock source of the on-chip
baud rate generator. Four clock sources are available: @, ¢/4, ¢/16, and @/64.

For the relationship between the clock source, bit rate register setting, and baud rate, see section
11.2.8, Bit Rate Register (BRR).

Bit 1 Bit 0
CKS1 CKSO Description
0 0 @ clock selected (Initial value)

@4 clock selected

0 1
1 0 @16 clock selected
1 1 @64 clock selected
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11.26  Serial Control Register (SCR)

SCR enables the SCI transmitter and receiver, enables or disables serial clock output in
asynchronous mode, enables or disables interrupts, and selects the transmit/receive clock source.

Bit 7 6 5 4 3 2 1 0

‘ TIE ‘ RIE ‘ TE ‘ RE ‘ MPIE ‘ TEIE ‘ CKE1 ‘ CKEO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Clock enable 1/0

These bits select the
SCI clock source

Transmit end interrupt enable
Enables or disables transmit-
end interrupts (TEI)

Multiprocessor interrupt enable
Enables or disables multiprocessor
interrupts

Receive enable
Enables or disables the receiver

Transmit enable
Enables or disables the transmitter

Receive interrupt enable
Enables or disables receive-data-full interrupts (RXI) and
receive-error interrupts (ERI)

Transmit interrupt enable
Enables or disables transmit-data-empty interrupts (TXI)

The CPU can always read and write SCR. SCR isinitialized to H'00 by areset and in standby
mode.
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Bit 7—Transmit Interrupt Enable (TIE): Enables or disables the transmit-data-empty interrupt
(TXI1) requested when the TDRE flag in SSR is set to 1 due to transfer of serial transmit data from
TDRto TSR.

Bit 7

TIE Description

0 Transmit-data-empty interrupt request (TXI) is disabled* (Initial value)
1 Transmit-data-empty interrupt request (TXI) is enabled

Note: * TXl interrupt requests can be cleared by reading the value 1 from the TDRE flag, then
clearing it to O; or by clearing the TIE bit to 0.

Bit 6—Receive Interrupt Enable (RIE): Enables or disables the receive-data-full interrupt (RXI)
requested when the RDRF flag is set to 1 in SSR due to transfer of serial receive datafrom RSR to
RDR; also enables or disables the receive-error interrupt (ERI).

Bit 6
RIE Description
0 Receive-end (RXI) and receive-error (ERI) interrupt requests are disabled*
(Initial value)
1 Receive-end (RXI) and receive-error (ERI) interrupt requests are enabled

Note: * RXI and ERI interrupt requests can be cleared by reading the value 1 from the RDRF,
FER, PER, or ORER flag, then clearing it to O; or by clearing the RIE bit to 0.

Bit 5—Transmit Enable (TE): Enables or disables the start of SCI serial transmitting operations.

Bit 5

TE Description

0 Transmitting disabled** (Initial value)
1 Transmitting enabled*?

Notes: 1. The TDRE flag is fixed at 1 in SSR.
2. Inthe enabled state, serial transmitting starts when the TDRE flag in SSR is cleared to
0 after writing of transmit data into TDR. Select the transmit format in SMR before
setting the TE bit to 1.
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Bit 4—Receive Enable (RE): Enables or disables the start of SCI serial receiving operations.

Bit 4

RE Description

0 Receiving disabled** Initial value
9

1 Receiving enabled*?

Notes: 1. Clearing the RE bit to O does not affect the RDRF, FER, PER, and ORER flags. These
flags retain their previous values.

2. Inthe enabled state, serial receiving starts when a start bit is detected in asynchronous
mode, or serial clock input is detected in synchronous mode. Select the receive format
in SMR before setting the RE bit to 1.

Bit 3—Multiprocessor Interrupt Enable (MPIE): Enables or disables multiprocessor interrupts.
The MPIE setting is valid only in asynchronous mode, and only if the MP bit isset to 1in SMR.
The MPIE setting isignored in synchronous mode or when the MP hit is cleared to O.

Bit 3

MPIE Description

0 Multiprocessor interrupts are disabled (normal receive operation) (Initial value)
[Clearing conditions]
e« The MPIE bitis cleared to O
¢ MPB =1 inreceived data

1 Multiprocessor interrupts are enabled*

Receive-data-full interrupts (RXI), receive-error interrupts (ERI), and setting of the
RDRF, FER, and ORER status flags in SSR are disabled until data with the
multiprocessor hit set to 1 is received.

Note: * The SCI does not transfer receive data from RSR to RDR, does not detect receive
errors, and does not set the RDRF, FER, and ORER flags in SSR. When it receives
data in which MPB = 1, the SCI sets the MPB bit to 1 in SSR, automatically clears the
MPIE bit to 0, and enables RXI and ERI interrupts (if the RIE bit is set to 1 in SCR) and
setting of the FER and ORER flags.
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Bit 2—Transmit-End Interrupt Enable (TEIE): Enables or disables the transmit-end interrupt
(TEI) requested if TDR does not contain new transmit data when the MSB is transmitted.

Bit 2

TEIE Description

0 Transmit-end interrupt requests (TEI) are disabled* (Initial value)
1 Transmit-end interrupt requests (TEI) are enabled*

Note: * TEI interrupt requests can be cleared by reading the value 1 from the TDRE flag in
SSR, then clearing the TDRE flag to O, thereby also clearing the TEND flag to O; or by
clearing the TEIE bit to O.

Bits 1 and 0—Clock Enable 1 and 0 (CKE1/0): These bits select the SCI clock source and
enable or disable clock output from the SCK pin. Depending on the settings of CKE1 and CKEO,
the SCK pin can be used for generic input/output, serial clock output, or serial clock input.

The CKEO setting is valid only in asynchronous mode, and only when the SCI isinternally
clocked (CKEL = 0). The CKEQO setting isignored in synchronous mode, or when an external
clock source is selected (CKEL = 1). After setting the CKE1 and CKEQ bits, select the SCI
operating mode in SMR. For further details on selection of the SCI clock source, see table 11.9.

Bit 1 Bit 0
CKE1 CKEO Description
0 0 Asynchronous mode Internal clock, SCK pin available for generic
input/output**
Synchronous mode Internal clock, SCK pin used for serial clock output**
0 1 Asynchronous mode Internal clock, SCK pin used for clock output*?
Synchronous mode Internal clock, SCK pin used for serial clock output
1 0 Asynchronous mode External clock, SCK pin used for clock input*®
Synchronous mode External clock, SCK pin used for serial clock input
1 1 Asynchronous mode External clock, SCK pin used for clock input*®
Synchronous mode External clock, SCK pin used for serial clock input

Notes: 1. Initial value
2. The output clock frequency is the same as the bit rate.
3. The input clock frequency is 16 times the bit rate.
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11.2.7  Serial Status Register (SSR)

SSRis an 8-hit register containing multiprocessor bit values, and status flags that indicate the SCI
operating status.

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)*  RI(W)* R/(W)* RI(W) RI(W)* R R R/W

Multiprocessor
bit transfer
Value of multi-
processor bit to
be transmitted

Multiprocessor bit
Stores the received
multiprocessor bit value

Transmit end
Status flag indicating end of
transmission

Parity error
Status flag indicating detection of
a receive parity error

Framing error
Status flag indicating detection of a receive
framing error

Overrun error
Status flag indicating detection of a receive overrun error

Receive data register full
Status flag indicating that data has been received and stored in RDR

Transmit data register empty
Status flag indicating that transmit data has been transferred from TDR into
TSR and new data can be written in TDR

Note: * Only O can be written to clear the flag.
The CPU can always read and write SSR, but cannot write 1 in the TDRE, RDRF, ORER, PER,

and FER flags. These flags can be cleared to 0 only if they have first been read while set to 1. The
TEND and MPB flags are read-only bits that cannot be written.
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SSRisinitialized to H'84 by areset and in standby mode.

Bit 7—Transmit Data Register Empty (TDRE): Indicates that the SCI has loaded transmit data
from TDR into TSR and the next serial transmit data can be written in TDR.

Bit 7
TDRE Description
0 TDR contains valid transmit data
[Clearing condition]
Software reads TDRE while it is set to 1, then writes O
1 TDR does not contain valid transmit data (Initial value)

[Setting conditions]

e The chip is reset or enters standby mode

e The TE bitin SCR is cleared to 0

*« TDR contents are loaded into TSR, so new data can be written in TDR

Bit 6—Receive Data Register Full (RDRF): Indicates that RDR contains new receive data.

Bit 6
RDRF Description
0 RDR does not contain new receive data (Initial value)
[Clearing conditions]
« The chip is reset or enters standby mode
« Software reads RDRF while it is set to 1, then writes 0
¢ The DMAC reads data from RDR
1 RDR contains new receive data

[Setting condition]
When serial data is received normally and transferred from RSR to RDR

Note: The RDR contents and RDRF flag are not affected by detection of receive errors or by
clearing of the RE bit to 0 in SCR. They retain their previous values. If the RDRF flag is still
set to 1 when reception of the next data ends, an overrun error occurs and receive data is
lost.
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Bit 5—Overrun Error (ORER): Indicates that data reception ended abnormally due to an
QVerrun error.

Bit 5
ORER Description
0 Receiving is in progress or has ended normally (Initial value)**
[Clearing conditions]
« The chip is reset or enters standby mode
* Software reads ORER while it is set to 1, then writes 0
1 A receive overrun error occurred*’
[Setting condition]
Reception of the next serial data ends when RDRF = 1
Notes: 1. Clearing the RE bit to 0 in SCR does not affect the ORER flag, which retains its

previous value.

RDR continues to hold the receive data before the overrun error, so subsequent receive
data is lost. Serial receiving cannot continue while the ORER flag is setto 1. In
synchronous mode, serial transmitting is also disabled.

Bit 4—Framing Error (FER): Indicates that data reception ended abnormally due to aframing
error in asynchronous mode.

Bit 4
FER Description
0 Receiving is in progress or has ended normally (Initial value)**
[Clearing conditions]
« The chip is reset or enters standby mode
» Software reads FER while it is set to 1, then writes 0
1 A receive framing error occurred*?
[Setting condition]
The stop bit at the end of receive data is checked and found to be O
Notes: 1. Clearing the RE bit to 0 in SCR does not affect the FER flag, which retains its previous

value.

When the stop bit length is 2 bits, only the first bit is checked. The second stop bit is not
checked. When a framing error occurs the SCI transfers the receive data into RDR but
does not set the RDRF flag. Serial receiving cannot continue while the FER flag is set
to 1. In synchronous mode, serial transmitting is also disabled.
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Bit 3—Parity Error (PER): Indicates that data reception ended abnormally due to a parity error
in asynchronous mode.

Bit 3

PER Description

0 Receiving is in progress or has ended normally** (Initial value)
[Clearing condition]
The chip is reset or enters standby mode. Software reads PER while it is set to 1, then
writes 0

1 A receive parity error occurred*?
[Setting condition]
The number of 1s in receive data, including the parity bit, does not match the even or
odd parity setting of O/E in SMR

Notes: 1. Clearing the RE bhit to 0 in SCR does not affect the PER flag, which retains its previous

value.

When a parity error occurs the SCI transfers the receive data into RDR but does not set
the RDRF flag. Serial receiving cannot continue while the PER flag is set to 1. In
synchronous mode, serial transmitting is also disabled.

Bit 2—Transmit End (TEND): Indicates that when the last bit of a serial character was
transmitted TDR did not contain new transmit data, so transmission has ended. The TEND flag is
aread-only bit and cannot be written.

Bit 2
TEND Description
0 Transmission is in progress
[Clearing condition]
Software reads TDRE while it is set to 1, then writes 0 in the TDRE flag
1 End of transmission (Initial value)

[Setting conditions]
« The chip is reset or enters standby mode. The TE bit is cleared to 0 in SCR
« TDRE is 1 when the last bit of a serial character is transmitted
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Bit 1—Multiprocessor Bit (MPB): Stores the value of the multiprocessor bit in receive data
when a multiprocessor format is used in asynchronous mode. MPB is aread-only bit and cannot
be written.

Bit 1

MPB Description

0 Multiprocessor bit value in receive data is 0* (Initial value)
1 Multiprocessor bit value in receive data is 1

Note: * If the RE bit is cleared to 0 when a multiprocessor format is selected, MPB retains its
previous value.

Bit 0—Multiprocessor Bit Transfer (MPBT): Stores the value of the multiprocessor bit added to
transmit data when a multiprocessor format is selected for transmitting in asynchronous mode.
The MPBT setting isignored in synchronous mode, when a multiprocessor format is not selected,
or when the SCI is not transmitting.

Bit 0

MPBT Description

0 Multiprocessor bit value in transmit data is 0 (Initial value)
1 Multiprocessor bit value in transmit data is 1

11.2.8 Bit RateRegister (BRR)

BRR is an 8-hit register that, together with the CKS1 and CK 'S0 hitsin SMR that select the baud
rate generator clock source, determines the serial communication bit rate.

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

The CPU can always read and write BRR. BRR isinitialized to H'FF by areset and in standby
mode.

The baud rate generator is controlled separately for the individual channels, so different values
may be set for each.

Table 11.3 shows examples of BRR settings in asynchronous mode. Table 11.4 shows examples of
BRR settings in synchronous mode.
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Table11.3 Examplesof Bit Ratesand BRR Settingsin Asynchronous Mode

®(MHz)
2.097152 2.4576

Bit Rate Error Error Error Error
(bits/s) n N (%) n N (%) n N (%) n N (%)
110 1 141 0.03 1 148 -0.04 1 174 -0.26 1 212 0.03
150 1 103 0.16 1 108 0.21 1 127 O 1 155 0.16
300 0 207 0.16 0 217 0.21 0 255 O 1 77 0.16
600 0 103 0.16 0 108 0.21 0 127 O 0 155 0.16
1200 0 51 0.16 0 54 -0.70 0 63 0 0 77 0.16
2400 0 25 0.16 0 26 1.14 0 31 0 0 38 0.16
4800 0o 12 0.16 0 13 -2.48 0 15 0 0 19 -234
9600 0 6 -6.99 0 6 -2.48 0o 7 0 0 9 -2.34
19200 0 2 8.51 0 2 13.78 0 3 0 0 4 -2.34
31250 0 1 0 0 1 4.86 0 1 22.88 0o 2 0
38400 0 1 -1862 0 1 -14.67 0 1 0 —_ - =

@ (MHz)

3.6864 4.9152

Bit Rate Error Error Error Error
(bits/s) n N (%) n N (%) n N (%) n N (%)
110 2 64 0.70 2 70 0.03 2 86 031 2 88 -0.25
150 1 191 O 1 207 0.16 1 255 O 2 64 0.16
300 1 95 0 1 103 0.16 1 127 O 1 129 0.16
600 0 191 O 0 207 0.16 0 255 O 1 64 0.16
1200 0 95 0 0 103 0.16 0 127 O 0 129 0.16
2400 0 47 0 0 51 0.16 0 63 0 0 64 0.16
4800 0 23 0 0 25 0.16 0 31 0 0 32 -1.36
9600 0 11 0 0 12 0.16 0 15 0 0 15 1.73
19200 0 5 0 0 -6.99 0 0 0 1.73
31250 — — — 0 3 0 0 -1.70 O 0
38400 0 2 0 0 8.51 0 0 0 1.73
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@ (MHz)
6 6.144 7.3728 8
Bit Rate Error Error Error Error
(bits/s) n N (%) n N (%) n N (%) n N (%)
110 2 106 -0.44 2 108 0.08 2 130 -0.07 2 141 0.03
150 1 77 0.16 2 79 0 2 95 0 2 103 0.16
300 1 155 0.16 1 159 0 1 191 O 1 207 0.16
600 1 77 0.16 1 79 0 1 95 0 1 103 0.16
1200 0 155 0.16 0 159 0 0 191 O 0 207 0.16
2400 o 77 0.16 0 79 0 0 95 0 0 103 0.16
4800 0 38 0.16 0 39 0 0 47 0 0 51 0.16
9600 0 19 -2.34 0 19 0 0 23 0 0 25 0.16
19200 0 -2.34 0 9 0 0 11 0 0 12 0.16
31250 0 0 0 2.40 0 533 0 0
38400 0 -2.34 0 4 0 0 0 0 -6.99
¢ (MH2)
9.8304 10 12 12.288
Bit Rate Error Error Error Error
(bits/s) n N (%) n N (%) n N (%) n N (%)
110 2 174 -0.26 2 177 -0.25 2 212  0.03 2 217 0.08
150 2 127 0 2 129 0.16 2 155 0.16 2 159 O
300 1 255 0 2 64 0.16 2 77 0.16 2 79 0
600 1 127 0 1 129 0.16 1 155 0.16 1 159 O
1200 0 255 0 1 64 0.16 1 77 0.16 1 79 0
2400 0 127 0 0 129 0.16 0 155 016 0 159 O
4800 0 63 0 0 64 0.16 o 77 016 0 79 0
9600 0 31 0 0 32 -1.36 0 38 016 0 39 0
19200 0 15 0 0 15 1.73 0 19 -234 0 19 0
31250 0 9 -1.70 0 9 0 0 11 0 0 11 2.40
38400 0 0 o 7 1.73 0o 9 -234 0 9 0
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@ (MHz)
14 14.7456 16 18

Bit Rate Error Error Error Error
(bits/s) n N (%) n N (%) n N (%) n N (%)
110 2 248 -0.17 3 64 0.70 3 70 003 3 79 -0.12
150 2 181 0.16 2 191 0 2 207 0.16 2 233 0.16
300 2 90 0.16 2 95 0 2 103 0.16 2 116 0.16
600 1 181 0.16 1 191 0 1 207 0.16 1 233 0.16
1200 1 90 0.16 1 95 0 1 103 0.16 1 116 0.16
2400 0 181 0.16 0 191 0 0O 207 016 0 233 0.16
4800 0 90 0.16 0 95 0 0 103 0.16 0 116 0.16
9600 0 45 -0.93 0 47 0 0 51 0.16 O 58 -0.69
19200 0 22 -0.93 0 23 0 0 25 016 0 28 1.02
31250 0 11 0 0 14 -1.70 0 15 0 0 17 0.00
38400 0 10 3.57 0 11 0 0 12 016 0 14 -234

Rev.3.00 Mar. 26, 2007 Page 352 of 682
REJ09B0353-0300
RENESAS



Section 11 Serial Communication Interface

Table11.4 Examplesof Bit Ratesand BRR Settingsin Synchronous Mode

¢ (MHz)
Bit Rate 2 4 8 10 16 18
(bits/s) n N n N n N n N n N n N
110 3 70 — — — — — — — — — —
250 2 124 2 249 3 124 — — 3 249 — —
500 1 249 2 124 2 249 — — 3 124 3 140
1k 1 124 1 249 2 124 — — 2 249 3 69
25k 0 199 1 99 1 199 1 249 2 99 2 112
5k 0 99 0 199 1 99 1 124 1 199 1 224
10 k 0 49 0 99 0 199 O 249 1 99 1 112
25k 0 19 0 39 0 79 0 99 0 159 0 179
50 k 0 0 19 0 39 0 49 0 79 0 89
100 k 0 4 0 0 19 0 24 0 39 0 44
250 k 0 0 0 0 0 15 0 17
500 k 0 o* 0 0 3 0 0 0
1M 0 0* 0 — — 0 3 0
2M 0 0* — — 0 — —
25M — — 0 o* — — — —
4 M 0 0* — —
Legend:
Blank: No setting available
— Setting possible, but error occurs
*: Continuous transmission/reception not possible

Note: Settings with an error of 1% or less are recommended.
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The BRR setting is calculated as follows:

Asynchronous mode:

N=_ @ x10°-1

64 x 2" x B
Synchronous mode:

¢

N=—*  x10°-1
8x2"'xB
B: Bit rate (bits/s)
N: BRR setting for baud rate generator (0 < N < 255)
@ System clock frequency (MHz)
n: Baud rate generator clock source (n=0, 1, 2, 3)
(For the clock sources and values of n, see the following table.)
SMR Settings
n Clock Source CKs1 CKS0
0 (0} 0 0
1 @4 0 1
2 @16 1 0
3 @64 1 1

The bit rate error in asynchronous mode is calculated as follows.

¢ x10°

Error (%) = {
(N+1)xBx64x2""

— 1} x 100
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Table 11.5 indicates the maximum bit rates in asynchronous mode for various system clock
frequencies. Tables 11.6 and 11.7 indicate the maximum bit rates with external clock input.

Table11.5 Maximum Bit Ratesfor Various Frequencies (Asynchronous M ode)

Settings
@ (MHz) Maximum Bit Rate (bits/s) n N
2 62500 0 0
2.097152 65536 0 0
2.4576 76800 0 0
3 93750 0 0
3.6864 115200 0 0
4 125000 0 0
4.9152 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

RENESAS
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Table11.6 Maximum Bit Rateswith External Clock Input (Asynchronous M ode)

¢ (MHz) External Input Clock (MHz) Maximum Bit Rate (bits/s)
2 0.5000 31250
2.097152 0.5243 32768
2.4576 0.6144 38400
3 0.7500 46875
3.6864 0.9216 57600
4 1.0000 62500
4.9152 1.2288 76800
5 1.2500 78125
6 1.5000 93750
6.144 1.5360 96000
7.3728 1.8432 115200
8 2.0000 125000
9.8304 2.4576 153600
10 2.5000 156250
12 3.0000 187500
12.288 3.0720 192000
14 3.5000 218750
14.7456 3.6864 230400
16 4.0000 250000
17.2032 4.3008 268800
18 4.5000 281250
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Table11.7 Maximum Bit Rateswith External Clock I nput (Synchronous M ode)

¢ (MHz) External Input Clock (MHz) Maximum Bit Rate (bits/s)
2 0.3333 333333.3

4 0.6667 666666.7

6 1.0000 1000000.0

8 1.3333 1333333.3

10 1.6667 1666666.7

12 2.0000 2000000.0

14 2.3333 2333333.3

16 2.6667 2666666.7

18 3.0000 3000000.0

RENESAS
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11.3 Operation

11.3.1 Overview

The SCI has an asynchronous mode in which characters are synchronized individually, and a
synchronous mode in which communication is synchronized with clock pulses. Serial
communication is possible in either mode. Asynchronous or synchronous mode and the
communication format are selected in SMR, as shown in table 11.8. The SCI clock sourceis
selected by the C/A bit in SMR and the CKE1 and CKEO bitsin SCR, as shown in table 11.9.

Asynchronous Mode:

» Datalengthisselectable: 7 or 8 hits.

» Parity and multiprocessor bits are selectable, and so is the stop bit length (1 or 2 bits). These
sel ections determine the communication format and character length.

» Inreceiving, itis possible to detect framing errors, parity errors, overrun errors, and the break
state.

* Aninternal or external clock can be selected as the SCI clock source.

O When aninternal clock is selected, the SCI operates using the on-chip baud rate generator,
and can output a serial clock signal with a frequency matching the bit rate.

O When an external clock is selected, the external clock input must have a frequency
16 times the bit rate. (The on-chip baud rate generator is not used.)

Synchronous Mode:

*  The communication format has a fixed 8-bit data length.
* Inreceiving, it is possible to detect overrun errors.
» Aninternal or external clock can be selected as the SCI clock source.
0 When aninternal clock is selected, the SCI operates using the on-chip baud rate generator,
and outputs a seria clock signal to external devices.
O When an external clock is selected, the SCI operates on the input serial clock. The on-chip
baud rate generator is not used.
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Table11.8 SMR Settingsand Serial Communication For mats

SMR Settings

SCI Communication Format

Multi- Stop
Bit7 Bit6 Bit2 Bit5 Bit3 Data processor Parity  Bit
C/A CHR MP PE STOP Mode Length Bit Bit Length
0 0 0 0 0 Asynchronous 8-bit data Absent Absent 1 bit
o 0o o0 o 1 mode 2 bits
0 0 0 1 0 Present 1 bit
0 0 0 1 1 2 bits
0 1 0 0 0 7-bit data Absent 1 bit
0 1 0 0 1 2 bits
0 1 0 1 0 Present 1 bit
0 1 0 1 1 2 bits
0 0 1 — 0 Asynchronous 8-bit data Present Absent 1 bit
o o 1 — 1 g‘r‘;iee g:c‘)‘r'“ 2 bits
0 1 1 — 0 format) 7-bit data 1 bit
0 1 1 — 1 2 bits
1 — — — — Synchronous 8-bitdata Absent None

mode

Table11.9 SMR and SCR Settings and SCI Clock Source Selection

SMR SCR Settings

Bit7 Bit1 Bit 0 SCI Communication Format

C/A CKE1l CKEO Mode Clock Source SCK Pin Function

0 0 0 Asynchronous Internal SCI does not use the SCK pin

0 0 1 mode Outputs a clock with frequency
matching the bit rate

0 1 0 External Inputs a clock with frequency

0 1 1 16 times the bit rate

1 0 0 Synchronous Internal Outputs the serial clock

1 0 1 mode

1 1 0 External Inputs the serial clock

1 1 1
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11.3.2  Operation in Asynchronous Mode

In asynchronous mode each transmitted or received character begins with a start bit and ends with
a stop bit. Serial communication is synchronized one character at atime.

The transmitting and receiving sections of the SCI are independent, so full-duplex communication
is possible. The transmitter and receiver are both double buffered, so data can be written and read
while transmitting and receiving are in progress, enabling continuous transmitting and receiving.

Figure 11.2 shows the general format of asynchronous serial communication. In asynchronous
serial communication the communication line is normally held in the mark (high) state. The SCI
monitors the line and starts serial communication when the line goes to the space (low) state,
indicating a start bit. One seria character consists of astart bit (low), data (LSB first), parity bit
(high or low), and stop bit (high), in that order.

When receiving in asynchronous mode, the SCI synchronizes at the falling edge of the start bit.
The SCI samples each data bit on the eighth pulse of a clock with afrequency 16 times the bit rate.
Receive datais latched at the center of each bit.

Idle (mark) state
1 (LSB) (MSB)

Serialdata| 0 |DO|D1|D2|D3|D4|D5|D6|D7|O/1|1 1

Start Parity| Stop
bit Transmit or receive data bit bit
- - -
1 bit 7 bits or 8 bits 1 bitor 1 bitor
no bit 2 bits

One unit of data (character or frame)

Figure11.2 Data Format in Asynchronous Communication (Example: 8-Bit Data with
Parity and 2 Stop Bits)
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Communication Formats

Table 11.10 shows the 12 communication formats that can be selected in asynchronous mode. The
format is selected by settingsin SMR.

Table 11.10 Serial Communication Formats (Asynchronous M ode)

SMR Settings Serial Communication Format and Frame Length
CHR PE MP STOP , 1,2 383 4 5 6 7 8 9 10 1 12
0 0 0 0 | S | 8-bit data |STOP
0 0 0 1 | S | 8-bit data |STOP|STOP
0 1 0 0 | S | 8-bit data | P |STOP
0 1 0 1 | S | 8-bit data | P |STOP|STOP
1 0 0 0 | S | 7-bit data |STOP
1 0 0 1 | S | 7-bit data |STOP|STOP
1 1 0 0 | S | 7-bit data | P |STOP
1 1 0 1 | S | 7-bit data | P |STOP|STOP
0 — 1 0 | S | 8 bit data |MPB |STOP
0 — 1 1 | S | 8 bit data |MPB |STOP|STOP
1 — 1 0 | S | 7-bit data |MPB |STOP
1 — 1 1 | S | 7-bit data |MPB |STOP|STOP
Legend:
S: Start bit
STOP: Stop bit
P: Parity bit

MPB: Multiprocessor bit
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Clock

Aninternal clock generated by the on-chip baud rate generator or an external clock input from the
SCK pin can be selected as the SCI transmit/receive clock. The clock source is selected by the C/A
bit in SMR and bits CKE1 and CKEO in SCR. Seetable 11.9.

When an external clock isinput at the SCK pin, it must have a frequency equal to 16 timesthe
desired bit rate.

When the SCI operates on an internal clock, it can output a clock signal at the SCK pin. The
frequency of this output clock is equal to the bit rate. The phase is aligned asin figure 11.3 so that
the rising edge of the clock occurs at the center of each transmit data bit.

Uy L

o |po|pi|p2|p3|pa|D5|D6|D7 0| 1 12

‘ 1 frame ‘
= ™

Figure 11.3 Phase Relationship between Output Clock and Serial Data
(Asynchronous M ode)

Transmitting and Receiving Data

SCI Initialization (Asynchronous Mode): Before transmitting or receiving, clear the TE and RE
bitsto 0 in SCR, then initialize the SCI asfollows.

When changing the communication mode or format, always clear the TE and RE bits to O before
following the procedure given below. Clearing TE to 0 setsthe TDRE flag to 1 and initializes
TSR. Clearing RE to 0, however, does not initialize the RDRF, PER, FER, and ORER flags and
RDR, which retain their previous contents.

When an external clock is used, the clock should not be stopped during initialization or subsequent
operation. SCI operation becomes unreliable if the clock is stopped.

Figure 11.4 shows a sample flowchart for initializing the SCI.
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Start of initialization

1. Select the clock source in SCR. Clear the RIE, TIE, TEIE,
MPIE, TE, and RE bits to 0. If clock output is selected in
asynchronous mode, clock output starts immediately after

Clear TE and RE bits the setting is made in SCR.

t0 0in SCR 2. Select the communication format in SMR.
‘ 3. Write the value corresponding to the bit rate in BRR.
This step is not necessary when an external clock is used.

S_et CKE1 anc_i CKEO bits 1 4. Wait for at least the interval required to transmit or receive
in SCR (leaving TE and 1 bit, then set the TE or RE bit to 1 in SCR. Set the RIE,
RE bits cleared to 0) TIE, TEIE, and MPIE bits as necessary. Setting the TE

‘ or RE bit enables the SCI to use the TxD or RxD pin.

Select communication 2
format in SMR

Set value in BRR

Wait

1 bit interval
elapsed?

Yes

Set TE or RE bitto 1 in SCR
Set RIE, TIE, TEIE, and 4
MPIE bits as necessary

#

Transmitting or receiving

Figure11.4 Sample Flowchart for SCI Initialization
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Transmitting Serial Data (Asynchronous Mode): Figure 11.5 shows a sample flowchart for
transmitting serial data and indicates the procedure to follow.

| 1 1. SClinitialization: the transmit data output function

of the TxD pin is selected automatically.

. SCI status check and transmit data write: read SSR,
check that the TDRE flag is 1, then write transmit data
in TDR and clear the TDRE flag to 0.

3. To continue transmitting serial data: after checking

| Read TDRE flag in SSR | 2 that the TDRE flag is 1, indicating that data can be

written, write data in TDR, then clear the TDRE

flag to O.

No 4. To output a break signal at the end of serial transmission:

set the DDR bit to 1 and clear the DR bit to 0

(DDR and DR are I/O port registers), then clear the

Yes TE bitto 0 in SCR.

| Initialize

Start transmitting

N

Write transmit data
in TDR and clear TDRE
flag to 0 in SSR

All data No

transmitted? 3
Yes
Read TEND flag in SSR
Output break 4

signal?

Yes

Clear DR bit to 0,
set DDR bitto 1

\
Clear TE bitto 0 in SCR

Figure11.5 Sample Flowchart for Transmitting Serial Data
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In transmitting serial data, the SCI operates as follows.

The SCI monitorsthe TDRE flag in SSR. When the TDRE flag is cleared to 0 the SCI

recognizes that TDR contains new data, and loads this data from TDR into TSR.

After loading the datafrom TDR into TSR, the SCI setsthe TDRE flag to 1 and starts

transmitting. If the TIE bit isset to 1 in SCR, the SCI requests a transmit-data-empty interrupt

(TXI) at thistime.

Serial transmit datais transmitted in the following order from the TxD pin:;

O Start bit: One 0 bit is output.

O Transmit data: 7 or 8 bits are output, L SB first.

O Parity bit or multiprocessor bit; One parity bit (even or odd parity) or one multiprocessor
bit is output. Formats in which neither a parity bit nor
amultiprocessor bit is output can also be selected.

O Stop hit: One or two 1 hits (stop bits) are outpuit.
0 Mark state: Output of 1 continues until the start bit of the next
transmit data.

The SCI checks the TDRE flag when it outputs the stop bit. If the TDRE flag is O, the SCI
loads new data from TDR into TSR, outputs the stop hit, then begins serial transmission of the
next frame. If the TDRE flag is 1, the SCI setsthe TEND flag to 1 in SSR, outputs the stop bit,
then continues output of 1 in the mark state. If the TEIE bitisset to 1 in SCR, atransmit-end
interrupt (TEI) isrequested at thistime.

Figure 11.6 shows an example of SCI transmit operation in asynchronous mode.

Start Parity Stop Start Parity Stop
1 bit Data bit bit  bit Data bit bit 1
R R
0|D0|Dl| |D7|0/1|1 o|Do|D1| |D7|O/l|l Idle (mark)
I I
R R

state

I

TDRE ) | )
TEND ? f ? X

b
‘ s ‘ s

TXI TXI interrupt handler TXI T
interrupt  writes data in TDR and interrupt TEI interrupt request
request clears TDRE flag to O request
|
1 frame

Figure11.6 Example of SCI Transmit Operation in Asynchronous Mode
(8-Bit Data with Parity and 1 Stop Bit)
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Receiving Serial Data (Asynchronous Mode): Figure 11.7 shows a sample flowchart for
receiving serial data and indicates the procedure to follow.

| Initialize | 1 1. SCl initialization: the receive data function of
the RxD pin is selected automatically.
2., 3. Receive error handling and break
detection: if a receive error occurs, read the
ORER, PER, and FER flags in SSR to identify
the error. After executing the necessary error
Read ORER, PER, handling, clear the ORER, PER, and FER
and FER flags in SSR flags all to 0. Receiving cannot resume if any
of the ORER, PER, and FER flags remains
set to 1. When a framing error occurs, the
RxD pin can be read to detect the break state.
4. SCI status check and receive data read: read
SSR, check that RDRF is set to 1, then read
receive data from RDR and clear the RDRF

(continued on next page) flag to 0. Notification that the RDRF flag has
changed from 0 to 1 can also be given by the
Read RDRF flag in SSR | 4 RXI interrupt.

5. To continue receiving serial data: check the

RDREF flag, read RDR, and clear the RDRF
No flag to O before the stop bit of the current
frame is received.

Yes

Read receive data
from RDR, and clear
RDRF flag to 0 in SSR

Finished
receiving?

Clear RE bitto 0 in SCR

!

End

Figure11.7 Sample Flowchart for Receiving Serial Data (1)
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3

( Error handling )

No

Yes

Overrun error handling

-
|

Yes

Break?

Framing error handling

Clear RE bitto 0 in SCR

-
|

No
PER =1?

Yes

Parity error handling

[

Clear ORER, PER, and
FER flags to 0 in SSR

End

Figure11.7 Sample Flowchart for Receiving Serial Data (2)
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In receiving, the SCI operates as follows.

» The SCI monitors the receive data line. When it detects a start hit, the SCI synchronizes
internally and starts receiving.

* Receive dataisstored in RSR in order from LSB to MSB.
e The parity hit and stop bit are received.
After receiving data, the SCI makes the following checks:

O Parity check:  The number of 1sin the receive data must match the even or odd parity
setting of the O/E bit in SMR.

O Stop hit check: The stop bit value must be 1. If there are two stop bits, only the first stop
bit is checked.

O Statuscheck: The RDRF flag must be 0 so that receive data can be transferred from
RSRinto RDR.

If these checks all pass, the RDRF flag is set to 1 and the received dataiis stored in RDR. If one
of the checks fails (receive error)*, the SCI operates asindicated in table 11.11.

Note: * When areceive error occurs, further receiving is disabled. In receiving, the RDRF flag
isnot set to 1. Be sure to clear the error flags.

 Whenthe RDRFflagissetto 1, if the RIE bit isset to 1 in SCR, areceive-data-full interrupt
(RXI) isrequested. If the ORER, PER, or FER flag is set to 1 and the RIE bit in SCR isalso
set to 1, areceive-error interrupt (ERI) is requested.

Table11.11 Receive Error Conditions

Receive Error Abbreviation Condition Data Transfer

Overrun error ORER Receiving of next data ends Receive data not transferred
while RDRF flag is still setto 1 from RSR to RDR
in SSR

Framing error FER Stop bitis 0 Receive data transferred

from RSR to RDR

Parity error PER Parity of receive data differs Receive data transferred
from even/odd parity setting in  from RSR to RDR
SMR
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Figure 11.8 shows an example of SCI receive operation in asynchronous mode.

Start Parity Stop Start Parity Stop
1 bit Data bit  bit  bit Data bit  bit 1
0|D0|D1|:|D7|0/1|1 |0|DO|D1|:|D7|0/1|1 Idle (mark)
)T R

state

RDRF |——\
I L
)T R
FER )L T T

b)Y
s ‘ s

—

RXI RXI interrupt handler T
request reads data in RDR and
clears RDRF flag to 0

Framing error,
ERI request

1 frame

Figure11.8 Example of SCI Receive Operation (8-Bit Data with Parity and One Stop Bit)

11.3.3  Multiprocessor Communication

The multiprocessor communication function enables several processors to share asingle serial
communication line. The processors communicate in asynchronous mode using a format with an
additional multiprocessor bit (multiprocessor format).

In multiprocessor communication, each receiving processor is addressed by an ID. A serial
communication cycle consists of an ID-sending cycle that identifies the receiving processor, and a
data-sending cycle. The multiprocessor bit distinguishes | D-sending cycles from data-sending
cycles.

The transmitting processor starts by sending the 1D of the receiving processor with which it wants
to communicate as data with the multiprocessor bit set to 1. Next the transmitting processor sends
transmit data with the multiprocessor bit cleared to O.

Receiving processors skip incoming data until they receive data with the multiprocessor bit set to
1. When they receive data with the multiprocessor bit set to 1, receiving processors compare the
data with their IDs. The receiving processor with amatching ID continues to receive further
incoming data. Processors with IDs not matching the received data skip further incoming data
until they again receive data with the multiprocessor bit set to 1. Multiple processors can send and
receive datain thisway.

Figure 11.9 shows an example of communication among different processors using a
multiprocessor format.
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Communication Formats

Four formats are available. Parity-hit settings are ignored when a multiprocessor format is

selected. For details see table 11.11.

Clock

See the description of asynchronous mode.

Transmitting
processor
! Serial communication line
\ ' ' '
Receiving Receiving Receiving Receiving
processor A processor B processor C processor D

(ID = 01) (ID = 02) (ID = 03) (ID = 04)
Serial data H'01 H'AA
(MPB = 1) (MPB = 0)

ID-sending cycle: receiving
processor address

Data-sending cycle:

data sent to receiving
processor specified by ID
Legend:

MPB: Multiprocessor bit

Figure11.9 Example of Communication among Processor s using M ultiprocessor For mat
(Sending Data H'AA to Receiving Processor A)
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Transmitting and Receiving Data

Transmitting Multiprocessor Serial Data: Figure 11.10 shows a sample flowchart for
transmitting multiprocessor serial data and indicates the procedure to follow.

| Initialize | 1 1. SCl initialization: the transmit data
[ output function of the TxD pin is
i selected automatically.
C Start transmitting ) 2. SCI status check and transmit data

F— write: read SSR, check that the TDRE

- flag is 1, then write transmit
| Read TDRE flag in SSR | 2 data in TDR. Also set the MPBT flag to
0 or 1in SSR. Finally, clear the TDRE

No flag to 0.
3. To continue transmitting serial data:
after checking that the TDRE flag is 1,

Yes indicating that data can be written,
. . . write data in TDR, then clear the TDRE
Write transmit data in flag to 0.

TDR and set MPBT bit in SSR 4. To output a break signal at the end of
\ serial transmission: set the DDR bit to
Clear TDRE flag to O 1 and clear the DR bit to 0 (DDR and
DR are /O port registers), then clear
the TE bit to 0 in SCR.

No

All data transmitted?

Yes

—
e

|  Read TENDflaginSSR |

Yes

N
Output break signal?

Yes

| Clear DR bit to 0, set DDR bitto 1 |

| Clear TEbitto0inSCR |

-

Y
End

Figure11.10 Sample Flowchart for Transmitting M ultiprocessor Serial Data
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In transmitting serial data, the SCI operates as follows.

e The SCI monitorsthe TDRE flag in SSR. When the TDRE flag is cleared to 0 the SCI
recognizes that TDR contains new data, and loads this data from TDR into TSR.

» After loading the datafrom TDR into TSR, the SCI setsthe TDRE flag to 1 and starts
transmitting. If the TIE bit in SCR is set to 1, the SCI requests a transmit-data-empty interrupt

(TXI) at thistime.

Serial transmit datais transmitted in the following order from the TxD pin;

0 Start bit:

O Transmit data:

O Multiprocessor bit:
O Stop hit:

0 Mark state:

One 0 bit is output.

7 or 8 bits are output, L SB first.

One multiprocessor bit (MPBT value) is output.

One or two 1 bits (stop bits) are output.

Output of 1 bits continues until the start bit of the next transmit data.

» The SCI checksthe TDRE flag when it outputs the stop bit. If the TDRE flag is 0, the SCI
loads data from TDR into TSR, outputs the stop bit, then begins serial transmission of the next
frame. If the TDRE flag is 1, the SCI setsthe TEND flag in SSR to 1, outputs the stop bit, then
continues output of 1 bitsin the mark state. If the TEIE hit is set to 1 in SCR, atransmit-end
interrupt (TEI) is requested at thistime.

Figure 11.11 shows an example of SCI transmit operation using a multiprocessor format.

Multi- Multi-
processor processor
bit bit
Start Stop Start Stop
1 bit Data bit  bit Data bit 1
. T T
Serial 0 | DO | D1 | | D7 |0/1 | 1] o | DO | D1 | | D7 |0/1 | 1 Idle (mark)
{(C {C
R )T

data

7
TDRE |
I
7
TEND ? ? ?
b)Y b)Y
‘ ‘ s ‘ s

T

request TEI request

state

I

TXI TXI interrupt handler
request  writes data in TDR and
‘ clears TDRE flag to O

ot

1 frame

Figure11.11 Example of SCI Transmit Operation (8-Bit Data with Multiprocessor Bit and
One Stop Bit)
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Receiving Multiprocessor Serial Data: Figure 11.12 shows a sample flowchart for receiving
multiprocessor serial data and indicates the procedure to follow.

| Initialize | 1

Start receiving

Set MPIE bitto 1 in SCR 2
\
Read ORER and FER flags in SSR

FEROORER =17

No
| Read RDRF flag in SSR | 3

Read receive data from RDR

Read ORER and FER flags in SSR

FEROORER =17

No
| Read RDRF flag in SSR

Yes
|

No — .
Finished receiving?

Yes
| Clear RE bit to 0 in SCR |

End

1. SCl initialization: the receive data function

of the RxD pin is selected automatically.

. ID receive cycle: set the MPIE bitto 1 in SCR.
. SCI status check and ID check: read SSR,

check that the RDRF flag is set to 1, then read
data from RDR and compare with the
processor's own ID. If the ID does not match,
set the MPIE bit to 1 again and clear the
RDREF flag to 0. If the ID matches, clear the
RDRF flag to O.

. SCI status check and data receiving: read

SSR, check that the RDRF flag is set to 1,
then read data from RDR.

. Receive error handling and break detection:

if a receive error occurs, read the

ORER and FER flags in SSR to identify the error.
After executing the necessary error handling,
clear the ORER and FER flags both to 0.
Receiving cannot resume while either the ORER
or FER flag remains set to 1. When a framing
error occurs, the RxD pin can be read to detect
the break state.

( Error handling )

(continued on next page)

Figure11.12 Sample Flowchart for Receiving Multiprocessor Serial Data (1)
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5

( Error handling )

No

Yes

Overrun error handling

;‘

Yes

Framing error handling

Clear RE bitto 0 in SCR

Clear ORER and FER
flags to 0 in SSR

Figure11.12 Sample Flowchart for Receiving Multiprocessor Serial Data (2)
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Figure 11.13 shows an example of SCI receive operation using a multiprocessor format.

Start Stop Start Stop
1 bit Data (ID1) MPB bit  bit Data (datal) MPB  bit 1
I I(d
T T
| o [oo ot Jor[1 |1 ]o[oo]or] [or]o |1 tdemam
i i state
I
T
MPIE
RDRF
) )
/ /4 A
RDR value X ID1
RXI request RXI handler reads Notown ID, so  No RXI request,
(multiprocessor RDR data and clears  MPIE bit is set RDR not updated
interrupt), MPIE=0 RDRF flagto O to 1 again
a. Own ID does not match data
Start Stop Start Stop
1 bit Data (ID2) MPB it bit Data (data2) MPB bit 1
5 5
| 0 |DO|D1| |D7| 1 | 1 | 0 | DO|D1| |D7| 0 | 1 Idle (mark)
i i state

MPIE |

I
o

RDRF . .
S S

RDR value ID1 X ID2 >< /Data 2
/
RXI request RXl interrupt handler Own ID, so receiving MPIE bit is set
(multiprocessor reads RDR data and continues, with data to 1 again

interrupt), MPIE =0 clears RDRF flag to 0 received by RXI
interrupt handler

b. Own ID matches data

Figure11.13 Example of SCI Receive Operation (8-Bit Data with Multiprocessor Bit and
One Stop Bit)
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11.3.4  Synchronous Operation

In synchronous mode, the SCI transmits and receives data in synchronization with clock pulses.
Thismode is suitable for high-speed serial communication.

The SCI transmitter and receiver share the same clock but are otherwise independent, so full
duplex communication is possible. The transmitter and receiver are also double buffered, so
continuous transmitting or receiving is possible by reading or writing data while transmitting or
receiving isin progress.

Figure 11.14 shows the general format in synchronous serial communication.

-~————— Transfer direction
One unit (character or frame) of serial data

*

Serial clock :I

LSB MSB

Serialdata 4, X 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 transmitting or receiving

Figure11.14 Data Format in Synchronous Communication

In synchronous serial communication, each data bit is placed on the communication line from one
falling edge of the serial clock to the next. Data is guaranteed valid at the rise of the serial clock.
In each character, the serial data bits are transmitted in order from LSB (first) to MSB (last). After
output of the MSB, the communication line remainsin the state of the MSB. In synchronous mode
the SCI receives data by synchronizing with the rise of the serial clock.

Communication Format

The data length is fixed at 8 bits. No parity bit or multiprocessor bit can be added.

Clock

Aninternal clock generated by the on-chip baud rate generator or an external clock input from the
SCK pin can be selected by clearing or setting the CKE1 and CKEO bitsin SCR and the C/A bitin
SMR. Seetable 11.9. When the SCI operates on an internal clock, it outputs the clock signal at the
SCK pin. Eight clock pulses are output per transmitted or received character. When the SCI is not

transmitting or receiving, the clock signal remainsin the high state.
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Transmitting and Receiving Data

SCI Initialization (Synchronous Mode): Before transmitting or receiving, clear the TE and RE
bitsto 0 in SCR, then initialize the SCI as follows.

When changing the communication mode or format, always clear the TE and RE bitsto 0 before
following the procedure given below. Clearing the TE bit to 0 sets the TDRE flag to 1 and
initializes TSR. Clearing the RE hit to 0, however, does not initialize the RDRF, PER, FER, and
ORE flags and RDR, which retain their previous contents.

Figure 11.15 shows a sample flowchart for initializing the SCI.

Start of initialization

1. Select the clock source in SCR. Clear the RIE, TIE, TEIE,
MPIE, TE, and RE bits to 0.
2. Select the communication format in SMR.
Clear TE and RE 3. Write the value corresponding to the bit rate in BRR.
bits to 0 in SCR This step is not necessary when an external clock is used.
‘ 4. Wait for at least the interval required to transmit or receive
one bit, then set the TE or RE bitto 1 in SCR. Also set

Set CKE1 and CKEO bitsin | 1 the RIE, TIE, and TEIE bits as necessary.
SCR (leaving TE and RE Setting the TE or RE bit enables the SCI to use the
bits cleared to 0) TxD or RxD pin.
Note: In simultaneous transmitting and receiving, the TE and RE
‘ 2 bits should be cleared to 0 or set to 1 simultaneously.

Select communication
format in SMR

Set value in BRR

Wait

1 bit interval
elapsed?

Yes

Set TEor REto 1in SCR
Set RIE, TIE, and TEIE 4
bits as necessary

i

Start transmitting or receiving

Figure11.15 Sample Flowchart for SCI Initialization
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Transmitting Serial Data (Synchronous Mode): Figure 11.16 shows a sample flowchart for
transmitting serial data and indicates the procedure to follow.

Initiali | 1. SCl initialization: the transmit data output function
nitialize of the TxD pin is selected automatically.

2. SCI status check and transmit data write: read SSR,
Start t it check that the TDRE flag is 1, then write transmit
art ransmiting data in TDR and clear the TDRE flag to 0.

- 3. To continue transmitting serial data: after checking
that the TDRE flag is 1, indicating that data can be
| Read TDRE flag in SSR | 2 written, write data in TDR, then clear the TDRE flag
to 0.
No
Yes

Write transmit data in
TDR and clear TDRE flag
to 0in SSR

All data
transmitted?

Yes

Read TEND flag in SSR

Clear TE bitto 0 in SCR

¢

End

Figure11.16 Sample Flowchart for Serial Transmitting
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In transmitting serial data, the SCI operates as follows.

The SCI monitors the TDRE flag in SSR. When the TDRE flag is cleared to 0 the SCI
recognizes that TDR contains new data, and loads this data from TDR into TSR.

After loading the datafrom TDR into TSR, the SCI setsthe TDRE flag to 1 and starts
transmitting. If the TIE bit isset to 1 in SCR, the SCI requests a transmit-data-empty interrupt
(TXI) at thistime.

If clock output is selected, the SCI outputs eight serial clock pulses. If an external clock source
is selected, the SCI outputs datain synchronization with the input clock. Datais output from
the TxD pinin order from LSB (bit 0) to MSB (bit 7).

The SCI checks the TDRE flag when it outputs the MSB (bit 7). If the TDRE flag is 0, the SCI
loads data from TDR into TSR and begins serial transmission of the next frame. If the TDRE
flag is 1, the SCI setsthe TEND flag to 1 in SSR, and after transmitting the MSB, holds the
TxD pininthe MSB state. If the TEIE bit in SCR is set to 1, atransmit-end interrupt (TEI) is
requested at thistime.

After the end of serial transmission, the SCK pin is held in a constant state.

Figure 11.17 shows an example of SCI transmit operation.

Transmit
direction

Serial clock
Serial data Bit 0 X Bit 1 ><:j X Bit7 X Bito X Bit1 X X Bit 6 X Bit 7

TDRE ] )
TXI TXI interrupt handler ~ TXI TEI
request writes data in TDR request request
and clears TDRE
flagto O
1 frame

Figure11.17 Example of SCI Transmit Operation
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Receiving Serial Data (Synchronous Mode): Figure 11.18 shows a sample flowchart for
receiving serial data and indicates the procedure to follow. When switching from asynchronous
mode to synchronous mode, make sure that the ORER, PER, and FER flags are cleared to O. If the
FER or PER flag is set to 1 the RDRF flag will not be set and both transmitting and receiving will
be disabled.

| Initialize | 1 1. SClinitialization: the receive data function of

the RxD pin is selected automatically.
2., 3. Receive error handling: if a receive error
Start receiving occurs, read the ORER flag in SSR, then after

executing the necessary error handling, clear

the ORER flag to 0. Neither transmitting nor

| Read ORER flag in SSR | 5 receiving can resume while the ORER flag

remains set to 1.

4. SCI status check and receive data read: read
SSR, check that the RDRF flag is set to 1,
then read receive data from RDR and clear
the RDRF flag to 0. Notification that the RDRF
flag has changed from 0 to 1 can also be

(continued on next page) given by the RXI interrupt.

. To continue receiving serial data: check the

Read RDRF flag in SSR | 4 RDRF flag, read RDR, and clear the RDRF

flag to O before the MSB (bit 7) of the current

frame is received.

Error handling

No

Yes

Read receive data
from RDR, and clear
RDRF flag to 0 in SSR

Finished
receiving?

Clear RE bitto 0 in SCR

i

End

Figure11.18 Sample Flowchart for Serial Receiving (1)
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3

< Error handling )

Overrun error handling

Clear ORER flag to 0 in SSR

End

Figure11.18 Sample Flowchart for Serial Receiving (2)

In receiving, the SCI operates as follows.

The SCI synchronizes with serial clock input or output and initializesinternally.

Receive datais stored in RSR in order from LSB to MSB.

After receiving the data, the SCI checks that the RDRF flag is 0 so that receive data can be
transferred from RSR to RDR. If this check passes, the RDRF flag is set to 1 and the received
datais stored in RDR. If the check does not pass (receive error), the SCI operates as indicated
intable 11.11. If any receive error is detected, the subsequent data transmission/reception is
disabled.

After setting the RDRF flag to 1, if the RIE bit isset to 1 in SCR, the SCI requests areceive-
data-full interrupt (RXI). If the ORER flag is set to 1 and the RIE bit in SCRisalso set to 1,
the SCI requests a receive-error interrupt (ERI).
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Figure 11.19 shows an example of SCI receive operation.

-——— Receive direction

Serial data X Bit 7

sito X X itz X sito X Bit1 X

X Bit6 X Bit7

I

RDRF

ORER /

_”_l\

)

(«

RXI
request

RXI interrupt handler RXI
reads data in RDR and | request
clears RDRF flag to 0

1 frame

)

Overrun error,
ERI request

Figure11.19 Example of SCI Receive Operation

Transmitting and Receiving Serial Data Simultaneously (Synchronous Mode): Figure 11.20
shows a sample flowchart for transmitting and receiving serial data simultaneously and indicates

the procedure to follow.
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1. SCl initialization: the transmit data
| Initialize | 1 output function of the TxD pin and
I receive data input function of the

RxD pin are selected, enabling
( Start transmitting and receiving ) simultaneous transmitting and
] receiving.
— 2. SCI status check and transmit
| Read TDRE flag in SSR | 2 data write: read SSR, check that

the TDRE flag is 1, then write
transmit data in TDR and clear
No the TDRE flag to 0.
Notification that the TDRE flag has
changed from 0 to 1 can also be
given by the TXI interrupt.
3. Receive error handling: if a receive
. . . error occurs, read the ORER flag in
Write transmit data in TDR and SSR, then after executing the neces-
clear TDRE flag to 0 in SSR sary error handling, clear the ORER
flag to 0.
Neither transmitting nor receiving
can resume while the ORER flag
remains set to 1.
| 4. SCI status check and receive
data read: read SSR, check that
the RDRF flag is 1, then read
receive data from RDR and clear
3 the RDRF flag to 0. Notification
that the RDRF flag has changed

Error handling from 0 to 1 can also be given
by the RXI interrupt.

5. To continue transmitting and
Read RDRF flag in SSR | 4 receiving serial data: check the
RDREF flag, read RDR, and clear
the RDREF flag to 0 before the
No MSB (bit 7) of the current frame
is received. Also check that
the TDRE flag is set to 1, indicat-
Yes ing that data can be written, write
data in TDR, then clear the TDRE
flag to O before the MSB (bit 7) of
the current frame is transmitted.

Yes

Y

Read ORER flag in SSR

Yes

Read receive data from RDR
and clear RDRF flag to 0 in SSR

End of transmitting and
receiving?

Yes

Clear TE and RE bits to 0 in SCR

1

End

Note: When switching from transmitting or receiving to simultaneous
transmitting and receiving, clear the TE and RE bits both to O,
then set the TE and RE bits both to 1.

Figure11.20 Sample Flowchart for Serial Transmitting
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114  SCI Interrupts

The SCI has four interrupt request sources: TEI (transmit-end interrupt), ERI (receive-error
interrupt), RX1 (receive-data-full interrupt), and TXI (transmit-data-empty interrupt). Table 11.12
lists the interrupt sources and indicates their priority. These interrupts can be enabled and disabled
by the TIE, RIE, and TEIE bitsin SCR. Each interrupt request is sent separately to the interrupt
controller.

The TXI interrupt is requested when the TDRE flag is set to 1 in SSR. The TEI interrupt is
requested when the TEND flag isset to 1 in SSR.

The RXI interrupt is requested when the RDRF flag is set to 1 in SSR. The ERI interrupt is
requested when the ORER, PER, or FER flag isset to 1 in SSR.

Table 11.12 SCI Interrupt Sources

Interrupt Description Priority
ERI Receive error (ORER, FER, or PER) High
RXI Receive data register full (RDRF)

TXI Transmit data register empty (TDRE) T

TEI Transmit end (TEND) Low
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115  Usage Notes

Note the following points when using the SCI.

TDR Writeand TDRE Flag

The TDRE flag in SSR is a status flag indicating the loading of transmit datafrom TDR into TSR.
The SCI setsthe TDRE flag to 1 when it transfers datafrom TDR to TSR.

Data can be written into TDR regardless of the state of the TDRE flag. If new dataiswritten in
TDR when the TDRE flag is 0, the old data stored in TDR will be lost because this data has not
yet been transferred to TSR. Before writing transmit datain TDR, be sure to check that the TDRE
flagissetto 1.

Simultaneous Multiple Receive Errors

Table 11.13 indicates the state of SSR status flags when multiple receive errors occur
simultaneously. When an overrun error occurs the RSR contents are not transferred to RDR, so
receive dataislost.

Table 11.13 SSR Status Flags and Transfer of Receive Data

SSR Status Flags Receive Data

Transfer
RDRF ORER FER PER RSR - RDR Receive Errors
1 1 0 0 X Overrun error
0 0 1 0 @) Framing error
0 0 0 1 @) 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.
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Break Detection and Processing

Break signals can be detected by reading the RxD pin directly when aframing error (FER) is
detected. In the break state the input from the RxD pin consists of all Os, so the FER flag is set and
the parity error flag (PER) may also be set. In the break state the SCI receiver continues to operate,
soif the FER flag is cleared to O it will be set to 1 again.

Sending a Break Signal

When the TE hit is cleared to 0 the TxD pin becomes an /O port, the level and direction (input or
output) of which are determined by DR and DDR bits. This feature can be used to send a break
signal.

After the serial transmitter isinitialized, the DR value substitutes for the mark state until the TE
bit is set to 1 (the TXD pin function is not selected until the TE bit is set to 1). The DDR and DR
bits should therefore both be set to 1 beforehand.

To send abreak signal during seria transmission, clear the DR bit to O, then clear the TE bit to O.
When the TE bit is cleared to 0 the transmitter isinitialized, regardless of its current state, so the
TxD pin becomes an input/output port outputting the value 0.

Receive Error Flagsand Transmitter Operation (Synchronous Mode Only)

When areceive error flag (ORER, PER, or FER) is set to 1 the SCI will not start transmitting,
even if the TDRE flag is cleared to 0. Be sure to clear the receive error flags to 0 when starting to
transmit. Note that clearing the RE bit to O does not clear the receive error flagsto O.

Receive Data Sampling Timing in Asynchronous M ode and Receive Margin

In asynchronous mode the SCI operates on a base clock with 16 times the bit rate frequency. In
receiving, the SCI synchronizesinternally with the fall of the start bit, which it samples on the
base clock. Receive dataislatched at the rising edge of the eighth base clock pulse. See figure
11.21.
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16 clocks |

8 clocks ‘

0 7 150 7 150
Internal
base clock H U U

Receive data j " Startbit | Do | | o1

(RxD)

Synchronization |
sampling timing ‘

Data sampling I_l I_l

timing

Figure11.21 Receive Data Sampling Timingin Asynchronous M ode

The receive margin in asynchronous mode can therefore be expressed as shown in equation (1).

M:|(0.5—%)—(L—0.5)Fw(l+ﬂ|><100% .......... @

. Receive margin (%)

Ratio of clock frequency to bit rate (N = 16)
Clock duty cycle (D = 0t0 1.0)

Frame length (L = 9to 12)

Absolute deviation of clock frequency

mrozz

From equation (1), if F =0 and D = 0.5 the receive margin is 46.875%, as given by equation (2).
WhenD =0.5,F=0:

M =[0.5— 1/(2 x 16)] x 100%
2 AB.8T5% ..o eeeeeeeeeeeeeeeeseseeeeene e e st e s s @)

Thisisatheoretical value. A reasonable margin to allow in system design is 20% to 30%.

Rev.3.00 Mar. 26, 2007 Page 387 of 682
REJ09B0353-0300

RENESAS




Section 11 Serial Communication Interface

Restrictionsin Synchronous Mode

When data transmission is performed using an external clock source as the serial clock, an interval
of at least 5 states is necessary between clearing the TDRE flag in SSR and the start (falling edge)
of the first transmit clock pulse corresponding to each frame (figure 11.22). Thisinterval isaso
necessary when performing continuous transmission. If this condition is not satisfied, an operation
€rror may occur.

SCK

| |

— - -
i

TORE | | ||
TXD ><XO><X1><X2><X3><X4><X5><X6><X7><YO><Y1><Y2><Y3><:

= Continuous transmission

Note: * Make sure that tis at least 5 states.

Figure11.22 Transmission in Synchronous Mode (Example)
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Restrictionswhen Switching from SCK Pin to Port Function in Synchronous SCI

1. Problem in Operation

After setting DDR and DR to 1 and using synchronous SCI clock output, when the SCK pinis
switched to the port function at the end of transmission, alow-level signal is output for one
half-cycle before the port output state is established.

When switching to the port function by making the following settingswhile DDR =1, DR =1,
C/A=1,CKE1=0,CKEO=0, and TE = 1, 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 11.23)

/Half-cycle low-level output occurs

SCK/port w
(1) End of transmission (4) Low-level output
Data Bit 6>< Bit 7 f

TE

(2)TE=0

' (3)C/A=0

C/A

CKE1 :

CKEO

Figure 11.23 Operation when Switching from SCK Pin Function to Port Pin Function
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2. Usage Note

The procedure shown below should be used to prevent low-level output when switching from
the SCK pin function to the port function.

Asthis procedure temporarily places the SCK pinin 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.

(1) End of serial datatransmission

(2) TEbit=0

(3) CKE1 hit=1

(4) C/A bit =0 ... switchover to port output
(5) CKE1 bit=0

! High-level output
/r\/

SCK/port U
(1) End of transmission ‘

Data Bit 6>< Bit 7

(2)TE=0
TE

. (4)C/A=0

C/A

(3) CKE1=1

CKE1 (5) CKE1=0

CKEO

Figure11.24 Operation when Switching from SCK Pin Function to Port Pin Function
(Preventing L ow-L evel Output)
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Section 12 Smart Card Interface

121  Overview

SCI0 supports an IC card (Smart Card) interface conforming to ISO/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.

1211 Features
Features of the Smart Card interface supported by the H8/3039 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

Ooo0Ooogod

O Threeinterrupt sources (transmit data empty, receive data full, and transmit/receive error)
that can issue requests independently
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1212

Block Diagram

Figure 12.1 shows a block diagram of the Smart Card interface.

()
(5]
I}
Module data bus 5 Internal
2 data bus
>
M
| rRoR | | TR ] SCMR | BRR L
il U SSR -9
RDy» | RSR | || TSR SCR Baudrate [=— @4
i SMR generator « @16
Transmission/
TxD reception control -— @64
o Parity generation| 4 { 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
Figure12.1 Block Diagram of Smart Card Interface
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12.1.3 Pin Configuration
Table 12.1 shows the Smart Card interface pin configuration.

Table12.1 Smart Card Interface Pins

Pin Name Abbreviation IO Function

Serial clock pin 0 SCK, Output SCl, clock output
Receive data pin 0 RxD, Input SClI, receive data input
Transmit data pin O TxD, Output SCI, transmit data output

1214 Register Configuration

Table 12.2 shows the registers used by the Smart Card interface. Details of SMR, BRR, SCR,
TDR, and RDR are the same as for the normal SCI function: see the register descriptionsin
section 11, Serial Communication Interface.

Table12.2 Smart Card Interface Registers

Address** Name Abbreviation R/W Initial Value
H'FFBO Serial mode register SMR R/W H'00
H'FFB1 Bit rate register BRR R/W H'FF
H'FFB2 Serial control register SCR R/W H'00
H'FFB3 Transmit data register TDR R/W H'FF
H'FFB4 Serial status register SSR RI(W)*? H'84
H'FFB5 Receive data register RDR R H'00
H'FFB6 Smart card mode SCMR R/W H'F2
register

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

Registers added with the Smart Card interface and bits for which the function changes are
described here.

1221  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
Read/Write — — — — R/W R/W — R/W

\ \
I
Reserved bits

Smart card interface
mode select

Enables or disables
the smart card
interface function

Smart card data invert
Inverts data logic levels

Smart card data transfer direction
Selects the serial/parallel conversion format

SCMR is an 8-bit readable/writable register that selects the Smart Card interface function.
SCMRisinitialized to H'F2 by areset, and in standby mode.
Bits 7 to 4—Reserved: These bits cannot be modified and are 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 12.3.4, 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: This bit cannot be modified and is always read as 1.

Bit 0—Smart Card Interface Mode Select (SMIF): This bit 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
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1222  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 R/(W)*  R/(W)* R/MW)* R/(W)* R/(W)* R R R/W
1T

Transmit end
Status flag indicating
end of transmission

Error signal status
Status flag indicating that an
error signal has been received

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 11.2.7, Serial
Status Register (SSR).

Bit ——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 normal data transmission, with no error signal returned
[Clearing conditions] (Initial value)
« Upon reset, in standby mode, or in module stop mode
e When 0 is written to ERS after reading ERS = 1

1 Indicates that the receiving device sent an error signal reporting a parity error

[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.
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Bits 3 to 0—Operate in the same way as for the normal SCI. For details, see section 11.2.7, Serial
Status Register (SSR).

However, the setting conditions for the TEND bit are as shown below.

Bit 2

TEND Description

0 Transmission is in progress
[Clearing condition] (Initial value)
When 0 is written to TDRE after reading TDRE = 1

1 End of transmission

[Setting conditions]
e Upon reset and in standby mode
*  When the TE bitin SCR is 0 and the ERS bit is also 0

¢  When TDRE = 1 and ERS = 0 (normal transmission) 2.5 etu after transmission of a
1-byte serial character
Note: etu: Elementary Time Unit (time for transfer of 1 bit)

123  Operation

12.3.1 Overview
The main functions of the Smart Card interface are as follows.

* Oneframe consists of 8-bit and plus a parity bit.

e Intransmission, aguard time of at least 2 etu (Elementary Time Unit: the time for transfer of
one hit) 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 hit.

» If theerror signal is sampled during transmission, the same data is transmitted automatically
after the elapse of 2 etu or longer.

¢ Only asynchronous communication is supported; there is no clocked synchronous
communication function.
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12.3.2  Pin Connections
Figure 12.2 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 data transmission line, the TxD, pin and RxD, pin should be connected with the LSI pin.
The data transmission line should be pulled up to the V. power supply with aresistor.

When the clock generated on the Smart Card interface is used by an IC card, the SCK|, pin output
isinput to the CLK pin of the IC card. No connection is needed if the IC card uses an internal
clock.

LSl port output is used as the reset signal.

Other pins must normally be connected to the power supply or ground.

Vee
TXDO . 1o
RxDg Data line
SCKg CLK
Clock line
H8/3039 G Px (port RST
roup .
Chip Reset line IC card
Connected equipment

Figure12.2 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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12.3.3 Data Format

Figure 12.3 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

-

Y

Receiving station

Legend: output
Ds: Start bit

DO to D7: Data bits

Dp: Parity bit

DE: Error signal

Figure12.3 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 a date transfer of one frame. The data frame starts with a start bit
(Ds, low-level). Then 8 data bits (DO to D7) and a parity bit (Dp) follows.

[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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12.3.4 Register Settings
Table 12.3 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.

Table12.3 Smart Card Interface Register Settings

Bit

Register  Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
SMR 0 0 1 O/E 1 0 CKs1 CKSO0
BRR BRR7 BRR6 BRR5 BRR4 BRR3 BRR2 BRR1 BRRO
SCR TIE RIE TE RE 0 0 0 CKEOQ
TDR TDR7 TDR6 TDR5 TDR4 TDR3 TDR2 TDR1  TDRO
SSR TDRE RDRF ORER ERS PER TEND O 0
RDR RDR7 RDR6 RDR5 RDR4 RDR3 RDR2 RDR1  RDRO
SCMR — — — — SDIR SINV — SMIF

Note: —: Unused bit.

SMR Setting: The O/E bit is cleared to 0 if the IC card is of the direct convention type, and set to
1if of the inverse convention type.

Bits CKS1 and CK SO select the clock source of the on-chip baud rate generator. See section
12.3.5, Clock.

BRR Setting: BRR isused to set the bit rate. See section 12.3.5, Clock, for the method of
calculating the value to be set.

SCR Setting: The function of the TIE, RIE, TE, and RE bitsis the same as for the normal SCI.
For details, see section 11, Serial Communication I nterface.

Bit CKEO specifiesthe clock output. Set these bitsto O if aclock is not to be output, or to 1 if a
clock isto be output.
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SCMR Setting: The SDIR hit iscleared to 0 if the IC card is of the direct convention type, and set
to 1if 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 | b6 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 L SB-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 (2 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 H8/3039 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 applies
to both transmission and reception).
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12.35 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 12.5 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 10°
1488 x 2 x (N + 1)

Where: N =Vauesetin BRR (0< N < 255)
B = Bit rate (hit/s)
@ = Operating frequency* (MHz)
n= Seetable 12.4

Table12.4 Correspondence between n and CKS1, CKS0

n CKS1 CKSO
0 0 0
1 1
2 1 0
3 1

Note: * If the gear function is used to divide the system clock frequency, use the divided
frequency to calculate the bit rate. The equation above applies directly to 1/1 frequency
division.

Table12.5 Examples of Bit Rate B (bit/s) for Various BRR Settings (When n = 0)

¢ (MH2)
N 7.1424 10.00 10.7136 13.00 14.2848 16.00 18.00
0 9600.0 13440.9 14400.0 17473.1 19200.0 21505.4 24193.5
1 4800.0 6720.4 7200.0 8736.6 9600.0 10752.7 12096.8
2 3200.0 4480.3 4800.0 5824.4 6400.0 7168.5 8064.5

Note: Bit rates are rounded off to one decimal place.
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The method of calculating the value from the operating frequency and bit rate, on the other hand,
isshown below. N isan integer, 0 < N < 255, and the smaller error is specified.

N = @ x10°—1

1488 x 2™ x B

Table12.6 Examplesof BRR Settingsfor Bit Rate B (bit/s) (When n =0)

®(MH2)

7.1424 10.00 10.7136 13.00 14.2848 16.00 18.00

bit/s N Error N Error N Error N Error N Error N Error N Error
9600 0 0.00 1 30 1 25 1 8.99 1 0.00 1 1201 2 15.99

Table12.7 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

The bit rate error is given by the following formula:

@
1488 x 2" x B x (N + 1)

Error (%) = ( x 10°—1) x 100
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12.3.6 DataTransfer Operations

Initialization

Before transmitting and receiving data, initialize the SCI as described below. Initiaization isalso
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 hitsto 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 ports to SCI
pins, and are placed in the high-impedance state.

[5] Set the value corresponding to the bit rate in BRR.

[6] Set the CKEOQ bitin SCR. Clear the TIE, RIE, TE, RE, MPIE, TEIE and CKE1 bitsto 0.
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 12.4 shows
an example of the transmission processing flow, and figure 12.5 shows the relation between a
transmit operation 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 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 bit is set to 1 and interrupt
requests are enabled, atransfer error interrupt (ERI) request will be generated.

For details, see the following Interrupt Operations.
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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 bit to 0 |

|
( End )

Figure12.4 Example of Transmission Processing Flow

Rev.3.00 Mar. 26, 2007 Page 407 of 682
REJ09B0353-0300
RENESAS




Section 12 Smart Card Interface

TDR TSR
(shift register)
(1) Data write Data 1
) PDags;f:[rfsrc;zm Data 1 Data 1 ; Data remains in TDR
Data 1 . .
(3) Serial data output Data 1 ——————= 1/O signal line output

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 has been completed.

Figure12.5 Relation Between Transmit Operation and Internal Registers

Serial Data Reception

Data reception in Smart Card mode uses the same processing procedure as for the normal SCI.
Figure 12.6 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 0. If either flag is set, perform
the appropriate receive error processing, then clear both the ORER and the PER flag to 0.

[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 bit to 0.
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( Start )

| Initialization |

( Start reception )

-
-

ORER =0 and No
PER=0

Yes
<—< Error processing )

Read RDR and clear
RDRF flag in SSR to 0

All data received?

Yes
| Clear RE bit to 0 |

Figure12.6 Example of Reception Processing Flow
With the above processing, interrupt servicing 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.

For details, see Interrupt Operation 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.
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M ode 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 bhit to 0 and setting TE bit to 1. The
RDREF 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.

Interrupt Operation

There are three interrupt sources in smart card interface mode: transmit data empty interrupt (TXI)
requests, transfer error interrupt (ERI) requests, and receive data full interrupt (RX1) 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 12.8.

Table12.8 Smart Card Mode Operating States and Interrupt Sour ces

Operating State Flag Mask Bit Interrupt Source
Transmit Mode Normal operation TEND TIE TXI

Error ERS RIE ERI
Receive Mode Normal operation RDRF RIE RXI

Error PER, ORER RIE ERI
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12.4  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 I nterface Mode

In smart card interface mode, the SCI operates on a basic clock with afrequency of 372 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 186th pulse of
the basic clock. Thisisillustrated in figure 12.7.

372 clocks

186 clocks
|~

0 185 3710 185 371 0
Internal
basic
clock I . S o S
. i . ¢ B L
eceive e . —
o Start bit
data (RxD) ; arh DO (( (( D1
)) )]

(. ((
)T )

Synchro-

nization . .
sampling : (G L
timing /
Data

sampling ( (( (( (
timing ) )] )] ]

~—
~—
~

~—
~

Figure 12.7 Receive Data Sampling Timingin Smart Card Mode
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Thus the reception margin in smart card interface modeis given by the following formula

)= (L -0.5) F—|D’_\IO'5| (L+F) | x 100%

M =[(0.5-

Where M: Reception margin (%)
N: Ratio of bit rate to clock (N = 372)
D: Clock duty (D =0to 1.0)
L: Frame length (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.

WhenD =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 12.8 illustrates the retransfer operation when the SCI isin receive mode.

[1] If an error isfound when the received parity bit is checked, the PER bitin 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 is not 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.

[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|D6|D7|Dp|-|D_E|—|Ds|Do|D1|D2|D3|D4|D5|D6|D7|Dpr—E)|Ds|Do|D1|Dz|D3|D4|
RDRF

b b g
PER

e b

Figure 12.8 Retransfer Operation in SCI Receive Mode
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* Retransfer operation when SCI isin transmit mode
Figure 12.9 illustrates the retransfer operation when the SCI isin 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 SSR is 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
isreceived.

[8] If an error signal is not sent back from the receiving end, the ERS hit 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.

Transfer
‘H nth transfer frame HF* Retransferred frame ———» frame n+1

-|DS|D0|D1|D2|D3|D4|D5|D6|D7|Dp|—|_5—|Ds|DO|D1|D2|D3|D4|D5|D6|D7|Dp|&|Ds pop1jp2|p3lp4

J TDRE |_|

4 Transfer to TSR from TDR 4 Transfer to TSR from TDR Transfer to TSR
; from TDR
TEND
A b
ERS
kel kg

Figure 12.9 Retransfer Operation in SCI Transmit Mode
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Section 13 A/D Converter

Section 13 A/D Converter

13.1 Overview

The H8/3039 Group includes a 10-bit successive-approximations A/D converter with a selection
of up to eight analog input channels.

When the A/D converter is not used, it can be halted independently to conserve power. For details
see section 17.6, Module Standby Function.

13.1.1 Features
A/D converter features are listed below.

» 10-bit resolution
e Eight input channels
» Selectable analog conversion voltage range

The analog voltage conversion range can be programmed by input of an analog reference
voltage at the AV pin.

» High-speed conversion

Conversion time: minimum 7.4 ps per channel (with 18 MHz system clock)
» Two conversion modes

Single mode: A/D conversion of one channel

Scan mode: continuous conversion on one to four channels
* Four 16-bit dataregisters

A/D conversion results are transferred for storage into data registers corresponding to the
channels.

» Sample-and-hold function
¢ A/D conversion can be externally triggered
e A/D interrupt requested at end of conversion
At the end of A/D conversion, an A/D end interrupt (ADI) can be requested.
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13.1.2 Block Diagram

Figure 13.1 shows a block diagram of the A/D converter.

Internal
Module data bus data bus
Sk >
AAAN 00 |2
E
2]
5 @
AVCC — - g
o2
HAREHEEREE
8% lalalala 0|2
S E <|<|<|< <
0 X
AVgg — o
Ss s
&
ANO =
-+
ANl — 0T ——
ﬂ\l .
AN2 — 3 ' - (Pls
Analog | ! 3 Comparator
AN3 multi- | % ! Control circuit
AN4 plexer Sample-and-
ANg —* hold circuit -~ @/16
AN6 —
AN7 —
? A
ADI
ADTRG interrupt
Legend:
ADCR: A/D control register

ADCSR:
ADDRA:
ADDRB:
ADDRC:
ADDRD:

A/D control/status register
A/D data register A
A/D data register B
A/D data register C
A/D data register D

Figure13.1 A/D Converter Block Diagram
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13.1.3 Input Pins

Table 13.1 summarizes the A/D converter'sinput pins. The eight analog input pins are divided into
two groups: group 0 (AN, to AN,), and group 1 (AN, to AN.). AV_. and AV _ are the power
supply for the analog circuitsin the A/D converter.

Table13.1 A/D Converter Pins

Abbrevi-
Pin Name ation I/0 Function
Analog power supply pin AV . Input Analog power supply and reference voltage
Analog ground pin AV Input Analog ground and reference voltage
Analog input pin 0 AN, Input Group 0 analog inputs
Analog input pin 1 AN, Input
Analog input pin 2 AN, Input
Analog input pin 3 AN, Input
Analog input pin 4 AN, Input Group 1 analog inputs
Analog input pin 5 AN, Input
Analog input pin 6 AN, Input
Analog input pin 7 AN, Input

A/D external trigger input pin  ADTRG Input External trigger input for starting A/D
conversion
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13.1.4 Register Configuration
Table 13.2 summarizes the A/D converter'sregisters.

Table13.2 A/D Converter Registers

Address** Name Abbreviation R/W Initial Value
H'FFEO A/D data register A (high) ADDRAH R H'00
H'FFE1 A/D data register A (low) ADDRAL R H'00
H'FFE2 A/D data register B (high) ADDRBH R H'00
H'FFE3 A/D data register B (low) ADDRBL R H'00
H'FFE4 A/D data register C (high) ADDRCH R H'00
H'FFES A/D data register C (low) ADDRCL R H'00
H'FFE6 A/D data register D (high) ADDRDH R H'00
H'FFE7 A/D data register D (low) ADDRDL R H'00
H'FFE8 A/D control/status register ADCSR R/(W)*? H'00
H'FFE9 A/D control register ADCR R/W H'7F

Notes: 1. Lower 16 bits of the address
2. Only 0 can be written in bit 7 to clear the flag.
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13.2 Register Descriptions

1321 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 O
ADDRnN ‘ADQ‘ADS‘ADY‘AD6‘AD5‘AD4‘AD3‘AD2‘ADl‘ADO‘ — ‘ — ‘ — ‘ — ‘ — ‘ — ‘
Initial value o o o o o 0 0O O O O o o o o o o

ReadWrte R R R R R R R R R R R R R R R R
(n=Ato D) ‘ ‘

A/D conversion data Reserved bits
10-bit data giving an
A/D conversion result

The four A/D dataregisters (ADDRA to ADDRD) are 16-bit read-only registers that store the
results of A/D conversion.

An A/D conversion produces 10-bit data, which istransferred for storage into the A/D data
register corresponding to the selected channel. The upper 8 bits of the result are stored in the upper
byte of the A/D dataregister. The lower 2 bits are stored in the lower byte. Bits 5 to 0 of an A/D
data register are reserved bits that always read 0. Table 13.3 indicates the pairings of analog input
channels and A/D dataregisters.

The CPU can alwaysread the A/D dataregisters. The upper byte can be read directly, but the

lower byteisread through atemporary register (TEMP). For details see section 13.3, CPU
Interface.

The A/D dataregisters areinitialized to H'0000 by areset and in standby mode.

Table 13.3 Analog Input Channelsand A/D Data Registers

Analog Input Channel

Group O Group 1 A/D Data Register
ANO AN4 ADDRA
AN1 ANS5S ADDRB
AN2 ANG6 ADDRC
AN3 AN7 ADDRD
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13.22 A/D Control/Status Register (ADCSR)

Bit 7 6 5 4 3 2 1 0
‘ ADF ‘ ADIE ‘ ADST ‘ SCAN ‘ CKS ‘ CH2 ‘ CH1 ‘ CHO ‘
Initial value 0 0 0 0 0 0 0 0

Read/Write R/(W)* R/W R/W R/W R/W R/W R/W R/W

Channel select 2to 0
These bits select analog
input channels

Clock select
Selects the A/D conversion time

Scan mode
Selects single mode or scan mode

A/D start
Starts or stops A/D conversion

A/D interrupt enable
Enables and disables A/D end interrupts

A/D end flag
Indicates end of A/D conversion

Note: * Only O can be written to clear the flag.

ADCSR is an 8-bit readabl e/writable register that selects the mode and controls the A/D converter.
ADCSR isinitialized to H'00 by areset and in standby mode.

Bit 7—A/D End Flag (ADF): Indicates the end of A/D conversion.

Bit 7

ADF Description

0 [Clearing condition] (Initial value)
Cleared by reading ADF while ADF = 1, then writing 0 in ADF

1 [Setting conditions]

¢ Single mode: A/D conversion ends

¢ Scan mode: A/D conversion ends in all selected channels
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Bit 6—A/D Interrupt Enable (ADIE): Enables or disables the interrupt (ADI) requested at the
end of A/D conversion.

Bit 6

ADIE Description

0 A/D end interrupt request (ADI) is disabled (Initial value)
1 A/D end interrupt request (ADI) is enabled

Bit 5—A/D Start (ADST): Starts or stops A/D conversion. The ADST bit remains set to 1 during
A/D conversion. It can also be set to 1 by external trigger input at the ADTRG pin.

Bit 5

ADST Description

0 A/D conversion is stopped (Initial value)
1 Single mode: A/D conversion starts; ADST is automatically cleared to O when

conversion ends.

Scan mode: A/D conversion starts and continues, cycling among the selected
channels, until ADST is cleared to 0 by software, by a reset, or by a
transition to standby mode.

Bit 4—Scan Mode (SCAN): Selects single mode or scan mode. For further information on
operation in these modes, see section 13.4, Operation. Clear the ADST bit to 0 before switching
the conversion mode.

Bit 4

SCAN Description

0 Single mode (Initial value)
1 Scan mode

Bit 3—Clock Select (CKS): Selectsthe A/D conversion time. Clear the ADST bit to O before
switching the conversion time.

Bit 3

CKSs Description

0 Conversion time = 266 states (maximum) (Initial value)
1 Conversion time = 134 states (maximum)

Bits 2 to 0—Channel Select 2to 0 (CH2 to CHO): These bits and the SCAN bit select the analog
input channels. Clear the ADST bit to 0 before changing the channel selection.

Rev.3.00 Mar. 26, 2007 Page 421 of 682
REJ09B0353-0300
RENESAS



Section 13 A/D Converter

Group
Selection Channel Selection Description
CH2 CH1 CHO Single Mode Scan Mode
0 0 0 AN, (Initial value) AN,
1 AN, AN,, AN,
1 0 AN, AN, to AN,
1 AN, AN, to AN,
1 0 0 AN, AN,
1 AN, AN,, AN,
1 0 AN, AN, to AN,
1 AN, AN, to AN,

13.23 A/D Control Register (ADCR)

Bit 7 6 5 4 3 2 1 0
Ree | — | — | — | = = | = - |
Initial value 0 1 1 1 1 1 1 1

Read/Write R/W — — — — — _ _

Reserved bits

Trigger enable
Enables or disables external triggering of A/D conversion

ADCR isan 8-hit readabl e/writable register that enables or disables external triggering of A/D
conversion. ADCR isinitialized to H'7F by areset and in standby mode.

Bit 7—Trigger Enable (TRGE): Enables or disables external triggering of A/D conversion.

Bit 7

TRGE Description

0 A/D conversion cannot be externally triggered (Initial value)
1 A/D conversion starts at the falling edge of the external trigger signal (ADTRG)

Bits 6 to 0—Reserved: These bits cannot be modified and are alwaysread as 1.
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13.3 CPU Interface

ADDRA to ADDRD are 16-hit registers, but they are connected to the CPU by an 8-hit data bus.
Therefore, although the upper byte can be accessed directly by the CPU, the lower byte isread
through an 8-bit temporary register (TEMP).

An A/D dataregister isread as follows. When the upper byte is read, the upper-byte value is
transferred directly to the CPU and the lower-byte value is transferred into TEMP. Next, when the
lower byteisread, the TEMP contents are transferred to the CPU.

When reading an A/D data register, always read the upper byte before the lower byte. It is possible
to read only the upper byte, but if only the lower byte isread, incorrect data may be obtained.

Figure 13.2 shows the data flow for accessto an A/D dataregister.

Upper-byte read

Module data bus

E:HP':A) Bus interface
TEMP
(H'40)
ADDRNH ADDRNL
(H'AA) (H'40)
(n=AtoD)

Lower-byte read

Module data bus

CPU ;
(H40) Bus interface
TEMP
(H'40)
ADDRNH ADDRNL
(H'AA) (H'40)
(n=AtoD)

Figure13.2 A/D Data Register Access Operation (Reading H'AA40)
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134  Operation

The A/D converter operates by successive approximations with 10-bit resolution. It hastwo
operating modes:. single mode and scan mode.

134.1 SingleMode (SCAN =0)

Single mode should be selected when only one A/D conversion on one channel is required. A/D
conversion starts when the ADST hit is set to 1 by software, or by external trigger input. The
ADST hit remains set to 1 during A/D conversion and is automatically cleared to O when
conversion ends.

When conversion ends the ADF bit isset to 1. If the ADIE bit isalso set to 1, an ADI interrupt is
requested at thistime. To clear the ADF flag to O, first read ADCSR, then write 0 in ADF.

When the mode or analog input channel must be switched during analog conversion, to prevent
incorrect operation, first clear the ADST hit 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 mode or channel is changed.

Typical operations when channel 1 (AN,) is selected in single mode are described next.
Figure 13.3 shows atiming diagram for this example.

1. Single mode is selected (SCAN = 0), input channel AN, is selected (CH2 = CH1 =0, CHO =
1), the A/D interrupt isenabled (ADIE = 1), and A/D conversion is started (ADST = 1).

2. When A/D conversion is completed, theresult is transferred into ADDRB. At the same time
the ADF flag isset to 1, the ADST hit is cleared to 0, and the A/D converter becomesidle.

Since ADF =1 and ADIE = 1, an ADI interrupt is requested.
The A/D interrupt handling routine starts.

The routine reads ADCSR, then writes 0 in the ADF flag.

The routine reads and processes the conversion result (ADDRB).

Execution of the A/D interrupt handling routine ends. After that, if the ADST bitissetto 1,
A/D conversion starts again and steps 2 to 7 are repeated.

N o o~ w
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Figure 13.3 Example of A/D Converter Operation

(Single Mode, Channel 1 Selected)
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13.4.2 Scan Mode (SCAN =1)

Scan mode is useful for monitoring analog inputs in a group of one or more channels. When the
ADST hit is set to 1 by software or external trigger input, A/D conversion starts on the first
channel in the group (AN, when CH2 = 0, AN, when CH2 = 1). When two or more channels are
selected, after conversion of the first channel ends, conversion of the second channel (AN, or AN,)
starts immediately. 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 A/D data registers
corresponding to the channels.

When the mode or analog input channel selection must be changed during analog conversion, to
prevent incorrect operation, first clear the ADST bit to 0in ADCSR to halt A/D conversion. After
making the necessary changes, set the ADST bit to 1. A/D conversion will start again from the
first channel in the group. The ADST bit can be set at the same time as the mode or channel
selection is changed.

Typical operations when three channelsin group 0 (AN, to AN,) are selected in scan mode are
described next. Figure 13.4 shows atiming diagram for this example.

1. Scan modeis selected (SCAN = 1), scan group 0 is selected (CH2 = 0), analog input channels
AN, to AN, are selected (CH1 = 1, CHO = 0), and A/D conversion is started (ADST = 1).

2. When A/D conversion of thefirst channel (AN,) is completed, the result is transferred into
ADDRA. Next, conversion of the second channel (AN,) starts automatically.

3. Conversion proceeds in the same way through the third channel (AN,).

4. When conversion of all selected channels (AN, to AN,) is completed, the ADF flag isset to 1
and conversion of thefirst channel (AN,) starts again. If the ADIE bit is set to 1, an ADI
interrupt is requested at thistime.

5. Steps2to 4 arerepeated aslong asthe ADST hit remains set to 1. When the ADST bit is
cleared to O, A/D conversion stops. After that, if the ADST bit isset to 1, A/D conversion
starts again from thefirst channel (AN,).
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Figure 13.4 Example of A/D Converter Operation

(Scan Mode, Channels AN, to AN, Selected)
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13.4.3  Input Sampling and A/D Conversion Time

The A/D converter has a built-in sample-and-hold circuit. The A/D converter samples the analog
input at atimet, after the ADST bit is set to 1, then starts conversion. Figure 13.5 shows the A/D
conversion timing. Table 13.4 indicates the A/D conversion time.

Asindicated in figure 13.5, the A/D conversion time includes t, and the input sampling time. The
length of t, varies depending on the timing of the write accessto ADCSR. The total conversion
time therefore varies within the rangesindicated in table 13.4.

In scan mode, the values given in table 13.4 apply to the first conversion. In the second and
subsequent conversions the conversion time is fixed at 256 states when CKS = 0 or 128 states
when CKS=1.

M)

.l

Address bus I
Write signal

Input sampling
timing

ADF

tD tSPL

tCONV

Legend:

(2): ADCSR write cycle
(2): ADCSR address

tp: Synchronization delay
tspL:  Input sampling time
tcony: A/D conversion time

Figure13.5 A/D Conversion Timing
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Table13.4 A/D Conversion Time (Single Mode)

CKS =0 CKs=1
Symbol Min Typ Max Min Typ Max
Synchronization delay — t; 10 — 17 6 — 9
Input sampling time ton — 63 — — 31 —
A/D conversion time oo 259 — 266 131 — 134

Note: Values in the table are numbers of states.

13.4.4 External Trigger Input Timing

A/D conversion can be externally triggered. When the TRGE bit isset to 1 in ADCR, external
trigger input is enabled at the ADTRG pin. A high-to-low transition at the ADTRG pin setsthe
ADST bhitto 1in ADCSR, starting A/D conversion. Other operations, in both single and scan
modes, are the same asif the ADST bit had been set to 1 by software. Figure 13.6 showsthe

timing.

ADTRG

Internal trigger
signal

ADST

A/D conversion

ot

Figure13.6 External Trigger Input Timing
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135 Interrupts

The A/D converter generates an interrupt (ADI) at the end of A/D conversion. The ADI interrupt
request can be enabled or disabled by the ADIE bit in ADCSR.

13.6  Usage Notes
The following points should be noted when using the A/D converter.
Setting Range of Analog Power Supply and Other Pins

(1) Analog input voltage range
The voltage applied to analog input pins AN, to AN, during A/D conversion should be in the
range AV < ANN<S AV .

(2) Relation between AV ., AV and V., V4

Asthe relationship between AV ., AV and V, Vg, set AV = V. If the A/D converter is
not used, the AV . and AV pins must on no account be |eft open.

If conditions (1) and (2) above are not met, the reliability of the device may be adversely affected.

Notes on Board Design

In board design, digital circuitry and analog circuitry should be as mutually isolated as possible,
and layout in which digital circuit signal lines and analog circuit signal lines cross or arein close
proximity should be avoided as far as possible. Failure to do so may result in incorrect operation
of the analog circuitry due to inductance, adversely affecting A/D conversion values.

Also, digital circuitry must be isolated from the analog input signals (AN, to AN.,), and analog
power supply and reference voltage (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 Counter measur es

A protection circuit connected to prevent damage due to an abnormal voltage such as an excessive
surge at the analog input pins (AN, to AN,) and analog power supply (AV..) should be connected
between AV . and AV as shown in figure 13.7.

Also, the bypass capacitors connected to AV . and the filter capacitor connected to AN, to AN,
must be connected to AV .
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If afilter capacitor is connected as shown in figure 13.7, the input currents at the analog input pins
(AN, to AN,) 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. Therefore careful consideration is required
when deciding the circuit constants.

/X_/

O AVce
*1 ANp to AN7
O I AVsg

/\_/

Notes: Values are reference values.
1.

10 pF 0.01 puF

2. Rjp: Input impedance

Figure 13.7 Exampleof Analog Input Protection Cir cuit

Table13.5 Analog Pin Specifications

Item Min Max Unit
Analog input capacitance — 20 pF
Permissible signal source impedance — 10* kQ

Note: * WhenV_=4.0Vto5.5Vand@<12 MHz
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10 kQ

ANp to To A/ID
ANy vy converter
I 20 pF

Note: Values are reference values.

Figure13.8 Analog Input Pin Equivalent Circuit

A/D Conversion Precision Definitions

H8/3039 Group A/D conversion precision definitions are given below.

Resolution
The number of A/D converter digital output codes

Offset error

The deviation of the analog input voltage value from the ideal A/D conversion characteristic
when the digital output changes from the minimum voltage value B'0000000000 (H'000) to
B'0000000001 (H'001) (see figure 13.10).

Full-scale error

The deviation of the analog input voltage value from the ideal A/D conversion characteristic
when the digital output changes from B'1111111110 (H'3FE) to B'1111111111 (H'3FF) (see
figure 13.10).

Quantization error
The deviation inherent in the A/D converter, given by 1/2 L SB (see figure 13.9).

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

111

110

101

100

011

010

001

000

Ideal A/D conversion —=
- characteristic

L 7? Quantization error

I |
5 6 7 g
8 8 8

Analog
input voltage

Figure13.9 A/D Conversion Precision Definitions (1)

Digital output

Full-scale error

Ideal A/D conversion
characteristic

/"L— Nonlinearity
error

——-— Actual A/D conversion
characteristic

L

Offset error

FS

Analog
input voltage

Figure13.10 A/D Conversion Precision Definitions (2)
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Permissible Signal Source Impedance

H8/3039 Group analog input is designed so that conversion precision is guaranteed for an input
signal for which the signal source impedance is 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.

When converting in the single mode, if alarge capacitance is provided externally, the input load
will essentially comprise only the internal 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., voltage regulation 5 mV/us or greater).

When converting a high-speed analog signal and when performing conversion in the scan mode, a
low-impedance buffer should be inserted.

Influences on Absolute Precision

Adding capacitance results in coupling with GND, and therefore noise in GND may adversely
affect absolute precision. Be sure to make the connection to an electrically stable GND such as
AV
Careisaso required to insure that filter circuits do not communicate with digital signals on the
mounting board, thus acting as antennas.

H8/3039 Group
A/D converter

Sensor output equivalent circuit

impedance
Up to 10 kQ 10 kQ

Sensor input —AAA l .
Cin = l

Low-pass ' 4 L
! filter C I ; 15pF l ;
+ Upto 0.1 pF :

20 pF

Note: Values are reference values.

Figure13.11 Example of Analog Input Cir cuit
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Section 14 RAM

141 Overview

The H8/3039 has 4 kbytes of on-chip static RAM, H8/3038 has 2 kbytes, H8/3037 has 1 kbyte,
and H8/3036 has 512 bytes. The RAM is connected to the CPU by a 16-bit data bus. The CPU
accesses both byte data and word data in two states, making the RAM suitable for rapid data
transfer.

The RAM enable bit (RAME) in the system control register (SY SCR) can enable or disable the
on-chip RAM.

Table 14.1 shows the address of the on-chip RAM in each operating mode.

Table14.1 The Addressof the On-Chip RAM in Each Operating Mode

H8/3039 H8/3038 H8/3037 H8/3036
Mode (4 kbytes) (2 kbytes) (1k byte) (512 bytes)
Modes 1, 5, 7 H'FEF10 to H'FF710 to H'FFB10 to H'FFD10 to
H'FFFOF H'FFFOF H'FFFOF H'FFFOF
Mode 3 H'FFEF10 to H'FFF710 to H'FFFB10 to H'FFFD10 to
H'FFFFOF H'FFFFOF H'FFFFOF H'FFFFOF
Mode 6 H'F710 to H'F710 to H'FB10 to H'FD10 to
H'FFOF H'FFOF H'FFOF H'FFOF
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1411 Block Diagram

Figure 14.1 shows a block diagram of the on-chip RAM.

Internal data bus (upper 8 bits)

A A

Internal data bus (lower 8 bits)

Bus interface SYSCR
H'FEF10* H'FEF11*
H'FEF12* H'FEF13*
- On-chip RAM -
H'FFFOE* H'FFFOF*
Even addresses Odd addresses

Legend:
SYSCR: System control register

Note: * Lower 20 bits of the address

Figure14.1 RAM Block Diagram (H8/3039 in Modes 1, 5 and 7)

1412 Register Configuration

The on-chip RAM is controlled by the system control register (SY SCR). Table 14.2 gives the
address and initial value of SYSCR.

Table14.2 RAM Control Register

Address* Name Abbreviation R/W Initial Value

H'FFF2 System control register SYSCR R/W H'0B

Note: * Lower 16 bits of the address
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14.2  System Control Register (SYSCR)

Bit 7 6 5 4 3 2 1 0

‘ SSBY ‘ STS2 ‘ STS1 ‘ STSO ‘ UE ‘ NMIEG ‘ — ‘ RAME ‘
Initial value 0 0 0 0 1 0 1 1
Read/Write R/W R/W R/W R/W R/W R/W — R/W

RAM enable bit
Enables or
disables
on-chip RAM

Reserved bit

NMI edge select

User bit enable

Standby timer select 2to 0
Software standby

One function of SY SCR isto enable or disable accessto the on-chip RAM. The on-chip RAM is
enabled or disabled by the RAME bit in SY SCR. For details about the other hits, see section 3.3,
System Control Register (SYSCR).

Bit 0—RAM Enable (RAME): Enables or disables the on-chip RAM. The RAME hit is
initialized at the rising edge of the input at the RES pin. 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)
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14.3  Operation

When the RAME bhit is set to 1, the on-chip RAM isenabled. ThisL Sl can access the on-chip
RAM when addressing the addresses shown in table 14.1 in each operation mode. When the
RAME bit iscleared to 0 in modes 1, 3, and 5 (expanded modes), external address spaceis
accessed. When the RAME bit is cleared to 0 in modes 6 and 7 (single-chip modes), the on-chip
RAM is not accessed. Read operation always reads H'FF and disables writing.

The on-chip RAM is connected to the CPU by a 16-bit wide data bus and can be read and written
on a byte or aword basis.

Byte data can be accessed in two states using the higher 8 bits of the data bus. Word data
beginning from an even address can be accessed in two states using the 16-bit data bus.
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Section 15 ROM

15.1 Overview

The H8/3039 has 128 kbytes of on-chip ROM (flash memory or mask ROM), the H8/3038 has 64
kbytes, the H8/3037 has 32 kbytes and H8/3036 has 16 kbytes. The ROM is connected to the CPU
by a 16-bit data bus. The CPU accesses both byte and word data in two states, enabling rapid data
transfer.

The mode pins (MD, to MD,) can be set to enable or disable the on-chip ROM. See table 15.1.

The on-chip flash memory product (H8/3039F-ZTAT) can be erased and programmed on-board as
well as with a general-purpose PROM programmer.

Table15.1 Operating Mode and ROM

Mode Pins
Mode MD, MD, MD, On-Chip ROM
Mode 1 0 0 1 Disabled (external
(1-Mbyte expanded mode with on-chip ROM disabled) address area)
Mode 2 0 1 0
(1-Mbyte expanded mode with on-chip ROM disabled)*
Mode 3 0 1 1
(16-Mbyte expanded mode with on-chip ROM disabled)
Mode 4 1 0 0
(16-Mbyte expanded mode with on-chip ROM disabled)*
Mode 5 1 0 1 Enabled
(16-Mbyte expanded mode with on-chip ROM enabled)
Mode 6 (single-chip normal mode) 1 1 0
Mode 7 (single-chip advanced mode) 1 1 1

Note: * Modes 2 and 4 cannot be used with this LSI. Do not set the mode pin to mode 2 or 4.
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15.2  Overview of Flash Memory

15.2.1 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. The
block to be erased can be specified by setting the corresponding bit. There are block areas of
32 kbytes x 3 blocks, 28 kbytes x 1 block, and 1 kbyte x 4 blocks.

Programming/erase times

The flash memory programming time is 10 ms (typ.) for simultaneous 32-byte programming,
equivalent to 300 ps (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 this L SI's bit rate can be automatically adjusted to match
the transfer bit rate of the host (9600 bps and 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.

PROM mode

Flash memory can be programmed/erased in PROM mode, using a PROM programmer, as
well asin on-board programming mode.

Protect modes

There are three protect modes, hardware, software, and error protect, which allow protected
status to be designated for flash memory program/erase/verify operations.
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15.2.2 Block Diagram

Figure 15.1 shows a block diagram of the flash memory.

i

Internal data bus (upper 8 bits)

Internal data bus (lower 8 bits)

< >[FLMCR*2 O
[ EBRZ|—> i in*1

C> Bus interface/controller - Operating - FWE p'T‘

< >[RAMCR*2 mode Mode pins

H'00000 H'00001
H'00002 H'00003

On-chip Flash memory
A (128 kbytes) A

H'1FFFC | H'1FFFD

H'1FFFE H'1FFFF
even address odd address

Legend:

FLMCR: Flash memory control register
EBR: Erase block register

RAMCR: RAM control register

FLMSR: Flash memory status register

Notes: 1. Functions as the FWE pin in the flash memory versions and as the RESO pin in the
mask ROM versions.

2. The registers that control the flash memory versions (FLMCR, EBR, RAMCR, and
FLMSR) are used in the flash memory versions only. They are not provided in the
mask ROM versions. Reading the corresponding addresses in a mask ROM version
will always return 1s, and writes to these addresses are disabled.

Figure15.1 Block Diagram of Flash Memory
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15.2.3 Pin Configuration
The flash memory is controlled by means of the pins shown in table 15.2.

Table 15.2 Flash Memory Pins

Pin Name Abbreviation  1/0 Function

Reset RES Input Reset

Flash write enable FWE* Input Flash program/erase protection by hardware
Mode 2 MD, Input Sets this LSI operating mode

Mode 1 MD, Input Sets this LS| operating mode

Mode 0 MD, Input Sets this LS| operating mode
Transmit data TxD, Output  Serial transmit data output
Receive data RxD, Input Serial receive data input

Notes: The transmit data and receive data pins are used in boot mode.
* In the mask ROM versions, the FWE pin functions as the RESO pin.

15.2.4 Register Configuration
The registers used to control the on-chip flash memory when enabled are shown in table 15.3.

Table 15.3 Flash Memory Registers

Register Name Abbreviation R/W Initial Value Address**
Flash memory control register ~ FLMCR R/W H'00** H'FF40
Erase block register EBR R/W H'00 H'FF42
RAM control register RAMCR R/W HF1 H'FF47
Flash memory status register FLMSR R H'7F H'FF4D

Notes: 1. Lower 16 bits of the address.
2. When a high level is input to the FWE pin, the initial value is H'80.

The registersin table 15.3 are used in the flash memory versions only. Reading the corresponding
addressesin amask ROM version will always return 1s, and writes to these addresses are disabled.
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153 Register Descriptions

153.1 Flash Memory Control Register (FLMCR)

FLMCR isan 8-bit 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, and finally setting the P bit. Erase
mode is entered by setting SWE to 1 when FWE = 1, then setting the ESU hit, and finally setting
the E bit. FLMCR isinitialized by areset, and in hardware standby mode and software standby
mode. Itsinitial valueis H'80 when ahigh level isinput to the FWE pin, and H'00 when alow
level isinput. In mode 6 the FWE pin must be fixed low, as flash memory on-board programming
is not supported. Therefore, bitsin this register cannot be set to 1 in mode 6. When on-chip flash
memory is disabled, aread will return H'00, and writes are invalid. When setting bits 6 to 0 in this
register to 1, each bit should be set individually.

Writesto the ESU, PSU, EV and PV bitsin FLMCR are enabled only when FWE = 1 and SWE =
1; writes to the E bit only when FWE = 1, SWE = 1, and ESU = 1; and writes to the P bit only
when FWE =1, SWE =1, and PSU = 1.
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Bit 7 6 5 4 3 2 1 0

| Fwe | swe | Esu | psu | BV | Pv | E P

g":’é’is {Initial value 0 0 0 0 0 0 0 0
and 6’ Read/Write R R R R R R R R
Modes {Initial value 1/0 0 0 0 0 0 0 0
5and 7 | Read/Write R RIW RIW RIW RW  RW RW  RW

Program mode
Designates
transition to

or exit from
program mode

Erase mode
Designates transition
to or exit from erase
mode
L— Program-verify mode

Designates transition to

or exit from program-verify

mode

— Erase-verify mode
Designates transition to
or exit from erase-verify
mode

— Program setup
Prepares for a transition to program mode.

— Erase setup
Prepares for a transition to erase mode.

— Software write enable bit
Enables or disables the flash memory.

“— Flash write enable bit
Sets hardware protection against flash memory programming/erasing.

Bit 7—Flash Write Enable Bit (FWE): Sets hardware protection against flash memory
programming/erasing. When using this bit, refer to section 15.9, Notes on Flash Memory
Programming/Erasing.

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—Softwar e Write Enable Bit (SWE)*'** This bit enables/disables flash memory
programming/erasing. This bit should be set before setting FLMCR bits 5 to 0, and EBR bits 7 to
0. Do not set the ESU, PSU, EV, PV, E, or P bits a the same time.

Bit 6

SWE Description

0 Program/erase disabled (Initial value)
1 Program/erase enabled

[Setting condition]
When FWE = 1

Bit 5—Erase Setup Bit (ESU)*": Prepares for atransition to erase mode. Do not set the SWE,
PSU, EV, PV, E, or P bit at the same time.

Bit 5

ESU Description

0 Erase setup cleared (Initial value)
1 Erase setup

[Setting condition]
When FWE =1, and SWE =1

Bit 4—Program Setup Bit (PSU)*": Prepares for atransition to program mode. Do not set the
SWE, ESU, EV, PV, E, or P bit at the same time.

Bit 4

PSU Description

0 Program setup cleared (Initial value)
1 Program setup

[Setting condition]
When FWE =1, and SWE =1
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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 same time.

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

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
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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

Notes: 1. Do not set two or more bits at the same time.
Do not turn off V. when abit is set.
2. Do not set/clear the SWE bit simultaneously with other bits (ESU, PSU, EV, PV, E, P).
3. Set the P and E bits according to the program and erase algorithms shown in section
15.5, Programming/Erasing Flash Memory.
For the usage precautions, see section 15.9, Notes on Flash Memory
Programming/Erasing.

15.3.2 EraseBlock Register (EBR)

EBR is an 8-bit register that designates the flash memory block for erasure. EBR isinitialized to
H'00 by areset, in hardware standby mode, or software standby mode, when a high level is not
input to the FWE terminal, or when the FLMCR SWE bit is 0 when a high level is applied to the
FWE terminal. When a bit is set in EBR, the corresponding block can be erased. Other blocks are
erase - protected. The blocks are erased block by block. Therefore, set only one bit in EBR; do not
set bitsin EBR to erase two or more blocks at the same time.

Each bit in EBR cannot be set until the SWE bit in FLMCR is set. The flash memory block
configuration is shown in table 15.4. To erase al the blocks, erase each block sequentially.

This LSI does not support the on-board programming mode in mode 6, so bitsin this register
cannot be set to 1 in mode 6.
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Bit 7 6 5 4 3 2 1 0
‘ EB7 ‘ EB6 ‘ EB5 ‘ EB4 ‘ EB3 ‘ EB2 ‘ EB1 ‘ EBO
Modes [ |hitial value 0 0 0 0 0 0 0 0
104, 1 peadMwrit
and 6 ea rite R R R R R R R R
Modes | Initial value 0 0 0 0 0 0 0 0
5and 7| Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Bits 7 to 0—Block 7 to 0 (EB7 to EBO): These hits select blocks (EB7 to EBO) to be erased.

Bits 7to 0

EB7 to EBO Description

0 Block EB7 to EBO is not selected. (Initial value)
1 Block EB7 to EBO is selected.

Note: Set each bit of EBR to H'00 except when erasing.

Table 15.4 Flash Memory Erase Blocks

Block (Size) Address

EBO (1 kbyte) H'00000 to H'003FF
EB1 (1 kbyte) H'00400 to H'007FF
EB2 (1 kbyte) H'00800 to H'00BFF
EB3 (1 kbyte) H'00CO00 to H'00FFF
EB4 (28 kbytes) H'01000 to H'07FFF
EB5 (32 kbytes) H'08000 to H'OFFFF
EB6 (32 kbytes) H'10000 to H'17FFF
EB7 (32 kbytes) H'18000 to H'1FFFF
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15.3.3 RAM Control Register (RAMCR)

RAMCR selectsthe RAM area used when emulating real-time reprogramming of the flash
memory.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ — ‘ RAMS ‘ RAM2 ‘ RAM1 ‘ — ‘
Modes | Initial value 1 1 1 1 0 0 0 1
1to 4 | Read/Write — — — — R R R —
Modes | Initial value 1 1 1 1 0 0 0 1
5to 7 | Read/Write — — — — R/W* R/W* R/W* —
Reserved bit
RAM2/1

This bit is used with
bit 3 to set the RAM
area.

L—- RAM select
This bit is used with
bits 2 and 1 to set
L Reserved bits the RAM area.

Note: * Cannot be set to 1 in mode 6.

Bits 7 to 4—Reserved: These bits cannot be modified and are alwaysread as 1.

Bit 3—RAM Select (RAMYS): Isused with bits 2 to 1 to reassign an areato RAM (see table 15.5).
Theinitial setting for thisbit is0in modes 5, 6, and 7 (internal flash memory enabled) and
programming is enabled.* In modes other than 5to 7, 0 is aways read and writing is disabled.
Itisinitialized by areset and in hardware standby mode. It is not initialized in software standby
mode.

When bit 3 is set, all flash-memory blocks are protected from programming and erasing.

Bits2to 1—RAM2 to RAM 1: These bits are used with bit 3 to reassign an areato RAM (see
table 15.5). Theinitia setting for thisbit is0in modes5, 6, and 7 (internal flash memory enabled)
and programming is enabled.* In modes other than 5to 7, 0 is always read and writing is disabled.
They areinitialized by areset and in hardware standby mode. They are not initialized in software
standby mode.

Rev.3.00 Mar. 26, 2007 Page 449 of 682
REJ09B0353-0300
RENESAS



Section 15 ROM

Bit 0—Reserved: This bit cannot be modified and is always read as 1.

Note: * Flash memory emulation by RAM is not supported for Mode 6 (single chip normal
mode), so programming is possible, but do not set 1.
When performing flash memory emulation by RAM, the RAME bit in SY SCR must be
set to 1.

Table15.5 RAM Area Reassignment

Bit 3

Bit 2

Bit 1

RAM
RAM Area RAMS RAM2 RAM1 Emulation State
H'FFF800 to H'FFFBFF 0 0/1 0/1 No emulation
H'000000 to H'0003FF 1 0 0 Mapping RAM
H'000400 to H'0007FF 1 0 1
H'000800 to H'000BFF 1 1 0
H'000CO00 to H'000FFF 1 1 1
ROM area RAM area
H'00000 E80 HFEF10
H'003FF HEF7FF
H'00400 EB1 sRe(I);\(A:tion Real RAM H'FF800 |RAM overlap area
RO ek HOO7FF area HFFBFF J (HFF800-HFFBFF)
(H00000-H00FFF)| 00800 | Mapping RAM RAM HEFCO0
H:OOBFF EB2 selection H'FFFOF
H'00C00 cos area
H'00FFF

Figure 15.2 Example of Overlap ROM Areaand RAM Area
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15.3.4 Flash Memory Status Register (FLMSR)

The flash memory status register (FLMSR) detects flash memory errors.

Bit 7 6 5 4 3 2 1 0
I e e = = e
Initial value 0 1 1 1 1 1 1 1

Read/Write R — — — — — — _

L Reserved bits

Flash memory error

Status flag indicating that

an error was detected during
programming or erasing

Bit 7—Flash Memory Error (FLER): Indicates that an error occurred while flash memory was
being programmed or erased. When hit 7 is set, flash memory is placed in an error-protect mode.

Bit 7

FLER Description

0 Flash memory program/erase protection (error protection**) is disabled (Initial value)
[Clearing condition]
WDT reset, reset by RES pin, or hardware standby mode

1 An error has occurred during flash memory programming/erasing

Flash memory program/erase protection (error protection**) is enabled

[Setting conditions]

1. Flash memory was read** while being programmed or erased (including vector or
instruction fetch, but not including reading of a RAM area overlapped onto flash
memory).

2. A hardware exception-handling sequence (other than a reset, invalid instruction,
trap instruction, or zero-divide exception) was executed just before programming or
erasing.**

3. The SLEEP instruction (including software standby mode) was executed during
programming or erasing.

Notes: 1. For details, see section 15.6.3, Error Protection.
2. The read data has undetermined values.
3. Before stack and vector read by exception handling.

Bits 6 to 0—Reser ved: These bits cannot be modified and are always read as 1.
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154  On-Board Programming M odes

When pins are set to on-board programming mode, program/erase/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
15.6. In mode 6 (on-chip ROM enabled) in this LS|, the boot mode and user program mode cannot
be used. For the notes on FWE pin set/reset, see section 15.9, Notes on Flash Memory
Programming/Erasing.

Table 15.6 Setting On-Board Programming M odes

Mode FWE MD, MD, MD, Notes
Boot mode mode 5 1+ 0** 0 1 0V,
mode 7 0*? 1 1 1V,
User program mode mode 5 1 0 1
mode 7 1 1 1

Notes: 1. For the High level input timing, see items (6) and (7) of Notes on Using the Boot Mode.
2. In the boot mode, the MD, setting becomes inverted input.

In the boot mode, the mode control register (MDCR) can be used to monitor the status
of modes 5 and 7 in the same way as in the normal mode.
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On-Board Programming Modes

Boot mode

1.

Initial state

The flash memory is in the erased state when the
device is shipped. The description here applies to
the case where the old program version or data
is being rewritten. The user should prepare the
programming control program and new
application program beforehand in the host.

Host

Programming control
program

New appl
program

on

This chip

2
9]
(o]

& Boot program

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

Programming control
program
New application
program
This chip

Boot program

Flash memory

%)
o)

RAM

Boot program area.

Flash memory
erase

2. Programming control program transfer

When boot mode is entered, the boot program in
this chip (originally incorporated in the chip) is
started, an SCI communication check is carried
out, and the boot program required for flash
memory erasing is automatically transferred to
the RAM boot program area.

Host
Programming control
program
New application
program
This chip

N SCI
k Boot program
Flash memory RAM

Boot program area

Application program
(old version)

. Writing new application program

The programming control program transferred
from the host to RAM by SCI communication is
executed, and the new application program in the
host is written into the flash memory.

This chip

P
RAM 1

Flash memory

Programming
control program

New application
program

@ﬁ Program execution state

Figure 15.3 Boot Mode
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e User program mode

1. Initial state
(1) 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. (2) The programming/erase

control program should be prepared in the host
or in the flash memory.

Host
Programming/
erase control program
New application
program

This chip

Flash memory RAM

Transfer
program

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.

Host

New application )
program
This chip
SCI
Boot program
Flash memory RAM
FWE assessment
,,,,, program____
Transfer program
Programming/ < \‘
pherase control program
Flash memory
erase

. 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.

New application
program
This chip
Flash memory RAM 1
Transfer
program

Programming/
erase control program

Application program
(old version)

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

This chip

SCI
Boot program /
RAM

Flash memory

FWE assessment
,,,,, program_____

Transfer program

Programming/ \) ‘
Nerase control program

New application
program

Program execution state

Figure15.4 User Program Mode (Example)
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1541 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.

In reset start, after setting this LS| pin to the boot mode, start the microcomputer boot program,
measure the Low period of the data sent from the host, and select the bit rate register (BRR) value
beforehand. Then enable reception of the user program from the outside using the serial
communication interface (SCI) on thisLSl, and write the received user program to on-chip RAM.

After the program has been stored the end of writing, execution branches to the top address
(H'FF300) of the on-chip RAM, execute the program written on the on-chip RAM, and enable
flash memory program/erase.

The system configuration in boot mode is shown in figure 15.5, and the boot program mode
execution procedurein figure 15.6.

This LSI

Flash memory

Host

Write data reception

A

RXD;

Verify data transmission SCi1 > On-chip RAM
< TXD;

Figure 155 System Configuration in Boot Mode
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Set pins to boot program mode
1 and execute reset-start

I
Host transfers data (H'00)

2 continuously at prescribed bit rate
I
This LSI measures low period
of H'00 data transmitted by host
3 I

This LSI calculates bit rate
and sets value in bit rate register
I
After bit rate adjustment, this LSI
4 transmits one byte of H'00 data to
host to indicate end of adjustment
I
Host confirms normal reception
of bit rate adjustment end
indication (H'00), and transmits
one byte of H'55 data
I

After receiving H'55, this LSI
sends H'AA and receives two bytes
6 of the byte count (N) of the program
transferred to the on-chip RAM.*1

P ——

This LSI transfers the user
program to RAM.*?2
I
This LSI calculates the remaining
umber of bytes to be sent (N =N - 1)/

Transfer

end byte count
N=0?2

Yes

After branching to the
RAM boot program area
— (H'FEF10 to H'FF2FF),
this LSI checks the data in
the flashmemory user area.

All data = H'FF?

Yes

memory.

Erase all blocks of flash
*3

After sending H'AA, this LSI
branches to the RAM area
(H'FF300) and executes the user
program transferred to the RAM.

Notes:

Set this LSI to the boot mode and reset starts the LSI.

Set the host to the prescribed bit rate (4800, 9600)
and consecutively send H'00 data in 8-bit data,
1 stop bit format.

This LS| repeatedly measures the RXD1 pin Low
period and calculates the asynchronous
communication bit rate at which the host
performs transfer.

At the end of SCI bit rate adjustment, this LS| sends
one byte of H'00 data to signal the end of adjustment.

Check if the host normally received the one byte bit
rate adjustment end signal sent from this LSI and
sent one byte of H'55 data.

After H'55 is sent, the host receives H'AA and sends
the byte count of the user program that is

transferred to this LSI.

Send the 2-byte count in upper byte and lower byte
order. Then sequentially send the program set by
the user.

This LSI sequentially sends (echo back) each byte of
the received byte count and user program to the host
as verification data.

This LSI sequentially writes the received user
program to the on-chip RAM area (H'FF300-H'FFEFF).

Before executing the transferred user program, this LSI
checks if data was written to flash memory after
control branched to the RAM boot program area
(H'FEF10-H'FF2FF). If data was already written to
flash memory, all the blocks are erased.

After sending H'AA, this LSI branches to the on-chip
RAM area (H'FF300) and executes the user program
written to that area.

1. The RAM area that can be used by the user is
3.0 kbytes. Set the transfer byte count to within
3.0 kbytes. Always send the 2-byte transfer byte
count in upper byte and lower byte order.
Transfer byte count example: For 256 bytes (H'0100),
upper byte H'01, lower byte H'00.

2. Set the part that controls the user program flash
memory at the program according to the flash
memory programming/erase algorithms described later.

3. When a memory cell malfunctions and cannot be
erased, this LS| sends one H'FF byte as an erase
error and stops the erase operation and subsequent
operations.

Figure15.6 Boot Mode Execution Procedure
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Automatic SCI Bit Rate Adjustment

S@rt! ny | b1 | b2 | 03 | Da | D5 | De | D7 | SOP
bit bit
Low period (9 bits) measured (H'00 data) High period

(1 or more bits)

Figure15.7 Measuring the Low Period of the Communication Data from the Host

When boot mode is initiated, this LSl measures the low period of the asynchronous SCI
communication data (H'00) transmitted continuously from the host (figure 15.7). The SCI
transmit/receive format should be set as follows: 8-bit data, 1 stop bit, no parity. ThisLSI
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 byteto the LSI. 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 system
clock frequency of this LS, there will be a discrepancy between the bit rates of the host and the
LSl. To ensure correct SCI operation, the host's transfer bit rate should be set to 4800 and 9600
bps*".

Table 15.7 shows typical host transfer bit rates and system clock frequencies for which automatic
adjustment of this LSl bit rate is possible. The boot program should be executed within this system
clock range*’.

Table15.7 System Clock Frequenciesfor which Automatic Adjustment of ThisL Sl Bit
Rate |sPossible

System Clock Frequency for which Automatic Adjustment

Host Bit Rate (bps) of This LSI Bit Rate Is Possible (MHz)
9600 8to 18
4800 410 18

Notes: 1. The host bit rate settings are 4800 and 9600bps only. Do not use any other setting.

2. ThisLSI may automatically adjusts the bit rate except for bit rate and system clock
combinations as shown in table 15.7. However, the bit rate of the host and this LS| will
be different and subsequent transfers will not be carried out normally. Therefore,
always execute the boot mode within the range of the bit rate and system clock
combinations shown in table 15.7.
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On-Chip RAM Area Divisionsin Boot Mode

In boot mode, the RAM areais divided into an area used by the boot program and an areato which
the user program is transferred via the SCI, as shown in figure 15.8. The boot program area can be
used when atransition is made to the execution state for the user program transferred to RAM.

H'FEF10

Boot program
area
(Approximately 1kbyte)

H'FF300

User program

transfer area

(Approximately
3.0 kbytes)

H'FFFOF

Notes: 1. The boot program area cannot be used until a transition is made to the execution
state for the user program transferred to RAM. Note also that the boot program
remains in this RAM area even after control branches to the user program.

2. When flash memory emulation is performed using RAM, part of the user program
transfer area (H'FF800 to H'FFBFF) is used as an area for carrying out emulation,
and therefore user program transfer must not be performed to this area.

Figure 15.8 RAM Areasin Boot Mode

Notes on using the boot mode

(1) When this LSI comes out of reset in boot mode, it measures the low period the input at the
SCl's RXD, pin. Thereset should end with RXD, high. After the reset ends, it takes about 100
states for this LS| to get ready to measure the low period of the RXD, input.

(2) If any data has been written to the flash memory (if all datais not H'FF), al flash memory
blocks are erased when this mode is executed. Therefore, boot mode should be used for initia
on-board programming, or for forced recovery if the program to be activated in user program
mode is accidentally erased and user program mode cannot be executed, for example.

(3) Interrupts cannot be used during programming or erasing of flash memory.
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(4) The RXD, and TXD, pins should be pulled up on the board.

(5) ThisLSI terminates transmit and receive operations by the on-chip SCI(channel 1) (by clearing
the RE and TE bitsin seria control register (SCR)) before branching to the user program.
However, the adjusted bit rate is held in the bit rate register (BRR). At thistime, the TXD, pin
isin the high level output state (PODDR P9,DDR=1, PODR P9,DR=1).

Before branching to the user program the value of the general registersin the CPU are al'so
undefined. Therefore, the general registers must be initialized immediately after control
branches to the user program. Since the stack pointer (SP) isimplicitly used during subroutine
call, etc., astack area must be specified for use by the user program.

There are no other internal 1/0 registersin which theinitial value is changed.

(6) Transition to the boot mode executes a reset-start of thisL S| after setting the MD, to MD, and
FWE pins according to the mode setting conditions shown in table 15.6.
At thistime, this LSI latches the status of the mode pin inside the microcomputer to maintain
the boot mode status at the reset clear (startup with Low — High) timing*".
To clear boot mode, it is necessary to drive the FWE pin low during the reset, and then execute
reset release**. The following points must be noted:

(a) Before making atransition from the boot mode to the regular mode, the microcomputer
boot mode must be reset by reset input viathe RES pin. At thistime, the RES pin must be
hold at low level for at least 20 system clock.**

(b) Do not change the input levels at the mode pins (MD, to MD,) or the FWE pin whilein
boot mode. When making a mode transition, first enter the reset state by inputting alow
level to the RES pin. When awatchdog timer reset was generated in the boot mode, the
microcomputer mode is not reset and the on-chip boot program is restarted regardless of
the state of the mode pin.

(c) Do not input low level to the FWE pin while the boot program is executing and when
programming/erasing flash memory.**

(7) If the mode pin and FWE pin input levels are changed from O V to V. or from V. to OV
during areset (while alow level is being input to the RES pin), the microcomputer's operating
mode will change.

Therefore, since the state of the address dual port and bus control output signals (AS, RD, WR)

changes, use of these pins as output signals during reset must be disabled outside the
microcomputer.

Notes: 1. The mode pin and FWE pin input must satisfy the mode programming setup time (t,,.)
relative to the reset clear timing.

2. For notes on FWE pin High/Low, see section 15.9, Notes on Flash Memory
Programming/Erasing.
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3. Seesection 4.2.2, Reset Sequence and 15.9, Notes on Flash Memory
Programming/Erasing. With the mask ROM version of the H8/3039, H8/3038,
H8/3037, and H8/3036, the minimum reset period during operation is 10 system
clocks. However, the flash memory versions of the H8/3039 requires a minimum of 20
system clocks.

15.4.2 User Program Mode

When set to the user program mode, this LS| can erase and program its flash memory by executing
auser program. Therefore, on-chip flash memory on-board programming can be performed by
providing a means of controlling FWE and supplying the write data on the board and providing a
write program in a part of the program area.

To select this mode, set the LS to on-chip ROM enable modes 5 and 7 and apply a high level to
the FWE pin. In this mode, the peripheral functions, other than flash memory, are performed the
same asin modes5 and 7.

Since the flash memory cannot be read while it is being programmed/erased, place a programming
program on external memory, or transfer the programming program to RAM area, and execute it
in the RAM. In mode 6, do not program/erase the flash memory. When setting mode 6, always
input low level to the FWE pin.

Figure 15.9 shows the procedure for executing when transferred to on-chip RAM. During reset
start, starting from the user program mode is possible.
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MD2 - MD

0=101, 111

Rese

t start

1

Transfer on-board programming

program

to RAM.

Y

Branch to pro

gram in RAM.

Y

FWE

= high

(user program mode)

1

Execute on-board programming

program
(flash memory r

in RAM
eprogramming).

Y

Input low level to

FWE after SWE

bit clear (user program mode exit)

Execute user application
program in flash memory.

<Procedure>
The user writes a program that executes steps 3 to 8 in advance
as shown below .

1

Note: *

Sets the mode pin to an on-chip ROM enable mode
(mode 5 or 7).

Starts the CPU via reset.

(The CPU can also be started from the user program
mode by setting the FWE pin to High level during reset;
that is, during the period the RES pin is a low level.)

Transfers the on-board programming program to RAM.

Branches to the program in RAM.

Sets the FWE pin to a high level.*
(Switches to user program mode.)

After confirming that the FWE pin is a high level, executes
the on-board programming program in RAM. This
reprograms the user application program in flash memory.

At the end of reprograming, clears the SWE bit, and exits
the user program mode by switching the FWE pin from
a high level to a low level.*

Branches to, and executes, the user application program
reprogrammed in flash memory.

For notes on FWE pin High/Low, see section 15.9, Notes
on Flash Memory Programming/Erasing.

Note:

Figure15.9 User Program Mode Execution Procedure (Example)

Normally do not apply a high level to the FWE pin. To prevent erroneous programming or

erasing in the event of program runaway, etc., apply ahigh level to the FWE pin only
when programming/erasing flash memory (including flash memory emulation by RAM).
If program runaway, €tc. causes overprogramming or overerasing of flash memory, the

memory cellswill not operate normally.

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.

In mode 6, do not reprogram flash memory. When setting mode 6, always set the FWE pin
toalow level.
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155 Programming/Erasing Flash Memory

A software method, using the CPU, is employed to program and erase flash memory in the on-
board programming modes. 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, ESU, P, E, PV, and EV bitsin FLMCR.

For a description of state transition by FLMCR bit setting, see figure 15.10.

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.

For the programming/erasing notes, see section 15.9, Notes on Flash Memory
Programming/Erasing. For the wait time after each bit in FLMCR is set or cleared, see section
18.2.5, Flash Memory Characteristics.

Notes: 1. Operation isnot guaranteed if setting/resetting of the SWE, ESU, PSU, EV, PV, E, and
P bitsin FLMCR is executed by a program in flash memory.

2. When programming or erasing, set the FWE pin input level to the high level, and set
FWE to 1. (programming/erasing will not be executed if FWE = 0).
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*2

E=1
—_—
Erase setup state Erase mode
E=0

Normal mode

FWE=1l r FWE =0

On-board
programming mode

Software
reprogramming
enable state

P=1 _
525 Programming mode

Notes: O: Normal mode O: On-board programming mode

1. Do not make a state transition by setting or clearing two or more bits at the same time.

2. After transition from the erase mode to the erase setup state, do not make a transition to the erase mode
without going through the software reprogramming enable state.

3. After transition from the programming mode to the program setup state, do not switch to the programming
mode without going through the software reprogramming enable state.

Figure15.10 State Transition by Setting of Each Bit of FLMCR

155.1 Program Mode

Follow the procedure shown in the program/program-verify flowchart in figure 15.11 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.

For thewait time (x, y, z, a, B, Y, €, n) after setting or clearing each bit in the flash memory
control register (FLMCR) and the maximum programming count (N), see table 18.15.

Following the elapse of (x) s or more after the SWE hit is set to 1 in flash memory control

register (FLMCR), 32-byte program data is stored in the program data area and reprogram data
area, and the 32-byte data in the reprogram data area written consecutively to the write addresses.
(The lower 8 hits 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.) 32 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.
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Next, the watchdog timer (WDT) is set to prevent overprogramming due to program runaway, etc.
Set avalue greater than (y + z + a + 3) usasthe WDT overflow period. Preparation for entering
program mode (program setup) is performed next by setting the PSU bit in FLMCR. The
operating mode is then switched to program mode by setting the P bit in FLMCR after the elapse
of at least (y) ps.

Thetime while the P bit is set is the flash memory programming time. Make a program setting so
that the time for one programming operation iswithin the range of (2) ps.

The wait time after P bit setting must be changed according to the number of reprogramming
loops. For details, see section 18.2.5, Flash Memory Characteristics.

155.2 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.

Clear the P bitin FLMCR, then wait for at least (o) ps before clearing the PSU bit to exit program
mode. After exiting program mode, the watchdog timer setting is also cleared. Then the operating
mode is switched to program-verify mode by setting the PV bit in FLMCR. Before reading in
program-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) ps or more. When the flash memory is
read in this state (verify dataisread in 16-bit units), the data at the latched addressis read. Wait at
least () ps 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 15.11)
and transferred to RAM. After verification of 32 bytes of data has been completed, exit program-
verify mode, wait for at least (n) us, then determine whether 32-byte programming has finished. 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 hits.

Note: A 32-byte areato store program data and a 32-byte area to store reprogram data are
required in RAM.
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s D

Set SWE bit in FLMCR
Wait (x) ps

| Store 32-byte write data in write data area

and reprogram data area

| Programming operation counter n — 1

Consecutively write 32-byte data in

reprogram data area in RAM to flash memory

*2

[ Enable WDT

Set PSU bit in FLMCR
Wait (y) ps

*6

Set P bitin FLMCR
Wait (z) ps

Start of programming
*6*7

Clear P bitin FLMCR
Wait (a) ps

End of programming
*6

Clear PSU bit in FLMCR
Wait (B) pus

*6

[ Disable WDT

Set PV bitin FLMCR
Wait (y) ps

*6

| Set verify start address

| Programming end flag — 0

H'FF dummy write to verify address
Wait (€) ps

| Read verify data

Programming OK?

flag

Programming end
1 (unfinished

| Reprogram data computation

Transfer computation result to reprogram
data area

*5

| Increment verify address

32-byte
data verification completed?

Clear PV bitin FLMCR
Wait (n) ps

*6

Notes:

Write
Data

1.

Verify
Data

Programming should be performed in the erased state.
(Perform 32-byte programming on memory after all 32 bytes
have been erased.)

Data transfer is performed by byte transfer (word transfer is not
possible), with the write start address at a 32-byte boundary.
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'EO. 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.
Verify data is read in 16-bit (word) units. (Byte-unit reading is
also possible.)

Reprogram data is determined by the computation shown in the
table below (comparison of data stored in the program data
area with verify data). Programming of reprogram data 0 bits is
executed in the next programming loop. Therefore, even bits for
which programming has been completed will be programmed
again if the result of the subsequent verify operation is NG.

An area for storing write data (32 bytes) and an area for storing
reprogram data (32 bytes) must be provided in RAM. The
contents of the latter are rewritten in accordance with the
reprogramming data computation.

The values of x, y, z, a, B, v, € n, and N are shown in section
18.2.5, Flash Memory Characteristics.

The value of z depends on the number of reprogramming loops
(n). Details are given in section 18.2.5, Flash Memory
Characteristics.

Reprogram
Data Comments

0

1 Programming completed

Programming incomplete; reprogram

BR|o

1
0
1

0
1 —
1 Still in erased state; no action

RAM

Program data storage
area (32 bytes)

Reprogram data storage
area (32 bytes)
Reprogram

[ Clear SWE bit in FLMCR

Clear SWE bit in FLMCR

End of programming

Programming failure

Figure15.11 Program/Program-Verify Flowchart
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1553 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 15.12.

For thewait time (x, v, z, a, B, Y, €, n) after setting or clearing of each bit in the flash memory
control register (FLMCR) and the maximum erase count (N), see table 18.15.

To erase the contents of flash memory, make a 1 bit setting for the flash memory areato be erased
in erase block register (EBR) at least (x) ps after setting the SWE bit to 1 in FLMCR. Next, the
watchdog timer (WDT) is set to prevent overerasing due to program runaway, etc. Set avalue
greater than (z) ms+ (y + a + ) usasthe WDT overflow period. Preparation for entering erase
mode (erase setup) is performed next by setting the ESU bit in FLMCR. The operating mode is
then switched to erase mode by setting the E bit in FLMCR after the elapse of at least (y) ps.

The time during which the E bit is set is the 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.

1554 Erase-Verify Mode

In erase-verify mode, dataisread after memory has been erased to check whether it has been
correctly erased.

After the elapse of the fixed erase time, clear the E bit in FLMCR, then wait for at least (a) ps
before clearing the ESU hit to exit erase mode. After exiting erase mode, the watchdog timer
setting is also cleared. The operating mode is then switched to erase-verify mode by setting the EV
bitin FLMCR. Before reading in erase-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 isread in this state (verify dataisread in 16-bit units), the data at the
latched addressisread. Wait at least (€) us 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 is unerased, set erase mode again, and
repeat the erase/erase-verify sequence as before. However, do not repeat the erase/erase-verify
sequence more than (N) times.
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Notes:

i

| Set SWE bit in FLMCR

Wait (X) ps *2
I
[ Erase counter n — 1 |
\ .
[ Set EBR | o4
T 5
|
[ Enable WDT |
I
Set ESU bit in FLMCR .
Wait (y) ps 2
[
Set E bitin FLMCR Start of erase
Wait (z) ms *2
[
Clear E bitin FLMCR End of erase
Wait (a) ps *2
|
Clear ESU bit in FLMCR .
Wait () ps 2
[ Disable WDT |
I
Set EV bit in FLMCR ‘o
Wait (y) pus
I
Set block start address
to verify address
|
H'FF dummy write to verify address |
Wait (g) us 2
I
[ Read verify data | *3
Increment . e No
verify address Verify data = H'FFFF?
Last address of block? Re-erase
nen+l
%2 *2
Clear EV bit in FLMCR Clear EV bitin FLMCR
Wait (n) ps Wait (n) ps
22 No
Yes
Clear SWE bit in FLMCR | [ Clear SWE bit in FLMCR

End of erasing

. Preprogramming (setting erase block data to all 0s) is not necessary.

. Thevalues of x, y, z, a, B, y, € n, and N are shown in section 18.2.5, Flash Memory Characteristics.
. Verify data is read in 16-bit (word) units. (Byte-unit reading is also possible.)

. Set only one bit in EBR two or more bits must not be set simultaneously.

. Erasing is performed in block units. To erase multiple blocks, each block must be erased in turn.

OrwWN PR

Figure15.12 Erase/Erase-Verify Flowchart (Single-Block Erasing)
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15.6  Flash Memory Protection

There are three kinds of flash memory program/erase protection: hardware protection, software
protection, and error protection.

15.6.1 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 the flash memory control register
(FLMCR) and erase block register (EBR). In the case of error protection, the P bit and E bit can be
set, but atransition is not made to program mode or erase mode. (Seetable 15.8.)
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Table15.8 Hardware Protection

Function

Item Description Program Erase Verify**

FWE pin e When a low level is input to the FWE No*? No** No
protection pin, FLMCR and EBR are initialized,

and the program/erase-protected state

is entered.**

Reset/standby * Inareset (including a WDT overflow No No*® No
protection reset) and in standby mode, FLMCR

and EBR are initialized, and the

program/erase-protected state is

entered.

« In areset via the RES pin, the reset
state is not entered unless the RES pin
is held low until oscillation stabilizes
after powering on (The minimum
oscillation stabilization time is 20ms).
In the case of a reset during operation,
hold the RES pin low for at least 20
system clock cycles.*®

Error protection  « When a microcomputer operation error ~ No No** Yes
(error generation (FLER=1)) was
detected while flash memory was being
programmed/erased, error protection is
enabled. At this time, the FLMCR and
EBR settings are held, but
programming/erasing is aborted at the
time the error was generated. Error
protection is released only by a reset
via the RES pin or a WDT reset, orin
the hardware standby mode.
Notes: 1. Two modes: program-verify and erase-verify.
The RAM area that overlapped flash memory is deleted.
All blocks become unerasable and specification by block is impossible.
For more information, see section 15.9, Notes on Flash Memory Programming/Erasing.

See sections 4.2.2, Reset Sequence and 15.9, Notes on Flash Memory
Programming/Erasing. This LSI requires a minimum reset time during operation of 20
system clocks.

o~ wbd
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15.6.2 Software Protection

Software protection can be implemented by setting the RAMS bit in RAM control register
(RAMCR) and erase block register (EBR). When software protection isin effect, setting the P or E
bit in flash memory control register (FLMCR) does not cause a transition to program mode or
erase mode. (Seetable 15.9.)

Table15.9 Software Protection

Function

Item Description Program Erase Verify**
Emulation Setting the RAMS bit in RAMCR sets the No*? No*® Yes
protection*? program/erase-protected state for all

blocks.
Block Erase protection can be set for individual — No Yes
specification blocks by settings in erase block register
protection (EBR).**

However, program protection is disabled.

Setting EBR to H'00 places all blocks in the
erase-protected state.

Notes: 1. Two modes: program-verify mode and erase-verify mode.
2. Programming to the RAM area that overlaps flash memory is possible.
3. All blocks become unerasable, and specification by block is impossible.
4. Set H'00 in the EBR bits, except for erase.
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15.6.3 Error Protection

In error protection, an error is detected when this LS| 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 LS malfunctions during flash memory programming/erasing, the FLER bit**issetto 1in
flash memory status register (FLMSR) and the error protection state is entered. The FLMCR and
EBR settings*® are retained, but program mode or erase mode is aborted at the point at which the
error occurred. When 1 is set in the FLER hit, transition to the program mode or erase mode
cannot be made even by setting the P and E bitsin FLMCR. However, PV and EV bitin FLMCR
setting is enabled, and atransition can be made to verify mode.

Error protection isreleased only by areset viathe RES pin or aWDT reset, or in the hardware
standby mode.

Figure 15.13 shows the flash memory state transition diagram.

Notes: 1. Thisisthe statein whichthe Por E bitin FLMCR is set to 1. In this state, NMI input is
disabled. For more information, see section 15.6.4, NMI Input Disable Conditions.
2. For adetailed description of the FLER bits setting conditions, see section 15.3.4, Flash
Memory Status Register (FLMSR).
3. Datacan be written to FLMCR and EBR. However, when transition to the software
standby mode was made in the error protection state, the registers are initialized.
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Memory read verify mode

Reset or standby mode
(hardware protection)

Program mode
Erase mode Reset or hardware standby mode

INIT FLER =0

Reset or hardware
standby mode

Error protection mode

Software
(software standby mode)

standby mode

Error protection mode

—_———
—
Software standby
mode release

INIT FLER = 1

Legend:
RD: Memory read enable
VF: Verify-read enable Verify-read disabled
PR: Programming enable Programming disabled
ER: Erasing enable ER: Erasing disabled
INIT: Registers (FLMCR, EBR) initialize state

Memory read disabled

o <|lD
;Q}T'TI‘Q’

Figure15.13 Flash Memory State Transitions
(When High Level Apply to FWE Pin in Modes5 and 7 (On-Chip ROM Enabled))

The error protection function is disabled for errors other than the FLER bit set conditions. If
considerable time elapses up to transit to this protection state, the flash memory may already be
damaged. As aresult, this function cannot completely protect the flash memory against damage.

Therefore, to prevent such erroneous operation, operation must be carried out correctly in
according with the program/erase algorithmsin the state that flash write enable (FWE) is set. In
addition, the operation must be always carried out correctly by supervising microcomputer errors
inside and outside the chip with the watchdog timer, etc. At transition to this protection mode, the
flash memory may be erroneoudly programmed or erased, or its abort may result in incomplete
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programming and erasing. In such cases, always forcibly return (reprogram) by boot mode.
However, overprogramming and overerasing may prevent the boot mode from starting normally.

15.6.4 NMI Input Disable Conditions

While flash memory is being programmed/erased and the boot program is executing in the boot
mode (however, period up to branching to on-chip RAM area)**, NMI input is disabled because
the programming/erasing operations have priority.

Thisis done to avoid the following operation states:

1. Generation of an NMI input during programming/erasing violates the program/erase
algorithms and normal operation can not longer be assured.

2. Vector-read cannot be carried out normally*? during NM1 exception handling during
programming/erasing and the microcomputer runs away as aresult.

3. If an NMI input is generated during boot program execution, the normal boot mode sequence
cannot be executed.

Therefore, this LS| has conditions that exceptionally disable NMI inputs only in the on-board
programming mode. However, this does not assure normal programming/erasing and
microcomputer operation.

Thus, in the FWE application state, all requests, including NMI, inside and outside the
microcomputer, exception handling, and bus rel ease must be restricted. NMI inputs are also
disabled in the error protection state and the state that holds the P or E bit in FLMCR during flash
memory emulation by RAM.

Notes. 1. Indicatesthe period up to branching to the on-chip RAM boot program area (H'FEF10
to H'FF2FF). (This branch occurs immediately after user program transfer was
completed.)

Therefore, after branching to RAM area, NMI input is enabled in states other than the

program/erase state. Thus, interrupt requests inside and outside the microcomputer

must be disabled until initial writing by user program (writing of vector table and NMI

processing program, etc.) is completed.

2. Inthiscase, vector read is not performed normally for the following two reasons:

a. The correct value cannot be read even by reading the flash memory during
programming/erasing. (Valueis undefined.)

b. If avalue has not yet been written to the NMI vector table, NMI exception handling
will not be performed correctly.
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15.7  Flash Memory Emulation by RAM

Erasing and programming the flash memory takes time, which can make it difficult to tune
parameters and other datain real time. In this case, overlapping part (H'FF800 to H'FFBFF) of
RAM onto asmall block area of flash memory can be performed to emulate real-time
reprogramming of flash memory. This RAM reassignment is performed using bits 3to 1 in the

RAM control register (RAMCR).

After the RAM area change, two areas can be accessed: the overlapped flash memory area and the
origina RAM area (H'FF800 to H'FFBFF). For a description of the RAMCR and RAM area
setting procedure, see section 15.3.3, RAM Control Register (RAMCR).

Example of real-time emulation of flash memory

An example of RAM area H'FF800 to H'FFBFF overlapping EB2 (H'00800 to H'00BFF) flash

memory area is shown below.

T H'00000
Block area
Flash memory
space
Overlapping RAM
EB2 { H'00800 . I AV
mage area,
area | HooBFF e )
H'O0FFF
H'FEF10
On-chip
RAM area
H'FF800
H'EEBFE (Real RAM area)
H'FFCO00
H'FFFOF

Procedure:

1. Part (H'FF800 to H'FFBFF) of RAM
overlaps the area (EB2) needed to carry out
real-time reprogramming.

(Bits 3to 1 in the RAMCR are setto 1, 1, 0
and the overlap flash memory area (EB2)
is selected.)

2. Real-time reprogramming is carried out using
the overlapping RAM.

3. After the reprogramming data is verified, RAM
overlapping is released. (RAMS bits are cleared.)

4. The data written to H'FF800 to H'FFBFF in RAM
are written to flash memory space.

Note: * When part (H'FF800 to H'FFBFF) of RAM
overlapped a small block area of flash
memory, the overlapped flash memory
area cannot be accessed. This area can
be accessed by releasing overlapping.

Figure15.14 Example of RAM Overlapping Operation
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Notes on use of the RAM emulation function

(1) Notes on flash write enable (FWE) high/low
Careis necessary to prevent erroneous programming/erasing at FWE = high/low, the same as
in the on-board programming mode. To prevent erroneous programming and erasing due to
program runaway, etc., during FWE application, in particular, the watchdog timer should be
set when the P, or E hit isset to 1 in FLMCR, even while the emulation function is being used.
For more information, see section 15.9, Notes on Flash Memory Programming/Erasing.

(2) NMI input disable conditions
When the P and E bitsin FLMCR are set, NMI input is disabled, the same as hormal
program/erase even when using the emulation function.

NMI input is cleared when the P and E hits are reset (including watchdog timer reset), in the
standby mode, when a high level is not applied to FWE, and when the SWE bitin FLMCR is0
in state in which ahigh level isinput to FWE.

15.8 Flash Memory PROM Mode

15.81 PROM Mode Setting

This LSl has a PROM mode, besides an on-board programming mode, as a flash memory
program/erase mode. In the PROM mode, a program can be freely written to the on-chip ROM
using a PROM programmer that supports the Renesas Technology 128 kbytes flash memory on-
chip microcomputer device type.

For notes on PROM mode use, see sections 15.8.9, Notes on Memory Programming and 15.9,
Notes on Flash Memory Programming/Erasing.
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1582 Memory Map

Figure 15.15 shows the PROM mode memory map.

Address in _ Address in
MCU mode  This LSI PROM mode
H'00000 H'00000
On-chip ROM
area
H'1FFFF H'1FFFF

Figure15.15 PROM Mode Memory Map

15.83 PROM Mode Operation

Table 15.10 shows how the different operating modes are set when using PROM mode, and table
15.11 lists the commands used in PROM 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 1/0 6 signal. In status read mode, error information is output if an
error occurs.
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Table 15.10 Settingsfor Each Operating Modein PROM Mode

Pin Names*®
Mode FWE CE OE WE D, to D, A to A,
Read V., or0 L L H Data output Ain
Output disable V. or0 L H H Hi-Z X
Command write V. or0 L H L Data input Ain*?
Chip disable** V., or0 H X X Hi-Z X
Legend:
L: Low level
H:  High level

X: Undefined
Hi-Z: High impedance

Notes: For command writes when making a transition to auto-program or auto-erase mode, input
Vce (V) to FWE.
1. Chip disable is not a standby state; internally, it is an operation state.
2. Ainindicates that there is also address input in auto-program mode.
3. The pin names are those assigned in this LS| PROM mode.

Table15.11 PROM Mode Commands

Number 1st Cycle 2nd Cycle
Command Name of Cycles Mode Address Data Mode Address Data
Memory read mode 1 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 H'71 Write X H'71

Legend:

RA: Read address
WA: Program address
Dout: Read data

Din: Program data

Note: In auto-program mode, 129 cycles are required for command writing by a simultaneous
128-byte write.
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Table 15.12 DC Characteristicsin Memory Read Mode

Conditions; V,.=5.0V +10%, V=0V, T, = 25°C +5°C

Item Symbol  Min Typ Max Unit Test Conditions
Input high 00, A-A, V, 2.2 — Vee +0.3  V
voltage
Input low 00, A-A, V, 0.3 — 0.8 \
voltage
Schmitt trigger OE, CE, WE V. 1.0 — 2.5 \Y
input voltage v
P 9 vV, 20 — 3.5 v
V.-V, 04 — — \
Output high 0,0, vV, 24 — — \ l,,, =—200 pA
voltage
Output low 0,-0, Vo — — 0.45 \ l,,=1.6 mA
voltage
Input leakage 00, A —A;, |1, ] — — 2 HA
current
V. current Reading I, — 40 65 mA
Programming | — 50 85 mA
Erasing I — 50 85 mA

Note: For the electrical characteristics of the flash memory version, see section 18.2.1, Absolute
Maximum Ratings.

Exceeding the absolute maximum ratings may cause permanent damage to the chip.
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1584 Memory Read Mode

AC Characteristics

Table 15.13 AC Characteristicsin Memory Read Mode Transition

Conditions; V. =50V +10%, V.= 0V, T,= 25°C +5°C

Item Symbol Min Max Unit Notes
Command write cycle t e 20 — ps
CE hold time t., 0 — ns
CE setup time t.. 0 — ns
Data hold time t,, 50 — ns
Data setup time ty 50 — ns
Write pulse width toe 70 — ns
WE rise time t — 30 ns
WE fall ime t, — 30 ns
Command write Memory read mode
A16-A0 X Address stable ><

tces tceh tn><t<:

= [ 1 [

oF tuen \ /
tl’

tds |l le—sltdh

/071100 < i j>> <<< >>>

Note: Data is latched on the rising edge of WE.

Figure15.16 Timing Waveform in Memory Read Mode Transition
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Table 15.14 AC Characteristicsin Memory Contents Read

Conditions: V. =50V +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 ” — 150 ns
Output disable delay time t, — 100 ns
Data output hold time ton 5 — ns
L 3\
Al16-A0 Address stable 1}(T Address stable ><
ﬁ VIL
ﬁ VIL
WE Viy tacc tace
tOh [ toh |-~
( DA N
1/07-1/00 \ { N {k 1}
Figure 15.17 CE/OE Enable State Read
N \
A16-A0 X Address stable va Address stable 7}<

1/07-1/00

f x
| St

Vin

tacc

tacc

to Le_pre™df

{

Figure 15.18 CE/OE Clock Read
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Table 15.15 AC Characteristicsin Transition from Memory Read M ode to Another Mode

Conditions: V. =50V +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 [ 50 — ns
Write pulse width toe 70 — ns
WE rise time t — 30 ns
WE fall ime t, — 30 ns
Memory read mode Another mode command write
A16-A0 >< Address stable X

tnxlc tces tceh
J— [ |
CE \ ] 1 k
o\
t twep t

WE A /

Cdsjmst leni b

1/07-1/00 <<< >>> <<{( )>>

Note: Do not enable WE and OE simultaneously.

Figure15.19 Transition From Memory Read Mode to Another Mode
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15.85 Auto-Program Mode
AC Characteristics

Table 15.16 AC Characteristicsin Auto-Program Mode

Conditions; V. =50V +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 [ 50 — ns
Write pulse width toe 70 — ns
Status polling start time [ 1 — ms
Status polling access time toa — 150 ns
Address setup time t. 0 — ns
Address hold time t, 60 — ns
Memory write time tie 1 3000 ms
WE rise time t — 30 ns
WE fall ime t, — 30 ns
Write setup time toe 100 — ns
Write end setup time ton 100 — ns
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tpnh

) ) MM
=\ /N W e W

s

O
m

|

1 tas tan twsts
WE \ f Data transfer '\ /
n y 1byte to 128bytes
t t Burite
ds |wa-»- -2~ ‘dh

o7 <( }>\ /« 5\ /@ »\ ]
1106 <i >>\ << >>\ Z jg \_/ Programming normal
end identification signal

1/05-1/00 @ H'40 $“ « § Z{ $ /<< Hoo >>

spa

Programming operation
end identification signal

Figure 15.20 Auto-Program Mode Timing Waveforms

Cautions on Use of Auto-Program Mode

In auto-program mode, 128 bytes are programmed simultaneously. This should be carried out
by executing 128 consecutive byte transfers.

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.

If avalue other than an effective address isinput, processing will switch to a memory write
operation but awrite error will be flagged.

Memory address transfer is performed in the second cycle (figure 15.20). Do not perform
transfer after the second cycle.

Do not perform a command write during a programming operation.

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 1/0 6. Alternatively, status read mode
can also be used for this purpose.
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15.8.6

AC Characteristics

Auto-Erase Mode

Table15.17 AC Characteristicsin Auto-Erase Mode

Conditions; V. =50V +10%, V=0V, T,= 25°C +5°C

Item Symbol Min Max Unit Notes
Command write cycle toe 20 — ps
CE hold time t., — ns
CE setup time - — ns
Data hold time [ 50 — ns
Data setup time ty 50 — ns
Write pulse width toe 70 — ns
Status polling start time toe 1 — ms
Status polling access time toa — 150 ns
Memory erase time 100 40000 ms
WE rise time t — 30 ns
WE fall time t, — 30 ns
Erase setup time b 100 — ns
Erase end setup time o 100 — ns
I |
FWE _/ tenh \
A16-A0 7,
tens t(:es tceh tn)(lv:. tnx\c
CE~ jF *‘ jﬁ /\ f \
ot /
t twep t Lests ‘Esp
WE \ r —\ y
K 1
] <->tdh [erase
f M )\ M\
vor >> << >> Erase end \_/
\ identification signal
i .
voe - >> << Erase normal and \_/
confirmation signal
1/05-1/00 H'20 <<H'20>>\ H'00

Figure15.21 Auto-Erase Mode Timing Waveforms
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Caution 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 1/0O 6. Alternatively, status read mode can
also be used for this purpose.

15.8.7 StatusRead Mode

AC Characteristics

Table15.18 AC Characteristicsin Status Read Mode

Conditions; V. =50V +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 - — ns
Data hold time [ 50 — ns
Data setup time [ 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 time t — 30 ns
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tcen

tn><tt:

{ees

tcen

tnxtc

toxte

fes
- ] |—
cET ﬁ &}—x y \
f l I { [ \L""
—
twep twep. \
EI->7<-— —-—<<£L It-—«-r —-»—-EL 4.59§-
f Y| [
S( 7 7
t
t t t t df
ds |- =t ‘dh ds || |-~ ‘dh -
4 r 'y X
<i H71 gg\ /211 H'71 2> 4<‘ 2}?———————————

1/07-1/00

Note: /03 and 1/02 are undefined.

Figure15.22 Status Read Mode Timing Waveforms

Table 15.19 Status Read Mode Return Commands

Pin Name 1/07 1106 1105 1104 1103 1102 1101 1100

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: address
Abnormal  Otherwise: ©MO" 1 Otherwise: 1 error: 1
end: 1 0 Otherwise: 0 Otherwise: Otherwise:

0 0 0

Notes on status read mode

After exiting auto-program mode or auto-erase mode, status read mode must be executed without
dropping the power supply.

Immediately after powering on, or once powering off, the return command is undefined.
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15.8.8

PROM Mode Transition Time

Commands cannot be accepted during the oscillation stabilization period or the PROM mode setup
period. After the PROM mode setup time, atransition is made to memory read mode.

Table 15.20 Stipulated Transition Timesto Command Wait State

Item Symbol Min Max Unit Notes
Standby release (oscillation ssct 20 — ms
settling time)
PROM mode setup time o 10 — ms
V. hold time s 0 — ms
Memory read
mode Command wait state
Command wait Auto-program mode Normal/abnormal
tbmv state Auto-erase mode end identification tde
\
Vee —
RES —7
o \ | N
4 \
FWE N

Note: Set the FWE input pin low level, except in the auto-program and auto-erase modes.

Figure 15.23 Oscillation Stabilization Time, Boot Program Transfer Time
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1589 Noteson Memory Programming

»  When programming addresses which have previously been programmed, carry out auto-
erasing before auto-programming (figure 15.24).

e When performing programming using PROM 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.
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. Inthe PROM mode, auto-programming to a 128-byte programming unit block should
be performed only once.

Do not perform additional programming to a programmed 128-byte programming unit
block.

To reprogram, perform auto-programming after auto-erasing.

Reprogram to
programmed address

I
| Auto-erase (chip batch) |
I

| Auto-program |

C =

Figure 15.24 Reprogramming to Programmed Address

159 Noteson Flash Memory Programming/Erasing

The following describes notes when using the on-board programming mode, RAM emulation
function, and PROM mode.

(1) Program/erase with the specified voltage and timing.
Applied voltages in excess of the rating can permanently damage the device.
Use a PROM writer that supports the Renesas Technology 128 kbytes flash memory on-board
microcomputer device type.
Do not set the PROM writer at the HN28F101. If the PROM writer is set to the HN28F101 by
mistake, a high level can be input to the FWE pin and the LS| can be destroyed.
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(2) Notes on powering on/powering off (See figures 15.25 to 15.27.)

Input ahigh level to the FWE pin after verifying Vcc. Before turning off Vcc, set the FWE pin
toalow level.

When powering on and powering off the Vcc power supply, fix the FWE pin alow level and
set the flash memory to the hardware protection mode.

Be sure that the powering on and powering off timing is satisfied even when the power is
turned off and back on in the event of a power interruption, etc. If thistiming is not satisfied,

microcomputer runaway, etc., may cause overprogramming or overerasing and the memory
cells may not operate normally.

(3) Notes on FWE pin High/L ow switching (See figures 15.25 to 15.27.)

Input FWE in the state microcomputer operation is verified. If the microcomputer does not

satisfy the operation confirmation state, fix the FWE pin at alow level to set the protection

mode.

To prevent erroneous programming/erasing of flash memory, note the following in FWE pin

High/Low switching:

« Apply aninput to the FWE pin after the V cc voltage has stabilized within the rated voltage.
If aninput is applied to the FWE pin when the microcomputer V cc voltage does not satisfy
the rated voltage, flash memory may be erroneously programmed or erased because the
microcomputer isin the unconfirmed state.

* Apply an input to the FWE pin when the oscillation has stabilized (after the oscillation
stabilization time).

When turning on the Vcc power, apply an input to the FWE pin after holding the RES pin
at alow level during the oscillation stabilization time (t_,=20ms). Do not apply an input to
the FWE pin when oscillation is stopped or unstable.

 Inthe boot mode, perform FWE pin High/Low switching during reset.

In transition to the boot mode, input FWE = High level and set MD, to MD, while the RES
input islow. At thistime, the FWE and MD, to MD, inputs must satisfy the mode
programming setup time (t,,,o) relative to the reset clear timing. The mode programming
setup time is necessary for RES reset timing even in transition from the boot mode to
another mode.

In reset during operation, the RES pin must be held at alow level for at least 20 system
clocks.

« Inthe user program mode, FWE = High/Low switching is possible regardless of the RES
input.

oscl

FWE input switching is also possible during program execution on flash memory.
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e Apply aninput to FWE when the program is not running away.

When applying an input to the FWE pin, the program execution state must be supervised
using awatchdog timer, etc.

e Input low level to the FWE pin when the SWE, ESU, PSU, EV, PV, E, and P bitsin
FLMCR have been cleared.

Do not erroneously set the SWE, ESU, PSU, EV, PV, E, and P bits when FWE High/L ow.

(4) Do not input a constant high level to the FWE pin.
To prevent erroneous programming/erasing in the event of program runaway, etc., input ahigh
level to the FWE pin only when programming/erasing flash memory (including flash memory
emulation by RAM). Avoid system configurations that constantly input a high level to the
FWE pin. Handle program runaway, etc. by starting the watchdog timer so that flash memory
is not overprogrammed/overerased even while ahigh level isinput to the FWE pin.

(5) Program/erase the flash memory in accordance with the recommended algorithms.

The recommended algorithms can program/erase the flash memory without applying voltage
stress to the device or sacrificing the reliability of the program data.

When setting the PSU and ESU bitsin FLMCR, set the watchdog timer for program runaway,
etc.

(6) Do not set/clear the SWE bit while aprogram is executing on flash memory.
Before performing flash memory program execution or data read, clear the SWE bit.
If the SWE hit is set, the flash data can be reprogrammed, but flash memory cannot be
accessed for purposes other than verify (verify during programming/erase).
Similarly perform flash memory program execution and data read after clearing the SWE bit
even when using the RAM emulation function with a high level input to the FWE pin.

However, RAM areathat overlaps flash memory space can be read/programmed whether the
SWE bit is set or cleared.

(7) Do not use an interrupt during flash memory programming or erasing.

Since programming/erase operations (including emulation by RAM) have priority when ahigh
level isinput to the FWE pin, disable all interrupt requests, including NMI.

(8) Do not perform additional programming. Reprogram flash memory after erasing.

With on-board programming, program to 32-byte programming unit blocks one time only.
Program to 128-byte programming unit blocks one time only even in the PROM mode. Erase
all the programming unit blocks before reprogramming.

Bus release must also be disabled.
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Section 15 ROM

(9) 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.

(10) Do not touch the socket adapter or chip during programming. Touching either of these can
cause contact faults and write errors.

Wait Programming and
time: x  erase possible

. i \

tosca Min O ps

- > - -
s
Vee

\
EWE tvps Min O ps \
Z i H \ L
a/a
MD, to MDy*?
D tvps -
AES / \

SWE SWE
et X clear

SWE bit s

[ ]: 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 (MD, to MDg)
until powering off, except for mode switching.
2. See section 18.2.5, Flash Memory Characteristics.

Figure 15.25 Powering On/Off Timing (Boot M ode)
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Wait Programming and
time: x  erase possible

- L

tosct = Min 0 us

FWE \
£
MD, to MDg*1 L

RES

SWE

SWE
set \ clear
SWE bit rd

[ ]: 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 (MD, to MDg)
except for mode switching.
2. See section 18.2.5, Flash Memory Characteristics.

Figure 15.26 Powering On/Off Timing (User Program Mode)
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Programming Programming
and and
Wait  Programming and Wait  erase Wait  Programming and Wait  erase
time: x erase possible time: x possible time:x erase possible time: x possible
o | o | [ -~
® /(
. tosci |
Vee - Min O ps
FWE / N / N /
A — | S
tvps *2
“«—> LMDS
- tmps -
_ tresw
RES /
pa \
SWE set
. SWE clear
SWE bit »
< > < 2 - >
Mode switching®™® ~ Bootmode Mode  User User program mode User User
switching™ * mode mode program
mode

[ ]: Flash memory access disabled time
(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,WR) 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 twos relative
to the RES clear timing is necessary.

3. See section 18.2.5, Flash Memory Characteristics.

Figure 15.27 Mode Transition Timing
(Example: Boot Mode — User Mode « User Program Mode)
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1510 Mask ROM Overview

15.10.1 Block Diagram

Figure 15.28 shows a block diagram of the ROM.

Internal data bus (upper 8 bits)

ANNA

Internal data bus (lower 8 bits)

; -

H'00000 H'00001
H'00002 H'00003
- On-chip ROM -
H'1FFFE H'1FFFF
Even addresses Odd addresses

Figure 15.28 ROM Block Diagram (H8/3039)
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15.11 Noteson Ordering Mask ROM Version Chip
When ordering the H8/3039 Group chips with amask ROM, note the following.
*  When ordering through an EPROM, use a 128-kbyte one.

« Fill al the unused addresses with H'FF as shown in figurel5.29 to make the ROM data size
128 kbytes for all H8/3039 Group chips, which incorporate different sizes of ROM. This
appliesto ordering through an EPROM and through electrical data transfer.

¢ Theflash memory versions only registers for flash memory control (FLMCR, EBR, RAMCR,
and FLMSR) are not provided in the mask ROM versions. Reading the corresponding
addressesin amask ROM version will always return 1s, and writes to these addresses are
disabled. This must be borne in mind when switching from the flash memory versionsto a
mask ROM version.

HD6433039 HD6433038 HD6433037 HD6433036
(ROM: 128 kbytes) (ROM: 64 kbytes) (ROM: 32 kbytes) (ROM: 16 kbytes)
Address: Address: Address: Address:
H'00000-H'1FFFF H'00000-H'OFFFF H'00000-H'07FFF H'00000-H'03FFF
H'00000 H'00000 H'00000 H'00000
H'03FFF
H'04000
H'07FFF
H'08000
*
H'OFEEE Not used

H'10000 Not used*

Not used”

H'1FFFF H'1FFFF H'1FFFF H'1FFFF

Note: * Program H'FF to all addresses in these areas.

Figure15.29 Mask ROM Addresses and Data
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Section 16 Clock Pulse Generator

Section 16 Clock Pulse Generator

16.1 Overview

This LSl has a built-in clock pulse generator (CPG) that generates the system clock (¢) and other
internal clock signals (¢/2 to ¢/4096). After duty adjustment, a frequency divider divides the clock
frequency to generate the system clock (¢). The system clock is output at the ¢ pin** and furnished
as amaster clock to prescalers that supply clock signals to the on-chip supporting modules.
Frequency division ratios of 1/1, 1/2, 1/4, and 1/8 can be selected for the frequency divider by
settingsin adivision control register (DIVCR). Power consumption in the chip is reduced in
amost direct proportion to the frequency division ratio*”.

Notes: 1. Usage of the @ pin differs depending on the chip operating mode and the PSTOP bit
setting in the module standby control register (MSTCR). For details, see section 17.7,
System Clock Output Disabling Function.
2. Thedivision ratio of the frequency divider can be changed dynamically during
operation. The clock output at the @ pin also changes when the division ratio is
changed. The frequency output at the ¢ pin is shown below.

@=EXTAL x n

EXTAL: Frequency of crystal resonator or external clock signal
n: Frequency division ratio (n = 1/1, 1/2, 1/4, or 1/8)
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Section 16 Clock Pulse Generator

16.1.1 Block Diagram

Figure 16.1 shows a block diagram of the clock pulse generator.

L XTAL Duty

Oscillator adjustment Frequency

! circuit divider
EXTAL —

Division
! control
register

Prescalers

Figure16.1 Block Diagram of Clock Pulse Generator

16.2 Oscillator Circuit

Clock pulses can be supplied by connecting a crystal resonator, or by input of an external clock

signal.
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Section 16 Clock Pulse Generator

16.2.1 Connecting a Crystal Resonator

Circuit Configuration

A crystal resonator can be connected as in the example in figure 16.2. The damping resistance Rd
should be selected according to table 16.1. An AT-cut parallel-resonance crystal should be used.

Cu
EXTAL T‘ }ﬂT
—
XTAL J\/\/\,L{ }ﬂT

C1=C |, =10pFto 22 pF

Figure16.2 Connection of Crystal Resonator (Example)

Table16.1 Damping Resistance Value (Example)

Frequency (MHz) 2 4 8 10 12 16 18
Rd (Q) 1k 500 200 0 0 0 0

Crystal Resonator

Figure 16.3 shows an equivalent circuit of the crystal resonator. The crystal resonator should have
the characteristics listed in table 16.2.

XTAL <—9 ¢+— EXTAL

AT-cut parallel-resonance type

Figure16.3 Crystal Resonator Equivalent Circuit
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Table16.2 Crystal Resonator Parameters

Frequency (MHz) 2 4 8 10 12 16 18
Rs max (Q) 500 120 80 70 60 50 40
Co max (pF) 7 7 7 7 7 7 7

Use acrystal resonator with afrequency equal to the system clock frequency (¢).

Notes on Board Design
When acrystal 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 16.4.

When the board is designed, the crystal resonator and its load capacitors should be placed as close
aspossible to the XTAL and EXTAL pins.

Avoid —— Signal A Signal B

Cp
| | ‘

LSI

1

i EXTAL

Figure 16.4 Example of Incorrect Board Design
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16.2.2 External Clock Input

Circuit Configuration

An external clock signal can be input as shown in the examplesin figure 16.5. In example b, the
clock should be held high in standby mode.

If the XTAL pinisleft open, the stray capacitance should not exceed 10 pF.

EXTAL

XTAL

EXTAL

XTAL

— External clock input

Open

a. XTAL pin left open

External clock input

74HCO4

b. Complementary clock input at XTAL pin

Figure16.5 External Clock Input (Examples)
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External Clock

The external clock frequency should be equal to the system clock frequency (¢). Table 16.3 and

figure 16.6 indicate the clock timing.

Table16.3 Clock Timing

cC = cC =
27Vto55V 5.0V £10%
Item Symbol Min Max Min Max Unit  Test Conditions
External clock rise  t_ — 10 — 5 ns Figure 16.6
time
External clock fall ~ t_, — 10 — 5 ns
time
External clock — 30 70 30 70 % @=25MHz  Figure
input duty (a/t,,) 40 60 40 60 %  @<5MHz 166
@clock width duty — 40 60 40 60 %
(bit,)
tcyc
EXTAL / Vce x0.5
> =X = text
teye
- -
/ VCC x 0.5

-/

Figure16.6 External Clock Input Timing
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Section 16 Clock Pulse Generator

Table 16.4 and figure 16.7 show the timing for the external clock output stabilization delay time.
The oscillator and duty correction circuit have the function of regulating the waveform of the
external clock input to the EXTAL pin. When the specified clock signal isinput to the EXTAL
pin, internal clock signal output is confirmed after the elapse of the external clock output
stabilization delay time (t,.,,)- As clock signal output is not confirmed during the t__ . period, the
reset signal should be driven low and the reset state maintained during this time.

Table16.4 External Clock Output Stabilization Delay Time

Conditions; V.= 2.7V 1055V, AV, =27V 1055V,V_=AV_ =0V

Item Symbol Min Max Unit Notes
External clock output stabilization [ 500 — ps Figure 16.7
delay time

DEXT RESW) "

Note: * t., includesa 10t  RES pulse width (t

)

STBY Vi
]

iAYAVAVAVAVAVAVAVAN

)

S

o)
m
(0]

==+

)

toexT™

Note: * tpext includes a 10 t.,c RES pulse width (tresw)-

Figure16.7 External Clock Output Stabilization Delay Time
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16.3  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 (¢).

164 Prescalers

The prescalers divide the system clock (¢) to generate internal clocks (@2 to ¢/4096).

16.5 Frequency Divider

The frequency divider divides the duty-adjusted clock signal to generate the system clock (¢). The
frequency division ratio can be changed dynamically by modifying the value in DIVCR, as
described below. Power consumption in the chip is reduced in almost direct proportion to the
frequency division ratio. The system clock generated by the frequency divider can be output at the

@pin.
16.5.1 Register Configuration

Table 16.5 summarizes the frequency division register.

Table 16.5 Frequency Division Register

Address* Name Abbreviation R/W Initial Value
H'FF5D Division control register DIVCR R/W H'FC
Note: * The lower 16 bits of the address are shown.

Rev.3.00 Mar. 26, 2007 Page 504 of 682
REJ09B0353-0300
RENESAS



Section 16 Clock Pulse Generator

16.5.2 Division Control Register (DIVCR)

DIVCR isan 8-hit readable/writable register that selects the division ratio of the frequency
divider.

Bit 7 6 5 4 3 2 1 0
- -] - -] -1 - [owvow|

Initial value 1 1 1 1 1 1 0 0

Read/Write — — — — — — R/W R/W

Reserved bits

Divide bits 1 and 0
These bits select the
frequency division ratio

DIVCRisinitialized to H'FC by areset and in hardware standby mode. It is not initialized in
software standby mode.

Bits 7 to 2—Reser ved: These bits cannot be modified and are always read as 1.

Bits 1 and 0—Divide (DIV1 and DIV0): These bits select the frequency division ratio, as
follows.

Bit 1 Bit 0

DIVl DIVO Frequency Division Ratio

0 0 1/1 (Initial value)
0 1 1/2

1 0 1/4

1 1 1/8
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16.5.3 Usage Notes
The DIV CR setting changes the ¢ frequency, so note the following points.

» Sdect afrequency division ratio that stays within the assured operation range specified for the
clock cycletimet_ inthe AC electrical characteristics. Note that @, = 1 MHz. Avoid settings
that give system clock frequencies less than 1 MHz.

All on-chip module operations are based on ¢. Note that the timing of timer operations, serial
communication, and other time-dependent processing differs before and after any change in the
division ratio. The waiting time for exit from software standby mode a so changes when the
division ratio is changed. For details, see section 17.4.3, Selection of Oscillator Waiting Time after
Exit from Software Standby Mode
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Section 17 Power-Down State

171  Overview

This LSl has a power-down state that greatly reduces power consumption by halting CPU
functions, and a module standby function that reduces power consumption by selectively halting
on-chip modules. The power-down state includes the following three modes:

e Sleep mode
» Software standby mode
» Hardware standby mode

The module standby function can halt on-chip supporting modules independently of the power-
down state. The modules that can be halted are the ITU, SCIO, SCI1, and A/D converter.

Table 17.1 indicates the methods of entering and exiting these power-down modes and the status
of the CPU and on-chip supporting modules in each mode.
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Table17.1 Power-Down State and Module Standby Function
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17.2  Register Configuration

This LSl has a system control register (SY SCR) that controls the power-down state, and a module
standby control register (MSTCR) that controls the module standby function. Table 17.2
summarizesthisregister.

Table17.2 Register Configuration

Address* Name Abbreviation R/W Initial Value

H'FFF2 System control register SYSCR R/W H'0B

H'FF5E Module standby control MSTCR R/W H'40
register

Note: * Lower 16 bits of the address.

17.21 System Control Register (SYSCR)

Bit 7 6 5 4 3 2 1 0
‘ SSBY ‘ STS2 ‘ STS1 ‘ STSO ‘ UE ‘NMIEG‘ — ‘ RAME ‘

Initial value 0 0 0 0 1 0 1 1

Read/Write R/W R/W R/W R/W R/W R/W — R/W
RAM enable

Reserved bit

NMI edge select

User bit enable

Standby timer select 2to 0
These bits select the

waiting time at exit from
software standby mode

Software standby
Enables transition to
software standby mode

SY SCR is an 8-hit readable/writable register. Bit 7 (SSBY') and bits 6 to 4 (STS2 to STS0) control
the power-down state. For information on the other SY SCR bits, see section 3.3, System Control
Register (SY SCR).
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Bit 7—Softwar e Standby (SSBY): Enables transition to software standby mode. When software
standby mode is exited by an external interrupt, this bit remains set to 1 after the return to normal
operation. To clear this bit, write 0.

Bit 7

SSBY Description

0 SLEEP instruction causes transition to sleep mode (Initial value)
1 SLEEP instruction causes transition to software standby mode

Bits 6 to 4—Standby Timer Select (STS2 to STS0): These bits select the length of time the CPU
and on-chip supporting modules wait for the clock to settle when software standby mode is exited
by an external interrupt. If the clock is generated by a crystal resonator, set these bits according to
the clock frequency so that the waiting time (for the clock to stabilize) will be at least 7 ms. See
table 17.3. If an external clock is used, any setting is permitted.

Bit 6 Bit 5 Bit 4
STS2 STS1 STSO Description
0 0 0 Waiting time = 8192 states (Initial value)

Waiting time = 16384 states

Waiting time = 32768 states

Waiting time = 131072 states

1
0
1 Waiting time = 65536 states
0
1

Waiting time = 1024 states

— lllegal setting
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17.22 Module Standby Control Register (MSTCR)

MSTCR is an 8-hit readable/writable register that controls output of the system clock (¢). It also
controls the modul e standby function, which places individual on-chip supporting modulesin the
standby state. Module standby can be designated for the ITU, SCI0, SCI1, and A/D converter
modules.

Bit 7 6 5 4 3 2 1 0
‘ PSTOP ‘ — ‘ MSTOPS‘ MSTOP4 ‘ MSTOP3 ‘ — ‘ — ‘ MSTOPO ‘
Initial value 0 1 0 0 0 0 0 0
Read/Write R/W — R/W R/W R/W — — R/W
Reser‘ved bit Reser‘ved bit
@clock stop

Enables or disables
output of the system clock

Module standby 5 to 3, and O
These bits select modules
to be placed in standby

MSTCRisinitialized to H'40 by areset and in hardware standby mode. It isnot initialized in
software standby mode.

Bit 7—@ Clock Stop (PSTOP): Enables or disables output of the system clock (¢).

Bit 7

PSTOP Description

0 System clock output is enabled (Initial value)
1 System clock output is disabled

Bit 6—Reserved: This bit cannot be modified and is always read as 1.

Bit 5—Module Standby 5 (M STOPS5): Selects whether to place the ITU in standby.

Bit 5

MSTOP5  Description

0 ITU operates normally (Initial value)
1 ITU is in standby state
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Bit 4—M odule Standby 4 (M STOP4): Selects whether to place SCIO0 in standby.

Bit 4

MSTOP4  Description

0 SCIO0 operates normally (Initial value)
1 SCI0 is in standby state

Bit 3—Module Standby 3 (M STOP3): Selects whether to place SCI1 in standby.

Bit 3

MSTOP3 Description

0 SCI1 operates normally (Initial value)
1 SCIl is in standby state

Bits 2 to 1—Reserved: Bits 2 to 1 are reserved.

Bit 0—M odule Standby 0 (M STOPO): Selects whether to place the A/D converter in standby.

Bit 0

MSTOPO Description

0 A/D converter operates normally (Initial value)
1 A/D converter is in standby state
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17.3  Sleep Mode

17.3.1 Transtion to Sleep Mode

When the SSBY hit is cleared to 0 in the system control register (SY SCR), execution of the
SLEEP instruction causes a transition from the program execution state to sleep mode.
Immediately after executing the SLEEP instruction the CPU halts, but the contents of itsinternal
registers are retained. The on-chip supporting modules do not halt in sleep mode. On-chip
supporting modules which have been placed in standby by the module standby function, however,
remain halted.

17.3.2  Exit from Sleep Mode
Sleep mode is exited by an interrupt, or by input at the RES or STBY pin.

Exit by Interrupt: An interrupt terminates sleep mode and causes a transition to the interrupt
exception handling state. Sleep mode is not exited by an interrupt source in an on-chip supporting
module if the interrupt is disabled in the on-chip supporting module. Sleep mode is not exited by
an interrupt other then NMI if the interrupt is masked by interrupt priority settings (IPR) and the
settings of the | and Ul bitsin CCR.

Exit by RES Input: Low input at the RES pin exits from sleep mode to the reset state.

Exit by STBY Input: Low input at the STBY pin exits from sleep mode to hardware standby
mode.
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174  Software Standby Mode

1741 Transition to Software Standby Mode

To enter software standby mode, execute the SLEEP instruction while the SSBY bitissetto 1in
SYSCR.

In software standby mode, current dissipation is reduced to an extremely low level because the
CPU, clock, and on-chip supporting modules all halt. The on-chip supporting modules are reset
and halted. Aslong as the specified voltage is supplied, however, CPU register contents and on-
chip RAM data are retained. The settings of the I/O ports are also held.

17.4.2 Exit from Software Standby Mode

Software standby mode can be exited by input of an external interrupt at the NMI, IRQ,, IRQ,, or
by input at the RES or STBY pin.

Exit by Interrupt: When an NMI, IRQ,, or IRQ, interrupt request signal is received, the clock
oscillator begins operating. After the oscillator settling time selected by bits STS2to STS0in
SY SCR, stable clock signals are supplied to the entire chip, software standby mode ends, and
interrupt exception handling begins. Software standby mode is not exited if the interrupt enable
bits of interrupts IRQ,, and IRQ), are cleared to O, or if these interrupts are masked in the CPU.

Exit by RES Input: When the RES input goes low, the clock oscillator starts and clock pulses are
supplied immediately to the entire chip. The RES signal must be held low long enough for the
clock oscillator to stabilize. When RES goes high, the CPU starts reset exception handling.

Exit by STBY Input: Low input at the STBY pin causes atransition to hardware standby mode.
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17.43  Selection of Oscillator Waiting Time after Exit from Softwar e Standby M ode

Bits STS2 to STS0 in SYSCR, and its DIV1 and DIVO in DIVCR should be set as follows.

Crystal Resonator

Set STS2 to STSO, and DIV1 and DIVO so that the waiting time (for the clock to stabilize) is at
least 7 ms. Table 17.3 indicates the waiting times that are selected by STS2 to STS0, and DIV1
and DIVO settings at various system clock frequencies.

External Clock
Any value may be set.

Table17.3 Clock Frequency and Waiting Time for Clock to Settle

Waitin
DIVI DIVO STS2 STS1 STSO Timeg 18 MHz 16MHz 12MHz 10MHz 8MHz 6MHz 4MHz 2MHz 1MHz  Unit
0 0 0 0 0 8192 states  0.46 0.51 0.65 0.8 1.0 1.3 2.0 4.1 ms
0 0 1 16384 states  0.91 1.0 1.3 1.6 2.0 2.7 4.1 16.4
0 1 0 32768 states 1.8 2.0 2.7 33 41 55 16.4 32.8
0 1 1 65536 states 3.6 41 5.5 6.6 10.9 16.4 32.8 65.5
1 0 0 131072 states 10.9 13.1] 16.4 21.8 32.8 65.5 131.1
1 0 1 1024 states  0.057 0.064 0.085 0.10 0.13 0.17 0.26 0.51 1.0
1 1 — lllegal setting
0 1 0 0 0 8192 states  0.91 1.02 1.4 16 2.0 2.7 4.1 16.4 ms
0 0 1 16384 states 1.8 2.0 2.7 3.3 4.1 55 16.4 32.8
0 1 0 32768 states 3.6 4.1 5.5 6.6 10.9 16.4 32.8 65.5
0 1 1 65536 states 10.9 13.1] 16.4 218 32.8 65.5 131.1
1 0 0 131072 states 14.6 16.4 21.8 26.2 32.8 43.7 65.5 1311 262.1
1 0 1 1024 states  0.11 0.13 0.17 0.20 0.26 0.34 0.51 1.0 2.0
1 1 — lllegal setting
1 0 0 0 0 8192 states 1.8 2.0 2.7 33 41 55 16.4 32.8 ms
0 0 1 16384 states 3.6 4.1 5.5 6.6 10.9 16.4 32.8 65.5
0 1 0 32768 states 10.9 13.1] 16.4 21.8 32.8 65.5 131.1
0 1 1 65536 states  14.6 16.4 218 26.2 32.8 437 65.5 1311 262.1
1 0 0 131072 states  29.1 328 437 52.4 65.5 87.4 1311 2621 524.3
1 0 1 1024 states  0.23 0.26 0.34 0.41 0.51 0.68 1.02 2.0 4.1
1 1 — lllegal setting
1 1 0 0 0 8192 states 3.6 41 5.5 6.6 10.9 16.4 32.8 65.5 ms
0 0 1 16384 states 10.9 13.1] 16.4 21.8 32.8 65.5 131.1
0 1 0 32768 states  14.6 16.4 218 26.2 32.8 437 65.5 1311 262.1
0 1 1 65536 states  29.1 3238 437 52.4 65.5 87.4 1311 2621 5243
1 0 0 131072 states  58.3 65.5 87.4 1049 1311 1748 2621 5243 1048.6
1 0 1 1024 states  0.46 0.51 0.68 0.82 1.0 1.4 2.0 4.1
1 1 — lllegal setting

[ 1 : Recommended setting
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17.4.4  Sample Application of Software Standby M ode

Figure 17.1 shows an example in which software standby mode is entered at the fall of NMI and
exited at therise of NMI.

With the NMI edge select bit (NMIEG) cleared to 0 in SY SCR (selecting the falling edge), an
NMI interrupt occurs. Next the NMIEG bit is set to 1 (selecting the rising edge) and the SSBY it
is set to 1; then the SLEEP instruction is executed to enter software standby mode.

Software standby mode is exited at the next rising edge of the NMI signal.

Seomtator LTI i
@ I
NMI I |

NMIEG |

SSBY |

NMI exception 4 Software standby  Oscillator NMI exception
handling mode (power- settling time handling
NMIEG =1 down state) (tosc2)
SSBY =1

SLEEP

instruction

Figure17.1 NMI Timingfor Software Standby Mode (Example)

1745 Usage Note

The /O portsretain their existing states in software standby mode. If a port isin the high output
state, its output current is not reduced.
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175 Hardware Standby Mode

1751 Transtion to Hardware Standby Mode

Regardless of its current state, the chip enters hardware standby mode whenever the STBY pin
goes low. Hardware standby mode reduces power consumption drastically by halting all functions
of the CPU and on-chip supporting modules. All modules are reset except the on-chip RAM. As
long as the specified voltage is supplied, on-chip RAM datais retained. I/O ports are placed in the
high-impedance state.

Clear the RAME bit to 0 in SY SCR before STBY goes low to retain on-chip RAM data.

The inputs at the mode pins (MD, to MD,) should not be changed during hardware standby mode.

175.2 Exit from Hardware Standby Mode

Hardware standby mode is exited by inputs at the STBY and RES pins. While RES is low, when
STBY goes high, the clock oscillator starts running. RES should be held low long enough for the
clock oscillator to settle. When RES goes high, reset exception handling begins, followed by a
transition to the program execution state.
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1753 Timingfor Hardware Standby Mode

Figure 17.2 shows the timing relationships for hardware standby mode. To enter hardware standby
mode, first drive RES low, then drive STBY low. To exit hardware standby mode, first drive
STBY high, wait for the clock to settle, then bring RES from low to high.

Clock
oscillator

RES

STBY

| |
| |
-~
| |

Oscillator
settling time

Reset
exception
handling

Figure17.2

Hardware Standby Mode Timing
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17.6  Module Standby Function

17.6.1 Module Standby Timing

The module standby function can halt several of the on-chip supporting modules (the ITU, SCIO,
SCI1, and A/D converter) independently of the power-down state. This standby function is
controlled by bits MSTOP5 to MSTOP3 and MSTOPO in MSTCR. When one of these bits is set
to 1, the corresponding on-chip supporting module is placed in standby and halts at the beginning
of the next bus cycle after the MSTCR write cycle.

17.6.2 Read/Writein Module Standby

When an on-chip supporting module isin module standby, read/write accessto itsregistersis
disabled. Read access always resultsin H'FF data. Write accessisignored.

17.6.3 Usage Notes
When using the module standby function, note the following points.

Cancellation of Interrupt Handling: When an on-chip supporting module is placed in standby
by the module standby function, its registers are initialized, including registers with interrupt
request flags. Consequently, if an interrupt occurs just before the MSTOP bit is set to 1, the
interrupt will not be recognized. The interrupt source will not be held pending.

Pin States: Pins used by an on-chip supporting module lose their module functions when the
moduleis placed in module standby. What happens after that depends on the particular pin. For
details, see section 7, 1/0 Ports. Pins that change from the input to the output state require special
care. For example, if SCI1is placed in module standby, the receive data pin loses itsreceive data
function and becomes a generic 1/0 pin. If its data direction bit is set to 1, the pin becomes a data
output pin, and its output may collide with external serial data. Data collisions should be prevented
by clearing the data direction bit to O or taking other appropriate action.

Register Resetting: When an on-chip supporting module is halted by the modul e standby
function, all itsregisters areinitialized. To restart the module, after its MSTOP it is cleared to 0,
its registers must be set up again. It is not possible to write to the registers while the MSTOP bit is
setto 1.
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17.7  System Clock Output Disabling Function

Output of the system clock (¢) can be controlled by the PSTOP hit in MSTCR. When the PSTOP
bit is set to 1, output of the system clock halts and the ¢ pin is placed in the high-impedance state.
Figure 17.3 shows the timing of the stopping and starting of system clock output. When the
PSTOP bit is cleared to O, output of the system clock is enabled. Table 17.4 indicates the state of
the @ pin in various operating states.

MSTCR write cycle MSTCR write cycle

(PSTOP = 1) (PSTOP = 0)

T 12 T3 T1 T2 13

@pin ) ]
High impedance S S O B

Figure17.3 Starting and Stopping of System Clock Output

Table17.4 @Pin Statein Various Operating States

Operating State PSTOP =0 PSTOP =1

Hardware standby High impedance High impedance
Software standby Always high High impedance
Sleep mode System clock output High impedance
Normal operation System clock output High impedance
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Section 18 Electrical Characteristics

18.1 Electrical Characteristics of Mask ROM Version

18.1.1 Absolute Maximum Ratings
Table 18.1 lists the absolute maximum ratings.

Table18.1 Absolute Maximum Ratings

Item Symbol Value Unit
Power supply voltage Ve -0.3t0 +7.0 \%
Input voltage (except port 7)* V., -0.3toV_ +0.3 \%
Input voltage (port 7) ' -0.3t0 AV +0.3 \%
Analog power supply voltage AV . -0.3t0 +7.0 \%
Analog input voltage Vi —0.3t0 AV +0.3 \
Operating temperature T Regular specifications: —20 to +75 °C

Wide-range specifications: —40 to +85 °C

Storage temperature T -55to +125 °C

Caution:  Permanent damage to the chip may result if absolute maximum ratings are exceeded.
Note: * 12V must not be applied to any pin, as this will cause permanent damage to the chip.
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18.1.2 DC Characteristics
Table 18.2 lists the DC characteristics. Table 18.3 lists the permissible output currents.

Table 18.2 DC Characteristics(1)

Conditions: V. =5.0V £10%, AV =50V +10%, V= AV =0V* T,=-20°C to +75°C
(regular specifications), T, = —40°C to +85°C (wide-range specifications)

Item Symbol  Min Typ Max Unit Test Conditions
Schmitt Port A, A 1.0 — — \
trigger input pg 45 pg v, — — V. x07 V
voltages 0 v . - ce
PB,to PB, V. -V, 04 — — \Y,
Input high  RES, STBY, V. V.-07 — V103 V
voltage NMI, MD,,
MD,, MD,
EXTAL V%07 — V103 V
Port 7 2.0 — AV_.+03 V
Ports 1, 2, 3, 5, 2.0 — V103 V
6,9, PB,, PB,,
PB,
Input low RES, STBY, vV, -0.3 — 0.5 \Y,
voltage MD,, MD,, MD,
NMI, EXTAL, -0.3 — 0.8 \Y,
ports 1, 2, 3, 5,
6,7,9, PB,,
PB,, PB,
Output high  All output pins ~ V, V,-05 — — \ lo, =—200 pA
voltage (except RESO) 35 — — v I, =—1mA
Output low  All output pins V. — — 0.4 \ lo, =1.6 MA
voltage (except RESO)
Ports1,2,5,B — — 1.0 \Y l,, =10 mA
RESO — — 0.4 \Y, l,,=2.6 MA
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Item Symbol  Min Typ Max Unit Test Conditions
Input STBY, NMI, 1.1 — — 1.0 MA V, =0.5t0
leakage RES, MD,, MD,, V05V
current MD,
Port 7 — — 1.0 MA V, =05to
AV, 05V
Three-state Ports 1, 2, 3,5, [l — — 1.0 MA V, =05t10
leakage 6,8t0B V,-05V
current
RESO — — 10.0 A
(off state) K
Input Ports 2, 5 =1 50 — 300 HA V. =0V
pull-up MOS
current
Input NMI, RES C, — — 50 pF VvV, =0V,
capacitance input pins — — 20 fT:_let'é’
except NMI and =25
RES
Current Normal e — 50 70 mA =18 MHz
dissipation*® operation
Sleep mode — 35 50 f=18 MHz
Standby mode*® — 0.01 5.0 MA T, ,<50°C
— — 20.0 50°C<T,
Analog During A/D Al — 1.7 2.8 mA
power conversion
supply dle — 0.02  10.0 HA
current
RAM standby voltage V 2.0 — — \%

RAM

Notes: 1.

Connect AV to V,

cc?

If the A/D converter is not used, do not leave the AV . and AV pins open.
and connect AV to V.

2. Current dissipation values are for V,, min =V_ -0.5 V and V, max = 0.5 V with all
output pins unloaded and the on-chip pull-up transistors in the off state.

3. Thevalues are for V,,<V_.<45V,V, mn=V_x0.9 andV, max=0.3V.

RAM —

RENESAS
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Table 18.2 DC Characteristics(2)

Conditions: V=27V t055V,AV =27V 1t055V,V =AV_=0V* T, =-20°Cto
+75°C (regular specifications), T, = —40°C to +85°C (wide-range specifications)

Item Symbol  Min Typ Max Unit Test Conditions
Schmitt Port A, ' V%02 — — \
trigger input P8, to P8, v — — V_x07 V
voltages PB, to PB, ! «©
V"=V, V,.x0.04 — — \
Input high  RES, STBY, V. V,.x09 — V103 V
voltage NMI, MD,, MD,,
MD,
EXTAL V%07 — V103 V
Port 7 V,.x07 — AV_+03 V
Ports 1, 2, 3, 5, V%07 — V103 V
6,9, PB,, PB,,
PB,
Input low RES, STBY, vV, -0.3 — V%01 V
voltage MD,, MD,, MD,
NMI, EXTAL, -0.3 — V%02 V V. <4.0V
gogs71,92, 3, 0.8 v V.=
P 40Vto55V
PB,, PB,, PB,
Output high  All output pins ~ V, V,.-05 — — \% l,, = =200 pA
voltage (except RESO) V.10 — — v I, =—1mA
Output low  All output pins ~ V_, — — 0.4 \% l,,=1.0mA
voltage (except RESO)
Ports 1, 2,5, B — — 1.0 \ V4V,
lo. =5 MA,
4V<V, <55V,
l,, =10 mA
RESO — — 0.4 \ lo. = 1.6 MA
Input STBY, NMI, I — — 1.0 HA V, =05Vto
leakage RES, MD,, MD,, V05V
current MD,
Port 7 — — 1.0 MA  V_ =05Vto
AV 0.5V
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Item Symbol  Min Typ Max Unit Test Conditions
Three-state Ports 1, 2,3,5, |l — — 1.0 MA  V, =05Vto
leakage 6,8,9,A B V,.-05V
current aFen
RESO — — 10.0 A
(off state) K
Input Ports 2, 5 -, 10 — 300 MA V=
pull-up MOS 27Vto55YV,
current V,=0V
Input NMI, RES C, — — 50 pF VvV, =0V,
capacitance input pins — — 20 fl': E ’ZI;-'E;
except NMI a=
and RES
Current Normal oo — 12 338 mA f=8MHz
dissipation** operation B.0V) (55V)
Sleep mode — 8 25.0 mA f=8 MHz
B0V) (55V)
Standby mode*® — 0.01 5.0 HA  T,<50°C
— — 20.0 MA  50°C<T,
Analog During A/D Al — 1.3 25 mA AV =30V
power conversion — 17 238 mA AV _ =50V
supply - @ i : cc =
current Idle — 0.02 10.0 A
RAM standby voltage Ve 2.0 — — \
Notes: 1. If the A/D converter is not used, do not leave the AV . and AV pins open.
Connect AV to V_,, and connect AV to V.
2. Current dissipation values are for V,, min=V_-0.5V and V, max = 0.5 V with all
output pins unloaded and the on-chip pull-up MOS transistors in the off state.
3. The values are for V,, <V, <2.7V,V,mn=V_ x0.9,and V, max=0.3 V.
4. | depends on V_ and f as follows:

l.c max = 3.0 (mA) + 0.7 (MA/MHz - V) x V__x f [normal mode]
I max = 3.0 (mA) + 0.5 (MA/MHz - V) x V__ x f [sleep mode]
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Table 18.2 DC Characteristics(3)

Conditions: V=30V t055V,AV_, =30V t055V,V =AV =0V* T, ,=-20°Cto
+75°C (regular specifications), T, = —40°C to +85°C (wide-range specifications)

Item Symbol  Min Typ Max Unit Test Conditions
Schmitt Port A, ' V%02 — — \
trigger input P8, to P8, v — — V_x07 V
voltages PB, to PB, ! «©
V"=V, V,.x0.04 — — \
Input high  RES, STBY, V. V,.x09 — V103 V
voltage NMI, MD,, MD,,
MD,
EXTAL V%07 — V103 V
Port 7 V,.x07 — AV_+03 V
Ports 1, 2, 3, 5, V%07 — V103 V
6,9, PB,, PB,,
PB,
Input low RES, STBY, vV, -0.3 — V%01 V
voltage MD,, MD,, MD,
NMI, EXTAL, -0.3 — V%02 V V. <4.0V
gogsgl'gé& 5 0.8 V. V_=40VI0
v 2 TR 55V
PB,, PB,
Output high  All output pins ~ V, V,-05 — — \ lon =—200 pA
voltage (except RESO) V.10 — — v I, =—1mA
Output low  All output pins ~ V_, — — 0.4 \% l,,=1.0mA
voltage (except RESO)
Ports 1, 2,5, B — — 1.0 \ V4V,
lo. =5 MA,
4V<V, <55V,
lo. =10 mA
RESO — — 0.4 \ lo. = 1.6 MA
Input STBY, NMI, I — — 1.0 HA V, =05Vto
leakage RES, MD,, MD,, V05V
current MD,
Port 7 — — 1.0 MA  V_ =05Vto
AV 0.5V
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Iltem Symbol  Min Typ Max Unit Test Conditions
Three-state Ports 1, 2,3,5, |l — — 1.0 HA V, =05Vto
leakage 6,8t0B V. -05V
current e

RESO — — 10.0 A
(off state) K
Input Ports 2, 5 -, 10 — 300 MA V=
pull-up MOS 30Vto55YV,
current V,=0V
Input NMI, RES C, — — 50 pF VvV, =0V,
capacitance Ly - - _ f=1 MHz,

All input pins — — 20 Z o5ec

except NMI T.=25

and RES
Current Normal oo — 15 415 mA f=10 MHz
dissipation*® operation B.0V) (55V)

Sleep mode — 10 30.5 mA f=10 MHz

B.0V) (5V)
Standby mode*® — 0.01 5.0 MA T, <50°C
— — 20.0 MA  50°C<T,

Analog During A/D Al — 1.3 25 mA AV =30V
power conversion — 17 — mA AV =50V
supply - @ i cc =
current Idle — 0.02 10.0 HA
RAM standby voltage Ve 2.0 — — \

Notes: 1. If the A/D converter is not used, do not leave the AV and AV

Connect AV to V, and connect AV to V.

cc?

< pins open.

2. Current dissipation values are for V,, min =V_ 0.5V and V, max = 0.5 V with all
output pins unloaded and the on-chip pull-up transistors in the off state.

3. The values are for V,,<V_.<3.0V,V, A mn=V

RAM —

4. | depends on V_ and f as follows:

C

l.c max = 3.0 (mA) + 0.7 (MA/MHz - V) x V__ x f [normal mode]

l.. max = 3.0 (mA) + 0.5 (MA/MHz - V) x V__ x f [sleep mode]

.%0.9,and V, max=0.3 V.
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Table 18.3 Permissible Output Currents

Conditions; V..=27Vto55V,AV =27V t055V,V =AV =0V, T,=-20°Cto+75°C
(regular specifications), T, = —-40°C to +85°C (wide-range specifications)

Item Symbol Min Typ Max Unit
Permissible output Ports 1,2,5and B lo. — — 10 mA
low current (per pin) Other output pins — — 2.0 mA
Permissible output Total of 27 pins including >l — — 80 mA
low current (total) ports 1, 2,5 and B

Total of 23 pins, including — — 75%%/65**  mA

ports 8, 9, A and B

Total of all output pins, — — 120 mA

including the above

Permissible output All output pins on — — 2.0 mA
high current (per pin)

Permissible output Total of all output pins 2, — — 40 mA
high current (total)

Notes: To protect chip reliability, do not exceed the output current values in table 18.3.

When driving a Darlington pair or LED, always insert a current-limiting resistor in the output
line, as shown in figures 18.1 and 18.2.

1. The value is for conditions: V. =2.7Vt0 55V, AV =27Vt 55V
2. The value is for conditions: V.. =45Vt 55V, AV =45V1t0 55V
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LSI

Port

Darlington pair 77T

Figure18.1 Darlington Pair Drive Circuit (Example)

LSI

P
orts 600 O

NN

LED

Figure18.2 LED Drive Circuit (Example)
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18.1.3 AC Characteristics

Bus timing parameters are listed in table 18.4. Control signal timing parameters are listed in table
18.5. Timing parameters of the on-chip supporting modules are listed in table 18.6.

Table18.4 BusTiming

ConditionA: V=27V t055V,AV =27V 1t055V,V =AV =0V, p=2MHzto
8 MHz, T,=-20°Cto +75°C (regular specifications), T, =—-40°C to +85°C (wide-
range specifications)

ConditionB: V..=30Vto55V,AV_ =30V to55V,V =AV_ =0V, @=2MHzto
10 MHz, T, =-20°C to +75°C (regular specifications), T, = —40°C to +85°C (wide-
range specifications)

ConditionC: V. =5.0V +10%, AV, =5.0V £10%, V=AV =0V, =2 MHzto 18 MHz,
=-20°C to +75°C (regular specifications), T, = —40°C to +85°C (wide-range

a

specifications)
Condition A Condition B Condition C
8 MHz 10 MHz 18 MHz Test
Item Symbol Min  Max Min  Max Min  Max Unit Conditions
Clock cycle time tye 125 500 100 500 55,5 500 ns Figure 18.7,
Clock low pulse width te, 40 — 30 — 17 — Figure 18.8
Clock high pulse width te, 40 — 30 — 17 —
Clock rise time t., — 20 — 15 — 10
Clock fall time t., — 20 — 15 — 10
Address delay time to — 60 — 50 — 25
Address hold time to 25 — 20 — 10 —
Address strobe delay time thso — 60 — 40 — 25
Write strobe delay time s — 60 — 50 — 25
Strobe delay time te — 60 — 50 — 25
Write data strobe pulse width 1 t,¢,.* 85 — 60 — 32 —
Write data strobe pulse width 2 t,,,* 150 — 110 — 62 —
Address setup time 1 e 20 — 15 — 10 —
Address setup time 2 toe 80 — 65 — 38 —
Read data setup time teos 50 — 35 — 15 —
Read data hold time t, 0 — 0 — 0 —
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Condition A Condition B Condition C
8 MHz 10 MHz 18 MHz Test
Item Symbol Min  Max Min  Max Min  Max Unit Conditions
Write data delay time oo — 75 — 75 — 55 ns Figure 18.7,
Write data setup time 1 toos: 60 — 40 — 10 — Figure 18.8
Write data setup time 2 tuoss 5 — -10 — -10 —
Write data hold time [ 25 — 20 — 20 —
Read data access time 1 tacer™ — 120 — 100 — 50
Read data access time 2 [ — 240 — 200 — 105
Read data access time 3 taces” — 70 — 50 — 20
Read data access time 4 [ — 180 — 150 — 80
Precharge time to 85 — 60 — 40 —
Wait setup time trs 40 — 40 — 25 — Figure 18.9
Wait hold time o 10 — 10 — 5 —
Note: * For Condition A, the following times depend on the clock cycle time as shown below.
tee = 1.5 %t —68 (ns) tyow, = 1.0 xt =40 (ns)
tee, = 2.5 % t .—13 (ns) tuswe = 1.5 % t .—38 (ns)
tees = 1.0 % t .—55 (ns) toey = 1.0 Xt —40 (ns)
tees = 2.0 % t .—70 (ns)
For Condition B, the following times depend on the clock cycle time as shown below.
tee = 1.5 %t =50 (ns) tyows = 1.0 xt  —40 (ns)
te, = 2.5 ><t .—50 (ns) tyswe = 1.5 x 1 —40 (ns)
te; = 1.0 ><t .—50 (ns) w=10xt —40 (ns)
teca = 2.0 ><t .—50 (ns)
For Condition C, the following times depend on the clock cycle time as shown below.
tee = 1.5 %t =34 (ns) tyow, = 1.0 ¥t =24 (ns)
tee, = 2.5 % t .—34 (ns) tuswe = 1.5 % t .—22 (ns)
tees = 1.0 % t .—36 (ns) tey = 1.0 x tcyc =21 (ns)
tees = 2.0 % t =31 (ns)
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Table 18.5 Control Signal Timing

ConditionA: V=27V t055V,AV =27V 1t055V,V =AV =0V, p=2MHzto
8 MHz, T,=-20°Cto +75°C (regular specifications), T, = —40°C to +85°C (wide-

range specifications)

ConditionB: V=30V t055V,AV_=30Vt055V,V =AV =0V, p=2MHzto
10 MHz, T, =-20°C to +75°C (regular specifications), T, = —40°C to +85°C (wide-

range specifications)

Condition C: V., =5.0V £10%, AV =5.0V £10%, V. =AV_ =0V, ¢= 2 MHz to 18 MHz,

a

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

specifications)
Condition A Condition B Condition C
8 MHz 10 MHz 18 MHz
Item Symbol  Min Max Min Max Min Max  Unit Test Conditions
RES setup time teess 200 — 200 — 200 — ns Figure 18.10
RES pulse width teesw 10 — 10 — 10 — teyc
Mode programming tyos 200 — 200 — 200 — ns
setup time (MD,, MD,,
MD,)
RESO output delay teeso — 100 — 100 — 100 ns Figure 18.11
time
RESO output pulse teesow 132 — 132 — 132 — teyc
width
NMI setup time towns 200 — 200 — 150 — ns Figure 18.12
(NMI, IRQ,, IRQ,,
IRQ,, IRQ,)
NMI hold time by 10 — 10 — 10 —
(NMI, IRQ,, IRQ,,
IRQ,, IRQ,)
Interrupt pulse width ~ t,,,, 200 — 200 — 200 —
(NML, IRQ,, IRQ,
when exiting software
standby mode)
Clock oscillator tosc 20 — 20 — 20 — ms  Figure 18.13
settling time at reset
(crystal)
Clock oscillator tosco 8 — 8 — 7 — ms  Figure 17.1

settling time in
software standby
(crystal)
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Table 18.6 Timing of On-Chip Supporting Modules

ConditionA: V=27V t055V,AV =27V 1t055V,V =AV =0V, p=2MHzto
8 MHz, T,=-20°Cto +75°C (regular specifications), T, = —40°C to +85°C (wide-
range specifications)

ConditionB: V=30V t055V,AV_=30Vt055V,V =AV =0V, p=2MHzto
10 MHz, T, =-20°C to +75°C (regular specifications), T, = —40°C to +85°C (wide-
range specifications)

ConditionC: V. =5.0V +10%, AV, =5.0V £10%, V=AV =0V, =2 MHzto 18 MHz,
T,=-20°C to +75°C (regular specifications), T, = —40°C to +85°C (wide-range

specifications)
Condition A Condition B Condition C
8 MHz 10 MHz 18 MHz Test

Item Symbol Min  Max Min  Max Min  Max Unit Conditions
ITU  Timer output delay  t. ., — 100 — 100 — 100 ns Figure 18.15

time

Timer input setup  t, 50 — 50 — 50 —

time

Timer clock input trexs 50 — 50 — 50 — Figure 18.16

setup time

Timer  Single | S 15 — 15 — 15 — e

clock edge

pulse g t 25 — 25 — 25 —

. TCKWL : N :

width edges
SCI Input  Asynchro- t. 4 — 4 — 4 — Figure 18.17

clock  nous

cycle  synchro- 6 — 6 — 6 —

nous

Input clock rise time  t,,, — 15 — 15 — 15

Input clock fall time  t.,, — 15 — 15 — 15

Input clock pulse tecrw 0.4 0.6 0.4 0.6 0.4 0.6 toeye

width
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Condition A Condition B Condition C
8 MHz 10 MHz 18 MHz

Test
Item Symbol Min  Max Min  Max Min  Max Unit Conditions
SCI  Transmit data delay t,, — 100 — 100 — 100 ns Figure 18.18
time
Receive data setup t. 100 — 100 — 100 —
time (synchronous)
Receive data hold  t.,, 100 — 100 — 100 —
time (synchronous
clock input)
Receive data hold 0 — 0 — 0 —
time (synchronous
clock output)
Ports Output data delay  t,,, — 100 — 100 — 100 ns Figure 18.14
and time
TPC Input data setup time t.. 50 — 50 — 50 —
Input data hold time  t.., 50 — 50 — 50 —
C=90pF: ports 1,2,3,5,6,8, 0
This LSI C=30pF: ports9,A, B
output pin
putp R, = 2.4 kQ
Ry=12kQ

Input/output timing measurement levels
eLow: 0.8V
e High: 2.0V

Figure 18.3 Output Load Cir cuit
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18.1.4 A/D Conversion Characteristics

Table 18.7 lists the A/D conversion characteristics.

Table18.7 A/D Converter Characteristics

ConditionA: V =27V 1t055V,AV_ =27V 1t055V,V =AV_ =0V, p=2MHzto
8 MHz, T,=-20°Cto +75°C (regular specifications), T, = —40°C to +85°C (wide-
range specifications)

ConditionB: V=30V t055V,AV_ =30V t055V,V =AV =0V, p=2MHzto
10 MHz, T, =-20°C to +75°C (regular specifications), T, = —40°C to +85°C (wide-
range specifications)

ConditionC: V. =5.0V +10%, AV, =5.0V £10%, V=AV =0V, =2 MHzto 18 MHz,
T,=-20°C to +75°C (regular specifications), T, = —40°C to +85°C (wide-range
specifications)

Condition A Condition B Condition C
8 MHz 10 MHz 18 MHz

Item Min Typ Max Min Typ  Max Min Typ Max Unit

Resolution 10 10 10 10 10 10 10 10 10 bits

Conversion time — — 16.8 — — 13.4 — — 7.5 us

Analog input — — 20 — — 20 — — 20 pF

capacitance

Permissible signal- — — 10** — — 10** — — 10** kQ

source impedance _ _ 52 _ _ g3 _ _ 55

Nonlinearity error — — +7.5 — — +7.5 — — +3.5 LSB

Offset error — — +7.5 — — +7.5 — — +3.5 LSB

Full-scale error — — +7.5 — — +7.5 — — +3.5 LSB

Quantization error — — +0.5 — — +0.5 — — +0.5 LSB

Absolute accuracy — — +8.0 — — +8.0 — — +4.0 LSB

Notes: 1.

The valueis for4.0V<AV__<55V.

cc —

2. Thevalueisfor2.7V<AV_<4.0V.
. Thevalue is for3.0 V<AV _<4.0V.

3
4. The value is for @< 12 MHz.
5. The value is for ¢ > 12 MHz.

Rev.3.00 Mar. 26, 2007 Page 535 of 682
REJ09B0353-0300
RENESAS



Section 18 Electrical Characteristics

18.2  Electrical Characteristics of Flash Memory Version

18.21 Absolute Maximum Ratings
Table 18.8 lists the absolute maximum ratings.

Table 18.8 Absolute Maximum Ratings

Item Symbol Value Unit
Power supply voltage Ve -0.3t0+7.0 \%
Input voltage (except port 7)** A -0.3to V. +0.3 \%
Input voltage (port 7) V., -0.3t0 AV +0.3 \%
Analog power supply voltage AV . -0.3t0+7.0 \%
Analog input voltage Vi -0.3t0 AV +0.3 \
Operating temperature T Regular specifications: —20 to +75** °C

Wide-range specifications: —40 to +85** °C

Storage temperature T -55to0 +125 °C

Caution:  Permanent damage to the chip may result if absolute maximum ratings are exceeded.
Notes: 1. 12V must not be applied to any pin, as this will cause permanent damage to the chip.

2. The operating temperature range when programming/erasing flash memory is T_ = 0 to
+75°C (regular specifications) or T, = 0 to +85°C (wide-range specifications).
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18.2.2 DC Characteristics
Table 18.9 lists the DC characteristics. Table 18.10 lists the permissible output currents.

Table 18.9 DC Characteristics(1)

Conditions: V. =5.0V £10%, AV =50V +10%, V= AV =0V*", T,=-20°C to +75°C
(regular specifications), T, = —-40°C to +85°C (wide-range specifications)
(Programming/Erasing Conditions; T, = 0°C to +75°C (regular specifications),

T, =0°C to +85°C (wide-range specifications))

Item Symbol  Min Typ Max Unit Test Conditions
Schmitt Port A, A 1.0 — — \
trigger input P8 to P8, v — — V_x07 V
voltages PB,to PB, ! « -
V. -V, 04 — — \
Input high  RES, STBY, vV, V07 — V103 V
voltage NMI, MD,, MD,,
MD,, FWE
EXTAL Ve x07 — Vi +03 V
Port 7 2.0 — AV +03 V
Ports 1, 2, 3, 2.0 — V,.+03 V
5,6,9,
PB,, PB,, PB,
Input low RES, STBY, V. -0.3 — 0.5 \
voltage MD,, MD,, MD,,
FWE
NMI, EXTAL, -0.3 — 0.8 \
ports 1, 2, 3,
56,79,
PB,, PB,, PB,
Output high  All output pins  V, V,-05 — — \ lo, =—200 pA
voltage -
9 35 — — Vool,=-1mA
Output low  All output pins V. — — 0.4 \ lo, =1.6 MA
voltage  pors1,2,5,8 — — 1.0 Vo1, =10mA
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Item Symbol  Min Typ Max Unit Test Conditions
Input STBY, NMI, I — — 1.0 MA V, =05Vto
leakage RES, MD,, MD,, V05V
current MD,
Port 7 — — 1.0 MA V, =05Vto
AV 05V
FWE — — 10
Three-state Ports 1, 2, 3, [l — — 1.0 HA  V, =05Vto
leakage 5,6,8,9,A,B V,.-05V
current
(off state)
Input Ports 2, 5 =1 50 — 300 HA V=0V
pull-up
current
Input NMI, RES C, — — 50 pF Vv, =0V,
capacitance a1input pins — — 20 fr:_lz'\g'jé
except NMI a”
and RES
Current Normal e — 50 70 mA =18 MHz
dissipation  operation
2 x4 -_—
o Sleep mode — 35 50 f=18 MHz
Standby mode*® — 0.01 5.0 MA T, ,<50°C
— — 20.0 50°C<T,
Analog During A/D Al — 17 2.8 mA
power conversion
supply Idle — 002 100 LA
current
RAM standby voltage Vi 2.0 — — \
Notes: 1. If the A/D converter is not used, do not leave the AV_. and AV pins open.

Connect AV to V, and connect AV to V.

cc?

. Current dissipation values are for V,, min = V_.-0.5 V and V, max = 0.5 V with all

output pins unloaded and the on-chip pull-up transistors in the off state.
The values are for V,,, <V <45V,V, min=V_ x09,and V, max=0.3V.

RAM —
Power supply current value when programming/erasing in flash memory (T, = 0°C to
+75°C (regular specifications), T, = 0°C to +85°C (wide-range specifications)) is 20 mA
(max) higher than the power supply current value in normal operation.
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Table 18.9 DC Characteristics(2)

Conditions: V=30V t055V,AV_, =30V t055V,V =AV =0V*, T, ,=-20°Cto
+75°C (regular specifications), T, = —40°C to +85°C (wide-range specifications)
(Programming/Erasing Conditions: V.= 3.0V t03.6 V, T,=0°Cto +75°C (regular
specifications), T, = 0°C to +85°C (wide-range specifications))

Item Symbol  Min Typ Max Unit Test Conditions
Schmitt Port A, ' V%02 — — \
trigger input P8 to P8, v — — V_x07 V
voltages PB, to PB, ! « -
V. =V, V%004 — — \
Input high  RES, STBY, vV, Vi *x09 — V103 V
voltage NMI, MD, to
MD,, FWE
EXTAL Vi x07 — V103 V
Port 7 V%07 — AV . +03 V
Ports 1t0 3, 5, 6, V,.x07 — V,.+03 V
9, PB,, PB,, PB,
Input low RES, STBY, vV, -0.3 — Vex01 V
voltage FWE, MD, to
MD,, FWE
NMI, EXTAL, -0.3 — V%02 V V<40V
ports 1 to 3,
Sto7,9,PB, 0.8 V.=40Vto
PB,, PB, 5.5V
Output high  All output pins  V, Vi.-05 — — \ lon = =200 pA
voltage
Vee—1.0 — — \ loy =—1 MA
Output low  All output pins ~ V_, — — 0.4 \ l,,=1.0mA
voltage Ports 1, 2, 5, B — _ 1.0 VooV._<4V,
lo, =5 mA,
4V <V, <55V,
l,, =10 mA
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Item Symbol  Min Typ Max Unit Test Conditions
Input STBY, NMI, I — — 1.0 MA V, =05Vto
leakage RES, MD,, V05V
current MD,, MD,
Port 7 — — 1.0 MA  V, =05Vto
AV 05V
FWE — — 10 MA V, =05Vto
V,—05V
Three-state Ports 1, 2,3,5, |l — — 1.0 MA  V, =05Vto
leakage 6,8t0B V,.-05V
current
(off state)
Input pull-up Ports 2and5 I 10 — 300 A  V_.=3.0Vto
current 55V,
VvV, =0V
Input NMI, RES C, — — 50 pF Vv, =0V,
capacitance All input pins — — 20 pF Er:—lzl\gt'é
except NMI a”
and RES
Current Normal o — 15 415 mA f=10 MHz
dissipation  operation @BoV) (B5V)
245
o Sleep mode _ 10 305 mA  f=10 MHz
B0V) (55V)
Standby mode*® — 0.01 5.0 PA  T,<50°C
— — 20.0 50°C < T,
Analog During A/D Al — 1.3 2.5 mA AV =30V
power conversion — 17 o8 AV =50V
supply i i « -
current Idel — 0.02 10.0 HA
RAM standby voltage Vi 2.0 — — \
Notes: 1. If the A/D converter is not used, do not leave the AV . and AV pins open.

Connect AV to V,

cc?

and connect AV to V..

2. Current dissipation values are for V,, min = VCC -0.5 V and V, max = 0.5 V with all
output pins unloaded and the on-chip pull-up transistors in the off state.

3. The values are for vV, <V_<3.0V,V, A min =VCC x0.9, and V, max =0.3 V.

RAM —

4. | dependsonV_ and f as follows:

l.c max = 3.0 (mA) + 0.7 (MA/MHz [V) x V__ x f [normal mode]

l.c max = 3.0 (mA) + 0.5 (MA/MHz [V) x V__ x f [sleep mode]

The current dissipation value when programming/erasing flash memory (T, = 0°C to
+75°C (regular specifications), T, = 0°C to +85°C (wide-range specifications)) is 20 mA
(max) higher than the current dissipation value in normal operation.
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Table 18.10 Permissible Output Currents

Conditions; V..=3.0Vto55V,AV =30V to55V,V =AV =0V, T,=-20°Cto+75°C
(regular specifications), T, = —40°C to +85°C (wide-range specifications)

Item Symbol Min Typ Max Unit
Permissible output Ports 1,2, 5and B lo. — — 10 mA
low current (per pin)

Other output pins — — 2.0 mA
Permissible output Total of 27 pins 2l — — 80 mA
low current (total) including ports 1, 2, 5

and B

Total of 23 pins, — — 75%*1  mA

including ports 8, 9, A 65**

and B

Total of all output pins, — — 120 mA

including the above

Permissible output All output pins on — — 2.0 mA
high current (per pin)

Permissible output Total of all output pins >, — — 40 mA
high current (total)

Notes: To protect chip reliability, do not exceed the output current values in table 18.10.

When driving a Darlington pair or LED, always insert a current-limiting resistor in the output
line, as shown in figures 18.4 and 18.5.

1. Conditions:V_.=3.0Vto55V, AV =3.0Vto55V
2. Conditions: V=45Vt 55V, AV =45Vto55V
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LSI

Port

Darlington pair 7/

Figure18.4 Darlington Pair Drive Circuit (Example)

LSI

P
orts 600 O

NN

LED

Figure18.5 LED Drive Circuit (Example)
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18.2.3 AC Characteristics

Bus timing parameters are listed in table 18.11. Control signal timing parameters are listed in table
18.12. Timing parameters of the on-chip supporting modules are listed in table 18.13.

Table 18.11 BusTiming

ConditionA: V=30V to55V,AV =30V to55V,V =AV_ =0V, ¢=2t010MHz,
T,=-20°C to +75°C (regular specifications), T, = —40°C to +85°C (wide-range

specifications)

ConditionB: V. =5.0V +10%, AV, =5.0V £10%, V=AV =0V, =2 MHzto 18 MHz,
T,=-20°C to +75°C (regular specifications), T, = —40°C to +85°C (wide-range

specifications)
Condition A Condition B
10 MHz 18 MHz Test
Item Symbol Min  Max Min  Max Unit Conditions
Clock cycle time e 100 500 55,5 500 ns Figure 18.7,
Clock low pulse width t, 30— 17 — Figure 18.8
Clock high pulse width te, 30 — 17 —
Clock rise time t., — 15 — 10
Clock fall time te, — 15 — 10
Address delay time to — 50 — 25
Address hold time t,, 20 — 10 —
Address strobe delay time teo — 40 — 25
Write strobe delay time tso — 50 — 25
Strobe delay time t — 50 — 25
Write data strobe pulse width 1 t,,.* 60 — 32 —
Write data strobe pulse width 2t * 110 — 62 —
Address setup time 1 te: 15 — 10 —
Address setup time 2 [ 65 — 38 —
Read data setup time tos 35 — 15 —
Read data hold time t 0 — 0 —

RDH

RENESAS
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Condition A Condition B
10 MHz 18 MHz

Item Symbol Min  Max Min  Max  Unit -(I;?)Sntditions
Write data delay time oo — 75 — 55 ns Figure 18.7,
Write data setup time 1 b 40 — 10 — Figure 18.8
Write data setup time 2 tuoss -10 — -10 —
Write data hold time Lo 20 — 20 —
Read data access time 1 tce” — 100 — 50
Read data access time 2 [ — 200 — 105
Read data access time 3 taces” — 50 — 20
Read data access time 4 teces — 150 — 80
Precharge time [ 60 — 40 —
Wait setup time tars 40 — 25 — ns Figure 18.9
Wait hold time m 10 — 5 —
Note: * For condition A, the following times depend on the clock cycle time as shown below.
ACCl =15xt 50 (ns) tyows = 1.0 ¥t —40 (ns)
ACCZ =25 ><t —50 (ns) tysw = 1.5 x 1 —40 (ns)
ACC3 =1.0x t —50 (ns) toey =1.0xt —40  (ns)

—20><t —50 (ns)

ACC4

For condition B, the following times depend on the clock cycle time as shown below.

ACCl =15xt —34 (ns) tWSWl =1.0xt, —24 (ns)
ACCZ =25x t —34 (ns) WSWZ =15x t —22 (ns)
ACC3 =1.0x t —36 (ns) =10xt, —21 (ns)

—ZOXt —31 (ns)

AC04

Rev.3.00 Mar. 26, 2007 Page 544 of 682
REJ09B0353-0300

RENESAS



Section 18 Electrical Characteristics

Table 18.12 Control Signal Timing

ConditionA: V=30V to55V,AV =30V to55V,V =AV_ =0V, ¢=2t010 MHz,
T,=-20°C to +75°C (regular specifications), T, = —40°C to +85°C (wide-range

specifications)

ConditionB: V_=5.0V £10%, AV_.=5.0V +£10%, V= AV =0V, ¢=2MHz to 18 MHz,
T,=-20°C to +75°C (regular specifications), T, = —40°C to +85°C (wide-range

specifications)
Condition A Condition B
10 MHz 18 MHz Test

Item Symbol Min  Max Min  Max Unit Conditions
RES setup time [ 200 — 200 — ns Figure 18.10
RES pulse width toeow 20 — 20 — tcyc
Mode programming setup time tos 200 — 200 — ns
NMI setup time s 200 — 150 — ns Figure 18.12
(NMI, IRQ,, IRQ,, IRQ,, IRQ,)
NMI hold time [ 10 — 10 —
(NMI, IRQ,, IRQ,, IRQ,, IRQ,)
Interrupt pulse width [ 200 — 200 —
(NMI, IRQ,, IRQ, when exiting
software standby mode)
Clock oscillator settling time at toser 20 — 20 — ms Figure 18.13
reset (crystal)
Clock oscillator settling time in t 8 — 7 — ms Figure 17.1

software standby (crystal)

0SC2

RENESAS
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Table 18.13 Timing of On-Chip Supporting Modules

ConditionA: V=30V t055V,AV =30V t055V,V =AV =0V, p=2MHzto
10 MHz, T, =-20°C to +75°C (regular specifications), T, = —40°C to +85°C (wide-

range specifications)

ConditionB: V_=5.0V £10%, AV_.=5.0V +*10%, V= AV =0V, ¢=2MHz to 18 MHz,
T,=-20°C to +75°C (regular specifications), T, = —40°C to +85°C (wide-range

specifications)
Condition A Condition B
10 MHz 18 MHz Test
Item Symbol Min  Max Min  Max Unit Conditions
ITU Timer output delay time  t_ — 100 — 100 ns Figure 18.15
Timer input setup time [ 50 — 50 —
Timer clock input setup ~ t ¢ 50 — 50 — Figure 18.16
time
Timer clock  Single S 15 — 15 — oye
pulse width  edge
Both S 25 — 25 —
edges
SCI Input clock  Asynchro- tg 4 — 4 — Figure 18.17
cycle nous
Synchro- 6 — 6 —
nous
Input clock rise time ook — 15 — 15
Input clock fall time e — 15 — 15
Input clock pulse width  t. ., 04 06 04 06 t.,
Transmit data delay time  t_,/ — 100 — 100 ns Figure 18.18
Receive data setup time  t_ ¢ 100 — 100 —
(synchronous)
Receive data hold time  t_,, 100 — 100 —
(synchronous clock
input)
Receive data hold time 0 — 0 —

(synchronous clock
output)
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Condition A Condition B
10 MHz 18 MHz Test
Item Symbol Min  Max Min  Max Unit Conditions
Ports Output data delay time  t,, — 100 — 100 ns Figure 18.14
and -
TPC Input data setup time [ 50 — 50 —
Input data hold time tor 50 — 50 —
5V
C=90pF: ports1,2,3,5,6,8, ¢
Ry
This LSI C =30 pF: ports 9, A, B
output pin

TIT

=

R, =2.4kQ
Ry=12kQ

Input/output timing measurement levels

eLow: 0.8V
* High: 2.0V

Figure18.6 Output Load Circuit

RENESAS
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18.2.4 A/D Conversion Characteristics

Table 18.14 lists the A/D conversion characteristics.

Table18.14 A/D Converter Characteristics

ConditionA: V=30V to55V,AV =30V t055V,V =AV =0V, p=2MHzto
10 MHz, T,=-20°C to +75°C (regular specifications), T, = —40°C to +85°C (wide-
range specifications)
ConditionB: V_=5.0V x10%, AV_=5.0V *10%,V,=AV =0V, ¢=2MHzto 18 MHz,
. =—20°C to +75°C (regular specifications), T, = —40°C to +85°C (wide-range
specifications)
Condition A Condition B
10 MHz 18 MHz
Item Min Typ Max Min Typ Max Unit
Resolution 10 10 10 10 10 10 bits
Conversion time — — 13.4 — — 7.5 ps
Analog input capacitance — — 20 — — 20 pF
Permissible signal- — — 5*! — — 10*? ko
source impedance — — 5w
Nonlinearity error — — +7.5 — — +3.5 LSB
Offset error — — 7.5 — — +3.5 LSB
Full-scale error — — 7.5 — — 3.5 LSB
Quantization error — — +0.5 — — +0.5 LSB
Absolute accuracy — — 8.0 — — 4.0 LSB

Notes: 1. The value is for = 10 MHz.
2. The value is for < 12 MHz.
3. The value is for ¢ > 12 MHz.
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18.25 Flash Memory Characteristics
Table 18.15 shows the flash memory characteristics.

Table 18.15 Flash Memory Characteristics (1)

Conditions: V..=45Vto55V,AV =45V t055V,V =AV =0V
T, =0°Cto +75°C (program/erase operating temperature range: regular
specifications), T, = 0°C to +85°C (program/erase operating temperature range:
wide-range specifications)

Test

Iltem Symbol Min Typ Max  Unit condition
Programming time***?** t, — 10 200  ms/32 bytes
Erase time*"*°*° t. — 100 300  ms/block
Reprogramming count Noyec — — 100 Times
Programming Wait time after SWE bit setting** X 10 — — us

Wait time after PSU bit setting** y 50 — — us

Wait time after P bit setting**** z 150 — 500 us

Wait time after P bit clear** a 10 — — us

Wait time after PSU bit clear** B 10 — — us

Wait time after PV bit setting** y 4 — — us

Wait time after H'FF dummy write** € 2 — — us

Wait time after PV bit clear** n 4 — — us

Maximum programming count**** N — — 403  Times
Erase Wait time after SWE bit setting** X 10 — — us

Wait time after ESU bit setting** y 200 — — us

Wait time after E bit setting***® z 5 — 10 ms

Wait time after E bit clear** a 10 — — us

Wait time after ESU bit clear** B 10 — — us

Wait time after EV bit setting** y 20 — — us

Wait time after H'FF dummy write** € 2 — — us

Wait time after EV bit clear** n 5 — — us

Maximum erase count***® N 30 — 60 Times

Notes: 1. Set the times according to the program/erase algorithms.
2. Programming time per 32 bytes (Shows the total time the flash memory control register
(FLMCR) is set. It does not include the programming verification time.)
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3.

4.

Block erase time (Shows the period the E bit in FLMCR is set. It does not include the
erase verification time.)
To specify the maximum programming time (tp(max)) in the 32-byte programming
flowchart, set the max value (403) for the maximum programming count (N).
The wait time after P bit setting (z) should be changed as follows according to the
programming counter value.

Programming counter value of 1to 4:  z =150 ps

Programming counter value of 5 to 403: z = 500 ps

For the maximum erase time (tg(max)), the following relationship applies between the
wait time after E bit setting (z) and the maximum erase count (N):

t.(max) = Wait time after E bit setting (z) x maximum erase count (N)

To set the maximum erase time, the values of z and N should be set so as to satisfy the
above formula.

Examples: Whenz =5[ms]: N =60 times
When z =10 [ms]: N = 30 times
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Table 18.15 Flash Memory Characteristics (2)

Conditions: V..=3.0Vt036V,AV . =30Vto36V,V ,=AV =0V
T, =0°Cto +75°C (Programming/erasing operating temperature range: regular
specification) T, = 0°C to +85°C (Programming/erasing operating temperature range:
wide-range specification)

Test

Iltem Symbol Min Typ Max  Unit condition
Programming time***?** t, — 10 200  ms/32 bytes
Erase time*"*°*° t. — 100 300  ms/block
Reprogramming count Nyec — — 100 Times
Programming Wait time after SWE bit setting** X 10 — — us

Wait time after PSU bit setting** y 50 — — us

Wait time after P bit setting** ** z 150 — 500 pus

Wait time after P bit clear** a 10 — — us

Wait time after PSU bit clear** B 10 — — us

Wait time after PV bit setting** y 4 — — us

Wait time after H'FF dummy write** € 2 — — us

Wait time after PV bit clear** n 4 — — us

Maximum programming count**** N — — 403  Times
Erase Wait time after SWE bit setting** X 10 — — us

Wait time after ESU bit setting** y 200 — — us

Wait time after E bit setting***® z 5 — 10 ms

Wait time after E bit clear** a 10 — — us

Wait time after ESU bit clear** B 10 — — us

Wait time after EV bit setting** y 20 — — us

Wait time after H'FF dummy write** € 2 — — us

Wait time after EV bit clear** n 5 — — us

Maximum erase count***® N 30 — 60 Times

Notes: 1. Make each time setting in accordance with the program/program-verify flowchart or
erase/erase-verify flowchart.

2. Programming time per 32 bytes (Shows the total period for which the P-bit in the flash
memory control register (FLMCR) is set. It does not include the programming
verification time.)

3. Block erase time (Shows the total period for which the E-bit in FLMCR is set. It does not
include the erase verification time.)
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Section 18 Electrical Characteristics

18.3

4. To specify the maximum programming time (t,(max)) in the 32-byte programming

flowchart, set the maximum value (403) for the maximum programming count (N).
The wait time after P bit setting (z) should be changed as follows according to the
programming counter value.

Programming counter value of 1to 4:  z = 150 ps

Programming counter value of 5 to 403: z = 500 ps

. For the maximum erase time (t.(max)), the following relationship applies between the

wait time after E bit setting (z) and the maximum erase count (N):

t.(max) = Wait time after E bit setting (z) x maximum erase count (N)

To set the maximum erase time, the values of z and N should be set so as to satisfy the
above formula.

Examples: When z =5 [ms], N = 60 times
When z = 10 [ms], N = 30 times

Operational Timing

This section shows timing diagrams.

18.3.1

Bus Timing

Bustiming is shown as follows:

Basic bus cycle: two-state access

Figure 18.7 shows the timing of the external two-state access cycle.
Basic bus cycle: three-state access

Figure 18.8 shows the timing of the external three-state access cycle.
Basic bus cycle: three-state access with one wait state

Figure 18.9 shows the timing of the external three-state access cycle with one wait state
inserted.
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Figure 18.7 Basic Bus Cycle: Two-State Access
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RD (read)

D, to Dy
(read)

WR (write)

D5 to Dg
(write)
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X
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taccs
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twswz

)

5 I
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Figure 18.8 Basic BusCycle: Three-State Access

Rev.3.00 Mar. 26, 2007 Page 554 of 682
REJ09B0353-0300

RENESAS




Section 18 Electrical Characteristics

D7 to DO
(read)

WR (write)

D5 to Dy
(write)
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Figure18.9 Basic BusCycle: Three-State Accesswith One Wait State
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Section 18 Electrical Characteristics

18.3.2 Control Signal Timing
Control signal timing is shown as follows:

e Resetinput timing
Figure 18.10 shows the reset input timing.
e Reset output timing
Figure 18.11 shows the reset output timing.
e Interrupt input timing
Figure 18.12 shows the interrupt input timing for NM1 and IRQ,, IRQ,, IRQ,, and IRQ,,

0 SV N

tRESS tresS

tMps t;ﬁ/ﬁ
MD2 to MDO >J;
FWE*

Note: * The FWE input timing shown is for entering and exiting boot mode.

0
m
(72

Figure18.10 Reset Input Timing

o 7 N N

tReSD trResD

‘ ((
RESO* 7L 7
;ﬁ)

trRESOW

Note: * Flash version does not have RESO output pin

Figure18.11 Reset Output Timing
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® MXM

tmis | | tmiH

Vot

tmis | | tmiH
[~

tmis
e |
IRQ, i‘

IRQg: Edge-sensitive IRQ;
L. Level-sensitive IRQ; (i=0, 1, 4, and 5)

tmiw
NMI : : $<

Figure18.12 Interrupt Input Timing
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18.3.3 Clock Timing
Clock timing is shown below.

e Oscillator settling timing
Figure 18.13 shows the oscillator settling timing.

o MM AN\ —IITN UL

Figure18.13 Oscillator Settling Timing

18.3.4 TPC and I/O Port Timing

TPC and I/O port timing is shown below.

Ty T2 T3

-y——————— -y

, N =
tprs tpRrH

-
Ports 1 to 3, >J; L<
5t09, A, and
B (read)

tPwp
e B

Ports 1 to 3,
5,6,8,9 A,

and B (write)

Figure18.14 TPC and I/O Port Input/Output Timing
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1835 ITU Timing

ITU timing is shown as follows:

ITU input/output timing

Figure 18.15 shows the ITU input/output timing.

ITU external clock input timing

Figure 18.16 showsthe ITU external clock input timing.

¢ ﬂ_/—\

trocp

[~
Output >%
compare*?!

trics
R

Input
capture*?2

Notes: 1. TIOCAq to TIOCA,, TIOCBy to TIOCB,, TOCXA,, TOCXB,
2. TIOCA, to TIOCA,, TIOCBy to TIOCB,

Figure18.15 ITU Input/Output Timing

. o —~ treks |

treks

TCLKA to )
TCLKD { ~
trekwi trekwH

Figure18.16 ITU External Clock Input Timing
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18.3.6  SCI Input/Output Timing
SCI timing is shown as follows:

e SCl input clock timing

Figure 18.17 shows the SCI input clock timing.
e SCl input/output timing (synchronous mode)
Figure 18.18 shows the SCI input/output timing in synchronous mode.

tsckw

SCK

tsckr tsckr

.

~
tScyc

Figure18.17 SCK Input Clock Timing

tScyc

trxp
(ransmit >4 4 N4 e
data) trxs| [tRxH
RxD o =
e X XL I X

Figure18.18 SCI Input/Output Timing in Synchronous Mode
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Al

Appendix A Instruction Set

Instruction List

Operand Notation

Symbol Description

Rd General destination register*

Rs General source register*

Rn General register*

ERd General destination register (address register or 32-bit register)

ERs General source register (address register or 32-bit register)

ERn General register (32-bit register)

(EAd) Destination operand

(EASs) Source operand

PC Program counter

SP Stack pointer

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

disp Displacement

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

+ Addition of the operands on both sides

- Subtraction of the operand on the right from the operand on the left

X Multiplication of the operands on both sides

+ Division of the operand on the left by the operand on the right

ad Logical AND of the operands on both sides

. Logical OR of the operands on both sides

ad Exclusive logical OR of the operands on both sides

- NOT (logical complement)

(), <> Contents of operand

Note: * General registers include 8-bit registers (ROH to R7H and ROL to R7L) and 16-bit

registers (RO to R7 and EO to E7).

Rev.3.00 Mar. 26, 2007 Page 561 of 682
REJ09B0353-0300
RENESAS



Appendix A Instruction Set

Condition Code Notation

Symbol Description
0 Changed according to execution result
* Undetermined (no guaranteed value)
0 Cleared to 0

Setto 1

— Not affected by execution of the instruction

A Varies depending on conditions, described in notes
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TableA.1 Instruction Set

1. Datatransfer instructions

Addressing Mode and No. of*
Instruction Length (bytes) States™?
p
Q [r4
& W
o DC: @ 6 E
c j = he) 1 [8)
© EINE 1 &| 2| condition Code g | s
3 Xle|W AL S ARGt 5 3
Mnemonic O | Operation £||®® QO E|||HIN|z|V Z | <
MOV.B #xx:8, Rd B | #xx:8 - Rd8 2 —|—tlt]O 2
MOV.B Rs, Rd B | Rs8 — Rd8 2 —|—t|t]O 2
MOV.B @ERs, Rd B | @ERs — Rd8 2 —|— |0 4
MOV.B @(d:16, ERs), | B | @(d:16, ERs) -~ Rd8 4 —|— | t]t]O0 6
Rd
MOV.B @(d:24, ERs), | B | @(d:24, ERs) — Rd8 8 —|—]1t]|1]0 10
Rd
MOV.B @ERs+, Rd B | @ERs -~ RD8 2 —|—tlt]O 6
ERs32+1 - ERs32
MOV.B @aa:8, Rd B | @aa:8 -~ Rd8 2 — =t t]0 4
MOV.B @aa:16, Rd B | @aa:16 -~ Rd8 4 —|—| | t]|O 6
MOV.B @aa:24, Rd B | @aa:24 - Rd8 6 —|—tlt]O 8
MOV.B Rs, @ERd B | Rs8 -~ @ERd 2 —|—tlt]O 4
MOV.B Rs, @(d:16, B | Rd8 - @(d:16, ERd) 4 —|—|t]|t]0 6
ERd)
MOV.B Rs, @(d:24, B | Rd8 - @(d:24, ERd) 8 —|—|t]|t]O 10
ERd)
MOV.B Rs, @-ERd B | ERd32-1 - ERd32 2 —|—|t]|t]O 6
Rs8 - @ERd
MOV.B Rs, @aa:8 B | Rs8 -~ @aa:8 2 —|—t|t]|0O 4
MOV.B Rs, @aa:16 B | Rs8 - @aa:16 4 —|—tlt]O0 6
MOV.B Rs, @aa:24 B | Rs8 -~ @aa:24 6 —|—tlt]O 8
MOV.W #xx:16, Rd W | #xx:16 —» Rd16 4 —|—t|t]|O 4
MOV.W Rs, Rd W | Rs16 - Rd16 2 —|—tlt]O 2
MOV.W @ERs, Rd W | @ERs - Rd16 2 —|—|t]|t]0 4
MOV.W @(d:16, ERs), | W | @(d:16, ERs) — Rd16 4 —|—]t] 1|0 6
Rd
MOV.W @(d:24, ERs), | W | @(d:24, ERs) — Rd16 8 —|—]t]|]o 10
Rd
MOV.W @ERs+, Rd W | @ERs - Rd16 2 —|—t|t]|0 6
ERs32+2 - @ERd32
MOV.W @aa:16, Rd W | @aa:16 —» Rd16 4 —|—tlt]O 6
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Addressing Mode and No. of*
Instruction Length (bytes) States™*
P2
I i
? 28| |~ 3
'g x| = (@) - = o
g A % | §| 2| Condition Code s
24 [T = 1S
) e ) PR A RCARC s 5| 3
Mnemonic O | Operation AN A CICHCHCECICIRE HIN|Z |V z | <
MOV.W @aa:24, Rd W | @aa:24 - Rd16 6 —|—]t]|t|0 8
MOV.W Rs, @ERd W | Rsl16 - @ERd 2 —|—]t| t|0 4
MOV.W Rs, @(d:16, W | Rs16 — @(d:16, ERd) 4 —|—l1t]| 1|0 6
ERd)
MOV.W Rs, @(d:24, W | Rs16 — @(d:24, ERd) 8 —|—l1t]| 1|0 8
ERd)
MOV.W Rs, @-ERd W | ERd32-2 - ERd32 2 —|—]t]|t|0 6
Rs16 -~ @ERd
MOV.W Rs, @aa:16 W | Rsl16 - @aa:16 4 —lt|lt|0 6
MOV.W Rs, @aa:24 W | Rsl16 - @aa:24 6 —|t| |0 8
MOV.L #xx:32, Rd L | #xx:32 — Rd32 6 —| | |0 6
MOV.L ERs, ERd L | ERs32 - ERd32 2 —| | t|0 2
MOV.L @ERs, ERd L | @ERs - ERd32 4 —| | |0 8
MOV.L @(d:16, ERs), | L | @(d:16, ERs) — ERd32 6 —lt]t]o 10
ERd
MOV.L @(d:24, ERs), | L | @(d:24, ERs) — ERd32 10 —lt]| 1|0 14
ERd
MOV.L @ERs+, ERd L | @ERs - ERd32 4 —| | |0 10
ERs32+4 - ERs32
MOV.L @aa:16, ERd L | @aa:16 — ERd32 6 —| o 10
MOV.L @aa:24, ERd L | @aa:24 -~ ERd32 8 —| ¥ t]0 12
MOV.L ERs, @ERd L | ERs32 -~ @ERd 4 —| | |0 8
MOV.L ERs, @(d:16, | L | ERs32 - @(d:16, ERd) 6 —lt|1t]o 10
ERd)
MOV.L ERs, @(d:24, | L | ERs32 - @(d:24, ERd) 10 —| sl 1]o 14
ERd)
MOV.L ERs, @-ERd L | ERd32-4 - ERd32 4 —|t| |0 10
ERs32 -~ @ERd
MOV.L ERs, @aa:16 L | ERs32 - @aa:16 6 —| | |0 10
MOV.L ERs, @aa:24 L | ERs32 - @aa:24 8 —|t] |0 12
POP.W Rn W | @SP - Rnl6 2 —|l |l |0 6
SP+2 . SP
POP.L ERN L | @SP - ERn32 4 —| 1| t]0 10
SP+4 . SP
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Addressing Mode and No. of*
Instruction Length (bytes) States™*
t
Q [r4
& W
S| ® ~ 3
2 g2 18].]e < | B
@ c|\Wix 8| 8 @] condition Code =
o Wl = E | g
. g ) YRR A A RCAN RS 5|3
Mnemonic O | Operation £ 2|®Q®Q® O E|I|HIN|Z|V|C| 2 | <
PUSH.W Rn W | SP-2 - SP 2|—|—| ] 1|0]|— 6
Rn16 - @SP
PUSH.L ERn L | SP4 - SP 4 |—|—] ] 1|0]|— 10
ERN32 - @SP
MOVFPE @aa:16, B | Cannot be used in the 4 Cannot be used in the H8/3039
Rd H8/3039 Group Group
MOVTPE Rs, B | Cannot be used in the 4 Cannot be used in the H8/3039
@aa:16 H8/3039 Group Group

RENESAS
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2. Arithmetic instructions

Addressing Mode and No. of*
Instruction Length (bytes) States™*
p
2 x
& W
c|® — B
g gl 2| §| 2| Condition Code g s
8 x|cluwlzlY & 2ele s | 5
Mnemonic O | Operation E A ACICHCHCHCICIRE HIN|Z|V|C| =z | <
ADD.B #xx:8, Rd B | Rd8+#xx:8 —» Rd8 2 — vyt 2
ADD.B Rs, Rd B | Rd8+Rs8 - Rd8 2 — vttt 2
ADD.W #xx:16, Rd W | Rd16+#xx:16 — Rd16 4 — @) ] st 4
ADD.W Rs, Rd W | Rd16+Rs16 - Rd16 2 — @) ]|t 2
ADD.L #xx:32, ERd L | ERd32+#xx:32 - 6 — @)t ] 6
ERd32
ADD.L ERs, ERd L | ERd32+ERs32 - 2 — @) t] ]t 2
ERd32
ADDX.B #xx:8, Rd B | Rd8+#xx:8 +C — Rd8 2 — |t @) ]t 2
ADDX.B Rs, Rd B | Rd8+Rs8 +C - Rd8 2 — |t @) ] 2
ADDS.L #1, ERd L | ERd32+1 - ERd32 2 B el el el el 2
ADDS.L #2, ERd L | ERd32+2 - ERd32 2 e e el el el 2
ADDS.L #4, ERd L | ERd32+4 . ERd32 2 — === =] — 2
INC.B Rd B | Rd8+1 - Rd8 2 — =]ttt — 2
INC.W #1, Rd W | Rd16+1 - Rd16 2 — =] ]| — 2
INC.W #2, Rd W | Rd16+2 - Rd16 2 — =]ttt = 2
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Addressing Mode and No. of*
Instruction Length (bytes) States™!
P2
8 o4
D |y
S| ® ~ B
@ c|\Wix 8| 8 | cCondition Code =
o4 | o = E | S
) I3 . IR A RCARC S 513
Mnemonic O | Operation £ 2|®|IQ|I®|Q® QS E|I|HIN|Z|V|C| 2 | <
INC.L #1, ERd L | ERd32+1 - ERd32 2 — =]ttt |— 2
INC.L #2, ERd L | ERd32+2 - ERd32 2 — =]ttt —= 2
DAA Rd B | Rd8 decimal adjust 2 — | —= 2
- Rd8
SUB.B Rs, Rd B | Rd8-Rs8 - Rd8 2 — |ty 2
SUB.W #xx:16, Rd W | Rd16-#xx:16 — Rd16 4 — @) ]ttt 4
SUB.W Rs, Rd W | Rd16-Rs16 - Rd16 2 — @) ]|t 2
SUB.L #xx:32, ERd L | ERd32—#xx:32 6 — @) ]ttt 6
- ERd32
SUB.L ERs, ERd L | ERd32-ERs32 2 — @)ttt 2
- ERd32
SUBX.B #xx:8, Rd B | Rd8—#xx:8-C - Rd8 2 — |t @)t 2
SUBX.B Rs, Rd B | Rd8-Rs8-C — Rd8 2 — |t |3 | 2
SUBS.L #1, ERd L | ERd32-1 - ERd32 2 R [ [ [ - — 2
SUBS.L #2, ERd L | ERd32-2 - ERd32 2 — === |—|— 2
SUBS.L #4, ERd L | ERd32-4 - ERd32 2 — === == 2
DEC.B Rd B | Rd8-1 -~ Rd8 2 — =]ttt = 2
DEC.W #1, Rd W | Rd16-1 - Rd16 2 — =]t ]| = 2
DEC.W #2, Rd W | Rd16-2 - Rd16 2 — =]t = 2
DEC.L #1, ERd L | ERd32-1 - ERd32 2 — =]ttt — 2
DEC.L #2, ERd L | ERd32-2 -, ERd32 2 R S O I 2
DAS.Rd B | Rd8 decimal adjust 2 — | = 2
- Rd8
MULXU. B Rs, Rd B | Rd8 x Rs8 - Rd16 2 — === == 14
(unsigned multiplication)
MULXU. W Rs, ERd W | Rd16 x Rs16 - ERd32 2 — === == 22
(unsigned multiplication)
MULXS. B Rs, Rd B | Rd8 x Rs8 - Rd16 4 — =]t ]| == 16
(signed multiplication)
MULXS. W Rs, ERd W | Rd16 x Rs16 - ERd32 4 — =]t ]| == 24
(signed multiplication)
DIVXU. B Rs, Rd B | Rd16 + Rs8 - Rd16 2 — | —|®) ()| —|— 14
(RdH: remainder,
RdL: quotient)
(unsigned division)

RENESAS
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Addressing Mode and No. of
Instruction Length (bytes) States™!
2
g v
5 W
S® |~ 3
'g x| = O - = o
g gl % | §|2| Condition Code g | s
[ITR I =
e X |Wwl2T|32|02 5 | 3
Mnemonic O | Operation E A A CICHCHCHCICIRE HIN|[Z |V z | <
DIVXU. W Rs, ERd W | ERd32 + Rs16 —ERd32 —1((6)|(7)|— 22
(Ed: remainder,
Rd: quotient)
(unsigned division)
DIVXS. B Rs, Rd B | Rd16 + Rs8 - Rd16 4 —1®)|(7)|— 16
(RdH: remainder,
RdL: quotient)
(signed division)
DIVXS. W Rs, ERd W | ERd32 + Rs16 - ERd32 4 —|(®)|(7)|— 24
(Ed: remainder,
Rd: quotient)
(signed division)
CMP.B #xx:8, Rd B | Rd8—#xx:8 2 F2 I A 2
CMP.B Rs, Rd B | Rd8-Rs8 2 F2 2 A 2
CMP.W #xx:16, Rd W | Rd16—#xx:16 4 @f |zt 4
CMP.W Rs, Rd W | Rd16-Rs16 2 @ttt 2
CMP.L #xx:32, ERd L | ERd32—#xx:32 6 @ t|t]? 4
CMP.L ERs, ERd L | ERd32-ERs32 2 @) t] 1] 2
NEG.B Rd B | 0-Rd8 - Rd8 2 L A A 2
NEG.W Rd W | 0-Rd16 - Rd16 2 tlt] ]t 2
NEG.L ERd L | 0-ERd32 - ERd32 2 e 2
EXTU.W Rd W | 0 - (<bits 15 to 8> 2 —|0]t]0 2
of Rd16)
EXTU.L ERd L | 0 - (<bits 31 to 16> 2 —|0 ] t]0 2
of Rd32)
EXTS.W Rd W | (<bit 7> of Rd16) — 2 —| t] |0 2
(<bits 15 to 8> of Rd16)
EXTS.L ERd L | (<bit 15> of Rd32) — 2 —| t]¢t]0 2
(<bits 31 to 16> of
ERd32)
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3. Logic instructions

Addressing Mode and No. of
Instruction Length (bytes) States™!
P2
¢ 14
7] ~ 8
S| ® ~ B
2 gls| 9] |x = | 2
g s|Wiel | g 2 ConditonCode | g | §
x w| o =
. 8 ) A IR AR A RCARC -3 S 3
Mnemonic O | Operation XIz|®®® Q] E|I|H|N|Z|V|C| = <
AND.B #xx:8, Rd B | Rd8[#xx:8 —» Rd8 2 — =]t |0 |— 2
AND.B Rs, Rd B | Rd8[Rs8 - Rd8 2 — =]t ]|0|— 2
AND.W #xx:16, Rd W | Rd16[#xx:16 — Rd16 4 —|—| |t |0 |— 4
AND.W Rs, Rd W | Rd1600Rs16 - Rd16 2 — =]t ]O0|— 2
AND.L #xx:32, ERd L | ERd32[#xx:32 —» ERd32 6 — =]t |0 |— 6
AND.L ERs, ERd L | ERd32[ERs32 - ERd32 4 — =]t |0 |— 4
OR.B #xx:8, Rd B | Rd8[#xx:8 — Rd8 2 — =]ttt |0|— 2
OR.BRs, Rd B | Rd8ORs8 - Rd8 2 — =]t t|O0]|— 2
OR.W #xx:16, Rd W | Rd16[#xx:16 - Rd16 4 — =]t |0|— 4
OR.W Rs, Rd W | Rd1600Rs16 - Rd16 2 — =]t |0|— 2
OR.L #xx:32, ERd L | ERd32[#xx:32 - ERd32 | 6 —|—|t|t|O0|— 6
OR.L ERs, ERd L | ERd32[ERs32 - ERd32 4 — =]t |0 |— 4
XOR.B #xx:8, Rd B | Rd80#xx:8 —» Rd8 2 — =]t |0 |— 2
XOR.B Rs, Rd B | Rd8Rs8 - Rd8 2 — =]t |0 |— 2
XOR.W #xx:16, Rd W | Rd160#xx:16 — Rd16 4 — =]t |0 |— 4
XOR.W Rs, Rd W | Rd160Rs16 - Rd16 2 — =]t t|O0]|— 2
XOR.L #xx:32, ERd L | ERd320#xx:32 -~ ERd32 | 6 — =]t |0|— 6
XOR.L ERs, ERd L | ERd320ERs32 - ERd32 4 — =]t ]|O0|— 4
NOT.B Rd B | -Rd8 - Rd8 2 —|—| |t |0 |— 2
NOT.W Rd W | - Rd16 - Rd16 2 — =]t |0|— 2
NOT.L ERd L | =Rd32 - Rd32 2 — =]t t|O0]|— 2
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4, Shift instructions

Addressing Mode and No. of*
Instruction Length (bytes) States™!
t
8 i
= 2o |5 3
8 Gilg 2«3 . T 2
© clh|x -| &| 2| Condition Code £ S
g x| e ﬁ =2 I'IlJ gzi® = S 3
Mnemonic O | Operation £ |®0© 0 e E HIN[Z|V|C| 2 | <
SHAL.B Rd B 2 — =]ttt 2
SHALW Rd wll o, T 2
P —
SHAL.L ERd L| C msB LsSB 2 ——=] ]t 2
SHAR.B Rd B D 2 —|—]s]t]|0]s 2
SHAR.W Rd w D 2 —|—]t|t|o] 2
_—
SHAR.L ERd L MSB LsB C 2 —|—]t]|t|o] 2
SHLL.B Rd B 2 —|—|s]t]|0]s 2
SHLLW Ra wll o, S S Y Y s
P —
SHLL.L ERd L| C msB LsB 2 —|—]t]|t|o] 2
SHLR.B Rd B 2 —|—|s]|t]|0]: 2
SHLR.W Rd w 0$I:}>D 2 —|—|tlt]o] 2
SHLR.L ERd L MsB Lse C 2 —|—l1|t]o0]: 2
ROTXL.B Rd B 2 —|—]s]|t]|0]|: 2
conwra Tw| V[T S PP P
ROTXL.L ERd L| € MSB=—LSB 2 —|—=|t|t]ofs 2
ROTXR.B Rd B ﬁ—‘ 2 —|—]t]| |0 2
romrwrs w] L M T2 B PO PR Y
ROTXR.L ERd L| MSB—=LsB C 2 —|—lt]t]o]: 2
ROTL.B Rd B 2 —|—]t|t]|0]? 2
ROTLW Rd wi ] 2 0 R S P G
ROTL.L ERd L| C MSB=—LSB 2 — =]t t|o] 2
ROTR.B Rd B 2 —|—]s]|t]|0]: 2
ROTR.W Rd w ﬁ D 2 —|—]s]|t]|0] 2
ROTR.L ERd L MsB Lss € 2 —|—lt|t]o]|: 2
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5. Bit manipulation instructions

Addressing Mode and No. of*
Instruction Length (bytes) States™!
2
8 i
(7] ~| 4
c|® ~ k5
2 gzl 19l = | ¢
g c|Wie) || g @ cConditionCode | &£ | §
o Wl o =
) s . XlclWw Sl |a2|®la 5|3
Mnemonic O | Operation Fx|® QI E HIN|[Z|V|C| =2 | <
BSET #xx:3, Rd B | (#xx:3 0f Rd8) ~ 1 2 B o el el el 2
BSET #xx:3, @ERd B | #xx:3 of @ERd) ~ 1 4 — = === 8
BSET #xx:3, @aa:8 B | (#xx:3 of @aa:8) ~ 1 4 e e el el el 8
BSET Rn, Rd B | (Rn8of Rd8) ~ 1 2 e e el el el 2
BSET Rn, @ERd B | (Rn8 of @ERd) - 1 4 — === == 8
BSET Rn, @aa:8 B | (Rn8 of @aa:8) ~ 1 4 — == === 8
BCLR #xx:3, Rd B | (#xx:3 of Rd8) ~ 0 2 — = === = 2
BCLR #xx:3, @ERd B | (#xx:3 of @ERd) ~ 0 4 e e el el el 8
BCLR #xx:3, @aa:8 B | (#xx:3 of @aa:8) ~ 0 4 — = === 8
BCLR Rn, Rd B | (Rn8 of Rd8) —~ 0 2 — | — === 2
BCLR Rn, @ERd B | (Rn8 of @ERd) 0 4 — == == 8
BCLR Rn, @aa:8 B | (Rn8 of @aa:8) —~ 0 4 —|— === 8
BNOT #xx:3, Rd B | (#xx:3 of Rd8) 2 — == == 2
- (#xx:3 of Rd8)
BNOT #xx:3, @ERd B | (#xx:3 of @ERd) 4 — = === 8
- (#xx:3 of @ERd)
BNOT #xx:3, @aa:8 B | (#xx:3 of @aa:8) ~ 4 e e e el 8
- (#xx:3 of @aa:8)
BNOT Rn, Rd B | (Rn8 of Rd8) - 2 — == == 2
- (Rn8 of Rd8)
BNOT Rn, @ERd B | (Rn8 of @ERd) 4 — == == 8
- (Rn8 of @ERd)
BNOT Rn, @aa:8 B | (Rn8 of @aa:8) ~ 4 — | — === 8
- (Rn8 of @aa:8)
BTST #xx:3, Rd B | - (#xx:3 of Rd8) - Z 2 — =]t |—|— 2
BTST #xx:3, @ERd B | = (#xx:3 of @ERd) - Z 4 — =]t |—|— 6
BTST #xx:3, @aa:8 B | = (#xx:3 of @aa:8) -~ Z 4 —| =]t |—|— 6
BTST Rn, Rd B | - (Rn8 of @Rd8) - Z 2 — =]t == 2
BTST Rn, @ERd B | = (Rn8 of @ERd) - Z 4 — =]t == 6
BTST Rn, @aa:8 B | - (Rn8 of @aa:8) —~ Z 4 — =]t == 6
BLD #xx:3, Rd B | (#xx:3 of Rd8) —~ C 2 e el e 2
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Addressing Mode and No. of*
Instruction Length (bytes) States™!
p2
(]
8 _|E
° & ® o 3
- [3)
g c|U| @ 6| g| 8| condition Code g =
g xlc|S| gl2lola S
Mnemonic & | Operation A EIRICICIEIGIE H{N|Z|V 2| 32
BLD #xx:3, @ERd B | (#xx:3 of @ERd) - C 4 — === = 6
BLD #xx:3, @aa:8 B | (#xx:3 of @aa:8) ~ C 4 — | —|—=|—=|— 6
BILD #xx:3, Rd B | - (#xx:3 0of Rd8) -~ C 2 — =] === 2
BILD #xx:3, @ERd B | - (#xx:3 of @ERd) - C 4 — = === 6
BILD #xx:3, @aa:8 B | = (#xx:3 of @aa:8) - C 4 — == == 6
BST #xx:3, Rd B | C » (#xx:3 of Rd8) 2 — == == 2
BST #xx:3, @ERd B | C - (#xx:3 of @ERd24) 4 e e e 8
BST #xx:3, @aa:8 B | C - (#xx:3 of @aa:8) 4 — == == 8
BIST #xx:3, Rd B | - C - (#xx:3 of Rd8) 2 — == |—=]— 2
BIST #xx:3, @ERd B | - C - (#xx:3 of @ERd24) 4 e e el 8
BIST #xx:3, @aa:8 B | - C - (#xx:3 of @aa:8) 4 B e e 8
BAND #xx:3, Rd B | CO#xx:3 of Rd8) -~ C 2 — === = 2
BAND #xx:3, @ERd B | CO#xx:3 of @ERd24) - C 4 — === 6
BAND #xx:3, @aa:8 B | CO#xx:3 of @aa:8) -~ C 4 —|— === 6
BIAND #xx:3, Rd B | CO- (#xx:3 of Rd8) -~ C 2 B e e el 2
BIAND #xx:3, @ERd | B | CO- (#xx:3 of @ERd24) - C 4 — === 6
BIAND #xx:3, @aa:8 B | CO~ (#xx:3 of @aa:8) -~ C 4 e e e el 6
BOR #xx:3, Rd B | CO#xx:3 of Rd8) — C 2 — === 2
BOR #xx:3, @ERd B | CO#xx:3 of @ERd24) - C 4 — === 6
BOR #xx:3, @aa:8 B | CO#xx:3 of @aa:8) - C 4 —|—|—|— 6
BIOR #xx:3, Rd B | CO- (#xx:3 of Rd8) —» C 2 — === 2
BIOR #xx:3, @ERd B | CO- (#xx:3 of @ERd24) - C 4 — === 6
BIOR #xx:3, @aa:8 B | CO- (#xx:3 of @aa:8) -~ C 4 — === 6
BXOR #xx:3, Rd B | C O (#xx:3 of Rd8) — C 2 — === 2
BXOR #xx:3, @ERd B | C O(#xx:3 of @ERd24) ~ C 4 — === 6
BXOR #xx:3, @aa:8 B | C O#xx:3 of @aa:8) -~ C 4 —_— === 6
BIXOR #xx:3, Rd B | CO - (#xx:30fRd8) - C 2 — === 2
BIXOR #xx:3, @ERd B | C O - (#xx:3 of @ERd24) -~ C 4 — === 6
BIXOR #xx:3, @aa:8 | B | C 0~ (#xx:3 of @aa:8) -~ C 4 — === 6
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6. Branching instructions

Addressing Mode and No. of
Instruction Length (bytes) States™!
+
g @
B |
2 é % 9\ c| D e ® §
o =% o =| 8|2 Condition Code £ S
) 2 . X|clWwS|lT1|s2|®2 5 Z
Mnemonic O | Operation Xz|®Q|® Q] E|I|HI[N|Z|V|C| =2 <
BRA d:8 (BT d:8) — | If condition | Always 2 — === == 4
BRA d:16 (BT d:16) | — isc"uf then 4 I 6
BRN d:8 (BF d:8) — | pC+d else | Never 2 — === == 4
BRN d:16 (BF d:16) | — | next 4 - 6
BHI d:8 — cOz=0 2 — === == 4
BHI d:16 — 4 === == 6
BLS d:8 — coz=1 2 — == === 4
BLS d:16 — 4 JRN D U U U 6
BCC d:8 (BHS d:8) —_ C=0 2 — === == 4
BCC d:16 (BHS d:16) | — 4 == =]=|= 6
BCS d:8 (BLO d:8) — c=1 2 — === == 4
BCS d:16 (BLO d:16) | — 4 === 6
BNE d:8 — zZ=0 2 = === 4
BNE d:16 — 4 e = === 6
BEQ d:8 — z=1 2 == =]=]= 4
BEQ d:16 — 4 JREE DU U U U 6
BvC d:8 — V=0 2 JEEEY PR, (U U P 4
BVC d:16 — 4 JRNY D U U U 6
BVS d:8 — v=1 2 == =]=]= 4
BVS d:16 — 4 JRNN DU U U U 6
BPL d:8 —_ N=0 2 — === |—|— 4
BPL d:16 — 4 JRNN D U U U 6
BMI d:8 — N=1 2 — === == 4
BMI d:16 — 4 JRNN DU U (N D P 6
BGE d:8 — NOV=0 2 — === == 4
BGE d:16 — 4 = === 6
BLT d:8 — NOV=1 2 — === == 4
BLT d:16 — 4 === 6
BGT d:8 — ZONDOV) 2 == 4
BGT d:16 — =0 4 JRNN D U U U 6

Rev.3.00 Mar. 26, 2007 Page 573 of 682
REJ09B0353-0300
RENESAS



Appendix A Instruction Set

Addressing Mode and No. of
Instruction Length (bytes) States™!
p2
: i
3 £9 o g
- 3]
8 c|ule &| = 8| condition Code g | 5
g x| -|E 2% g2Slols £ 2
Mnemonic O | Operation Fz|® Q0 E HIN[Z|V zZ | <
BLE d:8 — | If condition | ZH(NDOV) 2 — === 4
. =1
BLE d:16 __| istrue then 4 IR 6
PC
PC+d else
next;
JMP @ERnN — | PC < ERn 2 — === 4
JMP @aa:24 — | PC «~ aa:24 4 —_— == 6
JMP @@aa:8 —| PC - @aa8 2 — | —|—]— 8 10
BSR d:8 —|PC - @-SP 2 — === 6 | 8
PC ~ PC+d:8
BSR d:16 —|PC - @-SP 4 === 8 | 10
PC — PC+d:16
JSR @ERn —| PC - @-SP 2 — === 6 8
PC - @ERn
JSR @aa:24 —|PC - @-SP 4 === s | 10
PC - @aa:24
JSR @@aa:8 —| PC -~ @-SP 2 —|—|—|— 8 12
PC - @aa:8
RTS — | PC -« @SP+ 2 — === 8 10
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System control instructions

Addressing Mode and No. of*
Instruction Length (bytes) States™*
p
8 iz
B |y
c|® —~ 3
2 gls| O] _|x = | 8
8 glYlz| |%] g2 ConditionCode | £ | §
g x|l cluwlzlY g2 ele s | 5
Mnemonic O | Operation £ 2|®|IQ|I®|Q® QS E|I|HIN|Z|V|C| 2 | <
TRAPA #x:2 — | PC - @-SP 211 |—|—|—|—|—| 14 16
CCR - @-SP
<vector> - PC
RTE — | CCR ~ @SP+ Tlr)pr)rp gt 10
PC ~ @SP+
SLEEP — | Transition to power- — === == 2
down state
LDC #xx:8, CCR B | #xx:8 - CCR 2 E2 I A A O 3 2
LDC Rs, CCR B | Rs8 - CCR 2 R T A A 2
LDC @ERs, CCR W | @ERs -~ CCR 4 2 I A I 6
LDC @(d:16, ERs), W | @(d:16, ERs) - CCR 6 F 2 T T A A (3 8
CCR
LDC @(d:24, ERs), W | @(d:24, ERs) - CCR 10 L T 2 2 I 2 12
CCR
LDC @ERs+, CCR W | @ERs -~ CCR 4 F2 T A A (3 8
ERs32+2 - ERs32
LDC @aa:16, CCR W | @aa:16 - CCR 6 E T A A A 8
LDC @aa:24, CCR W | @aa:24 -~ CCR 8 2 T T A A 10
STC CCR, Rd B | CCR - Rd8 2 — === |—]— 2
STC CCR, @ERd W | CCR - @ERd 4 — === |—|— 6
STC CCR, @(d:16, W | CCR - @(d:16, ERd) 6 — == === 8
ERd)
STC CCR, @(d:24, W | CCR - @(d:24, ERd) 10 — == === 12
ERd)
STC CCR, @-ERd W | ERd32-2 - ERd32 4 — === |=|— 8
CCR - @ERd
STC CCR, @aa:16 W | CCR - @aa:16 6 JENNE DU U (R — — 8
STC CCR, @aa:24 W | CCR - @aa:24 8 — | — === 10
ANDC #xx:8, CCR B | CCR#xx:8 -~ CCR 2 E 2 T T T A 2
ORC #xx:8, CCR B | CCR#xx:8 - CCR 2 I I I O O 2
XORC #xx:8, CCR B | CCRO#xx:8 - CCR 2 2 T I R N 2
NOP — | PC ~ PC+2 2| —|—|—|—|—|— 2

RENESAS
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8. Block transfer instructions

Addressing Mode and No. of*
Instruction Length (bytes) States*!
p
S [od
) =8
S8 |~ 3
E gl |0 g < |8
g iY@l |®|g|l2| ConditonCode | g | §
@ Wl o =
) > . Xl Zli1|a|2|®la 5 3
Mnemonic O | Operation £ r|® 08 ® Q] E|I|H|N|Z|V|C| 2 | <
EEPMOV. B — | if R4L # 0 then 4 |—|—|—|—|—|—| 8+an*?
repeat @R5 - @R6
R5+1 - R5
R6+1 - R6
R4L-1 - R4L
until R4L=0
else next
EEPMOV. W — | if R4 # 0 then 4 |—|—|—|—|—|—| s8+an*?
repeat @R5 - @R6
R5+1 - R5
R6+1 - R6
R4-1 - R4
until R4=0
else next

Notes: 1. The number of states is the number of states required for execution when the
instruction and its operands are located in on-chip memory. For other cases see section
A.3, Number of States Required for Execution.

2. nisthe value set in register R4L or R4.

(1) Set to 1 when a carry or borrow occurs at bit 11; otherwise cleared to 0.

(2) Set to 1 when a carry or borrow occurs at bit 27; otherwise cleared to O.

(3) Retains its previous value when the result is zero; otherwise cleared to O.

(4) Set to 1 when the adjustment produces a carry; otherwise retains its previous value.

(5) The number of states required for execution of an instruction that transfers data in
synchronization with the E clock is variable.

(6) Set to 1 when the divisor is negative; otherwise cleared to 0.
(7) Set to 1 when the divisor is zero; otherwise cleared to 0.
(8) Set to 1 when the quotient is negative; otherwise cleared to 0.

Rev.3.00 Mar. 26, 2007 Page 576 of 682
REJ09B0353-0300
RENESAS



Appendix A Instruction Set

Operation Code Maps

A2

TableA.2 Operation Code Map (1)

NOW El
anvy 3
HOX a
40 o}
Xans g
diND v
xaav 6
aav 8
ang aNvig_~Tdoxig_~Tdoig
N.<M_VQ£ nones3 N.<m_vgﬁ N.<m_vgﬁ now a1g | ~anva| ~doxg dog ‘
S 1s1d Y108 | LONg | 13sg
NOW anvy HOX o 9
1s4
(@
use usd dINC zvoges| YdvdL | 3L ysq S1d NXAIQ | NXTNAL | NXAIQ | NXTNIN S
379 199 174 399 ng 1dg SAg oAg [eEL] 3ang sod 209 s74 IHg NYg vyg ¥
€
g'AON
z
(@ (@ (@ (@ ) . . (@) (@ (4] (@
2’V 9l|qel xans dino Z'Vol|qel |2V e|qel ans 2V 9|qeL FaNv 840X 840 C'Volgel (g'V dlqel |2’V dlgel |2’V d|qeL E
(@ (@ (@ @
ZvogeL| Xaav AOW 2v ogeL | z°v olgel aav oal OaNV | DJ¥OX odo oan OIS |y ajgey| dON 0
E| 3 a o} g v 6 8 L 9 ] 14 € 4 T 0 Hv
v
"TSI HE JO 11g JUedlIuB IS 1S0W UBYM UO onIsu |
19 [Hg [V [HY
‘0SIHg Jo1q Hcmo_tcm_m ISOWw Usym uoionaisu| mtﬁ pug OH\E ST BP0 uononJsu|
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TableA.2 Operation Code Map (2)

anv d0OX d0 ans dND aav AOW 72
anv d0OX d0 ans dND aav AOW 6L
3714 199 114 399 InNg 1d4 SAd ong [eEL:] 3Ng Sod 2004 sS4 IHgG Ndg vd9g 89
dND sva =1
o3a o3a ans o3da o3a sans at
ans 03d Vi
S1X3 S1X3 93N O3N nix3 nix3 10N 1ON LT
4104 4104 dX10d dX10d €T
1104 1104 IX10d IX10d <t
dVvHS HVHS HTHS dTHS 1T
IVHS TVHS TIHS TIHS 0T
AOW vva 40
ONI ONI saav ONI ONI saav 40
aav ONI YO0
N.<m_vgm " N.<m_vnm n N.<m_vgm N d3a1s 218/0a7 AOW 0
4 3 a o d v 6 8 L 9 S 14 € Z T 0 Im_._< HY
19 [Hg [ 1V [HVY
91Aq puz | @1Aq ST | BPOI UoNONIISU|
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TableA.2 Operation CodeMap (3)

‘plaly Ssaippe anjosqe ay) sl ee gz

"poY uoneuBisap 1a)siBal ayy i1 ‘T :SSJON

41049 1ONgd 13s9 N*mmmu_m
1s19
41049 1ONd 13s49 2, oeed.
1s9
alg dnvid q0XI9 dolig
1s1g BWASET)
alg dNvg d0Xd dq09
1s19 Niwmmm_m
41049 1ONd 13s49 1,£01aL
1s19
41049 1ONgd 13s9 Two\_n_h
1sd
alg dnvid q0xXI9 dolg
1s19 1,L010L
anlg adNvd d0Xd 404
lsi8 1,9010L
anvy <[0)¢ d0 90470
SXAIQ SXAIQ 50410
SXTINN SXTINN S00T0
ol1s 1S ol1s ol1s
oan oa oan oan 90710
HO19
Ha1v
d a d 6 8 L 9 S 14 € 4 T 0 HY
10
"TSIHQ JO 1Y 1ued1UB IS 1S0W UBYM UO oNnJisu|
1a|HA| 1O [HO [ 19 [HE | 1V |HY
"0'SI HQ JO 11q 1Ued 11U IS 150W UBYM Lo oNnJisu| 914q U |e1Aq pig | 8¥4q puz | 814 ST | Bp0d UonoNIsu|
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A3 Number of States Required for Execution

The tables in this section can be used to calculate the number of states required for instruction
execution by the H8/300H CPU. Table A.3 indicates the number of states required per cycle
according to the bus size. Table A.4 indicates the number of instruction fetch, data read/write, and
other cycles occurring in each instruction. The number of states required for execution of an
instruction can be calculated from these two tables as follows:

Number of states=1 xS +JIxS+K xS +L xS +M xS, +N xS

Examples of Calculation of Number of States Required for Execution

Examples: Advanced mode, stack located in external address space, on-chip supporting modules
accessed with 8-bit bus width, external devices accessed in three states with one wait state and
16-bit bus width.

BSET #0, @FFFFC7:8
FromtableA.3,S=4and S =3
FromtableA4,1=L=2andJ=K=M=N=0
Number of states=2x4+2x3=14

JSR @@30
FromtableA.3,S=S,=S =4
FromtableA.4,|=J=K=2andL=M=N=0
Number of states=2x4+2x4+2x4=24
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Table A.3 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, 2 6 3 4 6+2m 2 3+m
Branch address read S,
Stack operation S,
Byte data access S, 3+m
Word data access S, 4 6 +2m
Internal operation S, 1 1 1 1 1 1

Legend:
m: Number of wait states inserted in external device access
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TableA.4 Number of Cyclesper Instruction

Instruction Branch Stack Byte Data Word Data Internal
Fetch Addr. Read Operation Access Access Operation
Instruction Mnemonic | J K 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

BAND BAND #xx:3, Rd
BAND #xx:3, @ERd
BAND #xx:3, @aa:8

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
BVS d:8
BPL d:8
BMI d:8
BGE d:8
BLT d:8
BGT d:8
BLE d:8

NN RN RN N NNDNDDNDMNDMNRNRNNDNDNDNINDND RPN W FRP NP P[P PP ® P, NP P
=
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Instruction

Mnemonic

Instruction
Fetch

Branch

J

Addr. Read Operation Access

Stack Byte Data Word Data Internal
Access Operation

K L M

Bcc

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

N N N NN N DN DN DNDDNDNDNDNDNDDNDDNDDNDDNNZ

BCLR

BCLR #xx:3, Rd
BCLR #xx:3, @ERd
BCLR #xx:3, @aa:8
BCLR Rn, Rd
BCLR Rn, @ERd
BCLR Rn, @aa:8

BIAND

BIAND #xx:3, Rd
BIAND #xx:3, @ERd
BIAND #xx:3, @aa:8

BILD

BILD #xx:3, Rd
BILD #xx:3, @ERd
BILD #xx:3, @aa:8

BIOR

BIOR #xx:8, Rd
BIOR #xx:8, @ERd
BIOR #xx:8, @aa:8

BIST

BIST #xx:3, Rd
BIST #xx:3, @ERd
BIST #xx:3, @aa:8

BIXOR

BIXOR #xx:3, Rd
BIXOR #xx:3, @ERd
BIXOR #xx:3, @aa:8

N N RPN N PN DN PN DN RPN DN RPN DN P NN RPN DNDNDDNDDNDDNDDNDDNDDNDNDNDNDNDDNDNDNDDNDDNDNDN

RENESAS
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Instruction Branch Stack Byte Data Word Data Internal
Fetch Addr. Read Operation Access Access Operation

Instruction Mnemonic | J K L M N
BLD BLD #xx:3, Rd 1

BLD #xx:3, @ERd 2 1

BLD #xx:3, @aa:8 2 1
BNOT BNOT #xx:3, Rd 1

BNOT #xx:3, @ERd 2 2

BNOT #xx:3, @aa:8 2 2

BNOT Rn, Rd 1

BNOT Rn, @ERd 2 2

BNOT Rn, @aa:8 2 2
BOR BOR #xx:3, Rd 1

BOR #xx:3, @ERd 2 1

BOR #xx:3, @aa:8 2 1
BSET BSET #xx:3, Rd 1

BSET #xx:3, @ERd 2 2

BSET #xx:3, @aa:8 2 2

BSET Rn, Rd 1

BSET Rn, @ERd 2 2

BSET Rn, @aa:8 2 2
BSR BSR d:8 Normal 2 1

Advanced 2 2
BSR d:16 Normal 2 1 2
Advanced 2 2 2

BST BST #xx:3, Rd 1

BST #xx:3, @ERd 2 2

BST #xx:3, @aa:8 2 2
BTST BTST #xx:3, Rd 1

BTST #xx:3, @ERd 2 1

BTST #xx:3, @aa:8 2 1

BTST Rn, Rd 1

BTST Rn, @ERd 2 1

BTST Rn, @aa:8 2 1
BXOR BXOR #xx:3, Rd 1

BXOR #xx:3, @ERd 2 1

BXOR #xx:3, @aa:8 2 1
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Appendix A Instruction Set

Instruction Branch Stack Byte Data Word Data Internal
Fetch Addr. Read Operation Access Access Operation
Instruction Mnemonic | J K L M N

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
DIVXU DIVXU.B Rs, Rd
DIVXU.W Rs, ERd
EEPMOV EEPMOV.B
EEPMOV.W

12
20
12
20

2n +2+*
2n+2+*

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 @ERN
JMP @aa:24
JMP @@aa:8 Normal

Advanced

JSR JSR @ERnN Normal

Advanced

JSR @aa:24 Normal

Advanced

JSR @@aa:8 Normal

T I T I T I O B N B N I N B N N T B N e e B = W I = S = I N N B e B R I I e e e = N = N I R T S R e

NP |IN|[FP[N]|PF
N

Advanced
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Appendix A Instruction Set

Instruction

Mnemonic

Instruction Branch

Fetch

J

Stack
Addr. Read Operation Access

K

Byte Data Word Data Internal

L

Access Operation
M N

LDC

LDC #xx:8, CCR

LDC Rs, CCR

LDC @ERs, CCR

LDC @(d:16, ERs), CCR
LDC @(d:24, ERs), CCR
LDC @ERs+, CCR

LDC @aa:16, CCR

LDC @aa:24, CCR

[ = S S S SN

MOV

MOV.B #xx:8, Rd

MOV.B Rs, Rd

MOV.B @ERs, Rd
MOV.B @(d:16, ERs), Rd
MOV.B @(d:24, ERs), Rd
MOV.B @ERs+, Rd
MOV.B @aa:8, Rd
MOV.B @aa:16, Rd
MOV.B @aa:24, Rd
MOV.B Rs, @ERd
MOV.B Rs, @(d:16, ERd)
MOV.B Rs, @(d:24, ERd)
MOV.B Rs, @-ERd
MOV.B Rs, @aa:8
MOV.B Rs, @aa:16
MOV.B Rs, @aa:24
MOV.W #xx:16, Rd
MOV.W Rs, Rd

MOV.W @ERs, Rd
MOV.W @(d:16, ERs), Rd
MOV.W @(d:24, ERs), Rd
MOV.W @ERs+, Rd
MOV.W @aa:16, Rd
MOV.W @aa:24, Rd
MOV.W Rs, @ERd
MOV.W Rs, @(d:16, ERd)
MOV.W Rs, @(d:24, ERd)
MOV.W Rs, @-ERd
MOV.W Rs, @aa:16

N P AN P WON P AN P PN ODNP P AN P ODNP P PAADNP P P ODNM OO ®OWDN P P

L e T e = o T T = T S S =

R - = = T e e S S
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Appendix A Instruction Set

Instruction

Mnemonic

Instruction Branch

Fetch

J

Stack Byte Data Word Data Internal

Addr. Read Operation Access Access Operation

K L M N

MOV

MOV.W Rs, @aa:24
MOV.L #xx:32, ERd
MOV.L ERs, ERd

MOV.L @ERs, ERd
MOV.L @(d:16, ERs), ERd
MOV.L @(d:24, ERs), ERd
MOV.L @ERs+, ERd
MOV.L @aa:16, ERd
MOV.L @aa:24, ERd
MOV.L ERs, @ERd
MOV.L ERs, @(d:16, ERd)
MOV.L ERs, @(d:24, ERd)
MOV.L ERs, @-ERd
MOV.L ERs, @aa:16
MOV.L ERs, @aa:24

1

N N N NN DN DN DNDDNDNDNDNDNDNDN

MOVFPE

MOVFPE @aa:16, Rd**

MOVTPE

MOVTPE Rs, @aa:16**

MULXS

MULXS.B Rs, Rd
MULXS.W Rs, ERd

12
20

MULXU

MULXU.B Rs, Rd
MULXU.W Rs, ERd

12
20

NEG

NEG.B Rd
NEG.W Rd
NEG.L ERd

NOP

NOP

NOT

NOT.B Rd
NOT.W Rd
NOT.L ERd

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

N W Rk, N P PP P PP, P PP RPN NININ[AE O DN OO WODN R WODNOTTO ODNFP WO W

RENESAS
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Appendix A Instruction Set

Instruction Branch Stack Byte Data Word Data Internal
Fetch Addr. Read Operation Access Access Operation
Instruction Mnemonic | J K L M N
ORC ORC #xx:8, CCR 1
POP POP.W Rn 1 1 2
POP.L ERNn 2 2 2
PUSH PUSH.W Rn 1 1 2
PUSH.L ERn 2 2 2
ROTL ROTL.B Rd 1
ROTL.W Rd 1
ROTL.L ERd 1
ROTR ROTR.B Rd 1
ROTR.W Rd 1
ROTR.L ERd 1
ROTXL ROTXL.B Rd 1
ROTXL.W Rd 1
ROTXL.L ERd 1
ROTXR ROTXR.B Rd 1
ROTXR.W Rd 1
ROTXR.L ERd 1
RTE RTE 2 2 2
RTS RTS Normal 2 1 2
Advanced 2 2 2
SHAL SHAL.B Rd 1
SHAL.W Rd 1
SHAL.L ERd 1
SHAR SHAR.B Rd 1
SHAR.W Rd 1
SHAR.L ERd 1
SHLL SHLL.B Rd 1
SHLL.W Rd 1
SHLL.L ERd 1
SHLR SHLR.B Rd 1
SHLR.W Rd 1
SHLR.L ERd 1
SLEEP SLEEP 1
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Appendix A Instruction Set

Instruction

Instruction Branch Stack Byte Data Word Data Internal
Fetch Addr. Read Operation Access Access Operation
Mnemonic | J K L M N

STC

STC CCR, Rd
STC CCR, @ERd

STC CCR, @(d:16, ERd)
STC CCR, @(d:24, ERd)
STC CCR, @—ERd

STC CCR, @aa:16

STC CCR, @aa:24

N S S

SuUB

SUB.B Rs, Rd
SUB.W #xx:16, Rd
SUB.W Rs, Rd
SUB.L #xx:32, ERd
SUBL.L ERs, ERd

SUBS

SUBS #1/2/4, ERd

SUBX

SUBX #xx:8, Rd
SUBX Rs, Rd

TRAPA

TRAPA #x:2 Normal

Advanced

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

N W P, N P RPININ|FP PP WO FP N P~ O DN OGO WDN B

XORC

XORC #xx:8, CCR 1

Notes: 1.

n is the value set in register R4L or R4. The source and destination are accessed n+1
times each.

Not used with this LSI.
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Appendix B Internal I/O Register Field

Appendix B Internal I/O Register Field

B.1 Addresses

Data Bit Names
Address Register Bus
(low) Name Wwidth  Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module Name

H'1C
H'1D
H'1lE
TE

H'20 — — — — — — — — —
H21 — — — — — — — — —
H'22 — — — — — — — — —
H'23 — — — — — — — — —
H'24 — — — — — — — — —
H'25 — — — — — — — — —
H'26 — — — — — — — — —
H'27 — — — — — — — — —

H'28 — — — — — — — — —
H'29 — — — — — — — — —
H'2A — — — — — — — — —
H'2B — — — — — — — — —
H2C — — — — — — — — —
H'2D — — — — — — — — —
H'2E — — — — — — — — —
H'2F — — — — — — — — —

H'30 — — — — — — — — —
H'31 — — — — — — — — —
H'32 — — — — — — — — —
H'33 — — — — — — — — —
H'34 — — — — — — — — —
H'35 — — — — — — — — —
H'36 — — — — — — — — —
H'37 — — — — — — — — —
H'38 — — — — — — — — —
H'39 — — — — — — — — —
H'3A — — — — — — — — —
H'3B — — — — — — — — —
H'3C — — — — — — — — —
H'3D — — — — — — — — —
H'3E — — — — — — — — —
H'3F — — — — — — — — —
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Appendix B Internal I/O Register Field

Data Bit Names
Address Register Bus
(low) Name Width  Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module Name

H'40 FLMCR 8 FWE SWE ESU PSU EV PV E P Flash memory

H'41 — — — — — — — — —

H'42 EBR 8 EB7 EB6 EB5 EB4 EB3 EB2 EB1 EBO

H'43 — — — — — — — — —

H'44 — — — — — — — — —

H'45 — — — — — — — — —

H'46 — — — — — — — — —

H'47 RAMCR 8 — — — — RAMS RAM2 RAM1 —

H'48 — — — — — — — — —

H'49 — — — — — — — — —

H'4A — — — — — — — — —

H'4B — — — — — — — — —

H'4C — — — — — — — — —

H'4D FLMSR 8 FLER — — — — — — —

H'4E — — — — — — — — —

H'4F — — — — — — — — —
H'50 — — — — — — — — —

H'51 — — — — — — — — —

H'52 — — — — — — — — —

H'53 — — — — — — — — —

H'54 — — — — — — — — —

H'55 — — — — — — — — —

H'56 — — — — — — — — —

H'57 — — — — — — — — —

H'58 — — — — — — — — —

H'59 — — — — — — — — —

H'5A — — — — — — — — —

H'5B — — — — — — — — —

H'5C — — — — — — — — —

H'5D DIVCR 8 — — — — — — DIV1 DIVO System control

H'5E MSTCR 8 PSTOP — MSTOP5 MSTOP4 MSTOP3 — — MSTOPO

H'5F — — — — — — — — —
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Appendix B

Internal I/O Register Field

Address Register

Data

Bit Names

Bus

(low) Name Width  Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module Name

H'60 TSTR 8 _ — — STR4 STR3 STR2 STRL STRO ITU

H'61 TSNC 8 — — — SYNC4 SYNC3 SYNC2 SYNCL SyNco (@llchannels)

H'62 TMDR 8 MDF _ FDIR _ PWM4 PWM3 PWM2 PWML PWMO

H'63 TFCR 8 _ _ CMDL CMDO BFB4 BFA4 BFB3  BFA3

H'64 TCRO 8 —_ CCLRL CCLRO CKEGL CKEGO TPSC2 TPSCL TPSCO ITU

H'65 TIORO 8 _ IOB2 1OB1  I10BO  — I0A2 IOAL  I0A0  channel0

H'66 TIERO 8 _ _ _ _ _ OVIE IMEB  IMIEA

H'67 TSRO 8 _ — — — _ OVF  IMFB _ IMFA

H'68 TCNTOH 16

H'69 TCNTOL

H6A  GRAOH 16

H6B  GRAOL

H6C  GRBOH 16

H6D  GRBOL

H6E  TCRL 8 — CCLRL CCLRO CKEGL CKEGO TPSC2 TPSCL TPSCO ITU

H'6F TIORL 8 _ IOB2 1OB1  I10BO  — I0A2 IOAL  I0A0  channell

H70 TIERL 8 _ _ —_ —_ _ OVIE  IMEB  IMIEA

H71 TSRL 8 _ _ _ _ _ OVF  IMFB __ IMFA

H72 TCNTIH 16

H73 TCNTIL

H74 GRAIH 16

H75 GRALL

H76 GRBIH 16

H77 GRB1L

H78 TCR2 8 — CCLR1 CCLRO CKEGL1 CKEGO TPSC2 TPSCL TPSCO ITU
channel 2

H79 TIOR2 8 _ IOB2  10B1  10BO  — I0A2 IOAL _ I0AO

H7A  TIER2 8 = — — — — OVIE IMIEB  IMIEA

H7B  TSR2 8 — — — — — OVF _ IMFB __ IMFA

H7C  TCNT2H 16

H7D  TCNT2L

H7E  GRA2H 16

H7F  GRA2L

H'80 GRB2H 16

H'81 GRB2L
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Appendix B Internal I/O Register Field

Data Bit Names
Address Register Bus
(low) Name Width  Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module Name
H'82 TCR3 8 — CCLR1 CCLRO CKEG1 CKEGO TPSC2 TPSC1 TPSCO ITU channel3
H'83 TIOR3 8 — 10B2 10B1 10B0 — I10A2 I0A1 I0A0
H'84 TIER3 8 — — — — — OVIE IMIEB IMIEA
H'85 TSR3 8 — — — — — OVF IMFB IMFA
H'86 TCNT3H 16
H'87 TCNT3L
H'88 GRA3H 16
H'89 GRA3L
H'8A GRB3H 16
H'8B GRB3L
H'8C BRA3H 16
H'8D BRA3L
H'8E BRB3H 16
H'8F BRB3L
H'90 TOER 8 — — EXB4 EXA4 EB3 EB4 EA4 EA3 ITU
H91  TOCR 8 - — — XTGD — - oLs4 oLsz (alchannel)
H'92 TCR4 8 — CCLR1 CCLRO CKEG1 CKEGO TPSC2 TPSC1 TPSCO ITU channel4
H'93 TIOR4 8 — 10B2 10B1 10B0 — I10A2 I0A1 I0A0
H'94 TIER4 8 — — — — — OVIE IMIEB IMIEA
H'95 TSR4 8 — — — — — OVF IMFB IMFA
H'96 TCNT4H 16
H'97 TCNT4L
H'98 GRA4H 16
H'99 GRA4L
H'9A GRB4H 16
H'9B GRBA4L
H'9C BRA4H 16
H'9D BRA4L
H'9E BRB4H 16
H'9F BRBA4L

RENESAS
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Appendix B Internal I/O Register Field
Data Bit Names
Address Register Bus
(low) Name Width  Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module Name
H'A0 TPMR 8 — — — — G3NOV G2NOV GINOV GONOV TPC
H'A1 TPCR 8 G3CMS1 G3CMS0 G2CMS1 G2CMS0 G1CMS1 G1ICMS0 GOCMS1 GOCMSO0
H'A2 NDERB 8 NDER15 NDER14 NDER13 NDER12 NDER11 NDER10 NDER9 NDERS8
H'A3 NDERA 8 NDER7 NDER6 NDER5 NDER4 NDER3 NDER2 NDER1 NDERO
H'A4 NDRB*' 8 NDR15 NDR14 NDR13 NDR12 NDR11 NDR10 NDR9 NDR8
8 NDR15 NDR14 NDR13 NDR12 — — — —
H'A5 NDRA*" 8 NDR7 NDR6 NDR5 NDR4 NDR3 NDR2 NDR1 NDRO
8 NDR7 NDR6 NDR5 NDR4 — — — —
H'A6 NDRB*" 8 — — — — — — — —
8 — — — — NDR11 NDR10 NDR9 NDR8
HA7 NDRA*" 8 — — — — — — — —
8 — — — — NDR3 NDR2 NDR1 NDRO
H'A8 TCSR* 8 OVF WTAT TME — — CKS2 CKS1 CKSO0 WDT
H'A9 TCNT* 8
H'AA — — — — — — — — —
H'AB RSTCSR*" 8 WRST RSTOE — — — — — —
H'AC — — — — — — — — —
H'AD — — — — — — — — —
H'AE — — — — — — — — —
H'AF — — — — — — — — —
H'BO SMR 8 C/A CHR PE O/E STOP MP CKS1 CKSO0 SCI0
H'B1 BRR 8
H'B2 SCR 8 TIE RIE TE RE MPIE TEIE CKE1 CKEO
H'B3 TDR 8
H'B4 SSR 8 TDRE RDRF ORER FER PER TEND MPB MPBT
H'B5 RDR 8
H'B6 SCMR 8 — — — — SDIR SINV — SMIF Smart card
interface
H'B7
H'B8 SMR 8 C/A CHR PE O/E STOP MP CKS1 CKSO0 SCI1
H'B9 BRR 8 — — — — — — — —
H'BA SCR 8 TIE RIE TE RE MPIE TEIE CKE1 CKEO
H'BB TDR 8 — — — — — — — —
H'BC SSR 8 TDRE RDRF ORER FER PER TEND MPB MPBT
H'BD RDR 8 — — — — — — — —
H'BE — — — — — — — — —
H'BF — — — — — — — — —

Rev.3.00 Mar. 26, 2007 Page 594 of 682
REJ09B0353-0300

RENESAS



Appendix B Internal I/O Register Field

Data Bit Names
Address Register Bus
(low) Name Width  Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module Name

H'CO PIDDR 8 P1DDR P1DDR P1DDR P1DDR P1DDR PL1DDR P1DDR PLDDR Port1l
H'C1 P2DDR 8 P2DDR P2DDR P2DDR P2DDR P2DDR P2,DDR P2DDR P2DDR Port2
H'C2 P1DR 8 PL, P1, P, PL, P1, P1, P, P1, Port 1
H'C3 P2DR 8 P2, P2, P2, P2, P2, P2, P2, P2, Port 2
H'C4 P3DDR 8 P3DDR P3DDR P3DDR P3,DDR P3DDR P3,DDR P3DDR P3DDR Port3
H'C5 — — — — — — — — —
H'C6 P3DR 8 P3, P3, P3, P3, P3, P3, P3, P3, Port 3
H'C7 — — — — — — — — —
H'C8 P5DDR 8 — — — — P5DDR P5DDR P5DDR P5DDR Port5
H'C9 P6DDR 8 — — P6.DDR P6,DDR P6DDR — — P6,DDR Port 6
HCA  P5DR 8 — — — — P5, P5, P5, P5, Port 5
H'CB P6DR 8 — — P6, P, P6, — — P6, Port 6
HCcC  — — — — — — — — —
HCD  P8DDR 8 — — — — — — P8DDR P8DDR Port 8
HCE  P7DR 8 P7, P7, P7, P7, P7, P7, P7, P7, Port 7
H'CF P8DR 8 — — — — — — P8, P8, Port 8
H'DO PODDR 8 — — P9,.DDR P9,DDR P9,DDR P9,DDR P9DDR PYDDR Port9
HD1 PADDR 8 PADDR PADDR PADDR PADDR PADDR PADDR PADDR PADDR PortA
H'D2 P9DR 8 — — P9, P9, P9, P9, P9, P9, Port 9
HD3 PADR 8 PA, PA, PA, PA, PA, PA, PA, PA, Port A
H'D4 PBDDR 8 PB,DDR — PB,DDR PB,DDR PB,DDR PB,DDR PB,DDR PBDDR PortB
H'D5 — — — — — — — — —
H'D6 PBDR 8 PB, — PB, PB, PB, PB, PB, PB, Port B
H'D7 — — — — — — — — —
HD8  P2PCR 8 P2 PCR P2PCR P2PCR P2PCR P2PCR P2PCR P2PCR P2PCR Port2
H'D9 — — — — — — — — —
HDA  — — — — — — — — —
HDB PS5PCR 8 — — — — P5,PCR P5PCR P5PCR P5PCR Port5
HDC  — — — — — — — — —
HDD  — — — — — — — — —
HDE  — — — — — — — — —
HDF  — — — — — — — — —
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Data Bit Names
Address Register Bus
(low) Name Width  Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module Name

H'EO ADDRAH 8 AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2 AID

HE1l ADDRAL 8 AD1 ADO — — — — — —

H'E2 ADDRBH 8 AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2

H'E3 ADDRBL 8 AD1 ADO — — — — — —

H'E4 ADDRCH 8 AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2

H'E5 ADDRCL 8 AD1 ADO — — — — — —

H'E6 ADDRDH 8 AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2

H'E7 ADDRDL 8 AD1 ADO — — — — — —

H'E8 ADCSR 8 ADF ADIE ADST SCAN CKS CH2 CH1 CHO

H'E9 ADCR 8 TRGE — — — — — — —

HEA — — — — — — — — —

H'EB — — — — — — — — —

HEC — — — — — — — — — Bus controller

HED ASTCR 8 AST7 AST6 AST5 AST4 AST3 AST2 AST1 ASTO

HEE WCR 8 — — — — WMS1 WMSO WC1 wcCo

H'EF WCER 8 WCE7 WCE6 WCE5 WCE4 WCE3 WCE2 WCE1 WCEO

H'FO — — — — — — — — —

H'F1 MDCR 8 — — — — — MDS2 MDS1 MDSO  System control

H'F2 SYSCR 8 SSBY  STS2 STS1 STSO UE NMIEG — RAME

H'F3 ADRCR 8 AE ALE ALE - —_ —_ —_ - Bus controller

H'F4 ISCR 8 — — IRQ5SC IRQ4SC — — IRQ1SC IRQOSC Interrupt
controller

H'F5 IER 8 — — IRQ5E  IRQ4E — — IRQ1E IRQOE

H'F6 ISR 8 — — IRQ5F IRQ4F — — IRQ1F  IRQOF

H'F7 — — — — — — — — —

H'F8 IPRA 8 IPRA7 IPRA6 — IPRA4 IPRA3 IPRA2 IPRA1 IPRAO

H'F9 IPRB 8 IPRB7 IPRB6 — — IPRB3 IPRB2 IPRB1 —

H'FA — — — — — — — — —

H'FB — — — — — — — — —

H'FC

H'FD — — — — — — — — —

H'FE — — — — — — — — —

H'FF — — — — — —_ —_ — —

Legend:

ITU:  16-bit integrated timer unit

TPC: Programmable timing pattern controller
WDT: Watchdog timer

SCI:  Serial communication interface

A/D:  A/D converter

Notes: 1. The address depends on the output trigger setting.
2. For write access to TCSR, TCNT, and RSTCSR, see section 10.2.4, Notes on Register Access.
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Internal I/O Register Field

B.2

Register
acronym |\ /

Bit
numbe;\

Function

Register
name

Address to which
the register is mapped

Name of on-chip
supporting
module

TSTR Timer Start Register

H'60

ITU (all channels)

Bit 7 6
Initial bit — -] =]
values Initial value 1 1

Read/Write — —

Possible types of access

R | Read only
W | Write only
R/W | Read and write

5 4 3

— ‘ STR4 ‘ STR3 ‘ STR2 ‘ STR1 ‘ STRO ‘f\

1 0 0 0 0 0 Names of the

— R/IW R/IW R/IW R/IW R/IW bits. Dashes
(—) indicate

Counter start 0

reserved bits.

0 | TCNTO is halted

1| TCNTO is counting

Counter start 1

0

TCNT1 is halted

1

TCNTL1 is counting

Counter start 2

0| TCNT2 is halted

—

Full name
of bit

1| TCNT2 is counting

Counter start 3

0 | TCNT3 is halted

1| TCNT3 is counting

Counter start 4

0 | TCNT4 is halted

1| TCNT4 is counting

Descriptions
of bit settings
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Appendix B

Internal I/O Register Field

FLMCR—Flash Memory Control Register H'40
Bit 7 6 5 4 3 2
‘ FWE ‘ SWE ‘ ESU ‘ PSU EV PV ‘ E P
’i"fgis Initial value 0 0 0 0 0 0 0 0
and GY Read/Write R R R R R R R R
Modes | Initial value 1/0 0 0 0 0 0 0 0
5 and 7 | Read/Write R R/W R/W R/W R/W R/W R/W R/W

Erase-

Program mode

Flash memory

0 |Program mode cleared (Initial value)

1 | Transition to program mode
[Setting condition]
When FWE =1, SWE =1, and PSU = 1

Erase mode

0 | Erase mode cleared (Initial value)

1 | Transition to erase mode
[Setting condition]

When FWE=1,SWE=1,andESU=1

Program-verify mode

0 | Program-verify mode cleared (Initial value)

1 | Transition to program-verify mode
[Setting condition]
When FWE =1 and SWE =1

verify mode

0

Erase-verify mode cleared (Initial value)

1

Transition to erase-verify mode
[Setting condition]
When FWE =1 and SWE =1

Program setup

0 | Program setup cleared (Initial value)

1 |Program setup
[Setting condition]
When FWE =1 and SWE =1

Erase setup

0 | Erase setup cleared (Initial value)

1 |Erase setup
[Setting condition]

When FWE =1 and SWE = 1

Software write enable bit

0 | Program/erase disabled (Initial value)

1 |Program/erase enabled
[Setting condition]
When FWE =1

Flash write enable bit

0 | When a low level is input to the FWE pin (hardware protection state)

1 | When a high level is input to the FWE pin

Note: This register is used only in the flash memory versions.
Reading the corresponding address in a mask ROM version will always return 1s, and writes to this address are disabled.

Fix the FWE pin low in mode 6.
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Appendix B Internal I/O Register Field

EBR—Erase Block Register H'42 Flash memory

Bit 7 6 5 4 3 2 1 0
‘ EB7 ‘ EB6 ‘ EB5 ‘ EB4‘ EB3 ‘ EB2 ‘ EBl‘ EBO ‘

1""?0"25 Initial value 0 0 0 0 0 0 0 0

and 6’ Read/Write R R R R R R R R

Modes {lnitial value 0 0 0 0 0 0 0 0

5t07 |Read/Write RIW RIW RIW RIW RIW RIW RIW RIW
Block 7to 0

0 | Block EB7 to EBO is not selected (Initial value)
1 | Block EB7 to EBO is selected

Note: When not erasing flash memory, EBR should be cleared to H'00.
This register is used only in the flash memory versions. Reading the corresponding address
in a mask ROM version will always return 1s, and writes to this address are disabled.
1s cannot be set in this register in mode 6.
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Appendix B Internal I/O Register Field

RAMCR—RAM Control Register H'47 Flash Memory

Bit 7 6 5 4 3 2 1 0
- | — | = | — |raws|ram2 | RAMI| — |

Modes | |nitial value 1 1 1 1 0 0 0 1
l1to4 | Read/Write — — — — R R R —
Modes | Initial value 1 1 1 1 0 0 0 1
5t07 | Read/Write — — — — R/W* R/W* R/W* —

Reserved bits

RAM select, RAM2, RAM1
Bit3 | Bit2| Bitl
RAMS| RAM2| RAM1

0 0/1 0/1 H'FFF000 to H'FFF3FF No emulation

RAM Area RAM Emulation Status

1 0 0 H'000000 to H'0003FF Mapping RAM
1 H'000400 to H'0007FF
1 0 H'000800 to H'000BFF
1 H'000C00 to H'000FFF

Note: This register is used only in the flash memory versions. Reading the corresponding address in
a mask ROM version will always return 1s, and writes to this address are disabled.
* In mode 6 (single-chip normal mode), flash memory emulation by RAM is not supported;
these bits can be modified, but must not be set to 1.
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Appendix B Internal I/O Register Field

FLM SR—Flash Memory Status Register H'4D Flash memory
Bit 7 6 5 4 3 2 1 0
lrer| - [ - | -] -] -1-1-
Initial value 0 1 1 1 1 1 1 1

Read/Write R — — — — — — _

Flash memory error
0 | Flash memory write/erase protection is disabled (Initial value)

1| An error has occurred during flash memory writing/erasing
Flash memory error protection is enabled

DIVCR—Division Control Register H'5D System control
Bit 7 6 5 7 3 2 1 0
- -]l -1 -] -1 - [owviow|
Initial value 1 1 1 1 1 1 0 0
Read/Write — — — — — — R/W R/W

\
Divide bits 1 and 0

Bit1 | BitO | Frequency
DIV1 | DIVO | Division Ratio

0 0 1/linitial value
1 1/2

1 0 1/4
1 1/8
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Appendix B Internal I/O Register Field

MSTCR—Module Standby Control Register H'5E System control
Bit 7 6 5 4 3 2 1 0
‘ PSTOP ‘ — ‘ MSTOP5 ‘ MSTOP4 ‘ MSTOP3 ‘ — ‘ — ‘ MSTOPO ‘
Initial value 0 1 0 0 0 0 0 0
Read/Write R/IW — R/W R/W R/W R/W R/W R/W
T | T

Module standby 0
0 | A/D converter operates normally
1| A/D converter is in standby state

Module standby 3
0 | SCI1 operates normally
1| SCI1is in standby state

Module standby 4
0 | SCIO operates normally
1| SCIO0 is in standby state

Module standby 5
0 | ITU operates normally
1| ITU is in standby state

¢@clock stop
0 | ¢ clock output is enabled
1| @clock output is disabled
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Appendix B Internal I/O Register Field

TSTR—Timer Start Register

Bit

Initial value
Read/Write

H'60 ITU (all channels)
7 6 5 4 3 2 1 0

‘ — ‘ — ‘ — ‘ STR4 ‘ STR3 ‘ STR2 ‘ STR1 ‘ STRO ‘
1 1 1 0 0 0 0 0

R/W R/W R/W R/W R/W

Counter start O
0 | TCNTO is halted
1| TCNTO is counting

Counter start 1
0 | TCNTL1 is halted
1| TCNT1 is counting

Counter start 2
0 | TCNT2 is halted
1| TCNT2 is counting

Counter start 3

0

TCNT3 is halted

1

TCNT3 is counting

Counter start 4

0

TCNT4 is halted

1

TCNTA4 is counting
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Appendix B Internal I/O Register Field

TSNC—Timer Synchro Register H'61 ITU (all channels)
Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ SYNC4 ‘ SYNC3 ‘ SYNC2 ‘ SYNC1 ‘ SYNCO ‘
Initial value 1 1 1 0 0 0 0 0
Read/Write — — — R/W R/W R/W R/W R/W

Timer sync 0
0 | TCNTO operates independently
1| TCNTO is synchronized

Timer sync 1
0 | TCNT1 operates independently
1| TCNT1 is synchronized

Timer sync 2
0 | TCNT2 operates independently
1| TCNT2 is synchronized

Timer sync 3
0 | TCNT3 operates independently
1| TCNT3 is synchronized

Timer sync 4
0 | TCNT4 operates independently
1| TCNT4 is synchronized
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Appendix B Internal I/O Register Field

TMDR—Timer Mode Register H'62 ITU (all channels)
Bit 7 6 5 4 3 2 1 0
‘ — ‘ MDF ‘ FDIR ‘ PWM4 ‘ PWM3 ‘ PWM2 ‘ PWM1 ‘ PWMO ‘
Initial value 1 0 0 0 0 0 0 0
Read/Write — R/W R/W R/W R/W R/W R/W R/W
— ]

PWM mode 0
0 | Channel 0 operates normally
1 | Channel 0 operates in PWM mode

PWM mode 1
0 | Channel 1 operates normally
1 | Channel 1 operates in PWM mode

PWM mode 2
0 | Channel 2 operates normally
1| Channel 2 operates in PWM mode

PWM mode 3
0 | Channel 3 operates normally
1| Channel 3 operates in PWM mode

PWM mode 4
0 | Channel 4 operates normally
1| Channel 4 operates in PWM mode

Flag direction

0

OVF is set to 1 in TSR2 when TCNT2 overflows or underflows

1

OVF is set to 1 in TSR2 when TCNT2 overflows

Phase counting mode flag

0

Channel 2 operates normally

1

Channel 2 operates in phase counting mode
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Appendix B Internal I/O Register Field

TFCR—Timer Function Control Register H'63 ITU (all channels)
Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ CMD1 ‘ CMDO ‘ BFB4 ‘ BFA4 ‘ BFB3 ‘ BFA3 ‘
Initial value 1 1 0 0 0 0 0 0
Read/Write — — R/W R/W R/W R/W R/W R/W

Buffer mode A3
0 | GRA3 operates normally
1| GRAS3 is buffered by BRA3

Buffer mode B3
0 | GRB3 operates normally
1 | GRB3 is buffered by BRB3

Buffer mode A4
0 | GRA4 operates normally
1| GRAA is buffered by BRA4

Buffer mode B4
0 | GRB4 operates normally
1 | GRB4 is buffered by BRB4

Combination mode 1 and 0
Bit5 | Bit4
CMD1|CMDO
0

Operating Mode of Channels 3 and 4

Channels 3 and 4 operate normally

Channels 3 and 4 operate together in complementary PWM mode
Channels 3 and 4 operate together in reset-synchronized PWM mode

R OO
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Appendix B Internal I/O Register Field

TCRO—Timer Control Register 0

H'64 ITUO

3 2 1 0

‘ — ‘ CCLR1 ‘ CCLRO ‘ CKEG1 ‘ CKEGO ‘ TPSC2 ‘ TPSC1 ‘ TPSCO ‘

0 0 0 0
R/W R/W R/W R/W

Bit 7 6 5 4

Initial value 1 0 0 0

Read/Write — R/W R/W R/W
]

Timer prescaler 2to 0

Bit2 | Bitl | BitO TCNT Clock Source
TPSC2|TPSC1|TPSCO
0 0 0 Internal clock: @
1 Internal clock: @/2
1 0 Internal clock: ¢/4
1 Internal clock: ¢/8
1 0 0 External clock A: TCLKA input
1 External clock B: TCLKB input
1 0 External clock C: TCLKC input
1 External clock D: TCLKD input
Clock edge 1 and O
Bit4 | Bit3
CKEG1ICKEGO Counted Edges of External Clock
0 0 Rising edges counted
1 Falling edges counted
1 — | Both edges counted

Counter clear 1 and 0

Bit6 | Bit5
CCLR1|CCLRO

TCNT Clear Source

0 0 TCNT is not cleared
1 TCNT is cleared by GRA compare match or input capture
1 0 TCNT is cleared by GRB compare match or input capture
1 Synchronous clear: TCNT is cleared in synchronization

with other synchronized timers
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Appendix B Internal I/O Register Field

TIORO—Timer 1/O Control Register O H'65 ITUO
Bit 7 6 5 4 3 2 1 0
‘ — ‘ 10B2 ‘ I0B1 ‘ 10B0 ‘ — ‘ I0A2 ‘ I0A1 ‘ I0A0
Initial value 1 0 0 0 1 0 0 0
Read/Write — R/W R/W R/W — R/W R/W R/W

I/0 control A2 to AO

Bit2 | Bitl | BitO )
IOA2 | I0AL | I0AO GRA Function
0 0 0 GRA is an output | No output at compare match
1 | compare register | o output at GRA compare match
1 0 1 output at GRA compare match
1 Output toggles at GRA compare match
1 0 0 GRA s aninput | GRA captures rising edge of input
1 | captureregister | GRA captures falling edge of input
1 0 GRA captures both edges of input
1
I/O control B2 to BO
Bit6 | Bit5 | Bit4 .
I0B2 | IOB1 | IOBO GRB Function
0 0 0 GRB is an output | No output at compare match
1 | compare register | g output at GRB compare match
1 0 1 output at GRB compare match
1 Output toggles at GRB compare match
1 0 0 GRBis an input | GRB captures rising edge of input
1 | captureregister | GRB captures falling edge of input
1 0 GRB captures both edges of input
1
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Appendix B Internal I/O Register Field

TIERO—Timer Interrupt Enable Register O H'66 ITUO
Bit 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ — ‘ — ‘ OVIE ‘ IMIEB ‘ IMIEA ‘
Initial value 1 1 1 1 0 0 0
Read/Write — — — — R/W R/W R/W

Input capture/compare match interrupt enable A
0 | IMIA interrupt requested by IMFA is disabled
1| IMIA interrupt requested by IMFA is enabled

Input capture/compare match interrupt enable B

0

IMIB interrupt requested by IMFB is disabled

1

IMIB interrupt requested by IMFB is enabled

Overflow interrupt enable

0

OVl interrupt requested by OVF is disabled

1

OVl interrupt requested by OVF is enabled
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Appendix B Internal I/O Register Field
TSRO—Timer Status Register 0 H'67 ITUO
Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — — ‘ — ‘ OVF ‘ IMFB ‘ IMFA ‘
Initial value 1 1 1 1 1 0 0 0
Read/Write — — — — — RI(W)*  R/(W)* R/I(W)*

Input capture/compare match flag A

0 | [Clearing condition]
Read IMFA when IMFA = 1, then write 0 in IMFA

1 | [Setting conditions]
* TCNT = GRA when GRA functions as a compare
match register.

* TCNT value is transferred to GRA by an input capture
signal, when GRA functions as an input capture register.

Input capture/compare match flag B

0

[Clearing condition]
Read IMFB when IMFB = 1, then write 0 in IMFB

[Setting conditions]

* TCNT = GRB when GRB functions as a compare
match register.

e TCNT value is transferred to GRB by an input capture
signal, when GRB functions as an input capture register.

Overflow flag

0

[Clearing condition]
Read OVF when OVF = 1, then write 0 in OVF

[Setting condition]
TCNT overflowed from H'FFFF to H'0000

Note: * Only 0 can be written to clear the flag.
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Appendix B Internal I/O Register Field

TCNTOH/L—Timer Counter O H/L H'68, H'69 ITUO

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
Initial value o 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

GRAO H/L—General Register AOH/L H'6A, H'6B ITUO

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
Initial value 1 1 11 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

Output compare or input capture register

GRBO H/L—General Register BO H/L H'6C, H'6D ITUO

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
Initial value 1 1 11 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

Output compare or input capture register

TCR1—Timer Control Register 1 H'6E ITUL
Bit 7 6 5 4 3 2 1 0
‘ — ‘ CCLR1 ‘ CCLRO ‘ CKEG1 ‘ CKEGO ‘ TPSC2 ‘ TPSC1 ‘ TPSCO ‘
Initial value 1 0 0 0 0 0 0 0
Read/Write — R/W R/W R/W R/W R/W R/W R/W

Note: Bit functions are the same as for ITUO.
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Appendix B Internal I/O Register Field

TIOR1—Timer 1/O Control Register 1 H'6F ITUL
Bit 7 6 5 4 3 2 1 0
‘ — ‘ 10B2 ‘ I0B1 ‘ 10B0 ‘ — ‘ I0A2 ‘ I0A1 ‘ I0AO0 ‘
Initial value 1 0 0 0 1 0 0 0
Read/Write — R/W R/W R/W — R/W R/W R/W

Note: Bit functions are the same as for ITUO.

TIER1—Timer Interrupt Enable Register 1 H'70 ITUL
Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ — ‘ — ‘ OVIE ‘ IMIEB ‘ IMIEA ‘
Initial value 1 1 1 1 1 0 0 0
Read/Write — — — — — R/W R/W R/W

Note: Bit functions are the same as for ITUO.

TSR1—Timer Status Register 1 H'71 ITUL
Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ — ‘ — ‘ OVF ‘ IMFB ‘ IMFA ‘
Initial value 1 1 1 1 1 0 0 0
Read/Write — — — — — R/I(W)*  R/I(W)* R/(W)*

Notes: Bit functions are the same as for ITUO.
* Only 0 can be written to clear the flag.

TCNT1H/L—Timer Counter 1 H/L H'72,H'73 ITU1

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Initial value o 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

Note: Bit functions are the same as for ITUO.
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Appendix B Internal I/O Register Field

GRA1 H/L—General Register A1 H/L H'74,H'75 ITUlL

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Initial value 1 1 11 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

Note: Bit functions are the same as for ITUO.

GRB1 H/L—General Register B1 H/L H'76, H'77 ITUl1

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Initial value 1 1 11 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

Note: Bit functions are the same as for ITUO.

TCR2—Timer Control Register 2 H'78 ITU2
Bit 7 6 5 4 3 2 1 0
‘ — ‘ CCLR1 ‘ CCLRO ‘ CKEG1 ‘ CKEGO ‘ TPSC2 ‘ TPSC1 ‘ TPSCO ‘
Initial value 1 0 0 0 0 0 0 0
Read/Write — R/W R/W R/W R/W R/W R/W R/W

Notes: 1. Bit functions are the same as for ITUO.
2. When channel 2 is used in phase counting mode, the counter clock source selection by
bits CKEG1, CKEGO and TPSC2 to TPSCO is ignored.
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Appendix B Internal I/O Register Field

TIOR2—Timer 1/O Control Register 2 H'79 ITU2
Bit 7 6 5 4 3 2 1 0
‘ — ‘ 10B2 ‘ 10B1 ‘ 10B0 ‘ — ‘ I0A2 ‘ I0A1 ‘ I0A0 ‘
Initial value 1 0 0 0 1 0 0 0
Read/Write — R/W R/W R/W — R/W R/W R/W

Notes: 1. Bit functions are the same as for ITUO.

2. Channel 2 does not have a compare match toggle output function. If this setting is

used, 1 output will be selected automatically.

TIER2—Timer Interrupt Enable Register 2 H'7A ITU2
Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ — ‘ — ‘ OVIE ‘ IMIEB ‘ IMIEA ‘
Initial value 1 1 1 1 1 0 0 0
Read/Write — — — — — R/W R/W R/W

Note: Bit functions are the same as for ITUO.
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Appendix B Internal I/O Register Field

TSR2—Timer Status Register 2 H'7B ITU2
Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ — ‘ — ‘ OVF ‘ IMFB ‘ IMFA ‘
Initial value 1 1 1 1 1 0 0 0
Read/Write — — — — — R/I(W)*  RI(W)Y*  R/(W)*

‘ Bit functions are the
same as for ITUO

Overflow flag
0 | [Clearing condition]
Read OVF when OVF = 1, then write 0 in OVF
1 | [Setting condition]
TCNT overflowed from H'FFFF to H'0000 or underflowed from
H'0000 to H'FFFF

Note: * Only 0 can be written to clear the flag.

TCNT2 H/L—Timer Counter 2 H/L H'7C,H'7D ITU2

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
Initial value o 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

Phase counting mode: up/down-counter
Other modes: up-counter
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Appendix B Internal I/O Register Field

GRA2 H/L—General Register A2 H/L H'7E, H'7F ITU2

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Initial value 1 1 11 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

Note: Bit functions are the same as for ITUO.

GRB2 H/L—General Register B2 H/L H'80, H'81 ITU2

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Initial value 1 1 11 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

Note: Bit functions are the same as for ITUO.

TCR3—Timer Control Register 3 H'82 ITU3
Bit 7 6 5 4 3 2 1 0
‘ — ‘ CCLR1 ‘ CCLRO ‘ CKEG1 ‘ CLEGO ‘ TPSC2 ‘ TPSC1 ‘ TPSCO ‘
Initial value 1 0 0 0 0 0 0 0
Read/Write — R/W R/W R/W R/W R/W R/W R/W

Note: Bit functions are the same as for ITUO.

TIOR3—Timer 1/O Control Register 3 H'83 ITU3
Bit 7 6 5 4 3 2 1 0
‘ — ‘ 10B2 ‘ I0B1 ‘ 10B0 ‘ — ‘ I0A2 ‘ I0A1 ‘ I0A0 ‘
Initial value 1 0 0 0 1 0 0 0
Read/Write — R/W R/W R/W — R/W R/W R/W

Note: Bit functions are the same as for ITUO.
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Appendix B Internal I/O Register Field

TIER3—Timer Interrupt Enable Register 3 H'84 ITU3
Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ — ‘ — ‘ OVIE ‘ IMIEB ‘ IMIEA ‘
Initial value 1 1 1 1 1 0 0 0
Read/Write — — — — — R/W R/W R/W

Note: Bit functions are the same as for ITUO.

TSR3—Timer Status Register 3 H'85 ITU3
Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ — ‘ — ‘ OVF ‘ IMFB ‘ IMFA ‘
Initial value 1 1 1 1 1 0 0 0
Read/Write — — — — — RI(WY*  RIW)*  R/(W)*

‘ Bit functions are the
same as for ITUO

Overflow flag

0 | [Clearing condition]
Read OVF when OVF = 1, then write 0 in OVF
1 | [Setting condition]

TCNT overflowed from H'FFFF to H'0000 or underflowed from
H'0000 to H'FFFF

Note: * Only O can be written to clear the flag.

TCNT3H/L—Timer Counter 3H/L H'86, H'87 ITU3

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
Initial value o 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

Complementary PWM mode: up/down counter
Other modes: up-counter
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Appendix B Internal I/O Register Field

GRA3 H/L—General Register A3H/L H'88, H'89 ITU3

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
Initial value 1 1 11 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

Output compare or input capture register (can be buffered)

GRB3 H/L—General Register B3 H/L H'8A, H'8B ITU3

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
Initial value 1 1 11 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

Output compare or input capture register (can be buffered)

BRA3 H/L—Buffer Register ASH/L H'8C, H'8D ITU3

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
Initial value 1 1 11 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

Used to buffer GRA

BRB3 H/L—Buffer Register B3 H/L H'8E, H'8F ITU3

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

Used to buffer GRB
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Appendix B Internal I/O Register Field

TOER—Timer Output Enable Register H'90 ITU (all channels)
Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ EXB4 ‘ EXA4 ‘ EB3 ‘ EB4 ‘ EA4 ‘ EA3 ‘
Initial value 1 1 1 1 1 1 1 1
Read/Write — — R/W R/W R/W R/W R/W R/W

Master enable TIOCA3

0

TIOCA; output is disabled regardless of TIOR3, TMDR, and TFCR settings

1

TIOCA; is enabled for output according to TIOR3, TMDR, and TFCR settings

Master enable TIOCA,

0

TIOCA 4 output is disabled regardless of TIOR4, TMDR, and TFCR settings

1

TIOCA 4 is enabled for output according to TIOR4, TMDR, and TFCR settings

Master enable TIOCB,4

0

TIOCB, output is disabled regardless of TIOR4 and TFCR settings

1

TIOCBy is enabled for output according to TIOR4 and TFCR settings

Master enable TIOCB3

0

TIOCB3 output is disabled regardless of TIOR3 and TFCR settings

1

TIOCBj is enabled for output according to TIOR3 and TFCR settings

Master enable TOCXA,4

0

TOCXA 4 output is disabled regardless of TFCR settings

1

TOCXA, is enabled for output according to TFCR settings

Master enable TOCXB,4

0

TOCXB, output is disabled regardless of TFCR settings

1

TOCXB, is enabled for output according to TFCR settings

RENESAS
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Appendix B Internal I/O Register Field

TOCR—Timer Output Control Register H'91 ITU (all channels)
Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ XTGD ‘ — ‘ — ‘ OoLS4 ‘ OLS3 ‘
Initial value 1 1 1 1 1 1 1 1
Read/Write — — — R/W — — R/W R/W

Output level select 3
0 | TIOCB3, TOCXA4, and TOCXB 4 outputs are inverted
1| TIOCB3, TOCXA 4, and TOCXB 4 outputs are not inverted

Output level select 4
0 | TIOCA3, TIOCA 4, and TIOCB4 outputs are inverted
1| TIOCA3, TIOCA 4, and TIOCB,4 outputs are not inverted

External trigger disable

0 | Input capture A in channel 1 is used as an external trigger signal in
reset-synchronized PWM mode and complementary PWM mode*

1 | External triggering is disabled

Note: * When an external trigger occurs, bits 5 to 0 in TOER are cleared to 0,
disabling ITU output.

TCR4—Timer Control Register 4 H'92 ITU4
Bit 7 6 5 4 3 2 1 0
‘ — ‘ CCLR1 ‘ CCLRO ‘ CKEG1 ‘ CKEGO ‘ TPSC2 ‘ TPSC1 ‘ TPSCO ‘
Initial value 1 0 0 0 0 0 0 0
Read/Write — R/W R/W R/W R/W R/W R/W R/W

Note: Bit functions are the same as for ITUO.
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Appendix B Internal I/O Register Field

TIOR4—Timer 1/O Control Register 4 H'93 ITU4
Bit 7 6 5 4 3 2 1 0
‘ — ‘ 10B2 ‘ I0B1 ‘ 10B0 ‘ — ‘ I0A2 ‘ I0A1 ‘ I0AO0 ‘
Initial value 1 0 0 0 1 0 0 0
Read/Write — R/W R/W R/W — R/W R/W R/W

Note: Bit functions are the same as for ITUO.

TIER4—Timer Interrupt Enable Register 4 H'94 ITU4
Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ — ‘ — ‘ OVIE ‘ IMIEB ‘ IMIEA ‘
Initial value 1 1 1 1 1 0 0 0
Read/Write — — — — — R/W R/W R/W

Note: Bit functions are the same as for ITUO.

TSR4—Timer Status Register 4 H'95 ITU4
Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ — ‘ — ‘ OVF ‘ IMFB ‘ IMFA ‘
Initial value 1 1 1 1 1 0 0 0
Read/Write — — — — — R/I(W)*  R/(W)* R/(W)*

Notes: Bit functions are the same as for ITUO.
* Only 0 can be written to clear the flag.

TCNT4 H/L—Timer Counter 4 H/L H'96, H'97 ITU4

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Initial value o 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

Note: Bit functions are the same as for ITU3.
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Appendix B Internal I/O Register Field

GRA4 H/L—General Register A4 H/L H'98, H'99 ITU4

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Initial value 1 1 11 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

Note: Bit functions are the same as for ITU3.

GRB4 H/L—General Register B4 H/L H'OA, H'9B ITU4

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Initial value 1 1 11 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

Note: Bit functions are the same as for ITU3.

BRA4 H/L—Buffer Register A4 H/L H'9C, H'9D ITU4

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Initial value 1 1 11 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

Note: Bit functions are the same as for ITU3.

BRB4 H/L—Buffer Register B4 H/L H'OE, H'9F ITU4

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Initial value 1 1 11 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

Note: Bit functions are the same as for ITU3.
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Appendix B Internal I/O Register Field

TPMR—TPC Output Mode Register H'AO TPC
Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ — ‘ G3NOV ‘ G2NOV ‘ G1NOV ‘ GONOV ‘
Initial value 1 1 1 1 0 0 0 0
Read/Write —

— — — R/W R/W R/W R/W

Group 0 non-overlap
0 | Normal TPC output in group 0
Output values change at compare match A in the selected ITU channel

Non-overlapping TPC output in group 0, controlled by compare match
A and B in the selected ITU channel

Group 1 non-overlap
0 | Normal TPC output in group 1
Output values change at compare match A in the selected ITU channel

Non-overlapping TPC output in group 1, controlled by compare match
A and B in the selected ITU channel

Group 2 non-overlap
0 | Normal TPC output in group 2
Output values change at compare match A in the selected ITU channel

Non-overlapping TPC output in group 2, controlled by compare match
A and B in the selected ITU channel

Group 3 non-overlap
0 | Normal TPC output in group 3
Output values change at compare match A in the selected ITU channel

Non-overlapping TPC output in group 3, controlled by compare match
A and B in the selected ITU channel
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Appendix B Internal I/O Register Field

TPCR—TPC Output Control Register H'Al TPC
Bit 7 6 5 4 3 2 1 0
‘G3CM81‘G3CMSO‘ GZCMSI‘ GZCMSO‘ GlCMSl‘GlCMSO ‘ GOCMSl‘GOCMSO‘
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

Group 0 compare match select 1 and 0
Bit 1 Bit 0 )
ITU Channel Selected as Output Trigger
GOCMS1|GOCMS0
0 0 TPC output group 0 (TP to TPy) is triggered by compare match in ITU channel O
1 TPC output group 0 (TP to TPy) is triggered by compare match in ITU channel 1
1 0 TPC output group 0 (TP3 to TPy) is triggered by compare match in ITU channel 2
1 TPC output group 0 (TP3 to TPy) is triggered by compare match in ITU channel 3

Group 1 compare match select 1 and 0

Bit 3 Bit 2 )
G1CMS1|G1CMS0 ITU Channel Selected as Output Trigger
0 0 TPC output group 1 (TP to TP,) is triggered by compare match in ITU channel O

1 TPC output group 1 (TP, to TP,) is triggered by compare match in ITU channel 1
1 0 TPC output group 1 (TP, to TP,) is triggered by compare match in ITU channel 2
1 TPC output group 1 (TP, to TP,) is triggered by compare match in ITU channel 3

Group 2 compare match select 1 and 0

Bit5 Bit4 ITU Channel Selected as Output Trigger
G2CMS1|G2CMS0
0 0 TPC output group 2 (TP44 to TPg) is triggered by compare match in ITU channel 0
1 TPC output group 2 (TP44 to TPg) is triggered by compare match in ITU channel 1
1 0 TPC output group 2 (TP44 to TPg) is triggered by compare match in ITU channel 2
1 TPC output group 2 (TP, to TPyg) is triggered by compare match in ITU channel 3

Group 3 compare match select 1 and 0

Bit 7 Bit 6 .
ITU Channel Selected as Output Trigger
G3CMS1|G3CMS0
0 0 TPC output group 3 (TP45 to TP4,)* is triggered by compare match in ITU channel 0

1 TPC output group 3 (TP45 to TP45)* is triggered by compare match in ITU channel 1

1 0 TPC output group 3 (TP45 to TP,)* is triggered by compare match in ITU channel 2

1 TPC output group 3 (TP45 to TP,)* is triggered by compare match in ITU channel 3

Note: * Since this LS| does not have a TP, pin, the TP, signal cannot be output off-chip.
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Appendix B Internal I/O Register Field

NDERB—Next Data Enable Register B H'A2 TPC
Bit 7 6 5 4 3 2 1 0
‘NDERlS‘NDER14‘ NDER13‘ NDERlZ‘NDERll‘NDERlO‘ NDER9 ‘ NDERS8 ‘
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

Next data enable 15to 8

Bits 7to O b it
NDER15 to NDER8 escription
0 TPC outputs TP,5to TPg* are disabled
(NDR15 to NDR8 are not transferred to PB to PBg)
1 TPC outputs TP;5to TPg* are enabled
(NDR15 to NDR8 are transferred to PB; to PBg)

Note: * Since this LSI does not have a TPq4 pin, the TP14 signal cannot be
output off-chip.

NDERA—Next Data Enable Register A H'A3 TPC
Bit 7 6 5 4 3 2 1 0
‘ NDER7 ‘ NDERG6 ‘ NDERS ‘ NDER4 ‘ NDER3 ‘ NDER2 ‘ NDER1 ‘ NDERO ‘
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

Next data enable 7 to 0

Bits 7to O -
Description
NDER7 to NDERO
0 TPC outputs TP, to TP are disabled
(NDRY to NDRO are not transferred to PA 7 to PA )
1 TPC outputs TP, to TP are enabled
(NDR7 to NDRO are transferred to PA ;to PA )
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Appendix B Internal I/O Register Field

NDRB—Next Data Register B H'A4/H'A6 TPC
» Same output trigger for TPC output groups 2 and 3
Address H'FFA4
Bit 7 6 5 4 3 2 1 0
‘ NDR15 ‘ NDR14‘ NDR13 ‘ NDR12 ‘ NDR11 ‘ NDR10 ‘ NDR9 ‘ NDRS8 ‘
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
Next output data for Next output data for
TPC output group 3* TPC output group 2
Address H'FFA6
Bit 7 6 5 4 3 2 1 0
Initial value 1 1 1 1 1 1 1 1
Read/Write — — — — — — — —
» Different output triggers for TPC output groups 2 and 3
Address H'FFA4
Bit 7 6 5 4 3 2 1 0
‘ NDR15 ‘ NDR14‘ NDR13 ‘ NDR12 ‘ — ‘ — ‘ — ‘ — ‘
Initial value 0 0 0 0 1 1 1 1
Read/Write R/W R/W R/W R/W — — — —
Next output data for
TPC output group 3*
Address H'FFA6
Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ — ‘ NDR11 ‘ NDR10 ‘ NDR9 ‘ NDRS8 ‘
Initial value 1 1 1 1 0 0 0 0
Read/Write — — — — R/W R/W R/W R/W

Next output data for
TPC output group 2

Note: * Since this LS| does not have a TP, pin, the TP_, signal cannot be output off-chip.
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Appendix B Internal I/O Register Field

NDRA—Next Data Register A H'A5/H'A7 TPC
Same output trigger for TPC output groups 0 and 1
Address H'FFAS5
Bit 7 6 5 4 3 2 1 0
‘ NDR7 ‘ NDR6 ‘ NDR5 ‘ NDR4 ‘ NDR3 ‘ NDR2 ‘ NDR1 ‘ NDRO ‘
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
Next output data for Next output data for
TPC output group 1 TPC output group 0
Address H'FFA7
Bit 7 6 5 4 3 2 1 0
Initial value 1 1 1 1 1 1 1 1
Read/Write — — — — — — — —
Different output triggers for TPC output groups 0 and 1
Address H'FFAS5
Bit 7 6 5 4 3 2 1 0
‘ NDR7 ‘ NDR6 ‘ NDR5 ‘ NDR4 ‘ — ‘ — ‘ — ‘ — ‘
Initial value 0 0 0 0 1 1 1 1
Read/Write R/W R/W R/W R/W — — — —
Next output data for
TPC output group 1
Address H'FFA7
Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ — ‘ NDR3 ‘ NDR2 ‘ NDR1 ‘ NDRO ‘
Initial value 1 1 1 1 0 0 0 0
Read/Write — — — — R/W R/W R/W R/W

Next output data for
TPC output group 0

RENESAS
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Appendix B Internal 1/0 Register

Field

TCSR—Timer Control/Status Register H'A8 WDT
Bit 7 6 5 4 3 2 1 0
\ OVF \ WT/W‘ TME \ — \ — \ CKS2 \ CKS1 \ CKSO0 \
Initial value 0 0 0 1 1 0 0 0
Read/Write R/(W)* R/W R/W — — R/W R/W R/W
Clock select 2to 0
CKS2 | CKS1| CKSO | Description
0 0 0 @2
1 @32
1 0 @64
1 @128
1 0 0 @256
1 @512
1 0 @2048
1 @4096
Timer enable
0 | TCNT is initialized to H'00 and halted
1| TCNTis counting

Timer mode select

0

Interval timer: requests interval timer interrupts

1

Watchdog timer: generates a reset signal

Overflow flag

0 | [Clearing condition]
Read OVF when OVF = 1, then write 0 in OVF

1 | [Setting condition]
TCNT changes from H'FF to H'00

Note: * Only 0 can be written to clear the flag.

Rev.3.00 Mar. 26, 2007 Page 628 of 682

REJ09B0353-0300

RENESAS



Appendix B Internal I/O Register Field

TCNT—Timer Counter H'A9 (read), WDT
H'A8 (write)
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
|
Count value
RSTCSR—Reset Control/Status Register H'AB (read), WDT
H'AA (write)
Bit 7 6 5 4 3 2 1 0
wrsT |RsToE| — | — | — | — | — | — |
Initial value 0 0 1 1 1 1 1 1

Read/Write R/(W)* R/W — — — — — —
|

Reset output enable
0 | Reset signal is not output externally
1 | Reset signal is output externally

Watchdog timer reset
0 | [Clearing condition]
Reset signal input at RES pin, or 0 written by software
1 | [Setting condition]
TCNT overflow generates a reset signal

Note: * Only O can be written in bit 7 to clear the flag.
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Appendix B Internal I/O Register Field

SMR—Serial Mode Register H'BO SCIO0
Bit 7 6 5 7 3 2 1 0
‘ C/IA ‘ CHR ‘ PE ‘ O/E ‘ STOP ‘ MP ‘ CKS1 ‘ CKSO0 ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Clock select 1 and 0
Bit1 | BitO
lock
CKS1| CKSO Clock Source
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 | One stop hit
1 | Two stop bits
Parity mode
0 | Even parity
1 | Odd parity
Parity enable
0 | Parity bit is not added or checked
1 | Parity bit is added and checked
Character length
0 | 8-bit data
1| 7-bit data

Communication mode
0 | Asynchronous mode
1| Synchronous mode
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Appendix B Internal I/O Register Field

BRR—BIt Rate Register

Bit

Initial value
Read/Write

H'B1 SCI0
7 6 5 4 3 2 1 0
1 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘
R/W RIW RIW R/IW R/IW R/IW R/W R/W

Serial communication bit rate setting
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Appendix B Internal I/O Register Field

SCR—Serial Control Register H'B2 SCIO0
Bit 7 6 5 4 3 2 1 0
‘ TIE ‘ RIE ‘ TE ‘ RE ‘ MPIE ‘ TEIE ‘ CKE1l ‘ CKEO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

I
Clock enable 1 and O

Bit1l | Bit2 Clock Select ot
CKE1|CKE2 ock Selection and Outpu
0 0 | Asynchronous mode | Internal clock, SCK pin available for generic input/output

Synchronous mode | Internal clock, SCK pin used for serial clock output
1 | Asynchronous mode | Internal clock, SCK pin used for clock output
Synchronous mode | Internal clock, SCK pin used for serial clock output
1 0 | Asynchronous mode | External clock, SCK pin used for clock input
Synchronous mode | External clock, SCK pin used for serial clock input
1 | Asynchronous mode | External clock, SCK pin used for clock input
Synchronous mode | External clock, SCK pin used for serial clock input

Transmit-end interrupt enable
0 | Transmit-end interrupt requests (TEI) are disabled
1 | Transmit-end interrupt requests (TEI) are enabled

Multiprocessor interrupt enable
0 | Multiprocessor interrupts are disabled (normal receive operation)
1 | Multiprocessor interrupts are enabled

Receive enable

Transmit enable 0 | Receiving is disabled
0 | Transmitting is disabled 1 | Receiving is enabled

1| Transmitting is enabled

Receive interrupt enable
0 | Receive-data-full (RXI) and receive-error (ERI) interrupt requests are disabled
1 | Receive-data-full (RXI) and receive-error (ERI) interrupt requests are enabled

Transmit interrupt enable
0 | Transmit-data-empty interrupt request (TXI) is disabled
1 | Transmit-data-empty interrupt request (TXI) is enabled
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Appendix B Internal I/O Register Field

TDR—Transmit Data Register H'B3 SCIO0
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

Serial transmit data

RENESAS
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Appendix B Internal I/O Register Field

SSR—Serial Status Register H'B4 SCIO0
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/I(W)*  RIW)* R/(W)* R/I(W)* R/(W)* R R R/W
[
Multiprocessor bit Multiprocessor bit transfer
0 | Multiprocessor bit value in 0 | Multiprocessor bit value in
receive data is 0 transmit data is O
1 | Multiprocessor bit value in 1 | Multiprocessor bit value in
. receive data is 1 transmit data is 1
Transmit end

0 | [Clearing conditions]
Read TDRE when TDRE = 1, then write 0 in TDRE.

1 | [Setting conditions]

Reset or transition to standby mode.

TE is cleared to 0 in SCR.

TDRE is 1 when last bit of serial character is transmitted.

Parity error

Framing error 0 | [Clearing conditions]
0 | [Clearing conditions] Reset or transition to standby mode.
Reset or transition to standby mode. Read PER when PER = 1, then write 0 in
Read FER when FER = 1, then write 0 PER.
in FER. : —
: — 1 | [Setting condition]
1| [Setting condition] Parity error: (parity of receive data does not
Framing error (stop bit is 0) match parity setting of O/E in SMR)
Overrun error
Receive data register full 0 | [Clearing conditions]
0 | [Clearing conditions] Reset or transition to standby mode.
Reset or transition to standby mode. Read ORER when ORER = 1, then write 0 in
Read RDRF when RDRF = 1, then write O in ORER.
RDRF. 1 | [Setting condition]
1 | [Setting condition] Overrun error (reception of next serial data
Serial data is received normally and transferred ends when RDRF = 1)

from RSR to RDR

Transmit data register empty

0 | [Clearing conditions]
Read TDRE when TDRE = 1, then write O in TDRE.

1 | [Setting conditions]

Reset or transition to standby mode.

TEis0in SCR

Data is transferred from TDR to TSR, enabling new
data to be written in TDR.

Note: * Only 0 can be written to clear the flag.
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Appendix B Internal I/O Register Field

RDR—Receive Data Register H'B5 SCIO0
Bit 7 6 5 4 3 2 1 0
Initial value ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘
Read/Write R

Serial receive data

SCMR—Smart Card Mode Register H'B6 SCIO
Bit 7 6 5 4 3 2 1 0
] ] =] — Jsor|sw]| — [ swr
Initial value 1 1 1 1 0 0 1 0
Read/Write — — — — R/W R/W — E/ﬂ

Smart card interface mode select
0 | Smart card interface function is disabled
1 | Smart card interface function is enabled

Smart card data invert
0 | Unmodified TDR contents are transmitted
Received data is stored unmodified in RDR

1| Inverted 1/0 logic levels of TDR contents are transmitted
1/0 logic levels of received data are inverted before storage in RDR

Smart card data transfer direction
0 | TDR contents are transmitted LSB-first
Received data is stored LSB-first in RDR

1 | TDR contents are transmitted MSB-first
Received data is stored MSB-first in RDR
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Appendix B Internal I/O Register Field

SMR—Serial Mode Register H'B8 SCil

Bit 7 6 5 7 3 2 1 0
‘ CIA ‘ 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
Note: Bit functions are the same as for SCIO.

BRR—BIt Rate Register H'B9 SCll
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
Note: Bit functions are the same as for SCIO.

SCR—Serial Control Register H'BA SCi1
Bit 7 6 5 4 3 2 1 0

‘ TIE ‘ RIE ‘ TE ‘ RE ‘ MPIE ‘ TEIE ‘ CKE1 ‘ CKEO ‘

Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Note: Bit functions are the same as for SCIO.

TDR—Transmit Data Register H'BB SCi1
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

Note: Bit functions are the same as for SCIO.
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Appendix B Internal I/O Register Field

SSR—Serial Status Register H'BC SCil
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 RI(W)*  RIW)*  RIW)* RIW)*  RI(W)* R R RIW

Notes: Bit functions are the same as for SCIO.
* Only 0 can be written to clear the flag.

RDR—Receive Data Register H'BD SCil
Bit 7 6 5 4 3 2 1 0
Initial value 0 0 0 0 0 0 0 0
Read/Write R

Note: Bit functions are the same as for SCIO.

P1DDR—Port 1 Data Direction Register H'CO Port 1
Bit 7 6 5 4 3 2 1 0
‘P17 DDR‘ P16DDR‘ Pls DDR‘ P14DDR‘ P13DDR ‘ P1,DDR ‘ P1, DDR‘ PloDDR‘
Modes {Initial value 1 1 1 1 1 1 1 1
land 3| Read/Write — — — — — — — —
Modes {Initial value 0 0 0 0 0 0 0 0
S107 | ReadWrite W W W W W W W W

Port 1 input/output select
0 | Generic input pin
1 | Generic output pin
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Appendix B Internal I/O Register Field

P2DDR—Port 2 Data Dir ection Register H'Cl Port 2
Bit 7 6 5 4 3 2 1 0
‘ P2, DDR‘ P2 DDR‘ P25 DDR‘ P2, DDR‘ P23DDR ‘ P2,DDR ‘ P2, DDR ‘ P2, DDR‘
Modes {mitial value 1 1 1 1 1 1 1 1
land 3 | Read/MWrite — — — — — — — —
Modes {mitial value 0 0 0 0 0 0 0 0
S107 | Read/Write W W W W W W W W

Port 2 input/output select
0 | Generic input pin
1 | Generic output pin

P1DR—Port 1 Data Register H'C2 Port 1
Bit 7 6 5 4 3 2 1 0
‘ P1, ‘ Plg ‘ Plg ‘ P1, ‘ P13 ‘ P1, ‘ P1, ‘ Ply ‘
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

Data for port 1 pins

P2DR—Port 2 Data Register H'C3 Port 2
Bit 7 6 5 4 3 2 1 0
‘ P2, ‘ P2g ‘ P25 ‘ P24 ‘ P23 ‘ P2, ‘ P2, ‘ P2y ‘
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/W R/W

Data for port 2 pins
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Appendix B Internal I/O Register Field

P3DDR—Port 3 Data Dir ection Register H'C4 Port 3
Bit 7 6 5 4 3 2 1 0
‘ P37DDR‘ P36DDR‘ P35DDR‘ P34DDR‘ P33DDR ‘ P3,DDR ‘ P31DDR‘P30DDR‘
Initial value 0 0 0 0 0 0 0 0
Read/Write w w w w w w w w

Port 3 input/output select
0 | Generic input pin
1| Generic output pin

P3DR—Port 3 Data Register H'C6 Port 3
Bit 7 6 5 4 3 2 1 0
‘ P3- ‘ P3s ‘ P35 ‘ P34 ‘ P33 ‘ P3, ‘ P3; ‘ P3g ‘
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

Data for port 3 pins

PSDDR—Port 5 Data Dir ection Register H'C8 Port 5
Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ — ‘P53DDR ‘ P5,DDR ‘ P51DDR‘P50DDR‘
Modes {Initial value 1 1 1 1 1 1 1 1
land 3 | Read/rite — — — — — — — —
Modes {Initial value 1 1 1 1 0 0 0 0
S107 | Read/Write — — — —

Port 5 input/output select
0 | Generic input
1 | Generic output
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P6DDR—Port 6 Data Direction Register H'C9 Port 6
Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘P65DDR‘P64DDR‘P63DDR‘ — ‘ — ‘P60DDR‘
Initial value 1 0 0 0 0 0 0 0
Read/Write — W w w w w w
——
Port 6 input/output select
0 | Generic input
1 | Generic output
P5DR—Port 5 Data Register H'CA Port 5
Bit 7 6 5 4 3 2 1 0
= = = [~ s [ | Ps | s
Initial value 1 1 1 1 0 0 0 0
Read/Write — — — — R/W R/W R/W R/W
Data for port 5 pins
P6DR—Port 6 Data Register H'CB Port 6
Bit 7 6 5 4 3 2 1 0
= | — [ pes [ pea [pes | — | — | Pes |
Initial value 1 0 0 0 0 0 0 0
Read/Write — R/W R/W R/W R/W R/W R/W R/W
I

Data for port 6 pins
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Appendix B Internal I/O Register Field

P8DDR—Port 8 Data Direction Register H'CD Port 8
Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — — ‘ — ‘ — ‘ P81DDR‘P80DDR‘
Initial value 1 1 1 0 0 0 0 0
Read/Write — — — w W W w w

Port 8 input/output select
0 | Generic input
1 | Generic output

P7DR—Port 7 Data Register H'CE Port 7
Bit 7 6 5 4 3 2 1 0
‘ P7; ‘ P7¢ ‘ P75 ‘ P74 ‘ P73 ‘ P75 ‘ P7, ‘ P70 ‘
Initial value —* —* — — — —* —* —*
Read/Write R R R R R R R R

Data for port 7 pins

Note: * Determined by pins P7; to P7,.

P8DR—Port 8 Data Register H'CF Port 8
Bit 7 6 5 4 3 2 1 0
(= [ =T - T -T-T= Teu[em]
Initial value 1 1 1 0 0 0 0 0
Read/Write — — — R/W R/W R/W R/W R/W

Data for port 8 pins
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PODDR—Port 9 Data Dir ection Register H'DO Port 9
Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ P95DDR‘ P94DDR‘ P93DDR ‘PQZDDR‘ P91DDR ‘ P90DDR‘
Initial value 1 1 0 0 0 0 0 0
Read/Write — — W W W w W W

Port 9 input/output select
0 | Generic input
1 | Generic output

PADDR—Port A Data Direction Register H'D1 Port A
Bit 7 6 5 4 3 2 1 0

‘ PA7DDR‘ PAGDDR‘ PA5DDR‘ PA4DDR‘ PA3DDR ‘ PA,DDR ‘ PAlDDR‘ PAoDDR
Mode 3 Initial value 1 0 0 0 0 0 0 0
Read/Write — w w W w W " W
Modes Initial value 0 0 0 0 0 0 0 0

land5 .

to 7 Read/Write W W w W W W W

Port A input/output select
0 | Generic input
1 | Generic output

P9DR—Port 9 Data Register H'D2 Port 9
Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ P9y ‘ P9, ‘ P93 ‘ P9, ‘ P9, ‘ P9o ‘
Initial value 1 1 0 0 0 0 0 0
Read/Write — — R/W R/W R/W R/W R/W R/W

Data for port 9 pins
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Appendix B Internal I/O Register Field

PADR—Port A Data Register H'D3 Port A
Bit 7 6 5 4 3 2 1 0
‘ PA 7 ‘ PAg ‘ PA5 ‘ PA 4 ‘ PA3 ‘ PA > ‘ PA 1 ‘ PA g ‘
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

Data for port A pins

PBDDR—Port B Data Direction Register H'D4 Port B
Bit 7 6 5 4 3 2 1 0
‘PB7DDR‘ — ‘PB5DDR‘ PB4DDR‘P83DDR‘PBZDDR‘PBlDDR‘PBODDR‘
Initial value 0 0 0 0 0 0 0 0
Read/Write W w W W W W W W
B — \

\
Port B input/output select

0 | Generic input
1 | Generic output

PBDR—Port B Data Register H'D6 Port B
Bit 7 6 5 4 3 2 1 0
‘ PB - ‘ — ‘ PB 5 ‘ PB4 ‘ PB 3 ‘ PB, ‘ PB4 ‘ PBg ‘
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
I — \

\
Data for port B pins
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Appendix B Internal I/O Register Field
P2PCR—Port 2 Input Pull-Up Control Register H'D8 Port 2
Bit 7 6 5 4 3 2 1 0
‘ P27PCR‘ P26PCR‘ P25PCR‘ P24PCR‘P23PCR ‘ P2,PCR ‘ P2,PCR ‘ P20PCR‘
Initial value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W

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

Port 2 input pull-up control 7 to 0
0 | Input pull-up transistor is off
1| Input pull-up transistor is on

Note: Valid when the corresponding P2DDR bit is cleared to 0 (designating generic input).

P5PCR—Port 5 Input Pull-Up Control Register H'DB Port 5
Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ — ‘ P53PCR ‘ P5,PCR ‘ P5;PCR ‘ P50PCR ‘
Initial value 1 1 1 1 0 0 0 0
— — — R/W R/W R/W R/W

Read/Write —
|
Port 5 input pull-up control 3to 0
0 | Input pull-up transistor is off
1 | Input pull-up transistor is on

Note: Valid when the corresponding P5DDR bit is cleared to 0 (designating generic input).

A/D

ADDRA H/L—A/D Data Register A H/L H'EO,H'El

6 5 4 3 2 1 0

Bit 15 14 13 12 11 10 9 8 7
‘ADQ‘ADS‘ADY‘AD6‘AD5‘AD4‘AD3‘AD2‘ADl‘ADO‘ — ‘ — ‘ — ‘ — ‘ — ‘ — ‘
Initial value o o o o o 0 0 O O O o o o o o o
Read/Write R R R R R R R R R R R R R R R R
N J U J
ADDRAL

ADDRAH

A/D conversion data
10-bit data giving an
A/D conversion result
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Appendix B Internal I/O Register Field

ADDRB H/L—A/D Data Register B H/L H'E2, H'E3 A/D

8 7 6 5 4 3 2 1 O

Bit 15 14 13 12 11 10 9
‘ADQ‘ADB‘AD7‘AD6‘AD5‘AD4‘AD3‘AD2‘ADl‘ADO‘ — ‘ — ‘ — ‘ — ‘ — ‘ — ‘
Initial value o o o o o o o o o o o o o o o o
Read/Write R R R R R R R R R R R R R R R R
N J U J
ADDRBH ADDRBL

A/D conversion data
10-bit data giving an
A/D conversion result

ADDRC H/L—A/D Data Register C H/L H'E4,H'ES A/D

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Bit
‘ADQ‘ADS‘AD7‘AD6‘AD5‘AD4‘AD3‘AD2‘ADl‘ADO‘ — ‘ — ‘ — ‘ — ‘ — ‘ — ‘
Initial value o 0o o o o 0 0 0O 0O O O O o o o o
Read/Write R R R R R R R R R R R R R R R R
N J U J
ADDRCH ADDRCL

A/D conversion data
10-bit data giving an
A/D conversion result

ADDRD H/L—A/D Data Register D H/L H'E6, H'E7 A/D

5 4 3 2 1 0

Bit 15 14 13 12 11 10 9 8 7 6
‘ADQ‘ADS‘AD7‘AD6‘AD5‘AD4‘AD3‘AD2‘ADl‘ADO‘ — ‘ — ‘ — ‘ — ‘ — ‘ — ‘
Initial value o o o o o 0 0 O O O o o o o o o
Read/Write R R R R R R R R R R R R R R R R
N J U J
ADDRDH ADDRDL

A/D conversion data
10-bit data giving an
A/D conversion result
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Appendix B Internal I/O Register Field

ADCR—A/D Control Register H'E9 A/D

Bit 7 6 5 4 3 2 1 0
tmee | — | — | — | = [ - [ - | - |

Initial value 0 1 1 1 1 1 1 1

Read/Write R/W — — — — — — _
T

Trigger enable
0 | A/D conversion cannot be externally triggered
1 | A/D conversion starts at the fall of the external trigger signal (ADTRG)
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Appendix B

Internal I/O Register Field

ADCSR—A/D Control/Status Register H'ES8 A/D
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/I(W)* R/W R/W R/W R/W R/W R/W R/W
[ \ ‘
‘ |
Clock select
0 | Conversion time = 266 states (maximum)
1 | Conversion time = 134 states (maximum)
Channel select 2to 0
Grou_p Chanr_1e| Description
Selection|  Selection
CH2 CH1 | CHO | Single Mode | Scan Mode
0 0 0 | AN AN
Scan mode 1 AN, AN, AN;
0 | Single mode 1 0 AN, AN, 0 AN,
1| Scan mode 1 AN AN 0 AN 3
1 0 0 | ANy AN,
1 ANg ANy, AN5
1 0 ANg AN, to ANg
1 AN~ AN, to AN~

A/D start

0 | A/D conversion is stopped

conversion ends

1| Single mode: A/D conversion starts; ADST is automatically cleared to 0 when

Scan mode: A/D conversion starts and continues, cycling among the selected
channels, until ADST is cleared to 0 by software, by a reset, or by a
transition to standby mode

A/D interrupt enable
0 | A/D end interrupt request is disabled
1| A/D end interrupt request is enabled

A/D end flag

0 | [Clearing condition]
Read ADF while ADF = 1, then write 0 in ADF

1 | [Setting conditions]
Single mode: A/D conversion ends

Scan mode: A/D conversion ends in all selected channels

Note: * Only O can be written to clear flag.

RENESAS
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Appendix B Internal I/O Register Field

ASTCR—Access State Control Register H'ED Bus controller
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
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

Bits 7t0 0 .
Number of States in Access Cycle
AST7 to ASTO
0 Areas 7 to 0 are two-state access areas
1 Areas 7 to 0 are three-state access areas
WCR—Wait Control Register H'EE Bus controller
Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ — ‘WMSl‘WMSO‘WCl‘WCO‘
Initial value 1 1 1 1 0 0 1 1
Read/Write — — — — R/W R/W R/W R/W
I
‘ |
Wait mode select 1 and 0 Wait count 1 and O
V\?l:/tlgl V\?I\I;ISZO Wait Mode \I/B\/Iz:ll \?\/Iz:(()) Number of Wait States
0 0 Programmable wait mode 0 0 No wait states inserted by
1 | No wait states inserted by wait-state controller
wait-state controller 1 1 state inserted
1 0 Pin wait mode 1 1 0 2 states inserted
1 Pin auto-wait mode 1 3 states inserted

Rev.3.00 Mar. 26, 2007 Page 648 of 682
REJ09B0353-0300
RENESAS



Appendix B Internal I/O Register Field

WCER—Wait Controller Enable Register H'EF Bus controller
Bit 7 6 5 4 3 2 1 0
‘ WCE7 ‘ WCE6 ‘ WCES ‘ WCE4 ‘ WCE3 ‘ WCE2 ‘ WCE1 ‘ WCEO ‘
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

Wait state controller enable 7to 0
0 | Wait-state control is disabled (pin wait mode 0)
1 | Wait-state control is enabled

MDCR—M ode Control Register H'F1 System control
Bit 7 6 5 4 3 2 1 0

" — [ — ] — 1 — ] = [wosz| wpst| woso
Initial value 1 1 0 0 0 —* —* —*
Read/Write — — — — — R R R

Mode select 2to 0

Bit2 | Bitl | Bit0O .
MDs | MD; | MDo Operating mode

0 0o |—

0 1 Mode 1
1 0o |—

1 Mode 3
0 0o |—

1 1 Mode 5

1 0 Mode 6

1 Mode 7

Note: * Determined by the state of the mode pins (MD, to MDy).
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Appendix B Internal I/O Register Field

SYSCR—System Control Register H'F2 System control
Bit 7 6 5 4 3 2 1 0
‘ SSBY ‘ STS2 ‘ STS1 ‘ STSO ‘ UE ‘NMIEG‘ — ‘ RAME ‘
Initial value 0 0 0 0 1 0 1 1
Read/Write R/W R/W R/W R/W R/W R/W — R/W
‘ A
RAM enable —

0 | On-chip RAM is disabled
1| On-chip RAM is enabled

NMI edge select
0 | An interrupt is requested at the falling edge of NMI
1| An interrupt is requested at the rising edge of NMI

User bit enable

0 | CCR bit 6 (UI) is used as an interrupt mask bit
1| CCR hit 6 (Ul) is used as a user bit
Standby timer select 2to 0
Bit6 | Bit5 | Bit4 )
STS2| STS1|STS0 Standby Timer
0 0 0 | Waiting time = 8192 states
1 Waiting time = 16384 states
1 0 | Waiting time = 32768 states
1 Waiting time = 65536 states
1 0 — | Waiting time = 131072 states
1 — | lllegal setting

Software standby
0 | SLEEP instruction causes transition to sleep mode
1| SLEEP instruction causes transition to software standby mode
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Appendix B Internal I/O Register Field

ADRCR—Address Control Register

H'F3 Bus controller
Bit 7 6 5 4 3 2 1 0
P | ApE | AnE | — | — | — | — [ — |
Modgs Initial value 1 1 1 1 1 1 1 0
1lan
5t07 Read/Write — — — — — — — R/W
Initial value 1 1 1 1 1 1 1 0
Mode 3
Read/Write R/W R/W R/W — — — — R/W

Address 23 to 21 enable
0 | Address output

1| I/O pins other than the above
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I SCR—IRQ Sense Control Register H'F4 Interrupt controller
Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ IRQSSC‘ IRQ4SC‘ — ‘ — ‘ IRQ1SC ‘ IRQOSC ‘
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
—T1 —

IRQs, IRQ4, IRQ and IRQq sense control

0 | Interrupts are requested when IRQg, IRQ4, IRQ4, and IRQ
inputs are low

1| Interrupts are requested by falling-edge input at IRQs, IRQy,

|RQl and |RQO
|ER—IRQ Enable Register H'F5 Interrupt controller
Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ IRQ5E ‘ IRQ4E ‘ — ‘ — ‘ IRQ1E ‘ IRQOE ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

IRQs, IRQ., IRQ4, IRQg enable
0 | IRQs, IRQ4, IRQ; and IRQq interrupts are disabled
1| IRQs, IRQ4, IRQ4 and IRQg interrupts are enabled
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Appendix B Internal I/O Register Field
|SR—IRQ Status Register H'F6 Interrupt controller
Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ IRQ5F ‘ IRQ4F ‘ — ‘ — ‘ IRQ1F ‘ IRQOF ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write — — R/(W)*  R/(W)* — — R/(W)y  R/I(W)*
\
IRQs, IRQ4, IRQ; and IRQ flags
Bits 5,4, 1 and O
IRQS5F . . .
IRQ4F Setting and Clearing Conditions
IRQ1F
IRQOF
0 [Clearing conditions]
* Read IRQnF when IRQnF = 1, then write 0 in IRQNF.
* IRQNSC = 0, IRQn input is high, and interrupt exception
handling is carried out.
¢ IRQNSC =1 and IRQn interrupt exception handling is
carried out.
1 [Setting conditions]
* IRQNSC = 0 and IRQn input is low.
* IRQNSC =1 and IRQn input changes from high to low.
Note: n=5,4,1and0
Note: * Only 0 can be written to clear the flag.

RENESAS
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IPRA—Interrupt Priority Register A H'F8 Interrupt controller
Bit 7 6 5 4 3 2 1 0
‘ IPRA7 ‘ IPRAG ‘ — ‘ IPRA4 ‘ IPRA3 ‘ IPRA2 ‘ IPRA1 ‘ IPRAO ‘
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

Priority level A7, A6, A4 to AO
0 | Priority level O (low priority)
1 | Priority level 1 (high priority)

* Interrupt sources controlled by each bit

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

IPRA7 IPRA6 — IPRA4 IPRA3 IPRA2 IPRAL IPRAO
Interrupt  IRQ, IRQ, — IRQ,, WDT ITU ITU ITU
source IRQ, channel channel channel 2

0 1
IPRB—Interrupt Priority Register B H'F9 Interrupt controller

Bit 7 6 5 4 3 2 1 0

‘ IPRB7 ‘ IPRB6 ‘ — ‘ — ‘ IPRB3 ‘ IPRB2 ‘ IPRB1 ‘ — ‘
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

Priority level B7, B6, B3 to B1
0 | Priority level O (low priority)
1 | Priority level 1 (high priority)

* Interrupt sources controlled by each bit

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O

IPRB7 IPRB6 — — IPRB3 IPRB2 IPRB1 —
Interrupt  ITU ITU — — SCI SCI A/D —
source channel channel channel channel converter

3 4 0 1
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Appendix C /0O Block Diagrams

C.l Port 1 Block Diagram

Software standby Modes 6 and 7
Hardware standby

Modes 1, 3,and 5 Reset
| |
S R

Q D
P1,DDR
C *
l
WP1D
Modes 6 and 7 Reset
\
R

Internal data bus (upper)
Internal address bus

P1,

Q D
P1,DR

C
\
Modes 1, 3,and 5 WP1

<= A
- (CL

Legend:

WP1D: Write to PIDDR
WP1: Write to port 1
RP1: Read portl

Notes: n=0to 7
* Set priority

FigureC.1 Port 1 Block Diagram
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Appendix C 1/0O Block Diagrams

C.2 Port 2 Block Diagram

Modes
Software standby 6 and 7

Modes 1, 3, and ‘5 l‘?eset
S R

Q D
P2,DDR
C
l
WP2D
Modes 6 and 7 Reset

|
R

P2,

D
Q P2,DR

C

|
Modes WP2

Internal data bus (upper)
Internal address bus

1,3,and 5 L
[T
™S~
I/

Legend:

WP2P: Write to P2PCR
RP2P: Read P2PCR
WP2D: Write to P2DDR
WP2: Write to port 2
RP2: Read port 2

Notes: n=0to7
* Set priority

FigureC.2 Port 2 Block Diagram
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Appendix C /0O Block Diagrams

C3 Port 3 Block Diagram

T | [T
2 2
Reset = 3
Hardware | = =
—@standby Modes 6 and 7 R F 3
Q D s | |g
Write to external P3,DDR ° 8
address c Tg E
‘ 3 o
WP3D £ £
Re‘set
Modes 6 and 7 R
P3 Q o
” P3,DR
C
T
Modes WP3
1,3,and 5 g@j
r\ECL P
™
L L
Read external
address —l\]\ R
L
Legend:

WP3D: Write to P3DDR
WP3: Write to port 3
RP3: Read port 3

Note: n=0to7

Figure C.3 Port 3 Block Diagram
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Appendix C

I/0O Block Diagrams

C.4  Port5Block Diagram
Re‘set
R ~—
g | g
g 5
E 23
Software standby  Modes 2 2
Hardware standby 6and7 2 S
g ||
= <
Modes 1, 3 Reset T S
L = =
S R IS £
£
Q D
P5,DDR
C *
T
WP5D
Modes 6 and 7 Reset
|
R
P5 0 D
i P5,DR
C
\
Modes WP5
1,3,and5 g@j

Legend:
WP5P:
RP5P:
WP5D:
WP5:
RP5:

Notes:

r\ECL -
N~
L

Write to PSPCR
Read P5PCR
Write to PSDDR
Write to port 5
Read port 5

n=0to3
* Set priority

FigureC.4 Port 5Block Diagram
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Appendix C /0O Block Diagrams
C5 Port 6 Block Diagram
Reset
| %]
R a
Q D g
P6,DDR %
Modes C & Bus controller
6and 7 ! T
WP6D — WAIT
Re‘set i input
R i enable
P6 ' D
° ] ? p6oR
C
T
WP6

’\ECL 2P6
N~
B

Bus controller

- WAIT

L
Legend:
WP6D: Write to P6DDR

WP6: Write to port 6
RP6: Read port 6

output

FigureC.5(a) Port 6 Block Diagram (Pin P6,)
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Appendix C 1/0O Block Diagrams

P6,

Software standby Modes 6 and 7
Hardware standby

R(—Z“SEI

Q D
P6,DDR

l
WP6D

Re‘set
Modes 6 and 7 R

Q D
Modes P6,DR
1,3,
and 5 C
WP6

Internal data bus

AS output

s
- (CL

I/

Legend:

WP6D: Write to P6DDR
WP6:  Write to port 6
RP6: Read port 6

Note: n=3to5

RD output
WR output

Figure C.5(b) Port 6 Block Diagram (Pins P6, to P6,)

Rev.3.00 Mar. 26, 2007 Page 660 of 682
REJ09B0353-0300

RENESAS
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C.6 Port 7 Block Diagram

[2]
>
o)
8
RP7 ks
> s :
[]
<
A/D converter
£o<} +— Input enable
i— Analog input
] l
Legend:

RP7: Read port 7

Note: n=0to7

FigureC.6 Port 7 Block Diagram

RENESAS
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C.7 Port 8 Block Diagram

Re‘set

Q D
P8,DDR

l
WP8D
Re‘set

(@]
Internal data bus

D
P8o ~ Q P8,DR

WP8

N RP8 Interrupt
controller

e
! IRQp
"‘i> ™ input

™
e

Legend:

WP8D: Write to PBDDR
WP8:  Write to port 8
RP8: Read port 8

Figure C.7(a) Port 8 Block Diagram (Pin P8)
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Appendix C

1/0 Block Diagrams

P8,

Re‘set
R

Q D
P8,DDR
C
WFlSD
Re‘set

— Modes R
-1 6and 7 0 D
~ P8,DR
—— Modes c
1,3,and5 T

WP8

’\[CL RP8
™S
I/

Internal data bus

Interrupt
controller

= |RQq input

Legend:

WP8D: Write to PBDDR
WP8:  Write to port 8
RP8: Read port 8

Figure C.7 (b) Port 8 Block Diagram (Pin P8)

Rev.3.00 Mar. 26, 2007 Page 663 of 682

RENESAS

REJ09B0353-0300
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C8

Port 9 Block Diagram

P99

Reset

a ¢

D
P9,DDR

T
WP9D
Re‘set

=

Q D
P9,DR

WP9

Internal data bus

=

’\[CE% RP9

™
I/

Legend:

WP9D: Write to P9DDR
WP9: Write to port 9
RP9: Read port 9

I/

Output enable

Serial transmit
data

Guard time

FigureC.8 (a) Port 9 Block Diagram (Pin P9,)
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Reset
|
R g
o
Q D o
< ( P9;DDR 8
c g
T £
WP9D £
Re‘set
R
P9 Q b
! P9,DR e
C pTTTTTms
‘ 1
WP9 Output enable
— Serial transmit
| i data
’\[CL.; RP9
™S~
L L
Legend:

WP9ID: Write to PODDR
WP9:  Write to port 9
RP9: Read port 9

FigureC.8 (b) Port 9 Block Diagram (Pin P9,)
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I/0O Block Diagrams

Reset

Q D
P9,DDR

Internal data bus

T
WP9D

Re‘set

P9,

] Q D
~ P9,DR

WP9

— RP9

S

.. Serial receive

Legend:

WP9ID: Write to PODDR
WP9:  Write to port 9
RP9: Read port 9

Note: n=2,3

data

FigureC.8 (c) Port 9 Block Diagram (Pin P9,, P9,)
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1/0 Block Diagrams

P9,

I\ECL.* RP9

V
\

» Clock input

Reset
| 0
R 2
P
Q D T
P9,DDR ©
g
G 3 scl
WP9D = | Clock input
Reset i enable
| .
R :
Q D :
P9, DR ;
c 5
T .
WP9 i Clock output
' enable
— Clock output

>

Legend:

WP9D: Write to PODDR
WP9:  Write to port 9
RP9: Read port 9

Note: n=4and5

= IRQ,, IRQs input

FigureC.8 (d) Port 9 Block Diagram (Pin P9,, P9,)
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C.9 Port A Block Diagram

2]
Re‘set 3
o]
R g
Q D T
PA,DDR aE)
c =
\ TPC
WPAD [
Reset ! TPC output
R : enable
P \/II ?pa0Rr" E
" , Next data
C !
WPA ;
E Output trigger
ITU
> r\@* RPA |
T L i Counter
™ input
' clock

Legend:

WPAD: Write to PADDR
WPA: Write to port A
RPA: Read port A

Note: n=0orl

FigureC.9 (a) Port A Block Diagram (PinsPA,, PA))
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1/0 Block Diagrams

PA,

(2]
Re‘set a
)
R 3
=]
Q D T
PA,DDR =
g
Cc £
\
WPAD ___TPC__
Reset . TPC output
3 R 3 ! enable
Q D i
i PA,DR ;
Next data
c :
WPA :
—Output trigger
TU
i~ Output enable
E Compare
' match output

4> ,\ECZI:— RPA

input
» Counter input

Legend:

WPAD: Write to PADDR
WPA: Write to port A
RPA: Read port A

Note: n=2o0r3

clock

Figure C.9 (b) Port A Block Diagram (Pins PA,, PA))
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Software standby
E Addre%s output enable

4|> ,\@— RPA

» INput capture
input

Mode
3
Re‘set 9 ﬁ
R 2 o
Q D < §
PA,DDR o> s
g g
c § |8
WPAD = = _TPC
+_TPC output
Reset ' enable
R :
PA, 0 D E
- PA,DR —Next data
c :
WPA E
—Output trigger
L
+ Output enable
+ Compare
+ match output

Legend:

WPAD: Write to PADDR
WPA:  Write to port A
RPA: Read port A

Notes: n=4to7
PA; address output enable is fixed at 1 in mode 3.

FigureC.9(c) Port A Block Diagram (Pins PA, to PA))
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C.10 Port B Block Diagram

4> ,\@— RPB

1» INput capture
input

(2]
Re‘set 3
T
R <
el
Q D IS
PB,DDR g
e
C £
T
WPBD ___-_FF_C___
Re‘set . TPC output
3 R . ' enable
PB Q D E
n i PB,DR : ;
— Next data
c '
WPB E
—Output trigger
LJITU
— Output enable
' Compare
' match output

Legend:

WPBD: Write to PBDDR
WPB: Write to port B
RPB: Read portB

Note: n=0to 3

Figure C.10 (a) Port B Block Diagram (Pins PB,to PB,)
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(2]
Re‘set 2
]
R <
©
Q D T
PB,DDR S
[¢]
C =
T
WPBD ___TPC__
Re‘set TPC output
s R . ' enable
PB Q D :
n I PB,DR ;
— Next data
C H
WPB E
— Output trigger
. TU
—Output enable
— Compare
i match output

4|> ,\@— RPB

Legend:

WPBD: Write to PBDDR
WPB: Write to port B
RPB: Read portB

Note: n=4o0r5

Figure C.10 (b) Port B Block Diagram (PinsPB,, PB,)
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1/0 Block Diagrams

PB;

(2]
Re‘set =
©
R ©
©
D K
PB;DDR g
i)
C IS
T
WPBD ___TPC
Re‘set +_TPC output
R . ' enable
Q D i
] PB,DR ;
c —Next data
WPB :
— Output trigger

A/D converter

>

Legend:

WPBD: Write to PBDDR
WPB: Write to port B
RPB: Read port B

» ADTRG
input

Figure C.10 (c) Port B Block Diagram (Pin PB.)
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Appendix D Pin States

D.1 Port Statesin Each Mode

TableD.1 Port States
Reset Hardware Software Program Execution
Pin Name Mode State Standby Mode Standby Mode State Sleep Mode
[0} — Clock T H Clock output
output
RESO*! — T*? T T RESO
PLtoP1, 1,3 L T T A to A,
5 T T keep Input port (DDR = 0)
T A, to A, (DDR = 1)
6,7 T T keep I/O port
P2,toP2, 1,3 L T A toA,
5 keep Input port (DDR = 0)
T A to A, (DDR =1)
6,7 T T keep I/0O port
P3,toP3,  1,3,5 T T T D, to D,
6,7 T T keep I/O port
P5,toP5, 1,3 L T T A t0A,
5 T T keep Input port (DDR = 0)
T A, to A, (DDR=1)
6,7 T T keep I/O port
P6, 1,3,5 T T keep /0 port, WAIT
6,7 T T keep I/0O port
P6, to P6, 1,3,5 H T T WR, RD, AS
6,7 T T keep I/0O port
P7.t0 P7, 1,3,5t07 T T T Input port
P8, 1,35 T T keep I/O port
6,7 T T keep I/0O port
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Reset Hardware Software Program Execution
Pin Name Mode State Standby Mode Standby Mode State Sleep Mode
P8, 1,35 T T T [DDR = 0] Input port [DDR = 0]
H [DDR = 1] H [DDR = 1]
6,7 T T keep I/0O port
P9, to P9, 1,3,5t07 T T keep I/O port
PA,toPA, 1,3,5t07 T T keep I/O port
PA, to PA, 3 T T [ADRCR = 0] (ADRCR =0)
T AL t0A,
[ADRCR = 1] (ADRCR =1)
keep I/O port
1,5,6,7 T T keep I/O port
PA, 3 L T T A,
1,5,6,7 T T keep I/O port
PB, PB,to 1,3,5t07 T T keep I/O port
PB,
Legend:
H: High
L: Low
T: High-impedance state
keep: Input pins are in the high-impedance state; output pins maintain their previous state.

DDR: Data direction register bit
ADRCR: Address control register

Notes: 1 Mask ROM version. Dedicated FWE input pin for the F-ZTAT version.
2 Low output only when WDT overflows causes a reset.
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D.2 Pin States at Reset
Reset in T1 State

Figure D.1 isatiming diagram for the case in which RES goes low during the T1 state of an
external memory access cycle. As soon as RES goes low, all ports are initialized to the input state.
AS, RD, and WR go high, and the data bus goes to the high-impedance state. The address bus is
initialized to the low output level 0.5 state after the low level of RES is sampled. Sampling of RES
takes place at the fall of the system clock (¢).

Access to external address

Ty T, T3

(0] \

RES

Internal
reset signal

Address bus .
(modes 1, 3, 5) >< >< H000000

AS (modes 1, 3, 5)

High

RD (read access)
(modes 1, 3, 5)

High

WR (write access)
(modes 1, 3, 5)

High
Data bus

(write access)
(modes 1, 3, 5)

High impedance

1/O port \ High impedance
(modes 1, 3,510 7) /

FigureD.1 Reset during Memory Access (Reset during T1 State)
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Reset in T2 State

Figure D.2 isatiming diagram for the case in which RES goes low during the T2 state of an
external memory access cycle. As soon as RES goes low, all ports are initialized to the input state.
AS, RD, and WR go high, and the data bus goes to the high-impedance state. The address bus is
initialized to the low output level 0.5 state after the low level of RES is sampled. The same timing
applieswhen areset occurs during await state (T,,).

ES

Internal
reset signal

Address bus
(modes 1, 3, 5)

AS (modes 1, 3, 5)

RD (read access)
(modes 1, 3, 5)

WR (write access)
(modes 1, 3, 5)

Data bus
(write access)
(modes 1, 3, 5)

I/O port
(modes 1, 3,5t0 7)

Access to external address

T T, T3

'

>< >< H'000000

High impedance

High impedance

] e

FigureD.2 Reset during Memory Access (Reset during T2 State)
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Reset in T3 State

Figure D.3 isatiming diagram for the case in which RES goes low during the T, state of an
external memory access cycle. As soon as RES goes low, all ports are initialized to the input state.
AS, RD, and WR go high, and the data bus goes to the high-impedance state. The address bus
outputs are held during the T, state. The same timing applies when areset occursin the T, state of
an access cycle to a two-state-access area.

Access to external address

Ty T, T3

® \

ES

Internal
reset signal

Address bus .
(modes 1, 3, 5) >< >< H'000000

AS (modes 1, 3, 5)

RD (read access)
(modes 1, 3, 5)

WR (write access)
(modes 1, 3, 5)

Data bus High impedance

(write access)
(modes 1, 3, 5)

T
~—

I/O port \ High impedance
(modes 1, 3,510 7) /

FigureD.3 Reset during Memory Access (Reset during T3 State)
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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 10
system clock cycles before the STBY signal goes low, as shown below. RES must remain low
until STBY goeslow (minimum delay from STBY low to RES high: 0 ns).

STBY

tl > 10tcyc t2 >0ns
-

0
m
w

(2) Toretain RAM contents with the RAME bit cleared to 0 in SY SCR, RES does not have to be
driven low asin (1).

Timing of Recovery from Hardwar e Standby Mode

Drive the RES signal low approximately 100 ns before STBY goes high.

STBY

t>100 ns tOSC

|

0
m
(72
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Appendix F Product Lineup

TableF.1 HB8/3039 Group Product Lineup
Package
Product Type Part Number Mark Code (Package Code)
H8/3039  Flashmemory 5V HD64F3039F HD64F3039F 80-pin QFP (FP-80A)
version Version  {ingaF3039TE HD64F3039TE 80-pin TQFP (TFP-80C)
3V HD64F3039VF  HD64F3039VF 80-pin QFP (FP-80A)
Version  |ingAF3039VTE  HD64F3039VTE 80-pin TQFP (TFP-80C)
Mask ROM 5V HD6433039F HD6433039(***)F 80-pin QFP (FP-80A)
version Version  11n5433039TE HD6433039(***)TE  80-pin TQFP (TFP-80C)
3V HD6433039VF HD6433039(***)VF  80-pin QFP (FP-80A)
Version  |ing433039VTE  HD6433039(***)VTE 80-pin TQFP (TFP-80C)
H8/3038  Mask ROM 5V HD6433038F HD6433038(***)F 80-pin QFP (FP-80A)
version Version  11n5433038TE HD6433038(***)TE  80-pin TQFP (TFP-80C)
3V HD6433038VF HD6433038(***)VF  80-pin QFP (FP-80A)
Version  11ng433038VTE  HD6433038(***)VTE 80-pin TQFP (TFP-80C)
H8/3037  Mask ROM 5V HD6433037F HD6433037(***)F 80-pin QFP (FP-80A)
version Version  11n5433037TE HD6433037(***)TE  80-pin TQFP (TFP-80C)
3V HD6433037VF HD6433037(***)VF  80-pin QFP (FP-80A)
Version  11ng433037VTE  HD6433037(***)VTE 80-pin TQFP (TFP-80C)
H8/3036  Mask ROM 5V HD6433036F HD6433036(***)F 80-pin QFP (FP-80A)
version Version  11n5433036TE HD6433036(***)TE  80-pin TQFP (TFP-80C)
3V HD6433036VF HD6433036(***)VF  80-pin QFP (FP-80A)
Version  1ing433036VTE  HD6433036(***)VTE 80-pin TQFP (TFP-80C)
Note: (***)in mask ROM versions is the ROM code.
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Appendix G Package Dimensions

The package dimension that is shown in the Renesas Semiconductor Package Data Book has
priority.

JEITA Package Code | RENESAS Code | Previous Code | MASS[Typ.] |
P-QFP80-14x14-0.65 | PRQP0080JB-A | FP-80A/FP-80AV | 129 |

Ho
‘D

I RERRRARARRARRRRRRR

NOTE)
1. DIMENSIONS"*1"AND"*2"
DO NOT INCLUDE MOLD FLASH
2. DIMENSION"*3"DOES NOT
b, INCLUDE TRIM OFFSET.

f

1

i i [Reference|
Terminal cross section S

Dimension in Millimeters
Min | Nom| Max
D | — ] 14]—
E | — [ 14—
270 —

LLLEEEGLGLLERGRA Ho 6] 172|175

z He | 169 17.2] 175
<4 %ﬁﬁ E A — | — 305
L 1, A1 ]0.00]0.10] 0.25

8

[BEREREEERRRELEL]S

Ze

|

ARRRRARRRARAARRARARA

{

£
0.00

| 1L 7 b, | 0.24 | 0.32] 0.40

i i\j b 1 b1 | — [030] —

c 10.12]0.17]0.22

- . Detail F o T — 015 —

aly] = S ® 0 o |—] &

el | — 1065 —

X — | — 1012

y |— | — 010

Zp| — [083] —

Ze | — [0.83] —

L 05| 08| 1.1

L] —116] —

Figure G.1 Package Dimensions (FP-80A)
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JEITA Package Code | RENESAS Code | Previous Code

[ MASS[Typ] |

P-TQFP80-12x12-0.50 ‘ PTQP0080KC-A ‘TFP-BOC/TFF‘-BOCV

[ o049 |

AAAAAAAAARAARARARRAA

ARAAAARRRAAAAAARAARAR
ELLRELERELEREERELER

Terminal cross section

HH@JHHHHHHHHHHHHHH

S ®

ihT=:

Detail F

A

NOTE)
1. DIMENSIONS"*1"AND"*2"

DO NOT INCI
2. DIMENSION™3"DO

INCLUDE TRIM OFFSET.

LUDE MOLD FLASH
ES NOT

Referonce] Dimension in Milimeters
Symbel[“Min | Nom| Max
D|[—]|12]|—
E[—]12]—
A2 | — [1.00] —
Hp|13.8]14.0| 14.2
Hi]13.8[14.0] 142
Al—]—1]120
A1]0.00 | 0.10 | 0.20
bp | 0.17]0.22]0.27
bi | — 020 —
c 10.12]0.17]0.22
C1 0.15
0 0| — | &
el | —]05] —
X — | — (0.10
y — | — 10.10
Zp| — [125] —
Ze| — |125] —
L 04| 05| 0.6
L[| —1[10] —

FigureG.2 Package Dimensions (TFP-80C)
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