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12.

Notice

All information included in this document is current as of the date this document isissued. Such information, however, is
subject to change without any prior notice. Before purchasing or using any Renesas Electronics products listed herein, please
confirm the latest product information with a Renesas Electronics sales office. Also, please pay regular and careful atention to
additional and different information to be disclosed by Renesas Electronics such as that disclosed through our website.

Renesas Electronics does not assume any liability for infringement of patents, copyrights, or other intellectual property rights
of third parties by or arising from the use of Renesas Electronics products or technical information described in this document.
No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights
of Renesas Electronics or others.

Y ou should not alter, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part.

Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of
semiconductor products and application examples. Y ou are fully responsible for the incorporation of these circuits, software,
and information in the design of your equipment. Renesas Electronics assumes no responsibility for any lossesincurred by
you or third parties arising from the use of these circuits, software, or information.

When exporting the products or technology described in this document, you should comply with the applicable export control
laws and regulations and follow the procedures required by such laws and regulations. Y ou should not use Renesas
Electronics products or the technology described in this document for any purpose relating to military applications or use by
the military, including but not limited to the devel opment of weapons of mass destruction. Renesas Electronics products and
technology may not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited
under any applicable domestic or foreign laws or regulations.

Renesas Electronics has used reasonable care in preparing the information included in this document, but Renesas Electronics
does not warrant that such information is error free. Renesas Electronics assumes no liability whatsoever for any damages
incurred by you resulting from errorsin or omissions from the information included herein.

Renesas Electronics products are classified according to the following three quality grades: “Standard”, “High Quality”, and
“Specific”. The recommended applications for each Renesas Electronics product depends on the product’ s quality grade, as
indicated below. Y ou must check the quality grade of each Renesas Electronics product before using it in aparticular
application. You may not use any Renesas Electronics product for any application categorized as “ Specific” without the prior
written consent of Renesas Electronics. Further, you may not use any Renesas Electronics product for any application for
which it is not intended without the prior written consent of Renesas Electronics. Renesas Electronics shall not bein any way
liable for any damages or losses incurred by you or third parties arising from the use of any Renesas Electronics product for an
application categorized as “ Specific” or for which the product is not intended where you have failed to obtain the prior written
consent of Renesas Electronics. The quality grade of each Renesas Electronics product is “ Standard” unless otherwise
expressly specified in a Renesas Electronics data sheets or data books, etc.

“Standard”: Computers; office equipment; communications equipment; test and measurement equipment; audio and visual
equipment; home electronic appliances, machine tools; personal electronic equipment; and industrial robots.
“High Quality”: Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-
crime systems; safety equipment; and medical equipment not specifically designed for life support.
“Specific”: Aircraft; aerospace equipment; submersible repeaters; nuclear reactor control systems; medical equipment or
systems for life support (e.g. artificial life support devices or systems), surgical implantations, or heathcare
intervention (e.g. excision, etc.), and any other applications or purposes that pose adirect threat to human life.
Y ou should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics,
especialy with respect to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation
characteristics, installation and other product characteristics. Renesas Electronics shall have no liability for malfunctions or
damages arising out of the use of Renesas Electronics products beyond such specified ranges.
Although Renesas Electronics endeavors to improve the quality and reliability of its products, semiconductor products have
specific characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Further,
Renesas Electronics products are not subject to radiation resistance design. Please be sure to implement safety measures to
guard them against the possibility of physica injury, and injury or damage caused by fire in the event of the failure of a
Renesas Electronics product, such as safety design for hardware and software including but not limited to redundancy, fire
control and malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures. Because
the evaluation of microcomputer software alone is very difficult, please evaluate the safety of the final products or system
manufactured by you.

Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental
compatibility of each Renesas Electronics product. Please use Renesas Electronics products in compliance with all applicable
laws and regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS
Directive. Renesas Electronics assumes no liability for damages or losses occurring as aresult of your noncompliance with
applicable laws and regulations.

This document may not be reproduced or duplicated, in any form, in whole or in part, without prior written consent of Renesas
Electronics.

Please contact a Renesas Electronics sdes office if you have any questions regarding the information contained in this
document or Renesas Electronics products, or if you have any other inquiries.

(Note 1) “Renesas Electronics’ as used in this document means Renesas Electronics Corporation and also includes its majority-

owned subsidiaries.

(Note 2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.
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Keep safety first in your circuit designs!

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

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

Notes regarding these materials

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

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

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

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

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

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

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

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

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

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

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

1. Treatment of NC Pins

Note:

Do not connect anything to the NC pins.

The NC (not connected) pins are either not connected to any of the internal circuitry or are
used as test pins or to reduce noise. If something is connected to the NC pins, the
operation of the LS is not guaranteed.

2. Treatment of Unused Input Pins

Note:

Fix all unused input pinsto high or low level.

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

3. Processing before Initiaization

Note:

When power isfirst supplied, the product's state is undefined.

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

4. Prohibition of Accessto Undefined or Reserved Addresses

Note:

Access to undefined or reserved addresses is prohibited.

The undefined or reserved addresses may be used to expand functions, or test registers
may have been be allocated to these addresses. Do not access these registers; the system's
operation is not guaranteed if they are accessed.

Rev. 3.00 Aug 23, 2006 Page iii of Ixxviii
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Configuration of This Manual

This manual comprisesthe following items:

A w DN PR

General Precautions on Handling of Product
Configuration of This Manual

Preface

Main Revisions for This Edition

Thelist of revisionsisasummary of points that have been revised or added to earlier versions.
This does not include all of the revised contents. For details, see the actual locationsin this
manual.

Contents

Overview

Description of Functional Modules

* CPU and System-Control Modules
e On-Chip Periphera Modules

The configuration of the functional description of each module differs according to the
module. However, the generic style includes the following items:

i) Feature

ii) Input/Output Pin
iii) Register Description
iv) Operation

v) Usage Note

When designing an application system that includes this LSI, take notes into account. Each section
includes notes in relation to the descriptions given, and usage notes are given, as required, asthe
final part of each section.

8.
9.

List of Registers
Electrical Characteristics

10. Appendix
11. Index

Rev. 3.00 Aug 23, 2006 Page iv of Ixxviii
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Preface

H8/38086R Group is single-chip microcomputers made up of the high-speed H8/300H CPU
employing Renesas Technology original architecture astheir cores, and the peripheral functions
required to configure a system. The H8/300H CPU has an instruction set that is compatible with
the H8/300 CPU.

Target Users:  This manual was written for users who will be using the H8/38086R Group in the
design of application systems. Target users are expected to understand the
fundamentals of electrical circuits, logical circuits, and microcomputers.

Objective: This manual was written to explain the hardware functions and electrical
characteristics of the H8/38086R Group to the target users.
Refer to the H8/300H Series Software Manual for adetailed description of the
instruction set.

Notes on reading this manual:

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

* Inorder to understand the details of the CPU's functions
Read the H8/300H Series Software Manual.

» Inorder to understand the details of aregister when its name is known
Read the index that isthe final part of the manual to find the page number of the entry on the
register. The addresses, bits, and initial values of the registers are summarized in section 24,
List of Registers.

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

XXX_N (XXX istheregister name and N is the channel
number)

Bit order: The MSB is on the left and the LSB is on the right.

Rev. 3.00 Aug 23, 2006 Page v of Ixxviii
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Notes:

When using an on-chip debugger (such asthe E7 or E8) for H8/38086R program development and
debugging, the following restrictions must be noted.

1
2.

8.

The NMI pinisreserved for the on-chip debugger, and cannot be used.

Pins P16, P36, and P37 cannot be used. In order to use these pins, additional hardware must be
provided on the user board.

Area H'C000 to H'CFFF is used by the on-chip debugger, and is not available to the user.
AreaH'F380 to H'F77F must on no account be accessed.

When the on-chip debugger is used, address breaks can be set as either available to the user or
for use by the on-chip debugger. If address breaks are set as being used by the on-chip
debugger, the address break control registers must not be accessed.

When the on-chip debugger is used, NMI is an input pin, P16 and P36 are input pins, and P37
isan output pin.

When on-board programming/erasing is performed in boot mode, the SCI3 (P41/RXD and
P42/TXD) isused.

When using the on-chip debugger, set the FROMCKSTP bit in clock halt register 1 to 1.

Related Manuals.  The latest versions of al related manuals are available from our web site.

Please ensure you have the latest versions of all documents you require.
http://www.renesas.com/

H8/38086R Group manuals:

Document Title Document No.
H8/38086R Group Hardware Manual This manual
H8/300H Series Software Manual REJ09B0213

User's manuals for development tools:

Document Title Document No.

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

H8S, H8/300 Series Simulator/Debugger User's Manual ADE-702-282
H8S, H8/300 Series High-performance Embedded Workshop 3 Tutorial REJ10B0024
H8S, H8/300 Series High-performance Embedded Workshop 3 REJ10B0026

User's Manual

Rev. 3.00 Aug 23, 2006 Page vi of Ixxviii
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Application notes:

Document Title Document No.
F-ZTAT Microcomputer On-Board Programming REJO5B0523

Rev. 3.00 Aug 23, 2006 Page vii of Ixxviii
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Main Revisions for This Edition

Item Page Revision (See Manual for Details)
All — (Before) E7 - (After) on-chip debugger
Preface vi When using an on-chip debugger (such as the E7 or E8) for
H8/38086R program development and debugging, ...
1.1 Features 2 » Compact package
Table amended
Package Code Old Code Body Size Pin Pitch Remarks
QFP-80 PRQP0080JB-A FP-80A 14 X 14 mm 0.65 mm
TQFP-80 PTQPO080KC-A TFP-80C 12 X 12 mm 0.5 mm
P-TFLGA-85 PTLGO085JA-A TLP-85V 7 X7 mm 0.65 mm
1.2 Internal Block 3 Note 2 amended
Diagram 2. The SCK4, Sl4, SO4, and NMI pins are not available when the
Figurel.1l Internal E7 or on-chip debugger is used.
Block Diagram of
H8/38076R Group
1.4 Pin Functions 19 Table amended
Table 1.4 Pin Pin No.
Functlons FP-80A, Pad Pad
Type Symbol TFP-80C TLP-85V No.**  No.** /0 Functions
16-bit timer TIOCA1 80 A3 81 80 [fe] Pins for the TGR1A input capture
pulse unit input or output compare output, or
(TPU) PWM output.
TioCB1 1 B1 1 1 Input  Pins for the TGR1B input capture
input.
TIOCA2 2 C1 2 2 110 Pins for the TGR2A input capture
input or output compare output, or
PWM output.
TiocB2 3 B2 3 3 Input  Pins for the TGR2B input capture
input.
2.1 Address Space 26 Note amended

and Memory Map

Figure 2.1 Memory

Map

Note: The areas from H'C000 to H'CFFF and from H'F380 to
H'F77F are used by the on-chip debugger.

They are not available to the user when the on-chip debugger is
being used.

Rev. 3.00 Aug 23, 2006 Page ix of Ixxviii
RENESAS



Item Page

Revision (See Manual for Details)

2.8.3 Bit-Manipulation 57
Instruction

« Prior to executing BSET instruction
MOV.B #H'80, ROL

59 * Prior to executing BCLR instruction
MOV.B #H'3F, ROL

3.1 Exception 62 Table amended
Sources and Vector Vector
Address Source Origin Exception Sources Number Vector Address Priority

Address break  Break conditions satisfied 5 HO00A to HO00B |
Table 3.1 Excepton -~ |
Sources and Vector Internal interrupts* O 19to0 43 H'0026 to H'0057  Low
Address
3.2 Reset 63,64 Replaced
3.3 Interrupts 65 Description amended

.. The interrupt controller can set interrupts other than NMI to one
of three mask levels in order to control multiple interrupts. The
interrupt priority registers A to E (IPRA to IPRE) of the interrupt
controller set the interrupt mask level.

3.5.1 Notes on Stack 68
Area Use

Description amended

To save register values, use PUSH.W Rn (MOV.W Rn, @—SP)
or PUSH.L ERn (MOV.L ERn, @—SP). To restore register values,
use POP.W Rn (MOV.W @SP+, Rn) or POP.L ERn (MOV.L
@SP+, ERN).

During interrupt exception handling or when an RTE instruction is
executed, CCR contents are saved and restored in word size.

Section 4 Interrupt 73
Controller

4.1 Features

Description amended
» Mask levels settable with IPR

An interrupt priority register (IPR) is provided for setting interrupt
mask levels. Three mask levels can be set for each module for
all interrupts except . NMI and address break.

Rev. 3.00 Aug 23, 2006 Page x of Ixxviii
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Item Page Revision (See Manual for Details)

4.3.8 Interrupt Priority 84 Description amended
Registers A to E (IPRA

IPR sets mask levels (levels 2 to 0) for interrupts other than  NMI
to IPRE)

and address break. ...

Setting a value in the range from H'0 to H'3 in the 2-bit groups of
bits 7 and 6, 5 and 4, 3 and 2, and 1 and 0 sets the mask level of
the corresponding interrupt. ...

Table amended

(Before) Priority level - (After) Mask level
4.3.9 Interrupt Mask 85 Table amended
Register (INTM) (Before) Priority level - (After) Mask level

4.4.1 External 86 (2) WKP7 to WKPO Interrupts
Interrupts

... The interrupt mask level can be set by IPR.
(3) IRQ4, IRQ3, IRQ1, and IRQO Interrupts

... The interrupt mask level can be set by IPR.
(4) IRQAEC Interrupts

... The interrupt mask level can be set by IPR.

4.4.2 Internal 87 * The interrupt mask level can be set by IPR.
Interrupts
4.5 Interrupt 87 Description amended

Exception Handling

... The lower the vector number, the higher the priority. The
Vector Table

priority within a module is fixed. Mask levels for Interrupts other
than NMI and address break can be modified by IPR.

Rev. 3.00 Aug 23, 2006 Page xi of Ixxviii
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Item Page

Revision (See Manual for Details)

4.6 Operation 90

Table 4.3 Interrupt
Control States

Table amended
(Before) priority level — (After) mask level

Description amended

2. The following control operations are performed by referencing
the INTM1 and INTMO bits in INTM and the | bit in CCR.

» When the | bit is set to 1, the interrupt request is held pending.

* When the | bit is cleared to 0 and the INTM1 bit is set to 1,
interrupts with mask level 1 or below are held pending.

* When the | bit is cleared to 0, the INTML1 bit is cleared to 0,
and the INTMO bit is set to 1, interrupt requests with mask level 0
are held pending.

* When the I bit, INTM1 bit, and INTMO bit are all cleared to 0,
all interrupt requests are accepted.

3. If contention occurs between interrupts that are not held
pending by the INTM1 and INTMO bits in the INTM register and
the | bit in CCR, the interrupt with the highest priority as shown in
table 4.2 is selected, regardless of the IPR setting.

Figure 4.2 Flowchart 92
of Procedure Up to
Interrupt Acceptance

Figure amended

Program execution state

Interrupt generated?.

No

NMI or address
break?

Mask level
1 or 2 interrupt?.

Mask level 2 No
No inter
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Item Page Revision (See Manual for Details)

4.6.1 Interrupt 93 Figure amended

Exception Handling (Before) Address bus — (After) Internal address bus
Sequence

Figure 4.3 Interrupt
Exception Handling
Sequence

(Before) RD - (After) Internal read signal
(Before) HWR, LWR - (After) Internal write signal
(Before) D, to D, — (After) Internal data bus

4.6.2 Interrupt 94
Response Times

Table 4.4 Interrupt
Response Times

Table amended

No. Execution Status Number of States

1 Interrupt mask level determination 1or2**

Note 1 amended

(States)
1. One state for internal interrupts and two states for external

interrupts.

4.7.2 Instructions that 96
Disable Interrupts

Description amended

When an interrupt request is generated, an interrupt is request is
sent to the CPU after the interrupt controller has determined the

mask level.

Section 5 Clock 98 Figure amended
Pulse Generators H
Fi 5.1 Block IRQAEC h :

igure 5. oc : on-chip :
Diagram of Clock ! Rosc —Y 1
Pulse Generators E System 5
(Masked ROM osc E clock 905€ |
Version) (2) OSC2 <+—— oscillator | (fosc) :

5.2 System Clock 101
Generator

Figure amended

C.C,
Frequency| Manufacturer |Product Type [Recommendation Value

4.19 MHz |Kyocera Kinseki | HC-491U-S |22 pF +20%
Corporation

Figure 5.2 Typical
Connection to Crystal
Resonator

5.2.4 On-Chip 102
Oscillator Selection

Method (Supported

only by the Masked

ROM Version)

Description amended

... The setting takes effect when the rest is cleared. When the on-
chip oscillator is selected, ...

Rev. 3.00 Aug 23, 2006 Page xiii of Ixxviii
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Item Page

Revision (See Manual for Details)

5.3.1 Connecting 103
32.768-kHz/38.4-kHz
Crystal Resonator

Figure 5.5 Typical
Connection to
32.768-kHz/38.4-kHz
Crystal Resonator

Description amended

Clock pulses can be supplied to the subclock generator by
connecting a 32.768-kHz or 38.4-kHz crystal resonator, ...

Figure amended

" Products Cy, Co Equivalent Series
Frequency| Manufacturer Name Recommendation Value Resistance
38.4 kHz Epson Toyocom | C-4-TYPE 7 pF 30 kQ max
32.768 kHz| Epson Toyocom | C-001R 7 pF 35 kQ max

Figure 5.6 Equivalent 104
Circuit of 32.768-
kHz/38.4-kHz Crystal
Resonator

Figure amended
C,=0.9 pF(typ.)
R, =35 kQ (max.)

Description added
Notes on Use of Subclock Generator Circuit

The drive capacity of the subclock generator circuit is limited in
order to reduce current consumption when operating in the
subclock mode. As a result, there may not be sufficient additional
margin to accommodate some resonators. Be sure to select a
resonator with an equivalent series resistance (R,) corresponding
to that shown in figure 5.6.

5.3.3 External Clock 105
Input Method
5.4.1 Prescaler S

Title amended

Description amended
The output from prescaler S is shared by the on-chip peripheral

5.5.3 Definition of
Oscillation Stabilization
Wait Time

108, 109

modules. In active (medium-speed) mode and sleep
(medium-speed) mode,
Replaced

5.5.6 Note on Using 110
Power-On Reset
Circuit

Description amended

The LSI's internal power-on reset circuit can be adjusted by
connecting an external capacitor to the RES pin. Adjust the
capacitance of the external capacitor to ensure sufficient
oscillation stabilization time before reset clearing. For details, see
section 22, Power-On Reset Circuit.

Rev. 3.00 Aug 23, 2006 Page xiv of Ixxviii

RENESAS



Item Page

Revision (See Manual for Details)

6.1.1 System Control 112
Register 1 (SYSCR1)

Table amended

Initial
Bit Bit Name Value R/W Description
6 STS2 0 R/W When an external clock is to be used, the minimum
5 STS1 0 R/W value (STS2 =1, STS1 =0, STSO = 1) is recommended.
4 STSO 0 RIW If the internal oscillator is used, the settings CTCS2 = 0,

STS =1, and STSO = 0 are recommended.

If the setting other than the recommended value is
made, operation may start before the end of the waiting
time.

6.1.2 System 114
Control Register 2
(SYSCR2)

Table amended
Initial

Bit Bit Name Value R/W Description

4 NESEL 1 R/W Noise Elimination Sampling Frequency Select
The subclock pulse generator generates the watch clock
signal (@,) and the system clock pulse generator
generates the oscillator clock (@,.). This bit selects the
sampling frequency of @,.. when @, is sampled. When

@, = 2to 10 MHz, clear this bit to 0. Set it to 1 if the
internal oscillator is used.

0: Sampling rate is ., /16.

1: Sampling rate is @, /4.

1 'SAL o RMW  Subactive Mode Clock Select1and0
0 SA0 0 R/IW Select the operating clock frequency in subactive and

subsleep modes. The values of SA1 and SAO do not
change if they are written to in subactive mode.

00: @/8
01: @ /4
1X: @,/2

6.1.3 Clock Halt 115
Registers 1 and 2
(CKSTPR1 and

CKSTPR2)

Table amended

Initial
Bit  Bit Name Value R/W Description

7 S4cKSTP**t 1 R/W**  SCl4 Module Standby
SCl4 enters standby mode when this bit is cleared to 0.

1 FROMCKSTP*** 1 R/IW Flash Memory Module Standby

Flash memory enters standby mode when this bit is
cleared to 0.
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Item Page Revision (See Manual for Details)

6.2 Mode Transitions 118 Note amended

and States of LSl A transition between different modes cannot be made to occur

Figure 6.1 Mode simply because an interrupt request is generated. Make sure to
Transition Diagram enable interrupt requests.
Table 6.2 Transition 120 Table amended
Mode after SLEEP Transition
Instruction Execution Mode after .
State SLEEP Transition
and Interrupt Before Instruction Mode dueto  Symbol in
Handling Transition LSON MSON SSBY TMA3 DTON Execution Interrupt Figure 6.1
Active 0 0 0 * 1 Active O f
(medium- (high-
speed) speed)
mode mode
(direct
transition)
0 1 0 * 1 Active O O
(medium-
speed)
mode
(direct
transition)
Table 6.3 Internal 122 Note amended
State in Each !
Operating Mode ' Subactive  Subsleep  Standby
Function Watch Mode Mode Mode Mode
Peripheral RTC \Functioning/  Functioning/ Functioning/ Functioning/
modules | retained*” retained*®  retained*®  retained*®
Asynchronous | Functioning*® Functioning Functioning ~Functioning*®

event counter '

Timer F 1 Functioning/  Functioning/r Functioning/ Retained
iretained**® etained** retained*®
)

TPU | Retained Retained Retained Retained
.
WDT | Functioning®’/  Functioning*’/ Functioning®’/ Functioning*”/
'
iretained retained retained retained
)
SCI3/IrDA iReset Functioning/ Functioning/ Reset
)

! retained**  retained**

Notes:

5. Only incrementing of the external event timer by ECL/ECH and
overflow interrupts operate.

6. Functioning if @w/4 is selected as an internal clock. Halted and
retained otherwise.

7. Functioning if the on-chip oscillator is selected.

8. Functioning if the internal time keeping time-base function is
selected and retained if the interval timer is selected.
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6.2.5 Subactive 125 Description amended
Mode

In subactive mode, the system clock oscillator stops but
on-chip peripheral modules other than TPU, 1IC2, the AX A/D
converter, the A/D converter, and PWM function.

The operating frequency of subactive mode is selected from @,/2,
@,/4, and @,/8 by the SA1 and SAO bits in SYSCR2.

6.3 Direct Transition 126

Description amended

... operating frequency modification in active . mode. ...

If the direct transition interrupt is disabled by IENR2, no direct
transition takes place and a transition is made instead to sleep or
watch mode.

Note: If a direct transition is attempted while the | bitin CCR is
set to 1, the device remains in sleep or watch mode, and
recovery is not possible.

6.3.1 Direct Transition 127
from Active (High-

Speed) Mode to Active
(Medium-Speed) Mode

Description amended
Example: When @../8 is selected as the CPU operating clock following transition

Direct transition time = (2 + 1) x 1tosc + 14 x 8tosc = 115tosc

6.3.2 Direct Transition 128
from Active (High-

Speed) Mode to

Subactive Mode

6.3.3 Direct Transition
from Active (Medium-
Speed) Mode to Active
(High-Speed) Mode

Description amended
Example: When @osc/8 is selected as the CPU operating clock following transition

Direct transition time = (2 + 1) x 1tosc + 14 x 1tsubcyc = 3tosc + 14tsubcyc

Description amended
Example: When @,./8 is selected as the CPU operating clock before transition

Direct transition time = (2 + 1) x 8tosc + 14 x 1tosc = 38tosc

6.3.4 Direct Transition 129
from Active (Medium-
Speed) Mode to

Subactive Mode

6.3.5 Direct Transition
from Subactive Mode
to Active (High-Speed)
Mode

Description amended
Example: When @osc/8 is selected as the CPU operating clock before transition

Direct transition time = (2 + 1) x 8tosc + 14 x 1tsubcyc = 24tosc + 14tsubcyc

Description amended

Example: When @w/8 is selected as the CPU operating clock before transition and wait

time = 8192 states
Direct transition time = (2 + 1) x 8tw + (8192 + 14) x tosc = 24tw + 8206tosc

6.3.6 Direct Transition 130
from Subactive Mode

to Active (Medium-

Speed) Mode

Description amended

Example: When @w/8 is selected as the CPU operating clock before transition, ¢,./8 is
selected as the CPU operating clock following transition, and the wait timeis

8,192 states

Direct transition time = (2 + 1) x 8tw + (8192 + 14) x 8tosc
= 24tw + 65648tosc
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7.3 On-Board 142 ... The boot program transfers the programming control program

Programming Modes from the externally-connected host to on-chip RAM via SCI3
(channel 2). ...

7.6 Programmer 153 Description amended

Mode ... with the on-chip 64-kbyte flash memory (FZTAT64V3).

7.8 Notes on Setting 154 Description amended

Module Standby Mode Even if an interrupt source occurs while the interrupt is enabled

in module standby mode, program runaway may occur because
the vector cannot be fetched.

9.1.5 Pin Functions 163 Description amended
* P15/TIOCB2 pin

TPU Channel 2 Next table Next table Next table (3)

Setting (1) 2)

PCR15 O 0 1 0 1

Pin Function O P15 input P15 output P15 input P15 output
pin pin pin pin

TIOCB2 input pin*

Note: * When the MD1 and MDO bits are set to B'00 and the IOB3 bit to 1, the pin function
becomes the TIOCB2 input pin.
Clear PCR15 to 0 when using TIOCB2 as an input pin.

TPU Channel 2 @ [©) @
Setting

MD1, MDO B'00 B'10, B'01, B'11
I0B3 to I0BO B0000 [ B'xxx | B'0001to BO111 B0
CCLR1, CCLRO B'xx
Output Function u] ‘ Setting prohibited

[Legend] x: Don't care.

164 * P14/TIOCA2/TCLKC pin

Notes: 1. When the MD1 and MDO bits are set to B'00 and the IOA3 bit to 1, the pin function
becomes the TIOCA2 input pin.
Clear PCR14 to 0 when using TIOCA2 as an input pin.
2. When the TPSC2 to TPSCO bits in TCR_2 are set to B'110, the pin function becomes
the TCLKC input pin.
Clear PCR14 to 0 when using TCLKC as an input pin.

TPU Channel 2 ) (1) ) 1) 1) )
Setting
MD1, MDO B'00 B'1x B'10 B'11
I0A3 to IOA0 B'0000 B'0001 to B'xx00 Other than Other than B'xx00
B'0100 B'0011 B'xx00
B'Ixxx B'0101 to
B'0111
CCLR1, CCLRO O O O O Other than B'01
B'01
Output Function O Output O PWM mode PWM O
compare 1* output mode 2
output output

[Legend] x: Don't care.
Note: * The output of the TIOCB2 pin is disabled.
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9.1.5 Pin Functions 165 Description amended

* P13/TIOCB1/TCLKB pin

TPU Channel 1 Next table Next table (2) Next table (3)

Setting 1)

PCR13 O 0 1 0 1

Pin Function O P13 input pin | P13 output | P13 input pin | P13 output
pin pin

TIOCBL1 input pin

TCLKB input pin*

Note: * When the TPSC2 to TPSCO bits in TCR_1 or TCR_2 are set to B'101, the pin function
becomes the TCLKB input pin.
Clear PCR13 to 0 when using TCLKB as an input pin.

TPU Channel 1 @ ) @
Setting

MD1, MDO B'00 B'10, B'01, B'11
10B3 to IOBO B'0000 ‘ B'Ixxx ‘ B'0001 to B'0111 B'Xxxx
CCLR1, CCLRO B'xx

Output Function O ‘ Setting prohibited
[Legend] x: Don't care.

166 * P12/TIOCAL/TCLKA pin

Notes: 1. When the MD1 and MDO bits are set to B'00 and the IOA3 bit to 1, the pin function
becomes the TIOCA1 input pin.
Clear PCR12 to 0 when using TIOCAL as an input pin.
2. When the TPSC2 to TPSCO bits in TCR_1 or TCR_2 are set to B'100, the pin function
becomes the TCLKA input pin.
Clear PCR12 to 0 when using TCLKA as an input pin.

TPU Channel 1 () (1) 2) (1) (1) (2)
Setting
MD1, MDO B'00 B'1x B'10 B'11
I0A3 to IOA0 B'0000 B'0001 to B'xx00 Other Other than B'xx00
B'0100 B'0011 than
B'1xxx B'0101 to B'xx00
B'0111
CCLR1, CCLRO u} u} 0 O Other than B'01
B'01
Output Function O Output O PWM PWM O
compare mode 1* mode 2
output output output

[Legend] x: Don't care.
Note: * The output of the TIOCBL1 pin is disabled.
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9.2.5 Pin Functions 171 Description amended
* P32/TXD32/SCL pin

The pin function is switched as shown below according to the combination of the PCR32 bit in
PCR3, ICE bitin ICRR1, TE  bitin SCR32, and SPC32 bit in SPCR.

ICE 0 1

SPC32 0 1 X

TE X X X

PCR32 0 1 X X

Pin Function P32 input pin P32 output pin TXD32 o*utput SCL /O pin
pin

[Legend] x: Don't care.
Note: * If SPC32is setto 1 and TE is cleared to 0, the mark state is entered and 1 is output
from the TXD32 output pin.

* P31/RXD32/SDA pin

The pin function is switched as shown below according to the combination of the PCR31 bit in
PCR3, ICE bitin ICCR1, and RE_ bit in SCR32.

ICE 0 1

RE 0 1 X

PCR31 0 1 X X

Pin Function P31 input pin P31 output pin RXD32 output SDA I/O pin
pin

[Legend] x: Don't care.

172 * P30/SCK32/TMOW pin

The pin function is switched as shown below according to the combination of the TMOW bit
in PMR3, PCR30 bitin PCR3, CKE 1 and CKE 0 bitsin SCR32, and COM|  hitin SMR32.

TMOW 0 1
CKE 1 0 1 X
CKE 0 0 1 X X
COM 0 1 X X X
PCR30 0 1 X X X
Pin Function P30 input P30 SCK32 output SCK32 input TMOW output
pin output pin pin pin
pin

[Legend] x: Don'tcare.

9.3.3 Port Mode 175 Description amended
Register 4 (PMR4) Initial
Bit Bit Name Value R/W Description
0 TMIFE 0 RMW  P40/SCK3U/TMIF Pin Function Swich

Selects whether pin P40/SCK31/TMIF is used as
P40/SCK31 or as TMIF.

0: P40/SCK31 1/O pin
1: TMIF input pin
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9.3.4 Pin Functions 176 Description amended
* P42/TXD31/IrTXD/TMOFH pin
TMOFH 0 1
SPC31 0 1 X
TE X X X
IrE X 0 1 X
PCR42 0 1 X X X
Pin Function P42 input pin P42 output TXD31 output | IrTXD output TMOFH
pin pin* pin* output pin
[Legend] x: Don't care.
Note: * If SPC31issetto1and TE is cleared to 0, the mark state is entered, 1 is output from
the TXD32 output pin, and 0 is output from the IFTXD pin.
177 * P40/SCK31/TMIF pin
TMIF 0 1
CKE1 0 1 X
CKEO 0 1 0 1 X
COoM 0 1 X X X X
PCR40 0 1 X X X X
Pin Function P40 input | P40 output SCK31 SCK31 Setting TMIF input
pin pin output pin input pin prohibited pin
[Legend] x: Don't care.
9.8.4 Pin Functions 192 Description amended
* P92/IRQ4 pin
IRQ4 0 1
PCR92 0 1 0 1
Pin Function P92 input pin P92 output pin IRQ4 input pin Setting
prohibited
9.9.3 Pin Functions 194, 195 Replaced
9.10.3 Pin Functions 198 Description amended
« PB2/AN2/IRQ3 pin
IRQ3 0 1
CH3 to CHO Other than B'0110 X
B'0110
Pin Function PB2 input pin ANZ input pin IRQS3 input pin
[Legend] x: Don't care.
199 * PB1/AN1/IRQ1 pin
IRQ1 0 1
CH3 to CHO Other than B'0101 X
B'0101
Pin Function PB1 input pin AN1 input pin IRQ1 input pin
[Legend] x: Don't care.

RENESAS
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9.10.3 Pin Functions 199 Description amended
« PBO/ANO/IRQO pin
IRQO 0 1
CH3 to CHO Other than B'0100 X
B'0100
Pin Function PBO input pin ANO input pin IRQO input pin

[Legend] x: Don't care.

9.11.1 Serial Port 201 Table amended

E:Sogglgl) Register (Before) output data — (After) the output data polarity
(Before) input data — (After) the input data polarity

9.12.1 How to Handle 202 Description amended

Unused Pin

« If an unused pin is an output pin, it is recommended to handle it
in one of the following ways:

0 Set the output of the unused pin to high and pull it up to Vcc
with an external resistor of approximately 100 kQ.

0 Set the output of the unused pin to low and pull it down to
GND with an external resistor of approximately 100 kQ.

10.3.5 RTC Control 208 Table amended

Register 1 (RTCCR1) Initial
Bit Bit Name Value R/W Description
3 — 0  RW Reserved
Only 0 can be written to this bit.
2t00 — Allo — Reserved
These bits are always read as 0.
10.3.7 Clock Source 210 Description amended
Select Register ... A free running counter controls start/stop of counter operation
(RTCCSR) by the RUN bit in RTCCR1. When a clock other than @w/4 is
selected, ...
Initial
Bit Bit Name Value R/W Description
3 'RCS3 1 RMW  Clock Source Selection
2 RCS2 0 R/W 0000: @8IMMIMMIFree running counter operation
1 RCS1 0 R/W 0001: @/32[MIMIMIIFree running counter operation
0 RCSO0 0 R/W 0010: @'128[MIMMMMFree running counter operation

0011: @/256[IMIMIFree running counter operation
0100: @512 Free running counter operation
0101: @/2048[IMMMMFree running counter operation
0110: @/4096[IIMMIFree running counter operation
0111: /8192 Free running counter operation

1000: ¢w/4 IR TC operation
Settings other than the above are prohibited.
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10.4.2 Initial Setting
Procedure

Figure 10.3 Initial
Setting Procedure

212

Figure amended

[ runinrTccR1=0 | ]

[ RrsTin R'Il'CCRl =1 |

[ Rrstin R'Il'CCRl =0 |

Set RTCCSlR, RSECDR, ]
]

RTC operation is stopped.

RTC registers and clock count
controller are reset.

Clock output and clock source are

selected and second, minute, hour,
day-of-week, operating mode, and

a.m/p.m are set.

RMINDR, RHRDR,

RWKDR, 12/24 in

RTCCRL, and PM
I

[ RuninRrTCCRL=1 |

I

RTC operation is started.

10.6.2 Notes on
Using Interrupts

215

Added

11.6.1 16-Bit Timer
Mode

228

Description amended

If an OCRFL write and compare match signal generation occur
simultaneously, the compare match signal is invalid. However, a
compare match signal may or may not be generated when the
written data and the counter value match. ...

11.6.2 8-Bit Timer
Mode

228

Description amended
(1) TCFH, OCRFH

If an OCRFH write and compare match signal generation occur
simultaneously, the compare match signal is invalid. However, a
compare match signal may or may not be generated when the
written data and the counter value match. ...

229

Description amended
(2) TCFL, OCRFL

If an OCRFL write and compare match signal generation occur
simultaneously, the compare match signal is invalid. However, a
compare match signal may or may not be generated when the
written data and the counter value match. ...

11.6.3 Flag Clearing

229

Description amended

For ST of (1) formula, please substitute the longest number of
execution states in used instruction.
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Section 12 16-Bit 233 Description amended

Timer Pulse Unit A maximum 2-phase PWM output is possible in combination with

(TPU) synchronous operation
12.1 Features
Table 12.1 TPU 234 Table amended
Functions Item Channel 1 Channel 2
Compare Ooutput o w T
?uatixc:[ 1 output lo) | |
77777777777777 Toggle output o -
Flgure 12.1 Block 235 Figure amended

Diagramof TPU ~ ==mmmmsmsmsmsmssssccsesseesg
Input/output pins

Channel 1:  TIOCA1 <:>
Channel 2: TIOCA2

'
Input pins H
Channel 1: TIOCB1 |:">.
Channel 2:  TIOCB2 ;
'
12.2 Input/Output 235 Table amended
Pins Channel Symbol 110 Function
Table 12.2 Pin Common TCLKA Input External clock A input pin
. . TCLKB Input External clock B input pin
Configuration P pat P
TCLKC Input External clock C input pin
1 TIOCA1 110 TGRA_1 input capture input/output compare
output/PWM output pin
TIOCB1 Input TGRB_1 input capture input
2 TIOCA2 110 TGRA_2 input capture input/output compare
output/PWM output pin
TIOCB2 Input TGRB_2 input capture input
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12.3.3 Timer I/O 241 Table amended
Control Register Description
(TIOR) Bit7  Bit6  Bit5  Bit4  TGRB_1
10B3 10B2 10B1 10B0O Function TIOCB1 Pin Function
Table 12.7 TIOR_]‘ 0 0 0 0 Output Output disabled
(Channel 1) 1 compare Setting prohibited
register
1 0
1
1 0 0
1
1 0
1
Table 12.8 TIOR_2 242 Table amended
(Channel 2) Description
Bit 7 Bit 6 Bit 5 Bit 4 TGRB_2
10B3 10B2 10B1 10B0O Function TIOCB2 Pin Function
0 0 0 0 Output Output disabled
compare Setting prohibited
register
1 0
1
1 0 0
1
1 0

e

12.4.2 8-Bit Registers 250

Description amended

Registers other than TCNT and TGR are 8-bit. They can be read

and written to in 8-bit units.

Examples of 8-bit register access operation are shown in figures

12.3and 12.4

Figure 12.5 8-Bit —
Register Access
Operation [CPU o

TCR and TMDR (16

Bits)]

Deleted
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12.5.1 Basic 254 Description amended
Functions

(2) Waveform Output
by Compare Match

Figure 12.9 Example

Figure 12.9 shows an example of 1 output.

... and settings have been made such that 1 is output by
compare match A

Figure title and figure amended

of 1 Output TCNT value
Operation
HFFFF
TGRA
H'0000 3 T T Time
' ~ No change ~ No change
TI0CA 1 output
Figure 12.10 255 Figure amended
Example of Toggle TONT value
Output Opel’ation Counter cleared by TGRB compare match
H'FFFF / ————————————————————————————————————————————————
TGRA |--------------2 ‘ *************** ’ *************** ’ ************** ‘ ***********
H'0000 H H ' ' Time
TIOCA mToggle output
12.5.4 PWM Modes 261 Description amended

(2) PWM Mode 2

Table 12.12 PWM
Output Registers and
Output Pins

(4) Examples of
PWM Mode
Operation

In PWM mode 2, PWM output is enabled up to # phases.

Table amended
(Before) TIOCB1 - (After) —
(Before) TIOCB2 - (After) —

263

Description amended

Figure 12.18 shows an example of PWM mode 1 operation.
........ , 0 is set for the TGRA initial output value ,and 1is set
as the TGRB output value.

... TGRB_2 compare match is set as the TCNT clearing source,
and 0 is set for the initial output value and 1 for the output value
of the other TGR registers (TGRA_1, TGRB_1, and TGRA_2),
outputting a 2-phase PWM waveform.

In this case, the value set in TGRB_2 is used as the cycle, ...
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12.5.4 PWM Modes 264

Figure 12.19
Example of PWM
Mode Operation (2)

Figure amended

Synchronous clearing by
TGRB_2 compare match

/

TCNT_1 and TCNT_2

TIOCA1 J ; I_II i I_II i jI_

TIOCA2 i_i i_i

13.3.1 Event 283
Counter PWM

Compare Register
(ECPWCR)

Description added
Always read or write to this register in word size.

13.3.2 Event 284
Counter PWM Data
Register (ECPWDR)

Description added
Always write to this register in word size.

13.3.6 Event Counter 289
H (ECH)

Table amended

Initial
Bit Bit Name  Value R/W  Description
7 ECH7 0 R Either the external asynchronous event AEVH pin, @2,
5 ECH6 ) R @4, or @8, or the overflow signal from lower 8-bit
counter ECL can be selected as the input clock source.
5 ECH5 0 R ECH can be cleared to H'00 by clearing CRCH in
4 ECH4 0 R ESSCR to 0.
3 ECH3 0 R
2 ECH2 0 R
1 ECH1 0 R
0 ECHO 0 R
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13.3.7 Event Counter 289
L (ECL)

Table amended

Initial
Bit Bit Name Value R/IW Description
7 ECL7 0 R Either the external asynchronous event AEVL pin, @2,
6 ECL6 0 R @4, or @8 can be selected as the input clock source.
ECL can be cleared to H'00 by clearing CRCL in ESSCR
5 ECL5 0 R 0.
4 ECL4 0 R
3 ECL3 0 R
2 ECL2 0 R
1 ECL1 0 R
0 ECLO 0 R
13.4.4 Event Counter 292 Figure amended
PWM Operation toff = (T x (Ndr +1)) = teye ton:  Clock input enable time
Figure 13.4 Event — . toit.  Clock input disable time
: tem:  One conversion period
\C/:Vounter Operation S L T:  ECPWM input clock cycle
aveform > - Nar: Value of ECPWDR
tem =T x (Nem +1) Fixed low when Ndr =H'FFFF
Nem: Value of ECPWCR
teye:  System cock (@) cycle time
Table 13.2 Examples 293 Table amended
of Event Counter PWM Clock Clock toff =
. x + = =
Operatlon égllfercctieon gt;(L:llr:G(BT)* \E/;E\évguzm) \E/glz\t,ev{l)\l'jir) (-—rtc%dr Y Er'c;n(N(:m +1) Egrr; — toff
@2 0.5 ps H'7A11 H'16E3 2.92975 ms 15.625 ms 12.69525 ms
@4 lps D'31249 D'5859 5.85975 ms 31.25ms 25.39025 ms
@8 2 s 11.71975ms  62.5ms 50.78025 ms
@16 4 s 23.43975ms  125.0 ms 101.56025 ms
@32 8 us 46.87975 ms  250.0 ms 203.12025 ms
@64 16 ps 93.75975 ms  500.0 ms 406.24025 ms

13.5 Operating States 294
of Asynchronous Event
Counter

Table 13.3 Operating
States of
Asynchronous Event
Counter

Notes: 1. When an asynchronous external event is input, the
counter increments. However, an interrupt request is issued
when the counter overflows.

13.6 Usage Notes 296

Description added

7. If the flash memory version was used with the IRQAEC pin
fixed high level and then the chip is replaced with the masked
ROM version, the internal oscillator must be used.
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14.1 Features 297

... or the WDT on-chip oscillator can be selected as the
timer-counter clock.

Figure 14.1 Block 298
Diagram of
Watchdog Timer

Figure amended

WDT
on-chip
oscillator

@ —» PSS

14.2.1 Timer 300 Note * added
Control/Status Initial
Register WD1 Bit Bit Name Value R/W Description
(TCSRWD].) 2 WDON 0 R/IW Watchdog Timer On*
TCWD starts counting up when the WDON bit is set to
1 and halts when the WDON bit is cleared to 0.
Note: * When transitioning to the watch mode or standby mode while the main internal clockis
selected (CKS3 = 1) using timer mode register WD (TMWD), make sure to clear WDON to
0 to halt operation of TCWD.
14.2.2 Timer 302 Note 4 amended

Control/Status Register
WD2 (TCSRWD?2)

4. In subactive mode, clear this flag after setting the CKS3 to
CKSO0 bits in TMWD to B'OXXX (WDT on-chip oscillator).

14.2.4 Timer Mode 303
Register WD
(TMWD)

Description amended

Initial
Bit Bit Name Value R/W Description
3 CKS3 1 R/W OXXX: WDT on-chip oscillator: counts on Rosc/2048
2 CKS2 1 RIW For the WDT on-chip oscillator overflow periods, see
1 CKS1 1 RIW section 25, Electrical Characteristics.
0 CKS0 1 RIW In active (medium-speed) mode or sleep (medium-

speed) mode, the setting of B'OXXX and interval timer
mode is disabled.

14.3.1 Watchdog 304
Timer Mode

Figure 14.2 Example
of Watchdog Timer
Operation

Description amended

... The internal reset signal is output for a period of 256 @ .. clock
cycles. ...

Figure amended
(Before) 512¢, .. clock cycles — (After) 256¢, . clock cycles

14.3.2 Interval Timer 305
Mode

Figure 14.3 Interval
Timer Mode Operation

Figure amended
(Before) WT/IT =0 - (After) WTAT =1
TME =1
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Section 15 Serial 307
Communication
Interface 3 (SCI3, IrDA)

Description amended

The serial communication interface 3 (SCI3) can handle both
asynchronous and clocked synchronous serial communication. ...
or an Asynchronous Communication Interface Adapter (ACIA).

The SCI3_1 can transmit and receive IrDA ...

15.3.5 Serial Mode 314
Register (SMR)

315

Table amended

Initial

on

When this bit is set to 1, the 5-bit communication
format is enabled. When writing 1 to this bit, always
write 1 to bit 5 (RE) at the same time. In addition, 1
must be written to bit 3 (MPIE) in the serial control
register (SCR) before writing 1 to this bit.

Initial
Bit Bit Name  Value R/W Description
1 CKSs1 0 R/W Clock Select 0 and 1
0 CKSO0 0 RIW These bits select the clock source for the on-chip baud

rate generator.

00: gclock (n =0)

01: @w/2 or @w clock (n=1)

10: @16 clock (n=2)

11: @64 clock (n=23)

When the setting value is 01 in active (medium-
speed/high-speed) mode and sleep (medium-
speed/high-speed) mode @w/2 clock is set. In subacive
mode and subsleep mode, @w clock is set. The SCI3 is
enabled only, when @w/2 is selected for the CPU
operating clock.

For the relationship between the bit rate register setting
and the baud rate, see section 15.3.8, Bit Rate
Register (BRR). n is the decimal representation of the
value of n in BRR (see section 15.3.8, Bit Rate
Register (BRR)).

15.3.6 Serial Control 317
Register (SCR)

Table amended

Initial
Bit Bit Name  Value R/W Description
3 MPIE 0 R/IW Reserved
15.3.7 Serial Status 320 Table amended
Register (SSR) Initial
Bit Bit Name Value R/W Description
1 MPBR 0 R Reserved
This bit is read-only and reserved. It cannot be written
to.
0 MPBT 0 R/W Reserved

The write value should always be 0.
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15.3.8 Bit Rate 321 Description amended
Reg|5ter (BRR) [Asynchronous M ode]
Active (medium-speed/high-speed) or sleep (medium-speed/high-speed)
_  osc
T 32x2MxB
E o) = B (bit rate obtained from n, N, ¢) — R (bit rate in left-hand column in table 15.3) X100
rror (%) = R (bit rate in left-hand column in table 15.3)
Subactive or subsleep
_ osc
N= 2>~  _
64 x 22" x B
[Legend] B: Bit rate (bit/s)
N: BRR setting for baud rate generator (0< N < 255)
OSC: @, value (Hz)
n: Baud rate generator input clock number (n=0, 2, or 3)
(The relation between n and the clock is shown intable 15.3)
Table 15.3 322 Table amended
Examples of BRR 32.8kHz 38.4kHz 2MHz 2.097152MHz
Settings for Various Bit Rate Error Error Error Error
Bit Rates (bit/'sy n N (%) n N (%) n N (%) n N (%)
(Asynchronous 110 - — — - = — 2 35 -1.36 2 36 0.64
150 E = = 0 3 0.00 2 25 0.16 2 26 1.14
MOde) (1) 200 B = = 0 2 0.00 2 19 -2.34 3 4 2.40
250 o] 1 2.50 —_ - — 0 249  0.00 3 3 2.40
300 — - — 0 1 0.00 0 207 0.16 0 217 0.21
600 — - — 0 0 0.00 0 103 0.16 0 108 0.21
1200 — — — - = — 0 51 0.16 0 54 -0.70
2400 — — — - — — 0 25 0.16 0 26 114
Table 15.3 323 Table amended
Examples of BRR Bit 2.4576MHz 3MHz 3.6864MHz 4MHz 4.194MHz
Settings for Various Rate Error Error Error Error Error
Bit Rates (bit/s) n N (%) n N (%) n N (%) n N (%) n N (%)
(Asynchronous 110 3 10 083 2 52 0.50 2 64 070 2 70 003 2 73 063
Mode) (2 150 3 7 000 2 38 0.16 3 11 0.00 2 51 016 2 54 -071
) ( ) 200 3 5 000 2 28 1.02 3 8 0.00 2 38 016 2 40 -0.10
250 2 18 105 2 22 190 2 28 -069 2 30 081 2 32 -071
300 3 3 000 3 4 =234 3 5 0.00 2 25 016 2 26 113
600 3 0.00 0 155 0.16 3 0.00 0 207 016 0O 217 0.20
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15.3.8 Bit Rate 324 Table amended
Register (BRR) 4.9152MHz 5MHz 6MHz 6.144MHz
Table 15.3 G n NGy n N G n N e n N8
Examples of BRR 110 2 8 031 2 B8 -025 2 106 -044 2 108 0.08
Settings for Various 150 3 15 000 2 64 016 2 77 016 3 19 000
Bit Rates 2000 3 11 000 2 48 -035 2 58 -069 3 14  0.00
(Asynchronous 250 2 37 105 2 38 016 2 46 -027 3 11  0.00
Mode) (3) 300 3 7 000 2 32 -136 2 38 016 3 9 0.00
600 3 3 000 0 255 473 3 4 234 3 4 0.00
1200 3 1 000 0 129 016 O 155 016 2 9 0.00
2400 3 0 000 0O 64 016 0 77 016 2 4 0.00
4800 2 1 000 0 32 -136 0 38 016 0 39 000
9600 2 0 000 2 0 173 0 19 -234 0 19  0.00
19200 0 7 000 0 7 173 0 9 234 0 9 0.00
31250 0 4 170 0 4 000 0 5 000 0 5 2.4
38400 0 3 000 0 3 173 0 4 234 0 4 0.00
Table 15.5 326 Table amended
Maximum Bit Rate Setting
for Each Frequency ¢ (MHz) Maximum Bit Rate (bit/s) n N
(Asynchronous 0.0328 5125 0 0
Mode) 0.0384 600 0 0
2 62500 0 0
Table 15.6 BRR 327 Table amended
Settings for Various 9 32.8 kHz 38.4 kHz 2 MHz
Bit Rates (Clocked Bit Rate
Synchronous Mode) (bit/s) n N Error (%) n N Error (%) n N Error (%)
) 200 0 20 -238 0 23 000 2 155 0.16
250 0 15 250 0 18 105 2 124 000
300 0 13 -238 0 15 000 2 103 0.16
500 0 7 250 o O 0o 2 62 -079
1k 0 3 250 000 2 30 081
00 o 00 o 0

2.5k

0.00
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15.3.8 Bit Rate 328 Table and note amended
Register (BRR) ® 4MHz 8 MHz 10 MHz
Bit Rate
Tabl_e 15.6 BRR (bit/s) n N Error (%) n N Error (%) n N Error (%)
Settings for Various 1 - T 1e I
Bit Rates (Clocked T
Synchronous Mode) Note: * Continuous transmission/reception is not possible.
(2) The value set in BRR is given by the following formula:
Active (medium-speed/high-speed) or sleep (medium-speed/high-speed)
_ osc
T 4x22xB
Subactive or subsleep
_ osc
T 8x2:xB
B: Bit rate (bit/s)
N: BRR setting for baud rate generator (0 < N < 255)
OSC: @, value (Hz)
n: Baud rate generator input clock number (n =0, 2, or 3)
(The relation between n and the clock is shown in table 15.7.)
15.3.9 Serial Port 330 Table amended

Control Register
(SPCR)

Bit

Initial

Bit Name Value R/W Description

SCINV3 0 R/W TXD32 Pin Output Data Inversion Switch

Selects whether the polarity of output data of the
TXD32 pin is inverted or not.

0: Output data of TXD32 pin is not inverted.
1: Output data of TXD32 pin is inverted.

SCINV2 0 R/W RXD32 Pin Input Data Inversion Switch

Selects whether the polarity of input data of the RXD32

pin is inverted or not.
0: Output data of RXD32 pin is not inverted.
1: Output data of RXD32 pin is inverted.

SCINV1 0 R/IW TXD31 Pin Output Data Inversion Switch

Selects whether the polarity of output data of the
TXD31 pin is inverted or not.

0: Output data of TXD31 pin is not inverted.
1: Output data of TXD31 pin is inverted.

SCINVO 0 R/W RXD31 Pin Input Data Inversion Switch

Selects whether the polarity of input data of the RXD31

pin is inverted or not.
0: Input data of RXD3L1 pin is not inverted.
1: Input data of RXD31 pin is inverted.
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15.4.1 Clock 334 Table amended
Table 15.8 Data SMR Serial Data Transfer Format and Frame Length
Transfer Formats JCHR L PE MR ISTOP |y Ly 2 B A S Sy Ty B e ey
(Asynchronous Mode) o | o 1| oo | Seting prohibited |
0 0 1 1 i ‘ ‘ ‘ ‘ St;tling p‘rohibite‘d ‘ ‘ ‘ ‘ i
1 0 1 0 i ‘ ‘ ‘ ‘ S;tling p‘rohibitéd ‘ ‘ ‘ ‘ i
1 0 1 1 I — S;ﬁing p‘rohibiteid — |
Table 159 SMR 335 Table amended
Settil‘lgs and SMR Data Transfer Format
Corresponding Data Bit7 Bit6 Bit2 Bit5 Bit3 Stop Bit
Transfer Formats COM CHR MP PE STOP Mode Data Length  Parity Bit Length
0 6 77777777 l 777777 0 0 777777 Asynchronous s’e’t’ti’riér7777777”"7””””””7””"”
1 mode prohibited
1 0 5-bit data No 1 bit
1 2 bits
1 0 0 Setting
1 prohibited
1 0 5-bit data Yes 1 bit
L ] .2
15.4.2 SCI3 337 Figure amended
Initialization [4] Wait at least one bit interval, then set the TE bit or RE bit in
Figure 15.4 Sample SCR to 1. Setting bits TE and RE enables the TXD31 (TXD32)
SCI3 Initialization and RXD31 (RXD32) pins to be used. Also set the RIE, TIE, and
Flowchart TEIE bits, ...
15.4.3 Data 339 Figure amended

Transmission

Figure 15.6 Sample
Serial Transmission
Flowchart
(Asynchronous Mode)

Clear PDR to 0 and
setPCRto1

—

Clear SPC31 (SPC32) bit in SPCR
and TE bit in SCR to 0*

<End>

Note: * When SPC31 (SPC32) in SPCR is cleared to 0, the corresponding pin becomes an 1/O port.

15.6 Multiprocessor [
Communication
Function

Deleted
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15.6.1 Transmission 350 Description amended
... a high-level pulse width of at least 1.41 ps to 1.6 ys can be
specified.

Flgure 15.16 IIDA 351 Figure amended

Transmission and (Before) ... 3/16 bit cycle — (After) ... 3/16 bit rate

Reception

15.6.2 Reception 351 Description amended
If a pulse has a high-level width of less than 1.41 ps, ...

15.8.2 Mark State 356 Description amended

and Break Sending Regardless of the value of TE, when the SPCR31 (SPCR32) bit

in SPCR is cleared to 0, the TXD31 (TXD32) pin is used as an
I/O port whose direction (input or output) and level are
determined by PCR and PDR. This can be used to set the
TXD31 (TXD32) pin to mark state (high level) or send a break
during serial data transmission. To maintain the communication
line at mark state (1) until SPCR31 (SPCR32) in SPCR is set to
1, set both PCR and PDR to 1. As SPCR31 (SPCR32) in SPCR
is cleared to O at this point, the TXD31 (TXD32) pin becomes an
I/O port, and 1 is output from the TXD31 (TXD32) pin. To send a
break during serial transmission, first set PCR to 1 and PDR to 0O,
and then clear SPCR31 (SPCR32) and TE to 0. If TE is cleared
to 0 immediately after SPCR31 (SPCR32) is cleared to 0, the
transmitter is initialized regardless of the current transmission
state after TE is cleared, and when SPCR31 (SPCR32) is
cleared to 0 the TXD31 (TXD32) pin becomes an /O port and 0
is output from it.
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17.3.2 PWM Data 383 Description amended

Register (PWDR) When data is written to the lower 14 bits of PWDR, ...
The initial value of PWDR is 0, and it is always read as H'FFFF.
Always write to this register in word size.

17.4 Operation 384, 385 Replaced

17.5 PWM Operating 386 Added

States

17.6 Usage Notes

18.3.1 A/D Result 389 Description added

Register (ADRR) Always read this register in word size.

18.7.1 Permissible 398 Description amended

Signal Source If a large capacitance is provided externally as a

Impedance countermeasure, the input load essentially comprises only the
internal input resistance of 10 kQ, and the signal source
impedance can be ignored.

19.3.1 A/D Data 403 Description added

Register (ADDR) Always read this register in word size.

19.3.2 BGR Control 404 Note amended

Register (BGRMR) ... 1.2 V is approximately 100 ps.

19.3.4 A/ID 407 Table and note amended

Start/Status Register
(ADSSR)

Initial
Bit Bit Name Value R/W  Description
2t0 O B o Reserved
0 These bits cannot be modified.
Note: When the BYPGA bit is set to 1 and the PGA factor is 1, the factor of analog input voltage is

also 1. However, analog input voltage is limited to range from 0 to Vref [V] when the
BYPGA bit is set to 1 and from 0.2 to 0.9 Vref [V] when the PGA factor is 1. Therefore when
the factor of analog input voltage is 1, the setting when the BYPGA bit is set to 1 should be
used.

Rev. 3.00 Aug 23, 2006 Page xxxvi of Ixxviii

RENESAS



Page Revision (See Manual for Details)

411

Item

Fugure amended

19.5.2 Continuous
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19.6.5 PB5/V _/REF 414 Newly added

Pin If VREF1 and VREFO in the ADCR register are set to b'01 or b'11
and the AY. A/D converter is not operating, switch the
PB5/Vref/REF pin to PB5 input operation to prevent current from
flowing from the pin to GND.
20.3.1 LCD Port 418 Table amended
Control Register Bit7: Bit6: Bit5 Duty
(LPCR) DTS1 DTSO CMX Cycle Common Drivers  Notes®
0 0 0 Static COM1 Leave COM4, COM3, and COM2 in open drain
Table 20.2 Duty Cycle state
. 1 COM4 to COM1 COM4, COM3, and COM2 output the same
and Common Function waveform as COM1
Selection 1 0 1/2duty  COM2 to COM1 Leave COM4 and COM3 in open drain state
1 COM4 to COM1 COM4 outputs the same waveform as
COM3, and COM2 outputs the same
waveform as COM1
1 0 0 1/3duty COM3 to COM1 Leave COM4 in open drain state
1 COM4 to COM1 Leave COM4 in open drain state
1 0 1/4duty COM4 to COM1 =
1
Note: * If SGS3 to SGSO0 are set to B'0000, the power supply voltage level of PAO to PA3 and COML1 to
COM4 is Vcec. If the setting of SGS3 to SGSO is other than B'0000, the power supply voltage level of
PAO to PA3 and COM1 to COM4 is the LCD drive power supply voltage level.
20.3.2 LCD Control 421 Note 3 amended

Register (LCR) 3. This is the frame frequency in active (medium-speed, @ ./8)
Table 20.4 Frame mode when @, = 2 MHz.
Frequency Selection
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20.3.4 LCD
Trimming Register
(LTRMR)

424

Note amended
Notes: Setting Method for LCD Trimming Register (LTRMR) and
BRG Control Register (BGRMR)
Assuming the following definitions,
V1 initial state voltage: A
LTRMR register TRM3 to TRMO: B
CTRM2 to CTRMO: C
BGRMR register BTRM2 to BTRMO: D
rough guidelines for the voltages after trimming are as
follows:
V1 voltage=A+B+C +3xD/1.2
V2 voltage = (A + B + C + 3 x D/1.2) x 2/3
V3 voltage=(A+B+C+3xD/1.2)/3
After monitoring voltage A, set B, C, and D so the V1
voltage is 3 V.

The BRG control register is used both for AY, A/D
converter REF output adjustment and 3 V constant-
voltage power supply circuit adjustment. Therefore, make
sure to choose settings that satisfy the specifications for
both functions.

20.4.3 3-V Constant-
Voltage Power Supply
Circuit

434

Note 4 added

4. Initially, the step-up circuit output voltage differs among
individual devices due to production variation. Therefore, make
sure to adjust the settings of the LCD trimming register (LTRMR)
and BRG control register (BGRMR) individually for each device.

20.5 Usage Notes

20.5.1 Pin Processing
when No LCD
Controller/Driver Is
Used

20.5.2 Pin Processing
when No 3 V Constant
Voltage Circuit Is Used

436

Added
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21.3.5 I’'C Bus 450 Table amended
Status Register Initial
(ICSR) Bit _BitName Value RMW _ Description
3 STOP 0 R/W Stop Condition Detection Flag
[Setting conditions]
* When a stop condition is detected after completion of a
frame transfer in master mode
* When a stop condition is detected after the first byte
slave address and SAR match following a general call
and detection of a start condition in slave mode
[Clearing condition]
* When 0 is written in STOP after reading STOP = 1
22.2.1 Power-On 476 Description amended
Reset Circuit If the RES pin rising time is t, the capacitance (Cggs) connected
to the RES pin can be computed using the formula below. For
information about the on-chip resistor (Rp), see section 25,
Electrical Characteristics. The power supply rising time should
not exceed half the RES rising time (t). The RES rising time (t)
should also equal or exceed the oscillation stabilization time (trc).
24.1 Register 488 Table amended
Addresses (Address Data
Order) Register Name Cig'tjiroen Bit No. Address ’l\\l/l:r?wile \?\I?sth é:aiiss
EventcounterH ~ ECH 8 HFF96 AEC* g6 2
Event counter L ECL 8 HFF97  AEC* 8/16 2
489 Abbre- Module gﬁtsa Access
Register Name viation Name Width State
g-bittimer counter FH TCFH 8  HFFB8 TimerF 816 2
8-bit timer counter FL TCFL Timer F 8/16 2
Output compare register FH OCRFH Timer F 8/16 2
Output compare register FL OCRFL 2
24.2 Reqgister Bits 494 Table amended
Register Module
Abbreviation Bit7 Bit6 Bit5 Bit 4 Bit3 Bit2 Bit 1 Bit0 Name
IPRA IPRA7 IPRA6 IPRA5 IPRA4 IPRA3 IPRA2 IPRAL  IPRAO Interrupts
495 /F:S%Irsetfiration Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 m.iile
SMR32 COM CHR PE  PM  STOP MP  OKSI (CKSO sSCi32
BRR3_2 BRR7 BRR6 BRR5 BRR4 BRR3 BRR2 BRRl1 BRRO
SCR3_2 TIE RIE TE RE MPIE  TEIE CKE1  CKEO
TDR3_2 TDR7 TDR6 TDR5 TDR4 TDR3 TDR2 TDR1  TDRO
SSR3_2 TDRE RDRF  OER FER PER TEND MPBR MPBT

Rev. 3.00 Aug 23, 2006 Page x| of Ixxviii

RENESAS



Item Page Revision (See Manual for Details)

24.3 Register States 498 Table amended
in Each Operating Register
Mode Abbreviation Reset Active Sleep Watch  Subactive Subsleep Standby Module
SCR4 Initialized u] u] ] ] 0 SCR4
SCSR4 Initialized O ] O ] u] u]
TDR4 Initialized O ] u] ] u] u]
0 ] u] ] ] ]
TSTR nitialized 0 | o o o o o U
TSYR Initialized O ] u] u] u] O
TCR_1 Initialized 0O u] u] u] u] 0 TPU_1
TMDR_1 Initialized O ] O u] [u] (]
TIOR_1 Initialized O u] O ] ] O
TIER_1 Initialized 0O u] u] u] o (5]
TSR_1_ Initialized O ] O ] u] O
TCNT_1 Initialized O u] ] u] ] O
TGRA_1 Initialized 0O u] u] u] ] 0
TGRB_1 Initialized O ] u] u] u] O
TCR_2 Initialized O ] O ] ] (] TPU_2
TMDR_2 Initialized O u] u] u] o o
TIOR_2 Initialized O ] O u] [u] (]
TIER_2 Initialized O u] u] ] u] (]
TSR_2 Initialized O a [u] [m] [u] o
TCNT_2 Initialized 0 ] u] ] ] O
TGRA_2 Initialized O u] O u] u] O
TGRB_2 Initialized 0O u] u] u] ] 0
W I;eglslé.r T ST T
Abbreviation Reset Active Sleep Watch  Subactive Subsleep Standby Module
RICRG © o o o o o o RTC
RSECDR O O u] O O ] O
RMINDR O o u] u] u] u] u]
RHRDR O 0 u] u] ] u] u]
25.1 Absolute 503 Table amended
Maximum Ratings for Item Symbol Value Unit Note
F-ZTAT Version Power supply voltage V. —-0.3t0 +4.3 v o
Table 25.1 Absolute Analog power supply voltage g\\jcc —22 to +jz z
. . . —0.3 to +4.
Maximum Ratlngs Input voltage Other thanport BV, -0.3to V. +0.3 \
Ports BO to B2 AV, —0.3t0 AV, +0.3 \
Ports B5 to B7 DV, -0.3to DV +0.3 \
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25.2.1 Power Supply 504 Note 1 amended
Voltage and Operating

... the minimum value of fosc is 2 MHz.
Range

(1) Power Supply
Voltage and Oscillation
Frequency Range

(2) Power Supply 505 Note 1 amended
Voltage and ... the minimum operating frequency (@) is 2 MHz
Operating Frequency
Range
25.2.2 bC 507 Condition and table amended
Characteristics V. =18V103.6V,AV, =1.8V103.6V,DV,=22V103.6V,
Table 25.2 DC Vg = AV, = 0.0 V, unless otherwise specified.
Characteristics Values
Item Symbol Applicable Pins Test Condition Min. Typ. Max. Unit  Notes
Input high v, RES, NMI*’, WKPO 09V, — V +0.3 \
voltage to WKP7, IRQ4,
AEVL, AEVH,
TMIF, ADTRG,
SCK32, SCK31,
SCK4
TRQO, IRQT, IRQ3 09V, — AV, +0.3
RXD32, RXD31 08V, — V, +03
PBO to PB2 08V, — AV, +03
PBS to PB7 08V, — DV, +0.3
IRQAEC 0oV, — V, +03
512 Note 1 amended
RES Other  LCD Power
Mode Pin Internal State Pins Supply Oscillator Pins
‘Watch mode V.. Onlytime base operates, CPU V.. Halted System clock oscillator:
stops crystal resonator
On-chip WDT oscillator is off Subclock oscillator:
TCSRWD1 (WDON) = 0 crystal resonator
Standby mode Ve CPU and timers both stop V. Halted System clock oscillator:
On-chip WDT oscillator is off crystal resonétor
TCSRWDL (WDON) = 0 Subdlock oscilator:

(32KSTOP = 0)
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25.2.3 AC 513 Condition amended
Characieristics V,.=18V1t03.6V,AV,_=18Vt03.6V,DV,_=22V1036V,
Table 25.3 Control V= AV = 0.0 V, unless otherwise specified.
Signal Timing
Table 25.4 Serial 516
Interface Timing
Table 25.5 I°C Bus 517 Condition amended
Interface Timing V,=18V103.6V, AV, =1.8V1036V,DV, =22V1036V,
V, =0.0V, Ta=-20to +75°C, unless otherwise specified.
25.2.4 AID 518 Condition and table amended
Converter V,.=18V1t03.6V,DV,=22V1036V,V, =AV =00V,
Characteristics unless otherwise specified.
Table 256 A/D Applicable Values
Converter tem Symbol_pins  TestCondion Win. Typ  Wex Ut Notes
ChafacterIStICS Conversion time Czr;zic\gga‘aez]v 6.2 — 124 Hs
AV, =2.0V103.6V 147 — 124
V. =20V1t03.6V
Other than above 31 — 124
Note 4 amended
4. Conversion time = 31 us
25.2.5 AY AID 519 Condition added
Converter V,.=18V1t03.6V,AV, =1.8V1t03.6V,DV, =22V103.6V,
Characieristics V.. = AV, = 0.0 V, unless otherwise specified.
Table 25.7 A2, AID 520 Table amended
Converter o
Characteristics Applicable _ —_—
Item Symbol  Pins Test Condition Min. Typ Max. Unit Notes
Exemal v, 2oV, —  osov, v
reference voltage
Vref-GND RV, V., — 18 — kQ
resistance REF
25.2.6 LCD 522 Condition amended
Characteristics V,=18V1t03.6V,AV_=18Vt03.6V,DV, =22V103.6V,
Table 25.8 LCD V= AV, =0.0V, unless otherwise specified.
Characteristics

RENESAS
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25.2.7 Power-On 523
Reset Circuit
Characteristics

Table 25.9 Power-
On Reset Circuit
Characteristics

Condition and table amended

V., =18V1036V,AV, =18V 1036V,DV, =22V 1036V,V ,=AV =00V,
Ta=-20to +75 C (regular specifications), Ta= —40 to +85°C (wide-range specifications), unless
otherwise specified.

Values

Reference
Item Symbol Test Condition Min. Typ. Max. Unit  Figure
Reset voltage V_rst 0.7Vce 0.8Vce 0.9Vce \ Figure 25.1

Power supply rise time t_vitr The Vcc rise time should be shorter than half the

RES rise time.

Reset count time t_out 0.8 — 8.0 us

Count start time t_cr Adjustable by the value of the external capacitor

of the RES pin.

On-chip pull-up Rp
resistance

Vec=3.0V 60 100 — kQ Figure 22.1

25.2.8 Watchdog 523
Timer Characteristics

Condition amended
V,.=18Vt036V,AV_=18Vt03.6V,DV,.=22V103.6V,

Table 25.10 Vi =AV =00V, ..

Watchdog Timer

Characteristics

25.2.9 Flash 524 Condition A amended

Memory AV, =27V103.6V,DV, =27V103.6V,V, =AV, =00V,
Characteristics

O PreliminaryOd
Table 25.11 Flash

V.. =2.7Vto 3.6 V (operating voltage range in reading), ...
Condition B amended

Memory AV =18Vto36V,DV, . =22V1t036V,V, =AV =00V,
Characteristics V.. = 1.8 Vto 3.6 V (operating voltage range in reading), ...
25.3 Absolute 526 Table amended
Maximum Ratings for Item Symbol  Value Unit  Note
Masked ROM Power supply voltage Vo -0.3t0 +4.3 \Y%
Version Analog power supply voltage AV, -0.3t0 +4.3 \%

DV, —0.3to +4.3 v
Table 25.12 Input voltage Other than port B V, -0.3to V. +0.3 \
Absolute Maximum Ports BO to B2 AV, 0310 AV, +03 v
Ratings Ports B5 to B7 DV, —0.3to DV, +0.3 v
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25.4.1 Power Supply 527
Voltage and Operating
Range

(1) Power Supply
Voltage and Oscillation
Frequency Range

Note 1 amended

... the minimum value of fosc is 2 MHz.

(2) Power Supply 528 ... the minimum operating frequency (@) is 2 MHz
Voltage and Operating
Frequency Range
25.4.2 DC 530 Condition and table amended
Characteristics Vee=18V 1036 V,AVec =18V 103.6 V, DViee =22V 1036V, Vss= AV = 0.0V, unless
otherwise specified.
Table 25.13 DC Vs
CharacterIStICS Item Symbol  Applicable Pins Test Condition Min. Typ. Max. Unit Notes
Input high v, RES, NMI, WKPO to 0.9V, — V. +03 V
voltage WKP7, IRQ4,
AEVL, AEVH,
TMIF, ADTRG,
SCK32, SCK31,
SCK4
RQO, IRQT, IRQ2 09V,  — AV, +0.3
RXD32, RXD31 osv, — V.. +0.3
PBO to PB2 08V, — AV, +03
PBS to PB7 08V, — DV, +03
IRQAEC 0.9V, — V. +03
535 Note 1 amended
RES Other  LCD Power
Mode Pin Internal State Pins Supply Oscillator Pins
Watch mode Vee Only time base operates, CPU V. Halted System clock oscillator:
stops crystal resonator
On-chip WDT oscillator is off Subclock oscillator:
TCSRWDL (WDON) = 0 crystal resonator
Standby mode Vee CPU and timers both stop Vee Halted System clock oscillator:

On-chip WDT oscillator is off
TCSRWD1 (WDON) = 0

crystal resonator
Subclock oscillator:
Pin X1 = GND
(32KSTOP = 0)
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25.4.3 AC 536 Conditions and table amended
Characteristics Vee=18V 1036V, AVec = 1.8V 1036V, DVee =22V 1036V, Ves = AVs= 0.0V, unless
otherwise specified.
Table 2514 Contro' Applicable Values Reference
Slgnal Tlmlng Item Symbol  Pins Test Condition Min. Typ. Max. Unit Figure
System clock fose 0SC1,08C2  V, =27103.6V 20 — 100 MHz
oscillation frequency
V,.=181036V 20 — 42
On-chip oscillator Reee On-chip oscillator 1.0 - 10
oscillation frequency is used
V., =271036V
On-chip oscillator 05 — 4.2
is used
V. =18t027V
OSC clock (@,..) cycle t... 0sC1, 0sc2 V,.=271036V 100 — 500 ns Figure 25.2
time (1000) *?
V,.=181036V 238 — 500
(1000)
On-chip oscillator teose On-chip oscillator 100 — 1000
clock (@) cycle time is used
V, =271036V
On-chip oscillator 238 — 2000
is used
V. =181027V
537 Applicable Values Reference
Item Symbol  Pins Test Condition Min. Typ. Max. Unit  Figure
Oscillation stabilization T 77777777 0SC1, 0SC2 6;I;e’r’!’h’a’n’e;t;(;\;é” W; 777777 : o :’;E) 777777 ms 7777777777777777
time
On-chip oscillator = — 100 Hs
is used
538 Note 4 amended
4. Characteristics vary due to variations in factors such as
temperature, power supply voltage, and production lot. When
designing the system, give due consideration to the actual usage
conditions. For actual data on this product, please contact a
Renesas representative.
Table 25.15 Serial 539 Condition amended
Interface Timing V,.=18V1036V,AV, =18V1036V,DV, =22V103.6V,
V= AV = 0.0 V, unless otherwise specified.
Table 25.16 I°CBus 540 Condition amended

Interface Timing

V,.=18Vto36V,AV . =18V1to3.6V,DV.=22Vt03.6V,
V, =0.0V, Ta=-20to +75°C, unless otherwise specified.
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25.4.4 AID 541 Condition amended
gg”"e”er_ _ V,.=18V1t03.6V,/AV, =18Vt036V,DV, =22V103.6V,
aracteristics V. = 0.0V, unless otherwise specified.
Table 25.17 A/D 542 Note 4 amended
Converter o
Characteristics 4. Conversion time = 31 us
25.4.5 AY AID 543 Condition added and table amended
Converter Vee=18V 1036V, AVee=18V 036V, DVec =22V 1036V, Ves= AVs= 0.0V, unless
Characteristics liiEicesazaiil
Applicable Values
Table 2518 Az A/D Item Symbol Pins Test Condition Min. Typ. Max. Unit Notes
Convertel’ Analog power supply DV, DV, 22027 O 3.6 \ k|
Characteristics e
Integral lineality error PGA bypass o — LsB
(DV,.=3.0V,
Vref =27V, _ 70 _
conversion speed = 32
544 Applicable Values
Item Symbol  Pins Test Condition Min. Typ. Max. Unit Notes
Differential lineality PGA bypass — 13 — LSB | |
error (Dv,.=3.0V,
V,, =2.7V, conversion
speed = 32 ps)*"
— 08 @ —
Offset error PGA bypass — 10 — mv | |
(OV, =30V,
V., =2.7V, conversion
speed = 32 ps)**
Full scale error PGA bypass — 28.0 —_ mv ||
(OV, =30V,
V,,=2.7V, conversion
speed = 32 ps)*®
PGA gain error Tad PGA =1/3, — 6 — mv
DV, =30V
PGA=1, — 7 — mv
DV, =30V
PGA=2, — 20 — mv
DV, =30V
PGA=4, — 44 — mv
DV, =30V
Internal reference REF — 117 — \ | ]
voltage
External reference V., 02DV, — 09DV, V
voltage
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25.4.5 AY AID 545 Notes amended
Converter Notes:
Characteristics 4. BGR stabilization time = 150 ps (Ta = 25°C, V. = 3.0 V)
Table 25.18 AX AID The BGR stabilization time is started after setting bit 7
Converter (BTRSTPN) in BGR control register (BGRMR) to 1. The
Characteristics stabilization time may vary due to factors such as the
capacitance connected to the REF pin, so careful evaluation is
necessary.
5. Before using the system, the internal reference value must be
tested because there is dispersion in sample data.
6. This is the value when the BGR is not used.
7. The error for each item varies depending on factors such as
temperature, voltage, conversion time, and sample variation. It is
therefore necessary to perform careful evaluation under actual
usage conditions.
25.4.6 LCD 546 Condition amended
Characteristics V. =18V103.6V,AV, =1.8V1036V,DV,=22V103.6V,
Table 25.19 LCD Vi = AV, = 0.0 V, unless otherwise specified.
Characteristics
25.4.7 Power-On 547 Condition and table amended
Reset Circuit V=18V 1036V,AV, =18V 1036V, DVe=22V 1036V, V.= AV, =00V,
Characteristics Ta=-20to +75 C (regular specifications), Ta= -40 to +85C (wide-range specifications), unless
otherwise specified.
Table 25.20 Power-
On Reset Circuit e Reference
Character|st|cs Item Symbol Test Condition ~ Min Typ. Max. Unit Figure
Reset voltage V_rst 0.7Vec  0.8Vec 0.9Vec V Figure 25.1
Power supply rise time tvtr The Vcc rise time should be shorter than half
the RES rise time.
Reset count time t_out 0.8 — 4.0 Hs
Count start time ter Adjustable by the value of the external
capacitor of the RES pin.
On-chip pull-up resistance Rp Vee=3.0V 60 100 — kQ Figure 22.1
25.4.8 Watchdog 548 (Before) On-chip oscillator overflow time —

Timer Characteristics

Table 25.21
Watchdog Timer
Characteristics

(After) WDT on-chip oscillator overflow time
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25.7 Recommended 552
Resonators

Table 25.22
Recommended Crystal
Resonators

Table amended

Frequency (MHz) Manufacturer

Product Type

4.194 Kyocera Kinseki Corporation HC-491U-S

10 Kyocera Kinseki Corporation HC-491U-S

B.1 1/O Port Block 590
Diagrams

Figure B.2 (g) Port3
Block Diagram (P30)

Figure amended

P30

Figure B.3 (b) Port4 592
Block Diagram (P41)

P41
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Section 1 Overview

Sectionl Overview

1.1 Features

» High-speed H8/300H central processing unit with an internal 16-bit architecture
Upward-compatible with H8/300 CPU on an object level
Sixteen 16-bit general registers
62 basic instructions
» Various peripheral functions
RTC (can be used as a free-running counter)
Asynchronous event counter (AEC)
LCD controller/driver
Timer F
16-bit timer pulse unit (TPU)
14-bit PWM
Watchdog timer
SCI (Asynchronous or clocked synchronous serial communication interface)

I°C bus interface (conforms to the I°C bus interface format that is advocated by Philips
Electronics)

10-bit A/D converter
14-bit AZ A/D converter
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Section 1 Overview

¢ On-chip memory

Product Classification Model ROM RAM

Flash memory version H8/38086RF HD64F38086R 52 kbytes* 2 kbytes

(F-ZTAT™ version)

Masked ROM version H8/38086R HD64338086R 48 kbytes 2 kbytes
H8/38085R HD64338085R 40 kbytes 2 kbytes
H8/38084R HD64338084R 32 kbytes 1 kbyte
H8/38083R HD64338083R 24 kbytes 1 kbyte

Note: F-ZTAT™is a trademark of Renesas Technology Corp.

* 4-kbyte area of 52-kbyte ROM is used for the on-chip debugger. When the on-chip
debugger is not used, 52-kbyte area is available.

e General 1/O ports
1/0 pins: 55 1/0 pins, including 4 large current ports (I, = 15mA, @V, =1.0V)
Input-only pins: 8 input pins

e Supports various power-down states

e Compact package

Package Code Old Code Body Size Pin Pitch Remarks
QFP-80 PRQPO0080JB-A FP-80A 14 X 14 mm 0.65 mm

TQFP-80 PTQPO080KC-A TFP-80C 12 X 12 mm 0.5 mm

P-TFLGA-85 PTLGO085JA-A TLP-85V 7 X7 mm 0.65 mm

Rev. 3.00 Aug 23, 2006 Page 2 of 616
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Section 1 Overview

12 Internal Block Diagram

X1 <—— DVcc
X2 | Subclock generator | <+— Vce
<—— AVcc
0S¢l — H8/300H CPU <~ Vss
0SC2 ,_| System clock generator | —— AVss
<~—— RES
System clock _
| on-chip generator*3 ) Liwﬁl—éADTRG
P70/SEG17
PLO/AEVH <~ P71/SEG18
PLU/AEVL ROM RAM «» P72/SEG19
P12/TIOCAL/TCLKA <] « - P73/SEG20
P13/TIOCBLTCLKB ~—~| & =
S |« P74/SEG21
P14/TIOCA2/TCLKC ~——| & B | ] € [ prejeEcan
P15/T|OCB2*<—>1*2 Imer pulse uni l«—» P76/SEG23
P16/SCK4 ~— P77/SEG24
PB0/SEG25
) . <— P81/SEG26
P30/SCK32/TMOW ~— Watchdog timer Power-on reset circuit l«+ pa2isEG27
P31/RXD32/SDA | o © Rt
PSZITXDSB?S;EHH g & [+ P84ISEG29
P37/S04" %2~ 14-bit PWM1 14-bit PWM2 . P8SISEC30
[~— P86/SEG31
P87/SEG32
P90/PWM1
PA0/SCK31/TMIF 3 10-bit A/D converter i @
P41/RXD3VIRXD/TMOFL <—»| £ Realtime clock = e
P42/TXD3L/ITXDITMOFH <~—| & g s
IRQAEC —»|  Asynchronous Timer F -« PAO/COM1
event counter f <« PAL/COM2
P50/WKPO/SEG1 & [+ PA2/COM3
P51/WKP1/SEG2 <—» ) ) ~— PA3/COM4
P52/WKP2/SEG3 <«—»] 12C bus interface LCD controller/driver vi
P53/WKP3/SEG4 © g sl— w2
P54/WKP4/SEG5 E g_g V3
P55/WKP5/SEG6 ~—»
P56/ WKPEISEGT < SCI3_1/IrDA SCI3_2 8 a~—c
P57/WKP7/SEGS 2 2
Pz;s?S’SE(E;ig ~— PBO/ANO/RQOD
P62/SEG11 ~<—»| Address break SCl4*1 <~— PBL/ANY/IRQ1T
Pe3/SEG12 © o |~— PB2/AN2/IRQ3
e £ |— Acom
P64/SEG13 ~—| & 5 DBENTef/REF
PB5/SEG14 ~—»| & 14-bit Sl Dot
P66/SEG15 <—* A3 AID converter « PB7/AiNL
P67/SEG16

I:l : Large current port (15 mA)

Notes: 1.The SCI4 pins, such as SCK4, Sl4, and SO4, are supported only by the F-ZTAT version.
2.The SCK4, SI4, SO4, and NMI pins are not available when the E7 or on-chip
debugger is used. These pins are not available as ports.
3. Supported only by the masked ROM version.

Figurel1l.1 Internal Block Diagram of H8/38086R Group

Rev. 3.00 Aug 23, 2006 Page 3 of 616
RENESAS REJ09B0182-0300




Section 1 Overview

13

Pin Assignment

OO OM~NOLSTNONANAOODONOI ST MAN A
MOANNNNNNNNNNAAAAAAAAA
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BBBL AR BN RIINSLIQT
P86/SEG31 [] 61 40 [ P61/SEG10
P87/SEG32 [] 62 39 | ] P60/SEG9
PB7/Ainl ] 63 38 [] P57/WKP7/SEGS8
PB6/AIN2 [] 64 37 | P56/WKP6/SEG7
PB5/Vref/REF [] 65 36 [1 P55/WKP5/SEG6
ACOM [] 66 35 [] P54/WKP4/SEG5
DVcc [] 67 34 [] P53/WKP3/SEG4
AVss [] 68 33 [ P52/WKP2/SEG3
Avcce [] 69 32 [ P51/WKP1/SEG2
PB2/AN2/IRQ3 [] 70 FP-80A, TFP-80C 31 [] P50/WKPO/SEG1
PB1/AN1/IRQT ] 71 (Top view) 30 [ PA3/COM4
PBO/ANO/IRQO [] 72 29 [1 PA2/COM3
IRQAEC ] 73 28 [ PA1/COM2
P90/PWM1 [] 74 27 [J PAO/COM1
P91/PWM2 [] 75 26 [1 V3
P92/IRQ4 [] 76 251 Vv2
P93 [} 77 24 [1 V1 (also used with 3-V booster)
P10/AEVH [] 78 23 c2
P11/AEVL [ 79 22 c1
P12/TIOCAL/TCLKA [] 80 21 [ Vee
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Figurel.2 Pin Assignment of H8/38086R Group (FP-80A, TFP-80C)
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Note: For details on pin correspondence, refer to table 1.1.

Figure 1.3 Pin Assignment of H8/38086R Group (TLP-85V)
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Tablel.l TLP-85V Pin Correspondence

Pin Name

H8/38086R Group Pin Symbol (TLP-85V)
P13/TIOCB1/TCLKB Bl
P14/TIOCA2/TCLKC C1
P15/TIOCB2 B2
P16/SCK4 C2
P30/SCK32/TMOW D1
P31/RXD32/SDA D3
P32/TXD32/SCL D2
P36/Sl4 El
P37/S04 E3
X1 F2
X2 E2
Vss F3
0OSsC2 G3
OscC1 F1
TEST/ADTRG G2
RES H2
NMI G1
P40/SCK31/TMIF H3
P41/RXD31/IrRXD/TMOFL J1
P42/TXD31/IrTXD/TMOFH H1
NC K1
Vcce K2
C1 K3
c2 J2
V1 J3
V2 K4
V3 H4
PAO/COM1 Ja
PA1/COM2 K5
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Pin Name

H8/38086R Group Pin Symbol (TLP-85V)
PA2/COM3 H5
PA3/COM4 J6
P50/WKPO/SEG1 J5
P51/WKP1/SEG2 H6
P52/WKP2/SEG3 H7
P53/WKP3/SEG4 K6
P54/WKP4/SEG5 J7
P55/WKP5/SEG6 J8
P56/WKP6/SEG7 K7
P57/WKP7/SEG8 H8
P60/SEGY K9
P61/SEG10 K8
NC K10
P62/SEG11 J10
P63/SEG12 H10
P64/SEG13 J9
P65/SEG14 H9
P66/SEG15 G10
P67/SEG16 G8
P70/SEG17 G9
P71/SEG18 F10
P72/SEG19 F8
P73/SEG20 E9
P74/SEG21 F9
P75/SEG22 ES
P76/SEG23 D8
P77/SEG24 E10
P80/SEG25 D9
P81/SEG26 C9
P82/SEG27 D10
P83/SEG28 cs8
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Pin Name

H8/38086R Group Pin Symbol (TLP-85V)
P84/SEG29 B10
P85/SEG30 C10
NC A10
P86/SEG31 A9
P87/SEG32 A8
PB7/Ain1 B9
PB6/AiIn2 B8
PB5/Vref/REF A7
ACOM c7
DVcc B7
AVss A6
AVcc C6
PB2/AN2/IRQ3 B5
PB1/ANL/IRQT B6
PBO/ANO/IRQO C5
IRQAEC c4
P90/PWM1 A5
P91/PWM2 B4
P92/IRQ4 B3
P93 A4
P10/AEVH c3
P11/AEVL A2
P12/TIOCA1/TCLKA A3
NC Al
NC D4
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49
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43
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42
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Product model name | Model name on chip

HCD64F38086R HD64F38086R

Chip size: 4.73mm x 4.73mm
Voltage level on the back of the chip: GND
Il : NC pad

Figure1.4 Pad Assignment of HCD64F38086R (Top View)
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Section 1 Overview

Tablel.2 Pad Coordinate of HCD64F38086R

Coordinate
Pad No. Pad Name X (um) Y (pm)
1 P13/TIOCB1/TCLKB —2223 1797
2 P14/TIOCA2/TCLKC —-2223 1615
3 P15/TIOCB2 —2223 1434
4 P16/SCK4 -2223 1295
5 P30/SCK32/TMOW —2223 1150
6 P31/RXD32/SDA —2223 941
7 P32/TXD32/SCL —2223 732
8 P36/Sl4 —2223 523
9 P37/S04 —2223 314
10 X1 —2223 105
11 X2 —2223 -105
12 Vss —2223 -314
13 Vss —2223 —-418
14 osc2 -2223 -523
15 osc1 —2223 732
16 TEST/ADTRG -2223 -941
17 RES -2223 -1150
18 NMI —2223 -1360
19 P40/SCK31/TMIF -2223 -1569
20 P41/RXD31/IrRXD/TMOFL —2223 -1778
21 P42/TXD31/IrTXD/TMOFH —2223 -1987
22 Vcee —-1987 —2223
23 c1 -1775 —2223
24 c2 —-1569 -2223
25 Vi —-1360 —2223
26 V2 -1150 —2223
27 V3 —941 —2223
28 PAO/COM1 732 —2223
29 PA1/COM2 -523 —2223
Rev. 3.00 Aug 23, 2006 Page 10 of 616
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Coordinate
Pad No. Pad Name X (Um) Y (um)
30 PA2/COM3 -314 -2223
31 PA3/COM4 -105 -2223
32 P50/WKPO/SEG1 105 -2223
33 P51/WKP1/SEG2 314 —2223
34 P52/WKP2/SEG3 523 —2223
35 P53/WKP3/SEG4 732 —2223
36 P54/WKP4/SEG5 941 —2223
37 P55/WKP5/SEG6 1150 —2223
38 P56/WKP6/SEG7 1360 -2223
39 P57/WKP7/SEG8 1569 -2223
40 P60/SEG9 1778 —-2223
41 P61/SEG10 1987 -2223
42 P62/SEG11 2223 -1987
43 P63/SEG12 2223 -1778
44 P64/SEG13 2223 -1569
45 P65/SEG14 2223 -1360
46 P66/SEG15 2223 -1150
47 P67/SEG16 2223 -941
48 P70/SEG17 2223 -732
49 P71/SEG18 2223 -523
50 P72/SEG19 2223 -314
51 P73/SEG20 2223 -105
52 P74/SEG21 2223 105
53 P75/SEG22 2223 314
54 P76/SEG23 2223 523
55 P77/SEG24 2223 660
56 P80/SEG25 2223 941
57 P81/SEG26 2223 1222
58 P82/SEG27 2223 1360
59 P83/SEG28 2223 1569
60 P84/SEG29 2223 1778
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Coordinate
Pad No. Pad Name X (um) Y (um)
61 P85/SEG30 2223 1987
62 P86/SEG31 1987 2223
63 P87/SEG32 1852 2223
64 PB7/Ainl 1483 2223
65 PB6/AIn2 1341 2223
66 PB5/Vref/REF 1150 2223
67 ACOM 941 2223
68 DVce 732 2223
69 AVss 523 2223
70 AvVce 314 2223
71 PB2/AN2/IRQ3 105 2223
72 PB1/AN1/IRQT -105 2223
73 PBO/ANO/IRQO -314 2223
74 IRQAEC -523 2223
75 P90/PWM1 —732 2223
76 P91/PWM2 -941 2223
77 P92/IRQ4 -1150 2223
78 P93 -1360 2223
79 P10/AEVH -1569 2223
80 P11/AEVL -1778 2223
81 P12/TIOCA1/TCLKA -1987 2223

Note: The power supply (Vss) pads in pad numbers 12 and 13 must not be open but connected.
When the TEST pad in pad number 16 is not used as the ADTRG pin, it must be connected
to the Vss voltage level. If not, this LS| does not operate correctly.

When the TEST pad is used as the ADTRG pin, the function should be changed to the
ADTRG pin at Vss voltage level during a reset in advance.
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] Chip size: 3.60mm x 3.69mm
Product model name | Model name on chip

HCD64338086R HD64338086R

Voltage level on the back of the chip: GND

Figure1.5 Pad Assignment of HCD64338086R (Top View)
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Table1.3 Pad Coordinate of HCD64338086R

Coordinate
Pad No. Pad Name X (pm) Y (um)
1 P13/TIOCB1/TCLKB -1683 1484
2 P14/TIOCA2/TCLKC -1683 1328
3 P15/TIOCB2 -1683 1172
4 P16 -1683 1016
5 P30/SCK32/TMOW -1683 859
6 P31/RXD32/SDA -1683 703
7 P32/TXD32/SCL -1683 547
8 P36 -1683 391
9 P37 -1683 234
10 X1 -1683 97
11 X2 -1683 -29
12 VSS -1683 -234
13 0sc2 -1683 -391
14 0OSsC1 -1683 -575
15 TEST/ADTRG -1683 -703
16 RES -1683 -859
17 NMI -1683 -1016
18 P40/SCK31/TMIF -1683 -1172
19 P41/RXD31/IrRXD/TMOFL -1683 -1328
20 P42/TXD31/IrTXD/TMOFH -1683 -1484
21 \Y/ele -1448 -1728
22 C1 -1208 -1728
23 c2 -1085 -1728
24 Vi -963 -1728
25 V2 -841 -1728
26 V3 -689 -1728
27 PAO/COM1 -536 -1728
28 PA1/COM2 -384 -1728
29 PA2/COM3 -231 -1728
Rev. 3.00 Aug 23, 2006 Page 14 of 616
REJ09B0182-0300 RENESAS



Section 1 Overview

Coordinate
Pad No. Pad Name X (um) Y (um)
30 PA3/COM4 -79 -1728
31 P50/WKPO/SEG1 79 -1728
32 P51/WKP1/SEG2 231 -1728
33 P52/WKP2/SEG3 384 -1728
34 P53/WKP3/SEG4 536 -1728
35 P54/WKP4/SEG5 689 -1728
36 P55/WKP5/SEG6 841 -1728
37 P56/WKP6/SEG7 994 -1728
38 P57/WKP7/SEG8 1146 -1728
39 P60/SEG9 1298 -1728
40 P61/SEG10 1448 -1728
41 P62/SEG11 1683 -1484
42 P63/SEG12 1683 -1328
43 P64/SEG13 1683 -1159
44 P65/SEG14 1683 -1016
45 P66/SEG15 1683 -859
46 P67/SEG16 1683 -703
47 P70/SEG17 1683 -547
48 P71/SEG18 1683 -391
49 P72/SEG19 1683 -234
50 P73/SEG20 1683 -78
51 P74/SEG21 1683 78
52 P75/SEG22 1683 234
53 P76/SEG23 1683 391
54 P77/SEG24 1683 547
55 P80/SEG25 1683 703
56 P81/SEG26 1683 859
57 P82/SEG27 1683 1016
58 P83/SEG28 1683 1172
59 P84/SEG29 1683 1328
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Coordinate
Pad No. Pad Name X (um) Y (um)
60 P85/SEG30 1683 1484
61 P86/SEG31 1448 1728
62 P87/SEG32 1298 1728
63 PB7/Ainl 1146 1728
64 PB6/AIn2 994 1728
65 PB5/Vref/REF 841 1728
66 ACOM 689 1728
67 DVCC 536 1728
68 VSS/IAVSS 377 1728
69 AvVCC 181 1728
70 PB2/AN2/IRQ3 32 1728
71 PB1/AN1/IRQT -114 1728
72 PBO/ANO/IRQO -231 1728
73 IRQAEC -384 1728
74 P90/PWM1 -536 1728
75 P91/PWM2 -689 1728
76 P92/IRQ4 -841 1728
77 P93 -994 1728
78 P10/AEVH -1146 1728
79 P11/AEVL -1298 1728
80 P12/TIOCA1/TCLKA -1448 1728

Note: The power supply (Vss) pads in pad number 12 must not be open but connected. When the
TEST pad in pad number 15 is not used as the ADTRG pin, it must be connected to the Vss
voltage level. If not, this LSI does not operate correctly.

When the TEST pad is used as the ADTRG pin, the function should be changed to the
ADTRG pin at Vss voltage level during a reset in advance.
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14 Pin Functions

Table1.4 Pin Functions
Pin No.
FP-80A, Pad Pad

Type Symbol TFP-80C TLP-85V No.**  No.** I/O Functions

Power DVcc 67 B7 68 67 Input  Analog power supply pins for the A

supply pins A/D converter. When the AZ A/D
converter is not used, connect this pin
to the system power supply.

Vcce 21 K2 22 21 Input  Power supply pins. Connect this pin to
the system power supply.

Vss 12 F3 12,13 12 Input  Ground pins. Connect this pin to the
system power supply (0 V).

AVcc 69 C6 70 69 Input  Analog power supply pins for the A/D
converter. When the A/D converter is
not used, connect this pin to the
system power supply.

AVss 68 A6 69 68 Input  Ground pins for the A/D converter.

(=Vss) (=Vss) Connect this pin to the system power
supply (0 V).
V1toV3 241026 J3, K4, 25t027 24to Input  Power supply pins for the LCD
H4 26 controller/driver.

C1 22 K3 23 22 Input  Capacitance pins for stepping up the
LCD drive power supply.

Cc2 23 J2 24 23 Input

Clock pins OSC1 14 F1 15 14 Input  These pins connect with crystal or
osc2 13 G3 14 13 Output ceramic resonator'for the system clock,
or can be used to input an external
clock.
See section 5, Clock Pulse Generators,
for a typical connection.

X1 10 F2 10 10 Input  These pins connect with a 32.768- or

X2 1 E2 1 1 output 38.4-kHz crystal re§onator for the
subclock. See section 5, Clock Pulse
Generators, for a typical connection.

System RES 16 H2 17 16 Input  Reset pins. The power-on reset circuit
control is incorporated. When externally driven
low, the chip is reset.
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Pin No.
FP-80A, Pad Pad
Type Symbol TFP-80C TLP-85V No.** No.** 1/O  Functions
System TEST 15 G2 16 15 Input Test pins. Also used as the ADTRG
control pin. When this pin is not used as the
ADTRG pin, users cannot use this
pin. Connect this pin to Vss. When
this pin is used as the ADTRG pin,
see section 18.4.2, External Trigger
Input Timing.
Interrupt NMI 17 Gl 18 17 Input  NMI interrupt request pins.
pins Non-maskable interrupt request input
pin.
IRQO 72 C5 73 72 Input  External interrupt request input pins.
Can select the rising or falling edge.
IRQ1 71 B6 72 71 Input
IRQ3 70 B5 71 70 Input
IRQ4 76 B3 77 76 Input
IRQAEC 73 C4 74 73 Input Interrupt input pins for the
asynchronous event counter.
This pin enables the asynchronous
event input. In the masked ROM
version, this pin controls turning on/off
the on-chip oscillator during a reset.
WKPOto 31to38 J5, H6, 32t039 31to Input Wakeup interrupt request input pins.
WKP7 H7. K6, 38 Can select the rising or falling edge.
J7, 38,
K7, H8
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Pin No.
FP-80A, Pad Pad

Type Symbol TFP-80C TLP-85V No.*'  No.** 1/O Functions

System TEST 15 G2 16 15 Input  Test pins. Also used as the ADTRG

control pin. When this pin is not used as the
ADTRG pin, users cannot use this
pin. Connect this pin to Vss. When
this pin is used as the ADTRG pin,
see section 18.4.2, External Trigger
Input Timing.

16-bit timer TIOCA1 80 A3 81 80 110 Pins for the TGR1A input capture

pulse unit input or output compare output, or

(TPU) PWM output.

TIOCB1 1 B1 1 1 Input  Pins for the TGR1B input capture
input.

TIOCA2 2 C1l 2 2 110 Pins for the TGR2A input capture
input or output compare output, or
PWM output.

TIOCB2 3 B2 3 3 Input  Pins for the TGR2B input capture
input.

TCLKA 80 A3 81 80 Input  External clock input pins.

TCLKB 1 Bl 1 1 Input

TCLKC 2 Cl 2 2 Input

Timer F TMIF 18 H3 19 18 Input  Event input pins for input to the timer
F counter.

TMOFL 19 Jl 20 19 Output Output pins for waveforms generated
by the timer FL output compare
function.

TMOFH 20 H1 21 20 Output Output pins for waveforms generated
by the timer FH output compare
function.

Asynch- AEVL 79 A2 80 79 Input  Event input pins for input to the

ronous asynchronous event counter.

event AEVH 78 c3 79 78 Input

counter

(AEC)

RTC TMOW 5 D1 5 5 Output Divided clock output pins for the RTC.
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Pin No.
FP-80A, Pad Pad
Type Symbol TFP-80C TLP-85V No.*'  No.** 1/O Functions
14-bit PWM PWM1 74 A5 75 74 Output Output pins for waveforms generated

PWM2 75 B4 76 75 Output by the 14-bit PWM in PWM channels
1and 2.

Serial SCK4 4 Cc2 4 0 110 Transfer clock pins for SCI4 data
commu- transmission/reception. When the E7
nication or on-chip emulator debugger is used,
interface 4 this pin is not available.
(SCH) gy 8 E1 8 0 Input  SCI4 data input pins. When the E7 or
(F-ZTAT - i

. on-chip emulator debugger is used,
version this pin is not available.
only)

SO4 9 E3 9 O Output SCI4 data output pins. When the E7
or on-chip emulator debugger is used,
this pin is not available.

Serial SCK31 18 H3 19 18 110 SCI3_1 clock I/O pins.

cgmmu— RXD31/ 19 J1 20 19 Input  SCI3_1 data input pins or data input
.rncatlon IrRXD pins for the IrDA format.

interface 3

(SCI3) TXD31/ 20 H1 21 20 Output SCI3_1 data output pins or data

IrTXD output pins for the IrDA format.

SCK32 5 D1 5 5 110 SCI3_2 clock I/O pins.

RXD32 6 D3 6 6 Input  SCI3_2 data input pins.

TXD32 7 D2 7 7 Output SCI3_2 data output pins.

A/D ANO to 72t0 70 C5,B6, 73to71 72to Input Analog data input pins for the A/D
converter  AN2 B5 70 converter.

ADTRG 15 G2 16 15 Input  External trigger input pins for the A/D
converter.

Rev. 3.00 Aug 23, 2006 Page 20 of 616
REJ09B0182-0300 RENESAS



Section 1 Overview

Pin No.
FP-80A, Pad Pad
Type Symbol TFP-80C TLP-85V No.*'  No.** 1/O Functions
AY AID ACOM 66 Cc7 67 66 Output Pins for stabilizing analog block
converter voltage of the AZ A/D converter.
A capacitor should be connected
between AX A/D converter and GND.
REF 65 A7 66 65 Output Output pins for internal reference
voltage of the AZ A/D converter.
These pins output internal reference
voltage.
Vref 65 A7 66 65 Input  External reference voltage pins of the
A A/D converter. These pins input
reference voltage.
Ain2 64 B8 65 64 Input  Analog input pins for the AZ A/D
converter.
Ainl 63 B9 64 63 Input  Analog input pins for the AZ A/D
converter.
I’C bus SDA 6 D3 6 6 110 IIC data I/O pins.
interface 2 g 7 D2 7 7 IO IIC clock I/O pins.
(ncz)
LCD COM1to 27to30 J4,KS5, 28t031 27to Output LCD common output pins.
controller/ COM4 H5, J6 30
driver
SEGlto 31to38 J5, H6, 32t039 31to Output LCD segment output pins.
SEGS8 H7, K6, 38
J7, 38,
K7, H8
SEG9to 39to46 K9,K8, 40to47 39to Output
SEG16 J10 H10, 46
J9, H9,
G8
SEG17to 47to54 G9,F10, 48to55 47to Output
SEG24 F8, E9, 54
F9, E8,
D8, E10
SEG25to 55t062 D9,C9, 56t063 55to Output
SEG32 D10, C8, 62
B10, C10,
A9, A8
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Pin No.
FP-80A, Pad Pad
Type Symbol TFP-80C TLP-85V No.** No.** 1/O Functions
I/Oports P10to 78t080 C3,A2, 79to81 78to 1/O 7-bit I/O pins. Input or output can be
P12 A3 80 designated for each bit by means of
the port control register 1 (PCR1).
P13 to lto4 B1,Cl, 1to4 lto4
P16 B2, C2
P30to 5to9 D1,D3, 5to9 5t09 /0 5-bit I/O pins. Input or output can be
P32, D2, E1, designated for each bit by means of
P36, P37 E3 the port control register 3 (PCR3).
P40to  18t0 20 HS3, J1, 19t021 18to /O 3-bit I/O pins. Input or output can be
P42 H1 20 designated for each bit by means of
the port control register 4 (PCR4).
P50to 31to38 J5, H6, 32t039 31to I/O 8-bit I/0 pins. Input or output can be
P57 H7, K6, 38 designated for each bit by means of
J7, 38, the port control register 5 (PCR5).
K7, H8
P60to 39to46 K9,K8, 40to47 39to 1/O 8-bit I/0 pins. Input or output can be
P67 J10, H10, 46 designated for each bit by means of
J9, H9, the port control register 6 (PCR6).
G10, G8
P70to 47to54 G9,F10, 48to55 47to 1/O 8-bit I/0 pins. Input or output can be
P77 F8, E9, 54 designated for each bit by means of
F9, E8, the port control register 7 (PCR?7).
D8, E10
P80to 55to62 D9,C9, 56to63 55t0 1/O 8-bit I/0 pins. Input or output can be
P87 D10, C8, 62 designated for each bit by means of
B10, C10, the port control register 8 (PCR8).
A9, A8
P90to 74to77 A5/B4, 75t078 74to 1/O 4-bit I/O pins. Input or output can be
P93 B3, A4 77 designated for each bit by means of
the port control register 9 (PCR9).
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Pin No.
FP-80A, Pad Pad
Type Symbol TFP-80C TLP-85V No.** No.** /O Functions
I/Oports PAOto 27to30 J4,KS5, 28to0 27to /O 4-bit I/O pins. Input or output can be
PA3 H5, J6 31 30 designated for each bit by means of the
port control register A (PCRA).
PBOto 72to70, C5,B6, 73to 72to Input  6-bitinput-only pins
PB2, 65t0 63 B5,A7, 71,66 70
PB5 to B8, B9 to64 65to
PB7 63

Notes: 1. Pad no. for the flash memory version.
2. Pad no. for the masked ROM version.
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Section 2 CPU

Section2 CPU

This LS| has an H8/300H CPU with an internal 32-bit architecture that is upward-compatible with
the H8/300 CPU, and supports only normal mode, which has a 64-kbyte address space.

Upward-compatible with H8/300 CPUs

Can execute H8/300 CPUs abject programs

Additional eight 16-bit extended registers

32-bit transfer and arithmetic and logic instructions are added
Signed multiply and divide instructions are added.
General-register architecture

Sixteen 16-bit general registers also usable as sixteen 8-bit registers and eight 16-bit registers,

or eight 32-bit registers

Sixty-two basic instructions

8/16/32-bit data transfer and arithmetic and logic instructions
Multiply and divide instructions

Powerful bit-manipulation instructions

Eight addressing modes

Register direct [Rn]

Register indirect [ @ERN]

Register indirect with displacement [@(d:16,ERn) or @(d:24,ERn)]
Register indirect with post-increment or pre-decrement [ @ERN+ or @—ERnN]
Absolute address [ @aa:8, @aa: 16, @aa:24]

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

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

Memory indirect [ @@aa: 8]

64-kbyte address space

High-speed operation

All frequently-used instructions execute in one or two states
8/16/32-hit register-register add/subtract : 2 state

8 x 8-hit register-register multiply : 14 states

16 + 8-bit register-register divide : 14 states

16 x 16-hit register-register multiply : 22 states

32 + 16-bit register-register divide . 22 states
CPU30H2C_000220040500 Rev. 3.00 Aug 23, 2006 Page 25 of 616
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* Power-down state

Transition to power-down state by SLEEP instruction

21

Address Space and Memory Map

The address space of this LSl is 64 kbytes, which includes the program area and the data area.
Figure 2.1 shows the memory map.

HD64F38086R HD64338086R HD64338085R HD64338084R HD64338083R
(Flash memory version) (Masked ROM version) (Masked ROM version) (Masked ROM version) (Masked ROM version)
H'0000 Interrunt vector H'0000 H'0000 H'0000 H'0000
Hoos7 | _ €T WPVeclor ] woos7| Imteruptvector | roos7| _Interruptvector | yopszf Interruptvector | pgos7| Interruptvector
H'0058 H'0058 H'0058 H'0058 H'0058 .
. . On-chip ROM On-chip ROM On-chip ROM
On-chip ROM On-chip ROM n-chip (32 kbytes) HSEEF (24 kbytes)
(52 kbytes) (48 kbytes) (40 kbytes) H7FFF|
. H'OFFF H6000
HBEEEE - o - === - - - H'BFFH HA000 H8000
HBFS Flash memory H'CO00] N "
Herer Not used Not used Not used Not used ot use
H'FO00
H'FO2F H'FO2F H'FO2F H'FO2F
Internal 10 registers | HF030 . H'F030 . H'F030 . H'F030 .
Internal I/O registers Internal I/O registers Internal I/O registers Internal I/O registers
H'FO9F H'FO9F H'FO9F H'FO9F H'FO9F
H'FOAO H'FOAOQ H'FOAO H'FOAOQ H'FOAQ
Not used Not used Not used Not used Not used
H'F36F H'F36F H'F36F H'F36F H'F36F
H'F370 H'F370 H'F370 H'F370 H'F370
LCD RAM (16 bytes) LCD RAM (16 bytes) LCD RAM (16 bytes) LCD RAM (16 bytes) LCD RAM (16 bytes)
H'F37F H'F37F H'F37F HF37F H'F37F
H'F380 H'F380 H'F380 H'F380 H'F380
Not used Not used
" H'F77F HF77F Not used Not used
HF77F| _ On-chip RAM_ _ | y g
HF780 (3 Kbytes) HF780 HF780
i HFB7F| H'FB7H
On-chip RAM On-chip RAM . :
User area H'FB8O H'FB80
(2 kbytes) (2 Kbytes) On-chip RAM On-chip RAM
(1 kbytes) (1 kbytes)
HFF7F HFF7F| HFF7F HFF7F HFF7F|
H'FF80 H'FF80 H'FF80 H'FF80 H'FF80
Internal I/O registers Internal 1/O registers Internal I/O registers Internal 1/O registers Internal I/O registers
(128 bytes) (128 bytes) (128 bytes) (128 bytes) (128 bytes)
H'FFFF H'FFFF H'FFFF H'FFFF H'FFFF

Note: The areas from H'C000 to H'CFFF and from H'F380 to H'F77F are used by the on-chip debugger.
They are not available to the user when the on-chip debugger is being used.

Figure2.1 Memory Map
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2.2 Register Configuration

The H8/300H CPU hasthe internal registers shown in figure 2.2. There are two types of registers;
general registers and control registers. The control registers are a 24-bit program counter (PC), and
an 8-bit condition-code register (CCR).

General Registers (ERn)

ERO
ER1
ER2
ER3
ER4
ER5
ER6
ER7

Control Registers (CR)

15 07 07 0
EO ROH ROL
El R1H RIL
E2 R2H R2L
E3 R3H R3L
E4 R4H RAL
E5 R5H R5L
E6 R6H R6L
E7 (SP) R7H R7L

23 0

PC | |

[Legend]

SP:
PC:
CCR:
I:

uUl:

Stack pointer

Program counter
Condition-code register
Interrupt mask bit

User bit

oOsNzczx

76543210

Half-carry flag

User bit

Negative flag

Zero flag

Overflow flag

Carry flag

cer [ Jul]u[n]z]v]c|

Figure2.2 CPU Registers

RENESAS
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221 General Registers

The H8/300H CPU has eight 32-bit general registers. These general registers are all functionally
identical and can be used as both address registers and data registers. When a general register is
used as a data register, it can be accessed as a 32-bit, 16-bit, or 8-bit register. Figure 2.3 illustrates
the usage of the general registers. When the general registers are used as 32-bit registers or address
registers, they are designated by the letters ER (ERO to ER7).

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

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

The usage of each register can be selected independently.

« Address registers « 16-bit registers « 8-bit registers
« 32-bit registers
E registers (extended registers)
(EO to E7)
ER registers RH registers
(ERO to ER7) (ROH to R7H)
R registers
(RO to R7)
RL registers
(ROL to R7L)

Figure 2.3 Usage of General Registers

General register ER7 has the function of the stack pointer (SP) in addition to its general-register
function, and is used implicitly in exception handling and subroutine calls. Figure 2.4 shows the
relationship between the stack pointer and the stack area.
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/\/“

Empty area

SP (ER7) —» A

Stack area

/\/

Figure2.4 Relationship between Stack Pointer and Stack Area

222 Program Counter (PC)

This 24-bit counter indicates the address of the next instruction the CPU will execute. The length
of all CPU instructionsis 2 bytes (one word), so the least significant PC bit isignored. (When an
instruction is fetched, the least significant PC bit is regarded as 0). The PC isinitialized when the
start address is loaded by the vector address generated during reset exception-handling sequence.

223 Condition-Code Register (CCR)

This 8-bit register contains internal CPU status information, including an interrupt mask bit (1) and
half-carry (H), negative (N), zero (Z), overflow (V), and carry (C) flags. The bit isinitialized to 1
by reset exception-handling sequence, but other bits are not initialized.

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

For the action of each instruction on the flag bits, see Appendix A.1, Instruction List.
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Initial
Bit Bit Name Value R/W

Description

7 | 1 R/W

Interrupt Mask Bit

Masks interrupts other than NMI when set to 1. NMI is
accepted regardless of the | bit setting. The | bit is set
to 1 at the start of an exception-handling sequence.

6 ul Undefined R/W

User Bit

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

5 H Undefined R/W

Half-Carry Flag

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

4 U Undefined R/W

User Bit

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

3 N Undefined R/W

Negative Flag

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

2 Z Undefined R/W

Zero Flag

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

1 V Undefined R/W

Overflow Flag

Set to 1 when an arithmetic overflow occurs, and
cleared to O at other times.

0 C Undefined R/W

Carry Flag

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

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

The carry flag is also used as a bit accumulator by bit
manipulation instructions.
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2.3 Data Formats
The H8/300H CPU can process 1-bit, 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.

231 General Register Data Formats

Figure 2.5 shows the data formatsin general registers.

Data Type General Register Data Format
7 O
RnH ————— s
1-bit data " 7161514131 21 11 0| Don't care '
___________________ 7 0
1-bit data RnL L Dontcare | 7161514131 21110
7 4 3 o .
4-bit BCD data RnH | Upper | Lower | Don't care '
___________________ 7 4 3 0
4-bit BCD data RnL ; Don't care | Upper | Lower |
7 O
Byte data RnH R | Don't care :
MSB tse
___________________ 7 0
Byte data RnL E Don't care | T T T T
"""""""""" MSB LsB

Figure2.5 General Register Data Formats (1)
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Data Type

Word data

Word data

Longword
data

[Legend]

General
Register

Rn

En

ERnN

ERn: General register ER

En: General register E

Rn: General register R

RnH: General register RH

RnL: General register RL
MSB: Most significant bit
LSB: Least significant bit

Data Format

15 0
[
MSB LSB
15...............0
[
MSB LSB
31 16 15 0
BEEEEREEEERRRRRRRERRRRRERREEEEE
MSB LSB

Figure2.5 General Register Data Formats (2)
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232 Memory Data For mats

Figure 2.6 shows the data formats in memory. The H8/300H CPU can access word data and
longword datain memory, however 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, an address error does not
occur, however the least significant bit of the addressis regarded as 0, so access begins the

preceding address. This also appliesto instruction fetches.

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

word or longword.

Data Type Address Data Format

7

/\/

0

1-bit data Address L 7|6 |5|4|3|2|1|0
Byte data Address L MSBE ELSB
Word data Address 2M  |MSB!

Address 2M+1 E E E E E E

ELSB

Longword data Address 2N \iSB!

Address 2N+1 [ R R

Address 2N+2 E E E E E E

Address 2N+3 E E E E E E

ILSB|

Figure2.6 Memory Data Formats
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2.4 Instruction Set

241 Table of Instructions Classified by Function

The H8/300H CPU has 62 instructions. Tables 2.2 to 2.9 summarize the instructionsin each
functional category. The notation used in tables 2.2 to 2.9 isdefined in table 2.1.

Table2.1 Operation Notation

Symbol Description

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

ERN General register (32-bit register or address register)
(EAd) Destination operand
(EASs) Source operand

CCR Condition-code register

N N (negative) flag in CCR
z Z (zero) flag in CCR

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

PC Program counter

SP Stack pointer

#IMM Immediate data

disp Displacement

+ Addition

- Subtraction

X Multiplication

+ Division

O Logical AND

O Logical OR

O Logical XOR

5 Move

NOT (logical complement)
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Symbol Description
: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 registers/address register (ERO to ER7).
Table2.2 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 this LSI.
MOVTPE B Rs - (EAs)
Cannot be used in this LSI.
POP W/L @SP+ - Rn
Pops a general register from the stack. POP.W Rn is identical to MOV.W
@SP+, Rn. POP.L ERn is identical to MOV.L @SP+, ERnN.
PUSH WI/L Rn - @-SP
Pushes a general register onto the stack. PUSH.W Rn is identical to
MOV.W Rn, @-SP. PUSH.L ERn is identical to MOV.L ERn, @-SP.
Note: * Refers to the operand size.
B: Byte
W: Word
L: Longword
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Table2.3

Arithmetic OperationsInstructions (1)

Instruction Size* Function

ADD B/W/L Rd*Rs - Rd, Rdz#MM - 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 byte data in a general register. Use the SUBX
or ADD instruction.)

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

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

INC B/W/L Rd+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 the CCR to produce 4-bit BCD data.

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

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

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

Note: * Refers to the operand size.

B: Byte
W: Word
L: Longword
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Table2.3 Arithmetic Operations|nstructions (2)

Instruction Size* Function

DIVXS B/W Rd +Rs - Rd
Performs signed division on data in two general registers: either 16 bits +
8 bits - 8-bit quotient and 8-bit remainder or 32 bits + 16 bits - 16-bit
quotient and 16-bit remainder.

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

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

EXTU Wi/L Rd (zero extension) - Rd
Extends the lower 8 bits of a 16-bit register to word size, or the lower 16
bits of a 32-bit register to longword size, by padding with zeros on the
left.

EXTS WI/L Rd (sign extension) - Rd
Extends the lower 8 bits of a 16-bit register to word size, or the lower 16
bits of a 32-bit register to longword size, by extending the sign bit.

Note: * Refers to the operand size.

B: Byte
W: Word

L: Longword
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Table2.4

Logic Operations I nstructions

Instruction Size*

Function

AND B/W/L RdORs - Rd, RdO#IMM - Rd
Performs a logical AND operation on a general register and another
general register or immediate data.
OR B/W/IL RdORs - Rd, RdO#MM - Rd
Performs a logical OR operation on a general register and another
general register or immediate data.
XOR B/W/IL RdORs - Rd, RdO#MM - Rd
Performs a logical exclusive OR operation on a general register and
another general register or immediate data.
NOT B/W/L = (Rd) - (Rd)
Takes the one's complement (logical complement) of general register
contents.
Note: * Refers to the operand size.
B: Byte
W: Word
L: Longword
Table2.5 Shift Instructions

Instruction Size*

Function

SHAL B/W/L  Rd (shift) - Rd

SHAR Performs an arithmetic shift on general register contents.
SHLL B/W/L  Rd (shift) - Rd

SHLR Performs a logical shift on general register contents.
ROTL B/W/L  Rd (rotate) - Rd

ROTR Rotates general register contents.

ROTXL B/W/L  Rd (rotate) - Rd

ROTXR Rotates general register contents through the carry flag.
Note: * Refers to the operand size.

B: Byte
W: Word

L: Longword
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Table2.6

Instruction

Size*

Bit Manipulation Instructions (1)

Function

BSET

B

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

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

BCLR

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

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

BNOT

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

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

BTST

= (<bit-No.> of <EAd>) - Z

Tests a specified bit in a general register or memory operand and sets or
clears the Z flag accordingly. The bit number is specified by 3-bit
immediate data or the lower three bits of a general register.

BAND

BIAND

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

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

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

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

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

BOR

BIOR

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

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

C 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.

Note:

* Refers to the operand size.

B: Byte
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Table2.6 Bit Manipulation Instructions (2)

Instruction Size*

Function

BXOR B C O (<bit-No.> of <EAd>) - C
XORs 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
XORs 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: * Refers to the operand size.

B: Byte
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Table2.7 Branch Instructions
Instruction Size Function
Bcc* ad 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 cOoz=0
BLS Low or same cuz=1
BCC(BHS) Carry clear Cc=0
(high or same)
BCS(BLO) Carry set (low) c=1
BNE Not equal Z=0
BEQ Equal z=1
BVC Overflow clear V=0
BVS Overflow set V=1
BPL Plus N=0
BMI Minus N=1
BGE Greater or equal NOV=0
BLT Less than NOV=1
BGT Greater than ZONOV)=0
BLE Less or equal ZONOV)=1
JMP d Branches unconditionally to a specified address.
BSR ad Branches to a subroutine at a specified address.
JSR ad Branches to a subroutine at a specified address.
RTS ad Returns from a subroutine
Note: * Bcc is the general name for conditional branch instructions.

RENESAS
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Table2.8

Instruction Size*

System Control Instructions

Function

RTE ad Returns from an exception-handling routine.

SLEEP ad Causes a transition to a power-down state.

LDC B/W (EAs) - CCR
Moves the source operand contents to the CCR. The CCR 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 CCR with immediate data.

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

XORC B CCR O #IMM - CCR
Logically XORs the CCR with immediate data.

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

Note: * Refers to the operand size.

B: Byte
W: Word
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Table2.9 Block Data Transfer Instructions

Instruction Size Function

EEPMOV.B a if R4L # 0 then
Repeat @ER5+ -~ @ERG6+,
R4L-1 - R4L
UntilR4L =0
else next;

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

Transfers a data block. Starting from the address set in ERS5, transfers
data for the number of bytes set in R4L or R4 to the address location set
in ERG.

Execution of the next instruction begins as soon as the transfer is
completed.
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24.2 Basic Instruction Formats

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

Figure 2.7 shows examples of instruction formats.
() Operation Field

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

(2) Register Field

Specifies agenera register. Address registers are specified by 3 bits, and data registers by 3 bits or
4 bits. Some instructions have two register fields. Some have no register field.

(3) Effective Address Extension

8, 16, or 32 bits specifying immediate data, an absolute address, or a displacement. A24-bit
address or displacement istreated as a 32-bit datain which the first 8 bits are 0 (H'00).

(4) Condition Field

Specifies the branching condition of Bcc instructions.

(1) Operation field only

| op | NOP, RTS, etc.

(2) Operation field and register fields

| op | rn | rm | ADD.B Rn, Rm, etc.

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

op | rn | rm

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

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

op cc | EA(disp) BRA d:8

Figure2.7 Instruction Formats
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2.5 Addressing Modes and Effective Address Calculation

The following describes the H8/300H CPU. InthisLSl, the upper eight bits are ignored in the
generated 24-bit address, so the effective address is 16 bits.

251 Addressing Modes

The H8/300H CPU supports the eight addressing modes listed in table 2.10. Each instruction uses
a subset of these addressing modes. Addressing modes that can be used differ depending on the
instruction. For details, refer to Appendix A.4, Combinations of Instructions and 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 the absolute addressing mode
(@aa:8) to specify an operand, and register direct (BSET, BCLR, BNOT, and BTST instructions)
or immediate (3-bit) addressing mode to specify a bit number in the operand.

Table2.10 Addressing Modes

No. Addressing Mode Symbol
1 Register direct Rn
2 Register indirect @ERN
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 #xX:8/#xx: 16/#xx:32
7 Program-counter relative @(d:8,PC)/@(d:16,PC)
8 Memory indirect @@aa:8

(1) Register Directd Rn

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

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

(3) Register Indirect with Displacementd @(d:16, ERn) or @(d: 24, ERn)

A 16-bit or 24-bit displacement contained in the instruction is added to an address register (ERn)
specified by the register field of the instruction, and the lower 24 hits of the sum the address of a
memory operand. A 16-bit displacement is sign-extended when added.

(4) Register Indirect with Post-Increment or Pre-Decrementd @ERN+ or @-ERn

* Register indirect with post-increment] @ERN+
The register field of the instruction code specifies an address register (ERn) the lower 24 bits
of which contains the address of a memory operand. After the operand isaccessed, 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 the word
or longword access, the register value should be even.

* Register indirect with pre-decrementd @-ERn
Thevaluel, 2, or 4 is subtracted from an address register (ERn) specified by the register field
in the instruction code, and the lower 24 bits of the result is the address of a memory operand.
The result is also stored in the address register. The value subtracted is 1 for byte access, 2 for
word access, or 4 for longword access. For the word or longword access, the register value
should be even.

(5) Absolute Address] @aa: 8, @aa: 16, @aa: 24

The instruction code contains the absolute address of a memory operand. The absolute address
may be 8 bitslong (@aa:8), 16 bitslong (@aa:16), 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-hit
absolute address the upper 8 bits are a sign extension. A 24-bit absolute address can access the
entire address space.

The access ranges of absolute addresses for this LS| are those shown in table 2.11, because the
upper 8 bits are ignored.
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Table2.11 Absolute Address Access Ranges

Absolute Address Access Range

8 bits (@aa:8) H'FF00 to H'FFFF
16 bits (@aa:16) H'0000 to H'FFFF
24 bits (@aa:24) H'0000 to H'FFFF

(6) Immediateld #xx:8, #xx:16, or #xx:32

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

The ADDS, SUBS, INC, and DEC instructions contain immediate data implicitly. Some bit
manipulation instructions contain 3-bit immediate data in the instruction code, specifying a bit
number.

(7) Program-Counter Relatived @(d:8, PC) or @(d:16, PC)

Thismode is used in the BSR instruction. An 8-bit or 16-bit displacement contained in the
instruction is sign-extended and added to the 24-bit PC contents to generate a branch address. The
PC value to which the displacement is added is the address of thefirst 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.

(80 Memory Indirectd] @@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 in words, generating a 16-bit branch address. Figure 2.8 shows
how to specify branch address for in memory indirect mode. The upper bits of the absolute address
are all assumed to be 0, so the address rangeis 0 to 255 (H'0000 to H'00FF).

Note that the first part of the address range is al so the exception vector area.
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\/\

Specified —»-|
by @aa:8 Branch address

\/\

Figure2.8 Branch Address Specification in Memory Indirect Mode
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252

Effective Address Calculation

Table 2.12 indicates how effective addresses are calculated in each addressing mode. In thisLSI
the upper 8 bits of the effective address are ignored in order to generate a 16-bit effective address.

Table2.12 Effective Address Calculation (1)

pre-decrement
*Register indirect with post-increment @ERn+

No Addressing Mode and Instruction Format Effective Address Calculation Effective Address (EA)
1 Register direct(Rn)
Operand is general register contents.
[ oo [m]m]
2 Register indirect(@ERnN) 31 0 23 0
I General register contents |——>|
Lo [ ] |
3 | Register indirect with displacement
@(d:16,ERn) or @(d:24,ERn) 31 0
| I General register contents
" 23 0
I I I L
|
31 0
| Sign extension | disp
4 Regjister indirect with post-increment or

31 0
I General register contents

*Register indirect with pre-decrement @-ERn

[ [ ] |

The value to be added or subtracted is 1 when the
operand is byte size, 2 for word size, and 4 for
longword size.
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Table2.12 Effective Address Calculation (2)

No Addressing Mode and Instruction Format

Effective Address Calculation

Effective Address (EA)

5 Absolute address

@aa:8

23 87
[ [ = [ ]
@aa:16 23 16 15
| op | abs | Sign extensionl
@aa:24
op 23
abs
6 | Immediate
#XCBIXX161#XX 32 Operand is immediate data.
op IMM
7 Program-counter relative 23 Y
@(d:8,PC)/@(d:16,PC) PC contents h
op disp 23 g
Sign
extension 23
8 | Memory indirect @@aa:8
. 23 8 7 l 0
oo | abs H0000 | abs |
15 0 23 16 15
(om0 |
[Legend]
r,rm,rn : Register field
op: Operation field
disp : Displacement
IMM : Immediate data
abs : Absolute address
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2.6 Basic Bus Cycle

CPU operation is synchronized by a system clock (¢) or a subclock (@, ,,). The period from arising
edge of @ or @, to the next rising edge is called one state. A bus cycle consists of two states or
three states. The cycle differs depending on whether access is to on-chip memory or to on-chip
peripheral modules.

2.6.1 Accessto On-Chip Memory (RAM, ROM)

Access to on-chip memory takes place in two states. The data bus width is 16 bits, allowing access
in byte or word size. Figure 2.9 shows the on-chip memory access cycle.

_ Bus cycle !
- ) >
~— Tjstate —»ie— T,state —»!
1
1
1
1

! ]
: !
|

Internal address bus Address

S

|
: :
re— I
Internal read signal i !
= i
Internal data bus ! Read data
(read access) )

1

1

1

. . !

Internal write signal !
1

1

T1m

|

Write data D—

Internal data bus
(write access)

I

Figure2.9 On-Chip Memory Access Cycle
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26.2 On-Chip Peripheral Modules

On-chip peripheral modules are accessed in two states or three states. The data bus width is 8 bits
or 16 bits depending on the register. For description on the data bus width and number of
accessing states of each register, refer to section 24.1, Register Addresses (Address Order).
Registers with 16-bit data bus width can be accessed by word size only. Registers with 8-bit data
bus width can be accessed by byte or word size. When aregister with 8-bit data bus width is
accessed by word size, abus cycle occurs twice. In two-state access, the operation timing is the
same as that for on-chip memory.

Figure 2.10 shows the operation timing in the case of three-state access to an on-chip peripheral
module.

| Bus cycle
1

-¢ -

1
<— T, state¢—><— T, state —»<—— Ty state —»
1

i
5 !
Internal .
address bus .)( . Address . :X
1 : : :
1 i ! .
: 5 E :
Internal : i ! :
data bus '>—< Read data E>_
i
1
i

Internal
read signal

(read access) :

' |

| | |

\ [

! i

1 1 1

Internal - - )

data bus ! Write data D—
(write access)

Internal
write signal

Figure2.10 On-Chip Peripheral Module Access Cycle (3-State Access)
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2.7 CPU States

There are four CPU states: the reset state, program execution state, program halt state, and
exception-handling state. The program execution state includes active (high-speed or medium-
speed) mode and subactive mode. For the program halt state, there are sleep (high-speed or
medium-speed) mode, standby mode, watch mode, and subsleep mode. These states are shown in
figure 2.11. Figure 2.12 shows the state transitions. For details on program execution state and
program halt state, refer to section 6, Power-Down Modes. For details on exception handling, refer
to section 3, Exception Handling.

CPU state |——| Reset state |

The CPU is initialized

—| Program execution state I——l Active (high-speed) mode

The CPU executes successive program
instructions at high speed,
synchronized by the system clock

—| Active (medium-speed) mode  [----:

The CPU executes successive :
program instructions at .
reduced speed, synchronized ,
by the system clock E

—l Subactive mode ~ [F---i

The CPU executes successive
program instructions at reduced
speed, synchronized by the subclock

_l Program halt state I——l Sleep (high-speed) mode | -----

A state in which the CPU - E
operation is stopped to —| Sleep (medium-speed) mode |— ---

reduce power consumption
—l Standby mode | -----

—| Watch mode |—-- -i

Subsleep mode |- ---

Power-down modes

—| Exception-handling state |

A transient state in which the CPU changes
the processing flow due to a reset or an interrupt

Figure2.11 CPU Operating States
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Reset cleared

Reset jwte/h

Reset
occurs

Reset
occurs

Reset occurs

<

Interrupt
source

> Exception-handling state
—

A

Exception-
handling
complete

Interrupt
source

S

Program halt state

SLEEP instruction executed

Program execution state

Figure2.12 State Transitions

2.8 Usage Notes

2.8.1 Notes on Data Accessto

The address space of this LSl includes empty areas in addition to the ROM, RAM, and on-chip
1/0 registers areas available to the user. When data is transferred from CPU to empty areas, the
transferred datawill be lost. This action may also cause the CPU to malfunction. When datais
transferred from an empty areato CPU, the contents of the data cannot be guaranteed.

2.8.2 EEPMOV Instruction

EEPMOV isablock-transfer instruction and transfers the byte size of dataindicated by R4L,
which starts from the address indicated by R5, to the addressindicated by R6. Set R4L and R6 so
that the end address of the destination address (value of R6 + R4L) does not exceed H'FFFF (the

Empty Areas

value of R6 must not change from H'FFFF to H'0000 during execution).
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283 Bit-Manipulation Instruction

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

(1) Bit manipulation for two registers assigned to the same address
Example 1: Bit manipulation for thetimer load register and timer counter

Figure 2.13 shows an example of atimer in which two timer registers are assigned to the same
address. When a bit-manipul ation instruction accesses the timer |oad register and timer counter of
areloadable timer, since these two registers share the same address, the following operations takes
place.

1. Dataisread in byte units.
2. The CPU sets or resets the bit to be manipulated with the bit-manipulation instruction.
3. Thewritten datais written again in byte units to the timer load register.

Thetimer is counting, so the value read is not necessarily the same as the value in the timer load
register. Asaresult, bits other than the intended bit in the timer counter may be modified and the
modified value may be written to the timer load register.

Read
Count clock — Timer counter >
A
Reload
Write
Timer load register <

Internal data bus

Figure 2.13 Example of Timer Configuration with Two Registers Allocated to Same
Address
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Example 2: When the BSET instruction isexecuted for port 5

P57 and P56 are input pins, with alow-level signal input at P57 and a high-level signal input at
P56. P55 to P50 are output pins and output low-level signals. An example to output a high-level
signal at P50 with a BSET instruction is shown below.

« Prior to executing BSET instruction

P57 P56 P55 P54 P53 P52 P51 P50
Input/output Input Input Output  Output Output Output Output  Output
Pin state Low High Low Low Low Low Low Low

level level level level level level level level
PCR5 0 0 1 1 1 1 1 1
PDR5 1 0 0 0 0 0 0 0

* BSET instruction executed instruction
BSET  #0, @DR5 The BSET instruction is executed for port 5.

« After executing BSET instruction

P57 P56 P55 P54 P53 P52 P51 P50
Input/output Input Input Output  Output Output Output Output  Output
Pin state Low High Low Low Low Low Low High

level level level level level level level level
PCR5 0 0 1 1 1 1 1 1
PDR5 0 1 0 0 0 0 0 1

» Description on operation

1. When the BSET instruction is executed, first the CPU reads port 5.
Since P57 and P56 are input pins, the CPU reads the pin states (low-level and high-level
input).
P55 to P50 are output pins, so the CPU reads the value in PDRS. In this example PDR5 has a
value of H'80, but the value read by the CPU is H'40.

2. Next, the CPU setsbit O of the read data to 1, changing the PDR5 datato H'41.
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3. Finaly, the CPU writes H'41 to PDR5, completing execution of BSET instruction.
Asaresult of the BSET instruction, bit 0 in PDR5 becomes 1, and P50 outputs a high-level
signal. However, bits 7 and 6 of PDR5 end up with different values. To prevent this problem,
store a copy of the PDR5 datain awork areain memory. Perform the bit manipulation on the
datain the work area, then write this datato PDR5.

« Prior to executing BSET instruction

MOV. B #H 80, ROL The PDR5 value (H'80) is written to awork areain

MOV.B  ROL,  @RAMD memory (RAMO) as well as to PDRS.
MOV.B  ROL, @PDR5

P57 P56 P55 P54 P53 P52 P51 P50
Input/output Input Input Output  Output Output Output Output  Output
Pin state Low High Low Low Low Low Low Low

level level level level level level level level
PCR5 0 0 1 1 1 1 1 1
PDR5 1 0 0 0 0 0 0 0
RAMO 1 0 0 0 0 0 0 0

* BSET instruction executed

BSET #0, @rAMD The BSET instruction is executed designating the PDR5
work area (RAMO).

« After executing BSET instruction

MOV.B  @RAMD, ROL The work area (RAMO) valueis written to PDR5.
MOV. B ROL, @DR5

P57 P56 P55 P54 P53 P52 P51 P50
Input/output Input Input Output  Output Output Output Output  Output
Pin state Low High Low Low Low Low Low High

level level level level level level level level
PCR5 0 0 1 1 1 1 1 1
PDR5 1 0 0 0 0 0 0 1
RAMO 1 0 0 0 0 0 0 1
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(2) Bit Manipulation in a Register Containing a Write-Only Bit
Example 3: BCLR instruction executed designating port 5 control register PCR5

P57 and P56 are input pins, with alow-level signal input at P57 and a high-level signal input at
P56. P55 to P50 are output pins that output low-level signals. An example of setting the P50 pin as
an input pin by the BCLR instruction is shown below. It is assumed that a high-level signal will be
input to thisinput pin.

e Prior to executing BCLR instruction

P57 P56 P55 P54 P53 P52 P51 P50
Input/output Input Input Output  Output Output Output Output  Output
Pin state Low High Low Low Low Low Low Low

level level level level level level level level
PCR5 0 0 1 1 1 1 1 1
PDR5 1 0 0 0 0 0 0 0

¢ BCLR instruction executed
BCLR  #0, @CR5 The BCLR instruction is executed for PCR5.

« After executing BCLR instruction
P57 P56 P55 P54 P53 P52 P51 P50

Input/output Output  Output Output Output Output Output Output Input

Pin state Low High Low Low Low Low Low High
level level level level level level level level

PCR5 1 1 1 1 1 1 1 0

PDR5 1 0 0 0 0 0 0 0

» Description on operation

1. Whenthe BCLR instruction is executed, first the CPU reads PCR5. Since PCR5 is awrite-only
register, the CPU reads a value of H'FF, even though the PCR5 valueis actually H'3F.

2. Next, the CPU clears bit 0 in the read data to 0, changing the datato H'FE.

3. Finally, H'FE iswritten to PCR5 and BCLR instruction execution ends.
Asaresult of this operation, bit 0 in PCR5 becomes 0, making P50 an input port. However,
bits 7 and 6 in PCR5 change to 1, so that P57 and P56 change from input pinsto output pins.
To prevent this problem, store a copy of the PDR5 datain awork areain memory and
manipulate data of the bit in the work area, then write this datato PDR5.
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e Prior to executing BCLR instruction

MOV.B  #H 3F, ROL
MOV. B  ROL, @RAMD
MOV. B  ROL, @CR5

The PCR5 value (H'3F) iswritten to awork areain
memory (RAMO) aswell asto PCR5.

P57 P56 P55 P54 P53 P52 P51 P50
Input/output Input Input Output  Output  Output Output Output  Output
Pin state Low High Low Low Low Low Low Low

level level level level level level level level
PCR5 0 0 1 1 1 1 1 1
PDR5 1 0 0 0 0 0 0 0
RAMO 0 0 1 1 1 1 1 1

* BCLRinstruction executed

BCLR  #0, @RAMD

« After executing BCLR instruction

MOV.B  @RAMD, ROL
MOV.B ROL, @CR5

The BCLR instructions executed for the PCR5 work area
(RAMO).

The work area (RAMO) value is written to PCR5.

P57 P56 P55 P54 P53 P52 P51 P50
Input/output Input Input Output  Output Output Output Output  Output
Pin state Low High Low Low Low Low Low High

level level level level level level level level
PCR5 0 0 1 1 1 1 1 0
PDR5 1 0 0 0 0 0 0 0
RAMO 0 0 1 1 1 1 1 0
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Section 3 Exception Handling

Exception handling may be caused by areset or interrupts.

e Resat
A reset has the highest exception priority. Exception handling starts as soon asthe reset is
cleared by the RES pin. The chip is also reset when the watchdog timer overflows, and
exception handling starts. Exception handling is the same as exception handling by the RES
pin.

e Interrupts
External interrupts other than NMI and internal interrupts other than address break are masked
by the | bit in CCR, and kept masked while the | bit is set to 1. Exception handling starts when
the current instruction or exception handling ends, if an interrupt request has been issued.
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31 Exception Sourcesand Vector Address

Table 3.1 shows the vector addresses and priority of each exception handling. When more than
one interrupt is requested, handling is performed from the interrupt with the highest priority.

Table3.1 Exception Sourcesand Vector Address
Vector

Source Origin Exception Sources Number Vector Address Priority
Reset RES, Watchdog Timer 0 H'0000 to H'0001 High
Reserved for Break instructions 1 H'0002 to H'0003 A
system use
Reserved for Break interrupts 2 H'0004 to H'0005
system use (mode transition)
External interrupt NMI H'0006 to H'0007
Reserved for Break conditions satisfied 4 H'0008 to H'0009
system use
Address break Break conditions satisfied 5 H'000A to H'000B
External interrupts  IRQO 6 H'000C to H'000D

IRQ1 7 H'0O00E to H'000F

IRQAEC 8 H'0010 to H'0011

IRQ3 9 H'0012 to H'0013

IRQ4 10 H'0014 to H'0015

WKPO 11 H'0016 to H'0017

WKP1 12 H'0018 to H'0019

WKP2 13 H'001A to H'001B

WKP3 14 H'001C to H'001D

WKP4 15 H'001E to H'001F

WKP5 16 H'0020 to H'0021

WKP6 17 H'0022 to H'0023

WKP7 18 H'0024 to H'0025 v
Internal interrupts* O 19 to 43 H'0026 to H'0057 Low

Note: *

Exception Handling Vector Table.

For details on the vector table of internal interrupts, refer to section 4.5, Interrupt
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3.2 Reset
A reset has the highest exception priority.
A reset can be triggered by three sources. These are listed in table 3.2.

Table3.2 Reset Sources

Reset Source Description
RES pin Low-level input
Power-on reset circuit Vcc rising edge

For details, see section 22, Power-On Reset Circuit.

Watchdog timer Counter overflow

For details, see section 14, Watchdog Timer.

321 Reset Exception Handling

When areset source occurs, all processing halts and the LSI enters the reset state. A reset
initializes the internal state of the CPU and the registers of on-chip peripheral modules.

To ensure that thisLSI isreset using the RES pin, proceed as follows.

e At power-on, or if the system clock pulse generator is stopped
Hold the RES pin low until the operation of the clock pulse generator stabilizes.
« If the system clock pulse generator is running
Hold the RES pin for the duration of thet,, state specified in the electrical characteristics.

When areset source is generated, reset exception handling starts and the LS| performsthe
following operations.

1. Theinterna state of the CPU and the registers of the on-chip peripheral modules areinitialized
and the | bitin CCRisset to 1.

2. Thereset exception handling vector address (H'0000 and H'0001) is read and transferred to the
PC, and then program execution starts from the address indicated by the PC.

The reset exception handling sequence triggered by the RES pinis shown in figure 3.1.
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—— Reset cleared
:

: Initial program
' Vector fetch Internal instruction prefetch
' |<———»| Processing | <«——— |

?

Internal

address bus - @ X @ X

Internal read , \ /  /
signal !

Internal write

signal |
Internal data : { ) } ?3)
bus (16 bits) - —

(1) Reset exception handling vector address (H'0000)
(2) Program start address
(3) Initial program instruction

Figure3.1 Reset Exception Handling Sequence

322 Interrupt Immediately after Reset

Immediately after areset, if an interrupt is accepted before the stack pointer (SP) isinitialized, PC
and CCR will not be pushed onto the stack correctly, resulting in program runaway. To prevent
this, immediately after reset exception handling al interrupts are masked. For this reason, the
initial program instruction is always executed immediately after areset. This instruction should
initialize the stack pointer (e.g. MOV .L #xx: 32, SP).
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3.3 Interrupts

The interrupt sources include 14 external interrupts (NMI, IRQO, IRQ1, IRQ3, IRQ4, IRQAEC,
and WKP7 to WKPQ) and 26 internal interrupts (for the flash memory version) or 25 internal
interrupts (for the masked ROM version) from on-chip peripheral modules. Figure 3.2 showsthe
interrupt sources and their numbers.

The on-chip peripheral modules which require interrupt sources are the watchdog timer (WDT),
address break, realtime clock (RTC), 16-bit timer pulse unit (TPU), asynchronous event counter
(AEC), timer F, serial communication interface (SCI), A~ A/D converter, and A/D converter.
Interrupt vector addresses are allocated to individual sources.

NMI isan interrupt with the highest priority and accepted at all times. Interrupts are controlled by
the interrupt controller. The interrupt controller can set interrupts other than NMI to one of three
mask levelsin order to control multiple interrupts. The interrupt priority registers A to E (IPRA to
IPRE) of theinterrupt controller set the interrupt mask level.

For details on interrupts, see section 4, Interrupt Controller.

NMI (1)
(~ External interrupts { IRQO, IRQ1, IRQ3, IRQ4, and IRQAEC (5)
WKPO to WKP7 (8)

(" WDT*1 (1)
Address break (1)
Realtime clock (8)
Asynchronous event counter (1)
16-bit timer pulse unit (6)
Timer F (2)
SCI3 (2)
SCl4*2 (1)
AZ AID converter (1)
A/D converter (1)
SLEEP instruction execution (1)
\_ IIC bus (1)

Interrupts <

\_ Internal interrupts <

Notes: () indicates the source number.

1. When the WDT is used as an interval timer, an interrupt request
is generated each time the counter overflows.
2. Available only for the F-ZTAT version.

Figure 3.2 Interrupt Sourcesand their Numbers
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34 Stack Status after Exception Handling

Figures 3.3 shows the stack after completion of interrupt exception handling.

SP -4 SP (R7) —>| CCR

SP-3 SP+1 CCR"

SP-2 SP+2 PCH

SP-1 SP+3 PCL

SP (R7) = SP+4

Stack area
Prior to start of interrupt After completion of interrupt
exception handling PC and CCR exception handling
saved to stack
[Legend]

PCH: Upper 8 bits of program counter (PC)
PCL: Lower 8 bits of program counter (PC)
CCR: Condition code register
SP:  Stack pointer

Notes: 1.

2.

*

Even address

PC shows the address of the first instruction to be executed upon return from the interrupt

handling routine.

Register contents must always be saved and restored by word length, starting from

an even-numbered address.

Ignored when returning from the interrupt handling routine.

Figure3.3 Stack Statusafter Exception Handling
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341 Interrupt Response Time

Table 3.3 shows the number of wait states after an interrupt request flag is set until the first
instruction of the interrupt handling-routine is executed.

Table3.3 Interrupt Wait States

Item States Total
Waiting time for completion of executing instruction* 1to 23 15 to 37
Saving of PC and CCR to stack 4

Vector fetch

2
Instruction fetch 4
Internal processing 4
Note: * Excluding EEPMOV instruction.
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35 Usage Notes

35.1 Noteson Stack Area Use

When word datais accessed in this L SI, the least significant bit of the addressis regarded as 0.
Access to the stack always takes place in word size, so the stack pointer (SP: R7) should never
indicate an odd address. To save register values, use PUSH.W Rn (MOV.W Rn, @-SP) or
PUSH.L ERn (MOV.L ERn, @-SP). To restore register values, use POP.W Rn (MOV.W @SP+,
Rn) or POP.L ERn (MOV.L @SP+, ERn).

Setting an odd address in SP may cause a program to crash. An example is shown in figure 3.4.

| PCH_ ] SP - R1L H'FEFC
SP - PCL PCL H'FEFD
St I ] ] nerE
BSR instruction MOV. B R1L, @-R7
SP set to H'FEFF Stack accessed beyond SP Contents of PCy are lost
[Legend]

PCy: Upper byte of program counter
PC,: Lower byte of program counter
R1L: General register R1L

SP: Stack pointer

Figure3.4 Operation when Odd Addressis Set in SP

During interrupt exception handling or when an RTE instruction is executed, CCR contents are
saved and restored in word size. Both the upper and lower bytes of word data are saved to the
stack; on return, the even address contents are restored to CCR while the odd address contents are
ignored.
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35.2 Noteson Rewriting Port Mode Registers

When a port mode register is rewritten to switch the functions of external interrupt pins and when
the value of the ECPWME bit in AEGSR is rewritten to switch between selection and non-
selection of IRQAEC, the following points should be observed.

When apin function is switched by rewriting a port mode register that controls an external
interrupt pin (IRQ4, IRQ3, IRQ1, IRQO, or WKP7 to WKPO), the interrupt request flag is set to 1
at the time the pin function is switched, even if no valid interrupt isinput at the pin. Be sure to
clear the interrupt request flag to 0 after switching the pin function. When the value of the
ECPWME bit in AEGSR that sets selection or non-selection of IRQAEC is rewritten, the interrupt
request flag may be set to 1, even if avalid edge has not arrived on the selected IRQAEC or
IECPWM (PWM output for the asynchronous event counter). Therefore, be sure to clear the
interrupt request flag to 0 after switching the pin function.

Table 3.4 shows the conditions under which interrupt request flags are set to 1 in thisway.

Rev. 3.00 Aug 23, 2006 Page 69 of 616
RENESAS REJ09B0182-0300



Section 3 Exception Handling

Table3.4 Conditionsunder which Interrupt Request FlagisSet to 1

Interrupt Request
Flags Set to 1

Conditions

IRR1 IRRI4

When the IRQ4 bit in PMR9 is changed from 0 to 1 while the IRQ4 pin is
low and the IEG4 bit in IEGR is 0.

When the IRQ4 bit in PMR9 is changed from 1 to 0 while the IRQ4 pin is
low and the IEG4 bit in IEGR is 1.

IRRI3

When the IRQ3 bit in PMRB is changed from 0 to 1 while the IRQ3 pin is
low and the IEG3 bit in IEGR is 0.

When the IRQ3 bit in PMRB is changed from 1 to 0 while the IRQ3 pin is
low and the IEG3 bit in IEGR is 1.

IRREC2

When an edge as designated by the AIEGS1 and AIEGSO bits in AEGSR
is detected because the values of the IRQAEC pin and of IECPWM at
switching are different (e.g., when the rising edge has been selected and
the ECPWME bit in AEGSR is changed from 1 to 0 while the IRQAEC pin
is low and IECPWM is 1).

IRRI1

When the IRQL1 bit in PMRB is changed from 0 to 1 while the IRQ1 pin is
low and the IEG1 bit in IEGR is 0.

When the IRQL1 bit in PMRB is changed from 1 to 0 while the IRQ1 pin is
low and the IEG1 bit in IEGR is 1.

IRRIO

When the IRQO bit in PMRB is changed from 0 to 1 while the IRQO pin is
low and the IEGO bit in IEGR is 0.

When the IRQO bit in PMRB is changed from 1 to 0 while the IRQO pin is
low and the IEGO bit in IEGR is 1.

IWPR IWPF7

When the WKP7 bit in PMRS5 is changed from 0 to 1 while the WKP7 pin is
low.

IWPF6

When the WKP6 bit in PMRS5 is changed from 0 to 1 while the WKP6 pin is
low.

IWPF5

When the WKP5 bit in PMRS5 is changed from 0 to 1 while the WKP5 pin is
low.

IWPF4

When the WKP4 bit in PMR5 is changed from 0 to 1 while the WKP4 pin is
low.

IWPF3

When the WKP3 bit in PMRS5 is changed from 0 to 1 while the WKP3 pin is
low.

IWPF2

When the WKP2 bit in PMRS5 is changed from 0 to 1 while the WKP2 pin is
low.

IWPF1

When the WKP1 bit in PMRS5 is changed from 0 to 1 while the WKP1 pin is
low.

IWPFO

When the WKPO bit in PMRS5 is changed from 0 to 1 while the WKPO pin is
low.

Rev. 3.00 Aug 23, 2006 Page 70 of 616

REJ09B0182-0300

RENESAS
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Figure 3.5 shows the procedure for setting a bit in a port mode register and clearing the interrupt
request flag. This procedure also applies to AEGSR setting.

When switching a pin function, mask the interrupt before setting the bit in the port mode register
(or AEGSR). After accessing the port mode register (or AEGSR), execute at least one instruction
(e.g., NOP), then clear the interrupt request flag from 1 to O. If the instruction to clear the flag to O
is executed immediately after the port mode register (or AEGSR) access without executing an
instruction, the flag will not be cleared.

An alternative method is to avoid the setting of interrupt request flags when pin functions are
switched by keeping the pins at the high level so that the conditionsin table 3.3 are not satisfied.
However, the procedure in figure 3.5 is recommended because IECPWM is an internal signal and
determining its value is complicated.

Interrupts masked. (Another possibility
| I bitin CCR ~ 1 | ---------- is to disable the relevant interrupt in the
T interrupt enable register 1.)

|Set port mode register (or AEGSR) bitl

After setting the port mode register
. — 1| ... (or AEGSR) bit, first execute at least
| Execute NOP instruction | one instruction (e.g., NOP), then clear
| the interrupt request flag to 0

| Clear interrupt request flag to 0 |

| I bitin CCR~ 0 | ---------- Interrupt mask cleared

Figure3.5 Port Mode Register (or AEGSR) Setting and Interrupt Request Flag
Clearing Procedure
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353 Method for Clearing Interrupt Request Flags

Use the recommended method given below when clearing the flags in interrupt request registers
(IRR1, IRR2, and IWPR).

Recommended method

Use asingle instruction to clear flags. The bit manipulation instruction and byte-size data
transfer instruction can be used. Two examples of program code for clearing IRRI1 (bit 1in
IRR1) are given below.

BCLR #1, @ORR1:8

MOV.B R1L, @RR1:8 (set the value of RIL to B'11111101)

Example of amalfunction

When flags are cleared with multiple instructions, other flags might be cleared during
execution of the instructions, even though they are currently set, and thiswill cause a
malfunction.

Hereisan examplein which IRRIO is cleared and disabled in the process of clearing IRRI1
(bit 1in IRRY).

MV.B @RR1:8,RIL ......... IRRIO = 0 at this tinme
AND. B #B' 11111101, RIL ..... Here, IRRIO = 1
MOV.B RIL, @RR1:8 ......... IRRIO is cleared to O

In the above example, it is assumed that an IRQO interrupt is generated while the AND.B
instruction is executing.

The IRQO interrupt is disabled because, although the original objectiveisclearing IRRI1,
IRRIO isalso cleared.
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Section 4 Interrupt Controller

4.1 Features

This LSl controlsinterrupts by the interrupt controller. The interrupt controller has the following
features.

* Mask levels settable with PR
Aninterrupt priority register (IPR) is provided for setting interrupt mask levels. Three mask
levels can be set for each module for all interrupts except NMI and address break.

« Interrupts can be enabled or disabled in three levels by the INTM1 and INTMO bitsin the
interrupt mask register (INTM).

» Fourteen external interrupts
NMI isthe highest-priority interrupt, and is accepted at al times. Rising or falling edge
sensing can be selected for NMI. Rising or falling edge sensing can be selected for IRQO,
IRQL, IRQ3, IRQ4, and WKPO to WKP7. Rising, falling, or both edge sensing can be selected
for IRQAEC.

A block diagram of the interrupt controller is shown in figure 4.1.

NMI/IRQ/ External interrupt f——
WKP input |: input ——

— Interrupt request
IENR1 >
Mask level Vector number
determination CCR

Internal interrupt source,
TPU SO et —————

[Legend]
IENR1: IRQ enable register 1
IPR: Interrupt priority register
CCR: Condition code register
INTM: Interrupt mask register

Figure4.1 Block Diagram of Interrupt Controller
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4.2 I nput/Output Pins

Table 4.1 shows the pin configuration of the interrupt controller.

Table4.1 Pin Configuration

Name I/10 Function
NMI Input Nonmaskable external interrupt pin
Rising or falling edge can be selected
IRQAEC Input Maskable external interrupt pin
Rising, falling, or both edges can be selected
IRQ4 Input Maskable external interrupt pins
RQ3 Input Rising or falling edge can be selected
IRQT Input
IRQO Input
WKP7 to WKPO Input Maskable external interrupt pins

Accepted at a rising or falling edge

4.3 Register Descriptions

The interrupt controller has the following registers.

Interrupt edge select register (IEGR)
Wakeup edge select register (WEGR)
e Interrupt enableregister 1 (IENR1)
Interrupt enable register 2 (IENR2)

e Interrupt request register 1 (IRR1)

* Interrupt request register 2 (IRR2)

«  Wakeup interrupt request register (IWPR)

e Interrupt priority register A (IPRA)
e Interrupt priority register B (IPRB)
* Interrupt priority register C (IPRC)
e Interrupt priority register D (IPRD)
* Interrupt priority register E (IPRE)
e Interrupt mask register (INTM)
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431 Interrupt Edge Select Register (IEGR)

IEGR selects the sense of an edge that generates interrupt requests of the NMI, TMIF, ADTRG,

TRQ4, IRQ3, IRQ1, and TRQO pins.

Initial
Bit Bit Name Value R/W Descriptions
7 NMIEG 0 R/W NMI Edge Select
0: Detects a falling edge of the NMI pin input
1: Detects a rising edge of the NMI pin input
6 TMIFEG 0 R/W TMIF Edge Select
0: Detects a falling edge of the TMIF pin input
1: Detects a rising edge of the TMIF pin input
5 ADTRGNEG 0 R/W  ADTRG Edge Select
0: Detects a falling edge of the ADTRG pin input
1: Detects a rising edge of the ADTRG pin input
4 IEG4 0 R/W IRQ4 Edge Select
0: Detects a falling edge of the IRQ4 pin input
1: Detects a rising edge of the IRQ4 pin input
3 IEG3 0 R/W IRQ3 Edge Select
0: Detects a falling edge of the TRQ3 pin input
1: Detects a rising edge of the IRQ3 pin input
2 O Reserved
IEG1 0 R/W IRQ1 Edge Select
0: Detects a falling edge of the IRQ1 pin input
1: Detects a rising edge of the IRQT pin input
0 IEGO 0 R/W IRQO Edge Select

0: Detects a falling edge of the IRQO pin input
1: Detects a rising edge of the IRQO pin input
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432 Wakeup Edge Select Register (WEGR)

WEGR selects the sense of an edge that generates interrupt requests of the WKP7 to WKPO pins.

Initial
Bit Bit Name Value R/W Description
7 WKEGS7 0 R/W WKP7 Edge Select

0: Detects a falling edge of the WKP7 pin input
1: Detects a rising edge of the WKP7 pin input

6 WKEGS6 0 R/W WKP6 Edge Select
0: Detects a falling edge of the WKP6 pin input
1: Detects a rising edge of the WKP6 pin input

5 WKEGS5 0 R/W WKP5 Edge Select
0: Detects a falling edge of the WKP5 pin input
1: Detects a rising edge of the WKP5 pin input

4 WKEGS4 0 R/W WKP4 Edge Select
0: Detects a falling edge of the WKP4 pin input

1: Detects a rising edge of the WKP4 pin input

3 WKEGS3 0 R/W WKP3 Edge Select
0: Detects a falling edge of the WKP3 pin input
1: Detects a rising edge of the WKP3 pin input

2 WKEGS2 0 R/W WKP2 Edge Select
0: Detects a falling edge of the WKP2 pin input
1: Detects a rising edge of the WKP2 pin input

1 WKEGS1 0 R/W WKP1 Edge Select
0: Detects a falling edge of the WKP1 pin input
1: Detects a rising edge of the WKP1 pin input

0 WKEGSO0 0 R/W WKPO Edge Select
0: Detects a falling edge of the WKPO pin input
1: Detects a rising edge of the WKPO pin input
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433 Interrupt Enable Register 1 (IENR1)

IENR1 enables the RTC, WK P7 to WK PO, IRQO, IRQ1, IRQ3, IRQ4, and IRQAEC interrupts.

Initial

Bit Bit Name Value R/W Description

7 IENRTC 0 R/W RTC Interrupt Request Enable
The RTC interrupt request is enabled when this bit is
setto 1.

6 d 1 R/W Reserved
This bit is always read as 1.

5 IENWP 0 R/W Wakeup Interrupt Request Enable
The WKP7 to WKPO interrupt requests are enabled
when this bit is set to 1.

4 IEN4 0 R/W IRQ4 Interrupt Request Enable
The IRQ4 interrupt request is enabled when this bit is
setto 1.

3 IEN3 0 R/W IRQ3 Interrupt Request Enable
The IRQ3 interrupt request is enabled when this bit is
setto 1.

2 IENEC2 0 R/W IRQAEC Interrupt Request Enable
The IRQAEC interrupt request is enabled when this bit
is setto 1.

1 IEN1 0 R/W IRQ1 Interrupt Request Enable
The IRQ1 interrupt request is enabled when this bit is
setto 1.

0 IENO 0 R/W IRQO Interrupt Request Enable

The IRQO interrupt request is enabled when this bit is
setto 1.
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434 Interrupt Enable Register 2 (IENR2)

IENR2 enables the direct transition, A/D converter, timer F, and asynchronous event counter

interrupts.
Initial

Bit Bit Name Value R/W Description

7 IENDT 0 R/W Direct Transition Interrupt Request Enable
The direct transition interrupt request is enabled when
this bit is set to 1.

6 IENAD 0 R/W A/D Converter Interrupt Request Enable
The A/D converter interrupt request is enabled when
this bit is set to 1.

5 IENSAD 0 R/W A> A/D Converter Interrupt Request Enable
The AX A/D converter interrupt request is enabled
when this bit is set to 1.

4 — 1 R/W Reserved
This bit is always read as 1.

3 IENTFH 0 R/W Timer FH Interrupt Request Enable
The timer FH interrupt request is enabled when this bit
is setto 1.

2 IENTFL 0 R/W Timer FL Interrupt Request Enable
The timer FL interrupt request is enabled when this bit
is setto 1.

1 ad 1 R/W Reserved
This bit is always read as 1.

0 IENEC 0 R/W Asynchronous Event Counter Interrupt Request Enable

The asynchronous event counter interrupt request is
enabled when this bit is set to 1.
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435 Interrupt Request Register 1 (IRR1)

IRR1 indicates the IRQO, IRQL, IRQ3, IRQ4, and IRQAEC interrupt request status.

Initial
Bit Bit Name Value

R/W

Description

7t05 O All'1

R/W

Reserved
These bits are always read as 1.

4 IRRI4 0

RI(W)*

IRQ4 Interrupt Request Flag
[Setting condition]

When the IRQ4 pin is set as the interrupt input pin and
the specified edge is detected

[Clearing condition]
When 0 is written to this bit

3 IRRI3 0

RI(W)*

IRQ3 Interrupt Request Flag
[Setting condition]

When the IRQS pin is set as the interrupt input pin and
the specified edge is detected

[Clearing condition]
When 0 is written to this bit

2 IRREC2 O

RI(W)*

IRQAEC Interrupt Request Flag
[Setting condition]

When the IRQAEC pin is set as the interrupt input pin
and the specified edge is detected

[Clearing condition]
When 0 is written to this bit

1 IRRI1 0

RI(W)*

IRQ1 Interrupt Request Flag
[Setting condition]

When the IRQ1 pin is set as the interrupt input pin and
the specified edge is detected

[Clearing condition]
When 0 is written to this bit
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Initial
Bit Bit Name Value R/W Description
0 IRRIO 0 R/(W)*  IRQO Interrupt Request Flag

[Setting condition]

When the IRQO pin is set as the interrupt input pin and
the specified edge is detected

[Clearing condition]
When 0 is written to this bit

Note: * Only a write of O for flag clearing is possible.

4.3.6 Interrupt Request Register 2 (IRR2)

IRR2 indicates the interrupt request status of the direct transition, A/D converter, timer F, and

asynchronous event counter.

Initial
Bit Bit Name Value R/W

Description

7 IRRDT 0 RI(W)*

Direct Transition Interrupt Request Flag
[Setting condition]

When the SLEEP instruction is executed and direct
transition is made while the DTON bit in SYSCR2 is set
tol

[Clearing condition]
When 0 is written to this bit

6 IRRAD 0 RI(W)*

A/D Converter Interrupt Request Flag
[Setting condition]

When A/D conversion ends

[Clearing condition]

When 0 is written to this bit

5 IRRSAD 0 RI(W)*

A> A/D Converter Interrupt Request Flag
[Setting condition]

When AZ A/D conversion ends

[Clearing condition]

When 0 is written to this bit

4 O 1 R/W

Reserved
This bit is always read as 1.
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Initial
Bit Bit Name  Value R/W Description
3 IRRTFH 0 R/(W)*  Timer FH Interrupt Request Flag

[Setting condition]
When the timer FH compare match or overflow occurs
[Clearing condition]
When 0 is written to this bit
2 IRRTFL 0 R/(W)*  Timer FL Interrupt Request Flag
[Setting condition]

When the timer FL compare match or overflow occurs
[Clearing condition]
When 0 is written to this bit
1 O 1 R/W Reserved
This bit is always read as 1.

0 IRREC 0 R/(W)*  Asynchronous Event Counter Interrupt Request Flag
[Setting condition]
When the asynchronous event counter overflows
[Clearing condition]
When 0 is written to this bit

Note: * Only a write of O for flag clearing is possible.
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437 Wakeup Interrupt Request Register (IWPR)

IWPR has the WKP7 to WKPO interrupt request status flags.

Bit Bit Name

Initial
Value

R/W

Description

7 IWPF7

0

R/W

WKP?7 Interrupt Request Flag
[Setting condition]

When the WKP7 pin is set as the interrupt input pin and
the specified edge is detected

[Clearing condition]
When 0 is written to this bit

6 IWPF6

R/W

WKP6 Interrupt Request Flag
[Setting condition]

When the WKP6 pin is set as the interrupt input pin and
the specified edge is detected

[Clearing condition]
When 0 is written to this bit

5 IWPF5

R/W

WKPS5 Interrupt Request Flag
[Setting condition]

When the WKP5 pin is set as the interrupt input pin and
the specified edge is detected

[Clearing condition]
When 0 is written to this bit

4 IWPF4

R/W

WKP4 Interrupt Request Flag
[Setting condition]

When the WKP4 pin is set as the interrupt input pin and
the specified edge is detected

[Clearing condition]
When 0 is written to this bit

3 IWPF3

R/W

WKP3 Interrupt Request Flag
[Setting condition]

When the WKP3 pin is set as the interrupt input pin and
the specified edge is detected

[Clearing condition]
When 0 is written to this bit
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Initial
Bit Bit Name Value R/W Description
2 IWPF2 0 R/W WKP?2 Interrupt Request Flag

[Setting condition]

When the WKP2 pin is set as the interrupt input pin and
the specified edge is detected

[Clearing condition]
When 0 is written to this bit

1 IWPF1 0 R/W WKP1 Interrupt Request Flag
[Setting condition]

When the WKP1 pin is set as the interrupt input pin and
the specified edge is detected

[Clearing condition]
When 0 is written to this bit

0 IWPFO 0 R/W WKPO Interrupt Request Flag
[Setting condition]

When the WKPO pin is set as the interrupt input pin and
the specified edge is detected

[Clearing condition]
When 0 is written to this bit
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438 Interrupt Priority Registers A to E (IPRA to IPRE)

IPR sets mask levels (levels 2 to 0) for interrupts other than NMI and address break. The
correspondence between interrupt sources and IPR settingsis shown in table 4.2.

Setting avalue in the range from H'0 to H'3 in the 2-bit groups of bits 7 and 6, 5 and 4, 3 and 2,
and 1 and 0 sets the mask level of the corresponding interrupt. Bits 3to 0 in IPRE are reserved.

Initial
Bit Bit Name Value R/W Description
7 IPRn7 0 R/W Set the mask level of the corresponding interrupt
6 IPRN6 0 R/w  Source.
00: Mask level O (Lowest)
01: Mask level 1
1*: Mask level 2 (Highest)
5 IPRn5 0 R/W Set the mask level of the corresponding interrupt
4 IPRN4 0 R/w  Source.
00: Mask level O (Lowest)
01: Mask level 1
1*: Mask level 2 (Highest)
3 IPRn3 0 R/W Set the mask level of the corresponding interrupt
IPRN2 0 R/w  Source.
00: Mask level O (Lowest)
01: Mask level 1
1*: Mask level 2 (Highest)
IPRn1 0 R/W Set the mask level of the corresponding interrupt
0 IPRNO 0 R/w  Source.

00: Mask level O (Lowest)
01: Mask level 1
1*: Mask level 2 (Highest)

[Legend] *:Don't care.
n=AtoE
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439 Interrupt Mask Register (INTM)

INTM is an 8-bit readabl e/writable register that controls 3-level interrupt masking depending on
the combination of the INTMO and INTM1 bits.

Initial
Bit Bit Name Value R/W Description
7t02 d All 1 R/W Reserved
These bits are always read as 1.
INTM1 0 R/W Set the interrupt mask level.
0 INTMO 0 R/W 1*: Mask an interrupt with mask level 1 or less

01: Mask an interrupt with mask level 0
00: Accept all interrupts

[Legend] *:Don't care.

4.4 Interrupt Sources

44.1 External Interrupts
There are 14 external interrupts: NMI, WKP7 to WKPO, IRQ4, IRQ3, IRQAEC, IRQ1, and IRQO.
(1) NMI Interrupt

NMI is the highest-priority interrupt, and is always accepted by the CPU regardless of the state of
the | bit in CCR. The NMIEG hit in IEGR can be used to select whether an interrupt is requested
at arising edge or afalling edge on the NMI pin.

(20 WKP7to WKPO Interrupts

WKP7 to WK PO interrupts are requested by the rising or falling edge input signals at the WKP7 to
WKPO pins.

When the rising or falling edge isinput while the WKP7 to WKPO pin functions are selected by
PMRS5, the corresponding bit in IWPR is set to 1 and an interrupt request is generated.

Clearing the IENWP bit in IENR1 to 0 disables the wakeup interrupt request to be accepted.
Setting the | bit in CCR to 1 masks all interrupts.
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When exception handling for the WKP7 to WK PO interruptsis accepted, the | bitin CCR is set to
1. Theinterrupt mask level can be set by IPR.

(3) IRQ4,IRQ3,IRQ1L, and IRQO Interrupts

IRQ4, IRQ3, IRQL, and IRQO interrupts are requested by input signals at IRQ4, IRQ3, IRQ1, and
IRQO pins.

Using the IEG4, IEGS, IEGL, and IEGO bitsin IEGR, it is possible to select whether an interrupt
isgenerated by arising or falling edge at IRQ4, IRQ3, IRQ1, and IRQO pins.

When the specified edgeis input while the IRQ4, IRQ3, IRQ1, and IRQO pin functions are
selected by PMRB and PMRY, the corresponding bit in IRR1 is set to 1 and an interrupt request is
generated.

Clearing the IEN4, IEN3, IEN1, and IENO bitsin IENRL1 to O disables the interrupt request to be
accepted. Setting the | bit in CCR to 1 masks all interrupts.

The interrupt mask level can be set by IPR.
(4) IRQAEC Interrupts

An IRQAEC interrupt is requested by an input signal at the IRQAEC pin or IECPWM (PWM
output for the asynchronous event counter). When the IRQAEC pin is used as an external interrupt
pin, clear the ECPWME bit in AEGSR to 0.

Using the AIEGSL1 and AIEGSO bitsin AEGSR, it is possible to select whether an interrupt is
generated by arising edge, falling edge, or both edges.

When the IENEC2 bit in IENR1 is set to 1 and the specified edge is input, the corresponding bit in
IRR1 isset to 1 and an interrupt request is generated.

When exception handling for the IRQAEC interrupt is accepted, the | bitin CCR is set to 1.

The interrupt mask level can be set by IPR.
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442 Internal Interrupts
Internal interrupts generated from the on-chip peripheral modules have the following features:

« For each on-chip peripheral module, there are flags that indicate the interrupt request status,
and enable bits that select enabling or disabling of these interrupts. Interna interrupts can be
controlled independently. If an enable bit is set to 1, an interrupt request is sent to the interrupt
controller.

e Theinterrupt mask level can be set by IPR.

4.5 Interrupt Exception Handling Vector Table

Table 4.2 shows interrupt exception handling sources, vector addresses, and interrupt priorities.
The lower the vector number, the higher the priority. The priority within amodule is fixed. Mask
levels for interrupts other than NM1 and address break can be modified by IPR.
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Table4.2 Interrupt Sources, Vector Addresses, and Interrupt Priorities

Origin of Vector
Interrupt Source Name Number  Vector Address IPR Priority
Reset RES, Watchdog Timer 0 H'0000 | High
NMI NMI 3 H'0006 A
Address break Break conditions satisfied 5 H'000A
External pins IRQO 6 H'000C IPRA7, IPRAG

IRQ1 7 H'000E IPRAS5, IPRA4

IRQAEC 8 H'0010 IPRA3, IPRA2

IRQ3 9 H'0012 IPRAL, IPRAO

IRQ4 10 H'0014

WKPO 11 H'0016 IPRB7, IPRB6

WKP1 12 H'0018

WKP2 13 H'001A

WKP3 14 H'001C

WKP4 15 H'001E

WKP5 16 H'0020

WKP6 17 H'0022

WKP7 18 H'0024
RTC 0.25-second overflow 19 H'0026 IPRB5, IPRB4

0.5-second overflow 20 H'0028

Second periodic overflow 21 H'002A

Minute periodic overflow 22 H'002C

Hour periodic overflow 23 H'002E

Day-of-week periodic 24 H'0030

overflow

Week periodic overflow 25 H'0032 v

Free-running overflow 26 H'0034 Low
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Origin of Vector
Interrupt Source Name Number Vector Address IPR Priority
WDT WDT overflow (interval 27 H'0036 IPRB3, IPRB2 High
timer) A
AEC AEC overflow 28 H'0038 IPRB1, IPRBO
TPU_1 TG1A (TG1A input 29 H'003A IPRC7, IPRC6
capture/compare match)
TG1B (TG1B input 30 H'003C
capture/compare match)
TCI1V (overflow 1) 31 H'003E
TPU_2 TG2A (TG2A input 32 H'0040 IPRC5, IPRC4
capture/compare match)
TG2B (TG2B input 33 H'0042
capture/compare match)
TCI2V (overflow 2) 34 H'0044
Timer F Timer FL compare match 35 H'0046 IPRC3, IPRC2
Timer FL overflow
Timer FH compare match 36 H'0048
Timer FH overflow
SCl4* Receive data full/transmit 37 H'004A IPRC1, IPRCO
data empty
Transmit end/receive error
SCI3_1 Transmit 38 H'004C IPRD7, IPRD6
completion/transmit data
empty
Receive data full/overrun
error
Framing error/parity error
SCI3_2 Transmit 39 H'004E IPRD5, IPRD4
completion/transmit data
empty
Receive data full/overrun
error
Framing error/parity error
lIc2 Transmit data 40 H'0050 IPRD3, IPRD2
empty/transmit end
Receive data full/overrun
error
NACK detection
Arbitration/overrun error
14-bit A A/ID A/D conversion end 41 H'0052 IPRD1, IPRDO \/
converter Low
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Origin of Vector

Interrupt Source Name Number Vector Address IPR Priority
10-bit A/D A/D conversion end 42 H'0054 IPRE7, IPRE6 High
converter I
(SLEEP instruction Direct transition 43 H'0056 IPRES, IPRE4

execution) Low

Note: * Supported only by the F-ZTAT version.
4.6 Operation

NMI and address break interrupts are accepted at all times except in the reset state. In the case of
IRQ interrupts, WKP interrupts, and on-chip peripheral module interrupts, an enable bit is
provided for each interrupt. Clearing an enable bit to O disables the corresponding interrupt
request. Interrupt sources for which the enable bits are set to 1 are controlled by the interrupt
controller.

Table 4.3 shows the interrupt control states. Figure 4.2 shows a flowchart of the interrupt
acceptance operation.

Four-level interrupt masking is controlled according to the combination of the | bit in CCR and the
INTM1 and INTMO bitsin INTM.

Table4.3 Interrupt Control States

CCR INTM
| INTM1 INTMO States

* * All interrupts other than NMI and address break are masked.
0 1 * Interrupts with mask level 1 or less are masked.

0 1 Interrupts with mask level 0 are masked.

0 0 All interrupts are accepted.

[Legend]*: Don't care.

1. If aninterrupt source whose enable bit is set to 1 occurs, an interrupt request is sent to the
interrupt controller.
2. Thefollowing control operations are performed by referencing the INTM1 and INTMO bitsin
INTM and the | bitin CCR.
 Whenthel bitisset to 1, theinterrupt request is held pending.
* Whenthel bitiscleared to 0 and the INTM1 bit is set to 1, interrupts with mask level 1 or
below are held pending.
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* Whenthel bitiscleared to O, the INTM1 bit iscleared to 0, and the INTMO bit isset to 1,
interrupt requests with mask level 0 are held pending.

e Whenthel bit, INTM1 bit, and INTMO bit are all cleared to 0, al interrupt requests are
accepted.

. If contention occurs between interrupts that are not held pending by the INTM1 and INTMO
bitsin the INTM register and the | bit in CCR, the interrupt with the highest priority as shown
intable 4.2 is selected, regardless of the PR setting.

. When the CPU accepts an interrupt request, it starts interrupt exception handling after
execution of the current instruction has been compl eted.

. PC and CCR are saved to the stack area by interrupt exception handling.
. Next, thel bitin CCRisset to 1. Thismasksall interrupts except NMI and address break.

. The CPU generates a vector address for the accepted interrupt and starts interrupt handling by
reading the interrupt routine start address in the vector table.
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| Program execution state |
1

No

Interrupt generated?

Yes
NMI or address

break?

Mask level 2 N
interrupt?
Yes
g .
| Save PC and CCR | Hold pending

I -1 |
¢

| Read vector address |

Branch to interrupt
handling routine

v

Figure4.2 Flowchart of Procedure Up to Interrupt Acceptance

46.1 Interrupt Exception Handling Sequence

Figure 4.3 shows the interrupt exception handling sequence. The example shown is for the case
where the program area and stack area are in external memory with 16-bit and 2-state access
space.
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Figure4.3 Interrupt Exception Handling Sequence
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46.2 Interrupt Response Times

Table 4.4 shows interrupt response times — the interval between generation of an interrupt request
and execution of the first instruction in the interrupt handling routine.

Table4.4 Interrupt Response Times (States)

No. Execution Status Number of States
Interrupt mask level determination 1 or 2**
Maximum number of wait states until 1to 23

executing instruction ends

PC, CCR stack

Vector fetch

Instruction fetch*?

ol b~ w
B S I

Internal processing*®

Total 19to 41

Notes: 1. One state for internal interrupts and two states for external interrupts.
2. Prefetch after interrupt acceptance and interrupt handling routine prefetch.
3. Internal processing after interrupt acceptance and internal processing after vector fetch.
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4.7 Usage Notes

47.1 Contention between I nterrupt Generation and Disabling

When an interrupt enable bit is cleared to 0 to disable interrupts, the disabling becomes effective
after execution of the instruction. When an interrupt enable bit is cleared to 0 by an instruction
such as BCLR or MOV, and if an interrupt is generated during execution of the instruction, the
interrupt concerned will still be enabled on completion of the instruction, and so interrupt
exception handling for that interrupt will be executed on completion of the instruction. However,
if thereisan interrupt request with higher priority than that interrupt, interrupt exception handling
will be executed for the higher-priority interrupt, and the lower-priority interrupt will be ignored.
The same a so applies when an interrupt source flag is cleared to 0.

Figure 4.4 shows an example in which the TGIEA bit in TIER of the 16-bit timer pulse unit (TPU)
iscleared to 0.

! TIER write cycle by CPU ! TGIA exception handling
0 I I N

Internal address X TIER address EX
bus /

Internal write ! |
signal

TGIEA | :

TGIA J\

TGIA interrupt
signal _

Figure4.4 Contention between Interrupt Generation and Disabling

The above contention will not occur if an enable bit or interrupt source flag is cleared to 0 while
theinterrupt is masked.
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47.2 Instructionsthat Disable Interrupts
Theinstructions that disable interrupts are LDC, ANDC, ORC, and XORC.

When an interrupt request is generated, an interrupt is request is sent to the CPU after the interrupt
controller has determined the mask level. At that time, if the CPU is executing an instruction that
disablesinterrupts, the CPU always executes the next instruction after the instruction execution is
completed.

4.7.3 Interrupts during Execution of EEPM OV Instruction
Interrupt operation differs between the EEPM OV .B instruction and the EEPMOV.W instruction.

With the EEPMQV .B instruction, an interrupt request (including NM1) issued during transfer is
not accepted until the transfer is completed.

With the EEPM OV .W instruction, even if an interrupt request other than the NMI isissued during
transfer, the interrupt is not accepted until the transfer is completed. If the NMI interrupt request is
issued, NMI exception handling starts at a break in the transfer cycle. The PC value saved on the
stack in this case is the address of the next instruction.

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

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

474 IENR Clearing

When an interrupt request is disabled by clearing the interrupt enable register or when the interrupt
reguest register is cleared, the interrupt request should be masked (I bit = 1). If the above operation
is executed while the | bit is 0 and contention between the instruction execution and the interrupt
request generation occurs, exception handling, which corresponds to the interrupt request
generated after instruction execution of the above operation is completed, is executed.
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Section 5 Clock Pulse Generators

The clock pulse generator is provided on-chip, including both a system clock pulse generator and
a subclock pulse generator. The system clock pulse generator consists of a system clock oscillator,
system clock divider, and on-chip oscillator (available only for the masked ROM version). The
subclock pulse generator consists of a subclock oscillator and subclock divider. Figure 5.1 (1)
shows a block diagram of the clock pulse generators for the flash memory version and figure 5.1
(2) shows that for the masked ROM version.

; Posc | !
! System System |Qosc/8 | |
0sC, _E’ clock Posc »| clock [®@osc/16 | [ ¢
0SC, <—— oscillator (fosc) divider [®osc/32 ||
' Posc/64 ! |, @2
! o Prescaler S[ ™1,
' System clock pulse generator J: (13bits) 1! yg192
, T > O
' w2 |
o I
X1 :' Subclock [O%% _ | subclock | w4 1 > B
' illat T > - g > Psus
X, <——] oscillator (fw) divider | ¢,/8 '
S e g e : wl2

Figure5.1 Block Diagram of Clock Pulse Generators (Flash Memory Version) (1)
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IRQAEC —— :
i oscillator H
! Rosc A gosc -~ E
_,.>: System System |@osc/8 |
OSC1 : ():/Iock gOSC - gOSC - clock Gosc/i6 ; [0)
OSC2 <-—— ogcillator (fosc) (fosc) divider (posc§32 .
, @Qosc/64 | | 2
1 > Prescaler S _>: qilo
E System clock pulse generator : (13bits) |5t yg192
L L ..
: w2 |
X1 ——»] l——:—» owi4
i f:c?ﬁ;?gl: v »| Subclock Quid —— > (suB
Xz <+—— (fw) divider |gws | |
E Subclock pulse generator |
/2

Figure5.1 Block Diagram of Clock Pulse Generators(Masked ROM Version) (2)

The basic clock signals that drive the CPU and on-chip peripheral modules are @ and ¢, ,. The
system clock is divided by prescaler Sto become aclock signal from ¢/8192 to ¢/2. Both the
system clock and subclock signals are provided to the on-chip peripheral modules.

Since the on-chip oscillator is available for the masked ROM version, the reference clock can be
selected to be output from the on-chip oscillator or system clock oscillator by the input level of the
IRQAEC pin.
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51 Register Description

e SUB32k control register (SUB32CR)
» Oscillator Control Register (OSCCR)

511 SUB32k Control Register (SUB32CR)

SUB32CR controls whether the subclock oscillator operates or stops.

Initial
Bit Bit Name  Value R/W Description
7 32KSTOP O R/W Subclock Oscillator Operation Control
0: Subclock oscillator operates
1: Subclock oscillator stops
6 ad 0 R/W Reserved
This bit is readable/writable.
5t00 ad All 0 ad Reserved

These bits cannot be modified.
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51.2 Oscillator Control Register (OSCCR)

OSCCR contains aflag indicating the selection status of the system clock oscillator and on-chip
oscillator, indications the input level of the IRQAEC pin during resets (Supported only by the

masked ROM version).

Initial
Bit Bit Name  Value R/W Description
7t03 — All O R/W Reserved
These bits are readable/writable enable reserves bits.
2 IRQAECF — R IRQAEC flag
This bit indicates the IRQAEC pin input level set during
resets.
0: IRQAEC pin set to GND during resets
1: IRQAEC pin set to Vcc during resets
1 OSCF — R OSC flag
This bit indicates the oscillator operating with the system
clock pulse generator.
0: System clock oscillator operating (on-chip oscillator
stopped)
1: On-chip oscillator operating (system clock oscillator
stopped)
0 — 0 R/W Reserved

Never write 1 to this bit, as it can cause the LSI to
malfunction.
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52  System Clock Generator

Clock pulses can be supplied to the system clock divider either by connecting acrystal or ceramic
resonator, or by providing external clock input.

Asshownin figure 5.1 (2), asystem clock oscillator and on-chip oscillator are selectable for the
masked ROM version. For the selection method, see section 5.2.4, On-Chip Oscillator Selection
Method (Supported only by the Masked ROM Version).

521 Connecting Crystal Resonator

Figure 5.2 shows a typical method of connecting a crystal resonator. An AT-cut parallel-resonance
crystal resonator should be used. For details, refer to section 25, Electrical Characteristics.

c
osc : R1=1MQ +20%
1 I
R Note: Consult with the crystal resonator manufacturer
= C, to determine the circuit constants.

osc,

C1. G,
Frequency| Manufacturer |Product Type |Recommendation Value

4.19 MHz | Kyocera Kinseki | HC-491U-S |22 pF £20%
Corporation

Figure5.2 Typical Connection to Crystal Resonator
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522 Connecting Ceramic Resonator

Figure 5.3 shows a typical method of connecting a ceramic resonator.

Rf =1 MQ £20%

0SC, Note: Consult with the crystal resonator manufacturer
to determine the circuit constants.
0SC, : |~—7,‘7 C1,C2
[ ! Frequency Manufacturer Product Type Recommendation Value
4.194 MHz | Murata Manufacturing | CSTLS4M19G53-B0| 15pF (on-chip)
Co., Ltd. CSTLS4M19G56-B0|47pF (on-chip)

Figure5.3 Typical Connection to Ceramic Resonator

523 External Clock Input Method

Connect an external clock signal to pin OSC1, and leave pin OSC2 open. Figure 5.4 shows a
typical connection. The duty cycle of the external clock signal must be 45 to 55%.

0osC, ——— | | | | | | External clock input

0osc,

Open

Figure5.4 Exampleof External Clock Input

5.2.4 On-Chip Oscillator Selection Method (Supported only by the Masked ROM
Version)

The on-chip oscillator is selected by theinput level of the IRQAEC pin during areset. The
selection method of the system clock oscillator and the on-chip oscillator islisted in table 5.1. The
input level of the IRQAEC pin during areset* should be fixed either to Vcc or GND, depending
on the oscillator type to be selected. The setting takes effect when therest is cleared. When the on-
chip oscillator is selected, to connect aresonator to OSC1 or OSC2 is not necessary. In this case,
the OSCL1 pin should be fixed to Vcc or GND.

Note: * Thisreset represents an external reset or power-on reset, but not areset by the
watchdog timer.
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Table5.1 Selection Method for System Clock Oscillator and On-Chip Oscillator

IRQAEC Input Level

(during areset) 0 1
System clock oscillator Enabled Disabled
On-chip oscillator Disabled Enabled

53 Subclock Gener ator

531 Connecting 32.768-kHz/38.4-kHz Crystal Resonator

Clock pulses can be supplied to the subclock generator by connecting a 32.768-kHz or 38.4-kHz
crystal resonator, as shown in figure 5.5. Notes described in section 5.5.2, Notes on Board Design
also apply to this connection.

The 32K STOP hit in the SUB32CR register can stop the subclock oscillator with the subclock
oscillator program. To stop the subclock oscillator, set the SUB32CR register in active mode.
When restoring from the subclock stopped condition, use the subclock after the oscillation
stabilization time has elapsed, as the same as for the power supply.

Cq
X1 Tl w
=
X2 L' |?7_ Note: Consult with the crystal resonator manufacturer
Ca

to determine the circuit constants.

Products C1, Co Equivalent Series
Frequency| Manufacturer Name Recommendation Value Resistance
38.4 kHz Epson Toyocom | C-4-TYPE 7 pF 30 kQ max
32.768 kHz| Epson Toyocom | C-001R 7 pF 35 kQ max

Figure5.5 Typical Connection to 32.768-kHz/38.4-kHz Crystal Resonator

Figure 5.6 shows the equivalent circuit of the crystal resonator.
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3

1|

1T

Co C 5= 0.9 pF (typ.)
R =35 kQ (max.)
f\=32.768 kHz/38.4 kHz

Figure 5.6 Equivalent Circuit of 32.768-kHz/38.4-kHz Crystal Resonator
Notes on Use of Subclock Generator Circuit

The drive capacity of the subclock generator circuit is limited in order to reduce current
consumption when operating in the subclock mode. As aresult, there may not be sufficient
additional margin to accommodate some resonators. Be sure to select a resonator with an
equivalent series resistance (R,) corresponding to that shown in figure 5.6.

5.3.2 Pin Connection when not Using Subclock

When the subclock is not used, connect the X, pin to GND and leave the X, pin open, as shown in
figure 5.7.

“ 7J7' GND

Xy ———— Open

Figure5.7 Pin Connection when not Using Subclock
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533 External Clock Input Method

Connect the external clock to the X, pin and leave the X, pin open, as shown in figure 5.8.

Xy ‘ ‘ ‘ ‘ ‘ ‘ External clock input

X, ————— Open

Figure 5.8 Pin Connection when Inputting External Clock

Frequency Subclock (gw)
Duty 45% to 55%

54 Prescalers
This LSl is equipped with an on-chip prescaler (prescaler S).

Prescaler Sisa 13-hit counter using the system clock (@) asitsinput clock. Its prescaled outputs
provide internal clock signals for on-chip peripheral modules.

54.1 Prescaler S

Prescaler Sisa 13-hit counter using the system clock (¢) asitsinput clock. A divided output is
used as an internal clock of an on-chip peripheral module. Prescaler Sisinitialized to H'0000 at a
reset, and starts counting up on exit from the reset state. In standby mode, watch mode, subactive
mode, and subsleep mode, the system clock pulse generator stops. Prescaler S also stopsand is
initialized to H'0000. The CPU cannot read from or write to prescaler S.

The output from prescaler Sis shared by the on-chip peripheral modules. In active (medium-
speed) mode and sleep (medium-speed) mode, the clock input to prescaler Sis determined by the
division ratio designated by the MA1 and MAO bitsin SY SCR2.
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55 Usage Notes

551 Note on Resonators

Resonator characteristics are closely related to board design and should be carefully evaluated by
the user in the masked ROM version and flash memory version, referring to the examples shown
in this section. Resonator circuit constants will differ depending on aresonator, stray capacitance
in its mounting circuit, and other factors. Suitable constants should be determined in consultation
with the resonator manufacturer. Design the circuit so that the oscillator pin is never applied
voltages exceeding its maximum rating. Figure 5.9 shows an example of crystal and ceramic

resonator arrangement.

P37

0sC,

osc,

TEST

[ ]

I

yyy

<
3]
-<

0+

_|

I N ——

—

(Vss)

Figure5.9 Exampleof Crystal and Ceramic Resonator Arrangement
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Figure 5.10 (1) shows an example measuring circuit with the negative resistance recommended by
the resonator manufacturer. Note that if the negative resistance of the circuit is less than that
recommended by the resonator manufacturer, it may be difficult to start the main oscillator.

If it is determined that oscillation does not occur because the negative resistance is lower than the
level recommended by the resonator manufacturer, the circuit must be modified as shown in figure
5.10 (2) through (4). Which of the modification suggestions to use and the capacitor capacitance
should be decided based upon evaluation results such as the negative resistance and the frequency

deviation.
Modification
point
|1 ° |1 °
—7 0sC, 1 0sc,
C, [=] C,
7 £ %8
é 3RS ‘T‘ 2Rf
| —3 0sC, [ |—s 0sC,
C, \ C,
e e

Negative resistance,
addition of -R

(1) Negative Resistance Measuring Circuit

Modification
point

)

0sC,

A
A

Py

=

]
o—il—o

c, 0sC,

(3) Oscillator Circuit Modification Suggestion 2

(2) Oscillator Circuit Modification Suggestion 1

Modification
point

osc,

o—I—-o
3

I osc,

(4) Oscillator Circuit Modification Suggestion 3

Figure5.10 Negative Resistance M easurement and Cir cuit M odification Suggestions
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552 Noteson Board Design

When using a crystal resonator (ceramic resonator), place the resonator and its load capacitors as
close as possible to the OSC1 and OSC2 pins. Other signal lines should be routed away from the
resonator circuit to prevent induction from interfering with correct oscillation (see figure 5.11).

Avoid ——— Signal A Signal B

1 1 |C1
0sc, ; ; | I—”L

1 2 él c
0sC, T | |2—”|7

Figure5.11 Example of Incorrect Board Design

Note: When acrystal resonator or ceramic resonator is connected, consult with the crystal
resonator and ceramic resonator manufacturers to determine the circuit constants because
the constants differ according to the resonator, stray capacitance of the mounting circuit,
and so on.

553 Definition of Oscillation Stabilization Wait Time

Figure 5.12 shows the oscillation waveform (OSC2), system clock (), and microcomputer
operating mode when a transition is made from standby mode, watch mode, or subactive mode, to
active (high-speed/medium-speed) mode, with an resonator connected to the system clock
oscillator.

Asshown in figure 5.12, when atransition is made from a mode in which the system clock
oscillator is halted to active (high-speed/medium-speed) mode, the sum of the following two times
(oscillation start time and wait time) is required.

(1) Oscillation Start Time

The time from the point at which the system clock oscillator oscillation waveform starts to change
when an interrupt is generated, until generation of the system clock starts.
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(2) Wait Time

The time required for the CPU and peripheral functions to begin operating after generation of the
oscillation waveform frequency and system clock have started, the oscillation amplitude has
increased, and the oscillation frequency has stabilized.

Oscillation waveform
(OSC1, 0SC2)

System clock

(@

Oscillation : :

start time | : :

I i Wait time :

h >

. Standby mode ; ;
Operating ’ _ I o Active (high-speed) mode or
mode watch mode, or Oscillation stabilization wait time active (medium-speed) mode
subactive mode

Interrupt accepted

Figure5.12 Oscillation Stabilization Wait Time

The required the oscillation stabilization time is the same as the * oscillation stabilization time t,..”
at power-on specified in the AC characteristics. Set STS2 to STS0 in SY SCR1 so that the duration
isequal to or greater than t,..

If aresonator is connected to the system clock oscillator, it isimportant to carefully evaluate the
characteristics of the actual circuitry mounted on the board when atransition is made from standby
mode, watch mode, or subactive mode to active (high-speed/medium-speed) mode. Set await time
that will allow sufficient increase in the oscillation amplitude of OSC1 and OSC2. The oscillation
start time will differ depending on the mounted circuitry constants and stray capacitance.
Therefore, consult with the manufacturer of the resonator when setting the oscillation stabilization
wait time.
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554 Note on Subclock Stop State

To stop the subclock, a state transition should not be made except to mode in which the system
clock operates. If the state transition is made to other mode, it may result in incorrect operation.

555 Note on Using Resonator

When amicrocomputer operates, the internal power supply potential fluctuates slightly in
synchronization with the system clock. Depending on the individual resonator characteristics, the
oscillation waveform amplitude may not be sufficiently large immediately after the oscillation
stabilization wait time, making the oscillation waveform susceptible to influence by fluctuationsin
the power supply potential. In this state, the oscillation waveform may be disrupted, leading to an
unstable system clock and incorrect operation of the microcomputer.

If incorrect operation occurs, change the setting of the standby timer select bits2to 0 (STS2 to
STS0) (bits 6 to 4 in the system control register 1 (SY SCR1)) to give alonger wait time.

For example, if incorrect operation occurs with await time setting of 1,024 states, check the
operation with await time setting of 2,048 states or more.

If the same kind of incorrect operation occurs after areset as after a state transition, hold the RES
pin low for alonger period.

55.6 Note on Using Power-On Reset Cir cuit

The LSI’sinternal power-on reset circuit can be adjusted by connecting an external capacitor to
the RES pin. Adjust the capacitance of the external capacitor to ensure sufficient oscillation
stabilization time before reset clearing. For details, see section 22, Power-On Reset Circuit.
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Section 6 Power-Down Modes

This LSI has eight modes of operation after areset. These include a normal active (high-speed)
mode and seven power-down modes, in which power consumption is significantly reduced. The
module standby function reduces power consumption by selectively halting on-chip module
functions.

Active (medium-speed) mode

The CPU and all on-chip peripheral modules are operable on the system clock. The system
clock frequency can be selected from @osc/8, @osc/16, @osc/32, and gosc/64.

Subactive mode

The CPU and all on-chip peripheral modules are operable on the subclock. The subclock
frequency can be selected from @w/2, gw/4, and @w/8.

Sleep (high-speed) mode

The CPU halts. On-chip peripheral modules are operable on the system clock.

Sleep (medium-speed) mode

The CPU halts. On-chip peripheral modules are operable on the system clock. The system
clock frequency can be selected from @osc/8, gosc/16, @osc/32, and @osc/64.

Subsleep mode

The CPU halts. The on-chip peripheral modules are operable on the subclock. The subclock
frequency can be selected from @w/2, @w/4, and @w/8.

Watch mode

The CPU halts. The on-chip peripheral modules are operable on the subclock.
Standby mode

The CPU and all on-chip peripheral modules halt.

Module standby function

Independent of the above modes, power consumption can be reduced by halting on-chip
peripheral modules that are not used in module units.

Note: Inthismanual, active (high-speed) mode and active (medium-speed) mode are collectively

called active mode.
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6.1 Register Descriptions

The registers related to power-down modes are as follows.

e System control register 1 (SY SCR1)
» System control register 2 (SY SCR2)

e Clock halt registers 1 and 2 (CKSTPR1 and CKSTPR2)

6.1.1 System Control Register 1 (SYSCR1)

SY SCR1 controls the power-down modes, as well as SY SCR2.

Initial
Bit Bit Name Value R/W

Description

7 SSBY 0 R/W

Software Standby

Selects the mode to transit after the execution of the
SLEEP instruction.

0: A transition is made to sleep mode or subsleep mode.
1: A transition is made to standby mode or watch mode.
For details, see table 6.2.

6 STS2 0 R/W
STS1 0 R/W
4 STSO 0 R/W

(63}

Standby Timer Select 2to 0

Designate the time the CPU and peripheral modules
wait for stable clock operation after exiting from standby
mode, subactive mode, subsleep mode, or watch mode
to active mode or sleep mode due to an interrupt. The
designation should be made according to the operating
frequency so that the waiting time is at least equal to the
oscillation stabilization time. The relationship between
the specified value and the number of wait states is
shown in table 6.1.

When an external clock is to be used, the minimum
value (STS2 =1, STS1 =0, STSO = 1) is recommended.
If the internal oscillator is used, the settings CTCS2 =0,
STS =1, and STSO = 0 are recommended.

If the setting other than the recommended value is
made, operation may start before the end of the waiting
time.

3 LSON 0 R/W

Selects the system clock (¢) or subclock () as the
CPU operating clock when watch mode is cleared.

0: The CPU operates on the system clock (¢)
1: The CPU operates on the subclock (q,,,)
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Initial
Bit Bit Name Value R/W Description
2 TMA3 0 R/W Selects the mode to which the transition is made after
the SLEEP instruction is executed with bits SSBY and
LSON in SYSCR1 and bits DTON and MSON in
SYSCR2. For details, see table 6.2.
1 MA1 1 R/W Active Mode Clock Select 1 and O
0 MAO 1 R/W Select the operating clock frequency in active (medium-
speed) mode and sleep (medium-speed) mode. The
MAZ1 and MAO bits should be written to in active (high-
speed) mode or subactive mode.
00: @,../8
01: @, /16
10: @, /32
11: .. /64
Table6.1 Operating Frequency and Waiting Time
Bit Operating Frequency and Waiting Time
STS2 STS1 STSO Waiting States 2 MHz 4.194 MHz 10 MHz
0 0 0 8,192 states 4.1 1.953 0.819
1 16,384 states 8.2 3.907 1.638
1 0 1,024 states 0.512 0.244 0.1024
1 2,048 states 1.024 0.488 0.2048
1 0 0 4,096 states 2.048 0.977 0.4096
1 2 states (external clock input) 0.001 0.0005 0.0002
1 0 8 states 0.004 0.0019 0.0008
1 16 states 0.008 0.0038 0.0016
Note: Time unit is ms.

When an external clock is input, bits STS2 to STSO should be set as external clock input
mode before mode transition is executed. When an external clock is not used, these bits
should not be set as external clock input mode.
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6.1.2  System Control Register 2 (SYSCR2)

SY SCR2 controls the power-down modes, as well as SY SCR1.

Initial
Bit Bit Name Value

R/W

Description

7to5 O All'1

d

Reserved

These bits are always read as 1 and cannot be
modified.

4 NESEL 1

R/W

Noise Elimination Sampling Frequency Select

The subclock pulse generator generates the watch clock
signal (@,) and the system clock pulse generator
generates the oscillator clock (@...). This bit selects the
sampling frequency of @,.. when @, is sampled. When
(.. = 2 t0 10 MHz, clear this bit to 0. Set it to 1 if the
internal oscillator is used.

0: Sampling rate is @, /16.
1: Sampling rate is @ . /4.

3 DTON 0

R/W

Direct Transfer on Flag

Selects the mode to which the transition is made after
the SLEEP instruction is executed with bits SSBY,
TMAZ3, and LSON in SYSCR1 and bit MSON in
SYSCR2. For details, see table 6.2.

2 MSON 0

R/W

Medium Speed on Flag

After standby, watch, or sleep mode is cleared, this bit
selects active (high-speed) or active (medium-speed)
mode.

0: Operation in active (high-speed) mode
1: Operation in active (medium-speed) mode

SA1
0 SAOQ

R/W
R/W

Subactive Mode Clock Select 1 and 0

Select the operating clock frequency in subactive and
subsleep modes. The values of SA1 and SAO do not
change if they are written to in subactive mode.

00: /8

01: @, /4

1X: @, /2
[Legend] X: Don't care.
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6.1.3 Clock Halt Registers1 and 2 (CKSTPR1 and CKSTPR2)

CKSTPR1 and CKSTPR2 allow the on-chip peripheral modules to enter the standby state in

module units.
e CKSTPR1
Initial
Bit Bit Name Value R/W Description
7 SACKSTP*!** 1 R/W*'  SCI4 Module Standby
SCl4 enters standby mode when this bit is cleared to O.
6 S31CKSTP 1 R/W SCI3 Module Standby*?
SCI31 enters standby mode when this bit is cleared to O.
5 S32CKSTP 1 R/W SCI3 Module Standby*?
SClI32 enters standby mode when this bit is cleared to
0.*
4 ADCKSTP 1 R/W A/D Converter Module Standby
A/D converter enters standby mode when this bit is
cleared to 0.
3 DADCKSTP 1 R/W A> A/D Converter Module Standby
AX A/ID converter enters standby mode when this bit is
cleared to 0.
2 TFCKSTP 1 R/W Timer F Module Standby
Timer F enters standby mode when this bit is cleared to
0.
1 FROMCKSTP*'** 1 R/W Flash Memory Module Standby
Flash memory enters standby mode when this bit is
cleared to 0.
0 RTCCKSTP 1 R/W RTC Module Standby

RTC enters standby mode when this bit is cleared to O.
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e CKSTPR2
Initial

Bit Bit Name  Value R/W Description

7 ADBCKSTP 1 R/W Address Break Module Standby
The address break enters standby mode when this bit is
cleared to 0.

6 TPUCKSTP 1 R/W TPU Module Standby
The TPU enters standby mode when this bit is cleared
to 0.

5 IICCKSTP 1 R/W IIC2 Module Standby
The IIC2 enters standby mode when this bit is cleared to
0.

4 PW2CKSTP 1 R/W PWM2 Module Standby
The PWM2 enters standby mode when this bit is cleared
to 0.

3 AECCKSTP 1 R/W Asynchronous Event Counter Module Standby
The asynchronous event counter enters standby mode
when this bit is cleared to 0.

2 WDCKSTP 1 R/W+**  Watchdog Timer Module Standby
The watchdog timer enters standby mode when this bit
is cleared to O.

1 PW1CKSTP 1 R/W PWM1 Module Standby
The PWML1 enters standby mode when this bit is cleared
to 0.

0 LDCKSTP 1 R/W LCD Module Standby

The LCD controller/driver enters standby mode when
this bit is cleared to 0.

Notes: 1. This is a reserved bit which is not readable/writable in the masked ROM version.

2. When the SCI module standby is set, all registers in the SCI3 enter the reset state.

3. This bitis valid when the WDON bit in TCSRW is 0. If this bit is cleared to 0 while the
WDON bit is set to 1 (while the watchdog timer is operating), this bit is cleared to 0.
However, the watchdog timer does not enter module standby mode and continues
operating. When the watchdog timer stops operating and the WDON bit is cleared to 0
by software, this bit is valid and the watchdog timer enters module standby mode.

4. This bit should be set to 1 when the on-chip debugger is used.
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6.2 Mode Transitions and Statesof L Sl

Figure 6.1 shows the possible transitions among these operating modes. A transition is made from
the program execution state to the program halt state of the program by executing a SLEEP
instruction. Interrupts allow for returning from the program halt state to the program execution
state of the program. A direct transition between active mode and subactive mode, which are both
program execution states, can be made without halting the program. RES input enables transitions
from a mode to the reset state. Table 6.2 shows the transition conditions of each mode after the
SLEEP instruction is executed and a mode to return by an interrupt. Table 6.3 shows the internal
states of the LS| in each mode.
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Reset state

— : Transition is made after exception handling

1
| SLEEP
linstruction

Program

halt state Active

mode)
Standby

(high-speed

Program
execution state

Program

halt state
SLEEP jmmmm oot .

instruction (@)

> Sleep

mode

©

SLEEP
instruction

(high-speed)
mode

N\
Active —> Sleep
(medium-speed) ! (medium-speed)
mode @-i— mode
J 1
1
. SLEEP' |
/ instruction |
! 1
1 H 1
| .SfEEP SLEEP |
! Instruction/s/* instruction E
| SLEEP : |
linstruction i |
1 1
EEé:): ( | SLEEP i
instruction H Subactive I instruction@i Subsleep
! ! H 0O) L
; ; mode . @ : mode
: : —_— : I
1 1

(: Power-down modes

is executed.
Mode Transition Conditions (1) Mode Transition Conditions (2)
LSON MSON SSBY TMA3 DTON Interrupt Sources
®@ 0 0 0 * 0 @ |RTC, timer F, IRQO interrupt, Asynchronous
® 0 1 0 * 0 event counter, WKP7 to WKPO interrupts
© 1 * 0 1 0 @ |RTC, timer F, TPU, SCI3 interrupt, IRQ4, IRQ3
@ 0 * 1 0 0 IRQ1, IRQO, IRQAEC interrupts, WKP7 to WKPO
@ * * 1 1 0 interrupts, Asynchronous event counter
® 0 0 0 * 1 ® |Allinterrupts
@ 0 1 0 * 1 @ |IRQ1, IRQO, WKP7 to WKPO
® 0 1 1 1 1 interrupts, Asynchronous event counter
@ 1 * 1 1 1
0) 0 0 1 1 1
* Don't care

Note: A transition between different modes cannot be made to occur simply because an interrupt
request is generated. Make sure to enable interrupt requests.

Figure6.1 Mode Transition Diagram
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Table6.2 Transition Mode after SLEEP Instruction Execution and Interrupt Handling
Transition
Mode after
State SLEEP Transition
Before Instruction Mode dueto  Symbol in
Transition LSON MSON SSBY TMA3 DTON Execution Interrupt Figure 6.1
Active 0 0 0 * 0 Sleep Active (high- a
(high- (high- speed) mode
speed) speed)
mode mode
0 1 0 * 0 Sleep Active (medium- b
(medium-  speed) mode
speed)
mode
0 0 1 0 0 Standby Active (high- d
mode speed) mode
0 1 1 0 0 Standby Active (medium- d
mode speed) mode
0 0 1 1 0 Watch Active (high- e
mode speed) mode
0 1 1 1 0 Watch Active (medium- e
mode speed) mode
1 * 1 1 0 Watch Subactive mode e
mode
0 0 0 * 1 Active d O
(high-
speed)
mode
(direct
transition)
0 1 0 * 1 Active g g
(medium-
speed)
mode
(direct
transition)
1 * 1 1 1 Subactive O i
mode
(direct
transition)
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Transition
Mode after
State SLEEP Transition
Before Instruction Mode due to Symbol in
Transition LSON MSON SSBY TMA3 DTON Execution Interrupt Figure 6.1
Active 0 0 0 * 0 Sleep Active (high- a
(medium- (high- speed) mode
speed) speed)
mode mode
0 1 0 * 0 Sleep Active (medium- b
(medium-  speed) mode
speed)
mode
0 0 1 0 0 Standby Active (high- d
mode speed) mode
0 1 1 0 0 Standby Active (medium- d
mode speed) mode
0 0 1 1 0 Watch Active (high- e
mode speed) mode
0 1 1 1 0 Watch Active (medium- e
mode speed) mode
1 1 1 1 0 Watch Subactive mode e
mode
0 0 0 * 1 Active g f
(high-
speed)
mode
(direct
transition)
0 1 0 * 1 Active O O
(medium-
speed)
mode
(direct
transition)
1 * 1 1 1 Subactive 0O i
mode
(direct
transition)

Rev. 3.00 Aug 23, 2006 Page 120 of 616
REJ09B0182-0300 RENESAS



Section 6 Power-Down Modes

Transition

Mode after
State SLEEP Transition
Before Instruction Mode due to Symbol in
Transition LSON MSON SSBY TMA3 DTON Execution Interrupt Figure 6.1

Subactive 1 * 0 1 0 Subsleep  Subactive mode ¢
mode mode

0 0 1 1 0 Watch Active (high- e
mode speed) mode

0 1 1 1 0 Watch Active (medium- e
mode speed) mode

1 * 1 1 0 Watch Subactive mode e
mode

0 0 1 1 1 Active ad j
(high-
speed)
mode
(direct
transition)

0 1 1 1 1 Active d h
(medium-
speed)
mode
(direct
transition)

1 * 1 1 1 Subactive O O
mode
(direct
transition)

[Legend] *: Don't care.
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Table6.3 Internal Statein Each Operating Mode
Active Mode Sleep Mode
Medium- Medium- Subactive  Subsleep Standby
Function High-speed speed High-speed speed Watch Mode Mode Mode Mode
System clock oscillator Functioning Functioning Functioning  Functioning  Halted Halted Halted Halted
Subclock oscillator Functioning Functioning Functioning  Functioning  Functioning  Functioning Functioning Functioning
CPU Instructions Functioning Functioning Halted Halted Halted Functioning Halted Halted
RAM Retained Retained Retained Retained Retained
Registers
l[e} Retained**
External IRQO Functioning Functioning Functioning ~ Functioning  Functioning  Functioning Functioning  Functioning
interrupts IRQ1 Retained**
IRQ3 Retained**
IRQ4
IRQAEC
Peripheral RTC Functioning  Functioning Functioning  Functioning  Functioning/  Functioning/ Functioning/ Functioning/
module retained*® retained*®  retained*’ retained*®
W Functioning*® Functioning Functioning  Functioning*®
event counter
ﬁ Functioning/  Functioning/ Functioning/ Retained
retained*® retained*®  retained*®
TPU Retained Retained Retained Retained
WDT Functioning*”/  Functioning*”/ Functioning*’/ Functioning*"/
retained retained retained retained
W Reset Functioning/ Functioning/ Reset
retained**  retained*’
lIc2 Retained Retained Retained Retained
PWM Retained Retained Retained Retained
AJ/D converter Retained Retained Retained Retained
AY AID converter Retained Retained Retained Retained
LCD Functioning/  Functioning/ Functioning/ Retained

retained** retained**  retained*’

Notes: 1.
2.
3.

~

Register contents are retained. Output is the high-impedance state.
Functioning if /2 is selected as an internal clock, or halted and retained otherwise.

Functioning if @w, @w/2, or @w/4 is selected as a clock to be used. Halted and retained
otherwise.

An external interrupt request is ignored. Contents of the interrupt request register are
not affected.

Only incrementing of the external event timer by ECL/ECH and overflow interrupts
operate.

Functioning if @w/4 is selected as an internal clock. Halted and retained otherwise.
Functioning if the on-chip oscillator is selected.

Functioning if the internal time keeping time-base function is selected and retained if the
interval timer is selected.
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6.2.1 Sleep Mode

In sleep mode, CPU operation is halted but the system clock oscillator, subclock oscillator, and
on-chip peripheral modules function. In sleep (medium-speed) mode, the on-chip peripheral
modules function at the clock frequency set by the MA1 and MAO bitsin SY SCR1. CPU register
contents are retained.

Sleep mode is cleared by an interrupt. When an interrupt is requested, sleep modeis cleared and
interrupt exception handling starts. Sleep mode is not cleared if the | bitin CCRisset to 1 or the
requested interrupt is disabled by the interrupt enable bit. After sleep mode is cleared, atransition
is made from sleep (high-speed) mode to active (high-speed) mode or from sleep (medium-speed)
mode to active (medium-speed) mode.

When the RES pin goes low, the CPU goesinto the reset state and sleep mode is cleared. Since an
interrupt request signal is synchronous with the system clock, the maximum time of 2/¢ (s) may be
delayed from the point at which an interrupt request signal occurs until the interrupt exception
handling is started.

Furthermore, it sometimes operates with half state early timing at the time of transition to sleep
(medium-speed) mode.

6.2.2 Standby Mode

In standby mode, the system clock oscillator stops, so the CPU and on-chip peripheral modules
stop functioning when the WDT disables the on-chip oscillator operation. However, aslong as the
rated voltage is supplied, the contents of CPU registers, on-chip RAM, and some on-chip
peripheral module registers are retained. On-chip RAM contents will be retained aslong as the
voltage set by the RAM data retention voltage is provided. The 1/0 ports go to the high-impedance
state.

Standby modeis cleared by an interrupt. When an interrupt is requested, the system clock pulse
generator starts. After the time set in bits STS2 to STS0 in SY SCR1 has elapsed, standby modeis
cleared and interrupt exception handling starts. After standby mode is cleared, atransition is made
to active (high-speed) or active (medium-speed) mode according to the MSON bit in SY SCR2.
Standby mode is not cleared if the | bit in CCR is set to 1 or the requested interrupt is disabled by
the interrupt enable bit.

When the RES pin goes low, the system clock oscillator starts. Since system clock signals are
supplied to the entire chip as soon as the system clock oscillator starts functioning, the RES pin
must be kept low until the system clock oscillator output stabilizes (except when the power-on
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reset circuit is used). After the oscillator output has stabilized, the CPU starts reset exception
handling if the RES pin is driven high (except when the power-on reset circuit is used).

6.2.3 Watch Mode

In watch mode, the system clock oscillator (when the WDT disables the on-chip oscillator
operation) and CPU operation stop and on-chip peripheral modules stop functioning except for the
RTC, timer F, asynchronous event counter, and LCD controller/driver. However, aslong asthe
rated voltage is supplied, the contents of CPU registers, some on-chip peripheral module registers,
and on-chip RAM are retained. The 1/O portsretain their state before the transition.

Watch mode is cleared by an interrupt. When an interrupt is requested, watch modeis cleared and
interrupt exception handling starts. When watch mode is cleared by an interrupt, atransition is
made to active (high-speed) mode, active (medium-speed) mode, or subactive mode depending on
the settings of the LSON bit in SY SCR1 and the MSON bit in SY SCR2. When the transition is
made to active mode, after the time set in bits STS2 to STS0 in SY SCRL1 has elapsed, interrupt
exception handling starts. Watch mode is not cleared if the | bit in CCR is set to 1 or the requested
interrupt is disabled by the interrupt enable register.

When the RES pin goes low, the system clock pulse generator starts. Since system clock signals
are supplied to the entire chip as soon as the system clock pulse generator starts functioning, the
RES pin must be kept low until the pulse generator output stabilizes. After the pulse generator
output has stabilized, the CPU starts reset exception handling if the RES pin is driven high.

6.24 Subsleep Mode

In subsleep mode, the CPU operation stops but on-chip peripheral modules other than TPU, 11C2,
the A~ A/D converter, the A/D converter and PWM function. Aslong as arequired voltage is
applied, the contents of CPU registers, the on-chip RAM, and some registers of the on-chip
peripheral modules are retained. 1/0 ports keep the same states as before the transition.

Subsleep modeis cleared by an interrupt. When an interrupt is requested, subsleep mode is cleared
and interrupt exception handling starts. After subsleep modeis cleared, atransition is made to
subactive mode. Subsleep modeis not cleared if the | bitin CCR isset to 1 or the requested
interrupt is disabled by the interrupt enable register.

When the RES pin goes low, the system clock pulse generator starts. Since system clock signals
are supplied to the entire chip as soon as the system clock pulse generator starts functioning, the
RES pin must be kept low until the pulse generator output stabilizes. After the pulse generator
output has stabilized, the CPU starts reset exception handling if the RES pin is driven high.
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6.25 Subactive Mode

In subactive mode, the system clock oscillator stops but on-chip peripheral modules other than
TPU, 11C2, the AZ A/D converter, the A/D converter, and PWM function. Aslong as arequired
voltage is applied, the contents of some registers of the on-chip peripheral modules are retained.

Subactive mode is cleared by the SLEEP instruction. When subacitve mode is cleared, a transition
to subsleep mode, active mode, or watch mode is made, depending on the combination of bits
SSBY, LSON, and TMA3 in SY SCR1 and bits MSON and DTON in SY SCR2. Subactive modeis
not cleared if the | bitin CCR is set to 1 or the requested interrupt is disabled by the interrupt
enable register.

When the RES pin goes low, the system clock pulse generator starts. Since system clock signals
are supplied to the entire chip as soon as the system clock pulse generator starts functioning, the
RES pin must be kept low until the pulse generator output stabilizes. After the pulse generator
output has stabilized, the CPU starts reset exception handling if the RES pin is driven high.

The operating frequency of subactive mode is selected from ¢, /2, @,/4, and @, /8 by the SA1 and
SAO hitsin SY SCR2.

6.2.6 Active (Medium-Speed) Mode

In active (medium-speed) mode, the system clock oscillator, subclock oscillator, CPU, and on-
chip peripheral module function.

Active (medium-speed) mode is cleared by the SLEEP instruction. When active (medium-speed)
mode is cleared, atransition to standby mode is made depending on the combination of bits
SSBY, LSON, and TMA3 in SY SCR1, atransition to watch mode is made depending on the
combination of bits SSBY and TMA3 in SY SCR1, or atransition to sleep mode is made
depending on the combination of bits SSBY and LSON in SY SCR1. Moreover, atransition to
active (high-speed) mode or subactive mode is made by adirect transition. Active (medium-sleep)
mode is not cleared if the | bitin CCR is set to 1 or the requested interrupt is disabled in the
interrupt enable register. When the RES pin goes low, the CPU goes into the reset state and active
(medium-sleep) mode is cleared.

Furthermore, it sometimes operates with half state early timing at the time of transition to active
(medium-speed) mode.

In active (medium-speed) mode, the on-chip peripheral modules function at the clock frequency
set by the MA1 and MAO bitsin SY SCR1.
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6.3 Direct Transition

The CPU can execute programs in two modes. active and subactive mode. A direct transitionisa
transition between these two modes without stopping program execution. A direct transition can
be made by executing a SLEEP instruction while the DTON bit in SYSCR2 is set to 1. The direct
transition also enables operating frequency modification in active mode. If the direct transition
interrupt is disabled by IENR2, no direct transition takes place and a transition is made instead to
sleep or watch mode.

Note: If adirect transition is attempted while the | bit in CCR is set to 1, the deviceremainsin
sleep or watch mode, and recovery is not possible.

(1) Direct transfer from active (high-speed) mode to active (medium-speed) mode

When a SLEEP instruction is executed in active (high-speed) mode while the SSBY and L SON
bitsin SYSCR1 are cleared to 0 and the MSON and DTON bitsin SYSCR2 aresetto 1, a
transition is made to active (medium-speed) mode via sleep mode.

(2) Direct transfer from active (medium-speed) modeto active (high-speed) mode

When a SLEEP instruction is executed in active (medium-speed) mode while the SSBY and
LSON bitsin SYSCRL1 are cleared to 0, the MSON hit in SY SCR2 is cleared to 0, and the DTON
bitin SYSCR2 is set to 1, atransition is made to active (high-speed) mode via sleep mode.

(3) Direct transfer from active (high-speed) mode to subactive mode

When a SLEEP instruction is executed in active (high-speed) mode while the SSBY, TMAS, and
LSON hitsin SYSCR1 are set to 1 and the DTON bit in SYSCR2 is set to 1, atransition is made
to subactive mode via watch mode.

(4) Direct transfer from subactive modeto active (high-speed) mode

When a SLEEP instruction is executed in subactive mode while the SSBY and TMA3 bitsin
SYSCR1 are set to 1, the LSON bit in SYSCR1 is cleared to 0, the MSON bit in SYSCR2 is
cleared to 0, and the DTON bit in SYSCR2 is set to 1, atransition is made directly to active (high-
speed) mode via watch mode after the waiting time set in bits STS2 to STS0 in SY SCRL1 has
elapsed.

(5) Direct transfer from active (medium-speed) mode to subactive mode

When a SLEEP instruction is executed in active (medium-speed) mode while the SSBY, TMA3,
and LSON bitsin SYSCR1 are set to 1 and the DTON bit in SYSCR2 is set to 1, atransition is
made to subactive mode via watch mode.
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(6) Direct transfer from subactive modeto active (medium-speed) mode

When a SLEEP instruction is executed in subactive mode while the SSBY and TMA3 bitsin
SYSCR1 are set to 1, the LSON bit in SYSCRL1 iscleared to 0, and the MSON and DTON bitsin
SYSCR2 are set to 1, atransition is made directly to active (medium-speed) mode via watch mode
after the waiting time set in bits STS2 to STS0 in SY SCR1 has el apsed.

6.3.1 Direct Transition from Active (High-Speed) Mode to Active (M edium-Speed) M ode

The time from the start of SLEEP instruction execution to the end of interrupt exception handling
(the direct transition time) is calculated by equation (1).

Direct transition time = { (Number of SLEEP instruction execution states) + (Number of internal
processing states)} x (tcyc before transition) + (Number of interrupt
exception handling execution states) x (tcyc after transition)

Example: When @../8 is selected as the CPU operating clock following transition
Direct transition time = (2 + 1) x 1tosc + 14 x 8tosc = 115tosc
[Legend]

tosc: OSC clock cycle time
teyc: System clock (@) cycletime
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6.3.2 Direct Transition from Active (High-Speed) M ode to Subactive Mode

The time from the start of SLEEP instruction execution to the end of interrupt exception handling
(the direct transition time) is calculated by equation (2).

Direct transition time = { (Number of SLEEP instruction execution states) + (Number of internal
processing states)} x (tcyc before transition) + (Number of interrupt
exception handling execution states) x (tsubcyc after transition)

Example: When @osc/8 is selected as the CPU operating clock following transition
Direct transition time = (2 + 1) x 1tosc + 14 x 1tsubcyc = 3tosc + 14tsubcyc
[Legend]

tosc: OSC clock cycletime
tsubcyc: Subclock (@,,,) cycletime

6.3.3 Direct Transition from Active (Medium-Speed) Mode to Active (High-Speed) Mode

The time from the start of SLEEP instruction execution to the end of interrupt exception handling
(the direct transition time) is cal culated by equation (3).

Direct transition time = { (Number of SLEEP instruction execution states) + (Number of internal
processing states)} x (tcyc before transition) + (Number of interrupt
exception handling execution states) x (tcyc after transition)

Example: When @../8 is selected as the CPU operating clock before transition
Direct transition time = (2 + 1) x 8tosc + 14 x 1tosc = 38tosc
[Legend]

tosc: OSC clock cycletime
tcyc: System clock (@) cycletime

Rev. 3.00 Aug 23, 2006 Page 128 of 616
REJ09B0182-0300 RENESAS



Section 6 Power-Down Modes

6.34 Direct Transition from Active (M edium-Speed) M ode to Subactive M ode

The time from the start of SLEEP instruction execution to the end of interrupt exception handling
(the direct transition time) is calculated by equation (4).

Direct transition time = { (Number of SLEEP instruction execution states) + (Number of internal
processing states)} x (tcyc before transition) + (Number of interrupt
exception handling execution states) x (tsubcyc after transition)

Example: When @osc/8 is selected as the CPU operating clock before transition

Direct transition time = (2 + 1) x 8tosc + 14 x 1tsubcyc = 24tosc + 14tsubcyc

[Legend]
tosc: OSC clock cycletime
tsubcyc: Subclock (@) cycletime

6.3.5 Direct Transition from Subactive Mode to Active (High-Speed) Mode

The time from the start of SLEEP instruction execution to the end of interrupt exception handling
(the direct transition time) is cal culated by equation (5).

Direct transition time = { (Number of SLEEP instruction execution states) + (Number of internal
processing states)} x (tsubcyc beforetransition) + { (Wait time set in bits
STS2 to STS0) + (Number of interrupt exception handling execution
states)} x (tcyc after transition)

Example: When @w/8 is selected as the CPU operating clock before transition and wait
time = 8192 states

Direct transition time = (2 + 1) x 8tw + (8192 + 14) x tosc = 24tw + 8206tosc

[Legend]

tosc: OSC clock cycle time

tw: Watch clock cycle time

teyc: System clock (@) cycletime
tsubcyc: Subclock (¢, ) cycletime
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6.3.6 Direct Transition from Subactive M ode to Active (Medium-Speed) M ode

The time from the start of SLEEP instruction execution to the end of interrupt exception handling
(the direct transition time) is calculated by equation (6).

Direct transition time = { (Number of SLEEP instruction execution states) + (Number of internal
processing states)} x (tsubcyc before transition) + { (Wait time set in bits
STS2 to STSO) + (Number of interrupt exception handling execution
states)} x (tcyc after transition)

Example: When @w/8 is selected as the CPU operating clock before transition, ¢../8 is
selected as the CPU operating clock following transition, and the wait time is
8,192 states

Direct transition time = (2 + 1) x 8tw + (8192 + 14) x 8tosc
= 24tw + 65648tosc

[Legend]

tosc: OSC clock cycletime

tw: Watch clock cycle time

teyc: System clock (@) cycletime
tsubcyc: Subclock (¢, ) cycletime

6.3.7 Notes on External Input Signal Changes before/after Direct Transition
(1) Direct transition from active (high-speed) modeto subactive mode

Since the mode transition is performed via watch mode, see section 6.5.2, Notes on External Input
Signal Changes before/after Standby Mode.

(2) Direct transition from active (medium-speed) mode to subactive mode

Since the mode transition is performed via watch mode, see section 6.5.2, Notes on External Input
Signal Changes before/after Standby Mode.

(3) Direct transition from subactive mode to active (high-speed) mode

Since the mode transition is performed via watch mode, see section 6.5.2, Notes on External Input
Signal Changes before/after Standby Mode.
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(4) Direct transition from subactive mode to active (medium-speed) mode

Since the mode transition is performed via watch mode, see section 6.5.2, Notes on External Input
Signal Changes before/after Standby Mode.

6.4  Module Standby Function

The module-standby function can be set to any peripheral module. In module standby mode, the
clock supply to modules stops to enter the power-down mode. Module standby mode enables each
on-chip peripheral module to enter the standby state by clearing a bit that corresponds to each
modulein CKSTPR1 and CKSTPR2 to 0 and cancels the mode by setting the bit to 1. (See section
6.1.3, Clock Halt Registers 1 and 2 (CKSTPR1 and CKSTPR2).)

6.5 Usage Notes

6.5.1 Standby Mode Transition and Pin States

When a SLEEP instruction is executed in active (high-speed) mode or active (medium-speed)
mode while the SSBY and TMA3 bitsin SYSCR1 are set to 1 and the LSON bit in SYSCR1 is
cleared to 0, atransition is made to standby mode. At the same time, pins go to the high-
impedance state (except pins for which the pull-up MOS is designated as on). Figure 6.2 shows
thetiming in this case.

I I I o B
Internal data bus XSLEEP instruction fetchX Next instruction fetch X E
SLEEP instruction execution _ Internal pracessing
Pins Port output X High-impedance

Active (high-speed) mode or active (medium-speed) mode ‘L Standby mode

Figure6.2 Standby Mode Transition and Pin States

Rev. 3.00 Aug 23, 2006 Page 131 of 616
RENESAS REJ09B0182-0300




Section 6 Power-Down Modes

6.5.2 Notes on External Input Signal Changes befor e/after Standby Mode
(1) When External Input Signal Changes befor e/after Standby Mode or Watch Mode

When an external input signal such asIRQ, WKP, or IRQAEC isinput, both the high- and low-
level widths of the signal must be at least two cycles of system clock ¢ or subclock @, (referred
to together in this section as the internal clock). Asthe internal clock stopsin standby mode and
watch mode, the width of external input signals requires careful attention when atransition is
made via these operating modes. Ensure that external input signals conform to the conditions
stated in (3), Recommended Timing of External Input Signals, below.

(2) When External Input Signals cannot be Captured because Internal Clock Stops
The case of falling edge capture is shown in figure 6.3.

As shown in the case marked " Capture not possible," when an external input signal falls
immediately after a transition to active mode or subactive mode, after oscillation is started by an
interrupt via a different signal, the external input signal cannot be captured if the high-level width
at that point is less than 2 tycOr 2 tsubeyc.

(3) Recommended Timing of External Input Signals

To ensure dependabl e capture of an external input signal, high- and low-level signal widths of at
least 2 woycOF 2 suncyc are necessary before atransition is made to standby mode or watch mode, as
shown in "Capture possible: case 1."

External input signal capture is aso possible with the timing shown in "Capture possible: case 2"
and "Capture possible: case 3," in which a2 wyc0r 2 suscyc level width is secured.

Wait for osc-
illation
stabilization

. Active (high-speed, medium-speed) Standby mode or
Operating mode [ mode or subactive mode watch mode

T T
i " oo

1 tsubcye H
POr Gsyp l Y ! Y ! I I | I I

Active (high-speed, medium-speed)
mode or subactive mode

e !
subcye

Ul
1 Ssubcye

cye
subcyc

R R R
Capture possible: case 1 ' ' ' Y H Y A H H
' ' ' ( ' ( ' 0 '
Capture possible: case 2 ' ! ! ){{ ' ){( ' ' I !
Capture possible: case 3 i i | i /{{ i }{( i i i I
Capture not possible | | | Y | VJ |

' '
Interrupt by different signal

Figure 6.3 External Input Signal Capture when Signal Changes befor e/after Standby Mode
or Watch Mode
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(4) Input Pinstowhich these Notes Apply

IRQ4, IRQ3, IRQ1, IRQO, WKP7to WKPO, IRQAEC, TMIF, ADTRG, TIOCA1, TIOCB1,
TIOCA2 and TIOCB2.
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Section7 ROM

The features of the 52-kbyte flash memory built into the flash memory (F-ZTAT) version are
summarized below.

»  Programming/erase methods
The flash memory is programmed 128 bytes at atime. Erase is performed in single-block units.
The flash memory is configured as follows: 1 kbyte x 4 blocks, 28 kbytes x 1 block, 16 kbytes
x 1 block, and 4 kbytes x 1 block. To erase the entire flash memory, each block must be erased
inturn.

¢ On-board programming
On-board programming/erasing can be done in boot mode, in which the boot program built
into the chip is started to erase or program of the entire flash memory. In normal user program
mode, individual blocks can be erased or programmed.

e Programmer mode
Flash memory can be programmed/erased in programmer mode using a PROM programmer,
aswell asin on-board programming mode.

e Automatic bit rate adjustment
For data transfer in boot mode, this L Sl's bit rate can be automatically adjusted to match the
transfer bit rate of the host.

» Programming/erasing protection
Sets software protection against flash memory programming/erasing.

» Power-down mode
Operation of the power supply circuit can be partly halted in subactive mode. As aresult, flash
memory can be read with low power consumption.

¢ Module standby mode

Use of module standby mode enables this module to be placed in standby mode independently
when not used. (For details, refer to section 6.4, Module Standby Function.) When the on-chip
debugger is used, the bit 1 (FROMCKSTP) in clock stop register 1 (CKSTPR1) should be set
tol.
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7.1 Block Configuration

Figure 7.1 shows the block configuration of flash memory. The thick lines indicate erasing units,
the narrow lines indicate programming units, and the values are addresses. The 52-kbyte flash
memory isdivided into 1 kbyte x 4 blocks, 28 kbytes x 1 block, 16 kbytes x 1 block, and 4 kbytes
x 1 block. Erasing is performed in these units. Programming is performed in 128-byte units
starting from an address with lower eight bits H'00 or H'80.
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Erase unit
1 kbyte

Erase unit
1 kbyte

Erase unit
1 kbyte

Erase unit
1 kbyte

Erase unit
28 kbytes

Erase unit
16 kbytes

Erase unit
4 kbytes

H0000 ! HO0001 ! HO002 ! ~=—Programming unit: 128 bytes — | HOO7F
H0080 | HO0081 | HO0082 ! ! HOOFF
H0380 | HO0381 ' HO0382 ! ' HO3FF
H'0400 | H'0401 | H'0402 | < Programming unit: 128 bytes — | H'047F
H0480 | HO0481 | H0482 ! . HO4FF
HO0780 ' HO781 ' HO0782 ! ' HO7TFF
H'0800 ; H'0801 ; H0802 ; —=— Programming unit: 128 bytes — | H'087F
H0880 | HO088L | H0882 ! . HOSFF
HOBSO ! HOBS1 ' HOBS2 ! ! HOBFF
H'0C00 | H'0CO01 | H0CO02 ; —=—Programming unit: 128 bytes = | H'OC7F
H0C80 | HOC81 | HO0CS2 ! \__HOCFF
HOF80 ' HOF81 | HOF82 ! ! HOFFF
H1000 | H1001 ' H1002 ' = Programming unit 128 bytes — ' H107F
H1080 | H1081 ! H1082 ! . H1O0FF
H7F80 | H7F81 ! H7F82 ! " HTFFF
H'8000 | H'8001 ! H'BO02 ! ~— Programming unit: 128 bytes = | H@807F
H'8080 | H'808L ! H'B082 ! ' H'BOFF
HBFS0 | HBF81 i HBFS2 | | HBFFF
H'CO00 | HCO01 | H'C002 ! ' HCOTF
H'CO80 | HCO81 | H(C082 ! ' HCOFF
H'CF80 | HCF81 | HCF82 | ! HCFFF

Figure7.1 Flash Memory Block Configuration
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7.2 Register Descriptions

The flash memory has the following registers.

e Hash memory control register 1 (FLMCR1)
» Fash memory control register 2 (FLMCR2)

e FEraseblock register 1 (EBR1)

» Flash memory power control register (FLPWCR)

* Fash memory enable register (FENR)

721 Flash Memory Control Register 1 (FLMCR1)

FLMCRL1 is aregister that makes the flash memory change to program mode, program-verify
mode, erase mode, or erase-verify mode. For details on register setting, refer to section 7.4, Flash

Memory Programming/Erasing.

Initial

Bit Bit Name  Value R/W Description

7 O 0 ad Reserved
This bit is always read as 0.

6 SWE 0 R/W Software Write Enable
When this bit is set to 1, flash memory
programming/erasing is enabled. When this bit is
cleared to 0, other FLMCRL1 register bits and all EBR1
bits cannot be set.

5 ESU 0 R/W Erase Setup
When this bit is set to 1, the flash memory changes to
the erase setup state. When itis cleared to 0, the
erase setup state is cancelled. Set this bit to 1 before
setting the E bit to 1 in FLMCRL.

4 PSU 0 R/W Program Setup
When this bit is set to 1, the flash memory changes to
the program setup state. When it is cleared to 0, the
program setup state is cancelled. Set this bit to 1
before setting the P bit in FLMCR1.

3 EV 0 R/W Erase-Verify

When this bit is set to 1, the flash memory changes to
erase-verify mode. When it is cleared to O, erase-verify
mode is cancelled.
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Initial

Bit Bit Name  Value R/W Description

2 PV 0 R/W Program-Verify
When this bit is set to 1, the flash memory changes to
program-verify mode. When it is cleared to O, program-
verify mode is cancelled.

1 E 0 R/W Erase
When this bit is set to 1 while SWE=1 and ESU=1, the
flash memory changes to erase mode. When itis
cleared to 0, erase mode is cancelled.

0 P 0 R/W Program

When this bit is set to 1 while SWE=1 and PSU=1, the
flash memory changes to program mode. When it is
cleared to 0, program mode is cancelled.

7.2.2 Flash Memory Control Register 2 (FLMCR2)

FLMCR2 is aregister that displays the state of flash memory programming/erasing. FLMCR2 isa
read-only register, and should not be written to.

Initial

Bit Bit Name Value R/W Description

7 FLER 0 R Flash Memory Error
Indicates that an error has occurred during an operation
on flash memory (programming or erasing). When
FLER is set to 1, flash memory goes to the error-
protection state.
See section 7.5.3, Error Protection, for details.

6to0 O All O O Reserved

These bits are always read as 0.
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723 Erase Block Register 1 (EBR1)

EBRL1 specifies the flash memory erase areablock. EBRL1 isinitialized to H'00 when the SWE bit
in FLMCR1is0. Do not set more than one bit at atime, asthiswill cause all the bitsin EBR1 to
be automatically cleared to 0.

Initial

Bit Bit Name  Value R/W Description

7 O 0 a Reserved
This bit is always read as 0.

6 EB6 0 R/W When this bit is set to 1, 4 kbytes of H'C000 to H'CFFF
will be erased.

5 EB5 0 R/W When this bit is set to 1, 16 kbytes of H'8000 to H'BFFF
will be erased.

4 EB4 0 R/W When this bit is set to 1, 28 kbytes of H'1000 to H'7FFF
will be erased.

3 EB3 0 R/W When this bit is set to 1, 1 kbyte of H'0CO0O0 to H'OFFF
will be erased.

2 EB2 0 R/W When this bit is set to 1, 1 kbyte of H'0800 to H'OBFF
will be erased.

1 EB1 0 R/W When this bit is set to 1, 1 kbyte of H'0400 to H'O7FF
will be erased.

0 EBO 0 R/W When this bit is set to 1, 1 kbyte of H'0000 to H'O3FF

will be erased.
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724 Flash Memory Power Control Register (FLPWCR)

FLPWCR enables or disables atransition to the flash memory power-down mode when the L SI
switches to subactive mode. There are two modes: mode in which operation of the power supply
circuit of flash memory is partly halted in power-down mode and flash memory can be read, and
mode in which even if atransition is made to subactive mode, operation of the power supply
circuit of flash memory is retained and flash memory can be read.

Initial
Bit Bit Name  Value R/W Description
7 PDWND 0 R/W Power-Down Disable

When this bit is 0 and a transition is made to subactive
mode, the flash memory enters the power-down mode.
When this bit is 1, the flash memory remains in the
normal mode even after a transition is made to
subactive mode.

6t00 a All O ad Reserved

These bits are always read as 0.

7.25 Flash Memory Enable Register (FENR)

Bit 7 (FLSHE) in FENR enables or disables the CPU accessto the flash memory control registers,
FLMCR1, FLMCR2, EBR1, and FLPWCR.

Initial
Bit Bit Name  Value R/W Description
7 FLSHE 0 R/W Flash Memory Control Register Enable

Flash memory control registers can be accessed when
this bit is set to 1. Flash memory control registers
cannot be accessed when this bit is set to 0.

6to0 ad AllO a Reserved
These bits are always read as 0.
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7.3 On-Board Programming M odes

There are two modes for programming/erasing of the flash memory; boot mode, which enables on-
board programming/erasing, and programmer mode, in which programming/erasing is performed
with a PROM programmer. On-board programming/erasing can also be performed in user
program mode. At reset-start in reset mode, this LS| changes to a mode depending on the TEST
pin settings, NMI pin settings, and input level of each port, as shown in table 7.1. The input level
of each pin must be defined four states before the reset ends.

When changing to boot mode, the boot program built into this LSl isinitiated. The boot program
transfers the programming control program from the externally-connected host to on-chip RAM
via SCI3 (channel 2). After erasing the entire flash memory, the programming control program is
executed. This can be used for programming initial valuesin the on-board state or for aforcible
return when programming/erasing can no longer be donein user program mode. In user program
mode, individual blocks can be erased and programmed by branching to the user program/erase
control program prepared by the user.

Table7.1  Setting Programming Modes

TEST NMI P36 PBO PB1 PB2 LSI State after Reset End
0 1 X X X X User Mode

0 0 1 X X X Boot Mode

1 X X 0 0 0 Programmer Mode

[Legend] X: Don't care.
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7.3.1 Boot Mode

Table 7.2 shows the boot mode operations between reset end and branching to the programming
control program.

1. When boot mode is used, the flash memory programming control program must be prepared in
the host beforehand. Prepare a programming control program in accordance with the
description in section 7.4, Flash Memory Programming/Erasing.

2. SCI3 should be set to asynchronous mode, and the transfer format as follows: 8-bit data, 1 stop
bit, and no parity. Theinversion function of TXD and RXD pins by SPCR is set to “Not to be
inverted,” so do not put the circuit for inverting a value between the host and thisLSI.

3. When the boot program isinitiated, the chip measures the low-level period of asynchronous
SCI communication data (H'00) transmitted continuously from the host. The chip then
calculates the bit rate of transmission from the host, and adjusts the SCI 3 bit rate to match that
of the host. The reset should end with the RXD pin high. The RXD and TXD pins should be
pulled up on the board if necessary. After thereset is complete, it takes approximately 100
states before the chip is ready to measure the low-level period.

4. After matching the bit rates, the chip transmits one H'00 byte to the host to indicate the
completion of bit rate adjustment. The host should confirm that this adjustment end indication
(H'00) has been received normally, and transmit one H'55 byte to the chip. If reception could
not be performed normally, initiate boot mode again by areset. Depending on the host's
transfer bit rate and system clock frequency of this LSI, there will be a discrepancy between
the bit rates of the host and the chip. To operate the SCI properly, set the host's transfer bit rate
and system clock frequency of this LSl within the rangeslisted in table 7.3.

5. Inboot mode, apart of the on-chip RAM areais used by the boot program. The area H'F780 to
H'FEEF is the area to which the programming control program is transferred from the host.
The boot program area cannot be used until the execution state in boot mode switches to the
programming control program.

6. Before branching to the programming control program, the chip terminates transfer operations
by SCI3 (by clearing the RE and TE bitsin SCR to 0), however the adjusted bit rate value
remains set in BRR. Therefore, the programming control program can still useiit for transfer of
program data or verify data with the host. The TXD pinishigh (PCR42 =1, P42 =1). The
contents of the CPU general registers are undefined immediately after branching to the
programming control program. These registers must beinitialized at the beginning of the
programming control program, as the stack pointer (SP), in particular, is used implicitly in
subroutine calls, etc.

7. Boot mode can be cleared by areset. End the reset after driving the reset pin low, waiting at
least 20 states, and then setting the NMI pin. Boot mode is also cleared when aWDT overflow
OCCUrs.
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8. Do not change the TEST pin and NMI pin input levels in boot mode.

Table7.2 Boot Mode Operation
IS Host Operation Communication Contents LS| Operation
Q
= Processing Contents Processing Contents
é Branches to boot program at reset-start.
8
IS
)
g Boot program initiation
i<}
o
3 |

Continuously transmits data H'00

H'00, H'00 - - - H'00

Y
« Measures low-level period of receive data

g at specified bit rate. > 100

'Ug, « Calculates bit rate and sets BRR in SCI3.
=3 , ) ) )

T | Transmits data H'55 when data HO0  _ H'00 « Transmits data H'00 to host as adjustment
@ is received error-free. - end indication.

[

[ H'S5 » H'55 reception.

. v

©

; Boot program - HFF Checks flash memory data, erases all flash
g v erase error memory blocks in case of written data

o existing, and transmits data H'AA to host.
1S HAA (If erase could not be done, transmits data
é H'AA reception —= H'FF to host and aborts operation.)

[

\

Transmits number of bytes (N) of
programming control program to be
transferred as 2-byte data
(low-order byte following high-order
byte)

Transmits 1-byte of programming
control program (repeated for N times)

|

Transfer of number of bytes of
programming control program

Upper bytes, lower bytes

7

Echoback

> Echobacks the 2-byte data
received to host.

A

H'XX

|

Echobacks received data to host and also

Echoback

> transfers it to RAM.

HAA

(repeated for N times)

|

Transmits data H'AA to host.

H'AA reception

\J
Branches to programming control program
transferred to on-chip RAM and starts
execution.
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Table7.3  System Clock Frequenciesfor which Automatic Adjustment of L Sl Bit Rateis

Possible
Host Bit Rate System Clock Frequency Range of LSI
9,600 bps 8to 10 MHz
4,800 bps 4 to 10 MHz
2,400 bps 210 10 MHz

7.3.2 Programming/Erasing in User Program Mode

On-board programming/erasing of an individual flash memory block can also be performed in user
program mode by branching to a user program/erase control program. The user must set branching
conditions and provide on-board means of supplying programming data. The flash memory must
contain the user program/erase control program or a program that provides the user program/erase
control program from external memory. As the flash memory itself cannot be read during
programming/erasing, transfer the user program/erase control program to on-chip RAM, asin boot
mode. Figure 7.2 shows a sample procedure for programming/erasing in user program mode.
Prepare a user program/erase control program in accordance with the description in section 7.4,
Flash Memory Programming/Erasing.
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Reset-start

No

Program/erase?

\

Transfer user program/erase control
program to RAM

Branch to flash memory application
program

\

Branch to user program/erase control
program in RAM

Y

Execute user program/erase control
program (flash memory rewrite)

\

Branch to flash memory application
program

Figure 7.2 Programming/Erasing Flowchart Examplein User Program Mode
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7.4 Flash Memory Programming/Erasing

A software method using the CPU is employed to program and erase flash memory in the on-
board programming modes. Depending on the FLMCR1 setting, the flash memory operatesin one
of the following four modes. Program mode, program-verify mode, erase mode, and erase-verify
mode. The programming control program in boot mode and the user program/erase control
program in user program mode use these operating modes in combination to perform
programming/erasing. Flash memory programming and erasing should be performed in
accordance with the descriptions in section 7.4.1, Program/Program-V erify and section 7.4.2,
Erase/Erase-Verify, respectively.

741 Program/Program-Verify

When writing data or programs to the flash memory, the program/program-verify flowchart shown
in figure 7.3 should be followed. Performing programming operations according to this flowchart
will enable data or programs to be written to the flash memory without subjecting the chip to
voltage stress or sacrificing program data reliability.

1. Programming must be done to an empty address. Do not reprogram an address to which
programming has already been performed.

2. Programming should be carried out 128 bytes at atime. A 128-byte data transfer must be
performed even if writing fewer than 128 bytes. In this case, H'FF data must be written to the
extra addresses.

3. Preparethe following data storage areasin RAM: A 128-byte programming data area, a 128-
byte reprogramming data area, and a 128-byte additional-programming data area. Perform
reprogramming data computation according to table 7.4, and additional programming data
computation according to table 7.5.

4. Consecutively transfer 128 bytes of datain byte units from the reprogramming data area or
additional-programming data area to the flash memory. The program address and 128-byte
data are latched in the flash memory. The lower 8 bits of the start address in the flash memory
destination area must be H'00 or H'80.

5. Thetime during which the P bit is set to 1 isthe programming time. Table 7.6 showsthe
alowable programming times.

6. Thewatchdog timer (WDT) is set to prevent overprogramming due to program runaway, etc.
An overflow cycle of approximately 6.6 msis allowed.

7. For adummy write to averify address, write 1-byte data H'FF to an address whose lower 2

bitsare B'00. Verify data can be read in words or in longwords from the address to which a
dummy write was performed.
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8. The maximum number of repetitions of the program/program-verify sequence of the same bit
is1,000.

Wiite pulse application subroutine

Apply Write Pulse START

[ WDT enable ] [ Set SWE lm'm FLMCR1 |
[ Wait 1 ps |
[ Set PSU bit in FLMCR1 | ¥
* Store 128-byte program data in program
| Wait 50 pis | data area and re;;rogram data area
i [ w1 |
| Set P bitin FLMCR1 | ¥
| =0 |
| Wait (Wait time=programming time) | *

| Write 128-byte data in RAM reprogram |

[ Clear P bitin FLMCR1 | data area consecutively to flash memory

[ Wait 5 ps | I Apply Wite pulse I
i
[ Clear PSU bit in FLMCR1 | [ Set PV bit Ivn FLMCR1 ]
Wait 4
[ Wait 5 jis ] [ ait 4 ps ]
{ Set block start address as |
[ Disable WDT | verify address L
i —————————} -

End Sub [ HFF dummy write to verify address |

1]
[ Wait 2 ps | )*
i

[ Read verify data |

Increment address

| data computation |

[ Reprogram data computation |

[ Clear PV bitin FLMCR1 |

i}
[ Wait 2 ps |

Successively write 128-byte data from additional-

programming data area in RAM to flash memory
Sub-Routine-Cal

I Apply Write Pulse il

[ Clear SWE bit in FLMCR1 ] | Clear SWE bit in FLMCR1 |

1] 1
[ Wait 100 ps ] [ Wait 100 ps. |
k]

Note: *The RTS instruction must not be used during the following 1. and 2. periods.
1. A period between 128-byte data programming to flash memory and the P bit clearing
2. A period between dummy writing of H'FF to a verify address and verify data reading

Figure 7.3 Program/Program-Verify Flowchart
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Table7.4 Reprogram Data Computation Table
Program Data Verify Data Reprogram Data Comments
0 0 1 Programming completed
0 1 0 Reprogram bit
1 0 1 0
1 1 1 Remains in erased state
Table7.5 Additional-Program Data Computation Table
Additional-Program
Reprogram Data Verify Data Data Comments
0 0 0 Additional-program bit
0 1 1 No additional programming
1 0 1 No additional programming
1 1 1 No additional programming
Table7.6  Programming Time
n Programming In Additional
(Number of Writes) Time Programming Comments
1to 6 30 10
7 to 1,000 200 O
Note: Time shown in ps.
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7.4.2 Erase/Erase-Verify

When erasing flash memory, the erase/erase-verify flowchart shown in figure 7.4 should be
followed.

1. Prewriting (setting erase block datato al 0s) is not necessary.

2. Erasingis performed in block units. Make only a single-bit specification in the erase block
register (EBR1). To erase multiple blocks, each block must be erased in turn.

3. Thetime during which the E bit is set to 1 is the flash memory erase time.

4. The watchdog timer (WDT) is set to prevent overerasing due to program runaway, etc. An
overflow cycle of approximately 19.8 msis allowed.

5. For adummy write to a verify address, write 1-byte data H'FF to an address whose lower two
bits are B'00. Verify data can be read in longwords from the address to which a dummy write
was performed.

6. If theread datais not erased successfully, set erase mode again, and repeat the erase/erase-
verify sequence as before. The maximum number of repetitions of the erase/erase-verify
sequenceis 100.

7.4.3 Interrupt Handling when Programming/Erasing Flash Memory

All interrupts, including the NMI interrupt, are disabled while flash memory is being programmed
or erased, or while the boot program is executing, for the following three reasons:

1. Interrupt during programming/erasing may cause aviolation of the programming or erasing
algorithm, with the result that normal operation cannot be assured.

2. If interrupt exception handling starts before the vector address is written or during
programming/erasing, a correct vector cannot be fetched and the CPU malfunctions.

3. If aninterrupt occurs during boot program execution, normal boot mode sequence cannot be
carried out.
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| SWE bit 1 ]
T

| Wait 1 s |
N
1

| n.1 |
I

[ Set EBRL ]
[

| Enable WDT |
— 1

[ ESU bit « 1 ]
I

| Wait 100 us |

| E bit — 1 |
T

| Wait 10 ms |
1

[ E bit — 0 ]
T

| Wait 10 pis |

[ ESU bit — 10 ]
T

| 10 us |
1

| Disable WDT |
]

| EV bit — 1 |
T

| Wait 20 s |

1
| Set block start address as verify address |
1

|_H'FF dummy wrigi= to verify address |

| Wait 2 s | )*
|

Read verify data

| Increment address |

Last address of block 2,

[ EV bit — 0 | | EV bit — 0 ]
1 1

| Wait 4 pis | | Wait 4us |

No Yes
All erase block erased 2 @
No
| SWE bit — 0 | [ SWE bit — 0 |
1 i
| Wait 100 ps | [ Wait 100 s |

End of erasing

Note: * The RTS instruction must not be used during a period between dummy writing of H'FF to a verify address and verify data reading.

Figure7.4 Erase/Erase-Verify Flowchart
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7.5 Program/Erase Protection

There are three kinds of flash memory program/erase protection; hardware protection, software
protection, and error protection.

75.1 Har dwar e Protection

Hardware protection refers to a state in which programming/erasing of flash memory isforcibly
disabled or aborted because of atransition to reset, subactive mode, subsleep mode, or standby
mode. Flash memory control register 1 (FLMCRL), flash memory control register 2 (FLMCR2),
and erase block register 1 (EBR1) areinitialized. In areset viathe RES pin, the reset state is not
entered unlessthe RES pin is held low until oscillation stabilizes after powering on. In the case of
areset during operation, hold the RES pin low for the RES pulse width specified in the AC
Characteristics section.

75.2 Softwar e Protection

Software protection can be implemented against programming/erasing of all flash memory blocks
by clearing the SWE bitin FLMCR1. When software protectionisin effect, setting the P or E bit
in FLMCRL1 does not cause a transition to program mode or erase mode. By setting the erase
block register 1 (EBR1), erase protection can be set for individual blocks. When EBR1 is set to
H'00, erase protection is set for all blocks.

75.3 Error Protection

In error protection, an error is detected when CPU 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 forcibly aborted. Aborting the program/erase
operation prevents damage to the flash memory due to overprogramming or overerasing.

When the following errors are detected during programming/erasing of flash memory, the FLER
bitin FLMCR2 is set to 1, and the error protection state is entered.

*  When the flash memory of the relevant address areais read during programming/erasing
(including vector read and instruction fetch)

« Immediately after exception handling excluding areset during programming/erasing
* When a SLEEP instruction is executed during programming/erasing
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The FLMCRL, FLMCR2, and EBRL1 settings are retained, however program mode or erase mode
is aborted at the point at which the error occurred. Program mode or erase mode cannot be re-
entered by re-setting the P or E bit. However, PV and EV bit settings are retained, and a transition
can be made to verify mode. Error protection can be cleared only by areset.

7.6 Programmer Mode

In programmer mode, a PROM programmer can be used to perform programming/erasing viaa
socket adapter, just as a discrete flash memory. Use a PROM programmer that supports the MCU
device type with the on-chip 64-kbyte flash memory (FZTAT64V 3).

1.7 Power-Down Statesfor Flash Memory
In user mode, the flash memory will operate in either of the following states:

* Normal operating mode
The flash memory can be read and written to at high speed.
» Power-down operating mode
The power supply circuit of flash memory can be partly halted. As aresult, flash memory can
be read with low power consumption.
» Standby mode
All flash memory circuits are halted.

Table 7.7 shows the correspondence between the operating modes of this LS| and the flash
memory. In subactive mode, the flash memory can be set to operate in power-down mode with the
PDWND bit in FLPWCR. When the flash memory returnsto its normal operating state from
power-down mode or standby mode, a period to stabilize operation of the power supply circuits
that were stopped is needed. When the flash memory returns to its normal operating state, bits
STS2 to STS0 in SY SCR1 must be set to provide await time of at least 20 us, even when the
external clock is being used.
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Table7.7 Flash Memory Operating States

Flash Memory Operating State

LSI Operating State PDWND = 0 (Initial Value) PDWND =1

Active mode Normal operating mode Normal operating mode
Subactive mode Power-down mode Normal operating mode
Sleep mode Normal operating mode Normal operating mode
Subsleep mode Standby mode Standby mode

Standby mode Standby mode Standby mode

7.8 Notes on Setting M odule Standby M ode

When the flash memory is set to enter module standby mode, the system clock supply is stopped
to the module, the function is stopped, and the state is the same as that in standby mode. Also
program operation is stopped in the flash memory. Therefore operation program should be
transferred to the RAM and the program should run in the RAM. Then the flash memory should
be set to enter module standby mode.

Even if an interrupt source occurs while the interrupt is enabled in module standby mode, program
runaway may occur because the vector cannot be fetched.

Before the flash memory is set to enter module standby mode, the corresponding bit in the
interrupt enable register should be cleared to 0 and the | bit in CCR should be set to 1. Then after
the flash memory enters module standby mode, NMI and address break interrupt requests should
not be generated. Figure 7.5 shows a modul e standby mode setting.
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Transfer execution program
to RAM (user area)

Clear corresponding bit in
interrupt enable register to 0

Set | bitin CCRto 1

Jump to address of
execution program in RAM

Clear FROMCKSTP
bitin CRSTPR1to 0

Figure7.5 Module Standby Mode Setting
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Section8 RAM

This LSl has an on-chip high-speed static RAM. The RAM is connected to the CPU by a 16-hit
data bus, enabling two-state access by the CPU to both byte data and word data.

Product Classification RAM Size RAM Address
Flash memory version H8/38086RF 3 kbytes H'F380 to H'FF7F
Masked ROM version H8/38086R 2 kbytes H'F780 to H'FF7F
H8/38085R 2 kbytes H'F780 to H'FF7F
H8/38084R 1 kbyte H'FB8O to H'FF7F
H8/38083R 1 kbyte H'FB80 to H'FF7F
RAMO500A_000120030300 Rev. 3.00 Aug 23, 2006 Page 157 of 616
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Section 9 1/0O Ports

The H8/38086R Group has 55 general 1/0 ports and six general input-only ports. Port 9 isalarge
current port, which can drive 15 mA (@V,, = 1.0 V) when alow level signal is output. Any of
these ports can become an input port immediately after areset. They can also be used as I/O pins
of the on-chip peripheral modules or external interrupt input pins, and these functions can be
switched depending on the register settings. The registers for selecting these functions can be
divided into two types: those included in 1/O ports and those included in each on-chip peripheral
module. General /O ports are comprised of the port control register for controlling inputs/outputs
and the port data register for storing output data and can select inputs/outputs in bit units.

For details on the execution of bit manipulation instructions to the port dataregister (PDR), see
section 2.8.3, Bit-Manipulation Instruction.

For details on block diagrams for each port, see Appendix B.1, 1/O Port Block Diagrams.

9.1 Port 1

Port 1 isan I/O port aso functioning as an SCI4 /O pin, TPU 1/0 pin, and asynchronous event
counter input pin. Figure 9.1 shows its pin configuration.

[<—> P16/SCK4
<> P15/TIOCB2
[<— P14/TIOCA2/TCLKC

Port 1

P13/TIOCB1/TCLKB
[<+—> P12/TIOCAL/TCLKA
~<— P11/AEVL
[~<—> P10/AEVH

Figure9.1 Port 1 Pin Configuration
Port 1 has the following registers.

e Port dataregister 1 (PDR1)

» Port control register 1 (PCR1)

e Port pull-up control register 1 (PUCRL1)
* Port mode register 1 (PMR1)
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911 Port Data Register 1 (PDR1)

PDRL1 isaregister that stores data of port 1.

Initial

Bit Bit Name Value R/W Description
7 d 1 d If port 1 is read while PCR1 bits are set to 1, the values
6 P16 0 RIW stored in PDRl_are read, regardless _of the actual pin

states. If port 1 is read while PCR1 bits are cleared to O,
5 P15 0 RIW the pin states are read.
4 P14 0 RIW Bit 7 is reserved. This bit is always read as 1 and cannot
3 P13 0 R/W be modified.
2 P12 0 R/W
1 P11 0 R/W
0 P10 0 R/W

9.1.2 Port Control Register 1 (PCR1)

PCR1 selects inputs/outputs in bit units for pinsto be used as general 1/0O ports of port 1.

Initial
Bit Bit Name Value R/W Description
7 ad 1 ad Setting a PCR1 bit to 1 makes the corresponding pin
6 PCR16 0 W (P16 to P10) an output pin, while clearing the bit to 0

makes the pin an input pin. The settings in PCR1 and in

S PCR15 0 W PDR1 are valid when the corresponding pin is
4 PCR14 0 w designated as a general 1/O pin.
3 PCR13 0 w PCR1 is a write-only register. These bits are always
2 PCR12 0 w read as 1.
1 PCR11 0 W Bit 7 is reserved. This bit cannot be modified.
0 PCR10 0 w
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9.1.3 Port Pull-Up Control Register 1 (PUCR1)

PUCRL controls the pull-up MOS of the port 1 pinsin bit units.

Initial
Bit Bit Name Value R/W Description
7 O 1 ad When a PCRL1 bit is cleared to 0, setting the
6 PUCR16 O RIW corresponding PUCR1 bit to 1 turns on the pull-up MOS
for the corresponding pin, while clearing the bitto O
5 PUCR1S 0 RIW turns off the pull-up MOS.
4 PUCR14 0 RIW Bit 7 is reserved. This bit is always read as 1 and
3 PUCR13 O R/W cannot be modified.
2 PUCR12 O R/W
1 PUCR11 O R/W
0 PUCR10 O R/W

914 Port Mode Register 1 (PMR1)

PMR1 controls the selection of functions for port 1 pins.

Initial
Bit Bit Name Value R/W Description
7to2 d All 1 d Reserved
These bits are always read as 1 and cannot be modified.
1 AEVL 0 R/W P11/AEVL Pin Function Switch
Selects whether pin P11/AEVL is used as P11 or as
AEVL.
0: P11 I/O pin
1: AEVL input pin
0 AEVH 0 R/W P10/AEVH Pin Function Switch

Selects whether pin P10/AEVH is used as P10 or as
AEVH.

0: P10 I/O pin
1: AEVH input pin
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9.15 Pin Functions
The relationship between the register settings and the port functions is shown below.

«  P16/SCK4 pin

The pin function is switched as shown below according to the combination of the CKS3 to
CK S0 bitsin SCSR4 and PCR16 bit in PCR1.

CKS3** 1** 0**

CKS2 to CKSO0** Other than B'111*" B'111** x**

PCR16 0 1 X X

Pin Function P16 input pin P16 output pin SCK4 input pin*? SCK4 output
pin*?

[Legend] x: Don't care.
Notes: 1. Supported only by the F-ZTAT™ version.
2. Only port function is available for the masked ROM version.
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P15/TIOCB2 pin

The pin function is switched as shown bel ow according to the combination of the TPU channel
2 setting by the MD1 and MDO bitsin TMDR_2, IOB3 to I0BO bitsin TIOR_2, and CCLR1
and CCLRO bitsin TCR_2, and the PCR15 bit in PCR1.

TPU Channel 2 Next table Next table Next table
Setting (2) (2) 3)
PCR15 O 0 1 0 1
Pin Function O P15 input pin | P15 output P15 input P15 output
pin pin pin
TIOCB2 input pin*
Note: * When the MD1 and MDO bits are set to B'00 and the IOB3 bit to 1, the pin function

becomes the TIOCB2 input pin.
Clear PCR15 to 0 when using TIOCB2 as an input pin.

TPU Channel 2
Setting

MD1, MDO
I0B3 to I0BO
CCLR1, CCLRO
Output Function O ‘

@ @) @

B'00
B'0000 ‘ B'1xxx ‘ B'0001 to B'0111

B'xx

B'10, B'01, B'11

B'Xxxx

Setting prohibited

[Legend] x: Don't care.
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* P14/TIOCA2/TCLKC pin
The pin function is switched as shown bel ow according to the combination of the TPU channel
2 setting by the MD1 and MDO bitsin TMDR_2, IOA3 to IOAOQ bitsin TIOR_2, and CCLR1
and CCLRO hitsin TCR_2, the TPSC2 to TPSCO bitsin TCR_2, and the PCR14 hit in PCR1.

TPU Channel 2 Next table (1) Next table (2)

Setting

PCR14 d 0 1

Pin Function TIOCAZ2 output pin P14 input pin P14 output pin
TIOCA2 input pin**

TCLKC input pin*?

Notes: 1. When the MD1 and MDO bits are set to B'00 and the IOA3 bit to 1, the pin function
becomes the TIOCA2 input pin.

Clear PCR14 to 0 when using TIOCA2 as an input pin.

2. When the TPSC2 to TPSCO bits in TCR_2 are set to B'110, the pin function becomes
the TCLKC input pin.

Clear PCR14 to 0 when using TCLKC as an input pin.

TPU Channel 2 (2) Q) (2) (1) Q) )
Setting
MD1, MDO B'00 B'1x B'10 B'11
I0A3 to IOAO0 B'0000 B'0001 to B'xx00 Other than Other than B'xx00
B'0100 B'0011 B'xx00
B'1xxx B'0101 to
B'0111
CCLR1, CCLRO O ad 0 O Other than B'01
B'01
Output Function O Output O PWM mode PWM O
compare 1* output mode 2
output output

[Legend] x: Don't care.
Note: * The output of the TIOCB2 pin is disabled.
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P13/TIOCBLTCLKB pin
The pin function is switched as shown bel ow according to the combination of the TPU channel
1 setting by the MD1 and MDO bitsin TMDR_1, IOB3 to I0OBO hitsin TIOR_1, and CCLR1
and CCLRO bitsin TCR_1, the TPSC2 to TPSCO bitsin TCR_1 and TCR_2, and the PCR13

bit in PCRL.
TPU Channel 1 Next table Next table (2) Next table (3)
Setting (1)
PCR13 O 0 1 0 1
Pin Function O P13 input P13 output P13 input P13 output
pin pin pin pin
TIOCBL1 input pin
TCLKB input pin*
Note: * When the TPSC2 to TPSCO bits in TCR_1 or TCR_2 are set to B'101, the pin function

becomes the TCLKB input pin.
Clear PCR13 to 0 when using TCLKB as an input pin.

TPU Channel 1
Setting

MD1, MDO
I0B3 to IOBO
CCLR1, CCLRO

@ @) @

B'00
B'0000 ‘ B'1xxx ‘ B'0001 to B'0111

B'xx

B'10, B'01, B'11

B'Xxxx

Setting prohibited

Output Function O ‘

[Legend] x: Don't care.
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* PI12/TIOCALTCLKA pin

The pin function is switched as shown bel ow according to the combination of the TPU channel
1 setting by the MD1 and MDO bitsin TMDR_1, IOA3 to IOAO bitsin TIOR_1, and CCLR1
and CCLRO bitsin TCR_1, the TPSC2 to TPSCO bitsin TCR_1 and TCR_2, and the PCR12

bit in PCR1.

TPU Channel 1
Setting

Next table (1)

Next table (2)

PCR12

O

0

1

Pin Function

TIOCAL1 output pin

P12 input pin

P12 output pin

TIOCA1 input pin**

TCLKA input pin*?

Notes: 1. When the MD1 and MDO bits are set to B'00 and the IOA3 bit to 1, the pin function
becomes the TIOCAL input pin.

Clear PCR12 to 0 when using TIOCAL as an input pin.

2. When the TPSC2 to TPSCO bits in TCR_1 or TCR_2 are set to B'100, the pin function
becomes the TCLKA input pin.

Clear PCR12 to 0 when using TCLKA as an input pin.

TPU Channel 1 2) Q) 2 Q) 1) 2)
Setting
MD1, MDO B'00 B'1x B'10 B'11
I0A3 to IOA0 B'0000 B'0001 to B'xx00 Other Other than B'xx00
B'0100 B'0011 than
B'1xxx B'0101 to B'xx00
B'0111
CCLR1, CCLRO O O ad Other than B'01
B'01
Output Function ad Output O PWM PWM ad
compare mode 1* mode 2
output output output
[Legend] x: Don't care.
Note: * The output of the TIOCBL1 pin is disabled.
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« PLUAEVL pin

The pin function is switched as shown below according to the combination of the AEVL bitin
PMR1 and PCR11 hit in PCR.

AEVL 0 1
PCR11 0 1 X
Pin Function P11 input pin P11 output pin AEVL input pin

[Legend] x: Don't care.

* PI10/AEVH pin

The pin function is switched as shown below according to the combination of the AEVH bit in
PMR1 and PCR10 hit in PCR.

AEVH 0 1
PCR10 0 1 X
Pin Function P10 input pin P10 output pin AEVH input pin

[Legend] x: Don't care.

9.1.6 Input Pull-Up MOS

Port 1 has an on-chip input pull-up MOS function that can be controlled by software. When a
PCRL1 bit is cleared to 0, setting the corresponding PUCR1 bit to 1 turns on the input pull-up MOS
for that pin. The input pull-up MOS function isin the off state after areset.

(n=61t00)
PCR1n 0 1
PUCR1n 0 1 X
Input Pull-Up MOS Off On Off

[Legend] x: Don't care.
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9.2 Port 3

Port 3isan 1/0 port aso functioning as an SCI4 1/0 pin, SCI3_2 /O pin, 11C2 1/O pin, and RTC
output pin. Figure 9.2 shows its pin configuration.

Port 3

[<— P37/S04

[<+—> P36/Sl4

<+—> P32/TXD32/SCL
[<—> P31/RXD32/SDA
[~<—> P30/SCK32/TMOW

Port 3 has the following registers.

e Port dataregister 3 (PDR3)

« Port control register 3 (PCR3)
e Port pull-up control register 3 (PUCRS3)
» Port mode register 3 (PMR3)

9.2.1 Port Data Register 3 (PDR3)

Figure 9.2 Port 3 Pin Configuration

PDR3 isaregister that stores data of port 3.

Initial

Bit Bit Name Value R/W Description
7 P37 0 R/W If port 3 is read while PCR3 bits are set to 1, the values
6 P36 0 RIW stored in PDR3 are read, regardless of the actual pin

states. If port 3 is read while PCR3 bits are cleared to 0,
S 0 1 0 the pin states are read.
4 0 1 0 Bits 5 to 3 are reserved. These bits are always read as 1
3 O 1 O and cannot be modified.
2 P32 0 R/W
1 P31 0 R/W
0 P30 0 R/W
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9.2.2 Port Control Register 3 (PCR3)

PCR3 selects inputs/outputs in bit units for pinsto be used as general 1/0O ports of port 3.

Initial
Bit Bit Name Value R/W Description
7 PCR37 0 w Setting a PCR3 bit to 1 makes the corresponding pin
6 PCR36 0 W (P37, P36, P32 to P30) an output pin, while clearing the
bit to 0 makes the pin an input pin. The settings in PCR3
5 0 1 0 and in PDR3 are valid when the corresponding pin is
4 O 1 O designated as a general 1/O pin.
3 O 1 O PCR3 is a write-only register. These bits are always
2 PCR32 0 w read as 1.
1 PCR31 0 W Bits 5 to 3 are reserved. These bits cannot be modified.
0 PCR30 0 w

9.2.3 Port Pull-Up Control Register 3 (PUCR3)

PUCRS3 controls the pull-up MOS of the port 3 pinsin bit units.

Initial
Bit Bit Name Value R/W Description
7 PUCR37 O R/W When a PCR3 bit is cleared to 0, setting the
6 PUCR36 0 RIW corresponding PUCR3 bit to 1 turns on the pull-up MOS
for the corresponding pin, while clearing the bitto 0
5 0 1 0 turns off the pull-up MOS.
4 0 1 0 Bits 5 to 1 are reserved. These bits are always read as 1
3 ad 1 O and cannot be modified.
2 a 1 a
1 a 1 a
0 PUCR30 O R/W
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9.24 Port Mode Register 3 (PMR3)

PMR3 controls the selection of functions for port 3 pins.

Initial
Bit Bit Name Value R/W Description
7tol d All'1 d Reserved
These bits are always read as 1 and cannot be modified.
0 TMOW 0 R/W P30/SCK32/TMOW Pin Function Switch

Selects whether pin P30/SCK32/TMOW is used as
P30/SCK32 or as TMOW.

0: P30/SCK32 I/O pin
1: TMOW output pin

9.25 Pin Functions
The relationship between the register settings and the port functions is shown below.

e P37/S04 pin
The pin function is switched as shown below according to the combination of the TE bit in
SCR4 and PCR37 hit in PCR3.

TE** 0** 1+
PCR37 0 1 X
Pin Function P37 input pin P37 output pin S04 output pin*?

[Legend] x: Don't care.
Notes: 1. Supported only by the F-ZTAT™ version.
2. Only port function is available for the masked ROM version.
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« P36/Sl4 pin

The pin function is switched as shown below according to the combination of the RE bit in
SCR4 and PCR36 bit in PCR3.

RE*! 0** 1*
PCR36 0 1 X
Pin Function P36 input pin P36 output pin Sl4 input pin*?

[Legend] x: Don't care.
Notes: 1. Supported only by the F-ZTAT™ version.
2. Only port function is available for the masked ROM version.

* P32/TXD32/SCL pin

The pin function is switched as shown below according to the combination of the PCR32 bit in
PCR3, ICE bit in ICRRL, TE bit in SCR32, and SPC32 hit in SPCR.

ICE 0 1

SPC32 0 1 X

TE X X X

PCR32 0 1 X X

Pin Function P32 input pin P32 output pin TXD32 c*)utput SCL I/O pin
pin

[Legend] x: Don't care.

Note: * |If SPC32is setto 1 and TE is cleared to 0, the mark state is entered and 1 is output
from the TXD32 output pin.

* P31/RXD32/SDA pin

The pin function is switched as shown below according to the combination of the PCR31 bit in
PCR3, ICE bit in ICCRL, and RE bit in SCR32.

ICE 0 1

RE 0 1 X

PCR31 0 1 X X

Pin Function P31 input pin P31 output pin RXD32 output SDA I/O pin
pin

[Legend] x: Don't care.
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* P30/SCK32/TMOW pin

The pin function is switched as shown below according to the combination of the TMOW bit
in PMR3, PCR30 bit in PCR3, CKE1 and CKEQ bitsin SCR32, and COM bit in SMR32.

TMOW 0 1
CKE1 0 1 X
CKEO 0 1 X X
COM 0 1 X X X
PCR30 0 1 X X X
Pin Function P30 input P30 SCKS32 output SCK32 input | TMOW output

pin output pin pin pin

pin

[Legend] x: Don't care.

9.2.6  Input Pull-Up MOS

Port 3 has an on-chip input pull-up MOS function that can be controlled by software. When a
PCR3 bit is cleared to 0, setting the corresponding PUCR3 bit to 1 turns on the input pull-up MOS
for that pin. Theinput pull-up MOS function isin the off state after areset.

(n=7,6,0)
PCR3n 0 1
PUCR3n 0 1 X
Input Pull-Up MOS Off On Off

[Legend] x: Don't care.
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9.3 Port 4

Port 4 isan 1/0 port aso functioning as an SCI3_1 data /O pin and timer F I/O pin. Figure 9.3

shows its pin configuration.

Port 4

[<— P42/TXD31/IrTXD/TMOFH
[<—> P41/RXD31/IrRXD/TMOFL
[<—> P40/SCK31/TMIF

Figure9.3 Port 4 Pin Configuration

Port 4 has the following registers.

e Port dataregister 4 (PDR4)
» Port control register 4 (PCR4)
« Port mode register 4 (PMR4)

931 Port Data Register 4 (PDR4)

PDR4 is aregister that stores data of port 4.

Initial

Bit Bit Name Value R/W Description
7t03 a All 1 a Reserved

These bits are always read as 1 and cannot be modified.
2 P42 0 R/W If port 4 is read while PCR4 bits are set to 1, the values

P41 0 RIW stored in PDR4 are read, regardless of the actual pin

states. If port 4 is read while PCR4 bits are cleared to 0,

0 P40 0 R/W

the pin states are read.
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932 Port Control Register 4 (PCR4)

PCR4 selects inputs/outputs in bit units for pinsto be used as general 1/0 ports of port 4.

Initial
Bit Bit Name Value R/W Description
7t03 a All'1 a Reserved
These bits are always read as 1 and cannot be modified.
PCR42 0 w Setting a PCR4 bit to 1 makes the corresponding pin an
PCR41 0 W _output pin, while c_Iearir_1g the bit to O_makes the pin an
input pin. The settings in PCR4 and in PDR4 are valid
0 PCR40 0 W when the corresponding pin is designated as a general
1/0 pin.
PCR4 is a write-only register. These bits are always
read as 1.
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933 Port Mode Register 4 (PMR4)

PMR4 controls the selection of functions for port 4 pins.

Initial
Bit Bit Name Value R/W Description
7t03 a All 1 a Reserved
These bits are always read as 1 and cannot be modified.
2 TMOFH 0 R/W P42/TXD31/IrTXD/ITMOFH Pin Function Switch

Selects whether pin P42/TXD31/IrTXD/TMOFH is used
as P42 or TXD31/IrTXD, or as TMOFH.

0: P42 1/O pin or TXD31/IrTXD output pin
1: TMOFH output pin
1 TMOFL 0 R/W P41/RXD31/IrRXD/TMOFL Pin Function Switch

Selects whether pin P41/RXD31/IrRXD/TMOFL is used
as P41 or RXD31/IrRXD, or as TMOFL.

0: P41 1/O pin or RXD31/IrRXD input pin
1: TMOFL output pin
0 TMIF 0 R/W P40/SCK31/TMIF Pin Function Switch

Selects whether pin P40/SCK31/TMIF is used as
P40/SCK31 or as TMIF.

0: P40/SCK31 1/O pin
1: TMIF input pin
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9.34 Pin Functions

The relationship between the register settings and the port functions is shown below.

o PA2/TXD3VIrTXD/TMOFH pin

The pin function is switched as shown below according to the combination of the TMOFH bit
in PMR4, PCR42 bit in PCR4, ITE bit in IrCR, TE bit in SCR3, and SPC31 bit in SPCR.

TMOFH 0 1

SPC31 0 1 X

TE X X X

IrE X 0 1 X

PCR42 0 1 X X X

Pin Function P42 input pin P42 output TXD31 output | IrTXD output TMOFH
pin pin* pin* output pin

[Legend] x: Don't care.

Note: * |If SPC3lissetto 1 and TE is cleared to 0, the mark state is entered, 1 is output from
the TXD32 output pin, and 0 is output from the IrTXD pin.

*  PA41/RXD3Y/IrRXD/TMOFL pin

The pin function is switched as shown below according to the combination of the TMOFL bit
in PMR4, PCRA41 bit in PCR4, IrE bit in IrCR, and RE bit in SCR3.

TMOFL 0 1

RE 0 1 X

IrE X 0 1 X

PCR41 0 1 X X X

Pin Function P41 input P41 output | RXD31 input | IrRXD input TMOFL
pin pin pin pin output pin

[Legend] x: Don't care.
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*  P40/SCK3VUTMIF pin

The pin function is switched as shown below according to the combination of the TMIF bit in
PMR4, PCR40 bit in PCR4, CKE1 and CKEQ bitsin SCR3, and COM bit in SMR3.

TMIF 0 1
CKE1l 0 X
CKEO 0 1 0 1 X
COM X X X X
PCR40 0 1 X X X X
Pin Function P40 input | P40 output SCK31 SCK31 Setting TMIF input
pin pin output pin input pin prohibited pin
[Legend] x: Don't care.
94 Port 5

Port 5isan I/O port also functioning as awakeup interrupt input pin and LCD segment output pin.
Figure 9.4 showsiits pin configuration.

Port 5

P57/WKP7/SEG8
P56/WKP6/SEG7
P55/WKP5/SEG6
P54/WKP4/SEG5
P53/WKP3/SEG4
P52/WKP2/SEG3
P51/WKP1/SEG2
P50/WKPO/SEG1

Port 5 has the following registers.

Port dataregister 5 (PDR5)

Port control register 5 (PCR5)
Port pull-up control register 5 (PUCR5)
Port mode register 5 (PMR5)

Figure9.4 Port 5Pin Configuration
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94.1 Port Data Register 5 (PDR5)

PDR5 isaregister that stores data of port 5.

Initial
Bit Bit Name Value R/W Description
7 P57 0 R/W If port 5 is read while PCR5 bits are set to 1, the values
6 P56 0 RIW stored in PDRS'are read, regardless pf the actual pin
states. If port 5 is read while PCR5 bits are cleared to 0,
5 P55 0 RIW the pin states are read.
4 P54 0 RIW
3 P53 0 R/W
2 P52 0 R/W
1 P51 0 R/W
0 P50 0 R/W

9.4.2 Port Control Register 5 (PCR5)

PCRS5 selects inputs/outputs in bit units for pinsto be used as general 1/0O ports of port 5.

Initial

Bit Bit Name Value R/W Description
7 PCR57 0 w Setting a PCR5 bit to 1 makes the corresponding pin an
6 PCR56 0 W _output pin, while c_Iearing the bit to O_makes the pin an

input pin. The settings in PCR5 and in PDR5 are valid
5 PCRS5 0 W when the corresponding pin is designated as a general
4 PCR54 0 w 1/O pin.
3 PCR53 0 w PCRS is a write-only register. These bits are always
2 PCR52 0 W read as 1.
1 PCR51 0 w
0 PCR50 0 w
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9.4.3 Port Pull-Up Control Register 5 (PUCR5)

PUCRS5 controls the pull-up MOS of the port 5 pinsin bit units.

Initial
Bit Bit Name Value R/W Description
7 PUCR57 O R/W When a PCRS5 bit is cleared to 0, setting the
6 PUCR56 0 RIW corresponding PUCRS bit to 1 turns on the pull-up MOS
for the corresponding pin, while clearing the bit to O
5 PUCRSS 0 RIW turns off the pull-up MOS.
4 PUCR54 O R/W
3 PUCR53 0 R/W
2 PUCR52 O R/W
1 PUCR51 O R/W
0 PUCR50 O R/W

9.4.4 Port Mode Register 5 (PMR5)

PMR5 controls the selection of functions for port 5 pins.

Initial

Bit Bit Name Value R/W Description
7 WKP7 0 R/W P5n/WKPn/SEGn+1 Pin Function Switch
6 WKP6 0 R/W When pin P5n/WKPn/SEGn+1 is not used as SEGn+1,
5 WKP5 0 RIW these bits select whether the pin is used as P5n or

WKPn.
4 WKP4 0 R/W .

0: P5n 1/O pin
3 WKP3 0 R/W . )

1: WKPn input pin
2 WKP2 0 R/W

(n=7to0)

1 WKP1 0 R/W
0 WKPO 0 R/W

Note: For use as SEGn+1, see section 20.3.1, LCD Port Control Register (LPCR).
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9.4.5 Pin Functions
The relationship between the register settings and the port functions is shown below.

* P57/WKP7/SEG8 to P54/WKP4/SEG5 pins

The pin function is switched as shown below according to the combination of the WKPn bit in
PMRS5, PCR5n bit in PCR5, and SGS3 to SGS0 bitsin LPCR.

(n=7to4)
Other than B'0010, B'0011, B'0100, B'0010, B'0011, B'0100, B'0101,
SGS3to SGSO | B'0101, B'0110, B'0111, B'1000, B'1001 | B'0110, B'0111, B'1000, B'1001
WKPn 0 1 X
PCR5n 0 1 X X
Pin Function P5ninput | P5n output | WKPn input SEGn+1 output pin
pin pin pin

[Legend] x: Don't care.

*  P53/WKP3/SEG4 to PSO/WKPO/SEGL1 pins

The pin function is switched as shown below according to the combination of the WKPm bit in
PMR5, PCR5m bit in PCR5, and SGS3 to SGSO bitsin LPCR.

(m=31t00)
SGS3 to SGSO Other than B'0001, B'0010, B'0011, B'0001, B'0010, B'0011, B'0100,
B'0100, B'0101, B'0110, B'0111, B'1000 B'0101, B'0110, B'0111, B'1000
WKPmM 0 1 X
PCR5m 0 1 X X
Pin Function P5m input P5m WKPm input SEGm+1 output pin
pin output pin pin

[Legend] x: Don't care.
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9.4.6 Input Pull-Up MOS

Port 5 has an on-chip input pull-up MOS function that can be controlled by software. When the
PCRS5 hit is cleared to 0, setting the corresponding PUCRS bit to 1 turns on the input pull-up MOS
for that pin. The input pull-up MOS function isin the off state after areset.

(n=7100)
PCR5n 0 1
PUCR5N 0 1 X
Input Pull-Up MOS Off On Off

[Legend] x: Don't care.

95 Port 6

Port 6 isan 1/0 port also functioning as an LCD segment output pin. Figure 9.5 showsits pin
configuration.

<+—> PG67/SEG16
<—> P66/SEG15
<+—> P65/SEG14
<+—> P64/SEG13

Port 6

P63/SEG12
~<+—> P62/SEG11
<— P61/SEG10
~<—> P60/SEG9

Figure9.5 Port 6 Pin Configuration
Port 6 has the following registers.

e Port dataregister 6 (PDR6)
» Port control register 6 (PCR6)
e Port pull-up control register 6 (PUCR6)
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951 Port Data Register 6 (PDR6)

PDR6 is aregister that stores data of port 6.

Initial
Bit Bit Name Value R/W Description
7 P67 0 R/W If port 6 is read while PCR®6 bits are set to 1, the values
6 P66 0 RIW stored in PDR6'are read, regardless pf the actual pin
states. If port 6 is read while PCR6 bits are cleared to 0,
5 P65 0 RIW the pin states are read.
4 P64 0 R/W
3 P63 0 R/W
2 P62 0 R/W
1 P61 0 R/W
0 P60 0 R/W

952 Port Control Register 6 (PCR6)

PCR6 selects inputs/outputs in bit units for pinsto be used as general 1/0O ports of port 6.

Initial

Bit Bit Name Value R/W Description
7 PCR67 0 w Setting a PCR®6 bit to 1 makes the corresponding pin an
6 PCR66 0 W _output pin, while c_Iearing the bit to O_makes the pin an

input pin. The settings in PCR6 and in PDR6 are valid
5 PCR65 0 W when the corresponding pin is designated as a general
4 PCR64 0 w 1/O pin.
3 PCR63 0 w PCR6 is a write-only register. These bits are always
2 PCR62 0 W read as 1.
1 PCR61 0 w
0 PCR60 0 w
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953 Port Pull-Up Control Register 6 (PUCRG6)

PUCRG6 controls the pull-up MOS of the port 6 pinsin bit units.

Initial
Bit Bit Name Value R/W Description
7 PUCR67 O R/W When a PCR6 bit is cleared to 0, setting the
6 PUCRG6 O RIW corresponding PUCRS bit to 1 turns on the pull-up MOS
for the corresponding pin, while clearing the bit to O
5 PUCR6S 0 RIW turns off the pull-up MOS.
4 PUCR64 O R/W
3 PUCR63 O R/W
2 PUCR62 O R/W
1 PUCR61 O R/W
0 PUCR60 O R/W

954 Pin Functions

The relationship between the register settings and the port functions is shown below.

* P67/SEG16 to P64/SEG13 pins

The pin function is switched as shown below according to the combination of the PCR6n bit in
PCR6 and SGS3 to SGS0 bitsin LPCR.

(n=7to4)

SGS3 to SGSO

Other than B'0100, B'0101, B'0110,
B'0111, B'1000, B'1001, B'1010, B'1011

B'0100, B'0101, B'0110, B'0111,
B'1000, B'1001, B'1010, B'1011

PCR6nN

0

1

X

Pin Function

P6n input pin

P6n output pin

SEGn+9 output pin

[Legend] x: Don't care.
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* P63/SEG12 to P6O/SEG9 pins

The pin function is switched as shown below according to the combination of the PCR6m bit
in PCR6 and SGS3 to SGSO hitsin LPCR.

(m=3to0)
Other than B'0011, B'0100, B'0101, B'0011, B'0100, B'0101, B'0110,
SGS3to SGSO | B'0110, B'0111, B'1000, B'1001, B'1010 | B'0111, B'1000, B'1001, B'1010
PCR6m 0 1 X
Pin Function P6m input pin P6m output pin SEGm+9 output pin

[Legend] x: Don't care.

955 Input Pull-Up MOS

Port 6 has an on-chip input pull-up MOS function that can be controlled by software. When the
PCR6 bhit is cleared to 0, setting the corresponding PUCRG bit to 1 turns on the input pull-up MOS
for that pin. The input pull-up MOS function isin the off state after areset.

(n=71t00)
PCR6nN 0 1
PUCR6N 0 1 X
Input Pull-Up MOS Off On Off

[Legend] x: Don't care.
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9.6 Port 7

Port 7 isan 1/0 port also functioning as an LCD segment output pin. Figure 9.6 showsits pin

configuration.

~—» P77/SEG24
~—> P76/SEG23
~+—> P75/SEG22
~—> P74/SEG21

Port 7

~+—> P73/SEG20
~—» P72/SEG19
~+—> P71/SEG18

~<— P70/SEG17

Port 7 has the following registers.

e Port dataregister 7 (PDR7)

» Port control register 7 (PCR7)

Figure9.6 Port 7 Pin Configuration

9.6.1 Port Data Register 7 (PDR7)

PDRY isaregister that stores data of port 7.

Initial
Bit Bit Name Value R/W Description
7 P77 0 R/W If port 7 is read while PCR7 bits are set to 1, the values
6 P76 0 RIW stored in PDR7'are read, r_egardless pf the actual pin
states. If port 7 is read while PCR7 bits are cleared to 0,
5 P75 0 RIW the pin states are read.
4 P74 0 R/W
3 P73 0 R/W
2 P72 0 R/W
1 P71 0 R/W
0 P70 0 R/W
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9.6.2 Port Con

trol Register 7 (PCR7)

PCR7 selects inputs/outputs in bit units for pinsto be used as general 1/0O ports of port 7.

Initial

Bit Bit Name Value R/W Description
7 PCR77 0 w Setting a PCR7 bit to 1 makes the corresponding pin an
6 PCR76 0 W _output pin, while c_Iearir_1g the bit to O_makes the pin an

input pin. The settings in PCR7 and in PDR7 are valid
5 PCR75 0 W when the corresponding pin is designated as a general
4 PCR74 0 w 1/0 pin.
3 PCR73 0 w PCR?7 is a write-only register. These bits are always
2 PCR72 0 w read as 1.
1 PCR71 0 w
0 PCR70 0 w

9.6.3 Pin Functions

The relationship between the register settings and the port functions is shown below.

» P77/SEG24 to P74/SEG21 pins

The pin function is switched as shown below according to the combination of the PCR7n bit in
PCR7 and SGS3 to SGS0 bitsin LPCR.

(n=7to4)

SGS3 to SGSO

Other than B'0110, B'0111, B'1000,
B'1001, B'1010, B'1011, B'1100, B'1101

B'0110, B'0111, B'1000, B'1001,
B'1010, B'1011, B'1100, B'1101

PCR7n

0 1

X

Pin Function

P7n input pin P7n output pin

SEGn+17 output pin

[Legend] x: Don't care.
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» P73/SEG20 to P70/SEG17 pins

The pin function is switched as shown below according to the combination of the PCR7m bit
in PCR7 and SGS3 to SGSO hitsin LPCR.

(m=3to0)
Other than B'0101, B'0110, B'0111, B'0101, B'0110, B'0111, B'1000,
SGS3to SGSO | B'1000, B'1001, B'1010, B'1011, B'1100 | B'1001, B'1010, B'1011, B'1100
PCR7m 0 1 X
Pin Function P7m input pin P7m output pin SEGm+17 output pin

[Legend] x: Don't care.

9.7 Port 8

Port 8 isan 1/0 port also functioning as an LCD segment output pin. Figure 9.7 showsits pin
configuration.

~—» P87/SEG32
-<—>» P86/SEG31
~<—» P85/SEG30
<—>» PB84/SEG29
~<—» P83/SEG28
-<—» P82/SEG27
<—>» P81/SEG26
~<— P80/SEG25

Port 8

Figure9.7 Port 8 Pin Configuration
Port 8 has the following registers.

e Port dataregister 8 (PDR8)
« Port control register 8 (PCR8)
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9.7.1 Port Data Register 8 (PDRS8)

PDRS8 isaregister that stores data of port 8.

Initial
Bit Bit Name Value R/W Description
7 P87 0 R/W If port 8 is read while PCR8 bits are set to 1, the values
6 P86 0 RIW stored in PDR8'are read, regardless pf the actual pin
states. If port 8 is read while PCR8 bits are cleared to 0,
5 P85 0 RIW the pin states are read.
4 P84 0 R/W
3 P83 0 R/W
2 P82 0 R/W
1 P81 0 R/W
0 P80 0 R/W

9.7.2 Port Control Register 8 (PCR8)

PCR8 selects inputs/outputs in bit units for pinsto be used as general 1/0O ports of port 8.

Initial
Bit Bit Name Value R/W Description
7 PCR87 0 w Setting a PCR8 bit to 1 makes the corresponding pin
6 PCRS6 0 W (P87 to P80) an output pin, while clearing the bit to 0

makes the pin an input pin. The settings in PCR8 and in

5 PCR85 0 W PDRS are valid when the corresponding pin is
4 PCR84 0 w designated as a general 1/O pin.
3 PCR83 0 w PCRS is a write-only register. These bits are always
2 PCRS82 0 W read as 1.
1 PCR81 0 w
0 PCR80 0 w
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9.7.3 Pin Functions
The relationship between the register settings and the port functions is shown below.

» P87/SEG32 to P84/SEG29 pins

The pin function is switched as shown below according to the combination of the PCR8n bit in
PCR8 and SGS3 to SGS0 bitsin LPCR.

(n=7to4)
Other than B'1000, B'1001, B'1010, B'1000, B'1001, B'1010, B'1011,
SGS3to SGSO | B'1011, B'1100, B'1101, B'1110, B'1111 | B'1100, B'1101, B'1110, B'1111
PCR8n 0 1 X
Pin Function P8n input pin P8n output pin SEGn+25 output pin

[Legend] x: Don't care.

» P83/SEG28 to PBO/SEG25 pins

The pin function is switched as shown below according to the combination of the PCR8m bit
in PCR8 and SGS3 to SGSO hitsin LPCR.

(m=3to0)
Other than B'0111, B'1000, B'1001, B'0111, B'1000, B'1001, B'1010,
SGS3to SGSO | B'1010, B'1011, B'1100, B'1101, B'1110 B'1011, B'1100, B'1101, B'1110
PCR8m 0 1 X
Pin Function P8m input pin P8m output pin SEGm+25 output pin

[Legend] x: Don't care.
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9.8 Port 9

Port 9 isan 1/0 port also functioning as an external interrupt input pin and PWM output pin.
Figure 9.8 showsiits pin configuration.

«— P93

[<—> P92/|IRQ4

Port 9

<— P91/PWM2

~<— P90/PWM1

Figure 9.8 Port 9 Pin Configuration
Port 9 has the following registers.

» Port dataregister 9 (PDR9)

e Port control register 9 (PCR9)

» Port mode register 9 (PMR9)

9.8.1 Port Data Register 9 (PDR9)

PDR9 is aregister that stores data of port 9.

Initial

Bit Bit Name Value R/W Description
7t04 ad All 1 ad Reserved

These bits are always read as 1 and cannot be modified.
3 P93 1 R/W If port 9 is read while PCR9 bits are set to 1, the values
2 P92 1 RIW stored in PDR9'are read, regardless pf the actual pin

states. If port 9 is read while PCR9 bits are cleared to 0,
1 POl 1 RIW the pin states are read.
0 P90 1 R/W
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9.8.2 Port Control Register 9 (PCR9)

PCR9 selects inputs/outputs in bit units for pinsto be used as general 1/0O ports of port 9.

Initial
Bit Bit Name Value R/W Description
7to4 d All 1 d Reserved
These bits are always read as 1 and cannot be modified.
3 PCR93 0 w Setting a PCR9 bit to 1 makes the corresponding pin an
2 PCR92 0 W _output pin, while c_Iearir_lg the bit to O_makes the pin an
input pin. The settings in PCR9 and in PDR9 are valid
1 PCRO1 0 W when the corresponding pin is designated as a general
0 PCR90 0 w I/0 pin.
PCR9 is a write-only register. These bits are always read
as 1.

9.8.3 Port Mode Register 9 (PMR9)

PMRO controls the selection of functions for port 9 pins.

Initial
Bit Bit Name Value R/W Description
7t04 ad All 1 ad Reserved
These bits are always read as 1 and cannot be modified.
3 ad 0 R/W Reserved
Although this bit is readable/writable, 1 should not be
written to this bit.
2 IRQ4 0 R/W P92/IRQ4 Pin Function Switch
Selects whether pin P92/IRQ4 is used as P92 or as IRQ4.
0: P92 I/O pin
1: IRQ4 input pin
PWM2 0 R/W P9n/PWMn+1 Pin Function Switch
0 PWM1 0 R/W Select whether pin P9n/PWMn+1 is used as P9n or as
PWMn+1. (n =1, 0)
0: P9n I/O pin

1: PWMn+1 output pin
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9.84

Pin Functions

The relationship between the register settings and the port functions is shown below.

e P93 pin

The pin function is switched as shown below according to the PCR93 bit in PCRO.

PCR93 0 1
Pin Function P93 input pin P93 output pin
e PO2/IRQ4 pin

The pin function is switched as shown below according to the combination of the IRQ4 bit in
PMR9 and PCR92 bit in PCRO9.

IRQ4 0 1

PCR92 0 1 0 1

Pin Function P92 input pin P92 output pin IRQ4 input pin Setting
prohibited

e P91/PWM2, POO/PWM1 pins

The pin function is switched as shown below according to the combination of the PWMn+1 bit
in PMR9 and PCR9n bit in PCRO.

(n=1,0)
PWMn+1 0 1
PCR9n 0 1 X
Pin Function P9n input pin P9n output pin PWMn+1 output pin
[Legend] x: Don't care.
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9.9 Port A

Port A isan 1/0O port also functioning as an LCD common output pin. Figure 9.9 showsits pin
configuration.

[~<+—> PA3/COM4
[<— PA2/COM3

Port A

[<+—> PA1/COM2
[~<—> PAQO/COM1

Figure9.9 Port A Pin Configuration
Port A hasthe following registers.
* Port dataregister A (PDRA)
e Port control register A (PCRA)
991 Port Data Register A (PDRA)

PDRA isaregister that stores data of port A.

Initial

Bit Bit Name Value R/W Description
7to4 d All'1 d Reserved

These bits are always read as 1 and cannot be modified.
3 PA3 0 R/W If port A is read while PCRA bits are set to 1, the values
2 PA2 0 RIW stored in PDRA_are read, regardless Qf the actual pin

states. If port A is read while PCRA bits are cleared to 0,
1 PAl 0 RIW the pin states are read.
0 PAO 0 R/W
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9.9.2 Port Control Register A (PCRA)

PCRA selectsinputs/outputs in bit units for pinsto be used as general 1/0 ports of port A.

Initial

Bit Bit Name Value R/W Description
7to4 d All'1 d Reserved

These bits are always read as 1 and cannot be modified.
3 PCRA3 0 w Setting a PCRA bit to 1 makes the corresponding pin an
2 PCRA2 0 W _output pin, while c_Iearir_1g the bitto 0 _makes the pin an

input pin. The settings in PCRA and in PDRA are valid
1 PCRAL 0 W when the corresponding pin is designated as a general
0 PCRAO O w IO pin.

PCRA is a write-only register. These bits are always

read as 1.

9.9.3 Pin Functions
The relationship between the register settings and the port functions is shown below.

* PA3/COM4 pin

The pin function depends on bit PCRA3 in PCRA and bits DTS1 and DTSO0, bit CM X, and bits
SGS31t0 SGS0 in LPCR.

DTS1 to DTSO, CMX X Other than B'000, B'010, B'10*
B'000,
B'010,
B'10*
SGS3to SGSO B'0000 Other than B'0000
PCRA3 0 1 X 0 1
Pin Function PA3 input PAS3 output COM4 Leave Leave
pin** pin** output pin open*? open*?

[Legend] x: Don't care.
Note: 1. The board power supply level is Vcc.
2. The board power supply level is the LCD drive power supply voltage level.
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«  PA2/COM3pin

The pin function depends on bit PCRA2 in PCRA and bits DTS1 and DTSO, bit CMX, and bits
SGS3to SGS0 in LPCR.

DTS1 to DTS0, CMX X Other than B'000, B'010
B'000,
B'010
SGS3 to SGSO B'0000 Other than B'0000
PCRA2 0 1 X 0 1
Pin Function PA2 input PA2 output COM3 Leave Leave
pin** pin** output pin open*? open*?

[Legend] x: Don't care.
Note: 1. The board power supply level is Vcc.
2. The board power supply level is the LCD drive power supply voltage level.

« PAL/COM2 pin

The pin function depends on bit PCRA1 in PCRA and bits DTS1 and DTSO0, bit CM X, and bits
SGS3t0 SGS0 in LPCR.

DTS1 to DTS0, CMX X Other than B'000
B'000
SGS3 to SGSO B'0000 Other than B'0000
PCRA1 0 1 X 0 1
Pin Function PA1 input PA1 output COM2 Leave Leave
pin** pin** output pin open*? open*?

[Legend] x: Don't care.
Note: 1. The board power supply level is Vcc.
2. The board power supply level is the LCD drive power supply voltage level.

* PAO/COM1pin

The pin function depends on bit PCRAO in PCRA and bits DTS1 and DTSO, bit CMX, and bits
SGS3to SGS0 in LPCR.

DTS1 to DTSO, CMX X

SGS3 to SGSO B'0000 Other than B'0000
PCRAO 0 1 X

Pin Function PAO input pin PAO output pin COML1 output pin

[Legend] x: Don't care.
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910 PortB

Port B isan /O port also functioning as an interrupt input pin, analog input pin, output pin for
internal reference voltage of the AX A/D converter and external reference voltage of the A A/D
converter. Figure 9.10 showsiits pin configuration.

-—— PB7/Ainl
-+—— PB6/Ain2

~—> PB5/Vref/REF

Port B

— ACOM
~—— PB2/AN2/IRQ3
~—— PB1/AN1/IRQ1

~+—— PBO/ANO/IRQO

Figure9.10 Port B Pin Configuration
Port B has the following registers.
* Port dataregister B (PDRB)
e Port moderegister B (PMRB)
9.10.1 Port Data Register B (PDRB)

PDRB isaregister that stores data of port B.

Initial

Bit Bit Name Value R/W Description
7 PB7 Undefined R Reading PDRB always gives the pin states. However, if
6 PB6 Undefined R a port B pin is selected as an analog input channel by

] the CH3 to CHO bits in AMR of the A/D converter or the
5 PBS Undefined R AIN1 and AINO bits in ADSSR of the AZ A/D converter,
4 ad Undefined O that pin is read as 0 regardless of the input voltage. If bit

' 5 is selected as an external reference voltage (Vref) by
3 - Undefined [ the VREF1 and VREFO bits in ADCR of the AS A/D
2 PB2 Undefined R converter, the pin is read as 0 regardless of the input
1 PB1 Undefined R voltage.
0 PBO Undefined R
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9.10.2 Port Mode Register B (PMRB)

PMRB controls the selection of the port B pin functions.

Initial
Bit Bit Name Value R/W Description
7t05 a All 1 a Reserved
These bits are always read as 1 and cannot be modified.
4 ADTSTCHG O R/W TEST/ADTRG Pin Function Switch
Selects whether pin TEST/ADTRG is used as TEST or
as ADTRG.
0: TEST pin
1: ADTRG input pin
For details on the setting of the ADTRG input pin, refer
to section 18.4.2, External Trigger Input Timing.
3 ad 1 ad Reserved
This bit is always read as 1 and cannot be modified.
2 IRQ3 0 R/W PB2/AN2/IRQS Pin Function Switch
Selects whether pin PB2/AN2/IRQ3 is used as PB2/AN2
or as IRQ3.
0: PB2/AN2 input pin
1: IRQ3 input pin
1 IRQ1 0 RIW PB1/AN1/IRQ1 Pin Function Switch
Selects whether pin PB1/AN1/IRQ1 is used as PB1/AN1
or as IRQ1.
0: PB1/AN1 input pin
1: IRQT input pin
0 IRQO 0 RIW PBO/ANO/IRQO Pin Function Switch
Selects whether pin PBO/ANO/IRQO is used as PBO/ANO
or as IRQO.

0: PBO/ANO input pin
1: IRQO input pin
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9.10.3  Pin Functions
The relationship between the register settings and the port functions is shown below.

e PB7/Ainl pin
The pin function is switched as shown below according to the AIN1 and AIN2 bitsin ADSSR.

AIN1 and AIN2

Other than B'01

B'01

Pin Function

PB7 input pin

Ainl input pin

e PB6/AIn2 pin

The pin function is switched as shown below according to the AIN1 and AIN2 bitsin ADSSR.

AIN1 and AIN2

Other than B'10

B'10

Pin Function

PB6 input pin

Ain2 input pin

« PB5/Vref/REF pin

The pin function is switched as shown below according to the VREF1 and VREF2 hitsin
ADCR.

VREF1 and Other than B'00 B'01 B'10, B'11
VREF2
Pin Function PB5 input pin Vref input pin REF output pin

Note: When these bits are set to B'10 or B'11, the PB5/Vref/REF pin functions as a REF output
pin. Thus the power should not be input to the pin. If the power is input, it is short-circuited
internally with the REF output and will cause a failure.

« PB2/AN2/IRQ3 pin
The pin function is switched as shown below according to the combination of the CH3 to CHO
bitsin AMR and IRQ3 bit in PMRB.

IRQ3 0 1
CH3 to CHO Other than B'0110 X
B'0110
Pin Function PB2 input pin AN2 input pin IRQ3 input pin
[Legend] x: Don't care.
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« PBL/ANVIRQI pin

The pin function is switched as shown below according to the combination of the CH3 to CHO

bitsin AMR and IRQ1 bit in PMRB.

IRQ1 0
CH3 to CHO Other than B'0101
B'0101
Pin Function PB1 input pin AN1 input pin IRQ1 input pin

[Legend] x: Don't care.

«  PBO/ANO/IRQO pin

The pin function is switched as shown below according to the combination of the CH3 to CHO

bitsin AMR and IRQO bit in PMRB.

IRQO 0
CH3 to CHO Other than B'0100
B'0100
Pin Function PBO input pin ANO input pin TRQO input pin
[Legend] x: Don't care.
Rev. 3.00 Aug 23, 2006 Page 199 of 616
RENESAS REJ09B0182-0300



Section 9 1/O Ports

9.11  Input/Output Data Inversion

9.11.1  Serial Port Control Register (SPCR)
SPCR switches input/output datainversion of the RXD (IrRXD) and TXD (IrTXD) pins.

Figure 9.11 shows ainput/output data inversion function.

SCINVO
SCINV2

RXD32
P31/RXD32 ] \:)D_
P41/RXD31/IrRXD RXD31/IrRXD

SCINV1
SCINV3

P32/TXD32 D_G(:, TXD32
P42/TXD31/I'TXD

TXD31/IrTXD

Figure9.11 Input/Output Data I nversion Function

Initial
Bit Bit Name Value R/W Description
7,6 O All 1 O Reserved
These bits are always read as 1 and cannot be modified.
5 SPC32 0 R/W P32/TXD32/SCL Pin Function Switch
Selects whether pin P32/TXD32/SCL is used as
P32/SCL or as TXD32.
0: P32/SCL I/0O pin
1: TXD32 output pin*
Note: * Set the TE32 bit in SCR32 after setting this bit to
1.
4 SPC31 0 R/W P42/TXD31/IrTXD/TMOFH Pin Function Switch

Selects whether pin P42/TXD31/IrTXD/TMOFH is used
as P42/TMOFH or as TXD31/IrTXD.

0: P42 1/0O pin or TMOFH output pin
1: TXD31/IrTXD output pin*
Note: * Set the TE bit in SCR3 after setting this bit to 1.
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Bit

Initial
Bit Name Value R/W

Description

SCINV3 0 R/W

TXD32 Pin Output Data Inversion Switch

Specifies whether the output data polarity of the TXD32
pin is to be inverted or not.

0: TXD32 output data is not inverted
1: TXD32 output data is inverted

SCINV2 0 R/W

RXD32 Pin Input Data Inversion Switch

Specifies whether the input data polarity of the RXD32
pin is to be inverted or not.

0: RXD32 input data is not inverted
1: RXD32 input data is inverted

SCINV1 0 R/W

TXD31/IrTXD Pin Output Data Inversion Switch

Specifies whether the output data polarity of the
TXD31/IrTXD pin is to be inverted or not.

0: TXD31/IrTXD output data is not inverted
1: TXD31/IrTXD output data is inverted

SCINVO 0 R/W

RXD31/IrRXD Pin Input Data Inversion Switch

Specifies whether the input data polarity of the RXD31/
IrRXD pin is to be inverted or not.

0: RXD31/IrRXD input data is not inverted
1: RXD31/IrRXD input data is inverted

Note:

When the serial port control register is modified, the data being input or output up to that
point is inverted immediately after the modification, and an invalid data change is input or
output. When modifying the serial port control register, modification must be made in a state
in which data changes are invalidated.
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9.12 Usage Notes

9.12.1 How to Handle Unused Pin
If an 1/0O pin not used by the user system isfloating, pull it up or down.

e If anunused pinisan input pin, it isrecommended to handle it in one of the following ways:
0 Pull it up to Vcc with an on-chip pull-up MOS.
O Pull it up to Vcc with an external resistor of approximately 100 kQ.
O Pull it down to Vsswith an external resistor of approximately 100 kQ.
O

For apin also used by the A/D converter, pull it up to AVcc. With an external resistor of
approximately 100 kQ.

* If an unused pin isan output pin, it is recommended to handleit in one of the following ways:
0 Set the output of the unused pin to high and pull it up to Vcc with an external resistor of
approximately 100 kQ.
O Set the output of the unused pin to low and pull it down to GND with an external resistor of
approximately 100 kQ.

Rev. 3.00 Aug 23, 2006 Page 202 of 616
REJ09B0182-0300 RENESAS



Section 10 Realtime Clock (RTC)

Section 10

Realtime Clock (RTC)

The realtime clock (RTC) is atimer used to count time ranging from a second to a week.
Interrupts can be generated ranging from 0.25 seconds to a week. Figure 10.1 shows the block

diagram of the RTC.

10.1 Features

¢ Counts seconds, minutes, hours, and
e Start/stop function
¢ Reset function

day-of-week

» Readable/writable counter of seconds, minutes, hours, and day-of-week with BCD codes

e Periodic (0.25 seconds, 0.5 seconds,
e 8-bit free running counter
» Selection of clock source

one second, minute, hour, day, and week) interrupts

» Use of module standby mode enables this module to be placed in standby mode independently
when not used. (For details, refer to section 6.4, Module Standby Function.)

32-kHz
oscillator 1/4
circuit

RTCCSR |<+—»
RSECDR |<+—>
RMINDR | <+—>

Clock count

TMOW ~-— A
control circuit

RHRDR | +—>

,I RWKDR |<—>

AA441

Internal data bus

RTCCR1 |<+—>

RTCCR2 |[<+—>

| RTCFLG I >
T_ y NS

Interrupt L Interrupt

[Legend]

>1 control circuit

RTCCSR: Clock source select register RWKDR: Day-of-week date register

RSECDR: Second date register/

RTCCR1: RTC control register 1

free running counter data register RTCCR2: RTC control register 2

RMINDR: Minute date register
RHRDR: Hour date register

RTCFLG: RTC interrupt flag register
PSS: Prescaler S

Figure10.1 Block Diagram of RTC

RTC3000A_0000220040500
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10.2  Input/Output Pin
Table 10.1 shows the RTC input/output pin.

Table10.1 Pin Configuration

Name Abbreviation /O Function

Clock output TMOW Output RTC divided clock output

10.3 Register Descriptions
The RTC has the following registers.

* Second data register/free running counter data register (RSECDR)
* Minute dataregister (RMINDR)

¢ Hour dataregister (RHRDR)

» Day-of-week dataregister (RWKDR)

e RTC control register 1 (RTCCRL1)

* RTC control register 2 (RTCCR2)

* Clock source select register (RTCCSR)

* RTC Interrupt flag register (RTCFLG)
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10.3.1  Second Data Register/Free Running Counter Data Register (RSECDR)

RSECDR counts the BCD-coded second value. The setting range is decimal 00 to 59. It is an 8-bit
read register used as a counter, when it operates as a free running counter. For more information
on reading seconds, minutes, hours, and day-of-week, see section 10.4.3, Data Reading Procedure.

Initial

Bit Bit Name Value R/W Description

7 BSY — R RTC Busy
This bit is set to 1 when the RTC is updating (operating)
the values of second, minute, hour, and day-of-week data
registers. When this bit is 0, the values of second, minute,
hour, and day-of-week data registers must be adopted.

6 SC12 — R/W Counting Ten's Position of Seconds

5 SC11 — R/W Counts on 0 to 5 for 60-second counting.

4 SC10 — R/W

3 SC03 — R/W Counting One's Position of Seconds

2 SCO02 — R/W Counts on 0 to 9 once per second. When a carry is

1 sco1 _ R/W  generated, 1 is added to the ten's position.

0 SCO00 — R/W

10.3.2 Minute Data Register (RMINDR)

RMINDR counts the BCD-coded minute value on the carry generated once per minute by the
RSECDR counting. The setting range is decimal 00 to 59.

Initial

Bit Bit Name Value R/W Description

7 BSY — R RTC Busy
This bit is set to 1 when the RTC is updating (operating)
the values of second, minute, hour, and day-of-week data
registers. When this bit is 0, the values of second, minute,
hour, and day-of-week data registers must be adopted.

6 MN12 — R/W Counting Ten's Position of Minutes

5 MN11 — R/W Counts on 0 to 5 for 60-minute counting.

4 MN10 — R/W

3 MNO3 — R/W Counting One's Position of Minutes

2 MNO2 — R/W Counts on 0 to 9 once per minute. When a carry is

1 MNO1 _ R/W generated, 1 is added to the ten's position.

0 MNOO — R/W
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10.3.3 Hour Data Register (RHRDR)

RHRDR counts the BCD-coded hour value on the carry generated once per hour by RMINDR.
The setting range is either decimal 00 to 11 or 00 to 23 by the selection of the 12/24 bit in

RTCCRL1.
Initial

Bit Bit Name Value R/W Description

7 BSY — R RTC Busy
This bit is set to 1 when the RTC is updating (operating)
the values of second, minute, hour, and day-of-week data
registers. When this bit is 0, the values of second, minute,
hour, and day-of-week data registers must be adopted.

6 — 0 — Reserved
This bit is always read as 0.

5 HR11 — R/W Counting Ten's Position of Hours

4 HR10 — R/W Counts on 0 to 2 for ten's position of hours.

3 HRO3 — R/W Counting One's Position of Hours

2 HRO02 — R/W Counts on 0 to 9 once per hour. When a carry is

1 HRO1 - R/W generated, 1 is added to the ten's position.

0 HROO — R/W
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10.3.4 Day-of-Week Data Register (RWKDR)

RWKDR counts the BCD-coded day-of-week value on the carry generated once per day by
RHRDR. The setting range is decimal 0 to 6 using bits WK 2 to WKO.

Initial
Bit Bit Name Value

R/W

Description

7 BSY

R

RTC Busy

This bit is set to 1 when the RTC is updating (operating)
the values of second, minute, hour, and day-of-week data
registers. When this bit is 0, the values of second, minute,
hour, and day-of-week data registers must be adopted.

6to3 —

AllO

Reserved

These bits are always read as 0.

2 WK2
WK1
0 WKO

R/W
R/W
R/W

Day-of-Week Counting

Day-of-week is indicated with a binary code

000:
001:
010:
011:
100:
101:
110:
111:

Sunday

Monday

Tuesday
Wednesday
Thursday

Friday

Saturday

Setting prohibited

RENESAS
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10.35 RTC Control Register 1 (RTCCR1)

RTCCR1 controls start/stop and reset of the clock timer. For the definition of time expression, see
figure 10.2.

Initial
Bit Bit Name Value R/W Description

7 RUN — R/W RTC Operation Start
0: Stops RTC operation
1: Starts RTC operation

6 12/24 — R/W Operating Mode

0: RTC operates in 12-hour mode. RHRDR counts on O
to 11.

1: RTC operates in 24-hour mode. RHRDR counts on 0
to 23.

5 PM — R/W A.m./P.m.
0: Indicates a.m. when RTC is in the 12-hour mode.
1: Indicates p.m. when RTC is in the 12-hour mode.

4 RST 0 R/W Reset
0: Normal operation

1: Resets registers and control circuits except RTCCSR
and this bit. Clear this bit to 0 after having been set

to 1.
3 — 0 R/W Reserved
Only 0 can be written to this bit.
2to0 — AllO — Reserved

These bits are always read as O.

24-hourcount| 0| 1|2 |3[4|5|6|7|8|9(10[(11|12|13]|14|15|16(|17
12-hourcount| 01| 2|3[4|5|6[7|8[|9][10J11|0[1|2[3[4]|5
PM 0 (Morning) 1 (Afternoon)

24-hour count|18|19(20({21[22|23| 0
12-hourcount| 6 [ 7| 8|9 [10|11| 0
PM 1 (Afternoon) 0

Figure 10.2 Definition of Time Expression
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10.3.6 RTC Control Register 2 (RTCCR?2)

RTCCR2 controls RTC periodic interrupts of week, day, hour, minute, one second, 0.5 seconds,
and 0.25 seconds. Enabling interrupts of week, day, hour, minute, one second, 0.5 seconds, and
0.25 seconds sets the corresponding flag to 1 in the RTC interrupt flag register (RTCFLG) when
an interrupt occurs. It also controls an overflow interrupt of afree running counter when RTC
operates as a free running counter.

Bit Bit Name

Initial
Value

R/W

Description

7 FOIE

R/W

Free Running Counter Overflow Interrupt Enable
0: Disables an overflow interrupt

1: Enables an overflow interrupt

6 WKIE

R/W

Week Periodic Interrupt Enable
0: Disables a week periodic interrupt

1: Enables a week periodic interrupt

5 DYIE

R/W

Day Periodic Interrupt Enable
0: Disables a day periodic interrupt
1: Enables a day periodic interrupt

4 HRIE

R/W

Hour Periodic Interrupt Enable
0: Disables an hour periodic interrupt

1: Enables an hour periodic interrupt

3 MNIE

R/W

Minute Periodic Interrupt Enable
0: Disables a minute periodic interrupt
1: Enables a minute periodic interrupt

2 1SEIE

R/W

One-Second Periodic Interrupt Enable
0: Disables a one-second periodic interrupt

1: Enables a one-second periodic interrupt

1 O5SEIE

R/W

0.5-Second Periodic Interrupt Enable
0: Disables a 0.5-second periodic interrupt

1: Enables a 0.5-second periodic interrupt

0 025SEIE

R/W

0.25-Second Periodic Interrupt Enable
0: Disables a 0.25-second periodic interrupt
1: Enables a 0.25-second periodic interrupt
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10.3.7 Clock Source Select Register (RTCCSR)

RTCCSR selects clock source. A free running counter controls start/stop of counter operation by
the RUN bit in RTCCRL1. When aclock other than @w/4 is selected, the RTC is disabled and
operates as an 8-bit free running counter. When the RTC operates as an 8-bit free running counter,
RSECDR enables counter valuesto be read. An interrupt can be generated by setting 1 to the
FOIE bit in RTCCR2 and enabling an overflow interrupt of the free running counter. A clock in
which the system clock is divided by 32, 16, 8, or 4 is output in active or sleep mode.

Initial
Bit Bit Name Value R/W Description

7 — 0 — Reserved

This bit is always read as 0.

RCS6 0 R/W Clock Output Selection
RCS5 0 R/W Select a clock output from the TMOW pin when setting
SUB32K 0 RIW the TMOW bitin PMR3 to 1.
000: @4
010: ¢'8
100: ¢/16
110: @¢/32
xxX1: ew
3 RCS3 1 R/W Clock Source Selection
2 RCS2 0 R/W 0000: @/8IIMMIMIIIFree running counter operation
1 RCS1 0 R/W 0001: ¢/32[MIMMTFree running counter operation
0 RCSO 0 R/W 0010: /128IMMMFree running counter operation

0011: @/256[MMMMMTFree running counter operation
0100: ¢/512[MMMTFree running counter operation
0101: @/2048[MMFree running counter operation
0110: @/4096[MMIITFree running counter operation
0111: ¢/8192[MMMMMTFree running counter operation

1000: @w/AMMIMMMTRTC operation
Settings other than the above are prohibited.

[Legend] x: Don't care.
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10.3.8 RTC Interrupt Flag Register (RTCFLG)

RTCFL G sets the corresponding flag when an interrupt occurs. Each flag is not cleared
automatically even if the interrupt is accepted. To clear the flag, 0 should be written to the flag.

Initial

Bit Bit Name Value R/W Description
7 FOIFG d R/W*  [Setting condition]

When a free running counter overflows

[Clearing condition]

0 is written to FOIFG when FOIFG =1
6 WKIFG ad R/W*  [Setting condition]

When a week periodic interrupt occurs

[Clearing condition]

0 is written to WKIFG when WKIFG =1
5 DYIFG ad R/W*  [Setting condition]

When a day periodic interrupt occurs

[Clearing condition]

0 is written to DYIFG when DYIFG = 1
4 HRIFG d R/W*  [Setting condition]

When an hour periodic interrupt occurs

[Clearing condition]

0 is written to HRIFG when HRIFG =1
3 MNIFG ad R/W*  [Setting condition]

When a minute periodic interrupt occurs

[Clearing condition]

0 is written to MNIFG when MNIFG = 1
2 SEIFG ad R/W*  [Setting condition]

When a one-second periodic interrupt occurs

[Clearing condition]

0 is written to SEIFG when SEIFG =1
1 O5SEIFG O R/W*  [Setting condition]

When a 0.5-second periodic interrupt occurs

[Clearing condition]

0 is written to O5SEIFG when 05SEIFG = 1
0 025SEIFG O R/W*  [Setting condition]

When a 0.25-second periodic interrupt occurs
[Clearing condition]
0 is written to 025SEIFG when 025SEIFG =1

Note: * Only O can be written to clear the flag.
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104  Operation

10.4.1 Initial Settings of Registers after Power-On

The RTC registers that store second, minute, hour, and day-of week data are not reset by aRES
input. Therefore, all registers must be set to their initial values after power-on.

10.4.2 Initial Setting Procedure

Figure 10.3 shows the procedure for theinitial setting of the RTC. To set the RTC again, also
follow this procedure.

| RUN in RTCCR1=0 | :| RTC operation is stopped.
|

| RrsTinrTCCR1=1 |
|

| RsTinrTCCR1=0 |
|

RTC registers and clock count
controller are reset.

Set RTCCSR, RSECDR, Clock output and clock source are
RMINDR, RHRDR, selected and second, minute, hour,
RWKDR, 12/24 in day-of-week, operating mode, and
RTCCR1, and PM a.m/p.m are set.
| _
RUNin RTCCR1=1 | :I RTC operation is started.

Figure 10.3 Initial Setting Procedure
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10.4.3 Data Reading Procedure

When the seconds, minutes, hours, or day-of-week datum is updated while time data is being read,
the data obtained may not be correct, and so the time data must be read again. Figure 10.4 shows
an example in which correct data is not obtained. In this example, since only RSECDR isread
after data update, about 1-minute inconsistency occurs.

To avoid reading in this timing, the following processing must be performed.

1. Check the setting of the BSY bit, and when the BSY bit changes from 1 to 0, read from the
second, minute, hour, and day-of-week registers. When about 62.5 msis passed after the BSY
bit is set to 1, the registers are updated, and the BSY bit is cleared to 0.

2. Making use of interrupts, read from the second, minute, hour, and day-of week registers after
the corresponding flag of RTCFLG is set to 1 and the BSY bit is confirmed to be 0.

3. Read from the second, minute, hour, and day-of week registerstwicein arow, and if thereis
no change in the read data, the read datais used.

Before update RWKDR = H'03, RHDDR = H'13, RMINDR = H'46, RSECDR = H'59
BSY bit=0

(1) Day-of-week data register read H'03
(2) Hour data register read H'13
(3) Minute data register read H'46

Processing flow

BSY bit -> 1 (under data update)
After update RWKDR = H'03, RHDDR = H'13, RMINDR = H'47, RSECDR = H'00
v BSY bit-> 0

(4) Second data register read H'00

Figure10.4 Example: Reading of I naccurate Time Data
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10.5 Interrupt Sources

There are eight kinds of RTC interrupts. afree-running counter overflow, week interrupt, day
interrupt, hour interrupt, minute interrupt, one-second interrupt, 0.5-second interrupt, and 0.25-
second interrupt.

When using an interrupt, initiate the RTC last after other registers are set.

When an interrupt request of the RTC occurs, the corresponding flag in RTCFLG is set to 1. When
clearing the flag, write 0.

Table 10.2 shows ainterrupt sources.

Table10.2 Interrupt Sources

Interrupt Name Interrupt Source Interrupt Enable Bit
Overflow interrupt Occurs when the free running counter is FOIE
overflown.

Week periodic interrupt Occurs every week when the day-of-week date WKIE
register value becomes 0.

Day periodic interrupt Occurs every day when the day-of-week date DYIE
register is counted.

Hour periodic interrupt Occurs every hour when the hour date register HRIE
is counted.

Minute periodic interrupt Occurs every minute when the minute date MNIE
register is counted.

One-second periodic Occurs every second when the one-second 1SEIE

interrupt date register is counted.

0.5-second periodic Occurs every 0.5 seconds. O5SEIE

interrupt

0.25-second periodic Occurs every 0.25 seconds. 025SEIE

interrupt
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10.6  Usage Note

10.6.1 Noteon Clock Count

The subclock must be connected to the 32.768-kHz resonator. When the 38.4-kHz resonator €tc. is
connected, the correct time count is not possible.

10.6.2 Noteson Using Interrupts

The RTC register is not initialized by areset trigged by the RES pin, the power-on reset circuit, or
aWDT overflow. Asaresult, its contents are undefined after power-on. Therefore, when using the
RTC interrupt, always initialize the RTC register before setting IENRTC in IENR1 to 1.
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Section11l Timer F

Thetimer Fisa 16-bit timer having an output compare function. The timer F also provides for
external event counting, and counter resetting, interrupt request generation, toggle output, €etc.,
using compare match signals. Thus, it can be applied to various systems. The timer F can also be
used as two independent 8-bit timers (timer FH and timer FL). Figure 11.1 shows a block diagram
of thetimer F.

111  Features

« Choice of five counter input clocks
Internal clocks (@/32, @/16, ¢/4, and @,/4) or external clocks can be selected.

« Toggle output function
Toggle output is performed to the TMOFH or TMOFL pin using a compare match signal.
Theinitial value of toggle output can be set.

» Counter resetting by a compare match signal

e Two interrupt sources: One compare match, one overflow

» Choice of 16-hit or 8-bit mode by settings of bits CKSH2 to CKSHO in TCRF

« Can operate in watch mode, subactive mode, and subsleep mode
When @, /4 is selected as an internal clock, the timer F can operate in watch mode, subactive
mode, and subsleep mode.

» Use of module standby mode enables this module to be placed in standby mode independently
when not used. (For details, refer to section 6.4, Module Standby Function.)
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® > PSS > IRRTFL
l—l /\
| TCRF |i
Qul4 > > TCFL = >
T™MIF © v >
Toggle | |
- -
TMOFL O cireuit [ Comparator |
. )
OCRFL I > 3
)
©
©
L Y 3
£
> [ TCFH l - 2
\
Toggle |, |
TMOFH O¢—— circuit [ Comparator | |Matcﬂ
[Legend] | OCRFH I: >
TCRF: Timer control register F
TCSRF: Timer control status register F
TCFH:  8-bit timer counter FH | TCSRE !;—_
TCFL:  8-bit timer counter FL - S
OCRFH: Output compare register FH IRRTEH
OCRFL: Output compare register FL
IRRTFH: Timer FH interrupt request flag
IRRTFL: Timer FL interrupt request flag
PSS: Prescaler S

Figure11l.1 Block Diagram of Timer F

11.2  Input/Output Pins

Table 11.1 shows the input/output pins of the timer F.

Table11.1 Pin Configuration

Name Abbreviation I/O Function

Timer F eventinput TMIF Input Event input pin to TCFL
Timer FH output TMOFH Output  Timer FH toggle output pin
Timer FL output TMOFL Output  Timer FL toggle output pin
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11.3 Register Descriptions
Thetimer F has the following registers.

e Timer counters FH and FL (TCFH, TCFL)

e Output compare registers FH and FL (OCRFH, OCRFL)
e Timer control register F (TCRF)

e Timer control/status register F (TCSRF)

11.3.1 Timer CountersFH and FL (TCFH, TCFL)

TCF isa 16-bit read/write up-counter configured by cascaded connection of 8-bit timer counters
TCFH and TCFL. In addition to the use of TCF as a 16-bit counter with TCFH as the upper 8 bits
and TCFL asthe lower 8 bits, TCFH and TCFL can also be used as independent 8-bit counters.

TCFH and TCFL areinitialized to H'00 upon areset.
(1) 16-Bit Mode (TCF)

When CKSH2 is cleared to 0 in TCRF, TCF operates as a 16-bit counter. The TCF input clock is
selected by bits CKSL2 to CKSLO in TCRF.

TCF can be cleared in the event of a compare match by means of CCLRH in TCSRF.

When TCF overflows from H'FFFF to H'0000, OVFH isset to 1 in TCSRF. If OVIEH in TCSRF
islatthistime, IRRTFH issetto 1in IRR2, and if IENTFH in IENR2 is 1, an interrupt request is
sent to the CPU.

(2) 8-Bit Mode (TCFH/TCFL)

When CKSH2 isset to 1 in TCRF, TCFH and TCFL operate as two independent 8-bit counters.
The TCFH (TCFL) input clock is selected by bits CKSH2 to CKSHO (CKSL2 to CKSLO) in
TCRF.

TCFH (TCFL) can be cleared in the event of a compare match by means of CCLRH (CCLRL) in
TCSRF.

When TCFH (TCFL) overflows from H'FF to H'00, OVFH (OVFL) issetto 1in TCSRF. If
OVIEH (OVIEL) in TCSRF is 1 at thistime, IRRTFH (IRRTFL) issetto 1in IRR2, and if
IENTFH (IENTFL) in IENR2 is 1, an interrupt request is sent to the CPU.
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11.3.2  Output Compare Registers FH and FL (OCRFH, OCRFL)

OCREF is a 16-bit read/write register composed of the two registers OCRFH and OCRFL. In
addition to the use of OCRF as a 16-bit register with OCRFH as the upper 8 bits and OCRFL as
the lower 8 bits, OCRFH and OCRFL can also be used as independent 8-bit registers.

(1) 16-Bit Mode (OCRF)

When CKSH2 is cleared to 0 in TCRF, OCRF operates as a 16-bit register. OCRF contents are
constantly compared with TCF, and when both values match, CMFH isset to 1 in TCSRF. At the
sametime, IRRTFH issetto 1in IRR2. If IENTFH in IENR2 is 1 at thistime, an interrupt request
is sent to the CPU.

Toggle output can be provided from the TMOFH pin by means of compare matches, and the
output level can be set by means of the TOLH bit in TCRF.

(2) 8-Bit Mode (OCRFH/OCRFL)

When CKSH2 is set to 1 in TCRF, OCRFH and OCRFL operate as two independent 8-bit
registers. OCRFH contents are compared with TCFH, and OCRFL contents are with TCFL. When
the OCRFH (OCRFL) and TCFH (TCFL) values match, CMFH (CMFL) issetto 1 in TCSRF. At
thesametime, IRRTFH (IRRTFL) isset to 1in IRR2. If IENTFH (IENTFL) in IENR2 is 1 at this
time, an interrupt request is sent to the CPU.

Toggle output can be provided from the TMOFH pin (TMOFL pin) by means of compare
matches, and the output level can be set by means of the TOLH (TOLL) bit in TCRF.
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11.3.3

Timer Control Register F (TCR)

TCRF switches between 16-hit mode and 8-bit mode, selects the input clock from among four
internal clock sources, and selects the output level of the TMOFH and TMOFL pins.

Bit

Bit Name

Initial
Value

Description

7

TOLH

0

Toggle Output Level H

Sets the TMOFH pin output level.
0: Low level

1: High level

CKSH2
CKSH1
CKSHO

0
0
0

=

Clock Select H

Select the clock input to TCFH from among four internal
clock sources or TCFL overflow.

000: 16-bit mode, counting on TCFL overflow signal
001: 16-bit mode, counting on TCFL overflow signal
010: 16-bit mode, counting on TCFL overflow signal
011: Using prohibited

100: 8-bit mode, counting on @32

101: 8-bit mode, counting on @/16

110: 8-bit mode, counting on @4

111: 8-bit mode, counting on @,/4

3

TOLL

0

Toggle Output Level L

Sets the TMOFL pin output level.
0: Low level

1: High level
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Initial
Bit Bit Name  Value R/W Description
2 CKSL2 0 w Clock Select L
1 CKSL1 0 w Select the clock input to TCFL from among four internal
CKSLO 0 W clock sources or external event input.

000: Counting on a rising or falling edge of an external
event (TMIF pin)*

001: Counting on a rising or falling edge of an external
event (TMIF pin)*

010: Counting on a rising or falling edge of an external
event (TMIF pin)*

011: Using prohibited

100: Internal clock: counting on /32
101: Internal clock: counting on @/16
110: Internal clock: counting on @4
111: Internal clock: counting on @, /4

Note: * The TMIFEG bit in IEGR selects which edge of an external event is used for counting.

11.34 Timer Control/Status Register F (TCSRF)

TCSRF performs counter clear selection, overflow flag setting, and compare match flag setting,
and controls enabling of overflow interrupt requests.

Initial

Bit Bit Name  Value R/W Description
7 OVFH 0 R/W*  Timer Overflow Flag H

[Setting condition]

When TCFH overflows from H'FF to H'00

[Clearing condition]

When this bit is written to O after reading OVFH =1
6 CMFH 0 R/W*  Compare Match Flag H

This is a status flag indicating that TCFH has matched
OCRFH.

[Setting condition]

When the TCFH value matches the OCRFH value
[Clearing condition]

When this bit is written to O after reading CMFH =1
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Initial
Bit Bit Name  Value R/W Description
5 OVIEH 0 R/W Timer Overflow Interrupt Enable H
Selects enabling or disabling of interrupt generation
when TCFH overflows.
0: TCFH overflow interrupt request is disabled
1: TCFH overflow interrupt request is enabled
4 CCLRH 0 R/W Counter Clear H
In 16-bit mode, this bit selects whether TCF is cleared
when TCF and OCRF match. In 8-bit mode, this bit
selects whether TCFH is cleared when TCFH and
OCRFH match.
In 16-bit mode:
0: TCF clearing by compare match is disabled
1: TCF clearing by compare match is enabled
In 8-bit mode:
0: TCFH clearing by compare match is disabled
1: TCFH clearing by compare match is enabled
3 OVFL 0 R/W*  Timer Overflow Flag L
This is a status flag indicating that TCFL has
overflowed.
[Setting condition]
When TCFL overflows from H'FF to H'00
[Clearing condition]
When this bit is written to O after reading OVFL =1
2 CMFL 0 R/W*  Compare Match Flag L
This is a status flag indicating that TCFL has matched
OCRFL.
[Setting condition]
When the TCFL value matches the OCRFL value
[Clearing condition]
When this bit is written to O after reading CMFL =1
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Initial
Bit Bit Name  Value R/W Description
1 OVIEL 0 R/W Timer Overflow Interrupt Enable L

Selects enabling or disabling of interrupt generation
when TCFL overflows.

0: TCFL overflow interrupt request is disabled
1: TCFL overflow interrupt request is enabled

0 CCLRL 0 R/W Counter Clear L

Selects whether TCFL is cleared when TCFL and
OCRFL match.

0: TCFL clearing by compare match is disabled
1: TCFL clearing by compare match is enabled

Note: * Only 0 can be written to clear the flag.

114 Operation

Thetimer Fisa 16-bit counter that increments on each input clock pulse. Thetimer Fvalueis
constantly compared with the value set in the output compare register F, and the counter can be
cleared, an interrupt requested, or port output toggled, when the two values match. The timer F
can also be used as two independent 8-bit timers.

1141 Timer F Operation

The timer F has two operating modes, 16-bit timer mode and 8-bit timer mode. The operation in
each of these modes is described below.

(1) Operation in 16-Bit Timer Mode
When the CKSH2 hit is cleared to 0 in TCRF, the timer F operates as a 16-bit timer.

Following areset, TCF isinitialized to H'0000, OCRF to H'FFFF, and TCRF and TCSRF to H'00.
The counter isincremented by an input signal from an external event (TMIF pin). The TMIFEG
bit in IEGR selects which edge of an external event is used for counting.

Thetimer F operating clock can be selected from internal clocks or external events according to
settings of bits CKSL2 to CKSLO in TCRF.

OCREF contents are constantly compared with TCF, and when both values match, CMFH is set to
1in TCSRF. If IENTFH in IENR2 is 1 at thistime, an interrupt request is sent to the CPU, and at
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the same time, TMOFH pin output istoggled. If CCLRH in TCSRF is 1, TCF iscleared. The
output level of the TMOFH pin can be set by the TOLH bit in TCRF.

When TCF overflows from H'FFFF to H'0000, OVFH isset to 1 in TCSRF. If OVIEH in TCSRF
and IENTFH in IENR2 are both 1, an interrupt request is sent to the CPU.

(2) Operation in 8-Bit Timer Mode

When CKSH2 is set to 1 in TCRF, TCF operates as two independent 8-bit timers, TCFH and
TCFL. The TCFH/TCFL input clock is selected by CKSH2 to CKSHO/CKSL2 to CKSLO in
TCRF.

When the OCRFH/OCRFL and TCFH/TCFL values match, CMFH/CMFL issetto 1in TCSRF. If
IENTFH/IENTFL in IENR2 is 1, an interrupt request is sent to the CPU, and at the same time,
TMOFH pin/fTMOFL pin output istoggled. If CCLRH/CCLRL in TCSRFis1, TCFH/TCFL is
cleared. The output level of the TMOFH pinfTMOFL pin can be set by TOLH/TOLL in TCRF.

When TCFH/TCFL overflows from H'FF to H'00, OVFH/OVFL issetto 1 in TCSRF. If
OVIEH/OVIEL in TCSRF and IENTFH/IENTFL in IENR2 are both 1, an interrupt request is sent
to the CPU.

11.42 TCF Increment Timing
(1) Internal Clock Operation

TCFisincremented by internal clock or external event input. Bits CKSH2 to CKSHO or CKSL2 to
CKSLOin TCRF select one of internal clock sources (¢/32, ¢/16, ¢/4, or @,/4) created by dividing
the system clock (g or q,).

(2) External Event Operation

When the CKSL 2 bit in TCRF is cleared to O, external event input is selected. The counter is
incremented at both rising and falling edges of external events. The TMIFEG bit in IEGR selects
which edge of an external event is used for counting. The external event pulse width requires
clock time longer than 2 system clocks (¢), or 2 subclocks (¢, ,,), depending on the operating
mode. Note that an external event does not operate correctly with the lower pulse width.
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1143 TMOFH/TMOFL Output Timing

In TMOFH/TMOFL output, the value set in TOLH/TOLL in TCRF is output. The output is
toggled by the occurrence of a compare match.

Figure 11.2 shows the output timing.

o L L L L L
(
TMIF | | )
= (( ((
(TMIFEG = 1) 0§ 0§ |
Count input clock I_l
(( (( ((
)T
TCF N X ner\\ NoX Nen Y
7/ /
S N ))
Compare match signal I_l I_l
(( (( ((
)T )T )T

TMOFH, TMOFL | » X |

Figure11.2 TMOFH/TMOFL Output Timing

1144 TCF Clear Timing

TCF can be cleared by a compare match with OCRF.

1145 Timer Overflow Flag (OVF) Set Timing

OVF isset to 1 when TCF overflows from H'FFFF to H'0000.
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1146 CompareMatch Flag Set Timing

The compare match flag (CMFH or CMFL) is set to 1 when the TCF and OCRF values match.
The compare match signal is generated in the last state during which the values match (when TCF
is updated from the matching value to a new value). When TCF matches OCRF, the compare
match signal is not generated until the next counter clock.

115 Timer F Operating States
Thetimer F operating states are shown in table 11.2.

Table11.2 Timer F Operating States

Operating Module

Mode Reset  Active Sleep Watch Sub-active Sub-sleep Standby Standby

TCF Reset Functions*  Functions*  Functions/ Functions/ Functions/ Halted Halted
Halted* Halted* Halted*

OCRF Reset Functions Retained Retained Functions Retained Retained Retained

TCRF Reset Functions Retained Retained Functions Retained Retained Retained

TCSRF Reset Functions Retained Retained Functions Retained Retained Retained

Note: * When @, /4 is selected as the TCF internal clock in active mode or sleep mode, since
the system clock and internal clock are mutually asynchronous, synchronization is
maintained by a synchronization circuit. This results in a maximum count cycle error of
1/@ (s). When the counter is operated in subactive mode, watch mode, or subsleep
mode, @, /4 must be selected as the internal clock. The counter will not operate if any
other internal clock is selected.
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11.6  Usage Notes

The following types of contention and operation can occur when the timer F is used.

11.6.1 16-Bit Timer Mode

In toggle output, TMOFH pin output is toggled when all 16 bits match and a compare match
signal is generated. If a TCRF write by aMOV instruction and generation of the compare match
signal occur simultaneously, TOLH datais output to the TMOFH pin as aresult of the TCRF
write. TMOFL pin output is unstable in 16-bit mode, and should not be used; the TMOFL pin
should be used as a port pin.

If an OCRFL write and compare match signal generation occur simultaneously, the compare
match signal isinvalid. However, a compare match signal may or may not be generated when the
written data and the counter value match. Asthe compare match signal is output in
synchronization with the TCFL clock, a compare match will not result in compare match signal
generation if the clock is stopped.

Compare match flag CMFH is set when all 16 bits match and a compare match signal is generated.
Compare match flag CMFL is set if the setting conditions for the lower 8 bits are satisfied.

When TCF overflows, OVFH isset. OVFL is set if the setting conditions are satisfied when the
lower 8 bits overflow. If a TCFL write and overflow signal output occur simultaneoudly, the
overflow signal is not output.

11.6.2 8-Bit Timer Mode
(1) TCFH, OCRFH

In toggle output, TMOFH pin output is toggled when a compare match occurs. If a TCRF write by
aMOV instruction and generation of the compare match signal occur simultaneously, TOLH data
is output to the TMOFH pin as aresult of the TCRF write.

If an OCRFH write and compare match signal generation occur simultaneously, the compare
match signal isinvalid. However, a compare match signal may or may not be generated when the
written data and the counter value match. The compare match signal is output in synchronization
with the TCFH clock.

If aTCFH write and overflow signal output occur simultaneously, the overflow signal is not
output.
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(2) TCFL, OCRFL

In toggle output, TMOFL pin output is toggled when a compare match occurs. If a TCRF write by
aMOV instruction and generation of the compare match signal occur simultaneously, TOLL data
isoutput to the TMOFL pin as aresult of the TCRF write.

If an OCRFL write and compare match signal generation occur simultaneously, the compare
match signal isinvalid. However, a compare match signal may or may not be generated when the
written data and the counter value match. As the compare match signal is output in
synchronization with the TCFL clock, acompare match will not result in compare match signa
generation if the clock is stopped.

If aTCFL write and overflow signal output occur simultaneously, the overflow signal is not
output.

11.6.3 FlagClearing

When @, /4 is selected as the internal clock, "Interrupt source generation signal” will be operated
with @, and the signal will be outputted with ¢, width. And, "Overflow signal" and "Compare
match signal" are controlled with 2 cycles of ¢, signals. Those signals are output with 2-cycle
width of @, (figure 11.3)

In active (high-speed, medium-speed) mode, even if you cleared interrupt request flag during the
term of validity of "Interrupt source generation signal”, same interrupt request flag is set. (1 in
figure 11.3) And, the timer overflow flag and compare match flag cannot be cleared during the
term of validity of "Overflow signal” and "Compare match signal”.

For interrupt request flag is set right after interrupt request is cleared, interrupt process to one time
timer FH, timer FL interrupt might be repeated. (2 in figure 11.3) Therefore, to definitely clear
interrupt request flag in active (high-speed, medium-speed) mode, clear should be processed after
the time that calculated with below (1) formula. And, to definitely clear timer overflow flag and
compare match flag, clear should be processed after read timer control status register F (TCSRF)
after the time that calculated with below (1) formula.

For ST of (1) formula, please substitute the longest number of execution statesin used instruction.

In subactive mode, there are not limitation for interrupt request flag, timer overflow flag, and
compare match flag clear.
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The term of validity of "Interrupt source generation signal"

=1cycleof @, + waiting time for completion of executing instruction
+ interrupt time synchronized with ¢
=leq, + ST x (Uq) + (2/¢) (second).....(1)

ST: Executing number of execution states
Method 1 is recommended to operate for time efficiency.

Method 1
1. Prohibit interrupt in interrupt handling routine (set IENFH, IENFL to 0).

2. After program process returned normal handling, clear interrupt request flags (IRRTFH,
IRRTFL) after more than that calculated with (1) formula.

3. After reading the timer control status register F (TCSRF), clear the timer overflow flags
(OVFH, OVFL) and compare match flags (CMFH, CMFL).

4, Enableinterrupts (set IENFH, IENFL to 1).

Method 2
1.  Setinterrupt handling routine time to more than time that calculated with (1) formula.
2. Clear interrupt request flags (IRRTFH, IRRTFL) at the end of interrupt handling routine.

3. After read timer control status register F (TCSRF), clear timer overflow flags (OVFH,
OVFL) and compare match flags (CMFH, CMFL).

All above attentions are also applied in 16-bit mode and 8-bit mode.
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Interrupt request  Interrupt request
flag clear flag clear
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Program processing X Interrupt : X Interrupt : X Normal
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Overflow signal, compare l
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1 1

Interrupt request flag | Ll |
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Figure11.3 Clear Interrupt Request Flag when
Interrupt Source Generation Signal isValid

11.6.4 Timer Counter (TCF) Read/Write

When @, /4 is selected as the internal clock in active (high-speed, medium-speed) mode, write on
TCF isimpossible. And when reading TCF, as the system clock and internal clock are mutually
asynchronous, TCF synchronizes with synchronization circuit. Thisresultsin a maximum TCF
read value error of +1.

When reading or writing TCF in active (high-speed, medium-speed) mode is needed, please select
theinternal clock except for @, /4 before read/write is performed.

In subactive mode, evenif @, /4 is selected as theinternal clock, TCF can be read from or written
to normally.
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Section 12 16-Bit Timer Pulse Unit (TPU)

The H8/38086R Group have an on-chip 16-bit timer pulse unit (TPU) comprised of two 16-bit
timer channels. The function list of the TPU is shown in table 12.1. A block diagram of the TPU is
shown in figure 12.1.

121 Features

e Maximum 4-pulse input/output
» Selection of 7 or 8 counter input clocks for each channel
« Thefollowing operations can be set for each channel:
Waveform output at compare match
Input capture function
Counter clear operation
Multiple timer counters (TCNT) can be written to simultaneously
Simultaneous clearing by compare match and input capture is possible
Register synchronous input/output is possible by synchronous counter operation
PWM output with any duty level is possible
A maximum 2-phase PWM output is possible in combination with synchronous operation
» Operation with cascaded connection
» Fast accessviainternal 16-bit bus
* 6-typeinterrupt sources
* Register data can be transmitted automatically

» Use of module standby mode enables this module to be placed in standby mode independently
when not used. (For details, refer to section 6.4, Module Standby Function.)
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Table12.1 TPU Functions

Item Channel 1 Channel 2
Count clock @1 @1
@4 @4
@16 @16
@64 @64
@256 @1024
TCLKA TCLKA
TCLKB TCLKB
TCLKC
General registers (TGR) TGRA_1 TGRA_2
TGRB_1 TGRB_2
1/0O pins TIOCA1 TIOCA2
TIOCB1 TIOCB2
Counter clear function TGR compare match or input TGR compare match or input
capture capture
Compare 0 output 0) —
match
1 output -
output P 0
Toggle output _
Input capture function e) fe)
Synchronous operation o) o)
PWM mode fe) fe)
Interrupt sources 3 sources 3 sources
« Compare match or input e Compare match or
capture 1A input capture 2A
* Compare match or » Compare match or
input capture 1B input capture 2B
e Overflow e Overflow
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Clock input

Internal clock: @1

External clock:

Input/output pins
Channel 1:
Channel 2:

Channel 1:
Channel 2:

[Legend]

TSTR:
TSYR:
TCR:

TMDR:

TCNT:

@4
@16
@64
@256

@1024 |

TCLKA
TCLKB
TCLKC

TIOCAL
TIOCA2

<>
—>

Input pins
TIOCB1
TIOCB2

J_J> Internal data bus

Interrupt request signals
Channel 1: TGI1A

TCllV
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:> Channel 2:
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Timer start register
Timer synchro register
Timer control register
Timer mode register
Timer counter

TIOR: Timer 1/O control registers
TIER: Timer interrupt enable register
TSR: Timer status register

TGR (A, B): TImer general registers (A, B)

12.2

I nput/Output Pins

Table12.2 Pin Configuration

Figure12.1 Block Diagram of TPU

Channel Symbol I/O Function
Common TCLKA Input External clock A input pin
TCLKB Input External clock B input pin
TCLKC Input External clock C input pin
1 TIOCA1 I/0 TGRA_1 input capture input/output compare
output/PWM output pin
TIOCB1 Input TGRB_1 input capture input
2 TIOCA2 I/0 TGRA_2 input capture input/output compare
output/PWM output pin
TIOCB2 Input TGRB_2 input capture input
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12.3  Register Descriptions
The TPU has the following registers for each channel.
Channel 1:

» Timer control register_1 (TCR_1)

e Timer moderegister 1 (TMDR_1)

» Timer /O control register_1 (TIOR_1)

e Timer interrupt enableregister 1 (TIER_1)
e Timer statusregister 1 (TSR_1)

e Timer counter_1 (TCNT_1)

* Timer general register A_1 (TGRA_1)

e Timer genera register B_1 (TGRB_1)

Channd 2:

e Timer control register_ 2 (TCR_2)

* Timer mode register_ 2 (TMDR_2)

e Timer I/O control register_2 (TIOR_2)

o Timer interrupt enableregister_2 (TIER_2)
e Timer statusregister 2 (TSR_2)

e Timer counter 2 (TCNT_2)

e Timer genera register A_2 (TGRA_2)

» Timer general register B_2 (TGRB_2)

Common:

e Timer start register (TSTR)
» Timer synchro register (TSYR)
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1231 Timer Control Register (TCR)

TCR controls TCNT operation for each channel. The TPU has atotal of two TCR registers, one
for each channel. TCR should be set when TCNT operation is stopped.

Initial
Bit Bit Name Value R/W Description
7 O 0 O Reserved
This bit is always read as 0 and cannot be modified.
CCLR1 R/W Counter Clear 1 and 0
CCLRO R/W These bits select the TCNT counter clearing source.
See table 12.3 for details.
CKEG1 R/W Clock Edge 1 and O
CKEGO R/W These bits select the input clock edge. When the
internal clock is counted using both edges, the input
clock period is halved (e.g. @4 both edges = @'2 rising
edge). Internal clock edge selection is valid when the
input clock is @4 or slower. If the input clock is @/1, this
setting is ignored and count at a rising edge is selected.
00: Count at rising edge
01: Count at falling edge
1X: Count at both edges
[Legend] X: Don't care
2 TPSC2 0 R/W Timer Prescaler 2to0 0
1 TPSC1 0 R/W These bits select the TCNT counter clock. The clock
0 TPSCO 0 R/W source can be selected independently for each

channel. See tables12.4 and 12.5 for details.
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Table12.3 CCLR1and CCLRO (Channels1and 2)

Bit 6 Bit 5
Channel CCLR1 CCLRO Description
1,2 0 0 TCNT clearing disabled
1 TCNT cleared by TGRA compare match/input capture
1 0 TCNT cleared by TGRB compare match/input capture
1 TCNT cleared by counter clearing for another channel

performing synchronous clearing/synchronous
operation*

Note: * Synchronous operation is selected by setting the SYNC bit in TSYR to 1.

Table12.4 TPSC2to TPSCO (Channel 1)

Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSC1 TPSCO Description
1 0 0 0 Internal clock: counts on @1
1 Internal clock: counts on @4
1 0 Internal clock: counts on @16
1 Internal clock: counts on @/64
1 0 0 External clock: counts on TCLKA pin input
1 External clock: counts on TCLKB pin input
1 0 Internal clock: counts on ¢/256
1 Counts on TCNT_2 overflow
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Table125 TPSC2to TPSCO (Channel 2)

Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSCl1 TPSCO Description
2 0 0 0 Internal clock: counts on @1
1 Internal clock: counts on @4
1 0 Internal clock: counts on @/16
1 Internal clock: counts on @64
1 0 0 External clock: counts on TCLKA pin input
1 External clock: counts on TCLKB pin input
1 0 External clock: counts on TCLKC pin input
1 Internal clock: counts on ¢/1024

1232 Timer Mode Register (TMDR)

TMDR sets the operating mode for each channel. The TPU has atotal of two TMDR registers, one
for each channel. TMDR should be set when TCNT operation is stopped.

Initial

Bit Bit Name  Value R/W Description

7,6 a All 1 O Reserved
These bits are always read as 1 and cannot be
modified.

5,4 a All O O Reserved
These bits are always read as 0 and cannot be
modified.

3,2 a All 0 O Reserved
The write value should always be 0.

MD1 0 R/W Modes 1 and O
0 MDO 0 R/W These bits set the timer operating mode.

See table 12.6 for details.
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Table12.6 MD3to MDO

Bit 1 Bit 0

MD1 MDO Description

0 0 Normal operation
1 Reserved

1 0 PWM mode 1
1 PWM mode 2

12.3.3 Timer |/O Control Register (TIOR)

TIOR controls TGR. The TPU has atota of two TIOR registers, one for each channel. Careis
required as TIOR is affected by the TMDR setting.

Theinitial output specified by TIOR isvalid when the counter is stopped (the CST bit in TSTRis
cleared to 0). Note also that, in PWM mode 2, the output at the point at which the counter is
cleared to O is specified.

« TIOR_1, TIOR 2

Initial
Bit Bit Name Value R/W Description
7 10B3 All O R/W I/O Control B3 to BO
6 10B2 R/W Specify the function of TGRB.
5 10B1 R/W For details, refer to tables 12.7 and 12.8.
4 10B0O R/W
3 I0A3 AllO R/W I/O Control A3 to A0
2 I0A2 R/W Specify the function of TGRA.
1 I0A1 R/W For details, refer to tables 12.9 and 12.10.
0 I0A0 R/W
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Table12.7 TIOR_1 (Channel 1)

Description

Bit 7 Bit 6 Bit 5 Bit 4 TGRB_1
10B3 I0B2 I0B1 I0BO Function TIOCB1 Pin Function

0 0 0 0 Output Output disabled
1 compare Setting prohibited
register
1 0
1
1 0 0
1
1 0
1
1 0 0 0 Input capture Capture input source is TIOCB1 pin
register Input capture at rising edge
1 Capture input source is TIOCBL1 pin
Input capture at falling edge
1 X Capture input source is TIOCBL1 pin
Input capture at both edges
1 X X Setting prohibited

[Legend]
X: Don't care
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Table12.8 TIOR_2 (Channel 2)

Description

Bit 7 Bit 6 Bit 5 Bit 4 TGRB_2
10B3 I0B2 I0B1 I0BO Function TIOCB2 Pin Function

0 0 0 0 Output Output disabled
1 compare Setting prohibited
register
1 0
1
1 0 0
1
1 0
1
1 X 0 0 Input capture Capture input source is TIOCB2 pin
register Input capture at rising edge
1 Capture input source is TIOCB2 pin
Input capture at falling edge
1 X Capture input source is TIOCB2 pin

Input capture at both edges

[Legend]
X: Don't care
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Table12.9 TIOR_1 (Channel 1)

Description
Bit 3 Bit 2 Bit 1 Bit 0 TGRA_1
I0A3 I0OA2 IOA1 IOAO0 Function TIOCAL1 Pin Function
0 0 0 0 Output Output disabled
1 compare Initial output is 0
register
0 output at compare match
1 0 Initial output is 0
1 output at compare match
1 Initial output is 0
Toggle output at compare match
1 0 0 Output disabled
Initial output is 1
0 output at compare match
1 0 Initial output is 1
1 output at compare match
1 Initial output is 1
Toggle output at compare match
1 0 0 0 Input Capture input source is TIOCAL pin
capture Input capture at rising edge
register
1 Capture input source is TIOCAL pin
Input capture at falling edge
1 X Capture input source is TIOCAL pin
Input capture at both edges
1 X X Setting prohibited
[Legend]
X: Don't care
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Table12.10 TIOR_2 (Channel 2)

Description
Bit 3 Bit 2 Bit 1 Bit 0 TGRA_2
I0A3 I0OA2 IOA1 IOAO0 Function TIOCA2 Pin Function
0 0 0 0 Output Output disabled
1 compare Initial output is 0
register
0 output at compare match
1 0 Initial output is 0
1 output at compare match
1 Initial output is 0
Toggle output at compare match
1 0 0 Output disabled
Initial output is 1
0 output at compare match
1 0 Initial output is 1
1 output at compare match
1 Initial output is 1
Toggle output at compare match
1 X 0 0 Input capture Capture input source is TIOCA2 pin
register Input capture at rising edge
1 Capture input source is TIOCA2 pin
Input capture at falling edge
1 X Capture input source is TIOCA2 pin
Input capture at both edges
[Legend]
X: Don't care
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12.3.4  Timer Interrupt Enable Register (TIER)

TIER controls enabling or disabling of interrupt requests for each channel. The TPU has atotal of
two TIER registers, one for each channel.

Initial
Bit Bit Name  Value R/W Description
7 O 0 R/W Reserved
This bit is readable/writable.
6 O 1 ad Reserved
This bit is always read as 1 and cannot be modified.
5 O 0 ad Reserved
The write value should always be 0.
4 TCIEV 0 R/W Overflow Interrupt Enable
Enables or disables interrupt requests (TCIV) by the
TCFV flag when the TCFV flag in TSR is set to 1.
0: Interrupt requests (TCIV) by TCFV disabled
1: Interrupt requests (TCIV) by TCFV enabled
3,2 a All O O Reserved
These bits are always read as 0 and cannot be
modified.
1 TGIEB 0 R/W TGR Interrupt Enable B

Enables or disables interrupt requests (TGIB) by the
TGFB bit when the TGFB bit in TSR is set to 1.

0: Interrupt requests (TGIB) by TGFB bit disabled
1: Interrupt requests (TGIB) by TGFB bit enabled
0 TGIEA 0 R/W TGR Interrupt Enable A

Enables or disables interrupt requests (TGIA) by the
TGFA bit when the TGFA bit in TSR is set to 1.

0: Interrupt requests (TGIA) by TGFA bit disabled
1: Interrupt requests (TGIA) by TGFA bit enabled
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12.35 Timer Status Register (TSR)

TSR indicates the status for each channel. The TPU has atotal of two TSR registers, one for each
channel.

Initial
Bit Bit Name Value R/W Description

7,6 a All 1 a Reserved

These bits are always read as 1 and cannot be modified.

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

4 TCFV 0 R/(W)* Overflow Flag

Status flag that indicates that TCNT overflow has
occurred.

[Setting condition]

When the TCNT value overflows (changes from H'FFFF
to H'0000 )

[Clearing condition]
When 0 is written to TCFV after reading TCFV =1

3,2 a AllO a Reserved

These bits are always read as 0 and cannot be modified.

1 TGFB 0 R/(W)* Input Capture/Output Compare Flag B

Status flag that indicates the occurrence of TGRB input
capture or compare match.

[Setting conditions]
*  When TCNT = TGRB and TGRB is functioning as
output compare register

*  When TCNT value is transferred to TGRB by input
capture signal and TGRB is functioning as input
capture register

[Clearing condition]

*  When 0 is written to TGFB after reading TGFB = 1
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Initial
Bit Bit Name value R/W Description
0 TGFA 0 R/(W)* Input Capture/Output Compare Flag A

Status flag that indicates the occurrence of TGRA input
capture or compare match.

[Setting conditions]

*  When TCNT = TGRA and TGRA is functioning as
output compare register

*  When TCNT value is transferred to TGRA by input
capture signal and TGRA is functioning as input
capture register

[Clearing condition]

* When 0 is written to TGFA after reading TGFA =1

Note: * Only O can be written to clear the flag.

12.3.6 Timer Counter (TCNT)

TCNT is a16-bit readable/writable counter. The TPU has atotal of two TCNT counters, one for
each channel.

TCNT isinitialized to H'0000 by areset or in hardware standby mode.

TCNT cannot be accessed in 8-bit units; it must always be accessed in 16-hit units.

12.3.7 Timer General Register (TGR)

TGR is a 16-bit readable/writable register, functioning as either output compare or input capture
register. The TPU has atotal of four TGR registers, two for each channel. TGR isinitialized to
H'FFFF by areset. TGR cannot be accessed in 8-bit units; it must always be accessed in 16-bit
units.
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1238 Timer Start Register (TSTR)

TSTR selects TCNT operation/stoppage for channels 1 and 2. TCNT starts counting for channel in
which the corresponding bit is set to 1. When setting the operating mode in TMDR or setting the
TCNT count clock in TCR, first stop the TCNT operation.

Initial
Bit Bit Name Value R/W Description
7t03 O AllO O Reserved
The write value should always be 0.
CST2 0 R/W Counter Start 2 and 1
CST1 0 R/W These bits select operation or stoppage for TCNT.
If 0 is written to the CST bit during operation with the
TIOC pin designated for output, the counter stops but the
output compare output level of the TIOC pin is retained. If
TIOR is written to when the CST bit is cleared to 0, the
pin output level will be changed to the set initial output
value.
0: TCNT_n count operation is stopped
1: TCNT_n performs count operation
(n=2o0r1)
0 O 0 O Reserved

The write value should always be 0.
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1239 Timer Synchro Register (TSYR)

TSY R selects independent operation or synchronous operation of TCNT for each channel.
Synchronous operation is performed for channel in which the corresponding bit in TSYR is set to

1.

Initial
Bit Bit Name Value

R/W

Description

7t03 O All O

Reserved

The write value should always be 0.

2 SYNC2 0
SYNC1 0

R/W
R/W

Timer Synchro 2 and 1

These bits select whether operation is independent of or
synchronized with other channels.

When synchronous operation is selected, the TCNT
synchronous presetting of multiple channels, and
synchronous clearing by counter clearing on another
channel, are possible.

To set synchronous operation, the SYNC bits must be

set to 1. To set synchronous clearing, in addition to the

SYNC bit, the TCNT clearing source must also be set by

means of bits CCLR1 and CCLRO in TCR.

0: TCNT_n operates independently (TCNT presetting/
clearing is unrelated to other channels)

1: TCNT_n performs synchronous operation

TCNT synchronous presetting/synchronous clearing
is possible

(n=2o0r1)

Reserved
The write value should always be 0.
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124 Interfaceto CPU

1241 16-Bit Registers

TCNT and TGR are 16-bit registers. Asthe data bus to the CPU is 16 bits wide, these registers
cannot be read or written to in 8-bit units; 16-bit access must always be used.

An example of 16-bit register access operation is shown in figure 12.2.

Internal data bus

1 L : Bus interface

Module data bus

b
|

VA NPZAN

JY:

| TCNTH | TCNTL

Figure12.2 16-Bit Register Access Operation [CPU «» TCNT (16 Bits)]

12.42 8-Bit Registers
Registers other than TCNT and TGR are 8-bit. They can be read and written to in 8-bit units.

Examples of 8-hit register access operation are shown in figures 12.3 and 12.4.

Internal data bus

Bus interface

VA NPAN

4\} ; Module data bus

TCR

Figure12.3 8-Bit Register Access Operation [CPU <« TCR (Upper 8 Bits)]

Rev. 3.00 Aug 23, 2006 Page 250 of 616
REJ09B0182-0300 RENESAS



Section 12 16-Bit Timer Pulse Unit (TPU)

Internal data bus

Bus interface

VA NVAN

4¥ iModue data bus

TMDR

Figure12.4 8-Bit Register Access Operation [CPU < TMDR (Lower 8 Bits)]
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125 Operation

12.5.1 Basic Functions

Each channel has TCNT and TGR. TCNT performs up-counting, and is also capable of free-
running operation, periodic counting, and external event counting.

TGR can be used as an input capture register or output compare register.
(1) Counter Operation

When one of bits CST1 and CST2issetto 1in TSTR, TCNT for the corresponding channel
begins counting. TCNT can operate as a free-running counter, periodic counter, for example.

(&) Example of Count Operation Setting Procedure

Figure 12.5 shows an example of the count operation setting procedure.

o ti lecti [1] Select the counter
peration sefection clock with bits

TPSC2 to TPSCO in
TCR. Atthe same
Select counter clock [1] time, select the
input clock edge
with bits CKEG1
and CKEGO in TCR.
( Periodic counter ) ( Free-running counter ) [2] For periodic counter
operation, select
| TGR to be used as
the TCNT clearing

Select counter clearing source | [2] source with bits
| CCLR1 and CCLRO in
TCR.
[3] [3] Designate TGR

Select output compare register selected in [2] as an

output compare
| register by means of
TIOR.

Set period 4
P ) [4] Set the periodic
| counter cycle in
- - TGR selected in [2].
Start count operation 151 Start count operation [5] Setthe CST bitin
- ] TSTR to 1 to start
<Periodic counter> <Free-running counter>

the counter
operation.

Figure12.5 Example of Counter Operation Setting Procedure
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(b) Free-Running Count Operation and Periodic Count Operation

Immediately after areset, the TPU's TCNT counters are al designated as free-running counters.
When the relevant bit in TSTR is set to 1, the corresponding TCNT starts up-count operation as a
free-running counter. When TCNT overflows (from H'FFFF to H'0000), the TCFV bitin TSR is
set to 1. If the value of the corresponding TCIEV bit in TIER is 1 at this point, the TPU requests
an interrupt. After overflow, TCNT starts counting up again from H'0000.

Figure 12.6 illustrates free-running counter operation.

TCNT value

H'0000

» Time

CST bit

TCFV

Figure12.6 Free-Running Counter Operation

When compare match is selected asthe TCNT clearing source, TCNT for the relevant channel
performs periodic count operation. TGR for setting the period is designated as an output compare
register, and counter clearing by compare match is selected by means of bits CCLRO and CCLR1
in TCR. After the settings have been made, TCNT starts up-count operation as a periodic counter
when the corresponding bit in TSTR is set to 1. When the count value matches the valuein TGR,
the TGF bitin TSRisset to 1 and TCNT is cleared to H'0000.

If the value of the corresponding TGIE bit in TIER is 1 at this point, the TPU requests an interrupt.
After acompare match, TCNT starts counting up again from H'0000.

Figure 12.7 illustrates periodic counter operation.
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TCNT value Counter cleared by TGR
compare match

TOR  |em e o oo oo e e A.( compare mateh .
H'0000 . > Time
CST bit ' f | ! db ft

I ag cleared by software

1 / -
TGF

Figure12.7 Periodic Counter Operation
(2) Waveform Output by Compare Match

The TPU can perform 0, 1, or toggle output from the corresponding output pin using compare
match.

(@) Example of Setting Procedure for Waveform Output by Compare Match

Figure 12.8 shows an example of the setting procedure for waveform output by compare match.

. [1] Select 0 output or 1 output for initial value, and
Input selection 0 output, 1 output, or toggle output, by for compare

| match output value means of TIOR. The set

initial value is output at the TIOC pin until the
[1] Select waveform output mode first compare match occurs.
[2] Set the timing for compare match generation in
| TGR.
- 3] Set the CST bitin TSTR to 1 to start the count
2 [
[2] Set output timing operation.
I
[3] Start count operation

l

< Waveform output >

Figure 12.8 Example of Setting Procedure for Waveform Output by Compare Match
(b) Examplesof Waveform Output Operation
Figure 12.9 shows an example of 1 output.

In thisexample, TCNT has been designated as a free-running counter, and settings have been
made such that 1 is output by compare match A. When the set level and the pin level match, the
pin level does not change.
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TCNT value
A

= i
TORA frmmmmmmmme Tl

H'0000 T T T »Time
-~ No change ~ No change

~ ~ 1 output
TIOCA ___________J P

Figure12.9 Example of 0 Output/1 Output Operation
Figure 12.10 shows an example of toggle output.

Inthisexample, TCNT has been designated as a periodic counter (with counter clearing on
compare match A), and settings have been made such that the output is toggled by compare match
A.

TCNT value

o
TGRA

H'0000 > Time

TIOCA | | | | Toggle output

Figure12.10 Example of Toggle Output Operation

(3) Input Capture Function
The TCNT value can be transferred to TGR on detection of the TIOC pin input edge.
Rising edge, falling edge, or both edges can be selected as the detected edge.

(@) Exampleof Input Capture Operation Setting Procedure

Figure 12.11 shows an example of the setting procedure for input capture operation.
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C Input selection

)

[1] Designate TGR as an input capture register by
means of TIOR, and select the input capture source
and, rising edge, falling edge, or both edges as the

Select input capture input

input signal edge.
[1] [2] Setthe CST bitin TSTR to 1 to start the count
operation.

Start count

[2]

!

<Input capture operation>

Figure12.11 Example of Setting Procedurefor Input Capture Operation

(b) Example of Input Capture Operation

Figure 12.12 shows an example of input capture operation.

In this example, both rising and falling edges have been selected as the input capture input edge of
the TIOCA pin, the falling edge has been selected as the input capture input edge of the TIOCB
pin, and counter clearing by TGRB input capture has been designated for TCNT.

TCNT value
A

Counter cleared by TIOCB
/ input (falling edge)

o J S S

01| J <

0100 s
H'0005 |- - - - {07 - - mmmmme e LA IR N g i-

H'0000 \

X Ho180

Figure12.12 Example of Input Capture Operation
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1252  Synchronous Operation

In synchronous operation, the valuesin multiple TCNT counters can be rewritten simultaneously
(synchronous presetting). Also, multiple TCNT counters can be cleared simultaneously by making
the appropriate setting in TCR (synchronous clearing).

Synchronous operation enables TGR to be incremented with respect to a single time base.
Synchronous operation can be set for each channel.
(1) Example of Synchronous Operation Setting Procedure

Figure 12.13 shows an example of the synchronous operation setting procedure.

Synchronous operation
selection
Set synchronous 1]
operation
CSynchronous presetting) ( Synchronous clearing)
| Set TCNT | [2] learing No
source generation
channel?
| Select counter |[3] | Set synchronous | [4]
clearing source counter clearing
| Start count |[5] | Start count | [5]
\ l
<Synchronous presetting> <Counter clearing> <Synchronous clearing>
[1] Set 1 to the SYNC bits in TSYR corresponding to the channels to be designated for synchronous

operation.

When the TCNT counter of any of the channels designated for synchronous operation is
written to, the same value is simultaneously written to the other TCNT counters.

Use bits CCLR1 and CCLRO in TCR to specify TCNT clearing by input capture/output compare,
etc.

Use bits CCLR1 and CCLRO in TCR to designate synchronous clearing for the counter clearing
source.

Set 1 to the CST bits in TSTR for the relevant channels, to start the count operation.

2

[3

[4

[5

Figure 12.13 Example of Synchronous Operation Setting Procedure
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(2) Example of Synchronous Operation
Figure 12.14 shows an example of synchronous operation.

In this example, synchronous operation and PWM mode 1 have been designated for channels 1
and 2, TGRB_1 compare match has been set as the channel 1 counter clearing source, and
synchronous clearing has been set for the channel 2 counter clearing source.

Two-phase PWM waveforms are output from pins TIOC1A and TIOC2A. At thistime,
synchronous presetting, and synchronous clearing by TGRB_1 compare match, are performed for
channel 1 and 2 TCNT counters, and the data set in TGRB_1 is used asthe PWM cycle.

For details on PWM modes, see section 12.5.4, PWM Modes.

Synchronous clearing by TGRB_1 compare match

TCNT_1 and TCNT 2
4 Y

TGRB L[ === === === m o e e -
TGRB_2f-==-=========-- JGREED EEEEEEEEE LR .
TGRA_1f---------fl---- L EEEEY RRREEEEISZ SEEED R GREEEEEEEDY LT SEREEE -

TGRA_ 2f----pfmmmammmmrmme e oo LT T Eym -

H'0000

TIOCAl1

TIOCA2 | | | | | |

Figure 12.14 Example of Synchronous Operation
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1253 Operation with Cascaded Connection
Operation as a 32-bit counter can be performed by cascading two 16-bit counter channels.

This function is enabled when the TPSC2 to TPSCO bitsin TCR are set to count on TCNT2
overflow for the channel 1 counter clock.

Table 12.11 shows the counter combination used in operation with the cascaded connection.

Table 12.11 Counter Combination in Operation with Cascaded Connection

Combination Upper 16 bits Lower 16 bits
Channel 1 and channel 2 TCNT1 TCNT2

(1) Setting Procedurefor Operation with Cascaded Connection

Figure 12.15 shows the setting procedure for cascaded connection operation.

C Operation with cascaded )
connection [1] Set bits TPSC2 to TPSCO in TCRin

| channel 1 to B'111 to select to count

Set operation with cascaded [ on TCNT2 overflow.
connection [2] Set 1 to the CST bitin TSTR corresponding
| the upper and lower channels to start
counting.
Start count [2]

<Operation with cascaded connection>

Figure12.15 Setting Procedure for Operation with Cascaded Operation
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(2) Example of Operation with Cascaded Connection

Figure 12.16 shows an example of operation with cascaded connection, where TCNT1 is set to
count TCNT2 overflow, TCRA_1 and TCRA_2 are set to be input capture registers, and the TIOC
pinrising edge is selected.

If rising edges are input simultaneously to the TIOCA1 and TIOCAZ2 pins, the upper 16 bits of 32-
bit data are transferred to TGRA _1 and the lower 16 bits are transferred to TGRA_2.

TCNT1
clock | |
TCNT1 H'03A1 X H'03A2

TCNT2 | | | |
clock

TCNT2 HFFFF X H'0000 X H'0001
TIOCAL | |_
TIOCA2

TGRA_1 X H03A2

TGRA_2 X H'0000

Figure12.16 Example of Operation with Cascaded Connection
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1254 PWM Modes

In PWM mode, PWM waveforms are output from the output pins. The output level can be selected
as0, 1, or toggle output in response to a compare match of each TGR.

Designating TGR compare match as the counter clearing source enables the period to be set in that
register. All channels can be designated for PWM mode independently. Synchronous operation is
also possible.

There are two PWM modes, as described bel ow.
(1)) PWM Model

PWM output is generated from the TIOCA pin by pairing TGRA with TGRB. The level specified
by bits IOA0 to IOA3 in TIOR is output from the TIOCA pin at compare match A, and the level
specified by bitsIOB0 to IOB3 in TIOR is output at compare match B. Theinitial output valueis
the value set in TGRA. If the set values of paired TGRs are identical, the output value does not
change even if a compare match occurs.

In PWM mode 1, PWM output is enabled up to 2 phases.
(20 PWM Mode?2

PWM output is generated using one TGR as the cycle register and the others as duty registers. The
output specified in TIOR is performed by means of compare matches. Upon counter clearing by a
synchronization register compare match, the output value of each pinistheinitial value set in
TIOR. If the set values of the cycle and duty registers are identical, the output value does not
change even if a compare match occurs.

In PWM mode 2, PWM output is enabled up to 2 phases.

The correspondence between PWM output pins and registersis shown in table 12.12.
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Table12.12 PWM Output Registersand Output Pins

Output Pins
Channel Registers PWM Mode 1 PWM Mode 2*
1 TGRA_1 TIOCA1 TIOCA1
TGRB_1 —
2 TGRA_2 TIOCA2 TIOCA2
TGRB_2 _

Note: * In PWM mode 2, PWM output is not possible for TGR in which the period is set.

(3) Example of PWM M ode Setting Procedure

Figure 12.17 shows an example of the PWM mode setting procedure.

( PWM mode ) [1] Select the counter clock with bits TPSC2 to
TPSCO in TCR. Atthe same time, select the
| input clock edge with bits CKEG1 and CKEGO
in TCR.
Select counter clock [1] [2] Use bits CCLR1 and CCLRO in TCR to select the

TGR to be used as the TCNT clearing source.
| [3] Use TIOR to designate the TGR as an output
compare register, and select the initial value and
Select counter clearing source | [2] output value.
[4] setthe cycle in the TGR selected in [2], and set
| the duty in the other TGR.
[5] Select the PWM mode with bits MD3 to MDO in

Select waveform output level | [3] TMDR.
| [6] Setthe CST bitin TSTR to 1 start the count
operation.
Set TGR [4]
Set PWM mode [5]
Start count [6]

<PWM mode>

Figure12.17 Example of PWM Mode Setting Procedure
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(4) Examplesof PWM Mode Operation

Figure 12.18 shows an example of PWM mode 1 operation. In this example, TGRA compare
match is set asthe TCNT clearing source, O is set for the TGRA initial output value, and 1 is set as
the TGRB output value.

In this case, the value set in TGRA is used as the period, and the values set in TGRB are used as
the duty levels.

TCNT value
Counter cleared by

TGRA compare match
TGRA Fmmmmm e e e o e e o -

TGRB fecoca gl e T
H'0000

TIOCA J |_' |_' |

Figure 12.18 Example of PWM Mode Operation (1)

Figure 12.19 shows an example of PWM mode 2 operation. In this example, synchronous
operation is designated for channels 1 and 2, TGRB_2 compare match is set asthe TCNT clearing
source, and O is set for theinitial output value and 1 for the output value of the other TGR registers
(TGRA_1, TGRB_1, and TGRA _2), outputting a 2-phase PWM waveform.

In this case, the value set in TGRB_2 is used as the cycle, and the values set in the other TGRs are
used as the duty levels.
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Synchronous clearing by
TGRB_2 compare match

TCNT_1 and TCNT_2
A
y

TGRB_2 [=-====mmmmmmmmmm e oo T ==
TGRA 2 f--=mmmmmmmmmm o ----
TGRA 1 ===t e ---
H'0000 > Time

TIOCAL 4
TIOCA2 I_l I_l | |

Figure12.19 Example of PWM Mode Operation (2)
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Figure 12.20 shows examples of PWM waveform output with 0% duty and 100% duty in PWM
mode.

TCNT value

TGRB rewritten

TGRA |ommmmmme e e I
|
6__ " TGRB
TGRB TGRB rewritten E 63"_"%9_ o
H0000 L | > Time
| . ! |
TIOCA 0% duty :

Output does not change when cycle register and duty register

compare matches occur simultaneously
TCNT value

TGRB rewritten

TGRA f--oommeeme O—— -
TGRB RB rewritten
H'0000 } S »Time
| 100% duty |_|
TIOCA '
Output does not change when cycle register and duty
register compare matches occur simultaneously
TCNT value
A
TGRB rewritten >-——F—-""-"---"""-">-—-"—"—"
TGRA focmmmmm e e O e e F--
TGRB rewritten H
- |
TGRB |—-—#r"—- o
! TGRB rewritten
H'0000 ; I —» Time
: 100% du 0% du :
TIOCA 4 : ty ty :

Figure12.20 Example of PWM Mode Operation (3)
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12.6  Interrupt Sources

There are two kinds of TPU interrupt source; TGR input capture/compare match and TCNT
overflow. Each interrupt source has its own status flag and enable/disable bit, allowing the
generation of interrupt request signalsto be enabled or disabled individually.

When an interrupt source is generated, the corresponding status flag in TSR is set to 1. If the
corresponding enable/disable bit in TIER is set to 1 at thistime, an interrupt is requested. The
interrupt request is cleared by clearing the status flag to O.

Channel priority can be changed by the interrupt controller, however the priority within a channel
isfixed. For details, see section 4, Interrupt Controller.

Table 12.13 lists the TPU interrupt sources.

Table12.13 TPU Interrupts

Channel Name Interrupt Source Interrupt Flag Priority
1 TGI1A  TGRA_1 input capture/compare match TGFA_1 High
TGI1B  TGRB_1 input capture/compare match TGFB_1
TCIlV  TCNT_1 overflow TCFV_1
2 TGI2A  TGRA_2 input capture/compare match TGFA_2
TGI2B  TGRB_2 input capture/compare match TGFB_2
TCI2V ~ TCNT_2 overflow TCFV_2 Low

(1) Input Capture/Compare Match Interrupt

Aninterrupt is requested if the TGIE bitin TIER isset to 1 when the TGF flagin TSR isset to 1
by the occurrence of a TGR input capture/compare match on a particular channel. The interrupt
request is cleared by clearing the TGF flag to 0. The TPU has atota of four input capture/compare
match interrupts, two for each channel.

(2) Overflow Interrupt

Aninterrupt is requested if the TCIEV bitin TIER isset to 1 when the TCFV flag in TSR is set to
1 by the occurrence of TCNT overflow on achannel. The interrupt request is cleared by clearing
the TCFV flag to 0. The TPU has atotal of two overflow interrupts, one for each channel.
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12.7  Operation Timing

12.7.1  Input/Output Timing

(1) TCNT Count Timing

Figure 12.21 shows TCNT count timing in internal clock operation, and figure 12.22 shows TCNT

count timing in external clock operation.

[

Internal clock ( | ) Falling edge

Uy

Rising edge

\

m

TCNT |

input clock

TCNT N-1 X N X N+1 X N+2
Figure12.21 Count Timingin Internal Clock Operation

S I A I O

External clock

TCNT
input clock

TCNT

Falling edge

\

d}TQ edge (I)\Falling edge

= \ \

N+1 N+2

Figure12.22 Count Timing in External Clock Operation
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(2) Output Compare Output Timing

A compare match signal is generated in the last state in which TCNT and TGR match (the point at
which the count value matched by TCNT is updated). When a compare match signal is generated,
the output value set in TIOR is output at the output compare output pin (TIOC pin). After amatch
between TCNT and TGR, the compare match signal is not generated until the TCNT input clock is
generated.

Figure 12.23 shows output compare output timing.

K I I I
TCNT |_|

input clock

TCNT N X N+1

TGR

Compare | |

match signal

TIOC pin X

Figure 12.23 Output Compare Output Timing
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Input Capture Signal Timing

Figure 12.24 shows input capture signal timing.

LS I I 0 I A O
Input capture
input | |

Input capture
signal

|

[ ]

TCNT X N X N+1 X N+2§ X
. . L

TGR X N X N +2

Figure12.24 Input Capture Input Signal Timing

(4) Timing for Counter Clearing by Compare Match/Input Capture

Figure 12.25 shows the timing when counter clearing on compare match is specified, and figure
12.26 shows the timing when counter clearing on input capture is specified.

o T LI Lo L L e
Compare | |
match signal

Counter | |
clear signal

TCNT N X H'0000

TGR N

Figure12.25 Counter Clear Timing (Compare Match)
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- L LU
Input capture |
signal |
Counter clear E | |
signal .

TCNT N X H'0000
TGR X N

Figure12.26 Counter Clear Timing (Input Capture)

12.7.2 Interrupt Signal Timing
(1) TGF Flag Setting Timing in Case of Compare Match

Figure 12.27 shows the timing for setting of the TGF flag in TSR on compare match, and TGlI
interrupt request signal timing.

° T L L L
TCNT input | |
clock

TONT N ) N+1
TGR N

Compare | |

match signal

TGF flag |

TGl interrupt |

Figure12.27 TGI Interrupt Timing (Compare Match)
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(2) TGF Flag Setting Timing in Case of Input Capture

Figure 12.28 shows the timing for setting of the TGF flag in TSR on input capture, and TGI
interrupt request signal timing.

0 [ A I A

Input capture | |
signal !

TCNT N

TGR X N
TGF flag |

TGl interrupt |

Figure12.28 TGI Interrupt Timing (Input Capture)
(3) TCFV Flag Setting Timing

Figure 12.29 shows the timing for setting of the TCFV flag in TSR on overflow, and TCIV
interrupt request signal timing.

¢

TCNT input
clock

TCNT
(overflow)

Overflow
signal

TCFV flag

TCIV interrupt

I Iy
]

HFFFF X H'0000

[

Figure12.29 TCIV Interrupt Setting Timing
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(4) StatusFlag Clearing Timing

After astatusflag isread as 1 by the CPU, it is cleared by writing O to it. Figure 12.30 shows the
timing for status flag clearing by the CPU.

TSR write cycle

| T T,
° T LT L e
Address X TSR address X
Write signal | I
Status flag |
Interrupt |
request
signal

Figure12.30 Timing for Status Flag Clearing by CPU
12.8 Usage Notes

12.81 Module Standby Function Setting

TPU operation can be disabled or enabled using the clock stop register. Theinitial setting isfor
the TPU to operate. Register accessis enabled by clearing the module standby function. For
details, refer to section 6.4, Module Standby Function.

12.8.2 Input Clock Restrictions

The input clock pulse width must be at least 1.5 statesin the case of single-edge detection, and at
least 2.5 states in the case of both-edge detection. The TPU will not operate properly at narrower
pulse widths.
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12.8.3 Caution on Period Setting

When counter clearing on compare match is set, TCNT is cleared in the last state in which it
matches the TGR value (the point at which the count value matched by TCNT is updated).
Consequently, the actual counter frequency is given by the following formula:

f=_ 9
(N+1)

Where  f: Counter frequency
@. Operating frequency
N: TGR set value

12.84  Contention between TCNT Write and Clear Operation

If the counter clear signal is generated in the T2 state of a TCNT write cycle, TCNT clearing takes
priority and the TCNT write is not performed.

Figure 12.31 showsthetiming in this case.

TCNT write cycle

Tl T2
' iSRS ERERERER NS
Address X TCNT addressX

Write signal | I
Counter clear I_l
signal

TCNT N X Ho000

Figure12.31 Contention between TCNT Write and Clear Operation
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12.85 Contention between TCNT Write and I ncrement Operation

If incrementing occursin the T2 state of a TCNT write cycle, the TCNT write takes priority and
TCNT is not incremented.

Figure 12.32 showsthe timing in this case.

TCNT write cycle

Tl T2
’ inigiginigiigigigigh
Address X TCNT addressX

Write signal | I
TCNT input | |
clock

TCNT N X M

TCNT write data

Figure12.32 Contention between TCNT Writeand I ncrement Operation
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12.8.6  Contention between TGR Writeand Compare Match

If acompare match occursin the T2 state of a TGR write cycle, the TGR write takes priority and
the compare match signal isinhibited. A compare match does not occur even if the previous value
iswritten.

Figure 12.33 showsthe timing in this case.

TGR write cycle
T T,

Lt 2|
' iSRS ERERERERERE
Address X TGR addressX
Write signal | I

pmmm——— 1

Compare : i«— Inhibited
match signal H
TCNT N L N+
TGR N ) P

TGR write dat