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Notice

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

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

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

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

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

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

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

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

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

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

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

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

owned subsidiaries.

(Note 2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.
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Notes regarding these materials

This document is provided for reference purposes only so that Renesas customers may select the appropriate
Renesas products for their use. Renesas neither makes warranties or representations with respect to the
accuracy or completeness of the information contained in this document nor grants any license to any
intellectual property rights or any other rights of Renesas or any third party with respect to the information in
this document.
Renesas shall have no liability for damages or infringement of any intellectual property or other rights arising
out of the use of any information in this document, including, but not limited to, product data, diagrams, charts,
programs, algorithms, and application circuit examples.
You should not use the products or the technology described in this document for the purpose of military
applications such as the development of weapons of mass destruction or for the purpose of any other military
use. When exporting the products or technology described herein, you should follow the applicable export
control laws and regulations, and procedures required by such laws and regulations.
All information included in this document such as product data, diagrams, charts, programs, algorithms, and
application circuit examples, is current as of the date this document is issued. Such information, however, is
subject to change without any prior notice. Before purchasing or using any Renesas products listed in this
document, please confirm the latest product information with a Renesas sales office. Also, please pay regular
and careful attention to additional and different information to be disclosed by Renesas such as that disclosed
through our website. (http://www.renesas.com )
Renesas has used reasonable care in compiling the information included in this document, but Renesas
assumes no liability whatsoever for any damages incurred as a result of errors or omissions in the information
included in this document.
When using or otherwise relying on the information in this document, you should evaluate the information in
light of the total system before deciding about the applicability of such information to the intended application.
Renesas makes no representations, warranties or guaranties regarding the suitability of its products for any
particular application and specifically disclaims any liability arising out of the application and use of the
information in this document or Renesas products.
With the exception of products specified by Renesas as suitable for automobile applications, Renesas
products are not designed, manufactured or tested for applications or otherwise in systems the failure or
malfunction of which may cause a direct threat to human life or create a risk of human injury or which require
especially high quality and reliability such as safety systems, or equipment or systems for transportation and
traffic, healthcare, combustion control, aerospace and aeronautics, nuclear power, or undersea communication
transmission. If you are considering the use of our products for such purposes, please contact a Renesas
sales office beforehand. Renesas shall have no liability for damages arising out of the uses set forth above.
Notwithstanding the preceding paragraph, you should not use Renesas products for the purposes listed below:

(1) artificial life support devices or systems

(2) surgical implantations

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

(4) any other purposes that pose a direct threat to human life
Renesas shall have no liability for damages arising out of the uses set forth in the above and purchasers who
elect to use Renesas products in any of the foregoing applications shall indemnify and hold harmless Renesas
Technology Corp., its affiliated companies and their officers, directors, and employees against any and all
damages arising out of such applications.
You should use the products described herein within the range specified by Renesas, especially with respect
to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation
characteristics, installation and other product characteristics. Renesas shall have no liability for malfunctions or
damages arising out of the use of Renesas products beyond such specified ranges.
Although Renesas endeavors to improve the quality and reliability of its products, IC products have specific
characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use
conditions. Please be sure to implement safety measures to guard against the possibility of physical injury, and
injury or damage caused by fire in the event of the failure of a Renesas product, such as safety design for
hardware and software including but not limited to redundancy, fire control and malfunction prevention,
appropriate treatment for aging degradation or any other applicable measures. Among others, since the
evaluation of microcomputer software alone is very difficult, please evaluate the safety of the final products or
system manufactured by you.
In case Renesas products listed in this document are detached from the products to which the Renesas
products are attached or affixed, the risk of accident such as swallowing by infants and small children is very
high. You should implement safety measures so that Renesas products may not be easily detached from your
products. Renesas shall have no liability for damages arising out of such detachment.
This document may not be reproduced or duplicated, in any form, in whole or in part, without prior written
approval from Renesas.
Please contact a Renesas sales office if you have any questions regarding the information contained in this
document, Renesas semiconductor products, or if you have any other inquiries.
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General Precautions in the Handling of MPU/MCU Products

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

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

1.

Handling of Unused Pins

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

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

Processing at Power-on

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

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

Prohibition of Access to Reserved Addresses

Access to reserved addresses is prohibited.

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

Clock Signals

After applying a reset, only release the reset line after the operating clock signal has become

stable. When switching the clock signal during program execution, wait until the target clock

signal has stabilized.

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

Differences between Products

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

— The characteristics of MPU/MCU in the same group but having different part numbers may
differ because of the differences in internal memory capacity and layout pattern. When
changing to products of different part numbers, implement a system-evaluation test for
each of the products.
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1.

How to Use This Manual

Objective and Target Users

This manual was written to explain the hardware functions and electrical characteristics of this
LSI to the target users, i.e. those who will be using this LSI in the design of application
systems. Target users are expected to understand the fundamentals of electrical circuits, logic
circuits, and microcomputers.

This manual is organized in the following items: an overview of the product, descriptions of
the CPU, system control functions, and peripheral functions, electrical characteristics of the
device, and usage notes.

When designing an application system that includes this LSI, take all points to note into
account. Points to note are given in their contexts and at the final part of each section, and
in the section giving usage notes.

in the manual.

The list of revisions is a summary of major points of revision or addition for earlier versions.
It does not cover all revised items. For details on the revised points, see the actual locations

The following documents have been prepared for the H8/38776 Group. Before using any of the
documents, please visit our web site to verify that you have the most up-to-date available
version of the document.

Document Type Contents Document Title Document No.

Data Sheet Overview of hardware and electrical — —
characteristics

Hardware Manual Hardware specifications (pin H8/38776 Group This manual

assignments, memory maps,
peripheral specifications, electrical
characteristics, and timing charts)
and descriptions of operation

Hardware Manual

Software Manual

Detailed descriptions of the CPU
and instruction set

H8/300H Series Software REJ09B0213
Manual

Application Note

Examples of applications and
sample programs

Renesas Technical
Update

Preliminary report on the
specifications of a product,
document, etc.

The latest versions are available from our
web site.
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2. Description of Numbers and Symbols

Aspects of the notations for register names, bit names, numbers, and symbolic names in this
manual are explained below.

(1) Overall notation

In descriptions involving the names of bits and bit fields within this manual, the modules and
registers to which the bits belong may be clarified by giving the names in the forms
"module name"."register name"."bit name" or "register name"."bit name".

(2) Register notation
The style "register name"_"instance number" is used in cases where there is more than one
instance of the same function or similar functions.
[Example] CMCSR_0: Indicates the CMCSR register for the compare-match timer of channel 0.

(8) Number notation
Binary numbers are given as B'nnnn (B' may be omitted if the number is obviously binary),
hexadecimal numbers are given as H'nnnn or Oxnnnn, and decimal numbers are given as nnnn.

[Examples] Binary: B'11 or 11
Hexadecimal: H'EFAOQ or OXEFAO
Decimal: 1234

(4) Notation for active-low

An overbar on the name indicates that a signal or pin is active-low.
[Example] WDTOVF

(4) @

14.2.2 Compare Match Control/Status Register_0, _1 (CMCSR_0,CMCSR_1)
CMCSR indicates compar

8 uon enableb or dlsables interrupts, and selects the counter
s nitializes the TCNT value to 0.

14.3.1 Interval Count Operation

‘When an internal clock is selected with the CKS1 and CKSO bits in CMCSR and the STR bit in
CMSTR is set to 1, CMCNT starts muememm(y using the selected clock. When F

and the CMF ﬂag in CMCSR s set to 1. thn the CKS1 and CKSO bits are set
a f/4 clock is selected.

Rev. 0.50, 10/04, page 416 of 914
RENESAS
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Note: The bit names and sentences in the above figure are examples and have nothing to do
with the contents of this manual.
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3. Description of Registers
Each register description includes a bit chart, illustrating the arrangement of bits, and a table of
bits, describing the meanings of the bit settings. The standard format and notation for bit charts
and tables are described below.

[Table of Bits] (1) @ ©) @) ®)
Bit| Bit Name Ipitial Value R/W Description
15 - i Reserved
14 - ( These bits are always read as 0. )
13to 11 ASID2 to Al O R/W  Address Identifier
ASIDO These bits enable or disable the pin function.
10 - 0 R Reserved
This bit is always read as 0.
9 - 1 R Reserved

This bit is always read as 1.

\’_0_/\/—
Note: The bit names and sentences in the above figure are examples, and have nothing to do with the contents of this
manual.
(1) Bit
Indicates the bit number or numbers.

In the case of a 32-bit register, the bits are arranged in order from 31 to 0. In the case
of a 16-bit register, the bits are arranged in order from 15 to 0.

(2) Bitname
Indicates the name of the bit or bit field.
When the number of bits has to be clearly indicated in the field, appropriate notation is
included (e.g., ASID[3:0]).
A reserved bit is indicated by "-".
Certain kinds of bits, such as those of timer counters, are not assigned bit names. In such
cases, the entry under Bit Name is blank.
Initial value
Indicates the value of each bit immediately after a power-on reset, i.e., the initial value.
0: The initial value is 0
1: The initial value is 1
—: The initial value is undefined
(4) RIW
For each bit and bit field, this entry indicates whether the bit or field is readable or writable,
or both writing to and reading from the bit or field are impossible.
The notation is as follows:
R/W: The bit or field is readable and writable.
R/(W): The bit or field is readable and writable.
However, writing is only performed to flag clearing.
R: The bit or field is readable.
"R" is indicated for all reserved bits. When writing to the register, write
the value under Initial Value in the bit chart to reserved bits or fields.
W: The bit or field is writable.
Description
Describes the function of the bit or field and specifies the values for writing.

-

&
&L

(5

Nl
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4. Description of Abbreviations

The abbreviations used in this manual are listed below.

e Abbreviations used in this manual

Abbreviation

Description

ACIA

Asynchronous communication interface adapter

bps Bits per second

CRC Cyclic redundancy check

DMA Direct memory access

DMAC Direct memory access controller

GSM Global System for Mobile Communications
Hi-Z High impedance

IEBus Inter Equipment Bus (IEBus is a trademark of NEC Electronics Corporation.)
I/0 Input/output

IrDA Infrared Data Association

LSB Least significant bit

MSB Most significant bit

NC No connection

PLL Phase-locked loop

PWM Pulse width modulation

SFR Special function register

SIM Subscriber Identity Module

UART Universal asynchronous receiver/transmitter
VvCO Voltage-controlled oscillator

Rev. 1.00 Dec. 18,2006 Page viii of xxii

RENESAS



Contents

SECION 1 OVEIVIEW ...ttt sttt ettt eb e s 1
1.1 FRALUTES ...ttt sttt ettt st sbt e bt e b et st saaesaee e 1
1.1.1 WaN o] 01 (ot:1 1 (o) RO TSSO 1
1.1.2 Overview Of SPeCifiCatioNS. .......cc.eeiieriieiiiieiieeee ettt 2
1.2 LSt Of PrOQUCES ...ccueieiiieiieeiieeieest ettt ettt ettt et ettt e e st e st e sseeaeenteeneesneenseenseeneens 6
1.3 BIOCK DIAGTAM ..c..viiiiiiiiieiieee ettt sttt sttt e st e it e e st e e nbteesabeenaeas 7
1.4 Pin ASSIZNIMENT .....iiiiiiiiieiiieiieeeiee ettt ettt et e e site et eebteebeeebaeesbeesabaesnbeesabaesaseesabeesnneas 8
L5 PN FUNCHONS .ottt et ettt st 13
SeCtioN 2 CPU ..ot e 19
2.1 Address Space and Memory Map .........cocooveiiiiiiiiiiiiicc e 20
2.2 RegiSter CONfIGUIALION. .......eiriiiriiiriierieesiteetee sttt e st e et e st e esiteesbeesabeesabeesaneesabeenane 21
2.2.1 GeNETal REZISIETS ...ccuvveeiiiiiiieeiie ettt ettt et e beesbaesabeenas 22
222 Program Counter (PC) .......coccoviiiiiiiiiiieieeieeetesteeee et 23
2.2.3 Condition-Code Register (CCR) .......coiiiiiiiiiiiiiiniecee e 23
20 T B : 1 0 2101 14 U1 OO U PRSP 25
231 General Register Data Formats............ccccoociiiiiiniiniiniiccceeeeeeee 25
2.3.2 Memory Data FOIMALS ......c.c.eovciiiiiiiniieieeieeeete ettt st 27
2.4 INSHUCTON S@L..uuiiiiiiiiiiiiiiienitett ettt ettt ettt eete st sb et e et et sae e st e bt eaneeenesanesbeenbeennes 28
24.1 Table of Instructions Classified by Function ..........cc..cocceevenviinicninnenncnncneene. 28
242 Basic Instruction FOrmMAats .........ccceeieiiiiieiiiiieieeecee e 38
2.5  Addressing Modes and Effective Address Calculation.............ceceecveverienienenineneneeeenenn 39
251 AdAresSing MOES ........cc.evuereriireririiietententese sttt ettt st eeenees 39
252 Effective Address Calculation ..........cocccocvereenieniiiiiniienieniieieeieseeneee e 43
2.6 BaSiC BUS CYCI@..uiiiiiiiiiiiiiiteeeetee ettt ettt et ettt e s beenaee 45
2.6.1 Access to On-Chip Memory (RAM, ROM)......cccccoirviiriiniiniiniiiiicneeceene 45
2.6.2 On-Chip Peripheral Modules ............cooceieiiiiiiiiiieeeeeee e 46
0 B O o U v 111 OO U TR PRUSPR 47
2.8 USAZE INOLES ...ttt ettt ettt e s s et e bt et e e e e esne e b e eneennes 48
2.8.1 Notes on Data Access to EMPty AT€as .....cocceevvvieeiiiiiiieeiieiiieeiee e 48
2.8.2 EEPMOYV INStIUCHON.....coutiiiitieiieiieniicieeteeie ettt ettt 48
2.8.3 Bit-Manipulation INStrUCHON ....cc.covviriiiieniiiiiicrieceeeeteeteeeeee e 49
Section 3 Exception Handling ............coociiiiiiiiiiiiiiiiiieieeeeeeeeeeeee e 55
3.1 Exception Sources and Vector AddIess ...........cocervuerierienienieiiieieeeeeereee e 56
3.2 RESEE cateiieiteeet ettt et et et st sh e bttt et e b ennee 57

Rev. 1.00 Dec. 18,2006 Page ix of xxii
RENESAS



321 Reset Exception Handling ...........cooccovieiiiniiniiniiiiiniineeeeeeeeesceeeee e 57

322 Interrupt Immediately after ReSet..........ccooiirieiiiiiiiiiiieeeeee e 58
3.3 IIEEITUPLS ..ttt ettt sttt et ettt eb ettt a bbbttt eae 59
3.4  Stack Status after Exception Handling .........ccccocevereeiiniiiiinininininieeeeenene e 60
34.1 Interrupt ReSponse TIme.......cc.eevviiiriieriiiiiiiieniieeieerieeseeerte et 61
3.5 USAZE INOLES ..ttt ettt ettt ettt e st e e st e st e e sateesabeessteesabeessteesabeensteessbeensseenasasnne 62
3.5.1 Notes 0n Stack ATea USE .......c.eeveieiiiniiniiniiieicicieicese st 62
352 Notes on Rewriting Port Mode RegiSters ..........ccooeerieiirienienieneeeeie e 63
353 Method for Clearing Interrupt Request F1ags .........ccccoeviiiiiiiniiiiiiiiiciieeee, 66
Section 4 Interrupt CONtroller.......ccueviriiiieriieiiiieeeeeeeeeee et 67
4.1 FRATUTES ...ttt e 67
4.2 INPUHOULPUL PINS...eiiiiiiiiiiieieieee ettt ettt ettt et st 68
4.3 RegiSter DESCIIPHIONS ... cetiitieiieiieite ettt sttt ettt sttt ettt et eeseesbeesbeebeeaaeeaees 68
43.1 Interrupt Edge Select Register (IEGR) .......ccocvevveviinininininicicicicncenceeeeeee 69
432 Wakeup Edge Select Register (WEGR).......ccccoceviniririeieicicncnencecnceeeeeeee 70
433 Interrupt Enable Register 1 (IENR1) ..cc.cooriiiiniiiniiiiiieeeeceeeeeeee 71
434 Interrupt Enable Register 2 (IENR2) ......ooviiiiniiiniiiiiiiiececeeeceee e 72
435 Interrupt Request Register 1 (IRR1) .c..oouiiiiiiiniiniiiiiiiiiiiceececececeee 73
4.3.6 Interrupt Request Register 2 (IRR2) ....cocuooiiiiiiiiiiiiieeeeeeeeeee e 74
4.3.7 Wakeup Interrupt Request Register (IWPR) .......cccooiiiiiiiiniiieieee, 76
4.3.8 Interrupt Priority Registers A to E (IPRA t0 IPRE).......ccccocevievcninincninenenee. 78
439 Interrupt Mask Register (INTM) ...cc.ceoviiiriiiniieieiieeteeee ettt 79
4.4 TOECTTUPE SOUTCES..eeeuuierutieeiieetteeieeetteeteesettesbeesateesbeesateessbeesaseesaseesaseesseesaseesseessseesssesnnee 79
441 External INEITUPLS ....cccveeieriiriiiieieeieee ettt s 79
442 Internal INTEITUPLS .....eevieiieiieieieiiet ettt s 81
4.5  Interrupt Exception Handling Vector Table..........ccccooeiiiiiiiiiiiiiinieeeeeeeeeeeee 81
4.0 OPECTALION ...ttt ettt ettt st ettt et et b st bbbt ettt e et b et besae e 84
4.6.1 Interrupt Exception Handling S€qUence ...........coocveeviierieiniiinieniieeieeiee e 86
4.6.2 Interrupt ReSPONSe TIMES ....c...eevuviiriieniierieeiie ettt ettt e e 88
AT USAZE NOTES c.eeutieiiieiieeiteeite ettt ettt ettt ettt eb e bt b e bt et st e sbeesbe et e e bt eatesbbe s bt e beenbeennes 89
471 Contention between Interrupt Generation and Disabling.........c.ccccceevvenenenenen. 89
4.7.2 Instructions that Disable INTEITupPLS .......cccveruereririeicienenereneeeeeerereeee e 90
4.7.3 Interrupts during Execution of EEPMOYV Instruction ..........c.ccecevereverceeeeenee. 90
474 TENR CIEATING ...veeeuvieiniieeiieeiteeite et st ste sttt et e s teesiteesareesnaeesanesnbeeensaesnne 90
Section 5 Clock Pulse GENerators .......c...cceecvereeuieienienienieniieieeeese e 91
5.1 RegIStEr DESCIIPHION ...ovvitiiieiieiieiicteieetere ettt sttt ettt sae et ne e 93
5.1.1 SUB32k Control Register (SUB32CR).......ccciiiiiiiiiiiieieeeeeeiceeeeee e 93
5.1.2 Oscillator Control Register (OSCCR) .....ooueeviieiiieiieieeieeeeee e 94

Rev. 1.00 Dec. 18,2006 Page x of xxii
RENESAS



5.2 System CIOCK GENETALOL ........cc.eeruieiieiieiieniieniteieeieete sttt sttt et ettt sbe et e b et e saee e 95
521 Connecting a Crystal RESONALOT..........cccecveierierieniinininieeeecreeciene e 95
522 Connecting a Ceramic ReSONALOT..........coceeveieieriinieninineeecreecieresrese e 95
523 External Clock Input Method............cocoiienieiiiiiiiiiiiciceeeeeee e 96
5.2.4 On-Chip Oscillator Selection Method
(Supported only by the Mask ROM Version) .........ccceecueevveenienneeinienneesieeenne. 96
53 SUDCIOCK GEINETALOT ....c...etiiiieiieieiite ittt ettt sttt et st sbtesbee e et eanens 97
5.3.1 Connecting 32.768-kHz/38.4-kHz Crystal Resonator...........cccccccecevereneeennnen. 97
532 Pin Connection when not Using SubclockK.........ccccoevirinininienienicninencneneenee. 98
5.33 How to Input External ClockK ........ccccoviiieiiiiiiiiniiiiiceeeececeee e 98
5S4 PIESCALETS ..ttt ettt et 99
54.1 Prescaler S ..o e 99
5.5 USAZE INNOLES c..eeuitentieiteeiteeitesite sttt ettt ettt ettt et e et sat e b e b e et eabeeabesatesbeenbeenteenteeaeesaaens 100
551 INOLE 0N RESONALOLS ...ttt st 100
552 Notes 0n Board DEeSign ......c..ceviiiiiiiiiieiieieeieteeee et 103
553 Definition of Oscillation Stabilization Wait Time ........ccecceeveereervenieireiennenns 103
5.5.4 Note on Subclock Stop State..........eevvviiiiieriiiiiieieee e 105
5.5.5 Note on Using POwer-On Reset.........ccovviivieiiiiiniennieiiecceceeeee e 105
Section 6 Power-Down MOdEs ...........ooviiiiiiiiiiiiiiiiieeiicceeeeceeceee e 107
6.1 RegiSter DESCIIPLIONS ....coueeeiiiieieetieiieieeteeee ettt ettt ettt esbeesbeesbeeeesaee e 108
6.1.1 System Control Register 1 (SYSCRI) ..cccoeririeiiiiiiniinininenceceieecieneseiee 108
6.1.2 System Control Register 2 (SYSCR2) ....cooiuiiiiiiiiieiiiiiiieeieesieeeieesiee e 110
6.1.3 Clock Halt Registers 1 and 2 (CKSTPR1 and CKSTPR2) .........ccoceevviennennnen. 111
6.2  Mode Transitions and States of LST.......ccccocuiriiriiiiiiiiiiieteeececeeeeeeee e 113
6.2.1 SIEEP MOME ...ttt s 119
6.2.2 Standby MOME .......coviiiiiniiniiiiieteeeeeere ettt e 119
6.2.3 WaLCh MOGE......ciiiiiiiieiiieeee ettt sttt 120
6.2.4 SUDSIEED MOME......coouiiiiiieiiieeiteeee ettt ettt et eaee s 120
6.2.5 SUDACTIVE MOAE ..ottt st 121
6.2.6 Active (Medium-Speed) MOde .........coeevieeiiirieriiniiniiieiienteneeeeeeeeesieeene 121
6.3 DIreCt TIANSILION ....e.eeeeieiieiieite et ettt ettt et ettt et et e e estesbeesbeenbeeaeentesaeenae 122
6.3.1 Direct Transition from Active (High-Speed) Mode to Active
(Medium-Speed) MOdE ......ccceeeriiiriiiiieieeie ettt 123
6.3.2 Direct Transition from Active (High-Speed) Mode to Subactive Mode........... 124
6.3.3 Direct Transition from Active (Medium-Speed) Mode to Active
(High-Speed) MOde.........coueriiiiiiiiieiieiienteeee ettt 124
634 Direct Transition from Active (Medium-Speed) Mode to Subactive Mode ..... 125
6.3.5 Direct Transition from Subactive Mode to Active (High-Speed) Mode........... 125
6.3.6 Direct Transition from Subactive Mode to Active (Medium-Speed) Mode ..... 126

Rev. 1.00 Dec. 18,2006 Page xi of xxii
RENESAS



6.3.7 Notes on External Input Signal Changes before/after Direct Transition........... 126
6.4  Module Standby FUNCHION. .......cccuiiiiiiieiieiieicec ettt s 127
0.5 USAZE INNOLES ..ottt ettt ettt e st ettt et e s ateste e bt en b e eateeb e e bt e beenbeeabesaeesaeenaeeneeenee 127
6.5.1 Standby Mode Transition and Pin States ..........ccccocevererenieeieeciencnenenenenene 127
6.5.2 Notes on External Input Signal Changes before/after Standby Mode............... 128
Section 7 ROM ...coiiiiiiiiiiiicicecteesee ettt 131
7.1 BIoCK CONFIGUIALION .....outieiiieiiieiiieie ettt st st e e 132
7.2 ReZIStEr DESCIIPIONS ... .eiuieiiiiitietieie ettt ettt ettt e b ettt et et e et esbeenbeenaeeneeas 134
7.2.1 Flash Memory Control Register 1 (FLMCRI)........cccccociiiiiiniiniiniiiiiceeee 134
7.2.2 Flash Memory Control Register 2 (FLMCR2)........ccocceeviiiniiiiniienienieeeeeee, 135
723 Erase Block Register 1 (EBR1) ....coocuiiiiiiiiiiiiiieiiceeeecee et 136
7.2.4 Flash Memory Power Control Register (FLPWCR)......c.cccccevvevvinicniencnncnne. 137
7.2.5 Flash Memory Enable Register (FENR)........cccccoooieiiiiiniiniieeecece 137
7.3 On-Board Programming MOdES..........cccueiiiiieiiiniiiie ettt 138
7.3.1 BOOt IMOAE ...ttt ettt sttt 139
7.3.2 Programming/Erasing in User Program Mode...........cccocueeviierniieniennieennennnen. 141
7.4 Flash Memory Programming/Erasing...........cccceeveueeriieenieenieeiieenieeeniieesieesieesieesveesvee e 143
74.1 Program/Program-Verify .........coccoveeriiniiiiniinieeeenesteeeeee e 143
742 Erase/Erase-Verify........cooiiiiiiiiiiiiiieeee ettt 146
743 Interrupt Handling when Programming/Erasing Flash Memory....................... 146
7.5 Program/Erase ProteCtiON ........ccceiviiiiiiiinieiieiicieeeeeeteete st 148
7.5.1 Hardware Protection .............ccoeoieiiiiiniiiiniiiiiiiiciciicccee 148
7.5.2 Software ProteCtion...........ccccoeiiiiiiiniiiiiiiiiicicice e 148
7.5.3 EITOT PrOtECHION ....ovviiiiiiieiieicicieie et 148
7.6 Programmer MOGE .........cc.coeruiriinirinieieieienene ettt sttt et sae b st 149
7.7 Power-Down States for Flash MEemOTy.........cccccevirininininieieicieneneeeseee e 149
7.8 Notes on Setting Module Standby MoOde .......c..coeeeeierieniineninienenieeciereneesene e 150
Section 8 RAM ...couiiiiiiiiiiiicteeeee et 153
Section 9 I/O POTES.....coiiiiiiiiiieiieeee ettt 155
0.1 PO Lttt sttt sttt sa s 155
9.1.1 Port Data Register 1 (PDRI) ....coooieiiiiiiieeieeeeee e 156
9.1.2 Port Control Register 1 (PCR1) ....coccuiiviiiiiiiiiiiiiieeicceeeee e 156
9.1.3 Port Pull-Up Control Register 1 (PUCRI).....cccceeviiiniiiiiiiieeieeeeeec e, 157
9.14 Port Mode Register 1 (PMR1) ....cooiiviiiiiiiniiiiiiieienteteeeeecee e 157
9.1.5 Pin FUNCHIONS ..ottt st 158
9.1.6 Input Pull-Up MOS ...ttt 163

Rev. 1.00 Dec. 18,2006 Page xii of xxii

RENESAS



9.2

9.3

9.4

9.5

9.6

9.7

9.8

9.9

............................................................................................................................. 164
Port Data Register 3 (PDR3)........coiiiiiiieieeeieeeeee et 164
Port Control Register 3 (PCR3) .....c.ooiiiiiiiiiiiieiieeeeee e 165
Port Pull-Up Control Register 3 (PUCR3)......ccccocevererieieiiicncnencniencseeene 165
Port Mode Register 3 (PMR3) ...cc..ooiiiiiiiiiiieeiicteeee ettt 166
Pin FUNCHONS ..ottt ettt et 166
Input PUull-Up MOS ...ttt 168

............................................................................................................................. 169
Port Data Register 4 (PDR4)........cooiiiiiieieeeeeee ettt 169
Port Control Register 4 (PCR4) .......ooovieiieiieieieeeeee et 170
Port Mode Register 4 (PMR4) .......cooiiiiiiiiiieeiiteeec ettt 171
Pin FUNCHONS ..ottt sttt s e s 172

............................................................................................................................. 173
Port Data Register 5 (PDRS).....cc.coiiiiiiieieeeeeeee et 174
Port Control Register 5 (PCRS) ....cc.eiiiiiiiiieieeeeee et 174
Port Pull-Up Control Register 5 (PUCRS)......ccccocevererieieiiiencnencnenceeeene 175
Port Mode Register 5 (PMRS) ...oouviiiiiiiiiiiiieciceteec e 175
Pin FUNCHONS ...eeiiiieiieeecie ettt st 176
Input PUull-Up MOS ...ttt ettt 177

............................................................................................................................. 177
Port Data Register 6 (PDRO)........cocooriiiiiiiiiieieeeeee et 178
Port Control Register 6 (PCRO) ........cc.oeoiieiieieieietee e 178
Port Pull-Up Control Register 6 (PUCRO).........ccecueervviiniienieiiienieeiieeieeeee. 179
Pin FUNCHONS ...eeiiiiiiiieiecie ettt ettt et 179
Input PUull-Up MOS ...ttt ettt 180

............................................................................................................................. 181
Port Data Register 7 (PDR7).....cocoiiiiiiieieeieieeeee et 181
Port Control Register 7 (PCR7) ...coouveiieiieiieeeeee et 182
Pin FUNCHONS ..ottt sttt s e s 182

............................................................................................................................. 183
Port Data Register 8 (PDRS8).....c..cooiiiiiiiiiiinieiieieccteeeeeceeeeeeeeens 184
Port Control Register 8 (PCRS8) .......coiuiiiiiiiiieiieeeee e 184
Pin FUNCHIONS ...viiiiiiiiiecieeie ettt et et eebaeeaeessbaeeveeenns 185

............................................................................................................................. 186
Port Data Register 9 (PDRO)......cccoiiiiiiiiiieeie ettt 186
Port Control Register 9 (PCRO) ......coouiiiiiiiiiiiiiiiieete et 187
Port Mode Register 9 (PMRO) ......cccoviiiiiriiiiiieieiciie et 187
Pin FUNCHIONS ...veiiiieiiiecieccie ettt ettt ettt e et eeveessbaeenveeenes 188

............................................................................................................................. 189
Port Data Register A (PDRA).......ociiiiiieeeeceeet ettt 189

Rev. 1.00 Dec. 18,2006 Page xiii of xxii
RENESAS



99.2 Port Control Register A (PCRA) ....cooueiiiiiiiiiieieectetceeeece e 190

9.9.3 Pin FUNCHIONS ..ottt s st 191
.10 POIE Bttt ettt a ettt e b e saeen 192
9.10.1  Port Data Register B (PDRB) ......ccoooiiiiiiiiieiceeeeeeeee e 192
9.10.2  Port Mode Register B (PMRB).........ccoctiiiiiniiiiiiieciceteeec et 193
9.10.3  Pin FUNCHONS ....ouiiiiiiiiiiiiiieteicec ettt st s 194
9.11  Input/Output Data INVEISION ......cc.cevuieiiriiniiiiieiieieeiesitesttenie ettt st nieens 196
9.11.1  Serial Port Control Register (SPCR).......ccccooiiiiiiiiiiiieiieneeeee e 196
012 USAZE INOLES ..ottt ettt ettt ettt et ae bt sa ettt ae st sae bt et e nenaenes 198
9.12.1 How to Handle Unused Pin .........ccocceriiiniiiiiiiiiiiieceeeceee e 198
Section 10 Realtime Clock (RTC).......ooooeiiiiiiiiiiieeecieee e 199
LO.T  FRALUIES. ....eeutieniieiiieitieiteett ettt ettt et sa ettt et ea e s bt e s b e bt et eatesatesbeenbeenbeenee 199
10.2  INPUt/OULPUL PNl c.oeiiiiiiiiiiee ettt et ettt e 200
10.3  RegiSter DeSCIIPLIONS ....couietietieiieie ettt ettt sttt sb ettt e et e bt et e e e eneeas 200
10.3.1  Second Data Register/Free Running Counter Data Register (RSECDR) ......... 201
10.3.2  Minute Data Register (RMINDR) ......ccccooiiiiiiiiiiiieeicieciec e 201
10.3.3  Hour Data Register (RHRDR) .........ccooviiriiiiiiiiiiiiieeiiceeeeiee et 202
10.3.4  Day-of-Week Data Register (RWKDR) .......cccccoviriiniiniininiinicnienecceeee, 203
10.3.5 RTC Control Register 1 (RTCCRI) ...cccoeviiiiiiiieiiiieiieieeecee e 204
10.3.6  RTC Control Register 2 (RTCCR2) ....c..ooeiiiiiiiiiiiiieiieiieeeeee e 205
10.3.7  Clock Source Select Register (RTCCSR) ......oovuieiiiriirieeiecieeeee e 206
10.3.8  RTC Interrupt Flag Register (RTCFLG) .....ccceeviiiniiiniiiiiiieeieeieeeiee st 207
104 OPETALION ..ttt ettt sttt et e st e st e sttt e st e e sateesate e bteesbteesbeeebaeebeesbaeenseesbaesseesns 208
10.4.1  Initial Settings of Registers after POWer-On .........ccccoeceeveeiiniienienicneencnncnnne, 208
10.4.2  Initial Setting Procedure ...........cccooiriiriinieniieeeeeee e 208
10.4.3  Data Reading Procedure ..........c.cccceeerenirininenienieieneneneseee et eeereeenne e 209
10.5  INEEITUPE SOUICES. ...couviiuiiiiiiiieiiete ettt ettt ettt ettt et s s e e et eneesneenaeeanen 210
1O.6  USAZE INOLES c..eeeireeiieeiiieeeite ettt ettt ettt ettt et e e s bt e e bt e e bt e e bteesbteenstesabeesnbaesabaeensaesabaesnseenns 211
10.6.1  Note on CloCK COUNL .......cocuiriiriiiiiiiieieniteteeeere ettt s saeesae e 211
10.6.2  Note 0on Use Of INTETTUPLS....c..eerueeriirieriirieniieteeteeitesteieee ettt 211
Section 11 TImer F....oooiiiiiiieee e 213
TLoT FOALUIES. cutieiteeiieeitee ettt ettt ettt e sbt e et e e st e et e s bt e sabeesabeesabeesabaesaneenas 213
11.2  INPUH/OULPUL PINS ottt sttt ettt et ettt e e saaeebaeeaeeens 214
11.3  RegiSter DeSCTIPOMNS ... .eevueiiiiiieiieeiieerie ettt ettt ettt et esiteesabeesibeesabeesaseenaneens 215
11.3.1  Timer Counters FH and FL (TCFH, TCFL) .........ccccceeeiiiiiieiiiee e, 215
11.3.2  Output Compare Registers FH and FL. (OCRFH, OCRFL)..........ccccccccevvennene. 216
11.3.3  Timer Control Register F (TCRF) ......cccooiiiiiiiiiiieeeeeee e 217
11.3.4  Timer Control/Status Register F (TCSRF) ......cccccovviiiiiiiiieeee e 218

Rev. 1.00 Dec. 18,2006 Page xiv of xxii
RENESAS



L1.4 OPEIALION ...ttt ettt ettt b ettt et st satesbe et et e esaesanenbaens 220
11.4.1  Timer F OPeration ........cccooveeiieriiiiieniienieenieeteete sttt st s 220
11.4.2  TCF Increment TIMING ......c.coveeuirierieniieieeieeitesieeie et seee e st seee e 221
11.4.3  TMOFH/TMOFL Output Timing .........cceeceeeierieriieiieieeieseeseeseeeee e seeeseeenes 222
11.4.4  TCF Clear TIMING......ccooteriiieriienieenieenieesiieesteesiteesteesteesiressteeesstesbeessaaesaees 222
11.4.5  Timer Overflow Flag (OVF) Set Timing........cccceceevvieiniieniieeniienieenieeneeeieenn 222
11.4.6  Compare Match Flag Set Timing.........ccccecveveenienenienienieneeeeceee st 223
11.5 Timer F OPerating STALeS .......ccceeruerierierienieeieeiteetteetteteeteeetesitesteeseeesteeeesatesaeenseenseeneens 223
L1.6 USAZE NNOLES ...ttt ettt ettt b e bttt ettt e s aee bt et e et e eateeseeeb e e beenbeeneeeaaesanas 224
11.6.1  16-Bit Timer MOGE ......cecvieiieiiieiieiiieciieie ettt ettt 224
11.6.2  8-Bit TIMEr MO .....oouviiiiiiiiiiiirienitetctcceeeteee sttt 224
11.6.3  FIag CleariNg....ccouveeuieeiieeiieeiteeite et ettt ettt st e st e st e st e snbeesbaeenneas 225
11.6.4  Timer Counter (TCF) Read/WTIite......cc.oceeeuiiiieiiiiiiiieeeeiee e e 227
Section 12 16-Bit Timer Pulse Unit (TPU) .....cccceeviiiiiiiiiieieeeeeeiereeeeee, 229
1201 FOALUIES ..o eueteitieeite ettt ettt ettt e s bt e st e st e s bt e st e e s at e e sabeesateesabeebeeesabeenaeeas 229
12.2 INPUI/OULPUL PINS ..eiiiiiiiiiiiiieeiteeite ettt ettt sttt et e st e sbeesaneas 231
12.3  ReISter DESCTIPONS ..c..veeeutieiiieeiie ettt ettt ettt et bee et e sbaeebe e s bt e sbeesbaesnbees 232
12.3.1  Timer Control Register (TCR).......ccccceriiriiriiiiiniiniinienieeeeeee e 233
12.3.2  Timer Mode Register (TMDR) .......ccccoiiiiiiiiieieieeeeeeeee e 235
12.3.3  Timer I/O Control Register (TIOR) ........ccccooiiriiiiiiiieeeeeeee e 236
12.3.4  Timer Interrupt Enable Register (TIER) ........ccccccceveniniinininininieiccnenenene 241
12.3.5  Timer Status Register (TSR).....ccccuiriiiiiiiiiieeieieeeeeeeee e 242
12.3.6  Timer Counter (TCNT) .....uuviiiiiiieireeee e e ee e ee e 243
12.3.7  Timer General Register (TGR) .......ccccooiiriiniiiininiinieeeec e 243
12.3.8  Timer Start Register (TSTR) ......cooiiiiiiiiieeeeeeeee e 244
12.3.9  Timer Synchro Register (TSYR) .cc.ccceviriririiiiieiinineneeeeecceneee 245
L 111 21T (o X 1 PSRRI 246
12,41 T6-Bit REZISIETS ..eeeuiiiiiieiiieiiienieeie ettt ettt ettt eaae e en 246
12,42 8-Bit REGISIEIS cuvvieiiiiiiieiiieeieeeiteeee ettt sttt st s e st e sbaeeaeeas 246
12,5 OPCTALION ...ttt sttt ettt ettt et sbt e st e s bt et e et sat e sbtesbe e bt ebeeaaesanenaaens 248
12.5.1  Basic FUNCHOMNS ... .couiitieiieieeieete ettt st s 248
12.5.2  Synchronous OPeration............ceceecueriereenieeieeienieenieeieeteseee e sie e seeesaee e enee 253
12.5.3  Operation with Cascaded CONNECHION..........ccevuirirerenireeeeierrenreneneneeeeieene 255
1254 PWM MOGES ....coouiiiiiiieiieieeiteieee ettt ettt ettt e et e e 257
12,6 TNEETTUPL SOUTCES ...eeeuvieiiieeiieetieeiteeiteetteettesteesbeeeabeesbeesabeesabeesabeesabaesnseesabeesaseesseesnnens 262
12,77 Operation TIMNE.......cooeeriiiiiiiintenieeeeeet ettt sttt e e ettt satesbeenbeebeeanens 263
12.7.1  Input/Output TIMING ....ceoveeieieiiiieiieseeie ettt 263
12.7.2  Interrupt Signal Timing.......ccccceeoiiiierienieie ettt 266

Rev. 1.00 Dec. 18,2006 Page xv of xxii
RENESAS



12,8 USAZE INNOLES ..couvientieiiieiteeiteieet ettt sttt et ettt et sb e sbt et et e st eatesbtesbe e be e bt saaesaaesaeenbeenne 268

12.8.1  Module Standby FUNction Setting .........cccceeeeruieiiereriieniencenieeeee e 268
12.8.2  Input Clock RESIIICHIONS .....eeuviriiiiieiieiieieeie ettt ettt 268
12.8.3  Caution on Period Setting ...........coceeierieiiiriiiiienieniiee et 269
12.8.4  Contention between TCNT Write and Clear Operation ............cceeeeveeriveenueenne 269
12.8.5  Contention between TCNT Write and Increment Operation .........cc.ccceeveeneene 270
12.8.6  Contention between TGR Write and Compare Match.........cccccoeerieniencnnenne. 271
12.8.7  Contention between TGR Read and Input Capture............cccceveeverierieneennnnne 272
12.8.8  Contention between TGR Write and Input Capture...........cccceveeveeieerieneennenne 273
12.8.9  Contention between Overflow and Counter Clearing.........c..ceceeeeevervenenennenne. 274
12.8.10  Contention between TCNT Write and Overflow .......c..ccocevevvinicniencncenncne 275
12.8.11 Multiplexing of I/O PinS .....cccviiviiiiiiiiieeiieitecte ettt s 275
12.8.12 Interrupts when Module Standby Function is Used..........cccccvceeveerennienieneenne. 275
Section 13 Asynchronous Event Counter (AEC) .......cccccovviiiiiiiiiniiiiiiiciiees 277
D301 FOALUIES . c.utteieeeiieete ettt ettt e rb e e sbt e e bt e bt s bt e et e s b e e sabeesabeeeabeesabaesaneenas 277
132 INPUH/OULPUL PiNS.coiiiiiiiiiiiiiiieite ettt ettt ettt et et e e saaeebaeeaeeens 279
13.3  RegiSter DESCTIPOMNS ... .eeruiiiiiiiriieiieeste ettt ettt site et esteesateesibeesabeesaaeenaneens 279
13.3.1  Event Counter PWM Compare Register (ECPWCR).......cc.ccccevviinieninncnncnnne. 280
13.3.2  Event Counter PWM Data Register (ECPWDR).........cccccoiiiiiiiiiiiniiee 281
13.3.3  Input Pin Edge Select Register (AEGSR).......cccoiiiiiiiiiiiniiieceeeeee 282
13.3.4  Event Counter Control Register (ECCR).........ccoocvriirieiiiiieieeeeee e 283
13.3.5  Event Counter Control/Status Register (ECCSR).......cccceovvvevviiinienieiriiienieene 284
13.3.6  Event Counter H (ECH)......ccooouviiiiiiiieee e 286
13.3.7 Event Counter L (ECL).....ccccoiiiiiiiiiiieiee e e e 286
13.4  OPCTALION «..outeeiieteete ettt ettt ettt e bt et e e et esaee s bt e sbeebe e et saeesaeesaeenteenteenteeneesneans 287
13.4.1  16-Bit Counter OPeration ...........cccceerueerueeiertienienieeeeeeesiesteeseee e eeeseeeseeesaeenee 287
13.4.2  8-Bit Counter OPEration ..........cocceeueeuieiirieniieiieieereeeeseeseere e sne e eae e 288
13.4.3  TRQAEC OPEration.......ccevuieiiuiiiiieeiieeiieeieesieesieesteesieesbeesiseesaseesaseessseesaneens 289
13.4.4  Event Counter PWM Operation...........ccceeceevriieenieiiieeniieeniieeniieeieeesieeesieeeieeens 289
13.4.5  Operation of Clock Input Enable/Disable Function.............cccccecuerieneencnncnee. 290
13.5 Operating States of Asynchronous Event COUNter...........cccccevevererineneeeeeenienienienennens 291
13.0 USAZE INOLES ...ttt sttt ettt ettt ettt ettt et st be et bt et esae s eseenesaeen 292
Section 14 Watchdog TimeT ........coocuiiiiiieeiieeiieeee e 293
T4.1 FEAUIES....c.viiiiiiiiiiciicicce e s 293
14.2  RegiSter DeSCIIPLIONS....cc.eevutiiieiirieriteriteritetc ettt ettt ettt st eee s saeeeae 294
14.2.1  Timer Control/Status Register WD1 (TCSRWDI)......ccccccoriiniiiiiiiiireeenne 295
14.2.2  Timer Control/Status Register WD2 (TCSRWD2)........cccceoiiiiiiiniiiiinieenne 297
14.2.3  Timer Counter WD (TCWD)....cccuviiiiiiieeieeee et 299

Rev. 1.00 Dec. 18,2006 Page xvi of xxii
RENESAS



14.2.4  Timer Mode Register WD (TMWD) ......cccoiiiiiiiiiiiiiiinieneeeec e 299

| G T 00153 ¢ 15 10 s OO OO PSSR 300
14.3.1  Watchdog Timer MOde ........cccoiiiiiiiiiiieieeeeeeeeee et 300
14.3.2  Interval Timer MOdE........cccuievuiieiuiieiiieiieeiieeee ettt e veesebe e veeseveas 301
14.3.3  Timing of Overflow Flag (OVF) Setting ........cccceevvveriiiiiiinieniieeieenieenieeeen 301
T4 4 TEETTUPL «eeeeieiieeetee ettt ettt ettt e st e st e st e esab e e sabeesabeesabeesabeesabeesabeesaseesaseesaseennseas 302
[4.5  USAZE INNOLES ...eoutientieiieeiie ittt ettt sttt ettt et sb e bt e bt et e bt st e sbeesbee bt enbeenteeatenaaens 302
14.5.1  Switching between Watchdog Timer Mode and Interval Timer Mode............. 302
14.5.2  Module Standby Mode Control...........cccceeveeierienieriieieeieeeeseee et 302
1453  Clearing of WT/IT and IEOVF Bits in TCSRWD2.........cccooevvivirmreeerrrrernnnn. 302
Section 15 Serial Communication Interface 3 (SCI3, IrDA) ......ccoovvvvvveeeeneennnn. 305
I5.1 FRALUIES...c.eeiiiiniieiteeieeite ettt ettt ettt b e b et et et satesbee bt et e et e sbaesbaenbaens 305
15.2 INpUt/OULPUL PINS ..ottt s e 309
15.3  RegiSter DESCIIPLIONS .....couveuiiiiiiniiniiriieitet ettt ettt ettt sre et a b sae e eae 309
15.3.1  Receive Shift Register (RSR) ....c.oooeeriiiieieeeeee et 310
15.3.2  Receive Data Register (RDR) .......coocuiiriiiniiiniiiniieniecieceieeieeseee e 310
15.3.3  Transmit Shift Register (TSR) ....ccccoviiiiiiiiiiiiiiiiniieeeeeeeeere e 310
15.3.4  Transmit Data Register (TDR).......ccoccoeiiriiniiiiiiiniinieieeecce e 310
15.3.5  Serial Mode Register (SMR) .......cocoiiiiiiiiiiieieeeeee e 311
15.3.6  Serial Control Register (SCR)......ccccoiiiiiiiiiiiinieieeeee ettt 314
15.3.7  Serial Status Register (SSR) ....ccociiriiiiiiiiiiieeeeeeee e 316
15.3.8  Bit Rate Register (BRR) .....cooouiiiiiiiiiiiiiieeiieeeeteeeeeeeeese s 319
15.3.9  Serial Port Control Register (SPCR).......ccccuvriiiiniiiniiiniiinieeieerieeie e 327
15.3.10 IrDA Control Register (IFCR) ........ccoceeviervierienienienieiiceeceeeeeeeesresee e 329
15.4  Operation in ASynchronous MOde ..........cccoeoueiiiiiiniiiiiiieeeeeee e 330
I5.4.1  CLOCK . ittt ettt e e b ettt e st 331
15.4.2  SCI3 INitialiZAtOMN .. .eeveeeieieeieeieeieesee ettt e sbe et eesesneeseeesaeeeeenes 335
15.4.3  Data TranSmiSSION ....ccc.ceverierierriiritenienieetteteetesteeteereeeresteesreesaeeaeseeesaeenaeenne 336
15.4.4  Serial Data RECEPHON ....eevuiiiiiiiiiiiiieeieeeteeiee ettt s 338
15.5 Operation in Clock Synchronous Mode............cocuerierernirnieniienieneenceie ettt 342
I5.5:1  CLOCK ittt ettt b ettt st 342
15.5.2  SCI3 INItIAlIZAtION ... .eeiiiieeiieiiieeieesieeeteeereeeteesebeesaeeseaeessreessseessseessseenssaenssens 342
15.5.3  Serial Data TranSmiSSION .........eecuereeruiereerteeeeeeeeeenteeeeeseeeesseesseesseesseseesneenes 343
15.5.4  Serial Data Reception (Clock Synchronous Mode) ..........ccccceeeueerniiennieeenieennnen. 345
15.5.5  Simultaneous Serial Data Transmission and Reception.........c.ccceeceeevuverueennen. 347
[5.6  IrDA OPCIAtION ..ccuveeuiiiniiiiiiiiiiiteeiteste ettt ettt ettt ettt ettt nb e ettt satesaeesbeenbeebeeanens 348
15.6.1  TranSIMISSION ...eeiuvieeieeeiiieeieesteeeteesieesteestreessaeessseessseessseessseessseessseensseenssesnseens 348
15.6.2 RECEPLION ..ttt sttt ettt st sttt sae st st 349
15.6.3  High-Level Pulse Width Selection...........ccccecuevievienenineneneneeeeeeecieenenenne 350

Rev. 1.00 Dec. 18,2006 Page xvii of xxii
RENESAS



15.7  INEErTuPt REQUESES .. .eootiiiieiieiieieeitettet ettt st st 351
15.8  USAZE NNOLES ...ttt ettt ettt ettt ettt et e e bt e s bt e be e be et e et e saeesaeenaeenteenteeneesneenbeans 354
15.8.1  Break Detection and ProCessing ............ccecueeeereeienienienieneeneee e 354
15.8.2  Mark State and Break Sending ............ccccoceeiiiiiiiniiiiinieicecceeeeece e 354
15.8.3  Receive Error Flags and Transmit Operations
(Clock Synchronous Mode Only) .......coocveerieeniieniienieenieenieeee e 354
15.8.4  Receive Data Sampling Timing and Reception Margin
in ASYNChronous MOME .......cc.eeiuiiriiiiiiiieiierit ettt 355
15.8.5 Note on Switching SCK31 (SCK32) Pin Function............ccceceevieienienienennne. 356
15.8.6  Relation between Writing to TDR and Bit TDRE ........c..ccccoceviriniiiienicniinnne. 356
15.8.7  Relation between RDR Reading and bit RDRF.............ccooceviiiiniiniiiiiiiniene 357
15.8.8  Transmit and Receive Operations when Making State Transition.................... 357
15.8.9  Setting in Subactive or Subsleep Mode ........c.cccoceevienieniiniiiniienienieeeeeeee, 358
15.8.10 Oscillator when Serial Communication Interface 3 is Used
(Supported only by the Mask ROM Version) .........ccccceeereereeneeneeseenieneenieens 358
Section 16 Serial Communication Interface 4 (SCI4) .....ooooevevvvvvineeeeiieeeeiiennn, 359
L60.1  FEAUIES. ...ttt 359
16.2  INPUt/OULPUL PINS..cuviiiiiiiiiiiiiiiiieieetectertee ettt ettt st 360
16.3  RegiSter DeSCIIPLIONS .....ovieitietieiieie ettt ettt ettt et e st e bt e b e e e 361
16.3.1  Serial Control Register 4 (SCR4) ......cooioiiiiiiiiiieeieeceeee e 361
16.3.2  Serial Control/Status Register 4 (SCSR4) .....cccvrierieiieieeeeeeeee e 364
16.3.3  Transmit Data Register 4 (TDR4)......cccccoviiiiiiiniiiiieeeeeeeeeeee e 367
16.3.4  Receive Data Register 4 (RDR4) ......coouieviiiniiiiiiiieieeeeeeeeeee e 367
16.3.5  Shift Register 4 (SR4A)....coveieiiiieiiicnierec ettt 367
160.4  OPETALION ...ttt ettt ettt et ettt e st e et et esaee s bt e sbeebeenbesaeesaeesaeebeenteenteeneenneens 368
LO.4.T  CLOCK .ttt sttt st 368
16.4.2  Data Transfer FOrmMAat.........ccoocveiiiiieiiieieeeeeee e 368
16.4.3  Data TransmisSiON/RECEPHON .....eevuviieiieeiiiiiieniie sttt st steesreesireeseeesre e 369
16.4.4  Data TranSmiSSION ....c..cocuerruireereeriieniieiententeeteeteereeresieesreesseenesseeseeesseenseenne 370
16.4.5  Data RECEPIOMN....ccuiiiiriiiiieiieieeieetert ettt ettt ettt et 372
16.4.6  Simultaneous Data Transmission and Reception...........c.ccooceeveeiiriincencennnnne. 374
16.5  INEEITUPE SOUICES ....eutiiuieiiieitiertiete ettt ettt ettt e e este et b e s bt e beebeeaesaeesaeesaeenbeenteeneeeaeens 375
16.6 TUSAZE INOLES ...ttt ettt ettt ettt et ettt ettt e b se bt saeebe et esae s enaenenaean 376
16.6.1  Relationship between Writing to TDR4 and TDRE .........cc.ccccccociniiniininncnnn. 376
16.6.2  Receive Error Flag and TranSmiSSiON..........cccueervtenierriieinieniiesieesieesveesieens 376
16.6.3  Relationship between Reading RDR4 and RDRF ..........ccccociviiniininncnncnnne. 376
16.6.4  SCK4 Output Waveform when Internal Clock of ¢/2 is Selected..................... 377

Rev. 1.00 Dec. 18,2006 Page xviii of xxii

RENESAS



SeCtion 17 T4-Bit PWIM ... 379

T7.1 FOATUTES ..ttt ettt ettt et e st e st e st e e s it e st e e sbteesabe e bt e e saneenneeas 379
17.2  Input/Output PINS.....ccoooiiiiiiiiiiiiieee ettt e s 380
17.3  ReZISter DESCTIPONS ... ..eeiiieiiieeiie ettt ettt ettt sttt et e sbteebeesbeesbeesbaesnnees 380
17.3.1  PWM Control Register (PWCR)........coovuiiriiiniiiiienieenitenieeieesveee e 380
17.3.2  PWM Data Register (PWDR) .....c..cocoeiimiiniiiiiicicceccceeeeeeeee 381
17.4  OPETALION ...ttt ettt ettt ettt et e s h e sb e e ae et e et e eatesbe et e enbeenteenteestesbeenbeebeenseeanas 382
17.4.1  Setting for Pulse-Division Type PWM Operation .........ccccceceveereeneneencenenne 382
17.4.2  How to Set Pulse-Division Type PWM .......c.cccooiiiiiiiiniinicieeceeee 382
17.4.3  Operation of Pulse-Division Type PWM .......ccccooiiiviiiiiiiiiiniinieenieenieeeen 383
17.4.4  Setting for Standard PWM Operation...........cocceevieerieriiieinieensieenniieeieesieeenens 384
17.5 PWM OPErating StAteS ......cc.eerueerierrierieritenieenieetteiteeitesttesitesbeesteetesaesstesaeesbeenseeseenseeanens 385
176 USAZE NOLES ....eeeieiieie ettt ettt ettt sb e b ettt et e st esae e bt e bt en b e eateeseeeb e e beenbeeneeeaaesanas 385
17.6.1  Relation between Writing to PWDR and Updating of PWM Waveform ......... 385
Section 18  A/D CONVEITET....c...eiuiiiiiiiieniieeieenteetee ettt 387
I8.1  FEALUIES ..ottt e s 387
18.2  INPUt/OULPUL PINS...couiiiiiiiiiiiiiiiiieeicecee ettt ettt 389
18.3  RegiSter DESCIIPLIONS .....couveuiiieiiniinieriteitet ettt ettt ettt sre et sbesaesr e e eae 389
18.3.1  A/D Result Register (ADRR) ......cocooiiiiiiiiiieeeee e 389
18.3.2  A/D Mode Register (AMR) ......ccoviirinirinieieicncieneeeneeeeteeetesee e 390
18.3.3  A/D Start Register (ADSR) .....ooviiiiiiiiieieeeeeeeeteeee s 391
184 OPETALION ...ttt ettt ettt ettt ettt et sb e s bt e sabeesabeesabeesabeesabeesabaesabaesabeesateesaseenaseas 391
18.4.1  A/D CONVETSION ...ouiniiiiiiciiciicieiesieeteeie ettt st s 391
18.4.2  External Trigger Input TImMing........ccccoveviririniniieieieieneneneneseeeeeeeeeeaene 392
18.4.3  Operating States of A/D CONVEITET ........cc.eovevueriininerieirteieierenreneseseeeeeene 392
18.5  EXAMPIE OF USE..cuiotiruiriiriieieiiiiierie ettt ettt st sttt nes 393
18.6  A/D Conversion Accuracy Definitions .........ccecveerierriiinieiiiienieeiteeireeee et 396
18.7  USAZE INOLES ..ttt ettt ettt ettt ettt st et e st e st e sabeesabeesabeesabeesabaesabeesabeesaseesabeenaneas 398
18.7.1  Permissible Signal Source Impedance ............cccceeevverieniineincnncnnienieneeneenn 398
18.7.2  Influences on AbSOIULE ACCUIACY ...ccerveereruieueeureieienienienienteeeeieeaeeeeneenenaesne e 398
18.7.3  USAZE INOLES ...eeueeurititerieeteeteet ettt sttt ettt ettt sb e sa et sae b e 399
Section 19 T°C Bus INterface 2 (TIC2) .....ueuveveeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeseene 401
19,1 FEALUIES ...ttt s 401
19.2 INPpUt/OULPUL PINS...couiiiiiiiiiiiiieiceieeteee ettt st st st 403
19.3  RegiSter DESCIIPLIONS .....couvetiiiriiniinieritetee ettt ettt sre ettt sbesae e e eae 404
19.3.1  I’C Bus Control Register 1 (ICCR1) .......cc.coorueuerieeieeeeeeeeeeeeeeeeeeee e 404
19.32  T’C Bus Control Register 2 (ICCR2)......oevuiiriiiiiiiieeieeieeeeeeeeeeeeeee e 407

Rev. 1.00 Dec. 18,2006 Page xix of xxii
RENESAS



19.3.3  I’C Bus Mode Register (ICMR).........cccccourueiiuereirecieieeeeseieseeee e 409

19.3.4  I’C Bus Interrupt Enable Register (ICIER)..........ccocevrueiuerrvieieieseeiesee e 411
19.3.5 I’C Bus Status Register (ICSR).........ccooueviueiiiieeieeceerece e, 413
19.3.6  Slave Address Register (SAR)......ccoecuiriirieriieieeeeee et 415
19.3.7  I’C Bus Transmit Data Register (ICDRT) ........c.cccccevrvimrerererieeeeeerereeeenennns 416
19.3.8  I’C Bus Receive Data Register ICDRR)..........c.ccoevvuierererenireeeeereseseenennns 416
19.3.9  I’C Bus Shift Register (ICDRS).........cccoevueviiruerieeeeiieeeseeseeee e 416
19.4 OPETALION ...cuvviiiiieiicteete sttt sttt ettt sa et s be bbbt et eeaesaesaesbesaees 417
19.4.1  TCBUS FOIMAL. ..ottt 417
19.4.2  Master Transmit OPEration .........ccccoeeererreeeeeerentenieneneneneeeeeeesesessenseseeenes 418
19.4.3  Master Receive OPeration ...........cecveeriieeriieiniieeniieeniieeiteesieeesitessieeesieeesieeesineens 420
19.4.4  Slave Transmit OPETation ........cocveeecveeriueeriieeriieenieenieenreeseeesreesieeesreesseeeseesns 423
19.4.5  Slave Receive OPeration.........c.ccoveerueriirieneeniieniinienitenieeieeteseesieesieenieeseesaees 425
19.4.6  Clock Synchronous Serial FOrmat ...........ccecvevveieninininineninieecieeciene e 427
19.4.7  INOISE CANCEIET.....cccuiieiieeiieciieeeecit ettt et e esreetteeseeeebaesbeeebeesseeenseenns 430
19.4.8  EXAMPIE Of USE.....iotiriiriiriiriiiiieieieietenie sttt sttt s 430
19.5  TNLETTUPL REQUESE .eovevieiiieiiie ittt ettt ettt et ettt et e iteesateesbaeesaaeebaeensneens 435
19.6  Bit SYNChronOUS CITCUIL......eeiuieriieiiierieeriteeieesteeetee st esteesbeesteesbeesaseesabeesaseesnseensseens 436
19T USAZE INOLES ..coneentieitieiteeiteieet ettt ettt et ettt st st et et e st e at e sbeesbe e beesbesabesatesaeenbeenne 437
Section 20 Power-On Reset CIirCUit........coovuveiriiieeiiiiieniieeniieenieeesiee e 439
B O B a1 1 (PR 439
20,2 OPETALION ..eeutieeiieeiieeite ettt eite ettt ettesbt e e btesbeeebeesabeessbeesabeessaesabeesbaessseesaseesaseesasaesseesas 440
20.2.1  Power-On ReSet CIrCUIL......coueruerrierierienienieeieeteeeenieeteer et 440
Section 21  Address Break .....oo.vvvviieiiiiieiiiieeeeee e 443
21.1  RegiSter DeSCIIPLIONS. ......eevuiitieiieteeie ettt ettt ettt ettt et eeteeetesbeesbeesbeeeeeeesaeeeae 444
21.1.1  Address Break Control Register 2 (ABRKCR2) ........ccoccvviiniiiieineieeee, 444
21.1.2  Address Break Status Register 2 (ABRKSR2) .......cccovciiiiiiiiiiiiiiiieciieeieee 446
21.1.3  Break Address Registers 2 (BAR2H, BAR2L)......c.ccoceiviiiniiiniiinieeieeeee 446
21.1.4  Break Data Registers 2 (BDR2H, BDR2L) ......cccccociiiiniinieniiienicnicnieeeene. 446
21.2  OPCTALION ...ttt ettt ettt ettt st e st e e bt et e et e e bt e bt e be e beesteebeesbeenbeenbeeneesatesaeenaeenee 447
21.3  Operating States of Address Breaki..........coccoveeiiiiiiiiiiiinieeeieee e 448
Section 22 List Of REZISEIS...cccuiiiiiiiiiiieeiiieeiieeite ettt 449
22.1 Register Addresses (AdAress OTET).......coouiivuierriieriiieiiiieniiesieeeieesieesieesreesreesreesaee e 450
22.2 REZISET BALS ..ouiiiiiiiiiieiiiiieieteeeee ettt st st s 455
22.3  Register States in Each Operating Mode ...........ccooieiiiiiiiinieiieieeeeseeeee e 461

Rev. 1.00 Dec. 18,2006 Page xx of xxii
RENESAS



Section 23  Electrical CharaCteriSTICS «.eveunneeeemneeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeaeeeenennns 467

23.1 Absolute Maximum Ratings for F-ZTAT Version ......c..ccccceeeerieniienieiienieneenieeeeieniens 467
23.2  Electrical Characteristics for F-ZTAT Version.........ccccccueevvuieiieecieeiiieeeieeeeieeeereeeeveeevee e 468
23.2.1  Power Supply Voltage and Operating Range.............cceceevieeniieinieenieeenieennenns 468
23.2.2  DC CharaCteriStiCs ..ccoueeruerrueruerienieeniietieeenitesieesteeneeresereseesieesueesseessesmeesmeenne 471
23.2.3  AC CharaCteriStiCs ..ceoueeueruerieriieniieieete et ettt enteeieeetesetesiee st esbeesaeeaesatesaeenae 478
23.2.4  A/D Converter CharaCteriStiCS .....iuruurerueerrererieeerieeesireesteeesieeesseessseeesseessseessseeans 481
23.2.5 Power-On Reset Circuit CharacteristiCS......uuuvurrrruieriurerireerieenieerreeseeeseeeesseeens 483
23.2.6  Watchdog Timer CharacteriStiCS.......couvererieeerienienenienienieecereneenrenne e eneenes 483
23.2.7  Flash Memory CharaCteriStiCs ........cceevurerierrireerieeniieenieeerieeeseesnieeesieessieeesieeens 484
23.3  Absolute Maximum Ratings for Masked ROM Version ...........ccecceevueerieenienneeinieennieens 486
23.4  Electrical Characteristics for Masked ROM Version..........ccoccevervieriineeneenennienieneenieens 487
23.4.1  Power Supply Voltage and Operating Range............ccocceeverienieninneniencenene 487
23.4.2  DC CRATaCETISTICS ..veeeuvrerreeeieerrieereesreeesseesseesseesssaessseessseessseessseessseessseesseens 490
23.4.3  AC CharaCteriStICS ..uuureiiurrreerriieeeireressreeeestreeesssreeesssseesassseesssssesessssseessssseeanns 496
23.4.4  A/D Converter CharaCteriStiCs ........cooueruereenieniirniieiienrenieneeneenieeaeeeeseesaeenne 501
23.4.5  Power-On Reset Circuit CharaCteriStiCs.......ocuevvereerernrersieriueneeneeneenueneeneenne 503
23.4.6  Watchdog Timer CharacteriStiCS.........covuereereenierriieiinienteneeneeneeie et 504
23.5  Operation TN ......cooeerieiierieriereee ettt ettt st se e s bt e bt et e eate e st e saeenbeeneeeneeas 504
23.6  OUtPUL LA CAICUIL ...c..eeiiieiiieiieieeie ettt et ettt esae e be e e eneeas 507
23.7  Recommended RESONALOTS. ........cccuiieeeciiieieiiieecieeeeieeeesieee st eeeeereeessreeeseseeeesreeesnses 508
23,8 USAZE NNOL..c.ueieiiieeiieeeitteete ettt ettt ettt et e ettt e s bt e e bt esabtesabeesabeesabeesabeesaseesaseesaseenas 508
APPEIAIX ¢ttt et et ettt ettt a e e beesaeeens 509
A. INSTIUCHION S@E..eiitriiiiieieiieitieeeteestteerte et e et e e teeetee e beeebeesbeeesbeeassaesnseesssaessseessseesnsaesssens 509
ALl INSIUCHON LISt ..uiiiiiiiiieeiiie ettt ettt e s be e s beesaeessbeesaaeessseesssaenseas 509
A2 Operation Code Map.........cccoeiiriiiiiiiiieiinienere ettt 524
A3 Number of EXECUtION StAtes .....cccovtiriiriiniinieniieieeieeienee sttt sieeieens 528
A4 Combinations of Instructions and Addressing Modes .........ccocceeveveerveencieerneennnen. 539
B. T/O POIES ..ttt ettt et st st st ae ettt eate b e b en 540
B.1 /O Port Block Diagrams ..........ccceeieriieiieriienieniiesiieieeie et 540
B.2  Port States in Each Operating State ...........cccecerierieniereeie e 558
C. Product Code LINEUP .....ceveteriiriininiieieeeteteteste sttt ettt sttt et sae b e eae e 559
D. Package DIMENSIONS .......cevviiiiieiiieeiierite ettt sttt ettt e st e e sateesbeesateesabeesaeeessbeenaeeas 561
5316 1) ORI 565

Rev. 1.00 Dec. 18,2006 Page xxi of xxii
RENESAS



Rev. 1.00 Dec. 18,2006 Page xxii of xxii
RENESAS



Section 1 Overview

Section 1 Overview

1.1 Features

Microcontrollers of the H8/38776 Group are CISC (complex instruction set computer)
microcontrollers whose core is an H8/300H CPU, which has an internal 32-bit architecture. The
HS8/300H CPU provides upward compatibility with the H8/300 CPUs of other Renesas
Technology-original microcontrollers.

As peripheral functions, each LSI of the Group includes various timer functions that realize low-
cost configurations for end systems. The power consumption of these modules can be kept down
dynamically by power-down mode.

111 Application

Examples of the applications of this LSI include motor control, power meter, and health
equipment.
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112 Overview of Specifications

Table 1.1 lists the functions of H8/38776 Group products in outline.

Tablel.1 Overview of Functions

Module/
Classification Function  Description
Memory ROM e ROM lineup: Flash memory version and masked Rom version
o ROM capacity: 24 k, 32 k, 40 k, 48 k, and 52 kbytes
RAM e RAM capacity: 1 k, 2 k, and 3 kbytes
CPU CPU e 16-bit H8/300H CPU (CISC type)
Upward compatibility for H8/300 CPU at object level
e Sixteen 16-bit general registers
e Eight addressing modes
e 64-kbyte address space
Program: 64 kbytes available
Data: 64 kbytes available
e 62 basic instructions, classifiable as bit arithmetic and logic
instructions, multiply and divide instructions, bit manipulation
instructions, and others
e Minimum instruction execution time: 200 ns (for an ADD
instruction while system clock ¢ = 10 MHz and
V,.=27103.6V)
e On-chip multiplier (16 x 16 — 32 bits)
Operating e Normal mode
mode
MCU Mode: Single-chip mode
ompoedr:ting e Low power consumption state (transition driven by the SLEEP
instruction)
Interrupt Interrupt e Fourteen external interrupt pins (NMI, IRQAEC, IRQ4, IRQS,
(source) controller IRQT, IRQD, WKP7 to WKP0)
(INTC)

25 internal interrupt sources for flash memory version (24
sources for mask ROM version)

Two interrupt control modes (specified by the interrupt control
register)

Independent vector addresses
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Section 1 Overview

Module/
Classification Function  Description
Clock Clock pulse e Two clock generation circuits available
?glr;gr?tor Separate clock signals are provided for each of functional
modules
¢ Includes frequency division circuit, so the operating frequency
is selectable
e Seven low-power-consumption modes: Active (medium speed)
mode, Sleep (high speed or medium speed) mode, subactive
mode, subsleep mode, standby mode, and watch mode
A/D converter A/D e 10-bit resolution x eight input channels
converter e Sample and hold function included
(ADC) e Conversion time: 12.4 pus per channel (with ¢ at 5-MHz
operation)
e Two ways to start A/D conversion: software and external trigger
Timer 14-bit PWM e Two channels
e Four conversion periods selectable
e Pulse division method for ripple reduction
Realtime e 8-bit timer
clock (RTC) e Timer-base functionality: Seven interrupt periods (0.25 second
to one week) are selectable
e Free running counter: Eight clock sources are selectable
Timer F e 16-bit timer (also can be used as two independent 8-bit timers)
e Five counter input clocks
e Output compare function supported
e Toggle output function supported
e two interrupt sources: Compare match and overflow
16-bit timer e 16 bits x two channels
pulse unit e Counter-input clocks selectable for each channel
(TPU) e Up to four pulse inputs and outputs

Waveform output by compare match, input capture function,
counter clear operation, simultaneous writing to and clearing of
multiple timer counters by compare match and input capture
possible, simultaneous input/output for registers possible by
counter synchronous operation, PWM output with a desired
duty cycle, and up to two-phase PWM output possible by
combination with synchronous operation

Cascaded operation
Six interrupt sources
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Module/

Classification Function  Description

Timer Asynchrono e 16-bit pulse timer (also can be used as two 8 bits x two
us event channels)
counter e Can count asynchronously-input external events
(AEC)
Watchdog timer Watchdog e 8 bits x one channel (selectable from nine counter input clocks)
timer
(WDT)
Serial interface  Serial ¢ Two channels (for both asynchronous and clock synchronous
communi- serial communications modes)
cations o Full-duplex communications capability
interface 3 o  Select the desired bit rate
(SCI3, e Six interrupt sources
DA) IrDA transfer capability (SCI3_1)
Serial e Clock synchronous serial communications with eight-bit buffer
communicat e  Eight clock sources
ions ¢ Full-duplex communications capability
|nstgrlffce 4 Four interrupt sources
( ) Pins are used by the on-chip emulator when it is in use
I’C bus e One channel
interface ¢ Continuous transmission and reception
(c2) o I°C bus format and clock synchronous serial format are
selectable
Power-on reset circuit Generates the internal reset signal when power is supplied, by

connecting an external capacitor

Address break e Supports on-board program debugging
I/O ports e Eight CMOS input-only pins
e 55 CMOS input/output pins
e Four large-current-drive pins (port 9)
e 26 pull-up resistors
Package ¢ QFP-80: package code: FP-80A (package dimensions: 14 x 14

mm, pin pitch: 0.65 mm)
TQFP-80: package code: TFP-80C (package dimensions: 12 x
12 mm, pin pitch: 0.5 mm)

P-TFLGA-85: package code TLP-85V (package dimensions: 7
x 7 mm, pin pitch: 0.65 mm)
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Module/
Classification Function

Description

Operating frequency/
Power supply voltage

Operating frequency: 2 to 10 MHz

Power supply voltage: Vcc = 1.8t0 3.6 V, Avcc=1.8103.6 V
Supply current:

— 6.6 mA (typ.) (Vec=3.0V, Avec=3.0V, ¢ = 10 MHz)

Operating peripheral
temperature (°C)

—20 to +75°C (regular specifications)
—40 to +85°C (wide-range specifications)
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1.2 List of Products

Table 1.2 and figure 1.1 show the list of products and the structure of a product number,

respectively.

Tablel.2 List of Products

Product Group Model ROM RAM Package Remarks
H8/38776 Group  HD64F38776 52 kbytes 2 kbytes FP-80A, Flash memory version
TFP-80C,
TLP-85V
HD64338776 48 kbytes 2 kbytes Mask ROM version
HD64338775 40 kbytes 2 kbytes Mask ROM version
HD64338774 32 kbytes 1 kbyte Mask ROM version
HD64338773 24 kbytes 1 kbyte Mask ROM version
38776

Product part no. HD 64

Indicates the product-specific number.
H8/38776 Group

Indicates the type of ROM device.
F: Flash memory

3: Masked ROM
Indicates the product family classification
H8 Family

Indicates the microcontroller.

Figurel.l How to Read the Product Name Code
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13

Block Diagram
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P41/RXD31/ITRXDTMOEL 2 || 10-bit A/D converter Realtime clock z PO1/PWM2
g PWM
P42/TXD31/ITXD/TMOFH <~—»| & K igg/mm
IROAEC —»|  Asynchronous Timer F <~ PAO
event counter < < PA1
P50/WKPO S [+ Pr2
P51/WKPT < » ~— PA3
P52/WKP2 < »| 12C bus interface SCI3_2
P53/WKP3 ©
P54WKP4 < § PBO/ANO/IRQOD
P55/WKP5 <—» <~ PB1/AN1/RQ1
P56/WKP6 ~—» SCI3_1/IrDA SClax1 ~—— PB2/AN2/RQ3
P57/WKP7 @ [«— PB3/AN3
P60 S [~— PBa/AN4
O |<~— PB5/AN5
gg; Address break <+—— PB6/AN6
Po3 © ~— PB7/AN7
P64 ——| ©
P65 ~—| &
P66 <—>
P67

2.The SCK4, Sl4, SO4, and NMI pins are not available when the E7 or on-chip

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.

emulator debugger is used. These pins are not available as ports.

3. Supported only by the masked ROM version.

Figure 1.2 Block Diagram of H8/38776 Group
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Section 1 Overview

1.4 Pin Assignment
LTOATTOMNOULTOANTONOWULTOAN
00 00 0WWOWOWOWWMNMNMNMNINMNINININNDDND O O O O O O
[ T o Wy W T o T o Y T IS Y T T Yo Y o T Y Y o Y n WY 0
OO0O000000000000000000
BRBEBBIBILBRYTLLRIQYT
P86 [] 61 40 [0 P61
P87 ] 62 39 [J P60
PB7/AN7 [] 63 38 [ P57/ WKP7
PB6/ANG [ 64 37 [0 P56/WKP6
PB5/ANS5 [ 65 36 [ P55/WKP5
PB4/AN4 [] 66 35 [ P54/WKP4
PB3/AN3 [] 67 34 [ P53/WKP3
PB2/AN2/IRQ3 [] 68 33 [J P52/WKP2
PB1/AN1/IRQT [] 69 32 [0 P51/ WKP1
PBO/ANO/IRQO [] 70 FP-80A, TFP-80C 31 [d P50/WKPO
AVce [] 71 (Top view) 30 [J PA3
Vss/AVss [] 72 29 [1 PA2
IRQAEC [] 73 28 [1 PA1
PO0/PWM1 [] 74 27 [1 PAO
PO1/PWM2 [] 75 26 [1 Vss
P92/RQ4 [] 76 25 [1 Vss
P93 [] 77 24 [1 Vss
P10/AEVH ] 78 23 [ NC
P11/AEVL ] 79 22 [ NC
P12/TIOCA1/TCLKA [] 80 21 [ Vee
—TANMTWOWONWOOOO
FANNTOONOD -+~~~ N
OO0 000000000
DONITIAII N AN S|ORSL AT
X @« L
2o8Y5 283N EBoRAESRE
0000 =2J a8 O Ola Ess
Ebgokooag < nEE
nS¥wvi S Q Q o = ¥Aaa
oor gek 2 8z
[o)e) H=9g = S==
EE Lod §==
[ 8 o o mm
e ? 89
oo xX X
i~
- QN
< <
[a N

Figure 1.3 Pin Assignment of H8/38776 Group (FP-80A, TFP-80C)
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PERRPREERE@EEE
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Note: For details on pin correspondence, refer to table 1.3.

Figure1.4 Pin Assignment of H8/38776 Group (TLP-85V)
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Section 1 Overview

Table1.3 TLP-85V Pin Correspondence

Pin Name

H8/38776 Group

Pin Symbol (TLP-85V)

P13/TIOCB1/TCLKB B1

P14/TIOCA2/TCLKC C1
P15/TIOCB2 B2
P16/SCK4 c2
P30/SCK32/TMOW D1
P31/RXD32/SDA D3
P32/TXD32/SCL D2
P36/Sl4 E1

P37/SO4 E3
X1 F2
X2 E2
Vss F3
0sc2 G3
OSCH F1

TEST/ADTRG G2
RES H2
NMI G1
P40/SCK31/TMIF H3
P41/RXD31/IrRXD/TMOFL Ji

P42/TXD31/IrTXD/TMOFH HA1
NC K1

Vcce K2
NC K3
NC J2

Vss J3

Vss K4
Vss H4
PAO J4

PA1 K5

Rev. 1.00 Dec. 18,2006 Page 10 of 568
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Pin Name
H8/38776 Group Pin Symbol (TLP-85V)
PA2 H5
PA3 J6
P50/WKPO J5
P51/WKP1 H6
P52/WKP2 H7
P53/WKP3 K6
P54/WKP4 J7
P55/ WKP5 Js
P56/WKP6 K7
P57/ WKP7 H8
P60 K9
P61 K8
NC K10
P62 J10
P63 H10
P64 J9
P65 H9
P66 G10
P67 G8
P70 G9
P71 F10
P72 F8
P73 E9
P74 F9
P75 E8
P76 D8
P77 E10
P80 D9
P81 C9
P82 D10
P83 C8

Rev. 1.00 Dec. 18,2006 Page 11 of 568
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Pin Name

H8/38776 Group

Pin Symbol (TLP-85V)

P84 B10
P85 C10
NC A10
P86 A9
P87 A8
PB7/AN7 B9
PB6/ANG B8
PB5/AN5 A7
PB4/AN4 c7
PB3/AN3 B7
PB2/AN2/IRQ3 A6
PB1/AN1/IRQT C6
PBO/ANO/IRQO B5
AVcc B6
Vss/AVss 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 A1
NC D4

Rev. 1.00 Dec. 18,2006 Page 12 of 568
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15 Pin Functions

Table1.4 Pin Functions
Pin No.
FP-80A,
Type Symbol TFP-80C TLP-85V 110 Functions
Power Vee 21 K2 Input  Power supply pins. Connect this pin to
supply pins the system power supply.
Vss 12,2410 26,72 F3,J3, K4,H4, Input  Ground pins. Connect this pin to the
(= AVss) C5 (= AVss) system power supply (0 V).

AVcc 71 B6 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 72 (= Vss) C5 (= Vss) Input  Ground pins for the A/D converter.
Connect this pin to the system power
supply (0 V).

NC 22,23 K3, J2 — These pins are not used.

Clock pins  OSCH1 14 F1 Input  These pins connect with crystal or
0SC2 13 G3 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 Input  These pins connect with a 32.768- or

X2 11 E2 Output 38.4-kHz crystal rersonator for the
subclock. See section 5, Clock Pulse
Generators, for a typical connection.

System RES 16 H2 Input  Reset pins. The power-on reset circuit
control is incorporated. When externally driven
low, the chip is reset.
Rev. 1.00 Dec. 18,2006 Page 13 of 568
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Pin No.
FP-80A,
Type Symbol TFP-80C TLP-85V 1/0 Functions
System TEST 15 G2 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 G1 Input  NMl interrupt request pins.
pins Non-maskable interrupt request input
pin.
IRQO 70 B5 Input  External interrupt request input pins.
IRQ1 69 Cé Input  Can select the rising or falling edge.
IRQ3 68 A6 Input
IRQ4 76 B3 Input
IRQAEC 73 C4 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.
WKPO to 31 to 38 J5, H6, H7, K6, Input  Wakeup interrupt request input pins.
WKP7 J7, J8, K7, HB Can select the rising or falling edge.
16-bit timer TIOCA1 80 A3 110 Pins for the TGR1A input capture
pulse unit input or output compare output, or
(TPU) PWM output.
TIOCBH1 1 B1 Input  Pins for the TGR1B input capture
input.
TIOCA2 2 C1 1/0 Pins for the TGR2A input capture
input or output compare output, or
PWM output.
TIOCB2 3 B2 Input  Pins for the TGR2B input capture
input.
Rev. 1.00 Dec. 18,2006 Page 14 of 568
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Pin No.
FP-80A,

Type Symbol TFP-80C TLP-85V 110 Functions
16-bit timer TCLKA 80 A3 Input  External clock input pins.
pulse unitrc) g 1 B1 Input
(TPU)

TCLKC 2 C1 Input
Timer F TMIF 18 H3 Input  Event input pins for input to the timer

F counter.

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

TMOFH 20 HA1 Output Output pins for waveforms generated
by the timer FH output compare
function.

Asynch- AEVL 79 A2 Input  Event input pins for input to the
ronous asynchronous event counter.

event AEVH 78 c3 Input

counter

(AEC)

Realtime  TMOW 5 D1 Output Divided clock output pins for the RTC.
clock

(RTC)

14-bit PWM PWMH1 74 A5 Output Output pins for waveforms generated

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

Serial SCK4 4 Cc2 1/0 Transfer clock pins for SCl4 data
commu- transmission/reception. When the E7
nication or on-chip emulator debugger is used,
interface 4 this pin is not available.

(§C;¢LT Sl4 8 E1 Input  SCI4 data input pins. When the E7 or
(F . on-chip emulator debugger is used,
version this pin is not available.

only)

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

Rev. 1.00 Dec. 18,2006 Page 15 of 568
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Pin No.
FP-80A,
Type Symbol TFP-80C TLP-85V 1/0 Functions
Serial SCK31 18 H3 1/0 SCI3_1 clock I/O pins.
cgmmu- RXD31/ 19 J1 Input  SCI3_1 data input pins or data input
'nlcatlon IrRXD pins for the IrDA format.
interface 3
(SCI3) TXD31/ 20 H1 Output SCI3_1 data output pins or data
IrTXD output pins for the IrDA format.
SCK32 5 D1 1/0 SCI3_2 clock /0 pins.
RXD32 6 D3 Input  SCI3_2 data input pins.
TXD32 7 D2 Output SCI3_2 data output pins.
A/D ANO to AN2 70 to 68 B5, C6, A6 Input  Analog data input pins for the A/D
converter converter.
AN3to AN7 67 to 63 B7, C7, A7, B8, Input
B9
ADTRG 15 G2 Input  External trigger input pins for the A/D
converter.
I’C bus SDA 6 D3 /0 IIC data I/O pins.
interface 2 g 7 D2 YO IIC clock l/O pins.
(nez)
1/0O ports P10toP12 781080 C3, A2, A3 110 7-bit 1/0 pins. Input or output can be
P13 to P16 1t04 B1,C1, B2, C2 designated for eacllw bit by means of
the port control register 1 (PCR1).
P30to P32, 5to9 D1, D3, D2, E1, 1/0 5-bit I/0 pins. Input or output can be
P36, P37 E3 designated for each bit by means of
the port control register 3 (PCR3).
P40toP42 18to 20 H3, J1, H1 110 3-bit I/O pins. Input or output can be
designated for each bit by means of
the port control register 4 (PCR4).
P50 to P57  31to 38 J5, H6, H7, K6, 1/0 8-bit I/0 pins. Input or output can be
J7, J8, K7, H8 designated for each bit by means of
the port control register 5 (PCRS5).
P60 to P67 39to 46 K9, K8, J10, 110 8-bit I/0 pins. Input or output can be
H10, J9, H9, designated for each bit by means of
G10, G8 the port control register 6 (PCRB).
Rev. 1.00 Dec. 18,2006 Page 16 of 568
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Pin No.
FP-80A,
Type Symbol TFP-80C TLP-85V 110 Functions
1/0 ports P70to P77 47to 54 G9, F10, F8, E9, I/O 8-bit I/0 pins. Input or output can be
F9, E8, D8, E10 designated for each bit by means of
the port control register 7 (PCR7).
P80to P87 55to 62 D9, C9, D10, C8, I/0 8-bit I/0 pins. Input or output can be
B10, C10, A9, designated for each bit by means of
A8 the port control register 8 (PCRS8).
P90to P93 74 to 77 A5,B4,B3,A4 1/O 4-bit I/O pins. Input or output can be
designated for each bit by means of
the port control register 9 (PCR9).
PAO to PA3 2710 30 J4,K5,H5,J6  1/0 4-bit I/O pins. Input or output can be
designated for each bit by means of
the port control register A (PCRA).
PBOto PB7 70to 63 B5, C6, A6, B7, Input  8-bit input-only pins
C7,A7,B8, B9
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RENESAS REJ09B0348-0100



Section 1 Overview

Rev. 1.00 Dec. 18,2006 Page 18 of 568
REJ09B0348-0100 RENESAS



Section2 CPU

Section 2 CPU

The microcontroller of the H8/38776 Group 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.

e Upward-compatible with H8/300 CPUs
Can execute H8/300 CPUs object programs
Additional eight 16-bit extended registers
32-bit transfer and arithmetic and logic instructions are added
Signed multiply and divide instructions are added.
o 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

e Sixty-two basic instructions
8/16/32-bit data transfer and arithmetic and logic instructions
Multiply and divide instructions
Powerful bit-manipulation instructions
e FEight 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 @—ERn]
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§]
e 04-kbyte address space
e High-speed operation
All frequently-used instructions execute in one or two states

8/16/32-bit register-register add/subtract : 2 state

8 x 8-bit register-register multiply : 14 states
16 + 8-bit register-register divide : 14 states
16 x 16-bit register-register multiply : 22 states
32 + 16-bit register-register divide : 22 states

Rev. 1.00 Dec. 18,2006 Page 19 of 568
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e Power-down state

Transition to power-down state by SLEEP instruction

2.1 Address Space and Memory Map

The address space of the H8/38776 Group microcontrollers is 64 kbytes, which includes the
program area and the data area.

Figure 2.1 shows the memory map.

HD64F38776 HD64338776 HD64338775 HD64338774 HD64338773
(Flash memory version) (Masked ROM version) (Masked ROM version) (Masked ROM version) (Masked ROM version)
H'0000 Int tvect H'0000 H'0000 H'0000 H'0000
Hoos7|  MEIUPTYECOT | Hoos7| _Interruptvector | iyops7 | _ Interuptvector | hioos7| _Interruptvector ) Hoos7| _ 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 46 kbytes) (40 koytes) vere| (32 Kovtes) HsFrE| (24 Kbytes)
(52 kbytes) " H'OFFF| H8000 H6000
H'BFFH HA000
N:BFE H'C000 Not d
HEReH Not used Not used Not used Not used ot use
H'F000
H'FO2F H'FO2F H'FO2F H'FO2F
Internal I/O registers H'F030 H'F030 H'F030 H'F030
Internal I/O registers Internal I/O registers Internal I/O registers Internal I/O registers
HFO9F H'FO9F HFO9F H'FO9F HFO9F
H'FOAO H'FOAQ H'FOAO H'FOAQ H'FOAO
Not used Not used Not used Not used Not used
HF37F
H'F380
HF77F HF77F
H'F780 HF780
On-chip RAM
(3 kbytes)
On-chip RAM On-chip RAM H'FB7F] HFB7F|
(2 kbytes) (2 kbytes) H'FB80 H'EBSO
On-chip RAM On-chip RAM
(1 kbytes) (1 kbytes)
HFF7F H'FF7F] HFF7F| HFF7F] HFF7F|
HFF80 H'FF80 HFF80 H'FF80 HFF80
Internal I/O registers Internal I/O registers Internal I/O registers Internal I/O registers Internal I/O registers
(128 bytes) (128 bytes) (128 bytes) (128 bytes) (128 bytes)
HFFFF H'FFFF HFFFF HFFFF HFFFF

Note: Area H'C000 to H'CFFF is used by the on-chip debugger, and is not available to the user.

Figure2.1 Memory Map
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2.2 Register Configuration

The H8/300H CPU has the 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
E1 R1H RIL
E2 R2H RoL
E3 R3H R3L
E4 R4H R4L
E5 R5H R5L
E6 R6H R6L
E7 (SP) R7H R7L

23 0

PC | |

[Legend]

SP:
PC:
CCR:
I:

Ul

Stack pointer

Program counter
Condition-code register
Interrupt mask bit

User bit

OsNzcxT

76543210

Half-carry flag

User bit

Negative flag

Zero flag

Overflow flag

Carry flag

cer [1Jur]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-bit
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)

Figure2.3 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.

Rev. 1.00 Dec. 18,2006 Page 22 of 568
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A

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 instructions is 2 bytes (one word), so the least significant PC bit is ignored. (When an
instruction is fetched, the least significant PC bit is regarded as 0). The PC is initialized 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 (I) and
half-carry (H), negative (N), zero (Z), overflow (V), and carry (C) flags. The I bit is initialized 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.

RENESAS
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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 0
otherwise. When the ADD.L, SUB.L, CMP.L, or NEG.L
instruction is executed, the H flag is set to 1 if there is a
carry or borrow at bit 27, and cleared to 0 otherwise.

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 V4 Undefined R/W

Zero Flag

Set to 1 to indicate zero data, and cleared to 0 to
indicate non-zero data.

1 \ Undefined R/W

Overflow Flag

Set to 1 when an arithmetic overflow occurs, and
cleared to 0 at other times.

0 C Undefined R/W

Carry Flag

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

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

The carry flag is also used as a bit accumulator by bit
manipulation instructions.
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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,
..., 7) 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 formats in general registers.

Data Type General Register Data Format
7 0
1-bit data At 76541321 1/0] Dontcare !
___________________ 7 0
rbit data Al | Domtewe  [7jesi4isi2} 10
7 43 o i
4-bit BCD data RnH | Upper | Lower | Don't care !
___________________ 7 4 3 0
4-bit BCD data RnL E Don't care | Upper | Lower |
7 0
Byte data RnH [T R R | Don't care E
MSB s
___________________ 7 0
Byte data RnL : Don't care | [ R T R R
"""""""""" MSB LSB

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

Word data Rn

Word data En

Longword ERn
data

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

Data Format

|15...............0
MISBIIIIIIIIIIIIILISB
15...............0
BIREERRRRRRREEEE
MSB LSB
31 16 15 0
[Cr b
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 data in 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 address is regarded as 0, so access begins the
preceding address. This also applies to 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

1-bit data

Byte data

Word data

Longword data

Address

Address L

Address L

Address 2M
Address 2M+1

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

Address 2N+3

7

Data Format

/\/

0

706 |5]4]3]2]1]0

MSBE

T

B L
e
MSB:

\LSB]

/\/

Figure2.6 Memory Data Formats
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24 Instruction Set

241 Table of Instructions Classified by Function

The H8/300H CPU has 62 instructions. Tables 2.2 to 2.9 summarize the instructions in each
functional category. The notation used in tables 2.2 to 2.9 is defined 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
(EAs) Source operand

CCR Condition-code register

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

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

PC Program counter

SP Stack pointer

#MM Immediate data

disp Displacement

+ Addition

- Subtraction

x Multiplication

= Division

A Logical AND

v Logical OR

@ Logical XOR

- 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 Wi/L @SP+ — Rn
Pops a general register from the stack. POP.W Rn is identical to
MOV.W @SP+, Rn. POP.L ERn is identical to MOV.L @SP+, ERn.
PUSH Wi/L Rn »> @-SP

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

Note: * Refers to the operand size.

B: Byte
W: Word
L: Longword
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Table2.3 Arithmetic Operations Instructions (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 =+ #IMM +C — Rd

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

INC B/W/L Rdx1—->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 x Rs — 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 x Rs — 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 Instructions (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/L 0-Rd— Rd
Takes the two's complement (arithmetic complement) of data in a
general register.

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

EXTS Wi/L Rd (sign extension) — Rd

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

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 RdARs— Rd, Rda#IMM — Rd
Performs a logical AND operation on a general register and another
general register or immediate data.
OR B/W/L RdvRs—Rd, Rdv#MM— Rd
Performs a logical OR operation on a general register and another
general register or immediate data.
XOR B/W/L Rd®Rs — Rd, Rd® #IMM — Rd
Performs a logical exclusive OR operation on a general register and
another general register or immediate data.
NOT B/W/L - (Rd)— (Rd)
Takes the one's complement (logical complement) of general register
contents.
Note: * Refers to the operand size.
B: Byte
W: Word
L: Longword
Table25 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 Bit Manipulation Instructions

Instruction Size* Function

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

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

BNOT B - (<bit-No.> of <EAd>) — (<bit-No.> of <EAd>)
Inverts a specified bit in a general register or memory operand. The bit
number is specified by 3-bit immediate data or the lower three bits of a
general register.

BTST B - (<bit-No.> of <EAd>) —> Z
Tests a specified bit in a general register or memory operand and sets
or clears the Z flag accordingly. The bit number is specified by 3-bit
immediate data or the lower three bits of a general register.

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

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

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

BIOR B C v - (<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.

BXOR B C ® (<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 ® - (<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.
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Instruction Size*

Function

BLD B

BILD B

(<bit-No.> of <EAd>) —» C

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

- (<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

BIST B

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

- 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

Instruction Size

Branch Instructions

Function

Bcc* — Branches to a specified address if a specified condition is true. The
branching conditions are listed below.
Mnemonic Description Condition
BRA(BT) Always (true) Always
BRN(BF) Never (false) Never
BHI High CvZ=0
BLS Low or same Cvz=1
BCC(BHS) Carry clear C=0
(high or same)
BCS(BLO) Carry set (low) C=1
BNE Not equal Z=0
BEQ Equal Z=1
BVC Overflow clear V=0
BVS Overflow set V=1
BPL Plus N=0
BMI Minus N=1
BGE Greater or equal NeV=0
BLT Less than NeV=1
BGT Greater than ZvN® V) =0
BLE Less or equal ZvIN® V) =1
JMP — Branches unconditionally to a specified address.
BSR — Branches to a subroutine at a specified address.
JSR — Branches to a subroutine at a specified address.
RTS — Returns from a subroutine
Note: * Bcc is the general name for conditional branch instructions.

RENESAS
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Table2.8

System Control Instructions

Instruction Size*

Function

RTE — Returns from an exception-handling routine.

SLEEP — 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 — (EAQ)
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 A #IMM — CCR
Logically ANDs the CCR with immediate data.

ORC B CCR v #IMM — CCR
Logically ORs the CCR with immediate data.

XORC B CCR @ #IMM — CCR
Logically XORs the CCR with immediate data.

NOP — 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 — if R4L = 0 then
Repeat @ER5+ —» @ERG6+,
R4L-1 —» R4L
UntiiR4L =0
else next;

EEPMOV.W — if R4 = 0 then
Repeat @ ER5+ —» @ERG+,
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

HS8/300H CPU instructions consist of 2-byte (1-word) units. An instruction consists of an
operation field (op), a register field (r), an effective address extension (EA), and a condition field

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

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

(2) Register Field

Specifies a general 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 is treated as a 32-bit data in 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 M odes and Effective Address Calculation

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

251 Addressing M odes

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 Direct—Rn

The register field of the instruction specifies an 8-, 16-, or 32-bit general register containing the
operand. ROH to R7H and ROL to R7L can be specified as 8-bit registers. RO to R7 and EO to E7
can be specified as 16-bit registers. ERO to ER7 can be specified as 32-bit 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 Displacement—@(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 bits 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-Decrement—@ERN+ or @-ERn

e 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 is accessed, 1, 2, or 4 is
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.

e Register indirect with pre-decrement—@-ERn
The value 1, 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 bits long (@aa:8), 16 bits long (@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-bit
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 LSI 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'FFO0O0 to H'FFFF
16 bits (@aa:16) H'0000 to H'FFFF
24 bits (@aa:24) H'0000 to H'FFFF

(6) Immediate—#xx:8, #xx:16, or #xx:32

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

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

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

This mode 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 the first byte of the next instruction,
so the possible branching range is —126 to +128 bytes (—63 to +64 words) or —32766 to +32768
bytes (—16383 to +16384 words) from the branch instruction. The resulting value should be an
even number.

(80 Memory Indirect—@@aa: 8

This mode can be used by the JMP 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 range is 0 to 255 (H'0000 to H'OOFF).

Note that the first part of the address range is also the exception vector area.
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\_/\

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

\_/—\

Figure2.8 Branch Address Specification in Memory Indirect Mode

Rev. 1.00 Dec. 18,2006 Page 42 of 568
REJ09B0348-0100 RENESAS




Section2 CPU

252

Effective Address Calculation

Table 2.12 indicates how effective addresses are calculated in each addressing mode. In this LSI
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)

Addressing Mode and Instruction Format

Effective Address Calculation

Effective Address (EA)

Register direct(Rn)

(= ][]

Operand is general register contents.

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

2 Register indirect(@ERn) 31 0 23 0
I General register contents |——>|
Lo [r] ]
3 | Register indirect with displacement
@(d:16,ERn) or @(d:24,ERn) 31 0
[ I General register contents
(= [T 1 o ] | °
31 0
| Sign extension | disp
4 Register indirect with post-increment or

31 0

*Register indirect with pre-decrement @-ERn

I General register contents

[ oe [ ] |

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

| HFFFF |

abs |

23 16 15

| Sign extensionl

23

6 Immediate

#xx:8/H#xx:16/#xx:32

op

IMM

Operand is immediate data.

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

op

disp

23 0

| PC contents h

23

Memory indirect @ @aa:8

23 8 7 l 0
H'0000

15 0

Memory contents

23 16 15

—>| H'00 |

[Legend]

r,rm,m : 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 (¢g,,). The period from a rising
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.

26.1 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

1

1

' i

<— Tystate —»<— Tpstate —»!
1

1

1

1

Internal address bus

>

Address

! T
= :

Internal read signal i \ E
: :

Internal data bus ! Read data

(read access) )

1

1

1

. . !

Internal write signal !
1

1

TIm

|

Internal data bus

’ Write data
(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 22.1, 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 a register with 8-bit data bus width is
accessed by word size, a bus 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.

i Bus cycle _
I‘ L

1 1
54— T, statet—<4— T, state —»<4— Tsstate —
| 1
1
1

¢ or o sus /

Internal
address bus X Address

Internal
read signal

TWTWX

1

1

1

1

1

i ‘
Internal )
data bus :>—< Read data
(read access) i

1

1

1

1

1

1

1

1

S—

Internal
write signal

Internal
data bus

Write data
(write access) T

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

—l 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 i
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 state )< _( Exception-handling state
_/ Reset occurs
T ————

A

Reset
occurs

Interrupt
source

Reset Interrupt Exception-
occurs source handling
complete

l —Y
Program halt state < Program execution state
SLEEP instruction executed

Figure2.12 State Transitions
2.8 Usage Notes

281 Notes on Data Accessto Empty Areas

The address space of this LSI includes empty areas in addition to the ROM, RAM, and on-chip
I/O registers areas available to the user. When data is transferred from CPU to empty areas, the
transferred data will be lost. This action may also cause the CPU to malfunction. When data is

transferred from an empty area to CPU, the contents of the data cannot be guaranteed.

2.8.2 EEPMOV Instruction

EEPMOV is a block-transfer instruction and transfers the byte size of data indicated by R4L,
which starts from the address indicated by RS, to the address indicated 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
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 address in
byte units, manipulate the data of the target bit, and write data to the same address again in byte
units. Special care is required when using these instructions in cases where two registers are
assigned to the same address, or when a bit is directly manipulated for a port or a register
containing a write-only bit, because this may rewrite data of a bit other than the bit to be
manipulated.

(1) Bit manipulation for two registersassigned to the same address
Example 1. Bit manipulation for thetimer load register and timer counter

Figure 2.13 shows an example of a timer in which two timer registers are assigned to the same
address. When a bit-manipulation instruction accesses the timer load register and timer counter of
a reloadable timer, since these two registers share the same address, the following operations takes
place.

1. Data is read in byte units.
2. The CPU sets or resets the bit to be manipulated with the bit-manipulation instruction.

3. The written data is written again in byte units to the timer load register.

The timer is counting, so the value read is not necessarily the same as the value in the timer load
register. As a result, 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

Figure2.13 Example of Timer Configuration with Two Registers Allocated to Same
Address
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Example 2: When the BSET instruction is executed for port 5

P57 and P56 are input pins, with a low-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.

e 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
e BSET instruction executed instruction
BSET #0, @PDR5 The BSET instruction is executed for port 5.
e 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

e 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 PDRS has a

value of H'80, but the value read by the CPU is H'40.
2. Next, the CPU sets bit 0 of the read data to 1, changing the PDRS data to H'41.
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3. Finally, the CPU writes H'41 to PDRS5, completing execution of BSET instruction.
As a result of the BSET instruction, bit 0 in PDRS becomes 1, and P50 outputs a high-level
signal. However, bits 7 and 6 of PDRS end up with different values. To prevent this problem,
store a copy of the PDRS data in a work area in memory. Perform the bit manipulation on the
data in the work area, then write this data to PDRS.

e Prior to executing BSET instruction

MOV.B  #H'80, ROL The PDRS value (H'80) is written to a work area in
ESXE igi: SRPA];Lég memory (RAMO) as well as to PDRS.
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

e BSET instruction executed

BSET

#0,

@RAMO

o After executing BSET instruction

The BSET instruction is executed designating the PDRS
work area (RAMO).

MOV.B  @RAMO, ROL The work area (RAMO) value is written to PDR5.
MOV.B ROL, @PDR5
P57 P56 P55 P54 P53 P52 P51 P50
Input/output Input Input Qutput  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 a low-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 this input pin.

e Prior to executing BCLR instruction
P57 P56 PS5 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

e BCLR instruction executed

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

e After executing BCLR instruction
P57 P56 PS5 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

e Description on operation

1. When the BCLR instruction is executed, first the CPU reads PCRS. Since PCRS is a write-only
register, the CPU reads a value of H'FF, even though the PCRS value is actually H'3F.

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

3. Finally, HFE is written to PCRS and BCLR instruction execution ends.
As aresult of this operation, bit 0 in PCRS becomes 0, making P50 an input port. However,
bits 7 and 6 in PCRS5 change to 1, so that P57 and P56 change from input pins to output pins.
To prevent this problem, store a copy of the PDRS5 data in a work area in memory and
manipulate data of the bit in the work area, then write this data to PDRS.
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e Prior to executing BCLR instruction

MOV.B  #H'3F, ROL The PCR5 value (H'3F) is written to a work area in
ESXE igi: SRP*S;Ig memory (RAMO) as well as to PCRS.
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

e BCLR instruction executed

BCLR

#0,

@RAMO

e After executing BCLR instruction

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

MOV.B  @RAMO, ROL The work area (RAMO) value is written to PCRS5.
MOV.B ROL, @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 a reset or interrupts.

e Reset
A reset has the highest exception priority. Exception handling starts as soon as the 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 I bit in CCR, and kept masked while the I 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 Sources and 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 4
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'000E 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* — 1910 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. Table 3.2 shows the three sources that cause a reset.

Table3.2 Interrupt Sourcesthat Cause a Reset

Origin of Interrupt Source Description

RES pin Low-level input

Power-on reset circuit Rising of the power-supply voltage (Vcc)
For details, see section 20, Power-On Reset
Circuit.

Watchdog timer Counter overflow

For details, see section 14, Watchdog Timer.

321 Reset Exception Handling

When a reset is generated, all processing halts and this LSI enters the reset state. A reset initializes
the internal state of the CPU and the registers of the on-chip peripheral modules. To ensure that
this LSI be reset, the RES pin has to be held low for the oscillation stabilization time of the system
clock oscillator either after power-on or when the system clock oscillator is halted. If the system
clock oscillator is functioning, the RES pin has to be held low for the number of the t,, state as is
specified by the electrical characteristics.

When a reset source has been raised, this LSI starts reset exception handling as follows.

1. The internal state of the CPU and the registers of the on-chip peripheral modules are initialized
and the I bit in CCR is set to 1.

2. The reset 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 sequence of the reset exception handling caused by the reset pin is shown in figure 3.1.
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.
—— Reset cleared

' Initial program
' Vector fetch Internal  instruction prefetch
! |<———| processing | «—— |

0 JERSRERERERERE RS RS

Internal
address bus ) X @ X

Internal read
signal

signal
Internal data {2 ) 3)
bus (16 bits) =/

T
I
I
]
I
.
|
:
Internal write !
]
.
.
I
.
]
.
I
I

(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 a reset, if an interrupt is accepted before the stack pointer (SP) is initialized, PC
and CCR will not be pushed onto the stack correctly, resulting in program runaway. To prevent
this, immediately after reset exception handling all interrupts are masked. For this reason, the
initial program instruction is always executed immediately after a reset. 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 WKPO0) 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 shows the
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), and A/D converter. Interrupt vector
addresses are allocated to individual sources.

NMI is an interrupt with the highest priority and accepted at all times. Interrupts are controlled by
the interrupt controller. The interrupt controller sets interrupts other than NMI to 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 levels.

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)

A/D converter (1)

SLEEP instruction execution (1)
1IC 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.

Figure3.2 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-3

SP-2

SP -1

SP (R7) —|

Stack area
Prior to start of interrupt
exception handling

[Legend]

SP (R7) — CCR
SP +1 CCR*
SP +2 PCH
SP+3 PCL
SP+4

PC and CCR
saved to stack

PCH: Upper 8 bits of program counter (PC)
PCL: Lower 8 bits of program counter (PC)

CCR: Condition code register
SP:  Stack pointer

/\/

/\/

After completion of interrupt
exception handling

Even address

Notes: 1. PC shows the address of the first instruction to be executed upon return from the interrupt

handling routine.

2. 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

Rev. 1.00 Dec. 18,2006 Page 60 of 568

REJ09B0348-0100 RENESAS




Section 3 Exception Handling

341 Interrupt Response Time

Table 3.2 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* 11023 1510 37
Saving of PC and CCR to stack 4

Vector fetch

2
Instruction fetch 4
Internal processing 4
Note: * Excluding EEPMQV instruction.
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3.5 Usage Notes

351 Noteson Stack Area Use

When word data is accessed in this LSI, the least significant bit of the address is 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. Use PUSH.W Rn (MOV.W Rn, @-SP) or PUSH.L. ERn (MOV.L ERn,
@-SP) to save registers. Use POP.W Rn (or MOV.W @SP+, Rn) or POP.LL ERn (or MOV.L
@SP+, ERn) to restore registers:

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
Sid I ] .| nFEFF
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

When CCR contents are saved to the stack during interrupt exception handling or restored when
an RTE instruction is executed, this also takes place in word units. 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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352 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 a pin function is switched by rewriting a port mode register that controls an external
interrupt pin (IRQ4, IRQ3, IRQ1, IRQO, or WKP7 to WKPO0), the interrupt request flag is set to 1
at the time the pin function is switched, even if no valid interrupt is input at the pin. Be sure to
clear the interrupt request flag to O 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 a valid edge has not arrived on the selected IRQAEC or
IECPWM (PWM output for the AEC). 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 this way.
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Table3.4 Conditionsunder which Interrupt Request FlagisSet to 1

Interrupt Request
Flags Setto 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 PMRS9 is changed from 1 to 0 while the IRQ4 pin is
low and the IEG4 bit in IEGR is 1.

IRRI3 When the IRQS 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 IRQS 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 IRQ1 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 IRQ1 bit in PMRB is changed from 1 to 0 while the IRQ1 pin is
low and the IEG1 bitin 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 WKP?7 bit in PMRS5 is changed from 0 to 1 while the WKP7 pin is
low.

IWPF6 When the WKP# bit in PMR5 is changed from 0 to 1 while the WKP6 pin is
low.

IWPF5 When the WKP5 bit in PMR5 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 PMR5 is changed from 0 to 1 while the WKP3 pin is
low.

IWPF2 When the WKP2 bit in PMR5 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 PMR5 is changed from 0 to 1 while the WKPO pin is

low.
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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 0. If the instruction to clear the flag to 0
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 conditions in table 3.4 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
| | 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
| ________ (or AEGSR,) bit, first execute at least
one instruction (e.g., NOP), then clear
| the interrupt request flag to 0

| Clear interrupt request flag to 0 |

| Execute NOP instruction

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

Figure3.5 Port Mode Register (or AEGSR) Setting and I nterrupt 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).

(1) Recommended method

Use a single 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 1 in IRR1) are
given below.

BCLR #1, @IRR1:8
MOV.B R1L, @QIRR1:8 (set the value of RI1L to B'11111101)
(2) Exampleof 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 this will cause a malfunction.

Here is an example in which IRRIO is cleared and disabled in the process of clearing IRRI1 (bit 1
in IRR1).

MOV.B @IRR1:8,R1L ......... IRRIO = 0 at this time
AND.B #B'11111101,R1L ..... Here, IRRIO = 1
MOV.B R1L,Q@QIRR1:8 ......... IRRIO is cleared to 0

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 objective is clearing IRRI1, IRRIO is
also cleared.
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Section 4 Interrupt Controller

4.1 Features

This LSI controls interrupts by the interrupt controller. The interrupt controller has the following
features.

e 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 an NMI and address break.

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

e Fourteen external interrupts
NMI is the highest-priority interrupt, and is accepted at all times. Rising or falling edge
sensing can be selected for NMI. Rising or falling edge sensing can be selected for IRQO,
IRQI, IRQ3, IRQ4, and WKPO to WKP?7. Rising, falling, or both edge sensing can be selected
for IRQAEC.

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

NMV/IRQ/ External interrupt |———
WKP input (I input ——

— Interrupt request
IENR1 Priority > Vector number

determination CCR
Internal interrupt source,

TPU, SCI, etc. I

[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 1/0 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
RO3 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)
Interrupt enable register 1 (IENR1)
Interrupt enable register 2 (IENR2)
Interrupt request register 1 (IRR1)
Interrupt request register 2 (IRR2)
Wakeup interrupt request register IWPR)
Interrupt priority register A (IPRA)
Interrupt priority register B (IPRB)
Interrupt priority register C (IPRC)
Interrupt priority register D (IPRD)
Interrupt priority register E (IPRE)
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,

IRQ4, IRQ3, IRQ1, and IRQO 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 IRQ3 pin input
1: Detects a rising edge of the IRQ3 pin input
2 — — — Reserved
1 IEG1 0 R/W IRQ1 Edge Select
0: Detects a falling edge of the IRQ1 pin input
1: Detects a rising edge of the IRQ1 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 WKEGSH1 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)

IENRI1 enables the RTC, WKP7 to WKPO0, 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 — 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 IRQS3 Interrupt Request Enable

The IRQS3 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 IENA1 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)

IENR?2 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 — 0 R/W Reserved
This bit is read/write enable reserved bit.
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 — 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, IRQ1, IRQ3, IRQ4, and IRQAEC interrupt request status.

Initial
Bit Bit Name Value

R/W

Description

7105 —

All1

R/W

Reserved
These bits are always read as 1.

4 IRRI14

R/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

R/W

IRQS Interrupt Request Flag
[Setting condition]

When the IRQS3 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

0

R/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

R/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

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

R/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
to 1

[Clearing condition]
When 0 is written to this bit

6 IRRAD 0

R/W

A/D Converter Interrupt Request Flag
[Setting condition]

When A/D conversion ends

[Clearing condition]

When 0 is written to this bit

Reserved
This bit is always read as 0.

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 — 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
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4.3.7 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

WKP5 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

Rev. 1.00 Dec. 18,2006 Page 76 of 568

REJ09B0348-0100

RENESAS



Section 4 Interrupt Controller

Bit

Bit Name

Initial
Value

R/W

Description

IWPF2

0

R/W

WKP2 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

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

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

RENESAS
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4.3.8 Interrupt Priority RegistersA to E (IPRA to IPRE)

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

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 O sets the priority of the corresponding interrupt. Bits 3 to 0 in IPRE are reserved.

Initial
Bit Bit Name Value R/W Description
7 IPRn7 0 R/W Set the mask levels 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 IPRNn5 0 R/W Set the mask levels of the corresponding interrupt
IPRn4 0 Rw  Source.
00: Mask level O (Lowest)
01: Mask level 1
1*: Mask level 2 (Highest)
IPRn3 0 R/W Set the mask levels of the corresponding interrupt
2 IPRn2 0 Rw  Source.
00: Mask level O (Lowest)
01: Mask level 1
1*: Mask level 2 (Highest)
IPRn1 0 R/W Set the mask levels 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 readable/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
7102 — 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

441 External Interrupts
There are 14 external interrupts: NMI, WKP7 to WKPO0, IRQ4, IRQ3, IRQAEC, IRQI, and IRQO.
(1) NMI Interrupt

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

(2) WKP7to WKPO Interrupts

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

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

Clearing the IENWP bit in IENRI to 0 disables the wakeup interrupt request to be accepted.
Setting the I bit in CCR to 1 masks all interrupts.
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When exception handling for the WKP7 to WKPO interrupts is accepted, the I bit in CCR is set to
1. The interrupt mask level can be set by IPR.

(3) IRQ4,1RQ3,1RQL, and IRQO Interrupts

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

Using the IEG4, IEG3, IEG1, and IEGO bits in IEGR, it is possible to select whether an interrupt
is generated by a rising or falling edge at IRQ4, IRQ3, IRQ1, and IRQO pins.

When the specified edge is 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 bits in IENRI to O disables the interrupt request to be
accepted. Setting the I 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 AEC). When the IRQAEC pin is used as an external interrupt pin, clear the
ECPWME bit in AEGSR to 0.

Using the AIEGS1 and AIEGSO bits in AEGSR, it is possible to select whether an interrupt is
generated by a rising 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 is set to 1 and an interrupt request is generated.

When exception handling for the IRQAEC interrupt is accepted, the I bit in CCR is set to 1.

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

e 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. Internal interrupts can be
controlled independently. If an enable bit is set to 1, an interrupt request is sent to the interrupt
controller.

e The interrupt mask level can be set by IPR.

45 Interrupt Exception Handling Vector Table

Table 4.2 shows interrupt exception handling sources, vector addresses, and interrupt priorities.
For default priorities, the lower the vector number, the higher the priority. Modules set at the same
priority will conform to their default priorities. Priorities within a module are fixed. Interrupt mask
levels other than NMI 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, IPRA6

IRQ1 7 H'000E IPRAS5, IPRA4

IRQAEC 8 H'0010 IPRA3, IPRA2

IRQ3 9 H'0012 IPRA1, 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

IIC Transmit data 40 H'0050 IPRDS3, IPRD2
empty/transmit end
Receive data full/overrun
error

NACK detection
Arbitration/overrun error
10-bit A/D A/D conversion end 42 H'0054 IPRE7, IPRE6
\
(SLEEP instruction Direct transition 43 H'0056 IPRES5, IPRE4 /
execution) Low

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

Rev. 1.00 Dec. 18,2006 Page 83 of 568
RENESAS REJ09B0348-0100



Section 4 Interrupt Controller

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 I bit in CCR and the
INTM1 and INTMO bits in 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.
1 Interrupts with mask level 0 are masked.
0 All interrupts are accepted.

[Legend] *: Don't care.

1. If an interrupt source whose enable bit is set to 1 occurs, an interrupt request is sent to the
interrupt controller.

2. When interrupt requests are sent to the interrupt controller, the interrupt with the highest
priority according to the interrupt mask levels set in IPR is selected, and lower-priority
interrupt requests are held pending. If interrupt requests with the same priority are generated,
the interrupt request with the highest priority according to table 4.2 is selected.

3. Control of interrupts is performed referencing the INTM1 and INTMO bits in INTM and the I
bit in CCR as follows:

a. The interrupt request is held pending when the I bit is set to 1.

b. When the I bit is cleared to 0 and INTM1 bit is set to 1, interrupts with mask level 1 or less
are held pending.

c. When the I bit is cleared to 0, INTM1 bit is cleared to 0, and INTMO bit is set to 1,
interrupt requests with mask level O are held pending.

d. When the I bit, INTM1 bit, and INTMO bit are all cleared to 0, all interrupt requests are
accepted.
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When the CPU accepts an interrupt request, it starts interrupt exception handling after
execution of the current instruction has been completed.

PC and CCR are saved to the stack area by interrupt exception handling.
Next, the I bit in CCR is set to 1. This masks all 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.

| Program execution state |
T

No

Interrupt generated?

Yes NMI or address

break?
No

No
Level 2 interrupt?

INTM1 = 0?
INTMO = 0?2

[ seve PCland ccR |
| 11 |
!

| Read vector address |

Branch to interrupt
handling routine

v

Figure4.2 Flowchart of Procedure Up to Interrupt Acceptance
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4.6.1 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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4.6.2 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 priority determination 1 or 2+
Maximum number of wait states until 1to 23
executing instruction ends
3 PC, CCR stack 4
4 Vector fetch 2
5 Instruction fetch*? 4
6 Internal processing** 4
Total 18 to 41

Notes: 1. One state in case of an internal interrupt.
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

4.7.1  Contention between Interrupt Generation and Disabling

When an interrupt enable bit is cleared to O to disable interrupts, the disabling becomes effective
after execution of the instruction. When an interrupt enable bit is cleared to O 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 there is an 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 also 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)
is cleared to 0.

TIER write cycle by CPU

o | 0 7 LI L

Internal address 9( TIER address

TGIA exception handling

A
\
A

bus

Internal write
signal

TGIEA

TGIA J\

TGIA interrupt
signal

Figure4.4 Contention between I nterrupt Generation and Disabling

The above contention will not occur if an enable bit or interrupt source flag is cleared to 0 while
the interrupt is masked.
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4.7.2 Instructionsthat DisableInterrupts
The instructions that disable interrupts are LDC, ANDC, ORC, and XORC.

When an interrupt request is generated, an interrupt is requested to the CPU after the interrupt
controller has determined the priority. At that time, if the CPU is executing an instruction that
disables interrupts, the CPU always executes the next instruction after the instruction execution is
completed.

4.7.3 Interruptsduring Execution of EEPMOV Instruction
Interrupt operation differs between the EEPMOV.B instruction and the EEPMOV.W instruction.

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

With the EEPMOV.W instruction, even if an interrupt request other than the NMI is issued 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.

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

474 1ENR Clearing

When an interrupt request is disabled by clearing the interrupt enable register or when the interrupt
request register is cleared, the interrupt request should be masked (I bit = 1). If the above operation
is executed while the I 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

Clock pulse generators provided on-chip include 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 mask ROM version). The
subclock pulse generator consists of a subclock oscillator and subclock divider. Figure 5.1 (1) is a
block diagram of the clock pulse generators for the flash memory version and figure 5.1 (2) shows
those for the mask ROM version.

0SC; —»

0SC, <+——

Xy —— >

Xp <——

%osc - -
System System 0sc/8 o
clock 9osc »| clock osc/16 ¢
oscillator (fosc) divider [®0sc/32 ;
0sc/64 ! /2
: Prescaler S _7?0
System clock pulse generator : (13 bits) Ly /8192
. > Oy
ow2 |
L
Subclock ow | subciook | ow4| > m ‘L
oscillator (fw) divider ow/8 E
Subclock pulse generator :
_____________ puse generaor == ow'2

Figure5.1 Block Diagram of Clock Pulse Generators (Flash Memory Version) (1)
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...........................................................

IRQAEC —— :
| .
1 oscillator I :
E oLy dosc |
: B | !
0Sc; —»| System System | ¢osc .
1 i clock 905C $0se clock 00sc/16 ol )
0SCz2 <+——| oscillator | (fosc) (fosc) | divider ‘T’OSCfgi >
: dosc | /o
: =1 Prescaler S _>:¢to
| Systemdockpulse generator : (13bits) |+ ga10
E T > Ow
E ow/2 - E
X I > ¢w/4
4_._: ossucti)I(I:zL(thr o >| Subclock |24 - > 0sus
* ' (w) divider |ows | |
E Subclock pulse generator '
—Gow/2

Figure5.1 Block Diagram of Clock Pulse Generators (Mask 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 S to produce clock signals at rates 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 mask ROM version, the reference clock can be
selected as the 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)
e 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 0 R/W Subclock Oscillator Operation Control
0: Subclock oscillator operates
1: Subclock oscillator stops
6 — 0 R/W Reserved
This bit is readable/writable.
5t00 — All O — Reserved

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

OSCCR contains flags indicating whether the system clock oscillator or on-chip oscillator is
selected and the input level on the IRQAEC pin during resets; the former flag bit also controls
whether the on-chip oscillator operates or not.

Initial
Bit Bit Name  Value R/W Description
7103 — AllO 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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5.2 System Clock Generator

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

521 Connecting a 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 23, Electrical Characteristics.

R1=1MQ +20%

C
osC I}
! R1 Note: Consult with the crystal resonator manufacturer
= C, to determine the circuit constants.
0sC, I}

C.C,
Frequency| Manufacturer |[Product Type [Recommendation Value
4.19 MHz |KYOCERA HC-49/U-S 12 pF +20%
KINSEKI CORP.

Figure5.2 Typical Connection to Crystal Resonator

522 Connecting a Ceramic Resonator

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

cy ! Rf = 1 MQ 20%
0OSC;4 E er Note: Consult with the crystal resonator manufacturer
! ! to determine the circuit constants.
0SC; ; |—.—”‘r C1,C2
e J 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
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523 External Clock Input Method

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

OSCy [—— | | | | | | External clock input

0sc,

Open

Figure5.4 Example of External Clock Input

524 On-Chip Oscillator Selection Method (Supported only by the Mask ROM Version)

The on-chip oscillator is selected by the input level of the IRQAEC pin during a reset. The
selection method of the system clock oscillator and the on-chip oscillator is listed in table 5.1. The
input level of the IRQAEC pin during a reset* should be fixed either to Vcc or GND, depending
on the oscillator type to be selected. When the on-chip oscillator is selected, to connect a resonator
to OSC1 or OSC2 is not necessary. In this case, the OSC1 pin should be fixed to Vcc or GND.
The setting becomes finally fixed and firm upon exit from a reset state.

Note: * This reset represents an external reset or power-on reset, but not a reset by the
watchdog timer.

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
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53 Subclock Generator

531 Connecting 32.768-kHz/38.4-kHz Crystal Resonator

Clock pulses can be supplied to the subclock divider 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 32KSTOP bit 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.

Cy
X4 T' l?
=
X2 L' |?7_ Note: Consult with the crystal resonator manufacturer
Cz

to determine the circuit constants.

Frequency Manufacturer Product Type | Equivalent Series Resistance

38.4kHz |EPSON TOYOCOM Corp. C-4-Type 30 kQ (max.)

32.768 kHz| EPSON TOYOCOM Corp. C-001R 35 kQ (max.)
C1=C2=7pF

Figure55 Typical Connection to 32.768-kHz/38.4-kHz Crystal Resonator

1. When using a resonator other than the above, ensure optimal conditions by conducting
sufficient evaluation of consistency in cooperation with the manufacturer of the resonator.
Even if the above resonators or products equivalent to them are implemented, their oscillation
characteristics are affected by the board design. Be sure to use the actual board to evaluate
consistency as a system.

2. The consistency as a system has to be verified not only in a reset state (i.e., the RES is driven
low) but also in a state where a reset state has been exited (i.e., the low-level RES signal has
been driven high).

Figure 5.6 shows the equivalent circuit of the crystal resonator.
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2

Co C 5= 0.9 pF (typ.)
Rg=14 kQ(typ.)
f=32.768 kHz/38.4 kHz

Figure5.6 Equivalent Circuit of 32.768-kHz/38.4-kHz Crystal Resonator

532 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.

: 7 GND

X, f——— Open

Figure5.7 Pin Connection when not Using Subclock

533 How to Input External Clock

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

X4 ‘ ‘ ‘ ‘ ‘ ‘ External clock input

X, ——— Open

Figure5.8 Pin Connection when Inputting External Clock
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Frequency Subclock (¢w)
Duty 45% to 55%

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

Prescaler S is a 13-bit counter using the system clock (¢) as its input clock. Its prescaled outputs
provide internal clock signals for on-chip peripheral modules.

54.1 Prescaler S

Prescaler S is a 13-bit counter using the system clock (¢) as its input clock. A divided output is
used as an internal clock of an on-chip peripheral module. Prescaler S is initialized 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 stops and is
initialized to H'0000. The CPU cannot read from or write to prescaler S.

The output from prescaler S is shared by the on-chip peripheral modules. The division ratio can be
set separately for each on-chip peripheral function. In active (medium-speed) mode and sleep
mode, the output from prescaler S is a clock that has been input to prescaler S and then divided (¢:
set by the MA1 and MAO bits in SYSCR?2).
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5.5 Usage Notes

551 Note on Resonator s
(1) Resonator Characteristics and Board Design

Effective resonator characteristics are strongly influenced by the board design and should be
carefully evaluated by the users of both the mask ROM and flash memory versions, with reference
to the examples given in this section. Since resonator circuit constants will differ with the
resonator, the stray capacitance in the circuit on which it is mounted, and other factors, determine
suitable constants in consultation with the resonator manufacturer. Design the circuit so that
voltages exceeding maximum ratings are never applied across the oscillator pins. Figure 5.9 shows
an example of crystal and ceramic resonator arrangement.

(2) Prevention of Incorrect Operation

When a microcontroller is operating, the internal power supply potential fluctuates somewhat in
synchronization with the system clock. Depending on the characteristics of the individual
resonator, the amplitude of oscillations immediately after the oscillation stabilization waiting time
may be insufficiently large in that the oscillations are affected by the fluctuations in the power
supply potential. In this state, the oscillation waveform may be disrupted, leading to an unstable
system clock signal and incorrect operation of the microcomputer.

If incorrect operation is encountered, change the setting of the standby timer select bits 2 to 0
(STS2 to STSO) (bits 6 to 4 in the system control register 1 (SYSCR1)) to provide a longer wait.

For example, if operation is incorrect with a wait-time setting of 1,024 cycles, check operation
with a setting of 2,048 cycles or more.

If the same kind of incorrect operation occurs in the transition from the reset state, hold the RES
pin low for a longer period.
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P37
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0sC,
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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
|| ° || °
L] 1 0SC, L 0sCq4
C, = Cy
e <
é 3R ol T TR
| —eA 0SC, [ |—s 0SC,
C, \ C,
7T e

Negative resistance,
addition of -R

(1) Negative Resistance Measuring Circuit

Modification
point

SRR

0sC,

o=

&
—[—-o
;vU:v

J

c, 0SC,

(3) Oscillator Circuit Modification Suggestion 2

(2) Oscillator Circuit Modification Suggestion 1

Modification
point

1

C3
L,
| I 0SC;
o |
T 3Rf
[ F—e 0SC,

(4) Oscillator Circuit Modification Suggestion 3

Figure5.10 Negative Resistance M easurement and Circuit 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

osc,

C4
L7
T &

>
>
<

MA

0sC,

Figure5.11 Example of Incorrect Board Design

Note: When a crystal 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.

55.3 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.

As shown in figure 5.12, when a transition is made from a state where the system clock oscillator
is halted to active (high-speed or medium-speed) mode, the sum of the following two times
(oscillation stabilization 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 is started.
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(2) Wait Time

The time required for the CPU and peripheral functions to begin operating after the oscillation
waveform frequency and system clock have been generated.

The wait time is selected by the STS2 to STSO bits in SYSCRI.

Oscillation
waveform
(0SsC2)

AL LA OO

System clock
(9)

Oscillation start time

Wait time

Standby mode,

Operating  watch mode Active (high
L Oscillation stabilization wait time ctive (high-speed) mode or
mode or subactive active (medium-speed) mode
mode

Interrupt accepted

Figure5.12 Oscillation Stabilization Wait Time

The required oscillation stabilization time is identical with the oscillation stabilization time (t )
when power as specified by the AC characteristics is supplied. The setting must be such that the
time specified by the STS2 to STSO bits in SYSCR is not less than t . Consequently, when a
resonator is connected as the system clock oscillator and a transition is made from the standby,
watch, or subactive mode to the active (high- or medium-speed) mode, be sure to sufficiently test
behavior on the actual circuit. Waiting time must be enough for the amplitudes of OSC1 and
OSC2 to get sufficiently large.

Since the oscillation start time varies with the constant of the actual circuit and stray capacitance,
determine the oscillation stabilization waiting time in close cooperation with the manufacturer of
the resonator.
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554 Note on Subclock Stop State

In stopping the subclock, a state transition should only be made to a mode in which the system
clock operates. A transition to any other mode may lead to incorrect operation.

555 Note on Using Power -On Reset

The power-on reset circuit of this LSI allows adjustment of the reset cancellation time through the
capacitance of the capacitor that is externally connected to the RES pin. Adjust the capacitance to

ensure that the time required for oscillation to stabilize elapses before exit from the reset state. For
details, see section 20, Power-On Reset Circuit.
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Section 6 Power-Down Modes

This LSI has eight modes of operation after a reset. 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, posc/16, posc/32, and posc/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, ¢w/4, and pw/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 ¢gosc/8, dposc/16, posc/32, and dposc/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 pw/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: In this manual, 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 (SYSCR1)
e System control register 2 (SYSCR2)
e Clock halt registers 1 and 2 (CKSTPR1 and CKSTPR?2)

6.1.1 System Control Register 1 (SYSCR1)

SYSCRI1 controls the power-down modes, as well as SYSCR2.

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 Standby Timer Select 20 0
S STST 0 R/W Designate the time the CPU and peripheral modules
4 STSO 0 R/W 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,STS0=1)is
recommended. When the on-chip oscillator is to be
used, the recommended values are STS2 = 0, STS1 =
1, and STSO = 0. If the setting other than the
recommended value is made, operation may start
before the end of the waiting time.
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Initial
Bit Bit Name Value R/W Description
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 (¢y,,)

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 0

0 MAO 1 R/W Select the operating clock in active (medium-speed)
mode and sleep (medium-speed) mode. The MA1 and
MAQO bits should be written to in active (high-speed)
mode or subactive mode.

00: $OSC/8
01: ¢OSC/16
10: $OSC/32
11: $OSC/64

Table6.1 Operating Frequency and Waiting Time

Bit Operating Frequency
STS2 STS1 STSO Waiting Time 2 MHz 4.19 MHz 10 MHz
0 0 0 8,192 states 41 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 0.001 0.0005 0.0002
(external clock
input)
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 (SYSCR?2)

SYSCR?2 controls the power-down modes, as well as SYSCRI.

Initial
Bit Bit Name Value

R/W

Description

7t05 — All 1

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
dosc = 2 to 10 MHz, clear this bit to 0. When on-chip
oscillator is to be used, set this bit to 1.

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

RW

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 SA0

R/W
R/W

Subactive Mode Clock Select 1 and 0

Select the operating clock frequency in subactive and
subsleep modes. The operating clock frequency
changes to the set frequency after the SLEEP
instruction is executed.

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 CKSTPRI1
Initial
Bit Bit Name Value R/W Description
7 S4CKSTP*' 1 R/W#*'  SCl4 Module Standby
SCl4 enters standby mode when this bit is cleared to 0.
6 S31CKSTP 1 R/W SCI3 Module Standby*
SCI31 enters standby mode when this bit is cleared to
0.
5 S32CKSTP 1 R/W SCI3 Module Standby*
SC1I32 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 — 1 — Reserved
These bits are always read as 1 and cannot be
modified.
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 0.
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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

1IC2 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 0.

1 PW1CKSTP 1 R/W

PWM1 Module Standby

The PWM1 enters standby mode when this bit is
cleared to 0.

Reserved
Only 1 can be written to this bit.

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 bit is 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 E7 is used.
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6.2 Mode Transitions and Statesof LS|

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 LSI in each mode.
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Program Program

execution state halt state
----------------------- 1 SLEEP Rl L L

Reset state

| 1
Program | SLEEP | instruction @)
halt stat linstruction Active | —> Sleep
S ; (high-speed ! (high-speed)
mode) . mode
Standby !
1

©)

SLEEP
instruction

SLEEP(B)
instruction

o

Active ' Sleep
(medium-speed) (medium-speed)
mode @-E— mode
J i
SLEEP' |
instruction !
1
i 1
® . StLEEt.P SLEEP |
Instruction/t/ instruction !
1
! SLEEP ' i
® linstruction| | !
i | !
seer [ | c)
. Ll .
<_|.LD§JEJ£I&D_:_ Subactive : — E > Sl
—O—>] o —0®
! | ! mode
e __ H LS _ ] S __ ]
— : Transition is made after exception handling C) 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, AEC,
® 0 1 0 * 0 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, AEC
® 0 0 0 * 1 ® |Allinterrupts
@ 0 1 0 * 1 @ IRQ1, IRQO, WKP7 to WKPO interrupts, AEC
® 0 1 1 1 1
@) 1 1 1 1
[©) 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 that interrupt handling is accepted.

Figure6.1 Mode Transition Diagram
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Table6.2 Transition Mode after SLEEP Instruction Execution and I nterrupt Handling
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
(high- (high- speed) mode
speed) speed)
mode mode
0 1 0 * 0 Sleep Active b
(medium-  (medium-
speed) speed) mode
mode
0 0 1 0 0 Standby Active (high- d
mode speed) mode
0 1 1 0 0 Standby Active d
mode (medium-
speed) mode
0 0 1 1 0 Watch Active (high- e
mode speed) mode
0 1 1 1 0 Watch Active e
mode (medium-
speed) mode
1 * 1 1 0 Watch Subactive mode e
mode
0 0 0 * 1 Active — —
(high-
speed)
mode
(direct
transition)
0 1 0 * 1 Active — g
(medium-
speed)
mode
(direct
transition)
1 * 1 1 1 Subactive — 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 b
(medium-  (medium-
speed) speed) mode
mode
0 0 1 0 0 Standby Active (high- d
mode speed) mode
0 1 1 0 0 Standby Active d
mode (medium-
speed) mode
0 0 1 1 0 Watch Active (high- e
mode speed) mode
0 1 1 1 0 Watch Active e
mode (medium-
speed) mode
1 1 1 1 0 Watch Subactive mode e
mode
0 0 0 * 1 Active — —
(high-
speed)
mode
(direct
transition)
0 1 0 * 1 Active — g
(medium-
speed)
mode
(direct
transition)
1 * 1 1 1 Subactive — 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

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 e
mode (medium-
speed) mode

1 * 1 1 0 Watch Subactive mode e
mode

0 0 1 1 1 Active — i
(high-
speed)
mode
(direct
transition)

0 1 1 1 1 Active — h
(medium-
speed)
mode
(direct
transition)

1 * 1 1 1 Subactive — —
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 Stand-by
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
110 Retained*'
External IRQO Functioning Functioning Functioning  Functioning  Functioning  Functioning Functioning  Functioning
inferrupts ipqq Retained**
IRQ3 Retained*®
IRQ4
IRQAEC
WKP7 to WKPO Functioning Functioning
Peripheral RTC Functioning Functioning Functioning  Functioning  Functioning/  Functioning/ Functioning/r Functioning/
modules reta-ined*  reta-ined*” eta-ined*”  reta-ined+"
Asynchronous Functioning*® Functioning Functioning ~Functioning*®
event counter
Timer F Functioning/  Functioning/ Functioning/r Retained
reta-ined*’  reta-ined*’  eta-ined*’
TPU Retained Re-tained Re-tained Retained
WDT Functioning*®/  Functioning**/ Functioning*’/ Functioning*®/
retained retained retained retained
SCI3/IrDA Reset Functioning/ Functioning/r Reset
reta-ined**  eta-ined+*
lic2 Retained Retained Retained Retained
PWM Retained Retained Retained Retained
A/D converter Retained Retained Retained Retained
Notes: 1. Register contents are retained. Output is the high-impedance state.
2. Functioning if ¢,/2 is selected as an internal clock, or halted and retained otherwise.
3. Functioning if ¢w, ¢w/2, or ¢w/4 is selected as a clock to be used. Halted and retained
otherwise.
4. Functioning if the timekeeping time-base function is selected.
5. An external interrupt request is ignored. Contents of the interrupt request register are
not affected.
6. The counter can be incremented.
7. Functioning if ¢w/4 is selected as an internal clock. Halted and retained otherwise.
8. Functioning if $w/32 is selected as an internal clock. Halted and retained otherwise.
9. Functioning if the on-chip oscillator is selected.
10. 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 bits in SYSCR1. CPU register
contents are retained.

Sleep mode is cleared by an interrupt. When an interrupt is requested, sleep mode is cleared and
interrupt exception handling starts. Sleep mode is not cleared if the I bit in CCR is set to 1 or the
requested interrupt is disabled by the interrupt enable bit. After sleep mode is cleared, a transition
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 goes into 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, as long 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 as long as the
voltage set by the RAM data retention voltage is provided. The I/O ports go to the high-impedance
state.

Standby mode is cleared by an interrupt. When an interrupt is requested, the system clock pulse
generator starts. After the time set in bits STS2 to STSO0 in SYSCRI has elapsed, standby mode is
cleared and interrupt exception handling starts. After standby mode is cleared, a transition is made
to active (high-speed) or active (medium-speed) mode according to the MSON bit in SYSCR2.
Standby mode is not cleared if the I 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, and asynchronous event counter. However, as long as the rated voltage is supplied,
the contents of CPU registers, some on-chip peripheral module registers, and on-chip RAM are
retained. The I/O ports retain their state before the transition.

Watch mode is cleared by an interrupt. When an interrupt is requested, watch mode is cleared and
interrupt exception handling starts. When watch mode is cleared by an interrupt, a transition is
made to active (high-speed) mode, active (medium-speed) mode, or subactive mode depending on
the settings of the LSON bit in SYSCR1 and the MSON bit in SYSCR2. When the transition is
made to active mode, after the time set in bits STS2 to STSO in SYSCRI1 has elapsed, interrupt
exception handling starts. Watch mode is not cleared if the I 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.

6.2.4 Subsleep Mode

In subsleep mode, the CPU operation stops but on-chip peripheral modules other than the A/D
converter and PWM function. As long as a required voltage is applied, the contents of CPU
registers, the on-chip RAM, and some registers of the on-chip peripheral modules are retained. I/O
ports keep the same states as before the transition.

Subsleep mode is cleared by an interrupt. When an interrupt is requested, subsleep mode is cleared
and interrupt exception handling starts. After subsleep mode is cleared, a transition is made to
subactive mode. Subsleep mode is not cleared if the I 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.
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6.2.5 Subactive Mode

In subactive mode, the system clock oscillator stops but on-chip peripheral modules other than the
A/D converter, and PWM function. As long as a required 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 SYSCR1 and bits MSON and DTON in SYSCR2. Subactive mode is
not cleared if the I 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.

The operating frequency of subactive mode is selected from ¢,,/2, ¢,,/4, and ¢,,/8 by the SA1 and
SAOQ bits in SYSCR2. After the SLEEP instruction is executed, the operating frequency changes to
the frequency which is set before the execution.

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, a transition to standby mode is made depending on the combination of bits
SSBY, LSON, and TMA3 in SYSCRI, a transition to watch mode is made depending on the
combination of bits SSBY and TMA3 in SYSCRI, or a transition to sleep mode is made
depending on the combination of bits SSBY and LSON in SYSCRI1. Moreover, a transition to
active (high-speed) mode or subactive mode is made by a direct transition. Active (medium-sleep)
mode is not cleared if the I bit in 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 bits in SYSCRI.
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6.3 Direct Transition

The CPU can execute programs in two modes: active and subactive mode. A direct transition is a
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 SYSCR?2 is set to 1. The direct
transition also enables operating frequency modification in active or subactive mode. After the
mode transition, direct transition interrupt exception handling starts.

If the direct transition interrupt is disabled by IENR2, a transition is made instead to sleep or
watch mode.

Note: If a direct transition is attempted while the I bit in CCR is set to 1, sleep or watch mode
will be entered, and the resulting mode cannot be exited.

(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 LSON
bits in SYSCRI1 are cleared to 0 and the MSON and DTON bits in SYSCR2 are set to 1, a
transition is made to active (medium-speed) mode via sleep mode. For the time required for
transition, see section 6.3.1, Direct Transition from Active (High-Speed) Mode to Active
(Medium-Speed) Mode.

(2) Direct transfer from active (medium-speed) mode to active (high-speed) mode

When a SLEEP instruction is executed in active (medium-speed) mode while the SSBY and
LSON bits in SYSCRI1 are cleared to 0, the MSON bit in SYSCR2 is cleared to 0, and the DTON
bit in SYSCR?2 is set to 1, a transition is made to active (high-speed) mode via sleep mode. For the
time required for transition, see section 6.3.2, Direct Transition from Active (High-Speed) Mode
to Subactive 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, TMA3, and
LSON bits in SYSCR1 are set to 1 and the DTON bit in SYSCR?2 is set to 1, a transition is made
to subactive mode via watch mode. For the time required for transition, see section 6.3.3, Direct
Transition from Active (Medium-Speed) Mode to Active (High-Speed) Mode.

(4) Direct transfer from subactive mode to active (high-speed) mode

When a SLEEP instruction is executed in subactive mode while the SSBY and TMAJ3 bits in
SYSCRI are set to 1, the LSON bit in SYSCRI1 is cleared to 0, the MSON bit in SYSCR2 is
cleared to 0, and the DTON bit in SYSCR?2 is set to 1, a transition is made directly to active (high-
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speed) mode via watch mode after the waiting time set in bits STS2 to STSO in SYSCRI1 has
elapsed. For the time required for transition, see section 6.3.4, Direct Transition from Active
(Medium-Speed) Mode to Subactive Mode.

(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 bits in SYSCR1 are set to 1 and the DTON bit in SYSCR?2 is set to 1, a transition is
made to subactive mode via watch mode. For the time required for transition, see section 6.3.5,
Direct Transition from Subactive Mode to Active (High-Speed) Mode.

(6) Direct transfer from subactive mode to active (medium-speed) mode

When a SLEEP instruction is executed in subactive mode while the SSBY and TMAJ3 bits in
SYSCRI are set to 1, the LSON bit in SYSCRI1 is cleared to 0, and the MSON and DTON bits in
SYSCR?2 are set to 1, a transition is made directly to active (medium-speed) mode via watch mode
after the waiting time set in bits STS2 to STSO in SYSCRI has elapsed. For the time required for
transition, see section 6.3.6, Direct Transition from Subactive Mode to Active (Medium-Speed)
Mode.

6.3.1 Direct Transition from Active (High-Speed) Modeto Active (M edium-Speed) 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 (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 operating clock before transition:
Direct transition time = (2 + 1) x 1tosc + 14 x 8tosc = 115tosc

[Legend]
tosc: OSC clock cycle time
tcyc: System clock (¢) cycle time
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6.3.2 Direct Transition from Active (High-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 (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 operating clock before transition:
Direct transition time = (2 + 1) x Itosc + 14 x 1tsubcyc = 3tosc + 14tsubcyc

[Legend]
tosc: OSC clock cycle time
tsubcyc: Subclock (¢y,,) cycle time

6.3.3 Direct Transition from Active (Medium-Speed) Modeto 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 calculated 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 operating clock before transition:
Direct transition time = (2 + 1) x 8tosc + 14 x 1tosc = 38tosc

[Legend]
tosc: OSC clock cycle time
tcyc: System clock () cycle time
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6.34 Direct Transition from Active (M edium-Speed) Modeto 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 operating clock before transition:
Direct transition time = (2 + 1) x 8tosc + 14 x 1tsubcyc = 24tosc + 14tsubcyc

[Legend]
tosc: OSC clock cycle time
tsubcyc: Subclock (¢y,,) cycle time

6.3.5 Direct Transition from Subactive Mode to Active (High-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 (5).

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 operating clock before transition and wait time =
8192 states:

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

[Legend]

tosc: OSC clock cycle time

tw: Watch clock cycle time

tcyc: System clock (¢) cycle time
tsubcyc: Subclock (¢y,,) cycle time
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6.3.6 Direct Transition from Subactive Mode 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 or ¢,/8 is selected as the operating clock before transition and wait
time = 8192 states)

Direct transition time = (2 + 1) x 8tw + (8192 + 14) x 8tosc
= 24tw + 65648tosc

[Legend]

tosc: OSC clock cycle time

tw: Watch clock cycle time

tcyc: System clock (¢) cycle time
tsubcyc: Subclock (¢y,,) cycle time

6.3.7 Noteson External Input Signal Changes befor e/after Direct Transition
(1) Direct transition from active (high-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.

(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.

Rev. 1.00 Dec. 18,2006 Page 126 of 568
REJ09B0348-0100 RENESAS



Section 6 Power-Down Modes

(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
module in CKSTPR1 and CKSTPR?2 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 bits in SYSCRI are set to 1 and the LSON bit in SYSCRI1 is
cleared to 0, a transition 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
the timing in this case.

v B B B

Internal data bus XSLEEP instruction fetch X Next instruction fetch X E
SLEEP instruction execution -~ Internal prg:cessing
Pins Port output X High-impedance

E Standby mode

Active (high-speed) mode or active (medium-speed) mode

Figure6.2 Standby Mode Transition and Pin States

Rev. 1.00 Dec. 18,2006 Page 127 of 568
RENESAS REJ09B0348-0100




Section 6 Power-Down Modes

6.5.2 Noteson External Input Signal Changes befor e/after Standby M ode
(1) When External Input Signal Changes befor e/after Standby M ode or Watch Mode

When an external input signal such as IRQ, WKP, or IRQAEC is input, both the high- and low-
level widths of the signal must be at least two cycles of system clock ¢ or subclock ¢y, (referred
to together in this section as the internal clock). As the internal clock stops in standby mode and
watch mode, the width of external input signals requires careful attention when a transition 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 tcyc or 2 tsubcyc.

(3) Recommended Timing of External Input Signals

To ensure dependable capture of an external input signal, high- and low-level signal widths of at
least 2 tcyc or 2 tsubcyc are necessary before a transition is made to standby mode or watch mode, as
shown in "Capture possible: case 1."

External input signal capture is also possible with the timing shown in "Capture possible: case 2"
and "Capture possible: case 3," in which a 2 tcyc or 2 tsubcyc level width is secured.
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Operating mode

Active (high-speed, medium-speed)
mode or subactive mode

Standby mode or

watch mode

Wait for osc-
illation

Active (high-speed, medium-speed)
mode or subactive mode

0 0r bgup |

External input signal

Capture possible: case 1 !

Capture possible: case 2

Capture possible: case 3

Capture not possible

stabilization
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Interrupt by different signal

Figure6.3 External Input Signal Capturewhen Signal Changes befor e/after Standby M ode
or Watch Mode

(4) Input Pinsto which these Notes Apply

IRQ4, IRQ3, IRQ1, IRQO, WKP7 to WKPO, IRQAEC, TMIF, ADTRG, TIOCA1, TIOCBI,
TIOCA2 and TIOCB2.
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Section 7 ROM

The features of the 52-kbyte flash memory built into the flash memory (F-ZTAT) version are
summarized below.

e Programming/erase methods

The flash memory is programmed 128 bytes at a time. 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
in turn.

e 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,
as well as in on-board programming mode.

e Automatic bit rate adjustment

For data transfer in boot mode, this LSI's bit rate can be automatically adjusted to match the
transfer bit rate of the host.

e Programming/erasing protection
Sets software protection against flash memory programming/erasing.
e Power-down mode

Operation of the power supply circuit can be partly halted in subactive mode. As a result, flash
memory can be read with low power consumption.

e 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
to 1.
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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 is divided 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

H'0000 ; H'0001 ; H0002 ; ——Programming unit: 128 bytes — | H'007F
H'0080 | H0081 | HO0082 ! . HOOFF
H0380 ' HO0381 ' HO0382 ! ' HO3FF
H0400 | HO0401 | H0402 | ~— Programming unit: 128 bytes — | H'047F
H0480 | HO0481 | HO0482 ! | HO4FF
H'0780 ' HO781 ' HO0782 ! ' HO7FF
H'0800 ; H'0801 , H0802 ;| —<—Programming unit: 128 bytes — | H'087F
H0880 | HO0881 | H0882 ! | HO8FF
HOB8O | HOB81 ' HOBS2 ! ' HOBFF
H'0C00 ; H'0CO01 ; H0C02 ; —=—Programming unit: 128 bytes = | H'0C7F
H'0C80 | HO0C81 | HOC82 ! . HOCFF
HOF80 | HOF81 ' HOF82 ! ! HOFFF
H1000 | H1001 | H1002 | = Programming unit: 128 bytes — | H107F
H1080 | H'1081 | H'1082 ! . H10FF
H7F80 ' H7F81 ! H7F82 ! | H7FFF
H'8000 | H'B001 @ H8002 @ —<— Programming unit: 128 bytes = | Hg07F
H'8080 ' H'8081 ! H'8082 ! ! H'80FF
HBF8O | HBF81 | HBF82 | | HBFFF
H'CO00 | H'CO01 | H'CO02 ! ! HCO7F
H'CO80 | H'CO81 | HCO082 | ! H'COFF
H'CF80 | H'CF81 | HCF82 | ! HCFFF

Figure7.1 Flash Memory Block Configuration
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7.2 Register Descriptions

The flash memory has the following registers.

o Flash memory control register 1 (FLMCRI1)
e Flash memory control register 2 (FLMCR?2)

e Frase block register 1 (EBR1)

e Flash memory power control register (FLPWCR)

e Flash memory enable register (FENR)

721 Flash Memory Control Register 1 (FLMCR1)

FLMCRI is a register 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 — 0 — 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 FLMCR1 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 it is cleared to O, the erase
setup state is cancelled. Set this bit to 1 before setting
the E bit to 1 in FLMCR1.

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 0, 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 0, 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 it is
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.

722 Flash Memory Control Register 2 (FLMCR2)

FLMCR? is a register that displays the state of flash memory programming/erasing. FLMCR?2 is a
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.

6100 — All O — Reserved

These bits are always read as 0.
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7.2.3 Erase Block Register 1 (EBR1)

EBRI1 specifies the flash memory erase area block. EBRI1 is initialized to H'00 when the SWE bit
in FLMCRI1 is 0. Do not set more than one bit at a time, as this will cause all the bits in EBR1 to
be automatically cleared to O.

Initial

Bit Bit Name  Value R/W Description

7 — 0 — 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'0CO00 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 a transition to the flash memory power-down mode when the LSI
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 a transition 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.

6to0 — All O — Reserved

These bits are always read as 0.

725 Flash Memory Enable Register (FENR)

Bit 7 (FLSHE) in FENR enables or disables the CPU access to the flash memory control registers,
FLMCRI1, 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.
6100 — AllO — Reserved

These bits are always read as 0.
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7.3 On-Board Programming Modes

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 LSI 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 LSI is initiated. The boot program
transfers the programming control program from the externally-connected host to on-chip RAM
via SCI3 (channel 1). After erasing the entire flash memory, the programming control program is
executed. This can be used for programming initial values in the on-board state or for a forcible
return when programming/erasing can no longer be done in 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 M odes

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.

SCI3 should be set to asynchronous mode, and the transfer format as follows: 8-bit data, 1 stop
bit, and no parity. The inversion 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 this LSI.

When the boot program is initiated, 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 SCI3 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 the reset is complete, it takes approximately 100
states before the chip is ready to measure the low-level period.

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'S5 byte to the chip. If reception could
not be performed normally, initiate boot mode again by a reset. 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 LSI within the ranges listed in table 7.3.

In boot mode, a part of the on-chip RAM area is 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.

Before branching to the programming control program, the chip terminates transfer operations
by SCI3 (by clearing the RE and TE bits in SCR to 0), however the adjusted bit rate value
remains set in BRR. Therefore, the programming control program can still use it for transfer of
program data or verify data with the host. The TXD pin is high (PCR42 = 1, P42 = 1). The
contents of the CPU general registers are undefined immediately after branching to the
programming control program. These registers must be initialized at the beginning of the
programming control program, as the stack pointer (SP), in particular, is used implicitly in
subroutine calls, etc.

Boot mode can be cleared by a reset. 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 a WDT 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
£ Host Operation Communication Contents LSI Operation
o
= Processing Contents Processing Contents
.é Branches to boot program at reset-start.
R
€
(O]
©
g Boot program initiation
IS}
o
8 |

Continuously transmits data H'00

H'00, H'00 - - - H'00

Y
» » Measures low-level period of receive data

at specified bit rate.

Transmits data H'55 when data H00

H'00

H'00.
 Calculates bit rate and sets BRR in SCI3.
* Transmits data H'00 to host as adjustment

is received error-free.

Bit rate adjustment

H'55

end indication.

H'55 reception.

\

HFF

Boot program
v erase error

A

H'AA

Checks flash memory data, erases all flash
memory blocks in case of written data
existing, and transmits data H'AA to host.
(If erase could not be done, transmits data

H'AA reception —=

Flash memory erase

H'FF to host and aborts operation.)

\

Upper bytes, lower bytes

'

Transmits number of bytes (N) of
programming control program to be

Echoback

> Echobacks the 2-byte data
received to host.

A

transferred as 2-byte data
(low-order byte following high-order
byte)

H'XX

|

Echobacks received data to host and also

Transmits 1-byte of programming
control program (repeated for N times)

Echoback

> transfers it to RAM.

Transfer of number of bytes of
programming control program

l

HAA

(repeated for N times)

H'AA reception

Transmits data H'AA to host.

|

\l
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 S| Bit Rateis

Possible
Host Bit Rate System Clock Frequency Range of LSI
9,600 bps 81to 10 MHz
4,800 bps 410 10 MHz
2,400 bps 210 10 MHz

732 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, as in 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 Branch to flash memory application
program to RAM program

Y

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

Figure7.2 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 FLMCRI setting, the flash memory operates in 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-Verify and section 7.4.2,
Erase/Erase-Verify, respectively.

74.1 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 a time. 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. Prepare the following data storage areas in 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 data in 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. The time during which the P bit is set to 1 is the programming time. Table 7.6 shows the
allowable programming times.

6. The watchdog timer (WDT) is set to prevent overprogramming due to program runaway, etc.
An overflow cycle of approximately 6.6 ms is allowed.

7. For a dummy write to a verify address, write 1-byte data H'FF to an address whose lower 2

bits are 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
is 1,000.

Write pulse application subroutine

Apply Write Pulse START

[ WOT onabie | [ SeL SWE bitn FLVCR1 |
| Wait 1 us |
[ Set PSU bit in FLMCR1 | ¥
* Store 128-byte program data in program
[ Wait 50 us | data area and reprogram data area
! | =y |
[ Set P bit in FLMCR1 | ¥
[ m=0 ]
[ wait (wait time=programming time) | T

i Write 128-byte data in RAM reprogram
[ Clear P bit in FLMCR1 | data area consecutively to flash memory

[ Wait 5 us | I Apply Write pulse I
1 i
[ Clear PSU bit in FLMCR1 | [ SeLPY biLn FLWGRT ]
Wait 4
[ Wait 5 us ] [ a‘* us ]
) Set block start address as |
[ Disable WDT | verify address -
1 7 | E—yer

End Sub [ HFF dummy write to verify address |

1]
[ Wait 2 us | )x
i

[ Read verify data |

Increment address

[ Clear PV bitin FLMCR1 |

i
[ Wait 2 us |

Successively write 128-byte data from additional-
programming data area in RAM to flash memory
ub-Routine-Cal
” Apply Write Pulse H

es No
[ Clear SWE bit in FLMCR1 || Clear SWE bit in FLMCR1 |

[ Wait 100 us ] | Wait 100 ps |
L]

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

Figure7.3 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 —

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

1t06 30 10

7 to 1,000 200 —

Note: Time shown in ps.
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742 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 data to all Os) is not necessary.

2. Erasing is 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. The time 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 ms is allowed.

5. For a dummy 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 the read data is 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
sequence is 100.

74.3 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 a violation 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 an interrupt occurs during boot program execution, normal boot mode sequence cannot be
carried out.
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| SWE bit « 1 |
T

| Wait 1 us |
|
1

| N1 |
)

l Set EBR1 |
|
'

| Enable WDT |
7

l ESU bit « 1 |
1

| Wait 100 us |
7

| E bit < 1 |
T

| Wait 10 ms |
T

[ E bit «— 0 |
T

| Wait 10 us |
1

[ ESU bit < 10 |
1

| 10 us |
1

| Disable WDT |
]

| EV bit < 1 |
1

| Wait 20 ps |
'

| Set block start address as verify address |

|1
|_H'FF dummy wril? to verify address |
| Wait 2 us | )*
|
]

| Read verify data

No

| Increment address |

No

Last address of block 2,

[ EV bit 0 | | EV bit < 0 ]
T 1
| Wait 4 uis | | Wait 4115 |

No Yes
All erase block erased ? @
No
| SWE bit < 0 | [ SWE bit < 0 |
1 1
| Wait 100 us | [ Wait 100 us |

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/lErase-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.

751 Har dwar e Protection

Hardware protection refers to a state in which programming/erasing of flash memory is forcibly
disabled or aborted because of a transition to reset, subactive mode, subsleep mode, or standby
mode. Flash memory control register 1 (FLMCRI1), flash memory control register 2 (FLMCR?2),
and erase block register 1 (EBR1) are initialized. In a reset via the RES pin, the reset state is not
entered unless the RES pin is held low until oscillation stabilizes after powering on. In the case of
a reset during operation, hold the RES pin low for the RES pulse width 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 bit in FLMCR1. When software protection is in effect, setting the P or E bit
in FLMCRI1 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
bit in FLMCR?2 is set to 1, and the error protection state is entered.

e When the flash memory of the relevant address area is read during programming/erasing
(including vector read and instruction fetch)

o Immediately after exception handling excluding a reset during programming/erasing

e  When a SLEEP instruction is executed during programming/erasing
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The FLMCR1, FLMCR?2, and EBRI 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 a reset.

7.6 Programmer Mode

In programmer mode, a PROM programmer can be used to perform programming/erasing via a
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 (FZTAT64V5).

1.7 Power-Down Statesfor Flash Memory
In user mode, the flash memory will operate in either of the following states:

e Normal operating mode
The flash memory can be read and written to at high speed.

e Power-down operating mode
The power supply circuit of flash memory can be partly halted. As a result, flash memory can
be read with low power consumption.

e Standby mode

All flash memory circuits are halted.

Table 7.7 shows the correspondence between the operating modes of this LSI 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 returns to 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 STSO in SYSCR1 must be set to provide a wait 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.

When an interrupt is generated in module standby mode, the vector address cannot be read and the
program malfunctions.

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 I 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 module 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 CCR to 1

Jump to address of
execution program in RAM

Clear FROMCKSTP
bit in CRSTPR1 to 0

Figure7.5 Module Standby Mode Setting
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Section 8§ RAM

Microcontrollers of the H8/38776 group have an on-chip high-speed static RAM. The RAM is
connected to the CPU by a 16-bit 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 H8/38776F 3 kbytes H'F380 to H'FF7F
Mask ROM version H8/38776 2 kbytes H'F780 to H'FF7F

H8/38775 2 kbytes H'F780 to H'FF7F

H8/38774 1 kbyte H'FB80 to H'FF7F

H8/38773 1 kbyte H'FB80 to H'FF7F
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Section 9 1/0 Ports

Microcontrollers of the H8/38776 Group have 55 general I/O ports and eight general input-only
ports. Port 9 is a large current port, which can drive 15 mA (@V_ = 1.0 V) when a low level
signal is output. Any of these ports can become an input port immediately after a reset. 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 I/O ports and those included in each on-
chip peripheral module. General I/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 data register (PDR), see
section 2.8.3, Bit-Manipulation Instruction. For details on block diagrams for each port, see
appendix B.1, I/O Port Block Diagrams.

9.1 Port 1

Port 1 is an I/O port also functioning as an SCI4 I/O pin, TPU I/O pin, and asynchronous event
counter input pin. Figure 9.1 shows its pin configuration.

<—> P16/SCK4

~<—> P15/TIOCB2
~<—> P14/TIOCA2/TCLKC
P13/TIOCB1/TCLKB

Port 1

<—> P12/TIOCA1/TCLKA
~<—> P11/AEVL
~<—> P10/AEVH

Figure9.1 Port 1 Pin Configuration
Port 1 has the following registers.

e Port data register 1 (PDR1)

e Port control register 1 (PCR1)

e Port pull-up control register 1 (PUCR1)
e Port mode register 1 (PMR1)
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911 Port Data Register 1 (PDR1)

PDRI1 is a register that stores data of port 1.

Initial
Bit Bit Name Value R/W Description
7 — 1 — If port 1 is read while PCR1 bits are set to 1, the values
6 P16 0 R/W stored in PDR1 _are read, fegardless pf the actual pin
states. If port 1 is read while PCR1 bits are cleared to 0,
S P15 0 R/W the pin states are read.
4 P14 0 R/W Bit 7 is reserved. This bit is always read as 1 and
3 P13 0 R/W cannot be modified.
2 P12 0 R/W
1 P11 0 R/W
0 P10 0 R/W

912 Port Control Register 1 (PCR1)

PCR1 selects inputs/outputs in bit units for pins to be used as general I/O ports of port 1.

Initial
Bit Bit Name Value R/W Description
7 — 1 — 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

5 PCR15 0 W PDR1 are valid when the corresponding pin is
4 PCR14 0 w designated as a general I/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)

PUCRI controls the pull-up MOS of the port 1 pins in bit units.

Initial
Bit Bit Name Value R/W Description
7 — 1 — When a PCR1 bit is cleared to 0, setting the
6 PUCR16 0 R/W corresponding PUCR1 bit to 1 turns on the pull-up MOS
for the corresponding pin, while clearing the bit to 0
S PUCR15 0 R/W turns off the pull-up MOS.
4 PUCR14 0 R/W Bit 7 is reserved. This bit is always read as 1 and
3 PUCR13 O R/W cannot be modified.
2 PUCR12 0 R/W
1 PUCR11 0 R/W
0 PUCR10 O R/W

914 Port Mode Register 1 (PMR1)

PMRI1 controls the selection of functions for port 1 pins.
Initial

Bit Bit Name Value R/W Description

7to2 — All 1 — 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 1/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 1/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.

e P16/SCK4 pin

The pin function is switched as shown below according to the combination of the CKS3 to
CKSO bits in SCSR4 and PCR16 bit in PCR1.

CKS3*' 1% 0*'
CKS2 to CKS0*' Other than B'111*' B'111+ !

PCR16 0 1 X o

Pin Function P16 input pin | P16 outputpin | 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 mask ROM version.
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e PI15/TIOCB?2 pin
The pin function is switched as shown below according to the combination of the TPU channel
2 setting by the MD1 and MDQO bits in TMDR_2, IOB3 to IOBO bits in TIOR_2, and CCLR1
and CCLRO bits in TCR_2, and the PCR15 bit in PCR1.

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

Setting

PCR15 — 0 1 0 1

Pin Function — P15 input pin | P15 output pin| P15 input pin | P15 output pin
TIOCB2 input pin*

TPU Channel 2 2) (3) (1)
Setting

MD1, MDO B'00 B'10, B'01, B'11
I0B3 to IOBO B'0000 ‘ B'1xxx ‘ B'0001 to B'0111 B'xxxx
CCLR1, CCLRO B'xx

Output Function — ‘ Setting prohibited
[Legend] x: Don't care.
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e PI14/TIOCA2/TCLKC pin
The pin function is switched as shown below according to the combination of the TPU channel
2 setting by the MD1 and MDO bits in TMDR_2, IOA3 to IOAOQ bits in TIOR_2, and CCLR1
and CCLRO bits in TCR_2, the TPSC2 to TPSCO bits in TCR_2, and the PCR14 bit in PCR1.

TPU Channel 2
Setting

Next table (1)

Next table (2)

PCR14

0

1

Pin Function

TIOCA2 output pin

P14 input pin

P14 output pin

TIOCAZ2 input pin*'

TCLKC input pin**

Notes: 1. When the MD1 and MDO bits are set to B'00 and the IOAS bit to 1, the pin function
becomes the TIOCA2 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.

TPU Channel 2 2) (1) ) (1) (1) 2)
Setting
MD1, MDO B'00 B'1x B'11
IOA3 to IOAOQ 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 — — — — Other than B'10
B'10
Output Function — Output — PWM mode | PWM mode —
compare 1* output 2 output
output

[Legend] x: Don't care.
Note: * The output of the TIOCB2 pin is disabled.
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e PI13/TIOCB1/TCLKB pin

The pin function is switched as shown below according to the combination of the TPU channel
1 setting by the MD1 and MDO bits in TMDR_1, IOB3 to IOBO bits in TIOR_1, and CCLR1
and CCLRO bits in TCR_1, the TPSC2 to TPSCO bits in TCR_1 and TCR_2, and the PCR13
bit in PCR1.

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

Setting

PCR13 — 0 1 0 1

Pin Function — P13 input pin | P13 output pin| P13 input pin | P13 output pin
TIOCB1 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.

TPU Channel 1 @) (3) (1)
Setting

MD1, MDO B'00 B'10, B'01, B'11
IOB3 to I0BO B'0000 B'1xxx ‘ B'0001 to B'0111 B'xxxx
CCLR1, CCLRO B'xx

Output Function — ‘ Setting prohibited
[Legend] x: Don't care.
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e PI12/TIOCA1/TCLKA pin

The pin function is switched as shown below according to the combination of the TPU channel
1 setting by the MD1 and MDO bits in TMDR_1, IOA3 to IOAOQ bits in TIOR_1, and CCLR1
and CCLRO bits in TCR_1, the TPSC2 to TPSCO bits in TCR_1 and TCR_2, and the PCR12
bit in PCR1.

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

Setting

PCR12 — 0 1

Pin Function TIOCAT1 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 TIOCAT1 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.

TPU Channel 1 @) (1 @) (1 (1) @)
Setting
MD1, MDO B'00 B'1x B'10 B'11
IOAS to IOAO 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 — — — — Other than B'10
B'10
Output Function — Output — PWM PWM mode —
compare mode 1* 2 output
output output

[Legend] x: Don't care.
Note: * The output of the TIOCB1 pin is disabled.

Rev. 1.00 Dec. 18,2006 Page 162 of 568
REJ09B0348-0100 RENESAS



Section 9 /O Ports

e PI11/AEVL pin

The pin function is switched as shown below according to the combination of the AEVL bit in
PMRI1 and PCR11 bit 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.

e PI0/AEVH pin

The pin function is switched as shown below according to the combination of the AEVH bit in
PMRI1 and PCR10 bit 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
PCR1 bit is cleared to 0, setting the corresponding PUCRI1 bit to 1 turns on the input pull-up MOS
for that pin. The input pull-up MOS function is in the off state after a reset.

(n=6100)
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 3 is an I/O port also functioning as an SCI4 1/O pin, SCI3_2 I/O pin, IIC2 I/O pin, and RTC
output pin. Figure 9.2 shows its pin configuration.

[<—> P37/S04
<—> P36/Sl4
[~<—> P32/TXD32/SCL

Port 3

[~<—> P31/RXD32/SDA
~<—> P30/SCK32/TMOW

Figure9.2 Port 3 Pin Configuration
Port 3 has the following registers.

e Port data register 3 (PDR3)

e Port control register 3 (PCR3)

e Port pull-up control register 3 (PUCR3)
e Port mode register 3 (PMR3)

9.21 Port Data Register 3 (PDR3)

PDR3 is a register 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 R/W stored in PDR3 are read, regardless pf the actual pin

states. If port 3 is read while PCR3 bits are cleared to 0,
S - 1 - the pin states are read.
4 - 1 - Bits 5 to 3 are reserved. These bits are always read as
3 — 1 — 1 and cannot be modified.
2 P32 0 R/W
1 P31 0 R/W
0 P30 0 R/W
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9.22 Port Control Register 3 (PCR3)

PCR3 selects inputs/outputs in bit units for pins to be used as general I/O 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
5 - 1 - PCRS3 and in PDR3 are valid when the corresponding
4 — 1 — pin is designated as a general I/O pin.
3 — 1 — PCRS 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)

PUCR3 controls the pull-up MOS of the port 3 pins in bit units.

Initial
Bit Bit Name Value R/W Description
7 PUCR37 0 R/W When a PCR3 bit is cleared to 0, setting the
6 PUCR36 0 R/W corresponding PUCRS bit to 1 turns on the pull-up MOS
for the corresponding pin, while clearing the bit to 0
S - 1 - turns off the pull-up MOS.
4 - 1 - Bits 5 to 1 are reserved. These bits are always read as
3 _ 1 _ 1 and cannot be modified.
2 — 1 —
1 — 1 —
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
7to1 — All 1 — 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 1/0O pin
1: TMOW output pin

9.25 Pin Functions
The relationship between the register settings and the port functions is shown below.

e P37/SO4 pin
The pin function is switched as shown below according to the combination of the TE bit in
SCR4 and PCR37 bit 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.

Rev. 1.00 Dec. 18,2006 Page 166 of 568
REJ09B0348-0100 RENESAS



Section 9 /O Ports

e P36/SI4 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.

e 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 ICRR1, TE32 bit in SCR32, and SPC32 bit in SPCR.

ICE 0 1
SPC32 0 1 X
TE32 X X X
PCR32 0 1 X X
Pin Function P32 input pin P32 output pin TXD32 output pin*| SCL output pin

[Legend] x: Don't care.
Note: * When SPC32 =1 and TE32 = 0, the TXD32 pin functionality is marking output.

e 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 ICCR1, and RE32 bit in SCR32.

ICE 0 1
RE32 0 1 X
PCR31 0 1 X X
Pin Function P31 input pin P31 output pin RXD32 input pin SDA I/O pin

[Legend] x: Don't care.
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e 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, CKE321 and CKE320 bits in SCR32, and COM32 bit in
SMR32.

TMOW 0 1

CKE321 0 1 X

CKE320 0 1 X X

COM32 0 1 X X X

PCR30 0 1 X X X

Pin Function P30 input | P30 output | SCK32 output pin| SCK32 input pin| TMOW output
pin pin pin

[Legend] x: Don't care.

926  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. The input pull-up MOS function is in the off state after a reset.

(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 is an I/O port also functioning as an SCI3_1 data I/O pin and timer F I/O pin. Figure 9.3

shows its pin configuration.

Port 4

[<—> P42/TXD31/IFTXD/TMOFH
<> P41/RXD31/IrRXD/TMOFL
[<—> P40/SCK31/TMIF

Figure9.3 Port 4 Pin Configuration

Port 4 has the following registers.

e Port data register 4 (PDR4)
e Port control register 4 (PCR4)
e Port mode register 4 (PMR4)

931 Port Data Register 4 (PDR4)

PDR4 is a register that stores data of port 4.

Initial
Bit Bit Name Value R/W Description
7t03 — All 1 — 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
1 P41 0 R/W 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 pins to be used as general I/O ports of port 4.

Initial
Bit Bit Name Value R/W Description
7103 — All 1 — Reserved
These bits are always read as 1 and cannot be
modified.
2 PCR42 0 w Setting a PCR4 bit to 1 makes the corresponding pin an
PCR41 0 W output pin, while clearing the bit to 0 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
I/O pin.
PCR4 is a write-only register. These bits are always
read as 1.
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9.33 Port Mode Register 4 (PMR4)

PMRA4 controls the selection of functions for port 4 pins.

Initial
Bit Bit Name Value R/W Description
7103 — All 1 — Reserved
These bits are always read as 1 and cannot be
modified.
2 TMOFH 0 R/W P42/TXD31/IrTXD/TMOFH 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 1/0 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 1/0 pin
1: TMIF output pin
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934

Pin Functions

The relationship between the register settings and the port functions is shown below.

e P42/TXD31/I'rTXD/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 X

TE X X

IrE X 0 1 X

PCR42 0 1 X X X

Pin Function P42 input pin | P42 output pin | TXD31 output | [rTXD output TMOFH
pin pin output pin

[Legend] x: Don't care.

e P41/RXD31/IrRXD/TMOFL pin

The pin function is switched as shown below according to the combination of the TMOFL bit
in PMR4, PCR41 bit in PCR4, ItE 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 pin | P41 output | RXD31 input | IrRXD input | TMOFL output
pin pin pin pin

[Legend] x: Don't care.
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e P40/SCK31/TMIF 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 CKEO bits in SCR3, and COM bit in SMR3.

TMIF 0 1

CKE1 0 1 0

CKEO 0 1 0 1 X

COM 0 1 X X X X

PCR40 0 1 X X X X

Pin Function P40 input | P40 output| SCK31 output | SCK31 Setting | TMIF input
pin pin pin input pin | prohibited pin

[Legend] x: Don't care.

94 Port 5

Port 5 is an I/O port also functioning as a wakeup interrupt input pin. Figure 9.4 shows its pin
configuration.

[+— P57/ WKP7
[<+—> P56/WKP6
~<— P55/ WKP5
[+—> P54/ WKP4

Port 5

[~<—> P53/ WKP3
<—> P52/WKP2
<+—> P51/ WKP1
[<~—> P50/WKPO

Figure9.4 Port 5 Pin Configuration
Port 5 has the following registers.

e Port data register 5 (PDRS5)

e Port control register 5 (PCRS)

e Port pull-up control register 5 (PUCRS)
e Port mode register 5 (PMRS5)
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94.1 Port Data Register 5 (PDR5)

PDRS is a register 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 PCRS5 bits are set to 1, the values
6 P56 0 R/W stored in PDR5 _are read, regardless _of the actual pin
states. If port 5 is read while PCR5 bits are cleared to 0,
S P55 0 R/W the pin states are read.
4 P54 0 R/W
3 P53 0 R/W
2 P52 0 R/W
1 P51 0 R/W
0 P50 0 R/W

94.2 Port Control Register 5 (PCR5)

PCRS selects inputs/outputs in bit units for pins to be used as general I/O 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 clearing the bit to 0 makes the pin an

input pin. The settings in PCR5 and in PDRS5 are valid

S PCR55 0 W when the corresponding pin is designated as a general
4 PCR54 0 W /0 pin.
3 PCR53 0 W PCR5 is a write-only register. These bits are always
> PCR52 0 W read as 1.
1 PCR51 0 W
0 PCR50 0 W
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94.3 Port Pull-Up Control Register 5 (PUCR5)

PUCRS controls the pull-up MOS of the port 5 pins in bit units.

Initial
Bit Bit Name Value R/W Description
7 PUCR57 0 R/W When a PCRS5 bit is cleared to 0, setting the
6 PUCR56 0 R/W corresponding PUCRS5 bit to 1 turns on the pull-up MOS
for the corresponding pin, while clearing the bit to 0
S PUCRS5 0 R/W turns off the pull-up MOS.
4 PUCR54 0 R/W
3 PUCR53 0 R/W
2 PUCR52 0 R/W
1 PUCR51 O R/W
0 PUCR50 O R/W

9.4.4 Port Mode Register 5 (PMR5)

PMRS controls the selection of functions for port 5 pins.

Initial
Bit Bit Name Value R/W Description
7 WKP7 0 R/W P5n/WKPn Pin Function Switch
6 WKP6 0 R/W These bits select whether the pin is used as P5n or
5 WKP5 0 rw  WKPn.
4 WKP4 0 R/W 0: P5n I/O pin
3 WKP3 0 R/W 1: WKPn input pin
2 WKP2 0 RIW (n=710)
1 WKP1 0 R/W
0 WKPO 0 R/W
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945 Pin Functions

The relationship between the register settings and the port functions is shown below.

e P57/WKP7 to P54/WKP4 pins

The pin function is switched as shown below according to the combination of the WKPn bit in

PMRS5, PCR5n bit in PCRS.

(n=71o04)
WKPn 0 1
PCR5n 0 1 X
Pin Function P5n input pin P5n output pin WKPn input pin

[Legend] x: Don't care.

e P53/WKP3 to P5SO/WKPO pins

The pin function is switched as shown below according to the combination of the WKPm bit in

PMRS5, PCR5m bit in PCRS.

(m=31t00)
WKPmM 0 1
PCR5m 0 1 X
Pin Function P5m input pin P5m output pin WKPm input 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 bit 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 is in the off state after a reset.

(n=71t00)
PCR5n 0 1
PUCRS5N 0 1 X
Input Pull-Up MOS Off On Off

[Legend] x: Don't care.

95 Port 6

Port 6 is an I/O port. Figure 9.5 shows its pin configuration.

<+—> Ppg7
+—> P66

Port 6

~<+—> P63
—> pPg2
<—> P61

<+—> P60

Figure9.5 Port 6 Pin Configuration
Port 6 has the following registers.

e Port data register 6 (PDR6)
e Port control register 6 (PCR6)
e Port pull-up control register 6 (PUCR6)
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951 Port Data Register 6 (PDR6)

PDRG6 is a register 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 PCR6 bits are set to 1, the values
6 P66 0 R/W stored in PDR6 _are read, regardless _of the actual pin
states. If port 6 is read while PCR6 bits are cleared to 0,
S P65 0 R/W 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 pins to be used as general I/O 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 clearing the bit to 0 makes the pin an

input pin. The settings in PCR6 and in PDR6 are valid

S PCR65 0 W when the corresponding pin is designated as a general
4 PCR64 0 w I/O pin.
3 PCR63 0 W PCRE6 is a write-only register. These bits are always
> 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 (PUCR6)

PUCRG6 controls the pull-up MOS of the port 6 pins in bit units.

Initial
Bit Bit Name Value R/W Description
7 PUCR67 0 R/W When a PCRS6 bit is cleared to 0, setting the
6 PUCR66 0 R/W corresponding PUCRS bit to 1 turns on the pull-up MOS
for the corresponding pin, while clearing the bit to 0
S PUCR65 0 R/W turns off the pull-up MOS.
4 PUCR64 0 R/W
3 PUCR63 0 R/W
2 PUCR62 0 R/W
1 PUCR61 0 R/W
0 PUCR60 O R/W

9.54 Pin Functions
The relationship between the register settings and the port functions is shown below.

e P67 to P64 pins
The pin function is switched as shown below according to the setting of the PCR6n bit in
PCR6.

(n=71o04)

PCR6n 0 1
Pin Function P6n input pin P6n output pin
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e P63 to P60 pins

The pin function is switched as shown below according to the setting of the PCR6m bit in

PCRG6.
(m=3100)
PCR6m 0 1
Pin Function P6m input pin P6m output pin

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 bit is cleared to 0, setting the corresponding PUCRG6 bit to 1 turns on the input pull-up MOS
for that pin. The input pull-up MOS function is in the off state after a reset.

(n=7100)
PCR6n 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 is an I/O port. Figure 9.6 shows its pin configuration.

> P77
~—> P76

-<—> P74

Port 7

<+ P73
-<+—» P72
<+ P71

-<+—» P70

Figure9.6 Port 7 Pin Configuration
Port 7 has the following registers.

e Port data register 7 (PDR7)
e Port control register 7 (PCR7)

9.6.1 Port Data Register 7 (PDR7)

PDR7 is a register 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 PCRY7 bits are set to 1, the values
6 P76 0 R/W stored in PDR7 are read, regardless _of the actual pin
states. If port 7 is read while PCR7 bits are cleared to 0,
S P75 0 R/W 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 Control Register 7 (PCR7)

PCR7 selects inputs/outputs in bit units for pins to be used as general I/O 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 clearing the bit to 0 makes the pin an
input pin. The settings in PCR7 and in PDR7 are valid
S PCR75 0 W when the corresponding pin is designated as a general
4 PCR74 0 w I/O pin.
3 PCR73 0 w PCRY 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.

e P77 to P74 pins
The pin function is switched as shown below according to the setting of the PCR7n bit in

PCR7.
(n=7104)
PCR7n 0 1
Pin Function P7n input pin P7n output pin
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e P73 to P70 pins
The pin function is switched as shown below according to the setting of the PCR7m bit in
PCR7.

(m=3100)
PCR7m 0 1
Pin Function P7m input pin P7m output pin
9.7 Port 8

Port 8 is an I/O port. Figure 9.7 shows its pin configuration.

~<—» P87
~<—> P86
~<—> P85

<—> P84

Port 8

-<+—>» P83

-<+—>» P82

-<— P80

Figure9.7 Port 8 Pin Configuration
Port 8 has the following registers.

e Port data register 8 (PDRS8)
e Port control register 8 (PCRS)
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9.7.1 Port Data Register 8 (PDR8)

PDRS is a register 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 R/W stored in PDR8 _are read, regardless _of the actual pin
states. If port 8 is read while PCR8 bits are cleared to 0,
S P85 0 R/W 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)

PCRS selects inputs/outputs in bit units for pins to be used as general I/O 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

S PCR85 0 W PDR8 are valid when the corresponding pin is
4 PCR84 0 w designated as a general I/O pin.
3 PCRS83 0 w PCR8 is a write-only register. These bits are always
5 PCR82 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.

e P87 to P84 pins

The pin function is switched as shown below according to the setting of the PCR8n bit in
PCRS.

(n=71o04)

PCR8n 0 1
Pin Function P8n input pin P8n output pin

e P83 to P8O pins

The pin function is switched as shown below according to the setting of the PCR8m bit in
PCRS.

(m=3t00)

PCR8m 0 1
Pin Function P8m input pin P8m output pin
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9.8 Port 9

Port 9 is an I/O port also functioning as an external interrupt input pin and PWM output pin.

Figure 9.8 shows its pin configuration.

<—> P93

<—> P92/IRQ4

Port 9

P91/PWM2
~<—> P90/PWM1

Figure9.8 Port 9 Pin Configuration
Port 9 has the following registers.

e Port data register 9 (PDR9)
e Port control register 9 (PCR9)
e Port mode register 9 (PMR9)

9.8.1 Port Data Register 9 (PDR9)

PDRO is a register that stores data of port 9.

Initial
Bit Bit Name Value R/W Description
7to04 — All 1 — 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 R/W stored in PDR9 are read, regardless pf the actual pin
states. If port 9 is read while PCR9 bits are cleared to 0,
1 Po1 1 R/W the pin states are read.
0 P90 1 R/W
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9.8.2 Port Control Register 9 (PCR9)

PCRO9 selects inputs/outputs in bit units for pins to be used as general I/O ports of port 9.

Initial
Bit Bit Name Value R/W Description
7to4 — All 1 — Reserved
These bits are always read as 1 and cannot be
modified.
3 PCR93 0 w Setting a PCRO9 bit to 1 makes the corresponding pin an
2 PCR92 0 W output pin, while clearing the bit to 0 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/O pin.
PCR9 is a write-only register. These bits are always
read as 1.

9.8.3 Port Mode Register 9 (PMR9)

PMR9 controls the selection of functions for port 9 pins.

Initial
Bit Bit Name Value R/W Description
7to4 — All 1 — Reserved
These bits are always read as 1 and cannot be
modified.
3 — 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
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Initial
Bit Bit Name Value R/W Description
1 PWM2 0 R/W P9n/PWMn+1 Pin Function Switch
0 PWMH1 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
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 PCR9.
PCR93 0 1
Pin Function P93 input pin P93 output pin

e P92/IRQ4 pin
The pin function is switched as shown below according to the combination of the IRQ4 bit in
PMRO and PCR92 bit in PCR9.

IRQ4 0 1
PCR92 0 1 0 1
Pin Function P92 input pin P92 output pin IRQ4 input pin | Setting prohibited

o PI91/PWM2, P9O/PWMI 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 is an I/O port. Figure 9.9 shows its pin configuration.

—> PA3

—>» PA2

Port A

<> PAf

Figure9.9 Port A Pin Configuration
Port A has the following registers.
e Port data register A (PDRA)
e Port control register A (PCRA)
9.9.1 Port Data Register A (PDRA)

PDRA is a register that stores data of port A.

Initial
Bit Bit Name Value R/W Description
7to4 — All'1 — 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 R/W stored in PDRA are read, regardless of the actual pin
states. If port A is read while PCRA bits are cleared to
1 PA1 0 R/W 0, the pin states are read.
0 PAO 0 R/W
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9.9.2 Port Control Register A (PCRA)

PCRA selects inputs/outputs in bit units for pins to be used as general I/O ports of port A.

Initial
Bit Bit Name Value R/W Description
7to4 — All 1 — 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
2 PCRA2 0 W an output pin, while clearing the bit to 0 makes the pin
an input pin. The settings in PCRA and in PDRA are
1 PCRA1 0 W valid when the corresponding pin is designated as a
0 PCRAO 0 w general I/O pin.

PCRA is a write-only register. These bits are always
read as 1.
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9.9.3 Pin Functions
The relationship between the register settings and the port functions is shown below.

e PA3pin
The pin function is switched as shown below according to the setting of the PCRA3 bit in
PCRA.

PCRA3 0 1
Pin Function PA3 input pin PA3 output pin
e PA2pin

The pin function is switched as shown below according to the setting of the PCRA?2 bit in
PCRA.

PCRA2 0 1
Pin Function PA2 input pin PA2 output pin
e PAl pin

The pin function is switched as shown below according to the setting of the PCRA1 bit in
PCRA.

PCRA1 0 1
Pin Function PA1 input pin PA1 output pin
e PAOpin

The pin function is switched as shown below according to the setting of the PCRAOQ bit in
PCRA.

PCRAO 0 1
Pin Function PAO input pin PAO output pin
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910 PortB

Port B is an input-only port also functioning as an interrupt input pin and analog input pin. Figure
9.10 shows its pin configuration.

-<—— PB7/AN7
~<—— PB6/AN6
-<—— PB5/AN5
~<—— PB4/AN4
-<— PB3/AN3

Port B

<—— PB2/AN2
~<—— PB1/ANA1
~+——— PBO0/AN0/IRQO

/IRQ3
/IRQ1

Figure9.10 Port B Pin Configuration
Port B has the following registers.

e Port data register B (PDRB)
e Port mode register B (PMRB)

9.10.1 Port Data Register B (PDRB)

PDRB is a register 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

i the CH3 to CHO bits in AMR of the A/D converter or the
S PBS Undefined R AINT1, that pin is read as 0 regardless of the input
4 PB4 Undefined R voltage.
3 PB3 Undefined R
2 PB2 Undefined R
1 PB1 Undefined R
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

7105 — All 1 — Reserved

These bits are always read as 1 and cannot be
modified.

4 ADTSTCHG 0 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 — 1 — Reserved
This bit is always read as 1 and cannot be modified.
2 IRQ3 0 R/W PB2/AN2/IRQ3 Pin Function Switch

Selects whether pin PB2/AN2/IRQ3 is used as
PB2/AN2 or as IRQS.

0: PB2/AN2 input pin
1: IRQ3 input pin
1 IRQ1 0 R/W PB1/AN1/IRQ1 Pin Function Switch

Selects whether pin PB1/AN1/IRQ1 is used as
PB1/AN1 or as IRQ1.

0: PB1/ANT1 input pin
1: IRQ1 input pin
0 IRQO 0 R/W PBO0/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/AN7 pin

The pin function is switched as shown below according to the CH3 to CHO bits in AMR.

CH3 to CHO

Other than B'1011

B'1011

Pin Function

PB7 input pin

AN7 input pin

e PB6/ANG pin

The pin function is switched as shown below according to the CH3 to CHO bits in AMR.

CH3 to CHO

Other than B'1010

B'1010

Pin Function

PB6 input pin

ANG input pin

e PBS5/ANS pin

The pin function is switched as shown below according to the CH3 to CHO bits in AMR.

CH3 to CHO

Other than B'1001

B'1001

Pin Function

PB5 input pin

ANS5 input pin

e PB4/AN4 pin

The pin function is switched as shown below according to the CH3 to CHO bits in AMR.

CH3 to CHO

Other than B'1000

B'1000

Pin Function

PB4 input pin

AN4 input pin

e PB3/AN3 pin

The pin function is switched as shown below according to the CH3 to CHO bits in AMR.

CH3 to CHO

Other than B'0111

B'0111

Pin Function

PB3 input pin

AN3 input pin
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e PB2/AN2/IRQ3 pin

The pin function is switched as shown below according to the combination of the CH3 to CHO
bits in AMR and IRQ3 bit in PMRB.

IRQ3 0 1
CH3 to CHO Other than B'0110 B'0110 Other than B'0110
Pin Function PB2 input pin AN2 input pin IRQ3 input pin

e PBI/ANI/IRQI pin

The pin function is switched as shown below according to the combination of the CH3 to CHO
bits in AMR and IRQ1 bit in PMRB.

IRQ1 0 1
CH3 to CHO Other than B'0101 B'0101 Other than B'0101
Pin Function PB1 input pin AN1 input pin IRQ1 input pin

e PB0/ANO/IRQO pin

The pin function is switched as shown below according to the combination of the CH3 to CHO
bits in AMR and IRQO bit in PMRB.

IRQO 0 1
CH3 to CHO Other than B'0100 B'0100 Other than B'0100
Pin Function PBO input pin ANO input pin IRQO input pin
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9.11  Input/Output Data I nversion

9.11.1  Serial Port Control Register (SPCR)
SPCR switches input/output data inversion of the RXD (IrRXD) and TXD (IrTXD) pins.

Figure 9.11 shows a input/output data inversion function.

SCINVO
SCINV2

\:) RXD32
P31/RXD32
P41/RXD31/IrRXD RXD31/IrRXD

SCINV1
SCINV3

P32/TXD32 D—C((—li TXD32
P42/TXD31/IFTXD TXD31/F'TXD

Figure9.11 Input/Output Data Inversion Function

Initial
Bit Bit Name Value R/W Description
7,6 — All 1 — 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 /O pin
1: TXD32 output pin*

Note: * Set the TE32 bit in SCR32 after setting this bit
to 1.
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Bit

Bit Name

Initial
Value

R/W

Description

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 1/0 pin or TMOFH output pin
1: TXD31/IrTXD output pin*
Note: * Set the TE bit in SCR3 after setting this bit to 1.

SCINV3

R/W

TXD32 Pin Output Data Inversion Switch

Specifies whether the polarity of output data of the
TXD32 pin is to be inverted or not.

0: Polarity of TXD32 output data is not inverted
1: Polarity of TXD32 output data is inverted

SCINV2

R/W

RXD32 Pin Input Data Inversion Switch

Specifies whether the polarity of input data of the
RXD32 pin is to be inverted or not.

0: Polarity of RXD32 input data is not inverted
1: Polarity of RXD32 input data is inverted

SCINV1

R/W

TXD31/IrTXD Pin Output Data Inversion Switch

Specifies whether the polarity of output data of the
TXD31/IrTXD pin is to be inverted or not.

0: Polarity of TXD31/IrTXD output data is not inverted
1: Polarity of TXD31/IrTXD output data is inverted

SCINVO

R/W

RXD31/IrRXD Pin Input Data Inversion Switch

Specifies whether the polarity of input data of the
RXD31/IrRXD pin is to be inverted or not.

0: Polarity of RXD31/IrRXD input data is not inverted
1: Polarity of 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

9121 How toHandle Unused Pin
If an I/O pin not used by the user system is floating, pull it up or down.

e If an unused pin is an input pin, it is recommended to handle it in one of the following ways:
— Pull it up to Vec with an on-chip pull-up MOS.
— Pull it up to Vce with an external resistor of approximately 100 kQ.
— Pull it down to Vss with an external resistor of approximately 100 kQ.
— For a pin also used by the A/D converter, pull it up to AVcc. With an external resistor of
approximately 100 k€.
e If an unused pin is an output pin, it is recommended to handle it in one of the following ways:
— Set the output of the unused pin to high and pull it up to Vcc with an external resistor of
approximately 100 kQ.
— Set the output of the unused pin to low and pull it down to GND with an external resistor of
approximately 100 k€.
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Section 10 Realtime Clock (RTC)

The realtime clock (RTC) is a timer 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

e Counts seconds, minutes, hours, and day-of-week

e Start/stop function

e Reset function

e Readable/writable counter of seconds, minutes, hours, and day-of-week with BCD codes
e Periodic (0.25 seconds, 0.5 seconds, one second, minute, hour, day, and week) interrupts
e 8-bit free running counter

e Selection of clock source

e 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.)

PSS
32-kHz RTCCSR | <+—>
oscillator 1/4
circuit
RSECDR |<—>
, ——{Rumor_J+—r
D RHRDR |<—»
Clock count

control circuit | —I RWKDR |<—>

RTCCR1 |<+—>

—— | RTCCR2 [|<+—>

RTCFLG >
A NS
Interrupt

————— Interrupt

TMOW <+

Internal data bus

[Legend] >|_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 RTCFLG: RTC interrupt flag register
RHRDR: Hour date register PSS: Prescaler S

Figure10.1 Block Diagram of RTC
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10.2  Input/Output Pin
Table 10.1 shows the RTC input/output pin.

Table10.1 Pin Configuration

Name Abbreviation 1/O Function

Clock output TMOW Output RTC divided clock output

10.3 Register Descriptions
The RTC has the following registers.

e Second data register/free running counter data register (RSECDR)
e Minute data register (RMINDR)

e Hour data register (RHRDR)

e Day-of-week data register RWKDR)

e RTC control register 1 (RTCCR1)

e RTC control register 2 (RTCCR2)

e Clock source select register (RTCCSR)

e 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 SCO03 — 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

RTCCRI.
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 HRO0O — 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 O to 6 using bits WK2 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 — All O — Reserved
These bits are always read as 0.

2 WK2 — R/W Day-of-Week Counting

WK1 — R/W Day-of-week is indicated with a binary code

0 WKO — R/W 000: Sunday

001: Monday

010: Tuesday

011: Wednesday

100: Thursday

101: Friday

110: Saturday

111: Setting prohibited
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1035 RTC Control Register 1 (RTCCR1)

RTCCRI 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 0
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 — Reserved
This bit is always read as 0. Only 0 should be written to
this bit.

2to0 — AllO — Reserved

These bits are always read as 0.

Noon

24-hourcount| 0 |1 |2 [3|4|5[6|7|8[9]|10[11|12|13[14|15]|16[17
12-hourcount| 0 (12|34 |5|6[7]|8 10|11|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

Figure10.2 Definition of Time Expression
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1036 RTC Control Register 2 (RTCCR?)

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 a free 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 05SEIE

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 RTCCR1. When a clock 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 values to be read. An interrupt can be generated by setting 1 to the
FOIE bit in RTCCR?2 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 R/W the TMOW bit in PMR3 to 1.
000: ¢/4
010: ¢/8
100: ¢/16
110: ¢/32
xx1: ¢w
3 RCS3 1 R/W Clock Source Selection
2 RCS2 0 R/W 0000: ¢/8:+wvemerereenenes Free running counter operation
1 RCS1 0 R/W 0001: ¢f32:eeererenene Free running counter operation
0 RCSO0 0 R/W 0010: ¢p/128:+--evenene Free running counter operation
0011: ¢p/256:+++++eeneve- Free running counter operation
0100: ¢p/512:cevevenene Free running counter operation
0101: ¢/2048-------- Free running counter operation
0110: /4096 Free running counter operation
0111: ¢p/8192:---eevne Free running counter operation
1000: GW/4+-ceeeeeereneene RTC operation

1001 to 1111: Setting prohibited

Rev. 1.00 Dec. 18, 2006 Page 206 of 568
REJ09B0348-0100 RENESAS



Section 10 Realtime Clock (RTC)

10.3.8 RTC Interrupt Flag Register (RTCFLG)

RTCFLG 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 — R/W#*  [Setting condition]
When a free running counter overflows
[Clearing condition]
0 is written to FOIFG when FOIFG = 1
6 WKIFG — R/W#*  [Setting condition]
When a week periodic interrupt occurs
[Clearing condition]
0 is written to WKIFG when WKIFG = 1
5 DYIFG — R/W#*  [Setting condition]
When a day periodic interrupt occurs
[Clearing condition]
0 is written to DYIFG when DYIFG = 1
4 HRIFG — R/W#*  [Setting condition]
When an hour periodic interrupt occurs
[Clearing condition]
0 is written to HRIFG when HRIFG = 1
3 MNIFG — R/W#*  [Setting condition]
When a minute periodic interrupt occurs
[Clearing condition]
0 is written to MNIFG when MNIFG = 1
2 SEIFG — R/W#*  [Setting condition]
When a one-second periodic interrupt occurs
[Clearing condition]
0 is written to SEIFG when SEIFG = 1
1 05SEIFG — R/W*  [Setting condition]
When a 0.5-second periodic interrupt occurs
[Clearing condition]
0 is written to 05SEIFG when 05SEIFG = 1
0 025SEIFG — R/W#*  [Setting condition]

When a 0.25-second periodic interrupt occurs
[Clearing condition]
0 is written to 025SEIFG when 025SEIFG = 1

Note: * Only 0 can be written to clear the flag.
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104  Operation

10.4.1 Initial Settings of Registersafter Power-On

The RTC registers that store second, minute, hour, and day-of week data are not reset by a RES
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 the initial setting of the RTC. To set the RTC again, also
follow this procedure.

| RUN in RTCCR1 =0 | :| RTC operation is stopped.
l

| RsTinRTCCR1=1 |
| RTC registers and clock count

| RST in RTCCR1 =0 | controller are reset.

[ _

Set RTCCSR, RSECDR,

RMINDR, RHRDR, Clock output and clock source are

RWKDR, 12/24 in selected and second, minute, hour,

RTCCR1, and PM day-of-week, operating mode, and
T — a.m/p.m are set.

RUNin RTCCR1 =1 | :| RTC operation is started.

Figure10.3 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 is read
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 ms is 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 registers twice in a row, and if there is
no change in the read data, the read data is 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 Inaccurate Time Data
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10.5

Interrupt Sources

There are eight kinds of RTC interrupts: a free-running counter overflow, week interrupt, day
interrupt, hour interrupt, minute interrupt, one-second interrupt, 0.5-second interrupt, and 0.25-

second interrupt.

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 a interrupt sources.

Table10.2

Interrupt Name

Interrupt Sources

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. 05SEIE

interrupt

0.25-second periodic Occurs every 0.25 seconds. 025SEIE

interrupt
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10.6  Usage Notes

10.6.1 Noteon Clock Count

The subclock must be connected to the 32.768-kHz resonator. When the 38.4-kHz resonator etc. is
connected, the correct time count is not possible.

10.6.2 Noteon Useof Interrupts

Since the registers of the RTC are not cleared by a reset by the RES pin, power-on reset, or reset
caused by WDT overflow, values after power-on are undefined. When using the RTC interrupt,
these values have to be first initialized before setting the IENRTC bit in IENR1 to 1.
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Section 11 Timer F

The timer F is a 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 the timer F.

111 Features

e Choice of five counter input clocks
Internal clocks (¢/32, ¢/16, ¢/4, and ¢,,/4) or external clocks can be selected.

e Toggle output function
Toggle output is performed to the TMOFH or TMOFL pin using a compare match signal.
The initial value of toggle output can be set.

e Counter resetting by a compare match signal

e Two interrupt sources: One compare match, one overflow

e Choice of 16-bit or 8-bit mode by settings of bits CKSH2 to CKSHO in TCRF

e 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.

e 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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i TCRF Ii
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TMIF O 17 >
Toggle |_, r ~ ]
TMOFL O<— cireuit | L Comparator [
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| OCRFL |L > 3
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(1]
©
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E
- TCFH > £
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\
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 | TCSRF !;__
TCFL:  8-bit timer counter FL - N
OCRFH: Output compare register FH IRRTFH
OCRFL: Output compare register FL
IRRTFH: Timer FH interrupt request flag
IRRTFL: Timer FL interrupt request flag
PSS: Prescaler S
Figure11.1 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 110 Function

Timer F event input 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
The timer 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)

11.31 Timer CountersFH and FL (TCFH, TCFL)

TCF is a 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 as the lower 8 bits, TCFH and TCFL can also be used as independent 8-bit counters.

TCFH and TCFL are initialized to H'00 upon a reset.
(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 is set to 1 in TCSRF. If OVIEH in TCSRF
is 1 at this time, IRRTFH is set to 1 in IRR2, and if IENTFH in IENR?2 is 1, an interrupt request is
sent to the CPU.

(2) 8-Bit Mode (TCFH/TCFL)

When CKSH2 is set 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
TCREF.

TCFH (TCFL) can be cleared in the event of a compare match by means of CCLRH (CCLRL) in
TCSREF.

‘When TCFH (TCFL) overflows from H'FF to H'00, OVFH (OVFL) is set to 1 in TCSRF. If
OVIEH (OVIEL) in TCSRF is 1 at this time, IRRTFH (IRRTFL) is set to 1 in IRR2, and if
IENTFH (IENTFL) in IENR?2 is 1, an interrupt request is sent to the CPU.
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1132  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 OCREF 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 is set to 1 in TCSRF. At the
same time, IRRTFH is set to 1 in IRR2. If IENTFH in IENR?2 is 1 at this time, 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) is set to 1 in TCSRF. At
the same time, IRRTFH (IRRTFL) is set to 1 in IRR2. If IENTFH (IENTFL) in IENR?2 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 (TCRF)

TCREF switches between 16-bit 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.

Initial
Bit Bit Name Value R/W Description
7 TOLH 0 w Toggle Output Level H
Sets the TMOFH pin output level.
0: Low level
1: High level
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 w Toggle Output Level L
Sets the TMOFL pin output level.
0: Low level
1: High level

6 CKSH2 0
CKSH1 0
4 CKSHO 0

a1
===
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Bit

Bit Name

Initial
Value

Description

CKSL2
CKSLA1
CKSLO

0
0
0

===

Clock Select L

Select the clock input to TCFL from among four internal
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:

11.34

The TMIFEG bit in IEGR selects which edge of an external event is used for counting.

Timer Control/Status Register F (TCSRF)

TCSREF 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 0 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 0 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 0 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 0 after reading CMFL = 1

RENESAS
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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

The timer F is a 16-bit counter that increments on each input clock pulse. The timer F value is
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) Operationin 16-Bit Timer Mode
When the CKSH2 bit is cleared to 0 in TCREF, the timer F operates as a 16-bit timer.

Following a reset, TCF is initialized to H'0000, OCRF to H'FFFF, and TCRF and TCSRF to H'00.
The counter is incremented 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.

The timer 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
1 in TCSRF. If IENTFH in IENR2 is 1 at this time, an interrupt request is sent to the CPU, and at
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the same time, TMOFH pin output is toggled. If CCLRH in TCSRF is 1, TCF is cleared. 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 is set to 1 in TCSRF. If OVIEH in TCSRF
and IENTFH in IENR?2 are both 1, an interrupt request is sent to the CPU.

(2) Operationin 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 is set to 1 in TCSRF. If
IENTFH/IENTFL in IENR?2 is 1, an interrupt request is sent to the CPU, and at the same time,
TMOFH pin/TMOFL pin output is toggled. If CCLRH/CCLRL in TCSRF is 1, TCFH/TCFL is
cleared. The output level of the TMOFH pin/TMOFL pin can be set by TOLH/TOLL in TCRF.

‘When TCFH/TCFL overflows from H'FF to H'00, OVFH/OVFL is set to 1 in TCSRF. If
OVIEH/OVIEL in TCSRF and IENTFH/IENTFL in IENR2 are both 1, an interrupt request is sent
to the CPU.

11.4.2 TCF Increment Timing
(1) Internal Clock Operation

TCF is incremented by internal clock or external event input. Bits CKSH2 to CKSHO or CKSL2 to
CKSLO in TCREF select one of internal clock sources (¢/32, ¢/16, ¢/4, or ¢,,/4) created by dividing
the system clock (¢ or ¢,,).

(2) External Event Operation

When the CKSL2 bit in TCRF is cleared to 0, 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 (¢y,,), 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 TCREF is output. The output is
toggled by the occurrence of a compare match.

Figure 11.2 shows the output timing.

: L L e
(

TMIF —l | )‘)—I_
(TMIFEG = 1) ( (
Count input clock

( (( | | (
TCF N X om0\ NOX N\

/77 ’7
OCRF N N N ))
Compare match signal

[ ] 4 5 [ ] 5

TMOFH, TMOFL | » X |

Figure11.2 TMOFH/TMOFL Output Timing

1144 TCF Clear Timing

TCF can be cleared by a compare match with OCRF.

11.45 Timer Overflow Flag (OVF) Set Timing

OVF is set to 1 when TCF overflows from H'FFFF to H'0000.
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11.4.6 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 OCREF, the compare
match signal is not generated until the next counter clock.

115 Timer F Operating States

The timer 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 a MOV instruction and generation of the compare match
signal occur simultaneously, TOLH data is output to the TMOFH pin as a result 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 is invalid. However, even if the written data and the counter value match, a compare
match signal will not necessarily be generated at that point. As the 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 is set. OVFL is set if the setting conditions are satisfied when the
lower 8 bits overflow. If a TCFL write and overflow signal output occur simultaneously, 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
a MOV instruction and generation of the compare match signal occur simultaneously, TOLH data
is output to the TMOFH pin as a result of the TCRF write.

If an OCRFH write and compare match signal generation occur simultaneously, the compare
match signal is invalid. However, even if the written data and the counter value match, a compare
match signal will not necessarily be generated at that point. The compare match signal is output in
synchronization with the TCFH clock.

If a TCFH 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
a MOV instruction and generation of the compare match signal occur simultaneously, TOLL data
is output to the TMOFL pin as a result of the TCRF write.

If an OCRFL write and compare match signal generation occur simultaneously, the compare
match signal is invalid. However, even if the written data and the counter value match, a compare
match signal will not necessarily be generated at that point. As the 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.

If a TCFL 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 states in 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"

=1 cycle of ¢,, + waiting time for completion of executing instruction
+ interrupt time synchronized with ¢
= 1/¢,, + ST x (1/¢) + (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.  Enable interrupts (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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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 is impossible. And when reading TCF, as the system clock and internal clock are mutually
asynchronous, TCF synchronizes with synchronization circuit. This results in a maximum TCF
read value error of £1.

When reading or writing TCF in active (high-speed, medium-speed) mode is needed, please select
the internal clock except for ¢,,/4 before read/write is performed.

In subactive mode, even if ¢, /4 is selected as the internal clock, TCF can be read from or written
to normally.
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Section 12 16-Bit Timer Pulse Unit (TPU)

Microcontrollers of the H8/38776 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.

12.1 Features

e Maximum 4-pulse input/output
e Selection of 7 or 8 counter input clocks for each channel
e The following 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
e Operation with cascaded connection
e Fast access via internal 16-bit bus
e O-type interrupt sources
e Register data can be transmitted automatically

e 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 Al ¢/
/4 /4
/16 $/16
¢/64 /64
$/256 $/1024
TCLKA TCLKA
TCLKB TCLKB
TCLKC
General registers (TGR) TGRA_A1 TGRA_2
TGRB_1 TGRB_2
1/0O pins TIOCA1 TIOCA2
TIOCBH1 TIOCB2

Counter clear function

TGR compare match or input
capture

TGR compare match or input
capture

Compare 0Ooutput TIOCA Possible Possible
?u?fﬂ TIOCB  — —
1 output TIOCA Possible Possible
TIOCB  — —
Toggle TIOCA Possible Possible
output TIOCB  — —
Input capture function Possible Possible
Synchronous operation Possible Possible
PWM mode Possible Possible
Interrupt sources 3 sources 3 sources

e Compare match or input
capture 1A

e Compare match or
input capture 1B

e Overflow

e Compare match or
input capture 2A

e Compare match or
input capture 2B

e Overflow
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[Legend]
TSTR: Timer start register TIOR: Timer 1/O control registers
TSYR: Timer synchro register TIER: Timer interrupt enable register
TCR:  Timer control register TSR: Timer status register
TMDR: Timer mode register TGR (A, B): Timer general registers (A, B)
TCNT: Timer counter
Figure12.1 Block Diagram of TPU
12.2  Input/Output Pins
Table12.2 Pin Configuration
Channel Symbol 1/0 Function
Common TCLKA Input External clock A input pin
TCLKB Input External clock B input pin
TCLKC Input External clock C input pin
1 TIOCAT1 IO TGRA_1 input capture input/output compare
output/PWM output pin
TIOCBH1 Input TGRB_1 input capture input pin
2 TIOCA2 I/O TGRA_2 input capture input/output compare
output/PWM output pin
TIOCB2 Input TGRB_2 input capture input pin
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12.3  Register Descriptions
The TPU has the following registers for each channel.
Channel 1

e Timer control register_1 (TCR_1)

e Timer mode register_1 (TMDR_1)

e Timer I/O control register_1 (TIOR_1)

e Timer interrupt enable register_1 (TIER_1)
e Timer status register_1 (TSR_1)

e Timer counter_1 (TCNT_1)

e Timer general register A_1 (TGRA_1)

e Timer general register B_1 (TGRB_1)

Channel 2:

e Timer control register_2 (TCR_2)

e Timer mode register_2 (TMDR_2)

e Timer I/O control register_2 (TIOR_2)

e Timer interrupt enable register_2 (TIER_2)
e Timer status register_2 (TSR_2)

o Timer counter_2 (TCNT_2)

e Timer general register A_2 (TGRA_2)

e Timer general register B_2 (TGRB_2)

Common:

o Timer start register (TSTR)
e Timer synchro register (TSYR)
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1231 Timer Control Register (TCR)

TCR controls TCNT operation for each channel. The TPU has a total 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 — 0 — 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.
CKEGH1 0 R/W Clock Edge 1 and 0
3 CKEGO 0 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 2 to 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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Table12.5 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
12.3.2 Timer Mode Register (TMDR)

TMDR sets the operating mode for each channel. The TPU has a total 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 — All 1 — Reserved
These bits are always read as 1 and cannot be
modified.
5,4 — AllO — Reserved
These bits are always read as 0 and cannot be
modified.
3,2 — AllO — 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 MD3toMDO

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 I/O Control Register (TIOR)

TIOR controls TGR. The TPU has a total of two TIOR registers, one for each channel. Care is
required as TIOR is affected by the TMDR setting.

The initial output specified by TIOR is valid when the counter is stopped (the CST bit in TSTR is
cleared to 0). Note also that, in PWM mode 2, the output at the point at which the counter is
cleared to 0 is specified.

e TIOR_1, TIOR_2

Initial
Bit Bit Name Value R/W Description
7 I0B3 All O R/W I/O Control B3 to BO
6 10B2 R/W Specify the function of TGRB.
5 I0B1 R/W For details, refer to tables 12.7 and 12.8.
4 10B0O R/W
3 IOA3 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 I0AQ R/W
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Table12.7 TIOR_1(Channel 1)

Description

Bit 7 Bit 6 Bit 5 Bit 4 TGRB_1
10B3 10B2 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 TIOCB1 pin
Input capture at falling edge
1 X Capture input source is TIOCB1 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 10B2 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 I0A2 IOA1 IOAO Function TIOCA1 Pin Function

0 0 0 0 Output Output disabled
1 compare —itial 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
1 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 TIOCAT1 pin
capture Input capture at rising edge
register
1 Capture input source is TIOCAT1 pin
Input capture at falling edge
1 X Capture input source is TIOCA1 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 I0A2 IOA1 IOAO 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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12.34 Timer Interrupt Enable Register (TIER)

TIER controls enabling or disabling of interrupt requests for each channel. The TPU has a total of
two TIER registers, one for each channel.

Initial
Bit Bit Name  Value R/W Description
7 — 0 R/W Reserved
This bit is readable/writable.
6 — 1 — Reserved
This bit is always read as 1 and cannot be modified.
5 — 0 — 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 — AllO — 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 a total of two TSR registers, one for each
channel.

Initial
Bit Bit Name Value R/W Description

7,6 — All 1 — Reserved
These bits are always read as 1 and cannot be modified.

5 — 0 — 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 — AllO — 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]
e When TCNT = TGRB and TGRB is functioning as
output compare register

e When TCNT value is transferred to TGRB by input
capture signal and TGRB is functioning as input
capture register

[Clearing condition]

e 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]

e When TCNT = TGRA and TGRA is functioning as
output compare register

e When TCNT value is transferred to TGRA by input
capture signal and TGRA is functioning as input
capture register

[Clearing condition]

e When 0 is written to TGFA after reading TGFA = 1

Note: * Only 0 can be written to clear the flag.

12.3.6 Timer Counter (TCNT)

TCNT is a 16-bit readable/writable counter. The TPU has a total of two TCNT counters, one for
each channel.

TCNT is initialized to H'0000 by a reset or in hardware standby mode.

TCNT cannot be accessed in 8-bit units; it must always be accessed in 16-bit 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 a total of four TGR registers, two for each channel. TGR is initialized to
H'FFFF by a reset. TGR cannot be accessed in 8-bit units; it must always be accessed in 16-bit
units.
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12.3.8 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 — All O — Reserved
The write value should always be 0.

2 CST2 0 R/W Counter Start 2 and 1

CSTH 0 R/W These bits select operation or stoppage for TCNT.
If O 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 — 0 — Reserved

The write value should always be 0.
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12.3.9 Timer Synchro Register (TSYR)

TSYR 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 — AllO —

Reserved
The write value should always be 0.

2 SYNC2 0 R/W
1 SYNCH1 0 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=2or1)

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. As the 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

CPU

Module data bus

VA NPZAN

<H:>
1 L : Bus interface

Lo

| TCNTH | TCNTL

>
|

Figure12.2 16-Bit Register Access Operation [CPU <« TCNT (16 Bits)]

12.4.2 8-Bit Registers

Registers other than TCNT and TGR are 8-bit. As the data bus to the CPU is 16 bits wide, these
registers can be read and written to in 16-bit units. They can also be read and written to in 8-bit
units.

Examples of 8-bit register access operation are shown in figure 12.3, 12.4, and 12.5.

Internal data bus

=
—

Bus interface

CPU

(\> ; Module data bus

VA NPAN

TCR

Figure12.3 8-Bit Register Access Operation [CPU < TCR (Upper 8 Bits)]
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Internal data bus

VANPAN

Bus interface

A iModuIe data bus

TMDR

Figure12.4 8-Bit Register Access Operation [CPU «» TMDR (Lower 8 Bits)]

Internal data bus

Module data bus

VANDAN

Bus interface

TMDR

T T

Figure12.5 8-Bit Register Access Operation [CPU <« TCR and TMDR (16 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 CST2 is set to 1 in TSTR, TCNT for the corresponding channel
begins counting. TCNT can operate as a free-running counter, periodic counter, for example.

(@) Exampleof Count Operation Setting Procedure

Figure 12.6 shows an example of the count operation setting procedure.

o ii lecti [1] Select the counter
peration selection clock with bits

TPSC2 to TPSCO in
TCR. At the same
Select counter clock [1] time, select the
input clock edge
with bits CKEG1
and CKEGO in TCR.

Periodi t F . [2] For periodic counter
eriodic counter ree-running counter operation, select

| TGR to be used as

the TCNT clearing

Select counter clearing source | [2] source with bits

CCLR1 and CCLRO in
| TCR.

Designate TGR

selected in [2] as an

output compare

| register by means of
TIOR.

[4] Set the periodic

| counter cycle in

TGR selected in [2].

Set the CST bit in

TSTR to 1 to start

the counter

operation.

[3] [3

Select output compare register

Set period [4]

Start count operation [5] Start count operation 5

<Periodic counter> <Free-running counter>

Figure12.6 Example of Counter Operation Setting Procedure

Rev. 1.00 Dec. 18, 2006 Page 248 of 568
REJ09B0348-0100 RENESAS



Section 12 16-Bit Timer Pulse Unit (TPU)

(b) Free-Running Count Operation and Periodic Count Operation

Immediately after a reset, the TPU's TCNT counters are all 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 bit in 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 12.7 illustrates free-running counter operation.

TCNT value

H'0000 r + > Time

CST bit

TCFV

Figure12.7 Free-Running Counter Operation

When compare match is selected as the 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 value in TGR,
the TGF bit in TSR is set 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 a compare match, TCNT starts counting up again from H'0000.

Figure 12.8 illustrates periodic counter operation.
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TCNT value Counter cleared by TGR
4~ compare match

H'0000 »Time

CST bit

red by software

Flag clea
9

TGF

Figure12.8 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.

(a) Exampleof Setting Procedurefor Waveform Output by Compare Match

Figure 12.9 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.
o 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 >

Figure12.9 Example of Setting Procedure for Waveform Output by Compare Match
(b) Examplesof Waveform Output Operation
Figure 12.10 shows an example of 1 output.

In this example, 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

H'FFFF
TGRA

H'0000 »Time

: -~ No change -~ No change

I ~ ~ 1 output
TIOCA p

Figure12.10 Example of 0 Output/1 Output Operation
Figure 12.11 shows an example of toggle output.

In this example, 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 20
TGRA

»Time

H'0000

| | | | Toggle output
TIOCA oggie outpu

Figure12.11 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 12.12 shows an example of the setting procedure for input capture operation.
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. [1] Designate TGR as an input capture register by
Input selection means of TIOR, and select the input capture source
| and, rising edge, falling edge, or both edges as the

input signal edge.
Select input capture input [1] [2] Setthe CST bitin TSTR to 1 to start the count
T operation.
Start count [2]

!

<Input capture operation>

Figure12.12 Example of Setting Procedurefor Input Capture Operation
(b) Exampleof Input Capture Operation
Figure 12.13 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.

Counter cleared by TIOCB
TCNT val
C“ vaue / input (falling edge)
[ 0 1 e " N

H'0160

H'0010
H'0005

H'0000

H'0160

H'0010

TGRB X X H'0180

Figure12.13 Example of Input Capture Operation
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125.2  Synchronous Operation

In synchronous operation, the values in 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) Exampleof Synchronous Operation Setting Procedure

Figure 12.14 shows an example of the synchronous operation setting procedure.

Synchronous operation
selection
Set synchronous [1]
operation
CSynchronous presetting) C 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]
\
<Synchronous presetting> <Counter clearing> <Synchronous clearing>

i
2

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.

[3

[4

[5

Figure12.14 Example of Synchronous Operation Setting Procedure
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(2) Exampleof Synchronous Operation
Figure 12.15 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 this time,
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 as the PWM cycle.

For details on PWM modes, see section 12.5.4, PWM Modes.

Synchronous clearing by TGRB_1 compare match

TCNT_1and TCNT_2
A v

TGRB_1 == - == m s s oot -
TGRB_2f -------=====-- R 72 il CERE LR ----- ----
TGRA_1f----==--- - S R/ Ane i REEEEEEEELY SEEs SEREEE -~ -

TGRA_2} -~ mmmam e e e e et EEEE et -

H'0000

TIOCA1

TIOCA2 | | | | | |

Figure12.15 Example of Synchronous Operation
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125.3 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 bits in 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 TCNTA1 TCNT2

(1) Setting Procedurefor Operation with Cascaded Connection

Figure 12.16 shows the setting procedure for cascaded connection operation.

C Operation with cascaded )
connection [1] Set bits TPSC2 to TPSCO in TCR in

channel 1 to B'111 to select to count

Set operation with cascaded ] on TCNT2 overflow.
connection [2] Set 1 to the CST bit in TSTR corresponding
| the upper and lower channels to start
counting.
Start count [2]

<Operation with cascaded connection>

Figure12.16 Setting Procedurefor Operation with Cascaded Operation
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(2) Example of Operation with Cascaded Connection

Figure 12.17 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
pin rising edge is selected.

If rising edges are input simultaneously to the TIOCA1 and TIOCA2 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 | |
TCNTH1 H'03A1 X H'03A2

TCNT2 | | | |
clock

TCNT2 HFFFF X H'0000 X H'0001
TIOCAT | |_
TIOCA2

TGRA_1 X H'03A2

TGRA_2 X H'0000

Figure12.17 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
as 0, 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 below.
(1)) PWM Model

PWM output is generated from the TIOCA pin by pairing TGRA with TGRB. The level specified
by bits IOAQ to IOA3 in TIOR is output from the TIOCA pin at compare match A, and the level
specified by bits IOBO to IOB3 in TIOR is output at compare match B. The initial output value is
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.
(2 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 pin is the initial 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 two phases.

The correspondence between PWM output pins and registers is shown in table 12.12.
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Table 12.12 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) Exampleof PWM M ode Setting Procedure

Figure 12.18 shows an example of the PWM mode setting procedure.

PWM mod [1] Select the counter clock with bits TPSC2 to
mode TPSCO in TCR. At the same time, select the
| input clock edge with bits CKEG1 and CKEGO
in TCR.
Select counter clock [1] [2] Use bits 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] Set the 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>

Figure12.18 Example of PWM M ode Setting Procedure
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(49) Examplesof PWM M ode Operation

Figure 12.19 shows an example of PWM mode 1 operation. In this example, TGRA compare
match is set as the TCNT clearing source, O is set for the TGRA initial output value and output
value, and 1 is set as the TGRB output value.

In this case, the value set in TGRA is used as the period, and the values set in TGRB are used as
the duty levels.

TCNT value
Counter cleared by

TGRA compare match
TGRA Fommmm e P e e

TGRB |-cooope? T
H'0000

TIOCA J i_i i_i i

»Time

Figure12.19 Example of PWM M ode Operation (1)

Figure 12.20 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 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 two-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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TGRA_2 f--mmmmmmmmm e A e -

TGRA_1 [----f-----mm-m-

TCNT_1 and TCNT_2
A
\

TGRB_2 [-------mommmmmmmo oo

Synchronous clearing by
TGRB_2 compare match

H'0000

> Time

TIOCA2 | |

Figure12.20 Example of PWM M ode Operation (2)
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Figure 12.21 shows examples of PWM waveform output with 0% duty and 100% duty in PWM
mode.

TCNT value
TGRB rewritten

TGRA

TGRB rewritten
L~

TIOCA | 0% duty

Output does not change when cycle register and duty register
compare matches occur simultaneously

TCNT value

TGRB rewritten
oO—

TGRA

»Time

4
o}
o
>

100% duty |_|

Output does not change when cycle register and duty

register compare matches occur simultaneously
TCNT value

TGRB rewritten O"_'_'_'_'_'_'_'_'_'_'_'
TGRA

TGRB rewritten

> Time

TGRIIB rewritten

100% duty 0% duty

4
o}
o
>

Figure12.21 Example of PWM M ode 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 signals to 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 this time, an interrupt is requested. The
interrupt request is cleared by clearing the status flag to 0.

Channel priority can be changed by the interrupt controller, however the priority within a channel
is fixed. For details, see section 4, Interrupt Controller.

Table 12.13 lists the TPU interrupt sources.

Table 12.13 TPU Interrupts

Channel Name Interrupt Source Interrupt Flag Priority
1 TGIHA  TGRA_1 input capture/compare match TGFA_1 High
TGIMB  TGRB_1 input capture/compare match TGFB_1
TCHHV ~ 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

An interrupt is requested if the TGIE bit in TIER is set to 1 when the TGF flag in TSR is set to 1
by the occurrence of a TGR input capture/compare match on a particular channel. The interrupt
request is cleared by clearing the TGF flag to 0. The TPU has a total of four input capture/compare
match interrupts, two for each channel.

(2) Overflow Interrupt

An interrupt is requested if the TCIEV bit in TIER is set to 1 when the TCFV flag in TSR is set to
1 by the occurrence of TCNT overflow on a channel. The interrupt request is cleared by clearing
the TCFV flag to 0. The TPU has a total of two overflow interrupts, one for each channel.

Rev. 1.00 Dec. 18, 2006 Page 262 of 568
REJ09B0348-0100 RENESAS



Section 12 16-Bit Timer Pulse Unit (TPU)

12.7  Operation Timing

12.7.1  Input/Output Timing
(1) TCNT Count Timing

Figure 12.22 shows TCNT count timing in internal clock operation, and figure 12.23 shows TCNT
count timing in external clock operation.

S I I I

Internal clock ( | ) Falling edge (I) Rising edge |

input clock

TCNT N-1 X N X N+1 X N+2

Figure12.22 Count Timingin Internal Clock Operation

External clock E\Falling edge (I)Tg edge (I)\Falling edge

e T T T

input clock

TCNT N-1 X N X N+1 X N+2

Figure12.23 Count Timingin 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 a match
between TCNT and TGR, the compare match signal is not generated until the TCNT input clock is
generated.

Figure 12.24 shows output compare output timing.

L I I I O i
TCNT |_|

input clock

TCNT N X N+1

TGR

Compare | |

match signal

TIOC pin X

Figure 12.24 Output Compare Output Timing
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(3) Input Capture Signal Timing

Figure 12.25 shows input capture signal timing.

o T L L L L
Input capture

input | |
Input capture I I

signal | |

C

TCNT X

) TR
S S

TGR X N X N+2

Figure12.25 Input Capturelnput Signal Timing
(4) Timing for Counter Clearing by Compare Match/Input Capture

Figure 12.26 shows the timing when counter clearing on compare match is specified, and figure
12.27 shows the timing when counter clearing on input capture is specified.

o T L L e
Compare | |
match signal
Counter | |
clear signal

TCNT N

H'0000

TGR N

Figure12.26 Counter Clear Timing (Compare Match)
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L I 0 O I
Input capture |
signal |
Counter clear E | |
signal .

TCNT N X H'0000
TGR X N

Figure12.27 Counter Clear Timing (Input Capture)

12.7.2  Interrupt Signal Timing
(1) TGF Flag Setting Timing in Case of Compare Match

Figure 12.28 shows the timing for setting of the TGF flag in TSR on compare match, and TGI
interrupt request signal timing.

’ T e
TCNT input | |
clock

TONT N ) N+1
TGR N

Compare | |

match signal

TGF flag |

TGl interrupt |

Figure12.28 TGI Interrupt Timing (Compare Match)
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(2) TGF Flag Setting Timing in Case of I nput Capture

Figure 12.29 shows the timing for setting of the TGF flag in TSR on input capture, and TGI
interrupt request signal timing.

: T e e
Input capture | |
\

signal
TCNT N

>
p=d

TGR

TGF flag |

TGl interrupt |

Figure12.29 TGI Interrupt Timing (Input Capture)
(3) TCFV Flag Setting Timing

Figure 12.30 shows the timing for setting of the TCFV flag in TSR on overflow, and TCIV
interrupt request signal timing.

4 S L L L
TCNT input | |
clock

(TC%T ) HFFFF X Hoooo
overtiow,

Overflow | |
signal

TCFV flag |

TCIV interrupt |

Figure12.30 TCIV Interrupt Setting Timing
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(4) StatusFlag Clearing Timing

After a status flag is read as 1 by the CPU, it is cleared by writing O to it. Figure 12.31 shows the
timing for status flag clearing by the CPU.

TSR write cycle
T Tp
' T L L e
Address X TSR address X
Write signal | I
Status flag |
Interrupt |
request
signal

Figure12.31 Timingfor Status Flag Clearing by CPU
12.8 Usage Notes

1281 Module Standby Function Setting

TPU operation can be disabled or enabled using the clock stop register. The initial setting is for
the TPU to operate. Register access is 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 states in 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=L
(N+1)

Where f: Counter frequency
¢: Operating frequency
N: TGR set value

12.84 Contention between TCNT Writeand 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 12.32 shows the timing in this case.

TCNT write cycle
T, T,
fe—f—f
¢ S
Address X TCNT addressX

Write signal | I
Counter clear I_l
signal

TCNT N X H'0000

Figure 12.32 Contention between TCNT Writeand Clear Operation
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12.85 Contention between TCNT Write and Increment Operation

If incrementing occurs in the T2 state of a TCNT write cycle, the TCNT write takes priority and
TCNT is not incremented.

Figure 12.33 shows the timing in this case.

TCNT write cycle
T1 T2
; inigiginigiigigigigh
Address X TCNT addressX

Write signal | I

TCNT input | |

clock

TONT N ) P
TCNT write data

Figure 12.33 Contention between TCNT Writeand Increment Operation
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12.8.6  Contention between TGR Write and Compare Match

If a compare match occurs in the T2 state of a TGR write cycle, the TGR write takes priority and
the compare match signal is inhibited. A compare match does not occur even if the previous value
is written.

Figure 12.34 shows the timing in this case.

TGR write cycle
T T,

fe— 2|
' S
Address X TGR addressX
Write signal | I
Compare : «— Inhibited
match signal N
TCNT N R
TGR N ) P

TGR write data

Figure12.34 Contention between TGR Write and Compare Match
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12.8.7 Contention between TGR Read and Input Capture

If an input capture signal is generated in the T1 state of a TGR read cycle, data that is read will be
data after input capture transfer.

Figure 12.35 shows the timing in this case.

TGR read cycle

T, T,
! S
Address X TGR addressX

Read signal

Input capture | |

signal

TGR XL ™

dota bus | S

Figure 12.35 Contention between TGR Read and I nput Capture
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12.8.8 Contention between TGR Writeand Input Capture

If an input capture signal is generated in the T2 state of a TGR write cycle, the input capture
operation takes priority and the write to TGR is not performed.

Figure 12.36 shows the timing in this case.

TGR write cycle
T1 T2
¢ inlinininiginginininh
Address X TGR addressX

Write signal

Input capture
signal

TCNT

Tamla

TGR M

Figure12.36 Contention between TGR Write and I nput Capture
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12.8.9 Contention between Overflow and Counter Clearing

If overflow and counter clearing occur simultaneously, the TCFV flag in TSR is not set and TCNT

clearing takes priority.

Figure 12.37 shows the operation timing when a TGR compare match is specified as the clearing

source, and when H'FFFF is set in TGR.

A I I I

TCNT input
clock

Counter
clear signal

TONT H'FFFF ) H'0000

TGF ;

. [l
TCFV Dlsabled—>:

Figure12.37 Contention between Overflow and Counter Clearing
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12.8.10 Contention between TCNT Write and Overflow

If there is an up-count in the T2 state of a TCNT write cycle and overflow occurs, the TCNT write
takes priority and the TCFV flag in TSR is not set.

Figure 12.38 shows the operation timing when there is contention between TCNT write and
overflow.

TCNT write cycle
T Tp
¢ JL 1 [1
Address X TCNT address X
Write signal | I / TCNT write data
TCNT H'FFFF X M

TCFV flag i

Figure12.38 Contention between TCNT Write and Overflow

12.8.11 Multiplexing of I/O Pins

The TIOCAL1 I/O pin is multiplexed with the TCLKA input pin, the TIOCB1 I/O pin with the
TCLKB input pin, and the TIOCA2 I/O pin with the TCLKC input pin. When an external clock is
input, compare match output should not be performed from a multiplexed pin.

12.8.12 Interruptswhen Module Standby Function is Used

If the module standby function is used when an interrupt has been requested, it will not be possible
to clear the CPU interrupt source. Interrupts should therefore be disabled before using the module
standby function.
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Section 13 Asynchronous Event Counter (AEC)

The asynchronous event counter (AEC) is an event counter that is incremented by external event
clock or internal clock input. Figure 13.1 shows a block diagram of the asynchronous event
counter.

13.1 Features

e Can count asynchronous events
Can count external events input asynchronously without regard to the operation of system
clocks () or subclocks (¢,

e Can be used as two-channel independent 8-bit event counter or single-channel independent 16-
bit event counter.

e Event/clock input is enabled when IRQAEC goes high or event counter PWM output
(IECPWM) goes high.

e Both edge sensing can be used for IRQAEC or event counter PWM output IECPWM)
interrupts. When the asynchronous counter is not used, they can be used as independent
Interrupts.

e When an event counter PWM is used, event clock input enabling/disabling can be controlled at
a constant cycle.

e Selection of four clock sources
Three internal clocks (¢/2, ¢/4, or ¢/8) or external event can be selected.

e Both edge counting is possible for the AEVL and AEVH pins.

e Counter resetting and halting of the count-up function can be controlled by software.

e Automatic interrupt generation on detection of an event counter overflow

e 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.)

e The IRQAEC pin can select the on-chip oscillator and the system clock oscillator during a

reset, though this function does not apply to a reset by the watchdog timer (supported only by
the mask ROM version).

Note: For the mask ROM version, the level on the IRQAEC pin determines whether the system
clock is output from the on-chip oscillator or the system clock oscillator during resets
other than those generated by the watchdog timer. If an initial design includes a flash-
ROM-version LSI circuit with the IRQAEC pin fixed to Vcc, and the LSI circuit is then
replaced by the masked ROM version with operation drivable by the on-chip oscillator,
the IRQAEC pin has to be fixed to GND if the LSI circuit is still to be driven by the
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system clock. Be sure to take this point into consideration. For details, see section 5.1.2,
Oscillator Control Register (OSCCR).

,—> IRREC
| ECCR I': >
PSS

| ECCSR |<—>
T 1 ] ]
1
¥
A
ovH 8bits)  CK
ovL =

o —>

o2
/4, 4/8

)

Edge sensing
e

7 8 bits CK 1)
L =]
| o
Edge sensing _%——D 8
AEVL circuit | §
IRQAEC > Edge sensing To CPU interrupt g
| circuit | (IRREC2) g
s A -
2 | ECPWCR IL >
(&)
w
Y
‘&J PWM waveform generator
/2, o/4,
/8, 6/16,
/32, 0/64 ECPWDR -~
| AEGSR - >
[Legend] NS

N

ECPWCR: Event counter PWM compare register
ECPWDR: Event counter PWM data register

ECL: Eventcounter L
ECCR: Event counter control register

AEGSR:
ECCSR:

Input pin edge select register ECH: Event counter H

Event counter control/status register

Figure13.1 Block Diagram of the Asynchronous Event Counter
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13.2  Input/Output Pins

Table 13.1 shows the pin configuration of the asynchronous event counter.

Table13.1 Pin Configuration

Name Abbreviation 110 Function

Asynchronous event AEVH Input Event input pin for input to event counter H
input H

Asynchronous event AEVL Input Event input pin for input to event counter L
input L

Eventinput enable  IRQAEC Input Input pin for interrupt enabling event input

interrupt input

Input pin to select the on-chip oscillator and the
system clock oscillator (supported only by the
masked ROM version)

13.3 Register Descriptions

The asynchronous event counter has the following registers.

Event counter PWM compare register (ECPWCR)

Event counter PWM data register (ECPWDR)

Input pin edge select register (AEGSR)

Event counter control register (ECCR)

Event counter control/status register (ECCSR)

Event counter H (ECH)
Event counter L (ECL)
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1331

Event Counter PWM Compare Register (ECPWCR)

ECPWCR sets the one conversion period of the event counter PWM waveform.

Initial
Bit Bit Name  Value R/W Description
15 ECPWCR15 1 R/W  One Conversion Period of Event Counter PWM
14 ECPWCR14 1 Rw  Waveform N _
o EcPwoma 1w e P EGPE st n A e 1 e e
12 ECPWCR12 1 R/W  should not be modified.
11 ECPWCR11 1 R/W  When changing the conversion period, the event
ToECPWORI0 1w e P st o et o cearng e ECre
9 ECPWCR9 1 R/W
8 ECPWCR8 1 R/W
7 ECPWCR7 1 R/W
6 ECPWCR6 1 R/W
5 ECPWCR5 1 R/W
4 ECPWCR4 1 R/W
3 ECPWCR3 1 R/W
2 ECPWCR2 1 R/W
1 ECPWCR1 1 R/W
0 ECPWCRO 1 R/W
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13.3.2

Event Counter PWM Data Register (ECPWDR)

ECPWDR controls data of the event counter PWM waveform generator.

Initial
Bit Bit Name Value R/W Description
15 ECPWDR15 0 W Data Control of Event Counter PWM Waveform
14 ECPWDR14 0 w Generator N _
o EoPWOR 0 W Inen I ECPME e AFGSh s o v
12 ECPWDR12 0 w should not be modified.
11 ECPWDR11 0 w When changing the conversion cycle, the event
0 EcPWORID 0w Cante WM must oo aledty cearng e
9 ECPWDR9 0 W ECPWDR.
8 ECPWDR8 0 W
7 ECPWDR7 0 W
6 ECPWDR6 0 W
5 ECPWDR5 0 W
4 ECPWDR4 0 W
3 ECPWDR3 0 W
2 ECPWDR2 0 W
1 ECPWDR1 0 W
0 ECPWDRO 0 W
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13.3.3 Input Pin Edge Select Register (AEGSR)

AEGSR selects rising, falling, or both edge sensing for the AEVH, AEVL, and IRQAEC pins.

Initial
Bit Bit Name Value R/W Description
7 AHEGS1 O R/W AEC Edge SelectH
6 AHEGSO O R/W Select rising, falling, or both edge sensing for the AEVH
pin.
00: Falling edge on AEVH pin is sensed
01: Rising edge on AEVH pin is sensed
10: Both edges on AEVH pin are sensed
11: Setting prohibited
ALEGS1 O R/W AEC Edge Select L
ALEGSO O R/W Select rising, falling, or both edge sensing for the AEVL
pin.
00: Falling edge on AEVL pin is sensed
01: Rising edge on AEVL pin is sensed
10: Both edges on AEVL pin are sensed
11: Setting prohibited
AIEGS1 0 R/W IRQAEC Edge Select
AIEGS0 0 R/W Select rising, falling, or both edge sensing for the
IRQAEC pin.
00: Falling edge on IRQAEC pin is sensed
01: Rising edge on IRQAEC pin is sensed
10: Both edges on IRQAEC pin are sensed
11: Setting prohibited
1 ECPWME O R/W Event Counter PWM Enable
Controls operation of event counter PWM and selection
of IRQAEC.
0: AEC PWM halted, IRQAEC selected
1: AEC PWM enabled, IRQAEC not selected
0 — 0 R/W Reserved

This bit can be read from or written to. However, this bit
should not be set to 1.
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13.34 Event Counter Control Register (ECCR)

ECCR controls the counter input clock and IRQAEC/IECPWM.

Initial
Bit Bit Name Value R/W Description
7 ACKH1 0 R/W AEC Clock Select H
6 ACKHO 0 R/W Select the clock used by ECH.
00: AEVH pin input
01: ¢/2
10: ¢/4
11: ¢/8
5 ACKLA1 0 R/W AEC Clock Select L
ACKLO 0 R/W Select the clock used by ECL.
00: AEVL pin input
01: ¢/2
10: ¢/4
11: ¢/8
3 PWCK2 0 R/W Event Counter PWM Clock Select
PWCK1 0 R/W Select the event counter PWM clock.
PWCKO 0 R/W 000: ¢/2
001: ¢/4
010: ¢/8
011: ¢/16
1X0: ¢/32
1X1 ¢/64
0 — 0 R/W Reserved

This bit can be read from or written to. However, this bit

should not be set to 1.

[Legend] X: Don't care.
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13.35

Event Counter Control/Status Register (ECCSR)

ECCSR controls counter overflow detection, counter resetting, and count-up function.

Bit Bit Name

Initial
Value R/W

Description

7 OVH

0 R/W*

Counter Overflow H

This is a status flag indicating that ECH has overflowed.
[Setting condition]

When ECH overflows from H'FF to H'00

[Clearing condition]

When this bit is written to 0 after reading OVH = 1

6 OovL

Counter Overflow L
This is a status flag indicating that ECL has overflowed.
[Setting condition]

When ECL overflows from H'FF to H'00 while CH2 is
setto 1

[Clearing condition]
When this bit is written to 0 after reading OVL = 1

0 R/W

Reserved

Although this bit is readable/writable, it should not be
setto 1.

4 CH2

0 R/W

Channel Select
Selects how ECH and ECL event counters are used

0: ECH and ECL are used together as a single-channel
16-bit event counter

1: ECH and ECL are used as two-channel 8-bit event
counter

3 CUEH

0 R/W

Count-Up Enable H
Enables event clock input to ECH.

0: ECH event clock input is disabled (ECH value is
retained)

1: ECH event clock input is enabled
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Bit

Initial
Bit Name Value R/W

Description

CUEL 0 R/W

Count-Up Enable L
Enables event clock input to ECL.

0: ECL event clock input is disabled (ECL value is
retained)

1: ECL event clock input is enabled

CRCH 0 R/W

Counter Reset Control H
Controls resetting of ECH.
0: ECH is reset

1: ECH reset is cleared and count-up function is
enabled

CRCL 0 R/W

Counter Reset Control L
Controls resetting of ECL.
0: ECL is reset

1: ECL reset is cleared and count-up function is
enabled

Note:

*

Only 0 can be written to clear the flag.

Rev. 1.00 Dec. 18,2006 Page 285 of 568

RENESAS REJ09B0348-0100



Section 13 Asynchronous Event Counter (AEC)

1336 Event Counter H (ECH)

ECH is an 8-bit read-only up-counter that operates as an independent 8-bit event counter. ECH
also operates as the upper 8-bit up-counter of a 16-bit event counter configured in combination
with ECL.

Initial

Bit Bit Name  Value R/W Description
7 ECH7 0 R Either the external asynchronous event AEVH pin, ¢/2,
6 ECH6 0 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 the CRCH bit in
4 ECH4 0 R ECCSR to 0.
3 ECH3 0 R
2 ECH2 0 R
1 ECH1 0 R
0 ECHO 0 R

1337 Event Counter L (ECL)

ECL is an 8-bit read-only up-counter that operates as an independent 8-bit event counter. ECL
also operates as the upper 8-bit up-counter of a 16-bit event counter configured in combination
with ECH.

Initial
Bit Bit Name Value R/W 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 the CRCL bit in
5 ECL5 0 R ECCSR to 0.
4 ECL4 0 R
3 ECL3 0 R
2 ECL2 0 R
1 ECLA 0 R
0 ECLO 0 R
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134  Operation

13.4.1 16-Bit Counter Operation
When bit CH2 is cleared to 0 in ECCSR, ECH and ECL operate as a 16-bit event counter.

Any of four input clock sources—¢/2, ¢/4, ¢/8, or AEVL pin input—can be selected by means of
bits ACKL1 and ACKLO in ECCR. When AEVL pin input is selected, input sensing is selected
with bits ALEGS1 and ALEGSO.

Note that the input clock is enabled when IRQAEC is high or IECPWM is high. When IRQAEC is
low or IECPWM is low, the input clock is not input to the counter, which therefore does not
operate. Figure 13.2 shows the software procedure when ECH and ECL are used as a 16-bit event

counter.

Clear CH2to 0

Set ACKL1, ACKLO, ALEGS1, and ALEGSO

Clear CUEH, CUEL, CRCH, and CRCL to 0
|

Clear OVH and OVL to 0
Set CUEH, CUEL, CRCH, and CRCL to 1

Figure13.2 Software Procedurewhen Using ECH and ECL as 16-Bit Event Counter

As CH2 is cleared to 0 by a reset, ECH and ECL operate as a 16-bit event counter after a reset,
and as ACKL1 and ACKLO are cleared to B'00, the operating clock is asynchronous event input
from the AEVL pin (using falling edge sensing).

When the next clock is input after the count value reaches H'FF in both ECH and ECL, ECH and
ECL overflow from H'FFFF to H'0000, the OVH flag is set to 1 in ECCSR, the ECH and ECL
count values each return to H'00, and counting up is restarted. When an overflow occurs, the
IRREC bit is set to 1 in IRR2. If the IENEC bit in IENR2 is 1 at this time, an interrupt request is
sent to the CPU.
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13.4.2  8-Bit Counter Operation
When bit CH2 is set to 1 in ECCSR, ECH and ECL operate as independent 8-bit event counters.

¢/2, ¢/4, $/8, or AEVH pin input can be selected as the input clock source for ECH by means of
bits ACKH1 and ACKHO in ECCR, and ¢/2, ¢/4, ¢/8, or AEVL pin input can be selected as the
input clock source for ECL by means of bits ACKL1 and ACKLO in ECCR. Input sensing is
selected with bits AHEGS1 and AHEGSO when AEVH pin input is selected, and with bits
ALEGS1 and ALEGS0 when AEVL pin input is selected.

Note that the input clock is enabled when IRQAEC is high or IECPWM is high. When IRQAEC is
low or IECPWM is low, the input clock is not input to the counter, which therefore does not
operate. Figure 13.3 shows the software procedure when ECH and ECL are used as 8-bit event
counters.

Set CH2 to 1

Set ACKH1, ACKHO, ACKL1, ACKLO,
AHEGS1, AHEGSO0, ALEGS1, and ALEGS0
Clear CUEH, CUEL, CRCH, and CRCL to 0

Clear OVH and OVL to O
Set CUEH, CUEL, CRCH, and CRCL to 1

Figure 13.3 Softwar e Procedurewhen Using ECH and ECL as 8-Bit Event Counters

When the next clock is input after the ECH count value reaches HFF, ECH overflows, the OVH
flag is set to 1 in ECCSR, the ECH count value returns to H'00, and counting up is restarted.
Similarly, when the next clock is input after the ECL count value reaches H'FF, ECL overflows,
the OVL flag is set to 1 in ECCSR, the ECL count value returns to H'00, and counting up is
restarted. When an overflow occurs, the IRREC bit is set to 1 in IRR2. If the IENEC bit in IENR2
is 1 at this time, an interrupt request is sent to the CPU.
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1343 IRQAEC Operation

When the ECPWME bit in AEGSR is 0, the ECH and ECL input clocks are enabled when
IRQAEC goes high. When IRQAEC goes low, the input clocks are not input to the counters, and
so ECH and ECL do not count. ECH and ECL count operations can therefore be controlled from
outside by controlling IRQAEC. In this case, ECH and ECL cannot be controlled individually.

IRQAEC can also operate as an interrupt source.

Interrupt enabling is controlled by IENEC2 in IENR1. When an IRQAEC interrupt is generated,
IRR1 interrupt request flag IRREC?2 is set to 1. If IENEC2 in IENRI is set to 1 at this time, an
interrupt request is sent to the CPU.

Rising, falling, or both edge sensing can be selected for the IRQAEC input pin with bits AIAGS1
and ATAGSO in AEGSR.

13.4.4 Event Counter PWM Operation

When the ECPWME bit in AEGSR is 1, the ECH and ECL input clocks are enabled when event
counter PWM output IECPWM) is high. When IECPWM is low, the input clocks are not input to
the counters, and so ECH and ECL do not count. ECH and ECL count operations can therefore be
controlled cyclically from outside by controlling event counter PWM. In this case, ECH and ECL
cannot be controlled individually.

IECPWM can also operate as an interrupt source.

Interrupt enabling is controlled by IENEC2 in IENR1. When an IECPWM interrupt is generated,
IRR1 interrupt request flag IRREC?2 is set to 1. If IENEC2 in IENRI is set to 1 at this time, an
interrupt request is sent to the CPU.

Rising, falling, or both edge detection can be selected for [ECPWM interrupt sensing with bits
AIAGS]1 and ATAGSO in AEGSR.

Figure 13.4 and table 13.2 show examples of event counter PWM operation.

toff = (T x (Ndr +1)) - teyc

ton:  Clock input enable time
[

tof:.  Clock input disable time
tem:  One conversion period

ton

-~ T: ECPWM input clock cycle
- > Ndr:  Value of ECPWDR
tem =T X (Nem +1) Fixed low when Nar =H'FFFF

Nem: Value of ECPWCR
teye:  System clock (¢) cycle time

Figure 13.4 Event Counter Operation Waveform
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Note:

condition, the output of the event counter PWM is fixed low.

Table13.2 Examplesof Event Counter PWM Operation

Ndr and Ncm above must be set so that Ndr < Nem. If the settings do not satisfy this

Conditions: fosc =4 MHz, f¢ = 4 MHz, high-speed active mode, ECPWCR value (Ncm) =
H'7A11, ECPWDR value (Ndr) = H'16E3

Clock Clock toff = (T x

Source Source ECPWCR ECPWDR (Ndr+1)— tcm=Tx ton=tcm-—
Selection Cycle (T)* Value (Ncm) Value (Ndr) tcyc (Ncm +1) toff

¢/2 0.5 ps H'7A11 H'16E3 2.92975 ms 15.625 ms 12.69525 ms
/4 1ps D'31249 D'5859 5.85975ms 31.25ms  25.39025 ms
¢/8 2 s 11.71975 ms 62.5ms 50.78025 ms
d/16 4 ps 23.43975ms 125.0 ms 101.56025 ms
¢/32 8 ys 46.87975ms 250.0ms  203.12025 ms
¢/64 16 ps 93.75975ms 500.0ms  406.24025 ms
Note: * toff minimum width

13.45 Operation of Clock I nput Enable/Disable Function

The clock input to the event counter can be controlled by the IRQAEC pin when ECPWME in
AEGSR is 0, and by the event counter PWM output, [IECPWM when ECPWME in AEGSR is 1.
As this function forcibly terminates the clock input by each signal, a maximum error of one count
will occur depending on the IRQAEC or [IECPWM timing. Figure 13.5 shows an example of the

operation.

Input event |

IRQAEC or IECPWM

Actually counted clock source

l

_

Ll | L]

[ 1

Edge generated by clock retu

m

L [

&

L

Counter value

Y X

N+2

||
X N+3 X N+4 X N+5X N+6

Clock stopped

Figure 13.5 Example of Clock Control Operation
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13.5 Operating States of Asynchronous Event Counter

The operating states of the asynchronous event counter are shown in table 13.3.

Table13.3 Operating States of Asynchronous Event Counter

Operating Module
Mode Reset Active Sleep Watch Sub-active Sub-sleep Standby Standby
AEGSR Reset  Functions Functions  Retained*' Functions Functions Retained*' Retained
ECCR Reset Functions Functions Retained*' Functions Functions Retained*' Retained
ECCSR Reset  Functions Functions  Retained*' Functions Functions Retained*' Retained
ECH Reset  Functions Functions Functions*'**  Functions**  Functions**  Functions*'+* Halted
ECL Reset  Functions Functions  Functions*'**  Functions®  Functions**  Functions*'+* Halted
IRQAEC Reset  Functions Functions Retained*® Functions Functions Retained*® Retained**
Event counter Reset Functions Functions Retained Retained Retained Retained Retained

PWM

Notes: 1. When an asynchronous external event is input, the counter increments. The interrupt
request is raised when an overflow has occurred.

2. Functions when asynchronous external events are selected; halted and retained
otherwise.

3. Clock control by IRQAEC operates, but interrupts do not.
4. As the clock is stopped in module standby mode, IRQAEC has no effect.
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13.6  Usage Notes

1.

When reading the values in ECH and ECL, first clear bits CUEH and CUEL to 0 in ECCSR in
8-bit mode and clear bit CUEL to 0 in 16-bit mode to prevent asynchronous event input to the
counter. The correct value will not be returned if the event counter increments while being
read.

For input to the AEVH and AEVL pins, use a clock with a frequency of up to 4.2 MHz within
the range from 1.8 to 3.6 V and up to 10 MHz within the range from 2.7 to 3.6 V. For the high
and low widths of the clock, see section 23, Electrical Characteristics. The duty cycle is
arbitrary.

Table 13.4 shows a maximum clock frequency.

Table13.4 Maximum Clock Frequency

Maximum Clock Frequency

Mode Input to AEVH/AEVL Pin
Active (high-speed), sleep (high-speed) 10 MHz
Active (medium-speed), sleep (medium-speed) (bosc/®) 2 fogo

(q)osc/ 16) fosc
(¢osc/32) 12 fosc

fosc =1 MHz to 4 MHz ($os/64) 1/4-f
Watch, subactive, subsleep, standby (9,/2) 1000 kHz
($,/4) 500 kHz
¢,, = 32.768 kHz or 38.4 kHz (0,/8) 250 kHz
3. When AEC uses with 16-bit mode, set CUEH in ECCSR to 1 first, set CRCH in ECCSR to 1

second, or set both CUEH and CRCH to 1 at same time before clock input. When AEC is
operating on 16-bit mode, do not change CUEH. Otherwise, ECH will be miscounted up.
When ECPWME in AEGSR is 1, the event counter PWM is operating and therefore ECPWCR
and ECPWDR should not be modified.

When changing the data, clear the ECPWME bit in AEGSR to 0 (halt the event counter PWM)
before modifying these registers.

The event counter PWM data register and event counter PWM compare register must be set so
that event counter PWM data register < event counter PWM compare register. If the settings
do not satisfy this condition, do not set ECPWME to 1 in AEGSR.

As synchronization is established internally when an IRQAEC interrupt is generated, a
maximum error of 1 tcyc will occur between clock halting and interrupt acceptance.
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Section 14 Watchdog Timer

This LSI incorporates the watchdog timer (WDT). The WDT is an 8-bit timer that can generate an
internal reset signal if a system becomes uncontrolled and prevents the CPU from writing to the
timer counter, thus allowing it to overflow.

When this watchdog timer function is not needed, the WDT can be used as an interval timer. In
interval timer operation, an interval timer interrupt is generated each time the counter overflows.

14.1  Features
The WDT features are described below.

e Selectable from nine counter input clocks

Eight internal clock sources (¢/64, ¢/128, ¢/256, ¢/512, $/1024, $/2048, $/4096, and ¢/8192)
or the on-chip oscillator (Rosc/2048) can be selected as the timer-counter clock.

e Watchdog timer mode
If the counter overflows, this LSI is internally reset.
e Interval timer mode
If the counter overflows, an interval timer interrupt is generated.

e 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.)

Figure 14.1 shows a block diagram of the WDT.
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TMWD |<—>
on-chip CLK
illat
oseiator | TCSRWD1 |<—> P
e}
l m
©
«——»| ©
0 —» PSS TCWD I_ i
9]
£
TCSRWD2 | >
[Legend] Y
TCSRWD1: Timer control/status register WD > Interrupt/reset control !ntternaltreset s'?”‘f’" orl
TCSRWD2: Timer control/status register WD2 interrupt request signa

TCWD: Timer counter WD
TMWD: Timer mode register WD
PSS: Prescaler S

Figure14.1 Block Diagram of Watchdog Timer

14.2  Register Descriptions
The watchdog timer has the following registers.

e Timer control/status register WD1 (TCSRWD1)
e Timer control/status register WD2 (TCSRWD2)
e Timer counter WD (TCWD)

e Timer mode register WD (TMWD)
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1421 Timer Control/Status Register WD1 (TCSRWD1)

TCSRWDI1 performs the TCSRWD1 and TCWD write control. TCSRWD1 also controls the
watchdog timer operation and indicates the operating state. TCSRWD1 must be rewritten by using
the MOV instruction. The bit manipulation instruction cannot be used to change the setting value.

Bit Bit Name

Initial
Value

R/W

Description

7 B6WI

1

R/W

Bit 6 Write Inhibit

The TCWE bit can be written only when the write value
of the B6WI bit is 0.

This bit is always read as 1.

6 TCWE

R/W

Timer Counter WD Write Enable
TCWD can be written when the TCWE bit is set to 1.

When writing data to this bit, the write value for bit 7
must be 0.

5 B4wI

R/W

Bit 4 Write Inhibit

The TCSRWE bit can be written only when the write
value of the B4WI bit is 0. This bit is always read as 1.

4 TCSRWE

R/W

Timer Control/Status Register WD Write Enable

The WDON and WRST bits can be written when the
TCSRWE bit is set to 1.

When writing data to this bit, the write value for bit 5
must be 0.

3 B2wI

R/W

Bit 2 Write Inhibit

The WDON bit can be written only when the write value
of the B2WI bit is 0. This bit is always read as 1.
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Initial
Bit Bit Name  Value R/W Description
2 WDON 0 R/W 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.

[Setting condition]

When 1 is written to the WDON bit and 0 to the B2WI
bit while the TCSRWE bit is 1

[Clearing conditions]

e Reset by RES pin

e When 0 is written to the WDON bit and 0 to the
B2WI bit while the TCSRWE bit is 1

1 BOwWI 1 R/W Bit 0 Write Inhibit

The WRST bit can be written only when the write value
of the BOWI bit is 0. This bit is always read as 1.

0 WRST 0 R/W Watchdog Timer Reset
[Setting condition]

When TCWD overflows and an internal reset signal is
generated

[Clearing conditions]

e Reset by RES pin

e When 0 is written to the WRST bit and 0 to the
BOWI bit while the TCSRWE bit is 1

Note: When main internal clock signal has been selected by the timer mode register (TMWD) (i.e.,
CKS3 is set to 1) and watch mode or standby mode is entered, be sure to clear the WDON
bit to 0 to stop the counting of the timer counter WD (TCWD).
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14.2.2 Timer Control/Status Register WD2 (TCSRWD2)

TCSRWD?2 performs the TCSRWD2 write control, mode switching, and interrupt control.
TCSRWD?2 must be rewritten by using the MOV instruction. The bit manipulation instruction
cannot be used to change the setting value.

Initial

Bit Bit Name  Value R/W Description

7 OVF 0 R/(W)*' Overflow Flag
Indicates that TCWD has overflowed (changes from
H'FF to H'00).
[Setting condition]
When TCWD overflows (changes from H'FF to H'00)
When internal reset request generation is selected in
watchdog timer mode, this bit is cleared automatically
by the internal reset after it has been set.
[Clearing condition]
e When TCSRWD?2 is read when OVF =1, then O is

written to OVF**

6 B5WI 1 R/(W)** Bit 5 Write Inhibit
The WT/IT bit can be written only when the write value
of the BSWI bit is 0. This bit is always read as 1.

5 WTAT 0 R/(W)** Timer Mode Select

Selects whether the WDT is used as a watchdog timer
or interval timer.

0: Watchdog timer mode
1: Interval timer mode
4 B3WI 1 R/(W)** Bit 3 Write Inhibit

The IEOVF bit can be written only when the write value
of the B3WI bit is 0. This bit is always read as 1.

3 IEOVF 0 R/(W)** Overflow Interrupt Enable

Enables or disables an overflow interrupt request in
interval timer mode.

0: Disables an overflow interrupt
1: Enables an overflow interrupt
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Initial
Bit Bit Name  Value R/W Description
2to 0 — All 1 — Reserved

These bits are always read as 1.
Notes: 1. Only 0 can be written to clear the flag.

2. Write operation is necessary because this bit controls data writing to other bit. This bit is
always read as 1.

3. Writing is possible only when the write conditions are satisfied.

4. In subactive mode, clear this flag after setting the CKS3 to CKSO0 bits in TMWD to
B'0XXX (on-chip oscillator).
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1423 Timer Counter WD (TCWD)

TCWD is an 8-bit readable/writable up-counter. When TCWD overflows from H'FF to H'00, the
internal reset signal is generated in watchdog timer mode, the WRST bit in TCSRWDI is set to 1,
and the OVF bit in TCSRWD?2 is set to 1. TCWD is initialized to H'00.

1424 Timer Mode Register WD (TMWD)

TMWD selects the input clock.

Initial
Bit Bit Name  Value R/W Description
7to4 — All 1 — Reserved

These bits are always read as 1.

3 CKS3 1 R/W Clock Select 3t0 0

2 CKS2 1 R/W Select the clock to be input to TCWD.
1 CKSH1 1 R/W 1000: Internal clock: counts on ¢/64
0 CKSO0 1 R/W 1001: Internal clock: counts on ¢/128

1010: Internal clock: counts on ¢/256

1011: Internal clock: counts on ¢/512

1100: Internal clock: counts on ¢/1024

1101: Internal clock: counts on ¢/2048

1110: Internal clock: counts on $/4096

1111: Internal clock: counts on ¢/8192

0XXX: on-chip oscillator: counts on Rosc/2048

For the on-chip oscillator overflow periods, see section
23, Electrical Characteristics.

In active (medium-speed) mode or sleep (medium-
speed) mode, the setting of B'OXXX and interval timer
mode is disabled.

[Legend] X: Don't care.
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14.3  Operation

1431 Watchdog Timer Mode

The watchdog timer is provided with an 8-bit up-counter. To use it as the watchdog timer, clear
the WT/IT bit in TCSRWD2 to 0. (To write the WT/IT bit, two write accesses are required.) If 1 is
written to the WDON bit and 0 to the B2WI bit simultaneously when the TCSRWE bit in
TCSRWD is set to 1, TCWD begins counting up. (To operate the watchdog timer, two write
accesses to TCSRWDI are required.) When a clock pulse is input after the TCWD count value has
reached H'FF, the watchdog timer overflows and an internal reset signal is generated. The internal
reset signal is output for a period of 512 ¢_ clock cycles. TCWD is a writable counter, and when a
value is set in TCWD, the count-up starts from that value. An overflow period in the range of 1 to
256 input clock cycles can therefore be set, according to the TCWD set value.

Figure 14.2 shows an example of watchdog timer operation.

Example: With 30-ms overflow period when ¢ = 4 MHz

4% 108
8192

x 30 x 1078 = 14.6

Therefore, 256 — 15 = 241 (H'F1) is set in TCW.

HEF o oo TCWD overflow
H'F1---+
TCWD
count value
H'00 y U f ------------------------------- - —
Start v
H'F1 written H'F1 written to TCWD Reset generated
to TCWD
Internal reset | |
signal
- >

512 ¢ Clock cycles

Figure14.2 Example of Watchdog Timer Operation
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14.3.2 Interval Timer Mode

Figure 14.3 shows the operation in interval timer mode. To use the WDT as an interval timer, set
the WT/IT bit in TCSRWD2 to 1.

When the WDT is used as an interval timer, an interval timer interrupt request is generated each
time the TCNT overflows. Therefore, an interval timer interrupt can be generated at intervals.

H'FF
TCNT
count value
H'00
WT/AT =0 Interval timer Interval timer Interval timer Interval timer Interval timer
TME =1 interrupt interrupt interrupt interrupt interrupt

request generated request generated request generated request generated request generated

Figure14.3 Interval Timer Mode Operation

14.3.3 Timing of Overflow Flag (OVF) Setting

Figure 14.4 shows the timing of the OVF flag setting. The OVF flag in TCSRWD?2 is set to 1 if
TCNT overflows. At the same time, a reset signal is output in watchdog timer mode and an
interval timer interrupt is generated in interval timer mode.

0 i I I I I

TONT HFF X H00

Overflow signal | |
OVF |

Figure14.4 Timing of OVF Flag Setting
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144  Interrupt

During interval timer mode operation, an overflow generates an interval timer interrupt. The
interval timer interrupt is requested whenever the OVF flag is set to 1 while the IEOVF bit in
TCSRWD?2 is set to 1. The OVF flag must be cleared to 0 in the interrupt handling routine.

145 Usage Notes

145.1  Switching between Watchdog Timer Mode and Interval Timer Mode

If the mode is switched between watchdog timer and interval timer, while the WDT is operating,
errors could occur in the incrementation. Software must stop the watchdog timer (by clearing the
WDON bit to 0) before switching the mode.

145.2 Module Standby Mode Control

The WDCKSTP bit in CKSTPR2 is valid when the WDON bit in the timer control/status register
1 (TCSRWDI1) is cleared to 0. The WDCKSTP bit can be cleared to 0 while the WDON bit is set
to 1 (while the watchdog timer is operating). However, the watchdog timer does not enter module
standby mode but continues operating. When the WDON bit is cleared to 0 by software after the
watchdog timer stops operating, the WDCKSTP bit is valid at the same time and the watchdog
timer enters module standby mode.

1453 Clearing of WT/IT and | EOVF Bitsin TCSRWD2

When clearing the WT/IT and IEOVF bits in the timer control/status register WD2 (TCSRWD2),
follow the procedure given in assembly language in figure 14.5, or writing may be unsuccessful
due to dependence on the address of the clear instruction. Success or failure of writing depends on
the two lower-order bits of the address of the transfer instruction used to write to TCSRWD2. For
this reason, ensure that the assembly segment given in figure 14.5 is allocated with the same
address offsets as in the figure.
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Address Offset Assembly Listing
+H'0000 MOV.B  #xx, Rn ;
+H'0002 MOV.B Rn, @ TCSRWD2: 8 ; Clear (first round)
+H'0004 MOV.B @TCSRWD2: 8, Rm ; Read from TCSRWD2
+H'0006 MOV.B  #yy, Rm ; Check if clearing was successful.
+H'0008 MOV.B LABEL: 16 ; If successful, jump to LABEL.
+H'000C MOV.B Rn, @ TCSRWD2: 8 ; Clear (second round)
+H'000E LABEL: NOP
Bit to be Cleared xx Value in First Line yy Value in Fourth Line

Simultaneous clearing of bits WT/IT and IEOVF H'87 H'28

Clear bit WT/IT only H'97 H'20

Clear bit IEOVF only H'C7 H'08

Notes:

e Set TCSRWD2 to an absolute 8-bit address, and the target address for branching by the BEQ instruction to

an absolute 16-bit address.

* Use two 8-bit general registers as Rn and Rm.
* Do not modify or add any instructions, or change the order of these instructions. Since modification may take
place unexpectedly according to the settings of the compiler and linker, be sure to confirm the address offsets.

Figure14.5 How to Clear WT/IT and |EOVF Bitsin TCSRWD2t0 0

RENESAS
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Section 15 Serial Communication Interface 3 (SCI3, IrDA)

The serial communication interface 3 (SCI3) can handle both asynchronous and clock
synchronous serial communication. In the asynchronous method, serial data communication can
be carried out using standard asynchronous communication chips such as a Universal
Asynchronous Receiver/Transmitter (UART) or an Asynchronous Communication Interface
Adapter (ACIA). Table 15.1 shows the SCI3 channel configuration.

The SCI3_1 can transmit and receive IrDA communication waveforms based on the Infrared Data
Association (IrDA) standard version 1.0.

151 Features

e Choice of asynchronous or clock synchronous serial communication mode
e Full-duplex communication capability

The transmitter and receiver are mutually independent, enabling transmission and reception to
be executed simultaneously.

Double-buffering is used in both the transmitter and the receiver, enabling continuous
transmission and continuous reception of serial data.

e On-chip baud rate generator allows any bit rate to be selected

e On-chip baud rate generator, internal clock, or external clock can be selected as a transfer
clock source.

e Six interrupt sources

Transmit-end, transmit-data-empty, receive-data-full, overrun error, framing error, and parity
error.

e 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.)

Asynchronous mode

e Datalength: 7, 8, or 5 bits

e Stop bit length: 1 or 2 bits

e Parity: Even, odd, or none

e Receive error detection: Parity, overrun, and framing errors

e Break detection: Break can be detected by reading the RXD32 pin level directly in the case of

a framing error
Note: When using serial communication interface 3 in the masked ROM version, do not use the
on-chip oscillator.
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Clock synchronous mode

e Data length: 8 bits

e Receive error detection: Overrun errors detected

Table15.1 SCI3 Channel Configuration

Channel Abbreviation  Pin** Register*? Register Address
Channel 1 SCI3_1 SCK31 SMRS3_1 H'FF98
RXD31 BRR3_1 H'FF99
TXD31 SCR3_1 H'FF9A
TDR3_1 H'FF9B
SSR3_1 H'FFOC
RDR3_1 H'FFOD
RSR3_1 —
TSR3_1 —
IrCR H'FFA7
Channel 2 SCI3_2 SCK32 SMR3_2 H'FFA8
RXD32 BRR3_2 H'FFA9
TXD32 SCR3_2 H'FFAA
TDR3_2 H'FFAB
SSR3_2 H'FFAC
RDR3_2 H'FFAD
RSR3_2 —
TSR3_2 —

Notes: 1. Pin names SCK3, RXD3, and TXD3 are used in the text for all channels, omitting the
channel designation.

2. In the text, channel description is omitted for registers and bits.
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Figure 15.1 (1) shows a block diagram of the SCI3_1 and figure 15.1 (2) shows that of the

SCI3_2.
External clock |<«— Internal clock (¢/64, ¢/16, dw/2, )
e e E—
SCK310 Baud rate generator
BRC3 1 |+ BRR3_1 [«
Clock
Transmit/receive 'Q
©
control circuit < | SCR3_1 | > g
] ©
——| SSR3_t |<—> £
I
| ) I =
| TSR3_1 i [<— TDR3_1 [«
1 ,! RSR3_1 I—Vl RDR3_1 |—>
SPCR
TXD31 O=—
IrCR
» Interrupt request
RXD31 O—»} —> (TEI31, TXI31, RXI31, ERI31)
[Legend]

RSR3_1:Receive shift register 3_1
RDR3_1:Receive data register 3_1
TSR3_1: Transmit shift register 3_1
TDR3_1:Transmit data register 3_1
SMRB3_1:Serial mode register 3_1
SCRB3_1:Serial control register 3_1
SSR3_1:Serial status register 3_1
BRR3_1:Bit rate register 3_1
BRC3_1:Bit rate counter 3_1
SPCR: Serial port control register
IrCR:  IrDA control register

Figure15.1 (1) Block Diagram of SCI3_1
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External clock

<+ Internal clock (¢/64, ¢/16, dw/2, ¢)

SCK32 0 Baud rate generator
<—| BRR3_2 |<—>
Clock
. ~— SMR3_2 [« .
Transmit/receive ﬁ
control circuit <_| SCR3_2 |‘_> k|
] ©
— SSR3_2 [« £
2
v IS
- |
TXD32 0<— » I TSR3_2 [<— TDR3_2 [«
|
RXD32 00— ~| RSR3 2 > RDR3_2 >
SPCR
> |nterrupt request
(TEI32, TXI32, RXI32, ERI32)
[Legend]
RSR3_2: Receive shift register 3_2
RDR3_2: Receive data register 3_2
TSR3_2: Transmit shift register 3_2
TDR3_2: Transmit data register 3_2
SMR3_2: Serial mode register 3_2
SCR3_2: Serial control register 3_2
SSR3_2: Serial status register 3_2
BRR3_2: Bit rate register 3_2
BRC3_2: Bit rate counter 3_2
SPCR:  Serial port control register

Figure15.1 (2) Block Diagram of SCI3 2
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15.2  Input/Output Pins

Table 15.2 shows the SCI3 pin configuration.

Table15.2 Pin Configuration

Pin Name Abbreviation 1/0 Function

SCI3 clock SCK83H1, I/0 SCI3 clock input/output
SCK32

SCI3 receive data RXD31, Input SCI3 receive data input

input RXD32

SCI3 transmit data  TXD31, Output SCI3 transmit data output

output TXD32

15.3 Register Descriptions

The SCI3 has the following registers for each channel.

Receive shift register 3 (RSR3)*
Receive data register 3 (RDR3)*
Transmit shift register 3 (TSR3)*
Transmit data register 3 (TDR3)*
Serial mode register 3 (SMR3)*
Serial control register 3 (SCR3)*
Serial status register 3 (SSR3)*
Bit rate register 3 (BRR3)*

Serial port control register (SPCR)
IrDA control register (IrCR)

Note: * These register names are abbreviated to RSR, RDR, TSR, TDR, SMR, SCR, SSR, and

BRR in the text.
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15.3.1 Receive Shift Register (RSR)

RSR is a shift register that receives serial data input from the RXD31 or RXD32 pin and converts
it into parallel data. When one byte of data has been received, it is transferred to RDR
automatically. RSR cannot be directly accessed by the CPU.

15.3.2 Receive Data Register (RDR)

RDR is an 8-bit register that stores receive data. When the SCI3 has received one byte of serial
data, it transfers the received serial data from RSR to RDR, where it is stored. After this, RSR is
receive-enabled. As RSR and RDR function as a double buffer in this way, continuous receive
operations are possible. After confirming that the RDRF bit in SSR is set to 1, read RDR only
once. RDR cannot be written to by the CPU. RDR is initialized to H'00.

RDR is initialized to H'00 by a reset or in standby mode, watch mode, or module standby mode.

15.3.3  Transmit Shift Register (TSR)

TSR is a shift register that transmits serial data. To perform serial data transmission, the SCI3 first
transfers transmit data from TDR to TSR automatically, then sends the data that starts from the
LSB to the TXD31 or TXD32 pin. Data transfer from TDR to TSR is not performed if no data has
been written to TDR (if the TDRE bit in SSR is set to 1). TSR cannot be directly accessed by the
CPU.

1534 Transmit Data Register (TDR)

TDR is an 8-bit register that stores data for transmission. When the SCI3 detects that TSR is
empty, it transfers the transmit data written in TDR to TSR and starts transmission. The double-
buffered structure of TDR and TSR enables continuous serial transmission. If the next transmit
data has already been written to TDR during transmission of one-frame data, the SCI3 transfers
the written data to TSR to continue transmission. To achieve reliable serial transmission, write
transmit data to TDR only once after confirming that the TDRE bit in SSR is set to 1. TDR is
initialized to H'FF.

TDR is initialized to H'FF by a reset or in standby mode, watch mode, or module standby mode.
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1535 Serial Mode Register (SMR)

SMR sets the SCI3's serial communication format and selects the clock source for the on-chip

baud rate generator.

SMR is initialized to H'0O by a reset or in standby mode, watch mode, or module standby mode.

Initial

Bit Bit Name  Value R/W Description

7 COM 0 R/W Communication Mode
0: Asynchronous mode
1: Clock synchronous mode

6 CHR 0 R/W Character Length (enabled only in asynchronous
mode)
0: Selects 8 or 5 bits as the data length.
1: Selects 7 or 5 bits as the data length.
When 7-bit data is selected. the MSB (bit 7) in TDR is
not transmitted. To select 5 bits as the data length, set
1 to both the PE and MP bits. The three most
significant bits (bits 7, 6, and 5) in TDR are not
transmitted. In clock synchronous mode, the data
length is fixed to 8 bits regardless of the CHR bit
setting.

5 PE 0 R/W Parity Enable (enabled only in asynchronous mode)

When this bit is set to 1, the parity bit is added to
transmit data before transmission, and the parity bit is
checked in reception. In clock synchronous mode,
parity bit addition and checking is not performed
regardless of the PE bit setting.
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Bit

Bit Name

Initial
Value

R/W

Description

PM

0

R/W

Parity Mode (enabled only when the PE bit is 1 in
asynchronous mode)

0: Selects even parity.
1: Selects odd parity.

When even parity is selected, a parity bit is added in
transmission so that the total number of 1 bits in the
transmit data plus the parity bit is an even number, in
reception, a check is carried out to confirm that the
number of 1 bits in the receive data plus the parity bit is
an even number.

When odd parity is selected, a parity bit is added in
transmission so that the total number of 1 bits in the
transmit data plus the parity bit is an odd number, in
reception, a check is carried out to confirm that the
number of 1bits in the receive data plus the parity bit is
an odd number.

If parity bit addition and checking is disabled in clock
synchronous mode and asynchronous mode, the PM
bit setting is invalid.

3

STOP

0

R/W

Stop Bit Length (enabled only in asynchronous mode)
Selects the stop bit length in transmission.

0: 1 stop bit

1: 2 stop bits

For reception, only the first stop bit is checked,
regardless of the value in the bit. If the second stop bit
is 0, it is treated as the start bit of the next transmit
character.

MP

R/W

Five-Bit Communications

When this bit is set to 1, formatting in 5-bit
communications is enabled. When setting this bit to 1,
be sure to set the PE bit (bit 5 of this register)
simultaneously to 1.

Rev. 1.00 Dec. 18, 2006 Page 312 of 568
REJ09B0348-0100

RENESAS



Section 15 Serial Communication Interface 3 (SCI3, IrDA)

Initial

Bit Bit Name Value R/W Description

1 CKSH1 0 R/W Clock Select 0 and 1

0 CKSO0 0 R/W These bits select the clock source for the on-chip baud
rate generator.
00: ¢ clock (n =0)
01: ¢w/2 or ¢ w clock (n = 1)
10: ¢/16 clock (n = 2)
11: ¢/64 clock (n = 3)
When the setting value is 0 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)).
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15.3.6

Serial Control Register (SCR)

SCR enables or disables SCI3 transfer operations and interrupt requests, and selects the transfer
clock source. For details on interrupt requests, refer to section 15.7, Interrupt Requests.

SCR is initialized to H'00 by a reset or in standby mode, watch mode, or module standby mode.

Initial

Bit Bit Name Value R/W Description

7 TIE 0 R/W Transmit Interrupt Enable
When this bit is set to 1, the TXI (TXI32) interrupt
request is enabled. TXI (TXI32) can be released by
clearing the TDRE it or Tl bit to 0.

6 RIE 0 R/W Receive Interrupt Enable
When this bit is set to 1, RX| and ERI interrupt requests
are enabled.
RXI (RX132) and ERI (ERI32) can be released by
clearing the RDRF bit or the FER, PER, or OER error
flag to O, or by clearing the RIE bit to 0.

5 TE 0 R/W Transmit Enable
When this bit is set to 1, transmission is enabled. When
this bit is 0, the TDRE bit in SSR is fixed at 1. When
transmit data is written to TDR while this bit is 1, Bit
TDRE in SSR is cleared to 0 and serial data
tansmission is started. Be sure to carry out SMR
settings, and setting of bit SPC31 or SPC32 in SPCR,
to decide the transmission format before setting bit TE
to 1.

4 RE 0 R/W Receive Enable

When this bit is set to 1, reception is enabled. In this
state, serial data reception is started when a start bit is
detected in asynchronous mode or serial clock input is
detected in clock synchronous mode. Be sure to carry
out the SMR settings to decide the reception format
before setting bit RE to 1.

Note that the RDRF, FER, PER, and OER flags in SSR
are not affected when bit RE is cleared to 0, and retain
their previous state
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Initial

Bit Bit Name  Value R/W Description

3 MPIE 0 R/W Reserved

2 TEIE 0 R/W Transmit End Interrupt Enable
When this bit is set to 1, the TEI interrupt request is
enabled. TEI can be released by clearing bit TDRE to 0
and clearing bit TEND to 0 in SSR, or by clearing bit
TEIE to 0.

1 CKE1 R/W Clock Enable 0 and 1

0 CKEO R/W Select the clock source.

Asynchronous mode:

00: Internal baud rate generator (SCK31 or SCK32 pin
functions as an I/O port)

01: Internal baud rate generator (Outputs a clock of the
same frequency as the bit rate from the SCK31 or
SCK32 pin)

10: External clock (Inputs a clock with a frequency 16
times the bit rate from the SCK31 or SCK32 pin)

11: Reserved
Clock synchronous mode:

00: Internal clock (SCK31 or SCK32 pin functions as
clock output)

01: Reserved

10: External clock (SCK31 or SCK32 pin functions as
clock input)

11: Reserved

RENESAS
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153.7 Serial Status Register (SSR)

SSR consists of status flags of the SCI3 and multiprocessor bits for transfer. 1 cannot be written to
flags TDRE, RDRF, OER, PER, and FER; they can only be cleared.

SSR is initialized to H'84 by a reset or in standby mode, watch mode, or module standby mode.

Initial
Bit Bit Name  Value R/W Description
7 TDRE 1 R/(W)* Transmit Data Register Empty

Indicates that transmit data is stored in TDR.

[Setting conditions]

e When the TE bitin SCRis 0

e When data is transferred from TDR to TSR
[Clearing conditions]

e When 0 is written to TDRE after reading TDRE = 1
¢ When the transmit data is written to TDR

6 RDRF 0 R/(W)* Receive Data Register Full
Indicates that the received data is stored in RDR.
[Setting condition]
o When serial reception ends normally and receive

data is transferred from RSR to RDR

[Clearing conditions]
e When 0 is written to RDRF after reading RDRF = 1
When data is read from RDR

If an error is detected in reception, or if the RE bit in
SCR has been cleared to 0, RDR and bit RDRF are not
affected and retain their previous state.

Note that if data reception is completed while bit RDRF
is still set to 1, an overrun error (OER) will occur and
the receive data will be lost.
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Bit

Bit Name

Initial
Value

R/W

Description

OER

0

R/(W)*

Overrun Error

[Setting condition]

e When an overrun error occurs in reception
[Clearing condition]

e When 0 is written to OER after reading OER = 1

When bit RE in SCR is cleared to 0, bit OER is not
affected and retains its previous state.

When an overrun error occurs, RDR retains the receive
data it held before the overrun error occurred, and data
received after the error is lost. Reception cannot be
continued with bit OER set to 1, and in clock
synchronous mode, transmission cannot be continued
either.

FER

R/(W)*

Framing Error

[Setting condition]

e When a framing error occurs in reception
[Clearing condition]

e When 0 is written to FER after reading FER = 1
When bit RE in SCR is cleared to 0, bit FER is not
affected and retains its previous state.

Note that, in 2-stop-bit mode, only the first stop bit is
checked for a value of 1, and the second stop bit is not
checked. When a framing error occurs, the receive
data is transferred to RDR but bit RDRF is not set.
Reception cannot be continued with bit FER setto 1. In
clock synchronous mode, neither transmission nor
reception is possible when bit FER is set to 1.

RENESAS
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Bit

Bit Name

Initial
Value

R/W

Description

PER

0

R/(W)*

Parity Error

[Setting condition]

e When a parity error is generated during reception

[Clearing condition]

e When 0 is written to PER after reading PER = 1

When bit RE in SCR is cleared to 0, bit PER is not

affected and retains its previous state.

e Receive data in which a parity error has occurred is
still transferred to RDR, but bit RDRF is not set.
Reception cannot be continued with bit PER set to
1. In clock synchronous mode, neither transmission
nor reception is possible when bit PER is set to 1.

TEND

1

Transmit End

[Setting conditions]

e When the TE bitin SCRis 0

e When TDRE = 1 at transmission of the last bit of a
1-byte serial transmit character

[Clearing conditions]

e When 0 is written to TDRE after readingTDRE = 1

¢ When the transmit data is written to TDR

MPBR

0

Reserved
This is a read-only bit and cannot be modified.

MPBT

0

R/W

Reserved
Only 0 should be written to this bit.

Note:

Only 0 can be written to clear the flag.
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15.3.8 Bit Rate Register (BRR)

BRR is an 8-bit readable/writable register that adjusts the bit rate. BRR is initialized to H'FF.
Table 15.3 shows the relationship between the N setting in BRR and the n setting in bits CKS1
and CKSO in SMR in asynchronous mode. Table 15.5 shows the maximum bit rate for each
frequency in asynchronous mode. The values shown in both tables 15.3 and 15.5 are values in
active (high-speed) mode. Table 15.6 shows the relationship between the N setting in BRR and the
n setting in bits CKS1 and CKSO in SMR in clock synchronous mode. The values shown in table
15.6 are values in active (high-speed) mode. The N setting in BRR and error for other operating
frequencies and bit rates can be obtained by the following formulas:

[Asynchronous M ode]

In active (medium/high speed) or sleep (medium-speed/high-speed) mode:
___osC
T 32x22xB

In subactive or subsleep mode:
OSC
N= ———~
64 x 22" x B

Error (%) = B (bit rate obtained from n, N, ¢) — R (bit rate in left-hand column in table 15.3) 100
o= R (bit rate in left-hand column in table 15.3)

[Legend] B: Bit rate (bit/s)
N: BRR setting for baud rate generator (0 <N < 255)
OSC: Value of ¢OSC (Hz)
n: Baud rate generator input clock number (n =0, 2, or 3)

(The relation between n and the clock is shown in table 15.4)
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Table15.3 Examplesof BRR Settingsfor Various Bit Rates (Asynchronous M ode) (1)

Bit 32.8kHz 38.4kHz 2MHz 2.097152MHz
Rate Error Error Error Error
(it’s) n N (%) n N %) n N (%) n N (%)
110 — — — - - — 2 3 -136 2 36 064
150 — —  — 0 3 000 2 25 016 2 26 114
200 @ — — @ — 0 2 000 2 19 234 3 4 2.40
250 0 1 250 — — @ — 0 249 000 3 3 2.40
300 @ — — @ — 0o 1 000 0 207 0.16 0 217 0.21
600 — — — 0 o0 000 0 103 016 0 108 0.1
1200 — — — — — 000 0 51 016 0 54 -070
2400 — — @ — - - = 0 25 0.16 0 26 1.14
4800 — — — - - = 0 12 016 0 13 -248
9600 — — — - - — - - - 0o 6 —2.48
19200 — — — - - = - - = — - —
31250 — —  — - - — 0o 1 000 — — —
38400 — —  — - - - - - = — - =
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Table15.3 Examplesof BRR Settingsfor Various Bit Rates (Asynchr onous M ode) (2)

Bit 2.4576MHz 3MHz 3.6864MHz 4MHz
Rate Error Error Error Error
(bit/'s) n N ®%) n N ®%) n N (%) n N (%)
110 3 10 -083 2 52 050 2 64 070 2 70 003
150 3 7 000 2 38 016 3 11 000 2 51 016
200 3 5 000 2 28 102 3 8 000 2 38 0.6
250 2 18 105 2 22 190 2 28 -069 2 30 081
300 3 3 000 3 4 234 3 000 2 25 0.16
600 3 1 000 0 155 016 3 000 0 207 0.16
1200 3 0 000 0 77 016 2 000 0 103 0.16
2400 2 1 000 0 38 016 2 000 0 51 0.6
4800 2 0 000 0 19 =234 0 23 000 O 25 0.16
9600 0 7 000 0 9 23 0 11 000 0 12 0.16
19200 0 3 000 0 4 234 0 5 000 — — @ —
31250 — —  — 0o 2 000 — — — 0 3 0.00
38400 0 1 000 — — — 0o 2 000 — — —
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Table15.3 Examplesof BRR Settingsfor Various Bit Rates (Asynchronous M ode) (3)

Bit 4.9152MHz 5MHz 6MHz 6.144MHz
Rate Error Error Error Error
(bit’s) n N %) n N %) n N ®%) n N (%)
110 2 86 0.31 2 88 -025 2 106 —-0.44 2 108 0.08
150 3 15 0.00 2 64 0.16 2 77 0.16 3 19 0.00
200 3 11 0.00 2 48 -035 2 58 —-0.69 3 14 0.00
250 2 37 1.05 2 38 0.16 2 46 -0.27 3 11 0.00
300 3 7 0.00 2 32 -1.36 2 38 0.16 3 9 0.00
600 3 3 0.00 0 252 1.73 3 4 —2.34 3 4 0.00
1200 3 1 0.00 0 129 0.16 0 155 0.16 2 9 0.00
2400 3 0 0.00 0 64 0.16 0 77 0.16 2 4 0.00
4800 2 1 0.00 0 32 -136 O 38 0.16 0 39 0.00
9600 2 0 0.00 2 0 1.73 0 19 —2.34 0 19 0.00
19200 O 7 0.00 0 7 1.73 0 —2.34 0 0.00
31250 O 4 -1.70 0 4 0.00 0 0.00 0 2.4
38400 O 3 0.00 0 3 1.73 0 —2.34 0 0.00
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Table15.3 Examplesof BRR Settingsfor Various Bit Rates (Asynchr onous M ode) (4)

Bit 7.3728MHz 8MHz 9.8304MHz 10MHz
Rate Error Error Error Error
(bit/s) n N ®%) n N ®%) n N (%) n N (%)
110 2 130 -007 2 141 003 2 174 -026 2 177 —-0.25
150 3 23 000 2 103 016 3 31 000 2 129 0.16
200 3 17 000 =2 77 016 3 23 000 2 97 —035
250 2 57 069 2 62 079 2 76 -026 2 77 0.16
300 3 11 000 2 51 016 3 15 000 2 64 0.16
600 3 000 2 25 016 3 7 000 2 32 -1.36
1200 3 000 2 12 016 3 3 000 2 15 1.73
2400 2 000 0 103 016 3 1 000 0 129 0.16
4800 2 000 0 51 016 3 0 000 0 64 0.6
9600 0 23 000 0O 25 016 2 1 000 0 32 -1.36
19200 0 11 000 O 12 016 2 0 000 0 15 1.73
31250 — —  — 0o 7 000 0 9 170 0 9 0.00
38400 0 5 000 — — — 0o 7 000 0 7 1.73

Table15.4 Relation between n and Clock

SMR Setting
n Clock CKS1 CKSO0
0 ) 0 0
0 o /2% 1,5 0 1
2 ®/16 1 0
3 $/64 1 1
Notes: 1. ¢,/2 clock in active (medium-speed/high-speed) mode and sleep (medium-speed/high-

speed) mode
¢,, clock in subactive mode and subsleep mode
In subactive or subsleep mode, the SCI3 can be operated only when CPU clock is ¢,/2.
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Table15.5 Maximum Bit Rate for Each Frequency (Asynchronous M ode)

Setting
¢ (MHz) Maximum Bit Rate (bit/s) n N
0.0328* 512.5 0 0
0.0384* 600 0 0
2 62500 0 0
2.097152 65535 0 0
2.4576 76800 0 0
3 93750 0 0
3.6864 115200 0 0
4 125000 0 0
4.9152 153595 0 0
5 156250 0 0
6 187500 0 0
6.144 192000 0 0
7.3728 230400 0 0
8 250000 0 0
9.8304 307200 0 0
10 312500 0 0

Note: * When CKS1 =0 and CKS0 =1 in SMR
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Table15.6 BRR Settingsfor Various Bit Rates (Clock Synchronous M ode) (1)

¢ 32.8 kHz 38.4 kHz 2 MHz
Bit Rate

(bit/s) n N Error (%) n N Error (%) n N Error (%)
200 0 20 -2.38 0 23 0.00 2 155 0.16
250 0 15 2.50 0 18 1.05 2 124 0.00
300 0 13 -2.38 0 15 0.00 2 103 0.16
500 0 75 250 —_ = — 2 62 -0.79
1k 0 3 2.50 _ = — 2 30 0.81
2.5k _ = — —_ = — 0 199 0.00
5k —_ = — —_ = — 0 99 0.00
10k _ = — —_ = — 0 49 0.00
25k —_ = — —_ = — 0 19 0.00
50k —_ = — —_ = — 0 9 0.00
100k _ = — —_ = — 0 0.00
250k —_ = — —_ = — 0 0.00
500k _ = — —_ = — 0* 0*  0.00%
1M —_ = — —_ = — — = =

Note: * Continuous transmission/reception is not possible.
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Table15.6 BRR Settingsfor Various Bit Rates (Clock Synchronous M ode) (2)

¢ 4 MHz 8 MHz 10 MHz
Bit Rate

(bit/s) n N Error (%) n N Error (%) n N Error (%)
200 3 77 0.16 3 155 0.16 3 194 0.16
250 2 249 0.00 3 124 0.00 3 155 0.16
300 2 207 0.16 3 103 0.16 3 129 0.16
500 2 124 0.00 2 249 0.00 3 77 0.16
1k 2 62 -0.79 2 124 0.00 2 155 0.16
2.5k 2 24 0.00 2 49 0.00 2 62 -0.79
5k 0 199 0.00 2 24 0.00 2 30 0.81
10k 0 99 0.00 0 199 0.00 2 15 -2.34
25k 0 39 0.00 0 79 0.00 0 99 0.00
50k 0 19 0.00 0 39 0.00 0 49  0.00
100k 0 0.00 0 19 0.00 0 24 0.00
250k 0 0.00 0 7 0.00 0 9 0.00
500k 0 1 0.00 0 3 0.00 0 0.00
1M 0* 0* 0.00% 0 1 0.00 — = =

Note: * Continuous transmission/reception is not possible.
The value set in BRR is given by the following formula:
In active (medium- or high-speed) or sleep (medium- or high-speed) mode:
0SC

Nz — 2% 4
4x22nx B

In subactive or subsleep mode:
OsC

Nz —2°Y
8x22"x B

B: Bit rate (bit/s)
N: BRR setting for baud rate generator (0 < N < 255)
OSC: Value of $OSC (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.)

Rev. 1.00 Dec. 18, 2006 Page 326 of 568
REJ09B0348-0100 RENESAS



Section 15 Serial Communication Interface 3 (SCI3, IrDA)

Table15.7 Relation between n and Clock

SMR Setting
n Clock CKs1 CKSO0
0 o) 0 0
0 o /2% 1,5 0 1
2 /16 1 0
3 $/64 1 1

Notes: 1. ¢,/2 clock in active (medium-speed/high-speed) mode and sleep (medium-speed/high-

speed) mode

2. ¢, clock in subactive or subsleep mode
In subactive or subsleep mode, the SCI3_1 and SCI3_2 can be operated only when

CPU clock is ¢,,/2.

15.3.9 Serial Port Control Register (SPCR)

SPCR selects the functions of the TXD32 and TXD31 pins.

Initial
Bit Bit Name  Value R/W Description
7 — 1 — Reserved
6 — 1 — These bits are always read as 1 and cannot be
modified.
5 SPC32 0 R/W P32/TXD33 Pin Function Switch
Selects whether pin P32/TXD32 is used as P32 or as
TXD32.
0: P32 1/0 pin
1: TXD32 output pin
Set the TE32 bit in SCR32 after setting this bit to 1.
4 SPC31 0 R/W P42/TXD31 Pin Function Switch

Selects whether pin P42/TXD31 is used as P42 or as
TXD31.

0: P42 1/O pin
1: TXD31 output pin
Set the TE bit in SCR after setting this bit to 1.
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Initial
Bit Bit Name  Value R/W Description
3 SCINV3 0 R/W TXD32 Pin Output Data Inversion Switch

Selects whether 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.
2 SCINV2 0 R/W TXD32 Pin Input Data Inversion Switch

Selects whether input 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.
1 SCINVA 0 R/W TXD31 Pin Output Data Inversion Switch

Selects whether 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.
0 SCINVO 0 R/W RXD31 Pin Input Data Inversion Switch

Selects whether input data of the RXD31 pin is inverted
or not.

0: Input data of RXD31 pin is not inverted.
1: Input data of RXD31 pin 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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15.3.10

IrDA Control Register (IrCR)

IrCR controls the IrDA operation of the SCI3_1.

Bit

Initial
Bit Name Value

R/W

Description

7

IrE 0

R/W

IrDA Enable

Selects whether the SCI3_1 I/O pins function as the
SCl or IrDA.

0: TXD31/IrTXD or RXD31/IrRXD pin functions as
TXD31 or RXD31

1: TXD31/IrTXD or RXD31/IrRXD pin functions as
IrTXD or IrRXD

IrCKS2
IrCKS1
IrCKS0

R/W
R/W
R/W

IrDA Clock Select

If the IrDA function is enabled, these bits set the high-
pulse width when encoding the IrTXD output pulse.

000: Bit rate x 3/16
001: ¢/2

010: ¢/4

011: ¢/8

100: ¢/16

101: Setting prohibited
11x: Setting prohibited

3to0

Reserved

These bits are always read as 0 and cannot be
modified.

[Legend]

x: Don't care.
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154  Operation in Asynchronous Mode

Figure 15.2 shows the general format for asynchronous serial communication. One frame consists
of a start bit (low level), followed by data (in LSB-first order), a parity bit (high or low level), and
finally stop bits (high level). In asynchronous mode, synchronization is performed at the falling
edge of the start bit during reception. The data is sampled on the 8th pulse of a clock with a
frequency 16 times the bit period, so that the transfer data is latched at the center of each bit.
Inside the SCI3, the transmitter and receiver are independent units, enabling full duplex. Both the
transmitter and the receiver also have a double-buffered structure, so data can be read or written
during transmission or reception, enabling continuous data transfer. Table 15.8 shows the 16 data
transfer formats that can be set in asynchronous mode. The format is selected by the settings in
SMR as shown in table 15.9.

LSB MSB 1
Serial [ Start Transmit/receive data Parity Stop bit Mark state
data | bit bit
<t :! <= ! < £
1 bit 5,7, or 8 bits 1 bit, 1or
ornone 2 bits
One unit of transfer data (character or frame)

Figure 15.2 Data Format in Asynchronous Communication
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15.4.1 Clock

Either an internal clock generated by the on-chip baud rate generator or an external clock input at
the SCK31 (SCK32) pin can be selected as the SCI3's serial clock source, according to the setting
of the COM bit in SMR and the CKEO and CKE1 bits in SCR. When an external clock is input at
the SCK31 (SCK32) pin, the clock frequency should be 16 times the bit rate used. For details on
selection of the clock source, see table 15.10. When the SCI3 is operated on an internal clock, the
clock can be output from the SCK31 (SCK32) pin. The frequency of the clock output in this case
is equal to the bit rate, and the phase is such that the rising edge of the clock is in the middle of the
transfer data, as shown in figure 15.3.

Clock|I|IlI|I|||||||||||||||||||||I|I|

Serial data |0|DO|D1|D2|D3|D4|D5|D6|D7|0/1|1 1
[

1 character (frame)

Figure15.3 Relationship between Output Clock and Transfer Data Phase
(Asynchronous M ode) (Example with 8-Bit Data, Parity, Two Stop Bits)
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Table15.8 Data Transfer Formats (Asynchronous Mode)

RENESAS

Multiprocessor bit

Parity bit

[Legend]
START: Start bit
STOP:  Stop bit
P:

MPB:
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Table15.9 SMR Settingsand Corresponding Data Transfer Formats

SMR Data Transfer Format
Bit 7 Bit 6 Bit 2 Bit5 Bit 3 Data Multiprocessor Parity Stop Bit
COM CHR MP PE STOP Mode Length Bit Bit Length
0 0 0 0 0 Asynchron-  8-bitdata No No 1 bit
1 ous mode 5 bits
1 0 Yes 1 bit
1 2 bits
1 0 0 7-bit data No 1 bit
1 2 bits
1 0 Yes 1 bit
1 2 bits
0 1 0 0 Setting prohibited
17
1 0 Asynchron-  5-bitdata No No 1 bit
1 ous mode 5 pits
1 0 0 Setting prohibited
1—
1 0 Asynchron-  5-bitdata No Yes 1 bit
1 ous mode 5 bits
1 * 0 * * Clock 8-bitdata No No No
synchronous
mode

[Legend] *: Don't care.
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Table 15.10 SMR and SCR Settings and Clock Sour ce Selection

SMR SCR
Bit 7 Bit 1 Bit 0 Transmit/Receive Clock
COM CKE1l CKEO Mode Clock Source  SCK Pin Function
0 0 0 Asynchronous Internal I/0 port (SCK31 or SCK32 pin
mode not used)
1 Outputs clock with same
frequency as bit rate
1 0 External Inputs clock with frequency 16
times bit rate
1 0 0 Clock synchronous Internal Outputs serial clock
1 mode External Inputs serial clock
0 1 1 Reserved (Do not specify these combinations)
1 0 1
1 1 1
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15.4.2 SCI3Initialization

Follow the flowchart as shown in figure 15.4 to initialize the SCI3. When the TE bit is cleared to
0, the TDRE flag is set to 1. Note that clearing the RE bit to 0 does not initialize the contents of
the RDRF, PER, FER, and OER flags, or the contents of RDR. When the external clock is used in
asynchronous mode, the clock must be supplied even during initialization. When the external
clock is used in clock synchronous mode, the clock must not be supplied during initialization.

[1] Set the clock selection in SCR.
( Start initialization ) Be sure to clear bits RIE, TIE, TEIE, and
| MPIE, and bits TE and RE, to 0.

When the clock output is selected in
asynchronous mode, clock is output
| (1] immediately after CKE1 and CKEOQ
Set CKE1 and CKEO bits in SCR3 settings are made. When the clock
T output is selected at reception in clocked

synchronous mode, clock is output

| Clear TE and RE bits in SCR to 0 |

Set data transfer format in SMR [2] immediately after CKE1, CKEO, and RE
T are setto 1.
Set value in BRR [3] [2] Set the data transfer format in SMR.
Wait [3] Write a value corresponding to the bit
D rate to BRR. Not necessary if an

No external clock is used.

1-bit interval elapsed? ) .
[4] Wait at least one bit interval, then set the

TE bit or RE bit in SCR to 1. Setting bits
TE and RE enables the TXD31 (TXD32)

Set SPC32 (SPC31) bitin SPCR to 1 and RXD31 (RXD32) pins to be used.
T Also set the RIE, TIE, TEIE, and MPIE
Set TE and RE bits in (4] bits, depending on whether interrupts are
SCRto 1, and set RIE, TIE, TEIE, required. In asynchronous mode, the bits
and MPIE bits. are marked at transmission and idled at

[ reception to wait for the start bit.

<Initialization completion>

Figure15.4 Sample SCI3 Initialization Flowchart
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15.4.3 Data Transmission

Figure 15.5 shows an example of operation for transmission in asynchronous mode. In
transmission, the SCI3 operates as described below.

1. The SCI3 monitors the TDRE flag in SSR. If the flag is cleared to 0, the SCI3 recognizes that
data has been written to TDR, and transfers the data from TDR to TSR.

2. After transferring data from TDR to TSR, the SCI3 sets the TDRE flag to 1 and starts
transmission. If the TIE bit in SCR is set to 1 at this time, a TXI31 (TXI32) interrupt request is
generated. Continuous transmission is possible because the TXI31 (TXI32) interrupt routine
writes next transmit data to TDR before transmission of the current transmit data has been
completed.

3. The SCI3 checks the TDRE flag at the timing for sending the stop bit.

4. 1If the TDRE flag is 0O, the data is transferred from TDR to TSR, the stop bit is sent, and then
serial transmission of the next frame is started.

5. If the TDRE flag is 1, the TEND flag in SSR is set to 1, the stop bit is sent, and then the “mark
state” is entered, in which 1 is output. If the TEIE bit in SCR is set to 1 at this time, a TEI
interrupt request is generated.

6. Figure 15.6 shows a sample flowchart for transmission in asynchronous mode.

Start Transmit Parity Stop Start Transmit Parity Stop Mark

bit data bit  bit bit data bit  bit state
Serial 1 | o |po|p1|  |p7fot| 1) o fpofp1]  [p7 o] 1 1
data 1 frame

I P 1 frame |
= > |

TDRE —|—|—¢ [ )
TEND T T T
ﬂi

LSI TXI31 (TXI32) TDRE flag TXI31 (TXI32) interrupt request TEI31 (TEI32) interrupt request
operation interrupt cleared to 0 generated generated

User éz?’]ueerztt ed Data written

processing to TDR

Figure155 Example SCI3 Operation in Transmission in Asynchronous Mode
(8-Bit Data, Parity, One Stop Bit)
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( Start transmission )

| Set SPC32 (SPC31) bitin SPCR to 1 | [1] Read SSR and check that the

I: TDRE flag is set to 1, then write
| transmit data to TDR. When data is

written to TDR, the TDRE flag is

automaticaly cleared to 0.
No (After the TE bit is set to 1, one
frame of 1 is output, then
transmission is possible.)
Yes [2] To continue serial transmission,
read 1 from the TDRE flag to
confirm that writing is possible,
then write data to TDR. When data
Yes is written to TDR, the TDRE flag is

[1] | Read TDRE flag in SSR

Write transmit data to TDR

2] All data transmitted? automaticaly cleared to 0.
[3] To output a break in serial
No transmission, after setting PCR to 1
< and PDR to 0, clear the TE bit in
Read TEND flag in SSR SCRtoO.
[3] Break output?

Clear PDR to 0 and
set PCRto 1

Clear TE bit in SCR to 0

<End>

Figure15.6 Sample Serial Transmission Flowchart (Asynchronous M ode)
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1544  Serial Data Reception

Figure 15.7 shows an example of operation for reception in asynchronous mode. In serial
reception, the SCI operates as described below.

1.

The SCI3 monitors the communication line. If a start bit is detected, the SCI3 performs
internal synchronization, receives data in RSR, and checks the parity bit and stop bit.

Parity check

The SCI3 checks that the number of 1 bits in the receive data conforms to the parity (odd or
even) set in bit PM in the serial mode register (SMR).

Stop bit check

The SCI3 checks that the stop bit is 1. If two stop bits are used, only the first is checked.
Status check

The SCI3 checks that bit RDRF is set to 0, indicating that the receive data can be transferred
from RSR to RDR.

If an overrun error occurs (when reception of the next data is completed while the RDRF flag
is still set to 1), the OER bit in SSR is set to 1. If the RIE bit in SCR is set to 1 at this time, an
ERI31 (ERI32) interrupt request is generated. Receive data is not transferred to RDR.

If a parity error is detected, the PER bit in SSR is set to 1 and receive data is transferred to
RDR. If the RIE bit in SCR is set to 1 at this time, an ERI31 (ERI32) interrupt request is
generated.

If a framing error is detected (when the stop bit is 0), the FER bit in SSR is set to 1 and receive
data is transferred to RDR. If the RIE bit in SCR is set to 1 at this time, an ERI31 (ERI32)
interrupt request is generated.

If reception is completed successfully, the RDRF bit in SSR is set to 1, and receive data is
transferred to RDR. If the RIE bit in SCR is set to 1 at this time, an RXI31 (RXI32) interrupt
request is generated. Continuous reception is possible because the RXI31 (RXI32) interrupt
routine reads the receive data transferred to RDR before reception of the next receive data has
been completed.
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Start Receive Parity Stop Start Receive Parity Stop  Mark state
bit data bit  bit bit data bit bit  (idle state)
Serial 1 Jo [oo]o1 ] JozJoa] 1 | o [oo]oi] | [o7 Joa] o | 1
data N N
1 frame 1 frame |
RDRF . | I N I
it 1 i
FER " "
it | s 1
LSI RXI31 (RXI32) RDRF O stop bit  ERI request in
operation request cleared to 0 detected response to
framing error
User RDR data read Framing error
processing processing

Figure15.7 Example SCI3 Operation in Reception in Asynchronous Mode
(8-Bit Data, Parity, One Stop Bit)

Table 15.11 shows the states of the SSR status flags and receive data handling when a receive
error is detected. If a receive error is detected, the RDRF flag retains its state before receiving
data. Reception cannot be resumed while a receive error flag is set to 1. Accordingly, clear the
OER, FER, PER, and RDREF bits to 0 before resuming reception. Figure 15.8 shows a sample

flowchart for serial data reception.

Table 15.11 SSR Status Flags and Receive Data Handling

SSR Status Flag

RDRF* OER FER PER Receive Data Receive Error Type

1 1 0 0 Lost Overrun error

0 0 1 0 Transferred to RDR Framing error

0 0 0 1 Transferred to RDR Parity error

1 1 1 0 Lost Overrun error + framing error

1 1 0 1 Lost Overrun error + parity error

0 0 1 1 Transferred to RDR Framing error + parity error

1 1 1 1 Lost Overrun error + framing error +

parity error

Note:

* The RDRF flag retains the state it had before data reception. However, note that if RDR
is read after an overrun error has occurred in a frame because reading of the receive
data in the previous frame was delayed, the RDRF flag will be cleared to 0.
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Start reception

C )

Read OER, PER, and
FER flags in SSR

(1]

1 [2]
(3]
[4]
QContinued on next page) [4]

| Read RDRF flag in SSR

| [2]

Read receive data in RDR

Yes
All data received?

No

(A)

Clear RE bitin SCR to 0

<End>

(3]

Read the OER, PER, and FER flags in
SSR to identify the error. If a receive
error occurs, performs the appropriate
error processing.

Read SSR and check that RDRF =1,
then read the receive data in RDR.

The RDRF flag is cleared automatically.
To continue serial reception, before the
stop bit for the current frame is
received, read the RDRF flag and read
RDR.

The RDREF flag is cleared automatically.
If a receive error occurs, read the OER,
PER, and FER flags in SSR to identify
the error. After performing the
appropriate error processing, ensure
that the OER, PER, and FER flags are
all cleared to 0. Reception cannot be
resumed if any of these flags are set to
1. In the case of a framing error, a
break can be detected by reading the
value of the input port corresponding to
the RXD31 (RXD32) pin.

Figure15.8 Sample Serial Data Reception Flowchart (Asynchronous Mode) (1)
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4]

( Error processing )

Yes
Break?

Framing error processing

No
PER =1

Yes

Parity error processing

(A)

Clear OER, PER, and
FER flags in SSR to 0

<End>

Figure15.8 Sample Serial Data Reception Flowchart (Asynchronous Mode) (2)
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155 Operation in Clock Synchronous Mode

Figure 15.9 shows the general format for clock synchronous communication. In clock
synchronous mode, data is transmitted or received synchronous with clock pulses. A single
character in the transmit data consists of the 8-bit data starting from the LSB. In clock
synchronous serial communication, data on the transmission line is output from one falling edge of
the serial clock to the next. In clock synchronous mode, the SCI3 receives data in synchronous
with the rising edge of the serial clock. After 8-bit data is output, the transmission line holds the
MSB state. In clock synchronous mode, no parity or multiprocessor bit is added. Inside the SCI3,
the transmitter and receiver are independent units, enabling full-duplex communication through
the use of a common clock. Both the transmitter and the receiver also have a double-buffered
structure, so data can be read or written during transmission or reception, enabling continuous data
transfer.

8-bit

[ »!
o

One unit of transfer data (character or frame)

* - > ®

SynchronizationIllllllllllllllllll
clock

' LSB MSB
Serial data 4 XBito XBit1 X Bit2 X Bit3 X Bit4 X Bit5 X Bit6 X Bit7 X )
[ ' Co

Don't care Don't care

Note: * High except in continuous transfer

Figure15.9 Data Format in Clock Synchronous Communications

1551 Clock

Either an internal clock generated by the on-chip baud rate generator or an external
synchronization clock input at the SCK31 (SCK32) pin can be selected, according to the setting of
the COM bit in SMR and CKEO and CKEI1 bits in SCR. When the SCI3 is operated on an internal
clock, the serial clock is output from the SCK31 (SCK32) pin. Eight serial clock pulses are output
in the transfer of one character, and when no transfer is performed the clock is fixed high.

15.5.2 SCIl3Initialization

Before transmitting and receiving data, the SCI3 should be initialized as described in a sample
flowchart in figure 15.4.
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1553

Serial Data Transmission

Figure 15.10 shows an example of SCI3 operation for transmission in clock synchronous mode.
In serial transmission, the SCI3 operates as described below.

1. The SCI3 monitors the TDRE flag in SSR, and if the flag is 0, the SCI recognizes that data has
been written to TDR, and transfers the data from TDR to TSR.

2. The SCI3 sets the TDRE flag to 1 and starts transmission. If the TIE bit in SCR is set to 1 at
this time, a TXI31 (TXI32) interrupt request is generated.

3. 8-bit data is sent from the TXD31 (TXD32) pin synchronized with the output clock when
output clock mode has been specified, and synchronized with the input clock when use of an
external clock has been specified. Serial data is transmitted sequentially from the LSB (bit 0),
from the TXD31 (TXD32) pin.

4. The SCI checks the TDRE flag at the timing for sending the MSB (bit 7).

5. If the TDRE flag is cleared to 0, data is transferred from TDR to TSR, and serial transmission

of the next frame is started.

6. If the TDRE flag is set to 1, the TEND flag in SSR is set to 1, and the TDRE flag maintains
the output state of the last bit. If the TEIE bit in SCR is set to 1 at this time, a TEI31 (TEI32)
is generated.

7. The SCK31 (SCK32) pin is fixed high.

Figure 15.11 shows a sample flowchart for serial data transmission. Even if the TDRE flag is
cleared to 0, transmission will not start while a receive error flag (OER, FER, or PER) is set to 1.
Make sure that the receive error flags are cleared to 0 before starting transmission.

Serial —
clock MM
Serial ’ ] * . - . ¢ . -
e Bito X Bit1 X . X 8it7 ) Bito X Bit1 X . X Bite X Bit7
B 1 frame h 1 frame -

TDRE ‘_| ’
TEND ? ? M ?

I I o A
LSI TXI31 (TXI32) TDRE flag TXI31 (TXI32) interrupt request TEI31 (TEI32) interrupt request
operation interrupt cleared generated generated

request to 0

generated )
User Data written
processing to TDR

Figure15.10 Example of SCI3 Operation in Transmission in Clock Synchronous Mode

RE
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( Start transmission )
| Set SPC32 (SPC31) bitin SPCR to 1 | [1] Read SSR and check that the TDRE flag is
I: set to 1, then write transmit data to TDR.
Haq in SS When data is written to TDR, the TDRE flag
o | Read TDRE flag in SSR | is automatically cleared to 0. When clock

output is selected and data is written to

No TDR, clocks are output to start the data
transmission.

[2] To continue serial transmission, be sure to

Yes read 1 from the TDRE flag to confirm that

writing is possible, then write data to TDR.

When data is written to TDR, the TDRE flag

is automatically cleared to 0.

Write transmit data to TDR

All data transmitted?

2]

Read TEND flag in SSR

No

Yes

Clear TE bitin SCR to 0

<End>

Figure15.11 Sample Serial Transmission Flowchart (Clock Synchronous M ode)
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1554  Serial Data Reception (Clock Synchronous M ode)

Figure 15.12 shows an example of SCI3 operation for reception in clock synchronous mode. In
serial reception, the SCI3 operates as described below.

1. The SCI3 performs internal initialization synchronous with a synchronous clock input or

output, starts receiving data.

2. The SCI3 stores the received data in RSR.

3. If an overrun error occurs (when reception of the next data is completed while the RDRF flag
in SSR is still set to 1), the OER bit in SSR is set to 1. If the RIE bit in SCR is set to 1 at this
time, an ERI31 (ERI32) interrupt request is generated, receive data is not transferred to RDR,
and the RDREF flag remains to be set to 1.

4. If reception is completed successfully, the RDRF bit in SSR is set to 1, and receive data is
transferred to RDR. If the RIE bit in SCR is set to 1 at this time, an RXI31 (RXI32) interrupt

request is generated.

U aUaWala

WAYAWAWRNWAW

:X Bite X Bit7

Soral X Bitz X Bito ij' X stz X Bito X Bit1 X
J

<

ERI interrupt request

1 frame 1 frame
' Iga
RDRF | 3 ”
A > A
OER
{( {
7 )7 )Y ‘f
LSI RXI31 (RX132) RDRF flag RXI131 (RX132)interrupt
operation interrupt cleared request generated generated by
request to 0 overrun error
User generated RDR data read RDR data has

processing

not been read
(RDRF = 1)

Overrun error
processing

Figure15.12 Example of SCI3 Reception Operation in Clock Synchronous Mode
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Reception cannot be resumed while a receive error flag is set to 1. Accordingly, clear the OER,
FER, PER, and RDRF bits to 0 before resuming reception. Figure 15.13 shows a sample flowchart
for serial data reception.

( Start reception ) [1] Read the OER flag in SSR to determine if
=| there is an error. If an overrun error has
l occurred, execute overrun error processing.
| Read OER flag in SSR | (1] [2] Read SSR and check that the RDRF flag is

set to 1, then read the receive data in RDR.
When data is read from RDR, the RDRF
flag is automatically cleared to 0.
[4] [3] To continue serial reception, before the
No (Overrun error processin@ MSB (bit 7) of the current frame is received,
reading the RDRF flag and reading RDR
should be finished. When data is read from

Read RDRF flag in SSR | [2] RDR, the RDRF flag is automatically
cleared to 0.

[4] If an overrun error occurs, read the OER
flag in SSR, and after performing the
appropriate error processing, clear the OER
flag to 0. Reception cannot be resumed if
the OER flag is set to 1.

(Continued below)

No

Yes

Read receive data in RDR

Yes

Data reception continued?

[3]

| Clear RE bitin SCRto 0 |

<End>

[4] C Start overrun error processing )
|
| Overrun error processing |

|
| Clear OER flag in SSR to 0 |

<End>

Figure15.13 Sample Serial Reception Flowchart (Clock Synchronous M ode)
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1555 Simultaneous Serial Data Transmission and Reception

Figure 15.14 shows a sample flowchart for simultaneous serial transmit and receive operations.
The following procedure should be used for simultaneous serial data transmit and receive
operations. To switch from transmit mode to simultaneous transmit and receive mode, after
checking that the SCI3 has finished transmission and the TDRE and TEND flags are set to 1, clear
TE to 0. Then simultaneously set TE and RE to 1 with a single instruction. To switch from receive
mode to simultaneous transmit and receive mode, after checking that the SCI3 has finished
reception, clear RE to 0. Then after checking that the RDRF and receive error flags (OER, FER,
and PER) are cleared to 0, simultaneously set TE and RE to 1 with a single instruction.

( Start transmission/reception )
|

[ set spcaz spcar) bitin sPcr o 1 | [1] Read SSR and check that the TDRE
»| flag is set to 1, then write transmit
1 data to TDR.

| Read TDRE flag in SSR | ] When data is written to TDR, the

TDRE flag is automatically cleared to

0.
No [2] Read SSR and check that the RDRF
flag is set to 1, then read the receive

Yes data in RDR.
When data is read from RDR, the
I Write transmit data to TDR | RDRF flag is automatically cleared to
0.
[3] To continue serial transmission/
| Read OER flag in SSR | reception, before the MSB (bit 7) of

the current frame is received, finish
reading the RDRF flag, reading RDR.
Also, before the MSB (bit 7) of the
current frame is transmitted, read 1
from the TDRE flag to confirm that
writing is possible. Then write data to
TDR.

When data is written to TDR, the
TDRE flag is automatically cleared to

0. When data is read from RDR, the
No « RDRF flag is automatically cleared to

0.

[4] If an overrun error occurs, read the
Yes OER flag in SSR, and after

performing the appropriate error
processing, clear the OER flag to 0.
Transmission/reception cannot be
resumed if the OER flag is set to 1.

For overrun error processing, see
figure 15.13.

Read receive data in RDR

Data transmission/reception
continued?

3]

| Clear TE and RE bits in SCR to 0 |

<End>

Figure15.14 Sample Flowchart of Simultaneous Serial Transmit and Receive Operations
(Clock Synchronous M ode)
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15.6 IrDA Operation
IrDA operation can be used with the SCI3_1. Figure 15.19 shows an IrDA block diagram.

If the IrDA function is enabled using the IrE bit in IrCR, the TXD31 and RXD31 pins in the
SCI3_1 are allowed to encode and decode the waveform based on the IrDA standard version 1.0
(function as the IrTXD and IrRXD pins). Connecting these pins to the infrared data
transceiver/receiver achieves infrared data communication based on the system defined by the
IrDA standard version 1.0.

In the system defined by the IrDA standard version 1.0, communication is started at a transfer rate
of 9600 bps, which can be modified as required. The IrDA interface provided by this LSI does not
incorporate the capability of automatic modification of the transfer rate; the transfer rate must be
modified through programming.

IrDA SCI3_1
; ) TXD
TXD31/IrTXD Phase inversionf— Pulse encoder |
RXD31/IrRXD: Phase inversion|—| Pulse decoder RXD,,

Figure 15.15 |IrDA Block Diagram

15.6.1 Transmission

During transmission, the output signals from the SCI (UART frames) are converted to IR frames
using the IrDA interface (see figure 15.16).

For serial data of level 0, a high-level pulse having a width of 3/16 of the bit rate (1-bit interval) is
output (initial setting). The high-level pulse can be selected using the [rCKS2 to IrCKSO bits in
IrCR.

The high-level pulse width is defined to be 1.41 ps at minimum and (3/16 + 2.5%) x bit rate or
(3/16 x bit rate) +1.08 ps at maximum. For example, when the frequency of system clock ¢ is 10
MHz, a high-level pulse width of at least 2.82 ps to 3.2 us can be specified.

For serial data of level 1, no pulses are output.
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<+—— UART frame >
Start |« Data > | Stop
bit bit
0 1 0 1 0 0 1 1 0 1
Transmission l T Reception
~<——— [Rframe >
Start | Data »>| Stop
bit bit
of 1 ” o 1 ” 0 —|0 1 1 ” 0 1
Bit | Pulse width is 1.6 ps to
cycle 3/16 bit cycle

Figure15.16 IrDA Transmission and Reception

15.6.2 Reception

During reception, IR frames are converted to UART frames using the IrDA interface before
inputting to the SCI3_1.

Data of level 0 is output each time a high-level pulse is detected and data of level 1 is output when
no pulse is detected in a bit cycle. If a pulse has a high-level width of less than 2.82 us, the
minimum width allowed, the pulse is recognized as level 0.
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15.6.3 High-Level Pulse Width Selection

Table 15.12 shows possible settings for bits IrCKS2 to IrCKS0 (minimum pulse width), and this
LSI's operating frequencies and bit rates, for making the pulse width shorter than 3/16 times the bit
rate in transmission.

Table15.12 IrCKS2to IrCK S0 Bit Settings

Operating Bit Rate (bps) (Upper Row) / Bit Interval x 3/16 (us) (Lower Row)
Frequency 2400 9600 19200 38400
¢ (MHz) 78.13 19.53 9.77 4.88
2 010 010 010 010
2.097152 010 010 010 010
2.4576 010 010 010 010

3 011 011 011 011
3.6864 011 011 011 011
4.9152 011 011 011 011

5 011 011 011 011

6 100 100 100 100
6.144 100 100 100 100
7.3728 100 100 100 100

8 100 100 100 100
9.8304 100 100 100 100
10 100 100 100 100
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15.7 Interrupt Requests

The SCI3 creates the following six interrupt requests: transmit end, transmit data empty, receive
data full, and receive errors (overrun error, framing error, and parity error). Table 15.13 shows the
interrupt sources.

Table 15.13 SCI3 Interrupt Requests

Interrupt Requests Abbreviation Interrupt Sources

Receive Data Full RXI Setting RDRF in SSR

Transmit Data Empty TXI Setting TDRE in SSR

Transmission End TEI Setting TEND in SSR

Receive Error ERI Setting OER, FER, and PER in SSR

Each interrupt request can be enabled or disabled by means of bits TIE and RIE in SCR.

When the TDRE bit in SSR is set to 1, a TXI31 (TXI32) interrupt is requested. When the TEND
bit in SSR is set to 1, a TEI31 (TEI32) interrupt is requested. These two interrupts are generated
during transmission.

The initial value of the TDRE flag in SSR is 1. Thus, when the TIE bit in SCR is set to 1 before
transferring the transmit data to TDR, a TXI31 (TXI32) interrupt request is generated even if the
transmit data is not ready. The initial value of the TEND flag in SSR is 1. Thus, when the TEIE bit
in SCR is set to 1 before transferring the transmit data to TDR, a TEI31 (TEI32) interrupt request
is generated even if the transmit data has not been sent. It is possible to make use of the most of
these interrupt requests efficiently by transferring the transmit data to TDR in the interrupt routine.
To prevent the generation of these interrupt requests (TXI31 and TEI31), set the enable bits (TIE
and TEIE) that correspond to these interrupt requests to 1, after transferring the transmit data to
TDR.

When the RDRF bit in SSR is set to 1, an RXI31 (RXI32) interrupt is requested, and if any of bits
OER, PER, and FER is set to 1, an ERI31 (ERI32) interrupt is requested. These two interrupt
requests are generated during reception.

The SCI3 can carry out continuous reception using an RXI31 (RXI32) and continuous
transmission using a TXI31 (TXI32).

These interrupts are shown in table 15.14.
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Table 15.14 Transmit/Receive Interrupts

Interrupt Flags Interrupt Request Conditions Notes

RXI31 RDRF When serial reception is The RXI31 (RXI32) interrupt

(RXI32) RIE performed normally and receive  routine reads the receive data
data is transferred from RSRto  transferred to RDR and clears bit
RDR, bit RDRF is setto 1, and if RDRF to 0. Continuous reception
bit RIE is set to 1 at this time, an  can be performed by repeating
RXI31 (RXI32) is enabled and an the above operations until
interrupt is requested. (See figure reception of the next RSR data is
15.17 (a).) completed.

TXI3 TDRE When TSR is found to be empty  The TXI31 (TXI32) interrupt

(TXI32) TIE (on completion of the previous routine writes the next transmit
transmission) and the transmit data to TDR and clears bit TDRE
data placed in TDR is transferred to 0. Continuous transmission can
to TSR, bit TDRE is set to 1. If bit be performed by repeating the
TIE is set to 1 at this time, a above operations until the data
TXI31 (TXI32) is enabled and an transferred to TSR has been
interrupt is requested. (See figure transmitted.
15.17 (b).)

TEI31 TEND When the last bit of the character A TEI31 (TEI32) indicates that the

(TEI32) TEIE in TSR is transmitted, if bit TDRE next transmit data has not been

is set to 1, bit TEND is setto 1. If
bit TEIE is set to 1 at this time, a

TEI31 (TEI32) is enabled and an

interrupt is requested. (See figure
15.17 (c).)

written to TDR when the last bit of
the transmit character in TSR is
transmitted.
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RDR RDR

RSR (reception in progress) RSRT (reception completed, transfer)
RXD31 (RXD32) pin O—>| | RXD31 (RXD32) pin O—>| |

RDRF =0 RDRF <1
(RXI request when RIE = 1)

Figure15.17 (a) RDRF Setting and RXI Interrupt

TDR (next transmit data TDR
TSR (transmission in progress) TSR (transmission completed, transfer)
TXD31 (TXD32) pin O<—| TXD31 (TXD32) pin O<+—
TDRE =0 TDRE <1

(TXI request when TIE = 1)

Figure15.17 (b) TDRE Setting and TXI Interrupt

TDR TDR

TSR (transmission in progress) TSR (transmission completed)

TXD31 (TXD32) pin o<—| | TXD31 (TXD32) pin o<—| |

TEND =0 TEND <A
(TEI request when TEIE = 1)

Figure15.17 (c) TEND Setting and TEI Interrupt
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158 Usage Notes

15.8.1 Break Detection and Processing

When framing error detection is performed, a break can be detected by reading the RXD31
(RXD32) pin value directly. In a break, the input from the RXD31 (RXD32) pin becomes all 0,
setting the FER flag, and possibly the PER flag. Note that as the SCI3 continues the receive
operation after receiving a break, even if the FER flag is cleared to 0, it will be set to 1 again.

1582 Mark Stateand Break Sending

When TE is 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 until TE is set to 1, set both PCR and PDR to 1. As TE is cleared
to 0 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 0, and
then clear TE to 0. When TE is cleared to 0, the transmitter is initialized regardless of the current
transmission state, the TXD31 (TXD32) pin becomes an I/O port, and 0 is output from the TXD31
(TXD32) pin.

15.8.3 Receive Error Flagsand Transmit Operations (Clock Synchronous Mode Only)

Transmission cannot be started when a receive error flag (OER, PER, or FER) is set to 1, even if
the TDRE flag is cleared to 0. Be sure to clear the receive error flags to O before starting
transmission. Note also that receive error flags cannot be cleared to O even if the RE bit is cleared
to 0.
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15.84 Receive Data Sampling Timing and Reception Margin in Asynchronous M ode

In asynchronous mode, the SCI3 operates on a basic clock with a frequency of 16 times the
transfer rate. In reception, the SCI3 samples the falling edge of the start bit using the basic clock,
and performs internal synchronization. Receive data is latched internally at the rising edge of the
8th pulse of the basic clock as shown in figure 15.18.

Thus, the reception margin in asynchronous mode is given by formula (1) below.

M={(0.5—1—)— D-0.5

o~ L~ (L-09) F} x 100(%)

... Formula (1)

Where N: Ratio of bit rate to clock (N = 16)
D: Clock duty (D =0.5to 1.0)
L: Frame length (L =9 to 12)
F: Absolute value of clock rate deviation

Assuming values of F (absolute value of clock rate deviation) = 0 and D (clock duty) = 0.5 in
formula (1), the reception margin can be given by the formula.

M = {0.5 — 1/(2 x 16)} x 100 [%] = 46.875%

However, this is only the computed value, and a margin of 20% to 30% should be allowed for in
system design.

16 clocks
8 clocks
3 d

Internal basic

clock LA LA AT,
Receive data —:LIE E
(RXD31/RXD32) 4=

Y
Y

IS
[S)
~
-
o
S

Start bit

Synchronization | H " "
sampling timing _! L L

Data sampling A i
timing H H

Figure15.18 Receive Data Sampling Timing in Asynchronous M ode
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15.85 Noteon Switching SCK 31 (SCK32) Pin Function

If pin SCK31 (SCK32) is used as a clock output pin by the SCI3 in clock synchronous mode and is
then switched to a general input/output pin (a pin with a different function), the pin outputs a low
level signal for half a system clock (¢) cycle immediately after it is switched.

This can be prevented by either of the following methods according to the situation.
(1) When SCK 31 (SCK32) Function is Switched from Clock Output to Non Clock-Output

When stopping data transfer, issue one instruction to clear bits TE and RE to 0 and to set bits
CKEI and CKEO in SCR to 1 and 0, respectively.

In this case, bit COM in SMR should be left 1. The above prevents the SCK31 (SCK32) pin from
being used as a general input/output pin. To avoid an intermediate level of voltage from being
applied to the SCK31 (SCK32) pin, the line connected to the SCK31 (SCK32) pin should be
pulled up to the V. level via a resistor, or supplied with output from an external device.

(2) When SCK31 (SCK32) Function is Switched from Clock Output to General
I nput/Output

When stopping data transfer,

1. Issue one instruction to clear bits TE and RE to 0 and to set bits CKE1 and CKEO in SCR to 1
and 0, respectively.

2. Clear bit COM in SMR to 0

3. Clear bits CKE1 and CKEO in SCR to 0. Note that special care is also needed here to avoid an
intermediate level of voltage from being applied to the SCK31 (SCK32) pin.

15.8.6  Relation between Writing to TDR and Bit TDRE

Bit TDRE in the serial status register (SSR) is a status flag that indicates that data for serial
transmission has not been prepared in TDR. When data is written to TDR, bit TDRE is cleared to
0 automatically. When the SCI3 transfers data from TDR to TSR, bit TDRE is set to 1.

Data can be written to TDR irrespective of the state of bit TDRE, but if new data is written to
TDR while bit TDRE is cleared to 0, the data previously stored in TDR will be lost if it has not yet
been transferred to TSR. Accordingly, to ensure that serial transmission is performed dependably,
you should first check that bit TDRE is set to 1, then write the transmit data to TDR only once (not
two or more times).
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15.8.7 Relation between RDR Reading and bit RDRF

In a receive operation, the SCI3 continually checks the RDRF flag. If bit RDREF is cleared to 0
when reception of one frame ends, normal data reception is completed. If bit RDRF is set to 1, this
indicates that an overrun error has occurred.

When the contents of RDR are read, bit RDRF is cleared to 0 automatically. Therefore, if RDR is
read more than once, the second and subsequent read operations will be performed while bit
RDREF is cleared to 0. Note that, when an RDR read is performed while bit RDRF is cleared to 0,
if the read operation coincides with completion of reception of a frame, the next frame of data may
be read. This is shown in figure 15.19.

| Frame 1 Frame 2 Frame 3

Communication line | Data 1 | Data 2 | Data 3

RDRF | | |

RDR X Data 1 X Data 2

T (A)T T(B)

RDR read RDR read

Data 1 is read at point (A)
Data 2 is read at point (B)

Figure15.19 Relation between RDR Read Timing and Data

In this case, only a single RDR read operation (not two or more) should be performed after first
checking that bit RDRF is set to 1. If two or more reads are performed, the data read the first time
should be transferred to RAM, etc., and the RAM contents used. Also, ensure that there is
sufficient margin in an RDR read operation before reception of the next frame is completed. To be
precise in terms of timing, the RDR read should be completed before bit 7 is transferred in clock
synchronous mode, or before the STOP bit is transferred in asynchronous mode.

15.8.8 Transmit and Receive Operations when Making State Transition

Make sure that transmit and receive operations have completely finished before carrying out state
transition processing.
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15.8.9  Setting in Subactive or Subsleep Mode

In subactive or subsleep mode, the SCI3 can operate only when the CPU clock is ¢,,/2. The SA1
bit in SYSCR2 should be set to 1.

15.8.10 Oscillator when Serial Communication I nterface 3 isUsed (Supported only by the
Mask ROM Version)

When serial communication interface 3 is used in the mask ROM version, do not use the on-chip
oscillator. For details on selecting the system clock oscillator or on-chip oscillator, see section
5.2.4, On-Chip Oscillator Selection Method (Supported only by the Mask ROM Version).
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Section 16 Serial Communication Interface 4 (SCI4)

The serial communication interface 4 (SCI4) can handle clocked synchronous serial
communication with the 8-bit buffer. The SCI4 is supported only by the F-ZTAT version. When
the on-chip emulator debugger etc. is used, the SCK4, SI4, and SO4 pins in SCI4 are used by the
system. Therefore the SCI4 is not available for the user.

16.1 Features

o FEight internal clocks (¢/1024, $/256, ¢/64, ¢/32, ¢/16, ¢/8, d/4, ¢/2) or external clock can be
selected as a clock source.

e Receive error detection: Overrun errors detected
e Four interrupt sources

Transmit-end, transmit-data-empty, receive-data-full, and overrun error
e Full-duplex communication capability

Buffering is used in both the transmitter and the receiver, enabling continuous transmission
and continuous reception of serial data.

o  When the on-chip emulator debugger etc. is not used, the SCI4 is available for the user.

e 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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Figure 16.1 shows a block diagram of the SCI4.

¢ — PSS
SCK4 O SCSR4 -~
SCR4
Transmit/receive
control circuit TDR4
Sl4 O | SFDT
S04 O
| RDR4 |—>
TEI
TXI
RXI
ERI
[Legend]
SCSR4: Serial control status register 4
SCR4: Serial control register 4
TDR4: Transmit data register 4
SR4:  Shift register 4
RDR4: Receive data register 4

Internal data bus

16.2  Input/Out

Figure16.1 Block Diagram of SCI4

put Pins

Table 16.1 shows the SCI4 pin configuration.

Table16.1 Pin Configuration

Pin Name Abbreviation I/0 Function

SCl4 clock SCK4 I/O SCl4 clock input/output
SCl4 data input Sl4 Input SCl4 receive data input
SCl4 data output SO4 Output SCl4 transmit data output
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16.

3  Register Descriptions

The SCI4 has the following registers.

16.3.1

Serial control register 4 (SCR4)
Serial control/status register 4 (SCSR4)
Transmit data register 4 (TDR4)
Receive data register 4 (RDR4)

Shift Register 4 (SR4)

Serial Control Register 4 (SCR4)

SCR4 enables or disables interrupt requests and controls SCI4 transfer operations.

Bit

Bit Name

R/W

Description

7

TIE

R/W

Transmit Interrupt Enable

Enables or disables a transmit data empty interrupt
(TXI) request when serial transmit data is transferred
from TDR4 to SR4 and the TDRE flag in SCSR4 is set
to 1. TXI can be cleared by clearing the TDRE flag in
SCSR4 to 0 after the flag is read as 1 or clearing this
bit to 0.

0: Transmit data empty interrupt (TXI) request disabled
1: Transmit data empty interrupt (TXI) request enabled

RIE

R/W

Receive Interrupt Enable

Enables or disables a receive data full interrupt (RXI)
request and receive error interrupt (ERI) request when
serial receive data is transferred from SR4 to RDR4
and the RDRF flag in SCSR4 is set to 1. RXl and ERI
can be cleared by clearing the RDRF or ORER flag in
SCSR4 to 0 after the flag is read as 1 or clearing this
bit to 0.

0: Receive data full interrupt (RXI) request and receive
error interrupt (ERI) request disabled

1: Receive data full interrupt (RXI) request and receive
error interrupt (ERI) request enabled
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Bit

Bit Name

Initial
Value

R/W

Description

5

TEIE

0

R/W

Transmit End Interrupt Enable

Enables or disables a transmit end interrupt (TEI)
request when there is no valid transmit data in TDR4
during transmission of MSB data. TEI can be cleared
by clearing the TEND flag in SCSR4 to 0 after the flag
is read as 1 or clearing this bit to 0.

0: Transmit end interrupt (TEI) request disabled
1: Transmit end interrupt (TEl) request enabled

SOL

R/W

Extended Data

Sets the output level of the SO4 pin. When this bit is
read, the output level of the SO4 pin is read. The
output of the SO4 pin retains the value of the last bit of
transmit data after transmission is completed.
However, if this bit is changed before or after
transmission, the output level of the SO4 pin can be
changed. When the output level of the SO4 pin is
changed, the SOLP bit should be cleared to 0 and the
MOV instruction should be used. Note that this bit
should not be changed during transmission because
incorrect operation may occur.

[When reading]

0: The output level of the SO4 pin is low.

1: The output level of the SO4 pin is high.

[When writing]

0: The output level of the SO4 pin is changed to low.
1: The output level of the SO4 pin is changed to high.

SOLP

1

RW

SOL Write Protect

Controls change of the output level of the SO4 pin due
to the change of the SOL bit. When the output level of
the SO4 pin is changed, the setting of SOL = 1 and
SOLP =0 or SOL = 0 and SOLP = 0 is made by the
MOV instruction. This bit is always read as 1.

0: When writing, the output level is changed according
to the value of the SOL pin.

1: When reading, this bit is always read as 1 and
cannot be modified.
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Bit

Bit Name

Initial
Value

R/W

Description

2

SRES

0

R/W

Forcible Reset

When the internal sequencer is forcibly initialized, 1
should be written to this bit. When 1 is written to this
flag, the internal sequencer is forcibly reset and then
this flag is automatically cleared to 0. Note that the
values of the internal registers are retained. (The
TDRE flag in SCSR4 is set to 1 and the RDRF, ORER,
and TEND flags are cleared to 0. The TE and RE bits
in SCR4 are cleared to 0.)

0: Normal operation
1: Internal sequencer is forcibly reset

TE

R/W

Transmit Enable

Enables or disables start of the SCI4 serial
transmission. When this bit is cleared to 0, the TERE
flag in SCSR4 is fixed to 1. When transmit data is
written to TDR4 while this bit is set to 1, the TDRE flag
in SCSR4 is automatically cleared to 0 and serial data
transmission is started.

0: Transmission disabled (SO4 pin functions as 1/0
port)

1: Transmission enabled (SO4 pin functions as
transmit data pin)

RE

R/W

Receive Enable

Enables or disables start of the SCI4 serial reception.
Note that the RDRF and ORER flags in SCSR4 are not
affected even if this bit is cleared to 0, and retain their
previous state. Serial data reception is started when
the synchronous clock input is detected while this bit is
set to 1 (when an external clock is selected). When an
internal clock is selected, the synchronous clock is
output and serial data reception is started.

0: Reception disabled (Sl4 pin functions as I/O port)

1: Reception enabled (Sl4 pin functions as receive data
pin)

RENESAS
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16.3.2  Serial Control/Status Register 4 (SCSR4)

SCSR4 indicates the operating state and error state, selects the clock source, and controls the
prescaler division ratio.

SCSR4 can be read from or written to by the CPU at any time. 1 cannot be written to flags TDRE,
RDRF, ORER, and TEND. To clear these flags to 0, 1 should be read from them in advance.

Initial
Bit Bit Name  Value R/W Description

7 TDRE 1 R/(W)* Transmit Data Empty

Indicates that data is transferred from TDR4 to SR4
and the next serial transmit data can be written to
TDRA4.

[Setting conditions]
e When the TE bitin SCR4 is 0

e When data is transferred from TDR4 to SR4 and
data can be written to TDR4

[Clearing conditions]
e When 0 is written to TDRE after reading TDRE = 1
¢ When data is written to TDR4

6 RDRF 0 R/(W)* Receive Data Full
Indicates that the receive data is stored in RDR4.
[Setting condition]
o When serial reception ends normally and receive

data is transferred from SR4 to RDR4

[Clearing conditions]
e When 0 is written to RDRF after reading RDRF = 1
¢ When data is read from RDR4
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Bit Bit Name

Initial
Value

R/W

Description

5 ORER

0

R/(W)*

Overrun Error

Indicates that an overrun error occurs during reception
and then abnormal termination occurs. In transfer
mode, the output level of the SO4 pin is fixed to low
while this flag is set to 1. When the RE bit in SCR4 is
cleared to 0, the ORER flag is not affected and retains
its previous state. When RDR4 retains the receive data
it held before the overrun error occurred, and data
received after the error is lost. Reception cannot be
continued with the ORER flag set to 1, and
transmission cannot be continued either.

[Setting condition]

e When the next serial reception is completed while
RDRF =1

[Clearing condition]

e When 0 is written to ORER after reading ORER = 1

4 TEND

0

R/(W)*

Transmit End

Indicates that the TDRE flag has been set to 1 at
transmission of the last bit of transmit data.

[Setting condition]

e When TDRE = 1 at transmission of the last bit of
transmit data

[Clearing conditions]

e When 0 is written to TEND after reading TEND = 1

o When data is written to TDR4 with an instruction

CKS3
CKS82
CKS1
CKS0

o == N W

o O o =

R/W
R/W
R/W
R/W

Clock Source Select and Pin Function

Select the clock source to be supplied and set the
input/output for the SCK4 pin. The prescaler division
ratio and transfer clock cycle when an internal clock is
selected are shown in table 16.2. When an external
clock is selected, the external clock cycle should be at
least 4/¢.

Note: * Only 0 can be written to clear the flag.
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Table 16.2 shows a prescaler division ratio and transfer clock cycle.

Table16.2 Prescaler Division Ratio and Transfer Clock Cycle (Internal Clock)

Bit 3 Bit 2 Bit 1 Bit 0 Prescaler Transfer Clock Cycle Function
Division o= o= Clock Pin

CKS3 CKS2 CKS1 CKSO Ratio 5 MHz 2.5 MHz Resource Function

0 0 0 0 ¢/1024 204.8 us 409.6 us  Internal SCK4
clock output pin

0 0 0 1 $/256 512pus 1024 pus  Internal SCK4
clock output pin

0 0 1 0 $/64 128 us  25.6 pus Internal SCK4
clock output pin

0 0 1 1 $/32 6.4 pus 12.8 us Internal SCK4
clock output pin

0 1 0 0 $/16 3.2 us 6.4 us Internal SCK4
clock output pin

0 1 0 1 ¢/8 1.6 us 3.2 us Internal SCK4
clock output pin

0 1 1 0 /4 0.8 us 1.6 us Internal SCK4
clock output pin

0 1 1 1 /2 — 0.8 us Internal SCK4
clock output pin

1 0 0 0 — — — I/0 port (initial value)

1 0 0 1 — — — 1/0 port

1 0 1 0 — — — 1/0 port

1 0 1 1 — — — 1/0 port

1 1 0 0 — — — 1/0 port

1 1 0 1 — — — 1/0O port

1 1 1 0 — — — 1/0 port

1 1 1 1 — — — External SCK4 input
clock pin
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16.3.3 Transmit Data Register 4 (TDR4)

TDR4 is an 8-bit register that stores data for serial transmission. When the SCI4 detects that SR4
is empty, it transfers the transmit data written in TDR4 to SR4 and starts serial transmission. If the
next transmit data is written to TDR4 while serial data in SR4 is being transmitted, continuous
serial transmission is possible. TDR4 can be read from or written to by the CPU at any time.
TDR4 is initialized to H'FF.

16.34 Receive Data Register 4 (RDR4)

RDR4 is an 8-bit register that stores receive data. When the SCI4 has received one byte of serial
data, it transfers the received serial data from SR4 to RDR4, where it is stored. Then receive
operation is completed. After this, SR4 is receive-enabled. RDR4 cannot be written to by the CPU.
RDRA4 is initialized to H'00.

16.35  Shift Register 4 (SR4)

SR4 is a register that receives or transmits serial data. SR4 cannot be directly read from or written
to by the CPU.
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164 Operation

The SCI4 is a serial communication interface that transmits and receives data in synchronization
with a clock pulse and is suitable for high-speed serial communication. The data transfer format is
fixed to 8-bit data. The internal clock or external clock can be selected as a clock source. An
overrun error during reception can be detected. The transmit and receive units are configured with
double buffering mechanism. Since the mechanism enables to write data during transmission and
to read data during reception, data is consecutively transmitted and received.

16.4.1 Clock

The eight internal clocks or an external clock can be selected as a transfer clock. When the
external clock is selected, the SCK4 pin is a clock input pin. When the internal clock is selected,
the SCK4 pin is a synchronous clock output pin. The synchronous clock is output eight pulses for
1-character transmission or reception. While neither transmission nor reception is being
performed, the signal is fixed high.

When the internal clock or external clock is not selected according to the combination of the
CKS3 to CKSO bits in SCSR4, the SCK4 pin functions as an I/O port.

16.4.2 Data Transfer Format

Figure 16.2 shows the SCI4 transfer format.

SCK4||||||||||||||||
S04/Sl4 :XBitoXBit1XBithBit3XBit4XBit5XBiteXBit7

Figure16.2 Data Transfer Format

In clocked synchronous communication, data on the communication line is output from the falling
edge to the next falling edge of the synchronous clock. The data is guaranteed to be settled at the
rising edge of the synchronous clock. One character starts with the LSB and ends with the MSB.
After transmitting the MSB, the communication line retains the MSB level.

The SCI4 latches data at the rising edge of the synchronous clock on reception. The data transfer
format is fixed to 8-bit data. While transmission is stopped, the output level on the SO4 pin can be
changed by the SOL setting in SCR4.
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16.4.3 Data Transmission/Reception

Before data transmission and reception, clear the TE and RE bits in SCR4 to 0 and then initialize
as the following procedure of figure 16.3.

Note: Before changing operating modes or communication format, the TE and RE bits must be
cleared to 0. Clearing the TE bit to O sets the TDRE flag to 1. Note that clearing the RE bit
to 0 does not affect the RDRF or ORER flag and the contents of RDR4.

When the external clock is used, the clock must not be supplied during operation including
initialization.

( Start of Initialization )

[
Clear TE and RE bits in SCR4 to 0

I
Clear CKS3 to CKSO0 bits in
SCSR4to 0
|
Set TE and RE bits in SCR4 to 1.
Set RIE, TIE, and TEIE bits.

<Transmission/reception started>

Figure 16.3 Flowchart Example of SCl4 Initialization
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16.4.4 Data Transmission

Figure 16.4 shows an example flowchart of data transmission. Data transmission should be
performed as the following procedure after the SCI4 initialization.

| Initialization | 1
| [1] Pin SO4 functions as output pin for transmit
C . ) data
Start transmission (TE = 1) [2] After reading SCSR4 and confirming TDRE
I: =1, write transmit data in TDR4. Writing data
in TDR4 cl the TDRE bit to 0 automati-
| Read TDRE in SCSR4 | 2] n cears ne L0 8 automat

cally. At this time, the clock is output to start
data transmission.
[3] To consecutively transmit data, read TDRE
No =1 to confirm that TDR4 is ready. After that,
write data in TDR4. Writing data in TDR4
clears the TDRE bit to 0 automatically.

Yes

| Write transmit data in TDR4 |

|TDRE bit cleared to 0 automaticallyl

|Data transferred from TDR4 to SR4|

Start transmission by setting
TDRE bit to 1

Transmission will
continue?

Read TEND in SCSR4

No

Yes
| TEI occurs (TEIE = 1) |

| Clear TE bitin SCR4 to 0

<Transmission completed>

Note: Hatching area indicates SCI internal operation.

Figure16.4 Flowchart Example of Data Transmission
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During transmission, the SCI4 operates as shown below.

1.

5.

The SCI4 sets the TE bit to 1 and clears the TDRE flag to O when transmit data is written to in
TDR4 to transmit data from TDR4 to SR4. After that, the SCI4 sets the TDRE flag to 1 to start
transmission. At this time, when the TIE bit in SCR4 is set to 1, a TXI is generated.

In clock output mode, the SCI4 outputs eight pulses of the synchronous clock. When the
external clock is selected, the SCI4 outputs data in synchronization with the input clock.

Serial data is output from the LSB (bit 0) to MSB (bit 7) on pin SO4. The SCI4 checks the
TDRE flag at the timing of outputting the MSB (bit 7).

When TDRE = 0, data in TDR4 is transmitted to SR4 and then the data of the next frame starts
to be transmitted. When TDRE = 1, the SCI4 sets the TEND bit to 1 and holds the output level
after transmitting the MSB (bit 7). At this time, when the TEIE bit in SCR4 is set to 1, a TEI is
generated.

After the transmission, the output level on pin SCK4 is fixed high.

Note: Transmission cannot be performed when the error flag (ORER) which indicates the data

reception status is set to 1. Before transmission, confirm that the ORER flag is cleared to
0.

Figure 16.5 shows the example of transmission operation.

Synchronous clock MNMW

— A(
Serial data >< Bit 0 X Bit 1 ()() X Bit 7 Bit 0 X Bit1 X X Bit6 X Bit 7
] D))

1 frame 1 frame
(

| )
TDRE |
((
)
TEND ‘ |
(( ((

| ) ) f
LS! operation TXI TDRE TXI TEI
P generated cleared generated generated
User operation Data written
to TDR4

Figure16.5 Transmit Operation Example
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16.45 Data Reception

Figure 16.6 shows an example flowchart of data reception. Data reception should be performed as
the following procedure after the SCI4 initialization.

| Initialization | [1] [1]  Pin Sl4 functions as input pin for receive
data
Il
. _ [2][3] When a reception error occurs, read the ORER
(start reception (RE=1) ) flag in SCSR4 and then clears the ORER flag

| to 0 after executing the error processing. When
| Read ORER in SCSR4 | 2] the ORER _flag is set to 1, both transmission
and reception cannot be restarted.

[4]  After reading SCSR4 and confirming RDRF = 1,
read the receive data in RDR4. The RDRF flag
is automatically cleared to 0. Changes in the

[3] RDREF flag from 0 to 1 can be notified by an RXI

interrupt.
Error P
processing

[5]  To consecutively receive data, reading the RDRF
Read RDRF in SCSR4 | (Shown below) receiving the MSB (bit 7) of the current frame.
[4]

Yes

flag and RDR4 must be completed before

No

Yes

| Read received data in RDR4 |

| RDRF cleared to 0 automatically |

Data transfer will
continue?

[5]

| Clear RE bit in SCR4 to 0 |
[

<Reception completed>

C Error processing ) [3]
I

| Overrun error processing |

| Clear ORER flag in SCSR4 to 0 |

|
<Completed> Note: Hatching area indicates SCI internal operation.

Figure16.6 Flowchart Example of Data Reception
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During reception, the SCI4 operates as shown below.

1. The SCI4 initialization is performed in synchronization with the synchronous clock input or
output and starts reception.

2. The SCI4 stores received data from the LSB to MSB of SR4.

After reception, the SCI4 checks that RDRF = 0 and whether receive data is ready for being
transferred from SR4 to RDR4.

4. When confirms that an overrun error has not occurred, the RDRF bit is set to 1 and the
received data is stored in RDR4. At this time, when the RIE bit in SCR4 is set to 1, an RXI is
generated. When an overrun error is detected by checking, the ORER flag is set to 1. The
RDREF bit retains the previously set value. If the RIE bit in SCR4 is set to 1, an ERI is
generated.

5. An overrun error is detected when the next data reception is completed with the RDRF bit in
SCSR4 set to 1. The received data is not transferred from SR4 to RDR4.

Note: Reception cannot be performed when the error flag is set to 1. Before reception, confirm
that the ORER and RDRF flags are cleared to O.

Figure 16.7 shows an operation example of reception.

LNV WA WA WA VAVAVAVAVAW
I){)
Serial data X Bit7 Bit 0 X(( X Bit 7 Bit 0 X Bit1 X X
R

1 frame 1 frame

RDRF | | |
((
)

ORER / ‘ ‘ |
(( ((

((
)

] | ) | ) 4
. RXI RDRF RXI ERI generated
LSI operation generated  cleared generated by overrun error
) Data read RDR4 has not Overrun error
User operation from RDR4 been read from processing
(RDRF = 1)

Figure16.7 Receive Operation Example

Rev. 1.00 Dec. 18,2006 Page 373 of 568
RENESAS REJ09B0348-0100




Section 16 Serial Communication Interface 4 (SCI4)

16.4.6

Simultaneous Data Transmission and Reception

Figure 16.8 shows an example flowchart of simultaneous data transmission and reception.
Simultaneous data transmission and reception should be performed as the following procedure

after the SCI4 initialization.

| 1]

| Initialization

(start transmission (TE = 1, RE = 1))

01

(2]

| Read TDRE in SCSR4

| 2]

No

Yes

| Write transmit data in TDR4 |

|TDRE bit cleared to 0 automaticallyl
Il

|Data transferred from TDR4 to SR4|
1
Start transmission/reception
by setting TDRE bit to 1

| Read ORER in SCSR4 |

(3]

41

151

Error
processing

3]

4]

Read RDRF in SCSR4

No

Yes

| Read received data in RDR4 |

| RDRF cleared to 0 automatically |

Data transfer will
continue?

|Clear TE and RE bits in SCR4 to 0|

|
<Transmission and reception completed>

Pin SO4 functions as output pin for transmit

data and pin Sl4 functions as input pin for

receive data. Simultaneous transmission and
reception is enabled.

After reading SCSR4 and confirming TDRE

= 1, write transmit data in TDR4. Writing data

in TDR4 clears the TDRE bit to 0 automati-

cally. At this time, the clock is output to start

data transfer.

When a reception error occurs, read the ORER
flag in SCSR4 and then clear the ORER flag

to 0 after executing the error processing. When
the ORER flag is set to 1, both transmission

and reception cannot be restarted.

After reading SCSR4 and confirming RDRF = 1,
read receive data in RDR4 and clear the RDRF
flag to 0. An RXI interrupt can also be used to
confirm that the RDRF flag value has been changed
from O to 1.

To consecutively transmit and receive data, the
following operation must be completed: reading
the RDRF flag and reading RDR4 before receiving
the MSB (bit 7) of the current frame: confirming
that TDR4 is ready for writing by reading TDRE
=1 before transmitting the MSB (bit 7) and writing
data to TDR4 to clear the TDRE flag to 0.

Note: Hatching area indicates SCI internal operation.

Figure 16.8 Flowchart Example of Simultaneous Transmission and Reception
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Notes: 1. When switching from transmission to simultaneous data transmission and reception,
confirm that the SCI4 completes transmission and both the TDRE and TEND bits are
set to 1. After that, clear the TE bit to O and then set both the TE and RE bits to 1.

2. When switching from reception to simultaneous data transmission and reception,
confirm that the SCI4 completes reception and both the RDRF and ORER flags are
cleared to O after clearing the RE bit to 0. After that, set both the TE and RE bits to 1.

16.5 Interrupt Sources

The SCI4 has four interrupt sources: transmit end, transmit data empty, receive data full, and
receive error (overrun error).

Table 16.3 lists the descriptions of the interrupt sources.

Table16.3 SCl4 Interrupt Sources

Abbreviation Condition Interrupt Source

RXI RIE =1 Receive data full (RDRF)
TXI TIE=1 Transmit data empty (TDRE)
TEI TEIE =1 Transmit end (TEND)

ERI RIE =1 Receive error (ORER)

The interrupt requests can be enabled/disabled by the TIE and RIE bits in SCR4.

When the TDRE flag in SCSR4 is set to 1, a TXI is generated. When the TEND bit in SCSR4 is
set to 1, a TEI is generated. These two interrupt requests are generated during transmission.

The TDRE flag in SCSR4 is initialized to 1. Therefore, if a TXI request is enabled by setting the
TIE bit in SCR4 to 1 before transmit data is transferred to TDR4, a TXI is generated even when
transmit data is not ready.

If transmit data is transferred to TDR4 in the interrupt handling routine, these interrupt requests
can be effectively used.

To avoid the occurrence of the interrupt requests (TXI and TEI), clear the corresponding interrupt
enable bits (TIE and TEIE) to O after transmit data is transferred to TDR4.

When the RDRF bit in SCSR4 is set to 1, an RXI is generated. When the ORER flag is set to 1, an
ERI is generated. These two interrupt requests are generated during reception.
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16.6  Usage Notes

When using the SCI4, keep in mind the following.

16.6.1 Relationship between Writingto TDR4 and TDRE

The TDRE flag in SCSR4 is a status flag that indicates that data to be transmitted has not been
stored in TDR4. When writing data to TDR4, the TDRE flag is automatically cleared to 0. The
TDRE flag is set to 1 when the SCI4 transfers data from TDR4 to SR4.

Data is written to TDR4 regardless of the TDRE flag value. However, if data is written to TDR4
with TDRE = 0, the previous data is lost unless the previous data has been transferred to SR4.
Accordingly, to ensure transmission, writing transmit data to TDR4 must be performed once after
confirming that the TDRE flag has been set to 1. (Do not write more than once.)

16.6.2 Receive Error Flag and Transmission

While the receive error flag (ORER) is set to 1, transmission cannot be started even if the TDRE
flag is cleared to 0. To start transmission, the ORER flag must be cleared to 0.

Note that the ORER flag cannot be cleared to 0 even if the RE bit is cleared to 0.

16.6.3 Reationship between Reading RDR4 and RDRF

The SCI4 always checks the RDRF flag status during reception. When the RDREF flag is cleared to
0 at the end of a frame, the reception is completed without error. When the RDREF flag is set to 1,
it indicates that an overrun has occurred.

Since reading RDR4 clears the RDREF flag to 0 automatically, if RDR4 is read twice or more, the
data is read with the RDREF flag cleared to 0. In this case, when the timing of the read operation
matches that of the data reception of the next frame, the read data may be the next frame data.
Figure 16.9 shows this operation.
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I Frame 1 I Frame 2 I Frame 3
Number of transfer Data 1 | Data 2 | Data 3
RDRF [ L1
RDR4 X Data 1 X Data 2

RDR4 read RDR4 read

At the timing of (A), data 1 is read.
At the timing of (B), data 2 is read.

Figure16.9 Relationship between Reading RDR4 and RDRF

In this case, RDR4 must be read only once after confirming RDRF = 1. If reading RDR4 twice or
more, store the read data in the RAM, and use the stored data. In addition, there should be a
margin from the timing of reading RDR4 to completion of the next frame reception. (Reading
RDR4 should be completed before the bit 7 transfer.)

16.6.4 SCK4 Output Waveform when Internal Clock of ¢/2 is Selected

When the internal clock of ¢/2 is selected by the CKS3 to CKSO bits in SCSR4 and continuous
transmission or reception is performed, one pulse of high period is lengthened after eight pulses of
the clock has been output as shown in figure 16.10.

S04/S14 x Bit0 X Bit1 X Bit2 X Bit3 X Bit4 X Bit5 X Bit6 X Bit7 X Bit0 X Bit1 X Bit2

Figure16.10 Transfer Format when Internal Clock of ¢/2 is Selected
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Section 17 14-Bit PWM

This LSI has an on-chip 14-bit pulse width modulator (PWM) with two channels. Connecting the
PWM to the low-pass filter enables the PWM to be used as a D/A converter. Standard PWM or
pulse-division type PWM can be selected by software. Figure 17.1 shows a block diagram of the
14-bit PWM.

17.1 Features

e Choice of four conversion periods
A conversion period of 131,072/¢ with a minimum modulation width of 8/¢, a conversion
period of 65,536/¢ with a minimum modulation width of 4/¢, a conversion period of 32,768/¢
with a minimum modulation width of 2/¢, or a conversion period of 16,384/¢ with a minimum
modulation width of 1/¢, can be selected.

e Pulse division method for less ripple

e 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.)

e The standard PWM or pulse-division type PWM can be selected by software.

N
4' PWDR DE—
3
02 —= g
/4 — | .| PWM waveform 3
/8 —* generator z
/16 — ]
T £
I PWCR -~
PWM <—
Pulse-division type waveform N
Standard waveform
AEC
[Legend] '
PWDR: PWM data register PWM waveform '
PWCR: PWM control register ' generator E

Figure17.1 Block Diagram of 14-Bit PWM
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17.2  Input/Output Pins
Table 17.1 shows the 14-bit PWM pin configuration.

Table17.1 Pin Configuration

Name Abbreviation I/O Function

PWM1 output pin PWMH1 Output Standard PWM/pulse-division type
PWM waveform output (PWM1)

PWM2 output pin PWM2 Output Standard PWM/pulse-division type

PWM waveform output (PWM2)

17.3 Register Descriptions
The 14-bit PWM has the following registers.

e PWMI control register (PWCR1)
e PWMI data register (PWDRI1)
o PWM2 control register (PWCR2)
e PWM?2 data register (PWDR?2)

1731 PWM Control Register (PWCR)

PWCR selects the input clocks and selects whether the standard PWM or pulse-division type
PWM is used.

Initial
Bit Bit Name  Value R/W Description
7103 — All 1 — Reserved
These bits are always read as 1 and cannot be
modified.
2 PWCRm2 0 w PWM Output Waveform Select

Selects whether the standard PWM waveform or pulse-
division type PWM waveform is output.

0: Pulse-division type PWM waveform is output
1: Standard PWM waveform is output
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Initial
Bit Bit Name Value R/W Description
1 PWCRm1 0 w Clock Select 1 and 0
0 PWCRmMmO O w Select the clock supplied to the 14-bit PWM. These bits

are write-only bits and always read as 1.
00: The input clock is ¢/2 (tp* = 2/¢)
— A conversion period is 16,384/¢, with a
minimum modulation width of 1/¢
01: The input clock is ¢/4 (to* = 4/0)
— A conversion period is 32,768/¢, with a
minimum modulation width of 2/¢
10: The input clock is ¢/8 (t¢* = 8/¢)
— A conversion period is 65,536/¢, with a
minimum modulation width of 4/¢
11: The input clock is ¢/16 (t¢* = 16/¢)
— A conversion period is 131,072/¢, with a
minimum modulation width of 8/¢

Note: * t¢: Period of PWM clock input
m=2or1

1732 PWM Data Register (PWDR)

PWDR is a 14-bit write-only register. PWDR indicates high level width in one PWM waveform
cycle when the pulse-division type PWM is selected.

When data is written to the lower fourteen bits of PWDR, the contents are latched in the PWM
waveform generator and the PWM waveform generation data is updated.

PWDR is initialized to H'C000 and the read value is always HFFF.
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174  Operation

17.4.1  Setting for Pulse-Division Type PWM Operation

Pulse-division type PWM is obtained by dividing the high and low periods of a normal PWM
waveform into equal numbers of parts for alternate output. This methodology reduces the ripple
generated when the PWM unit is used with a low-pass filter as a D/A converter. As an example of
such operation, figure 17.2 shows the derivation of a waveform that corresponds to the normal
PWM signal divided by four. A 14-bit PWM signal is divided into 64 pulses.

! One conversion period !

Normal PWM
[————>» B BEE—
. (1 2 | 3) | 4) G 16 1@1® .
Pulse-division PWM (1) (5) 2) (6) 3) (7) (4) (8) B
(division by 4)

Figure17.2 Operation of Pulse-Division-Type PWM with Division by 4

17.4.2 How to Set Pulse-Division Type PWM
When using the pulse-division type PWM, set the register in this sequence:.

1. Set the PWMI1 or PWM2 bit in PMR9 (according to the PWM channel used) to 1 to set the
P90/PWMI and P91/PWM?2 pins to function as a PWM pin.

2. Set PWCR to select one conversion period.

3. Set the output waveform data in PWDR. When the data is written to PWDR, the contents are
latched in the PWM waveform generator, and the PWM waveform generation data is updated.
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17.4.3 Operation of Pulse-Division Type PWM

One conversion period consists of 64 pulses, as shown in figure 17.3. The total high-level width
during this period (T, corresponds to the data in PWDR. This relation is shown in table 17.2.

One conversion period

tr | teo L | tres | tea

thes

Th=th1 +tho + tha +.. . tHea
t=to=ts < =Thea

Figure17.3 Waveform Output by PWM

Table17.2 Relation between PWCR and PWDR

PWCRm Value 1 Conversion T, b =11000
PWCRm1 PWCRmMO Time (tcyc) (tcyc) (tcyc)
0 0 16384 (PWDRm + 64) x 1 256
0 1 32768 (PWDRm + 64) x 2 512
1 0 65536 (PWDRm + 64) x 4 1024
1 1 131072 (PWDRm + 64) x 8 2048
Note: m=2,1
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1744  Setting for Standard PWM Operation
When using the standard PWM, set the registers in this sequence:

1. Set the PWMI or PWM2 bit in PMR9Y (according to the PWM channel used) to 1 to set the
P90/PWM1 or P91/PWM2 pin to function as a PWM pin.

2. Set PWCRm2 to 1 to select the standard PWM waveform. (m =2 or 1)

3. Set the event counter PWM in the asynchronous event counter. For the setting method, see
description of the event counter PWM operation in the asynchronous event counter.

4. The PWM pin outputs the PWM waveform set by the event counter.

Note: When the standard waveform is used, 16-bit counter, 8-bit counter, and IRQAEC
operation of the asynchronous event counter are not available because the asynchronous
event counter is used for PWM.

ECH and ECL are incremented while the IECPWM signal of the asynchronous event
counter is at the high level but stop when it is at the low level (for details, refer to section
13.4, Operation).
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175 PWM Operating States
The PWM operating states are shown in table 17.3.

Table17.3 PWM Operating States

Operating Module
Mode Reset Active Sleep Watch Subactive Subsleep Standby Standby
PWCRm Reset Functions  Functions Retained Functions*  Retained Retained Retained
PWDRm Reset Functions Functions Retained Retained Retained Retained Retained
Note: m=2,1

*  Writing is possible.

17.6  Usage Notes

17.6.1 Relation between Writing to PWDR and Updating of PWM Waveform

When the value in PWDR is changed during PWM waveform output, the operation is determined
by the state of the waveform at the time of writing to PWDR.

1. When the low signal is being output, the waveform will be updated from the next pulse.
2. When a high level is being output, timing relations determine the behavior as listed below.
a. If the new value increases the duty cycle, the waveform is updated immediately.

b. If the new value decreases the duty cycle and the high period of a single pulse is greater
than that defined by the new setting in PWDR, the output remains high for a single pulse
period.

c. If the new value decreases the duty cycle and the high period of a single pulse is less than
or equal to that defined by the new setting in PWDR, the change is reflected in the
waveform immediately after writing to PWDR.
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Section 18 A/D Converter

This LSI includes a successive approximation type 10-bit A/D converter that allows up to eight
analog input channels to be selected. The block diagram of the A/D converter is shown in figure
18.1.

18.1 Features

e 10-bit resolution
e Input channels: Eight channels
e High-speed conversion: 12.4 ps per channel (at 5-MHz operation)
e Sample and hold function
e Conversion start method
A/D conversion can be started by software and external trigger.
e Interrupt source
An A/D conversion end interrupt request can be generated.

e 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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ADTRGO——

ANO o—»

ANY o—n +|X|—>| ADSR

AN2 o—»
AN3 o—»
AN4 o—»

—— AMR e
-

Multiplexer

AN5 o—»

AN6 o—»

Internal data bus

AN7 o—» /

Control logic I—

AVCC o—»

Reference
voltage

- ADRR >
AVSS o—»

[Legend]

AMR: A/D mode register
ADSR:  A/D start register L———— IRRAD
ADRR: A/D result register

IRRAD: A/D conversion end interrupt request flag

Figure18.1 Block Diagram of A/D Converter
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18.2  Input/Output Pins
Table 18.1 shows the input pins used by the A/D converter.

Table18.1 Pin Configuration

Pin Name Abbreviation  1/0 Function

Analog power supply pin AVce Input Power supply and reference voltage of
analog part

Analog ground pin AVss Input Ground and reference voltage of analog
part

Analog input pin 0 ANO Input Analog input pins

Analog input pin 1 AN1 Input

Analog input pin 2 AN2 Input

Analog input pin 3 ANS3 Input

Analog input pin 4 AN4 Input

Analog input pin 5 AN5 Input

Analog input pin 6 ANG6 Input

Analog input pin 7 AN7 Input

External trigger input pin ~ ADTRG Input External trigger input that controls the

A/D conversion start.

18.3 Register Descriptions
The A/D converter has the following registers.

e A/D result register (ADRR)
e A/D mode register (AMR)
e A/D start register (ADSR)

1831 A/D Result Register (ADRR)

ADRR is a 16-bit read-only register that stores the results of A/D conversion. The upper 10 bits of
the data are stored in ADRR. ADRR can be read by the CPU at any time, but the ADRR value
during A/D conversion is undefined. After A/D conversion is completed, the conversion result is
stored as 10-bit data, and this data is retained until the next conversion operation starts. The initial
value of ADRR is undefined.
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18.3.2

A/D Mode Register (AMR)

AMR sets the A/D conversion time, and selects the external trigger and analog input pins.

Initial
Bit Bit Name Value R/W Description
7 CKS 0 R/W Clock Select
Selects the clock source for A/D conversion.
0: ¢/4 (conversion time = 62 states (max.) (basic clock
=4))
1: $/2 (conversion time = 31 states (max.) (basic clock
=4))
6 TRGE 0 R/W External Trigger Select
Enables or disables the A/D conversion start by the
external trigger input.
0: Disables the A/D conversion start by the external
trigger input.
1: Starts A/D conversion at the rising or falling edge of
the ADTRG pin
The edge of the ADTRG pin is selected by the
ADTRGNEG bit in IEGR.
5 — 1 — Reserved
4 — 1 — These bits are always read as 1 and cannot be
modified.
3 CHS3 0 R/W Channel Select 3to 0
2 CH2 0 R/W Select the analog input channel.
1 CHA1 0 R/W 00xx: No channel selected
0 CHO 0 R/W 0100: ANO
0101: AN1
0110: AN2
0111: AN3
1000: AN4
1001: AN5
1010: AN6
1011: AN7
11xx: Using prohibited
The channel selection should be made while the ADSF
bit is cleared to 0.
[Legend] x: Don't care.
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1833 A/D Start Register (ADSR)

ADSR starts and stops the A/D conversion.

Initial

Bit Bit Name  Value R/W Description

7 ADSF 0 R/W When this bit is set to 1, A/D conversion is started.
When conversion is completed, the converted data is
set in ADRR and at the same time this bit is cleared to
0. If this bit is written to 0, A/D conversion can be
forcibly terminated.

6to0 — All 1 — Reserved
These bits are always read as 1 and cannot be
modified.

184  Operation

The A/D converter operates by successive approximation with 10-bit resolution. When changing
the conversion time or analog input channel, in order to prevent incorrect operation, first clear the
bit ADSF to 0 in ADSR.

18.4.1 A/D Conversion

1. A/D conversion is started from the selected channel when the ADSF bit in ADSR is set to 1,
according to software.

2. When A/D conversion is completed, the result is transferred to the A/D result register.
On completion of conversion, the IRRAD flag in IRR2 is set to 1. If the IENAD bit in IENR2
is set to 1 at this time, an A/D conversion end interrupt request is generated.

4. The ADSF bit remains set to 1 during A/D conversion. When A/D conversion ends, the
ADSF bit is automatically cleared to 0 and the A/D converter enters the wait state.
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18.4.2

External Trigger Input Timing

The A/D converter can also start A/D conversion by input of an external trigger signal. External
trigger input is enabled at the ADTRG pin when the ADTSTCHG bit in PMRB is set to 1* and
TRGE bit in AMR s set to 1. Then when the input signal edge designated in the ADTRGNEG bit
in IEGR is detected at the ADTRG pin, the ADSF bit in ADSR will be set to 1, starting A/D

conversion.

Figure 18.2 shows the timing.

Note: * The ADTRG input pin is shared with the TEST pin. Therefore when the pin is used as
the ADTRG pin, reset should be cleared while the 0-fixed or 1-fixed signal is input to
the TEST pin. Then the ADTSTCHG bit should be set to 1 after the TEST signal is

fixed.

ADTRG
(when

ADTRGNEG = 0)

ADSF

L

\Z

A/D conversion

184.3

Figure18.2 External Trigger Input Timing

Operating States of A/D Converter

Table 18.2 shows the operating states of the A/D converter.

Table18.2 Operating States of A/D Converter

Operating Sub- Sub- Module
Mode Reset Active Sleep Watch active sleep Standby Standby
AMR Reset Functions  Functions  Retained Retained Retained Retained Retained
ADSR Reset Functions  Functions  Retained Retained Retained Retained Retained
ADRR Retained*  Functions  Functions  Retained Retained Retained Retained Retained
Note: * Undefined at a power-on reset.
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185 Exampleof Use

An example of how the A/D converter can be used is given below, using channel 1 (pin AN1) as
the analog input channel. Figure 18.3 shows the operation timing.

1.

3
4.
5.
6

Bits CH3 to CHO in the A/D mode register (AMR) are set to 0101, making pin AN1 the
analog input channel. A/D interrupts are enabled by setting bit IENAD to 1, and A/D
conversion is started by setting bit ADSF to 1.

When A/D conversion is completed, bit IRRAD is set to 1, and the A/D conversion result is
stored in ADRR. At the same time bit ADSF is cleared to 0, and the A/D converter goes to the
idle state.

Bit IENAD =1, so an A/D conversion end interrupt is requested.
The A/D interrupt handling routine starts.

The A/D conversion result is read and processed.

The A/D interrupt handling routine ends.

If bit ADSF is set to 1 again afterward, A/D conversion starts and steps 2 through 6 take place.

Figures 18.4 and 18.5 show flowcharts of procedures for using the A/D converter.
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Figure 18.3 Example of A/D Conversion Operation
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>
| Set A/D conversion speed and input channel |

| Disable A/D conversion end interrupt |

| Start A/D conversion |
|

Read ADSR |

*

Read ADRR data |

Perform A/D conversion?

| Set A/D conversion speed and input channel |

| Enable A/D conversion end interrupt |

| Start A/D conversion |

Clear IRRAD bit in IRR2 to 0 |

| Read ADRR data |

Yes

Perform A/D conversion?

Figure18.5 Flowchart of Procedurefor Using A/D Converter (Interrupts Used)
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18.6  A/D Conversion Accuracy Definitions

This LSI's A/D conversion accuracy definitions are given below.

Resolution

The number of A/D converter digital output codes

Quantization error

The deviation inherent in the A/D converter, given by 1/2 LSB (see figure 18.6).
Offset error

The deviation of the analog input voltage value from the ideal A/D conversion characteristic
when the digital output changes from the minimum voltage value 0000000000 to 0000000001
(see figure 18.7).

Full-scale error

The deviation of the analog input voltage value from the ideal A/D conversion characteristic
when the digital output changes from 1111111110to 1111111111 (see figure 18.7).

Nonlinearity error

The error with respect to the ideal A/D conversion characteristics between zero voltage and
full-scale voltage. Does not include offset error, full-scale error, or quantization error.

Absolute accuracy

The deviation between the digital value and the analog input value. Includes offset error, full-
scale error, quantization error, and nonlinearity error.
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Digital output
A

Ideal A/D conversion —»/
111 characteristic

110 —

101 |
100
011

010 - L

001

Quantization error

000 | | | | | | | >

Analog
input voltage

Figure18.6 A/D Conversion Accuracy Definitions (1)

Digital output Full-scale error

A +
Ideal A/D conversion g
characterist e

Nonlinearity
error

—— Actual A/D conversion
,/ characteristic

N FS

Analog
Offset error input voltage

Figure 18.7 A/D Conversion Accuracy Definitions (2)
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18.7  Usage Notes

18.7.1  Permissible Signal Source Impedance

This LSI's analog input is designed such that conversion accuracy is guaranteed for an input signal
for which the signal source impedance is 10 kQ or less. This specification is provided to enable
the A/D converter's sample-and-hold circuit input capacitance to be charged within the sampling
time; if the sensor output impedance exceeds 10 kQ, charging may be insufficient and it may not
be possible to guarantee A/D conversion accuracy. However, with a large capacitance provided
externally, the input load will essentially comprise only the internal input resistance of 10 k2, and
therefore the level of the signal source impedance does not need to be taken into consideration.
However, as a low-pass filter effect is obtained in this case, it may not be possible to follow an
analog signal with a large differential coefficient (e.g., 5 mV/us or greater) (see figure 18.8).
When converting a high-speed analog signal, a low-impedance buffer should be inserted.

18.7.2  Influenceson Absolute Accuracy

Adding capacitance results in coupling with GND, and therefore noise in GND may adversely
affect absolute accuracy. Be sure to make the connection to an electrically stable GND.

Care is also required to ensure that filter circuits do not interfere with digital signals or act as
antennas on the mounting board.

This LSI A/D converter

Sensor output equivalent circuit
impedance
up to 10 kQ 10 kQ

Sensor input W _L

TLow-pass _ 48 pF
 filter C F:"l-
Lupto 0.1

Co= L
15pFI

3+

Figure 18.8 Example of Analog I nput Cir cuit
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18.7.3 Usage Notes

ADRR should be read only when the ADSF bit in ADSR is cleared to 0.

2. Changing the digital input signal at an adjacent pin during A/D conversion may adversely
affect conversion accuracy.

3. When A/D conversion is started after clearing module standby mode, wait for 10¢ clock
cycles before starting A/D conversion.

4. In active mode and sleep mode, the analog power supply current flows in the ladder resistance
even when the A/D converter is on standby. Therefore, if the A/D converter is not used, it is
recommended that AVcc be connected to the system power supply and the ADCKSTP bit be
cleared to 0 in CKSTPRI.
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Section 19 I’C Bus Interface 2 (IIC2)

The I'C bus interface 2 conforms to and provides a subset of the Philips I'C bus (inter-IC bus)
interface functions. The register configuration that controls the I’C bus differs partly from the
Philips configuration, however. Figure 19.1 shows a block diagram of the I’C bus interface 2.
Figure 19.2 shows an example of I/O pin connections to external circuits.

19.1 Features

Selection of IC format or clock synchronous serial format

Continuous transmission/reception

Since the shift register, transmit data register, and receive data register are independent from
each other, the continuous transmission/reception can be performed.

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.)

I’C bus format

Start and stop conditions generated automatically in master mode
Selection of acknowledge output levels when receiving
Automatic loading of acknowledge bit when transmitting

Bit synchronization/wait function

In master mode, the state of SCL is monitored per bit, and the timing is synchronized
automatically.

If transmission/reception is not yet possible, set the SCL to low until preparations are
completed.

Six interrupt sources

Transmit data empty (including slave-address match), transmit end, receive data full (including
slave-address match), arbitration lost, NACK detection, and stop condition detection

Direct bus drive

Two pins, SCL and SDA pins, function as CMOS outputs in normal operation (when the
port/serial function is selected) and NMOS outputs when the bus drive function is selected.

Clock synchronous format

Four interrupt sources

Transmit-data-empty, transmit-end, receive-data-full, and overrun error
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Transfer clock

generation
circuit
Transmission/ ICCR1 .
reception
Output [* — control circuit
scL control |« < ICCR2 - =
A
ICMR <—>
Noise canceler
(2]
ICDRT < - 3
+ 8
SAR g
SDA Output [<— ICDRS ©
control [ c
2
£
Y v
Noise canceler Address
comparator
y
ICDRR >
P> Bus state
»| decision circuit
Y VY
™ Arbitration M|
decision circuit 'I ICSR {-—»
[Legend] ICIER < >
ICCR1: I°C bus control register 1
ICCR2: I°C bus control register 2

> Interrupt

ICMR:  I°C bus mode register
»| generator

ICSR:  I°C bus status register

ICIER: I°C bus interrupt enable register
ICDRT: I°C bus transmit data register
ICDRR: I°C bus receive data register
ICDRS: I°C bus shift register

SAR:  Slave address register

—Interrupt request

Figure19.1 Block Diagram of 1°C Bus Interface 2
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Vce Vce
SCLin ]SCL SCL
SCL out —|
SDAin 1SDA SDA
SDA out —| al= NE

(Master) SCLin i scLin 2

SCL out —| SCL out —|

SDAin SDAin

SDA out —| SDA out —|

(Slave 1) (Slave 2)

Figure19.2 External Circuit Connections of 1/0 Pins

19.2  Input/Output Pins

Table 19.1 summarizes the input/output pins used by the I’C bus interface 2.

Table19.1 Pin Configuration

Name Abbreviation I/O Function
Serial clock pin SCL I/0 IIC serial clock input/output
Serial data pin SDA IO IIC serial data input/output
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19.3 Register Descriptions
The I’C bus interface 2 has the following registers.

e I’C bus control register 1 (ICCR1)

e I’C bus control register 2 (ICCR2)

e I’C bus mode register (ICMR)

e I’C bus interrupt enable register (ICIER)
e I’C bus status register (ICSR)

e Slave address register (SAR)

e I’C bus transmit data register ICDRT)

e I’C bus receive data register (ICDRR)

e I’C bus shift register (ICDRS)

19.3.1 1°C BusControl Register 1 (ICCR1)

ICCRI1 enables or disables the I’C bus interface 2, controls transmission or reception, and selects
master or slave mode, transmission or reception, and transfer clock frequency in master mode.

Initial
Bit Bit Name  Value R/W Description
7 ICE 0 R/W I12C Bus Interface Enable

0: This module is halted. (SCL and SDA pins are set to
the port/serial function.)

1: This bit is enabled for transfer operations. (SCL and
SDA pins are bus drive state.)

6 RCVD 0 R/W Reception Disable

This bit enables or disables the next operation when
TRS is 0 and ICDRR is read.

0: Enables next reception
1: Disables next reception
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Bit

Bit Name

Initial
Value

R/W

Description

5
4

MST
TRS

0
0

R/W
R/W

Master/Slave Select
Transmit/Receive Select

In master mode with the 12C bus format, when
arbitration is lost, MST and TRS are both reset by
hardware, causing a transition to slave receive mode.
Modification of the TRS bit should be made between
transfer frames.

After data receive has been started in slave receive
mode, when the first seven bits of the receive data
agree with the slave address that is set to SAR and the
eighth bit is 1, TRS is automatically setto 1. If an
overrun error occurs in master mode with the clock
synchronous serial format, MST is cleared to 0 and
slave receive mode is entered.

Operating modes are described below according to
MST and TRS combination. When clock synchronous
serial format is selected and MST is 1, clock is output.

00: Slave receive mode
01: Slave transmit mode
10: Master receive mode
11: Master transmit mode

o = N W

CKS3
CKS2
CKSH1
CKS0

o O O o

R/W
R/W
R/W
R/W

Transfer Clock Select 3to 0

In master mode, set these bits according to the
necessary transfer rate (see table 19.2, Transfer Rate).
In slave mode, these bits are used to secure the data
setup time in transmission mode. When CKS3 = 0, the
data setup time is 10 tcyc and when CKS3 = 1, the data
setup time is 20 tcyc.
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Table19.2 Transfer Rate

Bit 3 Bit 2 Bit 1 Bit 0 Transfer Rate
CKS3 CKS2 CKS1 CKSO  Clock ¢ =2 MHz =5 MHz =10 MHz
0 0 0 0 ¢/28 71.4 kHz 179 kHz 357 kHz
1 $/40 50.0 kHz 125 kHz 250 kHz
1 0 /48 41.7 kHz 104 kHz 208 kHz
1 /64 31.3 kHz 78.1 kHz 156 kHz
1 0 0 ¢/80 25.0 kHz 62.5 kHz 125 kHz
1 $/100 20.0 kHz 50.0 kHz 100 kHz
1 0 o112 17.9 kHz 44.6 kHz 89.3 kHz
1 /128 15.6 kHz 39.1 kHz 78.1 kHz
1 0 0 0 ¢/56 35.7 kHz 89.3 kHz 179 kHz
1 ¢/80 25.0 kHz 62.5 kHz 125 kHz
1 0 /96 20.8 kHz 52.1 kHz 104 kHz
1 /128 15.6 kHz 39.1 kHz 78.1 kHz
1 0 0 $/160 12.5 kHz 31.3 kHz 62.5 kHz
1 $/200 10.0 kHz 25.0 kHz 50.0 kHz
1 0 /224 8.9 kHz 22.3 kHz 44.6 kHz
1 /256 7.8 kHz 19.5 kHz 39.1 kHz
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19.3.2

I’C Bus Control Register 2 (ICCR2)

ICCRI1 issues start/stop conditions, manipulates the SDA pin, monitors the SCL pin, and controls
reset in the control part of the I’C bus interface 2.

Bit

Bit Name

Initial
Value

R/W

Description

7

BBSY

0

R/W

Bus Busy

This bit enables to confirm whether the 12C bus is
occupied or released and to issue start/stop conditions
in master mode. With the clock synchronous serial
format, this bit has no meaning. With the 12C bus
format, this bit is set to 1 when the SDA level changes
from high to low under the condition of SCL = high,
assuming that the start condition has been issued. This
bit is cleared to 0 when the SDA level changes from low
to high under the condition of SCL = high, assuming
that the stop condition has been issued. Write 1 to
BBSY and 0 to SCP to issue a start condition. Follow
this procedure when also re-transmitting a start
condition. Write 0 in BBSY and 0 in SCP to issue a stop
condition. To issue start/stop conditions, use the MOV
instruction.

SCP

R/W

Start/Stop Issue Condition Disable

The SCP bit controls the issue of start/stop conditions in
master mode.

To issue a start condition, write 1 in BBSY and 0 in
SCP. A retransmit start condition is issued in the same
way. To issue a stop condition, write 0 in BBSY and 0 in
SCP. This bit is always read as 1. If 1 is written, the
data is not stored.

5

SDAO

1

R/W

SDA Output Value Control

This bit is used with SDAOP when modifying output
level of SDA. This bit should not be manipulated during
transfer.

0: When reading, SDA pin outputs low.
When writing, SDA pin is changed to output low.
1: When reading, SDA pin outputs high.

When writing, SDA pin is changed to output Hi-Z
(outputs high by external pull-up resistance).
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Rev. 1.00 Dec. 18,2006 Page 407 of 568
REJ09B0348-0100



Section 19 °C Bus Interface 2 (lIC2)

Initial

Bit Bit Name  Value R/W Description

4 SDAOP 1 R/W SDAO Write Protect
This bit controls change of output level of the SDA pin
by modifying the SDAO bit. To change the output level,
clear SDAO and SDAOP to 0 or set SDAO to 1 and
clear SDAOP to 0 by the MOV instruction. This bit is
always read as 1.

3 SCLO 1 R This bit monitors SCL output level. When SCLO is 1,
SCL pin outputs high. When SCLO is 0, SCL pin
outputs low.

2 — 1 — Reserved
This bit is always read as 1, and cannot be modified.

1 IICRST 0 R/W 1IC Control Part Reset
This bit resets the control part except for I12C registers.
If this bit is set to 1 when hang-up occurs because of
communication failure during 12C operation, 12C control
part can be reset without setting ports and initializing
registers.

0 — 1 — Reserved

This bit is always read as 1, and cannot be modified.
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19.3.3

I°C BusMode Register (ICMR)

ICMR selects whether the MSB or LSB is transferred first, performs master mode wait control,

and selects the transfer bit count.

Bit

Bit Name

Initial
Value

R/W

Description

7

MLS

0

R/W

MSB-First/LSB-First Select

0: MSB-first

1: LSB-first

Set this bit to 0 when the 12C bus format is used.

6

WAIT

0

R/W

Wait Insertion Bit

In master mode with the 12C bus format, this bit selects
whether to insert a wait after data transfer except the
acknowledge bit. When WAIT is set to 1, after the fall of
the clock for the final data bit, low period is extended for
two transfer clocks. If WAIT is cleared to 0, data and
acknowledge bits are transferred consecutively with no
wait inserted.

The setting of this bit is invalid in slave mode with the
I2C bus format or with the clock synchronous serial
format.

54

All 1

Reserved

These bits are always read as 1, and cannot be
modified.

3

BCWP

1

R/W

BC Write Protect

This bit controls the BC2 to BCO modifications. When
modifying BC2 to BCO, this bit should be cleared to 0
and use the MOV instruction. In clock synchronous
serial mode, BC should not be modified.

0: When writing, values of BC2 to BCO are set.
1: When reading, 1 is always read.
When writing, settings of BC2 to BCO are invalid.
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Initial
Bit Bit Name  Value R/W Description
2 BC2 0 R/W Bit Counter 2to 0
BC1 0 R/W These bits specify the number of bits to be transferred
0 BCO 0 R/W next. When read, the remaining number of transfer bits

is indicated. With the 12C bus format, the data is
transferred with one addition acknowledge bit. Bit BC2
to BCO settings should be made during an interval
between transfer frames. If bits BC2 to BCO are setto a
value other than 000, the setting should be made while
the SCL pin is low. The value returns to 000 at the end
of a data transfer, including the acknowledge bit. With
the clock synchronous serial format, these bits should
not be modified.

I12C Bus Format Clock Synchronous Serial Format
000: 9 bits 000: 8 bits
001: 2 bits 001: 1 bits
010: 3 bits 010: 2 bits
011: 4 bits 011: 3 bits
100: 5 bits 100: 4 bits
101: 6 bits 101: 5 bits
110: 7 bits 110: 6 bits
111: 8 bits 111: 7 bits
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19.34 1°C BusInterrupt Enable Register (ICIER)

ICIER enables or disables interrupt sources and acknowledge bits, sets acknowledge bits to be
transferred, and confirms acknowledge bits to be received.

Initial
Bit Bit Name Value R/W

Description

7 TIE 0 R/W

Transmit Interrupt Enable

When the TDRE bit in ICSR is set to 1, this bit enables
or disables the transmit data empty interrupt (TXI).

0: Transmit data empty interrupt request (TXI) is
disabled.

1: Transmit data empty interrupt request (TXI) is
enabled.

6 TEIE 0 R/W

Transmit End Interrupt Enable

This bit enables or disables the transmit end interrupt
(TEI) at the rising of the ninth clock while the TDRE bit
in ICSR is 1. TEI can be canceled by clearing the TEND
bit or the TEIE bit to 0.

0: Transmit end interrupt request (TEI) is disabled.
1: Transmit end interrupt request (TEI) is enabled.

5 RIE 0 R/W

Receive Interrupt Enable

This bit enables or disables the receive data full
interrupt request (RXI) and the overrun error interrupt
request (ERI) with the clock synchronous format, when
a receive data is transferred from ICDRS to ICDRR and
the RDREF bit in ICSR is set to 1. RXI can be canceled
by clearing the RDRF or RIE bit to 0.

0: Receive data full interrupt request (RXI) and overrun
error interrupt request (ERI) with the clock
synchronous format are disabled.

1: Receive data full interrupt request (RXI) and overrun
error interrupt request (ERI) with the clock
synchronous format are enabled.
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Initial
Bit Bit Name  Value R/W Description
4 NAKIE 0 R/W NACK Receive Interrupt Enable
This bit enables or disables the NACK receive interrupt
request (NAKI) and the overrun error (setting of the
OVE bit in ICSR) interrupt request (ERI) with the clock
synchronous format, when the NACKF and AL bits in
ICSR are set to 1. NAKI can be canceled by clearing
the NACKF, OVE, or NAKIE bit to 0.
0: NACK receive interrupt request (NAKI) is disabled.
1: NACK receive interrupt request (NAKI) is enabled.
3 STIE 0 R/W Stop Condition Detection Interrupt Enable
0: Stop condition detection interrupt request (STPI) is
disabled.
1: Stop condition detection interrupt request (STPI) is
enabled.
2 ACKE 0 R/W Acknowledge Bit Judgment Select
0: The value of the receive acknowledge bit is ignored,
and continuous transfer is performed.
1: If the receive acknowledge bit is 1, continuous
transfer is halted.
1 ACKBR 0 R Receive Acknowledge
In transmit mode, this bit stores the acknowledge data
that are returned by the receive device. This bit cannot
be modified.
0: Receive acknowledge = 0
1: Receive acknowledge = 1
0 ACKBT 0 R/W Transmit Acknowledge

In receive mode, this bit specifies the bit to be sent at
the acknowledge timing.

0: 0 is sent at the acknowledge timing.
1: 1 is sent at the acknowledge timing.
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19.35

I’C Bus Status Register (ICSR)

ICSR performs confirmation of interrupt request flags and status.

Bit

Bit Name

Initial
Value

R/W

Description

7

TDRE

0

R/W

Transmit Data Register Empty

[Setting condition]

e When data is transferred from ICDRT to ICDRS and
ICDRT becomes empty

¢ When TRS is set

¢ When a start condition (including re-transfer) has
been issued

¢ When transmit mode is entered from receive mode
in slave mode

[Clearing conditions]
e When 0 is written in TDRE after reading TDRE = 1
e When data is written to ICDRT with an instruction

6

TEND

0

R/W

Transmit End

[Setting conditions]

¢ When the ninth clock of SCL rises with the I°C bus
format while the TDRE flag is 1

e When the final bit of transmit frame is sent with the
clock synchronous serial format

[Clearing conditions]

e When 0 is written in TEND after reading TEND = 1

¢ When data is written to ICDRT with an instruction

5

RDRF

0

R/W

Receive Data Register Full
[Setting condition]

e When a receive data is transferred from ICDRS to
ICDRR

[Clearing conditions]
e When 0 is written in RDRF after reading RDRF = 1
e When ICDRR is read with an instruction

RENESAS
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Bit

Bit Name

Initial
Value

R/W

Description

4

NACKF

0

R/W

No Acknowledge Detection Flag

[Setting condition]

e When no acknowledge is detected from the receive
device in transmission while the ACKE bit in ICIER
is 1

[Clearing condition]

e When 0 is written in NACKF after reading NACKF =
1

3

STOP

0

R/W

Stop Condition Detection Flag

[Setting condition]

e When a stop condition is detected after frame
transfer

[Clearing condition]

e When 0 is written in STOP after reading STOP =1

2

AL/OVE

0

R/W

Arbitration Lost Flag/Overrun Error Flag

This flag indicates that arbitration was lost in master
mode with the I°C bus format and that the final bit has
been received while RDRF = 1 with the clock
synchronous format.

When two or more master devices attempt to seize the

bus at nearly the same time, if the I°C bus interface

detects data differing from the data it sent, it sets AL to

1 to indicate that the bus has been taken by another

master.

[Setting conditions]

¢ If the internal SDA and SDA pin disagree at the rise
of SCL in master transmit mode

¢ When the SDA pin outputs high in master mode
while a start condition is detected

o When the final bit is received with the clock
synchronous format while RDRF = 1

[Clearing condition]

e When 0 is written in AL/OVE after reading
AL/OVE=1
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Initial
Bit Bit Name Value R/W

Description

1 AAS 0 R/W

Slave Address Recognition Flag

In slave receive mode, this flag is set to 1 if the first
frame following a start condition matches bits SVA6 to
SVAO in SAR.

[Setting conditions]

¢ When the slave address is detected in slave receive
mode

e When the general call address is detected in slave
receive mode.

[Clearing condition]

e When 0 is written in AAS after reading AAS=1

0 ADZ 0 R/W

General Call Address Recognition Flag

This bit is valid in I°C bus format slave receive mode.

[Setting condition]

e When the general call address is detected in slave
receive mode

[Clearing conditions]

e When 0 is written in ADZ after reading ADZ=1

19.3.6 Slave Address Register (SAR)

SAR selects the communication format and sets the slave address. When the chip is in slave mode
with the I’C bus format, if the upper 7 bits of SAR match the upper 7 bits of the first frame
received after a start condition, the chip operates as the slave device.

Initial
Bit Bit Name  Value R/W Description
7to1 SVA6to AllO R/W Slave Address 6 to 0
SVAOD These bits set a unique address in bits SVA6 to SVAO,
differing form the addresses of other slave devices
connected to the I°C bus.
0 FS 0 R/W Format Select

0: I°C bus format is selected.

1: Clock synchronous serial format is selected.
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19.3.7 1°C Bus Transmit Data Register (ICDRT)

ICDRT is an 8-bit readable/writable register that stores the transmit data. When ICDRT detects the
space in the shift register (ICDRS), it transfers the transmit data which is written in ICDRT to
ICDRS and starts transferring data. If the next transfer data is written to ICDRT during
transferring data of ICDRS, continuous transfer is possible. If the MLS bit of ICMR is set to 1
and when the data is written to ICDRT, the MSB/LSB inverted data is read. The initial value of
ICDRT is H'FF. The initial value of ICDRT is H'FF.

19.3.8 I°C BusReceive Data Register (ICDRR)

ICDRR is an 8-bit register that stores the receive data. When data of one byte is received, ICDRR
transfers the receive data from ICDRS to ICDRR and the next data can be received. ICDRR is a
receive-only register, therefore the CPU cannot write to this register. The initial value of ICDRR
is H'FF.

19.3.9  1°C Bus Shift Register (ICDRS)

ICDRS is a register that is used to transfer/receive data. In transmission, data is transferred from
ICDRT to ICDRS and the data is sent from the SDA pin. In reception, data is transferred from
ICDRS to ICDRR after data of one byte is received. This register cannot be read directly from the
CPU.
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194  Operation

The I’C bus interface can communicate either in I’C bus mode or clock synchronous serial mode
by setting FS in SAR.

19.4.1 1°C BusFormat

Figure 19.3 shows the I’C bus formats. Figure 19.4 shows the I’C bus timing. The first frame
following a start condition always consists of 8 bits.

(a) I2C bus format (FS = 0)

[ s: sia |rw|[ A ]| pata | A | AA | P
1 7 11 n_ .1 1 1 . .
| < > > < > > |<—>l<«—>| n: Transfer bit count
1 (n=11t08)
m
< > > m: Transfer frame count
(m=1)

(b) 12C bus format (Start condition retransmission, FS = 0)
[ s| sia |rw| a| oata | [awA| s | sia |rw| A | pata | [AA] P |
o1 7 S 1 1 nt .1, 1 7 S 1 1 n2 1 1
| Ll e} | i Bl T g ol Bl = |<_><_>|

B 1 | m1 _ B 1 o m2 _

n1 and n2: Transfer bit count (n1 and n2 = 1 to 8)
m1 and m2: Transfer frame count (m1 and m2 > 1)

Figure19.3 1°C BusFormats

S SLA RW A DATA A DATA A P

Figure19.4 1°C BusTiming
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[Legend]

S:

Start condition. The master device drives SDA from high to low while SCL is high.

SLA: Slave address

R/W: Indicates the direction of data transfer: from the slave device to the master device when

A:

R/W is 1, or from the master device to the slave device when R/W is 0.

Acknowledge. The receive device drives SDA to low.

DATA: Transfer data

Stop condition. The master device drives SDA from low to high while SCL is high.

19.4.2 Master Transmit Operation

In master transmit mode, the master device outputs the transmit clock and transmit data, and the
slave device returns an acknowledge signal. For master transmit mode operation timing, refer to
figures 19.5 and 19.6. The transmission procedure and operations in master transmit mode are
described below.

1.

Set the ICE bit in ICCR1 to 1. Set the MLS and WAIT bits in ICMR and the CKS3 to CKS0
bits in ICCR1 to 1. (Initial setting)

Read the BBSY flag in ICCR2 to confirm that the bus is free. Set the MST and TRS bits in
ICCR1 to select master transmit mode. Then, write 1 to BBSY and 0 to SCP using MOV
instruction. (Start condition issued) This generates the start condition.

After confirming that TDRE in ICSR has been set, write the transmit data (the first byte data
show the slave address and R/W) to ICDRT. At this time, TDRE is automatically cleared to 0,
and data is transferred from ICDRT to ICDRS. TDRE is set again.

When transmission of one byte data is completed while TDRE is 1, TEND in ICSR is set to 1
at the rise of the 9th transmit clock pulse. Read the ACKBR bit in ICIER, and confirm that the
slave device has been selected. Then, write second byte data to ICDRT. When ACKBR is 1,
the slave device has not been acknowledged, so issue the stop condition. To issue the stop
condition, write 0 to BBSY and SCP using MOV instruction. SCL is fixed low until the
transmit data is prepared or the stop condition is issued.

The transmit data after the second byte is written to ICDRT every time TDRE is set.

. Write the number of bytes to be transmitted to ICDRT. Wait until TEND is set (the end of last

byte data transmission) while TDRE is 1, or wait for NACK (NACKF in ICSR = 1) from the
receive device while ACKE in ICIER is 1. Then, issue the stop condition to clear TEND or
NACKEF.

When the STOP bit in ICSR is set to 1, the operation returns to the slave receive mode.
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scL
(Master output) 1 2 3 4 5 6 7 8 9 1 2
|
(Masti?:utput) \| /sit7 XBite XBit5 XBit4 X Bit3 X Bit2 X Bit 1 X Bito / Bit7 X Bit6
7r Slave address ~————R/W
SDA
(Slave output) A (
TDRE
\ A
Y
TEND
| /
ICDRT * Address + RIW // ata 1| § |Data 2
\
ICDRS X Address + RIW / / X Data 1

) [4] Write data to ICDRT (second byte)
rocessin ition i
P 9 condiionissuance i1\ e gata to ICDRT (first byte) [5] Write data to ICDRT (third byte)

User [2] Instruction of start z \ \

Figure19.5 Master Transmit Mode Operation Timing (1)

SCL —
(Master output) 9 1 2 3 4 5 6 7 8 9

SDA \

(Master output) __/ >m7XmsXmsXm4Xm3Xm2X&nXmm/\ \__/___
f
—

SDA /

(Slave output) A

\_\_A/
TDRE
|
TEND '

| /
ICDRT | Data n [/
N 1]
ICDRS X Data n ]/
User [5] Write data to ICDRT [6] Issue stop condition. glear TEND.
processing

[7] Set slave receive mode

Figure19.6 Master Transmit Mode Operation Timing (2)
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19.4.3 Master Receive Operation

In master receive mode, the master device outputs the receive clock, receives data from the slave
device, and returns an acknowledge signal. For master receive mode operation timing, refer to
figures 19.7 and 19.8. The reception procedure and operations in master receive mode are shown
below.

1. Clear the TEND bit in ICSR to 0, then clear the TRS bit in ICCR1 to 0 to switch from master
transmit mode to master receive mode. Then, clear the TDRE bit to 0 and set the ACKBT bit
in ICIER.

2. When ICDRR is read (dummy data read), reception is started, and the receive clock is output,
and data received, in synchronization with the internal clock. The master device outputs the
level specified by ACKBT in ICIER to SDA, at the 9th receive clock pulse.

3. After the reception of first frame data is completed, the RDRF bit in ICST is set to 1 at the rise
of 9th receive clock pulse. At this time, the receive data is read by reading ICDRR, and RDRF
is cleared to 0.

4. The continuous reception is performed by reading ICDRR every time RDRF is set. If 8th
receive clock pulse falls after reading ICDRR by the other processing while RDRF is 1, SCL is
fixed low until ICDRR is read.

5. If next frame is the last receive data, set the RCVD bit in ICCR1 and set the ACKBT bit in
ICIER. to 1 before reading ICDRR. This enables the issuance of the stop condition after the
next reception.

6. When the RDRF bit is set to 1 at rise of the 9th receive clock pulse, and clearing the STOP bit
in ICSR issue the stage condition.

7. When the STOP bit in ICSR is set to 1, read ICDRR. Then clear the RCVD bit to 0.

8. Clear the MST bit in ICCR1 and then, the operation returns to the slave receive mode.

Rev. 1.00 Dec. 18, 2006 Page 420 of 568
REJ09B0348-0100 RENESAS



Section 19 I’C Bus Interface 2 (IIC2)

I
Master transmit mode <«—— | ——Master receive mode

SCL
(Master output)

SDA

SDA
(Slave output)

TDRE

TEND

TRS

RDRF

ICDRS

ICDRR

User
processing

(Master output) / E

T\ s/

\8it7_Yaite Y(eits (Bita (B3 Y8tz ( Bit1 ((Bito [ gz X

]

/|

Y '
[1] Clear TDRE after clearing [2] Read ICDRR (dummy read)

TEND and TRS

; X \ Data 1 ]

i \ \

i \ X Data 1
: \ [3] Read ICDRR

Figure19.7 Master Receive Mode Operation Timing (1)
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scL
(Master output) 9 1 2 3 4 5 6 7 8 9
SDA —
(Master output) \ A / \ AA / \
T
(Slavizﬁtput) _/ \ [Bit7 X Bit6 X Bit5 X Bit4 X Bit3 X Bit2 X Bit1 X Bito / /

aair 2
5 /

ICDRS  Data n-1 ] \ \ Datan ﬂ
Y \ /

=a

ICDRR XDatan1 \]| )(‘Data n |
User
processing [5] Read ICDRR after setting RCVD [7] Read ICDRR, [6] Issue stop

/
and clear RCVD condition  [8] Set slave

receive mode

Figure19.8 Master Receive Mode Operation Timing (2)
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19.4.4 Slave Transmit Operation

In slave transmit mode, the slave device outputs the transmit data, while the master device outputs
the receive clock and returns an acknowledge signal. For slave transmit mode operation timing,
refer to figures 19.9 and 19.10.

The transmission procedure and operations in slave transmit mode are described below.

1. Set the ICE bit in ICCRI to 1. Set the MLS and WAIT bits in ICMR and the CKS3 to CKS0
bits in ICCR1 to 1. (Initial setting) Set the MST and TRS bits in ICCR1 to select slave receive
mode, and wait until the slave address matches.

2. When the slave address matches in the first frame following detection of the start condition,
the slave device outputs the level specified by ACKBT in ICIER to SDA, at the rise of the 9th
clock pulse. At this time, if the 8th bit data (R/W) is 1, the TRS and ICSR bits in ICCR1 are
set to 1, and the mode changes to slave transmit mode automatically. The continuous
transmission is performed by writing transmit data to ICDRT every time TDRE is set.

3. If TDRE is set after writing last transmit data to ICDRT, wait until TEND in ICSR is set to 1,
with TDRE = 1. When TEND is set, clear TEND.

4. Clear TRS for the end processing, and read ICDRR (dummy read). SCL is free.

5. Clear TDRE.
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Slave receive mode <—— | —— Slave transmit mode
h

SCL
(Master output)

SDA
(Master output) J

SCL —_—

(Slave output)

A [/ \Bit7 XBite X Bit5 X Bit4 X Bit3 X Bit2 X Bit1 X Bito /

\eit7

SDA —/\
(Slave output)

TDRE

TEND

—

TRS

ICDRT

Data 2 Pata 3

NN

ICDRS

Xpata 2| |

ICDRR

——1 |

User [2] Write data to ICDRT (data 1)  [2] Write data to ICDRT (data 2)

processing

[2] Write data to ICDRT (data 3)

Figure19.9 Slave Transmit Mode Operation Timing (1)
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Slave receive

) . mode
Slave transmit mode <———

SCL
(Master output)

SDA
(Master output) _\_A_/

SCL
(Slave output)

SDA \Bit7 XBite XBit5 X Bit4 X Bit3 X Bit2 X Bit1 X Bito /

(Slave output)

TDRE

TEND

TRS

ICDRT

ICDRS XY Datan

ICDRR

User '
processing [3]Clear TEND  [4]Read ICDRR (dummy read) [5] Clear TDRE
after clearing TRS

Figure19.10 Slave Transmit Mode Operation Timing (2)

19.45 Slave Receive Operation

In slave receive mode, the master device outputs the transmit clock and transmit data, and the
slave device returns an acknowledge signal. For slave receive mode operation timing, refer to
figures 19.11 and 19.12. The reception procedure and operations in slave receive mode are
described below.

1. Set the ICE bit in ICCR1 to 1. Set the MLS and WAIT bits in ICMR and the CKS3 to CKS0
bits in ICCR1 to 1. (Initial setting) Set the MST and TRS bits in ICCR1 to select slave receive
mode, and wait until the slave address matches.

2. When the slave address matches in the first frame following detection of the start condition,
the slave device outputs the level specified by ACKBT in ICIER to SDA, at the rise of the 9th
clock pulse. At the same time, RDRF in ICSR is set to read ICDRR (dummy read). (Since the
read data show the slave address and R/W, it is not used.)
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3. Read ICDRR every time RDREF is set. If 8th receive clock pulse falls while RDRF is 1, SCL is
fixed low until ICDRR is read. The change of the acknowledge before reading ICDRR, to be
returned to the master device, is reflected to the next transmit frame.

4. The last byte data is read by reading ICDRR.

SCL

(Master output) 9 1\ 2\ [3\/a\/5\ e\ /7\ Je\ Jo\ /1
SDA

(Master outouty __/ \ st 7 X 5ite \(sits ((mita (Bits Xz X Bit1 {Bto/  \Bitz X
scL

(Slave output)

SDA
(Slave output) _\_A_/ \L/_
RDRF \ | \ |

ICDRS ) | | XDbatat |\ X Data2
| | ]
ICDRR X 1] X | /pata 1
User v /
processing [2] Read ICDRR (dummy read) [2] Read ICDRR

Figure19.11 Slave Receive Mode Operation Timing (1)

scL

(Master output) 9 1 2 3 4 5 6 7 8 9

(Mastz?é\utput) _/ \ Bit7 X Bit6 X Bit5 X Bit4 X Bit3 X Bit2 X Bit1 X Bito / \ [
scL

(Slave output)

_/
SDA
(Slave output) _\_A_/ \\y

- -
\
\

ICDRS ) X Data 1

ICDRR X

User \/ /

processing [3] Set ACKBT  [3] Read ICDRR [4] Read ICDRR

Figure19.12 Slave Receive Mode Operation Timing (2)
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19.4.6 Clock Synchronous Serial Format

This module can be operated with the clock synchronous serial format, by setting the FS bit in
SAR to 1. When the MST bit in ICCRI1 is 1, the transfer clock output from SCL is selected. When
MST is 0, the external clock input is selected.

(1) DataTransfer Format
Figure 19.13 shows the clock synchronous serial transfer format.

The transfer data is output from the rise to the fall of the SCL clock, and the data at the rising edge
of the SCL clock is guaranteed. The MLS bit in ICMR sets the order of data transfer, in either the
MSB first or LSB first. The output level of SDA can be changed during the transfer wait, by the
SDAO bit in ICCR2.

SDA XBitOXBit1XBit2XBit3XBit4XBit5XBit6XBit7

Figure19.13 Clock Synchronous Serial Transfer Format
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(2) Transmit Operation

In transmit mode, transmit data is output from SDA, in synchronization with the fall of the transfer
clock. The transfer clock is output when MST in ICCR1 is 1, and is input when MST is 0. For
transmit mode operation timing, refer to figure 19.14. The transmission procedure and operations
in transmit mode are described below.

1. Set the ICE bit in ICCR1 to 1. Set the MST and CKS3 to CKSO bits in ICCR1 to 1. (Initial
setting)

2. Set the TRS bit in ICCR1 to select the transmit mode. Then, TDRE in ICSR is set.

3. Confirm that TDRE has been set. Then, write the transmit data to ICDRT. The data is
transferred from ICDRT to ICDRS, and TDRE is set automatically. The continuous
transmission is performed by writing data to ICDRT every time TDRE is set. When changing
from transmit mode to receive mode, clear TRS while TDRE is 1.

scL 1 2 7 8 1 7 8 1
{C {C
(OSult);ﬁJt) \ Bito J Bit1 | ;; Y Bite Y Bit7 X Bito X ;; Y Bite Y Bit7 XBitOX:
TRS
4
TDRE / \ . \
N
icort | [[X] Dhtat/{ . Datd|2 . \ ta 3
| ] \ /] . « \ ]

i RN/
cors | JJ X\ Dai Data2 \J Koy

y/ ¥/ P ” ¥/
User
processing [3] Write data [3] Write data [3] Write data  [3] Write data

o ICDRT 1o ICDRT to ICDRT to ICDRT
[2] Set TRS

Figure19.14 Transmit Mode Operation Timing
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(3) Receive Operation

In receive mode, data is latched at the rise of the transfer clock. The transfer clock is output when
MST in ICCRI1 is 1, and is input when MST is 0. For receive mode operation timing, refer to
figure 19.15. The reception procedure and operations in receive mode are described below.

1. Set the ICE bit in ICCRI1 to 1. Set the MST and CKS3 to CKSO bits in ICCR1 to 1. (Initial
setting)

~

When the transfer clock is output, set MST to 1 to start outputting the receive clock.

3. When the receive operation is completed, data is transferred from ICDRS to ICDRR and
RDRF in ICSR is set. When MST = 1, the next byte can be received, so the clock is
continually output. The continuous reception is performed by reading ICDRR every time
RDREF is set. When the 8th clock is risen while RDRF is 1, the overrun is detected and
AL/OVE in ICSR is set. At this time, the previous reception data is retained in ICDRR.

4. To stop receiving when MST = 1, set RCVD in ICCRI to 1, then read ICDRR. Then, SCL is

fixed high after receiving the next byte data.

SCL \ /1\ /2\ / 7 8 1 7 8 1 2
(Iig:\t) \ Bito J Bit1 } f ) Bite ) Bit7 Y Bito X f XBit6XBit7XBit0XBit1X:
pAU pU

MST

—_— «
|

RDRF p | | p | |
’ L
ICDRS [ X Datal /Data2 \ Datg/3
, H— N S ——
ICDRR | B L |/ a1 X Déta 2
P A /
User Y v
processing (2] SetMST [3] Read ICDRR [3] Read ICDRR

(when outputting the clock)

Figure19.15 Receive Mode Operation Timing
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19.47 Noise Canceler

The logic levels at the SCL and SDA pins are routed through noise cancelers before being latched
internally. Figure 19.16 shows a block diagram of the noise canceler circuit.

The noise canceler consists of two cascaded latches and a match detector. The SCL (or SDA)
input signal is sampled on the system clock, but is not passed forward to the next circuit unless the
outputs of both latches agree. If they do not agree, the previous value is held.

Sampling clock

V v
C C

—|D Q »|D Q > Internal
Match detector —» SCL or SDA

Latch Latch |—> signal

System clock

period
-

Sampling
clock

SCL or SDA
input signal

Figure19.16 Block Diagram of Noise Conceler

19.4.8 Exampleof Use

Flowcharts in respective modes that use the I’C bus interface are shown in figures 19.17 to 19.20.
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Initialize

| ReadBBSYinICCR2 |

No —"BBSY=07

Yes

[1]  Test the status of the SCL and SDA lines.

[2] Set master transmit mode.

[3] Issue the start candition.

Set MST and TRS

in ICCRI 1o 1 [2] [41 Setthe first byte (slave address + R/W) of transmit data.
in 01.

Write 1 to BBSY

3] [5] Wait for 1 byte to be transmitted.
and 0 to SCP.

4] [6] Test the acknowledge transferred from the specified slave device.
in ICDRT

[7]  Set the second and subsequent bytes (except for the final byte) of transmit data.

Read TEND in ICSR |

|
R
Yes
| Read ACKBRinICIER |

[5] [8] Waitfor ICDRT empty.

[9] Set the last byte of transmit data.

[6] [10] Wait for last byte to be transmitted.
ACKBR=0 ?

|
]
]
Wiite transmit data ]
|
|

[11] Clear the TEND flag.
Ye

Transmit
mode?

S
Yes

][7] [12] Clear the STOP flag.

I [13] Issue the stop condition.

No 18] . ! -
[14] Wait for the creation of stop condition.

. [15] Set slave receive mode. Clear TDRE.

>
19

Yes
| write transmit data in ICDRT |
— ] -
Read TEND in ICSR |

|
No @ [10]

Yes

| Clear TENDinICSR | ] [11]
:
|  clearsTOPInICSR | ] [12]

Write 0 to BBSY
and SCP ] (13

|  ReadSTOPinICSR |

[14]
Yes -
Set MST to 1 and TRS
to 0in ICCR1 115]

| cClear TDREinICSR |

Figure19.17 Sample Flowchart for Master Transmit Mode
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" Mater receive mode "

| [1] Clear TEND, select master receive mode, and then clear TDRE.*
| Clear TENDinICSR |
Il

| Clear TRSin ICCR1t0 0 |
Il

(1 [2] Set acknowledge to the transmit device.*
4

[8] Dummy-read ICDRR.*

|_Clear TDREinICSR |
1

Clear ACKBT in ICIER to 0

T
| Dummy-read ICDRR |

2] [4] Wait for 1 byte to be received

- [5] Check whether it is the (last receive - 1).

S [y S [ S A E— ) SO

t:' [6] Read the receive data.
| Read RDRFinICSR |
4] [7] Set acknowledge of the final byte. Disable continuous reception (RCVD = 1).
[8] Read the (final byte - 1) of receive data.
(5] [9] Wait for the last byte to be receive.
[10] Clear the STOP flag.
[6]
[11] Issue the stop condition.
- [12] Wait for the creation of stop condition.
Set ACKBT in ICIER to 1
T 7] [13] Read the last byte of receive data.
| Set RCVD in ICCR1 to 1 | [14] Clear RCVD.
T i
I Read ICDRR I :l 8] [15] Set slave receive mode.

— -

| Read RDRFinICSR |

Yes
| ClearsTOPInICSR. | ][10]
Il

and SCP (1

—Pl
| Read STOPinICSR |

Yes

| Read ICDRR |
1

Clear RCVD in ICCR1 to 0
I
Clear MST in ICCR1 to 0 |

| Write 0 to BBSY |

[13]

14

Note: When 1 byte is received, skip steps [2] to [6] after [1] and then jump
to step [7].
In step [8], dummy-read ICDRR.

* Do not activate an interrupt during the execution of steps [1] to [3].

[18]

| IS S E—

End

Figure 19.18 Sample Flowchart for Master Receive Mode
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|| Slave transmit mode || [1] Clear the AAS flag.

T
[ Clear AAS in ICSR | :l (1 [2] Set transmit data for ICDRT (except for the last data).

R

Write transmit data 2] [3] Wait for ICDRT empty.
in ICDRT )
| - [4] Set the last byte of transmit data.
[ Read TDRE in ICSR | [5] Wait for the last byte to be transmitted.
No [3]
[6] Clearthe TEND flag .
Yes : [7] Set slave receive mode.
No .
$ [8] Dummy-read ICDRR to release the SCL line.
4
Yes ) [9] Clear the TDRE flag.
Write transmit data
in ICDRT
—
| Read TENDinICSR |
No @ [5]

Yes
[ ClearTENDinICSR__| | 6]
[ ClearTRs WICORT 100 | Jm
[ Dummy oad ICDRR G
[ Cioar TDORE 1 IGSR | e
End

Figure19.19 Sample Flowchart for Slave Transmit Mode
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" Slave receive mode "
I

| clearnasinicsr |
|
Clear ACKBT in ICIER to 0

I
I Dummy-read ICDRR I
———

| ReadRRDRFinICSR |
No

Yes

-1

Set ACKBT in ICIER to 1

| Read ICDRR |

| Read RDRFinICSR |

Yes
| Read ICDRR |

End

1]

[2]

[3]

1L

[4]

[5]

]

[7]

[8]

[9]

- 3 L1 L1

[10]

[
[2]
[3]
[4]
[5]
[6]
[71
(8]
[9]

Clear the AAS flag.

Set acknowledge to the transmit device.
Dummy-read ICDRR.

Wait for 1 byte to be received.

Check whether it is the (last receive - 1).
Read the receive data.

Set acknowledge of the last byte.

Read the (last byte - 1) of receive data.

Wait the last byte to be received.

[10] Read for the last byte of receive data.

Note: When 1 byte is received, skip steps [2] to [6]

after [1] and then jump to step [7].
In step [8], dummy-read ICDRR.

Figure19.20 Sample Flowchart for Slave Receive Mode
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195 Interrupt Request

There are six interrupt requests in this module; transmit data empty, transmit end, receive data full,
NACK receive, STOP recognition, and arbitration lost/overrun. Table 19.3 shows the contents of
each interrupt request.

Table19.3 Interrupt Requests

Clock
Synchron-
Interrupt Request Abbreviation Interrupt Condition I’C Mode ous Mode
Transmit Data Empty  TXI (TDRE=1) - (TIE=1) o o
Transmit End TEI (TEND=1) - (TEIE=1) o o
Receive Data Full RXI (RDRF=1) - (RIE=1) o o)
STOP Recognition STPI (STOP=1) « (STIE=1) o X
NACK Receive NAKI {(NACKF=1)+(AL=1)} - o
Arbitration (NAKIE=1) o o
Lost/Overrun

When interrupt conditions described in table 19.3 are 1 and the I bit in CCR is 0, the CPU
executes interrupt exception processing. Interrupt sources should be cleared in the exception
processing. TDRE and TEND are automatically cleared to 0 by writing the transmit data to
ICDRT. RDRF are automatically cleared to 0 by reading ICDRR. TDRE is set to 1 again at the
same time when transmit data is written to ICDRT. When TDRE is cleared to 0O, then an excessive
data of one byte may be transmitted.

Rev. 1.00 Dec. 18,2006 Page 435 of 568
RENESAS REJ09B0348-0100



Section 19 °C Bus Interface 2 (lIC2)

19.6  Bit Synchronous Circuit

In master mode,this module has a possibility that high level period may be short in the two states
described below.

e When SCL is driven to low by the slave device

e  When the rising speed of SCL is lowered by the load of the SCL line (load capacitance or pull-
up resistance)

Therefore, it monitors SCL and communicates by bit with synchronization.

Figure 19.21 shows the timing of the bit synchronous circuit and table 19.4 shows the time when
SCL output changes from low to Hi-Z then SCL is monitored.

SCL monitor | ' | | ' |
timing reference : i

clock

SCL

'

'

'

. e

'

'

i ' | I-
Internal SCL -----........-.........:.-

Figure19.21 Timing of Bit Synchronous Cir cuit

Table19.4 Timefor Monitoring SCL

CKS3 CKS2 Time for Monitoring SCL
0 0 7.5 tcyc

1 19.5 tcyc
1 0 17.5 teyc

1 41.5 teyc
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19.7  Usage Notes

1. Confirm the ninth falling edge of the clock before issuing a stop or a repeated start condition.
The ninth falling edge can be confirmed by monitoring the SCLO bit in the I2C bus control
register B (ICCRB).
If a stop or a repeated start condition is issued at certain timing in either of the following cases, the
stop or repeated start condition may be issued incorrectly.
— The rising time of the SCL signal exceeds the time given in section 19.6, Bit Synchronous
Circuit, because of the load on the SCL bus (load capacitance or pull-up resistance).
— The bit synchronous circuit is activated because a slave device holds the SCL bus low
during the eighth clock.
2. The WAIT bit in the I2C bus mode register (ICMR) must be held 0.
If the WAIT bit is set to 1, when a slave device holds the SCL signal low more than one transfer
clock cycle during the eighth clock, the high level period of the ninth clock may be shorter
than a given period.
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Section 20 Power-On Reset Circuit

This LSI has an on-chip power-on reset circuit. A block diagram of the power-on reset circuit is
shown in figure 20.1.

20.1 Feature

e Power-on reset circuit

An internal reset signal is generated at turning the power on by externally connecting a
capacitor.

Vce
R
(Recommended) System -bi
(100 kQ2) cI)cl)ck 3bit L nternal reset signal
RES counter

—

L
Voltage
detector

4

Figure20.1 Power-On Reset Circuit
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20.2 Operation

20.2.1 Power-On Reset Circuit

The operation timing of the power-on reset circuit is shown in figure 20.2. As the power supply
voltage rises, the capacitor, which is externally connected to the RES pin, is gradually charged
through the on-chip pull-up resistor (100 kQ). The low level of the RES pin is sent to the chip and
the whole chip is reset. When the level of the RES pin reaches to the predetermined level, a
voltage detection circuit detects it. Then a 3-bit counter starts counting up. When the 3-bit counter
counts ¢ for 8 times, an overflow signal is generated and an internal reset signal is cleared.

The capacitance (Cggs) which is connected to the RES pin can be computed using the following
formula; where the power supply rising time (t_vtr) is 5 ms, the RES rising time (t_vtr x 2) is 10
ms, and the on-chip resistor is 100 kQ. For details, see section 23, Electrical Characteristics.

10 ms

C= ———— =001yF
100 kQ

Note: Adjust the capacitance connected to the RES pin so that t_vtr x 2 exceeds the oscillation
stabilization time.

Note that the power supply voltage (Vcc) must fall below Vpor = 100 mV and rise after charge on
the RES pin is removed. To remove charge on the RES pin, it is recommended that the diode
should be placed near Vcc. If the power supply voltage (Vcc) rises from the point above Vpor, a
power-on reset may not occur.
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Internal reset
signal

t_out (eight states)

Figure20.2 Power-On Reset Circuit Operation Timing

RENESAS
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Section 21

Address Break

The address break simplifies on-board program debugging. It requests an address break interrupt
when the set break condition is satisfied. The interrupt request is not affected by the I bit in CCR.
Break conditions that can be set include instruction execution at a specific address and a
combination of access and data at a specific address. With the address break function, the
execution start point of a program containing a bug is detected and execution is branched to the
correcting program. 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.)
Figure 21.1 shows a block diagram of the address break.

Internal address bus

!

I Comparator |
BAR2H : BAR2L —

Y Fi
Interrupt | I ABRKCR2  |<+—| &
generation o

control circuit <—>| ABRKSR2 |<_> g
[9}
kS

BDR2H : BDR2L [«—
| Comparator
> Interrupt

[Legend]

BAR2H, BAR2L: Break address register 2
BDR2H, BDR2L: Break data register 2

ABRKCR2:
ABRKSR2:

Address break control register 2
Address break status register 2

Figure21.1 Block Diagram of Address Break
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21.1 Register Descriptions
The address break has the following registers.

e Address break control register 2 (ABRKCR?2)
e Address break status register 2 (ABRKSR2)
e Break address register 2 (BAR2H, BAR2L)

e Break data register 2 (BDR2H, BDR2L)

2111 AddressBreak Control Register 2 (ABRKCR?2)

ABRKCR?2 sets address break conditions.

Initial
Bit Bit Name  Value R/W Description
7 RTINTE2 1 R/W RTE Interrupt Enable
When this bit is 0, the interrupt immediately after
executing RTE is masked and then one instruction must
be executed. When this bit is 1, the interrupt is not
masked.
CSEL21 0 R/W Condition Select 1 and 0
CSEL20 0 R/W These bits set address break conditions.
00: Instruction execution cycle (no data comparison)
01: CPU data read cycle
10: CPU data write cycle
11: CPU data read/write cycle
4 ACMP22 0 R/W Address Compare Condition Select2to 0
ACMP21 0 R/W These bits set the comparison condition between the
2 ACMP20 0 R/W address set in BAR2 and the internal address bus.

000: Compares 16-bit addresses

001: Compares upper 12-bit addresses
010: Compares upper 8-bit addresses
011: Compares upper 4-bit addresses
1xx: Setting prohibited
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Initial
Bit Bit Name  Value R/W Description
1 DCMP21 0 R/W Data Compare Condition Select 1 and 0
0 DCMP20 0 R/W These bits set the comparison condition between the

data set in BDR2 and the internal data bus.
00: No data comparison

01: Compares lower 8-bit data between BDR2L and
data bus

10: Compares upper 8-bit data between BDR2H and
data bus

11: Compares 16-bit data between BDR2 and data bus

[Legend] x: Don't care.

When an address break is set in the data read cycle or data write cycle, the data bus used will
depend on the combination of the byte/word access and address. Table 21.1 shows the access and
data bus used. When an I/O register space with an 8-bit data bus width is accessed in word size, a
byte access is generated twice. For details on data widths of each register, see section 22.1,
Register Addresses (Address Order).

Table21.1 Accessand Data Bus Used

Word Access Byte Access
Even Address Odd Address Even Address  Odd Address

ROM space Upper 8 bits Lower 8 bits Upper 8 bits Upper 8 bits
RAM space Upper 8 bits Lower 8 bits Upper 8 bits Upper 8 bits
I/O register with Upper 8 bits Upper 8 bits Upper 8 bits Upper 8 bits
8-bit data bus width

I/O register with Upper 8 bits Lower 8 bits — —

16-bit data bus width*'

I/O register with Upper 8 bits Lower 8 bits Upper 8 bits Upper 8 bits

16-bit data bus width*®

Notes: 1. Registers whose addresses do not range from H'FF96 and H'FF97, and H'FFB8 to
H'FFBB with 16-bit data bus width.

2. Registers whose addresses range from H'FF96 and H'FF97, and H'FFB8 to H'FFBB.
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2112 AddressBreak Status Register 2 (ABRK SR2)

ABRKSR?2 consists of the address break interrupt flag and the address break interrupt enable bit.

Initial
Bit Bit Name  Value R/W Description
7 ABIF2 0 R/W Address Break Interrupt Flag
[Setting condition]
When the condition set in ABRKCR2 is satisfied
[Clearing condition]
When 0 is written after ABIF=1 is read
6 ABIE2 0 R/W Address Break Interrupt Enable
When this bit is 1, an address break interrupt request is
enabled.
5t00 — All 1 — Reserved

These bits are always read as 1.

21.1.3  Break AddressRegisters 2 (BAR2H, BAR2L)

BAR2H and BAR2L are 16-bit read/write registers that set the address for generating an address
break interrupt. When setting the address break condition to the instruction execution cycle, set the
first byte address of the instruction. The initial value of this register is H'FFFF.

2114 Break Data Registers 2 (BDR2H, BDR2L)

BDR2H and BDR2L are 16-bit read/write registers that set the data for generating an address
break interrupt. BDR2H is compared with the upper 8-bit data bus. BDR2L is compared with the
lower 8-bit data bus. When memory or registers are accessed by byte, the upper 8-bit data bus is
used for even and odd addresses in the data transmission. Therefore, comparison data must be set
in BDR2H for byte access. For word access, the data bus used depends on the address. See section
21.1.1, Address Break Control Register 2 (ABRKCR?2), for details. The initial value of this
register is undefined.
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21.2  Operation

When the ABIF2 and ABIE2 bits in ABRKSR2 are set to 1, the address break function generates
an interrupt request to the CPU. The ABIF2 bit in ABRKSR?2 is set to 1 by the combination of the
address set in BAR2, the data set in BDR2, and the conditions set in ABRKCR2. When the
interrupt request is accepted, interrupt exception handling starts after the instruction being
executed ends. The address break interrupt is not masked by the I bit in CCR of the CPU.

Figures 21.2 show the operation examples of the address break interrupt setting.

When the address break is specified in instruction execution cycle

Register setting Program
* ABRKCR2 =H'80 0258 NOP
* BAR2 = H'025A *025A NOP
025C  MOV.W @H'025A,R0 Underline indicates the address
0260 NOP
to be stacked.

0262 NOP

NOP NOP MOV MOV
instruc-  instruc-  instruc-  instruc-
tion tion tion 1 tion2 Internal
prefetch prefetch prefetch prefetch processing Stack save

¢ JUuyyuyUyyUryy oL
pddress ~ Y0258 Y 025A (o025 X o25E A_SP-2 X _sp-4

Interrupt | T
request \

Interrupt acceptance

Figure21.2 AddressBreak Interrupt Operation Example (1)
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When the address break is specified in the data read cycle

Register setting Program
* ABRKCR2 = H'AO 0258 NOP
* BAR2 = H'025A 025A NOP
*0256C MOV.W @H'025A,R0
0260 NOP Underline indicates the address

0262 NOP to be stacked.

MOV MOV NOP MOV NOP Next
instruc-  instruc- instruc-  instruc- instruc-  instru-
tion 1 tion 2 tion tion tion ction Internal  Stack
prefetch prefetch prefetch execution prefetch prefetch processing save

o UL urrrrre
Qggress:X 025C \ 025E Y 0260 Y 025A Y 0262

Interrupt I
request

0264 X sP-2

i i

Interrupt acceptance

21.3

Figure21.2 AddressBreak Interrupt Operation Example (2)

Operating States of Address Break

The operating states of the address break are shown in table 21.2.

Table21.2 Operating States of Address Break

Operating Sub- Module

Mode Reset Active Sleep Watch active Sub-sleep Standby Standby
ABRKCR2 Reset Functions  Retained Retained Functions  Retained Retained Retained

ABRKSR2 Reset Functions  Retained Retained Functions  Retained Retained Retained

BAR2H Reset Functions  Retained Retained Functions  Retained Retained Retained

BAR2L Reset Functions  Retained Retained Functions  Retained Retained Retained

BDR2H Retained*  Functions Retained Retained Functions Retained Retained Retained

BDR2L Retained*  Functions  Retained Retained Functions  Retained Retained Retained

Note: * Undefined at a power-on reset
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Section 22 List of Registers

The register list gives information on the on-chip I/O register addresses, how the register bits are
configured, and the register states in each operating mode. The information is given as shown
below.

1. Register addresses (address order)

e Registers are listed from the lower allocation addresses.
e Registers are classified by functional modules.

e The data bus width is indicated.

e The number of access states is indicated.

2. Register bits

e Bit configurations of the registers are described in the same order as the register addresses.
e Reserved bits are indicated by — in the bit name column.

e When registers consist of 16 bits, bits are described from the MSB side.

3. Register states in each operating mode
e Register states are described in the same order as the register addresses.

o The register states described here are for the basic operating modes. If there is a specific reset
for an on-chip peripheral module, refer to the section on that on-chip peripheral module.
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22.1 Register Addresses (Address Order)

The data bus width indicates the number of bits by which the register is accessed.

The number of access states indicates the number of states based on the specified reference clock.

Data

Abbre- Bit Module Bus Access
Register Name viation No. Address Name Width State
Serial control register 4 SCR4 8 H'FOOC SCl4 8 2
Serial control/status register 4 SCSR4 8 H'FOOD SCl4 8 2
Transmit data register 4 TDR4 8 H'FOOE SCl4 8 2
Receive data register 4 RDR4 8 H'FOOF SCl4 8 2
Flash memory control register 1 FLMCR1 8 H'F020 ROM 8 2
Flash memory control register 2 FLMCR2 8 H'F021 ROM 8 2
Flash memory power control FLPWCR 8 H'F022 ROM 8 2
register
Erase block register1 EBR1 8 H'F023 ROM 8 2
Flash memory enable register FENR 8 H'F0O2B ROM 8 2
Timer start register TSTR 8 H'FO30 TPU 8 2
Timer synchro register TSYR 8 H'FO31 TPU 8 2
Timer control register_1 TCR_1 8 H'FO40 TPU_1 8 2
Timer mode register_1 TMDR_1 8 H'F041  TPU_1 8 2
Timer 1/O control register_1 TIOR_1 8 H'FO042  TPU_A1 8 2
Timer interrupt enable register_ 1 TIER_1 8 H'F044  TPU_A1 8 2
Timer status register_1 TSR_1 8 H'F045 TPU_A1 8 2
Timer counter_1 TCNT_1 16 H'F046  TPU_1 16 2
Timer general register A_1 TGRA_1 16 H'F048 TPU_1 16 2
Timer general register B_1 TGRB_1 16 H'FO4A TPU_1 16 2
Timer control register_2 TCR_2 8 H'F050 TPU_2 8 2
Timer mode register_2 TMDR_2 8 H'FO51 TPU_2 8 2
Timer I/O control register_2 TIOR_2 8 H'F052 TPU_2 8 2
Timer interrupt enable register 2 TIER_2 8 H'FO54  TPU_2 8 2
Timer status register_2 TSR_2 8 H'F055 TPU_2 8 2
Timer counter_2 TCNT_2 16 H'FO56 TPU_2 16 2
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Data
Abbre- Bit Module Bus Access
Register Name viation No. Address Name Width State
Timer general register A_2 TGRA_ 2 16 H'FO58 TPU_2 16 2
Timer general register B_2 TGRB_2 16 H'FO5A TPU_2 16 2
RTC interrupt flag register RTCFLG 8 H'FO67 RTC 8 2
Second data register/free running RSECDR 8 H'F068 RTC 8 2
counter data register
Minute data register RMINDR 8 H'F069 RTC 8 2
Hour data register RHRDR 8 H'FOBA RTC 8 2
Day-of-week data register RWKDR 8 H'FO6B RTC 8 2
RTC control register 1 RTCCR1 8 HF06C RTC 8 2
RTC control register 2 RTCCR2 8 HFO6D RTC 8 2
SUB32k control register SUB32CR 8 H'FOBE Clock pulse 8 2
generator
Clock source select register RTCCSR 8 H'FO6F RTC 8 2
I’C bus control register 1 ICCR1 8 H'FO78  1IC2 8 2
I’C bus control register 2 ICCR2 8 H'FO79  lIC2 8 2
I’C bus mode register ICMR 8 H'FO7A  lIC2 8 2
I’C bus interrupt enable register ICIER 8 H'FO7B  1IC2 8 2
I’C bus status register ICSR 8 H'FO7C  lIC2 8 2
Slave address register SAR 8 H'FO7D 1IC2 8 2
I’C bus transmit data register ICDRT 8 H'FO7E  1IC2 8 2
I’C bus receive data register ICDRR 8 H'FO7F  1IC2 8 2
Interrupt priority register A IPRA 8 H'FO80 Interrupts 8 2
Interrupt priority register B IPRB 8 H'F081 Interrupts 8 2
Interrupt priority register C IPRC 8 H'FO82 Interrupts 8 2
Interrupt priority register D IPRD 8 H'FO83 Interrupts 8 2
Interrupt priority register E IPRE 8 H'F084  Interrupts 8 2
Address break control register 2 ABRKCR2 8 H'FO96  Address 8 2
break
Address break status register 2 ABRKSR2 8 H'F097  Address 8 2
break
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Data
Abbre- Bit Module Bus Access
Register Name viation No. Address Name Width State
Break address register 2H BAR2H 8 H'FO98  Address 8 2
break
Break address register 2L BAR2L 8 H'F099  Address 8 2
break
Break data register 2H BDR2H 8 H'FO9A  Address 8 2
break
Break data register 2L BDR2L 8 H'FO9B  Address 8 2
break
Event counter PWM compare ECPWCR 16 HFF8C AEC* 16 2
register
Event counter PWM data register ECPWDR 16 HFFSE AEC* 16 2
Wakeup edge select register WEGR 8 H'FF90 Interrupts 8 2
Serial port control register SPCR 8 H'FF91  SCI3 8 2
Input pin edge select register AEGSR 8 HFF92 AEC* 8 2
Event counter control register ECCR 8 HFF94 AEC* 8 2
Event counter control/status register ECCSR 8 H'FF95 AEC* 8 2
Event counter H ECH 8 HFF96 AEC* 8 2
Event counter L ECL 8 HFF97 AEC* 8 2
Serial mode register 3_1 SMR3_1 8 H'FF98  SCI3_1 8 3
Bit rate register 3_1 BRR3_1 8 H'FF99  SCI3_1 8 3
Serial control register 3_1 SCR3_1 8 HFF9A SCI3_1 8 3
Transmit data register 3_1 TDR3_1 8 H'FF9B  SCI3_1 8 3
Serial status register 3_1 SSR3_1 8 HFF9C SCI3_1 8 3
Receive data register 3_1 RDR3_1 8 HFFOD SCI3_1 8 3
IrDA control register IrCR 8 H'FFA7  IrDA 8 3
Serial mode register 3_2 SMR3_2 8 HFFA8 SCI3_2 8 3
Bit rate register 3_2 BRR3_2 8 H'FFA9 SCI3_2 8 3
Serial control register 3_2 SCR3_2 8 HFFAA SCI3_2 8 3
Transmit data register 3_2 TDR3_ 2 8 H'FFAB SCI3_2 8 3
Serial status register 3_2 SSR3 2 8 H'FFAC SCI3_2 8 3
Receive data register 3_2 RDR3_2 8 HFFAD SCI3_2 8 3
Timer mode register WD TMWD 8 HFFBO WDT*? 8 2
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Data
Abbre- Bit Module Bus Access
Register Name viation No. Address Name Width State
Timer control/status register WD1 TCSRWD1 8 HFFB1  WDT*? 8 2
Timer control/status register WD2 TCSRWD2 8 HFFB2 WDT*? 8 2
Timer counter WD TCWD 8 HFFB3 WDT*? 8 2
Timer control register F TCRF 8 H'FFB6  Timer F 8 2
Timer control/status register F TCSRF 8 HFFB7  TimerF 8 2
8-bit timer counter FH TCFH 8 HFFB8  Timer F 8 2
8-bit timer counter FL TCFL 8 HFFB9  Timer F 8 2
Output compare register FH OCRFH 8 H'FFBA Timer F 8 2
Output compare register FL OCRFL 8 H'FFBB Timer F 8 2
A/D result register ADRR 16 H'FFBC A/D converter 16 2
A/D mode register AMR 8 H'FFBE A/D converter 8 2
A/D start register ADSR 8 H'FFBF  A/D converter 8 2
Port mode register 1 PMR1 8 H'FFCO  I/O ports 8 2
Oscillator Control Register OSCCR 8 H'FFC1 Clock pulse 8 2
generator
Port mode register 3 PMR3 8 H'FFC2 I/O ports 8 2
Port mode register 4 PMR4 8 H'FFC3  I/O ports 8 2
Port mode register 5 PMR5 8 H'FFC4 1/O ports 8 2
Port mode register 9 PMR9 8 H'FFC8  I/O ports 8 2
Port mode register B PMRB 8 H'FFCA  1/O ports 8 2
PWM2 control register PWCR22 8 HFFCD 14-bit PWM 8 2
PWM2 data register PWDR2 16 HFFCE 14-bitPWM 16 2
PWM?1 control register PWCR1 8 H'FFDO  14-bit PWM 8 2
PWM1 data register PWDR1 16 HFFD2 14-bit PWM 16 2
Port data register 1 PDR1 8 H'FFD4  1/O ports 8 2
Port data register 3 PDR3 8 H'FFD6  I/O ports 8 2
Port data register 4 PDR4 8 H'FFD7  1/O ports 8 2
Port data register 5 PDR5 8 H'FFD8  I/O ports 8 2
Port data register 6 PDR6 8 H'FFD9 /O ports 8 2
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Data
Abbre- Bit Module Bus Access
Register Name viation No. Address Name Width State
Port data register 7 PDR7 8 H'FFDA  I/O ports 8 2
Port data register 8 PDR8 8 H'FFDB  I/O ports 8 2
Port data register 9 PDR9 8 H'FFDC  I/O ports 8 2
Port data register A PDRA 8 H'FFDD  I/O ports 8 2
Port data register B PDRB 8 H'FFDE I/O ports 8 2
Port pull-up control register 1 PUCR1 8 H'FFEO  1/O ports 8 2
Port pull-up control register 3 PUCRS3 8 H'FFE1  1/O ports 8 2
Port pull-up control register 5 PUCR5 8 H'FFE2  I/O ports 8 2
Port pull-up control register 6 PUCRG6 8 H'FFE3  I/O ports 8 2
Port control register 1 PCR1 8 H'FFE4 1/O ports 8 2
Port control register 3 PCR3 8 H'FFE6 /O ports 8 2
Port control register 4 PCR4 8 H'FFE7 1/O ports 8 2
Port control register 5 PCR5 8 H'FFE8 1/O ports 8 2
Port control register 6 PCR6 8 H'FFE9 1/O ports 8 2
Port control register 7 PCR7 8 H'FFEA 1/O ports 8 2
Port control register 8 PCR8 8 H'FFEB /O ports 8 2
Port control register 9 PCR9 8 H'FFEC 1/O ports 8 2
Port control register A PCRA 8 H'FFED 1/O ports 8 2
System control register 1 SYSCR1 8 H'FFFO  System 8 2
System control register 2 SYSCR2 8 H'FFF1  System 8 2
IRQ edge select register IEGR 8 H'FFF2  Interrupts 8 2
Interrupt enable register 1 IENR1 8 H'FFF3  Interrupts 8 2
Interrupt enable register 2 IENR2 8 H'FFF4  Interrupts 8 2
Interrupt mask register INTM 8 H'FFF5 Interrupts 8 2
Interrupt request register 1 IRR1 8 H'FFF6 Interrupts 8 2
Interrupt request register 2 IRR2 8 H'FFF7  Interrupts 8 2
Wakeup interrupt request register IWPR 8 H'FFF9  Interrupts 8 2
Clock stop register 1 CKSTPR1 8 H'FFFA  System 8 2
Clock stop register 2 CKSTPR2 8 H'FFFB  System 8 2
Notes: 1. AEC: Asynchronous event counter
2. WDT: Watchdog timer
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22.2  Register Bits

Register bit names of the on-chip peripheral modules are described below.

Register Module
Abbreviation Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Name
SCR4 TIE RIE TEIE SOL SOLP SRES TE RE SCl4
SCSR4 TDRE RDRF ORER TEND CKS3 CKS2 CKS1 CKSO0

TDR4 TDR47 TDR46 TDR45 TDR44 TDR43 TDR42 TDR41 TDR40

RDR4 RDR47 RDR46 RDR45 RDR44 RDR43 RDR42 RDR41 RDR40

FLMCR1 — SWE ESU PSU EV PV E P ROM

FLMCR2 FLER — — — — — — —
FLPWCR  PDWND — — _ _ _ _ _

EBR1 — EB6 EB5 EB4 EB3 EB2 EB1 EBO
FENR FLSHE — — — — — — —
TSTR — — — — — CST2 CST1 — TPU
TSYR — — — — — SYNC2 SYNC1 —
TCR_1 — CCLR1 CCLRO CKEG1 CKEGO TPSC2 TPSC1 TPSCO TPU_1
TMDR_1 — — — — — — MD1 MDO
TIOR_1 10B3 10B2 10B1 10BO I0A3 I0A2 I0A1 I0A0
TIER_1 — — — TCIEV —— — TGIEB  TGIEA
TSR_1_ — — — TCFV — — TGFB TGFA
TCNT_1 Bit15 Bit14 Bit13 Bit12 Bit11 Bit10 Bit9 Bit8
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0
TGRA_1 Bit15 Bit14 Bit13 Bit12 Bit11 Bit10 Bit9 Bit8
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0
TGRB_1 Bit15 Bit14 Bit13 Bit12 Bit11 Bit10 Bit9 Bit8
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0
TCR_2 — CCLR1 CCLRO CKEG1 CKEGO TPSC2 TPSC1 TPSCO TPU_2
TMDR_2 — — — — — — MD1 MDO
TIOR_2 10B3 10B2 10B1 I0BO I0A3 I0A2 I0A1 I0A0
TIER_2 — — — TCIEV — — TGIEB  TGIEA
TSR_2 — — — TCFV — — TGFB TGFA
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Register Module
Abbreviation Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Name
TCNT_2 Bit15 Bit14 Bit13 Bit12 Bit11 Bit10 Bit9 Bit8 TPU_2
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0
TGRA_2 Bit15 Bit14 Bit13 Bit12 Bit11 Bit10 Bit9 Bit8
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0
TGRB_2 Bit15 Bit14 Bit13 Bit12 Bit11 Bit10 Bit9 Bit8
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0
RTCFLG FOIFG WKIFG DYIFG HRIFG  MNIFG SEIFG 05SEIFG 025SEIFG RTC
RSECDR BSY SC12 SC11 SC10 SCO03 SCo02 SCo1 SCO00
RMINDR BSY MN12 MN11 MN10 MNO3 MNO2 MNO1 MNOO
RHRDR BSY — HR11 HR10 HRO3 HRO02 HRO1 HROO
RWKDR BSY — — — — WK2 WK1 WKO
RTCCR1 RUN 12/24 PM RST — — — —
RTCCR2 FOIE WKIE DYIE HRIE MNIE 1SEIE 05SEIE  025SEIE
SUB32CR 32KSTOP — — — — — — — Clock
pulse
generator
RTCCSR — RCS6  RCS5 SUB32K RCS3 RCS2 RCS1 RCSO0 RTC
ICCR1 ICE RCVD MST TRS CKS3 CKS2 CKS1 CKSO0 lic2
ICCR2 BBSY SCP SDAO SDAOP SCLO — IICRST —
ICMR MLS WAIT — — BCWP BC2 BC1 BCO
ICIER TIE TEIE RIE NAKIE STIE ACKE ACKBR ACKBT
ICSR TDRE TEND RDRF NACKF STOP AL/OVE AAS ADZ
SAR SVA6 SVA5 SVA4 SVA3 SVA2 SVA1 SVAO0 FS
ICDRT ICDRT7 ICDRT6 ICDRT5 ICDRT4 ICDRT3 ICDRT2 ICDRT1 ICDRTO
ICDRR ICDRR7 ICDRR6 ICDRR5 ICDRR4 ICDRR3 ICDRR2 ICDRR1 ICDRRO
A IPRA7 IPRA6 IPRA5 IPRA4 IPRA3 IPRA2 IPRA1 IPRAO Interrupts
IPRB IPRB7 IPRB6 IPRB5 IPRB4 IPRB3 IPRB2 IPRB1 IPRBO
IPRC IPRC7 IPRC6 IPRC5 IPRC4 IPRC3 IPRC2 IPRC1 IPRCO
IPRD IPRD7 IPRD6 IPRD5 IPRD4 IPRD3 IPRD2 IPRD1 IPRDO
IPRE IPRE7 IPRE6 IPRE5 IPRE4  — — — —
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Register Module
Abbreviation Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Name
ABRKCR2 RTINTE2 CSEL21 CSEL20 ACMP22 ACMP21 ACMP20 DCMP21 DCMP20 Address
ABRKSR2  ABIF2  ABIE2 — — — — — — break
BAR2H BARH27 BARH26 BARH25 BARH24 BARH23 BARH22 BARH21 BARH20
BAR2L BARL27 BARL26 BARL25 BARL24 BARL23 BARL22 BARL21 BARL20
BDR2H BDRH27 BDRH26 BDRH25 BDRH24 BDRH23 BDRH22 BDRH21 BDRH20
BDR2L BDRL27 BDRL26 BDRL25 BDRL24 BDRL23 BDRL22 BDRL21 BDRL20
ECPWCR ECPWCR15 ECPWCR14 ECPWCR13 ECPWCR12 ECPWCR11 ECPWCR10 ECPWCR9 ECPWCR8 AEC*'
ECPWCR7 ECPWCR6 ECPWCR5 ECPWCR4 ECPWCR3 ECPWCR2 ECPWCR1 ECPWCRO
ECPWDR ECPWDR15 ECPWDR14 ECPWDR13 ECPWDR12 ECPWDR11 ECPWDR10 ECPWDR9 ECPWDR8
ECPWDR7 ECPWDR6 ECPWDR5 ECPWDR4 ECPWDR3 ECPWDR2 ECPWDR1 ECPWDRO
WEGR WKEGS7 WKEGS6 WKEGS5 WKEGS4 WKEGS3 WKEGS2 WKEGS1 WKEGSO Interrupts
SPCR — — SPC32 SPC31 SCINV3 SCINV2 SCINV1 SCINVO SCI3
AEGSR AHEGS1 AHEGSO ALEGS1 ALEGSO AIEGS1 AIEGSO ECPWME — AEC*'
ECCR ACKH1 ACKHO ACKL1 ACKLO PWCK2 PWCK1 PWCKO —
ECCSR OVH OvL — CH2 CUEH CUEL CRCH CRCL
ECH ECH7 ECH6 ECH5 ECH4 ECH3 ECH2 ECHA1 ECHO
ECL ECL7 ECL6 ECL5 ECL4 ECL3 ECL2 ECLA1 ECLO
SMR3_1 COM CHR PE PM STOP MP CKSH1 CKSO0 SCI3_1
BRR3_1 BRR7 BRR6 BRR5 BRR4 BRR3 BRR2 BRR1 BRRO
SCR3_1 TIE RIE TE RE MPIE TEIE CKE1 CKEO
TDR3_1 TDR?7 TDR6 TDR5 TDR4 TDR3 TDR2 TDR1 TDRO
SSR3_1 TDRE RDRF OER FER PER TEND MPBR  MPBT
RDR3_1 RDR7 RDR6 RDR5 RDR4 RDR3 RDR2 RDR1 RDRO
IrCR IrE IrCKS2 IrCKS1 IrCKSO — — — — IrDA
SMR3_2 COM32 CHR32 PE32 PM32 STOP32 MP32 CKS321 CKS320 SCI3_2
BRR3_2 BRR327 BRR326 BRR325 BRR324 BRR323 BRR322 BRR321 BRR320
SCR3_2 TIE32 RIE32 TE32 RE32 MPIE32 TEIE32 CKE321 CKE320
TDR3_2 TDR327 TDR326 TDR325 TDR324 TDR323 TDR322 TDR321 TDR320
SSR3_2 TDRE32 RDRF32 OER32 FER32 PER32 TEND32 MPBR32 MPBT32
RDR3_2 RDR327 RDR326 RDR325 RDR324 RDR323 RDR322 RDR321 RDR320
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Register Module
Abbreviation Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit1 Bit 0 Name
TMWD — — — — CKS3 CKS2 CKSH1 CKS0 WDT*?

TCSRWD1 BeWI TCWE  B4WI TCSRWE B2WI WDON  BOWI WRST
TCSRWD2  OVF B5WI WTAT B3WI IEOVF — — —

TCWD TCW7 TCW6 TCW5 TCW4 TCW3 TCW2 TCW1  TCWO

TCRF TOLH CKSH2 CKSH1 CKSHO TOLL  CKSL2 CKSL1 CKSLO TimerF

TCSRF OVFH CMFH OVIEH CCLRH OVFL CMFL OVIEL CCLRL

TCFH TCFH7 TCFH6 TCFH5 TCFH4 TCFH3 TCFH2 TCFH1  TCFHO

TCFL TCFL7 TCFL6 TCFL5 TCFL4 TCFL3 TCFL2 TCFL1 TCFLO

OCRFH OCRFH7 OCRFH6 OCRFH5 OCRFH4 OCRFH3 OCRFH2 OCRFHi OCRFHO

OCRFL OCRFL7 OCRFL6 OCRFL5 OCRFL4 OCRFL3 OCRFL2 OCRFL1 OCRFLO

ADRR ADRO ADR8 ADR7 ADR6 ADR5 ADR4 ADR3 ADR2 AD

ADR1 ADRO o o o o o o converter

AMR CKS  TRGE — — CH3 CH2 CHi  CHo

ADSR ADSF  — — — — — — —

PMR1 _ _ _ _ _ _ AEVL  AEVH /O ports

OSCCR — _ _ _ _ IROAECF OSCF  — Clock
pulse
generator

PMR3 — — — — — — — TMOW  |I/O ports

PMR4 — — — — — TMOFH TMOFL TMIF

PMRS WKP7 WKP6 WKP5 WKP4 WKP3 WKP2 WKP1  WKPO

PMR9 — _ _ — _ IRQ4  PWM2  PWMI

PMRB — — — ADTSTCHG — IRO3  IRQ1  IRQO

PWCR22  — — — — — PWCR22 PWCR21 PWCR20 14-bit

PWDR2 — — PWDR213 PWDR212 PWDR211 PWDR210 PWDR29 PWDR2g "M

PWDR27 PWDR26 PWDR25 PWDR24 PWDR23 PWDR22 PWDR21 PWDR20

PWCR1 — — — — — PWCR12 PWCR11 PWCRI10

PWDRH1 — — PWDR113 PWDR112 PWDR111 PWDR110 PWDR19 PWDR18

PWDR17 PWDR16 PWDR15 PWDR14 PWDR13 PWDR12 PWDR11 PWDR10
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Register Module
Abbreviation Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Name
PDR1 — P16 P15 P14 P13 P12 P11 P10 I/O ports
PDR3 P37 P36 — — — P32 P31 P30

PDR4 — — — — — P42 P41 P40

PDR5 P57 P56 P55 P54 P53 P52 P51 P50

PDR6 P67 P66 P65 P64 P63 P62 P61 P60

PDR7 P77 P76 P75 P74 P73 P72 P71 P70

PDR8 P87 P86 P85 P84 P83 P82 P81 P80

PDR9 — — — — P93 P92 P91 P90

PDRA — — — — PA3 PA2 PA1 PAO

PDRB PB7 PB6 PB5 PB4 PB3 PB2 PB1 PBO

PUCRH1 — PUCR16 PUCR15 PUCR14 PUCR13 PUCR12 PUCR11 PUCR10
PUCR3 PUCR37 PUCR36 — — — — — PUCR30

PUCR5 PUCR57 PUCR56 PUCR55 PUCR54 PUCR53 PUCR52 PUCR51 PUCRS50
PUCR6 PUCR67 PUCR66 PUCR65 PUCR64 PUCR63 PUCR62 PUCR61 PUCR60

PCR1 — PCR16 PCR15 PCR14 PCR13 PCR12 PCR11 PCR10

PCR3 PCR37 PCR36 — — — PCR32 PCR31 PCR30

PCR4 — — — — — PCR42 PCR41 PCR40

PCR5 PCR57 PCR56 PCR55 PCR54 PCR53 PCR52 PCR51 PCR50

PCR6 PCR67 PCR66 PCR65 PCR64 PCR63 PCR62 PCR61 PCR60

PCR7 PCR77 PCR76 PCR75 PCR74 PCR73 PCR72 PCR71 PCR70

PCR8 PCR87 PCR86 PCR85 PCR84 PCR83 PCR82 PCR81 PCR80

PCR9 — — — — PCR93 PCR92 PCR91 PCR90

PCRA — — — — PCRA3 PCRA2 PCRA1 PCRAO

SYSCR1 SSBY STS2 STSH STSO LSON TMA3 MA1 MAO System
SYSCR2 — — — NESEL DTON MSON  SAf SAO0

IEGR NMIEG TMIFG  ADTRGNEG IEG4 IEG3 — IEG1 IEGO Interrupts
IENR1 IENRTC — IENWP  IEN4 IEN3 IENEC2 IEN1 IENO

IENR2 IENDT IENAD — — IENTFH IENTFL — IENEC

INTM — — — — — — INTM1 INTMO

IRR1 — — — IRR4 IRR3 IRREC2 IRRI1 IRRIO
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Register Module
Abbreviation Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Name
IRR2 IRRDT IRRAD — — IRRTFH IRRTFL — IRREC Interrupts
IWPR IWPF7 IWPF6 IWPF5 IWPF4 IWPF3 IWPF2 IWPF1 IWPFO

CKSTPR1 S4CKSTP**  S31CKSTP  S32CKSTP  ADCKSTP  — TFCKSTP ~ FROMCKSTP* RTCCKSTP System

CKSTPR2 ADBCKSTP TPUCKSTP  IICCKSTP PW2CKSTP AECCKSTP WDCKSTP PW1CKSTP LDCKSTP

Notes: 1. AEC: Asynchronous event counter
2. WDT: Watchdog timer

3. This bit is available only for the flash memory version. In the masked ROM version, this
bit is reserved.

Rev. 1.00 Dec. 18, 2006 Page 460 of 568
REJ09B0348-0100 RENESAS



Section 22 List of Registers

22.3 Register Statesin Each Operating Mode

EE%:’Set\?irz;\tion Reset Active Sleep  Watch Subactive Subsleep Standby Module
SCR4 — — — — — — — SCR4
SCSR4 — — — — — — —

TDR4 — — — — — — —

RDR4 — — — — — — —

FLMCRA1 Initialized — — — — — Initialized ROM
FLMCR2 Initialized — — — — — —

FLPWCR Initialized — — — — — —

EBR1 Initialized — — — — — Initialized

FENR Initialized — — — — — —

TSTR Initialized — — — — — Initialized TPU
TSYR Initialized — — — — — Initialized
TCR_1 Initialized — — — — — Initialized TPU_1
TMDR_1 Initialized — — — — — Initialized
TIOR_1 Initialized — — — — — Initialized
TIER_1 Initialized — — — — — Initialized
TSR_1_ Initialized — — — — — Initialized
TCNT_1 Initialized — — — — — Initialized
TGRA_1 Initialized — — — — — Initialized
TGRB_1 Initialized — — — — — Initialized
TCR_2 Initialized — — — — — Initialized TPU_2
TMDR_2 Initialized —— — — — — Initialized
TIOR_2 Initialized — — — — — Initialized
TIER_2 Initialized —— — — — — Initialized
TSR_2 Initialized — — — — — Initialized
TCNT_2 Initialized — — — — — Initialized
TGRA_2 Initialized — — — — — Initialized
TGRB_2 Initialized — — — — — Initialized
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,’:Eglrset\?i;tion Reset Active Sleep  Watch Subactive Subsleep Standby Module

RTCFLG Initialized —— — — — — — RTC

RSECDR Initialized —— — — — — _

RMINDR Initialized —— — — — — _

RHRDR Initialized —— — — — — _

RWKDR — — — — — — —

RTCCR1 — — — — — _ _

RTCCR2 — — — — — — —

SUB32CR Initialized — — — — — — Clock pulse
generator

RTCCSR Initialized — — — — — — RTC

ICCR1 Initialized — — — — — — IIc2

ICCR2 Initialized —— — — — — _

ICMR Initialized — — — — _ _

ICIER Initialized —— — — — — _

ICSR Initialized — — — — — _

SAR Initialized —— — — — — _

ICDRT Initialized —— — — — — _

ICDRR Initialized — — — — _ _

IPRA Initialized — — — — — — Interrupts

IPRB Initialized — — — — — _

IPRC Initialized — — — — — _

IPRD Initialized — — — — — _

IPRE Initialized  — — — — — _

ABRKCR2 Initialized —— — — — — — Address

ABRKSR2 Initialized ~— — — — _ _ break

BAR2H Initialized — — — — — _

BAR2L Initialized — — — — — —

BDR2H — — — — — _ _

BDR2L — — — — — _ _

ECPWCR Initialized —— — — — — — AEC*'

ECPWDR Initialized —— — — — — _
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,’:Eglrset\?i;tion Reset Active Sleep Watch Subactive Subsleep Standby Module
WEGR Initialized —— — — — — — Interrupts
SPCR Initialized — — — — — — SCI3
AEGSR Initialized — — — — — — AECH'
ECCR Initialized — — — — — —

ECCSR Initialized — — — — — —

ECH Initialized —— — — — — —

ECL Initialized — — — — — —

SMR3_1 Initialized — — Initialized — — Initialized  SCI3_1
BRR3_1 Initialized — — Initialized — — Initialized

SCR3_1 Initialized — — Initialized — — Initialized

TDR3_1 Initialized —— — Initialized — — Initialized

SSR3_1 Initialized — — Initialized — — Initialized

RDR3_1 Initialized —— — Initialized — — Initialized

IrCR Initialized — — Initialized — — Initialized  IrDA
SMR3_2 Initialized — — Initialized — — Initialized  SCI3_2
BRR3_2 Initialized — — Initialized — — Initialized

SCR3_2 Initialized — — Initialized — — Initialized

TDR3_2 Initialized — — Initialized — — Initialized

SSR3_2 Initialized — — Initialized — — Initialized

RDR3_2 Initialized  — — Initialized — — Initialized

TMWD Initialized — — — — — — WDT#?
TCSRWD1 Initialized — — — — — —

TCSRWD2 Initialized — — — — — —

TCWD Initialized — — _— — — _

TCRF Initialized —— — — — — — Timer F
TCSRF Initialized — — — — — —

TCFH Initialized — — — — — —

TCFL Initialized — — — — — —

OCRFH Initialized — — — — — _

OCRFL Initialized — — — — — —
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,’:Eglrset\?i;tion Reset Active Sleep Watch Subactive Subsleep Standby Module

ADRR — — — — — — — A/D converter

AMR Initialized — — — — — _

ADSR Initialized — — — — _ _

PMR1 Initialized — — — — — — 1/0 ports

PMR3 Initialized — — — — — _

PMR4 Initialized —— — — — — _

PMR5 Initialized — — — — — _

PMR9 Initialized — — — — — _

PMRB Initialized — — — — — _

PWCR2 Initialized — — — — — — 14-bit PWM

PWDR2 Initialized — — — — — _

PWCRH1 Initialized — — — — — _

PWDR1 Initialized — — — — — _

PDR1 Initialized — — — — — — 1/O ports

OSCCR Initialized — — — — — — Clock pulse
generator

PDR3 Initialized — — — — — — 1/0 ports

PDR4 Initialized  — — — — — _

PDR5 Initialized —— — — — — _

PDR6 Initialized — — — — — _

PDR7 Initialized — — — — — _

PDR8 Initialized — — — — — _

PDR9 Initialized — — — — — _

PDRA Initialized — — — — — _

PDRB Initialized — — — — — _

PUCRH1 Initialized — — — — — _

PUCR3 Initialized — — — — — _

PUCR5 Initialized —— — — — — _

PUCR6 Initialized — — — — — _

PCR1 Initialized — — — — _ _
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,’:Eglrset\?i;tion Reset Active Sleep Watch Subactive Subsleep Standby Module
PCR3 Initialized — — — — — — 1/0 ports
PCR4 Initialized — — — — — _

PCR5 Initialized — — — — _ _

PCR6 Initialized — — — — — _

PCR7 Initialized — — — — — _

PCR8 Initialized —— — — — — _

PCR9 Initialized —— — — — — _

PCRA Initialized — — — — _ _

SYSCR1 Initialized — — — — — _ System
SYSCR2 Initialized — — — — _ _

IEGR Initialized —— — — — — — Interrupts
IENR1 Initialized — — — — — —

IENR2 Initialized —— — — — — _

INTM Initialized — — — — — _

IRR1 Initialized — — — — — _

IRR2 Initialized —— — — — — _

IWPR Initialized — — — — — _

CKSTPR1 Initialized — — — — — — System
CKSTPR2 Initialized — — — — — —

Notes: — is not initialized.

1. AEC: Asynchronous event counter
2. WDT: Watchdog timer
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Section 23 Electrical Characteristics

23.1  Absolute Maximum Ratingsfor F-ZTAT Version
Table 23.1 lists the absolute maximum ratings.

Table23.1 Absolute Maximum Ratings

Item Symbol Value Unit Note
Power supply voltage Vg —-0.3t0 +4.3 Y a
Analog power supply voltage AV, -0.3t0 +4.3 \Y
Input voltage OtherthanportB V| -0.3toV_ +0.3 Vv
Port B AV, —0.3to AV, +0.3 \

Operating temperature Ton —20to +75 °C

(regular specifications)**

—40 to +85

(wide-range specifications)**

Storage temperature T -55to +125 °C

stg

Notes: 1. Permanent damage may occur to the chip if absolute maximum ratings are exceeded.
Normal operation should be under the conditions specified in Electrical Characteristics.
Exceeding these values can result in incorrect operation and reduced reliability.

2. When the operating voltage (Vcc) for reading the flash memory is from 2.7 Vt0 3.6 V,
the operating temperature (Ta) for programming/erasing ranges from —20 to +75°C.
When the operating voltage (Vcc) for reading the flash memory is from 1.8 Vt0 3.6 V,
the operating temperature (Ta) for programming/erasing ranges from —20 to +50°C.
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23.2 Electrical Characteristicsfor F-ZTAT Version

2321 Power Supply Voltage and Operating Range
The power supply voltage and operating range are indicated by the shaded region in the figures.

(1) Power Supply Voltage and Oscillation Frequency Range

[10-MHz version] 38.4 _.....I ____________ S |
) T se7es|-----{--o---ooocpeooooe-- 1
S 100 ----mo-ee- = . . .
: : s s s
£ 42 ; ' |
20 b—--ccoooooo ! : : :
1 1 1 1 i i
1.8 2.7 3.6 1.8 2.7 3.6
Vee (V) Vce (V)
- Active (high-speed) mode - All operating mode
- Sleep (high-speed) mode - Refer to no. 2 in the note.

- Refer to no.1 in the note.
Notes: 1.The fosc values are those when a resonator

[4-MHz version] is used; when an external clock is used, the
minimum value of fosc is 1 MHz.
2. When a resonator is used, hold VCC at
2.2V to 3.6 V from power-on until the
oscillation settling time has elapsed.

fosc (MHz)
o
o

4.2

20 !
i i
1.8 2.7 3.6

vee (V)

- Active (high-speed) mode
- Sleep (high-speed) mode
- Refer to no.1 in the note.
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2

~N 10
I
=]

N 1250

< 525

31.25
(15.625)

Power Supply Voltage and Operating Frequency Range

[10-MHz version] . . \
__________ R R e R
16.384 [----fr-----ooo-- e 1
jooee- ' : ’
18 2.7 3.6 o o8 IR e |
Vee (V) T I . "
e (hi < 8192 b----f-------o--- [ |
- Active (high-speed) mode o | 0
- Sleep (high-speed) mode (except CPU) 3 ' ' !
- Refer to no.1 in the note. e : !
I e i, eeeoeee |
---------- 4.096 -----I-----------:—-----------l
I I I
1.8 2.7 3.6
oo Vee (V)
1.8 27 3.6 )
Ve (V) - Subactive mode
- Active (medium-speed) mode - Subsleep mode (except CPU)

- Sleep (medium-speed) mode

(except A/D converter)

- Refer to no.2 in the note.

Notes: 1.

[4-MHz version]

10

¢ (MHz)

4.2

2.0
(1.0)

1250

¢ (MHz)

525

31.25
(15.625)

1.8 2.7 3.6

Vee (V)

- Active (high-speed) mode
- Sleep (high-speed) mode (except CPU)
- Refer to no.1 in the note.

1.8 2.7 3.6

Ve (V)

- Active (medium-speed) mode
- Sleep (medium-speed) mode

(except A/D converter)

- Refer to no.2 in the note.

- Watch mode (except CPU)

The value in parentheses is the minimum operating
frequency when an external clock is input. When
using a resonator, the minimum operating frequency
(0)is 1 MHz

The value in parentheses is the minimum operating
frequency when an external clock is input. When
using a resonator, the minimum operating frequency
(¢) is 31.25 kHz.
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(3) Analog Power Supply Voltage and A/D Converter Operating Frequency Range

[10-MHz version]

100 |-----mmmm--
N N 1250 f=—-------------
S 42 s
< 20 © 3125
(1.0)f~-—----- [ (15.625) [=-------------
1.8 27 3.6 27 3.6
AVie(V) AVc(V)
- Active (high-speed) mode - Active (medium-speed) mode
- Sleep (high-speed) mode - Sleep (medium-speed) mode
- Refer to no.1 in the note. - Refer to no.2 in the note.
[4-MHz version]
10.0
S ) Fooos
S 20 S 3125
(1.0 - ] (15.625) [~~~ """ """ """
1.8 2.7 3.6 2.7 3.6
AVio(V) AVc(V)
- Active (high-speed) mode - Active (medium-speed) mode
- Sleep (high-speed) mode - Sleep (medium-speed) mode
- Refer to no.1 in the note. - Refer to no.2 in the note.

Notes: 1. The minimum operating frequency (¢) is 2 MHz when using a resonator;
and 1 MHz when using an external clock.

2. The minimum operating frequency (¢) is 31.25 kHz when using a resonator;
and 15.625 kHz when using an external clock.
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23.2.2 DC Characteristics
Table 23.2 lists the DC characteristics.

Table23.2 DC Characteristics

Vee=18V103.6V,AV =18V 1t03.6V,V,=AV,=0.0V,unless otherwise specified.

Values

Item Symbol Applicable Pins Test Condition Min. Typ. Max. Unit  Notes

Input high Vv, RES, NMI**, WKPO 09V, — V,+0.3 \Y
voltage to WKP7, TRQO,

AEVL, AEVH,

TMIF, ADTRG,

SCK32, SCK31,

SCK4

IRQT, IRQ3, IRO4 09V, — AV, +0.3

RXD32, RXD31 08v,, — V,,+03

0sCH 0.9V, — V,, +0.3

cc

X1 V,=27t36V 09V, — Ve, +0.3

P10 to P16, 08V, — V,+03
P30 to P32,

P36, P37,

P40 to P42,

P50 to P57,

P60 to P67,

P70 to P77,

P80 to P87,

P90 to P93,

PAO to PA3,
TCLKA, TCLKB,
TCLKC, TIOCA1,
TIOCA2, TIOCBA,
TIOCB2, SCL, SDA

PBO to PB7 08V, — AV, +0.3

IRQAEC 0.9V, — V,, +0.3

cc
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Item Symbol

Applicable

Pins

Values

Test Condition Min.

Typ. Max. Unit

Notes

Input low \'%
voltage

I

RES, NMI**,
WKPO to WKP?7,
TRQO, IRQT, IRQ3,
TRQ4, IRQAEC,
AEVL, AEVH,
TMIF, ADTRG,
SCK32, SCK31,
SCK4

- 0.4V, v

RXD32, RXD31

-0.3

— 0.2V,

=Yee

0OSC1

-0.3

— 0.4V,

X1

V,=27t036V 03

- 0.1V,

P10 to P16,

P30 to P32,

P36, P37,

P40 to P42,

P50 to P57,

P60 to P67,

P70 to P77,

P80 to P87,

P90 to P93,

PAO to PA3,
TCLKA, TCLKB,
TCLKC, TIOCAT,
TIOCB1, TIOCA2,
TIOCB2, SCL,
SDA,

PBO to PB7

-0.3

— 0.2V,

Output high VvV,
voltage

P10, P16,

P30 to P32,
P36, P37

P40 to P42,
P50 to P57,
P60 to P67,
P70 to P77,
P80 to P87,
PAO to PA3

-, =1.0mA Vi —1.0
V,=271036V

1y, = 0.1 mA V,,—03

P90 to P93

low = 1.0 MA Ve —1.0
V,,=271036V

low = 0.1 MA V,,—03
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Applicable Values
Item Symbol Pins Test Condition Min. Typ. Max. Unit Notes
Outputlow  V P10 to P16, l,, =0.4 mA — — 0.5 \"
voltage P30 to P32,
P36, P37,
P40 to P42,
P50 to P57,
P60 to P67,
P70 to P77,
P80 to P87,
PAO to PA3
P90 to P93 I, =15 mA, — — 1.0
V,=271t036V
I, =10 mA, — — 0.5
V,=22t036V
l, =8mA — — 0.5
V,,=1.81036V
SCL, SDA V,=2.0t036V — — 0.4
l,, =3.0mA
V,=18t020V — — 0.2V,
I, =3.0mA
Input/output | | NMI+, OSC1, X1, V,,=0.5Vto — — 1.0 HA
leakage P10 to P16, V,—-05V
current P30 to P32,
P36, P37,
P40 to P42,
P50 to P57,
P60 to P67,
P70 to P77,
P80 to P87,
IRQAEC,
PAO to PAS3,
P90 to P93
PBO to PB7 V,=05Vto — — 1.0
AV, -05V
Pull-up MOS -, P10 to P16, V,.=3.0V, 30 — 180 pA
current P30, V,=0V
P36, P37,
P50 to P57,
P60 to P67
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Applicable Values
Item Symbol Pins Test Condition Min. Typ. Max. Unit Notes
Input C. All input pins f=1MHz, — — 15.0 pF
capacitance** except power V=0V,
supply pin Ta=25°C
Active mode |, Vg Active (high-speed) — 1.1 — mA a2
supply current mode, Max.
V=18V, guideline =
fose=2 MHz 1.1 x typ.
Active (high-speed) — 3.0 — *1x2
mode, Max.
V,=3.0V, guideline =
foso=4 MHz 1.1 x typ.
Active (high-speed) — 6.6 10 a2
mode,
V=30V,
foso= 10 MHz
lopes Ve, Active (medium- — 0.4 — mA *1a2a
speed) mode, Max.
V=18V, guideline =
fosc=2 MHz, 1.1 x typ.
.. /64
Active (medium- — 0.7 — 2
speed) mode, Max.
V=30V, guideline =
fosc=4 MHz, 1.1 x typ.
¢,./64
Active (medium- — 1.1 1.8 *1x2
speed) mode,
V,=3.0V,
fosc= 10 MHz,
¢,./64
Sleep mode Iy, Ve V=18V, — 07 — mA 12
supply current fosc= 2 MHz Max.
guideline =
1.1 x typ.
V,=3.0V, — 1.7 — 142
fosc= 4 MHz Max.
guideline =
1.1 x typ.
V,=3.0V, —_ 3.5 5.0 142
fose= 10 MHz

0sC
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Applicable Values
Item Symbol Pins Test Condition Min. Typ. Max. Unit Notes
Subactive lsus Vo V=18V, — 19 — A 1
mode supply 32-kHz crystal Reference
current resonator is used value
¢SUB v/2)
V=27V, — 6.8 — a2
32-kHz crystal Reference
resonator is used value
(9s0e = 6./8)
V=27V, — 23 50 *142

32-kHz crystal
resonator is used

(¢SUB = ¢v/2)
Subsleep lsusse Ve V=27V, — 4.3 16.0 HA a2
mode supply 32-kHz crystal
current resonator is used
¢SUB v/2)
Watch mode |, Ve, V=18V, — 0.4 — pA a2
supply current Ta =25°C, Reference
32-kHz crystal value
resonator not used
V=27V, — 1.5 6.0 142
32-kHz crystal
resonator not used
Standby mode |, Ve V=18V, - 0.4 - HA i
supply current Ta = 25°C, Reference
32-kHz crystal value
resonator not used
=30V, — 0.6 — #142
Ta =25°C, Reference
32-kHz crystal value

resonator not used

32-kHz crystal — 1.0 5.0 1

resonator not used

V=30V, — 0.3 — a2

32KSTOP =1 Reference
value
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Applicable Values
Item Symbol Pins Test Condition Min. Typ. Max. Unit Notes
RAM data Vo Ve 1.5 — — Vv
retaining
voltage
Allowable loe Output pins — — 0.5 mA
output low except port 9
current P90 to P93 — — 15.0
(per pin)
Allowable 2o Output pins — — 20.0 mA
output low except port 9
current (total) Port 9 B N 60.0
Allowable ~lon All output pins V. =2.7V1t03.6V — — 2.0 mA
output high
current V,=18Vto3.6V — — 0.2
(per pin)
Allowable =1y, All output pins — — 10.0 mA
output high
current (total)
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Notes: 1. Pin states during current measurement.

RES Other
Mode Pin Internal State Pins Oscillator Pins
Active (high-speed) Ve Only CPU operates Ve System clock oscillator:
mode (lore,) On-chip WDT oscillator is off crystal resonator
Active (medium-speed) Subclock oscillator:
mode (lype,) Pin X1 =GND
Sleep mode Ve Only on-chip timers operate Ve
On-chip WDT oscillator is off
Subactive mode Vee Only CPU operates Ve System clock oscillator:
On-chip WDT oscillator is off crystal resonator
Subsleep mode Ve Only on-chip timers operate, Ve Subclock oscillator:
crystal resonator
CPU stops
On-chip WDT oscillator is off
Watch mode Vee Only time base operates, CPU V.
stops
On-chip WDT oscillator is off
Standby mode Ve CPU and timers both stop Ve System clock oscillator:
On-chip WDT oscillator is off crystal resonator
Subclock oscillator:
Pin X1 = GND
(32KSTOP = 0)
2. Excludes current in pull-up MOS transistors and output buffers.
3. Used for the determination of user mode or boot mode when the reset is released.
4. Except for the package for the TLP-85V.
5. Only for 4-MHz version.

RENESAS
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23.2.3 AC Characteristics

Table 23.3 lists the control signal timing, table 23.4 lists the serial interface timing, and table 23.5
lists the I’C bus interface timing.

Table23.3 Control Signal Timing

Vi=18V1t03.6V,AV_=18V103.6V,V, ,=AV. =0.0V, unless otherwise specified.

Applicable Values Reference
Item Symbol  Pins Test Condition Min. Typ. Max. Unit Figure
System clock fosc 0SC1, OSC2 V,=27t036V 20 — 10.0 MHz
oscillation frequency
V,=18t036V 20 — 4.2
OSC clock (¢.e,) Cycle to. 0SC1, 0SC2 V,=271t036V 100 — 500 ns Figure 23.2
time (1000) 2
V,.=181t036V 238 - 500
(1000)
System clock (¢) cycle t 1 — 64 tose
time _ N 64 us
Subclock oscillation f, X1, X2 — 32.768 — kHz
frequency or 38.4
Watch clock (¢,,) cycle t, X1, X2 — 30.50r — ys Figure 23.2
time 26.0
Subclock (g,q) CYCle 1., 2 — 8 t, #!
time
Instruction cycle time 2 — — tye
tsubcyc
Oscillation stabilization t_ 0SC1, 0SC2 Crystal resonator ~ — 0.8 2.0 ms  Figure 23.10
time (Ve =2.7t038.6 V)
Crystal resonator — 1.2 3
(V=22103.6V)
Ceramic resonator — 20 45 us Figure 23.10
(V;=22103.6V)
Ceramic resonator — 80 —
(other than above)
Other than above  — — 50 ms
x1, x2 V,=22t036V — — 2.0 s Figure 5.7
Other than above —_ 4 —
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Applicable Values Reference
Item Symbol  Pins Test Condition Min. Typ. Max. Item Figure
External clock high torn 0OscC1 V,=27t03.6V 40 — — ns  Figure 23.2
width
V,=181t036V 95 — —
X1 — 1526 — us
or
13.02
External clock low tom 0OscC1 V,=27t03.6V 40 — — ns  Figure 23.2
width
V,=181t036V 95 — —
X1 — 1526 — ys
or
13.02
External clock F time 1, 0OsC1 Vi=271036V — — 10 ns Figure 23.2
V,=18t036V — — 24
X1 — — 55.0
External clock fall time t_, OSCH1 V,=271036V — — 10 ns Figure 23.2
V,=181036V — — 24
X1 — — 55.0
RES pin low width teer RES 10 — — b Figure
23.3+°
Input pin high width ty IRQQ, IRQT, 2 — — tye Figure 23.4
W, tsubcyc
IRQS3, IRQ4,
IRQAEC,
WKPO to WKP7,
TMIF, ADTRG
AEVL, AEVH V,=27t036V 50 — — ns
V,.=18t036V 110 — —
| S TCLKA, TCLKB, Single edge 1.5 — — te Figure 23.7
TCLKC, specified
TIOCAT,
TIOCBH,
TIOCA2,
TIOCB2
Both edges 25 — —
specified

RENESAS
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Applicable Values Reference

Item Symbol Pins Test Condition Min. Typ. Max. Item  Figure

Input pin low width t IRQO, IRQ1, 2 — — t Figure 23.4

L ey

subcyc

IRQ3, IRQ4,
IRQAEC,
WKPO to WKP7,
TMIF, ADTRG

AEVL,AEVH ~ V_=271036V 50 — — ns

V,=18t036V 110  — —

o TCLKA, TCLKB, Single edge 1.5 — — tye Figure 23.7
TCLKC, specified
TIOCAT,
TIOCBH,
TIOCA2,
TIOCB2
Both edges 25 — —
specified

Notes: 1. Selected with the SA1 and SAO bits in the system control register 2 (SYSCR2).
2. The value in parentheses is t ., (max.) when an external clock is used.
3. For details on the power-on reset characteristics, refer to table 23.7 and figure 23.1.

Table23.4 Serial Interface Timing

Vi=18V1t03.6V,AV_=18V103.6V,V, ,=AV, =0.0V,unless otherwise specified.

Values Reference
Item Symbol  Test Condition Min. Typ. Max. Unit Figure
Input clock Asynchronous teye 4 — — t,or  Figure 23.5
cycle C|OCT 6 _ _ tasooye

synchronous

Input clock pulse width tsow 0.4 0.4 — 0.6 toe Figure 23.5
Transmit data delay time to — — — 1 ty. or Figure 23.6
(clocked synchronous) tauneye
Receive data setup time s 238 — — ns Figure 23.6
(clocked synchronous) V, -271036V 100
Receive data hold time o 238 — — ns Figure 23.6

(clocked synchronous) V,=271036V 100
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Table23.5 1°C BusInterface Timing

Vee=18V103.6V,V,=0.0V, Ta=-20to+75°C, unless otherwise specified.

Test Values Reference
Item Symbol Condition Min. Typ. Max. Unit  Figure
SCL input cycle time teer 12t + 600 — — ns Figure 23.8
SCL input high width oo 3t + 300 — — ns
SCL input low width e 5t + 300 — — ns
SCL and SDA input fall time  t, — — 300 ns
SCL and SDA input spike  t, — — 1t ns
pulse removal time
SDA input bus-free tour 5t — — ns
time
Start condition input hold toran 3t — — ns
time
Retransmission start tons 3t,,. — — ns
condition input setup time
Setup time for stop condition t 3t,,. — — ns
input
Data-input setup time toons 1t +20 — — ns
Data-input hold time o 0 — — ns
Capacitive load of Cb 0 — 400 pF
SCL and SDA
SCL and SDA output fall ty — — 300 ns
time

23.24 A/D Converter Characteristics

Table 23.6 lists the A/D converter characteristics.
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Table23.6 A/D Converter Characteristics

V=18V103.6V,V,=AV,=0.0V, unless otherwise specified.

Applicable Values
Item Symbol  Pins Test Condition Min. Typ. Max. Unit Notes
Analog power AV, AV, 1.8 — 3.6 % *
supply voltage
Analog input AV, ANO to AN7 -03 — AV, \
voltage 0.3
Analog power Alge AV, AV =30V — — 1.0 mA
supply current Al AV, — 600 — A 2
Reference
value
%3
Algrop, AVq - - 5 HA
Analog input Cun ANO to AN7 — — 15.0 pF
capacitance
Allowable signal R, — — 10.0 kQ
source
impedance
Resolution (data — — 10 bits
length)
Nonlinearity error AV, =27V1t03.6V — — +3.5 LSB
V,=27Vto36V
AV, =20Vto36V — — +5.5
V,.=20Vto36V
Other than above — — +7.5 #
Quantization — — +0.5 LSB
error
Absolute AV, =27Vt036V — — +4.0 LSB
accuracy Vi =27Vt036V
AV, =20Vto3.6V —_ — +6.0
V,.=20Vto36V
Other than above — — +8.0 #
Conversion time AV, =27V103.6V 6.2 — 124 ps
V,=27Vto36V
AV, =20Vto3.6V 147 — 124
V,.=20Vto36V
Other than above 31 — 124

Notes: 1. Set AV _, =V, when the A/D converter is not used.

2' AISTOP1
3. Al

STOP2

while the A/D converter is idle.

4. Conversion time = 62 us

is the current in active and sleep modes while the A/D converter is idle.
is the current at a reset and in standby, watch, subactive, and subsleep modes
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23.25 Power-On Reset Circuit Characteristics
Table 23.7 lists the power-on reset circuit characteristics.

Table23.7 Power-On Reset Circuit Characteristics

V,.=18Vto36V,AV_=18Vt0o36V,V ,=AV =00V,
Ta=-20to +75°C (regular specifications), Ta=-40to +85°C (wide-range specifications),
unless otherwise specified.

Values

Item Symbol Test Condition Min. Typ. Max. Unit  Notes
Reset voltage V_rst 0.7Vcc 0.8Vce 0.9Vce \
Power supply rise time t_vtr The Vcc rise time should be shorter than half the

RES rise time.
Reset count time t_out 0.8 — 4.0 us
Count start time t_cr Adjustable by the value of the external capacitor

of the RES pin.
On-chip pull-up Rp Vec=3.0V 60 100 — kQ

resistance

23.2.6 Watchdog Timer Characteristics

Table23.8 Watchdog Timer Characteristics

V,.=18V1to36V,AV_=18Vt0o36V,V ,=AV_ =00V,
Ta=-20to +75°C (regular specifications), Ta=-40to +85°C (wide-range specifications),
unless otherwise specified.

Applicable Values
Item Symbol Pins Test Condition  Min. Typ. Max. Unit Notes
On-chip oscillator to 0.2 0.4 — s

overflow time
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23.2.7 Flash Memory Characteristics
Table 23.9 lists the flash memory characteristics.

Table23.9 Flash Memory Characteristics

Condition A:

AV .=27V1to36V,V =AV_ =00V,V_ =27V to3.6V (operating voltagerangein

reading), V..= 3.0V to 3.6 V (operating voltage rangein programming/er asing),
Ta=-20to +75°C (operating temperaturerangein programming/erasing: regular
specifications, wide-range specifications)

Condition B:

AV_=18V1t0o36V,V =AV_=00V,V =18V to3.6V (operating voltagerangein

reading), V..= 3.0V to 3.6 V (operating voltage rangein programming/er asing),
Ta=-20to +50°C (operating temperaturerangein programming/erasing: regular
specifications, wide-range specifications)

Test Values
Item Symbol Condition Min. Typ. Max. Unit
Programming time (per 128 bytes)*"#*** t, — 7 200 ms
Erase time (per block)*'#*+° t, — 100 1200 ms
Maximum number of reprogrammings Nyeo 1000%*'"  10000%° — Times
100%%*'2 10000%° —
Data retention time tore 10%° — — Years
Programming Wait time after SWE bit setting*' X 1 — — ys
Wait time after PSU bit setting*' y 50 — — ys
Wait time after P bit setting*'+* z1 1<n<6 28 30 32 us
z2 7<n<1000 198 200 202 ps
z3 Additional- 8 10 12 us
programming
Wait time after P bit clear*' a 5 — — s
Wait time after PSU bit clear*’' B 5 — — us
Wait time after PV bit setting*' Y 4 — — us
Wait time after dummy write*' € 2 — — us
Wait time after PV bit clear*' n 2 — — us
Wait time after SWE bit clear*' 0 100 — — us
Maximum programming count'+*+° N — — 1000  Times
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Test Values

Item Symbol Condition Min. Typ. Max. Unit

Erase Wait time after SWE bit setting*' X 1 — — ps
Wait time after ESU bit setting*' y 100 — — ys
Wait time after E bit setting*'+® z 10 — 100 ms
Wait time after E bit clear*' o 10 — — us
Wait time after ESU bit clear*' B 10 — — us
Wait time after EV bit setting*' Y 20 — — s
Wait time after dummy write*' € 2 — — us
Wait time after EV bit clear*' n 4 — — us
Wait time after SWE bit clear*' 0 100 — — us
Maximum erase count*'**+’ N — — 120 Times

Notes: 1. Make the time settings in accordance with the program/erase algorithms.

2. The programming time for 128 bytes. (Indicates the total time for which the P bit in the
flash memory control register 1 (FLMCR1) is set. The program-verify time is not
included.)

3. The time required to erase one block. (Indicates the total time for which the E bit in the
flash memory control register 1 (FLMCR1) is set. The erase-verify time is not
included.)

4. Programming time maximum value (t, (max.)) = wait time after P bit setting (z) x
maximum number of programmings (N)

5. Set the maximum number of programmings (N) according to the actual set values of
z1, z2, and z3, so that it does not exceed the programming time maximum value (t,
(max.)). The wait time after P bit setting (z1, z2) should be changed as follows
according to the value of the number of programmings (n).

Number of programmings (n)
1<n<6 z1 =30 ps
7<n<1000 z2 =200 ps

6. Erase time maximum value (t, (max.)) = wait time after E bit setting (z) x maximum
number of erases (N)

7. Set the maximum number of erases (N) according to the actual set value of (z), so that
it does not exceed the erase time maximum value (t, (max.)).

8. The minimum number of times in which all characteristics are guaranteed following
reprogramming. (The guarantee covers the range from 1 to the minimum value.)

9. Reference value at 25°C. (Guideline showing number of reprogrammings over which
functioning will be retained under normal circumstances.)

10. Data retention characteristics within the range indicated in the specifications, including
the minimum value for reprogrammings.

11. Applies to an operating voltage range when reading data of 2.7 to 3.6 V.

12. Applies to an operating voltage range when reading data of 1.8 to 3.6 V.
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23.3  Absolute Maximum Ratingsfor Masked ROM Version

Table 23.10 lists the absolute maximum ratings.

Table 23.10 Absolute Maximum Ratings

Item Symbol Value Unit Note
Power supply voltage Ve -0.3t0 +4.3 Vv i
Analog power supply voltage AV . -0.3t0 +4.3 \
Input voltage Other than port B v, -0.3to V,, +0.3 \

Port B AV, -0.3t0 AV +0.3 \
Operating temperature T —20to +75 °C

(regular specifications)

—40to +85
(wide-range specifications)

Storage temperature T —55to +125 °C

stg

Note: Permanent damage may occur to the chip if absolute maximum ratings are exceeded.
Normal operation should be under the conditions specified in Electrical Characteristics.
Exceeding these values can result in incorrect operation and reduced reliability.
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23.4  Electrical Characteristicsfor Masked ROM Version

2341 Power Supply Voltage and Operating Range

The power supply voltage and operating range are indicated by the shaded region in the figures.

(1) Power Supply Voltage and Oscillation Frequency Range

¥
S 100 f----------
&
L 42 Fosssosszasg
20 -1 ;
] ]
1.8 2.7 3.6
Vee (V)

- Active (high-speed) mode
- Sleep (high-speed) mode
- Refer to no.1 in the note.

W (kHz)

38.4

R e e ]

1.8 27 3.6
Vee (V)
- All operating mode
- Refer to no.2 in the note.

Notes: 1.The fosc values are those when a resonator
is used; when an external clock is used, the
minimum value of fosc is 1 MHz.

2. When a resonator is used, hold VCC at
2.2V to 3.6 V from power-on until the
oscillation settling time has elapsed.
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(2) Power Supply Voltage and Operating Frequency Range

B I R b [
g | |
< 16.384 f----J----------- R —
© 42 F— - l
2.0
(1.0) 1 .
18 2.7 3.6 <o R . pe=s=eeeeeeT |
Vee (V) T - !
ve (hi Tl S - [
- Active (high-speed) mode n o : |
- Sleep (high-speed) mode (except CPU) ? ' ' !
- Refer to no.1 in the note. < :
48 [ - [ k— pooooocoooey
S 4.096 f-----f-------o--- oo {
= ’ ; !
< 525 b= p——] -] i i 1
' 1.8 2.7 3.6
31.25 ;
(15.625) i Vee (V)
1.8 2.7 3.6 )
Ve (V) - Subactive mode
- Active (medium-speed) mode - Subsleep mode (except CPU)
- Sleep (medium-speed) mode - Watch mode (except CPU)

(except A/D converter)
- Refer to no.2 in the note.

Notes: 1. The value in parentheses is the minimum operating
frequency when an external clock is input. When
using a resonator, the minimum operating frequency
(¢)is 1 MHz

2. The value in parentheses is the minimum operating
frequency when an external clock is input. When
using a resonator, the minimum operating frequency
(¢) is 31.25 kHz.
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(3) Analog Power Supply Voltage and A/D Converter Operating Fregquency Range

10.0 [=------------- 1250 [=-------------
g F
s 42 f=----- - - s 525 f=--------mmmmomm oo
20 ° 3125
(1.0) f~----- 7 (15.625) [=-------------
1.8 2.7 3.6 2.7 3.6
AV¢e(V) AV¢e(V)
- Active (high-speed) mode - Active (medium-speed) mode
- Sleep (high-speed) mode - Sleep (medium-speed) mode
- Refer to no.1 in the note. - Refer to no.2 in the note.

Notes: 1. The minimum operating frequency (¢) is 2 MHz when using a resonator;
and 1 MHz when using an external clock.

2. The minimum operating frequency (¢) is 31.25 kHz when using a resonator;
and 15.625 kHz when using an external clock.
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23.4.2 DC Characteristics
Table 23.11 lists the DC characteristics.

Table23.11 DC Characteristics

Vee=18V103.6V,AV =18V 1t03.6V,V,=AV,=0.0V,unless otherwise specified.

Values

Item Symbol  Applicable Pins Test Condition Min. Typ. Max. Unit Notes

Inputhigh V., RES, NMI, WKPO to 09V, — V403 V
voltage WKP7, IRQO, IRQT,

TRQ3, IRQ4, AEVL,

AEVH, TMIF,

ADTRG, SCK32,

SCK31

RXD32, RXD31 0.8V, — Voo +0.3

0SCt 09V, — V,,+0.3

X1 V,=271036V 0.9V — V,,+0.3

cc

P10 to P16, 08v,, — V, +0.3
P30 to P32,

P36, P37,

P40 to P42,

P50 to P57,

P60 to P67,

P70 to P77,

P80 to P87,

P90 to P93,

PAO to PA3,
TCLKA, TCLKB,
TCLKC, TIOCA1,
TIOCA2, TIOCBH,
TIOCB2, SCL, SDA

PBO to PB7 08V, — AV, +0.3

IRQAEC 09V, — V,,+0.3
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Values

Item Symbol  Applicable Pins Test Condition Min. Typ. Max. Unit Notes

Input low v, RES, NMI, WKPO to -0.3 — 01V, V
voltage WKP7, IRQO, IRQT,

TRQS, IRQ4,

IRQAEC, AEVL,

AEVH, TMIF,

ADTRG, SCK32,

SCK31

RXD32, RXD31 -0.3 — 0.2V,

osct -0.3 — 0.1V,

X1 V,=271036V 03 - 0.1V,

P10 to P16, -0.3 — 0.2V,
P30 to P32,

P36, P37,

P40 to P42,

P50 to P57,

P60 to P67,

P70 to P77,

P80 to P87,

P90 to P93,

PAO to PA3,
TCLKA, TCLKB,
TCLKC, TIOCA1,
TIOCB1, TIOCA2,
TIOCB2, SCL,
SDA,

PBO to PB7

Output high  V_, P10 to P16, —lo,=1.0mA Vi—-10 — — \

voltage P30 to P32, Vo =271036V
P36, P37,
P40 to P42,
P50 to P57,
P60 to P67,
P70 to P77,
P80 to P87,
PAO to PA3

Iy, = 0.1 mA V03 — —

P90 to P93 -1, =1.0mA Vio-10 — —
V,=271036V

-1y, = 0.1 mA V03 — —
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Values
Item Symbol Applicable Pins Test Condition Min. Typ. Max. Unit Notes
Output low Vo, P10 to P16, l,, =0.4 mA — — 0.5 \
voltage P30 to P32,
P36, P37,
P40 to P42,
P50 to P57,
P60 to P67,
P70 to P77,
P80 to P87,
PAO to PA3
P90 to P93 l,,=15mA —_ —_ 1.0
V,=271t036V
l, =10 mA — — 0.5
V,=221t036V
l,, =8.0mA — — 0.5
V,,=181036V
SCL, SDA V,=2.0t036V — — 0.4 Vv
l,, =3.0mA
V,=18t020V —_ —_ 0.2V,
I, =3.0mA
Input/ioutput |1 | NMI, OSC1, X1, V,=05Vto — — 1.0 pA
leakage P10 to P16, V,—-05V
current P30 to P32,
P36, P37,
P40 to P42,
P50 to P57,
P60 to P67,
P70 to P77,
P80 to P87,
IRQAEC,
PAO to PA3,
P90 to P93
PBO to PB7 V,=05Vto — — 1.0
AV, -05V
Pull-up MOS -1, P10 to P16, P30, V=3V, 30 — 180 pA
current P36, P37, V,=0V
P50 to P57,
P60 to P67
Input C. All input pins except f=1 MHz, — — 15.0 pF
capacitance** power supply pin V,=0V,
Ta=25°C
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Values
Item Symbol  Applicable Pins Test Condition Min. Typ. Max. Unit  Notes
Active mode I, Ve Active (high-speed) mode, — 0.7 — mA a2
supply current V=18V, Max.
foso=2 MHz guideline =
1.1 x typ.
Active (high-speed) mode, — 2.6 — i
V=30V, Max.
fosc=4 MHz guideline =
1.1 x typ.
Active (high-speed) mode, — 6.6 10.0 *142
V,=3.0V,
foso= 10 MHz
lores Vg Active (medium-speed) ~ — 0.2 — mA s
mode, Max.
V=18V, guideline =
fosc= 2 MHz, 1.1 x typ.
../64
Active (medium-speed)  — 0.4 — 12
mode, Max.
V,=3.0V, guideline =
fosc=4 MHz, 1.1 x typ.
¢,./64
Active (medium-speed) — — 0.8 1.8 a2
mode,
V,=3.0V,
fosc= 10 MHz,
$us/64
Sleep mode Iy, Ve V=18V, — 0.3 — mA  #'
supply current fosc= 2 MHz Max.
guideline =
1.1 x typ.
V,=3.0V, — 1.2 — 142
fosc= 4 MHz Max.
guideline =
1.1 x typ.
V,=3.0V, — 3.0 5.0 *1H2
fose= 10 MHz
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Values
Item Symbol  Applicable Pins Test Condition Min. Typ. Max. Unit  Notes
Subactive lss Ve V=18V, — 5.8 — pA #142
mode supply 32-kHz crystal resonator Reference
current is used (g, = 9,/2) value
V=27V, — 4.6 —_ A2
32-kHz crystal resonator Reference
is used (g5 = $,/8) value
V=27V, — 10.8 50 a2
32-kHz crystal resonator
is used (9.5 = 9,/2)
Subsleep lsusse Ve V=27V, — 4.5 10 pA e
mode supply 32-kHz crystal resonator
current is used (g, = 9,/2)
Watch mode 1, Ve, V=18V, — 0.5 — pA *142
supply current Ta = 25°C, Reference
32-kHz crystal resonator value
not used
V=27V, — 1.5 6.0 A2
32-kHz crystal resonator
not used
Standby mode |, Ve V=18V, — 0.4 — pA e
supply current Ta =25°C, Reference
32-kHz crystal resonator value
not used
V,=3.0V, — 0.6 — #142
Ta =25°C, Reference
32-kHz crystal resonator value
not used
32-kHz crystal resonator — 1.0 5.0 1
not used
V=30V, — 0.3 —_ A2
32KSTOP =1 Reference
value
RAM data Vo Ve 1.5 — — Vv
retaining
voltage
Allowable lo Output pins — — 0.5 mA
output low except port 9
eurrent P90 to P93 E— 15.0
(per pin)
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Values
Item Symbol  Applicable Pins Test Condition Min. Typ. Max. Unit  Notes
Allowable 2y Output pins — — 20.0 mA
output low except port 9
current (total) Port 9 _ _ 60.0
Allowable ~lon All output pins V,=271036V — — 2.0 mA
output high
current V,=18103.6V — — 0.2
(per pin)
Allowable 2= loy All output pins — — 10.0 mA
output high
current (total)
Notes: 1. Pin states during current measurement.
RES Other
Mode Pin Internal State Pins Oscillator Pins
Active (high-speed) Vo Only CPU operates Ve System clock oscillator:
mode (lore,) On-chip WDT oscillator is off crystal resonator
Active (medium-speed) Subclock oscillator:
mode (l,,.,) Pin X1 = GND
Sleep mode V.. Only on-chip timers operate V.
On-chip WDT oscillator is off
Subactive mode V.. Only CPU operates Vee System clock oscillator:
On-chip WDT oscillator is off crystal resonator
Subsleep mode V.. Only on-chip timers operate,  V_, Subclock oscillator:
crystal resonator
CPU stops
On-chip WDT oscillator is off
Watch mode V.. Only time base operates, CPU V.
stops
On-chip WDT oscillator is off,
TCSRWD1 (WDON) =0
Standby mode Vo CPU and timers both stop V System clock oscillator:

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

crystal resonator

Subclock oscillator:
Pin X1 = GND
(32KSTOP = 0)

2. Excludes current in pull-up MOS transistors and output buffers.
3. Except for the package for the TLP-85V.
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2343

AC Characteristics

Table 23.12 lists the control signal timing, table 23.13 lists the serial interface timing, and table

23.14 lists the I’C bus interface timing.

Table 23.12 Control Signal Timing

Vi=18V1t03.6V,AV_ =18V 103.6V,V, ,=AV. =0.0V,unless otherwise specified.

Applicable Values Reference
Item Symbol  Pins Test Condition Min. Typ. Max. Unit Figure
System clock fosc 0SC1, OSC2 V,=27t036V 20 — 10.0 MHz
oscillation frequency
V,.=181t036V 2.0 — 4.2
When on-chip 2.0 — 10.0 *"
oscillator is selected
V,=271t036V
When on-chip 2.0 — 4.2
oscillator is selected
V,=181t036V
OSC clock (¢.s.) cycle o 0OSC1, 0OSC2 V,=271036V 100 — 500 ns Figure 23.2
time (1000) #*
V,.=181t036V 238 — 500
(1000)
When on-chip 100 — 500 *"
oscillator is selected
V,=271t036V
When on-chip 238 — 500
oscillator is selected
V,=181t036V
System clock (¢) t. 1 — 64 tosc
cycle time _ _ 64 us
Subclock oscillation f, X1, X2 — 32.768 — kHz Figure 5.7
frequency or 38.4
Watch clock (¢,,) cycle t, X1, X2 — 30.50r — us Figure 23.2
time 26.0
Subclock (¢g,e) Cycle  t,.. 2 — 8 t, *!
time
Instruction cycle time 2 — —

oye

subcyc
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Applicable Values Reference
Item Symbol  Pins Test Condition Min. Typ. Max. Unit Figure
Oscillation stabilization t_ 0SsCt1, 0sC2 Crystal resonator ~ — 0.8 2.0 ms Figure 23.10
time V,=271036V
Crystal resonator — 1.2 3.0

V,=221036V

Ceramic resonator — 20 45 ys
V,=22t036V

Ceramic resonator — 80 —
Other than above

Other than above  — — 50 ms
When on-chip 70 — 100 us *‘
oscillator is selected
X1, X2 V,=221036V — — 2.0 s Figure 5.7
Other than above  — 4 —
External clock high toon 0OSscC1 V,=271t036V 40 — — ns Figure 23.2

width V. =181036V 95 — —
X1 — 1526 — ys
or
13.02
External clock low ton 0OSC1 V,=27t03.6V 40 — — ns Figure 23.2
width V. =181036V 95 — —
X1 — 1526 — ys
or
13.02
External clock rise e 0OSCH Vi=271036V — — 10 ns Figure 23.2
time V,=181036V — — 24
X1 — — 55.0 ns
External clock fall time t_, 0OSC1 V,=271036V — — 10 ns Figure 23.2
V,=181036V — — 24
X1 — — 55.0 ns
RES pin low width e RES 10 — — b Figure 23.3+°
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Applicable Values Reference

Item Symbol  Pins Test Condition Min. Typ. Max. Unit Figure

Input pin high width t, IRQO, IRQA, 2 — — tye Figure 23.4

NMI, IRQ3,
TRQ4, IRQAEC,
WKPO to WKP?7,
TMIF, ADTRG

subcyc

AEVL,AEVH  V_=271036V 50 — — ns

V,=18t036V 110 — —

o TCLKA, TCLKB, Single edge 1.5 — — tye Figure 23.7
TCLKC, specified
TIOCA1,
TIOCBH{,
TIOCA2,
TIOCB2

Both edges 2.5 — —
specified

Input pin low width t IRQO, IRQ1, 2 — — t Figure 23.4

L oye

subcyc

WKPO to WKP7,
TMIF, ADTRG

AEVL, AEVH V,=271036V 50 — — ns

V,=18t036V 110 — -

| S TCLKA, TCLKB, Single edge 1.5 — — te Figure 23.7
TCLKC, specified
TIOCA1,
TIOCBH1,
TIOCA2,
TIOCB2
Both edges 25 — —
specified

Notes: 1. Selected with the SA1 and SAO bits in the system control register 2 (SYSCR2).
2. The value in parentheses is t_., (max.) when an external clock is used.
3. For details on the power-on reset characteristics, refer to table 23.16 and figure 23.1.

4. This specification may range from the minimum value to the maximum value because of
the temperature, power voltage, and dispersion of product lots. Care should be taken
for the specification range in designing the system. As for actual specification, please
refer to our web site.
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Table 23.13 Serial Interface Timing

Vee=18V103.6V,AV_ =18V 1t03.6V,V,=AV,=0.0V,unless otherwise specified.

Values

Reference
Item Symbol  Test Condition Min. Typ. Max. Unit Figure
Input clock Asynchronous tee 4 — — tyort,.,  Figure23.5
cycle Clocked 6 -

synchronous
Input clock pulse width | S 0.4 — 0.6 tee Figure 23.5
Transmit data delay time to — — 1 t,. ort,,  Figure 23.6
(clocked synchronous)
Receive data setup time tos 238 — — ns Figure 23.6
(clocked synchronous)
V,=271t03.6V 100

Receive data hold time b 238 — — ns Figure 23.6

(clocked synchronous) V, -271036V 100
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Table 23.14 1°C BusInterface Timing

Ve=18V103.6V,V,=0.0V, Ta=-20to+75°C, unless otherwise specified.

Values

Test Reference
Item Symbol Condition Min. Typ. Max. Unit  Figure
SCL input cycle time teer 12t + 600 — — ns Figure 23.8
SCL input high width oo 3t + 300 — — ns
SCL input low width e 5t + 300 — — ns
SCL and SDA input fall time  t, — — 300 ns
SCL and SDA input spike  t, — — 1t ns
pulse removal time
SDA input bus-free tour 5t — — ns
time
Start condition input hold toran 3t — — ns
time
Retransmission start tons 3t,,. — — ns
condition input setup time
Setup time for stop condition t 3t,,. — — ns
input
Data-input setup time toons 1t +20 — — ns
Data-input hold time o 0 — — ns
Capacitive load of Cb 0 — 400 pF
SCL and SDA
SCL and SDA output fall ty — — 300 ns
time
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23.4.4 A/D Converter Characteristics
Table 23.15 lists the A/D converter characteristics.

Table 23.15 A/D Converter Characteristics

Ve=18V103.6V,V,=AV,=0.0V, unless otherwise specified.

Applicable values
Item Symbol Pins Test Condition Min. Typ. Max. Unit Notes
Analog power supply AV, AV, 1.8 — 3.6 \% !
voltage
Analog input voltage AV, ANO to AN7 -0.3 — AV, + V
0.3
Analog power supply Al AV, AV, =3.0V — — 1.0 mA
current Al AV, — 600  — bA #
Reference
value
Algrops AV, - - 5 HA #

Analog input Con ANO to AN7 — — 15.0 pF
capacitance
Allowable signal R, — — 10.0 kQ
source impedance
Resolution (data — — 10 bits
length)
Nonlinearity error AV, =27Vto36V — — +3.5 LSB

V,=27Vt036V

AV, ,=20Vto36V — — +5.5

V,=20V1t036V

Other than above — — 7.5 *
Quantization error — — +0.5 LSB
Absolute accuracy AV, =27Vto36V — — +4.0 LSB

V,=27Vt036V

AV, ,=20Vto36V — — +6.0

V,=20V1t03.6V

Other than above — — +8.0 *
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Val
Applicable alues

Item Symbol  Pins Test Condition Min. Typ. Max. Unit Notes
Conversion time AV,,=27Vto36V 6.2 — 124 us

V,=27V1t036V

AV, =20Vto36V 147 — 124

V,=20V1t036V

Other than above 31 — 124

Notes: 1. Set AV =V, when the A/D converter is not used.
2. Alg,., is the current in active and sleep modes while the A/D converter is idle.

3. Alg,,, is the current at a reset and in standby, watch, subactive, and subsleep modes
while the A/D converter is idle.

4. Conversion time = 62 us
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2345 Power-On Reset Circuit Characteristics
Table 23.16 lists the power-on reset circuit characteristics.

Table 23.16 Power-On Reset Circuit Characteristics

V. =18V1036V,AV_ =18V 1t036V,V_ =AV_ =00V,

Ta=-20to +75°C (regular specifications), Ta=-40to +85°C (wide-range specifications),

unless otherwise specified.

Values
Item Symbol Test Condition  Min. Typ. Max. Unit Notes
Reset voltage V_rst 0.7Vecc 0.8Vcc 0.9Vec V
Power supply rise time tovir The Vcc rise time should be shorter than half

the RES rise time.

Reset count time t_out 0.8 — 4.0 us

Count start time ter Adjustable by the value of the external

capacitor of the RES pin.

On-chip pull-up resistance Rp Vece=3.0V 60 100 — kQ

Internal reset

. t_out (eight states
signal _out (eig )

Figure23.1 Power-On Reset Circuit Reset Timing
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23.4.6 Watchdog Timer Characteristics

Table 23.17 Watchdog Timer Characteristics

V,.=18Vt036V,AV_ . =18Vt0o36V,V ,=AV_ =00V,
Ta=-20to +75°C (regular specifications), Ta=-40to +85°C (wide-range specifications),
unless otherwise specified.

Applicable Values
Item Symbol Pins Test Condition  Min. Typ. Max. Unit  Notes
On-chip oscillator b 0.2 0.4 — S

overflow time

23,5 Operation Timing

Figures 23.2 to 23.7 show operation timings.

tosc, tw
-
Vi
0sc,
x1 v,
tepn tepL
terr < | > [t
Figure23.2 Clock Input Timing
RES

tReL

Figure23.3 RES Low Width Timing
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NMI, TRQO, IRQT, TRQ3 Z X
RQ4, TMIF, ADTRG, H
WKPO to WKP?7, v
IRQAEC, AEVL, AEVH 'L
tIL t IH
>

Figure23.4 Input Timing

tsckw

SCK31
SCK32

Figure23.5 SCK3Input Clock Timing
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tscyc |
Vg or Vo™
scKaq O Yon Z
SCK32 Vi or VOL*
trxp
—
TXD31 Vou'
TXD32 ,
(transmit data) VoL
trxs
tRXH
1

P X () X

Note: * Output timing reference levels
Output high Von =1/2Vcc+0.2V
Output low VoL =0.8V
Load conditions are shown in figure 23.9.

Figure23.6 SCI3 Input/Output Timing in Clocked Synchronous Mode

TCLKA to TCLKC

tTekwL P tTekwH

< > < >

Figure23.7 Clock Input Timingfor TCLKA to TCLKC Pins
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=

7 W P
g
S
}1““““ 3

SCL

(7]
¥

V
'
'
v

tsoLL

1

tSr

—
@

tSCL

tSDAH

Note: * S, P, and Sr represent the following:
S: Start condition
P: Stop condition
Sr: Retransmission start condition

Figure23.8 1°C BusInterface Input/Output Timing

23.6  Output Load Circuit

2.4 kQ

LSI output pin @ l

30 pF > 12 kQ

AAA

Figure23.9 Output Load Condition
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23.7 Recommended Resonators

Table 23.18 Recommended Crystal Resonators

Frequency (MHz) Manufacturer

Product Type

4.194 KYOCERA KINSEKI Corporation

HC-49/V-S

10 KYOCERA KINSEKI Corporation

HC-49/V-S

Table 23.19 Recommended Ceramic Resonators

Frequency (MHz) Manufacturer

Product Type

2 Murata Manufacturing Co., Ltd.
Murata Manufacturing Co., Ltd.

CSTCC2M00G53-B0

CSTCC2M00G56-B0O

4.194 Murata Manufacturing Co., Ltd.
Murata Manufacturing Co., Ltd.

CSTLS4M19G53-B0

CSTLS4M19G56-B0

10 Murata Manufacturing Co., Ltd.
Murata Manufacturing Co., Ltd.

CSTLS10M0G53-B0

CSTLS10M0G56-B0

23.8 Usage Note

The F-ZTAT and masked ROM versions satisfy the electrical characteristics shown in this
manual, but actual electrical characteristic values, operating margins, noise margins, and other
properties may vary due to differences in manufacturing process, on-chip ROM, layout patterns,

and so on.

When system evaluation testing is carried out using the F-ZTAT version, the same evaluation
testing should also be conducted for the masked ROM version when changing over to that version.
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A.

A.l

Appendix

I nstruction Set

Instruction List

Condition Code

Symbol Description

Rd General destination register

Rs General source register

Rn General register

ERd General destination register (address register or 32-bit register)

ERs General source register (address register or 32-bit register)

ERn General register (32-bit register)

(EAd) Destination operand

(EAs) Source operand

PC Program counter

SP Stack pointer

CCR Condition-code register

N N (negative) flag in CCR

z Z (zero) flag in CCR

\" V (overflow) flag in CCR

C C (carry) flag in CCR

disp Displacement

- Transfer from the operand on the left to the operand on the right, or transition from
the state on the left to the state on the right

+ Addition of the operands on both sides

- Subtraction of the operand on the right from the operand on the left

x Multiplication of the operands on both sides

+ Division of the operand on the left by the operand on the right
Logical AND of the operands on both sides

v Logical OR of the operands on both sides

@ Logical exclusive OR of the operands on both sides
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Symbol Description
- NOT (logical complement)
(), <> Contents of operand

Note: General registers include 8-bit registers (ROH to R7H and ROL to R7L) and 16-bit registers
(RO to R7 and EO to E7).

Condition Code Notation (cont)

Symbol Description
0 Changed according to execution result
* Undetermined (no guaranteed value)
0 Clearedto 0
1 Set to 1

— Not affected by execution of the instruction

A Varies depending on conditions, described in notes
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TableA.1

Instruction Set

1. Data Transfer Instructions

Addressing Mode and No. of
Instruction Length (bytes) States™
+
_ 9 &g ) Condition Code
Mnemonic & _|w Operation
° & % %) _ |3
g A AE E|S
SlzlclL(S1(s2© 513
O|#|2|®®|0® Q8 Q) | HiN|z|Vv|c|Z|<
MOV |MOV.B #xx:8, Rd B|2 #xx:8 — Rd8 —|T|T|0|— 2
MOV.B Rs, Rd B 2 Rs8 — Rd8 —|2lt]o|—=] 2
MOV.B @ERs, Rd B 2 @ERs — Rd8 —[t]z]o|—=] 4
MOV.B @(d:16, ERs), Rd | B 4 @(d:16, ERs) — Rd8 —|2]t]o|—] s
MOV.B @(d:24, ERs), Rd | B 8 @(d:24, ERs) — Rd8 —Itlslo]=] 10
MOV.B @ERs+, Rd B 2 @ERs — Rd8 —|2]t]o|—] s
ERs32+1 — ERs32
MOV.B @aa:8, Rd B @aa:8 — Rd8 —|T(T|0|— 4
MOV.B @aa:16, Rd B @aa:16 — Rd8 —|T(T|0|— 6
MOV.B @aa:24, Rd B @aa:24 — Rd8 —12|T|0|— 8
MOV.B Rs, @ERd B 2 Rs8 — @ERd —12|T|0|— 4
MOV.B Rs, @(d:16, ERd) | B 4 Rs8 — @(d:16, ERd) —[2 |2 |o|—| &
MOV.B Rs, @(d:24, ERd) | B 8 Rs8 — @(d:24, ERd) —lzltlol=] 10
MOV.B Rs, @-ERd B 2 ERd32-1 — ERd32 —12|T|0|— 6
Rs8 — @ERd
MOV.B Rs, @aa:8 B Rs8 — @aa:8 —|T|T|0|— 4
MOV.B Rs, @aa:16 B Rs8 — @aa:16 —|T(T|0|— 6
MOV.B Rs, @aa:24 B Rs8 — @aa:24 —|T(T|0|— 8
MOV.W #xx:16, Rd Wi 4 #xx:16 — Rd16 —12|T|0|— 4
MOV.W Rs, Rd W 2 Rs16 — Rd16 —12|T|0|— 2
MOV.W @ERs, Rd w 2 @ERs — Rd16 —12|T|0|— 4
MOV.W @(d:16, ERs), Rd | W 4 @(d:16, ERs) — Rd16 —12|T|0|— 6
MOV.W @(d:24, ERs), Rd | W 8 @(d:24, ERs) — Rd16 —lzltlol—=| 10
MOV.W @ERs+, Rd W 2 @ERs — Rd16 —12|T|0|— 6
ERs32+2 — @ERd32
MOV.W @aa:16, Rd w @aa:16 — Rd16 —|T|T|0|— 6
MOV.W @aa:24, Rd W @aa:24 — Rd16 —12|T|0|— 8
MOV.W Rs, @ERd W 2 Rs16 - @ERd —12|T|0|— 4
MOV.W Rs, @(d:16, ERd) | W 4 Rs16 — @(d:16, ERd) —|T|s]o|—| e
MOV.W Rs, @ (d:24, ERd) | W 8 Rs16 — @(d:24, ERd) —|T|T|0o|—| 10
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Addressing Mode and No. of
Instruction Length (bytes) States™
+
9 g Condition Code
Mnemonic %) . |w Operation
it | ® ~ B3
c x| = O — | o
I c|W|y ol s © c
5 Tls|Y s|s|é ]S
2lzlclu|Z (|2 ® 5|3
O0£|x|®®B® 6|86 I|[HIN|Z|V Zz | <
MOV |MOV.W Rs, @-ERd w 2 ERd32-2 — ERd32 —|—[21]2]o0 6
Rs16 — @ERd
MOV.W Rs, @aa:16 W 4 Rs16 —» @aa:16 —|—|212 1|0 6
MOV.W Rs, @aa:24 w 6 Rs16 — @aa:24 —|—[T1]T]o0 8
MOV.L #xx:32, Rd L|6 #xx:32 — Rd32 —|—|212 1|0 6
MOV.L ERs, ERd L 2 ERs32 — ERd32 —|—|T|T 10 2
MOV.L @ERs, ERd L 4 @ERs — ERd32 —|—[21]T]o0 8
MOV.L @(d:16, ERs), ERd | L 6 @(d:16, ERs) - ERd32 |—|—|L |T |0 10
MOV.L @(d:24, ERs), ERd | L 10 @(d:24,ERs) > ERd32 |—|— |1 |2 |0 14
MOV.L @ERs+, ERd L 4 @ERs — ERd32 —|—[T1]T]o0 10
ERs32+4 — ERs32
MOV.L @aa:16, ERd L 6 @aa:16 — ERd32 —|—[%1|T]o0 10
MOV.L @aa:24, ERd L 8 @aa:24 — ERd32 —|—|T|T |0 12
MOV.L ERs, @ERd L 4 ERs32 - @ERd —|—[T1|T]o0 8
MOV.L ERs, @(d:16, ERd) | L ERs32 — @(d:16,ERd) |—|—|T [T |0 10
MOV.L ERs, @(d:24, ERd) | L 10 ERs32 - @(d:24,ERd) |—|— ([l |l |0 14
MOV.L ERs, @-ERd L 4 ERd32-4 — ERd32 —|—|T|T o0 10
ERs32 - @ERd
MOV.L ERs, @aa:16 L 6 ERs32 —» @aa:16 —|—|T|T]o0 10
MOV.L ERs, @aa:24 L 8 ERs32 —» @aa:24 —|—|T|T]o0 12
POP |POP.W Rn @SP — Rn16 —|—[%1]T]o0 6
SP+2 — SP
POP.L ERn L @SP — ERn32 —|—[T1|T]o0 10
SP+4 — SP
PUSH|PUSH.W Rn w SP-2 —» SP —|—[T1|T]o0 6
Rn16 - @SP
PUSH.L ERn L SP-4 - SP —|—[212]o0 10
ERn32 - @SP
movFPE|MOVFPE @aa:16, Rd B 4 Cannot be used in Cannot be used in
this LSI this LSI
movTPE{MOVTPE Rs, @aa:16 B 4 Cannot be used in Cannot be used in
this LSI this LSI
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2. Arithmetic Instructions

Addressing Mode and No. of
Instruction Length (bytes) States™!
+
_ g g ) Condition Code
Mnemonic ) _|u Operation
2 £9 o 5| 2
< c|W|y SR o c
2l x| |E24 g|2|O ElS
O|#|x|®®|® 6 Q8 | HiN|[zZ|Vv|c|Z|<
ADD |ADD.B #xx:8, Rd B|2 Rd8+#xx:8 — Rd8 T2 12 2
ADD.B Rs, Rd B 2 Rd8+Rs8 — Rd8 T{T|T|T|T 2
ADD.W #xx:16, Rd W/ 4 Rd16+#xx:16 — Rd16 MTITIT|T 4
ADD.W Rs, Rd w 2 Rd16+Rs16 — Rd16 MmiTIzizIe 2
ADD.L #xx:32, ERd L|6 ERd32+#xx:32 — @T(T|T|T 6
ERd32
ADD.L ERs, ERd L 2 ERd32+ERs32 — @T(T|T|T 2
ERd32
ADDX |ADDX.B #xx:8, Rd B|2 Rd8+#xx:8 +C — Rd8 (T[T |2 2
ADDX.B Rs, Rd B 2 Rd8+Rs8 +C — Rd8 (T[T T 2
ADDS |ADDS.L #1, ERd L 2 ERd32+1 — ERd32 —|—=|—=|—|— 2
ADDS.L #2, ERd L 2 ERd32+2 — ERd32 — === 2
ADDS.L #4, ERd L 2 ERd32+4 — ERd32 — === 2
INC |INC.BRd B 2 Rd8+1 — Rd8 —1T|2|T|— 2
INC.W #1, Rd w 2 Rd16+1 — Rd16 —1T12T|— 2
INC.W #2, Rd w 2 Rd16+2 — Rd16 —121217|— 2
INC.L #1, ERd L 2 ERd32+1 — ERd32 —121212 |- 2
INC.L #2, ERd L 2 ERd32+2 — ERd32 —1212|T|— 2
DAA |DAA Rd B 2 Rd8 decimal adjust S RON BON I 2
— Rd8
SUB |SUB.B Rs, Rd B 2 Rd8-Rs8 — Rd8 {21212 12 2
SUB.W #xx:16, Rd W| 4 Rd16—#xx:16 — Rd16 MmT|ITIT|T 4
SUB.W Rs, Rd w 2 Rd16-Rs16 — Rd16 MmTITITI2 2
SUB.L #xx:32, ERd L|6 ERd32-#xx:32 — ERd32 @T1T(T|T 6
SUB.L ERs, ERd L 2 ERd32-ERs32 — ERd32 @T(T|T|T 2
SUBX |SUBX.B #xx:8, Rd B|2 Rd8—#xx:8-C — Rd8 (T[T T 2
SUBX.B Rs, Rd B 2 Rd8-Rs8-C — Rd8 T121®T T 2
SUBS |SUBS.L #1, ERd L 2 ERd32-1 — ERd32 — === 2
SUBS.L #2, ERd L 2 ERd32-2 — ERd32 — === 2
SUBS.L #4, ERd L 2 ERd32-4 — ERd32 —|—|=|—=]= 2
DEC |DEC.BRd B 2 Rd8-1 — Rd8 —1212|T|— 2
DEC.W #1, Rd w 2 Rd16-1 — Rd16 —1T(T|T|— 2
DEC.W #2, Rd w 2 Rd16-2 — Rd16 —121212 |- 2
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Addressing Mode and No. of
Instruction Length (bytes) States™!
+
o &g Condition Code
Mnemonic %) _ju Operation

- c|® ~ B
c x| = O — o
5 clw|E 0| a T | 2
8 Els|lulels|§ E|S
o[ Xlc|W|S|l |l S| o
O|#||®|® Q6 6 HIN|[zZ|V]|c|Z|<

DEC |DEC.L #1, ERd L 2 ERd32-1 — ERd32 —121(T(T|— 2
DEC.L #2, ERd L 2 ERd32-2 — ERd32 —121(T(T|— 2

DAS |DAS.Rd B 2 Rd8 decimal adjust L RON BON B 2

— Rd8
MULXU [MULXU. B Rs, Rd B 2 Rd8 x Rs8 — Rd16 — === 14
(unsigned multiplication)
MULXU. W Rs, ERd W 2 Rd16 x Rs16 — ERd32 — == |—— 22
(unsigned multiplication)
MULXS |MULXS. B Rs, Rd B 4 Rd8 x Rs8 — Rd16 —1 2|7 |—|— 16
(signed multiplication)
MULXS. W Rs, ERd W 4 Rd16 x Rs16 — ERd32 —T|T|—|— 24
(signed multiplication)
DIVXU |DIVXU. B Rs, Rd B 2 Rd16 + Rs8 — Rd16 —|(6)[(7)|— | — 14
(RdH: remainder,
RdL: quotient)
(unsigned division)
DIVXU. W Rs, ERd W 2 ERd32 + Rs16 — ERd32 —|(6)[(7)|— | — 22
(Ed: remainder,
Rd: quotient)
(unsigned division)
DIVXS |DIVXS. B Rs, Rd B 4 Rd16 + Rs8 — Rd16 — 1) |(7)|—|— 16
(RdH: remainder,
RdL: quotient)
(signed division)
DIVXS. W Rs, ERd W 4 ERd32 + Rs16 — ERd32 — 17— |— 24
(Ed: remainder,
Rd: quotient)
(signed division)

CMP |CMP.B #xx:8, Rd B|2 Rd8—#xx:8 12121212 2
CMP.B Rs, Rd B 2 Rd8-Rs8 1122 |¢ 2
CMP.W #xx:16, Rd W\ 4 Rd16—#xx:16 MT|ITIT|T 4
CMP.W Rs, Rd W 2 Rd16-Rs16 MmTITITIT 2
CMP.L #xx:32, ERd L|6 ERd32—#xx:32 @|T(T|T|T 4
CMP.L ERs, ERd L 2 ERd32-ERs32 @777 2
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Addressing Mode and No. of
Instruction Length (bytes) States™
+
Q é Condition Code
Mnemonic %) |y Operation
= c|® —~ 3
c o= O [
T c|W|g a|a o c
= Cle | o|a| S E| G
Slxlclu|Z|1|s(2|® 513
0|¥|zx|®® 0. | I|lH|N|z|Vv|c|Z2|<
NEG |NEG.B Rd B 2 0-Rd8 — Rd8 —12(T|T|T2 2
NEG.W Rd w 2 0-Rd16 — Rd16 —|TT|T|T|T 2
NEG.L ERd L 2 0-ERd32 — ERd32 —1T1T1T|T1|¢ 2
EXTU |EXTU.W Rd w 2 0 — (<bits 15 to 8> —|—|0|T|0|— 2
of Rd16)
EXTU.L ERd L 2 0 — (<bits 31 to 16> —|—|0|T|0|— 2
of ERd32)
EXTS |EXTS.W Rd W 2 (<bit 7> of Rd16) — — | —1T|T]0]|— 2
(<bits 15 to 8> of Rd16)
EXTS.L ERd L 2 (<bit 15> of ERd32) — —|—[T|T|0|— 2
(<bits 31 to 16> of
ERd32)
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3. Logic Instructions

Addressing Mode and No. of
Instruction Length (bytes) States™
+
Q & Condition Code
Mnemonic %) _|u Operation

s c|® ~ B

c x| = O — o

a c|W|y (SN ] © c

5 Zls|Ulg 5| E| S

S| clW|(S|l|aslS 5| 3

O|#|x|®®® B |6 HIN|Z|V z| <
AND |AND.B #xx:8, Rd B|2 Rd8a#xx:8 — Rd8 —1T/T]o0 2
AND.B Rs, Rd B 2 Rd8ARs8 — Rd8 —1T/T]o0 2
AND.W #xx:16, Rd W|4 Rd16A#xx:16 — Rd16 —121/T]o0 4
AND.W Rs, Rd w 2 Rd16ARs16 — Rd16 —|T(T]o 2
AND.L #xx:32, ERd L|6 ERd32A#xx:32 — ERd32 —1Z/T]o0 6
AND.L ERs, ERd L 4 ERd32AERs32 — ERd32 —I1T1/T]o0 4
OR |OR.B #xx:8, Rd B|2 Rd8#xx:8 — Rd8 —121/T]o0 2
OR.BRs, Rd B 2 Rd8Rs8 — Rd8 —|T(T]o 2
OR.W #xx:16, Rd W/ 4 Rd16/4xx:16 — Rd16 —1T/T]o 4
OR.W Rs, Rd w 2 Rd16Rs16 — Rd16 —1T1/T]o0 2
OR.L #xx:32, ERd L|6 ERd324xx:32 — ERd32 —|T(T]o 6
OR.L ERs, ERd L 4 ERd32ERs32 — ERd32 —1Z1/T]o0 4
XOR |XOR.B #xx:8, Rd B|2 Rd8®#xx:8 — Rd8 —1T/T]o 2
XOR.B Rs, Rd B 2 Rd8®Rs8 — Rd8 —1Z1/T]o0 2
XOR.W #xx:16, Rd W|4 Rd16®#xx:16 — Rd16 —121/T]o0 4
XOR.W Rs, Rd W 2 Rd16@®Rs16 — Rd16 —|T|T]o0 2
XOR.L #xx:32, ERd L|6 ERd32®#xx:32 — ERd32 —1T/T]o0 6
XOR.L ERs, ERd L 4 ERd32®ERs32 — ERd32 —1T/T]o0 4
NOT |NOT.B Rd B 2 - Rd8 — Rd8 —|T|T]o0 2
NOT.W Rd W 2 - Rd16 — Rd16 —|T|T]o0 2
NOT.L ERd L 2 - Rd32 — Rd32 —|1T/T]|o 2
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4. Shift Instructions

Addressing Mode and No. of
Instruction Length (bytes) States™
+
o g Condition Code
. N
Mnemonic D _|u

o

hig < ® —~ J}

= x|z o - | 3

g =AM E|S

SlxlcluZ|d| g 2o 5|3

Ol x|®B®® B | | HIN|Z|Vv]c| Z | <
SHAL |SHAL.B Rd B 2 _ 0 —1T(T|T T 2
SHAL.W Rd w 2 —|1T(T|T T 2
SHAL.L ERd L 2 MsB —|T]T|{T|s] =2
SHAR |SHAR.B Rd B 2 _ —1T|T]o|T 2
SHAR.W Rd wl |2 L —[2]z]ofs| 2
SHAR.L ERd L 2 vSB —|2|2]ols| 2
SHLL |SHLL.B Rd B 2 o —121tlo]2 2
SHLL.W Rd w 2 —|2/2l0]2 2
SHLL.L ERd L 2 MSB —|T|T]o|C 2
SHLR |SHLR.B Rd B 2 —|T(T|0|2 2
SHLR.W Rd w 2 0 _ —|T(T|0|T 2
SHLR.L ERd L 2 MSB —|T]T |02 2
ROTXL |ROTXL.B Rd B 2 —121tlo]2 2
ROTXL.W Rd w 2 le;l —[2]2]0]2 2
ROTXL.L ERd L 2 MSB<—— LSB —1T|%]0|2 2
ROTXR |ROTXR.B Rd B 2 —|T(T|0|T 2
ROTXR.W Rd w 2 —[2]T|o0]|T 2
ROTXR.L ERd L 2 MSB —LSB —|21T]0]|2 2
ROTL |ROTL.B Rd B 2 —|T(T|0|T 2
ROTL.W Rd w| |2 E;l —Jzltlolz] -2
ROTL.L ERd L 2 MSB ~——LSB —|1T]2|0]2 2
ROTR |ROTR.B Rd B 2 _ —|1T(T|0|2 2
ROTR.W Rd w| |2 [ —|2|T]of2| =2
ROTR.L ERd L 2 MSB —>LSB —|2|2]ols| 2

RENESAS

Rev. 1.00 Dec. 18,2006 Page 517 of 568

REJ09B0348-0100



Appendix

5. Bit-Manipulation Instructions

Addressing Mode and No. of
Instruction Length (bytes) States™
+
) Q & ) Condition Code
Mnemonic %) _ju Operation
2 £l2l o .| B
a c|W|y o © c
AP RIAEEIEEE Ak
0| #||® 0 ® 6|06 HIN|Z|V z | <
BSET |BSET #xx:3, Rd B (#xx:3 of Rd8) « 1 — === 2
BSET #xx:3, @ERd | B 4 (#xx:3 of @ERd) « 1 — === 8
BSET #xx:3, @aa:8 | B 4 (#xx:3 of @aa:8) « 1 — == 8
BSET Rn, Rd B 2 (Rn8 of Rd8) « 1 — === 2
BSET Rn, @ERd B 4 (Rn8 of @ERd) « 1 — === 8
BSET Rn, @aa:8 B 4 (Rn8 of @aa:8) « 1 — === 8
BCLR |BCLR #xx:3, Rd B 2 (#xx:3 of Rd8) « 0 — === 2
BCLR #xx:3, @ERd | B 4 (#xx:3 of @ERd) « 0 — === 8
BCLR #xx:3, @aa:8 | B 4 (#xx:3 of @aa:8) « 0 — === 8
BCLR Rn, Rd B 2 (Rn8 of Rd8) «— 0 — === 2
BCLR Rn, @ERd B 4 (Rn8 of @ERd) « 0 —|—|—]— 8
BCLR Rn, @aa:8 B 4 (Rn8 of @aa:8) «— 0 — === 8
BNOT |BNOT #xx:3, Rd B 2 (#xx:3 of Rd8) « — === 2
- (#xx:3 of Rd8)
BNOT #xx:3, @ERd | B 4 (#xx:3 of @ERd) « — === 8
- (#xx:3 of @ERd)
BNOT #xx:3, @aa:8 | B 4 (#xx:3 of @aa:8) « —|—|—|— 8
- (#xx:3 of @aa:8)
BNOT Rn, Rd B 2 (Rn8 of Rd8) « —|—|—|— 2
- (Rn8 of Rd8)
BNOT Rn, @ERd B 4 (Rn8 of @ERd) « — === 8
- (Rn8 of @ERd)
BNOT Rn, @aa:8 B 4 (Rn8 of @aa:8) « — === 8
- (Rn8 of @aa:8)
BTST |BTST #xx:3, Rd B 2 - (#xx:3 of Rd8) — Z — =T |— 2
BTST #xx:3, @ERd | B 4 - (#xx:3 of @ERd) — Z — =T |— 6
BTST #xx:3, @aa:8 | B 4 - (#xx:3 of @aa:8) — Z — =T |— 6
BTST Rn, Rd B 2 - (Rn8 of @Rd8) — Z — =T |— 2
BTST Rn, @ERd B 4 - (Rn8 of @ERd) —» Z — =T |- 6
BTST Rn, @aa:8 B 4 - (Rn8 of @aa:8) - Z — [ —|T |- 6
BLD |BLD #xx:3, Rd B 2 (#xx:3 of Rd8) — C — === 2
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Addressing Mode and No. of
Instruction Length (bytes) States™
+
] g & ) Condition Code

Mnemonic 7 = 5 _ Operation -

= x| = 8 =8

g A== g8

2 Xl AR ARCALC) S| 2

O|#|x|®| 000|006 HINlIZIV]c]| Z | <
BLD |BLD #xx:3, @ERd B 4 (#xx:3 of @ERd) — C —|—|—=]|—7 6
BLD #xx:3, @aa:8 B 4 (#xx:3 of @aa:8) - C — === 6
BILD |BILD #xx:3, Rd B 2 - (#xx:3 of Rd8) — C —|—|—=]|—7 2
BILD #xx:3, @ERd B 4 - (#xx:3 of @ERd) —» C —|—|—=]—17 6
BILD #xx:3, @aa:8 B 4 - (#xx:3 of @aa:8) - C —|—|—=|—7 6
BST |BST #xx:3, Rd B 2 C — (#xx:3 of Rd8) JRNE [ U U 2
BST #xx:3, @ERd B 4 C — (#xx:3 of @ERd24) — == == 8
BST #xx:3, @aa:8 B 4 C — (#xx:3 of @aa:8) — = === 8
BIST [BIST #xx:3, Rd B 2 - C — (#xx:3 of Rd8) — = === 2
BIST #xx:3, @ERd B 4 - C — (#xx:3 of @ERd24) — === 8
BIST #xx:3, @aa:8 B 4 - C — (#xx:3 of @aa:8) e e e 8
BAND |BAND #xx:3, Rd B 2 CA(#xx:3 of Rd8) — C —|—|——7 2
BAND #xx:3, @ERd | B 4 CA(#xx:3 of @ERd24) — C —|—|—=—17 6
BAND #xx:3, @aa:8 | B 4 CA(#xx:3 of @aa:8) — C —|—|=—17 6
BIAND |BIAND #xx:3, Rd B 2 CA = (#xx:3 of Rd8) — C — | === 2
BIAND #xx:3, @ERd | B 4 CAh = (#xx:3 of @ERd24) — C —|—|—=]—17 6
BIAND #xx:3, @aa:8 | B 4 CA = (#xx:3 of @aa:8) —» C — | —|=]—12Z 6
BOR |BOR #xx:3, Rd B 2 Cv/(#xx:3 of Rd8) — C —|—|——7 2
BOR #xx:3, @ERd B 4 Cv(#xx:3 of @ERd24) — C —|—|=]—12Z 6
BOR #xx:3, @aa:8 B 4 Cv(#xx:3 of @aa:8) » C — === 6
BIOR [BIOR #xx:3, Rd B 2 Cv = (#xx:3 of Rd8) —» C —|—|—=|—17 2
BIOR #xx:3, @ERd | B 4 Cv = (#xx:3 of @ERd24) —» C —|—|—=]—17 6
BIOR #xx:3, @aa:8 B 4 Cv = (#xx:3 of @aa:8) —» C — | === 6
BXOR |BXOR #xx:3, Rd B 2 Co(#xx:3 of Rd8) —» C — === 2
BXOR #xx:3, @ERd | B 4 Co(#xx:3 of @ERd24) — C Bl e e 6
BXOR #xx:3, @aa:8 | B 4 C®(#xx:3 of @aa:8) —» C —|—|——7 6
BIXOR |BIXOR #xx:3, Rd B 2 C® - (#xx:3 of Rd8) — C Bl e e 2
BIXOR #xx:3, @ERd | B 4 Co® - (#xx:3 of @ERd24) — C —|—|—=]—17 6
BIXOR #xx:3, @aa:8 | B 4 C® - (#xx:3 of @aa:8) - C — | —|—=]—12Z 6
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6. Branching Instructions

Addressing Mode and No. of
Instruction Length (bytes) States ™’
+
g &g Condition Code
Mnemonic a |y Operation

S c|® —~ 3

x|z o _ 18

] c|luwlg a|wm T | 2

@ ¢lslulols|§ B h ElS

2zl c|U|Zi|lc2® ranc sz

0| #|x|®©® 8 ees Condition |1 [H|N|Z]|V z|<
Bcc |BRA d:8 (BT d:8) 2 If condition | Always — == == 4
BRA d:16 (BT d:16) — 4 is true then === 6
BRN d:8 (BF d:8) — 2 PC « PC+dI\oyer — === 4

else next;
BRN d:16 (BF d:16) — 4 RN R [ — 6
BHI d:8 — 2 CvZ=0 ——=|=]= 4
BHI d:16 — 4 — === 6
BLS d:8 — 2 Cvz=1 ——=|=]= 4
BLS d:16 — 4 ) R PR DR P 6
BCC d:8 (BHS d:8) — 2 C=0 —_ === 4
BCC d:16 (BHS d:16) | — 4 ——=]=]=]= 6
BCS d:8 (BLO d:8) — 2 C=1 — === 4
BCS d:16 (BLO d:16) — 4 RN R [ . — 6
BNE d:8 — 2 Z=0 —_ == == 4
BNE d:16 — 4 ) R PR D P 6
BEQ d:8 — 2 Z=1 —==]=]= 4
BEQ d:16 — 4 ) R PR D P 6
BVC d:8 — 2 V=0 JERE U (U U 4
BVC d:16 — 4 == 6
BVS d:8 — 2 V=1 — = ]=]=]= 4
BVS d:16 — 4 == 6
BPL d:8 — 2 N=0 JRNN R (U U 4
BPL d:16 — 4 — === 6
BMI d:8 — 2 N=1 _ = === 4
BMI d:16 — 4 ) R DR D P 6
BGE d:8 — 2 NeV =0 —|—=]|=]=]= 4
BGE d:16 — 4 ) R DR D P 6
BLT d:8 — 2 NeV =1 —|—=]|=]=]= 4
BLT d:16 — 4 ) R D D P 6
BGT d:8 — 2 Zv(N®V) = 0| — | — | — | —|— 4
BGT d:16 — 4 ) R DR D P 6
BLE d:8 — 2 Zv(NeV) =1|— | —|—|—|— 4
BLE d:16 — 4 ) R DR D P 6
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Addressing Mode and No. of
Instruction Length (bytes) States !
+
g & Condition Code
Mnemonic 7 w Operation
- c|® —~ 3
c x| [¢] — | 0o
S c W g 0|la T | 2
o A c |
Slxlc|w|lS|T|8|12© S|z
<REAAECEEICIEIEEE] HIN|Z|V z | <
JMP |JMP @ERn 2 PC « ERn —|—|—=]—=]—
JMP @aa:24 — 4 PC « aa:24 —|— ===
JMP @ @aa:8 — 2 PC « @aa:8 —|—|—|—|—] 8 |10
BSR |BSRd:8 — 2 PC —» @-SP —|—=|=]—=]—
PC « PC+d:8
BSR d:16 —_ 4 PC —» @-SP —|—|—|—|—| 8 |10
PC « PC+d:16
JSR |JSR @ERn — 2 PC —» @-SP —|—|—|—|—1] 6 8
PC « ERn
JSR @aa:24 - 4 PC —» @-SP —|—|—|—|—] 8 |10
PC « aa:24
JSR @ @aa:8 —_ 2 PC - @-SP —|—|—=|—|—| 8 |12
PC « @aa:8
RTS |RTS — PC « @SP+ —|—|—|—|—] 8 |10
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7. System Control Instructions

Addressing Mode and No. of
Instruction Length (bytes) States”
+
) g Condition Code
Mnemonic & _|w Operation
e c|® ~ 3
c x|= O —_ | o
ac c Wy [a ] [ c
o | -5 gl s S €| s
| x Wi ilslZ|® 5| 3
2| % c = = o | T
O|X|x|® 0866 | I |H|N|Z clz|<
RTE |RTE CCR « @SP+ 10
PC « @SP+
SLEEP |SLEEP — Transition to power- 2
down state
LDC |LDC #xx:8, CCR B #xx:8 — CCR TIT(T|T|T|T 2
LDC Rs, CCR B 2 Rs8 —s CCR TIT(T|T|T|T 2
LDC @ERs, CCR w 4 @ERs — CCR SN OB IROR ORI > 6
LDC @(d:16, ERs), CCR | W @(d:16,ERs) sccr | LT T T |T|T 8
LDC @(d:24, ERs), CCR |W 10 @(d:24,ERs) sccr | T |T|T|T|T|T 12
LDC @ERs+, CCR w 4 8
@ERs — CCR tlelzlelsle
ERs32+2 — ERs32
LDC @aa:16, CCR w 6 @aa:16 — CCR OB ORI RO BON ORI 8
LDC @aa:24, CCR w 8 @aa:24 — CCR TIT(T|T|T|T 10
STC |STC CCR, Rd B 2 CCR — Rd8 2
STC CCR, @ERd w 4 CCR — @ERd 6
STC CCR, @(d:16, ERd) |W CCR — @(d:16, ERd) 8
STC CCR, @(d:24, ERd) |W 10 CCR — @(d:24, ERd) 12
STC CCR, @-ERd w 4 ERd32—2 — ERd32 8
CCR — @ERd
STC CCR, @aa:16 w 6 CCR - @aa:16 8
STC CCR, @aa:24 w 8 CCR — @aa:24 10
ANDC |ANDC #xx:8, CCR B CCRA#xx:8 - CCR 2
ORC |ORC #xx:8, CCR B CCRv#xx:8 — CCR TITITI|T|T T 2
XORC |XORC #xx:8, CCR B CCR@®#xx:8 - CCR 2
NOP |NOP — PC « PC+2 2
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8. Block Transfer Instructions

Addressing Mode and No. of
Instruction Length (bytes) States™
+
g g Condition Code
Mnemonic %] w Operation
=G ~ 3
= x| = @) = |8
5 c|W|F 0| s T | &
i |- |Hlgls|S £ |
SlzlcluZi|(s|2|© 513
0|£|¢|®|0|® |88 |0 | IlH|N|z|Vv|c|Z|<
EEPvMOV |EEPMOV. B — 4 |if R4L # 0 then —|—|—|—|—|—] 8+
repeat @R5 — @R6 4n™
R5+1 — R5
R6+1 — R6
R4L-1 — R4L
until R4L=0
else next
EEPMOV. W — 4 |if R4 # 0 then —|—|—|—|—|—| 8+
repeat @R5 — @R6 4n"2
R5+1 - R5
R6+1 — R6
R4-1 —» R4
until R4=0
else next

Notes: 1. The number of states in cases where the instruction code and its operands are located
in on-chip memory is shown here. For other cases, see appendix A.3, Number of
Execution States.

2. nis the value set in register R4L or R4.
(1) Setto 1 when a carry or borrow occurs at bit 11; otherwise cleared to 0.
) Setto 1 when a carry or borrow occurs at bit 27; otherwise cleared to 0.
(3) Retains its previous value when the result is zero; otherwise cleared to 0.
) Set to 1 when the adjustment produces a carry; otherwise retains its previous value.
)

The number of states required for execution of an instruction that transfers data in
synchronization with the E clock is variable.

(6) Setto 1 when the divisor is negative; otherwise cleared to 0.
(7) Setto 1 when the divisor is zero; otherwise cleared to 0.
(8) Setto 1 when the quotient is negative; otherwise cleared to 0.
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A2 Operation Code Map

TableA.2 Operation Code Map (1)
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AOW 4
anv 3
HOX a
HO )
xans g
dWo v
xaav 6
aav 8
qiig_~|anvig_~doxig_~|8oid
N.<m_v§. AONdZ3 N.<m_vnﬁ N.<Am_v%._. AOW g | ~anval ~Goxal ~ uoa £
= isia | Y108 | long | l3ss
AOW anv | HOX o) 9
1sa
(@
usr usg dnr ., 314 | dss | SIH | NXAID | NXINW | AXAID | NXTINI s
3718 | 1os 178 399 INg 1dg sna | ons | oag | ang sog | o008 | s Hg | Nug veg v
€
g'AOW
z
(2) (@ (@) (2) . . . () (@) () (2)
zvoeiqer| X8NS dino Zv elqeL | z-v elqel ans zvoiger| TANY | SHOX | 8HO oy oqe) [z-v oiqeL [ev elgeL v eiqer|  *
(2 (@ (@ (@)
oy ogey| Xaav AOW 2 el |z aaeL aav oa1 | oanv | o"ox | owo | oal 1S |\ ogey | <ON 0
4 3 a 2 g v 6 8 L 9 s v € z b o | Hv
"I ST JO 11q 1UBOYIUSIS JSOUW USyMm UONONISU]
1d |H9 | "IV | HV
"0 STHE JO 11q 1UBDJIUSIS 1SOW UYM UOTIONISU] ANkq pug | AKLQIS] | :0pod uononysuy
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TableA.2 Operation Code Map (2)

anvy | "ox HO ans | dwo aav | AOW VL
anvy | "ox HO ans | dwo aav | AOW 6L
Epl:! 198 118 308 Ing 1dg sng ong | Da3g 3aNg | sog | 008 | S8 IHg NHE | vdg 8g
dWo sva 41
23a 03a ans 23a o3a sans gl
ans 03a vi
Six3 S1x3 93N 93N nix3 nix3 1ON 1ON Lh
Hlo4 d10d HX104 dx.10d €l
JLod 1104 XL1oH xLod 4}
HVHS dvHS HTHS HIHS b
VHS WHS TIHS TIHS ot
AOW wva 40
ONI ONI saav ONI ONI saav | €0
aav ONI V0
e L I 43318 o1s/0a1 AOW | 10
4 3 a o g v 6 8 L 9 s v € 2 ' 0 :m_._< HY
14 [H4 [TV |HY
914q pug | 914q3IS] | :9pod uononnsuy
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TableA.2 Operation Code Map (3)

‘pIol} SSaIPPE BYN|0SqE U} S| BE
‘plaly uoneubisap Jaysibal ay) s 4 *| SBJON

4108 | LONg | 1388 |g.leeds
1sig
4108 | LONg | 13s8 |g.9eeds
f:
alig_~|aNvig_~doXIg | Holg
1s1g z.Leeas
a1g | ~anva| ~Hoxa| ~ Hos
lsig 2.9eeaL
ul08 | lONg | 13sg |,.l0iL
1Sig
§108 | lONg | 13s€ |,.00aL
1sd
aTig_~|aNvig_~doXIg | Holg
1s1g 1. L040L
a1g | ~Qnva| ~Hoxa| ~ Hos
1s1ig 1.9040L
anvy | HoX o] 90440
SXAIQ SXAIQ 50010
SXINW SXINW | S00+0
ols ols ols ols
oa1 oa1 oa1 oan 90vi0
HOTE
HEY
4 a g 6 L 9 S ¥ £ 2 ' 0 HY
10
"1 STHA JO 11q JuedjTusIs 1SOW Uaym UOTIONIISU] »
1d |HA | 1O |HO | 19 |HY | TV | HV
"0 ST H( JO 119 JuedyTusIs 1SOW uaym UOTONISU 94q iy | 214q pIg | AIAq pug | AKQIS] | :9pOd UONONISU]

Rev. 1.00 Dec. 18,2006 Page 527 of 568

REJ09B0348-0100

RENESAS



Appendix

A3 Number of Execution States

The status of execution for each instruction of the H8/300H CPU and the method of calculating
the number of states required for instruction execution are shown below. Table A.4 shows the
number of cycles of each type occurring in each instruction, such as instruction fetch and data
read/write. Table A.3 shows the number of states required for each cycle. The total number of
states required for execution of an instruction can be calculated by the following expression:

Execution states =1 x S+ Jx S+ Kx S, +L xS +Mx S, + Nx §
Examples: When instruction is fetched from on-chip ROM, and an on-chip RAM is accessed.
BSET #0, @FF00

From table A .4:
I=L=2, J=K=M=N=0

From table A.3:
S,=2, S, =2

Number of states required for execution =2 x2 +2 x 2 =8

When instruction is fetched from on-chip ROM, branch address is read from on-chip ROM, and
on-chip RAM is used for stack area.

JSR @@ 30

From table A.4:
I=2, J=K=1, L=M=N=0

From table A.3:
S,=5,=5,=2

Number of states required for execution =2 x2 + 1 x2+ 1 x2 =8
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TableA.3 Number of Cyclesin Each Instruction

Execution Status Access Location
(Instruction Cycle) On-Chip Memory On-Chip Peripheral Module

2 J—

Instruction fetch

Branch address read

Byte data access . 2 or 3*

S
S
Stack operation S
S
S

Word data access

Internal operation S, 1

Note: * Depends on which on-chip peripheral module is accessed. See section 22.1, Register
Addresses (Address Order).

Rev. 1.00 Dec. 18,2006 Page 529 of 568
RENESAS REJ09B0348-0100



Appendix

TableA.4 Number of Cyclesin Each Instruction

Instruction Branch Stack Byte Data Word Data Internal
Fetch Addr. Read Operation Access Access Operation

Instruction Mnemonic | J K L M N
ADD ADD.B #xx:8, Rd 1

ADD.B Rs, Rd 1

ADD.W #xx:16, Rd 2

ADD.W Rs, Rd 1

ADD.L #xx:32, ERd 3

ADD.L ERs, ERd 1
ADDS ADDS #1/2/4, ERd 1
ADDX ADDX #xx:8, Rd 1

ADDX Rs, Rd 1
AND AND.B #xx:8, Rd 1

AND.B Rs, Rd 1

AND.W #xx:16, Rd 2

AND.W Rs, Rd 1

AND.L #xx:32, ERd 3

AND.L ERs, ERd 2
ANDC ANDC #xx:8, CCR 1
BAND BAND #xx:3, Rd 1

BAND #xx:3, @ERd 2 1

BAND #xx:3, @aa:8 2 1
Bcc BRA d:8 (BT d:8) 2

BRN d:8 (BF d:8) 2

BHI d:8 2

BLS d:8 2

BCC d:8 (BHS d:8) 2

BCS d:8 (BLO d:8) 2

BNE d:8 2

BEQ d:8 2

BVC d:8 2

BVS d:8 2

BPL d:8 2

BMI d:8 2

BGE d:8 2
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Instruction Mnemonic

Instruction Branch Stack
Addr. Read Operation

Fetch
|

J K

Word Data Internal
Access Operation

N

Bcce

BLT d:8
BGT d:8

BLE d:8

BRA d:16(BT d:16)
BRN d:16(BF d:16)
BHI d:16

BLS d:16

BCC d:16(BHS d:16)
BCS d:16(BLO d:16)
BNE d:16

BEQ d:16

BVC d:16

BVS d:16

BPL d:16

BMI d:16

BGE d:16

BLT d:16

BGT d:16

BLE d:16

N N N N N DN N N DN DN N DN DNMN NN DN DNMN DN DNDDN

N N N N N N N DN DN DN DN DN DN DN DNDDN

BCLR

BCLR #xx:3, Rd
BCLR #xx:3, @ERd
BCLR #xx:3, @aa:8
BCLR Rn, Rd
BCLR Rn, @ERd
BCLR Rn, @aa:8

- N N =

NN

BIAND

BIAND #xx:3, Rd
BIAND #xx:3, @ERd
BIAND #xx:3, @aa:8

-y

NN

BILD

BILD #xx:3, Rd
BILD #xx:3, @ERd
BILD #xx:3, @aa:8

RENESAS
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Instruction

Mnemonic

Instruction Branch Stack
Addr. Read Operation

Fetch
|

J K

Byte Data Word Data Internal
Access Access Operation
L M N

BIOR

BIOR #xx:3, Rd
BIOR #xx:3, @ERd
BIOR #xx:3, @aa:8

1

NN

BIST

BIST #xx:3, Rd
BIST #xx:3, @ERd
BIST #xx:3, @aa:8

NN =

BIXOR

BIXOR #xx:3, Rd
BIXOR #xx:3, @ERd
BIXOR #xx:3, @aa:8

NN =

BLD

BLD #xx:3, Rd
BLD #xx:3, @ERd
BLD #xx:3, @aa:8

-

NN

BNOT

BNOT #xx:3, Rd
BNOT #xx:3, @ERd
BNOT #xx:3, @aa:8
BNOT Rn, Rd
BNOT Rn, @ERd
BNOT Rn, @aa:8

_ NN =

NN

BOR

BOR #xx:3, Rd
BOR #xx:3, @ERd
BOR #xx:3, @aa:8

-y

NN

BSET

BSET #xx:3, Rd
BSET #xx:3, @ERd
BSET #xx:3, @aa:8
BSET Rn, Rd
BSET Rn, @ERd
BSET Rn, @aa:8

- N N =

BSR

BSR d:8
BSR d:16

[ACIEN \C T B \C R \V)

BST

BST #xx:3, Rd
BST #xx:3, @ERd
BST #xx:3, @aa:8
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Instruction

Mnemonic

Instruction Branch
Addr. Read Operation

Fetch
|

J K

Stack

Byte Data
Access
L M

Word Data
Access

Internal
Operation
N

BTST

BTST #xx:3, Rd
BTST #xx:3, @ERd
BTST #xx:3, @aa:8
BTST Rn, Rd
BTST Rn, @ERd
BTST Rn, @aa:8

1

NN

NN

BXOR

BXOR #xx:3, Rd
BXOR #xx:3, @ERd
BXOR #xx:3, @aa:8

NN

CMP

CMP.B #xx:8, Rd
CMP.B Rs, Rd
CMP.W #xx:16, Rd
CMP.W Rs, Rd
CMP.L #xx:32, ERd
CMP.L ERs, ERd

DAA

DAA Rd

DAS

DAS Rd

DEC

DEC.B Rd
DEC.W #1/2, Rd
DEC.L #1/2, ERd

DUVXS

DIVXS.B Rs, Rd
DIVXS.W Rs, ERd

12
20

DIVXU

DIVXU.B Rs, Rd
DIVXU.W Rs, ERd

12
20

EEPMOV

EEPMOV.B
EEPMOV.W

2n+2%'
2n+2%'

EXTS

EXTS.W Rd
EXTS.L ERd

EXTU

EXTU.W Rd
EXTU.L ERd

RENESAS
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Instruction Branch Stack Byte Data Word Data Internal
Fetch Addr. Read Operation Access Access Operation
Instruction Mnemonic | J K L M N

INC INC.B Rd 1
INC.W #1/2, Rd 1
INC.L #1/2, ERd

-

JMP JMP @ERn
JMP @aa:24
JMP @ @aa:8

JSR JSR @ERn
JSR @aa:24
JSR @ @aa:8

NN NN NN

LDC LDC #xx:8, CCR
LDC Rs, CCR
LDC@ERs, CCR
LDC@(d:16, ERs), CCR
LDC@(d:24,ERs), CCR
LDC@ERs+, CCR
LDC@aa:16, CCR
LDC@aa:24, CCR

- o

A WO N WD
Y
N

MOV MOV.B #xx:8, Rd 1
MOV.B Rs, Rd 1
MOV.B @ERs, Rd
MOV.B @(d:16, ERs), Rd
MOV.B @(d:24, ERs), Rd
MOV.B @ERs+, Rd
MOV.B @aa:8, Rd
MOV.B @aa:16, Rd
MOV.B @aa:24, Rd
MOV.B Rs, @Erd
MOV.B Rs, @(d:16, ERd)
MOV.B Rs, @(d:24, ERd)

AN 2 W N 2 o2 AN -
- - _a - -
n

MOV.B Rs, @-ERd 1 1 2
MOV.B Rs, @aa:8 1 1
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Instruction Mnemonic

Instruction Branch Stack
Addr. Read Operation

Fetch
|

J K

Byte Data
Access
L

Word Data Internal
Access Operation
M N

MOV

MOV.B Rs, @aa:16
MOV.B Rs, @aa:24
MOV.W #xx:16, Rd
MOV.W Rs, Rd

MOV.W @ERs, Rd
MOV.W @(d:16,ERs), Rd
MOV.W @(d:24,ERs), Rd
MOV.W @ERs+, Rd
MOV.W @aa:16, Rd
MOV.W @aa:24, Rd
MOV.W Rs, @ERd
MOV.W Rs, @(d:16,ERd)
MOV.W Rs, @(d:24,ERd)

2
3
2

w N S~ N

S~ N

1
1

MOV

MOV.W Rs, @-ERd
MOV.W Rs, @aa:16
MOV.W Rs, @aa:24
MOV.L #xx:32, ERd
MOV.L ERs, ERd

MOV.L @ERs, ERd
MOV.L @(d:16,ERs), ERd
MOV.L @(d:24,ERs), ERd
MOV.L @ERs+, ERd
MOV.L @aa:16, ERd
MOV.L @aa:24, ERd
MOV.L ERs,@ERd
MOV.L ERs, @(d:16,ERd)
MOV.L ERs, @(d:24,ERd)
MOV.L ERs, @-ERd
MOV.L ERs, @aa:16
MOV.L ERs, @aa:24

w w N

N NDNDND NN NN NN NN

MOVFPE

MOVFPE @aa:16, Rd**

MOVTPE

MOVTPE Rs,@aa:16*

NN WO D O W D D O N O W N

RENESAS
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Instruction

Mnemonic

Instruction Branch Stack
Addr. Read Operation

Fetch
|

J K

Internal
Operation
N

MULXS

MULXS.B Rs, Rd
MULXS.W Rs, ERd

2
2

12
20

MULXU

MULXU.B Rs, Rd
MULXU.W Rs, ERd

12
20

NEG

NEG.B Rd
NEG.W Rd
NEG.L ERd

NOP

NOP

NOT

NOT.B Rd
NOT.W Rd
NOT.L ERd

OR

OR.B #xx:8, Rd
OR.B Rs, Rd
OR.W #xx:16, Rd
OR.W Rs, Rd
OR.L #xx:32, ERd
OR.L ERs, ERd

ORC

ORC #xx:8, CCR

POP

POP.W Rn
POP.L ERn

PUSH

PUSH.W Rn
PUSH.L ERn

N NN

ROTL

ROTL.B Rd
ROTL.W Rd
ROTL.L ERd

ROTR

ROTR.B Rd
ROTR.W Rd
ROTR.L ERd

ROTXL

ROTXL.B Rd
ROTXL.W Rd
ROTXL.L ERd
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Instruction

Mnemonic

Instruction Branch Stack Byte Data Word Data Internal
Fetch Addr. Read Operation Access Access Operation
| J K L M N

ROTXR

ROTXR.B Rd
ROTXR.W Rd
ROTXR.L ERd

1

RTE

RTE

RTS

RTS

SHAL

SHAL.B Rd
SHAL.W Rd
SHAL.L ERd

SHAR

SHAR.B Rd
SHAR.W Rd
SHAR.L ERd

SHLL

SHLL.B Rd
SHLL.W Rd
SHLL.L ERd

SHLR

SHLR.B Rd
SHLR.W Rd
SHLR.L ERd

SLEEP

SLEEP

STC

STC CCR, Rd

STC CCR, @ERd

STC CCR, @(d:16,ERd)
STC CCR, @(d:24,ERd)
STC CCR,@-ERd

STC CCR, @aa:16
STC CCR, @aa:24

SuUB

SUB.B Rs, Rd
SUB.W #xx:16, Rd
SUB.W Rs, Rd
SUB.L #xx:32, ERd
SUB.L ERs, ERd

SUBS

SUBS #1/2/4, ERd
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Instruction Branch Stack Byte Data Word Data Internal
Fetch Addr. Read Operation Access Access Operation
Instruction Mnemonic | J K L M N
SUBX SUBX #xx:8, Rd 1
SUBX. Rs, Rd 1
XOR XOR.B #xx:8, Rd 1
XOR.B Rs, Rd 1
XOR.W #xx:16, Rd 2
XOR.W Rs, Rd 1
XOR.L #xx:32, ERd 3
XOR.L ERs, ERd 2
XORC XORC #xx:8, CCR 1

Notes: 1. n: Specified value in R4L. The source and destination operands are accessed n+1
times respectively.

2. lt can not be used in this LSI.
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A4

Combinations of I nstructions and Addressing M odes

TableA.5 Combinationsof Instructionsand Addressing M odes

Addressing Mode
jo
|25 ~
Functions | Instructions g5l e c |9
6 | < | F o | v |35 |
gl Y |&glg 2191228
gl |2 |28 |UW ||| |2 |20
# |2 ® ©8|®|® |0 |0 |0 |0 ||| |
Data MOV BWL [BWL [BWL|BWL|[BWL[BWL| B [BwL[BWL| — | — | — | —
transfer POP, PUSH — | == |=]=1=1—-|= — | =] —|w
instructions MOVFPE, N D e
MOVTPE
Arithmetic | ADD, CMP BWLBWL| — | — | — | — | — | — | — | — | — | — | —
operations [gyB weBwWL| — | — | —m | —m | —m | —m | — | — | — | — | —
ADDX, SUBX B B|—|—] -] || —| —| = | — | — | —
ADDS, SUBS — | L |- === === | == — | —
INC, DEC —BWL| — | — | — | — | — | — | == | — | — | —
DAA, DAS -/ B |- === == === || —
MULXU, — /BN | — | — | — = == == | = | = | —
MULXS,
DIVXU,
DIVXS
NEG —BWL| — | — | — | — = =] === ==
EXTU, EXTS — W — | = === =] =|=|=|=]=
Logical AND,OR,XOR | — BWL| — | — | — [ — | — | = | == —=| =] —
operations | NOT — BWL| — | —m | —m | — | —m | — | —m | — | — | — | —
Shift operations —BWL| — | — | — | — | — | — | — | — | — | — | —
Bit manipulations — | B B|—|—|—|B|—|—|—|—|—|—
Branching |BCC, BSR - -1 -1---|-\-/—-]/-—|—-"|—|—|—
instructions | ymp, JSR — -1 OO =l=l=]=]1=1=1010]| ==
RTS — -] =]=]=]=1=]1=]0O0|=1=101|=
System RTE - = —-]=-]1-]1=-]—-|—-|1—-1-1-1—-10
control SLEEP — - =] === =] === ]=1—=10
instructions LDC B B|lW W W W —|w | w|—|—[=10
STC —lBlwlwlwlw|[—|w|w|—|—|—]|—
ANDC, ORC, B|—|—|—|—|—|—|—=|—=|—=|—]|—|—
XORC
NOP — | =]==]=]=]1=|=|=1=1=1-10
Block data transfer instructons | — | — | — | — | — | — | — | — | — | — | — | — |BW
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B. /O Ports

B.1 I/0 Port Block Diagrams

SBY (Low at a reset or in standby mode)

| Ct:— PUCR16 |[<+—>
Vce
Vce j_
[2]
>S5
o
P16 PDR16 |[+— &
= ' :
©
c
Vss — PCRi6 |[«—— £
1P >
SCH module
-<— SCKO4
I_ojﬂ) »— SCKI4
PDR1: Port data register 1 -«— SCKIE
<— SCKOE

PCR1:  Port control register 1
PUCR1: Port pull-up control register 1

FigureB.1(a) Port 1Block Diagram (P16) (F-ZTAT Version)
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SBY
Ct PUCR16 | >
Vce _(:!_l
Vce IO—GJ_
PDR16 | 9
o)
S
©
P16 +—{ PCR16 | =
—C— =
o< 5
£
Vss E?
PDR1: Port data register 1 e -
PCR1: Port control register 1
PUCR1: Port pull-up control register 1
FigureB.1(b) Port 1 Block Diagram (P16) (Masked ROM Version)
SBY _TPU module
TO1AE (P12)
PUCR1n [« > TO1BE (P13)
Voo Ct'_ TO2AE (P14)
,— TO2BE (P15)
Vce IO—CP_
2] TO1A (P12)
° TO1B (P13)
P1n PDRIn |<—— | ! TO2A (P14)
—CT— : S| 7028 (P15)
=
8
Vss 1 PCRIn |[——=| ' THA(P12)
TIB (P13)
TI2A (P14)
TI2B (P15)
> TCLKA (P12)
PDR1: Port data register 1 TCLKB (P13)
PCR1: Port control register 1 ». TCLKC (P14)

PUCR1: Port pull-up control register 1
n=5t02

FigureB.1(c) Port 1 Block Diagram (P15 to P12)

RENESAS

Rev. 1.00 Dec. 18,2006 Page 541 of 568
REJ09B0348-0100




Appendix

A

CE'_ PUCR1n
Vce
Vce \
IO—CP_ PMR1n
P1n
Vss

PDR1: Port data register 1

PCR1: Port control register 1
PMR1: Port mode register 1
PUCR?1: Port pull-up control register 1
n=1,0

(2]
=1
e}
S
'—°<} PDRin [ ks
—C | — E
c
g
+— PCRin [ =
|1
AEC module
—9) _ 1 AEVH(P10)
1=/ ' AEVL(P11)

FigureB.1(d) Port 1 Block Diagram (P11, P10)
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A

—[2}17 PDR37

—| PCR37

Ctl— PUCR37 | >
Vce
Vee IO—C‘F [
P37
Vss

Internal data bus

A

=1

1> >
SCl4 module
-S04
< TE4
PDR3: Port data register 3
PCR3: Port control register 3
PUCRS3: Port pull-up control register 3
FigureB.2 (a) Port 3Block Diagram (P37) (F-ZTAT Version)
SBY
CE PUCR37 [+ >
Vcc _(:!_l
Vce s
fo < ! PDR37 [ [
Qo
ol
3
P37 —| PCR37 % =
'_(:.'_ <] g
£
Vss
>

PDR3: Port data register 3
PCR3:  Port control register 3
PUCRS: Port pull-up control register 3

FigureB.2 (b) Port 3 Block Diagram (P37) (Masked ROM Version)
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SBY
Ct'_ PUCR36 [*—>
Vce 3
Vce IO—ClP_
2]
a
P36 —°<} PDR36 <—§
—C1— E
j
o
Vss +— PCR36 |<+—<
— V-
SCl4 module
———————s
< ' RE
PDR3: Port data register 3 Lo
PCRS3: Port control register 3
PUCRS: Port pull-up control register 3
FigureB.2 (c) Port 3 Block Diagram (P36) (F-ZTAT Version)
SBY
CE PUCR36 [ >
Vcc _(:!_l
Vce s
I <! PDR36 [ %)
>
o
8
P36 s
—| PCR36 |+ ©
c
—C— <] 5
£
Vss E
1P >

PDR3: Port data register 3
PCR3:  Port control register 3
PUCRS: Port pull-up control register 3

FigureB.2 (d) Port 3 Block Diagram (P36) (Masked ROM Version)
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SPC32 <>
SCI3_2 module

t < TXD32
—C— SCINV3 |,

)
o
e[ ] -
PDR32 < 8
©
£
2
£
PCR32 <
Vss
| 12C bus 2 module
I I
|_<l ~+ ICE
Vss e SCLO
._/IU\ »— SCLI

PDR3: Port data register 3
PCR: Port control register 3

FigureB.2 (e) Port 3 Block Diagram (P32)
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|

93]
[oy)
<

P31 [ J— —o<]

PDR31

>—|

PCR31

Y

Vss

PDR3: Port data register 3
PCR3: Port control register 3

Vv

SCINV2

Internal data bus

SCI3_2 module

12C bus 2 module

b

FigureB.2 (f) Port 3 Block Diagram (P31)
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SBY
Ct'_ PUCRS30 [ >
Vce
Vce
IO—CF PMR30 [« > RTC module
-+ TMOW
Qo| oo __-__
©
P30 | PDR30 [ ©
©
—C1— e
S
g
Vss — PCR30 | =
1P >
SCI3_2 module
~— SCKIE32
<— SCKOE32
<— SCKO32
‘_/lg‘ »— SCKI32

PDR3: Port data register 3

PCR3: Port control register 3
PMR3: Port mode register 3
PUCRS: Port pull-up control register 3

FigureB.2(g) Port 3 Block Diagram (P30)

Rev. 1.00 Dec. 18,2006 Page 547 of 568

RENESAS REJ09B0348-0100




Appendix

SBY Timer F module

SCINV1 | >

Vce

! SPC31 e
SCI3_1 module

d d= ~{TXD3VITXD
P42D7 PDR42 [«

] PCR42 <

Internal data bus

Vss

PMR42 -

PDR4: Port data register 4
PCR4: Port contol register 4
PMR4: Port mode register 4

FigureB.3 (a) Port 4 Block Diagram (P42)
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Vce

SCI3_1 module

PMR41

PDR41

PCR41

Internal data bus

Timer F module

PDR4: Port data register 4
PCR4: Port control register 4
PMR4: Port mode register 4

S

SCINVO

\/

FigureB.3 (b) Port 4 Block Diagram (P41)

RENESAS
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SCI3_1 module

Vce - SCKIE31
T < SCKOE31

—— = SCKO31
P40|:|— PDR40 |-

1 PCR40

A

Vss

A
4

PMR40

Internal data bus

E)H Timer F module

PDR4: Port data register 4
PCR4: Port control register 4
PMR4: Port mode register 4

FigureB.3(c) Port 4 Block Diagram (P40)
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193]
oy}
<

(t PUCRS5N

A

PMR5n

PDR5n

— PCR5n

Internal data bus

> WKPn

PDR5: Port data register 5

PCR5: Port control register 5
PMR5: Port mode register 5
PUCRS5: Port pull-up control register 5
n=7t0

FigureB.4 Port 5 Block Diagram

RENESAS
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3]
sy}
<

_(:‘_l ( t PUCR6n

Vce
PDR6
Vce IO—G)_ n
— PCR6n
Pén
Vss

-

Internal data bus

VvV
PDR6: Port data register 6
PCR6: Port control register 6
PUCRE®6: Port pull-up control register 6
n=7t0
FigureB.5 Port 6 Block Diagram
SBY
Vce
PDR7n
> (2]
>
P 2
i}
PCR7n 3
©
P7n | I— =
8
—— -

Vss

PDR7: Port data register 7
PCR7: Port control register 7
n=7t0

FigureB.6 Port 7 Block Diagram
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SBY
Vce _

PDR8n | ®
©
©

PCR8n [ e
j

o0 [} :
= .
Vss
1P >
PDRS8: Port data register 8
PCR8: Port control register 8
n=7t0
FigureB.7 Port 8 Block Diagram
SBY
Vce
PDR93 |
Y 1]
>
(P 2
S
©

PCR93 [+ %

c
P93 D— £
~O— Lo :
Vss
1P >

PDR9: Port data register 9
PCR9: Port control register 9

FigureB.8 (a) Port 9 Block Diagram (P93)
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A
Y

PMR92

P92 D— o<

PDR92 [

A

—| PCR92

Internal data bus

1

PDR9: Port data register 9
PCRO: Port control register 9
PMR9: Port mode register 9

FigureB.8 (b) Port 9 Block Diagram (P92)
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SBY _PWM module
< PWMn+1
Vce
| { L
PMR9n [< >
g
Qo
P9n| |— ‘[E: PDR9n [
&
—C— °
©
S
Vss — PCRon [= £
1P >
PDR9: Port data register 9
PCR9: Port control register 9
PMR9: Port mode register 9
n=1,0
FigureB.8 (c) Port 9 Block Diagram (P91, P90)
SBY
Vce
PDRANn [<
: l (2]
>
e}
—| PCRANn [ %
©
PAn D— :
= :
<] £
Vss
1P >

PDRA: Port data register A
PCRA: Port control register A
n=3t00

FigureB.9 Port A Block Diagram
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Internal data bus

PBnD N

A/D module

w DEC K AMR3to AMRO
Dﬁ > ViN

n=7t3

FigureB.10 (a) Port B Block Diagram (PB7 to PB3)
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———————— IRQm

0
3

PMRBn |« b
5
@
<
[
£

Pen[ | > >
A/D module
L AMR3 to AMRO
;EVIN

T

n=2to0 m=3,1,0

FigureB.10 (b) Port B Block Diagram (PB2 to PBO)
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B.2 Port Statesin Each Operating State

Sleep Active
(High-Speed/ (High-Speed/
Medium- Medium-
Port Reset Speed) Subsleep Standby Subactive  Speed) Watch
P16 to P10 High Retained Retained  High Functioning  Functioning Retained
impedance impedance*
P37, P36, High Retained Retained  High Functioning  Functioning Retained
P32 to P30 impedance impedance*
P42 to P40 High Retained Retained  High Functioning  Functioning Retained
impedance impedance*
P57 to P50 High Retained Retained  High Functioning  Functioning Retained
impedance impedance*
P67 to P60 High Retained Retained  High Functioning  Functioning Retained
impedance impedance*
P77 to P70 High Retained Retained  High Functioning  Functioning Retained
impedance impedance*
P87 to P80 High Retained Retained  High Functioning  Functioning Retained
impedance impedance*
P93 to P90 High Retained Retained  High Functioning  Functioning Retained
impedance impedance*
PA3 to PAO High Retained Retained  High Functioning  Functioning Retained
impedance impedance*
PB7 to PB5, PB4, High High impedance High High High High impedance High
PB3, PB2to PBO  impedance impedance impedance* impedance impedance

Notes: * Registers are retained and output level is high impedance.
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C. Product Code Lineup

Product Classification

Product Code

Model Marking

Package
(Package Code)

H8/38776 Flash memory Regular HD64F38776H4 F38776H4 80 pin QFP
version specifications HDB4F38776H10 F38776H10 (FP-80A)
HD64F38776W4 F38776W4 80 pin TQFP
HD64F38776W10 F38776W10 (TFP-80C)
HD64F38776LP4V F38776LP4V 80 pin P-TFLGA
HD64F38776LP10V F38776LP10V (TLP-85V)
Wide-range HD64F38776H10W F38776H10 80 pin QFP
specifications (FP-80A)
HD64F38776W10W F38776W10 80 pin TQFP
(TFP-80C)
HD64F38776LP10WV  F38776LP10WV 80 pin P-TFLGA
(TLP-85V)
Masked ROM  Regular HD64338776H 38776(***)H 80 pin QFP
version specifications (FP-80A)
HD64338776W 38776(***)W 80 pin TQFP
(TFP-80C)
HD64338776LPV 38776(*+*)LPV 80 pin P-TFLGA
(TLP-85V)
Wide-range HD64338776HW 38776(***)H 80 pin QFP
specifications (FP-80A)
HD64338776WW 38776(+**)W 80 pin TQFP
(TFP-80C)
HD64338776LPWV 38776(***)LPWV 80 pin P-TFLGA
(TLP-85V)
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Product Classification

Product Code

Model Marking

Package
(Package Code)

H8/38775 Masked ROM Regular HD64338775H 38775(***)H 80 pin QFP
version specifications (FP-80A)
HD64338775W 38775(***)W 80 pin TQFP
(TFP-80C)
HD64338775LPV 38775(***)LPV 80 pin P-TFLGA
(TLP-85V)
Wide-range HD64338775HW 38775(***)H 80 pin QFP
specifications (FP-80A)
HD64338775WW 38775(***)W 80 pin TQFP
(TFP-80C)
HD64338775LPWV 38775(***)LPWV 80 pin P-TFLGA
(TLP-85V)
H8/38774 Masked ROM Regular HD64338774H 38774(***)H 80 pin QFP
version specifications (FP-80A)
HD64338774W 38774 ()W 80 pin TQFP
(TFP-80C)
HD64338774LPV 38774(***)LPV 80 pin P-TFLGA
(TLP-85V)
Wide-range HD64338774HW 38774(***)H 80 pin QFP
specifications (FP-80A)
HD64338774WW 38774 (***)W 80 pin TQFP
(TFP-80C)
HD64338774LPWV 38774(***)LPWV 80 pin P-TFLGA
(TLP-85V)
H8/38773 Masked ROM Regular HD64338773H 38773(***)H 80 pin QFP
version specifications (FP-80A)
HD64338773W 38773(***)W 80 pin TQFP
(TFP-80C)
HD64338773LPV 38773(***)LPV 80 pin P-TFLGA
(TLP-85V)
Wide-range HD64338773HW 38773(***)H 80 pin QFP
specifications (FP-80A)
HD64338773WW 38773(***)W 80 pin TQFP
(TFP-80C)
HD64338773LPWV 38773(***)LPWV 80 pin P-TFLGA
(TLP-85V)
[Legend]
(***): ROM code
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D. Package Dimensions

The package dimensions that are shown in the Renesas Semiconductor Packages Data Book have
priority.
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JEITA Package Code | RENESAS Code | Previous Code [ MASS[Typ] |
P-TFLGAB5-7x7-0.65 | PTLGOOBSIA-A | TLP-85V 0.1g
EEmRn = mEn
[w]
x4 E
<
=Ly [s]
[c]
K O () () O O O O O O () Reference Dimension in Millimeters
1| 0000000000t S| win | Nom | Mex
| O0O0O0000006 e
G (ONONO) (ONONO) (8] v — | — | 015
rlooo 000 : W — [ — [
e | OO0 000 1
o | OO0OO0OO (ONONO) 6] | — | o | —
c ONONONOROIONONONONO) b 030 | 035 | 040
s | O0O00000000 e
A | O00Q000006 T
1 2 3 (4] 516 7 8 9 10 2:2:::
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FigureD.3 Package Dimensions (TLP-85V)
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Numerics D
16-bit timer mode .........ccevverrveveieieennene 220 Data reading procedure...........cceevenenee. 209
16-bit timer pulse unit...........cccccveeveennenne. 229 Data transfer instructions ..............ccocuenne. 29
8-bit timer Mmode ........cceveeevieriieiieiennn, 221
E
A Effective address........coovevevevvicuerereeenennn. 43
A/D CONVETLET ... 387 Effective address extension....................... 38
Absolute address........cccceveeerieieieienne. 40 Erase/erase-verify .........ccocoooevenencnnnene 146
Acknowledge.......coocevviiiiinieniiniiie 418 Erasing units ........coceeeevenienenenenceeeene 132
Address break ........ccooovevieeiieiiiiiien, 443 Error protection.........ccocveevveeveevereeennennn. 148
Addressing modes..........cocoeeererinininnnen. 39 Exception handling ..........ccccoocevevvnencnen. 55
Arithmetic operations instructions............ 30
Asynchronous Event Counter (AEC)...... 277
Asynchronous mode ..........c.ccccveveeveneenn. 330 F
Flash memory .......cccoceveevieieeienieenee, 131
Framing error ........ccoeoveveeneeneeeeeee 338
B Free-running count operation.................. 249
Bit manipulation instructions.................... 33
Bit rate ..o..oovevienieiieeeeee 319
Bit synchronous circuit..........cc.cceevenenee. 436 G
Block data transfer instructions ................ 37 General TEZISLErS ......oevvrvereieieieieeeeeeeens 22
Boot MOde .....cceeueeiieieieeee 139
Boot program.......c..cceceveeneeneincinennene 138
Branch instructions.............ccceeeveeeeveeenne.n. 35 H
BreakK......ooooooieeeiiiieeeeeceeeeeeeeeee 354 Hardware protec‘[ion ................................ 148
C I
Clock pulse generators............ccoooeuririnnnnes 91 /O POIES .o 155
Clocked synchronous mode.................... 342 I2C bus format ............cooveerveerveerreernnnns. 417
Clocked synchronous serial format......... 427 I°C bus interface 2 (IIC2)......coevueuenn... 401
Condition field........c.coooveiviiiiiiiiiiiinns 38 IMMEAIALE .o 41
Condition-code register (CCR)................. 23 Initial setting procedure ................cc........ 208
Counter operation ................................... 248 Input capture fUNCHON oo, 251
CPU e 19 Input capture Signal timing ..................... 265
INSruction Set.........ceoeevvevienienerenineeeeene 28
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Interrupt mask bit (I).......ccceeevevvevieiienns 23 Programming/
IDA ..o 348 erasing in user program mode................. 141
L R
Large current ports......c..ceeeeveereeneereeneene. 5 RAM o 153
Logic operations instructions.................... 32 Realtime clock (RTC).....ccveevvevvveveennnen. 199
Register direct........ccoevererenerieieeeeene 39
Register field........cccoveiininiiiiiieeee 38
M Register indirect.........cccvevvveveeeeneenriennenns 40
Mark State .......ccooveeeieeeieeeeeeeeee e 354 Register indirect with displacement.......... 40
Memory indirect ..........cooveveveivvereeiererennnn, 41 Register indirect with post-increment....... 40
MEMOTY MAP ...vvvveeererieeereeeeeeeee e 20 Register indirect with pre-decrement........ 40
Module standby function........................ 127 Registers
ABRKCR2.................. 444,451,457, 462
ABRKSR2 .................. 446,451,457, 462
N ADRR ..ot 389, 453, 458, 464
NOISE CANCELET ..o, 430 ADSR.....ooi 391,453,458, 464
AEGSR ..o, 282,452,457, 463
AMR ..o 390, 453, 458, 464
'9) BAR2H ....cccovvvinee 446, 452,457, 462
On-board programming modes............... 138 BAR2L....cccovevviinne. 446, 452,457, 462
Operation field........c..cccecevecvvvenccnnincnne. 38 BDR2H ..o 446, 452, 457, 462
Output compare output timing................ 264 BDR2L......ccocvne. 446, 452,457, 462
OVeITUN eITOT ... 338 BRR oo, 319,452, 457, 463
CKSTPRI ... 111, 454, 460, 465
CKSTPR2 ... 111, 454, 460, 465
P EBRI...coooiiiiie, 136, 450, 455, 461
Parity error.......cccoeeeveenieneneneeeee, 338 ECCR..ovvis 283,452, 457, 463
Periodic count operation......................... 249 ECCSR...iiiins 284,452, 457, 463
Pin assignment..........cccceeeeenienieneneeeeceene 8 ECH .ooovriiins 286, 452, 457, 463
Power-down modes ..........ccccceeveuveeeennnen.. 107 ECL.iiiins 286, 452, 457, 463
Power-down states...........cccoceeiniininnnn. 149 ECPWCR ..coooooi 280, 452, 457, 462
Power-on reset circuit...........cccccceveueunene. 439 ECPWDR....ccoooovccvcee 281,452, 457, 462
Program counter (PC).........cccoovviniinnnn 23 FENR 137,450, 455, 461
Program/program-verify......................... 143 FLMCRI..ooooviiii. 134, 450, 455, 461
Program-counter relative ..............ccceueu. 41 FIMCR2..oooooiie. 135, 450, 455, 461
Programmer mode ............ccoceeinninnne 149 FLPWCR ... 137,450, 455, 461
Programming units ..........ccccceevereeenennee. 132 ICCRI s 404, 451, 456, 462
ICCR2...oeiiee, 407, 451, 456, 462
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ICDRR.......covvenen 416, 451, 456, 462 PUCRI .....ccecverenn 157, 454, 459, 464

106 0) XSO 416 PUCR3 cooooerereerren. 165, 454, 459, 464
1061024 NI 416, 451, 456, 462 PUCRS ..o, 175, 454, 459, 464
10) 1) : S 411, 451, 456, 462 1 1016): L TR 179, 454, 459, 464
1(6)Y1: S 409, 451, 456, 462 1307 0): SR 380, 453, 458, 464
ICSR oo, 413, 451, 456, 462 13000 0) S 381, 453, 458, 464
121C) S 69, 454, 459, 465 1:10) U 310, 452, 457, 463
IENR ..o, 71, 454, 459, 465 12081:90): SN 202, 451, 456, 462
I OO 79, 454, 459, 465 RMINDR .....coovoernee... 201, 451, 456, 462
113 S 78, 451, 456, 462 RSECDR......ooooorrreen... 201, 451, 456, 462
|170) O 329, 452, 457, 463 12 0) SO 310
123 73, 454, 459, 465 RTCCRI oo, 204, 451, 456, 462
TWPR oo 76, 454, 460, 465 RTCCR2 ..o, 205, 451, 456, 462
(0761 S 216, 453, 458, 463 RTCCSR ..o, 206, 451, 456, 462
OSCCR oo, 94, 453, 458, 464 RTCFLG ..o, 207, 451, 456, 462
1:70):3 DO 156, 454, 459, 464 RWKDR......rvoremrrenenn. 203, 451, 456, 462
170 2% JO 165, 454, 459, 465 YN : 415, 451, 456, 462
170 2 170, 454, 459, 465 N0):% S 314, 452, 457, 463
1705 T 174, 454, 459, 465 N ©): S 361, 450, 455, 461
170) LT 178, 454, 459, 465 SCSRY...voooeeerreen, 364, 450, 455, 461
170 2 182, 454, 459, 465 SMR oo, 311,452, 457, 463
170 3. 184, 454, 459, 465 SPCR...oovveeereerrerreen, 327,452, 457, 463
1:70): LT 187, 454, 459, 465 ) S 316, 452, 457, 463
PCRA ... 190, 454, 459, 465 SUB32CR ..o, 93,451, 456, 462
130023 U 156, 453, 459, 464 SYSCRI .ovooervererreen, 108, 454, 459, 465
130): K SO 164, 453, 459, 464 o LGN 215, 453, 458, 463
130):7 IS 169, 453, 459, 464 TONT oo, 243, 450, 455, 461
1300 K 174, 453, 459, 464 TCR oo 233, 450, 455, 461
1300 LR 178, 453, 459, 464 TCRF oo 217, 453, 458, 463
130): A 181, 454, 459, 464 TCSRF oo, 218, 453, 458, 463
PDRS ... 184, 454, 459, 464 TCSRWD......coomoerrreenn. 295, 453, 458, 463
PDRO ... 186, 454, 459, 464 TCWD.oooovveeereerreenen, 299, 453, 458, 463
PDRA ...ovoorvereerrr. 189, 454, 459, 464 §N0) 310, 452, 457, 463
PDRB...oooorvorerre. 192, 454, 459, 464 SLC) 243, 450, 455, 461
PMRI oo 157, 453, 458, 464 N 15) S 241, 450, 455, 461
PMR3..cooroere. 166, 453, 458, 464 N (0): SR 236, 450, 455, 461
PMR4 ..o 171, 453, 458, 464 §0.Y10): S 235, 450, 455, 461
PMRS oo 175, 453, 458, 464 TMWD ..o, 299, 452, 458, 463
PMRO...oovorr.. 187, 453, 458, 464 N S 242, 450, 455, 461
PMRB ..o 193, 453, 458, 464 TSTR oo 244, 450, 455, 461
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TSYR ..o, 245, 450, 455, 461 System clock generator............ccoecveeneennen. 95

WEGR ......ooovvviiiiis 70,452,457, 463 System control instructions....................... 36
ROM....ooiiieiiiiecteeeeeeee s 131

T

S TCNT count timing............ccccevueverennnnes. 263
Serial communication interface 3 ........... 305 TIMEr F oo 213
Serial communication interface 4 ........... 359 Toggle output......ccceeveveereeiirieieeeeeee 250
Shift inStructions.........cceevevverreerreenennnenne. 32 Transfer rate........ccoevveeieveveevreeieerenenn, 406
Slave address .........ccveeveeeereerieecienienenens 418
Sleep MOde ....c.vveveeeieiieiieieeieeie e 119
Software protection............cceeevereerveennenne 148 A%
Stack pointer (SP).....c.ccccveevevenecnicnennnncns 22 Vector address........ooveeveeeeeeeeeeeeeeeeeenennnne 56
Standby mode .........cecveviiiciiiienieees 119
Start condition .........cecveevereeereeneenieeeenne 418
Stop condition..........ccecuveveereervenieenieenenne 418 A% Y%
Subactive mode ........oooeviiiiiiinininn 121 Watchdog timer.............cccooveveuevecernnnnnnn. 293
Subclock ZENETALOL ....ccvvviiiiiiiiiiiiiiieiiieienes 97 Waveform output by compare match...... 250
Subsleep mode........ccoeeeveereieciirieniene 120
Synchronous operation ..............ceeeeueene 253
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