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Notice

1. Allinformation included in this document 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 Electronics products listed herein, please
confirm the latest product information with a Renesas Electronics sales office. Also, please pay regular and careful attention to
additional and different information to be disclosed by Renesas Electronics such as that disclosed through our website.

2. 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.

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

4. Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of
semiconductor products and application examples. You 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 losses incurred by
you or third parties arising from the use of these circuits, software, or information.

5. 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. You 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 development 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.

6. 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 errors in or omissions from the information included herein.

7. 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. You must check the quality grade of each Renesas Electronics product before using it in a particular
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 be in 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.qg. artificial life support devices or systems), surgical implantations, or healthcare
intervention (e.g. excision, etc.), and any other applications or purposes that pose a direct threat to human life.

8.  You should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics,
especially 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.

9. 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 physical 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.

10. 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 a result of your noncompliance with
applicable laws and regulations.

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

12. Please contact a Renesas Electronics sales 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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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 may
occur due to the false recognition of the pin state as an input signal. Unused pins should
be handled as described under Handling of Unused Pins in the manual.

2. 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.

3. 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 LSI is not guaranteed if they are
accessed.

4. 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.

5. 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 H8S/20103, H8S/20203, H8S/20223,
H8S/20115, H8S/20215, and H8S/20235 Groups. 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
User's manual for Hardware specifications (pin H8S/20103, H8S/20203,  This User's
Hardware assignments, memory maps, H8S/20223, H8S/20115,  manual
peripheral specifications, electrical H8S/20215, H8S5/20235
characteristics, and timing charts) ~ Group User's Manual:
and descriptions of operation Hardware
User's manual for Detailed descriptions of the CPU H8S/2600 Series, REJ09B0139
Software and instruction set H8S/2000 Series
Software Manual
Application Note Examples of applications and The latest versions are available from our

sample programs web site.

Renesas Technical
Update

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

)

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_O: Indicates the CMCSR register for the compare-match timer of channel 0.

(3) 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 OXEFAQ
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, _{ (CMCSR_0,)CMCSR_1)

CMCSR indicates compar ation, enables or disables interrupts, and selects the counter

ut clock. Generation ofla WDTOVE i ializes the TCNT value to 0. r
W

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 incrementing using the selected clock. When values in
CMCNT and the compare match constant register (CMCOR) match, CMCNT i§ cleared to H'0000
and the CMF flag in CMCSR is set to 1. When the CKS1 and CKSO0 bits are set '01 at this tipa€,
a f/4 clock is selected.

Rev. 0.50, 10/04, page 416 of 914
RENESAS

()
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.

[Bit Chart]
Bit:@ 13 12 1 10 9 8 7 6 5 4 3 2 1 0
| — — @2|ASID1 |A@| — | — | — | — | — | — | Q |ACMP2|ACMP1|ACMPO| IFE |
Initial value: 0 0 0 0 1 0 0 0 0 0 0 0 0 0
RW: RW | RW RW R RW ’@ RW RW RW RW RW RW RW RW RW
[Table of Bits] (") @) ®) @) ®)
Bit! Bit Name Initial Value R/W Description
15 - i Reserved
14 - ( These bits are always read as 0. )
13to 11 ASID2 to All 0 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.

— =
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.

Bit name
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.
(3) 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.

@

G
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4. Description of Abbreviations

The abbreviations used in this manual are listed below.

e Abbreviations specific to this product

Abbreviation Description

BSC Bus controller

CPG Clock pulse generator

INT Interrupt controller

SCI3 Serial communications interface 3
PMC Peripheral 1/0 mapping controller
WDT Watchdog timer

DTC Data transfer controller

ELC Event link controller

lca Inter IC bus interface 2

SSuU Synchronous serial communication unit
LVD Low-voltage detection circuits

e Abbreviations other than those listed above

Abbreviation Description

Bps Bits per second

CRC Cyclic redundancy check
DMA Direct memory access

Hi-Z High impedance

IO 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
UART Universal asynchronous receiver/transmitter
VCO Voltage-controlled oscillator

All trademarks and registered trademarks are the property of their respective owners.

Page viii of xxvi



Contents

SECHON 1 OVETVIEW...eeiuiiiiiiiiieeiiieeeiiieesiteetee ettt e e iteesteeesbeeesabeeesabeesabeessneesbeeenas 1
) B Y. 111 (OO OO TP PUURTSU PR 1
LLT APPIHCALIONS ..ttt sttt et st e b ettt s nae 1
1.1.2 OVerview Of FUNCHOMNS. ......ccciiiiiieiieiiieeiee ettt etee st et sereesbeesebeesaneessseenaneens 1
) B2 B T Ao g (o7 L (ot O TSRS 6
1.3 BIOCK DIAZIAIM...c..eiiitiiiiiniiitieitetetetet ettt ettt et sttt st st bt eneene 8
1.4 Pin ASSIZNIMECILS ...eeeiiieiieiiieitiete ettt eete et et et et e ente s s tesseesseeseenseentesseenseenseenseensesseanseensennnes 11
LA.1  Pin FUNCHONS ..eeiiiiiieiie ettt sttt ettt ettt e e eebae e 14
SeCtiON 2 CPU ..o e e e e e et ar e e e e e e e sanres 21
8 B Y. 111 (<SPS RURPSRRPSOt 21
2.1.1 Differences between H8S/2600 CPU and H8S/2000 CPU.........ccceevvvrecrveecrieereens 22
2.1.2  Differences from H8/300 CPU .........ccoouiiiiiieiiiiiieeie ettt ae e 23
2.1.3  Differences from HE/300H CPU ........cccoooiiiriiiiiiiieiiieeeetereeete et 23
2.2 CPU Operating MOGES .......cooueriiriieniieiieieeiteeitenitetcete ettt sttt et sttt e st et e sbaesbeenbeas 24
2.2.1  AdVANCed MOE........cocuiiiiiiiiieeiie ettt ete ettt st e e e st e sbeessbaesseesnbaeeaeesnne 24
2.3 AdAIESS SPACE. .. e euteeiieeiieet ettt ettt ettt st b ettt a e e h e b et et enees 26
2.4 RegiSter ConfIGUIAtION....c..coueruiriirieiieietetentite ettt ettt se b sae e eae 33
241  General REISTETS .....coiviiiririieeeieteteteseeer ettt e 34
2.4.2  Program Counter (PC) .....coiiiiiiiiiiieieenieeeestteeeseeste ettt 35
2.4.3 Extended Control Register (EXR) .....cocueriiriiniiniriiiienieneereecetesteieeeeieene 35
244 Condition-Code Register (CCR).....cccuiriiriiniieriiiienieiteseeneeieeee ettt 36
2.4.5 Initial RegiSter VAIUES .....cccovuiiiiiiiieiiiiieiceieee ettt 38
25 R B T 12 T ) 0 T 1 PR 39
2.5.1 General Register Data FOrmats...........ccccooceeiieiiiiiniiiieneecccec e 39
2.5.2  Memory Data FOTMALS .......covviiiiiiriieiieiieete ettt et e 41
2.6 INSIUCHION SEL..ccuiiiiiieiiieiiieeieeeteeete e st e st e steesateessbeessseessseessseessseesseeesseeseesnsseenseessseensens 42
2.6.1 Table of Instructions Classified by FUnCtion .........c...coccevveereeniininninienienicnenene 43
2.6.2  Basic InStruction FOrMALS ........cccceecuieeiiieiiieeiie ettt sveesbeesveesveeeae e 53
2.7  Addressing Modes and Effective Address Calculation...........c.cceceeeeeienienieneninicneneneeeenn 55
2.7.1  Register DIr€Ct—RI ....cceoiiiiiiiiiciinieneeeceeeee ettt 55
2.7.2 Register Indirect—@ERMN .......cccceoviiiiiiiiiieiiieiiieeie ettt 55
2.7.3  Register Indirect with Displacement—@(d: 16, ERn) or @(d:32, ERn)................. 56
2.74 Register Indirect with Post-Increment or Pre-Decrement—@ERn+ or @—ERn .... 56
2.7.5 Absolute Address—@aa:8, @aa:16, @aa:24, or @aa:32..........eeeeeeeeeeeeennann 56
2.7.6 Immediate—H#xX:8, #XX:16, OF #XX:32 ..iiiiiiiieie e 57

Page ix of xxvi



2.7.7  Program-Counter Relative—@(d:8, PC) or @(d:16, PC) .....cceeevviiviiveviiiiiieenne 57

2.7.8  Memory Indirect—@ @aa:§ ............ccceevuiriiriiiiiniece e 58
2.7.9  Effective Address Calculation ...........cceeeeieieiiiieniiniininieiceeieeesese s 59
2.8 PrOCESSING STAES. .. .eetieiieieiiestiente ettt ettt et ettt e st e st e bt e bt et e esteeb e e bt et e enteeneesbeenbeenees 61
2.9 USAZE NOLES ...ttt ettt ettt et s et e e et s st ae e st esn e ean e s e e b e e e ennes 63
2.9.1  TAS INSIIUCHION .eouutiiiiiiiiieiiieeee ettt ettt sttt st eb e st e st e st e sbeesabeesreesane 63
2.9.2 STM and LDM INSLIUCHONS......ccevuiiiiriiiiiiiiiiiiiiieiesecic et 63
2.9.3 Note on Bit Manipulation INStructions............ccceeveererneriienieneeneenieeienieneeneenneen 63
294  EEPMOV INSUCHON. .....ccuiiuiiiiiiiieiitiie sttt st 64
Section 3 Exception Handling ..........ccoccveeriiiiiiiiiiiiiiiiieccieceee e 65
3.1  Exception Handling Types and Priority........cccocvvereriinienieneninenieeneeeeieseeseneeeieee e 65
3.2 Exception Handling Sources and Vector Table ..........ccccceovieriiiinieniiiiiieniee e 65
3.3 RESEE e eae 66
3301 RESEE SOUICES......eiuiiiiiiiiiiieie ettt st s sb s s 66
3.3.2  Reset Exception Handling ........c..ccccoimiiiriiieieiiininiinenieeeeececrceeie s 69
3.3.3 Interrupts immediately after ReSet..........ccoceeeeiiiiinininiininiceciccencseeeeeeene 70
3.3.4  On-Chip Peripheral Functions after Reset Release........c..coceceevevcnencnincnicnncenns 70
3.4  Trace Exception HANAING .......oovviiiiiiiiiiiiiiiiecteteeite ettt st s 71
3.5 Interrupt Exception Handling ........c..ccocceviriiiiiniiniiiiiniiiececeeeteeeeee et 72
3.6 Trap Instruction Exception Handling...........ccoccevuiriiniiniiiiniinieiienececeecsteeeeeeene 72
3.7  Stack Status after Exception Handling.............ccocoiiiiiiiiiiiiiineeeeeeese e 73
3.8 USAZE INOLE.... ettt sttt et et e e s st e e eane s 74
Section 4 Interrupt COntroller........cc.eviriiiriiiiiiiieeieeete et 75
41 FAIUIES .veeiietiieeieeeeeee ettt s sttt s 75
4.2 ReIStEr DESCIIPHIONS ...cuvirutiiieiietieiteeitesitenttete et et sttt et et et esate s bt e bt esbeeaesaaesaeesbeenee 77
4.2.1 Interrupt Control Register (INTCR) .....c.cooiiiiiiiiiiiiiiieee e 78
4.2.2  Interrupt Priority Registers A to I (IPRA t0 IPRI)....ccccocevinininiiiiiiiiicnicienicnns 79
423 IRQ Enable Register (IER) .......ccceeoiiriiriieiieieeieee ettt 81
424 IRQ Sense Control Register H and L (ISCRH and ISCRL) ......ccccceevivviiiniiirnnennnns 82
4.2.5 TRQ Status Register (ISR)....cocuoiiiriiniiiiiiiiiieeeeteeecee e 85
4.2.6 IRQ Noise Canceler Control Register (INCCR).....c...cccceverviirviineeninniinicneenieeene 86
4.2.7 Interrupt Vector Offset Register (VOFR) .......ccceiiiiiiiiniiiieicecee e 87
4.2.8 Event Link Interrupt Control Status Register (ELCSR) .......ccccecveievienincncnencnnen. 88
4.3 INTEITUPE SOULCES .....eieuiiiiiieiiiiieiieteete ettt ettt e sttt ettt e e s e s beeneenesanesaeesaeenne 89
4.3.1  EXternal INteITuPL SOUTCES ...ccuvieruierriieeriieriieeieesiteeieesteesreesieeesareenseeesseessseeenaeesnne 89
4.3.2  Internal INTEITUPLS ....ooviriireiiiiie ittt ettt et sae e 90
4.4 Interrupt Exception Handling Vector Table...........ccccooviiriiniininniiniinienieneeneececeeceeee 91

Page x of xxvi



4.5  Interrupt Control Modes and Interrupt Operation ............occeeecveerrieeriieeriieeniieenieenieenieenneens 98
4.5.1 Interrupt Control Mode 0......c..covuiriiriiniiiiieiiniertereeeee ettt 98
4.5.2  Interrupt Control MO 2......c..covueiiiriiniiiiiiiinteieeieeeetestesie et 100
4.5.3 Interrupt Exception Handling SEqUENCE ..........cccevueeiiiiiiniiiieniieieeeee e 102
4.5.4 Interrupt Response TiMe........coceeereeieieniinieninieneeeeteteterte ettt 104
4.5.5 DTC Activation by INEITUPL.....ccccoeeerieirieieienineneeenceeetee et 104
4.0 TUSAZE INOLES ..eeuveeeniieeiieeite ettt et e et te st e st e st e st e st e e sabeesabeesateesabeessteesabeesateesaseenateesaseeaeeas 105
4.6.1 Conflict between Interrupt Generation and Disabling .......cc..coccevveeveencincnncneene 105
4.6.2 Instructions that Disable INtEITUPLS .....ccc.eevuiriiriinieiiiiiriereeeeee e 106
4.6.3 Time when Interrupts are Disabled..........c.cocoeiiiiiiiiiiniiee e 106
4.6.4 Interrupts during Execution of EEPMOYV Instruction ...........cecceceevenvenvenenennnn 106
4.6.5 Changing PMR, ISCRH, ISCRL and INCCR.......c..ccceevtrtririiierieninencnencenenne 107
4.6.6 IRQ Status RegiSter (ISR).....c.coviiiriiiiiieriieniierieeeerteere et 107
467 NMI PN ..o ceesa s 108
Section 5 Clock Pulse GENerator ...........ccocueeeiieiiiieiniiieenieeeieeeieeeee e 109
5.1 OVEIVIBW ..ttt ettt et e h ettt e b e e sbe e e bt e e bt e e bt e e bt e e bte e bt e e bt e ebeesbaeebeenas 110
5.2 RegiSter DESCIIPLIONS ......evitiriiriiriiriieiietetestente ettt ettt sttt et et sae bbb e enees 111
5.2.1 Backup Control Register (BAKCR) ......cccueeiiiiiiiiiiiiiiieieeieecite et 112
5.2.2  System Clock Control Register (SYSCCR).....ccoceeveeviiriiinienienienicrieneeneeeee. 114
5.2.3 Power-Down Control Register 1 (LPCR1) ....cccccooiriiniiniiiiniiniiieecieneceeee, 116
5.24 Power-Down Control Register 2 (LPCR2) .......cccoviiiiniiiniinieeeeeeeeee, 118
5.2.5 Power-Down Control Register 3 (LPCR3) .....ccoceiiiiiniiiiiiiieiiceieecceeeeeee 119
5.2.6  OSC Oscillation Settling Control Status Register (OSCCSR).......ccccccevenenennenne. 121
5.3  Operation of Selection of System Reference ClocK..........ccooceeriiiriiiiiiiiniieniienieenieeneene 123
5.3.1 Switching System Reference CloCK t0 QOSC .....ccoveeuerieriireineeniinienienieneeieenie 126
5.3.2  Clock Change TimMing.......cccevuerieriiniienieeienientenieeneeee ettt et 128
5.3.3  Backup OPeration .......ccceerieiiieiinientieieeie ettt et ettt stee st beestesaeesbeenbeeaeeaees 131
5.4 Main ClOCK OSCILALOT . .....ccuiiitieiieiieieetieiteeee ettt ettt et ee et e eneeeseenseenneas 135
54.1 Connecting Crystal RESONALOT .......cccuevvevieririnirieieeeteneseeeneeeeee et 135
5.4.2 Connecting Ceramic ReSONALOT .......c.cceevvuiiriiiiiieiiiiiiieciee ettt 136
5.4.3  External Clock Input Method.........cccoeoiiiiiniiniiniiiiiiieeceeeeeeeeeeee e 136
5.5 Subclock OSCIIALOT .........cocviiiiiiiiiiicieecteee ettt s 137
5.5.1 Connecting 32.768-kHz Crystal Resonator ..........c..ccocceveereenienenienieneeeeee e 137
5.5.2  Pin Connection when not Using SubclocK........c..ceceeeeieniinineninienenieeeicneneenne. 137
5.0 PIESCALET.....ueiiiiiiiieeee ettt ettt e bbbt s bae e b e 138
5.7 USAZE INOLES c.ueeiiieeiiieiteeeite et et e sttt e sttt e sttt e sate e bteesaee e bteesbeesabaeesseesabaesnseesabeesaseesabaesaseesas 139
5.7.1  Note 0N RESONALOTS......ccueiuieiiiiiiiiiiiiiieee ettt s 139
5.7.2  Notes on Board Design .......ccceoiirieriiriiniiiienciiceeseereeeete et 139

Page xi of xxvi



Section 6 POWEr-DOWN MOES ....oovvunieeeeieeeiieeeeeee et eeeeeee e e e e eeeeaaans 141

6.1  RegiSter DESCIIPHIONS ..c..vevtiiiiiieiieieetc ettt sttt ettt st e st 142
6.1.1 Power-Down Control Registers 1, 2, and 3 (LPCR1, LPCR2, LPCR3)............... 142
6.1.2  Module Standby Control Register 1 (MSTCRI) ...cccociriiniinieiiienieeeeeeee, 142
6.1.3  Module Standby Control Register 2 (MSTCR2) .....c.ccccoeveninineninieicicneneenne. 144
6.1.4  Module Standby Control Register 3 (MSTCR3) .....ccccccevininininiencnieecereneee. 145
6.2  Mode Transitions and States of LSL.........ccccoooiiiiiiiiiiiiiiiccce 147
6.2.1  ACHVE MOUE ...c.eiiiiiiiiiiieieciceceeetee e e 149
0.2.2  S1EEP MOME .....eiiiiiiiiieiiiete et st 149
6.2.3  Standby MO ......ccueeiuiiiieiiiiee e 150
6.3  Bus Master Clock Division FUNCHON..........ccieiiriirieiieiieeeee e 150
0.3.1  RESCE STALES ..euvveeietieieeie ettt ettt ettt et e st e st e st et et e et e e st e st et enteeneeeneas 150
6.4  Module Standby FUNCHION.........cooiiiiiiiriiiieeeee ettt st s e s 151
6.5  PSC Divider Stop FUNCHON.........cocuiiiiiiiiieiieieeieteieeee ettt 151
Section 7 ROM ....iiiiiiiiiiiieee ettt 153
Tl OVEIVIBW..utiiiiiiiiieiteeete ettt ettt ettt ettt e bt e e sbe e e bt e e bt e e bt e e bt e ebte e bt e ebbeebeesbaeebeenas 153
7.2 BlOCK CONFIGUIALION ....oviiiiiiieiieiieietentenie ettt sttt ettt et st sbe st 154
7.3  CPU Reprogramming MOAE ..........coocueirriiiiiiieiiiieiiieeite et eitestee st sbeesveesabeesteesseesaveens 159
731 EWO MOGE.....c.oiiiiiiieiieicicieeeteeee ettt s e 161
732 EWILMOGC....ciiiiiiiiicieiciee ettt e 161
T4 RegiSter DESCIIPHIONS .....eeiuteitieitietieie ettt ettt ettt e b ettt et e et e st esbe e beeneeeneeas 162
7.4.1 Flash Memory Control Register 1 (FLMCRI).........cccoceeviiiiniiniiicieceneeeenee, 162
7.4.2  Flash Memory Control Register 2 (FLMCR2)..........cccccooiiiiniiniinieieneneeneenne. 164
7.4.3  Flash Memory Data Flash Protect Register (DFPR)........c.ccccoceiviiiniieiniiiniene. 166
7.4.4  Flash Memory Status Register (FLMSTR)......c.ccoceeviiriiiniiiniiniiiiiciiceencece 167
7.5  On-Board Programming..........cocceeeereeniieniieiinienitenieeieeie et sttt st 170
751 BOOtIMOME ...ttt sttt et 170
7.5.2  Specifications of Standard Serial Communication Interface in Boot Mode.......... 175
7.5.3  Programming/Erasing in User Mode ..........cccceceeeeiininininincneeieicieneseeseeeenes 210
7.6 Programming/EraSing ........ccccoeueerieriiieiiieiiieeitestteeteesteeeteesbeesteesabeesabeesateesaaeesaneesaneens 212
7.6.1  Software COmMMANAS........cc.cciririiiriieieieieeeeeee e e 212
TT PIOTECHOMN ...ttt sttt bt e sae e enes 228
7.7.1  SOftWare ProteCtiON. ....coouiiiuieiieiiieiieet ettt ettt s 228
7.7.2  LOCK-Bit PrOtECTON. ... ceiuieiieiieiiieiieeiieieeie ettt ettt eee e see e 228
7.7.3  PROM Programmer Protection/Boot Mode Protection ..........c..cecceceecvereenvenennenne. 229
7.8 Programmer MOE ..........coocuiiriiiriiiiniieeieesiteette sttt sttt et e st e st e st e e st e sabeesabeesareens 230
7.9 USAZE NNOLES ...ttt sttt ettt ettt ettt sb e s bt e bt et et satesbeesbe e bt e bt eateeaaesbeenbeens 231
Section 8 RAM ....iiiiiiiiiee et 235

Page xii of xxvi



Section 9 Peripheral I/O Mapping Controller............cccueevveeeriieenieeenieenieeenne 237

9.1 RegiSter DESCIIPLIONS ..c..eevtiiiiiieiieieetc ettt sttt ettt e bt e b ebe e 239
9.1.1  Peripheral Function Mapping Register Write-Protect Register (PMCWPR)........ 240

9.1.2  Port Group 1 Peripheral Function Mapping Registers 1 to 4
(PMCRnl to PMCRn4 (n=1,2,3,5,and 6)) ..c.coceeeeiiniineninineneeeereieicniennes 241

9.1.3  Port Group 2 Peripheral Function Mapping Registers 1 to 4
(PMCRn1 to PMCRN4 (n =8, 9, and A) ..coceeriinieniiiiiniinecieeieececceeeeeen 262
0.2 USAZE NOLES ...ttt sttt ettt ettt ettt et e a et s bt e bt et e et e satesbeesbe e bt enteeatesbaesbeenbeens 270
9.2.1 Procedures for Setting Multiplexed Port Functions..........c..ccecceveeviervienicneenennne. 270
9.2.2  Notes on Setting PMC REZISLEIS.......coceeeeieriinieriininieieretcenteeresieeeeereeeneneenes 270
Section 10 T/O POTES ...c...oiuiiiiiiieiiieeeeeeeeeeee e 271
LO.1 POIE Lot 271
10.1.1 Port Mode Register 1 (PMR1) ...ccc.coiiiiiiiiiiiiiiiiiiccceteeecteeeeee e 272
10.1.2 Port Control Register 1 (PCRI) ..cc.cocuiriiriiiiiiiiieiicieceeceeeteeeeeeeee e e 273
10.1.3 Port Data Register 1 (PDRI1) ..cc.coiuiiiiiiiiieiieiee et e 274
10.1.4 Port Pull-Up Control Register 1 (PUCRI)...c..cocevveeienininiininencrecieecieeeneenee 275
10.1.5 Port Drive Control Register 1 (PDVRI) .....ccccooiiriiiiieiieceeeee e 276
LO.2Z POIE 2. e s 277
10.2.1 Port Mode Register 2 (PMR2) .......cocoiiiiiiiiiiiieiiceeeceeeeeeteeeeee e e 278
10.2.2 Port Control Register 2 (PCR2) .....cccceiiriiiiiiiiieiieieeneeteeeteeeeseee e e 279
10.2.3 Port Data Register 2 (PDR2) .....cccoiiiiiiiiieiieiee ettt 280
10.2.4 Port Pull-Up Control Register 2 (PUCR2)......cccccuevierininininineneeieecieneeneennee 281
10.2.5 Port Drive Control Register 2 (PDVR2) .......ccoocvrieiieieeceeeeee e 282
LO.3 POIE 3. e 283
10.3.1 Port Mode Register 3 (PMR3) ....cc.cooiiiiiiiiiiiiiieieeeeceeeteteeeeee e 284
10.3.2 Port Control Register 3 (PCR3) .....ccceviiiiiiiiiiieiieieceececeeeeeeeee e 285
10.3.3 Port Data Register 3 (PDR3) .....cocuiiiiiiiiieiieeee et 286
10.3.4 Port Pull-Up Control Register 3 (PUCR3)......cccoeceevierininirinincneeieecieeeneennee 287
10.3.5 Port Drive Control Register 3 (PDVR3)......cccooviiriiiieieeeeeeeee e 288
LO4 POIE Seeiiiiiie e 289
10.4.1 Port Mode Register S (PMRS) ..cc.oiiiiiiiiiiiiiieiceecececeeeeeee e 290
10.4.2 Port Control Register 5 (PCRS) .c..oviiriiiiiiiiiiiieiieneeeeceeeeeseeeee e 291
10.4.3 Port Data Register 5 (PDRS) ..c..oiiiiiiiiiiieiieeee et 292
10.4.4 Port Pull-Up Control Register 5 (PUCRS)...c..cocueveeviiniininininincnecieecieneneennee 293
10.4.5 Port Drive Control Register 5 (PDVRS) .....cccooiiiiiiiiieeeeeeee e 294
LO.5 POIT O 295
10.5.1 Port Mode Register 6 (PMRO) .......ccceeiiriiiiiiiiiiiciteeeceeeeteeeeee e 296
10.5.2 Port Control Register 6 (PCRO) .....ccc.cocueriiiiiiiiiiiiiieeeeiteeeeeeeeeeee e 297
10.5.3 Port Data Register 6 (PDRO) ......cc.cocuiriiiiiiiiiieieee ettt 298

Page xiii of xxvi



10.5.4 Port Pull-Up Control Register 6 (PUCRO).........ccccocuiiviiiniiinieiieeieciec e 299

10.5.5 Port Drive Control Register 6 (PDVRO) ........ccccooeiviiriiniiniiieienienienieeieeeee 300
LO.6  POTE 8.ttt ettt et et et e e e bt e e bt e sabaeesaaessbaeenseesabaeanseesnsaeanseesnsaeenseenns 301
10.6.1 Port Mode Register 8 (PMRS8) .......cccoiiiiiiiiiiiiee et e 302
10.6.2 Port Control Register 8 (PCRS8) ......cooviiiiiiirieieeeeeeeeee e 303
10.6.3 Port Data Register 8 (PDRS8) .......ccciiiiiiiiiiriereeeee et 304
10.6.4 Port Pull-Up Control Register 8 (PUCRS).......ccccceeviiiviiiiiiiieiieeieeieceeeeiee 305
10.6.5 Port Drive Control Register 8 (PDVRS8) .......coceevirviiiiiiniiniiiciccienieneeeeeee, 306
10.6.6 Notes on Using POt 8......cc.cocuiiiiiiiiiiiiiieiierieneecete ettt 306
(O A ooy A T PRSP 307
10.7.1 Port Mode Register 9 (PMRO) .....ccc.ciiiiiiiiiiiiiieeteet e 308
10.7.2 Port Control Register 9 (PCRO) ......cocuieiiiiieieeeeeeeee e 309
10.7.3 Port Data Register 9 (PDRO) ......cocciiiiiiiiiiiiiieiiteriteeieeeee sttt 310
10.7.4 Port Pull-Up Control Register 9 (PUCRO)........coceeverviiriiniinieienicnienceeeeee, 311
10.7.5 Port Drive Control Register 9 (PDVRO) .......coceiviiviiriiiiiiniiieiecieneeneeeeeee 312
TO.8 PO Aottt ettt e et e et e e bt e e bt e e baeeaee e baeesbeessbaeenseeenbaeenbaeenbaeenseaans 313
10.8.1 Port Mode Register A (PMRA) ...ccc.eoiiiiiiiiiiieeeeeeeeee e 314
10.8.2 Port Control Register A (PCRA) ....oocuieiiiieeeeeeee e 315
10.8.3 Port Data Register A (PDRA).....ccccoeiiiiiiiiieeee ettt 316
10.8.4 Port Pull-Up Control Register A (PUCRA) .......coceevieniiniiiiiniinieeeieeieneeeene 317
10.8.5 Port Mode Register A (PMRA) .....cooiiiiiiiiiiiieeicnteeeeeeeeeeeteeee e e 318
10.8.6 Port Control Register A (PCRA) ....ccooeiiiiiiiiieee et e 319
10.8.7 Port Data Register A (PDRA)......ccooiiiieieeieeeeeeeee et 320
10.8.8 Port Pull-Up Control Register A (PUCRA)....c..cccevereririeieiciciencnenc e 321
10.8.9 Port Mode Register A (PMRA) ......oooiiiiiiiiiieteee ettt 322
10.8.10 Port Control Register A (PCRA) ...cccuoviiiiiiiiiieeiiereeeeteeeeeeeeee e 323
10.8.11 Port Data Register A (PDRA).....cc.coiiiriiiiiiiiieecrtceeeeeeeteteeee e 324
10.8.12 Port Pull-Up Control Register A (PUCRA) .......coceeiiiiiiieieieeeeeeeeee e 325
10.8.13 Notes on Using POrt A .........cccooiiiiiniiiiiiieieeeeeeeeeee e e 325
TO.9  POTE B ..ottt ettt e e tb e et e e ta e e bt e e ba e e bee e baeenbaeeabaeenbeeenbaeareean 326
10.9.1 Port Control Register B (PCRB)......cccccooviiiiiiiiiiniiieeee et 327
10.9.2 Port Data Register B (PDRB) .....cc.coviiiiiiiiiiiiiiciiccteeceeeceteeeeee e 328
10.9.3 Port Pull-Up Control Register B (PUCRB) ......cccccooiriiniiniiiiniinicneciccceeeeen 329
10.9.4 Notes on Using Port B .......cc.ooiiiiiiiiiniiiiniinecccceee st 329
TOTO POTE T ottt ettt et e et e e stb e e be e e bbeebeeesbaeasseeesbaeesseeessaeasseesssaeassessnseeanseeans 330
10.10.1 Port Mode Register J (PMRU) ......cooiiiiiiiiiiiiiiiieiteeeeeece e 331
10.10.2 Port Control Register J (PCRIJ) .....ccovviiiiiiiiiiiiiieniieeeeeesieeee e 332
10.10.3 Port Data Register J (PDRIJ) ...cc.coouiiiiiiiiiiiiiiieceiceteeeeeeeeseste e 333
10.10.4 Port Pull-Up Control Register J (PUCRIJ)......ccccoveriiriiiniiniiiinicricneececeeeee, 334

Page xiv of xxvi



Section 11 Data Transfer Controller (DTC) .......ccoovvvvveiiiiiiiiiiiiieieeeeeeeeeeineee, 335

L1 FRALUIES ...ttt ettt b ettt et et sat e sbe e bt et et e sbaesbaenbaens 335
11.2 RegiSter DESCIIPHIONS ..c..veiuiiiieiiiiieieete ettt ettt sttt et sttt et e b e 337
11.2.1 DTC Mode Register A (IMRA) ...c..coiiiiiiiieeeee e 338
11.2.2 DTC Mode Register B (IMRB)........coocieiiiiiiiieieieeeeeee e 340
11.2.3 DTC Source Address Register (SAR)......ccoeviieiieieriieieececeeee e 341
11.2.4 DTC Destination Address Register (DAR).......ccevciiiiiiniiiinieiieiieeiee e 341
11.2.5 DTC Transfer Count Register A (CRA) ....cooeeviiriiriiniiiieienteeceeieeeseesieene 342
11.2.6 DTC Transfer Count Register B (CRB)........ccocceviiniiiiiiiniiieicicniecececee, 342
11.2.7 DTC Enable Registers A to H (DTCERA to DTCERH) .........ccccceveiiinieniennee. 343
11.2.8 DTC Vector Register (DTVECR).....ccccooiiiiiiiiiiiiteieeeeeeetceeeeee e 345
11.3  ACHIVALION SOUICES ....viiiurieriiieiieeeteeiteeetteesteestteessbeesseeessseessseessseasseeessseasseesssseasessssesassesans 346
11.4 Location of Register Information and DTC Vector Table ..........ccoceevieeniiiniennieinienneenns 348
L1.5 OPCTALION ...ttt sttt ettt ettt et sbt e bt e s bt et e et sat e sbtesbe e bt ebeesnesbnenbaens 353
11.5.1 NOIMAl MOE......coiiiiiiiiiiiiieiieieeeeterte ettt sttt 355
11.5.2 RePEAt MOMC......eiiuiiiiiiiiieieeee ettt ettt et st 356
11.5.3 BIOCK Transfer MOAE .........cocuiieeiiiiiiieiieeiieeeiee et etee ettt e v e veesbeeeaveesvaesaseeas 357
11.5.4 Chain Transfer .......ccoocciiiiiiieeiie ettt ettt s v e e s ae e abe e s aaeesaveesaseeereas 358
11.5.5 INEEITUPE SOUTCES....eiitiiitiieiieeiieeiteette et e eteeetteeteesbeesabeesbaesabeesabeesaseesabeesnseesas 359
11.5.6  Operation TiMINE.......cceeeertieriiriinieniierieeieete ettt ettt sttt et seae e 360
11.5.7 Number of DTC EXECUtiON States .....ccc.coeerieerierrieniirieneenieeieeieenieenieenieevesee e 361
11.6  Procedures for USing DTC.........cooiiiiiiiiiieieeieet ettt ettt 363
11.6.1  Activation by INEITUPL.....c..cceririiririeieieienerer ettt 363
11.6.2  Activation by SOFtWAIE .......cc.cceviiriririririctcieteterentes ettt s 363
11.7 Examples of Use of the DTC ........c.coiiiiriiiiiiiiieieete ettt 364
11.7.1 NOIMAl MOE......coriiiiiiiiiiiiiiiteteeteeteetest ettt 364
11.7.2 Chain Transfer when Transfer Counter = 0 ......cc.ccooerviereenieninienienieneeeeieee. 365
11.7.3  SOftWare ACHVALION .....cccuvieiieeiiieeiieeeiteeseeeieeesteeeteeeteeeaeeesaeeseeeseassseesnssenseenns 367
T1.8 USAZE NOLES ....eeniiiieiieiieeeieeeeee et ettt ettt sttt e n e s st e sae e st s e eaneeaneenneneens 368
11.8.1 Module Standby Mode SettNg ........c.cocviriiriiniiiieiieieeieceeeeeere e e 368
11.8.2 DTCE Bit SELUNG.....ccotiriirieriiriieiieteteteterte ettt ettt s 368
11.8.3 DTC Activation by SCI3, IIC2/SSU and A/D Converter Interrupt Sources......... 368
11.8.4 Limitation on Usage of the Interrupt Vector Offset Register (VOFR) ................. 368
Section 12 Event Link Controller...........coocuiiiiiiiniiiiniiiiiieeieeeeeeeeeeeeee 369
) B © 15 7 1o USSP 369
122 RegIStET DESCIIPHONS ...u.veeiiieiiieriieeiiieenite et ettt ettt e site et e e sateesabeesibeesaseesaseesaseesaseensseens 371
12.2.1 Event Link Control Register (ELCR) ........cccccoviiriiniiiiniinieieecicneeneeceeee, 371
12.2.2 Event Link Setting Registers 0 to 32 (ELSRO to ELSR32) ......cccccoceevirvinicneenne. 372
12.2.3 Event Link Option Setting Register A (ELOPA)........cccoceiieniiiiiiiiieceeeeeee, 376

Page xv of xxvi



12.2.4 Event Link Option Setting Register B (ELOPB) .......cccccooviiiniiniiiiniiiiiciieenieene 377

12.2.5 Event Link Option Setting Register C (ELOPC) .......c.cceceviiniivinicnienienenienee, 377
12.2.6 Port-Group Setting Registers 1 and 2 (PGR1 and PGR2)........c.ccccccvieniencnncnee. 378
12.2.7 Port-Group Control Registers 1 and 2 (PGC1 and PGC2).........cccecvvvevecvencnnnnne. 379
12.2.8 Port Buffer Registers 1 and 2 (PDBF1 and PDBF2)..........ccccooiiiiiniinieiecee 380
12.2.9 Event Link Port Setting Registers 0 to 3 (PELO to PEL3).......cccccccoeveninencncnne. 381
12.2.10 Event-Generation Timer Control Register (ELTMCR) .......cccccovvvviviinviiinienieens 382
12.2.11 Event-Generation Timer Interval Setting Register A (ELTMSA) .......ccccevveneenee. 383
12.2.12 Event-Generation Timer Interval Setting Register B (ELTMSB)........c..ccccceeeee. 385
12.2.13 Event-Generation Timer Delay Selection Register (ELTMDR)..........c.cccceeueeneee. 387
12.2.14 ELC Timer Counter (ELTMOCNT).....cccoevtiriinininininieeeicenene st 388
12.3 OPETALION ..ttt ettt ettt et a ettt et ettt et et s bt bt ebeeueeat et eaenaestennesaens 389
12.3.1 Relation between Interrupt Processing and Event Linking..........cccoceevviiniennnen. 389
12.3.2 Event LINKAZE .....cooiiviiiiiiieiieieeieeeeteetesteeee ettt st 389
12.3.3 Operation of Peripheral Timer Modules When Event is Input .........c..cccccoceeneenee. 391
12.3.4 Operation of A/D and D/A Converters When Event is Input ........c..cccccccevenennnne. 391
12.3.5 Port Operation upon Event Input and Event Generation............cccceceevererenennenne 392
12.3.6  Event-Generation TiMer ........ccvecuevierieniieie ettt s 398
12.3.7 Procedure for Linking EVENtS ........c.coocuiiriiiiiiinieiiceecciee ettt 400
Section 13 Timer RA ..o 401
L1301 OVOIVIEW ..ttt ettt ettt ettt et ettt e it e s bt e s bt e bt e beemeesaeeeatesaee bt e teenteentesaeans 401
13.2 RegISter DESCIIPLIONS ...c..eeuveutiiitiriertieiieteteteste ettt ettt see st st sre et et et e b s e saeeaeeneen 402
13.2.1 Timer RA Control Register (TRACR).......cccoouiiriiiiiiiiiieeeeeeee, 403
13.2.2 Timer RA I/O Control Register (TRAIOC).......ccooouiiviiiiiiiieeiieiiieeiee e 405
13.2.3 Timer RA Mode Register (TRAMR).....cccccocuiiiiminniiniiiiiniiieciceeeeeee e 407
13.2.4 Timer RA Interrupt Enable Status Register (TRAIR)......cccccecevviinieniencnnenncnnne. 408
13.2.5 Timer RA Prescaler Register (TRAPRE) .......cccoooeiiiiiiiiiiiieceeceeeeee, 409
13.2.6 Timer RA Timer Register (TRATR) ....ccovieiieiieiieeeeeeeee e 410
13.3 OPCTALION ..ttt sttt ettt ettt et sttt et ettt e sa et s bt sbe e bt saeeae et enaenaestennesaeas 411
13.3.1 Operations Common to Various MOdES...........cccuerriirrieriiiinieniieiieeieesieeeiee s 411
13.3.2 TIMET MOAE ..ot 412
13.3.3 Pulse OUtPUL MOAE ......ocueeiiiiiiiiniiiniieiteieec ettt 412
13.3.4 Event Counter MOe.......cccueeiiriiiieiieieee ettt 413
13.3.5 Pulse Width Measurement MOde...........coocueeriiinieiniiinieinieenieeiecseeee e 413
13.3.6 Pulse Cycle Measurement Mode ............cocooierieiieiiniienieiieeeieeee e 415
13.3.7 Operation through an Event Link ........ccocccoeiiiiiiiiniiiiiiiniiieecceeeiee e 416
13.4 USAZE NNOLES . ..eeuieitieiieeiteettesteete ettt sttt ettt at e st b e b et e e satesbeesbe e bt et e eatesbaenbaenbeens 418

Page xvi of xxvi



Section 14 TIMET RB ... e e e e e et vesreeeeeeeaeaes 419

T4.1 OVEIVIBW...ouiiiiiiiiiiiciieeeteetee sttt ettt s sa et e saesae b sae e 419
14.2  RegiSter DESCIIPHIONS .....veiuietieiieieete ettt ettt et te et sb et e bt et eate st e saeesbeeseenteeneeas 420
14.2.1 Timer RB Control Register (TRBCR) ........ccccoeviiriiiieiieececeeceee e 421
14.2.2 Timer RB One-Shot Control Register (TRBOCR) .........ccocevvviiniiiinieiniiinieee. 422
14.2.3 Timer RB I/O Control Register (TRBIOC) .........coocueiriiiniiiniieniienieeieenieeeene 423
14.2.4 Timer RB Mode Register (TRBMR) .....c..coceriiiinniiiiiiniinieiinierieneeneeieee e 425
14.2.5 Timer RB Interrupt Request Status Register (TRBIR) ........cccceoeevieniienienienennne. 426
14.2.6 Timer RB Prescaler Register (TRBPRE)..........ccocoviiiiiiiiiiiiieeeeeeee 427
14.2.7 Timer RB Secondary Register (TRBSC) .....ccccoceviririiniiniinininineeeeeeecreeeene 427
14.2.8 Timer RB Primary Register (TRBPR) ......c..ccccoveiimiriiiiiiiincncececenne 428
14.3 OPETALION ...eeeiiieeiiieeiiee ettt sttt e st e st e st e estt e e st e e sateesbbeessteebteesseesbteanbeesbaeenseesnbaesnseenns 429
14.3.1 TIMEr MOAE ...ttt 429
14.3.2 Programmable Waveform Generation Mode.........c..cocceevveriinieneenennensienieneene. 430
14.3.3 Programmable One-Shot Generation Mode..........coceeveeiiiriinienieneeieeiesieneeene 432
14.3.4 Programmable Wait One-Shot Generation Mode...............cccceeveriienienieninninnenns 434

14.3.5 Timing at Which Values Take Effect in Prescaler or
Counter Depending on TWRC Bit......cccccooiiiiiiiniiiiiiiiieciceieeee e 436
14.3.6 TOCNT Settings and Pin State Update Conditions ..........cccceeeevveruenueneeneenuennne. 438
14.3.7 Operation through an Event Link ..........cccccooeviininiiniininiiiiciceececeeee, 439
14.4  INEErrupt REQUESE.....couiiiiiiiiriicrtteetetetetetce ettt ettt sa e sae e 439
145 USAZE NOLES ....eouiieirieiieiiieiieeeeee ettt sttt ettt et et en e s st e saeesaeesneenneeaneeneeneens 440
Section 15 Timer RC .....coooiiiiiiiieeee e 441
I5.1 FEALUIES ..ottt ettt s s et sa e s 441
15.2  RegiSter DESCIIPHIONS ..c..eeuieiieiiiiieieeite ettt ettt sttt ettt st sae e e b et e 444
15.2.1 Timer RC Mode Register (TRCMR) .........ccceeiiiiiiiiiiiiienieeeeceeeeee e 445
15.2.2 Timer RC Control Register 1 (TRCCR1) ...cccceoviiiiiiiiiiiiiiiiecieieeeeieeeee 446
15.2.3 Timer RC Control Register 2 (TRCCR2) ....cc.ccoviiiiiiriiiiiiiiiieneenieeeeieeeee 448
15.2.4 Timer RC Interrupt Enable Register (TRCIER) ........cccccovviiiniiiniiiiniiiiiiieeeee 449
15.2.5 Timer RC Status Register (TRCSR) ......ccccciiiniiiiniiiiiniinieiieeceeeeeee e 450
15.2.6 Timer RC I/O Control Register 0 (TRCIORO) ......c..coceevviriinieneeninienienienieene. 453
15.2.7 Timer RC I/O Control Register 1 (TRCIORIL) .....coocoeiiiiiiniiniiieiceieeieeeeeene 455
15.2.8 Timer RC Output Enable Register (TRCOER)..........ccccceceviiniininniniinieneeee 457
15.2.9 Timer RC Digital Filtering Function Select Register (TRCDF)..........ccccccceuennen. 458
15.2.10 Timer RC A/D Conversion Start Trigger Control Register (TRCADCR)............ 459
15.2.11 Timer RC Counter (TRCCNT) ....ccooiiiiiiiieeeee ettt e 460
15.2.12 General Registers A, B, C, and D (GRA, GRB, GRC, and GRD)...........ccc.c..c..... 461

Page xvii of xxvi



15.3 OPETALION ...ttt sttt sttt st et e sat e et e e s et e e sat e e bbe e ateebteesseessbaeenbeesbaeenseesnbaesnseenns 463

15.3.1 Timer Mode OPEration ........c..ccceevuerierieneenieenienienitenieenteeateeitesieesieeieeresiaesbeenaee 465
15.3.2 PWM MO0Ode OPEIation.....c.cecueeierieriienieenieeieitenitenteenieete et steesieetesanesesesbeenieeees 470
15.3.3  PWM2 MOdE OPEIatiON......cccuieiieieriieniientieieetesitesttesieeteeateeieesseenbeebeentesseeseeenees 475
15.3.4 Digital Filtering Function for Input Capture Inputs...........coccevevererieneenienencnnenn 481
15.3.5 A/D Conversion Start Trigger Setting Function ..........ccccoccoceeveveveeciencniencnennenn 482
15.3.6 Function of Changing Output Pins for GR ..........cccccooiiiiiiiiniiiiiiieeceieeeee 484
15.3.7 Operation through an Event Link ..........ccccoooiviininiiiiiniiniiicncecccceeee, 486
154 Operation TIMINZ . ....c..coveiriiiiiiiinteeeeeteet ettt sttt ettt sate s e b et eanens 487
15.4.1 TRCCNT Counting Timing .......cccceeeueeuerienienienieesie ettt sbe e 487
15.4.2 Output Compare Output TIMINE .....coeevereerriririnenieieteteresene et 488
15.4.3 Input Capture Timing.......coceeverieuirieteieienieneeene ettt st nee e e 489
15.4.4 Timing of Counter Clearing by Compare Match ..........ccccceevvieriiirnienieeiieenieens 489
15.4.5 Buffer Operation Timing .......ccocceveeviiriinienienieneeeete ettt 490
15.4.6 Timing of IMFA to IMFD Flag Setting at Compare Match ........cccccoceveenenncnnee. 491
15.4.7 Timing of IMFA to IMFD Setting at Input Capture ..........ccoceeeeveeeeveeneenenenenne. 492
15.4.8 Timing of Status Flag CIearing..........ccccecuervevuereninerenenieeeeeeenteneenienneseesieeneenns 493
15.4.9 Timing of A/D Conversion Start Trigger Generation on Compare Match ........... 494
15.5  USAZE INOLES c.uuveeiieeiieeiteeite ettt et ettt ettt e e bt e e bt e s bt e e bt e sabteeabeesabeesasaesabaesaseesabaesaseesns 495
Section 16 Timer RD .......ooiiiiiiiiiiieeeeeee e 499
LO. 1 FRALUIES ...ttt ettt ettt et e et b e e e bt e bt e bt et e satesaeenaeenteeneeeneeeneenneans 499
16.2 RegIStEr DESCIIPLIONS .....eeutitiiitiriiriieiietetetesterte sttt ettt et sae st sae et e et e sae e sae i eneen 507
16.2.1 Timer RD Start Register (TRDSTR) ....c.cocieiiiiiiieieeeeceseeeee e 509
16.2.2 Timer RD Mode Register (TRDMDR)......cccccoviiiiiiiiniiiiiiiieeie et 511
16.2.3 Timer RD PWM Mode Register (TRDPMR).......cccccoceviinieniniiniinieneeienieee, 512
16.2.4 Timer RD Function Control Register (TRDFCR) ........cccccectevvieninicniieniinencnne. 513
16.2.5 Timer RD Output Master Enable Register 1 (TRDOERI) .......ccccooceeviiiencennnee. 515
16.2.6 Timer RD Output Master Enable Register 2 (TRDOER?2) .........ccccccccvevvenenennenn 517
16.2.7 Timer RD Output Control Register (TRDOCR).........cccccevemininininceeicicniennenn 517
16.2.8 Timer RD A/D Conversion Start Trigger Control Register (TRDADCR)............ 519
16.2.9 Timer RD Counter (TRDCNT).....cccuuiiiiiiieeeiiee ettt 520
16.2.10 General Registers A, B, C, and D (GRA, GRB, GRC, and GRD)...........ccc.c....... 521
16.2.11 Timer RD Control Register (TRDCR).......cccccooiiiiiiiiiiiiiieieeeeeeeeeee e, 523
16.2.12 Timer RD I/O Control Registers (TRDIORA and TRDIORC) ..........cccccceeueeneenne. 525
16.2.13 Timer RD Status Register (TRDSR)........ccoeiirierieiieeee e 529
16.2.14 Timer RD Interrupt Enable Register (TRDIER).........ccccoccuiiviiiiiiinieniiciiieeieens 532
16.2.15 PWM Mode Output Level Control Register (POCR) .......c..ccoceevverienienenncnicnnee. 533
16.2.16 Timer RD Digital Filtering Function Select Register (TRDDF)..........c..ccccceenee. 534
16.2.17 Interface With CPU ......cccooiiiiiiiiiieiieee et 535

Page xviii of xxvi



16.3  OPETALION ...veeiiieeiiieeiiie sttt ettt st e sttt e s b e et e e st e e sat e e s abe e bteebteesseessbaeanseesnbaeenseesbaesnseesns 536
16.3.1 CoUNter OPEIatiON ......coeueeruienierierieniienieerieete et sttestee ettt sbee e et eabesaresbaesbeeaes 545
16.3.2 Waveform Output by Compare MatCh...........cocoveiviiiiniiniiniiienicnieneenceeee, 548
16.3.3 Input Capture FUNCHOMN ......ooiiieiiiieiieiieie e 551
16.3.4  Synchronous OPETration..........ceceeeeierterrertenerirereetetetentenessesresseeseeeensensensensenee 554
16.3.5 PWM MOME ..ottt sttt ettt s st 555
16.3.6 Reset Synchronous PWM Mode..........coovuieriiiiiiiniiiniiinieenieesiee e 561
16.3.7 Complementary PWM MoOde.........c.cocueriiiniiniiiiinienienceieeteeitenieeieete st 565
16.3.8  PWM3 MOdE OPEIAtiON......cccueeuiirieriieniienieeieetenitenitenieete et sieesieenbeetesaseseeesieenaes 571
16.3.9  BUffer OPEration..........cocceeriieiirieieieieientenienie ettt etesre st eenesaenes 577
16.3.10 Timer RD Output TIMiNG ......cceeveruiriririeieienientinenieeieeceeeeeseeste e eneene 585
16.3.11 Digital Filtering Function for Input Capture Inputs...........cocceveverereeneeienenennenn 588
16.3.12 Function of Changing Output Pins for GR ..........cccccooiiiiiiiiniiiiiiieeceieeeee 589
16.3.13 A/D Conversion Start Trigger Setting Function ...........c.cccoceeeevenvcnieneencencnnne. 591
16.3.14 Operation by Event CIEar ..........cocceevueriiriiniiiienieiieiictenieeieeieee et 593
16.4  INLETTUPE SOUICES ...c.vevenreuieieiintente ettt ettt ettt sttt et et saesaesbesae bt saeeue et esneaesaennesaeen 594
16.4.1 Status Flag Set Timing........cccceeeieieiiiniininenineneeteeeeene sttt 594
16.4.2  Status Flag Clearing Timing ........cccceceevverierieneneneninieeeteienese st 596
16.5  USAZE INOLES c.uveeiiieiieeiieeite ettt ettt et e et e et e e bt e e bt esbaeesbtesabaeeabeesabeesaseesabaesaseesabaesaseesns 596
Section 17 Timer RE........coccoiiiiiiiieeeeee e 605
L7.1 FRALUIES ...ttt ettt ettt ettt e et et e s e s bt e s bt e be et e et e satesaeenaeenteenteeneesneenbeans 605
17.2 RegISter DESCIIPLIONS .....ceuvitiiirtiriirtietietetenteste sttt ettt see st bbbt et e st saesbesaeeaeenees 607
17.2.1 Timer RE Second Data Register/Counter Data Register (TRESEC).................... 608
17.2.2 Timer RE Minute Data Register/Compare Data Register (TREMIN).................. 609
17.2.3 Timer RE Hour Data Register (TREHR).......c..ccoccoviiiiiiiiiiiiieeccee, 610
17.2.4 Timer RE Day-of-Week Data Register (TREWK) .......cc.ccoceviiiinviniininncnncnne. 611
17.2.5 Timer RE Control Register 1 (TRECR1).....cccccoviiiiiiiiiiieeeeeeeee, 612
17.2.6 Timer RE Control Register 2 (TRECR2)........ccccoeoiieiiiieiieeeeeeceeeee e 615
17.2.7 Timer RE Interrupt Flag Register (TREIFR)........ccccccccoininininniniiiciccncnen 616
17.2.8 Timer RE Clock Source Select Register (TRECSR) .....cccccoovvviiiiiiniiniiiiiienieens 618
17.3  Operation of Realtime Clock MOdE ...........coueriiriieniiiiieniinientenieeeecee et 619
17.3.1 Initial Settings of Registers after POWer-On .........cccccoceveenieniniiniicncncnncnienee, 619
17.3.2 Initial Setting ProCEAUIE .......cceviririeieiiieienieneeececcctee st 619
17.3.3 Data Reading Procedure in Realtime Clock Mode .........c.ccocevenereninneeiencnennenn 621
17.3.4 Operation in Realtime Clock Mode ..........cccvireriririeieiiininincneeeeececeeeeaee 622
17.4  Operation of Output CompPare MOAE ..........c.eevieeriieiriieniienie ettt ettt eieesbee e 623
17.5  TNECTTUPE SOUICES ...uveeuiiritiriiiritenieeteete ettt ettt ettt et sbte s bt e bt e bt esbe s et satesaeesbeebeenteenaesanens 626
17.6 USAZE NNOLES ....eenteeitieiieeitesite sttt sttt ettt ettt et b et e bt et saeesbeesbee bt enteeateebaesbaenbeens 627

Page xix of xxvi



Section 18 TiIMET RGi...coouueieiiieeeeeeeeeeee ettt e e e e et eaareeeeeeeeeeees 629

I8.1  FRALUIES ...ttt sttt st s et sa e s 629
18.2  RegiSter DESCIIPHIONS ..c..veuiiiieiiiiieieite ettt ettt ettt st st sbe e b et e 632
18.2.1 Timer RG Mode Register (TRGMDR)........cccoceiiiniiiiiiinieieeeeieeeeee e, 633
18.2.2 Timer RG Counter Control Register (TRGCNTCR).......cccccvvvievienieieeeeeee 634
18.2.3 Timer RG Control Register (TRGCR)........ccoceeviiiiiiiiiiiiniiieieeeceeeeeen 635
18.2.4 Timer RG I/O Control Register (TRGIOR)........ccccuvrviiiiiiinieiieiieeiec e 636
18.2.5 Timer RG Status Register (TRGSR)......cccccooiiriiniininiiiiinieeeieiceeeeceee, 638
18.2.6 Timer RG Interrupt Enable Register (TRGIER)...........ccccoecieviniinicniiniencncnee, 639
18.2.7 Timer RG Counter (TRGCNT).....ccouiiiiiiee et 640

18.2.8 General Registers A and B (GRA, GRB), GRA and GRB Buffer Registers
(BRA, BRB) ..ttt sttt s 641
18.3  OPETALION ...ttt ettt sttt et et e sat e et e st e e sat e e bbe e ate e bteesseessbaeenbeesabaesnseesnbaesnseenas 643
18.3.1 TIMEr MOAE ...t 644
18.3.2 PWIM MOUE ..ottt s 650
18.3.3 Phase Counting MoOdE.........cccueeuiiiiiiiniieiieieee ettt 655
18.3.4 Buffer OPeration..........ccoccvereriririeieieieieniestesie ettt sttt nae e 660
18.3.5 Operation through an Event Link .......c.ccccccoiininininiiniiinineeccceeee 663
18.3.6 Digital Filtering Function for Input Capture Inputs.........ccceevverveiriieniieeriieenieene 664
Section 19 Watchdog Timer (WDT) ......coiiiiiiiiiiiiiieceeeeeeeeeeseee 665
TOT  FEAUTES ..ttt ettt ettt ettt et et s e et e s b e e eabeesabeeeabeesabeesaneenas 666
19.2 RegiSter DESCIIPLIONS .....eovitiriitiriirtieiteteteteste ettt ettt see sttt sae et et ebesae b s saeeaeeneen 667
19.2.1 Timer Control/Status Register WD (TCSRWD) .......ccccoeiiriiiiiiieeee e 667
19.2.2 Timer Counter WD (TCWD)......uuuiiiiiiiiiiieeiiee et et eeeeeaeee e e eeeaans 668
19.2.3 Timer Mode Register WD (TMWD) .....ccccoooiiniiniiniiiiiiiinieeciceeseeneeeee e 669
19.2.4 Timer Interrupt Control Register WD (TICRWD) .......cocoviiniininiiniinicncnicee, 670
19.2.5 Timer Interrupt Flag Register WD (TIFRWD).....cc.ccccoeninininininicicicicnicneennen 671
1.3 OPETALION ..ttt ettt ettt sttt ettt ettt s bbbt eaeeat et esaenaestenbesaeas 672
19.3.1 Watchdog Timer OVerflow Reset .......ccccoeviriririririeieienenencneeeeeeeeeeneenie e 672
19.3.2 Watchdog Timer Setting FIOW ........ccociiiiiiiiiiiiiieniieieeeite et 673
19.3.3 Watchdog Timer Periodic INterrupt.......cccccevuerierieninniiiienieneenieeiceieeieesieeieene 674
19.4 TUSAZE NNOLES ....eeuiieiiieiieeite ittt ettt sttt ettt ettt s bt s bt e bt e bt et e saeesbeesbee bt esteeatesbaesbaenbeens 675
19.4.1 Notes on System DESIZN....c..coiriririeiiiiiinieneneeeeteeeretee st 675
19.4.2 Notes on Stopping the Watchdog Timer or Switching the Count Clock .............. 675
Section 20 Serial Communication Interface 3 (SCI3, IrDA) .....ccovvvveivveeiinnnn. 677
20,1 FEALUIES ...ttt st s et n e sae e 677
20.2  RegiSter DeSCIIPLIONS .....ccueertiiiiiiiiieeitertesttet ettt et ettt sbeesae et st saee e 682
20.2.1 Receive Shift Register (RSR) .....ccooiiiiiiiiiiiiee e 683

Page xx of xxvi



20.3

20.4

20.5

20.6

20.7
20.8
20.9

20.2.2 Receive Data Register (RDR)......ccceeiiiiiiiiiiiiiieeie ettt 683
20.2.3 Transmit Shift Register (TSR) ....ccceviiriiiiiiiiiiiieceeeeeeeeeeee e 683
20.2.4 Transmit Data Register (TDR).......ccccoeviiiiiiiiniiiiiciieeeeceeteteeee e 684
20.2.5 Serial Mode Register (SMR) ......cccuoiiiiiiiiiiiiieeeteeee e 684
20.2.6 Serial Control Register 3 (SCR3) ....cociiiiiiiiiiiiieeieeiieeeeeeeete et 686
20.2.7 Serial Status Register (SSR) ..ccc.eiiiiiiiiiiiiieeeeeeeeeete e 688
20.2.8 Bit Rate Register (BRR) ....cc.coviiiiiiiiiiiiiieie ettt 690
20.2.9 Sampling Mode Register (SPMR) .....cccccoviiiiiiiniiniiiiiienieeiceieeteseeeee e 695
20.2.10 IrDA Control Register (IFCR) ......c.cooiirirnirieniinieneecee et 696
Operation in ASynchronous MOdE ...........cccueeuerierierinininieieeeeentene et 698
20.3.1  CIOCK . cutititertiettetet ettt sttt ettt st ettt et ne s 698
20.3.2  SCI3 INItialiZAtION . ...ccueeeeeieeiieetieteeteete ettt et e e eee st e st eseeeteeneeeseesseeseenseensesnnes 699
20.3.3 Data TranSmiSSION .......ccceviruiiiiiiiiiiiiie it 700
20.3.4 Datd RECEPHON. c...eiuiiiiiiiieiieieeiteettettet ettt ettt ettt s s 702
Operation in Clocked Synchronous Mode ..........cccccoeerieneininiinieneeniieieneesieeeeeeee e 706
20.4.1  CIOCK...utitiieritettetet ettt ettt sttt ettt sttt sa s 706
20.4.2  SCI3 INItIAliZATION . ...cveeeieieeeieetieieeie ettt et et eee st et esteeteeneeeneesseesseenseeneesaees 706
20.4.3 Data TranSmMiSSION .......ceueeruieereieetiestierteesteeeeseesteesseeseeseesseenseenseensesseesseenseessesnnes 707
20.4.4 Data Reception (Clocked Synchronous Mode).........cc.cceeecueerviieniieeniiieniieeniieeniieens 709
20.4.5 Simultaneous Data Transmission and Reception..........c.ccceceeveevievcienieneenennncnnne. 711
Multiprocessor Communication FUNCHON. ....c..ccoceeviiriiniinieiiiiiinieieecece e 713
20.5.1 Multiprocessor Data TranSmiSSION ........cceerueerueerueriieriereenieeieeteeeeeseeesieesieeee e 714
20.5.2 Multiprocessor Data RECEPHON. .....cc.cccueviiririiniriiiieictecntereeteeetee e 716
IIDA OPEIALION ...ttt et ettt e s e ae e eane e e 720
20.6.1 TranSMISSION......cciiuiiiiiiiiiiitiic ettt 721
20.6.2  RECEPLION ....eenvieniienieeieete ettt ettt ettt et st st esbe e bt et e eatesbeesbeenbeenaes 721
20.6.3 High-Level Pulse Width Selection.........cccccecueriereeniniiniinieneeieeieniteneeeeee e 722
INOISE CANCEIET ...ttt ettt ettt ettt e e s bt e bt e bt et st e st e saeeneeenee 723
INETTUPE REQUESES ..cneeiiiieeiiieeeeeteee ettt sttt sttt st e 724
USAZE INOLES ..ottt e sttt et esanesaeesaee st enneeans 725
20.9.1 Break Detection and ProCessing .........ccceeveerieerieeniienieniieeniieeieesieesieesveesiee s 725
20.9.2 Mark State and Break Sending ..........ccccceverieriiniininiiiniineeeeeeeeeeee e 725
20.9.3 Receive Error Flags and Transmit Operations

(Clocked Synchronous Mode Only) ......coceeceerienieniiniinieneeeeeeeee e 725
20.9.4 Receive Data Sampling Timing and Reception Margin

in ASYNChronous MOME.........cocuevevieriiniinirinietetetetee ettt 726
20.9.5 Relation between Writes to TDR and TDRE Flag.........cccccovieviiiinienieniiieneene 727
20.9.6 Restrictions on UsSing DTC........cooiiiiiriiniiiiiniiiiiicteeeeeee st 727

Page xxi of xxvi



Section 21 T°C Bus Interface 2 (IIC2).......cueuieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeenee. 729

2101 FRALUIES ...ttt ettt sttt s et ae e e 729
21.2  RegIStr DESCIIPHIONS .....eeueeiieitieiieit ettt ettt ettt tte bt e bt ettt et eateeatesaeenbeeneeeneeas 732
21.2.1 TIC2/SSU Select Register (ICSUSR) ....ccveviriirieieieieiencneneneceetceeeseeee e 732
21.2.2 I’C Bus Control Register 1 (ICCRI) ...ceiiiiiiiiiiiieeeeteeeeeeee e 733
21.2.3 T’C Bus Control Register 2 (ICCR2).........cccooviueeererieieesereseeeeeeeesesesesesesesnenans 735
21.2.4 T°C Bus Mode Register (ICMR).........cccooueueiiueieireereeeeeeeeeeseeee e 737
21.2.5 I’C Bus Interrupt Enable Register (ICIER)...........ccccoovveviueverreereeeeeeeceeiesesee e 739
21.2.6 T’C Bus Status Register (ICSR).........ccevoiurueiieeieiceeteeeeeeeeeeeeeseeee e eneeae 741
21.2.7 Slave Address Register (SAR)......cccoieiirieiierieeee et 744
21.2.8 I’C Bus Transmit Data Register (ICDRT) ...........cccovrveueuereemeeeeeeeeeeeeeeeeeneenaes 745
21.2.9 TI’C Bus Receive Data Register (ICDRR)...........c.cocovveveviiieeeeereeeeeeeseseesesenenans 745
21.2.10 I’C Bus Shift Register (ICDRS)..........ccovuriuriiieiieieieiieieiessesesessesssssse s snsnens 745
213 OPCTALION ...ttt sttt ettt e at e sbt et e bt e e eat e sbae s bt e bt e bt st st e sbeenbeenee 746
21.3.1 TCBUS FOIMAL.......o.ovveiecieeceeieeceeee ettt nanan 746
21.3.2 Master Transmit OPEration .........cc.cecueruerierenrenerenietetententeneseeeieeeeeeseessesseseennes 747
21.3.3 Master Receive OPEration ...........ccccecereerieniieieeneenienieene e sne e e 749
21.3.4 Slave TranSmit OPEration .......ccc.eereueeriierieenieenieeneeesteesiteeseeesteessseessseessseessseesas 751
21.3.5 Slave Receive OPeration.........ccc.couereeriernierierieneenieeieeitenieenieeieeeresitesieesieesaesaees 754
21.3.6 Clock Synchronous Serial FOrmat .........cccccocerieneininniiniiniinieienieneeneeeeee e 755
21.3.7 NOISE FIlter CATCULL .....eeueieiiiiiiitieiieieee ettt et ettt e 758
21.3.8 EXAMPIE Of USE..cueruiiuiiiiiiiiniiiiriceitetetetetesie sttt sttt 759
214 INtrrupt REQUEST.....coouiiiiiiiiie ittt e s 763
21.5 Bit SyNchronous CiTCUIL.....c.eeiiuieeriieriiieeitieniieeieesieesteesteesteesteesteesiteesreessseesaneessseesanenns 764
21,0 USAZE INOLES ...eouveeneieniieiteetieteet ettt ettt et st s b e bt et eab e s bt e sbt e bt e bt enbeeabesbeesbeenbee et enee 765
21.6.1 SCL and SDA pins selected by PMC ........ccccoiiiiiniiiiiiiiiiieiceieeeeeeeeneee 765
21.6.2 Restriction on Use of Bit Manipulation Instructions to Set MST
and TRS in Multi-Master USage .......cc.coeverueeuirieieieniinienenreneeeeiteeeseneeneenne e 765
21.6.3 Note regarding Master Receive Mode of I'C-Bus Interface Mode........................ 765
21.6.4 Note on Access to ICE in ICCRI1
and IICRST in ICCR2 during I’C Bus Operation ..............cccccecuevevruererererernenennns 766
Section 22 Synchronous Serial Communication Unit (SSU)......ccccccoviienienns 767
221 FEATUIES ..ccutteiiteeiteetee ettt ettt et ettt et e sbt e e bt e bt st e e bt e s bt e et e s b e e ebeesbeesbeeea 767
22.2  RegIStEr DESCIIPLIONS ......euvitiiiniiniiriieiieteterteete ettt ettt sttt sttt sae st sbe b eaeenees 769
22.2.1 TC2/SSU Select Register (ICSUSR) ....coouviiriiiiiiiiieieeieceeteeeeee e 769
22.2.2 SS Control Register H (SSCRH) .......coouiiiiiiiiiiiiiiciiceeieccteeeeeeee e 770
22.2.3 SS Control Register L (SSCRL) .....coiiiiiiiiiiiiienieeecee et 771
22.2.4 SS Mode Register (SSMR) .....ooiiiiiiiiiieieeee e 773

Page xxii of xxvi



22.2.5 SS Mode Register 2 (SSMR2) ....cccuuiiiiiiiiiieeiieete ettt ettt 774

22.2.6 SS Enable Register (SSER) ....cc.oiiiiiiiiiiiiiieieeteeeeeeeetesteeee e 777
22.2.7 SS Status Register (SSSR) .....coviiriiiiiiiiiinierteeec et 778
22.2.8 SS Receive Data Register (SSRDR) ......cooieiiiiiiiiiiiiieicceeeeeeee e 780
22.2.9 SS Transmit Data Register (SSTDR).....ccccoeoiiiiiiiieeee e 780
22.2.10 SS Shift Register (SSTRSR) ...cc.eviiiiiieieeeeecee e 780
22.3  OPETALON «..vteeuiieeiiieeieeeteeette st e et e sbeesatee sttt e sateesabeasaseessseessseessseeseeesaeenseesnsaesnseesasaesseesas 781
22.3.1 Transfer ClOCK .....ccoueiiiriiriiiieiieieiteeee ettt st 781
22.3.2 Relationship between Clock Polarity and Phase, and Data..........c.ccccccoeerennennee. 781
22.3.3 Relationship between Data Input/Output Pin and Shift Register............cccccc........ 782
22.3.4 Communication Modes and Pin FUNCtions ............ccceevveeiriinienienieeieeeeeeeene 783
22.3.5 Operation in Clocked Synchronous Communication Mode ..........c.cceccveeercennee. 784
22.3.6 Operation in Four-Line Bus Communication Mode...........ccocceevcieerieenciienieennenn. 791
22.3.7 SCS Pin Control and Arbitration ...............coeeeveveeuereeeeeseieeeseessersessessessessessessennon. 797
22,4 INLErruPt REQUESES ..couviiiiiiiiiiiiieeieeteeite ettt ettt ettt sabe st sbeenae e 798
22.5  USAZE NOLES ..ottt s e s e e 798
Section 23 Hardware LIN ........ccccooiiiiiiiiiiieeeeeeeeeeeee e 799
231 OVEIVIBW.coiiiiiiiieiieiteeteeite sttt ettt ettt et st s e s bt e sbe et e st sat e saeesbee bt enteenneeanenunens 799
23.2  Register CONfIGUIATION . .....ccoutirtiiiirieriteriteni ettt ettt sttt et e s st saee e 800
23.2.1 LIN Control Register (LINCR)......ccccectiriiriiniinienienteneeeeteeteeieeieeie e 800
23.2.2 LIN Status Register (LINST).....coiiiiiiiiiieiieiee et e 802
23.3 OPETALION ..ttt sttt ettt ettt et ettt et e s bbbttt e b et e s bt sb e bt eae et et et e nae e nes 803
23.3.1 MaASLETr MOGE .....coouiiiiiiieiie ittt sttt sttt sttt s 803
23.3.2 S1aVE MOGE .....eiiiiiieiieiiitereetcetet ettt s 806
23.3.3 Bus Conflict Detection FUNCHON .......cocueiiiiiiriiniiiiiicnieieeiceieeteseeeee e 811
23.3.4 Terminating Hardware LIN .......ccccoociiiiiiiiniiniiciieneeeeieeesiteieeeee e e 812
23.4  INEITUPE REQUESES ...eutiiuieiiieitieitiete ettt ettt ettt st st e b e bt e te et eeaeeeaeens 813
235 USAZE NOLE.......eeuiieiiieiieeieee ettt ettt et e e e s sane st aeeaeesneeane s e esneeneens 813
Section 24 A/D CONVEITET.......ccouiiiiiriieiieniieeieeeete ettt ettt et 815
24,1 FRALUIES ...c..eieieiieniieie ettt ettt et st b et et et esb e b e e bt e bt et satesaeenbeeneeenee 815
242 RegiSter DESCIIPLION .....cevutiriiiiiiiietieieetest ettt ettt ettt et st s nee et saee e 819
24.2.1 A/D Data Registers 0 to 7 (ADDRO to ADDR7)...cc.cocuieiiniiniieiinienieseeeeeee, 820
24.2.2  A/D Control/Status Register (ADCSR) .....cooouiiriiiiiiiiiiiiiiinieeeeeeeeeieeeene 821
24.2.3  A/D Control Register (ADCR) ......ccouiiiiriiiiieiieeiereeee e 823
24.2.4 A/D Mode Register (ADMR) .....coocuiiiiiiniiiiiienieeite ettt 825
24.2.5 Compare Data Register (CMPR) .......ccccoooiiiiiniiniiiiieeeceeeeee e, 826
24.2.6 Compare Control/Status Register (CMPCSR) .......ccccevirviiniiniiniinienienicnceeee. 828
24.2.7 Compare Voltage Registers H and L (CMPVALH and CMPVALL)................... 830

Page xxiii of xxvi



24,3 OPETALION «..veeiuiieeiiieeiieetteetee st e etee st esateesibeesateesabeesaseessteessseessbeeseeesteesseeestesnseesasaesseesas 832

24.4  A/D Conversion Mode OPEration .........ccceeceereereenieeriinitententenieenieeteseeseesieesieenseseeseenne 833
24.4.1 Single Mode in A/D Conversion Mode .........cccceoeevieriierieneeneenenienienieneenieene 833
24.4.2 Scan Mode in A/D Conversion Mode...........ccooeeriireriiriienienienieeieee e 835

24.5 Compare Mode OPEration.........cccoveruererueeuieeestenientenenieeteeeeseetessestessestessesseesseeessessensenses 837
24.5.1 Single Mode in Compare MOdE@.........cccceerirererierienieienieneneneeeeeeeiteeeeesre e 837
24.5.2 Scan Mode in CompariSOn MOAE .........cooueeviiiiniieriiiiiiieeiee sttt sieeeaee e 838
24.5.3 Input Sampling and A/D Conversion Time ..........ccccceverienieneeniencienieneeneneeneee. 839
24.5.4 External Trigger Input Timing.......cccccevuerierieneeninnenieneenieeiceteetesieeieee e 841

24.6  INLETTUPE SOUICE ..cnveeutieiieiiieitiettete ettt ettt ettt e e eatesbee s bt e be e b e eatesaeesaeenbeebeenteeaeesneenbeans 842

24.7 A/D Conversion Accuracy Definitions ..........ceceeeeieierierieninieninineeeeiciceneesre e 843

24,8 USAZE NOLES ...ttt ettt ettt ettt e sa e st e bt en e sane st e sae e st esneeaneeanesneeneens 845
24.8.1 Module Standby Mode Settng .........ccceeruieriieeriieniienieerieesieente e e e seeesieeens 845
24.8.2 Permissible Signal Source Impedance ...........c..ccoceeverviiriiniininnienienieneeneeeeane. 845
24.8.3 Influences on Absolute Precision..........occoieevieieieieniiniinieiciiceeecrceceeee 846
24.8.4 Setting Range of Analog Power Supply and Other Pins..........cccoocevieninnennnnen. 846
24.8.5 Notes on Board DeSign ......c..ceeverieiiieiiiniiniineniieeeeeteeeece sttt 846
24.8.6 Notes on N0iS€ COUNEIMEASULES ....ccvveevrerrreeeriierrieeeieeeieesreesteesreeseeesseessseenns 847
24.8.7 Notes on Analog INPut PINS ........cooviiiiiiiiiiiiiiiiieeie ettt 848

Section 25 D/A CONVEITET .....coiiiiiiiiiiiiieeeiteeiee ettt 849

25,1 FRALUIES....cueetietietiet ettt ettt et ee e e bt e s bt e bt et e e atesatesaeenbe e bt enteenteeneenbeen 849

25.2  RegISter DESCIIPLIONS .....ceuvetirtiriiriiriieiieteterteete sttt ettt ettt st sttt esbe e sbesbe b eaeeneen 850
25.2.1 D/A Data Registers 0 and 1 (DADRO and DADRI)......ccccccovviiiiiiinienieinienieene 850
25.2.2 D/A Control Register (DACR) ....cccueeviiiiiiiriienieesie ettt 851

25.3  OPCTALION ...ttt ettt ettt sttt ettt e ht e s bt e bt et et eb b e sbee s bt e bt et st saeesbeenbeenee 852

25,4 USAZE INOLES ...eouveeneieniieiteetteteet ettt ettt ettt st s b e bt et eatesatesb e e bt e bt ebeeabesatesbeenbeeneeenee 854
25.4.1 Setting for Module Stop MOdE .......cceeiiiiiiiiiiieiiee e e 854
25.4.2 Operation in Standby MOde.........cc.cociriiniiniiiiiiccceeee e 854

Section 26 Low-Voltage Detection CirCUitS.........occvveerieeerieeenieeinieeeiieesiieens 855

260.1  FEALUIES ....cviiuieiiiieieerie ettt sttt s et sae e 856

260.2  RegiSter DESCIIPLIONS .....ccueiritiiiiiieteeiteetesttet ettt ettt st beesaeeee e saee e 858
26.2.1 Low-Voltage Detection Circuit Control Protect Register (VDCPR).................... 859
26.2.2 Low-Voltage Detection Circuit 2 Control Register H (LD2CRH) ......c..ccccccneee. 860
26.2.3 Low-Voltage Detection Circuit 2 Control Register L (LD2CRL) .........ccccoueuenee. 862
26.2.4 Low-Voltage Detection Circuit 1 Control Register H (LDICRH) .........cccc.e.. 863
26.2.5 Low-Voltage Detection Circuit 1 Control Register L (LDICRL)........c..cccocuuee..e. 865
26.2.6 Low-Voltage Detection Circuit O Control Register H (LDOCRH) ....................... 866
26.2.7 Low-Voltage Detection Circuit O Control Register L (LDOCRL)........................ 867

Page xxiv of xxvi



260.3  OPETALION «..vveeuiieeiiieeiie ettt eite st e etee st e eabeesibeesateesabeesaseessbeessseessteestesnseeenseesnssesnseesasaesseesas 868

26.3.1 Power-On Reset FUNCHON ........cc.eiviiiiiiiieeie ettt s 868

26.3.2 Low-Voltage Detection CirCUil..........cooervuerierieneeniiniineeneenieeieetesiee e 869
Section 27 List Of REZISTEIS ..cc.uiiiiiiiiiiiiiiiiieeiieeeeeeeieeee e 881
27.1 Register Addresses (Address OTET)........eovueerieiriiinieiniieeie ettt ettt st 882
27.2  REZISIET BIlS.ccuuiiiiiiiiieiiieeite ettt ettt ettt e s e et e e bbe et e e bt e ebeesbaesbeeeas 898
Section 28 Electrical CharaCteriStiCs ........cuveeeeriuvieeeriireeeeriieeeeerieeeeesiveeeeeennes 913
28.1 Absolute Maximum RatiNgs ........cccceeririririnieiiieieieneneeeeicee et 913
28.2  Electrical CharaCteriStICS ......civuieeeuierireeriierieeeteesreesteeestaeesseeessaeeseeesaeesesssseessseesseesseens 914

28.2.1 Power Supply Voltage and Operating Ranges .........c.ccoceveverererceeeeciencnencnnenne. 914
28.3  DC CharaCteriSLICS veeuveerurreerteeriieeiitertteeiteesteesteesteesteesteesseesaseessseessseesssesssseesseessseenssenns 916
28.4  AC CRATACIETISTICS c.vveeeuveerrierireerieenteesteestteesteeseteesseeeseeasaeesseessseessseessessnsessseessseesssesnnn 926
28.5  A/D Converter CharaCteriSTICS .. .uuerruirrrreeiteeerireesiteerieeeiteessreeesseessseessseessseessesssseessseessseesnn 933
28.6  D/A Converter CharaCteriStICS .. ..vuueiuierrueerrierieesieesreesteesseesseesseessseesseessseessseessseessaeens 934
28.7 Flash Memory CharacteriStiCS .......coeeeeeererienreneriinereetetetentestesreseeeieeseensensessesseseesneenees 935
28.8 Low-Voltage Detection Circuits CharaCteriStiCS........eeererreererieneneneneneeeereneeneeneeneenes 937
28.9 Power-On Reset Function CharacteriStiCs .......c.eerveerveerieerieerieeniieenieeeieesieeesieesveesveenas 940
28.10 TImMING CRATLS ....eoviiuiiiiiieiieiteieet ettt ettt sttt et eat e sbtesbe e beesbesabesaeesbeesueenee 941
28.11 Output Load CATCUIL ...c..eeuiiiieiieiieteeiteritentt ettt ettt ettt et sbeesbeesbeesaeebesaeesaeenae 949
APPEIAIX ittt sttt ettt eeeareeea 951
A, Package DIMENSIONS ....cc.couieueruiruieieieniententeneeitet ettt sttt sttt et ettt sae e nes 951
B. Handling of Unused PINS ........c.coviiiiiiiniiiniieieeeeeeseete ettt 954
Main Revisions and Additions in this EAition..........cccceecveieieiciiiienciiieeciieeene 955
INAEX ettt st e s 979

Page xxv of xxvi



Page xxvi of xxvi



H8S/20103, H8S/20203, H8S/20223, H8S/20115, H8S/20215, H8S/20235 Group Section 1 Overview

Section 1 Overview

1.1 Features

The H8S/Tiny series is a 16-bit CISC (complex instruction set computer) microcontroller, each
member of the H8S/Tiny series has the powerful H8S/2000 CPU with an internal 32-bit
architecture as its core. The H8S/2000 CPU provides upwards-compatibility with the other
members of the Renesas H8 Family: H8/300, H8/300H Tiny and H8/300H.

The on-chip peripheral function modules include a data transfer controller, event link controller,
serial communication interface 3, I'C bus interface 2, synchronous serial communication unit,
hardware LIN communication interface, A/D and D/A converters, low-voltage detection circuit,
and versatile timers. These modules realize low-cost systems. The power consumption of these
modules can be controlled dynamically using power-down modes.

1.1.1 Applications

Examples of the applications include home appliances, office automation equipment, consumer
equipment, and industrial equipment.

1.1.2 Overview of Functions
Table 1.1 lists the specifications of the products of this series.

Table 1.1  Overview of Functions

Module/
Classification Function Description
Memory ROM e Flash memory version
Program memory: 256 Kbytes, 192 Kbytes, 128 Kbytes, or 96
Kbytes

Number of program/erase times: 1000 times

Data flash: 4 Kbytes x two blocks

Number of program/erase times: 10000 times
RAM e Capacity: 12 Kbytes, 8 Kbytes
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Section 1 Overview

H8S/20103, H8S/20203, H8S/20223, H8S/20115, H8S/20215, H8S/20235 Group

Module/
Classification  Function Description
CPU CPU e 16-bit high-speed H8S/2000 CPU (CISC type)
Upwardly compatible with H8/300 and H8/300H CPUs at object
level
o General-register architecture (sixteen 16-bit general registers)
e Eight addressing modes
e 16-Mbyte address space
— Program: 16 Mbytes available
— Data: 16 Mbytes available
e 65 basic instructions including bit operation instructions,
multiply and divide instructions, bit manipulation instructions,
and others
e Minimum instruction execution time: 50 ns (for an ADD
instruction) while system clock ¢ = 20 MHz and
V,e=27t055V
Operating Advanced single-chip mode
mode
Interrupt Interrupt e Nine external interrupt pins (NMI, and TRQ7 to IRQO)
(source) ﬁcl)\lrllt_g)”er Internal interrupt sources
( ) — 55 (H8S/20103 and H8S/20115 Groups)
— 61 (H8S/20203 and H8S/20215 Groups)
— 63 (H8S/20223 and H8S/20235 Groups)
e Two interrupt control modes (specified by the interrupt control
register)
e Four interrupt priority orders specifiable (by setting the interrupt
priority register)
¢ Independent vector addresses
Clock Clock pulse e Two clock generation circuits: main and sub-clock oscillators
g(;g;g;’:\tor One on-chip oscillator

— Low speed: 125 kHz

Three power-down modes: sleep mode, software standby
mode, and module standby mode

Page 2 of 982
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H8S/20103, H8S/20203, H8S/20223, H8S/20115, H8S/20215, H8S/20235 Group Section 1 Overview

Module/
Classification =~ Function Description
Voltage Low-voltage Voltage drop detected
detection detection
circuit (LVD)
DMA Data transfer e Transfer via any number of channels possible
controller
Three transfer modes
(DTC)
A/D converter A/D e 10-bit resolution x eight to sixteen input channels
converter e Sample and hold function included
(ADC) e Conversion time: 2 us per channel
e Two operating modes: single mode and scan mode
e Three ways to start A/D conversion: software, timer trigger,
and external pin trigger.
D/A converter D/A e 8-bit resolution x two input channels
converter
(DAC)
Timers Timer RA 8 bits x one channel (with 8-bit prescaler)

Timer RB 8 bits x one channel (with 8-bit prescaler)

Timer RC 16 bits x one channel (only available with H8S/20103 and
H8S/20115 Groups)

Timer RD 16 bits x two channels (x two units in H8S/20203, H8S/20223,
H8S/20215, and H8S/20235 Groups)

Timer RE 8 bits x one channel with real-time clock function

Timer RG 16 bits x one channel with phase-counting mode

Watchdog 8 bit x one channel

timer (WDT)

Serial interfaces  Serial e Three channels (either for asynchronous or clock-synchronous
communi- communication)
cation e Full-duplex communication capability

interface 3 o Any desired bit rate selectable

(SCI3) IDA (only available with channel 2)

Synchro- e One channel (1IC2 and selection format)

nous serial e  Clock-synchronous communication with chip-select function
communi-

cation unit

(SSU)
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H8S/20103, H8S/20203, H8S/20223, H8S/20115, H8S/20215, H8S/20235 Group

Classification

Module/
Function Description

Serial interfaces

I’C bus ¢ One channel (SSU and selection format)
interface 2 e  Continuous transmission and reception possible

(11G2) e Two transmission/reception formats

— I°C bus format: generates start and stop conditions in
master mode automatically, acknowledge bit, master or
slave operation

— Clock-synchronous serial format: no acknowledge bit,
master operation only

Hardware One channel (timer RA and SCI3 used)
LIN interface

Event link controller (ELC) Events (interrupts) generated by peripheral modules can be

interconnected between modules, enabling cooperation between
the modules without CPU intervention.

I/O ports e /O pins
— 55 (H8S/20103 and H8S/20115 Groups)
— 69 (H8S/20203, H8S/20223, H8S/20215, and H8S/20235
Groups)
e Pull-up resistors settable for all ports
e LED driving capability
Page 4 of 982 REJ09B0465-0300 Rev. 3.00
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H8S/20103, H8S/20203, H8S/20223, H8S/20115, H8S/20215, H8S/20235 Group

Section 1 Overview

Module/
Classification Function

Description

Packages

64-pin QFP package (PLQP0064KB-A)
— Former code: 64P6Q-A

— Body size: 10 x 10 mm

— Pin pitch: 0.50 mm

64-pin QFP package (PLQPO064GA-A)
— Former code: 64P6U-A

— Body size: 14 x 14 mm

— Pin pitch: 0.80 mm

80-pin QFP package (PLQPO080JA-A)
— Former code: FP-80W

— Body size: 14 x 14 mm

— Pin pitch: 0.65 mm

80-pin QFP package (PLQP0O080KB-A) (in planning)
— Former code: 80P6Q-A

— Body size: 12 x 12 mm

— Pin pitch: 0.5 mm

Operating frequency/
Power supply voltage

Operating frequency: 4 to 20 MHz

Power supply voltage: Vcc =2.7t0 5.5V, Avcc=2.7t0 5.5V

Operating ambient
temperature (°C)

—20 to +85°C (version N)
—40 to +85°C (version D)

REJ09B0465-0300 Rev. 3.00
Sep 17,2010
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H8S/20103, H8S/20203, H8S/20223, H8S/20115, H8S/20215, H8S/20235 Group

1.2 List of Products

Table 1.2 lists products of this series, and figure 1.1 shows how to read the part number.

Table 1.2  List of Products

Group Part No. ROM Capacity RAM Capacity Package Remarks

H8S/20103 R4F20103NFA 128 Kbytes 8 Kbytes PLQP0064KB-A Version N
R4F20102NFA 96 Kbytes 8 Kbytes (LQFP1010-64)
R4F20103NFB 128 Kbytes 8 Kbytes PLQP0064GA-A
R4F20102NFB 96 Kbytes 8 Kbytes (LQFP1414-64)
R4F20103DFA 128 Kbytes 8 Kbytes PLQP0064KB-A Version D
R4F20102DFA 96 Kbytes 8 Kbytes (LQFP1010-64)
R4F20103DFB 128 Kbytes 8 Kbytes PLQPO064GA-A
R4F20102DFB 96 Kbytes 8 Kbytes (LQFP1414-64)

H8S/20203 R4F20203NFD 128 Kbytes 8 Kbytes PLQPO080JA-A  Version N
R4F20202NFD 96 Kbytes 8 Kbytes (LQFP1414-80)
R4F20203DFD 128 Kbytes 8 Kbytes Version D
R4F20202DFD 96 Kbytes 8 Kbytes
R4F20203NFC 128 Kbytes 8 Kbytes PLQPO0O80KB-A Version N in
R4F20202NFC 96 Kbytes 8 Kbytes (LQFP1212-g0)  Planning

H8S/20223 R4F20223NFD 128 Kbytes 8 Kbytes PLQPO080JA-A  Version N
R4F20222NFD 96 Kbytes 8 Kbytes (LQFP1414-80)
R4F20223DFD 128 Kbytes 8 Kbytes Version D
R4F20222DFD 96 Kbytes 8 Kbytes
R4F20223NFC 128 Kbytes 8 Kbytes PLQPO080KB-A Version N in
R4F20222NFC 96 Kbytes 8 Kbytes (LQFP1212-80) Planning

Page 6 of 982 REN ESAS REJ0950465-0322 pR1e7\f.296<1)8



H8S/20103, H8S/20203, H8S/20223, H8S/20115, H8S/20215, H8S/20235 Group

Section 1 Overview

Group Part No. ROM Capacity RAM Capacity Package Remarks

H8S/20115 R4F20115NFA 256 Kbytes 12 Kbytes PLQPO0064KB-A Version N
R4F20114NFA 192 Kbytes 12 Kbytes (LQFP1010-64)
R4F20115NFB 256 Kbytes 12 Kbytes PLQP0O064GA-A
R4F20114NFB 192 Kbytes 12 Kbytes (LQFP1414-64)

H8S/20215 R4F20215NFD 256 Kbytes 12 Kbytes PLQPO080JA-A
R4F20214NFD 192 Kbytes 12 Kbytes (LQFP1414-80)

H8S/20235 R4F20235NFD 256 Kbytes 12 Kbytes
R4F20234NFD 192 Kbytes 12 Kbytes

Part number E i F M ﬁ ﬂ

| Package type

FA: PLQP0064KB-A (64-pin version) or FC: PLQPO080KB-A (80-pin version)*
FB: PLQP0064GA-A (64-pin version) or FD: PLQP0080JA-A (80-pin version)

Operating temperature
N: -20°C to +85°C
D: -40°C to +85°C

Product-specific code
H8S/20103

Memory type
F: On-chip flash memory

Product classification

4: Microcomputer

Note: * In planning

Indicates Renesas semiconductor product

Figure 1.1 How to Read the Part Number
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H8S/20103, H8S/20203, H8S/20223, H8S/20115, H8S/20215, H8S/20235 Group

1.3
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Figure 1.2 Block Diagram of the H8S/20103 and H8S/20115 Groups
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Section 1 Overview
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Figure 1.3 Block Diagram of the H8S/20203 and H8S/20215 Groups
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H8S/20103, H8S/20203, H8S/20223, H8S/20115, H8S/20215, H8S/20235 Group
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8-bit timer
x 4 channels
- Timer RA
- Timer RB
- Timer RE
- WDT

N

16-bit timer
x 5 channels
- Timer RD_0
- Timer RD_1
- Timer RG

N

UL

Port 5

U U

N

T

Port 1

Port 3

Port6

el
o

3
©

14/.6d <
1/96d
Ld/G6d
Ld/v6d
Ld/e6d
Ld/26d
Ld/16d

€aol
€00
€90
EVO
2aol
200
2g0
[4/e]

14/06d

? B
=}
=3
®

0O341//8d
08941/98d <
OlvHL1/58d

<> P10/IRQ0

le—P11/RQT
<> P12/RQ2
< P13/RQ3
- P14/RQ4
< P15/RQ5
<> P16/RQ6

<> P17/IRQ7

[ |« P20/sCK3

<> P21/RXD
<> P22/TXD
< P23

[« P24/TRDOI_0
[ P25/SCK3_2
< P26/RXD_2

< P27/TXD_2

[ <> P30

|- P31

|- P32

| P33

<> P34

|~ P35/SCK3_3
[~ P36/RXD_3
|~ P37/TXD_3

[ |« P50TCLKA

<> P51/TCLKB
< P52/TGIOA
< P53/TGIOB
<> P54/SSO
< P55/SSCK
<> P56/SDA/SCS
< P57/SCL/SSI

|~ P60/FTIOAQ
< P61/FTIOBO
<> P62/FTIOCO
|~ P63/FTIODO
|~ P64/FTIOA1
<> P65/FTIOB1
[~ P66/FTIOC1

|__|~<—>pe67/FTIOD1

Figure 1.4 Block Diagram of the H8S/20223 and H8S/20235 Groups
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H8S/20103, H8S/20203, H8S/20223, H8S/20115, H8S/20215, H8S/20235 Group

Section 1 Overview

14 Pin Assignments
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Esg 64P6U-A 225 1RU7
PB3/AN3 [] (top view) ] P16/IRQ6
PB2/AN2 []60 21[] P15/RQ5
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Figure 1.5 Pin Assignment of the H8S/20103 and H8S/20115 Groups
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Section 1 Overview

H8S/20103, H8S/20203, H8S/20223, H8S/20115, H8S/20215, H8S/20235 Group

ODf1
OC1
OB1
OA1
ODO0
0Co
OoBO
OAO0

P97/FTIODS []
P90/FTIOA2 []
P91/FTIOB2 [
P92/FTIOC2 []
P93/FTIOD2 []
PA4 ]

PA5 []

PA6 []

PA7 []
PAO/ANS [}
PA1/AN9 [}
PA2/AN10 [}
PA3/AN11 []
AVss []
PBO/ANO [}
PB1/AN1 []
PB2/AN2 [}
PB3/AN3 [}
PB4/AN4 []
PB5/AN5 [}

BIIIIARINIIBEIIZRARBIRB

601 P96/FTIOC3
59[7 P95/FTIOB3
581 P94/FTIOA3
5711 P13/IRQ3

5[] P12/IRQ2

551 P23

5|1 P22/TXD
531 P21/RXD

52|71 P20/SCK3
51 P24/TRDOI_O
0[] Pe7/FT

481 Pe6/FT

47171 P65/FT

461 PB4A/FT

451 PB3/FT

41 Pe2/FT

431 P61/FT
4217 P60/FT

50| Vss

H8S/20203 Group
H8S/20215 Group
PLQPO080JA-A
FP-80W
(top view)

411 P25/SCK3_2

BB82RBYRXEYYLBBS

[N NN NN NN EEERE

PB6/AN6/DAO []1

PB7/AN7/DA1 []2

AVcc []3

X2 4
X1 s
NC []e6
RES 7
TEST 8

Vss []9
PJ1/0Sc2 []10
PJo/Oosc1 |1

Vee []12

NMI O] 18
P87/TREO []1

Note: Do not connect any pin to NC.

P86/TRBO []15
P85/TRAIO 16

P37/TXD_3 []17
P36/RXD_3 []18

P35/SCK3_3 []19

P34 [ 20

P26/RXD_2
P27/TXD_2
P11/IRQT
P10/1RQ0
P50/TCLKA
P51/TCLKB
P52/TGIOA
P53/TGIOB
P54/SSO
P55/SSCK
P56/SDA/SCS
P57/SCL/SSI
P17/IRQ7
P16/IRQ6
P15/IRQ5
P14/1RQ4
P30

P31

P32

P33

Figure 1.6 Pin Assignment of the H8S/20203 and H8S/20215 Groups
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H8S/20103, H8S/20203, H8S/20223, H8S/20115, H8S/20215, H8S/20235 Group

Section 1 Overview

3/IRQ3

OD1
OC1
OB1
OA1
ODO
0Co
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OAO0

P97/FTIODS []
P90/FTIOA2 []
P91/FTIOB2 []
P92/FTIOC2 [
P93/FTIOD2 []
PA4/ANO_2 []
PA5/AN1_2 [
PA6/AN2_2 []
PA7/AN3_2 []
PAO/AN8 [}
PA1/AN9 []
PA2/AN10 []
PA3/AN11 [}
AVss []
PBO/ANO [}
PB1/AN1 [}
PB2/AN2 []
PB3/AN3 [}
PB4/AN4 [}
PB5/AN5 [}

BIIIJIAIAIRNIIBIIZAKXGBRB2

60| 1 P96/FTIOC3
591 P95/FTIOB3
58] P94/FTIOA3

56| P12/IRQ2

5711 P1
551 P23

541 P22/TXD
531 P21/RXD

5[] P20/SCK3
511 P24/TRDOI_0
49[7 P67/FT

48[ P66/FT

47[7 P65/FT

46 P64/FT

45 PB3/FT

41 Pe2/FT

431 P61/FT

4271 P60O/FT

501 Vss

H8S/20223 Group
H8S/20235 Group
PLQPO080JA-A
FP-80W
(top view)

41] P25/SCK3_2

BREBRXEBNEBBS 28BS LIS
[N NN EpEEERE

N
=

PB6/AN6/DAO []1

PB7/AN7/DA1 []2

AVce [ 3

X2 4
X1 5
NC e
RES 7
TEST 8

Note: Do not connect any pin to NC.

Vss []9
PJ1/0SC2 []10
pJo/osc1 M

Vee 12

NMmI []13
P87/TREO []14

P86/TRBO []15
P85/TRAIO []16

P37/TXD_3 17
P36/RXD_3 []18

P35/SCK3_3 []19

P34 []2

P26/RXD_2
P27/TXD_2
P11/IRQT
P10/IRQ0
P50/TCLKA
P51/TCLKB
P52/TGIOA
P53/TGIOB
P54/SSO
P55/SSCK
P56/SDA/SCS
P57/SCL/SSI
P17/IRQ7
P16/IRQ6
P15/IRQ5
P14/IRQ4
P30

P31

P32

P33

Figure 1.7 Pin Assignment of the H8S/20223 and H8S/20235 Groups
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Section 1 Overview

H8S/20103, H8S/20203, H8S/20223, H8S/20115, H8S/20215, H8S/20235 Group

14.1 Pin Functions

Table 1.3  Pin Functions

Classification Symbol

Pin No.

H8S/20203,

H8S/20103 H8S/20223,

and

H8S/20115

H8S/20215,

Groups Groups

and H8S/20235

/0

Description

Power supply V.

12

12

Input

Power supply pin.
Connect this pin to the
system power supply.

SS

9, 50

Input

Ground pin. Connect this
pin to the system power

supply (0 V).

AV

cc

Input

Analog power supply pin
for A/D and D/A
converters. When A/D
and D/A converters are
not used, connect this pin
to the system power

supply.

AV

ss

74

Input

Analog ground pin for A/D
and D/A converters.
Connect this pin to the
system power supply
oV).

Clock OSC1

11

11

Input

OSC2/CLKOUT 10

10

Output

Pins to be connected to a
crystal or ceramic
resonator for the system
clock. An external clock
can also be input to
OSC1. When the on-chip
oscillator is not used, the
system clock signal can
be output from OSC2. For
connection examples, see
section 5, Clock Pulse
Generator.
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H8S/20103, H8S/20203, H8S/20223, H8S/20115, H8S/20215, H8S/20235 Group Section 1 Overview

Pin No.
H8S/20203,
H8S/20103 H8S/20223,
and H8S/20215,
H8S/20115 and H8S/20235
Classification Symbol Groups Groups /0 Description
Clock X1 5 5 Input  Pins to be connected to a
X2 4 4 Outout crystal resonator for the
UIPUY 32 768-kHz sub-clock.
For connection examples,
see section 5, Clock
Pulse Generator.

System control RES 7 7 Input  Reset pin. Applying a low
level signal to this pin
resets this LSI.

TEST 8 8 Input  Test pin. Connect this pin
to V.

External NMI 35 13 Input  Non-maskable interrupt

interrupt request input pin. Be sure
to pull up this pin with a
resistor.

IRQ0to IRQ7 52to54* 37,38 Input  External interrupt request
21 to 23 56. 57 input pins. Either rising,
’ falling, or rising/falling
251028 edge of these pins can be
detected.

Timer RA TRAIO 41 16 I/0 Pin for pulse output,
count source input, and
input of pulses to be
measured.

TRAO #? #? Output Pin for inverted pulse
output.

Timer RB TRGB *2 *2 Input  Pin for trigger input.

TRBO 42 15 Output Pin for pulse output and
PWM output.

Timer RC*° FTCI 16 — Input  Pin for external event
input.

FTIOA to 20to 17 — I/0O Pins for output-compare
FTIOD output, input-capture

input, and PWM output.
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Section 1 Overview

H8S/20103, H8S/20203, H8S/20223, H8S/20115, H8S/20215, H8S/20235 Group

Classification Symbol

Pin No.

H8S/20203,
H8S/20103 H8S/20223,
and H8S/20215,
H8S/20115 and H8S/20235
Groups Groups /0

Description

Timer RC*® TRGC

20 — Input

Pin for external trigger
input.

TRCOI

47 — Input

Pin for inputting the timer-
output enable or disable
signal.

Timer RD_0 FTIOAO

36 42 I/0

Pin for output-compare
output, input-capture
input, and external clock
input.

FTIOBO

34 43 I/0

Pin for output-compare
output, input-capture
input, and PWM output.

FTIOCO

33 44 I/0

Pin for output-compare
output, input-capture
input, and PWM
synchronous output (at
reset or in complementary
PWM mode).

FTIODO

32 45 I/O

Pin for output-compare
output, input-capture
input, and PWM output.

FTIOA1

37 46 I/0

Pin for output-compare
output, input-capture
input, and PWM output
(at reset orin
complementary PWM
mode).

FTIOB1 to
FTIOD1

38 to 40 47 to 49 I/0

Pins for output-compare
output, input-capture
input, and PWM output.

TRDOI_0

51 51 Input

Pin for inputting the timer-
output enable or disable
signal.
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H8S/20103, H8S/20203, H8S/20223, H8S/20115, H8S/20215, H8S/20235 Group

Section 1 Overview

Pin No.
H8S/20203,
H8S/20103 H8S/20223,
and H8S/20215,
H8S/20115 and H8S/20235
Classification Symbol Groups Groups /0 Description
Timer RD_1*° FTIOA2 — 62 I/0 Pin for output-compare
output, input-capture
input, and external clock
input.

FTIOB2 — 63 I/0 Pin for output-compare
output, input-capture
input, and PWM output.

FTIOC2 — 64 I/0 Pin for output-compare
output, input-capture
input, and PWM
synchronous output (at
reset or in complementary
PWM mode).

FTIOD2 — 65 I/0 Pin for output-compare
output, input-capture
input, and PWM output.

FTIOAS — 58 I/0 Pin for output-compare
output, input-capture
input, and PWM output
(at reset orin
complementary PWM
mode).

FTIOB3 to — 59 to 61 I/0 Pins for output-compare

FTIOD3 output, input-capture
input, and PWM output.

TRDOI_1 — # Input  Pin for inputting the timer-
output enable or disable
signal.

Timer RE TREO 43 14 Output Pin for clock signal
output.
Timer RG TCLKA 31 36 Input  Pins for external clock

TCLKB 30 35 nput.

TGIOA 29 34 IO Pins for output-compare

TGIOB o8 33 output, input-capture
input, and PWM output.
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H8S/20103, H8S/20203, H8S/20223, H8S/20115, H8S/20215, H8S/20235 Group

Pin No.
H8S/20203,

H8S/20103 H8S/20223,

and H8S/20215,

H8S/20115 and H8S/20235
Classification Symbol Groups Groups /0 Description
Serial TXD 46 54 Output Output pins for data
gommunication TXD_ 2 50 39 transmission.
interface 3
(SCI3) TXD_3 13 17

RXD 45 53 Input  Input pins for data

RXD_2 49 40 reception.

RXD_3 14 18

SCK3 44 52 IO Input/output pins for clock

SCK3_2 48 41 signals.

SCK3_3 15 19

I’C bus SDA 26 30 I/0 Input/output pin for I°C

interface 2 data. Bus can be directly

(nca) driven by the NMOS
open-drain output. When
this pin is used, an
external pull-up resistor is
required.

SCL 27 29 I/0 Input/output pin for I°C
clock signal. Bus can be
directly driven by the
NMOS open-drain output.
When this pin is used, an
external pull-up resistor is
required.

Synchronous  SCS 26 30 I/0 Input/output pin for the
serial chip select signal.
communication -

. SSCK 25 31 I/0 Input/output pin for the
unit (SSU) clock signal.

SSI 27 29 I/0 Input/output pin for data
transmission/reception.

SSO 24 32 I/O Input/output pin for data
transmission/reception.
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H8S/20103, H8S/20203, H8S/20223, H8S/20115, H8S/20215, H8S/20235 Group

Section 1 Overview

Pin No.
H8S/20203,
H8S/20103 H8S/20223,
and H8S/20215,
H8S/20115 and H8S/20235
Classification Symbol Groups Groups /0 Description
AD AN11 to ANO** 2,1, 64, 63, 731070, 2, 1 Input  Analog input pins.
converter_1 59 to 62 80 to 75
ADTRG1 #7 #7 Input  Input pin for the
conversion-start trigger
signal.
AD AN3_2 to — 69 to 66 Input  Analog input pins.
converter_2** ANOQ_2
ADTRG2 — 7 Input  Input pin for the
conversion-start trigger
signal.
DA converter DA1 2 2 Output Analog output pins.
DAO 1 1
I/O ports P17 to P10*°  23to 21, 28 to 25, 57, 56, 1/0 8-bit input/output port
54 to 52 38, 37 pins.
P27 to P20 50 to 48, 51, 39 to 41, 51, /10 8-bit input/output port
47 to 44 5510 52 pins.
P37 to P30 1310 20 17 t0 24 IO 8-bit input/output port
pins.
P57 to P50 27 t0 24 29 to 36 1/0 8-bit input/output port
28 to 31 pINS.
P67 to P60 40 to 37, 49 10 42 1/0 8-bit input/output port
32 to 34, 36 pins.
P87 to P85 43 to 41 1410 16 IO 3-bit input/output port
pins.
P97 to P9O*"° — 61 to 58 I/O 8-bit input/output port
65 to 62 pINS.
PA7 to PAO*"" 58 to 55 69 to 66 I/O 8-bit input/output port
7310 70 pIns.
PB7 to PBO 2,1,64,63, 2,1,80t0 75 110 8-bit input/output port
59 to 62 pins.
PJ1 and PJO 10, 11 10, 11 IO 2-bit input/output port
pins.
REJ09B0465-0300 Rev. 3.00 Page 19 of 982
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Section 1 Overview H8S/20103, H8S/20203, H8S/20223, H8S/20115, H8S/20215, H8S/20235 Group

Notes: 1. Inthe H8S/20103 and H8S/20115 Groups, the IRQ0 and IRQ4 pins are not available
with the initial setting of the PMC.

2. The TRAO and TRGB pins are not available with the initial setting of the PMC.

The H8S/20203, H8S/20223, H8S/20215, and H8S/20235 Groups do not incorporate
timer RC.

The TRDOI_1 pin is not available with the initial setting of the PMC.
The H8S/20103 and H8S/20115 Groups do not incorporate timer RD_1.
In the H8S/20103 and H8S/20115 Groups, AN8 to AN11 are not available.

The ADTRG1 and ADTRG2 functions are not available due to the initial setting of the
PMC.

8. The H8S/20103, H8S/20203, H8S/20115, and H8S/20215 Groups do not incorporate
A/D converter_2.

9. The H8S/20103 and H8S/20115 Groups do not provide P14 or P10.
10. The H8S/20103 and H8S/20115 Groups do not provide P97 to P90.
11. The H8S/20103 and H8S/20115 Groups do not provide PA3 to PAO.

w

N o ok
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H8S/20103, H8S/20203, H8S/20223, H8S/20115, H8S/20215, H8S/20235 Group Section2 CPU

Section 2 CPU

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

This section describes the H8S/2000 CPU.

2.1 Features

e Upward-compatibility with H8/300 and H8/300H CPUs
Can execute H8/300 and H8/300H CPU object programs
e General-register architecture
Sixteen 16-bit general registers also usable as sixteen 8-bit registers or eight 32-bit registers
e Sixty-five basic instructions
— 8/16/32-bit arithmetic and logic instructions
— Multiply and divide instructions
— Powerful bit-manipulation instructions
e Fight addressing modes
— Register direct [Rn]
— Register indirect [@ERn]
— Register indirect with displacement [ @(d:16,ERn) or @(d:32,ERn)]
— Register indirect with post-increment or pre-decrement [ @ERn+ or @—ERn]
— Absolute address [@aa:8, @aa:16, @aa:24, or @aa:32]
— Immediate [#xx:8, #xx:16, or #xx:32]
— Program-counter relative [@(d:8,PC) or @(d:16,PC)]
— Memory indirect [@ @aa:8]
e 16-Mbyte address space
— Program: 16 Mbytes
— Data: 16 Mbytes

REJ09B0465-0300 Rev. 3.00
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Section2 CPU H8S/20103, H8S/20203, H8S/20223, H8S/20115, H8S/20215, H8S/20235 Group

e High-speed operation
All frequently-used instructions are executed in one or two states
— 8/16/32-bit register-register add/subtract: 1 state
— 8 X 8-bit register-register multiply: 12 states (MULXU.B), 13 states (MULXS.B)
— 16 + 8-bit register-register divide: 12 states (DIVXU.B)
— 16 x 16-bit register-register multiply: 20 states (MULXU.W), 21 states (MULXS.W)
— 32 + 16-bit register-register divide: 20 states (DIVXU.W)
e Two CPU operating modes
— Normal mode
— Advanced mode
e Power-down state
Transition to power-down state by SLEEP instruction
Selectable CPU clock speed

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

e Register configuration
The MAC register is supported only by the H8S/2600 CPU.
¢ Basic instructions

The four instructions MAC, CLRMAC, LDMAC, and STMAC are supported only by the
H8S/2600 CPU.

e The number of execution states of the MULXU and MULXS instructions

Execution States

Instruction Mnemonic H8S/2600 H8S/2000

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

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

In addition, there are differences in address space, CCR and EXR register functions, power-down
modes, etc., depending on the model.
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H8S/20103, H8S/20203, H8S/20223, H8S/20115, H8S/20215, H8S/20235 Group Section2 CPU

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

e More general registers and control registers

Eight 16-bit extended registers, and one 8-bit and two 32-bit control registers, have been
added.

e Expanded address space
Normal mode supports the same 64-Kbyte address space as the H8/300 CPU.
Advanced mode supports a maximum 16-Mbyte address space.

e Enhanced addressing

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

¢ Enhanced instructions
Addressing modes of bit-manipulation instructions have been enhanced.
Signed multiply and divide instructions have been added.
Two-bit shift and two-bit rotate instructions have been added.
Instructions for saving and restoring multiple registers have been added.
A test and set instruction has been added.

e Higher speed

Basic instructions are executed twice as fast.

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

e Additional control register
One 8-bit control register has been added.

e Enhanced instructions
Addressing modes of bit-manipulation instructions have been enhanced.
Two-bit shift and two-bit rotate instructions have been added.
Instructions for saving and restoring multiple registers have been added.
A test and set instruction has been added.

e Higher speed

Basic instructions are executed twice as fast.
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Section2 CPU H8S/20103, H8S/20203, H8S/20223, H8S/20115, H8S/20215, H8S/20235 Group

2.2 CPU Operating Modes

The H8S/2000 CPU has two operating modes: normal and advanced. Note that this LSI supports
only advanced mode. Advanced mode supports a maximum 16-Mbyte address space.

2.2.1 Advanced Mode

e Address space
Linear access to a maximum address space of 16 Mbytes is possible.
e Extended registers (En)

The extended registers (EO to E7) can be used as 16-bit registers. They can also be used as the
upper 16-bit segments of 32-bit registers or address registers.

e Instruction set
All instructions and addressing modes can be used.
e Exception vector table and memory indirect branch addresses

In advanced mode, the top area starting at H'00000000 is allocated to the exception vector
table in 32-bit units. In each 32 bits, the upper 8 bits are ignored and a branch address is stored
in the lower 24 bits (see figure 2.1). For details of the exception vector table, see section 3,
Exception Handling.
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H8S/20103, H8S/20203, H8S/20223, H8S/20115, H8S/20215, H8S/20235 Group

Section2 CPU

H'00000000

H'00000003 |

H'00000004

H'00000007 |

H'00000008

H'00000014

Reserved

(Reserved for system use)

Reserved

> Exception vector table

Figure 2.1 Exception Vector Table (Advanced Mode)

The memory indirect addressing mode (@ @aa:8) employed in the JMP and JSR instructions
uses an 8-bit absolute address included in the instruction code to specify a memory operand
that contains a branch address. In advanced mode, the operand is a 32-bit longword operand,
providing a 32-bit branch address. The upper 8 bits of these 32 bits are a reserved area that is
regarded as H'00. Branch addresses can be stored in the area from H'00000000 to H'000000FF.
Note that the top area of this range is also used for the exception vector table.
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e Stack structure
In advanced mode, the program counter (PC) is pushed onto the stack in a subroutine call, and
the PC and condition-code register (CCR) are pushed onto the stack in exception handling.
They are stored as shown in figure 2.2. EXR is not pushed onto the stack in interrupt control
mode 0. For details, see section 3, Exception Handling.

\/\\/\

sP—~| PC sp —~ EXR™?
(16 bits) Reserved "3
(SP*2—>) CCR
\/—\ ceR™s
- PC -
(16 bits)
(a) Subroutine Branch (b) Exception Handling

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

Figure 2.2 Stack Structure in Advanced Mode

23 Address Space

Figure 2.3 shows a memory map of the H8S/2000 CPU. The H8S/2000 CPU provides linear
access to a maximum 16-Mbyte (architecturally 4-Gbyte) address space in advanced mode. The
usable modes and address spaces differ depending on the product.
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H'000000

H'01FFFF
H'020000

HEFFFFF
H'F00000

H'FO1FFF
H'F02000

H'FF0000

H8S/20103

Interrupt vectors

On-chip flash ROM
(128 Kbytes)

Reserved area

Data flash area
(8 Kbytes)

Reserved area

On-chip I/O registers

HFFOFFF
H'FF1000 ! :

. Reservedarea |
H'FFDF7F | :
H'FFDF80

On-chip RAM
(8 Kbytes)
HFFFF7F
H'FFFF80
On-chip I/O registers

HFFFFFF

H'000000

H'017FFF
H'018000

HEFFFFF
H'F00000

H'FO1FFF
H'F02000

H'FF0000

H'FFOFFF
H'FF1000

HFFDF7F
HFFDF80

HFFFF7F
H'FFFF80

H'FFFFFF

H8S/20102

Interrupt vectors

On-chip flash ROM
(96 Kbytes)

Reserved area

Data flash area
(8 Kbytes)

Reserved area

On-chip I/O registers

Reserved area

On-chip RAM
(8 Kbytes)

On-chip I/O registers

Figure 2.3 Memory Map (1) (H8S/20103 Group)
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H8S/20203
H'000000
Interrupt vectors
On-chip flash ROM
(128 Kbytes)
H'O1FFFF
H'020000 | ;
E Reserved area :
H'EFFFFF; :
H'FO0000 Data flash area
HFo1FFF | (8 Kbytes)
H'F02000 ! i
E Reserved area '
H'FF0000 I
On-chip I/O registers
H'FFOFFF
H'FF1000 | ;
i Reserved area :
H'FFDF7F | :
H'FFDF80
On-chip RAM
(8 Kbytes)
H'FFFF7F
H'FFFF80
On-chip I/O registers
H'FFFFFF

H8S/20202

H'000000

H'017FFF

Interrupt vectors

On-chip flash ROM
(96 Kbytes)

H'018000

HEFFFFF

Reserved area

H'F00000

H'FO1FFF

Data flash area
(8 Kbytes)

H'F02000

Reserved area

H'FF0000

H'FFOFFF

On-chip I/O registers

H'FF1000

H'FFDF7F

Reserved area

H'FFDF80

H'FFFF7F

On-chip RAM
(8 Kbytes)

H'FFFF80

H'FFFFFF

On-chip I/O registers

Figure 2.3 Memory Map (2) (H8S/20203 Group)
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H'000000

H'01FFFF
H'020000

HEFFFFF
H'F00000

H'FO1FFF
H'F02000

H'FF0000

H8S/20223

Interrupt vectors

On-chip flash ROM
(128 Kbytes)

Reserved area

Data flash area
(8 Kbytes)

Reserved area

On-chip I/O registers

HFFOFFF
H'FF1000 ! :

. Reservedarea |
H'FFDF7F | :
H'FFDF80

On-chip RAM
(8 Kbytes)
HFFFF7F
H'FFFF80
On-chip I/O registers

HFFFFFF

H'000000

H'017FFF
H'018000

HEFFFFF
H'F00000

H'FO1FFF
H'F02000

H'FF0000

H'FFOFFF
H'FF1000

HFFDF7F
HFFDF80

HFFFF7F
H'FFFF80

H'FFFFFF

H8S/20222

Interrupt vectors

On-chip flash ROM
(96 Kbytes)

Reserved area

Data flash area
(8 Kbytes)

Reserved area

On-chip I/O registers

Reserved area

On-chip RAM
(8 Kbytes)

On-chip I/O registers

Figure 2.3 Memory Map (3) (H8S/20223 Group)
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H8S/20115
H'000000
Interrupt vectors
On-chip flash ROM
(256 Kbytes)
H'03FFFF
H'040000 :
E Reserved area :
H'EFFFFF, '
H'F00000 Data flash area
H'FO1FFF (8 Kbytes)
H'F02000 ! '
E Reserved area '
H'FF0000 '
On-chip I/O registers
H'FFOFFF
H'FF1000 | :
. Reservedarea |
H'FFCF7F | :
H'FFCF80
On-chip RAM
(12 Kbytes)
H'FFFF7F
H'FFFF80
On-chip I/O registers
H'FFFFFF

H'000000

H'02FFFF
H'030000

HEFFFFF
H'F00000

H'FO1FFF
H'F02000

H'FF0000

H'FFOFFF
H'FF1000

H'FFCF7F
HFFCF80

HFFFF7F
H'FFFF80

H'FFFFFF

H8S/20114

Interrupt vectors

On-chip flash ROM
(192 Kbytes)

Reserved area

Data flash area
(8 Kbytes)

Reserved area

On-chip I/O registers

Reserved area

On-chip RAM
(12 Kbytes)

On-chip I/O registers

Figure 2.3 Memory Map (4) (H8S/20115 Group)
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H'000000

H'03FFFF
H'040000

HEFFFFF
H'F00000

H'FO1FFF
H'F02000

H'FF0000

H8S/20215

Interrupt vectors

On-chip flash ROM
(256 Kbytes)

Reserved area

Data flash area
(8 Kbytes)

Reserved area

On-chip I/O registers

HFFOFFF
H'FF1000 ! :
. Reservedarea |
H'FFCF7F | :
HFFCF80
On-chip RAM
(12 Kbytes)
HFFFF7F
H'FFFF80
On-chip I/O registers
HFFFFFF

H'000000

H'02FFFF
H'030000

HEFFFFF
H'F00000

H'FO1FFF
H'F02000

H'FF0000

H'FFOFFF
H'FF1000

H'FFCF7F
HFFCF80

HFFFF7F
H'FFFF80

H'FFFFFF

H8S/20214

Interrupt vectors

On-chip flash ROM
(192 Kbytes)

Reserved area

Data flash area
(8 Kbytes)

Reserved area

On-chip I/O registers

Reserved area

On-chip RAM
(12 Kbytes)

On-chip I/O registers

Figure 2.3 Memory Map (5) (H8S/20215 Group)
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H8S/20235
H'000000
Interrupt vectors
On-chip flash ROM
(256 Kbytes)
H'03FFFF
H'040000 :
E Reserved area :
H'EFFFFF, '
H'F00000 Data flash area
H'FO1FFF (8 Kbytes)
H'F02000 ! '
E Reserved area '
H'FF0000 '
On-chip I/O registers
H'FFOFFF
H'FF1000 | :
. Reservedarea |
H'FFCF7F | :
H'FFCF80
On-chip RAM
(12 Kbytes)
H'FFFF7F
H'FFFF80
On-chip I/O registers
H'FFFFFF

H'000000

H'02FFFF
H'030000

HEFFFFF
H'F00000

H'FO1FFF
H'F02000

H'FF0000

H'FFOFFF
H'FF1000

H'FFCF7F
HFFCF80

HFFFF7F
H'FFFF80

H'FFFFFF

H8S/20234

Interrupt vectors

On-chip flash ROM
(192 Kbytes)

Reserved area

Data flash area
(8 Kbytes)

Reserved area

On-chip I/O registers

Reserved area

On-chip RAM
(12 Kbytes)

On-chip I/O registers

Figure 2.3 Memory Map (6) (H8S/20235 Group)
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24 Register Configuration

The H8S/2000 CPU has the internal registers shown in figure 2.4. There are two types of registers:
general registers and control registers. Control registers are a 24-bit program counter (PC), an 8-
bit extended control register (EXR), and an 8-bit condition code register (CCR).

General Registers (Rn) and Extended Registers (En)

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

Control Registers
23 0
PC

76543210
ExR [T]-]-[-]-[iZ]u]io

76543210

cer [ 1 Julr]u[n]z]v]c|

Legend:

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

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

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

| : Interrupt mask bit
Ul : User bit or interrupt mask bit*

Note: * For this LSI, the interrupt mask bit is not available.

Figure 2.4 CPU Internal Registers
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24.1 General Registers

The H8S/2000 CPU has eight 32-bit general registers. These general registers are all functionally
alike and can be used as both address registers and data registers. When a general register is used
as a data register, it can be accessed as a 32-bit, 16-bit, or 8-bit register. Figure 2.5 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).

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

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

The usage of each register can be selected independently.

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 2.6 shows the
stack.

* Address registers  16-bit registers « 8-bit registers
* 32-bit registers

E registers (extended registers)
(EO to E7)

ER registers RH registers
(ERO to ER7) (ROH to R7H)
R registers
(RO to R7)

RL registers
(ROL to R7L)

Figure 2.5 Usage of General Registers
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/\_/

Free area

SP (ER7) —»

Stack area

/\/

Figure 2.6 Stack

2.4.2 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 for read, the least significant PC bit is regarded as 0.)

24.3 Extended Control Register (EXR)

EXR is an 8-bit register that can be operated by the LDC, STC, ANDC, ORC, and XORC
instructions. When an instruction other than STC is executed, all interrupts including NMI are
masked in three states after the instruction is completed.

Bit Symbol Bit Name Description R/W

7 T Trace bit 0: Consecutively executes instructions. R/W

1: Starts trace exception processing each time an
instruction is executed.

6t03 — Reserved These bits are always read as 1. —
2to 0 2% Interrupt These bits specify interrupt request mask levels R/W
I request mask (0 to 3). For details, see section 4, Interrupt
10 level2to 0 Controller.

Note: * The I2-bit is reserved in this product. The 12 bit is set to 1 if an interrupt is accepted, but
this does not affect the mask level for interrupt requests.
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2.4.4 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.

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.

Bit Symbol Bit Name Description R/W

7 I Interrupt mask 0: Does not mask interrupts. R/W
bit 1: Masks interrupts.

6 Ul User bit or This bit does not affect this LSI operation. R/W
interrupt mask
bit

5 H Half-carry flag [Setting conditions] R/W

o If there is a carry or borrow bit 3 when the
ADD.B, ADDX.B, SUB.B, SUBX.B, CMP.B or
NEG.B instruction is executed.

e |If there is a carry or borrow at bit 11 when the
ADD.W, SUB.W, CMP.W, or NEG.W instruction
is executed.

e |If there is a carry or borrow at bit 27 when the
ADD.L, SUB.L, CMP.L, or NEG.L instruction is
executed.

[Clearing condition]
When none of the above setting conditions are

satisfied.
U User bit This bit does not affect the LS| operation. R/W
N Negative flag  [Setting condition] R/W

When the execution result is negative.
[Clearing condition]
When the execution result is not negative.
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Bit

Symbol Bit Name Description R/W

2

4 Zero flag [Setting condition] R/W
When data is zero.
[Clearing condition]
When data is not zero.

\ Overflow flag  [Setting condition] R/W

When an overflow occurs after an arithmetic
instruction has been executed.

[Clearing condition]

When no overflow occurs after an arithmetic
instruction has been executed.

C Carry flag [Setting condition] R/W

When a carry occurs after an instruction has been
executed.

[Clearing condition]

When no carry occurs after an instruction has been
executed.

I (interrupt mask bit)

This bit masks interrupts other than NMI when set to 1. NMI is accepted regardless of the I bit
setting. The I bit is set to 1 at the start of an exception-handling sequence. For details, see
section 4, Interrupt Controller.

UI (user bit/interrupt mask bit)
This bit can be written to and read from by software using the LDC, STC, ANDC, ORC, and
XORC instructions.

For this LSI, interrupt mask bit is not available.

H (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 O 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 O otherwise.
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o U (user bit)
This bit can be written to and read from by software using the LDC, STC, ANDC, ORC, and
XORC instructions.

e N (negative bit)

This bit stores the value of the most significant bit of data as a sign bit.

e C (carry flag)
This flag is set to 1 when a carry occurs, and cleared to 0 otherwise. Used by:
— Add instructions, to indicate a carry
— Subtract instructions, to indicate a borrow
— Shift and rotate instructions, to indicate a carry

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

2.4.5 Initial Register Values

Reset exception handling loads the CPU's program counter (PC) from the vector table, clears the
trace (T) bit in EXR to 0, and sets the interrupt mask (I) bits in CCR and EXR to 1. The other
CCR bits and the general registers are not initialized. Note that the stack pointer (ER7) is
undefined. The stack pointer should therefore be initialized by an MOV.L instruction executed
immediately after a reset.
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2.5 Data Formats

The H8S/2000 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.

2.5.1 General Register Data Formats

Figure 2.7 shows the data formats of general registers.

Data Type Register Number Data Format
7 0
RnH Tl gl 1ol o1 . '
1-bit data 7ieisiaisiolaiof ... Domtcare .}
___________________ 7 0
1-bit data RnL - Don't care | 716151413 21110
7 o .
4-bit BCD data RnH | Upper | Lower | Don't care 1
.................. J
___________________ 7 4 3 0
4-bit BCD data RnL | Don't care | Upper | Lower |
7 0
Byte data RnH . H | Don't care !
MSB Lss
___________________ 7 0
Byte data RnL H Don't care | i bl i P
"""""""""" MSB LSB

Figure 2.7 General Register Data Formats (1)
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Data Type Register Number Data Format
Word data Rn
15 0
MSB LSB
Word data En
15 0
MSB LSB
Longword data ERn
31 16 15 0
MSB En RN LSB
Legend:
ERn : General register ER
En : General register E
Rn : General register R

RnH : General register RH
RnL : General register RL
MSB : Most significant bit

LSB : Least significant bit

Figure 2.7 General Register Data Formats (2)
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2.5.2 Memory Data Formats

Figure 2.8 shows the data formats in memory. The H8S/2000 CPU can access word data and
longword data in memory, but word or longword data must begin at an even address. If an attempt
is made to access word or longword data at an odd address, no address error occurs but the least
significant bit of the address is regarded as 0, so the access starts at the preceding address. This

also applies to instruction fetches.

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

size or longword size.

Data Type

1-bit data

Byte data

Word data

Longword data

Address Data Format
/\/
7 0
Address L 7|6|5|4|3|2|1|0
Address L Msel ! ! ! 1 ! ISB

Address 2M MSBE

Address 2N+3

Address 2M+1| LSB
Address 2N lysgr 1 oi o140
Address 2N+1 T
Address 2N+2 E E E E E E E

\LSB]

/\/

Figure 2.8 Memory Data Formats
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2.6 Instruction Set

The H8S/2000 CPU has 65 types of instructions. The instructions are classified by function as

shown in table 2.1.

Table 2.1 Instruction Classification

Function Instructions Size Types
Data transfer MOV BWL 5
POP*', PUSH™* WiL
LDM*®, STM™*® L
MOVFPE™’, MOVTPE™® B
Arithmetic ADD, SUB, CMP, NEG B/W/L 19
operations ADDX, SUBX, DAA, DAS B
INC, DEC B/W/L
ADDS, SUBS L
MULXU, DIVXU, MULXS, DIVXS B/W
EXTU, EXTS W/L
TAS™ B
Logic operations AND, OR, XOR, NOT B/WI/L
Shift SHAL, SHAR, SHLL, SHLR, ROTL, ROTR, ROTXL, B/W/L
ROTXR
Bit manipulation BSET, BCLR, BNOT, BTST, BLD, BILD, BST, BIST, B 14
BAND, BIAND, BOR, BIOR, BXOR, BIXOR
Branch BCC*Z, JMP, BSR, JSR, RTS — 5
System control TRAPA, RTE, SLEEP, LDC, STC, ANDC, ORC, XORC, —
NOP
Block data transfer EEPMOV — 1
Total: 65

Notes: B: Byte size; W: Word size; L: Longword size.
1. POP.W Rn and PUSH.W Rn are identical to MOV.W @ SP+, Rn and MOV.W Rn,

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

ERn, @-SP.

aokrwb

B, is the general name for conditional branch instructions.
Cannot be used in this LSI.

Only register ERO, ER1, ER4, or ER5 should be used when using the TAS instruction.
The ERY register is used as a stack pointer in an STM and LDM instructions.

Accordingly, ER7 cannot be stored by STM or loaded by LDM.
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2.6.1 Table of Instructions Classified by Function

Tables 2.3 to 2.10 summarize the instructions in each functional category. The notation used in
tables 2.3 to 2.10 is defined below.

Table 2.2  Operation Notation

Symbol Description

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

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

EXR Extended control register
CCR Condition-code register

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

Vv V (overflow) flag in CCR
C C (carry) flag in CCR

PC Program counter

SP Stack pointer

#IMM Immediate data

disp Displacement

+ Addition

- Subtraction

X Multiplication

+ Division

A Logical AND

v Logical OR

@ Logical exclusive OR

- Move

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

Note: * General registers include 8-bit registers (ROH to R7H, ROL to R7L), 16-bit registers (RO
to R7, EO to E7), and 32-bit registers (ERO to ER7).
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Table 2.3 Data Transfer Instructions

Instruction  Size™' Function
MOV BMW/L  (EAs) — Rd, Rs — (EAd)

Moves data between two general registers or between a general
register and memory, or moves immediate data to a general register.

MOVFPE B Cannot be used in this LSI.
MOVTPE B Cannot be used in this LSI.
POP W/L @SP+ — Rn

Pops a general register from the stack. POP.W Rn is identical to
MOV.W @SP+, Rn. POP.L ERn is identical to MOV.L @SP+, ERn

PUSH WiL Rn - @-SP

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

LDM* L @SP+ — Rn (register list)
Pops two or more general registers from the stack.
sTM* L Rn (register list) — @-SP

Pushes two or more general registers onto the stack.

Notes: 1. Size refers to the operand size.
B: Byte
W: Word
L: Longword

2. The ERTY register is used as a stack pointer in the STM and LDM instructions.
Accordingly, ER7 cannot be stored by STM or loaded by LDM.
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Table 2.4

Arithmetic Operations Instructions (1)

Instruction  Size*

Function

ADD B/WI/L Rd + Rs — Rd, Rd + #IMM — Rd

SuUB Performs addition or subtraction on data in two general registers, or on
immediate data and data in a general register. (Subtraction on
immediate data and data in a general register cannot be performed in
bytes. Use the SUBX or ADD instruction.)

ADDX B Rd +Rs +C — Rd, Rd = #IMM + C — Rd

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

INC B/WI/L Rd+1— Rd, Rd+2 — Rd

DEC Adds or subtracts the value 1 or 2 to or from data in a general register.
(Only the value 1 can be added to or subtracted from byte operands.)

ADDS L Rd+1—Rd,Rd+2 — Rd, Rd+4 — Rd

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

DAA B Rd (decimal adjust) — Rd

DAS Decimal-adjusts an addition or subtraction result in a general register
by referring to CCR to produce 4-bit BCD data.

MULXU B/W Rd 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: * Size refers to the operand size.

B: Byte

W: Word

L: Longword
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Table 2.4  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 the 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 W/L Rd (sign extension) — Rd

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

TAS* B @ERd -0, 1 — (<bit 7> of @ERd)
Tests memory contents, and sets the most significant bit (bit 7) to 1.

Notes: 1. Size refers to the operand size.
B: Byte
W: Word
L: Longword
2. Only register ERO, ER1, ER4, or ER5 should be used when using the TAS instruction.
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Table 2.5 Logic Operations Instructions

Instruction  Size*

Function

AND B/W/L

Rd A Rs — Rd, Rd A #IMM — Rd

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

OR B/WI/L

Rd v Rs — Rd, Rd v #IMM — Rd

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

XOR B/WI/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 data in a general
register.

Note: * Size refers to the operand size.

B: Byte
W:  Word

L: Longword
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Table 2.6  Shift Instructions

Instruction  Size* Function

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

SHAR Performs an arithmetic shift on data in a general register. 1-bit or 2 bit
shift is possible.

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

SHLR Performs a logical shift on data in a general register. 1-bit or 2 bit shift
is possible.

ROTL B/W/L Rd (rotate) —» Rd

ROTR Rotates data in a general register. 1-bit or 2 bit rotation is possible.

ROTXL B/W/L Rd (rotate) —» Rd

ROTXR Rotates data including the carry flag in a general register. 1-bit or 2 bit

rotation is possible.

Note: * Size refers to the operand size.
B: Byte
W: Word
L: Longword
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Table 2.7  Bit Manipulation Instructions (1)

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

Logically 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

Logically 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

Logically 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

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

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

Note: * Size refers to the operand size.
B: Byte
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Table 2.7  Bit Manipulation Instructions (2)

Instruction  Size*

Function

BXOR B C ® (<bit-No.> of <EAd>) —» C
Logically exclusive-ORs the carry flag with a specified bit in a general
register or memory operand and stores the result in the carry flag.
BIXOR B C @ ~ (<bit-No.> of <EAd>) —» C
Logically exclusive-ORs the carry flag with the inverse of a specified bit
in a general register or memory operand and stores the result in the
carry flag.
The bit number is specified by 3-bit immediate data.
BLD B (<bit-No.> of <EAd>) —» C
Transfers a specified bit in a general register or memory operand to
the carry flag.
BILD B ~ (<bit-No.> of <EAd>) —» C
Transfers the inverse of a specified bit in a general register or memory
operand to the carry flag.
The bit number is specified by 3-bit immediate data.
BST B C — (<bit-No.> of <EAd>)
Transfers the carry flag value to a specified bit in a general register or
memory operand.
BIST B ~ C — (<bit-No.>. of <EAd>)

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

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

Note: * Size refers to the operand size.

B: Byte
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Table 2.8 Branch Instructions

Instruction Size

Function

Bcc — Branches to a specified address if a specified condition is true. The
branching conditions are listed below.
Mnemonic Description Condition
BRA (BT) Always (true) Always
BRN (BF) Never (false) Never
BHI High CvzZ=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 Zv(NeV)=0
BLE Less or equal Zv(NeV)=1
JMP — Branches unconditionally to a specified address
BSR — Branches to a subroutine at a specified address
JSR — Branches to a subroutine at a specified address
RTS — Returns from a subroutine
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Table 2.9  System Control Instructions

Instruction  Size* Function

TRAPA — Starts trap-instruction exception handling.
RTE — Returns from an exception-handling routine.
SLEEP — Causes a transition to a power-down state.
LDC B/W (EAs) — CCR, (EAs) — EXR

Moves the memory operand contents or immediate data to CCR or
EXR. Although CCR and EXR are 8-bit registers, word-size transfers
are performed between them and memory. The upper 8 bits are valid.

STC B/W CCR — (EAd), EXR — (EAd)

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

ANDC B CCR A #IMM — CCR, EXR A #IMM — EXR

Logically ANDs the CCR or EXR contents with immediate data.
ORC B CCR v #IMM — CCR, EXR v #IMM — EXR

Logically ORs the CCR or EXR contents with immediate data.
XORC B CCR @ #IMM — CCR, EXR @ #IMM — EXR

Logically exclusive-ORs the CCR or EXR contents with immediate
data.

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

Note: * Size refers to the operand size.
B: Byte
W: Word
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Table 2.10 Block Data Transfer Instructions

Instruction Size Function
EEPMOV.B — if R4L = 0 then
Repeat @ ER5+ —» @ER6+
R4L-1 — R4L
UntilR4L =0
else next:
EEPMOV.W — if R4 # 0 then
Repeat @ ER5+ — @ERG6+
R4-1 — R4
UntiilR4 =0
else next:

Transfers a data block. Starting from the address set in ER5, transfers
data for the number of bytes set in R4L or R4 to the address location
set in ERG6.

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

2.6.2 Basic Instruction Formats

The H8S/2000 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 2.9 shows examples of instruction formats.

e 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.

e 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, and some have no register field.

e Effective address extension
8, 16, or 32 bits specifying immediate data, an absolute address, or a displacement.
e Condition field

Specifies the branching condition of Bcc instructions.
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(1) Operation field only

op NOP, RTS, etc.

(2) Operation field and register fields

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

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

op m rm

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

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

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

Figure 2.9 Instruction Formats (Examples)

Page 54 of 982

REJ09B0465-0300 Rev. 3.00
RENESAS Sep 17, 2010



H8S/20103, H8S/20203, H8S/20223, H8S/20115, H8S/20215, H8S/20235 Group

Section2 CPU

2.7 Addressing Modes and Effective Address Calculation

The H8S/2000 CPU supports the eight addressing modes listed in table 2.11. Each instruction uses

a subset of these addressing modes.

Arithmetic and logic operations instructions can use the register direct and immediate addressing
modes. Data transfer instructions can use all addressing modes except program-counter relative
and memory indirect. Bit manipulation instructions can use register direct, register indirect, or
absolute addressing mode to specify an operand, and register direct (BSET, BCLR, BNOT, and
BTST instructions) or immediate (3-bit) addressing mode to specify a bit number in the operand.

Table 2.11 Addressing Modes

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

2.7.1 Register Direct—Rn

The register field of the instruction code specifies an 8-, 16-, or 32-bit general register which
contains 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.

2.7.2 Register Indirect—@ERn

The register field of the instruction code specifies an address register (ERn) which contains the
address of a memory operand. If the address is a program instruction address, the lower 24 bits are
valid and the upper 8 bits are all assumed to be 0 (H'00).
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2.7.3 Register Indirect with Displacement—@(d:16, ERn) or @(d:32, ERn)

A 16-bit or 32-bit displacement contained in the instruction code is added to an address register
(ERn) specified by the register field of the instruction, and the sum gives the address of a memory
operand. A 16-bit displacement is sign-extended when added.

2.7.4 Register Indirect with Post-Increment or Pre-Decrement—@ERn+ or @-ERn
(1) Register Indirect with Post-Increment—@ERn+

The register field of the instruction code specifies an address register (ERn) which contains the
address of a memory operand. After the operand is accessed, 1, 2, or 4 is added to the address
register contents and the sum is stored in the address register. The value added is 1 for byte access,
2 for word access, and 4 for longword access. For word or longword transfer instructions, the
register value should be even.

(2) 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 result becomes 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, and 4
for longword access. For word or longword transfer instructions, the register value should be even.

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

The instruction code contains the absolute address of a memory operand. The absolute address
may be 8 bits long (@aa:8), 16 bits long (@aa:16), 24 bits long (@aa:24), or 32 bits long
(@aa:32). Table 2.12 indicates the accessible absolute address ranges.

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

A 24-bit absolute address (@aa:24) indicates the address of a program instruction. The upper 8
bits are all assumed to be 0 (H'00).
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Table 2.12 Absolute Address Access Ranges

Absolute Address Advanced Mode
Data address 8 bits (@aa:8) H'FFFF0O0 to H'FFFFFF
16 bits (@aa:16) H'000000 to H'007FFF, H'FF8000 to H'FFFFFF
32 bits (@aa:32) H'000000 to H'FFFFFF
Program instruction address 24 bits (@aa:24)

2.7.6 Immediate—#xx:8, #xx:16, or #xx:32

The 8-bit (#xx:8), 16-bit (#xx:16), or 32-bit (#xx:32) immediate data contained in an instruction
code can be used directly as an operand.

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

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

This mode can be used by the Becc and BSR instructions. An 8-bit or 16-bit displacement
contained in the instruction code is sign-extended to 24 bits and added to the 24-bit address
indicated by the PC value to generate a 24-bit branch address. Only the lower 24 bits of this
branch address are valid; the upper 8 bits are all assumed to be 0 (H'00). The PC value to which
the displacement is added is the address of the first byte of the next instruction, so the possible
branching range is —126 to +128 bytes (—63 to +64 words) or —32766 to +32768 bytes (—16383 to
+16384 words) from the branch instruction. The resulting value should be an even number.
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2.7.8 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 which contains a branch address. The upper bits of
the 8-bit absolute address are all assumed to be 0, so the address range is 0 to 255 (H'000000 to
H'0000FF in advanced mode).

In advanced mode, the memory operand is a longword operand, the first byte of which is assumed
to be 0 (H'00).

Note that the top area of the address range in which the branch address is stored is also used for
the exception vector area. For further details, see section 3, Exception Handling.

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

\_/\

Specified -| Reserved
by @aa:8

Advanced Mode

Figure 2.10 Branch Address Specification in Memory Indirect Addressing Mode
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2.7.9 Effective Address Calculation

Table 2.13 indicates how effective addresses are calculated in each addressing mode.

Table 2.13 Effective Address Calculation

No Addressing Mode and Instruction Format Effective Address Calculation Effective Address (EA)
1 Register direct (Rn)
Operand is general register contents.
[ [m[n]
2 Register indirect (@ERnN) 31 0 31 2423 0
I General register contents |——>|D°"'I carel
Lo [ ] |
3 | Register indirect with displacement
@(d:16,ERn) or @(d:32,ERn) 31 0
| I General register contents
5 . dis 31 2423 0
| P | | | P | ——lDon't carel
31 0
| Sign extension | disp
4 Register indirect with post-increment or
pre-decrement 31 31 2423 0
« Register indirect with post-increment @ERN+
9 P [ General register contents ——lDon't carel
|
i
Lo [ ] |
« Register indirect with pre-decrement @-ERn 31
[
[ 31 2423 0
——lDon't carel
Lo [] |
Operand Size Offset
Byte 1
Word 2
Longword 4
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No Addressing Mode and Instruction Format Effective Address Calculation Effective Address (EA)
5 Absolute address
Q@aa8 31 2423 87 0
I e
@aa:16 31 2423 16 15 0
| op | abs |Don't carel Sign extensionl |
@aa:24 31 2423 0
| op | abs |Don't carel |
@aa:32
op 31 2423 0
abs |Don't carel
6 | Immediate
HX0CBIHXXC16H:32 Operand is immediate data.
op IMM
7 Program-counter relative 23
@(d:8,PC)/@(d:16,PC) PC contents h
op disp 23 ;
Sign
extension 31 2423 0
|Don't carel
8 Memory indirect @@aa:8
+ Normal mode*
‘ 5 !
(o [ ] oo T
15 0 31 2423 16 15 0
Memory contents | |Don't carel H'00 | |
* Advanced mode
- 31 8 7 l 0
abs
“ H'000000 | abs | 31 2423 0
31 0 |Don't carel
Memory contents | T
1

Note: * For this LSI, normal mode is not available.
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2.8 Processing States

The H8S/2000 CPU has five main processing states: the reset state, exception handling state,
program execution state, bus-released state, and program stop state. Figure 2.11 indicates the state
transitions.

o Reset state

In this state the CPU and internal peripheral modules are all initialized and stopped. When the
RES input goes low, all current processing stops and the CPU enters the reset state. All
interrupts are masked in the reset state. Reset exception handling starts when the RES signal
changes from low to high. For details, see section 3, Exception Handling.

The reset state can also be entered by a watchdog timer overflow.

e Exception-handling state

The exception-handling state is a transient state that occurs when the CPU alters the normal
processing flow due to an exception source, such as, a reset, trace, interrupt, or trap instruction.
The CPU fetches a start address (vector) from the exception vector table and branches to that
address. For further details, see section 3, Exception Handling.

e Program execution state

In this state the CPU executes program instructions in sequence.

e Bus-released state

The bus-released state occurs when the bus has been released in response to a bus request™
from a bus master (DTC) other than the CPU. While the bus is released, the CPU halts
operations.

e Program stop state

This is a power-down state in which the CPU stops operating. The program stop state occurs
when a SLEEP instruction is executed. For details, see section 6, Power-Down Modes.

Notes: * The DTC requests bus mastership when an activation request for the DTC is generated.

Bus mastership is transferred from the CPU to the DTC with the following timing.
1. Bus mastership is transferred at the end of the current bus cycle.

However, when the bus activity for a single instruction is divided up into multiple bus
cycles due to longword access, etc., the bus mastership will not necessarily be
transferred at the end of the current bus cycle. For details, see section 2.7, Bus States
During Instruction Execution, in the H8S/2600 Series, H8S/2000 Series Software
Manual.
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2. If the CPU is in sleep mode at the time of the request, bus mastership is transferred

immediately.
Reset state™
&£
& 2
< 2 %
o8 ¥ <
Ey X & G
& @ & R?
< Ey N} &
o S &
£ & N
&
9
: &
Exception & Bus-released state

handling state
/

End of exception handling
Request for exception handling

Program execution state

End of bus request

Bus request

9
SLEEP instruction
- Program stop state

Note: * A transition to the reset state occurs in any of the following cases.
1. When RES goes low in any state
2. When the watchdog timer overflows
3. When an LVD reset is caused by a low-voltage detection

Figure 2.11 State Transitions
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2.9 Usage Notes

2.9.1 TAS Instruction

Only register ERO, ER1, ER4, or ER5 should be used when using the TAS instruction. The H8S
and H8/300 Series C/C++ Compiler of Renesas Electronics Corp. does not generate a TAS
instruction. Accordingly, when a TAS instruction is used as a user-defined embedded function,
register ERO, ER1, ER4, or ERS5 should be used.

29.2 STM and LDM Instructions

The ER7 register is used as a stack pointer in an STM and LDM instructions. Accordingly, ER7
cannot be stored by STM or loaded by LDM. Two, three, or four registers can be stored or loaded
by a single STM or LDM instruction. The combination of registers that can be stored or loaded are
as follows.

e Two registers: ERO and ER1, ER2 and ER3, or ER4 and ER5
e Three registers: ERO to ER2 or ER4 to ER6
e Four registers: ERO to ER3

The H8S and H8/300 Series C/C++ Compiler of Renesas Electronics Corp. does not generate an
STM or LDM instruction that uses ER7.

293 Note on Bit Manipulation Instructions

Bit manipulation instructions such as BSET, BCLR, BNOT, BST, and BIST read data in byte
units, perform bit manipulation, and write data in byte units. Thus, care must be taken when these
bit manipulation instructions are executed for a register or port including write-only bits.

In addition, the BCLR instruction can be used to clear the flag of an internal I/O register. In this
case, if the flag to be cleared has been set by an interrupt processing routine, the flag need not be
read before executing the BCLR instruction.
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294 EEPMOY Instruction

1. The EEPMOV instruction performs a block transfer. As shown in the following figure,
EEPMOV transfers data whose start address is indicated by RS for the number of bytes
indicated by R4L to the address indicated by R6.

R5 — \

% % ~— R6

\ ~ R6+RAL

R5 + R4L —

2. R4L and R6 should be set so that the end address (R6 + R4L) of the transfer destination does
not exceed H'FFFF (R6 should not change from H'FFFF to H'0000 during EEPMOV
instruction execution).

R5 — \
<~—R6
R5 + R4L—
Cannof] TP ~—R6 + R4L
be set
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Section 3 Exception Handling

3.1 Exception Handling Types and Priority

As table 3.1 indicates, exception handling is caused by a reset, trace, NMI interrupt, trap
instruction, or interrupt. Exception handling is prioritized as shown in table 3.1. If two or more
exceptions occur simultaneously, they are accepted and processed in order of priority. Exception
sources, the stack structure, and operation of the CPU vary depending on the interrupt control
mode. For details on the interrupt control mode, see section 4, Interrupt Controller.

Table 3.1 Exception Handling Types and Priority

Priority = Exception Type Start Timing of Exception Handling

High Reset Started immediately after a low-to-high transition at the RES pin,
N or by other reset sources. The CPU enters the reset state when
the RES pin is low.
Trace*' Started when execution of the current instruction or exception
handling ends, if the trace (T) bit in EXR is set to 1.
NMI Generated when an edge of the NMI pin is input. An NMI

interrupt request has the highest priority among interrupt
requests. It is always accepted regardless of the value of the | bit
in CCR.

Trap instruction** Started by execution of a trap instruction (TRAPA).

Low Interrupt Started when execution of the current instruction or exception
handling ends, if an interrupt request has been issued.*

Notes: 1. Traces are enabled only in interrupt control mode 2. Trace exception handling is not
executed after execution of an RTE instruction.

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

3. Trap instruction exception handling requests are accepted at all times in program
execution state.
3.2 Exception Handling Sources and Vector Table

Different vector addresses are assigned to different exception sources. For details on the exception
sources and their vector addresses, see section 4, Interrupt Controller.
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3.3 Reset

A reset has the highest exception handling priority. When the RES pin goes low, all processing
halts and this LSI enters the reset. To ensure that this LSI is reset, hold the RES pin low for the
specified time at power-on and during operation, hold the RES pin low for the specified time. A
reset initializes the internal state of the CPU and the registers of on-chip peripheral modules, and
selects low-speed on-chip oscillator as a system clock. The chip can also be reset by detection of
the low-voltage, overflow of the watchdog timer, or software.

The interrupt control mode is 0 immediately after reset.

3.3.1 Reset Sources

This LSI enters the reset state by reset sources listed in table 3.2. If multiple reset sources occur
simultaneously, a reset source having the highest priority will be accepted. A reset source can be
identified by reading the reset source flag register (RSTFR).

For details on a low-voltage detection reset, see section 26, Low-Voltage Detection Circuits. For
details on a watchdog timer overflow reset, see section 19, Watchdog Timer (WDT).

Table 3.2  List of Reset Sources

Reset Source Description Priority
Reset by RES pin This LSI enters the reset state if the RES pin is held low for High
at least a specified period.
Low-voltage detection This LSI enters the reset state if the power voltage
reset becomes the specified voltage or lower.
Watchdog timer overflow  This LSI enters the reset state if the counter in the
reset watchdog timer overflows.
Software reset This LSI enters the reset state if the SRST bit in RSTCR is
setto 1. Low
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(1) Reset Source Flag Register (RSTFR)

Address: H'FF0620

Bit: b6 b5 b4 b3 b2 b1 b0
— SWRST PRST LVD2RST | LVDIRST | PORRST WRST
Value after reset: 0 (0) (0) (0) (0) (0) 0)
Bit Symbol Bit Name Description R/W
— Reserved This bit is read as 0. The write value should be 0. —
SWRST Software reset 1: Indicates that a reset by a software reset occurs. R/W
detection flag 0: Indicates that a reset by a software reset does
not occur.
4 PRST RES pinreset  1: Indicates that a reset by a RES pin reset occurs. R/W
detectionflag o |ngicates that a reset by a RES pin reset does
not occur.
3 LVD2RST LVD2 reset 1: Indicates that a reset by an LVD2 reset occurs. R/W
detectionflag o |ngicates that a reset by an LVD2 reset does not
occur.
2 LVD1RST LVD1 reset 1: Indicates that a reset by an LVD1 reset occurs. R/W
detectionflag o |ngicates that a reset by an LVD1 reset does not
occur.
1 PORRST  LVDO reset 1: Indicates that a reset by an LVDO reset occurs.  R/W
detection flag 0: Indicates that a reset by an LVDO reset does not
occur.
0 WRST Watchdog timer 1: Indicates that a reset by a watchdog timer R/W

reset detection

flag 0

overflows.

: Indicates that a reset by a watchdog timer does

not occur.

Note: Each flag in this register can be cleared by writing 0 to it. The write value to the reserved
bits should always be 0.
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(2) Reset Control Register (RSTCR)

Address: H'FFO6DA

Bit: b7 b6 b5 b4 b3 b2 b1 b0
wi WE — — — — — SRST
Value after reset: 1 0 0 0 0 0 0 0
Bit Symbol  Bit Name Description R/W
7 Wi Write inhibit 0: Writing is permitted. W
1: Writing is inhibited.
6 WE Write enable 0: Writing is disabled. R/W
1: Writing is enabled.
[Setting condition]
When 0 is written to Wl and 1 is written to WE.
[Clearing condition]
When 0 is written to Wl and WE.
5to1 — Reserved These bits are read as 0. The write value should —
be 0.
0 SRST Software reset 0: Normal operation R/W
1: A software reset is generated.
Note: A MOV instruction should be used to write to this register.

e WI bit (write inhibit)

This register can be written to only when this bit is 0. This bit is always read as 1.

o  WE bit (write enable)

Bit O in this register can be written to when this bit is 1.

o SRST bit (software reset)

A software reset is generated when this bit is 1.
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332 Reset Exception Handling

When the RES pin goes high after being held low for the necessary time, 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, VOFR is cleared to H'0000, the T bit in EXR is cleared to 0, and the I bit in EXR
and CCR is setto 1.

The low-speed on-chip oscillator is selected as a system clock.

3. After the reset exception handling vector address is read and transferred to the PC, program
execution starts from the address indicated by the PC.

Figure 3.1 shows an example of the reset sequence.

Internal Prefetch of first
Vector fetch processing program instruction

RES /

Internal
address bus

X ©

—_
—_
—

Internal

read signal ' ' i !

Internal ' High ' ' '

write signal - - . ;
Y gree WY e\ Y grea

Internal : 2) 4): ' (6) .

data bus . 7 \—/ 1 \—/

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

(5) :Start address ((5) = (2)(4))

(6) :First program instruction

Figure 3.1 Reset Sequence
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333 Interrupts immediately after Reset

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

334 On-Chip Peripheral Functions after Reset Release

After release from a reset, MSTCR is initialized, and the DTC and all modules other than timer
RE enter module standby mode.

Consequently, on-chip peripheral module registers cannot be read or written to. Register reading
and writing is enabled when module standby mode is exited.
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34 Trace Exception Handling

Traces are enabled in interrupt control mode 2. Trace mode is not activated in interrupt control
mode 0, irrespective of the state of the T bit. For details on interrupt control modes, see section 4,
Interrupt Controller.

If the T bit in EXR is set to 1, trace mode is activated. In trace mode, a trace exception occurs on
completion of each instruction. Trace mode is not affected by the interrupt masking bit in CCR.
Table 3.3 shows the state of CCR and EXR after execution of trace exception handling. Trace
mode is canceled by clearing the T bit in EXR to 0. The T bit saved on the stack retains its value
of 1, and trace mode resumes when control is returned from the trace exception handling routine
by the RTE instruction. Trace exception handling is not carried out after execution of the RTE
instruction.

Interrupts are accepted even within the trace exception handling routine.

Table 3.3  Status of CCR and EXR after Trace Exception Handling

CCR EXR
Interrupt Control Mode | ul 12to 10 T
0 Trace exception handling cannot be used.
2 1 — — 0
[Legend]
1: Setto 1
0: Cleared to 0

— Retains value prior to execution.
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3.5 Interrupt Exception Handling

Interrupts are controlled by the interrupt controller. The interrupt controller has two interrupt
control modes and can assign interrupts other than NMI to four priority/mask levels to enable
multiplexed interrupt control. The source to start interrupt exception handling and the vector

address differ depending on the product. For details, see section 4, Interrupt Controller.

The interrupt exception handling is as follows:

1. The values in the program counter (PC), condition code register (CCR), and extended register
(EXR) are saved in the stack.

The interrupt mask bit is updated and the T bit is cleared to 0.

3. A vector address corresponding to the interrupt source is generated, the start address is loaded
from the vector table to the PC, and program execution starts from that address.

3.6 Trap Instruction Exception Handling

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

The trap instruction exception handling is as follows:

1. The values in the program counter (PC), condition code register (CCR), and extended register
(EXR) are saved in the stack.

The interrupt mask bit is updated and the T bit is cleared to 0.

A vector address corresponding to the interrupt source is generated, the start address is loaded
from the vector table to the PC, and program execution starts from that address.

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

Table 3.4 shows the status of CCR and EXR after execution of trap instruction exception handling.
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Table 3.4  Status of CCR and EXR after Trap Instruction Exception Handling
CCR EXR

Interrupt Control Mode | ul 12to 10 T

0 1 — — —

2 1 — — 0

[Legend]

1: Setto 1

0: Clearedto 0

— Retains value prior to execution.

3.7 Stack Status after Exception Handling

Figure 3.2 shows the stack after completion of trap instruction exception handling and interrupt

exception handling.

Advanced Modes

SP— CCR

PC (24 bits)

Interrupt control mode 0

Note: * Ignored on return.

SP—

EXR

Reserved*

CCR

PC (24 bits)

Interrupt control mode 2

Figure 3.2 Stack Status after Exception Handling
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3.8 Usage Note

When accessing word data or longword data, this LSI assumes that the lowest address bit is 0. The
stack should always be accessed by word transfer instruction or longword transfer instruction, and
the value of the stack pointer (SP, ER7) should always be kept even.

Use the following instructions to save registers:

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

Use the following instructions to restore registers:

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

Setting SP to an odd value may lead to a malfunction. Figure 3.3 shows an example of operation
when the SP value is odd.

Address
CCR SP— R1L H'FFFEFA
SP— L ] L ] H'FFFEFB
PC PC HFFFEFC
I N [ ~ |nFrreFD
______________________________________________________________ H'FFFEFE
SPo b ] H'FFFEFF
TRAPA instruction executed MOV.B R1L,@-ER7
E—— e Instruction executed
Data saved above SP Contents of CCR lost

SP set to H'FFFEFF
[Legend]
CCR : Condition code register
PC : Program counter
R1L : General register R1L
SP : Stack pointer

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

Figure 3.3 Operation when SP Value Is Odd
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Section 4 Interrupt Controller

4.1 Features

e Two interrupt control modes

Either of the two interrupt control modes can be selected by means of the INTM1 and INTMO
bits in the interrupt control register (INTCR).

e Priorities settable with IPR
An interrupt priority register (IPR) is provided for setting interrupt priorities. Four priority
levels can be set for each module for all interrupts except NMI. NMI and some flash memory
interrupts are assigned the highest priority level of 3, and can be accepted at all times.

e Independent vector addresses

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

e Nine external interrupts
NMI is the highest-priority interrupt, and is accepted at all times. Rising edge or falling edge
can be selected for NMI. Falling edge, rising edge, or both edges can be selected independently
for IRQ7 to IRQO.

e DTC control

DTC activation is performed by means of interrupt requests.
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A block diagram of the interrupt controller is shown in figure 4.1.

NMI input

IRQ input —

Internal

CPU

interrupt
sources

IAD to
ITGUD

INTM1 INTMO
INTCR}
NMIEG L
» NMI input unit ] Interrupt
request
IRQ input unit
ISR _— Vector
0 7 number
ISCR||IER Priority
determination
|
| 1w |

Interrupt controller

Figure 4.1 Block Diagram of Interrupt Controller

Table 4.1 shows the pin configuration of the interrupt controller.

Table 4.1 Pin Configuration

Name 110 Function

NMI Input Nonmaskable external interrupt
Rising or falling edge can be selected.

IRQ7 to IRQO Input Maskable external interrupts

Rising, falling, or both edges can be selected independently.
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4.2 Register Descriptions

e Interrupt control register (INTCR)

e JRQ sense control register H (ISCRH)

e IRQ sense control register L (ISCRL)

e JRQ enable register (IER)

e IRQ status register (ISR)

e Interrupt priority register A (IPRA)

e Interrupt priority register B (IPRB)

e Interrupt priority register C (IPRC)

e Interrupt priority register D (IPRD)

e Interrupt priority register E (IPRE)

e Interrupt priority register F (IPRF)

e Interrupt priority register G (IPRG)

e Interrupt priority register H (IPRH)

e Interrupt priority register I (IPRI)

o Interrupt vector offset register (VOFR)

¢ JRQ noise canceler control register (INCCR)
¢ Event link interrupt control status register (ELCSR)

REJ09B0465-0300 Rev. 3.00
Sep 17,2010 RENESAS

Page 77 of 982



Section 4 Interrupt Controller H85/20103, H8S/20203, H8S/20223, H8S/20115, H8S/20215, H8S/20235 Group

4.2.1 Interrupt Control Register (INTCR)

Address: H'FF0520

Bit: b7 b6 b5 b4 b3 b2 b1 b0
_ _ INTM[1:0] NMIEG ADTRG1 | ADTRGO -
Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
7 — Reserved These bits are read as 0. The write value should —
6 be 0.
5 INTM[1:0] Interrupt control 00: Interrupt control mode 0 R/W
4 select mode 1 Interrupts are controlled by the | bit.
and 0 01: Setting prohibited
10: Interrupt control mode 2
Interrupts are controlled by bits 11 and 10, and
IPR.
11: Setting prohibited
3 NMIEG NMI edge select O0: Interrupt request is generated at falling edge of R/W
NMI input.
1: Interrupt request is generated at rising edge of
NMI input.
2 ADTRG1 ADTRG2 edge 0: AD2 conversion is started at falling edge of R/W
select ADTRG2 input.
1: AD2 conversion is started at rising edge of
ADTRG2 input.
1 ADTRGO ADTRG1 edge 0: AD1 or AD2 conversion is started at falling edge R/W
select of ADTRG1 input.
1: AD1 or AD2 conversion is started at rising edge
of ADTRG1 input.
0 — Reserved This bit is read as 0. The write value should be 0. —

e INTMI1 and INTMO bits (interrupt control select mode 1 and 0)

These bits select the interrupt control mode for the interrupt controller.

e NMIEG bit (NMI edge select)
Selects the input edge for the NMI pin.
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e ADTRGI and ADTRGO bits (ADTRG?2 and ADTRG1 edge select)
These bits select the input edge for the ADTRG2 and ADTRGI pins.

4.2.2 Interrupt Priority Registers A to I (IPRA to IPRI)

e JPRA to IPRK

Address: H'FF0529 to H'FF0531

Bit: b7 b6 b5 b4 b3 b2 b1 b0
IPRN[7:6] IPRN[5:4] IPRn[3:2] IPRN[1:0]
Value after reset: 1 1 1 1 1 1 1 1
(n=Atol)
Bit Symbol Bit Name Description R/W
7 IPRN[7:6] Interrupt priority 00: Priority level O (lowest) R/W
6 7and 6 01: Priority level 1

10: Priority level 2

11: Priority level 3 (highest)
5 IPRn[5:4]  Interrupt priority 00: Priority level O (lowest) R/W
4 Sand 4 01: Priority level 1

10: Priority level 2

11: Priority level 3 (highest)
3 IPRN[3:2]  Interrupt priority 00: Priority level O (lowest) R/W
2 3and2 01: Priority level 1

10: Priority level 2

11: Priority level 3 (highest)
1 IPRN[1:0] Interrupt priority 00: Priority level O (lowest) R/W
0 1and0 01: Priority level 1

10: Priority level 2

11: Priority level 3 (highest)

[Legend]
n=Atol

e PR7 to IPRO bits (Interrupt priority 7 to 0)

IPR are nine 8-bit readable/writable registers that set priorities (levels 3 to 0) for interrupt sources
other than Nonmaskable interrupt request (NMI). 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 determines the priority of the corresponding
interrupt requests.
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Table 4.2  Correspondence between Interrupt Sources and IPR Settings

Register Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
IPRA Flash memory WDT LVD CPG
IPRB IRQO IRQ1 IRQ2 IRQ3
IPRC IRQ4 IRQ5 IRQ6 IRQ7
IPRD A/D converter A/D converter DTC ELC
unit 1 unit 2%’
IPRE SCI3 channel 1 SCI3 channel 2 SCI3 channel 3 —
IPRF — — [IC2/SSU —
IPRG — Timer RA Timer RB Timer RC*
IPRH Timer RD unit 0 Timer RD unit 0 Timer RD unit 1 Timer RD unit 1
channel 0 channel 1 channel 2*° channel 3*°

IPRI Timer RE — Timer RG —
Notes: —: Reserved

1. Provided for the H8S/20223 and H8S/20235 Groups only.
2. Provided for the H8S/20103 and H8S/20115 Groups only.
3. Not provided for the H8S/20103 and H8S/20115 Groups.
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4.2.3

IRQ Enable Register (IER)

Address: H'FF0521

Bit: b7 b6 b5 b4 b3 b0
IRQ7E IRQBE IRQS5E IRQ4E IRQ3E IRQOE

Value after reset: 0 0 0 0 0 0

Bit Symbol Bit Name Description R/W

7 IRQ7E IRQ7 enable 0: IRQY7 interrupts are disabled. R/W
1: IRQ7 interrupts are enabled.

6 IRQ6E IRQ6 enable 0: IRQ6 interrupts are disabled. R/W
1: IRQ6 interrupts are enabled.

5 IRQ5E IRQ5 enable 0: IRQ5 interrupts are disabled. R/W
1: IRQ5 interrupts are enabled.

4 IRQ4E IRQ4 enable 0: IRQ4 interrupts are disabled. R/W
1: IRQ4 interrupts are enabled.

3 IRQ3E  IRQ3 enable 0: IRQ3 interrupts are disabled. R/W
1: IRQ3 interrupts are enabled.

2 IRQ2E  IRQ2 enable 0: IRQ2 interrupts are disabled. R/W
1: IRQ2 interrupts are enabled.

1 IRQ1E  IRQ1 enable 0: IRQ1 interrupts are disabled. R/W
1: IRQ1 interrupts are enabled.

0 IRQOE  IRQO enable 0: IRQO interrupts are disabled. R/W
1

: IRQO interrupts are enabled.
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4.2.4 IRQ Sense Control Register H and L. ISCRH and ISCRL)

e ISCRH
Address: H'FF0522
Bit: b7 b6 b5 b4 b3 b2 bl b0
[IRQ7SCB : IRQ7SCA] | [IRQ6SCB : IRQESCA] [IRQ5SCB : IRQ5SCA] | [IRQ4SCB : IRQ4SCA]
Value after reset: 0 1 0 1 0 1 0 1
e ISCRL
Address: H'FF0523
Bit: b7 b6 b5 b4 b3 b2 b1 b0
[IRQ3SCB : IRQ3SCA] | [IRQ2SCB : IRQ2SCA] [IRQ1SCB : IRQ1SCA] [IRQOSCB : IRQOSCA]
Value after reset: 0 1 0 1 0 1 0 1
e ISCRH
Bit Symbol Bit Name Description R/W
7 [IRQ7SCB : IRQ7 sense 00: Reserved (setting prohibited) R/W
6 IRQ7SCA]  control B and A 01: Interrupt request is generated at falling edge
of IRQ7 input.
10: Interrupt request is generated at rising edge
of IRQ7 input.

11: Interrupt request is generated at both falling
and rising edges of IRQ7 input.

5 [[RQ6SCB : IRQ6 sense 00: Reserved (setting prohibited) R/W
IRQ6SCA] control B and A o1

: Interrupt request is generated at falling edge
of IRQ6 input.

10: Interrupt request is generated at rising edge
of IRQ6 input.

11: Interrupt request is generated at both falling
and rising edges of IRQ6 input.
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Bit Symbol Bit Name

Description R/W

3 [IRQ5SCB : IRQ5 sense
o IRQ5SCA] control Band A

00:
01:

10:

11:

Reserved (setting prohibited) R/W

Interrupt request is generated at falling edge
of IRQ5 input.

Interrupt request is generated at rising edge
of IRQ5 input.

Interrupt request is generated at both falling
and rising edges of IRQ5 input.

1 [IRQ4SCB : IRQ4 sense
0 IRQ4SCA] control B and A

00:
: Interrupt request is generated at falling edge

10:

11:

Reserved (setting prohibited) R/W

of IRQ4 input.

Interrupt request is generated at rising edge
of IRQ4 input.

Interrupt request is generated at both falling
and rising edges of IRQ4 input.
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H8S/20235 Group

e ISCRL
Bit Symbol

Bit Name

Description

R/W

7  [IRQ3SCB:

5 IRQ3SCA]

IRQ3 sense
control B and A

00:
01:

10:

11:

Reserved (setting prohibited)

Interrupt request is generated at falling edge
of IRQ3 input.

Interrupt request is generated at rising edge
of IRQ3 input.

Interrupt request is generated at both falling
and rising edges of IRQ3 input.

R/W

5 [I[RQ2SCB:

IRQ2SCA]

IRQ2 sense
control B and A

00:
01:

10:

11:

Reserved (setting prohibited)

Interrupt request is generated at falling edge
of IRQ2 input.

Interrupt request is generated at rising edge
of IRQ2 input.

Interrupt request is generated at both falling
and rising edges of IRQ2 input.

R/W

3 [IRQ1SCB :

IRQ1SCA]

IRQ1 sense
control B and A

00:
01:

10:

11:

Reserved (setting prohibited)

Interrupt request is generated at falling edge
of IRQ1 input.

Interrupt request is generated at rising edge
of IRQ1 input.

Interrupt request is generated at both falling
and rising edges of IRQ1 input.

R/W

[IRQOSCB :

”
o  IRQOSCA]

IRQO sense
control B and A

00:
01:

10:

11:

Reserved (setting prohibited)

Interrupt request is generated at falling edge
of IRQO input.

Interrupt request is generated at rising edge
of IRQO input.

Interrupt request is generated at both falling
and rising edges of IRQO input.

R/W
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Section 4 Interrupt Controller

4.2.5 IRQ Status Register (ISR)

Address: H'FF0524

Bit: b6 b5 b4 b3 b2 b1 b0
IRQ7F IRQ6F IRQ5F IRQ4F IRQ3F IRQ2F IRQ1F IRQOF
Value after reset: 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
7 IRQ7F IRQ7 flag [Setting condition] R/W
6 IRQ6F IRQ6 flag e When the interrupt edge selected by ISCR occurs. R/W
5 IRQ5F IRQ5 flag [Clearing conditions] R/W
4 IRQ4F IRQ4 flag e When 1 is read from the bit and then 0 is written toW
3 IRQ3F  IRQ3flag the same bit. RW
D) IRQ2F IRQ2 flag ¢ When IRQn interrupt exception handling is W
] IRQIF IRQT flag zzf:;ts: :As/hslleetfalllng, rising, or both-edge R/W
0 IRQOF IRQO flag R/W

When the DTC is activated by an IRQn interrupt
and the DISEL bit in MRB of the DTC is 0.
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4.2.6 IRQ Noise Canceler Control Register (INCCR)

Address: H'FF0525

Bit: b7 b6 b5 b4 b3 b2 b1 b0
- . INCCR[5:4] INCCR[3:2] INCCR[1:0]
Value after reset: 0 0 1 1 1 1 1 1
Bit Bit Name Initial Value Description R/W
7 — Reserved These bits are always read as 0. The write value  —
6 should always be 0.
5 INCCR[5:4] Noise canceling 00: Noise canceling ability 1 R/W
4 ability setting 5 4. Nojse canceling ability 2 (approximately 1.5
apd 4 for NMI times as capable as noise canceling ability 1)
pin . . . .
10: Noise canceling ability 3 (approximately 2.7
times as capable as noise canceling ability 1)
11: Noise canceling ability 4 (approximately 5 times
as capable as noise canceling ability 1)
INCCR[3:2] Noise canceling 00: Noise canceling ability 1 R/W
ability setting 3 4. Nojse canceling ability 2 (approximately 1.5
and 2 for IRQ7 times as capable as noise canceling ability 1)
to IRQ4 pins
10: Noise canceling ability 3 (approximately 2.7
times as capable as noise canceling ability 1)
11: Noise canceling ability 4 (approximately 5 times
as capable as noise canceling ability 1)
INCCR[1:0] Noise canceling 00: Noise canceling ability 1 R/W
0 ability setting 1 4. Nojge canceling ability 2 (approximately 1.5

and 0 for IRQ3
to IRQO pins

times as capable as noise canceling ability 1)

10: Noise canceling ability 3 (approximately 2.7
times as capable as noise canceling ability 1)

11: Noise canceling ability 4 (approximately 5 times
as capable as noise canceling ability 1)

Note: Noise canceling ability varies according to the manufacturing condition, temperature, and
V... When NMI or IRQ pin is in use, input pulses over longer intervals than the specified
minimum interval for input.
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Section 4 Interrupt Controller

4.2.7 Interrupt Vector Offset Register (VOFR)

Address: H'FF0526

Bitt b15 bi14 bi13 bi2 bi1 bi0 b9 b8 b7 b6

b5

b4

b3

b2

b1 b0

|bit15 |bit14 | bit13| bit12| bit11 | bit10| bit9 | bit8 | bit7 | bité | bitS| bit4 | bit3 | bit2 | bit1 | bit0 |

Value afterreset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
MSB LSB
bit15 bit14 bit13 bit12 bit11 bit10 bitd bit8 bit7 bit6 bits bit4 bit3 bit2 bit1 bitd
VOFR 0o i 0!
+
Interrupt vector
base address l |0|0|0|0|0 0|0| | | | | | | | | |

|

A23 A22 A21 A20 A19 A18 A17 A16 A15 A14 A13 A12 Al1

A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 A0

Vector address | | | | | | | | | | | | |

VORFR is a 16-bit readable/writable register that sets an offset for an interrupt vector address.

Interrupt vector areas other than the trace interrupt area and trap instruction interrupt area can be
varied with the offset. The upper 13 bits are used to set the offset for the interrupt vector address
(A23 to Al1). Bits 2 to 0 are reserved. The write value should always be 0. This register also can

be accessed in 8-bit units.

The vector address can be obtained by adding the VOFR value to the interrupt vector base address
as shown above, except for the trace interrupt and trap instruction interrupt.

This register is initialized to H'0000 by a reset.

Note: When the DTC is used while the interrupt vector offset register (VOFR) holds an offset-
address setting, the VOFR setting has no effect. The DTC refers to the vector definition in
the vector address area defined by the initial value (H'0000) of VOFR, which leads to the

execution of exception processing.

Whenever the DTC is used, set the VOFR to H'0000 (its default value).
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4.2.8 Event Link Interrupt Control Status Register (ELCSR)

Address: H'FF0528

Bit: b7 b6 b5 b4 b3 b2 b1 b0
- . . . ELIE2 ELIET ELF2 ELF1
Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
7to4 — Reserved These bits are read as 0. The write value should  —
be 0.
3 ELIE2 ELC interrupt 2 0: ELF2 interrupts are disabled. R/W
enable 1: ELF2 interrupts are enabled.
2 ELIE1 ELC interrupt 1 0: ELF1 interrupts are disabled. R/W
enable 1: ELF1 interrupts are enabled.
1 ELF2 ELC interrupt [Setting condition] R/W
flag 2 ¢ When the event selected by ELSR30 occurs*"’
[Clearing conditions]
¢ When 1 is read from this bit and then 0 is
written to the same bit.
o When the DTC is activated by an ELF2
interrupt, and the DISEL bit in MRB of the DTC
is 0.%
0 ELF1 ELC interrupt  [Setting condition] R/W

flag 1

¢ When the event selected by ELSR12 occurs*"’

[Clearing conditions]

¢ When 1 is read from this bit and then 0 is
written to the same bit.

e When the DTC is activated by an ELF1
interrupt, and the DISEL bit in MRB of the DTC
is 0.%°

Notes: 1. For details, see section 12, Event Link Controller.
2. When the DTC is activated by an ELF1 or ELF2 interrupt, the event link source module
is not affected.
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4.3 Interrupt Sources

4.3.1 External Interrupt sources

There are nine external interrupts: NMI and IRQ7 to IRQO. These external interrupts can be used
to cause the device to exit from standby mode.

(1) NMI Interrupt

The nonmaskable interrupt request (NMI) is the highest-priority interrupt, and always accepted by
the CPU regardless of the interrupt control mode or the status of the CPU interrupt mask bits. The
NMIEG bit in INTCR can be used to select whether an interrupt is requested at a rising edge or a
falling edge on the NMI pin.

(2) IRQ7 to IRQO Interrupts

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

e Using ISCR, it is possible to select whether an interrupt on the IRQ7 to IRQO input pins is
generated by a falling edge, rising edge, or both edges.

e Enabling or disabling of interrupt requests IRQ7 to IRQO can be selected with IER.
e The interrupt priority level can be set with IPR.

e The status of interrupt requests IRQ7 to IRQO is indicated in ISR. ISR flags can be cleared to 0
by software.

A block diagram of interrupts IRQ7 to IRQO is shown in figure 4.2.
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IRQnE
INCCRn IRQNSCB, IRQNSCA

; ‘ IRQnF
Noise cancel Edge detection !5 aQ IRQn interrupt
circuit circuit o request

IRQn input ’—> R
n=7t0

Clear signal

Figure 4.2 Block Diagram of IRQ7 to IRQO0 Interrupt

4.3.2 Internal Interrupts
The sources for internal interrupts from 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. They can be controlled
independently. When the enable bit is set to 1, an interrupt request is issued to the interrupt
controller.

e The interrupt priority level can be set by means of IPR.

e The DTC can be activated by a peripheral module interrupt request.

e  When the DTC is activated by an interrupt request, it is not affected by the interrupt control
mode or CPU interrupt mask bit.
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4.4 Interrupt Exception Handling Vector Table
Table 4.3 shows interrupt exception handling sources, vector addresses, and interrupt priorities.

For default priorities, the lower the vector number, the higher the priority. When interrupt control
mode 2 is set, priorities among modules can be changed by the IPR. Modules set at the same
priority will conform to their default priorities. Priorities within a module are fixed.
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Table 4.3  Interrupt Sources, Vector Addresses, and Interrupt Priorities

Origin of
Interrupt Vector
Source Interrupt Source Number Vector Address*' DTCER IPR Priority
RES Pin  Reset 0 H'0000 to H'0003 — — High
WDT 1. RES pin reset 4
LVD 2. WDT overflow
3. LVD reset
4. Software reset
— Reserved 1to 4 H'0004 to H'0013 — —
CPU Trace 5 H'0014 to H'0017 — —
— Reserved 6 H'0018 to H'001B — —
External NMI 7 H'001C to H'001F — —
pin
CPU TRAPAO (TRAPA #0 8 H'0020 to H'0023 — —
instruction)
TRAPAO (TRAPA #1 9 H'0024 to H'0027 — —
instruction)
TRAPAO (TRAPA #2 10 H'0028 to H'002B — —
instruction)
TRAPAO (TRAPA #3 11 H'002C to H'002F — —
instruction)
— Reserved 12to 15 H'0030 to H'OO3F — —
FLASH IFMBSYA (access 16 H'0040 to H'0043 — —
when flash memory
busy)
IFLRDY (flash 17 H'0044 to H'0047 — IPRA7 and
memory ready) IPRA6
WDT IWDT (WDT periodic 18 H'0048 to H'004B — IPRA5 and
interrupt) IPRA4
LVD ILVINT1 (low-voltage 19 H'004C to H'004F — IPRAS3 and
detected interrupt 1) IPRA2
ILVINT2 (low-voltage 20 H'0050 to H'0053 —
detected interrupt 2)
CPG ICKSW (clock 21 H'0054 to H'0057 — IPRA1 and v
switching interrupt) IPRAO Low

Page 92 of 982 REJ09B0465-0300 Rev. 3.00

RENESAS Sep 17, 2010



H8S/20103, H8S/20203, H8S/20223, H8S/20115, H8S/20215, H8S/20235 Group

Section 4 Interrupt Controller

Origin of
Interrupt Vector
Source Interrupt Source  Number Vector Address*' DTCER IPR Priority
External  IRQO 22 H'0058 to H'005B DTCEA7 IPRB7 and High
pin IPRB6 A
IRQ1 23 H'005C to H'0O0O5F DTCEA6 IPRB5 and
IPRB4
IRQ2 24 H'0060 to H'0063 DTCEA5 IPRB3 and
IPRB2
IRQ3 25 H'0064 to H'0067 DTCEA4 IPRB1 and
IPRBO
IRQ4 26 H'0068 to H'006B DTCEA3 IPRC7 and
IPRC6
IRQ5 27 H'006C to H'006F DTCEA2 IPRC5 and
IPRC4
IRQ6 28 H'0070 to H'0073 DTCEA1 IPRC3 and
IPRC2
IRQ7 29 H'0074 to H'0077 DTCEAO0 IPRC1 and
IPRCO
A/D IADEND_1 30 H'0078 to H'007B DTCEB7 IPRD7 and
converter (conversion end) IPRD6
unit 1 IADCMP_1 31 H'007C to H007F DTCEB6
(compare condition
match)
A/D IADEND_2 32 H'0080 to H'0083 DTCEB5 IPRD5 and
converter (conversion end) IPRD4
. 2
unit2* | ADCMP_2 33 H'0084 to H'0087 DTCEB4
(compare condition
match)
DTC ISWDTEND (data 34 H'0088 to H'008B — IPRD3 and
transfer end) IPRD2
ELC ELC1FP (ELSR12 35 H'008C to H'008F DTCEB3 IPRD1 and
event generation) IPRDO
ELC2FP (ELSR30 36 H'0090 to H'0093 DTCEB2 v
event generation) Low
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Origin of
Interrupt Vector
Source Interrupt Source Number Vector Address*' DTCER IPR Priority
SCI3 SCI3_1 ERI 37 H'0094 to H'0097 — IPRE7 and High
channel 1 1. Overrun error IPRE6 A
2. Parity error
3. Framing error
SCI3_1 RXI 38 H'0098 to H'009B  DTCEB1
SCI3_1 TXI 39 H'009C to H'009F DTCEBO
SCI3_1 TEI 40 H'00AO to H'00A3 —
SCI3 SCI3_2 ERI 41 H'00A4 to H'00A7 — IPRES5 and
channel 2 1. Overrun error IPRE4
2. Parity error
3. Framing error
SCI3_2 RXI 42 H'00A8 to H'0O0AB DTCEC?
SCI3_2 TXI 43 H'00AC to HO0OAF DTCEC6
SCI3_2 TEI 44 H'00BO to H'00B3 —
SCI3 SCI3_3 ERI 45 H'00B4 to H'00B7 — IPRE3 and
channel 3 1. Overrun error IPRE2
2. Parity error
3. Framing error
SCI3_3 RXI 46 H'00B8 to H'00BB DTCEC5
SCI3_3 TXI 47 H'00BC to H00BF DTCEC4
SCI3_3 TEI 48 H'00CO to H'00C3 —
— Reserved 49t0 58 H'00C4 to HOOEB — —
IIC2/SSU 1. 1IC-BUS mode 59 H'00EC to H'OOEF — IPRF3 and
— STPI
2. Clock
synchronous mode
— Overrun
3. SSU mode
— Overrun (OEI)
— Conflict (CEI)
RXI 60 H'00F0 to H'OOF3  DTCED7
TXI 61 H'O0F4 to H'O0OF7 DTCEDG6 \4
TEI 62 H'OOF8 to H'OOFB — Low
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Section 4 Interrupt Controller

Origin of
Interrupt
Source

Interrupt Source

Vector

Number Vector Address*'

DTCER

IPR Priority

Reserved

63 to 68 H'0OFC to H'0113

High

Timer RA/
HW-LIN

1. Timer RA
— ITAUD

2. HW-LIN

— Bus conflict
detection
(BCDCT)

— Sync Break
detection
(SBDCT)

— Sync Field

measurement
end (SFDCT)

69

H'0114 to H'0117

IPRG5and 4
IPRG4

Timer RB

ITBUD

70

H'0118 to H'011B

IPRG3 and
IPRG2

Timer RC*®

ITCMA (input
capture A/compare
match A)

71

H'011C to H'O11F

DTCED3

IPRG1 and
IPRGO

ITCMB (input
capture B/compare
match B)

72

H'0120 to H'0123

DTCED2

ITCMC (input
capture C/compare
match C)

73

H'0124 to H'0127

DTCED1

ITCMD (input
capture D/compare
match D)

74

H'0128 to H'012B

DTCEDO

ITCOV counter
overflow

75

H'012C to H'012F

Timer RD
unit 0
channel 0

ITDMAO_O (input
capture A/compare
match A)

76

H'0130 to H'0133

DTCEE7

IPRH7 and
IPRH6

ITDMBO_O (input
capture B/compare
match B)

77

H'0134 to H'0137

DTCEE6

Low
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Origin of
Interrupt Vector
Source Interrupt Source Number Vector Address*' DTCER IPR Priority
Timer RD  ITDMCO_O (input 78 H'0138 to H'013B DTCEE5 IPRH7 and High
unit 0 capture C/compare IPRH6 A
channel 0 match C)
ITCMDO_O (input 79 H'013C to H'013F DTCEE4
capture D/compare
match D)
ITDOVO_O overflow 80 H'0140 to H'0143 —
ITDUDO_O underflow 81 H'0144 to H'0147 —
Timer RD  ITDMAO_1 (input 82 H'0148 to H'014B DTCEE3 IPRH5 and
unit 0 capture A/compare IPRH4
channel 1 match A)
ITDMBO_1 (input 83 H'014C to H'014F DTCEE2
capture B/compare
match B)
ITDMCO_1 (input 84 H'0150 to H'0153 DTCEE1
capture C/compare
match C)
ITCMDO_1 (input 85 H'0154 to H'0157 DTCEEO
capture D/compare
match D)
ITDOVO_1 overflow 86 H'0158 to H'015B —
Timer RD  ITDMA1_2 (input 87 H'015C to H'015F DTCEF7  IPRH3 and
unit 1 , capture A/compare IPRH2
channel 2*° 3tch A)
ITDMB1_2 (input 88 H'0160 to H'0163 DTCEF6
capture B/compare
match B)
ITDMC1_2 (input 89 H'0164 to H0167 DTCEF5
capture C/compare
match C)
ITCMD1_2 (input 90 H'0168 to H'016B DTCEF4
capture D/compare
match D)
ITDOV1_2 overflow 91 H'016C to H'0O16F — v
ITDUD1_2 underflow 92 H'0170 to H'0173 — Low

Page 96 of 982

RENESAS

REJ09B0465-0300 Rev. 3.00

Sep 17,2010



H8S/20103, H8S/20203, H8S/20223, H8S/20115, H8S/20215, H8S/20235 Group Section 4 Interrupt Controller

Origin of
Interrupt Vector
Source Interrupt Source Number Vector Address*' DTCER IPR Priority
Timer RD  ITDMA1_3 (input 93 H'0174 to H'0177 DTCEE3 IPRH1 and High
unit 1 , capture A/compare IPRHO A
channel 3*"  match A)
ITDMB1_3 (input 94 H'0178 to H'017B DTCEE2
capture B/compare
match B)
ITDMC1_3 (input 95 H'017C to H'017F DTCEE1
capture C/compare
match C)
ITCMD1_3 (input 96 H'0180 to H'0183 DTCEEO
capture D/compare
match D)
ITDOV1_3 overflow 97 H'0184 to H'0187 —
— Reserved 98,99 H'0188to H'018F — —
Timer RE  Second interrupt 100 H'0190 to H'0193 DTCEG4 IPRI7 and
Minute interrupt 101 H'0194 to H0197 DTCEG3 PRI
Hour interrupt 102 H'0198 to H'019B DTCEG2
Day interrupt 103 H'019C to H'019F DTCEGH1
Week interrupt 104 H'01A0 to H'01A3 DTCEGO
Compare match 105 H'01A4 to H'O1A7 —
— Reserved 106 to H'01A8 to H'01B3 — —
108
Timer RG  ITGMA (input 109 H'01B4 to H'01B7 DTCEH3 IPRI3 and
capture A/compare IPRI2
match A)
ITGMB (input 110 H'01B8 to H'01BB DTCEH2
capture B/compare
match B)
ITGOV 111 H'01BC to H'01BF — 4
ITGUD 112 H'01C0 to H'01C3 — Low

Notes: 1. Lower 16 bits of the vector address when VOFR = H'0000

2. Provided for the H8S/20223 and H8S/20235 Groups only. This area is reserved for the
other groups.

3. Provided for the H8S/20103 and H8S/20115 Groups only. This area is reserved for the
other groups.

4. Not provided for the H8S/20103 and H8S/20115 Groups.
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4.5 Interrupt Control Modes and Interrupt Operation

The interrupt controller has two modes: interrupt control mode 0 and interrupt control mode 2.
Interrupt operations differ depending on the interrupt control mode. The interrupt control mode is
selected by INTCR. Table 4.4 shows the differences between interrupt control mode 0 and
interrupt control mode 2.

Table 4.4  Interrupt Control Modes

Interrupt Priority Setting  Interrupt

Control Mode Registers Mask Bits  Description

0 Default | The priorities of interrupt sources are fixed at
the default settings.
Interrupt sources except for NMI is masked by
the | bit.

2 IPR 11 and 10 Four priority levels except for NMI can be set
with IPR.

Four-level interrupt mask control is performed
by bits 11 and I0.

4.5.1 Interrupt Control Mode 0

In interrupt control mode O, interrupt requests except for NMI is masked by the I bit in CCR of the
CPU. Figure 4.3 shows a flowchart of the interrupt acceptance operation in this case.

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

2. If the I bit is set to 1, only an NMI interrupt is accepted, and other interrupt requests are held
pending. If the I bit is cleared, an interrupt request is accepted.

3. When interrupt requests are sent to the interrupt controller, the highest-ranked interrupt request
according to the priority system is accepted, and other interrupt requests are retained.

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

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

6. The I bit in CCR is set to 1. This masks all interrupts except NMI.

7. The CPU generates a vector address for the accepted interrupt request and starts execution of
the interrupt handling routine at the address indicated by the contents of the start address in the
vector table.
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1

Program execution status

No

Interrupt generated

Yes

Yes
IFMBSYA*

" |Retained|

-

3
| Save PC and CCR |

| |1 |

| Read vector address |

|Branch to interrupt handling routinel

Note: * Access interrupt when flash memory busy.

Figure 4.3 Flowchart of Procedure Up to Interrupt Acceptance
in Interrupt Control Mode 0
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4.5.2 Interrupt Control Mode 2

In interrupt control mode 2, mask control is executed in four levels for interrupt requests except
NMI by comparing the EXR interrupt mask level (I1 and 10 bits*) in the CPU and the IPR setting.
Figure 4.4 shows a flowchart of the interrupt acceptance operation.

1.

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

When interrupt requests are sent to the interrupt controller, the interrupt with the highest
priority according to the interrupt priority levels set in IPR is selected, and lower-priority
interrupt requests are held pending. If the same priority are generated at the same time, the
interrupt request is selected according to the default priority system shown in table 4.3.

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

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

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

The T bit in EXR is cleared to 0. The interrupt mask level is rewritten with the priority level of
the accepted interrupt. If the accepted interrupt is NMI, the interrupt mask level is set to H'3.
The CPU generates a vector address for the accepted interrupt request and starts execution of
the interrupt handling routine at the address indicated by the contents of the start address in the
vector table.

Note: * The I2 bit does not affect the mask control.
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;

Program execution status |

nterrupt m\No

Yes

Yes

IFMBSYA*

Level 3 interrupt

Level 2 interrupt

Mask level 2 No Yes No
or below Level 1 interrupt
ves Mask level 1 No Yes
or below
Yes
Mask level 0
Yes
1 )
\ A
\ \
[ save Pc, ccRr, and EXR | Retained

| Clear T bitto 0 [

| Update mask level |

| Read vector address |

|Branch to interrupt handling routinel

Note: * Access interrupt when flash memory busy.

Figure 4.4 Flowchart of Procedure Up to Interrupt Acceptance
in Interrupt Control Mode 2
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453 Interrupt Exception Handling Sequence

Figure 4.5 shows the interrupt exception handling sequence. The example shown is for the case
where interrupt control mode 0, the program area, and stack area are in on-chip memory.
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Figure 4.5 Interrupt Exception Handling
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454 Interrupt Response Time

Table 4.5 shows interrupt response time, the interval between generation of an interrupt request
and execution of the first instruction in the interrupt handling routine.

Table 4.5 Interrupt Response Times

Interrupt Control Interrupt Control
No. Execution Status Mode 0 Mode 2

Interrupt priority determination™ 3

Number of wait states until executing 1 to 21
instruction ends™

PC, CCR, EXR stack 2 3
Vector fetch

Instruction fetch™

||~ W

Internal processing™

Total (using on-chip memory) 1210 32 13to 33

Notes: 1. Two states in case of internal interrupt
2. Refers to MULXS and DIVXS instructions.
3. Prefetch after interrupt acceptance and interrupt handling routine prefetch
4. Internal processing after interrupt acceptance and internal processing after vector fetch

4.5.5 DTC Activation by Interrupt
The DTC can be activated by an interrupt request. In this case, the following options are available:

1. Interrupt request to CPU
2. Activation request to DTC
3. Both of the above

For details of interrupt requests that can be used to activate the DTC, see table 4.3 and section 11,
Data Transfer Controller (DTC).
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Section 4 Interrupt Controller

4.6 Usage Notes

4.6.1 Conflict between Interrupt Generation and Disabling

When an interrupt enable bit is cleared to 0 to mask interrupt requests, the masking becomes
effective after execution of the instruction. When an interrupt enable bit is cleared to O by an
instruction such as BCLR or MOV, if an interrupt is generated during execution of the instruction,
the interrupt concerned is still enabled on completion of the instruction, and so interrupt exception
handling for that interrupt will be executed after completion of the instruction. However, if there is
an interrupt request of higher priority than that interrupt, interrupt exception handling with the
higher-priority interrupt is executed, and that lower-priority interrupt will be ignored. The same
also applies when an interrupt source flag is cleared to 0. Figure 4.6 shows an example in which
the IRQOE bit in IER is cleared to 0. The above conflict does not occur if an enable bit or interrupt
source flag is cleared to 0 while the interrupt is masked.

IER write cycle by CPU

IRQO exception handling

Y
A

Internal
address bus

IER address

Internal
write signal

IRQOE

IRQO flag J

IRQO
interrupt signal

e Ghn GREEET] ELEEEREES RURR VL e

Figure 4.6 Conflict between Interrupt Generation and Disabling
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4.6.2 Instructions that Disable Interrupts

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

4.6.3 Time when Interrupts are Disabled

There are time when interrupt acceptance is disabled by the interrupt controller. The interrupt
controller disables interrupt acceptance for a 3-state period after the CPU has updated the mask
level with an LDC, ANDC, ORC, or XORC instruction.

4.6.4 Interrupts during Execution of EEPMOYV 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 the transfer
is not accepted until the transfer is completed.

With the EEPMOV.W instruction, if an interrupt request is issued during the transfer, interrupt
exception handling starts at a break in the transfer cycle. The PC value saved on the stack in this
case is the address of the next instruction. Therefore, if an interrupt is generated during execution
of an EEPMOV.W instruction, the following coding should be used.

Ll: EEPMOV.W
MOV .W R4,R4
BNE Ll
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4.6.5 Changing PMR, ISCRH, ISCRL and INCCR

When the PMR, ISCRH, ISCRL, and INCCR are modified to change an IRQ7 to IRQO interrupt
function, the interrupt request flag bit may be set to 1 at an unintended time. To prevent this, the
pin function should be changed when the interrupt request is disabled, then the interrupt request
flag should be cleared to O after a specific interval time*.

Figure 4.7 shows the procedure to modify PMR (port mode register), ISCRH, ISCRL, and INCCR
and clear the interrupt request flags.

Note: Two states + a minimum interval for input (t,/t, )

Set | bit in CCR The interrupt is disabled.
to 1. (Interrupts can also be
disabled by setting IER.)

Modify PMR, ISCRH,
ISCRL, and INCCR.

After setting each register,
Wait for a specific -+— the interrupt request flag
period. should be cleared to 0 after
waiting for a specific period.

Clear interrupt request
flag to 0.

Clear | bitin CCR

- i
0. The Interrupt is enabled.

Figure 4.7 Procedure to Modify PMR, ISCRH, ISCRL, and INCCR and Clear Interrupt
Request Flag

4.6.6 IRQ Status Register (ISR)

Depending on the pin state after a reset, IRQnF may be set to 1. Therefore, always read ISR and
clear it to O after resets.
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4.6.7 NMI Pin

The NMI pin is also used to set up entry to boot mode on exit from the reset state. In using the
NMI pin, note that the low-level should not be being applied to the NMI pins on exit from the
reset state (including power-on reset). In general, it is recommended that the connection of a pull-
up resistor to the NMI pin.
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Section 5 Clock Pulse Generator

The clock pulse generator is comprised of the main oscillator, a duty correction circuit, a low-
speed OCO (OCO: on-chip oscillator), a sub-oscillator, a clock selection circuit, a system clock
divider, a PSC divider for peripheral modules, and a ¢s divider for the bus master and memory.

Table 5.1 lists clock source symbols and their meanings used in this manual.

Table 5.1  Clock Source Symbols

Symbol Description

¢loco Low-speed OCO output

dosc Main oscillator output clock
dsub Sub-oscillator output clock
ohigh High-speed clock (¢posc)

dlow Low-speed clock (¢loco or osub)
dbase System reference clock

[0} System operation clock

oS Bus master operation clock
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5.1 Overview

Figure 5.1 shows a block diagram of the clock pulse generation circuit.

Choice of three clock sources:
¢loco, dsub, and dposc

Main oscillation backup function

By detecting a dosc stop, it is possible to automatically switch the system clock to ¢low.

Clock switching interrupt functio

n

When the system clock is switched from ¢osc to ¢ploco, a CPU interrupt can be generated if

enabled.

0OsC1
0osc2

X1
X2

'
' '
' '
' '
1 (D 1
'
' '
'
| High- 0/2 .
' speed . obase /4 H Peripheral
| clock | ohigh obase/2 PSC ; module
: Main Duty dosc (S:ﬁ'lcelfl: divider . 1
. clock correction pbase/4 /8192 1
1 loscillator circuit base/8 '
i High-speed/|: ¢base | System ibasel8 !
. low-speed clock |¢base/16 — 0 '
! lock select divider !
i | Lo loco circuit base/32 02 i
L3S o el “yl ] B
' low 0s ' os
H ClTCk gbase/128 divider | /8 ! internal
select ! memol
: Sub- | | Noise | osub circuit 0/16 ! v
CI,OHCl: canceller 0/32 '
1 loctalol Clock select circuit '
To WDT,

To WDT, timer RA, and timer RE 1
-

Figure 5.1 Block Diagram of Clock Pulse Generation Circuit
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The system reference clock (¢base) is the basic clock on which the CPU and on-chip peripheral
modules operate. ¢pbase can be divided by a value from 1 to 128 in the system clock divider, and
the divided clock is supplied as the system clock ¢. The system clock ¢ is divided by a value from
2 to 8192 in the PSC divider, and the divided clock can be supplied to on-chip peripheral modules.
The system clock ¢ is also divided by a value from 1 to 32 in the ¢s divider, and the divided clock
can be supplied to the bus master and memory.

After release from a reset, dbase is switched to the low-speed OCO.

5.2 Register Descriptions

e Backup control register (BAKCR)

e System clock control register (SYSCCR)

e Power-down control register 1 (LPCR1)

e Power-down control register 2 (LPCR2)

e Power-down control register 3 (LPCR3)

e OSC oscillation settling control status register (OSCCSR)
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5.2.1 Backup Control Register (BAKCR)

Address: H'FF06D4

Bit: b7 b6 b5 b4 b3 b2 b1 b0
wi WE OSCBAKE | BAKCKSEL | CKSWIE | CKSWIF [ OSCHLT -
Value after reset: 1 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
7 Wi Write inhibit 0: Writing is permitted. w
1: Writing is inhibited.
6 WE Write enable 0: Writing is disabled. R/W

1: Writing is enabled.
[Setting condition]

When 0 is written to Wl and 1 is written to WE at the
same time.

[Clearing condition]
When 0 is written to WI and WE at the same time.

5 OSCBAKE External clock  0: External clock backup is disabled. R/W
backup enable

: External clock backup is enabled.*

destination clock
source select

3 CKSWIE Clock switching  O: Interrupt requests are disabled. R/W
interrupt enable

1
4 BAKCKSEL Backup 0: ¢plow R/W
1: Setting prohibited

1: Interrupt requests are enabled.

2 CKSWIF Clock switching 0: A clock switching interrupt request has not been  R/W
interrupt flag generated.

1: A clock switching interrupt request has been
generated.

[Setting condition]

When the system clock for the LSl is switched from
oosc to plow while OSCBAKE is 1.

[Clearing condition]

When 1 is read from the bit and then 0 is written to
the same bit.
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Bit Symbol Bit Name Description R/W
1 OSCHLT  Main oscillator  0: The external main oscillator is oscillating. R
stop detectflag 1. Thg external main oscillator is stopped.
[Setting condition]
When the external main oscillator is stopped while
OSCBAKE is 1.
0 — Reserved This bit is read as 0. The write value should be 0. —

Notes: Be sure to use MOV instructions to write values to this register.

* Enable the external clock backup after completion of switching of the system clock from
oloco to posc. If enabling of the backup function is followed by switching of the system
clock from ¢loco to posc, switching of the clock signal may fail due to erroneous
detection by the clock-stop detection circuit. Furthermore, if an application is also using
the backup function in the period of switching of the system clock signal between ¢low
and ¢osc, disable the backup function while flow is in use as the system clock signal.

WI bit (write inhibit)
This register can be written to only when this bit is 0. This bit is always read as 1.

WE bit (write enable)

Bits 5 to 2 in this register can be written to when this bit is 1.

OSCBAKE bit (external clock backup enable)

The main oscillator stop detect circuit is enabled when this bit is 1. When this LSI operates at
the external main oscillator clock, the backup function is enabled.

By detecting a dosc stop, the system clock is automatically switched to ¢low.

CKSWIE bit (clock switching interrupt enable)
The main clock switching interrupt requests are enabled when this bit is 1.

CKSWIF bit (clock switching interrupt enable)

This is a clock switching interrupt request flag.

OSCHLT bit (main oscillator stop detect flag)

When the OSCBAKE bit is 1, this bit indicates the results of external oscillator stop detection.
This bit, however, simply indicates whether the oscillator is active or not; it does not indicate a
stable oscillation. When OSCBAKE is 0, this bit is always read as 0. An oscillator stop is
detected when the external oscillator is between O to 2 MHz.
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5.2.2 System Clock Control Register (SYSCCR)

Address: H'FF06D0

Bit: b7 b6 b5 b4 b3 b2 b1 b0
wi WE PHIHSEL | PHILSEL - SUBNCI[1:0] -
Value after reset: 1 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
7 Wi Write inhibit ~ 0: Writing is permitted. W
1: Writing is inhibited.
6 WE Write enable  0: Writing is disabled. R/W

1: Writing is enabled.
[Setting condition]

When 0 is written to Wl and 1 is written to WE at the
same time.

[Clearing condition]
When 0 is written to WI and WE at the same time.

5 PHIHSEL  o¢high clock 0: Setting prohibited R/W
source select

1: posc

[Setting condition]

When 1 is written to this bit while CKSWIF in BAKCR
is 0.

4 PHILSEL  ¢low clock 0: ¢loco R/W
source select 1: osub

3 — Reserved This bit is read as 0. The write value should be 0. —
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Bit Symbol Bit Name Description R/W
2,1 SUBNC osub noise 00: The sampling circuit is disabled. R/W
[1:0] g:nmcpi:ﬁgr; 01: Sampling is performed at ¢base/4.
function 10: Sampling is performed at ¢base/16.
setting 11: Setting prohibited
0 — Reserved This bit is read as 0. The write value should be 0. —

Notes: A MOV instruction should be used to write to this register.

*  Only enable the sampling circuit after completion of switching of the system clock from
oloco to posc. If the sampling circuit is enabled while the system clock is ¢loco, the
supply of ¢ subclock will be stopped during the period of waiting for stable ¢posc
oscillation when the system clock is switched from ¢loco to ¢osc.

Furthermore, if an application is also using the sampling circuit of the noise canceler for
the ¢ subclock signal in the period of switching of the system clock signal between ¢low
and ¢osc, disable the sampling circuit of the noise canceler for the ¢ subclock signal
while ¢low remains in use as the system clock signal.

o  WI bit (write inhibit)

This register can be written to only when this bit is 0. This bit is always read as 1.

o  WE bit (write enable)
Bits 5, 4, 2, and 1 in this register can be written to when this bit is 1.

e PHIHSEL bit (¢high clock source select)

This bit is 1 when 0 is written to the WI bit in BAKCR at CKSWIF = 0 and WE = 1 and then 1
is written to this bit.

e PHILSEL bit (¢low clock source select)
When 0 is written to WI and 1 is written to this bit at WE = 1, this bit is 1.
‘When 0 is written to WI and this bit at WE = 1, this bit is 0.

e SUBNCI1:0] bits (¢sub noise canceler sampling function setting)

Selects a sampling clock for the subclock oscillator noise canceler. Enable the sampling circuit
when ¢sub is selected as a clock source for the timer RE, timer RA, and watchdog timer.

Note: The frequency of the low-speed on-chip oscillator varies greatly according to the power
supply voltage and operating temperature. In designing application systems, allow
sufficient margins for frequency variation.
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5.2.3

Power-Down Control Register 1 (LPCR1)

Address: H'FF06D1

Bit: b7 b6 b5 b4 b3 b2 b1 b0
wi WE SSBY PSCSTP | SLEEPRS | STBYRS - PHIBSEL
Value after reset: 1 0 0 1 0 0 0 0
Bit Symbol Bit Name Description R/W
7 Wi Write inhibit 0: Writing is permitted. w
1: Writing is inhibited.
6 WE Write enable 0: Writing is disabled. R/W
1: Writing is enabled.
[Setting condition]
When 0 is written to Wl and 1 is written to WE at
the same time.
[Clearing condition]
When 0 is written to Wl and WE at the same time.
5 SSBY Software standby 0: A transition is made to sleep mode. R/W
1: A transition is made to standby mode.
4 PSCSTP  PSC divider stop 0: PSC divider is operating. R/W
1: PSC divider is stopped*.
3 SLEEPRS ¢ source select for 0: ¢plow R/W
recovery from 1: ohigh
sleep mode
2 STBYRS ¢ source select for 0: ¢low R/W
recovery from 1: ohigh
standby mode
1 — Reserved This bit is read as 0. The write value should be 0. —
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Bit Symbol Bit Name Description R/W

0 PHIBSEL obase clock  0: ¢low R/W
source select 1: ohigh

[Setting conditions]
e When 1 is written to this bit.

e When the system returns from sleep mode while
SLEEPRS s 1.

e When the system returns from standby mode
while STBYRS is 1.

[Clearing conditions]
e When 0 is written to this bit.

e When the main oscillator backup is generated
while BAKCKSEL in BAKCR is 0.
e When the system returns from sleep mode while
SLEEPRS is 0.
e When the system returns from standby mode
while STBYRS is 0.
Notes: A MOV instruction should be used to write to this register.

* QOperations of the peripheral modules using the ¢ clock are not affected by this bit
setting.

o  WI bit (write inhibit)

This register can be written to only when this bit is 0. This bit is always read as 1.

e WE bit (write enable)
Bits 5 to 2 in this register can be written to when this bit is 1.

e SSBY bit (software standby)

Selects a mode to be entered after the SLEEP instruction is executed.

e PSCSTP bit (PSC divider stop)

Stops the PSC divider circuit when this bit is 1. Peripheral modules using ¢/2 to ¢/8192 clocks
stop operation. (The register values are retained.)

e SLEEPRS bit (¢ source select for recovery from sleep mode)

Selects a clock source to be used when a transition is made from sleep mode to active mode.
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e STBYRS bit (¢ source select for recovery from standby mode)

Selects a clock source to be used when a transition is made from standby mode to active mode.

e PHIBSEL bit (¢pbase clock source select)

Selects a clock source for the ¢base to be used in active mode or sleep mode.

5.24 Power-Down Control Register 2 (LPCR2)

Address: H'FF06D2

Bit: b7 b6 b5 b4 b3 b2 b1 b0
wi WE . - - PHI[2:0]
Value after reset: 1 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
7 Wi Write inhibit 0: Writing is permitted. w
1: Writing is inhibited.
6 WE Write enable 0: Writing is disabled. R/W

1: Writing is enabled.
[Setting condition]

When 0 is written to Wl and 1 is written to WE at
the same time.

[Clearing condition]
When 0 is written to WI and WE at the same time.

5t03 — Reserved These bits are read as 0. The write value should —
be 0.
2to0 PHI[2:0] System clock ¢ 000: ¢base R/W
select 001: gbase/2

010: ¢base/4
011: ¢base/8
100: obase/16
101: obase/32
110: obase/64
111: ¢pbase/128

Note: A MOV instruction should be used to write to this register.
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o  WI (write inhibit)

This register can be written to only when this bit is 0. This bit is always read as 1.

e WE bit (write enable)

Bits 2 to 0 in this register can be written to when this bit is 1.

e PHI2 bit to PHIO bit (system clock ¢ select)

Selects a clock source for the system clock ¢ to be used in active mode or sleep mode. The
clock is changed immediately after this bit is set.

5.2.5 Power-Down Control Register 3 (LPCR3)

Address: H'FF06D3

Bit: b7 b6 b5 b4 b3 b2 b1 b0o
wi WE STBYINT | SLEEPINT - PHIS[2:0]
Value after reset: 1 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
7 Wi Write inhibit 0: Writing is permitted. W
1: Writing is inhibited.
6 WE Write enable 0: Writing is disabled. R/W
1: Writing is enabled.
[Setting condition]
When 0 is written to Wl and 1 is written to WE at
the same time.
[Clearing condition]
When 0 is written to Wl and WE at the same time.
5 STBYINT  Standby mode 0: No interrupt has occurred in standby mode. R
interrupt

generation flag

1: An interrupt has occurred in standby mode.
[Setting condition]

When an interrupt is generated in standby mode.
[Clearing condition]

When an interrupt is generated in states other
than standby mode.
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Bit Symbol Bit Name Description R/W
4 SLEEPINT Sleep mode 0: No interrupt has occurred in sleep mode. R
interrupt

. 1: An interrupt has occurred in sleep mode.
generation flag

[Setting condition]

When an interrupt is generated in sleep mode.
[Clearing condition]

When an interrupt is generated in states other
than sleep mode.

3 — Reserved This bit is read as 0. The write value should be 0. —
2t00 PHIS[2:0] Bus master 000: ¢ R/W
operation clock 001: ¢/2
0s select
010: ¢o/4
011: ¢/8
100: ¢/16
101: ¢/32

110: Setting prohibited
111: Setting prohibited

Note: A MOV instruction should be used to write to this register.

o  WI bit (write inhibit)

This register can be written to only when this bit is 0. This bit is always read as 1.

e  WE bit (write enable)

Bits 2 to 0 in this register can be written to when this bit is 1.

e STBYINT bit (standby mode interrupt generation flag)

This bit is set to 1 when an interrupt is generated in standby mode. This bit is cleared to O
when an interrupt is generated in the other state.

e SLEEPINT bit (sleep mode interrupt generation flag)

This bit is set to 1 when an interrupt is generated in sleep mode. This bit is cleared to 0 when
an interrupt is generated in the other state.

e PHIS[2:0] bits (bus master operation clock ¢s select)

Selects a clock source for the bus master operation clock ¢s to be used in active mode or sleep
mode. The clock is changed immediately after these bits are set.

Page 120 of 982 REJ09B0465-0300 Rev. 3.00

RENESAS Sep 17, 2010



H8S/20103, H8S/20203, H8S/20223, H8S/20115, H8S/20215, H8S/20235 Group Section 5 Clock Pulse Generator

5.2.6 OSC Oscillation Settling Control Status Register (OSCCSR)

Address: H'FF06D5

Bit: b7 b6 b5 b4 b3 b2 b1 b0
OSCWEF . - - STS[3:0]

Value after reset: 0 0 0 0 1 1 1 1

Bit Symbol Bit Name Description R/W

7 OSCWEF ¢osc oscillation
settling wait
state
completed flag

0: Number of wait states for a stable ¢osc oscillation R
has not elapsed.

1: Number of wait states for a stable ¢osc oscillation
has elapsed.

[Setting condition]

e The number of states specified by the STS[3:0] bits
having elapsed since starting of the main clock
oscillator

[Clearing conditions]

e Switching of the functions of the PJO and PJ1 pins
from general I/O to the oscillator functions

e A transition to standby mode while the PJO and PJ1
pins are functioning as oscillator pins

o Detection of stoppage of posc oscillation while the
backup function is enabled.

6to4 — Reserved These bits are read as 0. The write value should be 0. —
3to0 STS[3:0] oosc oscillation Specifies the number of wait states for a stable ¢osc R/W
settling time oscillation. For the relationship between assigned
select3t0 0 values and the numbers of wait states, see table 5.2.

e STS3 bit to STSO bit (¢posc oscillation settling time select 3 to 0)

Specifies the number of wait states for a stable ¢posc oscillation. The count clock is ¢osc. Table
5.2 shows the relationship between assigned values and the numbers of wait states. If the
system reference clock is posc when the system returns from the standby mode, or when the
system reference clock is switched to dosc, set these bits so that wait time will be 6.5 ms or
greater depending on the frequency of the oscillator.

The watchdog timer is enabled in the initial state. When switching the clock while the
watchdog timer is enabled, take account of the oscillation settling time in adjusting the
overflow cycle of the watchdog timer.
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If the ¢osc is already oscillating stably or the ¢osc is an external clock input, wait time can be
selected from 16 states (STS[3:0]=B'0000).

Table 5.2  Relationship between Operation Frequency and Number of Wait States
Bit Number of Operation Frequency
STS3 STS2 STS1 STSO Wait States 20MHz 16 MHz 10 MHz 8 MHz 4 MHz
0 0 0 0 16 states 0.00 0.00 0.00 0.00 0.00
0 0 0 1 32 states 0.00 0.00 0.00 0.00 0.01
0 0 1 0 64 states 0.00 0.00 0.01 0.01 0.02
0 0 1 1 128 states 0.01 0.01 0.01 0.02 0.03
0 1 0 0 256 states 0.01 0.02 0.03 0.03 0.06
0 1 0 1 512 states 0.03 0.03 0.05 0.06 0.13
0 1 1 0 1024 states  0.05 0.06 0.10 0.13 0.26
0 1 1 1 2048 states  0.10 0.13 0.20 0.26 0.51
1 0 0 0 4096 states  0.20 0.26 0.41 0.51 1.02
1 0 0 1 8192 states  0.41 0.51 0.82 1.02 2.05
1 0 1 0 16384 states  0.82 1.02 1.64 2.05 4.10
1 0 1 1 32768 states  1.64 2.05 3.28 4.10 8.19
1 1 0 0 65536 states  3.28 4.10 6.55 8.19 16.38
1 1 0 1 131072 states 6.55 8.19 13.11 16.38  32.77
1 1 1 0 262144 states 13.11 16.38 26.21 32.77 65.54
1 1 1 1 262144 states 13.11 16.38  26.21 32.77 65.54
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53 Operation of Selection of System Reference Clock

After a reset, this LSI enters active mode operating in low-speed clocks. The user, by means of
software, can change the system reference clock from a low-speed OCO clock to the main
oscillator clock or a sub-oscillator clock.

Figure 5.2 shows a transition diagram between system reference clock states. Table 5.3 shows
conditions under which clock sources can be switched.

Reset state

Reset released

Operation at
low-speed OCO clock
PHIBSEL=0
PHIHSEL=X
PHILSEL=0

Operation at
main oscillator clock
PHIBSEL=1
PHIHSEL=1
PHILSEL=X

Operation at sub-clock
PHIBSEL=0
PHIHSEL=X

PHILSEL=1

The LSI operates on dlow. The LSI operates on ¢high.

[Legend]
X: Don't care

Figure 5.2 Transition Diagram between LSI System Reference Clock States
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Table 5.3  Clock Source Switching
Bit
PHIBSEL PHIHSEL PHILSEL Switching Operation
0 Don't care 0—-1 ¢oloco — osub
0 Don't care 1->0 osub — ¢loco
0—-1 1 0 oloco — ¢osc
1-0 1 0 dosc — o¢loco
0—1 1 1 osub — dosc
1-0 1 1 dosc — osub
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Table 5.4 shows the low-speed OCO, main oscillator, and sub-oscillator operation states in each
operating mode (system state).

Table 5.4  Clock Operation States in Each Operating Mode

Low-Speed OCO Sub-Oscillator

System State System Clock  Main Oscillator State State State
Reset released ¢loco Stopped Oscillating Oscillating*®
Active mode,  ¢osc Depending on user Oscillating
sleep mode setting**
oloco Depending on user Oscillating
setting*’
osub Depending on user Oscillating
setting*'
Standby mode None Stopped Oscillating

Notes: 1. Can be set with the PMRJ[1:0] bits in PMRJ.
2. Backup operation is performed by selecting the oscillation stop with the PMRJ[1:0] bits
in PMRJ when the backup function is enabled.
3. A crystal resonator should be connected when a sub-oscillator clock is used. To switch
the system reference clock to ¢sub immediately after the power-on, oscillation settling
time for the sub-oscillator should be ensured.
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531 Switching System Reference Clock to ¢osc

Figure 5.3 shows a flowchart of the process in which the system reference clock is switched from
¢loco to dosc.

The LSI operates at the low-speed OCO clock.

[1] Set at least 6.5 ms of oscillation
settling time according
to the oscillation frequency.

[2] Select the oscillator functions

(1 for PJO and PJ1 pins.

. Set oscillation settling time
E with STS[3:0] in OSCCSR.
: [3] Setting PHIHSEL to 1 switches
H l ohigh to posc.

Set PMRJ[1:0] in PMRJ. (2]

I

[4] Setting PHIBSEL to 1 switches
obase from ¢low to ohigh.

. [5] Counting is driven by ¢osc durin
| Set PHIHSEL in SYSCCR to 1. | 3] the osciﬁ’ation settling time. LSI c?peration
l remains stopped until the number of
wait states for a stable oscillation has
| Set PHIBSEL in LPCR1 to 1. | [4] elapsed. LS| operation with posc
as the operating clock starts after that.
S o ; 3 [6] Enable the external clock backup
the ggtflli’gé%ir:ﬁz ?ocr)rt)lﬁ)ee m%\ilr?r [5] after completion of switching the
illator system clock.

LS| operation is driven by the main oscillator clock.

No

Is the backup function used ?

Set OSCBAKE in BAKCRto 1. | [6]

LS| operation is driven by the
main oscillator clock.

Figure 5.3 Flowchart of Clock Switching from ¢loco to ¢osc (1)
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The LS| operates at the low-speed OCO clock.

E C Start ) - [1] Set as least 6.5 ms of oscillation

H l H settling time according to the

H H oscillation frequency.

: o o m

: Set osmllatpn settling time : [2] Select the oscillator functions

: with STS[3:0] in OSCCSR. : for PJO and PJ1 pins.

: l : [8] OSCWEF is set to 1 after the number

' Set PMRJ[1:0] in PMRJ. 2] : of wait states specified l?y the STS[3:Q] bits
' H has elapsed after selection of the oscillator
H l : functions for the PJO and PJ1 pins.

: Wait for stable oscillation @ [4] Setting PHIHSEL to 1 switches

: by polling OSCWEF in OSCCSR. : ohigh to ¢osc.

H l - [5] Setting PHIBSEL to 1 switches

: H base from ¢low to ¢phigh.

: Set PHIHSEL in SYSCCRto 1. |[4] ! ¢ ¢lowto ¢hig

H ¢ H [6] Enable the external clock backup

E ' after completion of switching the

: Set PHIBSELin LPCR1to 1. |81 system clock.

No
Is the backup function used ?

Set OSCBAKE in BAKCR to 1. [6]

LS| operation is driven by the
main oscillator clock.

Figure 5.4 Flowchart of Clock Switching from ¢loco to dosc (2)
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53.2 Clock Change Timing
(1) Switching Division Ratio for the Same Clock Source

Figure 5.5 shows a division ratio switching timing chart for the same clock source.

obase I|||||||||||||||||||||||||I(S1||Illlllllllllllllllllllll

«
D]

«
)

PHI[2:0] 000 (divided by 1) X 010 (divided by 4) X 001 (divided by 2)

c UUUUUT L L LT UL

Figure 5.5 Timing of Division Ratio Switching for the Same Clock Source
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(2) Switching System Reference Clock Source

Figures 5.6 and 5.7 show clock source switching timing charts for the system reference clock.

1

CLKB

SELA

SELB

dbase

H '
H '
H '

H '
> >
< 0

'

Operation at CLKA ' Clock Operation at CLKB © Clock Operation at CLKA
switching switching
time time

[Legend]
CLKA: Clock A
CLKB: Clock B
SELA: CLKA select signal
SELB: CLKB select signal
obase: System base clock

Note: Clock switching time is a period from the clock select signal change to the second high level of the destination clock.

Figure 5.6 Timing of Clock Source Switching
(When the switching destination clock source is active)
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CLKA

CLKB

SELA

SELB

[

D
<

D

<

obase I | I

Operation at CLKA

D

Oscillation settling wait time

Operation at CLKB

[Legend]
CLKA: Clock A
CLKB: Clock B
SELA: CLKA select signal
SELB: CLKB select signal
odbase: System base clock

Note: The oscillation settling time differs according to the clock source.

Figure 5.7 Timing of Clock Source Switching
(When the switching destination clock source is stopped)

Oscillation stabilization wait time varies with switching destination clock sources. If the
destination clock is gosc, wait time is specified by the STS[3:0] bit of the OSCCSR. For
oscillation stabilization wait time values, see table 5.2.

During oscillation stabilization wait time, the dbase stops; therefore, any module that operates
with the ¢base as a base, including the bus master, stops. The register retains the pre-switching

value.
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533 Backup Operation

If the operating clock for the system is ¢posc and the backup function is enabled, when the main
oscillator detects an oscillation halt condition, the system clock automatically switches to ¢plow,
according to BAKCKSEL in BAKCR. The period from the stopping of the main oscillator to the
time the system clock is operating from ¢low will be clock halt detection time + oscillation
stabilization wait time for the backup clock. Time to wait for oscillation stabilization is O ms if the
target backup clock is already oscillating when stopping of the main oscillator is detected.

To reduce power consumption, it is also possible to set the target backup clock to a stopped state
when the backup function is enabled. In that case, the target backup clock is automatically
activated when stopping of the main clock oscillator is detected. The system clock is then changed
after a certain amount of oscillation settling time. This LSI circuit may malfunction during
operation with the back-up function. Accordingly, usage with the watchdog timer is
recommended.

: <

$0SC I | I | I R

OSCHLT

<

E )

X «
obase I | I | I D)

§

Operation at main oscillator clock $»OSC stops Clock switching’ Operation at backup destination clock
time

[Legend]
®»OSC: Main oscillator clock
OSCHLT: Main oscillator clock stop detection signal
BAKCLK: Backup destination clock
dbase: System base clock

Figure 5.8 Timing of Backup Operation When Main Oscillator Stops at High Level
(When the backup destination clock is active)
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¢OSC|||||§§ |

OSCHLT
¢

:
!
| D
1
1
:
1

1
i
BAKCLK ||||||||||||||I:lllllllllllllllllllll
i
i

e 1M UL

|
|
|
»e
> <

|
|
|
»e
»e
'

<

Operation at main oscillator clock »OSC stops * Clock Operation at backup destination clock
switching
time

[Legend]

0OSC: Main oscillator clock

OSCHLT: Main oscillator clock stop detection signal
BAKCLK: Backup destination clock

obase: System base clock

Figure 5.9 Timing of Backup Operation When Main Oscillator Stops at Low Level
(When the backup destination clock is active)
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: « <
00SC _I_\_,_\_I ) >
i
i ' [
OSCHLT ! »
! «
: ) |
| < ; < : '
BAKCLK ! R | 2 ;|||||||||||||
| : ! !
! < i < : |
obase ||||| » ! > i |||||||||||
| | T
e i
Operation at main oscillator clock'  $OSC stops. ' Oscillation " Clock ' Operation at backup
settling time switching destination clock
time
[Legend]

®OSC: Main oscillator clock

OSCHLT: Main oscillator clock stop detection signal
BAKCLK: Backup destination clock

obase: System base clock

Figure 5.10 Timing of Backup Operation When Main Oscillator Stops at High Level
(When the backup destination clock is stopped)
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| «
60SC ! ?
i
i i «
! )
! ¢
OSCHLT T D) !
| ¢ : ¢ : '
i » ! D j
BAKCLK i ' !
1 ' 1 1
: ; « : |
i P) !
obase ! ! ' |_|I |_| |_| |_| |_| I_
1 1 1 |
,e o
Operation at main oscillator clock' ®OSC stops. o Oscillation ' Clock ' Operation at backup destination clock
settling time switching
time
[Legend]

®»OSC: Main oscillator clock

OSCHLT: Main oscillator clock stop detection signal
BAKCLK: Backup destination clock

odbase: System base clock

Figure 5.11 Timing of Backup Operation When Main Oscillator Stops at Low Level
(When the backup destination clock is stopped)
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5.4 Main Clock Oscillator

This LSI has two methods to supply external clock pulses into it: connecting a crystal or ceramic
resonator, and an external clock. For setting PJO/OSC1 and PJ1/OSC2/CLKOUT for a crystal
resonator or an external clock, see section 10.10.1, Port Mode Register J (PMRJ). Figure 5.12
shows a block diagram of the Main clock oscillator.

osc2 )——9o— >o—

STBY
0OSCH1

[Legend]
STBY: Standby mode

Figure 5.12 Block Diagram of Main Clock Oscillator

54.1 Connecting Crystal Resonator

Figure 5.13 shows an example of connecting a crystal resonator. An AT-cut parallel-resonance
crystal resonator should be used. A damping resistor Rd should be added, if necessary. Since the
resistor values vary depending on the resonator, use values recommended by the resonator
manufacturer.

PJO/OSC1 T| m
=
CZ
PJ1/0SC2/CLKOUT J\N\,L '77 Cy=C,=10t022pF
Rd

Figure 5.13 Example of Connection to Crystal Resonator
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54.2 Connecting Ceramic Resonator

Figure 5.14 shows an example of connecting a ceramic resonator. A damping resistor Rd should
be added, if necessary. Since the resistor values vary depending on the resonator, use values
recommended by the resonator manufacturer.

PJO/OSC1 T' H
[
C.
C;=C,=51t030pF
PJ1/0SC2/CLKOUT JW‘I—“}- 1=C2 P

Figure 5.14 Example of Connection to Ceramic Resonator

543 External Clock Input Method

To use the external clock, input the external clock on pin OSC1. Figure 5.15 shows an example of
connection. The duty cycle of the external clock signal must be 45 to 55%.

PJO/OSCY |—— | | | | | | External clock input

PJ1/0SC2/CLKOUT |—— Open

Figure 5.15 Example of External Clock Input

Note: To input the external clock, set the PMRI[1:0] bits to 01. Do not input the external clock
while PMRIJ[1:0] bits are set to 11.
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5.5 Subclock Oscillator

Figure 5.16 shows a block diagram of the subclock oscillator.

X2

X1

Figure 5.16 Block Diagram of Subclock Oscillator

5.5.1 Connecting 32.768-kHz Crystal Resonator

Clock pulses can be supplied to the subclock divider by connecting a 32.768-kHz crystal
resonator, as shown in figure 5.17. A damping resistor Rd should be added, if necessary. Since the
resistor values vary depending on the resonator, use values recommended by the resonator
manufacturer.

X1 TH}
%2 LAAA Cﬁ} C,=C,=15pF (typ.)

Figure 5.17 Typical Connection to 32.768-kHz Crystal Resonator

5.5.2 Pin Connection when not Using Subclock

When the subclock is not used, connect pin X1 to VSS and leave pin X2 open, as shown in figure
5.18.

X Vsg
b
Xo Open

Figure 5.18 Pin Connection when not Using Subclock
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5.6 Prescaler

The prescaler is a 13-bit counter using the system clock (¢) as its input clock. The outputs, which
are divided clocks, are used as internal clocks by the on-chip peripheral modules. The prescaler is
initialized to H'0000 and stops counting after a reset. It starts counting when the PSCSTP bit in
LPCRI is cleared. The prescaler counter cannot be accessed by the CPU.

The outputs from the prescaler is shared by the on-chip peripheral modules. The division ratio can
be set separately for each on-chip peripheral module. The clock input to the prescaler is a system
clock with the division ratio specified by bits PHI2 to PHIO in LPCR2.
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5.7 Usage Notes

5.71 Note on Resonators

Resonator characteristics are closely related to board design and should be carefully evaluated by
the user, referring to the examples shown in this section. Resonator circuit parameters will differ
depending on the resonator element, stray capacitance of the PCB, and other factors. Suitable
values should be determined in consultation with the resonator element manufacturer. Design the
circuit so that the resonator element never receives voltages exceeding its maximum rating.

5.7.2 Notes on Board Design

When using a crystal resonator (ceramic resonator), place the resonator and its load capacitors as
close as possible to pins OSC1 and OSC2. Other signal lines should be routed away from the
oscillator circuit to prevent induction from interfering with correct oscillation (see figure 5.19).

Prohibited ———»

PJ0O/OSC1

PJ1/0SC2/CLKOUT

Signal A Signal B

%Cf_%

1
i
1
i
1
i
i
1
|
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i
1
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1
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Figure 5.19 Example of Incorrect Board Design
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Section 6 Power-Down Modes

In addition to normal active mode, this LSI can enter either of the two power-down modes after
release from a reset, in which power consumption is reduced. As other measures for reduced
power consumption, this LSI also has a bus-master-clock division function for the low-speed-
operation of bus masters, module standby function which allows the selective stopping of on-chip
peripheral modules, and a PSC-divider stopping function. Further power consumption is possible
by selecting the low-speed on-chip oscillator clock ¢loco, or sub-oscillator clock ¢sub as the
source of the system clock ¢ to operate the LSI at a low speed. After release from a reset, all of the
peripheral functions except timer RE are in the module standby state. Make the settings for the
operation of module in the corresponding registers after the module standby state is released.

e Active Mode

The CPU and on-chip peripheral modules operate on the system clock ¢. The system clock
frequency can be selected from among ¢base to ¢pbase/128, where dbase is the system
reference clock.

e Sleep Mode
The CPU is stopped. On-chip peripheral modules operate on the system clock ¢.

e Standby Mode

The CPU and all the on-chip peripheral modules are stopped. However, timer RE can operate
when the realtime clock mode is selected. The watchdog timer (WDT) also operates when the
low-speed OCO or subclock ¢sub is selected as the WDT clock source.

e Bus Master Clock Division Function

For the bus masters CPU and DTC, ROM, and RAM, the operating clock ¢s can be divided
independently of the clock supplied to the peripheral modules. The bus master clock ¢s can be
selected from among ¢ to ¢/32.

e PSC Divider Stop Function

The PSC divider can be stopped through software setting. Specifically, the peripheral modules
using ¢/2 to ¢/8192 are stopped (register values are retained), whereas the ones using ¢ remain
operating.

e Module Standby Function

Power consumption can be reduced by halting individual on-chip peripheral modules that are
not in use.
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6.1

Register Descriptions

The registers related to power-down modes are listed below.

6.1.

Power-down control register 1 (LPCR1)
Power-down control register 2 (LPCR2)
Power-down control register 3 (LPCR3)
Module standby control register 1 (MSTCRI1)
Module standby control register 2 (MSTCR?2)
Module standby control register 3 (MSTCR3)

1 Power-Down Control Registers 1, 2, and 3 (LPCR1, LPCR2, LPCR3)

LPCR1, LPCR2, and LPCR3 control power-down modes. For details, see section 5, Clock Pulse
Generator.

6.1.

2 Module Standby Control Register 1 (MSTCR1)

Address: H'FFFFDC

Bit: b7 b6 b5 b4 b3 b2 b1 b0
MSTWDT - MSTAD1 | MSTAD2 MSTDA | MSTDTC - -
Value after reset: 1 0 1 1 1 1 0 0
Bit Symbol Bit Name Description R/W
7 MSTWDT  Watchdog timer 0: Operating state R/W
module standby 4. giandby state
— Reserved This bit is read as 0. The write value should be 0. —
MSTAD1 A/D converter  0: Operating state R/W
unit 1 module 4. gandpy state
standby
4 MSTAD2 A/D converter  0: Operating state R/W
ls‘g;ibr;gdme 1: Standby state
3 MSTDA D/A converter  0: Operating state R/W

module standby 4. giangby state
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Bit Symbol Bit Name Description R/W

2 MSTDTC DTC module 0: Operating state R/W
standby 1: Standby state

1,0 — Reserved These bits are read as 0. The write value should be 0. —

Note: * When a peripheral module is in the module standby state, the registers of the module

cannot be accessed.

MSTWDT bit (watchdog timer module standby)

When this bit is set to 1, the WDT enters the standby state. Note that if the low-speed OCO is
selected as the WDT count clock, the WDT operates regardless of the setting of this bit but the
WDT registers cannot be accessed.

MSTADI1 bit (A/D converter unit 1 module standby)
When this bit is set to 1, A/D converter unit 1 enters the standby state.

MSTAD?2 bit (A/D converter unit 2 module standby)
When this bit is set to 1, A/D converter unit 2 enters the standby state.

A/D converter unit 2 is not available on the H8S/20103, H8S/20203, H8S/20115, and
H8S/20215 Groups; this bit is reserved on these devices. For a write-access, write 1 to this bit.

MSTDA bit (D/A converter module standby)
When this bit is set to 1, the D/A converter enters the standby state.

MSTDTC bit (DTC module standby)
When this bit is set to 1, the DTC enters the standby state.
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6.1.3 Module Standby Control Register 2 (MSTCR2)

Address: H'FFFFDD

Bit: b7 b6 b5 b4 b3 b2 b1 b0
MSTSCI3_1 | MSTSCI3_2 | MSTSCI3_3 . . MSTICSU - -
Value after reset: 1 1 1 1 1 1 1 1
Bit Symbol Bit Name Description R/W
7 MSTSCI3_1 SCI3 channel 1 0: Operating state R/W
module standby 4. gandby state
6 MSTSCI3_2 SCI3 channel 2 0: Operating state R/W
module standby 4. gtandby state
5 MSTSCI3_3 SCI3 channel 3 0: Operating state R/W
module standby 4. gandby state
4,3 — Reserved These bits are read as 1. The write value should —
be 1.
2 MSTICSU  1IC2/SSU 0: Operating state R/W
module standby 4. gandby state
1,0 — Reserved These bits are read as 1. The write value should —
be 1.

Notes: 1. When a peripheral module is in the module standby state, the registers of the module
cannot be accessed.

2. When writing to this register, write 1s to the reserved bits.
e MSTSCI3_1 (SCI3 channel 1 module standby)
When this bit is set to 1, SCI3 channel 1 enters the standby state.

e MSTSCI3_2 (SCI3 channel 2 module standby)
When this bit is set to 1, SCI3 channel 2 enters the standby state.

e MSTSCI3_3 (SCI3 channel 3 module standby)
When this bit is set to 1, SCI3 channel 3 enters the standby state.

e MSTICSU (IIC2/SSU module standby)
When this bit is set to 1, the IIC2 or SSU enters the standby state.
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6.14 Module Standby Control Register 3 (MSTCR3)

Address: H'FFFFDE

Bit: b7 b6 b5 b4 b3 b2 b1 b0o
MSTTMRA | MSTTMRB | MSTTMRC [MSTTMRD1 [ MSTTMRD2 | MSTTMRG - MSTTMRE
Value after reset: 1 1 1 1 1 1 1 0
Bit Symbol Bit Name Description R/W
7 MSTTMRA Timer RA 0: Operating state R/W
module standby 4. giandby state
6 MSTTMRB Timer RB 0: Operating state R/W
module standby 4. giandby state
5 MSTTMRC Timer RC 0: Operating state R/W
module standby 4. giandby state
4 MSTTMRD1 Timer RD unit 0 0: Operating state R/W
module standby 4. giandby state
3 MSTTMRD2 Timer RD unit 1 0: Operating state R/W
module standby 4. giandby state
2 MSTTMRG Timer RG 0: Operating state R/W
module standby 4. giangby state
— Reserved This bit is read as 1. The write value should be 1. —
0 MSTTMRE Timer RE 0: Operating state R/W

module standby 4. giandby state

Notes: 1. When a peripheral module is in the module standby state, the registers of the module

cannot be accessed.
2. When writing to this register, write 1s to the reserved bits.
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e MSTTMRA bit (timer RA module standby)
When this bit is set to 1, timer RA enters the standby state.

e MSTTMRB bit (timer RB module standby)
When this bit is set to 1, timer RB enters the standby state.

e MSTTMRC bit (timer RC module standby)
When this bit is set to 1, timer RC enters the standby state.

Timer RC is not available on the H8S/20203, H8S/20223, H8S/20215, and H8S/20235
Groups; this bit is reserved on these devices. For a write-access, write 1 to this bit.

e MSTTMRDI bit (timer RD unit 0 module standby)
When this bit is set to 1, timer RD unit O enters the standby state.

e MSTTMRD?2 bit (timer RD unit 1 module standby)
When this bit is set to 1, timer RD unit 1 enters the standby state.

Timer RD unit 1 is not available on the H8S/20103 and H8S/20115 Groups; this bit is reserved
on the device. For a write-access, write 1 to this bit.

e MSTTMRG bit (timer RG module standby)
When this bit is set to 1, timer RG enters the standby state.

e MSTTMRE bit (timer RE module standby)

When this bit is set to 1, timer RE enters the standby state. Note that if the ¢sub is selected as
the count clock in realtime clock mode or output-compare mode, timer RE operates regardless
of the setting of this bit but the timer RE registers cannot be accessed.
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Section 6 Power-Down Modes

6.2 Mode Transitions and States of LSI

Figure 6.1 shows the possible transitions among the operating modes. SLEEP instructions are used
to cause a transition from the program execution state to the program halt state. Interrupts are used
to return from the program halt state to the program execution state. When the RES pin is driven
low or any other internal reset occurs, this LSI is placed in the reset state from any mode. After
release from a reset, this LSI is placed in active mode.

Reset state
Operating clock: ¢loco

Program stop state
Peripheral functions

unavailable

Standby mode

SSBY =1
SLEEP instruction

Program execution
state
—_—

SSBY =0
SLEEP instruction

Y

Active mode |

Program halt state
Peripheral functions
available

Sleep mode

Interrupt

~——

Interrupt

Selectable clock sources:

0osc
oloco
osub

Figure 6.1 Mode Transition Diagram
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Table 6.1 shows the internal states of the LSI in each mode.

Table 6.1 Internal State in Each Operating Mode

LPCR1 LPCR1
PSCSTP =0 PSCSTP =1
Function Active Mode Sleep Mode Active Mode Sleep Mode Standby Mode
System clock Functioning Functioning Functioning Functioning Stopped
CPU Instruction Functioning Stopped Functioning Stopped Stopped
execution
Registers Functioning Retained Functioning Retained Retained
DTC Functioning Functioning Functioning Functioning Stopped
ELC Functioning Functioning Functioning*'  Functioning*' Retained
RAM Functioning Functioning Functioning Functioning Retained
I/O ports Functioning Functioning Functioning Functioning Register
contents are
retained, but
output goes to
the high-
impedance
state.
External IRQ7 to Functioning Functioning Functioning Functioning Functioning
interrupts IRQO, NMI
Peripheral ~ Timer RA, Functioning Functioning Retained** Retained** Retained
modules timer RB,
timer RC,
timer RD_O,
timer RD_1
Timer RE Functioning Functioning Functioning in realtime clock  Functioning in
mode and retained in output-  realtime clock
compare mode. mode and
retained in
output-compare
mode.
Timer RG Functioning Functioning Retained** Retained** Retained

Watchdog Functioning Functioning Retained*’ Retained*® Retained*®
timer

SCI3_1, Functioning Functioning Retained* Retained** Reset
SCI3_2,
SCI3_3
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LPCR1 LPCR1
PSCSTP =0 PSCSTP =1

Function Active Mode Sleep Mode Active Mode Sleep Mode Standby Mode
Peripheral  11C2/SSU Functioning Functioning Retained Retained Reset
modules A/D Functioning Functioning Retained** Retained** Reset

converter_1,

A/D

converter_2

D/A converter Functioning Functioning Functioning Functioning Reset
Notes: 1. The timers are stopped if ¢/2 to ¢/8192 is selected as the clock source of the event-

generation timer.

2. The timers operate if ¢ is selected as the count clock. The timers are stopped if ¢/2 to
#/8192 is selected as the count clock.

3. The WDT operates if the low-speed OCO or subclock ¢sub is selected as its clock
source.

4. The A/D converters operate when A/D conversion time = 43 states (max) is selected.
The A/D converters are retained when the other conversion time is set.

6.2.1 Active Mode

In active mode, the CPU, DTC, and all the on-chip peripheral modules operate on the system
clock ¢. The system clock frequency can be selected from among ¢base, dbase/2, pbase/4,
Obase/8, dpbase/16, pbase/32, dbase/64, and dpbase/128 according to the PHI[2:0] setting in LPCR2.

6.2.2 Sleep Mode

When a SLEEP instruction is executed in active mode with the SSBY bit = 0 in LPCRI1, a
transition to sleep mode is made. In sleep mode, the CPU is stopped but the DTC and all the on-
chip peripheral modules operate on the system clock. CPU register contents are retained.

When an interrupt is requested, sleep mode is canceled causing a transition to active mode and
interrupt exception handling starts. Sleep mode cannot be canceled if the I bit in CCR is 1 or the
requested interrupt is masked by the interrupt enable bit. After sleep mode is canceled, the high-
speed or low-speed clock is selected as the system clock source depending on the SLEEPRS bit
setting in LPCRI.

When the RES pin is driven low or any other internal reset occurs, sleep mode is canceled causing
a transition to the reset state.
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6.2.3 Standby Mode

When a SLEEP instruction is executed in active mode with the SSBY bit =1 in LPCR1, a
transition to standby mode is made. In standby mode, clock oscillation is stopped and thus the
CPU, DTC, and all the on-chip peripheral modules (except timer RE and WDT) are stopped.
However, as long as the rated voltage is supplied, the following contents are retained: the CPU
registers, the registers of some on-chip peripheral modules, and on-chip RAM. Additionally, on-
chip RAM contents will be retained as long as the voltage rated as the RAM data retention voltage
is provided. The I/O ports go to the high-impedance state.

When an interrupt is requested, standby mode is canceled causing a transition to active mode and
interrupt exception handling starts. Standby mode cannot be canceled if the I bit in CCR is 1 or the
requested interrupt is masked by the interrupt enable bit. After standby mode is canceled, the high-
speed or low-speed clock is selected as the system clock source depending on the STBYRS bit
setting in LPCR1.

When the RES pin is driven low or any other internal reset occurs, standby mode is canceled
causing a transition to the reset state.

6.3 Bus Master Clock Division Function

In active or sleep mode, the operating clock for the CPU, DTC, on-chip ROM, and on-chip RAM
can be divided independently of the clock supplied to the peripheral modules. Using a divided
clock can reduce power consumption.

The operating clock ¢s for the bus masters and the on-chip ROM and on-chip RAM can be
selected from among ¢, ¢/2, ¢/4, ¢/8, $/16, and ¢/32 according to the PHIS[2:0] setting in LPCR3.

6.3.1 Reset States

For reset states, see section 3.3, Reset.
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6.4 Module Standby Function

The module standby function is available for any peripheral module. When a module is set to the
module standby state, the clock supply to the module stops placing the module in the power-down
state. Setting the corresponding bit to the module in MSTCR to 1 places the module in the module
standby state and clearing the bit cancels the module standby state. After release from a reset, all
the modules except timer RE are in the module standby state; to use a module, cancel the module
standby state of it.

Note that the registers of the module in the module standby state cannot be accessed.

6.5 PSC Divider Stop Function

When the peripheral modules do not use the PSC divider output, the PSC divider can be stopped
by setting the PSCSTP bit in LPCR1 to 1.

When the PSC divider is stopped, the peripheral modules using ¢/2 to ¢/8192 can be stopped as
shown in table 6.1 (register values are retained). Before setting the PSCSTP bit to 1, set the
peripheral modules using the PSC divider output to the module standby state.

After release from a reset, the PSC divider is stopped since the PSCSTP bit is set to 1. For the
PSCSTP bit, see section 5.2.3, Power-Down Control Register 1 (LPCR1).

REJ09B0465-0300 Rev. 3.00

Page 151 of 982
Sep 17, 2010 RENESAS



Section 6 Power-Down Modes H85/20103, H8S/20203, H8S/20223, H8S/20115, H8S/20215, H8S/20235 Group

Page 152 of 982 REJ09B0465-0300 Rev. 3.00

RENESAS Sep 17, 2010



H8S/20103, H8S/20203, H8S/20223, H8S/20115, H8S/20215, H8S/20235 Group Section7 ROM

Section 7 ROM

The features of the on-chip flash memory are described below.

7.1 Overview

e Programming/erasing method

Four bytes are programmed simultaneously. A single block is erased at a time; only one block
should be erased at a time even when the entire ROM area is to be erased.

e Programming/erasing time
Programmable ROM programming time: 150 us (typ.) for 4-byte simultaneous programming,
i.e., 38 Uus (typ.) per byte
Data flash programming time: 300 us (typ.) for 4-byte simultaneous programming, i.e., 75 Us
(typ.) per byte
Erasing time: 200 ms (typ.) per block for the programmable ROM and data flash areas.

e Reprogramming capability: The programmable ROM area can be reprogrammed up to 1000
times and the data flash area can be reprogrammed up to 10000 times.

e Two on-board programming modes

Boot mode: The on-chip SCI can be used for programming/erasing the user ROM area. In this
mode, the communication bit rate between the host and this LSI can be automatically adjusted.

User mode: Any interface can be used for programming/erasing the user ROM area.
e Programmer mode
A PROM programmer is used for programming/erasing.
e Protection function
Flash memory can be protected against erroneous programming and erasure.
Lock-bit protection function can be set through software.
e PROM-programmer protection/Boot-mode protection

By writing specified data to a specified address range in user ROM, protection of the user-
ROM area in boot mode and PROM-programmer mode can be established.

e Access cycle
Programmable ROM: One state
Data flash: Two states
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7.2 Block Configuration

Figure 7.1 shows the blocks of the flash memory. The user ROM area contains the programmable
ROM area for storing the microcomputer's operating program and the data flash area for storing
data. In the figure, the thick-line frames each indicate an erasure block (erasing unit); the thin-line
frames each indicate a programming unit. The values in the frames are addresses. Erasure can be
done in erasure-block units shown in the figure 7.1. Programming can be done in 2-word or 4-byte
units, each of which begins at the address whose lower four-bit value is H'0, H'4, H'S, or H'C.
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Section7 ROM

H8S/20103, H8S/20203, and H8S/20223
(programmable ROM: 128 Kbytes, data flash: 8 Kbytes)

~———Programming unit: 4 bytes ——p

~=
P

~=
P

~=
P

~=
P

H'000000 H'000001 H'000002 H'000003
Programmable ROM block 0 | 11000004 | H'000005 | H'000006 | H'000007
(erasing unit: 16 Kbytes)
H'000008 H'000009 H'00000A H'00000B
H'00000C H'00000D H'00000E H'00000F
H'003FFC | H'003FFD H'003FFE H'003FFF
‘ Programmable ROM block 1 H'004000 H'004001 H'004002 H'004003
(erasing unit: 32 Kbytes) | | | J
H'00BFFC | H'00BFFD H'00BFFE H'00BFFF
A Programmable ROM block 2 H'00C000 H'00C001 H'00C002 H'00C003
(erasing unit: 32 Kbytes) = ' ' '
H'013FFC | H'013FFD H'013FFE H'013FFF
A Programmable ROM block 3 H'014000 H'014001 H'014002 H'014003
(erasing unit: 32 Kbytes) - ' ' '
H'01BFFC | H'O1BFFD H'01BFFE H'01BFFF
\ Programmable ROM block 4 H'01C000 H'01C001 H'01C002 H'01C003
(erasing unit: 16 Kbytes) = ' ' ' -
H'01FFFC | H'O1FFFD H'01FFFE H'01FFFF
Data flash A block 5 H'FO0000 H'FO0001 H'FO0002 H'FO0003
(erasing unit: 4 Kbytes) - \ \ \
H'FOOFFC | H'FOOFFD H'FOOFFE H'FOOFFF
A Data flash B block 6 H'FO1000 H'FO1001 H'F01002 H'F01003
(erasing unit: 4 Kbytes) oA ' ' ' -
H'FO1FFC | H'FO1FFD H'FO1FFE | H'FO1FFF

Figure 7.1 Block Configuration of Flash Memory (1)
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H8S/20102, H8S/20202, and H8S/20222
(programmable ROM: 96 Kbytes, data flash: 8 Kbytes)

~——Programming unit: 4 bytes ———
A H'000000 | H'000001 | H000002 | H000003
Programmable ROM block 0 | 11000004 | H'000005 | H'000006 | H000007

(erasing unit: 16 Kbytes)
H'000008 H'000009 H'00000A H'00000B
H'00000C H'00000D H'00000E H'00000F

I~ I
—~ ' ' ' =

Y H'003FFC | H'003FFD H'003FFE H'003FFF

“Programmable ROM block 1 | H'004000 H'004001 H'004002 H'004003
(erasing unit: 32 Kbytes)

((

| ' ' ' L
~= H H H =
P P

\ 4 H'00BFFC | H'OOBFFD | HOOBFFE | H'OOBFFF

“ ! ! 1 1
Programmable ROM block 2 H'00C000 H'00C001 H'00C002 H'00C003
(erasing unit: 32 Kbytes) = I I i N

~
' ' ' <

Y H'013FFC | H'013FFD H'013FFE H'013FFF
“Programmable ROM block 3 | H'014000 H'014001 H'014002 H'014003
(erasing unit: 16 Kbytes) -

~=
P

\ H'017FFC | H'017FFD H'017FFE | H'O17FFF

AData flash A block 5 H'FO0000 | H'FO0001 H'FO0002 H'FO0003
(erasing unit: 4 Kbytes) - I I I -

\ H'FOOFFC | H'FOOFFD | HFOOFFE | H'FOOFFF

3 Data flash B block 6 H'FO1000 | H'FO1001 H'FO1002 H'FO1003
(erasing unit: 4 Kbytes) = ! , , NN

\ 4 H'FO1FFC | H'FO1FFD | HFO1FFE | H'FO1FFF

Figure 7.1 Block Configuration of Flash Memory (2)
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Section7 ROM

H8S/20115, H8S/20215, and H8S/20235
(programmable ROM: 256 Kbytes, data flash: 8 Kbytes)

~———Programming unit: 4 bytes ——p

~=
P

~=
P

~=
P

H'000000 H'000001 H'000002 H'000003
Programmable ROMblock 0 | 1000004 | H'000005 | H000006 | H000007
(erasing unit: 16 Kbytes)
H'000008 H'000009 H'00000A H'00000B
H'00000C H'00000D H'00000E H'00000F
H'003FFC | H'003FFD H'003FFE H'003FFF
‘ Programmable ROM block 1 H'004000 H'004001 H'004002 H'004003
(erasing unit: 64 Kbytes) | | | J
H'013FFC | H'013FFD H'013FFE H'013FFF
A Programmable ROM block 2 H'014000 H'014001 H'014002 H'014003
(erasing unit: 64 Kbytes) = ' ' '
H'023FFC | H'023FFD H'023FFE H'023FFF
A Programmable ROM block 3 H'024000 H'014001 H'024002 H'024003
(erasing unit: 64 Kbytes) - ' ' '
H'033FFC | H'033FFD H'033FFE H'033FFF
\ Programmable ROM block 4 H'034000 H'034001 H'034002 H'034003
(erasing unit: 48 Kbytes) = ' ' ' -
H'O3FFFC | H'O3FFFD H'03FFFE H'03FFFF
Data flash A block 5 H'FO0000 H'FO0001 H'FO0002 H'FO0003
(erasing unit: 4 Kbytes) - I I I -
H'FOOFFC | H'FOOFFD H'FOOFFE H'FOOFFF
A Data flash B block 6 H'FO1000 H'FO1001 H'F01002 H'F01003
(erasing unit: 4 Kbytes) oA ' ' ' -
H'FO1FFC | H'FO1FFD H'FO1FFE | H'FO1FFF

Figure 7.1 Block Configuration of Flash Memory (3)
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H8S/20114, H8S/20214, and H8S/20234
(programmable ROM: 192 Kbytes, data flash: 8 Kbytes)

~——Programming unit: 4 bytes ———
A H'000000 | H'000001 | H000002 | H000003
Programmable ROM block 0 | 11000004 | H'000005 | H'000006 | H000007

(erasing unit: 16 Kbytes)
H'000008 H'000009 H'00000A H'00000B
H'00000C H'00000D H'00000E H'00000F

I~ I
—~ ' ' ' =

Y H'003FFC | H'003FFD H'003FFE H'003FFF

“Programmable ROM block 1 | H'004000 H'004001 H'004002 H'004003
(erasing unit: 64 Kbytes)

((

| ' ' ' |
~= H H H =
P P

\ 4 H'013FFC | H'013FFD H'013FFE H'013FFF

“ 1 1 1 1
Programmable ROM block 2 H'014000 H'014001 H'014002 H'014003
(erasing unit: 64 Kbytes) = ! ! ! ~

~
— ' ' ' <1

Y H'023FFC | H'023FFD H'023FFE H'023FFF
“Programmable ROM block 3 | H'024000 H'024001 H'024002 H'024003
(erasing unit: 48 Kbytes) -

~=
P

\ H'02FFFC | H'02FFFD | H'02FFFE | H'02FFFF

AData flash A block 5 H'FO0000 | H'FO0001 H'FO0002 H'FO0003
(erasing unit: 4 Kbytes) - I I I -

\ H'FOOFFC | H'FOOFFD | HFOOFFE | H'FOOFFF

3 Data flash B block 6 H'FO1000 | H'FO1001 H'FO1002 H'FO1003
(erasing unit: 4 Kbytes) = ! , , NN

\ 4 H'FO1FFC | H'FO1FFD | HFO1FFE | H'FO1FFF

Figure 7.1 Block Configuration of Flash Memory (4)
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7.3 CPU Reprogramming Mode

In CPU reprogramming mode, the user ROM area can be reprogrammed by executing the software
commands by the CPU. The software commands should be issued to the specific area to be
reprogrammed in the user ROM area.

If an interrupt is requested during erasure operation in CPU reprogramming mode, erasure can be
suspended to process the interrupt. This is referred to as erase-suspend function. In erase-suspend
mode, the user ROM area can be read through programming.

The CPU has two reprogramming modes, EW0 mode and EW1 mode. Table 7.1 shows
differences between the two modes.

Table 7.1 Differences between EW0 Mode and EW1 Mode

Item EWO0 Mode EW1 Mode

Area in which a reprogramming- User ROM area User ROM area

control program can be located

Area in which a reprogramming- A reprogramming-control A reprogramming-control

control program can be program must be transferred to  program can be executed in the

executed RAM before execution. user ROM area.

Area which can be User ROM area User ROM area excluding the

reprogrammed blocks in which a
reprogramming-control program
is located.

Limitations on software None The program and erasure

commands commands must not be

executed on any block in which
a reprogramming-control
program is located.

Mode after software command Read-array mode Read-array mode
execution
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Item EWO0 Mode EW1 Mode
CPU state during auto- Operating state Hold state (I/O ports retain the
programming and auto-erasure states in which they have been
before the command is
executed.)
Flash memory state detection = Read the FMPRSF, FMERSF, and FMEBSF bits in FLMSTR in a
program.
Conditions of transition to erase- Both the FMSPEN and The FMSPEN bit in FLMCR2 is
suspend state FMSPREQ bits in FLMCR2 are set to 1 and an interrupt is
setto 1. requested.

Or, both the FMSPEN and
FMISPE bits in FLMCR2 are set
to 1 and an interrupt is

requested.
Conditions of Interrupt e The flash memory returns Use of interrupts prohibited.
generation from the busy state to the

ready state*'.

e The user ROM area is read
in the busy state*'.

Usage of DTC Usable*® Usable**+®

Notes: 1. To avoid the generation of access to the user ROM area, set VOFR so that the variable
vectors and interrupt processing routines are allocated to RAM.
2. Allocate DTC vectors and processing routines to RAM. Do not use the DTC for access
to the user ROM area during E/W processing. If this is ignored, values read will be
invalid.

3. Do not use the DTC if the reprogramming-control program is allocated to RAM.
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7.3.1 EWO0 Mode

EWO0 mode can be selected by transferring the reprogramming-control program to the RAM,
branching to the program in the RAM, setting the FMEWMOD bit in FLMCRI1 to 0, and setting
the FMCMDEN bit in FLMCRI1 to 1 (to enable software commands), in this order.

Programming and erasure operations can be controlled through software commands. Completion
of the software command and related information can be read out from the FLMSTR register.

To cause a transition to erase-suspend mode during erasure, set both the FMSPEN and FMSPREQ
bits in FLMCR?2 to 1 (to enable a transition to erase-suspend mode and to request a transition to
erase-suspend mode, respectively). Then wait for the transition time to erase-suspend mode
(approximately 50 ps), check that the FMRDY bit in FLMSTR is 1 (ready state), and access the
user ROM area. Setting the FMSPREQ bit to O resumes erasure.

When the interrupt is used, set the interrupt vector offset register (VOFR) such that access to the
user ROM area is not generated. That is, the vectors should have addresses within the RAM and
point to interrupt processing routines that are also in the RAM. If the user ROM area is to be read
while software commands are enabled (the FMCMDEN bit in FLMCRI1 is 1), set bus master
operation clock ¢s to a frequency below 5 MHz.

7.3.2 EW1 Mode

EW1 mode can be selected by setting the FMEWMOD bit in FLMCRI1 to 1, and then setting the
FMCMDEN bit in FLMCRI1 to 1 (to enable software commands).

Programming and erasure operations can be controlled through software commands. Completion
of the software command and related information can be read out from the FLMSTR register.

To cause a transition to erase-suspend mode during erasure, set the FMSPEN bit in FLMCR2 to 1
(to enable a transition to erase-suspend mode), and then execute the erasure command. Note that
the interrupt for causing a transition to erase-suspend mode must be enabled beforehand. This
allows the interrupt request to be accepted when the transition time to erase-suspend mode has
elapsed after the erasure command is executed.

When an interrupt is requested, the FMSPREQ bit is automatically set to 1 (to request a transition
to erase-suspend mode), thus suspending erasure. If erasure has not been completed at the end of
interrupt processing (FMERSF = 1 in FLMSTR), resume erasure by setting the FMSPREQ bit to
0.
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7.4 Register Descriptions

¢ Flash memory control register 1 (FLMCRI1)

¢ Flash memory control register 2 (FLMCR?2)

e Flash memory data flash protect register (DFPR)
e Flash memory status register (FLMSTR)

7.4.1 Flash Memory Control Register 1 (FLMCR1)

Address: H'FF0660

Bit: b7 b6 b5 b4 b3 b2 b1 b0

_ — — — FMLBD FMWUS | FMEWMOD | FMCMDEN

Value after reset: 0 0 0 0 0 1 0 0

Bit Symbol Bit Name Description R/W

7,6 — Reserved These bits are read as 0. The write value should —

54 — Reserved be 0. —

3 FMLBD*'**  Lock bit disable  0: The lock bits are enabled. R/W
1: The lock bits are disabled.

2 FMWUS CPU 0: Reprogramming through byte instructions R/W

reprogramming-

. ) . 1: Reprogramming through word instructions
instruction unit

select
1 FMEWMOD EW mode select 0: EW0 mode R/W
1: EW1 mode
0 FMCMDEN  Flash memory 0: Flash memory software commands are disabled. R/W
T2 software

1: Flash memory software commands are enabled.
command enable

Notes: 1. When setting the bit to 1, first clear the bit to 0 and then immediately set the bit to 1; do
not allow any interrupt to be generated between these operations.

2. The bitis cleared to 0 when the FMRDY bit changes from 0 to 1.
Set the FMEWMOD bit and then set the FMCMDEN bit to 1.

4. When setting the FMCMDEN bit to 1 while the FMEWMOD bit is 0, be sure to execute
the program in the RAM.

w

FLMCRI enables/disables reprogramming/erasure, selects the reprogramming/erasure mode,
enables/disables lock bits, and selects the reprogramming unit of the flash memory. For specific
use, see section 7.6, Programming/Erasing.
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e FMLBD bit (lock bit disable)
This bit disables the lock-bit function. Setting FMLBD to 1 enables erasing/programming the
block to which the lock-bit protection is applied. For the relationship between the FMLBD bit
and the lock bit for the block, see table 7.2 below. Command sequence error occurs when the
erasing/programming command is executed while disabling the erase program.

Table 7.2  Relationship between FMLBD, Lock Bit, and Corresponding
Erasure/Programming Operation

FMLBD Lock Bit Erasure/Programming Operation
1 — Erasure/programming possible
0 1 (erased state)

0 (programmed state) Erasure/programming impossible

e  FMWUS bit (CPU reprogramming-instruction unit select)

Setting the FMWUS bit to 0 enables software commands to be issued through byte
instructions. Setting the FMWUS bit to 1 enables software commands to be issued through
word instructions. For software commands, see section 7.6.1, Software Commands.

o FMEWMOD bit (EW mode select)

Setting the FMEWMOD bit to 0 and the FMCMDEN bit to 1 selects EW0 mode. Setting the
FMEWMOD and FMCMDEN bits to 1 selects EW1.

e FMCMDEN bit (flash memory software command enable)
Setting the FMCMDEN bit to 1 enables software commands to be accepted. For issuing
software commands to the data flash areas, appropriately set the flash memory data flash
protect register (DFPR), which is described in section 7.4.3.
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7.4.2 Flash Memory Control Register 2 (FLMCR2)

Address: H'FF0661

Bit: b7 b6 b5 b4 b3 b2 b1 b0
- - - FMRDYIE |FMBSYRDIE| FMISPE | FMSPREQ | FMSPEN
Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
7,6 — Reserved These bits are read as 0. The write value should —
5 — Reserved be 0. -
4 FMRDYIE Flash read-ready 0: The ready interrupt is disabled. R/W
*e interrupt enable 4. The ready interrupt is enabled.
3 FMBSYRDIE Flash busy-read  0: The busy-read interrupt is disabled. R/W
*e interrupt enable 4. The pysy-read interrupt is enabled.
2 FMISPE**  Suspend-request 0: Transition to erase-suspend mode by an R/W
enable by interrupt interrupt request is disabled.
request 1: Transition to erase-suspend mode by an
interrupt request is enabled.
1 FMSPREQ Erase suspend 0: Erasure is resumed. R/W
HHHET 1: Transition to erase-suspend mode is made.
0 FMSPEN Erase-suspend 0: Erase suspend is disabled. R/W
e enable 1: Erase suspend is enabled.
Notes: 1. For programming the flash memory, set the FMSPEN bit to 1.
2. The FMRDYIE bit is cleared to 0 when the FMCMDEN bit changes from 0 to 1.
3. The FMBSYRDIE bit is cleared to 0 when the FMCMDEN bit changes from 0 to 1.

4. When setting the bit to 1, first clear the bit to 0 and then immediately set the bit to 1; do

not allow any interrupt to be generated between these operations.

The FMSPREQ bit is set to 1 when an interrupt is generated if the FMSPEN bit is 1 in
EW1 mode.

The FMSPREQ bit is set to 1 when an interrupt is generated if the FMSPEN and
FMISPE bits are 1 in EWO mode.

The FMSPREQ bit is cleared to 0 when the FMRDY bit changes from 0 to 1 upon
completion of E/W.

The FMSPEN bit is cleared to 0 when the FMRDY bit changes from 0 to 1 if the
FMSPREQ bit is 0.
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FLMCR?2 enables/disables flash memory interrupts, enables/controls a transition to erase-suspend
mode.

e FMRDYIE bit (flash read-ready interrupt enable)

Setting the FMRDYIE bit to 1 enables an interrupt to be generated when the flash memory
changes from the busy state to the ready state.

e FMBSYRDIE bit (flash busy-read interrupt enable)

Setting the FMBSYRDIE bit to 1 enables an interrupt to be generated when the user ROM area
is accessed while the flash memory is in the busy state.

e FMISPE bit (suspend-request enable by interrupt request)

Setting the FMISPE bit to 1 in EW0 mode allows the FMSPREQ bit to be automatically set to
1 (to request a transition to erase-suspend mode) thus causing a transition to erase-suspend
mode when an interrupt is requested.

e FMSPREQ bit (erase suspend)

Setting the FMSPREQ bit to 1 causes a transition to erase-suspend mode. To resume erasure,
set the FMSPREQ bit to 0.

e FMSPEN bit (erase-suspend enable)
Setting the FMSPEN bit to 1 enables a transition to erase-suspend mode.

REJ09B0465-0300 Rev. 3.00

Page 165 of 982
Sep 17, 2010 RENESAS



Section 7 ROM H8S/20103, H8S/20203, H8S/20223, H8S/20115, H8S/20215, H8S/20235 Group

7.4.3 Flash Memory Data Flash Protect Register (DFPR)

Address: H'FF0662

Bit: b7 b6 b5 b4 b3 b2 b1 b0
— — — — — — DFPR1 DFPRO
Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
7to2 — Reserved These bits are read as 0. The write value should —
be 0.
1 DFPR1 Data flash B 0: E/W of data flash B is enabled. R/W
E/W disable*™* 4. Ery of data flash B is disabled.
0 DFPRO Data flash A 0: E/W of data flash A is enabled. R/W

. wla2
E/W disable*™" 4. £/ of data flash A is disabled.

Notes: 1. When setting the bit to O, first set the bit to 1 and then immediately set the bit to 0; do
not allow any interrupt to be generated between these operations.

2. The DFPR bits are set to 1 when the FMCMDEN bit changes from 0 to 1.

DFPR enables/disables reprogramming of data flash areas in block units. Before reprogramming
the data flash areas, cancel the protection against reprogramming.

e DFPRI1 bit (data flash B E/W disable)

Setting the DFPR1 bit to 1 disables software commands to be issued to data flash B. Setting
the DFPR1 bit to 0 enables software commands to be issued to data flash B.

e DFPRO bit (data flash A E/W disable)

Setting the DFPRO bit to 1 disables software commands to be issued to data flash A. Setting
the DFPRO bit to 0 enables software commands to be issued to data flash A.

REJ09B0465-0300 Rev. 3.00

Page 166 of 982
9 RENESAS Sep 17, 2010



H8S/20103, H8S/20203, H8S/20223, H8S/20115, H8S/20215, H8S/20235 Group Section7 ROM

744 Flash Memory Status Register (FLMSTR)

Address: H'FF0663

Bit: b7 b6 b5 b4 b3 b2 b1 bo
FMRDYIF |FMBSYRDIF| FMEBSF | FMERSF | FMPRSF - - FMRDY
Value after reset: 0 0 0 0 0 0 1 1
Bit Symbol Bit Name Description R/W
7 FMRDYIF  Flash read- 0: The flash read-ready interrupt is not being R/W
#1240 ready interrupt requested.
request flag 1: The flash read-ready interrupt is being requested.

[Setting condition]

e FMRDY changes from 0 to 1.

[Clearing condition]

e "1"is read from FMRDYIF and then the bit is

cleared to 0.
6 FMBSYRDIF Flash busy- 0: The flash busy-read interrupt is not being R/W
#2548 read interrupt requested.
request flag 1: The flash busy-read interrupt is being requested.

[Setting condition]

e The user ROM area is accessed while the
FMRDY is 0.

[Clearing condition]
e "1"js read from FMBSYRDIF and then the bit is

cleared to 0.
5 FMEBSF Erasure/blank- 0: Successful end R
e checking status 1. Eng with an error

fl
a9 [Setting conditions]

e The erasure command is executed and results in
unsuccessful erasure.

e The blank-checking command is executed and it
is detected that the specified block is not blank.

[Clearing condition]
e The clear-status command is issued.
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Bit Symbol

Bit Name

Description

R/W

4 FMERSF

Erase-suspend
flag

0: Erase-suspend function is not being used.
1: Erase-suspend function is being used.
[Setting condition]

e Erase-suspend mode is being used.
[Clearing condition]

e Erase-suspend mode is not being used.

3 FMPRSF

#3x5

Programming
status flag

0: Successful end
1: End with an error
[Setting conditions]

e The programming command is executed and
results in unsuccessful programming.

e The lock-bit program command is executed and
results in unsuccessful programming.

[Clearing condition]
e The clear-status command is issued.

Reserved

This bit is read as 0. The write value should be 0.

Reserved

Reading this bit returns the value same as the
FMRDY value. The write value should be 1.

0 FMRDY

Flash memory
ready/busy
status flag

0: Busy (programming or erasure in progress)
1: Ready
[Setting condition]

¢ The flash memory is not being programmed or
erased.

[Clearing condition]

e The flash memory is being programmed or
erased.

Notes: 1. The FMRDYIF bit is set to 1 when the FMRDY bit changes from 0 to 1.
2. When setting the bit to 0, first read 1 from the bit and then write 0 to the bit.
3. The bit cannot be set to 1 through software.
4. The FMBSYRDIF bit is set to 1 when the ROM area is accessed while the FMRDY bit is

0.

5. The bit is cleared to 0 when the clear-status command is executed.
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e FMRDYTF (flash read-ready interrupt request flag)

The FMRDYTF bit indicates that the flash memory has changed from the busy state to the
ready state. When the FMRDYTF bit is set to 1 while the FMRDYIE bit is 1, an interrupt
request is generated.

e FMBSYRDIF (flash busy-read interrupt request flag)

The FMBSYRDIF bit indicates that the user ROM area is accessed while the flash memory is
in the busy state. When the FMBSYRDIF bit is set to 1 while the FMBSYRDIE bit is 1, an
interrupt request is generated.

o FMEBSF (erasure/blank-checking status flag)

The FMEBSF bit is a read-only bit indicating the state when erasure/blank-checking command
is executed.

e FMERSEF (erase-suspend flag)
The FMERSEF bit is a read-only bit indicating the state of erase-suspend mode.

e FMPRSF (programming status flag)

The FMPRSEF bit is a read-only bit indicating the state when programming command is
executed.

e FMRDY (flash memory ready/busy status flag)
The FMRDY bit indicates the state of flash memory operation.
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7.5 On-Board Programming

The flash memory can be programmed/erased on board (boot mode and user mode), or by using a
PROM programmer (programmer mode). When the reset is released, this LSI enters one of these
modes depending on the levels of the signals input on the TEST, NMI, and ports, as shown in
table 7.3. The levels of these signals must be fixed at least 80 us before the reset is released.

When this LSI enters boot mode, the built-in boot program is initiated. The boot program transfers
the programming-control program to the on-chip RAM, erases the flash memory areas entirely,
and then executes the programming-control program. Boot mode is useful for on-board initial
programming as well as forced recovery when programming/erasure in user mode is disabled.
User mode is useful for erasing and reprogramming the specified blocks, which function is
achieved by branching to the programming/erasure processing programs prepared by the user.

Table 7.3  Pin Levels and Programming Mode Selection

TEST NMI P85 PB3 PB2 PB1 PBO0 LSI Modes after Release from a Reset

0 1 X X X X X User mode
0 0 1 X X X X Boot mode
1 X X 0 0 0 0 Programmer mode

Note: x: Do not care.

7.5.1 Boot Mode

In boot mode, control commands and data for programming are transmitted from the externally
connected host via SCI3_1 to program/erase the user ROM area.

In boot mode, it is necessary to prepare the tool for transmitting control commands and data for
programming, and the data for programming in the host. Asynchronous mode is used for serial
communication. Figure 7.2 shows the system configuration in boot mode. Although interrupt
requests are ignored in boot mode, interrupt requests should be disabled by the system.
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This LSI

On-chip control-command
analysis execution software

Flash memory

Host A

Control commands and

Prograr;:;ing tool programming data RxD (P21)
SCI —»| On-chip RAM
programming data n-chip
-~ TxD (P22)

Returned response

Figure 7.2 System Configuration in Boot Mode
(1) Serial Interface Settings by Host

SCI3_1 is set to asynchronous mode, in which the serial transmission/reception format is set to 8-
bit data, one stop-bit, and no parity.

When this LSI enters boot mode, the built-in boot program is initiated. When the boot program is
initiated, this LSI measures the low-level period of asynchronous serial communication data
(H'00) transmitted continuously from the host. This LSI then calculates the bit rate of transmission
from the host, and adjusts the SCI bit rate so that it should match that of the host.

After completing the bit rate adjustment, this LSI transmits one H'00 byte to the host to signal
completion of bit rate adjustment. When successfully having received this completion signal, the
host should transmit one H'S5 byte to this LSI. When not, boot mode should be initiated again.

Table 7.4 shows the automatically adjustable bit rates for the host.

Start bit DO D1 D2 D3 D4 D5 D6 D7 Stop bit
Measures low-level period (9 bits) (data: H'00) High-level period
of 1 or more bits

Figure 7.3 Automatic Adjustment of Bit Rates
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Table 7.4  Automatically Adjustable Bit Rates for the Host

Host Bit Rate
9600 bps
4800 bps
2400 bps

Note: Automatic adjustment of the SCI bit rate to 9600 bps will not be possible in some cases. If

the signal indicating completion of bit-rate adjustment is not transmitted, restart the LSI in
boot mode after reducing the bit rate.
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(2) State Transition

Figure 7.4 shows the state transitions in boot mode.

(Adjusts bit rates.)
Receives H'00, ..., H'00.
Transmits H'00.
(Signals adjustment completion.)
Boot mode is initiated. .
(reset in boot mode)

Adjusts bit rates.

Receives H'55

Receives an inquiry/

Waits for an inquiry/ selection command. > Executes proces_sing.
2. . quiry, in response to the inquiry/
selection command. 4 selection command.
Responds to the inquiry/
selection command.
3.
(Receives an programming/ Erases the entire
erasure state transition user ROM area.
command)
Y

Receives a reading/checking command.

Executes processing

Waits for a programming/ . f
4, erasure command. in response to the reading/
checking command.

Responds to the command.

A
(Receives an erasure
(Completes election command.) Uh;??;;;gl;)(:k
(Completes erasure.) p .
programming.)
(Receive_s a programming Waits for erasure
selection command.) block information.

Waits for the
programming data.

Figure 7.4 State Transitions in Boot Mode

REJ09B0465-0300 Rev. 3.00 Page 173 of 982
Sep 17, 2010 RENESAS




Section 7 ROM H8S/20103, H8S/20203, H8S/20223, H8S/20115, H8S/20215, H8S/20235 Group

1. After boot mode is initiated, this LSI adjusts the SCI3_1 bit rate so that it should match the
host's bit rate.

2. This LSI sends the requested information to the host in response to inquiries regarding the size,
configuration, and start addresses of the user ROM areas, information on the supported
devices, etc.

3. Onreceiving a programming/erasure state transition command, this LSI erases the entire user
ROM area automatically.

4. When completing erasure of the user ROM area, this LSI enters the programming/erasure-
command wait state. After transmission of the programming selection command, the host
should transmit the address at which the programming should start and the programming data.
When programming is completed, the host should transmit H'FFFFFFFF as the programming
start address to terminate programming. This allows this LSI to return to the
programming/erasure-command wait state from the programming-data wait state. If the above
programming-termination command is once issued to an area in an erasure block and when
that block is to be programmed again, erase the block before programming. Figure 7.5 shows
an example of an erasure block containing the area that has been already programmed.

On receiving an erasure selection command, this LSI enters the erasure-block-information wait
state. After transmission of the erasure selection command, the host should transmit the erasure
block number. When erasure is completed, the host should transmit H'FF as the erasure block
number. This allows this LSI to return to the programming/erasure-command wait state from
the erasure-block-information wait state. Note that erasure is necessary only when
programming is once done in boot mode and then only a specific block is to be reprogrammed
without applying a reset-start. If the necessary programming can be done in a single operation,
such erasure processing is unnecessary because all the blocks are erased before this LSI enters
the wait state for programming, erasure, or other commands. In addition to the
programming/erasure commands, there are commands for sum checking and blank checking
(erasure checking) of the user ROM areas, memory reading, and acquiring the current state
information.

Note that data can be read from the user ROM area only after the user ROM area has been
automatically erased and then programmed.
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Figure 7.5 Example of Erase Block Including Programmed Area

7.5.2 Specifications of Standard Serial Communication Interface in Boot Mode

The boot program activated in boot mode communicates with the host via the on-chip SCI3_1.
The following describes the specifications of the serial communication interface between the host
and the boot program.

The boot program has three states.

1.

Bit-rate adjustment state

In this state, the boot program adjusts the SCI3_1 bit rate to match that of the host to perform
serial communication with the host. When this LSI is started up in boot mode, the boot
program is activated and enters the bit-rate adjustment state, in which it receives command
from the host and adjusts the bit rate accordingly. After bit rate adjustment is completed, the
boot program enters the inquiry/selection state.

Inquiry/selection state

In this state, the boot program responds to inquiry commands from the host. The device, clock
mode, and bit rate are selected. Upon completion of selection, the boot program enters the
programming/erasure state in response to the programming/erasure state transition command.
Before entering the programming/erasure state, the boot program transfers the erasure-related
libraries to the on-chip RAM and erases the user ROM areas.

Programming/erasure state

In this state, the boot program executes programming/erasure. The boot program transfers the
program for programming/erasure to the on-chip RAM according to the command transmitted
from the host and executes programming/erasure. The boot program also executes sum
checking and blank checking as directed using the corresponding commands.
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Figure 7.6 shows the boot program states and processing flow.

state

Enters the programming/
erasure state.

Bit-rate adjustment

Inquiry/selection

Processes user-
ROM-area erasure

Programming/

erasure state

state Inquiry * Selection *
Processes Processes
inquiry. selection.
------------------------------------------------------------------------------------------------ ol
Programming Erasure Lock bits Checking .
Processes Processes Processes Processes H
programming. erasure. lock bits. checking. :

Figure 7.6 Boot Program States and Processing Flow

Page 176 of 982

RENESAS

REJ09B0465-0300 Rev. 3.00
Sep 17,2010




H8S/20103, H8S/20203, H8S/20223, H8S/20115, H8S/20215, H8S/20235 Group Section7 ROM

(1) Bit-Rate Adjustment State

In the bit-rate adjustment state, the boot program measures the low-level period of H'00
transmitted from the host and calculates the bit rate according to the measurement. The bit rate can
be changed using the new-bit-rate selection command. On completion of bit rate adjustment, the
boot program enters the inquiry/selection state. Figure 7.7 shows the sequence of bit rate
adjustment.

Host Boot program

>

H'00 (30 times max.) Measures the length

of nine bits.
<
H'00 (Adjustment completed)
H'55
«
H'E6 (Response)
«

H'FF (Error)

Figure 7.7 Sequence of Bit Rate Adjustment
(2) Communication Protocol

1. One-character command or one-character response
A command or response consisting of one character used for inquiry or ACK code indicating a
successful end.

2. n-character command or n-character response
A command or response requiring 128 bytes of data used as a selection command or a response
to an inquiry. The length of programming data is defined separately and so data size (length) is
omitted here.

3. Error response
Response to a command which has caused an error; two bytes, consisting of the error response
and error code.

4. 128-byte programming command
This command does not include its data size information. The data size can be acquired from
the response to the programming-size inquiry command.
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5. Response to a memory read command

This response includes 4-byte size information.

One-character command
Command or response
or one-character response

n-character command | | | Data | |
or n-character response
L Datasize Checksum —
Command or response
Error response D:l
[ Error code
Error response
Response to erasure
block information | | Data | |
inquiry command Size Checksum ]
Command
128-byte | | Programming address | Programming data (128 bytes) | |
programming command [ Command Checksum |
Response to memory | | Data size | Data | |
read command
L Response Checksum ]

Figure 7.8 Formats in Communication Protocol

e Command (1 byte): Inquiry, selection, programming, erasure, checking, etc.

e Response (1 byte): Response to an inquiry

e Size (1 or 2 bytes): The size of transmit/receive data excluding the command code, response,
size, and checksum, or the size of data in a response to erasure block information inquiry
command

e Data (n bytes): Particular data for a command or response

e Checksum (1 byte): This is set so that the total sum of the values from the command- code
field or response through the SUM field should be H'00.

e Error response (1 byte): Error response to a command
e Error code (1 byte): Type of an error that has occurred
e Programming address (4 bytes): Address for programming

e Programming data (n bytes): Data for programming. "n" is known from the response to the
programming-size inquiry command. (Data size for this LSI is fixed 128 bytes.)
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e Data size (4 bytes): Size (four-byte length) of data in the response to the memory read
command.

(3) Inquiry/Selection State

In this state, the boot program returns the information on the flash ROM in response to inquiry
commands from the host, and selects the device, clock mode, and bit rate in response to the
relevant selection commands.

Table 7.5 lists inquiry/selection commands.
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Table 7.5 Inquiry/Selection Commands

Command Command Name Function

H'20 Supported-device inquiry Obtains the device code and product name.
H'10 Device selection Selects a device (code)

H'21 Clock mode inquiry Obtains the number of selectable clock

modes and the values corresponding to each
of the modes.

H'11 Clock mode selection Selects the clock mode

H'22 Frequency-division-ratio inquiry Obtains the number of frequency types, the
number of frequency division ratios, and the
specific frequency division ratio values

H'23 Operating-frequency inquiry Obtains the maximum and minimum
operating values for operating frequency of
the main and peripheral clocks

H'25 Programmable ROM information Obtains the number of programmable ROM
inquiry area and start and end addresses of each

area

H'26 Erasure-block information inquiry Obtains the number of blocks and the start
and end addresses of each block

H'27 Programming-size inquiry Obtains the size of the unit for programming

H'2A Data flash inquiry Checks whether or not data flash is present

H'2B Data flash information inquiry Obtains the number of data flash areas and
the start and end addresses of each area

H'2C Clock switching information inquiry Checks whether or not switching between an
internal and external clock source is possible

H'3F New bit-rate selection Selects a new bit rate

H'40 Programming/erasure state transition Erases the user ROM area and entering the
programming/erasure state

H'4F Boot-program state inquiry Checks the state of processing by the boot
program.

H'60 ID authentication Obtains the ID code of the programmable
ROM.

The selection commands should be transmitted from the host in the following order: device
selection (H'10), clock mode selection (H'11), and new bit-rate selection (H'3F). If the same
selection command is transmitted more than one time, the last one is valid.
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All the commands in table 7.5 except for the boot-program-state inquiry command (H'4F) are
valid until the boot program accepts the programming/erasure state transition command (H'40).
That is, until the transition command is accepted, the host can repeatedly send inquiry and
selection commands in table 7.5. The boot-program-state inquiry command (H'4F) is valid even
after the boot program accepts the transition-to-programming/erasure-state command (H'40).

(@) Supported-Device Inquiry

In response to a supported-device inquiry command, the boot program returns the device codes of
the supported devices and the device name of the boot program.

Command [H'20

e Command H'20 (1 byte): Supported-device inquiry

Response |H'30 Size Number of
devices
Number of |Device code Device name
characters
SUM

e Response H'30 (1 byte): Response to a supported-device inquiry command

e Size (1 byte): The size of transmit/receive data excluding the response-command, size, and
checksum fields. Here, it refers to the total size used by the number-of-devices, number-of-
characters, device-code, and device-name fields.

e Number of devices (1 byte): The number of device types supported by the boot program in the
microcomputer.

e Number of characters (1 byte): The number of characters in the device-code and device-name
fields.

e Device code (4 bytes): The supported device code (ASCII code)
e Device name (128 bytes): The supported device name (ASCII code)
e SUM (1 byte): Checksum
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(b) Device Selection

In response to a device selection command, the boot program sets the specified supported device
as the selected device. The boot program will return the information on the selected device in
response to the subsequent inquiries.

Command ‘H'1 0 ‘Size ‘Device code ‘SUM ‘

e Command H'10 (1 byte): Device selection
e Size (1 byte): The number of characters in the device-code field (fixed to four).

e Device code (4 bytes): The device code that has been returned in response to a supported-
device inquiry command (ASCII code)

e SUM (1 byte): Checksum
Response |H'06

e Response H'06 (1 byte): Response to a device selection command

The ACK code is returned when the specified device code corresponds to one of the supported
devices.

Error response
‘H'QO ‘ERROR \

e Error response H'90 (1 byte): Error response to a device selection command
e ERROR (1 byte): Error code
H'11: Checksum error

H'21: Device code error indicating device code disagreement

(c) Clock Mode Inquiry

In response to a clock mode inquiry, the boot program returns the information on the selectable
clock modes.

Command

e Command H21 (1 byte): Clock mode inquiry

Response ‘H'31 ‘Size ‘Mode ‘ ‘SUM |
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e Response H'31 (1 byte): Response to a clock mode inquiry command

e Size (1 byte): The total size of the mode fields

e Mode (1 byte): Selectable clock modes (example: H'00 denotes clock mode)
e SUM (1 byte): Checksum

(d) Clock Mode Selection

In response to a clock mode selection command, the boot program sets the specified clock mode
as the selected clock mode. The boot program will return the information on the selected clock
mode in response to the subsequent inquiries.

The clock-mode selection command should be transmitted after the device selection command
(H'10).

Command ‘HW1 ‘She ‘Mode ‘SUM |

e Command H'11 (1 byte): Clock mode selection
e Size (1 byte): The number of characters in the mode field (fixed to one).

e Mode (1 byte): The clock mode that has been returned in response to a clock mode inquiry
command.

e SUM (1 byte): Checksum
Response

e Response H'06 (1 byte): Response to a clock mode selection command

The ACK code is returned when the specified clock mode corresponds to one of the selectable
clock modes.

Error response
‘H91 ‘ERROR

e Error response H'91 (1 byte): Error response to a clock mode selection command
e ERROR (1 byte): Error code
H'11: Checksum error

H'"22: Clock mode error indicating clock mode disagreement

Even if value H'00 or H'01 has been returned in response to the clock-mode inquiry command as
the number of modes, it is required to select the clock mode for each value.
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(e) Frequency-Division-Ratio Inquiry

In response to a frequency-division-ratio inquiry command, the boot program returns the
information on the selectable frequency division ratios.

Command |H'22

e Command H22 (1 byte): Frequency-division-ratio inquiry

Response  |H'32 Size Number
of types

Number of |Frequency |...
Frequency |division
division ratio

ratios

SUM

e Response H'32 (1 byte): Response to a frequency-division-ratio inquiry command

e Size (1 byte): The total size of the number-of-types, number-of-frequency-division-ratios, and
frequency-division-ratio fields.

e Number of types (1 byte): The number of operating clock signals for which frequency division
ratios can be selected for the device.
(For example, the value is H'02 if frequency division ratio settings can be made for the
frequencies of the main and peripheral module operating clock signals.)

e Number of frequency division ratios (1 byte): The number of selectable frequency division
ratios for each operating clock signal.
(For example, the number of selectable frequency division ratios for the main or peripheral
module operating clock signal.)

e Frequency division ratio (1 byte):
The negative numerical value by which the frequency is divided. (Example: HFE (-2) when
the frequency is divided by two.)
As many frequency-division-ratio fields are repeated as the number of corresponding
frequency division ratios; and the combinations of the former and latter fields are repeated as
many times as the number of types (= number of operating clock signals).

e SUM (1 byte): Checksum
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(f) Operating-Frequency Inquiry

In response to an operating-frequency inquiry command, the boot program returns the number of
operating frequency types and the respective maximum and minimum frequencies.

Command |H'23

e Command H23 (1 byte): Operating-frequency inquiry

Response  |H'33 Size Number of
operating
frequencies
Minimum operating |Maximum operating
frequency frequency
SUM

e Response H'33 (1 byte): Response to an operating-frequency inquiry command

e Size (1 byte): The total size of the number-of-operating-frequencies, maximum-frequency, and
minimum-frequency fields.

e Number of operating frequencies (1 byte): The number of operating frequency types required
for the device
(For example, the value is H'02 if the main and peripheral module operating frequencies are
required.)

e Minimum operating frequency (2 bytes): The minimum frequency of a frequency-multiplied or
divided clock signal
The values in the minimum- and maximum-operating-frequency fields are obtained by
multiplying the operating frequency (MHz; to the second decimal place) by 100. (For example,
when the frequency is 20.00 MHz, 20.00 is multiplied by 100 to be 2000, and so H'07DO is
returned here.)

e Maximum operating frequency (2 bytes): The maximum frequency of a frequency-multiplied
or divided clock signal.
As many pairs of the minimum- and maximum-operating-frequency fields are continued as the
number of operating frequencies (= number of operating frequency types).

e SUM (1 byte): Checksum
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(g) Programmable ROM Information Inquiry

In response to a programmable ROM information inquiry command, the boot program returns the
number of programmable ROM areas and their addresses.

Command |H'25

e Command H25 (1 byte): Programmable ROM information inquiry

Response |H'35 Size Number
of areas
Start address of an area End address of an area
SUM

e Response H'35 (1 byte): Response to a programmable ROM information inquiry command

e Size (1 byte): The total size of the fields for the number of areas, start addresses of areas, and
end addresses of areas.

e Number of areas (1 byte): The number of consecutive programmable ROM areas
(H'01 is returned when the programmable ROM areas are continuous.)

e Start address of an area (4 bytes): Address where the area starts

e End address of an area (4 bytes): Address where the area ends
The number of address pairs is the same as the number of areas.

e SUM (1 byte): Checksum

(h) Erasure-Block Information Inquiry

In response to an erasure-block information inquiry command, the boot program returns the
number of erasure blocks and their addresses.

Command |H'26

e Command H"26 (1 byte): Erasure-block information inquiry

Response |H'36 ‘Size ‘Number of blocks
Start address of the block End address of the block
SUM
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e Response H'36 (1 byte): Response to an erasure-block information inquiry command

e Size (2 bytes): The total size of the number-of-blocks, start-address-of-the-block, and end-
address-of-the-block fields.

e Number of blocks (1 byte): The number of flash memory blocks to be erased
e Start address of the block (4 bytes): The start address of the block
e End address of the block (4 bytes): The end address of the block

As many pairs of the start-address-of-the-block and end-address-of-the-block fields are
continued as the number of blocks.

e SUM (1 byte): Checksum
(i) Programming-Size Inquiry

In response to a programming-size inquiry command, the boot program returns the size of a unit
for programming.

Command

e Command H27 (1 byte): Programming-size inquiry

Response ‘H'37 ‘Size ‘Programmingsize |SUM |

e Response H'37 (1 byte): Response to a programming-size inquiry command
e Size (1 byte): The number of characters in the programming-size field (fixed to 2)
e Programming size (2 bytes): The size of a unit for programming
Programming data is received in the unit specified here.
e SUM (1 byte): Checksum
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(j) Data Flash Inquiry

In response to a data flash inquiry command, the boot program returns an indicator of whether or
not data-flash memory is present.

Command

e Command H2A (1 byte): Data flash inquiry

Response ‘ H'3A ‘Size ‘ Presence |SUM |

e Response H'3A (1 byte): Response to a data flash inquiry command
e Size (1 byte): The number of characters in the presence field (fixed to 1)
e Presence (1 bytes): Presence of data flash

H'00: Data flash is not present.

H'01: Data flash is present.

e SUM (1 byte): Checksum value that makes the sum of the bytes from the command to the
SUM byte become H'00.

(k) Data Flash Information Inquiry

In response to a data flash information inquiry command, the boot program returns the number of
data flash areas and their addresses.

Command

e Command H2B (1 byte): Data flash information inquiry

Response |H'3B Size Number of
areas
Start address of an area End address of an area
SUM

e Response H'3B (1 byte): Response to a data flash information inquiry command

e Size (1 byte): The total size of the fields for the number of areas, start addresses of areas, and
end addresses of areas.
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e Number of areas (1 byte): The number of contiguous data-flash areas
H'01: Consecutive data flash areas
H'00: No data flash area

e Start address of an area (4 bytes): Address where the area starts. This value is omitted if there
is no data-flash area.

e End address of an area (4 bytes): Address where the area ends. This value is omitted if there is
no data-flash area.

The number of address pairs is the same as the number of areas.

e SUM (1 byte): Checksum value that makes the sum of the bytes from the command to the
SUM byte become H'00.

(I)  Clock Switching Information Inquiry

In response to a clock switching information inquiry command, the boot program returns an
indicator of whether or not switching between an internal and external clock source is possible.

Command

e Command H2C (1 byte): Clock switching information inquiry
Response ‘H'SC ‘Size ‘Switching possibility |SUM |

e Response H'3C (1 byte): Response to a clock switching information inquiry command
e Size (1 byte): The number of characters in the switching possibility field (fixed to 1)

e Switching possibility (1 bytes): Possibility of switching between internal and external clock
sources

H'00: Switching is impossible.
H'01: Switching is possible.

e SUM (1 byte): Checksum value that makes the sum of the bytes from the command to the
SUM byte become H'00.
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(m) New Bit-Rate Selection

In response to a new bit-rate selection command, the boot program changes the bit rate settings to
those of the specified one, and responds to the acknowledgement from the host at the new bit rate.

The new bit-rate selection command should be transmitted after the clock-mode selection
command.

Command |H'3F Size Bit rate Input frequency

Number of |Frequency |Frequency
frequency |division division
division ratio 1 ratio 2
ratio types

SUM

e Command H'3F (1 byte): New bit-rate selection

e Size (1 byte): The total size of the bit-rate, input-frequency, number-of-frequency-division-
ratio-types, and frequency-division-ratio fields.

e Bitrate (2 bytes): New bit rate

The value to be set here is obtained by dividing the desired bit rate by 100. (For example, to
select the bit rate of 19200 bps, 19200 is divided by 100 to be 192, and so H'00CO should be
set.)

e Input frequency (2 bytes): The frequency of the clock input to the boot program.
Bit 15: Clock source (0: external clock, 1: on-chip oscillator)
Bits 14 to 0: A frequency of the clock to be input to the device
The value to be set here is obtained by multiplying the input frequency (MHz; to the second
decimal place) by 100. (For example, to select the input frequency of 20.00 MHz, 20.00 is
multiplied by 100 to be 2000, and so H'07DO should be set.)

e Number of frequency division ratio types (1 byte): The number of selectable frequency
division ratios for the device.
(The value is usually H'02 because the main and peripheral module operating frequencies can
be usually selected.)

e Frequency division ratio 1 (1 byte): Frequency division ratio for the main operating frequency.
The negative numerical value by which the frequency is divided. (Example: HFE (-2) when
the frequency is divided by two.)
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e Frequency division ratio 2 (1 byte): Frequency division ratio for the peripheral operating
frequency.

The negative numerical value by which the frequency is divided. (Example: HFE (-2) when
the frequency is divided by two.)

e SUM (1 byte): Checksum

Response |H'06

e Response H'06 (1 byte): Response to the new bit-rate selection command
The ACK code is returned when selection is possible.

Error response
‘H'BF ‘ERROR \

e Error response H'BF (1 byte): Error response to a new bit-rate selection command
e ERROR (1 byte): Error code

H'11: Checksum error

H'24: Bit-rate selection error indicating that the specified bit rate is not selectable.

H'25: Input frequency error indicating that the specified input frequency is not within the range
from the minimum to maximum values.

H'26: Frequency division ratio error indicating disagreement of frequency division ratios

H'27: Operating frequency error indicating that the specified operating frequency is not within
the range from the minimum to maximum values.

(4) Checking Received Data
The following describes how the received data is checked.

1. Input frequency
Clock source checking: The value of bit 15 indicates a clock source (the external clock or on-
chip oscillator).
Frequency checking: The value of the received input frequency (bits 14 to 0) is checked to see
if it is within the range from minimum to maximum values of the input frequency of the
selected clock mode of the selected device. If not, an input frequency error is generated.

2. Frequency division ratio
The value of the received frequency division ratio is checked to see if it corresponds to the
frequency division ratio value of the selected clock mode of the selected device. If not, a
frequency division ratio error is generated.
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3. Operating frequency

The operating frequency is calculated from the received input frequency and frequency
division ratio. The input frequency is the frequency of the clock signal supplied to the LSI,
whereas the operating frequency is the frequency at which the LSI actually operates. The
following formula is used for the calculation.

Operating frequency = input frequency/frequency division ratio

The obtained operating frequency is checked to see if it is within the range from the minimum
to maximum values of the operating frequency of the selected clock mode of the selected
device. If not, an operating frequency error is generated.

Bit rate

From the peripheral operating frequency (¢) and bit rate (B), the value (n) of the clock select
bits (CKS) in the serial mode register (SMR) and the value (N) in the bit rate register (BRR)
are calculated to determine the error. The error determined is checked to see if it is smaller
than 4%. If not, a bit-rate selection error is generated. The following formula is used for the
calculation.

ox10°
Error (%) = -1 %x 100
(N + 1) x B x 64 x 22n-1

When selection of the new bit rate is possible, the boot program returns an ACK code to the host
and then makes the necessary register settings to select the new bit rate. The host then transmits an
ACK code at the new bit rate and the boot program responds to it at the new bit rate.

Acknowledge

Acknowledge H'06 (1 byte): Acknowledgement of the new bit rate

Response |H'06

Response H'06 (1 byte): Response to acknowledgement of the new bit rate

Figure 7.9 shows the sequence of new bit-rate selection.
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Host Boot program

Selects the new-bit-rate selection command.

H'06 (ACK)
Waits for one-bit period|
lat the selected bit rate.

Sets the new bit rate, Sets the new bit rate

H'06 (ACK) at the new bit rate

H'06 (ACK) at the new bit rate

Figure 7.9 Sequence of New Bit-Rate Selection
(5) Programming/Erasure State Transition (Without ID Checking)

In response to a programming/erasure state transition command, the boot program transfers the
erasure program to erase the data in the user ROM area. On completion of this erasure, the boot
program returns the ACK code and enters the programming/erasure state.

Before transmitting the programming selection command and data for programming, the host
should select the device, clock mode, and new bit rate for this LSI using the device selection,
clock-mode selection, and new-bit-rate selection commands; and then transmit a
programming/erasure state transition command to the boot program.

Command

e Command H'40 (1 byte): Programming/erasure state transition

Response |H'06

e Response H'06 (1 byte): Response to the programming/erasure state transition command
(without ID checking)

The ACK code is returned when the user ROM area have been successfully erased after
transfer of the erasure program.

Error response
lHCO  [HB1 |
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e Error response H'CO (1 byte): Error response to the programming/erasure state transition
command.

e Error code H'S1 (1 byte): Erasure error indicating that erasure was unsuccessful because of an
error.

(6) Programming/Erasure State Transition (With ID Checking)

In response to a programming/erasure state transition command, the boot program checks the ID
code if the location of user ROM indicated in table 7.6 contains a control code (H'52 or H'45).

Command |H'40

e Command H'40 (1 byte): Programming/erasure state transition

Response |H'16

e Response H'16 (1 byte): Response to a programming/erasure state transition command (with
ID checking).

Table 7.6  Address of the Protection Code for the User ROM Area

H'000004 H'000005 H'000006 H'000007 H'000010 H'000011 H'000012 H'000013

Boot Control Authentication ID (56 bits)
mode code

(7) ID Checking

After the response to the command for the transition with ID checking, the command for ID
checking and ID code against which the actual ID code is to be checked are sent from the host.

Command ‘H'GO ‘Size ‘ID (16 bytes) ‘SUM ‘

e Command H'60 (1 byte): ID Checking

e Size (1 byte): The number of bytes of transmitted data, excluding the command, size, and
checksum fields (fixed to H'10).
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e ID (16 bytes): The ID value is in the eight lower-order bytes. The value of the eight higher-
order bytes is H'FF.

For example, when the ID is the eight-byte value H'55112233, H'44556677, the value
H'FFFFFFFF, H'FFFFFFFF, H'55112233, H'44556677 will match the ID.

When the ID is the six-byte value H'55112233, H'4455, the value HFFFFFFFF, HFFFFFFFF,
H'55112233, H'4455FFFF will match the ID.

e SUM (1 byte): Checksum

Response

e Response H'06 (1 byte): Response to an ID checking command (with ID checking)

The ACK code is returned if ID checking is successful.

Error response
‘H'EO ‘H'xx ‘

e Error response HEO (1 byte): Error response to an ID checking command
e ERROR (1 byte): Error code

H'11: Checksum error

H'61: ID code mismatch error

H'63: Erasure error when ID code mismatch occurs.
(8) Checksum Errors

When the host detects an abnormal checksum value, the host is capable of resending the same
command if this is judged to be appropriate. The boot program does not have a function for
resending.

When the boot program determines that the value of a sum check was incorrect, it returns a
checksum error.

Error response
Hxx  |H11 |

e Response H'xx (1 byte): Error response is the same as the command byte except that bit 7 is set
to 1.

For example, the error response corresponding to the device selection command H'10 is H'90.

e Error code H'11 (1 byte): Checksum error
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(99 Command Errors

Command errors are caused by undefined commands, incorrect command sequence, and
unacceptable commands. For example, sending a clock-mode selection command before a device
selection command and sending an inquiry command after a programming/erasure state transition
command both cause command errors.

Error response
H80  [Hxx |

e Error response H'80 (1 byte): Command error

e Command H'xx (1 byte): Received command
(10) Order of Commands
In the inquiry/selection state, commands should be sent in the following order.

Send the supported-device inquiry command (H'20) to get the list of supported devices.

2. Select a device according to the returned device information, and send the device selection
command (H'10).

3. Send the clock-mode inquiry command (H'21) to inquire about clock modes.

Select a clock mode from among the returned clock modes, and send the clock-mode selection
command (H'11).

5. After selection of the device and clock mode, send the frequency-division-ratio inquiry
command (H'22) and operating-frequency inquiry command (H23) to get the information
necessary for selecting a new bit rate.

6. Select a new bit rate according to the returned information on the frequency division ratios and
operating frequencies, send the new bit-rate selection command (H'3F).

7. After selection of the new bit rate, send the programmable ROM information inquiry
command (H'25), erasure-block-information inquiry command (H'26), and programming-size
inquiry command (H'27) to get the information necessary for programming/erasing the user
ROM area.

8. After each inquiry of step [7], send the programming/erasure state transition command (H'40)
to cause a transition to the programming/erasure state.
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(11) Programming/Erasure State

In the programming/erasure state, the boot program selects the form of programming in response
to the programming selection command and then writes the data in response to the 128-byte
programming command; or the boot program erases the desired blocks in response to the erasure
selection and block erasure commands. Table 7.7 lists the programming/erasure commands.

Table 7.7

Command Command Name

Programming/Erasure Commands

Function

H'43 User-BOM-area programming Transfers the control program for user-ROM
selection area programming.

H'50 128-byte programming Executes 128-byte programming.

H'48 Erasure selection Transfers the erasure-control program.

H'58 Block erasure Erases the block data.

H'52 Memory read Reads data from memory.

H'4B Programmable ROM sum check Executes sum checking of the programmable
ROM area.

H'4D Programmable ROM blank check Executes blank checking of the
programmable ROM area.

H'4F Boot-program state inquiry Obtains about the processing state of the
boot program.

H'61 Data flash sum check Executes sum checking for the data flash
area

H'62 Data flash blank check Executes blank checking for the data flash
area

H'71 Lock-bit state read Reads the state of a lock bit.

H'77 Lock-bit program Executes lock-bit programming.

H'75 Disabling lock-bit Disables the function of lock bits.

H'7A Enabling lock-bit Enables the function of lock bits.

1. Programming

Programming is performed by using the programming selection command and the 128-byte

programming command.

First, the host sends the programming selection command, and selects the form and area of

programming.

REJ09B0465-0300 Rev. 3.00
Sep 17,2010

RENESAS

Page 197 of 982



Section 7 ROM H8S/20103, H8S/20203, H8S/20223, H8S/20115, H8S/20215, H8S/20235 Group

Next, the host sends the 128-byte programming command. The boot program assumes that the
128 bytes of data included in the 128-byte programming command should be programmed
according to the form of programming selected by the preceding programming selection
command. To program more than 128 bytes, repeatedly send 128-byte programming
commands. To terminate programming, the host should send the 128-byte programming
command with address H'FFFFFFFF. On completion of programming, the boot program waits
for the next programming/erasure selection command.

The sequence of programming by the programming selection command and 128-byte
programming command is shown in figure 7.10.

Host Boot program

Programming selection (H'43) Transfors the

programming-control
program.

A

ACK

128-byte programming (address and data)
Repeats the steps. Performs

programming.

ACK

128-byte programming (address = H'FFFFFFFF)
ACK

Figure 7.10 Programming Sequence

2. Erasure

Erasure is performed by using the erasure selection command and the block erasure command.

First, select erasure by the erasure selection command and then actually erase a specific block
using the block erasure command. To erase multiple blocks, repeatedly send block erasure
commands. To terminate erasure, the host should send the block erasure command with block
number H'FF. On completion of erasure, the boot program waits for the next
programming/erasure selection command.

The sequence of erasure by the erasure selection command and block erasure command is
shown in figure 7.11.
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Host Boot program

Erasure selection (H'48)
Transfers the erasure-
control program.

il
~
ACK
| g
Block erasure (block number)
Repeats the steps. |Perf0rms erasure. I
<
ACK
|-
»
P Block erasure (block number = H'FF)
|
ACK

Figure 7.11 Erasure Sequence

(8 User-ROM-Area Programming Selection

In response to a user-ROM-area programming selection command, the boot program transfers the
relevant programming-control program according to which the user ROM area is programmed.

Command

e Command H'43 (1 byte): User-ROM-area programming selection

Response |H'06

e Response H'06 (1 byte): Response to a user-ROM-area programming selection command.
The ACK code is returned upon completion of transferring the programming-control program.

Error response
[HC3  |ERROR |

e Error response H'C3 (1 byte): Error response to a user-ROM-area programming selection
command

e ERROR (1 byte): Error code

H'54: Selection processing error (processing was not completed because of a transfer error)
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(b) 128-Byte Programming

In response to a 128-byte programming command, the boot program programs the user ROM area
according to the programming-control program transferred in response to the user-ROM-area
programming selection command.

Command |H'50 Address
Data

SUM

e Command H'50 (1 byte): 128-byte programming

e Address for programming (4 bytes): Address at which programming starts
The address should be the multiple of the size returned in response to the programming-size
inquiry command.
[Example] H'00, H'01, H'00, H'00: H'00010000

e Programming data (128 bytes): Data for programming

The size of the programming data is the size returned in response to the programming-size
inquiry command.
e SUM (1 byte): Checksum

Response

e Response H'06 (1 byte): Response to a 128-byte programming command.
The ACK code is returned upon completion of the requested programming.

Error response
‘H'DO ‘ERROR ‘

e Error response HDO (1 byte): Error response to a 128-byte programming command
e ERROR (1 byte): Error code
H'11: Checksum error

H'2A: Address error. This error indicates that the address is not within the specified range of
areas.

H'53: Programming error (programming failed because of an error in programming)
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The specified address should be on a boundary corresponding to the unit of programming
(programming size). For example, when the programming size is 128 bytes, the lower 8 bits of the
address should be either H'00 or H'80. When less than 128 bytes of data are to be programmed, the
host should transmit the data after padding the vacant bytes with H'FF.

To terminate programming, send the 128-byte programming command with H'FFFFFFFF in the
address-for-programming field. This informs the boot program that the data has been completely
sent; the boot program then waits for the next programming/erasure selection command.

Command ‘H'SO ‘Address |SUM ‘

e Command H'50 (1 byte): 128-byte programming
e Address for programming (4 bytes): Terminating code (H'FF, HFF, H'FF, H'FF)
e SUM (1 byte): Checksum

Response

e Response H'06 (1 byte): Response to a 128-byte programming command.
The ACK code is returned upon termination of the programming process.

Error response
[HDO  |ERROR |

e Error response HDO (1 byte): Error response to a 128-byte programming command
e ERROR (1 byte): Error code
H'11: Checksum error

H'53: Programming error (programming failed because of an error in programming)

() Erasure Selection

In response to an erasure selection command, the boot program transfers the relevant erasure-
control program. The data in the user ROM area is erased using the transferred erasure-control
program.

Command [H'48

e Command H'48 (1 byte): Erasure selection

Response |H'06
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e Response H'06 (1 byte): Response to an erasure selection command.

The ACK code is returned upon completion of transferring the erasure-control program.

Error response
lHCs  |ERROR

e Error response H'CS (1 byte): Error response to an erasure selection command
e ERROR (1 byte): Error code

H'54: Selection processing error (processing was not completed because of a transfer error)

(d) Block Erasure

In response to a block erasure command, the boot program erases the data in the specified block.

Command |H'58 Size Block SUM
number

e Command H'58 (1 byte): Block erasure

e Size (1 byte): The number of characters in the block-number field (fixed to 1)
e Block number (1 byte): The number specific to the block to be erased

e SUM (1 byte): Checksum

Response

e Response H'06 (1 byte): Response to a block erasure command.

The ACK code is returned when the specified block has been erased.

Error response
‘HDS ‘ERROR

e Error response H'D8 (1 byte): Error response to a block erasure command
e ERROR (1 byte): Error code

H'11: Checksum error

H'29: Block number error (the specified block number is incorrect)

H'51: Erasure error (an error occurred during erasure)
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On receiving the command with H'FF as the block number, the boot program terminates erasure
processing and waits for the next programming/erasure selection command.

Command |H'58 Size Block SUM
number

e Command H'58 (1 byte): Block erasure

e Size (1 byte): The number of characters in the block number field (fixed to 1)
e Block number (1 byte): H'FF (erasure terminating code)

e SUM (1 byte): Checksum

Response |H'06
e Response H'06 (1 byte): Response to the block erasure command for terminating erasure
processing; ACK code is returned upon termination of the erasure process.

To perform erasure again after issuing the command with H'FF as the block number, start the
process by sending an erasure selection command.

(e) Memory Read

In response to a memory read command, the boot program returns the data stored in the specified
address.

Command [H'52 ‘Size ‘Area ‘Address for reading
Reading size |SUM |

e Command H'52 (1 byte): Memory read
e Size (1 byte): The total size of the area, address-for-reading, and reading-size fields (fixed to 9)
e Area (1 byte):
H'01: User ROM area
Specifying an incorrect area causes an address error.
e Address for reading (4 bytes): Address where reading starts
e Reading size (4 bytes): The amount of data to be read
e SUM (1 byte): Checksum
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Response |H'52 Reading size
Data  |.. | | | | | |
SUM

e Response H'52 (1 byte): Response to a memory read command

e Reading size (4 bytes): The amount of data to be read

e Data (128 bytes): The specified amount of data to be read out starting at the specified address
e SUM (1 byte): Checksum

Error response
‘H'DZ ‘ERROR \

e Error response H'D2 (1 byte): Error response to a memory read command
e ERROR (1 byte): Error code
H'11: Checksum error
H'2A: Address error (the specified address for reading is not in the MAT)
H'2B: Size error (the specified size (amount) is greater than the size of the MAT)

(f) Programmable ROM Sum Check

In response to a programmable ROM sum check command, the boot program adds all the data
bytes in the user ROM area and returns the result.

Command

e Command H'4B (1 byte): Programmable ROM sum check

Response \H'sB \Size ‘Checksum for the MAT ‘SUM \

e Response H'SB (1 byte): Response to a programmable ROM sum check command
e Size (1 byte): The number of characters in the checksum-for-the-MAT field (fixed to 4)

e Checksum for the MAT (4 bytes): Result of checksum calculation for the programmable ROM
area; the total of all the data in the MAT, in byte units.

e SUM (1 byte): Checksum (for this response)
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(9) Programmable ROM Blank Check

In response to a programmable ROM blank check command, the boot program checks to see if the
whole the programmable ROM area is blank and returns the result.

Command

e Command H'4D (1 byte): Programmable ROM blank check

Response |H'06

e Response H'06 (1 byte): Response to a programmable ROM blank check command
The ACK code is returned when the whole area is blank (all bytes are H'FF).

Error response
IHCD  |Hs2 |

e Error response H'CD (1 byte): Error response to a programmable ROM blank check command

e Error code H'S2 (1 byte): Non-erased error

(h) Data Flash Sum Check

In response to a data flash sum check command, the boot program obtains the sum of all bytes in
the data flash areas and returns the result.

Command

e Command H'61 (1 byte): Data flash sum check

Response ‘H'71 ‘Size ‘Checksum ‘SUM ‘

e Response H'71 (1 byte): Response to a data flash sum check command

e Size (1 byte): The number of characters in the checksum field (fixed to 4)

e Checksum (4 bytes): Result of checksum calculation for the data flash areas; the byte-wise sum
of all data in the areas.

e SUM (1 byte): Checksum value that makes the sum of the bytes from the command to the
SUM byte become H'00.

REJ09B0465-0300 Rev. 3.00

Page 205 of 982
Sep 17, 2010 RENESAS



Section 7 ROM H8S/20103, H8S/20203, H8S/20223, H8S/20115, H8S/20215, H8S/20235 Group

(i) Data Flash Blank Check

In response to a data flash blank check command, the boot program checks to see if the whole data
flash areas are blank and returns an indicator of the result.

Command

e Command H'62 (1 byte): Data flash blank check
Response |H'06
e Response H'06 (1 byte): Response to a data flash blank check command.
The ACK code is returned when the whole areas are blank (all bytes are H'FF).

Error response
HE2  |H52 |

e Error response HE2 (1 byte): Error response to a data flash blank check command

e Error code H'S2 (1 byte): Non-erased error

(i) Lock-Bit State Read

The lock bit for an area of user ROM (other than the data flash area) is read, and the result is
returned.

Command ‘H'71 ‘Size ‘Area ‘Medium address |Upper address ‘SUM ‘

e Command H'71 (1 byte): Lock-bit state read

e Size (1 byte): The total size of the area, medium address, and upper address fields (fixed to 3).
e Area (1 byte): H01: User ROM area

e Medium address (1 byte): Middle-order bits (bits 8 to 15) of the address where the block ends
e Upper address (1 byte): Higher-order bits (bits 16 to 23) of the address where the block ends

e SUM (1 byte): Checksum value such that the sum of all bytes from the command to the SUM
field becomes H'00.

Response
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e STATUS (1 byte): The value O for bit 6 indicates the locked state.
e STATUS (1 byte): The value 1 for bit 6 indicates the unlocked state.

Error response
[HF1  [ERROR

e Error response H'F1 (1 byte): Error response to a lock-bit state read command
e ERROR (1 byte): Error code
H'11: Checksum error

H'2A: Address error. This error indicates that the specified block address is incorrect.

(k) Lock-Bit Program

This command locks a specified block (other than the data flash area).

Command ‘H'77 ‘Size ‘Area ‘Medium address |Upper address ‘SUM ‘

e Command H'77 (1 byte): Lock-bit program

e Size (1 byte): The total size of the area, medium address, and upper address fields (fixed to 3).
e Area (1 byte): H01: User ROM area

e Medium address (1 byte): Middle-order bits (bits 8 to 15) of the address where the block ends
e Upper address (1 byte): Higher-order bits (bits 16 to 23) of the address where the block ends
e SUM (1 byte): Checksum

Response |H'06

e Response H'06 (1 byte): Response to a lock-bit program command (ACK code)

Error response
[HF7  |ERROR

e Error response HF7 (1 byte): Error response to an lock-bit program command
e ERROR (1 byte): Error code

H'11: Checksum error

H'2A: Address error

H'53: Programming error. This error indicates that an error occurred in programming of the
lock bit.
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()  Enabling Lock Bit

This command enables the function of lock bits.

Command

e Command H'7A (1 byte): Enabling lock bit

Response

e Response H'06 (1 byte): Response to an enabling-lock-bit command (ACK code)
(m) Disabling Lock Bit

This command disables the function of lock bits.

Command |H'75

e Command H'75 (1 byte): Disabling lock bit

Response

e Response H'06 (1 byte): Response to a disabling-lock-bit command (ACK code)

(n) Boot-Program State Inquiry

In response to a boot-program state inquiry command, the boot program returns its current state
and error information. This inquiry can be made either in the inquiry/selection state or the
programming/erasure state.

Command

e Command H'4F (1 byte): Boot-program state inquiry

Response ‘H'SF \Size ‘STATUS‘ERROR |SUM |

e Response H'SF (1 byte): Response to a boot-program state inquiry command
e Size (1 byte): The number of characters in the STATUS and ERROR fields (fixed to 2)
e STATUS (1 byte): State of the boot program
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e ERROR (1 byte): Error information
ERROR = 0: Success
ERROR # 0: Error

e SUM (1 byte): Checksum

Table 7.8  State Codes

Code Description

H'11 Waiting for device selection

H'12 Waiting for clock mode selection

H'13 Waiting for bit rate selection

H1F Waiting for transition to programming/erasure state (bit rate selection completed)
H'31 Programming or erasure state (programming/erasure in progress)

H'3F Waiting for programming/erasure selection (erasure completed)

H'4F Waiting to receive data for programming (programming completed)

H'5F

Waiting for erasure block specification (erasure completed)
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Table 7.9  Error Codes

Code Description

H'00 No error

H'11 Checksum error

H'12 Programming size error

H'21 Device-code disagreement error
H'22 Clock-mode disagreement error
H'24 Bit-rate selection disable error
H'25 Input frequency error

H'26 Frequency division ratio error
H'27 Operating frequency error

H'29 Block number error

H'2A Address error

H'2B Data size error

H'51 Erasure error

H'52 Non-erased error

H'53 Programming error

H'54 Selection processing error

H'61 ID code mismatch error

H'63 Erasure error when ID code mismatch occurs
H'80 Command error

H'FF Bit-rate-adjustment acknowledge error
7.5.3 Programming/Erasing in User Mode

On-board programming/erasing of individual flash memory blocks is also possible in user mode
by branching to the user programming/erasure-control program. The user must set the branching
conditions and provide the on-board means of supplying the programming data. The flash memory
must contain the user programming/ erasure-control program or a program that allows the user
programming/erasure-control program to be supplied externally. As the flash memory itself cannot
be read during programming/erasing, transfer the user programming/erasure-control program to
the on-chip RAM to execute, as in boot mode. Figure 7.12 shows a sample procedure for
programming/erasing in user mode. Prepare user programming/erasure-control program in
accordance with the description in section 7.6, Programming/Erasing.
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Figure 7.12 Sample Programming/Erasing Procedure in User Mode (EW0 Mode)
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7.6 Programming/Erasing

The CPU reprogramming method is employed to program and erase flash memory on board, in
which the CPU executes software commands.

7.6.1 Software Commands

Table 7.10 shows a list of software commands through word instructions and table 7.11 shows a
list of software commands through byte instructions. Whether an instruction is to be byte-length or
word-length is specified by the FMWUS bit in FLMCRI1.

Table 7.10 Software Commands (in Word Instructions: FMWUS = 1)

First Command Second Third Command Command Use in
Software Cycle Command Cycle Cycle Modes
Command Mode Addr. Data Mode Addr. Data Mode Addr. Data EWO0 EW1
Erasure Write x H2020 Write BA  HDoDO Possible Possible

Programming Write WA H4141 Write WA WD1 Write WA  WD2 Possible Possible

Blank checking Write x H2525 Write BA  HDoDO Possible Possible
Lock-bit program  Write x H7777 Write BA  HDoODO Possible Possible
Read-array Write x H'FFFF Possible —
Clear-status Write x H'5050 Possible Possible
Lock-bit reading ~ Write x H7171 Read BA  Hxxxx Possible Impossible
[Legend]

X: Arbitrary address in the user ROM area

XX: Eight-bit arbitrary data
BA: Arbitrary address in a block

WA:  Programming address. (The lower two bits of an address are ignored. WA should be the
same in each command cycle.)

WDn: Programming data (16 bits)
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Section7 ROM

Table 7.11 Software Commands (in Byte Instructions: FMWUS = 0)

Third Command

First Command Second to Fifth Command Use in
Software Cycle Command Cycle Command Cycle Modes
Command Mode Addr. Data Mode Addr. Data Mode Addr. Data EWO0 EwW1
Erasure Write x H20 Write BA H'DO Possible Possible
Programming Write WA H'41 Write WA  WD1 Write WA WD2 Possible Possible

:/(\)ID4

Blank checking Write x H25 Write BA H'DO Possible Possible
Lock-bit program  Write x H'77 Write BA H'DO Possible Possible
Read-array Write x H'FF Possible —
Clear-status Write x H'50 Possible Possible
Lock-bit reading ~ Write x H'71 Read BA  Hxx Possible Impossible
[Legend]
X: Arbitrary address in the user ROM area

XX: Eight-bit arbitrary data
BA: Arbitrary address in a block
WA:  Programming address. (The lower two bits of an address are ignored. WA should be the

same in each command cycle.)

WDn: Programming data (8 bits)

(1) Initialization for CPU Reprogramming Mode

Before software commands are issued, settings for CPU reprogramming mode must be made and

issuing of software commands must be permitted.

Figure 7.13 shows initialization for CPU reprogramming mode.
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Flow of initialization for EWO mode*1

C Start )
!

Transfer the overwriting
program to RAM.

!

Set the interrupt vector offset by

VOFR and place the interrupt | FMLBD = 1 |
vectors in RAM.*1

!

Jump to the overwriting
program in RAM.

!

Command issued
for data flash?

)
[ FMEWMOD = 0 [ | DFPRIX] = 0~ |
( To processing for issuing
| FMCMDEN = 1 | commands

Flow of initialization for EW1 mode*1

| FMEWMOD = 1 |
| FMCMDEN = 1 |

| DFPRIx] = 0%2 |

( To processing for issuing
commands

Notes: For any interrupts that are in use, allocate the interrupt vector entries and interrupt routines to RAM.
If interrupts are not to be used, allocation to RAM is not necessary.

1. Within the flow, set the CPU overwriting unit selection bit (FMWUS) to select the unit of overwriting.
2. Set the DFPR according to the area of data-flash memory for which commands are to be issued.

Figure 7.13 Initialization for E/'W Mode
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(2) Erasure

When H'20 is written in the first command cycle and H'DO is written to any address in the block in
the second command cycle, erase/erase-verify of the specified block is automatically started.

Completion of erasure is indicated by the FMRDY bit in FLMSTR. The FMRDY bit is read as 0
during erasure, and read as 1 after erasure completion.

After erasure completion, the erasure result can be checked by reading the FMEBSF bit in
FLMSTR. (See the description in (9) below, Full Status Checking.)

Note that if the lock bit is O (locked) in the specified block and the FMLBD bit is 0 (lock bit
enabled), an erasure command is not accepted for the specified block.

Figures 7.14 and 7.15 show the flowcharts when the erase-suspend function is not used and when
used, respectively.

When the erase-suspend function is being employed and erasure is resumed immediately after a
period in erase-suspend mode, instruction fetching with normal incrimination of the program
counter will not be possible. To avoid this problem, add three NOP instructions immediately after
the instruction that writes FMSPREQ = 0. Furthermore, do not use the DTC when erasure has
been suspended in EW1 mode and the reprogramming control program has been allocated to
RAM.

In EW1 mode, do not execute this command for the block in which the reprogramming-control
program is located.

The FMRDY bit in FLMSTR changes to 0 when erasure is started, and changes to 1 when
completed.
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=

Y

Write software command H'20.

\

Write H'DO to any address
in the specified block.

<
<%

Y

No

FMRDY =17

Yes

Full status check

4

C Erasure end )

Figure 7.14 Flowchart When Erase-Suspend Function is Not Used
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(EWO0 mode)

C Start D)
!

| FMSPEN = 1 |

!

Write software command H'20.

!

Write H'DO to any address
in the specified block.

D —

Yes
I I Full status check I I

( Erasure end )

( Interrupt request* 12 )

!

| FMSPREQ = 1

Yes

I Access to flash memory

:

| FMSPREQ =0

:

C RTE D)

(EW1 mode)

| FMSPEN = 1 |

!

Write software command H'20.

!

Write H'DO to any address
in the specified block.

14—

FMSPREQ =0

!

NOP
NOP
NOP

Yes
I I Full status check I I

!
( Erasure end )

( Interrupt request2 )

!

I Access to flash memory

;

C RTE D)

Notes: 1. In EWO0 mode, set VOFR and, locate the vector and handling routines of the used interrupts in the RAM.

2. When an interrupt request is generated, it takes the transition time to erase-suspend mode for the request to be accepted.
To allow a transition to the erase-suspend state, enable the relevant interrupt beforehand.

Figure 7.15 Flowchart When Erase-Suspend Function is Used
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(3) Programming
A programming command is used to program data in the flash memory in 4-byte units.

Command or data size can be set depending on the FMWUS bit in FLMCRI. Setting the FMWUS
bit to O enables using byte instructions. When H'41 is written in the first command cycle and data
is written to the programming address in the second through fifth command cycles, programming
and verifying are automatically started*.

Setting the FMWUS bit to 1 enables using word instructions. When H'4141 is written in the first
command cycle and data is written to the programming address in the second and third command
cycles, programming and verifying are started*.

Completion of programming is indicated by the FMRDY bit in FLMSTR. The FMRDY bit is read
as 0 during programming, and read as 1 after programming completion.

After programming completion, the programming result can be checked by reading the FMPRSF
bit in FLMSTR. (See the description in (9) below, Full Status Checking.)

Figure 7.16 shows the programming flowchart.
Do not additionally program the already-programmed addresses.

Note that if the lock bit is O (locked) in the specified block and the FMLBD bit is O (lock bit
enabled), a programming command is not accepted for the specified block.

In EW1 mode, do not execute this command for the block in which the reprogramming-control
program is located.

The FMRDY bit in FLMSTR changes to O when programming is started, and changes to 1 when
completed.

Note: * The lower two bits of the programming addresses are ignored.
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o

Y

Write software command H'41 to
the programming address.

\

Write data to the programming address.

<
<%

Y

No

FMRDY =17

Yes

Full status check

4

C Programming end )

Figure 7.16 Programming Flowchart
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(4) Blank Checking

When H"25 is written in the first command cycle and H'DO is written to any address in the block in
the second command cycle, blank checking of the specified block is started.

Completion of blank checking is indicated by the FMRDY bit in FLMSTR. The FMRDY bit is
read as 0 during blank checking, and read as 1 after blank checking completion.

After blank checking completion, the blank checking result can be checked by reading the
FMEBSF bit in FLMSTR. (See the description in (9) below, Full Status Checking.)

Figure 7.17 shows the blank checking flowchart.

The FMRDY bit in FLMSTR changes to 0 when blank checking is started, and changes to 1 when
completed.

=
.

Write software command H'25.

Y

Write H'DO to an address
in the specified block.
-

<

Yes

Full status check

( Blank checking end )

Figure 7.17 Blank Checking Flowchart
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(5) Lock-Bit Program

When H'77 is written in the first command cycle and H'DO is written to any address in the block in
the second command cycle, lock-bit programming of the specified block is started.

Completion of lock-bit programming is indicated by the FMRDY bit in FLMSTR. The FMRDY
bit is read as O during lock-bit programming, and read as 1 after lock-bit programming completion.

After lock-bit programming completion, the lock-bit programming result can be checked by
reading the FMPRSF bit in FLMSTR. (See the description in (9) below, Full Status Checking.)

Figure 7.18 shows the lock-bit programming flowchart.

The FMRDY bit in FLMSTR changes to O when lock-bit programming is started, and changes to 1
when completed.

=
.

Write software command H'77.

Y

Write H'DO to an address
in the specified block.

-

<

Yes

Full status check

'

( Lock-bit programming end )

Figure 7.18 Lock-Bit Programming Flowchart

REJ09B0465-0300 Rev. 3.00

Page 221 of 982
Sep 17, 2010 RENESAS




Section 7 ROM H8S/20103, H8S/20203, H8S/20223, H8S/20115, H8S/20215, H8S/20235 Group

(6) Read-Array Command

A read-array command is to cause a transition to a mode in which data can be read from flash
memory.

When H'FF is written in the first command cycle, a transition to read array mode is caused. When
the specified addresses are read out in the subsequent command cycles, data is read from the
specified addresses.

Since read-array mode is retained until any other command is written, multiple addresses can be
read successively.

(7) Lock-Bit Reading Command
This command is used to read the value of the lock bit in flash memory.

Writing H'71 in the first command cycle and reading from the specifying block address (BA) in
the second command cycle returns the value of the lock bit. If a word instruction is used for
reading, the value of the lock bit will be reflected in bits 6 and 14 of the read-out word. If a byte
instruction is used, the value of the lock bit will be reflected in bit 6. Execute the lock-bit reading
command in EW0 mode.

(8) Status Clearing Command
A clear-status command is used to clear the status flag to 0.

When H'50 is written in the first command cycle, the FMPRSF and FMEBSEF bits in FLMSTR are
cleared to 0.

(9) Full Status Checking

When any command (other than the read-array command, lock bit reading command and clear-
status command) is issued, full-status checking is performed to confirm whether or not there was
an error.

When an error occurs, the FMPRSF and FMEBSF bits in FLMSTR are set to 1, indicating the
occurrence of the relevant errors.

Table 7.12 shows the bit values in FLMSTR and the corresponding errors. Figure 7.19 shows the
full status checking flowchart and procedures of handling each error.

REJ09B0465-0300 Rev. 3.00

Page 222 of 982
9 RENESAS Sep 17, 2010



H8S/20103, H8S/20203, H8S/20223, H8S/20115, H8S/20215, H8S/20235 Group

Section7 ROM

Table 7.12 Bit Values in FLMSTR and Corresponding Errors

Bit Values in FLMSTR

FMEBSF FMPRSF Error Error Generation Conditions

0 0 Successful end

0 1 Programming error The programming command is
executed and results in
unsuccessful programming.

Lock-bit programming error The lock-bit program command
is executed and results in
unsuccessful programming.

1 0 Erasure error The erasure command is
executed and results in
unsuccessful erasure.

Blank checking error The blank checking command
is executed and it is detected
that the specified block is not
blank.

1 1 Command sequence error e A command is not written

correctly.

e A data value other than
H'DO and H'FF is written in
the last cycle of the
command that consists of
two command cycles.

e The erasure command is
input in erase-suspend
mode.

e The programming command
is input for the suspended
block in erase-suspend
mode.
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( Full status check )

FMEBSF = 1
and
FMPRSF = 1

Command sequence error | |

Erasure/blank-checking status flag
FMEBSF =1

Erasure error
or
blank checking error

Programming status flag
FMPRSF = 1

Programming error
or
lock-bit programming error

( Full status check end )

Command sequence error

Erasure error

!

!

Execute the clear-status command.
(Clear the status flag to 0).

Execute the clear-status command.
(Clear the status flag to 0).

!

| Check that the command is input correctly. |

'

as the erasure command been
re-executed three or less times?,

The target block is unavailable. )

( Re-execute the erasure command. ) (

Re-execute the erasure command. )

| | Programming error

Lock-bit program error | |

!

!

Execute the clear-status command.
(Clear the status flag to 0).

Execute the clear-status command.
(Clear the status flag to 0).

!

Specify the different address from the address
having caused an error as the
programming address.

Has the lock-bit program
command been executed
1000 or less times in total?

The target block is unavailable. )

( Re-execute the erasure command. ) (

Re-execute the lock-bit program
command.

Figure 7.19 Full Status Checking Flowchart and Procedures of Handling Errors
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(10) Example of Issuing Commands

Figures 7.20 and 7.21 show examples of issuing programming commands and erasure commands,
respectively. Figure 7.22 shows examples of issuing read-array commands.

® Using word-length instructions to issue programming commands (FMWUS = 1)

[Programming Example]

farget address Data @MOV.W #H4141,R0 ; Programming command
’ . @MOV.W #H'1234R1 : Writing of data
H004000 H12 @MOV.W #H'5678,R2  Writing of data
H004001 H34 @MOV.W RO, @H00004000 ; First command
. : @MOV.W R1, @H00004000 ; Second command
H004002 H's6 @MOV.W R2, @H00004000 ; Third command
H004003 H78

Prefetching and other  Prefetching and other

internal processing internal processing
Issuing of first Issuing of second Issuing of third Pro&ramming of flash
command command command ROM starts

Internal address bus:X Hooso00 X ]] X Hoosooo X)) X Hoo4o00 X:
Internal data bus :X H'4141 X(( X H'1234 X (( X H'5678 X:
\ N\

@ Using byte-length instructions to issue programming commands (FMWUS = 0)

[Programming Example]

E’%‘“ﬁtﬁ%‘jress Data @MOV.B  #H'41, ROL ; Programming command
@MOV.W  #H'1234,R1 ; Writing of data
H'004000 H12 @MOV.W  #H'5678,R2 ; Writing of data
H'004001 H'34 @MOV.B ROL, @H'00004000 ; First command
@MOV.B R1H, @H'00004000 ; Second command
H'004002 H's6 @MOV.B  RiL, @H'00004000 ; Third command
H'004003 H'78 @MOV.B R2H, @H'00004000 ; Fourth command
@MOV.B R2L, @H'00004000 ; Fifth command
Prefetching and other ~ Prefetching and other  Prefetching and other  Prefetching and other
internal processing internal processing internal processing internal processing Programmin
Issuing of first Issuing of second Issuing of third Issuing of fourth Issuing of fifth  of flash ROI
command command command command command starts

\ \ \ \
Internal address :X Hooso00 X J) X Hoosooo X)) X Hooaooo X)) X Hooaooo X)) X Hooso00 X

mtematdatabus X Ha1 X[ X w12 XX wee YT X wse YT X _ne X

Figure 7.20 Examples of Issuing Programming Commands
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@ Using word-length instructions to issue erasure commands (FMWUS = 1)

[Erasure Setting]

Erasure block = Data flash A [Programming Example]

@MOV.W #H'2020,R0 ; Erasure command
@MOV.W #H'DODO,R1 ; Erasure command
@MOV.W RO0,@H'00F00000 ; First command

@MOV.W R1,@H'00F00000 ; Second command

Prefetching and other
internal processing

Issuing of first Issuing of second  Programming of flash
command command ROM starts

S T

Internal address bus:X H'FO0000 X )) X H'FO0000 X

Internal data bus :X Heoo X ([ X moobo X

® Using byte-length instructions to issue erasure commands (FMWUS = 0)

[Erasure Setting] )
Erasure block = Data flash A [Programming Example]

@MOV.B #H'20, ROL ; Erasure command
@MOV.B #H'DO, ROH ; Erasure command
@MOV.B ROL,@H'00F00000 ; First command

@MOV.B ROH,@H'00F00000 ; Second command

Prefetching and other
internal processing

Issuing of first Issuing of second Programming of flash
command command ROM starts

- > >

Internaladdressbus:X HFooooo X)) X HFooooo X

Internal data bus :X H'20 X (( X H'DO X

Figure 7.21 Examples of Issuing Erasure Commands
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® Using word-length instructions to issue read-array commands (FMWUS = 1)

[Read-Array Setting] [Programming Example]
Address = Program-ROM area @MOV.W #H'FFFF, RO ; Read-array command
@MOV.W RO, @H'00000000 ; First command

Issuing of first command Reading can proceed.

Addressbus X H'000000 X
Data bus X HFFFF X

@ Using byte-length instructions to issue read-array commands (FMWUS = 0)
[Read-Array Setting] [Programming Example]

Address = Program-ROM area @MOV.B #H'FF, ROL ; Read-array command
@MOV.B ROL,@H'00000000 ; First command

Issuing of first command Reading can proceed.

| >

Addressbus X H'000000 X
Data bus X H'FF ><

Figure 7.22 Examples of Issuing Read-Array Commands
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7.7 Protection

Three modes are available to protect the flash memory against reading, programming, and erasing:
software protection, lock-bit protection, and protection to restrict access in programmer mode and
boot mode.

7.7.1 Software Protection

Software commands can be disabled by clearing the FMCMDEN bit in the flash memory control
register (FLMCR1) through software. In this state, no software commands are executed even if
input.

Data flash areas can be protected in block units by using the flash memory data flash protect
register (DFPR). Setting bits DFPR1 and DFPRO in DFPR to 1 places all the data flash areas in
protect mode.

7.7.2 Lock-Bit Protection

The programming/erasure commands can be disabled by programming the lock bits using the
lock-bit program command. In this state, the erasure/programming commands are not executed
even if input. This prevents flash memory from being erroneously erased or programmed due to
CPU runaway.

The protection function can be temporarily disabled by setting the FMLBD bit in FLMCRI1 to 1.
To clear the lock bit, erase the specified block. Note that lock bits are unavailable in data flash
areas.
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7.7.3 PROM Programmer Protection/Boot Mode Protection

PROM programmer protection/boot mode protection is enabled by writing the specified data to the
user ROM area shown in the table 7.13.

The protection function can be disabled by using a PROM programmer or on-board programmer
to delete the entire user ROM area.

Table 7.14 shows the specifications for PROM programmer protection and table 7.15 shows the
specifications of protection in boot mode.

Table 7.13 Address Range of the Protection Code in User ROM

H'000004 H'000005 H'000006 H'000007 H'000010 H'000011 H'000012 H'000013

PROM Control  Not used
programmer code
Boot mode Authentication ID code (56 bits)

Table 7.14 Specifications for PROM Programmer Protection

Control code* Protection State Operation to be Carried Out
H'FF PROM programmer protection Possible operations; reading/programming/
is disabled. erasing by PROM programmer.

Other than above PROM programmer protection Possible operations; programming/erasing by
is enabled. PROM programmer.
However, reading is not possible.

Note: * Used together with control code for boot mode protection.
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Table 7.15 Specifications for Boot Mode Protection

Control code* Protection State Operation in Serial Connection

Other than Protection is disabled. Entire blocks are deleted.

above

H'45 ID authentication protection 1**  Possible for reading/programming/erasing if

the ID was authenticated.
If the ID was not authenticated, entire blocks
are deleted.

H'52 ID authentication protection 2 Possible for reading/programming/erasing if
the ID was authenticated.
If the ID was not authenticated, authentication
is performed again.

ID authentication protection 2+*°  If control code is H'52 and the special code
(H'50, H'72, H'6F, H'74, H'65, H'63 and H'74)
is written to the authentication ID bytes,
processing for serial connections will not be
accepted.

Notes: 1. Used together with the control code for the PROM programmer.
2. Re-authentication can be performed up to 3 times in case of error in the ID code.

3. Once this setting has been made, serial connections are not accepted unless a PROM
programmer is used to delete the setting.

7.8 Programmer Mode

In programmer mode, flash memory areas can be programmed/erased using a PROM programmer
via a socket adapter, just as a discrete flash memory can be. Use the PROM programmer that
supports this product.
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7.9 Usage Notes
(1) Prohibited Instruction

In EWO0 mode, the following instruction cannot be used because it refers to the data in the flash
memory area.

e TRAPA

(2) Interrupts

Table 7.16 shows interrupt handling in CPU reprogramming mode.

Table 7.16 Interrupt Handling in CPU Reprogramming Mode
When Watchdog Timer Reset,
LVD Reset, Software Reset, or

When Interrupt Request is Pin Reset, Interrupt Request is
Mode State Received Generated

EWO0 During erasure command Interrupts can be handled if Immediately after a reset is
interrupt vectors are located generated, a software command
in the RAM. For details, see is forcibly terminated, and flash

During programming
command

section 4.2.7, Interrupt memory and LSI are reset.
During lock-bi i
c;r:rr]r?a :g bit program  vector offset register Because of the forced
(VOFR). termination, it might be
During blank checking impossible to read correct values
command from the block or address for

which the software command
has been executed; execute
erasure again after restarting and
confirm that erasure is completed
successfully.

The watchdog timer does not
stop even during command
execution; initialize the timer
periodically.
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Mode State

When Interrupt Request is
Received

When Watchdog Timer Reset,
LVD Reset, Software Reset, or
Pin Reset, Interrupt Request is
Generated

EW1 During erasure command
(erase-suspend function

not used)

Erasure is given priority,
keeping the interrupt
request waiting. When
erasure is completed,
execution of the interrupt
processing is started.

During erasure command
(erase-suspend function
used)

After the transition time to
erase-suspend mode,
erasure is suspended
starting execution of the
interrupt processing. When
the interrupt processing is
completed, setting the
FMSPREQ bit in FLMCR2
to O resumes erasure.

During programming
command

During lock-bit program
command

During blank checking
command

A software command is
given priority, keeping the
interrupt request waiting.
When the software
command is completed,
execution of the interrupt
processing is started.

Immediately after a reset is
generated, a software command
is forcibly terminated, and flash
memory and LSI are reset.

Because of the forced
termination, it might be
impossible to read correct values
from the block or address for
which the software command
has been executed; execute
erasure again after restarting and
confirm that erasure is completed
successfully.

Since the watchdog timer does
not stop even during command
execution, set the overflow time
of the watchdog timer longer
than the erasure/programming
execution time.

(3) Method of Access

When writing values to the protected bits indicated below, start by writing 0O to the bit and then
write 1 to it or by writing 1 to the bit and then write O to it. Do not allow the generation of any
interrupt or any access to other I/O registers between the two operations. For writing, always use

the MOV instruction.

() Bits that are set to 1 by writing 0 and then 1 consecutively

e FLMCRI1: FMLBD and FMCMDEN bits
e FLMCR2: FMISPE and FMSPEN bits

(b) Bits that are cleared to 0 by writing 1 and then 0 consecutively

e DFPR: DFPRI and DFPRO bits
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Section7 ROM

The example below is of code for use when the FMCMDEN and FMLBD bits in FLMCRI1 are to
be changed from 0O to 1.

MOV.B @FLMCR1,ROL :FLMCR1=H'04 ROL=H'04 ROH=H"'xx
MOV.B @FLMCR1,ROH :FLMCR1=H"'04 ROL=H"'04 ROH=H"'04
BSET #0,ROH :FLMCR1=H'04 ROL=H'04 ROH=H'O05
BSET #3,R0H :FLMCR1=H'04 ROL=H"'04 ROH=H'O0D
MOV.B ROL,@FLMCR1 :FLMCR1=H'04 ROL=H'04 ROH=H'0D
MOV.B ROH, @FLMCR1 :FLMCR1=H'0D ROL=H"'04 ROH=H'O0D

(4) Reprogramming User ROM Area

When it is necessary to reprogram the block containing the reprogramming-control program, use
boot mode. This is because if the power supply voltage drops in EW0 mode while the block
containing the reprogramming-control program is being reprogrammed, the reprogramming-
control program cannot be correctly reprogrammed, and this might disable further reprogramming
of the flash memory. Only proceed with overwriting of the programming-control program after
securing ample stabilization time for the power supply.

(5) Program

Do not program the already-programmed addresses.

(6) LSI Mode Transition

During software command execution, do not cause a transition to standby mode or sleep mode.
(7) Reset during Execution of Software Command in Flash Memory

Do not apply a pin reset, LVD reset, or watchdog timer reset during execution of the
programming, lock-bit programming, blank-checking, and erasure commands. If applied, the
currently executed command is forcibly terminated. In this case, execute the erasure command of
the specified block again and confirm that erasure is completed successfully.

(8) Reading the User ROM Area while the Mode is EW0 and Software Commands are
Enabled

If the user ROM area is to be read while software commands are enabled and the reprogramming
mode is EWO0, set the bus master operation clock ¢s to a frequency below 5 MHz.
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Section 7 ROM H8S/20103, H8S/20203, H8S/20223, H8S/20115, H8S/20215, H8S/20235 Group

(9) Frequent Reprogramming

For systems that will be frequently reprogrammed, follow the below procedure to reduce the
effective number of reprogramming operations. As far as is possible, write data at appropriately
increasing addresses until no blank areas remain, and then erase the whole block. For example, in
a case where the data are written in 16-byte sets, write the maximum of 256 16-byte sets, and then
erase the whole block when further reprogramming is required. This procedure can reduce the
effective number of reprogramming operations.

For control of the number of reprogramming operations, we recommend keeping a record of the
number of times each block has been reprogrammed.

(10) Occurrence of Erase Errors during Erasure Operation

When an erase error has occurred during an erasure operation, issue a clear-status command and
then an erasure command. Repeat this procedure at least three times so that the error does not
occur.

(11) Points for Caution when Using the Erase-Suspend Function

In CPU reprogramming mode, if the erase-suspend function is used during erasure of the user
ROM area, operations to erase the user ROM area will not be completed in some cases.

1. Conditions for the problem

In CPU reprogramming mode, repeated use of the erase-suspend function at a certain interval
within the period of erasure when the user ROM area is being erased in EW0 mode or EW1
mode

(1) EW0 mode
— Repeated generation of interrupts with a certain interval
— Repeated setting of the FMSPREQ bit in FLMCR2 to 1 with a certain interval
(2) EW1 mode
— Repeated generation of interrupts with a certain interval
2. To avoid the problem

Do not use repeatedly the erase-suspend function at the certain interval. If the erase-suspend
function is to be repeatedly used within the period of erasure, employ software control to
ensure that the interval between requests satisfies the conditions given in formula 2-1 below to
avoid the same interval.

T2>TI+TDor T2< Tl —-TD (2-1)

— TD = 1.0 ps (certain period that does not depend on the operating frequency of the product)
— T1: Interval between previous and current requests for suspension of erasure

— T2: Interval between current and next requests for suspension of erasure
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Section 8§ RAM

The H8S/20103, H8S/20203, H8S/20223, H8S/20115, H8S/20215, and H8S/20235 Group LSIs
have an on-chip high-speed static RAM. The RAM is connected to the CPU via a 16-bit data bus,
enabling the CPU to access both byte data and word data in one state.

Product Classification RAM Size RAM Address
64 pins H8S/20103 8 Kbytes H'FFDF80 to H'FFFF7F
H8S/20102 8 Kbytes H'FFDF80 to H'FFFF7F
H8S/20115 12 Kbytes H'FFCF80 to H'FFFF7F
H8S5/20114 12 Kbytes H'FFCF80 to H'FFFF7F
80 pins H8S/20223 8 Kbytes H'FFDF80 to H'FFFF7F
H8S5/20222 8 Kbytes H'FFDF80 to H'FFFF7F
H8S5/20203 8 Kbytes H'FFDF80 to H'FFFF7F
H8S/20202 8 Kbytes H'FFDF80 to H'FFFF7F
H8S/20215 12 Kbytes H'FFCF80 to H'FFFF7F
H8S/20214 12 Kbytes H'FFCF80 to H'FFFF7F
H8S5/20235 12 Kbytes H'FFCF80 to H'FFFF7F
H8S5/20234 12 Kbytes H'FFCF80 to H'FFFF7F
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H8S/20103, H8S/20203, H8S/20223, H8S/20115, H8S/20215, H8S/20235 Group

Section 9 Peripheral /0 Mapping Controller

Section 9 Peripheral I/O Mapping Controller

The peripheral function mapping controller (PMC) is composed of registers that are used to select
the functions of multiplexed pins. The multiplexed pins are divided into two groups: group 1 and
group 2. Group 1 consists of ports 1 to 3, 5, and 6, and group 2 consists of ports 8, 9%, and A.

Tables 9.1 and 9.2 list the functions of the multiplexed pins in each group.

Note: Port 9 is not available on the H8S/20103 and H8S/20115 Groups.

Table 9.1 Multiplexed Pin Functions (Ports 1, 2, 3, 5, and 6)
Pin
Group 1 Name Function1 Function2 Function3 Function4 Function5 Function 6
Port 1 Pm7 RQ7 input  TXD_2 output TXD_3 output SSI FTIOD1 ADTRG2
Port 2 input/output  input/output input
Port 3 Pm6 IRQ6 input RXD_2 input RXD_3input SCS FTIOC1 ADTRG1
input/output  input/output input
Port 5
Pm5 RQ5 input  SCK3_2 SCK3_3 SSCK FTIOB1 TRDOI_1
Port 6 input/output  input/output  input/output  input/output input
Pm4 RQ4 input TRDOI_0 FTCl input*  SSO FTIOA1 TRAIO
input input/output  input/output input/output
Pm3 RQ3 input TRCOI input* FTIOD TGIOB FTIODO TRAO output
input/output* input/output  input/output
Pm2 IRQ2 input TXD output  FTIOC TGIOA FTIOCO TRBO output
input/output* input/output  input/output
Pm1 IRQ1 input  RXD input FTIOB TCLKB input FTIOBO TRGB input
input/output* input/output
PmoO IRQO input SCK3 FTIOA TCLKA input FTIOAO TREO output
input/output  input/output* input/output
Initially mapped port Port 1 Port 2 Port 3 Port 5 Port 6 None

[Legend]
Notes: 1.

2.

m=1,2,3,5and 6

The timer RC is not available on the H8S5/20203, H8S/20223, H8S/20215, and
H8S/20235 Groups; therefore, the function cannot be selected for these groups.

The SCL and SDA functions for the IIC2 module are not allocatable to pins other than
P56 and P57.
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H8S/20103, H8S/20203, H8S/20223, H8S/20115, H8S/20215, H8S/20235 Group

Table 9.2  Multiplexed Pin Functions (Ports 8,9, and A)

Pin
Group 2 Name Function 1 Function 2 Function 3 Function4 Function 5** Function 6
Port 8 Pm7 IRQ7 input — TXD output TREO FTIOD3 TXD_3
Port 9 output input/output  output
Port Ax' Pm6 IRQ6 input — RXD input TRBO FTIOC3 RXD_3
output input/output input
Pm5 IRQ5 input — SCK3 TRAIO FTIOB3 SCK3_3
input/output input/output input/output input/output
Pm4 IRQ4 input — — TRGB input FTIOA3 —
input/output
Pm3 IRQ3 input — — TRAO output FTIOD2 —
input/output
Pm2 IRQ2 input — — — FTIOC2 —
input/output
Pmi1 IRQ1 input — — — FTIOB2 —
input/output
PmO IRQO input — — — FTIOA2 —
input/output
Initially mapped None None None Port 8 Port 9 None

port

[Legend] n=8,9,and A
—: Reserved
Notes: 1. Port A is multiplexed with A/D converter analog input in the H8S/20223 and H8S/20235
Groups. Therefore, the multiplexed functions cannot be selected for the port.
The PAS to PAO pins are multiplexed with A/D converter analog input in the H8S/20203
and H8S/20215 Groups. Therefore, the multiplexed functions cannot be selected for the
port pins.

2. Function 5 cannot be selected for the H8S/20103 and H8S/20115 Groups.
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9.1 Register Descriptions

e Peripheral function mapping register write-protect register (PMCWPR)
e Port 1 peripheral function mapping register 1 (PMCR11)

e Port 1 peripheral function mapping register 2 (PMCR12)

e Port 1 peripheral function mapping register 3 (PMCR13)

e Port 1 peripheral function mapping register 4 (PMCR14)

e Port 2 peripheral function mapping register 1 (PMCR21)

e Port 2 peripheral function mapping register 2 (PMCR22)

e Port 2 peripheral function mapping register 3 (PMCR23)

e Port 2 peripheral function mapping register 4 (PMCR24)

e Port 3 peripheral function mapping register 1 (PMCR31)

e Port 3 peripheral function mapping register 2 (PMCR32)

e Port 3 peripheral function mapping register 3 (PMCR33)

e Port 3 peripheral function mapping register 4 (PMCR34)

e Port 5 peripheral function mapping register 1 (PMCRS51)

e Port 5 peripheral function mapping register 2 (PMCRS52)

e Port 5 peripheral function mapping register 3 (PMCRS53)

e Port 5 peripheral function mapping register 4 (PMCR54)

e Port 6 peripheral function mapping register 1 (PMCRG61)

e Port 6 peripheral function mapping register 2 (PMCR62)

e Port 6 peripheral function mapping register 3 (PMCR63)

e Port 6 peripheral function mapping register 4 (PMCR64)

e Port 8 peripheral function mapping register 3 (PMCR83)

e Port 8 peripheral function mapping register 4 (PMCR84)

e Port 9 peripheral function mapping register 1 (PMCR91)*'
e Port 9 peripheral function mapping register 2 (PMCR92)*'
e Port 9 peripheral function mapping register 3 (PMCR93)*'
e Port 9 peripheral function mapping register 4 (PMCR94)*'
e Port A peripheral function mapping register 3 (PMCRA3)**
e Port A peripheral function mapping register 4 (PMCRA4)*’

Notes: 1. PMCR91 to PMCR9%4 are not available on the H8S/20103 and H8S/20115 Groups.
2. PMCRA3 and PMCRAA4 are not available on the H8S/20223 and H8S/20235 Groups.

REJ09B0465-0300 Rev. 3.00

Page 239 of 982
Sep 17,2010 RENESAS



Section 9 Peripheral /O Mapping Controller H8S/20103, H8S/20203, H8S/20223, H8S/20115, H8S/20215, H8S/20235 Group

9.1.1 Peripheral Function Mapping Register Write-Protect Register (PMCWPR)

Address: H'FF0065

Bit: b7 b6 b5 b4 b3 b2 b1 b0
BOWI PMCRWE - . _ _ _ _
Value after reset: 1 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
7 BOWI Bit 6 write 0: Writing to PMCRWE (bit 6 in this register) is w
protect enabled.
1: Writing to the PMCRWE bit is disabled.
6 PMCRWE PMCR write 0: Writing to PMCR is disabled. R/W
enable 1: Writing to PMCR is enabled.
5to0 — Reserved These bits are always read as 0. The write value —

should always be 0.

Note: A MOV instruction should be used to rewrite this register.

e BOWTI bit (Bit 6 write protect)

Only when the write value to this bit is 0, PMCRWE (bit 6 in this register) can be modified.
This bit is always read as 1.
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9.1.2 Port Group 1
Peripheral Function Mapping Registers 1 to 4 (PMCRnl to PMCRn4 (n=1,2,3, 5,
and 6))

(1) Portl
(2 Port 1 Peripheral Function Mapping Register 1 (PMCR11)

Address: H'FF0040

Bit: b7 b6 b5 b4 b3 b2 b1 b0
- P11MD[2:0] - P10MD[2:0]
Value after reset: 0 0 0 1 0 0 0 1
Bit Symbol Bit Name Description R/W
7 — Reserved This bit is always read as 0. The write value should —
always be 0.
6to4 P11MD[2:0] P11 function 000: Setting prohibited R/W
select 001: TRQT input (initial value)

010: RXD input (SCI3_1)

011: FTIOB input/output (timer RC)*
100: TCLKB input (timer RG)

101: FTIOBO input/output (timer RD_0)
110: TRGB input (timer RB)

111: Setting prohibited

3 — Reserved This bit is always read as 0. The write value should —
always be 0.
2to 0 P10MD[2:0] P10 function 000: Setting prohibited R/W
select*’ 001: TRQO input (initial value)

010: SCKS3 input/output (SCI3_1)

011: FTIOA input/output (timer RC)**
100: TCLKA input (timer RG)

101: FTIOAO input/output (timer RD_0)
110: TREO output (timer RE)

111: Setting prohibited

Notes: 1. For the H8S/20103 and H8S/20115 Groups, P10 is not provided and P10MD[2:0] are
reserved. The initial value is B'001. The write value should be B'001.
2. This function cannot be selected for the H8S/20203, H8S/20223, H8S/20215, and
H8S/20235 Groups.
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(b) Port 1 Peripheral Function Mapping Register 2 (PMCR12)

Address: H'FF0041

Bit: b7 b6 b5 b4 b3 b2 b1 b0
- P13MD[2:0] - P12MD[2:0]
Value after reset: 0 0 0 1 0 0 0 1
Bit Symbol Bit Name Description R/W
7 — Reserved This bit is always read as 0. The write value should —
always be 0.
6to4 P13MD[2:0] P13 function 000: Setting prohibited R/W
select 001: TRQ3 input (initial value)

010: TRCOI input (timer RC)*

011: FTIOD input/output (timer RC)*
100: TGIOB input/output (timer RG)
101: FTIODO input/output (timer RD_0)
110: TRAO output (timer RA)

111: Setting prohibited

3 — Reserved This bit is always read as 0. The write value should —
always be 0.
2to 0 P12MD[2:0] P12 function 000: Setting prohibited R/W
select 001: TRQZ input (initial value)

010: TXD output (SCI3_1)

011: FTIOC input/output (timer RC)*
100: TGIOA input/output (timer RG)
101: FTIOCO input/output (timer RD_0)
110: TRBO output (timer RB)

111: Setting prohibited

Note: * This function cannot be selected for the H8S/20203, H8S/20223, H8S/20215, and
H8S/20235 Groups.
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(c) Port 1 Peripheral Function Mapping Register 3 (PMCR13)

Address: H'FF0042

Bit: b7 b6 b5 b4 b3 b2 b1 b0
- P15MD[2:0] - P14MD[2:0]
Value after reset: 0 0 0 1 0 0 0 1
Bit Symbol Bit Name Description R/W
7 — Reserved This bit is always read as 0. The write value should —
always be 0.
6to4 P15MD[2:0] P15 function 000: Setting prohibited R/W
select 001: TRQ5 input (initial value)

010: SCK3_2 input/output (SCI3_2)
011: SCK3_3 input/output (SCI3_3)
100: SSCK input/output** (SSU)

101: FTIOB1 input/output (timer RD_0)
110: TRDOI_1 input (timer RD_1)*
111: Setting prohibited

3 — Reserved This bit is always read as 0. The write value should —
always be 0.
2to 0 P14MD[2:0] P14 function 000: Setting prohibited R/W
1
select* 001: TRQ4 input (initial value)

010: TRDOI_O input (timer RD_0)

011: FTCl input (timer RC)*°

100: SSO input/output** (SSU)

101: FTIOA1 input/output (timer RD_0)
110: TRAIO input/output (timer RA)
111: Setting prohibited

Notes: 1. For the H8S/20103 and H8S/20115 Groups, P14 is not provided and P14MD[2:0] are
reserved. The initial value is B'001. The write value should be B'001.

2. This function cannot be selected for the H8S/20103 and H8S/20115 Groups.

3. This function cannot be selected for the H8S/20203, H8S/20223, H8S/20215, and
H8S/20235 Groups.

4. If the SSCK output pin or the SSO output pin is set, the NMOS open-drain output
cannot be selected.
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(d) Port 1 Peripheral Function Mapping Register 4 (PMCR14)

Address: H'FF0043

Bit: b7 b6 b5 b4 b3 b2 b1 b0
- P17MD[2:0] - P16MD[2:0]
Value after reset: 0 0 0 1 0 0 0 1
Bit Symbol Bit Name Description R/W
7 — Reserved This bit is always read as 0. The write value should —
always be 0.
6to4 P17MD[2:0] P17 function 000: Setting prohibited R/W
select 001: TRQ7 input (initial value)

010: TXD_2 output (SCI3_2)

011: TXD_3 output (SCI3_3)

100: SSl input/output (SSU)

101: FTIOD1 input/output (timer RD_0)
110: ADTRG2 input (AD_2)

111: Setting prohibited

3 — Reserved This bit is always read as 0. The write value should —
always be 0.
2to 0 P16MD[2:0] P16 function 000: Setting prohibited R/W
select 001: TRQB input (initial value)

010: RXD_2 input (SCI3_2)

011: RXD_3 input (SCI3_3)

100: SCS input/output* (SSU)

101: FTIOC1 input/output (timer RD_0)
110: ADTRGH input (AD_1)

111: Setting prohibited

Note: * If the SCS output pin of the SSU is set, the NMOS open-drain output cannot be
selected.
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(2) Port2

(@) Port 2 Peripheral Function Mapping Register 1 (PMCR21)

Address: H'FF0044

Bit: b7 b6 b5 b4 b3 b2 b1 b0
- P21MD[2:0] - P20MD[2:0]
Value after reset: 0 0 1 0 0 0 1 0
Bit Symbol Bit Name Description R/W
7 — Reserved This bit is always read as 0. The write value —
should always be 0.
6to4 P21MD[2:0] P21 function 000: Setting prohibited R/W
select 001: TRQT input

010: RXD input (SCI3_1) (initial value)
011: FTIOB input/output (timer RC)*
100: TCLKB input (timer RG)

101: FTIOBO input/output (timer RD_0)
110: TRGB input (timer RB)

111: Setting prohibited

3 — Reserved This bit is always read as 0. The write value —
should always be 0.
2to 0 P20MDI[2:0] P20 function 000: Setting prohibited R/W
select 001: TRQO input

010: SCK3 input/output (SCI3_1) (initial value)
011: FTIOA input/output (timer RC)*

100: TCLKA input (timer RG)

101: FTIOAO input/output (timer RD_0)

110: TREO output (timer RE)

111: Setting prohibited

Note: * The timer RC is not available on the H8S/20203, H8S/20223, H8S/20215, and
H8S/20235 Groups. These bits are reserved and the function cannot be selected for
these groups.
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(b) Port 2 Peripheral Function Mapping Register 2 (PMCR22)

Address: H'FF0045

Bit: b7 b6 b5 b4 b3 b2 b1 b0
- P23MD[2:0] - P22MD[2:0]
Value after reset: 0 0 1 0 0 0 1 0
Bit Bit Name Initial Value Description R/W
7 — Reserved This bit is always read as 0. The write value —
should always be 0.
6to4 P23MD[2:0] P23 function 000: Setting prohibited R/W
select 001: TRQ3 input

010: TRCOI input (timer RC) (initial value)
011: FTIOD input/output (timer RC)*

100: TGIOB input/output (timer RG)

101: FTIODO input/output (timer RD_0)
110: TRAO output (timer RA)

111: Setting prohibited

3 — Reserved This bit is always read as 0. The write value —
should always be 0.
2to 0 P22MDI[2:0] P22 function 000: Setting prohibited R/W
select 001: TRQZ input

010: TXD output (SCI3_1) (initial value)
011: FTIOC input/output (timer RC)*
100: TGIOA input/output (timer RG)
101: FTIOCO input/output (timer RD_0)
110: TRBO output (timer RB)

111: Setting prohibited

Note: * The timer RC is not available on the H8S/20203, H8S/20223, H8S/20215, and
H8S/20235 Groups. These bits are reserved and the function cannot be selected for
these groups.
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(c) Port 2 Peripheral Function Mapping Register 3 (PMCR23)

Address: H'FF0046

Bit: b7 b6 b5 b4 b3 b2 b1 b0
- P25MD[2:0] - P24MD[2:0]
Value after reset: 0 0 1 0 0 0 1 0
Bit Symbol Bit Name Description R/W
7 — Reserved This bit is always read as 0. The write value —
should always be 0.
6to4 P25MD[2:0] P25 function 000: Setting prohibited R/W
select 001: TRQ5 input

010: SCK3_2 input/output (SCI3_2) (initial value)
011: SCK3_3 input/output (SCI3_3)

100: SSCK input/output*® (SSU)

101: FTIOB1 input/output (timer RD_0)

110: TRDOI_1 input (timer RD_1)*'

111: Setting prohibited

3 — Reserved This bit is always read as 0. The write value —
should always be 0.
2t0 0 P24MDI[2:0] P24 function 000: Setting prohibited R/W
select 001: TRQ4 input

010: TRDOI_O input (timer RD_0) (initial value)
011: FTCl input (timer RC)**

100: SSO input/output*® (SSU)

101: FTIOA1 input/output (timer RD_0)

110: TRAIO input/output (timer RA)

111: Setting prohibited

Notes: 1. This function cannot be selected for the H8S/20103 and H8S/20115 Groups.

2. This function cannot be selected for the H8S/20203, H8S/20223, H8S/20215, and
H8S/20235 Groups.

3. If the SSCK output pin or the SSO output pin is set, the NMOS open-drain output
cannot be selected.
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(d) Port 2 Peripheral Function Mapping Register 4 (PMCR24)

Address: H'FF0047

Bit: b7 b6 b5 b4 b3 b2 b1 b0
- P27MD[2:0] - P26MD[2:0]
Value after reset: 0 0 1 0 0 0 1 0
Bit Symbol Bit Name Description R/W
7 — Reserved This bit is always read as 0. The write value —
should always be 0.
6to4 P27MD[2:0] P27 function 000: Setting prohibited R/W
select 001: TRQ7 input

010: TXD_2 output (SCI3_2) (initial value)
011: TXD_3 output (SCI3_3)

100: SSI input/output (SSU)

101: FTIOD1 input/output (timer RD_0)
110: ADTRG2 input (AD_2)

111: Setting prohibited

3 — Reserved This bit is always read as 0. The write value —
should always be 0.
2to 0 P26MD[2:0] P26 function 000: Setting prohibited R/W
select 001: TRQS input

010: RXD_2 input (SCI3_2) (initial value)
011: RXD_3 input (SCI3_3)

100: SCS input/output* (SSU)

101: FTIOCH1 input/output (timer RD_0)
110: ADTRGH input (AD_1)

111: Setting prohibited

Note: * If the SCS output pin of the SSU is set, the NMOS open-drain output cannot be
selected.
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(3) Port3

(@) Port 3 Peripheral Function Mapping Register 1 (PMCR31)

Address: H'FF0048

Bit: b7 b6 b5 b4 b3 b2 b1 b0
- P31MD[2:0] - P30MD[2:0]
Value after reset: 0 0 1 1 0 0 1 1
Bit Symbol Bit Name Description R/W
7 — Reserved This bit is always read as 0. The write value should —
always be 0.
6to4 P31MD[2:0] P31 function 000: Setting prohibited R/W
select 001: TRQT input

010: RXD input (SCI3_1)

011: FTIOB input/output (timer RC)* (initial value)
100: TCLKB input (timer RG)

101: FTIOBO input/output (timer RD_0)

110: TRGB input (timer RB)

111: Setting prohibited

3 — Reserved This bit is always read as 0. The write value should —
always be 0.
2to 0 P30MD[2:0] P30 function 000: Setting prohibited R/W
select 001: TRQO input

010: SCKS3 input/output (SCI3_1)

011: FTIOA input/output (timer RC)* (initial value)
100: TCLKA input (timer RG)

101: FTIOAQ input/output (timer RD_0)

110: TREO output (timer RE)

111: Setting prohibited

Note: * The timer RC is not available on the H8S/20203, H8S/20223, H8S/20215, and
H8S/20235 Groups. No function is selected in the initial state for these groups.
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(b) Port 3 Peripheral Function Mapping Register 2 (PMCR32)

Address: H'FF0049

Bit: b7 b6 b5 b4 b3 b2 b1

b0

_ P33MD[2:0] _ P32MD[2:0]

Value after reset: 0 0 1 1 0 0 1

Bit Symbol Bit Name  Description

R/W

7 — Reserved This bit is always read as 0. The write value should
always be 0.

6to4 P33MD[2:0] P33 function 000: Setting prohibited
select 001: TRQ3 input
010: TRCOI input (timer RC)*
011: FTIOD input/output (timer RC)* (initial value)
100: TGIOB input/output (timer RG)
101: FTIODO input/output (timer RD_0)
110: TRAO output (timer RA)
111: Setting prohibited

R/W

3 — Reserved This bit is always read as 0. The write value should
always be 0.

2to 0 P32MD[2:0] P32 function 000: Setting prohibited
select 001: IRQ2 input
010: TXD output (SCI3_1)
011: FTIOC input/output (timer RC)* (initial value)
100: TGIOA input/output (timer RG)
101: FTIOCO input/output (timer RD_0)
110: TRBO output (timer RB)
111: Setting prohibited

R/W

Note: * The timer RC is not available on the H8S/20203, H8S/20223, H8S/20215, and
H8S/20235 Groups. No function is selected in the initial state for these groups.
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(c) Port 3 Peripheral Function Mapping Register 3 (PMCR33)

Address: H'FFO04A

Bit: b7 b6 b5 b4 b3 b2 b1 b0
- P35MD[2:0] - P34MD[2:0]
Value after reset: 0 0 1 1 0 0 1 1
Bit Symbol Bit Name Description R/W
7 — Reserved This bit is always read as 0. The write value —
should always be 0.
6to4 P35MD[2:0] P35 function 000: Setting prohibited R/W
select 001: TRQ5 input

010: SCK3_2 input/output (SCI3_2)

011: SCK3_3 input/output (SCI3_3) (initial value)
100: SSCK input/output*® (SSU)

101: FTIOB1 input/output (timer RD_0)

110: TRDOI_1 input (timer RD_1)*

111: Setting prohibited

3 — Reserved This bit is always read as 0. The write value —
should always be 0.
2to 0 P34MD[2:0] P34 function 000: Setting prohibited R/W
select 001: TRQ4 input

010: TRDOI_O input (timer RD_0)

011: FTCl input (timer RC)*' (initial value)
100: SSO input/output*® (SSU)

101: FTIOA1 input/output (timer RD_0)
110: TRAIO input/output (timer RA)

111: Setting prohibited

Notes: 1. The timer RC is not available on the H8S/20203, H8S/20223, H8S/20215, and
H8S/20235 Groups. No function is selected in the initial state for these groups.

2. This function cannot be selected for the H8S/20103 and H8S/20115 Groups.

3. If the SSCK output pin or the SSO output pin is set, the NMOS open-drain output
cannot be selected.
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(d) Port 3 Peripheral Function Mapping Register 4 (PMCR34)

Address: H'FF004B

Bit: b7 b6 b5 b4 b3 b2 b1 b0
- P37MD[2:0] - P36MD[2:0]
Value after reset: 0 0 1 1 0 0 1 1
Bit Symbol Bit Name Description R/W
7 — Reserved This bit is always read as 0. The write value —
should always be 0.
6to4 P37MD[2:0] P37 function 000: Setting prohibited R/W
select 001: TRQ7 input

010: TXD_2 output (SCI3_2)

011: TXD_3 output (SCI3_3) (initial value)
100: SSI input/output (SSU)

101: FTIOD1 input/output (timer RD_0)
110: ADTRG2 input (AD_2)*'

111: Setting prohibited

3 — Reserved This bit is always read as 0. The write value —
should always be 0.
2to 0 P36MD[2:0] P36 function 000: Setting prohibited R/W
select 001: TRQG input

010: RXD_2 input (SCI3_2)

011: RXD_3 input (SCI3_3) (initial value)
100: SCS input/output** (SSU)

101: FTIOC1 input/output (timer RD_0)
110: ADTRGT input (AD_1)

111: Setting prohibited

Notes: 1. This function cannot be selected for the H8S/20103, H8S/20203, H8S/20115, and
H8S/20215 Groups.

2. If the SCS output pin of the SSU is set, the NMOS open-drain output cannot be
selected.

Page 252 of 982 REJ09B0465-0300 Rev. 3.00

RENESAS Sep 17, 2010



H8S/20103, H8S/20203, H8S/20223, H8S/20115, H8S/20215, H8S/20235 Group Section 9 Peripheral /0 Mapping Controller

(49 Ports

(@) Port 5 Peripheral Function Mapping Register 1 (PMCR51)

Address: H'FF0050

Bit: b7 b6 b5 b4 b3 b2 b1 b0
- P51MD[2:0] - P50MD[2:0]
Value after reset: 0 1 0 0 0 1 0 0
Bit Symbol Bit Name Description R/W
7 — Reserved This bit is always read as 0. The write value —
should always be 0.
6to4 P51MD[2:0] P51 function 000: Setting prohibited R/W
select 001: TRQT input

010: RXD input (SCI3_1)

011: FTIOB input/output (timer RC)*

100: TCLKB input (timer RG) (initial value)
101: FTIOBO input/output (timer RD_0)
110: TRGB input (timer RB)

111: Setting prohibited

3 — Reserved This bit is always read as 0. The write value —
should always be 0.
2to 0 P50MD[2:0] P50 function 000: Setting prohibited R/W
select 001: TRQO input

010: SCK3 input/output (SCI3_1)

011: FTIOA input/output (timer RC)*

100: TCLKA input (timer RG) (initial value)
101: FTIOAQ input/output (timer RD_0)
110: TREO output (timer RE)

111: Setting prohibited

Note: * The timer RC is not available on the H8S/20203, H8S/20223, H8S/20215, and
H8S/20235 Groups. These bits are reserved and the function cannot be selected for
these groups.
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(b) Port 5 Peripheral Function Mapping Register 2 (PMCR52)

Address: H'FF0051

Bit: b7 b6 b5 b4 b3 b2 b1 b0
- P53MD[2:0] - P52MD[2:0]
Value after reset: 0 1 0 0 0 1 0 0
Bit Symbol Bit Name Description R/W
7 — Reserved This bit is always read as 0. The write value should —
always be 0.
6to4 P53MD[2:0] P53 function 000: Setting prohibited R/W
select 001: TRQ3 input

010: TRCOI input (timer RC)*

011: FTIOD input/output (timer RC)*

100: TGIOB input/output (timer RG) (initial value)
101: FTIODO input/output (timer RD_0)

110: TRAO output (timer RA)

111: Setting prohibited

3 — Reserved This bit is always read as 0. The write value should —
always be 0.
2to 0 P52MD[2:0] P52 function 000: Setting prohibited R/W
select 001: TRQZ input

010: TXD output (SCI3_1)

011: FTIOC input/output (timer RC)*

100: TGIOA input/output (timer RG) (initial value)
101: FTIOCO input/output (timer RD_0)

110: TRBO output (timer RB)

111: Setting prohibited

Note: * The timer RC is not available on the H8S/20203, H8S/20223, H8S/20215, and
H8S/20235 Groups. These bits are reserved and the function cannot be selected for
these groups.
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(c) Port 5 Peripheral Function Mapping Register 3 (PMCR53)

Address: H'FF0052

Bit: b7 b6 b5 b4 b3 b2 b1 b0
- P55MD[2:0] - P54MD[2:0]
Value after reset: 0 1 0 0 0 1 0 0
Bit Symbol Bit Name Description R/W
7 — Reserved This bit is always read as 0. The write value should —
always be 0.
6to4 P55MD[2:0] P55 function 000: Setting prohibited R/W
select 001: TRQ5 input

010: SCK3_2 input/output (SCI3_2)

011: SCK3_3 input/output (SCI3_3)

100: SSCK input/output*® (SSU) (initial value)
101: FTIOB1 input/output (timer RD_0)

110: TRDOI_1 input/output (timer RD_1)**
111: Setting prohibited

3 — Reserved This bit is always read as 0. The write value should —
always be 0.
2to 0 P54MD[2:0] P54 function 000: Setting prohibited R/W
select 001: TRQ4 input

010: TRDOI_O input (timer RD_0)

011: FTCl input (timer RC)*'

100: SSO input/output** (SSU) (initial value)
101: FTIOA1 input/output (timer RD_0)

110: TRAIO input/output (timer RA)

111: Setting prohibited

Notes: 1. The timer RC is not available on the H8S/20203, H8S/20223, H8S/20215, and
H8S/20235 Groups. These bits are reserved and the function cannot be selected for
these groups.

2. This function cannot be selected for the H8S/20103 and H8S/20115 Groups.
3. If the NMOS open-drain output is selected for the SSCK output pin or the SSO output
pin, use the PMC to allocate that pin from port 5.
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(d) Port 5 Peripheral Function Mapping Register 4 (PMCR54)

Address: H'FF0053

Bit: b7 b6 b5 b4 b3 b2 b1 b0
- P57MD[2:0] - P56MD[2:0]
Value after reset: 0 1 0 0 0 1 0 0
Bit Symbol Bit Name Description R/W
7 — Reserved This bit is always read as 0. The write value —
should always be 0.
6to4 P57MD[2:0] P57 function 000: Setting prohibited R/W
select 001: TRQ7 input

010: TXD_2 output (SCI3_2)
011: TXD_3 output (SCI3_3)

100: SSI/SCL input/output*' (SSU/IIC2)
(initial value)

101: FTIOD1 input/output (timer RD_0)
110: ADTRG2 input (AD_2)
111: Setting prohibited

3 — Reserved This bit is always read as 0. The write value —
should always be 0.
2to0 P56MD[2:0] P56 function 000: Setting prohibited R/W
select 001: TRQS input

010: RXD_2 input (SCI3_2)
011: RXD_3 input (SCI3_3)

100: SCS/SDA input/output*'** (SSU/IIC2)
(initial value)

101: FTIOC1 input/output (timer RD_0)
110: ADTRGH input (AD_1)
111: Setting prohibited
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Notes: 1.

When the 11IC2/SSU is used as the 11C2 function, the SCL and SDA functions can be
allocated to the P56 and P57 pins only because SCL and SDA require buffers
dedicated for IIC input/output. The PMC can not be used to allocate the SCL and SDA
functions to other pins. When the 11C2/SSU is used for the SSU function except **, there
is no restriction.

The P56 and P57 pins have different characteristics from other pins. When these pins
are used as the SCL and SDA pins for the 1IC2, they provide NMOS open drain output.
When the P56 and P57 pins are used for other output functions, they provide NMOS
push-pull output and characteristics of the high level output is different from that of the
CMOS output.

If the NMOS open-drain output is selected for the SCS output pin, use the PMC to
allocate that pin from port 5
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(5) Port6
(@) Port 6 Peripheral Function Mapping Register 1 (PMCR61)

Address: H'FF0054

Bit: b7 b6 b5 b4 b3 b2 b1 b0
- P61MD[2:0] - P6OMD[2:0]
Value after reset: 0 1 0 1 0 1 0 1
Bit Symbol Bit Name Description R/W
7 — Reserved This bit is always read as 0. The write value —
should always be 0.
6to4 P61MD[2:0] P61 function 000: Setting prohibited R/W
select 001: TRQT input

010: RXD input (SCI3_1)
011: FTIOB input/output (timer RC)*
100: TCLKB input (timer RG)

101: FTIOBO input/output (timer RD_0)
(initial value)

110: TRGB input (timer RB)
111: Setting prohibited

3 — Reserved This bit is always read as 0. The write value —
should always be 0.
2to 0 P60MDI[2:0] P60 function 000: Setting prohibited R/W
select 001: IRQO input

010: SCK3 input/output (SCI3_1)
011: FTIOA input/output (timer RC)*
100: TCLKA input (timer RG)

101: FTIOAO input/output (timer RD_0)
(initial value)

110: TREO output (timer RE)
111: Setting prohibited

Note: * The timer RC is not available on the H8S/20203, H8S/20223, H8S/20215, and
H8S/20235 Groups. These bits are reserved and the function cannot be selected for
these groups.
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(b) Port 6 Peripheral Function Mapping Register 2 (PMCR62)

Address: H'FF0055

Bit: b7 b6 b5 b4 b3 b2 b1 b0
- P63MD[2:0] - P62MD[2:0]
Value after reset: 0 1 0 1 0 1 0 1
Bit Symbol Bit Name Description R/W
7 — Reserved This bit is always read as 0. The write value —
should always be 0.
6to4 P63MD[2:0] P63 function 000: Setting prohibited R/W
select 001: TRQ3 input

010: TRCOI input (timer RC)*
011: FTIOD input/output (timer RC)*
100: TGIOB input/output (timer RG)

101: FTIODO input/output (timer RD_0)
(initial value)

110: TRAO output (timer RA)
111: Setting prohibited

3 — Reserved This bit is always read as 0. The write value —
should always be 0.
2to 0 P62MDI[2:0] P62 function  000: Setting prohibited R/W
select 001: TRQZ input

010: TXD output (SCI3_1)
011: FTIOC input/output (timer RC)*
100: TGIOA input/output (timer RG)

101: FTIOCO input/output (timer RD_0)
(initial value)

110: TRBO output (timer RB)
111: Setting prohibited

Note: * The timer RC is not available on the H8S/20203, H8S/20223, H8S/20215, and
H8S/20235 Groups. These bits are reserved and the function cannot be selected for
these groups.
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(c) Port 6 Peripheral Function Mapping Register 3 (PMCR63)

Address: H'FF0056

Bit: b7 b6 b5 b4 b3 b2 b1 b0
- P65MD[2:0] - P64MD[2:0]
Value after reset: 0 1 0 1 0 1 0 1
Bit Symbol Bit Name Description R/W
7 — Reserved This bit is always read as 0. The write value should —
always be 0.
6to4 P65MD[2:0] P65 function 000: Setting prohibited R/W
select 001: TRQ5 input

010: SCK3_2 input/output (SCI3_2)
011: SCK3_3 input/output (SCI3_3)
100: SSCK input/output*® (SSU)

101: FTIOB1 input/output (timer RD_0)
(initial value)

110: TRDOI_1 input (timer RD_1)*?
111: Setting prohibited

3 — Reserved This bit is always read as 0. The write value should —
always be 0.
2to 0 P64MD[2:0] P64 function 000: Setting prohibited R/W
select 001: TRQ4 input

010: TRDOI_O input (timer RD_0)
011: FTCl input (timer RC)*'
100: SSO input/output** (SSU)

101: FTIOA1 input/output (timer RD_0)
(initial value)

110: TRAIO input/output (timer RA)
111: Setting prohibited

Notes: 1. The timer RC is not available on the H8S/20203, H8S/20223, H8S/20215, and
H8S/20235 Groups. These bits are reserved and the function cannot be selected for
these groups.

2. This function cannot be selected for the H8S/20103 and H8S/20115 Groups.
3. If the SSCK output pin or the SSO output pin is set, the NMOS open-drain output
cannot be selected.
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(d) Port 6 Peripheral Function Mapping Register 4 (PMCR64)

Address: H'FF0057

Bit: b7 b6 b5 b4 b3 b2 b1 b0
- P67MD[2:0] - P66MD[2:0]
Value after reset: 0 1 0 1 0 1 0 1
Bit Symbol Bit Name Description R/W
7 — Reserved This bit is always read as 0. The write value —
should always be 0.
6to4 P67MD[2:0] P67 function 000: Setting prohibited R/W
select 001: TRQ7 input

010: TXD_2 output (SCI3_2)
011: TXD_3 output (SCI3_3)
100: SSI input/output (SSU)

101: FTIOD1 input/output (timer RD_0)
(initial value)

110: ADTRG2 input (AD_2) *'
111: Setting prohibited

3 — Reserved This bit is always read as 0. The write value —
should always be 0.
2to 0 P66MD[2:0] P66 function 000: Setting prohibited R/W
select 001: IRQ6 input

010: RXD_2 input (SCI3_2)
011: RXD_3 input (SCI3_3)
100: SCS input/output** (SSU)

101: FTIOC1 input/output (timer RD_0)
(initial value)

110: ADTRGH input (AD_1)
111: Setting prohibited

Notes: 1. This function cannot be selected for the H8S/20103, H8S/20203, H8S/20115, and
H8S/20215 Groups.

2. If the SCS output pin of the SSU is set, the NMOS open-drain output cannot be
selected.
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9.1.3 Port Group 2
Peripheral Function Mapping Registers 1 to 4 (PMCRn1 to PMCRn4
mn=8§,9,and A)

(1) Port8
(2) Port 8 Peripheral Function Mapping Register 3 (PMCRS83)

Address: H'FFOO5E

Bit: b7 b6 b5 b4 b3 b2 b1 b0
_ P85MD[2:0] - - - —
Value after reset: 0 1 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
7 — Reserved This bit is always read as 0. The write value should —
always be 0.
6to4 P85MD[2:0] P85 function 000: Setting prohibited R/W
select 001: TRQ5 input

010: Setting prohibited

011: SCK3 input/output (SCI3_1)

100: TRAIO input/output (timer RA) (initial value)
101: FTIOBS input/output (timer RD_1)*

110: SCK3_3 input/output (SCI3_3)

111: Setting prohibited

3to0 — Reserved This bit is always read as 0. The write value should —
always be 0.

Note: * This function cannot be selected for the H8S/20103 and H8S/20115 Groups.
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(b) Port 8 Peripheral Function Mapping Register 4 (PMCR84)

Address: H'FFO05F

Bit: b7 b6 b5 b4 b3 b2 b1 b0
- P87MD[2:0] - P86MD([2:0]

Value after reset: 0 1 0 0 0 1 0 0

Bit Symbol Bit Name Description R/W
7 — Reserved This bit is always read as 0. The write value should —

always be 0.
6to4 P87MD[2:0] P87 function 000: Setting prohibited R/W
select 001: TRQ7 input

010: Setting prohibited

011: TXD output (SCI3_1)

100: TREO output (timer RE) (initial value)
101: FTIOD3 input/output (timer RD_1)*
110: TXD_3 output (SCI3_3)

111: Setting prohibited

3 — Reserved This bit is always read as 0. The write value should —
always be 0.
2to0 P86MD[2:0] P86 function 000: Setting prohibited R/W
select 001: IRQ6 input

010: Setting prohibited

011: RXD input (SCI3_1)

100: TRBO output (timer RB) (initial value)
101: FTIOCS input/output (timer RD_1)*
110: RXD_3 input (SCI3_3)

111: Setting prohibited

Note: * This function cannot be selected for the H8S/20103 and H8S/20115 Groups.
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(2) Port9

(@) Port9 Peripheral Function Mapping Register 1 (PMCR91)

Address: H'FF0060

Bit: b7 b6 b5 b4 b3 b2 b1 b0
- P91MD[2:0] - P9YOMD[2:0]

Value after reset: 0 1 0 1 0 1 0 1

Bit Symbol Bit Name Description R/W

7 — Reserved This bit is always read as 0. The write value —

should always be 0.

6to4 P91MD[2:0] P91 function

select

000: Setting prohibited R/W
001: IRQT input

010: Setting prohibited

011: Setting prohibited

100: Setting prohibited

101: FTIOB2 input/output (timer RD_1)
(initial value)

110: Setting prohibited
111: Setting prohibited

Reserved

This bit is always read as 0. The write value —
should always be 0.

2to 0 P90MD[2:0] P90 function

select

000: Setting prohibited R/W
001: IRQO input

010: Setting prohibited

011: Setting prohibited

100: Setting prohibited

101: FTIOAZ2 input/output (timer RD_1)
(initial value)

110: Setting prohibited
111: Setting prohibited

Note:

PMCR91 is not available on the H8S/20103 and H8S/20115 Groups.
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(b) Port 9 Peripheral Function Mapping Register 2 (PMCR92)

Address: H'FF0061

Bit: b7 b6 b5 b4 b3 b2 b1 b0
- P93MD[2:0] - P92MD[2:0]
Value after reset: 0 1 0 1 0 1 0 1
Bit Symbol Bit Name Description R/W
7 — Reserved This bit is always read as 0. The write value should —
always be 0.
6to4 P93MD[2:0] P93 function 000: Setting prohibited R/W
select 001: TRQ3 input

010: Setting prohibited
011: Setting prohibited
100: TRAO output (timer RA)

101: FTIOD2 input/output (timer RD_1)
(initial value)

110: Setting prohibited
111: Setting prohibited

3 — Reserved This bit is always read as 0. The write value should —
always be 0.
2to 0 P92MD[2:0] P92 function  000: Setting prohibited R/W
select 001: TRQZ input

010: Setting prohibited
011: Setting prohibited
100: Setting prohibited

101: FTIOC2 input/output (timer RD_1)
(initial value)

110: Setting prohibited
111: Setting prohibited

Note: PMCR92 is not available on the H8S/20103 and H8S/20115 Groups.
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(c) Port9 Peripheral Function Mapping Register 3 (PMCR93)

Address: H'FF0062

Bit: b7 b6 b5 b4 b3 b2 b1 b0
- P95MD[2:0] - P94MD[2:0]
Value after reset: 0 1 0 1 0 1 0 1
Bit Symbol Bit Name Description R/W
7 — Reserved This bit is always read as 0. The write value —
should always be 0.
6to4 P95MD[2:0] P95 function 000: Setting prohibited R/W
select 001: TRQ5 input

010: Setting prohibited
011: SCK3 input/output (SCI3_1)
100: TRAIO input/output (timer RA)

101: FTIOBS input/output (timer RD_1)
(initial value)

110: SCK3_3 input/output (SCI3_3)
111: Setting prohibited

3 — Reserved This bit is always read as 0. The write value —
should always be 0.
2to0 P94MD[2:0] P94 function 000: Setting prohibited R/W
select 001: IRQ4 input

010: Setting prohibited
011: Setting prohibited
100: TRGB input (timer RB)

101: FTIOA3 input/output (timer RD_1)
(initial value)

110: Setting prohibited
111: Setting prohibited

Note: PMCR93 is not available on the H8S/20103 and H8S/20115 Groups.
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(d) Port 9 Peripheral Function Mapping Register 4 (PMCR94)

Address: H'FF0063

Bit: b7 b6 b5 b4 b3 b2 b1 b0
- P97MD[2:0] - P96MD[2:0]
Value after reset: 0 1 0 1 0 1 0 1
Bit Symbol Bit Name Description R/W
7 — Reserved This bit is always read as 0. The write value —
should always be 0.
6to4 P97MD[2:0] P97 function 000: Setting prohibited R/W
select 001: TRQ7 input

010: Setting prohibited
011: TXD output (SCI3_1)
100: TREO output (timer RE)

101: FTIOD3 input/output (timer RD_1)
(initial value)

110: TXD_3 output (SCI3_3)
111: Setting prohibited

3 — Reserved This bit is always read as 0. The write value —
should always be 0.
2to 0 P96MD[2:0] P96 function 000: Setting prohibited R/W
select 001: IRQ6 input

010: Setting prohibited
011: RXD input (SCI3_1)
100: TRBO output (timer RB)

101: FTIOCS3 input/output (timer RD_1)
(initial value)

110: RXD_3 input (SCI3_3)
111: Setting prohibited

Note: PMCR94 is not available on the H8S/20103 and H8S/20115 Groups.
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(3) PortA

(@) Port A Peripheral Function Mapping Register 3 (PMCRA3)

Address: H'FF0066

Bit: b7 b6 b5 b4 b3 b2 b1 b0
- PA5MD[2:0] - PA4MD[2:0]
Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
7 — Reserved This bit is always read as 0. The write value —
should always be 0.
6to4 PA5MD[2:0] PA5 function 000: No function selected (initial value) R/W
select 001: TRQ5 input

010: Setting prohibited

011: SCK3 input/output (SCI3_1)

100: TRAIO input/output (timer RA)
101: FTIOBS input/output (timer RD_1)*
110: SCK3_3 input/output (SCI3_3)
111: Setting prohibited

3 — Reserved This bit is always read as 0. The write value —
should always be 0.
2to 0 PA4MD[2:0] PA4 function 000: No function selected (initial value) R/W
select 001: TRQ4 input

010: Setting prohibited

011: Setting prohibited

100: TRGB input (timer RB)

101: FTIOA3 input/output (timer RD_1)*
110: Setting prohibited

111: Setting prohibited

Notes: PMCRAGS is not available on the H8S/20223 and H8S/20235 Groups.
*  This function cannot be selected for the H8S/20103 and H8S/20115 Groups.
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(b) Port A Peripheral Function Mapping Register 4 (PMCRA4)

Address: H'FF0067

Bit: b7 b6 b5 b4 b3 b2 b1 b0
- PA7MD[2:0] - PA6MD[2:0]
Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
7 — Reserved This bit is always read as 0. The write value —
should always be 0.
6to4 PA7MD[2:0] PA7 function 000: No function selected (initial value) R/W
select 001: TRQ7 input

010: Setting prohibited

011: TXD output (SCI3_1)

100: TREO output (timer RE)

101: FTIOD3 input/output (timer RD_1)*
110: TXD_3 output (SCI3_3)

111: Setting prohibited

3 — Reserved This bit is always read as 0. The write value —
should always be 0.
2to 0 PA6MDI[2:0] PAG6 function 000: No function selected (initial value) R/W
select 001: TRQS input

010: Setting prohibited

011: RXD input (SCI3_1)

100: TRBO output (timer RB)

101: FTIOCS3 input/output (timer RD_1)*
110: RXD_3 input (SCI3_3)

111: Setting prohibited

Notes: PMCRAA4 is not available on the H8S/20223 and H8S/20235 Groups.
*  This function cannot be selected for the H8S/20103 and H8S/20115 Groups.
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9.2 Usage Notes

9.2.1 Procedures for Setting Multiplexed Port Functions

Use the following procedures to set a function for a multiplexed port.

A

Clear the relevant port mode register (PMR) bit to O to select the general input function.

Set PMCWPR to enable writing to the relevant peripheral function mapping register (PMCR).
Select a function using the peripheral function mapping register (PMCR).

Set the PMCRWE bit in PMCWPR to 0 to disable writing to PMCR.

Set the PMR bit to 1 as necessary to activate the selected multiplexed function.

9.2.2 Notes on Setting PMC Registers

A function of a multiplexed port should be set when the relevant PMR bit is 0. If a function is
set when PMR is 1, an unintended edge may be input for the input function or unintended
pulses may be output for the output function.

Only the functions that can be selected by PMCR should be set. If the other functions are set,
operation cannot be guaranteed.

The same function must not be assigned to multiple pins by the PMC.

. Port A also has an analog input function for the A/D converter. When port A is used as analog

input, the relevant bit in PMRA should be set to 0 to select general 1/0.
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Section 10 1/O Ports

The H8S/20103 and H8S/20115 Groups have fifty-five general I/O ports, and the H8S/20223,
H8S/20203, H8S/20215, and H8S/20235 Groups each have sixty-nine general I/O ports. The
general I/O ports are divided into three groups: the digital I/O ports that can also be used as I/O
pins of the on-chip peripheral modules or external interrupt input pins, the ports that can also be
used as analog input ports, and the ports that can also be used as external oscillation pins.
Although all the ports are set as general input ports immediately after a reset, the pin functions can
be selected by setting the appropriate register.

Pin functions of the digital I/O ports are selected by the peripheral function mapping controller
(PMCO). For details, see section 9, Peripheral I/O Mapping Controller. All pins of general I/O ports
can be set as high-power ports. For the permissible total output current, see section 28, Electrical
Characteristics.

10.1 Port 1

Figure 10.1 shows the pin configuration of port 1.

H8S/20203 Group H8S/20103 Group
H8S/20223 Group H8S/20115 Group
H8S/20215 Group
H8S/20235 Group
<«— P17/IRQ7 <«— P17/IRQ7
l«— P16/IRQ6 < P16/IRQ6
_ [ P15/RQ5 _ | P15/RQ5
+ [*=— P14/IRQ4 <
£ — P13/RQ3 £ — P13/RQ3
~—— P12/[RQ2 <~—— P12/IRQ2
«— P11/IRQ1T «— P11/IRQ1T

<~— P10/IRQO

Note: Only the functions initially selected by PMCR are shown following the port pin names.

Figure 10.1 Port 1 Pin Configuration
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Port 1 has the following registers.

e Port mode register 1 (PMR1)

e Port control register 1 (PCR1)

e Port data register 1 (PDR1)

e Port pull-up control register 1 (PUCR1)
e Port drive control register 1 (PDVRI1)

10.1.1  Port Mode Register 1 (PMR1)

Address: H'FF0000

Bit: b7 b6 b5 b4 b3 b2 b1 b0
PMR17 PMR16 PMR15 PMR14 PMR13 PMR12 PMR11 PMR10

Value after reset: 0 0 0 0 0 0 0 0

Bit Symbol Bit Name Description R/W

7 PMR17 Port 177 mode  0: General I/O port R/W

6 PMR16 Port 16 mode  1: The function selected by the peripheral 1/0 R/W

5 PMR15 Port 15 mode mapping controller (PMC). RIW

4 PMR14 Port 14 mode PMB1 is a reglster that selects the. function of the.
multiplexed pins: general I/O function or the function

3 PMR13 Port 13 mode  selected by the PMC. RW

2 PMR12 Port 12 mode  In the H8S/20103 and H8S/20115 Groups, bits R/W

1 PMR11 Port 11 mode PMR14 and PM310 are reserved. Only 0 should be R/W
written to these bits. _

0 PMR10 Port 10 mode R/W
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10.1.2  Port Control Register 1 (PCR1)

Address: H'FFFFFO

Bit: b7 b6 b5 b4 b3 b2 b1 b0
PCR17 PCR16 PCR15 PCR14 PCR13 PCR12 PCR11 PCR10
Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
7 PCR17 Port 17 control  0: When the corresponding pin is designatedasa R/W
6 PCR16 Port 16 control general I/O port, the pin functions as an input R/W
port. -

5 PCR15 Port 15 control 1: When the corresponding pin is designated as a w
4 PCR14 Port 14 control  general I/O port, the pin functions as an output ~ R/W
3  PCRi13 Port 13 control ~ POrt. R/W
2 PCR12 Port 12 control  YWhen the corresponding pin is designated in PMR1 gy

as a general I/O pin, setting a PCR bit to 1 makess ——
1 PCR11 Port 11 control e corresponding pin an output port, while clearing /W
0 PCR10 Port 10 control the bit to 0 makes the pin an input port. R/W

In the H8S/20103 and H8S/20115 Groups, bits

PCR14 and PCR10 are reserved. Only 0 should be

written to these bits.
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10.1.3  Port Data Register 1 (PDR1)

Address: H'FFFFEQ

Bit: b7 b6 b5 b4 b3 b2 b1 b0
PDR17 PDR16 PDR15 PDR14 PDR13 PDR12 PDR11 PDR10

Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
7 PDR17 Port 17 data 0: Low level R/W
6 PDR16 Port 16 data 1: High level R/W
5 PDR15 Port 15 data PDR1 is a register that stores output data for port 1 R/W
4 PDR14 Port 14 data pins. When PCR1 bits are set to 1, the values RIW

stored in PDR1 are output.
8 PDR18  Port13data  \ynen PDR1 is read while PCR1 bits are setto 1, V"V
2 PDR12 Port 12 data the values stored in PDR1 are read. If PDR1 is read R/W
1 PDR11 Port 11 data while PCR1 bits are cleared to 0, the pin states are R/W
5 SDR10 5ot 10d read regardless of the value stored in PDR1. W

ort ata

In the H8S/20103 and H8S/20115 Groups, bits

PDR14 and PDR10 are reserved. Only 0 should be

written to these bits.
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10.1.4  Port Pull-Up Control Register 1 (PUCR1)

Address: H'FF0010

Bit: b6 b5 b0
PUCR17 PUCR16 PUCR15 | PUCR14 PUCR10

Value after reset: 0 0 0

Bit Symbol Bit Name Description R/W

7 PUCR17 Port 17 pull-up  0: The pull-up MOS of corresponding pin is R/W
control disabled.

6 PUCR16 Port 16 pull-up  1: The pull-up MOS of corresponding pin is R/W
control enabled.

5 PUCR15 Port 15 pull-up  This function is valid only for the pin set as general W
control input, and for the input pin with a multiplexed

function.

4 PUCR14 Port 14 pull-up R/W

control In the H8S/20103 and H8S/20115 Groups, bits
PUCR14 and PUCR10 are reserved. Only 0 should

S PUCR13 Port 13 pull-up o\ ritten to these bits. R/W
control

2 PUCR12 Port 12 pull-up R/W
control

1 PUCR11 Port 11 pull-up R/W
control

0 PUCR10 Port 10 pull-up R/W
control
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10.1.5 Port Drive Control Register 1 (PDVR1)

Address: H'FF0030
Bit: b6 b5 b1 b0
PDVR17 | PDVR16 | PDVRi15 | PDVR14 PDVR11 PDVR10

Value after reset: 0 0 0 0

Bit Symbol Bit Name Description R/W

7 PDVR17 Port 17 drive 0: Normal output R/W
control 1: High-current drive output

6 PDVR16  Port16drive  ppyRf js a register that controls drive capability of /W
control the output pins in a bit unit.

5  PDVR15  Port15drive |, the H8S/20103 and H8S/20115 Groups, bits R/W
control PDVR14 and PDVR10 are reserved. Only 0 should

4 PDVR14 Port 14 drive be written to these bits. R/W
control

3 PDVR13 Port 13 drive R/W
control

2 PDVR12 Port 12 drive R/W
control

1 PDVR11 Port 11 drive R/W
control

0 PDVR10 Port 10 drive R/W
control
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10.2 Port?2

Figure 10.2 shows the pin configuration of port 2.

H8S/20203 Group
H8S/20223 Group
H8S/20215 Group
H8S/20235 Group

H8S/20103 Group
H8S/20115 Group

P27/TXD_2
«— P26/RXD_2
< P25/SCK3_2
P24/TRDOI
<~ P23
P22/TXD
<«— P21/RXD
<«— P20/SCK3

Port 2

Port 2

P27/TXD_2
<~ P26/RXD_2
~— P25/SCK3_2
P24/TRDOI
P23/TRCOI
P22/TXD
~— P21/RXD
~— P20/SCK3

Note: Only the functions initially selected by PMCR are shown following the port pin names.

Figure 10.2 Port 2 Pin Configuration

Port 2 has the following registers.

e Port mode register 2 (PMR2)

e Port control register 2 (PCR2)

e Port data register 2 (PDR2)

e Port pull-up control register 2 (PUCR2)
e Port drive control register 2 (PDVR2)
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10.2.1 Port Mode Register 2 (PMR2)

Address: H'FF0001

Bit: b7 b6 b5 b4 b3 b2 b1 bo
PMR27 PMR26 PMR25 PMR24 PMR23 PMR22 PMR21 PMR20

Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
7 PMR27 Port 27 mode  0: General I/O port R/W
6 PMR26 Port 26 mode  1: The function selected by the peripheral function W
5 PMR25 Port 25 mode mapping controller (PMC). W
4  PMR24  Port24 mode ?Lfl?isleij(:dri?rizt:eg;etzzitrjlell/eg tfsu:::?i;ﬁng:i?hneofmhc?ion dad
3 PMR23 Port 23 mode  selected by the PMC. R/W
2 PMR22 Port 22 mode R/W
1 PMR21 Port 21 mode R/W
0 PMR20 Port 20 mode R/W
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10.2.2  Port Control Register 2 (PCR2)

Address: H'FFFFF1

Bit: b7 b6 b5 b4 b3 b2 b1 b0o
PCR27 PCR26 PCR25 PCR24 PCR23 PCR22 PCR21 PCR20

Value after reset: 0 0 0 0 0 0 0 0

Bit Symbol Bit Name Description R/W

7 PCR27 Port 27 control  0: When the corresponding pin is designatedasa R/W

6 PCR26 Port 26 control ggzeral I/0O port, the pin functions as an input W

5 PCR25 Port 25 control 1: When the corresponding pin is designated as a w

4 PCR24 Port 24 control  general I/O port, the pin functions as an output ~ R/W

3  PCR23 Port 23 control ~ POrt. R/W

) PCR22 Port 22 control P CRR2 is a register that selects inputs/outputs in bit gy
units for pins to be used as general I/O ports of port ———

1 PCR21 Port 21 control o R/W

0 PCR20 Port 20 control R/W

e PCR27 bit to PCR20 bit (port 27 to 20 control)

When the corresponding pin is designated in PMR2 as a general I/O pin, setting a PCR2 bit to
1 makes the corresponding pin an output port, while clearing the bit to 0 makes the pin an

input port.
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10.2.3 Port Data Register 2 (PDR2)

Address: H'FFFFE1

Bit: b7 b6 b5 b4 b3 b1 )
PDR27 PDR26 PDR25 PDR24 PDR23 PDR21 PDR20

Value after reset: 0 0 0 0 0 0 0

Bit Symbol Bit Name Description R/W

7 PDR27 Port 27 data 0: Low level R/W

6 PDR26 Port 26 data 1: High level R/W

5 PDR25 Port 25 data PDR2 is a register that stores output data for port2 R/W

4 PDR24 Port 24 data pins. When PCR2 bits are set to 1, the values W
stored in PDR2 are output.

8 PDR28  Port23data  \ynen pDR2 is read while PCR2 bits are setto 1, V"V

2 PDR22 Port 22 data the values stored in PDR2 are read. If PDR2 is read R/W

1 PDR21 Port 21 data while PCR2 bits are cleared to 0, the pin states are R/W
read regardless of the value stored in PDR2.

0 PDR20 Port 20 data R/W
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10.2.4  Port Pull-Up Control Register 2 (PUCR2)

Address: H'FF0011

Bit: b7 b6 b5 b4 b3 b2 b1 b0

PUCR27 PUCR26 PUCR25 PUCR24 PUCR23 PUCR22 PUCR21 PUCR20

Value after reset: 0 0 0 0 0 0 0 0

Bit Symbol Bit Name Description R/W

7 PUCR27 Port 27 pull-up  0: The pull-up MOS of corresponding pin is R/W
control disabled.

6 PUCR26 Port 26 pull-up  1: The pull-up MOS of corresponding pin is R/W
control enabled.

5 PUCR25 Port 25 pull-up PUCR2 is a register that controls the pull-up MOS  R/W
control in bit units of the pins set as the input ports.

4 PUCR24 Port 24 pull-up R/W
control

3 PUCR23 Port 23 pull-up R/W
control

2 PUCR22 Port 22 pull-up R/W
control

1 PUCR21 Port 21 pull-up R/W
control

0 PUCR20 Port 20 pull-up R/W
control

e PUCR27 bit to PUCR20 bit (port 27 to 20 pull-up control)

This function is valid only for the pin set as general input, and for the input pin with a function
selected by the PMC.
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10.2.5 Port Drive Control Register 2 (PDVR2)

Address: H'FF0031

Bit:

b6

b5

b1 b0

PDVR27 PDVR26

PDVR25 PDVR24

PDVR21 PDVR20

Value after reset: 0 0 0 0

Bit Symbol Bit Name Description R/W

7 PDVR27 Port 27 drive  0: Normal output R/W
control 1: High-current drive output

6 PDVR26  Port26drive  ppyRo is a register that controls drive capability of /W
control the output pins in a bit unit.

5 PDVR25 Port 25 drive R/W
control

4 PDVR24 Port 24 drive R/W
control

3 PDVR23 Port 23 drive R/W
control

2 PDVR22 Port 22 drive R/W
control

1 PDVR21 Port 21 drive R/W
control

0 PDVR20 Port 20 drive R/W
control
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10.3 Port 3

Figure 10.3 shows the pin configuration of port 3.

H8S/20203 Group H8S/20103 Group
H8S/20223 Group H8S/20115 Group
H8S/20215 Group
H8S/20235 Group

P37/TXD_3 P37/TXD_3
< P36/RXD_3 <« P36/RXD_3

o [ P35/SCK3_3 o [ P35/SCK3_3

c [+~ P34 © |~ P34/FTCI

£ [~— P33 £ |[+~——P33/FTIOD
> P32 ~— P32/FTIOC
~—— P31 <~ P31/FTIOB
«~—— P30 <~ P30/FTIOA

Note: Only the functions initially selected by PMCR are shown following the port pin names.

Figure 10.3 Port 3 Pin Configuration
Port 3 has the following registers.

e Port mode register 3 (PMR3)

e Port control register 3 (PCR3)

e Port data register 3 (PDR3)

e Port pull-up control register 3 (PUCR3)
e Port drive control register 3 (PDVR3)
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Section 10 1/O Ports H85/20103, H8S/20203, H8S/20223, H8S/20115, H8S/20215, H8S/20235 Group

10.3.1 Port Mode Register 3 (PMR3)

Address: H'FF0002

Bit: b7 b6 b5 b4 b3 b2 b1 b0o
PMR37 PMR36 PMR35 PMR34 PMR33 PMR32 PMR31 PMR30
Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
7 PMR37 Port 37 mode  0: General I/O port R/W
6 PMR36 Port 36 mode  1: The function selected by the peripheral function R/W
5 PMR35 Port 35 mode mapping controller (PMC). W
4 PMRIE Poraamode i general IO fancion or e funoion Y
3 PMR33 Port 33 mode  selected by the PMC. R/W
2 PMR32 Port 32 mode R/W
1 PMR31 Port 31 mode R/W
0 PMR30 Port 30 mode R/W
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on 10 1/O Ports

10.3.2  Port Control Register 3 (PCR3)

Address: H'FFFFF2

Bit: b7 b6 b5 b4 b3 b2 b1 b0
PCR37 PCR36 PCR35 PCR34 PCR33 PCR32 PCR31 PCR30

Value after reset: 0 0 0 0 0 0 0 0

Bit Symbol Bit Name Description R/W

7 PCR37 Port 37 control  0: When the corresponding pin is designatedasa R/W

6 PCR36 Port 36 control ggzeral I/0O port, the pin functions as an input W

5 PCRS3S Port 35 control 1: When the corresponding pin is designated as a w

4 PCR34 Port 34 control  general I/O port, the pin functions as an output ~ R/W

3  PCR33 Port 33 control ~ POrt. R/W

) PCR32 Port 32 control P CRB3 is a register that selects inputs/outputs in bit gy
units for pins to be used as general I/O ports of port ———

1 PCR31 Port 31 control 5. R/W

0 PCR30 Port 30 control R/W

e PCR37 bit to PCR30 bit (port 37 to 30 control)

When the corresponding pin is designated in PMR3 as a general I/O pin, setting a PCR3 bit to
1 makes the corresponding pin an output port, while clearing the bit to 0 makes the pin an

input port.
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10.3.3 Port Data Register 3 (PDR3)

Address: H'FFFFE2

Bit: b7 b6 b5 b4 b3 b2 b1 b0
PDR37 PDR36 PDR35 PDR34 PDR33 PDR32 PDR31 PDR30

Value after reset: 0 0 0 0 0 0 0 0

Bit Symbol Bit Name Description R/W

7 PDR37 Port 37 data 0: Low level R/W

6 PDR36 Port 36 data 1: High level R/W

5 PDR35 Port 35 data PDRS3 is a register that stores output data for port 3 R/W

4 PDR34 Port 34 data pins. When PCR3 bits are set to 1, the values W
stored in PDR3 are output. -

8 PDR33  Port33data  \ynen PDR3 is read while PCR3 bits are setto 1, V"V

2 PDR32 Port 32 data the values stored in PDRS3 are read. If PDR3 is read R/W

1 PDR31 Port 31 data while PCR3 bits are cleared to 0, the pin states are R/W
read regardless of the value stored in PDRS. _

0 PDR30 Port 30 data R/W
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10.3.4  Port Pull-Up Control Register 3 (PUCR3)

Address: H'FF0012

Bit: b7 b6 b5 b4 b3 b2 b1 b0

PUCR37 PUCR36 PUCR35 PUCR34 PUCRS33 PUCR32 PUCR31 PUCR30

Value after reset: 0 0 0 0 0 0 0 0

Bit Symbol Bit Name Description R/W

7 PUCR37 Port 37 pull-up  0: The pull-up MOS of corresponding pin is R/W
control disabled.

6 PUCR36 Port 36 pull-up 1: The pull-up MOS of corresponding pin is R/W
control enabled.

5 PUCR35 Port 35 pull-up PUCRS is a register that controls the pull-up MOS  R/W
control in bit units of the pins set as the input ports.

4 PUCR34 Port 34 pull-up R/W
control

3 PUCR33 Port 33 pull-up R/W
control

2 PUCR32 Port 32 pull-up R/W
control

1 PUCR31 Port 31 pull-up R/W
control

0 PUCR30 Port 30 pull-up R/W
control

e PUCR37 bit to PUCR30 bit (port 37 to 30 pull-up control)

This function is valid only for the pin set as general input, and for the input pin with a function
selected by the PMC.
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Section 10 1/O Ports

H8S/20103, H8S/20203, H8S/20223, H8S/20115, H8S/20215, H8S/20235 Group

10.3.5 Port Drive Control Register 3 (PDVR3)

Address: H'FF0032

Bit: b6 b5 b1 b0
PDVR37 | PDVR36 | PDVR35 | PDVR34 PDVR31 PDVR30

Value after reset: 0 0 0 0

Bit Symbol Bit Name Description R/W

7 PDVR37 Port 37 drive 0: Normal output R/W
control 1: High-current drive output

6 PDVR36  Port36drive  ppyRg3is a register that controls drive capability of /W
control the output pins in a bit unit.

5 PDVR35 Port 35 drive R/W
control

4 PDVR34 Port 34 drive R/W
control

3 PDVR33 Port 33 drive R/W
control

2 PDVR32 Port 32 drive R/W
control

1 PDVR31 Port 31 drive R/W
control

0 PDVR30 Port 30 drive R/W
control
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10.4 Port5

Figure 10.4 shows the pin configuration of port 5.

<— = P57/SCL/SSI
~— P56/SDA/SCS
«— P55/SSCK

e [~ P54/SSO

&£ P53/TGIOB
P52/TGIOA
P51/TCLKB
P50/TCLKA

Note: Only the functions initially selected by PMCR are shown following the port pin names.

Figure 10.4 Port 5 Pin Configuration
Port 5 has the following registers.

e Port mode register 5 (PMRS)

e Port control register 5 (PCRS)

e Port data register 5 (PDRS5)

e Port pull-up control register 5 (PUCRS)
e Port drive control register 5 (PDVRS)
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Section 10 1/O Ports H85/20103, H8S/20203, H8S/20223, H8S/20115, H8S/20215, H8S/20235 Group

10.4.1 Port Mode Register 5 (PMRS)

Address: H'FF0004

Bit: b7 b6 b5 b4 b3 b2 b1 b0
PMR57 PMR56 PMR55 PMR54 PMR53 PMR52 PMR51 PMRS50

Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
7 PMR57 Port 57 mode  0: General I/O port R/W
6 PMR56 Port 56 mode  1: The function selected by the peripheral function R/W
5 PMB55 Port 55 mode mapping controller (PMC). W
4 PMRse  Porsamode i general 1O fancion or e funcion Y
3 PMR53 Port 53 mode  selected by the PMC. R/W
2 PMR52 Port 52 mode R/W
1 PMR51 Port 51 mode R/W
0 PMR50 Port 50 mode R/W
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on 10 1/O Ports

10.4.2  Port Control Register 5 (PCRS)

Address: H'FFFFF4

Bit: b7 b6 b5 b4 b3 b2 b1 b0
PCR57 PCRS56 PCRS55 PCR54 PCR53 PCR52 PCR51 PCR50

Value after reset: 0 0 0 0 0 0 0 0

Bit Symbol Bit Name Description R/W

7 PCR57 Port 57 control  0: When the corresponding pin is designatedasa R/W

6 PCR56 Port 56 control ggzeral I/0O port, the pin functions as an input W

5 PCRSS Port 55 control 1: When the corresponding pin is designated as a w

4 PCR54 Port 54 control  general I/O port, the pin functions as an output ~ R/W

3  PCR53 Port 53 control ~ POrt. R/W

) PCR52 Port 52 control P CRb is a register that selects inputs/outputs in bit gy
units for pins to be used as general I/O ports of port ———

1 PCR51 Port 51 control g R/W

0 PCR50 Port 50 control R/W

e PCRS57 bit to PCRS0 bit (port 57 to 50 control)

When the corresponding pin is designated in PMRS as a general I/O pin, setting a PCRS bit to
1 makes the corresponding pin an output port, while clearing the bit to 0 makes the pin an

input port.
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Section 10 1/O Ports

H8S/20103, H8S/20203, H8S/20223, H8S/20115, H8S/20215, H8S/20235 Group

10.4.3 Port Data Register 5 (PDRS)

Address: H'FFFFE4

Bit: b7 b6 b5 b4 b3 b1 b0
PDR57 PDR56 PDR55 PDR54 PDR53 PDR51 PDR50

Value after reset: 0 0 0 0 0 0 0

Bit Symbol Bit Name Description R/W

7 PDR57 Port 57 data 0: Low level R/W

6 PDR56 Port 56 data 1: High level R/W

5 PDR55 Port 55 data PDRS5 is a register that stores output data for port 5 R/W

4 PDR54 Port 54 data pins. When PCRS5 bits are set to 1, the values W
stored in PDRS5 are output.

3 PDRS53 Port 53 data When PDR5 is read while PCRS5 bits are set to 1, RW

2 PDR52 Port 52 data the values stored in PDRS5 are read. If PDR5 is read R/W

1 PDR51 Port 51 data while PCRS5 bits are cleared to 0, the pin states are R/W
read regardless of the value stored in PDR5.

0 PDR50 Port 50 data R/W
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10.4.4  Port Pull-Up Control Register 5 (PUCRS)

Address: H'FF0014

Bit: b6 b5 b4 b3 b2 b1 b0
— PUCR55 | PUCR54 | PUCR53 | PUCR52 | PUCR51 PUCRS50
Value after reset: 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
— Reserved These bits are read as 0. The write value should be —
— Reserved 0. —
PUCR55 Port 55 pull-up  0: The pull-up MOS of corresponding pin is R/W
control disabled.
4 PUCR54 Port 54 pull-up 1: The pull-up MOS of corresponding pin is R/W
control enabled.
3 PUCR53 Port 53 pull-up PUCRS is a register that controls the pull-up MOS  R/w
control in bit units of the pins set as the input ports.
2 PUCR52 Port 52 pull-up R/W
control
1 PUCR51 Port 51 pull-up R/W
control
0 PUCR50 Port 50 pull-up R/W
control

e PUCRSS bit to PUCRS50 bit (port 55 to 50 pull-up control)

This function is valid only for the pin set as general input, and for the input pin with a function
selected by the PMC.

REJ09B0465-0300 Rev. 3.00

Sep 17,2010

REN ESNS Page 293 of 982
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H8S/20103, H8S/20203, H8S/20223, H8S/20115, H8S/20215, H8S/20235 Group

10.4.5

Address: H'FF0034

Port Drive Control Register S (PDVRS)

Bit: b6 b5 b4 b3 b2 b1 b0
— PDVR55 PDVR54 | PDVR53 | PDVR52 PDVR51 PDVR50
Value after reset: 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
— Reserved This bit is read as 0. The write value should be 0. —
— Reserved —
PDVR55 Port 55 drive 0: Normal output R/W
control 1: High-current drive output
4 PDVRS4  Port54drive  ppyRs is a register that controls drive capability of /W
control the output pins in a bit unit.
3 PDVRS53 Port 53 drive  \when pins P56 and P57 are set as general output, /W
control they function as NMOS push-pull output and thus
2 PDVR52 Port 52 drive drive capability cannot be selected for them. R/W
control
1 PDVR51 Port 51 drive R/W
control
0 PDVR50 Port 50 drive R/W
control
Note: When pins P56 and P57 are set as general output, they function as NMOS push-pull output,

and have characteristics different from those of other CMOS outputs. When set as SDA and
SCL of 1IC2, they function as NMOS open-drain output. For details, see section 28,
Electrical Characteristics.
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10.5 Port 6

Figure 10.5 shows the pin configuration of port 6.

< P67/FTIOD1
~— P66/FTIOCH
<+ P65/FTIOB1
<= P64/FTIOA1
<+ P63/FTIODO
~— P62/FTIOCO
~<~— P61/FTIOBO
<«— P60/FTIOAOQ

Port 6

Note: Only the functions initially selected by PMCR are shown following the port pin names.

Figure 10.5 Port 6 Pin Configuration

Port 6 has the following registers.

e Port mode register 6 (PMRO6)

e Port control register 6 (PCR6)

e Port data register 6 (PDR6)

e Port pull-up control register 6 (PUCR6)
e Port drive control register 6 (PDVR6)
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Section 10 1/O Ports H85/20103, H8S/20203, H8S/20223, H8S/20115, H8S/20215, H8S/20235 Group

10.5.1 Port Mode Register 6 (PMR6)

Address: H'FF0005

Bit: b7 b6 b5 b4 b3 b2 b1 b0
PMR67 PMR66 PMR65 PMR64 PMR63 PMR62 PMR61 PMR60

Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
7 PMR67 Port 67 mode  0: General I/O port R/W
6 PMR66 Port 66 mode  1: The function selected by the peripheral function R/W
5 PMR65 Port 65 mode mapping controller (PMC). W
4 PMRes  Poreamode e general 1O fancion or e funcion Y
3 PMR63 Port 63 mode  selected by the PMC. R/W
2 PMR62 Port 62 mode R/W
1 PMR61 Port 61 mode R/W
0 PMR60 Port 60 mode R/W
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on 10 1/O Ports

10.5.2  Port Control Register 6 (PCR6)

Address: H'FFFFF5

Bit: b7 b6 b5 b4 b3 b2 b1 b0
PCR67 PCR66 PCR65 PCR64 PCR63 PCR62 PCR61 PCR60

Value after reset: 0 0 0 0 0 0 0 0

Bit Symbol Bit Name Description R/W

7 PCR67 Port 67 control  0: When the corresponding pin is designatedasa R/W

6 PCR66 Port 66 control ggzeral I/0O port, the pin functions as an input W

5 PCR65 Port 85 control 1: When the corresponding pin is designated as a w

4 PCR64 Port 64 control  general I/O port, the pin functions as an output ~ R/W

3  PCR63 Port 63 control ~ POrt. R/W

) PCR62 Port 62 control P CRB6 is a register that selects inputs/outputs in bit gy
units for pins to be used as general I/O ports of port ———

1 PCR61 Port 61 control g R/W

0 PCR60 Port 60 control R/W

e PCR67 bit to PCR60 bit (port 67 to 60 control)

When the corresponding pin is designated in PMRG6 as a general I/O pin, setting a PCR6 bit to
1 makes the corresponding pin an output port, while clearing the bit to 0 makes the pin an

input port.
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H8S/20103, H8S/20203, H8S/20223, H8S/20115, H8S/20215, H8S/20235 Group

10.5.3 Port Data Register 6 (PDR6)

Address: H'FFFFE5

Bit: b7 b6 b5 b4 b3 b1 )
PDR67 PDR66 PDR65 PDR64 PDR63 PDR61 PDR60

Value after reset: 0 0 0 0 0 0 0

Bit Symbol Bit Name Description R/W

7 PDR67 Port 67 data 0: Low level R/W

6 PDR66 Port 66 data 1: High level R/W

5 PDR65 Port 65 data PDRE6 is a register that stores output data for port 6 R/W

4 PDR64 Port 64 data pins. When PCRS6 bits are set to 1, the values W
stored in PDR6 are output.

8 PDR63  Porté3data  \ynqn pDRé is read while PCR6 bits are setto 1, V"V

2 PDR62 Port 62 data the values stored in PDR6 are read. If PDR6 is read R/W

1 PDR61 Port 61 data while PCR6 bits are cleared to 0, the pin states are R/W
read regardless of the value stored in PDR6.

0 PDR60 Port 60 data R/W
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10.5.4  Port Pull-Up Control Register 6 (PUCR6)

Address: H'FF0015

Bit: b7 b6 b5 b4 b3 b2 b1 b0

PUCR67 PUCRG66 PUCR65 PUCR64 PUCR63 PUCR62 PUCR61 PUCR60

Value after reset: 0 0 0 0 0 0 0 0

Bit Symbol Bit Name Description R/W

7 PUCR67 Port 67 pull-up  0: The pull-up MOS of corresponding pin is R/W
control disabled.

6 PUCR66 Port 66 pull-up 1: The pull-up MOS of corresponding pin is R/W
control enabled.

5 PUCR65 Port 65 pull-up PUCRG is a register that controls the pull-up MOS  R/W
control in bit units of the pins set as the input ports.

4 PUCR64 Port 64 pull-up R/W
control

3 PUCR63 Port 63 pull-up R/W
control

2 PUCR62 Port 62 pull-up R/W
control

1 PUCR61 Port 61 pull-up R/W
control

0 PUCR60 Port 60 pull-up R/W
control

e PUCRG67 bit to PUCRG60 bit (port 67 to 60 pull-up control)

This function is valid only for the pin set as general input, and for the input pin with a function
selected by the PMC.
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Section 10 1/O Ports

H8S/20103, H8S/20203, H8S/20223, H8S/20115, H8S/20215, H8S/20235 Group

10.5.5 Port Drive Control Register 6 (PDVR6)

Address: H'FF0035

Bit: b6 b5 b1 bo
PDVR67 | PDVR66 | PDVRe5s | PDVRe4 PDVR61 PDVR60

Value after reset: 0 0 0 0

Bit Symbol Bit Name Description R/W

7 PDVR67 Port 67 drive 0: Normal output R/W
control 1: High-current drive output

6 PDVR66  Port66drive  ppyRe is a register that controls drive capability of /W
control the output pins in a bit unit.

5 PDVR65 Port 65 drive R/W
control

4 PDVR64 Port 64 drive R/W
control

3 PDVR63 Port 63 drive R/W
control

2 PDVR62 Port 62 drive R/W
control

1 PDVR61 Port 61 drive R/W
control

0 PDVR60 Port 60 drive R/W
control
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H8S/20103, H8S/20203, H8S/20223, H8S/20115, H8S/20215, H8S/20235 Group Section 10 1/O Ports

10.6 Port8

Figure 10.6 shows the pin configuration of port 8.

© P87/TREO
= P86/TRBO
g P85/TRAIO

Note: Only the functions initially selected by PMCR are shown following the port pin names.

Figure 10.6 Port 8 Pin Configuration
Port 8 has the following registers.

e Port mode register 8 (PMRS)

e Port control register 8 (PCRS8)

e Port data register 8 (PDR8)

e Port pull-up control register 8 (PUCRS)
e Port drive control register 8 (PDVRS)
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Section 10 1/O Ports

H8S/20103, H8S/20203, H8S/20223, H8S/20115, H8S/20215, H8S/20235 Group

10.6.1 Port Mode Register 8 (PMRS)

Address: H'FF0005

Bit: b7 b6 b5 b4 b3 b2 b1 b0O
PMR67 PMR66 PMR65 PMR64 PMR63 PMR62 PMR61 PMR60
Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
PMR87 Port 87 mode  0: General I/O port R/W
PMR86 Port 86 mode  1: The function selected by the peripheral function R/W
PMRS85 Port 85 mode mapping controller (PMC). W
PMR8 is a register that selects the function of the
multiplexed pins: general 1/O function or the function
selected by the PMC.
4t00 — Reserved These bits are read as 0. The write value should be —

0.

Page 302 of 982

REJ09B0465-0300 Rev. 3.00
RENESAS Sep 17, 2010
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10.6.2  Port Control Register 8 (PCRS)

Address: H'FFFFF7

Bit: b7 b6 b5 b4 b3 b2 b1 b0
PCR87 PCR86 PCR85 - — _ _ _
Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
PCR87 Port 87 control ~ 0: When the corresponding pin is designated asa R/W
PCRS6 Port 86 control general I/O port, the pin functions as an input 7R/W
port.
PCR85 Port 85 control

1: When the corresponding pin is designated as a
general I/0O port, the pin functions as an output
port.

PCR8 is a register that selects inputs/outputs in bit
units for pins to be used as general I/O ports of
port 8.

4t00 — Reserved These bits are read as 0. The write value should —
be 0.

e PCRS7 bit to PCR8S5 bit (port 87 to 85 control)

When the corresponding pin is designated in PMRS as a general I/O pin, setting a PCR8 bit to
1 makes the corresponding pin an output port, while clearing the bit to 0 makes the pin an
input port.
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Section 10 1/O Ports

H8S/20103, H8S/20203, H8S/20223, H8S/20115, H8S/20215, H8S/20235 Group

10.6.3

Address: H'FFFFE7

Port Data Register 8§ (PDRS)

Bit: b7 b6 b5 b4 b3 b2 b1 b0
PDR87 PDR86 PDR85 — — — — —
Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
PDR87 Port 87 data 0: Low level R/W
PDR86 Port 86 data 1: High level R/W
PDR85 Port 85 data PDRS8 is a register that stores output data for port R/W
8 pins. When PCR8 bits are set to 1, the values
stored in PDR8 are output.
When PDR8 is read while PCR8 bits are set to 1,
the values stored in PDR8 are read. If PDR8 is
read while PCR8 bits are cleared to 0, the pin
states are read regardless of the value stored in
PDRS.
4t00 — Reserved These bits are read as 0. The write value should —
be 0.
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Section 10 1/O Ports

10.6.4

Address: H'FF0017

Port Pull-Up Control Register 8 (PUCRS)

Bit: b7 b6 b5 b4 b3 b2 b1 b0
PUCR87 | PUCR86 | PUCRS5 - _ _ _ _

Value after reset: 0 0 0 0 0 0 0 0

Bit Symbol Bit Name Description R/W

7 PUCR87 Port 87 pull-up  0: The pull-up MOS of corresponding pin is R/W
control disabled.

6 PUCR86 Port 86 pull-up  1: The pull-up MOS of corresponding pin is R/W
control enabled.

5 PUCRS85 Port 85 pull-up  PUCRS is a register that controls the pull-up MOS R/W
control in bit units of the pins set as the input ports.

4t00 — Reserved These bits are read as 0. The write value should —

be 0.

e PUCRST7 bit to PUCRSS5 bit (port 87 to 85 pull-up control)

This function is valid only for the pin set as general input, and for the input pin with a function

selected by the PMC.
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10.6.5 Port Drive Control Register 8 (PDVRS)

Address: H'FF0037

Bit: b7 b6 b5 b4 b3 b2 b1 b0
PDVR87 PDVR86 PDVR85 — — — — —
Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
7 PDVR87 Port 87 drive 0: Normal output R/W

control 1: High-current drive output

6 PDVR86  Port 86 drive PDVRS is a register that controls drive capability of F/W
control the output pins in a bit unit.

5 PDVR85 Port 85 drive R/W
control

4t00 — Reserved These bits are read as 0. The write value should —

be 0.

10.6.6  Notes on Using Port 8

When using on-chip debugger function, set port 8 as general I/O port using PMRS.
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10.7 Port 9

Figure 10.7 shows the pin configuration of port 9. Port 9 is not available on the H8S/20103 and
H8S/20115 Groups.

<~— P97/FTIOD3
«— P96/FTIOC3
< P95/FTIOB3
< P94/FTIOA3
<« P93/FTIOD2
< P92/FTIOC2
~— P91/FTIOB2
<«— P90/FTIOA2

Port 9

Note: Only the functions initially selected by PMCR are shown following the port pin names.

Figure 10.7 Port 9 Pin Configuration
Port 9 has the following registers.

e Port mode register 9 (PMR9)

e Port control register 9 (PCR9)

e Port data register 9 (PDR9)

e Port pull-up control register 9 (PUCR9)
e Port drive control register 9 (PDVR9)
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10.7.1 Port Mode Register 9 (PMR9)

Address: H'FF0008

Bit: b7 b6 b5 b4 b3 b2 b1 b0
PMR97 PMR96 PMR95 PMR94 PMR93 PMR92 PMR91 PMR90
Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
7 PMR97 Port 97 mode  0: General I/O port R/W
6 PMR96 Port 96 mode  1: The function selected by the peripheral function R/W
5 PMR95 Port 95 mode mapping controller (PMC). W
4 PMRI Porsamode i general IO fancion or e funcion Y
3 PMR93 Port 93 mode  selected by the PMC. R/W
2 PMR92 Port 92 mode R/W
1 PMR91 Port 91 mode R/W
0 PMR90 Port 90 mode R/W
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10.7.2  Port Control Register 9 (PCR9)

Address: H'FFFFF8

Bit: b7 b6 b5 b4 b3 b2 b1 b0
PCR97 PCR96 PCR95 PCR94 PCR93 PCR92 PCR91 PCR90

Value after reset: 0 0 0 0 0 0 0 0

Bit Symbol Bit Name Description R/W

7 PCR97 Port 97 control  0: When the corresponding pin is designatedasa R/W

6 PCR96 Port 96 control ggzeral I/0O port, the pin functions as an input W

5 PCROS Port 95 control 1: When the corresponding pin is designated as a w

4 PCR94 Port 94 control  general I/O port, the pin functions as an output ~ R/W

3  PCR93 Port 93 control ~ POrt. R/W

) PCR92 Port 92 control P CR9 is a register that selects inputs/outputs in bit gy
units for pins to be used as general I/O ports of port ———

1 PCR91 Port 91 control g R/W

0 PCR90 Port 90 control R/W

e PCR97 bit to PCRI0 bit (port 97 to 90 control)

When the corresponding pin is designated in PMR9 as a general I/O pin, setting a PCR9 bit to
1 makes the corresponding pin an output port, while clearing the bit to 0 makes the pin an

input port.
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10.7.3  Port Data Register 9 (PDRY9)

Address: H'FFFFES8

Bit: b7 b6 b5 b4 b3 b1 b0
PDR97 PDR96 PDR95 PDR94 PDR93 PDRO1 PDR90
Value after reset: 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
7 PDR97 Port 97 data 0: Low level R/W
6 PDR96 Port 96 data 1: High level R/W
5 PDR95 Port 95 data PDR9 is a register that stores output data for port 9 R/W
4 PDR94 Port 94 data pins. When PCRS9 bits are set to 1, the values RIW
stored in PDR9 are output.
8 PDR93 ~ Port93data  \ynen PDR9 is read while PCRO bits are setto 1, V"V
2 PDR92 Port 92 data the values stored in PDR9 are read. If PDR9 is read R/W
1 PDR91 Port 91 data while PCR9 bits are cleared to 0, the pin states are R/W
read regardless of the value stored in PDR9.
0 PDR90 Port 90 data R/W
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10.7.4  Port Pull-Up Control Register 9 (PUCRY9)

Address: H'FF0018

Bit: b7 b6 b5 b4 b3 b2 b1 b0

PUCR97 PUCR96 PUCR95 PUCR94 PUCR93 PUCR92 PUCR91 PUCR90

Value after reset: 0 0 0 0 0 0 0 0

Bit Symbol Bit Name Description R/W

7 PUCR97 Port 97 pull-up  0: The pull-up MOS of corresponding pin is R/W
control disabled.

6 PUCR96 Port 96 pull-up 1: The pull-up MOS of corresponding pin is R/W
control enabled.

5 PUCR95 Port 95 pull-up PUCRY is a register that controls the pull-up MOS  R/W
control in bit units of the pins set as the input ports.

4 PUCR94 Port 94 pull-up R/W
control

3 PUCR93 Port 93 pull-up R/W
control

2 PUCR92 Port 92 pull-up R/W
control

1 PUCR91 Port 91 pull-up R/W
control

0 PUCR90 Port 90 pull-up R/W
control

e PUCRY7 bit to PUCR90 bit (port 97 to 90 pull-up control)

This function is valid only for the pin set as general input, and for the input pin with a function
selected by the PMC.
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10.7.5 Port Drive Control Register 9 (PDVRY)

Address: H'FF0038

Bit: b6 b5 b1 b0
PDVR97 | PDVR96 | PDVR95 | PDVR94 PDVRO1 PDVR90

Value after reset: 0 0 0 0

Bit Symbol Bit Name Description R/W

7 PDVR97 Port 97 drive 0: Normal output R/W
control 1: High-current drive output

6 PDVR96  Port96drive  ppyRg is a register that controls drive capability of /W
control the output pins in a bit unit.

5 PDVR95 Port 95 drive R/W
control

4 PDVR94 Port 94 drive R/W
control

3 PDVR93 Port 93 drive R/W
control

2 PDVR92 Port 92 drive R/W
control

1 PDVR91 Port 91 drive R/W
control

0 PDVR90 Port 90 drive R/W
control
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10.8 Port A

Port A consists of general I/O pins that are also used as analog input pins for A/D converter unit 1
and unit 2 (only in the H8S/20223 and H8S/20235 Groups).

The functions of PA4 to PA7 can be selected with the peripheral function mapping register of the
PMC (except for the H8S/20223 and H8S/20235 Groups).

For selection of functions by the peripheral function mapping controller, see section 9, Peripheral
I/0 Mapping Controller. Figure 10.8 shows the pin configuration of port A.

H8S/20223 Group H8S/20203 Group H8S/20103 Group
H8S/20235 Group H8S/20215 Group H8S/20115 Group
<~ PA7/AN3_2 ~— PA7
~— PAG/AN2_2 > PAG
<— PA5/AN1_2 <~ PA5 ~— PA7
< - < <
< [ > PA4/ANO_2 = [*=— PA4 = |*— PAB
£ [~ PA3/AN11 £ [+ PA3/AN11 £ [~ PAs5
< PA2/AN10 <— PA2/AN10 ~— PA4
<~— PA1/AN9 <~—— PA1/AN9
<— PAO/AN8 «— PAO/AN8

Figure 10.8 Port A Pin Configuration
Port A has the following registers.

e Port mode register A (PMRA)

e Port control register A (PCRA)

e Port data register A (PDRA)

e Port pull-up control register A (PUCRA)
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e H8S/20103 and H8S/20115 Groups

10.8.1 Port Mode Register A (PMRA)

Address: H'FF0009

Bit: b7 b6 b5 b4 b3 b2 b1 b0
PMRA7 PMRA6 PMRAS5 PMRA4 — PMRA2 . -
Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
7 PMRA7 Port A7 mode  0: General I/O port R/W
6 PMRA6 Port A6 mode 1: The function selected by the peripheral function RW
5 PMRAS Port A5 mode mapping controller (PMC). W
4 PMRAG PortAtmode e pine: general 0 functon or the. ™V
function selected by the PMC.
3 — Reserved This bit is read as 0. The write value should be 0. —
PMRA2 Port BO analog 0: General I/O port R/W
input select 1: ANO input pin
1,0 — Reserved These bits read as 0. The write value should be 0. —

e PMRAY7 bit to PMRA4 bit (port A7 to A4 mode)
These bits select the function of the multiplexed pins PA7 to PA4: general I/O function or the

function selected
e PMRAZ2 bit (port

by the PMC.
A2 mode)

This bit selects general I/O function or the analog input function for PBO.
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10.8.2  Port Control Register A (PCRA)

Address: H'FFFFF9

Bit: b7 b6 b5 b4 b3 b2 b1 bo
PCRA7 PCRA6 PCRA5 PCRA4 — — — —
Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
7 PCRA7 Port A7 control 0: When the corresponding pin is designatedasa R/W
6 PCRAG Port A6 control ggzeral I/0O port, the pin functions as an input R/W
5 PCRAS Port AS control 1: When the corresponding pin is designated as a R/W
4 PCRA4 Port A4 control  general I/O port, the pin functions as an output ~ R/W
port.

PCRA is a register that selects inputs/outputs in bit

units for pins to be used as general I/O ports of port

A.
3to0 — Reserved These bits are read as 0. The write value should be —

0.

e PCRAT7 bit to PCRA4 bit (port A7 to A4 control)

When the corresponding pin is designated in PMRA as a general I/O pin, setting a PCRA bit to
1 makes the corresponding pin an output port, while clearing the bit to 0 makes the pin an

input port.
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10.8.3 Port Data Register A (PDRA)

Address: H'FFFFE9

Bit: b7 b6 b5 b4 b3 b2 b1 b0
PDRA7 PDRA6 PDRAS5 PDRA4 — _ _ _

Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
7 PDRA7 Port A7 data 0: Low level R/W
6 PDRAG6 Port A6 data 1: High level R/W
5 PDRA5 Port A5 data PDRA is a register that stores output data for port A’ R/W
4 PDRA4 Port A4 data pins. When PCRA bits are set to 1, the values W

stored in PDRA are output.

When PDRA is read while PCRA bits are set to 1,

the values stored in PDRA are read. If PDRA is

read while PCRA bits are cleared to 0, the pin

states are read regardless of the value stored in

PDRA.
3to0 — Reserved These bits are read as 0. The write value should be —

0.
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10.8.4  Port Pull-Up Control Register A (PUCRA)

Address: H'FF0019

Bit: b7

b6

b5 b4 b3 b2 b1 b0

PUCRA7 PUCRA6

PUCRA5 PUCRA4 — — — —

Value after reset: 0 0 0 0 0 0 0 0

Bit Symbol Bit Name Description R/W

7 PUCRA7*  Port A7 pull-up 0: The pull-up MOS of corresponding pin is R/W
control disabled.

6 PUCRAG*  Port A6 pull-up 1: The pull-up MOS of corresponding pin is not R/W
control enabled.

5 PUCRA5*  Port A5 pull-up PUCRA is a register that controls the pull-up MOS  R/W
control in bit units of the pins set as the input ports.

4 PUCRA4*  Port A4 pull-up R/W
control

3to0 — Reserved These bits are read as 0. The write value should be —

0.

Note: * When PA7 to PA4 are set as the analog input pin, clear the corresponding bits to 0.

e PUCRATY bit to PUCRA4 bit (port A7 to A4 pull-up control)

This function is valid only for the pin set as general input, and for the input pin with a function
selected by the PMC.
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e H8S/20203 and H8S/20215 Groups

10.8.5 Port Mode Register A (PMRA)

Address: H'FF0009

Bit: b6 b5 b4 b3 b2 b1 b0
PMRA7 PMRA6 PMRA5 PMRA4 — PMRA2 -

Value after reset: 0 0 0 0 0 0 0

Bit Symbol Bit Name Description R/W

7 PMRA7 Port A7 mode 0: General I/O port R/W

6 PMRA6 Port A6 mode 1: The function selected by the peripheral function RW

5 PMRAS Port A5 mode mapping controller (PMC). RIW

4 PMRAG PortAtmode e pine: general 0 functon or the. ™V

function selected by the PMC.

3 — Reserved This bit is read as 0. The write value should be 0. —

PMRA2 Port BO analog 0: General I/O port R/W
input select 1: ANO input pin
1,0 — Reserved These bits are read as 0. The write value should be —

0.

e PMRAY7 bit to PMRA4 bit (port A7 to A4 mode)

These bits select the function of the multiplexed pins PA7 to PA4: general I/O function or the
function selected by the PMC.

e PMRA2 bit (port A2 mode)

This bit selects general I/O function or the analog input function for PBO.
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10.8.6

Address: H'FFFFF9

Port Control Register A (PCRA)

Bit: b7 b6 b5 b4 b3 b2 b1 b0
PCRA7 PCRA6 PCRA5 PCRA4 PCRA3 PCRA2 PCRA1 PCRAO
Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
7 PCRA7 Port A7 control 0: When the corresponding pin is designatedasa R/W
6 PCRAG Port A6 control ggzeral I/0O port, the pin functions as an input W
5 PCRAS Port AS control 1: When the corresponding pin is designated as a ﬂ
4 PCRA4 Port A4 control  general I/O port, the pin functions as an output ~ R/W
3  PCRA3 Port A3 control ~ POrt. R/W
) PCRA2 Port A2 control P CRA is a register that selects inputs/outputs in bit gy
units for pins to be used as general I/O ports of port ——
1 PCRAA1 Port A1 control  p R/W
0 PCRAO Port AO control R/W

e PCRAT7 bit to PCRAO bit (port A7 to A0 control)
When pins PA7 to PA4 are designated in PMRA as general 1/O pins, setting a corresponding
bit to 1 makes the pin an output port, while clearing the bit to 0 makes the pin an input port.
When pins PA3 to PAO are not selected for use as analog input channels by A/D converter
settings, they are available for use as general I/O pins. Setting a PCRA bit to 1 makes the
corresponding pin an output pin, while clearing the bit to 0 makes the pin an input pin.
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10.8.7 Port Data Register A (PDRA)

Address: HFFFFE9

Bit: b7 b6 b5 b4 b3 b2 b1 b0
PDRA7 PDRA6 PDRA5 PDRA4 PDRA3 PDRA2 PDRA1 PDRAO

Value after reset: 0 0 0 0 0 0 0 0

Bit Symbol Bit Name Description R/W

7 PDRA7 Port A7 data 0: Low level R/W

6 PDRAG6 Port A6 data 1: High level R/W

5 PDRA5 Port A5 data PDRA is a register that stores output data for port A R/W

4 PDRA4 Port A4 data pins. When PCRA bits are set to 1, the values RIW
stored in PDRA are output.

8 PDRAS  PortA3data  \ynen pDRA is read while PCRA bits are setto 1, WV

2 PDRA2 Port A2 data  the values stored in PDRA are read. If PDRA is R/W

1 PDRA1 Port A1 data read while PCRA bits are cleared to 0, the pin R/W
states are read regardless of the value stored in

0 PDRAO Port AO data PDRA. R/W
When pins PA3 to PAO are set as analog input
channels by ADCSR and ADCR of the A/D
converter, however, the corresponding PDRA bits
are always read as 1 even if the respective PCRA
bits are cleared to 0.
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10.8.8  Port Pull-Up Control Register A (PUCRA)

Address: H'FF0019

Bit: b7 b6 b5 b4 b3 b2 b1 b0

PUCRA7 PUCRA6 PUCRAS5 PUCRA4 PUCRAS3 PUCRA2 PUCRA1 PUCRAO

Value after reset: 0 0 0 0 0 0 0 0

Bit Symbol Bit Name Description R/W

7 PUCRA7*  Port A7 pull-up 0: The pull-up MOS of corresponding pin is R/W
control disabled.

6 PUCRAG*  Port A6 pull-up 1: The pull-up MOS of corresponding pin is R/W
control enabled.

5 PUCRA5*  Port A5 pull-up PUCRA is a register that controls the pull-up MOS  R/W
control in bit units of the pins set as the input ports.

4 PUCRA4*  Port A4 pull-up R/W
control

3 PUCRA3#*  Port A3 pull-up R/W
control

2 PUCRA2*  Port A2 pull-up R/W
control

1 PUCRA1*  Port A1 pull-up R/W
control

0 PUCRAO*  Port AO pull-up R/W
control

Note: * When PA7 to PA4 are set as the analog input pin, clear the corresponding bits to 0.

e PUCRAT bit to PUCRAO bit (port A7 to AO pull-up control)

This function is valid only for the pin set as general input, and for the input pin with a function
selected by the PMC. However, this setting is invalid for the analog input pin.
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e HS8S/20223 and H8S/20235 Groups

10.8.9 Port Mode Register A (PMRA)

Address: H'FF0009

Bit: b7 b6 b5 b4 b3 b2 b1 b0

- - PMRAS3 PMRA2 - —

Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
7t04 — Reserved These bits are read as 0. The write value should —
be 0.
3 PMRA3 Port A4 analog  0: General I/O port R/W
input select 1: ANO_2 input pin
2 PMRA2 Port BO analog  0: General I/O port R/W
input select 1: ANO input pin
1,0 — Reserved These bits are read as 0. The write value should —
be 0.

PMRA selects the analog input function for PA4 and PBO functioning as general I/O.

e PMRAS3 bit (Port A4 analog input select)
This bit selects the analog input function for PA4.

e PMRA2? bit (Port BO analog input select)
This bit selects the analog input function for PBO.
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10.8.10 Port Control Register A (PCRA)

Address: H'FFFFF9

Bit: b7 b6 b5 b4 b3 b2 b1 b0
PCRA7 PCRA6 PCRA5 PCRA4 PCRA3 PCRA2 PCRA1 PCRAO
Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
7 PCRA7 Port A7 control 0: When the corresponding pin is designatedasa R/W
6 PCRAG Port A6 control ggzeral I/0O port, the pin functions as an input W
5 PCRAS Port AS control 1: When the corresponding pin is designated as a ﬂ
4 PCRA4 Port A4 control  general I/O port, the pin functions as an output ~ R/W
3  PCRA3 Port A3 control ~ POrt. R/W
) PCRA2 Port A2 control P CRA is a register that selects inputs/outputs in bit gy
units for pins to be used as general I/O ports of port ——
1 PCRAA1 Port A1 control  p R/W
0 PCRAO Port AO control R/W

e PCRAT7 bit to PCRAO bit (port A7 to AO control)
When the corresponding pins are not selected for use as analog input channels by A/D
converter settings, they are available for use as general I/O pins. Setting a PCRA bit to 1
makes the corresponding pin an output pin, while clearing the bit to 0 makes the pin an input
pin. However, for the PA4 pin, clearing the PMRA3 bit in PMRA to 0 is also required.
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10.8.11 Port Data Register A (PDRA)

Address: H'FFFFE9

Bit: b7 b6 b5 b4 b3 b2 b1 b0
PDRA7 PDRA6 PDRA5 PDRA4 PDRA3 PDRA2 PDRA1 PDRAO
Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
7 PDRA7 Port A7 data 0: Low level R/W
6 PDRAG6 Port A6 data 1: High level R/W
5 PDRA5 Port A5 data PDRA is a register that stores output data for port A R/W
4 PDRA4 Port A4 data pins. When PCRA bits are set to 1, the values W
stored in PDRA are output. -
8 PDRAS  PortA3data  \ynen pDRA is read while PCRA bits are setto 1, WV
2 PDRA2 Port A2 data  the values stored in PDRA are read. If PDRA is R/W
1 PDRA1 Port A1 data read while PCRA bits are cleared to 0, the pin R/W
states are read regardless of the value stored in _
0 PDRAO Port AO data PDRA. R/W

When the pins are set as analog input channels by
ADCSR and ADCR of the A/D converter, however,
the corresponding PDRA bits are always read as 1
even if the respective PCRA bits are cleared to 0.
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10.8.12 Port Pull-Up Control Register A (PUCRA)

Address: H'FF0019

Bit: b7 b6 b5 b4 b3 b2 b1 b0

PUCRA7 PUCRA6 PUCRAS5 PUCRA4 PUCRAS3 PUCRA2 PUCRAT1 PUCRAO

Value after reset: 0 0 0 0 0 0 0 0

Bit Symbol Bit Name Description R/W

7 PUCRA7*  Port A7 pull-up 0: The pull-up MOS of corresponding pin is R/W
control disabled.

6 PUCRAG*  Port A6 pull-up 1: The pull-up MOS of corresponding pin is R/W
control enabled.

5 PUCRA5*  Port A5 pull-up PUCRA is a register that controls the pull-up MOS  R/W
control in bit units of the pins set as the input ports.

4 PUCRA4*  Port A4 pull-up R/W
control

3 PUCRA3#*  Port A3 pull-up R/W
control

2 PUCRA2*  Port A2 pull-up R/W
control

1 PUCRA1*  Port A1 pull-up R/W
control

0 PUCRAO*  Port AO pull-up R/W
control

Note: * When PA7 to PAO are set as the analog input pin, clear the corresponding bits to 0.

e PUCRAT bit to PUCRAO bit (port A7 to AO pull-up control)

This function is valid only for the pin set as general input, and for the input pin with a function
selected by the PMC. However, this setting is invalid for the analog input pin.

10.8.13 Notes on Using Port A

1. The PA4 pin is initially set as general I/O pin. If using this pin as the ANO_2 analog input pin
for the A/D converter unit 2 in the H8S/20223 and H8S/20235 Groups, set the PMRA3 bit in
PMRA to 1.

2. In the H8S/20223 and H8S/20235 Groups, pins PA7 to PA4 can be used as the general I/O
pins or analog input pins. If using these pins as the general I/O pins, do not set bits CH3 to
CHO in ADCSR_2 of the A/D converter unit 2 to set these pins as the analog input pins.
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10.9 Port B

Port B consists of general I/O pins that are also used as analog input pins for the A/D converter
unit 1, or as analog output pins for the D/A converter. Figure 10.9 shows the pin configuration of
port B.

~— PB7/AN7/DA1
~—— PB6/AN6/DAO
~— PB5/AN5
~— PB4/AN4
~— PB3/AN3
< PB2/AN2
~— PB1/AN1
<~—— PB0/ANO

Port B

Figure 10.9 Port B Pin Configuration
Port B has the following registers.

e Port control register B (PCRB)
e Port data register B (PDRB)
e Port pull-up control register B (PUCRB)
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Section 10 1/O Ports

10.9.1 Port Control Register B (PCRB)

Address: H'FFFFFA

Bit: b7 b6 b5 b4 b3 b2 b1 b0
PCRB7 PCRB6 PCRB5 PCRB4 PCRB3 PCRB2 PCRB1 PCRBO
Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
7 PCRB7 Port B7 control  0: When the corresponding pin is designatedasa R/W
6 PCRB6 Port B6 control ggzeral I/0O port, the pin functions as an input W
5 PCRBS Port BS control 1: When the corresponding pin is designated as a ﬂ
4 PCRB4 Port B4 control  general I/O port, the pin functions as an output ~ R/W
3  PCRB3 Port B3 control ~ POrt. R/W
o PCRB2 Port B2 control PC_RB is a register that selects inputs/outputs in bit ‘gyy
units for pins to be used as general I/O ports of port ——
1 PCRBH1 Port B1 control g R/W
0 PCRBO Port BO control R/W

e PCRB7 bit to PCRBO bit (port B7 to BO control)
When the corresponding pins are not selected for use as analog input or output channels by
A/D converter or D/A converter settings, they are available for use as general I/O pins. Setting
a PCRB bit to 1 makes the corresponding pin an output pin, while clearing the bit to 0 makes
the pin an input pin. However, for the PBO pin, clearing the PMRA?2 bit in PMRA to 0 is also

required.

REJ09B0465-0300 Rev. 3.00

Sep 17,2010

RENESAS

Page 327 of 982



Section 10 1/O Ports H85/20103, H8S/20203, H8S/20223, H8S/20115, H8S/20215, H8S/20235 Group

10.9.2 Port Data Register B (PDRB)

Address: H'FFFFEA

Bit: b7 b6 b5 b4 b3 b2 b1 b0
PDRB7 PDRB6 PDRB5 PDRB4 PDRB3 PDRB2 PDRB1 PDRBO
Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
7 PDRB7 Port B7 data 0: Low level R/W
6 PDRB6 Port B6 data 1: High level R/W
5 PDRB5 Port B5 data PDRB is a register that stores output data for port B R/W
4 PDRB4 Port B4 data pins. When PCRB bits are set to 1, the values W
stored in PDRB are output. -
8 PDRB3  PortB3data  \ynqn pDRB is read while PCRB bits are setto 1, V"'
2 PDRB2 Port B2 data the values stored in PDRB are read. If PDRB is R/W
1 PDRB1 Port B1 data read while PCRB bits are cleared to 0, the pin R/W
states are read regardless of the value stored in _
0 PDRBO Port BO data PDRB. R/W

When the pins are set as analog input channels by
ADCSR and ADCR of the A/D converter, however,
the corresponding PDRB bits are always read as 1
even if the respective PCRB bits are cleared to 0.

Similarly, when pins PB6 and PB7 are set as analog
output for the D/A converter by bit DAOE1 in DACR
of the D/A converter, the corresponding PCRB bits
are always read as 1 even if they are cleared to 0.
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10.9.3 Port Pull-Up Control Register B (PUCRB)

Address: H'FFO01A

Bit: b7 b6 b5 b4 b3 b2 b1 b0

PUCRB7 PUCRB6 PUCRB5 PUCRB4 PUCRB3 PUCRB2 PUCRB1 PUCRBO

Value after reset: 0 0 0 0 0 0 0 0

Bit Symbol Bit Name Description R/W

7 PUCRB7 Port B7 pull-up 0: The pull-up MOS of corresponding pin is R/W
control disabled.

6 PUCRB6 Port B6 pull-up 1: The pull-up MOS of corresponding pin is R/W
control enabled.

5 PUCRB5 Port B5 pull-up PUCRB is a register that controls the pull-up MOS  R/W
control in bit units of the pins set as the input ports.

4 PUCRB4 Port B4 pull-up R/W
control

3 PUCRBS3 Port B3 pull-up R/W
control

2 PUCRB2 Port B2 pull-up R/W
control

1 PUCRB1 Port B1 pull-up R/W
control

0 PUCRBO Port BO pull-up R/W
control

e PUCRBY7 bit to PUCRBO bit (port B7 to BO pull-up control)

This function is valid only for the pin set as general input, and for the input pin with a function
selected by the PMC. However, this setting is invalid for the analog input pin.

10.9.4 Notes on Using Port B

1. The PBO pin is initially set as general I/O pin. If using this pin as the analog input pin for the
A/D converter, set the PMRA?2 bit in PMRA to 1.

2. Pins PB7 and PB6 can be used as analog input pins for the A/D converter or analog output pins
for the D/A converter. Do not set these pins as analog input pins and analog output pins at the
same time.

REJ09B0465-0300 Rev. 3.00

Page 329 of 982
Sep 17, 2010 RENESAS



Section 10 1/O Ports H85/20103, H8S/20203, H8S/20223, H8S/20115, H8S/20215, H8S/20235 Group

10.10 Port]J

Port J consists of pins PJ1 and PJO. These pins can also be used as external oscillation pins and
clock output pin. Figure 10.10 shows the pin configuration of port J. In selection of the function of
these multiplexed pins, the PMRIJ register setting is given priority.

PJ1/0SC2/CLKOUT
<™ PJO/OSCH1

Port J

Figure 10.10 Port J Pin Configuration
Port J has the following registers.

e Port mode register J (PMRIJ)

e Port control register J (PCRJ)

e Port data register J (PDRIJ)

e Port pull-up control register J (PUCRIJ)
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Section 10 1/O Ports

10.10.1 Port Mode Register J (PMR])

Address: H'FFO00C

Bit: b7 b6

b5 b4 b3 b2 b1 b0
_ _ _ _ PMRJ[1:0]
Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
7t02 — Reserved These bits are read as 0. The write value should be 0. —

1,0 PMRJ[1:0] Port J[1:0] mode Selects PJ1 and PJO pin functions.

R/W

PMRJ1 PMRJO PJ1 Pin PJO Pin
0 0 PJ11/0 PJO I/0
0 1 PJ11/0 OSC1 input*

(external clock

input)
1 0 CLKOUT PJOI/O
1 1 0scC2 0SsC1

Note: *

Set the PMRJ1 and PMRJO bits to 01 to input the external clock on the OSC1 pin. Do

not apply the external clock to the OSC1 pin while the PMRJ1 and PMRJO0 bits are set

to 11.
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10.10.2 Port Control Register J (PCRJ)

Address: H'FFFFFC

Bit: b7 b6 b5 b4 b3 b2 b1 b0o
_ _ — — — — PCRJ1 PCRJO

Value after reset: 0 0 0 0 0 0 0 0

Bit Symbol Bit Name Description R/W
7to2 — Reserved These bits are read as 0. The write value should —

be 0.
1 PCRJ1 Port J1 control ~ 0: When the corresponding pin is designated asa R/W
0 PCRJO Port JO control general I/0O port, the pin functions as an input R/W
port.

1: When the corresponding pin is designated as a
general I/O port, the pin functions as an output
port.

PCRJ is a register that selects inputs/outputs in bit

units for pins to be used as general I/O ports of

port J.

e PCRIJ1 bit and PCRJO bit (port J1 and JO control)
When the general I/O port function is selected by PMRIJ, setting a PCRIJ bit to 1 makes the
corresponding pin an output port, while clearing the bit to 0 makes the pin an input port.
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10.10.3 Port Data Register J (PDR])

Address: H'FFFFEC

Bit: b7 b6 b5 b4 b3 b2 b1 b0
_ _ _ — — — PDRJ1 PDRJO

Value after reset: 0 0 0 0 0 0 0 0

Bit Symbol Bit Name Description R/W

7to2 — Reserved These bits are read as 0. The write value should be 0. —

1 PDRJ1  Port J1 data 0: Low level R/W

0 PDRJO  Port JO data 1: High level R/W

PDRJ is a register that stores output data for port J
pins. When PCRJ bits are set to 1, the values stored in
PDRJ are output.

When PDRJ is read while PCRJ bits are set to 1, the
values stored in PDRJ are read. If PDRJ is read while
PCRJ bits are cleared to 0, the pin states are read
regardless of the value stored in PDRJ.
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10.10.4 Port Pull-Up Control Register J (PUCRJ)

Address: H'FF001C

Bit: b7 b6 b5 b4 b3 b2 b1 b0

— — PUCRJ1 PUCRJO

Value after reset: 0 0 0 0 0 0 0 0

Bit Symbol Bit Name Description R/W

7t02 — Reserved These bits are read as 0. The write value should —

be 0.

1 PUCRJ1 Port J1 pull-up 0: The pull-up MOS of corresponding pin is R/W
control disabled.

0 PUCRJO  Port JO pull-up 1: The pull-up MOS of corresponding pin is R/W
control enabled.

PUCRJ is a register that controls the pull-up MOS
in bit units of the pins set as the input ports.

e PUCRIJI1 bit and PUCRJO bit (port J1 and JO pull-up control)

This function is valid only for the pin set as general input, and for the input pin with a function
selected by the PMC.
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Section 11 Data Transfer Controller (DTC)

This LSI includes a data transfer controller (DTC). The DTC can be activated by an interrupt or
software to transfer data.

Figure 11.1 shows a block diagram of the DTC.

11.1 Features

e Transfer possible over any number of channels
e Three transfer modes
— Normal mode
One operation transfers one byte or one word of data.
Memory address is incremented or decremented by 1 or 2.
From 1 to 65,536 transfers can be specified.
— Repeat mode
One operation transfers one byte or one word of data.
Memory address is incremented or decremented by 1 or 2.

Once the specified number of transfers (1 to 256) has ended, the initial state is restored, and
transfer is repeated.

— Block transfer mode
One operation transfers specified one block of data.
The block size is 1 to 256 bytes or words.
From 1 to 65,536 transfers can be specified.
Either the transfer source or the transfer destination is designated as a block area.
¢ One activation source can trigger a number of data transfers (chain transfer)
e Direct specification of 16-Mbyte address space possible
e Activation by software is possible.
e Transfer can be set in byte or word units.
e A CPU interrupt can be requested for the interrupt that activated the DTC.

e Module standby mode can be set.
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The DTC's register information is stored in the on-chip RAM. A 32-bit bus connects the DTC to
the on-chip RAM, enabling 32-bit/1-state reading and writing of the DTC register information.

Internal address bus

‘ ‘ On-chip
Interrupt controller  DTC RAM
c :
o
T |
< Il 3 E |
Interrupt b o mIR 2 g el L
request) |L_>"‘|L_> F > e oc <|< C> al
a allo 5 c S|l<mnowm o |
So Q r—{0C|oC o |
®a | © </0|O o>
20 oc o
o= = oo
© |
O
|—
CPU interrupt Internal data bus
request

Figure 11.1 Block Diagram of DTC
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Section 11 Data Transfer Controller (DTC)

11.2  Register Descriptions

DTC has the following registers.

DTC mode register A (MRA)

DTC mode register B (MRB)

DTC source address register (SAR)
DTC destination address register (DAR)
DTC transfer count register A (CRA)
DTC transfer count register B (CRB)

The above six registers cannot be directly accessed from the CPU. When the DTC activation
source is generated, the DTC reads from a set of register information that is stored in an on-chip
RAM to the corresponding DTC register information and transfers data. After the data transfer, it

writes a set of updated register information back to the RAM.

DTC enable register A (DTCERA)
DTC enable register B (DTCERB)
DTC enable register C (DTCERC)
DTC enable register D (DTCERD)
DTC enable register E (DTCERE)

DTC enable register F (DTCERF)

DTC enable register G (DTCERG)
DTC enable register H (DTCERH)
DTC vector register (DTVECR)
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11.2.1 DTC Mode Register A (MRA)
Address: —
Bit: b7 b6 b5 b4 b3 b2 b1 b0
SM[1:0] DM[1:0] MD[1:0] DTS Sz
Value after reset: — — — — _ _ _ _
Bit Symbol Bit Name Description R/W
7 SM[1:0] Source 0x: SAR is fixed —
6 address mode 4, SAR is incremented after a transfer
Tand0 (by +1 when Sz = 0; by +2 when Sz = 1)
11: SAR is decremented after a transfer
(by —1 when Sz = 0; by -2 when Sz = 1)
5 DM[1:0] Destination 0x: DAR is fixed —
address mode 0. pAR is incremented after a transfer
Tand0 (by +1 when Sz = 0; by +2 when Sz = 1)
11: DAR is decremented after a transfer
(by —1 when Sz = 0; by -2 when Sz = 1)
3 MDI[1:0] DTC mode 1 00: Normal mode —
and 0 01: Repeat mode
10: Block transfer mode
11: Setting prohibited
1 DTC DTC transfer  0: Destination side is repeat area or block area. —
mode select 1: Source side is repeat area or block area.
0 Sz DTC data 0: Byte-size transfer —
transfer size 4. word-size transfer
Legend:
X: Don't care
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MRA selects the DTC operating mode.

SM[1:0] bits (source address mode 1 and 0)
These bits specify an SAR operation after data transfer.

DM][1:0] bits (destination address mode 1 and 0)
These bits specify a DAR operation after data transfer.

MD[1:0] bits (DTC mode 1 and 0)
These bits specify the DTC transfer mode.

DTS bit (DTC transfer mode select)

This bit specifies whether the source side or the destination side is set to be a repeat area or
block area, in repeat mode or block transfer mode.

Sz bit (DTC data transfer size)
This bit specifies the size of data to be transferred.
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11.2.2 DTC Mode Register B (MRB)
Address: —
Bit: b7 b6 b5 b4 b3 b2 b1 b0
CHNE DISEL CHNS — — — — —
Value after reset: — — — — — — — —
Bit Symbol Bit Name Description R/W
7 CHNE DTC chain 0: Disables chain transfer. —
transfer 1: Enables chain transfer.
enable
6 DISEL DTC interrupt  0: Generates an interrupt request to the CPU only —
select when the specified data transfer has been
completed.
1: Generates an interrupt request to the CPU every
time after the DTC transfer has been completed.
5 CHNS Chain transfer 0: Performs chain transfer consecutively. —
select 1: Performs chain transfer only when transfer counter
=0
4t00 — Reserved These bits have no effect on DTC operation. The —

write value should be 0.

MRB selects the DTC operating mode.

e CHNE bit (DTC chain transfer enable)
When this bit is set to 1, a chain transfer will be performed. For details, see section 11.5.4,

Chain Transfer.

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

e DISEL bit (DTC interrupt select)
When this bit is set to 1, a CPU interrupt request is generated every time the DTC transfer is
performed (the interrupt source flags as the activation source are not cleared to 0 by the DTC).
When this bit is cleared to 0, a CPU interrupt request is generated at the time when the
specified number of data transfers ends (the interrupt source flags as the activation source is

cleared to 0 by the DTC).
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11.2.3 DTC Source Address Register (SAR)

Address: —
Bit: b23 b22 b21 b20 b19 b18 b17 b16
bit23 bit22 bit21 bit20 bit19 bit18 bit17 bit16
Value after reset: — — — — — — — _
Bit: b15 b14 b13 b12 b11 b10 b9 b8
bit15 bit14 bit13 bit12 bit11 bit10 bit9 bit8
Value after reset: — — — — — — — _
Bit: b7 b6 b5 b4 b3 b2 b1 b0
bit7 bité bits bit4 bit3 bit2 bit1 bit0

Value after reset: — — — — — — _ _

SAR designates the source address of data to be transferred by the DTC. For word-size transfer,
specify an even source address.

11.2.4 DTC Destination Address Register (DAR)

Address: —
Bit: b23 b22 b21 b20 b19 b18 b17 b16
bit23 bit22 bit21 bit20 bit19 bit18 bit17 bit16
Value after reset: — — — — — — _ _
Bit: b15 b14 b13 b12 b11 b10 b9 b8
bit15 bit14 bit13 bit12 bit11 bit10 bit9 bit8
Value after reset: — — — — — — — —
Bit: b7 b6 b5 b4 b3 b2 b1 b0
bit7 bité bit5 bit4 bit3 bit2 bit1 bit0

Value after reset: — — — — — _ — _

DAR designates the destination address of data to be transferred by the DTC. For word-size
transfer, specify an even destination address.
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11.2.5 DTC Transfer Count Register A (CRA)

Address: —
Bit: b15 b14 b13 b12 b11 b10 b9 b8
bit15 bit14 bit13 bit12 bit11 bit10 bit9 bit8
Value after reset: — — — — — — — —
Bit: b7 b6 b5 b4 b3 b2 b1 b0
bit7 bité bit5 bit4 bit3 bit2 bit1 bit0

Value after reset: — — — — — — — _

CRA designates the number of times that data is to be transferred by the DTC.

In normal mode, the entire CRA functions as a 16-bit transfer counter (1 to 65,536). It is
decremented by 1 every time data is transferred, and transfer ends when the count reaches H'0000.

In repeat mode or block transfer mode, the CRA is divided into two parts: the upper 8 bits
(CRAH) and the lower 8 bits (CRAL). In repeat mode, CRAH holds the number of transfers while
CRAL functions as an 8-bit transfer counter (1 to 256). In block transfer mode, CRAH holds the
size of blocks while CRAL functions as a block-size counter. CRAL is decremented by 1 every
time data is transferred, and the contents of CRAH are sent when the count value reaches H'00.

11.2.6 DTC Transfer Count Register B (CRB)

Address: —
Bit: b15 b14 b13 b12 b11 b10 b9 b8
bit15 bit14 bit13 bit12 bit11 bit10 bit9 bit8
Value after reset: — — — — — — — —
Bit: b7 b6 b5 b4 b3 b2 b1 b0
bit7 bité bit5 bit4 bit3 bit2 bit1 bit0

Value after reset: — — — — — — — _

CRB is a 16-bit register that designates the number of times block data is to be transferred by the
DTC in block transfer mode. It functions as a 16-bit transfer counter (1 to 65,536) that is
decremented by 1 every time data is transferred, and transfer ends when the count reaches H'0000.
The CRB is not available in normal and repeat modes.
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11.2.7 DTC Enable Registers A to H (DTCERA to DTCERH)

Address: H'FF0534 to H'FF053B

Bit: b7 b6 b5 b4 b3 b2 b1 b0

DTCENn7 DTCENn6 DTCEN5 DTCEn4 DTCEN3 DTCEN2 DTCEnN1 DTCENO

Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
7 DTCENn7 DTC activation 0: A relevant interrupt source is not selected as a R/W
6 DTCEn6 enable DTC activation source. R/W
5 DTCEnN5 1: A relevant interrupt source is selected asa DTC Ry
4 DTCEn4 activation source. ‘W
3 DTCEn3 [Settlng.cond!tlor?] ) | W
) DTCEn2 e Setting this bit to 1 S.pEC.IerS a relevant interrupt R/W
source to a DTC activation source. _
1 DTCEN1 . . R/W
[Clearing conditions] -
0 DTCENO R/W

e When the DISEL bit in MRB is set to 1 and the
data transfer has ended.

e When the specified number of data transfers has
ended.

These bits are not automatically cleared when the

DISEL bit is 0 and the specified number of data

transfers has not ended.

e When 0 is written to DTCE after reading DTCE =
1.

Notes: n=AtoH

DTCE bits with no corresponding interrupt are reserved. The write value should always be
0.

DTCER, which is comprised of DTCERA to DTCERH, is a register that specifies DTC activation
interrupt sources. The correspondence between interrupt sources and DTCE bits is shown in table
11.1. For DTCE bit setting, use bit manipulation instructions such as BSET and BCLR. If all
interrupts are masked, multiple activation sources can be set at one time (only at the initial setting)
by writing data after executing a dummy read on the relevant register.
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Table 11.1 Correspondence between Interrupt Sources and DTCER

Bit
Register 7 6 5 4 3 2 1 0
DTCERA IRQO IRQ1 IRQ2 IRQ3 IRQ4 IRQ5 IRQ6 IRQ7
DTCERB I|ADEND_1 IADCMP_1 IADEND_2 |IADCMP_2 ELC1FP ELC2FP SCI3_1_RXI SCI3_1_TXI
1 *1
DTCERC SCI3_2_RXI SCI3_2_TXI SCI3_3_RXI SCI3_3 TXI — — — —
DTCERD 1IC2/SSU_ lIC2/SSU_ — — ITCMA**  ITCMB**  ITCMC**  ITCMD**

RXI TXI
DTCERE ITDMAO_O ITDMBO_O ITDMCO_0 ITDMDO_O ITDMAO_1 ITDMBO_1 ITDMCO_1 ITDMDO_1
DTCERF ITDMA1_2 ITDMB1_2 ITDMC1_2 ITDMD1_2 ITDMA1_3 ITDMB1_3 ITDMC1_3 ITDMD1_3

#3 *3 *3 #3 *3 *3 #3 *3
DTCERG — — — ITESC ITEMI ITEHR ITEDY ITEWK
DTCERH — — — — ITGMA  ITGMB ~ — —
Notes: —: Reserved bit

Supported only in the H8S/20223 and H8S/20235 Groups.
Supported only in the H8S/20103 and H8S/20115 Groups.
Not supported in the H8S/20103 and H8S/20115 Groups.

W=
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11.2.8 DTC Vector Register (DTVECR)

Address:  H'FF053D

Bit: b7 b6 b5 b4 b3 b2 b1 b0

SWDTE DTVEC6 DTVEC5 DTVEC4 DTVEC3 DTVEC2 DTVEC1 DTVECO

Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
7 SWDTE DTC software 0: Disables the DTC activation by software. R/W
actl\glatlon 1: Enables the DTC activation by software.
enable
Setting this bit to 1 activates DTC.
[Clearing conditions]
e When the DISEL bit is 0 and the specified
number of data transfers has not ended.
e When 0 is written to the DISEL bit after a
software-activated data transfer end interrupt
(SWDTEND) request has been sent to the CPU.
When the DISEL bit is 1 and data transfer has ended
or when the specified number of data transfers has
ended, this bit will not be cleared.
6 DTVEC6 DTC software These bits specify a vector number for DTC R/W
5 DTVEC5 activation activation by software. R/W
4 DTVEC4 vector 6 to 0 These bits specify a vector number for DTC software W
activation. -
3 DTVECS The vector address is expressed as H'0400 + (vector RIW
2 DTVEC2 number x 2). For example, when DTVECS to R/W
1 DTVECA1 DTVECO = HI10, the vector address is H'0420. R/W
0 DTVECO When the bit SWDTE is 0, these bits can be written. R/W

DTVECR enables or disables DTC activation by software, and sets a vector number for the
software activation interrupt.
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11.3  Activation Sources

The DTC operates when activated by an interrupt request or by a write to DTVECR by software.
An interrupt request can be designated by the DTCER bit. At the end of a data transfer (or the last
consecutive transfer in the case of chain transfer), the activation source interrupt flag or
corresponding bit to DTCER is cleared. For example, the activation source flag, in the case of
SCI3_1_RXI, is the RDRF flag of SCI3_1.

When an interrupt has been designated a DTC activation source, existing CPU mask level and
interrupt controller priorities have no effect. If there is more than one activation source at the same
time, the DTC operates in accordance with the default priorities for the interrupt sources.

Table 11.2 shows a relationship between activation sources and DTCER clear conditions. Figure
11.2 shows a block diagram of DTC activation source control. For details, see section 4, Interrupt
Controller.

Table 11.2 Relationship between Activation Sources and DTCER Clearing

DISEL = 0 and Specified DISEL = 1 or Specified
Number of Transfers Has Number of Transfers Has
Activation Source Not Ended Ended
Activation by software SWDTE bit is cleared to 0 e SWDTE bit remains set to 1
e Interrupt request to CPU
Activation by an interrupt e Corresponding DTCER bit e Corresponding DTCER bit is
remains set to 1. cleared to O.
e Activation source flag is e Activation source flag
cleared to 0. remains set to 1.

¢ Interrupt that became the
activation source is
requested to the CPU.
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Section 11 Data Transfer Controller (DTC)
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Figure 11.2 Block Diagram of DTC Activation Source Control
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11.4  Location of Register Information and DTC Vector Table

Locate the register information in the on-chip RAM. Register information should be located at the
address that is multiple of four. Locating the register information in address space is shown in
figure 11.3. Locate the MRA, SAR, MRB, DAR, CRA, and CRB registers, in that order, from the
start address of the register information. In the case of chain transfer, register information should
be located in consecutive areas as shown in figure 11.3 and the register information start address
should be located at the corresponding vector address to the activation source. Figure 11.4 shows
correspondences between the DTC vector address and register information. The DTC reads the
start address of the register information from the vector address set for each activation source, and
then reads the register information from that start address.

When the DTC is activated by software, the vector address is obtained from: H'0400 +
(DTVECR[6:0] % 2). For example, if VOFR and DTVECR are H'0000 and H'18 respectively, the
vector address is H'0430.

The configuration of the vector address is a 2-byte unit. These two bytes specify the lower bits of
the start address. Whenever the DTC is used, set the VOFR to H'0000 (its default value).
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Figure 11.3 Locating DTC Register Information in Address Space
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Table 11.3 Interrupt Sources, DTC Vector Addresses, and Corresponding DTCEs

Origin of
Activation Vector ;
Source Activation Source Number Vector Address*' DTCE* Priority
Software Write to DTVECR DTVECR H'0400 + — High
(DTVECR]6:0] x 2) A
External pin IRQO 22 H'42C to H'42D DTCEA7
IRQ1 23 H'42E to H'42F DTCEA®6
IRQ2 24 H'430 to H'431 DTCEAS5
IRQ3 25 H'432 to H'433 DTCEA4
IRQ4 26 H'434 to H'435 DTCEAS3
IRQ5 27 H'436 to H'437 DTCEA2
IRQ6 28 H'438 to H'439 DTCEA1
IRQ7 29 H'43A to H'43B DTCEAO
A/D converter |IADEND_1 30 H'43C to H'43D DTCEB7
unit 1 (conversion completion)
IADCMP_1 31 H'43E to H'43F DTCEB6
(compare condition match)
A/D converter |ADEND_2 32 H'440 to H'441 DTCEB5
unit 2 (conversion completion)
IADCMP_2 33 H'442 to H'443 DTCEB4
(compare condition match)
ELC ELC1FP 35 H'446 to H'447 DTCEB3
(ELSR12 event occurrence)
ELC2FP 36 H'448 to H'449 DTCEB2
(ELSR30 event occurrence)
SCI3 channel 1 SCI3_1 RXI 38 H'44C to H'44D DTCEB1
SCI3_1 TXI 39 H'44E to H'44F DTCEBO
SCI3 channel 2 SCI3_2 RXI 42 H'454 to H'455 DTCEC7
SCI3_2 TXI 43 H'456 to H'457 DTCEC6
SCI3 channel 3 SCI3_3 RXI 46 H'45C to H'45D DTCEC5
SCI3_3 TXI 47 H'45E to H'45F DTCEC4
[IC2/SSU IIC2/SSU_RXI 60 H'478 to H'479 DTCED7 v
IIC3/SSU_TXI 61 H'47A to H'47B DTCED6 Low
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Origin of
Activation
Source

Activation Source

Vector
Number

Vector
Address*'

DTCE*

Priority

Timer RC*® ITCMA

71

Input capture A/ compare

match A

H'48E to H'48F

DTCED3

High
A

ITCMB

72

Input capture B/ compare

match B

H'490 to H'491

DTCED2

ITCMC

73

Input capture C/ compare

match C

H'492 to H'493

DTCEDH1

ITCMD

74

Input capture D/ compare

match D

H'494 to H'495

DTCEDO

Timer RD
unit 0

channel 0 match A

ITDMAQ_O
Input capture A/ compare

76

H'498 to H'499

DTCEE7

ITDMBO_0

77

Input capture B/ compare

match B

H'49A to H'49B

DTCEE6

ITDMCO_0

78

Input capture C/ compare

match C

H'49C to H'49D

DTCEE5

ITDMDO_O

79

Input capture D/ compare

match D

H'49E to H'49F

DTCEE4

Timer RD
unit 0
channel 1**

ITDMAO_1

match A

82

Input capture A/ compare

H'4A4 to H'4A5

DTCEE3

ITDMBO_1

83

Input capture B/ compare

match B

H'4A6 to H'4A7

DTCEE2

ITDMCO_1

84

Input capture C/ compare

match C

H'4A8 to H'4A9

DTCEE1

ITDMDO_1

85

Input capture D/ compare

match D

H'4AA to H'4AB

DTCEEO

Low
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Origin of
Activation Vector Vector ]
Source Activation Source Number Address*' DTCE* Priority
Timer RD ITDMA1_2 87 H'4AE to H'4AF DTCEF7 High
unit 1 Input capture A/ compare A
channel 2** match A
ITDMB1_2 88 H'4BO to H'4B1 DTCEF6
Input capture B/ compare
match B
ITDMC1_2 89 H'4B2 to H'4B3 DTCEF5
Input capture C/ compare
match C
ITDMD1_2 90 H'4B4 to H'4B5 DTCEF4
Input capture D/ compare
match D
Timer RD ITDMA1_3 93 H'4BA to H4BB DTCEF3
unit 1 Input capture A/ compare
channel 3** match A
ITDMB1_3 94 H'4BC to H'4BD DTCEF2
Input capture B/ compare
match B
ITDMC1_3 95 H'4BE to H'4BF DTCEF1
Input capture C/ compare
match C
ITDMD1_3 96 H'4C0 to H'4C1 DTCEFO
Input capture D/ compare
match D
Timer RE ITESC 100 H'4C8 to H'4C9 DTCEG4
ITEMI 101 H'4CA to H'4CB DTCEG3
ITEHR 102 H'4CC to H'4CD DTCEG2
ITEDY 103 H'4CE to H4CF DTCEG1
ITEWK 104 H'4D0 to H'4D1 DTCEGO
Timer RG ITGMA 109 H'4DA to H'4DB DTCEHS3
Input capture A/ compare
match A
ITGMB 110 H'4DC to H'4DD DTCEH2 v
Input capture B/ compare
match B Low
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Notes: 1. Vector address indicates the lower 11 bits of vector address when VOFR = H'0000.

2. Supported only in the H8S/20223 and H8S/20235 Groups and reserved in other
products.

3. Supported only in the H8S/20103 and H8S/20115 Groups and reserved in other
products.

4. Not supported in the H8S/20103 and H8S/20115 Groups, and reserved in these groups.

5. DTCE bits with no corresponding interrupt are reserved. The write value should always
be 0.

11.5  Operation

The DTC stores register information in the on-chip RAM. When activated, the DTC reads register
information in the on-chip RAM and transfers data. After the data transfer, it writes updated
register information back to the on-chip RAM. Pre-storage of register information in the on-chip
RAM makes it possible to transfer data over any required number of channels. There are three
transfer modes: normal mode, repeat mode, and block transfer mode. Setting the CHNE bit to 1
allows a number of transfers with a single activation (chain transfer). Setting the CHNS bit to 1
enables chain transfer only when the transfer counter value is 0.

The 24-bit SAR designates the DTC transfer source address and the 24-bit DAR designates the
transfer destination address. After each transfer, SAR and DAR are independently incremented,
decremented, or left fixed according to the register information.

Figure 11.5 shows a flowchart of DTC operation, and table 11.4 summarizes the chain transfer
conditions (for performing the first and second transfers).
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Figure 11.5 Flowchart of DTC Operation
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Table 11.4 Chain Transfer Conditions

1st Transfer 2nd Transfer
CHNE CHNS DISEL CR CHNE CHNS DISEL CR DTC Transfer
0 — 0 Except0 — — — — Ends at 1st transfer
0 — 0 0 — — — — Ends at 1st transfer
0 — 1 — — — — — Interrupt request to CPU
1 0 — — 0 — 0 Except 0 Ends at 2nd transfer
0 — 0 0 Ends at 2nd transfer
0 — 1 — Interrupt request to CPU
1 1 0 Except0 — — — — Ends at 1st transfer
1 1 — 0 0 — 0 Except 0 Ends at 2nd transfer
0 — 0 0 Ends at 2nd transfer
0 — 1 — Interrupt request to CPU
1 1 1 Except0 — — — — Ends at 1st transfer

Interrupt request to CPU

11.5.1 Normal Mode

In normal mode, one operation transfers one byte or one word of data. Table 11.5 lists the register
function in normal mode. From 1 to 65,536 transfers can be specified. Once the specified number
of transfers has ended, a CPU interrupt can be requested.

Table 11.5 Register Function in Normal Mode

Name Abbreviation Function

DTC source address register SAR Designates transfer source address
DTC destination address register DAR Designates transfer destination address
DTC transfer count register A CRA Designates transfer count

DTC transfer count register B CRB Not used
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Figure 11.6 Memory Mapping in Normal Mode

11.5.2 Repeat Mode

In repeat mode, one operation transfers one byte or one word of data. Table 11.6 lists the register
function in repeat mode. From 1 to 256 transfers can be specified. Once the specified number of
transfers has ended, the initial state of the transfer counter and the address register specified as the
repeat area is restored, and transfer is repeated. In repeat mode, the transfer counter value does not
reach H'00, therefore CPU interrupts cannot be requested when DISEL = 0.

Table 11.6 Register Function in Repeat Mode

Name Abbreviation Function

DTC source address register SAR Designates transfer source address
DTC destination address register DAR Designates transfer destination address
DTC transfer count register AH CRAH Holds number of transfers

DTC transfer count register AL CRAL Designates transfer count

DTC transfer count register B CRB Not used
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Figure 11.7 Memory Mapping in Repeat Mode

11.5.3  Block Transfer Mode

In block transfer mode, one operation transfers one block of data. Either the transfer source or the
transfer destination is designated as a block area. Table 11.7 lists the register function in block
transfer mode. The block size is 1 to 256. When the transfer of one block ends, the initial state of
the block size counter and the address register specified as the block area is restored. The other
address register is then incremented, decremented, or left fixed according to the register
information. From 1 to 65,536 transfers can be specified. Once the specified number of transfers

has ended, a CPU interrupt is requested.

Table 11.7 Register Function in Block Transfer Mode

Name Abbreviation Function

DTC source address register SAR Designates source address
DTC destination address register DAR Designates destination address
DTC transfer count register AH CRAH Holds block size

DTC transfer count register AL CRAL Designates block size count
DTC transfer count register B CRB Designates transfer count
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Figure 11.8 Memory Mapping in Block Transfer Mode

11.5.4  Chain Transfer

Setting the CHNE bit in MRB to 1 enables a number of data transfers to be performed
consecutively in response to a single transfer request. SAR, DAR, CRA, CRB, MRA, and MRB
can be set independently.

Figure 11.9 shows the operation of chain transfer. When activated, the DTC reads the register
information start address stored at the vector address, and then reads the first register information
at that start address. The CHNE bit in MRB is checked after the end of data transfer, if the value is
1, the next register information, which is located consecutively, is read and transfer is performed.
This operation is repeated until the end of data transfer of register information with CHNE = 0.
Setting both the CHNE bit and CHNS bit to 1 enables execution of chain transfer only when the
transfer counter value is 0.

In the case of transfer with CHNE set to 1, an interrupt request to the CPU is not generated at the
end of the specified number of transfers or by setting of the DISEL bit to 1, and the interrupt
source flag for the activation source is not affected.
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Figure 11.9 Operation of Chain Transfer

11.5.5 Interrupt Sources

An interrupt request is issued to the CPU when the DTC ends the specified number of data
transfers, or when the DTC ends a data transfer for which the DISEL bit was set to 1. In the case
of interrupt activation, the interrupt set as the activation source is generated. These interrupts to
the CPU are subject to CPU mask level and interrupt controller priority level control.

In the case of activation by software, a software activated data transfer end interrupt (SWDTEND)
is generated.

When the DISEL bit is 1 and one data transfer has ended or the specified number of transfers has
ended, the SWDTE bit is held at 1 and an SWDTEND interrupt is generated after data transfer
ends. The interrupt handling routine should clear the SWDTE bit to O.

When the DTC is activated by software, an SWDTEND interrupt is not generated during a data
transfer wait or during data transfer even if the SWDTE bit is set to 1.
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11.5.6  Operation Timing
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Figure 11.10 DTC Operation Timing (Example in Normal Mode or Repeat Mode)
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Figure 11.11 DTC Operation Timing (Example of Block Transfer Mode,
with Block Size of 2)
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Figure 11.12 DTC Operation Timing (Example of Chain Transfer)

11.5.7 Number of DTC Execution States

Table 11.8 lists execution state for a single DTC data transfer, and table 11.9 shows the number of
states required for each execution status.

Table 11.8 DTC Execution State

Register
Information Internal
Vector Read Read/Write Data Read Data Write Operations
Mode | J K L M
Normal 1 6 1 1 3
Repeat 1 6 1 3
Block transfer 1 6 N N 3
Legend:
N: Block size (initial setting value of CRAH and CRAL)
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Table 11.9 Number of States Required for Each Execution Status

On- On-
Chip Chip
Object to be Accessed RAM ROM Internal I/0O Register
Bus width 32 16 8 16
Access states 1 1 2 3 4
Execution Vector read S, 1 1 2 3 4
state Register information 1 — — — — — — —
read/write S,
Byte data read S, 1 1 2 3 4 2 3 4
Word data read S, 1 1 4 6 8 2 3 4
Byte data write S| 1 1 2 3 4 2 3 4
Word data write S 1 1 4 6 8 2 3 4

Internal operation S,

The number of execution states is calculated from the formula below. Note that X means the sum
of all transfers activated by one activation source (the number in which the CHNE bit is set to 1 +

1).

Number of execution states=1-S +XZ(J-S;+K-S +L-S)+M-S,

For example, when the DTC vector address table is located in on-chip ROM and data is
transferred from the on-chip ROM to an internal I/O register (two-state access) in normal mode,
the time required for the DTC operation is 13 states. The time from activation to the end of the

data write is 10 states.
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11.6  Procedures for Using DTC

11.6.1  Activation by Interrupt

The procedure for using the DTC with interrupt activation is as follows:

1. Set the MRA, MRB, SAR, DAR, CRA, and CRB register information in the on-chip RAM.
2. Set the start address of the register information in the DTC vector address.

3.
4

. Set the enable bits for the interrupt sources to be used as the activation sources to 1. The DTC

Set the corresponding bit in DTCER to 1.

is activated when an interrupt used as an activation source is generated.

After the end of one data transfer, or after the specified number of data transfers have ended,
the DTCE bit is cleared to 0 and a CPU interrupt is requested. If the DTC is to continue
transferring data, set the DTCE bit to 1.

11.6.2  Activation by Software

The procedure for using the DTC with software activation is as follows:

Al S e

Set the MRA, MRB, SAR, DAR, CRA, and CRB register information in the on-chip RAM.
Set the start address of the register information in the DTC vector address.

Check that the SWDTE bit is 0.

Write 1 to the SWDTE bit and the vector number to DTVECR.

Check the vector number written to DTVECR.

After the end of one data transfer, if the DISEL bit is 0 and a CPU interrupt is not requested,
the SWDTE bit is cleared to 0. If the DTC is to continue transferring data, set the SWDTE bit
to 1. When the DISEL bit is 1, or after the specified number of data transfers has ended, the
SWDTE bit is held at 1 and a CPU interrupt is requested. Clear the SWDTE bit to 0 by an
interrupt processing routine.
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11.7  Examples of Use of the DTC

11.7.1 Normal Mode

An example is shown in which the DTC is used to receive 128 bytes of data via the SCI3.

1.

Set MRA to fixed source address (SM1 = SMO = 0), incrementing destination address (DM1 =
1, DMO = 0), normal mode (MD1 = MDO = 0), and byte size (Sz = 0). The DTS bit can have
any value. Set MRB for one data transfer by one interrupt (CHNE = 0, DISEL = 0). Set the
RDR address in SCI3 of SAR, the start address of the RAM area where the data is stored in
DAR, and 128 (H'0080) in CRA. CRB can be set to any value.

2. Set the start address of the register information at the DTC vector address.

Set the corresponding bit in DTCER to 1.

4. Set the SCI3 to the appropriate receive mode. Set the RIE bit in SCR to 1 to enable the

reception complete (RXI) interrupt. Since the generation of a receive error during the SCI
reception operation will disable subsequent reception, the CPU should be enabled to accept
receive error interrupts.

Each time reception of one byte of data ends on the SCI3, the RDRF flag in SSR is set to 1, an
RXI interrupt is generated, and the DTC is activated. The receive data is transferred from RDR
to RAM by the DTC. DAR is incremented and CRA is decremented. The RDREF flag is
automatically cleared to 0.

When CRA becomes 0 after the 128 data transfers have ended, the RDRF flag is held at 1, the
DTCE bit is cleared to 0, and an RXI interrupt request is sent to the CPU. The interrupt
handling routine should perform termination processing.
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11.7.2  Chain Transfer when Transfer Counter = 0

By executing the second data transfer, and performing re-setting of the first data transfer, only
when the counter value for the first data transfer is 0, 256 or more repeat transfers can be
performed.

An example is shown in which a 128-Kbyte input buffer is configured. The input buffer is
assumed to have been set to start at lower address H'0000. Figure 11.13 shows overview of the
chain transfer when the counter value is 0.

1. For the first transfer, set the normal mode for input data. Set fixed transfer source address
(G/A, etc.), CRA = H'0000 (65,536 times), and CHNE = 1, CHNS = 1, and DISEL = 0.

2. Prepare the upper 8-bit addresses of the start addresses for each of the 65,536 transfer start
addresses for the first data transfer in a separate area (in ROM, etc.). For example, if the input
buffer comprises H200000 to H21FFFF, prepare H21 and H'20.

3. For the second transfer, set repeat mode (with the source side as the repeat area) for re-setting
the transfer destination address for the first data transfer. Use the upper 8 bits of DAR in the
first register information area as the transfer destination. Set CHNE = DISEL = 0. If the above
input buffer is specified as H200000 to H21FFFF, set the transfer counter to 2.

4. Execute the first data transfer 65,536 times by means of interrupts. When the transfer counter
for the first data transfer reaches 0, the second data transfer is started. Set the upper 8 bits of
the transfer source address for the first data transfer to H'21. The lower 16 bits of the transfer
destination address of the first data transfer and the transfer counter are H'0000.

5. Next, execute the first data transfer the 65,536 times specified for the first data transfer by
interrupts. When the transfer counter for the first data transfer reaches 0, the second data
transfer is started. Set the upper 8 bits of the transfer source address for the first data transfer to
H'20. The lower 16 bits of the transfer destination address of the first data transfer is H'0000.

6. Steps 4 and 5 are repeated endlessly. As repeat mode is specified for the second data transfer,
an interrupt request is not sent to the CPU.
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Figure 11.13 Chain Transfer when Counter = 0

Page 366 of 982 REJ09B0465-0300 Rev. 3.00

RENESAS Sep 17, 2010




H8S/20103, H8S/20203, H8S/20223, H8S/20115, H8S/20215, H8S/20235 Group Section 11 Data Transfer Controller (DTC)

11.7.3  Software Activation

An example is shown in which the DTC is used to transfer a block of 128 bytes of data by
software activation. The transfer source address is H'1000 and the destination address is H2000.
The vector number is H'60, so the vector address is H'04CO.

1.

Set MRA to incrementing source address (SM1 = 1, SMO = 0), incrementing destination
address (DM1 = 1, DMO = 0), block transfer mode (MD1 = 1, MDO = 0), and byte size (Sz =
0). The DTS bit can have any value. Set MRB for one block transfer by one interrupt (CHNE =
0). Set the transfer source address (H'1000) in SAR, the transfer destination address (H2000)
in DAR, and 128 (H'8080) in CRA. Set 1 (H'0001) in CRB.

2. Set the start address of the register information at the DTC vector address (H'04CO0).

Check that the SWDTE bit in DTVECR is 0. Check that there is currently no transfer activated
by software.

. Write 1 to the SWDTE bit and the vector number (H'60) to DTVECR. The write data is H'EQ.

Read DTVECR again and check that H'60 is set to the vector number. If it is not, this indicates
that the write has failed. This is because an interrupt occurred between steps 3 and 4 and led to
a different software activation. To activate this transfer, go back to step 3.

6. If the write was successful, the DTC is activated and a block of 128 bytes of data is transferred.

7. After the transfer, an SWDTEND interrupt occurs. The interrupt handling routine should clear

the SWDTE bit to 0 and perform other wrap-up processing.
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11.8  Usage Notes

11.8.1 Module Standby Mode Setting

DTC operation can be disabled or enabled using the module standby control register. The initial
value is for DTC operation to be disabled. When the DTC is used, cancel module standby mode.
Register access is disabled in module standby mode. Module standby mode cannot be set while

the DTC is activated. For details, see section 6, Power-Down Modes.

11.8.2 DTCE Bit Setting

For DTCE bit setting, use bit manipulation instructions such as BSET and BCLR. If all interrupts
are disabled, multiple activation sources can be set at one time (only at the initial setting) by
writing data after executing a dummy read on the relevant register.

11.8.3 DTC Activation by SCI3, IIC2/SSU and A/D Converter Interrupt Sources

Interrupts and activation sources of the SCI3, IIC2/SSU, and A/D converter are cleared when the
DTC reads or writes the prescribed register. Therefore, when the DTC is activated by an interrupt
or activation source, the interrupt or activation source will be retained if a read/write of the
relevant register is not included in the last chained data transfer.

The above operation is performed regardless of the DISEL bit setting.

11.8.4 Limitation on Usage of the Interrupt Vector Offset Register (VOFR)

When the DTC is used while the interrupt vector offset register (VOFR) holds an offset-address
setting, the VOFR setting has no effect. The DTC refers to the vector definition in the vector
address area defined by the initial value (H'0000) of VOFR, which leads to the execution of
exception processing.

Whenever the DTC is used, set the VOFR to H'0000 (its default value).
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Section 12 Event Link Controller

The event link controller (ELC) connects the events generated by the various peripheral modules
to different modules. This function allows direct cooperation between the modules without CPU
intervention. A block diagram of the ELC is shown in figure 12.1.

12.1 Overview

e Fifty-seven event signals can be directly connected to modules.

e The operation of timer modules can be selected when an event is input to the timer module.

e Events can be connected to ports 3 and 6.
Single port-pin: An event link can be set for a single specific pin of a port.
Port group: An event link can be set for a specific group of bits within an 8-bit port.
In addition, in the specified single pin or group within a port, an event is generated by a change
in the value of the linked signals.

e Four channels of events can be generated in arbitrary setting interval using the event-
generation timer.
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Figure 12.1 Block Diagram of Event Link Controller
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12.2  Register Descriptions
The ELC has the following registers.

e Event link control register (ELCR)

e Event link setting registers 0 to 32 (ELSRO to ELSR32)

e Event link option setting register A (ELOPA)

e Event link option setting register B (ELOPB)

e Event link option setting register C (ELOPC)

e Port-group setting registers 1 and 2 (PGR1, PGR2)

e Port-group control registers 1 and 2 (PGC1, PGC2)

e Port buffer registers 1 and 2 (PDBF1 and PDBF2)

e Event link port setting registers O to 3 (PELO to PEL3)

e Event-generation timer control register (ELTMCR)

e Event-generation timer interval setting register A (ELTMSA)
e Event-generation timer interval setting register B (ELTMSB)
e Event-generation timer delay selection register (ELTMDR)

e ELC timer counter (ELTMCNT)

12.2.1 Event Link Control Register (ELCR)

Address: H'FFO6BC

Bit: b7 b6 b5 b4 b3 b2 b1 b0
ELCON — — - — _ _ _

Value after reset: 0 1 1 1 1 1 1 1

Bit Symbol Bit Name Description R/W

7 ELCON All event link  0: Linkage of all the events are disabled. R/W

enable 1: Linkage of all the events are enabled.
6to0 — Reserved These bits are read as 1. The write value should be —
1.

ELCR controls the operation of the event link controller (ELC) collectively.
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12.2.2  Event Link Setting Registers 0 to 32 (ELSR0 to ELSR32)

Address:  H'FF0680 to H'FF0684, H'FF0688, H'FF068A to H'FF068C, H'FF068E, H'FF068F, H'FF0692, H'FF0693,
H'FF0695 to H'FF0698, H'FF069D to H'FFO6A0

Bit: b7 b6 b5 b4 b3 b2 b1 b0
ELSn7 ELSn6 ELSn5 ELSn4 ELSn3 ELSn2 ELSn1 ELSnO

Value after reset: 0 0 0 0 0 0 0 0

Bit Symbol Bit Name Description R/W

7 ELSn7 Event link 00000000: Linkage of the event is disabled. R/W
select n7 0000001 to 01100001: Set the number specific to the

6 ELSn6 Event link event signal to be linked. R/W
select n6 Other than the above: Setting prohibited.

5 ELSn5 Event link R/W
select n5

4 ELSn4 Event link R/W
select n4

3 ELSn3 Event link R/W
select n3

2 ELSn2 Event link R/W
select n2

1 ELSn1 Event link R/W
select n1

0 ELSn0O Event link R/W
select n0

[Legend]

n: 0to 32 (except 5107, 9, 13, 16, 17, 20, and 25 to 28)

Each of ELSRO to ELSR32 specifies an event signal to be linked for the peripheral module. Table
12.1 shows the correspondence between ELSRO to ELSR32 and the peripheral modules. Table
12.2 shows the correspondence between the event signal names and the numbers specific to the
signals.
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Table 12.1 Correspondence between ELSR and Peripheral Modules

Register Name Peripheral Module (Functions)
ELSRO Timer RA

ELSR1 Timer RB

ELSR2*' Timer RC

ELSR3 Timer RD_O0 channel 0
ELSR4 Timer RD_O0 channel 1
ELSR8 Timer RG

ELSR10 AD converter unit 1
ELSR11% AD converter unit 2
ELSR12+#° Interrupts 1

ELSR14 Output port-group 1
ELSR15 Output port-group 2
ELSR18 Input port-group 1
ELSR19 Input port-group 2
ELSR21 Single-port 0

ELSR22 Single-port 1

ELSR23 Single-port 2

ELSR24 Single-port 3

ELSR29 Clock oscillator
ELSR30*° Interrupts 2

ELSR31 DA converter channel 0
ELSR32 DA converter channel 1

Notes: 1. Supported only in the H8S/20103 and H8S/20115 Groups.
2. Supported only in the H8S/20223 and H8S/20235 Groups.

3.  When a setting of DTC-transfer-end signals (signal number: H'3D) is added to interrupt
functions, make the setting for Interrupts 1.
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Table 12.2 Correspondence between Event Signal Names and ELSn Bit Values

ELSn7 to ELSnO Bit Value

(Signal Number)

Name of Event Signal to Set ELSR

00000001 (H'01)

Timer RA underflow

00000010 (H'02)

Timer RB underflow

00000011 (H'03)*'

Timer RC overflow

00000100 (H'04)*'

Timer RC compare-match A

00000101 (H'05)*'

Timer RC compare-match B

00000110 (H'06)*'

Timer RC compare-match C

00000111 (H'07)*'

Timer RC compare-match D

00001000 (H'08

Timer RD_0 channel 0 overflow

)
00001001 (H'09)

Timer RD_0 channel 0 compare-match A

00001010 (H'0A)

Timer RD_O0 channel 0 compare-match B

00001011 (H'0B)

Timer RD_0 channel 0 compare-match C

00001100 (H'0C)

Timer RD_0 channel 0 compare-match D

00001101 (H'0D)

Timer RD_0 channel 1 overflow

00001110 (H'0E)

Timer RD_0 channel 1 underflow

00001111 (H'OF

Timer RD_0 channel 1 compare-match A

00010000 (H'10

Timer RD_0 channel 1 compare-match B

00010001 (H'11

Timer RD_0 channel 1 compare-match C

00010010 (H12

Timer RD_0 channel 1 compare-match D

Timer RG overflow

00100010 (H22

Timer RG underflow

00100011 (H'23

Timer RG compare-match A

00100100 (H'24

Timer RG compare-match B

)
)
)
)
00100001 (H'21)
)
)
)
)

00101001 (H'29

AD conversion end in AD converter unit 1

00101010 (H'2A)#?

AD conversion end in AD converter unit 2

00101100 (H'2C)

Input edge detection on input port-group 1

00101101 (H'2D)

Input edge detection on input port-group 2

00101111 (H'2F

Input edge detection on single input port 0

00110000 (H'30

Input edge detection on single input port 1

Input edge detection on single input port 2

00110010 (H'32

Input edge detection on single input port 3

)
)
00110001 (H'31)
)
)

00110111 (H'37

Voltage-drop detection in LVD
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ELSn7 to ELSnO0 Bit Value

(Signal Number)

Name of Event Signal to Set ELSR

00111001 (H'39)

CPG backup start

00111010 (H'3A)

WDT increment

00111100 (H'3C)

Timer RE interval (week, day, hour, minute, or second)

00111101 (H'3D)

DTC transfer end

00111110 (H'3E)

Transmit-buffer empty in 11C2/SSU

00111111 (H'3F

Transmit end in [IC2/SSU

01000000 (H'40

Receive-buffer full in [IC2/SSU

Stop-condition detection in [IC2/SSU

01000010 (H'42

Arbitration loss/overrun error in [IC2/SSU

)
)
01000001 (H'41)
)
)

01000011 (H'43

NACK detection/conflict error in 1IC2/SSU

01001010 (H'4A

SCI3_1 transmit-buffer empty

SCI3_1 transmit end

)
01001011 (H'4B)
01001100 (H'4C)

SCI3_1 receive-buffer full

01001101 (H'4D)

SCI3_1 transfer error

01001110 (H'4E)

SCI3_2 transmit-buffer empty

01001111 (H'4F

SCI3_2 transmit end

01010000 (H'50

SCI3_2 receive-buffer full

01010001 (H'51

SCI3_2 transfer error

SCI3_3 transmit-buffer empty

01010011 (H'53

SCI3_3 transmit end

01010100 (H'54

SCI3_3 receive-buffer full

)
)
)
01010010 (H'52)
)
)
)

01010101 (H'55

SCI3_3 transfer error

01011110 (H'5E)

Timer ELC event 0

01011111 (H'5F

Timer ELC event 1

)
01100000 (H'60)

Timer ELC event 2

01100001 (H'61)

Timer ELC event 3

Other than the above: Setting prohibited

Notes: 1. Selected for the H8S/20103 and H8S/20115 Groups.
2. Selected for the H8S/20223 and H8S/20235 Groups.

REJ09B0465-0300 Rev. 3.00
Sep 17,2010 RENESAS

Page 375 of 982



Section 12 Event Link Controller H8S/20103, H8S/20203, H8S/20223, H8S/20115, H8S/20215, H8S/20235 Group

12.2.3  Event Link Option Setting Register A (ELOPA)

Address: H'FF06B5

Bit: b7 b6 b5 b4 b3 b2 b1 b0
TMRAM[2:1] TMRBM[2:1] TMRCM[2:1] TMRD1M[2:1]
Value after reset: 1 1 1 1 1 1 1 1
Bit Symbol Bit Name Description R/W
7 TMRAM Timer RA 00: Timer starts counting. R/W
6 [2:1] operation 01: Timer counts events.
select ) o
10: Setting prohibited.
11: Events disabled.
5 TMRBM Timer RB 00: Timer starts counting. R/W
[2:1] operation 01: Timer counts events.
select
10: Setting prohibited.
11: Events disabled.
TMRCM Timer RC 00: Timer starts counting. R/W
. 1 ;
[2:1]* operation 01: Timer counts events.
select ) ) o,
10: Timer performs input-capture operation.*
11: Events disabled.
TMRD1M  Timer RD_0  00: Timer starts counting. R/W
0 [2:1] channgl 0 01: Timer counts events.
operation ) ] ) .
select 10: Timer performs input-capture operation.*

11: Events disabled.
Notes: 1. Selected only for the H8S/20103 and H8S/20115 Groups and reserved in other
products. When writing, b'11 should be written.
2. The TRCCNT value is captured by GRD.
3. The TRDCNT_O value is captured by GRD_O.

ELOPA determines the operation of timer RA, timer RB, timer RC, and timer RD_0 when an
event is input to the timer.
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12.2.4  Event Link Option Setting Register B (ELOPB)

Address: H'FFO6B6

Bit: b7 b6 b5 b4 b3 b2 b1 b0
TMRD2M[2:1] — — — — — _
Value after reset: 1 1 1 1 1 1 1 1
Bit Symbol Bit Name Description R/W
7,6 TMRD2M Timer RD_0 00: Timer starts counting. R/W
[2:1] channel 1 01: Timer counts events.

operation select ) ) )
10: Timer performs input-capture operation.*

11: Events disabled.
5to0 — Reserved These bits are read as 1. The write value should be 1. —

Note: * The TRDCNT_1 value is captured by GRD_1.

ELOPB determines the operation of timer RD_0 when an event is input to the timer.

12.2.5 Event Link Option Setting Register C (ELOPC)

Address: H'FF06B7
Bit: b7 b6 b5 b4 b3 b2 b1 b0

TMRGM[2:1] _ — _ _ _ _

Value after reset: 1 1

Bit Symbol Bit Name Description R/W
7,6 TMRGM Timer RG 00: Timer starts counting. R/W
[2:1] operation select 1. Timer counts events.

10: Timer performs input-capture operation.*
11: Events disabled.
5to0 — Reserved These bits are read as 1. The write value should be 1. —

Note: * The TRGCNT value is captured by GRB.

ELOPC determines the operation of timer RG when an event is input to the timer.
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12.2.6  Port-Group Setting Registers 1 and 2 (PGR1 and PGR2)

Address: H'FF06A2, H'FFO6A3

Bit: b7 b6 b5 b4 b3 b2 b1 b0
PGRn7 PGRn6 PGRn5 PGRn4 PGRn3 PGRn2 PGRn1 PGRNO

Value after reset: 0 0 0 0 0 0 0 0

Bit Symbol Bit Name Description R/W

7 PGRn7 Port-group 0: The port bit is not specified as the member of the R/W
setting n7 same group.

6 PGRn6 Port-group 1: The port bit is specified as the member of the R/W
setting n6 same group.

5 PGRn5 Port-group R/W
setting n5

4 PGRn4 Port-group R/W
setting n4

3 PGRn3 Port-group R/W
setting n3

2 PGRn2 Port-group R/W
setting n2

1 PGRn1 Port-group R/W
setting n1

0 PGRnO Port-group R/W
setting n0

[Legend]

n: 1or2

PGR specifies each port bit in the same 8-bit I/O port as the member of a group. One to eight port
bits can be specified as the members of the same group as required. The correspondence between
PGR and ports is shown in table 12.3.
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12.2.7  Port-Group Control Registers 1 and 2 (PGC1 and PGC2)

Address: H'FF06A6, H'FFOBA7

Bit: b7 b6 b5 b4 b3 b2 b1 b0
— PGCON[2:0] — PGCOVEn PGCIn[1:0]
Value after reset: 1 0 0 0 1 0 0 0
Bit Symbol Bit Name Description R/W
7 — Reserved This bit is read as 1. The write value should be 1. —
6to4 PGCON[2:0] Port group 000: 0 is output when the event is input. R/W
ggﬁ;ltﬁon 001: 1 is output when the event is input.
010: The toggled (inverted) value is output when the
event is input.
011: The buffer value is output when the event is
input.
1XX: The bit value is sifted out in the group (from
MSB to LSB) when the event is input.
— Reserved This bit is read as 1. The write value should be 1. —
2 PGCOVEn PDBF 0: Overwriting PDBF is disabled. R/W
overwrite 1: Overwriting PDBF is enabled.
1,0 PGCIn[1:0] Eventoutput 00: Eventis generated upon detection of the rising R/W
edge select edge of the external input signal.

01: Event is generated upon detection of the falling
edge of the external input signal.

1X: Event is generated upon detection of both the
rising and falling edge of the external input

signal.
[Legend]
n: 1or2
X: Don't care.

For the output port-group, PGC specifies the form of outputting the signal externally via the port
when the event signal is input. For the input port-group, PGC enables/disables overwriting of
PDBF and specifies the conditions of event generation (edge of the externally input signal).

The correspondence between PGC and ports is shown in table 12.3.
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12.2.8 Port Buffer Registers 1 and 2 (PDBF1 and PDBF2)

Address:  H'FFO6AA, H'FFO6AB

Bit: b7 b6 b5 b4 b3 b2 b1 b0

PDBFn7 PDBFn6 PDBFn5 PDBFn4 PDBFn3 PDBFn2 PDBFn1 PDBFnO

Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
7 PDBFn7 Port buffer n7 Data is transferred between PDR and PDBF when R/W
6 PDBFn6 Port buffer ne  an event is input. Write access to the bit specified as R/W
a member of the input port-group by the CPU is -
5 PDBFn5 Port buffer n5  jnvalid. For details, see section 12.3, Operation. R/W
4 PDBFn4 Port buffer n4 R/W
3 PDBFn3 Port buffer n3 R/W
2 PDBFn2 Port buffer n2 R/W
1 PDBFn1 Port buffer n1 R/W
0 PDBFNO Port buffer n0 R/W
[Legend]
n: 1,2

PDBEF is an 8-bit readable/writable register used in combination with PGR. For PDBF operations,
see section 12.3, Operation. The correspondence of PDBF and PDR is shown in table 12.3.

Table 12.3 Registers Related to Port-Groups and Corresponding Port Numbers

Port Group Setting Port Group Control Port Buffer Register

Register (PGR) Register (PGC) (PDBF) Port Number
PGR1 PGCH1 PDBF1 Port 3
PGR2 PGC2 PDBF2 Port 6
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12.2.9 Event Link Port Setting Registers 0 to 3 (PELO0 to PEL3)

Address: H'FFO6AD to H'FFO6B0

Bit: b7 b6 b5 b4 b3 b2 b1 b0
— PSMn([1:0] PSPn[4:3] PSPn[2:0]
Value after reset: 1 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
— Reserved This bit is read as 1. The write value should be 1. —
6 PSMn[1:0] Event link e For the output port, data to be output from the R/W
specification port is specified.

00: 0 is output when the event is input.
01: 1 is output when the event is input.

1X: The toggled (inverted) value is output when
the event is input.

e For the input port, the edge on which the event is
to be output is specified.

00: Event is output upon detection of the rising
edge.

01: Event is output upon detection of the falling
edge.

1X: Event is output upon detection of both the
rising and falling edge.

PSPn[4:3] Port number 00: Do not set this value. R/W
specification 1. port 3 (corresponding to PGR1)
10: Port 6 (corresponding to PGR2)
11: Do not set this value.

2 PSPn2 Bit number A bit number in an 8-bit port is specified. R/W

1 PSPn1 specification T
0 PSPnO R/W
[Legend]

n: Oto3

X: Don't care.

PEL specifies the 1-bit port (hereinafter referred to as a single-port) to which an event is to be
linked, the port operation upon the event signal input, and the conditions of event generation. With
this LSI, a total of four bits in either port 3 or port 6 (8-bit ports) can be specified as single-ports.
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12.2.10 Event-Generation Timer Control Register (ELTMCR)

Address: H'FF06B8

Bit: b7 b6 b5 b4 b3 b2 b1 b0

TMRSTR — — — CLSRS[3:0]

Value after reset: 0 1 1 1 0 0 0 0

Bit Symbol Bit Name Description R/W

7 TMRSTR Timer count start 0: Counter is stopped. R/W

1: Counter is incremented.

6to4 — Reserved These bits are read as 1. The write value should —
be 1.

3to 0 CLSRS[3:0] Clock source ()ELC) 0000: ¢ R/W
select 0001: ¢/2
0010: ¢/4
0011: ¢/8
0100: ¢/16
0101: ¢/32
0110: ¢/64
0111: ¢/128
1000: ¢/256
1001: ¢/512
1010: ¢/1024
1011: ¢/2048
1100: ¢/4096
1101: ¢/8192
1110: Reserved (Counter is stopped.)
1111: Reserved (Counter is stopped.)

Note: Be sure to stop the counter before changing the clock source.

ELTMCR controls the ELTMCNT operation and selects the clock source.
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12.2.11 Event-Generation Timer Interval Setting Register A (ELTMSA)

Address: H'FFO6B9

Bit: b7 b6 b5 b4 b3 b2 b1 b0
C1CLS[3:0] COCLS[3:0]
Value after reset: 1 0 0 0 1 0 0 0
Bit Symbol Bit Name Description R/W
7t04 C1CLS[3:0]* Channel 1 event- 0000: Clock source ¢ELC/1 R/W
generation 0001: Clock source ¢ELC/2

interval select
0010: Clock source ¢ELC/4

0011: Clock source ¢ELC/8
0100: Clock source ¢ELC/16
0101: Clock source ¢ELC/32
0110: Clock source ¢ELC/64
0111: Clock source ¢ELC/128
1000: Clock source ¢ELC/256 (initial value)
1001: Clock source ¢ELC/512
1010: Clock source ¢ELC/1024
1011: Clock source ¢ELC/2048
1100: Clock source ¢ELC/4096
1101: Clock source ¢ELC/8192
1110: Clock source ¢ELC/16384
1111: Clock source ¢ELC/32768
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Bit Symbol Bit Name Description R/W
3to 0 COCLS[3:0]* Channel 0 event- 0000: Clock source ¢ELC/1 R/W
generation 0001: Clock source ¢ELC/2

interval select
0010: Clock source ¢ELC/4

0011: Clock source ¢ELC/8
0100: Clock source ¢ELC/16
0101: Clock source ¢ELC/32
0110: Clock source ¢ELC/64
0111: Clock source ¢ELC/128
1000: Clock source ¢ELC/256 (initial value)
1001: Clock source ¢ELC/512
1010: Clock source ¢ELC/1024
1011: Clock source ¢ELC/2048
1100: Clock source ¢ELC/4096
1101: Clock source ¢ELC/8192
1110: Clock source ¢ELC/16384
1111: Clock source ¢ELC/32768

Notes: Be sure to stop the counter (the TMRSTR bit in ELTMCR is 0) before switching an event
generation interval.
*  While system operation clock ¢ has been selected as a clock source (the CLSRS|[3:0]
bits in ELTMCR are B'0000), do not set to B'0000 to the C1CLS[3:0] and COCLSJ[3:0]
bits.

ELTMSA determines the event-generation interval for channels O and 1, and sets the division ratio
for the clock source specified by ELTMCR.
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12.2.12 Event-Generation Timer Interval Setting Register B (ELTMSB)

Address: H'FFO6BA

Bit: b7 b6 b5 b4 b3 b2 b1 b0
C3CLS[3:0] C2CLS[3:0]
Value after reset: 1 0 0 0 1 0 0 0
Bit Symbol Bit Name Description R/W
7 to 4 C3CLS[3:0]* Channel 3 0000: Clock source ¢ELC/1 R/W
event- 0001: Clock source ¢ELC/2
generation

interval select  0010:
0011:

0100:
0101:
0110:
0111:
1000:
1001:
1010:
1011:
1100:
1101:
1110:
1111:

: Clock source ¢ELC/4

Clock source ¢ELC/8
Clock source ¢ELC/16
Clock source ¢ELC/32
Clock source ¢ELC/64
Clock source ¢ELC/128
Clock source ¢ELC/256 (initial value)
Clock source ¢ELC/512
Clock source ¢ELC/1024
Clock source ¢ELC/2048
Clock source ¢ELC/4096
Clock source ¢ELC/8192
Clock source ¢ELC/16384
Clock source ¢ELC/32768
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Bit Symbol Bit Name Description R/W
3to 0 C2CLS[3:0]* Channel 2 0000: Clock source ¢ELC/1 R/W
event- 0001: Clock source ¢ELC/2
generation

interval select 0010: Clock source ¢ELC/4
0011: Clock source ¢ELC/8
0100: Clock source ¢ELC/16
0101: Clock source ¢ELC/32
0110: Clock source ¢ELC/64
0111: Clock source ¢ELC/128
1000: Clock source ¢ELC/256 (initial value)
1001: Clock source ¢ELC/512
1010: Clock source ¢ELC/1024
1011: Clock source ¢ELC/2048
1100: Clock source ¢ELC/4096
1101: Clock source ¢ELC/8192
1110: Clock source ¢ELC/16384
1111: Clock source ¢ELC/32768

Notes: Be sure to stop the counter (the TMRSTR bit in ELTMCR is 0) before switching an event
generation interval.

*  While system operation clock ¢ has been selected as a clock source (the CLSRS|[3:0]
bits in ELTMCR are B'0000), do not set to B'0000 to the C3CLS[3:0] and C2CLS[3:0]
bits.

ELTMSB determines the event-generation interval for channels 2 and 3, and sets the division ratio
for the clock source specified by ELTMCR.
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12.2.13 Event-Generation Timer Delay Selection Register (ELTMDR)

Address: H'FF06BB

Bit: b7 b6 b5 b4 b3 b2 b1 b0
C3DLY[1:0] C2DLY[1:0] C1DLY[1:0] CODLY([1:0]
Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
7,6 C3DLY[1:0] Channel 3 00: No delay R/W
delay select 1. 1 clock cycle
10: 2 clock cycles
11: 3 clock cycles
5,4 C2DLY[1:0] Channel 2 00: No delay R/W
delay select 1. 1 clock cycle
10: 2 clock cycles
11: 3 clock cycles
3,2 C1DLY[1:0] Channel 1 00: No delay R/W
delay select 1. 1 clock cycle
10: 2 clock cycles
11: 3 clock cycles
1,0 CODLY[1:0] Channel 0 00: No delay R/W
delay select 1. 1 clock cycle
10: 2 clock cycles
11: 3 clock cycles
Note: When clock source ¢ELC/1 is selected as an event-generation interval in ELTMSA or

ELTMSB, there is no delay regardless of settings of the above bits.

ELTMDR determines the necessary delay time, which is the time from the specified event-
generation timing (= interval) to the actual generation timing of the event in terms of the cycles of

the selected clock source.
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12.2.14 ELC Timer Counter (ELTMCNT)

Address: H'FF06CO0
gitt b15 b14 bi13 Dbi2 bi1 bi0 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0

Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

ELTMCNT is a 16-bit readable/writable up-counter. To select the input clock signal to be supplied
to the counter, use the CLSRS[3:0] bits in ELTMCR. ELTMCNT cannot be accessed in 8-bit
units; it must always be accessed in 16-bit units. The initial value of ELTMCNT is H'0000.

To set the event-generation interval to the time from starting of the timer to generation of the first
event, set the counter to 0.
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12.3  Operation

12.3.1 Relation between Interrupt Processing and Event Linking

The modules incorporated in this LSI are provided with the interrupt request status flags and the
bits to enable/disable these interrupt requests. When an interrupt request is generated in a module,
the corresponding interrupt request status flag is set. If the corresponding interrupt request is
enabled then, the interrupt requested is issued to the CPU.

In contrast, the ELC uses interrupt requests (hereinafter referred to as events) generated in
modules as event signals that directly activate other modules. This means that the event signal can
be used whether or not the interrupt signal is enabled. Figure 12.2 shows the relation between the
interrupt processing and ELC.

Module

External pin

Interrupt request ELC N Port

t
(event) [ Module 1
} <—>| Module n |

Interrupt control CPU
circuit

Status flag [+—

Interrupt enable control

Figure 12.2 Relation between Interrupt Processing and ELC

12.3.2 Event Linkage

When an event has been set as a trigger in the event-link setting registers (ELSRO to ELSR32) and
then occurs, that event is linked with the corresponding module (activate the module). Only one
type of event can be connected with one module. When a module is to be activated by the event-
link controller, the operation of the module must be set up in advance. Table 12.4 lists the
operations of modules when an event is input.
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Table 12.4 Operations of Modules when Event is Input

Module

Operations when Event is Input

Timer RA
Timer RB
Timer RC
Timer RD
Timer RG

Each timer operates differently depending on the setting of the relevant

event link option setting register as below.

e Starts counting when an event signal is input.

e Counts the input events.

¢ Performs input-capture operation when an event is input. (except timer

RA and timer RB)

A/D converter

Starts A/D conversion when an event signal is input.

D/A converter

Starts D/A conversion when an event signal is input.

Output ports

The value of PDR (port
data register) changes
when an event signal is
input. (The value of the
signal to be output from
the relevant external pin
changes.)

Port-groups

The port-group operates
differently depending on the
settings as below.

Changes the PDR value
to the specified value.
Transfers the PDBF
values to the PDR.

Shifts out the bit value.

Single-ports

Changes the PDR value to
the specified value.

Input ports

When the signal value of
the input pin changes.

Port-groups

Generates an event.

When an event is input

Single-ports

Port-groups Transfers the signal value
of the external pin to PDBF.

Single-ports Event connection is

impossible.

Clock oscillator

Switches the clock source to the low-speed on-chip oscillator operation.

Interrupt controller

Issues an interrupt request to the CPU, and the DTC starts to transfer data.
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12.3.3  Operation of Peripheral Timer Modules When Event is Input
Three different operations are performed depending on the ELOP settings when an event is input.

e Counting-Start Operation
When an event is input, the timer starts counting, which sets the count start bit* in each timer
control register to 1. An event that is input while the count start bit is 1 is invalid.

¢ Event-Counter Operation

Event-input is selected as the timer clock source and the timer counts events.
e Input-Capture Operation

When an event is input, the timer performs input-capture operation.

Note: * See the descriptions on the bit in the relevant timer section.

12.3.4  Operation of A/D and D/A Converters When Event is Input

The A/D and D/A converter start A/D and D/A conversion, respectively, which sets the start bits*
in the A/D control register and the output enable bits* in the D/A control register to 1.

Note: * See the descriptions on the bit in the A/D and D/A converter sections.
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12.3.5  Port Operation upon Event Input and Event Generation

The port operation to be performed upon event input to the port can be set and the operation
causing the port to generate an event can be set.

(1) Single-Ports and Port-Groups

There are two event link modes: event link to single-ports and event link to port-groups. In the
former mode, events can be connected to single-ports in an 8-bit port. In the latter mode, events
can be connected to port-groups consisting of any two or more bits in the same 8-bit port.

A single-port can be set by specifying any one bit in the port* to which an event can be connected
using the PEL register. A port-group can be set by specifying any two or more bits in the port* to
which an event can be connected using the PGC register. One input port-group and one output
port-group can be set in the same port.

If the port bit is specified as both a single-port and a member of a port-group, both functions are
effective when the relevant port is input, whereas only the group-port function is effective when
the relevant port is output.

The input or output direction of ports can be selected using the PCR register.
Note: Port 3 and port 6
(2) Event Generation by Input Single-Ports

An input single-port generates an event when the signal value of the external pin connected to the
relevant port changes. The event-generation condition is specified using the PELO to PEL3
registers. An example of operation is shown in figure 12.3.

(3) Output Single-Port Operation upon Event Input

When an event is input to an output single-port, the PDR value of the relevant port changes. The
specific change of the PDR value is specified using the PELO to PEL3 registers. Thus, the change
of the PDR value changes the signal value of the external pin connected to the relevant port. An
example of operation is shown in figure 12.3.
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(4) Input Port-Group Operation upon Event Input and Event Generation

An input port-group generates an event when the signal value of any one of the external pins
connected to the relevant port-group changes. The event-generation condition is specified using
the PGC1 and PGC2 registers. When an event is input to an input port-group, the signal value of
the external pin upon event input is transferred to PDBF. In this case, only the values of the bits
specified as members of the input port-group are transferred. An example of operation is shown in
figure 12.4.

(5) Output Port-Group Operation upon Event Input

When an event is input to an output port-group, the PDR values change to the values according to
the PGC1 or PGC2 settings. An example of operation is shown in figure 12.5.
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Example of Operation for Single-Port Input

On-chip module

Port 3

External pin

Port 37

Event link

Port 36

]

Port 35

Port 34

Example of Operation for Single-Port Output

On-chip module

Port 33

Event link

Port 32

Port 31

Port 30

Port to which event is
connected

Figure 12.3 Event Linkage related to Single-Ports
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PDBF PDBF , “*~.. External signal

0 0 P37 ~
&/
0 0 5
P36 N
0 > &
P35 \*}
Py
0 0 T
P34 :

0 1 ceeennn . o —_—
: P33 i !
0 0 D oP32 A~
0 1 ©op31 ~
: —— |
0 0 ' op3o :
: : =

P30 to P33 are specified .
as an input port-group. Event signal

Figure 12.4 Event Linkage related to Input Port-Groups
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(6) Operation of Port Buffer Registers

(@) Input Port-Groups

When an event is input to an input port-group, the signal value of the external pin of the bit
specified as the members of the input port-group is transferred to PDBF. If another event is input
to the input port-group in this state, the current PDR value is transferred or not depending on the
PGCOVE bit setting in PGC as described below.

e PGCOVE =0 (overwriting PDBF is disabled)
If the PDBF value that has been transferred upon the latest event input has already been read
by the CPU (or transferred by the DTC), the signal value of the external pin is transferred to
PDBEF. If not read, the signal value of the external pin is not transferred and the input event is
invalid.

e PGCOVE =1 (overwriting PDBF is enabled)
When another event is input to an input port-group, the signal value of the external pin is
transferred to PDBF.

(b) Output Port-Groups

If an output port-group is specified so that it should output the PDBF value, the PDBF value is
transferred to PDR when an event is input to the output port-group. In this case, only the values of
the bits specified as the members of the output port-group are transferred

If an output port-group is specified so that it should shift out the bit values in the group (PGCO
bits = 1xx in PGC), the PDBF data is transferred to PDR, and then the PDR value is shifted bit by
bit from MSB to LSB. The initial value to be output to the port-group should be provided in
PDBF.

Examples of operation are shown in figures 12.5 and 12.6.
(7) Restrictions on Writing to PDR or PDBF by CPU
When the ELCON bit in ELCR is set to 1, write access to the following registers is invalid.

e If bits are specified as members of the input port-group and the event-linkage is set for the
port-group, write access to the relevant bits in PDBF by the CPU is invalid.

e If port bits are specified as members of the output port-group, write access to the relevant bits
in PDR by the CPU is invalid.

e [If a port bit is specified as an output single-port and the event-linkage is set (by ELSR) for the
port, write access to the relevant bit in PDR by the CPU is invalid.
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P33

P32

P31

P30

Event signal

Note: P30 to P33 are specified as an output port-group.

Ta External signal
PDBF PDR PDBF PDR  port ;
1 0 1 1 P33
0 0 0 0 P32 i
1 0 :> 1 1 P31
0 0 0 0 P30 ;

Figure 12.5 Event Linkage related to Output Port-Groups

P33

P32

P31

P30

PDBF PDR PDR PDR PDR PDR
1 0 1 0 0 0
0 0 0 1 0 0
0 0 : 0 : 0 : 1 : 0
0 0 0 0 0 1

: v v v v
v i i

P33 ! : : :

P32 : |. I. 5

Po1 - - I

P30 . . .

A

Event signal

Note: P30 to P33 are specified as an output port-group.

Figure 12.6 Bit-Shifting Operation of Output Port-Groups
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12.3.6 Event-Generation Timer

The event-generation timer can generate an event at specified interval. The generated event can be
connected to another module. The features of the timer are given below.

e The interval can be generated using the 16-bit free-running counter.

e The delay time (of 0 to 3 counter clock cycles) can be set, which is the time from the set event-
generation timing (= interval) to actual generation of the event.

e Four-channel event output is available (figure 12.8).

ELTMCR
ELTMSA 2
Qo
o
©
ELTMSB o
©
S
L
ELTMDR =
Internal clock ¢ELC
(6/8192 to ¢) —>| ELTMCNT |L .
o 3
g g \
[ 9
2 z
S 8
(3]

Y

: hanneld O_utp_ut delay ELC timer event 0
] circuit 0

' hannelt Output delay )

! ; I _E—> ELC timer event 1
> E ;I Output del

: chamne 2 ] Ci::::lFJ)il: > eay ELC timer event 2

Output delay

circuit 3

\

Y

ELC timer event 3

Figure 12.7 Block Diagram of Event-Generation Timer
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GELC
ELTMDR
¢ELC/one cycle

: C C C

, D Q D Q D Q

| Latch Latch Latch

9ELC/32768 cycles | ELC timer event n
| (n=0to3)
Channel x selectable frequency n
(16 counter cycles) _rl 0 ] ] I
Event output x N |'| I'I I'I I'I
—>5 54— Delay time can be specified using ELTMDR.
Figure 12.8 Operation of Event-Generation Timer
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12.3.7 Procedure for Linking Events
The following describes the procedure for linking events.

1. Set the operation of the module to which an event is to be linked.

2. To the ELSRn register corresponding to the module to which an event signal is to be linked,
set the number of the event signal.

3. If events are to be linked to timers, set the ELOPA to ELOPC registers corresponding to the
timers as required.

4. Set the ELCON bit in ELCR to 1, which enables linkage of all the events.

5. Set the operation of the module from which an event is output, and start the module. This
allows the event output from the module to start the module to which an event is linked as
specified.

6. To stop event linkage of some independent modules, set B'00000000 to the ELSn7 to ELSn0
bits in the ELSRn corresponding to the modules. To stop linkage of all the events, clear the
ELCON bit in ELCR to 0.

If events are linked to ports, set the registers corresponding to the ports as below.

— PDR: Set the initial values of the output ports.

— PCR: Set the I/O direction of the ports.

— PGR: If ports are used as a port-group, set the ports (in bit units) to be grouped.

— PGC: Set the operation of the port-group.

— PEL: If ports are used as single-ports, set the ports, the operation of the ports when an
event is input, and the condition when an event is generated.
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Section 13 Timer RA

The timer RA is an 8-bit reload timer with a prescaler. The prescaler and the timer are comprised
of a reload register and a counter, respectively.

13.1  Overview
e Operating mode: 5 modes
Timer mode: Counts internal count sources.
Pulse output mode: Counts internal count sources and produces a toggle output in timer
underflow.
Event counter mode: Counts external events.
Pulse width measurement mode: Measures the pulse width of external pulses.
Pulse cycle measurement mode: Measures the pulse cycle of external pulses.
e Selection of eight count sources
O, 0/2, 0/8, ¢/32, /64, /128, dpsub, or an external event input to the TRAIO pin.
¢ An interrupt generated on an underflow of the counter
Data bus >
TCK[2:0]
Pulse width measurement mode TRf"_)BF s TI_R_A:I'!R_ ~ e s
Pulse cycle measurement mode ! [ '
o—— Timer mode TCKCUT 1 [Retoad (O Reload '
! |register Y register H
/8 — Pulse output mode TSTART, N '
S‘Dﬁ : iL ' iL EUnderﬂow signal
‘2)/32 Counter I-:—E>| Counter |-E— Timer RA
/64 Bty T e - interrupt
/128 Event count mode
Pulse width measuremgnt mode
Pulse cycle measurement mode
TRAIO pin Digital Polarity Count controli
E_ filter switchin circuit
Measurement-complete|signal
. Pulse output mode
TIPF[1:0] TOPCR
TEDGSEL Q Toggle flipflop
CK
~ o—Q_  cir
TOENA \_@ Write to TRAMR register
Write 1 to TSTOP bit

TRAO pin

Figure 13.1 Block Diagram of Timer RA
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Table 13.1 shows the timer RA input/output pins.

Table 13.1 Pin Configuration

Name Abbreviation /0 Function
Timer RA input/output  TRAIO I/0 External event input and pulse input/output
Timer RA output TRAO Output Inverted pulse output of TRAIO output

13.2  Register Descriptions
The timer RA has the following registers:

e Timer RA control register (TRACR)

e Timer RA I/O control register (TRAIOC)
e Timer RA mode register (TRAMR)

e Timer RA prescaler register (TRAPRE)

e Timer RA timer register (TRATR)

e Timer RA interrupt request status register (TRAIR)
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13.2.1 Timer RA Control Register (TRACR)

Address: H'FFO6FO0

Bit: b7 b6 b5 b4 b3 b2 b1 b0

— — TUNDF TEDGF — TSTOP TCSTF TSTART
Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
7,6 — Reserved These bits are read as 0. The write valued should be 0. —
5 TUNDF Timer RA [Setting condition] R/W

underflow flag

e When timer RA underflows from H'00 to H'FF.
[Clearing condition]
e When 0 is written to this bit*

4 TEDGF Valid edge
detection flag

[Setting conditions] R/W

o When the pulse width measurement is completed
with TSTART in TRACR = 1, in pulse width
measurement mode.

o When the timer RA prescaler underflows at the
second time after a valid edge of the measurement
pulse is input, in pulse cycle measurement mode.

[Clearing condition]
e When 0 is written to this bit*

— Reserved This bit is read as 0. The write value should be 0. —
2 TSTOP Timer RA 0: Timer RA counting is continued. R/W
(s:?oupnt forced 4. Timer RA counting is forcedly stopped.
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Bit Symbol Bit Name Description R/W
1 TCSTF Timer RA 0: Timer RA counting has been stopped. R
;:lount status  1: Timer RA counting is in progress.
ag

[Setting condition]

e When 1 is written to TSTART and counting is
started.

e The start of counting after ELOPA of the event link
controller is selected counting by timer RA, the
specified event is occurred, and the TSTART bit is
setto 1.

[Clearing condition]

e When 0 is written to TSTART and counting is

stopped.
e When 1 is written to TSTOP and counting is
stopped.
0 TSTART  Timer RA 0: Timer RA counting is stopped. R/W
count start 1: Timer RA counting is started.

Notes: 1. A MOV instruction should be used to write 0 to this register.
2. The timer RA registers should not be accessed until the TCSTF bit changes after the
TSTART bit is set, apart from TRACR which can be read at any time during timer
operation.

TRACR controls the timer RA counter and indicates the timer RA state.

e TSTOP bit (timer RA count forced stop)
Setting this bit to 1 initializes the counter of the timer and the prescaler, bits TSTART and
TCSTF, and timer outputs. This bit is always read as 0.
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13.2.2 Timer RA 1/O Control Register (TRAIOC)

Address: H'FFO6F1

Bit: b7 b6 b5 b4 b3 b2 b1 b0
TIOGT[1:0] TIPF[1:0] TIOSEL TOENA TOPCR | TEDGSEL

Value after reset: 0 0 0 0 0 0 0 0

Bit Symbol Bit Name Description R/W

7,6 TIOGT[1:0] TRAIO event 00: Input control is not performed. R/W
input control (Events are always enabled.)

01: Input control is performed.
(Events are enabled when IRQ2 input is high.)

10: Setting prohibited
11: Setting prohibited
5,4 TIPF[1:0] TRAIO input  00: No filter operation R/W
filter select 01: Filtered (Sampled at ¢)
10: Filtered (Sampled at ¢/8)
11: Filtered (Sampled at ¢/32)

These bits should be set to B'00 in timer mode and
pulse output mode.

3 TIOSEL TRAIO input  0: Input from the TRAIO pin R/W
select 1: Input from the LIN

2 TOENA TRAO output  0: TRAO outputs are disabled. R/W
enable 1: TRAO outputs are enabled.

This bit should be set to 0 except in event counter
mode and pulse output mode.

1 TOPCR TRAIO output  0: TRAIO outputs are enabled. R/W
control 1: TRAIO outputs are disabled.
This bit should be set to 0 except in pulse output
mode.
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Bit Symbol Bit Name Description R/W

0 TEDGSEL Input/output e Timer mode R/W
polarity switth  pig pit should be set to 0.
e Pulse output mode

0: The initial value of TRAIO output is set at a high
level.

1: The initial value of TRAIO output is set at a low
level.

e Event count mode

0: Counter incremented at the TRAIO input rising
edge. The initial value of TRAIO output is set at a
low level.

1: Counter incremented at the TRAIO input falling
edge. The initial value of TRAIO output is set at
a high level.

e Pulse width measurement mode
0: Measures the low-level width of TRAIO input.
1: Measures the high-level width of TRAIO input.
e Pulse cycle measurement mode

0: Measures from the rising edge of the
measurement pulse to the next rising edge.

1: Measures from the falling edge of the
measurement pulse to the next falling edge.

Note: When TCSTF = 1, do not rewrite this register.

e TIOGT]1 bit and TIOGTO bit (TRAIO event input control 1 and 0)

These bits control input events in event counter mode.

e TIPF1 bit and TIPFO bit (TRAIO input filter select 1 and 0)

If filtered operation is selected, the input is determined when the same value is sampled three
times in succession from the TRAIO pin.
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13.2.3 Timer RA Mode Register (TRAMR)

Address: H'FFO6F2

Bit: b7 b6 b5 b4 b3 b2 b1 b0
TCKCUT TCK[2:0] — TMOD[2:0]
Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
7 TCKCUT  Timer RA count O: Count source is supplied. R/W
source cutoff 1: Count source is cut off.
6to4 TCK[2:0] Timer RA count 000: ¢ R/W
source select 001: ¢/8
010: Setting prohibited
011: ¢/2
100: ¢sub
101: ¢/32
110: ¢/64
111: ¢/128
3 — Reserved This bit is read as 0. The write value should be 0. —
2to0 TMOD[2:0] Timer RA 000: Timer mode R/W

operating mode
select

001: Pulse output mode

010: Event count mode

011: Pulse width measurement mode
100: Pulse cycle measurement mode
101: Setting prohibited

110: Setting prohibited

111: Setting prohibited

Note: The counting should be stopped (when both the TSTART and TCSTF bits in TRACR are 0)

when this register is modified.

e TCK2 bit and TCKO bit (timer RA

count source select)

A count source is selected if the mode is not the event count mode.

e TMOD?2 bit to TMODO bit (timer RA operating mode select)

Writing to TRAMR initializes the output level.
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13.2.4 Timer RA Interrupt Enable Status Register (TRAIR)

Address: H'FFO6F5

Bit: b7 b6 b5 b4 b3 b2 b1 b0
TRAIE TRAIF — — — — — —
Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
7 TRAIE Timer RA 0: Timer RA interrupt requests are disabled. R/W
interrupt 1: Timer RA interrupt requests are enabled.
request enable
6 TRAIF Timer RA [Setting conditions] R/W
interrupt

When the timer RA underflows.

e When the input pulse measurement is completed in
pulse width measurement mode.

request flag

o When the timer RA prescaler underflows at the
second time after a valid edge of measurement
pulse is input, in pulse cycle measurement mode.
[Clearing condition]
e When 1 is read from the bit and then 0 is written to.
5t00 — Reserved This bit is read as 0. The write value should be 0. —
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13.2.5 Timer RA Prescaler Register (TRAPRE)

Address: H'FFO6F3

Bit: b7 b6 b5 b4 b3 b2 b1 b0

Value after reset: 1 1 1 1 1 1 1 1

TRAPRE consists of a reload register and an 8-bit counter, each with an initial value of HFF.

If a down-count is performed using the count source selected with TRAMR and an underflow
occurs, the value of the reload register is loaded to the counter. The underflow becomes a count
source for TRATR.

The reload register and the counter are assigned to the same address. On write, a value is written
to the reload register, and on read, a counter value is read. During a write to TRAPRE the load
timing from the reload register to the counter differs between counting in progress and counting
stopped. Writing to TRAPRE when counting is stopped causes the data to be written to both the
reload register and the counter. Writing to TRAPRE during counting causes the new value to be
written to the reload register after four cycles of count source, and to be loaded to the counter in
synchronization with the next count source.
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13.2.6 Timer RA Timer Register (TRATR)

Address: H'FFO6F4

Bit: b7 b6 b5 b4 b3 b2 b1 b0

Value after reset: 1 1 1 1 1 1 1 1

TRATR consists of a reload register and an 8-bit counter, each with an initial value of H'FF.
TRATR performs a down-count of the prescaler underflows. When an underflow occurs in
TRATR, the value of the reload register is loaded to the counter and a timer RA interrupt request
is generated at the same time.

The reload register and the counter are assigned to the same address. On write, a value is written
to the reload register, and on read, a counter value is read. However, on read in pulse cycle
measurement mode, a value in the read buffer is read. During a write to TRATR the load timing
from the reload register to the counter differs between counting in progress and counting stopped.
Writing to TRATR when counting is stopped causes the data to be written to both the reload
register and the counter. Writing to TRATR during counting causes the new value to be written to
the reload register in synchronization with an underflow of the prescaler first after four counts of
the count source, and to be loaded to the counter in synchronization with the next underflow of the
prescaler.

TRAPRE and TRATR should not be set to H'0O at the same time.
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13.3  Operation

13.3.1 Operations Common to Various Modes
(1) Starting and Stopping Operation

Writing the value 1 to the TSTART bit in TRACR starts counting in a set operating mode; writing
the value O to the TSTART bit stops the counting. The prescaler counts down in the counter clock
cycle to be input into the prescaler. The timer counts down using the underflow of the prescaler as
a count source.

(2) Forced Termination of Operation

Writing 1 to the TSTOP bit in TRACR stops the counting forcibly. When the counting is stopped,
the timer counter, the prescaler counter, and any associated flags are initialized while the reload
registers of the prescaler and the timer counter are retained.

(3) Interrupt Request
An interrupt request is generated on the underflow of the timer RA counter.
(4) Reading and Writing Count Value

Reading registers TRAPRE and TRATR reads count values from each register. If a write is
performed to TRAPRE or TRATR when the counting is stopped, a specified value is written to
both the reload register and the counter.

If a write is performed to the TRAPRE register during counting, first a set value is written to the
reload register in synchronization with the count source after four cycles of count source, and the
set value is then transferred to the prescaler counter in synchronization with the next count source.
If a write is performed to the TRATR register, a set value is written to the reload register in
synchronization with the underflow of the prescaler after four cycles of count source, and the set
value is transferred to the timer counter in synchronization the next underflow of the prescaler. For
this reason, if a write is performed to TRAPRE or TRATR during counting, the value of the
counter is not updated immediately after the execution of the write command. Figure 13.2 shows
an example operation where a count value is rewritten when the timer RA is counting.
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Figure 13.2 Rewriting Count Value When Timer RA Counting is in Progress

13.3.2 Timer Mode

This mode counts internal clocks as a count source. Setting the TMOD[2:0] bits in TRAMR to
B'000 activates the timer mode operation. A count source is selected in terms of the TCK[2:0] bits
in TRAMR.

13.3.3  Pulse Output Mode

This mode counts internal clocks as a count source, and toggle-outputs pulses from the TRAIO pin
each time the counter underflows. Setting the TMODJ[2:0] bits in TRAMR to B'001 activates pulse
the output mode operation. A count source is selected using the TCK[2:0] bits in TRAMR. The
initial output value of the pin is set using the TEDGSEL bit in TRAIOC. By setting the TOENA
bit in TRAIOC, a reverse output can be output from the TRAO pin to the TRAIO pin.
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13.3.4 Event Counter Mode

This mode counts external events that are input from the TRAIO pin as a count source. Setting the
TMOD][2:0] bits in TRAMR to B'010 activates the event-counter mode operation. By setting the
TEDGSEL bit in TRAIOC, it is possible to specify whether counting is to be performed on the
rising or falling edge of an input event from the TRAIO pin. Also, by setting the TIOGT[1:0] bits
in TRAIOC, a function enables external event input when the IRQ2 pin is at a high level. Setting
the TIPF[1:0] bits in TRAIOC allows applying a filter to external event input. Similar to the pulse
output operation mode, a toggle can be output from the TRAO pin in synchronization with an
underflow of the timer counter. In event counter mode, even if 1 is written to the TSTART bit, the
value of the TCSTF bit will not become 1 unless the corresponding event signal is input. If the
event signal is input while TCSTF = 0, the counter value will be the number of times the event has
occurred minus 3. If the event signal is input while TCSTF=1, the number time the event has
occurred = counter value.

13.3.5 Pulse Width Measurement Mode

This mode measures the pulse width of external signals that are input from the TRAIO pin. Setting
the TMOD][2:0] bits in TRAMR to B'011 activates the pulse width measurement mode operation.
A count source is selected in terms of the TCK[2:0] bits in TRAMR. The TEDGSEL bit in
TRAIOC can be used to specify whether the low-level width or the high-level width of input
pulses is to be measured. Setting the TIPF[1:0] bits in TRAIOC allows applying a filter to external
pulse input. Figure 13.3 shows an operation example of pulse width measurement mode.
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When a high level is specified for measuring the pulse width (TEDGSEL = 1).

Figure 13.3 Operation Example of Pulse Width Measurement Mode
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13.3.6  Pulse Cycle Measurement Mode

This mode measures the cycle of external pulses that are input from the TRAIO pin. Setting the
TMOD[2:0] bits in TRAMR to B'100 activates the pulse cycle measurement operation. The
TEDGSEL in TRAIOC can be used to specify whether the period from the falling edge to another
falling edge of the input pulse of the TRAIO pin is to be measured or the period from the rising
edge to another rising edge is to be measured. Setting the TIPF[1:0] bits in TRAIOC also enables
to apply a filter to external pulse input. Count sources are selected using the TCK[2:0] bits in
TRAMR.

After the start of timer counting, each time a valid input edge is input from the TRAIO pin, a value
is transferred from the counter of the timer RA to the read buffer in synchronization with the
underflow of the timer RA prescaler. The value in the read buffer is retained until the timer RA
register is read. Also, after a value is transferred to the read buffer, a value is transferred from the
reload register to the counter in synchronization with the next underflow of the timer RA
prescaler. Reading of the read buffer should not be performed until the TEDGF bit in TRACR is
set to 1. An interrupt request is generated either when the TEDGF bit in TRACR is set to 1 or
when the timer RA counter underflows.

For pulse input to the TRAIO pin, pulses with a cycle greater than double the cycle of the timer
RA prescaler should be input. Also, input pulses for which the high pulse width and the low pulse
width are greater than the cycle of the timer RA prescaler. If pulses with a short cycle are input,
the input is ignored in some cases.

Figure 13.4 shows an operation example of pulse cycle measurement mode.
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13.3.7  Operation through an Event Link

Using the event link controller (ELC), timer RA can be made to operate in the following ways in
relation to events occurring in other modules.

(1) Starting Counter Operation

The start of counting operations by timer RA can be selected by the ELOPA register of the ELC.
When the event specified in ELSRO occurs, the TSTART bit in the TRACR is set to 1, which
starts counting by timer RA. However, if the specified event occurs when the TCSTF flag has
already been set to 1, that event is not effective.

(2) Counting Events

The counting of events by timer RA can be selected by the ELOPA register of the ELC. When the
event specified in ELSRO occurs, event-counter operation proceeds with that event as the source to
drive counting, regardless of the setting in the TCK[2:0] bits in TRAMR. When event-counter
operation is to be employed, set the TSTART bit in TRACR to 1 beforehand. When the value of
the counter is read, the value read out is the actual number of input events minus three.
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i '
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wor —] ' ' Do
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iy . : : H
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! ! TRA reload H | TRA reload
' \ / | \
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TRAIF in TRAIR " ' ' .
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TUNDF in TRACR " . | | . l_l
non : : -----

\ Set to 0 by a program. —/

Measurement condition: The initial value of TRATR is H'OF and the width from the rising edge to the next rising edge
of measurement pulse is measured (TEDGSEL = 0).

Notes: 1. When TRATR is read in pulse cycle measurement mode, the value in the read buffer can be read.

2. The TEDGF bit in TRACR is set to 1 (valid edge exists) on the second underflow of the timer RA
prescaler after a valid edge of the measurement pulses is input.

3. TRATR should be read between the TEDGF bit setting to 1 (valid edge exists) and the next
valid edge input.
The value in the read buffer is retained until TRATR is read. Therefore, if the value is not read
before the next valid edge input, the measurement result of the previous cycle remains.

4. The MOV instruction should be used to write 0 to the TEDGF bit in TRACR using a program.
Here, 1 should be written to the TUNDF bit .

5. The MOV instruction should be used to write 0 to the TUNDF bit in TRACR using a program.
Here, 1 should be written to the TEDGF bit.

6. If an underflow of timer RA and reloading of timer RA by valid edge input occur at the same time,
both the TUNDF and TEDGF bits are set to 1. In this case, the effectiveness of the TUNDF bit should
be determined according to the read buffer contents.

Figure 13.4 Operation Example of Pulse Cycle Measurement Mode
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13.4  Usage Notes

1.

The prescaler and timer are read out per byte inside the microcomputer even when they are
read out in 16-byte unit. Therefore, the timer value can be updated while those two registers
are read out.

The TEDGF and TUNDEF bits in TRACR used in pulse width and pulse cycle measurement
modes assume the value 0 when 0 is written by a program and do not change if 1 is written. If
one flag is set to 0 by a program, use the MOV instruction to write 1 to the other flag. In this
manner, unintended flag changes can be prevented.

When a transition is made to pulse width or pulse cycle measurement mode from another
mode, the TEDGF and TUNDF bits are undefined. Timer RA counting should be started by
writing O to the TEDGF and TUNDF bits.

In some cases, the TEDGF bit becomes 1 on the first timer RA prescaler underflow signal that
is generated after the start of counting.

When using the pulse cycle measurement mode, set the TEDGF bit to 0 by allowing a length
of time 2 cycles or greater of the timer RA prescaler after the counting process is started.
After 1 is written to the TSTART bit when counting is stopped, the TCSTF bit remains O for
the number of cycle of count source. Registers associated with the timer RA except the
TRACR for reading should not be accessed until the TCSTF bit becomes 1. Counting starts
from a valid edge of the first count source after the TCSTF bit becomes 1.

After 0 is written to the TSTART bit when counting is in progress, the TCSTF bit remains 1
for the number of cycle of count source. Registers associated with the timer RA except the
TRACR for reading should not be accessed until the TCSTF bit becomes 0. Counting stops
when the TCSTF bit becomes 0.

When writing successively to TRAPRE during counting (TCSTF=1), allow at least four cycles
of the clock source for counting as the minimum interval for writing.

When writing successively to TRATR during counting (TCSTF=1), allow at least four cycles
of the clock source for counting as the minimum interval for writing.

When values for TRAPRE and TRATR are successively read out from the same register, allow
at least two cycles of the clock source for counting as the minimum interval for reading.
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Section 14 Timer RB

The timer RB is an 8-bit reload timer with an 8-bit prescaler. The prescaler and the timer are each
comprised of a reload register and a counter. The timer RB has two reload registers: timer RB
primary register and timer RB secondary register.

14.1 Overview

e Four operating modes
Timer mode: Counts either internal count sources or timer RA underflows.
Programmable waveform generation mode: Outputs any pulse widths continuously.
Programmable one-shot generation mode: Outputs one-shot pulses.
Programmable wait one-shot generation mode: Outputs delayed one-shot pulses.

e Selection of eight count sources

0, ¢/2, 0/4, ¢/8, 0/32, 0/64, ¢/128, or an underflow of timer RA
e An interrupt generated on an underflow of the timer RB counter

< Data bus >

Timer counter
___lL _________ JJ---- ----
'

Timer RB interrupt
—

Prescaler
TCK[2:0]
bits
4 —0
08 —O
Timer RA underflow  ——oO
2 — o
4 ——o ¥V VY T 0 T -------.-!
02 o
064 o TMOD[1:0] = B'10 or B'11
0128 o

TCKCUT bit

TSTART bit
TOSST bit

meapn [} [Doe ]
INOSEG bit INOSTG bit
TMODI1:0] bits TOPL
TOCNT O/o_ Q Toggle flipflopCK
TRBO pin o o—la LR

Write to TSTOP
except in timer mode

Figure 14.1 Block Diagram of Timer RB
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Table 14.1 shows the timer RB input/output pins.

Table 14.1 Pin Configuration

Name /0 Function
TRGB Input External trigger input
TRBO Output Successive pulse output or one-shot pulse output

14.2  Register Descriptions
The timer RB has the following registers:

e Timer RB control register (TRBCR)

e Timer RB one-shot control register (TRBOCR)

e Timer RB I/O control register (TRBIOC)

e Timer RB mode register (TRBMR)

e Timer RB interrupt request status register (TRBIR)
e Timer RB prescaler register (TRBPRE)

e Timer RB secondary register (TRBSC)

e Timer RB primary register (TRBPR)
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14.2.1 Timer RB Control Register (TRBCR)

Address: H'FFFFAQ

Bit: b7 b6 b5 b4 b3 b2 b1 b0
_ — — - — TSTOP TCSTF TSTART
Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
7t03 — Reserved These bits are read as 0. The write value should —
be 0.
2 TSTOP Count forced stop  0: Timer RB counting is continued. R/W

1: Timer RB counting is forcedly stopped.

1 TCSTF Count status flag  0: Timer RB counting is stopped. R
1: Timer RB counting is in progress.
[Setting conditions]

e When 1 is written to TSTART and counting is
started.

e The start of counting after ELOPA of the event
link controller is selected counting by timer
RB, the specified event is occurred, and the
TSTART bit is set to 1.

[Clearing conditions]

e When 0 is written to TSTART and counting is

stopped.
e When 1 is written to TSTOP and counting is
stopped.
0 TSTART Count start 0: Timer RB counting is stopped. R/W

1: Timer RB counting is started.

Notes: 1. The timer RB registers should not be accessed until the TCSTF bit changes after the
TSTART bit is set, apart from TRBCR which can be read at any time during timer
operation.

2. A MOV instruction should be used to write to this register.

e TSTOP bit (count forced stop)
Setting this bit to 1 stops counting forcibly. At this time, the counter of the timer RB prescaler
and the timer RB counter are initialized. Also, bits TSTART and TCSTF in TRBCR, bits
TOSSTF, TOSSP, TOSST in TRBOCR, and TRBO outputs are initialized. The reload register
of the prescaler and the timer RB counter are hold. This bit is always read as 0.
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14.2.2  Timer RB One-Shot Control Register (TRBOCR)

Address: H'FFFFA1

Bit: b7 b6 b5 b4 b3 b2 b1 b0
— — — — — TOSSTF | TOssP TOSST
Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol  Bit Name Description R/W
7t03 — Reserved These bits are read as 0. The write value should be 0. —
2 TOSSTF  One-shot 0: Timer RB one-shot function has been stopped. R
status flag

1: Timer RB one-shot function is active (including wait
time).

[Setting conditions]

e When 1 is written to the TOSST bit.

e When trigger inputs to the TRGB pin are enabled.

[Clearing conditions]

e When 1 is written to the TOSSP bit.

e When 0 is written to the TSTART bit in TRBCR.

e When 1 is written to the TSTOP bit in TRBCR.

[In programmable one-shot generation mode]

e When the timer counter reaches H'00 and the
reloading is performed.

[In programmable wait on-shot generation mode]

When the counter value reaches H'00 during the
secondary counting and the reloading is performed.

1 TOSSP*' One-shot stop 0: Timer RB counting is not stopped. R/W
1: Timer RB counting is stopped.
0 TOSST**  One-shot start 0: Timer RB counting is stopped. R/W

1: Timer RB counting is started.

Notes: 1. The TOSSP bit should be modified to 1 when the TOSSTF bit is 1.
2. The TOSST bit should be modified to 1 when the TOSSTF bit is 1.
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e TOSSP bit (one-shot stop)
Writing 1 to this bit stops the timer counting. This bit is always read as 0

o TOSST bit (one-shot start)

In programmable one-shot generation mode or programmable wait one-shot generation mode,
writing 1 to this bit starts the timer counting and one-shot pulse output in synchronization with
the count source. This bit is always read as 0.

14.2.3 Timer RB I/O Control Register (TRBIOC)

Address: H'FFFFA2

Bit: b7 b6 b5 b4 b3 b2 b1 b0
— — TIPF[1:0] INOSEG | INOSTG TOCNT TOPL

Value after reset: 0 0 0 0 0 0 0 0

Bit Symbol Bit Name Description R/W

7,6 — Reserved These bits are read as 0. The write value should —

be 0.
5,4 TIPF[1:0] TRGB input filter  00: No filter operation R/W
select 01: Filtered (Sampled at ¢)

10: Filtered (Sampled at ¢/8)
11: Filtered (Sampled at ¢/32)

These bits should be set to B'00 for timer mode or
pulse output mode.

3 INOSEG  One-shot trigger  0: Triggered at a falling edge. R/W
polarity select

1: Triggered at a rising edge.

2 INOSTG  One-shot trigger  0: The one-shot trigger function for the TRGB pin R/W
control is disabled.
1: The one-shot trigger function for TRGB pin is
enabled.
1 TOCNT Timer RB output  0: Waveform is output from timer RB. R/W

switch 1: Waveform output is disabled.
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Bit Symbol Bit Name Description R/W
0 TOPL Timer RB output  Programmable Waveform Generation Mode R/W
level select

0: A high-level signal is output in primary period, a
low-level signal in secondary period and a low-
level signal when the timer stops.

1: A low-level signal is output in primary period, a
high-level signal in secondary period, and a
high-level signal when the timer stops.

Programmable one-shot generation mode

0: A high-level signal is output for one-shot pulse
output and a low-level signal when the timer
stops.

1: A low-level signal is output for one-shot pulse
output and a high-level signal when the timer
stops.

Programmable wait one-shot generation mode

0: A high-level signal is output for one-shot pulse
output and a low-level signal during the wait time
or the time when the timer stops.

1: A low-level signal is output for one-shot pulse
output and a high-level signal during the wait
time or the time when the timer stops.

This bit should be 0 in timer mode.

e INOSEG bit (one-shot trigger polarity select)

Selects an edge for the one-shot trigger signal input from the TRGB pin in programmable one-
shot generation mode or programmable wait one-shot generation mode. This bit should be 0 in
timer mode or programmable waveform generation mode.

e INOSTG bit (one-shot trigger control)

Enables or disables one-shot trigger signal input from the TRGB pin. This bit should be 0 in
timer mode or programmable waveform generation mode.

e TOCNT bit (timer RB output switch)

For TRBO output state or output change conditions in each mode, see section 14.3.6, TOCNT
Settings and Pin State Update Conditions.

e TOPL bit (timer RB output level select)
This bit should be 0 in timer mode.
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14.2.4

Address: H'FFFFA3

Timer RB Mode Register (TRBMR)

Bit: b7 b6 b5 b4 b3 b2 b1 b0
TCKCUT TCK[2:0] TWRC — TMOD[1:0]
Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
7 TCKCUT*'  Count source 0: Timer RB clock source is supplied. R/W
cutoff 1: Timer RB clock source is cut off.
6to4 TCK[2:0]*' Countsource 000: ¢ R/W
select 001: ¢/8
010: Underflow of timer RA
011: ¢/2
100: ¢4
101: ¢/32
110: ¢/64
111: /128
3 TWRC Write control  0: Both the reload register and counter are written to.
1: Only the reload register is written to.
2 — Reserved This bit is read as 0. The write value should be 0. —
1,0  TMOD[1:0]** Operating 00: Timer mode R/W

mode select

01: Programmable waveform generation mode
10: Programmable one-shot generation mode

11: Programmable wait one-shot generation mode

Notes: 1. A count source should not be switched or cut off during counting. The count source
should be switched or cut off when both the TSTART and TCSTF bits in TRBCR are 0
(when the timer counting is stopped).
2. An operating mode should be selected when the counting is stopped (when both the
TSTART and TCSTF bits in TRBCR are 0).

o TWRC bit (write control)
Controls the timing when the counter reflects the value of the reload register. This bit should
be 1 except in timer mode.
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14.2.5 Timer RB Interrupt Request Status Register (TRBIR)

Address: H'FFFFA7

Bit: b7 b6 b5 b4 b3 b2 b1 bo
TRBIE TRBIF — — — — _ _

Value after reset: 0 0 0 0 0 0 0 0

Bit Symbol Bit Name Description R/W

7 TRBIE Interrupt enable 0: Timer RB interrupt requests are disabled. R/W
1: Timer RB interrupt requests are enabled.

6 TRBIF Interrupt request flag [Setting conditions] R/W
Timer mode

e When the timer RA underflows.

Programmable waveform generation mode

e A half cycle of the count source after the
counter underflow in the secondary period

Programmable one-shot generation mode.
e A half cycle of the count source after the

counter underflow

Programmable wait one-shot generation mode

¢ A half cycle of the counter source after the
counter underflow in the secondary period

[Clearing condition]

e When 1 is read from the bit and then 0 is

written to.
5t00 — Reserved These bits are read as 0. The write value should —
be 0.
Page 426 of 982 REJ09B0465-0300 Rev. 3.00
RENESAS Sep 17,2010



H8S/20103, H8S/20203, H8S/20223, H8S/20115, H8S/20215, H8S/20235 Group Section 14 Timer RB

14.2.6 Timer RB Prescaler Register (TRBPRE)

Address: H'FFFFA4

Bit: b7 b6 b5 b4 b3 b2 b1 b0

Value after reset: 1 1 1 1 1 1 1 1

TRBPRE is a reload register for the timer RB prescaler. The timer RB prescaler consists of a
reload register and an 8-bit counter.

If a down-count is performed using the count source selected on TRBMR and an underflow
occurs, the value of the reload register is loaded to the counter. The underflow becomes a count
source for TRBTR.

TRBPRE and the counter are assigned to the same address. On write, a value is written to the
reload register, and on read, a counter value is read. During a write to TRBPRE, the load timing
from the reload register to the counter differs between counting in progress and counting stopped
by the setting of the TWRC bit in TRBMR. For details, see descriptions of each operating mode.

The initial values of TRBPRE and the counter are H'FF.

14.2.77 Timer RB Secondary Register (TRBSC)

Address: H'FFFFA5
Bit: b7 b6 b5 b4 b3 b2 b1 b0

Value after reset: 1 1 1 1 1 1 1 1

TRBSC is an 8-bit write-only register that sets the secondary period for the timer RB counter. This
register is used only in programmable waveform generation mode and programmable wait one-
shot generation mode. This register is not used in timer mode or programmable one-shot
generation mode.

When TRBSC is written to in any operating mode where TRBSC is used, both the TRBSC and
TRBPR should be written to in this order. Even if only TRBSC is to be modified, TRBPR should
also be set to the previous value. The initial value is HFF.
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14.2.8 Timer RB Primary Register (TRBPR)

Address: H'FFFFA6

Bit: b7 b6 b5 b4 b3 b2 b1 b0

Value after reset: 1 1 1 1 1 1 1 1

TRBPR is an 8-bit reload register that sets the cycle or primary period for the timer RB counter.
The timer RB counter consists of two registers, primary and secondary registers, and a counter.
The primary register and counter are assigned to the same address. On write to TRBPR, a value is
written to the reload register, and on read from TRBPR, a counter value is read.

During a write to TRBPR the load timing from the reload register to the counter differs between
counting in progress and counting stopped. For details, see descriptions of each operating mode.

The initial values of TRBPR and the counter are H'FF.
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14.3  Operation

14.3.1 Timer Mode

The internal clock pulses or timer RA underflows are counted as a count source in timer mode.
When an underflow occurs on the timer RB counter, the value of TRBPR is reloaded and counting
is continued. TRBOCR and TRBSC are not used in timer mode. A count source is selected with
the TCK[2:0] bits in TRBMR.

(1) Starting and Stopping Operation

Writing the value 1 to the TSTART bit in TRBCR starts counting; writing the value O to the
TSTART bit stops the counting.

(2) Forced Termination of Operation

Writing 1 to the TSTOP bit in TRBCR stops the counting forcedly. When the counting is forcedly
stopped, the timer RB counter, the prescaler counter, and any associated flags are initialized.

(3) Interrupt Request

An interrupt request is generated on the underflow of the timer RB counter.
(4) Reading and Writing Count Value

Reading TRBPRE and TRBTR reads count values from each register.

If a write is performed to TRBPRE or TRBTR when the counting is stopped, a specified value is
written to both the reload register and the counter.

If a write is performed to TRBPRE during counting when TWRC in TRBMR is 0, first a set value
is written to the reload register, and the set value is then transferred to the prescaler counter in
synchronization with the count source. If a write is performed to TRBPR, a set value is written to
the reload register in synchronization with the underflow of the prescaler after four cycles of the
count source of the prescaler, and the set value is transferred to the timer counter in
synchronization with the next underflow of the prescaler.

For this reason, if a write is performed to TRBPRE or TRBPR during counting when TWRC is 1,
the value is written only to the reload register. Loading to the counter is performed in
synchronization with the underflow of the prescaler or timer counter.
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14.3.2 Programmable Waveform Generation Mode

This mode alternately reloads and counts values of TRBPR and TRBSC, and produces toggle
output from the TRBO pin each time the counter underflows. At the start of counting, this mode
counts beginning with the value assigned to TRBPR. TRBOCR is not used when programmable
waveform generation mode is used.

(1) Starting and Stopping Operation

Writing the value 1 to the TSTART bit in TRBCR starts counting; writing the value 0 to the
TSTART bit stops the counting.

(2) Forced Termination of Operation

Writing 1 to the TSTOP bit in TRBCR stops the counting forcedly. When the counting is forcedly
stopped, the timer RB counter, the prescaler counter, and any associated flags are initialized.

(3) Interrupt Request

An interrupt request is generated on the underflow of the timer RB counter during the secondary
period counting.

(4) Reading and Writing Count Value
Reading TRBPRE and TRBTR reads count values from each register.

If a write is performed to TRBPRE, TRBPR, or TRBSC when counting is stopped, set values are
written to both the reload register and the counter.

If a write is performed to TRBPRE, TRBPR, or TRBSC when counting is in progress, data is
written only to the respective reload registers. The output of a waveform reflects a set value
beginning with the next primary period after data is written to TRBPR.

However, if writing to TRBSC or TRBPR proceeds when the value of the counter is H'00,
updating of the waveform will be suspended for one cycle.
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Figure 14.2 shows an operation example of the timer RB in programmable waveform generation
mode.

Set to 1 by a program.

p

'
TSTART in TRBCR "1" |
I '

"o !

'

'

'
i
Timer RB prescaler !
underflow signal !
'
'
'
'

' '
Timer RB Timer RB

secondary reload primary reload
A A Y
Timer RB counter ( H'01 X H'00 X H'02 X H'01 X H'00 X H'01 X H'00 X H'02 )
' ' ' E
' ' ' Set to 0 by a program.
' ' '
. , , | ,
TRBIF in TRBIR 1 ' ' '
' ' '
"0" - - i :
' ' ' '
Set to:O by a program ! ! !
TOPLinTRBIOG " ! ! : :
- : : : :
H H H i
Waveform output is started. Waveform output is inverted. Waveform output is started |
ayo ¥ y y :
TRBO pin output wor
1 Primary period | Secondary period 1 Primary period |

Conditions for the above operation:

TRBPRE=H'01, TRBPR=H'01, TRBSC=H'02
TOCNT = 0in TRBIOC (Timer RB waveform is output from the TRBO pin.)

Figure 14.2 Operation in Programmable Waveform Generation Mode
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14.3.3  Programmable One-Shot Generation Mode

This mode outputs one-shot pulses from the TRBO pin, based on either program or external
trigger input. When a trigger is generated, beginning with that point in time the timer operates
only once for any length of time specified in TRBPR. TRBSC is not used in this mode. In this
mode, TRBPRE or TRBPR should not be set to H'00.

(1) Starting and Stopping Operation

The counting is started when 1 is written to the TOSST bit in TRBOCR or a valid trigger signal is
input to the TRGB pin after the TSTART bit in TRBCR is set to 1 and the TCSTF flag is set to 1.
For a trigger input, the pulse must be longer than one cycle of the clock source for counting.

The counting is stopped when reloading is performed with an underflow of the counter, when 1 is
written to the TOSSP bit in TRBOCR, or when 0 is written to the TSTART bit in TRBCR.

(2) Forced Termination of Operation

Writing 1 to the TSTOP bit in TRBCR stops the counting forcedly. When the counting is forcedly
stopped, the timer RB counter, the prescaler counter, and any associated flags are initialized.

(3) Interrupt Request

An interrupt request is generated on the underflow of the timer RB counter.
(4) Reading and Writing Count Value

Reading TRBPRE and TRBTR reads count values from each register.

If a write is performed to TRBPRE or TRBPR when counting is stopped, set values are written to
both the reload register and the counter.

If a write is performed to TRBPRE or TRBPR during counting, data is written only to the
respective reload registers. The value written to TRBPRE takes effect in synchronization with the
underflow of the prescaler. The value written to TRBPR takes effect during the next one-shot
pulse.

Figure 14.3 shows an operation example of the timer RB in programmable one-shot generation
mode.
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Set to 1 by a program.

i

1
TSTART " :
in TRBCR . !
O 1
1
Write 1to TOSSTin | Change to 0 at the Change to 1 by the
TRBOCR. —~ end of counting. —~ — TRGB pin input trigger.
1
TOSSTF .
in TRBOCR :
1 “ 1
1
1
i
1
TRGB pin !
1
1
1
1
1

Count source

Timer RB prescaler
underflow signal

[T}

| § R I y .
Start of counting Timer RB primary Start of counting Timer RB primary
i reload ' reload
! A 41 |
Timer RB counter ( HO01 X H'00 X HO1 X H00 X Ho1 )

3---

Set to 0 by a program. '\‘

TRBIF in TRBIOC 1

ngn

TOPLinTRBIOC 1
"o |

!

Set to 0 by a program.

B e i

1
1
1
1
| |
Start of waveform output End of waveform output  Start of waveform output  End of waveform qutput
B J v | Y |
e 1 1
TRBO pin | ' i i
"o 1 | 1 |
[ 1 1
| | |
1 1 1
1 1 1
] ] ]
1 1 1
i i i
Conditions for the above operation:
TRBPRE = H'01, TRBPR=H'01
TOPL = 0 and TOCNT = 0 in TRBIOC
INOSTG = 1 (TRGB pin one-shot trigger function is enabled)
INOSEG = 1 (Rising edge trigger)
Figure 14.3 Operation in Programmable One-Shot Generation Mode
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14.3.4 Programmable Wait One-Shot Generation Mode

This mode outputs one-shot pulses from the TRBO pin after a fixed amount of time based on
either program or external trigger input. When a trigger is generated, beginning with that point in
time, pulses are output only once for any length of time set in TRBSC, after any length of time set
in TRBPR.

(1) Starting and Stopping Operation

The counting is started when 1 is written to the TOSST bit in TRBOCR or a valid trigger signal is
input to the TRGB pin after the TSTART bit in TRBCR is set to 1 and the TCSTF flag is set to 1.
For a trigger input, the pulse must be longer than one cycle of the clock source for counting.

The counting is stopped when reloading is performed with an underflow of the timer RB counter
during the secondary period counting, when 1 is written to the TOSSP bit in TRBOCR, or when 0
is written to the TSTART bit in TRBCR.

(2) Forced Termination of Operation

Writing 1 to the TSTOP bit in TRBCR stops the counting forcedly. When the counting is forcedly
stopped, the timer RB counter, the prescaler counter, and any associated flags are initialized.

(3) Interrupt Request

An interrupt request is generated on the underflow of the timer RB counter during the secondary
period counting.

(4) Reading and Writing Count Value
Reading TRBPRE and TRBTR reads count values from each register.

If a write is performed to TRBPRE, TRBPR, or TRBSC when counting is stopped, set values are
written to both the reload register and the counter.

If a write is performed to TRBPRE, TRBPR, or TRBSC during counting, data is written only to
the respective reload registers. The value written to TRBPRE takes effect in synchronization with
the underflow of the prescaler. The value written to TRBPR takes effect during the next one-shot
pulse.

After writing to TRBSC and TRBPR when TCSTF = 1 or TOSSTF = 0, if a write is successively
performed to TRBSC and then to TRBPR, allow an interval of 5 cycles of the clock source for
counting before writing 1 to the TOSST bit.

In this mode, TRBPRE or TRBPR should not be set to H'00.
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Figure 14.4 shows an operation example of the timer RB in programmable wait one-shot
generation mode.

Set to 1 by a program.

/ '

TSTART in 1 .
TRBCR "o .
1 Change to 1 by writing 1 to TOSST in Change to 0 at the |

ﬂ"TRBOCR or by the TRGB pin input trigger. end of counting. ™\

TOSSTF in i
TRBOCR wgr

A

TRGB input pin

Count source

Timer RB prescaler |_| |_| |_| |_| |_| |_| n
underflow signal

Start of Lounﬁng Timer RB Isecondary Timer RB primary
reload relpad
Timer RB counter ( | Ho1 X H'00 X | Ho4 x H'03 X H02 X H01 X H'00 X ' 01h )
h h h
' ! Set to 0 by a program—
nqn ' 1
TRBIF in TRBIR 1 H H
||0|| 1 1
j j j
Set to 0 by a program. ! '
TOPL in TRBIOC | | . . .
"o
' ' '
Start of waiting Start of waveform output End of waveform output

i

o
TRBO pin output g |

Conditions for the above operation:
TRBPRE = H'01, TRBPR = H'01, TRBSC = H'04
INOSTG = 1 (TRGB one-shot trigger function is enabled.)
INOSEG = 1 (Rising edge trigger)

Figure 14.4 Operation in Programmable Wait One-Shot Generation Mode
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14.3.5 Timing at Which Values Take Effect in Prescaler or Counter Depending on TWRC
Bit

Depending on the value assigned to the TWRC bit in TRBMR, the timing at which the value
written to TRBPRE, TRBPR, or TRBSC during timer operation takes effect in the counter can
vary.

If TWRC is set to 1 and value is written only to the register, the counter value is updated between
cycles, thus preventing the occurrence of fractional cycles. In modes other than the timer mode,
TWRC should be set to 1.

Figure 14.5 shows operation examples on the prescaler and the counter when the value of TWRC
isOand 1.

If TCSTF is 1, even when TWRC is cleared to 0, any transfer to the prescaler or the counter is
performed in synchronization with the count source; therefore, the counter value is not updated
immediately after the execution of a write instruction.
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Figure 14.5 TWRC Settings and Operation of Prescaler and Counter
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14.3.6 ' TOCNT Settings and Pin State Update Conditions

Depending on the TOCNT bit in TRBIOC and the corresponding bit in PMR, the user can select
whether the pin is used as a general I/O port or as a specific timer waveform output. In the case of
timer mode, however, the pin operates as a general I/O port, irrespective of TOCNT bit settings.

When the TOCNT bit is rewritten, the pin state is not updated immediately; the change takes
effect when either of the following conditions occurs:

Pin state update conditions:

e  When the TSTART bit in TRBCR is changed from O to 1
e When TRBPR is reloaded to the counter
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14.3.7  Operation through an Event Link

Using the event link controller (ELC), timer RB can be made to operate in the following ways in
relation to events occurring in other modules.

(1) Starting Counter Operation

The start of counting operations by timer RB can be selected by the ELOPA register of the ELC.
When the event specified in ELSR1 occurs, the TSTART bit in the TRBCR is set to 1, which
starts counting by timer RB. However, if the specified event occurs when the TCSTF flag has
already been set to 1, that event is not effective.

(2) Counting Events

The counting of events by timer RB can be selected by the ELOPA register of the ELC. When the
event specified in ELSR1 occurs, event counter operation proceeds with that event as the source to
drive counting, regardless of the setting in the TCK[2:0] bits in TRBMR. When event-counter
operation is to be employed, set the TSTART bit in TRBCR to 1 beforehand. When the value of
the counter is read, the value read out is the actual number of input events minus three.

144  Interrupt Request

This module provides a timer RB interrupt enable bit (the TRBIE bit in TRBIR) and a timer RB
interrupt request flag (the TRBIF bit in TRBIR). An interrupt request is issued to the CPU when
the TRBIE bit is set to 1 while the TRBIF bit is 1, or when the TRBIE bit changes from O to 1
while the TRBIF bit is 1. Since the condition under which the TRBIF bit is set varies with
operation modes, see the explanation on the TRBIF bit and the description of the various operation
modes.
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14.5  Usage Notes

1. In programmable one-shot generation mode and programmable wait one-shot generation
mode, if the counting is stopped by clearing the TSTART bit in TRBCR to 0, the timer counter
holds a count value, and then stops.

2. After 1 is written to the TSTART bit when the counting is stopped, the TCSTF bit remains 0
for the number of cycles of the count source. The timer RB related registers*, with the
exception of the TRBCR for reading should not be accessed until the TCSTF bit is set to 1.
After 0 is written to the TSTART bit during counting, the TCSTF bit remains 1 for the number
of cycles of the count source. The timer RB related registers*, with the exception of the
TRBCR for reading should not be accessed until the TCSTF bit is cleared to 0.

Note: Timer RB-related registers refer to registers TRBCR, TRBOCR, TRBIOC, TRBMR,
TRBPRE, TRBSC, and TRBPR.

3. TRBPRE and TRBPR should not be set to H'0O at the same time.

4. When rewriting the bits TRBPRE, TRBPR, and TRBSC at TSTART =0, set TSTART to 1
after the passage of at least 2 cycles of the system clock ¢.

5. When TSTART =1 or TCSTF = 1, TRBIOC, or TRBMR should not be rewritten.

6. When writing 1 to the TOSST bit, read the TCSTF bit and write by verifying the value 1.

7. In programmable waveform generation mode or programmable wait one-shot mode, make sure
another write to TRBSC does not occur between writing to TRBPR and reloading to the
counter.

8. When writing successively to TRBPRE during counting (TCSTF=1), allow at least four cycles
of the clock source for counting as the minimum interval for writing

9. When writing successively to TRBPR and TRBSC during counting (TCSTF=1), allow at least
four cycles of the clock source for counting as the minimum interval for writing

10. When 1 is written to the TOSST or TOSSP bit in TRBOCR, the value of the TOSSTF bit
changes accordingly after 1 to 2 cycles of the source for counting. If 1 is written to the TOSSP
bit during the period between the TOSST bit having been set to 1 and the value of the TOSSTF
bit becoming 1, the value of the TOSSTF bit will become 0 in some cases and 1 in others,
depending on the internal state. In the same way, if 1 is written to the TOSST bit during the
period between the TOSSP bit having been set to 1 and the value of the TOSSTF bit becoming
0, whether the value of the TOSSTF bit will become 0 or 1 is not defined.

11. When values for TRBPRE and TRBPR are successively read out from the same register, allow
at least two cycles of the clock source for counting as the minimum interval for reading

12. When timer RB selects the timer RA underflow as a count source, be sure to set timer RA to
timer mode, pulse output mode, or event counter mode.
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Section 15 Timer RC

Timer RC is a 16-bit timer having output compare and input capture functions. Timer RC can
count external events and output pulses with a desired duty cycle using the compare match
function between the timer counter and four general registers. Thus, it can be applied to various
systems.

Note: Timer RC is not supported in H8S/20223, H8S/20203, H8S/20215, and H8S/20235
Groups.

15.1 Features

e Selection of six counter clock sources
Five internal clocks (¢, ¢/2, ¢/4, $/8, and ¢/32) and an external clock (for counting external
events)
e Capability to process up to four pulse outputs or four pulse inputs
e Four general registers
Can be used as output compare or input capture registers independently
Can be used as buffer registers for the output compare or input capture registers
e Timer inputs and outputs
— Timer mode
Output compare function (Selection of O output, 1 output, or toggle output)
Input capture function (Rising edge, falling edge, or both edges can be detected.)
Counter clearing function (Counter cycle can be set.)
— PWM mode
Generates up to three-phase PWM output.
— PWM2 mode
Generates pulses with a desired period and duty cycle.
e Any initial timer output value can be set
¢ Five interrupt sources

Four compare match/input capture interrupts and an overflow interrupt.
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Table 15.1 summarizes the timer RC functions, and figure 15.1 shows a block diagram of timer

RC.

Table 15.1 Timer RC Functions

Input/Output Pins

Item Counter FTIOA FTIOB FTIOC FTIOD
Count clock Internal clocks: ¢, ¢/2, ¢/4, ¢/8, and ¢/32
External clock: FTCI

General registers Period GRA GRB GRC (buffer GRD (buffer

(output compare/input specified in register for  register for

capture registers) GRA GRAin GRB in

buffer mode) buffer mode)

Counter clearing function  GRA input GRA input — — —

capture/ capture/

compare  compare

match match

TRGC input — — — —

Initial output value — Yes Yes Yes Yes

setting function

Buffer function — Yes Yes — —

Compare Ooutput — Yes Yes Yes Yes

match output 1 output — Yes Yes Yes Yes

Toggle — Yes Yes Yes Yes
output

Input capture function — Yes Yes Yes Yes

PWM mode — — Yes Yes Yes

PWM2 mode — — Yes — —

Interrupt sources Overflow  Compare Compare Compare Compare
match/input match/input match/input match/input
capture capture capture capture
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Internal clock: ¢ |<«—> FTIOA/TRGC
$2421 |j Clock selection| |<«—> FTIOB
$/§2 Control logic ~—> FTIOC
External clock: FTCI Comparator ~<—> FTIOD
TRCOT —» —> OVF

— IMFA
——» IMFB
—— IMFC

—— IMFD
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Figure 15.1 Timer RC Block Diagram
Table 15.2 summarizes the timer RC pins.
Table 15.2 Pin Configuration
Input/
Pin Name Output Function
FTCI Input External clock input pin
FTIOA/TRGC 1/O Output pin for GRA output compare/input pin for GRA input capture/
external trigger input pin (TRGC)
FTIOB /10 Output pin for GRB output compare/input pin for GRB input capture/
PWM output pin in PWM mode
FTIOC I/0 Output pin for GRC output compare/input pin for GRC input capture/
PWM output pin in PWM mode
FTIOD /10 Output pin for GRD output compare/input pin for GRD input capture/
PWM output pin in PWM mode
TRCOI Input Input pin for timer output disabling signal
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15.2  Register Descriptions

The timer RC has the following registers.

Timer RC mode register (TRCMR)

Timer RC control register 1 (TRCCR1)

Timer RC control register 2 (TRCCR?2)

Timer RC interrupt enable register (TRCIER)

Timer RC status register (TRCSR)

Timer RC I/O control register 0 (TRCIORO)

Timer RC I/O control register 1 (TRCIOR1)

Timer RC output enable register (TRCOER)

Timer RC digital filtering function select register (TRCDF)
Timer RC A/D conversion start trigger control register (TRCADCR)
Timer RC counter (TRCCNT)

General register A (GRA)

General register B (GRB)

General register C (GRC)

General register D (GRD)
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15.2.1 Timer RC Mode Register (TRCMR)

Address: H'FFFF8A

Bit: b7 b6 b5 b4 b3 b2 b1 bo
CTS — BUFEB BUFEA PWM2 PWMD PWMC PWMB
Value after reset: 0 1 0 0 1 0 0 0
Bit Symbol Bit Name Description R/W
7 CTS Counter start  0: TRCCNT stops counting. R/W

1: TRCCNT starts counting.

[Setting conditions]

e When 1 is written in CTS

e When the specified event is occurred after
ELOPA of the event link controller is selected
counting by timer RC.

[Clearing conditions]

e When 0 is written in CTS

e In PWM2 mode, when the CSTP bit in TRCCR2
is set to 1 and a compare match signal is

generated.
— Reserved This bit is read as 1. The write value should be 1. —
BUFEB Buffer 0: GRD functions as an input capture/output R/W
operation B compare register
1: GRD functions as the buffer register for GRB
4 BUFEA Buffer 0: GRC functions as an input capture/output R/W
operation A compare register
1: GRC functions as the buffer register for GRA
3 PWM2 PWM2 mode 0: Timer RC functions in PWM2 mode. R/W

The following settings are invalid: TRCIORO,
TRCIORT1, and the PWMB, PWMC, and PWMD
bits in TRCMR.

1: Timer RC functions in timer mode or PWM mode.

The following settings are valid: TRCIORO,
TRCIORT1, and the PWMB, PWMC, and PWMD
bits in TRCMR.
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Bit Symbol  Bit Name Description R/W

2 PWMD PWM mode D Selects the output mode of the FTIOD pin. R/W
0: Functions in timer mode

1: Functions in PWM mode

1 PWMC PWM mode C Selects the output mode of the FTIOC pin. R/W

0: Functions in timer mode

1: Functions in PWM mode

0 PWMB PWM mode B Selects the output mode of the FTIOB pin. R/W
0: Functions in timer mode

1: Functions in PWM mode

15.2.2 Timer RC Control Register 1 (TRCCR1)

Address: H'FFFF8B

Bit: b7 b6 b5 b4 b3 b2 b1 bo
CCLR CKS[2:0] TOD ToC TOB TOA
Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
7 CCLR Counter clear 0: TRCCNT functions as a free-running counter. ~ R/W

1: The TRCCNT value is cleared by
input capture A/compare match A.

6to4 CKS[2:0]** Clock select
2t00

Select the source of the clock input to TRCCNT. R/W
000: TRCCNT counts the internal clock ¢.

001: TRCCNT counts the internal clock ¢/2.

010: TRCCNT counts the internal clock ¢/4.

011: TRCCNT counts the internal clock ¢/8.

100: TRCCNT counts the internal clock ¢/32.

101: TRCCNT counts the rising edge of the
external event (FTCI).

110: Setting prohibited
111: Reserved (setting prohibited)
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Bit Symbol Bit Name Description R/W

3 TOD Timer output ~ 0: Output value is 0%'. R/W
level setting D 4. oytput value is 1.

2 TOC Timer output ~ 0: Output value is 0%'. R/W
level setting C 4. oytput value is 1+,

1 TOB Timer output  0: Output value is 0%'. R/W
level setting B 4. oytput value is 1+,

0 TOA Timer output  0: Output value is 0%’ R/W
level setting A 4. output value is 1.

Notes: 1. The change of the setting is immediately reflected in the output value.
2. When the counter clock is switched over, the counter should be halted.

e TOD bit (timer output level setting D)

Sets the output value of the FTIOD pin until the first compare match D is generated. In PWM
mode, controls the output polarity of the FTIOD pin.

e TOC bit (timer output level setting C)
Sets the output value of the FTIOC pin until the first compare match C is generated. In PWM
mode, controls the output polarity of the FTIOC pin.

e TOB bit (timer output level setting B)

Sets the output value of the FTIOB pin until the first compare match B is generated. In PWM
mode, controls the output polarity of the FTIOB pin.

e TOA bit (timer output level setting A)
Sets the output value of the FTIOA pin until the first compare match A is generated. In PWM
mode, controls the output polarity of the FTIOA pin.
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15.2.3

Address: H'FFFF90

Timer RC Control Register 2 (TRCCR?2)

Bit: b7 b6 b5 b4 b3 b2 b1 b0
TCEG[1:0] CSTP — — POLD POLC POLB
Value after reset: 0 0 0 1 1 0 0 0
Bit Symbol Bit Name Description R/W
7,6 TCEG[1:0] TRGC input edge 00: A trigger input on TRGC is disabled. R/W
select 01: The rising edge is selected.
10: The falling edge is selected.
11: Both edges are selected.
5 CSTP Count stop 0: TRCCNT counting up continues. R/W
1: TRCCNT counting up is halted.
4,3 — Reserved These bits are read as 1. The write value should —
be 1.
2 POLD PWM mode output  0: The TRCIOD output is active low. R/W
level control D 1: The TRCIOD output is active high.
1 POLC PWM mode output  0: The TRCIOC output is active low. R/W
level control C 1: The TRCIOC output is active high.
0 POLB PWM mode output  0: The TRCIOB output is active low. R/W

level control B

1: The TRCIOB output is active high.

e TCEG[1:0] bits (TRGC input edge select)

These bits select the input edge of the TRGC signal. This function is only enabled when the
PWM2 bit in TRCMR is set to 0.

e CSTP bit (count stop)
Specifies whether TRCCNT counting up is halted by the compare match A signal. This
function is enabled in all operating modes. To resume counting after counting has been
stopped on a compare match, set the CTS bit in the timer RC mode register (TRCMR) to 1.
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15.24

Address: H'FFFF8C

Timer RC Interrupt Enable Register (TRCIER)

Bit: b7 b6 b5 b4 b3 b2 b1 b0
OVIE — — — IMIED IMIEC IMIEB IMIEA
Value after reset: 0 1 1 1 0 0 0 0
Bit Symbol Bit Name Description R/W
7 OVIE Timer overflow 0: An interrupt (FOVI) requested by the OVF flag in R/W
interrupt TRCSR is disabled.
enable 1: An interrupt (FOVI) requested by the OVF flag in
TRCSR is enabled.
6to4 — Reserved These bits are read as 1. The write value should be —
1.
3 IMIED Input capture/  0: An interrupt (IMID) requested by the IMFD flag in R/W
compare TRCSR is disabled.
match interrupt 4. A, interrupt (IMID) requested by the IMFD flag in
enable D TRCSR is enabled.
2 IMIEC Input capture/  0: An interrupt (IMIC) requested by the IMFC flag in R/W
compare TRCSR s disabled.
match interrupt 4. A interrupt (IMIC) requested by the IMFC flag in
enable C TRCSR is enabled.
1 IMIEB Input capture/  0: An interrupt (IMIB) requested by the IMFB flag in R/W
compare TRCSR is disabled.
match intermupt 4. An interrupt (IMIB) requested by the IMFB flag in
enable B TRCSR is enabled.
0 IMIEA Input capture/  0: An interrupt (IMIA) requested by the IMFA flag in R/W
compare TRCSR is disabled.
match interrupt 4. Ap interrupt (IMIA) requested by the IMFA flag in
enable A

TRCSR is enabled.
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15.2.5 Timer RC Status Register (TRCSR)

Address: H'FFFF8D

Bit: b7 b6 b5 b4 b3 b2 b1 b0
OVF — — — IMFD IMFC IMFB IMFA
Value after reset: 0 1 1 1 0 0 0 0
Bit Symbol Bit Name Description R/W
7 OVF Timer overflow flag 0: TRCCNT has not overflowed. R/W
1: TRCCNT has overflowed.

[Setting condition]

e When TRCCNT overflows from H'FFFF to

H'0000.
[Clearing condition]
¢ Read OVF when

OVF = 1, then write 0 in OVF.

6to4 — Reserved These bits are read as 1. The write value should —
be 1.
3 IMFD Input capture/ [Setting conditions] R/W

compare match e TRCCNT = GRD when GRD functions as an
output compare register.
e The TRCCNT value is transferred to GRD by

flag D

an input capture
an input capture

signal when GRD functions as
register.

e TRCCNT = GRD when the PWMD bit is set to
1 or the PWM2 bit to 0 in TRCMR.

[Clearing conditions]

e Read IMFD when IMFD = 1, then write 0 in

IMFD.
e The DTC is activ

ated by an IMFD interrupt and

the DISEL bit in MRB of DTC is 0.

Page 450 of 982 RE NESANAS

REJ09B0465-0300 Rev. 3.00
Sep 17,2010



H8S/20103, H8S/20203, H8S/20223, H8S/20115, H8S/20215, H8S/20235 Group Section 15 Timer RC

Bit Symbol Bit Name Description R/W
2 IMFC Input capture/ [Setting conditions] R/W
;:Iggngare match ¢ TRCCNT = GRC when GRC functions as an
output compare register.
e The TRCCNT value is transferred to GRC by
an input capture signal when GRC functions as
an input capture register.
e TRCCNT = GRC when the PWMC bit is set to
1 or the PWM2 bit to 0 in TRCMR.
[Clearing conditions]
e Read IMFC when IMFC = 1, then write 0 in
IMFC.
e The DTC is activated by an IMFC interrupt
when the DISEL bit in MRB of DTC is 0.
1 IMFB Input capture/ [Setting conditions] R/W
ﬁgggare match ,  TRCCNT = GRB when GRB functions as an
output compare register.
e The TRCCNT value is transferred to GRB by
an input capture signal when GRB functions as
an input capture register.
¢ TRCCNT = GRB when the PWMB bit is set to
1 or the PWM2 bit to 0 in TRCMR.
[Clearing conditions]
e Read IMFB when IMFB = 1, then write 0 in
IMFB.

e The DTC is activated by an IMFB interrupt
when the DISEL bit in MRB of DTC is 0.
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Bit Symbol Bit Name Description R/W
0 IMFA Input capture/ [Setting conditions] R/W
;:lggnzare match ¢ TRCCNT = GRA when GRA functions as an
output compare register.
e The TRCCNT value is transferred to GRA by
an input capture signal when GRA functions as
an input capture register.
[Clearing condition]
e Read IMFA when IMFA = 1, then write O in
IMFA.
The DTC is activated by an IMFA interrupt when
the DISEL bit in MRB of DTC is 0.
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15.2.6 Timer RC I/O Control Register 0 (TRCIOR0)

Address: H'FFFF8E

Bit:

b6

b5 b4 b3 b2 b1 b0

10B2

I0B[1:0] — 10A2 IOA[1:0]

Value after reset:

Bit Symbol

Bit Name

Description R/W

7 J—

Reserved

This bit is read as 1. The write value should be 1. —

6 10B2

I/O control B2

Selects the GRB function. R/W
0: GRB functions as an output compare register
1: GRB functions as an input capture register

5,4  |0B[1:0]

I/0O control B1
and BO

When 10B2 = 0, R/W
00: No output on compare match

01: 0 output to the FTIOB pin on compare match of
GRB

10: 1 output to the FTIOB pin on compare match of
GRB

11: Toggle output to the FTIOB pin on compare
match of GRB

When I0B2 =1,

00: Input capture to GRB at rising edge at the FTIOB
pin

01: Input capture to GRB at falling edge at the FTIOB
pin

1X: Input capture to GRB at rising and falling edges
of the FTIOB pin

Reserved

This bit is read as 1. The write value should be 1. —

2 I0A2

I/0O control A2

Selects the GRA function. R/W
0: GRA functions as an output compare register
1: GRA functions as an input capture register
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Bit Symbol Bit Name Description R/W
1,0 I0A[1:0] I/O control A1 When IOA2 = 0, R/W
and A0 00: No output on compare match
01: 0 output to the FTIOA pin on compare match of
GRA
10: 1 output to the FTIOA pin on compare match of
GRA

11: Toggle output to the FTIOA pin on compare
match of GRA

When IOA2 =1,

00: Input capture to GRA at rising edge of the FTIOA
pin

01: Input capture to GRA at falling edge of the FTIOA
pin

1X: Input capture to GRA at rising and falling edges
of the FTIOA pin

[Legend]

X: Don't care.

Notes: 1. When a GR register functions as a buffer register for a paired GR register, the settings
in the IOA2 and |0B2 bits in TRCIORO0 and the IOC2 and 10D2 bits in TRCIOR1 of both
registers should be the same.

2. The setting of TRCIOR is invalid in PWM mode and PWM2 mode.

TRCIORO selects the functions of GRA and GRB, and specifies the functions of the FTIOA and
FTIOB pins.
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15.2.7

Address: H'FFFF8F

Timer RC I/O Control Register 1 (TRCIOR1)

Bit: b7 b6 b5 b4 b3 b2 b1 bo
10D3 I0D2 I0D[1:0] loC3 loc2 I0C[1:0]

Value after reset: 1 0 0 0 1 0 0 0

Bit Symbol Bit Name Description R/W

7 I0D3 I/0O control D3 0: GRD is used as GR for the FTIOB pin R/W
1: GRD is used as GR for the FTIOD pin

6 I0D2 I/O control D2 0: GRD functions as an output compare register R/W
1: GRD functions as an input capture register

5,4 I0D[1:0] I/0O control D1 When IOD3 =0, R/W

and DO

00: No output on compare match

01: 0 output to the FTIOB pin on compare match of
GRD

10: 1 output to the FTIOB pin on compare match of
GRD

11: Toggle output to the FTIOB pin on compare
match of GRD

When I0D3 = 1 and IOD2 = 0,
00: No output on compare match

01: 0 output to the FTIOD pin on compare match of
GRD

10: 1 output to the FTIOD pin on compare match of
GRD

11: Toggle output to the FTIOD pin on compare
match of GRD

When IOD3 = 1 and IOD2 =1,

00: Input capture to GRD at rising edge of the FTIOD

pin
01: Input capture to GRD at falling edge of the
FTIOD pin

1X: Input capture to GRD at rising and falling edges

of the FTIOD pin
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Bit Symbol Bit Name Description R/W
3 10C3 I/O control C3 0: GRC is used as GR for the FTIOA pin R/W
1: GRC is used as GR for the FTIOC pin
2 10C2 I/0O control C2 0: GRC functions as an output compare register R/W
1: GRC functions as an input capture register
1,0 10C[1:0] I/0 control C1  When IOC3 =0, R/W
and CO 00: No output on compare match
01: 0 output to the FTIOA pin on compare match of
GRC
10: 1 output to the FTIOA pin on compare match of
GRC
11: Toggle output to the FTIOA pin on compare
match of GRC
When IOC3 = 1 and I0C2 = 0,
00: No output on compare match
01: 0 output to the FTIOC pin on compare match of
GRC
10: 1 output to the FTIOC pin on compare match of
GRC
11: Toggle output to the FTIOC pin on compare
match of GRC
When IOC3 =1 and IOC2 =1,
00: Input capture to GRC at rising edge of the
FTIOC pin
01: Input capture to GRC at falling edge of the
FTIOC pin
1X: Input capture to GRC at rising and falling
edges of the FTIOC pin
[Legend]

X: Don't care.

Notes: 1. When a GR register functions as a buffer register for a paired GR register, the settings
in the IOA2 and I0B2 bits in TRCIORO0 and the IOC2 and 10D2 bits in TRCIOR1 of both
registers should be the same.

2. The setting of TRCIOR1 is invalid in PWM mode and PWM2 mode.
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15.2.8 Timer RC Output Enable Register (TRCOER)

Address: H'FFFF92

Bit: b7 b6 b5 b4 b3 b2 b1 b0
PTO — — — ED EC EB EA
Value after reset: 0 1 1 1 1 1 1 1
Bit Symbol Bit Name Description R/W
7 PTO Timer output 0: The ED, EC, EB and EA bits are not setto 1 by R/W
disabled mode the low level input of the TRCOI signal.
1: The ED, EC, EB and EA bits are set to 1 by the
low level input of the TRCOI signal.
6to4 — Reserved These bits are read as 1. The write value should —
be 1.
3 ED Master enable D 0: The FTIOD output is enabled according to the  R/W
TRCMR and TRCIOR1 settings
1: The FTIOD output is disabled regardless of the
TRCMR and TRCIOR1 settings.
2 EC Master enable C  0: The FTIOC output is enabled according to the  R/W
TRCMR and TRCIOR1 settings.
1: The FTIOC output is disabled regardless of the
TRCMR and TRCIOR1 settings.
1 EB Master enable B 0: The FTIOB output is enabled according to the  R/W
TRCMR and TRCIORO settings
1: The FTIOB output is disabled regardless of the
TRCMR and TRCIORO settings.
0 EA Master enable A 0: The FTIOA output is enabled according to the ~ R/W

TRCIORQO settings

1: The FTIOA output is disabled regardless of the
TRCIORQO settings.

TRCOER enables or disables the timer outputs. When setting the PTO bit to 1 and driving the
TRCOI signal low, the ED, EC, EB and EA bits are set to 1 and timer RC outputs are disabled.
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15.2.9

Address: H'FFFF91

Timer RC Digital Filtering Function Select Register (TRCDF)

Bit: b7 b6 b5 b4 b3 b2 b1 bo
DFCK([1:0] — DFTRG DFD DFC DFB DFA
Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
7,6 DFCK[1:0] Digital filter clock These bits select the clock to be used by the R/W
select digital filter.
00: ¢/32
01: ¢/8
10: ¢
11: Clock specified by bits CKS2 to CKSO0 in
TRCCR1
— Reserved This bit is read as 0. The write value should be 0. —
DFTRG Digital filter 0: Disables the digital filter for the TRGC pin R/W
fpl::Ction trigger 4. Enables the digital filter for the TRGC pin
3 DFD Digital filter 0: Disables the digital filter for the FTIOD pin R/W
function D 1: Enables the digital filter for the FTIOD pin
2 DFC Digital filter 0: Disables the digital filter for the FTIOC pin R/W
function C 1: Enables the digital filter for the FTIOC pin
1 DFB Digital filter 0: Disables the digital filter for the FTIOB pin R/W
function B 1: Enables the digital filter for the FTIOB pin
0 DFA Digital filter 0: Disables the digital filter for the FTIOA pin R/W
function A 1: Enables the digital filter for the FTIOA pin
Note: The setting in this register is valid on the corresponding pin when the FTIOA to FTIOD
inputs are enabled by TRCIORO and TRCIOR1 and the TRGC input is selected by bits
TCEG1 and TCEGO in TRCCR2.
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15.2.10 Timer RC A/D Conversion Start Trigger Control Register (TRCADCR)

Address: H'FFFF93

Bit: b7 b6 b5 b4 b3 b2 b1 b0
— — — ADTRGAE | ADTRGBE | ADTRGCE | ADTRGDE
Value after reset: 1 1 1 1 0 0 0 0
Bit Symbol Bit Name Description R/W
7t04 — Reserved These bits are read as 1. The write value should —
be 1.
3 ADTRGAE A/D conversion  0: A/D conversion start trigger is not generated by R/W
start trigger A compare match of GRA
enable 1: A/D conversion start trigger is generated by
compare match of GRA
2 ADTRGBE A/D conversion  0: A/D conversion start trigger is not generated by R/W
start trigger B compare match of GRB
enable 1: A/D conversion start trigger is generated by
compare match of GRB
1 ADTRGCE A/D conversion  0: A/D conversion start trigger is not generated by R/W
start trigger C compare match of GRC
enable 1: A/D conversion start trigger is generated by
compare match of GRC
0 ADTRGDE A/D conversion  0: A/D conversion start trigger is not generated by R/W

start trigger D
enable

compare match of GRD

1: A/D conversion start trigger is generated by
compare match of GRD

TRCADCR selects the trigger source to start A/D conversion. A/D conversion start trigger is

generated by a corresponding compare match.
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15.2.11 Timer RC Counter (TRCCNT)

Address: H'FFFF80
gitt b15 b14 bi13 bi2 b1l bi0 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0

Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

TRCCNT is a 16-bit readable/writable up-counter. The input clock is selected by bits CKS2 to
CKSO0 in TRCCRI1. TRCCNT can be cleared to H'0000 through a compare match of GRA by
setting the CCLR bit in TRCCRI to 1. When TRCCNT overflows from H'FFFF to H'0000, the
OVF flag in TRCSR s set to 1. If the OVIE bit in TRCIER is set to 1 at this time, an interrupt
request is generated. TRCCNT must always be read from or written to in units of 16 bits; 8-bit
accesses are not allowed. The initial value of TRCCNT is H'0000.
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15.2.12 General Registers A, B, C, and D (GRA, GRB, GRC, and GRD)

GRA

Address:

Bit:

Value after reset:

GRB

Address:

Bit:

Value after reset:

GRC

Address:
Bit:

Value after reset:

GRD

Address:

Bit:

Value after reset:

b2 b1 b0

b2 b1 b0

b2 b1 b0

b2 b1 b0
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Each general register is a 16-bit readable/writable register that can function as either an output-
compare register or an input-capture register. The function is selected by settings in TRCIORO and
TRCIORI.

When a general register is used as an input-compare register, its value is constantly compared with
the TRCCNT value. When the two values match (a compare match), the corresponding flag (the
IMFA, IMFB, IMFC, or IMFD bit) in TRCSR is set to 1. An interrupt request is generated at this
time, when the IMIEA, IMIEB, IMIEC, or IMIED bit in TRCIER is set to 1. A compare match
output can be selected in TRCIOR.

When a general register is used as an input-capture register, an external input-capture signal is
detected and the current TRCCNT value is stored in the general register. The corresponding flag
(the IMFA, IMFB, IMFC, or IMFD bit) in TRCSR is set to 1. If the corresponding interrupt-
enable bit (the IMIEA, IMIEB, IMIEC, or IMIED bit) in TRCIER is set to 1 at this time, an
interrupt request is generated. The edge of the input-capture signal is selected in TRCIOR.

GRC and GRD can be used as buffer registers of GRA and GRB, respectively, by setting BUFEA
and BUFEB in TRCMR.

For example, when GRA is set as an output-compare register and GRC is set as the buffer register
for GRA, the value in the buffer register GRC is sent to GRA whenever compare match A is
generated.

When GRA is set as an input-capture register and GRC is set as the buffer register for GRA, the
value in TRCCNT is transferred to GRA and the value in the buffer register GRA is transferred to
GRC whenever an input capture is generated.

GRA to GRD must be written or read in 16-bit units; 8-bit access is not allowed. GRA to GRD are
initialized to H'FFFF by a reset.
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15.3  Operation
Timer RC has the following operating modes.

e Timer mode operation

Enables output compare and input capture functions by setting the IOA2 to IOAQ and IOB2 to
IOBO bits in TRCIORO and the IOC3 to IOCO0 and IOD3 to IODO bits in TRCIORI.

e PWM mode operation

Enables PWM mode operation by setting the PWMD, PWMC, and PWMB bits in TRCMR.
e PWM2 mode operation

Enables PWM2 mode operation by setting the PWM2 bit in TRCMR.

The FTIOA to FTIOD pins indicate the timer output mode by each register setting. Set 1 to the
PMCR and PMR bits corresponding to the pins selected by the PMC.

Table 15.3 FTIOA Pin Functions

Register
Name TRCOER TRCMR  TRCIORO
I0A2 to

Bit Name EA PWM2 I0A0 Function
Setting 0 1 001, 01X  Timer mode waveform output (output compare
values function)

X 1 1XX Timer mode (input capture function)

X 1 000 General input port (when PCR = 0 on the

corresponding pin)
Other than above Setting prohibited

[Legend]
X: Don't care.
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Table 15.4 FTIOB Pin Functions

Register
Name TRCOER TRCMR TRCIORO
I0B2 to
Bit Name EB PWM2 PWMB 10B0 Function
Setting 0 0 X XXX PWM2 mode waveform output
values 0 1 1 XXX PWM mode waveform output
1 0 001, 01X Timer mode waveform output (output
compare function)
X 1 0 1XX Timer mode (input capture function)
X 1 0 000 General input port (when PCR =0 on
the corresponding pin)
Other than above Setting prohibited
[Legend]
X: Don't care.
Table 15.5 FTIOC Pin Functions
Register
Name TRCOER TRCMR TRCIOR1
I0C2 to
Bit Name EC PWM2 PWMC 10CO Function
Setting 0 1 1 XXX PWM mode waveform output
values 0 1 0 001, 01X Timer mode waveform output (output
compare function)
X 1 0 1XX Timer mode (input capture function)
X 1 0 000 General input port (when PCR =0 on
the corresponding pin)
Other than above Setting prohibited
[Legend]
X: Don't care.
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Table 15.6 FTIOD Pin Functions

Register
Name TRCOER TRCMR TRCIOR1
I0D2 to
Bit Name ED PWM2 PWMD 10DO Function
Setting 0 1 1 XXX PWM mode waveform output
values 0 1 0 001, 01X Timer mode waveform output (output
compare function)
X 1 0 1XX Timer mode (input capture function)
X 1 0 000 General input port (when PCR =0 on
the corresponding pin)
Other than above Setting prohibited
[Legend]
X: Don't care.

15.3.1 Timer Mode Operation

TRCCNT performs free-running or periodic counting operations. After a reset, TRCCNT is set as
a free-running counter. When the CTS bit in TRCMR is set to 1, TRCCNT starts counting. When
the TRCCNT value overflows from H'FFFF to H'0000, the OVF flag in TRCSR is set to 1. If the
OVIE in TRCIER is set to 1, an interrupt request is generated. Figure 15.2 shows an example of

free-running counting.

TRCCNT

H'0000

» Time

CTS bit | !

Flag cleared
by software
‘/ y

Figure 15.2 Free-Running Counter Operation
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Periodic counting operation can be performed when GRA is set as an output compare register and
the CCLR bit in TRCCRI is set to 1. When the counter value matches GRA, TRCCNT is cleared
to H'0000, and the IMFA flag in TRCSR is set to 1. If the corresponding IMIEA bit in TRCIER is
set to 1, an interrupt request is generated. TRCCNT continues counting from H'0000. Figure 15.3
shows an example of periodic counting.

TRCCNT
GRA [~ - o mm e e e
H'0000 > Time
CTS bit ;
—_— - Flag cleared
! o by software
IMFA

Figure 15.3 Periodic Counter Operation

By setting a general register as an output compare register, the specified level of a signal can be
output on the FTIOA, FTIOB, FTIOC, or FTIOD pin on compare match A, B, C, or D. The output
level can be selected from 0, 1, or toggle. Figure 15.4 shows an example of TRCCNT functioning
as a free-running counter. In this example, 1 is output on compare match A and 0O is output on
compare match B. When the signal level is already at the selected output level, it is not changed
on a compare match.

TRCCNT

o
e R T P

GRB |7 . N B '
H'0000

FTIOA ! | ! No change No change

FTIOB | 1 No change 1_No change
J

Figure 15.4 0 and 1 Output Example (TOA =0, TOB =1)
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Figure 15.5 shows an example of toggled output when TRCCNT functions as a free-running
counter, and the toggled output is selected for both compare matches A and B.

TRCCNT

i =
GRA  |romemmmeee T T

GRB  |---- T
H'0000

SR (P

E » Time
FTIOA [ | Output toggled

ETIOB | | Output toggled

Figure 15.5 Toggle Output Example (TOA =0, TOB =1)

Figure 15.6 shows another example of toggled output when TRCCNT functions as a periodic
counter on both compare matches A and B.

TRCCNT

Counter cleared by compare match of GRA
HFFFF |- oo oo oo oo T o

GRA  fmmm e -

GRB "7 .
H0000 : »Time

: : Output
FTIOA ' ! toggled

FTIOB | | | | Output
toggled

Figure 15.6 Toggle Output Example (TOA =0, TOB =1)
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The TRCCNT value can be captured into a general register (GRA, GRB, GRC, or GRD) when
signal levels are changed on an input-capture pin (FTIOA, FTIOB, FTIOC, or FTIOD) by
specifying the general register as an input capture register. The capture timing can be selected
from the rising, falling, or both edges. By using the input-capture function, the width or cycle of a
pulse can be measured. Figure 15.7 shows an example of an input capture when both edges of the
FTIOA signal and the falling edge of the FTIOB signal are selected as capture timings. TRCCNT
functions as a free-running counter.

TRCCNT

HFFFF

H'FO00

H'AA55

H'55AA
H'1000
H'0000

A

H'1000 X H'F000

H'55AA

H'AA55

Figure 15.7 Input Capture Operating Example
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Figure 15.8 shows an example of buffer operation when GRA is set as an input-capture register
and GRC is set as the buffer register for GRA. TRCCNT functions as a free-running counter and
is captured at both rising and falling edges of the FTIOA signal. Due to the buffer operation, the
GRA value is transferred to GRC on an input-capture A and the TRCCNT value is stored in GRA.

TRCCNT
A

[ e
HDAQT | -mom i e e e T

H'5480

H'0245 |---cc ™o
H'0000

FTIOA l { f

H'DA91

GRA X Ho245 X H5480
N \

S<Ka ST

H'5480

GRC X X Ho245

Figure 15.8 Buffer Operation Example (Input Capture)
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15.3.2 PWM Mode Operation

In PWM mode, PWM waveforms are generated by using GRA as the cycle register and GRB,
GRC, and GRD as duty cycle registers. PWM waveforms are output from the FTIOB, FTIOC, and
FTIOD pins. Up to three-phase PWM waveforms can be output. In PWM mode, a general register
functions as an output compare register automatically. The initial output level of each pin depends
on the settings in TRCCR1 and TRCCR2. Table 15.7 shows an example of the initial output level
of the FTIOB pin.

Table 15.7 Initial Output Level of FTIOB Pin

Bit TOB (TRCCR1) Bit POLB (TRCCR2) Initial Output Level

0 0 1
0 1 0
1 0 0
1 1 1

The output level of each pin is determined by the value of the corresponding PWM mode output
level control bit (POLB, POLC, or POLD) in TRCCR2. When POLB is 0, the FTIOB output pin is
set to 0 on compare match B, and set to 1 on compare match A, whereas when POLB is 1, the
FTIOB output pin is set to 1 on compare match B, and set to O on compare match A. When an
output pin is set to PWM mode, the settings in TRCIORO0 and TRCIORI1 are ignored. If the same
value is set in the cycle register and duty cycle register, output levels are not changed when a
compare match occurs.
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Figure 15.9 shows an example of operation in PWM mode. The output signals go 1 and TRCCNT
is cleared on compare match A, and the output signals go 0 on compare match B, C, and D.

TRCCNT

GRA
GRB
GRC
GRD
H'0000

Counter cleared by compare match A

FTIOB

FTIOD _|

Figure 15.9 PWM Mode Example (1)

Figure 15.10 shows another example of operation in PWM mode. The output signals go 0 and
TRCCNT is cleared on compare match A, and the output signals go 1 on compare match B, C, and

D.

TRCCNT

GRA
GRB
GRC
GRD
H'0000

Counter cleared by compare match A

FTIOB

FTIOD _I

L

Figure 15.10 PWM Mode Example (2)
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Figure 15.11 shows an example of buffer operation when the FTIOB pin is set to PWM mode and
GRD is set as the buffer register for GRB. TRCCNT is cleared on compare match A, and the
FTIOB pin outputs 1 on compare match B and 0 on compare match A.

Due to the buffer operation, the FTIOB output levels are changed and the value of buffer register
GRD is transferred to GRB whenever compare match B occurs. This procedure is repeated every
time compare match B occurs.

TRCCNT value

GRB

H'0000

X

GRD  H'0200 H'0450 H'0520

GRB H'0200 H'0450

1H'0520

Figure 15.11 Buffer Operation Example (Output Compare)
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Figures 15.12 and 15.13 show examples of the output of PWM waveforms with duty cycles of 0%

and 100%.
TRCCNT
A GRB changed
GRA
GRB  [—-—r—- GRB changed
H0000 5 L~ : »Time
FTIOB | | Duty cycle 0% | | |
TRCCNT Output levels of FTIOB are not changed when compare
A matches of cycle register and duty cycle register occur
GRB changed simultaneously.
GRA pommmmeees > B GRE changed =T~
I / === -
: d')GRB changed !
GRB  |—- - = T T &4
H'0000 s ; -Time
Duty cycle 100%
FTIOB 4 ey 0 |_
Output levels of FTIOB are not changed when compare
TRCCNT matches of cycle register and duty cycle register occur
) simultaneously.
GRB changed o—-—-— —_
GRA [eoocoioo- T T -
I GRB changed |
' C')_
GRB  }—- - GRB changed
H'0000 s l »Time
Duty cycle 100% Duty cycle 0%
FTIOB | ey ° yovee ™™
Figure 15.12 PWM Mode Example (Initial Output Set to 0)
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TRCCNT

A

GRA

GRB
H'0000

GRB changed

GRB changed
|~

» Time

FTIOB |—|

Duty cycle 100%

TRCCNT Output levels of FTIOB are not changed when compare
A matches of cycle register and duty cycle register occur
GRB changed simultaneously.
GRA |---------- -_— R R
| | i
(SGRB changed !
GRB |—-— - = T
H'0000 s : > Time
| Duty cycle 0% | | |
FTIOB yoee o
Output levels of FTIOB are not changed when compare
TRCCNT . ;
matches of cycle register and duty cycle register occur
A simultaneously.
GRB changed o—-—-— —
GRA |ecooonoo- A 2 e
I GRB changed |
' (')_
GRB |}—- -z GRB changed
H'0000 E > Time

| Duty cycle 0% |
FTIOB yoyeen»

R
Duty cycle 100%

Figure 15.13 PWM Mode Example (Initial Output Set to 1)
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15.3.3 PWM2 Mode Operation

In PWM2 mode, waveforms are output on the FTIOB pin when a compare match occurs on GRB
or GRC. GRD functions as a buffer register for GRB by setting the BUFEB bit in TRCMR to 1.
The output level of the FTIOB signal is specified by the TOB bit in TRCCR1. When TOB =0, 1
is output on a compare match of GRC and 0 is output on a compare match of GRB. When TOB =
1, 0 is output on a compare match of GRC and 1 is output on a compare match of GRB.

Table 15.8 shows the correspondence between the pin configuration and GR registers and figure
15.14 is a block diagram in PWM?2 mode.

Figures 15.15 and 15.16 show the GRD and GRB buffer operating timing in PWM2 mode.

In PWM2 mode, the value of GRD is transferred to GRB on a compare match of GRA and the
counter is cleared. Note, however, that the counter is only cleared when the CCLR bit in TRCCRI1
is set to 1. Moreover, when the trigger input is enabled by the TCEG1 and TCEGO bits in
TRCCR2, the value of GRD is transferred to GRB by the trigger signal and the counter is cleared.
The input/output pins of timers which do not operate in PWM2 mode are only used as general I/O
ports.

Table 15.8 Pin Configuration in PWM2 Mode and GR Registers

Pin Name  Input/Output Compare Match Register Buffer Register
FTIOA I/O Port*/TRGC Port*/TRGC
FTIOB Output GRB GRD

GRC —
FTIOC I/0 Port* Port*
FTIOD I/0 Port* Port*

Note: * When the port functions, clear the PMR bit on the corresponding pin to 0.
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Trigger signal

FTIOA/TRGC O———» Qounter clear Compare match signal
Input signal
control
| TRCCNT I———|Comparator|-—| GRA
Compare match signal
FTIOB Output |
contro _—-—IComparatorlﬂ—l GRB
Compare match signal

|
——|Comparator|<—| GRC |

Figure 15.14 Block Diagram in PWM2 Mode

A I I A

TRCCNT L X H'0000
GRA L :
GRD M :

\
GRB N X M
Compare I_i
match signal

Figure 15.15 GRD and GRB Buffer Operating Timing in PWM2 Mode (1)
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; [ [ I A O A

TRCCNT N X N+ 1 X H'0000
GRA L :
GRD M 5

GRB N X M
Counter clear
signal by trigger | |

input

Figure 15.16 GRD and GRB Buffer Operating Timing in PWM2 Mode (2)

In PWM2 mode, a pulse with arbitrary pulse width and delay time to the TRGC input can be
output from the FTIOB pin

Figures 15.17 and 15.18 show these examples in PWM?2 mode. In these examples, the falling edge
of the TRGC input is selected by TRCCR?2 (setting the TCEG1 bit to 1 and clearing the TCEGO
bit to 0), TRCCNT continues counting-up on compare match A of GRA (clearing the CSTP bit in
TRCCR2 to 0), and GRD is set as the buffer register (setting the BUFEB bit in TRCMR to 1). The
initial value of the output signal is set to either 0 or 1 by TRCCRI1 (clearing the TOB bit to 0 or
setting the TOB bit to 1), TRCCNT is cleared on compare match A (setting the CCLR bit in
TRCCRI to 1), and the waveform is output from the FTIOB pin (clearing the PWM2 bit in
TRCMR to 0).

When the TOB bit in TRCCR1 is cleared to 0 with the PWM?2 mode function, the input edge is
ignored while the FTIOB pin is driven high. Whereas, when the TOB bit is set to 1, the input edge
is ignored while the FTIOB pin is driven low. The transfer from GRD to GRB is carried out on a
compare match of GRA and the TRGC input. However, if the TRGC input is canceled due to the
change of the FTIOB level, the transfer from GRD to GRB is not carried out.
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The value of TRCCNT

i S I L A e S R B T T
i __ oAl _d_____ Il __
GRA [ ] Il ] ] ]
[ | \ | | I
[ ] ] ] ]
GRB | gl | [l SR
[ ] ] ] ]
GRC I y~2_ _ _ { I [ R -
U 1 L L 1 L 1 T
H0000 [ ] ] I [ ] ] ime
[ ] ] I [ ] ]
™t T T ] T T
FTIOATRGC | | | | | |
[ I I I I
]
]

when TOB = 1) o ' when TOB = 1, the trigger input is ignored
while the FTIOB pin is driven low

1
|
i
|
FTIOB '_I |
(Output transformation | |
when TOB = 0) 1o | [ [ | When TOB = 0, the trigger input is ignored
FTIOB o o : :
(Output transformation : ' l : | : : | while the FTIOB pin is driven high, whereas
| |
1 1
| |

GRp A X B ! ! X _ D :
A N N
GRB A X__ B X C X

Figure 15.17 Example (1) of TRGC Synchronous Operation in PWM2 Mode

The value of TRCCNT

HFFFF |-r-7----
GRA |-t-t+----

GRB |-

GRC |-
H'0000

cTs 4

[l
1
I
I
| :% Data written from
FTIOATRGC | the CPU to GRD
FTIOB i
.
I
I
)

RN N N N I |

|

(Output transformation
when TOB = 0)

FTIOB
(Output transformation
when TOB = 1)

]

GRD A

|
1
|
|
|
|
T
|
|
|
]
|
|
|
|
i
! !
GRB A X B X A A Data copied from

GRD to GRB

Figure 15.18 Example (2) of TRGC Synchronous Operation in PWM2 Mode

The following is an example of stopping operation of the counter in PWM2 mode. When the
CSTP bit in TRCCR2 is set to 1 and the CCLR bit in TRCCRI1 is set to 1, TRCCNT is cleared to
H'0000 on a compare match with GRA and stops counting. Moreover, TRCCNT is forcibly
stopped and cleared to the initial value when the CTS bit in TRCMR is cleared to 0. Figure 15.19
shows such an example when the TOB bit in TRCCRI1 is cleared to 0 and set to 1.
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The value of TRCCNT

HFFFF F-r-7----

I i TTTTAT T T T T T T T T T T T e
[ | [ |
GRA fF-t-ft-———A-——————— i e
| | [ |
[ | [ |
[ | [ |
GRB |-+—-4————p &} e
[ 1 [ )
[ 1 [ |
GRC |-+ < R - JI/___I ___________________
H'0000 e . EEr— > Time
! 1 1 | 1 1
| | |
CTS I | | | I |
| | _ |
FTIOATTRGC ! ! High !
| | | A
FTIOB
(Output transformation
when TOB = 0) ] |
L | L
FTIOB _l I
(Output transformation l I
when TOB = 1)

Figure 15.19 Example of Stopping Operation of the Counter in PWM2 Mode

The following is an example of output operation of the one-shot pulse waveform in PWM?2 mode.
When the TRGC input is disabled by TRCCR2 (clearing the TCEG1 and TCEGO bits to 0),
TRCCNT is set to stop counting-up on compare match A with GRA (setting the CSTP bit in
TRCCR2 to 1), TRCCNT is cleared on compare match A (setting the CCRL bit in TRCCRI1 to 1),
and the initial value of the output signal is set to 0 by TRCCRI1 (clearing the TOB bit to 0),
TRCCNT starts counting when the CTS bit in TRCMR is set to 1. Then, TRCCNT is cleared to
H'0000 on a compare match with GRA and stops counting, and the one-shot pulse waveform is
output. Figure 15.20 shows such an example.

The value of TRCCNT

FTIOA/TRGC

FTIOB

Figure 15.20 Example (1) of Output Operation of One-Shot Pulse Waveform
in PWM2 Mode
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The following is an example of operation when TRCCNT starts counting by the TRGC input and
the one-shot pulse waveform is output in PWM2 mode. When the falling edge of the TRGC input
is selected by TRCCR?2 (setting the TCEGI bit to 1 and clearing the TCEGO bit to 0), TRCCNT is
set to counting-up on compare match A with GRA (setting the CSTP bit in TRCCR2 to 1),
TRCCNT is cleared on compare match A (setting the CCRL bit in TRCCRI1 to 1), and the initial
value of the output signal is set to 0 by TRCCRI1 (clearing the TOB bit to 0), TRCCNT starts
counting at the falling edge of FTIOA/TRGC after the CTS bit in TRCMR has been set to 1. Then,
TRCCNT is cleared to H'0000 on a compare match with GRA and stops counting, and the one-
shot pulse waveform is output. Figure 15.21 shows such an example.

The value of TRCCNT

HFFFF b-r--—r-r—---r

] ] ] ]
GRA F-r-—--r-r----r
] ] ] ]
] ] ] ]

GRB |-poempopmmm ol
1 1 1 1
o e
H'0000 ; v ;
] | | |
T T T
CTS [ |
_I 1 1 1
] ] ]
FTIOATRGC i i
v !
] ]

FTIOB | |

Figure 15.21 Example (2) of Output Operation of One-Shot Pulse Waveform
in PWM2 Mode
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15.3.4  Digital Filtering Function for Input Capture Inputs

Input signals on the FTIOA to FTIOD and TRGC pin can be input via the digital filters. The
digital filter includes three latches connected in series and a match detector circuit. The input
signals on the FTIOA to FTIOD or TRGC pins are using on the sampling clock specified by the
DFCKI1 and DFCKO bits in TRCDF. When outputs of the three latches match, the match detector
circuit outputs the signal level of the input. Otherwise, the output remains unchanged. That is,
when a pulse width is equal to or greater than three sampling clock cycles, the pulse is input as a
signal. When a pulse width is less than three sampling clock cycles, the pulse is considered as
noise to be removed.

CKS2 to DFCK1 and
CKS0 DFCKO
/32—
0/32 08—
FTCI .
/8
o4
/2 ! DFTRG and I0A[1:0] to
0 Sampling clock DFA to DFD 10D[1:0]
| ‘ '
FTIOA to FTIOD C o] (e} Cc Match Edge
and TRGC D QpF*D Q D Q D Q [—> detector [—> Selecter [— detecting [—>
input signals Latch Latch Latch Latch circuit circuit
N r
C
D Q
Latch

Cycle of a clock specified
by CKS2 to CKSO
or DFCK1 and DFCKO

FTIOA to FTIOD ' '

' ' ' '

i | i i | |
or TRGC _,_'_'_l \ \ ' '
input signal ' '

[ 1

Digital-filtered signal N N ‘ |

Signal propagation delay:
5 sampling clocks

Signal change is not output unless

signal levels match three times.

Figure 15.22 Block Diagram of Digital Filter
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15.3.5 A/D Conversion Start Trigger Setting Function

Timer RC can generate the A/D conversion start trigger signal on compare matches A, B, C, and
D by setting the timer RC A/D conversion start trigger control register (TRCADCR). Figure 15.23
shows an example where the A/D conversion start trigger signal is set to be output on compare
matches B and C.

T T B

GRB|
GRC |- 07

1
4
'
1
'
'
'
4

H'0000

|
h
! .
' A/D conversion start

|_| |_| trigger is generated. I-I n

ADTRG

Figure 15.23 Example of Compare Match

In buffer operation, a buffer register cannot be used to generate the A/D conversion start trigger.
Moreover, GRC cannot serve as a buffer register for GRA in PWM2 mode. Table 15.9 shows the
A/D conversion start trigger source in each operating mode.
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Table 15.9 A/D Conversion Start Trigger Generation in Each Operating Mode

A/D Conversion Start Trigger Generation

Operating Mode Buffer Operation GRA GRB GRC GRD

Input capture Enabled X X X X
Disabled X X X X

Compare match Enabled (0] (0] X X
Disabled 0] O (0] o]

PWM mode Enabled (0] 0] X X
Disabled 0] 0] (0] 0]

PWM2 mode Enabled o (0] (0] X
Disabled O 0] (0] 0]

[Legend]

O: The A/D conversion start trigger signal is generated.

X: The A/D conversion start trigger signal is not generated.
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15.3.6  Function of Changing Output Pins for GR

With the settings of bits IOC3 and I0D3 in TRCIORI, pins for outputs of compare match signals
for GRC and GRD can be changed from the FTIOC and FTIOD pins to the FTIOA and FTIOB
pins. This means that the compare match A signal with the compare match C signal can be output
on the FTIOA pin. The compare match B with the compare match D signal can be output on the
FTIOB pin. Figure 15.24 is a block diagram of this function. Channel 0 and channel 1 can be set

independently.
» Compare match signal I TRCCNT |
FTIOA O output |
y '—>|Comparator|<—| GRA |
_ Compare match signal
FTIOC 0=—{—{ 4PV l«—o |
'—>|Comparator|<—| GRC |
P Compare match signal
FTIOB O O”tf”‘l |
contro ‘_J) -—>|Comparator|<—| GRB |
__Compare match signal
FTIOD O &“,ffrif <«—o0 |
—>|Comparator|<—| GRD |
Figure 15.24 Block Diagram of Output Pins for GR
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Figure 15.25 is an example when non-overlapped pulses are output on pins FTIOA and FTIOB. In
this example, TRCCNT functions as a periodic counter which is cleared on compare match A (bit
CCLR in TRCCRI is set to 1), an output signal is toggled on compare match A (bits IOA2 to
IOAO in TRCIORO are set to B'011), the output signal on the FTIOA pin is toggled on compare
match C (GRC) (bits IOC3 to IOCO in TRCIOR 1are set to B'0X11), an output signal is toggled on
compare match B (GRB) (bits IOB2 to IOB0 in TRCIORO are set to B'011), and the output signal
on the FTIOB pin is toggled on compare match D (GRD) (bits IOD3 to IODO in TRCIORI1 are set
to B'OX11). The cycle of the pulse is arbitrary.

TRCCNT
A Counter cleared by compare match of GRA

HFFFF |- L S LCIELTT T EEREERPEREE

GRA | oo A S

GRC | i A A A
GRB |-~~~ L N T -

GRD | . R N’ R (I S S
H'0000 “— — - — - — . > Time

FTIOA : : : : E

Figure 15.25 Example of Non-Overlapped Pulses Output on Pins FTIOA and FTIOB
(TRCCNT Used)
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15.3.7  Operation through an Event Link

Using the event link controller (ELC), timer RC can be made to operate in the following ways in
relation to events occurring in other modules.

(1) Staring Counter Operation

The start of counting operations by timer RC can be selected by ELOPA of the ELC. When the
event specified by ELSR2 occur, the CTS bit in TRCMR is set to 1, which stars counting by timer
RC. However, if the specified event occurs when the CTS bit has already been set to 1, the event
is not effective.

(2) Counting Event

The counting of events by timer RC can be selected by ELOPA of the ELC. When the event
specified in ELSR2 occurs, event counter operation proceeds with that event as the source to drive
counting, regardless of the setting of the CKS[2:0] bits in TRCCRI1 and the CTS bit in TRCMR.
When the value of the counter is read, the value read out is the actual number of input events.

(3) Input Capture

Input capture operation of timer RC can be selected by ELOPA of the ELC. When the event
specified in ELSR2 occurs, GRD captures the value of TRCCNT. When input capture operation
initiated by an event link is in use, set the IOD[3:0] bits = b'1101 in TRCIORT1 of timer RC, set the
CTS bit in TRCMR to 1, and then start the counter. Since input on the FTIOD pin becomes valid
at the same time, fix the input to the FTIOD pin or take other measures such as not allocating the
FTIOD pin to the port in the PMC, etc.
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15.4  Operation Timing

154.1 TRCCNT Counting Timing

Figure 15.26 shows the TRCCNT count timing when the internal clock source is selected. Figure

15.27 shows the timing when the external clock source is selected.

¢ IlERERENERE RSN -

Internal clock Rising edge

;I'llzgkCNT input ] | | —l

TRCCNT N ) N+ 1

Figure 15.26 Count Timing for Internal Clock Source

o
External clock Rising edge Rising edge
TRCCNT
input clock
TRCCNT N X N+ 1 N+2

Figure 15.27 Count Timing for External Clock Source
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154.2  Output Compare Qutput Timing

The compare match signal is generated in the last state in which TRCCNT and GR match (when
TRCCNT changes from the matching value to the next value). When the compare match signal is
generated, the output value selected in TRCIOR is output on the compare match output pin
(FTIOA, FTIOB, FTIOC, or FTIOD).

When TRCCNT matches GR, the compare match signal is generated only after the next counter
clock pulse is input.

Figure 15.28 shows the output compare timing.

0 T L L e
TRCCNT input | |
clock

TRCCNT N L N+t
GRA to GRD N

Compare | |

match signal

FTIOA to FTIOD X

Figure 15.28 Output Compare Output Timing
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154.3 Input Capture Timing

Input capture on the rising edge, falling edge, or both edges can be selected through settings in
TRCIORO and TRCIORI1. Figure 15.29 shows the timing when the falling edge is selected.

¢ J L

Input capture
input

Input capture
signal

TRCONT :X N1 ) NN Ner K ne2 )
\

GRA to GRD X N

Figure 15.29 Input Capture Input Signal Timing

15.4.4 Timing of Counter Clearing by Compare Match

Figure 15.30 shows the timing when the counter is cleared by compare match A. When the GRA
value is N, the counter counts from O to N, and its cycle is N + 1.

' L L L
Compare
match signal

TRCCNT N X H'0000

GRA N

Figure 15.30 Timing of Counter Clearing by Compare Match
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154.5 Buffer Operation Timing

Figures 15.31 and 15.32 show the buffer operation timing.

LS [ I A A S B A O

match signal

TRCCNT N

N+1

GRC, GRD

GRA, GRB

Compare I_l
:X
%
\

Figure 15.31 Buffer Operation Timing (Compare Match)

O I O O

Input capture
signal | |

[ ]
TRCCNT N X N+1
N\ N\
GRA, GRB M X N X N+ 1
GRC, GRD \i v \i N

Figure 15.32 Buffer Operation Timing (Input Capture)
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154.6 Timing of IMFA to IMFD Flag Setting at Compare Match

If a general register (GRA, GRB, GRC, or GRD) matches TRCCNT, the corresponding IMFA to
IMFD flag which is used as output compare register is set to 1.

The compare match signal is generated in the last state in which the values match (when TRCCNT
is updated from the matching count to the next count). Therefore, when TRCCNT matches a
general register (GRA, GRB, GRC, or GRD), the compare match signal is generated only after the
next TRCCNT clock pulse is input.

Figure 15.33 shows the timing of the IMFA to IMFD flag setting at compare match.

¢ | L

TRCCNT input
clock

TRCCNT N X N+1

GRA to GRD N

Compare match
signal

IMFA to IMFD

Figure 15.33 Timing of IMFA to IMFD Flag Setting at Compare Match
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15.4.7 Timing of IMFA to IMFD Setting at Input Capture

The corresponding IMFA, IMFB, IMFC, or IMFD flag which functions as a general register is set
to 1 when an input capture occurs. Figure 15.34 shows the timing of the IMFA to IMFD flag
setting at input capture.

' | L

Input capture

signal
TRCCNT N
GRA to GRD X N
IMFA to IMFD
Figure 15.34 Timing of IMFA to IMFD Flag Setting at Input Capture
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15.4.8 Timing of Status Flag Clearing

When the CPU reads a status flag while it is set to 1, then writes O in the status flag, the status flag
is cleared. Figure 15.35 shows the status flag clearing timing.

TRCSR write cycle
Lo T2
[ T I
¢ J
Address X TRCSR address X
Write signal
IMFA to IMFD

Figure 15.35 Timing of Status Flag Clearing by CPU
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15.4.9 Timing of A/D Conversion Start Trigger Generation on Compare Match

Figure 15.36 shows the timing of the A/D conversion start trigger generation on compare match.

TRCCNT input

TRCCNT N N+1

GR N

Compare match
signal

A/D conversion
trigger signal

Figure 15.36 Timing of A/D Conversion Start Trigger Generation on Compare Match

REJ09B0465-0300 Rev. 3.00

Page 494 of 982
RRENESAS Sep 17, 2010




H8S/20103, H8S/20203, H8S/20223, H8S/20115, H8S/20215, H8S/20235 Group Section 15 Timer RC

15.5  Usage Notes

The following types of contention or operation can occur in timer RC operation.

1. When the digital filtering function for input is not in use, the pulse width of the input clock
signal and the input capture signal must be at least three system clock (¢) cycles when the
CKS2 to CKSO bits in TRCCR1 = B'0XX or B'10X; shorter pulses will not be detected
correctly.

2. Writing to registers is performed in the T2 state of a TRCCNT write cycle.

If counter clear signal occurs in the T2 state of a TRCCNT write cycle, clearing of the counter
takes priority and the write is not performed, as shown in figure 15.37. If the TRCCNT write
cycle contends with the TRCCNT counting-up, writing takes precedence.

3. TRCCNT may erroneously count up depends on the timing of switching internal clocks. The
count clock is generated by detecting the rising edge of the divided system clock (¢) when the
internal clock is selected. If clocks are switched as shown in figure 15.38, the change from the
low level of the previous clock to the high level of the new clock is considered as the rising
edge. In this case, TRCCNT counts up the clock erroneously.

4. If timer RC enters the module standby mode while an interrupt is being requested, the interrupt
request cannot be cleared. Before entering the module standby mode, disable interrupt
requests.

TRCCNT write cycle

LTt T2

r T 1
' i L
Address X TRCCNT addressX
Write signal
Counter clear
signal
TRCCNT N X H'0000

Figure 15.37 Contention between TRCCNT Write and Clear
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Previous clock —l | | | | | | | |_

New clock E

Counter clock |_| |-| @ |_|
£

TRCCNT N J N+t X A2 f Nes )

The rising edge may occur depending on the timing
of changing bits CKS2 to CKSO0. In this case, TRCCNT
counts up.

Figure 15.38 Internal Clock Switching and TRCCNT Operation

5. The TOA to TOD bits in TRCCRI1 decide the output value of the FTIO pin until the first
compare match occurs. Once a compare match occurs and this compare match changes the
values of FTIOA to FTIOD output, the values of the FTIOA to FTIOD pin output and the
values read from the TOA to TOD bits may differ. Moreover, when the writing to TRCCR1
and the generation of the compare match A to D occur at the same timing, the writing to
TRCCRI has the priority. Thus, output change due to the compare match is not reflected to the
FTIOA to FTIOD pins. Therefore, when bit manipulation instruction is used to write to
TRCCRUI, the values of the FTIOA to FTIOD pin output may result in an unexpected result.
When TRCCRI is to be written to while compare match is operating, stop the counter once
before accessing to TRCCRI1, read the port H state to reflect the values of FTIOA to FTIOD
output, to TOA to TOD, and then restart the counter. Figure 15.39 shows an example when the
compare match and the bit manipulation instruction to TRCCR1 occur at the same timing.
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TRCCR1 has been set to H'06. Compare match B and compare match C are used. The FTIOB pin output 1,
and is set to the toggle output or the 0 output on compare match B.

When the TOC bit is cleared (the FTIOC signal is low) by execution of BCLR #2,@ TRCCR1 and compare
match B occurs at the same timing as shown below, writing H'02 to TRCCR1 has priority and the FTIOB
signal is not driven low on compare match B; the FTIOB signal remains high.

Bit 7 6 5 4 3 2 1 0
TRCCR1 CCLR CKS2 CKS1 CKS0 TOD TOC TOB TOA
Setting 0 0 0 0 0 1 1 0

BCLR #2,@ TRCCR1

(1) TRCCRH1 is read as H'06.

(2) TRCCR1 is modified from H'06 to H'02.
(3) H'02 is written to TRCCR1.

: T L
TRCCR1 q
write signal
Compare match B q
signal
FTIOB pin :
\: Remains high because the writing 1 to TOB has priority
R L LR LR Expected
output

Figure 15.39 When Compare Match and Bit Manipulation Instruction to TRCCR1
Occur at the Same Timing

REJ09B0465-0300 Rev. 3.00 Page 497 of 982
Sep 17, 2010 RENESAS




Section 15 Timer RC H85/20103, H8S/20203, H8S/20223, H8S/20115, H8S/20215, H8S/20235 Group

Page 498 of 982 REJ09B0465-0300 Rev. 3.00

RENESAS Sep 17, 2010



H8S/20103, H8S/20203, H8S/20223, H8S/20115, H8S/20215, H8S/20235 Group Section 16 Timer RD

Section 16 Timer RD

This LSI has two units of 16-bit timers (timer RD_0 and timer RD_1), each of which has two
channels (one unit for the H8S/20103 and H8S/20115 Groups). Table 16.1 lists the timer RD
functions, table 16.2 lists the channel configuration of timer RD, and figure 16.1 is a block
diagram of the entire timer RD. Block diagrams of channels 0 and 1 are shown in figures 16.2 and
16.3.

Timer RD_0 has the same functions as timer RD_1. Therefore, the unit number (_0 or _1) is not
explicitly mentioned in this section unless otherwise noted.

16.1 Features

e Capability to process up to eight inputs/outputs
e Fight general registers (GR): four registers for each channel
Independently assignable output compare or input capture functions
e Selection of six counter clock sources: five internal clocks (¢, ¢/2, ¢/4, ¢/8, and ¢/32) and an
external clock
e Seven selectable operating modes
— Timer mode
Output compare function (Selection of O output, 1 output, or toggle output)
Input capture function (Rising edge, falling edge, or both edges)
— Synchronous operation
Timer counters_0 and _1 (TRDCNT_0 and TRDCNT_1) can be written simultaneously.
Simultaneous clearing by compare match or input capture is possible.
— PWM mode
Up to six-phase PWM output can be provided with desired duty ratio.
— PWM3 mode
One-phase PWM output for non-overlapped normal and counter phases
— Reset synchronous PWM mode
Three-phase PWM output for normal and counter phases
— Complementary PWM mode
Three-phase PWM output for non-overlapped normal and counter phases
The A/D conversion start trigger can be set for PWM cycles.
— Buffer operation
The input capture register can be consisted of double buffers.
The output compare register can automatically be modified.
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e High-speed access by the internal 16-bit bus
16-bit TRDCNT and GR registers can be accessed in high speed by a 16-bit bus interface
e Any initial timer output value can be set
e Output of the timer is disabled by external trigger
e Eleven interrupt sources

Four compare match/input capture interrupts and an overflow interrupt are available for each
channel. An underflow interrupt can be set for channel 1.
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Table 16.1 Timer RD Functions (One Unit)

Item

Channel 0

Channel 1

Count clock

Internal clocks: ¢, /2, ¢/4, ¢/8, and ¢/32

External clock: FTIOAO (TCLK)

General registers
(output compare/input
capture registers)

GRA_0, GRB_0, GRC_0, GRD_0 GRA_1, GRB_1, GRC_1, GRD_1

Buffer register GRC_0, GRD_0 GRC_1, GRD_1
1/0 pins FTIOAOQ, FTIOBO, FTIOCO, FTIOA1, FTIOB1, FTIOCH1,
FTIODO FTIOD1

Counter clearing function

Compare match/input capture of
GRA_0, GRB_0, GRC_0, or
GRD_0

Compare match/input capture of
GRA_1, GRB_1, GRC_1, or
GRD_1

Compare Ooutput Yes Yes

match output 1 output Yes Yes
Toggle Yes Yes
output

Input capture function Yes Yes

Synchronous operation Yes Yes

PWM mode Yes Yes

PWMS3 mode Yes

Reset synchronous PWM Yes

mode

Complementary PWM Yes

mode

Buffer function Yes Yes

Interrupt sources

Compare match/
input capture A0 to DO
Overflow

Compare match/
input capture A1 to D1
Overflow

Underflow
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Table 16.2 Channel Configuration of Timer RD

Unit Channel Pin
Timer RD_0 0 FTIOAO
(Unit 0) FTIOBO
FTIOCO
FTIODO
1 FTIOA1
FTIOB1
FTIOCH
FTIOD1
Shared by channels 0 and 1 TRDOI_0
Timer RD_1 2 FTIOA2
(Unit 1) FTIOB2
FTIOC2
FTIOD2
3 FTIOA3
FTIOB3
FTIOC3
FTIOD3
Shared by channels 2 and 3 TRDOI_1
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TRDOI_O —»
_ [— Channel 0
Interrupt request signal
~—>
FTIOAO ITDMAO
FTIOBO > ITDMBO
ITDMCO
~—>
FTIOCO ITDMDO
FTIODO ~—> ITDOVO
Control logic ITDUDO
FTIOA —® Channel 1
FTIOB1 > Interrupt request signal
ITDMA1
FTIOC1 > ITDMB1
FTIOD1 | ITDMCH
ITDMD1
o, ¢/2, _ ITDOV1
/4, /8,
/32 — > ADTRG
TRDSTR | TRDMDR|TRDOER2
Channel 0 Channel 1
. . TRDPMR | TRDFCR|TRDADCR
timer timer
TRDOER1 TRDOCR
Module data bus
Figure 16.1 Timer RD (One Unit) Block Diagram
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0, 0/2, _
o/4, /8, —_—

/32

Clock select

Comparator

Control logic

=

TRDCNT_O

Q

0l

GRA_O

0

fl

GRB_0

Q

GRC_0

0

-
-
-
-
-
>
-
-

GRD_0
TRDCR_0
TRDIORA_O
TRDIORC_0O
TRDSR_0
TRDIER_O
POCR_0
TRDDF_0

0000000

]

Module data bus

FTIOAO

FTIOBO
FTIOCO
FTIODO

ITDMAO
ITDMBO
ITDMCO
ITDMDO
ITDOVO
ITDUDO

TRDOI_0

Figure 16.2 Timer RD (Channel 0) Block Diagram
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Section 16 Timer RD

0, 9/2,
/4, /8,

/32

Clock select

Comparator

Control logic

=

TRDCNT_1

Q

0l

GRA_1

0

fl

GRB_1

Q

GRC_1

0

-
-
-
-

GRD_1
TRDCR_1
TRDIORA_1
TRDIORC_1

0000

>
>

TRDSR_1

0

TRDIER_1

Q

POCR_1

Q

—

TRDDF_1

]

Module data bus

l«—> FTIOA1

l«—> FTIOB1
l«—» FTIOCH
l«—> FTIOD1
L » ITDMA1
—— ITDMBH1
— ITDMC1

— ITDMD1
— ITDOV1

l«— TRDOI_O

Figure 16.3 Timer RD (Channel 1) Block Diagram
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Table 16.3 summarizes the timer RD pins.

Table 16.3 Pin Configuration (One Unit)

Pin Name Input/Output  Function

FTIOAO 1/0 GRA_O output compare output, GRA_O input capture input, or
external clock input (TCLK)

FTIOBO 1/0 GRB_0 output compare output, GRB_O0 input capture input, or
PWM output

FTIOCO I/0 GRC_0 output compare output, GRC_O input capture input, or

PWM synchronous output (in reset synchronous PWM and
complementary PWM modes)

FTIODO /0 GRD_0 output compare output, GRD_O0 input capture input, or
PWM output

FTIOA1 I/0 GRA_1 output compare output, GRA_1 input capture input, or
PWM output (in reset synchronous PWM and complementary
PWM modes)

FTIOBA1 I/0 GRB_1 output compare output, GRB_1 input capture input, or
PWM output

FTIOCA I/0 GRC_1 output compare output, GRC_1 input capture input, or
PWM output

FTIOD1 I/0 GRD_1 output compare output, GRD_1 input capture input, or
PWM output

TRDOI_0 Input Input pin for timer output disabling signal
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Section 16 Timer RD

16.2  Register Descriptions
Timer RD has the following registers.
Common

e Timer RD start register (TRDSTR)

e Timer RD mode register (TRDMDR)

e Timer RD PWM mode register (TRDPMR)

e Timer RD function control register (TRDFCR)

e Timer RD output master enable register 1 (TRDOER1)

e Timer RD output master enable register 2 (TRDOER2)

e Timer RD output control register (TRDOCR)

e Timer RD A/D conversion start trigger control register (TRDADCR)

Channel 0

e Timer RD control register_0 (TRDCR_0)

e Timer RD I/O control register A_O0 (TRDIORA_0)

e Timer RD I/O control register C_0 (TRDIORC_0)

e Timer RD status register_0 (TRDSR_0)

e Timer RD interrupt enable register_0 (TRDIER_0)

e  PWM mode output level control register_0 (POCR_0)
e Timer RD digital filtering function select register_0 (TRDDF_0)
e Timer RD counter_0 (TRDCNT_0)

e General register A_0 (GRA_0)

e General register B_0 (GRB_0)

e General register C_0 (GRC_0)

e General register D_0 (GRD_0)
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Channel 1

e Timer RD control register_1 (TRDCR_1)

e Timer RD I/O control register A_1 (TRDIORA_1)

e Timer RD I/O control register C_1 (TRDIORC_1)

e Timer RD status register_1 (TRDSR_1)

e Timer RD interrupt enable register_1 (TRDIER_1)

e PWM mode output level control register_1 (POCR_1)
e Timer RD digital filtering function select register_1 (TRDDF_1)
e Timer RD counter_1 (TRDCNT_1)

e General register A_1 (GRA_1)

e General register B_1 (GRB_1)

e General register C_1 (GRC_1)

e General register D_1 (GRD_1)
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16.2.1 Timer RD Start Register (TRDSTR)

Address: H'FFFFD2

Bit: b7 b6 b5 b4 b3 b2 b1 b0o
— — — — CSTPN1 [ CSTPNO STR1 STRO
Value after reset: 1 1 1 1 1 1 0 0
Bit Symbol Bit Name Description R/W
7t04 — Reserved These bits are read as 1. The write value should —
be 1.
3 CSTPN1 Channel 1 counter 0: Counting is stopped on a compare match of R/W
stop TRDCNT_1 and GRA_1
1: Counting is continued on a compare match of
TRDCNT_1 and GRA_1
Set this bit to 1 to restart counting after the
counting has been stopped on a compare match.
2 CSTPNO Channel 0 counter 0: Counting is stopped on a compare match of R/W
stop TRDCNT_0 and GRA_O
1: Counting is continued on a compare match of
TRDCNT_0 and GRA_0O
Set this bit to 1 to restart counting after the
counting has been stopped on a compare match.
1 STR1 Channel 1 counter 0: TRDCNT_1 stops counting. R/W

start

1: TRDCNT_1 starts counting.
[Setting conditions]
e When 1 is written in STR1

e When the specified event is occurred after
ELOPB of the event link controller is selected
counting by timer RD_0 for channel 1.

[Clearing conditions]
e  When 0 is written in STR1 while CSTPN1 = 1

o When the compare match A1 signal is
generated while CSTPN1 =0
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Bit Symbol Bit Name Description R/W
0 STRO Channel 0 counter 0: TRDCNT_O stops counting. R/W
start 1: TRDCNT_O starts counting.

[Setting conditions]
e When 1 is written in STRO

e When the specified event is occurred after
ELOPA of the event link controller is selected
counting by timer RD_0 for channel 0.

[Clearing conditions]
e When 0 is written in STRO while CSTPNO = 1

e When the compare match A1 signal is
generated while CSTPNO =0
Note: Use a MOV instruction to modify this register.
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16.2.2

Address: H'FFFFD3

Timer RD Mode Register (TRDMDR)

Bit: b6 b5 b4 b3 b2 b1 b0
BFD1 BFC1 BFDO BFCO — — — SYNC
Value after reset: 0 0 0 1 1 1 0
Bit Symbol Bit Name Description R/W
7 BFD1 Buffer 0: GRD_1 operates normally R/W
operation D1 1: GRB_1 and GRD_1 are used together for buffer
operation
6 BFC1 Buffer 0: GRC_1 operates normally R/W
operation C1 4. GRA_1 and GRC_1 are used together for buffer
operation
5 BFDO Buffer 0: GRD_0 operates normally R/W
operation DO . GRB_0 and GRD_O0 are used together for buffer
operation
4 BFCO Buffer 0: GRC_0 operates normally R/W
operation CO 4. GRA_0 and GRC_O0 are used together for buffer
operation
3to1 — Reserved These bits are read as 1. The write value should be —
1.
0 SYNC Timer 0: TRDCNT_1 and TRDCNT_O operate as R/W

synchronization

independent timer counters

1: TRDCNT_1 and TRDCNT_O operate
synchronously

TRDCNT_1 and TRDCNT_O can be pre-set or
cleared synchronously.
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16.2.3 Timer RD PWM Mode Register (TRDPMR)

Address: H'FFFFD4

Bit: b7 b6 b5 b4 b3 b2 b1 b0o
— PWMD1 PWMCH1 PWMB1 — PWMDO | PWMCO | PWMBO
Value after reset: 1 0 0 0 1 0 0 0
Bit Symbol Bit Name Description R/W
7 — Reserved This bit is read as 1. The write value should be 1. —
6 PWMD1 PWM mode  0: FTIOD1 operates normally R/W
D1 1: FTIOD1 operates in PWM mode
5 PWMCH PWM mode  0: FTIOC1 operates normally R/W
C1 1: FTIOC1 operates in PWM mode
4 PWMBH1 PWM mode  0: FTIOB1 operates normally R/W
B1 1: FTIOB1 operates in PWM mode
— Reserved This bit is read as 1. The write value should be 1. —
PWMDO PWM mode  0: FTIODO operates normally R/W
Do 1: FTIODO operates in PWM mode
1 PWMCO PWM mode  0: FTIOCO operates normally R/W
co 1: FTIOCO operates in PWM mode
0 PWMBO PWM mode  0: FTIOBO operates normally R/W
BO

1: FTIOBO operates in PWM mode
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16.2.4  Timer RD Function Control Register (TRDFCR)

Address: H'FFFFD5

Bit: b7 b6 b5 b4 b3 b2 b1 b0
PWM3 STCLK ADEG ADTRG oLS1 OLS0 CMD[1:0]
Value after reset: 1 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
7 PWM3 PWM3 mode 0: PWM3 mode is selected R/W
select 1: PWM3 mode is not selected*’
6 STCLK External clock 0: External clock input is disabled R/W
input select 4. External clock input is enabled
5 ADEG A/D trigger 0: The A/D trigger signal is asserted when R/W
edge select TRDCNT_0 matches GRA_O0 in complementary
PWM mode
1: The A/D trigger signal is asserted when
TRDCNT_1 underflows in complementary PWM
mode
4 ADTRG External 0: A/D trigger for PWM cycles is disabled in R/W
trigger disable  complementary PWM mode
1: A/D trigger for PWM cycles is enabled in
complementary PWM mode**
3 OLSH Output level  0O: Initial output is high and the active level is low. R/W
select 1 1: Initial output is low and the active level is high.
2 OLS0 Output level  0O: Initial output is high and the active level is low. R/W
select 0 1: Initial output is low and the active level is high.
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Bit Symbol Bit Name Description R/W

1,0 CMD[1:0] Combination  00: Channel 0 and channel 1 operate normally R/W
mode 1 and 0 o1

: Channel 0 and channel 1 are used together to
operate in reset synchronous PWM mode

10: Channel 0 and channel 1 are used together to
operate in complementary PWM mode
(transferred when TRDCNT_0 matches GRA_0)

11: Channel 0 and channel 1 are used together to
operate in complementary PWM mode
(transferred when TRDCNT_1 underflows)

Note: When the reset synchronous PWM mode or
complementary PWM mode is selected by
these bits, this setting has the priority to the
settings for PWM mode by each bit in
TRDPMR. Stop TRDCNT_0 and TRDCNT _1
before making settings for reset synchronous
PWM mode or complementary PWM mode.

Notes: 1. This bit is valid when both bits CMD1 and CMDO are cleared to 0. When PWM3 mode
is selected, TRDPMR, TRDIORA, and TRDIORC are invalid.

2. The A/D converter registers should be set so that A/D conversion is started by an
external trigger.

e OLSI1 bit (output level select 1)

This bit selects the output level for counter phase in reset synchronous PWM mode and
complementary PWM mode.

e OLSO bit (output level select 0)

This bit selects the output level for normal phase in reset synchronous PWM mode and
complementary PWM mode.
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TRDCNT_0
/TRDCNTJ

Normal ! Normal '

phase ! Active level phase :

Cﬁunter " nitial Cr?unter ;

phase ! output | | ! phase ;
'<«—| Active level

Reset synchronous PWM mode

Active level

output

T Initial | ! | T

Active level

Complementary PWM mode

Note: Write H'00 to TRDOCR to start initial outputs after stopping the counter.

Figure 16.4 Example of Outputs in Reset Synchronous PWM Mode
and Complementary PWM Mode

16.2.5 Timer RD Output Master Enable Register 1 (TRDOER1)

Address: H'FFFFD6

Bit: b7 b6 b5 b4 b3 b2 b1 b0
ED1 ECT EB1 EA1 EDO ECO EBO EAO

Value after reset: 1 1 1 1 1 1 1 1
Bit Symbol Bit Name Description R/W

7 ED1 Master enable 0: FTIOD1 pin output is enabled according to the R/W

D1

TRDPMR, TRDFCR, and TRDIORC_1 settings

1: FTIOD1 pin output is disabled regardless of the
TRDPMR, TRDFCR, and TRDIORC_1 settings
(FTIOD1 pin is operated as an I/O port).

6 ECA Master enable 0: FTIOC1 pin output is enabled according to the R/W

C1

TRDPMR, TRDFCR, and TRDIORC_1 settings

1: FTIOCH1 pin output is disabled regardless of the
TRDPMR, TRDFCR, and TRDIORC_1 settings
(FTIOCH1 pin is operated as an 1/O port).
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Bit Symbol Bit Name Description R/W
5 EB1 Master enable 0: FTIOB1 pin output is enabled according to the R/W
B1 TRDPMR, TRDFCR, and TRDIORA_1 settings

1: FTIOB1 pin output is disabled regardless of the
TRDPMR, TRDFCR, and TRDIORA_1 settings
(FTIOB1 pin is operated as an 1/O port).

4 EA1 Master enable 0: FTIOA1 pin output is enabled according to the R/W
A1l TRDPMR, TRDFCR, and TRDIORA_1 settings

1: FTIOA1 pin output is disabled regardless of the
TRDPMR, TRDFCR, and TRDIORA_1 settings
(FTIOA1 pin is operated as an I/O port).

3 EDO Master enable 0: FTIODO pin output is enabled according to the R/W
DO TRDPMR, TRDFCR, and TRDIORC_O settings

1: FTIODO pin output is disabled regardless of the
TRDPMR, TRDFCR, and TRDIORC_O settings
(FTIODO pin is operated as an I/O port).

2 ECO Master enable 0: FTIOCO pin output is enabled according to the R/W
Co TRDPMR, TRDFCR, and TRDIORC_O settings

1: FTIOCO pin output is disabled regardless of the
TRDPMR, TRDFCR, and TRDIORC_O settings
(FTIOCO pin is operated as an 1/O port).

1 EBO Master enable 0: FTIOBO pin output is enabled according to the R/W
BO TRDPMR, TRDFCR, and TRDIORA_O settings

1: FTIOBO pin output is disabled regardless of the
TRDPMR, TRDFCR, and TRDIORA_O settings
(FTIOBO pin is operated as an 1/O port).

0 EAO Master enable 0: FTIOAO pin output is enabled according to the R/W
AO TRDPMR, TRDFCR, and TRDIORA_O settings

1: FTIOAO pin output is disabled regardless of the
TRDPMR, TRDFCR, and TRDIORA_O settings
(FTIOAO pin is operated as an /O port).

TRDOERI enables/disables the outputs for channel 0 and channel 1. When TRDOI is selected for
inputs, if a low level signal is input to TRDOI, the bits in TRDOERI1 are set to 1 to disable the
output for timer RD.
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16.2.6  Timer RD Output Master Enable Register 2 (TRDOER?2)

Address: H'FFFFD7

Bit: b7 b6 b5 b4 b3 b2 b0
PTO — — — — — —
Value after reset: 0 1 1 1 1 1 1
Bit Symbol Bit Name Description R/W
7 PTO Timer output  0: The corresponding bit in TRDOER1 is not setto 1 R/W
disabled mode  when the low level is input to the TRDOI pin
1: The corresponding bit in TRDOERT is set to 1
when the low level is input to the TRDOI pin
6to0 — Reserved These bits are read as 1. The write value should be —
1.
16.2.7 Timer RD Output Control Register (TRDOCR)
Address: H'FFFFD8
Bit: b7 b6 b5 b4 b3 b2 b0
TOD1 TOCT TOB1 TOA1 TODO TOCO TOAO
Value after reset: 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
7 TOD1 Output level  0: 0 output at the FTIOD1 pin* R/W
select D1 1: 1 output at the FTIOD1 pin*
6 TOC1 Output level  0: 0 output at the FTIOC1 pin* R/W
select C1 1: 1 output at the FTIOC1 pin*
5 TOB1 Output Level  0: 0 output at the FTIOB1 pin* R/W
Select BT 1: 1 output at the FTIOB1 pin*
4 TOA1 Output level  0: 0 output at the FTIOA1 pin* R/W
select At 1: 1 output at the FTIOA1 pin*
3 TODO Output level  0: 0 output at the FTIODO pin* R/W
select DO 1: 1 output at the FTIODO pin*
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Bit Symbol Bit Name Description R/W

2 TOCO Output level  0: 0 output at the FTIOCO pin* R/W
select CO 1: 1 output at the FTIOCO pin*

1 TOBO Output level e In modes other than PWM3 mode R/W
select BO 0: 0 output at the FTIOBO pin*

1: 1 output at the FTIOBO pin*
e In PWM3 mode
0: 1 output at the FTIOBO pin on GRB_1

compare match and 0 output at the FTIOBO
pin on GRB_0 compare match

1: 0 output at the FTIOBO pin on GRB_1
compare match and 1 output at the FTIOBO pin
on GRB_0 compare match

0 TOAO Output level e In modes other than PWM3 mode R/W
select A0 0: 0 output at the FTIOAQ pin*
1: 1 output at the FTIOAO pin*
e In PWM3 mode

0: 1 output at the FTIOBO pin on GRA_1
compare match and 0 output at the FTIOBO
pin on GRA_0 compare match

1: 0 output at the FTIOBO pin on GRA_1
compare match and 1 output at the FTIOBO
pin on GRA_O compare match

Note: * The change of the setting is immediately reflected in the output value.

TRDOCR selects the initial outputs before the first occurrence of a compare match. Note that bits
OLS1 and OLSO in TRDFCR set these initial outputs in reset synchronous PWM mode and
complementary PWM mode.

In PWM3 mode, TRDOCR selects the output level of the FTIOAO and FTIOBO pins.
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16.2.8 Timer RD A/D Conversion Start Trigger Control Register (TRDADCR)

Address: H'FFFFD9
Bit: b7 b6 b5 b4 b3 b2 b1 b0

ADTRGD1E | ADTRGC1E | ADTRGB1E | ADTRGA1E | ADTRGDOE | ADTRGCOE | ADTRGBOE | ADTRGAOE

Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
7 ADTRGD1E A/D 0: A/D conversion start trigger is not generated by R/W
conversion compare match of GRD_1
start trigger 1: A/D conversion start trigger is generated by
D1 enable compare match of GRD_1
6 ADTRGC1E A/D 0: A/D conversion start trigger is not generated by R/W
conversion compare match of GRC_1
starttrigger 4. o/D conversion start trigger is generated by
C1 enable compare match of GRC_1
5 ADTRGB1E A/D 0: A/D conversion start trigger is not generated by R/W
conversion compare match of GRB_1
starttrigger B1 4. o/p conversion start trigger is generated by
enable compare match of GRB_1
4 ADTRGA1E A/D 0: A/D conversion start trigger is not generated by R/W
conversion compare match of GRA_1
start trigger A1 1: A/D conversion start trigger is generated by
enable compare match of GRA_1
3 ADTRGDOE A/D 0: A/D conversion start trigger is not generated by R/W
conversion compare match of GRD_0
starttrigger 4. o/D conversion start trigger is generated by
DO enable compare match of GRD_0
2 ADTRGCOE A/D 0: A/D conversion start trigger is not generated by R/W
conversion compare match of GRC_0
starttrigger 4. o/D conversion start trigger is generated by
CO enable compare match of GRC_0
1 ADTRGBOE A/D 0: A/D conversion start trigger is not generated by R/W
conversion compare match of GRB_0
starttrigger BO 4. ao/p conversion start trigger is generated by
enable

compare match of GRB_0
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Bit Symbol Bit Name Description R/W
0 ADTRGAOE A/D 0: A/D conversion start trigger is not generated by R/W
conversion compare match of GRA_O

starttrigger AO 1. o/D conversion start trigger is generated by
enable compare match of GRA_0

TRDADCR selects the trigger source to start A/D conversion. A/D conversion start trigger is
generated by a corresponding compare match.

16.2.9 Timer RD Counter (TRDCNT)

Address: H'FFFFBO, H'FFFFBA
Bit: b15 b14 b13 b12 b1l bi0 b9 b8 b7 b6 b5 b4 b3 b2 bl b

Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Timer RD has two TRDCNT counters (TRDCNT_0 and TRDCNT __1), one for each channel. The
TRDCNT counters are 16-bit readable/writable registers that increment/decrement according to
input clocks. Input clocks can be selected by bits TPSC2 to TPSCO in TRDCR. TRDCNT_0 and
TRDCNT_1 increment/decrement in complementary PWM mode while they only increment in
other modes.

The TRDCNT counters are initialized to H'0000 by compare matches with corresponding GRA,
GRB, GRC, or GRD, or input captures to GRA, GRB, GRC, or GRD (counter clearing function).
When the TRDCNT counters overflow, an OVF flag in TRDSR for the corresponding channel is
set to 1. When TRDCNT_1 underflows, an UDF flag in TRDSR is set to 1. The TRDCNT
counters cannot be accessed in 8-bit units; they must always be accessed as a 16-bit unit.
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Section 16 Timer RD

16.2.10 General Registers A, B, C, and D (GRA, GRB, GRC, and GRD)

GRA
Address: HFFFFB2, HFFFFBC
Bit: b15 b14 b13 bi2 b1l bl0 b9 b8 b7 b6 b5 b4 b3 b2 b b0
Value after reset: 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
GRB
Address: H'FFFFB4, HFFFFBE
Bitt b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
Value after reset: 4 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
GRC
Address: H'FFFFB6, H'FFFFCO
Bitt b15 bi14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
Value after reset: 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
GRD
Address: H'FFFFB8, HFFFFC2
Bitt b15 b14 b13 bi2 b1l bl0 b9 b8 b7 b6 b5 b4 b3 b2 b b0
Value after reset: 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
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GR are 16-bit registers. Timer RD has eight general registers (GR), four for each channel. The GR
registers are dual function 16-bit readable/writable registers, functioning as either output compare
or input capture registers. Functions can be switched by TRDIORA and TRDIORC.

The values in GR and TRDCNT are constantly compared with each other when the GR registers
are used as output compare registers. When the both values match, the IMFA to IMFD flags in
TRDSR are set to 1. Compare match outputs can be selected by TRDIORA and TRDIORC.

When the GR registers are used as input capture registers, the TRDCNT value is stored after
detecting external signals. At this point, IMFA to IMFD flags in the corresponding TRDSR are set
to 1. Detection edges for input capture signals can be selected by TRDIORA and TRDIORC.

When PWM mode, complementary PWM mode, or reset synchronous PWM mode is selected, the
values in TRDIORA and TRDIORC are ignored. Upon reset, the GR registers are set as output
compare registers (no output) and initialized to H'FFFF. The GR registers cannot be accessed in 8-
bit units; they must always be accessed as a 16-bit unit.
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16.2.11 Timer RD Control Register (TRDCR)

Address: H'FFFFCA, HFFFFD1

Bit: b7 b6 b5 b4 b3 b2 b1 b0
CCLR[2:0] CKEG[1:0] TPSC[2:0]
Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
7105 CCLR[2:0] Counterclear 000: Disables TRDCNT clearing R/W
2100 001: Clears TRDCNT by GRA compare match/input
capture*'
010: Clears TRDCNT by GRB compare match/input
capture*'

011: Synchronization clear; Clears TRDCNT in
synchronous with counter clearing of the other
channel's timer**

100: Disables TRDCNT clearing

101: Clears TRDCNT by GRC compare match/input
capture*'

110: Clears TRDCNT by GRD compare match/input
capture*’

111: Synchronization clear; Clears TRDCNT in
synchronous with counter clearing of the other
channel's timer*

4,3 CKEG[1:0] Clock edge 00: Count at rising edge R/W
1and 0

01: Count at falling edge
1X: Count at both edges
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Bit Symbol Bit Name Description R/W
2to 0 TPSC[2:0] Time 000: Internal clock: count by ¢ R/W
prescaler 210 go1. |nternal clock: count by ¢/2

0
010: Internal clock: count by ¢/4

011: Internal clock: count by ¢/8
100: Internal clock: count by ¢/32

101: External clock: count by FTIOAO (TCLK) pin
input

110: Setting prohibited
111: Reserved (setting prohibited)

[Legend]
X: Don't care

Notes: 1. When GR functions as an output compare register, TRDCNT is cleared by compare
match. When GR functions as input capture, TRDCNT is cleared by input capture.

2. Synchronous operation is set by TRDMDR.

TRDCR selects a TRDCNT counter clock, an edge when an external clock is selected, and counter
clearing sources. Timer RD has a total of two TRDCR registers, one for each channel.
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16.2.12 Timer RD I/O Control Registers (TRDIORA and TRDIORC)

* TRDIORA
Address: HFFFFC5, HFFFFCC

Bit: b7 b6 b5 b4 b3 b2 b1 b0
— |10B2 10B[1:0] — I0A2 10A[1:0]
Value after reset: 1 0 0 0 1 0 0 0
* TRDIORC
Address: HFFFFD6, HFFFFCD
Bit: b7 b6 b5 b4 b3 b2 b1 b0
10D3 10D2 10D[1:0] 10C3 I0C2 10C[1:0]
Value after reset: 1 0 0 0 1 0 0 0
e TRDIORA
Bit Symbol Bit Name Description R/W
7 — Reserved This bit is read as 1. The write value should be 1. —
6 10B2 I/0 control B2 Selects the GRB function. R/W

0: GRB functions as an output compare register

1: GRB functions as an input capture register

5,4 10B[1:0] I/0 control B1  When IOB2 =0,

and BO 00: No output at compare match

R/W

01: 0 output to the FTIOB pin at GRB compare

match

10: 1 output to the FTIOB pin at GRB compare

match

11: Output toggles to the FTIOB pin at GRB compare

match
When IOB2 =1,

00: Input capture to GRB at rising edge at the FTIOB

pin

01: Input capture to GRB at falling edge at the FTIOB

pin

1X: Input capture to GRB at rising and falling edges

at the FTIOB pin
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Bit Symbol Bit Name Description R/W
3 — Reserved This bit is read as 1. The write value should be 1. —
2 I0OA2 I/0O control A2 Selects the GRA function. R/W

0: GRA functions as an output compare register
1: GRA functions as an input capture register
1,0 I0A[1:0] I/O control A1 When IOA2 = 0, R/W
and A0 00: No output at compare match

01: 0 output to the FTIOA pin at GRA compare
match

10: 1 output to the FTIOA pin at GRA compare
match

11: Output toggles to the FTIOA pin at GRA compare
match

When IOA2 =1,

00: Input capture to GRA at rising edge at the FTIOA
pin

01: Input capture to GRA at falling edge at the FTIOA
pin

1X: Input capture to GRA at rising and falling edges
at the FTIOA pin

[Legend]
X: Don't care.

Notes: 1. When a GR register functions as a buffer register for a paired GR register, the settings
in the IOA2 and I0B2 bits in TRDIORA and the I0C2 and 10D2 bits in TRDIORC of
both registers should be the same.

2. In PWM mode, PWM3 mode, complementary PWM mode, and reset synchronous
PWM mode, the settings of TRDIORA are invalid.

TRDIORA selects whether GRA or GRB is used as an output compare register or an input capture
register. When an output compare register is selected, the output setting is selected. When an input
capture register is selected, an input edge of an input capture signal is selected. TRDIORA also
selects the function of FTIOA or FTIOB pin.
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e TRDIORC

Bit Symbol Bit Name

Description R/W

7 I0OD3 I/0 control D3

Specifies GRD to be used as GR for the FTIOB or R/W
FTIOD pin.

0: GRD is used as GR for the FTIOB pin
1: GRD is used as GR for the FTIOD pin

6 I0D2 I/0O control D2

Selects the GRD function. R/W
0: GRD functions as an output compare register
1: GRD functions as an input capture register

5,4 10D[1:0] I/O control D1

When IOD3 =0, R/W

and DO 00: No output at compare match

01: 0 output to the FTIOB pin at GRD compare
match

10: 1 output to the FTIOB pin at GRD compare
match

11: Output toggles to the FTIOB pin at GRD compare
match

When IOD3 = 1 and I0OD2 = 0,

00: No output at compare match

01: 0 output to the FTIOD pin at GRD compare
match

10: 1 output to the FTIOD pin at GRD compare
match

11: Output toggles to the FTIOD pin at GRD
compare match

When IOD3 =1 and IOD2 =1,

00: Input capture to GRD at rising edge at the FTIOD
pin

01: Input capture to GRD at falling edge at the
FTIOD pin

1X: Input capture to GRD at rising and falling edges
at the FTIOD pin

3 I0C3 I/0O control C3 Specifies GRC to be used as GR for the FTIOA or R/W

FTIOC pin.
0: GRC is used as GR for the FTIOA pin
1: GRC is used as GR for the FTIOC pin
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Bit Symbol Bit Name Description R/W
2 I0C2 I/O control C2 Selects the GRC function. R/W
0: GRC functions as an output compare register

1: GRC functions as an input capture register

1,0 10C[1:0] I/0O control C1  When IOC3 =0, R/W
and CO

00: No output at compare match

01: 0 output to the FTIOA pin at GRC compare
match

10: 1 output to the FTIOA pin at GRC compare
match

11: Output toggles to the FTIOA pin at GRC compare
match

When IOC3 =1 and IOC2 =0,

00: No output at compare match

01: 0 output to the FTIOC pin at GRC compare
match

10: 1 output to the FTIOC pin at GRC compare
match

11: Output toggles to the FTIOC pin at GRC
compare match

When IOC3 =1 and IOC2 = 1,

00: Input capture to GRC at rising edge at the FTIOC
pin

01: Input capture to GRC at falling edge at the
FTIOC pin

1X: Input capture to GRC at rising and falling edges
at the FTIOC pin

[Legend]
X: Don't care.

Notes: 1. When a GR register functions as a buffer register for a paired GR register, the settings
in the IOA2 and 10B2 bits in TRDIORA and the I0C2 and 10D2 bits in TRDIORC of
both registers should be the same.

2. In PWM mode, PWM3 mode, complementary PWM mode, and reset synchronous
PWM mode, the settings of TRDIORC are invalid.

TRDIORC selects whether GRC or GRD is used as an output compare register or an input capture
register. When an output compare register is selected, the output setting is selected. When an input
capture register is selected, an input edge of an input capture signal is selected. TRDIORC also
selects the function of the FTIOA to FTIOD pins.
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16.2.13 Timer RD Status Register (TRDSR)

Address: H'FFFFC7, HFFFFCE

Bit: b7 b6 b5 b4 b3 b2 b1 )
— — UDF OVF IMFD IMFC IMFB IMFA
Value after reset: 1 1 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
7,6 — Reserved These bits are read as 1. The write value should be —
1.
5 UDF* Underflow flag 0: TRDCNT_1 has not underflowed. R/W

1: TRDCNT_1 has underflowed.

[Setting condition]

e  When TRDCNT underflows

[Clearing condition]

e When 0 is written to UDF after reading UDF = 1
4 OVF Overflow flag 0: TRDCNT has not overflowed. R/W

1: TRDCNT has overflowed.

[Setting condition]

e When TRDCNT value is underflowed

[Clearing condition]

When 0 is written to OVF after reading OVF = 1

3 IMFD Input capture/ [Setting conditions] R/W
compare e When TRDCNT = GRD and GRD is functioning
match flag D as output compare register

e When TRDCNT = GRD while the FTIOD pin
operates in PWM mode

e When TRDCNT = GRD in PWM3 mode, reset
synchronous PWM mode, or complementary
PWM mode

e When TRDCNT value is transferred to GRD by
input capture signal and GRD is functioning as
input capture register

[Clearing conditions]

e When the DTC is activated by an IMFD interrupt
and the DISEL bit in MRB of the DTC is 0

e When 0 is written to IMFD after reading IMFD = 1
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Bit Symbol

Bit Name

Description R/W

2 IMFC

Input capture/ [Setting conditions] R/W

compare
match flag C

When TRDCNT = GRC and GRC is functioning
as output compare register

When TRDCNT = GRC while the FTIOC pin
operates in PWM mode

When TRDCNT = GRC in PWM3 mode, reset
synchronous PWM mode, or complementary
PWM mode

When TRDCNT value is transferred to GRC by
input capture signal and GRC is functioning as
input capture register

[Clearing conditions]

When the DTC is activated by an IMFC interrupt
and the DISEL bit in MRB of the DTC is 0

When 0 is written to IMFC after reading IMFC = 1

1 IMFB

Input capture/ [Setting conditions] R/W

compare
match flag B

When TRDCNT = GRB and GRB is functioning
as output compare register

When TRDCNT = GRB while the FTIOB pin
operates in PWM mode

When TRDCNT = GRB in PWM mode, PWM3
mode, reset synchronous PWM mode, or
complementary PWM mode (in reset
synchronous PWM mode, however, while
TRDCNT_0 = GRB_1 and TRDCNT_0 = GRB_0)
When TRDCNT value is transferred to GRB by
input capture signal and GRB is functioning as
input capture register

[Clearing conditions]

When the DTC is activated by an IMFB interrupt
and the DISEL bit in MRB of the DTC is 0

When 0 is written to IMFB after reading IMFB = 1
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Bit Symbol Bit Name Description R/W
0 IMFA Input capture/ [Setting conditions] R/W
compare

e When TRDCNT = GRA and GRA is functioning
as output compare register

e When TRDCNT = GRA in PWM mode, PWM3
mode, reset synchronous PWM mode, or
complementary PWM mode (in reset
synchronous PWM mode, however, while
TRDCNT_0 = GRA_1 and TRDCNT_0 = GRA_0)

e When TRDCNT value is transferred to GRA by
input capture signal and GRA is functioning as
input capture register

match flag A

[Clearing conditions]
¢ When the DTC is activated by an IMFA interrupt
and the DISEL bit in MRB of the DTC is 0
e When 0 is written to IMFA after reading IMFA = 1
Note: * Bit5 is not the UDF flag in TRDSR_O. It is a reserved bit. It is always read as 1.

TRDSR is each interrupt request flag of the timer RD. If an interrupt is enabled by a
corresponding bit in TRDIER, TRDSR requests an interrupt for the CPU. Timer RD has two
TRDSR registers, one for each channel.
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16.2.14 Timer RD Interrupt Enable Register (TRDIER)

Address: HFFFFC8, HFFFFCF

Bit: b7 b6 b5 b4 b3 b2 b1 b0

— — — OVIE IMIED IMIEC IMIEB IMIEA
Value after reset: 1 1 1 0 0 0 0 0
Bit Symbol Bit Name Description R/W
7t05 — Reserved These bits are read as 1. The write value should be 1. —
4 OVIE Overflow interrupt  0: Interrupt requests (OVI) by OVF or UDF flag are R/W

enable disabled.

1: Interrupt requests (OVI) by OVF or UDF flag are
enabled.

3 IMIED Input capture/ 0: Interrupt requests (IMID) by IMFD flag are disabled. R/W
compare match
interrupt enable D

2 IMIEC Input capture/ 0: Interrupt requests (IMIC) by IMFC flag are disabled. R/W
compare match
interrupt enable C

1 IMIEB Input capture/ 0: Interrupt requests (IMIB) by IMFB flag are disabled. R/W
compare match
interrupt enable B

0 IMIEA Input capture/ 0: Interrupt requests (IMIA) by IMFA flag are disabled. R/W
compare match
interrupt enable A

1: Interrupt requests (IMID) by IMFD flag are enabled.

1: Interrupt requests (IMIC) by IMFC flag are enabled.

1: Interrupt requests (IMIB) by IMFB flag are enabled.

1: Interrupt requests (IMIA) by IMFA flag are enabled.

Timer RD has two TRDIER registers, one for each channel.
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16.2.15 PWM Mode Output Level Control Register (POCR)

Address: H'FFFFC9, HFFFFDO

Bit: b7 b6 b5 b4 b3 b2 b1 b0
_ — — — — POLD POLC POLB
Value after reset: 1 1 1 1 1 0 0 0
Bit Symbol Bit Name Description R/W
7t03 — Reserved These bits are read as 1. The write value should —
be 1.
2 POLD PWM mode output 0: The output level of FTIOD is active low. R/W

level control D 1: The output level of FTIOD is active high.

1 POLC PWM mode output 0: The output level of FTIOC is active low. R/W
level control C

1: The output level of FTIOC is active high.

0 POLB PWM mode output 0: The output level of FTIOB is active low. R/W
level control B

1: The output level of FTIOB is active high.

Timer RD has two POCR registers, one for each channel.

REJ09B0465-0300 Rev. 3.00

Page 533 of 982
Sep 17, 2010 RENESAS



Section 16 Timer RD H85/20103, H8S/20203, H8S/20223, H8S/20115, H8S/20215, H8S/20235 Group

16.2.16 Timer RD Digital Filtering Function Select Register (TRDDF)

Address: H'FFFFCA, HFFFFD1

Bit: b7 b6 b5 b4 b3 b2 b1 b0
DFCK([1:0] — — DFD DFC DFB DFA
Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
7,6 DFCK[1:0] Digital filter clock 00: ¢/32 R/W
select 01: ¢/8
10: ¢
11: Clock specified by bits TPSC2 to TPSCO in
TRDCR
54 — Reserved These bits are read as 0. The write value should —
be 0.
3 DFD Digital filter 0: Disables the digital filter for the FTIOD pin R/W
function D 1: Enables the digital filter for the FTIOD pin
2 DFC Digital filter 0: Disables the digital filter for the FTIOC pin R/W
function C 1: Enables the digital filter for the FTIOC pin
1 DFB Digital filter 0: Disables the digital filter for the FTIOB pin R/W
function B 1: Enables the digital filter for the FTIOB pin
0 DFA Digital filter 0: Disables the digital filter for the FTIOA pin R/W
function A 1: Enables the digital filter for the FTIOA pin

Note: The setting in this register is valid on the corresponding pin when the FTIOA to FTIOD
inputs are enabled by TRDIORA and TRDIORC.

Timer RD has two TRDDF registers, one for each channel.
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16.2.17 Interface with CPU
(1) 16-Bit Register

TRDCNT and GR are 16-bit registers. Reading/writing in a 16-bit unit is enabled but disabled in
an 8-bit unit since the data bus with the CPU is 16-bit width. These registers must always be
accessed in a 16-bit unit. Figure 16.5 shows an example of accessing the 16-bit registers.

Internal data bus

D

P Bus interface Module data bus

U

| TRDCNTH | TRDCNTL |

Figure 16.5 Accessing Operation of 16-Bit Register (between CPU and TRDCNT (16 bits))
(2) 8-Bit Register

Registers other than TRDCNT and GR are 8-bit registers that are connected internally with the
CPU in an 8-bit width. Figure 16.6 shows an example of accessing the 8-bit registers.

Internal data bus

c <f—>
—

P Bus interface Module data bus

u

T
| TROSTR |

TRDSTR

Figure 16.6 Accessing Operation of 8-Bit Register (between CPU and TRDSTR (8 bits))
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16.3  Operation
Timer RD has the following operating modes.

e Timer mode operation

Enables output compare and input capture functions by setting the IOA2 to IOAQ and IOB2 to
IOBO bits in TRDIORA and the IOC3 to IOCO and IOD3 to IODO bits in TRDIORC

e PWM mode operation
Enables PWM mode operation by setting TRDPMR
e PWM3 mode operation
Enables PWM3 mode operation by setting the PWM3 bit in TRDFCR
e Reset synchronous PWM mode operation
Enables reset synchronous PWM mode operation by setting the CMD1 and CMDO bits in
TRDFCR
e Complementary PWM mode operation

Enables complementary PWM mode operation by setting the CMD1 and CMDO bits in
TRDFCR

The following tables show the operating modes of the FTIOAO to FTIODO and FTIOA1 to
FTIOD1 pins set by the appropriate bits in the registers mentioned above. Set 1 to the PMR bits
corresponding to the pins allocated by the PMC.
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e FTIOAO pin

Register
Name TRDOER1 TRDFCR TRDIORA
CMD1, I0A2 to
Bit Name EAO STCLK CMDO PWM3 IOAO Function
Setting 0 0 00 0 XXX PWMS3 mode waveform
values output
0 0 00 1 001, 01X Timer mode waveform
output (output compare
function)
X 0 00 1 1XX Timer mode (input capture
function)
X 0 00 1 000 General input port (when
the corresponding pin PCR
X 1 XX X 0XX External clock input
Other than above Setting prohibited
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e FTIOBO pin

Register
Name TRDOER1 TRDFCR TRDPMR  TRDIORA
CMD1, I0B2 to
Bit Name EBO CMDO PWM3 PWMBO I10BO Function
Setting 0 10, 11 X X XXX Complementary PWM
values mode waveform output
0 01 X X XXX Reset synchronous
PWM mode waveform
output
0 00 0 X XXX PWMS3 mode waveform
output
0 00 1 1 XXX PWM mode waveform
output
0 00 1 0 001, 01X Timer mode waveform
output (output compare
function)
X 00 1 0 1XX Timer mode (input
capture function)
X 00 1 0 000 General input port (when
the corresponding pin
PCR =0)
Other than above Setting prohibited
Page 538 of 982 REJ09B0465-0300 Rev. 3.00
RENESAS Sep 17,2010



H8S/20103, H8S/20203, H8S/20223, H8S/20115, H8S/20215, H8S/20235 Group

Section 16 Timer RD

e FTIOCO pin

Register
Name TRDOER1 TRDFCR TRDPMR TRDIORC
CMD1, 10C2 to
Bit Name ECO CMDO PWM3 PWMCO 10Co Function
Setting 0 10, 11 X X XXX Complementary PWM
values mode waveform output
0 01 X X XXX Reset synchronous
PWM mode waveform
output
0 00 1 1 XXX PWM mode waveform
out
0 00 1 0 001, 01X Timer mode waveform
output (output compare
function)
X 00 1 0 1XX Timer mode (input
capture function)
X 00 1 0 000 General input port (when
the corresponding pin
PCR =0)
Other than above Setting prohibited
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e FTIODO pin

Register
Name TRDOER1 TRDFCR TRDPMR TRDIORC
CMD1, 10D2 to
Bit Name EDO CMDO PWM3 PWMDO 10D0 Function
Setting 0 10, 11 X X XXX Complementary PWM
values mode waveform output
0 01 X X XXX Reset synchronous
PWM mode waveform
output
0 00 1 1 XXX PWM mode waveform
out
0 00 1 0 001, 01X Timer mode waveform
output (output compare
function)
X 00 1 0 1XX Timer mode (input
capture function)
X 00 1 0 000 General input port (when
the corresponding pin
PCR=0)
Other than above Setting prohibited
Page 540 of 982 REJ09B0465-0300 Rev. 3.00
RENESAS Sep 17,2010



H8S/20103, H8S/20203, H8S/20223, H8S/20115, H8S/20215, H8S/20235 Group

Section 16 Timer RD

e FTIOALI pin

Register
Name TRDOER1 TRDFCR TRDIORA
CMD1, I0A2 to
Bit Name EA1 CMDO PWM3 IOA0 Function
Setting 0 10,11 X XXX Complementary PWM mode waveform
values output
0 01 X XXX Reset synchronous PWM mode
waveform output
0 00 1 001, 01X  Timer mode waveform output (output
compare function)
X 00 1 1XX Timer mode (input capture function)
X 00 1 000 General input port (when the
corresponding pin PCR = 0)
Other than above Setting prohibited
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e FTIOBI pin
Register
Name TRDOER1 TRDFCR TRDPMR TRDIORA
CMD1, 10B2 to
Bit Name EB1 CMDO PWM3 PWMB1 10B0 Function
Setting 0 10,11 X X XXX Complementary PWM
values mode waveform output
0 01 X X XXX Reset synchronous PWM
mode waveform output
0 00 1 1 XXX PWM mode waveform out
00 1 0 001, 01X Timer mode waveform
output (output compare
function)
X 00 1 0 1XX Timer mode (input capture
function)
X 00 1 0 000 General input port (when
the corresponding pin
PCR =0)
Other than above Setting prohibited
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e FTIOCI pin

Register
Name TRDOER1 TRDFCR TRDPMR TRDIORC
CMD1, 10C2 to
Bit Name EC1 CMDO PWM3 PWMC1 10COo Function
Setting 0 10,11 X X XXX Complementary PWM
values mode waveform output
0 01 X X XXX Reset synchronous PWM
mode waveform output
0 00 1 1 XXX PWM mode waveform out
00 1 0 001, 01X Timer mode waveform
output (output compare
function)
X 00 1 0 1XX Timer mode (input capture
function)
X 00 1 0 000 General input port (when
the corresponding pin
PCR =0)
Other than above Setting prohibited
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e FTIODI pin

Register
Name TRDOER1 TRDFCR TRDPMR TRDIORC
CMD1, 10D2 to
Bit Name ED1 CMDO PWM3 PWMD1 10D0 Function
Setting 0 10,11 X X XXX Complementary PWM
values mode waveform output
0 01 X X XXX Reset synchronous PWM
mode waveform output
0 00 1 1 XXX PWM mode waveform out
00 1 0 001, 01X Timer mode waveform
output (output compare
function)
X 00 1 0 1XX Timer mode (input capture
function)
X 00 1 0 000 General input port (when
the corresponding pin
PCR =0)
Other than above Setting prohibited
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16.3.1 Counter Operation

‘When one of bits STRO and STR1 in TRDSTR is set to 1, the TRDCNT counter for the
corresponding channel begins counting. TRDCNT can operate as a free-running counter, periodic
counter, for example. Figure 16.7 shows an example of the counter operation setting procedure.

[1] Select the counter clock with bits
TPSC2 to TPSCO in TRDCR. When
an external clock is selected, select

Select counter clock (1 the external clock edge with bits

CKEG1 and CKEGO in TRDCR.
| [2] For periodic counter operation, select
( Periodic counter ) ( Free-running counter ) the TRDCNT clear!ng source with bits
CCLR2 to CCLRO in TRDCR.

| [38] Designate the general register

[2] selected in [2] as an output compare

register by means of TRDIOR.

| [4] Set the periodic counter cycle in the
Select output compare register 3] general register selected in [2].

| [5] Setthe STR bitin TRDSTR to 1 to
[4] start the counter operation.

( Operation selection )

Select counter clearing source

Set period

Start count operation 5]

Figure 16.7 Example of Counter Operation Setting Procedure
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(1) Free-Running Count Operation and Periodic Count Operation

Immediately after a reset, the TRDCNT counters for channels 0 and 1 are all designated as free-
running counters. When the relevant bit in TRDSTR is set to 1, the corresponding TRDCNT
counter starts an increment operation as a free-running counter. When TRDCNT overflows, the
OVF flag in TRDSR is set to 1. If the value of the OVIE bit in the corresponding TRDIER is 1 at
this point, timer RD requests an interrupt. After overflow, TRDCNT starts an increment operation
again from H'0000.

Figure 16.8 illustrates free-running counter operation.

TRDCNT value
A

o

H'0000

> Time

STRO, i :
STR1 - ! !

Figure 16.8 Free-Running Counter Operation

When compare match is selected as the TRDCNT clearing source, the TRDCNT counter for the
relevant channel performs periodic count operation. The GR registers for setting the period are
designated as output compare registers, and counter clearing by compare match is selected by
means of bits CCLR1 and CCLRO in TRDCR. After the settings have been made, TRDCNT starts
an increment operation as a periodic counter when the corresponding bit in TRDSTR is set to 1.
When the count value matches the value in GR, the IMFA, IMFB, IMFC, or IMFD flag in TRDSR
is set to 1 and TRDCNT is cleared to H'0000. If the value of the corresponding IMIEA, IMIEB,
IMIEC, or IMIED bit in TRDIER is 1 at this point, timer RD requests an interrupt. After a
compare match, TRDCNT starts an increment operation again from H'0000.
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Figure 16.9 illustrates periodic counter operation.

TRDCNT value

A
Counter cleared by GR compare match

GRvalue | - - - oo oo e

H'0000

> Time

STR

Figure 16.9 Periodic Counter Operation
(20 TRDCNT Count Timing

e Internal clock operation

A system clock (¢), or four types of clocks (¢/2, ¢/4, ¢/8, or ¢/32) that are generated by
dividing the system clock can be selected by bits TPSC2 to TPSCO in TRDCR.

Figure 16.10 illustrates this timing.

Internal clock | ( | X |
TRDCNT input
I |g ( (( | |
) ))
§
TRDCNT N >< N X N+

)

~
-1

—
1

Figure 16.10 Count Timing in Internal Clock Operation
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e External clock operation
An external clock input pin (TCLK) can be selected by bits TPSC2 to TPSCO in TRDCR, and
a detection edge can be selected by bits CKEG1 and CKEGO. To detect an external clock, the
rising edge, falling edge, or both edges can be selected.
Figure 16.11 illustrates the detection timing of the rising and falling edges.

! ML P
External clock _l ( %I [) %I_

input pin )
TRDCNT input | | 0 | | .
)Y fr
(( ((
TRDCNT N-1 X /’ /’ N X N+1/’ /
) $5

Figure 16.11 Count Timing in External Clock Operation (Both Edges Detected)

16.3.2 Waveform Output by Compare Match

Timer RD can perform 0, 1, or toggle output from the corresponding FTIOA, FTIOB, FTIOC, or
FTIOD output pin using compare match A, B, C, or D.

Figure 16.12 shows an example of the setting procedure for waveform output by compare match.

( Output selection )

[1] Select 0 output, 1 output, or toggle

| Select waveform output mode | i output as a compare much output, by
| means of TRDIOR. The initial values set
| Set output timing | 2] in TRDOCR are output unit the first
compare match occurs.
| [2] Set the timing for compare match
| Enable waveform output | 3] generation in GRA/GRB/GRC/GRD.
| [8] Enable or disable the timer output by
TRDOERT.
| Start count operation | [4] [4] Setthe STRbitin TRDSTR to 1 to start
i the TRDCNT count operation.

<Waveform output>

Figure 16.12 Example of Setting Procedure for Waveform Output by Compare Match
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(1) Examples of Waveform Output Operation
Figure 16.13 shows an example of 0 output/1 output.

In this example, TRDCNT has been designated as a free-running counter, and settings have been
made such that 0 is output by compare match A, and 1 is output by compare match B. When the
set level and the pin level coincide, the pin level does not change.

TRDCNT value
A
HFFFF [ mmmm e g mm oo
S LRt EEEE oo [t EEEE - I REEEEEE R
H'0000 ; ; : : : . Time
55
FTIOB | ‘ i\ No change . No change
ETIOA | /E\ No change /E\No change
/ -/

Figure 16.13 Example of 0 Output/1 Output Operation
Figure 16.14 shows an example of toggle output.

In this example, TRDCNT has been designated as a periodic counter (with counter clearing on
compare match B), and settings have been made such that the output is toggled by both compare
match A and compare match B.
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TRDCNT value
GRB [--mmmmmm oo oo oo
GRA [------ e (SRR R (et
H'0000 i Time
FTIOB | E | Toggle output
FTIOA Toggle output

Figure 16.14 Example of Toggle Output Operation

(2) Output Compare Timing

The compare match signal is generated in the last state in which TRDCNT and GR match (when
TRDCNT changes from the matching value to the next value). When the compare match signal is
generated, the output value selected in TRDIOR is output at the compare match output pin
(FTIOA, FTIOB, FTIOC, or FTIOD). When TRDCNT matches GR, the compare match signal is
generated only after the next TRDCNT input clock pulse is input.

Figure 16.15 shows an example of the output compare timing.

TRDCNT input

[ 1

TRDCNT

N X N+1

GR

Compare match

[ 1

signal

FTIOA to FTIOD

X

Figure 16.15 Output Compare Timing
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16.3.3  Input Capture Function

The TRDCNT value can be transferred to GR on detection of the input edge of the input
capture/output compare pin (FTIOA, FTIOB, FTIOC, or FTIOD). Rising edge, falling edge, or
both edges can be selected as the detected edge. When the input capture function is used, the pulse
width or period can be measured.

Figure 16.16 shows an example of the input capture operation setting procedure.

( Input selection )

Select input edge of [1]1 Designate GR as an input capture register
input capture (1 by means of TRDIOR, and select rising
T edge, falling edge, or both edges as the
input edge of the input capture signal.
Start counter operation [2] [2] Setthe STR bitin TRDSTR to 1 to start the
l TRDCNT counter operation.

<Input capture operation>

Figure 16.16 Example of Input Capture Operation Setting Procedure
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(1) Example of Input Capture Operation
Figure 16.17 shows an example of input capture operation.

In this example, both rising and falling edges have been selected as the FTIOA pin input capture
input edge, the falling edge has been selected as the FTIOB pin input capture input edge, and
counter clearing by GRB input capture has been designated for TRDCNT.

TRDCNT value Counter cleared by FTIOB input (falling edge)
A
H'O180 [--- - - - e e e e O
011 g 4

H'0005
H'0000

I e

FTIOB

FTIOA A

X H'0160 X
GRB X X H0180

GRA X H'0005

Figure 16.17 Example of Input Capture Operation
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(2) Input Capture Signal Timing

Input capture on the rising edge, falling edge, or both edges can be selected through settings in
TRDIOR. Figure 16.18 shows the timing when the rising edge is selected.

; Hplipiipipgligipikiiniingh

Input capture input I
Input capture signal | | (c
)7

TRDCNT N

(
)7

GR
X N q

Figure 16.18 Input Capture Signal Timing
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16.3.4

Synchronous Operation

In synchronous operation, the values in a number of TRDCNT counters can be rewritten
simultaneously (synchronous presetting). Also, a number of TRDCNT counters can be cleared
simultaneously by making the appropriate setting in TRDCR (synchronous clearing). Synchronous
operation enables GR to be increased with respect to a single time base.

Figure 16.19 shows an example of the synchronous operation setting procedure.

(

Synchronous operation
selection

Set synchronous
operation 0l

C

Synchronous presetting ) ( Synchronous clearing )

Clearing No

> source generation
Set TRDCNT [2] channel?
Select counter 3] Select counter [4]
clearing source clearing source
Start counter operation [5] Start counter operation [5]
\ l
<Synchronous presetting> <Counter clearing> <Synchronous clearing>

[1]
[2]

[3]
[4]
[5]

Set the SYNC bits in TRDMDR to 1.

When a value is written to either of the TRDCNT counters, the same value is simultaneously written to the other
TRDCNT counter.

Set bits CCLR1 and CCLRO in TRDCR to specify counter clearing by compare match/input capture.

Set bits CCLR1 and CCLRO0 in TRDCR to designate synchronous clearing for the counter clearing source.

Set the STR bit in TRDSTR to 1 to start the count operation.

Figure 16.19 Example of Synchronous Operation Setting Procedure
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Figure 16.20 shows an example of synchronous operation. In this example, synchronous operation
has been selected, FTIOBO and FTIOB1 have been designated for PWM mode, GRA_0 compare
match has been set as the channel 0 counter clearing source, and synchronous clearing has been set
for the channel 1 counter clearing source. The same input clock has been set for the channel 0 and
channel 1 counter input clocks. Two-phase PWM waveforms are output from pins FTIOBO and
FTIOBI. At this time, synchronous presetting and synchronous operation by GRA_0 compare
match are performed by TRDCNT counters.

For details on PWM mode, see section 16.3.5, PWM Mode.

TRDCNT values

A
GRAQ [ rmmmmm oo oo oo oo

Synchronous clearing by GRA_0 compare match

GRA_1  feemmmmeoooo- e S (R
GRBO f-------offm- e T e N S

GRB_1 |-- AL N [ A T B
H'0000 R ; s P , > Time

FTIOBO : E - - E E

FTIOB1 |

Figure 16.20 Example of Synchronous Operation

16.3.5 PWM Mode

In PWM mode, PWM waveforms are output from the FTIOB, FTIOC, and FTIOD output pins
with GRA as a cycle register and GRB, GRC, and GRD as duty registers. The initial output level
of the corresponding pin depends on the setting values of TRDOCR and POCR. Table 16.4 shows
an example of the initial output level of the FTIOBO pin.

The output level is determined by the POLB to POLD bits corresponding to POCR. When POLB
is 0, the FTIOB output pin is set to 0 by compare match B and set to 1 by compare match A. When
POLB is 1, the FTIOB output pin is set to 1 by compare match B and cleared to O by compare
match A. In PWM mode, maximum 6-phase PWM outputs are possible.
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Figure 16.21 shows an example of the PWM mode setting procedure.

Table 16.4 Initial Output Level of FTIOBO0 Pin

TOBO POLB Initial Output Level
0 0 1

0 1 0

1 0 0

1 1 1

( PWM mode )

Select counter clock

Select counter clearing source

Set PWM mode

Set initial output level

Select output level

Set GR

Enable waveform output

Start counter operation

l

<PWM mode>

1

[2]

[3]

[4]

[5]

[6]

[7]

[8]

Select the counter clock with bits TPSC2 to
TOSCO in TRDCR. When an external clock
is selected, select the external clock edge
with bits CKEG1 and CKEGO in TRDCR.

Use bits CCLR2 to CCLRO in TRDCR to
select the counter clearing source.

Select the PWM mode with bits PWMBO to
PWMDO and PWMB1 to PWMD1 in
TRDPMR.

Set the initial output value with bits TOBO to
TODO and TOB1 to TOD1 in TRDOCR.

Set the output level with bits POLB to POLD
in POCR.

Set the cycle in GRA, and set the duty in the
other GR.

Enable or disable the timer output by
TRDOERT.

Set the STR bit in TRDSTR to 1 and start the
counter operation.

Figure 16.21 Example of PWM Mode Setting Procedure
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Figure 16.22 shows an example of operation in PWM mode. The output signals go to 1 and
TRDCNT is reset at compare match A, and the output signals go to 0 at compare match B, C, and
D (TOB, TOC, and TOD = 0, POLB, POLC, and POLD = 0).

TRDCNT value

GRA

GRB

GRC

GRD
H'0000

FTIOB

FTIOC

FTIOD

4

Counter cleared by GRA compare match

Figure 16.22 Example of PWM Mode Operation (1)
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Figure 16.23 shows another example of operation in PWM mode. The output signals go to 0 and
TRDCNT is reset at compare match A, and the output signals go to 1 at compare match B, C, and
D (TOB, TOC, and TOD = 0, POLB, POLC, and POLD = 1).

TRDC
A

GRA

GRB
GRC

GRD
H'0000

FTIOB

FTIOC

NT value
\

Counter cleared by GRA compare match

Figure 16.23 Example of PWM Mode Operation (2)
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Figures 16.24 (when TOB, TOC, and TOD = 0, POLB, POLC, and POLD = 0) and 16.25 (when
TOB, TOC, and TOD = 0, POLB, POLC, and POLD = 1) show examples of the output of PWM

waveforms with duty cycles of 0% and 100% in PWM mode.

TRDCNT value

GRB rewritten

A Q """""""""""""""" H
GRA  |--------- R i R, Hai
RB : O-=--5 AR B
G : GRB r¢written !
H'0000 : T > Time
FTIOB 0% duty
When cycle register and duty register compare matches
TRDCNT value occur simultaneously, duty register compare match has
A GRB rewritten / priority.
GRA |------- O & e LR e R R R T e e PR PP R DY CEPE
: ! GRB rewritten
H B 7~ | Ut
' ' rewritten H
GRB d B B :
H'0000 T T > Time
FTIOB H 100% duty
When cycle register and duty register compare matches
occur simultaneously, duty register compare match has
priority.
TRDCNT value
A GRB rewritten ” GRB rewritten E
GRA  {------- Ommmmm - e i---
E GRB rewritten
GRB ]
H'0000 : U > Time
FTIOB i 100% duty 0% duty
Figure 16.24 Example of PWM Mode Operation (3)
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TRDCNT value

GRB rewritten

A Q """""""""""""""" H
GRA  |--------- s MR EEEEEEEEEEDV EE R, R
H 1GRB
H 1 rewritten,
GRB A A S
H'0000 T . - » Time
FTIOB 0% duty |
When cycle register and duty register compare matches
TRDCNT value occur simultaneously, duty register compare match has
A GRB rewritten priority.
GRA |- () s s
(.D : GRB rewritten
H «GRB /| (O)efeadaaaa
: 1 rewritten "
GRB ; O il H :
H'0000 ; T » Time
ETIOB E 100% duty |
When cycle register and duty register compare matches
occur simultaneously, duty register compare match has
TRDCNT value priority.
A GRBrewritten T GRB rewritten :
GRA f------- O p - R B Rty & a---
H GRB rewritten
GRB ]
........ .
H'0000 : . » Time
FTIOB | 100% duty 0% duty

Figure 16.25

Example of PWM Mode Operation (4)
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16.3.6  Reset Synchronous PWM Mode

Three normal- and counter-phase PWM waveforms are output by combining channels 0 and 1 that
one of changing points of waveforms will be common.

In reset synchronous PWM mode, the FTIOBO to FTIODO and FTIOA1 to FTIODI1 pins become
PWDM-output pins automatically. TRDCNT_O performs an increment operation. Tables 16.5 and
16.6 show the PWM-output pins used and the register settings, respectively.

Figure 16.29 shows the example of reset synchronous PWM mode setting procedure.

Table 16.5 Output Pins in Reset Synchronous PWM Mode

Channel Pin Name Input/Output Pin Function

0 FTIOCO Output Toggle output in synchronous with PWM cycle

0 FTIOBO Output PWM output 1

0 FTIODO Output PWM output 1 (counter-phase waveform of PWM
output 1)

1 FTIOA1 Output PWM output 2

1 FTIOC1 Output PWM output 2 (counter-phase waveform of PWM
output 2)

1 FTIOB1 Output PWM output 3

1 FTIOD1 Output PWM output 3 (counter-phase waveform of PWM
output 3)

Table 16.6 Register Settings in Reset Synchronous PWM Mode

Register Description
TRDCNT_O Initial setting of H'0000
TRDCNT_A1 Not used (independently operates)

GRA_O Sets counter cycle of TRDCNT_0

GRB_0 Set a changing point of the PWM waveform output from pins FTIOBO and
FTIODO.

GRA_1 Set a changing point of the PWM waveform output from pins FTIOA1 and
FTIOCH.

GRB_1 Set a changing point of the PWM waveform output from pins FTIOB1 and
FTIOD1.
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(Reset synchronous PWM mode)

Stop counter operation

Select counter clock

Select counter clearing source

Set reset synchronous PWM mode

Set TRDCNT

Set GR

Enable waveform output

Start counter operation

<Reset synchronous PWM mode>

(5]

6]

(2]

(3]

[4]

5]

[6]

[71

Clear bit STRO in TRDSTR to 0 and stop the
counter operation of TRDCNT_0. Set reset
synchronous PWM mode after TRDCNT_0
stops.

Select the counter clock with bits TPSC2 to
TPSCO in TRDCR. When an external clock
is selected, select the external clock edge
with bits CKEG1 and CKEGO in TRDCR.

Use bits CCLR2 to CCLRO in TRDCR to
select counter clearing source GRA_O.

Select the reset synchronous PWM mode
with bits CMD1 and CMDO in TRDFCR.
FTIOBO to FTIODO and FTIOA1 to FTIOD1
become PWM output pins automatically.

Set TRDCNT_0 as H'0000. TRDCNT_1
does not need to be set.

GRA _0 is a cycle register. Set a cycle for
GRA_0. Set the changing point timing of the
PWM output waveform for GRB_0, GRA_1,
and GRB_1.

Enable or disable the timer output by
TRDOERT.

Set the STR bit in TRDSTR to 1 and start
the counter operation.

Figure 16.26 Example of Reset Synchronous PWM Mode Setting Procedure
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Figures 16.27 and 16.28 show examples of operation in reset synchronous PWM mode.

TRDCNT value Counter cleared by GRA compare match

GRAO [------mm o e oo - - -

GRBO |--------f - A R

GRA1  |-—-—-— -

H'0000

|
|
|
|
|
GRB_1 R e R R B e
|
|
|
|
|

|
|
1
|
|
)
|
|
1
|
|
N
|
|
|
|

FTIODO

I
I
I
I
I
I
FTIOBO ; ;
T
I
I
I
I

FTIOA1 ~— ——/——
FTIOC1 ~— ————

FTIOB1 ~— —— —

FTIOD1 — —

FTIOCO

Figure 16.27 Example of Reset Synchronous PWM Mode Operation (OLS0 = OLS1 =1)
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TRDCNT value
A / Counter cleared by GRA compare match

GRA_Q [---mmmmmmmm o

GRB_O f---mmmmmmmmme o e (N

GRA1 |--emmmm -

GRB_1 {--A~---
H'0000

FTIOBO

FTIODO

FTIOA1

FTIOC1

FTIOB1

FTIOD1

FTIOCO

Figure 16.28 Example of Reset Synchronous PWM Mode Operation (OLS0 = OLS1 = 0)

In reset synchronous PWM mode, TRDCNT_0 and TRDCNT_1 perform increment and
independent operations, respectively. However, GRA_1 and GRB_1 are separated from
TRDCNT_1. When a compare match occurs between TRDCNT_0 and GRA_O, a counter is
cleared and an increment operation is restarted from H'0000.

The PWM pin outputs O or 1 whenever a compare match between GRB_0, GRA_1, GRB_1 and
TRDCNT_O or counter clearing occur.

For details on operations when reset synchronous PWM mode and buffer operation are
simultaneously set, see section 16.3.9, Buffer Operation.
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16.3.7 Complementary PWM Mode

Three PWM waveforms for non-overlapped normal and counter phases are output by combining
channels 0 and 1.

In complementary PWM mode, the FTIOBO to FTIODO and FTIOA1 to FTIODI1 pins become
PWDM-output pins automatically. TRDCNT_0 and TRDCNT_1 perform an increment or
decrement operation. Tables 16.7 and 16.8 show the output pins and register settings in
complementary PWM mode, respectively.

Figure 16.29 shows the example of complementary PWM mode setting procedure.

Table 16.7 Output Pins in Complementary PWM Mode

Channel Pin Name Input/Output Pin Function

0 FTIOCO Output Toggle output in synchronous with PWM cycle

0 FTIOBO Output PWM output 1

0 FTIODO Output PWM output 1 (counter-phase waveform non-
overlapped with PWM output 1)

1 FTIOA1 Output PWM output 2

1 FTIOCA Output PWM output 2 (counter-phase waveform non-
overlapped with PWM output 2)

1 FTIOB1 Output PWM output 3

1 FTIOD1 Output PWM output 3 (counter-phase waveform non-

overlapped with PWM output 3)

Table 16.8 Register Settings in Complementary PWM Mode

Register Description

TRDCNT_0 Initial setting of non-overlapped periods (non-overlapped periods are differences
with TRDCNT_1)

TRDCNT_1 Initial setting of H'0000

GRA_O Sets (upper limit value — 1) of TRDCNT_O

GRB_0 Set a changing point of the PWM waveform output from pins FTIOBO and
FTIODO.

GRA_1 Set a changing point of the PWM waveform output from pins FTIOA1 and
FTIOCH.

GRB_1 Set a changing point of the PWM waveform output from pins FTIOB1 and
FTIOD1.
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( Complementary PWM mode)
I

Stop counter operation

Select counter clock

Set complementary
PWM mode

Set TCNT

Set GR
|

Enable waveform output

Start counter operation

<Complementary PWM mode>

Note:

(1]

[2]

[3]

[4]

[5]

[6]

[7]

1

[2]

[3]

[4]

[5]

[6]
[7]

Clear bits STRO and STR1 in TRDSTR
to 0, and stop the counter operation of
TRDCNT_0. Stop TRDCNT_O and
TRDCNT_1 and set complementary
PWM mode.

Use bits TPSC2 to TPSCO in TRDCR to
select the same counter clock for
channels 0 and 1. When an external
clock is selected, select the edge of the
external clock by bits CKEG1 and
CKEGO in TRDCR. Set bits CCLR2 to
CCLRO in TRDCR so that the counter is
not cleared.

Use bits CMD1 and CMDO in TRDFCR
to set complementary PWM mode.
FTIOBO to FTIODO and FTIOA1 to
FTIOD1 automatically become PWM
output pins.

TRDCNT_1 must be H'0000. Set a non-
overlapped period to TRDCNT_0.
GRA_O0 is a cycle register. Set the cycle
to GRA_O. Set the timing to change the
PWM output waveform to GRB_O,
GRA_1, and GRB_1. The settings must
be set so that a compare match occurs
on TRDCNT_0 and TRDCNT_1. T < X
(X: Initial value in GRB_0, GRA_1, or
GRB_1).

Use TRDOER!1 to enable or disable the
timer output.

Set the STRO and STR1 bits in TRDSTR
to 1 to start the count operation.

To modify the settings for the complementary PWM mode, clear settings other

than those for the mode. After that, repeat setting from step [1].

Figure 16.29 Example of Complementary PWM Mode Setting Procedure

@

Canceling Procedure of Complementary PWM Mode

Figure 16.30 shows the complementary PWM mode canceling procedure.

( Complementary PWM mode )
I

Stop counter operation

Cancel complementary
PWM mode

<Normal operation>

(1]

(2]

1

(2]

Clear bit CMD1 in TRDFCR to 0, and set
channels 0 and 1 to normal operation.
After setting channels 0 and 1 to normal
operation, clear bits STRO and STR1 in
TRDSTR to 0 and stop TRDCNT_0 and
TRDCNT_1.

Figure 16.30 Canceling Procedure of Complementary PWM Mode
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(2) Examples of Complementary PWM Mode Operation

Figure 16.31 shows an example of complementary PWM mode operation. In complementary
PWM mode, TRDCNT_0 and TRDCNT_1 perform an increment or dec