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Notice

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

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

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

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

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

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

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

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

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

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

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

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

owned subsidiaries.

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




To all our customers

Regarding the change of names mentioned in the document, such as Hitachi
Electric and Hitachi XX, to Renesas Technology Corp.

The semiconductor operations of Mitsubishi Electric and Hitachi were transferred to Renesas
Technology Corporation on April 1st 2003. These operations include microcomputer, logic, analog
and discrete devices, and memory chips other than DRAMs (flash memory, SRAMs etc.)
Accordingly, although Hitachi, Hitachi, Ltd., Hitachi Semiconductors, and other Hitachi brand
names are mentioned in the document, these names have in fact all been changed to Renesas
Technology Corp. Thank you for your understanding. Except for our corporate trademark, logo and
corporate statement, no changes whatsoever have been made to the contents of the document, and
these changes do not constitute any alteration to the contents of the document itself.

Renesas Technology Home Page: http://www.renesas.com

Renesas Technology Corp.
Customer Support Dept.
April 1, 2003
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Cautions

Keep safety first in your circuit designs!

1

Renesas Technology Corporation puts the maximum effort into making semiconductor products better and more reliable, but
thereis aways the possibility that trouble may occur with them. Trouble with semiconductors may lead to persona injury, fire
or property damage.

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

Notes regarding these materials

1

These materials are intended as areference to assist our customersin the selection of the Renesas Technology Corporation
product best suited to the customer's application; they do not convey any license under any intellectua property rights, or any
other rights, belonging to Renesas Technology Corporation or athird party.

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

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

The information described here may contain technical inaccuracies or typographical errors.

Renesas Technology Corporation assumes no responsibility for any damage, liability, or other lossrising from these
inaccuracies or errors.

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

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

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

The prior written approva of Renesas Technology Corporation is necessary to reprint or reproduce in whole or in part these
materials.

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

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

Please contact Renesas Technology Corporation for further details on these materials or the products contained therein.
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Cautions

1. Hitachi neither warrants nor grants licenses of any rights of Hitachi’s or any third party’s
patent, copyright, trademark, or other intellectual property rights for information contained in
this document. Hitachi bears no responsibility for problems that may arise with third party’s
rights, including intellectual property rights, in connection with use of the information
contained in this document.

2. Products and product specifications may be subject to change without notice. Confirm that you
have received the latest product standards or specifications before final design, purchase or
use.

3. Hitachi makes every attempt to ensure that its products are of high quality and reliability.
However, contact Hitachi’ s sales office before using the product in an application that
demands especially high quality and reliability or where its failure or malfunction may directly
threaten human life or cause risk of bodily injury, such as aerospace, aeronautics, nuclear
power, combustion control, transportation, traffic, safety equipment or medical equipment for
life support.

4. Design your application so that the product is used within the ranges guaranteed by Hitachi
particularly for maximum rating, operating supply voltage range, heat radiation characteristics,
installation conditions and other characteristics. Hitachi bears no responsibility for failure or
damage when used beyond the guaranteed ranges. Even within the guaranteed ranges,
consider normally foreseeable failure rates or failure modes in semiconductor devices and
employ systemic measures such as fail-safes, so that the equipment incorporating Hitachi
product does not cause bodily injury, fire or other consequential damage due to operation of
the Hitachi product.

5. Thisproduct is not designed to be radiation resistant.

6. No oneis permitted to reproduce or duplicate, in any form, the whole or part of this document
without written approval from Hitachi.

7. Contact Hitachi’ s sales office for any questions regarding this document or Hitachi
semiconductor products.




List of Items Revised or Added for This Version

Page Iltem Description
1 Table 1.1 Features / CPU Change in (2) High-speed calculation
specification
2 Table 1.1 Features / Clock pulse Change in specification
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368

369to Table 15.3 Control Signal Timing Addition and modification

370
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Preface

The H8/300L Series of single-chip microcomputers has the high-speed H8/300L CPU at its core,
with many necessary peripheral functions on-chip. The H8/300L CPU instruction set is
compatible with the H8/300 CPU.

The H8/3867 Series and H8/3827 Series have a system-on-a-chip architecture that includes such
peripheral functions as aas an LCD controller/driver, six timers, a 14-bit PWM, a two-channel
serial communication interface, and an A/D converter. This alows H8/3867 Series devicesto be
used as embedded microcomputersin systems requiring LCD display.

The H8/3867 Seriesincorporates an LCD drive power supply and step-up constant power supply
(5V), enabling afixed 5V voltage to be obtained independently of V cc.

This manual describes the hardware of the H8/3867 Series and H8/3827 Series. For details on the
H8/3864 Series instruction set, refer to the H8/300L Series Programming Manual.

RENESAS



SECHON L OVEIVIEW.. .ottt sttt st st 1
(I R @Y= VTSSOSO 1
1.2 Internal BIOCK DIGGIaIM .......ocuiiueiieieeieieeeteeiere sttt s sae e sbe b e e b e e 6
1.3  Pin Arrangement and FUNCHIONS. .........cociiiiriiriiiresieee e 7
131 PINATITANGEMENT ...viiitiictereteree ettt st b s 7
132 PINFUNCHONS. ..ot 9
SECHON 2 CPU...eiiee et ettt 13
P2 R @Y/ V1= T PR UPTPR 13
A R = (== SRR 13
212 AJUrESS SPBCE .....c.iritirieiirieerie ettt bbb 14
2.1.3 Register CONfiQUIAtioN ......ccceeeeeeeeeiie e esee ettt naenae e 14
2.2  REQISIEr DESCIIPLIONS. ... .ccviieieeieieeee ettt s st sa e e se e ese s e s resbesaesrestestesnesanen 15
221 GeENEral REGISIEIS. ...t bbb e e 15
222 CONLrOl REQISIEIS. ...ttt s b e b e b b e seenean 15
223 Initiadl REGISIEr VAIUES........cciiiiiriiiiiee e 16
PG T B T = ] o] 0= SO 17
231 DataFormatsin General REQISIENS.......cvovvvreiirerereereeeeese e 18
2.3.2 Memory Data FOrMaLS.........cccoiieeiiieiiinii st 19
24 AdAreSSING MOUES.......oiuiiiieeeecee et ettt be b b et be e e e 20
241 AJJressing MOOES........ccocriririreiesiesie e e e sbe b e b b seeseenean 20
24.2 Effective Address CalCUlation..........coeiererieeieeeeeeeee e e 22
2.5 INSITUCHION SEL....cieeceieecieeeee ettt st e e s e seeseerenaesaesaesteseeseenseneenenns 26
251 DataTransfer INSUCIONS. ... ..o 28
252  ArithmEtiC OPEratioNS.......cccceeieeieieseseseesesesee e e see e e e sresresresresresteseesaennan 30
253  LOQIC OPEFELIONS.....c.ceieuerierieatintesie sttt seesee e see et e st ssesbesaesbesbesaesbesbeseeseenean 31
254 Shift OPEralionS.......ccccoeireriiieere ettt s b b e e b e seenean 31
255  Bit MANIPUIBLIONS......cciviiiiieeieeetereete ettt s 33
256  Branching INSLUCHIONS........cccouiiiiiiriiiieesie et 37
25.7  System Control INSEIUCLIONS ........cccvriiereenesesesese et 39
2.5.8 Block Data Transfer INSrUCLION .........covveveirninreiensiee s 40
2.6  Basic Operational TIMING........ccocirireririrere ettt se e e e e b sbe e sbesbeseesaesseseeseens 42
2.6.1 Accessto On-Chip Memory (RAM, ROM) ......ooiiiiiniineneeesene e 42
2.6.2 Accessto On-Chip Peripheral ModUIES..........ccooeirieiieieneieeee e 43
P A O o U I = = F SR 45
271 OVEIVIBW c.eeieitceere ettt er e n e 45
2.7.2  Program EXECULION SEALE.........cccceieiiiisiesiesesiesiesiese ettt sre st s saenean 46
2.7.3  Program Halt SELE.......cccceiiiiirieie et e 46
2.7.4  EXCeption-Handling SEALE ........cccooeiiriieiiee e 46
]



2.8 MEMOMY I8P ..ttt ettt sttt b e e b e e e e b e e et re e e e eneennesneeseesnnenre 47
281 MEMONY MaD.....c ittt sttt ae e sbe e sae e e saeeeesaee e 47

2.9 APPHCAION NOLES. ..ottt 53
2.9.1  NOES ON DAIB ACCESS.....ccieiieeeierieerteeee e eie e e te st e seeseeseeseeseeseeseessesbeensesseenseen 53

2.9.2  Noteson Bit Manipulation ..........ccoeeieveierenieseneeseseeeeesese e seeseenm 55

2.9.3 Noteson Use of the EEPMOV INSITUCLION ......cccoiveevirieinieiriecsiecseeeseeeseeseeeens 61
Section 3 EXception HAaNAIING.......c.ooieiiriiieeee e 63
N R © V= 4= SRS 63
T = (= = SRS 63
K R © V< 4 1= 1 ST 63

3.2.2  RESEL SEOUBINCE......eeiieeieiie sttt sttt ettt sttt st bbb saa e e sbeesae e et e e saeeeree s 63

3.23 Interrupt Immediately after RESEL ........oovoiiiiie e 65

GG T 1410 £ 1010 £ TSP PURP TR OO 65
G N R © V= VY SRS 65

3.3.2  Interrupt CoNntrol REGISIES. ....c.ciriiireereeeree et 67

3.3.3  EXIErNal INTEITUPLS.....ccve e e st e ettt st s e e e e eneenens 76

G 01 (=g = 10 U] 0] SR 77

3.3.5  INtEITUPL OPEIaLiONS.....ccveiuieertiterie ettt sre e bbb et sb e se e e e e e e eneas 78

3.3.6  INterrupt RESPONSE TIME....ciuiiiiieriereeieee ettt s ee e e e e e s 83

34 APPHCATION NOLES. ..ottt bbb 84
341 NOteSON StACK ArEAUSE.....cceiereieeiereeeeee et s ne e eneenes 84

3.4.2 Noteson Rewriting Port Mode REQISLErS.......ccccverereereeerire e sees e seeneenm 85
Section 4 Clock Pulse GENENatOrS..........coveieerieeie et 87
o R @ V= oV TP PSSR 87
411 BIOCK DIGOIAM.....cecuiieiirieiirieisieisie ettt 87

412 System Clock and SUBCIOCK ........coccerieuiriiirieireerieseese e 87

4.2 SyStEM ClOCK GENEIBLON .......cueeueeeeeteriestestestestesteseseesaeseeseeeesessessessesseseesaessesseseensensenesnensens 88
4.3 SUDCIOCK GENMEIGLON .....veueevieeiirietisieterieieseeseste st se st e s besee s stesessene st enessenessenseseneese 91
A4 PrESCAIEIS ..ottt ettt e b ettt h e bRt eh e E e b e b et st e n e e 93
A5 NOE ON OSCHIBLOIS. ..ottt b e e et st e e e e e eneas 9
Section 5 POWEr-DOWN MOUES .......cceerieeiesieerie e sieeee et see e enee s 95
LT R @ = 4T PSSP 95
511 System Control REQISLEIS.....cccviiiiieieieiestesesieseete ettt s 98

B2 SIEEP IMOME.....ceeiiie bbb ettt e e eaeas 103
521 Transition to SIeep MOE.......ccoiiiiiiiireie e e 103

522 Clearing SIeep MOE........c.ciriiiriiirieeeees e 103

5.2.3 Clock Frequency in Sleep (Medium-Speed) Mode.........ooeveirenieneninnenens 104

LG TS v 070 | ) 1Y oo SRS 104
5.3.1 Transition to Standby MOGE.........ccccvieiiiiieieseeeeeeee e 104

532 Clearing Standby MOGE. ...........ooereriirieieieeeeeene e e e 104

il



5.3.3 Oscillator Settling Time after Standby Mode is Cleared..........coovevenenencneennn. 105

5.34 Standby Mode Transition and Pin SEates.........cccooeierierieniineneesere e 106
L VL (o 1Y oo (= RSP 107
54.1  Transition to WatCh MOGE..........ccovveiein et 107
54.2 Clearing WatCh MOGE ........cceceieie e 107
5.4.3 Oscillator Settling Time after Watch Modeis Cleared........ccoovevvvvevccevieviennn, 107
5.5 SUDSIEED MOE ..ottt et e be b bbb e 108
55.1 Transition to SUDSIEED MOGE.......cooiuiriiiiieeiee e s 108
552 Clearing SUDSIEEN MOGE ..ot 108
Lo SIS 0o 7= ox V= 1Y oo 109
5.6.1 Transition to SUDACIIVE MOUE..........cvoirmreeriirreeeee e 109
5.6.2 Clearing SUDaCtiVE MOOE. ........cccceeuieireccce et s 109
5.6.3 Operating Frequency in SUbactive MOde..........ccooereneirienenenee e 109
5.7  Active (Medium-Speed) MOGE.........ccoorriririnieiese e 110
57.1 Transitionto Active (Medium-Speed) MOde. ..o 110
5.7.2 Clearing Active (Medium-Speed) MOdE..........cocevreirinninneeeeee e 110
5.7.3 Operating Frequency in Active (Medium-Speed) Mode...........cccovevvvnennrennennnns 110
5.8 DIFECE TIaNSFEN .. .cuiieceeiesii ettt 111
58.1 Overview of DIreCt TranSFer .......cccvirririeirieeseere e 111
5.8.2  Direct TranSition TIMES......cccoiireririinierie e sbe b e e b e seenean 112
5.9  Module StandDY MOGE........c.oouiiriiiriiirierie et 115
59.1 Setting Module Standby MOGE..........cooeirirerieirieee e 115
5.9.2 Clearing Module Standby MOCE.........cccceiereriereerceeeeeeeese e 115
SECHION 6 ROM ..ot et 117
I R @Y/ V1= T PR URUPTTPRI 117
6.1.1  BIOCK DIBOIaIM... ..ottt 117
6.2 HB8/3867 and H8/3827 PROM MOUE........cccererereriiriesieseeneeieeeseeesesessesteseeseessesseseessenen 118
6.21 Setting to PROM MOGE. ........ocoereieiisiesieseeseesee s eeeee et see s e seeneen 118
6.2.2 Socket Adapter Pin Arrangement and Memory Map.......ccccceevveeveveneseseesesnenn 118
6.3  HB8/3867 and H8/3827 ProgramimMing ...........ccceeuereriereenieieeeeeeesesiesresie e sre e seesaeseeseeseens 121
6.3.1  Writing and VEriTYING .....coooveiiieie e e 121
6.3.2  Programming PreCaltioNS ...........corereuerieenieeseesieesieesie s s 126
6.4 Reliability Of Programmed Data..........cccvuiririririnieinieesie s 127
SECHON 7 RAM ettt st 129
7.1 OVEBIVIBW. ettt ettt e b bbbt E b bt e b b et bbbt e bt e bttt 129
% TS R = o o [ B o = 10 TP OR U 129
S C o o) R T 1 L@ N o] S 131
ST @ V= VT SO S TSP 131
8.2 PO LR 133
B.2. 1 OVEIVIBIW ..ttt ettt bbbt bkt et 133



83 Port 3.

84 Port4.

85 Port5..

86 Porté6..

87 Port7.

88 Port8.

89 PortA

Register Configuration and DESCIiPLION .........c.coroererierierenere e 133

PiN FUNCLIONS.....cuiiie ettt sttt na e e nne s 138
LTS = (=SSR 140
MOS INPUE PUT-UP o 140
................................................................................................................................ 141
OVEIVIBIW 1.ttt sttt ettt sttt et et e st et e se et e se et e seebeseeneneas 141
Register Configuration and DESCIiPLION .........c.ccuroerireriererere e 141
PiN FUNCLIONS.....cuiie ettt st s st s nne s 145
LTS = (= RS 147
MOS INPUE PUT-UP o 147
................................................................................................................................ 148
OVEIVIBIW ..ottt sttt sttt sttt ettt e seebese et e seebeneeneneas 148
Register Configuration and DESCIiPLION .........c.ccererererienenere e 148
PiN FUNCLIONS.....cviiie ettt st s st st nne s 149
PN SEAES. ..ot re e aeeres 150
................................................................................................................................ 151
OVEIVIBIW ..ottt sttt sttt sttt ettt et et e e ebeneene e 151
Register Configuration and DESCriPtioN.........ccceveeeeerieeeseie e 151
PN FUNCLIONS. ...ttt et e e 154
PIN SEAES. et 154
MOS INPUE PUT-UP o 155
................................................................................................................................ 156
OVEIVIBIV ..ottt sttt sttt ettt ettt st et e seebeneene e 156
Register Configuration and DEeSCriPtioN.........c.cceveeeeieeieeeseie e 156
PN FUNCLIONS. ...ttt bbb e e 158
PIN SEAES. et 158
MOS INPUE PUT-UP o 159
................................................................................................................................ 160
OVEIVIBIV ..ottt sttt sttt ettt ettt st et e seebeneene e 160
Register Configuration and DESCIiPtioN.........cccueeeeieierieeeeere e 160
PN FUNCLIONS. ...ttt bbb e e 162
PIN SEAES. et 162
................................................................................................................................ 163
OVEIVIBIW ...ttt et ete et ae s e e sbesaeesheeabesbeentesbeeabesbeenbesbeenteeneennes 163
Register Configuration and DESCIiPtioN ........cceoeeeeererienesese e e eeee e 163
PN FUNCLIONS.....cuoiitiiieiirici e sttt 165
PIN SEBLES. ...ttt et e e s b e e ne b e 166
................................................................................................................................ 167
OVEIVIBI ...ttt ettt et et e st e e e s te s e e steeatesbeestesbeenbesbeenbeebeantesreennas 167
Register Configuration and DESCriPtioN..........c.eeveerernerneneee s 167
PN FUNCLIONS......oiietirieirie e bbb 169
PIN SEBLES. ...ttt e e 170
................................................................................................................................ 171
\"



B.L10. 1 OVEIVIBW ..ttt ettt n et 171

8.10.2 Register Configuration and DeSCriptioN...........ceereiereeeriereeerere e 171
8.11 Input/Output Data INVersion FUNCHION. ..ot 172
ST I R © V= VS 172
8.11.2 Register Configuration and DESCIPLiONS .......cccevverereereeeeereeese e seeee 172
8.11.3 Note on Modification of Serial Port Control REGISLEN........ccecvvvveveverecesie e, 174
SECHON G TIMENS. ittt be et nes 175
LS R © V= 4 7= TSP 175
LS 1111 1 N 177
.21 OVEIVIBIW .ttt ettt bbb 177
0.22 RegIStEr DESCIIPLONS.....c.ceiiiciicieie et e et r et sresresteseesrenean 179
0.2.3  TiMEr OPEIELION ...ttt ettt ebe bbb sbe e e e e e 183
9.24  Timer A OPEration SEALES.......ccoerererieriereirtesie et st e e e 184
LS G T 11 1< G TSRS 185
LS TR R © V= VS 185
9.3.2  ReQIStEr DESCIIPLIONS.....ciiiieeeirieiesesesesees e e see e re e sre e aeseeseeneen 187
LS G T T 0= @ o= (o) o S 191
9.34  Timer C Operation SEALES........cccreerirereriisie ettt s e 193
LS 1111 g TSP PRSP RUR 194
S R © V= oV SRS 194
9.4.2 ReQiSter DESCIIPLIONS.......couiirieiriiiriiieeie ettt bbb 197
9.4.3  CPU INLEITACE ..ottt ettt 205
LS/ B @ o= - 4 o] o S 208
9.45  APPHICAION NOLES........iiiieeeeeeeeee e bbb e 211
0.5 THMEN Gttt st b et h e st e s b e e ae e s b e eabeeb e eabeebeeaneebe e e e saeeneeas 213
ST R © V= VY S S 213
952 ReQiSter DESCIPLIONS.......ciuiiriiiriiieiiieteree ettt st 216
O.5.3  NOISE CaNCEEN.....ceeieeiieiiricrte ettt 221
LRSI/ B @ o= - 4 o] o S 223
955  APPICAION NOLES........oiiiieeeeeee e bbb e 227
956 Timer G Application EXamPIe ........ccciiiiriiieiiiniee e e 232
9.6 WECNAOG TIIMIEY ....viiiteiite ettt et e e ettt 233
S0 R © Y= VS 233
9.6.2 ReQIStEr DESCIPLIONS.....cueiiieeeiriesierese e see e et e e e et seesre e aeseesreneen 234
LS T T 0= @ o= (o) o S 238
9.6.4 Watchdog Timer Operation SEALES ........cceeererierieriereereeereee s s 239
9.7 Asynchronous Event Counter (AEC) ..ot 240
LS AR R © V= oV PSS 240
0.7.2  ReQiSter DESCIPLIONS.......ciueirieiriiiriiirieriees et 242
LIV ACTI© o= - 1 o] o SRS 247
9.7.4  Asynchronous Event Counter Operation MOdES..........ccccveeveeeeesenesesiesieseenns 248
9.7.5  APPlICAION NOLES........oiiiiieeeeee et bbb e 249
Vi



Section 10 Serial Communication INterface......ooovvveeeee 251

O R @Y VT T USRS 251
L0.1.1 FEAIUMES ...ttt ettt ettt e e b et et eb e e et bene st s s enenens 251
10.1.2 BIOCK QiaQram ....c.coveeriiirieieiereteneee ettt s s 253
050 IRC T = [ o ) 110 101 1 o o S 254
10.1.4 Register CONfIQUIatioN.........ccceiieiseseseseseeseeeee ettt sresr e e se e e e ne e 254

10.2 REQISIEr DESCIIPLIONS. ... .ceiueeeeeeieeiere ettt se et aesbesbesaesbe b see s ebesaeeenens 255
10.2.1 Receive shift register (RSR)......cooiiiiiiriieer e 255
10.2.2 Receive dataregister (RDR) .....ccoocirierieiereereenieeseeste sttt seei e 255
10.2.3 Transmit Shift register (TSR).....ccovciriereereereere e 256
10.2.4 Transmit data register (TDR) ....civceveveereeeeieeeeseee st 256
10.2.5 Serial mode register (SMR).....cccvciiieiirierieieseeeeee et 257
10.2.6 Serial control register 3 (SCR3) ...cuoiieeeieieeeerere et 260
10.2.7 Serial Status register (SSR) .....coveiverieriereereeeereeeeesiese st ee e e eeneeae 264
10.2.8 Bitrateregister (BRR)......ccccoiriireierieie ettt st e 268
10.2.9 Clock stop register 1 (CKSTPRL) ....cccciviiriirieerieerieesieesie et 272
10.2.10 Serial Port Control RegiSter (SPCR) ...cc.ccververeeeeereeeeeseseeseseseesees e seeseeeeneseens 273

O T @7 - 1o o TSRO 275
L0.3.1  OVEIVIEW .ttt ettt b et e b ekttt et ee b 275
10.3.2 Operation in ASynchronOUS MOGE..........ccereeieerirenerere e 279
10.3.3 Operation in SynchronOUS MOGE...........c..ceriirieineineseese et 289
10.3.4 Multiprocessor CommuniCation FUNCLION..........cccveiieinenenenene e 296

0 I 1 1= g 1o 303

10.5 APPICATION NOLES......ccuiieiciictice ettt st et re b be s te st et et e e e e eneeseeneens 304

SeCtioN 11 14-Bit PWM ..ottt 309

I O Y VT OSSR 309
O O = (= ST PRSUPPTUPP PRI 309
7 = 1 o Tox QI 1T o[- 309
R T = [ W @] q o TU = o SR 310
11.1.4 Register CONfIQUIELION ........coeiiiieiieieseeeeee et s 310

11.2 REQISIEr DESCITPLIONS. ... .eeeueeeeeeierierie ettt sttt ae st e bt sae bt see e e eeneeneanens 311
11.2.1 PWM Control Register (PWCR)......coucireirieerieierieerteesiesesie st seeie e 311
11.2.2 PWM DataRegisters U and L (PIWDRU, PWDRL).........cccoovverremreerrrereriensiennens 312
11.2.3 Clock Stop Register 2 (CKSTPR2) .....ccccoevereeeeerreeesesesesieseseeseessesseseseeesseens 312

TG T @< - 1T o TSRO 314
I R @ o= 1o o TP 314
11.3.2 PWM Operation MOES........ccciuirierieriirieienee ettt s see e se e e e 315

SECHION 12 A/D CONVEITEN .....ooieeeieeeieeeesieeeesee e eae e steeeesseesseeseesreesseeneesseeneens 317

T2.1  OVEIVIBW...eeeieieeeree ettt es et b et e bt s e e r e 317
12,01 FEAIUMES ..ottt b e 317
12.1.2 BIOCK DIGOIEIM.....cueiuiiiirierieeterie ittt sttt bbb e e n e e 318

Vi



12.1.3  PiN CONfIQUIBLION ....ccuerueiiiiiieieite et sae e s s b et s se e 319

12.1.4 Register CONfIQUIioN ........cccoieiiriireieeiee ettt e 319
12.2 ReGiSIEr DESCIIPIIONS. .....cuetiuiriiiitiirieiei ettt bttt 320
12.2.1 A/D Result Registers (ADRRH, ADRRL) ........cocuvrvereeereeseerseeesssessssnssesnssenseon 320
12.2.2 A/D Mode REGISIEr (AMR).....covierieii e e siese e seese e saesre e sreseeneesnens 320
12.2.3 A/D Start Register (ADSR) ......ceuiiirieeirsieeees e 322
12.2.4 Clock Stop Register 1 (CKSTPRL) .......cooiiririeiriririeee et 323
R @0 < 1= 1 o o RO 324
12.3.1 A/D CONVErSiON OPEIatiON.......cuerueuireeeirieierieerieesiese s sse e 324
12.3.2 Start of A/D Conversion by External Trigger INPUL.........ccceovveeeneirenenenenienenees 324
12.3.3 A/D Converter Operation MOUES ..........coeriereereereeereeesesesesesieseseesseseeseessssenn 325
O L 1= 1o £ USSR 325
12,5 TYPICE USE..eeiiiriieteets sttt sttt bbbt b e st 325
12.6  APPIICATON NOLES. ... .ottt et ettt be bbbt be e e e e s 328
Section 13 LCD CONrolHEI/DIIVEN ......coveiiiirie et 329
I R @V V= T SRS 329
L1311 FEAIUMES ...ttt bbbt 329
13.1.2 BIOCK DIGOIAIM.....ceiueiuieieieeiirieeie ettt see st et eae bbb b e sbenbesnen 330
13.1.3  PiN CONfigUIBLION ....cc.ceueiiiiisieite ittt e et 331
13.1.4 Register CONfIQUIELION ......ccoerieeiieirieiiriees et 331
13.2 ReGiSIEr DESCIIPIIONS. ....cuiiiiertiirtiirie ettt bttt en 332
13.2.1 LCD Port Control Register (LPCR) .....vooveeeeeeeeeeeecere e 332
13.2.2 LCD Control REGISLEr (LCR) ....ocveiviiieieeieierieieeeeeeeeeve e sre e et sae e 334
13.2.3 LCD Control Register 2 (LCR2) ......couvueuerireririetisirieee st 336
13.2.4 Clock Stop Register 2 (CKSTPR2).......cccoiirieiirrieee s 338
(ISR I @ 1< £ 1 o] [OOSR U P RPN 339
13.3.1 SettingSUP tO LCD DiSPla....c..ceveuerieiriiirieirieeseeseeesesie s 339
13.3.2 Relationship between LCD RAM and Display .....ccccoveeeeeeeenereseseseseesienieneens 342
13.3.3 Luminance Adjustment FUNCtion (VO PiN) .....ccceeveieeeicieeeeceeere e 349
13.3.4 Step-Up Constant-Voltage (5 V) Power SUPPIY ...ooveeeereriereniresesese e 350
13.3.5 Low-Power-Consumption LCD Drive SyStem .......ccccceoeenninienenene e 350
13.3.6 Operation in POWEr-DOWN MOUES.........cccoiiiriininieieiesieeeseee s 354
13.3.7 Boosting the LCD Drive POWEr SUPPIY ..o 355
13.3.8  Connection to HDBBL00............cceerrerreriirerrereeesesreresese s sesseneesesnenenn 356
Section 14 Power SUPPIY CITCUIL.......ccovi i 359
R @ Y VL= TP 359
14.2 When Using the Internal Power Supply Step-Down CirCUit.........cceovveeererenieneniesenieseee 359
14.3 When Not Using the Internal Power Supply Step-Down CirCuit..........ccvveveerrenercnnnes 360
Section 15 Electrical CharaCteristiCs.........ccuviereeirirecineseeseseseee e 361
15.1 H8/3867 Series and H8/3827 Series Absolute Maximum Ratings..........ccoccvevvvererieneennnee 361

Vi
RENESAS



15.2 HB8/3867 Series and H8/3827 Series Electrical CharaCteristiCs.......ooovvvvviveeeiviveeeeiiee s 362

15.2.1 Power Supply Voltage and Operating RanNge.........ccceoeeererenenereneesiesieseeseeeeam 362
15.2.2 DC CharaCteliStiCS. .. .coueueueueerireeueneresietesesesieteesesesseseesesssseesessesesesessssssensssssssenens 365
15.2.3 AC Chalr@ClEfiSliCS.....eiueuiriiiriiririeseete sttt st s besaebe e 371
15.2.4 A/D Converter CharaCtefiStiCSs ..o sesneen 374
15.2.5 LCD CharaCteriStiCS .....ccuiuruemimiiiiieieneieieieeeeeesese e 376

15.3  OPEration TIHMING ...ccceeieiirererteetesie et e st e s e b sbesbesbesbesbesee e e eesee e eneeneeneens 378
154  OULPUL LOA CITCUIT.....oeiieeeeeeeeeieeiere ettt sttt sae st b e sae bt e e e e b e nee e anes 382
155 Resonator EQUIVAIENE CITCUIT .......covcirieuirieiriecrieiet et 382
AppendiX A CPU INSIIUCLION SEL........ccceevieicieseerie e 383
AL INSEFUCKIONS ..ottt b et 383
A2 OpEration COOE IMED.......coueeeererierierie sttt ettt saesbe b saesbe st see e e s e e e e eaeas 391
A.3  NUmMDbEr Of EXECULION SEALES......cccrtiriiriirierie ettt s e e e e eneas 393
Appendix B Internal /O REQISIENS........cooviiiiirere e 399
Bl AGUIESSES....cciiciiirircee et 399
B.2  FUNCHONS. ..ottt bbbt 403
Appendix C /0O Port BIOCK DIagrams..........ccocereeriereeseenieseesee e see e 454
C.1 BIlock Diagrams Of POI L.........ccoeiruiiriinniiieienieieseeiesie e 454
C.2  BIlock Diagrams Of POI 3.........ccoeiiiiriiiniiiieenie e 457
C.3  Block Diagrams Of POt 4.........cccceieiiererierecieeieeeeeeeese st sae s seeneeneeeeneenens 464
C.4  Block Diagram Of POt 5........ccceieiieiiiieiesieeeeeeee sttt sttt s s e e e e enens 468
C.5 BIlock Diagram Of PO B.........cceruerieriirieiereeieeieeeeetesie st s a e e e e e eaeas 469
C.6  BIlOCK Diagram Of PO 7......ccoieiirieiiiieie ettt st s e e eneas 470
C.7 Block Diagrams Of POIT 8.........cccoueiiuiiiiiiiriiecieesie st 471
C.8 BIlock Diagram Of POI A ..ottt st 472
C.9 Block Diagram Of POt B .......cccoeiiiiniiiiisiseseseesee e seeeeese s e sre e sre e sse e sesesnssnsnam 473
Appendix D Port States in the Different Processing States.........ccoocveveeiveenenne 474
Appendix E  List of Product COOES ...........oceiiiiinireninieeeeeee s 475
Appendix F Package DIMENSIONS.........ccccveieeeeieeie e seesie e a77
X

RENESAS



Section1 Overview

11 Overview

The H8/300L Seriesis aseries of single-chip microcomputers (MCU: microcomputer unit), built
around the high-speed H8/300L CPU and equipped with peripheral system functions on-chip.

Within the H8/300L Series, the H8/3867 Series and H8/3827 Series comprise single-chip
microcomputers equipped with a controller/driver. Other on-chip peripheral functions include six
timers, a 14-bit pulse width modulator (PWM), two serial communication interface channels, and
an A/D converter. Together, these functions make the H8/3864 Series ideally suited for embedded
applications in systems requiring low power consumption and LCD display. Modelsin the
H8/3867 and H8/3827 Series are the H8/3862 and H8/3822, with on-chip 16-kbyte ROM and 1-
kbyte RAM, the H8/3863 and H8/3823, with 24-kbyte ROM and 1-kbyte RAM, the H8/3864 and
H8/3824, with 32-kbyte ROM and 2-kbyte RAM, the H8/3865 and H8/3825, with 40-kbyte ROM
and 2-kbyte RAM, the H8/3866 and H8/3826, with 48-kbyte ROM and 2-kbyte RAM, and the
H8/3867 and H8/3827, with 60-kbyte ROM and 2-kbyte RAM.

The H8/3867 and H8/3827 are also availablein aZTAT™* version with on-chip PROM which
can be programmed as required by the user.

Table 1.1 summarizes the features of the H8/3867 Series and H8/3827 Series.

Note: * ZTAT (Zero Turn Around Time) isatrademark of Hitachi, Ltd.
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Tablel.1 Features

Item Description
CPU High-speed H8/300L CPU
* General-register architecture
General registers: Sixteen 8-bit registers (can be used as eight 16-bit
registers)
e Operating speed
0 Max. operating speed: 3 MHz
O Add/subtract: 0.67 ps (operating at 3 MHz)
O Multiply/divide: 4.67 ps (operating at 3 MHz)
O Can runon 32.768 kHz or 38.4 kHz subclock
* Instruction set compatible with H8/300 CPU
0 Instruction length of 2 bytes or 4 bytes
0 Basic arithmetic operations between registers
O MOV instruction for data transfer between memory and registers
» Typical instructions
O Multiply (8 bits x 8 bits)
0 Divide (16 bits + 8 bits)
0 Bit accumulator
0 Register-indirect designation of bit position
Interrupts 36 interrupt sources

13 external interrupt sources (IRQ4 to IRQqy, WKP; to WKPg)
23 internal interrupt sources

Clock pulse generators

Two on-chip clock pulse generators

System clock pulse generator: 0.4 to 6 MHz
Subclock pulse generator: 32.768 kHz, 38.4 kHz

Power-down modes

Seven power-down modes

Sleep (high-speed) mode
Sleep (medium-speed) mode
Standby mode

Watch mode

Subsleep mode

Subactive mode

Active (medium-speed) mode
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Table1l.1 Features(cont)

Item Description

Memory Large on-chip memory

H8/3862, H8/3822: 16-kbyte ROM, 1-kbyte RAM
H8/3863, H8/3823: 24-kbyte ROM, 1-kbyte RAM
H8/3864, H8/3824: 32-kbyte ROM, 2-kbyte RAM
H8/3865, H8/3825: 40-kbyte ROM, 2-kbyte RAM
H8/3866, H8/3826: 48-kbyte ROM, 2-kbyte RAM
H8/3867, H8/3827: 60-kbyte ROM, 2-kbyte RAM

I/O ports 64 pins

» 551/0 pins

* 9input pins
Timers Six on-chip timers

Timer A: 8-bit timer

Count-up timer with selection of eight internal clock signals divided
from the system clock (@)* and four clock signals divided from the
watch clock (g,,)*

Asynchronous event counter: 16-bit timer

O Count-up timer able to count asynchronous external events
independently of the MCU's internal clocks

Timer C: 8-bit timer

O Count-up/down timer with selection of seven internal clock signals
or event input from external pin

0 Auto-reloading

Timer F: 16-bit timer

0 Can be used as two independent 8-bit timers

O Count-up timer with selection of four internal clock signals or event
input from external pin

O Provision for toggle output by means of compare-match function
Timer G: 8-bit timer

O Count-up timer with selection of four internal clock signals

O Incorporates input capture function (built-in noise canceler)
Watchdog timer

0 Reset signal generated by overflow of 8-bit counter

Note: * See section 4, Clock Pulse Generator, for the definition of g and g,
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Tablel.l Features(cont)

Iltem

Description

Serial communication
interface

Two serial communication interface channels on chip

* SCI3-1: 8-bit synchronous/asynchronous serial interface
Incorporates multiprocessor communication function

» SCI3-2: 8-bit synchronous/asynchronous serial interface
Incorporates multiprocessor communication function

14-bit PWM

Pulse-division PWM output for reduced ripple

» Can be used as a 14-bit D/A converter by connecting to an external
low-pass filter.

A/D converter

Successive approximations using a resistance ladder
» 8-channel analog input pins
» Conversion time: 31/g or 62/g per channel

LCD controller/driver

LCD controller/driver equipped with a maximum of 32 segment pins and
four common pins

» Choice of four duty cycles (static, 1/2, 1/3, or 1/4)

* Segment pins can be switched to general-purpose port function in 8-
bit units

LCD drive power supply Step-up constant-voltage power supply allows LCD display

(H8/3867 Series only)

RENESAS



Tablel.1

Iltem

Features (cont)

Specification

Product lineup

Product Code

Mask ROM

Version ZTAT Version Package ROM/RAM Size
HD6433862H, — 80-pin QFP (FP-80A) ROM 16 kbytes
HD6433822H RAM 1 kbyte
HD6433862F, — 80-pin QFP (FP-80B)

HD6433822F

HD6433862W, — 80-pin TQFP (TFP-80C)

HD6433822W

HD6433863H, — 80-pin QFP (FP-80A) ROM 24 kbytes
HD6433823H RAM 1 kbyte
HD6433863F, — 80-pin QFP (FP-80B)

HD6433823F

HD6433863W, — 80-pin TQFP (TFP-80C)

HD6433823W

HD6433864H, — 80-pin QFP (FP-80A) ROM 32 kbytes
HD6433824H RAM 2 kbytes
HD6433864F, — 80-pin QFP (FP-80B)

HD6433824F

HD6433864W, — 80-pin TQFP (TFP-80C)

HD6433824W

HD6433865H, — 80-pin QFP (FP-80A) ROM 40 kbytes
HD6433825H RAM 2 kbytes
HD6433865F, — 80-pin QFP (FP-80B)

HD6433825F

HD6433865W, — 80-pin TQFP (TFP-80C)

HD6433825W

HD6433866H, — 80-pin QFP (FP-80A) ROM 48 kbytes
HD6433826H RAM 2 kbytes
HD6433866F, — 80-pin QFP (FP-80B)

HD6433826F

HD6433866W, — 80-pin TQFP (TFP-80C)

HD6433826W

HD6433867H, HD6473867H,  80-pin QFP (FP-80A) ROM 60 kbytes
HD6433827H HD6473827H RAM 2 kbytes
HD6433867F, HD6473867F,  80-pin QFP (FP-80B)

HD6433827F HD6473827F

HD6433867W, HD6473867W, 80-pin TQFP (TFP-80C)

HD6433827W  HD6473827W
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1.2

Internal Block Diagram

Figure 1.1 shows a block diagram of the H8/3867 Series and H8/3827 Series.

P1o/TMOW ~—>

P11/ TMOFL ~—>|
P12/TMOFH ~—>-|
P1s/TMIG ~—>|
P14/IRQ4/ADTRG <>
P1s/[RQY/TMIC ~<—>|
P16/IRQz <>
P17/IRQs/TMIF ~—>|

P30/PWM ~—>

P3/UD <>
P32/RESO ~<—|
P33/SCKa1 <>
P34/RXD31 <>
P3s/TXD31 <>
P36/AEVH <>
P37/AEVL <

P40/SCKsz2 <>
P41/RXD32 <—>|
P42/TXD32 <>

P43/IRQo —»|

P50/WKPo/SEG1 <—>|
P51/WKP1/SEG2 <>
P52/WKP2/SEGs <—>|
P53/WKP3/SEGs <>
P54/ WKP4/SEGs ~<—>|
P55/WKPs/SEGs ~<—>
P56/WKP6/SEG7 <>
P57,/ WKP7/SEGs <—>|

Port 1

Port 3

Port 5

38 g » 0
o D . 28 8> ‘Lu w
O O X X > > >0 I -
ool | &g H8/300L
g0 20 CPU
< wn
%]
ROM RAM
(60k/48k/40k/32k (2k/1k)
24k/16Kk)
i Serial
Timer - A communication
interface 3-1
Timer - C Serial
communication
interface 3-2
Timer - F
14-bit
Timer - G PWM
Asynchronous wWDT
counter
A/D LCD
(10bit) Controller
| Port B ‘
o @ 2222222z
$§ 4 g33g3xxx
< < [oa e 'a R ' o'a e N ' ']
[ W o Wy a Wy o W a I a I a I 0

LCD Power

Port 7 Port 8 ‘ ’ Port A ‘ ’ Supply

Port 6

—> Vo
< V1
< V2
[<— V3

~<—> PA3/COMa4
[<—> PA2/COMs
[<—> PA1/COM:
[<—> PAo/COM:

P87/SEG32/CL1
P86/SEG31/CL2
P8s/SEG30/DO
P84/SEG2s/M
P83/SEG2s
P82/SEG27
P81/SEG2s
P80/SEG2s

P77/1SEG24
P76/SEG23
P7s/SEG22
P74/SEG21
P73/SEG20
P72/SEG19
P71/SEG1s
P70/SEG17

P67/SEG16
P66/SEG1s
P6s/SEG14
P64/SEG13
P63/SEG12
P62/SEG11
P61/SEG10
P60/SEGs

Figurel.1 Block Diagram
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13 Pin Arrangement and Functions

131 Pin Arrangement

The H8/3867 Series and H8/3827 Series pin arrangement is shown in figures 1.2 and 1.3.

0 N~ O W
[OURNORNORNO]
w w w w
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I N N N N N N R R - R - - Bt R T ST T T
[ o T o T o T o o T T o o T o T o o T o T T o R s N a e
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P80/SEG25 [ 61 40| ] P53/WKP3/SEG4
P81/SEG26 [ |62 39[] P52/WKP2/SEG3
P82/SEG27 [ 63 38[] P51/WKP1/SEG2
P8:/SEG28 [_| 64 37 ] P50/ WKPJ/SEG1
P84/SEG29/M [_| 65 36 ] PAJ/COM1
P8s/SEG30/DO [ 66 35[] PAY/COM2
P86/SEG31CL2 [_|67 34[] PA2/COM3
P87/SEG32CL: |68 33[] PAs/COM4
P40/SCKa2 |69 32[] Vee
P41/RXDs32 [|70 31 ] vo
P42/TXD32 [| 71 30 ] v1
P4s/IRQo [| 72 29[ ] v2
AVce []73 28] v3
PBo/ANo [_| 74 271 Vss
PBY/AN: [ |75 26 ] CVec
PB2/ANz |76 25[] P37/AEVL
PB3/ANa [_|77 24["] P3s/AEVH
PB4/ANs |78 23[ ] P3s/TXDa
PBs/ANs [_| 79 22["] P34/RXDa1
PBe/ANs [_| 80 21[7] P3s/SCKa
12 3 45 6 7 8 9 1011 12 13 14 15 16 17 18 19 20
oot
~ ] Cal o 1] ~N - |— U) ; ) I (D o O N L E D O
Z o 0 =~ —_ e
s X 2B EEEEEE S
@ °coFTEg2z:ERE35Ltdk
& asRdsReEE @
ey €5 % .
= o by
S o e
o

Figurel1.2 Pin Arrangement (FP-80A, TFP-80C: Top View)
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132 Pin Functions
Table 1.2 outlines the pin functions of the H8/3864 Series.

Tablel.2 Pin Functions

Pin No.
FP-80A
Type Symbol TFP-80C FP-80B I/O Name and Functions
Power Vee 32 34 Input  Power supply: All V¢ pins should be
source pins CV¢c 26 28 connected to the system power supply.
See section 14, Power Supply Circuit.
Vss 5 7 Input  Ground: All Vgg pins should be
27 29 connected to the system power supply
oV).

AVcce 73 75 Input  Analog power supply: This is the
power supply pin for the A/D converter.
When the A/D converter is not used,
connect this pin to the system power
supply.

AVsg 2 4 Input  Analog ground: This is the A/D
converter ground pin. It should be
connected to the system power supply
(ov).

Vo 31 33 Output LCD power supply: These are the

Vi 30 32 Input  power supply pins for the LCD

Vs, 29 31 controller/driver. They incorporate a

V3 28 30 power supply split-resistance, and are
normally used with Vg and V, shorted.

Clock pins OSC, 7 9 Input  These pins connect to a crystal or
0OSsC, 6 8 Output ceramic oscillator, or can be used to
input an external clock. See section 4,
Clock Pulse Generators, for a typical
connection diagram.
X1 3 5 Input  These pins connect to a 32.768-kHz or
X5 4 6 Output 38.4-kHz crystal oscillator.
See section 4, Clock Pulse
Generators, for a typical connection
diagram.
System RES 9 11 Input  Reset: When this pin is driven low, the
control chip is reset

RESO 20 22 Output Reset output: Outputs the CPU internal

reset signal.

RENESAS



Tablel1.2

Pin Functions (cont)

Pin No.
FP-80A
Type Symbol TFP-80C FP-80B 1/O Name and Functions
System TEST 8 10 Output Test pin: This pin is reserved and
control cannot be used. It should be connected
to Vss.
Interrupt IRQq 72 74 Input  IRQ interrupt request 0 to 4: These
pins IRQ, 15 17 are input pins for edge-sensitive
IRQ, 16 18 external interrupts, with a selection of
IRQ3 17 19 rising or falling edge
IRQ4 14 16
WKP- to 441037 46t039 Input Wakeup interrupt request O to 7:
WKP These are input pins for rising or falling-
edge-sensitive external interrupts.
Timer pins  TMOW 10 12 Output Clock output: This is an output pin for
waveforms generated by the timer A
output circuit.
AEVL 25 27 Input  Asynchronous event counter event
AEVH 24 26 input: This is an event input pin for
input to the asynchronous event
counter.
TMIC 15 17 Input  Timer C event input: This is an event
input pin for input to the timer C counter.
ub 19 21 Input  Timer C up/down select: This pin
selects up- or down-counting for the
timer C counter. The counter operates
as an up-counter when this pin is high,
and as a down-counter when low.
TMIF 17 19 Input  Timer F event input: This is an event
input pin for input to the timer F counter.
TMOFL 11 13 Output Timer FL output: This is an output pin
for waveforms generated by the timer
FL output compare function.
TMOFH 12 14 Output Timer FH output: This is an output pin
for waveforms generated by the timer
FH output compare function.
TMIG 13 15 Input  Timer G capture input: This is an input
pin for timer G input capture.
10
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Table1.2 Pin Functions (cont)
Pin No.

FP-80A
Type Symbol TFP-80C FP-80B I/O Name and Functions
14-bit PWM 18 20 Output 14-bit PWM output: This is an output
PWM pin pin for waveforms generated by the 14-

bit PWM
I/O ports PB;toPBy 1,80to 74 3to1, Input  Port B: This is an 8-bit input port.
80to 76

P44 72 74 Input  Port 4 (bit 3): This is a 1-bit input port.

P4,to P4y 71t069 73to71 I/O Port 4 (bits 2 to 0): This is a 3-bit I/O
port. Input or output can be designated
for each bit by means of port control
register 4 (PCR4).

PAsto PAy 33t036 35t038 1/O Port A: This is a 4-bit I/0 port. Input or
output can be designated for each bit by
means of port control register A (PCRA).

P1;to Pl 17t010 19to12 I/O Port 1: This is an 8-bit I/O port. Input or
output can be designated for each bit by
means of port control register 1 (PCR1).

P3;t0P3y 25t018 27to20 I/O Port 3: This is an 8-bit I/O port. Input or
output can be designated for each bit by
means of port control register 3 (PCR3).

P5;,t0 P59 44t037 46t039 I/O Port 5: This is an 8-bit I/O port. Input or
output can be designated for each bit by
means of port control register 5 (PCR5).

P6;,to P6g 52t045 54to47 1/O Port 6: This is an 8-bit I/O port. Input or
output can be designated for each bit by
means of port control register 6 (PCR6).

P7;t0 P7q 60to53 62to55 I/O Port 7: This is an 8-bit I/O port. Input or
output can be designated for each bit by
means of port control register 7 (PCR7).

P8;,t0 P8y 68to61 70to63 I/O Port 8: This is an 8-bit I/O port. Input or

output can be designated for each bit by
means of port control register 8 (PCR8).

RENESAS
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Tablel1.2

Pin Functions (cont)

Pin No.
FP-80A

Type Symbol TFP-80C FP-80B 1/O Name and Functions
Serial RXD3; 22 24 Input  SCI3-1 receive data input:
communi- This is the SCI31 data input pin.
cation TXD3; 23 25 Output SCI3-1 transmit data output:
interface This is the SCI31 data output pin.
(scn SCKaq 21 23 I/0 SCI3-1 clock I/O:

This is the SCI31 clock 1/O pin.

RXD3, 70 72 Input  SCI3-2 receive data input:

This is the SCI32 data input pin.

TXD3, 71 73 Output SCI3-2 transmit data output:

This is the SCI32 data output pin.

SCK3s 69 71 I/0 SCI3-2 clock I/O:

This is the SCI32 clock 1/O pin.
A/D AN7 to An0 1 3tol Input  Analog input channels 7 to 0:
converter 80to74 80to76 These are analog data input channels to
the A/D converter
ADTRG 14 16 Input  A/D converter trigger input:
This is the external trigger input pin to
the A/D converter
LCD COM, to 33t036 35t038 Output LCD common output: These are the
controller/  COM; LCD common output pins.
driver SEG3to 68t037 70to39 Output LCD segment output: These are the

SEG; LCD segment output pins.

CL1 68 70 Output LCD latch clock: This is the output pin
for the segment external expansion
display data latch clock.

CL2 67 69 Output LCD shift clock: This is the output pin
for the segment external expansion
display data shift clock.

DO 66 68 Output LCD serial data output: This is the
output pin for segment external
expansion serial display data.

M 65 67 Output LCD alternation signal: This is the
output pin for the segment external
expansion LCD alternation signal.

12
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21

Section2 CPU

Overview

The H8/300L CPU has sixteen 8-bit general registers, which can also be paired as eight 16-bit
registers. Its concise instruction set is designed for high-speed operation.

211

Features

Features of the H8/300L CPU are listed below.

» General-register architecture
Sixteen 8-bit general registers, also usable as eight 16-bit general registers
 Instruction set with 55 basic instructions, including:

O
g

Multiply and divide instructions
Powerful bit-manipulation instructions

» Eight addressing modes

OoOooogogoo

O

Register direct

Register indirect

Register indirect with displacement

Register indirect with post-increment or pre-decrement
Absolute address

Immediate

Program-counter relative

Memory indirect

e 64-kbyte address space
» High-speed operation

O

O
g
O
g

All frequently used instructions are executed in two to four states
High-speed arithmetic and logic operations

8- or 16-hit register-register add or subtract: 0.67 ps*

8 x 8-bit multiply: 4.67 ps*

16 + 8-hit divide: 4.67 ps*

Note: * Thesevaluesareat = 3 MHz.

* Low-power operation modes
SLEEP instruction for transfer to low-power operation

13
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212 Address Space

The H8/300L CPU supports an address space of up to 64 kbytes for storing program code and
data.

See 2.8, Memory Map, for details of the memory map.

213 Register Configuration

Figure 2.1 shows the register structure of the H8/300L CPU. There are two groups of registers: the
general registers and control registers.

General registers (Rn)

7 07 0
ROH ROL
R1H R1L
R2H R2L
R3H R3L
R4H R4L
R5H R5L
R6H R6L
R7H (SP) R7L SP: Stack pointer

Control registers (CR)
15 0
PC | PC: Program counter

76543210
CCR | | |U|H|U|N|Z|V|C| CCR: Condition code register
L

Carry flag

—— Overflow flag

Zero flag

Negative flag

Half-carry flag

Interrupt mask bit
User bit
User bit

Figure2.1 CPU Registers

14
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2.2 Register Descriptions

221 General Registers

All the general registers can be used as both data registers and address registers.

When used as data registers, they can be accessed as 16-bit registers (RO to R7), or the high bytes
(ROH to R7H) and low bytes (ROL to R7L) can be accessed separately as 8-bit registers.

When used as address registers, the general registers are accessed as 16-bit registers (RO to R7).

R7 aso functions as the stack pointer (SP), used implicitly by hardware in exception processing
and subroutine calls. When it functions as the stack pointer, asindicated in figure 2.2, SP (R7)
points to the top of the stack.

Lower address side [H'0000]

/\/

Unused area

SP (R7) —=

Stack area

Upper address side [H'FFFF]

Figure2.2 Stack Pointer

222 Control Registers

The CPU control registersinclude a 16-hit program counter (PC) and an 8-bit condition code
register (CCR).

Program Counter (PC): This 16-bit register indicates the address of the next instruction the CPU
will execute. All instructions are fetched 16 bits (1 word) at atime, so the least significant bit of
the PC isignored (always regarded as 0).

Condition Code Register (CCR): This 8-hit register contains internal status information,
including the interrupt mask bit (1) and half-carry (H), negative (N), zero (Z), overflow (V), and
carry (C) flags. These bits can be read and written by software (using the LDC, STC, ANDC,
ORC, and XORC instructions). TheN, Z, V, and C flags are used as branching conditions for
conditional branching (Bcc) instructions.

15
RENESAS




Bit 7—Interrupt Mask Bit (I): When thisbit is set to 1, interrupts are masked. Thisbitissetto 1
automatically at the start of exception handling. The interrupt mask bit may be read and written
by software. For further details, see section 3.3, Interrupts.

Bit 6—User Bit (U): Can be used freely by the user.

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

The H flag isused implicitly by the DAA and DAS instructions.

When the ADD.W, SUB.W, or CMP.W instruction is executed, the H flag is set to 1 if thereisa
carry or borrow at bit 11, and is cleared to 0 otherwise.

Bit 4—User Bit (U): Can be used freely by the user.

Bit 3—Negative Flag (N): Indicates the most significant bit (sign hit) of the result of an
instruction.

Bit 2—Zero Flag (Z): Setto 1 to indicate a zero result, and cleared to O to indicate a non-zero
result.

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

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

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

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

Some instructions leave some or all of the flag bits unchanged.

Refer to the H8/300L Series Programming Manual for the action of each instruction on the flag
bits.

2.2.3 Initial Register Values

When the CPU is reset, the program counter (PC) isinitialized to the value stored at address
H'0000 in the vector table, and the | bit in the CCR is set to 1. The other CCR bits and the general
registers are not initialized. In particular, the stack pointer (R7) is not initialized. The stack pointer
should be initialized by software, by the first instruction executed after areset.

16
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2.3 Data Formats

The H8/300L CPU can process 1-bit data, 4-bit (BCD) data, 8-bit (byte) data, and 16-bit (word)
data

« Bit manipulation instructions operate on 1-bit data specified as bit n in a byte operand
(n=0,1,2,..,7).
e All arithmetic and logic instructions except ADDS and SUBS can operate on byte data.

e« TheMOV.W, ADD.W, SUB.W, CMP.W, ADDS, SUBS, MULXU (8 hits x 8 hits), and
DIV XU (16 bits + 8 hits) instructions operate on word data.

* TheDAA and DAS instructions perform decimal arithmetic adjustments on byte datain
packed BCD form. Each nibble of the byteistreated as a decimal digit.

RENESAS
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231 Data Formatsin General Registers

Data of all the sizes above can be stored in general registers as shown in figure 2.3.

Data Type Register No. Data Format

7 o

1-bit data RnH | 7 ‘ 6 ‘ 5 ‘ 4 ‘ 3 ‘ 2 ‘ 1 ‘ 0 | .................... d gn.’_t.g:.a.\.rg ....................
..................................................... 7 0

1-bit data RnL i domtcare | 7 \ 6 \ 5 \ 4 \ 3 \ 2 \ 1 \ 0 |
7 o

Byte data RnH MSB: :LSB| .................... d .o_r_1.’_t.<.:.e.1r¢_ ....................
..................................................... 7 0

Byte data RnL .................... d gn.’;_(.:.a_\(g ................... |MSB: :LSB|
15 0

Word data Rn |MSB: :LSB|

7 4 3 O

4bitBCDdata  RnH | Upperdigit owerdigt | dontcare
7 4 3 0

4-bitBCDdata  RnL :

Notation:

RnH: Upper byte of general register
RnL: Lower byte of general register

MSB: Most significant bit
LSB: Least significant bit

18
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232 Memory Data For mats

Figure 2.4 indicates the data formats in memory. The H8/300L CPU can access word data stored
in memory (MOV.W instruction), but the word data must always begin at an even address. If word
data starting at an odd address is accessed, the least significant bit of the addressis regarded as 0,
and the word data starting at the preceding addressis accessed. The same appliesto instruction
codes.

Data Type Address Data Format
7 0
1-bit data Address n 7|6|5|4|3|2|1|0
Byte data Address n MSB: :LSB
MSB. Upper 8 bits
Word data ~ Cenaddress |MSe_  Upper8bis
Odd address Lower 8 bits LsB
MSB CCR LSB
Byte data (CCR) on stack Even address S L I e o
Odd address |MSB , CCR* LsB
MSB
Word data on stack Even address 1 1 1 1 1 —t
Odd address LsB

CCR: Condition code register

Note: * Ignored on return

Figure2.4 Memory Data Formats

When the stack is accessed using R7 as an address register, word access should always be
performed. When the CCR is pushed on the stack, two identical copies of the CCR are pushed to
make a complete word. When they are restored, the lower byte isignored.

19
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24

24.1

Addressing M odes

Addressing Modes

The H8/300L CPU supports the eight addressing modes listed in table 2.1. Each instruction uses a
subset of these addressing modes.

Table2.1 Addressing Modes

No. Address Modes Symbol

1 Register direct Rn

2 Register indirect @Rn

3 Register indirect with displacement @(d:16, Rn)

4 Register indirect with post-increment @Rn+
Register indirect with pre-decrement @-Rn

5 Absolute address @aa:8 or @aa:16

6 Immediate #xx:8 or #xx:16

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

8 Memory indirect @@aa:8

1. Register Direct—Rn: Theregister field of the instruction specifies an 8- or 16-bit general
register containing the operand.

Only the MOV.W, ADD.W, SUB.W, CMP.W, ADDS, SUBS, MULXU (8 bits x 8 hits), and

DIVXU (16 bits + 8 hits) instructions have 16-bit operands.

2. Register Indirect—@Rn: Theregister field of the instruction specifies a 16-hit general

register containing the address of the operand in memory.

3. Register Indirect with Displacement—@(d:16, Rn): Theinstruction has a second word
(bytes 3 and 4) containing a displacement which is added to the contents of the specified

general register to obtain the operand address in memory.

This mode isused only in MOV instructions. For the MOV.W instruction, the resulting address
must be even.

20
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. Register Indirect with Post-Increment or Pre-Decrement—@Rn+ or @-Rn:
O Register indirect with post-increment—@Rn+
The @Rn+ mode is used with MOV instructions that load registers from memory.
Theregister field of the instruction specifies a 16-bit general register containing the address
of the operand. After the operand is accessed, the register isincremented by 1 for MOV.B
or 2 for MOV.W. For MOV.W, the original contents of the 16-bit general register must be
even.
O Register indirect with pre-decrement—@-Rn
The @-Rn mode is used with MOV instructions that store register contents to memory.
The register field of the instruction specifies a 16-bit general register which is decremented
by 1 or 2 to obtain the address of the operand in memory. The register retains the
decremented value. The size of the decrement is 1 for MOV.B or 2 for MOV.W. For
MOV.W, the original contents of the register must be even.
. Absolute Address—@aa:8 or @aa: 16: The instruction specifies the absolute address of the
operand in memory.
The absolute address may be 8 bits long (@aa:8) or 16 bitslong (@aa:16). The MOV.B and bit
manipulation instructions can use 8-bit absolute addresses. The MOV.B, MOV.W, JMP, and
JSR instructions can use 16-bit absolute addresses.
For an 8-bit absolute address, the upper 8 bits are assumed to be 1 (H'FF). The addressrange is
H'FF0O0 to H'FFFF (65280 to 65535).
. Immediate—#xx:8 or #xx:16: The instruction contains an 8-bit operand (#xx:8) in its second
byte, or a 16-bit operand (#xx:16) in its third and fourth bytes. Only MOV .W instructions can
contain 16-bit immediate values.
The ADDS and SUBS instructions implicitly contain the value 1 or 2 asimmediate data. Some
bit manipulation instructions contain 3-bit immediate data in the second or fourth byte of the
instruction, specifying a bit number.
. Program-Counter Relative—@(d:8, PC): Thismode is used in the Bcc and BSR
instructions. An 8-hit displacement in byte 2 of the instruction code is sign-extended to 16 bits
and added to the program counter contents to generate a branch destination address. The
possible branching range is —126 to +128 bytes (—63 to +64 words) from the current address.
The displacement should be an even number.
. Memory Indirect—@@aa: 8: This mode can be used by the IMP and JSR instructions. The
second byte of the instruction code specifies an 8-hit absolute address. The word located at this
address contains the branch destination address.
The upper 8 bits of the absolute address are assumed to be 0 (H'00), so the address range is
from H'0000 to H'00FF (0 to 255). Note that with the H8/300L Series, the lower end of the
address areais also used as a vector area. See 3.3, Interrupts, for details on the vector area.

If an odd addressis specified as a branch destination or as the operand address of a MOV .W
instruction, the least significant bit is regarded as 0, causing word access to be performed at the
address preceding the specified address. See 2.3.2, Memory Data Formats, for further information.

21
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24.2 Effective Address Calculation
Table 2.2 shows how effective addresses are calculated in each of the addressing modes.

Arithmetic and logic instructions use register direct addressing (1). The ADD.B, ADDX, SUBX,
CMP.B, AND, OR, and XOR instructions can also use immediate addressing (6).

Data transfer instructions can use all addressing modes except program-counter relative (7) and
memory indirect (8).

Bit manipulation instructions can use register direct (1), register indirect (2), or 8-bit absolute
addressing (5) to specify the operand. Register indirect (1) (BSET, BCLR, BNOT, and BTST
instructions) or 3-bit immediate addressing (6) can be used independently to specify a bit position
in the operand.

22
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25 I nstruction Set

The H8/300L Series can use atotal of 55 instructions, which are grouped by function in table 2.3.

Table2.3 Instruction Set

Function Instructions Number
Data transfer MOV, PUSH™?, POP™* 1
Arithmetic operations ADD, SUB, ADDX, SUBX, INC, DEC, ADDS, SUBS, DAA, 14

DAS, MULXU, DIVXU, CMP, NEG
Logic operations AND, OR, XOR, NOT 4
Shift SHAL, SHAR, SHLL, SHLR, ROTL, ROTR, ROTXL, ROTXR 8
Bit manipulation BSET, BCLR, BNOT, BTST, BAND, BIAND, BOR, BIOR, 14

BXOR, BIXOR, BLD, BILD, BST, BIST
Branch Bcc'?, JMP, BSR, JSR, RTS 5
System control RTE, SLEEP, LDC, STC, ANDC, ORC, XORC, NOP 8
Block data transfer EEPMOV 1

Total: 55

Notes: 1. PUSH Rnis equivalent to MOV.W Rn, @-SP.

POP Rn is equivalent to MOV.W @SP+, Rn. The same applies to the machine

language.

2. Bcc is a conditional branch instruction in which cc represents a condition code.

The following sections give a concise summary of the instructions in each category, and indicate

the bit patterns of their object code. The notation used is defined next.
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Notation

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

(EAd), <EAd>

Destination operand

(EAS), <EAs>

Source operand

CCR

Condition code register

N (negative) flag of CCR

Z (zero) flag of CCR

V (overflow) flag of CCR

C (carry) flag of CCR

PC

Program counter

SP

Stack pointer

#IMM

Immediate data

disp

Displacement

Addition

Subtraction

Multiplication

Division

AND logical

OR logical

O o|O

Exclusive OR logical

Move

Logical negation (logical complement)

3-bit length

8-bit length

16

16-bit length

(), <>

Contents of operand indicated by effective address

RENESAS
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251 Data Transfer Instructions

Table 2.4 describes the data transfer instructions. Figure 2.5 shows their object code formats.

Table2.4 DataTransfer Instructions

Instruction Size* Function

MOV B/W (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.
The Rn, @Rn, @(d:16, Rn), @aa:16, #xx:16, @—Rn, and @Rn+
addressing modes are available for word data. The @aa:8
addressing mode is available for byte data only.
The @-R7 and @R7+ modes require word operands. Do not
specify byte size for these two modes.

POP w @SP+ - Rn
Pops a 16-bit general register from the stack. Equivalent to
MOV.W @SP+, Rn.

PUSH w Rn - @-SP

Pushes a 16-bit general register onto the stack. Equivalent to
MOV.W Rn, @-SP.

Notes: * Size: Operand size

B: Byte
W:  Word

Certain precautions are required in data access. See 2.9.1, Notes on Data Access, for details.
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15 0o MOV
op rm ‘ rn | Rm-Rn
15 0
op ‘ rm ‘ n | @RmM«~ -Rn
15 0
op ‘ rm ‘ rn
@(d:16, Rm) - -Rn
15 0
T T T T T T T @Rm+—>Rn, or
op rm rn RN - @—-Rm
15 0
op rn abs | @aa:8~ -Rn
15 0
op rn
@aa:16 -« - Rn
15 0
op n IMM #xx:8 -~ Rn
15 0
op ‘ n
#xx:16 - Rn
1 0
> — — ———— PUSH, POP
op 1 1 1 ‘ rn @SP+ - Rn, or
Rn - @-SP
Notation:
op: Operation field
rm, rn: Register field
disp: Displacement
abs:  Absolute address
IMM:  Immediate data

Figure2.5 DataTransfer Instruction Codes

RENESAS
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252 Arithmetic Operations

Table 2.5 describes the arithmetic instructions.

Table2.5 Arithmetic Instructions

Instruction Size* Function

ADD SUB B/W Rd + Rs - Rd, Rd + #IMM - Rd
Performs addition or subtraction on data in two general registers,
or addition on immediate data and data in a general register.
Immediate data cannot be subtracted from data in a general
register. Word data can be added or subtracted only when both
words are in general registers.

ADDX SUBX B Rd+Rs+C - Rd,Rd+#IMM + C - Rd
Performs addition or subtraction with carry or borrow on byte data
in two general registers, or addition or subtraction on immediate
data and data in a general register.

INC DEC B Rd+1 - Rd
Increments or decrements a general register by 1.

ADDS SUBS w Rd+1 - Rd,Rd+2 - Rd
Adds or subtracts 1 or 2 to or from a general register

DAA DAS B Rd decimal adjust - Rd
Decimal-adjusts (adjusts to 4-bit BCD) an addition or subtraction
result in a general register by referring to the CCR

MULXU B Rd xRs - Rd
Performs 8-bit x 8-bit unsigned multiplication on data in two
general registers, providing a 16-bit result

DIVXU B Rd + Rs - Rd
Performs 16-bit + 8-bit unsigned division on data in two general
registers, providing an 8-bit quotient and 8-bit remainder

CMP B/W Rd - Rs, Rd — #IMM
Compares data in a general register with data in another general
register or with immediate data, and indicates the result in the
CCR. Word data can be compared only between two general
registers.

NEG B 0-Rd - Rd

Obtains the two’s complement (arithmetic complement) of data in a
general register

Notes: * Size: Operand size

B: Byte

W:  Word
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253 L ogic Operations
Table 2.6 describes the four instructions that perform logic operations.

Table2.6 Logic Operation Instructions

Instruction Size* Function

AND B Rd ORs - Rd, Rd O#IMM - Rd

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

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

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

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

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

NOT B ~Rd - Rd

Obtains the one’s complement (logical complement) of general
register contents

Notes: * Size: Operand size
B: Byte
254 Shift Operations

Table 2.7 describes the eight shift instructions.

Table2.7  Shift Instructions

Instruction Size* Function

SHAL B Rd shift -~ Rd

SHAR Performs an arithmetic shift operation on general register contents
SHLL B Rd shift -~ Rd

SHLR Performs a logical shift operation on general register contents
ROTL B Rd rotate —» Rd

ROTR Rotates general register contents

ROTXL B Rd rotate through carry - Rd

ROTXR

Rotates general register contents through the C (carry) bit

Notes: * Size: Operand size
B: Byte
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Figure 2.6 shows the instruction code format of arithmetic, logic, and shift instructions.

15 8 7 0
‘ ‘ — — ] ADD, SUB, CMP,

| op m ‘ m ADDX, SUBX (Rm)

15 8 7 0
| ‘ N T ‘ T | ADDS, SUBS, INC, DEC,

P DAA, DAS, NEG, NOT

15 8 7 0
| op | rm | m | MULXU, DIVXU

15 8 7 0
| ) - ‘ ‘ vy — ] ADD, ADDX, SUBX,

P CMP (#XX:8)

15 8 7 0
| op ‘ rm m |AND, OR, XOR (Rm)

15 8 7 0
| op mn ‘ IMM |AND, OR, XOR (#xx:8)

15 8 7 0
| ‘ S T | SHAL, SHAR, SHLL, SHLR,

P ROTL, ROTR, ROTXL, ROTXR

Notation:

op: Operation field

rm, rn: Register field

IMM:

Immediate data

32

Figure 2.6

Arithmetic, Logic, and Shift Instruction Codes
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255

Bit Manipulations

Table 2.8 describes the bit-manipulation instructions. Figure 2.7 shows their object code formats.

Table2.8

Instruction

Size*

Bit-Manipulation I nstructions

Function

BSET

B

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

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

BCLR

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

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

BNOT

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

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

BTST

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

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

BAND

BIAND

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

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

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

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

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

BOR

BIOR

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

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

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

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

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

Notes:

* Size: Operand size
B: Byte
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Table2.8 Bit-Manipulation Instructions (cont)
Instruction Size* Function
BXOR B C O (<bit-No.> of <EAd>) -~ C
XORs the C flag with a specified bit in a general register or
memory, and stores the result in the C flag.
BIXOR B C O [~(<bit-No.> of <EAd>)] - C
XORs the C flag with the inverse of a specified bit in a general
register or memory, and stores the result in the C flag.
The bit number is specified by 3-bit immediate data.
BLD B (<bit-No.> of <EAd>) -~ C
Copies a specified bit in a general register or memory to the C flag.
BILD B ~ (<bhit-No.> of <EAd>) - C
Copies the inverse of a specified bit in a general register or
memory to the C flag.
The bit number is specified by 3-bit immediate data.
BST B C - (<bit-No.> of <EAd>)
Copies the C flag to a specified bit in a general register or memory.
BIST B ~C - (<hit-No.> of <EAd>)
Copies the inverse of the C flag to a specified bit in a general
register or memory.
The bit number is specified by 3-bit immediate data.
Notes: * Size: Operand size

Byte

Certain precautions are required in bit manipulation. See 2.9.2, Notes on Bit Manipulation, for

details.
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15
op ‘ IMM ‘ m
15
‘ O‘D ‘ rl"n ‘ I’h
15
op m 0 0 O
op \ MM |0 0 O
15
| op " m 00 0
op rm 0 0 O
15
op abs
op \ IMM \o 0 0
15
op abs
op rm ‘0 0 O
15
op ‘ IMM ‘ m
15
| op " m 0 0 0
op ‘ MM |0 0 O
15
op abs
op ‘ MM |0 0 O
Notation:

op: Operation field
rm, rn: Register field
abs:  Absolute address
IMM: Immediate data

BSET, BCLR, BNOT, BTST

Operand:
Bit No.:

Operand:
Bit No.:

Operand:
Bit No.:

Operand:
Bit No.:

Operand:
Bit No.:

Operand:
Bit No.:

register direct (Rn)
immediate (#xx:3)

register direct (Rn)
register direct (Rm)

register indirect (@Rn)

immediate (#xx:3)

register indirect (@Rn)

register direct (Rm)

absolute (@aa:8)

immediate (#xx:3)

absolute (@aa:8)

register direct (Rm)

BAND, BOR, BXOR, BLD, BST

Operand:
Bit No.:

Operand:
Bit No.:

Operand:
Bit No.:

register direct (Rn)
immediate (#xx:3)

register indirect (@Rn)

immediate (#xx:3)

absolute (@aa:8)

immediate (#xx:3)

Figure2.7

Bit Manipulation Instruction Codes

RENESAS
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BIAND, BIOR, BIXOR, BILD, BIST

15 8 7 0
‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ Operand: register direct (Rn)
op ‘ IMM m Bit No.: immediate (#xx:3)
15 8 7 0
op ‘ rn 0 O O O|Operand: register indirect (@Rn)
op ‘ IMM 0 0O O O|BitNo.: immediate (#xx:3)
15 8 7 0
op ‘ abs Operand: absolute (@aa:8)
op ‘ IMM 0 0 O O|fBitNo.: immediate (#xx:3)
Notation:

op: Operation field
rm, rn: Register field
abs:  Absolute address
IMM:  Immediate data

Figure2.7 Bit Manipulation Instruction Codes (cont)
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256 Branching I nstructions

Table 2.9 describes the branching instructions. Figure 2.8 shows their object code formats.

Table2.9 Branching Instructions
Instruction Size Function
Bcc — Branches to the designated address if condition cc is true. The
branching conditions are given below.
Mnemonic Description Condition
BRA (BT) Always (true) Always
BRN (BF) Never (false) Never
BHI High ciz=0
BLS Low or same coz=1
BCC (BHS) Carry clear (high or same) C=0
BCS (BLO) Carry set (low) c=1
BNE Not equal Z=0
BEQ Equal z=1
BVC Overflow clear V=0
BVS Overflow set V=1
BPL Plus N=0
BMI Minus N=1
BGE Greater or equal NOV=0
BLT Less than NOV=1
BGT Greater than ZOINOV)=0
BLE Less or equal ZONNOV)=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

RENESAS
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15 8 7 0
| op cc ‘ disp | Bcc
15 8 7 0
| op ‘ rm 0 0 0 O | JMP (@Rm)
15 8 7 0
op
JMP (@aa:16)
abs
15 8 7 0
| op ‘ abs | JMP (@ @aa:8)
15 8 7 0
| op ‘ disp | BSR
15 8 7 0
| op ‘ rm 0 0 0 O | JSR (@Rm)
15 8 7 0
op
JSR (@aa:16)
abs
15 8 7 0
| op abs | JSR (@ @aa:8)
15 8 7 0
| op | RTS
Notation:
op: Operation field
cc: Condition field
rm: Register field
disp: Displacement
abs: Absolute address

38

Figure2.8 Branching Instruction Codes
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257

System Control Instructions

Table 2.10 describes the system control instructions. Figure 2.9 shows their object code formats.

Table2.10 System Control Instructions

Instruction Size* Function
RTE — Returns from an exception-handling routine
SLEEP — Causes a transition from active mode to a power-down mode. See
section 5, Power-Down Modes, for details.
LDC B Rs - CCR, #IMM - CCR
Moves immediate data or general register contents to the condition
code register
STC B CCR - Rd
Copies the condition code register to a specified general register
ANDC B CCR O#IMM - CCR
Logically ANDs the condition code register with immediate data
ORC B CCR O#IMM - CCR
Logically ORs the condition code register with immediate data
XORC B CCR O #IMM - CCR
Logically exclusive-ORs the condition code register with immediate
data
NOP — PC+2 - PC
Only increments the program counter
Notes: * Size: Operand size

B:

Byte

39
RENESAS



15

| | | dp | | | RTE, SLEEP, NOP
15 8 7 0

| | dp - r‘n | | LDC, STC (Rn)
15 8 7 0

| ‘ o‘p ‘ ‘ IMM ‘ | ANDC, ORC,

XORC, LDC (#xx:8)

Notation:

op: Operation field
rn:  Register field

IMM: Immediate data

Figure2.9 System Control Instruction Codes

258 Block Data Transfer Instruction

Table 2.11 describes the block data transfer instruction. Figure 2.10 shows its object code format.

Table2.11 Block Data Transfer Instruction

Instruction Size Function
EEPMOV — If R4L O then
repeat @R5+ - @R6+
R4L -1 - R4L
until R4L=0
else next;

Block transfer instruction. Transfers the number of data bytes
specified by R4L from locations starting at the address indicated by
R5 to locations starting at the address indicated by R6. After the
transfer, the next instruction is executed.

Certain precautions are required in using the EEPMOV instruction. See 2.9.3, Notes on Use of the
EEPMOQV Ingtruction, for details.
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15 8 7

Notation:
op: Operation field

Figure2.10 Block Data Transfer Instruction Code
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2.6 Basic Operational Timing

CPU operation is synchronized by a system clock (@) or a subclock (gsyg). For details on these
clock signals see section 4, Clock Pulse Generators. The period from arising edge of g or gg g to
the next rising edgeis called one state. A bus cycle consists of two states or three states. The
cycle differs depending on whether access is to on-chip memory or to on-chip peripheral modules.

2.6.1 Accessto On-Chip Memory (RAM, ROM)

Access to on-chip memory takes place in two states. The data bus width is 16 hits, allowing
access in byte or word size. Figure 2.11 shows the on-chip memory access cycle.

Bus cycle

4— T, state — »—a—— T, state —»

2 0or gsup

Internal address bus Address
Internal read signal
Internal data bus Read data

(read access)

Internal write signal

Write data

Internal data bus
(write access)

x

Figure2.11 On-Chip Memory Access Cycle
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26.2

Accessto On-Chip Peripheral Modules

On-chip peripheral modules are accessed in two states or three states. The data buswidth is 8 bits,
S0 access is by byte size only. This meansthat for accessing word data, two instructions must be

used. Figures2.12 and 2.13 show the on-chip peripheral module access cycle.

Two-state access to on-chip peripheral modules

Bus cycle

-

<— T,state — == T, state —»

@ or ﬂSUB

Internal address bus Address
Internal read signal
Internal data bus Read data

(read access)

Internal write signal

Internal data bus
(write access)

X

Write data

Figure2.12 On-Chip Peripheral Module Access Cycle (2-State Access)
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Three-state access to on-chip peripheral modules

Bus cycle

- Lt

< Tystate — == T,state — == Tystate —»

2 or gsyp

Internal : V V
address bus >< : Address : ><

Internal
read signal

Internal
data bus
(read access)

Read data >7

Internal
write signal

Internal
data bus A
(write access) ¥

e

Write data >7

Figure2.13 On-Chip Peripheral Module Access Cycle (3-State Access)

44
RENESAS




2.7 CPU States

27.1 Overview

There are four CPU states: the reset state, program execution state, program halt state, and
exception-handling state. The program execution state includes active (high-speed or medium-
speed) mode and subactive mode. In the program halt state there are a sleep (high-speed or
medium-speed) mode, standby mode, watch mode, and sub-sleep mode. These states are shown in
figure 2.14. Figure 2.15 shows the state transitions.

’ CPU state }74{ Reset state ‘

The CPU is initialized
Program Active
execution state (high speed) mode

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

Active
(medium speed) mode

The CPU executes successive !
program instructions at

reduced speed, synchronized

by the system clock

—{ Subactive mode ‘

The CPU executes
successive program

: Low-power !

instructions at reduced — '
speed, synchronized | 1 modes
by the subclock R

—{ Program halt state }7—{ Sleep (nfliggl;speed) ‘

A state in which some

or all of the chip Sleep (medium-speed) | __ .
functions are stopped mode !
to conserve power |

—{ Standby mode ‘
—{ Watch mode ‘
—{ Subsleep mode ‘ *****

Exception-
handling state
A transient state in which the CPU changes

the processing flow due to a reset or an interrupt

Note: See section 5, Power-Down Modes, for details on the modes and their transitions.

Figure2.14 CPU Operation States
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Reset cleared

Y

Reset state ) - Exception-handling state

Reset occurs

Reset Interrupt
r r .
Reset oceurs zggucrg Interrupt Exception-
occurs source handling
occurs complete

Program halt state Program execution state

SLEEP instruction executed

Figure2.15 State Transitions

2.7.2 Program Execution State
In the program execution state the CPU executes program instructions in sequence.

There are three modes in this state, two active modes (high speed and medium speed) and one
subactive mode. Operation is synchronized with the system clock in active mode (high speed and
medium speed), and with the subclock in subactive mode. See section 5, Power-Down Modes for
details on these modes.

2.7.3 Program Halt State

In the program halt state there are five modes: two sleep modes (high speed and medium speed),
standby mode, watch mode, and subsleep mode. See section 5, Power-Down Modes for details on
these modes.

274 Exception-Handling State

The exception-handling state is atransient state occurring when exception handling is started by a
reset or interrupt and the CPU changes its normal processing flow. In exception handling caused
by an interrupt, SP (R7) is referenced and the PC and CCR values are saved on the stack.

For details on interrupt handling, see section 3.3, Interrupts.
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2.8 Memory Map

281 Memory Map

The memory map of the H8/3862 and H8/3822 is shown in figure 2.16 (1), that of the H8/3863
and H8/3823 in figure 2.16 (2), that of the H8/3864 and H8/3824 in figure 2.16 (3), that of the
H8/3865 and H8/3825 in figure 2.16 (4), that of the H8/3866 and H8/3826 in figure 2.16 (5), and
that of the H8/3867 and H8/3827 in figure 2.16 (6).

H'0000
Interrupt vector area
H'0029
H'002A
16 kbytes
On-chip ROM (16384 bytes)
H'3FFF
Not used
H'F740
LCD RAM
(32 bytes)
H'F75F
Not used
H'F780
On-chip RAM 1024 bytes
HFB7F
Not used
H'FF90
Internal I/O registers
(112 bytes)
H'FFFF

Figure2.16 (1) H8/3862 and H8/3822 Memory Map

a7
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H'0000

H'0029
H'002A

H'5FFF

H'F740

HF75F

H'F780

H'FB7F

H'FF90

H'FFFF

Interrupt vector area

On-chip ROM

Not used

LCD RAM
(32 bytes)

Not used

On-chip RAM

Not used

Internal I/O registers
(112 bytes)

24 kbytes
(24576 bytes)

1024 bytes

48

Figure2.16 (2) H8/3863 and H8/3823 Memory Map
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H'0000

H'0029
H'002A

H'7FFF

H'F740

H'F75F

H'F780

HFF7F

H'FF90

H'FFFF

Interrupt vector area

On-chip ROM

Not used

LCD RAM
(32 bytes)

Not used

On-chip RAM

Not used

Internal I/O registers
(112 bytes)

32 kbytes
(32768 bytes)

2048 bytes

Figure2.16 (3) H8/3864 and H8/3824 Memory Map
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H'0000

H'0029
H'002A

H'9FFF

H'F740

H'F75F

H'F780

HFF7F

H'FF90

H'FFFF

Interrupt
vector area

On-chip ROM

Not used

LCD RAM
(32 bytes)

Not used

On-chip RAM

Not used

Internal I/O registers
(112 bytes)

40 kbytes
(40960 bytes)

2048 bytes

50

Figure2.16 (4) H8/3865 and H8/3825 Memory Map
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H'0000

H'0029
H'002A

H'BFFF

H'F740

H'F75F

H'F780

HFF7F

H'FF90

H'FFFF

Interrupt vector area

On-chip ROM

Not used

LCD RAM
(32 bytes)

Not used

On-chip RAM

Not used

Internal I/O registers
(112 bytes)

48 kbytes
(49152 bytes)

2048 bytes

Figure2.16 (5) H8/3866 and H8/3826 Memory Map
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H'0000

H'0029
H'002A

HEDFF

H'F740

H'F75F

H'F780

HFF7F

H'FF90

H'FFFF

Interrupt vector area

On-chip ROM

Not used

LCD RAM
(32 bytes)

Not used

On-chip RAM

Not used

Internal I/O registers
(112 bytes)

60 kbytes
(60928 bytes)

2048 bytes

52

Figure2.16 (6) H8/3867 and H8/3827 Memory Map
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29 Application Notes

29.1 Notes on Data Access

1

Access to Empty Areas:

The address space of the H8/300L CPU includes empty areas in addition to the RAM,
registers, and ROM areas available to the user. If these empty areas are mistakenly accessed
by an application program, the following results will occur.

Datatransfer from CPU to empty area:

The transferred datawill belost. This action may also cause the CPU to misoperate.
Datatransfer from empty areato CPU:

Unpredictable data is transferred.
Accessto Internal 1/0 Registers:

Internal datatransfer to or from on-chip modules other than the ROM and RAM areas makes
use of an 8-bit datawidth. If word accessis attempted to these aress, the following results will
occur.

Word access from CPU to 1/O register area:
Upper byte: Will be written to 1/0 register.
Lower byte: Transferred datawill be lost.
Word access from /O register to CPU:
Upper byte: Will be written to upper part of CPU register.
Lower byte: Unpredictable datawill be written to lower part of CPU register.

Byte size instructions should therefore be used when transferring data to or from 1/0 registers
other than the on-chip ROM and RAM areas. Figure 2.17 shows the data size and number of
states in which on-chip peripheral modules can be accessed.
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H'0000

H'0029

H'002A

*1
H7FFF

H'F740

HF75F

H'F780

HFF7F*2

H'FF90

HFFFF

Notes:

Access
States
~ Word Byte
Interrupt vector area
(42 bytes)
32kbytes O O 2
On-chip ROM
Not used — — —
LCD RAM
(32 bytes) O O 2
Not used — — —_
On-chip RAM 2048 bytes @) @) 2
Not used — — —
77777777777777777777 x O 2
. H'FF98 to H'FFIF X O 3
Internal I/O registers [~ TTTTotTTToes I8 5
(112 bytes) X
x O 3
77777777777777777777 x O 2

The example of the H8/3864 and H8/3824 is shown here.

This address is H'3FFF in the H8/3862 and H8/3822 (16-kbyte on-chip ROM), H'5FFF in
the H8/3863 and H8/3823 (24-kbyte on-chip ROM), H'9FFF in the H8/3865 and H8/3825
(40-kbyte on-chip ROM), H'BFFF in the H8/3866 and H8/3826 (48-kbyte on-chip ROM),

and H'EDFF in the H8/3867 and H8/3827 (60-kbyte on-chip ROM).

This address is H'FB7F in the H8/3862, H8/3822, H8/3863, and H8/3823 (1024 bytes of

on-chip RAM).

Figure2.17 Data Size and Number of Statesfor Accessto and from
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29.2 Notes on Bit Manipulation

The BSET, BCLR, BNOT, BST, and BIST instructions read one byte of data, modify the data,
then write the data byte again. Special careisrequired when using these instructionsin cases
where two registers are assigned to the same address, in the case of registers that include write-
only bits, and when the instruction accesses an |/O port.

Order of Operation Operation

1 Read Read byte data at the designated address

2 Modify Modify a designated bit in the read data

3 Write Write the altered byte data to the designated address

1. Bit manipulation in two registers assigned to the same address
Example 1: timer load register and timer counter

Figure 2.18 shows an example in which two timer registers share the same address. When a bit
manipulation instruction accesses the timer load register and timer counter of arel oadable timer,
since these two registers share the same address, the following operations take place.

Order of Operation Operation

1 Read Timer counter data is read (one byte)

2 Modify The CPU modifies (sets or resets) the bit designated in the instruction
3 Write The altered byte data is written to the timer load register

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

Read
Count clock ——— Timer counter
i
Reload
Write
Timer load register
Internal bus

Figure2.18 Timer Configuration Example
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Example 2: BSET instruction executed designating port 3

P37 and P3¢ are designated as input pins, with alow-level signal input at P37 and a high-level
signal at P3g. The remaining pins, P35 to P3y, are output pins and output low-level signals. In this
example, the BSET instruction is used to change pin P3g to high-level output.

[A: Prior to executing BSET]

P3; P3e P35 P34 P33 P3, P3: P3q
Input/output Input Input Output Output  Output  Output  Output Output
Pin state Low level High level Low level Low level Low level Low level Low level Low level
PCR3 0 0 1 1 1 1 1 1
PDR3 1 0 0 0 0 0 0 0

[B: BSET instruction executed]

BSET #0 , @DR3 The BSET instruction is executed designating port 3.

[C: After executing BSET]

P3; P3g P35 P3, P33 P3, P3; P3g
Input/output Input Input Output Output  Output  Output  Output Output
Pin state Low level High level Low level Low level Low level Low level Low level High level
PCR3 0 0 1 1 1 1 1 1
PDR3 0 1 0 0 0 0 0 1

[D: Explanation of how BSET operates]
When the BSET instruction is executed, first the CPU reads port 3.

Since P37 and P35 are input pins, the CPU reads the pin states (low-level and high-level input).
P35 to P3y are output pins, so the CPU reads the valuein PDR3. In this example PDR3 has a
value of H'80, but the value read by the CPU is H'40.

Next, the CPU sets bit 0 of the read datato 1, changing the PDR3 datato H'41. Finally, the CPU
writes this value (H'41) to PDR3, completing execution of BSET.

Asaresult of this operation, bit 0 in PDR3 becomes 1, and P3 outputs a high-level signal.
However, bits 7 and 6 of PDR3 end up with different values.

To avoid this problem, store a copy of the PDR3 datain awork areain memory. Perform the bit
manipulation on the data in the work area, then write this datato PDR3.

56
RENESAS



[A: Prior to executing BSET]

MOV. B #80, ROL The PDR3 value (H'80) is written to awork areain memory
MOV. B ROL, @AM (RAMO) aswell asto PDR3
MOV. B ROL, @DR3
P3; P3g P35 P3, P35 P3, P3; P3g
Input/output Input Input Output Output  Output  Output  Output  Output

Pin state Low level High level Low level Low level Low level Low level Low level Low level
PCR3 0 0 1 1 1 1 1 1
PDR3 1 0 0 0 0 0 0 0
RAMO 1 0 0 0 0 0 0 0

[B: BSET instruction executed]

BSET #0 , @GRAM

[C: After executing BSET]

MOV. B @RAMD, ROL

The BSET instruction is executed designating the PDR3
work area (RAMO).

The work area (RAMO) value is written to PDR3.

MOV. B ROL, @DR3
P3; P3¢ P3g P34 P33 P3, P3; P3o
Input/output Input Input Output Output Output  Output  Output  Output

Pin state Low level High level Low level Low level Low level Low level Low level High level
PCR3 0 0 1 1 1 1 1 1
PDR3 1 0 0 0 0 0 0 1
RAMO 1 0 0 0 0 0 0 1
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2. Bit manipulation in aregister containing awrite-only bit
Example 3: BCLR instruction executed designating port 3 control register PCR3

Asin the examples above, P37 and P35 are input pins, with alow-level signal input at P37 and a
high-level signal at P3g. The remaining pins, P35 to P3, are output pins that output low-level
signals. Inthisexample, the BCLR instruction is used to change pin P3p to an input port. Itis
assumed that a high-level signal will be input to thisinput pin.

[A: Prior to executing BCLR]

P3; P3e P35 P34 P33 P3, P3: P3q
Input/output Input Input Output Output  Output  Output  Output Output
Pin state Low level High level Low level Low level Low level Low level Low level Low level
PCR3 0 0 1 1 1 1 1 1
PDR3 1 0 0 0 0 0 0 0

[B: BCLR instruction executed)]

BCLR #0 , @¢CR3 The BCLR instruction is executed designating PCR3.

[C: After executing BCLR]

P3, P3q P35 P3, P3; P3, P3; P3,

Input/output Output  Output Output Output  Output  Output  Output Input

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

PCR3 1 1 1 1 1 1 1 0

PDR3 1 0 0 0 0 0 0 0

[D: Explanation of how BCLR operates]

When the BCLR instruction is executed, first the CPU reads PCR3. Since PCR3 isawrite-only
register, the CPU reads a value of H'FF, even though the PCR3 value is actually H'3F.

Next, the CPU clears bit 0 in the read data to 0, changing the datato H'FE. Finally, thisvalue
(H'FE) iswritten to PCR3 and BCLR instruction execution ends.

Asaresult of this operation, bit 0 in PCR3 becomes 0, making P3g an input port. However, bits 7
and 6 in PCR3 change to 1, so that P37 and P3g change from input pins to output pins.

To avoid this problem, store a copy of the PCR3 datain awork areain memory. Perform the bit
manipulation on the data in the work area, then write this datato PCR3.
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[A: Prior to executing BCLR]

MOV. B #3F, ROL The PCR3 value (H'3F) iswritten to awork areain memory
MOV. B ROL, @RAMD (RAMO) as well asto PCR3.
MOV. B ROL, @°CR3

P3; P3g P3g P3, P33 P3, P3; P3,
Input/output Input Input Output Output  Output  Output  Output  Output
Pin state Low level High level Low level Low level Low level Low level Low level Low level
PCR3 0 0 1 1 1 1 1 1
PDR3 1 0 0 0 0 0 0 0
RAMO 0 0 1 1 1 1 1 1

[B: BCLR instruction executed)]

BCLR #0 , @RAMD The BCLR instruction is executed designating the PCR3

work area (RAMO).

[C: After executing BCLR]

MOV. B @RAMD, ROL The work area (RAMO) value is written to PCR3.
MOV. B ROL, @CR3

P3; P3g P35 P3, P33 P3, P3; P3q
Input/output Input Input Output Output Output  Output  Output  Output
Pin state Low level High level Low level Low level Low level Low level Low level High level
PCR3 0 0 1 1 1 1 1 0
PDR3 1 0 0 0 0 0 0 0
RAMO 0 0 1 1 1 1 1 0
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Table 2.12 lists the pairs of registers that share identical addresses. Table 2.13 lists the registers
that contain write-only bits.

Table2.12 Registerswith Shared Addresses

Register Name Abbreviation Address
Timer counter and timer load register C TCC/TLC H'FFB5
Port data register 1* PDR1 H'FFD4
Port data register 3* PDR3 H'EFD6
Port data register 4* PDR4 H'FFD7
Port data register 5* PDR5 H'FFDS8
Port data register 6* PDR6 H'EFD9
Port data register 7* PDR7 H'FFDA
Port data register 8* PDR8 H'FFDB
Port data register A* PDRA H'FFDD

Note: * Port data registers have the same addresses as input pins.

Table2.13 Registerswith Write-Only Bits

Register Name Abbreviation Address
Port control register 1 PCR1 H'FFE4
Port control register 3 PCR3 H'FFE6
Port control register 4 PCR4 H'FFE7
Port control register 5 PCR5 H'FFE8
Port control register 6 PCR6 H'FFE9
Port control register 7 PCR7 H'FFEA
Port control register 8 PCRS8 H'FFEB
Port control register A PCRA H'FFED
Timer control register F TCRF H'FFB6
PWM control register PWCR H'FFDO
PWM data register U PWDRU H'FFD1
PWM data register L PWDRL H'FFD2
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2.9.3 Notes on Use of the EEPM OV [nstruction

 The EEPMOV instruction isablock datatransfer instruction. It moves the number of bytes
specified by R4AL from the address specified by R5 to the address specified by R6.

RS - < R6

R5+ RAL -

~ R6 + R4L

*  When setting R4L and R6, make sure that the final destination address (R6 + R4L) does not
exceed H'FFFF. The value in R6 must not change from H'FFFF to H'0000 during execution of
the instruction.

R5 - — R6

R5+ R4L - — R6 + RAL

Not allowed
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Section 3 Exception Handling

3.1 Overview

Exception handling is performed in the H8/3864 Series when areset or interrupt occurs. Table 3.1
shows the priorities of these two types of exception handling.

Table3.1 Exception Handling Typesand Priorities

Priority Exception Source Time of Start of Exception Handling

High Reset Exception handling starts as soon as the reset state is cleared
? Interrupt When an interrupt is requested, exception handling starts after
execution of the present instruction or the exception handling in
Low progress is completed
3.2 Reset

321 Overview

A reset isthe highest-priority exception. Theinternal state of the CPU and the registers of the on-
chip peripheral modules are initialized.

322 Reset Sequence
As soon asthe RES pin goes low, all processing is stopped and the chip enters the reset state.
To make sure the chip is reset properly, observe the following precautions.

* At power on: Hold the RES pin low until the clock pulse generator output stabilizes.
* Resetting during operation: Hold the RES pin low for at least 10 system clock cycles.

Reset exception handling takes place as follows.

« The CPU internal state and the registers of on-chip peripheral modules are initialized, with the
I bit of the condition code register (CCR) set to 1.

e ThePC isloaded from the reset exception handling vector address (H'0000 to H'0001), after
which the program starts executing from the address indicated in PC.

63
RENESAS



When system power isturned on or off, the RES pin should be held low.

Figure 3.1 shows the reset sequence starting from RES input.

— » Reset cleared

! Program initial
! Vector fetch Internal ~ instruction prefetch
! e pf Processing @——

3
m
[7p)
T~

Internal

address bus : @ >< @ ><
Internal read \ / \ [\
signal i

Internal write
signal

Internal data !
bus (16-bit) ; (@) L@

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

Figure3.1 Reset Sequence
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323 Interrupt Immediately after Reset

After areset, if an interrupt were to be accepted before the stack pointer (SP: R7) was initialized,
PC and CCR would not be pushed onto the stack correctly, resulting in program runaway. To
prevent this, immediately after reset exception handling all interrupts are masked. For this reason,
theinitial program instruction is always executed immediately after areset. Thisinstruction
should initialize the stack pointer (e.g. MOV.W #xx: 16, SP).

3.3 Interrupts

331 Overview

Theinterrupt sources include 13 external interrupts (IRQ4 to IRQg, WKP7 to WKPy) and 23
internal interrupts from on-chip peripheral modules. Table 3.2 shows the interrupt sources, their
priorities, and their vector addresses. When more than one interrupt is requested, the interrupt with
the highest priority is processed.

The interrupts have the following features:

* Internal and external interrupts can be masked by the | bitin CCR. When thel bitissetto 1,
interrupt request flags can be set but the interrupts are not accepted.

e |RQg4 to IRQy and WK P to WK P, can be set to either rising edge sensing or falling edge
sensing.
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Table3.2 Interrupt Sourcesand Their Priorities

Interrupt Source  Interrupt Vector Number Vector Address  Priority
RES Reset 0 H'0000 to H'0001 High
IRQq IRQq 4 H'0008 to H'0009 A
IRQq IRQq 5 H'000A to H'000B
IRQ, IRQ> 6 H'000C to H'000D
IRQ3 IRQ3 7 H'000E to H'000F
IRQ4 IRQ4 8 H'0010 to H'0011
WKP, WKP, 9 H'0012 to H'0013
WKP WKP
WKP, WKP,
WKP3 WKP3
WKP4 WKP 4
WKP5 WKP5
WKPg WKPg
WKP-, WKP-,
Timer A Timer A overflow 11 H'0016 to H'0017
Asynchronous Asynchronous counter 12 H'0018 to H'0019
counter overflow
Timer C Timer C overflow or 13 H'001A to H'001B
underflow
Timer FL Timer FL compare match 14 H'001C to H'001D
Timer FL overflow
Timer FH Timer FH compare match 15 H'001E to H'001F
Timer FH overflow
Timer G Timer G input capture 16 H'0020 to H'0021
Timer G overflow
SCI3-1 SCI3-1 transmit end 17 H'0022 to H'0023
SCI3-1 transmit data empty
SCI3-1 receive data full
SCI3-1 overrrun error
SCI3-1 framing error
SCI3-1 parity error
SCI3-2 SCI3-2 transmit end 18 H'0024 to H'0025
SCI3-2 transmit data empty
SCI3-2 receive data full
SCI3-2 overrun error
SCI3-2 framing error
SCI3-2 parity error
A/D A/D conversion end 19 H'0026 to H'0027 Y
(SLEEP instruction Direct transfer 20 H'0028 to H'0029 Low
executed)
Note: Vector addresses H'0002 to H'0007 and H'0014 to H'0015 are reserved and cannot be
used.
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332 Interrupt Control Registers

Table 3.3 lists the registers that control interrupts.

Table3.3 Interrupt Control Registers
Name Abbreviation R/W Initial Value Address
IRQ edge select register IEGR R/W H'EO H'FFF2
Interrupt enable register 1 IENR1 R/W H'00 H'FFF3
Interrupt enable register 2 IENR2 R/W H'00 H'FFF4
Interrupt request register 1 IRR1 R/W* H'20 H'FFF6
Interrupt request register 2 IRR2 R/W* H'00 H'FFF7
Wakeup interrupt request register IWPR R/W* H'00 H'FFF9
Wakeup edge select register WEGR R/W H'00 H'FF90
Note: * Write is enabled only for writing of O to clear a flag.
1. IRQ edge select register (IEGR)

Bit 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ — ‘ IEG4 ‘ IEG3 ‘ IEG2 ‘ IEG1 ‘ IEGO ‘
Initial value 1 1 1 0 0 0 0 0
Read/Write — — — R/W R/W R/W R/W R/W

IEGR is an 8-bit read/write register used to designate whether pins TRQ, to IRQg are set to rising

edge sensing or falling edge sensing.

Bits 7 to 5: Reserved hits

Bits 7 to 5 are reserved: they are aways read as 1 and cannot be modified.

Bit 4: IRQ4 edge select (IEG4)

Bit 4 selects the input sensing of the IRQ4 pin and ADTRG pin.

Bit 4
IEG4 Description
0 Falling edge of IRQ, and ADTRG pin input is detected (initial value)
1 Rising edge of IRQ, and ADTRG pin input is detected
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Bit 3: IRQ3 edge select (IEG3)

Bit 3 selects the input sensing of the IRQ3 pin and TMIF pin.

Bit 3

IEG3 Description

0 Falling edge of IRQ; and TMIF pin input is detected (initial value)
1 Rising edge of IRQ3 and TMIF pin input is detected

Bit 2: IRQ, edge select (IEG2)

Bit 2 selects the input sensing of pin IRQ».

Bit 2

IEG2 Description

0 Falling edge of IRQ, pin input is detected (initial value)
1 Rising edge of IRQ, pin input is detected

Bit 1: IRQ; edge select (IEG1)

Bit 3 selectsthe input sensing of the IRQ4 pin and TMIC pin.

Bit 1

IEG1 Description

0 Falling edge of IRQ; and TMIC pin input is detected (initial value)
1 Rising edge of IRQ; and TMIC pin input is detected

Bit 0: IRQ, edge select (IEGO)

Bit 0 selects the input sensing of pin IRQ.

Bit 0

IEGO Description

0 Falling edge of IRQy pin input is detected (initial value)
1 Rising edge of IRQy pin input is detected
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2. Interrupt enable register 1 (IENR1)

Bit 7 6 5 4 3 2 1

0

‘IENTA‘ — ‘IENWP‘ IEN4 ‘ IEN3 ‘ IEN2 ‘ IEN1

‘ IENO ‘

Initial value 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W

IENR1 is an 8-bit read/write register that enables or disables interrupt requests.
Bit 7: Timer A interrupt enable (IENTA)
Bit 7 enables or disablestimer A overflow interrupt requests.

Bit 7
IENTA Description

0
R/W

0 Disables timer A interrupt requests

(initial value)

1 Enables timer A interrupt requests

Bit 6: Reserved bit

Bit 6 is areadable/writable reserved bit. Itisinitialized to O by areset.
Bit 5: Wakeup interrupt enable (IENWP)

Bit 5 enables or disables WKP; to WK Py interrupt requests.

Bit 5
IENWP Description

0 Disables WKP, to WKP interrupt requests

(initial value)

1 Enables WKP; to WKP interrupt requests

Bits4to 0: IRQ4 to IRQq interrupt enable (IEN4 to IENQ)
Bits 4 to 0 enable or disable IRQ4 to IRQg interrupt requests.

Bit n
IENN Description

0 Disables interrupt requests from pin IRQn

(initial value)

1 Enables interrupt requests from pin IRQn

RENESAS
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3. Interrupt enable register 2 (IENR2)

Bit 7 6 5 4 3 2 1 0

‘ IENDT ‘ IENAD ‘ — ‘ IENTG ‘IENTFH ‘ IENTFL‘ IENTC ‘ IENEC ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

IENR2 is an 8-bit read/write register that enables or disables interrupt requests.
Bit 7: Direct transfer interrupt enable (IENDT)

Bit 7 enables or disables direct transfer interrupt requests.

Bit 7

IENDT Description

0 Disables direct transfer interrupt requests (initial value)
1 Enables direct transfer interrupt requests

Bit 6: A/D converter interrupt enable (IENAD)

Bit 6 enables or disables A/D converter interrupt requests.

Bit 6

IENAD Description

0 Disables A/D converter interrupt requests (initial value)
1 Enables A/D converter interrupt requests

Bit 5: Reserved bit
Bit 5 is areadable/writable reserved bit. Itisinitialized to O by areset.
Bit 4: Timer G interrupt enable (IENTG)

Bit 4 enables or disablestimer G input capture or overflow interrupt requests.

Bit 4

IENTG Description

0 Disables timer G interrupt requests (initial value)
1 Enables timer G interrupt requests
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Bit 3: Timer FH interrupt enable (IENTFH)

Bit 3 enables or disables timer FH compare match and overflow interrupt requests.

Bit 3

IENTFH Description

0 Disables timer FH interrupt requests (initial value)
1 Enables timer FH interrupt requests

Bit 2: Timer FL interrupt enable (IENTFL)

Bit 2 enables or disables timer FL compare match and overflow interrupt requests.

Bit 2

IENTFL Description

0 Disables timer FL interrupt requests (initial value)
1 Enables timer FL interrupt requests

Bit 1: Timer C interrupt enable (IENTC)

Bit 1 enables or disables timer C overflow and underflow interrupt requests.

Bit 1

IENTC Description

0 Disables timer C interrupt requests (initial value)
1 Enables timer C interrupt requests

Bit 0: Asynchronous event counter interrupt enable (IENEC)

Bit 0 enables or disables asynchronous event counter interrupt requests.

Bit 0

IENEC Description

0 Disables asynchronous event counter interrupt requests (initial value)
1 Enables asynchronous event counter interrupt requests

For details of SCI3-1 and SCI3-2 interrupt control, see 6. Seria control register 3 (SCR3) in

section 10.4.2.
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4. Interrupt request register 1 (IRR1)

Bit 7 6 5 4 3 2 1 0
‘ IRRTA ‘ — ‘ — ‘ IRRI4 ‘ IRRI3 ‘ IRRI2 ‘ IRRI1 ‘ IRRIO ‘
Initial value 0 0 1 0 0 0 0 0

Read/Write RW*  RW" — RW* RMW* RW* RW* RW*

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

IRR1 is an 8-hit read/write register, in which a corresponding flag is set to 1 when atimer A or
IRQ4 to IRQq interrupt is requested. The flags are not cleared automatically when an interrupt is
accepted. It is necessary to write O to clear each flag.

Bit 7: Timer A interrupt request flag (IRRTA)

Bit 7

IRRTA Description

0 Clearing conditions: (initial value)
When IRRTA =1, it is cleared by writing O

1 Setting conditions:

When the timer A counter value overflows from H'FF to H'00

Bit 6: Reserved bit

Bit 6 is areadable/writable reserved bit. Itisinitialized to O by areset.
Bit 5: Reserved bit

Bit 5isreserved; it is always read as 1 and cannot be modified.

Bits4to 0: IRQ4 to IRQq interrupt request flags (IRRI4 to IRRIO)

Bit n
IRRIN Description
0 Clearing conditions: (initial value)
When IRRIn =1, it is cleared by writing O
1 Setting conditions:
When pin IRQn is designated for interrupt input and the designated signal edge is
input
(n=4100)
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5. Interrupt request register 2 (IRR2)

Bit

Initial value
Read/Write

7 6 5 4 3 2 1 0

‘ IRRDT ‘ IRRAD ‘ — ‘ IRRTG ‘IRRTFH ‘ IRRTFL‘ IRRTC ‘ IRREC ‘
0 0 0 0 0 0 0 0
RW* RW" RW RW* RW" RW" RW* RW"

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

IRR2 is an 8-bit read/write register, in which a corresponding flag is set to 1 when a direct
transfer, A/D converter, Timer G, Timer FH, Timer FC, or Timer C interrupt isrequested. The
flags are not cleared automatically when an interrupt is accepted. It is necessary to write O to clear

each flag.

Bit 7: Direct transfer interrupt request flag (IRRDT)

Bit 7

IRRDT Description

0 Clearing conditions: (initial value)
When IRRDT = 1, it is cleared by writing O

1 Setting conditions:

When a direct transfer is made by executing a SLEEP instruction while DTON = 1 in
SYSCR2

Bit 6: A/D converter interrupt request flag (IRRAD)

Bit 6

IRRAD Description

0 Clearing conditions: (initial value)
When IRRAD =1, it is cleared by writing O

1 Setting conditions:

When A/D conversion is completed and ADSF is cleared to 0 in ADSR

Bit 5: Reserved bit

Bit 5 is areadable/writable reserved bit. Itisinitialized to O by areset.
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Bit 4: Timer G interrupt request flag (IRRTG)

Bit 4

IRRTG Description

0 Clearing conditions: (initial value)
When IRRTG =1, it is cleared by writing O

1 Setting conditions:

When the TMIG pin is designated for TMIG input and the designated signal edge is
input, or when TCG overflows while OVIE is setto 1 in TMG

Bit 3: Timer FH interrupt request flag (IRRTFH)

Bit 3

IRRTFH Description

0 Clearing conditions: (initial value)
When IRRTFH =1, it is cleared by writing O

1 Setting conditions:

When TCFH and OCRFH match in 8-bit timer mode, or when TCF (TCFL, TCFH)
and OCRF (OCRFL, OCRFH) match in 16-bit timer mode

Bit 2: Timer FL interrupt request flag (IRRTFL)

Bit 2

IRRTFL Description

0 Clearing conditions: (initial value)
When IRRTFL= 1, it is cleared by writing O

1 Setting conditions:

When TCFL and OCRFL match in 8-bit timer mode

Bit 1: Timer C interrupt request flag (IRRTC)

Bit 1

IRRTC Description

0 Clearing conditions: (initial value)
When IRRTC= 1, it is cleared by writing 0

1 Setting conditions:
When the timer C counter value overflows (from H'FF to H'00) or underflows
(from H'00 to H'FF)
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Bit 0: Asynchronous event counter interrupt request flag (IRREC)

Bit 0

IRREC Description

0 Clearing conditions: (initial value)
When IRREC =1, it is cleared by writing O

1 Setting conditions:

When ECH overflows in 16-bit counter mode, or ECH or ECL overflows in 8-bit
counter mode

6. Wakeup Interrupt Request Register (IWPR)

Bit 7 6 5 4 3 2 1 0
\ IWPF7 \ IWPF6 \ IWPF5 \ IWPF4 \ IWPF3 \ IWPF2 \ IWPF1 \ IWPFO \

Initial value 0 0 0 0 0 0 0 0

Read/Write RW*  RW" RW* RW' RW"' RW" RW* RW"

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

IWPR is an 8-bit read/write register containing wakeup interrupt request flags. When one of pins
WKP- to WKPg is designated for wakeup input and arising or falling edge is input at that pin, the
corresponding flag in IWPR isset to 1. A flag is not cleared automatically when the
corresponding interrupt is accepted. Flags must be cleared by writing O.

Bits 7 to 0: Wakeup interrupt request flags (IWPF7 to IWPFOQ)

Bit n
IWPFn Description
0 Clearing conditions: (initial value)
When IWPFn= 1, it is cleared by writing O
1 Setting conditions:
When pin WKP,, is designated for wakeup input and a rising or falling edge is input at
that pin
(n=7100)
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7. Wakeup Edge Select Register (WEGR)

Bit 7 6 5 4 3 2 1 0
‘WKEGS?‘ WKEGS(%WKEGSS‘WKEGS4‘WKEGSS‘WKEGSZ‘WKEGSl‘WKEGSO‘

Initial value 0 0 0 0 0 0 0 0

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

WEGR is an 8-hit read/write register that specifiesrising or falling edge sensing for pins WKPn.
WEGR isinitialized to H'00 by areset.
Bit n: WKPn edge select (WKEGSN)

Bit n selects WKPn pin input sensing.

Bit n
WKEGSnh Description
0 WKPn pin falling edge detected (initial value)
1 WKPn pin rising edge detected
(n=7t00)

333 External Interrupts
There are 13 external interrupts. IRQ4 to IRQg and WKP; to WK Py,
1. Interrupts WKP7 to WKP

Interrupts WK P to WK Py are requested by either rising or falling edge input to pins WKP5 to
WKP,. When these pins are designated as pins WKP to WKPg in port mode register 5 and a
rising or falling edgeisinput, the corresponding bit in IWPR is set to 1, requesting an interrupt.
Recognition of wakeup interrupt requests can be disabled by clearing the IENWP bitto O in
IENR1. Theseinterrupts can al be masked by setting the | bit to 1 in CCR.

When WK P to WKPq interrupt exception handling isinitiated, the |l bitisset to 1in CCR. Vector
number 9 is assigned to interrupts WKP; to WKPy. All eight interrupt sources have the same
vector number, so the interrupt-handling routine must discriminate the interrupt source.
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2. Interrupts IRQ4 to IRQg

Interrupts IRQ4 to IRQg are requested by input signals to pins IRQ, to IRQq. These interrupts are
detected by either rising edge sensing or falling edge sensing, depending on the settings of bits
IEG4 to IEGO in IEGR.

When these pins are designated as pins IRQq to IRQq in port mode register 3 and 1 and the
designated edge is input, the corresponding bit in IRR1 is set to 1, requesting an interrupt.
Recognition of these interrupt requests can be disabled individually by clearing bits IEN4 to IENO
to 0in IENRL. These interrupts can al be masked by setting the | bitto 1 in CCR.

When IRQ4 to IRQg interrupt exception handling isinitiated, the | bitisset to 1 in CCR. Vector
numbers 8 to 4 are assigned to interrupts IRQ4 to IRQq. The order of priority isfrom IRQq (high)
to IRQ4 (low). Table 3.2 gives details.

334 Internal Interrupts

There are 23 internal interrupts that can be requested by the on-chip peripheral modules. When a
peripheral modul e requests an interrupt, the corresponding bit in IRR1 or IRR2 is set to 1.
Recognition of individual interrupt requests can be disabled by clearing the corresponding bit in
IENR1 or IENR2. All these interrupts can be masked by setting the | bit to 1 in CCR. When
internal interrupt handling isinitiated, the | bit is set to 1 in CCR. Vector numbersfrom 20 to 11
are assigned to these interrupts. Table 3.2 shows the order of priority of interrupts from on-chip
peripheral modules.
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335 Interrupt Operations

Interrupts are controlled by an interrupt controller. Figure 3.2 shows a block diagram of the
interrupt controller. Figure 3.3 shows the flow up to interrupt acceptance.

' Interrupt controller

External or
internal

interrupts D 4D__>

ﬁ;’ Interrupt
: request

Priority decision logic

External
interrupts or

CH
C+—

internal Di X
-

interrupt
enable
signals

[ CCR (CPU)

Figure3.2 Block Diagram of Interrupt Controller
Interrupt operation is described as follows.

* When an interrupt condition is met while the interrupt enable register bitisset to 1, an
interrupt request signal is sent to the interrupt controller.

« When theinterrupt controller receives an interrupt request, it sets the interrupt request flag.

« From among the interrupts with interrupt request flags set to 1, the interrupt controller selects
the interrupt request with the highest priority and holds the others pending. (Refer to table 3.2
for alist of interrupt priorities.)

« Theinterrupt controller checksthe | bit of CCR. If thel bit is0, the selected interrupt request
is accepted; if the | bit is 1, the interrupt request is held pending.
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If the interrupt is accepted, after processing of the current instruction is completed, both PC
and CCR are pushed onto the stack. The state of the stack at thistimeis shown in figure 3.4.
The PC value pushed onto the stack is the address of the first instruction to be executed upon
return from interrupt handling.

Thel bit of CCR is set to 1, masking further interrupts.

The vector address corresponding to the accepted interrupt is generated, and the interrupt
handling routine located at the address indicated by the contents of the vector addressis
executed.

Notes.

1. When disabling interrupts by clearing bits in an interrupt enable register, or when clearing bits

2.

in an interrupt request register, always do so while interrupts are masked (I = 1).

If the above clear operations are performed while | = 0, and as aresult a conflict arises between

the clear instruction and an interrupt request, exception processing for the interrupt will be
executed after the clear instruction has been executed.
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'

’ Program execution state ‘

No

Yes

Yes

’ PC contents saved ‘

1

’ CCR contents saved ‘
1

| -1 |
1

Branch to interrupt
handling routine

Notation:

PC: Program counter

CCR: Condition code register
I: | bit of CCR

80

Figure3.3 Flow up to Interrupt Acceptance

RENESAS




SP-4 SP (R7) — CCR
SP-3 SP+1 CCR*
SP-2 SP +2 PCy
SP-1 SP+3 PC,
SP (R7) — SP +4 Even address
Stack area
Prior to start of interrupt ——————— After completion of interrupt
exception handling PC and CCR exception handling
saved to stack
Notation:
PCy:  Upper 8 bits of program counter (PC)
PC.: Lower 8 bits of program counter (PC)
CCR: Condition code register
SP: Stack pointer

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

return from the interrupt handling routine.

2. Register contents must always be saved and restored by word access,
starting from an even-numbered address.

* Ignored on return.

Figure3.4 Stack State after Completion of Interrupt Exception Handling

Figure 3.5 shows atypical interrupt sequence.
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Figure3.5 Interrupt Sequence
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3.36 Interrupt Response Time

Table 3.4 shows the number of wait states after an interrupt request flag is set until the first
instruction of the interrupt handler is executed.

Table3.4 Interrupt Wait States

Item States Total
Waiting time for completion of executing instruction* 1to 13 15to 27
Saving of PC and CCR to stack 4

Vector fetch

2
Instruction fetch 4
4

Internal processing

Note: * Not including EEPMOV instruction.
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34 Application Notes

34.1 Noteson Stack Area Use

When word data is accessed in the H8/3864 Series, the least significant bit of the addressis
regarded as 0. Access to the stack always takes place in word size, so the stack pointer (SP: R7)
should never indicate an odd address. Use PUSH Rn (MOV.W Rn, @-SP) or POP Rn (MOV.W
@SP+, Rn) to save or restore register values.

Setting an odd address in SP may cause a program to crash. An example is shown in figure 3.6.

| PCh | SP - R1L H'FEFC
SP - PCL PCL H'FEFD
Pl I | nHFEFF
BSR instruction MOV. B R1L, @-R7
SP set to H'FEFF Stack accessed beyond SP Contents of PCy are lost
Notation:

PCy: Upper byte of program counter
PC_: Lower byte of program counter
R1L: General register R1L

SP: Stack pointer

Figure3.6 Operation when Odd Addressis Set in SP

When CCR contents are saved to the stack during interrupt exception handling or restored when
RTE is executed, this also takes place in word size. Both the upper and lower bytes of word data
are saved to the stack; on return, the even address contents are restored to CCR while the odd
address contents are ignored.
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34.2 Notes on Rewriting Port Mode Registers

When a port mode register is rewritten to switch the functions of external interrupt pins, the
following points should be observed.

When an external interrupt pin function is switched by rewriting the port mode register that
controls pins IRQ, to IRQg, WKP; to WKPy, the interrupt request flag may be set to 1 at thetime
the pin function is switched, even if no valid interrupt isinput at the pin. Be sureto clear the
interrupt request flag to 0 after switching pin functions. Table 3.5 shows the conditions under
which interrupt request flags are set to 1 in thisway.

Table3.5 Conditionsunder which Interrupt Request FlagisSet to 1

Interrupt Request
Flags Setto 1 Conditions

IRR1 IRRI4 When PMRL1 bit IRQ4 is changed from 0 to 1 while pin IRQy is low and IEGR
bit IEG4 = 0.

When PMRL1 bit IRQ4 is changed from 1 to 0 while pin IRQy is low and IEGR
bit IEG4 = 1.

IRRI3 When PMR1 bit IRQ3 is changed from 0 to 1 while pin IRQ3 is low and IEGR
bit IEG3 = 0.

When PMRL1 bit IRQ3 is changed from 1 to 0 while pin IRQ3 is low and IEGR
bit IEG3 = 1.

IRRI2 When PMR1 bit IRQ2 is changed from 0 to 1 while pin IRQ, is low and IEGR
bit IEG2 = 0.

When PMR1 bit IRQ2 is changed from 1 to 0 while pin IRQ, is low and IEGR
bit IEG2 = 1.

IRRI1 When PMR1 bit IRQ1 is changed from 0 to 1 while pin IRQ; is low and IEGR
bit IEG1 = 0.

When PMR1 bit IRQ1 is changed from 1 to 0 while pin IRQ; is low and IEGR
bit IEG1 = 1.

IRRIO When PMRS3 bit IRQO is changed from 0 to 1 while pin IRQq is low and IEGR
bit IEGO = 0.

When PMR3 bit IRQO is changed from 1 to 0 while pin IRQq is low and IEGR
bit IEGO = 1.

IWPR IWPF7 When PMR5 bit WKP7 is changed from 0 to 1 while pin WKP+ is low.

IWPF6 When PMR5 bit WKP6 is changed from 0 to 1 while pin WKPg is low.

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

IWPF4 When PMR5 bit WKP4 is changed from 0 to 1 while pin WKP, is low.

IWPF3 When PMR5 bit WKP3 is changed from 0 to 1 while pin WKP3 is low.

IWPF2 When PMR5 bit WKP2 is changed from 0 to 1 while pin WKP;, is low.

IWPF1 When PMR5 bit WKP1 is changed from 0 to 1 while pin WKP is low.

IWPFO When PMR5 bit WKPO is changed from 0 to 1 while pin WKP is low.
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Figure 3.7 shows the procedure for setting a bit in a port mode register and clearing the interrupt
reguest flag.

When switching a pin function, mask the interrupt before setting the bit in the port mode register.
After accessing the port mode register, execute at least one instruction (e.g., NOP), then clear the
interrupt request flag from 1 to 0. If the instruction to clear the flag is executed immediately after
the port mode register access without executing an intervening instruction, the flag will not be
cleared.

An alternative method is to avoid the setting of interrupt request flags when pin functions are
switched by keeping the pins at the high level so that the conditions in table 3.5 do not occur.

Interrupts masked. (Another possibility
| CCR | bit « 1 | —————————— is to disable the relevant interrupt in
‘ interrupt enable register 1.)

| Set port mode register bit |

‘ After setting the port mode register bit,
| Execute NOP instruction | 77777777 first execute at least one instruction
(e.g., NOP), then clear the interrupt
‘ request flag to 0

| Clear interrupt request flag to 0 |

| CCR 1 bit -0 | ffffffffff Interrupt mask cleared

Figure3.7 Port Mode Register Setting and Interrupt Request Flag Clearing Procedure
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Section 4 Clock Pulse Generators

41 Overview

Clock oscillator circuitry (CPG: clock pulse generator) is provided on-chip, including both a
system clock pulse generator and a subclock pulse generator. The system clock pulse generator
consists of a system clock oscillator and system clock dividers. The subclock pulse generator
consists of a subclock oscillator circuit and a subclock divider.

411 Block Diagram

Figure 4.1 shows a block diagram of the clock pulse generators.

I a g
OSC1—=system clock | °; |System clock t Bosc/128] 2
OSCp = oscillator (foso) divider (1/2) System  |Zosc/64_
: d(_:l(_)dck Bosc/32 | | Prescaler S | = fgz
WIEET leoscit6 | | (A3Dits) | peign
System clock pulse generator ‘
‘ B2 = Pw
X1—+ Subclock |Zw Subclock ow/4 .
! il divider 8 - > OsuB
Xp=i—{ oscillator | () (112, 1/4, 1/8) Pw ! i
‘ - By
> ﬂW/4
/8
Prescaler W * féw

' Subclock pulse generator ‘ . ‘
T puise | genérator . (B bits) | @,,/128

Figure4.1 Block Diagram of Clock Pulse Generators

41.2 System Clock and Subclock

The basic clock signals that drive the CPU and on-chip peripheral modules are g and gsyg. Four
of the clock signals have names: gis the system clock, gsyp is the subclock, gosc is the oscillator
clock, and @y isthe watch clock.

The clock signals available for use by peripheral modules are @/2, @/4, @/8, 9/16, @/32, 2/64, 2/128,
@/256, @512, @/1024, a2048, @/4096, 28192, o\, ow/2, ow/4, ow/8, aw/16, o /32, 8y /64, and
2w/128. The clock requirements differ from one module to another.
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4.2 System Clock Generator

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

1. Connecting acrystal oscillator

Figure 4.2 shows atypical method of connecting a crystal oscillator.

R¢ = 1 MQ +20%

C1
0SC1 z }—77|7 c.LC,
R; [ Crystal Recommendation
0SC, }_77‘7 Frequency |oscillator |value Products Name
Cz

1.0 MHz NDK 27 pF £10% NR-18 (NDK45)
4.0 MHz NDK 12 pF +20% NR-18 (NDKO03)

Figure4.2 Typical Connection to Crystal Oscillator

Figure 4.3 shows the equivalent circuit of acrystal oscillator. An oscillator having the
characteristics given in table 4.1 should be used.

/m\ |l
11
Ls Rs
0OSCy = +—> 0OSC,

Figure4.3 Equivalent Circuit of Crystal Oscillator

Table4.1 Crystal Oscillator Parameters

Frequency (MHz) 1 4,193
RS max () 40 100
Co (PF) 3.5 pF max 16 pF
88

RENESAS




2. Connecting a ceramic oscillator

Figure 4.4 shows atypical method of connecting a ceramic oscillator.

R¢ = 1 MQ +20%

C1
o561 }_77‘7 C1. Co
Ry [ Ceramic Recommendation
0SC, }_77‘7 Frequency | oscillator value Products Name
Co

1.0 MHz Murata 150 pF +10% CSB 1000J
4.0 MHz Murata 30 pF £10% CSA 4.00MG

Figure4.4 Typical Connection to Ceramic Oscillator
3. Noteson board design

When generating clock pulses by connecting acrystal or ceramic oscillator, pay careful attention
to the following points.

Avoid running signal lines close to the oscillator circuit, since the oscillator may be adversely
affected by induction currents. (Seefigure4.5.)

The board should be designed so that the oscillator and load capacitors are located as close as
possible to pins OSC; and OSC,.

To be avoided | — Signal A Signal B

0SC;

7)7 | ——— 0SC;

Figure4.5 Board Design of Oscillator Circuit
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4. External clock input method

Connect an external clock signal to pin OSCy, and leave pin OSC, open. Figure 4.6 shows a
typical connection.

0osCy —— External clock input

0SC, ——— Open

Figure4.6 External Clock Input (Example)

Frequency Oscillator Clock (gpsc)

Duty cycle 45% to 55%

Note: The circuit parameters above are recommended by the crystal or ceramic oscillator
manufacturer.
The circuit parameters are affected by the crystal or ceramic oscillator and floating
capacitance when designing the board. When using the oscillator, consult with the crystal
or ceramic oscillator manufacturer to determine the circuit parameters.
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4.3 Subclock Generator
1. Connecting a 32.768-kHz/38.4 kHz crystal oscillator
Clock pulses can be supplied to the subclock divider by connecting a 32.768-kHz/38.4 kHz crystal

oscillator, as shown in figure 4.7. Follow the same precautions as noted under 3. notes on board
design for the system clock in 4.2.

Cy
Cq =C» =15 pF (typ.
X1 ' 1 2 pF (typ.)
]

Frequency | Crystal oscillator Products Name
X2 # }_77|7 32.768 kHz | NDK MX73P
C2 38.4kHz |Seiko Instrument Inc.|VTC-200

Figure4.7 Typical Connection to 32.768-kHz/38.4 kHz Crystal Oscillator (Subclock)

Figure 4.8 shows the equivalent circuit of the 32.768-kHz/38.4 kHz crystal oscillator.

7000 | |
Ls Rs

X1 =1 P X

Co Co =1.5pFtyp
Rs =14 kQ typ
fw = 32.768 kHz/38.4kHz

Figure4.8 Equivalent Circuit of 32.768-kHz/38.4 kHz Crystal Oscillator
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2. Pin connection when not using subclock
When the subclock is not used, connect pin X, to GND and leave pin X5 open, as shownin

figure 4.9.

X
' 747' GND

X2 . Open

Figure4.9 Pin Connection when not Using Subclock
3. External clock input

Connect the external clock to the X1 pin and leave the X2 pin open, as shown in figure 4.10.

? Vcc
X1

External clock input

X2 - Open

Figure4.10 Pin Connection when Inputting External Clock

Frequency Subclock (gw)
Duty 45% to 55%
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4.4 Prescalers

The H8/3864 Series is equipped with two on-chip prescalers having different input clocks
(prescaler Sand prescaler W). Prescaler Sisa13-bit counter using the system clock (g) asits
input clock. Its prescaled outputs provide internal clock signals for on-chip peripheral modules.
Prescaler W is a5-hit counter using a 32.768-kHz or 38.4 kHz signal divided by 4 (a\/4) asits
input clock. Its prescaled outputs are used by timer A as atime base for timekeeping.

1. Prescaler S (PSS)

Prescaler Sisa13-bit counter using the system clock (@) asitsinput clock. It isincremented once
per clock period.

Prescaler Sisinitialized to H'0000 by areset, and starts counting on exit from the reset state.

In standby mode, watch mode, subactive mode, and subsleep mode, the system clock pulse
generator stops. Prescaler S also stops and isinitialized to H'0000.

The CPU cannot read or write prescaler S.

The output from prescaler Sis shared by timer A, timer C, timer F, timer G, SCI3-1, SC3-2, the
A/D converter, the LCD controller, the watchdog timer, and the 14-bit PWM. The divider ratio
can be set separately for each on-chip peripheral function.

In active (medium-speed) mode the clock input to prescaler Sis gosc/16, gosc/32, gosc/64, or
0sc/128.

2. Prescaler W (PSW)

Prescaler W is a5-bit counter using a 32.768 kHz/38.4 kHz signal divided by 4 (a,/4) asitsinput
clock.

Prescaler W isinitialized to H'00 by areset, and starts counting on exit from the reset state.

Even in standby mode, watch mode, subactive mode, or subsleep mode, prescaler W continues
functioning so long as clock signals are supplied to pins X1 and X2.

Prescaler W can be reset by setting 1sin bits TMA3 and TMAZ2 of timer mode register A (TMA).

Output from prescaler W can be used to drive timer A, in which case timer A functionsasatime
base for timekeeping.

93
RENESAS



45 Note on Oscillator s

Oscillator characteristics are closely related to board design and should be carefully evaluated by
the user in mask ROM and ZTAT™ versions, referring to the examples shown in this section.
Oscillator circuit constants will differ depending on the oscillator element, stray capacitancein its
interconnecting circuit, and other factors. Suitable constants should be determined in consultation
with the oscillator element manufacturer. Design the circuit so that the oscillator element never
receives voltages exceeding its maximum rating.
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Section5 Power-Down Modes

51 Overview

The H8/3864 Series has nine modes of operation after areset. These include eight power-down
modes, in which power dissipation is significantly reduced. Table 5.1 gives a summary of the eight
operating modes.

Table5.1 Operating Modes

Operating Mode Description

Active (high-speed) mode The CPU and all on-chip peripheral functions are operable on
the system clock in high-speed operation

Active (medium-speed) mode The CPU and all on-chip peripheral functions are operable on
the system clock in low-speed operation

Subactive mode The CPU is operable on the subclock in low-speed operation

Sleep (high-speed) mode The CPU halts. On-chip peripheral functions are operable on
the system clock

Sleep (medium-speed) mode The CPU halts. On-chip peripheral functions operate at a
frequency of 1/64, 1/32, 1/16, or 1/8 of the system clock
frequency

Subsleep mode The CPU halts. The time-base function of timer A, timer C,

timer G, timer F,WDT, SCI3-1, SCI3-2, AEC and LCD
controller/driver are operable on the subclock

Watch mode The CPU halts. The time-base function of timer A, timer F,
timer G, AEC and LCD controller/driver are operable on the
subclock

Standby mode The CPU and all on-chip peripheral functions halt

Module standby mode Individual on-chip peripheral functions specified by software

enter standby mode and halt

Of these nine operating modes, all but the active (high-speed) mode are power-down modes. In
this section the two active modes (high-speed and medium speed) will be referred to collectively
as active mode.

95
RENESAS



Figure 5.1 shows the transitions among these operation modes. Table 5.2 indicates the internal
states in each mode.

Mode Transition Conditions (1)

Program Program
Reset state execution state halt state
: | SLEEP ! |
PR Active | instruction™ i Sleep i
Program 6\«?’%(\0& : (high-speed) “ 3 (high-speed) ;
halt state ' mode : . mode :
--------------------- 1 “ 1 @Q X . 1
: H <o |
1 D - o : 9\/ 0(‘1\‘ 1 :
! ! a5l las ; & :
Standby ! ' eI ‘ oSy !
mode g , b4 |43 ! \“/}o(é‘é\ !
: L og| |og N %0 :
: : £y = , 2% :
: . ! \ SLEEP ! :
: : Active i instruction™ : Sleep :
o i | (medium-speed) | 3| (medium-speed) | |
, mode mode .
; 1 :
' = Py '
. / c| o § H
: o hgl B2 :
' =T == !
i 1 ) = n4H '
: : 2l e !
d i y ,
) SLEEP H
L =F ot :
Watch - Instruction : Subactive Subsleep i
mode 1 mode mode i

C} Power-down modes

Mode Transition Conditions (2)

LSON MSON SSBY TMA3 DTON Interrupt Sources
a 0 0 0 O 0 1 Timer A, Timer F, Timer G interrupt, IRQ interrupt,
b 0 1 0 O 0 WKP- to WKP, interrupts
c 1 0 0 1 0 2 Timer A, Timer C, Timer F, Timer G, SCI3-1,
d 0 0 1 0 0 SCI3-2 interrupt_, IRQ, to IRQq interrupts,
WKP- to WKPg, interrupts, AEC
¢ N . ! ! 0 3 All interrupts
f 0 0 0 O 1 ) ]
g 0 1 0 O 1 IRQ, or IRQq interrupt, WKP; to WKP interrupts
h 0 1 1 1 1
i 1 O 1 1 1
J 0 0 1 1 1
* : Don't care

Notes: 1. A transition between different modes cannot be made to occur simply because an interrupt

request is generated. Make sure that interrupt handling is performed after the interrupt is
accepted.

2. Details on the mode transition conditions are given in the explanations of each mode,
in sections 5-2 through 5-8.
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Table5.2

Internal Statein Each Operating Mode

Active Mode Sleep Mode
High- Medium- High- Medium- Watch Subactive Subsleep  Standby
Function Speed Speed Speed Speed Mode Mode Mode Mode
System clock oscillator Functions Functions Functions Functions Halted Halted Halted Halted
Subclock oscillator Functions Functions Functions Functions Functions  Functions ~ Functions ~ Functions
CPU Instructions Functions Functions Halted Halted Halted Functions  Halted Halted
operations RAM Retained Retained Retained Retained Retained
Registers
1/0 ports Retained™
External IRQ, Functions Functions Functions Functions Functions  Functions  Functions  Functions
interrupts  IRQ, Retained"®
IRQ, Retained"®
IRQ,
IRQ,
WKP,, Functions Functions Functions Functions Functions  Functions  Functions  Functions
WKP,
WKP,
WKP,
WKP,
WKP,
WKPy
WKP,
Peripheral Timer A Functions Functions Functions Functions Functions™ Functions™ Functions™ Retained
functions  Asynchronous Functions Functions  Functions  Functions™
counter
Timer C Retained Functions/  Functions/  Retained
Retained? Retained™
WDT Functions/  Retained
Retained"”
Timer G, Functions/  Functions/  Functions/
Timer F Retained® Retained® Retained™
SCI3-1 Reset Functions/  Functions/  Reset
Retained"®
SCI3-2
PWM Retained Retained Retained Retained
A/D converter Retained Retained Retained Retained
LCD Functions/  Functions/  Functions/  Retained
Retained® Retained™ Retained™
Notes: 1. Register contents are retained, but output is high-impedance state.
2. Functions if an external clock or the g,,/4 internal clock is selected; otherwise halted and retained.
3. Functions if @,,/2 is selected as the internal clock; otherwise halted and retained.
4. Functions if @y, 8,,/2 or 8,,/4 is selected as the operating clock; otherwise halted and retained.
5. Functions if the timekeeping time-base function is selected.
6. External interrupt requests are ignored. Interrupt request register contents are not altered.
7. Functions if @,,/32 is selected as the internal clock; otherwise halted and retained.
8. Incrementing is possible, but interrupt generation is not.
9. Functions if an external clock or the g,,/4 internal clock is selected; otherwise halted and retained.
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511 System Control Registers

The operation mode is selected using the system control registers described in table 5.3.

Table5.3 System Control Registers

Name Abbreviation R/W Initial Value Address
System control register 1 SYSCR1 R/W H'07 H'FFFO
System control register 2 SYSCR2 R/W H'FO H'FFF1
1. System control register 1 (SY SCR1)
Bit 7 6 5 4 3 2 1 0
‘ SSBY ‘ STS2 ‘ STS1 ‘ STSO ‘ LSON ‘ — ‘ MA1 ‘ MAO ‘
Initial value 0 0 0 0 0 1 1 1
Read/Write R/W R/W R/W R/W R/W — R/W R/W
SY SCRL1 is an 8-hit read/write register for control of the power-down modes.
Upon reset, SY SCR1 isinitialized to H'07.
Bit 7: Software standby (SSBY)
This bit designates transition to standby mode or watch mode.
Bit 7
SSBY Description
0 « When a SLEEP instruction is executed in active mode, (initial value)
a transition is made to sleep mode
« When a SLEEP instruction is executed in subactive mode, a transition is made to
subsleep mode
1 *« When a SLEEP instruction is executed in active mode, a transition is made to
standby mode or watch mode
« When a SLEEP instruction is executed in subactive mode, a transition is made to
watch mode
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Bits 6 to 4: Standby timer select 2to 0 (STS2 to STS0)

These bits designate the time the CPU and peripheral modules wait for stable clock operation after
exiting from standby mode or watch mode to active mode due to an interrupt. The designation
should be made according to the operating frequency so that the waiting timeis at least equal to
the oscillation settling time.

Bit 6 Bit 5 Bit 4

STS2 STS1 STSO Description

0 0 0 Wait time = 8,192 states (initial value)
0 0 1 Wait time = 16,384 states

0 1 0 Wait time = 32,768 states

0 1 1 Wait time = 65,536 states

1 0 0 Wait time = 131,072 states

1 0 1 Wait time = 2 states (External clock mode)
1 1 0 Wait time = 8 states

1 1 1 Wait time = 16 states

Note: In the case that external clock is input, set up the “Standby timer select” selection to
External clock mode before Mode Transition. Also, do not set up to external clock mode, in
the case that it does not use external clock.

Bit 3: Low speed on flag (LSON)

This bit chooses the system clock (@) or subclock (gsyg) as the CPU operating clock when watch
modeis cleared. The resulting operation mode depends on the combination of other control bits
and interrupt input.

Bit 3

LSON Description

0 The CPU operates on the system clock (g) (initial value)
1 The CPU operates on the subclock (gSUB)

Bits 2: Reserved hits

Bit 2 isreserved: itisalwaysread as 1 and cannot be modified.
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Bits 1 and 0: Active (medium-speed) mode clock select (MA1, MAOQ)

Bits 1 and O choose @pg./128, Bs:/64, Fosc/32, OF Bos/16 as the operating clock in active (medium-
speed) mode and sleep (medium-speed) mode. MA1 and MAO should be written in active (high-
speed) mode or subactive mode.

Bit 1 Bit 0

MA1 MAO Description

0 0 Bos/16

0 1 Bosc/32

1 0 Bosc/64

1 1 Bosc/128 (initial value)

2. System control register 2 (SY SCR2)

Bit 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ — ‘ NESEL‘ DTON ‘ MSON ‘ SAl ‘ SAO0 ‘
Initial value 1 1 1 1 0 0 0 0
Read/Write — — — R/W R/W R/W R/W R/W

SYSCR2 is an 8-bit read/write register for power-down mode control.
Bits 7 to 5: Reserved bits

These bits are reserved; they are always read as 1, and cannot be modified.
Bit 4: Noise elimination sampling frequency select (NESEL)

This bit selects the frequency at which the watch clock signal (@) generated by the subclock
pulse generator is sampled, in relation to the oscillator clock (gpsc) generated by the system clock
pulse generator. When gosc = 2to 6 MHz, clear NESEL to 0.

Bit 4

NESEL Description

0 Sampling rate is gogc/16

1 Sampling rate is gogc/4 (initial value)
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Bit 3: Direct transfer on flag (DTON)

This bit designates whether or not to make direct transitions among active (high-speed), active
(medium-speed) and subactive mode when a SLEEP instruction is executed. The mode to which
the transition is made after the SLEEP instruction is executed depends on a combination of this
and other control bits.

Bit 3
DTON Description
0 « When a SLEEP instruction is executed in active mode, (initial value)
a transition is made to standby mode, watch mode, or sleep mode
« When a SLEEP instruction is executed in subactive mode, a transition is made to
watch mode or subsleep mode
1 e When a SLEEP instruction is executed in active (high-speed) mode, a direct

transition is made to active (medium-speed) mode if SSBY = 0, MSON =1, and
LSON = 0, or to subactive mode if SSBY =1, TMA3 =1, and LSON =1

e When a SLEEP instruction is executed in active (medium-speed) mode, a direct
transition is made to active (high-speed) mode if SSBY = 0, MSON = 0, and
LSON = 0, or to subactive mode if SSBY =1, TMA3 =1, and LSON =1

« When a SLEEP instruction is executed in subactive mode, a direct transition is
made to active (high-speed) mode if SSBY =1, TMA3 = 1, LSON = 0, and MSON
=0, orto active (medium-speed) mode if SSBY = 1, TMA3 =1, LSON =0, and
MSON =1

Bit 2: Medium speed on flag (MSON)

After standby, watch, or sleep mode is cleared, this bit selects active (high-speed) or active
(medium-speed) mode.

Bit 2

MSON Description

0 Operation in active (high-speed) mode (initial value)
1 Operation in active (medium-speed) mode
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Bits 1 and 0: Subactive mode clock select (SA1 and SAQ)

These bits select the CPU clock rate (ay/2, aw/4, or @y /8) in subactive mode. SA1 and SAO
cannot be modified in subactive mode.

Bit 1 Bit 0
SAl SAO0 Description
0 0 ow/8 (initial value)
0 1 aw/4
1 * ow/2

* : Don't care
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52 Sleep Mode

521 Transition to Sleep Mode
1. Transition to sleep (high-speed) mode

The system goes from active mode to sleep (high-speed) mode when a SLEEP instruction is
executed while the SSBY and LSON bitsin SY SCR1 are cleared to 0, the MSON and DTON bits
in SY SCR2 are cleared to 0. In sleep mode CPU operation is halted but the on-chip peripheral
functions. CPU register contents are retained.

2. Transition to sleep (medium-speed) mode

The system goes from active mode to sleep (medium-speed) mode when a SLEEP instruction is
executed while the SSBY and LSON bitsin SY SCR1 are cleared to 0, the MSON hit in SY SCR2
issetto 1, and the DTON bit in SY SCR2 is cleared to 0. In sleep (medium-speed) mode, asin
sleep (high-speed) mode, CPU operation is halted but the on-chip peripheral functions are
operational. The clock frequency in sleep (medium-speed) mode is determined by the MA1 and
MAO bitsin SYSCR1. CPU register contents are retained.

Furthermore, it sometimes acts with half state early timing at the time of transition to sleep
(medium-speed) mode.

522 Clearing Sleep M ode

Sleep modeis cleared by any interrupt (timer A, timer C, timer F, timer G, asynchronous counter,
IRQ4 to IRQg, WKP; to WKPg, SCI3-1, SCI3-2, A/D converter, or), or by input at the RES pin.

 Clearing by interrupt

When an interrupt is requested, sleep mode is cleared and interrupt exception handling starts. A
transition is made from sleep (high-speed) mode to active (high-speed) mode, or from sleep
(medium-speed) mode to active (medium-speed) mode. Sleep modeis not cleared if the | hit of the
condition code register (CCR) is set to 1 or the particular interrupt is disabled in the interrupt
enable register.

Interrupt signal and system clock are mutually asynchronous. Synchronization error timein a
maximum is 2/@ (s).

* Clearing by RES input

When the RES pin goes low, the CPU goes into the reset state and sleep mode is cleared.
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523 Clock Frequency in Sleep (M edium-Speed) Mode

Operation in sleep (medium-speed) mode is clocked at the frequency designated by the MA1 and
MAO hitsin SY SCR1.

53 Standby Mode

531 Transition to Standby Mode

The system goes from active mode to standby mode when a SLEEP instruction is executed while
the SSBY hitin SYSCR1isset to 1, the LSON bit in SYSCR1iscleared to O, and bit TMA3in
TMA iscleared to 0. In standby mode the clock pulse generator stops, so the CPU and on-chip
peripheral modules stop functioning, but as long as the rated voltage is supplied, the contents of
CPU registers, on-chip RAM, and some on-chip peripheral module registers are retained. On-chip
RAM contents will be further retained down to aminimum RAM data retention voltage. The I/O
ports go to the high-impedance state.

532 Clearing Standby Mode

Standby mode is cleared by an interrupt (IRQ; or IRQg), WKP7 to WK Py or by input at the RES
pin.

« Clearing by interrupt

When an interrupt is requested, the system clock pulse generator starts. After the time set in bits
STS2to STSO in SY SCR1 has elapsed, a stable system clock signal is supplied to the entire chip,
standby mode is cleared, and interrupt exception handling starts. Operation resumesin active
(high-speed) mode if MSON = 0 in SY SCR2, or active (medium-speed) mode if MSON = 1.
Standby mode is not cleared if the | bit of CCR is set to 1 or the particular interrupt is disabled in
the interrupt enable register.

» Clearing by RES input

When the RES pin goes low, the system clock pulse generator starts. After the pulse generator
output has stabilized, if the RES pin is driven high, the CPU starts reset exception handling. Since
system clock signals are supplied to the entire chip as soon as the system clock pul se generator
starts functioning, the RES pin should be kept at the low level until the pulse generator output
stabilizes.
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533 Oscillator Settling Time after Standby Mode is Cleared
Bits STS2 to STS0 in SY SCR1 should be set as follows.

* When acrystal oscillator is used

The table below gives settings for various operating frequencies. Set bits STS2 to STSO for a

waiting time at least aslong as the oscillation settling time.

Table5.4 Clock Frequency and Settling Time (timesarein ms)

STS2 STS1 STSO Waiting Time 2 MHz 1 MHz 0.5 MHz
0 0 0 8,192 states 4.1 8.2 16.4

0 0 1 16,384 states 8.2 16.4 32.8

0 1 0 32,768 states 16.4 32.8 65.5

0 1 1 65,536 states 32.8 65.5 131.1

1 0 0 131,072 states 65.5 131.1 262.1

1 0 1 2 states 0.001 0.002 0.004

(Use prohibited)
1 1 0 8 states 0.004 0.008 0.016
1 1 1 16 states 0.008 0.016 0.032

* When an external clock isused

STS2=1,STS1=0, and STSO = 1 should be set. Other values possible use, but CPU sometimes

will start operation before waiting time completion.
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534 Standby M ode Transition and Pin States

When a SLEEP instruction is executed in active (high-speed) mode or active (medium-speed)
mode while bit SSBY is set to 1 and bit LSON iscleared to 0in SYSCR1, and bit TMA3is
clearedto 0in TMA, atransition is made to standby mode. At the same time, pins go to the high-
impedance state (except pins for which the pull-up MOS is designated as on). Figure 5.2 shows
thetiming in this case.

Internal data bus ><SLEEP instruction fetch >< Fetch of next instruction ><

SLEEP instruction execution Internal prbcessing
Pins Port output >< High-impedance
Active (high-speed) mode or active (medium-speed) mode Standby mode

Figure5.2 Standby Mode Transition and Pin States
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54 Watch Mode

54.1 Transition to Watch Mode

The system goes from active or subactive mode to watch mode when a SLEEP instruction is
executed while the SSBY bit in SYSCR1 isset to 1 and bit TMA3in TMA issetto 1.

In watch mode, operation of on-chip peripheral modules is halted except for timer A, timer F,
timer G, AEC and the LCD controller/driver (for which operation or halting can be set) is halted.
Aslong as aminimum required voltage is applied, the contents of CPU registers, the on-chip
RAM and some registers of the on-chip peripheral modules, are retained. 1/0 ports keep the same
states as before the transition.

54.2 Clearing Watch Mode

Watch mode is cleared by an interrupt (timer A, timer F, timer G, IRQgq, or WKP; to WKPg) or by
input at the RES pin.

» Clearing by interrupt

When watch mode is cleared by interrupt, the mode to which atransition is made depends on the
settings of LSON in SY SCR1 and MSON in SY SCR2. If both LSON and MSON are cleared to O,
transition is to active (high-speed) mode; if LSON =0 and MSON = 1, transition is to active
(medium-speed) mode; if LSON = 1, transition is to subactive mode. When the transition is to
active mode, after the time set in SY SCR1 bits STS2 to STS0 has elapsed, a stable clock signdl is
supplied to the entire chip, watch modeis cleared, and interrupt exception handling starts. Watch
mode is not cleared if the | bit of CCR is set to 1 or the particular interrupt is disabled in the
interrupt enable register.

e Clearing by RES input

Clearing by RES pinisthe same as for standby mode; see 2. Clearing by RES pinin 5.3.2,
Clearing Standby Mode.

54.3 Oscillator Settling Time after Watch Modeis Cleared

The waiting time is the same as for standby mode; see 5.3.3, Oscillator Settling Time after
Standby Mode is Cleared.
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55 Subsleep Mode

551 Transition to Subsleep Mode

The system goes from subactive mode to subsleep mode when a SLEEP instruction is executed
whilethe SSBY bitin SYSCR1 iscleared to 0, LSON bit in SYSCR1 isset to 1, and TMA3 bitin
TMA issetto 1. In subsleep mode, operation of on-chip peripheral modules other than the A/D
converter WDT and PWM is halted. Aslong asaminimum required voltage is applied, the
contents of CPU registers, the on-chip RAM and some registers of the on-chip peripheral modules
areretained. 1/0 ports keep the same states as before the transition.

55.2 Clearing Subsleep M ode

Subsleep modeis cleared by an interrupt (timer A, timer C, timer F, timer G, asynchronous
counter, SCI3-2, SCI3-1, IRQ4 to IRQg, WKP; to WKPp) or by alow input at the RES pin.

» Clearing by interrupt

When an interrupt is requested, subsleep mode is cleared and interrupt exception handling starts.
Subsleep modeis not cleared if the | bit of CCR is set to 1 or the particular interrupt is disabled in
the interrupt enable register.

Interrupt signal and system clock are mutually asynchronous. Synchronization error timein a
maximum is 2/ (s).

 Clearing by RES input

Clearing by RES pin is the same as for standby mode; see 2. Clearing by RES pinin 5.3.2,
Clearing Standby Mode.
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5.6 Subactive Mode

56.1 Transition to Subactive Mode

Subactive mode is entered from watch mode if atimer A, timer F, timer G, IRQg, or WKP; to
WKPg interrupt is requested while the LSON bit in SYSCR1 isset to 1. From subsleep mode,
subactive mode is entered if atimer A, timer C, timer F, timer G, asynchronous counter, SCI3-1,
SCI3-2, IRQ4 to IRQp, or WK P to WKPy interrupt is requested. A transition to subactive mode
does not take place if the | bit of CCR is set to 1 or the particular interrupt is disabled in the
interrupt enable register.

5.6.2 Clearing Subactive M ode
Subactive modeis cleared by a SLEEP instruction or by alow input at the RES pin.
» Clearing by SLEEP instruction

If aSLEEP instruction is executed while the SSBY hit in SYSCR1 isset to 1 and TMA3bitin
TMA isset to 1, subactive mode is cleared and watch mode is entered. If a SLEEP instruction is
executed while SSBY =0and LSON =1in SYSCR1 and TMA3 =1in TMA, subsleep modeis
entered. Direct transfer to active mode is also possible; see 5.8, Direct Transfer, below.

» Clearing by RES pin

Clearing by RES pinisthe same as for standby mode; see 2. Clearing by RES pinin 5.3.2,
Clearing Standby Mode.

5.6.3 Operating Frequency in Subactive M ode

The operating frequency in subactive mode is set in bits SA1 and SA0 in SYSCR2. The choices
are gw/2, aw/4, and oy,/8.
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5.7 Active (Medium-Speed) M ode

571 Transition to Active (M edium-Speed) Mode

If the RES pin is driven low, active (medium-speed) mode is entered. If the LSON bit in SY SCR2
isset to 1 whilethe LSON hit in SYSCR1 iscleared to 0, atransition to active (medium-speed)
mode results from IRQg, IRQq or WKP; to WK Py interrupts in standby mode, timer A, timer F,
timer G, IRQg or WK P to WK Py interrupts in watch mode, or any interrupt in sleep mode. A
transition to active (medium-speed) mode does not take place if the | bit of CCR isset to 1 or the
particular interrupt is disabled in the interrupt enable register.

Furthermore, it sometimes acts with half state early timing at the time of transition to active
(medium-speed) mode.

57.2 Clearing Active (M edium-Speed) Mode
Active (medium-speed) mode is cleared by a SLEEP instruction.
e Clearing by SLEEP instruction

A transition to standby mode takes place if the SLEEP instruction is executed while the SSBY bit
in SYSCR1issetto 1, the LSON hit in SYSCR1 iscleared to 0, and the TMA3 bit in TMA is
cleared to 0. The system goes to watch mode if the SSBY bit in SYSCRL1 is set to 1 and bit TMA3
in TMA isset to 1 when a SLEEP instruction is executed.

When both SSBY and LSON are cleared to 0 in SY SCR1 and a SLEEP instruction is executed,
sleep mode is entered. Direct transfer to active (high-speed) mode or to subactive mode is aso
possible. See 5.8, Direct Transfer, below for details.

* Clearing by RES pin

When the RES pin isdriven low, atransition is made to the reset state and active (medium-speed)
modeis cleared.

573 Operating Frequency in Active (M edium-Speed) M ode

Operation in active (medium-speed) mode is clocked at the frequency designated by the MA1 and
MAO bitsin SYSCRL1.
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5.8 Direct Transfer

58.1 Overview of Direct Transfer

The CPU can execute programsin three modes: active (high-speed) mode, active (medium-speed)
mode, and subactive mode. A direct transfer is atransition among these three modes without the
stopping of program execution. A direct transfer can be made by executing a SLEEP instruction
whilethe DTON bit in SYSCR2 isset to 1. After the mode transition, direct transfer interrupt
exception handling starts.

If the direct transfer interrupt is disabled in interrupt enable register 2, atransition is made instead
to sleep mode or watch mode. Notethat if adirect transition is attempted while the | bit in CCR is
set to 1, sleep mode or watch mode will be entered, and it will be impossible to clear the resulting
mode by means of an interrupt.

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

When a SLEEP instruction is executed in active (high-speed) mode while the SSBY and LSON
bitsin SY SCR1 are cleared to 0, the MSON bit in SYSCR2 is set to 1, and the DTON hit in
SYSCR2 is set to 1, atransition is made to active (medium-speed) mode via sleep mode.

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

When a SLEEP instruction is executed in active (medium-speed) mode while the SSBY and
LSON bitsin SYSCRL1 are cleared to 0, the MSON bit in SYSCR2 is cleared to 0, and the DTON
bitin SYSCR2 isset to 1, atransition is made to active (high-speed) mode via sleep mode.

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

When a SLEEP instruction is executed in active (high-speed) mode while the SSBY and L SON
bitsin SYSCR1 are set to 1, the DTON bit in SYSCR2 is set to 1, and the TMA3 bitin TMA is set
to 1, atransition is made to subactive mode via watch mode.

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

When a SLEEP instruction is executed in subactive mode while the SSBY bit in SYSCR1 is set to
1, the LSON bit in SYSCRL1 iscleared to 0, the MSON bit in SY SCR2 is cleared to 0, the DTON
bitin SYSCR2isset to 1, and the TMA3 bitin TMA isset to 1, atransition is made directly to
active (high-speed) mode viawatch mode after the waiting time set in SY SCR1 bits STS2 to STSO
has el apsed.
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 Direct transfer from active (medium-speed) mode to subactive mode

When a SLEEP instruction is executed in active (medium-speed) while the SSBY and LSON bits
in SYSCR1 aresetto 1, the DTON bit in SYSCR2 is set to 1, and the TMA3 bit in TMA is set to
1, atransition is made to subactive mode via watch mode.

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

When a SLEEP instruction is executed in subactive mode while the SSBY bit in SYSCR1 isset to
1, the LSON hit in SYSCR1 iscleared to O, the MSON bit in SYSCR2 isset to 1, the DTON bit in
SYSCR2issetto 1, and the TMA3 bit in TMA isset to 1, atransition is made directly to active
(medium-speed) mode viawatch mode after the waiting time set in SY SCR1 bits STS2 to STSO
has el apsed.

5.8.2 Direct Transition Times
1. Timefor direct transition from active (high-speed) mode to active (medium-speed) mode

A direct transition from active (high-speed) mode to active (medium-speed) mode is performed by
executing a SLEEP instruction in active (high-speed) mode while bits SSBY and LSON are both
cleared to 0 in SY SCR1, and bits MSON and DTON are both set to 1 in SY SCR2. The time from
execution of the SLEEP instruction to the end of interrupt exception handling (the direct transition
time) is given by equation (1) below.

Direct transitiontime = { (Number of SLEEP instruction execution states) + (number of internal
processing states) } x (tcyc before transition) + (number of interrupt
exception handling execution states) x (tcyc after transition)

Example: Direct transition time = (2 + 1) x 2tosc + 14 x 16tosc = 230tosc (when /8 is selected
as the CPU operating clock)

Notation:
tosc: OSC clock cycle time
tcyc: System clock (@) cycletime
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2. Timefor direct transition from active (medium-speed) mode to active (high-speed) mode

A direct transition from active (medium-speed) mode to active (high-speed) mode is performed by
executing a SLEEP instruction in active (medium-speed) mode while bits SSBY and LSON are
both cleared to 0 in SY SCR1, and bit MSON is cleared to 0 and bit DTON is set to 1 in SY SCR2.
The time from execution of the SLEEP instruction to the end of interrupt exception handling (the
direct transition time) is given by equation (2) below.

Direct transition time = { (Number of SLEEP instruction execution states) + (number of internal
processing states) } x (tcyc before transition) + (number of interrupt
exception handling execution states) x (tcyc after transition)

Example: Direct transition time = (2 + 1) x 16tosc + 14 x 2tosc = 76tosc (when @/8 is selected as
the CPU operating clock)

Notation:
tosc: OSC clock cycletime
tcyc: System clock (@) cycletime

3. Timefor direct transition from subactive mode to active (high-speed) mode

A direct transition from subactive mode to active (high-speed) mode is performed by executing a
SLEEP instruction in subactive mode while bit SSBY isset to 1 and bit LSON isclearedto O in
SYSCR1, bit MSON is cleared to 0 and bit DTON isset to 1 in SYSCR2, and bit TMA3issetto 1
in TMA. Thetime from execution of the SLEEP instruction to the end of interrupt exception
handling (the direct transition time) is given by equation (3) below.

Direct transition time = { (Number of SLEEP instruction execution states) + (number of internal
processing states) } x (tsubcyc before transition) + { (wait time set in
STS2 to STSO) + (number of interrupt exception handling execution
states) } x (tcyc after transition) (©)]

Example: Direct transition time = (2 + 1) x 8tw + (8192 + 14) x 2tosc = 24tw + 16412tosc (when
ow/8 is selected as the CPU operating clock, and wait time = 8192 states)

Notation:

tosc: OSC clock cycletime

tw: Watch clock cycle time
teyc: System clock (@) cycle time

tsubcyc: Subclock (8SUB) cycle time
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4. Timefor direct transition from subactive mode to active (medium-speed) mode

A direct transition from subactive mode to active (medium-speed) mode is performed by
executing a SLEEP instruction in subactive mode while bit SSBY isset to 1 and bit LSON is
cleared to 0in SY SCR1, bits MSON and DTON are both set to 1 in SY SCR2, and bit TMA3 is set
to1in TMA. Thetime from execution of the SLEEP instruction to the end of interrupt exception
handling (the direct transition time) is given by equation (4) below.

Direct transition time = { (Number of SLEEP instruction execution states) + (number of internal
processing states) } x (tsubcyc before transition) + { (wait time setin
STS2 to STSO) + (number of interrupt exception handling execution
states) } x (tcyc after transition) L 4

Example: Direct transitiontime = (2 + 1) x 8tw + (8192 + 14) x 16tosc = 24tw + 131296tosc
(when gw/8 or 28 is selected as the CPU operating clock, and wait time = 8192 states)

Notation:
tosc: OSC clock cycletime
tw: Watch clock cycletime

teyc: System clock () cycle time
tsubcyc: Subclock (8SUB) cycle time
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5.9 Module Standby M ode

591 Setting M odule Standby M ode

Module standby mode is set for individual peripheral functions. All the on-chip peripheral
modules can be placed in module standby mode. When a module enters modul e standby mode,
the system clock supply to the module is stopped and operation of the module halts. This stateis

identical to standby mode.

Module standby modeis set for a particular module by setting the corresponding bit to 0 in clock
stop register 1 (CKSTPRL1) or clock stop register 2 (CKSTPR2). (Seetable5.5.)

5.9.2 Clearing M odule Standby Mode

Module standby modeis cleared for a particular module by setting the corresponding bitto 1 in
clock stop register 1 (CKSTPR1) or clock stop register 2 (CKSTPR2). (Seetable5.5.)

Following areset, clock stop register 1 (CKSTPR1) and clock stop register 2 (CKSTPR2) are both

initialized to H'FF.
Table5.5

Register Name Bit Name

Operation

CKSTPR1 TACKSTP

Timer A module standby mode is cleared

Timer A is set to module standby mode

TCCKSTP

Timer C module standby mode is cleared

Timer C is set to module standby mode

TFCKSTP

Timer F module standby mode is cleared

Timer F is set to module standby mode

TGCKSTP

Timer G module standby mode is cleared

Timer G is set to module standby mode

ADCKSTP

A/D converter module standby mode is cleared

A/D converter is set to module standby mode

S32CKSTP

SCI3-2 module standby mode is cleared

SCI3-2 is set to module standby mode

S31CKSTP

SCI3-1 module standby mode is cleared

oO|r|O|Fr|O|FrP|O|FRP|OC|Fr|O|F|O|F

SCI3-1 is set to module standby mode
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Table5.5 (cont)

Register Name Bit Name

Operation

CKSTPR2 LDCKSTP 1 LCD module standby mode is cleared
0 LCD is set to module standby mode
PWCKSTP 1 PWM module standby mode is cleared
0 PWM is set to module standby mode
WDCKSTP 1 Watchdog timer module standby mode is cleared
0 Watchdog timer is set to module standby mode
AECKSTP 1 Asynchronous event counter module standby mode
is cleared
0 Asynchronous event counter is set to module standby
mode
Note: For details of module operation, see the sections on the individual modules.
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Section6 ROM

6.1 Overview

The H8/3862 and H8/3822 have 16 kbytes of on-chip mask ROM, the H8/3863 and H8/3823 have
24 kbytes, the H8/3864 and H8/3824 have 32 kbytes, the H8/3865 and H8/3825 have 40 kbytes,
the H8/3866 and H8/3826 have 48 kbytes, and the H8/3867 and H8/3827 have 60 kbytes. The
ROM is connected to the CPU by a 16-bit data bus, allowing high-speed two-state access for both
byte data and word data. The H8/3867 and H8/3827 have aZTAT™ version with 60-kbyte
PROM.

6.1.1 Block Diagram

Figure 6.1 shows a block diagram of the on-chip ROM.

Internal data bus (upper 8 hits)

(] ]

Internal data bus (lower 8 bits)

H'0000 H'0000 H'0001
H'0002 H'0002 H'0003
/_\
v
On-chip ROM
H'7FFE H'7FFE H'7FFF
Even-numbered Odd-numbered
address address

Figure6.1 ROM Block Diagram (H8/3864 and H8/3824)
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6.2 H8/3867 and H8/3827 PROM Mode

6.2.1 Setting to PROM Mode

If the on-chip ROM is PROM, setting the chip to PROM mode stops operation as a
microcontroller and allows the PROM to be programmed in the same way as the standard
HN27C101 EPROM. However, page programming is not supported. Table 6.1 shows how to set
the chip to PROM mode.

Table6.1 Settingto PROM Mode

Pin Name Setting
TEST High level
PB4/AN,4 Low level
PBs/ANg

PBg/ANg High level

6.2.2 Socket Adapter Pin Arrangement and Memory Map

A standard PROM programmer can be used to program the PROM. A socket adapter is required
for conversion to 32 pins, aslisted in table 6.2.

Figure 6.2 shows the pin-to-pin wiring of the socket adapter. Figure 6.3 shows a memory map.

Table 6.2 Socket Adapter

Package Socket Adapters (Manufacturer)
80-pin (FP-80B) ME3867ESFS1H (MINATO)
H7386BQ080D3201 (DATA-I/O)
80-pin (FP-80A) ME3867ESHS1H (MINATO)
H7386AQ080D3201 (DATA-I/O)
80-pin (TFP-80C) ME3867ESNS1H (MINATO)

H7386CT080D3201 (DATA-I/O)
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H8/3867 and H8/3827

EPROM socket

Note: Pins not indicated in the figure should be left open.

FP-80A, TFP-80C FP-80B Pin Pin HN27C101 (32-pin)
9 11 RES Vep 1
45 47 P6o EOQo 13
46 48 P61 EO:1 14
47 49 P62 EO2 15
48 50 P63 EOs 17
49 51 P64 EO4 18
50 52 P6s EOs 19
51 53 P66 EOs 20
52 54 P67 EO~ 21
68 70 P87 EAo 12
67 69 P86 EA1 11
66 68 P8s EA2 10
65 67 P84 EA3 9
64 66 P83 EA4 8
63 65 P82 EAs 7
62 64 P81 EAs 6
61 63 P8o EA7 5
53 55 P70 EAs 27
72 74 P43 EA9 26
55 57 P72 EA10 23
56 58 P73 EA11 25
57 59 P74 EA12 4
58 60 P7s EA1s 28
59 61 P76 EA14 29
14 16 P14 EA1s
15 17 P1s EA1s
60 62 P77 CE 22
54 56 P71 OE 24
13 15 Pls PGM 31
32,26 34,28 Vce, CVece Vce 32
73 75 AVce
10 TEST
5 X1
80 2 PBs
11 13 P11
12 14 P12
16 18 Pls
5,27 7,29 Vss Vss 16
2 4 AVss
78 80 PB4
79 1 PBs

Figure6.2 Socket Adapter Pin Correspondence (with HN27C101)
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Note:

*

Address in Address in

MCU mode PROM mode
H'0000 H'0000
On-chip PROM
H'EDFF H'EDFF

Uninstalled area*
C R L LT ELE LN & == ==

The output data is not guaranteed if this address area is read in PROM mode. There-
fore, when programming with a PROM programmer, be sure to specify addresses from
H'0000 to H'EDFF. If programming is inadvertently performed from H'EEOO onward, it
may not be possible to continue PROM programming and verification.

When programming, H'FF should be set as the data in this address area (H'EE0O to
H'1FFFF).
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6.3 H8/3867 and H8/3827 Programming

The write, verify, and other modes are selected as shown in table 6.3 in H8/3867 and H8/3827
PROM mode.

Table6.3 Maode Selection in PROM M ode (H8/3867, H8/3827)

Pins

Mode CE OE PGM  Vpp Vee EO, to EQq EA1to EA
Write L H L Vpp Vee Data input Address input
Verify L L H Vpp Vee Data output Address input
Programming L L L Vpp Vee High impedance  Address input
disabled L H H

H L L

H H H
Notation
L: Low level

H: High level
Vpp:  Vpp level
VCC: VCC level

The specifications for writing and reading are identical to those for the standard HN27C101
EPROM. However, page programming is not supported, and so page programming mode must not
be set. A PROM programmer that only supports page programming mode cannot be used. When
selecting a PROM programmer, ensure that it supports high-speed, high-reliability byte-by-byte
programming. Also, be sure to specify addresses from H'0000 to H'EDFF.

6.3.1 Writing and Verifying

An efficient, high-speed, high-reliability method is available for writing and verifying the PROM
data. This method achieves high speed without voltage stress on the device and without lowering
the reliability of written data. The basic flow of this high-speed, high-reliability programming
method is shown in figure 6.4.
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Set write/verify mode

Ve =6.0V£0.25V, Vpp =125V 0.3V

Address =0

LAy
I ! AI

| Write time topy = 3n ms |

No

| Address + 1 - address

Last address?

Set read mode
Vec=5.0V£0.25V, Vpp = Ve

Read all
addresses?
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Figure6.4 High-Speed, High-Reliability Programming Flow Chart
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Table 6.4 and table 6.5 give the electrical characteristicsin programming mode.

Table6.4 DC Characteristics
(Conditions: Ve =6.0V £0.25V,Vpp=125V £0.3V,Vgs=0V, T;=25°C £5°C)
Test
Item Symbol Min Typ Max Unit Condition
Input high- @7RE001 EA6t0 EAg Vi 2.4 — Vec+03 V
level voltage OE, CE, PGM
Input low- @7'[&EOO, EA16 to EAO V||_ -03 — 0.8 V
level voltage OE, CE, PGM
Output high- EO; to EOg VoH 2.4 — — \% lon =—200 pA
level voltage
Output low-  EO; to EOQq VoL — — 0.45 \Y, loL = 0.8 mA
level voltage
Input leakage EO7 to EOg, EAjg to EAg |IL] — — 2 PA Vi, =5.25V/
current OE, CE, PGM 05V
V¢ current lcc — — 40 mA
Vpp current Ipp — — 40 mA

RENESAS
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Table6.5 AC Characteristics

(Conditions: Ve = 6.0V £0.25V, Vpp= 125V 0.3V, T, = 25°C +5°C)

Item Symbol  Min Typ Max Unit Test Condition
Address setup time tas 2 — — us Figure 6.5™*
OE setup time toes 2 — — us

Data setup time tbs 2 — — Us

Address hold time taH 0 — — us

Data hold time tbH 2 — — Us

Data output disable time tpr — — 130 ns

Vpp setup time typs 2 — — us

Programming pulse width tpw 0.19 0.20 0.21 ms

PGM pulse width for overwrite  topy™> 019 — 5.25 ms

programming

CE setup time tces 2 — — us

Ve setup time tvcs 2 — — us

Data output delay time tog 0 — 200 ns

Notes: 1. Input pulse level: 0.45Vt0 2.2V
Input rise time/fall time 20 ns

Timing reference levels Input: 0.8V,2.0V
Output: 0.8V, 2.0V
2. tpris defined at the point at which the output is floating and the output level cannot be

read.

3. topw is defined by the value given in figure 6.4, High-Speed, High-Reliability

Programming Flow Chart.
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Figure 6.5 shows a PROM write/verify timing diagram.

Write Verify
Address
tas taH
N
Data Input data 7} Output data —
tbs toH toF
Vpp
Vpp
Vce tvps
Vet
Vcc
Vce tves
CE
tces
PGM \ /
N\ /
tpw toEs toe
OE —
topw* /
Note: * topw is defined by the value shown in figure 6.4, High-Speed, High-Reliability Programming Flowchart.

Figure6.5 PROM Write/Verify Timing

RENESAS
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6.3.2 Programming Precautions

» Usethe specified programming voltage and timing.

The programming voltage in PROM mode (Vpp) is 12.5 V. Use of a higher voltage can
permanently damage the chip. Be especially careful with respect to PROM programmer
overshoot.

Setting the PROM programmer to Hitachi specifications for the HN27C101 will result in
correct Vppof 125V,

* Make sure the index marks on the PROM programmer socket, socket adapter, and chip are
properly aligned. If they are not, the chip may be destroyed by excessive current flow. Before
programming, be sure that the chip is properly mounted in the PROM programmer.

* Avoid touching the socket adapter or chip while programming, since this may cause contact
faults and write errors.

e Take care when setting the programming mode, as page programming is not supported.

* When programming with a PROM programmer, be sure to specify addresses from H'0000 to
H'EDFF. If programming isinadvertently performed from H'EEOO onward, it may not be
possible to continue PROM programming and verification. When programming, H'FF should
be set as the datain address area H'EEQO to H'1FFFF.
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6.4 Reliability of Programmed Data

A highly effective way to improve data retention characteristics is to bake the programmed chips
at 150°C, then screen them for data errors. This procedure quickly eliminates chips with PROM
memory cells prone to early failure.

Figure 6.6 Shows the recommended screening procedure.

Program chip and verify
programmed data

Bake chip for 24 to 48 hours at
125°C to 150°C with power off

Read and check program

( Install )

Figure6.6 Recommended Screening Procedure

If aseries of programming errors occurs while the same PROM programmer isin use, stop
programming and check the PROM programmer and socket adapter for defects. Pleaseinform
Hitachi of any abnormal conditions noted during or after programming or in screening of program
data after high-temperature baking.
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Section7 RAM

7.1 Overview

The H8/3862, H8/3863, H8/3822, and H8/3823 have 1 kbyte of high-speed static RAM on-chip,
and the H8/3864, H8/3865, H8/3866, H8/3867, H8/3824, H8/3825, H8/3826, and H8/3827 have 2
kbytes. The RAM is connected to the CPU by a 16-bit data bus, allowing high-speed 2-state
access for both byte data and word data.

711 Block Diagram

Figure 7.1 shows ablock diagram of the on-chip RAM.

Internal data bus (upper 8 bits)

[ ] ]

Internal data bus (lower 8 bits)

H'F780 H'F780 H'F781
H'F782 H'F782 H'F783
Av
On-chip RAM
H'FF7E H'FF7E H'FF7F
Even-numbered Odd-numbered
address address

Figure7.1 RAM Block Diagram (H8/3864 and H8/3824)
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8.1

Overview

Section 8

|/O Ports

The H8/3864 Series is provided with six 8-hit 1/0 ports, one 4-hit 1/0 port, one 3-hit 1/0O port, one
8-hit input-only port, and one 1-bit input-only port. Table 8.1 indicates the functions of each port.

Each port has of a port control register (PCR) that controlsinput and output, and a port data
register (PDR) for storing output data. Input or output can be assigned to individual bits.

See 2.9.2, Notes on Bit Manipulation, for information on executing bit-manipulation instructions
to write datain PCR or PDR.

Ports 5, 6, 7, 8, and A are also used as liquid crystal display segment and common pins, selectable
in 8-bit units.

Block diagrams of each port are given in Appendix C, 1/0 Port Block Diagrams.

Table8.1 Port Functions
Function
Switching
Port Description Pins Other Functions Registers
Portl « 8-bit I/O port P1; to P15/ External interrupts 3 to 1 PMR1
. . ) IRQ3 to IRQ,/ Timer event interrupts TCRF,
MOS input pullup 2 “Tic TMIF, TMIC T™MC
option
P1,/IRQ4/ADTRG External interrupt 4 and A/ID PMR1, AMR
converter external trigger
P1:/TMIG Timer G input capture input  PMR1
P1,, P1,/ Timer F output compare PMR1
TMOFH, TMOFL output
P1y/TMOW Timer A clock output PMR1
Port3 « 8-bit /O port P3,/AEVL SCI3-1 data output (TXD3;), PMR3
. . ) P3¢/AEVH data input (RXD3y), clock SCR31
MOS input pull-up - b5, input/output (SCKgy), and ~ SMR31
option P3,/RXDg; asynchronous counter event
* Large-current port P33/SCK3; inputs AEVL, AEVH
P3,/RESO Reset output, timer C count- PMR3
P3,/UD up/down select input, and 14-
P3o/PWM bit PWM output
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Table8.1 Port Functions (cont)
Function
Switching
Port Description Pins Other Functions Registers
Port4 « 1-bitinput port P43/IRQq External interrupt O PMR3
e 3-bit I/O port P4,/TXD35 SCI3-2 data output (TXD3,), SCR32
P4,/RXD3, data input (RXDg3y), clock SMR32
P4¢/SCK3, input/output (SCK3,)
Port5 « 8-bit I/O port P5; to P5¢/ Wakeup input (WKP to PMRS5
. . i WKP; to WKPo/  WKPy), segment output LPCR
MOS inputpullup o s o SEG,  (SEGg to SEGy)
option
Port6 « 8-bit I/O port P6; to P6y/ Segment output (SEG4¢ to LPCR
«  MOS input pull-up SEG16 10 SEGg SEGo)
option
Port7 « 8-bit I/O port P7;to P74/ Segment output (SEG,, to LPCR
SEG,,4 to SEGq7 SEG]_7)
Port8 « 8-bit I/O port P84/SEG3,/CL, Segment output LPCR
P8¢/SEG3,/CL, (SEG3, to SEG5)
P85/SEG3,/DO Segment external expansion
P8,4/SEG /M latch clock (CL,),
P83 to P8¢/ shift clock (CLy),
SEG,g to SEG,5  display data (DO),
alternation signal (M)
Port A 4-bit I/O port PA3 to PAg/ Common output (COM, to LPCR
COM4,4 to COM4 COM,)
Port B 8-bit input port PB; to PBg/ A/D converter analog input ~ AMR
AN7 to AN
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8.2 Port 1

8.2.1 Overview

Port 1isa8-bit I/O port. Figure 8.1 shows its pin configuration.

< P1,/IRQ3/TMIF
- P14/IRQ,
~<«—— P15/IRQ,/TMIC
Port1 | = P1,/IRQ4 /ADTRG
-~ P13/TMIG
<~—— P1,/TMOFH
~<~—— P1;/TMOFL
-~ P1,/TMOW

Figure8.1 Port 1 Pin Configuration

8.22 Register Configuration and Description
Table 8.2 shows the port 1 register configuration.

Table8.2 Port1Registers

Name Abbrev. R/IW Initial Value  Address
Port data register 1 PDR1 RIW H'00 H'FFD4
Port control register 1 PCR1 w H'00 H'FFE4
Port pull-up control register 1 PUCR1 R/W H'00 H'FFEO
Port mode register 1 PMR1 RIW H'00 H'FFC8
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1. Port dataregister 1 (PDR1)

Bit 7 6 5 4 3 2 1 0

‘ P1, ‘ Plg ‘ P15 ‘ P14 ‘ P13 ‘ P1, ‘ P14 ‘ Plp ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

PDR1 isan 8-bit register that stores data for port 1 pins P1; to Ply. If port 1isread while PCR1
bits are set to 1, the values stored in PDR1 are read, regardless of the actua pin states. If port 1is
read while PCR1 bits are cleared to 0, the pin states are read.

Upon reset, PDR1 isinitialized to H'00.

2. Port control register 1 (PCR1)

Bit 7 6 5 4 3 2 1 0

‘ PCR1y ‘ PCR14 ‘ PCR1s ‘ PCR14 ‘ PCR13 ‘ PCR1, ‘ PCR1; ‘ PCR1g ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write W W W W W W w W

PCRL1 is an 8-hit register for controlling whether each of the port 1 pins P15 to P1g functions as an
input pin or output pin. Setting a PCR1 bit to 1 makes the corresponding pin an output pin, while
clearing the bit to 0 makes the pin an input pin. The settingsin PCR1 and in PDR1 are valid only
when the corresponding pin is designated in PMR1 as ageneral 1/0 pin.

Upon reset, PCR1 isinitialized to H'00.

PCR1 isawrite-only register, which isalwaysread as all 1s.
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3. Port pull-up control register 1 (PUCR1)

Bit 7 6 5 4 3 2 1 0
‘PUCR17 ‘ PUCRle‘ PUCRI1s ‘ PUCR14‘ PUCng‘ PUCng‘ PUCRll‘ PUCRlo‘

Initial value 0 0 0 0 0 0 0 0

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

PUCRL controls whether the MOS pull-up of each of the port 1 pins P17 to P1yison or off. When
aPCR1 bitis cleared to 0, setting the corresponding PUCR1 hit to 1 turns on the MOS pull-up for
the corresponding pin, while clearing the bit to 0 turns off the MOS pull-up.

Upon reset, PUCR1 isinitialized to H'00.

4. Port moderegister 1 (PMR1)

Bit 7 6 5 4 3 2 1 0

‘ IRQ3 ‘ IRQ2 ‘ IRQ1 ‘ IRQ4 ‘ TMIG ‘TMOFH ‘ TMOFL ‘ TMOW ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

PMR1 is an 8-bit read/write register, controlling the selection of pin functions for port 1 pins.
Upon reset, PMRL1 isinitialized to H'00.
Bit 7: P17/IRQ3/TMIF pin function switch (IRQ3)

This bit selects whether pin P1/IRQs/TMIF is used as P17 or asIRQy/TMIF.

Bit 7

IRQ3 Description

0 Functions as P17 I/O pin (initial value)
1 Functions as IRQ3/TMIF input pin

Note: Rising or falling edge sensing can be designated for IRQ3, TMIF. For details on TMIF
settings, see 3. Timer Control Register F (TCRF) in 9.4.2.
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Bit 6: P1¢/IRQ, pin function switch (IRQ2)

This bit selects whether pin P1g/IRQ is used as Plg or as IRQ.

Bit 6

IRQ2 Description

0 Functions as P1g I/O pin (initial value)
1 Functions as IRQ, input pin

Note: Rising or falling edge sensing can be designated for IRQ,.

Bit 5: P15/IRQ1/TMIC pin function switch (IRQ1)

This bit selects whether pin P15/IRQ1/TMIC is used as P15 or asIRQ1/TMIC.

Bit 5

IRQ1 Description

0 Functions as P15 I/O pin (initial value)
1 Functions as IRQ4/TMIC input pin

Note: Rising or falling edge sensing can be designated for IRQ;/TMIC.
For details of TMIC pin setting, see 1. Timer mode register C (TMC) in 9.3.2.

Bit 4: P14/IRQ4//ADTRG pin function switch (IRQ4)

This bit selects whether pin P1J/IRQ4/ADTRG is used as P14 or as IRQ4/ADTRG.

Bit 4

IRQ4 Description

0 Functions as P14 1/O pin (initial value)
1 Functions as IRQ4/ADTRG input pin

Note: For details of ADTRG pin setting, see 12.3.2, Start of A/D Conversion by External Trigger.

Bit 3: P13/TMIG pin function switch (TMIG)

This bit selects whether pin P13/TMIG is used as P13 or as TMIG.

Bit 3

TMIG Description

0 Functions as P13 I/O pin (initial value)
1 Functions as TMIG input pin
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Bit 2: P1,/TMOFH pin function switch (TMOFH)

This bit selects whether pin P1,/TMOFH is used as P1, or as TMOFH.

Bit 2

TMOFH Description

0 Functions as P1, I/O pin (initial value)
1 Functions as TMOFH output pin

Bit 1: P1,/TMOFL pin function switch (TMOFL)

This bit selects whether pin P1;/TMOFL isused as P1, or as TMOFL.

Bit 1

TMOFL Description

0 Functions as P1 1/O pin (initial value)
1 Functions as TMOFL output pin

Bit 0: P1y/TMOW pin function switch (TMOW)

This bit selects whether pin P1o/TMOW is used as P1y or as TMOW.

Bit 0

TMOW Description

0 Functions as P1g I/O pin (initial value)
1 Functions as TMOW output pin
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823

Pin Functions

Table 8.3 shows the port 1 pin functions.

Table 8.3

Pin

Port 1 Pin Functions

Pin Functions and Selection Method

P1,/IRQ3/TMIF

The pin function depends on bit IRQ3 in PMR1, bits CKSL2 to CKSLO in TCRF,
and bit PCR1; in PCR1.

IRQ3 0 1
PCR1; 0 1 .
CKSL2 to CKSLO * Not 0** (01
Pin function P17 input pin | P17 output pin| IRQ3 input pin| TRQ3/TMIF
input pin

Note: When this pin is used as the TMIF input pin, clear bit IEN3 to 0 in IENR1 to
disable the IRQg interrupt.

P1/IRQ, The pin function depends on bits IRQ2 in PMR1 and bit PCR1g in PCR1.
IRQ2 0 1
PCR1g 0 1 *
Pin function P1g input pin | P1g output pin IRQ, input pin
P15/IRQ; The pin function depends on bit IRQ1 in PMR1, bits TMC2 to TMCO in TMC, and
TMIC bit PCR15 in PCRL1.
IRQ1 0 1
PCR1g 0 1 *
TMC2 to TMCO * Not 111 111
Pin function P1g input pin | P15 output pin| IRQ; input pin| TRQ;/TMIC
input pin
Note: When this pin is used as the TMIC input pin, clear bit IEN1 to 0 in IENR1
to disable the IRQ; interrupt.
P1,/IRQy The pin function depends on bit IRQ4 in PMR1, bit TRGE in AMR, and bit PCR1,4
ADTRG in PCRL1.
IRQ4 0 1
PCR1, 0 1 *
TRGE * 0 1
Pin function P1, input pin | P1, output pin| IRQ, input pin| IRQ,/ADTRG
input pin
Note: When this pin is used as the ADTRG input pin, clear bit IEN4 to O in
IENRL1 to disable the IRQy interrupt.
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Table8.3

Port 1 Pin Functions (cont)

Pin Pin Functions and Selection Method
P15/TMIG The pin function depends on bit TMIG in PMR1 and bit PCR13 in PCR1.
TMIG 0 1
PCR13 0 1 *
Pin function P13 input pin | P13 output pin TMIG input pin
P1,/TMOFH The pin function depends on bit TMOFH in PMR1 and bit PCR1, in PCR1.
TMOFH 0 1
PCR1, 0 1 *
Pin function P1, input pin | P1, output pin TMOFH output pin
P1,/TMOFL The pin function depends on bit TMOFL in PMR1 and bit PCR1, in PCR1.
TMOFL 0 1
PCR1, 0 1 *
Pin function P1, input pin | P1; output pin TMOFL output pin
P1y/TMOW The pin function depends on bit TMOW in PMR1 and bit PCR1, in PCR1.

TMOW 0 1
PCR1, 0 1 *
Pin function P1g input pin | P1j output pin TMOW output pin

RENESAS
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824 Pin States

Table 8.4 showsthe port 1 pin statesin each operating mode.
Table84 Port 1Pin States

Pins Reset Sleep Subsleep Standby Watch  Subactive Active

P1,/IRQ3/TMIF  High- Retains Retains  High- Retains Functional Functional
P1¢/IRQ; impedance previous previous impedance* previous

P15/IRQ./TMIC state state state

P14/1RQ,/ADTRG

P13/TMIG

P1,/TMOFH

P1,/TMOFL

P1,/TMOW

Note: * A high-level signal is output when the MOS pull-up is in the on state.

825  MOSInput Pull-Up

Port 1 has a built-in MOS input pull-up function that can be controlled by software. When a
PCR1 bit is cleared to 0, setting the corresponding PUCR1 bit to 1 turns on the MOS input pull-up
for that pin. The MOS input pull-up function isin the off state after a reset.

PCR1, 0 0 1
PUCR1, 0 1 *
MOS input pull-up Off On Off
(n=7100)
*: Don't care
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8.3 Port 3

8.3.1 Overview

Port 3 isa8-bit 1/0 port, configured as shown in figure 8.2.

-~ P3,/AEVL
~— P34/AEVH
<« P35/TXDy;
Port3 |~ ™ P34/RXDgy
<~ P33/SCK3;
-« P3,/RESO
~—  P3,/UD

<~ P3,/PWM

Figure8.2 Port 3 Pin Configuration

832 Register Configuration and Description
Table 8.5 shows the port 3 register configuration.

Table85 Port 3Registers

Name Abbrev. R/W Initial Value Address
Port data register 3 PDR3 R/W H'00 H'FFD6
Port control register 3 PCR3 W H'00 H'FFE6
Port pull-up control register 3 PUCR3 R/W H'00 H'FFE1
Port mode register 3 PMR3 R/W H'04 H'FFCA
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1. Port dataregister 3 (PDR3)

Bit 7 6 5 4 3 2 1 0

‘ P37 ‘ P3s ‘ P35 ‘ P34 ‘ P33 ‘ P3, ‘ P3; ‘ P3o ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

PDR3 isan 8-bit register that stores data for port 3 pins P37 to P3p. If port 3 isread while PCR3
bits are set to 1, the values stored in PDR3 are read, regardless of the actua pin states. If port 3is
read while PCR3 bits are cleared to 0, the pin states are read.

Upon reset, PDR3 isinitialized to H'00.

2. Port control register 3 (PCR3)

Bit 7 6 5 4 3 2 1 0

‘ PCR37 ‘ PCR3¢ ‘ PCR3s ‘ PCR34 ‘ PCR33 ‘ PCR3, ‘ PCR3; ‘ PCR3p ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write W W W W W W w W

PCRS3 is an 8-hit register for controlling whether each of the port 3 pins P37 to P3 functions as an
input pin or output pin. Setting a PCR3 bit to 1 makes the corresponding pin an output pin, while
clearing the bit to 0 makes the pin an input pin. The settingsin PCR3 and in PDR3 are valid only
when the corresponding pin is designated in PMR3 as ageneral 1/0 pin.

Upon reset, PCR3 isinitialized to H'00.
PCR3 isawrite-only register, which isalwaysread as all 1s.

3. Port pull-up control register 3 (PUCR3)

Bit 7 6 5 4 3 2 1 0
‘PUCR37 ‘ PUCRS@,‘ PUCR35‘ PUCR3,4 ‘ PUCRSg‘PUCRSZ ‘ PUCR3; ‘PUCRSO ‘

Initial value 0 0 0 0 0 0 0 0

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

PUCRS controls whether the MOS pull-up of each of the port 3 pins P37 to P3yison or off. When
aPCR3 bit is cleared to 0, setting the corresponding PUCR3 bit to 1 turns on the MOS pull-up for
the corresponding pin, while clearing the bit to 0 turns off the MOS pull-up.

Upon reset, PUCR3 isinitialized to H'00.

142
RENESAS



4. Port mode register 3 (PMR3)

Bit 7 6 5 4 3 2 1 0

‘ AEVL ‘ AEVH ‘WDCKS‘ NCS ‘ IRQO ‘ RESO ‘ uD ‘ PWM ‘
Initial value 0 0 0 0 0 1 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

PMR3 is an 8-bit read/write register, controlling the selection of pin functions for port 3 pins.
Upon reset, PMR3 isinitialized to H'04.
Bit 7: P37/AEVL pin function switch (AEVL)

This bit selects whether pin P3;/AEVL isused as P37 or as AEVL.

Bit 7

AEVL Description

0 Functions as P35 1/O pin (initial value)
1 Functions as AEVL input pin

Bit 6: P3g/AEVH pin function switch (AEVH)

This bit selects whether pin P3g/AEVH is used as P35 or as AEVH.

Bit 6

AEVH Description

0 Functions as P3¢ I/O pin (initial value)
1 Functions as AEVH input pin

Bit 5: Watchdog timer source clock select (WDCKYS)

This bit selects the watchdog timer source clock.

Bit 5
WDCKS Description
0 /8192 selected (initial value)
1 ow/32 selected
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Bit 4: TMIG noise canceler select (NCS)

This bit controls the noise canceler for the input capture input signal (TMIG).

Bit 4

NCS Description

0 Noise cancellation function not used (initial value)
1 Noise cancellation function used

Bit 3: P45/IRQq pin function switch (IRQO)

This bit selects whether pin P43/TIRQq is used as P43 or as IRQy.

Bit 3

IRQO Description

0 Functions as P43 input pin (initial value)
1 Functions as IRQq input pin

Bit 2: P3,/RESO pin function switch (RESO)

This bit selects whether pin P3,/RESO isused as P3, or asRESO.

Bit 2

RESO Description

0 Functions as P3, 1/O pin

1 Functions as RESO output pin (initial value)

Bit 1: P3,/UD pin function switch (SI1)

This bit selects whether pin P3;/UD is used as P3; or as UD.

Bit 1

ub Description

0 Functions as P3 1/0O pin (initial value)
1 Functions as UD input pin
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Bit 0: P3y/PWM pin function switch (PWM)

This bit selects whether pin P3p/PWM is used as P3( or as PWM.

Bit 0

PWM Description

0 Functions as P3 I/O pin (initial value)
1 Functions as PWM output pin

8.33 Pin Functions
Table 8.9 shows the port 3 pin functions.

Table89 Port 3 Pin Functions

Pin Pin Functions and Selection Method
P3,/AEVL The pin function depends on bit SO1 in PMR3 and bit PCR3, in PCRS3.
AEVL 0 1
PCR3; 0 1 *
Pin function P3; input pin P3; output pin AEVL input pin
P3¢/AEVH The pin function depends on bit AEVH in PMR3 and bit PCR36 in PCR3.
AEVH 0 1
PCR3g 0 1 *
Pin function P3g input pin P3¢ output pin AEVH input pin
P35/TXD3; The pin function depends on bit TE in SCR3-1, bit SPC31 in SPCR, and bit
PCR35 in PCR3.
SPC31 0 1
TE 0 1
PCR35 0 1 *
Pin function P35 input pin P35 output pin TXD3; output pin

*: Don't care
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Table8.9 Port 3 Pin Functions (cont)
Pin Pin Functions and Selection Method
P34/RXD3q The pin function depends on bit RE in SCR3-1 and bit PCR3,4 in PCR3.
RE 0 1
PCR3, 0 1 *
Pin function P34 input pin P34 output pin RXDg3; input pin
P33/SCK3; The pin function depends on bits CKE1, CKEO, and SMR31 in SCR3-1 and bit
PCR3;3 in PCR3.
CKE1 0 1
CKEO 1 *
COM3, 0 1 * *
PCR33 0 1 * *
Pin function P33 input pin | P33 output pin| SCK3; output| SCKa; input
pin pin
P3,/RESO The pin function depends on bit RESO in PMR3 and bit PCR3, in PCR3.
RESO 0 1
PCR3, 0 1 *
Pin function P3, input pin P3, output pin RESO output pin
P3,/UD The pin function depends on bit UD in PMR3 and bit PCR3; in PCRS3.
ub 0 1
PCR3; 0 1 *
Pin function P3; input pin P3; output pin UD input pin
P3o/PWM The pin function depends on bit PWM in PMR3 and bit PCR3; in PCR3.
PWM 0 1
PCR3, 0 1 *
Pin function P3g input pin P3¢ output pin PWM output pin
*: Don't care
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8.34 Pin States

Table 8.10 shows the port 3 pin states in each operating mode.

Table8.10 Port 3 Pin States

Pins Reset Sleep Subsleep Standby Watch  Subactive Active
P3,/AEVL High- Retains Retains  High- Retains Functional Functional
P3g/AEVH impedance previous previous impedance* previous

P35/TXD3q state state state

P34/RXD3;

P33/SCK3;

P3,/RESO RESO output

P3,/UD High-

P3y/PWM impedance

Note: * A high-level signal is output when the MOS pull-up is in the on state.

8.35 MOS Input Pull-Up

Port 3 has abuilt-in MOS input pull-up function that can be controlled by software. When a
PCRS3 bit is cleared to 0, setting the corresponding PUCR3 bit to 1 turns on the MOS pull-up for
that pin. The MOS pull-up function isin the off state after areset.

PCR3, 0 0 1
PUCR3, 0 1 *
MOS input pull-up Off On Off

(n=7100)
*: Don't care
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8.4 Port 4

8.4.1 Overview

Port 4 isa 3-bit 1/0O port and 1-bit input port, configured as shown in figure 8.3.

~—— P43/IRQq
~— P4,/TXD3,
Port 4
~— P4, /RXD3,

- P4, /SCK32

Figure8.3 Port 4 Pin Configuration

84.2 Register Configuration and Description
Table 8.8 shows the port 4 register configuration.

Table8.8 Port 4 Registers

Name Abbrev. R/W Initial Value  Address
Port data register 4 PDR4 R/W H'F8 H'FFD7
Port control register 4 PCR4 w H'F8 H'FFE7

1. Port dataregister 4 (PDR4)

Bit 7 6 5 4 3 2 1 0
= = = = [ pa | pay | Pay | pa |

Initial value 1 1 1 1 1 0 0 0

Read/Write — — — — R R/W R/W R/W

PDR4 is an 8-bit register that stores datafor port 4 pins P4, to P4g. If port 4 isread while PCR4
bits are set to 1, the values stored in PDR4 are read, regardless of the actual pin states. If port 4is
read while PCR4 bits are cleared to 0, the pin states are read.

Upon reset, PDR4 isinitialized to H'F8.

148
RENESAS




2. Port control register 4 (PCR4)

Bit

Initial value
Read/Write

7 6 5 4 3 2 1 0
[ = — 1 — [ — [rcre pome]pones
1 1 1 1 1 0 0 0
— — — — — w W w

PCR4 is an 8-hit register for controlling whether each of port 4 pins P4, to P4 functions as an
input pin or output pin. Setting a PCR4 bit to 1 makes the corresponding pin an output pin, while
clearing the bit to 0 makes the pin an input pin. PCR4 and PDR4 settings are valid when the
corresponding pins are designated for general-purpose input/output by SCR3-2.

Upon reset, PCR4 isinitialized to H'F8.

PCR4 is awrite-only register, which awaysreads all 1s.

8.4.3 Pin Functions

Table 8.9 shows the port 4 pin functions.

Table8.9 Port 4 Pin Functions
Pin Pin Functions and Selection Method
P45/IRQq The pin function depends on bit IRQO in PMR3.
IRQO 0 1
Pin function P43 input pin IRQq input pin
P4,/TXD3, The pin function depends on bit TE in SCR3-2, bit SPC32 in SPCR, and bit
PCR4, in PCRA4.
SPC32 1
TE 1
PCR4, 0 1 *
Pin function P4, input pin P4, output pin TXD3, output pin
P4,/RXD3, The pin function depends on bit RE in SCR3-2 and bit PCR4, in PCRA4.
RE3, 0 1
PCR4, 0 1 *
Pin function P4, input pin P4, output pin RXD3, input pin
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Table8.9 Port 4 Pin Functions (cont)
Pin Pin Functions and Selection Method
P4,/SCK3, The pin function depends on bit CKE1 and CKEO in SCR3-2, bit COM32 in
SMR32, and bit PCR4 in PCRA4.
CKE1l 0 1
CKEO 0 1 *
COM32 0 1 * *
PCR4g 0 1 * *
Pin function P4, input pin | P4q output pin| SCK3, output| SCKa, input
pin pin
844 Pin States

Table 8.10 shows the port 4 pin states in each operating mode.

Table8.10 Port 4 Pin States

Pins Reset Sleep Subsleep Standby  Watch  Subactive Active
P43/IRQq High- Retains Retains  High- Retains Functional Functional
P4,/TXD3p impedance previous previous impedance previous

P4,/RXD3p state state state

P4,/SCK3,
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8.5 Port 5

85.1 Overview

Port 5 isan 8-bit I/O port, configured as shown in figure 8.4.

<——» P5,/WKP,/SEGg
<= P54/WKP¢/SEG-
< P5;/WKP5/SEGg
Ports | T P5,/WKP,/SEGs
< P5,/WKP4/SEG,
<> P5,/WKP,/SEG,
<—— P5,/WKP,/SEG,
~—— P5¢/WKPy/SEG;

Figure8.4 Port 5 Pin Configuration

852 Register Configuration and Description
Table 8.11 shows the port 5 register configuration.

Table8.11 Port 5 Registers

Name Abbrev. R/W Initial Value Address
Port data register 5 PDR5 R/W H'00 H'FFD8
Port control register 5 PCR5 W H'00 H'FFE8
Port pull-up control register 5 PUCR5 R/W H'00 H'FFE2
Port mode register 5 PMR5 R/W H'00 H'FFCC
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1. Port dataregister 5 (PDR5)

Bit 7 6 5 4 3 2 1 0

‘ P57 ‘ P5¢ ‘ P55 ‘ P54 ‘ P53 ‘ P5, ‘ P51 ‘ P59 ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

PDR5 is an 8-bit register that stores data for port 5 pins P57 to P5q. If port 5 isread while PCR5
bits are set to 1, the values stored in PDR5 are read, regardless of the actua pin states. If port5is
read while PCR5 hits are cleared to 0, the pin states are read.

Upon reset, PDR5 isinitialized to H'00.

2. Port control register 5 (PCR5)

Bit 7 6 5 4 3 2 1 0

‘ PCR57 ‘ PCR54 ‘ PCR55 ‘ PCR54 ‘ PCR53 ‘ PCR5, ‘ PCR5; ‘ PCR5g ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write W W W W W W w W

PCRS is an 8-hit register for controlling whether each of the port 5 pins P57 to P5g functions as an
input pin or output pin. Setting a PCR5 bit to 1 makes the corresponding pin an output pin, while
clearing the bit to 0 makes the pin an input pin. PCR5 and PDRS5 settings are valid when the
corresponding pins are designated for general-purpose input/output by PMR5 and bits SGS3 to
SGS0 in LPCR.

Upon reset, PCR5 isinitialized to H'00.
PCRS isawrite-only register, which isalwaysread as all 1s.

3. Port pull-up control register 5 (PUCR5)

Bit 7 6 5 4 3 2 1 0
‘PUCR57 ‘ PUCRSG‘ PUCRS5s ‘ PUCR54 ‘ PUCR53 ‘PUCRSZ ‘PUCRSl ‘PUCRSO ‘

Initial value 0 0 0 0 0 0 0 0

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

PUCRS controls whether the MOS pull-up of each of port 5 pins P57 to P5q ison or off. When a
PCRS bhit is cleared to 0, setting the corresponding PUCRS bit to 1 turns on the MOS pull-up for
the corresponding pin, while clearing the bit to 0 turns off the MOS pull-up.

Upon reset, PUCR5 isinitialized to H'00.
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4. Port mode register 5 (PMR5)

Bit 7 6 5 4 3 2 1 0

‘ WKP5 ‘ WKPg ‘ WKPg ‘ WKP, ‘ WKP5 ‘ WKP, ‘ WKP4 ‘ WKPq ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

PMRS5 is an 8-bit read/write register, controlling the selection of pin functions for port 5 pins.
Upon reset, PMR5 isinitialized to H'00.
Bit n: P5/WKP,/SEGu+1 pin function switch (WKPn)

When pin P5n/WKPn/SEGn+1 is not used as SEG+1, these bits select whether the pinis used as
P5n or WKP,.

Bit n
WKPnN Description
0 Functions as P5n I/O pin (initial value)
1 Functions as WKP, input pin
(n=7100)
Note: For use as SEG,;1, see 13.2.1, LCD Port Control Register (LPCR).
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8.5.3 Pin Functions

Table 8.12 shows the port 5 pin functions.

Table8.12 Port 5 Pin Functions

Pin Pin Functions and Selection Method
P5,/WKP-/ The pin function depends on bit WKP,, in PMR5, bit PCR5,, in PCRS5, and bits
SEGg to SGS3to SGSO in LPCR.
P5o/WKP o/ (n=7100)
SEG, SGS3to SGSO Ox** Lrx*
WKP,, 0 1 *
PCR5,, 0 1 * *
Pin function P5,, input pin |P5,, output pin| WKPn input SEGn+1
pin output pin

*: Don't care

854 Pin States

Table 8.13 shows the port 5 pin states in each operating mode.

Table8.13 Port 5 Pin States

Pins Reset Sleep Subsleep Standby Watch  Subactive Active
P5,/WKP-/ High- Retains Retains  High- Retains Functional Functional
SEGg to P5¢/ impedance previous previous impedance* previous

WKPo/SEG, state state state

Note: * A high-level signal is output when the MOS pull-up is in the on state.

154
RENESAS




855 MOS Input Pull-Up

Port 5 has a built-in MOS input pull-up function that can be controlled by software. When a
PCRS bit is cleared to 0, setting the corresponding PUCRS bit to 1 turns on the MOS pull-up for
that pin. The MOS pull-up function isin the off state after areset.

PCR5, 0 0 1
PUCRS5, 0 1 *
MOS input pull-up Off On Off
(n=71t00)
*: Don't care
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8.6 Port 6

8.6.1 Overview

Port 6 isan 8-bit I/O port. The port 6 pin configuration is shown in figure 8.5.

<= P64/SEGy
<= P6¢/SEGs5
<= P65/SEGy,
borts | == PB4/SEG3
<= PB4/SEG,
<~ P6,/SEG;
<= P6,/SEGy

-~ PGO/SEGQ

Figure8.5 Port 6 Pin Configuration

8.6.2 Register Configuration and Description
Table 8.14 shows the port 6 register configuration.

Table8.14 Port 6 Registers

Name Abbrev. R/W Initial Value  Address
Port data register 6 PDR6 R/IW H'00 H'FFD9
Port control register 6 PCR6 w H'00 H'FFE9
Port pull-up control register 6 PUCR6 R/IW H'00 H'FFES3
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1. Port dataregister 6 (PDR6)

Bit 7 6 5 4 3 2 1 0

‘ P67 ‘ P6g ‘ P65 ‘ P64 ‘ P63 ‘ P6, ‘ P64 ‘ P6g ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

PDR6 is an 8-bit register that stores data for port 6 pins P67 to P6g.

If port 6 isread while PCR6 bits are set to 1, the values stored in PDRG6 are read, regardless of the
actual pin states. If port 6 isread while PCR6 bits are cleared to 0, the pin states are read.

Upon reset, PDR6 isinitialized to H'00.

2. Port control register 6 (PCR6)

Bit 7 6 5 4 3 2 1 0

‘ PCR6; ‘ PCR6g ‘ PCR6; ‘ PCR6, ‘ PCR6; ‘ PCRS, ‘ PCR6; ‘ PCR6, ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write w W w w w w w w

PCRG6 is an 8-hit register for controlling whether each of the port 6 pins P67 to P& functions as an
input pin or output pin.

Setting a PCR6 bit to 1 makes the corresponding pin (P67 to P6g) an output pin, while clearing the
bit to 0 makes the pin an input pin. PCR6 and PDR6 settings are valid when the corresponding
pins are designated for general -purpose input/output by bits SGS3 to SGS0 in LPCR.

Upon reset, PCR6 isinitialized to H'00.

PCRG6 is awrite-only register, which awaysreads all 1s.
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3. Port pull-up control register 6 (PUCRG)

Bit 7 6 5 4 3 2 1 0
‘PUCR67 ‘ PUCRG@,‘ PUCRGS‘ PUCR64 ‘ PUCRGg‘PUCRGZ ‘ PUCR6; ‘PUCR60 ‘

Initial value 0 0 0 0 0 0 0 0

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

PUCRG6 controls whether the MOS pull-up of each of the port 6 pins P67 to P6q ison or off. When
aPCR®6 bit is cleared to 0, setting the corresponding PUCRG bit to 1 turns on the MOS pull-up for
the corresponding pin, while clearing the bit to 0 turns off the MOS pull-up.

Upon reset, PUCR6 isinitialized to H'00.

8.6.3 Pin Functions

Table 8.15 shows the port 6 pin functions.

Table8.15 Port 6 Pin Functions

Pin Pin Functions and Selection Method
P6,/SEG 4 to The pin function depends on bit PCR6n in PCR6 and bits SGS3 to SGSO0 in
P6¢/SEGg LPCR. (n=7100)
SEG3 to SEGS0 00**, 010* 012%*, 1%**
PCR6,, 0 1 *
Pin function P6,, input pin P6,, output pin SEG+g Output pin
*: Don't care
8.6.4 Pin States
Table 8.16 shows the port 6 pin states in each operating mode.
Table8.16 Port 6 Pin States
Pin Reset Sleep Subsleep Standby Watch  Subactive Active
P67/SEG 4 tO High- Retains Retains  High- Retains Functional Functional
P6o/SEGg impedance previous previous impedance* previous
state state state

Note: * A high-level signal is output when the MOS pull-up is in the on state.
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8.6.5 MOS Input Pull-Up

Port 6 has a built-in MOS pull-up function that can be controlled by software. When a PCR6 bit is
cleared to O, setting the corresponding PUCRSG bit to 1 turns on the MOS pull-up for that pin. The
MOS pull-up function isin the off state after areset.

PCR6, 0 0 1
PUCR6, 0 1 *
MOS input pull-up Off On Off
(n=71t00)
*: Don't care
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8.7 Port 7

8.7.1 Overview

Port 7 isa8-bit 1/0 port, configured as shown in figure 8.6.

- P77/SEG24
- P76/SE623
- = P7./SEG,,
- P7,/SEG,,
Port 7
- P73/SEG!20
B P72/SEG19
B P71/SEG]_8

B P70/SEGl7

Figure8.6 Port 7 Pin Configuration

8.7.2 Register Configuration and Description
Table 8.17 shows the port 7 register configuration.

Table8.17 Port 7 Registers

Name Abbrev. R/W Initial Value  Address
Port data register 7 PDR7 R/IW H'00 H'FFDA

Port control register 7 PCR7 w H'00 H'FFEA
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1. Port dataregister 7 (PDR7)

Bit 7 6 5 4 3 2 1 0

‘ P7, ‘ P7¢ ‘ P75 ‘ P74 ‘ P73 ‘ P72 ‘ P71 ‘ P70 ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

PDRY is an 8-bit register that stores data for port 7 pins P77 to P7q. If port 7 isread while PCR7
bits are set to 1, the values stored in PDR7 are read, regardless of the actual pin states. If port 7 is
read while PCRY bits are cleared to 0, the pin states are read.

Upon reset, PDR7 isinitialized to H'00.

2. Port control register 7 (PCR7)

Bit 7 6 5 4 3 2 1 0

‘ PCR77 ‘ PCR7g ‘ PCR7s ‘ PCR74 ‘ PCR73 ‘ PCR7, ‘ PCR7, ‘ PCR7 ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write w W W w W w w w

PCRY7 is an 8-hit register for controlling whether each of the port 7 pins P75 to P7 functions as an
input pin or output pin. Setting a PCRY7 bit to 1 makes the corresponding pin an output pin, while
clearing the bit to 0 makes the pin an input pin. PCR7 and PDR7 settings are valid when the
corresponding pins are designated for general-purpose input/output by bits SGS3 to SGS0 in
LPCR.

Upon reset, PCR7 isinitialized to H'00.

PCRY isawrite-only register, which adwaysreads asall 1s.

161
RENESAS



8.7.3 Pin Functions

Table 8.18 shows the port 7 pin functions.

Table8.18 Port 7 Pin Functions

Pin Pin Functions and Selection Method
P7-/SEGo4 to The pin function depends on bit PCR7,, in PCR7 and bits SGS3 to SGSO0 in
P7,/SEG47 LPCR. (n=71t00)
SEGS3 to SEGS0 00** Q1**, 1***
PCR7, 0 1 *
Pin function P7, input pin P7, output pin | SEG,;+17 output pin

8.7.4 Pin States

*: Don't care

Table 8.19 shows the port 7 pin states in each operating mode.

Table8.19 Port 7 Pin States

Pins Reset Sleep Subsleep Standby  Watch  Subactive Active
P77/SEGy, to High- Retains Retains  High- Retains Functional Functional
P7¢/SEG 17 impedance previous previous impedance previous

state state state
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8.8 Port 8

8.8.1 Overview

Port 8 isan 8-bit 1/O port configured as shown in figure 8.7.

- P87/SE632/CL1
- P86/SE631/CL2
<~ P8:/SEG4,/DO
-~ P8,/SEGy/M

Port 8
- P83/SEng
B P82/SE627
B P81/SEGZG

B P80/SEGZ5

Figure8.7 Port 8 Pin Configuration

Register Configuration and Description
Table 8.20 shows the port 8 register configuration.

Table8.20 Port 8 Registers

Abbrev. RIW Initial Value  Address
Port data register 8 PDR8 R/IW H'00 H'FFDB
Port control register 8 PCR8 w H'00 H'FFEB
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1. Port dataregister 8 (PDRS)

Bit 7 6 5 4 3 2 1 0

‘ P87 ‘ P8¢ ‘ P85 ‘ P84 ‘ P83 ‘ P8, ‘ P8, ‘ P8¢ ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

PDR8 is an 8-bit register that stores data for port 8 pins P87 to P8y. If port 8 isread while PCR8
bits are set to 1, the values stored in PDR8 are read, regardless of the actua pin states. If port 8is
read while PCR8 bhits are cleared to 0, the pin states are read.

Upon reset, PDR8 isinitialized to H'00.

2. Port control register 8 (PCR8)

Bit 7 6 5 4 3 2 1 0

‘ PCR87 ‘ PCR8g ‘ PCRS8s ‘ PCR8,4 ‘ PCR83 ‘ PCR8, ‘ PCR8; ‘ PCR8 ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write W W W W W W w W

PCRS8 is an 8-hit register for controlling whether each of the port 8 pins P87 to P8, functions as an
input or output pin. Setting a PCR8 bit to 1 makes the corresponding pin an output pin, while
clearing the bit to 0 makes the pin an input pin. PCR8 and PDR8 settings are valid when the
corresponding pins are designated for general-purpose input/output by bits SGS3 to SGS0 in
LPCR.

Upon reset, PCR8 isinitialized to H'00.

PCR8 isawrite-only register, which isalwaysread as all 1s.

164
RENESAS



883

Pin Functions

Table 8.21 shows the port 8 pin functions.

Table8.21 Port 8 Pin Functions

Pin Pin Functions and Selection Method
P8;/SEG3,/  The pin function depends on bit PCR8; in PCR8 and bits SGX and SGS3 to SGS0
CLq in LPCR.
SEGS3 to SEGS0 000* 001*, O1**, 1*** *
SGX 0 0 1
PCR8; 0 1 * *
Pin function P8- input pin | P87 output pin| SEG3, output pin| CL, output pin
P8¢/SEG3:/  The pin function depends on bit PCR8g in PCR8 and bits SGX and SGS3 to SGSO
CL, in LPCR.
SEGS3 to SEGS0 000* 001*, O1**, 1*** *
SGX 0 0 1
PCR8g 0 1 * *
Pin function P8 input pin | P8¢ output pin| SEG3; output pin| CL, output pin
P8s/SEG3y/  The pin function depends on bit PCR85 in PCR8 and bits SGX and SGS3 to SGS0
DO in LPCR.
SEGS3 to SEGS0 000* 001*, O1**, 1*** *
SGX 0 0 1
PCR9g 0 1 * *
Pin function P85 input pin | P85 output pin| SEG3q output pin| DO output pin
P84/SEG,9/  The pin function depends on bit PCR8, in PCR8 and bits SGX and SGS3 to SGS0O
M in LPCR.
SEGS3 to SEGS0 000* 001*, O1**, 1*** *
SGX 0 0 1
PCR9, 0 1 * *
Pin function P8, input pin | P84 output pin| SEG,g output pin| M output pin

P83/SEG,g to The pin function depends on bit PCR8,, in PCR8 and bits SGS3 to SGSO0 in LPCR.

P8o/SEG 5

(n=31t00)
SEGS3 to SEGSO0 000* 001*, 01**, 1***
PCR8, 0 1 *
Pin function P8,, input pin P8,, output pin SEG+25 Output pin

RENESAS

*: Don't care
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8.8.4 Pin States

Table 8.22 shows the port 8 pin states in each operating mode.

Table8.22 Port 8 Pin States

Pins Reset Sleep Subsleep Standby Watch  Subactive Active
P8,/SEG3,/CL;  High- Retains Retains  High- Retains Functional Functional
P8¢/SEG3,/CL, impedance previous previous impedance previous

P85/SEG3¢/DO state state state

P84/SEG,9/M

P83/SEG28 to

P8y/SEG 5

166

RENESAS



8.9 Port A

8.9.1 Overview

Port A isa4-bit 1/0 port, configured as shown in figure 8.8.

B PA3/COM4
- PAz/COMg
Port A
- PA]_/COMZ

- PAOICOMl

Figure8.8 Port A Pin Configuration

8.9.2 Register Configuration and Description
Table 8.23 shows the port A register configuration.

Table8.23 Port A Registers

Name Abbrev. R/W Initial Value  Address
Port data register A PDRA R/W H'FO H'FFDD
Port control register A PCRA w H'FO H'FFED

1. Port dataregister A (PDRA)

Bit 7 6 5 4 3 2 1 0
= = = — [ eas| P | par| Pag|

Initial value 1 1 1 1 0 0 0 0

Read/Write — — — — R/W R/W R/W R/W

PDRA isan 8-hit register that stores datafor port A pins PA3 to PAg. If port A isread while
PCRA bits are set to 1, the values stored in PDRA are read, regardless of the actua pin states. If
port A isread while PCRA bits are cleared to O, the pin states are read.

Upon reset, PDRA isinitialized to H'FO.
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2. Port control register A (PCRA)

Bit 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ — ‘ — ‘ PCRAg‘ PCRAZ‘ PCRAl‘ PCRAO‘
Initial value 1 1 1 1 0 0 0 0
Read/Write — — — — R/W R/W R/W R/W

PCRA controls whether each of port A pins PA3to PAg functions as an input pin or output pin.
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. PCRA and PDRA settings are valid when the corresponding pins are
designated for general-purpose input/output by LPCR.

Upon reset, PCRA isinitialized to H'FO.

PCRA isawrite-only register, which alwaysreadsall 1s.
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8.9.3 Pin Functions

Table 8.24 shows the port A pin functions.

Table8.24 Port A Pin Functions

Pin Pin Functions and Selection Method
PA3/COM, The pin function depends on bit PCRAz in PCRA and bits SGS3 to SGSO0.
SEGS3 to SEGSO0 0000 0000 Not 0000
PCRA; 0 1 *
Pin function PAgz input pin PA3 output pin COM, output pin
PA,/COM3 The pin function depends on bit PCRA, in PCRA and bits SGS3 to SGSO.
SEGS3 to SEGSO0 0000 0000 Not 0000
PCRA, 0 1 *
Pin function PA, input pin PA, output pin COMg; output pin
PA{/COM, The pin function depends on bit PCRA; in PCRA and bits SGS3 to SGSO0.
SEGS3 to SEGS0 0000 0000 Not 0000
PCRA; 0 1 *
Pin function PA; input pin PA; output pin COM, output pin
PAy/COM, The pin function depends on bit PCRAg in PCRA and bits SGS3 to SGSO.
SEGS3 to SEGS0 0000 Not 0000
PCRAq 0 1 *
Pin function PAg input pin PA output pin COM; output pin
*: Don't care
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894 Pin States

Table 8.25 shows the port A pin states in each operating mode.

Table8.25 Port A Pin States

Pins Reset Sleep Subsleep Standby Watch  Subactive Active
PA3/COMy High- Retains Retains  High- Retains Functional Functional
PA,/COMg impedance previous previous impedance previous

PA,/COM, state state state

PAG/COM,
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8.10 PortB

8.10.1 Overview

Port B is an 8-bit input-only port, configured as shown in figure 8.9.

~-— PB;/AN;
<—— PBg/ANg
<—— PB5/ANg
<—— PB4/ANy
Port B
~—— PB3/AN3
~-— PB,/AN,
~— PB;/AN,

<——— PBy/AN,

Figure8.9 Port B Pin Configuration

8.10.2 Register Configuration and Description
Table 8.26 shows the port B register configuration.

Table8.26 Port B Register

Name Abbrev. R/W Address

Port data register B PDRB R H'FFDE

Port Data Register B (PDRB)

Bit 7 6 5 4 3 2 1 0
‘ PB~, ‘ PBg ‘ PBsg ‘ PB4 ‘ PB3 ‘ PB» ‘ PB1 ‘ PBg ‘
Read/Write R R R R R R R R

Reading PDRB always gives the pin states. However, if aport B pin is selected as an analog input
channel for the A/D converter by AMR bits CH3 to CHO, that pin reads O regardless of the input
voltage.
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8.11 Input/Output Data I nversion Function

8.11.1 Overview

With input pins WKPq to WKP7, RXD31, and RXDsp, and output pins TXD3; and TXD3p, the
data can be handled in inverted form.

SCINVO
SCINV2

P3,/RXD3; [ ]D S;(le
P4,/RXD3, 32

SCINV1
SCINV3

P35/TXDs1 [ TXDg;
P4,/TXD3, TXD3,

Figure8.10 Input/Output Data Inversion Function

8.11.2 Register Configuration and Descriptions
Table 8.27 shows the registers used by the input/output data inversion function.

Table8.27 Register Configuration

Name Abbreviation R/W Address

Serial port control register SPCR R/W H'FF91

Serial Port Control Register (SPCR)

Bit 7 6 5 4 3 2 1 0

‘ — ‘ — ‘SPCSZ ‘SPC31 ‘SCINVS ‘SCINVZ ‘SCINVl ‘SCINVO ‘
Initial value 1 1 0 0 0 0 0 0
Read/Write — — R/W R/W R/W R/W R/W R/W

SPCR is an 8-hit readable/writable register that performs RXD31, RXD3p, TXD34, and TXD3p pin
input/output datainversion switching. SPCR isinitialized to H'CO by areset.
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Bit 0: RXD3; pin input datainversion switch

Bit 0 specifies whether or not RXD3; pin input dataisto be inverted.

Bit 0
SCINVO Description
0 RXD3; input data is not inverted (initial value)
1 RXD3; input data is inverted
Bit 1: TXD3; pin output datainversion switch
Bit 1 specifies whether or not TXD3; pin output datais to be inverted.
Bit 1
SCINV1 Description
0 TXD3; output data is not inverted (initial value)
1 TXDg3; output data is inverted
Bit 2: RXD3; pin input data inversion switch
Bit 2 specifies whether or not RXD3, pin input dataisto be inverted.
Bit 2
SCINV2 Description
0 RXD3, input data is not inverted (initial value)
1 RXD3, input data is inverted
Bit 3: TXD3, pin output data inversion switch
Bit 3 specifies whether or not TXD=3, pin output datais to be inverted.
Bit 3
SCINV3 Description
0 TXD3, output data is not inverted (initial value)
1 TXD3, output data is inverted
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Bit 4: P35/TXD31 pin function switch (SPC31)

This bit selects whether pin P35/TXD3; isused as P35 or as TXD3;j.

Bit 4

SPC31 Description

0 Functions as P35 I/O pin (initial value)
1 Functions as TXD3; output pin*

Note: * Set the TE bit in SCR3 after setting this bit to 1.

Bit 5: P4,/TXD3, pin function switch (SPC32)

This bit selects whether pin P4,/TXDz3, is used as P4, or as TXD ).

Bit 5

SPC32 Description

0 Functions as P4, 1/O pin (initial value)
1 Functions as TXD3, output pin*

Note: * Set the TE bit in SCRS3 after setting this bit to 1.

Bits 7 and 6: Reserved bits

Bits 7 and 6 are reserved; they are alwaysread as 1 and cannot be modified.

8.11.3 Noteon Modification of Serial Port Control Register

When a seria port control register is modified, the data being input or output up to that point is
inverted immediately after the modification, and an invalid data change is input or output. When
modifying a serial port control register, do so in a state in which data changes are invalidated.
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Section9 Timers

9.1 Overview

The H8/3864 Series provides six timers: timers A, C, F, G, and awatchdog timer, and an
asynchronous event counter. The functions of these timers are outlined in table 9.1.

Table9.1 Timer Functions

Event Waveform
Name Functions Internal Clock Input Pin  Output Pin Remarks
Timer A« g-bitinterval timer /8 to 8/8192 — —
» Interval function (8 choices)
» Time base 2,,/128 (choice of 4
overflow periods)
» Clock output @14 to @/32 — TMOW
@y, Byl4 to 8,,/32
(9 choices)
TimerC  « 8-bit timer o/4 to 9/8192, g,,/4 TMIC — Up-count/down-
» Interval function (7 choices) count
controllable by
» Event counting software or
function hardware
* Up-count/down-
count selectable
Timer F 16-bit timer o/4 to 9/32, 9,,/4 TMIF TMOFL
Event counting (4 choices) TMOFH
function Also usable
as two independent8-
bit timers Output
compare output
function
TimerG - 8-bit timer /2 to ©/64, 8,4 T™MIG — . Counter
* Input capture (4 choices) clearing
function option
» Interval function e Built-in
capture input
signal noise
canceler
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Table9.1 Timer Functions (cont)
Event Waveform

Name Functions Internal Clock Input Pin  Output Pin Remarks
Watchdog « Reset signal 2/8192 — —
timer generated wheng- @w/32

bit counter

overflows
Asynchro- « 16-bit counter — AEVL —
nous * Also usable as two AEVH
event ’ .
counter independent 8-bit

counters

¢ Counts events

asynchronous to g

and gw
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9.2 Timer A

921 Overview

Timer A isan 8-bit timer with interval timing and real-time clock time-base functions. The clock
time-base function is available when a 32.768-kHz crystal oscillator is connected. A clock signa
divided from 32.768 kHz, from 38.4 kHz (if a 38.4 kHz crystal oscillator is connected), or from
the system clock, can be output at the TMOW pin.

1. Features

Features of timer A are given below.

Choice of eight internal clock sources (a/8192, /4096, 2/2048, &/512, @/256, 21128, @/32, 4/8).
Choice of four overflow periods (1 s, 0.5s, 0.25 s, 31.25 ms) when timer A is used as a clock
time base (using a 32.768 kHz crystal oscillator).

An interrupt is requested when the counter overflows.

Any of nine clock signals can be output at the TMOW pin: 32.768 kHz divided by 32, 16, 8, or
4 (1 kHz, 2 kHz, 4 kHz, 8 kHz) or 38.4 kHz divided by 32, 16, 8, or 4 (1.2 kHz, 2.4 kHz, 4.8
kHz, 9.6 kHz), and the system clock divided by 32, 16, 8, or 4.

Use of module standby mode enables this modul e to be placed in standby mode independently
when not used.
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2. Block diagram

Figure 9.1 shows a block diagram of timer A.

. CWORS |‘—’
w > 1/4 > PSW
Byl | TMA -
(2]
>
o]
<
o\ /128 8
©
£
I g
TMOW TCA | =
oi32 2/8192, 5/4096, /2048, I
2/3 2/512, /256, 8/128, 500 Y9
al4 2/32, /8 o+ ! + !
y y Y A
a — PSS |
——  IRRTA
Notation:
TMA: Timer mode register A
TCA: Timer counter A
IRRTA:  Timer A overflow interrupt request flag
PSW: Prescaler W
PSS: Prescaler S

CWOSR: Subclock output select register
Note: * Can be selected only when the prescaler W output (g\y/128) is used as the TCA input clock.

Figure9.1 Block Diagram of Timer A
3. Pin configuration
Table 9.2 shows the timer A pin configuration.

Table9.2 Pin Configuration

Name Abbrev. /O Function
Clock output TMOW Output Output of waveform generated by timer A output circuit
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4. Register configuration
Table 9.3 shows the register configuration of timer A.

Table9.3 Timer A Registers

Name Abbrev. R/W Initial Value Address
Timer mode register A TMA R/W H'10 H'FFBO
Timer counter A TCA R H'00 H'FFB1
Clock stop register 1 CKSTPR1 R/W H'FF H'FFFA
Subclock output select register CWOSR R/W H'FE H'FF92

9.2.2 Register Descriptions

1. Timer moderegister A (TMA)

Bit 7 6 5 4 3 2 1 0

‘ TMA7 ‘ TMA6 ‘ TMAS ‘ — ‘ TMA3 ‘ TMA2 ‘ TMAL ‘ TMAO ‘
Initial value 0 0 0 1 0 0 0 0
Read/Write R/W R/W R/W — R/W R/W R/W R/W

TMA is an 8-hit read/write register for selecting the prescaler, input clock, and output clock.

Upon reset, TMA isinitialized to H'10.
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Bits 7 to 5: Clock output select (TMA7 to TMAD)

Bits 7 to 5 choose which of eight clock signalsis output at the TMOW pin. The system clock
divided by 32, 16, 8, or 4 can be output in active mode and sleep mode. A 32.768 kHz or 38.4
kHz signal divided by 32, 16, 8, or 4 can be output in active mode, sleep mode, and subactive
mode. @, isoutput in all modes except the reset state.

CWOSR TMA

Bit 7 Bit 6 Bit5
CWOS TMA7 TMA6 TMAS5  Clock Output

0 0 0 0 2/32 (initial value)
1 2/16
1 0 2/8
1 al4
1 0 0 2,32
1 2,,/16
1 0 2,,/8
1 a4
1 * * * By

*: Don't care

Bit 4: Reserved hit

Bit 4 isreserved; it is alwaysread as 1, and cannot be modified.
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Bits3to O: Internal clock select (TMA3to TMAO)

Bits 3to 0 select the clock input to TCA. The selection is made as follows.

Description
Bit 3 Bit 2 Bit 1 Bit 0 Prescaler and Divider Ratio
TMA3 TMA2 TMA1 TMAO or Overflow Period Function
0 0 0 0 PSS, 9/8192 (initial value) Interval timer
1 PSS, 2/4096
1 0 PSS, 9/2048
1 PSS, @/512
1 0 0 PSS, 2/256
1 PSS, 9/128
1 0 PSS, /32
1 PSS, /8
1 0 0 0 PSW, 1s Clock time
1 PSW, 05s base
1 0 PSW, 0.25 s (when using
1 PSW, 0.03125 s 32.768 kHz)
1 0 0 PSW and TCA are reset
1
1 0
1
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2. Timer counter A (TCA)

Bit 7 6 5 4 3 2 1 0

‘ TCA7 ‘ TCAG6 ‘ TCA5 ‘ TCA4 ‘ TCA3 ‘ TCA2 ‘ TCAl ‘ TCAO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R R R R R R R R

TCA isan 8-hit read-only up-counter, which isincremented by internal clock input. The clock
source for input to this counter is selected by bits TMA3 to TMAOQ in timer mode register A
(TMA). TCA values can be read by the CPU in active mode, but cannot be read in subactive
mode. When TCA overflows, the IRRTA bit ininterrupt request register 1 (IRR1) is set to 1.

TCA iscleared by setting bits TMA3 and TMAZ2 of TMA to 11.
Upon reset, TCA isinitialized to H'00.

3. Clock stop register 1 (CKSTPR1)

Bit: 7 6 5 4 3 2 1 0

| — |831CKSTP|SSZCKSTP| ADCKSTP | TGCKSTP | TFCKSTP | TCCKSTP | TACKSTP |
Initial value: 1 1 1 1 1 1 1 1
Read/Write: R/W R/W R/W R/W R/W R/W R/W R/W

CKSTPR1 is an 8-hit read/write register that performs module standby mode control for peripheral
modules. Only the bit relating to timer A isdescribed here. For details of the other bits, see the
sections on the relevant modules.

Bit 0: Timer A module standby mode control (TACKSTP)
Bit O controls setting and clearing of module standby mode for timer A.

TACKSTP  Description

0 Timer A is set to module standby mode
1 Timer A module standby mode is cleared (initial value)
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Subclock Output Select Register (CWOSR)

Bit: 7 6 5 4 3 2 1 0

— | - | = | = — — — | cwos
Initial value: 1 1 1 1 1 1 1 0
Read/Write: R R R R R R R R/W

CWOSR is an 8-hit read/write register that selects the clock to be output from the TMOW pin.
CWOSR isinitialized to H'FE by areset.

Bits 7 to 1: Reserved hits

Bits 7 to 1 are reserved; they are always read as 1 and cannot be modified.

Bit 0: TMOW pin clock select (CWOS)

Bit 0 selects the clock to be output from the TMOW pin.

Bit 0

CWOS Description

0 Clock output from timer A is output (see TMA) (initial value)
1 2, is output

9.23 Timer Operation
1. Interval timer operation

When bit TMA3 in timer mode register A (TMA) is cleared to 0, timer A functions as an 8-hit
interval timer.

Upon reset, TCA is cleared to H'00 and bit TMAS3 is cleared to 0, so up-counting and interval
timing resume immediately. The clock input to timer A is selected by bits TMA2to TMAOQO in
TMA; any of eight internal clock signals output by prescaler S can be selected.

After the count value in TCA reaches H'FF, the next clock signal input causestimer A to
overflow, setting bit IRRTA to 1 in interrupt request register 1 (IRR1). If IENTA = 1ininterrupt
enableregister 1 (IENR1), a CPU interrupt is requested.*

At overflow, TCA returnsto H'00 and starts counting up again. In this modetimer A functions as
an interval timer that generates an overflow output at intervals of 256 input clock pulses.

Note: * For details on interrupts, see 3.3, Interrupts.
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2. Real-time clock time base operation

When bit TMA3in TMA issetto 1, timer A functions as a real-time clock time base by counting
clock signals output by prescaler W. The overflow period of timer A is set by bits TMA1 and
TMAOiIn TMA. A choice of four periodsisavailable. Intime base operation (TMA3 = 1), setting
bit TMAZ2 to 1 clears both TCA and prescaler W to their initial values of H'00.

3. Clock output

Setting bit TMOW in port mode register 1 (PMR1) to 1 causes a clock signal to be output at pin
TMOW. Nine different clock output signals can be selected by means of bits TMA7 to TMAS5in
TMA and bit CWOS in CWOSR. The system clock divided by 32, 16, 8, or 4 can be output in
active mode and sleep mode. A 32.768 kHz or 38.4 kHz signal divided by 32, 16, 8, or 4 can be
output in active mode, sleep mode, watch mode, subactive mode, and subsleep mode. The 32.768
kHz or 38.4 kHz clock is output in all modes except the reset state.

9.24 Timer A Operation States
Table 9.4 summarizesthe timer A operation states.

Table9.4 Timer A Operation States

Sub- Sub- Module
Operation Mode Reset Active Sleep Watch active sleep Standby Standby
TCA Interval Reset Functions Functions Halted Halted Halted Halted Halted

Clock time base Reset Functions Functions Functions Functions Functions Halted Halted

TMA Reset Functions Retained Retained Functions Retained Retained Retained

Note: When the real-time clock time base function is selected as the internal clock of TCA in
active mode or sleep mode, the internal clock is not synchronous with the system clock, so
it is synchronized by a synchronizing circuit. This may result in a maximum error of 1/g (s) in
the count cycle.
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9.3 Timer C

9.3.1 Overview

Timer C isan 8-bit timer that increments each time a clock pulseisinput. Thistimer has two
operation modes, interval and auto reload.

1. Features

Features of timer C are given below.

Choice of seven internal clock sources (2/8192, @/2048, &/512, &/64, @/16, @/4, aw/4) or an
external clock (can be used to count external events).

An interrupt is requested when the counter overflows.

Up/down-counter switching is possible by hardware or software.

Subactive mode and subsleep mode operation is possible when gw/4 is selected as the internal
clock, or when an external clock is selected.

Use of module standby mode enables this module to be placed in standby mode independently
when not used.
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2. Block diagram

Figure 9.2 shows a block diagram of timer C.

UD O

g — PSS

TMIC ©

ow/4

Notation:

TMC : Timer mode register C
TCC : Timer counter C

TLC : Timer load register C

IRRTC : Timer C overflow interrupt request flag

PSS : Prescaler S

AN
4| T™MC |<—>
[
(2]
>S5
o
s
[
o
_L £
c
—> 3
TCC l> 2
L T —_—
TLC
N\
—> |IRRTC
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3. Pin configuration
Table 9.5 shows the timer C pin configuration.

Table9.5 Pin Configuration

Name Abbrev. Ife] Function
Timer C event input TMIC Input Input pin for event input to TCC
Timer C up/down-count selection ub Input Timer C up/down select

4. Register configuration
Table 9.6 shows the register configuration of timer C.

Table9.6 Timer C Registers

Name Abbrev. R/W Initial Value Address
Timer mode register C T™MC R/W H'18 H'FFB4
Timer counter C TCC R H'00 H'FFB5
Timer load register C TLC H'00 H'FFB5
Clock stop register 1 CKSTPR1 R/W H'FF H'FFFA
9.32 Register Descriptions
1. Timer moderegister C (TMC)

Bit 7 6 5 4 3 2 1 0

‘ TMC7 ‘ TMC6 ‘ TMC5 ‘ — ‘ — ‘ TMC2 ‘ TMC1 ‘ TMCO ‘
Initial value 0 0 0 1 1 0 0 0
Read/Write R/W R/W R/W — — R/W R/W R/W

TMC isan 8-hit read/write register for selecting the auto-reload function and input clock, and

performing up/down-counter control.

Upon reset, TMC isinitialized to H'18.

RENESAS

187



Bit 7: Auto-reload function select (TMC7)

Bit 7 selects whether timer C is used as an interval timer or auto-reload timer.

Bit 7

TMC7 Description

0 Interval timer function selected (initial value)
1 Auto-reload function selected

Bits 6 and 5: Counter up/down control (TMC6, TMC5)

Selects whether TCC up/down control is performed by hardware using UD pin input, or whether
TCC functions as an up-counter or a down-counter.

Bit 6 Bit 5

TMC6 TMC5 Description

0 0 TCC is an up-counter (initial value)
0 1 TCC is a down-counter

1 * Hardware control by UD pin input

UD pin input high: Down-counter
UD pin input low: Up-counter

*: Don't care

Bits4 and 3: Reserved bits

Bits 4 and 3 are reserved; they are alwaysread as 1 and cannot be modified.
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Bits2to 0: Clock select (TMC2 to TMCO)

Bits 2 to 0 select the clock input to TCC. For external event counting, either therising or falling
edge can be selected.

Bit 2 Bit 1 Bit 0

TMC2 TMC1 TMCO Description

0 0 0 Internal clock: /8192 (initial value)
0 0 1 Internal clock: 8/2048

0 1 0 Internal clock: @/512

0 1 1 Internal clock: g/64

1 0 0 Internal clock: 2/16

1 0 1 Internal clock: g/4

1 1 0 Internal clock: gw/4

1 1 1 External event (TMIC): rising or falling edge*

Note: * The edge of the external event signal is selected by bit IEG1 in the IRQ edge select register
(IEGR). See 1. IRQ edge select register (IEGR) in 3.3.2 for details. IRQ2 must be setto 1
in port mode register 1 (PMR1) before setting 111 in bits TMC2 to TMCO.

2. Timer counter C (TCC)

Bit 7 6 5 4 3 2 1 0

‘ TCC7 ‘ TCC6 ‘ TCC5 ‘ TCC4 ‘ TCC3 ‘ TCC2 ‘ TCC1 ‘ TCCO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R R R R R R R R

TCC isan 8-hit read-only up-counter, which is incremented by internal clock or external event
input. The clock source for input to this counter is selected by bits TMC2 to TMCO in timer mode
register C (TMC). TCC values can be read by the CPU at any time.

When TCC overflows from H'FF to H'00 or to the value set in TLC, or underflows from H'00 to
H'FF or to the value set in TLC, the IRRTC bitin IRR2 is set to 1.

TCC isallocated to the same addressas TLC.

Upon reset, TCCisinitialized to H'00.
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3. Timer load register C (TLC)

Bit 7 6 5 4 3 2 1 0

‘ TLC7 ‘ TLC6 ‘ TLC5 ‘ TLC4 ‘ TLC3 ‘ TLC2 ‘ TLC1 ‘ TLCO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write w w w w w w w w

TLC isan 8-bit write-only register for setting the reload value of timer counter C (TCC).

When areload valueis set in TLC, the same value is loaded into timer counter C aswell, and TCC
starts counting up from that value. When TCC overflows or underflows during operation in auto-
reload mode, the TLC value isloaded into TCC. Accordingly, overflow/underflow periods can be
set within the range of 1 to 256 input clocks.

The same addressis alocated to TLC asto TCC.
Upon reset, TLC isinitialized to H'00.

4. Clock stop register 1 (CKSTPR1)

Bit: 7 6 5 4 3 2 1 0

— |S31CKSTP|S32CKSTP|ADCKSTP TGCKSTP | TFCKSTP | TCCKSTP | TACKSTP
Initial value: 1 1 1 1 1 1 1 1
Read/Write: R/W R/W R/W R/W R/W R/W R/W R/W

CKSTPR1 is an 8-hit read/write register that performs module standby mode control for peripheral
modules. Only the bit relating to timer C is described here. For details of the other bits, see the
sections on the relevant modules.

Bit 1: Timer C module standby mode control (TCCKSTP)
Bit 1 controls setting and clearing of module standby mode for timer C.

TCCKSTP  Description

0 Timer C is set to module standby mode
1 Timer C module standby mode is cleared (initial value)
190

RENESAS



9.3.3 Timer Operation
1. Interva timer operation

When bit TMC7 in timer mode register C (TMC) is cleared to 0, timer C functions as an 8-bit
interval timer.

Upon reset, TCC isinitialized to H'00 and TMC to H'18, so TCC continues up-counting as an
interval up-counter without halting immediately after areset. Thetimer C operating clock is
selected from seven internal clock signals output by prescalers S and W, or an external clock input
at pin TMIC. The selectionis made by bits TMC2 to TMCOin TMC.

TCC up/down-count control can be performed either by software or hardware. The selectionis
made by bits TMC6 and TMC5in TMC.

After the count value in TCC reaches H'FF (H'00), the next clock input causes timer C to overflow
(underflow), setting bit IRRTC to 1in IRR2. If IENTC = 1l ininterrupt enable register 2 (IENR2),
aCPU interrupt is requested.

At overflow (underflow), TCC returnsto H'00 (H'FF) and starts counting up (down) again.

During interval timer operation (TMC7 = 0), when avalueis set in timer load register C (TLC),
the same valueissetin TCC.

Note: For details on interrupts, see 3.3, Interrupts.
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2. Auto-reload timer operation

Setting bit TMC7 in TMC to 1 causestimer C to function as an 8-bit auto-reload timer. When a
reload valueis set in TLC, the same valueis loaded into TCC, becoming the value from which
TCC startsits count.

After the count value in TCC reaches H'FF (H'00), the next clock signal input causes timer C to
overflow/underflow. The TLC vaueisthen loaded into TCC, and the count continues from that
value. The overflow/underflow period can be set within arange from 1 to 256 input clocks,
depending on the TLC value.

The clock sources, up/down control, and interrupts in auto-rel oad mode are the same asin interval
mode.

In auto-reload mode (TMC7 = 1), when anew valueisset in TLC, the TLC valueisaso set in
TCC.

3. Event counter operation

Timer C can operate as an event counter, counting rising or falling edges of an external event
signal input at pin TMIC. Externa event counting is selected by setting bits TMC2 to TMCO in
timer mode register C to al 1s(111).

When timer C is used to count external event input, , bit IRQ2 in PMR1 should be set to 1 and hit
IEN2in IENR1 cleared to O to disable interrupt IRQ, requests.

4. TCC up/down control by hardware

With timer C, TCC up/down control can be performed by UD pininput. When bit TMC6 is set to
1in TMC, TCC functions as an up-counter when UD pin input is high, and as a down-counter
when low.

When using UD pin input, set bit UD to 1 in PMR3.

192
RENESAS



9.34 Timer C Operation States

Table 9.7 summarizes the timer C operation states.

Table9.7 Timer C Operation States

Active Sleep Watch

Sub- Sub- Module
active sleep Standby Standby

Functions Functions Halted

Functions/ Functions/ Halted Halted
Halted* Halted*

Functions Functions Halted

Functions/ Functions/ Halted Halted
Halted*  Halted*

Operation Mode Reset
TCC Interval Reset

Auto reload Reset
T™MC Reset

Functions Retained Retained

Functions Retained Retained Retained

Note: * When gw/4 is selected as the TCC internal clock in active mode or sleep mode, since the
system clock and internal clock are mutually asynchronous, synchronization is maintained
by a synchronization circuit. This results in a maximum count cycle error of 1/g (s). When
the counter is operated in subactive mode or subsleep mode, either select gw/4 as the
internal clock or select an external clock. The counter will not operate on any other internal
clock. If gw/4 is selected as the internal clock for the counter when gw/8 has been selected
as subclock ggg, the lower 2 bits of the counter operate on the same cycle, and the
operation of the least significant bit is unrelated to the operation of the counter.
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94 Timer F

94.1 Overview

Timer Fisa16-bit timer with a built-in output compare function. Aswell as counting external
events, timer F also provides for counter resetting, interrupt request generation, toggle output, etc.,
using compare match signals. Timer F can also be used as two independent 8-bit timers (timer FH
and timer FL).

1. Features

Features of timer F are given below.

Choice of four internal clock sources (2/32, @/16, a4, sw/4) or an external clock (can be used
as an external event counter)

TMOFH pin toggle output provided using a single compare match signal (toggle output initial
value can be set)

Counter resetting by a compare match signal
Two interrupt sources: one compare match, one overflow
Can operate as two independent 8-bit timers (timer FH and timer FL) (in 8-bit mode).

Timer FL
Timer FH 8-Bit Timer* 8-Bit Timer/Event Counter
Internal clock Choice of 4 (9/32, 9/16, @/4, aw/4)
Event input — TMIF pin
Toggle output One compare match signal, outputto  One compare match signal, output to
TMOFH pin(initial value settable) TMOFL pin (initial value settable)
Counter reset Counter can be reset by compare match signal

Interrupt sources  One compare match

One overflow

Note: * When timer F operates as a 16-bit timer, it operates on the timer FL overflow signal.

Operation in watch mode, subactive mode, and subsleep mode

When gw/4 is selected as the internal clock, timer F can operate in watch mode, subactive
mode, and subsleep mode.

Use of module standby mode enables this module to be placed in standby mode independently
when not used.
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2. Block diagram

Figure 9.3 shows a block diagram of timer F.

g — PSS ——> IRRTFL
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| TCRF

2,/4 TCFL
T™MIF O

Toggle

creut | Compertor |

TMOFL O<—

OCRFL

Internal data bus

TCFH

Toggle [ | [
circuit | Comparator | | Match |

TMOFH O<~————

OCRFH

TCSRF !:;

N
—> IRRTFH

Notation:

TCRF:  Timer control register F
TCSRF: Timer control/status register F
TCFH:  8-bit timer counter FH

TCFL: 8-bit timer counter FL

OCRFH: Output compare register FH
OCRFL: Output compare register FL
IRRTFH: Timer FH interrupt request flag
IRRTFL: Timer FL interrupt request flag
PSs: Prescaler S

Figure9.3 Block Diagram of Timer F
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3. Pin configuration
Table 9.8 shows the timer F pin configuration.

Table9.8 Pin Configuration

Name Abbrev. /0 Function

Timer F event input TMIF Input Event input pin for input to TCFL
Timer FH output TMOFH Output Timer FH toggle output pin
Timer FL output TMOFL Output Timer FL toggle output pin

4. Register configuration
Table 9.9 shows the register configuration of timer F.

Table9.9 Timer F Registers

Name Abbrev. R/W Initial Value Address
Timer control register F TCRF w H'00 H'FFB6
Timer control/status register F TCSRF R/W H'00 H'FFB7
8-bit timer counter FH TCFH R/W H'00 H'FFBS
8-bit timer counter FL TCFL R/W H'00 H'FFB9
Output compare register FH OCRFH R/IW H'FF H'FFBA
Output compare register FL OCRFL R/W H'FF H'FFBB
Clock stop register 1 CKSTPR1 R/W H'FF H'FFFA
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94.2 Register Descriptions

1. 16-bit timer counter (TCF)
8-bit timer counter (TCFH)
8-bit timer counter (TCFL)

TCF
T 1
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Read/Write: IR/W R/W R/W R/W R/W R/W R/W R/V\lI |R/W R/W R/W R/W R/W R/W R/W RANI
TCFH TCFL

TCF is a 16-hit read/write up-counter configured by cascaded connection of 8-bit timer counters
TCFH and TCFL. In addition to the use of TCF as a 16-bit counter with TCFH as the upper 8 bits
and TCFL asthe lower 8 bits, TCFH and TCFL can also be used as independent 8-bit counters.

TCFH and TCFL can be read and written by the CPU, but when they are used in 16-bit mode, data
transfer to and from the CPU is performed via atemporary register (TEMP). For details of TEMP,
see 9.4.3, CPU Interface.

TCFH and TCFL are each initialized to H'00 upon reset.

a. 16-hit mode (TCF)

When CKSH2 is cleared to 0 in TCRF, TCF operates as a 16-bit counter. The TCF input clock
is selected by bits CKSL2 to CKSLO in TCRF.
TCF can be cleared in the event of a compare match by means of CCLRH in TCSRF.
When TCF overflows from H'FFFF to H'0000, OVFH issetto 1in TCSRF. If OVIEH in
TCSRFis1 at thistime, IRRTFH issetto 1in IRR2, and if IENTFH in IENR2is 1, an
interrupt request is sent to the CPU.

b. 8-bit mode (TCFL/TCFH)
When CKSH2 isset to 1 in TCRF, TCFH and TCFL operate as two independent 8-hit
counters. The TCFH (TCFL) input clock is selected by bits CKSH2 to CKSHO (CKSL2 to
CKSLO) in TCRF.
TCFH (TCFL) can be cleared in the event of a compare match by means of CCLRH (CCLRL)
in TCSRF.
When TCFH (TCFL) overflows from H'FF to H'00, OVFH (OVFL) issetto 1in TCSRF. If
OVIEH (OVIEL) in TCSRFis1 at thistime, IRRTFH (IRRTFL) isset to 1 in IRR2, and if
IENTFH (IENTFL) in IENR2 is 1, an interrupt request is sent to the CPU.
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2. 16-hit output compare register (OCRF)
8-bit output compare register (OCRFH)
8-bit output compare register (OCRFL)

OCRF

T 1
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value: 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Read/Write:  RIW RIW RIW R/W RIW R/W RMW R/W RIW R/W RIW R/W RIW RIW RIW RIW
OCRFH OCRFL

OCRF is a 16-hit read/write register composed of the two registers OCRFH and OCRFL. In
addition to the use of OCRF as a 16-hit register with OCRFH as the upper 8 bits and OCRFL as
the lower 8 bits, OCRFH and OCRFL can also be used as independent 8-bit registers.

OCRFH and OCRFL can be read and written by the CPU, but when they are used in 16-bit mode,
data transfer to and from the CPU is performed via atemporary register (TEMP). For details of
TEMP, see 9.4.3, CPU Interface.

OCRFH and OCRFL are each initialized to H'FF upon reset.

a. 16-bit mode (OCRF)
When CKSH2 is cleared to 0 in TCRF, OCRF operates as a 16-hit register. OCRF contents are
constantly compared with TCF, and when both values match, CMFH issetto 1in TCSRF. At
thesametime, IRRTFH issetto 1in IRR2. If IENTFH in IENR2is1 at thistime, an interrupt
request is sent to the CPU.
Toggle output can be provided from the TMOFH pin by means of compare matches, and the
output level can be set (high or low) by means of TOLH in TCRF.

b. 8-bit mode (OCRFH/OCRFL)
When CKSH2 isset to 1 in TCRF, OCRFH and OCRFL operate as two independent 8-bit
registers. OCRFH contents are compared with TCFH, and OCRFL contents are with TCFL.
When the OCRFH (OCRFL) and TCFH (TCFL) values match, CMFH (CMFL) issetto 1in
TCSRF. Atthesametime, IRRTFH (IRRTFL) issetto 1inIRR2. If IENTFH (IENTFL) in
IENR2 is1 at thistime, an interrupt request is sent to the CPU.
Toggle output can be provided from the TMOFH pin (TMOFL pin) by means of compare
matches, and the output level can be set (high or low) by means of TOLH (TOLL) in TCRF.
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3. Timer control register F (TCRF)

Bit: 7 6 5 4 3 2 1 0
TOLH | CKSH2 | CKSH1 | CksHo | ToLL | ckstz | cksLi | cksLo

Initial value: 0 0 0 0 0 0 0 0

Read/Write: w w w w w w w w

TCREF is an 8-bit write-only register that switches between 16-bit mode and 8-bit mode, selects the
input clock from among four internal clock sources or external event input, and sets the output
level of the TMOFH and TMOFL pins.

TCRF isinitialized to H'00 upon reset.
Bit 7: Toggle output level H (TOLH)

Bit 7 setsthe TMOFH pin output level. The output level is effective immediately after thisbit is
written.

Bit 7

TOLH Description

0 Low level (initial value)
1 High level

Bits6to 4: Clock select H (CKSH2 to CKSHO)

Bits 6 to 4 select the clock input to TCFH from among four internal clock sources or TCFL
overflow.

Bit 6 Bit 5 Bit 4
CKSH2 CKSH1 CKSHO  Description
0 0 0 16-bit mode, counting on TCFL overflow signal  (initial value)
0 0 1
0 1 0
0 1 1 Use prohibited
1 0 0 Internal clock: counting on /32
1 0 1 Internal clock: counting on @/16
1 1 0 Internal clock: counting on g/4
1 1 1 Internal clock: counting on gw/4
*: Don’t care
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Bit 3: Toggle output level L (TOLL)

Bit 3 setsthe TMOFL pin output level. The output leve is effective immediately after thisbit is
written.

Bit 3

TOLL Description

0 Low level (initial value)
1 High level

Bits2to 0: Clock select L (CKSL2 to CKSLO0)

Bits 2 to 0 select the clock input to TCFL from among four internal clock sources or external event
input.

Bit 2 Bit 1 Bit 0

CKSL2 CKsSL1 CKSLO Description

0 0 0 Counting on external event (TMIF) rising/ (initial value)
0 0 1 falling edge*

0 1 0

0 1 1 Use prohibited

1 0 0 Internal clock: counting on /32

1 0 1 Internal clock: counting on @/16

1 1 0 Internal clock: counting on g/4

1 1 1 Internal clock: counting on gw/4

Note: * External event edge selection is set by IEG3 in the IRQ edge select register (IEGR). For
details, see 1. IRQ edge select register (IEGR) in section 3.3.2.
Note that the timer F counter may increment if the setting of IRQ3 in port mode register 1
(PMR1) is changed from 0 to 1 while the TMIF pin is low in order to change the TMIF pin
function.
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4. Timer control/status register F (TCSRF)

Bit: 7 6 5 4 3 2 1 0
OVFH CMFH | OVIEH | CCLRH OVFL CMFL OVIEL CCLRL
Initial value: 0 0 0 0 0 0 0 0

Read/Write: RW* RW* R/W R/W R/W* R/W* R/W RW

Note: * Bits 7, 6, 3, and 2 can only be written with 0O, for flag clearing.

TCSREF is an 8-bit read/write register that performs counter clear selection, overflow flag setting,
and compare match flag setting, and controls enabling of overflow interrupt requests.

TCSRF isinitialized to H'00 upon reset.
Bit 7: Timer overflow flag H (OVFH)

Bit 7 isa status flag indicating that TCFH has overflowed from H'FF to H'00. Thisflagis set by
hardware and cleared by software. It cannot be set by software.

Bit 7

OVFH Description

0 Clearing conditions: (initial value)
After reading OVFH = 1, cleared by writing 0 to OVFH

1 Setting conditions:

Set when TCFH overflows from H'FF to H'00

Bit 6: Compare match flag H (CMFH)

Bit 6 is a status flag indicating that TCFH has matched OCRFH. Thisflag is set by hardware and
cleared by software. It cannot be set by software.

Bit 6

CMFH Description

0 Clearing conditions: (initial value)
After reading CMFH = 1, cleared by writing O to CMFH

1 Setting conditions:

Set when the TCFH value matches the OCRFH value
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Bit 5: Timer overflow interrupt enable H (OVIEH)

Bit 5 selects enabling or disabling of interrupt generation when TCFH overflows.

Bit 5

OVIEH Description

0 TCFH overflow interrupt request is disabled (initial value)
1 TCFH overflow interrupt request is enabled

Bit 4: Counter clear H (CCLRH)
In 8-bit mode, bit 4 selects whether TCF is cleared when TCF and OCRF match.

In 8-bit mode, bit 4 selects whether TCFH is cleared when TCFH and OCRFH match.

Bit 4
CCLRH Description
0 16-bit mode: TCF clearing by compare match is disabled
8-bit mode: TCFH clearing by compare match is disabled (initial value)
1 16-bit mode: TCF clearing by compare match is enabled

8-bit mode: TCFH clearing by compare match is enabled

Bit 3: Timer overflow flag L (OVFL)

Bit 3 isastatus flag indicating that TCFL has overflowed from H'FF to H'00. Thisflagis set by
hardware and cleared by software. It cannot be set by software.

Bit 3

OVFL Description

0 Clearing conditions: (initial value)
After reading OVFL = 1, cleared by writing 0 to OVFL

1 Setting conditions:
Set when TCFL overflows from H'FF to H'00
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Bit 2: Compare match flagL (CMFL)

Bit 2 isa status flag indicating that TCFL has matched OCRFL. Thisflagis set by hardware and

cleared by software. It cannot be set by software.

Bit 2
CMFL Description
0 Clearing conditions: (initial value)
After reading CMFL = 1, cleared by writing O to CMFL
1 Setting conditions:
Set when the TCFL value matches the OCRFL value
Bit 1: Timer overflow interrupt enable L (OVIEL)
Bit 1 selects enabling or disabling of interrupt generation when TCFL overflows.
Bit 1
OVIEL Description
0 TCFL overflow interrupt request is disabled (initial value)
1 TCFL overflow interrupt request is enabled
Bit 0: Counter clear L (CCLRL)
Bit 0 selects whether TCFL is cleared when TCFL and OCRFL match.
Bit 0
CCLRL Description
0 TCFL clearing by compare match is disabled (initial value)
1 TCFL clearing by compare match is enabled
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5. Clock stop register 1 (CKSTPR1)

Bit: 7 6 5 4 3 2 1 0

—  |S31CKSTP|S32CKSTP| ADCKSTP | TGCKSTP | TFCKSTP | TCCKSTP | TACKSTP
Initial value: 1 1 1 1 1 1 1 1
Read/Write:  RIW RIW RIW RIW RIW RIW RIW RIW

CKSTPR1 isan 8-hit read/write register that performs module standby mode control for peripheral
modules. Only the bit relating to timer F is described here. For details of the other bits, see the

sections on the relevant modules.
Bit 2: Timer F module standby mode control (TFCKSTP)
Bit 2 controls setting and clearing of module standby mode for timer F.

TFCKSTP  Description

0 Timer F is set to module standby mode
1 Timer F module standby mode is cleared (initial value)
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9.4.3 CPU Interface

TCF and OCREF are 16-bit read/write registers, but the CPU is connected to the on-chip peripheral
modules by an 8-bit data bus. When the CPU accesses these registers, it therefore uses an 8-bit
temporary register (TEMP).

In 16-bit mode, TCF read/write access and OCRF write access must be performed 16 bits at atime
(using two consecutive byte-size MOV instructions), and the upper byte must be accessed before
the lower byte. Datawill not be transferred correctly if only the upper byte or only the lower byte
is accessed.

In 8-bit mode, there are no restrictions on the order of access.
1. Write access

Write access to the upper byte results in transfer of the upper-byte write datato TEMP. Next,
write access to the lower byte resultsin transfer of the datain TEMP to the upper register byte,
and direct transfer of the lower-byte write data to the lower register byte.
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Figure 9.4 shows an example in which H'AA55 is written to TCF.

Write to upper byte
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2. Read access

In access to TCF, when the upper byte is read the upper-byte datais transferred directly to the
CPU and the lower-byte datais transferred to TEMP. Next, when the lower byte is read, the
lower-byte datain TEMP istransferred to the CPU.

In access to OCRF, when the upper byte is read the upper-byte data is transferred directly to the

CPU. When the lower byteis read, the lower-byte datais transferred directly to the CPU.

Figure 9.5 shows an example in which TCF is read when it contains HAAFF.

Read upper byte

Bus
G H interface

Module data bus

(H'FF)

— 1

TCFH TCFL

Read lower byte

CPU Bus Module data bus
(HFF) interface

TEMP

(HFF)
TCFH TCFL
(AB)* (00

Note: * H'ABOO if counter has been updated once.

Figure9.5 Read Accessto TCF (TCF A& CPU)
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94.4 Operation

Timer Fisa 16-bit counter that increments on each input clock pulse. Thetimer Fvalueis
constantly compared with the value set in output compare register F, and the counter can be
cleared, an interrupt requested, or port output toggled, when the two values match. Timer F can
aso function as two independent 8-bit timers.

1. Timer F operation

Timer F has two operating modes, 16-bit timer mode and 8-bit timer mode. The operation in each
of these modes is described below.

a. Operation in 16-bit timer mode
When CKSH2 iscleared to 0 in timer control register F (TCRF), timer F operates as a 16-bit
timer.
Following areset, timer counter F (TCF) isinitialized to H'0000, output compare register F
(OCRF) to H'FFFF, and timer control register F (TCRF) and timer control/status register F
(TCSRF) to H'00. The counter startsincrementing on external event (TMIF) input. The
external event edge selection is set by IEG3 in the IRQ edge select register (IEGR).
Thetimer F operating clock can be selected from four internal clocks output by prescaler S or
an external clock by means of bits CKSL2 to CKSLO in TCRF.
OCRF contents are constantly compared with TCF, and when both values match, CMFH is set
to1in TCSRF. If IENTFH in IENR2is 1 at thistime, an interrupt request is sent to the CPU,
and at the same time, TMOFH pin output istoggled. If CCLRH in TCSRFis1, TCFis
cleared. TMOFH pin output can also be set by TOLH in TCRF.
When TCF overflows from H'FFFF to H'0000, OVFH issetto 1 in TCSRF. If OVIEH in
TCSRF and IENTFH in IENR2 are both 1, an interrupt request is sent to the CPU.

b. Operation in 8-bit timer mode
When CKSH2 is set to 1 in TCRF, TCF operates as two independent 8-bit timers, TCFH and
TCFL. The TCFH/TCFL input clock is selected by CKSH2 to CKSHO/CKSL2to CKSLO in
TCRF.
When the OCRFH/OCRFL and TCFH/TCFL values match, CMFH/CMFL issetto 1in
TCSRF. If IENTFH/IENTFL in IENR2is 1, an interrupt request is sent to the CPU, and at the
sametime, TMOFH pin/TMOFL pin output istoggled. If CCLRH/CCLRL in TCSRFis 1,
TCFH/TCFL iscleared. TMOFH pin/TMOFL pin output can also be set by TOLH/TOLL in
TCRF.
When TCFH/TCFL overflows from H'FF to H'00, OVFH/OVFL issetto 1in TCSRF. If
OVIEH/OVIEL in TCSRF and IENTFH/IENTFL in IENR2 are both 1, an interrupt request is
sent to the CPU.
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2. TCFincrement timing
TCFisincremented by clock input (internal clock or external event input).

a. Internal clock operation
Bits CKSH2 to CKSHO or CKSL2 to CKSLO in TCRF select one of four internal clock sources
(2132, @116, @4, or ew/4) created by dividing the system clock (@ or gw).

b. External event operation
External event input is selected by clearing CKSL2to 0in TCRF. TCF can increment on
either therising or falling edge of external event input. External event edge selection is set by
IEG3in the interrupt controller’s IEGR register. An external event pulse width of at least 2
system clocks (@) is necessary. Shorter pulseswill not be counted correctly.

3. TMOFH/TMOFL output timing

In TMOFH/TMOFL output, the value set in TOLH/TOLL in TCRF is output. The output is
toggled by the occurrence of acompare match. Figure 9.6 shows the output timing.
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Compare match
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Figure9.6 TMOFH/TMOFL Output Timing
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4. TCF clear timing

TCF can be cleared by a compare match with OCRF.

5. Timer overflow flag (OVF) set timing

OVF isset to 1 when TCF overflows from H'FFFF to H'0000.
6. Compare match flag set timing

The compare match flag (CMFH or CMFL) is set to 1 when the TCF and OCRF values match.
The compare match signal is generated in the last state during which the values match (when TCF
is updated from the matching value to a new value). When TCF matches OCRF, the compare
match signal is not generated until the next counter clock.

7. Timer F operation modes
Timer F operation modes are shown in table 9.10.

Table9.10 Timer F Operation Modes

Sub- Sub- Module
Operation Mode Reset Active Sleep Watch active sleep Standby Standby
TCF Reset Functions Functions Functions/ Functions/ Functions/ Halted Halted

Halted* Halted* Halted*

OCRF Reset Functions Held Held Functions Held Held Held
TCRF Reset Functions Held Held Functions Held Held Held
TCSRF Reset Functions Held Held Functions Held Held Held

Note: * When g,,/4 is selected as the TCF internal clock in active mode or sleep mode, since the
system clock and internal clock are mutually asynchronous, synchronization is maintained
by a synchronization circuit. This results in a maximum count cycle error of 1/ (s). When
the counter is operated in subactive mode, watch mode, or subsleep mode, @,,/4 must be
selected as the internal clock. The counter will not operate if any other internal clock is
selected.
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945 Application Notes
The following types of contention and operation can occur when timer F is used.
1. 16-bit timer mode

In toggle output, TMOFH pin output is toggled when all 16 bits match and a compare match
signal isgenerated. If a TCRF write by a MOV instruction and generation of the compare match
signal occur simultaneously, TOLH datais output to the TMOFH pin as aresult of the TCRF
write. TMOFL pin output is unstable in 16-bit mode, and should not be used; the TMOFL pin
should be used as a port pin.

If an OCRFL write and compare match signal generation occur simultaneously, the compare
match signal isinvalid. However, if the written data and the counter value match, a compare
match signal will be generated at that point. Asthe compare match signal is output in
synchronization with the TCFL clock, a compare match will not result in compare match signal
generation if the clock is stopped.

Compare match flag CMFH is set when al 16 bits match and a compare match signal is generated.
Compare match flag CMFL is set if the setting conditions for the lower 8 bits are satisfied.

When TCF overflows, OVFH isset. OVFL isset if the setting conditions are satisfied when the
lower 8 bits overflow. If a TCFL write and overflow signal output occur simultaneously, the
overflow signal is not output.

2. 8-bit timer mode

a TCFH, OCRFH
In toggle output, TMOFH pin output is toggled when a compare match occurs. If a TCRF
write by aMQV instruction and generation of the compare match signal occur simultaneously,
TOLH datais output to the TMOFH pin as aresult of the TCRF write.
If an OCRFH write and compare match signal generation occur simultaneously, the compare
match signa isinvalid. However, if the written data and the counter value match, a compare
match signal will be generated at that point. The compare match signal is output in
synchronization with the TCFH clock.
If a TCFH write and overflow signal output occur simultaneously, the overflow signal is not
output.

b. TCFL, OCRFL
In toggle output, TMOFL pin output is toggled when a compare match occurs. If a TCRF
write by aMQV instruction and generation of the compare match signal occur simultaneously,
TOLL datais output to the TMOFL pin as aresult of the TCRF write.
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If an OCRFL write and compare match signal generation occur simultaneously, the compare
match signal isinvalid. However, if the written data and the counter value match, a compare
match signal will be generated at that point. Asthe compare match signal is output in
synchronization with the TCFL clock, a compare match will not result in compare match signal
generation if the clock is stopped.

If a TCFL write and overflow signal output occur simultaneously, the overflow signal is not
output.
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9.5 Timer G

95.1 Overview

Timer G isan 8-bit timer with dedicated input capture functions for the rising/falling edges of
pulses input from the input capture input pin (input capture input signal). High-frequency
component noise in the input capture input signal can be eliminated by a noise canceler, enabling
accurate measurement of the input capture input signal duty cycle. If input capture input is not set,
timer G functions as an 8-bit interval timer.

1. Features

Features of timer G are given below.

Choice of four internal clock sources (2/64, @32, @2, ow/2)

Dedicated input capture functions for rising and falling edges

Level detection at counter overflow

It is possible to detect whether overflow occurred when the input capture input signal was high
or when it was low.

Selection of whether or not the counter value is to be cleared at the input capture input signal
rising edge, falling edge, or both edges

Two interrupt sources: one input capture, one overflow. Theinput capture input signal rising
or falling edge can be selected as the interrupt source.

A built-in noise canceler eliminates high-frequency component noise in the input capture input
signal.

Watch mode, subactive mode and subsleep mode operation is possible when gw/2 is selected
astheinternal clock.

Use of module standby mode enables this module to be placed in standby mode independently
when not used.
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2. Block diagram

Figure 9.7 shows a block diagram of timer G.
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TMG : Timer mode register G

TCG : Timer counter G

ICRGF : Input capture register GF
ICRGR : Input capture register GR
IRRTG : Timer G interrupt request flag
NCS : Noise canceler select

PSS : Prescaler S

Figure9.7 Block Diagram of Timer G
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3. Pin configuration
Table 9.11 shows the timer G pin configuration.
Table9.11 Pin Configuration

Name Abbrev. 110

Function

Input capture input T™MIG Input

Input capture input pin

4. Register configuration
Table 9.12 shows the register configuration of timer G.

Table9.12 Timer G Registers

Name Abbrev. R/W Initial Value  Address

Timer control register G ™G R/IW H'00 H'FFBC

Timer counter G TCG — H'00 —

Input capture register GF ICRGF R H'00 H'FFBD

Input capture register GR ICRGR H'00 H'FFBE

Clock stop register 1 CKSTPR1 R/W H'FF H'FFFA
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9.5.2 Register Descriptions

1. Timer counter (TCG)

Bit: 7 6 5 4 3 2 1 0

| tce7 | tces | Tces | teea | tces | tee2 | teer | teco
Initial value: 0 0 0 0 0 0 0 0
Read/Write: — — — — — — — —

TCG isan 8-hit up-counter which isincremented by clock input. The input clock is selected by
bits CKS1 and CKS0in TMG.

TMIGinPMRL1isset to 1to operate TCG as an input capture timer, or cleared to O to operate
TCG asaninterval timer*. Ininput capture timer operation, the TCG value can be cleared by the
rising edge, falling edge, or both edges of the input capture input signal, according to the setting
madein TMG.

When TCG overflows from H'FF to H'00, if OVIEIin TMGis 1, IRRTGissetto 1inIRR2, and if
IENTG in IENR2is 1, an interrupt request is sent to the CPU.

For details of the interrupt, see 3.3, Interrupts.
TCG cannot be read or written by the CPU. It isinitialized to H'00 upon reset.
Note: * Aninput capture signal may be generated when TMIG is modified.

2. Input capture register GF (ICRGF)

Bit: 7 6 5 4 3 2 1 0

| ICRGF7 | ICRGF6 | ICRGF5 | ICRGF4 | ICRGF3 | ICRGF2 | ICRGF1 | ICRGFO |
Initial value: 0 0 0 0 0 0 0 0
Read/Write: R R R R R R R R

ICRGF is an 8-hit read-only register. When afalling edge of the input capture input signal is
detected, the current TCG vaue istransferred to ICRGF. If IEGSin TMGis1 at thistime,
IRRTGissetto1inIRR2, andif IENTG in IENR2 is 1, an interrupt request is sent to the CPU.

For details of the interrupt, see 3.3, Interrupts.

To ensure dependable input capture operation, the pulse width of the input capture input signal
must be at least 2 or 2@gg (when the noise canceler is not used).

ICRGF isinitialized to H'00 upon reset.
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3. Input capture register GR (ICRGR)

Bit: 7 6 5 4 3 2 1 0
ICRGR7 | ICRGR6 | ICRGR5 | ICRGR4 | ICRGR3 | ICRGR2 | ICRGR1 | ICRGRO

Initial value: 0 0 0 0 0 0 0 0

Read/Write: R R R R R R R R

ICRGR is an 8-hit read-only register. When arising edge of the input capture input signal is
detected, the current TCG value istransferred to ICRGR. If IEGSin TMG is1 at thistime,
IRRTGissetto1inIRR2, andif IENTG in IENR2 is 1, an interrupt request is sent to the CPU.

For details of the interrupt, see 3.3, Interrupts.

To ensure dependable input capture operation, the pulse width of the input capture input signal
must be at least 2@ or 2@ (When the noise canceler is not used).

ICRGR isinitialized to H'00 upon reset.

4, Timer mode register G (TMG)

Bit: 7 6 5 4 3 2 1 0
OVFH | OVFL | OVIE | IIEGS CCLR1 | CCLRO CKS1 CKSO0

Initial value: 0 0 0 0 0 0 0 0

Read/Write:  R/W* R/W* R/W R/W R/W R/W R/W R/W

Note: * Bits 7 and 6 can only be written with 0O, for flag clearing.

TMG is an 8-hit read/write register that performs TCG clock selection from four internal clock
sources, counter clear selection, and edge selection for the input capture input signal interrupt
reguest, controls enabling of overflow interrupt requests, and also contains the overflow flags.

TMG isinitialized to H'00 upon reset.
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Bit 7: Timer overflow flag H (OVFH)

Bit 7 is a status flag indicating that TCG has overflowed from H'FF to H'00 when the input capture
input signal ishigh. Thisflag isset by hardware and cleared by software. 1t cannot be set by
software.

Bit 7

OVFH Description

0 Clearing conditions: (initial value)
After reading OVFH = 1, cleared by writing 0 to OVFH

1 Setting conditions:

Set when TCG overflows from H'FF to H'00

Bit 6: Timer overflow flag L (OVFL)

Bit 6 is a status flag indicating that TCG has overflowed from H'FF to H'00 when the input capture
input signal islow, or in interval operation. Thisflag is set by hardware and cleared by software.
It cannot be set by software.

Bit 6

OVFL Description

0 Clearing conditions: (initial value)
After reading OVFL = 1, cleared by writing O to OVFL

1 Setting conditions:

Set when TCG overflows from H'FF to H'00

Bit 5: Timer overflow interrupt enable (OVIE)

Bit 5 selects enabling or disabling of interrupt generation when TCG overflows.

Bit 5

OVIE Description

0 TCG overflow interrupt request is disabled (initial value)
1 TCG overflow interrupt request is enabled
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Bit 4: Input capture interrupt edge select (IIEGS)

Bit 4 selects the input capture input signal edge that generates an interrupt request.

Bit 4

IIEGS Description

0 Interrupt generated on rising edge of input capture input signal (initial value)
1 Interrupt generated on falling edge of input capture input signal

Bits 3 and 2: Counter clear 1 and 0 (CCLR1, CCLRO)

Bits 3 and 2 specify whether or not TCG is cleared by the rising edge, falling edge, or both edges
of the input capture input signal.

Bit 3 Bit 2

CCLR1 CCLRO Description

0 0 TCG clearing is disabled (initial value)
0 1 TCG cleared by falling edge of input capture input signal

1 0 TCG cleared by rising edge of input capture input signal

1 1 TCG cleared by both edges of input capture input signal

Bits 1 and 0: Clock select (CKS1, CKS0)

Bits 1 and O select the clock input to TCG from among four interna clock sources.

Bit Bit

1CKS1 0CKSO0 Description

0 0 Internal clock: counting on /64 (initial value)
0 1 Internal clock: counting on /32

1 0 Internal clock: counting on @/2

1 1 Internal clock: counting on gw/4
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5. Clock stop register 1 (CKSTPR1)

Bit: 7 6 5 4 3 2 1 0

—  |S31CKSTP|S32CKSTP| ADCKSTP | TGCKSTP | TFCKSTP | TCCKSTP | TACKSTP
Initial value: 1 1 1 1 1 1 1 1
Read/Write:  RIW RIW RIW RIW RIW RIW RIW RIW

CKSTPR1 isan 8-hit read/write register that performs module standby mode control for peripheral
modules. Only the bit relating to timer G is described here. For details of the other bits, see the

sections on the relevant modules.
Bit 3: Timer G module standby mode control (TGCKSTP)
Bit 3 controls setting and clearing of module standby mode for timer G.

TGCKSTP  Description

0 Timer G is set to module standby mode
1 Timer G module standby mode is cleared (initial value)
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9.5.3 Noise Canceler

The noise canceler consists of adigital low-pass filter that eliminates high-frequency component
noise from the pulses input from the input capture input pin. The noise canceler is set by NCS* in
PMRS.

Figure 9.8 shows a block diagram of the noise canceler.

Sampling
clock
Input capture 9 c C Cc C
. . D Q D Q D Q D Q D Q
nput signal Latch Latch Latch Latch Latch r’ Match Noise
detector [~ canceler
r output

Sampling clock |:|—»|_| |_| |_|

At: Set by CKS1 and CKS0

Figure9.8 Noise Canceler Block Diagram

The noise canceler consists of five latch circuits connected in series and a match detector circuit.
When the noise cancellation function is not used (NCS = 0), the system clock is selected as the
sampling clock When the noise cancellation function is used (NCS = 1), the sampling clock isthe
internal clock selected by CKS1 and CKS0 in TMG, the input capture input is sampled on the
rising edge of this clock, and the dataiis judged to be correct when all the latch outputs match. If
all the outputs do not match, the previous valueisretained. After areset, the noise canceler output
isinitialized when the falling edge of the input capture input signal has been sampled five times.
Therefore, after making a setting for use of the noise cancellation function, a pulse with at least
five times the width of the sampling clock is a dependable input capture signal. Even if noise
cancellation is not used, an input capture input signal pulse width of at least 2@ or 2ag g is
necessary to ensure that input capture operations are performed properly

Note: * Aninput capture signal may be generated when the NCS bit is modified.
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Figure 9.9 shows an example of noise canceler timing.

In this example, high-level input of less than five times the width of the sampling clock at the
input capture input pin is eliminated as noise.

Input capture
input signal

Sampling clock | | | | |

Noise canceler

output
Eliminated as noise

Figure9.9 Noise Canceler Timing (Example)
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954 Operation

Timer G isan 8-bit timer with built-in input capture and interval functions.

1.

Timer G functions

Timer G isan 8-bit up-counter with two functions, an input capture timer function and an interval
timer function.

The operation of these two functions is described below.

a. Input capture timer operation

When the TMIG bit isset to 1 in port mode register 1 (PMR1), timer G functions as an input
capture timer*.

In areset, timer mode register G (TMG), timer counter G (TCG), input capture register GF
(ICRGF), and input capture register GR (ICRGR) are all initialized to H’ Q0.

Following areset, TCG starts incrementing on the @/64 internal clock.

Theinput clock can be selected from four internal clock sources by bits CKS1 and CKS0 in
TMG.

When arising edge/falling edge is detected in the input capture signal input from the TMIG
pin, the TCG value at that time is transferred to ICRGR/ICRGF. When the edge selected by
IIEGSin TMGisinput, IRRTGissetto 1in IRR2, and if the IENTG bit in IENR2 is 1 at this
time, an interrupt request is sent to the CPU. For details of the interrupt, see 3.3., Interrupts.
TCG can be cleared by arising edge, falling edge, or both edges of the input capture signal,
according to the setting of bits CCLR1 and CCLROin TMG. If TCG overflows when the input
capture signal is high, the OVFH bitisset in TMG; if TCG overflows when the input capture
signal islow, the OVFL hitissetin TMG. If the OVIE bitin TMG is 1 when these bits are
set, IRRTG issetto 1in IRR2, and if the IENTG bitin IENR2 is 1, timer G sends an interrupt
request to the CPU. For details of the interrupt, see 3.3., Interrupts.

Timer G has a built-in noise canceler that enables high-frequency component noise to be
eliminated from pulsesinput from the TMIG pin. For details, see 9.5.3, Noise Canceler.

Note: * An input capture signal may be generated when TMIG is modified.

b.

Interval timer operation

When the TMIG bit is cleared to 0 in PMR1, timer G functions as an interval timer. Following
areset, TCG starts incrementing on the @64 internal clock. Theinput clock can be selected
from four internal clock sources by bits CKS1 and CKS0in TMG. TCG increments on the
selected clock, and when it overflows from H’' FF to H’ 00, the OVFL bitissetto 1in TMG. If
the OVIE bitin TMGis1 at thistime, IRRTG isset to 1in IRR2, and if the IENTG bit in
IENR2is 1, timer G sends an interrupt request to the CPU. For details of the interrupt, see
3.3, Interrupts.
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2. Increment timing

TCG isincremented by internal clock input. Bits CKS1 and CKS0 in TMG select one of four
internal clock sources (2/64, @/32, 212, or w/4) created by dividing the system clock () or watch
clock (aw).

3. Input capture input timing

a. Without noise cancellation function
For input capture input, dedicated input capture functions are provided for rising and falling
edges.
Figure 9.10 shows the timing for rising/falling edge input capture input.

Input capture

input signal

Input capture

signal F \

Input capture
signal R

Figure9.10 Input Capturelnput Timing (without Noise Cancellation Function)

b. With noise cancellation function
When noise cancellation is performed on the input capture input, the passage of the input
capture signal through the noise canceler resultsin adelay of five sampling clock cycles from
the input capture input signal edge.
Figure 9.11 shows the timing in this case.
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Input capture

input signal

Sampling clock

Noise canceler
output

Input capture
signal R —l

Figure9.11 Input Capture Input Timing (with Noise Cancellation Function)
4. Timing of input capture by input capture input

Figure 9.12 shows the timing of input capture by input capture input

Input capture

signal
TCG N-1 X N X w1
Input capture
. H'XX >< N
register

Figure9.12 Timing of Input Capture by Input Capture Input

225
RENESAS




5. TGC clear timing

TCG can be cleared by therising edge, falling edge, or both edges of the input capture input

signal.

Figure 9.13 shows the timing for clearing by both edges.

Input capture
input signal ((

)
Input capture
signal F ((

Input capture
signal R ((

TCG N >< H'00 (c

Figure9.13 TCG Clear Timing
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6. Timer G operation modes
Timer G operation modes are shown in table 9.13.

Table9.13 Timer G Operation Modes

Sub- Sub- Module
Operation Mode Reset Active Sleep Watch active sleep Standby Standby

TCG Input capture  Reset Functions* Functions* Functions/ Functions/ Functions/ Halted Halted
halted* halted* halted*

Interval Reset Functions* Functions* Functions/ Functions/ Functions/ Halted Halted
halted* halted* halted*

ICRGF Reset Functions* Functions* Functions/ Functions/ Functions/ Held Held
halted* halted* halted*

ICRGR Reset Functions* Functions* Functions Functions/ Functions/ Held Held
halted* halted* halted*

T™MG Reset Functions Held Held Functions Held Held Held

Note: * When gw/4 is selected as the TCG internal clock in active mode or sleep mode, since the
system clock and internal clock are mutually asynchronous, synchronization is maintained
by a synchronization circuit. This results in a maximum count cycle error of 1/ (s). When
ow/4 is selected as the TCG internal clock in watch mode, TCG and the noise canceler
operate on the gw/4 internal clock without regard to the ggyg subclock (gw/8, gw/4, gw/2).
Note that when another internal clock is selected, TCG and the noise canceler do not
operate, and input of the input capture input signal does not result in input capture.

To be operated Timer G in subactive mode or subsleep mode, select gw/4 for internal clock
of TCG and also select gw/2 for sub clock ggyg. When another internal clock is selected
and when another sub clock (gw/8, gw/4) is selected, TCG and noise canceler do not
operate.

955 Application Notes
1. Internal clock switching and TCG operation

Depending on the timing, TCG may be incremented by a switch between difference internal clock
sources. Table 9.14 shows the relation between internal clock switchover timing (by write to bits
CKS1 and CKS0) and TCG operation.

When TCG isinternally clocked, an increment pulse is generated on detection of the falling edge
of an internal clock signal, which is divided from the system clock (@) or subclock (ew). For this
reason, in a case like No. 3 in table 9.14 where the switch is from a high clock signal to alow
clock signal, the switchover is seen as afalling edge, causing TCG to increment.
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Table9.14 Internal Clock Switching and TCG Operation

Clock Levels Before and
After Modifying Bits CKS1
No. and CKSO

TCG Operation

1 Goes from low level to low level

Clock beforeJ |
switching I_,_I

Clock after
switching

Count
clock

TCG N X : N+1 X

2 Goes from low level to high level

Clock beforeJ |
switching I—I ;

Clock before
switching

Count |_| |_| |_|
clock :
TCG N X N+1 X : N+2 X

3 Goes from high level to low level

Clock beforeJ | |—|
switching ;

Clock before
switching

Count

clock

TCG N X N+1 X N+2 X

Write to CKS1 and CKSO
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Table9.14

No.

Clock Levels Before and
After Modifying Bits CKS1
and CKSO

Internal Clock Switching and TCG Operation (cont)

TCG Operation

Goes from high level to high level

Clock before | | |
switching

Clock before
switching

Count

clock

TCG N X N+1 X N+2 X

Write to CKS1 and CKSO

Note: * The switchover is seen as a falling edge, and TCG is incremented.

2. Notes on port mode register modification

The following points should be noted when a port mode register is modified to switch the input
capture function or the input capture input noise canceler function.

» Switching input capture input pin function

Note that when the pin function is switched by modifying TMIG in port mode register 1 (PMR1),
which performsinput capture input pin control, an edge will be regarded as having been input at
the pin even though no valid edge has actually been input. Input capture input signal input edges,
and the conditions for their occurrence, are summarized in table 9.15.
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Table9.15 Input CaptureInput Signal Input Edges Dueto Input Capture Input Pin
Switching, and Conditionsfor Their Occurrence

Input Capture Input Signal
Input Edge Conditions

Generation of rising edge When TMIG is modified from 0 to 1 while the TMIG pin is high

When NCS is modified from 0 to 1 while the TMIG pin is high,
then TMIG is modified from 0 to 1 before the signal is sampled
five times by the noise canceler

Generation of falling edge When TMIG is modified from 1 to 0 while the TMIG pin is high

When NCS is modified from 0 to 1 while the TMIG pin is low,
then TMIG is modified from 0 to 1 before the signal is sampled
five times by the noise canceler

When NCS is modified from 0 to 1 while the TMIG pin is high,
then TMIG is modified from 1 to O after the signal is sampled five
times by the noise canceler

Note: When the P13 pin is not set as an input capture input pin, the timer G input capture input
signal is low.

« Switching input capture input noise canceler function

When performing noise canceler function switching by modifying NCSin port mode register 3
(PMR3), which controls the input capture input noise canceler, TMIG should first be cleared to O.
Note that if NCS is modified without first clearing TMIG, an edge will be regarded as having been
input at the pin even though no valid edge has actually been input. Input capture input signal input
edges, and the conditions for their occurrence, are summarized in table 9.16.

Table9.16 Input Capture Input Signal Input Edges Due to Noise Canceler Function
Switching, and Conditionsfor Their Occurrence

Input Capture Input Signal
Input Edge Conditions

Generation of rising edge When the TMIG pin level is switched from low to high while
TMIG is set to 1, then NCS is modified from 0 to 1 before the
signal is sampled five times by the noise canceler

Generation of falling edge When the TMIG pin level is switched from high to low while
TMIG is set to 1, then NCS is modified from 1 to O before the
signal is sampled five times by the noise canceler
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When the pin function is switched and an edge is generated in the input capture input signal, if this
edge matches the edge selected by the input capture interrupt select (1IEGS) hit, the interrupt
request flag will be set to 1. The interrupt request flag should therefore be cleared to 0 before use.
Figure 9.14 shows the procedure for port mode register manipulation and interrupt request flag
clearing. When switching the pin function, set the interrupt-disabled state before manipulating the
port mode register, then, after the port mode register operation has been performed, wait for the
time required to confirm the input capture input signal as an input capture signa (at least two
system clocks when the noise canceler is not used; at least five sampling clocks when the noise
canceler is used), before clearing the interrupt enable flag to 0. There are two ways of preventing
interrupt request flag setting when the pin function is switched: by controlling the pin level so that
the conditions shown in tables 9.15 and 9.16 are not satisfied, or by setting the opposite of the
generated edge in the IEGS bit in TMG.

Disable interrupts. (Interrupts can also be disabled by
Set | bitto 1 in CCR manipulating the interrupt enable bit in interrupt enable
register 2.)

Manipulate port mode register

I After manipulating he port mode register, wait for the

TMIG confirmation time (at least two system clocks when

TMIG confirmation time the noise canceler is not used; at least five sampling
I clocks when the noise canceler is used), then clear the
Clear interrupt request flag to 0 interrupt enable flag to 0.
Clear | bitto 0 in CCR Enable interrupts

Figure9.14 Port Mode Register Manipulation and Interrupt Enable Flag Clearing
Procedure
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9.5.6 Timer G Application Example

Using timer G, it is possible to measure the high and low widths of the input capture input signal
as absolute values. For this purpose, CCLR1 and CCLRO should bothbe setto 1in TMG.

Figure 9.15 shows an example of the operation in this case.

Input capture
input signal

Input capture
register GF

Input capture
register GR

H'00

Counter cleared

Figure9.15 Timer G Application Example
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9.6 Watchdog Timer

9.6.1 Overview

The watchdog timer has an 8-bit counter that isincremented by an input clock. If a system
runaway allows the counter value to overflow before being rewritten, the watchdog timer can reset
the chip internally.

1. Features
Features of the watchdog timer are given below.

* Incremented by internal clock source (2/8192 or gw/32).

« A reset signal is generated when the counter overflows. The overflow period can be set from
from 1 to 256 times 8192/@ or 32/gw (from approximately 4 msto 1000 ms when g =2.00
MH2z).

* Use of module standby mode enables this module to be placed in standby mode independently
when not used.

2. Block diagram

Figure 9.16 shows ablock diagram of the watchdog timer.

N
ow/32 TCSRW - >

¢ o

3

o}

/8192 - >~ %

g ———= pPss [ == Tcw =
]

=

Q

=
Notation: N

TCSRW: Timer control/status register W — Reset signal

TCW: Timer counter W
PSS: Prescaler S

Figure9.16 Block Diagram of Watchdog Timer
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3. Register configuration
Table 9.17 shows the register configuration of the watchdog timer.

Table9.17 Watchdog Timer Registers

Name Abbrev. R/W Initial Value Address
Timer control/status register W TCSRW R/W H'AA H'FFB2
Timer counter W TCW R/W H'00 H'FFB3
Clock stop register 2 CKSTP2 R/W H'FF H'FFFB
Port mode register 3 PMR3 R/W H'00 H'FFCA

9.6.2 Register Descriptions

1. Timer control/status register W (TCSRW)

Bit 7 6 5 4 3 2 1 0

‘ B6WI ‘ TCWE ‘ B4WI ‘TCSRWE‘ B2WI ‘ WDON ‘ BOWI ‘ WRST ‘
Initial value 1 0 1 0 1 0 1 0
Read/Write R R/W* R R/W* R R/W* R R/W*

Note: * Write is permitted only under certain conditions, which are given in the descriptions of
the individual bits.

TCSRW is an 8-bit read/write register that controls write access to TCW and TCSRW itself,
controls watchdog timer operations, and indicates operating status.

Bit 7: Bit 6 write inhibit (B6W!I)

Bit 7 controls the writing of datato bit 6 in TCSRW.

Bit 7

B6WI Description

0 Bit 6 is write-enabled

1 Bit 6 is write-protected (initial value)

Thisbit isawaysread as 1. Data written to this bit is not stored.
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Bit 6: Timer counter W write enable (TCWE)

Bit 6 controls the writing of datato TCW.

Bit 6
TCWE Description
0 Data cannot be written to TCW (initial value)
1 Data can be written to TCW
Bit 5: Bit 4 write inhibit (B4WI)
Bit 5 controls the writing of datato bit 4 in TCSRW.
Bit 5
B4WI Description
0 Bit 4 is write-enabled
1 Bit 4 is write-protected (initial value)
Thisbit isalwaysread as 1. Data written to this bit is not stored.
Bit 4: Timer control/status register W write enable (TCSRWE)
Bit 4 controls the writing of datato TCSRW bits 2 and 0.
Bit 4
TCSRWE Description
0 Data cannot be written to bits 2 and 0 (initial value)
1 Data can be written to bits 2 and 0
Bit 3: Bit 2 writeinhibit (B2WI)
Bit 3 controls the writing of datato bit 2in TCSRW.
Bit 3
B2WI Description
0 Bit 2 is write-enabled
1 Bit 2 is write-protected (initial value)
Thishit isawaysread as 1. Data written to this bit is not stored.
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Bit 2: Watchdog timer on (WDON)

Bit 2 enables watchdog timer operation.

Bit 2

WDON Description

0 Watchdog timer operation is disabled (initial value)
Clearing conditions:
Reset, or when TCSRWE =1 and 0 is written in both B2WI and WDON

1 Watchdog timer operation is enabled

Setting conditions:
When TCSRWE =1 and 0 is written in B2WI and 1 is written in WDON

Counting starts when this bit is set to 1, and stops when this bit is cleared to O.
Bit 1: Bit O write inhibit (BOWI)

Bit 1 controls the writing of datato bit 0 in TCSRW.

Bit 1

BOWI Description

0 Bit O is write-enabled

1 Bit O is write-protected (initial value)

Thisbit isawaysread as 1. Data written to this bit is not stored.
Bit 0: Watchdog timer reset (WRST)

Bit O indicates that TCW has overflowed, generating an internal reset signal. The internal reset
signal generated by the overflow resets the entire chip. WRST is cleared to O by areset from the
RES pin, or when software writes 0.

Bit 0
WRST Description
0 Clearing conditions:

Reset by RES pin

When TCSRWE = 1, and 0 is written in both BOWI and WRST
1 Setting conditions:

When TCW overflows and an internal reset signal is generated
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2. Timer counter W (TCW)

Bit 7 6 5 4 3 2 1 0

‘ TCW7 ‘ TCW6 ‘ TCWS5 ‘ TCWA4 ‘ TCW3 ‘ TCW2 ‘ TCW1 ‘ TCWO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

TCW isan 8-hit read/write up-counter, which isincremented by internal clock input. The input
clock is @/8192 or gw/32. The TCW value can aways be written or read by the CPU.

When TCW overflows from H'FF to H'00, an internal reset signal is generated and WRST is set to
1in TCSRW. Upon reset, TCW isinitialized to H'00.

3. Clock stop register 2 (CKSTPR2)

Bit 7 6 5 4 3 2 1 0

| — | — | — | — |AECKSTP |WDCKSTP|PWCKSTP| LDCKSTPl
Initial value 1 1 1 1 1 1 1 1
Read/Write — — — — R/W R/W R/W R/W

CKSTPR2 is an 8-bit read/write register that performs module standby mode control for peripheral
modules. Only the bit relating to the watchdog timer is described here. For details of the other
bits, see the sections on the relevant modules.

Bit 2: Watchdog timer module standby maode control (WDCKSTP)
Bit 2 controls setting and clearing of module standby mode for the watchdog timer.

WDCKSTP Description

0 Watchdog timer is set to module standby mode

1 Watchdog timer module standby mode is cleared (initial value)

Note: WDCKSTP is valid when the WDON bit is cleared to O in timer control/status register W
(TCSRW). If WDCKSTP is set to 0 while WDON is set to 1 (during watchdog timer
operation), 0 will be set in WDCKSTP but the watchdog timer will continue its watchdog
function and will not enter module standby mode. When the watchdog function ends and
WDON is cleared to 0 by software, the WDCKSTP setting will become valid and the
watchdog timer will enter module standby mode.
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4. Port mode register 3 (PMR3)

PMR3 is an 8-hit read/write register, mainly controlling the selection of pin functions for port 3
pins. Only the bit relating to the watchdog timer is described here. For details of the other bits,
see section 8, 1/0 Ports.

Bit 5: Watchdog timer source clock select (WDCKYS)

WDCKS Description

0 /8192 selected (initial value)

1 ow/32 selected

9.6.3 Timer Operation

The watchdog timer has an 8-bit counter (TCW) that isincremented by clock input (/8192 or
ow/32). Theinput clock is selected by bit WDCK S in port mode register 3 (PMR3): /8192 is
selected when WDCK S is cleared to 0, and @w/32 when set to 1. When TCSRWE = 1in TCSRW,
if Oiswrittenin B2WI and 1 is simultaneously written in WDON, TCW starts counting up. When
the TCW count reaches H'FF, the next clock input causes the watchdog timer to overflow, and an
internal reset signal is generated one reference clock (@ or ggyg) cycle later. The internal reset
signal is output for 512 clock cycles of the gogc clock. It is possible to write to TCW, causing
TCW to count up from the written value. The overflow period can be set in the range from 1 to
256 input clocks, depending on the value written in TCW.

Figure 9.17 shows an example of watchdog timer operations.
Example: @ =2 MHz and the desired overflow period is 30 ms.

2 x 10°
8192

x 30 x 10° = 7.3

The value set in TCW should therefore be 256 — 8 = 248 (H'F8).
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TCW overflow

TCW count
value
H0OO ——------ % fffffffffffffffffffffffffffffffffffffff
Start T T T Y
H'F8 written H'F8 written in TCW Reset
in TCW
Internal reset
signal
-

512 gpgc clock cycles

Figure9.17 Typical Watchdog Timer Operations (Example)

9.6.4 Watchdog Timer Operation States
Table 9.18 summarizes the watchdog timer operation states.

Table9.18 Watchdog Timer Operation States

Sub- Sub- Module
Operation Mode Reset Active Sleep Watch active sleep Standby Standby
TCW Reset Functions Functions Halted Functions/ Halted Halted Halted
Halted*
TCSRW Reset Functions Functions Retained Functions/ Retained Retained Retained
Halted*

Note: * Functions when gw/32 is selected as the input clock.
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9.7 Asynchronous Event Counter (AEC)

9.7.1 Overview

The asynchronous event counter is incremented by external event clock input.
1. Features

Features of the asynchronous event counter are given below.

 Can count asynchronous events

Can count external events input asynchronously without regard to the operation of base clocks @
and 3uB-

The counter has a 16-bit configuration, enabling it to count up to 65536 (2'°) events.

e Can aso be used as two independent 8-bit event counter channels.
» Counter resetting and halting of the count-up function controllable by software
e Automatic interrupt generation on detection of event counter overflow

» Use of module standby mode enables this modul e to be placed in standby mode independently
when not used.
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2. Block diagram

Figure 9.18 shows a block diagram of the asynchronous event counter.

»IRREC
ECCSR [« >
—1 E
g
@©
OVH
ECH o je— gB=
I c
AEVH O > g
OVL
ECL ok e g
AEVL O L/
Notation:
ECCSR : Event counter control/status register
ECH : Event counter H
ECL . Event counter L
AEVH : Asynchronous event input H
AEVL : Asynchronous event input L
IRREC : Event counter overflow interrupt request flag
Figure9.18 Block Diagram of Asynchronous Event Counter
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3. Pin configuration
Table 9.19 shows the asynchronous event counter pin configuration.

Table9.19 Pin Configuration

Name Abbrev. 1/O Function
Asynchronous event input H AEVH Input Event input pin for input to event counter H
Asynchronous event input L AEVL Input Event input pin for input to event counter L

4. Register configuration
Table 9.20 shows the register configuration of the asynchronous event counter.

Table9.20 Asynchronous Event Counter Registers

Name Abbrev. R/W Initial Value Address
Event counter control/status register ECCSR R/W H'00 H'FF95
Event counter H ECH R H'00 H'FF96
Event counter L ECL R H'00 H'FF97
Clock stop register 2 CKSTP2 R/W H'FF H'FFFB

9.7.2 Register Descriptions

1. Event counter control/status register (ECCSR)

Bit 7 6 5 4 3 2 1 0

| OVH | OvVL | — | CH2 | CUEH CUEL | CRCH | CRCL |
Initial Value 0 0 0 0 0 0 0 0
Read/Write RV RIW* RW RW R/W RIW RIW RIW

Note: * Bits 7 and 6 can only be written with 0O, for flag clearing.

ECCSR isan 8-bit read/write register that controls counter overflow detection, counter resetting,
and halting of the count-up function.

ECCSR isinitialized to H'00 upon reset.
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Bit 7: Counter overflow flag H (OVH)

Bit 7 is a status flag indicating that ECH has overflowed from H'FF to H'00. Thisflag is set when
ECH overflows. It iscleared by software but cannot be set by software. OVH is cleared by
reading it when set to 1, then writing O.

When ECH and ECL are used as a 16-bit event counter with CH2 cleared to 0, OVH functions as a
status flag indicating that the 16-bit event counter has overflowed from H'FFFF to H'0000.

Bit 7
OVH Description
0 ECH has not overflowed (initial value)

Clearing conditions:
After reading OVH = 1, cleared by writing 0 to OVH

1 ECH has overflowed
Setting conditions:
Set when ECH overflows from H'FF to H'00

Bit 6: Counter overflow flag L (OVL)

Bit 6 is a status flag indicating that ECL has overflowed from H'FF to H'00. Thisflag is set when
ECL overflows. It iscleared by software but cannot be set by software. OVL is cleared by
reading it when set to 1, then writing O.

Bit 6

OVL Description

0 ECL has not overflowed (initial value)
Clearing conditions:
After reading OVL = 1, cleared by writing 0 to OVL

1 ECL has overflowed

Setting conditions:
Set when ECL overflows from H'FF to H'00 while CH2 is setto 1

Bit 5: Reserved hit

Bit 5isreserved; it can be read and written, and isinitialized to O upon reset.
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Bit 4: Channel select (CH2)

Bit 4 selects whether ECH and ECL are used as a single-channel 16-bit event counter or as two
independent 8-bit event counter channels. When CH2 is cleared to 0, ECH and ECL function asa
16-bit event counter which isincremented each time an event clock isinput to the AEVL pin as
asynchronous event input. In this case, the overflow signal from ECL is selected asthe ECH input
clock. When CH2 isset to 1, ECH and ECL function as independent 8-bit event counters which
are incremented each time an event clock isinput to the AEVH or AEVL pin, respectively, as
asynchronous event input.

Bit 4
CH2 Description
0 ECH and ECL are used together as a single-channel 16-bit event counter
(initial value)
1 ECH and ECL are used as two independent 8-bit event counter channels

Bit 3: Count-up enable H (CUEH)

Bit 3 enables event clock input to ECH. When 1 iswritten to this bit, event clock input is enabled
and increments the counter. When 0 is written to this bit, event clock input is disabled and the
ECH valueisheld. The AEVH pin or the ECL overflow signal can be selected as the event clock
source by bit CH2.

Bit 3

CUEH Description

0 ECH event clock input is disabled (initial value)
ECH value is held

1 ECH event clock input is enabled

Bit 2: Count-up enable L (CUEL)

Bit 3 enables event clock input to ECL. When 1 iswritten to this bit, event clock input is enabled
and increments the counter. When 0 iswritten to this bit, event clock input is disabled and the
ECL vaueisheld.

Bit 2

CUEL Description

0 ECL event clock input is disabled (initial value)
ECL value is held

1 ECL event clock input is enabled
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Bit 1: Counter reset control H (CRCH)

Bit 1 controls resetting of ECH. When thisbit is cleared to 0, ECH isreset. When 1 iswritten to
this bit, the counter reset is cleared and the ECH count-up function is enabled.

Bit 1

CRCH Description

0 ECH is reset (initial value)
1 ECH reset is cleared and count-up function is enabled

Bit 0: Counter reset control L (CRCL)

Bit O controls resetting of ECL. When this bit is cleared to O, ECL isreset. When 1 iswritten to
this bit, the counter reset is cleared and the ECL count-up function is enabled.

Bit 0

CRCL Description

0 ECL is reset (initial value)
1 ECL reset is cleared and count-up function is enabled

2. Event counter H (ECH)

Bit 7 6 5 4 3 2 1 0

| ec7 | Ecve | Echs | Echa | EcHs | EcH2 | EcH1 | EcHo
Initial Value 0 0 0 0 0 0 0 0
Read/Write R R R R R R R R

ECH is an 8-bit read-only up-counter that operates either as an independent 8-bit event counter or
as the upper 8-hit up-counter of a 16-bit event counter configured in combination with ECL.
Either the external asynchronous event AEVH pin or the overflow signal from lower 8-bit counter
ECL can be selected as the input clock source by bit CH2. ECH can be cleared to H'00 by
software, and is also initialized to H'00 upon reset.
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3. Event counter L (ECL)

ECL isan 8-hit read-only up-counter that operates either as an independent 8-hit event counter or
asthe lower 8-bit up-counter of a 16-bit event counter configured in combination with ECH. The
event clock from the external asynchronous event AEVL pinis used as the input clock source.
ECL can be cleared to H'00 by software, and is also initialized to H'00 upon reset.

Bit 7 6 5 4 3 2 1 0
ECL7 ECL6 ECL5 ECL4 ECL3 ECL2 ECL1 ECLO

Initial Value 0 0 0 0 0 0 0 0

Read/Write R R R R R R R R

4. Clock stop register 2 (CKSTPR2)

Bit 7 6 5 4 3 2 1 0

| — | — | — | — |AECKSTP |WDCKSTP|PWCKSTP| LDCKSTP |
Initial value 1 1 1 1 1 1 1 1
Read/Write — — — — RW R/W RW RW

CKSTPR?2 is an 8-hit read/write register that performs module standby mode control for peripheral
modules. Only the bit relating to the asynchronous event counter is described here. For details of
the other bits, see the sections on the relevant modules.

Bit 3: Asynchronous event counter modul e standby mode control (AECKSTP)
Bit 3 controls setting and clearing of module standby mode for the asynchronous event counter.

AECKSTP  Description

0 Asynchronous event counter is set to module standby mode
1 Asynchronous event counter module standby mode is cleared (initial value)
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9.7.3 Operation
1. 16-bit event counter operation

When bit CH2 is cleared to 0 in ECCSR, ECH and ECL operate as a 16-bit event counter. Figure
9.19 shows an example of the software processing when ECH and ECL are used as a 16-bit event

counter.
Clear CH2t0 0O

Clear CUEH, CUEL, CRCH, and CRCLto O

Y

Clear OVH and OVL to O
Set CUEH, CUEL, CRCH, and CRCL to 1

Figure9.19 Example of Software Processing when Using ECH and ECL as 16-Bit Event
Counter

AsCH2iscleared to O by areset, ECH and ECL operate as a 16-hit event counter after a reset.
They can also be used as a 16-bit event counter by carrying out the software processing shown in
the examplein figure 9.19. The operating clock source is asynchronous event input from the
AEVL pin. When the next clock isinput after the count value reaches H'FF in both ECH and
ECL, ECH and ECL overflow from H'FFFF to H'0000, the OVH flag isset to 1 in ECCSR, the
ECH and ECL count values each return to H'00, and counting up is restarted. When overflow
occurs, the IRREC bitissetto 1in IRR2. If the [IENEC bit in IENR2 is 1 at thistime, an interrupt
reguest is sent to the CPU.

2. 8-bit event counter operation

When bit CH2 isset to 1 in ECCSR, ECH and ECL operate as independent 8-bit event counters.
Figure 9.20 shows an example of the software processing when ECH and ECL are used as 8-bit
event counters.
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SetCH2to 1

Clear CUEH, CUEL, CRCH, and CRCLto 0

Clear OVHt0 O
Set CUEH, CUEL, CRCH, and CRCL to 1

Figure9.20 Example of Software Processing when Using ECH and ECL as 8-Bit Event
Counters

ECH and ECL can be used as 8-hit event counters by carrying out the software processing shown
in the example in figure 9.20. The 8-bit event counter operating clock source is asynchronous
event input from the AEVH pin for ECH, and asynchronous event input from the AEVL pin for
ECL. When the next clock is input after the ECH count value reaches H'FF, ECH overflows, the
OVH flag isset to 1 in ECCSR, the ECH count value returns to H'00, and counting up is restarted.
Similarly, when the next clock isinput after the ECL count value reaches H'FF, ECL overflows,
the OVL flagisset to 1in ECCSR, the ECL count value returns to H'00, and counting up is
restarted. When overflow occurs, the IRREC bit isset to 1in IRR2. If the IENEC bitin IENR2 is
1 at thistime, an interrupt request is sent to the CPU.

9.74 Asynchronous Event Counter Operation Modes
Asynchronous event counter operation modes are shown in table 9.21.

Table9.21 Asynchronous Event Counter Operation M odes

Sub- Sub- Module
Operation Mode Reset Active Sleep Watch active sleep Standby  Standby
ECCSR Reset Functions Functions Held* Functions Functions Held* Held
ECH Reset Functions Functions* Functions* Functions Functions Functions* Halted
ECL Reset Functions Functions* Functions* Functions Functions Functions* Halted

Note: * When an asynchronous external event is input, the counter increments but the counter
overflow H/L flags are not affected.
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9.75 Application Notes

1. When reading the valuesin ECH and ECL, first clear bits CUEH and CUEL to 0 in ECCSR to
prevent asynchronous event input to the counter. The correct value will not be returned if the
event counter increments while being read.

When clear bits CUEH and CUEL to 0 in ECCSR, ECH and ECL sometimes count up.

2. Useaclock with afrequency of up to 6 MHz (Internal step-down circuit not used: Ve = 4.5
t05.5V), up to 4 MHz (Internal step-down circuit not used: Vcc =3.0t05.5V), upto 3.2
MHz (internal step-down circuit not used: Voec=2.7t05.5V), upto2 MHz (Vcc=2.2t05.5
V), up to 1 MHz (others) for input to the AEVH and AEVL pins, and ensure that the high and
low widths of the clock are at least 83 ns. The duty cycleisimmaterial.

Maximum AEVH/AEVL Pin

Mode Input Clock Frequency
16-bit mode Internal step-down circuit
8-bit mode  Active (high-speed), sleep (high-speed) not used:

Ve = 4.510 5.5 V/6 MHz
Ve = 3.0t0 5.5 V/4 MHz
Vee = 2.6 10 5.5 V/3.2 MHz
Vee = 2.210 5.5 V/2 MHz

Other than above/l MHz

Internal step-down circuit
used:

Ve = 2.2 10 5.5 V/I2 MHz
Other than above/l MHz

8-bit mode  Active (medium-speed), sleep (medium-speed) (2/16) 2 - fosc
(2/32)  fosc
(ﬂ/64) 1/2 - fOSC

fosc = 400 kHz to 4 MHz (2/128) 1/4 - fosc

8-bit mode  Watch, subactive, subsleep, standby (sw/2) 1000 kHz
(ew/4) 500 kHz
pw = 32.768 kHz or 38.4 kHz (ow/8) 250 kHz

3. When AEC uses with 16-bit mode, set CUEH in ECCSR to “1” first, set CRCH in ECCSR to
“1" second, or set both CUEH and CRCH to “1” at same time before clock entry. While AEC
is operating on 16-bit mode, do not change CUEH. Otherwise, ECH will be miscounted up.
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Section 10 Seria Communication Interface

10.1 Overview

The H8/3864 Series is provided with two serial communication interfaces, SCI3-1 and SCI3-2.
These two SCIs have identical functions. In this manual, the generic term SCI3 is used to refer to
both SCls.

Serial communication interface 3 (SCI3) can carry out serial data communication in either
asynchronous or synchronous mode. It isalso provided with a multiprocessor communication
function that enables serial datato be transferred among processors.

10.1.1 Features
Features of SCI3 are listed below.

» Choice of asynchronous or synchronous mode for serial data communication
O Asynchronous mode

Serial data communication is performed asynchronously, with synchronization provided
character by character. In this mode, serial data can be exchanged with standard
asynchronous communication L SIs such as a Universal Asynchronous
Receiver/Transmitter (UART) or Asynchronous Communication Interface Adapter
(ACIA). A multiprocessor communication function is also provided, enabling seria data
communication among processors.
There isachoice of 16 data transfer formats.

Data length 7, 8, 5 bits

Stop bit length 1 or 2 bits

Parity Even, odd, or none

Multiprocessor bit “1" or “0”

Receive error detection Parity, overrun, and framing errors

Break detection Break detected by reading the RXD3y pin level directly when a

framing error occurs
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O Synchronous mode
Serial data communication is synchronized with aclock. In hismode, serial data can be
exchanged with another LSl that has a synchronous communication function.

Data length 8 bits

Receive error detection Overrun errors

e Full-duplex communication

Separate transmission and reception units are provided, enabling transmission and reception to
be carried out simultaneously. The transmission and reception units are both double-buffered,
allowing continuous transmission and reception.

*  On-chip baud rate generator, allowing any desired hit rate to be selected
* Choiceof aninternal or external clock as the transmit/receive clock source

e Six interrupt sources: transmit end, transmit data empty, receive data full, overrun error,
framing error, and parity error
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10.1.2 Block diagram

Figure 10.1 shows a block diagram of SCI3.

External

SCKax ™ Jack T

clock Baud rate generator

l«—— Internal clock (2/64, 2/16, gw/2, @)

BRC

<—{ BRR

Clock

Transmit/receive
control circuit

<44{ SMR
<44{ SCR3

4” SSR

TXD O ﬁ TSR

‘<—{ TDR

SPCR

RXD O +’ RSR

EEREE A —

}—” RDR

Notation:

RSR: Receive shift register
RDR:  Receive data register
TSR: Transmit shift register
TDR: Transmit data register
SMR:  Serial mode register
SCR3: Serial control register 3
SSR:  Serial status register
BRR: Bit rate register

BRC: Bit rate counter

SPCR: Serial port control register

Interrupt request

(TEI, TXI, RXI, ERI)

Figure10.1

SCI3 Block Diagram
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10.1.3  Pin configuration

Table 10.1 shows the SCI3 pin configuration.

Table10.1 Pin Configuration

Name Abbrev. I/0 Function

SCI3 clock SCKzy I/10 SCI3 clock input/output

SCI3 receive data input RXD3y Input SCI3 receive data input

SCI3 transmit data output TXD3y Output SCI3 transmit data output
10.1.4 Register configuration

Table 10.2 shows the SCI3 register configuration.

Table10.2 Registers

Name Abbrev. R/W Initial Value Address
Serial mode register SMR R/W H'00 H'FFA8/FF98
Bit rate register BRR R/W H'FF H'FFA9/FF99
Serial control register 3 SCR3 R/W H'00 H'FFAA/FFOA
Transmit data register TDR R/W H'FF H'FFAB/FF9B
Serial data register SSR R/W H'84 H'FFAC/FFOC
Receive data register RDR R H'00 H'FFAD/FFOD
Transmit shift register TSR Protected — —

Receive shift register RSR Protected — —

Bit rate counter BRC Protected — —

Clock stop register 1 CKSTPR1 R/W H'FF H'FFFA

Serial port control register SPCR R/W H'CO H'FF91
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10.2  Register Descriptions

10.21  Receive shift register (RSR)

Bit 7 6 5 4 3 2 1 0

Read/Write — — — — — — _ _

RSR isaregister used to receive serial data. Serial datainput to RSR from the RXD3y pinissetin
the order in which it is received, starting from the LSB (bit 0), and converted to parallel data.
When one byte of dataisreceived, it istransferred to RDR automatically.

RSR cannot be read or written directly by the CPU.

10.2.2 Receivedataregister (RDR)

Bit 7 6 5 4 3 2 1 0

‘ RDR7 ‘ RDR6 ‘ RDR5 ‘ RDR4 ‘ RDR3 ‘ RDR2 ‘ RDR1 ‘ RDRO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R R R R R R R R

RDR is an 8-hit register that stores received serial data.

When reception of one byte of datais finished, the received datais transferred from RSR to RDR,
and the receive operation is completed. RSR isthen able to receive data. RSR and RDR are
double-buffered, allowing consecutive receive operations.

RDR isaread-only register, and cannot be written by the CPU.

RDR isinitialized to H'00 upon reset, and in standby, module standby or watch mode.
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10.2.3  Transmit shift register (TSR)

Bit 7 6 5 4 3 2 1 0

Read/Write — — — — — — _ _

TSR isaregister used to transmit serial data. Transmit dataisfirst transferred from TDR to TSR,
and serial datatransmission is carried out by sending the data to the TXD 3y pin in order, starting
from the LSB (bit 0). When one byte of datais transmitted, the next byte of transmit datais
transferred to TDR, and transmission started, automatically. Datatransfer from TDR to TSR is
not performed if no data has been written to TDR (if bit TDRE is set to 1 in the serial status
register (SSR)).

TSR cannot be read or written directly by the CPU.

10.2.4  Transmit dataregister (TDR)

Bit 7 6 5 4 3 2 1 0

‘ TDR7 ‘ TDR6 ‘ TDR5 ‘ TDR4 ‘ TDR3 ‘ TDR2 ‘ TDR1 ‘ TDRO ‘
Initial value 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

TDR isan 8-bit register that stores transmit data. When TSR is found to be empty, the transmit
datawritten in TDR istransferred to TSR, and serial datatransmission is started. Continuous
transmission is possible by writing the next transmit datato TDR during TSR seria data
transmission.

TDR can beread or written by the CPU at any time.

TDRisinitidized to H'FF upon reset, and in standby, module standby, or watch mode.
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10.25  Serial moderegister (SMR)

Bit 7 6 5 4 3 2 1 0

‘ COM ‘ CHR ‘ PE ‘ PM ‘ STOP ‘ MP ‘ CKS1 ‘ CKSO0 ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

SMR is an 8-bit register used to set the seria datatransfer format and to select the clock source for
the baud rate generator.

SMR can be read or written by the CPU at any time.
SMRisinitialized to H'00 upon reset, and in standby, modul e standby, or watch mode.
Bit 7: Communication mode (COM)

Bit 7 selects whether SCI3 operates in asynchronous mode or synchronous mode.

Bit 7

COM Description

0 Asynchronous mode (initial value)
1 Synchronous mode

Bit 6: Character length (CHR)

Bit 6 selects either 7 or 8 bits as the data length to be used in asynchronous mode. In synchronous
mode the data length is always 8 bits, irrespective of the bit 6 setting.

Bit 6

CHR Description

0 8-bit data/5-bit data”? (initial value)
1 7-bit data’*/5-bit data

Notes: 1. When 7-bit data is selected, the MSB (bit 7) of TDR is not transmitted.

2. When 5-bit data is selected, set both PE and MP to 1. The three most significant bits
(bits 7, 6, and 5) of TDR are not transmitted.
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Bit 5: Parity enable (PE)

Bit 5 selects whether a parity hit isto be added during transmission and checked during reception
in asynchronous mode. In synchronous maode parity bit addition and checking is not performed,
irrespective of the bit 5 setting.

Bit 5

PE Description

0 Parity bit addition and checking disabled"? (initial value)
1 Parity bit addition and checking enabled "2

Notes: 1. When PE is set to 1, even or odd parity, as designated by bit PM, is added to transmit
data before it is sent, and the received parity bit is checked against the parity
designated by bit PM.

2. For the case where 5-bit data is selected, see table 10.11.

Bit 4: Parity mode (PM)

Bit 4 selects whether even or odd parity isto be used for parity addition and checking. The PM bit
setting is only valid in asynchronous mode when bit PE is set to 1, enabling parity bit addition and
checking. The PM bit setting isinvalid in synchronous mode, and in asynchronous mode if parity

bit addition and checking is disabled.

Bit 4

PM Description

0 Even parity™* (initial value)
1 Odd parity™

Notes: 1. When even parity is selected, a parity bit is added in transmission so that the total
number of 1 bits in the transmit data plus the parity bit is an even number; in reception,
a check is carried out to confirm that the number of 1 bits in the receive data plus the
parity bit is an even number.

2. When odd parity is selected, a parity bit is added in transmission so that the total
number of 1 bits in the transmit data plus the parity bit is an odd number; in reception, a
check is carried out to confirm that the number of 1 bits in the receive data plus the
parity bit is an odd number.
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Bit 3: Stop bit length (STOP)

Bit 3 selects 1 hit or 2 bits as the stop bit length is asynchronous mode. The STOP hit setting is
only valid in asynchronous mode. When synchronous mode is selected the STOP bit setting is
invalid since stop bits are not added.

Bit 3

STOP Description

0 1 stop bit™* (initial value)
1 2 stop bits™

Notes: 1. Intransmission, a single 1 bit (stop bit) is added at the end of a transmit character.
2. Intransmission, two 1 bits (stop bits) are added at the end of a transmit character.

In reception, only thefirst of the received stop bits is checked, irrespective of the STOP hit setting.
If the second stop bitis 1 it istreated as astop bit, but if O, it istreated as the start bit of the next
transmit character.

Bit 2: Multiprocessor mode (MP)

Bit 2 enables or disables the multiprocessor communication function. When the multiprocessor
communication function is disabled, the parity settings in the PE and PM bitsareinvalid. The MP
bit setting is only valid in asynchronous mode. When synchronous mode is selected the MP bit
should be set to 0. For details on the multiprocessor communication function, see 10.1.6,
Multiprocessor Communication Function.

Bit 2

MP Description

0 Multiprocessor communication function disabled* (initial value)
1 Multiprocessor communication function enabled*

Note: * For the case where 5-bit data is selected, see table 10.11.
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Bits1 and 0: Clock select 1, 0 (CKS1, CKS0)
Bits 1 and O choose @/64, @/16, aw/2, or g as the clock source for the baud rate generator.

For the relation between the clock source, hit rate register setting, and baud rate, see 8, Bit rate
register (BRR).

Bit 1 Bit 0

CKS1 CKSO0 Description

0 0 g clock (initial value)
0 1 @ w/2 clock */g w clock’

1 0 2/16 clock

1 1 2/64 clock

Notes: 1. @ w/2 clock in active (medium-speed/high-speed) mode and sleep mode
2. @ w clock in subactive mode and subsleep mode
3. In subactive or subsleep mode, SCI3 can be operated when CPU clock is gw/2 only.

10.26  Serial control register 3 (SCR3)

Bit 7 6 5 4 3 2 1 0

‘ TIE ‘ RIE ‘ TE ‘ RE ‘ MPIE ‘ TEIE ‘ CKE1 ‘ CKEO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

SCR3 isan 8-hit register for selecting transmit or receive operation, the asynchronous mode clock
output, interrupt request enabling or disabling, and the transmit/receive clock source.

SCR3 can be read or written by the CPU at any time.

SCR3isinitialized to H'00 upon reset, and in standby, module standby or watch mode.
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Bit 7: Transmit interrupt enable (TIE)

Bit 7 selects enabling or disabling of the transmit data empty interrupt request (TXI) when
transmit data is transferred from the transmit dataregister (TDR) to the transmit shift register
(TSR), and bit TDRE in the serial status register (SSR) is set to 1.

TXI can bereleased by clearing bit TDRE or bit TIE to O.

Bit 7

TIE Description

0 Transmit data empty interrupt request (TXI) disabled (initial value)
1 Transmit data empty interrupt request (TXI) enabled

Bit 6: Receive interrupt enable (RIE)

Bit 6 selects enabling or disabling of the receive data full interrupt request (RX1) and the receive
error interrupt request (ERI) when receive datais transferred from the receive shift register (RSR)
to the receive data register (RDR), and bit RDRF in the serial status register (SSR) isset to 1.
There are three kinds of receive error: overrun, framing, and parity.

RXI can be released by clearing bit RDRF or the FER, PER, or OER error flag to O, or by clearing
bit RIE to 0.

Bit 6

RIE Description

0 Receive data full interrupt request (RXI) and receive error interrupt (initial value)
request (ERI) disabled

1 Receive data full interrupt request (RXI) and receive error interrupt

request (ERI) enabled

Bit 5: Transmit enable (TE)

Bit 5 selects enabling or disabling of the start of transmit operation.

Bit 5

TE Description

0 Transmit operation disabled™* (TXD pin is 1/O port) (initial value)
1 Transmit operation enabled’? (TXD pin is transmit data pin)

Notes: 1. Bit TDRE in SSR is fixed at 1.

2. When transmit data is written to TDR in this state, bit TDR in SSR is cleared to 0 and
serial data transmission is started. Be sure to carry out serial mode register (SMR)
settings, and setting of bit SPC31 or SPC32 in SPCR, to decide the transmission format
before setting bit TE to 1.
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Bit 4: Receive enable (RE)

Bit 4 selects enabling or disabling of the start of receive operation.

Bit 4

RE Description

0 Receive operation disabled™* (RXD pin is 1/O port) (initial value)
1 Receive operation enabled? (RXD pin is receive data pin)

Notes: 1. Note that the RDRF, FER, PER, and OER flags in SSR are not affected when bit RE is
cleared to 0, and retain their previous state.

2. In this state, serial data reception is started when a start bit is detected in asynchronous
mode or serial clock input is detected in synchronous mode. Be sure to carry out serial
mode register (SMR) settings to decide the reception format before setting bit RE to 1.

Bit 3: Multiprocessor interrupt enable (MPIE)

Bit 3 selects enabling or disabling of the multiprocessor interrupt request. The MPIE bit setting is
only valid when asynchronous mode is selected and reception is carried out with bit MPin SMR
setto 1. The MPIE bit setting isinvalid when bit COM is set to 1 or bit MP iscleared to O.

Bit 3

MPIE Description

0 Multiprocessor interrupt request disabled (normal receive operation) (initial value)
Clearing conditions:
When data is received in which the multiprocessor bit is set to 1

1 Multiprocessor interrupt request enabled*

Note: * Receive data transfer from RSR to RDR, receive error detection, and setting of the RDRF,
FER, and OER status flags in SSR is not performed. RXI, ERI, and setting of the RDRF,
FER, and OER flags in SSR, are disabled until data with the multiprocessor bit setto 1 is
received. When a receive character with the multiprocessor bit set to 1 is received, bit
MPBR in SSR is set to 1, bit MPIE is automatically cleared to 0, and RXI and ERI requests
(when bits TIE and RIE in serial control register 3 (SCR3) are set to 1) and setting of the
RDRF, FER, and OER flags are enabled.
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Bit 2: Transmit end interrupt enable (TEIE)

Bit 2 selects enabling or disabling of the transmit end interrupt request (TEI) if thereis no valid
transmit datain TDR when MSB datais to be sent.

Bit 2

TEIE Description

0 Transmit end interrupt request (TEI) disabled (initial value)
1 Transmit end interrupt request (TEI) enabled*

Note: * TEI can be released by clearing bit TDRE to 0 and clearing bit TEND to 0 in SSR, or by
clearing bit TEIE to O.

Bits 1 and 0: Clock enable 1 and 0 (CKE1, CKEO)

Bits 1 and O select the clock source and enabling or disabling of clock output from the SCK 3, pin.
The combination of CKE1 and CKEO determines whether the SCK 3, pin functions as an /O port,
aclock output pin, or aclock input pin.

The CKEQ bit setting is only valid in case of internal clock operation (CKEL = 0) in asynchronous
mode. In synchronous mode, or when external clock operation is used (CKEL = 1), bit CKEO
should be cleared to O.

After setting bits CKE1 and CKEQ, set the operating mode in the serial mode register (SMR).

For details on clock source selection, see table 10.4 in 10.1.3, Operation.

Bit 1 Bit 0 Description

CKE1l CKEO Communication Mode Clock Source SCK34 Pin Function

0 0 Asynchronous Internal clock I/O port™
Synchronous Internal clock Serial clock output™

0 1 Asynchronous Internal clock Clock output™
Synchronous Reserved

1 0 Asynchronous External clock Clock input™®
Synchronous External clock Serial clock input

1 1 Asynchronous Reserved
Synchronous Reserved

Notes: 1. Initial value
2. A clock with the same frequency as the bit rate is output.
3. Input a clock with a frequency 16 times the bit rate.
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10.2.7  Serial statusregister (SSR)

Bit 7 6 5 4 3 2 1 0

‘ TDRE ‘ RDRF ‘ OER ‘ FER ‘ PER ‘ TEND ‘ MPBR ‘ MPBT ‘
Initial value 1 0 0 0 0 1 0 0
Read/Write R/I(W)*  R/(W)* RIW)* R/(W)* R/(W)* R R R/W

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

SSR is an 8-bit register containing status flags that indicate the operational status of SCI3, and
multiprocessor bits.

SSR can be read or written by the CPU at any time, but only awrite of 1 is possible to bits TDRE,
RDRF, OER, PER, and FER. In order to clear these bits by writing 0, 1 must first be read.

Bits TEND and MPBR are read-only bits, and cannot be modified.
SSRisinitialized to H'84 upon reset, and in standby, module standby, or watch mode.
Bit 7: Transmit data register empty (TDRE)

Bit 7 indicates that transmit data has been transferred from TDR to TSR.

Bit 7
TDRE Description
0 Transmit data written in TDR has not been transferred to TSR
Clearing conditions:
After reading TDRE = 1, cleared by writing 0 to TDRE
When data is written to TDR by an instruction
1 Transmit data has not been written to TDR, or transmit data written in
TDR has been transferred to TSR
Setting conditions:
When bit TE in SCR3 is cleared to 0
When data is transferred from TDR to TSR (initial value)
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Bit 6: Receive dataregister full (RDRF)

Bit 6 indicates that received datais stored in RDR.

Bit 6
RDRF Description
0 There is no receive data in RDR (initial value)
Clearing conditions:
After reading RDRF = 1, cleared by writing O to RDRF
When RDR data is read by an instruction
1 There is receive data in RDR
Setting conditions:
When reception ends normally and receive data is transferred from RSR to RDR
Note: If an error is detected in the receive data, or if the RE bit in SCR3 has been cleared to 0,

RDR and bit RDRF are not affected and retain their previous state.
Note that if data reception is completed while bit RDRF is still set to 1, an overrun error
(OER) will result and the receive data will be lost.

Bit 5: Overrun error (OER)

Bit 5 indicates that an overrun error has occurred during reception.

Bit 5
OER Description
0 Reception in progress or completed™ (initial value)
Clearing conditions:
After reading OER = 1, cleared by writing 0 to OER
1 An overrun error has occurred during reception’?
Setting conditions:
When reception is completed with RDRF set to 1
Notes: 1. When bit RE in SCR3 is cleared to 0, bit OER is not affected and retains its previous

state.

2. RDR retains the receive data it held before the overrun error occurred, and data
received after the error is lost. Reception cannot be continued with bit OER set to 1,
and in synchronous mode, transmission cannot be continued either.
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Bit 4: Framing error (FER)

Bit 4 indicates that a framing error has occurred during reception in asynchronous mode.

Bit 4
FER Description
0 Reception in progress or completed™* (initial value)
Clearing conditions:
After reading FER = 1, cleared by writing 0 to FER
1 A framing error has occurred during reception
Setting conditions:
When the stop bit at the end of the receive data is checked for a value
of 1 at the end of reception, and the stop bit is 0"
Notes: 1. When bit RE in SCR3 is cleared to 0, bit FER is not affected and retains its previous

state.

Note that, in 2-stop-bit mode, only the first stop bit is checked for a value of 1, and the
second stop bit is not checked. When a framing error occurs the receive data is
transferred to RDR but bit RDRF is not set. Reception cannot be continued with bit
FER set to 1. In synchronous mode, neither transmission nor reception is possible
when bit FER is set to 1.

Bit 3: Parity error (PER)

Bit 3 indicates that a parity error has occurred during reception with parity added in asynchronous

mode.
Bit 3
PER Description
0 Reception in progress or completed™* (initial value)
Clearing conditions:
After reading PER = 1, cleared by writing 0 to PER
1 A parity error has occurred during reception™
Setting conditions:
When the number of 1 bits in the receive data plus parity bit does not
match the parity designated by bit PM in the serial mode register (SMR)
Notes: 1. When bit RE in SCR3 is cleared to 0, bit PER is not affected and retains its previous
state.
2. Receive data in which it a parity error has occurred is still transferred to RDR, but bit
RDRF is not set. Reception cannot be continued with bit PER set to 1. In synchronous
mode, neither transmission nor reception is possible when bit FER is set to 1.
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Bit 2: Transmit end (TEND)
Bit 2 indicates that bit TDRE isset to 1 when the last bit of atransmit character is sent.

Bit 2 isaread-only bit and cannot be modified.

Bit 2
TEND Description
0 Transmission in progress
Clearing conditions:
After reading TDRE = 1, cleared by writing 0 to TDRE
When data is written to TDR by an instruction
1 Transmission ended (initial value)

Setting conditions:
When bit TE in SCR3 is cleared to 0
When bit TDRE is set to 1 when the last bit of a transmit character is sent

Bit 1: Multiprocessor bit receive (MPBR)

Bit 1 stores the multiprocessor bit in areceive character during multiprocessor format reception in
asynchronous mode.

Bit 1 isaread-only bit and cannot be modified.

Bit 1

MPBR Description

0 Data in which the multiprocessor bit is 0 has been received* (initial value)
1 Data in which the multiprocessor bit is 1 has been received

Note: * When bit RE is cleared to 0 in SCR3 with the multiprocessor format, bit MPBR is not
affected and retains its previous state.

Bit 0: Multiprocessor bit transfer (MPBT)

Bit O stores the multiprocessor bit added to transmit data when transmitting in asynchronous
mode. The bit MPBT setting isinvalid when synchronous mode is selected, when the
multiprocessor communication function is disabled, and when not transmitting.

Bit 0

MPBT Description

0 A 0 multiprocessor bit is transmitted (initial value)
1 A 1 multiprocessor bit is transmitted
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10.2.8 Bitrateregister (BRR)

Bit 7 6 5 4 3 2 1 0

‘ BRR7 ‘ BRR6 ‘ BRR5 ‘ BRR4 ‘ BRR3 ‘ BRR2 ‘ BRR1 ‘ BRRO ‘
Initial value 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

BRR is an 8-hit register that designates the transmit/receive bit rate in accordance with the baud
rate generator operating clock selected by bits CKS1 and CK S0 of the serial mode register (SMR).

BRR can be read or written by the CPU at any time.
BRRisinitialized to H'FF upon reset, and in standby, module standby, or watch mode.

Table 10.3 shows examples of BRR settings in asynchronous mode. The values shown are for
active (high-speed) mode.

Table10.3 Examplesof BRR Settingsfor Various Bit Rates (Asynchronous M ode) (1)

OSC

32.8 kHz 38.4 kHz 2 MHz 2.4576 MHz 4 MHz
B Bit Rate Error Error Error Error Error
(bit/s) n N (%) n N (%) n N (%) n N (%) n N (%)
110 Cannot be used, — — — —_ = — 2 21 -083 — — —
150 as error 0 3 0 2 12 0.16 3 3 0 2 25 0.16
200 exceeds 3% 0o 2 0 0 155016 3 2 O —_ - =
250 —_ - — 0 124 0 0 153 -0.26 0 249 0
300 0o 1 o0 0 103016 3 1 O 2 12 0.16
600 0 0 © 0O 51 016 3 0 O 0 103 0.16
1200 —_ - — 0 25 016 2 1 0 0 51 0.16
2400 - - = 0 12 016 2 0 O 0 25 0.16
4800 - = = = = = o 7 0 0 12 0.16
9600 —_ - — —_ - - 0 3 0 —_ - —
19200 - = = = = = 0O 1 0 - = =
31250 - = = = = = = - = 0 1 0O
38400 —_ - — —_ - - 0 0 0 —_ - —
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Notes: 1. The setting should be made so that the error is not more than 1%.
2. Thevaluesetin BRR is given by the following equation:
OsC
Ne———————— —1
(64 x 2" x B)

where

B: Bit rate (bit/s)

N: Baud rate generator BRR setting (0 N 255)

OSC: Value of gosc (H2)

n: Baud rate generator input clock number (n=0, 2, or 3)
(The relation between n and the clock is shown in table 10.4.)

The error in table 10.3 is the value obtained from the following equation, rounded to
two decimal places.

Error (%) =

B (rate obtained from n, N, OSC) — R(bit rate in |eft-hand column in table 10.3.) 100
X

R (bit rate in left-hand column in table 10.3.)

Table10.4 Relation between n and Clock

SMR Setting
n Clock CKsS1 CKSO0
0 a 0 0
0 o2 13, 0 1
2 a/16 1 0
3 2/64 1 1

Notes: 1. @ w/2 clock in active (medium-speed/high-speed) mode and sleep mode
2. @ w clock in subactive mode and subsleep mode

Table 10.5 shows the maximum bit rate for each frequency. The values shown are for active

3. In subactive or subsleep mode, SCI3 can be operated when CPU clock is gw/2 only.

(high-speed) mode.
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Table10.5 Maximum Bit Rate for Each Frequency (Asynchronous M ode)

Maximum Bit Rate Setting
OSC (MHz) (bit/s) n N
0.0384* 600 0 0
2 31250 0 0
2.4576 38400 0 0
4 62500 0 0

* © When SMR is set up to CKS1 = “0", CKS0 = “1".

Table 10.6 shows examples of BRR settings in synchronous mode. The values shown are for

active (high-speed) mode.
Table10.6 Examplesof BRR Settingsfor Various Bit Rates (Synchronous M ode)

OSsC

B Bit Rate 38.4 kHz 2 MHz 4 MHz

(bit/s) n N Error n N Error n N

Error

200 0 23 0 — — — — —

250 — — — — — — 2 124

300 2 0 0 — — — — —

500 — — —

1k 249

2.5k 99 199

5k 49 99

10k 24 49

25k

50k

100k — — —

250k 0 0 0

O/ o/l ojlo|lo|lo|o
[EnY
©

Ol |h~|l©

500k

O/ o/lojojlo|lo|lo|o

1M

Blank: Cannot be set.
— A setting can be made, but an error will result.
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Notes:

Thevalue set in BRR is given by the following equation:
OSsC 1
(8 x 2" x B)
where
B: Bit rate (bit/s)
N: Baud rate generator BRR setting (0 N 255)
OSC: Value of gosc (H2)
n: Baud rate generator input clock number (n =0, 2, or 3)
(The relation between n and the clock is shown in table 10.7.)

Table10.7 Relation between n and Clock

SMR Setting
n Clock CKs1 CKSO0
0 a 0 0
0 o2 3, ? 0 1
2 2/16 1 0
3 2164 1 1

Notes: 1. @ w/2 clock in active (medium-speed/high-speed) mode and sleep mode

2. @ w clock in subactive mode and subsleep mode
. In subactive or subsleep mode, SCI3 can be operated when CPU clock is gw/2 only.
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10.29 Clock stop register 1 (CKSTPR1)

Bit 7 6 5 4 3 2 1 0

— |SSlCKSTP|S32CKSTP|ADCKSTP TGCKSTP | TFCKSTP | TCCKSTP | TACKSTP
Initial value 1 1 1 1 1 1 1 1
Read/Write RW RW RW R/W R/W R/W RW RW

CKSTPR1 is an 8-hit read/write register that performs module standby mode control for peripheral
modules. Only the bitsrelating to SCI3 are described here. For details of the other bits, see the
sections on the relevant modules.

Bit 6: SCI3-1 module standby mode control (S31CKSTP)
Bit 6 controls setting and clearing of modul e standby mode for SCI31.

S31CKSTP Description

0 SCI3-1 is set to module standby mode

1 SCI3-1 module standby mode is cleared (initial value)
Note: All SCI31 register is initialized in module standby mode.

Bit 5: SCI3-2 module standby mode control (S32CKSTP)
Bit 5 controls setting and clearing of modul e standby mode for SCI32.

S32CKSTP Description

0 SCI3-2 is set to module standby mode

1 SCI3-2 module standby mode is cleared (initial value)

Note: All SCI32 register is initialized in module standby mode.
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10.2.10 Serial Port Control Register (SPCR)

Bit 7 6 5 4 3 2 1 0

‘ — ‘ — ‘SPCSZ ‘SPC31 ‘SCINVS ‘SCINVZ ‘SCINVl ‘SCINVO ‘
Initial value 1 1 0 0 0 0 0 0
Read/Write — — R/W R/W R/W R/W R/W R/W

SPCR is an 8-hit readabl e/writable register that performs RXD31, RXD3p, TXD34, and TXD3o pin
input/output data inversion switching. SPCR isinitialized to H'CO by areset.

Bit 0: RXD3; pininput datainversion switch

Bit 0 specifies whether or not RXD3; pin input dataisto be inverted.

Bit 0

SCINVO Description

0 RXD3; input data is not inverted (initial value)
1 RXD3; input data is inverted

Bit 1: TXD3; pin output datainversion switch

Bit 1 specifies whether or not TXD3; pin output datais to be inverted.

Bit 1

SCINV1 Description

0 TXD3; output data is not inverted (initial value)
1 TXD3; output data is inverted

Bit 2: RXD3, pin input datainversion switch

Bit 2 specifies whether or not RXD3, pin input dataisto be inverted.

Bit 2

SCINV2 Description

0 RXD3, input data is not inverted (initial value)
1 RXD3, input data is inverted
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Bit 3: TXD3; pin output data inversion switch

Bit 3 specifies whether or not TXD3, pin output dataiis to be inverted.

Bit 3

SCINV3 Description

0 TXD3, output data is not inverted (initial value)
1 TXD3, output data is inverted

Bit 4: P35/TXD31 pin function switch (SPC31)

This bit selects whether pin P35/TXD3; isused as P35 or as TXD3;j.

Bit 4

SPC31 Description

0 Functions as P35 I/O pin (initial value)
1 Functions as TXD3; output pin*

Note: * Set the TE bit in SCR3 after setting this bit to 1.

Bit 5: P4,/TXD3p pin function switch (SPC32)

This bit selects whether pin P4,/TXDz3, is used as P4, or as TXD ).

Bit 5

SPC32 Description

0 Functions as P4, 1/O pin (initial value)
1 Functions as TXD3, output pin*

Note: * Set the TE bit in SCRS3 after setting this bit to 1.

Bits 7 to 6: Reserved hits

Bits 7 to 6 are reserved; they are alwaysread as 1 and cannot be modified.
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10.3 Operation

10.3.1 Overview

SCI3 can perform serial communication in two modes: asynchronous mode in which
synchronization is provided character by character, and synchronous mode in which
synchronization is provided by clock pulses. The serial mode register (SMR) is used to select
asynchronous or synchronous mode and the data transfer format, as shown in table 10.8.

The clock source for SCI3 is determined by bit COM in SMR and bits CKE1 and CKEQ in SCR3,
as shown in table 10.9.

1.

Synchronous mode

Choice of 5-, 7-, or 8-bit data length

Choice of parity addition, multiprocessor bit addition, and addition of 1 or 2 stop bits. (The
combination of these parameters determines the data transfer format and the character length.)

Framing error (FER), parity error (PER), overrun error (OER), and break detection during
reception
Choice of internal or external clock as the clock source

When internal clock is selected: SCI3 operates on the baud rate generator clock, and a clock
with the same frequency as the bit rate can be output.

When external clock is selected: A clock with afrequency 16 times the bit rate must be input.
(The on-chip baud rate generator is not used.)

Synchronous mode

Datatransfer format: Fixed 8-bit data length

Overrun error (OER) detection during reception

Choice of internal or external clock as the clock source

When internal clock is selected: SCI3 operates on the baud rate generator clock, and a serial
clock is output.

When external clock is selected: The on-chip baud rate generator is not used, and SCI3
operates on the input serial clock.
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Table10.8 SMR Settingsand Corresponding Data Transfer Formats

SMR Data Transfer Format
bit7 bit6 bit2 bits5 bit3 Data Multiprocessor Parity Stop Bit
COM CHR MP PE STOP Mode Length  Bit Bit Length
0 0 0 0 0 Asynchronous 8-bit data No No 1 bit
1 mode 2 bits
1 0 Yes 1 bit
1 2 bits
1 0 0 7-bit data No 1 bit
1 2 bits
1 0 Yes 1 bit
1 2 bits
0 1 0 0 8-bit data Yes No 1 bit
1 2 bits
1 0 5-bit data No 1 bit
1 2 bits
1 0 0 7-bit data Yes 1 bit
1 2 bits
1 0 5-bit data No Yes 1 bit
1 2 bits
1 * 0 * * Synchronous 8-bit data No No No
mode
*: Don't care
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Table10.9 SMR and SCR3 Settings and Clock Sour ce Selection

SMR SCR3
bit7 bitl bitO Transmit/Receive Clock
COM CKE1 CKEO Mode Clock Source SCKgz, Pin Function
0 0 0 Asynchronous Internal 1/0 port (SCK3y pin not used)
1 mode Outputs clock with same frequency as bit rate
1 0 External Outputs clock with frequency 16 times bit rate
1 0 0 Synchronous Internal Outputs serial clock
1 0 mode External Inputs serial clock
0 1 1 Reserved (Do not specify these combinations)
1 0 1
1 1 1

3. Interrupts and continuous transmission/reception

SCI3 can carry out continuous reception using RX1 and continuous transmission using TXI.
These interrupts are shown in table 10.10.

Table 10.10 Transmit/Receive Interrupts

Interrupt Flags Interrupt Request Conditions Notes
RXI RDRF  When serial reception is performed The RXI interrupt routine reads the
RIE normally and receive data is transferred receive data transferred to RDR and
from RSR to RDR, bit RDRF is setto 1, clears bit RDRF to 0. Continuous
and if bit RIE is set to 1 at this time, RXI reception can be performed by
is enabled and an interrupt is requested. repeating the above operations until
(See figure 10.2 (a).) reception of the next RSR data is
completed.
TXI TDRE When TSR is found to be empty (on The TXI interrupt routine writes the
TIE completion of the previous transmission) next transmit data to TDR and clears
and the transmit data placed in TDR is  bit TDRE to 0. Continuous
transferred to TSR, bit TDRE is set to 1. transmission can be performed by
If bit TIE is set to 1 at this time, TXlis  repeating the above operations until
enabled and an interrupt is requested.  the data transferred to TSR has
(See figure 10.2 (b).) been transmitted.
TEI TEND When the last bit of the character in TEI indicates that the next transmit
TEIE TSR is transmitted, if bit TDRE is setto data has not been written to TDR

1, bit TEND is set to 1. If bit TEIE is set

to 1 at this time, TEl is enabled and an

interrupt is requested. (See figure 10.2

(c).)

when the last bit of the transmit
character in TSR is sent.
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RDR RDR

RSR (reception in progress) RSR1 (reception completed, transfer)

RXDg3y pin O—>| | | RXDg3y pin o—>| |

RDRF =0 RDRF « 1
(RXI request when RIE = 1)

Figure10.2 (a) RDRF Setting and RXI Interrupt

TDR (next transmit data) TDR
TSR (transmission in progress) TSR (transmission completed, transfer)
s, pin o[ ] | 105, pin o~ [
TDRE =0 TDRE ~ 1

(TXI request when TIE = 1)

Figure10.2 (b) TDRE Settingand TXI Interrupt

TDR TDR
TSR (transmission in progress) TSR (reception completed)
TXDay pin o<_| | | TXDay pin 0<—| |
TEND =0 TEND ~ 1

(TEI request when TEIE = 1)

Figure10.2 (c) TEND Setting and TEI Interrupt
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10.3.2  Operation in Asynchronous M ode

In asynchronous mode, serial communication is performed with synchronization provided
character by character. A start bit indicating the start of communication and one or two stop bits
indicating the end of communication are added to each character before it is sent.

SCI 3 has separate transmission and reception units, allowing full-duplex communication. Asthe
transmission and reception units are both double-buffered, data can be written during transmission
and read during reception, making possible continuous transmission and reception.

1. Datatransfer format

The general data transfer format in asynchronous communication is shown in figure 10.3.

(LSB) (MSB) 1
Serial | Start . . Parity Stop Mark
data bit Transmit/receive data bit bit(s) state
1 bit 5, 7 or 8 hits 1 bit 1 or 2 hits
or none

One transfer data unit (character or frame)

Figure10.3 Data Format in Asynchronous Communication

In asynchronous communication, the communication line is normally in the mark state (high
level). SCI3 monitors the communication line and when it detects a space (low level), identifies
this as a start bit and begins serial data communication.

One transfer data character consists of a start bit (low level), followed by transmit/receive data
(LSB-first format, starting from the least significant bit), a parity bit (high or low level), and
finally one or two stop bits (high level).

In asynchronous mode, synchronization is performed by the falling edge of the start bit during
reception. The datais sampled on the 8th pulse of aclock with afrequency 16 times the bit
period, so that the transfer datais latched at the center of each bit.
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Table 10.11 shows the 12 data transfer formats that can be set in asynchronous mode. The format
is selected by the settings in the serial mode register (SMR).
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Table 10.11 Data Transfer Formats (Asynchronous M ode)

SMR Serial Data Transfer Format and Frame Length
CHR PE MP STOP ‘1‘2‘3‘4‘5‘6‘7‘8‘9‘10‘11‘12‘
o o o o0 | s | 8-bit data [sror
0 0 0 1 | S | 8-bit data |STOP STOP
0 0 1 0
| S | 8-bit data |MPB|STOP‘
0 0 1 1 | S | 8-bit data |MPB|STOP|STOP|
0 1 0 0
|S | 8-bit data | P |STOP|
0 1 0 1 -
|S | 8-bit data | P |STOP|STOP‘
0 1 1 0
| S | 5-bit data |STOP
0 1 1 1
| S | 5-bit data |STOP|STOP|
1 0 0 0 -
| S | 7-bit data |STOP
1 0 0 1
| S | 7-bit data |STOP STOP|
1 0 1 0
| S | 7-bit data |MPB |STOP
1 0 1 1 | S | 7-bit data |MPB |STOP STOP|
1 1 0 0 |S | 7-bit data | P |STOP
1 1 0 1 |S | 7-bit data | P |STOP STOP|
1 1 1 0 |S | 5-bit data | P |STOP|
1 1 1 1 |S | 5-bit data | P |STOPSTOP
Notation:
S: Start bit
STOP: Stop bit
P: Parity bit

MPB: Multiprocessor bit

RENESAS
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2. Clock

Either an internal clock generated by the baud rate generator or an external clock input at the
SCK 3 pin can be selected as the SCI3 transmit/receive clock. The selection is made by means of
bit COM in SMR and bits SCE1 and CKEQ in SCR3. Seetable 10.9 for details on clock source
selection.

When an external clock isinput at the SCK 3y pin, the clock frequency should be 16 times the bit
rate.

When SCI3 operates on an internal clock, the clock can be output at the SCK 34 pin. In this case
the frequency of the output clock isthe same as the bit rate, and the phase is such that the clock
rises at the center of each bit of transmit/receive data, as shown in figure 10.4.

Clock

Serial | 0 |po|D1|D2|D3|D4a|D5 D6 D7 0] 1 1
data

‘ 1 character (1 frame)
\ \

Figure10.4 Phase Relationship between Output Clock and Transfer Data
(Asynchronous M ode) (8-bit data, parity, 2 stop bits)

3. Datatransfer operations
e SCl3initialization

Before datais transferred on SCI3, bits TE and RE in SCR3 must first be cleared to 0, and then
SCI3 must be initialized as follows.

Note: If the operation mode or data transfer format is changed, bits TE and RE must first be
cleared to O.

When bit TE iscleared to O, bit TDRE is set to 1.

Note that the RDRF, PER, FER, and OER flags and the contents of RDR are retained
when RE iscleared to O.

When an external clock is used in asynchronous mode, the clock should not be stopped
during operation, including initialization. When an external clock is used in synchronous
mode, the clock should not be supplied during operation, including initialization.
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Figure 10.5 shows an example of aflowchart for initializing SCI3.

( Start )

Clear bits TE and
RE to 0in SCR3

Set bits CKE1 1. Set clock selection in SCR3. Be sure to
and CKEO clear the other bits to 0. If clock output
is selected in asynchronous mode, the
clock is output immediately after setting
bits CKE1 and CKEDO. If clock output is
Set data transfer selected for reception in synchronous
2 format in SMR mode, the clock is output immediately
after bits CKE1, CKEOQ, and RE are
setto 1.

2. Set the data transfer format in the serial

3 | SetvalueinBRR mode register (SMR).

Wait 3. Write the value corresponding to the
transfer rate in BRR. This operation is
not necessary when an external clock
is selected.

Has 1-bit period
elapsed?

4. Wait for at least one bit period, then set

Yes bits TIE, RIE, MPIE, and TEIE in SCR3,
] and set bits RE and TE to 1 in PMRY7.
Set bits SPC31 and Setting bits TE and RE enables the TXD3x

SPC32101in SPCR and RXD3x pins to be used. In asynchronous
\ mode the mark state is established when
Set bits TIE, RIE, transmitting, and the idle state waiting for
MPIE, and TEIE in a start bit when receiving.
4 | SCR3, and set bits
REand TEto 1
in PMR7

End

Figure 10.5 Example of SCI3 Initialization Flowchart
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e Transmitting

Figure 10.6 shows an example of aflowchart for datatransmission. This procedure should be
followed for data transmission after initializing SCI 3.

Sets bits SPC31 and
SPC32to 1in SPCR

[
Read bit TDRE

1 in SSR 1. Read the serial status register (SSR)
and check that bit TDRE is setto 1,
——————— then write transmit data to the transmit
data register (TDR). When data is
No written to TDR, bit TDRE is cleared to 0
automatically.
(After the TE bit is set to 1, one frame of
Yes 1s is output, then transmission is possible.)
Write transmit 2. When continuing data transmission,
data to TDR be sure to read TDRE = 1 to confirm that

a write can be performed before writing
data to TDR. When data is written to
TDR, bit TDRE is cleared to 0
automatically.

Continue data
transmission?2

3. If a break is to be output when data

< transmission ends, set the port PCR to 1
and clear the port PDR to 0, then clear bit
Read bit TEND TE in SCR3to 0.

in SSR

>
Yes
Break output?
Yes

Set PDR =0,
PCR=1

Clear bit TEto O
in SCR3

Figure10.6 Example of Data Transmission Flowchart (Asynchronous M ode)
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SCI 3 operates as follows when transmitting data.

SCI3 monitors bit TDRE in SSR, and when it is cleared to 0, recognizes that data has been written
to TDR and transfers data from TDR to TSR. It then setsbit TDRE to 1 and starts transmitting. |If
bit TIE in SCR3 isset to 1 at thistime, a TXI request is made.

Seria dataistransmitted from the TXD3x pin using the relevant data transfer format in table
10.11. When the stop bit is sent, SCI3 checks bit TDRE. If bit TDRE is cleared to 0, SCI3
transfers datafrom TDR to TSR, and when the stop bit has been sent, starts transmission of the
next frame. If bit TDRE isset to 1, bit TEND in SSR hit is set to 1the mark state, in which 1sare
transmitted, is established after the stop bit has been sent. If bit TEIE in SCR3isset to 1 at this
time, a TEI request is made.

Figure 10.12 shows an example of the operation when transmitting in asynchronous mode.

Start Transmit Parity Stop Start Transmit Parity Stop Mark
bit data bit  bit bit data bit  bit state
b)) )]
Serial 1 | 0o |po|[p1]  |p7lon] 1o [polp1]  |p7[om] 1 1
data
| 1 frame | 1 frame |

TDRE ) |

TEND ? ? ) ? )

LSI TXI request TDRE TXI request TEI request
operation cleared to O

User Data written

processing to TDR

Figure10.7 Example of Operation when Transmitting in Asynchronous Mode
(8-bit data, parity, 1 stop bit)
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* Receiving

Figure 10.8 shows an example of aflowchart for datareception. This procedure should be
followed for data reception after initializing SCI3.

( Start )

1 Read bits OER, 1. Read bits OER, PER, and FER in the
PER, FER in SSR serial status register (SSR) to determine
if there is an error. If a receive error has
occurred, execute receive error
processing.
OER + PER
+FER=17 2. Read SSR and check that bit RDRF is
setto 1. Ifitis, read the receive data
in RDR. When the RDR data is read,
, Read bit RDRE bit RDRF is cleared to 0 automatically.
In SSR 3. When continuing data reception, finish
reading of bit RDRF and RDR before
receiving the stop bit of the current
NoO frame. When the data in RDR is read,
I bit RDRF is cleared to 0 automatically.
Yes
Read receive
data in RDR
4 Receive error
processing
-]
3 Continue data Yes
reception?
No
(A)
Clear bit RE to
0in SCR3
End
Figure10.8 Example of Data Reception Flowchart (Asynchronous M ode)
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Start receive 4. If areceive error has
4 error processing occurred, read bits OER,
Overrun error PER, and FER in SSR to

processing identify the error, and after
carrying out the necessary
error processing, ensure
that bits OER, PER, and
Yes FER are all cleared to 0.
Break? Reception cannot be
resumed if any of these
bits is set to 1. In the case
of a framing error, a break
can be detected by reading
the value of the RXD3y pin.

No

Framing error

processing
Clear bits OER, PER, Parity error (A)
FER to 0 in SSR processing

End of receive
error processing

Figure 10.8 Example of Data Reception Flowchart (Asynchronous M ode) (cont)
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SCI 3 operates as follows when receiving data.

SCI3 monitors the communication line, and when it detects a O start bit, performs internal
synchronization and begins reception. Reception is carried out in accordance with the relevant
data transfer format in table 10.11. The received dataisfirst placed in RSR in L SB-to-M SB order,
and then the parity bit and stop bit(s) are received. SCI3 then carries out the following checks.

e Parity check
SCI 3 checks that the number of 1 bits in the receive data conforms to the parity (odd or even)
set in bit PM in the serial mode register (SMR).

e Stop bit check
SCI3 checks that the stop bit is 1. If two stop bits are used, only the first is checked.
o Status check

SCI3 checks that bit RDRF is set to 0, indicating that the receive data can be transferred from
RSR to RDR.

If no receive error isfound in the above checks, bit RDRF is set to 1, and the receive datais stored
in RDR. If bit RIE isset to 1 in SCR3, an RXI interrupt isrequested. If the error checks identify a
receive error, bit OER, PER, or FER is set to 1 depending on the kind of error. Bit RDRF retains
its state prior to receiving the data. If bit RIE isset to 1 in SCR3, an ERI interrupt is requested.

Table 10.12 shows the conditions for detecting a receive error, and receive data processing.

Note: No further receive operations are possible while areceive error flag is set. Bits OER,
FER, PER, and RDRF must therefore be cleared to 0 before resuming reception.

Table 10.12 Receive Error Detection Conditions and Receive Data Processing

Receive Error Abbreviation Detection Conditions Receive Data Processing

Overrun error  OER When the next date receive Receive data is not transferred
operation is completed while bit  from RSR to RDR
RDREF is still setto 1 in SSR

Framing error FER When the stop bit is 0 Receive data is transferred
from RSR to RDR

Parity error PER When the parity (odd or even) set Receive data is transferred
in SMR is different from that of from RSR to RDR
the received data
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Figure 10.9 shows an example of the operation when receiving in asynchronous mode.

Start Receive Parity Stop Start Receive Parity Stop  Mark state
bit data bit  bit  bit data bit  bit  (idle state)
y)] )
Serial 1 |0 [po|[p1]|  [pr]oa] 1o [po]p1]  [p7jon]o | 1
data ) )
| 1 frame | 1 frame |

\ \ \
RDRF ) ,
(€
FER ) T T "

LSl RXI request RDRF O startbit ERI requestin
operation cleared to O detected response to
framing error
User RDR data read Framing error
processing processing

Figure 10.9 Example of Operation when Receiving in Asynchronous Mode
(8-bit data, parity, 1 stop bit)
10.3.3  Operation in Synchronous M ode

In synchronous mode, SCI3 transmits and receives data in synchronization with clock pulses. This
mode is suitable for high-speed serial communication.

SCI 3 has separate transmission and reception units, allowing full-duplex communication with a
shared clock.

As the transmission and reception units are both double-buffered, data can be written during
transmission and read during reception, making possible continuous transmission and reception.
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1. Datatransfer format

The general data transfer format in asynchronous communication is shown in figure 10.10.

* *
Serial
clock \_/—\_/—\_/—\_/—\_/—\_/—W ;
) LSB MSB
Serial ) Bito X Bit1 X Bit2 Bit3 X Bit4 Bit5 X Bit6 Bit 7 p(_ 4
data ‘
Don't |~ . Don't
care 8 bits care
One transfer data unit (character or frame)

Note: * High level except in continuous transmission/reception

Figure10.10 Data Format in Synchronous Communication

In synchronous communication, data on the communication line is output from one falling edge of
the serial clock until the next falling edge. Data confirmation is guaranteed at the rising edge of
the seria clock.

One transfer data character begins with the LSB and ends with the MSB. After output of the
MSB, the communication line retains the MSB state.

When receiving in synchronous mode, SCI3 latches receive data at the rising edge of the serial
clock.

The data transfer format uses a fixed 8-bit data length.
Parity and multiprocessor bits cannot be added.
2. Clock

Either an internal clock generated by the baud rate generator or an external clock input at the
SCK 3y pin can be selected as the SCI3 serial clock. The selection is made by means of bit COM
in SMR and bits CKE1 and CKEQ in SCR3. Seetable 10.9 for details on clock source selection.

When SCI3 operates on an internal clock, the serial clock is output at the SCK 3, pin. Eight pulses
of the serial clock are output in transmission or reception of one character, and when SCI3 is not
transmitting or receiving, the clock isfixed at the high level.
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3. Datatransfer operations
« SCi3initialization

Datatransfer on SCI3 first of all requires that SCI3 be initialized as described in 10.1.4 (3)(a).
SCI3 initialization, and shown in figure 10.5.

e Transmitting

Figure 10.11 shows an example of aflowchart for data transmission. This procedure should be
followed for data transmission after initializing SCI 3.

Sets bits SPC31 and
SPC32to 1in SPCR

4‘<—7

Read bit TDRE
in SSR

1. Read the serial status register (SSR) and
check that bit TDRE is set to 1, then write
transmit data to the transmit data register
(TDR). When data is written to TDR, bit
TDRE is cleared to 0 automatically, the

No clock is output, and data transmission is

started. When clock output is selected,

the clock is output and data transmission

Yes started when data is written to TDR.

Write transmit 2. When continuing data transmission, be
data to TDR sure to read TDRE =1 to confirm that

a write can be performed before writing

data to TDR. When data is written to

TDR, bit TDRE is cleared to 0 automatically.

Continue data
transmission?

Read bit TEND
in SSR

No

Yes

Clear bit TEto O
in SCR3

End

Figure10.11 Example of Data Transmission Flowchart (Synchronous M ode)
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SCI3 operates as follows when transmitting data.

SCI3 monitors bit TDRE in SSR, and when it is cleared to 0, recognizes that data has been written
to TDR and transfers datafrom TDR to TSR. It then sets bit TDRE to 1 and starts transmitting. If
bit TIE in SCR3 isset to 1 at thistime, a TXI request is made.

When clock output mode is selected, SCI3 outputs 8 serial clock pulses. When an external clock
is selected, datais output in synchronization with the input clock.

Serial dataistransmitted from the TXD3x pin in order from the LSB (bit 0) to the MSB (bit 7).
When the MSB (bit 7) is sent, checks bit TDRE. If bit TDRE is cleared to 0, SCI3 transfers data
from TDR to TSR, and starts transmission of the next frame. If bit TDRE is set to 1, SCI3 sets bit
TEND to 1in SSR, and after sending the MSB (bit 7), retains the MSB state. If bit TEIE in SCR3
issetto 1 at thistime, a TEI request is made.

After transmission ends, the SCK pin isfixed at the high level.

Note: Transmission isnot possible if an error flag (OER, FER, or PER) that indicates the data
reception statusis set to 1. Check that these error flags are all cleared to 0 before a
transmit operation.

Figure 10.12 shows an example of the operation when transmitting in synchronous mode.

- NVANVAWANVA WANVANVAWAVI I

)] Pl

Serial

Bit 0 Bit 1 Bit 7 Bit 0 Bit 1 Bit 6 Bit 7
data L L
1 frame 1 frame
TDRE :
Teno |t } , } .
LSl TXI request TDRE cleared  TXI request TEI request
operation to0
User Data written
processing to TDR
Figure10.12 Example of Operation when Transmitting in Synchronous M ode
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* Receiving

Figure 10.13 shows an example of aflowchart for data reception. This procedure should be
followed for data reception after initializing SCI3.

C
Read bit OER . . . .
1 in SSR 1. Read bit OER in the serial status register
(SSR) to determine if there is an error.
If an overrun error has occurred, execute
overrun error processing.
Yes
2. Read SSR and check that bit RDRF is
setto 1. Ifitis, read the receive data in
No RDR. When the RDR data is read, bit
RDRF is cleared to 0 automatically.
2 Read bit RDRF
in SSR 3. When continuing data reception, finish
reading of bit RDRF and RDR before
receiving the MSB (bit 7) of the current
frame. When the data in RDR is read,
No bit RDRF is cleared to 0 automatically.
4. If an overrun error has occurred, read bit
Yes OER in SSR, and after carrying out the
necessary error processing, clear bit OER
Read receive to 0. Reception cannot be resumed if bit
data in RDR OERis setto 1.
4 Overrun error
processing
4—‘
3 ContinM
reception?
No
Clear bit RE to 4 Start overrun
0in SCR3 error processing
End Overrun error

processing

Clear bit OER to
0in SSR

End of overrun
error processing

Figure 10.13 Example of Data Reception Flowchart (Synchronous M ode)
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SCI 3 operates as follows when receiving data.

SCI3 performsinternal synchronization and begins reception in synchronization with the serial
clock input or output.

Thereceived datais placed in RSR in LSB-to-MSB order.

After the data has been received, SCI3 checksthat bit RDRF is set to 0, indicating that the receive
data can be transferred from RSR to RDR.

If this check shows that there is no overrun error, bit RDRF is set to 1, and the receive datais
stored in RDR. If bit RIE isset to 1 in SCR3, an RXI interrupt is requested. If the check
identifies an overrun error, bit OER is set to 1.

Bit RDRF remainsset to 1. If bit RIE isset to 1in SCR3, an ERI interrupt is requested.
See table 10.12 for the conditions for detecting areceive error, and receive data processing.

Note:  No further receive operations are possible while areceive error flag is set. Bits OER,
FER, PER, and RDRF must therefore be cleared to 0 before resuming reception.

Figure 10.14 shows an example of the operation when receiving in synchronous mode.

VAV WAV WAV VANV W

Bit 7 Bit 0 ) Bit 7 Bit 0 Bit 1 Bit 6 Bit 7

\ v

Serial
data

1 frame 1 frame

RDRF [ ) (
OER / T ) )

| | f
LSI RXI request RDRE cleared RXI request ERI request in
operation to0 response to
overrun error
User RDR data read RDR data has Overrun error
processing not been read processing

(RDRF = 1)

Figure 10.14 Example of Operation when Receiving in Synchronous Mode

294
RENESAS




¢ Simultaneous transmit/receive

Figure 10.15 shows an example of aflowchart for a simultaneous transmit/receive operation. This
procedure should be followed for simultaneous transmission/reception after initializing SCI3.

Sets bits SPC31 and
SPC32to 1in SPCR

|
Read bit TDRE 1. Read the serial status register (SSR) and
1 in SSR check that bit TDRE is set to 1, then write
transmit data to the transmit data register
(TDR). When data is written to TDR, bit
No TDRE is cleared to 0 automatically.
2. Read SSR and check that bit RDRF is set
Yes to 1. Ifitis, read the receive data in RDR.
When the RDR data is read, bit RDRF is
Write transmit cleared to 0 automatically.
data to TDR - . .
3. When continuing data transmission/reception,
I — finish reading of bit RDRF and RDR before
- receiving the MSB (bit 7) of the current frame.
Read bit OER Before receiving the MSB (bit 7) of the current
in SSR frame, also read TDRE = 1 to confirm that a
write can be performed, then write data to TDR.
When data is written to TDR, bit TDRE is cleared
Yes to 0 automatically, and when the data in RDR is
OER =1? read, bit RDRF is cleared to 0 automatically.
No 4. If an overrun error has occurred, read bit OER
in SSR, and after carrying out the necessary
Read bit RDRF error processing, clear bit OER to 0. Tr_angms-
2 in SSR sion and reception cannot be resumed if bit
OER is setto 1.
See figure 10-13 for details on overrun error
processing.
No
Yes
Read receive data
in RDR
Overrun error
4 processing
T
Continue data es

3 transmission/reception?

No

Clear bits TE and
RE to 0 in SCR3

End

Figure10.15 Example of Simultaneous Data Transmission/Reception Flowchart
(Synchronous M ode)
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Notes: 1. When switching from transmission to simultaneous transmission/reception, check that
SCI3 has finished transmitting and that bits TDRE and TEND are set to 1, clear bit TE
to 0, and then set bits TE and RE to 1 smultaneoudly.

2. When switching from reception to simultaneous transmission/reception, check that
SCI3 hasfinished receiving, clear bit RE to 0, then check that bit RDRF and the error
flags (OER, FER, and PER) are cleared to O, and finally set bits TE and RE to 1
simultaneously.

10.3.4  Multiprocessor Communication Function

The multiprocessor communication function enables data to be exchanged among a number of
processors on a shared communication line. Serial data communication is performed in
asynchronous mode using the multiprocessor format (in which a multiprocessor bit is added to the
transfer data).

In multiprocessor communication, each receiver isassigned itsown ID code. The serial
communication cycle consists of two cycles, an ID transmission cyclein which the receiver is
specified, and a data transmission cycle in which the transfer data is sent to the specified receiver.
These two cycles are differentiated by means of the multiprocessor bit, 1 indicating an ID
transmission cycle, and 0, a data transmission cycle.

The sender first sends transfer data with a 1 multiprocessor bit added to the ID code of the receiver
it wants to communicate with, and then sends transfer data with a 0 multiprocessor bit added to the
transmit data. When areceiver receives transfer data with the multiprocessor bit set to 1, it
compares the ID code with its own ID code, and if they are the same, receives the transfer data
sent next. If the ID codes do not match, it skips the transfer data until data with the multiprocessor
bit set to 1 is sent again.

In thisway, a number of processors can exchange data among themselves.

Figure 10.16 shows an example of communication between processors using the multiprocessor
format.
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Sender

Communication line

¢
¢ ' ' '

Receiver A Receiver B Receiver C Receiver D
(ID=01) (ID=02) (ID =03) (ID=04)
Serial
data / H'01 / H'AA /
(MPB =1) (MPB = 0)

‘ ID transmission cycle ‘ Data transmission cycle ‘
(specifying the receiver) (sending data to the receiver
specified buy the ID)

MPB: Multiprocessor bit

Figure10.16 Example of Inter-Processor Communication Using M ultiprocessor Format
(Sending data H'AA toreceiver A)

There isachoice of four datatransfer formats. If a multiprocessor format is specified, the parity
bit specification isinvalid. Seetable 10.11 for details.

For details on the clock used in multiprocessor communication, see 10.1.4, Operation in
Synchronous Mode.

» Multiprocessor transmitting

Figure 10.17 shows an example of aflowchart for multiprocessor data transmission. This
procedure should be followed for multiprocessor data transmission after initializing SCI3.
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Sets bits SPC31 and
SPC32to 1in SPCR

‘

Read bit TDRE 1. Read the serial status register (SSR)
in SSR and check that bit TDRE is set to 1,
then set bit MPBT in SSR to 0 or 1 and
write transmit data to the transmit data
register (TDR). When data is written to

No TDR, bit TDRE is cleared to 0 automatically.
2. When continuing data transmission, be
Yes sure to read TDRE =1 to confirm that a
Set bit MPDT write can be performed before writing data
et ISSR to TDR. When data is written to TDR, bit
n TDRE is cleared to 0 automatically.
3. Ifa break is to be output when data
Write transmit transmission ends, set the port PCR to 1
data to TDR and clear the port PDR to 0O, then clear bit

TE in SCR3 to 0.

Continue data

2 L
ransmission?
<o
Read bit TEND
in SSR
3

Break output?

Yes

Clear bit TE to
0in SCR3

End

Figure10.17 Example of Multiprocessor Data Transmission Flowchart
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SCI 3 operates as follows when transmitting data.

SCI3 monitors bit TDRE in SSR, and when it is cleared to 0, recognizes that data has been written
to TDR and transfers data from TDR to TSR. It then setsbit TDRE to 1 and starts transmitting. |If
bit TIE in SCR3 isset to 1 at thistime, a TXI request is made.

Serial dataistransmitted from the TXD pin using the relevant data transfer format in table 10.11.
When the stop hit is sent, SCI3 checks bit TDRE. If bit TDRE is cleared to 0, SCI3 transfers data
from TDR to TSR, and when the stop bit has been sent, starts transmission of the next frame. If
bit TDRE isset to 1 bit TEND in SSR hit is set to 1, the mark state, in which 1s are transmitted, is
established after the stop bit has been sent. If bit TEIE in SCR3issetto 1 at thistime, aTEI
request is made.

Figure 10.18 shows an example of the operation when transmitting using the multi processor
format.

Start Transmit Stop Start Transmit Stop Mark
bit data MPB bit  bit data MPB bit state
i i
serial 1 |0 [po|p1| [p7lon] 1o |pofp1] | |po7]on] 1 1
data 1 1§
L 1 frame ap 1 frame |

!
TDRE |

TEND ? ? { ? {t

LSI TXlrequest TDRE TXI request TEI request
operation cleared to O

User Data written

processing to TDR

Figure 10.18 Example of Operation when Transmitting using M ultiprocessor For mat
(8-bit data, multiprocessor bit, 1 stop bit)

» Multiprocessor receiving

Figure 10.19 shows an example of aflowchart for multiprocessor data reception. This procedure
should be followed for multiprocessor data reception after initializing SCI3.
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Start

'

Set bit MPIE to 1
in SCR3

Read bits OER
and FER in SSR

OER + FER =1?

No

Yes

Read bit RDRF
in SSR

Yes

Read receive
data in RDR

Own ID?

Yes

Read bits OER
and FER in SSR

No

Read bit RDRF
in SSR

Yes

Read receive
data in RDR

Receive error
processing

[$2)

Continue data
reception?

No

Yes

Clear bit RE to
0in SCR3

End

(Y

Set bit MPIE to 1 in SCR3.

Read bits OER and FER in the serial
status register (SSR) to determine if

there is an error. If a receive error has
occurred, execute receive error processing.

Read SSR and check that bit RDRF is
setto 1. Ifitis, read the receive data in
RDR and compare it with this receiver's
own ID. If the ID is not this receiver's,
set bit MPIE to 1 again. When the RDR
data is read, bit RDRF is cleared to 0
automatically.

Read SSR and check that bit RDRF is
set to 1, then read the data in RDR.

If a receive error has occurred, read bits
OER and FER in SSR to identify the error,
and after carrying out the necessary error
processing, ensure that bits OER and FER
are both cleared to 0. Reception cannot be
resumed if either of these bits is set to 1.

In the case of a framing error, a break can
be detected by reading the value of the
RXD3y pin.

Figure10.19 Example of Multiprocessor Data Reception Flowchart
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Start receive
error processing

Overrun error

processing
]
Yes
Break?
No
No Framing error
processing
Clear bits OER and ‘
FER to 0 in SSR
(A)

End of receive

error processing

Figure10.19 Example of Multiprocessor Data Reception Flowchart (cont)

Figure 10.20 shows an example of the operation when receiving using the multiprocessor format.
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Start Receive Stop Start Receive data Stop Mark state

bit data (ID1) MPB bit bit (Datal) MPB bit  (idle state)
)L )
Seial 1 | o [po|p1]  [p7]1 1o |po[p1]  |D7]o0 |1 1
data “
\ 1 frame | 1 frame |
\ \ \
L {t
MPIE \
RDRF @ / 0
/ / |
RDR ID1
value
LSI RXI request RDRF cleared No RXI request
operation MPIE cleared to0 RDR retains
to0 previous state
User RDR data read When data is not
processing this receiver's ID,
bit MPIE is set to
1 again
(a) When data does not match this receiver's ID
Start Receive Stop Start Receive data Stop Mark state
bit data (ID2) MPB bit  bit (Data2) MPB  bit (idle state)
) )
Serial 1 |0 |[po|p1|  |p7] 1 1]o|po|pbi] [p7]o |1 1
data
\ 1 frame | 1 frame |
\ \ \
).
MPIE ‘ ). ’7
RDRF ) / \ 2
/ / / bd
RDR ID1 ID2 Data2 \
value
LSl RXI request RDRF cleared RXIrequest RDRF cleared
operation MPIE cleared to0 to 0
to0
User RDR data read When data is RDR data read
processing this receiver's Bit MPIE set to
ID, reception 1 again
is continued

(b) When data matches this receiver's ID

Figure 10.20 Example of Operation when Receiving using Multiprocessor For mat
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104  Interrupts

SCI3 can generate six kinds of interrupts: transmit end, transmit data empty, receive data full, and
three receive error interrupts (overrun error, framing error, and parity error). These interrupts have
the same vector address.

The variousinterrupt requests are shown in table 10.13.

Table 10.13 SCI 3 Interrupt Requests

Interrupt Vector
Abbreviation Interrupt Request Address

RXI Interrupt request initiated by receive data full flag (RDRF) H'0022/H'0024
TXI Interrupt request initiated by transmit data empty flag (TDRE)

TEI Interrupt request initiated by transmit end flag (TEND)

ERI Interrupt request initiated by receive error flag (OER, FER, PER)

Each interrupt request can be enabled or disabled by means of bits TIE and RIE in SCR3.

When bit TDRE isset to 1in SSR, a TXI interrupt is requested. When bit TEND issetto 1in
SSR, aTEI interrupt is requested. These two interrupts are generated during transmission.

Theinitial value of bit TDRE in SSRis 1. Therefore, if the transmit data empty interrupt request
(TXI) isenabled by setting bit TIE to 1 in SCR3 before transmit dataistransferred to TDR, a TXI
interrupt will be requested even if the transmit datais not ready.

Also, theinitial value of bit TEND in SSRis 1. Therefore, if the transmit end interrupt request
(TEI) isenabled by setting bit TEIE to 1 in SCR3 before transmit datais transferred to TDR, a TEI
interrupt will be requested even if the transmit data has not been sent.

Effective use of these interrupt requests can be made by having processing that transfers transmit
datato TDR carried out in the interrupt service routine.

To prevent the generation of these interrupt requests (TXI and TEI), on the other hand, the enable
bits for these interrupt requests (bits TIE and TEIE) should be set to 1 after transmit data has been
transferred to TDR.

When bit RDRF isset to 1 in SSR, an RXI interrupt is requested, and if any of bits OER, PER, and
FERissetto 1, an ERI interrupt is requested. These two interrupt requests are generated during
reception.

For further details, see 3.3, Interrupts.
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10.5 Application Notes
The following points should be noted when using SCI 3.
1. Relation between writesto TDR and bit TDRE

Bit TDRE in the seria statusregister (SSR) is a status flag that indicates that data for serial
transmission has not been prepared in TDR. When datais written to TDR, bit TDRE is cleared to
0 automatically. When SCI3 transfers datafrom TDR to TSR, bit TDRE is set to 1.

Data can be written to TDR irrespective of the state of bit TDRE, but if new datais written to
TDR while bit TDRE is cleared to 0, the data previously stored in TDR will be lost of it has not
yet been transferred to TSR. Accordingly, to ensure that serial transmission is performed
dependably, you should first check that bit TDRE is set to 1, then write the transmit datato TDR
once only (not two or more times).

2. Operation when a number of receive errors occur simultaneously

If anumber of receive errors are detected simultaneoudly, the status flagsin SSR will be set to the
states shown in table 10.14. If an overrun error is detected, data transfer from RSR to RDR will
not be performed, and the receive data will be lost.

Table 10.14 SSR Status Flag States and Receive Data Transfer

SSR Status Flags Receive Data Transfer
RDRF* OER FER PER RSR - RDR Receive Error Status
1 1 0 0 X Overrun error
0 0 1 0 (0] Framing error
0 0 0 1 (0] Parity error
1 1 1 0 X Overrun error + framing error
1 1 0 1 X Overrun error + parity error
0 0 1 1 (0] Framing error + parity error
1 1 1 1 X Overrun error + framing error + parity error

O : Receive data is transferred from RSR to RDR.
X : Receive data is not transferred from RSR to RDR.

Note: * Bit RDRF retains its state prior to data reception. However, note that if RDR is read after an
overrun error has occurred in a frame because reading of the receive data in the previous
frame was delayed, RDRF will be cleared to 0.
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3. Break detection and processing

When aframing error is detected, a break can be detected by reading the value of the RXDz3y pin
directly. Inabreak, the input from the RXD3y, pin becomes all Os, with the result that bit FER is
set and bit PER may also be set.

SCI 3 continues the receive operation even after receiving abreak. Note, therefore, that even
though bit FER is cleared to O it will be set to 1 again.

4. Mark state and break detection

When bit TE iscleared to 0, the TXD3y pin functions as an 1/O port whaose input/output direction
and level are determined by PDR and PCR. Thisfact can be used to set the TXD3y pin to the
mark state, or to detect a break during transmission.

To keep the communication line in the mark state (1 state) until bit TE isset to 1, set PCR = 1 and
PDR = 1. Since bit TE iscleared to 0 at thistime, the TXD3y pin functionsasan 1/O port and 1 is
output.

To detect abreak, clear bit TE to 0 after setting PCR = 1 and PDR = 0.

When bit TE is cleared to 0, the transmission unit isinitialized regardless of the current
transmission state, the TXD3y pin functions as an 1/O port, and 0 is output from the TXD3y pin.

5. Receive error flags and transmit operation (synchronous mode only)

When areceive error flag (OER, PER, or FER) is set to 1, transmission cannot be started even if
bit TDRE is cleared to 0. Thereceive error flags must be cleared to 0 before starting transmission.

Note also that receive error flags cannot be cleared to 0 even if bit RE is cleared to 0.
6. Receive data sampling timing and receive margin in asynchronous mode

In asynchronous mode, SCI3 operates on a basic clock with afrequency 16 times the transfer rate.
When receiving, SCI3 performs internal synchronization by sampling the falling edge of the start
bit with the basic clock. Receive dataislatched internally at the 8th rising edge of the basic clock.
Thisisillustrated in figure 10.21.
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Figure10.21 Receive Data Sampling Timing in Asynchronous Mode

Consequently, the receive margin in asynchronous mode can be expressed as shown in equation

.

D-05 —(L —0.5) F} x 100 [%]

_ 1
M ={(0.5- >N ) — N A A S Equation (1)

where

M: Receive margin (%)

N: Ratio of hit rateto clock (N = 16)

D: Clock duty (D =0.5t0 1.0)

L: Framelength (L = 9to 12)

F: Absolute value of clock frequency deviation

Substituting O for F (absolute value of clock frequency deviation) and 0.5 for D (clock duty) in
equation (1), areceive margin of 46.875% is given by equation (2).

WhenD =0.5and F=0,
M ={05— 1/(2 x 16)} x 100 [%]
=46875%% .. Equation (2)

However, thisis only a computed value, and a margin of 20% to 30% should be allowed when
carrying out system design.
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7. Relation between RDR reads and bit RDRF

In areceive operation, SCI3 continually checks the RDRF flag. If bit RDRF is cleared to 0 when
reception of one frame ends, normal data reception is completed. If bit RDRFisset to 1, this
indicates that an overrun error has occurred.

When the contents of RDR are read, bit RDRF is cleared to 0 automatically. Therefore, if bit
RDR is read more than once, the second and subsequent read operations will be performed while
bit RDRF is cleared to 0. Note that, when an RDR read is performed while bit RDRF is cleared to
0, if the read operation coincides with completion of reception of aframe, the next frame of data
may beread. Thisisillustrated in figure 10.22.

| Frame 1 | Frame 2 | Frame 3

Communication ‘

line Data 1 Data 2 ‘ Data 3

RDR Data 1 Data 2

e

RDR read RDR read

Data 1 is read at point (A)
Data 2 is read at point (B)

Figure10.22 Relation between RDR Read Timing and Data

In this case, only asingle RDR read operation (not two or more) should be performed after first
checking that bit RDRF isset to 1. If two or more reads are performed, the data read the first time
should be transferred to RAM, etc., and the RAM contents used. Also, ensure that thereis
sufficient margin in an RDR read operation before reception of the next frameis completed. To
be precisein terms of timing, the RDR read should be completed before bit 7 is transferred in
synchronous mode, or before the STOP hit is transferred in asynchronous mode.

8. Transmit and receive operations when making a state transition

Make sure that transmit and receive operations have completely finished before carrying out state
transition processing.
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9. Switching SCK 3 function

If pin SCK 3 is used as a clock output pin by SCI3 in synchronous mode and is then switched to a
general input/output pin (a pin with a different function), the pin outputs alow level signa for half
asystem clock (@) cycleimmediately after it is switched.

This can be prevented by either of the following methods according to the situation.
a. When an SCK 3 function is switched from clock output to non clock-output

When stopping data transfer, issue one instruction to clear bits TE and RE to 0 and to set bits
CKE1 and CKEQ in SCR3to 1 and O, respectively. In thiscase, bit COM in SMR should be left 1.
The above prevents SCK 3 from being used as a general input/output pin. To avoid an intermediate
level of voltage from being applied to SCK 3, the line connected to SCK 3 should be pulled up to
the V¢ level viaaresistor, or supplied with output from an external device.

b. When an SCK 3 function is switched from clock output to general input/output

When stopping data transfer,

(i) Issueoneinstruction to clear bits TE and RE to 0 and to set bits CKE1 and CKEOQ in SCR3 to
1 and 0, respectively.

(ii) Clear bit COM in SMRto 0

(iii) Clear bits CKE1 and CKEO in SCR3t0 0

Note that special care is also needed here to avoid an intermediate level of voltage from being
applied to SCK 3.

10. Set up at subactive or subsleep mode

At subactive or subsleep mode, SCI3 becomes possible use only at CPU clock is gw/2.
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Section 11 14-Bit PWM

111 Overview

The H8/3864 Seriesis provided with a 14-bit PWM (pulse width modulator) on-chip, which can
be used as a D/A converter by connecting alow-pass filter.

11.11 Features
Features of the 14-bit PWM are as follows.
» Choice of two conversion periods

Any of the following four conversion periods can be chosen:

131,072/g, with a minimum modulation width of 8/ (PWCR1 = 1, PWCRO = 1)
65,536/g, with a minimum modulation width of 4/ (PWCR1 = 1, PWCRO = 0)
32,768/g, with a minimum modulation width of 2/ (PWCR1 = 0, PWCRO = 1)
16,384/, with a minimum modulation width of /g (PWCR1 = 0, PWCRO = 0)

e Pulsedivision method for less ripple

« Use of module standby mode enables this module to be placed in standby mode independently
when not used.

11.1.2 Block Diagram

Figure 11.1 shows a block diagram of the 14-bit PWM.
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Notation:

PWDRL: PWM data register L
PWDRU: PWM data register U

PWCR:

PWM control register

11.1.3

Figure11.1 Block Diagram of the 14 bit PWM

Pin Configuration

Table 11.1 shows the output pin assigned to the 14-bit PWM.

Table11.1 Pin Configuration

Name

Abbrev.

110 Function

PWM output pin

PWM

Output

Pulse-division PWM waveform output

1114

Register Configuration

Table 11.2 shows the register configuration of the 14-bit PWM.

Table11.2 Register Configuration

Name Abbrev. R/W Initial Value  Address
PWM control register PWCR w H'FC H'FFDO
PWM data register U PWDRU w H'CO H'FFD1
PWM data register L PWDRL w H'00 H'FFD2
Clock stop register 2 CKSTPR2 R/W H'FF H'FFFB

310

RENESAS




11.2  Register Descriptions

11.21 PWM Control Register (PWCR)

Bit 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ — ‘ — ‘ — ‘ — ‘ PWCR1 ‘ PWCRO ‘
Initial value 1 1 1 1 1 1 0 0
Read/Write — — — — — — w w

PWCR is an 8-bit write-only register for input clock selection.

Upon reset, PWCR isinitialized to H'FC.

Bits 7 to 2: Reserved bits

Bits 7 to 2 are reserved; they are always read as 1, and cannot be modified.
Bits 1 and 0: Clock select 1 and O (PWCR1, PWCRO0)

Bits 1 and O select the clock supplied to the 14-bit PWM. These bits are write-only bits; they are
awaysread as 1.

Bit 1 Bit 0
PWCR1 PWCRO Description

0 0 The input clock is @/2 (te* = 2/g) (initial value)
The conversion period is 16,384/g, with a minimum
modulation width of 1/g

0 1 The input clock is g/4 (tg* = 4/g)
The conversion period is 32,768/, with a minimum
modulation width of 2/g

1 0 The input clock is /8 (tg* = 8/g)
The conversion period is 65,536/g, with a minimum
modulation width of 4/a

1 1 The input clock is g/16 (te* = 16/9)
The conversion period is 131,072/g, with a minimum
modulation width of 8/g

Note: * Period of PWM input clock.
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1122 PWM DataRegistersU and L (PWDRU, PWDRL)

PWDRU
Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘PWDRUS‘PWDRU4‘PWDRU3‘PWDRU2‘PWDRUl‘PWDRUO‘
Initial value 1 1 0 0 0 0 0 0
Read/Write — — w w w w w w
PWDRL
Bit 7 6 5 4 3 2 1 0
‘PWDRL?‘ PWDRLG‘ PWDRLS‘ PWDRL4‘PWDRL3‘PWDRL2‘ PWDRLl‘PWDRLO‘
Initial value 0 0 0 0 0 0 0 0
Read/Write w w w w w w w w

PWDRU and PWDRL form a 14-bit write-only register, with the upper 6 bits assigned to PWDRU
and the lower 8 hitsto PWDRL. The value written to PWDRU and PWDRL gives the total high-
level width of one PWM waveform cycle.

When 14-bit datais written to PWDRU and PWDRL, the register contents are latched in the PWM
waveform generator, updating the PWM waveform generation data. The 14-bit data should
always be written in the following sequence:

1. Writethelower 8 bitsto PWDRL.
2. Write the upper 6 bitsto PWDRU.
PWDRU and PWDRL are write-only registers. If they areread, all bitsareread as 1.

Upon reset, PWDRU and PWDRL are initialized to H'C000.

11.2.3 Clock Stop Register 2 (CKSTPR2)

Bit 7 6 5 4 3 2 1 0

— | — | — | — |AECKSTP WDCKSTP|PWCKSTP| LDCKSTP
Initial value 1 1 1 1 1 1 1 1
Read/Write — — — — RW R/W RW RW

CKSTPR2 is an 8-hit read/write register that performs module standby mode control for peripheral
modules. Only the bit relating to the PWM is described here. For details of the other bits, see the
sections on the relevant modules.
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Bit 1: PWM module standby mode control (PWCKSTP)
Bit 1 controls setting and clearing of module standby mode for the PWM.

PWCKSTP Description

0 PWM is set to module standby mode

1 PWM module standby mode is cleared (initial value)
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11.3 Operation

11.3.1 Operation
When using the 14-bit PWM, set the registersin the following sequence.

1. Set bit PWM in port mode register 3 (PMR3) to 1 so that pin P35/PWM is designated for PWM
output.

2. Set hits PWCR1 and PWCRO in the PWM control register (PWCR) to select a conversion
period of 131,072/g (PWCR1 = 1, PWCRO = 1), 65,536/g (PWCR1 = 1, PWCRO0 = 0),
32,768/ (PWCR1 = 0, PWCRO = 1), or 16,384/ (PWCR1 = 0, PWCRO = 0).

3. Set the output waveform datain PWM dataregisters U and L (PWDRU/L). Be sureto writein
the correct sequence, first PWDRL then PWDRU. When datais written to PWDRU, the data
in these registers will be latched in the PWM waveform generator, updating the PWM
waveform generation in synchronization with internal signals.

One conversion period consists of 64 pulses, as shown in figure 11.2. Thetota of the high-
level pulse widths during this period (T) corresponds to the datain PWDRU and PWDRL.
Thisrelation can be represented as follows.

Ty = (datavalue in PWDRU and PWDRL + 64) x t4/2

where tg isthe PWM input clock period: 2/g (PWCR = H'0), 4/g (PWCR = H'1), 8/g (PWCR =
H'2), or 16/ (PWCR = H'3).

Example: Settingsin order to obtain a conversion period of 32,768 ps:
When PWCR1 = 0 and PWCRO = 0, the conversion period is 16,384/g, so g must be
0.5 MHz. Inthiscasg, tfn = 512 ps, with 1/g (resolution) = 2.0 ps.
When PWCR1 = 0 and PWCRO = 1, the conversion period is 32,768/g, so @ must be 1
MHz. Inthiscase, tfn = 512 ps, with 2/g (resolution) = 2.0 ps.
When PWCRL1 = 1 and PWCRO = 0, the conversion period is 65,536/@ , so @ must be 2
MHz. Inthiscase, tfn = 512 us, with 4/@ (resolution) = 2.0 ps.
Accordingly, for aconversion period of 32,768 s, the system clock frequency (o)
must be 0.5 MHz, 1 MHz, or 2 MHz.
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Figure11.2 PWM Output Waveform

11.3.2 PWM Operation Modes

PWM operation modes are shown in table 11.3.

Table11.3 PWM Operation Modes

Operation Module
Mode Reset Active Sleep Watch Subactive Subsleep Standby Standby
PWCR Reset Functions Functions Held Held Held Held Held
PWDRU Reset Functions Functions Held Held Held Held Held
PWDRL  Reset Functions Functions Held Held Held Held Held
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Section 12 A/D Converter

121  Overview

The H8/3864 Series includes on-chip aresistance-ladder-based successive-approximation analog-
to-digital converter, and can convert up to 8 channels of analog input.

12.1.1 Features

The A/D converter has the following features.

10-bit resolution

Eight input channels

Conversion time; approx. 15.5 ps per channel (at 2 MHz operation)
Built-in sample-and-hold function

Interrupt requested on completion of A/D conversion

A/D conversion can be started by external trigger input

Use of module standby mode enables this modul e to be placed in standby mode independently
when not used.
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12.1.2

Block Diagram

Figure 12.1 shows ablock diagram of the A/D converter.

ADTRG

ANy
AN,
AN,
ANj
AN,
ANg
ANg
AN

AVce

AVgs

O

O—»
O—»
O—»

O—» .
Multiplexer
O—»

11

AMR

ADSR

Reference
voltage

Y

Control logic

Notation:

AMR:
ADSR:
ADRR:
IRRAD:

A/D mode register
A/D start register
A/D result register

ADRRH
ADRRL

Internal data bus

A/D conversion end interrupt request flag

— |IRRAD
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12.1.3  Pin Configuration

Table 12.1 shows the A/D converter pin configuration.

Table12.1 Pin Configuration

Name Abbrev. I/0 Function

Analog power supply AVCC Input Power supply and reference voltage of analog part
Analog ground AVSS Input Ground and reference voltage of analog part
Analog input 0 ANO Input Analog input channel 0

Analog input 1 AN1 Input Analog input channel 1

Analog input 2 AN2 Input Analog input channel 2

Analog input 3 AN3 Input Analog input channel 3

Analog input 4 AN4 Input Analog input channel 4

Analog input 5 AN5 Input Analog input channel 5

Analog input 6 AN6 Input Analog input channel 6

Analog input 7 AN7 Input Analog input channel 7

External trigger input  ADTRG Input External trigger input for starting A/D conversion

12.1.4 Register Configuration

Table 12.2 shows the A/D converter register configuration.

Table12.2 Register Configuration

Name Abbrev. R/W Initial Value Address
A/D mode register AMR R/W H'30 H'FFC6
A/D start register ADSR R/W H'7F H'FFC7
A/D result register H ADRRH R Not fixed H'FFC4
A/D result register L ADRRL R Not fixed H'FFC5
Clock stop register 1 CKSTPRT1 R/W H'FF H'FFFA
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12.2  Register Descriptions

1221  A/D Result Registers (ADRRH, ADRRL)

Bit 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
‘ADRQ‘ADR8‘ADR7‘ADRG‘ADRS‘ADR4‘ADR3‘ADR2‘ADR1‘ADRO‘ — ‘ — ‘ — ‘ — ‘ — ‘ —_ ‘

Initial value Not Not Not Not Not Not Not Not Not Not — — — — — —
fixed fixed fixed fixed fixed fixed fixed fixed fixed fixed
Read/Write R R R R R R R R R R — — — — — —_

ADRRH ADRRL

ADRRH and ADRRL together comprise a 16-bit read-only register for holding the results of
anal og-to-digital conversion. The upper 8 bits of the data are held in ADRRH, and the lower 2
bitsin ADRRL.

ADRRH and ADRRL can be read by the CPU at any time, but the ADRRH and ADRRL values
during A/D conversion are not fixed. After A/D conversion is complete, the conversion result is
stored as 10-bit data, and this datais held until the next conversion operation starts.

ADRRH and ADRRL are not cleared on reset.

1222 A/D Mode Register (AMR)

Bit 7 6 5 4 3 2 1 0

‘ CKS ‘ TRGE ‘ — ‘ — ‘ CH3 ‘ CH2 ‘ CH1 ‘ CHO ‘
Initial value 0 0 1 1 0 0 0 0
Read/Write R/W R/W — — R/W R/W R/W R/W

AMR isan 8-bit read/write register for specifying the A/D conversion speed, external trigger
option, and the analog input pins.

Upon reset, AMR isinitialized to H'30.
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Bit 7: Clock select (CKS)

Bit 7 setsthe A/D conversion speed.

Bit 7 Conversion Time
CKS Conversion Period 2 =1MHz 2 =5MHz
0 62/ (initial value) 62 us 3lps

1 3l/e 31 pus 15.5 ps*

Note: * Operation is not guaranteed if the conversion time is less than 15.5 ps. Set bit 7 for a value

of at least 15.5 ps.

Bit 6: External trigger select (TRGE)

Bit 6 enables or disables the start of A/D conversion by external trigger input.

Bit 6

TRGE Description

0 Disables start of A/D conversion by external trigger (initial value)
1 Enables start of A/D conversion by rising or falling edge of external trigger at pin

ADTRG*

Note: * The external trigger (ADTRG) edge is selected by bit INTEG4 of IEGR. See 1. Interrupt

edge select register (IEGR) in 3.3.2 for details.

Bits5 and 4: Reserved bits

Bits 5 and 4 are reserved; they are alwaysread as 1, and cannot be modified.

RENESAS
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Bits 3to 0: Channel select (CH3 to CHO)
Bits 3 to 0 select the analog input channel.

The channel selection should be made while bit ADSF is cleared to O.

Bit 3 Bit 2 Bit 1 Bit 0

CH3 CH2 CH1 CHO Analog Input Channel

0 0 * * No channel selected (initial value)

0 1 0 0 ANO

0 1 0 1 AN1

0 1 1 0 AN2

0 1 1 1 AN3

1 0 0 0 AN4

1 0 0 1 ANS5

1 0 1 0 ANG

1 0 1 1 AN7

Note: * Don’t care

1223 A/D Start Register (ADSR)

Bit 7 6 5 4 3 2 1 0
R e e e

Initial value 0 1 1 1 1 1 1 1

Read/Write R/W — — — — — _ _

The A/D start register (ADSR) is an 8-bit read/write register for starting and stopping A/D
conversion.

A/D conversion is started by writing 1 to the A/D start flag (ADSF) or by input of the designated
edge of the external trigger signal, which also sets ADSFto 1. When conversion is complete, the
converted datais setin ADRRH and ADRRL, and at the sametime ADSF is cleared to 0.
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Bit 7: A/D start flag (ADSF)

Bit 7 controls and indicates the start and end of A/D conversion.

Bit 7

ADSF Description

0 Read: Indicates the completion of A/D conversion (initial value)
Write: Stops A/D conversion

1 Read: Indicates A/D conversion in progress

Write: Starts A/D conversion

Bits 6 to 0: Reserved bits

Bits 6 to 0 are reserved; they are always read as 1, and cannot be modified.

12.24 Clock Stop Register 1 (CKSTPR1)

Bit 7 6 5 4 3 2 1 0

— |SSlCKSTP|S32CKSTP|ADCKSTP|TGCKSTP TFCKSTP | TCCKSTP | TACKSTP
Initial value 1 1 1 1 1 1 1 1
Read/Write RW R/W RW RW RW R/W RW RW

CKSTPR1 isan 8-bit read/write register that performs module standby mode control for peripheral
modules. Only the bit relating to the A/D converter is described here. For details of the other bits,
see the sections on the relevant modules.

Bit 4: A/D converter module standby mode control (ADCKSTP)
Bit 4 controls setting and clearing of module standby mode for the A/D converter.

ADCKSTP  Description

0 A/D converter is set to module standby mode

1 A/D converter module standby mode is cleared (initial value)
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12.3  Operation

12.3.1 A/D Conversion Operation

The A/D converter operates by successive approximations, and yields its conversion result as 10-
bit data.

A/D conversion begins when software setsthe A/D start flag (bit ADSF) to 1. Bit ADSF keeps a
value of 1 during A/D conversion, and is cleared to 0 automatically when conversion is complete.

The completion of conversion also sets bit IRRAD in interrupt request register 2 (IRR2) to 1. An
A/D conversion end interrupt is requested if bit IENAD in interrupt enable register 2 (IENR2) is
setto 1.

If the conversion time or input channel needs to be changed in the A/D mode register (AMR)
during A/D conversion, bit ADSF should first be cleared to 0, stopping the conversion operation,
in order to avoid malfunction.

12.3.2 Start of A/D Conversion by External Trigger Input

The A/D converter can be made to start A/D conversion by input of an external trigger signal.
External trigger input is enabled at pin ADTRG when bit IRQ4 in PMR1 is set to 1 and bit TRGE
in AMRissetto 1. Then when the input signal edge designated in bit IEG4 of interrupt edge
select register (IEGR) is detected at pin ADTRG, bit ADSF in ADSR will be set to 1, starting A/D
conversion.

Figure 12.2 shows the timing.

ﬂ L

Pin ADTRG
(when bit |

IEG4 = 0) \

ADSF

A/D conversion

[
=

Figure12.2 External Trigger Input Timing
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12.3.3 A/D Converter Operation Modes
A/D converter operation modes are shown in table 12.3.

Table12.3 A/D Converter Operation Modes

Operation Module
Mode Reset Active Sleep Watch Subactive Subsleep Standby Standby
AMR Reset Functions Functions Held Held Held Held Held
ADSR Reset Functions Functions Held Held Held Held Held
ADRRH Held*  Functions Functions Held Held Held Held Held
ADRRL Held*  Functions Functions Held Held Held Held Held

Note: * Undefined in a power-on reset.

124  Interrupts

When A/D conversion ends (ADSF changes from 1 to 0), bit IRRAD in interrupt request register 2
(IRR2) isset to 1.

A/D conversion end interrupts can be enabled or disabled by means of bit IENAD in interrupt
enableregister 2 (IENR2).

For further details see 3.3, Interrupts.

125 Typical Use

An example of how the A/D converter can be used is given below, using channel 1 (pin AN1) as
the analog input channel. Figure 12.3 shows the operation timing.

1. Bits CH3to CHO of the A/D mode register (AMR) are set to 0101, making pin AN; the analog
input channel. A/D interrupts are enabled by setting bit IENAD to 1, and A/D conversion is
started by setting bit ADSF to 1.

2. When A/D conversion is complete, bit IRRAD is set to 1, and the A/D conversion result is
stored is stored in ADRRH and ADRRL. At the sametime ADSF iscleared to 0, and the A/D
converter goes to the idle state.

Bit IENAD =1, so an A/D conversion end interrupt is requested.
The A/D interrupt handling routine starts.

The A/D conversion result is read and processed.

The A/D interrupt handling routine ends.

S e

If ADSF isset to 1 again afterward, A/D conversion starts and steps 2 through 6 take place.
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Figures 12.4 and 12.5 show flow charts of procedures for using the A/D converter.
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Figure12.3 Typical A/D Converter Operation Timing
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( Start )

Set A/D conversion speed
and input channel

Disable A/D conversion
end interrupt

Start A/D conversion

Read ADSR

Read ADRRH/ADRRL data

Perform A/D
conversion?

Figure12.4 Flow Chart of Procedurefor Using A/D Converter (Polling by Softwar e)
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Set A/D conversion speed
and input channels

Enable A/D conversion
end interrupt

Start A/D conversion

A/D conversion
end interrupt?

Clear bit IRRAD to
0in IRR2

Read ADRRH/ADRRL data

Yes

Perform A/D
conversion?

Figure12.5 Flow Chart of Procedurefor Using A/D Converter (Interrupts Used)

126  Application Notes

« Datain ADRRH and ADRRL should be read only when the A/D start flag (ADSF) in the A/D
start register (ADSR) iscleared to 0.

« Changing the digital input signal at an adjacent pin during A/D conversion may adversely
affect conversion accuracy.

*  When A/D conversion is started after clearing module standby mode, wait for 10 @ clock
cycles before starting.
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Section 13 LCD Controller/Driver

13.1 Overview

The H8/3867 Series and H8/3827 Series has an on-chip segment type LCD control circuit, LCD
driver, and power supply circuit, enabling it to directly drive an LCD panel.

13.1.1 Features

1.

Features

Features of the LCD controller/driver are given below.

« Display capacity

Duty Cycle Internal Driver Segment External Expansion Driver
Static 32 seg 256 seg

1/2 32 seg 128 seg

1/3 32 seg 64 seg

1/4 32 seg 64 seg

LCD RAM capacity

8 bits x 32 bytes (256 bits)

Word accessto LCD RAM

All eight segment output pins can be used individually as port pins.

Common output pins not used because of the duty cycle can be used for common double-
buffering (parallel connection).

Display possible in operating modes other than standby mode

Choice of 11 frame frequencies

Built-in power supply split-resistance, supplying LCD drive power

Use of module standby mode enables this modul e to be placed in standby mode independently
when not used.

Built-in step-up constant-voltage (5 V) power supply allows LCD display even at low voltages.
(H8/3867 Series)

A or B waveform selectable by software
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13.1.2

Block Diagram

Figure 13.1 shows ablock diagram of the LCD controller/driver.

Lo vo
LCD drive power supply [Z © Vi
(built-in step-up constant- —£=—0 V2
M voltage circuit) 0 Vs
=0 Vss
@/2 to /256 —> CL2 L
P Common [ 1 | Common | CQMl
w ] data latch s driver ‘> COMa4
N
> > SEG32/CL1
LPCR ! —> SEGa1/CL2
: —> SEG30/DO
LCR 3 I~ SEG20/M
g LCR2 : T SEG2s
Is) ' ' '
g ! f | L
S . - 32-bit shift| : | Segment | . '
Tg Display timing generator CL1 register driver 1
@ 3 3 :
E l : : 3
LCD RAM .
(32 bytes) : L
N — —> SEG1
SEGn, DO
Notation:

LPCR: LCD port control register
LCR: LCD control register
LCR2: LCD control register 2
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13.1.3

Pin Configuration

Table 13.1 shows the LCD controller/driver pin configuration.

Table13.1 Pin Configuration

Name Abbrev. 110 Function
Segment output pins SEG3,t0 SEG; Output LCD segment drive pins
All pins are multiplexed as port pins
(setting programmable)
Common output pins COM, to COM;  Output  LCD common drive pins
Pins can be used in parallel with static or
1/2 duty
Segment external CL, Output  Display data latch clock, multiplexed as
expansion signal pins SEG3;
CL, Output  Display data shift clock, multiplexed as
SEG3;
M Output  LCD alternation signal, multiplexed as
SEGyg
DO Output  Serial display data, multiplexed as SEG3q
LCD power supply pins Vg, V1, Vo, V3 — Used when a bypass capacitor is

connected externally, and when an
external power supply circuit is used

13.14

Register Configuration

Table 13.2 shows the register configuration of the LCD controller/driver.

Table13.2 LCD Controller/Driver Registers

Name Abbrev. R/W Initial Value Address

LCD port control register LPCR R/W H'00 H'FFCO

LCD control register LCR R/W H'80 H'FFC1

LCD control register 2 LCR2 R/W H'60 H'FFC2

LCD RAM — R/W Undefined H'F740, HF75F
Clock stop register 2 CKSTPR2 R/W H'FF H'FFFB

RENESAS
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13.2  Register Descriptions

1321 LCD Port Control Register (LPCR)

Bit 7 6 5 4 3 2 1 0

‘ DTS1 ‘ DTSO ‘ CMX ‘ SGX ‘ SGS3 ‘ SGS2 ‘ SGS1 ‘ SGSO0 ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

LPCR is an 8-hit read/write register which selects the duty cycle and LCD driver pin functions.
LPCRisinitialized to H'00 upon reset.
Bits 7 to 5: Duty cycle select 1 and 0 (DTS1, DTS0), common function select (CMX)

The combination of DTS1 and DTSO0 selects static, 1/2, 1/3, or 1/4 duty. CMX specifies whether
or not the same waveform is to be output from multiple pins to increase the common drive power
when not all common pins are used because of the duty setting.

Bit 7 Bit 6 Bit 5
DTS1 DTSO CMX Duty Cycle Common Drivers  Notes

0 0 0 Static COM;y (initial value) Do not use COM,, COM3, and
COM,.
1 COM, to COM COM,, COMg3, and COM,, output
the same waveform as COMj.
0 1 0 1/2 duty COM, to COM; Do not use COM, and COM3.
1 COM, to COM, COM, outputs the same waveform

as COMg3, and COM, outputs the
same waveform as COM;.

1 0 0 1/3 duty COM3 to COM; Do not use COM,.
1 COM, to COM; Do not use COM,.
1 1 0 1/4 duty COM, to COM; —
1
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Bit 4: Expansion signal select (SGX)

Bit 4 selects whether the SEG3,/CL 1, SEG31/CL 5, SEG3¢/DO, and SEG,¢/M pins are used as
segment pins (SEG3p to SEGyg) or as segment external expansion pins (CL4, CL,, DO, M).

Bit 4

SGX Description

0 Pins SEG3, to SEGyg* (Initial value)
1 Pins CL,, CL,, DO, M

Note: * These pins function as ports when the setting of SGS3 to SGSO0 is 0000 or 0001.

Bit 3: Segment driver select 3to 0 (SGS3 to SGS0)
Bits 3 to 0 select the segment drivers to be used.

Function of Pins SEG3, to SEG;

Bit4 Bit3 Bit2 Bitl Bit0 SEGzto SEGy to SEGigto SEGgto
SGX SGS3 SGS2 SGS1 SGSO SEG,s SEG;; SEGy  SEG;  Notes

0 0 0 0 0 Port Port Port Port (Initial value)
0 0 0 1 Port Port Port Port
0 0 1 * SEG Port Port Port
0 1 0 * SEG SEG Port Port
0 1 1 * SEG SEG SEG Port
1 * * * SEG SEG SEG SEG
1 0 0 0 0 Port* Port Port Port
* * * *

Setting prohibited

*: Don’t care
Note: * SEG3, to SEG,g are external expansion pins.
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13.22 LCD Control Register (LCR)

Bit 7 6 5 4 3 2 1 0

‘ — ‘ PSW ‘ ACT ‘ DISP ‘ CKS3 ‘ CKS2 ‘ CKs1 ‘ CKSO0 ‘
Initial value 1 0 0 0 0 0 0 0
Read/Write — R/W R/W R/W R/W R/W R/W R/W

LCR isan 8-bit read/write register which performs LCD drive power supply on/off control and
display data control, and selects the frame frequency.

LCRisinitialized to H'80 upon reset.

Bit 7: Reserved bit

Bit 7 isreserved; it is always read as 1 and cannot be modified.
Bit 6: LCD drive power supply on/off control (PSW)

Bit 6 can be used to turn the LCD drive power supply off when LCD display is hot required in a
power-down mode, or when an external power supply is used. When the ACT bit iscleared to O,
or in standby mode, the LCD drive power supply is turned off regardless of the setting of this bit.

Bit 6

PSW Description

0 LCD drive power supply off (initial value)
1 LCD drive power supply on

Bit 5: Display function activate (ACT)

Bit 5 specifies whether or not the LCD controller/driver isused. Clearing this bit to O halts
operation of the LCD controller/driver. The LCD drive power supply is also turned off, regardless
of the setting of the PSW hit. However, register contents are retained.

Bit 5

ACT Description

0 LCD controller/driver operation halted (initial value)
1 LCD controller/driver operates
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Bit 4: Display data control (DISP)

Bit 4 specifies whether the LCD RAM contents are displayed or blank datais displayed regardless
of the LCD RAM contents.

Bit 4

DISP Description

0 Blank data is displayed (initial value)
1 LCD RAM data is display

Bits 3 to 0: Frame frequency select 3to 0 (CKS3 to CKS0)

Bits 3 to 0 select the operating clock and the frame frequency. In subactive mode, watch mode,
and subsleep mode, the system clock () is halted, and therefore display operations are not
performed if one of the clocks from @/2 to @/256 is selected. If LCD display is required in these
modes, aw, aw/2, or gw/4 must be selected as the operating clock.

Bit 3 Bit 2 Bit 1 Bit 0 Frame Frequency'?
CKS3 CKS2 CKS1 CKSO Operating Clock @=2MHz @ = 250 kHz™*
0 * 0 0 oW 128 Hz"® (initial value)
0 * 0 1 ow/2 64 Hz™®
0 * 1 * ow/4 32 Hz™
1 0 0 0 a/2 — 244 Hz
1 0 0 1 al4 977 Hz 122 Hz
1 0 1 0 o/8 488 Hz 61 Hz
1 0 1 1 2/16 244 Hz 30.5Hz
1 1 0 0 /32 122 Hz —
1 1 0 1 /64 61 Hz —
1 1 1 0 /128 30.5 Hz —
1 1 1 1 /256 — —
*: Don't care

Notes: 1. This is the frame frequency in active (medium-speed, gosc/16) mode when g = 2 MHz.
2. When 1/3 duty is selected, the frame frequency is 4/3 times the value shown.
3. This is the frame frequency when gw = 32.768 kHz.
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13.23 LCD Control Register 2 (LCR2)

Bit 7 6 5 4 3 2 1 0

‘ LCDAB ‘ — ‘ — ‘ SUPS ‘ CDS3 ‘ CDSs2 ‘ CDs1 ‘ CDSO0 ‘
Initial value 0 1 1 0 0 0 0 0
Read/Write R/W — — R/W R/W R/W R/W R/W

LCR2 is an 8-bit read/write register which controls switching between the A waveform and B
waveform, selects the drive power supply, controls the step-up constant-voltage (5 V) power
supply, and selects the duty cycle of the charge/discharge pulses which control disconnection of
the power supply split-resistance from the power supply circuit.

LCR2 isinitialized to H'60 upon reset.
Bit 7: A waveform/B waveform switching control (LCDAB)

Bit 7 specifies whether the A waveform or B waveform is used as the LCD drive waveform.

Bit 7

LCDAB Description

0 Drive using A waveform (initial value)
1 Drive using B waveform

Bits 6 and 5: Reserved bits
Bits 6 and 5 are reserved; they are alwaysread as 1 and cannot be modified.

Bit 4: Drive power supply select, step-up constant-voltage (5 V) power supply control (SUPS)
(Appliesto the H8/3867 Series only)

When V ¢ is selected as the drive power supply, the step-up constant-voltage (5 V) power supply
simultaneously stops operating; when 5V is selected as the drive power supply, the step-up
constant-voltage (5 V) power supply simultaneously operates.

Bit 4
SUPS Description
0 Drive power supply is V¢, step-up constant-voltage (5 V) power supply halts

(Initial value)
1 Drive power supply is 5 V, step-up constant-voltage (5 V) power supply operates
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Bits 3 to 0: Charge/discharge pulse duty cycle select (CDS3 to CDS0)

Bit 3 Bit 2 Bit 1 Bit 0

CDS3 CDS2 CDS1 CDSO0 Duty Cycle Notes

0 0 0 0 1 Fixed high (initial value)
0 0 0 1 1/8

0 0 1 0 2/8

0 0 1 1 3/8

0 1 0 0 4/8

0 1 0 1 5/8

0 1 1 0 6/8

0 1 1 1 0 Fixed low
1 0 * * 1/16

1 1 * * 1/32

*: Don't care

Bits 3 to 0 select the duty cycle while the power supply split-resistance is connected to the power

supply circuit.

When a0 duty cycleis selected, the power supply split-resistance is permanently disconnected
from the power supply circuit, so power should be supplied to pins V1, V2, and V3 by an external

circuit.

Figure 13.2 shows the waveform of the charge/discharge pulses. The duty cycleis Tc/Tw.

Ccomi

Charge/discharge
pulses

1

Tc

1 frame

Tw

Tdc
—| |_| |_| |_ Tc : Power supply split-resistance
connected

Tdc : Power supply split-resistance
disconnected

Figure13.2 Exampleof A Waveform with 1/2 Duty and 1/2 Bias
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13.24  Clock Stop Register 2 (CKSTPR2)

Bit 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ — ‘ — ‘AECKSTP ‘WDCKSTP ‘PWCKSTP ‘ LDCKSTP ‘
Initial value 1 1 1 1 1 1 1 1
Read/Write — — — — R/W R/W R/W R/W

CKSTPR?2 is an 8-hit read/write register that performs module standby mode control for peripheral
modules. Only the bit relating to the LCD controller/driver is described here. For details of the
other bits, see the sections on the relevant modules.

Bit 0: LCD controller/driver module standby mode control (LDCKSTP)

Bit O controls setting and clearing of module standby mode for the LCD controller/driver.

Bit O

LDCKSTP  Description

0 LCD controller/driver is set to module standby mode

1 LCD controller/driver module standby mode is cleared (initial value)
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13.3  Operation

1331  Settingsup to LCD Display

To perform LCD display, the hardware and software related items described below must first be
determined.

1. Hardware settings
a. Using 1/2 duty
When 1/2 duty is used, interconnect pinsV, and V 3 as shown in figure 13.3.

|

Vce
Vo
Vi
V2 :|
V3
Vss
B

Figure 13.3 Handling of LCD Drive Power Supply when Using 1/2 Duty

b. Large-panel display
As the impedance of the built-in power supply split-resistanceis large, it may not be
suitable for driving alarge panel. If the display lacks sharpness when using alarge panel,
refer to section 13.3.7, Boosting the LCD Drive Power Supply. When static or 1/2 duty is
selected, the common output drive capability can beincreased. Set CMX to 1 when
selecting the duty cycle. In this mode, with a static duty cycle pins COM4 to COM 1 output
the same waveform, and with 1/2 duty the COM 1 waveform is output from pins COM , and
COM 1, and the COM, waveform is output from pins COM4 and COM 3.

¢. Luminance adjustment function (Vg pin)
Connecting a resistance between the Vg and V1 pins enables the luminance to be adjusted.
For details, see 13.3.3, Luminance Adjustment Function (Vg Pin).

d. LCD drive power supply setting
With the H8/3867 Series, there are two ways of providing LCD power: by using the on-
chip power supply circuit, or by using an externa circuit. With the H8/3867 Series, the on-
chip power supply circuit allows the selection of either the power supply voltage (V cc) or
a step-up constant voltage (5 V). For details of the step-up constant-voltage power supply,
see 13.3.4, Step-Up Constant-Voltage (5 V) Power Supply.
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When the on-chip power supply circuit is used for the LCD drive power supply, the Vg
and V4 pins should be interconnected externally, as shown in figure 13.4 (a).

When an external power supply circuit is used for the LCD drive power supply, connect
the external power supply to the V1 pin, and short the V pin to V¢ externally, as shown
in figure 13.4 (b).

T

Vce Vce
Vo :I Vo
Vi Vi |——-o External power supply
V2 V2
V3 V3
Vss Vss
(a) Using on-chip power supply circuit (b) Using external power supply circuit

Figure13.4 Examplesof LCD Power Supply Pin Connections

e. Low-power-consumption LCD drive system
Use of alow-power-consumption LCD drive system enables the power consumption
required for LCD drive to be optimized. For details, see 13.3.5, Low-Power-Consumption
LCD Drive System.

f.  Segment external expansion

The number of segments can be increased by connecting an HD66100 externally. For
details, see section 13.3.8, Connection to HD66100.
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2. Software settings

a

Duty selection

Any of four duty cycles—static, 1/2 duty, 1/3 duty, or 1/4 duty—can be selected with bits
DTSL1 and DTSO.

Segment selection

The segment driversto be used can be selected with bits SGS; to SGS.

Frame frequency selection

The frame frequency can be selected by setting bits CKSz to CKS,. The frame frequency
should be selected in accordance with the LCD panel specification. For the clock selection
method in watch mode, subactive mode, and subsleep mode, see 13.3.6, Operation in
Power-Down Modes.

A or B waveform selection

Either the A or B waveform can be selected as the LCD waveform to be used by means of
LCDAB.

LCD drive power supply selection

When the on-chip power supply circuit is used, the power supply to be used can be selected
with the SUPS bit. When an external power supply circuit is used, select V¢ with the
SUPS bit and turn the LCD drive power supply off with the PSW bit.
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13.3.2 Relationship between LCD RAM and Display

The relationship between the LCD RAM and the display segments differs according to the duty
cycle. LCD RAM mapsfor the different duty cycles when segment external expansion is not used
are shown in figures 13.5to 13.8, and LCD RAM maps when segment external expansion is used
infigures 13.9t0 13.12.

After setting the registers required for display, datais written to the part corresponding to the duty
using the same kind of instruction as for ordinary RAM, and display is started automatically when
turned on. Word- or byte-access instructions can be used for RAM setting.

bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0

H'F740 SEG:2 SEG2 SEG:2 SEG2 SEG: SEG1 SEG:1 SEG1

H'F74F SEGa2 SEGa32 SEGa2 SEGa32 SEGa1 SEGa1 SEGa1 SEGa1

Y Y Y Y Y Y Y Y

COM4 COMs COM:2 COM: COM4 COMs COM2 COM:

Figure13.5 LCD RAM Map when Not Using Segment External Expansion (1/4 Duty)
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bit7 bité bit5 bit4 bit3 bit2 bitl bit0

H'F740 SEG2 SEG2 SEG2 SEG1 SEG1 SEG1

H'F74F SEG32 SEG32 SEG32 SEGs1 SEGs1 SEGs1
Y Y Y Y Y Y Y

COMs COM2 COM1 COMs COM2 COM1

|:| Space not used for display

Figure13.6 LCD RAM Map when Not Using Segment Exter nal Expansion (1/3 Duty)
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bit7 bité bit4 bit3 bit2 bitl bit0
H'F740 SEG4 SEG4 SEGs SEGs SEG2 SEG2 SEG: SEG:1
SEGaz2 SEGa2 SEGa1 SEGa1 SEGa0 SEGa0 SEG29 SEG29
H'F747
H'F74F
Y Y Y Y Y Y Y
COM2 COM1 COM2 COM1 COM2 COM1 COM2 COM1

Display space

Space not used for display

Figure13.7 LCD RAM Map when Not Using Segment External Expansion (1/2 Duty)

H'F740

HF743

H'F74F

bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0
SEGs SEGy SEGs SEGs SEG4 SEGs SEG2 SEG:1
SEGa32 SEGa1 SEGs30 SEG29 SEG2s SEG27 SEG26 SEG25

Y Y Y Y Y Y Y Y
COM1 COM1 COM:1 COM:1 COM1 COM1 COM1 COM1

w

Display
space

Space not
used for
display

Figure13.8 LCD RAM Map when Not Using Segment External Expansion (Static M ode)
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H'F740

H'F75F

bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0
SEG2 SEG2 SEG2 SEG2 SEG1 SEG1 SEG1 SEG1
SEGe4 SEGe4 SEGe4 SEGe4 SEGe3 SEGes3 SEGes3 SEGe3
Y Y Y Y Y Y Y Y
COMa4 COMs COM2 COM1 COMa COMs COM1 COM:1

Expansion
driver display
space

Figure13.9 LCD RAM Map when Using Segment External Expansion

(SGX =*1", SGS3to SGSO ="0000" /4 Duty)

RENESAS
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bit7 bité bit5 bit4 bit3 bit2 bitl bit0

H'F740 SEG2 SEG2 SEG2 SEG: SEG: SEG:
Expansion
driver display
space

H'F75F SEGes SEGes SEGea SEGes3 SEGess SEGess

Y Y Y Y Y Y
COMs3 COM2 COM:1 COMs3 COM1 COM:1
|:| Space not used for display
Figure13.10 LCD RAM Map when Using Segment Exter nal Expansion
(SGX ="1", SGS3to SGSO = “0000" 1/3 Duty)
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bit7 bité bit5 bit4 bit3 bit2 bitl bit0

H'F740 SEGa4 SEGa4 SEGs SEGs SEG2 SEG2 SEG1 SEG1

Expansion
driver display
space

H'F75F SEGui28 | SEGi28 | SEG127 | SEG127 | SEGi126 | SEG126 | SEGi2s | SEGui2s

Y Y Y Y Y Y Y Y

COM2 COM1 COM2 COM1 COM2 COM1 COM2 COM:1

Figure13.11 LCD RAM Map when Using Segment External Expansion
(SGX ="1", SGS3to SGSO = “0000" 1/2 Duty)
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bit7 bité bits bit4 bit3 bit2 bitl bit0
H'F740 SEGs SEG~ SEGs SEGs SEGs4 SEG3 SEG2 SEG:
Expansion
driver display
space
H'F75F SEG2s56 | SEG255 | SEG254 | SEG253 | SEG252 | SEG251 | SEG250 | SEG249
Y Y Y Y Y Y Y Y
COM1 COM1 COM:1 COM:1 COM1 COM1 COM1 COM1
Figure13.12 LCD RAM Map when Using Segment External Expansion
(SGX ="1", SGS3to SGSO = “0000” Static)
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13.3.3 Luminance Adjustment Function (VO Pin)
Figure 13.13 shows a detailed block diagram of the LCD drive power supply unit.

The voltage output to the Vg pin is either V¢ or the 5V output from the step-up conversion
power supply circuit. When either of these voltagesis used directly asthe LCD drive power
supply, the Vg and V1 pins should be shorted. Also, connecting a variable resistance, R, between
the Vg and V1 pins makes it possible to adjust the voltage applied to the V 1 pin, and so to provide
luminance adjustment for the LCD panél.

Vcc
i |

T

*Step-up constant- | 5V | Power supply
voltage power supply selector

1
|-

Vi

1
[

1
|-

V3

Vss

YAV AN AN

* Applies to the H8/3867 Series

Figure13.13 LCD Drive Power Supply Unit
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13.34  Step-Up Constant-Voltage (5 V) Power Supply

The H8/3867 Series has an on-chip step-up constant-voltage (5 V) power supply which enablesa5
V constant voltage to be obtained independently of Vc. Thisfeatureis not provided in the
H8/3827 Series.

When the SUPS bit isset to 1 in LCD control register 2 (LCR?2), the step-up constant-voltage (5
V) power supply operates, and a5 V constant voltage is output from the Vg pin. Either short the
Vg and V4 pins or connect aresistance to divide the voltage.

Note: The step-up constant-voltage (5 V) power supply must not be used for any purpose other
than the H8/3864 Series' LCD drive power supply. When alarge pandl is driven, the
power supply capacity may be insufficient. In thiscase, either use V¢ as the power
supply or use an external power supply circuit.

13.35 Low-Power-Consumption LCD Drive System

The use of the built-in split-resistance is normally the easiest method for implementing the LCD
power supply circuit, but since the built-in resistance is fixed, a certain direct current flows
constantly from the built-in resistance’ sV cc to Vgs. Asthis current does not depend on the
current dissipation of the LCD panel, if an LCD panel with asmall current dissipation is used, a
wasteful amount of power will be consumed. The H8/3864 Series is equipped with afunction to
minimize this waste of power. Use of this function makes it possible to achieve the optimum
power supply circuit for the LCD panel’s current dissipation.

1. Principles

a. Capacitors are connected as externa circuitsto LCD power supply pinsV1, V2, and V3, as
shown in figure 13.14.

b. The capacitors connected to V1, V2, and V3 are repeatedly charged and discharged in the
cycle shown in figure 13.14, maintaining the potentials.

c. Atthistime, the charged potential is a potential corresponding to the V1, V2, and V3 pins,
respectively. (For example, with 1/3 bias drive, the charge for V2 is 2/3 that of V1, and that
for V3is1/3 that of V1.)

d. Power issupplied to the LCD panel by means of the charges accumulated in these
capacitors.

e. The capacitances and charging/discharging periods of these capacitors are therefore
determined by the current dissipation of the LCD panel.

f. Thecharging and discharging periods can be selected by software.
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2. Example of operation (with 1/3 bias drive)

a

During charging period Tc in the figure, the potential is divided among pinsV1, V2, and
V3 by the built-in split-resistance (the potential of V2 being 2/3 that of V1, and that of V3
being 1/3 that of V1), as shown in figure 13.14, and external capacitors C1, C2, and C3 are
charged. The LCD panel is continuesto be driven during thistime.

In the following discharging period, Tdc, charging is halted and the charge accumulated in
each capacitor is discharged, driving the LCD panel.

At thistime, a slight voltage drop occurs due to the discharging; optimum values must be
selected for the charging period and the capacitor capacitances to ensure that this does not
affect the driving of the LCD pandl.

In this way, the capacitors connected to V1, V2, and V3 are repeatedly charged and
discharged in the cycle shown in figure 13.14, maintaining the potentials and continuously
driving the LCD panel.

As can be seen from the above description, the capacitances and charging/discharging
periods of the capacitors are determined by the current dissipation of the LCD panel used.
The charging/discharging periods can be selected with bits CDS3 to CDS0.

The actual capacitor capacitances and charging/discharging periods must be determined
experimentally in accordance with the current dissipation requirements of the LCD panel.
An optimum current value can be selected, in contrast to the case in which a direct current
flows constantly in the built-in split-resistance.

Charging Discharging
period Tc period Tdc
< L LM 4 Voltage drop
_ Vdl associated with
VO V1 potential discharging due
to LCD panel
Vi \ ) 4 driving
. vd2
Lo V2 potential V1x2/3
V2 T Y
C2 v
V3 V3 potential
CSJ; Vix1/3 vd3
X =
o

Power supply voltage fluctuation in 1/3 bias system

Figure 13.14 Example of L ow-Power-Consumption LCD Drive Operation
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1 frame

1 frame

Data

(b) Waveform with 1/3 duty

(a) Waveform with 1/4 duty

1 frame

(d) Waveform with static output

(c) Waveform with 1/2 duty

Figure13.15 Output Waveformsfor Each Duty Cycle (A Waveform)
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! 1frame
1 frame

I

! 1frame

Sl

1 frame

! 1frame

I
1 frame

(b) Waveform with 1/3 duty
|
(d) Waveform with static output

1 1frame

Data
COM:1
SEGn

1 frame
1frame

1frame |, 1frame

(a) Waveform with 1/4 duty

1 frame

1frame 1 1frame
I
I
|
I
i
I
I
I
I
JE S,
|

Data
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Figure13.16 Output Waveformsfor Each Duty Cycle (B Waveform)

(c) Waveform with 1/2 duty




Table13.3 Output Levels

Data 0 0 1 1

M 0 1 0 1

Static Common output Vi Vss Vi Vss
Segment output Vi Vss Vss Vi

1/2 duty Common output Vy, V3 Vy, V3 Vi Vss
Segment output Vq Vgs Vsg Vq

1/3 duty Common output Va3 V, Vq Vss
Segment output Vo, V3 Vss Vy

1/4 duty Common output V3 Vs, Vi Vss
Segment output Vs, V3 Vss Vi

13.3.6  Operation in Power-Down Modes

In the H8/3867 Series, the LCD controller/driver can be operated even in the power-down modes.
The operating state of the LCD controller/driver in the power-down modesis summarized in table
13.4.

In subactive mode, watch mode, and subsleep mode, the system clock oscillator stops, and
therefore, unless aw, aw/2, or @w/4 has been selected by bits CKS3 to CK S0, the clock will not be
supplied and display will halt. Sincethereisapossibility that adirect current will be applied to
the LCD panel in this case, it is essential to ensure that aw, aw/2, or gw/4 is selected. In active
(medium-speed) mode, the system clock is switched, and therefore CKS3 to CKSO must be
modified to ensure that the frame frequency does not change.

Table13.4 Power-Down Modes and Display Operation

Sub- Sub- Module
Mode Reset Active Sleep Watch active sleep Standby Standby
Clock ] Runs Runs Runs Stops Stops Stops Stops Stops™
oW Runs Runs Runs Runs Runs Runs Stops™  Stops™
Display =~ ACT =“0" Stops Stops Stops Stops Stops Stops Stops™? Stops

operation ACT =*"1" Stops Functions Functions Functions™® Functions™® Functions™® Stops™®  Stops

Notes: 1. The subclock oscillator does not stop, but clock supply is halted.
2. The LCD drive power supply is turned off regardless of the setting of the PSW bit.

3. Display operation is performed only if gw, gw/2, or gw/4 is selected as the operating
clock.

4. The clock supplied to the LCD stops.
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13.3.7 Boosting the LCD Drive Power Supply

When alarge pandl is driven, the on-chip power supply capacity may be insufficient. If the power
supply capacity is insufficient when using the step-up constant power supply (5 V), either use Ve
as the power supply or use an external power supply circuit. If the power supply capacity is
insufficient when V ¢ is used as the power supply, the power supply impedance must be reduced.
This can be done by connecting bypass capacitors of around 0.1 to 0.3 yF to pinsV,to V3, as
shown in figure 13.17, or by adding a split-resistance externally.

|

Vce Vo
Vi
R § R = several kQ to
H8/3864 Series Vv several MQ
2
R §
C=0.11t00.3uF
V3 |
R §
Vss
a

Figure13.17 Connection of External Split-Resistance
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13.3.8 Connection to HD66100

If the segments are to be expanded externally, an HD66100 should be connected. Connecting one
HD66100 provides 80-segment expansion. When carrying out external expansion, select the
external expansion signal function of pins SEGs, to SEGog with the SGX hit in LPCR, and set bits
SGS3 to SGSO to 0000 or 0001. Datais output externally from SEG; of the LCD RAM. SEGyg
to SEG; function as ports.

Figure 13.18 shows examples of connection to an HD66100. The output level is determined by a
combination of the data and the M pin output, but these combinations differ from thosein the
HD66100. Table 13.3 shows the output levels of the LCD drive power supply, and figures 13.15
and 13.16 show the common and segment waveforms for each duty cycle.

When ACT iscleared to O, operation stopswith CL, =0, CL1 =0, M =0, and DO at the data
value (1 or 0) being output at that instant. 1n standby mode, the expansion pins go to the high-
impedance (floating) state.

When external expansion isimplemented, the load in the LCD panel increases and the on-chip
power supply may not provide sufficient current capacity. In this case, measures should be taken
as described in section 13.3.7, Boosting the LCD Drive Power Supply.
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Vcc Vcc
Vo _J
Vi Vi
Va Va
V3 V3
H8/3867 ]_ 1 L1 \VZ
Series chip  Vss oo GND  HD66100
VEE
SHL
SEG32/CL1 CL1
SEG31/CL2 CL2
SEG30/DO DI
SEG29/M M
(a) 1/3 bias, 1/4 or 1/3 duty
Vcc Vcc
Vo _J
Vi [ Vi
Va Va
V3 V3
H8/3867 1 1 V2
Series chip  Vss . . GND HD66100
VEE
SHL
SEG32/CL1 CL1
SEG31/CL2 ClL2
SEG30/DO DI
SEG29/M M
(b) 1/2 duty
Vcc Vcc
Vo _J
Vi [ Vi
Va Va
V3 V3
H8/3867 L V2
Series chip  Vss . GND HD66100
VEE
SHL
SEG32/CL1 CL1
SEG31/CL2 CL2
SEG30/DO DI
SEG29/M M

(c) Static mode

Figure13.18 Connection to HD66100
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Section 14 Power Supply Circuit

141 Overview

The H8/3867 Seriesincorporates an internal power supply step-down circuit. Use of this circuit
enables the internal power supply to be fixed at a constant level of approximately 1.5V,
independently of the voltage of the power supply connected to the external V¢ pin. Asaresult,
the current consumed when an external power supply isused at 1.8 V or above can be held down
to virtually the same low level as when used at approximately 1.5 V. Itis, of course, also possible
to use the same level of external power supply voltage and internal power supply voltage without
using the internal power supply step-down circuit.

14.2  When Using the I nternal Power Supply Step-Down Circuit

Connect the external power supply to the V¢ pin, and connect a capacitance of approximately 0.1
M between CV ¢c and V g, as shown in figure 14.1. The internal step-down circuit is made
effective simply by adding this external circuit.

Notes: 1. Intheexternal circuit interface, the external power supply voltage connected to V¢
and the GND potential connected to V sg are the reference levels. For example, for port
input/output levels, the V ¢ level isthe reference for the high level, and the V sg level
isthat for the low level.

2. When the internal power supply step-down circuit is used, operating frequency fog: IS
0.4MHzto 2 MHzwhenVcc =22V to 5.5V, and 0.4 MHz to 1 MHz otherwise.

3. The LCD power supply and A/D converter analog power supply are not affected by

internal step-down processing.
T Vce

0

Step-down circuit |

CVcc

M
1

Lr

Stabilization
—~ capacitance
(approx. 0.1puF)

Internal | Internal
logic power
supply

Vss
L

T za

Figure14.1 Power Supply Connection when Internal Step-Down Cir cuit 1sUsed
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14.3  When Not Using the Internal Power Supply Step-Down Cir cuit

When the internal power supply step-down circuit is not used, connect the external power supply
to the Ve pin and CV ¢ pin, asshown in figure 14.2. The external power supply is then input

directly to theinternal power supply.

Note: The permissible range for the power supply voltageis 1.8 V to 5.5 V. Operation cannot be
guaranteed if avoltage outside this range (lessthan 1.8 V or more than 5.5 V) isinput.

i Vcc

I.|.l
Step-down circuit |
CVcc
Internal Internal
logic power
supply
Vss

Figure14.2 Power Supply Connection when Internal Step-Down Circuit Is Not Used
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Section 15 Electrical Characteristics

15.1 H8/3867 Seriesand H8/3827 Series Absolute Maximum Ratings
Table 15.1 lists the absolute maximum ratings.

Table15.1 Absolute Maximum Ratings

Item Symbol Value Unit
Power supply voltage Vee, CVee -0.3t0 +7.0 \%
Analog power supply voltage AVcc -0.3t0 +7.0 \%
Programming voltage Vpp -0.3to +13.0 \%
Input voltage Ports other than Port B Vin —0.3t0 V¢ +0.3 \%
Port B AV, —0.3t0 AVgc +0.3 \%
Operating temperature Topr —20to +75 °C
Storage temperature Tstg —55 to +125 °C

Note: Permanent damage may occur to the chip if maximum ratings are exceeded. Normal
operation should be under the conditions specified in Electrical Characteristics. Exceeding
these values can result in incorrect operation and reduced reliability.
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15.2 H8/3867 Seriesand H8/3827 Series Electrical Characteristics

1521  Power Supply Voltage and Operating Range
The power supply voltage and operating range are indicated by the shaded region in the figures.

1. Power supply voltage and oscillator frequency range

[ e R e T I [ : ]
384 [ : 1
~ N [ ‘ ]
T I 32768 ------ :
=3 = [ : ]
o Z
[%]
o
i i i I 1 i I
18 26 4.5 55 1.8 3.0 45 5.5
22 30 Vee (V)
« Active (high-speed) mode Vee (V)
« Sleep (high-speed) mode * All operating modes
« Internal power supply step-down circuit not used
20 [
N
I
=
~ 10
[&]
[%]
e
04 —------- — ‘
1 1 |
1.8 22 55
Vee (V)
* Active (high-speed) mode
« Sleep (high-speed) mode
« Internal power supply step-down circuit used
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2. Power supply voltage and operating frequency range

g (MHz)

o (kHz)

g (MHz)

o (kHz)

30 [
19.2
16.384
1 9.6
1
1.8 2.6 4.5 55 ~
22 30 Vee (V) T 8192
« Active (high-speed) mode @
=)
« Sleep (high-speed) mode (except CPU) 3 a8
« Internal power supply step-down circuit not used '
4.096
375 [
250
200
125
62.5
4.096 !
1
1.8 2.6 4.5 55
22 30 Vee (V)
« Active (medium-speed) mode (except A/D
converter and PWM)
« Sleep (medium-speed) mode (except A/D
converter and PWM)
« Internal power supply step-down circuit not used
1.0 f--emeee-
0.5 [=------- ‘
0.2 f—------- — ‘
[ 1
18 22 55
Vee (V)
« Active (high-speed) mode
« Sleep (high-speed) mode (except CPU)
« Internal power supply step-down circuit used
125 |=--oemeeoes
625 [—------- !
4.096 |[—------- — ‘
(| 1
1.8 22 55
Vee (V)

« Active (medium-speed) mode (except A/D
converter and PWM)

« Sleep (medium-speed) mode (except A/D
converter and PWM)

« Internal power supply step-down circuit used
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18 3.6

« Subactive mode
« Subsleep mode (except CPU)
« Watch mode (except CPU)

55
Vee (V)
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3. Analog power supply voltage and A/D converter operating range

g (MHz)

g (MHz)

364

2.0 fro-moemmeeoees :
05 - | ;
02 [
i I [
1.8 3.0 45 55
AVce (V)

« Active (high-speed) mode

* Sleep (high-speed) mode

* Internal power supply step-down circuit
not used

1.0 fre-emmmmmennnas :
O |
)7 E— : —
i I [
1.8 3.0 45 55
AVce (V)

« Active (high-speed) mode

« Sleep (high-speed) mode

« Internal power supply step-down circuit
used

g (kHz)
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0 IS— ]

45 55

AVcce (V)

« Active (medium-speed) mode

« Sleep (medium-speed) mode

« Internal power supply step-down circuit
not used



15.2.2 DC Characteristics

Table 15.2 lists the DC characteristics of the H8/3864.

Table15.2 DC Characteristics

Vee =18V 1055V, AV =18V 1t055V,Vgg=AVgs=0.0V, T, =-20°Cto +75°C
(including subactive mode) unless otherwise indicated.

Values

Item Symbol Applicable Pins Min Typ Max Unit Test Condition Notes
Input high V4 RES, 08Vee — Vcce+03 V Vec=4.01t055V
voltage WKP,y to WKP;, 09Vee — Ve +0.3 Except the above

IRQq to IRQy,

AEVL, AEVH,

TMIC, TMIF,

TMIG

SCKj3y, SCK3,,

ADTRG

RXD3q, RXDgp, 0.7Vee —  Vee+t03 V Vec=4.0t055V

ub 0.8Vee — Vee 0.3 Except the above

OSCl 0.8 VCC — VCC +0.3 V VCC =4.0to55V

09Vee — Ve +0.3 Except the above

X1 09Vee — Ve t03 Vee=18Vto55V

Plo to P17, 0.7 VCC — VCC +0.3 VCC =40Vtoh5V

P3, to P35, 08Vee — Ve +03 Except the above

P4, to P45,

P54 to P55,

P6, to P6-,

P7,to P75,

P8, to P8,

PAq to PA;

PBg to PB; 0.7Vee — AV +03 Vec=4.0Vto55V

0.8Vee — AVec +0.3 Except the above
Note: Connect the TEST pin to Vss.
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Table15.2 DC Characteristics (cont)

Vce =18V 1055V, AV =18V 1055V,Vgg=AVgs=0.0V, T,=-20°Cto +75°C
(including subactive mode) unless otherwise indicated.

Values
Item Symbol Applicable Pins Min Typ Max Unit Test Condition Notes
Input low Vi RES, -0.3 — 0.2V \% Vec=4.0t055V
voltage WKP, to WKP;, -0.3 — 0.1 Ve Except the above
IRQq to IRQy,
AEVL, AEVH,
TMIC, TMIF,
TMIG
SCK3y, SCK3,,
ADTRG
RXDj3q, RXDg,, 0.3 — 0.3 V¢e \Y Vec=4.0t055V
ub -0.3 — 0.2 Ve Except the above
0SsC, -0.3 — 0.2 When internal step-
down circuit is
used.
-0.3 — 0.2 Ve \Y Vec=4.0t055V
-0.3 — 0.1 Ve Except the above
X1 -0.3 — 0.1 Vee Vee=18V1to55V
P1, to P15, -0.3 — 0.3 Ve Vec=4.0Vto55V
P3,to P3, -0.3 — 0.2 Ve Except the above
P4, to P45,
P5, to P5,,
P6, to P6-,
P7,to P75,
P8, to P8,
PAO to PA3,
PBg to PB;
Output high Vg P1, to P15, Vee-10 — — \Y Vec=4.0V1to55V
voltage P3, to P35, —loy =1.0mA
P4O to P42, VCC -05 — — VCC =40Vto55V
P5¢ to P5;, —loy = 0.5 mA
P6, to P6-, Vee-03 — — —loy=0.1mA
P7,to P75,
P8, to P8,
PAO to PA3
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Table15.2 DC Characteristics (cont)

Vee =18V 1055V, AV =18V 1055V, Vgg=AVgs=0.0V, T, =-20°Cto +75°C
(including subactive mode) unless otherwise indicated.

Values
Item Symbol Applicable Pins Min Typ Max Unit Test Condition Notes
Output low Vg P1lyto P1,, — — 0.6 \ Vcc=4.0V1t055V
voltage P4, to P4, loL = 1.6 mA
— — 0.5 loL = 0.4 mA
P5, to P5,, P6; — — 0.5 lop =0.4 mA
to P64, P7, to
P7,, P8y to P8;,
PAO to PA3
P3,to P3; — — 15 Vec=4.0Vito55V
loL =10 mA
— — 0.6 Vece=4.0Vto55V
lop=1.6 MA
— — 0.5 loL = 0.4 mA
Input/output | 1| RES, P4, — — 200 MA  V=05Vto 2
leakage — — 10 Vee—05V -
current OSCy, Xq, — — 1.0 MA  V)y=05Vto
P1, to P1,, Vee—-05V
P3, to P35,
P4, to P4,,
P5, to P5-,
P6, to P6,
P7,to P7,,
P8, to P85,
PAq to PA;
PBg to PB; — — 1.0 Vin=0.5Vto
AVee—-05V
Pull-up =lp P1, to P1,, 50.0 — 300.0 MA Ve =5V,
MOS P3, to P35, Vin=0V
current P5, to P5, — 350 — Vee =27V, Reference
P6, to P6; V=0V value
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Table15.2 DC Characteristics (cont)

Vce =18V 1055V, AV =18V 1055V,Vgg=AVgs=0.0V, T,=-20°Cto +75°C
(including subactive mode) unless otherwise indicated.

Values
Item Symbol Applicable Pins Min Typ Max Unit Test Condition Notes
Input Cin All input pins — — 15.0 pF f=1MHz,
capacitance except power ViN=0V,
supply, RES, T,=25°C
P4, PB, to PB,
RES — — 80.0 "2
— — 150 E
P4, — — 500 "2
— — 15.0 "1
PB, to PB, — — 150
Active lorer Vec — 07 10 mA  Active (high-speed) "3
mode mode Vee=5V, ™
current fosc = 2MHz '8
dissipation lgpgr  Vec — 03 05 mA  Active (medium- "3
speed) mode 4
Vee=5V, '
fosc = 2MHz
Divided by 128
Sleep mode Ig gep Ve — 04 06 mA V=5V, "3
current fosc=2MHz 4
dissipation 5
Subactive  Igyg Vee — 15 30 MA  Vee =27V, "3
mode LCD on 32-kHz "4
current crystal oscillator s
dissipation (2sus=924/2)
— 8 — HA Vo =27V, '3
LCD on 32-kHz "4
crystal oscillator Reference
(25us=924/8) value
*5
Subsleep  Isygsp Ve — 75 16 MA Ve =27V, "3
mode LCD on 32-kHz "4
current crystal oscillator "5
dissipation (25us=94/2)
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Table15.2 DC Characteristics (cont)

Vee=18V 1055V, AVec =18V 1055V, Vgg=AVgg = 0.0V, Ty =—20°C to +75°C

(including subactive mode) unless otherwise indicated.

Values
Item Symbol Applicable Pins Min Typ Max Unit Test Condition Notes
Watch lwaten Ve — 28 6 HA  Vee=27V3 '3
mode 2-kHz crystal 4
current oscillator e
dissipation LCD not used
Standby IsTRY Vee — 1.0 50 MA  32-kHz crystal 3
mode oscillator not used "4
current
dissipation
RAMdata Vgam  Vee 15 - — % 3
retaining "4
voltage
Notes: 1. Applies to the Mask ROM products.
2. Applies to the HD6473867 and HD6473827.
3. Pin states during current measurement.
RES Other LCD Power
Mode Pin Internal State Pins  Supply Oscillator Pins
Active (high-speed) Ve  Operates Vee Halted System clock oscillator:
mode (lopg1) crystal
Active (medium- Subclock oscillator:
speed) mode (lppgo) Pin X; = GND
Sleep mode Vee  Only timers operate Ve Halted
Subactive mode Vcc  Operates Vee Halted System clock oscillator:
Subsleep mode Vee  Only timers operate, Ve Halted crystal
CPU stops Subclock oscillator:
Watch mode Vcee  Only time base Vee Halted crystal
operates, CPU stops
Standby mode Vee  CPU and timers both Ve Halted System clock oscillator:

stop

crystal

Subclock oscillator:

Pin X, = GND

4. Excludes current in pull-up MOS transistors and output buffers.
5. When internal step-down circuit is used.
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Table15.2 DC Characteristics (cont)

Vce =18V 1055V, AV =18V 1055V,Vgg=AVgs=0.0V, T,=-20°Cto +75°C
(including subactive mode) unless otherwise indicated.

Values
Item Symbol Applicable Pins Min Typ Max Unit Test Condition Notes
Allowable I, Output pins — — 2.0 MA  Vee=4.0Vito55V
output low except port 3
current Port 3 — — 10.0 Vec=40Vto55V
(per pin) All output pins — — 0.5
Allowable loL Output pins — — 40.0 mA Vec=4.0Vio55V
output low except port 3
current Port 3 — — 80.0 Vec=40Vto55V
(total) All output pins — — 20.0
Allowable  —lgy All output pins ~ — — 2.0 mMA Vec=4.0Vio55V
output high — — 0.2 Except the above
current
(per pin)
Allowable -1 oy Alloutputpins  — — 15.0 mMA Vec=4.0Vio55V
output high — — 10.0 Except the above
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15.2.3 AC Characteristics

Table 15.3 lists the control signal timing, and tables 15.4 lists the seria interface timing of the

H8/3864.

Table15.3 Control Signal Timing

Ve =18V 1055V, AV =18V 1t055V,Vgg=AVgs=0.0V, T,=-20°Cto +75°C
(including subactive mode) unless otherwise indicated.

Applicable Values Reference
Item Symbol Pins Min  Typ Max Unit Test Condition Figure
System clock fosc 0sCc,,08C, 04 — 6 MHz Vec=45Vt055V "2
oscillation 04 — 4 Vec=30Vto55V
frequency 04 — 3.2 Vec=26Vto55V
04 — 2 Vee=22V1055V
04 — 1 Except the above
OSC clock (Bposc)  tosc 0sC,,0SC, 167 — 2500 ns Veec=4.5V1t05.5V Figure 15.1
cycle time 250 — 2500 Vee=3.0Vto55V "2
313 — 2500 Vec=26V1t055V
500 — 2500 Vec=2.2V1t05.5V Figure 15.1
1000 — 2500 Except the above
System clock (o) teye 2 — 128  tpoge
cycle time — — 244.1 ps
Subclock oscillation  fyy X1, Xo — 32.768 — kHz
frequency or 38.4
Watch clock (gy)  tyw X1, X5 — 30.50r — ps Figure 15.1
cycle time 26.0
Subclock (g5yp) tsubcyc 2 — 8 tw "t
cycle time
Instruction cycle 2 — — teye
time tsubeye
Oscillation tre 0OSC,, OSC, — 20 45 Hs Figure 15.9 Figure 15.9
stabilization time Vee=2.2Vt055V "2
— 0.1 8 ms Figure 15.9 Figure 15.9
Vec=22V1055V
— — 50 ms Except the above
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Table15.3 Control Signal Timing (cont)

Vce =18V 1055V, AV =18V 1055V,Vgg=AVgs=0.0V, T,=-20°Cto +75°C
(including subactive mode) unless otherwise indicated.

Applicable Values Reference
Item Symbol Pins Min  Typ Max Unit Test Condition Figure
Oscillation tre X, Xo — — 2.0 S
stabilization time
External clock high  tcpy 0SsC, 70— — ns Vee =45V 105.5V Figure 15.1
width 100 — — Vec=3.0Vto55V 2
140 — — Voc=2.6Vt055V
200 — — Vec =22V 10 5.5V Figure 15.1
400 — — Except the above
X4 — 1526 — ps
or
13.02
External clock low  tcp. 0sC, 70— — ns Vec =45V 1055V Figure 15.1
width 100 — — Voc=3.0V1t055V 2
140 — — Vec=2.6V1t055V
200 — — Vec =22V 1055V Figure 15.1
400 — — Except the above
X, — 1526 — us
or
13.02
External clock rise  tcp, 0sC, - - 20 ns Vec =45V 1055V Figure 15.1
time - = 30 Vee=2.6Vto55V "2
— — 55 Except the above Figure 15.1
X4 — — 55.0 ns
External clock fall  tepy 0OsC,y - — 20 ns Vee =45V 105.5V Figure 15.1
time R — 30 Vec=26Vt055V 2
— — 55 Except the above  Figure 15.1
X — — 55.0 ns
Pin RES low width  tgg, RES 10 — — ey Figure 15.2
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Table15.3 Control Signal Timing (cont)

Vee =18V 1055V, AV =18V 1055V, Vgg=AVgs=0.0V, T, =-20°Cto +75°C
(including subactive mode) unless otherwise indicated.

Applicable Values Reference
Item Symbol Pins Min  Typ Max Unit Test Condition Figure
Input pin high width t, IRQyto IRQ,, 2 — — e Figure 15.3

WKP, to WKP; tsubcyc

ADTRG, TMIC

TMIF, TMIG,

AEVL, AEVH
Input pin low width ~ t,, IRQyto IRQ,, 2 — — e Figure 15.3

WKP, to WKP;, tsubcyc

ADTRG, TMIC,

TMIF, TMIG,

AEVL, AEVH
UD pin minimum tubH ub 4 — — teye Figure 15.4
modulation width tubL tsubcyc

Notes: 1. Selected with SA1 and SAO of system clock control register 2 (SYSCR2).

2. Internal power supply step-down circuit not used

Table15.4 Serial Interface (SCI3-1, SCI13-2) Timing

Vcc=18V 1055V, AV =18V 1t055V,Vgg=AVgs=0.0V, T=-20°Cto +75°C
(including subactive mode) unless otherwise indicated.

Values Reference
Item Symbol Min Typ Max Unit Test Conditions Figure
Input clock ~ Asynchronous  ts.c 4 — — teyc OF Figure 15.5
cycle Synchronous 6 — — tsubcyc
Input clock pulse width tsckw 0.4 — 0.6  toye Figure 15.5
Transmit data delay time trxp — — 1 tyyeOr  Vec=4.0V1t055V Figure 15.6
(synchronous) — — 1 tsubeye  EXcept the above
Receive data setup time trxs 2000 — — ns Vee=4.0Vto55V Figure 15.6 ™*
(synchronous) 400.0 — — Except the above Figure 15.6
Receive data hold time trxH 2000 — — ns Vee=4.0Vto5.5V Figure 15.6 **
(synchronous) 400.0 — — Except the above Figure 15.6
Note: 1. When internal step-down circuit is not used.
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15.2.4 A/D Converter Characteristics
Table 15.5 shows the A/D converter characteristics of the H8/3864.
Table15.5 A/D Converter Characteristics

Vee =18V 1t055V,Vss=AVgs=0.0V, T, =-20°C to +75°C (including subactive mode)
unless otherwise indicated.

Applicable Values Reference
Item Symbol Pins Min Typ Max Unit Test Condition Figure
Analog power AVee  AVcee 1.8 — 55 \% "t
supply voltage
Analog input  AVy ANgto AN; -03 — AVec +03  V
voltage
Analog power Algpg AVcc — — 15 mA  AVec =5V
supply current  Algrop;  AVee — 600 — HA "2
Reference
value

Alstopz  AVcc — — 5 HA e
Analog input  Cpn ANgto AN; — — 15.0 pF
capacitance
Allowable Ran — — 10.0 k
signal source
impedance
Resolution — — 10 bit
(data length)
Nonlinearity — — %25 LSB AVcc=3.0Vto55Vv "4
error Vee=3.0Vio55V

— — 455 AV =2.0Vto 5.5V
Vec=2.0Vt055V
— — %75 Except the above "5

Quantization — — +0.5 LSB

error
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Table15.5 A/D Converter Characteristics (cont)

Vee=18V1t055V,Veg=AVgs=0.0V, T, =-20°C to +75°C (including subactive mode)
unless otherwise indicated.

Applicable Values Reference
Item Symbol Pins Min Typ Max Unit Test Condition Figure
Absolute — — +3.0 LSB AV c=3.0Vto55VvV ™
accuracy Vee=3.0Vto55V
— — 46,0 AVcc=2.0Vt05.5V
Vec=2.0V1t055V
— —  #8.0 Except the above s
Conversion 155 — 155 us AVec=30Vto55Vv ™
time Vec=3.0Vto55V
62 — 155 Except the above
Notes: 1. Set AVcc = Vcc when the A/D converter is not used.
2. Alstop; is the current in active and sleep modes while the A/D converter is idle.
3. Algtop2 is the current at reset and in standby, watch, subactive, and subsleep modes
while the A/D converter is idle.
4. When internal step-down circuit is not used.
5. Conversion time 124 us
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15.25 LCD Characteristics
Table 15.6 shows the LCD characteristics.
Table15.6 LCD Characteristics

Vce =18V 1055V, AV =18V 1055V,Vgg=AVgs=0.0V, T=-20°Cto +75°C
(including subactive mode) unless otherwise specified.

Applicable Test Values Reference
Iltem Symbol Pins Conditions Min Typ Max Unit Figure
Segment driver Vps SEG; to Ip=2pA — — 06 V o
drop voltage SEG3; V,=27t055V
Common driver Vbe COM; to Ip=2uA — — 03 V o
drop voltage COMy V,=27t055V
LCD power supply R, cp BetweenV;and 05 3.0 90 M
split-resistance Vsg
On-chip liquid Vip Vo — 50 — Vv 7
crystal display Reference
power supply value
voltage
Liquid crystal Vico Vi 22 — 55 v 7

display voltage

Notes: 1. The voltage drop from power supply pins V4, V5, V3, and VSS to each segment pin or
common pin.

2. The output voltage in step-up constant-voltage power supply operation (unloaded).

3. When the liquid crystal display voltage is supplied from an external power source,
ensure that the following relationship is maintained: V, V , V 3 V gs.

376
RENESAS



Table15.7 AC Characteristicsfor External Segment Expansion

Vee =18V 1t055V,Veg=0.0V, T, =-20°C to +75°C (including subactive mode) unless
otherwise specified.

Applicable Test Values Reference
Iltem Symbol Pins Conditions Min Typ Max Unit Figure
Clock high width  tewny CLs,CL, ™ 800 — — ns  Figure 15.9
Clock low width tewL CL, o 800 — — ns  Figure 15.9
Clock setup time  tcsy CLy, CL,  7F 500 — — ns  Figure 15.9
Data setup time  tg DO " 300 — — ns  Figure 15.9
Data hold time ton DO o 300 — — ns  Figure 15.9
M delay time tom M -1000 — 1000 ns Figure 15.9
Clock rise and fall  tct CL4, CL, — — 170 ns  Figure 15.9

times

Note: 1. Value when the frame frequency is set to between 30.5 Hz and 488 Hz.

377
RENESAS



15.3 Operation Timing

Figures 15.1 to 15.6 show timing diagrams.

tosc, tw
ViH
OSC1
X1 V||_
 fepn tepL
— = tcpr —™ teps
Figure15.1 Clock Input Timing
RES
ViL
Figure15.2 RESLow Width
IRQg to IRQ,, [
WKP, to WKP-, ViH
ADTRG,
TMIC, TMIF, ViL
TMIG,
AEVL, AEVH
tiL P
Figure 15.3 Input Timing
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ub

Figure15.4 UD Pin Minimum Modulation Width Timing

tsckw

SCKgy;

SCK3,

tseyc
-~

Figure155 SCK3Input Clock Timing
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tseye

SCKgl Viy or VOH*
SCK3zp VL or Vo * /

trxp

-
TXD3; Veu
TXDay oH
(transmit data) VoL

trxs
oot

b ()

Note: * Output timing reference levels
Output high Von = 1/2Vcc + 0.2 V
Output low VoL =0.8V
Load conditions are shown in figure 15-8.

Figure15.6 SCI3 Synchronous Mode | nput/Output Timing
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ter

—>
¥ | Vcc - 0.5V
Ch 0.4V
tcwH . tcwH
tcsu
Vce - 0.5
cL |
2 0.4V \
tcsu towL
ter
Vcec - 0.5V
00 X % X
" tsu toH !
M
0.4V
— tom

Figure15.7 Segment Expansion Signal Timing
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15.4  Output Load Circuit

2.4kQ

Output pin

30 pF 12 kQ

Figure15.8 Output Load Condition

155 Resonator Equivalent Circuit

Ls Cs Rs

OSC1 = — OSC2

Lo
-0

Crystal Resonator Parameter Ceramic Resonator Parameters

Frequency Frequency
(MHZ) 1 4.193 (MH2) 0.4 4
Rs (max) 40 Q 100 Q Rs (max) 8.6 Q 8.8Q
Co (max) 3.5pF 16 pF Co (max) 326 pF 36 pF

Figure15.9 Resonator Equivalent Circuit
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Appendix A CPU Instruction Set

Al Instructions

Operation Notation

Rd8/16 General register (destination) (8 or 16 bits)
Rs8/16 General register (source) (8 or 16 bits)
Rn8/16 General register (8 or 16 bits)
CCR Condition code register
N (negative) flag in CCR
Z (zero) flag in CCR
V (overflow) flag in CCR
C C (carry) flag in CCR
PC Program counter
SP Stack pointer
#xx: 3/8/16 Immediate data (3, 8, or 16 bits)
d: 8/16 Displacement (8 or 16 bits)
@aa: 8/16 Absolute address (8 or 16 bhits)
+ Addition
- Subtraction
X Multiplication
+ Division
ad Logical AND
ad Logical OR
d Exclusive logical OR

Move

Logical complement

Condition Code Notation

Symbol

f Modified according to the instruction result
* Not fixed (value not guaranteed)

0 Always cleared to 0

Not affected by the instruction execution result

RENESAS
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Table A.1 liststhe H8/300L CPU instruction set.

TableA.1 Instruction Set
Addressing Mode/
Instruction Length (bytes)
]
@ ZlE|elo ¢
g 3| 825 5eE 2
“2 § : gls|@ g5 é =| Condition Code Z
Mnemonic O | Operation ¥2z|®®® e e ®E | HN|z|vicz
MOV.B #xx:8, Rd B | #xx:8 - Rd8 2 —|—t|t]|0]—|2
MOV.B Rs, Rd B | Rs8 - Rd8 2 —|—]t]|t|0O|—|2
MOV.B @Rs, Rd B | @Rs16 - Rd8 2 —|—|t|t|0]|—|4
MOV.B @(d:16, Rs), Rd | B | @(d:16, Rs16)» Rd8 4 —|—|t]t]|0O|—|6
MOV.B @Rs+, Rd B | @Rs16 - Rd8 2 —|—]t|t|0|—|6
Rs16+1 - Rsl16
MOV.B @aa:8, Rd B | @aa:8 -~ Rd8 —|—|t]|t|0|—|4
MOV.B @aa:16, Rd B | @aa:16 — Rd8 4 —|—[t|t|0|—]|6
MOV.B Rs, @Rd B | Rs8 . @Rd16 2 —|—|t|t|0]|—|4
MOV.B Rs, @(d:16, Rd) | B | Rs8 - @(d:16, Rd16) 4 —|—lt|t|0|—|6
MOV.B Rs, @-Rd B | Rd16-1 - Rd16 2 —|—]t|t|0O|—|6
Rs8 - @Rd16
MOV.B Rs, @aa:8 B | Rs8 -~ @aa:8 —|—|t|t|0]|—|4
MOV.B Rs, @aa:16 B | Rs8 -~ @aa:16 4 —|—]t|t|0O|—|6
MOV.W #xx:16, Rd W | #xx:16 - Rd 4 —|—]t|1]|0|—|4
MOV.W Rs, Rd W| Rs16 - Rd16 2 —|—|t|t]0|—|2
MOV.W @Rs, Rd W| @Rs16 - Rd16 2 —|—|t|t]|0|— 4
MOV.W @(d:16, Rs), Rd |W| @(d:16, Rs16) » Rd16 4 —|—|t|t|0|—|6
MOV.W @Rs+, Rd W| @Rs16 - Rd16 2 —|—|t|t|0|—|6
Rs16+2 - Rs16
MOV.W @aa:16, Rd W| @aa:16 - Rd16 4 —|—|t|t]|0|—|6
MOV.W Rs, @Rd W| Rs16 - @Rd16 2 —|—|t|t]|0|— |4
MOV.W Rs, @(d:16, Rd) |W | Rs16 - @(d:16, Rd16) 4 —|—|t|t|0|—|6
MOV.W Rs, @-Rd W| Rd16-2 - Rd16 2 —|—|t|t]|0|—|6
Rs16 —» @Rd16
MOV.W Rs, @aa:16 W| Rsl6 - @aa:16 4 —|—|t|t|0|—|6
POP Rd W| @SP - Rd16 2 — =t —
SP+2 - SP
PUSH Rs W| SP-2 - SP 2 —|—|t|t|0|—|6
Rs16 - @SP
384
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TableA.1

Instruction Set (cont)

Addressing Mode/
Instruction Length (bytes)

R + 0

2 £l&lolo g

2 g %) @ o:c: e - &

g ®© c | é < < & 2 Condition Code |©

3 el T |20 S
Mnemonic O | Operation ¥x®Q|®®®Q®E| | HNzZ|lvicZ
ADD.B #xx:8, Rd B | Rd8+#xx:8 - Rd8 2 —t]t] ] t]2
ADD.B Rs, Rd B | Rd8+Rs8 - Rd8 —l(t]t] ] t]2
ADD.W Rs, Rd W| Rd16+Rs16 - Rd16 2 —|@)|t|t]t]]2
ADDX.B #xx:8, Rd B | Rd8+#xx:8 +C - Rd8 2 —|t|t|@)]s]1r]2
ADDX.B Rs, Rd B | Rd8+Rs8 +C - Rd8 2 —|t|t|@)]s]1]2
ADDS.W #1, Rd W | Rd16+1 - Rd16 2 —|—|—|—|—]— 2
ADDS.W #2, Rd W | Rd16+2 - Rd16 2 —|—|—|—|—]— 2
INC.B Rd B | Rd8+1 - Rd8 2 — =]t t|t|—]2
DAA.B Rd B | Rd8 decimal adjust — Rd8 2 —|* |t t]|*|(d)2
SUB.B Rs, Rd B | Rd8-Rs8 - Rd8 2 —lt]t| ] t]2
SUB.W Rs, Rd W | Rd16-Rs16 - Rd16 2 —@)|e|t]t]]2
SUBX.B #xx:8, Rd B | Rd8—#xx:8 -C - Rd8 2 —| | t|@)]s]1]2
SUBX.B Rs, Rd B | Rd8-Rs8 —-C - Rd8 2 —lt ]|t |1t]2
SUBS.W #1, Rd W | Rd16-1 - Rd16 2 —|—|—|—|—]— 2
SUBS.W #2, Rd W| Rd16-2 - Rd16 2 —|—|—|—|—]— 2
DEC.B Rd B | Rd8-1 - Rd8 2 — =]t t|t|—]2
DAS.B Rd B | Rd8 decimal adjust - Rd8 2 —(* |t |*|—]2
NEG.B Rd B|0-Rd - Rd 2 —| |t t] ]2
CMP.B #xx:8, Rd B | Rd8—#xx:8 2 —lt |t t] ]2
CMP.B Rs, Rd B | Rd8-Rs8 2 —| ||| t] ]2
CMP.W Rs, Rd W| Rd16-Rs16 —|@)|t|t]t]]2

RENESAS

385



TableA.1

Instruction Set (cont)

Addressing Mode/
Instruction Length (bytes)

8 + 0
@ £& oo 3
o4
2 o [} Ol ° 2
S @ 121219 82| condition Code |5
8 § c n% s QI: g A ondition Coae S
Mnemonic O | Operation #x|®0|® OO E | | H|N|Z|V c|Z
MULXU.B Rs, Rd B | Rd8 x Rs8 - Rd16 2 —|—|—|—|—|—]|14
DIVXU.B Rs, Rd B | Rd16+Rs8 — Rd16 2 —|—|B)|(6) —|—|14
(RdH: remainder,
RdL: quotient)
AND.B #xx:8, Rd B | Rd8#xx:8 — Rd8 2 —|—]t|t]|0|—]|2
AND.B Rs, Rd B | Rd8IRs8 - Rd8 2 —|—]t|1]0]|—]|2
OR.B #xx:8, Rd B | RA8[#xx:8 -~ Rd8 2 —|—]t]|t|0O]|—|2
OR.BRs, Rd B | Rd8Rs8 - Rd8 2 —|—]t|1]0]|—]|2
XOR.B #xx:8, Rd B | Rd80#xx:8 — Rd8 2 —|—t|t]|0]|—|2
XOR.B Rs, Rd B | Rd8Rs8 - Rd8 2 —|—t|t]|0]|—]|2
NOT.B Rd B|Rd -~ Rd —|—=lt]|]0]|—|2
SHAL.B Rd B — =ttt |2
el [[[[[[]]«o
b7 bo
SHAR.B Rd B lIIIIIIII 2 —|—t|t]0]1 |2
_
bs bo
SHLL.B Rd B IIIIIIII 0 2 —|—[t]|t|0]|s]2
b7 bo
SHLR.B Rd B 0 IIIIIIII 2 —|—[0|1t]0]1 |2
b7 bo
ROTXL.B Rd B IIIIIIII 2 —|—]t]|t|0O]|t|2
ROTXR.B Rd B m,[h 2 —|—[t|t|0]|s]2
b, by C
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TableA.1

Instruction Set (cont)

RENESAS

Addressing Mode/
Instruction Length (bytes)
b =l 8
n ~ 2
° s | |Z18|gR z
g @ S|S|®|s| | B o =
g 1 gls|® g5 é = | Condition Code 3
Mnemonic O | Operation £|r|®|®6®Q®E|I|HIN|Z|V|C|Z
ROTL.B Rd B 2 —|—|t|t]|0]t]2
LT
b7 bo
ROTR.B Rd B 2 —|—|t]t|0]s]|2
rLLLLTT T
b, bo
BSET #xx:3, Rd B | (#xx:30f Rd8) ~ 1 2 —|—|—=|—=|—|— 2
BSET #xx:3, @Rd B | (#xx:3 of @Rd16) ~ 1 4 —|—|—|—|—|—] 8
BSET #xx:3, @aa:8 B | (#xx:3 of @aa:8) « 1 4 —|—|—|—|—|—] 8
BSET Rn, Rd B | (Rn8of Rd8) ~ 1 2 —|—|—|—|—|—|2
BSET Rn, @Rd B | (Rn8 of @Rd16) ~ 1 4 —|—|—|—|—|—]8
BSET Rn, @aa:8 B | (Rn8 of @aa:8) ~ 1 4 —|—|—|—|—|—] 8
BCLR #xx:3, Rd B | (#xx:3 of Rd8) ~ 0 2 —|—|—=|=|—|—2
BCLR #xx:3, @Rd B | (#xx:3 of @Rd16) ~ O 4 —|—|—|—|—|—] 8
BCLR #xx:3, @aa:8 B | (#xx:3 of @aa:8) —~ 0 4 —|—|—|—|—|—]| 8
BCLR Rn, Rd B | (Rn8 of Rd8) —~ 0 2 — | —|—|—|—|—|2
BCLR Rn, @Rd B | (Rn8 of @Rd16) ~ 0 4 —|—|—|—|—|—]8
BCLR Rn, @aa:8 B | (Rn8 of @aa:8) ~ 0 4 —|—|—|—|—|—| 8
BNOT #xx:3, Rd B | (#xx:3 of Rd8) ~ 2 —|—|—=|=|—|—2
(#xx:3 of Rd8)
BNOT #xx:3, @Rd B | (#xx:3 of @Rd16) - 4 —|—|—|—|—|—] 8
(#xx:3 of @Rd16)
BNOT #xx:3, @aa:8 B | (#xx:3 of @aa:8) 4 | |—|—=|—|—|8
(#xx:3 of @aa:8)
BNOT Rn, Rd B | (Rn8 of Rd8) - 2 —|—|—|—|—|—|2
(Rn8 of Rd8)
BNOT Rn, @Rd B | (Rn8 of @Rd16) - 4 —|—|—|—|—|—|8
(Rn8 of @Rd16)
BNOT Rn, @aa:8 B | (Rn8 of @aa:8) ~ 4 —|—|—|—|—|—] 8
(Rn8 of @aa:8)
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TableA.1

Instruction Set (cont)

Addressing Mode/

Instruction Length (bytes)

GN) + [%]

@ El&lelo g

2 o < @ S ° 2

g @ c|Z|& 2 2 é % Condition Code |©
Mnemonic & Operation E & % ® @I @(5 ®/® E|i[H|n|z]v]c|2
BTST #xx:3, Rd B | (#xx:30f Rd8) - Z 2 — =]t |—|—]|2
BTST #xx:3, @Rd B | (#xx:3 of @Rd16) - Z 4 —|—|—|t|—|—|6
BTST #xx:3, @aa:8 B | (#xx:3 of @aa:8) - Z 4 —|—|—|t|—|—|6
BTST Rn, Rd B | (Rn8 of Rd8) - Z 2 — =]t |—|—]|2
BTST Rn, @Rd B | (Rn8 of @Rd16) - Z 4 —|—|—|t|—|—|6
BTST Rn, @aa:8 B | (Rn8 of @aa:8) - Z 4 —|—|—|t|—|—|6
BLD #xx:3, Rd B | (#xx:3 of Rd8) -~ C 2 —|—|—|—|—]t |2
BLD #xx:3, @Rd B | (#xx:3 of @Rd16) - C 4 — | —|—|—|—] 1t |6
BLD #xx:3, @aa:8 B | (#xx:3 of @aa:8) -~ C 4 —|—|—|—|—]t |6
BILD #xx:3, Rd B | (#xx:30fRd8) - C 2 —|— ===t |2
BILD #xx:3, @Rd B | (#xx:3 of @Rd16) - C 4 —|—|—|—|—] 1|6
BILD #xx:3, @aa:8 B | (#xx:3 of @aa:8) - C 4 —|—|—|—|—] 1|6
BST #xx:3, Rd B | C - (#xx:3 of Rd8) 2 —|—|=|=|—|—] 2
BST #xx:3, @Rd B | C - (#xx:3 of @Rd16) 4 —|—|—|—|—|—| 8
BST #xx:3, @aa:8 B | C - (#xx:3 of @aa:8) 4 —|—|—|—|—|—| 8
BIST #xx:3, Rd B | C - (#xx:3 of Rd8) 2 —|—|—=|=|—|—]2
BIST #xx:3, @Rd B | C - (#xx:3 of @Rd16) 4 —|—|—|—|—|—| 8
BIST #xx:3, @aa:8 B | C - (#xx:3 of @aa:8) 4 —|—|—|—|—|—| 8
BAND #xx:3, Rd B | CO#xx:3 of Rd8) -~ C 2 —|—|—|—|—]t |2
BAND #xx:3, @Rd B | CO#xx:3 of @Rd16) - C 4 —|—|—=|—|—] |6
BAND #xx:3, @aa:8 B | CO#xx:3 of @aa:8) - C 4 —|—|—|—=|—1] |6
BIAND #xx:3, Rd B | CO#xx:3 of Rd8) - C 2 —|—|—|=|—] 1|2
BIAND #xx:3, @Rd B | CO#xx:3 of @Rd16) - C 4 —|—|—|—|—] 1|6
BIAND #xx:3, @aa:8 B | COO(#xx:3 of @aa:8) - C 4 —|—|—|—|—| 1|6
BOR #xx:3, Rd B | CO#xx:3 of Rd8) -~ C 2 —|—=|—=|=]=] ]2
BOR #xx:3, @Rd B | CO#xx:3 of @Rd16) - C 4 —|—=|—=|—|—] |6
BOR #xx:3, @aa:8 B | CO#xx:3 of @aa:8) - C 4 —|—|—=|—=|—]t |6
BIOR #xx:3, Rd B | CO#xx:3 of Rd8) - C 2 —|—|—=]—=|—=]1 ]2
BIOR #xx:3, @Rd B | CO(#xx:3 of @Rd16) - C 4 —|—|—|—|—]| 1|6
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TableA.1

Instruction Set (cont)

Addressing Mode/
Instruction Length (bytes)

N |+ 0
4 ElglelT g
E 2l | ¢®5E |5 5
= @© FE 9| s|2 P %S
8 Branching | % | _ gls nlz I Condition Code g
Mnemonic O | Operation | Condition |# |2 |®|®|®|®|®|®|E|| |H|N|z|V|C|Z
BIOR #xx:3, @aa:8 B | CO(#xx:3 of @aa:8) - C 4 —|—|—=|—=|—]t |6
BXOR #xx:3, Rd B | CO#xx:30f Rd8) - C 2 —|—]—|—|—]t]2
BXOR #xx:3, @Rd B | CO(#xx:3 of @Rd16) — C 4 —|—|—|—|—| s |6
BXOR #xx:3, @aa:8 B | CO(#xx:3 of @aa:8) - C 4 —|—|—|—|—] |6
BIXOR #xx:3, Rd B | CO(#xx:3 of Rd8) -~ C 2 —|—|—=|=]=] ]2
BIXOR #xx:3, @Rd B | CO(#xx:3 of @Rd16) -~ C 4 —|—|—|—|—|t |6
BIXOR #xx:3, @aa:8 B | CO(#xx:3 of @aa:8) —~ C 4 —|—|—|—|—]| s |6
BRA d:8 (BT d:8) —| PC « PC+d:8 2 =] =] =]=| 2
BRN d:8 (BF d:8) —| PC « PC+2 2 =] =] =]=| 2
BHI d:8 —| If cdz=0 2 —|—|—|—|—|—| 4
BLS d:8 o F:ondmon coz=1 5 ===,
is true
BCC d:8 (BHS d:8) —| then Cc=0 2 —|—=|—=|—=|—|—| 4
BCS d:8 (BLO d:8) —| PC c=1 2 == —|=|—| 4
g PC+d:8 -
ENE d:8 —| else next: |£=9 2 — = =l=l==l4
BEQ d:8 — z=1 2 —|—|—|—=]—=|— 4
BVC d:8 — V=0 2 — || —|—=]—=|—| 4
BVS d:8 — v=1 2 — || —|—]—=|—| 4
BPL d:8 — N=0 2 — || —|—=]—=|—| 4
BMI d:8 — N=1 2 — || —|—=]—=|—| 4
BGE d:8 — NOV =0 2 —|—|—=|—=|—=|—1 4
BLT d:8 — NOV =1 2 —|—|—=|—=|—=|—1 4
BGT d:8 — ZO(NOV)=0 2 —|—|—=|=|—|—| 4
BLE d:8 — ZO(NOV) =1 2 —|—|—=|=|—=|—| 4
JMP @Rn —| PC < Rn16 2 || === 4
JMP @aa:16 —| PC ~ aa:16 4 — | —|—|—|—|—]| 6
JMP @@aa:8 —| PC « @aa:8 2 —|—|—|—|—|—| 8
BSR d:8 —| SP-2 - SP 2 —|—|—=|—|—|—| 6
PC - @SP
PC ~ PC+d:8
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TableA.1

Instruction Set (cont)

Addressing Mode/
Instruction Length (bytes)
Q
N + 0
@ ZIE| |~ L3
s © T |x|g 0 g
= o < |® 3= o N
@ o alc|n|e| 8|0 - “
S . c 52| S5 =| Condition Code |©
joX Zle|X|z| 1|8 |= ® E_ I
Mnemonic O | operation £2|®0®6®® = |H|N|Z|V|C|Z
JSR @Rn —| SP-2 - SP 2 —|—=|—=|—|—|—1| 6
PC - @SP
PC — Rn16
JSR @aa:16 —| SP-2 -, SP 4 —|—=|—=|—|—|—18
PC - @SP
PC — aa:l6
JSR @@aa:8 SP-2 -, SP 2 —|—|—=|—|—|—18
PC - @SP
PC - @aa:8
RTS —| PC -« @SP 2 |—|—|—|—|—|—| 8
SP+2 - SP
RTE —| CCR -~ @SP 20t t| ]t 1| t]l0
SP+2 - SP
PC - @SP
SP+2 - SP
SLEEP —| Transit to sleep mode. 2 |—|—|—|—|—|—]2
LDC #xx:8, CCR B | #xx:8 - CCR 2 E R R O I 0 I 4
LDC Rs, CCR B | Rs8 - CCR E R A O I O I
STC CCR, Rd B | CCR - Rd8 — === |—]—12
ANDC #xx:8, CCR B | CCR#xx:8 - CCR 2 F T B N B I )
ORC #xx:8, CCR B | CCR#xx:8 - CCR 2 N R N A
XORC #xx:8, CCR B | CCRO#xx:8 -— CCR 2 E I A O I I
NOP —| PC « PC+2 — === |—]—12
EEPMOV — | if R4LZ0 — === |—|—1(4)
Repeat @R5 - @R6
R5+1 - R5
R6+1 - R6
R4L-1 - R4L
Until R4L=0
else next;
Notes: (1) Setto 1 when there is a carry or borrow from bit 11; otherwise cleared to 0.
(2) If the result is zero, the previous value of the flag is retained; otherwise the flag is cleared to 0.
(3) Setto 1 if decimal adjustment produces a carry; otherwise retains value prior to arithmetic operation.
(4) The number of states required for execution is 4n + 9 (n = value of R4L).
(5) Setto 1 if the divisor is negative; otherwise cleared to 0.
(6) Setto 1 if the divisor is zero; otherwise cleared to 0.
390
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A.2 Operation Code Map

Table A.2 is an operation code map. It shows the operation codes contained in the first byte of the
instruction code (bits 15 to 8 of the first instruction word).

#7 Instruction when first bit of byte 2 (bit 7 of first instruction word) is 0.

~=— | nstruction when first bit of byte 2 (bit 7 of first instruction word) is 1.
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A3 Number of Execution States

The tables here can be used to calculate the number of states required for instruction execution.
Table A.4 indicates the number of states required for each cycle (instruction fetch, read/write,
etc.), and table A.3 indicates the number of cycles of each type occurring in each instruction. The
total number of states required for execution of an instruction can be calculated from these two
tables asfollows:

Execution states=1 x §+JIx Sj+ K x S+ L xS + M x Sy + N x Sy
Examples: When instruction is fetched from on-chip ROM, and an on-chip RAM is accessed.

BSET #0, @FF00

From table A.4:

I=L=2, J=K=M=N=0

Fromtable A.3:

S =2, §=2

Number of statesrequired for execution=2x2+2x2=8

When instruction is fetched from on-chip ROM, branch addressis read from on-chip ROM, and
on-chip RAM is used for stack area.

JSR @@ 30

From table A.4:

=2, J=K=1, L=M=N=0

Fromtable A.3:

S| = SJ: SK =2

Number of statesrequired for execution=2x2+1x2+1x2=8
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Table A.3 Number of Cyclesin Each Instruction

Execution Status Access Location

(instruction cycle) On-Chip Memory On-Chip Peripheral Module
Instruction fetch S 2 —

Branch address read S;

Stack operation Sk

Byte data access S 2o0r3*

Word data access Sm —

Internal operation SN 1

Note: * Depends on which on-chip module is accessed. See 2.9.1, Notes on Data Access for
details.
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TableA.4 Number of Cyclesin Each Instruction

Instruction Branch Stack Byte Data  Word Data Internal
Fetch Addr. Read Operation  Access Access Operation
Instruction ~ Mnemonic | J K L M N

ADD ADD.B #xx:8, Rd
ADD.B Rs, Rd
ADD.W Rs, Rd

ADDS ADDS.W #1, Rd
ADDS.W #2, Rd

ADDX ADDX.B #xx:8, Rd
ADDX.B Rs, Rd

AND AND.B #xx:8, Rd
AND.B Rs, Rd

ANDC ANDC #xx:8, CCR

BAND BAND #xx:3, Rd
BAND #xx:3, @Rd
BAND #xx:3, @aa:8

Bce BRA d:8 (BT d:8)
BRN d:8 (BF d:8)
BHI d:8
BLS d:8
BCC d:8 (BHS d:8)
BCS d:8 (BLO d:8)
BNE d:8
BEQ d:8
BVC d:8
BVS d:8
BPL d:8
BMI d:8
BGE d:8
BLT d:8
BGT d:8
BLE d:8

BCLR BCLR #xx:3, Rd
BCLR #xx:3, @Rd
BCLR #xx:3, @aa:8
BCLR Rn, Rd
BCLR Rn, @Rd
BCLR Rn, @aa:8

BIAND BIAND #xx:3, Rd
BIAND #xx:3, @Rd
BIAND #xx:3, @aa:8

N N RPN DN EFP NDNPINMNDNDDNDMDNDDNDMNDDNDDNDNDNDDNDNMDNDNDNMDNDDNDDNNDNDRIRPIP PR PP P[P PP
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TableA.4 Number of Cyclesin Each Instruction (cont)

Instruction Branch Stack Byte Data  Word Data Internal
Fetch Addr. Read Operation  Access Access Operation
Instruction ~ Mnemonic | J K L M N

BILD BILD #xx:3, Rd
BILD #xx:3, @Rd
BILD #xx:3, @aa:8

BIOR BIOR #xx:3, Rd
BIOR #xx:3, @Rd
BIOR #xx:3, @aa:8

BIST BIST #xx:3, Rd
BIST #xx:3, @Rd
BIST #xx:3, @aa:8

BIXOR BIXOR #xx:3, Rd
BIXOR #xx:3, @Rd
BIXOR #xx:3, @aa:8

BLD BLD #xx:3, Rd
BLD #xx:3, @Rd
BLD #xx:3, @aa:8

BNOT BNOT #xx:3, Rd
BNOT #xx:3, @Rd
BNOT #xx:3, @aa:8
BNOT Rn, Rd
BNOT Rn, @Rd
BNOT Rn, @aa:8

BOR BOR #xx:3, Rd
BOR #xx:3, @Rd
BOR #xx:3, @aa:8

BSET BSET #xx:3, Rd
BSET #xx:3, @Rd
BSET #xx:3, @aa:8
BSET Rn, Rd
BSET Rn, @Rd
BSET Rn, @aa:8

BSR BSR d:8

BST BST #xx:3, Rd
BST #xx:3, @Rd
BST #xx:3, @aa:8

BTST BTST #xx:3, Rd
BTST #xx:3, @Rd
BTST #xx:3, @aa:8
BTST Rn, Rd
BTST Rn, @Rd

N P NN EFPINDNEFPINIDNDNDPEPDNMNDNDPEPRPNMNDNDPEPEDNDNDEDNDDNDEDNMNDNDENMNDNDENMNDNDEINDNDEDNDNLEERE
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TableA.4 Number of Cyclesin Each Instruction (cont)

Instruction

Mnemonic

Branch Stack
Addr. Read Operation
J K

Instruction
Fetch
|

Byte Data  Word Data Internal
Access Access Operation
L M N

BTST

BTST Rn, @aa:8

1

BXOR

BXOR #xx:3, Rd
BXOR #xx:3, @Rd
BXOR #xx:3, @aa:8

CMP

CMP. B #xx:8, Rd
CMP. B Rs, Rd
CMP.W Rs, Rd

DAA

DAA.B Rd

DAS

DAS.B Rd

DEC

DEC.B Rd

DIVXU

DIVXU.B Rs, Rd

12

EEPMOV

EEPMOV

2n+2* 1

INC

INC.B Rd

JMP

JMP @Rn
JMP @aa:16
JMP @@aa:8

JSR

JSR @Rn
JSR @aa:16
JSR @@aa:8

LDC

LDC #xx:8, CCR
LDC Rs, CCR

MOV

MOV.B #xx:8, Rd
MOV.B Rs, Rd

MOV.B @Rs, Rd
MOV.B @(d:16, Rs), Rd
MOV.B @Rs+, Rd
MOV.B @aa:8, Rd
MOV.B @aa:16, Rd
MOV.B Rs, @Rd
MOV.B Rs, @(d:16, Rd)
MOV.B Rs, @-Rd
MOV.B Rs, @aa:8
MOV.B Rs, @aa:16
MOV.W #xx:16, Rd
MOV.W Rs, Rd

MOV.W @Rs, Rd
MOV.W @(d:16, Rs), Rd
MOV.W @Rs+, Rd
MOV.W @aa:16, Rd

P N R R NNRRPRNRNRRNRPRER(RPRI[IDMNNMNMNMNODNRERINRER(R[RPIRIPRP R R[N RN
=
PR R R R R R R R R

[ =

N

Note: n: Initial value in R4L. The source and destination operands are accessed n + 1 times each.
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TableA.4 Number of Cyclesin Each Instruction (cont)

Instruction Branch Stack Word Data Internal
) ) Fetch Addr. Read Operation Access Operation
Instruction ~ Mnemonic | J K M N
MOV MOV.W Rs, @Rd 1 1
MOV.W Rs, @(d:16, Rd) 2 1
MOV.W Rs, @-Rd 1 1 2
MOV.W Rs, @aa:16 2 1
MULXU MULXU.B Rs, Rd 1 12
NEG NEG.B Rd 1
NOP NOP 1
NOT NOT.B Rd 1
OR OR.B #xx:8, Rd 1
OR.B Rs, Rd 1
ORC ORC #xx:8, CCR 1
ROTL ROTL.B Rd 1
ROTR ROTR.B Rd 1
ROTXL ROTXL.B Rd 1
ROTXR ROTXR.B Rd 1
RTE RTE 2 2 2
RTS RTS 2 1 2
SHAL SHAL.B Rd 1
SHAR SHAR.B Rd 1
SHLL SHLL.B Rd 1
SHLR SHLR.B Rd 1
SLEEP SLEEP 1
STC STC CCR, Rd 1
SuB SUB.B Rs, Rd 1
SUB.W Rs, Rd 1
SUBS SUBS.W #1, Rd 1
SUBS.W #2, Rd 1
POP POP Rd 1 1 2
PUSH PUSH Rs 1 1
SUBX SUBX.B #xx:8, Rd 1
SUBX.B Rs, Rd 1
XOR XOR.B #xx:8, Rd 1
XOR.B Rs, Rd 1
XORC XORC #xx:8, CCR 1
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Appendix B Internal 1/O Registers

B.1 Addresses

Lower Register Bit Names Module

Address Name Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit1 Bit 0 Name

H'90 WEGR WKEGS7 WKEGS6 WKEGS5 WKEGS4 WKEGS3 WKEGS2 WKEGS1 WKEGSO System
control

H'91 SPCR — — SPC32 SPC31 SCINV3  SCINV2 SCINV1 SCINVO SCI

H'92 CWOSR — — — — — — — CWos Timer A
H'93

H'94

H'95 ECCSR OVH OvL — CH2 CUEH CUEL CRCH CRCL Asynchro-
H'96 ECH ECH7 ECH6 ECH5 ECH4 ECH3 ECH2 ECH1 ECHO nous event
H'97 ECL ECL7 ECL6 ECL5 ECL4 ECL3 ECL2 ECL1 ECLO counter
H'98 SMR31 COM31 CHR31 PE31 PM31 STOP31 MP31 CKS311 CKS310 SCi31
H'99 BRR31 BRR317 BRR316 BRR315 BRR314 BRR313 BRR312 BRR311 BRR310

H'9A SCR31 TIE31 RIE31 TE31 RE31 MPIE31 TEIE31  CKE31l CKE310

H'9B TDR31 TDR317 TDR316 TDR315 TDR314 TDR313 TDR312 TDR311 TDR310

H'9C SSR31 TDRE31 RDRF31 OER31 FER31 PER31 TEND31 MPBR31 MPBT31

H'9D RDR31 RDR317 RDR316 RDR315 RDR314 RDR313 RDR312 RDR311 RDR310

H'9E

H'OF

H'AO

H'Al

H'A2

H'A3

H'A4

H'A5

H'A6

H'A7

H'A8 SMR32 COM32  CHR32 PE32 PM32 STOP32 MP32 CKS321 CKS320 SCI32

H'A9 BRR32 BRR327 BRR326 BRR325 BRR324 BR323 BRR322 BRR321 BRR320

H'AA SCR32 TIE32 RIE32 TE32 RE32 MPIE32  TEIE32 CKE321 CKE320

H'AB TDR32 TDR327 TDR326 TDR325 TDR324 TDR323 TDR322 TDR321 TDR320

H'AC SSR32 TDRE32 RDRF32 OER32 FER32 PER32 TEND32 MPBR32 MPBT32

H'AD RDR32 RDR327 RDR326 RDR325 RDR324 RDR323 RDR322 RDR321 RDR320

H'AE

H'AF

H'BO TMA TMA7 TMAG TMAS — TMA3 TMA2 TMA1 TMAO Timer A

399
RENESAS



Lower Register Bit Names Module
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Name
H'B1 TCA TCA7 TCAG6 TCA5 TCA4 TCA3 TCA2 TCAl TCAO Timer A
H'B2 TCSRW  B6WI TCWE B4WI TCSRWE B2WI WDON BOW1 WRST Watchdog
H'B3 TCW TCW7 TCW6 TCW5 TCw4 TCW3 TCW2 TCwW1 TCWO timer
H'B4 T™MC TMC7 TMC6 TMC5 — — TMC2 TMC1 TMCO Timer C
H'B5 TCC/TLC TCC/ TCC6/ TCC5/ TCC4/ TCC3/ TCC2/ TCC1/ TCCO/

TLC7 TLC6 TLC5 TLC4 TLC3 TLC2 TLC1 TLCO
H'B6 TCRF TOLH CKSH2 CKSH1 CKSHO TOLL CKSL2 CKSL1 CKSLO Timer F
H'B7 TCSRF OVFH CMFH OVIEH CCLRH OVFL CMFL OVIEL CCLRL
H'B8 TCFH TCFH7 TCFH6 TCFH5 TCFH4 TCFH3 TCFH2 TCFH1 TCFHO
H'B9 TCFL TCFL7 TCFL6 TCFL5 TCFL4 TCFL3 TCFL2 TCFL1 TCFLO
H'BA OCRFH  OCRFH7 OCRFH6 OCRFH5 OCRFH4 OCRFH3 OCRFH2 OCRFH1 OCRFHO
H'BB OCRFL OCRFL7 OCRFL6 OCRFL5 OCRFL4 OCRFL3 OCRFL2 OCRFL1 OCRFLO
H'BC TMG OVFH OVFL OVIE IIEGS CCLR1 CCLRO CKs1 CKSO0 Timer G
H'BD ICRGF ICRGF7 ICRGF6 ICRGF5 ICRGF4 ICRGF3 ICRGF2 ICRGF1 ICRGFO
H'BE ICRGR ICRGR7 ICRGR6 ICRGR5 ICRGR4 ICRGR3 ICRGR2 ICRGR1 ICRGRO
H'BF
H'CO LPCR DTS1 DTSO CMX SGX SGS3 SGS2 SGS1 SGS0 LCD
H'C1 LCR — PSW ACT DISP CKS3 CKS2 CKS1 CKSO0 controller/
H'C2 LCR2 LCDAB — — SUPS CDS3 CDS2 CDS1 CDS0 driver
H'C3
H'C4 ADRRH ADR9 ADRS8 ADR7 ADRG6 ADR5 ADR4 ADR3 ADR2 A/ID
H'C5 ADRRL ADR1 ADRO — — — — — — converter
H'C6 AMR CKS TRGE — — CH3 CH2 CH1 CHO
H'C7 ADSR ADSF — — — — — — —
H'C8 PMR1 IRQ3 IRQ2 IRQ1 IRQ4 TMIG TMOFH  TMOFL TMOW 1/0 port
H'C9
H'CA PMR3 AEVL AEVH WDCKS NCS IRQO RESO ub PWM
H'CB
H'CC PMR5 WKP7 WKP6 WKP5 WKP4 WKP3 WKP2 WKP1 WKPO
H'CD
H'CE
H'CF
H'DO PWCR — — — — — — PWCR1 PWCRO Bit14
H'D1 PWDRU — — PWDRU5 PWDRU4 PWDRU3 PWDRU2 PWDRU1l PWDRUO PWM
H'D2 PWDRL PWDRL7 PWDRL6 PWDRL5 PWDRL4 PWDRL3 PWDRL2 PWDRL1 PWDRLO
H'D3
H'D4 PDR1 P17 P16 P15 P14 P13 P12 P11 P10 1/0 Port
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Lower Register Bit Names Module
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Name
H'DS 1/0 Port
H'D6 PDR3 P37 P36 P35 P34 P33 P32 P31 P30

H'D7 PDR4 — — — — P43 P42 P41 P40

H'D8 PDR5 P57 P56 P55 P54 P53 P52 P51 P50

H'D9 PDR6 P67 P66 P65 P64 P63 P62 P61 P60

H'DA PDR7 P77 P76 P75 P74 P73 P72 P71 P70

H'DB PDR8 P87 P86 P85 P84 P83 P82 P81 P80

H'DC

H'DD PDRA — — — — PA3 PA2 PAl PAO

H'DE PDRB PB7 PB6 PB5 PB4 PB3 PB2 PB1 PBO

H'DF

H'EO PUCR1 PUCR17 PUCR16 PUCR15 PUCR14 PUCR13 PUCR12 PUCR1l1 PUCR10 I/O Port
HE1 PUCR3 PUCR37 PUCR36 PUCR35 PUCR34 PUCR33 PUCR32 PUCR31 PUCR30

H'E2 PUCR5 PUCR57 PUCR56 PUCR55 PUCR54 PUCR53 PUCR52 PUCR51 PUCRS50

HE3 PUCR6 PUCR67 PUCR66 PUCR65 PUCR64 PUCR63 PUCR62 PUCR61 PUCR60

H'E4 PCR1 PCR17 PCR16 PCR15 PCR14 PCR13 PCR12 PCR11 PCR10

H'ES

H'E6 PCR3 PCR37 PCR36 PCR35 PCR34 PCR33 PCR32 PCR31 PCR30

HE7 PCR4 — — — — — PCR42 PCR41 PCR40

H'E8 PCR5 PCR57 PCR56 PCR55 PCR54 PCR53 PCR52 PCR51 PCR50

H'E9 PCR6 PCR67 PCR66 PCR65 PCR64 PCR63 PCR62 PCR61 PCR60

HEA PCR7 PCR77 PCR76 PCR75 PCR74 PCR73 PCR72 PCR71 PCR70

H'EB PCR8 PCR87 PCR86 PCR85 PCR84 PCR83 PCR82 PCR81 PCR80

HEC

H'ED PCRA — — — — PCRA3 PCRA2 PCRA1 PCRAO

HEE

HEF

H'FO SYSCR1 SSBY STS2 STS1 STSO LSON — MA1 MAO System
H'F1 SYSCR2 — — — NESEL DTON MSON SAl SAO0 control
H'F2 IEGR — — — IEG4 IEG3 IEG2 IEG1 IEGO

H'F3 IENR1 IENTA — IENWP IEN4 IEN3 IEN2 IEN1 IENO

H'F4 IENR2 IENDT IENAD — IENTG IENTFH  IENTFL IENTC IENEC

H'F5

H'F6 IRR1 IRRTA — — IRRI4 IRRI3 IRRI2 IRRI1 IRRIO

H'F7 IRRI2 IRRDT IRRAD — IRRTG IRRTFH  IRRTFL IRRTC IRREC

H'F8

RENESAS
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Lower Register Bit Names Module

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Name

H'F9 IWPR IWPF7 IWPF6 IWPF5 IWPF4 IWPF3 IWPF2 IWPF1 IWPFO System

H'FA CKSTPR1 — S31CKSTP S32CKSTP ADCKSTP TGCKSTP TFCKSTP TCCKSTP TACKSTP control

H'FB CKSTPR2 — — — — AECKSTP WDCKSTP PWCKSTP LDCKSTP

HFC

HFD

H'FE

HFF

Legend
SCI: Serial Communication Interface
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B.2 Functions
Register Register Address to which the Name of
acronym name register is mapped on-chip
supporting
module
TMC—Timer moderegister C H'B4 Timer C
Bit
numbers
Bit 7 6 5 4 3 2 1
Initial bit — ‘ T™MC7 ‘ TMC6 ‘ TMC5 ‘ — ‘ — ‘ T™MC2 ‘ TMC1 ‘ TMCO ‘,x
values Initial value 0 0 0 1 1 0 0 Names of the
Read/Write RW  RW  RW — — RW  RW  RW bits. Dashes
1 [ (—) indicate
‘ reserved bits.
Clock select
0|00 | Internal clock: 2/8192
Possible types of access 1| Internal clock: 8/2048 Full name
R |Read only 110 | Internal clock: 2/512 of bit
- 1 | Internal clock: /64
W | Write only 1|0 |0] Internal clock: /16 *\
R/W | Read and write 1 | Internal clock: @/4 L
10 | Internal clock: g/4 Dfes_crlptlpns
1 | External event (TMIC): Rising or falling edge of bit settings
Counter up/down control
0| 0| TCC is an up-counter
1| TCCis a down-counter
1| * | TCC up/down control is determined by input at pin
UD. TCC is a down-counter if the UD input is high,
and an up-counter if the UD input is low.
Auto-reload function select
0 | Interval timer function selected
1 | Auto-reload function selected
*: Don’t care
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WEGR—Wakeup Edge Select Register H'90 System control

Bit 7 6 5 4 3 2 1 0

‘ WKEGS7 ‘ WKEGSG‘ WKEGSS‘ WKEGS4‘ WKEGS3 ‘ WKEGS2 ‘ WKEGS1 ‘ WKEGS0 ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

WKPn edge selected

0 | WKPn pin falling edge detected
1 | WKPn pin rising edge detected

(n=0to7)
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SPCR—Serial Port Control Register H'91 SCI

Bit 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ SPC32 ‘ SPC31 ‘ SCINV3 ‘ SCINV2 ‘ SCINV1 ‘ SCINVO ‘
Initial value 1 1 0 0 0 0 0 0
Read/Write — — R/W R/W R/W R/W R/W R/W

RXDg3, pin input data inversion switch

0 | RXDj, input data is not inverted
1 | RXDg input data is inverted

TXDs; pin output data inversion switch
0 | TXD,, output data is not inverted
1| TXDj, output data is inverted

RXDj3, pin input data inversion switch
0 | RXDjg, input data is not inverted
1 | RXDg, input data is inverted

TXD3, pin output data inversion switch

0 | TXDjg, output data is not inverted
1 | TXD,, output data is inverted

P35;TXDg, pin function switch

0 | Functions as P3; I/0 pin
1 | Functions as TXD,,; output pin

P4,/TXDg,pin function switch
0 | Function as P4, I/O pin
1 | Function as TXD;, output pin
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CWOSR—Subclock Output Select Register

Bit

Initial value
Read/Write

406

H'92 Timer A
7 6 5 4 3 2 1 0
- ===l =] =1 - [owos
1 1 1 1 1 1 1 0
R R R R R

R/W

TMOW pin clock select

0

Clock output from TMA is output

1

@y is output
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AEC

ECCSR—Event counter control/statusregister H'95
Bit 7 6 5 4 3 2 1 0

‘ OVH ‘ ovL ‘ — ‘ CH2 ‘ CUEH ‘ CUEL ‘ CRCH ‘ CRCL ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

—

Counter reset control L

—

0| ECL

is reset

is en

1| ECL resetis cleared
and count-up function

abled

Counter reset control H

0

ECH is reset

1

ECH reset is cleared and
count-up function is enabled

Count-up enable L

0 | ECL event clock input is disabled.
ECL value is held

1| ECL event clock input is enabled

Count-up enable H

0 | ECH event clock input is disabled.
ECH value is held

1| ECH event clock input is enabled

Channel select

0 | ECH and ECL are used together as a single-
channel 16-bit event counter

1| ECH and ECL are used as two independent
8-bit event counter channels

Counter overflow L

0| ECL has not overflowed

1| ECL has overflowed

Counter overflow H
0 | ECH has not overflowed
1| ECH has overflowed

RENESAS
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ECH—Event counter H H'96 AEC

Bit 7 6 5 4 3 2 1 0

‘ ECH7 ‘ ECH6 ‘ ECH5 ‘ ECH4 ‘ ECH3 ‘ ECH2 ‘ ECH1 ‘ ECHO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R R R R R R R R
ECL—Event counter L H'97 AEC
Bit 7 6 5 4 3 2 1 0

‘ ECL7 ‘ ECL6 ‘ ECL5 ‘ ECL4 ‘ ECL3 ‘ ECL2 ‘ ECL1 ‘ ECLO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R R R R R R R R
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SMR31—Serial moderegister 31 H'98 SCI31

Bit 7 6 5 4 3 2 1 0
‘COMSl‘ CHRSl‘ PE31 ‘ PM31 ‘STOPSl‘ MP31 ‘CKSSll‘CKSSlO‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
|
CI’;elect
0|0| @clock
01| sw/2clock
1| 0| @/16 clock
1| 1| a/64 clock

Multiprocessor mode
0 | Multiprocessor communication
function disabled

1| Multiprocessor communication
function enabled

Stop bit length
0| 1 stop bit
1| 2 stop hits

Parity mode

0 | Even parity
1| Odd parity
Parity enable

0 | Parity bit addition and checking disabled
1| Parity bit addition and checking enabled

Character length
0 | 8-bit data/5-bit data
1| 7-bit data/5-bit data

Communication mode
0 | Asynchronous mode
1| Synchronous mode

409
RENESAS



BRR31—Bit rateregister31 H'99 SCI31

Bit 7 6 5 4 3 2 1 0
‘ BRR317 ‘ BRR316 ‘ BRR315‘ BRR314‘ BRR313 ‘ BRR312 ‘ BRR311‘ BRR310 ‘
Initial value 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
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SCR31—Serial control register 31 H'9A SCI31

Bit 7 6 5 4 3 2 1 0

‘ TIE31 ‘ RIE31 ‘ TE31 ‘ RE31 ‘ MPIE31 ‘ TEIE31 ‘ CKE311 ‘ CKE310 ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

]

Clock enable

Bit1l | BitO Description
CKE311/CKE310| Communication Mode Clock Source SCK3 Pin Function

0 0 Asynchronous Internal clock 1/0 port
Synchronous Internal clock Serial clock output

0 1 Asynchronous Internal clock Clock output
Synchronous Reserved (Do not specify this combination)

1 0 Asynchronous External clock Clock input
Synchronous External clock Serial clock input

1 1 Asynchronous Reserved (Do not specify this combination)
Synchronous Reserved (Do not specify this combination)

Transmit end interrupt enable

0 | Transmit end interrupt request (TEIl) disabled

1 | Transmit end interrupt request (TEI) enabled

Multiprocessor interrupt enable

0

Multiprocessor interrupt request disabled (normal receive operation)
[Clearing conditions]
When data is received in which the multiprocessor bit is set to 1

Multiprocessor interrupt request enabled

The receive interrupt request (RXI), receive error interrupt request (ERI), and setting of the
RDRF, FER, and OER flags in the serial status register (SSR), are disabled until data with
the multiprocessor bit set to 1 is received.

Receive enable

0 | Receive operation disabled (RXD pin is I/O port)

1 | Receive operation enabled (RXD pin is receive data pin)

Transmit enable

0 | Transmit operation disabled (TXD pin is transmit data pin)

1 | Transmit operation enabled (TXD pin is transmit data pin)

Receive interrupt enable

0

Receive data full interrupt request (RXI) and receive error interrupt request (ERI) disabled

1

Receive data full interrupt request (RXI) and receive error interrupt request (ERI) enabled

Transmit interrupt enable

0

Transmit data empty interrupt request (TXI) disabled

1

Transmit data empty interrupt request (TXI) enabled
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TDR31—Transmit dataregister 31 H'9B

SCI31
Bit 7 6 5 4 3 2 1 0
‘ TDR317 ‘ TDR316 ‘ TDR315‘ TDR314 ‘ TDR313 ‘TDR312 ‘ TDR311 ‘ TDR310 ‘
Initial value 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Data for transfer to TSR
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SSR31—Serial statusregister 31 H'9C

Bit 7 6 5 4 3 2

SCI3

‘TDRESl‘ RDRFSl‘ OER31 ‘ FER31 ‘ PER31 ‘TENDSl‘MPBR:Sl‘MPBTSl‘

Initial value 1 0 0 0 0 1
Read/Write RI(W)  RAW) RIAW) R/(W) R/(W) R

1 0
0 0
R R/W

— ]

Multiprocessor bit transfer

0 A 0 multiprocessor bit is transmitted

1 A 1 multiprocessor bit is transmitted

Multiprocessor bit receive

0 Data in which the multiprocessor bit is 0 has been received
1 Data in which the multiprocessor bit is 1 has been received

Transmit end

0 Transmission in progress
[Clearing conditions] « After reading TDRE31 = 1, cleared by writing 0 to TDRE
« When data is written to TDR31 by an instruction

1 Transmission ended

[Setting conditions]  * When bit TE in serial control register 31 (SCR31) is cleared to 0
» When bit TDRE31 is set to 1 when the last bit of a transmit character is sent

Parity error

0 Reception in progress or completed normally
[Clearing conditions] After reading PER31 = 1, cleared by writing 0 to PER31

1 A parity error has occurred during reception

[Setting conditions] When the number of 1 bits in the receive data plus parity bit does not match the parity
designated by the parity mode bit (PM31) in the serial mode register (SMR31)

Framing error

0 Reception in progress or completed normally
[Clearing conditions] After reading FER31 = 1, cleared by writing 0 to FER31

1 A framing error has occurred during reception

reception, and the stop bit is 0

[Setting conditions] When the stop bit at the end of the receive data is checked for a value of 1 at completion of

Overrun error

0 Reception in progress or completed

[Clearing conditions] After reading OER31 = 1, cleared by writing 0 to OER31

1 An overrun error has occurred during reception

[Setting conditions] When the next serial reception is completed with RDRF31 set to 1

Receive data register full

0 | There is no receive data in RDR31

[Clearing conditions] « After reading RDRF31 = 1, cleared by writing 0 to RDRF31
+ When RDR31 data is read by an instruction

1 There is receive data in RDR31

[Setting conditions] When reception ends normally and receive data is transferred from RSR31 to RDR31

Transmit data register empty

0 Transmit data written in TDR31 has not been transferred to TSR31
[Clearing conditions] s After reading TDRE31 = 1, cleared by writing 0 to TDRE31
* When data is written to TDR31 by an instruction

[Setting conditions] « When bit TE in serial control register 31 (SCR31) is cleared to 0
« When data is transferred from TDR31 to TSR31

1 Transmit data has not been written to TDR31, or transmit data written in TDR31 has been transferred to TSR31

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

RENESAS
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RDR31—Receive data register 31 H'FoD SCI31

Bit 7 6 5 4 3 2 1 0
‘ RDR317 ‘ RDR316 ‘ RDR315‘ RDR314‘ RDR313 ‘ RDR312 ‘ RDR311‘ RDR310 ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R R R R R R R R
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SMR32—Serial moderegister 32 H'A8 SCI132

Bit 7 6 5 4 3 2 1 0
‘COMSZ‘ CHRSZ‘ PE32 ‘ PM32 ‘STOPSZ‘ MP32 ‘CKSSZl‘CKSSZO‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
|
CI’;elect
0|0| @clock
01| sw/2clock
1| 0| @/16 clock
1| 1| a/64 clock

Multiprocessor mode
0 | Multiprocessor communication
function disabled

1| Multiprocessor communication
function enabled

Stop bit length
0| 1 stop bit
1| 2 stop hits

Parity mode

0 | Even parity
1| Odd parity
Parity enable

0 | Parity bit addition and checking disabled
1| Parity bit addition and checking enabled

Character length
0 | 8-bit data/5-bit data
1| 7-bit data/5-bit data

Communication mode
0 | Asynchronous mode
1| Synchronous mode
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BRR32—Bit rateregister 32 H'A9 SCI132

Bit 7 6 5 4 3 2 1 0
‘ BRR327 ‘ BRR326 ‘ BRR325‘ BRR324‘ BRR323 ‘ BRR322 ‘ BRR321 ‘BRR3120‘
Initial value 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
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SCR32—Serial control register 32 H'AA SCI132

Bit 7 6 5 4 3 2 1 0

‘ TIE32 ‘ RIE32 ‘ TE32 ‘ RE32 ‘ MPIE32 ‘ TEIE32 ‘ CKE321 ‘ CKE320 ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

]

Clock enable

Bit1l | BitO Description
CKE321|CKE320| Communication Mode Clock Source SCK3 Pin Function

0 0 Asynchronous Internal clock 1/0 port
Synchronous Internal clock Serial clock output

0 1 Asynchronous Internal clock Clock output
Synchronous Reserved (Do not specify this combination)

1 0 Asynchronous External clock Clock input
Synchronous External clock Serial clock input

1 1 Asynchronous Reserved (Do not specify this combination)
Synchronous Reserved (Do not specify this combination)

Transmit end interrupt enable

0 | Transmit end interrupt request (TEIl) disabled

1 | Transmit end interrupt request (TEI) enabled

Multiprocessor interrupt enable

0

Multiprocessor interrupt request disabled (normal receive operation)
[Clearing conditions]
When data is received in which the multiprocessor bit is set to 1

Multiprocessor interrupt request enabled

The receive interrupt request (RXI), receive error interrupt request (ERI), and setting of the
RDRF, FER, and OER flags in the serial status register (SSR), are disabled until data with
the multiprocessor bit set to 1 is received.

Receive enable

0 | Receive operation disabled (RXD pin is I/O port)

1 | Receive operation enabled (RXD pin is receive data pin)

Transmit enable

0 | Transmit operation disabled (TXD pin is transmit data pin)

1 | Transmit operation enabled (TXD pin is transmit data pin)

Receive interrupt enable

0

Receive data full interrupt request (RXI) and receive error interrupt request (ERI) disabled

1

Receive data full interrupt request (RXI) and receive error interrupt request (ERI) enabled

Transmit interrupt enable

0

Transmit data empty interrupt request (TXI) disabled

1

Transmit data empty interrupt request (TXI) enabled
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TDR32—Transmit data register 32 H'AB

SCI132
Bit 7 6 5 4 3 2 1 0
‘ TDR327 ‘ TDR326 ‘ TDR325‘ TDR324 ‘ TDR323 ‘TDR322 ‘ TDR321 ‘ TDR320 ‘
Initial value 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Data for transfer to TSR
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SSR32—Serial statusregister 32 H'AC

Bit 7 6 5 4 3 2

SCI132

‘TDRESZ‘ RDRFSZ‘ OER32 ‘ FER32 ‘ PER32 ‘TENDSZ‘MPBR:SZ‘MPBTSZ‘

Initial value 1 0 0 0 0 1
Read/Write RI(W)  RAW) RIAW) R/(W) R/(W) R

1 0
0 0
R R/W

— ]

Multiprocessor bit transfer

0 A 0 multiprocessor bit is transmitted

1 A 1 multiprocessor bit is transmitted

Multiprocessor bit receive

0 Data in which the multiprocessor bit is 0 has been received
1 Data in which the multiprocessor bit is 1 has been received

Transmit end

0 Transmission in progress
[Clearing conditions] s After reading TDRE32 = 1, cleared by writing 0 to TDRE32
« When data is written to TDR32 by an instruction

1 Transmission ended

[Setting conditions]  * When bit TE in serial control register 32 (SCR32) is cleared to 0
» When bit TDRE32 is set to 1 when the last bit of a transmit character is sent

Parity error

0 Reception in progress or completed normally
[Clearing conditions] After reading PER32 = 1, cleared by writing 0 to PER32

1 A parity error has occurred during reception

[Setting conditions] When the number of 1 bits in the receive data plus parity bit does not match the parity
designated by the parity mode bit (PM32) in the serial mode register (SMR32)

Framing error

0 Reception in progress or completed normally
[Clearing conditions] After reading FER32 = 1, cleared by writing 0 to FER32

1 A framing error has occurred during reception

reception, and the stop bit is 0

[Setting conditions] When the stop bit at the end of the receive data is checked for a value of 1 at completion of

Overrun error

0 Reception in progress or completed

[Clearing conditions] After reading OER32 = 1, cleared by writing 0 to OER32

1 An overrun error has occurred during reception

[Setting conditions] When the next serial reception is completed with RDRF32 set to 1

Receive data register full

0 | There is no receive data in RDR32

[Clearing conditions] « After reading RDRF32 = 1, cleared by writing 0 to RDRF32
+ When RDR32 data is read by an instruction

1 There is receive data in RDR32

[Setting conditions] When reception ends normally and receive data is transferred from RSR32 to RDR32

Transmit data register empty

0 Transmit data written in TDR32 has not been transferred to TSR32
[Clearing conditions] s After reading TDRE32 = 1, cleared by writing 0 to TDRE32
* When data is written to TDR32 by an instruction

[Setting conditions] « When bit TE32 in serial control register 32 (SCR32) is cleared to 0
« When data is transferred from TDR32 to TSR32

1 Transmit data has not been written to TDR32, or transmit data written in TDR32 has been transferred to TSR32

Note: * Only a write of O for flag clearing is possible.
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RDR32—Receive dataregister 32 H'AD SCI132

Bit 7 6 5 4 3 2 1 0

‘ RDR327 ‘ RDR326 ‘ RDR325‘ RDR324‘ RDR323 ‘ RDR322 ‘ RDR321‘ RDR320 ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R R R R R R R R
TMA—Timer moderegister A H'BO Timer A
Bit 7 6 5 4 3 2 1 0

‘ TMA7 ‘ TMAG6 ‘ TMA5 ‘ — ‘ TMA3 ‘ TMA2 ‘ TMA1 ‘ TMAO ‘
Initial value 0 0 0 1 0 0 0 0
Read/Write R/W R/W R/W — R/W R/W R/W R/W

\
Clock output select Internal clock select

0(0|0| @32 Prescaler and Divider Ratio
1| a/16 TMA3 | TMA2 | TMA1| TMAO | or Overflow Period Function
110l a/8 0 0 0 0 | PSS 2/8192 Interval
1] g/a 1 |pss /4096 timer
1/0|0/| gy/32 1 0 PSS 212048
1| oy/16 1 PSS @/512
110/ oy/8 1 0 0 PSS /256
1] oy/4 1 PSS 2/128
1 0 PSS 2/32
1 PSS /8
1 0 0 0 PSW 1s Time
1 | PSW 05s base
1 | 0 |[PSW  025s i
1 PSW 0.03125 s 32.768 kHz)
1 0 0 PSW and TCA are reset
1
1 0
1
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TCA—Timer counter A H'B1

Timer A
Bit 7 6 5 4 3 2 1 0
‘ TCA7 ‘ TCA6 ‘ TCA5 ‘ TCA4 ‘ TCA3 ‘ TCA2 ‘ TCAl ‘ TCAO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R R R R R R R R
Count value
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TCSRW—Timer control/statusregister W H'B2 Watchdog timer

Bit 7 6 5 4 3 2 1 0

\ B6WI \ TCWE‘ B4AWI ‘TCSRWE‘ B2wWI ‘WDON‘ BOWI ‘WRST‘
Initial value 1 0 1 0 1 0 1 0
Read/Write R RI(W)* R RI(W)* R RI(W)* R RI(W)*

] ‘

\
Watchdog timer reset

0 | [Clearing conditions]

+ Reset by RES pin

* When TCSRWE =1, and 0 is written in both BOWI and WRST
1 | [Setting condition]

When TCW overflows and a reset signal is generated

Bit 0 write inhibit
0 | Bit 0 is write-enabled
1 | Bit O is write-protected

Watchdog timer on
0 | Watchdog timer operation is disabled
1 | Watchdog timer operation is enabled

Bit 2 write inhibit
0 | Bit 2 is write-enabled
1 | Bit 2 is write-protected

Timer control/status register W write enable
0 | Data cannot be written to bits 2 and 0
1 | Data can be written to bits 2 and 0

Bit 4 write inhibit
0 | Bit 4 is write-enabled
1 | Bit 4 is write-protected

Timer counter W write enable
0 | Data cannot be written to TCW
1 | Data can be written to TCW

Bit 6 write inhibit
0 | Bit 6 is write-enabled
1 | Bit 6 is write-protected

Note: * Write is permitted only under certain conditions.
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TCW—Timer counter W H'B3 Watchdog timer
Bit 7 6 5 4 3 2 1 0
‘ TCW7 ‘ TCW6 ‘ TCWS5 ‘ TCW4 ‘ TCWS3 ‘ TCW2 ‘ TCW1 ‘ TCWO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
|
Count value
TMC—Timer moderegister C H'B4 Timer C
Bit 7 6 5 4 3 2 1 0
‘ TMC7 ‘ TMC6 ‘ TMC5 ‘ — ‘ — ‘ TMC2 ‘ TMC1 ‘ TMCO ‘
Initial value 0 0 0 1 1 0 0 0
Read/Write R/W R/W R/W — — R/W R/W R/W
]

‘ |

Clock select

0|0 |0 | Internal clock: 2/8192

0|0 |1 | Internal clock: 9/2048

0| 10| Internal clock: @/512

0| 11| Internal clock: 2/64

1|0/ 0| Internal clock: @/16

10| 1] Internal clock: @/4

1|10/ Internal clock: gw/4

11111 External event (TMIC): Counting

on rising or falling edge

Counter up/down control

0| 0| TCCis an up-counter
0| 1| TCC is a down-counter

1| » | Hardware control of TCC up/down operation by UD pin input
UD pin input high: Down-counter
UD pin input low: Up-counter

Auto-reload function select

0

Interval timer function selected

1

Auto-reload function selected

RENESAS

* . Don’t care

423



TCC—Timer counter C H'B5

Timer C
Bit 7 6 5 4 3 2 1 0
‘ TCC7 ‘ TCC6 ‘ TCC5 ‘ TCC4 ‘ TCC3 ‘ TCC2 ‘ TCC1 ‘ TCCO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R R R R R R R R
Count value
TLC—Timer load register C H'B5 Timer C
Bit 7 6 5 4 3 2 1 0
‘ TLC7 ‘ TLC6 ‘ TLC5 ‘ TLC4 ‘ TLC3 ‘ TLC2 ‘ TLC1 ‘ TLCO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Reload value
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TCRF—Timer control register F H'B6 Timer F

Bit 7 6 5 4 3 2 1 0
‘ TOLH ‘ CKSHZ‘ CKSHl‘ CKSHO‘ TOLL ‘ CKSL2 ‘ CKSL1 ‘ CKSLO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write w w W w w W w w
\
Clock select L
0| * | * Counting on external event (TMIF)
rising/falling edge
1/0]|0 Internal clock 2/32
1/0]|1 Internal clock 2/16
1|10 Internal clock g/4
11111 Internal clock gw/4
Toggle output level L
0 | Low level
1 | High level
Clock select H
0| * |=* 16-bit mode, counting on TCFL
overflow signal
1/01]0 Internal clock @/32
110 |1 Internal clock #/16
1110 Internal clock g/4
1111 Internal clock gw/4
*: Don't care

Toggle output level H

0 | Low level
1 | High level
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TCSRF—Timer control/statusregister F H'B7 Timer F
Bit 7 6 5 4 3 2 1 0

\ OVFH \ CMFH \ OVIEH \ CCLRH‘ OVFL \ CMFL \ OVIEL \ CCLRL‘
Initial value 0 0 0 0 0 0 0 0
Read/Write RI(W)  RAW) RAW) R/(W) RI(W) RW  RW RIW

— ] |

Counter clear L

0 TCFL clearing by compare match is disabled

1 TCFL clearing by compare match is enabled

Timer overflow interrupt enable L

0 TCFL overflow interrupt request is disabled

1 TCFL overflow interrupt request is enabled

Compare match flag L

0 Clearing conditions:
After reading CMFL = 1, cleared by writing 0 to CMFL

1 Setting conditions:
Set when the TCFL value matches the OCRFL value

Timer overflow flag L

0 | Clearing conditions:
After reading OVFL = 1, cleared by writing 0 to OVFL

1 Setting conditions:
Set when TCFL overflows from H'FF to H'00

Counter clear H

0 16-bit mode: TCF clearing by compare match is disabled
8-bit mode: TCFH clearing by compare match is disabled

1 16-bit mode: TCF clearing by compare match is enabled
8-bit mode: TCFH clearing by compare match is enabled

Timer overflow interrupt enable H

0 | TCFH overflow interrupt request is disabled

1 TCFH overflow interrupt request is enabled

Compare match flag H

0 | Clearing conditions:
After reading CMFH = 1, cleared by writing 0 to CMFH

1 Setting conditions:
Set when the TCFH value matches the OCRFH value

Timer overflow flag H

0 | Clearing conditions:
After reading OVFH = 1, cleared by writing 0 to OVFH

1 Setting conditions:
Set when TCFH overflows from H'FF to H'00

Note: * Bits 7, 6, 3, and 2 can only be written with 0, for flag clearing.
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TCFH—S8-bit timer counter FH H'B8 Timer F

Bit 7 6 5 4 3 2 1 0
‘ TCFH7 ‘ TCFH6 ‘ TCFH5 ‘ TCFH4 ‘ TCFH3 ‘ TCFH2 ‘ TCFH1 ‘ TCFHO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Count value
TCFL—8-bit timer counter FL H'B9 Timer F
Bit 7 6 5 4 3 2 1 0
‘ TCFL7 ‘ TCFL6 ‘ TCFL5 ‘ TCFL4 ‘ TCFL3 ‘ TCFL2 ‘ TCFL1 ‘ TCFLO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Count value
OCRFH—OQutput compareregister FH H'BA Timer F
Bit 7 6 5 4 3 2 1 0
‘OCRFH?‘OCRFH6‘OCRFHS‘OCRFH4‘OCRFH3‘OCRFH2‘OCRFHl‘OCRFHO‘
Initial value 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
OCRFL—OQutput compare register FL H'BB Timer F
Bit 7 6 5 4 3 2 1 0
‘OCRFL? ‘ OCRFL6 ‘ OCRFLS‘ OCRFL4‘ OCRFL3 ‘ OCRFL2 ‘ OCRFLl‘OCRFLO‘
Initial value 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
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TMG—Timer moderegister G H'BC Timer G

Bit 7 6 5 4 3 2 1 0

\ OVFH \ OVFL \ OVIE \ IIEGS ‘CCLRl \ CCLRO‘ CKS1 \ CKS0 \
Initial value 0 0 0 0 0 0 0 0
ReadWrite  RIW)* RIW)* W W W W W W

Clock selectJ

0| 0| Internal clock: counting on @/64
Internal clock: counting on @/32

0|1
1|0 Internal clock: counting on @/2
1|1 Internal clock: counting on gw/4

Counter clear
0| 0| TCG clearing is disabled

0|1 | TCG cleared by falling edge of input capture input signal
1|0| TCG cleared by rising edge of input capture input signal
1|1 | TCG cleared by both edges of input capture input signal

Input capture interrupt edge select

0| Interrupt generated on rising edge of input capture input signal
1 | Interrupt generated on falling edge of input capture input signal

Timer overflow interrupt enable
0 | TCG overflow interrupt request is disabled
1 | TCG overflow interrupt request is enabled

Timer overflow flag L

0| Clearing conditions:
After reading OVFL = 1, cleared by writing 0 to OVFL

1| Setting conditions:
Set when TCG overflows from H'FF to H'00

Timer overflow flag H

0 | Clearing conditions:
After reading OVFH = 1, cleared by writing 0 to OVFH

[any

Setting conditions:
Set when TCG overflows from H'FF to H'00

Note: * Bits 7 and 6 can only be written with 0, for flag clearing.
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| CRGF—Input captureregister GF H'BD Timer G

Bit 7 6 5 4 3 2 1 0

‘ ICRGF7 ‘ ICRGF6 ‘ ICRGFS‘ ICRGF4‘ ICRGF3 ‘ ICRGF2 ‘ ICRGFl‘ ICRGFO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R R R R R R R R
| CRGR—Input captureregister GR H'BE Timer G
Bit 7 6 5 4 3 2 1 0

‘ ICRGR7 ‘ ICRGR6 ‘ ICRGRS‘ ICRGR4‘ ICRGR3 ‘ ICRGR2 ‘ ICRGRl‘ ICRGRO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R R R R R R R R
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LPCR—LCD port control register H'CO LCD controller/driver
Bit 7 6 5 4 3 2 1 0
| DTS1 | DTSO | CMX | SGX | SGS3 | SGS2 | SGS1 | SGS0 |
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Clock enable
Bit4 |Bit3 | Bit2 | Bit1 | Bit0 Function of Pins SEG3; to SEG;
SEG3; | SEGjs | SEGa4 SEGy | SEGse SEG1» SEGg SEGy4 Notes
SGX |SGS3|SGS2|SGS1/SGSO| to SEG0|to SEGos |to SEG»; |to SEG17|to SEG13| to SEGs | to SEGs | to SEG;
0 0 0 0 0 Port Port Port Port Port Port Port Port | (Initial value)
0 0 0 1 Port Port Port Port Port Port Port Port
0 0 1 * SEG SEG Port Port Port Port Port Port
0 1 0 * SEG SEG SEG SEG Port Port Port Port
0 1 1 * SEG SEG SEG SEG SEG SEG Port Port
1 * * * SEG SEG SEG SEG SEG SEG SEG SEG
1 0 0 0 0 Port* Port Port Port Port Port Port Port
* * * * Use prohibited
Note: * SEG32 to SEG29 are external expansion pins. * : Don't care
Bit 4 -
SGX Description
0 Pins SEG3,t0 SEG,g* (Initial value)
1 | Pins CLy, CL,, DO, M
Note: * These pins function as ports when the setting of SGS3 to SGS0 is 0000 or 0001.

Duty select, common function select

Bit 7 | Bit 6 | Bit 5 .
DTS1|DTS0l CMX Duty Cycle |{Common Drivers Notes
0 0 L9 1 st COMy
1 COM, to COM; | COMy4 to COM; output the same waveform as COM;
0 1 0 12 duty | COM2 to COM;
1 Y COMy to COM; | COMy outputs the same waveform as COM3 and COM, outputs the same waveform as COMy
1 0 0 1/3 dut COMj3 to COM;
1 Y COM, to COM; | COM, outputs a non-selected waveform
1]t 7(1’ 14 duty | COMato COMs —
430
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LCR—LCD control register H'C1 LCD controller/driver
Bit 7 6 5 4 3 2 1 0
‘ — ‘ PSW ‘ ACT ‘ DISP ‘ CKS3 ‘ CKsS2 ‘ CKsS1 ‘ CKSO0 ‘
Initial value 1 0 0 0 0 0 0 0
Read/Write — RIW RIW RIW RIW RIW RIW RIW
Frame frequency select
Bit3 |Bit2 | Bit1 | Bit 1 .
CKS3|CKS2 | CKS1|CKso| OPerating Clock
0 * 0 0 oW
0 * 0 1 ow
0 * 1 * ow/2
1 0 0 0 a/2
1 0 0 1 al4
1 0 1 0 /8
1 0 1 1 2/16
1 1 0 0 2/32
1 1 0 1 2/64
1 1 1 0 2/128
1 1 1 1 21256

. * : Don't care
Display data control

0 | Blank data is displayed
1| LCD RAM data is displayed

Display function activate

0 | LCD controller/driver operation halted

1 | LCD controller/driver operates

LCD drive power supply on/off control

0 | LCD drive power supply off

1| LCD drive power supply on
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LCR2—LCD control register 2

Bit

Initial value
Read/Write

432

H'C2 LCD
7 6 5 3 2 1 0
‘ LCDAB ‘ — ‘ — ‘ SUPS ‘ CDS3 ‘ CDS2 ‘ CDS1 ‘ CDSO0 ‘
0 1 1 0 0 0 0
RwW — — R/W R/IW RIW R/W RIW

Chargel/discharge pulse duty cycle select

Bit3 |Bit2 | Bitl | Bitl Duty Cycle

CDS3 |CDS2 |CDS1|/CDS0
0 0 0 0 1
0 0 0 1 1/8
0 0 1 0 2/8
0 0 1 1 3/8
0 1 0 0 4/8
0 1 0 1 5/8
0 1 1 0 6/8
0 1 1 1 0
1 0 * * 1/16
1 1 * * 1/32

5V regulator control

* . Don't care

0

5 V regulator halted

1

5 V regulator operates

Applies to the H8/3867 Series

A waveform/B waveform switching control

0

Drive using A waveform

1

Drive using B waveform
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AMR—A/D moderegister H'C6 A/D converter
Bit 7 6 5 4 3 2 1 0
‘CKS‘TRGE‘—‘—‘CHS‘CHZ‘CHl‘CHO‘
Initial value 0 0 1 1 0 0 0 0
Read/Write R/W R/W — — R/W R/W R/W R/W
\
Channel select
Bit3 | Bit2 | Bitl | BitO
CH3 | CH2 | CH1 | CHO | Analog Input Channel
0 0 * * No channel selected
1 0 0 |ANp
1 | AN;
1 0 |AN;
1 | ANj3
1 0 0 0 | ANg
1 | ANg
1 0 |ANg
1 | ANy
* : Don't care
External trigger select
0 | Disables start of A/D conversion by external trigger
1 | Enables start of A/D conversion by rising or falling edge
of external trigger at pin ADTRG
Clock select
Bit 7 Conversion Time
CKS | Conversion Period | =1 MHz | g =2 MHz
0 62/2 62 ps 31l ps
1 3l/g 31lps 15.5ps*
Note: * Operation is not guaranteed with a conversion time of less than 15.5 us

Select a setting that gives a conversion time of at least 15.5 ps.
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ADRRH—A/D result register H H'C4 A/D converter

ADRRL—A/D result register L H'C5
ADRRH
Bit 7 6 5 4 3 2 1 0

‘ ADR9 ‘ ADRS8 ‘ ADRY7 ‘ ADRG6 ‘ ADR5 ‘ ADR4 ‘ ADR3 ‘ ADR2 ‘
Initial value Not fixed Not fixed Not fixed Not fixed Not fixed Not fixed Not fixed Not fixed
Read/Write R/(W) R/(W) R/(W) R/(W) R/(W) R/(W) R/(W) R/(W)

A/D conversion result

ADRRL
Bit 7 6 5 4 3 2 1 0
porL R0 | — | = | = | =] = =
Initial value Not fixed Not fixed — — — — — —
Read/Write R R — — — — — —
A/D conversion result
ADSR—A/D start register H'C7 A/D converter
Bit 7 6 5 4 3 2 1 0
A N N
Initial value 0 1 1 1 1 1 1 1
Read/Write R/W — — — — — — —
A/D status flag
0 | Read | Indicates completion of A/D conversion
Write | Stops A/D conversion
1 | Read | Indicates A/D conversion in progress
Write | Starts A/D conversion
434
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PMR1—Port moderegister 1 H'C8 I/10p
Bit 7 6 5 4 3 2 1 0

\ IRQ3 \ IRQ2 \ IRQ1 \ IRQ4 \ T™IG ‘TMOFH‘TMOFL‘ TMOW‘
Initial value 0 0 0 0 0 0 0 0

ReadWrite  RAW) RIW) RIW) RIW) RIW) RI(W) RIW) RIW)

P1o/TMOW pin function switch

ort

0| Functions as P1g I/O pin

1 | Functions as TMOW output pin

P1,/TMOFL pin function switch

0 | Functions as P13 I/O pin
1 | Functions as TMOFL output pin

P1,/TMOFH pin function switch
0 | Functions as P1; I/O pin
1 | Functions as TMOFH output pin

P15/TMIG pin function switch

0 | Functions as P13 I/O pin
1| Functions as TMIG input pin

P14/IRQ4/ADTRG pin function switch
0 | Functions as P14 I/O pin
1| Functions as IRQ4/ADTRG input pin

P15/IRQ,/TMIC pin function switch
0 | Functions as P15 I/O pin
1 | Functions as IRQ1/TMIC input pin

P1¢/IRQ, pin function switch
0 | Functions as P1g I/O pin
1 | Functions as IRQy input pin

P1,/IRQ3/TMIF pin function switch
0 | Functions as P17 I/O pin
1 | Functions as IRQ3/TMIF input pin
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PMR3—Port mode register 3 H'CA 1/0 port

Bit 7 6 5 4 3 2 1 0
‘ AEVL ‘ AEVH ‘WDCKS‘ NCS ‘ IRQO ‘ RESO ‘ ub ‘ PWM ‘
Initial value 0 0 0 0 0 0 0 0

ReadMrite  R/W) RIW) RIW) RIW) RIW) RIW) RIAW) RIW)

P3o/PWM pin function switch
0 | Functions as P3g I/O pin
1 | Functions as PWM output pin

P3,/UD pin function switch

0 | Functions as P33 I/O pin
1 | Functions as UD input pin

P3,/RESO pin function switch

0 | Functions as P3; I/O pin
1| Functions as RESO I/O pin

P45/IRQO pin function switch
0 | Functions as P43 /O pin
1 | Functions as IRQq input pin

TMIG noise canceler select

0 | Noise cancellation function not used
1 | Noise cancellation function used

Watchdog timer switch
0 | #8192
1| ew/4

P36/AEVH pin function switch

0 | Functions as P3¢ 1/O pin
1 | Functions as AEVH input pin

P37/AEVL pin function switch
0 | Functions as P37 I/O pin
1| Functions as AEVL input pin
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PMR5—Port mode register 5 H'CC 1/0 port

PWCR—PWM control register H'DO 14-bit PWM
Bit 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ — ‘ — ‘ — ‘ — ‘ PWCR1 ‘ PWCRO ‘
Initial value 1 1 1 1 1 1 0 0
Read/Write — — — — — — W w

—

Clock select
0 | The input clock is @/2 (tg* = 2/2)

The conversion period is 16,384/g, with a minimum modulation width of 1/a

The input clock is g/4 (tg* = 4/2)

The conversion period is 32,768/g, with a minimum modulation width of 2/g

1| The input clock is 9/8 (tg* = 8/9)

The conversion period is 65,536/g, with a minimum modulation width of 4/g
The input clock is @/16 (tg* = 16/2)

The conversion period is 131,072/g, with a minimum modulation width of 8/g

Note:* tg: Period of PWM input clock
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PWDRU—PWM dataregister U H'D1 14-bit PWM

Bit 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ PWDRU5 ‘ PWDRU4 ‘ PWDRU3 ‘ PWDRU2 ‘ PWDUR1 ‘ PWDRUO ‘
Initial value 1 1 0 0 0 0 0 0
Read/Write — — w W w w W w

Upper 6 bits of data for generating PWM waveform

PWDRL—PWM dataregister L H'D2 14-bit PWM
Bit 7 6 5 4 3 2 1 0

‘ PWDRL7 ‘ PWDRLG‘ PWDRL5 ‘ PWDRL4 ‘ PWDRL3 ‘ PWDRL2 ‘ PWDRL1 ‘ PWDRLO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write W W W W W W W W

Lower 8 bits of data for generating PWM waveform

PDR1—Port data register 1 H'D4 I/O ports
Bit 7 6 5 4 3 2 1 0

‘ P1, ‘ Plg ‘ Plg ‘ P1, ‘ P1; ‘ P1, ‘ P1, ‘ P1, ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
PDR3—Port data register 3 H'D6 I/O ports
Bit 7 6 5 4 3 2 1 0

‘ P35 ‘ P3¢ ‘ P35 ‘ P34 ‘ P33 ‘ P3, ‘ P3; ‘ P3, ‘
Initial value 0 0 0 0 0 0 0 0

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

PDR4—Port data register 4 H'D7 I/O ports

Bit 7 6 5 4 3 2 1 0
=== = [ ea [ e | e [ pay

Initial value 1 1 1 1 1 0 0 0

Read/Write — — — — R R/W R/W R/W
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PDR5—Port dataregister 5 H'D8 [/O ports
Bit 7 6 5 4 3 2 1 0
‘ P5, ‘ P5¢ ‘ P5g P5, P53 ‘ P5, P5, P5, ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
PDR6—Port dataregister 6 H'D9 [/O ports
Bit 7 6 5 4 3 2 1 0
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
PDR7—Port dataregister 7 H'DA [/O ports
Bit 7 6 5 4 3 2 1 0
‘ P7, ‘ P7¢ ‘ P7s P7, P73 ‘ P7, P7, P7, ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
PDR8—Port dataregister 8 H'DB [/O ports
Bit 7 6 5 4 3 2 1 0
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
PDRA—Port dataregister A H'DD /0O ports
Bit 7 6 5 4 3 2 1 0
== == Tem Lem [ [a ]
Initial value 1 1 1 1 0 0 0 0
Read/Write — — — — R/W R/W R/W R/W
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PDRB—Port dataregister B H'DE I/0O ports

Bit 7 6 5 4 3 2 1 0

‘ PB, ‘ PBg ‘ PBg ‘ PB, ‘ PB, ‘ PB, ‘ PB, ‘ PB, ‘
Initial value
Read/Write R R R R R R R R
PUCR1—Port pull-up control register 1 H'EO I/0O ports
Bit 7 6 5 4 3 2 1 0

‘PUCR17 ‘ PUCR1, ‘ PUCR1; ‘ PUCRY, ‘PUCng ‘PUCRlZ ‘ PUCR1, ‘PUCRIO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
PUCR3—Port pull-up control register 3 H'El I/0O ports
Bit 7 6 5 4 3 2 1 0

‘ PUCR37‘ PUCRSG‘ PUCR3; ‘ PUCR3, ‘ PUCR3, ‘PUCRSQ ‘ PUCR3, ‘ PUCR3, ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
PUCR5—Port pull-up control register 5 H'E2 [/O ports
Bit 7 6 5 4 3 2 1 0

‘ PUCR57‘ PUCR56‘ PUCR5g ‘ PUCRS5, ‘ PUCR5, ‘PUCRSZ ‘ PUCR5, ‘ PUCRS5, ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
PUCR6—Port pull-up control register 6 H'E3 I/0O ports
Bit 7 6 5 4 3 2 1 0

‘ PUCR67‘ PUCR66‘ PUCR65 ‘ PUCR6, ‘ PUCR6, ‘PUCRGZ ‘ PUCR6, ‘ PUCR6, ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
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PCR1—Port control register 1 H'E4 [/O ports

Bit 7 6 5 4 3 2 1 0

‘ PCR1, ‘ PCR1g ‘ PCR1g ‘ PCR1, ‘ PCR1; ‘ PCR1, ‘ PCR1, ‘ PCR1, ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write w w w w w w w w

Port 1 input/output select

0 | Input pin
1| Output pin
PCR3—Port control register 3 H'E6 I/0O ports
Bit 7 6 5 4 3 2 1 0
‘ PCR3, ‘ PCR3g ‘ PCR3; ‘ PCR3, ‘ PCR33 ‘ PCR3, ‘ PCR3; ‘ PCR3, ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write W w W W w W W W

Port 3 input/output select

0 | Input pin
1| Output pin
PCR4—Port control register 4 H'E7 I/0O ports
Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ — ‘ — ‘ PCR4, ‘ PCR4, ‘ PCR4, ‘
Initial value 1 1 1 1 1 0 0 0
Read/Write — — — — — w W W

Port 4 input/output select
0 | Input pin
1| Output pin
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PCR5—Port control register 5 H'E8 I/0O ports

Bit 7 6 5 4 3 2 1 0

‘ PCR5, ‘ PCR5g ‘ PCR5;g ‘ PCR5,4 ‘ PCR5; ‘ PCR5, ‘ PCR5; ‘ PCR5, ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write w w w W w w W w

Port 5 input/output select

0 | Input pin
1 | Output pin
PCR6—Port control register 6 H'E9 I/O ports
Bit 7 6 5 4 3 2 1 0
‘ PCR6, ‘ PCRGG‘ PCR6¢ ‘ PCR6 4 ‘ PCR6 4 ‘ PCR6, ‘ PCR6 ‘ PCR6 ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write W W W W w W W W

Port 6 input/output select

0 | Input pin
1 | Output pin
PCR7—Port control register 7 H'EA [/O ports
Bit 7 6 5 4 3 2 1 0
‘ PCR7, ‘ PCR7g ‘ PCR75 ‘ PCR7, ‘ PCR7; ‘ PCR7, ‘ PCR7; ‘ PCRT, ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write w w w W w w W w

Port 7 input/output select
0 | Input pin
1 | Output pin
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PCR8—Port control register 8

H'EB [/0O ports
Bit 7 6 5 4 3 2 1 0
‘ PCR8; ‘ PCR8g ‘ PCRS8; ‘ PCR8, ‘ PCR8; ‘ PCRS, ‘ PCR8; ‘ PCRS, ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write w w w w w w w w
|
Port 8 input/output select
0 | Input pin
1| Output pin
PCRA—Port control register A H'ED I/0O ports
Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ — ‘ PCRA, ‘ PCRA, ‘ PCRAl‘ PCRAO‘
Initial value 0 0 0 0 0 0 0 0
Read/Write — —

— — R/W R/W R/W R/W
|

Port A input/output select

0 | Input pin

1 | Output pin
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SYSCR1—System control register 1 H'FO System control

Bit 7 6 5 4 3 2 1 0

‘ SSBY ‘ STS2 ‘ STS1 ‘ STSO ‘ LSON ‘ — ‘ MA1 ‘ MAOQ ‘
Initial value 0 0 0 0 0 1 1 1
Read/Write R/W R/W R/W R/W R/W — R/W R/W

e

Active (medium-speed)
mode clock select

0|0 | Gosc/16
1| Bosc/32
1|0 | Bosc/64
1 | Bosc/128

Low speed on flag
0 | The CPU operates on the system clock (@)
1 | The CPU operates on the subclock (gsyg)

Standby timer select 2to 0

0|0 |0 | Waittime = 8,192 states
1| Wait time = 16,384 states
1| 0| Wait time = 32,768 states
1 | Wait time = 65,536 states
1|0 |0 | Wait time = 131,072 states
1 | Wait time = 2 states
1|0 | Wait time = 8 states
1 | Wait time = 16 states

Software standby

0 | » When a SLEEP instruction is executed in active mode, a transition is
made to sleep mode

*« When a SLEEP instruction is executed in subactive mode, a transition
is made to subsleep mode

1 |« When a SLEEP instruction is executed in active mode, a transition is
made to standby mode or watch mode

* When a SLEEP instruction is executed in subactive mode, a transition
is made to watch mode
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SYSCR2—System control register 2 H'F1 System control

Bit 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ — ‘ NESEL‘ DTON ‘ MSON ‘ SAl ‘ SAO0 ‘
Initial value 1 1 1 1 0 0 0 0
Read/Write — — — R/W R/W R/W R/W R/W

Subactive mode clock select
00| o/8
1| gyl/4
1)+ |aywl2

Medium speed on flag

*: Don't care
0 | Operates in active (high-speed) mode

1 | Operates in active (medium-speed) mode

Direct transfer on flag

0

* When a SLEEP instruction is executed in active mode, a transition is
made to standby mode, watch mode, or sleep mode

* When a SLEEP instruction is executed in subactive mode, a transition is
made to watch mode or subsleep mode

* When a SLEEP instruction is executed in active (high-speed) mode, a direct
transition is made to active (medium-speed) mode if SSBY = 0, MSON =1, and
LSON =0, or to subactive mode if SSBY =1, TMA3 =1, and LSON =1

« When a SLEEP instruction is executed in active (medium-speed) mode, a direct
transition is made to active (high-speed) mode if SSBY = 0, MSON = 0, and
LSON = 0, or to subactive mode if SSBY =1, TMA3 =1, and LSON =1

*« When a SLEEP instruction is executed in subactive mode, a direct
transition is made to active (high-speed) mode if SSBY =1, TMA3 =1, LSON =0,
and MSON = 0, or to active (medium-speed) mode if SSBY = 1, TMA3 =1,
LSON =0, and MSON =1

Noise elimination sampling frequency select

0

Sampling rate is Gosc/16

1

Sampling rate is Gosc/4

RENESAS
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IEGR—IRQ edge select register H'F2 System control

Bit 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ — ‘ IEG4 ‘ IEG3 ‘ IEG2 ‘ IEG1 ‘ IEGO ‘
Initial value 0 1 1 0 0 0 0 0
Read/Write — — — R/W R/W R/W R/W R/W

IRQq edge select

0 | Falling edge of IRQq pin input is detected

1| Rising edge of IRQq pin input is detected

IRQ; edge select
0 | Falling edge of IRQq, TMIC pin input is detected
1 | Rising edge of IRQq, TMIC pin input is detected

IRQ, edge select
0 | Falling edge of IRQ5 pin input is detected
1 | Rising edge of IRQ, pin input is detected

E{@ edge select
0 | Falling edge of IRQz, TMIF pin input is detected
1 | Rising edge of IRQ3, TMIF pin input is detected

IRQ4 edge select
0 | Falling edge of IRQ,4 pin and ADTRG pin is detected
1 | 3. Rising edge of IRQ,4 pin and ADTRG pin is detected
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|ENR1—Interrupt enableregister 1 H'F3 System control

Bit 7 6 5 4 3 2 1 0

‘ IENTA ‘ — ‘ IENWP‘ IEN4 ‘ IEN3 ‘ IEN2 ‘ IEN1 ‘ IENO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

IRQ,4 to IRQq interrupt enable
0 | Disables IRQ4 to IRQq interrupt requests
1 | Enables IRQ4 to IRQq interrupt requests

Wakeup interrupt enable
0 | Disables WKP- to WKPy interrupt requests
1 | Enables WKP; to WKPg interrupt requests

Timer A interrupt enable
0 | Disables timer A interrupt requests
1 | Enables timer A interrupt requests
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|ENR2—Interrupt enableregister 2 H'F4 System control

Bit 7 6 5 4 3 2
‘ IENDT ‘ IENAD ‘ — ‘ IENTG ‘IENTFH ‘ IENTFL‘ IENTC ‘ IENEC ‘
Initial value 0 0 0 0 0 0 0 0

ReadWrite  R/W) R/W) RMW  RIW) RIW) RI(W) RIW) RIW)

Asynchronous event counter interrupt enable

0 | Disables asynchronous event counter
interrupt requests

1| Enables asynchronous event counter
interrupt requests

Timer Cinterrupt enable

0 | Disables timer C interrupt requests
Enables timer C interrupt requests

=

Timer FL interrupt enable

o

Disables timer FL interrupt requests
Enables timer FL interrupt requests

=

Timer FH interrupt enable

0 | Disables timer FH interrupt requests
Enables timer FH interrupt requests

=

Timer G interrupt enable

o

Disables timer G interrupt requests
Enables timer G interrupt requests

=

A/D converter interrupt enable

o

Disables A/D converter interrupt requests
Enables A/D converter interrupt requests

[E

Direct transition interrupt enable

0 | Disables direct transition interrupt requests
Enables direct transition interrupt requests

=
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IRR1—Interrupt request register 1 H'F6 System control
Bit 7 6 5 4 3 2 1 0

‘ IRRTA ‘ — ‘ — ‘ IRRI4 ‘ IRRI3 ‘ IRRI2 ‘ IRRI1 ‘ IRRIO ‘
Initial value 0 0 1 0 0 0 0 0
Read/Write R/W* R/W — R/W* R/W* R/W* R/W* R/W*

IRQ4 to IRQO interrupt request flags

0 | Clearing conditions:
When IRRIn = 1, it is cleared by writing O

1 | Setting conditions:
When pin IRQn is designated for interrupt
input and the designated signal edge is input

(n=4100)

Timer A interrupt request flag

0 | Clearing conditions:

When IRRTA =1, it is cleared by writing O

1| Setting conditions:

When the timer A counter value overflows (rom H'FF to H'00)

Note: * Bits 7 and 4 to 0 can only be written with 0, for flag clearing.
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IRR2—Interrupt request register 2 H'F7
Bit 7 6 0

‘ IRRDT ‘ IRRAD ‘ — ‘ IRRTG ‘IRRTFH‘IRRTFL‘ IRRTC ‘ IRREC ‘
Initial value 0 0 0 0 o] 0 0 0

ReadWrite  R/W)* RIW)* RMW  RIW)* RIW)*

RIW)*  RIW)*  RI(W)*

Asynchronous event counter interrupt request flag

System control

0| Clearing conditions:
When IRREC = 1, it is cleared by writing O

1 | Setting conditions:

When the asynchronous event counter value overflows

Timer C interrupt request flag

0

Clearing conditions:
When IRRTC =1, itis cleared by writing O

Setting conditions:
When the timer C counter value overflows
(from H'FF to H'00) or underflows (from H'00 to H'FF)

Timer FL interrupt request flag

0 | Clearing conditions:
When IRRTFL = 1, it is cleared by writing 0

1| Setting conditions:
When counter FL and output compare register FL
match in 8-bit timer mode

Timer FH interrupt request flag

0 | Clearing conditions:
When IRRTFH = 1, it is cleared by writing 0

When counter FH

1 | Setting conditions:

and output compare register FH match

in 8-bit timer mode, or when 16-bit counters FL and FH
and output compare registers FL and FH match in 16-bit timer mode

Timer G interrupt request flag

0 | Clearing conditions:

When IRRTG =1, itis cleared by writing O

1| Setting conditions:

When the TMIG pin is designated for TMIG input and
the designated signal edge is input

A/D converter interrupt request flag

0 | Clearing conditions:
When IRRAD = 1, it is cleared by writing O

1 | Setting conditions:

ADSF is reset

When the A/D converter completes conversion and

Direct transition interrupt request flag

0 | Clearing conditions:
When IRRDT =1, itis cleared by writing O

i

Setting conditions:
When a SLEEP instruction is executed while DTON is
set to 1, and a direct transition is made

Note: * Bits 7, 6 and 4 to 0 can only be written with 0, for flag clearing.
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IWPR—Wakeup interrupt request register H'F9 System control

Bit 7 6 5 4 3 2 1 0
‘ IWPF7 ‘ IWPF6 ‘ IWPF5 ‘ IWPF4 ‘ IWPF3 ‘ IWPF2 ‘ IWPF1 ‘ IWPFO ‘
Initial value 0 0 0 0 0 0 0 0

Read/Write  RI(W)* RIW)* RIW)* RIW)* RIW)* RIW)* RIW)*  RI(W)*

Wakeup interrupt request register

0 | Clearing conditions:
When IWPFn = 1, it is cleared by writing 0

1| Setting conditions:
When pin WKPn is designated for wakeup input and a
falling edge is input at that pin

(n=71t00)

Note: * All bits can only be written with 0, for flag clearing.
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CKSTPR1—Clock stop register 1

Bit 7 6

5

H'FA

4 3 2 1

System control

0

‘ — ‘SSlCKSTP‘SSZCKSTP‘ ADCKSTP ‘ TGCKSTP ‘ TFCKSTP ‘ TCCKSTP ‘ TACKSTP ‘

Initial value 1 1

1

1 1 1 1

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

1
R/W

Ti

mer A module standby mode control

0 | Timer A is set to module standby mode

1| Timer A module standby mode is cleared

Timer C module standby mode control

0| Timer C is set to module standby mode

1 | Timer C module standby mode is cleared

Timer F module standby mode control

0

Timer F is set to module standby mode

1

Timer F module standby mode is cleared

Timer G interrupt enable

0 | Timer G is set to module standby mode

1| Timer G module standby mode is cleared

A/D converter module standby mode control

0 | A/D converter is set to module standby mode

1| AID converter module standby mode is cleared

SCI3-2 module standby mode control

0 | SCI3-2 is set to module standby mode

1 | SCI3-2 module standby mode is cleared

SCI3-1 module standby mode control

0 | SCI3-1 is set to module standby mode

1| SCI3-1 module standby mode is cleared
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CKSTPR2—Clock stop register 2 H'FB System control

Bit

Initial value
Read/Write

7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ — ‘ AECKSTP ‘WDCKSTP ‘ PWCKSTP‘ LDCKSTP ‘
1 1 1 1 1 1 1 1

— — — R/W R/W R/W R/W

LCD module standby mode control
0 | LCD is set to module standby mode
1 | LCD module standby mode is cleared

PWM module standby mode control

0 | PWM is set to module standby mode

1| PWM module standby mode is cleared

WDT module standby mode control

0 | WDT is set to module standby mode
1 | WDT module standby mode is cleared

Asynchronous event counter module standby mode control

0

Asynchronous event counter is set to module standby mode

1

Asynchronous event counter module standby mode is cleared
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Appendix C /O Port Block Diagrams

Cl Block Diagramsof Port 1

SBY
(low level
during reset
and in standby

mode) @7 PUCR1,, -
VCC 4@—‘
|0—Q07 PMR1,

[2]
| =]
o)
[
P1, o PDR1, ks
3
c
=CT £
£
Vs + PCR1,
l/

;D%_, ROn4

PDR1: Port data register 1

PCR1: Port control register 1
PMR1: Port mode register 1
PUCR1: Port pull-up control register 1

n=7to4

FigureC.1(a) Port 1 Block Diagram (Pins P1;to P1y)
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SBY

@7 PUCR13
Vee
Io—@ PMR1,
|
Pls »—o<} PDR13
Vs | PCRI3
l/

Internal data bus

Timer G
module

FigureC.1(b) Port 1 Block Diagram (Pin P1g)

Timer F
module

! TMOFH (P1,)

SBY
Gc PUCR1,
Vee
Vee {_'&
|o—@07 . PMR1,
I
P1, PDR1,
Vss +— PCR1,
I/

PDR1: Port data register 1

PCR1: Port control register 1

PMR1: Port mode register 1
PUCR1: Port pull-up control register 1

n=2,1

Internal data bus

| TMOFL (P1,)

FigureC.1(c) Port 1 Block Diagram (Pin P1,, P1;)
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PUCR1g
Vee
|o—@07 PMR1,
I 3
o
P1, PDR1, ]
—1 :
c
8
f
Vss PCR1g -
|/
PDR1: Port data register 1
PCR1: Port control register 1
PMR1: Port mode register 1
PUCRZ1: Port pull-up control register 1
FigureC.1(d) Port 1 Block Diagram (Pin P1p)
456

RENESAS




C.2 Block Diagrams of Port 3

SBY
@ PUCR3,
Vee
Vee |
\o—@ PMR3, 9
o
\ o
5
P3y —o PDR3, 3
—C /| 15
=
Vss t— PCR3,
1~
AEC module
—{\ i AEVH(P3g)
I ‘
1= | AEVL(P3;)
PDR3: Port data register 3
PCR3:  Port control register 3
PMR3:  Port mode register 3
PUCRS3: Port pull-up control register 3
n=7to 6
FigureC.2 (a) Port 3 Block Diagram (Pin P37 to P3g)
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SBY

< o—— PUCR3

SCINV1

P3s

=

SPC31 [=—>

SCI31 module

y

PDR3;

t—|  PCR3,

—

PDRS3: Port data register 3
PCR3: Port control register 3

Internal data bus

FigureC.2 (b) Port 3 Block Diagram (Pin P3sg)

458

RENESAS




SBY

(p——— Pucms
Vee | Vee SCI31 module
| RE31
__ ! RXD31
P3, % PDR3, 3
©
<
©
T
o
— PCR3, 3
Vss =
V
SCINVO
PDR3: Port data register 3
PCR3: Port control register 3
FigureC.2(c) Port 3 Block Diagram (Pin P3y)
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SBY

(P PucRs

SCI31 module
| SCKIE31
V. :
ce % | SCKOE31
| SCKO31
— SCKI31
P3, PDR3,
g
Qo
]
©
o
+—  PCR3, e
c
Vis g
=
L
[T

PDR3: Port data register 3
PCR3: Port control register 3

FigureC.2 (d) Port 3 Block Diagram (Pin P33)
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SBY

! RESO
CE PUCR3,
VCC
Vee | ( .
\O—ﬁ PMR3, F
‘ ]
<
©
P3; PDR3, g
i)
—C /| =
Vss — PCRS3,
%8
PDR3: Port data register 3
PCR3: Port control register 3
PMR3: Port mode register 3
PUCR3: Port pull-up control register 3
FigureC.2(e) Port 3 Block Diagram (Pin P3y)
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@7 PUCR3;
Vee

Io—@; PMR3; F
| g
©
©
P3; % PDR3; E
—C1 2
[

Vs L | PCR3; |+

Timer C
module

L~

PDR3: Port data register 3

PCR3: Port control register 3

PMR3: Port mode register 3
PUCR3: Port pull-up control register 3

FigureC.2 (f) Port 3 Block Diagram (Pin P3;)
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PWM module

SBY '
. PWM
CE PUCRS3,
VCC
Vee | (
‘O_Ch PMR3,
2]
| Tog)— 2
8
©
P3, y 0% ‘ PDR3, [« 12
I
1S
Vss t— PCR3,
PDR3: Port data register 3
PCR3: Port control register 3
PMR3: Port mode register 3
PUCR3: Port pull-up control register 3
FigureC.2(g) Port 3 Block Diagram (Pin P3g)
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C.3 Block Diagramsof Port 4

PMR4,

Internal data bus

W4

P4, D

I IRQ,

PMR4: Port mode register 4

FigureC.3(a) Port 4 Block Diagram (Pin P43)
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SBY

SCINV3 [«

VCC
SCIS2 module
— g ™0
P4, }7 PDR4,
12}
2
s
. PCR4 S
v 2 E
Vss o
£
L
PDR4: Port data register 4
PCR4: Port control register 4
Figure C.3 (b) Port 4 Block Diagram (Pin P4y)
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SCI32 module

w[—n |

PDR4,

PCR4,

—

Internal data bus

PDR4: Port data register 4
PCR4: Port control register 4

SCINV2

FigureC.3(c) Port 4 Block Diagram (Pin P44)
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SCI32 module
Ve | SCKIE32
! SCKOE32
| SCKO32
—>! SCKI32
P4, D— PDR4,
2
o
o
3
— PCR4, =
=
g
Vss =
L
e
PDRA4: Port data register 4
PCRA4: Port control register 4
FigureC.3(d) Port 4 Block Diagram (Pin P4g)
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C4 Block Diagram of Port 5

SBY

PUCR5,

PMRS,

PDR5,

—CI— 1

|

PCR5,

Internal data bus

PDR5: Port data register 5

PCRS5: Port control register 5

PMRS5: Port mode register 5

PUCRS: Port pull-up control register 5
n=7t0

WKP,,

FigureC.4 Port 5 Block Diagram
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C5 Block Diagram of Port 6

SBY
VCC "
Vee | PDR6, 3
©
o S
— PCRS, g
P6, g
VSS
L~
PDRG6: Port data register 6
PCR®6: Port control register 6
PUCR®6: Port pull-up control register 6
n=7t0
FigureC.5 Port 6 Block Diagram
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C.6 Block Diagram of Port 7

SBY

PDR?7,

PCR7,

PDR7: Port data register 7
PCR7: Port control register 7
n=7to0

Internal data bus

FigureC.6 Port 7 Block Diagram
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C7 Block Diagrams of Port 8

SBY
Vee %)
PDRS, a
| o
T
©
PCRS, S
oo, [ :
VSS
L~
PDRS: Port data register 8
PCRS: Port control register 8
n=7to0
FigureC.7 Port 8 Block Diagram
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C.8 Block Diagram of Port A

SBY

PDRA,

— PCRA,

PDRA: Port data register A
PCRA: Port control register A
n=3to0

Internal data bus

FigureC.8 Port A Block Diagram
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C9 Block Diagram of Port B

Internal
data bus

A/D module

DQOQ— DEC { AMR3 to AMRO
<

n=7t 0

FigureC.9 Port B Block Diagram
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Appendix D Port States in the Different Processing States

TableD.1 Port States Overview

Port Reset Sleep Subsleep Standby Watch Subactive Active
P1;to High Retained Retained High Retained  Functions Functions
Pl impedance impedance™

P3;to High Retained Retained High Retained  Functions Functions
P3g impedance™ impedance™

P43;to High Retained Retained High Retained  Functions Functions
P4, impedance impedance

P5;to High Retained Retained High Retained  Functions Functions
P5¢g impedance impedance™

P6;to High Retained Retained High Retained  Functions Functions
P6q impedance impedance

P7;to High Retained Retained  High Retained  Functions  Functions
P7q impedance impedance

P8;to High Retained Retained High Retained  Functions Functions
P8g impedance impedance

PAsto High Retained Retained  High Retained  Functions  Functions
PAg impedance impedance

PB;to High High High High High High High

PBg impedance impedance impedance impedance impedance impedance impedance

Notes: 1. High level output when MOS pull-up is in on state.
2. P35 is Functions
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TableE.1 HB8/3864 Series Product Code Lineup

Appendix E List of Product Codes

Package
Product Type Product Code Mark Code (Hitachi Package Code)
H8/3867 H8/3862 Mask ROM HD6433862H HD6433862(***)H 80 pin QFP (FP-80A)
Series versions HD6433862F HD6433862(***)F  80-pin QFP (FP-80B)
HD6433862W HD6433862(***)W  80-pin TQFP (TFP-80C)
H8/3863 Mask ROM HD6433863H HD6433863(***)H  80-pin QFP (FP-80A)
versions HD6433863F HD6433863(***)F  80-pin QFP (FP-80B)
HD6433863W HD6433863(***)W 80-pin TQFP (TFP-80C)
H8/3864 Mask ROM HD6433864H HD6433864(***)H  80-pin QFP (FP-80A)
versions HD6433864F HD6433864(***)F  80-pin QFP (FP-80B)
HD6433864W HD6433864(***)W  80-pin TQFP (TFP-80C)
H8/3865 Mask ROM HD6433865H HD6433865(***)H  80-pin QFP (FP-80A)
versions HD6433865F HD6433865(***)F  80-pin QFP (FP-80B)
HD6433865W HD6433865(*** )W  80-pin TQFP (TFP-80C)
H8/3866 Mask ROM HD6433866H HD6433866(***)H  80-pin QFP (FP-80A)
versions HD6433866F HD6433866(***)F  80-pin QFP (FP-80B)
HD6433866W HD6433866(*** )W 80-pin TQFP (TFP-80C)
H8/3867 Mask ROM HD6433867H HD6433867(***)H  80-pin QFP (FP-80A)
versions HD6433867F HD6433867(***)F  80-pin QFP (FP-80B)
HD6433867W HD6433867(***)W  80-pin TQFP (TFP-80C)
ZTAT HD6473867H HD6473867H 80-pin QFP (FP-80A)
versions HD6473867F HD6473867F 80-pin QFP (FP-80B)
HD6473867W HD6473867W 80-pin TQFP (TFP-80C)
Note: For mask ROM versions, (***) is the ROM code.
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TableE.1 H8/3864 Series Product Code Lineup (cont)

Package
Product Type Product Code Mark Code (Hitachi Package Code)
H8/3827 HB8/3822 Mask ROM HD6433822H HD6433822(***)H  80-pin QFP (FP-80A)
Series versions HD6433822F HD6433822(***)F  80-pin QFP (FP-80B)
HD6433822W HD6433822(***)W  80-pin TQFP (TFP-80C)
H8/3823 Mask ROM HD6433823H HD6433823(***)H  80-pin QFP (FP-80A)
versions HD6433823F HD6433823(***)F  80-pin QFP (FP-80B)
HD6433823W HD6433823(***)W  80-pin TQFP (TFP-80C)
H8/3824 Mask ROM HD6433824H HD6433824(***)H  80-pin QFP (FP-80A)
versions HD6433824F HD6433824(***)F  80-pin QFP (FP-80B)
HD6433824W HD6433824(***)W  80-pin TQFP (TFP-80C)
H8/3825 Mask ROM HD6433825H HD6433825(***)H  80-pin QFP (FP-80A)
versions HD6433825F HD6433825(***)F  80-pin QFP (FP-80B)
HD6433825W HD6433825(*** )W  80-pin TQFP (TFP-80C)
H8/3826 Mask ROM HD6433826H HD6433826(***)H  80-pin QFP (FP-80A)
versions HD6433826F HD6433826(***)F  80-pin QFP (FP-80B)
HD6433826W HD6433826(***)W  80-pin TQFP (TFP-80C)
H8/3827 Mask ROM HD6433827H HD6433827(***)H  80-pin QFP (FP-80A)
versions HD6433827F HD6433827(***)F  80-pin QFP (FP-80B)
HD6433827W HD6433827(***)W  80-pin TQFP (TFP-80C)
ZTAT HD6473827H HD6473827H 80-pin QFP (FP-80A)
versions HD6473827F HD6473827F 80-pin QFP (FP-80B)
HD6473827W HD6473827W 80-pin TQFP (TFP-80C)
Note: For mask ROM versions, (***) is the ROM code.
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Appendix F Package Dimensions

Dimensional drawings of H8/3867 and H8/3827 Series packages FP-80A, FP-80B and TFP-80C
are shown infigures F.1, F.2 and F.3 below.

Unit: mm
™
o
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3
= 8|3
0.83 el & 29 16
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ﬁL - *:77 m + o o
LE -8
cSo
©[0.10 o 0.8+0.3
—
© Hitachi Code FP-80A
JEDEC —
*Dimension including the plating thickness EIAJ Conforms
Base material dimension Weight (reference value)| 1.2 g
FigureF.1 FP-80A Package Dimensions
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Unit: mm
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FigureF.2 FP-80B Package Dimensions
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FigureF.3

TFP-80C Package Dimensions
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