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Keep safety first in your circuit designs!

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

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

Notes regarding these materials

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

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

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

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

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

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

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

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

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

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

8. Please contact Renesas Technology Corp. for further details on these materials or the products
contained therein.
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Preface

The H8/3024 Group is a high-performance single-chip microcomputer that integrates peripheral
functions necessary for system configuration with an H8/300H CPU featuring a 32-bit internal
architecture asits core.

The on-chip peripheral functionsinclude ROM, RAM, 16-hit timers, 8-bit timers, a programmable
timing pattern controller (TPC), awatchdog timer (WDT), a serial communication interface (SCI),
aD/A converter, an A/D converter, and /O ports, providing an ideal configuration as a
microcomputer for embedding in sophisticated control systems. Flash memory (F-ZTAT ™) and
mask ROM are available as on-chip ROM, enabling usersto respond quickly and flexibly to
changing application specifications and the demands of the transition from initial to full-fledged
volume production.

Note: * F-ZTAT isatrademark of Renesas Technology Corp.

Intended Readership: This manual isintended for users undertaking the design of an application
system using the H8/3024 Group. Readers using this manual require a basic
knowledge of electrical circuits, logic circuits, and microcomputers.

Purpose: The purpose of this manual is to give users an understanding of the hardware
functions and electrical characteristics of the H8/3024 Group. Details of
execution instructions can be found in the H8/300H Series Programming
Manual, which should be read in conjunction with the present manual.

Using this Manual:

» For an overall understanding of the H8/3024 Group’s functions

Follow the Table of Contents. This manual is broadly divided into sections on the CPU, system
control functions, peripheral functions, and electrical characteristics.

» For adetailed understanding of CPU functions
Refer to the separate publication H8/300H Series Programming Manual.
Note on bit notation: Bits are shown in high-to-low order from l€ft to right.
» For adetailed understanding of aregister when its name is known

The addresses, bits, and initial values of the registers are summarized in appendix B, Internal
I/O Registers.

Related Material: The latest information is available at our Web Site. Please make sure that you
have the most up-to-date information available.
(http://www.renesas.com/eng/)
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User's Manuals on the H8/3024:

Manual Title

Document No.

H8/3024 Hardware Manual
H8/300H Series Programming Manual

This manual
ADE-602-053

Users manuals for development tools:

Manual Title

Document No.

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

REJ10B0058-0100H

H8S, H8/300 Series Simulator/Debugger User’'s Manual ADE-702-037
High-Performance Embedded Workshop User’'s Manual ADE-702-201
H8S, H8/300 Series High-Performance Embedded Workshop, ADE-702-231

High-Performance Debugging Interface User's Manual

Application Note:

Manual Title

Document No.

H8/300H for CPU Application Note

ADE-502-033

H8/300H On-Chip Supporting Modules Application Note

REJO5B0522-0300

H8/300H Technical Q&A

REJ05B0521-0200
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Comparison of H8/3024 Group Product Specifications

There are four members of the H8/3024 Group: the H8/3024F-ZTAT and H8/3026F-ZTAT (all
with on-chip flash memory), and the H8/3024 mask ROM version and H8/3026 mask ROM

version.

The specifications of these products are compared below.

H8/3024 Mask ROM | H8/3026 Mask ROM
H8/3024F-ZTAT H8/3026F-ZTAT Version Version
Product On-chip single-power-supply flash memory Mask ROM version
specifications
Product code HD64F3024 ‘ HD64F3026 HD6433024 ‘ HD6433026

Pin arrange- See figures 1.2 and 1.3, Pin Arrangement, in section 1

ment

RAM size 4 kbytes 8 kbytes 4 kbytes 8 kbytes
ROM size 128 kbytes 256 kbytes 128 kbytes 256 kbytes
Address Address update mode 1 or 2 selectable

OUtpL_’t See 6.3.5, Address Output Method, in section 6

functions

Flash memory

See section 18, Flash | See section 17, Flash — —

Memory Memory

Electrical See section 21, Electrical Characteristics

characteristics

(operating

frequency)
2to 25 MHz

Registers See table B.1, Comparison of H8/3024 Group Internal I/O Register Specifications,
in appendix B

See appendix B.2, See appendix B.1, See appendix B.2, See appendix B.1,
Address List Address List Address List Address List
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Main Revisions for This Edition

Item Page Revision (See Manual for Details)
All O All references to Hitachi, Hitachi, Ltd., Hitachi Semiconductors, and
other Hitachi brand names changed to Renesas Technology Corp.
Designation for categories changed from “series” to “group”
7.12.2 Register 203, 204 Description amended
Descriptions PB3/TP/TMIOSCS,
Table 7.23 Port B Bits OIS3/2 and OS1/0 in 8TCSR3, bit CS4E in CSCR, bit
Pin Functions NDER11 in NDERB, and bit PB;DDR select the pin function as
(Modes 1to 5) follows.
PB1/TPo/TMIO1/CSe
Bits OI1S3/2 and OS1/0 in 8TCSR1, bit CS6E in CSCR, bit
NDER9 in NDERB, and bit PB;DDR select the pin function as
follows.
Table 7.24 PortB 205, 206 PB3/TP11/TMIO;
Pin Functions Bits OIS3/2 and OS1/0 in 8TCSR3, bit NDER11 in NDERB,
(Modes 6 and 7) and bit PBsDDR select the pin function as follows.
PB./TPy/TMIO,
Bits OI1S3/2 and OS1/0 in 8TCSR1, bit NDER9 in NDERB,
and bit PB;DDR select the pin function as follows.
18.5.1 Boot Mode 548 Description amended
After the transfer is completed, control branches to the start
address (H'FFF520) of the programming control program area and
the programming control program execution state is entered (flash
memory programming/erasing can be performed).
21.2.6 Flash 629, 630 Table amended and note added
Memory Item Symbol Min  Typ Max  Unit Notes
Characteristics Programming time** ** ** to — 10 200 ms/
128 bytes
Table 21.19 Flash Erase time** *3+° te — 100 1200 ms/block
Memory Reprogramming count Nwee ~ 100%° 10,000%" | — Times
Characteristics Data retention period U 1044 — — Years

Notes: 6. Minimum number of times at which all characteristics are
guaranteed after reprogramming. (Reprogramming count
from 1 to minimum value is guaranteed.)

7. Reference characteristics at 25°C. (This is an indication
that reprogramming operations can normally be
performed up to this figure.)

8. Data retention characteristics when reprogramming is
performed correctly within the specification values,
including the minimum data retention period.

Rev. 2.00 Sep 20, 2005 page vii of xxxviii

RENESAS



Rev. 2.00 Sep 20, 2005 page viii of xxxviii

RENESAS



SECHON L OVEIVIEW......ooooeiiiee ettt sttt 1
TR O 1Y V= PR 1
1.2 BIOCK DIGQI8IM....cueiuiiiiietesieiete sttt sttt sttt st b e sttt b e st b et b et be b e 6
1.3 PINDESCIIPLION ..ttt sttt st s 7
131 PiNAIMTANGJEMENT......iiiiitirieiriesieisie ettt st be e 7
1.3.2  PINFUNCLONS.......ciiiiie e e et se e e e sresne e eneeeenees 10
1.3.3 Pin Assignmentsin EaCh MOde..........ccviiieiiineincee e 15
1.4  Caution on Crystal Resonator CONNECLION..........ccvririereririeresie et 18
SECHION 2 CPU ...ttt 19
PN R © = 1= TSSO 19
201 FEAIUIES....oe ettt ettt et b et h et e b ae b et et e e e b e 19
2.1.2 Differencesfrom HB8/300 CPU ..........coceiiriiieninesieiene e 20
2.2 CPU OpErating MOOES. .......coviieeeierieietiseseeteseseeesteseesestesaesestessesessesaesessessesessessssessessanens 20
2.3 ACOrESS SPBCE......cuiieeeerieiieiiete sttt sttt sttt st st sbeseesesbeseesesbesaeseebesae e eteseenensestanens 21
A S = 1= 11 = g @o 011 To 8= 4 o] OO S 22
241 OVEIVIBW....oiiiiieiicieieie ettt sttt sttt sttt sttt sttt sttt et et e e 22
2.4.2  GENEral REGISIENS.....cecieeie ettt sttt s a et e ne e e e e s 23
PG T ©o 011 0 [ = =0 1 (= £ T 24
24.4 Initidl CPU REGISIEr VAIUES........coeiiie ettt 25
A ST B T = B 0] 1 7= T PP 26
251 Generd Register Data FOIMELS. .......ccoovveiririeine st 26
252  MemOry Data FOIMELS.........ccvreeeerenienie st e 27
A ST 1 01 € (1o T R 29
2.6.1  INSrUCION SEL OVEIVIEI ...ttt 29
2.6.2 Instructions and Addressing MOUOES...........cooeirerenenereneee e 30
2.6.3 Tablesof Instructions Classified by FUNCLION.........ccccooeiienciiicee 31
2.6.4 BaSiCINSIrUCLION FOIMELS......c.coviiieerierieieeie sttt 40
2.6.5 Noteson Use of Bit Manipulation INStruCtionS .........ccccevevieneiesieneeieseseece e 41
2.7  Addressing Modes and Effective Address Calculation.............ccovveeneneneieneneieseseens 43
271  AJAresSSiNG MOOES......ccoceiiiieeiee ettt e 43
2.7.2 Effective Address CalCUlation .........ccoverieinenieiese st 45
2.8 PrOCESSING SLALES ...eveuieteieeietesieeete sttt e st ste st s et sbe e besbeseesesbesaesesbeseesesbeseesenteseenens 49
2.8. L OVEIVIBW...uiiiiieieieiete ettt st sttt sttt sttt sttt st sttt et s 49
2.8.2  Program EXECULION SHELE ......ccccoeieiiisierieeieee e e sie s s e ee s et 49
2.8.3  EXception-Handling SLaLe........ccceeeiereieseeeeseee et 50
2.8.4 Exception Handling OPeration ...........cccceeeeeeieeiereseseseseeseesieseeseesseseeaesesnse s 51
285 BUSREEASED STAE.......ccieveieiiiicecereese ettt sn e s 52

Rev. 2.00 Sep 20, 2005 page ix of xxxviii

RENESAS



2.8.6  RESE SLAE ...t e s e a e e s r e e s e abaneaan 53

2.8.7  POWEI-DOWN SHBLE......ceeiuiieeieieieie ettt ettt st sbe e b e e b s sae e e s 53
2.9 Basic Operational TiMiNG......ccceeceerereriesesereseeeeseeseses e sre s e sseese s e seeseessesressesssessessenees 53
291 OVEIVIBW. ..ottt sttt sttt sttt sttt sttt sttt sttt ees 53
2.9.2 On-Chip Memory ACCESS TIMING.....ccceiereeeeieeriestesteseseeeeseesteseeseesresseeseesesneeses 54
2.9.3 On-Chip Supporting Module ACCESS TIMING ....c.ccvvereieeieieere e 55
294  Accessto External AdAreSS SPACE. ......ccoovveerirerere e 56
Section 3 MCU Operating MOGES...........ocvreeeceneeieeseesessseessessse e 57
50 R © V7 YT S 57
311  Operating Mode SEIECLION ........coueeririeeeerieee e 57
312 Register COnfigUIaLION........coueuirtireeeistereeeesie ettt r e e ere e enesre e 58
3.2  Mode Control RegIStEr (MDCR) ......cccoiiiiieiirieeeterienietesie ettt e 59
3.3 System Control RegiSter (SYSCR) .....cciiiirieiriirieieriereeesie ettt ere e 60
34 Operating MOde DESCIIPLIONS. .....c.civeiererrieeresiereeteste sttt sr e s e b e e b e e eresreeas 62
T Y o [ TSSO 62
342 IMOUE 2.ttt st sttt ettt ettt et nae e tenaeeerens 62
343 MOUE 3.ttt et sttt et e et et enrens 63
BT |V e (= SRRSO 63
345 MOUEDE....e ittt ettt r e e e renaeneerens 63
346 MOUEB.......oieieieieete ettt bt b e ettt b et b e e e b 63
T A |V o (= OSSPSR 63
3.5 PinFunctionsin Each Operating MOGE...........ccoeeuereeierere e 64
3.6 Memory Mapin Each Operating MOGE..........ccoveviieeeeiercse e 65
3.6.1 Comparison of H8/3024 Group Memory Maps..........ccceereverenienenesienesesieneenens 65
N I B (= STc AV o I = 65
Section 4 EXCEPLioN HaNAIING ..ot ssesssenaes 71
R © = o= 71
411 Exception Handling TYPeS and Priority.........ccccuereereneeneneese s 71
4.1.2 Exception Handling OPeration .........c.coeerereeeienieinieseeese e 71
4.1.3 EXCeption VECIOr TaDl@.....cooveiiiieeiiiteecee et 72
A2 RESEL ..ottt bbb £ b b e bR e bR e bRt beRe et et bene s 74
421 OVEIVIEW...ccueieeiiieieiesie et s et te st s e e testeseesesbeseesesbeseesesbeseebesbesaesesteseesestenensens 74
4.2.2  RESEL SEOUENCE ... cueiteeieeuieeete sttt ste st eie et e eesae st besbe st et e bese e besaesbesaeeaeennensenbeses 74
4.2.3  INtETUPLS after RESEL.......ciiieeeceeese ettt 77
G T 1 01 = 1 101 TSRO 77
R I = 1= 1 o (o o RS 78
45 Stack Status after EXCeption HandliNg........cccoveeeieceeieerese e 79
N T N[0 (=Y o A IS o QU= L= 80

Rev. 2.00 Sep 20, 2005 page x of xxxviii

RENESAS



5.1 OVEIVIBW. oottt b e r e e bt e e b s r e e b e e r e e en e r e e renrennene 83
S. L1 FEALUMES. ..ottt et 83
EoT0 B2 =Y o Tox [ I 1T o = 84
EoT00 G T = 1 0 T @0 011 To U = 4 o I 85
514 Register CoONfigUIation........cccceeceeieriesiesesieiesesse e se e eesee e s e e see e 85
5.2 ReQISIEr DESCIIPLIONS. ....cveuiitirieerterieeete ettt sttt st st st s ebe e 85
521 System Control Register (SYSCR) .....coeiiiriirinierne e 85
5.2.2 Interrupt Priority Registers A and B (IPRA, IPRB)........ccccoeeiineiniinenenenene 86
523 |RQ StEtUS REGISLEN (ISR)...c.eieeeeireeeriririeneriereesee e seeseeseesesesessesesaeseseseeseesseseses 92
524 IRQENaDbIE REGISEr (IER) ....ccciiiieeeiirieiererieieesie ettt es 93
525 [RQ Sense Control REgISEr (ISCR) ...c.covivirieirierieeee et 94
5.3 INEMTUPL SOUICES......c.eiiiiiiiiiiitiitiee et r e et nn s 95
531  EXIENaEl INEEITUDES....c.eiiiiiiteieeisiereee sttt 95
5.3.2  INternal INLEMTUPES ....coueiieiitiieeeee e 96
5.3.3 Interrupt Exception Handling Vector Table........ccooevieveeeienececeneceeree e 96
LY 01 (= (VoL@ o = [ o TSRS 100
54.1 Interrupt Handling PrOCESS.......ccuieiiiiieiese et 100
5.4.2 Interrupt Exception Handling SEQUENCE........c.cccvvierieeieneeesiereee e 105
54.3  INterrupt RESPONSE TIME.....ccueeeiirieeeiesieieee st e sttt sttt sttt 106
L T U === o = N o] - PSSR 107
5.5.1 Contention between Interrupt and Interrupt-Disabling Instruction...................... 107
5.5.2 Instructionsthat Inhibit INEErTUPLS .......cceveeiece e 108
5.5.3 Interrupts during EEPM OV Instruction EXECUtioN..........ccccevveveveseseseceereeiens 108
Section 6 BUS CONIOIIEN ... 109
L300 R © V7 YT S 109
Nt I R = (- 109
6.1.2  BlOCK DIBGIaIM....c..eeitirieieieniereee ettt st 110
6.1.3  Pin COnfiQUIELION .......ccueieuirieieiesieeete ettt ettt 111
6.1.4 Register CONfiQUIaLION. .......coeiruirieerieriereeie ettt s 112
6.2 REQISIEr DESCIIPLIONS. ....c.eiuiiterieieeterieiet ettt b e s b e e b e e b e e e b sre e 112
6.2.1 BusWidth Control Register (ABWCR).........ccoiiieiriiennesereee e 112
6.2.2 Access State Control RegiSter (ASTCR) ....cuvevveeeeiereecese e 113
6.2.3 Wait Control Registers H and L (WCRH, WCRL).......ccccocvverniireneesereee e 114
6.2.4 BusRelease Control Register (BRCR) ......coovieivinieiineseees e 118
6.25 BusControl ReGIStEr (BCR) ....cccooveiiiririsieiese e 120
6.2.6  Chip Select Control RegIStEr (CSCR)......cccvveieirieenie et 122
6.2.7 Address Control Register (ADRCR) ......cccceeeeeeeeieereese e 123
LS T © o - (o) o PSS 124
6.3.1  ArADIVISION...ceiiiiiriieire et 124

Rev. 2.00 Sep 20, 2005 page xi of xxxviii

RENESAS



6.3.2 BUS SPECITICAIONS ....cveveeecveieeeee et st st 127

6.3.3  MEMOrY INtEITACES.....cociceseeeee e 128
6.3.4 Chip SEECt SIgNAIS.....cciie e st 129
6.3.5 Address Output MEthod............cccoveieiiiiiecirecere e 130
6.4  BaSICBUSINETACE ... 131
B.4.1  OVEIVIEW. .c.eeiieeieeesietee ettt b et r e e st nn b et nen e nn s 131
6.4.2 DataSzeand Data AlIgNMEN........ccooorriiiiineienienee e 131
6.4.3  Valid SIODES ... 132
B.4.4  MEMOIY ATEBS.....coueieeeiire ittt sttt b e e e r e r e e ne e ne s 133
6.4.5 Basic Bus Control Signal TimiNg ......ccocereirierieiinienenesesese s 134
B.4.6  Wat CONLIOL .....oceeieseeeesie ettt en e et e nneene e e eneenes 141
6.5 1A CYCIO. .. neene 143
B.5. 1 OPEIEIION ...ttt sttt sttt sttt st b e et et b e et b e 143
6.52 PinSatesin ldle CyCle.... .o 146
6.6  BUSAIDITEN ..o bbb 146
G A © o [ o ST 147
6.7 Register and Pin INPUE TIMING .....ccuiiiieiiinieiseseeese e ste s sesteseesesseseesesseseesens 149
6.7.1  RegiSter WILE TIMING ...ccccviiieesieriee et sttt 149
6.7.2 BREQ PN INPUL TIMING ...ccoiiiiiiiiierieese et 150
SECHON 7 /O POITS......oe ettt 151
T L OVEIVIEW. ..ceiieiee ettt b et b et e bt eer et ne b s ne b e nnen e nna 151
T2 PO LR 155
T2 1 OVEIVIEW. ..ottt b st sn b n et n e nnen s 155
7.22  RegiSter DESCIIPLIONS.....c.coiirieiriirieerie ettt st 156
£ T =o' SRS 158
S R © Y = o= 158
7.3.2  RegiSter DESCIIPLIONS.....c.coiieeirierieerie ettt st 159
A =o' TSN 162
TAL  OVEIVIEW. ..ottt sttt ettt b et e bt b b et et e e e b et b et et b b et b ebe e seebe s 162
7.4.2 RegiSter DESCIIPLIONS.......cciieeirierieeeie ettt 162
ST =o' NSRS TRTPTRSTRTTN 164
751 OVEIVIBW. ..ttt ettt b et b e bbbt b bt bbb b et bt ne e b 164
752 RegiStEr DESCIIPLIONS.....cciiiiieieisieeeie ettt st st nens 165
L T = o 1 8 TP TSP R PSSP SPRPRSN 167
T.8. 1 OVEIVIEW. ..ottt b et b bbbt e bbbt b et nn b 167
7.6.2 ReQIStEr DESCIIPLIONS.....c.ciiieeiiisieeeie ettt sttt s re e 168
T T PO Bttt bbb bbbt bt e bt e bt n e 171
T7.1 OVEIVIEW. ...ttt ettt n b st eer s n e nn s 171
7.7.2 RegiSter DESCIHPLIONS.....ccceiicieieeeeiesiese e ee e aesee et st ae e e sne e s 172
T8 PO 7R 175

Rev. 2.00 Sep 20, 2005 page xii of xxxviii

RENESAS



7.8.2 ReQISLEr DESCIHPLION ...ovcvecieveeiee ettt st s 176
RS = o 1 0 PP PRSPPI 176
791 OVEIVIEW. ...ttt b et b e st nner e s e n e nren s 176
7.9.2  RegiSter DESCIHPLIONS.....ccceiiciiieeeeiesiese e eee e e et e e et naeae e nne s 177
0 O T o B PP PRSP PRPTSN 182
40T R O = TSR 182
7.10.2 RegiSter DESCIIPLIONS.....c.coirieerierieeste ettt st 183
0 T o NSRS 187
A R O = TS 187
7.11.2 RegiSter DESCIIPLIONS.....c.ciirieiriirieeeie ettt e st 189
T 12 PO B .ttt b et b bt e bbb et e b et b bt e b e 199
T.02.1  OVEIVIEW. ..ottt b ettt b e b et et e st b et s e e bt b b et b et e e e b 199
7.12.2 RegiSter DESCIIPLIONS.....c.coiieeuirterieeeie ettt 201
SECtiON 8 16-Bit TIMIEN ...ttt 207
8.1 OVEIVIEW ...ttt sttt et b et e bbbt e b et e e b e bt s e et et seebenese b et sn et e e e 207
B.LL  FEALUIES.....coe ittt et e 207
8.1.2 BlOCK DIBOIAIMS .....cceeuiiieieiisieiee sttt sttt st sttt sttt 209
8.1.3  Pin ConfigUIation .........ccceeerierieisieieese sttt st sttt 212
8.1.4 Register CONfigUIatioN........ccceeceeieresise s ceesees et 213
I = 1= 11 = I L=< o ] o (o) S 214
821 Timer Start REGISLEr (TSTR) ..ocueeeeiesesie et 214
8.2.2 Timer Synchro RegIStEr (TSNC) ....ccocvieiieerece e 215
8.23 Timer Mode Register (TMDR)......ccoiriiiinieene e e 217
8.24 Timer Interrupt Status Register A (TISRA) .....ooi e 219
8.25 Timer Interrupt Status Register B (TISRB) .....c.cooeceveveiinenieeneseese e 222
8.2.6 Timer Interrupt Status Register C (TISRC) .....cccoveieiireierenieeresees e 225
8.2.7 Timer CounterS (L6TCNT) .ecueiiiiiirieerie sttt 227
8.2.8 Generd Registers (GRA, GRB).....c.coiiieiiirieese et 228
8.29 Timer Control REGISIEIS (L16TCR) ...ccueiveiriirieirie et 229
8.2.10 Timer I/O Control Register (TIOR) .......cceiriereririerene et 231
8.2.11 Timer Output Level Setting Register C (TOLR) ...c.covveierineeneseecese e 233
8.3 CPU INEITACE ...ttt st 235
8.3.1 16-Bit ACCESSIDIE REGISIENS.....civeeeeicieeeecee e 235
8.3.2 8-Bit ACCESSIDIE REGISIEIS....ocviieeecee e e 237
S © o = (o o SRS 238
B4 L OVEIVIEW. ...ttt ettt b bbb bbbt ek se bt e et ne e b 238
8.4.2  BaESICFUNCLONS.......ciuitiiiereireeiees et 239
LT G TN\ /1 [0 0. 1 o o 1 246
844  PWM MOGE ..ottt e 248

Rev. 2.00 Sep 20, 2005 page xiii of xxxviii

RENESAS



8.4.5 Phase CoUNtiNg MOUE........ccceiririeire et 252

8.4.6 16-Bit Timer OULPUL TiMING.....ccoiiereeerierieisieniee et 254
LS I T 1 £ P 255
8.5.1 Setting Of StAUS FIagS .....veiveeveeeeiese et e 255
8.5.2 Timing of Clearing of StatuS Flags........ccceevevieievesese e 257
8.5.3  INLEITUPL SOUICES........eeiteeiecie e see sttt rte et e ettt e eesreesneesreesreenneeneeenes 258
8.6 USAOE NOLES..... .ttt e r e e nne s 259
SECHION 9 8-BIt TIMEIS......oiieceecsce st 271
LS R © 1V YT S 271
S 0 R = (- 271
0.1.2  BIOCK DIBGIAIM.......eiieiiieieieriee ettt sttt 273
9.1.3  Pin COnfiQUIELION .....c.eiveietirieietesiereete ettt sttt 274
9.1.4 Register CONfIQUIALION. .......coveerririeeeierieseeie sttt 275
9.2 REQISIEr DESCIIPLIONS. ... cviueitiieeieeterieiet ettt st b e e b e b e e b sre e 276
9.2.1  Timer Counters (BTCONT) ..ucieiieiieriee sttt et 276
9.2.2 Time Constant RegiSters A (TCORA) .....ccovveirieriee et 277
9.2.3 Time Constant Registers B (TCORB) .......cooeviivieienesieeeesieesie e 278
9.2.4 Timer Control REGISLEr (BTCR).....covciierieiisieriee ettt 279
9.25 Timer Control/Status ReGISLErS (BTCSR) ...cvevevvieerierieneeie s 282
1 R T O U N 1 010 = ol USSR 287
0.3 1  B-BIt REJISIEIS....uiceeeccse ettt e e 287
LS A © o - (o) o PSR 289
9.4.1 8TCNT CoUNt TIMING c.veiteieeeieieesieseseseseeee s esee e sre e e s e e e eeesresresresneeseeeenseses 289
9.4.2 Compare Match TiMiNG......cccoreireririrereee et 290
9.4.3 Input Capture SIgnal TIMING ......cocereirereeneeee e 291
9.4.4 Timing of Status FHag SEttiNg .......ccoeoererrinereese e 292
9.45 Operation with Cascaded CONNECLION.........coecerirerirererrese e 294
9.4.6  INPUL CAPLUIE SEHING .....ceevereeeererieeeie ettt 296
0.5 TNEEITUPL ... 298
O9.5.1  INLEITUPL SOUMCES......civiiririiieieiieiee sttt st s 298
9.5.2  A/D CONVErter ACHVELION. .....c.ceirieeeierieieeienieesie sttt sttt 299
9.6  8-Bit Timer Application EXamMPIE .......c.coiiiiiiieireeeee e 299
0.7 USAOE NOLES. ...ttt sttt et b ettt e e b b e s b e s aeeb e et e e e nbeseeneas 300
9.7.1 Contention between 8TCNT Writeand Clear.........c.covevvviereieneneneseseneeeseens 300
9.7.2 Contention between STCNT Writeand INCrement .........cocoveeveieneneeienenenesenenns 301
9.7.3 Contention between TCOR Write and Compare MatCh ..........ccooevvriererenenienn, 302
9.7.4 Contention between TCOR Read and Input Capture.........cccocveeveveeeneresesienens 303
9.7.5 Contention between Counter Clearing by Input Capture and Counter Increment 304
9.7.6  Contention between TCOR Write and Input Capture..........cccecceveveveneceerenseens 305

Rev. 2.00 Sep 20, 2005 page xiv of xxxviii

RENESAS



9.7.7 Contention between 8TCNT Byte Write and Increment in 16-Bit Count Mode

(Cascaded CONNECLION) ......cceiiieeririeeeesieseee sttt sr e s s neenas 306

9.7.8 Contention between Compare Matches A and B.........cccceevveeeveveveneseceeceeies 307

9.7.9 8TCNT Operation and Internal Clock Source SWitChover .........cccccvveveeeeveenne, 307
Section 10 Programmable Timing Pattern Controller (TPC) ..o, 311
0 R O 1Y = PR 311
L0.1.1 FEAIUMES.....cueueeeeeeeeeetecs ettt se e st e se e se e s tesese s e se e besesestese e esesesenseneneneas 311
10.1.2 BIOCK DI@QraM......ccirueueriirieirierieisiesie sttt sttt st 312
10.1.3 Pin CONFIQUIBLION ....oveveeieeiirtirieisiesie sttt 313
10.1.4 Register CONFIQUIBLION.......cevtirieirierieeres e s 314

10.2 ReQISIEr DESCIIIIONS. ...ccve ettt sttt sttt sttt se it b e et b e et b et nre e 315
10.2.1 Port A Data Direction Register (PADDR) .......ccccorererieenineenese e 315
10.2.2 Port A Data RegiSter (PADR)......ccoiieiiirieenerieteesieie st 315
10.2.3 Port B Data Direction Register (PBDDR) .......cccooviriieinineesesesesese e 316
10.2.4 Port B Data RegIStEr (PBDR) .....cccviiiiieirieiec e 316
10.2.5 Next DataRegister A (NDRA) ......cciiiirireiereiee et 317
10.2.6 Next Data Register B (NDRB) .....ccccovviririiiniseieeseie e 319
10.2.7 Next Data Enable Register A (NDERA)........ccoiiiiiiieeceseeses e 321
10.2.8 Next Data Enable Register B (NDERB) ........ccovvviririeereseese e 322
10.2.9 TPC Output Control RegiSter (TPCR) ......coveierere e 323
10.2.10 TPC Output Mode RegiSter (TPMR) .....ccviveeeerece e e 326

O G T @ 7= 1o SRS 328
L0.3.1 OVEIVIBW. ..ottt n et n e sn et e r s 328
10.3.2 OULPUL TIMING .euvverriienieierieesiesieesie s sb et b bbbt b et sbe b 329
10.3.3 NOIMM@l TPC OULPUL. ......cuerviereiriiieierieieesieeee sttt 330
10.3.4 Non-Overlapping TPC OULPUL.........cccecvrireerireiee e 332
10.3.5 TPC Output Triggering by INput Capture...........coecevereierenieiereeeseee e 334

JO.4  USAOE NOLES... ettt e e r e bt e e se e b sresr e s e e e e e e nnenre e 335
10.4.1 Operation of TPC OULPUL PINS........ccoiiieiriiieirerieesiee e 335
10.4.2 Note on Non-Overlapping OULPUL ...........cceeeeererieerineesesie e 335
Section 11 WatChdog TIMEN ..........cueeiieieiseeieeis st eseaes 337
L11 OVEIVIBW. .ttt b et b bt e bt e b bt E bt s e b b e se bt b b e bbb 337
L1000 FEBIUMES..c.ecueeeeeteeseet etttk bbbk etk b e bt et b e et e b 337
11.1.2 BIOCK DIaQram......cccoiueeriirieiniesieisiesieesesieessesesssse e e stesaesessensssessessesessessenenns 338
11.1.3 Pin CONfIQUIELION ....ccveviuiieiseisieisiesieeeesieee et sae et ne st see e seesaeneees 338
11.1.4 RegiSter CONFIQUIBLION........cviirieieiisieeee sttt 339

11.2 REQISIEr DESCIIPLIONS. ...c.eiitiiieieeetereeeerieste s e s et e e etesae s e stesresse e e eaeseestesnesresseensensensessesnens 339
11.21 Timer CoUNtEr (TCONT) i oieeciciesese sttt eee s e et aesae s re e ene e e enean 339
11.2.2 Timer Control/Status RegISter (TCSR).....cccveceerereie e see e 340

Rev. 2.00 Sep 20, 2005 page xv of xxxviii

RENESAS



11.2.3 Reset Control/Status Register (RSTCSR).....ccvieieerieieesesieeseseses s seee e 342

11.2.4 NOLESON REGISLEN ACCESS ...cvvivirieririirierertisieeesesiesseessesseessessesesse e sessessesessessessens 344
TG T @< 1o PSS 346
11.3.1 Watchdog Timer OPEration .........cccceeerueeereeieesiesesesresseseesaeseeseessesresesssesseseenses 346
11.3.2 Interval Timer OPEratioN ........ccccveveieseeereeieeseese e sre e e eae e ae e sre e se e eneenees 347
11.3.3 Timing of Setting of Overflow Flag (OVF) ..o, 347
11.3.4 Timing of Setting of Watchdog Timer Reset Bit (WRST) .....ccoovvevrinerninienenn 348
T4 INEEITUDBES. ...ttt e b e e eb et se e s e r b eneene e enne e 349
115 USAOE NOLES .. ettt e s et e e se b sr e r e se e e e nn e ne e 349
Section 12 Serial Communication INTErface............ooceveeverieieeieeese e, 351
D2.1  OVEIVIBW. .ttt b ettt e b bt s e b bt e b e Rt s e b b e se b et et beb e et ne e b 351
12,00 FEALUMES.....cuiuiieteeeete ettt ettt sttt b bt st b et sttt b et st e et 351
12.1.2 BIOCK DI@QIaIM......couiieeieriirieiniisieisie ettt 353
12.1.3 PiN CONFIQUIBLION ....e.veeeiieiirtirteisie ettt 354
12.1.4 Register CONfIQUIBLION........cviirieieirieeeesete st 355
122 REGISIEr DESCIIPLIONS. ...cctiiieeieie ettt sttt st st st ese st e s sbeseenesbesae e steneens 356
12.2.1 Receive Shift RegIStEr (RSR) ....ecviirieiiirieiriseise e 356
12.2.2 Receive Data Register (RDR).......cocviueiiinieirinieinesieese s 356
12.2.3 Transmit Shift REJISLEr (TSR) ...ccviirieiriieieeseeee e 357
12.2.4 Transmit Data ReGISLEr (TDR) ....covviiiicireceeseese et 357
12.25 Serial Mode RegIStEr (SMR) ....ocueeeeeviecese e 358
12.2.6 Serial Control REGISLEr (SCR) ...cvevieeieiieciereeeereese et te e 361
12.2.7 Serial Status REQISLEN (SSR) ...vvevereerieiieeiereeeesee e se e stesessaesees e sre e s e seeeseenes 366
12.2.8 Bit Rate RegiSter (BRR) .....ccooeeiiereieireetee e 372
RS @ o/ - 1o o SO RPP 380
12.3.1 OVEIVIBW....eeuieeiieeeeece ettt ettt se st e e s et e e e ebeneseese e seesenesessenesensenesens 380
12.3.2 Operation in ASynChronOUS MOE...........coeeririenirinieieese e 383
12.3.3 Multiprocessor COMMUNICELION .......c.eerirueeriirieeresieeee st 392
12.3.4 SyNChronOUS OPEIELION ........ccoerueereirieiriirieeeie sttt 399
12,4 SCIINEEITUPDLES. ..ottt st n e s r e resresr e e enne e 408
12,5 USAOENOLES... .ottt sr e sa e r et nenn e re e 409
1251 NOESON USE Of SCl ..ottt 409
Section 13 Smart Card INtEIaCe..........oooviriereeeee e 415
T @ 1= TSRS 415
13,101 FEBLUIES....ecueueeeeeeseet ettt sttt bbbkttt b e e b e et b e se b e b 415
13.1.2 BIOCK DIaQram......cccoiueiriirieiniesieisiesieesesteeesesieesse e ste s e ssensesessessesessessenenes 416
G TR0 G T = 1 @0 g T U = o) o 417
13.1.4 Register ConfigUIation..........ccccevererereseeeese st s sre e 417
13.2 REQISIEr DESCIIPLIONS. ...c.veiiisieieectereeeeseste e ete e etese e s e st sresse e e eaeseesbesnesresseensensensessesnens 418

Rev. 2.00 Sep 20, 2005 page xvi of xxxviii

RENESAS



13.2.1 Smart Card Mode RegISter (SCMR).....ccviueiriririeesieieesesie st 418

13.2.2 Serial SHAtUS REGISLEN (SSR) ...vereveuiririeieririeierietee sttt beb e se e 420
13.2.3 Serial Mode RegIStEr (SMR) ....ocveeieecece e 421
13.2.4 Serial Control REGISLEr (SCR) ...cveviecieriecireeee et s seees 422
GG T @< 1o SRS 423
L13.3. 1 OVEIVIBW. ..ottt r e e nner s 423
HICTIC T2 = [ @0 = o 1 o S 423
(IS RCTC T DT - o] 7= OSSR 424
13.3.4 REQISIEN SEINGS....cuiieeeertirieiririeire ettt e 426
TG T T O [ ST 428
13.3.6 Transmitting and RECEIVING Dala..........ccorueeririeirinieenesereeesie e 430
134 USAOE NOLES.....coueiiiierere sttt e r e e r et nenn e re e 437
SECtiON 14 A/D CONVEITEN ...ttt 441
TA. L OVEIVIBW. .ttt b ettt e b bt e bbbt £ b e st s e e b bt se b et st b e b e et ne et 441
LA.1. 1 FEBIUMES.....cueueietieseet ettt bbbttt b b et e b b e e b e e 441
14.1.2 BIlOCK DIaQram......cccoiueiriirieisiisieisiesieesesteeese s e seeas st sae e stensesessessesessesseneens 442
14.1.3 Pin CONfIQUIELION ....ccveeveuirieieiirieisesie ettt see st e ees 443
14.1.4 RegiSter CONFIQUIBLION......c.ccviirieirisiee ettt 444
14.2 ReGISIEr DESCIIPLIONS. ...cctiiieeieie ettt sttt st sttt sbe e sbesae e sbesae e eteneens 445
1421 A/D DataRegisters A to D (ADDRA t0 ADDRD) .....c.ccvvrinienereeienreeseneeenennas 445
14.2.2 A/D Control/Status Register (ADCSR) ......ccccevereiesireeeeseseese s seeseeseeseenes 446
14.2.3 A/D Control RegiSter (ADCR) .....cccoceiecieecieesese e st see s 448
14.3  CPU INEEITACE ...ttt 449
@ o= - 1o o SO SRRPRP 451
14.4.1 SIngle MOdE (SCAN = 0) c.ecueriirieiriirieeresieese et 451
14.4.2 SCaN MO (SCAN = 1) .ttt 453
14.4.3 Input Sampling and A/D Conversion TiMe........cccocverrenenieieneneresese e 455
14.4.4 External Trigger INPUL TIMING.....ccoooruerereririeereieesee e 456
JA5  INEEITUDBES. ...t et se e sr e r et e e nennean 456
J4.6 USAOE NOLES.....coueiiiiireste ettt e r e e r et nesn e renne 457
SECtiON 15 D/A CONVEITEN ...t 463
L5, 1 OVEIVIBW. .ttt ettt b et b bt bt e b bt e b st e e bR e se bttt b e b st e b 463
15,001 FEBIUMES.....cuiuiietieseetet ettt skttt b bbb e b b se b e b 463
15.1.2 BIOCK DIaQram......cccciueiiirieisiisieisiesieesesieessestessseseeae e ste s e stensesessessesessesseneens 464
15.1.3 Pin CONfIQUIELION ....ccvevviirieieiirieeeesieeee sttt see st e ees 465
15.1.4 RegiSter CONFIQUIBLION......c.ccviirieirisieee ettt 465
15.2 REQISIEr DESCIIPLIONS. ...c.eeiviiieieectereeeeseste et ete e estese e s e stesresse e e eaesrestesnesresseensensensessesnens 466
15.2.1 D/A DataRegisters 0 and 1 (DADRO, DADRL) ......ccccoieirnenereeeenseseseeeenas 466
15.2.2 D/A Control RegiSter (DACR) .....ocvieieeeeece et e s e see e 466

Rev. 2.00 Sep 20, 2005 page xvii of xxxviii

RENESAS



15.2.3 D/A Standby Control Register (DASTCR).....coocvvivvriereeneneesesie e 468

I @ o7 - 1o o [ SO 468
15.4 D/A OULPUL CONEFOL .....eeveiieceecieceeseese s s ese e e sresresreene e e e e eneennens 470
SECHON 16 RAM ..ot 471
L6. 1 OVEIVIBW...c.eeeieieeeeiee sttt R e r s r et r e n e nnns 471
16.1.1 BIOCK DIGQraM......ccirueueriirieieriisieisiesie sttt st e 472
16.1.2 Register CONfIQUIBLION.......certirieirierieeees et 472
16.2 System Control REGISLEr (SYSCR) .....oeiuiriiirierieerie et 473
RS @ o7 - 1o o SO 474
Section 17 Flash Memory [H8/3026F-ZTAT VErSiON] .......cccoovevreneeneeneeneeenennne. 475
L7. 0 OVEIVIBW. .ttt et s h e bt e b bt e b et e b bt se bt b e b et e ebne 475
L7.2 FEALUMES. ..ottt b et bbbt b et b b et bbb b et bbbt e ebne 476
17.2.1 BIOCK DIGQIaIM......couiieiiriirieiiniisieisit sttt st 477
17.2.2 Pin CONfIQUIELION ....ccveuveeiiieieiisieiete sttt s a et ens 478
17.2.3 RegiSter CONfIQUIBLiON.......cvvirieieisieie ettt 478
17.3  REGISIEr DESCIIPLIONS. ...eitiiieeieie et ste ettt sttt st se s s be e s st sae e sbesae e etenens 479
17.3.1 Hash Memory Control Register 1 (FLMCRL) .....cccooeivvieineseieecene e 479
17.3.2 Hash Memory Control Register 2 (FLMCR2) .......cocoovivieinineee e 482
17.3.3 Erase Block Register 1 (EBRL) ....ccccoeieviireceerese ettt 483
17.3.4 Erase Block Register 2 (EBR2) ......cccevviiveceeiese sttt 484
17.3.5 RAM Control Register (RAMCR)........cccoviieieiese e ceseeeee e see s 485
17.4  OVErVIEW Of OPEIBLION ....eviiveieeceieeeese et sttt se e e e se e tesaesresseeneeaeneeseseens 487
A R Y/ oo L= I = 1S o S 487
17.4.2 On-Board Programming MOGES..........cceceriiririnirereieesie s 489
17.4.3 Hash Memory Emulation in RAM ... 491
17.4.4 BIOCK CONFIQUIBLION .....cvieeiiriirieieierie e 492
17.5 On-Board Programming MOGE..........ccoeiiiririienieisiereee st 493
17.5.1 BOOL MOGE.......coecuiitiieiiitirieiist ettt bbb s 494
17.5.2 USEr Program MOGE..........c.coeiuirieininiesesieese et 499
17.6 Hash Memory Programming/EraSing........ccoceererieereneeenesesie e 501
17.6.1 Program MOOE.......c.oouiiririiieiiriiiei sttt et 503
17.6.2 Program-Verify MOOE .......covirieriniiiieeseees et 503
17.6.3 Er8SMOUE......cuiiiceeieieiest ettt bbb 508
17.6.4 Erase-Verify MOOE .....cccccoiiiriiiiee et 509
17.7 Hash MemOry ProteECLION........ccccviirieiie ettt st sttt st et sae s 511
17.7.1 Hardware ProtECHION ........cciueuirerieieririeieesie ettt 511
17.7.2 SOFftWAre PrOtECLION ......vevveeeeiesie e 512
17.7.3 EXTOr PrOLECHION ...t e 513
17.8 Flash Memory Emulation iN RAM ..ottt 515

Rev. 2.00 Sep 20, 2005 page xviii of xxxviii

RENESAS



17.9 NMI Input Disabling CONAItIONS........ccccoiierieiieiee et 518

17.10 Hash Memory PROM MOOE ........cooviieiiiirieisiesiee ettt sttt 519
17.10.1 Socket Adapters and Memory Map .......cccccvveeeeieeiesese e e seese e e eae s 519
17.10.2 Notes on Use of PROM MOGE.........coeurireininieinesieieese s 520

17.11 Flash Memory Programming and Erasing PreCaltions...........ccccvevevereveseseseeseeseeseennens 520

17.12 Mask ROM (H8/3026 Mask ROM Version) OVEIVIEW.........ccceceeeereereesesreseseeseeseeseesnens 526
17.12.1 BIOCK DI@EaIM......ciuirieiiriirieeniirieisie sttt sttt bbb se e e 526

17.13 Noteson Ordering Mask ROM Version Chip ... 527

17.14 Noteswhen Converting the F-ZTAT Application Software to the Mask ROM Versions 528

Section 18 Flash Memory [H8/3024F-ZTAT VErSION] ....cc.oovvvveenrenrernreneineeenneene. 529

L8.1L  OVEIVIBW. .ttt sttt b ekt e b bbb e bt e b et s e b bt se b et st b e b et ne b 529

18.2  FEALUIES. ..ottt ettt bbbt bbbt b ket bbb b et et b bt s ebne 530
18.2.1 BIOCK DI@raM......ccuiieeueriiieiiniisieesie ettt st 531
18.2.2 PiN CONFIQUIBLION ....c.veuevieeiietireeisie ettt 532
18.2.3 RegIiSter CONfIQUIBLION.......cvviirieieiisiee et 532

18.3  REGISIEr DESCIIPLIONS. ...eitiieieeie et ste ettt sttt st st eaesbese s s besaesesbesee e stenees 533
18.3.1 Hash Memory Control Register 1 (FLMCRL) ......ccooevvvneieeseeecenee e 533
18.3.2 Hash Memory Control Register 2 (FLMCR2) .......coeovvieineneee e 536
18.3.3 Erase BIock RegIStEr (EBR) ....cc.cvvirieiriiieieesieiee st 538
18.3.4 RAM Control Register (RAMCR).......ccccovvieieiese e steseeceese e e sae e 539

18.4 OVErVIEW Of OPEIBLION ....oveveieeceeeeeieste sttt et sa et eeaesr e tesaesresseeneeaeneeneeseens 541
S A IV oo L= I = ] (o = S SRTS R 541
18.4.2 On-Board Programming MOES..........cccecereeiereneiesesesieeeseese e sre s seesaeseeees 543
18.4.3 Hash Memory Emulation in RAM ... 545
18.4.4 BIOCK CONFIQUIBLION .....cveeeiiiiieieie et e 546

18.5 On-Board Programming MOGE..........ccoeiiiririninieise et 547
EC TR0t R = ToTo 1V oo (=TT 548
18.5.2 USEr Program MOUE.........cceoivirieiririeieese ettt 553

18.6 Hash Memory Programming/EraSing........cccceerereeiriereeenenesie e 555
18.6.1 Program MOUE.......c.oouieeuiriiieiiriiiei ettt bbb 557
18.6.2 Program-Verify MOOE ..o e 557
18.6.3 Er8SE MOUE.......ceeuiieiieieeieteeet ettt 562
18.6.4 Erase-Verify MOOE ......cccoviiririiiee et e 563

18.7 Hash MemOry ProteECION........cccciiirieiiesieie ettt st sttt st st 565
18.7.1 Hardware PrOtECLION .......coveieiriiieie ettt 565
18.7.2 SOftWare ProtECLION ....c.ccviveieiiiiieisee et 566
18.7.3 EIrOr PrOtECHION ....ccvivieiceiciiee e 567

18.8 Flash Memory Emulation iN RAM ........ooiii ettt 569

18.9 NMI Input Disabling CoNAItiONS........ccccceiiiirieieeerese e e e e 570

18.10 Flash Memory PROM MOGE .......cceceeierieie et cteeeesie e ste st e e e e saesre e e esaennesesnens 571

Rev. 2.00 Sep 20, 2005 page xix of xxxviii

RENESAS



18.10.1 Socket Adapters and Memory Map ......coeceeerereeneneiesese e 571
18.10.2 Notes on Use of PROM MOGE........ccoeuririeinisieieesesieese e sesse e 572
18.11 Flash Memory Programming and Erasing PreCaltions...........ccccceveverevesesesesseesesseennens 573
18.12 Noteswhen Converting the ZTAT Application Software to the Mask ROM Versions 579

Section 19 Clock PUISE GENEIELOT ..ot ssssssseaes 581
S I R O 1Y V= SRS 581
19.1.1 BIOCK DIiGQraM......coirueueriirieiiriisieisie ettt sttt 582
RS T @ 1 o 1| (o T o 1 R 583
19.2.1 Connecting a Crystal RESONGLON .........ccvirieeriirieiresieesese e 583
19.2.2 External ClOCK INPUL........coooiiiriierieeee e 585
19.3  Duty AQJUSIMENE CITCUIT.....c.ceveiteietertereetesieseeie ettt sttt st sb e e e se e sre e 587
T4 PrESCAIEIS. ...couieeetet ettt ettt b et b et b et b bt e bbbt et bt e enne 587
19.5 FreqUENCY DIVIOEN ......ccooiiieiiieieeeete ettt 588
19.5.1 Register CONFIQUIBLION........cuitiieiriirieieie sttt 588
19.5.2 Division Control RegiSter (DIVCR) .....cocvveiiireieeseees e 588
19.5.3 USAGE NOLES.... .ottt ettt e b s e b e see e 589
Section 20 POWEr-DOWN SEALE............c.ovvvieeiieieieisiisiie et 591
201 OVEIVIEW. ...ueiteiiieieie ettt sttt e bt e b st s et et s e b e bt ss b et s e e b e bt s e et et seebenese b et snebene e 591
(0 IZ = 1= 11 = g @o 011 o 1= 4 o] o 1O 593
20.2.1 System Control RegISter (SYSCR) ...ccuccviicireee et seesie et 593
20.2.2 Module Standby Control Register H (MSTCRH)......ccoovviieceeevece e 595
20.2.3 Module Standby Control Register L (MSTCRL) ...covovvveecceeecese e 596
20.3  SIEEP MOUE......eceecteeeete ettt b bbb et b e et se e b neene 598
20.3.1 Transition t0 TP MOCE.......ccooirieiri e 598
20.3.2 EXit from SIEep MOUE......ccoiiiiireee et 598
20.4 Software SLEANADY MOE.........cooiiiiieieirieee e 598
20.4.1 Transition to Software Standby MOdE...........covireiererernee e 598
20.4.2 Exit from Software Standby MOdE.........c.cooveirineinerereesee e 599
20.4.3 Selection of Waiting Time for Exit from Software Standby Mode...................... 599
20.4.4 Sample Application of Software Standby Mode............ccooeveiinineinencec 601
20.4.5 USB0EINOLES. ......cueiiiiiririe st e 601
20.5 Hardware Standby MOGE ........c.ooveiiiiieireseise et seenea 602
20.5.1 Transition to Hardware Standby MOdE..........cccovveiriieienieneeceee e 602
20.5.2 Exit from Hardware Standby Mode..........ccooeieiieneniieeeeseese e 602
20.5.3 Timing for Hardware Standby MOde..........cccooevieiniiieneeseeee e 603
20.6 Module StandDY FUNCLION.........ccceiiieieeierisese e sttt s sbesee e beseesesseseenens 604
20.6.1 Module Standby TimMiNG.......ccceeererieriereeeeeereere e e e e s 604
20.6.2 Read/Writein Module Standby ..........ccccovvviveceeiesese e 604
20.6.3 USBOE NOLES.......coiieieeiicieee ettt e st e et e e e eesneesreesneesneeneenes 604

Rev. 2.00 Sep 20, 2005 page xx of xxxviii

RENESAS



20.7 System Clock Output Disabling FUNCLION ........ccveirieiriieiee e 605

Section 21 Electrical CharaCterisiCs.........ocvvviiiiiicieiseeeseeieeee e, 607
21.1 Electrical Characteristics of H8/3024 Mask ROM Version
and H8/3026 Mask ROM VEISION ......cccvieiriirieienie ettt st st st 607
21.1.1 Absolute Maximum RELNGS.......ccceierereireisieeieesesee e seeseesaesee e e sneseeseeseses 607
21.1.2 DC CharaCteriSliCS.....eiuereerrireieresiereetestesee e ste e teste e te e se et st e ste st e tesae e sesaeneens 608
21.1.3 AC CharaCleiSliCS.....ueiueeireieeeetesieeeese e e st ste e s e s st se e s tesaeneetennens 611
21.1.4 A/D Conversion CharaCteriStiCS.......covvuviirerieerereseseseeeeseesie e seeseseeseeseeseeens 616
21.1.5 D/A Conversion CharaCteristiCS.......covvrviirerieerereseseseeeeseesie e seesseeseeseeseeseeens 617
21.2 Electrical Characterigtics of H8/3024F-ZTAT Version and H8/3026F-ZTAT Version... 618
21.2.1 Absolute Maximum REHNGS .........courerieieririeene st 618
21.2.2 DC CharalleriStICS. . ccuerveruerueeeeeeeiesiesieste st etee e eeseeste st sse e e s seeseesbesaesse e e eneees 619
21.2.3 AC CharaCleriSliCS. ...ceiveieiirieeeiesieeseseseee e e este e se e se e st sa e tesee e s tesaenesreneens 622
21.2.4 A/D Conversion CharaCteriStiCS ........ocuieiireriierieriese et 627
21.2.5 D/A Conversion CharaCteriStiCS .....uuiiueririerieieesierese e seee sttt 628
21.2.6 Hash Memory CharaCteristiCS......ccoviiririiiieriee e s 629
21.3  Operational TIMING.....cccceiireiiereeire ettt st s beseesesbeseesesbeseesesteseesestesensens 631
P20 TG 5 @ o To: G 02 o SRS 631
21.3.2 Control SIgNal TIMING ....ccccvierieiseriee ettt se et sse e e ens 632
P2 G TG T = 10 I 01T S 633
21.3.4 TPCand /O POrt TIMING......ccccoerieresereseeeeieeseseestesesseeseeseesseseessessesnesseesesseses 637
21.3.5 Timer INput/OULPUL TIMING ....ceovereieriereseeeeseese e e e e se e e s 637
21.3.6 SCI INPUL/OULPUL TIMING..eueeueeeeieieesiesieseeeeseeseeseesresee e eseeseessessessessessessessssnseses 638
APPENdiX A INSITUCTION SEL.........oiecccceeeee s 639
N N 1 S 1 0o o O P 639
A2 Operation COOE MEPS........ceririeiiriirieierie ettt sttt b e bbb e nnes 654
A.3  Number of States Required for EXECULION .........coviieirinieiriieesceesesees s 657
Appendix B Internal 1/O REQISIEIS.........c.coviieeeeeeeeeesesissesseees 667
B.1 AddressList (H8/3026F-ZTAT, H8/3026 Mask ROM VErSioN) ........ccccevvvvvrrenieeseesienenns 668
B.2 AddressList (H8/3024F-ZTAT, H8/3024 Mask ROM VErSIoN) ........ccccevvrvvrereeresesienenns 678
2T T W g 1o OSSR 688
Appendix C 1/O Port BIOCK DIagrams..........c.cccceecveineiveeeeiieiieses e 754
C.1  POrt 1 BIOCK DIiagram .....c.ccceuiiieieiisienieteseseeiesie st esie s steseesestesaesessesaesessesaenessessesessessanens 754
C.2  POrt 2 BIOCK DIiagram .......ccceuiiieieiesiesieeesieseeeseseeesie s steseesestesaesestesaesessesassesseseesessessnnens 755
(ORI =0T BC 1 =] oo [ BT =1 S 756
(O o T4 8 = Voo [ I o =1 P S 757
(O I =0T AL =] oo [ BT o =1 S 758

Rev. 2.00 Sep 20, 2005 page xxi of xxxviii

RENESAS



C.6  POrt 6 BIOCK DIiagramS........ccuiirieierierieiesieseeteseseeeseseeesteseesesteseesessesaesessessssesseseesessessanens 759

C.7  POrt 7 BIOCK DIiagramS.......cccevereeierierieiisieseetesieseeesieseesesteseesessesaesessesaesessessssessessesessessanens 764
C.8  Port 8 BIOCK DIiGgQraIMS......cceiuiiuerieeieeesiestestesesseeseesaesiesrestesseesesseesssseseessessessesssenssnsessnnees 765
C.9  POrt 9 BIOCK DIiGgQraIMS......cceiuieiereeieeesiestestesesseeseesaesaesrestessessesseesseseseessessessesssensensessenses 769
C.10 Port A BlOCK DIBQIramMS.....cceivieiereeieeeriestesteseseeseesaeseessestessessesseesssssessessessessessssssensessenses 775
C.11 Port B BIOCK DIi@QramS........ccceeueieeieieesieseesiesieseeeessssaessessessessessessssssessessessessesssssssssessenses 778
APPENAIX D PIN SEALES.......ccooiececcececeseiesise et 784
D.1 Port StateSin EQCh MOCE. ......cc.ooeiiciceceeese st 784
D.2  PiN SAES A RESEL.....c.oiviiceiciieee ettt a e re e 789

Appendix E  Timing of Transition to and Recovery

from Hardware Standby MOdE..............cooiieieeeeeeeees 792
Appendix F Product Code LINEUP .........ccoveieiieieireeiseeeiseieeeeseseissessessenees 793
Appendix G Package DIMENSIONS..........ccccocieieeecieeeeee e 794
Appendix H Comparison of H8/300H Series Product Specifications................. 797
H.1 Comparison of Pin Functions of 100-Pin Package Products (FP-100B, TFP-100B)........ 797

Rev. 2.00 Sep 20, 2005 page xxii of xxxviii

RENESAS



Section 1 Overview
Figure 1.1 BIOCK DIGOIEM.....ceiivieeiiitereeicete ettt st 6
Figure 1.2 Pin Arrangement of H8/3024F-ZTAT, H8/3026F-ZTAT,

H8/3024 Mask ROM Version, and H8/3026 Mask ROM Version

(FP-100B or TFP-100B Package, TOP VIEW) ..o 8
Figure 1.3 Pin Arrangement of H8/3024F-ZTAT, H8/3026F-ZTAT,

H8/3024 Mask ROM Version, and H8/3026 Mask ROM Version

(FP-100A Package, TOP VIBW) ....couiiuiieiiriieeiesieseeiesie st snens 9

Section 2 CPU

Figure2.1  CPU Operating MOOES........ccuviiieiiirieieisieiee sttt 20
Figure 2.2 L= 0070 V1Y = o SRS 21
FIQUrE@ 2.3 CPU REGISIENS.....cuiiiiieiiriiieiisisie sttt ettt snesre s 22
Figure2.4  Usage of General REQISLEIS.......c.cviirieirinieisisiee s 23
FIQURE 2.5 SHACK 1.ecviitieecree et ettt st 24
Figure 2.6 General Register Data FOrMELS.........ccvoeieeiereciereses e seese e 26
Figure 2.7 General Register Data FOIMELS.........ccccceveeiereeiereses e ese e 27
Figure 2.8 MeEMOrY Dala FOMMELS.......ccueiierieerieeseerte et eree e sre e nneenne e s 28
Figure 2.9 INSIFUCION FOIMELS......ecvieeciesicse et n e e 41
Figure2.10  Memory-Indirect Branch Address Specification ..........ccoevvinennienenecneneene 45
Figure 2.11  ProCeSSING STALES .....cveueriiieiiriiieerierie sttt bbbt 49
Figure2.12  Classification of EXCEPtION SOUICES ........cceeririeirerieiresiesee e 50
Figure2.13  SHae TranSItioNS ......ccceueriirieiiriiriecriesie ettt e 51
Figure2.14  Stack Structure after Exception Handling..........coeeeveeenineineneineseese e 52
Figure2.15 On-Chip Memory ACCESS CYCI......ccoiiiiiiirieieire et 54
Figure2.16  Pin States during On-Chip Memory Access (Address Update Mode 1)............... 54
Figure2.17  Access Cycle for On-Chip Supporting Modules...........c.cceorinennineneieneneene 55
Figure2.18 Pin States during Access to On-Chip Supporting Modules..........c.ccoceeeireninnene 55

Section 3 M CU Operating M odes
Figure 3.1 Memory Map of H8/3024F-ZTAT and H8/3024 Mask ROM Version in Each

OPEratiNg MOE.......oveeiriiieiriisee e et be s 66
Figure 3.2 Memory Map of H8/3026F-ZTAT and H8/3026 Mask ROM Version in Each
(@07 = 1 1o 117/ oo 68

Section 4 Exception Handling
Figure4.1 EXCEPtION SOUICES ..ottt st st st n e e eneas 72
Figure 4.2 Reset Sequence (ModeS 1 and 3).......cccvereereriinieirieeenieee e 75

Rev. 2.00 Sep 20, 2005 page xxiii of xxxviii

RENESAS



Figure 4.3
Figure4.4
Figure 4.5
Figure 4.6
Figure 4.7

Section 5
Figure 5.1
Figure 5.2
Figure 5.3
Figure5.4
Figure 5.5
Figure 5.6
Figure 5.7
Figure 5.8

Section 6
Figure 6.1
Figure 6.2
Figure 6.3
Figure 6.3

Figure 6.4
Figure 6.5

Figure 6.6
Figure 6.7
Figure 6.8
Figure 6.9
Figure 6.10
Figure 6.11
Figure 6.12
Figure 6.13

Figure 6.14

Reset Sequence (ModeS2 and 4) .......cccevveeeireneeinine s saens
Reset Sequence (MOOE B) .......civeeeririeieieriieeisiesee st aens
Interrupt Sources and Number of INEETUPLS ......cccovvvverecieceee e
Stack after Completion of Exception Handling .........cccceveeeveeve s
Operation when SPValueis Odd ........cccoveeeeecierenese e

Interrupt Controller
Interrupt Controller BIOCK Diagram..........coccoeevereeneneeeneneeese s
Block Diagram of Interrupts IRQp t0 IRQs.....coverveuereiririrenieeneieresieseseees
Timing of Setting of IRQNF.........ccooiiiiee e
Process Up to Interrupt Acceptance When UE = L.......cccovvvveceeieneveseseeeeneeen,
Interrupt Masking State Transitions (EXample)..........ccceevereieneneiene e
Process Up to Interrupt Acceptance When UE = O.........cooveeevineinincncnene
Interrupt Exception Handling SEQUENCE.........cccoireirereeeneeee e
Contention between Interrupt and Interrupt-Disabling Instruction......................

Bus Controller
Block Diagram of BUS CONIOIEN .........cuvirieiririeirisieeseseese s
Access AreaMap for Each Operating Mode.........ccocevveiveveine e
Memory Map in 16-Mbyte Mode
(H8/3024F-ZTAT, H8/3024 Mask ROM VEion) (1).....cccuererermeerermeenerreenennns
Memory Map in 16-Mbyte Mode
(H8/3026F-ZTAT, H8/3026 Mask ROM VEON) (2).....ccorrerererrerererneerenreerennns
CSn Signal Output TIMING (N =010 7)....cvvveeeeieeeeeeieeeeeeeeeeeeee e eeees s
Sample Address Output in Each Address Update Mode
(Basic Bus Interface, 3-State SPaCE)..........ccevireeririeneeerieeeesie e
Access Sizes and Data Alignment Control (8-Bit ACCESS Ar€a) ......cccevevvreeennene
Access Sizes and Data Alignment Control (16-Bit ACCESS Area) .......cccovveennene
Bus Control Signal Timing for 8-Bit, Three-State-Access Area........cveveveeenen.
Bus Control Signal Timing for 8-Bit, Two-State-ACCeSS Area........coocvveeeeeeenne.
Bus Control Signal Timing for 16-Bit, Three-State-Access Area (1)
(Byte ACCeSS O EVEN AQAIESS) ......oeeveriiieieriirieeeieseeee st
Bus Control Signal Timing for 16-Bit, Three-State-Access Area (2)
(Byte AcCessStO Odd AArESS)........ovueevirieiniriieeisiesie s seens
Bus Control Signal Timing for 16-Bit, Three-State-Access Area (3)
(VWOPd ACCESS) ...veveienieiesieee sttt sttt e st s e et ne s aenesnensenes
Bus Control Signal Timing for 16-Bit, Two-State-Access Area (1)
(Byte ACCESS O EVEN AQArESS) ...cvoveeeriiieeiriesieeeieseeee st
Bus Control Signal Timing for 16-Bit, Two-State-Access Area(2)
(Byte Accessto Odd AAIESS) ......ccuecereriereeeeeerese s e e sre s

Rev. 2.00 Sep 20, 2005 page xxiv of xxxviii

RENESAS



Figure 6.15

Figure 6.16
Figure 6.17
Figure 6.18
Figure 6.19
Figure 6.20
Figure 6.21
Figure 6.22
Figure 6.23

Bus Control Signal Timing for 16-Bit, Two-State-Access Area (3)

(VWOPD ACCESS) ...ttt sttt sttt sttt se st a e bt se s aenennesaenes 141
Example of Wait State INSertion TimMing .......cccceveevereeiecieerese e seesee s 142
Example of Idle Cycle Operation (ICISL=1) ....ccccccvvereeieeienene e seeeeree e 143
Example of Idle Cycle Operation (ICISO = 1) ....ccccvvererceere e 144
Example of Idle Cycle Operation ..........ccccecveeevesienesesie e 145
Example of External Bus Master Operation ..........ccoeveerenieneeeniineeneneeseseens 148
ASTCR WILE TIMING..c.ectiitereeieriereeese sttt s st s sbe e 149
DDR WIE TIMING ..ttt 149
BRCR Wt TIMING....ecueitereeierierieiieie sttt 150

Section 7 1/0 Ports

Figure 7.1
Figure 7.2
Figure 7.3
Figure 7.4
Figure 7.5
Figure 7.6
Figure 7.7
Figure 7.8
Figure 7.9
Figure 7.10
Figure 7.11

POrt 1 Pin ConfiQUIation.........ccooeiiirieiniireeesiesieesie e 155
POrt 2 Pin ConfiQUIation..........cooeiiirieinireeseseees e 158
POrt 3 Pin ConfiQUIation...........ooeeiirieinireeiseseets e 162
Port 4 Pin ConfigUratioN.........cccuveiiinieirisieise et 164
POrt 5 Pin ConfigUration........cccuveiiinieiriseise s 167
Port 6 Pin ConfigUration...........cuieiiirieirisieise e 171
Port 7 Pin ConfigUratioN..........ccuveiiinieinisieisesee s 175
Port 8 Pin ConfigUIratioN...........cuveiririeirisieise e 177
Port 9 Pin Configuration.........ccccceveiereserece e eas 182
Port A Pin Configuration.........ccccvceiereseeeeesese st eneesneeas 188
Port B Pin Configuration ...........ccceveieieeenece e neeeas 200

Section 8 16-Bit Timer

Figure 8.1
Figure 8.2
Figure 8.3
Figure 8.4
Figure 8.5
Figure 8.6
Figure 8.7
Figure 8.8
Figure 8.9
Figure 8.10
Figure 8.11
Figure 8.12
Figure 8.13
Figure 8.14
Figure 8.15
Figure 8.16

16-bit timer Block Diagram (OVErall) .......cccvireerineneneseseeeseeeseees 209
Block Diagram of ChannelSO and L..........cceoevirieirineininecreeeese s 210
Block Diagram of Channel 2..........coociiirininerere s 211
16TCNT Access Operation [CPU — 16TCNT (Word)] ....oveeveeveeerereeerereeeneeens 235
Access to Timer Counter (CPU Reads 16TCNT, Word) ........ccooeeevveienencnerineene 235
Accessto Timer Counter H (CPU Writesto 16TCNTH, Upper Byte)................ 236
Accessto Timer Counter L (CPU Writesto 16TCNTL, Lower Byte) ................ 236
Access to Timer Counter H (CPU Reads 16TCNTH, Upper Byte).........cccvueuene. 236
Accessto Timer Counter L (CPU Reads 16TCNTL, Lower BYte) .......c.ccovveenee 237
16TCR Access (CPU WIteST0 16TCR) ...c.ccvvveeeiriiieesieeeeseeseeesie s seeennes 237
16TCR Access (CPU ReaAS 16TCR) .....ccveueviirieeriirieiseseeesesiesesesie e sseennes 238
Counter Setup Procedure (EXamMPLE) .......ccccovvreirienenereseneesesee e 239
Free-Running Counter OPEration ...........cccuveerereeresenieeseseeeee e seeessessensenes 240
Periodic Counter OPEration ..........ccceceveeereeiiesese e e sesseesae e e s sre s seeeesrenes 241
Count Timing for Internal Clock SOUICES.........cccvvvevereciereese e 241
Count Timing for External Clock Sources (when Both Edges are Detected) ...... 242

Rev. 2.00 Sep 20, 2005 page xxv of xxxviii

RENESAS



Figure 8.17
Figure 8.18
Figure 8.19
Figure 8.20
Figure 8.21
Figure 8.22
Figure 8.23
Figure 8.24
Figure 8.25
Figure 8.26
Figure 8.27
Figure 8.28
Figure 8.29
Figure 8.30
Figure 8.31
Figure 8.32
Figure 8.33
Figure 8.34
Figure 8.35
Figure 8.36
Figure 8.37
Figure 8.38
Figure 8.39
Figure 8.40
Figure 8.41
Figure 8.42
Figure 8.43
Figure 8.44

Setup Procedure for Waveform Output by Compare Match (Example).............. 242
Oand 1 Output (TOA =1, TOB = 0) ..everreuererieeririeeririe et 243
Toggle Output (TOA =1, TOB = 0).eueceeieeieriesierieeeeeeeeie e se e e see e 243
Output Compare OULPUE TIMING......eevieeeeeereeresesese s eeeseeseesre e sre e sseeseeeeses 244
Setup Procedure for Input Capture (EXample)........cccvvererieerenenese s eeereeees 245
INput Capture (EXAMPIE) ....c.coveeeie e 245
Input Capture SIgNal TIMING ....cooovveiieee e 246
Setup Procedure for Synchronization (EXample)........cccvevninennineneieneneen 247
Synchronization (EXamMPIE) ........cccvireirinenirereeres e 248
Setup Procedure for PWM Mode (EXamMPIE)......c.covvveerineininieesee e 249
PWM Mode (EXBMPIE 1).....couiiiieririiieierieeeiesieee st 250
PWM Mode (EXBMPIE 2).....ccueieiieririiieierieeeieseee et 251
Setup Procedure for Phase Counting Mode (EXample) ........cocooeevineneencnieenn 252
Operation in Phase Counting Mode (EXamMPple) .........cccvirereieneneienineeee e 253
Phase Difference, Overlap, and Pulse Width in Phase Counting Mode............... 253
Timing for Setting 16-Bit Timer Output Level by Writingto TOLR................... 254
Timing of Setting of IMFA and IMFB by Compare Match..........cccccovevvrvnnenene. 255
Timing of Setting of IMFA and IMFB by Input Capture..........ccccoeeevveneneniennn 256
Timing Of SEttiNg Of OV F......covciieiee e 257
Timing of Clearing of StatUS Flags.......ccccovveveeiieneeeceree e 257
Contention between 16TCNT Write and Clear.........ccoovvvereieneneiesene e 259
Contention between 16TCNT Word Write and Increment............cocoeeveeevenienenn 260
Contention between 16TCNT Byte Write and Increment...........cccoceeevveveeieennn 261
Contention between General Register Write and Compare Match...................... 262
Contention between 16TCNT Write and OVErflow........ccceevvrernienennicncne 263
Contention between General Register Read and Input Capture...........ccccoenveneee. 264
Contention between Counter Clearing by Input Capture and Counter Increment 265
Contention between General Register Write and Input Capture...........ccccoevvenee. 266

Section 9 8-Bit Timers

Figure 9.1
Figure 9.2
Figure 9.3
Figure9.4
Figure 9.5
Figure 9.6
Figure 9.7
Figure 9.8
Figure 9.9
Figure 9.10
Figure 9.11

Block Diagram of 8-Bit Timer Unit (Two Channels: Group 0)..........cccveruenene. 273
8TCNT Access Operation (CPU Writesto STCNT, Word) .......cccoceeeveeceneennnne 287
8TCNT Access Operation (CPU Reads 8TCNT, Word) .......ccccoeeenneeninnicnennee 287
8TCNTO Access Operation (CPU Writesto STCNTO, Upper Byte)................... 288
8TCNT1 Access Operation (CPU Writesto 8TCNTL, Lower Byte)................... 288
8TCNTO Access Operation (CPU Reads STCNTO, Upper BYte)......cccceevvvvinee 288
8TCNT1 Access Operation (CPU Reads STCNT1, Lower Byte) ......ccccveveeenee. 288
Count Timing for Internal CloCK INPUL..........cccovieirinieierese e 289
Count Timing for External Clock Input (Both-Edge Detection)..........ccceevneee. 290
Timing Of TiMEr OULPUL ....c..ocveieeciecieeeee e s 290
Timing of Clear by Compare MatCh........ccccoevviiiiieceece e 291

Rev. 2.00 Sep 20, 2005 page xxvi of xxxviii

RENESAS



Figure 9.12
Figure 9.13
Figure 9.14
Figure 9.15
Figure 9.16
Figure 9.17
Figure 9.18
Figure 9.19
Figure 9.20
Figure 9.21
Figure 9.22
Figure 9.23
Figure9.24

Section 10
Figure 10.1
Figure 10.2
Figure 10.3
Figure 10.4
Figure 10.5
Figure 10.6
Figure 10.7

Figure 10.8
Figure 10.9
Figure 10.10

Timing of Clear by INPUL CaptUE.........covveiieieesereee e 291
Timing of Input Capture INPUL SIgNal.........cccooveeiineesenee e 292
CMF Flag Setting Timing when Compare Match OCCUrs........cccccocvveeeeeeveennnne, 292
CMPFB Flag Setting Timing when Input Capture OCCUrS..........ccoovveveeeeeereeeenns 293
TimMiNg Of OV SELING.....coiiieie e 293
Example Of PUISE QUEPUL ........ccceieieierireeeee et e e s 299
Contention between 8TCNT Writeand Clear ..o vvveveeenesese e 300
Contention between 8TCNT Writeand Increment ..........ccceeveeevenenceseseeneenees 301
Contention between TCOR Write and Compare MatCh ..........cccoovevveieicnenienenn 302
Contention between TCOR Read and Input Capture..........cccoceveverereneecenienieenns 303
Contention between Counter Clearing by Input Capture and Counter Increment 304
Contention between TCOR Write and Input Capture...........cccovieererieieneneenn 305

Contention between 8TCNT Byte Write and Increment in 16-Bit Count Mode . 306

Programmable Timing Pattern Controller (TPC)

TPC BIOCK DIAgram ......ccceiiieieiisieseee ettt sttt st 312
TPC OULPUL OPEILION. .....c.cieieeieiesiee e seee ettt se et se e s 328
Timing of Transfer of Next Data Register Contents and Output (Example) ....... 329
Setup Procedure for Normal TPC Output (EXample) ......cccevevvereiesenieesenieenns 330
Normal TPC Output Example (Five-Phase Pulse OULPUL).........cccvvvevrvnieerinnenne 331
Setup Procedure for Non-Overlapping TPC Output (Example) ........ccccveeeeenee. 332
Non-Overlapping TPC Output Example

(Four-Phase Complementary Non-Overlapping Pulse Output) .........ccccceeevevnnee. 333
TPC Output Triggering by Input Capture (EXample) ........ccvvvieveverereeenieeeenns 334
Non-Overlapping TPC OULPUL.........coreeririeerereeirie e 335
Non-Overlapping Operation and NDR Write Timing .......c.ccccveevevvienenenienenennes 336

Section 11 Watchdog Timer

Figure11.1
Figure11.2
Figure11.3
Figure11.4
Figure 11.5
Figure 11.6
Figure 11.7
Figure 11.8

Section 12
Figure12.1
Figure 12.2

WDT BIOCK DI@QIaM.....ccviiuieetirienieiesieneeiesie sttt sttt st sbe e 338
Format of Data Writtento TCNT and TCSR........ccviveerineereieereseeseseees 344
Format of Data Written t0 RSTCSR.......ccoieiiireiririeenereeeeie s 345
Operation in Watchdog Timer MOOE..........ccvireirerereseee e 346
Interval TImMer OPEration ........ccoereeererieine ettt 347
Timing Of SEttiNg Of OV F......oovciieeecesee e e 347
Timing of Setting of WRST Bit and Internal RESet.........ccovvevvevieneeineneeeniee 348
Contention between TCNT Write and COUNt UP .....ccevveriereeenenieesesie e 349

Serial Communication I nterface

S O =1 o Qo = o 1 353
Data Format in Asynchronous Communication
(Example: 8-Bit Data with Parity and 2 Stop BitS)........ccceeevveveneve s, 383

Rev. 2.00 Sep 20, 2005 page xxvii of xxxviii

RENESAS



Figure 12.3

Figure 12.4
Figure 12.5
Figure 12.6

Figure 12.7
Figure 12.8
Figure 12.9

Figure 12.10
Figure 12.11

Figure 12.12
Figure 12.13

Figure 12.14
Figure 12.15
Figure 12.16
Figure 12.17
Figure 12.18
Figure 12.19
Figure 12.20
Figure 12.21
Figure 12.22
Figure 12.23
Figure 12.24

Phase Relationship between Output Clock and Serial Data

(ASYNCHIroNOUS MOTE) .......oueeviiiiieiisieieise et 385
Sample Flowchart for SCI Initialization..........ccccevevievienesescecse e 386
Sample Flowchart for Transmitting Serial Data..........cccceeveeveeveveneveseseereeies 387
Example of SCI Transmit Operation in Asynchronous Mode

(8-Bit Data with Parity and One Stop Bit).......cccccceveiererieciesese e 388
Sample Flowchart for Receiving Serial Data..........ccoevvveveneienenieieneeeseseee 389

Example of SCI Receive Operation (8-Bit Data with Parity and One Stop Bit).. 392

Section 13 Smart Card Interface

Figure 13.1
Figure 13.2
Figure 13.3
Figure 13.4
Figure 13.5
Figure 13.6
Figure 13.7
Figure 13.8
Figure 13.9
Figure 13.10
Figure 13.11

Example of Communication among Processors using Multiprocessor Format
(Sending Data H'AA to ReCeiving ProCESSOr A) ....cc.cevveriiererieieesiesieesiesieenes 393
Sample Flowchart for Transmitting Multiprocessor Serial Data..........ccccocevnee 394
Example of SCI Transmit Operation

(8-Bit Data with Multiprocessor Bit and One Stop Bit) ........ccoeeeerenecnenieennen 395
Sample Flowchart for Receiving Multiprocessor Serial Data..........cccocevveeeeeneee 396
Example of SCI Receive Operation

(8-Bit Data with Multiprocessor Bit and One Stop Bit) .......ccvvveeevevinrenenenine 398
Data Format in Synchronous COMMUNICALION..........cuveerirereeereieesieeeeseeneens 399
Sample Flowchart for SCI Initialization ..........cccooeevveneienieneiceees e 401
Sample Flowchart for Seria Transmitting.........ccccoevveveienieneiesieneceseseese e 402
Example of SCI Transmit OPEration ...........ccceeeveirinenenieneneeeseneeeseseeseneens 403
Sample Flowchart for Serial RECEIVING .....ccvvveeeierere e 404
Example of SCI ReCEIVE OPEratioN.........cccveeeveereresesesieeeeseese e sreseeseeneeseeees 406
Sample Flowchart for Simultaneous Serial Transmitting and Receiving ............ 407
Receive Data Sampling Timing in Asynchronous Mode...........ccoccoovviveveieciennnns 410
Example of Synchronous TranSmMiSSION.........ccveeeerinieererieeseseeese s seeeenes 411
Operation when Switching from SCK Pin Function to Port Pin Function........... 412
Operation when Switching from SCK Pin Function to Port Pin Function

(Example of Preventing LOW-Level OULPUL) ........ccvvreiririeineneeseseeseseeees 413
Block Diagram of Smart Card INnterface.........cooveevineinenercee e 416
Smart Card Interface Connection Diagram...........coccoeeerereneeneseiesese e 424
Smart Card Interface Data FOrMEL...........cceeririenereeresee e 425
Timing of TEND Hag SEttiNg ......cooeovvereiseieeseeee e 431
Sample Transmission Processing FIOWChart...........coeevivieneienenecc e 432
Relation Between Transmit Operation and Internal Registers........coovveevivrieene, 433
Timing of TEND Hag SEttiNg ......cooeovvereeiserieeseseee s 433
Sample Reception Processing FIOWChart.........cccvvieiniiniensicceseesese e 434
Timing for FiXing COCK OULPUL ........cceeieriee e 435
Procedure for Stopping and Restarting the ClocK..........ccocveveveveie v, 436
Receive Data Sampling Timing in Smart Card Interface Mode..........ccccceevevuenene 437

Rev. 2.00 Sep 20, 2005 page xxviii of xxxviii

RENESAS



Figure 13.12 Retransmission in SCl RECEIVE MOUE .........coceviveirenieisinie e 439
Figure 13.13 Retransmission in SCI Transmit MOGE...........ccoceevrvrierinineniniese e 440

Section 14 A/D Converter

Figure14.1  A/D Converter BIOCK Diagram ........ccccceveeereeierese s seseeeeiesees e seseesesse e 442
Figure14.2 A/D Data Register Access Operation (Reading H'AA40) .......cccoocevvvvveeceeieennens 450
Figure 14.3  Example of A/D Converter Operation (Single Mode, Channel 1 Selected) ........ 452
Figure 14.4  Example of A/D Converter Operation (Scan Mode, Channels AN, to AN,

S = 1< ox <o ) TSR 454
Figure 145  A/D CONVErSION TIMING ...cvvvireireereinesreene e 455
Figure14.6  External Trigger INPUt TIMiNG.......ccoveurerinieierienieesesie e e 456
Figure14.7 Example of Analog Input Protection CirCuit ...........coerueeerineieneneneneseese e 458
Figure14.8  Anaog Input Pin EQuivalent CirCUIt...........cceoviieenineseee e 458
Figure14.9 A/D Converter Accuracy DefinitioNS (1) ........ccoeeereriereninienieeniesieesese e 460
Figure 14.10 A/D Converter Accuracy DefiNitioNS (2)........ccoeeeririerininenieiesenieeses e 460
Figure 14.11 Anaog Input Circuit (EXaMPIE) .....ccceeveireiieiririeeseie s 461

Section 15 D/A Converter
Figure 15.1 D/A Converter BIOCK Diagram .......ccoccoeirerieesenieesesieesiesiesessesie e sse s ssenens 464
Figure 15.2  Example of D/A Converter OPEration ..........cccvveeeerenieeseseneseseseseseseseseeseens 469

Section 16 RAM
Figure 16.1  RAM BIOCK DIiagramM......ccceciieeieieeriesie e steseeee e sieste e sressesaesaeseesnesnesneesensesenns 472

Section 17 Flash Memory [H8/3026F-ZTAT Version]

Figure17.1  Block Diagram of FIash MEMOIY .........ccceeririninienenesieesese e 477
Figure17.2 Fash Memory Related State TranSitions...........cccverveerinieneneseneseseee e 488
Figure17.3 Reading Overlap RAM Datain User Mode/User Program Mode...........cccc.eee... 491
Figure17.4  Writing Overlap RAM Datain User Program Mode..........cccccveneineniennenienen 492
Figure17.5 System Configuration When Using Boot MOde...........ccccveiiiineneineneenesene 494
Figure17.6  Boot Mode EXECUtion PrOCEAUNE...........ccuiviiririeieerieie et 495
Figure17.7 RAM Areasin BOOt MOE..........ccoiiririinieisieenes ettt 497
Figure17.8 Example of User Program Mode Execution Procedure...........cooooecerenieenenienenn 500
Figure17.9 FLMCR1 Bit Settings and State TranSitioNS ......c.cocviveerineneeiesenie e 502
Figure 17.10 Program/Program-Verify Flowchart (128-Byte Programming).........cccccevevrvenene 507
Figure 17.11 Erase/Erase-Verify Flowchart (Single-Block Erasing) ........ccccveeveeeeseneeiesienienenns 510
Figure 17.12 Hash Memory State Transitions (When High Level is Applied to FWE Pin
inMode5 or 7 (On-Chip ROM Enabled))........ccoeivineiniinieineniniseseeseseeeenas 514
Figure 17.13 Flowchart of Flash Memory Emulation in RAM ........ccccovvivreeieiern e 515
Figure 17.14 Example of RAM Overlap Operation...........cccccevereieseeiesieenie e eseeeeseeseesee e 516
Figure 17.15 Memory Map in PROM MOGE..........cccoeiieeiieieriesese s sese e see e se e seeeeaeseens 519

Rev. 2.00 Sep 20, 2005 page xxix of xxxviii

RENESAS



Figure 17.16 Power-On/Off Timing (BOOt MOTE) ..........coouevrerieeriiiecneieese e 523
Figure 17.17 Power-On/Off Timing (User Program MOdE) .........cccurevreneierenenesenieresesieens 524
Figure 17.18 Mode Transition Timing

(Example: Boot Mode — User Mode « User Program Mode) ..........cccceeevenenee. 525
Figure 17.19 ROM Block Diagram (H8/3026 Mask ROM VErSION).......ccccceveeverereseeieeseeneens 526
Figure 17.20 Mask ROM Addresses and Data.........ccccceveveeeeieesese s sesieeiesees e sveeseeseenee e 527
Section 18 Flash Memory [H8/3024F-ZTAT Version]
Figure18.1 Block Diagram of FIash MEMOIY ... 531
Figure18.2 Example of ROM ArealRAM Area OVErlap ........cocveivirineinenere e 541
Figure18.3  Fash Memory Related State TranSitions..........ccccverieerenieneneneneseseee e 542
Figure18.4 Reading Overlap RAM Datain User Mode/User Program Mode...........c.cc.e.e... 545
Figure18.5 Writing Overlap RAM Datain User Program Mode..........cccccveneienenenenenienens 546
Figure18.6  System Configuration When Using Boot MOde...........ccccoiveineneinencenesieene 548
Figure 18.7 Boot Mode EXECUtion PrOCEAUNE...........ccuiviireriiieesieie et 549
Figure 18.8 RAM Areasin BOOt MOUE..........ccuvirieirinieininieise s 551
Figure 18.9  Example of User Program Mode Execution Procedure..........ccocoveevveriererenienenns 554
Figure 18.10 FLMCR1 Bit Settings and State TranSitioNS ......c.cocvvveereneneeiesenieiesesee e 556
Figure 18.11 Program/Program-Verify Flowchart (128-Byte Programming).........cccceevevrvenene 561
Figure 18.12 Erase/Erase-Verify Flowchart (Single-Block Erasing) .......cccccveevecereneeiesienienenns 564
Figure 18.13 Flash Memory State Transitions (When High Level is Applied to FWE Pin

inMode5 or 7 (On-Chip ROM Enabled))........cccocvviviiniriecesere e 568
Figure 18.14 Example of RAM Overlap Operation...........ccccceveveieseeieeseesesesese e seesee e e 569
Figure 18.15 Memory Map in PROM MOGE..........cccoeiieeiieieiiesese s sese e see e se e eene e 572
Figure 18.16 Power-On/Off Timing (BOOt MOTE) ..........coueeririeiriierieee e 576
Figure 18.17 Power-On/Off Timing (User Program MOdE) .........ccccoueerenieierenieienenieiesie e 577
Figure 18.18 Mode Transition Timing

(Example: Boot Mode — User Mode « User Program Mode) ..........ccvevenenne. 578
Section 19 Clock Pulse Generator
Figure19.1 Block Diagram of Clock Pulse GENErator ............cocevveeeeinienieenienieesiesee e 582
Figure19.2  Connection of Crystal Resonator (EXample) .........cccoeerireneineneieneseesieseee 583
Figure19.3  Crystal Resonator Equivalent CirCUit ..........cceoevireierineieneseeses e 584
Figure 19.4  Oscillator Circuit Block Board Design Precautions...........coevveneveseniesesesieenns 584
Figure 19.5 External Clock Input (EXAMPIES) ....ccevvirieirinieieesieeesie s 585
Figure 19.6  External Clock INPUE TiMIiNG .....coeiiirieiniieesesie s 587
Figure 19.7  External Clock Output Settling Delay Timing.......cccoovvuerireneiesenenesesenese e 587
Section 20 Power -Down State
Figure20.1  NMI Timing for Software Standby Mode (EXxample).......cccecvevevevevvnerceciiennns 601
Figure 20.2 Hardware Standby Mode TimiNg........cceeereeieererenieseseseeseeseesees e e sreseeseeseeseens 603

Rev. 2.00 Sep 20, 2005 page xxx of xxxviii

RENESAS



Figure20.3  Starting and Stopping of System Clock OULPUL ..........ccvevrereerinenererese e 605
Section 21 Electrical Characteristics

Figure21.1 Darlington Pair Drive Circuit (EXamMpPIE).......cccceviviivierenierieee e eeeeeseenie e 611
Figure21.2  Sample LED CirCUIL ......cceeeeeeiescse et sae e s e e e 611
Figure 21.3  OUtput LOA CIrCUIL........cceeieeeeeesiese ettt eee e e see e e se e s eeneennens 615
Figure21.4  Darlington Pair Drive Circuit (EXamMple)........cccurroiireinineirenereseseese e 622
Figure21.5 SampPleLED CilCUIT ......cccouiiririiieierieeeeseie et e 622
Figure21.6  OUtPUL LOBA CiFCUIT.......c.eruiiririeirerieresie e 626
Figure21.7  Oscillator SEttling TiMIiNG........ccoeeeereireriieesee e e 631
Figure21.8  ReSEt INPUL TIMING .oveueriiiiieierieieesieeee et 632
Figure21.9  ReSet OULPUL TIMING.....cotiteieireeieiirieieiesieeee st 632
Figure 21.10 Interrupt INPUL TIMING ....ooveeeirieieisieeeseeee e 633
Figure 21.11 BasiC BUS CyCle: TWO-SIAIE ACCESS.......ccerierieirierieerie ettt 634
Figure 21.12 Basic Bus Cycle: Three-State ACCESS........cocviueirerieieiriesieee e 635
Figure 21.13 Basic Bus Cycle: Three-State Access with One Wait State.........ccocvvevevvesieneen 636
Figure 21.14 Bus-Rel€ase MOJE TIMING ....cccivirieiriinieiriieiesesie st 636
Figure21.15 TPC and I/O Port INpUt/OULPUE TIMING .....coveerierieerieieisieseeesiesie e sesseseeees 637
Figure 21.16 Timer INPUL/OULPUL TIMING ...ovviveieririeieeseieesesie e sie e se e e ssesseneens 637
Figure 21.17 Timer External Clock INPUE TiMiNG.......ccooivueirineieniieesese e 638
Figure 21.18 SCI INput CIOCK TiMING ...veceeeeiiesiisiesiesieeieeeesiesie e see e s e s e eaesee e e sreeseeeenaeseens 638
Figure 21.19 SCI Input/Output Timing in SynchronoUS MOdE...........cccveveeevererieseseseeeenaens 638
Appendix C /O Port Block Diagrams

Figure C.1 POrt 1 BIOCK DIiagram.......ccceoieuerieieie ettt s s e 754
Figure C.2 POrt 2 BIOCK DIiagram.......ccccoieuirieieiesiereeie et s 755
Figure C.3 POrt 3 BIOCK DIagram.......ccceieierieieie sttt s e 756
FigureC.4 POrt 4 BIOCK DIiagram.......ccceoieirieeeie et 757
Figure C.5 POrt 5 BIOCK DIiagram.......coceieuirieeeiesieieie et e s 758
Figure C.6 (8) Port 6 Block Diagram (Pin PBp) ........ccccurerirerinieirieieesiesie e 759
Figure C.6 (b) Port 6 Block Diagram (Pin PBy) .......cccceviriririneereieseie e 760
Figure C.6 (c) Port 6 Block Diagram (PiN P6y) ........cccevuirieerinieirieieesiesiee e 761
Figure C.6 (d) Port 6 Block Diagram (Pins P63 10 PBg) ........ccceoeeriirieiriinieereseesese e 762
Figure C.6 () Port 6 Block Diagram (Pin P67) ......cccccvvivieirineieseieesesieesie e 763
Figure C.7 (@) Port 7 Block Diagram (PinSP7ot0 P75) ...cc.ccvviieiiinieisenee e 764
Figure C.7 (b) Port 7 Block Diagram (Pins P76 and P77)......ccccuveeviineinineeseseesese e 764
Figure C.8 () Port 8 Block Diagram (Pin P8p) ......ccecvvirieiririeesieiee s 765
Figure C.8 (b) Port 8 Block Diagram (Pins P81 and P8y)........cccevriirieiriinieisiniesesesie e 766
Figure C.8 (c) Port 8 Block Diagram (PiNP83) ....cccvveveeieierese et see e 767
Figure C.8 (d) Port 8 Block Diagram (PiNPB8) ....cecuvveeeiecie e 768
Figure C.9 (@) Port 9 Block Diagram (PiNPO) ...ccecvveeeeeeie e see et 769

Rev. 2.00 Sep 20, 2005 page xxxi of xxxviii

RENESAS



Figure C.9 (b) Port 9 Block Diagram (Pin PO1) .....cccceiiiieiiiieeseie s 770

Figure C.9 (c) Port 9 Block Diagram (Pin P9y) ......ccceiviieiiiieeseieesesee s 771
Figure C.9 (d) Port 9 Block Diagram (PiNP93) ....ccceeeeeiicie s see e 772
Figure C.9 () Port 9 Block Diagram (PiNP9g) c..ccueveeeeeeice e see e 773
Figure C.9 (f) Port 9 Block Diagram (PiNPO5) ....ccvverieecie e see e 774
Figure C.10 (a) Port A Block Diagram (PinsS PAg and PA L) .....ooeieie e 775
Figure C.10 (b) Port A Block Diagram (Pins PA, and PAg) ......ccccvieinineineeesee e 776
Figure C.10 (c) Port A Block Diagram (PINSPAZ 10 PA7) ... 77
Figure C.11 (a) Port B Block Diagram (Pins PBg and PBy)........c.ccvirieirinieineneieniesieesie e 778
Figure C.11 (b) Port B Block Diagram (Pins PB; @and PB3)........ccccviieirinieiineneenese e 779
Figure C.11 (c) Port B Block Diagram (PiNPBy) ......ccecviiinierie e 780
Figure C.11 (d) Port B Block Diagram (Pin PBs) ........ccviririnireriieseeesese e 781
Figure C.11 (e) Port B Block Diagram (Pin PBg) .......cccviriririnieeiiieseieesee e 782
Figure C.11 (f) Port B Block Diagram (PiNPB7) ......cceiiiiiiiieesee e 783

Appendix D Pin States

FigureD.1  Reset during Memory Access (ModeS1and 2).......cccovveveeeenenienesieseneeiesesieens 789
FigureD.2  Reset during Memory Access (ModeS3and 4).......cccvvveveerenienesieneneeieseseeens 790
FigureD.3  Reset during Memory AcCeSS (MOUED) .....cviueiririeiriseiee e 791
FigureD.4  Reset during Operation (ModeS 6 and 7) ........ccoeeverieerinienesisenesie e 791

Appendix G Package Dimensions

Figure G.1  Package DImensions (FP-100B).......cccccccveeiieierieresesesesieeeesees e see e ssesseeeeseens 794
Figure G.2  Package DIimensions (TFP-100B) .........ccccoevieiuerierereseseneeeeseese e sressesseesaeseens 795
Figure G.3  Package Dimensions (FP-100A) ...ttt 796

Rev. 2.00 Sep 20, 2005 page xxxii of xxxviii

RENESAS



Tables

Section 1 Overview

Table1.1
Table1.2
Table1.3
Table1.4

Section 2
Table2.1
Table2.2
Table2.3
Table2.4
Table2.5
Table 2.6
Table 2.7
Table2.8
Table2.9
Table2.10
Table2.11
Table2.12
Table2.13
Table2.14

CPU

S (-SSR 2
Comparison of H8/3024 Group Pin Arrangements..........coceeeereneierenienesesenenns 7
PiN FUNCLIONS ..ottt st e e e e e 10
Pin Assignments in Each Mode (FP-100B or TFP-100B, FP-100A) ........ccc.c.... 15
INStrUCtion ClasSifiCAION .........civeeriereeeee e 29
Instructions and Addressing MOGES..........c..ccrereririneneene e 30
Data Transfer INSITUCLIONS ......c..ooveiriiieirierieesi et 32
Arithmetic Operation INSLUCHIONS .......cccoiiirieiie e 33
Logic Operation INSITUCLIONS ........cviirieiriirieise et seenes 35
SHift INSITUCLIONS......eveiiiiieiricee st 35
Bit Manipulation INSITUCLIONS........c.ciirieiiirieisesiecsie s 36
Branching INSITUCLIONS........ccviiieiiirieirese s 38
System Control INSEIUCLIONS........c..cieiiiereeeeeee e s 39
Block Transfer INSITUCLION..........ceeiiiieirieie e 40
AdAressing MOUES .......cceiuiiieceee ettt e e e e 43
Absolute Address ACCESS RANGES.........ccvierrerieeierenesesteseeeeseesee e sreeeeseenseseens 44
Effective Address CalCulation ...........ccoveeeeeeeresiese e see e 46
Exception Handling Types and Priority ..o 50

Section 3 M CU Operating M odes

Table3.1
Table 3.2
Table 3.3
Table3.4

Operating Mode SEIECHION .......cccciriieirie e e 57
REGISIEIS ..ottt 58
Pin Functions in EaCh MOdE............coooiiiiiciiceee s 64
Address Mapsin MOOE5..........ooiiiieree e 65

Section 4 Exception Handling

Table4.1
Table 4.2

EXCeption TYPES and Priority ......cccccciveiririeinisiecse e seens 71
EXCEption VECtOr TaDIE.....cc.cviieieiseee e 73

Section 5 Interrupt Controller

Table5.1
Table5.2
Table5.3
Table5.4
Table5.5

INEEITUPRE PINS ..ot e st neene e e enaeeens 85
Interrupt Controller REJISLENS........cciviiieceeere e et 85
Interrupt Sources, Vector Addresses, and Priority........cccoeceeeveevenienesesieeiennens 97
UE, I, and Ul Bit Settings and Interrupt Handling.........ccccceeevenievevenecceecie s, 100
INtErrupt RESPONSE TIME......ciiieieeete et e 106

Rev. 2.00 Sep 20, 2005 page xxxiii of xxxviii

RENESAS



Section 6 Bus Controller

Table6.1
Table 6.2
Table6.3
Table6.4
Table6.5

Section 7
Table7.1
Table7.2
Table7.3
Table7.4
Table7.5
Table7.6
Table7.7
Table7.8
Table7.9
Table 7.10
Table7.11
Table7.12
Table 7.13
Table7.14
Table 7.15
Table 7.16
Table 7.17
Table7.18
Table7.19
Table7.20
Table7.21
Table7.22
Table7.23
Table7.24

BUS CONLTOHEr PINS......cciiiiiciiiiiieisesiees et 111
BUS CONtroller REGISIENS.....oiueceieeeiee ettt sre s 112
Bus Specifications for Each Area (Basic Bus Interface) .........c.cceeevevvvveccvennnnnn, 128
Data Buses Used and Valid SITODES...........coeeiiineininiereseee s 133
Pin StateSin 1dl€ CYCIE....ccuviicieeeece e 146
I/O Ports
POI FUNCLIONS......cviiiiieceetec ettt st sre e e eae e e 151
POI L REGISIENS.....cveeiieeirieeierte ettt 156
POI 2 REGISLENS.....vieieeeirteeerte et 159
Input Pull-Up Transistor StAES (POrt 2) ......cccooevveeeerieneeenieneeieseseeesie e 161
POI 3 REGISIENS.....ceieieeeerteee et 162
POI 4 REGISIENS.....ceetieeiiiteeeeet ettt 165
Input Pull-Up Transistor SAES (POt 4) ......cccooevveeeerienenenieneeieseseeesie e 167
POM 5 REGISLEIS.....cveiiieeisiees ettt se e aenn 168
Input Pull-Up Transistor LS (POt 5) ...oveeeeveeieieieeeiesie e seenens 170
PO 6 REGISLEIS.....cuiiiiieeiiieeeise ettt e st ne s aens 172
Port 6 Pin FUNCLIONSiN MOAES 10 5......covveeeiiiieiriiiecsese e 174
POIt 7 Dala REGISIEN ...c.ccviiveeeeieeee ettt seens 176
POI 8 REGISLEIS......eeieie et sttt s sre e e e eesrens 177
Port 8 Pin FUNCtioNSiN MOAES 10 5......covveeeiriirieiriinieerere s 180
Port 8 Pin FUNCtioNSiN MOdeS 6 aNd 7 .........ccvvereeiriineirenecre s 181
POIM O REGISLEIS......eeieie ettt st s s re e e eaenrers 183
POrt 9 Pin FUNCHIONS......ccuiiiiiecieeees et nea e 185
POI A REGISIEIS. ...ttt 189
Port A Pin Functions (Modes 1, 2, 6, aNd 7)......cccevvverereeienene s seseeeeee s 191
Port A Pin FUNCtions (ModeS 310 5) ....c.cvireeiriririnirierereeee s 193
Port A Pin FUNCtiONS (MOTES 110 7) ...cvevvieciiriireeirienieee e 196
POI B REJISLENS..... ettt 201
Port B Pin FUNCLIONS (MOAES 110 5) ...ccvvvviieiiriirieiricrieeiereeee e 203
Port B Pin FUNCLioNS (MOdES 6 @Nd 7)) .......cceeuvruirieiriiieneneeeeeseeee s 205

Section 8 16-Bit Timer

Table8.1 16-Dit tIMEr FUNCLIONS.......iiieiiiiietiseriecs et 208
Table 8.2 16-DIt tIMEN PINS ...eiiiiiciicecsese ettt 212
Table 8.3 16-Dit tiMEr REGISIEIS .oviiviecireee et 213
Table8.4 PWM Output PiNS and REGISENS .......cveiiiieiresieesiesie s seens 249
Table 8.5 Up/Down Counting ConditioNS..........cceceveeiieresesesieseseeeeseesie e s eee e 253
Table 8.6 16-bit timer INEITUPL SOUMCES. ......cceive et nee s 258
Table 8.7 (a) 16-bit timer Operating Modes (Channel 0)..........cccvvveveeircecn e 268

Rev. 2.00 Sep 20, 2005 page xxxiv of xxxviii

RENESAS



Table8.7 (b) 16-bit timer Operating Modes (Channel 1)........cccocvvvveivineinenieeseeese s 269
Table8.7 (c) 16-bit timer Operating Modes (Channel 2)........cccccvvvveivinninienee s 270

Section 9 8-Bit Timers

Table9.1 8-Bit TIMEN PiNS ..ottt 274
Table 9.2 8-Bit TIMEr REGISLEIS ...oeveieectececeste e s st e e sa et e e 275
Table9.3 Operation of Channels 0 and 1 when Bit ICE is Set to 1 in 8TCSR1 Register.... 285
Table9.4 Operation of Channels 2 and 3 when Bit ICE is Set to 1 in 8TCSR3 Register.... 285

Table 9.5 Types of 8-Bit Timer Interrupt Sources and Priority Order.........cccvveveverenienenn 298
Table 9.6 8-Bit Timer INLEITUPL SOUICES........c.ooueeririeirerieere e 298
Table 9.7 Timer OULPUL PrOMTY OFOES ..o 307
Table 9.8 Internal Clock Switchover and 8TCNT Operation ..........ccoccceerereieneneeiesienenens 308

Section 10 Programmable Timing Pattern Controller (TPC)

Tahl@10.1  TPC PINS...iiiiiieiieetererte ettt bbb bbb s 313
Tahle10.2  TPC REQISLEIS....cuciiiirieiiriirieerie ettt sttt sse st ss e st s sessesesessensenes 314
Table10.3  TPC Operating ConditiONS ........ccecvvirieiririeiesisieeeseee s saenes 328

Section 11 Watchdog Timer

= o TSI 0 A 1Y/ I I 1 (TR 338
QLI o L= I TV D O I =0T . £ 339
Table11.3 Read Addressesof TCNT, TCSR, and RSTCSR........ccccece e 345

Section 12 Serial Communication | nterface

I o L= o S I = | ST 354
Tahle12.2  SCl REJISIEIS.....ieeeiriiieiiriireeert sttt b et b e ebesaenes 355
Table12.3  Examples of Bit Rates and BRR Settingsin Asynchronous Mode...................... 373
Table12.4  Examplesof Bit Rates and BRR Settingsin Synchronous Mode..............c......... 376
Table125  Maximum Bit Ratesfor Various Frequencies (Asynchronous Mode)................. 378
Table126 ~ Maximum Bit Rates with External Clock Input (Asynchronous Mode).............. 379
Table12.7  Maximum Bit Rates with External Clock Input (Synchronous Modg)................. 380
Table12.8  SMR Settings and Serial Communication FOrmatsS.........cocceeeeveneneneneeieeneeneens 382
Table129 SMR and SCR Settings and SCI Clock Source Selection..........cccvevvveeeeneeenne 382
Table12.10  Serial Communication Formats (Asynchronous Mode) ...........coeevevvneeernnnnne 384
Table12.11 ReceiVe Error CONAItiONS ..........courerierererieiirenieesisieeses et es 391
Table12.12  SCI INtEITUPL SOUICES .....eoueeeeirierieiesiesieesiesieesieseesesseseesessesseeesessesesessensesessesseses 408
Table12.13 SSR Status Flags and Transfer of Receive Data...........cccvvveeevervnenvneisenines 409

Section 13 Smart Card Interface
Table13.1  Smart Card INtErTaCE PiNS.......cciiiiiii et 417
Table13.2  Smart Card Interface REQISLEIS......ccccvviive e 417

Rev. 2.00 Sep 20, 2005 page xxxv of xxxviii

RENESAS



Table 13.3
Table13.4
Table 13.5
Table 13.6
Table 13.7
Table 13.8

Smart Card Interface Register SEtiNgS.......covvvreerinerriesesees e 426
n-Values of CKSL and CKSO SEtiNGS.......cceerireirineineneesesieeseseeeseseeseens 428
Bit Rates (bitg/s) for Various BRR Settings (Whenn=0) ......cccceevvivvivneninennene 428
BRR Settings for Typical Bit Rates (bits/s) (Whenn=0).......ccccoevrvvriveveecrennenne 429
Maximum Bit Rates for Various Freguencies (Smart Card Interface Mode) ...... 429
Smart Card Interface Mode Operating States and Interrupt Sources................... 436

Section 14 A/D Converter

Table14.1
Table 14.2
Table 14.3
Table 14.4
Table 14.5

Section 15
Table15.1
Table 15.2

Section 16
Table16.1
Table 16.2

Section 17
Table17.1
Table17.2
Table17.3
Table17.4
Table17.5
Table17.6
Table17.7

Table17.8
Table17.9
Table 17.10

Section 18
Table18.1
Table 18.2
Table 18.3
Table 18.4
Table 18.5

ATD CONVEITES PINS......iiiiiiiiieiesieseese sttt sttt st se e sbe e 443
A/D CONVEITEr REJISLES. ... .c.eiveiieieterieietesie sttt st s ebe e 444
Analog Input Channels and A/D Data Registers (ADDRA to ADDRD)............. 445
A/D Conversion Time (SINGIE MOTE)..........ccriieiireriereerereeese e 456
ANAIOG INPUL PiN REEINGS.....cceviitieeieiiereeiere et 458

D/A Converter

D/A CONVEITEN PiNS....iuiciiiiiieiisiesiecee ettt a et saens 465

D/A CONVEIEr REGISLEIS....c.ccuiiiieeririirieiisiesieesie et st ssesse s ssessenes 465
RAM

H8/3024 Group On-Chip RAM SpeCificationsS.........cccevvirieerennnesenseesenienes 471

System Control REGISLESN ......ocveeceeeiese e et 472

Flash M emory [H8/3026F-ZTAT Version]

Operating Modes and ROM.........ccoeviiiiecieecie et 475
Flash MEMOIY PiNS........ccociiiiieieneeese st 478
Flash Memory REQISLES.........ooeiiirieererieeeesieee et 478
Flash Memory Erase BIOCKS..........cooiiiiriiiririeerieee s 485
Flash Memory AreaDiViSIONS........ccccuvirieerinieinenieee e 486
On-Board Programming Mode SEttingS ........ccvereeerinirieneneesese e 493
System Clock Fregquencies for which Automatic Adjustment

of H8/3026F-ZTAT Version Bit Rate iSPossIble...........ccooeiiiiiiceeee 496
Hardware ProteCLION ..........cc.ciiirieiiieeescee e 511
SOFtWArE PrOtECLION ...ttt 512
H8/3026F-ZTAT Version Socket Adapter Product Codes.........cceevvvvivrenvrinnnne 519

Flash Memory [H8/3024F-ZTAT Version]

Operating Modes and ROM ... 529
Flash MemOrY PiNS........ccoeiiiieiiiieesisee e ssens 532
Flash Memory REJISLEIS........ccvieeieee e ceeeesee e st e e sre e 532
Flash Memory Erase BIOCKS.........cccvieiiriie et see e s sne s 539
AN Y N = S o TS 540

Rev. 2.00 Sep 20, 2005 page xxxvi of xxxviii

RENESAS



Table18.6  On-Board Programming Mode SEttinNgS ........ceovveeririeienisese e 547
Table18.7  System Clock Frequencies for which Automatic Adjustment

of H8/3024F-ZTAT Version Bit RateisPossible..........ccocoeveeeiiceecieeieeceecreeeiens 550
Table18.8  HardWare ProteCION .......ccccueieecieeere ettt sttt sbe b enre e sreesreesreas 565
Table18.9  SOftWAr€ PrOtECHION ......eiviiee ettt enb e e ereesbeenreas 566
Table18.10 HB8/3024F-ZTAT Version Socket Adapter Product Codes........ccovvvvvveeereenne 572

Section 19 Clock Pulse Generator

Table 19.1 (1) Damping RESISIANCE VAIUE..........coiriiiieriieieree s 583
Table 19.1 (2) External CapaCitanCe VEIUES...........ccovvrreirereerrcesee e 583
Table19.2  Crystal RESONAOr PalramMELErS........ccovvieiririeiresieeiesiee s 584
Table 19.3 (1) Clock Timing for On-Chip Flash Memory VErsions.........c.cccceeveenenenenenienennes 586
Table 19.3 (2) Clock Timing for On-Chip Mask ROM VErsions............cccccveicencencnicsccnennes 586
Table19.4  Frequency DiViSION REGISIEN .......cocivieiririiieeriieeesi et 588

Section 20 Power -Down State

Table20.1  Power-Down State and Module Standby FUNCLION........cccovevireenireeee 592
Table20.2  CONrol REQISEN ......ciiieeiriirieiirie ettt neneenes 593
Table20.3  Clock Frequency and Waiting Time for Clock to Settle........coovveevvreiviinenne, 600
Table20.4  @Pin Statein Various Operating StaeS........ovvvrveeriinieenesieeseseesesesaeesseseens 605

Section 21 Electrical Characteristics

Table21.1  Absolute MaxXimum REtNGS.......ccceveiirireeieieere et 607
Tahle21.2  DC CharaCteriSliCS......eoirerreirerreireereesre s s 608
Table21.3  Permissible OUIPUL CUMTENES.........coviieirieeereree st 610
Table21.4  ClIOCK TIMING...ciiiiririeirerieerte et sb et ebe e ens 612
Table21.5  Control SIgnal TIMING ...ccovueererieirereere e 612
Table21.6  BUSTIMING ..ecueitirieiirterieieienieeste ettt b sttt a e eb b ens 613
Table21.7  Timing of ONn-Chip SUPPOrting MOAUIES...........coeirireeririeeeseeeeseee s 614
Table21.8  A/D Conversion CharaCteristiCs ........ooviririeeriinieiriesiees e 616
Table21.9  D/A Conversion CharaCteristiCs ........oorerireeiriinieiriesieeseseeese e 617
Table21.10 Absolute Maximum RELINGS..........cvvirieeriieerieeesieseee s 618
Table21.11 DC CharaCteriSliCS......ueourerueeririeiririee sttt b e ettt seebene s 619
Table21.12 Permissible OUIPUL CUMENES.........ooviirieiriieiseseeesie e seenes 621
BIE o 120 T @ o QI T 411 T RPN 623
Table21.14  Control Signal TiMING ...ccvvveeeereirerieee e sseeenes 623
Table21.15  BUSTIMING ..vovitirieieiirieieesieeeiesieesieseeses e seese st ssesessesteseesesseseesessanessessensnsessenenses 624
Table21.16  Timing of On-Chip SUPPOrting MOAUIES...........ccoeererieeriririeesees s 625
Table21.17 A/D Conversion CharaCteristiCS .......couvrreinerreernreireeeesrereseseeeese e es 627
Table21.18 D/A Conversion CharaCteristiCS .......couvrreirerreernreire s 628
Table21.19 Hash Memory CharaCteristiCS.....c.covvviiiiriiriciere s 629

Rev. 2.00 Sep 20, 2005 page xxxvii of xxxviii

RENESAS



Appendix A
TableA.1
TableA.2
TableA.2
Table A.2
TableA.3
TableA.4

Appendix B
TableB.1

Appendix D
TableD.1

Appendix F
TableF.1

Appendix H
TableH.1

Instruction Set

INSEFUCTION SEL...cviieeisieiees ettt sttt se et seeseseeneenens 641
Operation Code Map (1) ...cceceeeeereerereseseeeereese e se e e e e et ere e e nee e nns 654
Operation Code MaP (2) .....ueceeeereeresese e eeereesesee e seeste et e e eeeseeneenns 655
Operation Code Map (3) ...cceceeieeieerereseseeeeree e e e s e e ste et re e e e e nee e ens 656
Number Of StAESPEr CYCI......uieueeiee et 658
Number of Cycles per INSIUCTION. .......cccorviererieeeeree s 659

Internal I/0 Registers

Comparison of H8/3024 Group Internal I/O Register Specifications.................. 667
Pin States
POIT SEBLES........eeeeeeeeree e e e s 784

Product Code Lineup
HB/B024 GrOUP ....vveveeeeisiesieieste ettt sae st et sae st ssenessessenessessesensessenensan 793

Comparison of H8/300H Series Product Specifications
Pin Arrangement of Each Product (FP-100B, TFP-100B).........ccccccvevveeenerinennes 797

Rev. 2.00 Sep 20, 2005 page xxxviii of xxxviii

RENESAS



Section 1 Overview

Section 1l Overview

11 Overview

The H8/3024 Group is a series of microcontrollers (MCUs) that integrate system supporting
functions together with an H8/300H CPU core having an original Renesas Technology
architecture.

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

The on-chip system supporting functions include ROM, RAM, a 16-bit timer, an 8-bit timer, a
programmable timing pattern controller (TPC), awatchdog timer (WDT), aserial communication
interface (SCI), an A/D converter, aD/A converter, 1/0O ports, and other facilities.

The four members of the H8/3024 Group are the H8/3024F-ZTAT, H8/3026F-ZTAT, H8/3024
(mask ROM version), and H8/3026 (mask ROM version).

Seven MCU operating modes offer a choice of bus width and address space size. The modes
(modes 1 to 7) include two single-chip modes and five expanded modes.

In addition to its mask ROM versions, the H8/3024 Group has F-ZTAT ™™ versions with on-chip
flash memory that allows programsto be freely rewritten by the user. This version enables usersto
respond quickly and flexibly to changing application specifications, growing production volumes,
and other conditions.

Table 1.1 summarizes the features of the H8/3024 Group.

Note: * F-ZTAT™ (Flexible ZTAT) isatrademark of Renesas Technology Corp.
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Section 1 Overview

Tablell Features
Feature Description
CPU Upward-compatible with the H8/300 CPU at the object-code level
General-register machine
e Sixteen 16-bit general registers
(also usable as sixteen 8-bit registers plus eight 16-bit registers, or as eight
32-bit registers)
High-speed operation
Maximum Add/ Multiply/
clock rate subtract divide
H8/3024F-ZTAT 25 MHz 80 ns 560 ns
H8/3026F-ZTAT
H8/3024 (mask ROM version)
H8/3026 (mask ROM version)
16-Mbyte address space
Instruction features
« 8/16/32-bit data transfer, arithmetic, and logic instructions
* Signed and unsigned multiply instructions (8 bits x 8 bits, 16 bits x 16 bits)
* Signed and unsigned divide instructions (16 bits + 8 bits, 32 bits + 16 bits)
¢ Bit accumulator function
Bit manipulation instructions with register-indirect specification of bit positions
Memory ROM RAM
H8/3024F-ZTAT 128 kbytes 4 kbytes
H8/3024 (mask ROM version)
H8/3026F-ZTAT 256 kbytes 8 kbytes
H8/3026 (mask ROM version)
Interrupt « Seven external interrupt pins: NMI, IRQq to TRQs
controller

e 27 internal interrupts
* Three selectable interrupt priority levels
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Section 1 Overview

Feature

Description

Bus controller

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

Chip select output available for areas 0 to 7

8-bit access or 16-bit access selectable for each area
Two-state or three-state access selectable for each area
Selection of two wait modes

Number of program wait states selectable for each area
Bus arbitration function

Two address update modes

16-bit timer, e Three 16-bit timer channels, capable of processing up to six pulse outputs or
3 channels six pulse inputs
e 16-hit timer counter (channels 0 to 2)
« Two multiplexed output compare/input capture pins (channels 0 to 2)
e Operation can be synchronized (channels 0 to 2)
*  PWM mode available (channels 0 to 2)
« Phase counting mode available (channel 2)
8-bit timer, » 8-bit up-counter (external event count capability)
4 channels

Two time constant registers

Two channels can be connected

Programmable
timing pattern
controller (TPC)

Maximum 16-bit pulse output, using 16-bit timer as time base
Up to four 4-bit pulse output groups (or one 16-bit group, or two 8-bit groups)
Non-overlap mode available

Watchdog < Internal reset signal can be generated by overflow
tlirr(:ﬁ;s]\ﬁ]vel?T), « Reset signal can be output externally (not available in on-chip flash memory
versions)
e Usable as an interval timer
Serial » Selection of asynchronous or synchronous mode

communication
interface (SCI),
2 channels

Full duplex: can transmit and receive simultaneously
On-chip baud-rate generator

Smart card interface functions added
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Feature

Description

A/D converter

Resolution: 10 bits

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

A/D conversion can be started by an external trigger or 8-bit timer compare-
match

D/A converter

Resolution: 8 bits
Two channels
D/A outputs can be sustained in software standby mode

I/O ports 70 input/output pins
e 9input-only pins
Operating Seven MCU operating modes
modes Address Address Initial Bus Max. Bus
Mode Space Pins Width Width
Mode 1 1 Mbyte Ao to Ag 8 bits 16 bits
Mode 2 1 Mbyte Aig to Ao 16 bits 16 bits
Mode 3 16 Mbytes Azs to Ao 8 bits 16 bits
Mode 4 16 Mbytes Az to Ag 16 bits 16 bits
Mode 5 16 Mbytes Azs to Ao 8 bits 16 bits
Mode 6 64 kbytes — — —
Mode 7 1 Mbyte — — —
e On-chip ROM is disabled in modes 1 to 4
* In the versions with on-chip flash memory, an on-board programming mode
is supported that allows flash memory to be programmed in modes 5 and 7.
Power-down * Sleep mode
state

Software standby mode

Hardware standby mode

Module standby function

Programmable system clock frequency division

Other features

On-chip clock pulse generator
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Feature

Product lineup

Description
Product Type Model Package (Package Code)
H8/3024F-ZTAT 3.3V operation  HD64F3024F 100-pin QFP (FP-100B)
HDB4F3024TE  100-pin TQFP (TFP-100B)
HDB4F3024FP  100-pin QFP (FP-100A)
H8/3026F-ZTAT 3.3V operation  HDG4F3026F 100-pin QFP (FP-100B)
HD64F3026TE  100-pin TQFP (TFP-100B)
HDB4F3026FP  100-pin QFP (FP-100A)
H8/3024 mask 3.3V operation  HD6433024F 100-pin QFP (FP-100B)
ROM version HD6433024TE 100-pin TQFP (TFP-100B)
HD6433024FP 100-pin QFP (FP-100A)
H8/3026 mask 3.3 V operation HD6433026F 100-pin QFP (FP-100B)
ROM version HD6433026TE 100-pin TQFP (TFP-100B)
HD6433026FP 100-pin QFP (FP-100A)
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Section 1 Overview

12 Block Diagram

Figure 1.1 shows an internal block diagram.
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Note: * Functions as RESO in the mask ROM versions, and as FWE in the on-chip flash memory versions.

Figure1.1 Block Diagram
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1.3 Pin Description

131 Pin Arrangement

The pin arrangement of the H8/3024 Group is shown in figures 1.2 to 1.5. Differencesin the
H8/3024 Group pin arrangements are shown in table 1.2. Except for the differences shown in table
1.2, the pin arrangements are the same.

Tablel.2 Comparison of H8/3024 Group Pin Arrangements

Pin H8/3024 Mask HB8/3026 Mask
Package Number  H8/3024F-ZTAT HB8/3026F-ZTAT ROM Version ROM Version
FP-100B 10 FWE FWE RESO RESO
(TFP-100B)
FP-100A 12 FWE FWE RESO RESO
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Note: * Functions as the RESO pin in the mask ROM version, and as the FWE pin in the F-ZTAT version.

Figure 1.2 Pin Arrangement of H8/3024F-ZTAT, H8/3026F-ZTAT,
H8/3024 M ask ROM Version, and H8/3026 Mask ROM Version
(FP-100B or TFP-100B Package, Top View)
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Note: * Functions as the RESO pin in the mask ROM version, and as the FWE pin in the F-ZTAT version.

Figure 1.3 Pin Arrangement of H8/3024F-ZTAT, H8/3026F-ZTAT,
H8/3024 M ask ROM Version, and H8/3026 Mask ROM Version
(FP-100A Package, Top View)
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1.3.2 Pin Functions

Table 1.3 summarizes the pin functions.

Table1.3 Pin Functions

Type Symbol

Pin No.

FP-100B

TFP-100B FP-100A 1/O

Name and Function

Power Vee 1, 35, 3, 37, Input  Power: For connection to the power supply.
68 70 Connect all Vcc pins to the system power
supply.

Vss 11, 22, 13,24, Input Ground: For connection to ground (0 V).

44, 57, 46, 59, Connect all Vss pins to the 0-V system power
65, 92 67, 94 supply.
Clock XTAL 67 69 Input  For connection to a crystal resonator.
For examples of crystal resonator and
external clock input, see section 19, Clock
Pulse Generator.

EXTAL 66 68 Input  For connection to a crystal resonator or input
of an external clock signal. For examples of
crystal resonator and external clock input, see
section 19, Clock Pulse Generator.

(0] 61 63 Output System clock: Supplies the system clock to
external devices.

Operating MD; to 75t073 77to75 Input Mode 2to mode O: For setting the operating

mode MDo
control

mode, as follows. Inputs at these pins must
not be changed during operation.

MD, MD; MDy Operating Mode

Setting prohibited

Mode 1

Mode 2

Mode 3

Mode 4

Mode 5

Mode 6

PRPRPPOOCOO
P PO ORI, OO
PIOFRP OFR O PFR| O

Mode 7
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Pin No.
FP-100B
Type Symbol TFP-100B FP-100A 1/O Name and Function
System RES 63 65 Input  Reset input: When driven low, this pin resets
control the chip. This pin must be driven low at
power-up.

RESO 10 12 Output Reset output (On-chip mask ROM
versions): Outputs the reset signal generated
by the watchdog timer to external devices

FWE 10 12 Input  Write enable signal (On-chip flash memory
versions): Flash memory programming
control signal

STBY 62 64 Input  Standby: When driven low, this pin forces
a transition to hardware standby mode

BREQ 59 61 Input  Bus request: Used by an external bus
master to request the bus right

BACK 60 62 Output Bus request acknowledge: Indicates that
the bus has been granted to an external bus
master

Interrupts  NMI 64 66 Input  Nonmaskable interrupt: Requests a
nonmaskable interrupt

IRQsto 17, 16, 19,18, Input Interrupt request 5to 0: Maskable interrupt

IRQo 90to 87 92to 89 request pins

Address  Axsto Ag 97 to 100, 99, 100, Output Address bus: Outputs address signals
bus 56 to 45, 1,2,

43t036 581047,

4510 38

Databus DjistoDo 34t023, 36to25, Input/ Data bus: Bidirectional data bus

21t018 23to 20 output
Bus §7 to 2t05, 41t0 7,90 Output Chip select: Select signals for areas 7 to 0
control CSo 88t091 to93

AS 69 71 Output Address strobe: Goes low to indicate valid
address output on the address bus

RD 70 72 Output Read: Goes low to indicate reading from the
external address space

HWR 71 73 Output High write: Goes low to indicate writing to the
external address space; indicates valid data
on the upper data bus (Dis to Dsg).

LWR 72 74 Output Low write: Goes low to indicate writing to the

external address space; indicates valid data
on the lower data bus (D7 to Do).
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Pin No.
FP-100B
Type Symbol TFP-100B FP-100A 1/O Name and Function
Bus WAIT 58 60 Input  Wait: Requests insertion of wait states in bus
control cycles during access to the external address
space
16-bit TCLKDto 961093 98t095 Input Clock input D to A: External clock inputs
timer TCLKA
TIOCA, to 99, 97,95 1, 99, 97 Input/ Input capture/output compare A2 to AO:
TIOCA, output GRAZ2 to GRAO output compare or input
capture, or PWM output
TIOCB, to 100,98, 2,100, Input/ Input capture/output compare B2to BO:
TIOCBy, 96 98 output GRB2 to GRBO output compare or input
capture
8-bit timer TMOy, 2,4 4,6 Output Compare match output: Compare match
TMO, output pins
TMIO;, 3,5 57 Input/ Input capture input/compare match
TMIO; output output: Input capture input or compare match
output pins
TCLKDto 96t093 98t0o 95 Input Counter external clock input: These pins
TCLKA input an external clock to the counters.
Program- TPjs5to 9to 2, 11to 4, Output TPC output 15 to 0: Pulse output
mable TPo 100t0 93 2,1,
timing 100 to
pattern 95
controller
(TPC)
Serial TxDy, 13,12 15, 14 Output Transmit data (channels 0, 1): SCI data
communi- TxDg output
_catlon RxD1, 15, 14 17,16 Input Receive data (channels 0, 1): SCI data input
interface
RxDog
(SCI)
SCKy, 17, 16 19, 18 Input/  Serial clock (channels 0, 1): SCI clock
SCKop output input/output
A/D AN to 85t0 78 87t080 Input Analog 7to 0: Analog input pins
converter ANp
ADTRG 90 92 Input  A/D conversion external trigger input:

External trigger input for starting A/D
conversion
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Section 1 Overview

Pin No.
FP-100B
Type Symbol TFP-100B FP-100A 1/O Name and Function
D/A DAi, DA, 85, 84 87,86  Output Analog output: Analog output from the
converter D/A converter
Analog AVcc 76 78 Input  Power supply pin for the A/D and D/A
power converters. Connect to the system power
supply supply when not using the A/D and D/A
converters.
Analog AVss 86 88 Input  Ground pin for the A/D and D/A converters.
power Connect to system ground (0 V).
supply VRrer 77 79 Input  Reference voltage input pin for the A/D and
D/A converters. Connect to the system power
supply when not using the A/D and
D/A converters.
/O ports P1l;to P1y43t036 45t038 Input/ Port 1: Eight input/output pins. The direction
output of each pin can be selected in the port 1 data
direction register (P1DDR).
P2;t0 P2, 52t0 45 541t047 Input/ Port 2: Eight input/output pins. The direction
output of each pin can be selected in the port 2 data
direction register (P2DDR).
P3;t0 P3p 34t0 27 361029 Input/ Port 3: Eight input/output pins. The direction
output of each pin can be selected in the port 3 data
direction register (P3DDR).
P4;to P4o 26 t0 23, 28to 25, Input/ Port 4: Eight input/output pins. The direction
21t018 23to 20 output of each pin can be selected in the port 4 data
direction register (P4DDR).
P5;to P5, 56 to 53 58 to 55 Input/ Port 5: Four input/output pins. The direction
output of each pin can be selected in the port 5 data
direction register (P5DDR).
P67 to P6, 61, 63, Input/  Port 6: Eight input/output pins. The direction
721069, 74to 71, output of each pin can be selected in the port 6 data
60to 58 62 to 60 direction register (P6DDR).
P7:t0 P7, 85t0 78 87t080 Input Port 7: Eight input pins
P8,t0 P8y, 91t0 87 93t0 89 Input/ Port 8: Five input/output pins. The direction of
output each pin can be selected in the port 8 data
direction register (P8DDR).
P9sto P9y 17t0 12 19to 14 Input/ Port 9: Six input/output pins. The direction of
output each pin can be selected in the port 9 data

direction register (PO9DDR).
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Section 1 Overview

Pin No.
FP-100B
Type Symbol TFP-100B FP-100A 1/O Name and Function
/0 ports PA7to PA;100t0 93 2,1, Input/  Port A: Eight input/output pins. The direction

100 to 95 output of each pin can be selected in the port A data
direction register (PADDR).

PB;to PBy9to 2 11to4 Input/ Port B: Eight input/output pins. The direction
output of each pin can be selected in the port B data
direction register (PBDDR).
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Section 1 Overview

133 Pin Assignmentsin Each Mode
Table 1.4 lists the pin assignments in each mode.

Tablel.4 Pin Assignmentsin Each Mode (FP-100B or TFP-100B, FP-100A)

Pin No. Pin Name

FP-100B

TFP-100B FP-100A Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 Mode 6 Mode 7

1 3 Vce Vce Vee Vee Vce Vce Vce

2 4 PBo/TPs/  PBo/TPs/  PBo/TPs/  PBo/TPs/  PBo/TPs/  PBo/TPs/  PBo/TPg/
TMO,/CS; TMOL/CS; TMOG/CS; TMOL/CS; TMO/CS; TMO, TMO,

3 5 PBJTPy/  PBiTPy/  PBiTPy/  PBJTPy/  PBiTPy/  PBi/TPy/  PBy/TPo
TMIO,/CSs TMIO;/CSs TMIOY/CS; TMIO,/CSs TMIO,/CSs TMIO, TMIO,

4 6 PBo/TPi/ PBofTPiw/ PBy/TPi/ PBy/TPi/ PBy/TPi/ PBu/TPi/  PBo/TPyo/
TMO,/CSs TMO,/CSs TMO,/CSs TMO,/CSs TMO,/CSs TMO, T™MO,

5 7 PBy/TPyy/ PBi/TPy/ PBy/TPy/ PBy/TPy/ PBy/TPu/ PBs/TPy/ PBi/TPy/
TMIOS/CS, TMIOS/CS, TMIOL/CS, TMIOS/CS, TMIO/CS, TMIO, TMIO;

6 8 PB4TP;, PB4TPi, PB4TPy, PB4JTP;; PB4TPi, PBJTPy,  PB.TPy

7 9 PBs/TP;3  PBs/TPis  PBs/TPis  PBs/TP;3  PBs/TPis  PBs/TPy;  PBs/TPys

8 10 PBe/TP1s PBg/TPy; PBe/TPu  PBg/TPy; PBe/TPi,  PBe/TPy  PBe/TPy,

9 11 PB;/TP;s  PBy/TP;s PB/TPis  PBy/TP;s  PB:/TPis  PB//TPis  PBy/TPys

10 12 RESO/ RESO/ RESO/ RESO/ RESO/ RESO/ RESO/
FWE™? FWE™? FWE™? FWE™? FWE™? FWE™® FWE™?

11 13 Vss Vss Vss Vss Vss Vss Vss

12 14 P9/TXDy  P9/TXDy  P9y/TXxDy  P9e/TxDy  P9/TXDy  P9y/TxDy  P9o/TXDy

13 15 P9y/TXD;  P9/TXD; P9/TxD; P9J/TxD; P9/TXD; P9y/TxD;  P9y/TxD,

14 16 P9,/RXDy, P9, /RXDy P9/RXD, P9,/RxDy P9,/RxDy  P9/RXxDy  P9,/RxDq

15 17 P9y/RXD; P9y /RxD; P9y/RXD; P9y/RxD; P9y/RxD; P9y/RXD;  P9s/RXDy

16 18 P9,/SCKy/ P9, /SCKy/ P9, /SCKol P9, ISCKy/ P9, /SCKy/ P9, ISCKyl P9, ISCKyf
IRQ, RQ, RQ, RQ, IRQ, IRQ, IRQ,

17 19 P95 /SCKy/ P95 /SCKy/ P9s/SCKy/ P95 /SCKy/ P9s/SCKy/ P9s/SCKy/ P9s/SCKy/
IRQs IRQs IRQs IRQs IRQs IRQs IRQs

18 20 P4o/Do™t P4giDe™®  P4o/Do™t P4g/De*? P4giDe"t P4 P4,

19 21 P4y/D;* P4/D*? P4yD"t P4YD? P4/Dt P4, P4,

20 22 P4,/D,""  P4,/D,"?  P4,iD,"' P4,/D,*?  P4,/D,"' P4, P4,

21 23 P4g/Ds*' P4a/Ds™®  P4a/Ds™t P44/Ds? P4siDs"t P4 P4,

22 24 Vss Vss Vss Vss Vss Vss Vss

23 25 P4,Dst P4JD, P4,D,St P4JD? P4JDST P4, P4,
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Section 1 Overview

Pin No. Pin Name

FP-100B

TFP-100B FP-100A Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 Mode 6 Mode 7
24 26 P4s/Ds™"  P4s/Ds*”  P4s/Ds™t  P4s/Ds”’  P4s/Ds*t Pés P4s
25 27 P4e/Ds™!  P4giDs™®  P4e/Dg™t  P4e/Ds?  P4elDe™t P4 P4,
26 28 P4,/iD;"Y  P4D;**  P4,D;"'  P4,D;?  P4D;"t P4, P4,
27 29 Ds Ds Ds Ds Ds P3, P3,
28 30 Do Do Do D Do P3, P3,
29 31 D1o Dio Do Do Do P3; P3;
30 32 Dy D Dy Dy Dy P3; P3;
31 33 D1, D1, D1, D1, D1, P3, P3,
32 34 D1s Dis Dis Dis Dis P35 P35
33 35 Dus D14 Dy Dy Dua P3, P3s
34 36 D1s Dis Dys Dys Dis P3; P3;
35 37 Vee Vee Vee Vee Vee Vee Vee
36 38 Ao Ao Ao Ao P1o/Ao P1, P1,
37 39 Ay A A A P1./A P1, P1,
38 40 A, A, A, A, PL,/A, P1, P1,
39 41 A As As As P1y/As P1, Pl,
40 42 A A A, A, PLi/A, P1, P1,
41 43 As As As As P1s/As P1s Pls
42 44 As As As As P1e/As Pls Ple
43 45 A; A; A A P1//A; P1; P1,
44 46 VSS VSS VSS VSS VSS VSS VSS
45 47 As As As As P2/Ag P2, P2,
46 48 Aq Ao Ag Ag P21/Aq P2, P2,
47 49 Aso Aso Aso Aso P2,/A10 P2, P2,
48 50 Ay Aw Au Au P24/Ay P2, P2,
49 51 A A A A P24/A, P2, P2,
50 52 Ass Az Az Az P25/A13 P25 P25
51 53 Au A ' ' P2/Aa P2, P2
52 54 Ass Ass Ass Ass P27/Ass P2; P2,
53 55 Ass Ass Ase Ase P50/Ass P5, P50
54 56 Az Ay Az Az P5,/A:7 P5, P5,
55 57 Asg Aus Agg Ass P5,/Ass P5, P5,
56 58 Aso Aso Asg A P53/A1e P5; P5;
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Pin No. Pin Name
FP-100B
TFP-100B FP-100A Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 Mode 6 Mode 7
57 59 Vss Vss Vss Vss Vss Vss Vss
58 60 P6,/WAIT P6,/WAIT P6/WAIT P6,/WAIT P6/WAIT P6, P6,
59 61 P6,/BREQ P6,/BREQ P6,/BREQ P6,/BREQ P6,/BREQ P6, P6;
60 62 P6,/BACK P6,/BACK P6,/BACK P6,/BACK P6,/BACK P6, P6,
61 63 (0] (0} (0] (0] P6:/¢ P6;/¢@ P6/¢
62 64 STBY STBY STBY STBY STBY STBY STBY
63 65 RES RES RES RES RES RES RES
64 66 NMI NMI NMI NMI NMI NMI NMI
65 67 Vss Vss Vss Vss Vss Vss Vss
66 68 EXTAL EXTAL EXTAL EXTAL EXTAL EXTAL EXTAL
67 69 XTAL XTAL XTAL XTAL XTAL XTAL XTAL
68 70 Vee Ve Vee Vee Vee Vee Vee
69 71 AS AS AS AS AS P63 P63
70 72 RD RD RD RD RD P6, P6,
71 73 HWR HWR HWR HWR HWR P65 P65
72 74 LWR LWR LWR LWR LWR P6; P6
73 75 MDy MD, MD, MD, MD, MDy MD,
74 76 MD, MD, MD; MD, MD, MD, MD,
75 77 MD, MD, MD, MD, MD, MD, MD,
76 78 AVcce AVce AVce AVcce AVcc AVcce AVce
e 79 Vree Vrer VRer VRer Vree Vree Vrer
78 80 P70/ANy  P75/AN,  P7JAN,  P70/AN,  P7o/AN,  P7JANg  P70/AN,
79 81 P7.AN;  P74/AN;  P7J/AN;  P7)JAN;  P7J/AN;  P7/AN;  P7./AN;
80 82 P7.AN,  P7JAN,  P7.JAN;  P7JAN,  P7.JAN;  PT7JAN;  P7,/AN,
81 83 P74/ANs  P7s/AN;  P7s/ANs  P73/AN;  P7s/AN;  P7s/AN;  P73/AN;
82 84 P74JAN,  P7,JAN,  PT7JAN,  P7JAN,  P7JAN,  PT7JAN,  P7,AN,
83 85 P7s/ANs  P7s/ANs  P7s/ANs  P75/ANs  P75/ANs  P7s/ANs  P7s/ANs
84 86 P76/ANg/DA P75/AN/DA; P76/ANg/DAg P76/ AN/DA; P76/ANs/DAG P76/ ANg/DA, P76/ AN/DA,
85 87 P72/AN7/DA; P7:/AN/DA; P7:/AN7/IDA; P77/AN7/DA; P7,/AN7/DA, P77/AN7/DA; P77/AN-/DA;
86 88 AVss AVss AVss AVss AVss AVss AVss
87 89 P8/IRQ, P8y/IRQ, P8y/IRQ, P8/IRQ, P8y/IRQ, P8y/IRQ, P8y/IRQ,
88 9 P8,/IRQ./ P8/IRQ/ P8/IRQ/ P8/IRQ/ P8/IRQ/ P8/IRQ; P8/IRQ

CS; CS; CS; CS; CS;
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Section 1 Overview

Pin No. Pin Name
FP-100B
TFP-100B FP-100A Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 Mode 6 Mode 7
89 91 P8,/IRQ, P8,/IRQ, P8,/IRQ) P8,/IRQ, P8/IRQ)/ P8,/IRQ, P8,/IRQ;
CS, CS, CS, CS, CS,
90 92 P8y/IRQs/ P8,/IRQy/ P8y/IRQ/ P8y/IRQy/ P8y/IRQs P8y/IRQy/ P8y/IRQy/
CSy/ CSy/ Csy/ Csy/ CSy/ ADTRG ADTRG
ADTRG ADTRG ADTRG ADTRG ADTRG
91 93 P8,JCS, P8/CS, P8,JCS, P8,/CS, P8,/CS, P8, P8,
92 94 Vss Vss Vss Vss Vss Vss Vss
93 95 PA/TPy/ PA/TP,/ PA/TP/ PA/TP/ PA/TPy/ PA/TPy/ PA/TP,/
TCLKA TCLKA TCLKA TCLKA TCLKA TCLKA TCLKA
94 96 PA/TP,/ PA/TP,/ PA/TP, PA/TP,/ PA/TPy/ PA/TPy/ PA/TP,/
TCLKB TCLKB ITCLKB  TCLKB TCLKB TCLKB TCLKB
95 97 PAYJTP)  PASTPs  PAJTP)  PASJTPs  PAJTP)  PAJTP.  PALTP,/
TIOCA./ TIOCA/ TIOCA,/ TIOCA,/ TIOCA./ TIOCA./ TIOCA/
TCLKC TCLKC TCLKC TCLKC TCLKC TCLKC TCLKC
96 98 PAS/TP3/ PAS/TPS/ PAS/TPS/ PAS/TP,/ PAS/TP3/ PAS/TP3/ PAS/TPS/
TIOCBy/ TIOCB,/ TIOCB,/ TIOCB,/ TIOCB,/ TIOCBy/ TIOCB,/
TCLKD TCLKD TCLKD TCLKD TCLKD TCLKD TCLKD
97 99 PAJTP4  PAJTP)  PAJTP4  PAJTPJ  PAJTP4  PAJTP)  PALTPY/
TIOCA; TIOCA, TIOCA1/Az; TIOCA/Az; TIOCAL/Az; TIOCA; TIOCA,
98 100 PAs/TPs/ PAs/TPs/ PAs/TPs/ PAs/TPs/ PAs/TPs/ PAs/TPs/ PAs/TPs/
TIOCB; TIOCB; TIOCB,/A;; TIOCB,/A;; TIOCB; /A, TIOCB; TIOCB;
99 1 PAs/TPg/ PAG/TPs/ PAG/TPg/ PAG/TPg/ PAG/TPg/ PAs/TPg/ PAG/TPs/
TIOCA; TIOCA; TIOCA,/A;; TIOCA,/A;; TIOCA,/A;; TIOCA, TIOCA;
100 2 PAZITP:/  PAJ/TP.  Agp Az PA/TP;  PAJTPs  PAJTP/
TIOCB, TIOCB, TIOCB,/Az TIOCB, TIOCB,
Notes: 1. In modes 1, 3, and 5 the P4, to P4 functions of pins P4,/Do to P4;/D; are selected after
a reset, but they can be changed by software.
2. In modes 2 and 4 the Dg to D7 functions of pins P4o/Do to P4+/D; are selected after a
reset, but they can be changed by software.
3. Functions as RESO in the mask ROM versions, and as FWE in the on-chip flash
memory versions. Functions as the programming control signal in modes 5 and 7.
14 Caution on Crystal Resonator Connection

The H8/3024 Group support an operating frequency of up to 25 MHz. If acrystal resonator with a
frequency higher than 20 MHz is connected, attention must be paid to circuit constants such as
external load capacitance values. For details see section 19.2.1, Connecting a Crystal Resonator.
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Section2 CPU

21 Overview

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

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

» Upward compatibility with H8/300 CPU
Can execute H8/300 Series object programs
» Genera-register architecture
Sixteen 16-hit general registers (also usable as sixteen 8-bit registers or eight 32-hit registers)
e 64 basicinstructions
0 8/16/32-hit arithmetic and logic instructions
O Multiply and divide instructions
O Powerful bit-manipulation instructions
» Eight addressing modes
Register direct [Rn]
Register indirect [ @ERN]
Register indirect with displacement [ @(d: 16, ERn) or @(d:24, ERn)]
Register indirect with post-increment or pre-decrement [ @ERN+ or @—ERnN]
Absolute address [ @aa:8, @aa: 16, or @aa:24]
Immediate [#xx:8, #xX:16, or #xx:32]
Program-counter relative [@(d:8, PC) or @(d:16, PC)]
Memory indirect [ @@aa:8]
» 16-Mbyte linear address space
» High-speed operation
O All frequently-used instructions execute in two to four states

Oo0oooOoood

0 Maximum clock frequency: 25 MHz

O 8/16/32-hit register-register add/subtract: 80 ns@25 MHz
O 8 x 8-hit register-register multiply: 560 ns@25 MHz
0 16 + 8-bit register-register divide: 560 ns@25 MHz
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0 16 x 16-bit register-register multiply: 0.88 ps@25 MHz
0 32+ 16-hit register-register divide: 0.88 us@25 MHz
«  Two CPU operating modes
0 Normal mode
0 Advanced mode
* Low-power mode
Transition to power-down state by SLEEP instruction

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

* More general registers
Eight 16-bit registers have been added.
» Expanded address space
0 Advanced mode supports a maximum 16-Mbyte address space.
O Normal mode supports the same 64-kbyte address space as the H8/300 CPU.
» Enhanced addressing
The addressing modes have been enhanced to make effective use of the 16-Mbyte address
Space.
» Enhanced instructions
O Datatransfer, arithmetic, and logic instructions can operate on 32-hit data.
0 Signed multiply/divide instructions and other instructions have been added.

2.2 CPU Operating Modes

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

Maximum 64 kbytes, program

Normal mode and data areas combined

CPU operating modes

Maximum 16 Mbytes, program
and data areas combined

Advanced mode

Figure2.1 CPU Operating M odes
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2.3 Address Space

Figure 2.2 shows a simple memory map for the H8/3024 Group. The H8/300H CPU can address a
linear address space with a maximum size of 64 kbytes in normal mode, and 16 Mbytesin
advanced mode. For further details see section 3.6, Memory Map in Each Operating Mode.

The 1-Mbyte operating modes use 20-bit addressing. The upper 4 hits of effective addresses are
ignored.

H'0000 H'00000 H'000000
H'FFFF
H'FFFFF
H'FFFFFF
a. 1-Mbyte mode b. 16-Mbyte mode
Normal mode Advanced mode

Figure2.2 Memory Map
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2.4 Register Configuration

24.1 Overview

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

General Registers (ERn)

15 07 07 0
ERO EO ROH ROL
ER1 E1 R1H R1L
ER2 E2 R2H R2L
ER3 E3 R3H R3L
ER4 E4 R4H R4AL
ER5 E5S R5H R5L
ER6 E6 R6H R6L
ER7 E7 (SP) R7H R7L

Control Registers (CR)
23 0
PC | |

76543210
ccr | 1|ullH|u|N]|z|vC]

Legend:

SP:  Stack pointer

PC: Program counter

CCR: Condition code register
I: Interrupt mask bit

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

User bit

Negative flag

Zero flag

Overflow flag

Carry flag

osNZCZXT

Figure2.3 CPU Registers
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24.2 General Registers

The H8/300H CPU has eight 32-hit general registers. These general registers are al functionally
alike and can be used without distinction between data registers and address registers. When a
general register isused as a dataregister, it can be accessed as a 32-bit, 16-bit, or 8-bit register.
When the general registers are used as 32-bit registers or as address registers, they are designated
by the letters ER (ERO to ERY7).

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

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

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

e Address registers
» 32-bit registers « 16-bit registers » 8-bit registers

E registers
— (extended registers)
EO to E7

ER registers RH registers
ERO to ER7 ROH to R7H

R registers
RO to R7

RL registers
ROL to R7L

Figure2.4 Usage of General Registers

General register ER7 has the function of stack pointer (SP) in addition to its general-register
function, and is used implicitly in exception handling and subroutine calls. Figure 2.5 shows the
stack.
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Free area

SP (ER7)—

Stack area

/\/

Figure25 Stack

243 Control Registers

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

Program Counter (PC)

This 24-bit counter indicates the address of the next instruction the CPU will execute. The length
of all CPU instructionsis 2 bytes (one word), so the least significant PC bit isignored. When an
instruction is fetched, the least significant PC bit is regarded as 0.

Condition Code Register (CCR)

This 8-bit register containsinternal CPU status information, including the interrupt mask bit (1)
and half-carry (H), negative (N), zero (Z), overflow (V), and carry (C) flags.

Bit 7—Interrupt Mask Bit (1): Masks interrupts other than NMI when set to 1. NMI is accepted
regardless of the bit setting. The | bit isset to 1 at the start of an exception-handling sequence.

Bit 6—User Bit or Interrupt Mask Bit (Ul): Can be written and read by software using the
LDC, STC, ANDC, ORC, and XORC instructions. This bit can also be used as an interrupt mask
bit. For details see section 5, Interrupt Controller.

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 isset to 1 if thereisacarry or borrow at bit 3, and cleared to O
otherwise. When the ADD.W, SUB.W, CMP.W, or NEG.W instruction is executed, the H flag is
setto 1if thereisacarry or borrow at bit 11, and cleared to O otherwise. When the ADD.L,
SUB.L, CMP.L, or NEG.L instruction is executed, the H flag is set to 1 if thereisacarry or
borrow at bit 27, and cleared to O otherwise.
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Bit 4—User Bit (U): Can be written and read by software using the LDC, STC, ANDC, ORC, and
XORC instructions.

Bit 3—Negative Flag (N): Storesthe value of the most significant bit of data, regarded as the
sign hit.
Bit 2—Zero Flag (Z): Set to 1 to indicate zero data, and cleared to O to indicate non-zero data.

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

Bit 0—Carry Flag (C): Set to 1 when acarry is generated by execution of an operation, and
cleared to O otherwise. Used by:

e Addinstructions, to indicate a carry
e Subtract instructions, to indicate a borrow
* Shift and rotate instructions

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

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

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

244 Initial CPU Register Values

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

The H8/300H CPU can process 1-hit, 4-bit (BCD), 8-bit (byte), 16-bit (word), and 32-bit
(longword) data. Bit-manipulation instructions operate on 1-bit data by accessing bit n (n=0, 1,
2, ..., 7) of byte operand data. The DAA and DAS decimal-adjust instructions treat byte data as

two digits of 4-bit BCD data.

251 General Register Data Formats

Figures 2.6 and 2.7 show the dataformats in general registers.

Data Type

1-bit data

1-bit data

4-bit BCD data

4-bit BCD data

Byte data

Byte data

Legend:

RnH: General register RH
RnL: General register RL

General

Register

RnH

RnL

RnH

RnL

RnH

RnL

Data Format

7 0

7 43 0

Upper digit Don't care :
i

________________ 7 43 0

: Don't care Upper digit
1

MSB LSB

Figure2.6 General Register Data Formats
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General
Data Type Register  Data Format
15 0
Word data Rn | S
MSB LSB
Word data En | L |
MSB LSB
Longword data ERn | L
MSB LSB

Legend:

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

Figure 2.7 General Register Data Formats

252 Memory Data Formats

Figure 2.8 shows the data formats on memory. The H8/300H CPU can access word data and
longword data on memory, but word or longword data must begin at an even address. If an attempt
is made to access word or longword data a an odd address, no address error occurs but the least
significant bit of the addressis regarded as 0, so the access starts at the preceding address. This
also appliesto instruction fetches.
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Data Type Address Data Format
7 0
1-bit data Address L 7]e6|s5]al3|2]1]0
Byte data Address L MSB: ‘ ‘ ‘ ‘ ‘ :LSB
Word data Address 2M MSB: L ‘ ‘ ‘ ‘
Address 2M + 1 | - | | | :LSB
Address 2N MSB: L
Longword data Address 2N + 1 S
Address 2N + 2 ‘
Address 2N + 3 LsB

Figure 2.8 Memory Data Formats

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

26.1 Instruction Set Overview
The H8/300H CPU has 64 types of instructions, which are classified in table 2.1.

Table2.1 Instruction Classification

Function Instruction Types

Data transfer MOV, PUSH*!, POP**, MOVTPE"?, MOVFPE*? 5

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

Logic operations AND, OR, XOR, NOT

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

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

Branch Bcc*?, IMP, BSR, JSR, RTS 5

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

Block data transfer EEPMOV 1

Total 64 types
Notes: 1. POP.W Rn is identical to MOV.W @SP+, Rn.
PUSH.W Rn is identical to MOV.W Rn, @-SP.
POP.L ERn is identical to MOV.L @SP+, Rn.
PUSH.L ERn is identical to MOV.L Rn, @-SP.
2. Not available in the H8/3024 Group.
3. Bccis a generic branching instruction.
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26.2

Instructions and Addressing M odes

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

Table2.2

Instructions and Addressing M odes

Function

Instruction

Addressing Modes

#XX

Rn

@ERN

@(d: 16, ERN)

@(d:24, ERn)

@ERN+/@-ERn

@aa:16

@aa:24

@(d:8, PC)

@ (d:16, PC)

@@aa:8

Data
transfer

MOV

BWL

BWL

BWL

B

=
=

B!

=
=2

W | @aa:8

Z
z

B!

S

B!

=

POP, PUSH
MOVFPE,

MOVTPE

Arithmetic
operations

ADD, CMP

BWL

BWL

SuB

WL

BWL

ADDX, SUBX
ADDS, SUBS

INC, DEC

BWL

DAA, DAS
MULXU,

BW

MULXS,

DIVXU,

DIVXS

NEG
EXTU, EXTS

BWL

Logic
operations

AND, OR, XOR

BWL

NOT

Shift instructions

BWL
BWL

Bit manipulation

Branch

System
control

Bcc, BSR

JMP, JSR

RTS
TRAPA

RTE

SLEEP
LDC

o000

STC

ANDC, ORC,
XORC

NOP

Block data transfer

BW

Note: B: Byte
W: Word
L: Longword
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2.6.3 Tables of Instructions Classified by Function

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

Operation Notation

Rd General register (destination)®

Rs General register (source)*

RN General register”

ERn General register (32-hit register or address register)”
(EAd) Destination operand

(EASs) Source operand

CCR Condition code register

N N (negative) flag of CCR

4 Z (zero) flag of CCR

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

PC Program counter

SP Stack pointer

#IMM Immediate data

disp Displacement

+ Addition

- Subtraction

X Multiplication

= Division

O AND logical

ad OR logical

ad Exclusive OR logical

- Move

- NOT (logical complement)
:3/:8/:16/:24 3-, 8-, 16-, or 24-bit length

Note: * General registers include 8-bit registers (ROH to R7H, ROL to R7L), 16-bit registers (RO to
R7, EO to E7), and 32-bit data or address registers (ERO to ER7).
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Table2.3 Data Transfer Instructions

Instruction Size®

Function

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

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

Note: * Size refers to the operand size.

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

Instruction Size®  Function

ADD,SUB B/W/L Rdz*Rs - Rd, Rd =#MM - Rd

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

ADDX, B Rd+Rs+C - Rd,Rd+#IMM £ C - Rd

SUBX Performs addition or subtraction with carry or borrow on data in two general

registers, or on immediate data and data in a general register.

INC, BW/L Rd+1 - Rd,Rd+2 - Rd

DEC Increments or decrements a general register by 1 or 2. (Byte operands can

be incremented or decremented by 1 only.)

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

SuBS Adds or subtracts the value 1, 2, or 4 to or from data in a 32-bit register.
DAA, B Rd decimal adjust - Rd

DAS

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

MULXU B/W Rd xRs - Rd

Performs unsigned multiplication on data in two general registers:
either 8 bits x 8 hits — 16 bits or 16 bits x 16 bits - 32 bits.

MULXS B/W Rd xRs - Rd

Performs signed multiplication on data in two general registers:
either 8 bits x 8 bits — 16 bits or 16 bits x 16 bits — 32 bits.
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Instruction Size*

Function

DIVXU B/W

Rd +Rs - Rd

Performs unsigned division on data in two general registers: either 16 bits + 8
bits — 8-bit quotient and 8-bit remainder or 32 bits + 16 bits - 16-bit quotient
and 16-bit remainder

DIVXS B/W

Rd +Rs - Rd

Performs signed division on data in two general registers: either 16 bits + 8
bits - 8-bit quotient and 8-bit remainder, or 32 bits + 16 bits - 16-bit
quotient and 16-bit remainder

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

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

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

EXTU WIL Rd (zero extension) — Rd

Extends byte data in the lower 8 bits of a 16-bit register to word data, or
extends word data in the lower 16 bits of a 32-bit register to longword data,
by padding with zeros.

Note: * Size refers to the operand size.

B: Byte
W: Word
L: Longword
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Table25 Logic Operation Instructions

Instruction Size®  Function

AND B/W/L RdORs - Rd, Rd O#IMM - Rd

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

OR B/W/L RdORs - Rd, Rd O#IMM - Rd

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

XOR B/W/L RdORs - Rd,Rd O#MM - Rd

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

NOT B/W/L -Rd - Rd

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

Note: * Size refers to the operand size.
B: Byte
W: Word
L: Longword

Table2.6  Shift Instructions

Instruction Size®  Function

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

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

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

ROTR

Rotates general register contents.

ROTXL, B/W/L Rd (rotate) —» Rd

ROTXR Rotates general register contents, including the carry bit.

Note: * Size refers to the operand size.
B: Byte
W: Word
L: Longword
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Table2.7

Instruction Size®

Bit Manipulation I nstructions

Function

BSET

BCLR

B

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

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

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

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

BNOT

BTST

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

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

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

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

BAND

C O(<bit-No.> of <EAd>) — C

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

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

BIAND

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

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

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

Function

BOR

B

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

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

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

BIOR

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

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

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

BXOR

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

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

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

BIXOR

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

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

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

BLD

(<bit-No.> of <EAd>) —~ C

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

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

BILD

BST

BIST

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

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

The bit number is specified by 3-bit immediate data.
C - (<bit-No.> of <EAd>)

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

The bit number is specified by 3-bit immediate data.
C - = (<bit-No.> of <EAd>)

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

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

Note: * Size refers to the operand size.

B: Byte
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Table2.8 Branching Instructions

Instruction Size Function

Bcc — Branches to a specified address if address specified condition is met. The
branching conditions are listed below.
Mnemonic Description Condition
BRA (BT) Always (true) Always
BRN (BF) Never (false) Never
BHI High cOoz=0
BLS Low or same chz=1
Bcc (BHS) Carry clear (high orsame) 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 ZONNOV)=0
BLE Less or equal ZONDOV)=1
JMP — Branches unconditionally to a specified address
BSR — Branches to a subroutine at a specified address
JSR — Branches to a subroutine at a specified address
RTS — Returns from a subroutine
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Table2.9 System Control I nstructions

Instruction Size®  Function

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

Moves the source operand contents to the condition code register. The
condition code register size is one byte, but in transfer from memory, data is
read by word access.

STC BW  CCR - (EAd)

Transfers the CCR contents to a destination location. The condition code
register size is one byte, but in transfer to memory, data is written by word

access.
ANDC B CCR O#IMM - CCR

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

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

Logically exclusive-ORs the condition code register with immediate data.
NOP — PC+2 - PC

Only increments the program counter.

Note: * Size refers to the operand size.
B: Byte
W: Word
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Table2.10 Block Transfer Instruction

Instruction Size Function

EEPMOV.B — if R4L # 0 then
repeat @ER5+ - @ERG6+, R4AL -1 - R4L
until R4L=0
else next;

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

Block transfer instruction. This instruction transfers the number of data bytes
specified by R4L or R4, starting from the address indicated by ER5, to the
location starting at the address indicated by ER6. At the end of the transfer,
the next instruction is executed.

2.6.4 Basic I nstruction Formats

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

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

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

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

Condition Field: Specifiesthe branching condition of Bcc instructions.

Figure 2.9 shows examples of instruction formats.
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Operation field only

| op | NOP, RTS, etc.

Operation field and register fields

| op ‘ m ‘ rm | ADD.B Rn, Rm, etc.

Operation field, register fields, and effective address extension

op ‘ rn ‘ rm

EA (disp)

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

Operation field, effective address extension, and condition field

op cc \ EA (disp) BRA d:8

Figure2.9 Instruction Formats

265 Notes on Use of Bit Manipulation I nstructions

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

Step Description

1 Read Read one data byte at the specified address

2 Modify Modify one bit in the data byte

3 Write Write the modified data byte back to the specified address

Example 1: BCLR is executed to clear bit 0 in the port 4 data direction register (P4DDR) under
the following conditions.

P47, P4g:  Input pins
P4z —P4q:  Output pins

The intended purpose of this BCLR instruction isto switch P4g from output to input.
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Before Execution of BCLR Instruction

P4, P4g P45 P4, P4, P4, P4, P4,
Input/output  Input Input Output  Output  Output  Output  Output  Output
DDR 0 0 1 1 1 1 1 1

Execution of BCLR Instruction
BCLR #0, PADDR ; Execute BCLR instruction on DDR
After Execution of BCLR Instruction

P4, P4 P4 P4, P4, P4, P4, P4

Input/output ~ Output  Output  Output Output Output Output Output Input

DDR 1 1 1 1 1 1 1 0

Explanation: To execute the BCLR instruction, the CPU begins by reading PADDR. Since
PADDR isawrite-only register, it isread as H'FF, even though its true valueis H'3F.

Next the CPU clears bit 0 of the read data, changing the value to H'FE.
Finally, the CPU writesthis value (H'FE) back to PADDR to complete the BCLR instruction.

As aresult, P4oDDR is cleared to 0, making P4q an input pin. In addition, P47;DDR and P4gDDR
are set to 1, making P47 and P4g output pins.

The BCLR instruction can be used to clear flags in the on-chip registersto 0. In the case of the

IRQ status register (I1SR), for example, aflag must be read as a condition for clearing it, but when

using the BCLR instruction, if it is known that aflag has been set to 1 in an interrupt-handling
routine, for instance, it is not necessary to read the flag ahead of time.
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2.7 Addressing Modes and Effective Address Calculation

271 Addressing M odes

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

Table2.11 AddressingM odes

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

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

2 Register Indirect—@ERN: The register field of the instruction code specifies an address
register (ERn), the lower 24 bits of which contain the address of the operand.

3 Register Indirect with Displacement—@(d: 16, ERn) or @(d:24, ERn): A 16-bit or 24-hit
displacement contained in the instruction code is added to the contents of an address register
(ERN) specified by the register field of the instruction, and the lower 24 bits of the sum specify the
address of amemory operand. A 16-bit displacement is sign-extended when added.
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4 Register Indirect with Post-Increment or Pre-Decrement—@ERN+ or @-ERnN:

* Register indirect with post-increment—@ERN+
The register field of the instruction code specifies an address register (ERn) the lower 24 bits
of which contain the address of a memory operand. After the operand is accessed, 1, 2, or 4 is
added to the address register contents (32 bits) and the sum is stored in the address register.
The value added is 1 for byte access, 2 for word access, or 4 for longword access. For word or
longword access, the register value should be even.

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

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

Table2.12 Absolute Address Access Ranges

Absolute
Address 1-Mbyte Modes 16-Mbyte Modes
8 bits (@aa:8) H'FFFOO to H'FFFFF H'FFFFOO0 to H'FFFFFF
(1048320 to 1048575) (16776960 to 16777215)
16 bits (@aa:16) H'00000 to H'07FFF, H'000000 to H'007FFF,
H'F8000 to H'FFFFF H'FF8000 to H'FFFFFF
(0 to 32767, 1015808 to 1048575) (0 to 32767, 16744448 to 16777215)
24 bits (@aa:24) H'00000 to H'FFFFF H'000000 to H'FFFFFF
(0 to 1048575) (0 to 16777215)

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

The instruction codes of the ADDS, SUBS, INC, and DEC instructions contain immediate data
implicitly. The instruction codes of some bit manipulation instructions contain 3-bit immediate
data specifying a bit number. The TRAPA instruction code contains 2-bit immediate data
specifying a vector address.
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7 Program-Counter Relative—@(d:8, PC) or @(d: 16, PC): Thismodeisused in the Bcc and
BSR instructions. An 8-bit or 16-bit displacement contained in the instruction code is sign-
extended to 24 bits and added to the 24-bit PC contents to generate a 24-bit branch address. The
PC value to which the displacement is added is the address of the first byte of the next instruction,
so the possible branching range is—126 to +128 bytes (—63 to +64 words) or —32766 to

+32768 bytes (—16383 to +16384 words) from the branch instruction. The resulting value should
be an even number.

8 Memory Indirect—@@aa: 8: This mode can be used by the IMP and JSR instructions. The
instruction code contains an 8-hit absolute address specifying a memory operand. This memory
operand contains a branch address. The memory operand is accessed by longword access. Thefirst
byte of the memory operand is ignored, generating a 24-bit branch address. See figure 2.10. The
upper bits of the 8-bit absolute address are assumed to be 0 (H'0000), so the address range is 0 to
255 (H'000000 to H'0000FF). Note that the first part of this range is aso the exception vector area.
For further details see section 5, Interrupt Controller.

/—\/

Specified by @aa:8 — Reserved

Figure2.10 Memory-Indirect Branch Address Specification

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

27.2 Effective Address Calculation

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

2.8.1 Overview

The H8/300H CPU hasfive processing states: the program execution state, exception-handling
state, power-down state, reset state, and bus-rel eased state. The power-down state includes sleep

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

Processing states k% Program execution state |

The CPU executes program instructions in sequence

% Exception-handling state |

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

% Bus-released state |

The external bus has been released in response to a bus request
signal from a bus master other than the CPU

% Reset state |

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

% Power-down state Sleep mode ‘

The CPU is halted to conserve power

Software standby mode ‘

Hardware standby mode ‘

Figure2.11 Processing States

282 Program Execution State

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

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

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

Table2.14 Exception Handling Typesand Priority

Priority  Type of Exception  Detection Timing Start of Exception Handling
High Reset Synchronized with clock  Exception handling starts
4 immediately when RES changes from
low to high
Interrupt End of instruction When an interrupt is requested,
execution or end of exception handling starts at the end
exception handling® of the current instruction or current
exception-handling sequence
Trap instruction When TRAPA instruction  Exception handling starts when a trap
is executed (TRAPA) instruction is executed

Low

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

Figure 2.12 classifies the exception sources. For further details about exception sources, vector
numbers, and vector addresses, see section 4, Exception Handling, and section 5, Interrupt
Controller.

Reset

External interrupts
Exception

sources Interrupt

Internal interrupts (from on-chip supporting modules)
Trap instruction

Figure2.12 Classification of Exception Sources
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Bus request

End of bus release

Program execution state>
SLEEP

instruction

with SSBY =0

End of bus
release

Bus
request

|

Y Exception Y !
handling source !

Bus-released state Sleep mode !
End of Interrupf source ‘ SLEEP instruction !
ExcerIJ_tlon . with SSBY =1 !

andling NMI, IRQq, IRQy, | 1

. . or IRQ interrupt ! |
Exception-handling state )= ; KSoftware standby mode :

ES = "High" :

. STBY="High", RES ="Low" .
C Reset state*? >< 9 1 KHardware standby mode 3

AN

Power-down state

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

Figure2.13 State Transitions

284 Exception Handling Operation

Reset Exception Handling: Reset exception handling has the highest priority. Thereset stateis
entered when the RES signal goes low. Reset exception handling starts after that, when RES
changes from low to high. When reset exception handling starts the CPU fetches a start address
from the exception vector table and starts program execution from that address. All interrupts,
including NM1, are disabled during the reset exception-handling sequence and immediately after it
ends.

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

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

¥/\ ¥/\

SP-4 SP (ER7) —> CCR
SP-3 SP+1
SP-2 SP+2 PC
SP-1 SP+3
SP (ER7) - Stack area SP+4 Even

| B | address

¥/\ ¥/\

Before exception » After exception
handling starts Pushed on stack handling ends

Legend:
CCR: Condition code register
SP:  Stack pointer

Notes: 1. PC is the address of the first instruction executed after the return from the
exception-handling routine.
2. Registers must be saved and restored by word access or longword access,
starting at an even address.

Figure2.14 Stack Structure after Exception Handling

2.85 Bus-Released State

In this state the bus is released to a bus master other than the CPU, in response to a bus request.
The bus masters other than the CPU is an external bus master. While the bus is released, the CPU
halts except for internal operations. Interrupt requests are not accepted. For details see section 6.6,
Bus Arbiter.
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2.8.6 Reset State

When the RES input goes low al current processing stops and the CPU entersthe reset state. The |
bit in the condition code register is set to 1 by areset. All interrupts are masked in the reset sate.
Reset exception handling starts when the RES signal changes from low to high.

The reset state can also be entered by a watchdog timer overflow. For details see section 11,
Watchdog Timer.

2.8.7 Power-Down State

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

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

Softwar e Standby Mode: A transition to software standby mode is made if the SLEEP
instruction is executed while the SSBY bit issetto 1in SYSCR. The CPU and clock halt and all
on-chip supporting modules stop operating. The on-chip supporting modules are reset, but as long
as aspecified voltage is supplied the contents of CPU registers and on-chip RAM are retained.
The 1/O ports also remain in their existing states.

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

For further information see section 20, Power-Down State.
2.9 Basic Operational Timing

291 Overview

The H8/300H CPU operates according to the system clock (@). The interval from one rise of the
system clock to the next riseisreferred to as a“ state.” A memory cycle or bus cycle consists of
two or three states. The CPU uses different methods to access on-chip memory, the on-chip
supporting modules, and the external address space. Access to the external address space can be
controlled by the bus controller.
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292 On-Chip Memory Access Timing

On-chip memory is accessed in two states. The data busis 16 bits wide, permitting both byte and
word access. Figure 2.15 shows the on-chip memory access cycle. Figure 2.16 indicates the pin
states. All H8/3024 Group models have afunction for changing the method of outputting
addresses from the address pins. For details see section 6.3.5, Address Output Method.

Bus cycle

|
|
|

-— T, state #Tz state —»

: W e W

Internal address bus >< Address ><

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

Internal write signal \—/7

Internal data bus -
(write access) > < _Write data >—

Figure2.15 On-Chip Memory Access Cycle

: N U S

Address bus >< Add‘ress ><

High imbedance

Dy5to Do ‘

Figure2.16 Pin Statesduring On-Chip Memory Access (Address Update M ode 1)
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293 On-Chip Supporting Module Access Timing

The on-chip supporting modules are accessed in three states. The data busis 8 or 16 bitswide,
depending on the internal 1/0 register being accessed. Figure 2.17 shows the on-chip supporting
module access timing. Figure 2.18 indicates the pin states.

! Bus cycle

-+— T, state —»r=«—T,sState —»— T3 State —»

Address bus

N

Internal read signal

Address ‘

Read
access
_ Internal write signal ‘\ ‘ /
Write | |
access 1
Internal data bus Write data >—

Internal data bus :/\ ( Read dat:a

Address bus >< Address X

S, RD, HWR,

'_
v

High

High impedance

D;5 to Dg

Figure2.18 Pin States during Accessto On-Chip Supporting Modules
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294 Accessto External Address Space

The external address space is divided into eight areas (areas 0 to 7). Bus-controller settings
determine whether each areais accessed via an 8-bit or 16-bit data bus, and whether it is accessed
in two or three states. For details see section 6, Bus Controller.
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Section3 MCU Operating Modes

31 Overview

311 Operating M ode Selection

The H8/3024 Group has seven operating modes (modes 1 to 7) that are selected by the mode pins
(MD;to MDy) asindicated in table 3.1. The input at these pins determines the size of the address
space and the initial bus mode.

Table3.1 Operating Mode Selection

Description

Operating Mode Pins Initial Bus On-Chip  On-Chip
Mode MD, MD; MD, Address Space Mode**  ROM RAM
— 0 0 0 Setting prohibited Setting Setting Setting

prohibited prohibited prohibited
Mode 1 0 0 1 Expanded mode 8 bits Disabled  Enabled*?
Mode 2 0 1 0 Expanded mode 16 bits Disabled Enabled*?
Mode 3 0 1 1 Expanded mode 8 bits Disabled  Enabled*?
Mode 4 1 0 0 Expanded mode 16 bits Disabled  Enabled*?
Mode 5 1 0 1 Expanded mode 8 bits Enabled  Enabled*?
Mode 6 1 1 0 Single-chip normal mode — Enabled  Enabled
Mode 7 1 1 1 Single-chip advanced mode — Enabled  Enabled

Notes: 1. In modes 1 to 5, an 8-bit or 16-bit data bus can be selected on a per-area basis by
settings made in the area bus width control register (ABWCR). For details see
section 6, Bus Controller.

2. If the RAME bitin SYSCR is cleared to 0, these addresses become external addresses.

For the address space size there are three choices: 64 kbytes, 1 Mbyte, or 16 Mbyte. The external
data busis either 8 or 16 hits wide depending on ABWCR settings. 8-bit bus mode is used only if
8-bit accessis selected for all areas. For details see section 6, Bus Controller.

Modes 1 to 4 are externally expanded modes that enable accessto external memory and peripheral
devices and disable access to the on-chip ROM. Modes 1 and 2 support a maximum address space
of 1 Mbyte. Modes 3 and 4 support a maximum address space of 16 Mbytes.
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Mode 5 is an externally expanded mode that enables access to external memory and peripheral
devices and also enables access to the on-chip ROM. Mode 5 supports a maximum address space
of 16 Mbytes.

Modes 6 and 7 are single-chip modes in which the chip operates using only the on-chip ROM,
RAM, and I/O registers. All ports are available in these modes. Mode 6 supports a maximum
address space of 64 kbytes. Mode 7 supports a maximum address space of 1 Mbyte.

The H8/3024 Group can be used only in modes 1 to 7. The inputs at the mode pins must select one
of these seven modes. The inputs at the mode pins must not be changed during operation. Set the
reset state before changing the inputs at these pins.

312 Register Configuration

The H8/3024 Group has a mode control register (MDCR) that indicates the inputs a the mode
pins (MD; to MDy), and a system control register (SY SCR). Table 3.2 summarizes these registers.

Table3.2 Regigers

Address” Name Abbreviation R/W Initial Value
H'EEO11 Mode control register MDCR R Undetermined
H'EEO12 System control register SYSCR R/W H'09

Note: * Lower 20 bits of the address in advanced mode.
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3.2 Mode Control Register (MDCR)

MDCR is an 8-bit read-only register that indicates the current operating mode of the
H8/3024 Group.

Bit 7 6 5 4 3 2 1 0
" — [ — ] — 1 — ] = [wos2|wpst woso
Initial value 1 1 0 0 0 —* —* —*
Read/Write — — — — — R R R
Reserved bits Mode select 2to 0

Bits indicating the current
operating mode

Note: * Determined by pins MD, to MDy.

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

Bits2to 0—Mode Select 2t0 0 (MDS2 to MDS0): These bits indicate the logic levels at pins
MD, to MDy (the current operating mode). MDS2 to MDS0 correspond to MD, to MDy. MDS2 to
MDSO0 are read-only bits. The mode pin (MD, to MDy) levels are latched into these bits when
MDCR isread.

Note: The versions with on-chip flash memory have a boot mode in which flash memory can be
programmed. In boot mode, the MDS2 bit value isthe inverse of the level at the MD, pin.
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33 System Control Register (SYSCR)

SYSCRis an 8-hit register that controls the operation of the H8/3024 Group.

Bit 7 6 5 4 3 2 1 0
‘ SSBY ‘ STS2 ‘ STS1 ‘ STSO ‘ UE ‘NMIEG‘ SSOE ‘ RAME ‘
Initial value 0 0 0 0 1 0 0 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
\
RAM enable
Enables or
disables
on-chip RAM

Software standby
output port enable
Selects the output state
of the address bus and
bus control signals in
software standby mode

NMI edge select
Selects the valid edge
of the NMI input

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

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

Software standby
Enables transition to software standby mode

Bit 7—Softwar e Standby (SSBY): Enables transition to software standby mode. (For further
information about software standby mode see section 20, Power-Down State.)

When software standby mode is exited by an external interrupt, and a transition is made to normal
operation, this bit remains set to 1. To clear this bit, write 0.

Bit 7

SSBY Description

0 SLEEP instruction causes transition to sleep mode (Initial value)
1 SLEEP instruction causes transition to software standby mode
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Bits 6 to 4—Standby Timer Select 2to 0 (STS2 to STS0): These bits select the length of time
the CPU and on-chip supporting modules wait for the internal clock oscillator to settle when
software standby mode is exited by an external interrupt.

When using a crystal oscillator, set these bits so that the waiting time will be at least 7 ms at the
system clock rate.

For further information about waiting time selection, see section 20.4.3, Selection of Waiting
Time for Exit from Software Standby Mode.

Bit 6 Bit 5 Bit 4
STS2 STS1 STSO Description

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

Waiting time = 16,384 states
Waiting time = 32,768 states
Waiting time = 65,536 states

Waiting time = 131,072 states

Waiting time = 262,144 states

Waiting time = 1,024 states

R Rl Rr|lo|lo|lo
R ROl O|rR|FL|lO
Rl o|lRr|oOo|r Ok

lllegal setting

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

Bit 3

UE Description

0 Ul bitin CCR is used as an interrupt mask bit

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

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

Bit 2

NMIEG  Description

0 An interrupt is requested at the falling edge of NMI (Initial value)
1 An interrupt is requested at the rising edge of NMI
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Bit 1—Softwar e Standby OutpﬂPo_rt Enable (SSOE): Specifies whether the address bus and

bus control signals (CS, to CS;, AS, RD, HWR, LWR) are kept as outputs or fixed high, or placed
in the high-impedance state in software standby mode.

Bit 1

SSOE Description

0 In software standby mode, the address bus and bus control signals are all high-
impedance (Initial value)

1 In software standby mode, the address bus retains its output state and bus control

signals are fixed high

Bit 0—RAM Enable (RAME): Enables or disables the on-chip RAM. The RAME hit is
initialized by the rising edge of the RES signal. It is not initialized in software standby mode.

Bit 0

RAME Description

0 On-chip RAM is disabled

1 On-chip RAM is enabled (Initial value)

34 Operating Mode Descriptions

34.1 Mode 1

Ports 1, 2, and 5 function as address pins A1g to Ao, permitting access to a maximum 1-Mbyte
address space. The initial bus mode after areset is 8 hits, with 8-bit accessto all areas. If at least
one areais designated for 16-bit access in ABWCR, the bus mode switchesto 16 hits.

34.2 Mode 2

Ports 1, 2, and 5 function as address pins A1g to Ao, permitting access to a maximum 1-Mbyte
address space. The initial bus mode after areset is 16 bits, with 16-bit accessto al areas. If all
areas are designated for 8-bit access in ABWCR, the bus mode switches to 8 bits.
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34.3 Mode 3

Ports 1, 2, and 5 and part of port A function as address pins A,z to Ay, permitting accessto a
maximum 16-Mbyte address space. The initial bus mode after areset is 8 bits, with 8-bit accessto
all aress. If at least one areais designated for 16-bit access in ABWCR, the bus mode switches to
16 hits. A3 to A, are valid when O iswritten in bits 7 to 5 of the bus release control register
(BRCR). (Inthis mode Ay is always used for address output.)

344 Mode 4

Ports 1, 2, and 5 and part of port A function as address pins A,z to Ay, permitting accessto a
maximum 16-Mbyte address space. The initial bus mode after areset is 16 bits, with 16-bit access
to al areas. If al areas are designated for 8-bit accessin ABWCR, the bus mode switchesto

8 hits. A3 to A, arevalid when O iswritten in bits 7 to 5 of BRCR. (In this mode Ay is aways
used for address output.)

345 Mode5

Ports 1, 2, and 5 and part of port A can function as address pins Ay to A, permitting accessto a
maximum 16-Mbyte address space, but following areset they are input ports. To use ports 1, 2,
and 5 as an address bus, the corresponding bits in their data direction registers (P1DDR, P2DDR,
and PSDDR) must be set to 1, setting ports 1, 2, and 5 to output mode. For Ay to Ay output, write
0in bits 7 to 4 of BRCR. The versions with on-chip flash memory support an on-board
programming mode in which the flash memory can be programmed. The initial bus mode after a
reset is 8 bits, with 8-bit accessto all areas. If at least one areais designated for 16-bit accessin
ABWCR, the bus mode switches to 16 hits.

3.4.6 Mode 6

This mode operates using the on-chip ROM, RAM, and registers. All 1/0 ports are available.
Mode 6 supports a maximum address space of 64 kbytes.

34.7 Mode7

This mode operates using the on-chip ROM, RAM, and registers. All 1/O ports are available.
Mode 7 supports a 1-Mbyte address space.

The versions with on-chip flash memory support an on-board programming mode in which the
flash memory can be programmed.
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35

Pin Functionsin Each Operating Mode

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

Table3.3 Pin Functionsin Each Mode
Port Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 Mode 6 Mode 7
Portl A;toA, A to Ag Asto A, A7 to A P1;to P1,"? P1;to P1, P1;to Pl
Port 2 A15 to Ag A15 to Ag A15 to Ag A]_5 to Aa P27 to PZO*Z P27 to PZO P27 to PZO
Port 3 D5 to Dg D5 to Dg D15 to Dg D5 to Dg D5 to Dg P3;to P3y P3;to P3y
Port4  P4;to P4,™ D;toDo**  P4;to P4,*! D; to D,** P4, to P4,™" P4;to P4, P4, to P4,
Port 5 A to Ass A to Ass Ao 10 Ass Ao to Ass P53 to P50*2 P53 to P5q P5; to P5q
Port A PA;to PA, PA;to PA; PAgto PA, Ax™> PAgto PA, Ax™ PA;to PA™ PA;to PA, PA;to PA,
Notes: 1. Initial state. The bus mode can be switched by settings in ABWCR. These pins function
as P47 to P4, in 8-bit bus mode, and as D; to Dy in 16-bit bus mode.
2. Initial state. These pins become address output pins when the corresponding bits in the
data direction registers (P1DDR, P2DDR, P5DDR) are set to 1.
3. Initial state. Ay is always an address output pin. PAg to PA4 are switched over to Az to
A1 output by writing 0 in bits 7 to 5 of BRCR.
4. |Initial state. PA7 to PA, are switched over to A3 to Az output by writing 0 in bits 7 to 4

of BRCR.
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3.6 Memory Map in Each Operating Mode

Figures 3.1 to 3.2 show memory maps of the H8/3024 Group. In the expanded modes, the address
spaceis divided into eight areas.

Theinitial bus mode differs between modes 1 and 2, and also between modes 3 and 4.

The address locations of the on-chip RAM and on-chip registers differ between the 64-kbyte mode
(mode 6), the 1-Mbyte modes (modes 1, 2, and 7), and the 16-Mbyte modes (modes 3, 4, and 5).
The address range specifiable by the CPU in the 8- and 16-bit absolute addressing modes (@aa.8
and @aa:16) also differs.

36.1 Comparison of H8/3024 Group Memory M aps

In the H8/3024 Group, the address maps vary according to the size of the on-chip ROM and RAM.
Theinternal I/O register spaceisthe samein all models. Table 3.4 shows the various address maps
in mode 5.

Table3.4 AddressMapsin Mode5

H8/3024 Mask H8/3026 Mask
H8/3024F-ZTAT  H8/3026F-ZTAT ROM Version ROM Version

On-chip  Size 128 kbytes 256 kbytes 128 kbytes 256 kbytes
ROM Address  H'000000 to H'000000 to H'000000 to H'000000 to
area H'O1FFFF H'03FFFF H'O1FFFF H'03FFFF
On-chip  Size 4 kbytes 8 kbytes 4 kbytes 8 kbytes
RAM Address  H'FFEF20 to HFFDF20to  H'FFEF20 to H'FFDF20 to
area H'FFFF1F H'FFFF1F H'FFFF1F H'FFFF1F

3.6.2 Reserved Areas

The H8/3024 Group memory map includes reserved areas to which access (reading or writing) is
prohibited. Normal operation cannot be guaranteed if the following reserved areas are accessed.

Reserved Areain Internal |/0O Register Space: The H8/3024 Group internal /O register space
includes areserved areato which access is prohibited. For details see Appendix B, Internal 1/0
Registers.
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Modes 3 and 4

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

Modes 1 and 2
(1-Mbyte expanded modes with
on-chip ROM disabled)
H00000 [, == T H'000000
cn |2
L 0 =1
£2 1|5
. YT |28 .,
H'000FF f---=-=-----1 £ |2 2| HO00OFF
2o (=8
S |25
58 9%
HO7TFFF| | - =Sy | HOO7FFF
HIFFFF| | Area0
H'20000 H'1FFFFF
HarrrF| | Areal | 4200000
H'40000
HsFFFF| | Areaz
H'60000 | External address Area 3 H'3FFFFF
H7FFFF| ___ s space __|TTTTT H'400000
H'80000
HOFFFF| .| Aread
H'A0000 H'5FFFFF
A | AreaS | H600000
H'C0000
HDFFFFl | Areaé |
HEO000 Area? | {i660000
H'EE000
Internal I/O
H'EEQEE registers (1) H'OFEEEE
External address H'A00000
space
H'F8000 f---=----=--T-----4 -
HFEFIE . |8 | Fcoooos
On-chipRAM"| & | &
cEEOO F-----------1 —] o
H'FFF00 £ |5 | HDFFFFF
H'EEF1F g g H'E00000
HFFF20 Internal I/O e % H'EEE000
registers (2) 2 |2
H'FFFE9 & |
H'FFFEA Esgemal S |S | HFEEOFF
addaress e ©
. —
HFFFFFL__Space Ra A H'FF8000
H'FFEF1F
H'FFEF20
H'FFFF00
H'FFFF1F
H'FFFF20
H'FFFFEQ
H'FFFFEA
H'FFFFFF

Vector area

External
address

Internal I/O
registers (1)

External address

Internal I/O
registers (2)

External
address
space

Memory-indirect
branch addresses

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

Figure3.1 Memory Map of H8/3024F-ZTAT and H8/3024 Mask ROM Version

in Each Operating Mode

Rev. 2.00 Sep 20, 2005 page 66 of 800

REJ09B0260-0200

RENESAS




Section 3 MCU Operating Modes

Mode 5 Mode 6 Mode 7
(16-Mbyte expanded mode with (single-chip normal mode) . Mode
on-chip ROM enabled) (single-chip advanced mode)
H'000000 N ' 1 '00000 — Ti i
Vector area =8 o H0000 Vector area ] H00000 Vector area =81
O n - o 0 (S =3
£312 29 £3/|2
H'0000FF | ___________] Y835 29| HOOFF[___________] 183 HO00FF | ___________| 183582
1% |83 s . ic|Sq
. 55|58 On-chipROM | §%§ On-chipROM | Sc |= 0
On-chip ROM ES |83 £5 55|68
s5,7° S5 s5,7°
HOO7FFF | - oL " " ¥ __ HO7FFF | oo ______1_T"2°Y __
H'O1FFFF .
H020000 meao | HEOGO :
H'1FFFFF H'1FFFF
H'200000 [ """ TTTTT LT Internal I/O
H3FFFFF| | Areal registers (1)
H'400000 H'EOFF
HSFFFFF| | Areaz
H'600000 | External address
H7FFFFF| ___space | Area3 0
H'800000 H'EF
e R | Aread "
H'A00000 On-chip RAM 2
HBFFFFFL___________| Areas . P 2
H'C00000 Area6 | o [TTTTTTTTTT TS H'EE000
H'DFFFFF _______________________ H'EE1FE @ Imemal 10
H'E00000 Area 7 H'FF20 e registers (1)
Internal I/O = H'EEOEF
HEFEQ registers (2) 2

I Qo

HFERO00[ | ernal 10 s H'F8000 -~
registers (1 2 ]
HFEEOFF| |2 nd HFFFF ... Y @ HFEF20 &

. Exterg;laiteidress On-chip RAM § g
H'FF8000 | ___sSpace | HEFFOO bo-ccooaaao T8 S
H'FFEFLF HFFF1F 3 |2
H'FFEF20 ; * HFFF2 s |2

. (.)P.‘ih_l? RAM | g @ 0 Internal 1/0 P 2
H'FFFFO0 a § registers (2) 2 <
HFFFFLF 3 I3 HFFFE9 2 |5
HFFFF201  nternal 110 g |8 P 3
HEFEFEQ registers (2) % 5 . %
HFFFFEA 2 |3 HFFFFF Y Y.

External © |
address 3 =
space B ®
HFFFFFFL 1Y Y- _

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

Figure3.1 Memory Map of H8/3024F-ZTAT and H8/3024 Mask ROM Version
in Each Operating M ode (cont)
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Modes 3 and 4

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

Modes 1 and 2
(1-Mbyte expanded modes with
on-chip ROM disabled)
H00000 [~ -~ L H'000000
cn |2
L 0 =1
£9 |3
. YT |28,
H'000FF [-----------1 £3 | 8 g| HO000FF
2 (=8
S |25
55|98
HO7TFFF| | - =Sy | HOO7FFF
HIFFFF| | Area0
H'20000 H'1FFFFF
H3FFFE| | Areal | 4200000
H'40000
HSFFFF| | Areaz
H'60000 | External address Area 3 H'3FFFFF
H7FFFF | __ _ s space __|TTTTY H'400000
H'80000
HOFFFF| .. .1 Aread
H'A0000 H'5FFFFF
HBFFFF| .| AreaS | H600000
H'C0000
HDFFFF|___________| Areab |
H'EE000
Internal I/O
H'EEOEE registers (1) H'OFEEEE
External address H'A00000
space
H'F8000 [-=-=---====F "=~ -
HEDFLE . |% | Fcoooos
On-chipRAM"| & | &
CEEOQ F-----------1 —] b
H'FFF0D g |5 | HDFFFFF
H'EEF1F g g H'E00000
HFFF20 | nternal 110 e % H'FEE000
registers (2) 2 |2
H'FFFE9 & |
H'FFFEA Eggemal S |Z | HFEEOFF
adaddaress o ©
. —
HFFFFF[___Space R N H'FF8000
H'FFDF1F
H'FFDF20
H'FFFF00
H'FFFF1F
H'FFFF20
H'FFFFEQ
H'FFFFEA
H'FFFFFF

Vector area

External
address

Internal I/O
registers (1)

External address

Internal I/O
registers (2)

External
address
space

Memory-indirect
branch addresses

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

Figure3.2 Memory Map of H8/3026F-ZTAT and H8/3026 Mask ROM Version

in Each Operating Mode
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Mode 5 Mode 6 Mode 7
(16-Mbyte expanded mode with (single-chip normal mode) . Mode
on-chip ROM enabled) (single-chip advanced mode)
H'000000 N ' 1 '00000 — Ti i
Vector area - H0000 Vector area ] H00000 Vector area -
oo |8 SR7] o |2
245 24 243
H'0000FF | ___ . ______| 185 |8g| HOOFF|_ ... _| 185 H'000FF | _ ... __] 185|823
$8 |84 3 $8 88
On-chipROM | §5 |5& 55 On-chipROM | §%5 |5&
(flash memory)| 55 |S8 On-chipROM | E g (flashmemory)| §§ |4S
S5 (flash memory)| =35 =35
HOO7FFF | - oL - ¥ __ HO7FFF | oo _____1_T"2°Y __
H'03FFFF :
H040000 meao | HEOOD :
H'LFFFFF H'3FFFF
H'200000 [ """ TTTTT LT Internal 1/0
H3FFFFF| | Areal registers (1)
H'400000 H'EOFF
HSFFFFE| | Areaz
H'600000 | External address
H7FFFFF| ___space | Area3 .
H'800000 HE7
e R | Aread "
H'A00000 On-chip RAM 2
HBFFFFFL___________| Areas . P 2
H'C00000 Area6 | o [TTTTTTTTTT TS H'EE000
H'DFFFFF _______________________ H'EF1E @ Internal /O
H'E00000 Area 7 H'FF20 e registers (1)
Internal 1/O = H'EEOEF
HEFEQ registers (2) 2
I Qo
HFEEO00[ | iernal 110 s H'F8000 -~
registers (1 2 )
HFEEOFF| |2 nd HFFFF ... Y @ HEDF20 &
. Extergalaiteidress On-chip RAM 8 o
H'FF8000 | ___* pace Lo HFFFOO |- === ===~ -1 8 |3
H'FFDF1F HFFF1F 3 |2
H'FFDF20 : * HFFF2 s |2
. (.)P.‘ih_l? RAM| g @ 0 Internal /0 P 2
H'FFFFO0 & § registers(2) 2 <
HFFFF1F g |5 HFFFE9 2 |5
HFFFF201  Internal 110 g |8 P 3
HEFFFEQ| 9SS @ |12 15 H'FFFFF @
HFFFFEA 2 /g ! . oHFe b3
External © |
address 3 =
space B ®
HFFFFFFL 1Y Y- _

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

Figure3.2 Memory Map of H8/3026F-ZTAT and H8/3026 Mask ROM Version
in Each Operating M ode (cont)
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Section 4 Exception Handling

41 Overview

411 Exception Handling Typesand Priority

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

Table4.1 Exception Typesand Priority

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

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

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

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

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

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

* Reset
External interrupts: NMI, IRQ, to IRQg

Exception
sources . Interrupts

Internal interrupts: 27 interrupts from on-chip

« Trap instruction supporting modules

Figure4.1 Exception Sources
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Table4.2 Exception Vector Table

Exception Source

Vector Number

Vector Address™

1

Advanced Mode

Normal Mode

Reset 0 H'0000 to H'0003 H'0000 to H'0001
Reserved for system use 1 H'0004 to H'0007 H'0002 to H'0003
2 H'0008 to H'000B H'0004 to H'0005
3 H'000C to H'000F H'0006 to H'0007
4 H'0010 to H'0013 H'0008 to H'0009
5 H'0014 to H'0017 H'000A to H'000B
6 H'0018 to H'001B H'000C to H'000D
External interrupt (NMI) 7 H'001C to H'001F H'0O00E to H'000F
Trap instruction (4 sources) 8 H'0020 to H'0023 H'0010 to H'0011
9 H'0024 to H'0027 H'0012 to H'0013
10 H'0028 to H'002B H'0014 to H'0015
11 H'002C to H'002F H'0016 to H'0017
External interrupt IRQq 12 H'0030 to H'0033 H'0018 to H'0019
External interrupt IRQ; 13 H'0034 to H'0037 H'001A to H'001B
External interrupt IRQ, 14 H'0038 to H'003B H'001C to H'001D
External interrupt IRQ3 15 H'003C to H'003F H'001E to H'001F
External interrupt IRQ, 16 H'0040 to H'0043 H'0020 to H'0021
External interrupt IRQs 17 H'0044 to H'0047 H'0022 to H'0023
Reserved for system use 18 H'0048 to H'004B H'0024 to H'0025
19 H'004C to H'004F H'0026 to H'0027
Internal interrupts*2 20 H'0050 to H'0053 H'0028 to H'0029
to to to
63 H'00FC to H'00FF H'007E to H'007F

Notes: 1. Lower 16 bits of the address.

2. For the internal interrupt vectors, see section 5.3.3, Interrupt Exception Handling Vector
Table.
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4.2 Reset

421 Overview

A reset isthe highest-priority exception. When the RES pin goes low, all processing halts and the
chip entersthereset state. A reset initializesthe internal state of the CPU and the registers of the
on-chip supporting modules. Reset exception handling begins when the RES pin changes from
low to high.

The chip can also be reset by overflow of the watchdog timer. For details see section 11,
Watchdog Timer.

422 Reset Sequence
The chip enters the reset state when the RES pin goes low.

To ensure that the chip is reset, hold the RES pin low for at least 20 ms at power-up. To reset the
chip during operation, hold the RES pin low for at least 10 system clock () cycles. In the versions
with on-chip flash memory, the RES pin must be held low for at least 20 system clock cycles. See
appendix D.2, Pin States at Reset, for the states of the pinsin the reset state.

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

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

» The contents of the reset vector address (H'0000 to H'0003 in advanced mode, H'0000 to
H'0001 in normal mode) are read, and program execution starts from the addressindicated in
the vector address.

Figure 4.2 shows the reset sequence in modes 1 and 3. Figure 4.3 shows the reset sequencein
modes 2 and 4. Figure 4.4 shows the reset sequence in mode 6.
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Figure4.2 Reset Sequence (Modes1 and 3)
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Internal

Vector fetch processing Prefetch of first

program instruction

RES 3

Address bus >< @ X @ | (5) ><
RD 1 [ [ [
HWR, LWR ; High ; ; ; ;
Dys to Dy § @ > @ > © >

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

(5) Start address

(6) First instruction of program

Note: After a reset, the wait-state controller inserts three wait states in every bus cycle.

Figure4.3 Reset Sequence (M odes2 and 4)
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Prefetch of
Internal first program
! Vector fetch | processing | instruction | :

- -t

RES

Internal 1 1 ‘ ‘
atidross bus X w X_@ X

Internal w w ; /_\ /_

read signal

Internal
write signal ! !

Internal : : !
data bus | (2) | ‘ 3) ‘ ‘
(16 bits wide) w w | | ‘

(1) Address of reset exception handling vector (H'0000)
(2) Start address (contents of reset exception handling vector address)
(3) First instruction of program

Figure4.4 Reset Sequence (M ode 6)

423 Interrupts after Reset

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

4.3 Interrupts

Interrupt exception handling can be requested by seven external sources (NMI, IRQo to IRQs), and
27 internal sources in the on-chip supporting modules. Figure 4.5 classifies the interrupt sources
and indicates the number of interrupts of each type.
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The on-chip supporting modules that can request interrupts are the watchdog timer (WDT), 16-bit
timer, 8-bit timer, serial communication interface (SCI), and A/D converter. Each interrupt source
has a separate vector address.

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

For details on interrupts see section 5, Interrupt Controller.

. NMI (1)
External interrupts { IRQ, t0 IRQ (6)

Interrupts
WDT* (1)
) 16-bit timer (9)
Internal interrupts 8-bit timer (8)
SCI (8)
A/D converter (1)

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

Figure4.5 Interrupt Sourcesand Number of Interrupts

Note: * In the versions with on-chip flash memory, NMI input is sometimes disabled. For details
see 17.9, NMI Input Disabling Conditions.

44 Trap Instruction

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

Figure 4.6 shows the stack after completion of trap instruction exception handling and interrupt
exception handling.

\/\J\

SP-4 SP (ER7) - CCR

SP-3 SP+1 CCR*

SP-2 SP+2 PCy

SP-1 SP+3 PC_

SP (ER7) ~ Stack area SP+4 Even address

\/\\/\

Before exception handling ——— After exception handling
Pushed on stack

a. Normal mode

\/\J\

SP-4 SP (ER7) - CCR
SP-3 SP+1 PCE
SP-2 SP+2 PCy
SP-1 SP+3 PC |
SP (ER7) ~ Stack area SP+4 Even address

\/\\/\

Before exception handling ——— = After exception handling
Pushed on stack

b. Advanced mode

Legend

PCg: Bits 23 to 16 of program counter (PC)
PC,;: Bits 15 to 8 of program counter (PC)
PC,: Bits 7 to 0 of program counter (PC)
CCR: Condition code register

SP:  Stack pointer

Notes: * Ignored at return.
1. PCindicates the address of the first instruction that will be executed after return.
2. Registers must be saved in word or longword size at even addresses.

Figure4.6 Stack after Completion of Exception Handling
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4.6 Notes on Stack Usage

When accessing word data or longword data, the H8/3024 Group regards the lowest address bit as
0. The stack should always be accessed by word access or longword access, and the value of the
stack pointer (SP:ER7) should always be kept even.

Use the following instructions to save registers:

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

Use the following instructions to restore registers:

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

Setting SP to an odd value may lead to a malfunction. Figure 4.7 shows an example of what
happens when the SP value is odd.
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Sp—*>

SP —*

CCR

PC

f

SP —*™ R1L

HFFFEFA

PC

HFFFEFB
HFFFEFC
HFFFEFD

HFFFEFE
HFFFEFF

TRAPA instruction executed

_—

MOV. B R1L, @-ER7

_—

SP set to H'FFFEFF

Legend

CCR:

PC:
RI1L:
SP:

Note:

Condition code register

Program counter
General register R1L
Stack pointer

Data saved above SP

The diagram illustrates modes 3 to 5.

CCR conte

nts lost

Figure4.7 Operation when SP Valueis Odd

RENESAS
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Section 5 Interrupt Controller

51 Overview

511 Features
The interrupt controller has the following features:

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

* Three-level enabling/disabling by the | and Ul bitsin the CPU’ s condition code register (CCR)
and the UE bit in the system control register (SY SCR)

* Seven externd interrupt pins
NMI has the highest priority and is always accepted®; either therising or falling edge can be
selected. For each of IRQg to IRQs, sensing of the falling edge or level sensing can be selected
independently.

Note: * In the versions with on-chip flash memory, NMI input is sometimes disabled. For details
see 17.9, NMI Input Disabling Conditions.
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51.2 Block Diagram

Figure 5.1 shows a block diagram of the interrupt controller.

CPU

ul

liIscR| | IER | | IPRA,IPRB |
NMI |
input
Y Y
; »| [RQ input -
IRQ input section ISR
Interrupt
OVF | Priority request
TME decision logic
. Vector
I> > number
TEI : _
TEIE i ?
Interrupt controller ( L—
UE
Legend: SYSCR
ISCR: IRQ sense control register
IER: IRQ enable register
ISR: IRQ status register

IPRA: Interrupt priority register A
IPRB: Interrupt priority register B
SYSCR: System control register

CCR

Figure5.1 Interrupt Controller Block Diagram
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513 Pin Configuration
Table 5.1 lists the interrupt pins.

Table5.1 Interrupt Pins

Name Abbreviation 110 Function

Nonmaskable interrupt NMI Input  Nonmaskable interrupt®, rising edge
or falling edge selectable

External interrupt request 5to 0 IRQs to IRQg Input  Maskable interrupts, falling edge or
level sensing selectable

Note: * In the versions with on-chip flash memory, NMI input is sometimes disabled. For details see
17.9, NMI Input Disabling Conditions.

514 Register Configuration

Table 5.2 lists the registers of the interrupt controller.

Table5.2 Interrupt Controller Registers

Address**  Name Abbreviation R/W Initial Value
H'EEO12 System control register SYSCR R/W H'09
H'EE014 IRQ sense control register ISCR R/W H'00
H'EEO15 IRQ enable register IER R/W H'00
H'EEO16 IRQ status register ISR R/(W)*2 H'00
H'EEO18 Interrupt priority register A IPRA R/W H'00
H'EEO19 Interrupt priority register B IPRB R/W H'00

Notes: 1. Lower 20 bits of the address in advanced mode.
2. Only 0 can be written, to clear flags.

5.2 Register Descriptions

521 System Control Register (SYSCR)

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

Only bits 3 and 2 are described here. For the other bits, see section 3.3, System Control Register
(SYSCR).
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SYSCRisinitialized to H'09 by areset and in hardware standby mode. It isnot initialized in

software standby mode.

Bit 7 6 5 4 3 2 1 0
‘ SSBY ‘ STS2 ‘ STS1 ‘ STSO ‘ UE ‘NMIEG‘ SSOE ‘ RAME ‘
Initial value 0 0 0 0 1 0 0 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
RAM enable
Software standby
output port enable
Standby timer NMI edge select
select 2to 0 Selects the NMI input edge
Software standby User bit enable

Selects whether to use the Ul bit in
CCR as a user bit or interrupt mask bit

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

interrupt mask bit.

Bit 3

UE Description

0 Ul bitin CCR is used as interrupt mask bit

1 Ul bit in CCR is used as user bit (Initial value)
Bit 2—NM|I Edge Select (NMIEG): Selectsthe NMI input edge.

Bit 2

NMIEG  Description

0 Interrupt is requested at falling edge of NMI input (Initial value)
1 Interrupt is requested at rising edge of NMI input

522 Interrupt Priority Registers A and B (IPRA, IPRB)

IPRA and IPRB are 8-bit readable/writable registersthat control interrupt priority.
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Interrupt Priority Register A (IPRA)

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

Bit 7 6 5 4 3 2 1 0
‘ IPRA7 ‘ IPRAG ‘ IPRA5S ‘ IPRA4 ‘ IPRA3 ‘ IPRA2 ‘ IPRAL ‘ IPRAO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Priority
level AO
Selects the
priority level
of 16-bit timer
channel 2
interrupt
requests
Priority level Al
Selects the priority level
of 16-bit timer channel 1
interrupt requests

Priority level A2

Selects the priority level of
16-bit timer channel O interrupt
requests

Priority level A3
Selects the priority level of WDT,
and A/D converter interrupt requests

Priority level A4
Selects the priority level of IRQ4 and IRQ s
interrupt requests

Priority level A5
Selects the priority level of IRQ2 and IRQ3 interrupt requests

Priority level A6
Selects the priority level of IRQ interrupt requests

Priority level A7
Selects the priority level of IRQ interrupt requests

IPRA isinitialized to H'00 by areset and in hardware standby mode.
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Bit 7—Priority Level A7 (IPRA7Y): Selectsthe priority level of IRQ interrupt requests.

Bit 7

IPRA7 Description

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

Bit 6—Priority Level A6 (IPRAG6): Selectsthe priority level of IRQ; interrupt requests.

Bit 6

IPRAG Description

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

Bit 5—Priority Level A5 (IPRAB): Selectsthe priority level of IRQ, and IRQ;z interrupt requests.

Bit 5

IPRAS Description

0 IRQ2 and IRQs interrupt requests have priority level O (low priority) (Initial value)
1 IRQ2 and IRQs interrupt requests have priority level 1 (high priority)

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

Bit 4

IPRA4 Description

0 IRQ4 and IRQs interrupt requests have priority level O (low priority) (Initial value)
1 IRQ4 and IRQs interrupt requests have priority level 1 (high priority)

Bit 3—Priority Level A3 (IPRA3): Selectsthe priority level of WDT, and A/D converter
interrupt requests.

Bit 3
IPRA3 Description
0 WDT, and A/D converter interrupt requests have priority level O (low priority)
(Initial value)
1 WDT, and A/D converter interrupt requests have priority level 1 (high priority)
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Bit 2—Priority Level A2 (IPRA2): Selectsthe priority level of 16-bit timer channel O interrupt
requests.

Bit 2

IPRA2 Description

0 16-bit timer channel 0 interrupt requests have priority level O (low priority) (Initial value)
1 16-bit timer channel O interrupt requests have priority level 1 (high priority)

Bit 1—Priority Level A1 (IPRA1): Selectsthe priority level of 16-bit timer channel 1 interrupt
requests.

Bit 1

IPRA1 Description

0 16-bit timer channel 1 interrupt requests have priority level O (low priority) (Initial value)
1 16-bit timer channel 1 interrupt requests have priority level 1 (high priority)

Bit 0—Priority Level A0 (IPRAOQ): Selectsthe priority level of 16-bit timer channel 2 interrupt
requests.

Bit O

IPRAO Description

0 16-bit timer channel 2 interrupt requests have priority level O (low priority) (Initial value)
1 16-bit timer channel 2 interrupt requests have priority level 1 (high priority)
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Interrupt Priority Register B (IPRB)

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

Bit 7 6 5 4 3 2 1 0

‘ IPRB7 ‘ IPRB6 ‘ — ‘ — ‘ IPRB3 ‘ IPRB2 ‘ — ‘ — ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Reserved bit

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

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

Reserved bit

Priority level B6
Selects the priority level of 8-bit timer channel 2, 3 interrupt requests

Priority level B7
Selects the priority level of 8-bit timer channel 0, 1 interrupt requests

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

Bit 7—Priority Level B7 (IPRB7): Selectsthe priority level of 8-bit timer channel 0, 1 interrupt
requests.

Bit 7
IPRB7 Description
0 8-bit timer channel 0 and 1 interrupt requests have priority level O (low priority)
(Initial value)
1 8-bit timer channel 0 and 1 interrupt requests have priority level 1 (high priority)
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Bit 6—Priority Level B6 (IPRB6): Selectsthe priority level of 8-bit timer channel 2, 3 interrupt
requests.

Bit 6
IPRB6 Description
0 8-bit timer channel 2 and 3 interrupt requests have priority level O (low priority)
(Initial value)
1 8-bit timer channel 2 and 3 interrupt requests have priority level 1 (high priority)

Bits 5 and 4—Reserved: This bit can be written and read, but it does not affect interrupt priority.

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

Bit 3

IPRB3 Description

0 SCI0 channel 0 interrupt requests have priority level O (low priority) (Initial value)
1 SCI0 channel 0 interrupt requests have priority level 1 (high priority)

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

Bit 2

IPRB2 Description

0 SCI1 channel 1 interrupt requests have priority level O (low priority) (Initial value)
1 SCI1 channel 1 interrupt requests have priority level 1 (high priority)

Bits 1 and 0—Reserved: This bit can be written and read, but it does not affect interrupt priority.
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523 IRQ Status Register (ISR)

ISR is an 8-bit readable/writable register that indicates the status of IRQp to IRQs interrupt
requests.

Bit 7 6 5 4 3 2 1 0
\ — \ — \ IRQS5F \ IRQ4F \ IRQ3F \ IRQ2F \ IRQ1F \ IRQOF \
Initial value 0 0 0 0 0 0 0 0
Read/Write — — RI(W)*  RIW)*  RIW)*  RIW)" R/(W)* R/I(W)
Reserved bits IRQ5 to IRQ, flags

These bits indicate IRQg to IRQ flag
interrupt request status

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

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

Bits5to 0—IRQsto IRQ Flags (IRQ5F to IRQOF): These bitsindicate the status of IRQs to
IRQq interrupt requests.

Bits 5t0 0

IRQ5F to IRQOF Description

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

1 [Setting conditions]

IRQNSC =0 and IRQnN input is low.
IRQNSC =1 and IRQn input changes from high to low.

Note: n=51t00
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524 IRQ Enable Register (IER)

IER is an 8-bit readable/writable register that enables or disables |RQs to IRQg interrupt requests.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ IRQ5E ‘ IRQ4E ‘ IRQ3E ‘ IRQ2E ‘ IRQ1E ‘ IRQOE ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Reserved bits IRQ; to IRQ, enable

These bits enable or disable IRQ 5 to IRQ interrupts

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

Bits 7 and 6—Reserved: These bits can be written and read, but they do not enable or disable
interrupts.

Bits5to 0—IRQsto IRQy Enable (IRQ5E to IRQOE): These bits enable or disable
IRQs to IRQ interrupts.

Bits 5t0 0

IRQ5E to IRQOE Description

0 IRQs to IRQ interrupts are disabled (Initial value)
1 IRQs to IRQy interrupts are enabled
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525 IRQ Sense Control Register (1SCR)

ISCR is an 8-hit readable/writable register that selects level sensing or falling-edge sensing of the
inputs at pins IRQs to IRQy.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ IRQSSC‘ IRQ4SC‘ IRQ3SC ‘ IRQZSC‘ IRQ1SC ‘ IRQOSC ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Reserved bits IRQ 5 to IRQ, sense control

These bits select level sensing or falling-edge
sensing for IRQ 5 to IRQ g interrupts

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

Bits 7 and 6—Reserved: These hits can be written and read, but they do not select level or
falling-edge sensing.

Bits5to 0—IRQs to IRQ Sense Control (IRQ5SC to |RQOSC): These bits select whether
interrupts |RQs to IRQ, are requested by level sensing of pins IRQs to IRQy, or by falling-edge
sensing.

Bits 5t0 0

IRQ5SC to IRQOSC Description

0 Interrupts are requested when IRQs to IRQq inputs are low (Initial value)
1 Interrupts are requested by falling-edge input at IRQs to IRQo
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5.3 Interrupt Sour ces

The interrupt sources include external interrupts (NMI, IRQo to IRQs) and 27 internal interrupts.

531 External Interrupts

There are seven external interrupts: NMI, and IRQ, to IRQs. Of these, NMI, IRQy, IRQ,, and
IRQ; can be used to exit software standby mode.

NMI: NMI isthe highest-priority interrupt and is always accepted, regardless of the states of the

| and Ul bitsin CCR*. The NMIEG bit in SY SCR selects whether an interrupt is requested by the
rising or falling edge of the input a the NMI pin. NMI interrupt exception handling has vector
number 7.

Note: * In the versions with on-chip flash memory, NMI input is sometimes disabled. For details
see 17.9, NMI Input Disabling Conditions.

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

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

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

» The status of IRQ to IRQs interrupt requestsisindicated in ISR. The ISR flags can be cleared
to 0 by software.

Figure 5.2 shows a block diagram of interrupts IRQg to 1RQs.

IRQNSC IRQNE
l IRQNF
Edgel/level - s 0 IRQn interrupt
sense circuit request
. R
IRQn input f
Clear signal

Note: n=51t00

Figure5.2 Block Diagram of InterruptsRQgto IRQs
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Figure 5.3 shows the timing of the setting of the interrupt flags (IRQnF).

IRQN
input pin

IRQNF

Note: n=5t00

Figure5.3 Timing of Setting of IRQNF

Interrupts IRQg to |RQs have vector numbers 12 to 17. These interrupts are detected regardless of
whether the corresponding pin is set for input or output. When using a pin for external interrupt
input, clear its DDR hit to 0 and do not use the pin for chip select output, SCI input/output, or A/D
external trigger input.

53.2 Internal Interrupts
Twenty-Seven internal interrupts are requested from the on-chip supporting modules.

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

* Interrupt priority levels can be assigned in IPRA and IPRB.

533 Interrupt Exception Handling Vector Table

Table 5.3 lists the interrupt exception handling sources, their vector addresses, and their default
priority order. In the default priority order, smaller vector numbers have higher priority. The
priority of interrupts other than NMI can be changed in IPRA and IPRB. The priority order after a
reset isthe default order shown in table 5.3.
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Tableb5.3

Interrupt Sources, Vector Addresses, and Priority

Vector Address™

Vector
Interrupt Source Origin Number Advanced Mode Normal Mode IPR Priority
NMI External 7 H'001C to H'001F H'000E to H'0O00F — High
IRQ, pins 12 H'0030 to H'0033 H'0018 to H0019 IPRA7 A
IRQ, 13 H'0034 to HO037 H'001A to H'001B IPRA6
IRQ, 14 H'0038 to H'003B H'001C to H'001D IPRA5S
IRQ, 15 H'003C to H'003F H'001E to H'001F
IRQ, 16 H'0040 to H'0043 H'0020 to H'0021 IPRA4
IRQ; 17 H'0044 to H'0047 H'0022 to H'0023
Reserved — 18 H'0048 to H'004B H'0024 to H'0025
19 H'004C to H'004F H'0026 to H'0027
WOVI Watchdog 20 H'0050 to H'0053 H'0028 to H'0029 IPRA3
(interval timer) timer
Reserved — 21 H'0054 to H'0057 H'002A to H'002B
22 H'0058 to H'005B H'002C to H'002D
ADI (A/D end) A/D 23 H'005C to H'005F H'002E to H'002F
IMIAO 16-bit timer 24 H'0060 to H'0063 H'0030 to H'0031 IPRA2
(compare match/ channel 0
input capture AO)
IMIBO 25 H'0064 to H'0067 H'0032 to H'0033
(compare match/
input capture BO)
OVIO (overflow 0) 26 H'0068 to H'006B H'0034 to H'0035
Reserved — 27 H'006C to H'006F H'0036 to H'0037
IMIAL 16-bit timer 28 H'0070 to H'0073 H'0038 to H'0039 IPRAL
(compare match/ channel 1
inputcapture Al)
IMIB1 29 H'0074 to H'0077 H'003A to H'003B
(compare match/
input capture B1)
OVI1 (overflow 1) 30 H'0078 to H'007B H'003C to H'003D Y
Reserved — 31 H'007C to H'007F H'003E to H'003F Low
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Vector Address™

Vector
Interrupt Source Origin Number Advanced Mode Normal Mode IPR Priority
IMIA2 16-bit timer 32 H'0080 to H'0083 H'0040 to H'0041 IPRAQO High
(compare match/  channel 2 A
input capture A2)
IMIB2 33 H'0084 to H'0087 H'0042 to H'0043
(compare match/
input capture B2)
OVI2 (overflow 2) 34 H'0088 to H'008B H'0044 to H'0045
Reserved — 35 H'008C to H'008F H'0046 to H'0047
CMIAO 8-bit timer 36 H'0090 to H'0093 H'0048 to H'0049 IPRB7
(compare match  channel 0/1
A0)
CMIBO 37 H'0094 to H'0097 H'004A to H'004B
(compare match
BO)
CMIA1/CMIB1 38 H'0098 to H'009B H'004C to H'004D
(compare match
Al1/B1)
TOVIO/TOVI1 39 H'009C to H'009F H'004E to H'004F
(overflow 0/1)
CMIA2 8-bit timer 40 H'00A0 to H'00A3 H'0050 to H'0051 IPRB6
(compare match  channel 2/3
A2)
CMIB2 41 H'00A4 to H'0O0A7 H'0052 to H'0053
(compare match
B2)
CMIA3/CMIB3 42 H'00A8 to H'00AB H'0054 to H'0055
(compare match
A3/B3)
TOVI2/TOVI3 43 H'00AC to H'0O0AF H'0056 to H'0057
(overflow 2/3)
Reserved — 44 H'00BO to H'00B3 H'0058 to H'0059 —
45 H'00B4 to H'00B7 H'005A to H'005B
46 H'00B8 to H'00BB H'005C to H'005D
47 H'00BC to H'0O0BF H'005E to H'005F
48 H'00CO0 to H'00C3 H'0060 to H'0061
49 H'00C4 to H'00C7 H'0062 to H'0063
50 H'00C8 to H'00CB H'0064 to H'0065 Y
51 H'00CC to H'00CF H'0066 to H'0067 Low
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Vector Address™

Vector
Interrupt Source Number Advanced Mode Normal Mode IPR Priority
ERIO 52 H'00DO0 to H'00D3 H'0068 to H'0069 IPRB3 High
(receive error 0) A
RXIO (receive 53 H'00D4 to H'00D7 H'006A to H'006B
data full 0)
TXIO (transmit 54 H'00D8 to H'00DB H'006C to H'006D
data empty 0)
TEIO 55 H'00DC to H'0ODF H'006E to H'006F
(transmit end 0)
ERI1 56 H'00EO to H'0O0E3 H'0070 to H'0071 IPRB2
(receive error 1)
RXI1 (receive 57 H'00E4 to H'O0OE7 H'0072 to H'0073
data full 1)
TXI1 (transmit 58 H'00ES8 to H'0O0EB H'0074 to H'0075
data empty 1)
TEI1 (transmit 59 H'00EC to H'O0OEF H'0076 to H'0077
end 1)
Reserved 60 H'00F0 to H'00OF3 H'0078 to H'0079 —
61 H'00F4 to H'00F7 H'007A to H'007B
62 H'00F8 to H'00FB H'007C to H'007D
63 H'00FC to HOOFF H'007E to H'007F Y
Low

Note: * Lower 16 bits of the address.
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54 Interrupt Operation

541 Interrupt Handling Process

The H8/3024 Group handles interrupts differently depending on the setting of the UE bit. When
UE =1, interrupts are controlled by the | bit. When UE = 0, interrupts are controlled by the | and
Ul bits. Table 5.4 indicates how interrupts are handled for all setting combinations of the UE, I,
and Ul bits.

NMI interrupts are always accepted except in the reset and hardware standby states™. IRQ
interrupts and interrupts from the on-chip supporting modules have their own enable bits. Interrupt
reguests are ignored when the enable bits are cleared to 0.

Note: * In the versions with on-chip flash memory, NMI input is sometimes disabled. For details
see 17.9, NMI Input Disabling Conditions.

Table5.4 UE, I, and Ul Bit Settingsand Interrupt Handling

SYSCR CCR

UE | ul Description

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

— No interrupts are accepted except NMI.

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

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

No interrupts are accepted except NMI.

UE = 1: Interrupts IRQq to IRQs and interrupts from the on-chip supporting modules can all be
masked by the | bit in the CPU’s CCR. Interrupts are masked when the | bit is set to 1, and
unmasked when the | bit is cleared to 0. Interrupts with priority level 1 have higher priority. Figure
5.4 is aflowchart showing how interrupts are accepted when UE = 1.
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1

Program execution state

Y

No
Interrupt requested?

Yes

Priority level 1?

Yes
Yes @ N o

Yes
Yes
No
1=0
_| Yes

Y
| Save PC and CCR |
Y
| |
Y

| Read vector address |

v

Branch to interrupt
service routine

Figure5.4 ProcessUptoInterrupt Acceptance when UE =1
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If an interrupt condition occurs and the corresponding interrupt enable bit isset to 1, an
interrupt request is sent to the interrupt controller.

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

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

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

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

Next thel hitisset to 1 in CCR, masking all interrupts except NMI.

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

UE = 0: Thel and Ul bitsin the CPU’s CCR and the I PR bits enable three-level masking of
IRQo to IRQs interrupts and interrupts from the on-chip supporting modules.

Interrupt requests with priority level 0 are masked when the | bit isset to 1, and are unmasked
when thel bitiscleared to O.

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

For example, if the interrupt enable bits of al interrupt requests are set to 1, IPRA is set to
H'20, and IPRB is set to H'00 (giving IRQ, and IRQ; interrupt requests priority over other
interrupts), interrupts are masked as follows:

a. If I =0, dl interrupts are unmasked (priority order: NMI > IRQ, > IRQ; > IRQp ...).
b. If 1 =1and Ul =0, only NMI, IRQ,, and IRQ; are unmasked.

c. If I=1and Ul =1, dl interrupts are masked except NMI.

Figure 5.5 shows the transitions among the above states.
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<0
a. Allinterrupts are - <1 Ul<0 b. Only NMI, IRQ,, and
unmasked ! - IRQ3 are unmasked

Exception handling,
orl «1,Ul «1

Ul -0
Exception handling,
orUl <1

c. All interrupts are
masked except NMI

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

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

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

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

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

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

* Thel and Ul bitsare set to 1 in CCR, masking all interrupts except NMI.

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

Program execution state
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/

No
Interrupt requested?

No

| Save PC and CCR |
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| Read vector address |
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Branch to interrupt
service routine

Figure5.6 ProcessUp toInterrupt Acceptance when UE =0
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Interrupt Exception Handling Sequence

54.2

Figure 5.7 shows the interrupt exception handling sequence in mode 2 when the program code and

stack arein an external memory area accessed in two states via a 16-bit bus.
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Figure5.7 Interrupt Exception Handling Sequence
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543 Interrupt Response Time

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

Table5.5 Interrupt Response Time
External Memory
On-Chip 8-Bit Bus 16-Bit Bus
No. Item Memory 2 States 3 States 2 States 3 States
1 Interrupt priority 2"t 2"t 2+t 2"t 2"t
decision
2 Maximum number 1to23 1to 27 1to 31** 1to 23 1 to 25™*
of states until end of
current instruction
3 Saving PC and CCR 4 8 12** 4 64
to stack
4 Vector fetch 4 8 12** 4 64
5 Instruction fetch*? 4 8 12*4 4 6**
6 Internal processing*3 4 4 4 4 4
Total 19to 41 31to 57 431073 19to 41 2510 49
Notes: 1. 1 state for internal interrupts.

2.

Prefetch after the interrupt is accepted and prefetch of the first instruction in the

interrupt service routine.

Internal processing after the interrupt is accepted and internal processing after vector

fetch.

The number of states increases if wait states are inserted in external memory access.
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55 Usage Notes

551 Contention between Interrupt and Interrupt-Disabling I nstruction

When an ingtruction clears an interrupt enable bit to 0 to disable the interrupt, the interrupt is not
disabled until after execution of the instruction is completed. If an interrupt occurs whileaBCLR,
MOQV, or other instruction is being executed to clear itsinterrupt enable bit to 0, at the instant
when execution of the instruction ends the interrupt is still enabled, so itsinterrupt exception
handling is carried out. If ahigher-priority interrupt is also requested, however, interrupt exception
handling for the higher-priority interrupt is carried out, and the lower-priority interrupt is ignored.
This also appliesto the clearing of an interrupt flag to O.

Figure 5.8 shows an example in which an IMIEA bit is cleared to O in the 16-bit timer’ s TISRA
register.

TISRA write cycle by CPU

[
——

IMIA exception handling

Internal |
address bus >< TISRA address >< ><

Internal ! !
write signal | |

IMIEA

-

IMFA interrupt
signal

Figure5.8 Contention between Interrupt and Interrupt-Disabling I nstruction

Thistype of contention will not occur if the interrupt is masked when the interrupt enable bit or
flagiscleared to 0.
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55.2 Instructionsthat I nhibit Interrupts

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

553 Interruptsduring EEPM OV Instruction Execution
The EEPMOV.B and EEPMOV.W instructions differ in their reaction to interrupt requests.

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

When the EEPMOV.W instruction is executing a transfer, interrupt requests other than NM1 are
not accepted until the transfer is completed. If NMI is requested, NMI exception handling starts at
atransfer cycle boundary. The PC value saved on the stack is the address of the next instruction.
Programs should be coded as follows to allow for NMI interrupts during EEPMOV.\W execution:

L1: EEPMOV. W
MOV. W R4, R4
BNE L1
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6.1

Section 6 Bus Controller

Overview

The H8/3024 Group has an on-chip bus controller (BSC) that manages the external address space
divided into eight areas. The bus specifications, such as bus width and number of access states,
can be set independently for each area, enabling multiple memoriesto be connected easily.

The bus controller also has a bus arbitration function that controls the operation of the internal bus
masters—the CPU can release the busto an external device.

6.1.1

Features

The features of the bus controller are listed below.

* Manages external address space in area units

ad

O

Manages the external space as eight areas (0 to 7) of 128 kbytesin 1M-byte modes, or 2
Mbytesin 16-Mbyte modes
Bus specifications can be set independently for each area

e Basic businterface

u
g
g
g

O

Chip select (CS, to CS;) can be output for areas 0to 7

8-hit access or 16-bit access can be selected for each area
Two-state access or three-state access can be selected for each area
Program wait states can be inserted for each area

Pin wait insertion capability is provided

» ldlecycleinsertion

u
g

Anidle cycle can be inserted in case of an external read cycle between different areas

Anidle cycle can be inserted when an external read cycleisimmediately followed by an
external write cycle

« Bus arhitration function

ad

A built-in bus arbiter grants the bus right to the CPU, or an external bus master

¢ Other features

O

Choice of two address update modes
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6.1.2 Block Diagram

Figure 6.1 shows a block diagram of the bus controller.

CSoto CS7
ABWCR
ASTCR
BCR K
[Internal address busy| Area CSCR
decoder -
Chip select ADRCR
control signals
Bus control
circuit
Wait state
_ controller
WAIT RN
WCRH
T
WCRL B
- Internal signals -----, : L
: ] i BRCR
1 CPU bus request signal h
I | .
' CPU bus acknowledge signal |«——|  Bus arbiter
Lo |
|—> BACK
Legend: BREQ
ABWCR: Bus width control register
ASTCR: Access state control register
WCRH:  Wait control register H
WCRL:  Wait control register L
BRCR: Bus release control register
CSCR:  Chip select control register
ADRCR: Address control register
BCR: Bus control register

Internal data bus

---Internal signals ---,

I . |
—>1 Bus mode control S|gnal:

1 Bus size control signal |
|

I
—1 Access state control signal!

1 Wait request signal !
S

Figure6.1 Block Diagram of Bus Controller
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6.1.3 Pin Configuration

Table 6.1 summarizes the input/output pins of the bus controller.

Table6.1 BusController Pins

Name Abbreviation 110 Function

Chipselect0to7  CSyto CS; Output Strobe signals selecting areas 0 to 7

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

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

High write HWR Output Strobe signal indicating writing to the external
address space, with valid data on the upper
data bus (D35 to Dg)

Low write LWR Output Strobe signal indicating writing to the external
address space, with valid data on the lower
data bus (D7 to Do)

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

Bus request BREQ Input Request signal for releasing the bus to an
external device

Bus acknowledge BACK Output Acknowledge signal indicating release of the

bus to an external device
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6.14 Register Configuration
Table 6.2 summarizes the bus controller’ sregisters.

Table6.2 BusController Registers

Address™* Name Abbreviation R/W Initial Value
H'EE020 Bus width control register ABWCR R/W H'FF*?
H'EEO21 Access state control register ASTCR R/W H'FF
H'EEO22 Wait control register H WCRH R/W H'FF
H'EEO023 Wait control register L WCRL R/W H'FF
H'EEO13 Bus release control register BRCR R/W H'FE*®
H'EEO1F Chip select control register CSCR R/W H'OF
H'EEO1E Address control register ADRCR R/W H'FF
H'EE024 Bus control register BCR R/W H'C6

Notes: 1. Lower 20 bits of the address in advanced mode.
2. In modes 2 and 4, the initial value is H'00.
3. In modes 3 and 4, the initial value is H'EE.

6.2 Register Descriptions

6.2.1 BusWidth Control Register (ABWCR)

ABWCR is an 8-bit readable/writable register that selects 8-bit or 16-bit access for each area.

Bit 7 6 5 4 3 2 1 0

‘ ABW7 ‘ ABW6 ‘ ABWS ‘ ABW4 ‘ ABW3 ‘ ABW?2 ‘ ABW1 ‘ ABWO
'l’f";e; 6‘{Initial value 1 1 1 1 1 1 1 1
and 7 Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Modes {Initial value 0 0 0 0 0 0 0 0
2and4 | peadwrite RW ~ RW RW RW RW RW  RW  RW

When ABWCR contains H'FF (selecting 8-bit access for all areas), the chip operatesin 8-bit bus
mode: the upper data bus (D35 to Dg) isvalid, and port 4 is an input/output port. When at least one
bit is cleared to 0 in ABWCR, the chip operates in 16-bit bus mode with a 16-bit data bus (D5 to
D). Inmodes1, 3,5, 6, and 7, ABWCR isinitialized to H'FF by areset and in hardware standby
mode. In modes 2 and 4, ABWCR isinitialized to H'00 by areset and in hardware standby mode.
It is not initialized in software standby mode.
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Bits 7 to 0—Area 7 to 0 BusWidth Control (ABW7to ABWO0): These hits select 8-bit access
or 16-hit access for the corresponding areas.

Bits 7to 0

ABW?7 to ABWO Description

0 Areas 7 to 0 are 16-bit access areas
1 Areas 7 to 0 are 8-bit access areas

ABWCR specifies the data bus width of external memory areas. The data bus width of on-chip
memory and registersis fixed, and does not depend on ABWCR settings. These settings are
therefore invalid in the single-chip modes (modes 6 and 7).

6.2.2 Access State Control Register (ASTCR)

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

Bit 7 6 5 4 3 2 1 0

AST7 AST6 AST5 AST4 AST3 AST2 AST1 ASTO

Initial value 1 1 1 1 1 1 1 1

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

Bits selecting number of states for access to each area

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

Bits 7 to 0—Area 7to 0 Access State Control (AST7to ASTO0): These bits select whether the
corresponding areais accessed in two or three states.

Bits 7to 0

AST7 to ASTO Description

0 Areas 7 to 0 are accessed in two states

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

ASTCR specifies the number of statesin which external areas are accessed. On-chip memory and
registers are accessed in afixed number of statesthat does not depend on ASTCR settings. These
settings are therefore meaningless in the single-chip modes (modes 6 and 7).
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6.2.3 Wait Control RegistersH and L (WCRH, WCRL)

WCRH and WCRL are 8-bit readable/writable registers that select the number of program wait
states for each area.

On-chip memory and registers are accessed in afixed number of states that does not depend on
WCRH/WCRL settings.

WCRH and WCRL are initialized to H'FF by areset and in hardware standby mode. They are not
initialized in software standby mode.

WCRH

Bit 7 6 5 4 3 2 1 0
w71 W70 w61 W60 W51 W50 w41 W40

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

Bits7 and 6—Area 7 Wait Control 1 and 0 (W71, W70): These bits select the number of
program wait states when area 7 in external space is accessed while the AST7 bit in ASTCR is set
tol.

Bit 7 Bit 6
w71 W70 Description
0 0 Program wait not inserted when external space area 7 is accessed
1 1 program wait state inserted when external space area 7 is accessed
1 0 2 program wait states inserted when external space area 7 is accessed
1 3 program wait states inserted when external space area 7 is accessed

(Initial value)
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Bits5 and 4—Area 6 Wait Control 1 and 0 (W61, W60): These bits select the number of
program wait states when area 6 in external space is accessed while the AST6 bit in ASTCR is set
to 1l

Bit 5 Bit 4
W61 W60 Description
0 0 Program wait not inserted when external space area 6 is accessed
1 1 program wait state inserted when external space area 6 is accessed
1 0 2 program wait states inserted when external space area 6 is accessed
1 3 program wait states inserted when external space area 6 is accessed

(Initial value)

Bits 3 and 2—Area 5 Wait Control 1 and 0 (W51, W50): These hits select the number of
program wait states when area 5 in external space is accessed while the AST5 bit in ASTCR is set
to 1.

Bit 3 Bit 2
w51 W50 Description
0 0 Program wait not inserted when external space area 5 is accessed
1 1 program wait state inserted when external space area 5 is accessed
1 0 2 program wait states inserted when external space area 5 is accessed
1 3 program wait states inserted when external space area 5 is accessed

(Initial value)

Bits1 and 0—Area 4 Wait Control 1 and 0 (W41, W40): These bits select the number of
program wait states when area4 in external space is accessed while the AST4 bit in ASTCR is set
tol.

Bit 1 Bit 0
w41 W40 Description
0 0 Program wait not inserted when external space area 4 is accessed
1 1 program wait state inserted when external space area 4 is accessed
1 0 2 program wait states inserted when external space area 4 is accessed
1 3 program wait states inserted when external space area 4 is accessed

(Initial value)
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WCRL

Bit 7 6 5 4 3 2 1 0
w31l W30 w21 W20 wil W10 wo1l W00

Initial value 1 1 1 1 1 1 1 1

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

Bits 7 and 6—Area 3 Wait Control 1 and 0 (W31, W30): These hits select the number of
program wait states when area 3 in external space is accessed while the AST3 bit in ASTCR is set
to 1.

Bit 7 Bit 6
w31 W30 Description
0 0 Program wait not inserted when external space area 3 is accessed
1 1 program wait state inserted when external space area 3 is accessed
1 0 2 program wait states inserted when external space area 3 is accessed
1 3 program wait states inserted when external space area 3 is accessed

(Initial value)

Bits5 and 4—Area 2 Wait Control 1 and 0 (W21, W20): These hits select the number of
program wait states when area 2 in external space is accessed whilethe AST2 bit in ASTCR is set
tol.

Bit 5 Bit 4
w21 W20 Description
0 0 Program wait not inserted when external space area 2 is accessed
1 1 program wait state inserted when external space area 2 is accessed
1 0 2 program wait states inserted when external space area 2 is accessed
1 3 program wait states inserted when external space area 2 is accessed

(Initial value)
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Bits3 and 2—Area 1 Wait Control 1 and 0 (W11, W10): These hits select the number of
program wait states when area 1 in external space is accessed whilethe AST1 bit in ASTCR is set
tol.

Bit 3 Bit 2
w1l w10 Description
0 0 Program wait not inserted when external space area 1 is accessed
1 1 program wait state inserted when external space area 1 is accessed
1 0 2 program wait states inserted when external space area 1 is accessed
1 3 program wait states inserted when external space area 1 is accessed

(Initial value)

Bits1 and 0—Area 0 Wait Control 1 and 0 (W01, WQ00): These hits select the number of
program wait states when area 0 in external space is accessed while the ASTO bit in ASTCR is set
to 1.

Bit 1 Bit 0
wo1 W00 Description
0 0 Program wait not inserted when external space area 0 is accessed
1 1 program wait state inserted when external space area 0O is accessed
1 0 2 program wait states inserted when external space area 0 is accessed
1 3 program wait states inserted when external space area 0 is accessed

(Initial value)
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6.24 BusRelease Control Register (BRCR)

BRCR is an 8-hit readable/writable register that enables address output on bus lines A,z to A, and

enables or disables release of the bus to an external device.

Bit 7 6 5 4 2 0
‘ A23E ‘ A22E ‘ A21E ‘ A20E ‘ ‘ — ‘ ‘ BRLE ‘

Modes .
1.2 6, Initial value 1 1 1 1 1 0
and 7 Read/Write — — — — — R/W
Modes | Initial value 1 1 1 0 1 0
3and 4 | Read/Write R/W R/W RIW — — RIW

Initial value 1 1 1 1 1 0
Mode 5 .

Read/Write R/W R/W R/W R/W — R/W

Address 23 to 20 enable
These bits enable PA; to PA, to be
used for A,; to A,, address output

Reserved bits

Bus release enable ——

Enables or disables release
of the bus to an external device

BRCRisinitialized to H'FE in modes 1, 2, 5, 6, and 7, and to H'EE in modes 3 and 4, by areset
and in hardware standby mode. It is not initialized in software standby mode.

Bit 7—Address 23 Enable (A23E): Enables PA, to be used asthe A; address output pin.
Writing 0 in this bit enables A, output from PA,. In modes other than 3, 4, and 5, this bit cannot
be modified and PA, has its ordinary port functions.

Bit 7

A23E Description

0 PA, is the A3 address output pin

1 PA, is an input/output pin (Initial value)
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Bit 6—Address 22 Enable (A22E): Enables PAs to be used asthe A,, address output pin.
Writing O in this bit enables A, output from PAs. In modes other than 3, 4, and 5, this bit cannot
be modified and PAs has its ordinary port functions.

Bit 6

A22E Description

0 PAs is the Ay, address output pin

1 PAs is an input/output pin (Initial value)

Bit 5—Address 21 Enable (A21E): Enables PA; to be used asthe A,; address output pin.
Writing O in this bit enables A,; output from PAs. In modes other than 3, 4, and 5, this bit cannot
be modified and PAg has its ordinary port functions.

Bit 5

A21E Description

0 PAg is the Ay, address output pin

1 PAs is an input/output pin (Initial value)

Bit 4—Address 20 Enable (A20E): Enables PA; to be used as the A, address output pin.
Writing 0 in this bit enables A,y output from PA;. Thisbit can only be modified in mode 5.

Bit 4

A20E Description

0 PA; is the Ay address output pin (Initial value when in mode 3 or 4)
1 PA; is an input/output pin (Initial value when in mode 1, 2, 5, 6 or 7)

Bits 3 to 1—Reserved: These bits cannot be modified and are alwaysread as 1.

Bit 0—Bus Release Enable (BRLE): Enables or disables release of the bus to an external device.

Bit O
BRLE Description
0 The bus cannot be released to an external device
BREQ and BACK can be used as input/output pins (Initial value)
1 The bus can be released to an external device
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6.2.5 Bus Control Register (BCR)

Bit 7 6 5 4 3 2 1 0
ICIS1 ICISO — — — — RDEA WAITE

Initial value 1 1 0* 0* o* 1 1 0

Read/Write R/W R/W — — — — R/W R/W

Note: * 1 must not be written in bits 5 to 3.

BCR is an 8-hit readable/writable register that enables or disables idle cycle insertion, selects the
areadivision unit, and enables or disables WAIT pin input.

BCRisinitialized to H'C6 by areset and in hardware standby mode. It isnot initialized in
software standby mode.

Bit 7—Ildle Cycle Insertion 1 (1CI S1): Selects whether oneidle cycle stateis to be inserted
between bus cycles in case of consecutive external read cycles for different areas.

Bit 7

ICIS1 Description

0 No idle cycle inserted in case of consecutive external read cycles for different
areas

1 Idle cycle inserted in case of consecutive external read cycles for different
areas (Initial value)

Bit 6—Idle CycleInsertion O (1 CI S0): Selects whether one idle cycle stateis to be inserted
between bus cycles in case of consecutive external read and write cycles.

Bit 6

ICISO Description

0 No idle cycle inserted in case of consecutive external read and write cycles
1 Idle cycle inserted in case of consecutive external read and write cycles

(Initial value)

Bits5to 3—Reserved (must not be set to 1): These bits can be read and written, but must not be
set to 1. Normal operation cannot be guaranteed if 1 iswritten in these bits.

Bit 2—Reserved: Read-only bit, alwaysread as 1.
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Bit 1—Area Division Unit Sdlect (RDEA): Selects the memory map area division units. This bit
isvalidin modes 3, 4, and 5, and isinvalid in modes 1, 2, 6, and 7.

Bit 1
RDEA Description
0 Area divisions are as follows: Area 0: 2 Mbytes Area 4: 1.93 Mbytes
Area 1: 2 Mbytes Area 5: 4 kbytes
Area 2: 8 Mbytes Area 6: 23.75 kbytes
(19.75 kbytes)*
Area 3: 2 Mbytes Area 7: 22 bytes
1 Areas 0 to 7 are the same size (2 Mbytes) (Initial value)

Note: * Division in the H8/3024F-ZTAT and H8/3024 mask ROM version.

Bit 0—WAIT Pin Enable (WAITE): Enables or disables wait insertion by means of the WAIT
pin.

Bit 0

WAITE Description

0 WAIT pin wait input is disabled, and the WAIT pin can be used as an
input/output port (Initial value)

1 WAIT pin wait input is enabled
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6.2.6 Chip Select Control Register (CSCR)

CSCR is an 8-bit readable/writable register that enables or disables output of chip select signals
(@7 to @4) .

If output of achip select signal CS; to CS, is enabled by a setting in this register, the

corresponding pin functions a chip select signal (CS; to CS,) output regardless of any other
settings. CSCR cannot be modified in single-chip mode.

Bit 7 6 5 4 3 2 1 0

CS7E CS6E CS5E CS4E — — — —

Initial value 0 0 0 0 1 1 1 1
Read/Write R/W R/W R/W R/W — — — —
Chip select 7 to 4 enable Reserved bits

These bits enable or disable
chip select signal output

CSCRiisinitialized to H'OF by areset and in hardware standby mode. It isnot initialized in
software standby mode.

Bits 7 to 4—Chip Select 7 to 4 Enable (CS7E to CS4E): These hits enable or disable output of
the corresponding chip select signal.

Bit n

CSnE Description

0 Output of chip select signal CSn is disabled (Initial value)
1 Output of chip select signal CSn is enabled

Note: n=7to4

Bits 3 to 0—Reserved: These bits cannot be modified and are alwaysread as 1.
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6.2.7 Address Control Register (ADRCR)

ADRCR is an 8-hit readable/writable register that selects either address update mode 1 or address
update mode 2 as the address output method.

Bit 7 6 5 4 3 2 1 0
— — — — — — — ADRCTL
Initial value 1 1 1 1 1 1 1 1
Read/Write — — — — — — — R/W
Reserved bits Address control

Selects address
update mode 1 or
address update
mode 2

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

Bits 7 to 1—Reser ved: Read-only bits, alwaysread as 1.

Bit 0—Address Control (ADRCTL): Selects the address output method.

Bit 0

ADRCTL Description

0 Address update mode 2 is selected

1 Address update mode 1 is selected (Initial value)
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6.3 Operation

6.3.1 AreaDivision

The external address spaceisdivided into areas 0 to 7. Each area hasa size of 128 kbytesin the 1-
Mbyte modes, or 2 Mbytes in the 16-Mbyte modes. Figure 6.2 shows a general view of the
memory map.

H'00000 H'000000

Area 0 (128 kbytes) Area 0 (2 Mbytes)
H'1FFFF H'1FFFFF
H'20000 H'200000

Area 1 (128 kbytes) Area 1 (2 Mbytes)
H'3FFFF H'3FFFFF
H'40000 H'400000

Area 2 (128 kbytes) Area 2 (2 Mbytes)
H'SFFFF H'SFFFFF
H'60000 H'600000

Area 3 (128 kbytes) Area 3 (2 Mbytes)
H'7FFFF H'7FFFFF
H'80000 H'800000

Area 4 (128 kbytes) Area 4 (2 Mbytes)
H'OFFFF H'OFFFFF
H'A0000 H'A00000

Area 5 (128 kbytes) Area 5 (2 Mbytes)
H'BFFFF H'BFFFFF
H'C0000 H'C00000

Area 6 (128 kbytes) Area 6 (2 Mbytes)
H'DFFFF H'DFFFFF
H'E0000 Area 7 (128 Mbytes) H'E00000 Area 7 (2 Mbytes)
H'FFFFF H'FFFFFF

(a) 1-Mbyte modes (modes 1 and 2) (b) 16-Mbyte modes (modes 3 to 5)

Figure6.2 Access AreaMap for Each Operating Mode

Chip select signals (CS, to CS-) can be output for areas 0to 7. The bus specifications for each
areaare selected in ABWCR, ASTCR, WCRH, and WCRL.

In 16-Mbyte mode, the area division units can be selected with the RDEA bit in BCR.
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H'000000 3
Area 0 Area 0 B
2 Mbytes 2 Mbytes S
H'1FFFFF o
H'200000 o
Area 1 Area 1 %
2 Mbytes 2 Mbytes >
H'3FFFFF b
H'400000 0
Area 2 _‘%
2 Mbytes Area 2 =
y rea ~
H'5FFFFF 8 Mbytes v
H'600000 2
Area 3 2
2 Mbytes =
H7FFFFF o
H'800000 @
Area 4 <
2 Mbytes §
H'9FFFFF ~
H'A00000 0
Area 5 %
2 Mbytes =
HBFFFFF o
H'C00000 »
Area 6 Area 3 ’g
2 Mbytes 2 Mbytes 2
H'DFFFFF, o
H'E00000 Area 7 Area 4
1.93 Mbytes 1.93 Mbytes
H'FEE000
Internal I/O registers (1) Internal I/O registers (1)
H'FEEOFF
H'FEE100
Reserved 39.75 kbytes
i —
HFF8000 Area 5
HFF8FFF| 4 kbytes
H'FF9000
Area 7 Area 6 2
67.5 kbytes 23.75 kbytes g
=
2 o~
H'FFEFLF 02
= ©O
H'FFEF20 5«
29
Qoo
<5
On-chip RAM On-chip RAM k]
4 kbytes 4 kbytes®
HFFFEFF|_ _ _ _ _ _ e e e ] P R
H'FFFFO0 T
@
H'FFFF1F £
HFFFF20 ) ) So
Internal I/O registers (2) Internal I/O registers (2) ° 9
H'FFFFE9 § g
HFFFFEA Area 7 Area 7 B
p— 22 bytes 22 bytes 1

Note: * Area 6 when the RAME bit is cleared.

(A) Memory map when RDEA =1

(b) Memory map when RDEA =0

Figure6.3 Memory Map in 16-Mbyte Mode

(H8/3024F-ZTAT, H8/3024 Mask ROM Verion) (1)
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H'000000 3
Area 0 Area 0 B
2 Mbytes 2 Mbytes S
H'1FFFFF o
H'200000 ®
Area 1 Area 1 %
2 Mbytes 2 Mbytes =
H'3FFFFF ~
H'400000 2
Area 2 _‘%
2 Mbytes Area 2 =
. rea ~
H'5FFFFF 8 Mbytes -
H'600000 2
Area 3 2
2 Mbytes =
H7FFFFF o
H'800000 @
Area 4 e
2 Mbytes §
H'9FFFFF ~
H'A00000 0
Area 5 %
2 Mbytes =
H'BFFFFF o
H'C00000 »
Area 6 Area 3 ’g
2 Mbytes 2 Mbytes 2
H'DFFFFF, o
H'E00000 Area 7 Area 4
1.93 Mbytes 1.93 Mbytes
H'FEE000
Internal I/O registers (1) Internal I/O registers (1)
H'FEEOFF
H'FEE100
Reserved 39.75 kbytes
i —
HFF8000 Area 5
HFF8FFF| 4 kbytes
H'FF9000
Area 7 Area 6 2
63.5 kbytes 19.75 kbytes %
=
2 o~
H'FFDF1F 02
= ©O
H'FFDF20 2
34
Qoo
<5
On-chip RAM On-chip RAM k]
8 kbytes 8 kbytes®
HFFFEFF|_ _ _ _ _ _ e e e ] P O
H'FFFFO0 T
%)
H'FFFF1F © 2
HFFFF20 Internal I/O registers (2) Internal I/O registers (2) % 2
H'FFFFE9 é g
HFFFFEA Area 7 Area 7 B
p— 22 bytes 22 bytes 1

(A) Memory map when RDEA =1

Note: * Area 6 when the RAME bit is cleared.

(b) Memory map when RDEA =0

Figure6.3 Memory Map in 16-Mbyte Mode

(H8/3026F-ZTAT, H8/3026 Mask ROM Verion) (2)
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6.3.2 Bus Specifications

The external space bus specifications consist of three elements. bus width, number of access
states, and number of program wait states.

The bus width and number of access states for on-chip memory and registers are fixed, and are not
affected by the bus controller.

BusWidth: A buswidth of 8 or 16 bits can be selected with ABWCR. An areafor which an 8-bit
busis selected functions as an 8-bit access space, and an area for which a 16-bit busis selected
functions as al6-bit access space.

If all areas are designated for 8-bit access, 8-bit bus modeis set; if any areais designated for 16-
bit access, 16-bit bus mode is set.

Number of Access States: Two or three access states can be selected with ASTCR. An areafor
which two-state access is selected functions as a two-state access space, and an areafor which
three-state access is selected functions as a three-state access space.

When two-state access space is designated, wait insertion is disabled.

Number of Program Wait States: When three-state access space is designated in ASTCR, the
number of program wait statesto be inserted automatically is selected with WCRH and WCRL.
From O to 3 program wait states can be selected.

Table 6.3 shows the bus specifications for each basic bus interface area.
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Table6.3 Bus Specificationsfor Each Area (Basic Bus Interface)

ABWCR ASTCR WCRH/WCRL Bus Specifications (Basic Bus Interface)

ABWn ASTn Wnl WnoO Bus Width  Access States Program Wait States

0 0 — — 16 2 0

1 0 0 3 0

1 1

1 0 2

1 3

1 — — 8 0

0 0 0

1 1

1 0 2

1 3

Note: n=0to7

6.3.3 Memory Interfaces

Asits memory interface, the H8/3024 Group has only a basic bus interface that allows direct
connection of ROM, SRAM, and so on. It is not possible to select a DRAM interface that allows
direct connection of DRAM, or aburst ROM interface that allows direct connection of burst
ROM.
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6.3.4 Chip Select Signals

For each of areas 0 to 7, the H8/3024 Group can output a chip select signal (CS, to CS;) that goes
low when the corresponding area is selected in expanded mode. Figure 6.4 shows the output
timing of aCSn signal.

Output of CSyto CS3: Output of CS, to CS; isenabled or disabled in the data direction register
(DDR) of the corresponding port.

In the expanded modes with on-chip ROM disabled, areset leaves pin CS, in the output state and
pins CS; to CS; in the input state. To output chip select signals CS; to CSs, the corresponding
DDR bits must be set to 1. In the expanded modes with on-chip ROM enabled, areset leaves pins
CS, to CSzinthe input state. To output chip select signals CS to CSs, the corresponding DDR
bits must be set to 1. For details, see section 7, 1/0 Ports.

Output of CS,to CS;: Output of CS4to CS; isenabled or disabled in the chip select control
Egi ster ESCR). A reset leaves pins CS4 to CS- in the input state. To output chip select signals
CS,to CS5, the corresponding CSCR bits must be set to 1. For details, see section 7, 1/0 Ports.

o | L

Address bus >< External address in area n ><

Sn

Figure6.4 CSn Signal Output Timing(n=0to07)

When the on-chip ROM, on-chip RAM, and internal 1/O registers are accessed, CS, to CS; remain
high. The CS, signals are decoded from the address signals. They can be used as chip select
signals for SRAM and other devices.
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6.3.5 Address Output Method

The H8/3024 Group provides a choice of two address update methods: either the same method as
in the previous H8/300H Series (address update mode 1), or a method in which address updating is
restricted to external space accesses (address update mode 2).

Figure 6.5 shows examples of address output in these two update modes.

On-chip External On-chip External On-chip
memory cycle read cycle memory cycle read cycle memory cycle
Address bus
(Address update X X
mode 1)

Address bus
(Address update
mode 2)

FD o I

Figure6.5 Sample Address Output in Each Address Update M ode
(Basic Bus Interface, 3-State Space)

Address Update Mode 1: Address update mode 1 is compatible with the previous H8/300H
Series. Addresses are always updated between bus cycles.

Address Update Mode 2: In address update mode 2, address updating is performed only in
external space accesses. In this mode, the address can be retained between an external space read
cycle and an instruction fetch cycle (on-chip memory) by placing the program in on-chip memory.
Address update mode 2 is therefore useful when connecting a device that requires address hold
time with respect to the rise of the RD strobe.

Switching between address update modes 1 and 2 is performed by means of the ADRCTL hit in
ADRCR. Theinitial value of ADRCR is the address update mode 1 setting, providing
compatibility with the previous H8/300H Series.

Rev. 2.00 Sep 20, 2005 page 130 of 800
REJ09B0260-0200

RENESAS



Section 6 Bus Controller

6.4 Basic BusInterface

6.4.1 Overview
The basic bus interface enables direct connection of ROM, SRAM, and so on.

The bus specifications can be selected with ABWCR, ASTCR, WCRH, and WCRL
(seetable 6.3).

6.4.2 Data Size and Data Alignment

Data sizes for the CPU and other internal bus masters are byte, word, and longword. The bus
controller has a data alignment function, and when accessing external space, controls whether the
upper data bus (D45 to Dg) or lower data bus (D to Do) is used according to the bus specifications
for the area being accessed (8-hit access area or 16-bit access ared) and the data size.

8-Bit Access Areas. Figure 6.6 illustrates data alignment control for 8-bit access space. With 8-
bit access space, the upper data bus (D5 to Dg) is always used for accesses. The amount of data
that can be accessed at onetime is one byte: aword access is performed as two byte accesses, and
alongword access, as four byte accesses.

Upper data bus Lower data bus
ID15 D&l_D7

Byte size |

Word size 1st bus cycle |

| 2nd bus cycle |

[ 1st bus cycle

L dsi
ongword size 2nd bus cycle

3rd bus cycle

| 4th bus cycle

Figure6.6 Access Sizesand Data Alignment Control (8-Bit Access Area)
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16-Bit Access Areas. Figure 6.7 illustrates data alignment control for 16-bit access areas. With
16-hit access areas, the upper data bus (D5 to Dg) and lower data bus (D5 to Do) are used for
accesses. The amount of data that can be accessed at onetime is one byte or one word, and a
longword access is executed as two word accesses.

In byte access, whether the upper or lower data busis used is determined by whether the addressis
even or odd. The upper data busis used for an even address, and the lower data bus for an odd
address.

Upper data bus Lower data bus
IDlS DSIDJ _____________ DQI
Byte size « Even address | : : : : : : : |
Byte size ¢ Odd address | L , ) |
Word size | — T | — T |

Longword size |:1stbuscycle | : : : : : : : : : : : : : :

2nd bus cycle |

Figure6.7 Access Sizesand Data Alignment Control (16-Bit Access Area)

6.4.3 Valid Strobes
Table 6.4 shows the data buses used, and the valid strobes, for the access spaces.
In aread, the RD signal is valid for both the upper and the lower half of the data bus.

In awrite, the HWR signal isvalid for the upper half of the data bus, and the LWR signal for the
lower half.
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Table6.4 DataBusesUsed and Valid Strobes

Access Read/ Valid Upper Data Bus Lower Data Bus
Area Size Write Address Strobe (Disto Ds) (D7 to Dg)
8-bit access  Byte Read — RD Valid Invalid
area Write  — HWR Undetermined data
16-bit access Byte Read Even RD Valid Invalid
area Odd Invalid Valid
Write Even HWR  Valid Undetermined data
Odd LWR Undetermined data Valid
Word Read — RD Valid Valid
Write — ﬂ—R Valid Valid
LWR

Notes: 1. Undetermined data means that unpredictable data is output.
2. Invalid means that the bus is in the input state and the input is ignored.

6.4.4 Memory Areas

Theinitial state of each areais basic bus interface, three-state access space. The initial bus width
is selected according to the operating mode.

Area 0: Area 0 includes on-chip ROM, and in ROM-disabled expansion mode, all of areaOis
external space. In ROM-enabled expansion mode, the space excluding on-chip ROM is external
space.

When area 0 external space is accessed, the CS, signal can be output.

The size of area 0 is 128 kbytesin modes 1 and 2, and 2 Mbytes in modes 3to 5.

Areas1to6: Inexternal expansion mode, areas 1 to 6 are entirely external space.
When area 1 to 6 external space is accessed, the CS; to CSg pin signals respectively can be outpt.
Thesizeof areas 1t0 6 is 128 kbytesin modes 1 and 2, and 2 Mbytesin modes 3to 5.

Area 7. Area7 includesthe on-chip RAM and registers. In external expansion mode, the space
excluding the on-chip RAM and registersis external space. The on-chip RAM is enabled when
the RAME hit in the system control register (SY SCR) is set to 1; when the RAME hit is cleared to
0, the on-chip RAM is disabled and the corresponding space becomes external space .

When area 7 external space is accessed, the CS; signal can be output.

Thesize of area 7 is 128 kbytesin modes 1 and 2, and 2 Mbytesin modes 3to 5.
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6.4.5 Basic Bus Control Signal Timing

8-Bit, Three-State-Access Areas. Figure 6.8 shows the timing of bus control signals for an 8-bit,
three-state-access area. The upper data bus (D35 to Dg) is used in accessesto these areas. The
LWR pinisaways high. Wait states can be inserted.

Buscycle — &

T1 i T2 | T3

LI I

1
1
Address bus X Exte'rnal address in area n
1
1

|“>_<“ “

Sn

:

Read access { Disto Dg

}

1
HWR
LWR High

Write access

TT]

Undetermined data
i

| Drtobe ———

I
I
1
1
i
Disto Dg —— ! Valid
I
I
1
|
i

Note: n=71t00

Figure6.8 BusControl Signal Timing for 8-Bit, Three-State-Access Area
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8-Bit, Two-State-Access Areas. Figure 6.9 shows the timing of bus control signals for an 8-hit,
two-state-access area. The upper data bus (D15 to Dg) is used in accesses to these areas. The LWR
pinisalwayshigh. Wait states cannot be inserted.

I I
«——— Buscycle ————
I I

! T1 i T2 !
0 [ ] L |
I I
| ! |
Address bus X External address in area n EX
I I
I I

= 7
] |

1

1

1

1

i

1

1

1

1

1

1

1

1

1

1

i

:

1

; Invalid

:

HWR | i |

1

1

1

1

1

1

|

|

i
d

i

Read access { Disto Dg

D7to Do

CWR High

Write access

1T

I
|
T
I
I
|
Disto Dg _i_<
|
D7to Do —i—( Undetermined data

Valid

Note: n=71t00

Figure6.9 BusControl Signal Timingfor 8-Bit, Two-State-Access Area
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16-Bit, Three-State-Access Areas. Figures 6.10 to 6.12 show the timing of bus control signals
for a 16-bit, three-state-access area. In these areas, the upper data bus (D15 to Dg) isused in
accesses to even addresses and the lower data bus (D- to Dy) in accesses to odd addresses. Wait
states can beinserted.

I
e———— Buscycle ——»

T1 : T2 | T3

LI I

1
1
1
|
Address bus '>< Even external address in area n
1
1

|“>_<“_“_

Valid

Read access { Disto Dg

D7to Do Invalid

ik
il

HWR

LWR High

I
I
1
1
|
Disto Dg —'_< , Valid
I
I
1
I
i

Write access

Undetermined data
i

| broDe ——

TT]

Note: n=71t00

Figure6.10 Bus Control Signal Timing for 16-Bit, Three-State-Access Area (1)
(Byte Accessto Even Address)
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Address bus

Read access { Disto Dg

D7to Do

HWR

T2

e———— Buscycle ——»

T3 \

L

1
1
Odd e)&ternal address in'area n

| ﬂ n

LWR
Write access

Disto Dg

D7 to Do

Note: n=71t00

——

Undetermined data

[

Valid

[

Figure6.11 BusControl Signal Timing for 16-Bit, Three-State-Access Area (2)
(Byte Accessto Odd Address)
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I I
e——— Buscycle ——»

|
T2 | T3

o _] I_, I I

Address bus

1

1

1

1
External address in area n EX

1

1

Read access { Disto Dg

M]JJLJ

i
|
|
1
|
1
1
1
1
1
i !
1
|
|
1
|
1
1
|
i

D7to Do

I

HWR | i

. |

! |

LWR | |

1

Write access 1 !
Disto Ds \ Valid —

! 1

! 1
| D7to Do : Valid ) S—

H [}

I '

Note: n=7t00

Figure6.12 BusControl Signal Timing for 16-Bit, Three-State-Access Area (3)
(Word Access)
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16-Bit, Two-State-Access Areas. Figures 6.13 to 6.15 show the timing of bus control signals for
a 16-hit, two-state-access area. In these areas, the upper data bus (D15 to Dg) is used in accessesto
even addresses and the lower data bus (D7 to Dy) in accessesto odd addresses. Wait states cannot
be inserted.

I I
«——— Buscycle ———
I

1

! T1 | T2 !

¢ [ | I I

1 1

| ! |

Address bus 1XEven external address in area nEX

1 1

1 1

o] |

Read access { Disto Ds

Write access

D15 to DB _'_<
I
I
1
I

D7to Do —‘—( Undetermined data

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
:
AWR | i |
1
1
1
1
1
1
1
|
|
d
i

Note: n=71t00

Figure6.13 BusControl Signal Timing for 16-Bit, Two-State-Access Area (1)
(Byte Accessto Even Address)
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I
«——— Buscycle ———
I I

! T1 | T2 !
o _ [ L 1]
1 1
| ! |
Address bus 1X Odd external address in area n EX
1
1

Read access { Disto Dg

1
1
1
1
i
1
1
1
1
1
1
1
:
E Invalid
1
1
1
1
1
1
:
1
1
1
1
1

I e

Disto Dg —-—( Undetermined data >—
|
I

D7to Do —:—(
I

Write access

1
!
HWR High i
|
|
LWR |
|
1

Valid

i

Note: n=71t00

Figure6.14 BusControl Signal Timing for 16-Bit, Two-State-Access Area (2)
(Byte Accessto Odd Address)
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¢

Address bus

Read access ¢ Disto Dg

I
«——— Buscycle ———»
I I

! T1 , T2

[ |

1
1
1 1
1 1
! External address in area n EX
1 1
1 1

| - .
S
; I

1

Write access
Disto Dg

D7 to Do

Note: n=71t00

I
1
I
I
1
1
I
I
1
1
I
I
: 1
! valid !
i
I
I
1
1
I
I
1
I
I
I
1
|

—1
; (

Figure6.15 BusControl Signal Timing for 16-Bit, Two-State-Access Area (3)

6.4.6 Wait Control

(Word Access)

When accessing external space, the H8/3024 Group can extend the bus cycle by inserting wait
states (T,,). There aretwo ways of inserting wait states: program wait insertion and pin wait

insertion using the WAIT pin.

Program Wait I nsertion: From 0 to 3 wait states can be inserted automatically between the T,
state and T3 state on an individual area basis in three-state access space, according to the settings

of WCRH and WCRL.
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Pin Wait Insertion: Setting the WAITE bit in BCR to 1 enables wait insertion by means of the
WAIT pin. When external space is accessed in this state, a program wait isfirst inserted. If the
WAIT pinislow at thefalling edge of gpinthelast T, or Ty, state, another Ty, stateisinserted. If
the WAIT pinis held low, Ty states are inserted until it goes high.

Thisisuseful when inserting four or more Ty states, or when changing the number of Ty states

for different external devices.

The WAITE bit setting appliesto all aress.

Figure 6.16 shows an example of the timing for insertion of one program wait state in 3-state

space.

Al

—

Address bus

AS
RD

Read access
Data bus
HWR, LWR

Write access
Data bus

Inserted

by program wait Inserted by WAIT pin
T1 | T2 | Tw | Tw | Tw | T3 .
I I I I I 1

Read data

Write data

INERL
JLULSL

Note: ¥ indicates the timing of WAIT pin sampling.

Figure6.16 Example of Wait State Insertion Timing
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6.5 Idle Cycle

651 Operation

When the H8/3024 Group chip accesses external space, it can insert a 1-state idle cycle (T;)
between bus cycles in the following cases. when read accesses between different areas occur
consecutively, and when awrite cycle occurs immediately after aread cycle. By inserting anidle
cycleit ispossible, for example, to avoid data collisions between ROM, which has a long output
floating time, and high-speed memory, 1/O interfaces, and so on.

Theinitial value of the ICIS1 and ICISO bitsin BCR is 1, so that idle cycle insertion is performed
in theinitial state. If there are no data collisions, the | CI S bits can be cleared.

Consecutive Reads between Different Areas. |If consecutive reads between different areas occur
whilethe ICIS1 bitissetto 1in BCR, an idle cycleisinserted at the start of the second read cycle.

Figure 6.17 shows an example of the operation in this case. In thisexample, buscycle A isaread
cycle from ROM with along output floating time, and bus cycle B is aread cycle from SRAM,
each being located in a different area. In (a), anidle cycle is not inserted, and a collision occursin
bus cycle B between the read datafrom ROM and that from SRAM. In (b), anidle cycleis
inserted, and a data collision is prevented.

. Bus cycle A. Bus cyclle B . Bus cycle A IBus cycle B .
\ T1 T2 T3, T1_To, \ T1 T2 T3, Ti T1 T2,
o FLrfrr o FLrrLfrrif

Address bus j
1

Ix Ix: Addressbusj Ix
I w1

1
pata bus J——(" Y patabus J——( )}
1 [ 1 1 1 1
-~ Data collision

Long buffer-off time
(a) Idle cycle not inserted (b) Idle cycle inserted

(
r

Figure6.17 Example of Idle Cycle Operation (ICIS1=1)
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Write after Read: If an external write occurs after an external read whilethe ICISO bit issetto 1
in BCR, anidlecycleisinserted at the start of the write cycle.

Figure 6.18 shows an example of the operation in this case. In thisexample, buscycle A isaread
cycle from ROM with along output floating time, and bus cycle B is a CPU write cycle.

In (a), anidle cycle is not inserted, and a collision occurs in bus cycle B between the read data
from ROM and the CPU write data. 1n (b), anidle cycleisinserted, and adata collision is
prevented.

Bus cycle A Bus cycle B Bus cycle A Bus cycle B
: T1 _To T3: T1 Tz: ] T1 _To T3: T T1 Tz:
o MUMrLhLrs o LMLy
Address bus j IK IX: Address bus j IX IX:
I I I I I I
HWR : T T

: gl AWR — I

Data bus C N Databus _}——— 1 *
1 [ 1 1 1 1
1
~—— Data collision

Long buffer-off time

(a) Idle cycle not inserted (b) Idle cycle inserted

Figure6.18 Example of Idle Cycle Operation (ICIS0 = 1)
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Usage Note: When non-insertion of an idle cycle is specified, the rise (negation) of RD and fall
(assertion) of CS,, may occur simultaneously. Figure 6.19 shows an example of the operation in
this case.

If consecutive readsto a different external area occur while the ICIS1 bit in BCR is cleared to O, or
if an external read is followed by awrite cycle for adifferent external areawhile the ICISO bit is
cleared to 0, negation of RD in the first read cycle and assertion of CS,, in the following bus cycle
will occur simultaneously. Depending on the output delay time of each signal, therefore, it is
possible that the RD low output in the previous read cycle and the CS,, low output in the following
bus cycle will overlap.

Aslong asRD and CS,, do not change simultaneously, or if there is no problem even if they do,
non-insertion of an idle cycle can be specified.

Bus cycle A Bus cycle B Bus cycle A Bus cycle B
1 T1 Tp T3, T1_To VT1 Tp T3, Ti T1 T2,

o L o LMLl

Address bus :.k :K :[ Address bus :.k :X :[
| il | | |

Simultaneous change of RD and
CSn: possibility of mutual overlap

(a) Idle cycle not inserted (b) Idle cycle inserted

Figure6.19 Example of Idle Cycle Operation
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6.5.2 Pin Statesin Idle Cycle
Table 6.5 shows the pin states in an idle cycle.

Table6.5 Pin Statesin Idle Cycle

Pins Pin State

Azz to Ao Next cycle address value
Disto Do High-impedance

CSn High

AS High

RD High

HWR High

LWR High

6.6 Bus Arbiter

The bus controller has a built-in bus arbiter that arbitrates between different bus masters. The bus
master can be either the CPU or an external bus master. When a bus master has the bus right it can
carry out read and write operations. Each bus master uses a bus request signal to request the bus
right. At fixed times the bus arbiter determines priority and uses a bus acknowledge signal to
grant the bus to a bus master, which can the operate using the bus.

The bus arbiter checks whether the bus request signal from a bus master is active or inactive, and
returns an acknowledge signal to the bus master. When two or more bus masters request the bus,
the highest-priority bus master receives an acknowledge signal. The bus master that receives an
acknowledge signal can continue to use the bus until the acknowledge signal is deactivated.

The bus master priority order is:
(High) Externa bus master > CPU (Low)

The bus arbiter samples the bus request signals and determines priority at all times, but it does not
aways grant the bus immediately, even when it receives a bus request from a bus master with
higher priority than the current bus master. Each bus master has certain times at which it can
release the bus to a higher-priority bus master.
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6.6.1 Operation

CPU: The CPU isthe lowest-priority bus master. If an external bus master requests the bus while
the CPU hasthe busright, the bus arbiter transfers the bus right to the bus master that requested it.
The busright istransferred at the following times:

« Thebusright istransferred at the boundary of abuscycle. If word datais accessed by two
consecutive byte accesses, however, the bus right is not transferred between the two byte
accesses.

« If another bus master requests the bus while the CPU is performing internal operations, such as
executing a multiply or divide instruction, the busright is transferred immediately. The CPU
continues itsinternal operations.

 If another bus master requests the bus while the CPU isin sleep mode, the busright is
transferred immediately.

External Bus Master: When the BRLE bit is set to 1 in BRCR, the bus can be released to an
external bus master. The external bus master has highest priority, and requests the busright from
the bus arbiter driving the BREQ signal low. Once the external bus master acquires the bus, it
keeps the bus until the BREQ signal goes high. While the busiis released to an external bus
master, the H8/3024 Group chip holds the address bus, data bus, bus control signals (AS, RD,
HWR, and LWR), and chip select signals (CSn: n = 7 to 0) in the high-impedance state, and holds
the BACK pin inthe low output state.

The bus arbiter samplesthe BREQ pin at the rise of the system clock (¢). If BREQ islow, the bus
is released to the external bus master at the appropriate opportunity. The BREQ signal should be
held low until the BACK signal goes low.

When the BREQ pin is high in two consecutive samples, the BACK pin is driven high to end the
bus-release cycle.

Figure 6.20 shows the timing when the busright is requested by an external bus master during a
read cycle in atwo-state access area. There isaminimum interval of three states from when the
BREQ signal goeslow until the busis released.
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CPU cycles | External bus released , CPU cycles
I |

High-impedance

|

1 1
Address bus ! Address i) : \ ! :\_
1 | I 1 i 1
! . 1 High-impedance i
Databus —————__ ———————
1 1 1 1 1 1
1 1 1 1
— L L ,  High-impedance !
AS . ' o - J
: |_| : : 1 1 1
1 1 1 1 1 1
! ! . High-impedance |
v N g i o
: i : o 5 i
HWR, LWR , ! \_Highimpedance
| | | |
BREQ —\ . i i |
I I I / :
1 1 1 1
BACK : : \ 1
| \ |
1 1

Minimum 3 cycles

A --b-------}--

~

[F\PRI S -

v
—
> - -
2

(€0 @) (©)

—~
—~

Figure6.20 Example of External BusMaster Operation

When making atransition to software standby mode, if there is contention with a bus request from
an external bus master, the BACK and strobe states may be indefinite when the transition is made.

When using software standby mode, clear the BRLE bit to 0 in BRCR before executing the
SLEEP instruction.
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6.7 Register and Pin Input Timing

6.7.1 Register Write Timing

ABWCR, ASTCR, WCRH, and WCRL Write Timing: Datawritten to ABWCR, ASTCR,
WCRH, and WCRL takes effect starting from the next bus cycle. Figure 6.21 shows the timing
when an instruction fetched from area O changes area 0 from three-state access to two-state access.

T1 T2 T3 T1 T2 T3 T1 T2
1 1 1 1
1 1 1 1

Address bus 11X EX ASTCR address EX EX
| |

[ E——

" 3-state accessto area 0 ° 2-state access to area 0

Figure6.21 ASTCR Write Timing

DDR and CSCR Write Timing: Datawritten to DDR or CSCR for the port corresponding to the
CSn pin to switch between CSn output and generic input takes effect starting from the T state of
the DDR write cycle. Figure 6.22 shows the timing when the CS; pin is changed from generic
input to CS; outpui.

T1 T2 T3
¢ [ 1 1 [ L
1 1 1
| ! ;
Address bus EX P8DDR addressi EX
1 1 1
s : / \_
1 1

High-impedance

Figure6.22 DDR Write Timing
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BRCR Write Timing: Datawritten to BRCR to switch between Az, Ax, Az, Or Ay output and
generic input or output takes effect starting from the T state of the BRCR write cycle. Figure
6.23 shows the timing when a pin is changed from generic input to Azs, Az, Az, OF A output.

T1 T2 T3
v o L L1 L1 L
1 1 1
Address bus ix BRCR address i EX
1 1 1
1 1 1
PA7 to PA 5 /
(Azs? ttg Azo; High-impedance | i\_

6.7.2

Figure6.23 BRCR Write Timing

BREQ Pin Input Timing

After driving the BREQ pin low, hold it low until BACK goeslow. |If BREQ returnsto the high
level before BACK goes lows, the bus arbiter may operate incorrectly.

To terminate the external-bus-released state, hold the BREQ signal high for at least three states. If
BREQ is high for too short an interval, the bus arbiter may operate incorrectly.
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Section 7 1/O Ports

7.1 Overview

The H8/3024 Group has 10 input/output ports (ports 1, 2, 3,4, 5, 6, 8,9, A, and B) and one input-
only port (port 7). Table 7.1 summarizes the port functions. The pinsin each port are multiplexed
asshown intable 7.1.

Each port has a data direction register (DDR) for selecting input or output, and a data register
(DR) for storing output data. In addition to these registers, ports 2, 4, and 5 have an input pull-up
control register (PCR) for switching input pull-up transistors on and off.

Ports 1 to 6 and port 8 can drive one TTL load and a 90-pF capacitive load. Ports 9, A, and B can
drive one TTL load and a 30-pF capacitive load. Ports 1 to 6 and 8 to B can drive adarlington
pair. Ports 1, 2, and 5 can drive LEDs (with 10-mA current sink). Pins P8, to P8y, PA7 to PA, have
Schmitt-trigger input circuits.

For block diagrams of the ports see appendix C, I/O Port Block Diagrams.
Table7.1 Port Functions

o ) Expanded Modes Single-Chip
Port | Description Pins Modes
Mode 1 ’Mode 2 ‘Mode 3 ‘Mode 4 Mode 5 Mode 6 |Mode 7
Port 1 |+ 8-bit I/0 P1;to P1y/ |Address output pins (A;to Ag) Address output |Generic input/
port A7 10 Ay (A7to Ag) and  |output
« Can drive generic input
LEDs DDR = 0:
generic input
DDR = 1:
address output
Port 2 |+ 8-bit I/10 P2;to P2,/ |Address output pins (A;s to Ag) Address output |Generic input/
port Ass to Ag (Ass to Ag) and  |output
« Built-in generic input
input DDR = 0:
pull-up generic input
transistors DDR = 1:
« Can drive address output
LEDs
Port 3 |+ 8-bit I/10 P3;to P3y/ |Data input/output (D35 to Dg) Generic input/
port D5 to Dg output
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o ) Expanded Modes Single-Chip
Port | Description Pins Modes
Mode 1 ’Mode 2 ‘Mode 3 ‘Mode 4 ’ Mode 5 Mode 6 [Mode 7
Port 4 |+ 8-bit 1/0 P4, to P4y/ |Data input/output (D; to Do) and 8-bit generic Generic input/
port D7 to Do input/output output
* Built-in 8-bit bus mode: generic input/output
input 16-bit bus mode: data input/output
pull-up
transistors
Port 5 |+ 4-bit 1/0 P5; to P5¢/ |Address output (A to Asg) Address output |Generic input/
port Agg 10 Agg (Ago to Age) and |output
« Built-in f‘.-bit generic
input input
pull-up DDR = 0:
transistors generic input
» Can drive DDR = 1:
LEDs address output
Port 6 |+ 8-bit I/O P6;/¢@ Clock output (¢) and generic input
port P6,/[LWR Bus control signal output (LWR, HWR, RD, AS) Generic input/
P6s/HWR output
P6,/RD
P63/AS
P6,/BACK  |Bus control signal input/output (BACK, BREQ, WAIT) | Generic input/
P6,/BREQ and 3-bit generic input/output output
P6o/WAIT
Port 7 |+ 8-bit 110 P7,/AN,/ Analog input (AN, ANg) to A/D converter, analog output (DA;, DAy) from
port DA, D/A converter, and generic input
P76/ANg/
DAo
P75 to P7,/ |Analog input (ANs to ANp) to A/D converter, and generic input
AN5s to ANg
Port 8 | 5-bit I/O P8,/CS, DDR = 0: generic input DDR = 0 (after |Generic input/
port DDR = 1 (reset value): CS, output reset): generic  output
* P8, t0 P8y input o
have DDR = 1: CS,
Schmitt output
inputs P8y/IRQs/  |IRQs input, CS; output, external trigger input (ADTRG) | IRQ; input,
CS,/ADTRG |to A/D converter, and generic input external trigger
DDR = 0 (after reset): generic input input (ADTRG) to
-1.G5 A/D converter,
DDR = 1: GS, output and generic
input/output
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o ) Expanded Modes Single-Chip
Port | Description Pins Modes
Mode 1 ’Mode 2 ‘Mode 3 ‘Mode 4 ’ Mode 5 Mode 6 |Mode 7
Port 8 | 5-bit I/O P8,IRQ,/  |IRQ; and IRQ, input, CS; and CS; output, and generic |IRQ; and IRQ,
port CS, input input and generic
P8, to P8, |P8)/IRQ)/  DDR =0 (after reset): generic input input/output
have CSs DDR = 1: CS; and CS; output
Schmitt — — o
inputs P8y/IRQy IRQo input, and generic input/output
Port 9 |+ 6-bit I/0 P9s/IRQs/ |Input and output (SCK;, SCKy, RxD3, RXDg, TXD;, TXDy) for serial
port SCK; communication interfaces 1 and 0 (SCI1/0), IRQs and IRQq input, and 6-bit
P9./IRQ, / generic input/output
SCKo
P9;/RXD;
P92/RXDD
F’91/TXD1
F’90/TXD0
Port A |+ 8-bit I/0 PA7ITP,/ Output (TP;) from |Address output Address output | TPC output (TP-),
port TIOCB,/A;, |pro-grammable (Az), TPC 16-bit timer input
« Schmitt timing pattern _output (TPy), or output
inputs controller (TPC), input or output |(TIOCB;), and
input or output (TIOCB,) for generic
(TIOCBy) for 16-bit 16-bit timer, input/output
timer and generic and generic
input/ input/output
output
PAG/TPe/ TPC output (TPs | TPC output (TPs to TP,),16-bit TPC output (TPs
TIOCA,/A,; |to TPy), 16-bit timer input and output (TIOCA., to TP,), 16-bit
PA/TPs/ timer input and TIOCB;,, TIOCA,), address output |timer input and
TIOCB,/As output (TIOCA,, |(Az; to Az;), and generic input/ output (TIOCA,,
TIOCBy, TIOCA;), output TIOCBy, TIOCA,)
PAJTP./ and generic and generic
TIOCAW/Az input/output input/output
PAS/TP3/ TPC output (TP;3 to TPy), 16-bit timer input and output (TIOCB,, TIOCA,,
TIOCBo/ TCLKD, TCLKC, TCLKB, TCLKA), 8-bit timer input (TCLKD, TCLKC,
TCLKD TCLKB, TCLKA), and generic input/output
PAITP,/
TIOCA/
TCLKC
PAJ/TP,/
TCLKB
PAG/TPy/
TCLKA
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e ) Expanded Modes Single-Chip
Port | Description Pins Modes
Mode 1 ’Mode 2 ‘Mode 3 ‘Mode 4 ’ Mode 5 Mode 6 [Mode 7
Port B |+ 8-bit I/0 PB//TP;s TPC output (TP;5 to TP3,) and generic input/output
port PBs/TP
PBs/TP;3
PB,/TP;,
PBs/TPy/ | TPC output (TP to TPg), 8-bit timer input and output | TPC output (TP,
TMIOZ/CS, | (TMIO;, TMO,, TMIO;, TMOy), CS; to CS, output, and  |to TPg), 8-bit timer
PB,/TPso/ generic input/output input and output
TMO,/CS; (TMIO3, TMO,,
TMIO;, TMOy),
.Il?slllgljgcl—s and generic
vee input/output
PBo/TPg/
TMO,/CS;

Legend:

SCI0: Serial communication interface channel O
16TIM: 16-bit timer

SCI1: Serial communication interface channel 1
8TIM: 8-bit timer

TPC: Programmable timing pattern controller
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7.2 Port 1

721 Overview

Port 1 is an 8-bit input/output port also used for address output, with the pin configuration shown
in figure 7.1. The pin functions differ according to the operating mode. In modes 1 to 4 (expanded
modes with on-chip ROM disabled), they are address bus output pins (A7 to Ao).

In mode 5 (expanded modes with on-chip ROM enabled), settings in the port 1 data direction
register (P1DDR) can designate pins for address bus output (A7 to Ag) or generic input. In modes 6
and 7 (single-chip mode), port 1 is a generic input/output port.

Pinsin port 1 can drive one TTL load and a 90-pF capacitive load. They can also drive an LED or
adarlington transistor pair.

Port 1 pins Modes1to4 Modeb5 Modes 6 and 7
- P1,/A; A~ (output) P1, (input)/A; (output) P1, (input/output)
~— Plg/Ag Ag (output) Plg (input)/Ag (output) Plg (input/output)
= Plg/Ag A5 (output) P15 (input)/As (output) P15 (input/output)
- P1,/A, A4 (output) P1, (input)/A, (output) P14 (input/output)
Port1 = P13/A; A3 (output) P15 (input)/A; (output) P13 (input/output)
= P1,/A, A, (output) P1, (input)/A, (output) P1, (input/output)
> P1,/A, A (output) P1, (input)/A; (output) P1; (input/output)
~— P1y/Ag A, (output) P1y (input)/Ag (output) Pl (input/output)

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

Table7.2 Port 1Registers

Initial Value
Address® Name Abbreviation R/W Modes 1to4 Modes5to7
H'EE000 Port 1 data direction register P1DDR w H'FF H'00
H'FFFDO  Port 1 data register P1DR R/W  H'00 H'00

Note: * Lower 20 bits of the address in advanced mode.

Port 1 Data Direction Register (P1LDDR): P1DDR is an 8-hit write-only register that can select
input or output for each pin in port 1.

Bit 7 6 5 4 3 2 1 0
‘P17DDR‘ PlgDDR‘ P15DDR‘ P14DDR‘ P13DDR \ P1,DDR \ P11DDR‘ PloDDR‘
Modes{lnitial value 1 1 1 1 1 1 1 1
1104 | Readwrite — — — — — — — —
Modes{lnitial value 0 0 0 0 0 0 0 0
5107 | Read/Mrrite W W W W W W W W

Port 1 data direction 7to 0
These bits select input or
output for port 1 pins

» Modes 1to 4 (Expanded Modes with On-Chip ROM Disabled)
P1DDR values are fixed at 1. Port 1 functions as an address bus.
*  Mode5 (Expanded Modes with On-Chip ROM Enabled)

After areset, port 1 functions as an input port. A pin in port 1 becomes an address output pin if
the corresponding PLDDR bit isset to 1, and a generic input pin if this bit is cleared to 0.

e Modes 6 and 7 (Single-Chip Mode)

Port 1 functions as an input/output port. A pin in port 1 becomes an output port if the
corresponding PLDDR hit is set to 1, and an input port if thisbit is cleared to 0.

In modes 1 to 4, PIDDR bits are always read as 1, and cannot be modified.

In modes5to 7, PADDR is awrite-only register. Its value cannot be read. All bits return 1 when
read.
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P1DDR isinitialized to H'FF in modes 1 to 4, and to H'00 in modes 5 to 7, by areset and in
hardware standby mode. In sofware standby mode it retains its previous setting. Therefore, if a
transition is made to software standby mode while port 1 is functioning as an input/output port and
aP1DDR hit is set to 1, the corresponding pin maintains its output state.

Port 1 Data Register (P1DR): P1DR isan 8-bit readable/writable register that stores port 1
output data. When port 1 functions as an output port, the value of this register is output. When
this register isread, the pin logic level isread for bitsfor which the PLDDR setting is 0, and the
P1DR valueisread for bits for which the PADDR setting is 1.

Bit 7 6 5 4 3 2 1 0

‘ P1; ‘ Plg ‘ Pls ‘ P14 ‘ P13 ‘ P1, ‘ P1, ‘ Plg ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Port 1 data 7 to O
These bits store data for port 1 pins

P1DR isinitialized to H'00 by areset and in hardware standby mode. In software standby mode it
retains its previous setting.
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7.3 Port 2

7.3.1 Overview

Port 2 is an 8-bit input/output port which also has an address output function. It’s pin
configuration is shown in figure 7.2. The pin functions differ according to the operating mode.

In modes 1 to 4 (expanded modes with on-chip ROM disabled), port 2 consists of address bus
output pins (A5 to Ag). In mode 5 (expanded modes with on-chip ROM enabled), settingsin the
port 2 data direction register (P2DDR) can designate pins for address bus output (A5 to Ag) or
generic input. In modes 6 and 7 (single-chip mode), port 2 is a generic input/output port.

Port 2 has software-programmable built-in pull-up transistors.

Pinsin port 2 can drive one TTL load and a 90-pF capacitive load. They can also drive an LED or

adarlington transistor pair.

Port 2

Port 2 pins

P2,/A5
P24/A14
P2:/A13
P24/A1,
P23/A.;
P2,/A10
P2,/Ag

P2,/Ag

Modes 1to 4

A1s (output)
A14 (output)
A1z (output)
A1, (output)
A4, (output)
Aqg (output)
Ag (output)

Ag (output)

Mode 5

P2, (input)/A;5 (output)
P2g (input)/Aq4 (output)
P25 (input)/A3 (output)
P2, (input)/Ay, (output)
P23 (input)/A; (output)
P2, (input)/A1g (output)
P2, (input)/Ag (output)
P2, (input)/Ag  (output)

Modes 6 and 7

P2, (input/output)
P24 (input/output)
P25 (input/output)
P2, (input/output)
P23 (input/output)
P2, (input/output)
P2, (input/output)

P2, (input/output)

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

Table7.3 Port 2Registers

Initial Value
Address® Name Abbreviation R/W  Modes1to4 Modes5to7
H'EEO01 Port 2 data direction register P2DDR W H'FF H'00
H'FFFD1 Port 2 data register P2DR R/W  H'00 H'00
H'EEO3C  Port 2 input pull-up MOS P2PCR R/W  H'00 H'00

control register

Note: * Lower 20 bits of the address in advanced mode.

Port 2 Data Direction Register (P2DDR): P2DDR is an 8-bit write-only register that can select
input or output for each pinin port 2.

Bit 7 6 5 4 3 2 1 0
‘P27DDR‘ P26DDR‘ P25DDR‘ P24DDR‘ P23DDR ‘ P2,DDR ‘ P21DDR‘ P20DDR‘
Modes{lnitial value 1 1 1 1 1 1 1 1
1104 |ReadWrite — — — — — — — —
Modes{lnitial value 0 0 0 0 0 0 0 0
5107 |Read/MWrite W W W W W W W W

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

* Modes1to 4 (Expanded Modes with On-Chip ROM Disabled)
P2DDR values are fixed at 1. Port 2 functions as an address bus.
e Mode 5 (Expanded Modes with On-Chip ROM Enabled)

Following areset, port 2 isan input port. A pinin port 2 becomes an address output pin if the
corresponding P2DDR bit is set to 1, and a generic input port if thisbit is cleared to 0.

* Modes 6 and 7 (Single-Chip Mode)

Port 2 functions as an input/output port. A pin in port 2 becomes an output port if the
corresponding P2DDR hit is set to 1, and an input port if this bit iscleared to O.

In modes 1 to 4, P2DDR bits are always read as 1, and cannot be modified.
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In modes5to 7, P2DDR is awrite-only register. Its value cannot be read. All bits return 1 when
read.

P2DDR isinitialized to H'FF in modes 1 to 4, and to H'00 in modes 5 to 7, by areset and in
hardware standby mode. In software standby mode it retains its previous setting. Therefore, if a
transition is made to software standby mode while port 2 is functioning as an input/output port and
aP2DDR hit is set to 1, the corresponding pin maintains its output state.

Port 2 Data Register (P2DR): P2DR is an 8-hit readable/writable register that stores output data
for Port 2. When port 2 functions as an output port, the value of thisregister is output. When a bit
in P2DDRissetto 1, if port 2 isread the value of the corresponding P2DR hit is returned. When a
bit in P2DDR iscleared to O, if port 2 is read the corresponding pin logic level is read.

Bit 7 6 5 4 3 2 1 0
P2, | P2 | P2s | P2, | P2; | P2, | P2 | P2 |

Initial value 0 0 0 0 0 0 0 0

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

Port 2 data 7 to O
These bits store data for port 2 pins

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

Port 2 Input Pull-Up MOS Control Register (P2PCR): P2PCR is an 8-bit readable/writable
register that controls the MOS input pull-up transistorsin port 2.

Bit 7 6 5 4 3 2 1 0

‘ P27PCR‘ P25PCR‘ P25PCR‘ P24PCR‘ P23PCR ‘ P2,PCR ‘ P21PCR‘P20PCR‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

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

In modes 5to 7, when aP2DDR bit is cleared to O (selecting generic input), if the corresponding
bit in P2PCR is set to 1, the input pull-up transistor isturned on.

P2PCR isinitialized to H'00 by areset and in hardware standby mode. In software standby mode it
retains its previous setting.
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Table 7.4 summarizes the states of the input pull-ups in each mode.

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

Hardware Software
Mode Reset Standby Mode Standby Mode Other Modes
1 Off Off Off Off
2
3
4
5 Off Off On/off On/off
6
7
Legend:

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

7.4.1 Overview

Port 3 is an 8-bit input/output port which also functions as a data bus. It’s pin configuration is

shown in figure 7.3. Port 3 isadata busin modes 1to 5 (expanded modes) and a generic
input/output port in modes 6 and 7 (single-chip mode).

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

darlington transistor pair.

Port 3 pins

- P37/D15
- P36/D14
= P3g5/Dq3
> P34/D12
Port 3
I P33/D11
~— P3,/Dqq
R P31/D9

i P30/D8

Modes 1to 5

D15 (input/output)
D14 (input/output)
D;3 (input/output)
Di, (input/output)
D, (input/output)
Do (input/output)
Dg (input/output)

Dg (input/output)

Modes 6 and 7

P3- (input/output)
P3¢ (input/output)
P35 (input/output)
P3, (input/output)
P35 (input/output)
P3, (input/output)
P3; (input/output)
P3, (input/output)

Figure 7.3 Port 3 Pin Configuration

742 Register Descriptions

Table 7.5 summarizes the registers of port 3.

Table7.5 Port 3Registers

Address”® Name Abbreviation R/W Initial Value
H'EE002 Port 3 data direction register P3DDR W H'00
H'FFFD2 Port 3 data register P3DR R/W H'00

Note: * Lower 20 bits of the address in advanced mode.
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Port 3 Data Direction Register (P3DDR): P3DDR is an 8-hit write-only register that can select
input or output for each pinin port 3.

Bit 7 6 5 4 3 2 1 0

‘ P3,DDR ‘ P36DDR‘ P35DDR‘ P34DDR‘ P33DDR ‘ P3,DDR ‘ P3,DDR ‘ P3,DDR ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write W w W W W W W W

Port 3 data direction 7 to 0
These bits select input or output for port 3 pins

e Modes1to5 (Expanded Modes)
Port 3 functions as a data bus, regardless of the P3BDDR settings.
e Modes 6 and 7 (Single-Chip Mode)

Port 3 functions as an input/output port. A pin in port 3 becomes an output port if the
corresponding P3DDR hit is set to 1, and an input port if thisbit is cleared to 0.

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

P3DDR isinitialized to H'00 by areset and in hardware standby mode. In software standby mode
it retainsits previous setting. Therefore, if atransition is made to software standby mode while
port 3 isfunctioning as an input/output port and a P3DDR hit is set to 1, the corresponding pin
maintains its output state.

Port 3 Data Register (P3DR): P3DR is an 8-hit readable/writable register that stores output data
for port 3. When port 3 functions as an output port, the value of thisregister is output. When a bit
in P3DDRissetto 1, if port 3 isread the value of the corresponding P3DR hit is returned. When a
bit in P3DDR iscleared to O, if port 3 is read the corresponding pin logic level is read.

Bit 7 6 5 4 3 2 1 0

‘ P35 ‘ P3¢ ‘ P35 ‘ P34 ‘ P33 ‘ P3, ‘ P31 ‘ P39 ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Port 3 data 7 to O
These bits store data for port 3 pins

P3DR isinitialized to H'00 by areset and in hardware standby mode. In software standby mode it
retains its previous setting.
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75 Port 4

75.1 Overview

Port 4 is an 8-bit input/output port which also functions as a data bus. It’s pin configuration is
shown in figure 7.4. The pin functions differ depending on the operating mode.

In modes 1 to 5 (expanded modes), when the bus width control register (ABWCR) designates
areas 0to 7 al as 8-hit-access areas, the chip operates in 8-bit bus mode and port 4 is a generic
input/output port. When at least one of areas 0to 7 is designated as a 16-bit-access area, the chip

operatesin 16-bit bus mode and port 4 becomes part of the data bus. In modes 6 and 7 (single-chip

mode), port 4 is a generic input/output port.

Port 4 has software-programmable built-in pull-up transistors.

Pinsin port 4 can drive one TTL load and a 90-pF capacitive load. They can also drive a

darlington transistor pair.

Port 4 pins

- P47 /D7
D P46/D6
I P45/D5
Port 4
I P43/D3
= P42 /DZ
> P41/Dl

= P40/D0

Modes 1to 5

P4 (input/output)/D5 (input/output)
P4 (input/output)/Dg (input/output)
P45 (input/output)/Ds (input/output)
P4, (input/output)/D, (input/output)
P45 (input/output)/D3 (input/output)
P4, (input/output)/D, (input/output)
P4, (input/output)/D, (input/output)

P4, (input/output)/Dq (input/output)

Modes 6 and 7

P4 (input/output)
P4 (input/output)
P45 (input/output)
P4, (input/output)
P4 (input/output)
P4, (input/output)
P4, (input/output)

P4, (input/output)

Figure7.4 Port 4 Pin Configuration
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752 Register Descriptions
Table 7.6 summarizes the registers of port 4.

Table7.6 Port 4 Registers

Address” Name Abbreviation R/W Initial Value

H'EEO03 Port 4 data direction register PADDR w H'00

H'FFFD3 Port 4 data register P4DR R/W H'00

H'EEO3E Port 4 input pull-up MOS control P4PCR R/W H'00
register

Note: * Lower 20 bits of the address in advanced mode.

Port 4 Data Direction Register (PADDR): PADDR is an 8-bit write-only register that can select

input or output for each pin in port 4.

Bit 7 6 5 4 3 0

‘ P4,DDR ‘ P46DDR‘ P45DDR‘ P44DDR‘ P4;DDR ‘ P4,DDR ‘ P41DDR‘ P4,DDR ‘
Initial value 0 0 0 0 0 0
Read/Write W w W W W w

Port 4 data direction 7to 0

These bits select input or output for port 4 pins

e Modes1to 5 (Expanded Modes)

When al areas are designated as 8-bit-access areas by the bus controller’s bus width control

register (ABWCR), selecting 8-bit bus mode, port 4 functions as an input/output port. In this
case, apinin port 4 becomes an output port if the corresponding PADDR bit isset to 1, and an
input port if thisbit is cleared to O.

When at least one areais designated as a 16-bit-access area, selecting 16-bit bus mode, port 4
functions as part of the data bus, regardless of the PADDR settings.

Modes 6 and 7 (Single-Chip Mode)

Port 4 functions as an input/output port. A pin in port 4 becomes an output port if the
corresponding PADDR bit is set to 1, and an input port if this bit iscleared to 0.

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

PADDR isinitialized to H'00 by areset and in hardware standby mode. In software standby mode
it retains its previous setting.
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ABWCR and P4DDR are not initialized in software standby mode. Therefore, if atransition is
made to software standby mode while port 4 is functioning as an input/output port and a PADDR
bit is set to 1, the corresponding pin maintains its output state.

Port 4 Data Register (P4DR): PADR is an 8-hit readable/writable register that stores output data
for port 4. When port 4 functions as an output port, the value of thisregister is output. When a bit
in PADDRissetto 1, if port 4 isread the value of the corresponding PADR bit is returned. When a
bit in PADDR iscleared to O, if port 4 is read the corresponding pin logic level is read.

Bit 7 6 5 4 3 2 1 0

‘ P45 ‘ P4g ‘ P45 ‘ P4, ‘ P4 ‘ P4, ‘ P4, ‘ P4, ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Port 4 data 7 to O
These bits store data for port 4 pins

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

Port 4 Input Pull-Up MOS Control Register (P4PCR): P4PCR is an 8-bit readable/writable
register that controls the MOS input pull-up transistors in port 4.

Bit 7 6 5 4 3 2 1 0

‘ P47PCR‘ P46PCR‘ P45PCR‘ P44PCR‘ P43PCR ‘ P4,PCR ‘ P41PCR‘P40PCR‘
Initial value 0 0 0 0 0 0 0 0
Read/Write RIW RIW RIW RIW RIW RIW RIW RIW

Port 4 input pull-up MOS control 7 to 0
These bits control input pull-up transistors built into port 4

In modes 6 and 7 (single-chip mode), and in 8-bit bus mode in modes 1 to 5 (expanded modes),
when a PADDR bit is cleared to O (selecting generic input), if the corresponding PAPCR hit is set
to 1, theinput pull-up transistor is turned on.

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

Table 7.7 summarizes the states of the input pull-up MOS in each operating mode.

Rev. 2.00 Sep 20, 2005 page 166 of 800
REJ09B0260-0200
RENESAS



Section 7 1/O Ports

Table7.7 Input Pull-Up Transistor States (Port 4)

Hardware Software
Mode Reset Standby Mode Standby Mode Other Modes
1to5 8-bit bus mode Off Off Onl/off On/off
16-bit bus mode Off Off
6and 7 On/off On/off

Legend:
Off:  The input pull-up transistor is always off.
On/off: The input pull-up transistor is on if PAPCR = 1 and P4ADDR = 0. Otherwise, it is off.

7.6 Port 5

7.6.1 Overview

Port 5 isa4-hit input/output port which also has an address output function. It's pin configuration
isshown in figure 7.5. The pin functions differ depending on the operating mode.

In modes 1 to 4 (expanded modes with on-chip ROM disabled), port 5 consists of address output
pins (A to Ase). In mode 5 (expanded modes with on-chip ROM enabled), settingsin the port 5
datadirection register (P5DDR) designate pins for address bus output (A9 to Ase) OF generic
input. In modes 6 and 7 (single-chip mode), port 5 is a generic input/output port.

Port 5 has software-programmabl e built-in pull-up transistors.

Pinsin port 5 can drive one TTL load and a 90-pF capacitive load. They can also drive an LED or
adarlington transistor pair.

Port 5 Modes 1to 4 Mode 5 Modes 6 and 7
pins
~— P53/A;9  Ajg (0utput) P53 (input)/A,g (output) P53 (input/output)
~— P5,/A13  Ajg (output) P5, (input)/A.g (output) P55 (input/output)
Ports ~— P5,/A; A7 (output) P5, (input)/A.7 (output) P54 (input/output)
= P53/A1g  Aqg (Output) P5; (input)/A.g (output) P54 (input/output)

Figure7.5 Port 5Pin Configuration
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7.6.2 Register Descriptions
Table 7.8 summarizes the registers of port 5.

Table7.8 Port 5Registers

Initial Value
Address® Name Abbreviation R/W Modes 1to4 Modes5to7
H'EE004  Port 5 data direction register P5DDR w H'FF H'FO
H'FFFD4  Port 5 data register P5DR R/W  HFO H'FO
H'EEO3F  Port 5 input pull-up MOS P5PCR RW  HFO H'FO

control register

Note: * Lower 20 bits of the address in advanced mode.

Port 5 Data Direction Register (P5DDR): PSDDR is an 8-bit write-only register that can select
input or output for each pin in port 5.

Bits 7 to 4 arereserved. They are fixed a 1, and cannot be modified.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ — ‘PSgDDR‘PSZDDR‘P51DDR‘P50DDR‘
Modes/| Initial value 1 1 1 1 1 1 1 1
lto4 {ReadANrite — — — — — — — —
Modes{lnitial value 1 1 1 1 0 0 0 0
5107 | Read/Write — — — — w w
Reserved bit‘s Port 5 data (‘iirection 3to0

These bits select input or
output for port 5 pins

* Modes1to 4 (Expanded Modes with On-Chip ROM Disabled)
P5DDR values are fixed at 1. Port 5 functions as an address bus output.
* Mode 5 (Expanded Modes with On-Chip ROM Enabled)

Following areset, port 5isan input port. A pinin port 5 becomes an address output pin if the
corresponding PSDDR bit is set to 1, and an input port if this bit iscleared to 0.

* Modes 6 and 7 (Single-Chip Mode)

Port 5 functions as an input/output port. A pin in port 5 becomes an output port if the
corresponding PSDDR hit is set to 1, and an input port if this bit iscleared to 0.

In modes 1 to 4, PSDDR bits are always read as 1, and cannot be modified.
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In modes5to 7, PSDDR is awrite-only register. Its value cannot be read. All bits return 1 when
read.

P5DDR isinitialized to H'FF in modes 1 to 4, and to H'FO in modes 5to 7, by areset and in
hardware standby mode. In software standby mode it retains its previous setting. Therefore, if a
transition is made to software standby mode while port 5 is functioning as an input/output port and
aP5DDR hit is set to 1, the corresponding pin maintains its output state.

Port 5 Data Register (P5DR): P5SDR is an 8-hit readable/writable register that stores output data
for port 5. When port 5 functions as an output port, the value of thisregister is output. When a bit
in PSDDRissetto 1, if port 5 isread the value of the corresponding PSDR bit is returned. When a
bit in PSDDR iscleared to O, if port 5 is read the corresponding pin logic level is read.

Bits 7 to 4 are reserved. They are fixed a 1, and cannot be modified.

Bit 7 6 5 4 3 2 1 0
— | = | — | — [P | Ps, | P5; | Psp |
Initial value 1 1 1 1 0 0 0 0
Read/Write — — — — R/W R/W R/W R/W
Reserved bits Port5data3to 0

These bits store data
for port 5 pins

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

Port 5 Input Pull-Up MOS Control Register (P5PCR): PSPCR is an 8-bit readable/writable
register that controls the MOS input pull-up transistorsin port 5.

Bits 7 to 4 arereserved. They arefixed at 1, and cannot be modified.

Bit 7 6 5 4 3 2 1
‘ — ‘ — ‘ — ‘ — ‘ P53PCR ‘ P5,PCR ‘ P5,PCR ‘ P59PCR ‘
Initial value 1 1 1 1 0 0 0 0
Read/Write — — — — R/W R/W R/W R/W
Reserved bits Port 5 input pull-up MOS control 3to 0

These bits control input pull-up
transistors built into port 5
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In modes 5to 7, when aPSDDR bit is cleared to O (selecting generic input), if the corresponding
bit in PSPCR is set to 1, the input pull-up transistor isturned on.

P5PCR isinitialized to H'FO by areset and in hardware standby mode. In software standby mode
it retains its previous setting.

Table 7.9 summarizes the states of the input pull-ups in each mode.

Table7.9 Input Pull-Up Transistor States (Port 5)

Mode Reset Hardware Standby Mode Software Standby Mode Other Modes

Off Off Off Off

Off Off Onl/off On/off

~NOoO OB~ WDN PR

Legend:
Off:  The input pull-up transistor is always off.
On/off: The input pull-up transistor is on if PSPCR = 1 and P5DDR = 0. Otherwise, it is off.
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7.7 Port 6

771 Overview

Port 6 is an 8-bit input/output port that is also used for input and output of bus control signals

(LWR, HWR, RD, AS, BACK, BREQ, WAIT) and for clock (¢) output.

The port 6 pin configuration is shown in figure 7.6.

See table 7.11 for the selection of the pin functions.

Pinsin port 6 can drive one TTL load and a 90-pF capacitive load. They can also drive a

darlington transistor pair.

Port 6 pins

> P6,/¢
~— P64/LWR
~— P65/HWR
Port6 «—» pP6,/RD
<« P65/AS
~— P6,/BACK
~— P6,/BREQ
~— P6,/ WAIT

Modes 1to 5
(expanded modes)

P6- (input)/ @ (output)

LWR (output)

HWR (output)

RD  (output)

AS  (output)

P6, (input/output) BACK (output)
P6; (input/output)/ BREQ (input)
P6, (input/output)/ WAIT (input)

Modes 6 and 7
(single-chip mode)

P6- (input) / @(output)
P6¢ (input/output)
P65 (input/output)
P6, (input/output)
P6 5 (input/output)
P6, (input/output)
P6, (input/output)
P6 ¢ (input/output)

Figure7.6 Port 6 Pin Configuration
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7.7.2 Register Descriptions
Table 7.10 summarizes the registers of port 6.

Table7.10 Port 6 Registers

Address”® Name Abbreviation R/W Initial Value
H'EE005 Port 6 data direction register P6DDR W H'80
H'FFFD5 Port 6 data register P6DR R/W H'80

Note: * Lower 20 bits of the address in advanced mode.

Port 6 Data Direction Register (P6DDR): P6DDR is an 8-bit write-only register that can select

input or output for each pinin port 6.

Bit 7 isreserved. It isfixed at 1, and cannot be modified.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ P66DDR‘ P65DDR‘ P64DDR‘ P63DDR‘P62DDR ‘ P61DDR‘P60DDR‘
Initial value 1 0 0 0 0 0 0 0
Read/Write — w w W W w W W
Reserved bit Port 6 data direction 6to O

These bits select input or output for port 6 pins

e Modes1to5 (Expanded Modes)

P6; functions as the clock output pin (¢) or an input port. P6; is the clock output pin (@) if the
PSTOP bit in MSTRCH is cleared to O (initial value), and an input port if this bit is set to 1.

P65 to P6; function as bus control output pins (LWR, HWR, RD, and AS), regardless of the

settings of bits P6,DDR to P6;DDR.

P6, to P6, function as bus control input/output pins (BACK, BREQ, and WAIT) or
input/output ports. For the method of selecting the pin functions, seetable 7.11.

When P6, to P6, function as input/output ports, the pin becomes an output port if the
corresponding P6DDR bit is set to 1, and an input port if this bit iscleared to 0.
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e Modes 6 and 7 (Single-Chip Mode)
P6- functions as the clock output pin (¢p) or an input port. P6g to P6, function as generic
input/output ports. P6; isthe clock output pin (@) if the PSTOP bit in MSTCRH is cleared to 0
(initial value), and an input port if this bit isset to 1. A pinin port 6 becomes an output port if
the corresponding bit of P6;DDR to P6,DDR is set to 1, and an input port if thispinis cleared
to 0.
P6DDR isawrite-only register. Its value cannot be read. All bits return 1 when read.
P6DDR isinitialized to H'80 by areset and in hardware standby mode. In software standby
mode it retains its previous setting. Therefore, if atransition is made to software standby mode
while port 6 is functioning as an input/output port and a PBDDR bit is set to 1, the
corresponding pin maintains its output state.

Port 6 Data Register (P6DR): P6DR is an 8-hit readable/writable register that stores output data
for port 6. When port 6 functions as an output port, the value of thisregister is output. For bit 7, a
value of 1isreturned if the bit is read while the PSTOP bit in MSTCRH is cleared to 0, and the
P67 pin logic level isreturned if the bit is read while the PSTOP bit is set to 1. Bit 7 cannot be
modified. For bits 6 to 0, the pin logic level isreturned if the bit is read while the corresponding
bit in P6DDR is cleared to 0, and the P6DR value isreturned if the bit is read while the
corresponding bit in PBDDR is set to 1.

Bit 7 6 5 4 3 2 1 0

‘ P6-, ‘ P6g ‘ P65 ‘ P64 ‘ P63 ‘ P6, ‘ P64 ‘ P6g ‘
Initial value 1 0 0 0 0 0 0 0
Read/Write R R/W R/W R/W R/W R/W R/W R/W

Port 6 data 7 to O
These bits store data for port 6 pins

PEDR isinitialized to H'80 by areset and in hardware standby mode. In software standby mode it
retains its previous setting.
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Table7.11 Port 6 Pin Functionsin Modes1to5

Pin Pin Functions and Selection Method
P6-/¢ Bit PSTOP in MSTCRH selects the pin function.
PSTOP 0 1
Pin function ¢ output P67 input
LWR Functions as LWR regardless of the setting of bit P66DDR
P6,DDR 0 1
Pin function LWR output
HWR Functions as HWR regardless of the setting of bit P6sDDR
P6sDDR 0 1
Pin function HWR output
RD Functions as RD regardless of the setting of bit P6,DDR
P6,DDR 0 1
Pin function RD output
AS Functions as AS regardless of the setting of bit P6;DDR
P63;DDR 0 1
Pin function AS output
P6,/BACK Bit BRLE in BRCR and bit P6,DDR select the pin function as follows.
BRLE 0 1
P6,DDR 0 1 —
Pin function P6; input P6, output BACK output
P6,/BREQ Bit BRLE in BRCR and bit P6:DDR select the pin function as follows.

BRLE 0 1
P6,DDR 0 1 —
Pin function P6, input P6, output BREQ input
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Pin Pin Functions and Selection Method

P6o/WAIT Bit WAITE in BCR and bit P6,DDR select the pin function as follows.
WAITE 0 1
P60DDR 0 1 0"
Pin function P6¢ input P6o output WAIT input

Note: * Do not set bit P60DDR to 1.

7.8 Port 7

7.8.1 Overview

Port 7 is an 8-bit input port that is also used for analog input to the A/D converter and analog
output from the D/A converter. The pin functions are the same in all operating modes. Figure 7.7
shows the pin configuration of port 7.

See section 14, A/D Converter, for details of the A/D converter analog input pins, and section 15,
D/A Converter, for details of the D/A converter analog output pins.

Port 7 pins

~——= P75 (input)/AN - (input)/DA 1 (output)
— P7¢ (input)/ANg (input)/DA o (output)
+—— P75 (input)/AN;5 (input)

~—— P74 (input)/AN 4 (input)

Port 7
+——— P75 (input)/AN 3 (input)
—— P75 (input)/AN, (input)
—— P74 (input)/AN ; (input)

~~—— P74 (input)/AN (input)

Figure 7.7 Port 7 Pin Configuration
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7.8.2 Register Description

Table 7.12 summarizes the port 7 register. Port 7 isan input port, and port 7 has no data direction
register.

Table7.12 Port 7 Data Register

Address* Name Abbreviation R/W Initial Value

H'FFFD6 Port 7 data register P7DR R Undetermined

Note: * Lower 20 bits of the address in advanced mode.

Port 7 Data Register (P7DR)

Bit 7 6 5 4 3 2 1 0

‘ P7; ‘ P7g ‘ P75 ‘ P74 ‘ P73 ‘ P7, ‘ P7, ‘ P7q ‘
Initial value —* —* —* —* —* —* —* —*
Read/Write R R R R R R R R

Note: * Determined by pins P7; to P7,.

When port 7 isread, the pin logic levels are aways read. P7DR cannot be modified.

79 Port 8

7.9.1 Overview

Port 8 is a5-hit input/output port that is also used for CS; to CS, output, IRQ; to IRQ, input, and
A/D converter ADTRG input. Figure 7.8 shows the pin configuration of port 8.

In modes 1 to 5 (expanded modes), port 8 can provide CS; to CS, output, IRQs to IRQ, input, and
ADTRG input. Seetable 7.14 for the selection of pin functionsin expanded modes.

In modes 6 and 7 (single-chip modes), port 8 can provide IRQ; to IRQ input and ADTRG inpt.
Seetable 7.15 for the selection of pin functionsin single-chip mode.

See section 14, A/D Converter, for adescription of the A/D converter’s ADTRG input pin.

The IRQ; to IRQ, functions are selected by |ER settings, regardiess of whether the pin is used for
input or output. Caution istherefore required. For details see section 5.3.1, Externa Interrupts.
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Pinsin port 8 can drive one TTL load and a 90-pF capacitive load. They can also drive a
darlington transistor pair.

Pins P8, to P8, have Schmitt-trigger inputs.

Port 8 pins Pin functions in modes 1to 5
(expanded modes)

e P8,/CS, P8, (input)/ CS, (output)

e P83/CS;/IRQ; /ADTRG P85 (input)/CS; (output)/ IRQ5 (input) / ADTRG (input)

Port8 = P8,/CS,/IRQ, P8, (input)/ CS, (output)/ IRQ, (input)
l«—» P8,/CS3/IRQ, P8, (input)/ CS3 (output)/ IRQ; (input)
a—— PSOI@O P8g (input/output)/@o (input)

Pin functions in modes 6 and 7
(single-chip mode)

P8,/(input/output)

P8;/(input/output)/ IRQ3 (input) / ADTRG (input)
P8,/(input/output)/ @2 (input)
P8, /(input/output)/ IRQ; (input)
P8, /(input/output)/ IRQ (input)

Figure 7.8 Port 8 Pin Configuration

7.9.2 Register Descriptions
Table 7.13 summarizes the registers of port 8.

Table7.13 Port 8 Registers

Initial Value
Address® Name Abbreviation R/W Modes 1to 4 Modes 5to 7
H'EEOO07 Port 8 data direction P8DDR w H'FO H'EO
register
H'FFFD7  Port 8 data register P8DR R/W H'EO H'EO

Note: * Lower 20 bits of the address in advanced mode.
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Port 8 Data Direction Register (PS8DDR): PS8DDR is an 8-hit write-only register that can select
input or output for each pinin port 8.

Bits 7 to 5 arereserved. They are fixed a 1, and cannot be modified.

Bit 7 6 5 4 3 2 1 0
— — — ‘P84DDR‘P83DDR‘P82DDR‘P81DDR‘P80DDR‘
Modes{ Initial value 1 1 1 1 0 0 0 0
1t04 | Read/Write — — — W W W W W
Modes{ Initial value 1 1 1 0 0 0 0 0
S107 | Read/Write — — — W W W W W
Reser\‘/ed bits Port 8 data di‘rection 4t00

These bits select input or
output for port 8 pins

e Modes1to 5 (Expanded Modes)
When bitsin PSDDR bit are set to 1, P8, to P8, become CS, to CS; output pins. When bitsin
PB8DDR are cleared to 0, the corresponding pins become input ports.
In modes 1 to 4 (expanded modes with on-chip ROM disabled), following a reset P8, functions
asthe CS, output, while CS; to CS; are input ports. In mode 5 (expanded mode with on-chip
ROM enabled), following a reset CS, to CS3 are all input ports.

* Modes 6 and 7 (Single-Chip Mode)

Port 8 is a generic input/output port. A pin in port 8 becomes an output port if the
corresponding PBDDR bit is set to 1, and an input port if this bit iscleared to 0.

P8DDR isawrite-only register. Its value cannot be read. All bits return 1 when read.

P8DDR isinitialized to H'FO in modes 1 to 4, and to H'EO in modes 5to 7, by areset and in
hardware standby mode. In software standby mode PS8DDR retains its previous setting. Therefore,
if atransition is made to software standby mode while port 8 is functioning as an input/output port
and aP8DDR hit is set to 1, the corresponding pin maintains its output state.
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Port 8 Data Register (P8DR): P8DR is an 8-hit readable/writable register that stores output data
for port 8. When port 8 functions as an output port, the value of thisregister is output. When a bit
in PBDDRissetto 1, if port 8 isread the value of the corresponding P8DR bit isreturned. When
abitin PBDDRiscleared to 0, if port 8 is read the corresponding pin logic level is read.

Bits 7 to 5 arereserved. They are fixed a 1, and cannot be modified.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ P84 ‘ P83 ‘ P8, ‘ P84 ‘ P8¢ ‘
Initial value 1 1 1 0 0 0 0 0
Read/Write — — — R/W R/W R/W R/W R/W
Reserved bits Port 8data4to 0

These bits store data
for port 8 pins

P8DR isinitialized to H'EO by areset and in hardware standby mode. In software standby mode it
retains its previous setting.
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Table7.14 Port 8 Pin Functionsin Modes1to5

Pin Pin Functions and Selection Method
P84/CSo Bit P8,DDR selects the pin function as follows.
P8,DDR 0 1
Pin function P8, input CS, output
P83/CS./IRQa/ Bit P8;DDR selects the pin function as follows
ADTRG P8:DDR 0 1
Pin function P8 input CS; output
TRQs input
ADTRG input
P8,/CS,/IRQ; Bit P8,DDR selects the pin function as follows.
P8,DDR 0 1
Pin function P8, input CS, output
IRQ2 input
P8,/CS4/IRQ; Bit P8;DDR selects the pin function as follows.
P8,DDR 0 1
Pin function P81 input CS:; output
IRQ; input
P8./IRQy Bit P8,DDR selects the pin function as follows.
P8,DDR 0 1
Pin function P8, input P8, output

TRQy input
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Table7.15 Port 8 Pin Functionsin Modes6 and 7
Pin Pin Functions and Selection Method
P8, Bit P8,DDR selects the pin function as follows.
P8,DDR 0 1
Pin function P8, input P8, output
P85/IRQs/ADTRG Bit P83;DDR selects the pin function as follows.
P8;DDR 0 1
Pin function P8; input P8; output
IRQs input
ADTRG input
P8,/IRQ> Bit P8,DDR selects the pin function as follows.
P8,DDR 0 1
Pin function P8, input P8, output
IRQ; input
P8./IRQ: Bit P8;DDR selects the pin function as follows.
P8,DDR 0 1
Pin function P8, input P8, output
IRQ; input
P8o/IRQq Bit P8,DDR select the pin function as follows.
P8,DDR 0 1
Pin function P8, input P8, output

TRQy input
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710 Port9

7.10.1 Overview

Port 9 isa 6-hit input/output port that is also used for input and output (TxDg, TXD1, RXDg, RXD;,
SCKo, SCK ;) by serial communication interface channels 0 and 1 (SCI0 and SCI1), and for IRQs
and IRQ, input. Seetable 7.17 for the selection of pin functions.

The IRQs and IRQ, functions are selected by |ER settings, regardless of whether the pin is used
for input or output. Caution is therefore required. For details see section 5.3.1, Externa Interrupts.

Port 9 has the same set of pin functionsin all operating modes. Figure 7.9 shows the pin
configuration of port 9.

Pinsin port 9 can drive one TTL load and a 30-pF capacitive load. They can also drive a
darlington transistor pair.

Port 9 pins

== P9, (input/output)/SCK (input/output)/IRQs (input)
<= P9, (input/output)/SCK (input/output)/IRQ, (input)
~—— P9, (input/output)/RxD; (input)

Port 9
~—> P9, (input/output)/RxDq (input)
~—— P9, (input/output)/TxD; (output)

~—— P9, (input/output)/TxDq (output)

Figure7.9 Port 9 Pin Configuration
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7.10.2 Register Descriptions
Table 7.16 summarizes the registers of port 9.

Table7.16 Port 9 Registers

Address” Name Abbreviation R/W Initial Value
H'EEO08 Port 9 data direction register PODDR W H'CO
H'FFFD8 Port 9 data register P9DR R/W H'CO

Note: * Lower 20 bits of the address in advanced mode.

Port 9 Data Direction Register (PODDR): PODDR is an 8-bit write-only register that can select
input or output for each pin in port 9.

Bits 7 and 6 are reserved. They are fixed at 1, and cannot be modified.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ P95DDR‘ P94DDR‘ P93;DDR ‘ P9,DDR ‘ P91DDR‘P90DDR‘
Initial value 1 1 0 0 0 0 0 0
Read/Write — — w W W W W W
Reserved bits Port 9 data direction 5to 0

These bits select input or
output for port 9 pins

When port 9 functions as an input/output port, a pin in port 9 becomes an output port if the
corresponding PODDR bit is set to 1, and an input port if this bit is cleared to 0. For the method of
selecting the pin functions, see table 7.17.

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

PODDR isinitialized to H'CO by areset and in hardware standby mode. In software standby mode
it retainsits previous setting. Therefore, if atransition is made to software standby mode while
port 9 is functioning as an input/output port and a PODDR hit is set to 1, the corresponding pin
maintains its output state.
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Port 9 Data Register (PODR): PODR is an 8-hit readable/writable register that stores output data
for port 9. When port 9 functions as an output port, the value of thisregister is output. When a bit
in PODDR isset to 1, if port 9 isread the value of the corresponding PODR bit is returned. When a
bit in PODDR iscleared to O, if port 9 is read the corresponding pin logic level is read.

Bits 7 and 6 are reserved. They are fixed at 1, and cannot be modified.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ P95 ‘ P9, ‘ P93 ‘ P9, ‘ P9, ‘ P9g ‘
Initial value 1 1 0 0 0 0 0 0
Read/Write — — R/W R/W R/W R/W R/W R/W
Reserved bits Port 9data5to 0

These bits store data
for port 9 pins

PODR isinitialized to H'CO by areset and in hardware standby mode. In software standby mode it
retains its previous setting.
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Table7.17 Port 9 Pin Functions

Pin

Pin Functions and Selection Method

P9s/SCK4/IRQs

Bit C/A in SMR of SCI1, bits CKEQ and CKE1 in SCR, and bit P9sDDR
select the pin function as follows.

CKE1 0 1
C/IA 0 1 —
CKEO 0 1 — —
P9sDDR 0 1 — — —
Pin function P9s P9s SCK; SCK; SCK;
input output output output input
IRQs input

P9,/SCK/TRQ,4

Bit C/A in SMR of SCI0, bits CKEQ and CKE1 in SCR, and bit P9,DDR
select the pin function as follows.

CKE1l 0 1
C/A 0 1 —
CKEO 0 1 — —
P9,DDR 0 1 — — —
Pin function P9, P9, SCKo SCKo SCKo
input output output output input
IRQ input

P93/RxD1 Bit RE in SCR of SCI1, bit SMIF in SCMR, and bit P9;DDR select the pin
function as follows.
SMIF 0 1
RE 0 1 —
P9;DDR 0 1 — —
Pin function P9; input P9; output | RxD; input | RxD; input

1/0 Ports
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Pin Pin Functions and Selection Method
P9,/RxDo Bit RE in SCR of SCIO0, bit SMIF in SCMR, and bit P9,DDR select the pin
function as follows.
SMIF 0 1
RE 1 —
P9,DDR 0 1 — —
Pin function P9, input P9, output | RxDg input | RxDg input
P9,/TxD; Bit TE in SCR of SCI1, bit SMIF in SCMR, and bit P9;DDR select the pin
function as follows.
SMIF 0 1
TE 1 —
P9, DDR 0 1 — —
Pin function P9; input P9, output | TxD; output | TxD; output®
Note: * Functions as the TxD; output pin, but there are two states: one in
which the pin is driven, and another in which the pin is at high-
impedance.
P9¢/TxDo Bit TE in SCR of SCI0, bit SMIF in SCMR, and bit P9,DDR select the pin

function as follows.

SMIF 0 1
TE 1 —
P9,DDR 0 1 — —
Pin function P9, input P9, output | TxDo output | TxDo output®

Note: * Functions as the TxDg output pin, but there are two states: one in
which the pin is driven, and another in which the pin is at high-

impedance.
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7.11 Port A

7.11.1 Overview

Port A is an 8-bit input/output port that isalso used for output (TP, to TPy) from the
programmabl e timing pattern controller (TPC), input and output (TIOCB,, TIOCA,, TIOCB;,
TIOCA4, TIOCB, TIOCA,, TCLKD, TCLKC, TCLKB, TCLKA) by the 16-bit timer, clock input
(TCLKD, TCLKC, TCLKB, TCLKA) to the 8-hit timer, and address output (A3 to Ax). A reset
or hardware standby transition leaves port A as an input port, except that in modes 3 and 4, one
pinisalways used for Ay output. See table 7.19 to 7.21 for the selection of pin functions.

Usage of pinsfor TPC, 16-bit timer, and 8-bit timer input and output is described in the sections
on those modules. For output of address bits Ay to Ay in modes 3, 4, and 5, see section 6.2.4,
Bus Release Control Register (BRCR). Pins not assigned to any of these functions are available
for generic input/output. Figure 7.10 shows the pin configuration of port A.

Pinsin port A can drive one TTL load and a 30-pF capacitive load. They can also drive a
darlington transistor pair. Port A has Schmitt-trigger inputs.
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Port A

Port A pins

PA /TP, [TIOCB, /A 50
PAG/TPg ITIOCA, /A5,
PA5/TPg ITIOCB, /A 5,
PA,/TP, ITIOCA, /A3
PA,/TP; /TIOCB, /TCLKD
PA,/TP, ITIOCA/TCLKC
PA,/TP; ITCLKB

PAo/TPy /TCLKA

Pin functions in modes 1,2,6 and 7

PA - (input/output)/TP; (output)/TIOCB, (input/output)

PA¢ (input/output)/TPg (output)/TIOCA, (input/output)

PA 5 (input/output)/TP5 (output)/TIOCB, (input/output)

PA 4 (input/output)/TP, (output)/ TIOCA; (input/output)

PA 3 (input/output)/TP3 (output)/TIOCB, (input/output)/TCLKD (input)
PA, (input/output)/TP, (output)/TIOCA, (input/output)/ TCLKC (input)
PA { (input/output)/TP; (output)/TCLKB (input)

PA (input/output)/TPq (output)/TCLKA (input)

Pin functions in modes 3 and 4

Ay (output)

PA ¢ (input/output)/TPg (output)/ TIOCA, (input/output)/A ,1 (output)
PA 5 (input/output)/TPsg (output)/TIOCB; (input/output)/A ,,(output)
PA 4 (input/output)/TP4 (output)/ TIOCA; (input/output)/A ,3(output)
PA 3 (input/output)/TP3 (output)/TIOCB, (input/output)/TCLKD (input)
PA ;, (input/output)/TP, (output)/TIOCA (input/output)/ TCLKC (input)
PA 1 (input/output)/TP4 (output)/ TCLKB (input)

PA (input/output)/TPq (output)/ TCLKA (input)

Pin functions in mode 5

PA (input/output)/TP; (output)/TIOCB, (input/output)/A g (output)
PA§ (input/output)/TPg (output)/TIOCA; (input/output)/A,, (output)
PA 5 (input/output)/TPg (output)/TIOCB; (input/output)/A,, (output)
PA 4 (input/output)/TP, (output)/TIOCA; (input/output)/A,5 (output)
PA 3 (input/output)/TP3 (output)/TIOCBy, (input/output)/TCLKD (input)
PA, (input/output)/TP, (output)/TIOCA, (input/output)/TCLKC (input)
PA ;1 (input/output)/TP; (output)/TCLKB (input)

PA (input/output)/TPq (output)/ TCLKA (input)

Figure7.10 Port A Pin Configuration
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7.11.2 Register Descriptions
Table 7.18 summarizes the registers of port A.

Table7.18 Port A Registers

Initial Value
Address® Name R/W Modes 1,2,5,6 and 7 Modes 3, 4
H'EEO009 Port A data direction PADDR W H'00 H'80
register
H'FFFD9  Port A data register  PADR R/W H'00 H'00

Note: * Lower 20 bits of the address in advanced mode.

Port A Data Direction Register (PADDR): PADDR is an 8-bit write-only register that can select
input or output for each pinin port A. When pins are used for TPC output, the corresponding
PADDR hits must also be set.

Bit 7 6 5 4 3 2 1 0

\ PA7DDR‘ PAGDDR‘ PA5DDR‘ PA4DDR‘ PA3DDR \ PA,DDR \ PAlDDR‘ PAoDDR \
Modes {lnitial value 1 0 0 0 0 0 0 0
3and 4| Read/Write — W W W W W W W
g/jozd’e;{lnitial value 0 0 0 0 0 0 0 0
6 and 7| Read/Write W w w w w wW W w

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

The pin functionsthat can be selected for pins PA; to PA, differ between modes 1, 2, 6, and 7, and
modes 3 to 5. For the method of selecting the pin functions, seetables 7.19 and 7.20.

The pin functions that can be selected for pins PA; to PA, are the same in modes 1 to 7. For the
method of selecting the pin functions, seetable 7.21.

When port A functions as an input/output port, apin in port A becomes an output port if the
corresponding PADDR bit is set to 1, and an input port if thisbit is cleared to 0. In modes 3 and 4,
PA/DDR isfixed a 1 and PA; functions as the Ay, address output pin.

PADDR is awrite-only register. Its value cannot be read. All bits return 1 when read.
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PADDR isinitialized to H'00 by areset and in hardware standby modein modes 1, 2, 5, 6, and 7.
Itisinitialized to H'80 by areset and in hardware standby mode in modes 3 and 4. In software
standby mode it retains its previous setting. Therefore, if atransition is made to software standby
mode while port A is functioning as an input/output port and a PADDR bit isset to 1, the
corresponding pin maintains its output state.

Port A Data Register (PADR): PADR is an 8-bit readable/writable register that stores output
datafor port A. When port A functions as an output port, the value of thisregister is output. When
abitin PADDRisset to 1, if port A isread the value of the corresponding PADR bit is returned.
When abit in PADDR is cleared to O, if port A is read the corresponding pin logic level is read.

Bit 7 6 5 4 3 2 1 0

‘ PA7 ‘ PAg ‘ PA5 ‘ PA4 ‘ PA3 ‘ PA»> ‘ PA, ‘ PAo ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Port Adata7to 0
These bits store data for port A pins

PADR isinitialized to H'00 by areset and in hardware standby mode. In software standby mode it
retains its previous setting.
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Table7.19 Port A Pin Functions(Modes 1, 2, 6, and 7)

Pin Pin Functions and Selection Method
PAZITP,/ Bit PWM2 in TMDR, bits IOB2 to I0BO0 in TIOR2, bit NDER7 in NDERA, and bit
TIOCB; PA7DDR select the pin function as follows.
16-bit timer
channel 2 settings (1) in table below (2) in table below
PA;DDR — 0 1 1
NDER7 — — 0 1
Pin function TIOCB; output PA; PA; TP,
input output output
TIOCB; input*
Note: * TIOCB; input when IOB2 =1 and PWM2 = 0.
16-bit timer
channel 2 settings (2) (1) (2)
10B2 0 1
10B1 0 0 1 —
10B0O 0 1 — —
PAs/TPg/ Bit PWM2 in TMDR, bits IOA2 to IOAOQ in TIOR2, bit NDER6 in NDERA, and bit
TIOCA, PAsDDR select the pin function as follows.

16-bit timer

channel 2 settings (1) in table below (2) in table below

PAsDDR — 0 1 1

NDER6 — — 0 1

Pin function TIOCA; output PAg PAg TPe
input output output

TIOCA; input”

Note: * TIOCA; input when IOA2 = 1.

16-bit timer

channel 2 settings @) 1) 2) 1)
PWM2 0 1
I0A2 0 1 —
I0Al 0 0 1 — —
I0A0 0 1 — — —
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Pin Pin Functions and Selection Method

PAs/TPs/ Bit PWML1 in TMDR, bits I0B2 to IOBO0 in TIOR1, bit NDERS5 in NDERA, and bit
TIOCB; PAsDDR select the pin function as follows.

16-bit timer
channel 1 settings (1) in table below (2) in table below
PAsDDR — 0 1 1
NDER5 — — 0 1
Pin function TIOCB; output PAs PAs TPs
input output output
TIOCB; input”

Note: * TIOCB; input when IOB2 =1 and PWML1 = 0.

16-bit timer

channel 1 settings 2) (1) (2)
10B2 0 1
I0B1 0 0 1 —
[0]=14) 0 1 — —

PALJTPA/ Bit PWML1 in TMDR, bits IOA2 to IOAO in TIOR1, bit NDER4 in NDERA, and bit
TIOCA; PA4,DDR select the pin function as follows.

16-bit timer

channel 1 settings (1) in table below (2) in table below

PA;DDR — 0 1 1

NDER4 — — 0 1

Pin function TIOCA; output PA, PA, TPy
input output output

TIOCA, input*

Note: * TIOCA, input when IOA2 = 1.

16-bit timer

channel 1 settings 2) Q) (2) 1)
PWM1 0 1
I0A2 0 1 —
I0A1 0 0 1 — —
I0OA0 0 1 — — —
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Table7.20 Port A Pin Functions(Modes3to 5)

Pin Pin Functions and Selection Method
PAZITP,/ Modes 3 and 4: Always used as Ay output.
TIOCB2/ Az [pip function ‘ Ay output

Mode 5: Bit PWM2 in TMDR, bits I0OB2 to IOBO in TIOR2, bit NDER7 in NDERA, bit
A20E in BRCR, and bit PA;DDR select the pin function as follows.

A20E 1 0
16-bit timer

channel 2 settings| (1) in table below (2) in table below —
PA;DDR — 0 1 1 —
NDER7 — — 0 1 —
Pin function TIOCB; output PA; PA; TP, Azo

input output output output
TIOCB; input*

Note: * TIOCB; input when IOB2 = 1 and PWM2 = 0.

16-hit timer channel 2 settings (2) (2) (2)
10B2 0 1
10B1 0 0 1 —
[0]=10] 0 1 — —
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Pin Pin Functions and Selection Method
PAG/TP¢/ Bit PWM2 in TMDR, bits IOA2 to IOAO in TIOR2, bit NDERG6 in NDERA, bit A21E in

TIOCA2/A21 BRCR, and bit PAsDDR select the pin function as follows.

A21E 1 0

16-bit timer

channel 2 settings| (1) in table below (2) in table below —

PAsDDR — 0 1 1 —

NDER6 — — 0 1 —

Pin function TIOCA; output PAg PAg TPe Ao
input output output output

TIOCA; input*

Note: * TIOCA; input when IOA2 = 1.

16-bit timer channel 2 settings (2) (1) 2) (1)

PWM2 0 1

I0A2 1 —

I0A1 1 — —

I0A0 — — —

PAs/TPs/

Bit PWML1 in TMDR, bits IOB2 to IOBO in TIOR1, bit NDER5 in NDERA, bit A22E in
TIOCB1/A2; BRCR, and bit PAsDDR select the pin function as follows.

A22E 1 0

16-hit timer

channel 1 settings| (1) in table below (2) in table below —

PAsDDR — 0 1 1 —

NDERS5 — — 0 1 —

Pin function TIOCB; output PAs PAs TPs Az
input output output output

TIOCB; input*

Note: * TIOCB; input when IOB2 =1 and PWM1 = 0.

16-bit timer

channel 1 settings 2) Q) (2)

10B2 0 1

10B1 0 1 —

[0]=10] — —
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Pin

Pin Functions and Selection Method

PALJTPY/

Bit PWML1 in TMDR, bits IOA2 to IOA0 in TIOR1, bit NDER4 in NDERA, bit A23E in
TIOCA1/A2;3 BRCR, and bit PA,DDR select the pin function as follows.

A23E 1 0

16-bit timer

channel 1 settings| (1) in table below (2) in table below —

PA,DDR — 0 1 1 —

NDER4 — — 0 1 —

Pin function TIOCA; output PA4 PA4 TP4 Az
input output output output

TIOCA; input*

Note: * TIOCA, input when IOA2 = 1.

16-bit timer

channel 1 settings 2) (1) 2) (2)

PWM1 0 1

I0A2 1 —

I0Al 1 — —

I0A0 — — —

Rev. 2.00 Sep 20, 2005 page 195 of 800

RENESAS

REJ09B0260-0200



Section 7

1/0O Ports

Table7.21 Port A Pin Functions(Modes1to7)

Pin Pin Functions and Selection Method

PAs/TP3/ Bit PWMO in TMDR, bits IOB2 to IOBO in TIORO, bits TPSC2 to TPSCO0 in 16 TCR2 to
TIOCBY/ 16 TCRO of the 16-bit timer, bits CKS2 to CKS0 in 8TCR2 of the 8-bit timer, bit
TCLKD NDER3 in NDERA, and bit PA3DDR select the pin function as follows.

16-bit timer
channel 0 settings| (1) in table below (2) in table below
PAsDDR — 0 1 1
NDER3 — — 0 1
Pin function TIOCBy PA3 PA3 TP3
output input output output
TIOCBy input**
TCLKD input*?
Notes: 1. TIOCByg input when IOB2 =1 and PWMO = 0.

2. TCLKD input when TPSC2 = TPSC1 = TPSCO =1 in any of 16 TCR2 to
16TCRO, or bits CKS2 to CKSO0 in 8TCR2 are as shown in (3) in the table

below.

16-bit timer
channel 0 settings

)

1)

()

10B2

1

10B1

I0BO

8-bit timer
channel 2 settings

(4) ’

3

CKS2

CKs1

CKSO0
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Pin Pin Functions and Selection Method
PALITP,/ Bit PWMO in TMDR, bits IOA2 to IOAO in TIORO, bits TPSC2 to TPSCO0 in 16TCR2 to
TIOCAY/ 16 TCRO of the 16-bit timer, bits CKS2 to CKSO0 in 8TCRO of the 8-bit timer, bit
TCLKC NDER2 in NDERA, and bit PA;DDR select the pin function as follows.

16-bit timer
channel 0 settings (1) in table below (2) in table below
PA,DDR — 0 1 1
NDER2 — — 0 1
Pin function TIOCA, output PA; PA, TP,
input output output
TIOCA, input**
TCLKC input*?
Notes: 1. TIOCAg input when IOA2 = 1.

2. TCLKC input when TPSC2 = TPSC1 = 1 and TPSCO =0 in any of
16TCR2 to 16 TCRO, or bits CKS2 to CKSO0 in 8TCRO are as shown in (3)
in the table below.

16-bit timer
channel 0 settings

PWMO

)

@)
0

(2)

@)
1

I0A2

I0A1

IOA0

8-bit timer
channel 0 settings

(4)

3

CKS2

CKs1

CKSO
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PAJ/TP,/ Bit MDF in TMDR, bits TPSC2 to TPSCO in 16 TCR2 to 16TCRO of the 16-bit timer,
TCLKB bits CKS2 to CKS0 in 8TCRS3 of the 8-bit timer, bit NDER1 in NDERA, and bit
PA;:DDR select the pin function as follows.
PA;DDR 0 1 1
NDER1 — 0 1
Pin function PA; input PA; output TP, output
TCLKB input*
Note: * CLKB input when MDF =1 in TMDR, or TPSC2 =1, TPSC1 =0, and
TPSCO = 1 in any of 16 TCR2 to 16 TCRO, or bits CKS2 to CKS0 in 8TCR3 are
as shown in (1) in the table below.
8-bit timer
channel 3 settings (2) 1)
CKS2 0 1
CKs1 — 0 1
CKSO — 0 ‘ 1 —
PA/TPy/ Bit MDF in TMDR, bits TPSC2 to TPSCO in 16TCR2 to 16TCRO of the 16-bit timer,
TCLKA bits CKS2 to CKS0 in 8TCR1 of the 8-bit timer, bit NDERO in NDERA, and bit

PA.DDR select the pin function as follows.

PA,DDR 0 1

NDERO — 0 1

Pin function PA, input PA, output TP, output
TCLKA input*

Note: * TCLKA inp

ut when MDF =1 in TMDR, or TPSC2 =1 and TPSC1 =0, and

TPSCO =0 in any of 16 TCR2 to 16 TCRO, or bits CKS2 to CKS0 in 8TCR1 are
as shown in (1) in the table below.

8-bit timer

channel 1 settings (2) 1)

CKS2 0 1

CKs1 — 0 1

CKSO0 — 0 1 —
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7.12 Port B

7.12.1 Overview

Port B is an 8-hit input/output port that is also used for output (TPys5 to TPg) from the
programmabl e timing pattern controller (TPC), input/output (TMIOs, TMO,, TMIO,, TMOy) by
the 8-bit timer, and CS; to CS, output. See tables 7.23 and 7.24 for the selection of pin functions.
A reset or hardware standby transition leaves port B as an input/output port.

For output of CS; to CS4in modes 1 to 5, see section 6.3.4, Chip Select Signals. Pins not assigned
to any of these functions are available for generic input/output. Figure 7.11 shows the pin
configuration of port B.

Pinsin port B can drive one TTL load and a 30-pF capacitive load. They can also drive darlington
transistor pair.
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Port B

Port B pins

PB//TP5

PBg/TP14

PBs/TP13

PB,/TP1,

PB3/TP1 /TMIO,/CS,
PB,/TP1o /TMO,/CS;
PB4/TPg /TMIO,/CS;
PBy/TPg/TMO,/CS,

Pin functions in modes 1to 5

PB- (input/output)/TP45 (output)

PBg (input/output)/TP14 (output)

PBs (input/output)/TP43 (output)

PB, (input/output)/TP4, (output)

PBj (input/output)/TP4; (output) /TMIO, (input/output) /CS, (output)
PB, (input/output)/TP4q (output) /TMO, (output) /CS; (output)

PB; (input/output)/TPg (output) /TMIO; (input/output) /CS, (output)
PB, (input/output)/TPg (output) /TMO, (output) /CS, (output)

Pin functions in modes 6 and 7

PB- (input/output)/TP45 (output)

PBg (input/output)/TP14 (output)

PBg (input/output)/TP43 (output)

PB4 (input/output)/TP4, (output)

PB3 (input/output)/TP4; (output) /TMIO; (input/output)
PB, (input/output)/TP1g (output) /TMO, (output)

PB; (input/output)/TPg (output) /TMIO, (input/output)
PBy (input/output)/TPg (output) /TMO, (output)

Figure7.11 Port B Pin Configuration
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Section 7 1/O Ports

7.12.2 Register Descriptions
Table 7.22 summarizes the registers of port B.

Table7.22 Port B Registers

Address” Name Abbreviation R/W Initial Value
H'EEOOQA Port B data direction register PBDDR W H'00
H'FFFDA Port B data register PBDR R/W H'00

Note: * Lower 20 bits of the address in advanced mode.

Port B Data Direction Register (PBDDR): PBDDR is an 8-bit write-only register that can select
input or output for each pin in port B. When pins are used for TPC output, the corresponding
PBDDR bits must also be set.

Bit 7 6 5 4 3 2 1 0
‘PB7 DDR‘ PBg DDR‘ PBs DDR‘ PB4DDR‘ PBj DDR‘PBZ DDR ‘ PB; DDR‘PBO DDR‘

Initial value 0 0 0 0 0 0 0 0

Read/Write w w w w w w w w

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

The pin functions that can be selected for port B differ between modes 1to 5, and modes 6 and 7.
For the method of selecting the pin functions, seetables 7.23 and 7.24.

When port B functions as an input/output port, apin in port B becomes an output port if the
corresponding PBDDR bit is set to 1, and an input port if this bit is cleared to O.

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

PBDDR isinitialized to H'00 by areset and in hardware standby mode. In software standby mode
it retains its previous setting. Therefore, if atransition is made to software standby mode while
port B is functioning as an input/output port and a PBDDR bit is set to 1, the corresponding pin
maintains its output state.
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Port B Data Register (PBDR): PBDR is an 8-bit readable/writable register that stores output data
for pins port B. When port B functions as an output port, the value of this register is output. When
abitin PBDDRissetto 1, if port B isread the value of the corresponding PBDR hit is returned.
When abit in PBDDR iscleared to O, if port B is read the corresponding pin logic level isread.

Bit 7 6 5 4 3 2 1 0

‘ PB~; ‘ PBg ‘ PBs ‘ PB4 ‘ PB3 ‘ PB» ‘ PB4 ‘ PBo ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

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

PBDRisinitialized to H'00 by areset and in hardware standby mode. In software standby mode it
retains its previous setting.
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Table7.23 Port B Pin Functions (Modes 1to 5)
Pin Pin Functions and Selection Method
PB-/TP1s Bit NDER15 in NDERB and bit PB;DDR select the pin function as follows.
PB;DDR 0 1 1
NDER15 — 0 1
Pin function PB- input PB- output TP15 output
PBg/TP14 Bit NDER14 in NDERB and bit PBsDDR select the pin function as follows.
PBsDDR 0 1 1
NDER14 — 0 1
Pin function PBs input PBs output TP14 output
PBs/TP;3 Bit NDER13 in NDERB and bit PBsDDR select the pin function as follows.
PBsDDR 0 1 1
NDER13 — 0 1
Pin function PBs input PBs output TP13 output
PB4/TP;, Bit NDER12 in NDERB and bit PB4DDR select the pin function as follows.
PB4DDR 0 1 1
NDER12 — 0 1
Pin function PB, input PB4 output TP12 output
PBs/TP1/  Bits OIS3/2 and OS1/0 in 8TCSR3, bit CS4E in CSCR, bit NDER11 in NDERB, and
TMIO3/CS, bit PB3DDR select the pin function as follows.

0IS3/2 and AllO Not all 0
0s1/0
CS4E 0 1 —
PBsDDR 0 1 — —
NDER11 — 0 1 — —
Pin function PBs PB; TPy CS, TMIO; output

input output output output

TMIO; input®

Note: * TMIO;3 input when bit ICE = 1 in 8TCSR3.
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Pin Pin Functions and Selection Method
PBZ/TPl_o/ Bits OI1S3/2 and OS1/0 in 8STCSR2, bit CS5E in CSCR, bit NDER10 in NDERB, and
TMO,/CSs  hit PB,DDR select the pin function as follows.
0OIS3/2 and All 0 Not all 0
0S1/0
CS5E 1 —
PB,DDR 0 1 — —
NDER10 — 0 1 — —
Pin function PB; PB; TP1o CSs TMIO,
input output output output output
PB1/TPo/ Bits OIS3/2 and OS1/0 in 8TCSR1, bit CS6E in CSCR, bit NDER9 in NDERB, and bit
TMIO,/CSs PB;DDR select the pin function as follows.
0IS3/2 and All O Not all 0
0S1/0
CS6E 1 —
PB.DDR 0 1 — —
NDER9 — 0 1 — —
Pin function PB; PB; TPy CSs TMIO;
input output output output output
TMIO; input®
Note: * TMIO; input when bit ICE = 1 in 8TCSR1.
PBo/TFi Bits OIS3/2 and OS1/0 in 8TCSRO, bit CS7E in CSCR, bit NDERS8 in NDERB, and bit
TMO./CS; PBoDDR select the pin function as follows.
0IS3/2 and AllO Not all 0
0S1/0
CS7E 0 1 —
PBoDDR 0 1 — —
NDERS8 — 0 1 — —
Pin function PBo PBo TPsg CS, TMOp
input output output output output
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Table7.24 Port B Pin Functions (Modes 6 and 7)

Pin Pin Functions and Selection Method
PB-/TP1s Bit NDER15 in NDERB and bit PB;DDR select the pin function as follows.
PB;DDR 0 1 1
NDER15 — 0 1
Pin function PB- input PB- output TP15 output
PBg/TP14 Bit NDER14 in NDERB and bit PBsDDR select the pin function as follows.
PBsDDR 0 1 1
NDER14 — 0 1
Pin function PBs input PBs output TP14 output
PBs/TP;3 Bit NDER13 in NDERB and bit PBsDDR select the pin function as follows.
PBsDDR 0 1 1
NDER13 — 0 1
Pin function PBs input PBs output TP13 output
PB4/TP;, Bit NDER12 in NDERB and bit PB4DDR select the pin function as follows.
PB4DDR 0 1 1
NDER12 — 0 1
Pin function PB, input PB4 output TP12 output
PB3/TP1i/  Bits OIS3/2 and OS1/0 in 8TCSRS3, bit NDER11 in NDERB, and bit PB;DDR select
TMIO3 the pin function as follows.

0IS3/2 and All 0 Not all 0

0S1/0

PBsDDR 0 1 1 —

NDER11 — 0 1 —

Pin function PB; input PB; output TP11 output TMIO3 output
TMIO; input”

Note: * TMIO3 input when bit ICE = 1 in 8TCSR3.
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Pin Pin Functions and Selection Method
PB,/TP1o/  Bits OIS3/2 and OS1/0 in 8TCSR2, bit NDER10 in NDERB, and bit PB,DDR select
TMO;, the pin function as follows.
0OIS3/2 and AllO Not all 0
0S1/0
PB,DDR 0 1 1 —
NDER10 — 0 1 —
Pin function PB, input PB; output TP10 output TMO; output
PB./TPy/ Bits OI1S3/2 and OS1/0 in 8TCSR1, bit NDER9 in NDERB, and bit PB;DDR select the
TMIO; pin function as follows.
0OIS3/2 and AllO Not all 0
0S1/0
PB,;DDR 0 1 1 —
NDER9 — 0 1 —
Pin function PB; PB; TPy TMIO,
input output output output
TMIO; input”
Note: * TMIO; input when bit ICE = 1 in 8TCSR1.
PB./TPg/ Bits OIS3/2 and OS1/0 in 8TCSRO, bit NDERS8 in NDERB, and bit PB,DDR select the
TMOqg pin function as follows.

QIS3/2 and All 0 Not all 0

0S1/0

PB.DDR 0 1 1 —

NDERS8 — 0 1 —

Pin function PBo PBo TPg TMOg
input output output output
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Section 8 16-Bit Timer

8.1 Overview

The H8/3024 Group has built-in 16-bit timer module with three 16-bit counter channels.

811 Features
16-bit timer features are listed below.

» Capahility to process up to 6 pulse outputs or 6 pulse inputs
« Six genera registers (GRs, two per channel) with independently-assignable output compare or
input capture functions
» Selection of eight counter clock sources for each channel:
Internal clocks. @, @2, @4, ¢/8
External clocks: TCLKA, TCLKB, TCLKC, TCLKD
» Five operating modes selectable in al channels:
0 Waveform output by compare match
Selection of 0 output, 1 output, or toggle output (only O or 1 output in channel 2)
O Input capture function
Rising edge, falling edge, or both edges (selectable)
O Counter clearing function
Counters can be cleared by compare match or input capture
O Synchronization

Two or moretimer counters (L6TCNTS) can be preset simultaneously, or cleared
simultaneously by compare match or input capture. Counter synchronization enables
synchronous register input and output.

0 PWM mode

PWM output can be provided with an arbitrary duty cycle. With synchronization, up to
three-phase PWM output is possible

» Phase counting mode selectable in channel 2

Two-phase encoder output can be counted automatically.
» High-speed access viainternal 16-bit bus

The 16TCNTs and GRs can be accessed at high speed via a 16-hit bus.
* Any initial timer output value can be set
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Section 8 16-Bit Timer

* Nineinterrupt sources

Each channel has two compare match/input capture interrupts and an overflow interrupt. All
interrupts can be requested independently.

e Output triggering of programmable timing pattern controller (TPC)
Compare match/input capture signals from channels 0 to 2 can be used as TPC output triggers.

Table 8.1 summarizes the 16-bit timer functions.

Table8.1

16-bit timer Functions

ltem

Channel 0

Channel 1

Channel 2

Clock sources

Internal clocks: @, @/2, /4, ¢/8
External clocks: TCLKA, TCLKB, TCLKC, TCLKD, selectable

independently

General registers (output
compare/input capture
registers)

GRAO, GRBO

GRA1, GRB1

GRA2, GRB2

Input/output pins

TIOCA,, TIOCBg

TIOCA;, TIOCB;

TIOCA,, TIOCB;

Counter clearing function

GRAO/GRBO
compare match or
input capture

GRA1/GRB1
compare match or
input capture

GRA2/GRB2
compare match or
input capture

Initial output value setting Available Available Available
function

Compare match |0 Available Available Available
output 1 Available Available Available

Toggle Available Available Not available

Input capture function Available Available Available
Synchronization Available Available Available
PWM mode Available Available Available
Phase counting mode Not available Not available Available

Interrupt sources

Three sources

» Compare match/
input capture AO

» Compare match/
input capture BO

» Overflow

Three sources

« Compare match/
input capture Al

« Compare match/
input capture B1

* Overflow

Three sources

« Compare match/
input capture A2

« Compare match/
input capture B2

* Overflow
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Section 8 16-Bit Timer

8.1.2 Block Diagrams

16-bit timer Block Diagram (Overall): Figure 8.1 isablock diagram of the 16-hit timer.

TCLKAto TCLKD > IMIAO to IMIA2
Clock selector > IMIBO to IMIB2
0, 92, ¢4, '8 > OVI0 to OVI2
Control logic
TIOCA to TIOCA;
TIOCB, to TIOCB,
0 <[ Tsm ko
~ o o <] TSNR K >
© © ©
= = = <__| TMDR K> g
] @ ] @ 2
5 5 5 5 5
o = o <_] TOLR K_ > & @
£ £ £ o
= 8= £ =3
= = Z | TISRA [ A o 5
< < 2 m <
3 ] S <] TISRB K__> o
6 <] TISRC K>
Module data bus
Legend:
TSTR: Timer start register (8 bits)
TSNR: Timer synchro register (8 bits)
TMDR: Timer mode register (8 bits)
TOLR: Timer output level setting register (8 bits)
TISRA: Timer interrupt status register A (8 bits)
TISRB: Timer interrupt status register B (8 bits)
TISRC: Timer interrupt status register C (8 bits)

Figure8.1 16-bit timer Block Diagram (Overall)
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Section 8 16-Bit Timer

Block Diagram of Channels0 and 1: 16-bit timer channels 0 and 1 are functionally identical.
Both have the structure shown in figure 8.2.

TCLKA to TCLKD > = TIOCAq
Clock selector < TIOCBy
O @2, @4, @8 > _
Control logic
— IMIAO
Comparator — IMIBO
— OVIO
= o
pd
ol || |& o5
S (O] O 8 [

Q

Module data bus

Legend:

16TCNT:  Timer counter (16 hits)

GRA, GRB: General registers A and B (input capture/output compare registers) (16 bits * 2)
TCR: Timer control register (8 bits)

TIOR: Timer 1/O control register (8 bits)

Figure8.2 Block Diagram of ChannelsOand 1
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Block Diagram of Channel 2: Figure 8.3 isablock diagram of channel 2

TCLKA to TCLKD > ~=— TIOCA,
Clock selector = TIOCB,
002, g4 @8 > _
Control logic IMIA2
Comparator — IMIB2
— OVI2
N
- AN
z| |22 e &
Ol|lx| | =l Q
© O (O] © (=

Module data bus

Legend:

16TCNT2: Timer counter 2 (16 bits)
GRA2, GRB2: General registers A2 and B2 (input capture/output compare registers)

(16 bits x 2)
TCR2: Timer control register 2 (8 bits)
TIOR2: Timer 1/O control register 2 (8 bits)

Figure 8.3 Block Diagram of Channd 2
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813 Pin Configuration

Table 8.2 summarizes the 16-bit timer pins.

Table8.2 16-bit timer Pins
Abbre- Input/
Channel Name viation Output  Function
Common Clock input A TCLKA Input External clock A input pin
(phase-A input pin in phase counting mode)
Clock input B TCLKB Input External clock B input pin
(phase-B input pin in phase counting mode)

Clock input C TCLKC Input External clock C input pin
Clock input D TCLKD Input External clock D input pin

0 Input capture/output  TIOCA;  Input/ GRAO output compare or input capture pin
compare AO output PWM output pin in PWM mode
Input capture/output TIOCBy  Input/ GRBO output compare or input capture pin
compare BO output

1 Input capture/output  TIOCA;  Input/ GRA1 output compare or input capture pin
compare Al output PWM output pin in PWM mode
Input capture/output  TIOCB;  Input/ GRB1 output compare or input capture pin
compare B1 output

2 Input capture/output TIOCA,  Input/ GRAZ2 output compare or input capture pin
compare A2 output PWM output pin in PWM mode
Input capture/output TIOCB,  Input/ GRB2 output compare or input capture pin
compare B2 output
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814 Register Configuration
Table 8.3 summarizesthe 16-bit timer registers.

Table83 16-bit timer Registers

Abbre- Initial
Channel Address**  Name viation R/W Value
Common H'FFF60 Timer start register TSTR R/W H'F8
H'FFF61 Timer synchro register TSNC R/W H'F8
H'FFF62 Timer mode register TMDR R/W H'98
H'FFF63 Timer output level setting register TOLR w H'CO
H'FFF64 Timer interrupt status register A TISRA RI(W)*2  H'88
H'FFF65 Timer interrupt status register B TISRB RI(W)*?  H'88
H'FFF66 Timer interrupt status register C TISRC R/ON)*2 H'88
0 H'FFF68 Timer control register 0 16TCRO R/W H'80
H'FFF69 Timer I/O control register 0 TIORO R/W H'88
H'FFF6A Timer counter OH 16TCNTOH R/W H'00
H'FFF6B Timer counter OL 16TCNTOL R/W H'00
H'FFF6C General register AOH GRAOH R/W H'FF
H'FFF6D General register AOL GRAOL R/W H'FF
H'FFF6E General register BOH GRBOH R/W H'FF
H'FFF6F General register BOL GRBOL R/W H'FF
1 H'FFF70 Timer control register 1 16TCR1 R/W H'80
H'FFF71 Timer 1/O control register 1 TIOR1 R/W H'88
H'FFF72 Timer counter 1H 16TCNTIH R/W H'00
H'FFF73 Timer counter 1L 16TCNTIL R/W H'00
H'FFF74 General register A1H GRA1H R/W H'FF
H'FFF75 General register A1L GRALL R/W H'FF
H'FFF76 General register B1H GRB1H R/W H'FF
H'FFF77 General register B1L GRB1L R/W H'FF
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Abbre- Initial
Channel Address*'  Name viation R/W Value
2 H'FFF78 Timer control register 2 16TCR2 R/W H'80
H'FFF79 Timer I/O control register 2 TIOR2 R/W H'88
H'FFF7A Timer counter 2H 16TCNT2H R/W H'00
H'FFF7B Timer counter 2L 16TCNT2L R/W H'00
H'FFF7C General register A2H GRA2H R/W H'FF
H'FFF7D General register A2L GRA2L R/W H'FF
H'FFF7E General register B2H GRB2H R/W H'FF
H'FFF7F General register B2L GRB2L R/W H'FF

Notes: 1. The lower 20 bits of the address in advanced mode are indicated.
2. Only 0 can be written in bits 3 to 0, to clear the flags.

8.2 Register Descriptions

8.2.1 Timer Start Register (TSTR)

TSTRisan 8-hit readable/writable register that starts and stops the timer counter (16TCNT) in
channels0to 2.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ — ‘ — ‘ STR2 ‘ STR1 ‘ STRO ‘

Initial value 1 1 1 1 1 0 0 0

Read/Write — — — — — R/W R/W R/W

Reserved bits Counter start 2to 0

These bits start and
stop 16TCNT2 to 16 TCNTO

TSTRisinitialized to H'F8 by areset and in standby mode.

Bits 7 to 3—Reser ved: These bits cannot be modified and are alwaysread as 1.
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Bit 2—Counter Start 2 (STR2): Starts and stopstimer counter 2 (16TCNT?2).

Bit 2

STR2 Description

0 16TCNT2 is halted (Initial value)
1 16TCNT2 is counting

Bit —Counter Start 1 (STR1): Starts and stopstimer counter 1 (16TCNT1).

Bit 1

STR1 Description

0 16TCNT1 is halted (Initial value)
1 16TCNT1 is counting

Bit 0—Counter Start 0 (STRO0): Starts and stops timer counter 0 (16TCNTO).

Bit 0

STRO Description

0 16TCNTO is halted (Initial value)
1 16TCNTO is counting

8.2.2 Timer Synchro Register (TSNC)

TSNC is an 8-bit readable/writable register that selects whether channels 0 to 2 operate
independently or synchronously. Channels are synchronized by setting the corresponding bitsto 1.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ — ‘ — ‘ SYNC2 ‘ SYNC1 ‘ SYNCO ‘
Initial value 1 1 1 1 1 0 0 0
Read/Write — — — — — R/W R/W R/W
Reserved bits Timer sync 2to 0

These bits synchronize
channels 2to 0

TSNCisinitialized to H'F8 by areset and in standby mode.

Bits 7 to 3—Reser ved: These bits cannot be modified and are alwaysread as 1.
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Bit 2—Timer Sync 2 (SYNC?2): Selects whether channel 2 operates independently or

synchronously.

Bit 2

SYNC2  Description

0 Channel 2’s timer counter (L6TCNT2) operates independently (Initial value)

16TCNT2 is preset and cleared independently of other channels

Channel 2 operates synchronously
16TCNT2 can be synchronously preset and cleared

Bit 1—Timer Sync 1 (SYNC1): Selects whether channel 1 operates independently or

synchronously.

Bit 1

SYNC1 Description

0 Channel 1's timer counter (L6TCNT1) operates independently (Initial value)

16TCNT1 is preset and cleared independently of other channels

Channel 1 operates synchronously
16TCNT1 can be synchronously preset and cleared

Bit 0—Timer Sync 0 (SYNCO): Selects whether channel 0 operates independently or

synchronougly.

Bit O

SYNCO Description

0 Channel 0’s timer counter (L6TCNTO) operates independently (Initial value)

16TCNTO is preset and cleared independently of other channels

Channel 0 operates synchronously
16TCNTO can be synchronously preset and cleared
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823 Timer Mode Register (TMDR)

TMDR is an 8-hit readable/writable register that selects PWM mode for channels0to 2. It also
selects phase counting mode and the overflow flag (OVF) setting conditions for channel 2.

Bit 7 6 5 4 3 2 1 0

‘ — ‘ MDF ‘ FDIR ‘ — ‘ — ‘ PWM2 ‘ PWM1 ‘ PWMO ‘
Initial value 1 0 0 1 1 0 0 0
Read/Write — R/W R/W — — R/W R/W R/W

PWM modes 2to 0

Reserved bit These bits select PWM
mode for channels 2 to 0

Flag direction
Selects the setting condition for the overflow
flag (OVF) in TISRC

Phase counting mode flag
Selects phase counting mode for channel 2

Reserved bit

TMDRisinitialized to H'98 by areset and in standby mode.
Bit 7—Reserved: This bit cannot be modified and is always read as 1.

Bit 6—Phase Counting Mode Flag (M DF): Selects whether channel 2 operates normally or in
phase counting mode.

Bit 6

MDF Description

0 Channel 2 operates normally (Initial value)
1 Channel 2 operates in phase counting mode

When MDF is set to 1 to select phase counting mode, 16TCNT2 operates as an up/down-counter
and pins TCLKA and TCLKB become counter clock input pins. 16TCNT2 counts both rising and
falling edges of TCLKA and TCLKB, and counts up or down as follows.

Counting Direction  Down-Counting Up-Counting
TCLKA pin I High M Low Low I High ¥
TCLKB pin Low I High 1 I High 1 Low
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In phase counting mode, external clock edge selection by bits CKEG1 and CKEGO in 16TCR2
and counter clock selection by bits TPSC2 to TPSCO are invalid, and the above phase counting
mode operations take precedence.

The counter clearing condition selected by the CCLR1 and CCLRO bitsin 16TCR2 and the
compare match/input capture settings and interrupt functions of TIOR2, TISRA, TISRB, TISRC
remain effective in phase counting mode.

Bit 5—Flag Direction (FDIR): Designates the setting condition for the OVF flag in TISRC. The
FDIR designation isvalid in al modesin channel 2.

Bit 5

FDIR Description

0 OVF is setto 1 in TISRC when 16 TCNT2 overflows or underflows (Initial value)
1 OVF is setto 1 in TISRC when 16TCNT2 overflows

Bits4 and 3—Reserved: These hits cannot be modified and are always read as 1.

Bit 2—PWM Mode 2 (PWM 2): Selects whether channel 2 operates normally or in PWM mode.

Bit 2

PWM2 Description

0 Channel 2 operates normally (Initial value)
1 Channel 2 operates in PWM mode

When bit PWM2 is set to 1 to select PWM mode, pin TIOCA, becomes a PWM output pin. The
output goesto 1 a compare match with GRA2, and to 0 at compare match with GRB2.

Bit —PWM Mode 1 (PWM1): Selects whether channel 1 operates normally or in PWM mode.

Bit 1

PWM1 Description

0 Channel 1 operates normally (Initial value)
1 Channel 1 operates in PWM mode

When bit PWM1 is set to 1 to select PWM mode, pin TIOCA; becomes a PWM output pin. The
output goesto 1 at compare match with GRA1, and to 0 at compare match with GRB1.
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Bit 0—PWM Mode 0 (PWMO0): Selects whether channel 0 operates normally or in PWM mode.

Bit 0

PWMO Description

0 Channel 0 operates normally (Initial value)
1 Channel 0 operates in PWM mode

When bit PWMO is set to 1 to select PWM mode, pin TIOCA, becomes a PWM output pin. The
output goesto 1 a compare match with GRAO, and to 0 at compare match with GRBO.

824 Timer Interrupt Status Register A (TISRA)

TISRA isan 8-hit readable/writable register that indicates GRA compare match or input capture
and enables or disables GRA compare match and input capture interrupt requests.

Bit 7 6 5 4 3 2 1 0
| — |IMIEA2 |IMIEA1 | IMIEAO| — | IMFA2 | IMFAL | IMFAQ |

Initial value 1 0 0 0 1 0 0 0
Read/Write =~ — RIW RIW RIW — RI(W)" RIW)" R/(W)*

Input capture/compare match
flags A2 to AO

Status flags indicating GRA
compare match or input capture

Reserved bit

Input capture/compare match interrupt enable A2 to AO
These bits enable or disable interrupts by the IMFA flags

Reserved bit

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

TISRA isinitialized to H'88 by areset and in standby mode.

Bit 7—Reserved: This bit cannot be modified and is always read as 1.
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Bit 6—Input Capture/CompareMatch Interrupt Enable A2 (IMIEA2): Enables or disables
the interrupt requested by the IMFA2 when IMFA2 flag is set to 1.

Bit 6

IMIEA2  Description

0 IMIA2 interrupt requested by IMFA2 flag is disabled (Initial value)
1 IMIA2 interrupt requested by IMFA2 flag is enabled

Bit 5—Input Capture/Compare Match Interrupt Enable A1 (IMIEA1L): Enables or disables
the interrupt requested by the IMFA1 flag when IMFALl isset to 1.

Bit 5

IMIEA1  Description

0 IMIAL interrupt requested by IMFA1 flag is disabled (Initial value)
1 IMIAL interrupt requested by IMFA1 flag is enabled

Bit 4—Input Capture/Compare Match Interrupt Enable AO (IMIEAOQ): Enables or disables
the interrupt requested by the IMFAO flag when IMFAQ is set to 1.

Bit 4

IMIEAO  Description

0 IMIAO interrupt requested by IMFAO flag is disabled (Initial value)
1 IMIAO interrupt requested by IMFAO flag is enabled

Bit 3—Reserved: This bit cannot be modified and is always read as 1.

Bit 2—Input Capture/Compare Match Flag A2 (IMFAZ2): This status flag indicates GRA2
compare match or input capture events.

Bit 2

IMFA2 Description

0 [Clearing condition] (Initial value)
Read IMFA2 flag when IMFA2 =1, then write 0 in IMFA2 flag

1 [Setting conditions]

e 16TCNT2 = GRA2 when GRAZ2 functions as an output compare register

e 16TCNT2 value is transferred to GRA2 by an input capture signal when GRA2
functions as an input capture register
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Bit 1—Input Capture/Compare Match Flag A1 (IMFAZL): This statusflag indicates GRA1
compare match or input capture events.

Bit 1

IMFA1 Description

0 [Clearing condition] (Initial value)
Read IMFA1 flag when IMFAL =1, then write 0 in IMFAL flag

1 [Setting conditions]

e 16TCNT1 = GRA1 when GRAL functions as an output compare register

e 16TCNT1 value is transferred to GRAL by an input capture signal when GRA1
functions as an input capture register

Bit O—Input Capture/Compare Match Flag A0 (IMFAQ): This status flag indicates GRAO
compare match or input capture events.

Bit 0

IMFAO Description

0 [Clearing condition] (Initial value)
Read IMFAO flag when IMFAO =1, then write 0 in IMFAO flag

1 [Setting conditions]

¢ 16TCNTO = GRAO when GRAO functions as an output compare register

* 16TCNTO value is transferred to GRAO by an input capture signal when GRAO
functions as an input capture register
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8.25 Timer Interrupt Status Register B (TISRB)

TISRB is an 8-bit readable/writable register that indicates GRB compare match or input capture
and enables or disables GRB compare match and input capture interrupt regquests.

Bit 7 6 5 4 3 2 1 0
| — |IMIEBZ | IMIEB1 | IMIEBO| — | IMFB2 | IMFB1 | IMEBO |
Initial value 1 0 0 0 1 0 0 0
Read/Write — R/W R/W R/W — RI(W)*  RI(W)*  RI(W)*

Input capture/compare match
flags B2 to BO

Status flags indicating GRB
compare match or input capture

Reserved bit

Input capture/compare match interrupt enable B2 to BO
These bits enable or disable interrupts by the IMFB flags

Reserved bit
Note: * Only 0 can be written, to clear the flag.
TISRB isinitialized to H'88 by areset and in standby mode.
Bit 7—Reserved: This bit cannot be modified and is always read as 1.

Bit 6—Input Capture/Compare Match Interrupt Enable B2 (IMIEB2): Enables or disables
the interrupt requested by the IMFB2 when IMFB2 flag is set to 1.

Bit 6

IMIEB2  Description

0 IMIB2 interrupt requested by IMFB2 flag is disabled (Initial value)
1 IMIB2 interrupt requested by IMFB2 flag is enabled
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Bit 5—Input Capture/Compare Match Interrupt Enable B1 (IMIEB1): Enables or disables
the interrupt requested by the IMFB1 when IMFB1 flagis set to 1.

Bit 5

IMIEB1  Description

0 IMIB1 interrupt requested by IMFB1 flag is disabled (Initial value)
1 IMIB1 interrupt requested by IMFB1 flag is enabled

Bit 4—Input Capture/Compare Match Interrupt Enable BO (IMIEBO): Enables or disables
the interrupt requested by the IMFBO when IMFBO flag is set to 1.

Bit 4

IMIEBO  Description

0 IMIBO interrupt requested by IMFBO flag is disabled (Initial value)
1 IMIBO interrupt requested by IMFBO flag is enabled

Bit 3—Reserved: This bit cannot be modified and is always read as 1.

Bit 2—Input Capture/Compare Match Flag B2 (IMFB2): This status flag indicates GRB2
compare match or input capture events.

Bit 2
IMFB2 Description

0 [Clearing condition] (Initial value)
Read IMFB2 flag when IMFB2 =1, then write 0 in IMFB2 flag

1 [Setting conditions]
e 16TCNT2 = GRB2 when GRB2 functions as an output compare register

« 16TCNT2 value is transferred to GRB2 by an input capture signal when GRB2
functions as an input capture register
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Bit 1—Input Capture/Compare Match Flag B1 (IMFB1): This status flag indicates GRB1
compare match or input capture events.

Bit 1

IMFB1 Description

0 [Clearing condition] (Initial value)
Read IMFB1 flag when IMFB1 =1, then write 0 in IMFBL flag

1 [Setting conditions]

e 16TCNT1 = GRB1 when GRBL1 functions as an output compare register

e 16TCNT1 value is transferred to GRB1 by an input capture signal when GRB1
functions as an input capture register

Bit 0—Input Capture/Compare Match Flag BO (IMFBO): This status flag indicates GRBO
compare match or input capture events.

Bit 0

IMFBO Description

0 [Clearing condition] (Initial value)
Read IMFBO flag when IMFBO =1, then write 0 in IMFBO flag

1 [Setting conditions]

« 16TCNTO = GRBO when GRBO functions as an output compare register

* 16TCNTO value is transferred to GRBO by an input capture signal when GRBO
functions as an input capture register

Rev. 2.00 Sep 20, 2005 page 224 of 800
REJ09B0260-0200
RENESAS



Section 8 16-Bit Timer

8.2.6 Timer Interrupt Status Register C (TISRC)

TISRC is an 8-bit readable/writable register that indicates 16TCNT overflow or underflow and
enables or disables overflow interrupt requests.

Bit 7 6 5 4 3 2 1 0
| — |OVIE2 | OVIE1 | OVIEO | — | OVF2 | OVF1 | OVFO0 |

Initial value 1 0 0 0 1 0 0 0
Read/Write ~ — RIW RW  RW —  RI(W)* R/(W)* RI(W)*

Overflow flags 2to 0
Status flags indicating
interrupts by OVF flags

Reserved bit

Overflow interrupt enable 2 to 0
These bits enable or disable interrupts by the OVF flags

Reserved bit

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

TISRC isinitialized to H'88 by areset and in standby mode.
Bit 7—Reserved: This bit cannot be modified and is always read as 1.

Bit 6—Overflow Interrupt Enable 2 (OVIE2): Enables or disables the interrupt requested by the
OVF2 when OVR2 flag is set to 1.

Bit 6

OVIE2 Description

0 OVI2 interrupt requested by OVF2 flag is disabled (Initial value)
1 QVI2 interrupt requested by OVF2 flag is enabled
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Bit 5—Overflow Interrupt Enable 1 (OVIE1): Enables or disablesthe interrupt requested by the
OVF1 when OVF1 flagisset to 1.

Bit 5

OVIE1 Description

0 OVI1 interrupt requested by OVF1 flag is disabled (Initial value)
1 OVI1 interrupt requested by OVF1 flag is enabled

Bit 4—Overflow Interrupt Enable 0 (OVIEOQ): Enables or disablesthe interrupt requested by the
OVFO when OVFOflagisset to 1.

Bit 4

OVIEO Description

0 OVIO interrupt requested by OVFO flag is disabled (Initial value)
1 OVIO interrupt requested by OVFO flag is enabled

Bit 3—Reserved: This bit cannot be modified and is always read as 1.

Bit 2—Overflow Flag 2 (OVF2): This status flag indicates 16TCNT2 overflow.

Bit 2

OVF2 Description

0 [Clearing condition] (Initial value)
Read OVF2 flag when OVF2 =1, then write 0 in OVF2 flag

1 [Setting condition]

16TCNT2 overflowed from H'FFFF to H'0000, or underflowed from H'0000 to H'FFFF

Note: 16TCNT underflow occurs when 16TCNT operates as an up/down-counter. Underflow
occurs only when channel 2 operates in phase counting mode (MDF = 1 in TMDR).

Bit —Overflow Flag 1 (OVF1): This status flag indicates 16 TCNT 1 overflow.

Bit 1

OVF1 Description

0 [Clearing condition] (Initial value)
Read OVF1 flag when OVF1 =1, then write 0 in OVF1 flag

1 [Setting condition]

16TCNT1 overflowed from H'FFFF to H'0000

Rev. 2.00 Sep 20, 2005 page 226 of 800
REJ09B0260-0200
RENESAS



Section 8 16-Bit Timer

Bit 0—Overflow Flag 0 (OVF0): This status flag indicates 16TCNTO overflow.

Bit 0

OVFO Description

0 [Clearing condition] (Initial value)
Read OVFO flag when OVFO =1, then write 0 in OVFO flag

1 [Setting condition]

16TCNTO overflowed from H'FFFF to H'0000

8.2.7 Timer Counters(16TCNT)

16TCNT is a16-bit counter. The 16-bit timer hasthree 16 TCNTSs, one for each channel.

Channel Abbreviation Function

0 16TCNTO Up-counter

1 16TCNT1

2 16TCNT2 Phase counting mode: up/down-counter

Other modes: up-counter

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Initial value o o o o o o0 o o o o o o o o o o
Read/Write  R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Each 16TCNT is a 16-bit readable/writable register that counts pulse inputs from a clock source.
The clock source is selected by bits TPSC2 to TPSCO in 16TCR.

16TCNTO and 16TCNT1 are up-counters. 16TCNT2 is an up/down-counter in phase counting
mode and an up-counter in other modes.

16TCNT can be cleared to H'0000 by compare match with GRA or GRB or by input capture to
GRA or GRB (counter clearing function).

When 16TCNT overflows (changes from H'FFFF to H'0000), the OVF flagissetto 1in TISRC of
the corresponding channel.

When 16TCNT underflows (changes from H'0000 to H'FFFF), the OVF flagissetto 1in TISRC
of the corresponding channel.
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The 16TCNTs are linked to the CPU by an internal 16-bit bus and can be written or read by either
word access or byte access.

Each 16TCNT isinitialized to H'0000 by areset and in standby mode.

8.2.8

General Registers (GRA, GRB)

The general registers are 16-hit registers. The 16-bit timer has 6 general registers, two in each

channel.

Channel Abbreviation Function

0 GRAO, GRBO Output compare/input capture register

1 GRA1, GRB1

2 GRA2, GRB2

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Initial value 1171 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write  R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

A general register isa 16-bit readable/writable register that can function as either an output
compare register or an input capture register. The function is selected by settingsin TIOR.

When a generd register is used as an output compare register, its value is constantly compared
with the 16TCNT value. When the two values match (compare match), the IMFA or IMFB flagis
set to 1in TISRA/TISRB. Compare match output can be selected in TIOR.

When a genera register is used as an input capture register, an externa input capture signal are
detected and the current 16TCNT value is stored in the general register. The corresponding IMFA
or IMFB flag in TISRA/TISRB is set to 1 at the same time. The edges of the input capture signa
areselected in TIOR.

TIOR settings are ignored in PWM mode.

General registers are linked to the CPU by an internal 16-bit bus and can be written or read by
either word access or byte access.

General registers are set as output compare registers (with no pin output) and initialized to H'FFFF
by areset and in standby mode.
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8.2.9 Timer Control Registers (16TCR)

16TCR is an 8-hit register. The 16-bit timer hasthree 16TCRs, one in each channel.

Channel Abbreviation Function
0 16TCRO 16TCR controls the timer counter. The 16TCRs in all
1 16TCR1 channels are functionally identical. When phase counting
mode is selected in channel 2, the settings of bits CKEG1
2 16TCR2 and CKEGO and TPSC2 to TPSCO in 16TCR2 are ignored.
Bit 7 6 5 4 3 2 1 0
‘ — ‘ CCLR1 ‘ CCLRO ‘ CKEG1 ‘ CKEGO ‘ TPSC2 ‘ TPSC1 ‘ TPSCO ‘
Initial value 1 0 0 0 0 0 0 0
Read/Write — R/W R/W R/W R/W R/W R/W R/W

Timer prescaler 2to 0
These bits select the timer
counter clock

Clock edge 1/0
These bits select external clock edges

Counter clear 1/0
These bits select the counter clear source

Reserved bit

Each 16TCR is an 8-hit readable/writable register that selectsthe timer counter clock source,
selects the edge or edges of external clock sources, and selects how the counter is cleared.

16TCRisinitialized to H'80 by areset and in standby mode.

Bit 7—Reserved: This bit cannot be modified and is always read as 1.

Bits6 and 5—Counter Clear 1 and 0 (CCLR1, CCLRO0): These bits select how 16TCNT is

cleared.
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Bit 6 Bit 5

CCLR1 CCLRO Description

0 0 16TCNT is not cleared (Initial value)
1 16TCNT is cleared by GRA compare match or input capture*1

1 0 16TCNT is cleared by GRB compare match or input capture*:L
1 Synchronous clear: 16TCNT is cleared in synchronization with other

synchronized timers*?

Notes: 1. 16TCNT is cleared by compare match when the general register functions as an output
compare register, and by input capture when the general register functions as an input
capture register.

2. Selected in TSNC.

Bits4 and 3—Clock Edge 1 and 0 (CKEG1, CKEGO0): These bits select external clock input
edges when an external clock sourceis used.

Bit 4 Bit 3

CKEG1 CKEGO Description

0 0 Count rising edges (Initial value)
1 Count falling edges

1 — Count both edges

When channel 2 is set to phase counting mode, bits CKEG1 and CKEGO in 16 TCR2 are ignored.
Phase counting takes precedence.

Bits2to O—Timer Prescaler 2to 0 (TPSC2 to TPSCO): These bits select the counter clock
source.

Bit 2 Bit 1 Bit 0
TPSC2 TPSC1 TPSCO Function

0 0 0 Internal clock: ¢@ (Initial value)
1 Internal clock: @2
1 0 Internal clock: @/4
1 Internal clock: @/8
1 0 0 External clock A: TCLKA input
1 External clock B: TCLKB input
1 0 External clock C: TCLKC input
1 External clock D: TCLKD input
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When bit TPSC2 is cleared to 0 an internal clock source is selected, and the timer counts only
falling edges. When bit TPSC2 is set to 1 an external clock source is selected, and the timer counts
the edges selected by bits CKEG1 and CKEGO.

When channel 2 is set to phase counting mode (MDF = 1 in TMDR), the settings of bits TPSC2 to
TPSCO0 in 16TCR2 are ignored. Phase counting takes precedence.

8.2.10 Timer I/O Control Register (TIOR)
TIOR is an 8-hit register. The 16-bit timer hasthree TIORs, one in each channel.

Channel Abbreviation Function

0 TIORO TIOR controls the general registers. Some functions differ in PWM
1 TIOR1 mode.
2 TIOR2
Bit 7 6 5 4 3 2 1 0
‘ — ‘ 10B2 ‘ I0B1 ‘ 10BO ‘ — ‘ I0A2 ‘ I0A1 ‘ I0A0 ‘
Initial value 1 0 0 0 1 0 0 0
Read/Write — R/W R/W R/W — R/W R/W R/W

1/0 control A2 to AO
These bits select GRA
functions

Reserved bit

I/0O control B2 to BO
These bits select GRB functions

Reserved bit

Each TIOR is an 8-hit readable/writable register that selects the output compare or input capture
function for GRA and GRB, and specifies the functions of the TIORA and TIORB pins. If the
output compare function is selected, TIOR also selects the type of output. If input captureis
selected, TIOR also selects the edges of the input capture signal.

TIOR isinitialized to H'88 by areset and in standby mode.

Bit 7—Reserved: This bit cannot be modified and is always read as 1.
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Bits 6 to 4—I/O Control B2to B0 (10B2to 10B0): These bits select the GRB function.

Bit 6 Bit 5 Bit 4

I0B2 10B1 I0OBO Function
0 0 0 GRB is an output  No output at compare match  (Initial value)
1 compare register 0 output at GRB compare match**
1 0 1 output at GRB compare match**
1 Output toggles at GRB compare match

(1 output in channel 2)***2

1 0 0 GRB is an input GRB captures rising edge of input
1 compare register  gpg captures falling edge of input
1 0 GRB captures both edges of input

1

Notes: 1. After a reset, the output conforms to the TOLR setting until the first compare match.

2. Channel 2 output cannot be toggled by compare match. When this setting is made, 1
output is selected automatically.

Bit 3—Reserved: This bit cannot be modified and is always read as 1.
Bits2to 0—I/O Control A2to A0 (I0A2to IOAO0): These bits select the GRA function.

Bit 2 Bit 1 Bit 0

I0OA2 I0A1 IOA0 Function
0 0 0 GRAis an output  No output at compare match  (Initial value)
1 compare register 0 output at GRA compare match*!
1 0 1 output at GRA compare match*!
1 Output toggles at GRA compare match

(1 output in channel 2)***2

1 0 0 GRA is an input GRA captures rising edge of input
1 compare register  gpa captures falling edge of input
1 0 GRA captures both edges of input

1

Notes: 1. After a reset, the output conforms to the TOLR setting until the first compare match.

2. Channel 2 output cannot be toggled by compare match. When this setting is made, 1
output is selected automatically.

Rev. 2.00 Sep 20, 2005 page 232 of 800
REJ09B0260-0200
RENESAS



Section 8 16-Bit Timer

8211 Timer Output Leve Setting Register C (TOLR)

TOLR is an 8-bit write-only register that selects the timer output level for channels 0 to 2.

Bit 7 6 5 4 3 2 1 0
| — | — | TOB2 | TOA2 |TOBl |TOA1 | TOBO | TOAO |

Initial value 1 1 0 0 0 0 0 0
Read/Write — — w w W W W W

Output level setting A2 to A0, B2 to BO
These bits set the levels of the timer outputs
(TIOCA, to TIOCA, and TIOCB, to TIOCB)

Reserved bits

A TOLR setting can only be made when the corresponding bit in TSTRis 0.

TOLR isawrite-only register, and cannot be read. If it isread, all bitswill return avalue of 1.
TOLR isinitialized to H'CO by areset and in standby mode.

Bits 7 and 6—Reserved: These bits cannot be modified.

Bit 5—Output Level Setting B2 (TOB2): Setsthe value of timer output TIOCBs.

Bit 5

TOB2 Description

0 TIOCB,is 0 (Initial value)
1 TIOCB; is 1

Bit 4—Output Level Setting A2 (TOA2): Setsthe value of timer output TIOCA,.

Bit 4

TOA2 Description

0 TIOCA;is O (Initial value)
1 TIOCA;is 1
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Bit 3—Output Level Setting B1 (TOB1): Setsthe value of timer output TIOCB;.

Bit 3

TOB1 Description

0 TIOCB;is 0 (Initial value)
1 TIOCB; is 1

Bit 2—Output Level Setting A1 (TOAL): Setsthe value of timer output TIOCA;.

Bit 2

TOA1 Description

0 TIOCA;is 0 (Initial value)
1 TIOCA; is 1

Bit 1—Output L evel Setting BO (TOBO): Setsthe value of timer output TIOCB,.

Bit 0

TOBO Description

0 TIOCB, is O (Initial value)
1 TIOCBy is 1

Bit 0—Output L evel Setting A0 (TOAOQ): Setsthe value of timer output TIOCA,.

Bit 0

TOAO Description

0 TIOCApis O (Initial value)
1 TIOCAo is 1
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8.3 CPU Interface

831 16-Bit Accessible Registers

Thetimer counters (16TCNTS), general registers A and B (GRAs and GRBS) are 16-hit registers,
and are linked to the CPU by an internal 16-bit data bus. These registers can be written or read a
word at atime, or abyte a atime.

Figures 8.4 and 8.5 show examples of word read/write accessto atimer counter (16TCNT).
Figures 8.6 to 8.9 show examples of byte read/write accessto 16TCNTH and 16TCNTL.

On-chip data bus

H H

= >

CPU L Bus interface L Module

N < T3 >

| 16TCNTH | 16TCNTL |

VAN

Figure8.4 16TCNT AccessOperation [CPU - 16TCNT (Word)]

On-chip data bus

H H
CPU L Bus interface {} L

N
| 16TCNTH | 16TCNTL |

Module
data bus

H A

>
>

Figure8.5 Accessto Timer Counter (CPU Reads 16TCNT, Word)
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On-chip data bus

H H

=

CPU L Bus interface L Module

< < T U >

| 16TCNTH | 16TCNTL |

VAN

Figure8.6 Accessto Timer Counter H (CPU Writesto 16TCNTH, Upper Byte)

On-chip data bus

H H

>

CPU L Bus interface

<

Module

L data bus

VANIVAN

>
>

Vv

| 16TCNTH | 16TCNTL |

Figure8.7 Accessto Timer Counter L (CPU Writesto 1I6TCNTL, Lower Byte)

On-chip data bus

H H

N

CPU L Bus interface {} L Module

E 5

| 16TCNTH | 16TCNTL |

VAN

/\

Figure8.8 Accessto Timer Counter H (CPU Reads 16TCNTH, Upper Byte)
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On-chip data bus

H

N

CPU L Bus interface

<

H

/\

7 :

Module

VAN

£

| 16TCNTH | 16TCNTL |

> data bus

Figure8.9 Accessto Timer Counter L (CPU Reads 16TCNTL, Lower Byte)

8.3.2 8-Bit Accessible Registers

The registers other than the timer counters and general registers are 8-bit registers. These registers
are linked to the CPU by an internal 8-bit data bus.

Figures 8.10 and 8.11 show examples of byte read and write accessto a 16TCR.

If aword-size datatransfer instruction is executed, two byte transfers are performed.

On-chip data bus

H

>

CPU L Bus interface

<

H

L

Module
data bus

VANV N

>
>

Figure8.10 16TCR Access(CPU Writesto 16TCR)
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On-chip data bus
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CPU L Bus interface {} L
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VAN

data bus

> Module
>

/\

Figure8.11 16TCR Access(CPU Reads16TCR)
84 Operation

84.1 Overview
A summary of operations in the various modes s given below.

Normal Operation: Each channel has atimer counter and general registers. The timer counter
counts up, and can operate as a free-running counter, periodic counter, or external event counter.
GRA and GRB can be used for input capture or output compare.

Synchronous Oper ation: Thetimer counters in designated channels are preset synchronously.
Data written to the timer counter in any one of these channels is simultaneously written to the
timer countersin the other channels aswell. The timer counters can also be cleared synchronously
if so designated by the CCLR1 and CCLRO bitsin the TCRs.

PWM Mode: A PWM waveform is output from the TIOCA pin. The output goesto 1 at compare
match A and to 0 at compare match B. The duty cycle can be varied from 0% to 100% depending
on the settings of GRA and GRB. When a channel is set to PWM mode, its GRA and GRB
automatically become output compare registers.

Phase Counting M ode: The phase relationship between two clock signalsinput at TCLKA and
TCLKB isdetected and 16TCNT2 counts up or down accordingly. When phase counting mode is
selected TCLKA and TCLKB become clock input pins and 16 TCNT2 operates as an up/down-
counter.
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84.2 Basic Functions

Counter Operation: When one of bits STRO to STR2 isset to 1 in thetimer start register (TSTR),
the timer counter (16TCNT) in the corresponding channel starts counting. The counting can be
free-running or periodic.

e Sample setup procedure for counter
Figure 8.12 shows a sample procedure for setting up a counter.

( Counter setup )

Select counter clock 1

No

Count operation

Yes ) -
( Free-running counting )
< Periodic counting )

Select counter clear source 2

Select output compare

register function 3
Set period 4
Start counter 5 Start counter 5
Periodic counter Free-running counter

Figure8.12 Counter Setup Procedure (Example)
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1. Set bits TPSC2 to TPSCO in 16TCR to select the counter clock source. If an external clock
source is selected, set bits CKEG1 and CKEGO in 16TCR to select the desired edge(s) of the
external clock signal.

2. For periodic counting, set CCLR1 and CCLRO in 16TCR to have 16TCNT cleared at GRA
compare match or GRB compare match.

3. Set TIOR to select the output compare function of GRA or GRB, whichever was selected in
step 2.

4. Write the count period in GRA or GRB, whichever was selected in step 2.

5. Setthe STR bitto 1in TSTR to start the timer counter.

* Free-running and periodic counter operation
A reset leaves the counters (16TCNTS) in 16-bit timer channels 0 to 2 all set as free-running
counters. A free-running counter starts counting up when the corresponding bit in TSTR is set
to 1. When the count overflows from H'FFFF to H'0000, the OVF flagissetto 1in TISRC.
After the overflow, the counter continues counting up from H'0000. Figure 8.13 illustrates
free-running counting.

16 TCNT value

STRO to ! !
STR2 bit | 1
OVF

Figure8.13 Free-Running Counter Operation

When achannel is set to have its counter cleared by compare match, in that channel 16TCNT
operates as a periodic counter. Select the output compare function of GRA or GRB, set bit
CCLR1 or CCLRO in 16TCR to have the counter cleared by compare match, and set the count
period in GRA or GRB. After these settings, the counter starts counting up as a periodic
counter when the corresponding bit is set to 1 in TSTR. When the count matches GRA or
GRB, the IMFA or IMFB flagisset to 1 in TISRA/TISRB and the counter is cleared to
H'0000. If the corresponding IMIEA or IMIEB bitissetto 1in TISRA/TISRB, aCPU
interrupt is requested at thistime. After the compare match, 16TCNT continues counting up
from H'0000. Figure 8.14 illustrates periodic counting.
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16TCNT value Counter cleared by general

/ register compare match
GR

H'0000 ; ‘ :
STR bit | |
IMF 5

Figure8.14 Periodic Counter Operation

* 16TCNT count timing
O Internal clock source

Bits TPSC2 to TPSCO in 16TCR select the system clock (¢) or one of three internal clock
sources obtained by prescaling the system clock (@2, ¢/4, @/8).
Figure 8.15 shows the timing.

: InEpEuEREREEEnEEEE

((
Internal )
clock ‘| A 06 | |
16TCNT inputi,—\ (’—\—
clock

(
J
§
g X N+1

16TCNT N-1 >< N

Figure8.15 Count Timingfor Internal Clock Sources

O External clock source
The external clock pin (TCLKA to TCLKD) can be selected by bits TPSC2 to TPSCO in
16TCR, and the detected edge by bits CKEG1 and CKEGO. The rising edge, falling edge,
or both edges can be selected.
The pulse width of the external clock signal must be at least 1.5 system clocks when a
single edge is selected, and at least 2.5 system clocks when both edges are selected. Shorter
pulses will not be counted correctly.

Figure 8.16 shows the timing when both edges are detected.
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0 InEnEnEuEnEnEnEEEE

E | ((

cl)c()tce;ri]r?put 2 ( | 2 ” I_

16TCNT i t

clock Inpu (J(J r)

16TCNT N-1 X E N X E N+1
J )]

Figure8.16 Count Timingfor External Clock Sources (when Both Edges are Detected)

Waveform Output by Compare Match: In 16-bit timer channels 0, 1 compare match A or B can
cause the output at the TIOCA or TIOCB pinto go to 0, go to 1, or toggle. In channel 2 the output
canonlygotoOorgotol.

» Sample setup procedure for waveform output by compare match
Figure 8.17 shows an example of the setup procedure for waveform output by compare match.

( Output setup ) 1. Select the compare match output mode (0, 1, or
toggle) in TIOR. When a waveform output mode
‘ is selected, the pin switches from its generic input/
output function to the output compare function

Select waveform

output mode 1 (TIOCA or TIOCB). An output compare pin outputs
the value set in TOLR until the first compare match
occurs.
Set output timing 2 2. Set a value in GRA or GRB to designate the

compare match timing.

Start counter 3 3. Setthe STR bitto 1 in TSTR to start the timer
l counter.

Waveform output

Figure8.17 Setup Procedurefor Waveform Output by Compare M atch (Example)
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Examples of waveform output

Figure 8.18 shows examples of 0 and 1 output. 16TCNT operates as a free-running counter, O
output is selected for compare match A, and 1 output is selected for compare match B. When
the pinisaready at the selected output level, the pin level does not change.

16TCNT value
i
HIFFFF oo g o

T R e T o

GRA [ SR

H'0000 : : : : : : = Time

TIOCB ! ' No change ' No change 1 output

TIOCA e No change o No change 0 output

Figure8.18 0Oand 1 Output (TOA=1,TOB=0)

Figure 8.19 shows examples of toggle output. 16TCNT operates as a periodic counter, cleared
by compare match B. Toggle output is selected for both compare match A and B.

16TCNT value .
‘ Counter cleared by compare match with GRB
GRB [ / ””””””””””””””””””””””””
GRA [ i i St Hae i~ i
H'0000 | | : -~ Time
TIOCB ! ] | Toggle
1 | | ‘ output
TIOCA | Toggle
\ output

Figure8.19 Toggle Output (TOA =1, TOB=0)
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* Output compare output timing
The compare match signal is generated in the last state in which 16TCNT and the general
register match (when 16TCNT changes from the matching value to the next value). When the
compare match signal is generated, the output value selected in TIOR is output at the output
compare pin (TIOCA or TIOCB). When 16TCNT matches a general register, the compare
match signal is not generated until the next counter clock pulse.

Figure 8.20 shows the output compare timing.

0 S e A
16TCNTIi
clock nput

16TCNT N X N+1
GR N

Compare ,—l

match signal

TIOCA, ><

TIOCB

Figure8.20 Output Compare Output Timing

Input Capture Function: The 16TCNT value can be transferred to a general register when an
input edge is detected at an input capture input/output compare pin (TIOCA or TIOCB). Rising-
edge, falling-edge, or both-edge detection can be selected. The input capture function can be used
to measure pulse width or period.
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Sample setup procedure for input capture
Figure 8.21 shows a sample procedure for setting up input capture.

( Input selection ) 1. Set TIOR to select the input capture function of a
‘ general register and the rising edge, falling edge,

or both edges of the input capture signal. Clear the
DDR bit to 0 before making these TIOR settings.

Select input-capture input 1

Start counter 2 2. Setthe STR bitto 1 in TSTR to start the timer
l counter.

Input capture

Figure8.21 Setup Procedurefor Input Capture (Example)

Examples of input capture
Figure 8.22 illustrates input capture when the falling edge of TIOCB and both edges of TIOCA
are selected as capture edges. 16TCNT iscleared by input capture into GRB.

16TCNT value

H'0005
H'0000

TIOCB

TIOCA

GRA X HO0005 >< 0160 X
o

GRB >< X H'0180

Figure8.22 Input Capture (Example)
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e Input capture signal timing
Input capture on the rising edge, falling edge, or both edges can be selected by settingsin
TIOR. Figure 8.23 shows the timing when the rising edge is selected. The pulse width of the
input capture signal must be at least 1.5 system clocks for single-edge capture, and 2.5 system
clocks for capture of both edges.

0 | L

Input-capture input

Input capture signal

16TCNT N

GRA, GRB >< N

Figure8.23 Input Capture Signal Timing

84.3 Synchronization

The synchronization function enables two or more timer counters to be synchronized by writing
the same data to them simultaneously (synchronous preset). With appropriate 16T CR settings, two
or more timer counters can also be cleared simultaneously (synchronous clear). Synchronization
enables additional general registersto be associated with a single time base. Synchronization can
be selected for al channels (0 to 2).
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Sample Setup Procedure for Synchronization: Figure 8.24 shows a sample procedure for
setting up synchronization.

(Setup for synchronization)

| Select synchronization | 1

( Synchronous preset ) ( Synchronous clear )

Clearing

No

synchronized to this
. channel?
Write to 16 TCNT 2
Yes
| Select counter clear source |3 | Select counter clear source |4
| Start counter | 5 | Start counter | 5
Synchronous preset Counter clear Synchronous clear

1. Setthe SYNC bits to 1 in TSNC for the channels to be synchronized.

2. When a value is written in 16 TCNT in one of the synchronized channels, the same value is
simultaneously written in 16TCNT in the other channels.

3. Setthe CCLR1 or CCLRO bitin 16TCR to have the counter cleared by compare match or input capture.
4. Setthe CCLR1 and CCLRO bits in 16TCR to have the counter cleared synchronously.

5. Setthe STR bits in TSTR to 1 to start the synchronized counters.

Figure8.24 Setup Procedurefor Synchronization (Example)
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Example of Synchronization: Figure 8.25 shows an example of synchronization. Channels 0, 1,
and 2 are synchronized, and are set to operate in PWM mode. Channel 0 is set for counter clearing
by compare match with GRBO. Channels 1 and 2 are set for synchronous counter clearing. The
timer countersin channels 0, 1, and 2 are synchronously preset, and are synchronously cleared by
compare match with GRBO. A three-phase PWM waveform is output from pins TIOCA,, TIOCA,,
and TIOCA.. For further information on PWM mode, see section 8.4.4, PWM Mode.

Value of 16 TCNTO
to 16 TCNT2

A

Cleared by compare match with GRBO

GRBO

GRB1

GRAO

GRB2

GRAl

GRA2
H'0000

TIOCA

TIOCA,;

TIOCA,

Figure8.25 Synchronization (Example)

8.4.4 PWM Mode

In PWM mode GRA and GRB are paired and a PWM waveform is output from the TIOCA pin.
GRA specifiesthe time at which the PWM output changesto 1. GRB specifies the time at which
the PWM output changesto 0. If either GRA or GRB compare match is selected as the counter
clear source, a PWM waveform with a duty cycle from 0% to 100% is output at the TIOCA pin.
PWM mode can be selected in all channels (0 to 2).

Table 8.4 summarizes the PWM output pins and corresponding registers. If the same valueis set
in GRA and GRB, the output does not change when compare match occurs.
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Table84 PWM Output Pinsand Registers

Channel Output Pin 1 Output 0 Output
0 TIOCAo GRAO GRBO
1 TIOCA; GRA1 GRB1
2 TIOCA; GRA2 GRB2

Sample Setup Procedure for PWM Mode: Figure 8.26 shows a sample procedure for setting up
PWM mode.

[EnY

[ PWM mode ] . Set bits TPSC2 to TPSCO in 16TCR to
select the counter clock source. If an
\ external clock source is selected, set

bits CKEG1 and CKEGO in 16TCR to
Select counter clock 1 select the desired edge(s) of the

external clock signal.
| 2. Set bits CCLR1 and CCLRO in 16TCR
Select counter clear source 2 to select the counter clear source.

| 3. Set the time at which the PWM
waveform should go to 1 in GRA.

Set GRA 3 4. Set the time at which the PWM

‘ waveform should go to 0 in GRB.

5. Set the PWM bit in TMDR to select

Set GRB 4 PWM mode. When PWM mode is
selected, regardless of the TIOR
\ contents, GRA and GRB become
output compare registers specifying
Select PWM mode 5 the times at which the PWM output
goes to 1 and 0. The TIOCA pin

| automatically becomes the PWM
output pin. The TIOCB pin conforms

Start counter 6 to the settings of bits IOB1 and I0BO
in TIOR. If TIOCB output is not
i desired, clear both I0B1 and I0BO to O.
PWM mode 6. Set the STR bitto 1in TSTR to start

the timer counter.

Figure8.26 Setup Procedurefor PWM Mode (Example)
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Examples of PWM M ode: Figure 8.27 shows examples of operation in PWM mode. In PWM
mode TIOCA becomes an output pin. The output goesto 1 at compare match with GRA, and to 0
at compare match with GRB.

In the examples shown, 16TCNT is cleared by compare match with GRA or GRB. Synchronized
operation and free-running counting are also possible.

16TCNT value

GRA

GRB

H'0000

TIOCA

/ Counter cleared by compare match A

Time

a. Counter cleared by GRA (TOA =1)

16TCNT value

GRB

GRA

H'0000

TIOCA

/ Counter cleared by compare match B

Time

b. Counter cleared by GRB (TOA =0)

Figure8.27 PWM Mode (Example 1)
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Figure 8.28 shows examples of the output of PWM waveforms with duty cycles of 0% and 100%.
If the counter is cleared by compare match with GRB, and GRA is set to a higher value than GRB,
the duty cycleis 0%. If the counter is cleared by compare match with GRA, and GRB is set to a

higher value than GRA, the duty cycleis 100%.

16TCNT value

GRB

GRA

H'0000

TIOCA

Counter cleared by compare match B

|

Write to GRA

16TCNT value

GRA

GRB

H'0000

TIOCA

Time

i

Write to GRA

a. 0% duty cycle (TOA =0)

Counter cleared by compare match A

i

Write to GRB

|

Write to GRB

b. 100% duty cycle (TOA =1)

Figure8.28 PWM Mode (Example 2)
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8.4.5 Phase Counting M ode

In phase counting mode the phase difference between two external clock inputs (at the TCLKA
and TCLKB pins) is detected, and 16TCNT2 counts up or down accordingly.

In phase counting mode, the TCLKA and TCLKB pins automatically function as external clock
input pinsand 16TCNT2 becomes an up/down-counter, regardless of the settings of bits TPSC2 to
TPSCO0, CKEGL, and CKEGO in 16TCR2. Settings of bits CCLR1, CCLRO in 16TCR2, and
settingsin TIOR2, TISRA, TISRB, TISRC, setting of STR2 bit in TSTR, GRA2, and GRB2 are
valid. The input capture and output compare functions can be used, and interrupts can be
generated.

Phase counting is available only in channel 2.

Sample Setup Procedure for Phase Counting Mode: Figure 8.29 shows a sample procedure for
setting up phase counting mode.

( Phase counting mode )

Select phase counting mode 1 1. Set the MDF bit in TMDR to 1 to select
phase counting mode.

2. Select the flag setting condition with
the FDIR bit in TMDR.

Select flag setting condition 2 3. Setthe STR2 bitto 1 in TSTR to start
the timer counter.

Start counter 3

'

Phase counting mode

Figure8.29 Setup Procedurefor Phase Counting M ode (Example)
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Example of Phase Counting Mode: Figure 8.30 shows an example of operationsin phase
counting mode. Table 8.5 lists the up-counting and down-counting conditions for 16TCNT2.

In phase counting mode both the rising and falling edges of TCLKA and TCLKB are counted. The
phase difference between TCLKA and TCLKB must be at least 1.5 states, the phase overlap must
also be at least 1.5 states, and the pulse width must be at least 2.5 states.

16TCNT2 value

Countinyr &untiig down

Tcke 4 1 i 1 4 1 } 1 f
TCLKA R A R T T T R S B

Figure8.30 Operation in Phase Counting Mode (Example€)

Table85 Up/Down Counting Conditions

Counting Direction Up-Counting Down-Counting

TCLKB pin I High M Low High M Low I
TCLKA pin Low I High 1 1 Low I High
Phase Phase
difference difference , Pulse width Pulse width
- -~ - :4—»‘
TCLKA | | | |
TCLKB i
: : : : : Phase difference and overlap: at least 1.5 states
[ BEm— ] e B— ] .
‘ ‘ ‘ ‘ Pulse width: at least 2.5 states
Overlap Overlap

Figure8.31 Phase Difference, Overlap, and Pulse Width in Phase Counting M ode
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8.4.6 16-Bit Timer Output Timing

Theinitial value of 16-bit timer output when atimer count operation begins can be specified
arbitrarily by making a setting in TOLR.

Figure 8.32 shows the timing for setting the initial value with TOLR.

Only write to TOLR when the corresponding bit in TSTR is cleared to 0.

Address bus >< TOLR address ><
TOLR >< N

16-bit timer output pin >< N

Figure8.32 Timingfor Setting 16-Bit Timer Output Level by Writingto TOLR
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85 Interrupts

The 16-bit timer has two types of interrupts: input capture/compare match interrupts, and overflow
interrupts.

85.1 Setting of Status Flags

Timing of Setting of IMFA and IMFB at Compare Match: IMFA and IMFB aresetto 1 by a
compare match signal generated when 16TCNT matches a general register (GR). The compare
match signal is generated in the last state in which the values match (when 16TCNT is updated
from the matching count to the next count). Therefore, when 16TCNT matches a general register,
the compare match signal is not generated until the next 16TCNT clock input. Figure 8.33 shows
the timing of the setting of IMFA and IMFB.

0 i L

16TCNT input
clock

16TCNT N >< N+1

GR N

Compare
match signal

IMF

IMI

Figure8.33 Timing of Setting of IMFA and IMFB by Compare Match
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Timing of Setting of IMFA and IMFB by Input Capture: IMFA and IMFB are set to 1 by an
input capture signal. The 16TCNT contents are simultaneously transferred to the corresponding
general register. Figure 8.34 shows the timing.

o | L

Input capture

signal

IMF

16TCNT N

GR >< N
IMI

Figure8.34 Timing of Setting of IMFA and IMFB by Input Capture
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Timing of Setting of Overflow Flag (OVF): OVF is set to 1 when 16TCNT overflows from
H'FFFF to H'0000 or underflows from H'0000 to H'FFFF. Figure 8.35 shows the timing.

o] L

16TCNT ><

Overflow
signal

OVF

ovi

Figure8.35 Timing of Setting of OVF

8.5.2 Timing of Clearing of Status Flags

If the CPU reads a status flag while it is set to 1, then writes 0 in the status flag, the statusflag is
cleared. Figure 8.36 shows the timing.

TISR write cycle

Ty T, T3
|<—>|<—>|<—>|

o L
Address >< TISR address ><

IMF, OVF

Figure8.36 Timing of Clearing of Status Flags
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85.3  Interrupt Sources

Each 16-bit timer channel can generate a compare match/input capture A interrupt, a compare
match/input capture B interrupt, and an overflow interrupt. In total there are nine interrupt sources
of three kinds, all independently vectored. An interrupt is requested when the interrupt request flag

areset to 1.

The priority order of the channels can be modified in interrupt priority registers A (IPRA). For
details see section 5, Interrupt Controller.

Table 8.6 lists the interrupt sources.

Table8.6 16-bit timer Interrupt Sources

Channel Interrupt Source Description Priority*
0 IMIAO Compare match/input capture A0 High
IMIBO Compare match/input capture BO A
ovIo Overflow 0
1 IMIAL Compare match/input capture Al
IMIB1 Compare match/input capture B1
ovii Overflow 1
2 IMIA2 Compare match/input capture A2
IMIB2 Compare match/input capture B2 v
oVI2 Overflow 2 Low

Note: * The priority immediately after a reset is indicated. Inter-channel priorities can be changed

by settings in IPRA.
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8.6 Usage Notes

This section describes contention and other matters requiring special attention during 16-bit timer
operations.

Contention between 16TCNT Writeand Clear: If acounter clear signal occursin the T state of
a16TCNT write cycle, clearing of the counter takes priority and the write is not performed. See
figure 8.37.

16TCNT write cycle
Ty T2 T3

0 N
Address bus X 16TCNT address ><

Internal write signal

Counter clear signal

16TCNT N >< H'0000

Figure 8.37 Contention between 16TCNT Write and Clear
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Contention between 16TCNT Word Write and I ncrement: If an increment pulse occursin the
Ts state of a 16TCNT word write cycle, writing takes priority and 16TCNT is not incremented.
Figure 8.38 shows thetiming in this case.

16TCNT word write cycle
Ty T2 T3

: N
Address bus X 16TCNT address ><

Internal write signal

16TCNT input clock

16TCNT N >< P M

16TCNT write data

Figure 8.38 Contention between 16TCNT Word Write and | ncrement
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Contention between 16TCNT Byte Write and I ncrement: If an increment pulse occursin the
T, or Tz state of a16TCNT byte write cycle, writing takes priority and 16TCNT is not
incremented. The byte datafor which awrite was not performed is not incremented, and retains its
pre-write value. See figure 8.39, which shows an increment pulse occurring in the T, state of a
byte writeto 16TCNTH.

16TCNTH byte write cycle
Ty T2 T3

' N
Address bus X 16TCNTH address ><

Internal write signal

16TCNT input clock

16TCNTH N >< M
6TC P
16TCNT write data

16TCNTL X >< X+1 >< X

Figure8.39 Contention between 16TCNT Byte Write and I ncrement
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Contention between General Register Writeand Compare Match: If acompare match occurs
in the T; state of a general register write cycle, writing takes priority and the compare match signal
isinhibited. See figure 8.40.

General register write cycle

Address bus X GR address ><

Internal write signal

16TCNT N >< N+1

GR N >< /M

General register write data

____________

Compare match signal --—— |nhibited

Figure8.40 Contention between General Register Write and Compare Match
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Contention between 16TCNT Write and Overflow or Underflow: If an overflow occursin the
T, state of a16TCNT write cycle, writing takes priority and the counter is not incremented. OVF
is set to 1.The same holds for underflow. See figure 8.41.

Address bus

Internal write signal

16TCNT input clock

Overflow signal

16TCNT

OVF

16TCNT write cycle

Ty T, T3
X 16TCNT address ><
H'FFFF >< « M

16TCNT write data

Figure8.41 Contention between 16TCNT Write and Overflow
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Contention between General Register Read and I nput Capture: If aninput capture signal
occurs during the T; state of a general register read cycle, the value before input capture is read.
Seefigure 8.42.

General register read cycle

T T, T3

l N
Address bus X GR address ><

Internal read signal

Input capture signal

GR X >< M
Internal data bus 4< X >7

Figure8.42 Contention between General Register Read and I nput Capture
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Contention between Counter Clearing by Input Capture and Counter Increment: If an input
capture signal and counter increment signal occur simultaneously, the counter is cleared according
to the input capture signal. The counter is not incremented by the increment signal. The value
before the counter is cleared istransferred to the general register. See figure 8.43.

m N

Input capture signal

Counter clear signal

16TCNT input clock

16TCNT N >< H'0000

GR >< N

Figure8.43 Contention between Counter Clearing by Input Capture and Counter
I ncrement
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Contention between General Register Writeand Input Capture: If an input capture signa
occurs inthe T state of a general register write cycle, input capture takes priority and the write to
the general register is not performed. See figure 8.44.

General register write cycle

T, T, T3

0 N
Address bus X GR address ><

Internal write signal

Input capture signal

16TCNT M

GR >< \M

Figure8.44 Contention between General Register Writeand Input Capture
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Note on Waveform Period Setting: When a counter is cleared by compare match, the counter is
cleared in the last state at which the 16TCNT value matches the general register value, a the time
when this value would normally be updated to the next count. The actual counter frequency is
therefore given by the following formula:

__9
f= (N+1)

(f: counter frequency. @: system clock frequency. N: value set in general register.)

Note on Writesin Synchronized Operation: When channels are synchronized, if a16TCNT
value is modified by byte write access, al 16 bits of al synchronized counters assume the same
value as the counter that was addressed.

(Example) When channels 1 and 2 are synchronized

» Byte write to channel 1 or byte write to channel 2

Write A to upper byte

wetenTL | w | x| Ofchanneld 16TCNTL| A | x|
16TCNT2 | Y |z | 16TeNT2 | A | x|
Upper byte Lower byte Write A to lower byte Upper byte Lower byte

of channel 2
—,  aeteNti| Y | A |
16TCNT2 | Y | A |

Upper byte Lower byte

* Word write to channel 1 or word write to channel 2

16TCNTL | W | x| 16TCNTL| A | B |

16TCNT2| v | z | WriteABwordto  16TCNT2| A | B |
channel 1 or 2

Upper byte Lower byte Upper byte Lower byte
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16-bit timer Operating Modes

Table8.7 (a) 16-bit timer Operating M odes (Channel Q)

Register Settings

TSNC TMDR TIORO 16TCRO
Synchro- Clear Clock
Operating Mode nization MDF FDIR PWM I0A 10B Select Select
Synchronous preset SYNCO=1 — — O O 0] @) @)
PWM mode ® — —  PWMO=1 — * 0 0
Output compare A O — — PWMO=0 I0A2=0 O O O
Other bits
unrestricted
Output compare B ¢) — — O O I0B2=0 O O
Other bits
unrestricted
Input capture A 0] — — PWMO=0 I0A2=1 0] @) @)
Other bits
unrestricted
Input capture B @) — — PWMO=0 ©O 10B2=1 0] @)
Other bits
unrestricted
Counter By compare O — —_ @) O @) CCLR1=0 ©
clearing match/input CCLRO=1
capture A
By compare O — — 0) O 0) CCLR1=1 O
match/input CCLRO =0
capture B
Syn- SYNCO=1 — — o) @) ¢} CCLR1=1 O
chronous CCLRO=1
clear

Legend: O Setting available (valid). — Setting does not affect this mode.

Note: * The input capture function cannot be used in PWM mode. If compare match A and compare match B occur
simultaneously, the compare match signal is inhibited.
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Table8.7 (b) 16-bit timer Operating M odes (Channdl 1)

Register Settings

TSNC TMDR TIOR1 16TCR1
Synchro- Clear Clock
Operating Mode nization MDF FDIR PWM I0A 10B Select Select
Synchronous preset SYNC1=1 — — @) @) O @) @)
PWM mode o — —  PWM1=1 — o~ o o)
Output compare A O — — PWM1=0 I0A2=0 ©O @) @)
Other bits
unrestricted
Output compare B e} — — O O I0OB2=0 © @)
Other bits
unrestricted
Input capture A O — — PWM1=0 I0A2=1 O @) @)
Other bits
unrestricted
Input capture B O — — PWM1=0 O I0B2=1 O o
Other bits
unrestricted
Counter By compare © — — @) @) O CCLR1=0 ©O
clearing match/input CCLRO=1
capture A
By compare © — — O O o CCLR1=1 O
match/input CCLRO=0
capture B
Syn- SYNC1=1 — — o o e CCLR1=1 O
chronous CCLRO=1
clear

Legend: O Setting available (valid). — Setting does not affect this mode.

Note:

*

The input capture function cannot be used in PWM mode. If compare match A and compare match B
occur simultaneously, the compare match signal is inhibited.

Rev. 2.00 Sep 20, 2005 page 269 of 800
REJ09B0260-0200

RENESAS



Section 8 16-Bit Timer

Table8.7 (c) 16-bit timer Operating M odes (Channdl 2)

Register Settings

TSNC TMDR TIOR2 16TCR2
Synchro- Clear Clock
Operating Mode nization MDF FDIR PWM I0A 10B Select Select
Synchronous preset  SYNC2=1 O — ©) o} @) o) e)
PWM mode O O — PWM2=1 — o* O O
Output compare A O — PWM2=0 I0A2=0 O O @)
Other bits
unrestricted
Output compare B @) @) — O O I0B2=0 O @)
Other bits
unrestricted
Input capture A 0] 0] — PWM2=0 I0A2=1 O @) ©)
Other bits
unrestricted
Input capture B O O — PWM2=0 O I0B2=1 O O
Other bits
unrestricted
Counter By compare O @) — O @) O CCLR1=0 ©
clearing match/input CCLRO=1
capture A
By compare O @) — O @) O CCLR1=1 O
match/input CCLRO =0
capture B
Syn- SYNC2=1 O — © o o CCLR1=1 ©
chronous CCLRO=1
clear
Phase counting o) MDF=1 O ¢ o) @) ) —

mode

Legend: O Setting available (valid).

— Setting does not affect this mode.

Note: * The input capture function cannot be used in PWM mode. If compare match A and compare match B occur
simultaneously, the compare match signal is inhibited.
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Section 9 8-Bit Timers

9.1 Overview

The H8/3024 Group has a built-in 8-bit timer module with four channels (TMRO, TMR1, TMR2,
and TMR3), basad on 8-hit counters. Each channel has an 8-bit timer counter (8TCNT) and two
8-bit time constant registers (TCORA and TCORB) that are constantly compared with the STCNT
value to detect compare match events. The timers can be used as multifunctional timersin a
variety of applications, including the generation of arectangular-wave output with an arbitrary
duty cycle.

911 Features
The features of the 8-bit timer module are listed below.

» Selection of four clock sources

The counters can be driven by one of three internal clock signals (¢/8, ¢/64, or (¢/8192) or an
external clock input (enabling use as an external event counter).

» Selection of three ways to clear the counters
The counters can be cleared on compare match A or B, or input capture B.
« Timer output controlled by two compare match signals

Thetimer output signal in each channel is controlled by two independent compare match
signals, enabling the timer to generate output waveforms with an arbitrary duty cycle or PWM
output.

« A/D converter can be activated by a compare match
»  Two channels can be cascaded

0 Channels0 and 1 can be operated as the upper and lower halves of a 16-bit timer (16-bit
count mode).

0 Channels 2 and 3 can be operated as the upper and lower halves of a 16-bit timer (16-bit
count mode).

0 Channel 1 can count channel 0 compare match events (compare match count mode).

0 Channel 3 can count channel 2 compare match events (compare match count mode).
e Input capture function can be set

8-hit or 16-bit input capture operation is available.
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«  Twelveinterrupt sources

There are twelve interrupt sources. four compare match sources, four compare match/input
capture sources, four overflow sources.

Two of the compare match sources and two of the combined compare match/input capture
sources each have an independent interrupt vector. The remaining compare match interrupts,
combined compare match/input capture interrupts, and overflow interrupts have one interrupt
vector for two sources.
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9.1.2 Block Diagram

The 8-bit timers are divided into two groups of two channels each: group 0 comprising channels 0
and 1, and group 1 comprising channels 2 and 3. Figure 9.1 shows a block diagram of 8-bit timer
group O.

External clock Internal clock
sources sources
TCLKA @8
TCLKC —— @64
©8192
Clock 1
Clock 0
Clock select
| TcORAO H:| TCORAL K
Compare match A1

Compare match AO | Comparator AO t::l Comparator Al |

Overflow 1
rd Vg V4
Overflow 0 8TCNTO | 8TCNTL K
[%2]
>
Qo
TMO, ~— I
TMIO; ~—» Compare match B1 g
Control logic
Compare match BO|comparator BO ':' Comparator Bl|
Input capture B1 m
| TcomrBo [ TcorBl K
—— | sicsro || sTcsR1 K
| scro || s8TcR1I K
I—’ CMIAO
—— CMIBO
—— CMIA1/CMIB1
— OVIO/OVI1
Interrupt signals
Legend:

TCORA: Time constant register A
TCORB: Time constant register B
8TCNT: Timer counter

8TCSR: Timer control/status register
8TCR:  Timer control register

Figure9.1 Block Diagram of 8-Bit Timer Unit (Two Channels. Group 0)
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913 Pin Configuration
Table 9.1 summarizes the input/output pins of the 8-bit timer module.

Table9.1 8-Bit Timer Pins

Group Channel Name Abbreviation /O Function
0 0 Timer output TMOg Output Compare match output
Timer clock input TCLKC Input Counter external clock input
1 Timer input/output TMIO, 1/0 Compare match output/input
capture input
Timer clock input TCLKA Input Counter external clock input
1 2 Timer output TMO; Output Compare match output
Timer clock input TCLKD Input Counter external clock input
3 Timer input/output TMIO3 1/0 Compare match output/input

capture input

Timer clock input TCLKB Input Counter external clock input
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914 Register Configuration
Table 9.2 summarizes the registers of the 8-bit timer module.

Table9.2 8-Bit Timer Registers

Channel Address*' Name Abbreviation R/W Initial value
0 H'FFF80 Timer control register 0 8TCRO R/W H'00
H'FFF82 Timer control/status register 0 8TCSRO R/I(W)*2 H'00
H'FFF84 Time constant register AO TCORAO R/W H'FF
H'FFF86 Time constant register BO TCORBO R/W H'FF
H'FFF88 Timer counter 0 8TCNTO R/W H'00
1 H'FFF81 Timer control register 1 8TCR1 R/W H'00
H'FFF83 Timer control/status register 1 8TCSR1 R/I(W)*2 H'00
H'FFF85 Time constant register A1 TCORAL R/W H'FF
H'FFF87 Time constant register B1 TCORB1 R/W H'FF
H'FFF89 Timer counter 1 8TCNT1 R/W H'00
2 H'FFF90 Timer control register 2 8TCR2 R/W H'00
H'FFF92 Timer control/status register 2 8TCSR2 R/I(W)*? H'10
H'FFF94 Time constant register A2 TCORA2 R/W H'FF
H'FFF96 Time constant register B2 TCORB2 R/W H'FF
H'FFF98 Timer counter 2 8TCNT2 R/W H'00
3 H'FFF91 Timer control register 3 8TCR3 R/W H'00
H'FFF93 Timer control/status register 3 8TCSR3 R/(W)*2 H'00
H'FFF95 Time constant register A3 TCORA3 R/W H'FF
H'FFF97 Time constant register B3 TCORB3 R/W H'FF
H'FFF99 Timer counter 3 8TCNT3 R/W H'00

Notes: 1. Indicates the lower 20 bits of the address in advanced mode.
2. Only 0 can be written to bits 7 to 5, to clear these flags.

Each pair of registers for channel 0 and channel 1 comprises a 16-bit register with the channel 0
register as the upper 8 bits and the channel 1 register as the lower 8 bits, so they can be accessed
together by word access.

Similarly, each pair of registersfor channel 2 and channel 3 comprises a 16-bit register with the
channel 2 register asthe upper 8 bits and the channel 3 register as the lower 8 bits, so they can be
accessed together by word access.
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9.2 Register Descriptions

9.21 Timer Counters(8TCNT)

8TCNTO 8TCNT1

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value o o0 o o o o o0 o o o o0 o o o o0 o
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/IW R/W

8TCNT2 8TCNT3

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initialvalue 0 ©0 0 O O0 0 O O0 O O O O o o0 o0 o
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Thetimer counters (BTCNT) are 8-bit readable/writable up-counters that increment on pulses
generated from an internal or external clock source. The clock sourceis selected by clock select
bits 2 to 0 (CKS2 to CKS0) in the timer control register (8TCR). The CPU can always read or
write to the timer counters.

The 8TCNTO and 8TCNT1 pair, and the STCNT2 and 8TCNT3 pair, can each be accessed asa
16-hit register by word access.

8TCNT can be cleared by an input capture signal or compare match signal. Counter clear bits 1
and 0 (CCLR1 and CCLRO) in 8TCR select the method of clearing.

When 8TCNT overflows from H'FF to H'00, the overflow flag (OVF) in the timer control/status
register (8TCSR) issetto 1.

Each 8TCNT isinitialized to H'00 by areset and in standby mode.

Rev. 2.00 Sep 20, 2005 page 276 of 800
REJ09B0260-0200
RENESAS



Section 9 8-Bit Timers

9.2.2 Time Congtant Registers A (TCORA)

TCORAOQ to TCORAZ3 are 8-hit readable/writable registers.

TCORAO TCORAL

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

TCORA2 TCORAS

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

The TCORAO and TCORAL1 pair, and the TCORAZ2 and TCORA3 pair, can each be accessed asa
16-hit register by word access.

The TCORA value is constantly compared with the STCNT value. When amatch is detected, the
corresponding compare match flag A (CMFA) issetto 1in 8TCSR.

Thetimer output can be freely controlled by these compare match signals and the settings of
output select bits 1 and 0 (OS1, OS0) in 8TCSR.

Each TCORA register isinitialized to H'FF by areset and in standby mode.
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9.2.3 Time Constant RegistersB (TCORB)

TCORBO TCORB1

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

TCORB2 TCORB3

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

TCORBO to TCORB3 are 8-bit readable/writable registers. The TCORBO0 and TCORBL1 pair, and
the TCORB2 and TCORB3 pair, can each be accessed as a 16-hit register by word access.

The TCORB valueis constantly compared with the STCNT value. When amatch is detected, the
corresponding compare match flag B (CMFB) is set to 1in 8TCSR”.

Thetimer output can be freely controlled by these compare match signals and the settings of
output/input capture edge select bits 3and 2 (OIS3, OIS2) in 8TCSR.

When TCORSB is used for input capture, it storesthe STCNT value on detection of an external
input capture signal. At thistime, the CMFB flagis set to 1 in the corresponding 8TCSR register.
The detected edge of the input capture signal is set in STCSR.

Each TCORB register isinitialized to H'FF by areset and in standby mode.

Note: * When channel 1 and channel 3 are designated for TCORB input capture, the CMFB flagis
not set by a channel 0 or channel 2 compare match B.
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9.24 Timer Control Register (8TCR)

Bit 7 6 5 4 3 2 1 0
| CMIEB | CMIEA| OVIE | CCLR1 | CCLRO | CKS2 | 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

8TCR isan 8-hit readable/writable register that selectsthe STCNT input clock, gives the STCNT
clearing specification, and enables interrupt requests.

8TCRisinitialized to H'00 by areset and in standby mode.

For the timing, see section 9.4, Operation.

Bit 7—Compare Match Interrupt Enable B (CMIEB): Enables or disables the CMIB interrupt
request when the CMFB flagissetto 1in 8TCSR.

Bit 7

CMIEB Description

0 CMIB interrupt requested by CMFB is disabled (Initial value)
1 CMIB interrupt requested by CMFB is enabled

Bit 6—Compare Match Interrupt Enable A (CMIEA): Enables or disablesthe CMIA interrupt
request when the CMFA flagissetto 1in 8TCSR.

Bit 6

CMIEA Description

0 CMIA interrupt requested by CMFA is disabled (Initial value)
1 CMIA interrupt requested by CMFA is enabled

Bit 5—Timer Overflow Interrupt Enable (OVIE): Enables or disablesthe OVI interrupt
request when the OVFflagissetto 1in 8TCSR.

Bit 5

OVIE Description

0 OVI interrupt requested by OVF is disabled (Initial value)
1 OVI interrupt requested by OVF is enabled
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Bits4 and 3—Counter Clear 1 and 0 (CCLR1, CCLRO0): These bits specify the STCNT
clearing source. Compare match A or B, or input capture B, can be selected as the clearing source.

Bit 4 Bit 3

CCLR1 CCLRO Description

0 0 Clearing is disabled (Initial value)
1 Cleared by compare match A

1 0 Cleared by compare match B/input capture B
1 Cleared by input capture B

Note: When input capture B is set as the 8STCNT1 and 8TCNT3 counter clear source, STCNTO
and 8TCNT?2 are not cleared by compare match B.

Bits2to 0—Clock Select 2t0 0 (CSK2to CSK0): These bits select whether the clock input to
8TCNT isaninternal or external clock.

Threeinternal clocks can be selected, al divided from the system clock (¢): ¢/8, ¢/64, and ¢/8192.
The rising edge of the selected internal clock triggers the count.

When use of an external clock is selected, three types of count can be selected: at the rising edge,
the falling edge, and both rising and falling edges.

When CKS2, CKS1, CKS0 =1, 0, 0, channels 0 and 1 and channels 2 and 3 are cascaded.

The incrementing clock source is different when 8T CRO and 8T CR2 are set, and when 8TCR1 and
8TCR3 are et.
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Bit 2
CSK2

Bit 1
CSK1

Bit 0
CSKO

Description

0

0

Clock input disabled (Initial value)

Internal clock, counted on falling edge of ¢/8

Internal clock, counted on falling edge of ¢/64

Internal clock, counted on falling edge of ¢/8192

Ol Ok

1

Channel 0 (16-bit count mode): Count on 8TCNT1 overflow
signal**

Channel 1 (compare match count mode): Count on 8TCNTO
compare match A**

Channel 2 (16-bit count mode): Count on 8TCNT3 overflow
signal*?

Channel 3 (compare match count mode): Count on 8TCNT2
compare match A*?

External clock, counted on rising edge

0

External clock, counted on falling edge

1

External clock, counted on both rising and falling edges

Notes: 1. If the clock input of channel 0 is the 8TCNT1 overflow signal and that of channel 1 is the
8TCNTO compare match signal, no incrementing clock is generated. Do not use this

setting.

If the clock input of channel 2 is the 8TCNT3 overflow signal and that of channel 3 is the
8TCNT2 compare match signal, no incrementing clock is generated. Do not use this

setting.
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9.25 Timer Control/Status Registers (8TCSR)

8TCSRO
Bit 7 6 5 4 3 2 1 0
CMFB | CMFA OVF ADTE OIS3 01582 0OSs1 (ON1{0]
Initial value 0 0 0 0 0 0 0 0

Read/Write  R/(W)* R/(W)* R/(W)* R/W RIW RIW RIW RIW

8TCSR2
Bit 7 6 5 4 3 2 1 0
CMFB | CMFA | OVF — 0IS3 | 0Is2 0s1 0S0
Initial value 0 0 0 1 0 0 0 0
Read/Write  R/(W)* R/(W)* R/(W)* — RIW RIW RIW RIW

8TCSR1, 8TCSR3

Bit 7 6 5 4 3 2 1 0
CMFB CMFA OVF ICE OIS3 0ols2 0OSs1 0Sso
Initial value 0 0 0 0 0 0 0 0

Read/Write  R/(W)* R/(W)* R/W)" R/W RIW RIW RIW RIW
Note: * Only O can be written to bits 7 to 5, to clear these flags.

Thetimer control/status registers 8TCSR are 8-bit registers that indicate compare match/input
capture and overflow statuses, and control compare match output/input capture edge selection.

8TCSR2 isinitialized to H'10, and 8TCSRO, 8TCSR1, and 8TCSR3 to H'00, by areset and in
standby mode.
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Bit 7—Compare M atch/Input Capture Flag B (CMFB): Status flag that indicates the
occurrence of a TCORB compare match or input capture.

Bit 7

CMFB Description

0 [Clearing condition] (Initial value)
Read CMFB when CMFB = 1, then write 0 in CMFB

1 [Setting conditions]

« 8TCNT = TCORB*

e The 8TCNT value is transferred to TCORB by an input capture signal when
TCORSB functions as an input capture register

Note: * When bit ICE is set to 1 in 8TCSR1 and 8TCSR3, the CMFB flag is not set when 8TCNTO =
TCORBO or 8TCNT2 = TCORB2.

Bit 6—Compare Match Flag A (CMFA): Status flag that indicates the occurrence of a TCORA
compare match.

Bit 6

CMFA Description

0 [Clearing condition] (Initial value)
Read CMFA when CMFA = 1, then write 0 in CMFA

1 [Setting condition]

8TCNT = TCORA

Bit 5—Timer Overflow Flag (OVF): Status flag that indicates that the STCNT has overflowed
from H'FF to H'00.

Bit 5

OVF Description

0 [Clearing condition] (Initial value)
Read OVF when OVF =1, then write 0 in OVF

1 [Setting condition]

8TCNT overflows from H'FF to H'00
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Bit 4—A/D Trigger Enable (ADTE) (In 8TCSRO0): In combination with TRGE in the A/D
control register (ADCR), enables or disables A/D converter start requests by compare match A or
an external trigger.

Bit 4
TRGE* ADTE  Description
0 0 A/D converter start requests by compare match A or external trigger pin
(ADTRG) input are disabled (Initial value)
1 A/D converter start requests by compare match A or external trigger pin
(ADTRG) input are disabled
1 0 A/D converter start requests by external trigger pin (ADTRG) input are
enabled, and A/D converter start requests by compare match A are disabled
1 A/D converter start requests by compare match A are enabled, and A/D

converter start requests by external trigger pin (ADTRG) input are disabled

Note: * TRGE is bit 7 of the A/D control register (ADCR).

Bit 4—Reserved (In 8TCSR1): Thisbit isareserved bit, but can be read and written.

Bit 4—Input Capture Enable (ICE) (In 8TCSR1 and 8TCSR3): Selects the function of
TCORB1 and TCORB3.

Bit 4

ICE Description

0 TCORBL1 and TCORBS3 are compare match registers (Initial value)
1 TCORBL1 and TCORB3 are input capture registers

When bit ICE issetto 1in 8TCSR1 or 8TCSR3, the operation of the TCORA and TCORB
registersin channels O to 3 is as shown in the tables below.
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Table9.3 Operation of Channels0and 1 when Bit ICE is Set to 1in 8TCSR1 Register

Register Timer Output
Register Function Status Flag Change  Capture Input Interrupt Request
TCORAO Compare match CMFA changed from 0 TMOy output CMIAQO interrupt request
operation to 1in 8TCSRO by controllable generated by compare
compare match match
TCORBO Compare match CMFB not changed No output from CMIBO interrupt request
operation from0to 1in 8TCSRO TMO, not generated by compare
by compare match match
TCORA1 Compare match CMFA changed from0 TMIO; is CMIAL interrupt request
operation to 1in 8TCSR1 by dedicated input generated by compare
compare match capture pin match
TCORBL1 Input capture CMFB changed from 0 TMIO; is CMIBL1 interrupt request
operation to 1in 8TCSR1 by dedicated input generated by input
input capture capture pin capture

Table9.4 Operation of Channels 2 and 3 when Bit ICE is Set to 1in 8TCSR3 Register

Register Timer Output
Register Function Status Flag Change  Capture Input Interrupt Request
TCORA2 Compare match CMFA changed from 0 TMO, output CMIAZ2 interrupt request
operation to 1in 8TCSR2 by controllable generated by compare
compare match match
TCORB2 Compare match CMFB not changed No output from CMIB2 interrupt request
operation from0to 1in 8TCSR2 TMO; not generated by compare
by compare match match
TCORA3 Compare match CMFA changed from0 TMIO;3 is CMIA3 interrupt request
operation to 1in 8TCSR3 by dedicated input generated by compare
compare match capture pin match
TCORB3 Input capture CMFB changed from 0 TMIO3 is CMIB3 interrupt request
operation to 1in 8TCSR3 by dedicated input generated by input
input capture capture pin capture

Bits 3 and 2—Output/Input Capture Edge Select B3 and B2 (OI S3, OI S2): In combination
with the ICE bit in 8TCSR1 (8T CSR3), these hits select the compare match B output level or the
input capture input detected edge.

The function of TCORB1 (TCORB3) depends on the setting of bit 4 of 8TCSR1 (8TCSR3).
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ICE Bit in
8TCSR1  Bit3
(8TCSR3) OIS3

Bit 2
OIS2  Description

0 0 0 No change when compare match B occurs (Initial value)
1 0 is output when compare match B occurs
1 0 1 is output when compare match B occurs
1 Output is inverted when compare match B occurs (toggle output)
1 0 0 TCORB input capture on rising edge
1 TCORB input capture on falling edge
1 0 TCORSB input capture on both rising and falling edges
1

*  When the compare match register function is used, the timer output priority order is: toggle
output > 1 output > O outpui.

« If compare match A and B occur simultaneously, the output changes in accordance with the
higher-priority compare match.

e When bits OIS3, OI1S2, OS1, and OS0 are al cleared to O, timer output is disabled.

Bits1 and 0—Output Select A1 and A0 (OS1, OS0): These bits select the compare match A

output level.

Bit 1 Bit 0

0s1 (O10] Description

0 0 No change when compare match A occurs (Initial value)
1 0 is output when compare match A occurs

1 0 1 is output when compare match A occurs
1 Output is inverted when compare match A occurs (toggle output)

*  When the compare match register function is used, the timer output priority order is: toggle
output > 1 output > O outpui.

» |If compare match A and B occur simultaneously, the output changes in accordance with the
higher-priority compare match.

e When bits OIS3, OIS2, OS], and OS0 are al cleared to O, timer output is disabled.
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9.3 CPU Interface

931  8-Bit Regigters

8TCNT, TCORA, TCORB, 8TCR, and 8TCSR are 8-hit registers. These registers are connected
to the CPU by aninternal 16-bit data bus and can be read and written aword at atime or a byte at
atime.

Figures 9.2 and 9.3 show the operation in word read and write accesses to 8TCNT.

Figures 9.4 to 9.7 show the operation in byte read and write accessesto 8TCNTO and STCNTL.

Internal data bus

&= < =
Bus | | Module data bus

C
P <L:> interface < L>
U

| STCNTO | 8TCNT1 |

Figure 9.2 8TCNT Access Operation (CPU Writesto STCNT, Word)

Internal data bus

H H
Bus < >
L i terface < ZON L > Module data bus

| STCNTO | 8TCNT1 |

C
p
U

Figure 9.3 8TCNT Access Operation (CPU Reads8TCNT, Word)
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Internal data bus

H < H >
<ﬁ Bus | | Module data bus

C
P L interface L
o—> e

|STCNTHO[8TCNTL1]

Figure9.4 8TCNTO Access Operation (CPU Writesto 8TCNTO, Upper Byte)

Internal data bus

) ¢ =
Bus | | Module data bus

C
P L interface L
o—> e

|STCNTHO[8TCNTL1|

Figure9.5 8TCNT1 Access Operation (CPU Writesto 8TCNTL1, Lower Byte)

Internal data bus

H H
c ) < >
E L ililtJ:rface < AN L > Module data bus
L 4>

| 8TCNTO | 8TCNT1 |

Figure9.6 8TCNTO Access Operation (CPU Reads 8TCNTO, Upper Byte)

Internal data bus

H H
cmm) |, (< D
E L interface < 2\ L > Module data bus
[ £

| BTCNTO | 8TCNT1 |

Figure9.7 8TCNT1 Access Operation (CPU Reads8TCNT1, Lower Byte)
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94 Operation

94.1 8TCNT Count Timing
8TCNT isincremented by input clock pulses (either internal or external).

Internal Clock: Three different internal clock signals (¢/8, ¢/64, or (¢/8192) divided from the
system clock (¢p) can be selected, by setting bits CKS2 to CKS0 in 8TCR. Figure 9.8 shows the
count timing.

o LT LML LI LI

(
Internal clock ~| | ) |

8TCNT input clock

(( ((
)) ))

((
)
8TCNT N1 X N | X N

(
)
(
)

Note: Even if the same internal clock is selected for the 16-bit timer and the 8-bit timer, the same operation
will not be performed since the incrementing edge is different in each case.

Figure9.8 Count Timing for Internal Clock Input

External Clock: Three incrementation methods can be selected by setting bits CKS2 to CKS0 in
8TCR: on therising edge, the falling edge, and both rising and falling edges.

The pulse width of the external clock signal must be at least 1.5 system clocks when a single edge
is selected, and at least 2.5 system clocks when both edges are selected. Shorter pulses will not be
counted correctly.

Figure 9.9 shows the timing for incrementation on both edges of the external clock signal.
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o LM LML
External clock input —| |_

((
| ))

8TCNT input clock

8TCNT N-1 X

N X

N+1

Figure9.9 Count Timing for External Clock I nput (Both-Edge Detection)

9.4.2 CompareMatch Timing

Timer Output Timing: When compare match A or B occurs, the timer output is as specified by
the OIS3, OIS2, OS1, and OS0 bitsin 8TCSR (unchanged, 0 output, 1 output, or toggle output).

Figure 9.10 shows the timing when the output is set to toggle on compare match A.

o LTI LML rLrmrrouri
Compare match A 4,—| ,—\—

TN ™

Timer output |

Figure9.10 Timing of Timer Output
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Clear by Compare Match: Depending on the setting of the CCLR1 and CCLRO bitsin 8TCR,
8TCNT can be cleared when compare match A or B occurs, Figure 9.11 shows the timing of this
operation.

Compare match signal

8TCNT N X H'00

Figure9.11 Timing of Clear by Compare Match

Clear by Input Capture: Depending on the setting of the CCLR1 and CCLRO bitsin 8TCR,
8TCNT can be cleared when input capture B occurs. Figure 9.12 shows the timing of this
operation.

o | L L L4 L 0 11

Input capture input |

Input capture signal

8TCNT N X Hoo

Figure9.12 Timing of Clear by Input Capture

9.4.3 Input Capture Signal Timing
Input capture on therising edge, falling edge, or both edges can be selected by settingsin 8TCSR.
Figure 9.13 shows the timing when the rising edge is selected.

The pulse width of the input capture input signal must be at least 1.5 system clocks when asingle
edgeis selected, and at least 2.5 system clocks when both edges are selected.
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2 I B I I I O A

Input capture input |

Input capture signal

8TCNT N

TCORB X N

Figure9.13 Timing of Input Capture Input Signal

94.4 Timing of Status Flag Setting

Timing of CMFA/CMFB Flag Setting when Compare Match Occurs. The CMFA and CMFB
flagsin 8TCSR are set to 1 by the compare match signal output when the TCORA or TCORB and
8TCNT values match. The compare match signal is generated in the last state of the match (when
the matched 8TCNT count value is updated). Therefore, after the STCNT and TCORA or
TCORB values match, the compare match signal is not generated until an incrementing clock
pulse signal is generated. Figure 9.14 shows thetiming in this case.

2 I I A B B I

8TCNT N X N+1

TCOR N

Compare match signal

\

CMF |

Figure9.14 CMF Flag Setting Timing when Compare Match Occurs
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Timing of CMFB Flag Setting when I nput Capture Occurs. On generation of an input capture
signal, the CMFB flag is set to 1 and at the same time the 8TCNT valueistransferred to TCORB.

Figure 9.15 shows the timing in this case.

L2 [ A B B

8TCNT N

TCORB

Input capture signal

CMFB |

Figure9.15 CMFB Flag Setting Timing when Input Capture Occurs

Timing of Overflow Flag (OVF) Setting: The OVF flagin 8TCSR is set to 1 by the overflow
signal generated when 8TCNT overflows (from H'FF to H'00). Figure 9.16 shows thetimingin
this case.

8TCNT HFE X H'00

Overflow signal

OVF

Figure9.16 Timing of OVF Setting
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9.4.5 Operation with Cascaded Connection

If bits CKS2 to CKS0 are set to (100) in either 8TCRO or 8TCRL, the 8-hit timers of channels 0
and 1 are cascaded. With this configuration, the two timers can be used as a single 16-bit timer
(16-bit timer mode), or channel 0 8-bit timer compare matches can be counted in channel 1
(compare match count mode). Similarly, if bits CKS2 to CK S0 are set to (100) in either 8TCR2 or
8TCRS, the 8-hit timers of channels 2 and 3 are cascaded. With this configuration, the two timers
can be used as a single 16-hit timer (16-bit timer mode),or channel 2 8-bit timer compare matches
can be counted in channel 3 (compare match count mode). In this case, the timer operates as
below.

16-Bit Count Mode

e ChannelsOand 1:
When bits CKS2 to CKS0 are set to (100) in 8TCRO, the timer functions as a single 16-hit
timer with channel 0 occupying the upper 8 bits and channel 1 occupying the lower 8 bits.
0 Setting when Compare Match Occurs
e The CMFA or CMFB flagisset to 1 in 8TCSRO0 when a 16-bit compare match occurs.
e TheCMFA or CMFB flagisset to 1 in 8TCSR1 when alower 8-bit compare match
OCCUI'S.
e TMQ pin output control by bits OIS3, OIS2, OS], and O0 in 8TCSRO isin
accordance with the 16-bit compare match conditions.
e TMIO; pin output control by bits OIS3, OIS2, OS1, and OS0 in 8TCSR1 isin
accordance with the lower 8-bit compare match conditions.
0 Setting when Input Capture Occurs
* TheCMFB flagisset to 1in 8TCSRO and 8TCSR1 when the ICE bitis1in TCSR1
and input capture occurs.

e TMIO; pininput capture input signal edge detection is selected by bits OIS3 and Ol S2
in 8TCSRO.

O Counter Clear Specification
» |If counter clear on compare match or input capture has been selected by the CCLR1
and CCLRO bitsin 8TCRO, the 16-bit counter (both STCNTO and 8TCNTL1) is cleared.
» The settings of the CCLR1 and CCLRO bitsin 8TCR1 areignored. The lower 8 bits
cannot be cleared independently.
O OVF Hag Operation
* TheOVFflagissetto1lin 8TCSRO when the 16-bit counter (STCNTO and 8TCNT1)
overflows (from H'FFFF to H'0000).

« TheOVFflagissetto 1in 8TCSR1 when the 8-bit counter (8TCNT1) overflows (from
H'FF to H'00).
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Channels 2 and 3:

When bits CKS2 to CKS0 are set to (100) in 8TCR2, the timer functions as a single 16-hit
timer with channel 2 occupying the upper 8 bits and channel 3 occupying the lower 8 bits.
0 Setting when Compare Match Occurs

The CMFA or CMFB flagis set to 1 in 8TCSR2 when a 16-bit compare match occurs.
The CMFA or CMFB flagis set to 1 in 8TCSR3 when alower 8-bit compare match
occurs.

TMO; pin output control by bits OIS3, OIS2, OS], and OS0 in STCSR2 isin
accordance with the 16-bit compare match conditions.

TMIO; pin output control by bits OIS3, OIS2, OS1, and OS0 in 8TCSR3isin
accordance with the lower 8-bit compare match conditions.

0 Setting when Input Capture Occurs

The CMFB flagis set to 1 in 8TCSR2 and 8TCSR3 when the ICE bitis1in TCSR3
and input capture occurs.

TMIO; pin input capture input signal edge detection is selected by bits OIS3 and OIS2
in 8STCSR2.

O Counter Clear Specification

If counter clear on compare match has been selected by the CCLR1 and CCLRO hitsin
8TCR?2, the 16-bit counter (both STCNT2 and 8TCNT3) is cleared.

The settings of the CCLR1 and CCLRO bitsin 8TCR3 are ignored. The lower 8 bits
cannot be cleared independently.

O OVF Hag Operation

The OVFflagis set to 1 in 8TCSR2 when the 16-bit counter (8TCNT2 and 8TCNT3)
overflows (from H'FFFF to H'0000).

The OVFflagis set to 1 in 8TCSR3 when the 8-bit counter (8TCNT3) overflows (from
H'FF to H'00).

Rev. 2.00 Sep 20, 2005 page 295 of 800
REJ09B0260-0200
RENESAS



Section 9 8-Bit Timers

Compare Match Count Mode

e ChannelsOand 1:

When bits CKS2 to CKS0 are set to (100) in 8TCR1, 8TCNT1 counts channel 0 compare
match A events.

CMF flag setting, interrupt generation, TMO pin output, counter clearing, and so on, isin
accordance with the settings for each channel.

Note:  When bit ICE = 1 in 8TCSRL1, the compare match register function of TCORBO in
channel 0 cannot be used.

e Channels2 and 3:

When bits CKS2 to CKS0 are set to (100) in 8TCR3, 8TCNT3 counts channel 2 compare
match A events.

CMF flag setting, interrupt generation, TMO pin output, counter clearing, and so on, isin
accordance with the settings for each channel.

Note:  When bit ICE = 1 in 8TCSRS3, the compare match register function of TCORB2 in
channel 2 cannot be used.

Caution

Do not set 16-bit counter mode and compare match count mode simultaneously within the same
group, asthe 8TCNT input clock will not be generated and the counters will not operate.

9.4.6 Input Capture Setting

The 8TCNT value can be transferred to TCORB on detection of an input edge on the input
capture/output compare pin (TMIO; or TMIO3). Rising edge, falling edge, or both edge detection
can be selected. In 16-bit count mode, 16-bit input capture can be used.
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Setting Input Capture Operation in 8-Bit Timer M ode (Normal Oper ation)

Channedl 1.
0 Set TCORBL1 as an 8-bit input capture register with the ICE bit in STCSR1.

d

ad

Select rising edge, falling edge, or both edges as the input edge(s) for the input capture
signal (TMI10O;,) with bits O1S3 and OIS2 in 8TCSR1.
Select the input clock with bits CKS2 to CKS0 in 8TCR1, and start the STCNT count.

Channel 3:

g
g

O

Set TCORB3 as an 8-hit input capture register with the ICE bit in 8TCSR3.

Select rising edge, falling edge, or both edges as the input edge(s) for the input capture
signal (TMI10Os) with bits OIS3 and OIS2 in STCSR3.

Select the input clock with bits CKS2 to CKS0 in 8TCRS, and start the STCNT count.

Note: When TCORBL1 in channel 1 isused for input capture, TCORBO in channel 0 cannot be

used as a compare match register.
Similarly, when TCORB3 in channel 3 isused for input capture, TCORB2 in channel 2
cannot be used as acompare match register.

Setting Input Capture Operation in 16-Bit Count M ode

Channels 0 and 1:

d

d

ad

In 16-bit count mode, TCORBO and TCORBL1 function as a 16-bit input capture register
when the ICE bitisset to 1in 8TCSRL.

Select rising edge, falling edge, or both edges as the input edge(s) for the input capture
signal (TMI10O,) with bits OIS3 and OIS2 in 8TCSRO. (In 16-hit count mode, the settings of
bits OIS3 and OIS2 in 8TCSR1 areignored.)

Select the input clock with bits CKS2 to CKS0 in 8TCR1, and start the STCNT count.

Channels 2 and 3:

a

ad

In 16-bit count mode, TCORB2 and TCORB3 function as a 16-bit input capture register
when the ICE hit isset to 1 in 8TCSR3.

Select rising edge, falling edge, or both edges as the input edge(s) for the input capture
signal (TMI1O;) with bits OIS3 and OIS2 in 8TCSR2. (In 16-bit count mode, the settings of
bits OIS3 and OIS2 in 8TCSR3 are ignored.)

Select the input clock with bits CKS2 to CKS0 in 8TCRS3, and start the STCNT count.
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9.5 Interrupt

951 Interrupt Sources

The 8-bit timer unit can generate three types of interrupt: compare match A and B (CMIA and
CMIB) and overflow (TOVI). Table 9.5 shows the interrupt sources and their priority order. Each
interrupt source is enabled or disabled by the corresponding interrupt enable bit in STCR. A
separate interrupt request signal is sent to the interrupt controller by each interrupt source.

Table9.5 Typesof 8Bit Timer Interrupt Sourcesand Priority Order

Interrupt Source Description Priority
CMIA Interrupt by CMFA High
CMIB Interrupt by CMFB $
TOVI Interrupt by OVF Low

For compare match interrupts CMIA1/CMIB1 and CMIA3/CMIB3 andg the overflow interrupts
(TOVIO/ITOVI1and TOVI2/ITOVI3), one vector is shared by two interrupts.

Table 9.6 lists the interrupt sources.

Table9.6 8-Bit Timer Interrupt Sources

Channel Interrupt Source Description
0 CMIAO TCORAO compare match
CMIBO TCORBO compare match/input capture
1 CMIA1/CMIB1 TCORA1 compare match, or TCORB1 compare match/input
capture
0,1 TOVIO/TOVIL1 Counter 0 or counter 1 overflow
CMIA2 TCORAZ2 compare match
CMIB2 TCORB2 compare match/input capture
3 CMIA3/CMIB3 TCORA3 compare match, or TCORB3 compare match/input
capture
2,3 TOVI2/TOVI3 Counter 2 or counter 3 overflow
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9.5.2 A/D Converter Activation
The A/D converter can only be activated by channel 0 compare match A.

If the ADTE hit setting is 1 when the CMFA flag in 8TCSRO is set to 1 by generation of channel 0
compare match A, an A/D conversion start request will be issued to the A/D converter. If the
TRGE bitin ADCR is 1 at thistime, the A/D converter will be started. If the ADTE bit in
8TCSR0is 1, A/D converter external trigger pin (ADTRG) input is disabled.

9.6 8-Bit Timer Application Example

Figure 9.17 shows how the 8-bit timer module can be used to output pulses with any desired duty
cycle. The settings for this example are as follows:

* Clear the CCLR1 bit to 0 and set the CCLRO bit to 1 in 8TCR so that STCNT is cleared by a
TCORA compare match.

e Set bits OIS3, OIS2, OS1, and OS0 to (0110) in 8TCSR so that 1 is output on a TCORA
compare match and 0 is output on a TCORB compare match.

The above settings enable a waveform with the cycle determined by TCORA and the pulse width
detected by TCORB to be output without software intervention.

T™MO |I | |I | |I | |I I

Figure9.17 Example of Pulse Output
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9.7 Usage Notes

Note that the following kinds of contention can occur in 8-bit timer operation.

97.1 Contention between 8TCNT Write and Clear

If atimer counter clear signal occursin the Ts state of a 8TCNT write cycle, clearing of the
counter takes priority and the write is not performed. Figure 9.18 shows the timing in this case.

8TCNT write cycle
T1 T2 T3

Address bus >< 8TCNT address ><

Internal write signal |

Counter clear signal

8TCNT N >< H'00

Figure9.18 Contention between STCNT Write and Clear
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9.7.2 Contention between 8TCNT Write and Increment

If an increment pulse occursin the T3 state of a8TCNT write cycle, writing takes priority and
8TCNT isnot incremented. Figure 9.19 shows the timing in this case.

8TCNT write cycle
T1 T2 T3

e I A O

Address bus >< 8 TCNT address ><

Internal write signal | |

8TCNT input clock

8TCNT N >< v M

8TCNT write data

Figure9.19 Contention between 8TCNT Writeand I ncrement
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9.7.3 Contention between TCOR Writeand Compare Match

If acompare match occurs in the T; state of a TCOR write cycle, writing takes priority and the
compare match signal isinhibited. Figure 9.20 shows the timing in this case.

TCOR write cycle
T1 T2 T3

o | L0 4 LI L

Address bus >< TCOR address ><

Internal write signal |

8TCNT N >< N+1

TCOR N >< P M

TCOR write data

«——— Inhibited
Compare match signal 1 i

Figure9.20 Contention between TCOR Writeand Compare Match
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9.74 Contention between TCOR Read and Input Capture

If an input capture signal occurs in the T; state of a TCOR read cycle, the value before input
captureisread. Figure 9.21 shows thetiming in this case.

TCORSB read cycle
T1 T2 T3

Address bus >< TCORB address ><

Internal read signal |
Input capture signal

TCORB N >< M

Internal data bus < N >—

Figure9.21 Contention between TCOR Read and I nput Capture
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9.7.5 Contention between Counter Clearing by Input Capture and Counter Increment

If an input capture signal and counter increment signal occur simultaneously, counter clearing by
the input capture signal takes priority and the counter is not incremented. The value before the
counter is cleared istransferred to TCORB. Figure 9.22 shows the timing in this case.

T1 T2 T3

Input capture signal
Counter clear signal
8TCNT internal clock

8TCNT N >< H'00

TCORB X >< N

Figure9.22 Contention between Counter Clearing by Input Capture and Counter
Increment
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9.7.6 Contention between TCOR Writeand Input Capture

If an input capture signal occurs in the T3 state of a TCOR write cycle, input capture takes priority
and the write to TCOR is not performed. Figure 9.23 shows the timing in this case.

TCOR write cycle
T1 T2 T3

Address bus >< TCOR address ><

Internal write signal | |

Input capture signal

8TCNT M

TCOR X >< M

Figure9.23 Contention between TCOR Writeand Input Capture
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9.7.7 Contention between 8TCNT Byte Write and I ncrement in 16-Bit Count M ode
(Cascaded Connection)

If an increment pulse occurs in the T state of an 8TCNT byte write cycle in 16-bit count mode,
the counter write takes priority and the byte data for which the write was performed is not
incremented. The byte data for which awrite was not performed is incremented. Figure 9.24
shows the timing when an increment pulse occursin the T, state of a byte writeto STCNT (upper
byte). If an increment pulse occurs in the T, state, on the other hand, the increment takes priority.

8TCNT (upper byte) byte write cycle
T1 T2 T3

Address bus >< 8TCNTH address ><

Internal write signal | |

8TCNT input clock

8TCNT (upper byte) N >< N+1 ><8TCNT write data

8TCNT (lower byte) X >< X+1

Figure9.24 Contention between STCNT Byte Write and I ncrement in 16-Bit Count M ode

Rev. 2.00 Sep 20, 2005 page 306 of 800
REJ09B0260-0200
RENESAS



Section 9 8-Bit Timers

9.7.8 Contention between Compare Matches A and B

If compare matches A and B occur at the same time, the 8-bit timer operates according to the
relative priority of the output states set for compare match A and compare match B, as shown in
Table9.7.

Table9.7 Timer Output Priority Order

Output Setting Priority
Toggle output High

1 output

0 output I

No change Low

9.7.9 8TCNT Operation and Internal Clock Source Switchover

Switching internal clock sources may cause 8TCNT to increment, depending on the switchover
timing. Table 9.8 shows the relation between the time of the switchover (by writing to bits CKS1
and CKS0) and the operation of 8TCNT.

The 8TCNT input clock is generated from the internal clock source by detecting the rising edge of
the internal clock. If aswitchover is made from alow clock sourceto ahigh clock source, asin
case No. 3in Table 9.8, the switchover will be regarded as afalling edge, a8TCNT clock pulse
will be generated, and 8TCNT will be incremented.

8TCNT may also be incremented when switching between internal and external clocks.
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Table9.8 Internal Clock Switchover and 8TCNT Operation

CKS1 and CKSO0 Write
No. Timing 8TCNT Operation

1 High - high switchover®

1 ]
Id clock ‘
ouce LT LT L1

New clock
source

8TCNT clock

8TCNT N ><

N+1 X

CKS bits rewritten

2 High — low switchover*? old clock

source —l | | |

New clock
source

8TCNT clock

8TCNT N X o~ X

N2 X

CKS bits rewritten

3 Low — high switchover*?

Id clock
e I

New clock
source

(T

NS

8TCNT clock

8TCNT N X w1 X N+2 X

CKS bits rewritten
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CKS1 and CKSO Write
No. Timing 8TCNT Operation

. *4
4 Low — low switchover old clock

source —|_| | | |

New clock
source

8TCNT clock

8TCNT N X n1 X w2 X

CKS bits rewritten

Notes: 1. Including switchovers from the high level to the halted state, and from the halted state
to the high level.

2. Including switchover from the halted state to the low level.
Including switchover from the low level to the halted state.
4. The switchover is regarded as a rising edge, causing 8TCNT to increment.

w
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Section 10 Programmable Timing Pattern Controller (TPC)

10.1 Overview

The H8/3024 Group has a built-in programmable timing pattern controller (TPC) that provides
pulse outputs by using the 16-bit timer as atime base. The TPC pulse outputs are divided into 4-
bit groups (group 3 to group 0) that can operate simultaneously and independently.

10.1.1 Features
TPC features are listed below.

e 16-bit output data
Maximum 16-bit data can be output. TPC output can be enabled on a bit-by-bit basis.

e Four output groups
Output trigger signals can be selected in 4-bit groups to provide up to four different 4-bit
outputs.

» Selectable output trigger signals

» Output trigger signals can be selected for each group from the compare match signals of three
16-bit timer channels.

* Non-overlap mode
A non-overlap margin can be provided between pulse outputs.
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10.1.2  Block Diagram

Figure 10.1 shows a block diagram of the TPC.

16-bit timer compare match signals

i i i i PADDR PBDDR

Control logic NDERA NDERB
TPMR TPCR

TP15 ~— Internal
TP14 - Pulse output | ———— — — data bus
TP13 -«—{ pins, group 3 [ >———— — —
TP12 .
TP, ~—| T PBDR | [ NDRB ----
TP1o <+— Pulseoutput | —— ] — —
TPg --— pins, group 2 | >——— — —
TPg ]
TP7 i
TPg <+ Pulse output | ——— ] —
TPg = pins,group 1 [S——— — —
TPp~~—"™ | | papp | L
TP, < PADR NDRA
TP, =+ Pulse output —] — —
TP, == pins,group 0 |y — —
TPO ]

Legend:

TPMR: TPC output mode register
TPCR: TPC output control register
NDERB: Next data enable register B
NDERA: Next data enable register A
PBDDR: Port B data direction register
PADDR: Port A data direction register
NDRB: Next data register B

NDRA: Next data register A

PBDR: Port B data register

PADR: Port A data register

Figure10.1 TPC Block Diagram
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10.2.3  Pin Configuration
Table 10.1 summarizes the TPC output pins.

Table10.1 TPC Pins

Name Symbol /0 Function

TPC output 0 TPo Output Group 0 pulse output
TPC output 1 TP, Output

TPC output 2 TP, Output

TPC output 3 TP3 Output

TPC output 4 TP4 Output Group 1 pulse output
TPC output 5 TPs Output

TPC output 6 TPe Output

TPC output 7 TP, Output

TPC output 8 TPg Output Group 2 pulse output
TPC output 9 TPy Output

TPC output 10 TP1o Output

TPC output 11 TP11 Output

TPC output 12 TP1, Output Group 3 pulse output
TPC output 13 TPi3 Output

TPC output 14 TPy4 Output

TPC output 15 TP1s Output
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10.1.4 Register Configuration
Table 10.2 summarizes the TPC registers.

Table10.2 TPC Registers

Address™* Name Abbreviation R/W Initial Value
H'EE009 Port A data direction register PADDR W H'00
H'FFFD9 Port A data register PADR R/(W)*? H'00
H'EEOOA Port B data direction register PBDDR W H'00
H'FFFDA Port B data register PBDR R/(W)*2 H'00
H'FFFAO TPC output mode register TPMR R/W H'FO
H'FFFA1 TPC output control register TPCR R/W H'FF
H'FFFA2 Next data enable register B NDERB R/W H'00
H'FFFA3 Next data enable register A NDERA R/W H'00
H'FFFA5/ Next data register A NDRA R/W H'00
H'FFFA7*®

H'FFFA4/ Next data register B NDRB R/W H'00
H'FFFA6™°

Notes: 1. Lower 20 bits of the address in advanced mode.

2. Bits used for TPC output cannot be written.

3. The NDRA address is H'FFFA5 when the same output trigger is selected for TPC
output groups 0 and 1 by settings in TPCR. When the output triggers are different, the
NDRA address is H'FFFAY for group 0 and H'FFFAS for group 1. Similarly, the address
of NDRB is H'FFFA4 when the same output trigger is selected for TPC output groups 2
and 3 by settings in TPCR. When the output triggers are different, the NDRB address is
H'FFFAG for group 2 and H'FFFA4 for group 3.
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10.2  Register Descriptions

10.2.1 Port A Data Direction Register (PADDR)

PADDR is an 8-bit write-only register that selects input or output for each pin in port A.

Bit 7 6 5 4 3 2 1 0

‘ PA7DDR‘ PA6DDR‘ PA5DDR‘ PA4DDR‘ PA3DDR ‘ PA,DDR ‘ PA,DDR ‘ PAoDDR ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write % W W w w W w w

Port A data direction 7to O

These bits select input or
output for port A pins

Port A is multiplexed with pins TP, to TP,. Bits corresponding to pins used for TPC output must
be set to 1. For further information about PADDR, see section 7.11, Port A.

10.2.2 Port A Data Register (PADR)

PADR is an 8-hit readable/writable register that stores TPC output datafor groups 0 and 1, when
these TPC output groups are used.

Bit 7 6 5 4 3 2 1 0
‘ PA; ‘ PAg ‘ PAg ‘ PA,4 ‘ PA3 ‘ PA, ‘ PA1 ‘ PAg ‘
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/I(W)*
Port Adata7to 0

These bits store output data
for TPC output groups 0 and 1

Note: * Bits selected for TPC output by NDERA settings become read-only bits.

For further information about PADR, see section 7.11, Port A.
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10.2.3 Port B Data Direction Register (PBDDR)

PBDDR is an 8-bit write-only register that selects input or output for each pinin port B.

Bit 7 6 5 4 3 2 1 0

‘ PB, DDR‘ PBg DDR‘ PBsg DDR‘ PB4DDR‘ PB3DDR ‘ PB,DDR ‘ PB, DDR‘ PBg DDR‘
Initial value 0 0 0 0 0 0 0 0
Read/Write W w w W W W w w

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

Port B is multiplexed with pins TP;s5 to TPs. Bits corresponding to pins used for TPC output must
be set to 1. For further information about PBDDR, see section 7.12, Port B.
10.24  Port B Data Register (PBDR)

PBDR is an 8-bit readable/writable register that stores TPC output datafor groups 2 and 3, when
these TPC output groups are used.

Bit 7 6 5 4 3 2 1 0
‘ PB~ ‘ PBg ‘ PBg ‘ PB4 ‘ PB3 ‘ PB» ‘ PB1 ‘ PBg ‘
Initial value 0 0 0 0 0 0 0 0

Read/Write  R/(W)* R/(W)* R/(W)" R/(MW)* R/(MW)" RI(MW* RI(W)* R/(W)"

Port B data7to 0
These bits store output data
for TPC output groups 2 and 3

Note: * Bits selected for TPC output by NDERB settings become read-only bits.

For further information about PBDR, see section 7.12, Port B.
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1025 Next Data Register A (NDRA)

NDRA is an 8-bit readable/writable register that storesthe next output data for TPC output groups
1 and 0 (pins TP, to TPy). During TPC output, when an 16-bit timer compare match event
specified in TPCR occurs, NDRA contents are transferred to the corresponding bitsin PADR. The
address of NDRA differs depending on whether TPC output groups 0 and 1 have the same output
trigger or different output triggers.

NDRA isinitialized to H'00 by areset and in hardware standby mode. It is hot initialized in
software standby mode.

Same Trigger for TPC Output Groups0and 1: If TPC output groups 0 and 1 are triggered by

the same compare match event, the NDRA address is H'FFFAS. The upper 4 bits belong to group
1 and the lower 4 bitsto group 0. Address H'FFFA7 consists entirely of reserved bits that cannot

be modified and always read 1.

Address H'FFFAS5
Bit 7 6 5 4 3 2 1 0
‘ NDR7 ‘ NDR6 ‘ NDR5 ‘ NDR4 ‘ NDR3 ‘ NDR2 ‘ NDR1 ‘ NDRO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Next data 7 to 4 Next data 3to O
These bits store the next output These bits store the next output
data for TPC output group 1 data for TPC output group 0
Address H'FFFA7
Bit 7 6 5 4 3 2 1 0
Initial value 1 1 1 1 1 1 1 1
Read/Write — — — — — — — —

Reserved bits
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Different Triggersfor TPC Output Groups0and 1: If TPC output groups 0 and 1 aretriggered
by different compare match events, the address of the upper 4 bits of NDRA (group 1) is H'FFFAS5
and the address of the lower 4 bits (group 0) isH'FFFA7. Bits 3 to 0 of address H'FFFAS5 and bits
7 to 4 of address H'FFFA7 are reserved bits that cannot be modified and always read 1.

Address H'FFFA5
Bit 7 6 5 4 3 2 1 0
‘ NDR7 ‘ NDR6 ‘ NDR5 ‘ NDR4 ‘ — ‘ — ‘ — ‘ — ‘
Initial value 0 0 0 0 1 1 1 1
Read/Write R/W R/W R/W R/W — — — —
Next data 7 to 4 Reserved bits
These bits store the next output
data for TPC output group 1
Address H'FFFA7
Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ — ‘ NDR3 ‘ NDR2 ‘ NDR1 ‘ NDRO ‘
Initial value 1 1 1 1 0 0 0 0
Read/Write — — — — R/W R/W R/W R/W
Reserved bits Next data 3to O

These bits store the next output
data for TPC output group 0
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1026  Next Data Register B (NDRB)

NDRB is an 8-hit readabl e/writable register that stores the next output data for TPC output groups
3 and 2 (pins TPys5 to TPg). During TPC output, when an 16-bit timer compare match event
specified in TPCR occurs, NDRB contents are transferred to the corresponding bitsin PBDR. The
address of NDRB differs depending on whether TPC output groups 2 and 3 have the same output
trigger or different output triggers.

NDRB isinitialized to H'00 by areset and in hardware standby mode. It is not initialized in
software standby mode.

Same Trigger for TPC Output Groups 2 and 3: If TPC output groups 2 and 3 are triggered by
the same compare match event, the NDRB address is H'FFFA4. The upper 4 bits belong to group
3 and the lower 4 bitsto group 2. Address H'FFFAG consists entirely of reserved bits that cannot

be modified and always read 1.

Address H'FFFA4
Bit 7 6 5 4 3 2 1 0
‘ NDR15 ‘ NDR14‘ NDR13 ‘ NDR12 ‘ NDR11 ‘ NDR10 ‘ NDR9 ‘ NDR8 ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Next data 15 to 12 Next data 11 to 8
These bits store the next output These bits store the next output
data for TPC output group 3 data for TPC output group 2
Address H'FFFAG6
Bit 7 6 5 4 3 2 1 0
Initial value 1 1 1 1 1 1 1 1
Read/Write — — — — — — — —

Reserved bits
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Different Triggersfor TPC Output Groups 2 and 3: If TPC output groups 2 and 3 are triggered
by different compare match events, the address of the upper 4 bits of NDRB (group 3) is H'FFFA4
and the address of the lower 4 bits (group 2) isH'FFFABG. Bits 3 to 0 of address H'FFFA4 and bits

7 to 4 of address H'FFFAG are reserved bits that cannot be modified and always read 1.

Address H'FFFA4
Bit 7 6 5 4 3 2 1 0
‘ NDR15 ‘ NDR14‘ NDR13‘ NDR12 ‘ — ‘ — ‘ — ‘ — ‘
Initial value 0 0 0 0 1 1 1 1
Read/Write R/W R/W R/W R/W — — — —
Next data 15to 12 Reserved bits
These bits store the next output
data for TPC output group 3
Address H'FFFAG6
Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ — ‘ NDR11 ‘ NDR10 ‘ NDR9 ‘ NDR8 ‘
Initial value 1 1 1 1 0 0 0 0
Read/Write — — — — R/W R/W R/W R/W
Reserved bits Next data 11 to 8

These bits store the next output
data for TPC output group 2
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10.2.7 Next Data Enable Register A (NDERA)

NDERA is an 8-bit readable/writable register that enables or disables TPC output groups 1 and 0
(TP; to TPy) on abit-by-bit basis.

Bit 7 6 5 4 3 2 1 0

‘ NDER7 ‘ NDERG‘ NDER5 ‘ NDER4 ‘ NDER3 ‘ NDER2 ‘ NDER1 ‘ NDERO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Next data enable 7to 0
These bits enable or disable
TPC output groups 1 and 0

If abit is enabled for TPC output by NDERA, then when the 16-bit timer compare match event
selected in the TPC output control register (TPCR) occurs, the NDRA value is automatically
transferred to the corresponding PADR bit, updating the output value. If TPC output is disabled,
the bit value is not transferred from NDRA to PADR and the output value does not change.

NDERA isinitialized to H'00 by areset and in hardware standby mode. It is not initialized in
software standby mode.

Bits 7 to 0—Next Data Enable 7 to 0 (NDER7 to NDERO): These bits enable or disable TPC
output groups 1 and O (TP; to TP) on a bit-by-bit basis.

Bits 7to 0

NDER7 to NDERO Description

0 TPC outputs TP to TP, are disabled (Initial value)
(NDR7 to NDRO are not transferred to PA7 to PAo)

1 TPC outputs TP to TPy are enabled

(NDR7 to NDRO are transferred to PA7 to PAy)
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10.28 Next Data Enable Register B (NDERB)

NDERSB is an 8-bit readable/writable register that enables or disables TPC output groups 3 and 2
(TPys to TPg) on abit-by-bit basis.

Bit 7 6 5 4 3 2 1 0
‘NDERlS‘ NDER14‘ NDER13‘ NDERlZ‘ NDERll‘NDERlO‘ NDER9 ‘ NDERS8 ‘

Initial value 0 0 0 0 0 0 0 0

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

Next data enable 15to 8
These bits enable or disable
TPC output groups 3 and 2

If abit is enabled for TPC output by NDERB, then when the 16-bit timer compare match event
selected in the TPC output control register (TPCR) occurs, the NDRB value is automatically
transferred to the corresponding PBDR bit, updating the output value. If TPC output is disabled,
the bit value is not transferred from NDRB to PBDR and the output value does not change.

NDERSB is initialized to H'00 by areset and in hardware standby mode. It is not initialized in
software standby mode.

Bits 7 to 0—Next Data Enable 15to 8 (NDER15 to NDERS): These bits enable or disable TPC
output groups 3 and 2 (TPys5 to TPg) on a bit-by-bit basis.

Bits 7to 0

NDER15 to NDERS8 Description

0 TPC outputs TP;s to TPg are disabled (Initial value)
(NDR15 to NDRS8 are not transferred to PB; to PBy)

1 TPC outputs TP;5 to TPg are enabled

(NDR15 to NDR8 are transferred to PB; to PBy)
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10.29 TPC Output Control Register (TPCR)

TPCR is an 8-hit readable/writable register that selects output trigger signals for TPC outputson a
group-by-group basis.

Bit 7 6 5 4 3 2 1 0
‘GSCMSl‘ G3CMSO‘ GZCMSl‘ GZCMSO‘GlCMSl‘GlCMSO ‘ GOCMSl‘GOCMSO‘

Initial value 1 1 1 1 1 1 1 1

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

Group 3 compare
match select 1 and 0
These bits select
the compare match Group 2 compare
event that triggers ~ match select 1 and 0
TPC output group 3 These bits select
(TPlS to TPlZ) the compare match Group 1 compare
event that triggers match select 1 and 0
TPC output group 2 These bits select
(TP11to TPg) the compare match
event that triggers
TPC output group 1
(TP7 to TP4)

Group 0 compare
match select 1 and 0
These bits select

the compare match
event that triggers
TPC output group 0
(TP3 to Tpo)

TPCRisinitialized to H'FF by areset and in hardware standby mode. It isnot initialized in
software standby mode.
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Bits 7 and 6—Group 3 Compare Match Select 1 and 0 (G3CM S1, G3CM S0): These bits
select the compare match event that triggers TPC output group 3 (TPys to TPy,).

Bit 7 Bit 6
G3CMS1 G3CMSO Description
0 0 TPC output group 3 (TP3s to TP1y) is triggered by compare match in 16-bit
timer channel 0
1 TPC output group 3 (TP3s to TP1y) is triggered by compare match in 16-bit
timer channel 1
1 0 TPC output group 3 (TP1s to TP1y) is triggered by compare match in 16-bit
timer channel 2
1 TPC output group 3 (TP1s to TP1p) is triggered by (Initial value)

compare match in 16-bit timer channel 2

Bits5 and 4—Group 2 Compare Match Select 1 and 0 (G2CM S1, G2CM S0): These bits
select the compare match event that triggers TPC output group 2 (TPy; to TPg).

Bit 5 Bit 4
G2CMS1 G2CMSO Description
0 0 TPC output group 2 (TP1; to TPg) is triggered by compare match in 16-bit
timer channel 0
1 TPC output group 2 (TP11 to TPg) is triggered by compare match in 16-bit
timer channel 1
1 0 TPC output group 2 (TP1; to TPg) is triggered by compare match in 16-bit
timer channel 2
1 TPC output group 2 (TP1; to TPg) is triggered by (Initial value)

compare match in 16-bit timer channel 2
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Bits 3 and 2—Group 1 Compare Match Select 1 and 0 (G1CM S1, G1CM S0): These bits
select the compare match event that triggers TPC output group 1 (TP; to TPRy).

Bit 3 Bit 2
G1CMS1 G1CMSO Description
0 0 TPC output group 1 (TP; to TP,) is triggered by compare match in 16-bit
timer channel 0
1 TPC output group 1 (TP; to TP,) is triggered by compare match in 16-hit
timer channel 1
1 0 TPC output group 1 (TP; to TP,) is triggered by compare match in 16-bit
timer channel 2
1 TPC output group 1 (TP7 to TP,) is triggered by (Initial value)

compare match in 16-bit timer channel 2

Bits 1 and 0—Group 0 CompareMatch Select 1 and 0 (GOCM S1, GOCM S0): These bits
select the compare match event that triggers TPC output group 0 (TPs to TP).

Bit 1 Bit 0
GOCMS1 GOCMSO Description
0 0 TPC output group 0 (TP3 to TPy) is triggered by compare match in 16-hit
timer channel 0
1 TPC output group 0 (TP3 to TPy) is triggered by compare match in 16-bit
timer channel 1
1 0 TPC output group 0 (TP3 to TPy) is triggered by compare match in 16-bit
timer channel 2
1 TPC output group 0 (TP3 to TPy) is triggered by (Initial value)

compare match in 16-bit timer channel 2
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10.2.10 TPC Output Mode Register (TPMR)

TPMR is an 8-hit readable/writable register that selects normal or non-overlapping TPC output for
each group.

Bit 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ — ‘ — ‘ G3NOV ‘ G2NoVv ‘ G1NOV ‘ GONOV ‘
Initial value 1 1 1 1 0 0 0 0
Read/Write — — — — R/W R/W R/W R/W

Reserved bits

Group 3 non-overlap
Selects non-overlapping TPC
output for group 3 (TP;5 to TP;5)

Group 2 non-overlap
Selects non-overlapping TPC
output for group 2 (TP;; to TPg)

Group 1 non-overlap
Selects non-overlapping TPC
output for group 1 (TP; to TP,)

Group 0 non-overlap
Selects non-overlapping TPC
output for group 0 (TP; to TP,)

The output trigger period of a non-overlapping TPC output waveform is set in general register B
(GRB) in the 16-hit timer channel selected for output triggering. The non-overlap marginisset in
genera register A (GRA). The output values change at compare match A and B.

For details see section 10.3.4, Non-Overlapping TPC Output.

TPMR isinitialized to H'FO by areset and in hardware standby mode. It is not initialized in
software standby mode.

Bits 7 to 4—Reserved: These bits cannot be modified and are always read as 1.
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Bit 3—Group 3 Non-Overlap (G3NOV): Selectsnormal or non-overlapping TPC output for
group 3 (TPysto TPyy).

Bit 3
G3NOV Description

0 Normal TPC output in group 3 (output values change at (Initial value)
compare match A in the selected 16-bit timer channel)

1 Non-overlapping TPC output in group 3 (independent 1 and 0 output at
compare match A and B in the selected 16-hit timer channel)

Bit 2—Group 2 Non-Overlap (G2NOV): Selects normal or non-overlapping TPC output for
group 2 (TPy; to TRg).

Bit 2

G2NOV Description

0 Normal TPC output in group 2 (output values change at (Initial value)
compare match A in the selected 16-bit timer channel)

1 Non-overlapping TPC output in group 2 (independent 1 and O output at

compare match A and B in the selected 16-bit timer channel)

Bit 1—Group 1 Non-Overlap (GINOV): Selectsnormal or non-overlapping TPC output for
group 1 (TP;to TRy).

Bit 1
G1NOV Description

0 Normal TPC output in group 1 (output values change at (Initial value)
compare match A in the selected 16-bit timer channel)

1 Non-overlapping TPC output in group 1 (independent 1 and 0 output at
compare match A and B in the selected 16-bit timer channel)

Bit 0—Group 0 Non-Overlap (GONOV): Selects normal or hon-overlapping TPC output for
group 0 (TPsto TPy).

Bit 0
GONOV Description

0 Normal TPC output in group 0 (output values change at (Initial value)
compare match A in the selected 16-bit timer channel)

1 Non-overlapping TPC output in group 0 (independent 1 and 0 output at
compare match A and B in the selected 16-bit timer channel)
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10.3  Operation

10.3.1 Overview

When corresponding bitsin PADDR or PBDDR and NDERA or NDERB are set to 1, TPC output
is enabled. The TPC output initially consists of the corresponding PADR or PBDR contents.
When a compare-match event selected in TPCR occurs, the corresponding NDRA or NDRB bit
contents are transferred to PADR or PBDR to update the output values.

Figure 10.2 illustrates the TPC output operation. Table 10.3 summarizes the TPC operating
conditions.

DDR NDER

Output trigger signal

Internal
data bus

Q DR D

[

Q NDR Df~—

TPC output pin

Figure 10.2 TPC Output Operation

Table10.3 TPC Operating Conditions

NDER DDR Pin Function

0 0 Generic input port

Generic output port

1 0 Generic input port (but the DR bit is a read-only bit, and when compare
match occurs, the NDR bit value is transferred to the DR bit)

1 TPC pulse output

Sequential output of up to 16-bit patternsis possible by writing new output datato NDRA and
NDRB before the next compare match. For information on non-overlapping operation, see
section 10.3.4, Non-Overlapping TPC Output.
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10.3.2 Output Timing

If TPC output is enabled, NDRA/NDRB contents are transferred to PADR/PBDR and output
when the selected compare match event occurs. Figure 10.3 shows the timing of these operations
for the case of normal output in groups 2 and 3, triggered by compare match A.

TCNT >< N >< N+1 ><

GRA N

Compare
match A signal

NDRB n
PBDR m >< N n
TPy to TPy m >< n

Figure 10.3 Timing of Transfer of Next Data Register Contents and Output (Example)
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10.3.3

Normal TPC Output

Sample Setup Procedure for Normal TPC Output: Figure 10.4 shows a sample procedure for
setting up normal TPC output.

Normal TPC output

Select GR functions 1 1. SetTIOR to make GRA an output compare
[ register (with output inhibited).
Set GRA value 2 i i
16-bit timer ‘ 2. Setthe TPC output trigger period.
setup 3. Select the counter clock source with bits
Select counting operation 3 ' .
‘ gop TPSC2 to TPSCO in TCR. Select the
- counter clear source with bits CCLR1 and
Select interrupt request 4 CCLRO.
‘ 4. Enable the IMFA interrupt in TISRA.
Set initial output data 5 L . .
‘ 5. Set the initial output values in the DR bits
of the input/output port pins to be used for
Select port output 6 TPC output.
\
Port and Enable TPC output 7 6. S.et the DDR bits of the input/output port
TPC setup ‘ pins to be used for TPC output to 1.
Select TPC output trigger 8 7. Set the NDER bits of the pins to be used
[ for TPC output to 1.
Set next TPC output data 9 8. Select the 16-bit timer compare match
| event to be used as the TPC output trigger
P in TPCR.
16t'b't timer Start counter 10
Setup | 9. Setthe next TPC output values in the NDR
- bits.
c tch? 10. Setthe STR bitto 1in TSTR to start the
ompare match timer counter.
Yes .
11. At each IMFA interrupt, set the next output

Set next TPC output data

11

values in the NDR bits.

Figure 10.4 Setup Procedurefor Normal TPC Output (Example)
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Example of Normal TPC Output (Example of Five-Phase Pulse Output): Figure 10.5 shows
an example in which the TPC is used for cyclic five-phase pulse output.

TCNT value Compare match

TCNT
GRA [---- ‘ ( fffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff
NDRB 80 EEEEEEE@EE 4

PBEDR 00 mmm@mmm&@mm
TPis : ‘ l_

| |
I I
—_—

TPy4

|
|
|
|
|
|
T
|
I
|
|
I
|

_

|

|

TPy3

TPy,

TPy, |

1. The 16-bit timer channel to be used as the output trigger channel is set up so that GRA is an output
compare register and the counter will be cleared by compare match A. The trigger period is set in GRA.
The IMIEA bit is set to 1 in TISRA to enable the compare match A interrupt.

2. H'F8is written in PBDDR and NDERB, and bits G3CMS1, G3CMS0, G2CMS1, and G2CMSO0 are set in
TPCR to select compare match in the 16-bit timer channel set up in step 1 as the output trigger.
Output data H'80 is written in NDRB.

3. The timer counter in this 16-bit timer channel is started. When compare match A occurs, the NDRB
contents are transferred to PBDR and output. The compare match/input capture A (IMFA) interrupt
service routine writes the next output data (H'C0) in NDRB.

4. Five-phase overlapping pulse output (one or two phases active at a time) can be obtained by writing
H'40, H'60, H'20, H'30, H'10, H'18, H'08, H'88... at successive IMFA interrupts.

Figure 10.5 Normal TPC Output Example (Five-Phase Pulse Output)
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10.3.4  Non-Overlapping TPC Output

Sample Setup Procedure for Non-Overlapping TPC Output: Figure 10.6 shows a sample
procedure for setting up non-overlapping TPC output.

Non-overlapping
TPC output

| Select GR functions | 1 1. SetTIOR to make GRA and GRB output

| compare registers (with output inhibited).
16-bit timer | Set GR values | 2 2. Setthe TPC output trigger period in GRB
setup ‘ and the non-overlap margin in GRA.
Select counting operation 3
| ‘ gop | 3. Select the counter clock source with bits
- TPSC2 to TPSCO in TCR. Select the counter
~ | Select interrupt requests | 4 clear source with bits CCLR1 and CCLRO.
‘ 4. Enable the IMFA interrupt in TISRA.
| Set initial output data | 5 o ) )
‘ 5. Set the initial output values in the DR bits
| S TPC | 6 of the input/output port pins to be used for
etup ‘ output TPC output.
| Enable TPC transfer | 7 6. Set the DDR bits of the input/output port pins
Port and ‘ to be used for TPC output to 1.
TPC setup | Select TPC transfer trigger | 8 7. Setthe NDER bits of the pins to be used for
[ TPC output to 1.
| Select non-overlapping groups | 9 8. InTPCR, select the 16-bit timer compare
\ match event to be used as the TPC output
L Set next TPC output data 10 trigger.
9. InTPMR, select the groups that will operate
16.bit 1 in non-overlap mode.
-bit timer
setup Start countter 1 10. Set the next TPC output values in the NDR

bits.

s

11. Set the STR bitto 1 in TSTR to start the timer
counter.

No
Compare match A?

Yes 12. At each IMFA interrupt, write the next output
value in the NDR bits.

Set next TPC output data 12

Figure 10.6 Setup Procedurefor Non-Overlapping TPC Output (Example)
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Example of Non-Overlapping TPC Output (Example of Four-Phase Complementary Non-
Overlapping Output): Figure 10.7 shows an example of the use of TPC output for four-phase
complementary non-overlapping pulse output.

TCNT value

GRB ’:I_’C"\h’_ ”””””””””””””””””””””””””””””””
GRA |7~ N N N N N 2
HO000 1 A o A Time
NDRE 935 X 6 X s X s X & X

PEDR (95 op) 05 et 59 X0 50 K14k 95 08X 5 X

‘4—" Non- overlap margin

Y E— —

TPlS 3

TPy4

TPy3

|
T

TPy,

TPy,

TPy

—

TPy

TPg

1. The 16-bit timer channel to be used as the output trigger channel is set up so that GRA and GRB are
output compare registers and the counter will be cleared by compare match B. The TPC output trigger
period is set in GRB. The non-overlap margin is set in GRA. The IMIEA bit is set to 1 in TISRA to enable
IMFA interrupts.

2. H'FF is written in PBDDR and NDERB, and bits G3CMS1, G3CMS0, G2CMS1, and G2CMSO0 are set in
TPCR to select compare match in the 16-bit timer channel set up in step 1 as the output trigger. Bits
G3NOV and G2NOV are set to 1 in TPMR to select non-overlapping output. Output data H'95 is written in
NDRB.

3. The timer counter in this 16-bit timer channel is started. When compare match B occurs, outputs change
from 1 to 0. When compare match A occurs, outputs change from 0 to 1 (the change from 0 to 1 is delayed
by the value of GRA). The IMFA interrupt service routine writes the next output data (H'65) in NDRB.

4. Four-phase complementary non-overlapping pulse output can be obtained by writing H'59, H'56, H'95...
at successive IMFA interrupts.

Figure 10.7 Non-Overlapping TPC Output Example (Four-Phase Complementary
Non-Overlapping Pulse Output)
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10.3.5 TPC Output Triggering by Input Capture

TPC output can be triggered by 16-bit timer input capture as well as by compare match. If GRA
functions as an input capture register in the 16-bit timer channel selected in TPCR, TPC output
will be triggered by the input capture signal. Figure 10.8 shows the timing.

TIOC pin \

Input capture
signal

NDR N

\

DR M ><\‘N

Figure 10.8 TPC Output Triggering by Input Capture (Example)
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104  Usage Notes

10.4.1 Operation of TPC Output Pins

TP, to TPy5 are multiplexed with 16-bit timer, address bus, and other pin functions. When 16-bit
timer, or address bus output is enabled, the corresponding pins cannot be used for TPC output. The
datatransfer from NDR bits to DR bits takes place, however, regardless of the usage of the pin.

Pin functions should be changed only under conditions in which the output trigger event will not
occur.

10.4.2 Note on Non-Overlapping Output

During non-overlapping operation, the transfer of NDR bit values to DR bits takes place as
follows.

1. NDR bits are always transferred to DR bits at compare match A.

2. At compare match B, NDR bits are transferred only if their value is 0. Bits are not transferred
if their valueis 1.

Figure 10.9 illustrates the non-overlapping TPC output operation.

DDR NDER
Q Q
Compare match A
Compare match B
C
Q DR Dj= ‘ Q NDR D~

TPC output pin

Figure 10.9 Non-Overlapping TPC Output
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Therefore, 0 data can be transferred ahead of 1 data by making compare match B occur before
compare match A. NDR contents should not be altered during the interval from compare match B
to compare match A (the non-overlap margin).

This can be accomplished by having the IMFA interrupt service routine write the next datain
NDR. The next data must be written before the next compare match B occurs.

Figure 10.10 shows the timing relationships.

Compare
match A

Compare
match B

! ! NDR write ! ! NDR write
NDR >< ><

- X X

0 output 0/1 output 0 output 0/1 output
Write to NDR Write to NDR
in this interval in this interval

Do not write Do not write
to NDR in this to NDR in this
interval interval

Figure 10.10 Non-Overlapping Operation and NDR Write Timing
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Section 11 Watchdog Timer

11.1 Overview

The H8/3024 Group has an on-chip watchdog timer (WDT). The WDT has two selectable
functions: it can operate as a watchdog timer to supervise system operation, or it can operate as an
interval timer. As awatchdog timer, it generates areset signa for the H8/3024 chip if a system
crash alows the timer counter (TCNT) to overflow before being rewritten. In interval timer
operation, an interval timer interrupt isrequested at each TCNT overflow.

11.1.1 Features

WDT features are listed below.

Selection of eight counter clock sources

@2, 0/32, /64, ©/128, /256, @/512, ¢/2048, or ¢ /4096

Interval timer option

Timer counter overflow generates areset signal or interrupt.

The reset signal is generated in watchdog timer operation. An interval timer interrupt is
generated in interval timer operation.

Watchdog timer reset signal resets the entire H8/3024 internally, and can also be output
externaly.

The reset signal generated by timer counter overflow during watchdog timer operation resets
the entire H8/3024 internally. An external reset signal can be output from the RESO pin to
reset other system devices simultaneously. In the versions with on-chip flash memory, the
RESO pin functions as the FWE pin, and therefore there is no function for outputting a reset
signal externally.
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11.1.2  Block Diagram

Figure 11.1 shows a block diagram of the WDT.

Overflow Int |
TCNT nternal
4> Read/ data bus

Interrupt signal <-———————| write K >

(interval timer) | control B control
I
Internal clock sources

Interrupt

2
RSTCSR v
@32
@64
(internal, external) Clock @128
selector @256
Legend: ¥12
TCNT:  Timer counter ®2048
TCSR: Timer control/status register @/4096
RSTCSR: Reset control/status register
Figure11.1 WDT Block Diagram
11.1.3  Pin Configuration
Table 11.1 describes the WDT output pin®.
Note: * Not present in the versions with on-chip flash memory.
Table11.1 WDT Pin
Name Abbreviation I/0 Function
Reset output RESO Output” External output of the watchdog timer reset signal

Note: * Open-drain output.
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11.1.4 Register Configuration
Table 11.2 summarizesthe WDT registers.

Tablel11.2 WDT Registers

Address**
Write*? Read Name Abbreviation R/W Initial Value
H'FFF8C HFFF8C Timer control/status register TCSR R/(W)*3 H'18
H'FFF8D  Timer counter TCNT R/W H'00
H'FFFBE H'FFF8F Reset control/status register RSTCSR R/ON)*3 H'3F

Notes: 1. Lower 20 bits of the address in advanced mode.
2. Write word data starting at this address.
3. Only 0 can be written in bit 7, to clear the flag.

11.2  Register Descriptions

11.2.1 Timer Counter (TCNT)

TCNT is an 8-hit readable and writable up-counter.

Bit 7 6 5 4 3 2 1 0
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Note: The method for writing to TCNT is different from that for general registers to prevent
inadvertent overwriting. For details see section 11.2.4, Notes on Register Access.

Whenthe TME bitissetto 1in TCSR, TCNT starts counting pulses generated from an internal
clock source selected by bits CKS2 to CKS0 in TCSR. When the count overflows (changes from
H'FF to H'00), the OVF bitisset to 1in TCSR. TCNT isinitialized to H'00 by areset and when
the TME bit iscleared to O.

Rev. 2.00 Sep 20, 2005 page 339 of 800
REJ09B0260-0200

RENESAS



Section 11 Watchdog Timer

11.2.2 Timer Control/Status Register (TCSR)

TCSR is an 8-hit readable and writable register. Its functionsinclude selecting the timer mode and
clock source.

Bit 7 6 5 4 3 2 1 0
‘ OVF ‘ WT/W‘ TME ‘ — ‘ — ‘ CKS2 ‘ CKS1 ‘ CKS0 ‘
Initial value 0 0 0 1 1 0 0 0
Read/Write RI(W)* R/W R/W — — R/W RIW RIW
Clock select

These bits select the
TCNT clock source

Reserved bits

Timer enable
Selects whether TCNT runs or halts

Timer mode select
Selects the mode

Overflow flag
Status flag indicating overflow

Notes: The method for writing to TCSR is different from that for general registers to prevent
inadvertent overwriting. For details see section 11.2.4, Notes on Register Access.

* Only 0 can be written, to clear the flag.

Bits 7 to 5 areinitialized to 0 by areset and in standby mode. Bits2 to O areinitializedto O by a
reset. In software standby mode bits 2 to 0 are not initialized, but retain their previous values.
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Bit 7—Overflow Flag (OVF): This status flag indicates that the timer counter has overflowed
from H'FF to H'00.

Bit 7
OVF Description
0 [Clearing condition]
Cleared by reading OVF when OVF = 1, then writing O in OVF (Initial value)
1 [Setting condition]

Set when TCNT changes from H'FF to H'00

Bit 6—Timer Mode Select (WT/IT): Selects whether to use the WDT as awatchdog timer or
interval timer. If used as an interval timer, the WDT generates an interval timer interrupt request
when TCNT overflows. If used as awatchdog timer, the WDT generates a reset signal when
TCNT overflows.

Bit6

WT/IT  Description

0 Interval timer: requests interval timer interrupts (Initial value)
1 Watchdog timer: generates a reset signal

Bit 5—Timer Enable (TME): Selects whether TCNT runs or is halted. When WT/IT = 1, clear
the software standby bit (SSBY) to 0in SY SCR before setting TME. When setting SSBY to 1,
TME should be cleared to O.

Bit 5

TME Description

0 TCNT is initialized to H'00 and halted (Initial value)
1 TCNT is counting

Bits4 and 3—Reserved: These bits cannot be modified and are always read as 1.
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Bits2to 0—Clock Select 2to 0 (CK S2to CKS0): These hits select one of eight internal clock
sources, obtained by prescaling the system clock (@), for input to TCNT.

Bit 2 Bit 1 Bit 0
CKS2 CKS1 CKSO Description

0 0 0 @2 (Initial value)
1 ©/32
1 0 @/64
1 ©/128
1 0 0 ©/256
1 ®/512
1 0 ©/2048
1 © /4096

11.2.3 Reset Control/Status Register (RSTCSR)

RSTCSR is an 8-hit readable and writable register that indicates when areset signal has been
generated by watchdog timer overflow, and controls external output of the reset signal.

Bit 7 6 5 4 3 2 1 0
WRST |RSTOE| — | — | — | — | — | —
Initial value 0 0 1 1 1 1 1 1

Read/Write ~ R/(W)*  R/W — — — — — _

Reserved bits

Reset output enable
Enables or disables external output of the reset signal

Watchdog timer reset
Indicates that a reset signal has been generated

Notes: The method for writing to RSTCSR is different from that for general registers to prevent
inadvertent overwriting. For details see section 11.2.4, Notes on Register Access.

*  Only 0 can be written in bit 7, to clear the flag.

Bits 7 and 6 are initialized by input of areset signal at the RES pin. They are not initialized by
reset signals generated by watchdog timer overflow.
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Bit 7—Watchdog Timer Reset (WRST): During watchdog timer operation, this bit indicates that
TCNT has overflowed and generated a reset signal. This reset signal resets the entire H8/3024 chip
internally. If bit RSTOE isset to 1, thisreset signal is also output (low) at the RESO pinto
initialize external system devices. Note that there isno RESO pin in the versions with on-chip
flash memory.

Bit 7
WRST  Description
0 [Clearing conditions]
» Reset signal at RES pin.
¢ Read WRST when WRST =1, then write 0 in WRST. (Initial value)
1 [Setting condition]

Set when TCNT overflow generates a reset signal during watchdog timer operation

Bit 6—Reset Output Enable (RSTOE): Enables or disables external output at the RESO pin of
the reset signal generated if TCNT overflows during watchdog timer operation. Note that thereis
no RESO pin in the versions with on-chip flash memory.

Bit 6

RSTOE Description

0 Reset signal is not output externally (Initial value)
1 Reset signal is output externally

Bits 5 to 0—Reserved: These bits cannot be modified and are always read as 1.
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11.24  Noteson Register Access

The watchdog timer’s TCNT, TCSR, and RSTCSR registers differ from other registersin being
more difficult to write. The procedures for writing and reading these registers are given below.

Writing to TCNT and TCSR: These registers must be written by aword transfer instruction.
They cannot be written by byte instructions. Figure 11.2 shows the format of data written to
TCNT and TCSR. TCNT and TCSR both have the same write address. The write data must be
contained in the lower byte of the written word. The upper byte must contain H'5A (password for
TCNT) or H'A5 (password for TCSR). This transfers the write data from the lower byteto TCNT
or TCSR.

TCNT write 15 8 7 0
Address H'FFF8C* | H'5A ‘ Write data |
TCSR write 15 8 7 0
Address H'FFF8C* | H'A5 ‘ Write data |

Note: * Lower 20 bits of the address in advanced mode.

Figure11.2 Format of Data Written to TCNT and TCSR
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Writing to RSTCSR: RSTCSR must be written by aword transfer instruction. It cannot be
written by byte transfer instructions. Figure 11.3 shows the format of data written to RSTCSR. To
write 0 in the WRST bit, the write data must have H'A5 in the upper byte and H'00 in the lower
byte. The data (H'00) in the lower byte is written to RSTCSR, clearing the WRST bitto 0. To
write to the RSTOE hit, the upper byte must contain H'5A and the lower byte must contain the
write data. Writing this word transfers a write data value into the RSTOE hit.

Writing 0 in WRST bit 15 8 7 0
Address  H'FFF8E” | H'A5 ‘ H'00 |
Writing to RSTOE bit 15 8 7 0
Address  H'FFF8E” | H'5A ‘ Write data |

Note: * Lower 20 bits of the address in advanced mode.

Figure11.3 Format of Data Written to RSTCSR

Reading TCNT, TCSR, and RSTCSR: For readsof TCNT, TCSR, and RSTCSR, address
H'FFF8C is assigned to TCSR, address H'FFF8D to TCNT, and address H'FFF8F to RSTCSR.
Theseregisters are therefore read like other registers. Byte transfer instructions can be used for
reading. Table11.3 liststhe read addresses of TCNT, TCSR, and RSTCSR.

Table11.3 Read Addressesof TCNT, TCSR, and RSTCSR

Address”* Register
H'FFF8C TCSR
H'FFF8D TCNT
H'FFF8F RSTCSR

Note: * Lower 20 bits of the address in advanced mode.
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11.3  Operation

Operations when the WDT is used as a watchdog timer and as an interval timer are described
below.

11.31 Watchdog Timer Operation

Figure 11.4 illustrates watchdog timer operation. To usethe WDT as a watchdog timer, set the
WT/IT and TME bitsto 1 in TCSR. Software must prevent TCNT overflow by rewriting the
TCNT value (normally by writing H'00) before overflow occurs. If TCNT failsto be rewritten and
overflows due to a system crash etc., the H8/3024 is internally reset for aduration of 518 states.

The watchdog reset signal can be externally output from the RESO pin to reset external system
devices. Thereset signal is output externally for 132 states. External output can be enabled or
disabled by the RSTOE hit in RSTCSR. Note that there is no RESO pin in the versions with on-
chip flash memory.

A watchdog reset has the same vector as areset generated by input at the RES pin. Software can
distinguish aRES reset from a watchdog reset by checking the WRST bit in RSTCSR.

If aRES reset and awatchdog reset occur simultaneously, the RES reset takes priority.

WDT overflow
HIFF oo e
TCNT count TME setto 1
value
H'00
Start H'00 written Reset H'00 written
in TCNT in TCNT

Irr(;tseertn glgnal
B

518 states

FESo |
-

132 states

Figure11.4 Operation in Watchdog Timer Mode
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11.3.2 Interval Timer Operation

Figure 11.5illustrates interval timer operation. To usethe WDT as an interval timer, clear bit
WTI/IT to 0 and set bit TME to 1 in TCSR. An interval timer interrupt request is generated at each
TCNT overflow. Thisfunction can be used to generate interval timer interrupts at regular
intervals.

HFF --------mmmmmmmooe-
TCNT
count value
H'00 ——o------------1
WT/IT=0 Interval Interval Interval Interval
TME =1 timer timer timer timer
interrupt interrupt interrupt interrupt

Figure11.5 Interval Timer Operation

11.3.3 Timing of Setting of Overflow Flag (OVF)

Figure 11.6 shows the timing of setting of the OVF flag. The OVF flag is set to 1 when TCNT
overflows. At the same time, areset signal is generated in watchdog timer operation, or an interval
timer interrupt is generated in interval timer operation.

° | N

TCNT H'FF >< H'00

Overflow signal

\

Figure11.6 Timing of Setting of OVF

OVF
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11.3.4  Timing of Setting of Watchdog Timer Reset Bit (WRST)
The WRST bit in RSTCSR is valid when bits WT/IT and TME are both set to 1 in TCSR.

Figure 11.7 shows the timing of setting of WRST and the internal reset timing. The WRST hit is
set to 1 when TCNT overflows and OVF is set to 1. At the same time an internal reset signal is
generated for the entire H8/3024 chip. This internal reset signal clears OVF to O, but the WRST bhit
remains set to 1. The reset routine must therefore clear the WRST bit.

; | N

TCNT H'FF >< H'00

Overflow signal

OVF

WDT internal
reset

WRST

Figure11.7 Timing of Setting of WRST Bit and I nternal Reset
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11.4  Interrupts

During interval timer operation, an overflow generates an interval timer interrupt (WOV1). The
interval timer interrupt is requested whenever the OVFflagissetto 1in TCSR.

115 Usage Notes

Contention between TCNT Writeand Increment: If atimer counter clock pulse is generated
during the T3 state of awrite cycleto TCNT, the write takes priority and the timer count is not
incremented. See figure 11.8.

CPU: TCNT write cycle
T1 T2 T3

0 | L

TCNT

Internal write
signal

TCNT input
clock

TCNT N M

A

k-

Counter write data

Figure11.8 Contention between TCNT Writeand Count up

Changing CK S2 to CK SO Bit: Halt TCNT by clearing the TME bit to 0in TCSR before
changing the values of bits CKS2 to CKSD.
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Section 12 Serial Communication Interface

121  Overview

The H8/3024 Group has a serial communication interface (SCI) with two independent channels.
The two channels have identical functions. The SCI can communicate in both asynchronous and
synchronous mode. It aso has a multiprocessor communication function for serial communication
among two Or more processors.

When the SCI is not used, it can be halted to conserve power. Each SCI channel can be halted
independently. For details, see section 20.6, Module Standby Function.

The SCI also has asmart card interface function conforming to the |SO/IEC 7816-3 (I dentification
Card) standard. Thisfunction supports serial communication with asmart card. Switching
between the normal serial communication interface and the smart card interface is carried out by
means of aregister setting.

12.1.1 Features
SCI features are listed below.

e Sdlection of synchronous or asynchronous mode for serial communication
Asynchronous mode

Serial data communication is synchronized one character at atime. The SCI can communicate
with a universal asynchronous receiver/transmitter (UART), asynchronous communication
interface adapter (ACIA), or other chip that employs standard asynchronous communication.

It can also communicate with two or more other processors using the multiprocessor
communication function. There are twelve selectable serial datatransfer formats.

O Datalength: 7 or 8 hits

0 Stop bit length: 1 or 2 bits

O Parity: even/odd/none

O Multiprocessor hit: lorO

0 Receiveeror detection: parity, overrun, and framing errors

0 Break detection: by reading the RxD level directly when aframing error occurs
Synchronous mode

Serial data communication is synchronized with aclock signal. The SCI can communicate
with other chips having a synchronous communication function.
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Thereisasingle serial data communication format.
0 Datalength: 8 hits
0 Receive error detection: overrun errors

* Full-duplex communication

The transmitting and receiving sections are independent, so the SCI can transmit and receive
simultaneously. The transmitting and receiving sections are both double-buffered, so serial
data can be transmitted and received continuously.

» Thefollowing settings can be made for the serial data to be transferred:
O LSB-first or MSB-first transfer
O Inversion of datalogic level

« Built-in baud rate generator with selectable bit rates

» Selectable transmit/receive clock sources: internal clock from baud rate generator, or external
clock from the SCK pin

» Four types of interrupts

Transmit-data-empty, transmit-end, receive-data-full, and receive-error interrupts are requested
independently.

Features of the smart card interface are listed below.

« Asynchronous communication
0 Datalength: 8 bits
O Parity bits generated and checked
O Error signal output in receive mode (parity error)
O Error signal detect and automatic data retransmit in transmit mode
O Supports both direct convention and inverse convention
« Built-in baud rate generator with selectable bit rates
» Threetypesof interrupts

Transmit-data-empty, receive-data-full, and transmit/receive-error interrupts are requested
independently.
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12.1.2  Block Diagram

Figure 12.1 shows a block diagram of the SCI.

Q
[&]
g
Module data bus £ <> Interal data bus
@
RDR | [ ™R ] SSR BRR L
[T
(] § U -
RD—= | RSR | [] TSR Baudrate |, @4
SCMR generator
Transmit/receive ~— @/16
TXD -~ control la— @64
Parity generate | 4 t Clock
SCK~ Parity check External clock
» TEI
= TXI|
= RXI
™ ERI
Legend:

RSR: Receive shift register
RDR: Receive data register
TSR:  Transmit shift register
TDR:  Transmit data register
SMR:  Serial mode register
SCR:  Serial control register
SSR:  Serial status register
BRR:  Bit rate register

SCMR: Smart card mode register

Figure12.1 SCI Block Diagram
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12.1.3  Pin Configuration

The SCI has serial pins for each channel aslisted in table 12.1.

Table12.1 SCI Pins

Channel Name

Abbreviation 110

Function

0 Serial clock pin SCKo Input/output SClp clock input/output
Receive data pin RxDo Input SClp receive data input
Transmit data pin TxDo Output SClp transmit data output

1 Serial clock pin SCK; Input/output SCl; clock input/output
Receive data pin RxD4 Input SCl; receive data input
Transmit data pin TxD; Output SCI; transmit data output
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12.1.4 Register Configuration

The SCI hasinternal registers as listed in table 12.2. These registers select asynchronous or
synchronous mode, specify the data format and bit rate, control the transmitter and receiver
sections, and specify switching between the serial communication interface and smart card
interface.

Table12.2 SCI Registers

Channel  Address®* Name Abbreviation R/W Initial Value

0 H'FFFBO Serial mode register SMR R/W H'00
H'FFFB1 Bit rate register BRR R/W H'FF
H'FFFB2 Serial control register SCR R/W H'00
H'FFFB3 Transmit data register TDR R/W H'FF
H'FFFB4 Serial status register SSR R/(W)*2 H'84
H'FFFB5 Receive data register RDR R H'00
H'FFFB6 Smart card mode register SCMR R/W H'F2

1 H'FFFB8 Serial mode register SMR R/W H'00
H'FFFB9 Bit rate register BRR R/W H'FF
H'FFFBA Serial control register SCR R/W H'00
H'FFFBB Transmit data register TDR R/W H'FF
H'FFFBC Serial status register SSR RI(W)*? H84
H'FFFBD Receive data register RDR R H'00
H'FFFBE Smart card mode register SCMR R/W H'F2

Notes: 1. Indicates the lower 20 bits of the address in advanced mode.
2. Only 0 can be written, to clear flags.
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122  Register Descriptions

12.21  Receive Shift Register (RSR)

RSR isthe register that receives serial data.

Bit 7 6 5 4 3 2 1 0

Read/Write — — — — — — — —

The SCI loads serial datainput at the RxD pininto RSR in the order received, LSB (bit 0) first,
thereby converting the datato parallel data. When one byte of data has been received, it is
automatically transferred to RDR. The CPU cannot read or write RSR directly.

12.2.2 Receive Data Register (RDR)

RDR istheregister that storesreceived serial data

Bit 7 6 5 4 3 2 1 0
Initial value 0 0 0 0 0 0 0 0
Read/Write R R R R R R R R

When the SCI has received one byte of serial data, it transfers the received datafrom RSR into
RDR for storage, completing the receive operation. RSR is then ready to receive the next data.
This double-buffering allows data to be received continuously.

RDRisaread-only register. Its contents cannot be modified by the CPU. RDR isinitialized to
H'00 by areset and in standby mode.
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12.2.3  Transmit Shift Register (TSR)

TSR istheregister that transmits seria data.

Bit 7 6 5 4 3 2 1 0

Read/Write — — — — — — — —

The SCI loads transmit data from TDR to TSR, then transmits the data serially from the TxD pin,
LSB (bit O) first. After transmitting one data byte, the SCI automatically loads the next transmit
datafrom TDR into TSR and startstransmitting it. If the TDRE flagisset to 1in SSR, however,
the SCI does not load the TDR contentsinto TSR. The CPU cannot read or write RSR directly.

12.2.4  Transmit Data Register (TDR)

TDRisan 8-hit register that stores datafor serial transmission.

Bit 7 6 5 4 3 2 1 0
Initial value 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W RIW

When the SCI detectsthat TSR is empty, it moves transmit datawrittenin TDR from TDR into
TSR and starts serial transmission. Continuous serial transmission is possible by writing the next
transmit datain TDR during serial transmission from TSR.

The CPU can always read and write TDR. TDR isinitialized to H'FF by areset and in standby
mode.
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1225 Serial Mode Register (SMR)

SMRisan 8-bit register that specifiesthe SCl's serial communication format and selects the clock
source for the baud rate generator.

Bit 7 6 5 4 3 2 1 0

| CIA | CHR | PE | O/E | STOP| MP | CKSl| CKSO|
Initial value 0 0 0 0 0 0 0 0
Read/Write RIW RIW RIW RIW RIW RIW R/IW R/IW

L Clock select 1/0
These bits select the
baud rate generator's
clock source

L Multiprocessor mode
Selects the multiprocessor
function

- Stop bit length
Selects the stop bit length

L Parity mode
Selects even or odd parity

L Parity enable
Selects whether a parity bit is added

— Character length
Selects character length in asynchronous mode

- Communication mode
Selects asynchronous or synchronous mode

The CPU can always read and write SMR. SMRisinitialized to H'00 by areset and in standby
mode.

Bit 7—Communication M ode (C/A)/GSM Mode (GM): The function of this bit differsfor the
normal serial communication interface and for the smart card interface. Itsfunction is switched
with the SMIF bit in SCMR.
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» For Serial Communication Interface (SMIF Bit in SCMR Cleared to 0)
Selects whether the SCI operates in asynchronous or synchronous mode.

Bit 7

C/IA Description

0 Asynchronous mode (Initial value)
1 Synchronous mode

e For Smart Card Interface (SMIF Bit in SCMR Set to 1)
Selects GSM mode for the smart card interface.

Bit 7

GM Description

0 The TEND flag is set 12.5 etu after the start bit (Initial value)
1 The TEND flag is set 11.0 etu after the start bit

Note: etu: Elementary time unit (time required to transmit one bit)

Bit 6—Character Length (CHR): Selects 7-bit or 8-bits data length in asynchronous mode. In
synchronous mode, the data length is 8 bits regardless of the CHR setting.

Bit 6

CHR Description

0 8-bit data (Initial value)
1 7-bit data”

Note: * When 7-bit data is selected, the MSB (bit 7) of TDR is not transmitted.

Bit 5—Parity Enable (PE): In asynchronous mode, this bit enables or disables the addition of a
parity bit to transmit data, and the checking of the parity bit in receive data. 1n synchronous mode,
the parity bit is neither added nor checked, regardless of the PE bit setting.

Bit 5

PE Description

0 Parity bit not added or checked (Initial value)
1 Parity bit added and checked”

Note: * When PE bit is set to 1, an even or odd parity bit is added to transmit data according to the
even or odd parity mode selection by the O/E bit, and the parity bit in receive data is
checked to see that it matches the even or odd mode selected by the O/E bit.
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Bit 4—Parity Mode (O/E): Specifies whether even parity or odd parity is used for parity addition
and checking. The O/E bit setting is only valid when the PE bit is set to 1, enabling parity bit
addition and checking, in asynchronous mode. The O/E bit setting is ignored in synchronous
mode, or when parity addition and checking is disabled in asynchronous mode.

Bit 4

O/E Description

0 Even parity*1 (Initial value)
1 Odd parity*?

Notes: 1. When even parity is selected, the parity bit added to transmit data makes an even
number of 1s in the transmitted character and parity bit combined. Receive data must
have an even number of 1s in the received character and parity bit combined.

2. When odd parity is selected, the parity bit added to transmit data makes an odd number
of 1s in the transmitted character and parity bit combined. Receive data must have an
odd number of 1s in the received character and parity bit combined.

Bit 3—Stop Bit Length (STOP): Selects one or two stop bitsin asynchronous mode. This setting
is used only in asynchronous mode. In synchronous mod no stop bit is added, so the STOP bit
setting is ignored.

Bit 3

STOP Description

0 1 stop bit** (Initial value)
1 2 stop bits*?

Notes: 1. One stop bit (with value 1) is added to the end of each transmitted character.
2. Two stop bits (with value 1) are added to the end of each transmitted character.

In receiving, only thefirst stop bit is checked, regardless of the STOP bit setting. |f the second
stop bitis 1, it istreated as astop hit. |f the second stop bit is 0, it istreated asthe start bit of the
next incoming character.
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Bit 2—M ultiprocessor M ode (M P): Selects a multiprocessor format. When a multiprocessor
format is selected, parity settings made by the PE and O/E bits are ignored. The MP bit setting is
valid only in asynchronous mode. It isignored in synchronous mode.

For further information on the multiprocessor communication function, see section 12.3.3,
Multiprocessor Communication.

Bit 2

MP Description

0 Multiprocessor function disabled (Initial value)
1 Multiprocessor format selected

Bits1 and 0—Clock Select 1 and 0 (CK S1, CK S0): These bits select the clock source for the on-
chip baud rate generator. Four clock sources can be selected by the CKS1 and CKS0 bits: ¢, ¢/4,
@16, and @/'64.

For the relationship between the clock source, bit rate register setting, and baud rate, see section
12.2.8, Bit Rate Register (BRR).

Bit 1 Bit 0

CKs1 CKSO0 Description

0 0 (0] (Initial value)
0 1 @4

1 0 @16

1 1 @64

12.2.6  Serial Control Register (SCR)

SCR register enables or disables the SCI transmitter and receiver, enables or disables serial clock
output in asynchronous mode, enables or disables interrupts, and selects the transmit/receive clock
source.
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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

I: Clock enable 1/0

These bits select the
SCI clock source

Transmit-end interrupt enable
Enables or disables transmit-end
interrupts (TEI)

'— Multiprocessor interrupt enable
Enables or disables multiprocessor
interrupts

— Receive enable
Enables or disables the receiver

— Transmit enable
Enables or disables the transmitter

- Receive interrupt enable
Enables or disables receive-data-full interrupts (Rxl) and
receive-error interrupts (ERI)

L Transmit interrupt enable
Enables or disables transmit-data-empty interrupts (TxI)

The CPU can aways read and write SCR. SCRisinitialized to H'00 by areset and in standby
mode.

Bit 7—Transmit Interrupt Enable (TIE): Enables or disables the transmit-data-empty interrupt
(TXI) requested when the TDRE flag in SSR is set to 1 dueto transfer of serial transmit datafrom
TDRto TSR.

Bit 7

TIE Description

0 Transmit-data-empty interrupt request (TXI) is disabled” (Initial value)
1 Transmit-data-empty interrupt request (TXI) is enabled

Note: * TXI interrupt requests can be cleared by reading the value 1 from the TDRE flag, then
clearing it to O; or by clearing the TIE bit to O.

Rev. 2.00 Sep 20, 2005 page 362 of 800
REJ09B0260-0200

RENESAS



Section 12 Serial Communication Interface

Bit 6—Receive Interrupt Enable (RIE): Enablesor disables the receive-data-full interrupt (RXI)
requested when the RDRF flag in SSR is set to 1 due to transfer of serial receive datafrom RSR to
RDR; also enables or disables the receive-error interrupt (ERI).

Bit 6

RIE Description

0 Receive-data-full (RXI) and receive-error (ERI) interrupt requests are disabled”
(Initial value)

1 Receive-data-full (RXI) and receive-error (ERI) interrupt requests are enabled

Note: * RXI| and ERI interrupt requests can be cleared by reading the value 1 from the RDRF, FER,
PER, or ORER flag, then clearing the flag to O; or by clearing the RIE bit to O.

Bit 5—Transmit Enable (TE): Enables or disables the start of SCI serial transmitting operations.

Bit 5

TE Description

0 Transmitting disabled** (Initial value)
1 Transmitting enabled*?

Notes: 1. The TDRE flag is fixed at 1 in SSR.

2. Inthe enabled state, serial transmission starts when the TDRE flag in SSR is cleared to
0 after writing of transmit data into TDR. Select the transmit format in SMR before
setting the TE bit to 1.

Bit 4—Receive Enable (RE): Enables or disablesthe start of SCI serial receiving operations.

Bit 4

RE Description

0 Receiving disabled** (Initial value)
1 Receiving enabled*?

Notes: 1. Clearing the RE bit to 0 does not affect the RDRF, FER, PER, and ORER flags. These
flags retain their previous values.
2. Inthe enabled state, serial receiving starts when a start bit is detected in asynchronous
mode, or serial clock input is detected in synchronous mode. Select the receive format
in SMR before setting the RE bit to 1.
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Bit 3—M ultiprocessor Interrupt Enable (MPIE): Enables or disables multiprocessor interrupts.
The MPIE bit setting is valid only in asynchronous mode, and only if the MP bitissetto 1in
SMR. The MPIE hit setting isignored in synchronous mode or when the MP bit is cleared to O.

Bit 3

MPIE Description

0 Multiprocessor interrupts are disabled (normal receive operation) (Initial value)
[Clearing conditions]
e The MPIE bit is cleared to 0
* MPB =1 in received data

1 Multiprocessor interrupts are enabled®

Receive-data-full interrupts (RXI), receive-error interrupts (ERI), and setting of
the RDRF, FER, and ORER status flags in SSR are disabled until data with the
multiprocessor bit set to 1 is received.

Note: * The SCI does not transfer receive data from RSR to RDR, does not detect receive errors,
and does not set the RDRF, FER, and ORER flags in SSR. When it receives data in which
MPB = 1, the SCI sets the MPB bit to 1 in SSR, automatically clears the MPIE bit to 0,
enables RXI and ERI interrupts (if the TIE and RIE bits in SCR are set to 1), and allows the
FER and ORER flags to be set.

Bit 2—Transmit-End interrupt Enable (TEIE): Enables or disables the transmit-end interrupt
(TEI) requested if TDR does not contain valid transmit data when the M SB is transmitted.

Bit 2

TEIE Description

0 Transmit-end interrupt requests (TEI) are disabled” (Initial value)
1 Transmit-end interrupt requests (TEI) are enabled”

Note: * TEI interrupt requests can be cleared by reading the value 1 from the TDRE flag in SSR,
then clearing the TDRE flag to 0, thereby also clearing the TEND flag to O; or by clearing
the TEIE bit to 0.

Bits1 and 0—Clock Enable 1 and 0 (CK E1, CK EQ): The function of these bits differsfor the
normal serial communication interface and for the smart card interface. Their function is switched
with the SMIF bit in SCMR.
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» For serial communication interface (SMIF bit in SCMR cleared to Q)
These bits select the SCI clock source and enable or disable clock output from the SCK pin.
Depending on the settings of CKEL and CKEQ, the SCK pin can be used for generic
input/output, serial clock output, or serial clock input.
The CKEO setting is valid only in asynchronous mode, and only when the SCI isinternally
clocked (CKEL = 0). The CKEOQ setting isignored in synchronous mode, or when an external
clock sourceis selected (CKEL = 1). Select the SCI operating mode in SMR before setting the
CKEL1 and CKEO bits. For further details on selection of the SCI clock source, seetable 12.9
in section 12.3, Operation.

Bitl BitO
CKE1 CKEO Description
0 0 Asynchronous mode  Internal clock, SCK pin available for generic
input/output**
Synchronous mode Internal clock, SCK pin used for serial clock output*1
0 1 Asynchronous mode  Internal clock, SCK pin used for clock output™?
Synchronous mode Internal clock, SCK pin used for serial clock output
1 0 Asynchronous mode  External clock, SCK pin used for clock input*3
Synchronous mode External clock, SCK pin used for serial clock input
1 1 Asynchronous mode  External clock, SCK pin used for clock input*3
Synchronous mode External clock, SCK pin used for serial clock input
Notes: 1. Initial value
2. The output clock frequency is the same as the bit rate.
3. The input clock frequency is 16 times the bit rate.

» For smart card interface (SMIF bit in SCMR set to 1)

These bits, together with the GM bit in SMR, determine whether the SCK pin is used for
generic input/output or as the serial clock output pin.

SMR Bit 1 Bit 0

GM CKE1l CKEO Description

0 0 0 SCK pin available for generic input/output (Initial value)
0 0 1 SCK pin used for clock output

1 0 0 SCK pin output fixed low

1 0 1 SCK pin used for clock output

1 1 0 SCK pin output fixed high

1 1 1 SCK pin used for clock output
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12.2.7 Serial Status Register (SSR)

SSRisan 8-hit register containing multiprocessor bit values, and status flags that indicate the
operating status of the SCI.

Bit 7 6 5 4 3 2 1 0

| TDRE | RDRF | ORER |FER/ERS| PER | TEND | MPB | MPBT |

Initial value 1 0 0 0 0 1 0 0
Read/Write RI(W)*! R/(W)*! RI(W)*L RIW)*T R/(W)*? R R RIW

Multiprocessor bit transfer
Value of multiprocessor bit
to be transmitted

Multiprocessor bit
Stores the received
multiprocessor bit value

L Transmit end*?2
Status flag indicating end of transmission

— Parity error
Status flag indicating detection of a receive parity
error

— Framing error (FER)/Error signal status (ERS)*?
Status flag indicating detection of a receive framing error,
or flag indicating detection of an error signal

— Overrun error
Status flag indicating detection of a receive overrun error

— Receive data register full
Status flag indicating that data has been received and stored in RDR

— Transmit data register empty
Status flag indicating that transmit data has been transferred from
TDR into TSR and new data can be written in TDR

Notes: 1. Only 0 can be written, to clear the flag.

2. Function differs between the normal serial communication interface and the smart card interface.

The CPU can always read and write SSR, but cannot write 1 in the TDRE, RDRF, ORER, PER,
and FER flags. These flags can be cleared to 0 only if they have first been read while set to 1.
The TEND and MPB flags are read-only bits that cannot be written.

SSRisinitialized to H'84 by areset and in standby mode.
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Bit 7—Transmit Data Register Empty (TDRE): Indicates that the SCI has loaded transmit data
from TDR into TSR and the next serial data can be written in TDR.

Bit 7
TDRE Description
0 TDR contains valid transmit data
[Clearing condition]
Read TDRE when TDRE = 1, then write 0 in TDRE
1 TDR does not contain valid transmit data (Initial value)

[Setting conditions]

* The chip is reset or enters standby mode

e The TE bitin SCRis cleared to O

« TDR contents are loaded into TSR, so new data can be written in TDR

Bit 6—Receive Data Register Full (RDRF): Indicates that RDR contains new receive data.

Bit 6

RDRF Description

0 RDR does not contain new receive data (Initial value)
[Clearing conditions]
* The chip is reset or enters standby mode
¢ Read RDRF when RDRF = 1, then write 0 in RDRF

1 RDR contains new receive data

[Setting condition]
Serial data is received normally and transferred from RSR to RDR
Note: The RDR contents and the RDRF flag are not affected by detection of receive errors or by
clearing of the RE bit to 0 in SCR. They retain their previous values. If the RDRF flag is

still set to 1 when reception of the next data ends, an overrun error will occur and the
receive data will be lost.
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Bit 5—Overrun Error (ORER): Indicatesthat data reception ended abnormally due to an

overrun error.

Bit 5

ORER Description

0 Receiving is in progress or has ended normally*1 (Initial value)
[Clearing conditions]
* The chip is reset or enters standby mode
¢ Read ORER when ORER = 1, then write 0 in ORER

1 A receive overrun error occurred*?

[Setting condition]
Reception of the next serial data ends when RDRF =1

Notes: 1. Clearing the RE bitto 0 in SCR does not affect the ORER flag, which retains its
previous value.
2. RDR continues to hold the receive data prior to the overrun error, so subsequent
receive data is lost. Serial receiving cannot continue while the ORER flag is setto 1. In
synchronous mode, serial transmitting is also disabled.

Bit 4—Framing Error (FER)/Error Signal Status (ERS): The function of this bit differsfor the
normal serial communication interface and for the smart card interface. Itsfunction is switched
with the SMIF bit in SCMR.
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» For serial communication interface (SMIF bit in SCMR cleared to Q)
Indicates that data reception ended abnormally due to aframing error in asynchronous mode.

Bit 4

FER Description

0 Receiving is in progress or has ended normally™* (Initial value)
[Clearing conditions]
* The chip is reset or enters standby mode
« Read FER when FER =1, then write 0 in FER

1 A receive framing error occurred
[Setting condition]
The stop bit at the end of the receive data is checked for a value of 1, and is
found to be 0.*?

Notes: 1. Clearing the RE bitto 0 in SCR does not affect the FER flag, which retains its previous

. When the stop bit length is 2 bits, only the first bit is checked for a value of 1. The
second stop hit is not checked. When a framing error occurs the SCI transfers the
receive data into RDR but does not set the RDRF flag. Serial receiving cannot continue
while the FER flag is set to 1. In synchronous mode, serial transmitting is also disabled.

e For Smart Card Interface (SMIF Bit in SCMR Set to 1)

Indicates the status of the error signal sent back from the receiving side during transmission.
Framing errors are not detected in smart card interface mode.

Bit 4

ERS Description

0 Normal reception, no error signal® (Initial value)
[Clearing conditions]
e The chip is reset or enters standby mode
¢ Read ERS when ERS = 1, then write 0 in ERS

1 An error signal has been sent from the receiving side indicating detection of a

parity error
[Setting condition]
The error signal is low when sampled

Note: * Clearing the TE bit to 0 in SCR does not affect the ERS flag, which retains its previous

value.
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Bit 3—Parity Error (PER): Indicatesthat reception of data with parity added ended abnormally
due to a parity error in asynchronous mode.

Bit 3

PER Description

0 Receiving is in progress or has ended normally** (Initial value)
[Clearing conditions]
The chip is reset or enters standby mode
¢ Read PER when PER = 1, then write 0 in PER

1 A receive parity error occurred*?

[Setting condition]

The number of 1s in receive data, including the parity bit, does not match the
even or odd parity setting of O/E in SMR

Notes: 1. Clearing the RE bitto 0 in SCR does not affect the PER flag, which retains its previous
value.

2. When a parity error occurs the SCI transfers the receive data into RDR but does not set
the RDRF flag. Serial receiving cannot continue while the PER flag is setto 1. In
synchronous mode, serial transmitting is also disabled.

Bit 2—Transmit End (TEND): The function of this bit differs for the normal serial
communication interface and for the smart card interface. Itsfunction is switched with the SMIF
bit in SCMR.

e For Serial Communication Interface (SMIF Bit in SCMR Cleared to 0)
Indicates that when the last bit of aserial character was transmitted TDR did not contain valid
transmit data, so transmission has ended. The TEND flag is aread-only bit and cannot be
written.

Bit 2
TEND Description
0 Transmission is in progress
[Clearing condition]
Read TDRE when TDRE = 1, then write O in TDRE
1 End of transmission (Initial value)

[Setting conditions]
e The chip is reset or enters standby mode
e The TE bitin SCR is cleared to 0

< TDRE is 1 when the last bit of a 1-byte serial transmit character is
transmitted
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» For Smart Card Interface (SMIF Bit in SCMR Set to 1)
Indicates that when the last bit of aserial character was transmitted TDR did not contain valid
transmit data, so transmission has ended. The TEND flag is aread-only bit and cannot be
written.

Bit 2
TEND Description
0 Transmission is in progress
[Clearing condition]
Read TDRE when TDRE = 1, then write 0 in TDRE
1 End of transmission (Initial value)

[Setting conditions]
* The chip is reset or enters standby mode
e The TE bitis cleared to 0 in SCR and the FER/ERS bit is also cleared to O

e TDRE s 1 and FER/ERS is 0 (normal transmission) 2.5 etu (when GM = 0)
or 1.0 etu (when GM = 1) after a 1-byte serial character is transmitted

Note: etu: Elementary time unit (time required to transmit one bit)

Bit 1—M ultiprocessor bit (MPB): Stores the value of the multiprocessor bit in the receive data
when a multiprocessor format is used in asynchronous mode. MPB is aread-only bit, and cannot
be written.

Bit 1

MPB Description

0 Multiprocessor bit value in receive data is 0* (Initial value)
1 Multiprocessor bit value in receive data is 1

Note: * If the RE bit in SCR is cleared to 0 when a multiprocessor format is selected, MPB retains
its previous value.

Bit 0—M ultiprocessor Bit Transfer (MPBT): Stores the value of the multiprocessor bit added to
transmit data when a multiprocessor format in selected for transmitting in asynchronous mode.

The MPBT bit setting isignored in synchronous mode, whe