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Preface

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

On-chip peripheral functions of the H8/3947 Series include an 12C businterface, eight types of
timers, an 8-bit pul se-width modulator, a serial communication interface, and an A/D converter.
The H8/3947 Series can be advantageously used for embedded control in systems employing an
12C bus interface for internal communication.

This manual describes the hardware of the H8/3947 Series. For details on the H8/3947 Series
instruction set, refer to the H8/300L Series Programming Manual.






Contents

SECHON L OVEIVIBW ...ttt 1
O R @ V= VT TR RRR 1
1.2  Interna BIOCK DIGQram ......cccoieieiiiie ettt st ettt snesre e e 5
1.3  PinArrangement and FUNCLIONS .........ooiiiiiiiniine et e 6
1.3 1 PiNAITANGEMENT ...ttt se et sesa e saesbeseesaesee e es 6
1.3.2  PINFUNCHONS ....cieiiieiceeietieese st re e sne st s see e s 7
SECHON 2 CPU ..ottt 13
2% N @ = 4T T OSSO 13
N R = 11 (=TT 13
N A AN (0 1= SRS o SRR 14
2.1.3 Register CONfiQUIaLION........c.crveueriierieertereeiere ettt 14
22 ReQIStEr DESCIIPLIONS.....c.civiuirtieirtiirieest ettt ettt sttt e sbe s 15
221 GENEral REGISIEIS.....ciceceeeieie ettt e e s e resnesaesrentesreneens 15
A2 0 4110 [ 2= o1 (= £ TS 15
2.2.3 Initial REQISIEr VAIUES.......coiiiiiiiirt ettt st 17
2.3 Data FOMMELS......c..eetiiieieeee ettt et bbbt s be et eae e b e e e sae e e saeenesaeas 17
2.3.1 DataFormatsin General REQISIErS. ......ccviireirieinieireere e 18
2.3.2 Memory DataFOrMELS..........cocivieririeenie st 19
A S N (o (=== o 1 T L= 20
241 AddressiNg MOOES........ccoviieiiieie et e ettt sresrestesresrens 20
2.4.2 Effective Address CalCulation ..........ccocooeiiririeieerieeeeeeeseses e 22
AT 1 01 0 o 1o g TS TR 26
251 DataTransfer INSLUCHIONS .......cccviviirere e see e seens 28
252 Arithmetic OPEratioNS ........cccvueiriiiriiirierrereee et 30
ARG T oo [ [ol @] 1= - 1o 1S 31
254  Shift OPEratioNS.......cccciciiiiicece et e e e s st aesaesresbesresrens 31
255 Bit MaNIPUIALIONS ......coeiuiriiiieiesiesie ettt bbb e b 33
25.6 Branching INStIUCHIONS........cocoiuiriiiriinenie et e e s seens 37
257 System Control INSIFUCLIONS .........evruererieririineeiereeeree e 39
2.5.8 Block Data Transfer INSLIUCLION ........ccvvveieirierererieieeeeeeeesese e see e seens 40
2.6  Basic Operational TIMIiNG.....ccccccoereriereerieieeiseseeesesee e e seesaestesaeseeeesese e sressesnessesseses 42
2.6.1 Accessto On-Chip Memory (RAM, ROM) .....cccooeieieieeeeesese e ste e 42
2.6.2 Accessto On-Chip Peripheral MOdUIES ........cc.ooiieiieiieireeene s 43
2 A O = B RS 7 (=TSSR 45
A S R © = oV PR 45
2.7.2 Program EXECULION SEALE ........cccoeerieiriirinirerierieeseetesee e 46
2.7.3  Program Halt SEaE........ccccuviieeiriie s sie st see et e e e et sresre e snens 46

2.7.4 EXCeption-Handling Stafe.........ccoevieiirieieieiee e seeseeee st snens 46



2.8 MEMOMY MED ..ottt e 47
2.9 APPHCATION NOLES......c.eiteiieiirtite ettt 50
2.9.1 NOESON DELA ACCESS......eeieeeeeeiieeerteeeesteeneeseeseesreestesseestesseetesseensesseensesneesseenes 50
2.9.2 Noteson Bit Manipulation...........ccccceeiereiineniesesieseseeseeesesee e sre e e 52
2.9.3 Noteson Use of the EEPMOV [NSITUCLION..........covvuiiriiriiniiesies e 58
Section 3 EXception HANAIING.........oceiieieeeeeiee e 59
0t R © = o 59
I = (=~ . OSSR 59
I R O = 4V 1= T RSP SR 59
3.2.2 RESEL SEOUEBINCE.....ciiiiiee ittt ettt ettt bt sba e et e e e s b e e saaesree e 59
3.2.3 Interrupt Immediately after RESEL........coi i 60
R T 1 010 £ (070 TSSO PR PR 61
I B O = oV PR 61
3.3.2 Interrupt CONrol REJISIEIS ......cviiiertieeiereeesee e 63
G T o (= 7= 111 (0] o] S 72
3.3.4  INErNal INTEITUPLS ....cueeuieiieicece sttt sttt aesne s resreseesnens 73
3.3.5  INLEITUPL OPEIaLIONS......ccueeuieuieierterie sttt sttt see ettt sre e e bbb seens 74
3.3.6  INterrupt RESPONSE TIME.....c.ciuiiriiiriiieteriete ettt 79
34 APPHCATION NOLES......c.eieeeieiirtirt et bbbt 80
3.4.1 NOtesS 0N StaCK ATEAUSE......coceveii e steste et sre st e nnens 80
3.4.2 Noteson Rewriting Port Mode REQISLEIS........ccceveierereeeeisieee e se e 81
Section 4 Clock PUlSE GENENELOLS..........c.cveierieeieeiseeeese et 83
R @ Y= oV = RSP 83
411 BIOCK DIGOIaM.....cviuiitiiriiieieeeiesee ettt 83
4.1.2 System Clock and SUDCIOCK .........curieeiriririeinireeee e 83
4.2 SysStemM ClOCK GENEIGLO ......cveiveeeeeeeeesereeeesestestestesteseessessesseseessessssessessessessessessessessens 84
4.3 SUDCIOCK GENEIGLON .....coeveiirieiesieeeieeste ettt sttt sttt e 87
I (=< o [ = S S 89
A5 NOtEON OSCHIBLOIS ... .ottt st st se e e eae s saesbeseeseen 90
Section 5 POWEr-DOWN MOUES...........oooiiviiiieiseieceiseesss s 91
LT O @ = 4 7= T OSSPSR 91
511 System Control REQISIErS ....c.ccviiiiiieeie ettt e e s re st snens 94
B2 SIEEDIMOUE. ... bbbttt b bbb e 97
521 Transition t0 SIEEP MOUE.........ccoiuiiiiiiirieeeeeee s 97
522 Clearing SIeep MOTE .......coociiiiiieiiriesee s 97
5.3 StANADY MOGE.... .o bbb 98
5.3.1 Transition to Standby MOGE ........ccceceeereiirere e 98



5.3.3 Oscillator Settling Time after Standby Modeis Cleared..........ccocvevvrecniccnee. 99

L YL ot 1 1Y/ oo [P 100
54.1 Transition t0 WatCh MOUE ........ccevviirere e 100
54.2 Clearing WatCh MOGE.........ccceciiiiie et 100
5.4.3 Oscillator Settling Time after Watch Modeis Cleared..........cccooveveevvcecvneinnnns 100
5.5 SUDSIEED MOGE.....ceiieiiiiiie et ettt s b e bbb e 101
55.1 Transition to SUDSIEEN MOTE.........ccouiiriireiiecetrie s 101
552 Clearing SUDSIEEN MOGE........c.ciiiiiiiireeeee s 101
L SIS U o 7= 'ox V7= 1 1Y/ oo L= 102
5.6.1 Transition to SUDECtIVE MOUE..........ccoevriiiiirceeres e 102
5.6.2 Clearing SUDaCtiVE MOOE ........ccoeviiiicecie ettt 102
5.6.3 Operating Frequency in SUbaCtive MOde.........c.cooeeirririrreeesesere e 102
57  Active (Medium-Speed) MOE.........coorireirieirieerieerie et 103
5.7.1 Transitionto Active (Medium-Speed) MOdE.........c.cccoviereiniinninnceceeeees 103
5.7.2 Clearing Active (Medium-Speed) MOdE..........coeireirinicereeeeeees 103
5.7.3 Operating Frequency in Active (Medium-Speed) Mode........c.ccccvevvevrivnininnnnns 103
5.8 DIFECE TFANSFEN ..ottt bbbt 104
SECHION 6 ROM ...ttt 107
L0 R @< o1 YR 107
L0 0 R =1 Lo Tox QDI T= o | = 11 OSSR 107
6.2 PROM MOUE.......ciiiiieiiiririeeesenee et 108
6.2.1 Setting to PROM MOGE .....cccocuieiiiieiiiciesiesiesiee et ees ettt sre st snens 108
6.2.2 Socket Adapter Pin Arrangement and Memory Map ........ccccecevereneneneneneneens 108
6.3 PrOQIaAIMIMING ....oeeviieiirieeirieitrt ettt b e b ettt b e 111
6.3.1  WIiting and VErTYiNG ......cociriiiriiiriinereeeeeree s 111
6.3.2  Programming PreCaUtiONS..........c.ucrueeriererereeereeeseeieseeeseeeseeesseessee e seenes 116
6.4  Reiability of Programmed Data..........cccceeeeererisineiesese e e e 117
SECUHON 7 RAM .ottt 119
5 R O = o T PR 119
711 BlOCK DIBOIAM.....c.iiitirieiirieierieiesie ettt b e 119
SECHON 8 [/O POIS......oocecs ettt 121
8.1 OVEIVIBW ..ttt b bt bt e b bt b e 121
8.2 PO L bbbt b bbbt 123
B.2.1  OVEIVIBIW. ..ttt ettt ettt et et e e e st eaesae s ebesbesaeseenbenbeseens 123
8.2.2 Register Configuration and DESCIiPLiON .........ccervevireeirieerieereeeseeeseeeeee s 123
8.2.3  PINFUNCHONS .....ceiiiieectieise sttt st se s s sresaesneseenteneenrens 127
824 PINSAES .....oeeveeiierrereesire et 129

8.25  MOS INPUL PUIT-UP..vvoooorroeeeeseeeeeeeeeesssseseessesseeesesesessessssssssesessessesssssessssseesennes 129



8.3

84

85

8.6

8.7

8.8

8.9

8.10

............................................................................................................................ 130
OVEIVIBIW. ...ttt sttt ee st e et e e e e eneeseeneesenaesneseesbeneesnens 130
Register Configuration and DESCriPLioNn ...........ceverrireieneieneese e 130
PN FUNCLIONS ... 134
PINSEBLES ... 135
............................................................................................................................ 136
OVEIVIBIV. ..ottt sttt sttt e st e e et et e neeneeseebeebesaeseesbeseesnens 136
Register Configuration and DESCriPLioN ...........ccvererineeneereese e 136
PN FUNCLIONS ..ot st s sre e nne e eas 138
PN SEALES ... 138
............................................................................................................................ 139
OVEIVIBIW. ..ottt b e b e b e b e bt sr st nn e nnenens 139
Register Configuration and DESCriPLioN ............ccverrireeneereesee e 139
PN FUNCHIONS ..ot st st sne e e 141
LTS = S 142
............................................................................................................................ 143
OVEIVIBW....eteeeteie ettt bbbt 143
Register Configuration and DeSCriPLioN ...........ccoererereenieneeree e 143
PN FUNCHIONS ...ttt ettt 145
PN SEBEES ...ttt s ettt e ne s 146
MOS INPUE PUHT-UP...ciiieeee e 146
............................................................................................................................ 147
OVEIVIBW.....eeeteie ettt bbbt b et bbb p et 147
Register Configuration and DeSCIiPLioN .........c.ccoererereenienieree e 147
PN FUNCHIONS ...ttt ettt 149
PN SEBEES ...ttt s ettt e ne s 149
MOS INPUE PUHT-UP...ciiieeee e 149
............................................................................................................................ 150
OVEIVIBW....eteeteie ettt sttt b et p et 150
Register Configuration and DeSCriPLioN ...........ccoererereenienieree e 150
PN FUNCHIONS ...ttt ettt 152
PN SEBLES ...ttt bbbt ne s 152
MOS INPUE PUHT-UP...ciiieeee e 152
............................................................................................................................ 153
OVEIVIBW....eeeeteie ettt bbbttt bbbt 153
Register Configuration and DeSCriPLioN ...........ccoererereenienieree e 153
PN FUNCHIONS ...ttt ettt 155
PN SEBLES ...ttt et s et s b e bt e ne s 155
............................................................................................................................ 156
OVEIVIBW.....eieeteie sttt b ettt s 156
Register Configuration and DeSCription ...........cccoeeeievereiereereeesee e 156



8.10.3 PINFUNCLIONS .....cci ittt ettt e sttt e et s s te e s st e e e s st e s s saeeessabeessbeeesnenas 158

8.10.4 PN SEALES ..ottt ettt et r e s ae s re et e srentenreneens 159
S T I o o S 160
8111 OVEIVIBW ..ttt sttt sttt st s et n b ene b e e b e e s eenes 160
8.11.2 Register Configuration and DESCIiIPLiON .......cceveveeiieieeieeeeeeeee e sre e 160
8.11.3 PN FUNCLIONS ...ttt ettt s be b see st e seens 162
B.1L.4 PiN SEAES ...cvevevieetiieetisie i sie e sies sttt sae st s s e s e st e e b ese s e e s e aeseaenn 162
ST A oo B = TSR 163
8.12.1 OVEIVIBW...cueeueeeeeeeeeeeee et sttt te st st teste st e s e e e e e eneesesseeseesessesneseessesaeseenseseeseens 163
8.12.2 Register Configuration and DESCIiPtioN ........cceveveeiereeeeeseree e see s 163
8.12.3 PiN FUNCHIONS ....cceviieiireeiisietisiet sttt et ss st se s naenas 164
8.12.4 PiN SEAES ...veeevieetireetisiee ettt ettt sa et see st se e et se st ene s ene et ens s aenn 164
ST T = o A SRS 165
oG T R @< oV TSR 165
8.13.2 Register Configuration and DESCIiPLiON .........ccerveerieiriririereeeseeseeeeeeeeeees 165
8.13.3 PiN FUNCHIONS ....c.coviietirietirieic ettt aenas 166
ST R B o T RS = =< TSRS 166
SECHION G THMEIS....oie ettt 167
LS R @ = o PP 167
LS 0 11111 RS 168
L R @ = 4 1= T TSRS 168
90.2.2 ReQIStEr DESCIIPLIONS.....c.cciieeiicteie st se e ste e see e e e e s e e s restesaesresresresrens 170
0.2.3  TIMEr OPEIAION......cociiiiuiriireeterte sttt ettt et eae st sbesbesaeseesbeseeseens 172
9.2.4 Timer A OPEration SEALES........cccvuiiriirirrireeiere ettt 173
9.3 LI 01= = 3 TSROSO SRRSRP 174
LS G R @< oV TS 174
(S RCTVZZN = (=0 1S (= QB L=-S v (] o1 o] 0 S 175
(GG T 11111 G @0 1= - 1o o SRS 177
9.34 Timer B1 Operation SEALES .......ccccieruirierie ittt st 178
L 111 1= g TSRS 179
S R O < oV TSR 179
9.4.2 ReQiSter DESCIIPLIONS.....c.civeuiriieireieirteesteresieseeie et sb e eenes 180
(S T 1101 GO0 1= - 1 o TS 182
9.4.4 Timer B2 Operation SEAES .......cccccveiieerieiisese s seesieee e ee e se e re st saesresre e snens 183
LT 1111 g = 3 OSSR 184
.51 OVEIVIBIW. ..ttt st ettt e ae bt s ae s ebesbesaeseenbesbeseens 184
9.5.2 ReQiSter DESCIIPLIONS.......civeuirieierieirieestereeiere ettt b e 185
9.5.3  TIMEr OPErAiON.....cecvirieeirieiiriei ettt eenes 187

9.5.4 Timer B3 OPeration SEAES .......cccevivveerereviisieseseeseesieeeseeesese e sre e sne e ste e snens 188



LS 2 1111 G OSSPSR 189
S R O = oV PR 189
9.6.2 ReQiSter DESCIIPLIONS.....c.civiuireeieriiirteietereete st sb e b e seenes 191
(RS T H1101= GO0 1= - 1 o 194
9.6.4 Timer C OPEration SEAES .....ccccvveieriieerieitistes e seesteste e e eeeses e e e se e snesresresresrens 195
L 1111 OSSR 196
.71 OVEIVIBW. ..ottt sttt sttt st se et et et et et eae e st e aeebesbesaeseesbeseeseens 196
9.7.2 ReQiSter DESCIIPLIONS......c.civeuirieiertiirtiietese ettt 198
9.7.3 Interface@ With the CPU .........ccccvviiiiise et 205
o I R 1111 G @] o< - 1o S 209
(I ST o] o] T Tor= (0] 0 T8 N[0 == S 212
LSS T 1211 OSSR 214
O.8.1  OVEIVIBIW. ..ttt sttt et et et e st s st e aeebesbesaeseesbeseeseens 214
9.8.2 ReQiSter DESCIIPLIONS.......coveuireeiereiirtiietese ettt snens 216
9.8.3 NOISE CanCAlEr CITCUIL......cccveereieeeeseresises e seese e sae e e seeseeseens 220
(o R A 1101 G @0 1< - 1 o P 221
9.85 Sample Timer G APPliCaAION........ccocieieie et 226
0.8.6  APPIICAION NOLES......coiiuiiiiiitirtere ettt sre b seens 226
L I 1117 g PSPPSR 230
.91 OVEIVIBW. ..ottt sttt st e e st st e e e e et eseeneeseetesaesaeseenteneeseens 230
9.9.2 ReQiSter DESCIIPLIONS.....c.civeuirieeiriiirteeetereeie et b e seenes 232
(e I T 11101 GO0 1< - 1 o S 238
9.9.4  INLEITUPL SOUIMCES. ... eeiitiiiieiieesitiesiee sttt stesseeesbessbesbeesaeessseesaasenbeesseesnbessssesseeses 243
9.9.5 Timer H Application EXampPIES........cocoiiiiiiie e 243
9.9.6 APPHCATION NOLES......c.oiveeiriiiriiirteest et 244
Section 10  Seria Communication INterface............cccooveiveineiseieisceeise e, 251
O R @ = VT TSRS 251
0 @ SRR 252
T0.2. 1 OVEIVIBW...cueiiiieieieeete ettt sttt e te e be st beseebeseeteseesesaesessenesaesessnnens 252
10.2.2 ReQiSter DESCIiPLIONS.......ccuetireeeireeiirieierieiesieesre s sre st ere b seese s sre e sneneas 255
10.2.3  OPEIEIION ..ottt sttt sttt b et b ettt se et et se b e e ebesnenenrenea 273
10.2.4 Operation in ASynchronoUS MOGE...........ccoeiririrennienee e 277
10.25 Operation in SynchronOUS MOGE..........ccceveviererererieieree e 285
10.2.6 Multiprocessor Communication FUNCLION ........cccccuevveviereerecieeseeese e 292
T0.2.7  INEEITUDBES. ...ttt e se e e bbb e eb e e b e ene e e s 298
10.2.8 APPHCATION NOLES.......coeetiieeiiieetcreee et 299
O T T O =TV TS ] 1 g1 = - o= P 304
0 51 R © V= VT 304
10.3.2 RegISter DESCIIPLIONS.....c.ccieeeeetirese st se et e e se e eene st snesresre s 308

O RCHC T ® o= - 1 o] o [T 318



10.3.4  APPHCATION NOLES.......ccoitiieieieetereeerie et 333

SECtiON 11 B-BIt PWIM ....coooe ettt 335
T11 OVEIVIBW ettt ettt r et e e nen s 335
L1101 FEAIUIES....eeeeeeeeeet ettt 335
11.1.2 BIOCK DIGGIAIM. ....ccuiiiiiieieiirieee sttt sttt et e e b e sae b b e e b s 336
11.1.3  Pin CONfiQUIELION. ....ccveeiteeetereeteseetereete et r e e eb e s eb e srebe e nesrenea 337
11.1.4 Register CONfIQUIELION........cereerereeiirieierieieriee sttt ebe bbb snenea 337
112 ReQISIEr DESCIIPLIONS. ...ceeteeetereeterieierieeri ettt sttt sb e sb e b e saenas 338
11.2.1 PWM Control Register (PWCR) .....cocviiereieeserieseeseeeeeeeees et 338
11.22 PWM DataRegister 0 (PWDRO).......ccoorrieeeiiriniieeenirie s 338
11.23 PWM DataRegister 1 (PWDRL).......ccoovriieinerieieeesirieee e 339
11.2.4 PWM DataRegister 2 (PWDR2).......cccovririeiinirinieeesirieee e 339
11.2.5 PWM DataRegister 3 (PWDRA).........ocuereeeeeeeeereeseeseeseessssssssessesssessssesssnnes 339
11.2.6 PWM DataRegiSter 4 (PWDRA).........ocureereeeeeeeeeseeseeseessesessssssessosssssesssssinees 340
11.2.7 PWM DataRegister 5 (PWDRS) ..o 340
11.2.8 PWM DataRegister 6 (PWDRBE)........cccrreeiiririnieieririeee s 340
11.29 PWM DataRegister 7 (PWDRT).....c.ciiirrireiererieieeesiie et 341
T1.3 OPEBHION ...ttt ettt b et b b e bt e bbbt bbb e st e et b e e b e b s nenenn 342
114 APPICAION NOLES......cotiietireeiirietereeie ettt bbb b b snens 346
SECtiON 12 A/D CONVEITES ...ttt ssssssssssaes 347
T2.1  OVEIVIEW .ttt ettt bbbt b et b bt s e bt e b n s 347
12,001 FEAIUIES.....ecuieieeeteteeree ettt bbb sttt 347
12.1.2  BlOCK DIBGIAIM.......ciiiiiitiiietereete sttt s eb e s ene e snene 347
12.1.3  Pin CONfiQUIELION. ....ccueeitireetereetereetereeie sttt b e s eb e st s ebe e seenens 348
12.1.4 Register CONfIQUIaLiON........cerveeereeerieierieerie sttt ebe s seenens 348
22 = = o 11 = I T o ] o) 0] 349
12.2.1 A/D Result Register (ADRR) ..o 349
12.2.2 A/D Mode ReGIStEr (AMR) ......ciiiiiicieirricie et 349
12.2.3 A/D Start Register (ADSR) ....c.coiiiriririereririe et 351
12,3 OPEIBHION ..ottt bbb bbbt e bRt bbbt n s 352
12.3.1 A/D CONVErsioN OPEIatioN.........coveverieuereeeerieresieesienestesessesessesesseseeseseesesessessenens 352
12.3.2 Start of A/D Conversion by External Trigger INPUt ........cccoveveveeeeniereveseneenn 352
D 41 £ (U] o TSP PR U RROPRRRI 353
125 TYPICA USE ..ttt e bbb 353
126 APPIICAHON NOES......covieitireetirieiire ettt r e b snens 356
Section 13 Electrical CharaCteristiCs.........cooirineeieeseneeiseeseesseesseeessennes 357
13.1  Absolute Maximum RaEINGS. ......ccouuireririreseses e seeseeseesaeseeseeseeseeeesessessesresressesnessesseses 357

13.2  EIECtiCal CharaCteliStiCS......cciiiiriieiie i stee ettt see s s st e sre s sbe s s bessresssbessraesares e 358



13.2.1 Power Supply Voltage and Operating RaNge.........c.ccoerveereeerieerieenieenieesieens 358

13.2.2 DC CharalleriStiCS...cueeeeeeereeesiesesei st sie e see e seeseeseeee e e e ssesnessesressesaessesseses 360

RG220 T AN O @ == o (4 ot 365

13.2.4 A/D Converter CharaCteristiCS......ouurirrnreeinenereeresne e 368
R TC T @ o= = (o) I 11 369
134 OULPUL LOBA CIFCUIT......eeeeeieeiieieiietcee ettt ettt b e s b b sae st b e 372
135 Electrical CharacteristiCS Diagram ........ccceoeuerieririeirieirieeseeesieese e saenes 373
Appendix A CPU INSIIUCLION SEL...........coouriiereiieeseessesseesessseessesssessseessssssssens 375
AL INSIUCHIONS ..ottt 375
A2 Operation COUE MaP.......ceceiierieieieie et e e ste et tesre e e e e ae e e e e e eseetessesresreseeseens 383
A3 Number of EXECULION SEALES.......c.cceiireeriereeiereete sttt 385
Appendix B ON-Chip REJISIEIS ...t ssseens 392
B.l  I/OREQISLEIS (L) ceeuereeerieirierieieseete st see sttt ettt be st st e b e bt ne e nreneas 392
I V(@ 0 2 (= o K= (= £ 24 396
Appendix C  1/O Port BIOCK Diagrams............cccccceueueieieiseeeeseieeee e 445
C.1  Schematic Diagram Of POt L........ccociieirieirieireirieesiees et 445
C.2  Schematic Diagram Of POMt 2........ccciieirieirierieere e 450
C.3  Schematic Diagram Of POt 3........cc.oiieiiiiererere e 455
C.4  Schematic Diagram Of POt 4........ccceieieeieeieeeeee ettt 456
C5  Schematic Diagram Of POt 5.......ccccccieiieiieieeiece ettt 459
C.6  Schematic Diagram Of PO B..........coeierieiirireeeeiere st 460
C.7  Schematic Diagram Of POIT 7........cceiieirieirereerese et 461
C.8  Schematic Diagram Of POt 8.........cciieirieirieerieere e 462
C.9  Schematic Diagram Of POMt O........cccoirieirieiereee e 463
C.10 Schematic Diagram Of POt A ......cccceieieieeieeee et 470
C.11 Schematic Diagram of POt B .......cccccoevieieiieece et 471
C.12 Schematic Diagram Of POt C.........ooeiiieieireeeniere e 471
Appendix D  Port Statesin the Different Processing States..........c.ccovveenreneen. 472

Appendix E  Package DIMENSIONS.........ccccccviveieieeieeeise s 473



Section 1 Overview

1.1 Overview

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

Within the H8/300L Series, the H8/3947 Series of microcomputers is equipped with two 12C bus
interface channels, as proposed by Philips. Other on-chip peripheral functions include eight
timers, an 8-bit pulse width modulator (PWM) with eight channels, a serial communication
interface, and an A/D converter. The H8/3947 Seriesisideally suited for embedded applicationsin
systems that use the 12C bus interface for internal communication.

The H8/3947 has a ZTAT ™* version with on-chip, user-programmable PROM.
Table 1-1 summarizes the features of the H8/3947 Series.
Note: * ZTAT isatrademark of Hitachi, Ltd.

Table1-1 Features

Item Description
CPU High-speed H8/300L CPU

« General-register architecture

General registers: Sixteen 8-bit registers (can be used as eight 16-bit
registers)

« Operating speed
— Max. operating speed: 5 MHz
— Add/subtract: 0.4 ps (operating at 5 MHz)
— Multiply/divide: 2.8 us (operating at 5 MHz)
— Can run on 32.768 kHz subclock
« Instruction set compatible with H8/300 CPU
— Instruction length of 2 bytes or 4 bytes
— Basic arithmetic operations between registers

— MOV instruction for data transfer between memory and registers




Table1-1 Features (cont)

Item Description

CPU Typical instructions
« Multiply (8 bits x 8 bits)
« Divide (16 bits + 8 hits)
* Bit accumulator

» Register-indirect designation of bit position

Interrupts 38 interrupt sources
* 14 external interrupt sources (NMI, IRQ,4 to IRQq, WKP; to WKP)

24 internal interrupt sources

Clock pulse generators Two on-chip clock pulse generators
« System clock pulse generator: 1 to 10 MHz

» Subclock pulse generator: 32.768 kHz

Power-down modes Six power-down modes
« Sleep mode
« Standby mode
» Watch mode
« Subsleep mode
« Subactive mode

« Active (medium-speed) mode

Memory Large on-chip memory
* H8/3945: 40-kbyte ROM; 2-kbyte RAM
« H8/3946: 48-kbyte ROM; 2-kbyte RAM
» H8/3947: 60-kbyte ROM; 2-kbyte RAM

I/O ports 86 pins

* 69 1/0 pins (including 8 medium-voltage NMOS open-drain output pins
(+15 V) and 7 high-current output pins)

« 17 input pins




Table1-1 Features (cont)

Item

Description

Timers

Eight on-chip timers
e Timer A: 8-bit timer

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

(Bw)*
* Timer B1: 8-bit timer

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

— Auto-reloading
« Timer B2: 8-bit timer

— Count-up timer with selection of seven internal clock signals or event
input from external pins

— Selection of two event inputs
— Auto-reloading
e Timer B3: 8-bit timer
— Count-up timer with selection of seven internal clock signals
— Auto-reloading
e Timer C: 8-bit timer

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

— Auto-reloading
e Timer F: 16-bit timer
— Can be used as two independent 8-bit timers.

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

— Compare-match function with toggle output

* Timer G: 8-bit timer
— Count-up timer with selection of four internal clock signals
— Input capture function with built-in noise canceller circuit

* Timer H: 8-bit timer

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

— Compare-match waveform output

Note: * g and g,, are defined in section 4, Clock Pulse Generators.




Table1-1 Features (cont)

Item Specification

Serial communication
interface (including 12C
bus interface)

Three channels on chip
« SCI3: 8-bit synchronous or asynchronous serial interface
Built-in function for multiprocessor communication
*I2C1: I2C bus interface 1
Includes single master mode and slave mode
* 12C2: 12C bus interface 2

Includes single master mode and slave mode

8-bit PWM Eight channels on chip
« All output pins withstand up to +12 V

« Can be used as an 8-bit D/A converter by connecting an external low-
pass filter

A/D converter * 8-bit successive approximations using a resistance ladder
¢ 12-channel analog input port

« Conversion time: 31/g or 62/g per channel

Product lineup Product Code

Mask ROM ZTATO

Version Version Package ROM/RAM Size

HD6433945F  — 100-pin QFP ROM: 40 kbytes
(FP-100A) RAM: 2 kbytes

HD6433946F — 100-pin QFP ROM: 48 kbytes
(FP-100A) RAM: 2 kbytes

HD6433947F HD6473947F 100-pin QFP ROM: 60 kbytes
(FP-100A) RAM: 2 kbytes




1.2 Internal Block Diagram

Figure 1-1 shows a block diagram of the H8/3947 Series.
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Figure1-1 Block Diagram
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1.3 Pin Arrangement and Functions

1.3.1 Pin Arrangement

The H8/3947 Series pin arrangement is shown in figure 1-2.

[ P9, to P9, are NMOS open-drain ports (but only when enabled for I°C bus interface use).
Il r3, to P3; are NMOS open-drain ports (+12 V).
[ ] PA to PAg are high-current ports.
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Figure1-2 Pin Arrangement (FP-100A: Top View)




1.3.2 Pin Functions
Table 1-2 outlines the pin functions of the H8/3947 Series.

Table1-2 Pin Functions

Pin No.
Type Symbol FP-100A 110 Name and Functions

Power Vee 34,79 Input Power supply: All V¢ pins should
source pins be connected to the system power
supply (+5 V)

Vgg 9,30,71 Input Ground: All Vgg pins should be
connected to the system power supply
V)

AVce 92 Input Analog power supply: This is the
power supply pin for the A/D
converter. When the A/D converter is
not used, connect this pin to the
system power supply (+5 V).

AVgg 5 Input Analog ground: This is the A/D
converter ground pin. It should be
connected to the system power supply
oV).

Clock pins 0sC, 10 Input System clock: These pins connect to
0SC, 11 Output a crystal or_ceramic oscillator, or can
be used to input an external clock.
See section 4, Clock Pulse
Generators, for a typical connection
diagram.

X1 8 Input Subclock: These pins connect to a
32.768-kHz crystal oscillator.

X2 ! Output See section 4, Clock Pulse

Generators, for a typical connection

diagram.

System ES 12 Input Reset: When this pin is driven low,
control the chip is reset

TEST 6 Input Test: This is a test pin, not for use in
application systems. It should be
connected to Vgg.




Table1-2 Pin Functions (cont)

Pin No.
Type Symbol FP-100A I/O Name and Functions
Interrupt NMI 13 Input Nonmaskable interrupt: This is an
pins input pin for an edge-sensitive
nonmaskable interrupt, with a
selection of rising or falling edge
IRQq 91 Input External interrupt request 0 to 4:
IRQ; 85 These are input pins for external
IRQ, 86 interrupts for which there is a choice
IRQ3 87 between rising and falling edge
IRQ4 14 sensing
WKP- to 46 to 39 Input Wakeup interrupt request O to 7:
WKPq These are input pins for external
interrupts that are detected at the
falling edge
Timer pins TMOW 80 Output Clock output: This is an output pin
for waveforms generated by the timer
A output circuit
TMIB1 85 Input Timer B1 event input: This is an
event input pin for input to the timer B1
counter
TMIB2A 20 Input Timer B2 event input: This is an
event input pin for input to the timer B2
counter
TMIB2B 21 Input Timer B2 event input: This is an
event input pin for input to the timer B2
counter
TMIC 86 Input Timer C event input: This is an event
input pin for input to the timer C
counter
ubD 15 Input Timer C up/down select: This pin
selects whether the timer C counter is
used for up- or down-counting. At
high level it selects up-counting, and
at low level down-counting.
TMIF 87 Input Timer F event input: This is an event

input pin for input to the timer F
counter




Table1-2 Pin Functions (cont)

Pin No.
Type Symbol FP-100A 110 Name and Functions
Timer pins TMOFL 81 Output Timer FL output: This is an output
pin for waveforms generated by the
timer FL output compare function
TMOFH 82 Output Timer FH output: This is an output
pin for waveforms generated by the
timer FH output compare function
TMIG 83 Input Timer G capture input: Thisis an
input pin for the timer G input capture
function
TMOH 78 Output Timer H output: This is an output pin
for waveforms generated by the timer
H output compare function
TMCIH 77 Input Timer H event input: This is an event
input pin for input to the timer H
counter
TMRIH 76 Input Timer H reset input: This is a reset
input pin for the timer H counter
I/0 ports PB;to PBy;  100to 93 Input Port B: This is an 8-bit input port
PC;to PCy 4tol Input Port C: This is a 4-bit input port
P4, 91 Input Port 4 (bit 3): This is a 1-bit input
port
P4, to P4, 90 to 88 110 Port 4 (bits 2 to 0): This is a 3-bit /O
port. Input or output can be
designated for each bit by means of
port control register 4 (PCR4).
P1;to Pl, 8710 80 /0 Port 1: This is an 8-bit I/O port. Input
or output can be designated for each
bit by means of port control register 1
(PCR1).
P2, to P2, 21to 14 /0 Port 2: This is an 8-bit I/O port. Input

or output can be designated for each
bit by means of port control register 2
(PCR2).




Table1-2 Pin Functions (cont)

Type

Symbol

Pin No.
FP-100B

FP-100A

110 Name and Functions

I/O ports

P3; to P3,

2910 22

110

Port 3: This is an 8-bit I/0 port. Input
or output can be designated for each
bit by means of port control register 3
(PCR3).

P5, to P5,

46 to 39

110

Port 5: This is an 8-bit I/O port. Input
or output can be designated for each
bit by means of port control register 5
(PCR5).

P67 to P6O

54 to 47

1/0

Port 6: This is an 8-bit I/0 port. Input
or output can be designated for each
bit by means of port control register 6
(PCR6).

P7,to P7,

62 to 55

1/0

Port 7: This is an 8-bit I/0 port. Input
or output can be designated for each
bit by means of port control register 7
(PCRTY).

P87 to P80

70 to 63

I/0

Port 8: This is an 8-bit I/0 port. Input
or output can be designated for each
bit by means of port control register 8
(PCRS).

P9, to P9

7810 76

/10

Port 9 (bits 7 to 5): This is a 3-bit
I/O port. Input or output can be
designated for each bit by means of
port control register 9 (PCR9).

P9, to P9,

751072

Input

Port 9 (bits 4 to 1): This is a 4-bit
Input port

PAg to PA,

31to 33,
3510 38

I/0

Port A: This is a 7-bit I/O port. Input
or output can be designated for each

bit by means of port control register A
(PCRA).
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Table1-2 Pin Functions (cont)

Pin No.
Type Symbol FP-100A 110 Name and Functions
Serial SCL, 72 I/10 12C1 clock I/O: This is the clock I/O
communi- pin for 12C1
cation SDA, 73 e 12C1 data I/O: This is the data I/O pin
interface for 12C1
(12C1, 12C2)
SCL, 74 110 12C2 clock I/O: This is the clock I/O
pin for 12C2
SDA, 75 110 [2C2 data I/O: This is the data I/O
pin for 12C2
Serial RXD 89 Input SCI3 receive data input:
communi- This is the SCI3 data input pin
icn?g(r)fr;ce TXD 90 Output SCI3 send data output:
(SCI3) This is the SCI3 data output pin
SCK3 88 I/0 SCI3 clock /O :
This is the SCI3 clock 1/O pin
A/D AN4; to 4to1l Input Analog input channels 11 to O:
converter ANg 100 to 93 These are analog data input channels
to the A/D converter
ADTRG 14 Input A/D converter trigger input:
This is the external trigger input pin to
the A/D converter
8-bit PWM PWMj5 to 2910 22 Output 8-bit PWM output: These are output
PWM, pins for waveforms generated by the

8-bit PWM

11
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Section2 CPU

2.1 Overview

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

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

»  General-register architecture
Sixteen 8-bit general registers, also usable as eight 16-bit general registers

» Instruction set with 55 basic instructions, including:
— Multiply and divide instructions
— Powerful bit-manipulation instructions

»  Eight addressing modes
— Register direct
— Register indirect
— Register indirect with displacement
— Register indirect with post-increment or pre-decrement
— Absolute address
— Immediate
— Program-counter relative
— Memory indirect

e 64-kbyte address space

» High-speed operation
— All frequently used instructions are executed in two to four states
— High-speed arithmetic and |logic operations
— 8- or 16-bit register-register add or subtract: 0.4 ps*
— 8 x 8-hit multiply: 2.8 us*
— 16 + 8-hit divide: 2.8 us*

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

Note: * Thesevaluesareat =5 MHz.
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2.1.2 Address Space

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

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

Figure 2-1 shows the register structure of the H8/300L CPU. There are two groups of registers:
the general registers and control registers.

General registers (Rn)

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

Control registers (CR)
15 0
PC | PC: Program counter
76543210
ccr [1|ulH[u|N|z|v|c|  ccr: condition code register
- Carry flag

— Overflow flag

Zero flag

Negative flag

Half-carry flag

Interrupt mask bit
User bit
User bit

Figure2-1 CPU Registers
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2.2 Register Descriptions
2.2.1 General Registers
All the general registers can be used as both data registers and address registers.

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

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

R7 also functions as the stack pointer (SP), used implicitly by hardware in exception processing
and subroutine calls. When it functions as the stack pointer, as indicated in figure 2-2, SP (R7)
points to the top of the stack.

Lower address side [H'0000]

Unused area

SP >
(R7)

Stack area

Upper address side [H'FFFF]

Figure2-2 Stack Pointer
2.2.2 Control Registers

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

Program Counter (PC): This 16-bit register indicates the address of the next instruction the CPU
will execute. All instructions are fetched 16 bits (1 word) at atime, so the least significant bit of
the PC isignored (always regarded as 0).
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Condition Code Register (CCR): This 8-bit register containsinterna statusinformation,
including the interrupt mask bit (1) and half-carry (H), negative (N), zero (Z), overflow (V), and
carry (C) flags. These bits can be read and written by software (using the LDC, STC, ANDC,
ORC, and XORC instructions). TheN, Z, V, and C flags are used as branching conditions for
conditional branching (Bcc) instructions.

Bit 7—Interrupt Mask Bit (I): When thisbit isset to 1, interrupts are masked. Thishitissetto 1
automatically at the start of exception handling. The interrupt mask bit may be read and written
by software. For further details, see section 3, Interrupts.

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

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

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

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

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

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

Bit 2—Zero Flag (Z): Set to 1 to indicate a zero result, and cleared to 0 to indicate a non-zero
result.

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

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

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

The carry flag is also used as a bit accumulator by bit manipulation instructions.
Some instructions leave some or all of the flag bits unchanged.

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

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

2.3 Data Formats

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

e Bit manipulation instructions operate on 1-hit data specified as bit n in a byte operand
(n=012..,7).

e All arithmetic and logic instructions except ADDS and SUBS can operate on byte data.

«  TheMOV.W, ADD.W, SUB.W, CMPW, ADDS, SUBS, MUL XU (8 bits x 8 hits), and
DIVXU (16 bits + 8 hits) instructions operate on word data.

» The DAA and DAS instructions perform decimal arithmetic adjustments on byte datain
packed BCD form. Each nibble of the byteis treated as a decimal digit.
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2.3.1 Data Formatsin General Registers

Data of all the sizes above can be stored in general registers as shown in figure 2-3.

Data Type Register No. Data Format
7 o
1-bit data RnH | 7 ‘ 6 ‘ 5 ‘ 4 ‘ 3 ‘ 2 ‘ 1 ‘ 0 | 77777777777777777777 d ontcare
7777777777777777777777777777777777777777777777777777 7 0
1-bit data RnL dontcare 7777777777777777777 | 7 ‘ 6 ‘ 5 ‘ 4 ‘ 3 ‘ 2 ‘ 1 ‘ 0 |
7 o
Byte data RnH |MsB ‘LSB| 77777777777777777777 dontcare
7777777777777777777777777777777777777777777777777777 7 0
Byte data RnL 77777777777777777777 dontcare |MSB‘ ‘LSB|
15 0
T T
Word data Rn |MSB‘ ‘LSB|
7 4 3 0
T T T T T L 1
4bitBCDdata  RnH | Upperdigit owerdgt | domtcae
77777777777777777777777777777777777777777777777777777 7 4 3 0
4-bit BCD data RnL : QQU,’F,?,a,,r,e, 7777777777777777777 | | Upper digit  Lower digit
Notation:

RnH: Upper byte of general register
RnL: Lower byte of general register
MSB: Most significant bit
LSB: Least significant bit

Figure 2-3 Register Data Formats
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2.3.2 Memory Data Formats

Figure 2-4 indicates the data formats in memory. For access by the H8/300L CPU, word data
stored in memory must always begin at an even address. In word access the least significant bit of
the addressis regarded as 0. If an odd addressis specified, the accessis performed at the
preceding even address. This rule affects the MOV.W instruction, and also appliesto instruction
fetching.

Data Type Address Data Format
7 0
1-bit data Address n 7|6|5|4|3|2|1|0
Byte data Address n MSB: :LSB
MSB. Upper 8 bits
Word data ~ Cvenaddress MSB_ Upper8bls
Odd address Lower 8 bits LsB
MSB CCR LSB
Byte data (CCR) on stack ~ _venaddress Mss_ ~  ceR
Odd address |MSB CCR* LsB
S
Word data on stack Even address |M B: 1 1 1 1 —t
Odd address LsB

CCR: Condition code register

Note: * Ignored on return

Figure2-4 Memory Data Formats

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

The H8/300L CPU supports the eight addressing modes listed in table 2-1. Each instruction uses a
subset of these addressing modes.

Table2-1 Addressing M odes

No. Address Modes Symbol
1 Register direct Rn
2 Register indirect @Rn
3 Register indirect with displacement @(d:16, Rn)
4 Register indirect with post-increment @Rn+
Register indirect with pre-decrement @-Rn
5 Absolute address @aa:8 or @aa:16
6 Immediate #xx:8 or #xx:16
7 Program-counter relative @(d:8, PC)
8 Memory indirect @@aa:8

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

Only the MOV.W, ADD.W, SUB.W, CMPW, ADDS, SUBS, MULXU (8 hits x 8 bits), and
DIV XU (16 hits + 8 hits) instructions have 16-bit operands.

2. Register Indirect—@Rn: Theregister field of the instruction specifies a 16-bit genera
register containing the address of the operand in memory.

3. Register Indirect with Displacement—@(d: 16, Rn): The instruction has a second word
(bytes 3 and 4) containing a displacement which is added to the contents of the specified
general register to obtain the operand address in memory.

Thismodeisused only in MOV instructions. For the MOV.W instruction, the resulting
address must be even.
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Register Indirect with Post-Increment or Pre-Decrement—@Rn+ or @—Rn:
* Register indirect with post-increment—@Rn+
The @Rn+ mode is used with MOV instructions that |oad registers from memory.

Theregister field of the instruction specifies a 16-hit general register containing the
address of the operand. After the operand is accessed, the register isincremented by 1 for
MOV.B or 2 for MOV.W. For MOV.W, the original contents of the 16-bit general register
must be even.

¢ Register indirect with pre-decrement—@-Rn
The @-Rn mode is used with MOV instructions that store register contents to memory.

Theregister field of the instruction specifies a 16-bit general register which is
decremented by 1 or 2 to obtain the address of the operand in memory. The register retains
the decremented value. The size of the decrement is 1 for MOV.B or 2 for MOV.W. For
MOV.W, the original contents of the register must be even.

Absolute Address—@aa:8 or @aa: 16: The instruction specifies the absolute address of the
operand in memory.

The absolute address may be 8 bitslong (@aa:8) or 16 bits long (@aa:16). The MOV.B and
bit manipulation instructions can use 8-bit absolute addresses. The MOV.B, MOV.W, JMP,
and JSR instructions can use 16-bit absolute addresses.

For an 8-bit absolute address, the upper 8 bits are assumed to be 1 (H'FF). The address range
is H'FFOO0 to H'FFFF (65280 to 65535).

Immediate—#xx:8 or #xx:16: The instruction contains an 8-bit operand (#xx:8) inits
second byte, or a 16-bit operand (#xx:16) in its third and fourth bytes. Only MOV.W
instructions can contain 16-bit immediate values.

The ADDS and SUBS instructionsimplicitly contain the value 1 or 2 asimmediate data.
Some bit manipulation instructions contain 3-bit immediate data in the second or fourth byte
of the instruction, specifying a bit number.

Program-Counter Relative—@(d:8, PC): Thismodeis used in the Bcc and BSR
instructions. An 8-bit displacement in byte 2 of the instruction code is sign-extended to 16
bits and added to the program counter contents to generate a branch destination address. The
possible branching range is—126 to +128 bytes (—63 to +64 words) from the current address.
The displacement should be an even number.
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8. Memory Indirect—@@aa:8: This mode can be used by the IMP and JSR instructions. The
second byte of the instruction code specifies an 8-bit absolute address. The word located at
this address contains the branch destination address.

The upper 8 bits of the absolute address are assumed to be 0 (H'00), so the address range is
from H'0000 to H'00FF (0 to 255). Note that with the H8/300L Series, the lower end of the
address areais also used as a vector area. See 3.3, Interrupts, for details on the vector area.

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

2.4.2 Effective Address Calculation
Table 2-2 shows how effective addresses are calculated in each of the addressing modes.

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

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

Bit manipulation instructions use register direct (1), register indirect (2), or absolute addressing
(5) to specify a byte operand, and 3-bit immediate addressing (6) to specify a bit position in that
byte. The BSET, BCLR, BNOT, and BTST instructions can also use register direct addressing (1)
to specify the bit position.
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Table2-2 Effective Address Calculation

Addressing Mode and

No. Instruction Format Effective Address Calculation Method  Effective Address (EA)
1 Register direct, Rn 3 0 3
rm m
15 8 7 43 oI T T
| op ‘ m ‘ m_| Operand is contents of registers indicated by rm/rn
. L 15 0
2 Register indirect, @Rn ol Contents (16 bits) of register |
| indicated by rm 15
15 76 |43 0 \ ol
oo m| |
3 Register indirect with displacement, |15 Contents (16 bits) of register 0
@(d:16, Rn) > indicated by rm h 15
15 76 |43 0 @——I
op ‘ rm ‘ | disp H
disp A
. o . 15 0 15
4 Reglgter indirect with | Contents (16 bits) of register
post-increment, @Rn+ indicated by rm
15 76 |43 0 L
JF
Lo m| ¥
Register indirect with pre-decrement, 15

@-Rn

Contents (16 bits) of register

15 76 |43 0
[ o

-

indicated by rm

Incremented or decremented
by 1 if operand is byte size,
and by 2 if word size

lor2

]

0
}—i 15
©

1
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Table2-2 Effective Address Calculation (cont)

Addressing Mode and

No. Instruction Format Effective Address Calculation Method Effective Address (EA)
5 Absolute address 15 8 7 0
@aa:8 | H'FF ‘ |
15 8 7 0 T
op abs I
@aa:16 15 0
15 0 | |
op i
abs
6 Immediate
#xX:8
15 8 7 0
op IMM
#xx:16 Operand is 1- or 2-byte immediate data
15 0
op
IMM
7 Program-counter relative |15 0
@(d:8, PC) PC contents H . i
©—
15 87 0| | Sign extension di:p }—T

op disp |




|14

Table2-2 Effective Address Calculation (cont)

Addressing Mode and
No. Instruction Format Effective Address Calculation Method Effective Address (EA)

8 Memory indirect, @ @aa:8

15 8 7 0
op abs I ‘
15 8 7 0
H'00 ‘ abs |
15
Memory contents (16 bits) }——I
Notation:

rm, rn: Register field

op: Operation field
disp: Displacement
IMM:  Immediate data
abs:  Absolute address



2.5 Instruction Set
The H8/300L Series can use atotal of 55 instructions, which are grouped by function in table 2-3.

Table 2-3 Instruction Set

Function Instructions Number
Data transfer MOV, PUSH*1, POP*1 1
Arithmetic operations ADD, SUB, ADDX, SUBX, INC, DEC, ADDS, 14
SUBS, DAA, DAS, MULXU, DIVXU, CMP, NEG
Logic operations AND, OR, XOR, NOT 4
Shift SHAL, SHAR, SHLL, SHLR, ROTL, ROTR,
ROTXL, ROTXR
Bit manipulation BSET, BCLR, BNOT, BTST, BAND, BIAND, BOR, 14
BIOR, BXOR, BIXOR, BLD, BILD, BST, BIST
Branch Bcc*2, IMP, BSR, JSR, RTS 5
System control RTE, SLEEP, LDC, STC, ANDC, ORC, XORC, NOP 8
Block data transfer EEPMOV 1
Total: 55

Notes: 1. PUSH Rn is equivalent to MOV.W Rn, @-SP.
POP Rn is equivalent to MOV.W @SP+, Rn.
2. Bcc is a conditional branch instruction in which cc represents a condition code.

The following sections give a concise summary of the instructions in each category, and indicate
the bit patterns of their object code. The notation used is defined next.
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Notation

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

(EAd), <EAd>

Destination operand

(EASs), <EAs>

Source operand

CCR

Condition code register

N N (negative) flag of CCR

Z Z (zero) flag of CCR

Y, V (overflow) flag of CCR

C C (carry) flag of CCR

PC Program counter

SP Stack pointer

#MM Immediate data

disp Displacement

+ Addition

- Subtraction

X Multiplication

- Division

ad AND logical

ad OR logical

O Exclusive OR logical

- Move

~ Logical negation (logical complement)
3-bit length
8-bit length

:16 16-hit length

(), <> Contents of operand indicated by effective address
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2.5.1 Data Transfer Instructions

Table 2-4 describes the data transfer instructions. Figure 2-5 shows their object code formats.

Table2-4 Data Transfer Instructions

Instruction Size*

Function

MOV B/W (EAs) - Rd, Rs - (EAd)
Moves data between two general registers or between a general
register and memory, or moves immediate data to a general register.
The Rn, @Rn, @(d:16, Rn), @aa:16, #xx:16, @—Rn, and @Rn+
addressing modes are available for byte or word data. The @aa:8
addressing mode is available for byte data only.
The @—-R7 and @R7+ modes require word operands. Do not specify
byte size for these two modes.

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

PUSH w Rn - @-SP

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

Notes: * Size: Operand size

B: Byte
W:  Word

Certain precautions are required in data access. See 2.9.1, Notes on Data Access, for details.
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15 8 7 0o MOV

op ‘ rm ‘ m | Rm - Rn
15 8 7 0
op ‘ rm ‘ m | @Rm < -Rn
15 8 7 0
op ‘ rm ‘ m
@(d:16, Rm) - - Rn
disp
15 8 7 0
T \0 T T T ‘ \rm T ‘ r\n T @Rm+—»Rn,0I’
P Rn - @—-Rm
15 8 7 0
op m ‘ abs | @aa:8~ -Rn
15 8 7 0
op m
@aa:16 - -~ Rn
abs
15 8 7 0
op m IMM #xx:8 - Rn
15 8 7 0
op ‘ rn
#xx:16 - Rn
IMM
15 8 7 0
T T T T T T T T T PUSH, POP
op 1 1 1 ‘ m @SP+ - Rn, or

RN - @-SP

Notation:

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

Figure2-5 Data Transfer Instruction Codes
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2.5.2 Arithmetic Operations

Table 2-5 describes the arithmetic instructions.

Table2-5 Arithmetic Instructions

Instruction  Size* Function

ADD B/W Rd+Rs - Rd, Rd + #IMM - Rd

SUB Performs addition or subtraction on data in two general registers, or
addition on immediate data and data in a general register. Immediate
data cannot be subtracted from data in a general register. Word
data can be added or subtracted only when both words are in general
registers.

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

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

INC B Rd+1 - Rd

DEC Increments or decrements a general register

ADDS W Rd+1 - Rd,Rd+2 - Rd

SUBS Adds or subtracts immediate data to or from data in a general register.
The immediate data must be 1 or 2.

DAA B Rd decimal adjust —» Rd

DAS Decimal-adjusts (adjusts to packed BCD) an addition or subtraction
result in a general register by referring to the CCR

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

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

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

NEG B 0-Rd - Rd

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

Notes: * Size:

B:

W:

Operand size

Byte
Word
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2.5.3 Logic Operations

Table 2-6 describes the four instructions that perform logic operations.

Table2-6 Logic Operation Instructions

Instruction  Size* Function

AND B Rd ORs - Rd, Rd O#IMM - Rd
Performs a logical AND operation on a general register and another
general register or immediate data

OR B Rd ORs - Rd, Rd O#IMM - Rd
Performs a logical OR operation on a general register and another
general register or immediate data

XOR B RdORs - Rd, Rd O #IMM - Rd
Performs a logical exclusive OR operation on a general register and
another general register or immediate data

NOT B ~Rd - Rd

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

Notes: * Size: Operand size

B:

2.5.4 Shift Operations

Byte

Table 2-7 describes the eight shift instructions.

Table2-7 Shift Instructions

Instruction  Size* Function
SHAL B Rd shift - Rd
SHAR . . . . .
Performs an arithmetic shift operation on general register contents
SHLL B Rd shift - Rd
SHLR . . . .
Performs a logical shift operation on general register contents
ROTL B Rd rotate — Rd
ROTR Rotates general register contents
ROTXL B Rd rotate through carry — Rd
ROTXR

Rotates general register contents through the C (carry) bit

Notes: * Size: Operand size

B:

Byte
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Figure 2-6 shows the instruction code format of arithmetic, logic, and shift instructions.

15 8 7 0
| T O\ T T rIln ‘ r‘n T ADD, SUB, CMP,
P ADDX, SUBX (Rm)
15 8 7 0
| ‘ VR ‘ T | ADDS, SUBS, INC, DEC,
P DAA, DAS, NEG, NOT
15 8 7 0
| op ‘ rm ‘ m | MULXU, DIVXU
15 8 7 0
| ) R ‘ ‘ Y — ] ADD, ADDX, SUBX,
P CMP (#XX:8)
15 8 7 0
| op ‘ rm m |AND, OR, XOR (Rm)
15 8 7 0
| op m ‘ IMM |AND, OR, XOR (#xx:8)
15 8 7 0
| ‘ T | SHAL, SHAR, SHLL, SHLR,
op m

ROTL, ROTR, ROTXL, ROTXR

Notation:

op: Operation field
rm, rn: Register field
IMM:  Immediate data

Figure2-6 Arithmetic, Logic, and Shift Instruction Codes
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2.5.5 Bit Manipulations
Table 2-8 describes the bit-manipulation instructions. Figure 2-7 shows their object code formats.

Table 2-8 Bit-Manipulation Instructions

Instruction Size* Function
BSET B 1 - (<bit-No.> of <EAd>)

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

BCLR B 0 - (<hit-No.> of <EAd>)

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

BNOT B ~ (<bit-No.> of <EAd>) — (<bit-No.> of <EAd>)

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

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

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

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

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

BIAND B C O[~ (<hit-No.> of <EAd>)] — C

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

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

BOR B C 0 (<bit-No.> of <EAd>) — C

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

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

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

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

Notes: * Size: Operand size
B: Byte
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Table 2-8 Bit-Manipulation Instructions (cont)

Instruction Size*

Function

BXOR B C O (<bit-No.> of <EAd>) - C
XORs the C flag with a specified bit in a general register or memory,
and stores the result in the C flag.
BIXOR B C O [~(<hit-No.> of <EAd>)] — C
XORs the C flag with the inverse of a specified bit in a general register
or memory, and stores the result in the C flag.
The bit number is specified by 3-bit immediate data.
BLD B (<bit-No.> of <EAd>) - C
Copies a specified bit in a general register or memory to the C flag.
BILD B ~ (<bhit-No.> of <EAd>) - C
Copies the inverse of a specified bit in a general register or memory to
the C flag.
The bit number is specified by 3-bit immediate data.
BST B C - (<bit-No.> of <EAd>)
Copies the C flag to a specified bit in a general register or memory.
BIST B ~C - (<bit-No.> of <EAd>)

Copies the inverse of the C flag to a specified bit in a general register
or memory.

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

Notes: * Size: Operand size

B: Byte

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

details.
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BSET, BCLR, BNOT, BTST

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

register direct (Rn)
register direct (Rm)

register indirect (@Rn)

immediate (#xx:3)

register indirect (@Rn)

register direct (Rm)

absolute (@aa:8)

immediate (#xx:3)

absolute (@aa:8)

register direct (Rm)

BAND, BOR, BXOR, BLD, BST

15 8 7 0
T T T T T T T T T OPerand
op ‘ IMM ‘ m Bit No.-
15 8 7 0
‘ ' ‘ ‘ ‘ ‘ ‘ Operand:
op ‘ m ‘ m Bit No.:
15 8 7 0
op ‘ mn 0 0O O O]Operand:
op | M [0 0 0 0BitNo:
15 8 7 0
op n 0 0 O O/|Operand:
op rm 0 0O O O]BijtNo.:
15 8 7 0
op ‘ abs Operand:
op ‘ IMM ‘ 0 0 0 OBitNo.
15 8 7 0
op abs Operand:
op rm ‘ 0 0 O O]BijtNo.:
15 8 7 0
T T T T T T T T T Operand
op ‘ IMM ‘ m Bit No.
15 8 7
op ‘ rn 0 0O O O]Operand:
op ‘ IMM 0 0O O O]|BijtNo.:
15 8 7 0
op ‘ abs Operand:
op | MM [0 0 0 ogitNo:
Notation:

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

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

register indirect (@Rn)

immediate (#xx:3)

absolute (@aa:8)

immediate (#xx:3)

Figure2-7 Bit Manipulation Instruction Codes
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15 7 0
op ‘ IMM m
15 7 0
op n 0 0 O
op ‘ MM |0 0 0 0
15 7 0
op ‘ abs
op ‘ MM |0 0 0 o0
Notation:

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

BIAND, BIOR, BIXOR, BILD, BIST

Operand:
Bit No.:

Operand:
Bit No.:

Operand:
Bit No.:

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

register indirect (@Rn)

immediate (#xx:3)

absolute (@aa:8)

immediate (#xx:3)

Figure 2-7

Bit Manipulation Instruction Codes (cont)
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2.5.6 Branching Instructions
Table 2-9 describes the branching instructions. Figure 2-8 shows their object code formats.

Table 2-9 Branching Instructions

Instruction Size Function
Bcc — Branches to the designated address if condition cc is true. The branching
conditions are given below.
Mnemonic Description Condition
BRA (BT) Always (true) Always
BRN (BF) Never (false) Never
BHI High cOz=0
BLS Low or same cuz=1
BCC (BHS) Carry clear (high or same) C=0
BCS (BLO) Carry set (low) c=1
BNE Not equal Z=0
BEQ Equal z=1
BvVC Overflow clear V=0
BVS Overflow set V=1
BPL Plus N=0
BMI Minus N=1
BGE Greater or equal NOV=0
BLT Less than NOV=1
BGT Greater than ZONOV)=0
BLE Less or equal ZONNOV)=1
JMP — Branches unconditionally to a specified address
BSR — Branches to a subroutine at a specified displacement from the current
address
JSR — Branches to a subroutine at a specified address
RTS — Returns from a subroutine
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15 8 7 0

op cc ‘ disp | Bcc
15 8 7 0
op ‘ rm 0 0 0 O | JMP (@Rm)
15 8 7 0
op
JMP (@aa:16)
abs
15 8 7 0
op ‘ abs | JMP (@ @aa:8)
15 8 7 0
op ‘ disp | BSR
15 8 7 0
op ‘ rm 0 0 0 O | JSR (@Rm)
15 8 7 0
op
JSR (@aa:16)
abs
15 8 7 0
op abs | JSR (@@aa:8)
15 8 7 0
op | RTS

Notation:

op: Operation field
cc: Condition field
rm: Register field
disp: Displacement
abs: Absolute address

Figure 2-8 Branching Instruction Codes
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2.5.7 System Control Instructions
Table 2-10 describes the system control instructions. Figure 2-9 shows their object code formats.

Table2-10 System Control Instructions

Instruction Size* Function

RTE — Returns from an exception-handling routine
SLEEP — Causes a transition from active mode to a power-down mode. See
section 5, Power-Down Modes, for details
LDC B Rs - CCR, #IMM - CCR
Moves immediate data or general register contents to the condition code
register
STC B CCR - Rd
Copies the condition code register to a specified general register
ANDC B CCR O#IMM - CCR
Logically ANDs the condition code register with immediate data
ORC B CCR O#IMM - CCR

Logically ORs the condition code register with immediate data

XORC B CCR O #IMM - CCR
Logically exclusive-ORs the condition code register with immediate data
NOP — PC+2 - PC

Only increments the program counter

Notes: * Size: Operand size
B: Byte
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15 8 7 0

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

| op n | LDC, STC (Rn)
15 8 7 0

| o Y ANDC, ORC,

XORC, LDC (#xx:8)

Notation:

op: Operation field
rn:  Register field
IMM: Immediate data

Figure 2-9 System Control Instruction Codes
2.5.8 Block Data Transfer Instruction
Table 2-11 describes the block data transfer instruction. Figure 2-10 shows its object code format.

Table 2-11 Block Data Transfer Instruction

Instruction Size Function

EEPMOV — If R4L # 0 then
repeat @R5+ -~ @R6+
R4L -1 - R4L
until R4L =0
else next;

Moves a data block according to parameters set in general registers R4L,
R5, and R6.

R4L: Size of block (bytes)
R5: Starting source address
R6: Starting destination address

Execution of the next instruction starts as soon as the block transfer is
completed.

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

Notation:
op: Operation field

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

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

2.6.1 Accessto On-Chip Memory (RAM, ROM)

Acess to on-chip memory takes place in two states. The data buswidth is 16 bits, allowing access
in byte or word size. Figure 2-11 shows the on-chip memory access cycle.

Bus cycle

4— T, state — e T, state —»

@ 0or sy

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

(read access)

Internal write signal

Write data

Internal data bus
(write access)

x

Figure2-11 On-Chip Memory Access Cycle
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2.6.2 Accessto On-Chip Peripheral Modules

On-chip peripheral modules are accessed in two states or three states. The data bus width is 8 bits,
S0 access is by byte size only. This means that for accessing word data, two instructions must be
used. Figures2-12 and 2-13 show the on-chip peripheral module access cycle.

Two-state access to on-chip peripheral modules

: Bus cycle :

<— T, state —»=—— T, state —»

@ Ordg g

Internal address bus

Address

Internal read signal

Internal data bus
(read access)

Internal write signal

Internal data bus

: Write data
(write access)

)

5
Read data >7

j—

x

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

: Bus cycle :

< Tystate — == T,state — == Tsstate — =

2 0or gsup

address bus

Internal >< Address ><

Internal
read signal

Internal
data bus
(read access)

Read data >7

Internal
write signal

Internal
data bus
(write access)

e

Write data >7

Figure2-13 On-Chip Peripheral Module Access Cycle (3-State Access)
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2.7 CPU States
2.7.1 Overview

There are four CPU states:. the reset state, program execution state, program halt state, and
exception-handling state. The program execution state includes active (high-speed or medium-
speed) mode and subactive mode. In the program halt state there are a sleep mode, standby mode,
watch mode, and subsleep mode. These states are shown in figure 2-14.

Figure 2-15 shows the state transitions.

CPU state Reset state

The CPU is initialized.

Program Active
execution state (high speed) mode

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

Active
(medium speed) mode

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

— Subactive mode

The CPU executes R
successive program L

instructions at reduced — LOW'deWET

speed, synchronized | Mmodes

by the subclock D s
— Program halt state Sleep mode

A state in which
the CPU is stopped
to conserve power

— Standby mode [ ---A

— Watch mode  |----

— Subsleep mode  ----

Exception-
handling state

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

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

Figure2-14 CPU Operation States
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Reset cleared

Y

Reset state )4 Exception-handling state

Reset occurs

Reset
occurs

Interrupt

source
Reset

occurs

Exception- | Exception-
handling handling
request completed

Program halt state Program execution state

SLEEP instruction executed

Figure2-15 State Transitions
2.7.2 Program Execution State
In the program execution state the CPU executes program instructions in sequence.

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

2.7.3 Program Halt State

In the program halt state there are four modes: sleep mode, standby mode, watch mode, and
subsleep mode. See section 5, Power-Down Modes for details on these modes.

2.7.4 Exception-Handling State

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

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

Figure 2-16 (a) shows the H8/3945 memory map. Figure 2-16 (b) shows the H8/3946 memory
map. Figure 2-16 (c) shows the H8/3947 memory map.

H'0000

H'002F
H'0030

H'OFFF
H'A000

H'F77F
H'F780

HFF7F
H'FF80

HFFFF

Interrupt vector area

On-chip ROM

Reserved

On-chip RAM

Internal I/O registers
(128 bytes)

40 kbytes

2,048 bytes

Figure2-16 (a) H8/3945 Memory Map
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H'0000

H'002F
H'0030

H'BFFF
H'C000

HF77F
HF780

HFF7F
H'FF80

HFFFF

Interrupt vector area

On-chip ROM

Reserved

On-chip RAM

Internal I/O registers
(128 bytes)

48 kbytes

2,048 bytes

Figure2-16 (b) HB8/3946 Memory Map
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H'0000
Interrupt vector area
HOO2F |
H'0030
60 kbytes
On-chip ROM
H'EDFF
H'EEO00
Reserved
H'F77F
H'F780
On-chip RAM 2,048 bytes
H'FF7F
H'FF80
Internal 1/O registers
(128 bytes)
H'FFFF

Figure 2-16 (c) H8/3947 Memory Map
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2.9 Application Notes

2.9.1 Noteson Data Access

1

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

Datatransfer from CPU to empty area:

Thetransferred datawill be lost. This action may also cause the CPU to misoperate.
Data transfer from empty areato CPU:

Unpredictable datais transferred.

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

Word access from CPU to 1/O register area:

Upper byte: Will be written to /O register.
Lower byte: Transferred datawill be lost.

Word access from /O register to CPU:

Upper byte: Will be written to upper part of CPU register.
Lower byte: Unpredictable datawill be written to lower part of CPU register.

Byte size instructions should therefore be used when transferring data to or from /O registers
other than the on-chip ROM and RAM areas. Figure 2-17 shows the data size and number of
states in which on-chip peripheral modules can be accessed.
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H'0000

H'002F
H'0030

H'EDFF*
H'EE0O

HF77F
H'F780

HFF7F
H'FF80

HFFFF

Interrupt vector area
(48 bytes)
60 kbytes*
On-chip ROM
Reserved
On-chip RAM 2,048 bytes
| HFF88
. |H'FF8C
Internal 1/O registers
128 bytes) L.
(128 bytes) HFFAS
H'FFAD

Notes: The H8/3947 is shown as an example.
* The H8/3945 ROM occupies 40 kbytes up to address H'9FFF. The H8/3946 ROM
occupies 48 kbytes up to address H'BFFF.

Access
Word | Byte States

O O 2
O O 2

X O 2

X O 3

X O 2

X O 3

X O 2

O: Access possible
X

Not possible

Figure 2-17 Data Size and Number of Statesfor Accessto and from
On-Chip Peripheral Modules
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2.9.2 Notes on Bit Manipulation

The BSET, BCLR, BNOT, BST, and BIST instructions read one byte of data, modify the data,
then write the data byte again. Special careisrequired when using these instructionsin cases
where two registers are assigned to the same address, in the case of registers that include write-
only hits, and when the instruction accesses an 1/0 port.

Order of Operation Operation

1 Read Read byte data at the designated address

2 Modify Modify a designated bit in the read data

3 Write Write the altered byte data to the designated address

1. Bit manipulation in two registers assigned to the same address
Example 1

Figure 2-18 shows an example in which two timer registers share the same address. When a bit
mani pulation instruction accesses the timer load register and timer counter of areloadable timer,
since these two registers share the same address, the following operations take place.

Order of Operation Operation

1 Read Timer counter data is read (one byte)

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

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

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

Figure2-18 Timer Configuration Example
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Example 2
Here aBSET instruction is executed designating port 3.

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

[A: Prior to executing BSET]

P3; P3g P35 P34 P35 P3, P3; P3g
Input/output Input Input Output  Output Output Output Output  Output
Pin state Low High Low Low Low Low Low Low

level level level level level level level level
PCR3 0 0 1 1 1 1 1 1
PDR3 1 0 0 0 0 0 0 0

[B: BSET instruction executed]

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

[C: After executing BSET]

P3; P3¢ P35 P34 P35 P3, P3; P3y
Input/output Input Input Output  Output Output Output Output Output
Pin state Low High Low Low Low Low Low High

level level level level level level level level
PCR3 0 0 1 1 1 1 1 1
PDR3 0 1 0 0 0 0 0 1

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

Since P37 and P3g are input pins, the CPU reads the pin states (low-level and high-level input).
P35 to P3g are output pins, so the CPU reads the value in PDR3. In this example PDR3 has a
value of H'80, but the value read by the CPU is H'40.

Next, the CPU sets bit 0 of the read datato 1, changing the PDR3 datato H'41. Finally, the CPU
writes this value (H'41) to PDR3, completing execution of BSET.
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Asaresult of this operation, bit 0 in PDR3 becomes 1, and P3; outputs a high-level signal.
However, bits 7 and 6 of PDR3 end up with different values.

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

[A: Prior to executing BSET]

MOV. B #80, ROL The PDR3 value (H'80) iswritten to awork areain memory
MOV. B ROL, @RAMD (RAMO) aswell asto PDR3.
MOV. B ROL, @DR3
P3; P3g P3g P3, P33 P3, P3; P3,
Input/output Input Input Output  Output Output Output Output Output
Pin state Low High Low Low Low Low Low Low
level level level level level level level level
PCR3 0 0 1 1 1 1 1 1
PDR3 1 0 0 0 0 0 0 0
RAMO 1 0 0 0 0 0 0 0

[B: BSET instruction executed]

BSET #0 , @RAMD The BSET instruction is executed designating the PDR3
work area (RAMO).
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[C: After executing BSET]

MOV. B @RAMD, ROL The work area (RAMO) value is written to PDR3.
MOV. B ROL, @DR3
P3, P3¢ P3g P34 P35 P3, P3; P3,
Input/output Input Input Output  Output Output Output Output Output
Pin state Low High Low Low Low Low Low High
level level level level level level level level
PCR3 0 0 1 1 1 1 1 1
PDR3 1 0 0 0 0 0 0 1
RAMO 1 0 0 0 0 0 0 1

2. Bitmanipulationin aregister containing awrite-only bit
Example 3
In this example, the port 3 control register PCR3 is accessed by a BCLR instruction.

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

[A: Prior to executing BCLR]

P3, P3g P35 P34 P35 P3, P3; P3y
Input/output Input Input Output  Output Output Output Output Output
Pin state Low High Low Low Low Low Low Low

level level level level level level level level
PCR3 0 0 1 1 1 1 1 1
PDR3 1 0 0 0 0 0 0 0

[B: BCLR instruction executed)]

BCLR #0 , @CR3 The BCLR instruction is executed designating PCR3.
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[C: After executing BCLR]

P3; P3¢ P35 P34 P35 P3, P3; P3g
Input/output Output  Output Output Output Output Output Output Input
Pin state Low High Low Low Low Low Low High

level level level level level level level level
PCR3 1 1 1 1 1 1 1 0
PDR3 1 0 0 0 0 0 0 0

[D: Explanation of how BCLR operates]

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

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

Asaresult of this operation, bit 0 in PCR3 becomes 0, making P3, an input port. However, bits 7
and 6 in PCR3 changeto 1, so that P3; and P3¢ change from input pins to output pins.

To avoid this problem, store a copy of the PCR3 datain awork areain memory. Perform the hit
manipulation on the data in the work area, then write this data to PCR3.

[A: Prior to executing BCLR]

MOV. B #3F, ROL The PCR3 value (H'3F) iswritten to awork areain memory
MOV. B ROL, @RAMD (RAMO) aswell asto PCR3.
MOV. B ROL, @CR3
P3, P3g P3; P3, P3, P3, P3; P3,
Input/output Input Input Output  Output Output Output Output  Output
Pin state Low High Low Low Low Low Low Low
level level level level level level level level
PCR3 0 0 1 1 1 1 1 1
PDR3 1 0 0 0 0 0 0 0
RAMO 0 0 1 1 1 1 1 1
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[B: BCLR instruction executed)]

BCLR #0 , @RAMD The BCLR instruction is executed designating the PCR3
work area (RAMO).

[C: After executing BCLR]

MOV. B @RAMD, ROL The work area (RAMO) value is written to PCR3.
MOV. B ROL, @CR3
P3, P3g P3g P3, P3, P3, P3; P3,
Input/output Input Input Output  Output Output Output Output Output
Pin state Low High Low Low Low Low Low High
level level level level level level level level
PCR3 0 0 1 1 1 1 1 0
PDR3 1 0 0 0 0 0 0 0
RAMO 0 0 1 1 1 1 1 0

Table 2-12 lists the pairs of registersthat share identical addresses. Table 2-13 lists the registers
that contain write-only hits.

Table2-12 Registerswith Shared Addresses

Register Name Abbreviation Address
Timer counter B1 and timer load register B1 TCB1/TLB1 H'FFB3
Timer counter B2 and timer load register B2 TCB2/TLB2 F'FFOD
Timer counter B3 and timer load register B3 TCB3/TLB3 H'FFIF
Timer counter C and timer load register C TCC/TLC H'FFB5
I2C bus mode register 1 and slave address register 1 ICMR1/SAR1 H'FF83
I2C bus mode register 2 and slave address register 2 ICMR2/SAR2 H'FF87
Port data register 1* PDR1 H'FFD4
Port data register 2* PDR2 H'FFD5
Port data register 3* PDR3 H'FFD6
Port data register 4* PDR4 H'FFD7
Port data register 5* PDR5 H'FFD8
Port data register 6* PDR6 H'FFD9
Port data register 7* PDR7 H'FFDA
Port data register 8* PDR8 H'FFDB
Port data register 9* PDR9 H'FFDC
Port data register A* PDRA H'FFDD

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

57



Table 2-13 Registerswith Write-Only Bits

Register Name Abbreviation Address
Port control register 1 PCR1 H'FFE4
Port control register 2 PCR2 H'FFES
Port control register 3 PCR3 H'FFE6
Port control register 4 PCR4 H'FFE7
Port control register 5 PCR5 H'FFE8
Port control register 6 PCR6 H'FFE9
Port control register 7 PCR7 H'FFEA
Port control register 8 PCR8 H'FFEB
Port control register 9 PCR9 H'EFEC
Port control register A PCRA H'FFED
Timer control register F TCRF H'FFB6

2.9.3 Noteson Use of the EEPMOV Instruction

 The EEPMOV instruction isablock data transfer instruction. It moves the number of bytes
specified by R4L from the address specified by R5 to the address specified by R6.

R5 -

R5+ R4L -

T

—~ R6

<~ R6 + R4L

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

the instruction.

R5 -

R5+ R4L -

Not allowed

H'FFFF
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Section 3 Exception Handling

3.1 Overview

Exception handling is performed in the H8/3947 Series when areset or interrupt occurs. Table 3-
1 shows the priorities of these two types of exception handling.

Table 3-1 Exception Handling Typesand Priorities

Priority Exception Source Time of Start of Exception Handling

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

3.2.1 Overview

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

3.2.2 Reset Sequence
Assoon asthe RES pin goeslow, all processing is stopped and the chip enters the reset state.
To make sure the chip is reset properly, observe the following precautions.

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

Reset exception handling takes place as follows.

e TheCPU internal state and the registers of on-chip peripheral modules are initialized, with
the | bit of the condition code register (CCR) set to 1.

» ThePCisloaded from the reset exception handling vector address (H'0000 to H'0001), after
which the program starts executing from the address indicated in PC.
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When system power is turned on or off, the RES pin should be held low.

Figure 3-1 shows the reset sequence.

Reset cleared

Program initial
Vector fetch Internal instruction prefetch
e »| Processing j@——»f

0 Uy e

Internal ‘

address bus : @) >< (2) ><
Internal read \ / \ / o\
signal !

Internal write
signal

Internal data 1
bus (16-bit) ! (2) (3)

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

Figure 3-1 Reset Sequence
3.2.3 Interrupt Immediately after Reset

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

The interrupt sourcesinclude 14 externa interrupts (NMI, IRQ4 to IRQg, WKP; to WKPy) and 24
internal interrupts from on-chip peripheral modules. Table 3-2 shows the interrupt sources, their
priorities, and their vector addresses. When more than one interrupt is requested, the interrupt with
the highest priority is processed.

The interrupts have the following features:

e Bothinternal and external interrupts can be masked by the | bitin CCR. When the | hit is set
to 1, interrupt request flags can be set but the interrupts are not recognized.

* NMI and IRQ4 to IRQq can be set independently to either rising edge sensing or falling edge
sensing.

Table 3-2 Interrupt Sourcesand Their Priorities

Vector

Interrupt Source linterrupt Number Vector Address Priority
External RES Reset 0 H'0000 to H'0001  High
Interrupts gy NMI 3 H'0006 to H'0007

IRQ, IRQy 4 H'0008 to H'0009

IRQ, IRQ; 5 H'000A to H'000B

IRQ, IRQ, 6 H'000C to H'000D

IRQ; IRQ; 7 H'000E to H'000F

IRQ, IRQ, 8 H'0010 to H'0011

WKP, Wakeup 0 9 H'0012 to H'0013

WKP, Wakeup 1

WKP, Wakeup 2

WKP, Wakeup 3

WKP,4 Wakeup 4

WKP5 Wakeup 5

WKPg Wakeup 6

WKP-, Wakeup 7 Low
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Table 3-2 Interrupt Sourcesand Priorities (cont)

Vector
Interrupt Source linterrupt Number Vector Address Priority
Internal Timer B3  Timer B3 overflow 10 H'0014 to H'0015 High
interrupts : : - A
Timer A Timer A overflow 11 H'0016 to H'0017
Timer B1  Timer B1 overflow 12 H'0018 to H'0019
Timer C Timer C overflow or 13 H'001A to H'001B
underflow
Timer FL  Timer FL compare match 14 H'001C to H'001D
Timer FL overflow
Timer FH  Timer FH compare match 15 H'0O01E to H'001F
Timer FH overflow
Timer G Timer G input capture 16 H'0020 to H'0021
Timer G overflow
Timer B2  Timer B2 overflow 17 H'0022 to H'0023
SCI3 SCI3 transmit end 18 H'0024 to H'0025
SCI3 transmit data empty
SCI3 receive data full
SCI3 overrun error
SCI3 framing error
SCI3 parity error
A/D A/D conversion end 19 H'0026 to H'0027
converter
(SLEEP Direct transfer 20 H'0028 to H'0029
instruction
executed)
Timer H Timer H compare match A 21 H'002A to H'002B
Timer H compare match B
Timer H overflow
12C1 Transfer end 22 H'002C to H'002D Y
12C2 Transfer end 23 H'002E to H'002F  Low

Note: * Vector addresses H'0002 to H'0005 are reserved and cannot be used.
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3.3.2 Interrupt Control Registers
Table 3-3 lists the registers that control interrupts.

Table 3-3 Interrupt Control Registers

Register Name Abbreviation R/W Initial Value  Address
IRQ edge select register IEGR R/W H'60 H'FFF2
Interrupt enable register 1 IENR1 R/W H'00 H'FFF3
Interrupt enable register 2 IENR2 R/W H'00 H'FFF4
Interrupt request register 1 IRR1 R/W* H'20 H'FFF6
Interrupt request register 2 IRR2 R/W* H'00 H'FFF7
Wakeup interrupt request register IWPR R/W* H'00 H'FFF9

Note: * Write is enabled only for writing of O to clear a flag.

1. IRQ edge select register (IEGR)

Bit 7 6 5 4 3 2 1 0

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

IEGR is an 8-bit read/write register, used to designate whether pins NMI and IRQ to IRQ, are set
to rising edge sensing or falling edge sensing.

Bit 7: NMI edge select (NMIEG)

Bit 7 selects the input sensing of the NMI pin.

Bit 7

NMIEG Description

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

Bits 6 and 5: Reserved bits

Bits 6 and 5 are reserved; they are awaysread as 1, and cannot be modified.
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Bit 4: IRQ, edge select (IEG4)

Bit 4 selects the input sensing of pin IRQ//ADTRG.

Bit 4

IEG4 Description

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

Bit 3: IRQ; edge select (IEG3)

Bit 3 selects the input sensing of pin IRQy/TMIF.

Bit 3

IEG3 Description

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

Bit 2: IRQ, edge sdlect (IEG2)

Bit 2 selects the input sensing of pin IRQ,/TMIC.

Bit 2

IEG2 Description

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

Bit 1. IRQ, edge select (IEG1)

Bit 1 selects the input sensing of pin IRQ,/TMIB1.

Bit 1

IEG1 Description

0 Falling edge of IRQ,;/TMIBL1 pin input is detected (initial value)
1 Rising edge of IRQ;/TMIB1 pin input is detected

Bit 0: IRQg edge select (IEGO)

Bit 0 selects the input sensing of pin IRQ,.

Bit O

IEGO Description

0 Falling edge of IRQy pin input is detected (initial value)
1 Rising edge of IRQ, pin input is detected
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2. Interrupt enableregister 1 (IENR1)

Bit 7 6 5 4 3 2 1 0
‘ IENTA ‘ IENTB3 ‘ IENWP ‘ IEN4 ‘ IEN3 ‘ IEN2 ‘ IEN1 ‘ IENO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
IENR1 is an 8-bit read/write register that enables or disablesinterrupt requests.
Bit 7: Timer A interrupt enable (IENTA)
Bit 7 enables or disablestimer A overflow interrupt requests.
Bit 7
IENTA Description
0 Disables timer A interrupts (initial value)
1 Enables timer A interrupts
Bit 6: Timer B3 interrupt enable (IENTB3)
Bit 6 enables or disables timer B3 overflow interrupt requests.
Bit 6
IENTB3 Description
0 Disables timer B3 interrupts (initial value)
1 Enables timer B3 interrupts
Bit 5: Wakeup interrupt enable (IENWP)
Bit 5 enables or disables WKP; to WK P interrupt requests.
Bit 5
IENWP Description
0 Disables interrupt requests from WKP- to WKP (initial value)
1 Enables interrupt requests from WKP; to WKP,
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Bits4 to 0: IRQ, to IRQg interrupt enable (IEN4 to IENO)

Bits 4 to O enable or disable IRQ, to IRQy interrupt requests.

Bits 4t0 0

IEN4 to IENO Description

0 Disables interrupt requests from IRQ,4 to IRQ (initial value)
1 Enables interrupt requests from IRQ,4 to IRQq

3. Interrupt enableregister 2 (IENR2)

Bit 7 6 5 4 3 2 1 0

‘ IENDT ‘ IENAD ‘ IENTBZ‘ IENTG ‘ IENTFH ‘ IENTFL ‘ IENTC ‘ IENTB1 ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

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

Bit 7 enables or disables direct transfer interrupt requests.

Bit 7

IENDT Description

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

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

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

Bit 6

IENAD Description

0 Disables A/D converter interrupt requests (initial value)
1 Enables A/D converter interrupt requests
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Bit 5: Timer B2 interrupt enable (IENTB2)

Bit 5 enables or disables timer B2 overflow interrupt requests.

Bit 5

IENTB2 Description

0 Disables timer B2 interrupts (initial value)
1 Enables timer B2 interrupts

Bit 4: Timer G interrupt enable (IENTG)

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

Bit 4

IENTG Description

0 Disables timer G interrupts (initial value)
1 Enables timer G interrupts

Bit 3: Timer FH interrupt enable (IENTFH)

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

Bit 3

IENTFH Description

0 Disables timer FH interrupts (initial value)
1 Enables timer FH interrupts

Bit 2: Timer FL interrupt enable (IENTFL)

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

Bit 2

IENTFL Description

0 Disables timer FL interrupts (initial value)
1 Enables timer FL interrupts
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Bit 1: Timer Cinterrupt enable (IENTC)

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

Bit 1

IENTC Description

0 Disables timer C interrupts (initial value)
1 Enables timer C interrupts

Bit O: Timer B interrupt enable (IENTB1)

Bit O enables or disablestimer B1 overflow interrupt requests.

Bit 0

IENTB1 Description

0 Disables timer B1 interrupts (initial value)
1 Enables timer B1 interrupts

SCI3 interrupt control is covered in 10.2.2, in the description of serial control register 3 (SCR3).
12C1 and 12C2 interrupt control is covered in 10.3, 12C Bus Interface. Timer H interrupt control is
described in 9.9, Timer H.

4. Interrupt request register 1 (IRR1)

Bit 7 6 5 4 3 2 1 0

‘ IRRTA ‘ IRRTB3‘ — ‘ IRRI4 ‘ IRRI3 ‘ IRRI2 ‘ IRRI1 ‘ IRRIO ‘
Initial value 0 0 1 0 0 0 0 0
Read/Write R/W* R/W* — R/W* R/W* R/W* R/W* R/W*

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

IRR1 is an 8-bit read/write register, in which the corresponding bit is set to 1 when atimer A,
timer B3, or IRQ,4 to IRQq interrupt is requested. The flags are not cleared automatically when an
interrupt is accepted. It is necessary to write O to clear each flag.

Bit 7: Timer A interrupt request flag (IRRTA)

Bit 7

IRRTA Description

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

1 Setting conditions:

When the timer A counter value overflows (goes from H'FF to H'00)
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Bit 6: Timer B3 interrupt request flag (IRRTB3)

Bit 6

IRRTB3 Description

0 Clearing conditions: (initial value)
When IRRTB3 = 1, it is cleared by writing 0

1 Setting conditions:

When the timer B3 counter value overflows from H'FF to H'00

Bit 5: Reserved hit
Bit 5isreserved; it isalwaysread as 1, and cannot be modified.

Bits4 to 0: IRQ,4 to IRQg interrupt request flags (IRRI4 to IRRIO)

Bitn

IRRIN Description

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

1 Setting conditions:
When pin IRQ,, is designated for interrupt input and the designated signal edge is
input

(n=4100)

5. Interrupt request register 2 (IRR2)

Bit 7 6 5 4 3 2 1 0

‘ IRRDT ‘ IRRAD ‘ IRRTBZ‘ IRRTG ‘IRRTFH ‘ IRRTFL ‘ IRRTC ‘ IRRTB1 ‘
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: * Only a write of O for flag clearing is possible.

IRR2 is an 8-bit read/write register, in which the corresponding bit is set to 1 when a direct
transfer, A/D converter, timer B2, timer G, timer FH, timer FL, timer C, or timer B1 interrupt is
requested. The flags are not cleared automatically when an interrupt is accepted. It is necessary
to write O to clear each flag.
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Bit 7: Direct transfer interrupt request flag (IRRDT)

Bit 7

IRRDT Description

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

1 Setting conditions:

When DTON =1 and a direct transfer is made immediately after a SLEEP instruction

is executed

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

Bit 6

IRRAD Description

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

1 Setting conditions:
When A/D conversion is completed and ADSF is reset

Bit 5: Timer B2 interrupt request flag (IRRTB2)

Bit 5

IRRTB2 Description

0 Clearing conditions: (initial value)
When IRRTB2 = 1, it is cleared by writing 0

1 Setting conditions:
When the timer B2 counter value overflows from H'FF to H'00

Bit 4: Timer G interrupt request flag (IRRTG)

Bit 4

IRRTG Description

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

1 Setting conditions:

When pin TMIG is set to TMIG input and the designated signal edge is detected
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Bit 3: Timer FH interrupt request flag (IRRTFH)

Bit 3

IRRTFH Description

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

1 Setting conditions:

When counter FH matches output compare register FH in 8-bit timer mode, or when
16-bit counter F (TCFL, TCFH) matches output compare register F (OCRFL,
OCRFH) in 16-bit timer mode

Bit 2: Timer FL interrupt request flag (IRRTFL)

Bit 2

IRRTFL Description

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

1 Setting conditions:

When counter FL matches output compare register FL in 8-bit timer mode

Bit 1: Timer C interrupt request flag (IRRTC)

Bit 1

IRRTC Description

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

1 Setting conditions:

When the timer C counter value overflows (goes from H'FF to H'00) or underflows
(goes from H'00 to H'FF)

Bit O: Timer B1 interrupt request flag (IRRTB1)

Bit 0

IRRTB1 Description

0 Clearing conditions: (initial value)
When IRRTBL1 = 1, it is cleared by writing 0

1 Setting conditions:

When the timer B1 counter value overflows (goes from H'FF to H'00)
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6. Wakeup interrupt request register (IWPR)

Bit 7 6 5 4 3 2 1 0

‘ IWPF7 ‘ IWPF6‘ IWPF5 ‘ IWPF4 ‘ IWPF3 ‘ IWPF2 ‘ IWPF1 ‘ IWPFO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W* R/W* R/W* R/W* R/W* R/W* R/W* R/W*

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

IWPR is an 8-bit read/write register, in which the corresponding bit is set to 1 when pins WKP; to
WKP, are set to wakeup input and a pin receives afalling edge input. The flags are not cleared
automatically when an interrupt is accepted. It is necessary to write O to clear each flag.

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

Bitn
IWPFn Description
0 Clearing conditions: (initial value)
When IWPFn = 1, it is cleared by writing O
1 Setting conditions:
When pin WKP,, is designated for wakeup input and a falling edge is input
(n=71t00)

3.3.3 External Interrupts
There are 14 external interrupts: NMI, IRQ4 to IRQg, and WK P to WKP,,.
1. NMI interrupt

The NMI interrupt is requested by input at the NMI pin. This interrupt can be detected by either
rising edge sensing or falling edge sensing, depending on the setting of bit NMIEG in IEGR. The
NMI interrupt has highest priority and is always accepted, regardless of the setting of the | hitin
CCR. The NMI interrupt has exception vector 3. When NMI exception handling is initiated, the

| bitissetto 1in CCR.

2. Interrupts WKPy to WKP,

Interrupts WK P, to WK P; are requested by falling edge inputs at pins WKP to WKP;. When
these pins are designated as WKP;, to WKP-, pins in port mode register 5 (PMR5) and falling edge
input is detected, the corresponding bit in the wakeup interrupt request register (IWPR) isset to 1,
requesting an interrupt. Wakeup interrupt requests can be disabled by clearing the IENWP bit in
IENR1to 0. Itisaso possibleto mask all interrupts by setting the CCR | bit to 1.
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When an interrupt exception handling request is received for interrupts WKP, to WKP;, the CCR
| bitissetto 1. The vector number for interrupts WKP, to WKP; is9. Since all eight interrupts
are assigned the same vector number, the interrupt source must be determined by the exception
handling routine.

3. Interrupts IRQg to IRQy4

Interrupts IRQy to IRQ, are requested by into pins inputs to IRQg to IRQ,. These interrupts are
detected by either rising edge sensing or falling edge sensing, depending on the settings of bits
IEGO to IEG4 in the edge select register (IEGR).

When these pins are designated as pins IRQg to IRQ, in port mode registers 1 and 2 (PMR1 and
PMR2) and the designated edge is input, the corresponding bit in IRR1 is set to 1, requesting an
interrupt. Interrupts IRQg to IRQ,4 can be disabled by clearing bits IENO to IEN4 in IENR1 to 0.
All interrupts can be masked by setting the | bitin CCR to 1.

When IRQ to IRQ, interrupt exception handling isinitiated, the |l bitissetto 1. Vector numbers
410 8 are assigned to interrupts IRQg to IRQ,4. The order of priority isfrom IRQq (high) to IRQ,
(low). Table 3-2 gives details.

3.3.4 Internal Interrupts

There are 24 internal interrupts that can be requested by the on-chip peripheral modules. When a
peripheral module requests an interrupt, the corresponding bit in IRR1 or IRR2 is set to 1.
Individual interrupt requests can be disabled by clearing the corresponding bit in IENR1 or
IENR2to 0. All interrupts can be masked by setting the | bitin CCR to 1. When an internal
interrupt request is accepted, the | bit isset to 1. Vector numbers 10 to 23 are assigned to these
interrupts. Table 3-2 shows the order of priority of interrupts from on-chip peripheral modules.
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3.3.5 Interrupt Operations

Interrupts are controlled by an interrupt controller. Figure 3-2 shows ablock diagram of the
interrupt controller. Figure 3-3 shows the flow up to interrupt acceptance.

Interrupt controller .

External or
internal

[
interrupts D 4D_>
3

4D_L> Interrupt
! request

Priority decision logic

External
interrupts or

(I
O

internal Di
——

interrupt
enable
signals

| CCR (CPU)

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

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

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

*  From among the interrupts with interrupt request flags set to 1, the interrupt controller selects
the interrupt request with the highest priority and holds the others pending. (Refer to
table 3-2 for alist of interrupt priorities.)
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« Theinterrupt controller checksthel bit of CCR. If thel bit is 0, the selected interrupt request
is accepted; if thel bit is 1, theinterrupt request is held pending.

» If theinterrupt is accepted, after processing of the current instruction is completed, both PC
and CCR are pushed onto the stack. The state of the stack at thistimeis shown in figure 3-4.
The PC value pushed onto the stack is the address of the first instruction to be executed upon
return from interrupt handling.

e Thel bit of CCRis set to 1, masking all further interrupts.

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

Notes:

1. When disabling interrupts by clearing bitsin an interrupt enable register, or when clearing
bitsin an interrupt request register, always do so while interrupts are masked (I = 1).

2. If the above clear operations are performed while | = 0, and as aresult a conflict arises
between the clear instruction and an interrupt request, exception processing for the interrupt
will be executed after the clear instruction has been executed.
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’ Program execution state ‘

No

’ PC contents saved ‘

1

’ CCR contents saved ‘
1

| B |
1

Branch to interrupt
handling routine

Notation:

PC: Program counter
CCR: Condition code register
I: | bit of CCR

Figure 3-3 Flow up to Interrupt Acceptance
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SP-4
SP-3
SP-2
SP-1
SP (R7) —
Stack area
/_\/
Prior to start of interrupt
exception handling
Notation:

SP (R7) —
SP+1
SP +2
SP+3
SP +4

_
PC and CCR

saved to stack

PCy: Upper 8 bits of program counter (PC)
PC.: Lower 8 bits of program counter (PC)

CCR: Condition code register
SP:  Stack pointer

CCR

CCR*
PCy
PC,

/_\/

After completion of interrupt
exception handling

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

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

* Ignored on return from interrupt.

Even address

Figure3-4 Stack State after Completion of Interrupt Exception Handling

Figure 3-5 shows atypical interrupt sequence where the program areais in the on-chip ROM and

the stack areaisin the on-chip RAM.
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8.

aousnbag 1dnieIu| g-cainbi4

Interrupt is

accepted
Interrupt level . )
decision and wait for |  Instruction Prefetch instruction of
end of instruction prefetch Internal Stack access Vector fetch  Intemal interrupt-handling routine
processing processing
-
Y

Interrupt 45
request signal

g Uy u e

Internal 1) 3) >< (5) ><

®) X

9

X .

address bus

Internal read / \ /—\ /

signal

[ A

[ [

Internal write \ /

signal

(-

e ——(Co (oo {0 o ——(m){_ -

(1) Instruction prefetch address (Instruction is not executed. Address is saved as PC contents, becoming return address.)

(2)(4) Instruction code (not executed)
(3) Instruction prefetch address (Instruction is not executed.)

(5) SP-2
(6) SP-4
(7) CCR

(8) Vector address
(9) Starting address of interrupt-handling routine (contents of vector)
(10) First instruction of interrupt-handling routine




3.3.6 Interrupt Response Time

Table 3-4 shows the number of wait states after an interrupt request flag is set until the first
instruction of the interrupt handler is executed.

Table 3-4 Interrupt Wait States

Iltem States
Waiting time for completion of executing instruction* 1to13
Saving of PC and CCR to stack 4
Vector fetch 2
Instruction fetch 4
Internal processing 4

Total 15 to 27

Note: * Not including EEPMOQV instruction.
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3.4 Application Notes
3.4.1 Noteson Stack Area Use

When word data is accessed in the H8/3947 Series, the least significant bit of the addressis
regarded as 0. Access to the stack always takes place in word size, so the stack pointer (SP: R7)
should never indicate an odd address. Use PUSH Rn (MOV.W Rn, @-SP) or POP Rn (MOV.W
@SP+, Rn) to save or restore register values.

Setting an odd address in SP may cause a program to crash. An exampleis shown in figure 3-6.

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

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

SP: Stack pointer

Figure3-6 Operation when Odd Addressis Set in SP

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

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

When an external interrupt pin function is switched by rewriting the port mode register that
controls these pins (IRQ, to IRQ, and WKP-, to WKPy), the interrupt request flag may be set to 1
at the time the pin function is switched, even if no valid interrupt isinput at the pin. Be sureto
clear the interrupt request flag to 0 after switching pin functions. Table 3-5 shows the conditions
under which interrupt request flags are set to 1 in thisway.

Table3-5 Conditionsunder which Interrupt Request Flagis Setto 1

Interrupt Request
Flags Set to 1 Conditions

IRR1 IRRI4 When PMR2 bit IRQ4 is changed from 0 to 1 while pin IRQ, is low and IEGR
bit IEG4 = 0.

When PMR2 bit IRQ4 is changed from 1 to 0 while pin IRQ, is low and IEGR
bit IEG4 = 1.

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

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

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

When PMRL1 bit IRQ2 is changed from 1 to 0 while pin IRQ, is low and IEGR
bit IEG2 = 1.

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

When PMRL1 bit IRQ1 is changed from 1 to 0 while pin IRQ; is low and IEGR
bit IEG1 = 1.

IRRIO When PMR2 bit IRQO is changed from 0 to 1 while pin IRQg is low and IEGR
bit IEGO = 0.

When PMR2 bit IRQO is changed from 1 to 0 while pin IRQq is low and IEGR
bit IEGO = 1.
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Table3-5 Conditionsunder which Interrupt Request Flagis Set to 1 (cont)

Interrupt Request
Flags Setto 1 Conditions

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

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

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

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

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

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

IWPF1 When PMR5 bit WKP1 is changed from 0 to 1 while pin WKP4 is low

IWPFO When PMR5 bit WKPO is changed from 0 to 1 while pin WKP is low

Figure 3-7 shows the procedure for setting a bit in a port mode register and clearing the interrupt
request flag.

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

An alternative method is to avoid the setting of interrupt request flags when pin functions are
switched by keeping the pins at the high level so that the conditionsin table 3-5 do not occur.

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

| Set port mode register bit |

‘ After setting the port mode register bit,
| first execute at least one instruction

| Execute NOP instruction (e.g., NOP), then clear the interrupt
‘ request flag to 0

| Clear interrupt request flag to 0 |

| CCRIbit~ 0 | ffffffffff Interrupt mask cleared

Figure3-7 Port Mode Register Setting and I nterrupt Request Flag
Clearing Procedure
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Section 4 Clock Pulse Generators

4.1 Overview

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

4.1.1 Block Diagram

Figure 4-1 shows a block diagram of the clock pulse generators.

! ﬂosclz
‘ 2}
OSC1—= system clock | °>°|System clock L |
! - > System clock | Zosc/16 | 2
llat divider (1/2 ‘
OSCZ‘T oscillator (fosd) ivider (1/2) divider (1/8)
! Prescaler S [, ?/2
| Systemclock pulse generator STl @sbits) | 2o,
> 0
! Z oy /2 | W
X1 subclock | ", Scliji?/icc:(;k By /4 = e
Xzﬁ oscillator () |2, 114, 1/8) o /8 . o 12
: - o /4
/8
Prescaler W + ?OW

2]
c
o
=]
o)
(2]
x~
°
=
7
@
Q
@
>
@
=
)
=4
o
=
Y

(5 bits) [ » @,,/128

Figure4-1 Block Diagram of Clock Pulse Generators
4.1.2 System Clock and Subclock

The basic clock signalsthat drive the CPU and on-chip peripheral modules are g and gg,g. Four
of the clock signals have names: gis the system clock, g is the subclock, gogc is the oscillator
clock, and gy, is the watch clock.

The clock signals available for use by peripheral modules are @/2, @/4, @/8, @/16, @/32, 2/64, 21128,
21256, 2/512, &/1024, 0/2048, a/4096, 918192, @y, By/2, B l4, Bw/8, /16, B/32, 8/64, and
@/128. The clock requirements differ from one module to another.
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4.2 System Clock Generator

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

1. Connecting acrystal oscillator

Figure 4-2 shows a typical method of connecting acrystal oscillator.

0SC1 }—77|7
0SC, R =1 MQ +20%

C1 =Cy =12 pF £20%

Figure4-2 Typical Connection to Crystal Oscillator

Figure 4-3 shows the equivalent circuit of acrystal oscillator. An oscillator having the
characteristics given in table 4-1 should be used.

T |
[
Ls Rs
0SC; <4 +—= 0SC,

Figure4-3 Equivalent Circuit of Crystal Oscillator

Table4-1 Crystal Oscillator Parameters

Frequency (MHz) 2 4 8 10
Rs max (Q) 500 100 50 30
Co (pF) 7 pF max

84




2. Connecting a ceramic oscillator

Figure 4-4 shows atypical method of connecting a ceramic oscillator.

Cq
0SsC; )—77|7
Ry [
0SC, }_77|7 R =1 MQ £20%
C

C1 =30 pF £10%
C, =30 pF £10%
Ceramic oscillator: Murata

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

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

Avoid running signal lines close to the oscillator circuit, since the oscillator may be adversely
affected by induction currents. (Seefigure 4-5.)

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

To be avoided | — Signal A Signal B

0SC;

7)7 (I ! 0OSsC;

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

Connect an external clock signal to pin OSC4, and leave pin OSC, open. Figure 4-6 shows a
typical connection.

0osCy —m External clock input

OSC2 ——— Open

Figure4-6 External Clock Input (Example)

Frequency Duty Cycle

Oscillator clock frequency (gosc) 45% to 55%
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4.3 Subclock Generator
1. Connecting a 32.768-kHz crystal oscillator

Clock pulses can be supplied to the subclock divider by connecting a 32.768-kHz crystal
oscillator, as shown in figure 4-7. Follow the same precautions as noted under 4.2 (3) for the
system clock.

C1
X1 T' }—77|7
O
X %
’ & F ci=co =15pFEup)

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

Figure 4-8 shows the equivalent circuit of the 32.768-kHz crystal oscillator.

Ls Rs

X; =9 = X

Co Co = 1.5 pF typ
Rs =14 kQ typ
fy = 32.768 kHz
Crystal oscillator: MX38T
(Nihon Denpa Kogyo)

Figure4-8 Equivalent Circuit of 32.768-kHz Crystal Oscillator
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2. Pin connection when not using subclock

When the subclock is not used, connect pin X to V¢ and leave pin X, open, as shown in
figure 4-9.

Vee

X2 ——— Open

Figure4-9 Pin Connection when not Using Subclock
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4.4 Prescalers

The H8/3947 Series is equipped with two on-chip prescalers having different input clocks
(prescaler Sand prescaler W). Prescaler Sisa13-bit counter using the system clock (@) asits
input clock. Its prescaled outputs provide internal clock signals for on-chip peripheral modules.
Prescaler W is a 5-hit counter using a 32.768-kHz signal divided by 4 (a,/4) asitsinput clock.
Its prescaled outputs are used by timer A as atime base for timekeeping.

1. Prescder S(PS9)

Prescaler Sis a 13-bit counter using the system clock (@) asitsinput clock. It isincremented once
per clock period.

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

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

The CPU cannot read or write prescaler S.

The outputs from prescaler S are shared by all on-chip peripheral functions. The divider ratio can
be set separately for each on-chip peripheral function.

In active (medium-speed) mode the clock input to prescaler Sis gogc/16.

2. Prescaler W (PSW)

Prescaler W is a 5-bit counter using a 32.768 kHz signal divided by 4 (&,/4) asitsinput clock.
Prescaler W isinitialized to H'00 by areset, and starts counting on exit from the reset state.

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

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

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

Oscillator characteristics are closely related to board design and should be carefully evaluated by
the user, referring to the examples shown in this section. Oscillator circuit constants will differ
depending on the oscillator element, stray capacitance in its interconnecting circuit, and other
factors. Suitable constants should be determined in consultation with the oscillator element
manufacturer. Design the circuit so that the oscillator element never receives voltages exceeding
its maximum rating.
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Section 5 Power-Down Modes

5.1 Overview

The H8/3947 Series has seven modes of operation after areset. These include six power-down
modes, in which power dissipation is significantly reduced.

Table 5-1 gives a summary of the seven operation modes.

Table5-1 Operation Modes

Operating Mode

Description

Active (high-speed) mode

The CPU runs on the system clock, executing program
instructions at high speed

Active (medium-speed) mode

The CPU runs on the system clock, executing program
instructions at reduced speed

Subactive mode

The CPU runs on the subclock, executing program instructions
at reduced speed

Sleep mode

The CPU halts. On-chip peripheral modules continue to
operate on the system clock.

Subsleep mode

The CPU halts. Timer A, timer C, and timer G continue to
operate on the subclock.

Watch mode

The CPU halts. The time-base function of timer A continues to
operate on the subclock.

Standby mode

The CPU and all on-chip peripheral modules stop operating

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

as active mode.
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Figure 5-1 shows the transitions among these operation modes. Table 5-2 indicates the internal
states in each mode.

Program execution state Program halt state

LSON =0, MSON =0

Reset state

Program halt state

Active (high-speed)

Sleep mode

Watch mod

e - - __

SSBY =0,
LSON =1,
TMA3 =1

SLEEP

instruction

Subsleep mode
____________________________ *2
| o= U 1
. . . D Power-down mode
—= Transition caused by exception handling

A transition between different modes cannot be made to occur simply because an interrupt request is
generated. Make sure that the interrupt is accepted and interrupt handling is performed.

Details on the mode transition conditions are given in the explanations of each mode, in sections 5.2
through 5.8.

Notes: 1. Timer A interrupt, IRQq interrupt, WKPg to WKP7 interrupts
2. Timer A interrupt, timer C interrupt, timer G interrupt, IRQ to IRQ 4 interrupts,
WKPg to WKP7 interrupts, NMI interrupt
3. Allinterrupts
4. IRQ; and IRQq interrupts, WKP7 to WKPy interrupts, NMI interrupt
5. Timer A interrupt, IRQq interrupt, NMI interrupt, WKP7 to WKPq interrupts

Figure5-1 Operation Mode Transition Diagram
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Table5-2 Internal Statein Each Operation Mode

Active Mode
High Medium Sleep Watch Subactive Subsleep Standby
Function Speed Speed Mode Mode Mode Mode Mode
System clock oscillator Functions Functions Functions Halted Halted Halted Halted
Subclock oscillator Functions Functions Functions Functions Functions Functions Functions
CPU Instructions Functions  Functions Halted Halted Functions  Halted Halted
operation pawm Retained  Retained Retained  Retained
Registers
lfe} Retained*1
External  NMI Functions Functions Functions Functions Functions Functions Functions
interrupts IRQ,
IRQ, Retained*>
IRQ, Retained*5
IRQ;
IRQ,
WKPy Functions  Functions Functions Functions Functions Functions Functions
WKP,
WKP,
WKP5
WKP,
WKPg
WKPg
WKP,
Peripheral Timer A Functions Functions Functions Functions*4 Functions*4 Functions*4 Retained
module  Timers B1 Retained Retained Retained
functions {5 g3
Timerc Functions/ Functions/
Retained*2 Retained*2
Timer F Retained  Retained
Timer G Functions/  Functions/
Retained*3 Retained*3
Timer H Retained  Retained
I12C1, 12C2 Functions Functions Functions Retained Retained Retained Retained
SCI3 Reset Reset Reset Reset
8-bit PWM Functions Functions Retained Retained Retained Retained Retained
A/ID Functions Functions Functions Retained Retained Retained Retained
Notes: 1. Register contents held; high-impedance output.

abhwNE
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. Functions only if external clock or g,/4 internal clock is selected; otherwise halted and retained.
. Functions only if @y,/2 internal clock is selected; otherwise halted and retained.

. Functions when timekeeping time-base function is selected.
. External interrupt requests are ignored. The interrupt request register contents are not affected.



5.1.1 System Control Registers
The operation mode is selected using the system control registers described in table 5-3.

Table5-3 System Control Register

Name Abbreviation R/W Initial Value Address
System control register 1 SYSCR1 R/W H'07 H'FFFO
System control register 2 SYSCR2 R/W H'EO H'FFF1

1. System control register 1 (SYSCR1)

Bit 7 6 5 4 3 2 1 0

‘ SSBY ‘ STS2 ‘ STS1 ‘ STSO ‘ LSON ‘ — ‘ — ‘ — ‘
Initial value 0 0 0 0 0 1 1 1
Read/Write R/W R/W R/W R/W R/W — — —

SYSCRL1 is an 8-hit read/write register for control of the power-down modes.
Bit 7: Software standby (SSBY)

This bit designates transition to standby mode or watch mode.

Bit 7
SSBY Description
0 *When a SLEEP instruction is executed in active mode, a transition (initial value)
is made to sleep mode.
*When a SLEEP instruction is executed in subactive mode, a transition is made to
subsleep mode.
1 *When a SLEEP instruction is executed in active mode, a transition is made to

standby mode or watch mode.

*When a SLEEP instruction is executed in subactive mode, a transition is made to
watch mode.

Bits 6 to 4: Standby timer select 2 to 0 (STS2 to STS0)

These bits designate the time the CPU and peripheral modules wait for stable clock operation after
exiting from standby mode or watch mode to active mode due to an interrupt. The designation
should be made according to the clock frequency so that the waiting timeis at least 10 ms.
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Bit 6 Bit 5 Bit 4
STS2 STS1 STSO Description

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

0 1 0 Wait time = 32,768 states

0 1 1 Wait time = 65,536 states

1 * * Wait time = 131,072 states

Note: * Don't care

Bit 3: Low speed on flag (LSON)

This bit chooses the system clock (@) or subclock (2gg) asthe CPU operating clock when watch
mode is cleared. The resulting operation mode depends on the combination of other control bits
and interrupt input.

Bit 3

LSON Description

0 The CPU operates on the system clock (2) (initial value)
1 The CPU operates on the subclock (ggg)

Bits 2 to 0: Reserved hits
These bits are reserved; they are always read as 1, and cannot be modified.

2. System control register 2 (SY SCR2)

Bit 7 6 5 4 3 2 1 0

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

SYSCR2 is an 8-hit read/write register for power-down mode control.

Bits 7 to 5: Reserved hits

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

This bit selects the frequency at which the watch clock signal (gy) generated by the subclock
pulse generator is sampled, in relation to the oscillator clock (gosc) generated by the system clock
pulse generator. When gggc = 210 10 MHz, clear NESEL to 0.
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Bit 4

NESEL Description
0 Sampling rate is 8ogc/16
1 Sampling rate is 8ogc/4

Bit 3: Direct transfer on flag (DTON)

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

Bit 3

DTON Description

0 When a SLEEP instruction is executed in active mode, a transition (initial value)
is made to standby mode, watch mode, or sleep mode.
When a SLEEP instruction is executed in subactive mode, a transition is made to
watch mode or subsleep mode.

1 When a SLEEP instruction is executed in active (high-speed) mode, a direct

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

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

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

Bit 2: Medium speed on flag (M SON)

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

Bit 2

MSON Description

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

These bits select the CPU clock rate (a,/2, ay/4, or 3,,/8) in subactive mode. SA1 and SAO
cannot be modified in subactive mode.

Bit 1 Bit 0

SAl SAO0 Description

0 0 2\/8 (initial value)
0 1 o/

1 * Byl2

Note: * Don't care

5.2 Sleep Mode
5.2.1 Transition to Sleep Mode

The system goes from active mode to sleep mode when a SLEEP instruction is executed while the
SSBY and LSON bitsin system control register 1 (SY SCR1) are cleared to 0. In sleep mode CPU
operation is halted but the on-chip peripheral functions are operational. The CPU register
contents are retained.

5.2.2 Clearing Sleep Mode

Sleep modeis cleared by any interrupt (timer A, timer B1, timer B2, timer B3, timer C, timer F,
timer G, timer H, NMI, IRQ,4 to IRQg, WKP; to WK Py, SCI3, 12C1, 12C2, or A/D converter) or
by input at the RES pin.

e Clearing by interrupt

When an interrupt is requested, sleep mode is cleared and interrupt exception handling starts.
Operation resumes in active (high-speed) mode if MSON = 0 in SY SCR2, or active (medium-
speed) mode if MSON = 1. Sleep mode is not cleared if the | bit of the condition code register
(CCR) isset to 1 or the particular interrupt is disabled in the interrupt enable register.

*  Clearing by RES input

When the RES pin goes low, the CPU goesinto the reset state and sleep mode is cleared.
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5.3 Standby Mode
5.3.1 Transition to Standby Mode

The system goes from active mode to standby mode when a SLEEP instruction is executed while
the SSBY hitin SYSCR1isset to 1, the LSON bit in SYSCRL1 iscleared to 0, and bit TMA3in
TMA iscleared to 0. In standby mode the clock pul se generator stops, so the CPU and on-chip
peripheral modules stop functioning, but aslong as the rated voltage is supplied, the contents of
CPU registers, on-chip RAM, and some on-chip peripheral module registers are retained. On-chip
RAM contents will be retained down to a minimum RAM data retention voltage. The I/O ports go
to the high-impedance state.

5.3.2 Clearing Standby Mode

Standby modeis cleared by an interrupt (NMI, IRQq, IRQg, WKP; to WKPy) or by input at the
RES pin.

»  Clearing by interrupt

When an interrupt is requested, the system clock pulse generator starts. After the time set in bits
STS2-STS0 in SY SCR1 has elapsed, a stable system clock signal is supplied to the entire chip,
standby mode is cleared, and interrupt exception handling starts. Operation resumesin active
(high-speed) mode if MSON = 0 in SY SCR2, or active (medium-speed) mode if MSON = 1.
Standby mode is not cleared if the | bit of CCR is set to 1 or the particular interrupt is disabled in
the interrupt enable register.

e Clearing by RES input

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

Table 5-4 gives settings for various operating frequencies. Set bits STS2 to STSO for awaiting
time of at least 10 ms.

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

STS2 STS1 STSO Waiting Time 5MHz 4MHz 2MHz 1MHz 0.5MHz

0 0 0 8,192 states 1.6 2.0 4.1 8.2
0 0 1 16,384 states 3.2 4.1 8.2 32.8
0 1 0 32,768 states 6.6 8.2 328 655
0 1 1 65,536 states 32.8 65.5 131.1
1 * * 131,072 states  26.2 328 655 1311 2621

Note: * Don't care
*  When an external clock isused

Any values may be set. Normally the minimum time (STS2 = STS1 = STS0 = 0) should be set.
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5.4 Watch Mode
5.4.1 Transition to Watch Mode

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

In watch mode, operation of on-chip peripheral modules other than timer A ishalted. Aslongasa
minimum required voltage is applied, the contents of CPU registers and some registers of the on-
chip peripheral modules, and the on-chip RAM contents, are retained. 1/0 ports keep the same
states as before the transition.

5.4.2 Clearing Watch Mode

Watch mode is cleared by an interrupt (NMI, IRQg, WKP, to WKP, timer A) or by alow input at
the RES pin.

e Clearing by interrupt

When watch mode is cleared by atimer A interrupt, IRQg interrupt, or WKP; to WK Py interrupt,
the mode to which atransition is made depends on the settings of LSON in SYSCR1 and MSON
in SYSCR2. If both LSON and MSON are cleared to O, transition is to active (high-speed) mode;
if LSON = 0and MSON = 1, transition is to active (medium-speed) mode; if LSON = 1, transition
is to subactive mode. When watch mode is cleared by an NMI interrupt request, the transition is
to active (high-speed) mode if MSON = 0 or to active (medium-speed) mode if MSON = 1. When
the transition isto active mode, after the time set in SY SCR1 hits STS2-STS0 has elapsed, a
stable clock signal is supplied to the entire chip, and interrupt exception handling starts. Watch
mode is not cleared if the | bit of CCR isset to 1 or the particular interrupt is disabled in the
interrupt enable register.

e Clearing by RES input
Clearing by RES input is the same as for standby mode; see 5.3.2, Clearing Standby Mode.
5.4.3 Oscillator Settling Time after Watch Modeis Cleared

The waiting time is the same as for standby mode; see 5.3.3, Oscillator Settling Time after
Standby Mode is Cleared.
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5.5 Subsleep Mode
5.5.1 Transition to Subsleep Maode

The system goes from subactive mode to subsleep mode when a SLEEP instruction is executed
whilethe SSBY hit in SYSCR1 iscleared to O, LSON bit in SYSCR1issetto 1, and TMA3 bitin
TMA issetto 1.

In subsleep mode, operation of on-chip peripheral modules other than timer A, timer C, and timer
Gishalted. Aslong asaminimum required voltage is applied, the contents of CPU registers and
some registers of the on-chip peripheral modules, and the on-chip RAM contents, are retained.
1/O ports keep the same states as before the transition.

5.5.2 Clearing Subsleep Mode

Subsleep mode is cleared by an interrupt (timer A, timer C, timer G, IRQq to IRQg, NMI, WKPy
to WKP;) or by alow input at the RES pin.

»  Clearing by interrupt

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

»  Clearing by RES input

Clearing by RES input is the same as for standby mode; see 5.3.2, Clearing Standby Mode.
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5.6 Subactive Mode
5.6.1 Transition to Subactive M ode

Subactive mode is entered from watch modeif atimer A, IRQg, or WKPy to WKP; interrupt is
requested while the LSON bit in SYSCR1 isset to 1. From subsleep mode, subactive mode is
entered if atimer A, timer C, timer G, NMI, IRQq to IRQ,4, or WKPy to WKP; interrupt is
reguested. A transition to subactive mode does not take place if the | bit of CCR isset to 1 or the
particular interrupt is disabled in the interrupt enable register.

5.6.2 Clearing Subactive Mode
Subactive mode is cleared by a SLEEP instruction or by alow input at the RES pin.
e Clearing by SLEEP instruction

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

e Clearing by RES input
Clearing by RES input is the same as for standby mode; see 5.3.2, Clearing Standby Mode.
5.6.3 Operating Frequency in Subactive M ode

The operating frequency in subactive modeis set in bits SA1 and SAQ in SYSCR2. The choices
are gy /2, gy /4, and g/8.
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5.7 Active (Medium-Speed) Mode
5.7.1 Transition to Active (M edium-Speed) Mode

If the MSON bit in SYSCR2 is set to 1 while the LSON bit in SYSCR1 iscleared to 0, atransition
to active (medium-speed) mode results from NMI, IRQg, IRQ, or WKP, to WKP; interruptsin
standby mode, timer A, NMI, IRQq, or WK P, to WK P interrupts in watch mode, or any interrupt
in sleep mode. A transition to active (medium-speed) mode does not take place if the | bit of CCR
isset to 1 or the particular interrupt is disabled in the interrupt enable register.

5.7.2 Clearing Active (M edium-Speed) M ode
Active (medium-speed) mode is cleared by a SLEEP instruction or by alow input at the RES pin.
e Clearing by SLEEP instruction

A transition to standby mode takes place if a SLEEP instruction is executed while the SSBY bit in
SYSCR1isset to 1, theLSON bitin SYSCRL1 is cleared to 0, and TMAS3 bit in TMA is cleared to
0. The system goes to watch mode if the SSBY bit in SYSCR1 issetto 1 and TMA3 bitin TMA
isset to 1 when a SLEEP instruction is executed. Sleep modeis entered if both SSBY and L SON
are cleared to O when a SLEEP instruction is executed. Direct transfer to active (high-speed)
mode or to subactive mode is also possible. See 5.8, Direct Transfer, below for details.

+  Clearing by RES pin

When the RES pin goes low, the CPU enters the reset state and active (medium-speed) modeis
cleared.

5.7.3 Operating Frequency in Active (M edium-Speed) Mode

In active (medium-speed) maode, the CPU is clocked at 1/8 the frequency in active (high-speed)
mode.
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5.8 Direct Transfer

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

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

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

When a SLEEP instruction is executed in active (high-speed) mode while the SSBY and L SON
bitsin SYSCR1 are cleared to 0, the MSON bit in SY SCR2 is set to 1, and the DTON bhit in
SYSCR2 is set to 1, atransition is made to active (medium-speed) mode via sleep mode.

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

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

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

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

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

When a SLEEP instruction is executed in subactive mode while the SSBY bhit in SYSCR1 is set

to 1, the LSON hit in SYSCRL1 is cleared to 0, the MSON bit in SYSCR2 is cleared to 0, the
DTON bitin SYSCR2 isset to 1, and TMA3 bitin TMA isset to 1, atransition is made directly to
active (high-speed) mode via watch mode after the waiting time set in SY SCR1 bits STS2 to
STS0 has elapsed.
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» Direct transfer from active (medium-speed) mode to subactive mode

When a SLEEP instruction is executed in active (medium-speed) mode while the SSBY and
LSON bitsin SYSCR1 are set to 1, the DTON bit in SYSCR2 isset to 1, and TMA3 bitin TMA
isset to 1, atransition is made to subactive mode viawatch mode.

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

When a SLEEP instruction is executed in subactive mode while the SSBY bit in SY SCR1 is set

to 1, the LSON bit in SYSCRL1 is cleared to 0, the MSON bit in SYSCR2 is set to 1, the DTON bit
in SYSCR2issetto 1, and TMA3 bit in TMA isset to 1, atransition is made directly to active
(medium-speed) mode via watch mode after the waiting time set in SY SCR1 bits STS2 to STSO
has el apsed.
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Section6 ROM

6.1 Overview

The H8/3945 has 40 kbytes of on-chip ROM (mask ROM). The H8/3946 has 48 kbytes of on-chip
ROM (mask ROM). The H8/3947 has 60 kbytes of on-chip ROM (PROM or mask ROM). The
ROM is connected to the CPU by a 16-bit data bus, allowing high-speed two-state access for both
byte data and word data.

When the PROM version of the H8/3947 is set to PROM mode, it can be programmed using a
commercialy available PROM programmer.

6.1.1 Block Diagram

Figure 6-1 shows a block diagram of the on-chip ROM.

Internal data bus (upper 8 bits)

[ ] ]

Internal data bus (lower 8 bits)

H'0000 H'0000 H'0001
H'0002 H'0002 H'0003
/_\
v
On-chip ROM
H'EDFE H'EDFE H'EDFF
Even-numbered Odd-numbered
address address

Figure6-1 ROM Block Diagram (H8/3947)
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6.2 PROM Mode
6.2.1 Settingto PROM Mode

Setting the PROM version of the H8/3947 to PROM mode stops its operation as a microcontroller
and allows the on-chip PROM to be programmed in the same way as the HN27C101. Page
programming, however, is not supported. Table 6-1 shows how to select PROM mode.

Table6-1 Settingto PROM Mode

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

PBg/ANg High level

6.2.2 Socket Adapter Pin Arrangement and Memory Map

A standard PROM programmer can be used to program the PROM. A socket adapter is required
for conversion to 32 pins, aslisted in table 6-2.

Figure 6-2 shows the pin-to-pin wiring of the socket adapter. Figure 6-3 shows a memory map.

Table6-2 Socket Adapter

Package Socket Adapter
100-pin (FP100A) HS3947ESFO1H
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H8/3947 EPROM socket

FP-100A Pin Pin HN27C101 (32 pins)
12 RES Vpp 1
47 P6, EO, 13
48 P6, EO, 14
49 P6, EO, 15
50 P64 EO4 17
51 P6, EO, 18
52 P65 EOs 19
53 P6g EOg 20
54 P6; EO, 21
70 P8, EA, 12
69 P8¢ EA; 11
68 P8s EA, 10
67 P8, EA; 9
66 P8, EA, 8
65 P8, EAs 7
64 P8, EAg 6
63 P8y EA; 5
55 P7, EAg 27
91 P4, EAq 26
57 P7, EAo 23
58 P75 EA; 25
59 P7, EA;, 4
60 P75 EA3 28
61 P7s EAL, 29
84 P1, EAs 3
85 Pls EAgs 2
62 P7, CE 22
56 P7, OE 24
83 P1, PGM 31

34,79 Vee Vee 32
92 AVcc
TEST
X1
99 PBg
13 NMIT
81 P1,
82 P1,
86 Plg

9,30, 71 Vss Vss 16
5 AVgg
97 PB,

98 PBg

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

Figure 6-2 Socket Adapter Pin Correspondence (with HN27C101)
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Address in Address in

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

Missing area *

I H'1FFFF

Note: * If read in PROM mode, this address area returns unpredictable output data.
When programming with a PROM programmer, be sure to specify addresses
from H'0000 to H'EDFF.

If address H'EEOO and higher addresses are programmed by mistake, it may
become impossible to program the PROM or verify the programmed data.
When programming, assign H'FF data to this address area (H'EEQO to H'1FFFF).

Figure6-3 H8/3947 Memory Map in PROM Mode
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6.3 Programming
The write, verify, and other modes are selected as shown in table 6-3 in PROM mode.

Table 6-3 Mode Selection in PROM Mode

Pin

Mode CE OE PGM Vpp Ve EO- to EOQg EA5to EAq
Write L H L Vpp Vee Data input Address input
Verify L L H Vpp Vee Data output Address input
Programming L L L Vpp Vee High impedance Address input
disabled L H H

H L L

H H H
Notation
L:  Low level
H:  High level

Vpp: Vpp level
VCC: VCC level

The specifications for writing and reading the on-chip PROM are identical to those for the
standard HN27C101 EPROM. Page programming is not supported, however. The PROM writer
must not be set to page mode. A PROM programmer that provides only page programming mode
cannot be used. When selecting a PROM programer, check that it supports a byte-by-byte high-
speed, high-reliability programming method. Be sure to set the address range to H'0000 to
H'EDFF.

6.3.1 Writing and Verifying

An efficient, high-speed, high-reliability method is available for writing and verifying the PROM
data. This method achieves high speed without voltage stress on the device and without lowering
the reliability of written data. The basic flow of this high-speed, high-reliability programming
method is shown in figure 6-4.
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Set write/verify mode
Ve =6.0V+0.25V, Vpp =125V 03V

Address 0

Yes

No
%> | Write time tpy = 0.2 ms + 5%

No Go
Address + 1 - address

| Write time tgpy, = 0.2n ms |

No

Last address?

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

Read
all addresses

Figure 6-4 High-Speed, High-Reliability Programming Flow Chart
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Table 6-4 and table 6-5 give the electrical characteristics in programming mode.

Table6-4 DC Characteristics

(Conditions: Vcc=6.0V £0.25V, Vpp=125V +0.3V, Vgg=0V, T,=25°C £5°C)

Test
Iltem Symbol Min  Typ Max Unit Conditions
Input high-  EO7 to EOQg, EA5t0 EAy Vi 24 — Ve +0.3 V
level voltage OE, CE, PGM
Input low- EO7 1o EQy, EAjgto EAy V)i -03 — 0.8 \Y,
level voltage OE, CE, PGM
Output high- EO; to EOQ VoH 24 — — \Y loy = —200 pA
level voltage
Output low- EO; to EOy VoL — — 0.45 \Y, loL = 0.8 MA
level voltage
Input leakage EO7to EOQq, EAjgto EAg |l — — 2 MA  V;,=5.25V/
current OE, CE, PGM 05V
Vcc current lcc — — 40 mA
Vpp current Ipp — — 40 mA
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Table6-5 AC Characteristics

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

Item Symbol Min Typ Max Unit -Cl—:%srfditions
Address setup time tas 2 — — s Figure 6-5*1
OE setup time toes 2 — — us

Data setup time tos 2 — — ps

Address hold time taH 0 — — Us

Data hold time toH 2 — — ps

Data output disable time tpe*2 — — 130 ns

Vpp setup time typs 2 — — ps

Programming pulse width tpw 0.19 0.20 0.21 ms

PGM pulse width for overwrite  topy*3 019 — 5.25 ms

programming

V¢ setup time tvcs 2 — — Hs

CE setup time tees 2 — — us

Data output delay time tog 0 — 200 ns

Notes: 1. Input pulse level: 0.45V to 2.4V
Input rise time/fall time < 20 ns
Timing reference levels Input: 0.8V, 2.0V
Output: 0.8V, 2.0V

2. tpg is defined at the point at which the output is floating and the output level cannot be
read.

3. topw is defined by the value given in figure 6-4 (high-speed, high-reliability
programming flow chart).
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Figure 6-5 shows a write/verify timing diagram.

Write Verify
Address X
tas Bﬂ,
i
Data — Input data J . Output data
tbs oy i
- - - - DF
Vpp
Vep
Vee _/Atvps‘
VCC+1
Vee
Vee _/ tves
CE
tces
PGM 5& J
7
- w loes toe
__ _
OE lopw”

Note: * topyy is defined by the value given in figure 6-4 (high-speed, high-reliability
programming flow chart).

Figure6-5 PROM Write/Verify Timing
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6.3.2 Programming Precautions

Use the specified programming voltage and timing.

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

Setting the PROM programmer to Hitachi specifications for the HN27C101 will result in
correct Vpp of 12.5V.

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

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

Select the programming mode carefully. The chip cannot be programmed in page
programming mode.

When programming with a PROM programmer, be sure to specify addresses from H'0000 to
H'EDFF. If address H'EEQO and higher addresses are programmed by mistake, it may become
impossible to program the PROM or verify the programmed data. When programming, assign
H'FF data to the address area from H'EEQO to H'1FFFF.
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6.4 Reliability of Programmed Data

A highly effective way of assuring data retention characteristics after programming is to screen
the chips by baking them at atemperature of 150°C. This quickly eliminates PROM memory
cells prone to initial data retention failure.

Figure 6-6 shows a flowchart of this screening procedure.

Write program and verify contents

Y

Bake at high temperature with power off
125°C to 150°C, 24 hrs to 48 hrs

Y

Read and check program

Y

( Install )

Figure 6-6 Recommended Screening Procedure

If write errors occur repeatedly while the same PROM programmer is being used, stop
programming and check for problemsin the PROM programmer and socket adapter, etc.

Please notify your Hitachi representative of any problems occurring during programming or in
screening after high-temperature baking.
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Section7 RAM

7.1 Overview

The H8/3947 Series has 2 kbytes of high-speed static RAM on-chip. The RAM is connected to
the CPU by a 16-bit data bus, allowing high-speed 2-state access for both byte data and word data.

7.1.1 Block Diagram

Figure 7-1 shows a block diagram of the on-chip RAM.

Internal data bus (upper 8 bits)

[ ] ]

Internal data bus (lower 8 bits)

H'F780 H'F780 H'F781
H'F782 H'F782 H'F783
/—\
S ———
On-chip RAM
H'FF7E H'FF7E H'FF7F
Even-numbered Odd-numbered
address address

Figure7-1 RAM Block Diagram
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Section 8 /0O Ports

8.1 Overview

The H8/3947 Seriesis provided with seven 8-bit 1/O ports, one 7-hit 1/0 port, two 3-bit I/O ports,
one 8-hit input-only port, one 4-bit input-only port, and one 1-bit input-only port. Table 8-1
indicates the functions of each port.

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

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

Block diagrams of each port are given in Appendix C.

Table8-1 Port Functions

Function
Switching
Port Description Pins Other Functions Register
Port 1 < 8-bit I/O port P1,to Plg/ External interrupts 3 to 1 PMR1
* MOS input pull-up  IRQ3 to IRQ4/ Timer event input TMIF, TMIC, TCRF,
option TMIF, TMIC, TMIB1 TMC,
TMIB1 TMB
P1, None
P1,;/TMIG Timer G input capture PMR1
P1,, P1,/ Timer F output compare PMR1
TMOFH, TMOFL
P1,/TMOW Timer A clock output PMR1
Port2 < 8-bit I/O port P24, P24/ Timer B2 event inputs TMIB2A, PMR2
TMIB2B, TMIB2A TMIB2B
P25 to P2, None
P2,/UD Timer C count-up/down select PMR2
P2y/IRQ,/ External interrupt 4 and A/D PMR2
ADTRG converter external trigger AMR
Port 3 < 8-bit I/0 port P3; to P3y/ PWM output (PWM; to PWM) PMR3

* Medium-voltage PWM- to PWM,
NMOS open-drain
output
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Table8-1 Port Functions (cont)

Function
Switching
Port Description Pins Other Functions Register
Port4 < 1-bit input port P45/IRQq External interrupt O PMR2
* 3-hit 1/0 port
P4,/TXD SCI3 data output (TXD), data SCR3
P4,/RXD input (RXD), and clock input/ SMR
P4,/SCKj3 output (SCKj)
Port5 < 8-bit I/O port P57 to P5¢/ » Wakeup input (WKP- to WKP) PMR5
* MOS input pull-up  WKP to WKP
option
Port6 < 8-bit I/0 port P6- to P6q None
* MOS input pull-up
option
Port 7« 8-bit I/0 port P7,to P7q None
* MOS input pull-up
option
Port 8 < 8-hit I/O port P8, to P8, None
Port9 < 3-bit I/O port P9, to P9y « Timer H compare-match output TCSRH
* 4-bit input port TMOH, TMCIH, (TMOH), event input (TMCIH),
TMRIH and reset input (TMRIH)
P9,, P95/ I2C bus interface data input/output ICCR2
SDA,, SCL, (SDA,) and clock input/output
(SCLy)
P9,, P9,/ I2C bus interface data input/output ICCR1
SDA;, SCL, (SDA;) and clock input/output
(SCLy)
Port A« 7-bit I/O port PAg to PA, None
* High-current port
Port B« 8-bit input port PB; to PBy/ A/D converter analog input AMR
AN5 to ANy
Port C e« 4-bit input port PC;to PCy/ A/D converter analog input AMR
ANy, to ANg
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8.2 Port 1

8.2.1 Overview

Port 1 isan 8-bit I/O port. Figure 8-1 showsits pin configuration.

Port 1

-~ P1,/IRQ3/TMIF
-~ P14/IRQ,/TMIC
<~—— P15/IRQ;/TMIB1
-~ P1,

-~ P13/TMIG
~——— P1,/TMOFH
~——— P1;/TMOFL
-~ P1,/TMOW

Figure8-1 Port 1 Pin Configuration

8.2.2 Register Configuration and Description

Table 8-2 shows the port 1 register configuration.

Table8-2 Port 1 Registers

Name Abbrev. R/W Initial Value Address
Port data register 1 PDR1 R/W H'00 H'FFD4
Port control register 1 PCR1 W H'00 H'FFE4
Port pull-up control register 1 PUCR1 R/W H'00 H'FFEO
Port mode register 1 PMR1 R/W H'10 H'FFC8
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1. Portdataregister 1 (PDR1)

Bit 7 6 5 4 3 2 1 0

‘ P1, ‘ Plg ‘ P15 ‘ P14 ‘ P13 ‘ P1, ‘ P11 ‘ 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

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

Upon reset, PDR1 isinitialized to H'00.

2. Port control register 1 (PCR1)

Bit 7 6 5 4 3 2 1 0

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

PCR1isan 8-bit register for controlling whether each of the port 1 pins P1; to P1, functions as an
input pin or output pin. Setting a PCR1 bit to 1 makes the corresponding pin an output pin, while
clearing the bit to 0 makes the pin an input pin. The settingsin PCR1 and in PDR1 are valid only
when the corresponding pin is designated in PMR1 as agenera 1/0 pin.

Upon reset, PCR1 isinitialized to H'00.
PCR1 isawrite-only register. All bitsareread as 1.

3. Port pull-up control register 1 (PUCR1)

Bit 7 6 5 4 3 2 1 0
‘PUCR17 ‘ PUCR14 ‘ PUCRI1s ‘ PUCR14 ‘ PUCR13 ‘PUCRlz ‘PUCRll ‘PUCRlo ‘

Initial value 0 0 0 0 0 0 0 0

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

PUCRL controls whether the MOS pull-up of each port 1 pinison or off. When a PCR1 bitis
cleared to 0, setting the corresponding PUCRL1 bit to 1 turns on the MOS pull-up for the
corresponding pin, while clearing the bit to 0 turns off the MOS pull-up.

Upon reset, PUCR1 isinitialized to H'00.
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4. Port moderegister 1 (PMR1)

Bit 7 6 5 4 3 2 1 0

‘ IRQ3 ‘ IRQ2 ‘ IRQ1 ‘ — ‘ TMIG ‘TMOFH ‘ TMOFL ‘ TMOW ‘
Initial value 0 0 0 1 0 0 0 0
Read/Write R/W R/W R/W — R/W R/W R/W R/W

PMR1 is an 8-bit read/write register, controlling the selection of pin functions for port 1 pins.
Upon reset, PMR1 isinitialized to H'10.
Bit 7: P1;/IRQ4/TMIF pin function switch (IRQ3)

This bit selects whether pin P1;/IRQ4/TMIF is used as P1; or asIRQ4/TMIF.

Bit 7

IRQ3 Description

0 Functions as P15 I/O pin (initial value)
1 Functions as IRQ3/TMIF input pin

Note: Rising or falling edge sensing can be designated for IRQ3/TMIF.
For details on TMIF pin settings, see 9.5.2 (3), timer control register F (TCRF).

Bit 6: P1g/IRQ,/TMIC pin function switch (IRQ2)

This bit selects whether pin P1g/IRQ,/TMIC is used as Pl or asIRQ,/TMIC.

Bit 6

IRQ2 Description

0 Functions as P14 I/O pin (initial value)
1 Functions as IRQ,/TMIC input pin

Note: Rising or falling edge sensing can be designated for IRQ,/TMIC.
For details on TMIC pin settings, see 9.4.2 (1), timer mode register C (TMC).

Bit 5: P15/IRQ4/TMIB1 pin function switch (IRQ1)

This bit selects whether pin P15/TRQ4/TMIB1 is used as P15 or asIRQ;/TMIB1.

Bit 5

IRQ1 Description

0 Functions as P15 I/O pin (initial value)
1 Functions as IRQ,/TMIB1 input pin

Note: Rising or falling edge sensing can be designated for IRQ;/TMIB1.
For details on TMIB1 pin settings, see 9.3.2 (1), timer mode register B1 (TMB1).
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Bit 4: Reserved bit
Bit 4 isreserved; it is always read as 1, and cannot be modified.
Bit 3: P15/TMIG pin function switch (TMIG)

This bit selects whether pin P13/TMIG isused as P1; or as TMIG.

Bit 3

TMIG Description

0 Functions as P13 I/O pin (initial value)
1 Functions as TMIG input pin

Bit 2: P1,/TMOFH pin function switch (TMOFH)

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

Bit 2

TMOFH Description

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

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

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

Bit 1

TMOFL Description

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

Bit 0: P1o/TMOW pin function switch (TMOW)

This bit selects whether pin P1o/TMOW is used as P1g or as TMOW.

Bit 0

TMOW Descrition

0 Functions as P1; I/O pin (initial value)
1 Functions as TMOW output pin
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8.2.3 Pin Functions

Table 8-3 shows the port 1 pin functions.

Table 8-3 Port 1 Pin Functions

Pin

Pin Functions and Selection Method

P1,/IRQ3/TMIF

The pin function depends on bit IRQ3 in PMR1, bits CKSL2 to CKSLO in TCRF,
and bit PCR1; in PCR1.

IRQ3 0 1
PCR1;, 0 1 *
CKSL2 to CKSLO * Not 0** 0**

Pin function P15 input pin |P1, output pin |IRQ input pin| IRQ3/TMIF
input pin
Note: When using as TMIF input pin, clear bit IEN3 in IENRL1 to 0, disabling
IRQj interrupts.

P1¢/IRQ,/TMIC

The pin function depends on bit IRQ2 in PMR1, bits TMC2 to TMCO in TMC, and
bit PCR1g in PCR1.

IRQ2 0 1
PCR1g 0 1 *
TMC2 to TMCO * Not 111 111
Pin function | P1g input pin |P1g output pin| IRQ, input pin | TRQ,/TMIC
input pin

Note: When using as TMIC input pin, clear bit IEN2 in IENRL1 to 0, disabling
IRQ; interrupts.

Note: * Don't care
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Table8-3 Port 1 Pin Functions (cont)

Pin

Pin Functions and Selection Method

P15/IRQ;/ TMIB1 The pin function depends on bit IRQ1 in PMR1, bits TMB2 to TMBO in TMB1,

and bit PCR1g in PCR1.

IRQ1 0 1
PCR1; 0 1 *
TMB2 to TMBO * Not 111 111
Pin function | P15 input pin | P15 output pin| IRQ, input pin| TRQ;/TMIB1
input pin

Note: When using as TMIB1 input pin, clear bit IEN1 in IENRL1 to O, disabling

IRQ interrupts.

P1, The pin function depends on bit PCR1, in PCR1.
PCR1, 0 1
Pin function P1, input pin |P1, output pin
P1,/TMIG The pin function depends on bit TMIG in PMR1 and bit PCR15 in PCRL1.
TMIG 0 1
PCR1; 0 1 *
Pin function P15 input pin | P15 output pin TMIG input pin
P1,/TMOFH The pin function depends on bit TMOFH in PMR1 and bit PCR1, in PCR1.
TMOFH 0 1
PCR1, 0 1 *
Pin function P1, input pin |P1, output pin TMOFH output pin
P1,/TMOFL The pin function depends on bit TMOFL in PMR1 and bit PCR1, in PCRL1.
TMOFL 0 1
PCR1, 0 1 *
Pin function P14 input pin |P1; output pin TMOFL output pin
P1,/TMOW The pin function depends on bit TMOW in PMR1 and bit PCR1, in PCR1.

TMOW 0 1
PCR1, 0 1 *
Pin function P1g input pin |P1j output pin TMOW output pin

Note: * Don't care
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8.2.4 Pin States
Table 8-4 shows the port 1 pin statesin each operating mode.

Table8-4 Port 1 Pin States

Pins Reset Sleep Subsleep Standby Watch  Subactive Active

P1,/IRQy/TMIF  High- Retains  Retains High- Retains  Functional Functional
P1/IRQ,/TMIC impedance previous previous impedance* previous

P15/1RQ;/TMIB1 state state state

P1,

P1,/TMIG

P1,/TMOFH

P1,/TMOFL

P1,/TMOW

Note: * A high-level signal is output when the MOS pull-up is in the on state.
8.25 MOS Input Pull-Up

Port 1 has a built-in MOS input pull-up function that can be controlled by software. When a
PCRL1 bit is cleared to 0, setting the corresponding PUCR1 bit to 1 turns on the MOS input pull-up
for that pin. The MOS input pull-up function isin the off state after areset.

PCR1, 0 1
PUCR1,, 0 1 *
MOS input pull-up Off On Off
Note: * Don'’t care (n=7100)
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8.3 Port 2

8.3.1 Overview

Port 2 isan 8-bit I/O port. Figure 8-2 showsiits pin configuration.

Port 2

<~—— P2,/TMIB2B
<~ P24/TMIB2A
-~ P2
-~ P2,
- P23
- P2,
- P2,/UD

<= P2,/IRQ4/ADTRG

Figure8-2 Port 2 Pin Configuration

8.3.2 Register Configuration and Description

Table 8-5 shows the port 2 register configuration.

Table8-5 Port 2 Registers

Name Abbrev. R/W Initial Value Address
Port data register 2 PDR2 R/W H'00 H'FFD5
Port control register 2 PCR2 W H'00 H'FFES5
Port mode register 2 PMR2 R/W H'04 H'FFC9
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1. Port dataregister 2 (PDR2)

Bit 7 6 5 4 3 2 1 0

‘ P2, ‘ P2g ‘ P25 ‘ P24 ‘ P23 ‘ P2, ‘ P21 ‘ P2o ‘
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

PDR2 is an 8-bit register that stores data for pins P2; to P2,. If port 2 is read while PCR2 bits are
set to 1, the values stored in PDR2 are read, regardless of the actual pin states. If port 2 isread
while PCR2 hits are cleared to 0, the pin states are read.

Upon reset, PDR2 isinitialized to H'00.

2. Port control register 2 (PCR2)

Bit 7 6 5 4 3 2 1 0

‘ PCR2; ‘ PCR24 ‘ PCR2g ‘ PCR24 ‘ PCR23 ‘ PCR2, ‘ PCR2; ‘ PCR2g ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write w w W w W W w W

PCR2 is an 8-bit register for controlling whether each of the port 2 pins P2; to P2 functions as an
input pin or output pin. Setting a PCR2 hit to 1 makes the corresponding pin an output pin, while
clearing the bit to 0 makes the pin an input pin. The settingsin PCR2 and in PDR2 are valid only
when the corresponding pin is designated in PMR2 as agenera 1/0 pin.

Upon reset, PCR2 isinitialized to H'00.
PCR2 isawrite-only register, which alwaysreads all 1s.

3. Port moderegister 2 (PMR2)

Bit 7 6 5 4 3 2 1 0
‘TMIBZB‘ TMIBZA‘ EDGB2 ‘ NCS ‘ IRQO ‘ — ‘ ub ‘ IRQ4 ‘

Initial value 0 0 0 0 0 1 0 0

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

PMR2 is an 8-bit read/write register that controls the functions of pins P2g, P2,, P25, P27, and
P4, selectsrising or falling edge sensing for pins TMIB2A and TMIB2B, and controlsthe TMIG
input noise canceler.

Upon reset, PMR2 isinitialized to H'04.
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Bit 7: P2,/TMIB2B function switch (TMIB2B)

This bit selects whether pin P2,/TMIB2B is used as P2; or as TMIB2B. Regardless of the setting
of this bit, however, when bit TMIB2A of PMR2 is set to 1, event input to timer B2 is from the
TMIB2A input pin.

Bit 7

TMIB2B Description

0 Functions as P2, I/O pin (initial value)
1 Functions as TMIB2B input pin

Bit 6: P2g/TMIB2A function switch (TMIB2A)
This bit selects whether pin P2g/TMIB2A is used as P25 or as TMIB2A.

Bit 6

TMIB2A Description

0 Functions as P24 I/O pin (initial value)
1 Functions as TMIB2A input pin

Bit 5: TMIB2 edge select (EDGB2)

This bit selects whether the rising or falling edge of the input at pins TMIB2A and TMIB2B is
sensed.

Bit 5

EDGB2 Description

0 Falling edge of TMIB2A and TMIB2B input is sensed (initial value)
1 Rising edge of TMIB2A and TMIB2B input is sensed

Bit 4: TMIG noise canceller select (NCS)

This bit controls the noise canceller circuit for input capture at pin TMIG.

Bit 4

NCS Description

0 Noise canceller function not selected (initial value)
1 Noise canceller function selected
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Bit 3: P44/IRQ pin function switch (IRQO)

This bit selects whether pin P45/IRQy is used as P45 or asIRQ,

Bit 3

IRQO Description

0 Functions as P45 input pin (initial value)
1 Functions as IRQq input pin

Bit 2: Reserved bit
Bit 2 isreserved; it is always read as 1, and cannot be modified.
Bit 1: P2,/UD pin function switch (UD)

This bit selects whether pin P2;/UD isused as P2; or as UD.

Bit 1

ub Description

0 Functions as P2, I/0 pin (initial value)
1 Functions as UD input pin

Bit 0: P2y/IRQ/ADTRG pin function switch (IRQ4)

This bit selects whether pin P2o/IRQ,/ADTRG is used as P2, or asIRQ,/ADTRG.

Bit 0

IRQ4 Description

0 Functions as P2, I/O pin (initial value)
1 Functions as IRQ4/ADTRG input pin

Note: See 12.3.2, Start of A/D Conversion by External Trigger Input, for the ADTRG pin setting.

133



8.3.3 Pin Functions

Table 8-6 shows the port 2 pin functions.

Table8-6 Port 2 Pin Functions

Pin Pin Functions and Selection Method
P2,/TMIB2B The pin function depends on bit TMIB2B in PMR2 and bit PCR2; in PCR2.
TMIB2B 0 1
PCR2, 0 1 *
Pin function P2, input P2, output TMIB2B input
P2¢/TMIB2A The pin function depends on bit TMIB2A in PMR2 and bit PCR2g4 in PCR2.
TMIB2A 0 1
PCR2g 0 1 *
Pin function P2¢ input P2 output TMIB2A input
P25 to P2, Input or output is selected as follows by the bit settings in PCR2.
(n=2to5)
PCR2n 0 1
Pin function P2, input pin P2,, output pin
P2,/UD The pin function depends on bit UD in PMR2 and bit PCR2, in PCR2.

uD 0 1
PCR2, 0 1 *
Pin function | P24 input pin |P24 output pin UD input pin

P2,/IRQ,/ADTRG

The pin function
PCR2; in PCR2.

depends on bit IRQ4 in PMR2, bit TRGE in AMR, and bit

IRQ4 0 1
PCR2, 0 1 *
TRGE * 0 1
Pin function | P2, input pin | P2 output pin 1RQ, IRQ,/ADTRG
input pin input pin

Note: When using as ADTRG input pin, clear bit IEN4 in IENR1 in to O,

disabling

IRQ, interrupts.

Note: * Don'’t care
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8.3.4 Pin States
Table 8-7 shows the port 2 pin states in each operating mode.

Table8-7 Port 2 Pin States

Pins Reset Sleep Subsleep Standby Watch  Subactive Active
P2,/TMIB2B High- Retains  Retains High- Retains Functional Functional
P25/TMIB2A impedance previous previous impedance previous

P25 to P2, state state state

P2,/UD

P2,/IRQ,/

ADTRG
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8.4 Port 3
8.4.1 Overview

Port 3 isan 8-bit I/O port, configured as shown in figure 8-3.

- P3,/PWM;,
<= P3g/PWMg
<= P3;/PWM;
porta | = P3J/PWM,
- P33/PWMj
- P3,/PWM,
- P3,/PWM;

- P30/PWMO

Figure8-3 Port 3 Pin Configuration
8.4.2 Register Configuration and Description
Table 8-8 shows the port 3 register configuration.

Table8-8 Port 3 Registers

Name Abbrev. R/W Initial Value Address
Port data register 3 PDR3 R/W H'00 H'FFD6
Port control register 3 PCR3 W H'00 H'FFE6
Port mode register 3 PMR3 R/W H'00 H'FFCA
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1. Port dataregister 3 (PDR3)

Bit 7 6 5 4 3 2 1 0

‘ P37 ‘ P3g ‘ P35 ‘ P34 ‘ P33 ‘ P3, ‘ P3; ‘ P3g ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

PDR3 isan 8-hit register that stores data for port 3 pins P3; to P3;. If port 3 isread while PCR3
bits are set to 1, the values stored in PDR3 are read, regardless of the actual pin states. If port 3is
read while PCR3 hits are cleared to 0, the pin states are read.

Upon reset, PDR3 isinitialized to H'00.

2. Port control register 3 (PCR3)

Bit 7 6 5 4 3 2 1 0

‘ PCR3y ‘ PCR3g ‘ PCR35 ‘ PCR34 ‘ PCR33 ‘ PCR3, ‘ PCR3; ‘ PCR3p ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write W W W W w W W w

PCR3 is an 8-bit register for controlling whether each of the port 3 pins P3; to P3; functions as an
input pin or output pin. Setting a PCR3 hit to 1 makes the corresponding pin an output pin, while
clearing the bit to 0 makes the pin an input pin. The settingsin PCR3 and in PDR3 are valid only
when the corresponding pin is designated in PMR3 as agenera 1/0 pin.

Upon reset, PCR3 isinitialized to H'00.
PCR3 isawrite-only register. All bitsareread as 1.

3. Port mode register 3 (PMR3)

Bit 7 6 5 4 3 2 1 0

‘ PWM7 ‘ PWM6 ‘ PWM5 ‘ PWM4 ‘ PWM3 ‘ PWM2 ‘ PWM1 ‘ PWMO ‘
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

PMR3 is an 8-bit read/write register, controlling the selection of pin functions for port 3 pins.

Upon reset, PMR3 isinitialized to H'00.
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Bit n: P3/PWM,, pin function switch (FWMn)

These bits select whether pin P3,/PWM,, is used as P3,, or as PWM,,.

Bitn
PWMn Description
0 Functions as P3,, /0 pin (initial value)
1 Functions as PWM,, output pin
(n=71t00)

8.4.3 Pin Functions
Table 8-9 shows the port 3 pin functions.
Table8-9 Port 3 Pin Functions
Pin Pin Functions and Selection Method
P3.,/PWM5 to The pin function depends on bits PWMn in PMR3 and bit PCR3,, in PCR3.
P3o/PWM PWMn 0 1

PCR3, 0 1 *

Pin function | P3, input pin |P3,, output pin PWM,, output pin

Note: * Don't care (n=71to00)

8.4.4 Pin States

Table 8-10 shows the port 3 pin states in each operating mode.

Table 8-10 Port 3 Pin States

Pins Reset Sleep Subsleep Standby Watch  Subactive Active
P3,/PWM; High- Retains  Retains High- Retains Functional Functional
to P3o/PWM, impedance previous previous impedance previous

state state state
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85 Port 4
8.5.1 Overview

Port 4 consists of a 3-bit 1/0O port and a 1-bit input port, and is configured as shown in figure 8-4.

- P43/IRQ,
<> P4,/TXD
Port 4

<> P4,/RXD

-—» P4,/SCK3

Figure8-4 Port 4 Pin Configuration
8.5.2 Register Configuration and Description
Table 8-11 shows the port 4 register configuration.

Table8-11 Port 4 Registers

Name Abbrev. R/W Initial Value Address
Port data register 4 PDR4 RIW H'F8 H'FFD7
Port control register 4 PCR4 w H'F8 H'FFE7
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1. Port dataregister 4 (PDR4)

Bit 7 6 5 4 3 2 1 0
= = = = e | P | P | Pa |

Initial value 1 1 1 1 1 0 0 0

Read/Write — — — — R R/W R/W R/W

PDR4 is an 8-bit register that stores data for port 4 pins P4, to P4,. If port 4 isread while PCR4
bit are set to 1, the values stored in PDR4 are read, regardless of the actua pin states. If port 4is
read while PCR4 hits are cleared to 0, the pin states are read.

Upon reset, PDR4 isinitialized to H'F8.

2. Port control register 4 (PCR4)

Bit 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ — ‘ — ‘ — ‘ PCR4, ‘ PCR4, ‘ PCR4( ‘
Initial value 1 1 1 1 1 0 0 0
Read/Write — — — — — W w W

PCRA4 controls whether each of the port 4 pins P4, to P4, functions as an input pin or output pin.
Setting a PCR4 bit to 1 makes the corresponding pin an output pin, while clearing the bit to 0
makes the pin an input pin. The settingsin PCR4 and in PDR4 are valid only when the
corresponding pin is designated in SCR3 as ageneral 1/O pin.

Upon reset, PCR4 isinitialized to H'F8.

PCR4 isawrite-only register. All bitsareread as 1.
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8.5.3 Pin Functions

Table 8-12 shows the port 4 pin functions.

Table 8-12 Port 4 Pin Functions

Pin Pin Functions and Selection Method
P4,/IRQq The pin function depends on the IRQO bit setting in PMR2.
IRQO 0 1
Pin function P45 input pin IRQq input pin
P4,/TXD The pin function depends on bit TE in SCR3 and bit PCR4, in PCR4.
uD 0 1
PCR4, 0 1 *
Pin function | P4, input pin | P4, output pin TXD output pin
P4,/RXD The pin function depends on bit RE in SCR3 and bit PCR4, in PCRA4.
RE 0 1
PCR4, 0 1 *
Pin function | P4, input pin | P4, output pin RXD input pin
P4,/SCKj3 The pin function depends on bits CKE1 and CKEO in SCR3, bit COM in SMR,

and bit PCR4 in PCR4.

CKE1l 0 1
CKEO 0 1 *
COM 0 1 * *
PCR4, 0 1 * *

Pin function | P4, input pin | P4q output pin|SCK3 output pin|[SCKj input pin

Note: * Don'’t care

141




8.5.4 Pin States

Table 8-13 shows the port 4 pin states in each operating mode.

Table 8-13 Port 4 Pin States

Pins Reset Sleep Subsleep Standby Watch  Subactive Active
P4,/IRQq High- Retains  Retains High- Retains Functional Functional
P4,/TXD impedance previous previous impedance previous

P4,/RXD state state state

P4,/SCK3
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8.6 Port5

8.6.1 Overview

Port 5 isan 8-hit I/O port, configured as shown in figure 8-5.

Port 5

P57/WKP;
P5¢/WKPg
P55/WKPg.
P54/WKP,
P53/WKP3
P5,/WKP,
P5,/WKP;
P50/WKPg

Figure8-5 Port 5 Pin Configuration

8.6.2 Register Configuration and Description

Table 8-14 shows the port 5 register configuration.

Table8-14 Port 5 Registers

Name Abbrev. R/W Initial Value Address
Port data register 5 PDR5 R/W H'00 H'FFD8
Port control register 5 PCR5 W H'00 H'FFES8
Port pull-up control register 5 PUCR5 R/W H'00 H'FFE2
Port mode register 5 PMR5 R/W H'00 H'FFCC
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1. Port dataregister 5 (PDR5)

Bit 7 6 5 4 3 2 1 0

‘ P57 ‘ P5¢ ‘ P55 ‘ P54 ‘ P53 ‘ P5, ‘ P5; ‘ P59 ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

PDR5 is an 8-bit register that stores data for port 5 pins P57 to P5g. If port 5isread while PCR5
bits are set to 1, the values stored in PDR5 are read, regardless of the actua pin states. If port5is
read while PCR5 hits are cleared to 0, the pin states are read.

Upon reset, PDR5 isinitialized to H'00.

2. Port control register 5 (PCR5)

Bit 7 6 5 4 3 2 1 0

‘ PCR57 ‘ PCR5¢ ‘ PCR5s5 ‘ PCR54 ‘ PCR53 ‘ PCR5; ‘ PCR5, ‘ PCR5g ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write w w w w w W w w

PCR5 is an 8-bit register for controlling whether each of the port 5 pins P5; to P5q functions as an
input pin or output pin. Setting a PCR5 hit to 1 makes the corresponding pin an output pin, while
clearing the bit to 0 makes the pin an input pin. The settingsin PCR5 and in PDR5 are valid only
when the corresponding pin is designated as ageneral 1/O pinin PMR5.

Upon reset, PCR5 isinitialized to H'00.
PCR5 isawrite-only register. All bitsareread as 1.

3. Port pull-up control register 5 (PUCR5)

Bit 7 6 5 4 3 2 1 0
‘PUCR57 ‘ PUCRb5g ‘ PUCRS55 ‘ PUCR54 ‘ PUCR53 ‘PUCRSZ ‘ PUCR5 ‘PUCRSO ‘

Initial value 0 0 0 0 0 0 0 0

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

PUCRS controls whether the MOS pull-up of each port 5 pin (P5; to P5p) ison or off. When a
PCRS bit is cleared to 0, setting the corresponding PUCRS bit to 1 turns on the MOS pull-up for
the corresponding pin, while clearing the bit to O turns off the MOS pull-up.

Upon reset, PUCR5 isinitialized to H'00.
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4. Port mode register 5 (PMR5)

Bit 7 6 5 4 3 2 1 0

‘ WKP7 ‘ WKP6 ‘ WKP5 ‘ WKP4 ‘ WKP3 ‘ WKP2 ‘ WKP1 ‘ WKPO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

PMRS5 is an 8-bit read/write register, controlling the selection of pin functions for port 5 pins.
Upon reset, PMR5 isinitialized to H'00.
Bit n: P5/WKP, pin function switch (WKPn)

These bits select whether pin P5,/WKP,, is used as P5,, or as WKP,.

Bit n
WKPn Description

0 Functions as P5,, I/O pin (initial value)

1 Functions as WKP,, input pin

(n=71t00)
8.6.3 Pin Functions
Table 8-15 shows the port 5 pin functions.

Table 8-15 Port 5 Pin Functions

Pin Pin Functions and Selection Method

P5,/WKP5 to The pin function depends on bit WKPn in PMR5 and bit PCR5,, in PCR5.
P5o/WKPq (n=7100)

WKPn 0 1
PCR5, 0 1 *

Pin function | P5, input pin |P5, output pin| WKP,, input pin

Note: * Don't care
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8.6.4 Pin States
Table 8-16 shows the port 5 pin states in each operating mode.

Table 8-16 Port 5 Pin States

Pins Reset Sleep Subsleep Standby Watch  Subactive Active
P5,/WKP;to High- Retains  Retains High- Retains  Functional Functional
P5o/WKPq impedance previous previous impedance* previous

state state state

Note: * A high-level signal is output when the MOS pull-up is in the on state.
8.6.5 MOS Input Pull-Up

Port 5 has a built-in MOS input pull-up function that can be controlled by software. When a
PCR5 hit is cleared to 0, setting the corresponding PUCRS bit to 1 turns on the MOS pull-up for
that pin. The MOS pull-up function isin the off state after a reset.

PCR5,, 0 1
PUCRS5,, 0 1 *
MOS input pull-up off On Off
Note: * Don'’t care (n=71t00)
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8.7 Port 6

8.7.1 Overview

Port 6 isan 8-hit I/O port, configured as shown in figure 8-6.

Port 6

P67
P6g
P65
P6,
P63
P6,
P6;
P6y

Figure8-6 Port 6 Pin Configuration

8.7.2 Register Configuration and Description

Table 8-17 shows the port 6 register configuration.

Table8-17 Port 6 Registers

Name Abbrev. R/W Initial Value Address
Port data register 6 PDR6 R/W H'00 H'FFD9
Port control register 6 PCR6 w H'00 H'FFE9
Port pull-up control register 6 PUCR6 RIW H'00 H'FFE3
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1. Port dataregister 6 (PDRG6)

Bit 7 6 5 4 3 2 1 0

‘ P67 ‘ P6g ‘ P65 ‘ P64 ‘ P63 ‘ P6, ‘ P64 ‘ P6g ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

PDRG6 is an 8-bit register that stores data for port 6 pins P67 to P6y. If port 6 isread while PCR6
bits are set to 1, the values stored in PDR6 are read, regardless of the actua pin states. If port 6is
read while PCR6 hits are cleared to 0, the pin states are read.

Upon reset, PDR6 isinitialized to H'00.

2. Port control register 6 (PCR6)

Bit 7 6 5 4 3 2 1 0

‘ PCR67 ‘ PCR6g ‘ PCR6s5 ‘ PCR64 ‘ PCR63 ‘ PCR6, ‘ PCR6;, ‘ PCR6g ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write w w w w w W w w

PCRG6 is an 8-bit register for controlling whether each of the port 6 pins P6; to P6; functions as an
input pin or output pin. Setting a PCR6 bit to 1 makes the corresponding pin an output pin, while
clearing the bit to 0 makes the pin an input pin.

Upon reset, PCR6 isinitialized to H'00.
PCR®6 is awrite-only register. All bitsareread as 1.

3. Port pull-up control register 6 (PUCR6)

Bit 7 6 5 4 3 2 1 0
‘PUCR67 ‘ PUCRG6g ‘ PUCRG6s ‘ PUCRG64 ‘ PUCRG3 ‘PUCRGZ ‘ PUCRG6; ‘PUCR60 ‘

Initial value 0 0 0 0 0 0 0 0

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

PUCRG6 controls whether the MOS pull-up of each port 6 pin (P6; to P6y) ison or off. When a
PCR®6 bit iscleared to O, setting the corresponding PUCRG bit to 1 turns on the MOS pull-up for
the corresponding pin, while clearing the bit to 0 turns off the MOS pull-up.

Upon reset, PUCR6 isinitialized to H'00.
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8.7.3 Pin Functions
Table 8-18 shows the port 6 pin functions.

Table 8-18 Port 6 Pin Functions

Pin Pin Functions and Selection Method
P6-, to P6y The pin function depends on bit PCR6,, in PCR6.
(n=7100)
PCR6,, 0 1

Pin function | P6,, input pin | P6,, output pin

8.7.4 Pin States
Table 8-19 shows the port 6 pin states in each operating mode.

Table8-19 Port 6 Pin States

Pins Reset Sleep Subsleep Standby Watch  Subactive Active
P6, to P6g High- Retains  Retains High- Retains  Functional  Functional
impedance previous previous impedance* previous
state state state

Note: * A high-level signal is output when the MOS pull-up is in the on state.
8.7.5 MOS Input Pull-Up

Port 6 has a built-in MOS input pull-up function that can be controlled by software. When a
PCR®6 bit is cleared to 0, setting the corresponding PUCRG bit to 1 turns on the MOS pull-up for
that pin. The MOS pull-up function isin the off state after areset.

PCR6, 0 1
PUCS6, 0 1 *
MOS input pull-up Off On off
Note: * Don'’t care (n=7100)
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8.8 Port 7

8.8.1 Overview

Port 7 is an 8-hit I/O port, configured as shown in figure 8-7.

Port 7

P77
P76
P75
P74
P73
P75
P7,
P70

Figure8-7 Port 7 Pin Configuration

8.8.2 Register Configuration and Description

Table 8-20 shows the port 7 register configuration.

Table8-20 Port 7 Registers

Name Abbrev. R/W Initial Value Address
Port data register 7 PDR7 R/W H'00 H'FFDA
Port control register 7 PCR7 w H'00 H'FFEA
Port pull-up control register 7 PUCRY R/W H'00 H'FFE1
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1. Portdataregister 7 (PDR7)

Bit 7 6 5 4 3 2 1 0

‘ P7, ‘ P7¢ ‘ P75 ‘ P74 ‘ P73 ‘ P7, ‘ P71 ‘ P70 ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

PDRY is an 8-bit register that stores data for port 7 pins P7; to P7,. If port 7 isread while PCR7
bits are set to 1, the values stored in PDR7 are read, regardless of the actua pin states. If port 7 is
read while PCR7 hits are cleared to 0, the pin states are read.

Upon reset, PDR7 isinitialized to H'00.

2. Port control register 7 (PCR7)

Bit 7 6 5 4 3 2 1 0

‘ PCR77 ‘ PCR7g ‘ PCR7s5 ‘ PCR7,4 ‘ PCR73 ‘ PCR7, ‘ PCR7;, ‘ PCR7q ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write w w w w w w w w

PCRY7 is an 8-bit register for controlling whether each of the port 7 pins P7; to P7, functions as an
input pin or output pin. Setting a PCR7 bit to 1 makes the corresponding pin an output pin, while
clearing the bit to 0 makes the pin an input pin.

Upon reset, PCR7 isinitialized to H'00.
PCR7 isawrite-only register. All bitsareread as 1.

3. Port pull-up control register 7 (PUCR?)

Bit 7 6 5 4 3 2 1 0
‘PUCRH‘ PUCR76‘ PUCR75‘ PUCR74‘ PUCR73 ‘ PUCR7, ‘ PUCR?l‘ PUCR?O‘

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

PUCRY controls whether the MOS pull-up of each port 7 pin (P77 to P7) ison or off. When a
PCRY7 bit is cleared to 0, setting the corresponding PUCRY bit to 1 turns on the MOS pull-up for
the corresponding pin, while clearing the bit to O turns off the MOS pull-up.

Upon reset, PUCRY isinitialized to H'00.
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8.8.3 Pin Functions
Table 8-21 shows the port 7 pin functions.

Table 8-21 Port 7 Pin Functions

Pin Pin Functions and Selection Method
P7,to P7, The pin function depends on bit PCR7,, in PCRY7.
(n=7100)
PCR7, 0 1

Pin function | P7,, input pin |P7, output pin

Note: * Don’t care
8.8.4 Pin States
Table 8-22 shows the port 7 pin statesin each operating mode.

Table8-22 Port 7 Pin States

Pins Reset Sleep Subsleep Standby Watch  Subactive Active
P7,to P7, High- Retains  Retains High- Retains  Functional Functional
impedance previous previous impedance* previous
state state state

8.8.5 MOS Input Pull-Up

Port 7 has a built-in MOS input pull-up function that can be controlled by software. When a PCR7
bit is cleared to 0, setting the corresponding PUCRY? bit to 1 turns on the MOS pull-up for that pin.
The MOS pull-up function isin the off state after areset.

PCR7n 0 1
PUCR7Nn 0 1 *
MOS input pull-up Off On Off
Note: * Don't care (n=7100)
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8.9 Port 8

8.9.1 Overview

Port 8 is an 8-bit I/O port configured as shown in figure 8-8.

Port 8

P8
P8
P8s
P8,
P83
P8,
P8,
P8,

Figure8-8 Port 8 Pin Configuration

8.9.2 Register Configuration and Description
Table 8-23 shows the port 8 register configuration.

Table8-23 Port 8 Registers

Name Abbrev. R/W Initial Value Address
Port data register 8 PDRS8 R/W H'00 H'FFDB
Port control register 8 PCRS8 w H'00 H'FFEB
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1. Port dataregister 8 (PDR8)

Bit 7 6 5 4 3 2 1 0

‘ P8, ‘ P8¢ ‘ P8sg ‘ P84 ‘ P83 ‘ P8, ‘ P81 ‘ P8¢ ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

PDR8 is an 8-bit register that stores data for port 8 pins P87 to P8;. If port 8 isread while PCR8
bits are set to 1, the values stored in PDR8 are read, regardless of the actua pin states. If port 8is
read while PCR8 hits are cleared to 0, the pin states are read.

Upon reset, PDR8 isinitialized to H'00.

2. Port control register 8 (PCR8)

Bit 7 6 5 4 3 2 1 0

‘ PCR87 ‘ PCRS8g ‘ PCR8sg ‘ PCR8, ‘ PCR83 ‘ PCR8, ‘ PCR8; ‘ PCR8 ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write w w w w w w w w

PCR8 is an 8-bit register for controlling whether each of the port 8 pins P8; to P8; functions as an
input or output pin. Setting a PCR8 bit to 1 makes the corresponding pin an output pin, while
clearing the bit to 0 makes the pin an input pin.

Upon reset, PCR8 isinitialized to H'00.

PCRS8 isawrite-only register. All bitsareread as 1.
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8.9.3 Pin Functions

Table 8-24 shows the port 8 pin functions.

Table 8-24 Port 8 Pin Functions

Pin Pin Functions and Selection Method
P8 to P8y The pin function depends on bit PCR8,, in PCR8.
(n=71t00)
PCRS,, 0 1

Piv bn function | P8,, input pin

P8,, output pin

8.9.4 Pin States

Table 8-25 shows the port 8 pin states in each operating mode.

Table8-25 Port 8 Pin States

Pins Reset Sleep Subsleep Standby Watch  Subactive Active
P8, to P8, High- Retains  Retains High- Retains  Functional  Functional
impedance previous previous impedance  previous
state state state
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8.10 Port 9
8.10.1 Overview

Port 9 consists of a 3-bit 1/0O port and a4-hit input port, and is configured as shown in figure 8-9.

<—— P9,/TMOH
<—— P9¢/TMCIH
<—— P9/TMRIH
Port9 | «———— po,/SDA,
~———— P9,/SCL,
~———— P9,/SDA;
- P9,/SCL,;

Figure8-9 Port 9 Pin Configuration
8.10.2 Register Configuration and Description
Table 8-26 shows the port 9 register configuration.

Table8-26 Port 9 Registers

Name Abbrev. R/W Initial Value Address
Port data register 9 PDR9 R/W H'1F H'FFDC
Port control register 9 PCR9 w H'1F H'FFEC
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1. Port dataregister 9 (PDR9)

Bit 7 6 5 4 3 2 1 0

‘ P9, ‘ P9 ‘ P9s ‘ P94 ‘ P93 ‘ P9, ‘ P9, ‘ — ‘
Initial value 0 0 0 1 1 1 1 1
Read/Write R/W R/W R/W R R R R —

PDR9 is an 8-hit register that stores data for port 9 pins P9; to P9;. If port 9 isread while PCR9
bits are set to 1, the values stored in PDR9 are read, regardless of the actua pin states. If port 9is
read while PCR9 hits are cleared to 0, the pin states are read.

Upon reset, PDR9 is initialized to H'1F.

2. Port control register 9 (PCR9)

Bit 7 6 5 4 3 2 1 0

‘ PCR9; ‘ PCRO% ‘ PCRYs ‘ — ‘ — ‘ _ ‘ _ ‘ _ ‘
Initial value 0 0 0 1 1 1 1 1
Read/Write w w w — — — — —

PCR9 is an 8-bit register for controlling whether each of the port 9 pins P9; to P95 functions as an
input or output pin. Setting a PCR9 bit to 1 makes the corresponding pin an output pin, while
clearing the bit to 0 makes the pin an input pin.

Upon reset, PCRY isinitialized to H'1F.

PCRO9 is awrite-only register. All bitsareread as 1.

157



8.10.3 Pin Functions

Table 8-27 shows the port 9 pin functions.

Table 8-27 Port 9 Pin Functions

Pin Pin Functions and Selection Method
P9,/TMOH The pin function depends on bit PCR9; in PCR9 and bits OS3 to OSO0 in
TCSRH.
0S3 to 0S0 0000 Not 0000
PCR9, 0 1 *
Pin function P9 input pin P9 output pin TMOH output pin
P96/TMCIH The pin function depends on bit PCR9g in PCR9.
PCR9g 0 1
Pin function P9 input pin P9¢ output pin
TMCIH input pin
P95/TMRIH The pin function depends on bit PCR95 in PCRO.
PCR9; 0 1
Pin function P95 input pin P95 output pin
TMRIH input pin
P9,/SDA, The pin function depends on bit ICE in ICCR2.
ICE 0 1
Pin function P9, input pin SDA,
input/output pin
P9,/SCL, The pin function depends on bit ICE in ICCR2.

ICE

0

1

Pin function

P93 input pin

SCL,
input/output pin

Note: * Don't care
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Table 8-27 Port 9 Pin Functions (cont)

Pin Pin Functions and Selection Method
P9,/SDA, The pin function depends on bit ICE in ICCRL1.
ICE 0 1
Pin function P9, input pin SDA;
input/output pin
P9,/SCL4 The pin function depends on bit ICE in ICCR1.
ICE 0 1
Pin function P9, input pin SCL,

input/output pin

8.10.4 Pin States
Table 8-28 shows the port 9 pin statesin each operating mode.

Table8-28 Port 9 Pin States

Pins Reset Sleep Subsleep Standby Watch  Subactive Active
P9,/TMOH High- Retains  Retains High- Retains  Functional Functional
P9¢/TMCIH impedance previous previous impedance  previous

P95/TMRIH state state state

P9,/SDA,

P9,/SCL,

P9,/SDA

P9,/SCL,
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8.11 Port A

8.11.1 Overview

Port A isa7-bit I/O port, configured as shown in figure 8-10.

Port A -— -

PAg
PAs
PA,
PA3
PA,
PA;
PAg

Figure8-10 Port A Pin Configuration

8.11.2 Register Configuration and Description
Table 8-29 shows the port A register configuration.

Table8-29 Port A Registers

Name Abbrev. R/W Initial Value Address
Port data register A PDRA R/W H'80 H'FFDD
Port control register A PCRA W H'80 H'FFED
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1. Portdataregister A (PDRA)

Bit 7 6 5 4 3 2 1 0

‘ — ‘ PAg ‘ PAs ‘ PA, ‘ PA3 ‘ PA, ‘ PA; ‘ PAg ‘
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

PDRA isan 8-hit register that stores datafor port A pins PAgto PAq. If port A isread while
PCRA bits are set to 1, the values stored in PDRA are read, regardless of the actua pin states. If
port A isread while PCRA bits are cleared to O, the pin states are read.

Upon reset, PDRA isinitialized to H'80.

2. Port control register A (PCRA)

Bit 7 6 5 4 3 2 1 0

‘ — ‘ PCRAB‘ PCRA; ‘ PCRA4 ‘ PCRA; ‘ PCRA, ‘ PCRA; ‘ PCRAq ‘
Initial value 1 0 0 0 0 0 0 0
Read/Write — w w w w w w w

PCRA is an 8-bit register for controlling whether each of the port A pins PAg to PAg functions as
aninput or output pin. Setting a PCRA hit to 1 makes the corresponding pin an output pin, while
clearing the bit to 0 makes the pin an input pin.

Upon reset, PCRA isinitialized to H'80.

PCRA isawrite-only register. All bitsareread as 1.
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8.11.3 Pin Functions

Table 8-30 gives the port A pin functions.

Table 8-30 Port A Pin Functions

Pin Pin Functions and Selection Method
PAg to PAg The pin function depends on bit PCRA,, in PCRA.
(n=6100)
PCRA, 0 1
Pin function PA,, input pin PA,, output pin

8.11.4 Pin States

Table 8-31 shows the port A pin states in each operating mode.

Table8-31 Port A Pin States

Pins Reset Sleep Subsleep Standby Watch  Subactive Active
PAg to PA;  High- Retains  Retains High- Retains Functional Functional
impedance previous previous impedance previous
state state state
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8.12 Port B
8.12.1 Overview

Port B is an 8-hit input-only port, configured as shown in figure 8-11.

<~ PB,/AN;
<~ PBg/ANg
< PBs/ANs
pot | © PBa/ANs
<~ PB3/AN3
-~ PB,/AN,
-~ PBy/AN;

- PBy/AN,

Figure8-11 Port B Pin Configuration
8.12.2 Register Configuration and Description
Table 8-32 shows the port B register configuration.

Table 8-32 Port B Register

Name Abbrev. R/W Address

Port data register B PDRB R H'FFDE

Port Data Register B (PDRB)

Bit 7 6 5 4 3 2 1 0
‘ PB~ ‘ PBg ‘ PBsg ‘ PB4 ‘ PB3 ‘ PB»> ‘ PB1 ‘ PBo ‘
Read/Write R R R R R R R R

Reading PDRB aways gives the pin states. However, if aport B pin is selected as an analog input
channel for the A/D converter by AMR bits CH3 to CHO, that pin reads O regardless of the input
voltage.
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8.12.3 Pin Functions
Table 8-33 shows the port B pin functions.

Table 8-33 Port B Pin Functions

Pin Pin Functions and Selection Method
PB, /AN, Always as below.
(n=7100)
Pin function PB,, input pin or AN, input pin
8.12.4 Pin States
Table 8-34 shows the port B pin states in each operating mode.
Table8-34 Port B Pin States
Pin Reset Sleep Subsleep Standby Watch Subactive Active
PB,/AN, High- High- High- High- High- High- High-
impedance impedance impedance impedance impedance impedance impedance

(n=7100)
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8.13 Port C
8.13.1 Overview

Port C isa4-bit input-only port, configured as shown in figure 8-12.

~-—— PC3/AN_;
-— PC,/AN

Port C 2 10
~—— PC;1/ANg

<——— PCy/ANg

Figure8-12 Port C Pin Configuration
8.13.2 Register Configuration and Description
Table 8-35 shows the port C register configuration.

Table 8-35 Port C Register

Name Abbrev. R/W Address
Port data register C PDRC R H'FFDF
Port Data Register C (PDRC)
Bit 7 6 5 4 3 2 1 0

== = = [ | o | re |

Read/Write — — — — R R R R

Reading PDRC aways gives the pin states. However, if aport C pin is selected as an analog input
channel for the A/D converter by AMR bits CH3 to CHO, that pin reads 0 regardless of the input
voltage.
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8.13.3 Pin Functions
Table 8-36 shows the port C pin functions.

Table 8-36 Port C Pin Functions

Pin Pin Functions and Selection Method

PC5/AN4, to Always as below.

PCo/ANg . . . : : -
Pin function PC; to PCy input pin or AN4; to ANg input pin

8.13.4 Pin States
Table 8-37 shows the port C pin states in each operating mode.

Table 8-37 Port C Pin States

Pin Reset Sleep Subsleep Standby  Watch Subactive Active
PC3/AN4; to High- High- High- High- High- High- High-
PCy/ANg impedance impedance impedance impedance impedance impedance impedance
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Section9 Timers

9.1 Overview

The H8/3947 Series provides eight on-chip timers: timers A, B1, B2, B3, C, F, G, and H. The
functions of these timers are outlined in table 9-1.

Table9-1 Timer Functions

Waveform
Name Functions Internal Clock  Event Input Pin  Output Pin Remarks
Timer A * 8-bit  eInterval @/8to @/8192 — —
timer timer (8 choices)
» Time 2\,/128 (choice
base of 4 overflow
periods)
* Clock o/4 to /32 — TMOW
output  gy/4 to g,/32
(8 choices)
Timer B1, - 8-bit timer @l4 to 8/8192 TMIB1 — Timer B3
B2, B3 « Interval timer (7 choices) TMIB2A has no event
* Event counter TMIB2B counter
function
Timer C * 8-bit timer o/4 to 9/8192 TMIC — Counting
* Interval timer /4 (7 choices) direction can
 Event counter be controlled
* Choice of up- or by software
down-counting or hardware
Timer F * 16-bit timer 2/2 to 8/32 TMIF TMOFL
« Event counter (4 choices) TMOFH
» Can be used as
two independent
8-bit timers
¢ Output compare
Timer G * 8-bit timer a/2 to o/64 TMIG —  Counter
« Input capture /2 (4 choices) clearing
« Interval timer option
* Built-in
noise
canceler
for input
capture
signal
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Table9-1 Timer Functions (cont)

Waveform
Name Functions Internal Clock  Event Input Pin  Output Pin Remarks
Timer H * 8-bit timer 2/8 to 8/1024 TMCIH TMOH External
« Event counter (3 choices) counter
 Output control clearing pin
by dual compare (TMRIH)
match
« Counter clearing
option
9.2 Timer A

9.2.1 Overview

Timer A isan 8-bit timer with interval timing and real-time clock time-base functions. The clock
time-base function is available when a 32.768-kHz crystal oscillator is connected. A clock signal
divided from 32.768 kHz or from the system clock can be output at the TMOW pin.

1.

Features

Features of timer A are given below.

Choice of eight internal clock sources (2/8192, /4096, 2/2048, &/512, @/256, 2/128, @/32,
a/8).

Choice of four overflow periods (1 s, 0.5 s, 0.25 s, 31.25 ms) when timer A is used as a clock
time base (using a 32.768 kHz crystal oscillator).

An interrupt is requested when the counter overflows.

Any of eight clock signals can be output from pin TMOW: 32.768 kHz divided by 32, 16, 8,
or 4 (1 kHz, 2 kHz, 4 kHz, 8 kHz), or the system clock divided by 32, 16, 8, or 4.
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2. Block diagram

Figure 9-2-1 shows a block diagram of timer A.

Gy —=  1/4 - PSW TMA
o\wl4
1)
a
s
3
2y/128 °
TMOW TCA | - 5
£
/32 2/8192, 3/4096, 3/2048, S -
0/16 0/512, 01256, 9128, & | S| |
ﬂﬁ 2132, 9/8 Yoy oy
a
% - PSS

Notation:

TMA:  Timer mode register A

TCA:  Timer counter A

IRRTA: Timer A overflow interrupt request flag (interrupt request register 1)

PSW:  Prescaler W

PSS:  Prescaler S

Note: Can be selected only when the prescaler W output (g,,/128) is used as the TCA input clock.

Figure9-2-1 Block Diagram of Timer A
3. Pinconfiguration
Table 9-2-1 shows the timer A pin configuration.

Table9-2-1 Pin Configuration

Name Abbrev. 1/O Function

Clock output TMOW  Output Output of waveform generated by timer A output circuit
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4. Register configuration
Table 9-2-2 shows the register configuration of timer A.

Table9-2-2 Timer A Registers

Name Abbrev. R/W Initial Value Address
Timer mode register A TMA R/W H'10 H'FFBO
Timer counter A TCA R H'00 H'FFB1
9.2.2 Register Descriptions
1. Timer mode register A (TMA)
Bit 7 6 5 4 3 2 1 0
‘ TMA7 ‘ TMAG ‘ TMAS5 ‘ — ‘ TMA3 ‘ TMAZ2 ‘ TMAL ‘ TMAOQ ‘
Initial value 0 0 0 1 0 0 0 0
Read/Write R/W R/W R/W — R/W R/W R/W R/W

TMA isan 8-hit read/write register for selecting the prescaler, input clock, and output clock.

Upon reset, TMA isinitialized to H'10.

Bits 7 to 5: Clock output select (TMA7 to TMAD)

Bits 7 to 5 choose which of eight clock signalsis output at the TMOW pin. The system clock
divided by 32, 16, 8, or 4 can be output in active mode and sleep mode. A 32.768 kHz signal
divided by 32, 16, 8, or 4 can be output in active mode, sleep mode, and subactive mode.

Bit 7 Bit 6 Bit 5
TMA7 TMA6  TMAS5 Clock Output

0 0 0 2/32 (initial value)
1 /16
1 0 2/8
1 /4
1 0 0 B/32
1 2\,/16
1 0 o\w/8
1 awl4
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Bit 4: Reserved bit
Bit 4 isreserved; it is always read as 1, and cannot be modified.
Bits3to O: Internal clock select (TMA3to TMAO)

Bits 3to 0 select the clock input to TCA. The selection is made as follows.

Description
Bit3 Bit2 Bitl BitO Prescaler and Divider Ratio
TMA3 TMA2 TMA1l TMAO  or Overflow Period Function
0 0 0 0 PSS, /8192 (initial value) Interval timer
1 PSS, /4096
1 0 PSS, 2/2048
1 PSS, 2/512
1 0 0 PSS, 2/256
1 PSS, 2/128
1 0 PSS, 2/32
1 PSS, 2/8
1 0 0 0 PSW, 1s Clock time
1 PSW, 0.5 s base
1 0 PSW, 0.25 s
1 PSW, 0.03125 s
1 0 0 PSW and TCA are reset
1
1 0
1
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2. Timer counter A (TCA)

Bit 7 6 5 4 3 2 1 0

‘ TCA7 ‘ TCAG6 ‘ TCA5 ‘ TCA4 ‘ TCA3 ‘ TCA2 ‘ TCAl ‘ TCAO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R R R R R R R R

TCA isan 8-bit read-only up-counter, which is incremented by internal clock input. The clock
source for input to this counter is selected by bits TMA3 to TMAO in timer mode register A
(TMA). TCA values can be read by the CPU in active mode, but cannot be read in subactive
mode. When TCA overflows, the IRRTA hit in interrupt request register 1 (IRR1) isset to 1.

TCA iscleared by setting bits TMA3 and TMA2 of TMA both to 1.
Upon reset, TCA isinitialized to H'00.

9.2.3 Timer Operation

1. Interval timer operation

When bit TMA3 in timer mode register A (TMA) is cleared to O, timer A functions as an 8-bit
interval timer.

Upon reset, TCA is cleared to H'00 and bit TMAS3 is cleared to 0, so up-counting and interval
timing resume immediately. The clock input to timer A is selected by bitsTMA2to TMAOin
TMA; any of eight internal clock signals output by prescaler S can be selected.

After the count value in TCA reaches H'FF, the next clock signal input causestimer A to
overflow, setting bit IRRTA to 1 in interrupt request register 1 (IRR1). If IENTA = 1 ininterrupt
enableregister 1 (IENR1), aCPU interrupt is requested.*

At overflow, TCA returnsto H'00 and starts counting up again. In this mode timer A functions as

an interval timer that generates an overflow output at intervals of 256 input clock pulses.

Note: * For details on interrupts, see 3.3, Interrupts.
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2. Real-time clock time base operation

When bit TMA3in TMA isset to 1, timer A functions as a real-time clock time base by counting
clock signals output by prescaler W. The overflow period of timer A is set by bits TMA1 and
TMAOiIn TMA. A choice of four periodsisavailable. Intime base operation (TMA3 = 1),
setting bit TMA2 to 1 clears both TCA and prescaler W to H'00.

3. Clock output

Setting bit TMOW in port mode register 1 (PMR1) to 1 causes a clock signal to be output at pin
TMOW. Eight different clock output signals can be selected by means of bits TMA7 to TMAS5 in
TMA. The system clock divided by 32, 16, 8, or 4 can be output in active mode and sleep mode.
A 32.768 kHz signal divided by 32, 16, 8, or 4 can be output in active mode, sleep mode, and
subactive mode.

9.2.4 Timer A Operation States
Table 9-2-3 summarizes the timer A operation states.

Table9-2-3 Timer A Operation States

Sub- Sub-
Operation Mode Reset Active Sleep Watch active sleep Standby
TCA Interval Reset Functions Functions Halted Halted Halted Halted

Clock time base Reset Functions Functions Functions Functions Functions Halted

TMA Reset Functions Retained Retained Functions Retained Retained

Note: When the real-time clock time base function is selected as the internal clock of TCA in active
mode or sleep mode, the internal clock is not synchronous with the system clock, so it is
synchronized by a synchronizing circuit. This may result in a maximum error of 1/g (s) in the
count cycle.
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9.3 Timer B1
9.3.1 Overview

Timer B1 isan 8-hit timer that increments each time a clock pulseisinput. Thistimer hastwo
operation modes, interval and auto reload.

1. Features
Features of timer B1 are given below.

e Choice of seveninterna clock sources (2/8192, @/2048, a/512, &/256, @/64, @/16, @/4) or an
external clock (can be used to count external events).

* Aninterrupt is requested when the counter overflows.
2. Block diagram

Figure 9-3-1 shows a block diagram of timer B1.

| TMB1 |‘—>
]
>
o]
oo}
©
o _— PSS - X TCB1 —
1 g
]
=
TMIBL O | TLB1 |=
Notation: > IRRTB1

TMB1: Timer mode register B1

TCB1: Timer counter B1

TLB1: Timer load register B1

IRRTB1: Timer B1 overflow interrupt request flag
PSS:  Prescaler S

Figure9-3-1 Block Diagram of Timer B1
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3. Pinconfiguration
Table 9-3-1 shows the timer B1 pin configuration.

Table 9-3-1 Pin Configuration

Name Abbrev. /1O Function

Timer B1 event input TMIB1 Input Event input to TCB1

4. Register configuration
Table 9-3-2 shows the register configuration of timer B1.

Table9-3-2 Timer B1 Registers

Name Abbrev. R/W Initial Value Address
Timer mode register B1 TMB1 R/W H'78 H'FFB2
Timer counter B1 TCB1 R H'00 H'FFB3
Timer load register B1 TLB1 W H'00 H'FFB3

9.3.2 Register Descriptions

1. Timer moderegister B1 (TMB1)

Bit 7 6 5 4 3 2 1 0

‘ TMB17 ‘ — ‘ — ‘ — ‘ — ‘ TMB12 ‘ TMB11 ‘ TMB10 ‘
Initial value 0 1 1 1 1 0 0 0
Read/Write R/W — — — — R/W R/W R/W

TMBL1 isan 8-bit read/write register for selecting the auto-rel oad function and input clock.
Upon reset, TMBLlisinitialized to H'78.
Bit 7: Auto-reload function select (TMB17)

Bit 7 selects whether timer B1 is used as an interval timer or auto-rel oad timer.

Bit 7

TMB17 Description

0 Interval timer function selected (initial value)
1 Auto-reload function selected
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Bits 6 to 3: Reserved bits
Bits 6 to 3 are reserved; they are always read as 1, and cannot be modified.
Bits2t0 0: Clock select (TMB12 to TMB10)

Bits 2 to 0 select the clock input to TCB1. For external event counting, either the rising or falling
edge can be sdlected.

Bit 2 Bit 1 Bit 0
TMB12 TMB11 TMB10 Description

0 0 0 Internal clock: /8192 (initial value)

Internal clock: /2048

Internal clock: /512

Internal clock: @/256

Internal clock: @/16

1
0
1
0 Internal clock: 8/64
1
0

R O  O|F, |k, |O

Internal clock: @/4

0
0
0
1
1
1
1

1 1 External event (TMIB1): rising or falling edge*

Note: * The edge of the external event signal is selected by bit IEG1 in the IRQ edge select
register (IEGR). See 3.3.2, Interrupt Control Registers, for details on the IRQ edge select
register. Be sure to set bit IRQ1 in port mode register 1 (PMR1) to 1 before setting bits
TMB12 to TMB10 to 111.

2. Timer counter B1 (TCB1)

Bit 7 6 5 4 3 2 1 0

‘ TCB17 ‘ TCB16 ‘ TCB15 ‘ TCB14 ‘ TCB13 ‘ TCB12 ‘ TCB11 ‘ TCB10 ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R R R R R R R R

TCB1isan 8-hit read-only up-counter, which isincremented by internal clock or external event
input. The clock source for input to this counter is selected by bits TMB12 to TMB10 in timer
mode register B1 (TMB1). TCB1 values can be read by the CPU at any time.

When TCB1 overflows from H'FF to H'00 or to the value set in TLB1, the IRRTBL1 bit in interrupt
request register 2 (IRR2) isset to 1.

TCB1isallocated to the same address as timer load register B1 (TLB1).

Upon reset, TCB1 isinitialized to H'00.
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3. Timer load register B1 (TLB1)

Bit 7 6 5 4 3 2 1 0

‘ TLB17 ‘ TLB16 ‘ TLB15 ‘ TLB14 ‘ TLB13 ‘ TLB12 ‘ TLB11 ‘ TLB10 ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write w w W W W W w W

TLB1isan 8-bit write-only register for setting the reload value of timer counter B1.

When areload valueis set in TLB1, the same value isloaded into timer counter B1 (TCB1) as
well, and TCB1 starts counting up from that value. When TCB1 overflows during operation in
auto-reload mode, the TLB1 valueisloaded into TCB1. Accordingly, overflow periods can be set
within the range of 1 to 256 input clocks.

The same addressis allocated to TLB1 asto TCB1.
Upon reset, TLB1 isinitialized to H'00.

9.3.3 Timer Operation

1. Interval timer operation

When bit TMB17 in timer mode register B1 (TMB1) is cleared to 0, timer B1 functions as an 8-bit
interval timer.

Upon reset, TCB1 is cleared to H'00 and bit TMB17 is cleared to 0, so up-counting and interval
timing resume immediately. The clock input to timer B1 is selected from seven internal clock
signals output by prescaler S, or an external clock input at pin TMIB1. The selection is made by
bits TMB12 to TMB10 of TMB1.

After the count value in TCB1 reaches H'FF, the next clock signal input causestimer B1to
overflow, setting bit IRRTB1 to 1 in interrupt request register 2 (IRR2). If IENTB1=1in
interrupt enable register 2 (IENR2), a CPU interrupt is requested.*

At overflow, TCBL1 returns to H'00 and starts counting up again.

During interval timer operation (TMB17 = 0), when avalueis set in timer |oad register B1
(TLB1), the same valueisset in TCB1.

Note: * For details on interrupts, see 3.3, Interrupts.
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2. Auto-reload timer operation

Setting bit TMB17 in TMB1 to 1 causestimer B1 to function as an 8-bit auto-reload timer. When
areload valueisset in TLB1, the same value is loaded into TCB1, becoming the value from
which TCB1 startsits count.

After the count value in TCB1 reaches H'FF, the next clock signal input causestimer B1to
overflow. The TLB1 valueisthen loaded into TCB1, and the count continues from that value.
The overflow period can be set within arange from 1 to 256 input clocks, depending on the TLB1
value.

The clock sources and interrupts in auto-rel oad mode are the same as in interval mode.

In auto-reload mode (TMB17 = 1), when anew valueissetin TLB1, the TLB1 valueisalso setin
TCB1.

3. Event counter operation

Timer B1 can operate as an event counter, counting rising or falling edges of an external event
signal input at pin TMIB1. External event counting is selected by setting bits TMB12 to TMB10
in timer mode register B1 to al 1s (111).

When timer B1 is used to count external event input, bit IRQ1 in port mode register 1 (PMR1)
should be set to 1, and bit IEN1 in interrupt enable register 1 (IENR1) should be cleared to 0 to
disable IRQ; interrupt requests.

9.3.4 Timer B1 Operation States
Table 9-3-3 summarizes the timer B1 operation states.

Table 9-3-3 Timer B1 Operation States

Sub- Sub-
Operation Mode Reset Active Sleep Watch active sleep Standby
TCB1 Interval Reset Functions Functions Halted Halted Halted Halted
Auto reload Reset Functions Functions Halted Halted Halted Halted
TMB1 Reset Functions Retained Retained Retained Retained Retained
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94 Timer B2
9.4.1 Overview

Timer B2 is an 8-hit timer that increments each time a clock pulse isinput. Thistimer has two
operation modes, interval and auto reload.

1. Features
Features of timer B2 are given below.

*  Choice of seveninternal clock sources (2/8192, @/2048, @/512, /256, @/64, ¢/16, @/4) or an
external clock (can be used to count external events).

* Aninterrupt is requested when the counter overflows.
e Choice of two external event input pins.
2. Block diagram

Figure 9-4-1 shows a block diagram of timer B2.

| TMB2 |<—>
2]
>
o]
) oo
- ]
@ — PSS %| TCB2 . %
A c
[<J]
E
TMIB2AO— | TLB2 |=
TMIB2BO——»
-—= |RRTB2
Notation:

TMB2: Timer mode register B2

TCB2: Timer counter B2

TLB2:  Timer load register B2

IRRTB2: Timer B2 overflow interrupt request flag
PSS: Prescaler S

Figure9-4-1 Block Diagram of Timer B2
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3. Pin configuration
Table 9-4-1 shows the timer B2 pin configuration.

Table 9-4-1 Pin Configuration

Name Abbrev. I/0 Function
Timer B2 event input A TMIB2A Input Event input to TCB2
Timer B2 event input B TMIB2B Input Event input to TCB2

4. Register configuration
Table 9-4-2 shows the register configuration of timer B2.

Table9-4-2 Timer B2 Registers

Name Abbrev. R/W Initial Value Address
Timer mode register B2 TMB2 R/W H'78 H'FFoC
Timer counter B2 TCB2 R H'00 H'FF9D
Timer load register B2 TLB2 w H'00 H'FFOD

9.4.2 Register Descriptions

1. Timer mode register B2 (TMB2)

Bit 7 6 5 4 3 2 1 0

‘ TMB27 ‘ — ‘ — ‘ — ‘ — ‘ TMB22 ‘ TMB21 ‘ TMB20 ‘
Initial value 0 1 1 1 1 0 0 0
Read/Write R/W — — — — R/W R/W R/W

TMB2 is an 8-bit read/write register for selecting the auto-reload function and input clock.
Upon reset, TMB2 isinitialized to H'78.
Bit 7: Auto-reload function select (TMB27)

Bit 7 selects whether timer B2 is used as an interval timer or auto-rel oad timer.

Bit 7

TMB27 Description

0 Interval timer function selected (initial value)
1 Auto-reload function selected

180



Bits 6 to 3: Reserved bits
Bits 6 to 3 are reserved; they are always read as 1, and cannot be modified.
Bits2t0 0: Clock select (TMB22 to TMB20)

Bits 2 to 0 select the clock input to TCB2. For external event input there is a choice between
counting rising edges or falling edges.

Bit 2 Bit 1 Bit O
TMB22 TMB21 TMB20  Description

0 0 0 Internal clock: /8192 (initial value)
1 Internal clock: /2048
1 0 Internal clock: /512
1 Internal clock: @/256
1 0 0 Internal clock: @/64
1 Internal clock: g/16
1 0 Internal clock: g/4
1 External event (TMIB2A or TMIB2B), rising or falling edge*

Note: * The edge selection of the external event signal is made by bit EDGB2 in port mode
register 2 (PMR2). For details, see 8.3.2 (3), Port Mode Register 2 (PMR2). Be sure to set
either bit TMIB2A or TMIB2B to 1 in port mode register 2 (PMR2) before setting bits
TMB22 to TMB20 to 111.

2. Timer counter B2 (TCB2)

Bit 7 6 5 4 3 2 1 0

‘ TCB27 ‘ TCB26 ‘ TCB25 ‘ TCB24 ‘ TCB23 ‘ TCB22 ‘ TCB21 ‘ TCB20 ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R R R R R R R R

TCB2 is an 8-bit read-only up-counter, which isincremented by internal clock or external event
input. The clock source for input to this counter is selected by bits TMB22 to TMB20 in timer
mode register B2 (TMB2). TCB2 values can be read by the CPU at any time.

When TCB2 overflows from H'FF to H'00 or to the value set in TLB2, the IRRTB2 flag in IRR2
issettol.

TCB2 isdlocated to the same address as TLB2.

Upon reset, TCB2 isinitialized to H'00.
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3. Timer load register B2 (TLB2)

Bit 7 6 5 4 3 2 1 0

‘ TLB27 ‘ TLB26 ‘ TLB25 ‘ TLB24 ‘ TLB23 ‘ TLB22 ‘ TLB21 ‘ TLB20 ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write w w w w w w w w

TLB2 isan 8-bit write-only register for setting the reload value of timer counter B2.

When areload value is set in TLB2, the same value isloaded into timer counter B2 (TCB2) as
well, and TCB2 starts counting up from that value. When TCB2 overflows during operation in
auto-reload mode, the TLB2 valueisloaded into TCB2. Accordingly, overflow periods can be set
within the range of 1 to 256 input clocks.

The same addressis allocated to TLB2 asto TCB2.
Upon reset, TLB2 isinitialized to H'00.

9.4.3 Timer Operation

1. Interval timer operation

When bit TMB27 in timer mode register B2 (TMBZ2) is cleared to 0, timer B2 functions as an 8-bit
interval timer.

Upon reset, TCB2 is cleared to H'00 and bit TMB27 is cleared to 0, so up-counting and interval
timing resume immediately. The clock input to timer B2 is selected from seven internal clock
signals output by prescaler S, and an external clock signal from pin TMIB2A or TMIB2B. The
selection is made by bits TMB22 to TMB20 of TMB2.

After the count value in TCB2 reaches H'FF, the next clock signal input causestimer B2 to
overflow, setting the IRRTB2 flag to 1 in interrupt request register 2 (IRR2). If IENTB2=1in
interrupt enable register 2 (IENR2), a CPU interrupt is requested.*

At overflow, TCB2 returns to H'00 and starts counting up again.

During interval timer operation (TMB27 = 0), when avalueis set in timer |oad register B2
(TLB2), the same valueis set in TCB2.

Note: * For details on interrupts, see 3.3, Interrupts.
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2. Auto-reload timer operation

Setting bit TMB27 in TMB2 to 1 causestimer B2 to function as an 8-bit auto-reload timer. When
areload valueisset in TLB2, the same value is loaded into TCB2, becoming the value from
which TCB2 starts its count.

After the count value in TCB2 reaches H'FF, the next clock signal input causestimer B2 to
overflow. The TLB2 value is then loaded into TCB2, and the count continues from that value. The
overflow period can be set within arange from 1 to 256 input clocks, depending on the TLB2
value.

The clock sources and interrupts in auto-rel oad mode are the same as in interval mode.

In auto-reload mode (TMB27 = 1), when anew valueissetin TLB2, the TLB2 valueisalso setin
TCB2.

3. Event counter operation

Timer B2 can operate as an event counter, counting an event signal input at pin TMIB2A or
TMIB2B. External event counting is selected by setting bits TMB22 to TMB20 in timer mode
register B2 (TMB2) to al 1s(111). TCB2 isincremented at the rising or falling edge of the input
at pin TMIB2A or TMIB2B.

The event input pin is selected by setting either bit TMIB2A or TMIB2B in port mode register 2
(PMR?2) to 1. Switching event input pinswhile TCB2 is counting may cause the count value to
change. Be sure to disable the interrupt before making the switch, and reset TCB2 (or TLB2) after
the switch.

9.4.4 Timer B2 Operation States
Table 9-4-3 summarizes the timer B2 operation states.

Table 9-4-3 Timer B2 Operation States

Operation Mode Reset Active Sleep Watch Subactive Subsleep Standby

TCB2 Interval Reset Functions Functions Halted Halted Halted Halted
Auto Reset Functions Functions Halted Halted Halted Halted
reload

TMB2 Reset Functions Retained Retained Retained Retained Retained
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95 Timer B3
9.5.1 Overview

Timer B3 isan 8-hit timer that increments each time a clock pulse isinput. Thistimer has two
operation modes, interval and auto reload.

1. Features

Features of timer B3 are given below.

*  Choice of seveninternal clock sources (2/8192, @/2048, &/512, &/256, 2/64, 2/16, o/4).
e Aninterrupt is requested when the counter overflows.

2. Block diagram

Figure 9-5-1 shows a block diagram of timer B3.

| TMB3 |<—>
(2]
>3
o)
oo
©
g —— PSS %| TCB3 ﬁ )
n g
[}
E

| TLB3 |=

Notation: IRRTB3

TMB3: Timer mode register B3

TCB3: Timer counter B3

TLB3:  Timer load register B3

IRRTB3: Timer B3 overflow interrupt request flag
PSS: Prescaler S

Figure9-5-1 Block Diagram of Timer B3
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3. Register configuration
Table 9-5-1 shows the register configuration of timer B3.

Table9-5-1 Timer B3 Registers

Name Abbrev. R/W Initial Value Address
Timer mode register B3 TMB3 R/W H'78 H'FFOE
Timer counter B3 TCB3 R H'00 H'FFIOF
Timer load register B3 TLB3 w H'00 H'FFOF

9.5.2 Register Descriptions

1. Timer mode register B3 (TMB3)

Bit 7 6 5 4 3 2 1 0

‘ TMB37 ‘ — ‘ — ‘ — ‘ — ‘ TMB32 ‘ TMB31 ‘ TMB30 ‘
Initial value 0 1 1 1 1 0 0 0
Read/Write R/W — — — — R/W R/W R/W

TMB3isan 8-bit read/write register for selecting the auto-rel oad function and input clock.
Upon reset, TMB3 isinitialized to H'78.
Bit 7: Auto-reload function select (TMB37)

Bit 7 selects whether timer B3 is used as an interval timer or auto-rel oad timer.

Bit 7

TMB37 Description

0 Interval timer function selected (initial value)
1 Auto-reload function selected

Bits6 to 3: Reserved bits

Bits 6 to 3 are reserved; they are always read as 1, and cannot be modified.
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Bits2to 0: Clock select (TMB32to TMB30)

Bits 2 to 0 select the clock input to TCB3.

Bit 2 Bit 1 Bit 0
TMB32 TMB31 TMB30  Description

0 0 0 Internal clock: /8192 (initial value)
1 Internal clock: 8/2048
1 0 Internal clock: @/512
1 Internal clock: @/256
1 0 0 Internal clock: 9/64
1 Internal clock: 2/16
1 0 Internal clock: g/4
1 Reserved

2. Timer counter B3 (TCB3)

Bit 7 6 5 4 3 2 1 0

‘ TCB37 ‘ TCB36 ‘ TCB35 ‘ TCB34 ‘ TCB33 ‘ TCB32 ‘ TCB31 ‘ TCB30 ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R R R R R R R R

TCB3 isan 8-bit read-only up-counter, which isincremented by internal clock input. The clock
source for input to this counter is selected by bits TMB32 to TMB30 in timer mode register B3
(TMB3). TCB3 vaues can be read by the CPU at any time.

When TCB3 overflows from H'FF to H'00 or to the value set in TLB3, the IRRTB3 bit in IRR2 is
setto 1.

TCB3isalocated to the same address as TLB3.

Upon reset, TCB3 isinitialized to H'00.
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3. Timer load register B3 (TLB3)

Bit 7 6 5 4 3 2 1 0

‘ TLB37 ‘ TLB36 ‘ TLB35 ‘ TLB34 ‘ TLB33 ‘ TLB32 ‘ TLB31 ‘ TLB30 ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write w w W w w w w w

TLB3isan 8-hit write-only register for setting the reload value of timer counter B3.

When areload value is set in TLB3, the same value isloaded into timer counter B3 (TCB3) as
well, and TCB3 starts counting up from that value. When TCB3 overflows during operation in
auto-reload mode, the TLB3 valueisloaded into TCB3. Accordingly, overflow periods can be set
within the range of 1 to 256 input clocks.

The same addressis allocated to TLB3 asto TCB3.
Upon reset, TLB3 isinitialized to H'00.

9.5.3 Timer Operation

1. Interval timer operation

When bit TMB37 in timer mode register B3 (TMB3) is cleared to 0, timer B3 functions as an 8-bit
interval timer.

Upon reset, TCB3 is cleared to H'00 and bit TMB37 is cleared to 0, so up-counting and interval
timing resume immediately. The clock input to timer B3 is selected from seven internal clock
signals output by prescaler S. The selection is made by bits TMB32 to TMB30 of TMB3.

After the count value in TCB3 reaches H'FF, the next clock signal input causestimer B3 to
overflow, setting bit IRRTB3 to 1 in interrupt request register 1 (IRR1). If IENTB3=11in
interrupt enable register 2 (IENR2), a CPU interrupt is requested.*

At overflow, TCB3 returns to H'00 and starts counting up again.

During interval timer operation (TMB37 = 0), when avalueis set in timer load register B3
(TLB3), the same valueis set in TCB3.

Note: * For details on interrupts, see 3.3, Interrupts.
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2. Auto-reload timer operation

Setting bit TMB37 in TMB3 to 1 causes timer B3 to function as an 8-bit auto-reload timer. When
areload valueisset in TLB3, the same value is loaded into TCB3, becoming the value from
which TCB3 starts its count.

After the count value in TCB3 reaches H'FF, the next clock signal input causestimer B3 to
overflow. The TLB3 value is then loaded into TCB3, and the count continues from that value. The
overflow period can be set within arange from 1 to 256 input clocks, depending on the TLB3
value.

The clock sources and interrupts in auto-rel oad mode are the same as in interval mode.

In auto-reload mode (TMB37 = 1), when anew valueissetin TLB3, the TLB3 valueisalso setin
TCB3.

9.5.4 Timer B3 Operation States
Table 9-5-2 summarizes the timer B3 operation states.

Table 9-5-2 Timer B3 Operation States

Operation Mode Reset Active Sleep Watch Subactive Subsleep Standby

TCB3 Interval Reset Functions Functions Halted Halted Halted Halted
Auto Reset Functions Functions Halted Halted Halted Halted
reload

TMB3 Reset Functions Retained Retained Retained Retained Retained
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9.6 Timer C
9.6.1 Overview

Timer Cisan 8-bit timer that increments or decrements each time a clock pulseisinput. This
timer has two operation modes, interval and auto reload.

1. Features
The main features of timer C are given below.

»  Choice of seven internal clock sources (2/8192, /2048, 2/512, &/64, 9/16, @/4, @/4) or an
external clock (can be used to count external events).

* Aninterrupt is requested when the counter overflows or underflows.
e Can be switched between up- and down-counting by software or hardware.

*  When g/4 is selected as the internal clock source, or when an external clock is selected,
timer C can function in subactive mode and subsleep mode.
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2. Block diagram

Figure 9-6-1 shows a block diagram of timer C.

T™C -
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Notation: IRRTC

TMC: Timer mode register C

TCC: Timer counter C

TLC: Timer load register C

IRRTC: Timer C overflow interrupt request flag
PSS: Prescaler S

Figure9-6-1 Block Diagram of Timer C
3. Pinconfiguration
Table 9-6-1 shows the timer C pin configuration.

Table 9-6-1 Pin Configuration

Name Abbrev. I/10 Function
Timer C event input TMIC Input Event input to TCC
Timer C up/down select ubD Input Selection of counting direction
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4. Register configuration
Table 9-6-2 shows the register configuration of timer C.

Table 9-6-2 Timer C Registers

Name Abbrev. R/W Initial Value Address
Timer mode register C T™™C R/W H'18 H'FFB4
Timer counter C TCC R H'00 H'FFB5
Timer load register C TLC w H'00 H'FFB5

9.6.2 Register Descriptions

1. Timer mode register C (TMC)

Bit 7 6 5 4 3 2 1 0

‘ TMC7 ‘ TMC6 ‘ TMC5 ‘ — ‘ — ‘ TMC2 ‘ TMC1 ‘ TMCO ‘
Initial value 0 0 0 1 1 0 0 0
Read/Write R/W R/W R/W — — R/W R/W R/W

TMC isan 8-bit read/write register for selecting the auto-reload function, counting direction, and
input clock.

Upon reset, TMC isinitialized to H'18.
Bit 7: Auto-reload function select (TMC7)

Bit 7 selects whether timer C is used as an interval timer or auto-reload timer.

Bit 7

TMC7 Description

0 Interval timer function selected (initial value)
1 Auto-reload function selected
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Bits 6 and 5: Counter up/down control (TMC6 and TMC5)

These bits select the counting direction of timer counter C (TCC), or allow hardware to control the
counting direction using pin UD.

Bit 6 Bit 5

TMC6 TMC5 Description

0 0 TCC is an up-counter (initial value)
0 1 TCC is a down-counter

1 * TCC up/down control is determined by input at pin UD. TCC is a down-

counter if the UD input is high, and an up-counter if the UD input is low.

Note: * Don't care

Bits4 and 3: Reserved hits

Bits 4 and 3 are reserved; they are alwaysread as 1, and cannot be modified.
Bits2to 0: Clock select (TMC2 to TMCO)

Bits 2 to 0 select the clock input to TCC. For external clock counting, either therising or falling
edge can be selected.

Bit 2 Bit 1 Bit 0
TMC2 TMC1 TMCO  Description

0 0 0 Internal clock: 2/8192 (initial value)

Internal clock: /2048

Internal clock: @/512

Internal clock: @/64

Internal clock: @/4

1
0
1
0 Internal clock: g/16
1
0

R O  O|FR,|F,|O

Internal clock: @\,/4

0
0
0
1
1
1
1

1 1 External event (TMIC): rising or falling edge*

Note: * The edge of the external event signal is selected by bit IEG2 in the IRQ edge select
register (IEGR). See 3.3.2, Interrupt Control Registers, for details on the IRQ edge select
register. Be sure to set bit IRQ2 in port mode register 1 (PMR1) to 1 before setting bits
TMC2 to TMCO to 111.
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2. Timer counter C (TCC)

Bit 7 6 5 4 3 2 1 0

‘ TCC7 ‘ TCC6 ‘ TCC5 ‘ TCC4 ‘ TCC3 ‘ TCC2 ‘ TCC1 ‘ TCCO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R R R R R R R R

TCC isan 8-hit read-only up-/down-counter, which isincremented or decremented by internal or
external clock input. The clock source for input to this counter is selected by bits TMC2 to TMCO
in timer mode register C (TMC). TCC values can be read by the CPU at any time.

When TCC overflows (from H'FF to H'00 or to the value set in TLC) or underflows (from H'00 to
H'FF or to the value set in TLC), the IRRTC bit in interrupt request register 2 (IRR2) is set to 1.

TCC isdlocated to the same address as timer |oad register C (TLC).
Upon reset, TCC isinitialized to H'00.

3. Timer load register C (TLC)

Bit 7 6 5 4 3 2 1 0

‘ TLC7 ‘ TLC6 ‘ TLC5 ‘ TLC4 ‘ TLC3 ‘ TLC2 ‘ TLC1 ‘ TLCO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write w w w w w w w w

TLC isan 8-hit write-only register for setting the reload value of TCC. When areload value is set
in TLC, the same value is loaded into timer counter C (TCC) aswell, and TCC starts counting up
or down from that value. When TCC overflows or underflows during operation in auto-reload
mode, the TLC valueisloaded into TCC. Accordingly, overflow and underflow periods can be
set within the range of 1 to 256 input clocks.

The same address is dlocated to TLC asto TCC.

Upon reset, TLC isinitialized to H'00.
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9.6.3 Timer Operation
1. Interval timer operation

When bit TMC7 in timer mode register C (TMC) iscleared to 0, timer C functions as an 8-bit
interval timer.

Upon reset, timer counter C (TCC) isinitialized to H'00 and TMC to H'18, so counting and
interval timing resume immediately. The clock input to timer C is selected from seven internal
clock signals, or an external clock input at pin TMIC. The selection is made by bits TMC2 to
TMCOin TMC.

Either software or hardware can control whether TCC counts up or down. The selection is made
by TMC bits TMC6 and TMC5.

After the count value in TCC reaches H'FF (H'00), the next clock signal input causes timer C to
overflow (underflow), setting bit IRRTC to 1 in interrupt request register 2 (IRR2). If IENTC =1
in interrupt enable register 2 (IENR2), a CPU interrupt is requested.*

At overflow or underflow, TCC returns to H'00 or H'FF and starts counting up or down again.

During interval timer operation (TMC7 = 0), when avalueis set in timer |oad register C (TLC),
the samevalueissetin TCC.

Note: * For details on interrupts, see 3.3, Interrupts.
2. Auto-reload timer operation

Setting bit TMC7 in TMC to 1 causestimer C to function as an 8-bit auto-reload timer. When a
reload valueis set in TLC, the same value is loaded into TCC, becoming the value from which
TCC startsits count.

After the count value in TCC reaches H'FF (H'00), the next clock signal input causes timer C to
overflow (underflow). The TLC valueisthen loaded TCC, and the count continues from that
value. The overflow (underflow) period can be set within arange from 1 to 256 input clocks,
depending on the TLC value.
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The clock sources, up/down control, and interrupts in auto-rel oad mode are the same asin interval
mode.

In auto-reload mode (TMC7 = 1), when anew valueis set in TLC, the TLC valueisaso set in TCC.
3. Event counter operation

Timer C can operate as an event counter, counting an event signal input at pin TMIC. External
event counting is selected by setting TMC bits TMC2 to TMCO to all 1s(111). TCC counts up or
down at therising or falling edge of theinput at pin TMIC.

When timer C is used to count external event inputs, bit IRQ2 in port mode register 1 (PMR1)
should be set to 1, and bit IEN2 in interrupt enable register 1 (IENR1) should be cleared to O to
disable IRQ, interrupt requests.

4. TCC up/down control by hardware

The counting direction of timer C can be controlled by input at pin UD. When bit TMC6 in TMC
isset to 1, high-level input at the UD pin selects down-counting, while low-level input selects up-
counting.

When using input at pin UD for this control function, set the UD bit in port mode register 2
(PMR2) to 1.

9.6.4 Timer C Operation States
Table 9-6-3 summarizes the timer C operation states.

Table 9-6-3 Timer C Operation States

Sub- Sub-
Operation Mode Reset Active Sleep Watch active sleep Standby
TCC Interval Reset Functions Functions Halted Functions/ Functions/ Halted

Halted* Halted*

TCC Autoreload Reset Functions Functions Halted Functions/ Functions/ Halted
Halted* Halted*

TMC Reset Functions Retained Retained Functions Retained Retained

Note: When g\/4 is selected as the internal clock of TCC in active mode or sleep mode, the
internal clock is not synchronous with the system clock, so it is synchronized by a
synchronizing circuit. This may result in a maximum error of 1/g (s) in the count cycle.

* When timer C is operated in subactive mode or subsleep mode, either an external clock or
the g,,/4 internal clock must be selected. The counter will not operate in these modes if
another clock is selected. If the internal @,/4 clock is selected when g,/8 is being used
as the subclock @g g, the lower 2 bits of the counter will operate on the same cycle, with
the least significant bit not being counted.
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97 Timer F

9.7.1 Overview

Timer Fisa 16-bit timer with an output compare function. Compare match signals can be used to

reset the counter, request an interrupt, or toggle the output. Timer F can also be used for external
event counting, and can operate as two independent 8-bit timers, timer FH and timer FL.

1. Features
Features of timer F are given below.
e Choice of four internal clock sources (@/32, @/16, @/4, @/2) or an external clock (can be used

as an external event counter).

e Output from pin TMOFH istoggled by one compare match signal (the initial value of the
toggle output can be set).

e Counter can be reset by the compare match signal.
e Two interrupt sources. counter overflow and compare match.

e Can operate as two independent 8-bit timers (timer FH and timer FL) in 8-bit mode.

Timer FH

— 8-hit timer (clocked by timer FL overflow signals when timer F operates as a 16-hit timer).

— Choice of four internal clocks (a/32, 2/16, @4, a/2).

— Output from pin TMOFH is toggled by one compare match signal (the initial value of the
toggle output can be set).

— Counter can be reset by the compare match signal.

— Two interrupt sources: counter overflow and compare match.

Timer FL

— 8-bit timer/event counter

— Choice of four internal clocks (2/32, @/16, @/4, @/2) or event input at pin TMIF.

— Output from pin TMOFL istoggled by one compare match signal (the initial value of the
toggle output can be set).

— Counter can be reset by the compare match signal.

— Two interrupt sources: counter overflow and compare match.
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2. Block diagram

Figure 9-7-1 shows a block diagram of timer F.
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Notation: L= |RRTFH
TCRF:  Timer control register F
TCSRF: Timer control status register F
TCFH:  8-bit timer counter FH
TCFL: 8-bit timer counter FL
OCRFH: Output compare register FH
OCRFL: Output compare register FL
IRRTFH: Timer FH interrupt request flag
IRRTFL: Timer FL interrupt request flag
PSS: Prescaler S

Figure9-7-1 Block Diagram of Timer F
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3. Pin configuration
Table 9-7-1 shows the timer F pin configuration.

Table 9-7-1 Pin Configuration

Name Abbrev. /0 Function

Timer F event input TMIF Input Event input to TCFL
Timer FH output TMOFH Output Timer FH output
Timer FL output TMOFL Output Timer FL output

4. Register configuration
Table 9-7-2 shows the register configuration of timer F.

Table9-7-2 Timer F Registers

Name Abbrev. R/W Initial Value Address
Timer control register F TCRF W H'00 H'FFB6
Timer control/status register F TCSRF R/W H'00 H'FFB7
8-bit timer counter FH TCFH R/W H'00 H'FFB8
8-bit timer counter FL TCFL R/W H'00 H'FFB9
Output compare register FH OCRFH R/W H'FF H'FFBA
Output compare register FL OCRFL R/W H'FF H'FFBB

9.7.2 Register Descriptions

1. 16-bit timer counter (TCF)
8-bit timer counter (TCFH)
8-bit timer counter (TCFL)

TCF
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Read/Write RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RMW

TCFH TCFL
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TCF is a 16-bit read/write up-counter consisting of two cascaded 8-bit timer counters, TCFH and
TCFL. TCF can be used as a 16-bit counter, with TCFH as the upper 8 bits and TCFL asthe
lower 8 bits of the counter, or TCFH and TCFL can be used as independent 8-bit counters.

TCFH and TCFL can be read and written by the CPU, but in 16-bit mode, data transfer with the
CPU takes place viaatemporary register (TEMP). For details see 9.7.3, Interface with the CPU.

e 16-bit mode (TCF)

16-bit mode is selected by clearing bit CKSH2 to 0 in timer control register F (TCRF). The TCF
input clock is selected by TCRF bits CKSL2 to CKSLO.

Bit CCLRH in TCSRF can be set so that counter TCF will be cleared by compare match.

When TCF overflows from H'FFFF to H'0000, the overflow flag (OVFH) in TCSRF isset to 1. If
bit OVIEH in TCSRF is set to 1 when an overflow occurs, bit IRRTFH in interrupt request
register 2 (IRR2) will be set to 1; and if bit IENTFH in interrupt enable register 2 (IENR2) is set
to 1, aCPU interrupt will be requested.

e 8-bit mode (TCFH, TCFL)

When bit CKSH2 in timer control register F (TCRF) isset to 1, timer F functions as two separate
8-bit counters, TCFH and TCFL. The TCFH (TCFL) input clock is selected by TCRF bits
CKSH2 to CKSHO (CKSL2 to CKSLO).

TCFH (TCFL) can be cleared by a compare match signal. This designation is made in bit
CCLRH (CCLRL) in TCSRF.

When TCFH (TCFL) overflows from H'FF to H'00, the overflow flag OVFH (OVFL) in TCSRF
issetto 1. If bit OVIEH (OVIEL) in TCSRF is set to 1 when an overflow occurs, bit IRRTFH
(IRRTHL) in interrupt request register 2 (IRR2) will be setto 1; and if bit IENTFH (IENTFL) in
interrupt enable register 2 (IENR2) is set to 1, a CPU interrupt will be requested.
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2. 16-bit output compare register F (OCRF)
8-bit output compare register FH (OCRFH)
8-hit output compare register FL (OCRFL)

OCRF

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 RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

OCRFH OCRFL

OCRF is a 16-hit read/write output compare register consisting of two 8-hit read/write registers
OCRFH and OCRFL. It can be used as a 16-bit output compare register, with OCRFH as the
upper 8 bits and OCRFL as the lower 8 bits of the register, or OCRFH and OCRFL can be used as
independent 8-bit registers.

OCRFH and OCRFL can be read and written by the CPU, but in 16-bit mode, data transfer with
the CPU takes place viaatemporary register (TEMP). For details see 9.7.3, Interface with the
CPU.

Upon reset, OCRFH and OCRFL are each initialized to H'FF.
»  16-bit mode (OCRF)

16-bit mode is selected by clearing bit CKSH2 to 0 in timer control register F (TCRF). The
OCREF contents are always compared with the 16-bit timer counter (TCF). When the contents
match, the compare match flag (CMFH) in TCSRF isset to 1. Also, IRRTFH ininterrupt request
register 2 (IRR2) isset to 1. If bit IENTFH ininterrupt enable register 2 (IENR2) issetto 1, a
CPU interrupt is requested.

Output for pin TMOFH can be toggled by compare match. The output level can also be set to
high or low by bit TOLH of timer control register F (TCRF).

e 8-bit mode (OCRFH, OCRFL)

Setting bit CKSH2 in TCRF to 1 resultsin two independent output compare registers, OCRFH
and OCRFL.

The OCRFH contents are always compared with TCFH, and the OCRFL contents are always
compared with TCFL. When the contents match, the compare match flag (CMFH or CMFL) in
TCSRFissetto 1. Also, bit IRRTFH (IRRTFL) in interrupt request register 2 (IRR2) set to 1. If
bit IENTFH (IENTFL) in interrupt enable register 2 (IENR2) is set to 1 at thistime, a CPU
interrupt is requested.
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The output at pin TMOFH (TMOFL) can be toggled by compare match. The output level can also
be set to high or low by bit TOLH (TOLL) of the timer control register (TCRF).

3. Timer control register F (TCRF)

Bit 7 6 5 4 3 2 1 0

‘ TOLH ‘ CKSHZ‘ CKSHl‘ CKSHO‘ TOLL ‘ CKSL2 ‘ CKsSL1 ‘ CKSLO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write w w W w w w w w

TCRF is an 8-bit write-only register. It is used to switch between 16-bit mode and 8-bit mode, to
select among four internal clocks and an external clock, and to select the output level at pins
TMOFH and TMOFL.

Upon reset, TCRF isinitialized to H'00.
Bit 7: Toggle output level H (TOLH)

Bit 7 setsthe output level at pin TMOFH. The setting goes into effect immediately after thisbit is
written.

Bit 7

TOLH Description

0 Low level (initial value)
1 High level

Bits6to 4: Clock select H (CKSH2 to CKSHO)

Bits 6 to 4 select the input to TCFH from four internal clock signals or the overflow of TCFL.

Bit 6 Bit 5 Bit 4
CKSH2 CKSH1 CKSHO Description

0 * * 16-bit mode selected. TCFL overflow signals are (initial value)
counted.

1 0 0 Internal clock: @/32

1 0 1 Internal clock: 9/16

1 1 0 Internal clock: g/4

1 1 1 Internal clock: @/2

Note: * Don't care
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Bit 3: Toggle output level L (TOLL)

Bit 3 setsthe output level at pin TMOFL. The setting goes into effect immediately after thisbit is
written.

Bit 3

TOLL Description

0 Low level (initial value)
1 High level

Bits2t0 0: Clock select L (CKSL2to CKSLO)

Bits 2 to 0 select the input to TCFH from four internal clock signals or external event input.
Bit 2 Bit 1 Bit 0
CKSL2 CKSL1 CKSLO Description

0 * * External event (TMIF). Rising or falling edge is (initial value)
counted (see note).

1 0 0 Internal clock: @/32
1 0 1 Internal clock: 2/16
1 1 0 Internal clock: @/4
1 1 1 Internal clock: g/2
* Don't care

Note: The edge of the external event signal is selected by bit IEG3 in the IRQ edge select register
(IEGR). See 3.3.2, Interrupt Control Registers, for details on the IRQ edge select register.
Note that switching the TMIF pin function by changing bit IRQ3 in port mode register 1
(PMR1) from 0 to 1 or from 1 to 0 while the TMIF pin is at the low level may cause the timer
F counter to be incremented.

4. Timer control/status register F (TCSRF)

Bit 7 6 5 4 3 2 1 0
‘ OVFH ‘ CMFH ‘ OVIEH ‘ CCLRH ‘ OVFL ‘ CMFL ‘ OVIEL ‘ CCLRL ‘
Initial value 0 0 0 0 0 0 0 0

Read/Write R/(W)*  R/(W)* R/W R/W R/(W)*  R/(W)* R/W R/W
Note: * Only a write of O for flag clearing is possible.

TCSRF is an 8-hit read/write register. It isused for counter clear selection, overflow and compare
match indication, and enabling of interrupts caused by timer overflow.

Upon reset or in standby mode, TCSRF isinitialized to H'00.
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Bit 7: Timer overflow flag H (OVFH)

Bit 7 isa status flag indicating TCFH overflow (H'FF to H'00). Thisflag is set by hardware and
cleared by software. It cannot be set by software.

Bit 7

OVFH Description

0 Clearing conditions: (initial value)
After reading OVFH = 1, cleared by writing 0 to OVFH

1 Setting conditions:

16-bit mode: set when the value of TCF goes from H'FFFF to H'0000
8-bit mode: set when the value of TCFH goes from H'FF to H'00

Bit 6: Compare match flag H (CMFH)

Bit 6 is a status flag indicating a compare match between TCFH and OCRFH. Thisflagis set by
hardware and cleared by software. It cannot be set by software.

Bit 6

CMFH Description

0 Clearing conditions: (initial value)
After reading CMFH = 1, cleared by writing O to CMFH

1 Setting conditions:

Set when the TCFH value matches OCRFH value

Bit 5: Timer overflow interrupt enable H (OVIEH)

Bit 5 enables or disables TCFH overflow interrupts.

Bit 5

OVIEH Description

0 TCFH overflow interrupt disabled (initial value)
1 TCFH overflow interrupt enabled
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Bit 4: Counter clear H (CCLRH)

In 16-bit mode, bit 4 selects whether or not TCF is cleared when a compare match occurs between
TCF and OCRF.

In 8-bit mode, bit 4 selects whether or not TCFH is cleared when a compare match occurs
between TCFH and OCRFH.

Bit 4

CCLRH Description

0 16-bit mode: TCF clearing by compare match disabled (initial value)
8-bit mode: TCFH clearing by compare match disabled

1 16-bit mode: TCF clearing by compare match enabled

8-bit mode: TCFH clearing by compare match enabled

Bit 3: Timer overflow flag L (OVFL)

Bit 3isastatusflag indicating TCFL overflow (H'FF to H'00). Thisflagis set by hardware and
cleared by software. It cannot be set by software.

Bit 3

OVFL Description

0 Clearing conditions: (initial value)
After reading OVFL = 1, cleared by writing 0 to OVFL

1 Setting conditions:

Set when the value of TCFL goes from H'FF to H'00

Bit 2: Compare match flag L (CMFL)

Bit 2 is a status flag indicating a compare match between TCFL and OCRFL. Thisflag isset by
hardware and cleared by software. It cannot be set by software.

Bit 2

CMFL Description

0 Clearing conditions: (initial value)
After reading CMFL = 1, cleared by writing 0 to CMFL

1 Setting conditions:

Set when the TCFL value matches the OCRFL value
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Bit 1: Timer overflow interrupt enable L (OVIEL)

Bit 1 enables or disables TCFL overflow interrupts.

Bit 1

OVIEL Description

0 TCFL overflow interrupt disabled (initial value)
1 TCFL overflow interrupt enabled

Bit 0: Counter clear L (CCLRL)

Bit 0 selects whether or not TCFL is cleared when a compare match occurs between TCFL and
OCRFL.

Bit 0

CCLRL Description

0 TCFL clearing by compare match disabled (initial value)
1 TCFL clearing by compare match enabled

9.7.3 Interface with the CPU

TCF and OCREF are 16-hit read/write registers, whereas the data bus between the CPU and on-chip
peripheral modules has an 8-bit width. For this reason, when the CPU accesses TCF or OCRF, it
makes use of an 8-bit temporary register (TEMP).

In 16-bit mode, when reading or writing TCF or writing OCRF, always use two consecutive byte
size MOV instructions, and always access the upper byte first. Datawill not be transferred
properly if only the upper byte or only the lower byteis accessed. In 8-bit mode there is no such
restriction on the order of access.

*  Write access

When the upper byte is written, the upper-byte data is |oaded into the TEMP register. Next when
the lower byte iswritten, the datain TEMP goes to the upper byte of the register, and the lower-
byte data goes directly to the lower byte of the register. Figure 9-7-2 shows a TCF write operation
when H'AA55 iswritten to TCF,
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* Read access

When the upper byte of TCF isread, the upper-byte datais sent directly to the CPU, and the lower
byteisloaded into TEMP. Next when the lower byte isread, the lower bytein TEMP is sent to
the CPU.

When the upper byte of OCRF isread, the upper-byte datais sent directly to the CPU. Next when
the lower byte isread, the lower-byte data is sent directly to the CPU.

Figure 9-7-3 shows a TCF read operation when H'AAFF is read from TCF.
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Figure9-7-2 TCF Write Operation (CPU - TCF)

207




CPU
(HAA)

CPU
(H'FF)

Upper byte read

Bus interface

Lower byte read

Bus interface

Module data bus

TEMP
(H'FF)

TCFH TCFL
(H'AA) (H'FF)
Module data bus
TEMP
(HFF)
TCFH TCFL
(AB)* (00) *

Note: * Becomes H'ABOO if counter is incremented once.
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9.7.4 Timer Operation

Timer F isa 16-bit timer/counter that increments with each input clock. When the value set in
output compare register F matches the count in timer F, the timer can be cleared, an interrupt can
be requested, and the port output can be toggled. Timer F can aso be used as two independent
8-bit timers.

1. Timer F operation

Timer F can operate in either 16-bit timer mode or 8-bit timer mode. These modes are described
below.

e 16-bit timer mode

Timer F operates in 16-bit timer mode when the CKSH2 bit in timer control register F (TCRF) is
cleared to O.

A reset initializes timer counter F (TCF) to H'0000, output compare register F (OCRF) to H'FFFF,
and timer control register F (TCRF) and timer control status register F (TCSRF) to H'00. Timer F
begins counting external event input signals (TMIF). The edge of the external event signal is
selected by the IEG3 bit in the IRQ edge select register (IEGR).

Instead of counting external events, timer F can be switched by bits CKSL2 to CKSLO in TCRF to
count one of four internal clocks output by prescaler S.

TCF is continuously compared with the contents of OCRF. When these two values match, the

CMFH flagin TCSRF isset to 1. At thistimeif bit IENTFH of IENR2is 1, aCPU interrupt is
requested and the output at pin TMOFH istoggled. If the CCLRH bitin TCRFis1, timer Fis

cleared.

If timer F overflows (from H'FFFF to H'0000), the OVFH flag in TCSRF isset to 1. At thistime,
if the OVIEH bit in TCSRF and the IETFH bit in IENR2 are both 1, a CPU interrupt is requested.
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e 8-bit timer mode

When the CKSH2 hit in TCRF is set to 1, timer F operates as two independent 8-bit timers, TCFH
and TCFL. Theinput clock of TCFH/TCFL is selected by bits CKSH2 to CKSHO/CKSL2 to
CKSLOin TCRF

When TCFH/TCFL and the contents of OCRFH/OCRFL match, the CMFH/CMFL bit in TCSRF
issetto 1. If theIENTFH/IENTFL bitin IENR2is1, a CPU interrupt is requested and the output
at pin TMOFH/TMOFL istoggled. If the CCLRH/CCLRL bitin TCRFis1, TCFH/TCFL is
cleared.

When TCFH/TCFL overflows from H'FF to H'00, the OVFH/OVFL bitin TCSRF isset to 1. At
thistime, if the OVIEH/OVIEL bit in TCSRF and the IENTFH/IENTFL bit in IENR2 are both 1,
aCPU interrupt is requested.

2. TCF count timing
TCF isincremented by each pulse of theinput clock (internal clock or external event signal).
e Interna clock

The settings of bits CKSH2 to CKSHO or bits CKSL2 to CKSLO0 in TCRF select one of four
internal clock signals divided from the system clock (@), namely, o/32, a/16, @/4, or /2.

e Externa event signal

External event input is selected by clearing bit CKSL2to 0in TCRF. Either rising or falling edges
of the event input signal can be counted. The edgeis selected by bit IEG3 in IEGR. An external
event pulse width of at least two system clock cycles (@) is hecessary; otherwise the counter will
not operate properly.
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3. TMOFH and TMOFL output timing

The outputs at pins TMOFH and TMOFL are the values set in bits TOLH and TOLL in TCRF.
When a compare match occurs, the output value isinverted. Figure 9-7-4 shows the output
timing.

o S O I
mlgn IEG3 = 1) (| ( | ) j
Count input

clock ( ( L“*g(*

{
TCF N X N+1 |
)

z
>
P4
+
[N

((
OCRF N
2l

Compare match
signal

TMOFH, TMOFL

Figure9-7-4 TMOFH, TMOFL Output Timing
4. Compare match flag set timing

The compare match flags (CMFH or CMFL) are set to 1 when a compare match occurs between
TCF and OCRF. A compare match signal is generated in the final state in which the values match
(when TCF changes from the matching count value to the next value). When TCF and OCRF
match, a compare match signal is not generated until the next counter clock pulse.
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7. Timer F operation states
Table 9-7-3 summarizes the timer F operation states.

Table 9-7-3 Timer F Operation States

Sub- Sub-
Operation Mode Reset Active Sleep Watch active sleep Standby
TCF Reset Functions Functions Halted Halted Halted Halted
OCRF Reset Functions Retained Retained Retained Retained Retained
TCRF Reset Functions Retained Retained Retained Retained Retained
TCSRF Reset Functions Retained Retained Retained Retained Retained

9.7.5 Application Notes
The following conflicts can arise in timer F operation.
1. 16-bit timer mode

The output at pin TMOFH toggles when all 16 bits match and a compare match signal is
generated. If the compare match signal occurs at the same time as new dataiswritten in TCRF by
aMOQV instruction, however, the new value written in bit TOLH will be output at pin TMOFH.
The TMOFL output in 16-bit mode is indeterminate, so this output should not be used. Usethe
pin asageneral input or output port.

If an OCRFL write occurs at the same time as a compare match signal, the compare match signal
isinhibited. If acompare match occurs between the written data and the counter value, however,
acompare match signal will be generated at that point. The compare match signal is output in
synchronization with the TCFL clock, so if this clock is stopped no compare match signal will be
generated, even if acompare match occurs.

Compare match flag CMFH is set when all 16 bits match and a compare match signal is
generated; bit CMFL is set when the setting conditions are met for the lower 8 bits.

The overflow flag (OVFH) is set when TCF overflows; bit OVFL is set if the setting conditions
are met when the lower 8 bits overflow. If awriteto TCFL occurs at the sametime asan
overflow signal, the overflow signal is not output.

212



2. 8-bit timer mode
TCFH and OCRFH

The output at pin TMOFH toggles when there is a compare match. |f the compare match signal
occurs at the same time as new dataiswritten in TCRF by aMOV instruction, however, the new
value written in bit TOLH will be output a pin TMOFH.

If an OCRFH write occurs at the same time as a compare match signal, the compare match signal
isinhibited. If acompare match occurs between the written data and the counter value, however,
a compare match signal will be generated at that point. The compare match signal is output in
synchronization with the TCFH clock.

If a TCFH write occurs at the same time as an overflow signal, the overflow signal is not output.
TCFL and OCRFL

The output at pin TMOFL toggles when there is a compare match. If the compare match signal
occurs at the same time as new datais written in TCRF by aMQV instruction, however, the new
value written in bit TOLL will be output at pin TMOFL.

If an OCRFL write occurs at the same time as a compare match signal, the compare match signal
isinhibited. If acompare match occurs between the written data and the counter value, however,
a compare match signal will be generated at that point. The compare match signal is output in
synchronization with the TCFL clock, so if this clock is stopped no compare match signal will be
generated, even if acompare match occurs.

If a TCFL write occurs at the same time as an overflow signal, the overflow signal is not output.
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9.8 Timer G

9.8.1 Overview

Timer G isan 8-bit timer, with input capture functions for separately capturing the rising edge and
falling edge of pulsesinput at the input capture pin (input capture input signal). Timer G hasa
built-in noise canceller circuit that can eliminate high-frequency noise from the input capture

signal, enabling accurate measurement of its duty cycle. When timer G is not used for input
capture, it functions as an 8-bit interval timer.

1. Features
Features of timer G are given below.
*  Choice of four internal clock sources (2/64, 2132, &2, 2,/2)
e Input capture function
Separate input capture registers are provided for the rising and falling edges.
*  Counter overflow level detection
Can detect whether overflow occurred when the input capture signal was high or low.
e Choice of counter clear triggers

The counter can be cleared at the rising edge, falling edge, both edges, or neither edge of the
input capture signal.

e Two interrupt sources

Interrupts can be requested by input capture and by overflow. For input capture, the rising or
falling edge can be selected.

e Built-in noise-canceller circuit
The noise canceller circuit can eliminate high-frequency noise in the input capture signal.
e Operatesin subactive and subsleep modes

When @,,,/2 is selected as the internal clock source, timer G can operate in the subactive and
subsleep modes.
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2. Block diagram

Figure 9-8-1 shows a block diagram of timer G.

[} — PSS

TMG:  Timer mode register G

TCG:  Timer counter G

ICRGF: Input capture register GF
ICRGR: Input capture register GR
IRRTG: Timer G interrupt request flag
NCS:  Noise canceller select

PSS: Prescaler S

I ™G L_‘7<—>
‘ Level
sense
- circuit
P YY)
w -] ICRGF | g
ﬁL A
/ Edge |
Noise sense a| TCG | Li
TMIG canceller circuit N /]
circuit JF -
Y —
NCS e ICRGR —
Notation:

Internal data bus

IRRTG

Figure9-8-1 Block Diagram of Timer G

3. Pinconfiguration
Table 9-8-1 shows the timer G pin configuration.

Table 9-8-1 Pin Configuration

Name Abbrev. 110

Function

Input capture input pin TMIG Input

Input capture
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4. Register configuration
Table 9-8-2 shows the register configuration of timer G.

Table9-8-2 Timer G Registers

Name Abbrev. R/W Initial Value Address
Timer mode register G TMG R/W H'00 H'FFBC
Timer counter G TCG — H'00 —

Input capture register GF ICRGF R H'00 H'FFBD
Input capture register GR ICRGR R H'00 H'FFBE

9.8.2 Register Descriptions

1. Timer counter G (TCG)

Bit 7 6 5 4 3 2 1 0

‘ TCG7 ‘ TCG6 ‘ TCG5 ‘ TCG4 ‘ TCG3 ‘ TCG2 ‘ TCG1 ‘ TCGO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write — — — — — — — —

Timer counter G (TCG) is an 8-bit up-counter which isincremented by an input clock. The input
clock signal is selected by bits CKS1 and CK S0 in timer mode register G (TMG).

To use TCG as an input capture timer, set bit TMIG to 1 in PMR1,; to use TCG as an interval
timer, clear bit TMIG to 0.* When TCG is used as an input capture timer, the TCG value can be
cleared at therising edge, falling edge, or both edges of the input capture signal, depending on
settingsin TMG.

When TCG overflows (goes from H'FF to H'00), if the timer overflow interrupt enable bit (OVIE)
issetto 1in TMG, bit IRRTG ininterrupt request register 2 (IRR2) isset to 1. If in addition bit
IENTG in interrupt enable register 2 (IENR2) isset to 1, a CPU interrupt is requested. Details on
interrupts are given in 3.3, Interrupts.

TCG cannot be read or written by the CPU.
Upon reset, TCG isinitialized to H'00.

Note: * Aninput capture signal may be generated when TMIG is rewritten.
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2. Input capture register GF (ICRGF)

Bit 7 6 5 4 3 2 1 0

‘ ICRGF?‘ ICRGFG‘ ICRGFS‘ ICRGF4‘ ICRGF3 ‘ ICRGF2 ‘ ICRGFl‘ ICRGFO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R R R R R R R R

ICRGF is an 8-bit read-only register. When the falling edge of the input capture signal is
detected, the TCG value at that timeis transferred to ICRGF. If the input capture interrupt select
bit (IIEGS) issetto 1in TMG, bit IRRTG ininterrupt request register 2 (IRR2) issetto 1. If in
addition bit IENTG in interrupt enable register 2 (IENR2) is set to 1, a CPU interrupt is requested.
Details on interrupts are given in 3.3, Interrupts.

To ensure proper input capture when the noise canceller is not used, the pulse width of the input
capture signal should be at least 2@ or 2@q .

Upon reset, ICRGF isinitialized to H'00.

3. Input capture register GR (ICRGR)

Bit 7 6 5 4 3 2 1 0

‘ ICRGR?‘ ICRGR6‘ ICRGRS‘ ICRGR4‘ ICRGRS3 ‘ ICRGR2 ‘ ICRGRl‘ ICRGRO‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R R R R R R R R

ICRGR is an 8-hit read-only register. When the rising edge of the input capture signal is detected,
the TCG value at that time is sent to ICRGR. If the IIEGS hit isclearedto 0in TMG, bit IRRTG
ininterrupt request register 2 (IRR2) isset to 1. If in addition bit IENTG in interrupt enable
register 2 (IENR2) isset to 1, a CPU interrupt is requested. Details on interrupts are givenin 3.3,
Interrupts.

To ensure proper input capture when the noise canceller is not used, the pulse width of the input
capture signal should be at least 2@ or 205 .

Upon reset, ICRGR isinitialized to H'00.
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4. Timer mode register G (TMG)

Bit 7 6 5 4 3 2 1 0
‘ OVFH ‘ OVFL ‘ OVIE ‘ IIEGS ‘CCLRl ‘ CCLRO‘ CKS1 ‘ CKSO0 ‘
Initial value 0 0 0 0 0 0 0 0

Read/Write R/W* R/W* R/W R/W R/W R/W R/W R/W
Note: * Only O can be written, to clear the flag.

TMG isan 8-bit read/write register. It controls the choice of four input clocks, counter clear
selection, and edge selection for input capture interrupt requests. It also indicates overflow status
and enables or disables overflow interrupt requests.

Upon reset, TMG isinitialized to H'00.
Bit 7: Timer overflow flag H (OVFH)

Bit 7 isa status flag indicating that TCG overflowed (from H'FF to H'00) when the input capture
signal was high. Thisflag is set by hardware and cleared by software. 1t cannot be set by
software.

Bit 7

OVFH Description

0 Clearing conditions: (initial value)
After reading OVFH = 1, cleared by writing 0 to OVFH

1 Setting conditions:
Set when the value of TCG overflows from H'FF to H'00 while the input capture signal
is high

Bit 6: Timer overflow flag L (OVFL)

Bit 6 is a status flag indicating that TCG overflowed (from H'FF to H'00) when the input capture
signal waslow, or ininterval timer operation. Thisflagis set by hardware and cleared by
software. It cannot be set by software.

Bit 6

OVFL Description

0 Clearing conditions: (initial value)
After reading OVFL = 1, cleared by writing 0 to OVFL

1 Setting conditions:
Set when the value of TCG overflows from H'FF to H'00 while the input capture signal
is low
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Bit 5: Timer overflow interrupt enable (OVIE)

Bit 5 enables or disables TCG overflow interrupts.

Bit 5

OVIE Description

0 TCG overflow interrupt disabled (initial value)
1 TCG overflow interrupt enabled

Bit 4: Input capture interrupt edge select (1IEGS)

Bit 4 selects the input signal edge at which input capture interrupts are requested.

Bit 4

IIEGS Description

0 Interrupts are requested at the rising edge of the input capture signal (initial value)
1 Interrupts are requested at the falling edge of the input capture signal

Bits 3, 2: Counter clear 1, 0 (CCLR1, CCLRO)

Bits 3 and 2 designate whether TCG is cleared at the rising, falling, or both edges of the input
capture signal, or is not cleared.

Bit 3 Bit 2

CCLR1 CCLRO Description

0 0 TCG is not cleared (initial value)
0 1 TCG is cleared at the falling edge of the input capture signal

1 0 TCG is cleared at the rising edge of the input capture signal

1 1 TCG is cleared at both edges of the input capture signal

Bits 1, 0: Clock select (CKS1, CKS0)

Bits 1 and O select the clock input to TCG from four internal clock signals.

Bit 1 Bit 0

CKS1 CKSO0 Description

0 0 Internal clock: g/64 (initial value)
0 1 Internal clock: 9/32

1 0 Internal clock: @/2

1 1 Internal clock: @yy/2
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9.8.3 Noise Canceller Circuit

The noise canceller circuit built into the H8/3947 Seriesisadigital low-pass filter that rejects
high-frequency pulse noise in the input at the input capture pin. The noise canceller circuit is
enabled by the noise canceller select (NCS) bit in port mode register 2 (PMR2)*.

Figure 9-8-2 shows a block diagram of the noise canceller circuit.

Sampling clock

Input capture DCQ DCQ DCQ DCQ DCQ
; - - .
signal latch latch latch latch latch Matc'h Noise
detection [—= canceller
r' circuit output
i At

smmssos [1 [ [| ]

At: Selected by bits CKS1, CKSO0.

Figure9-8-2 Block Diagram of Noise Canceller Circuit

The noise canceller consists of five latch circuits connected in series, and a match detection
circuit. When the noise canceller function is disabled (NCS = 0), the system clock is selected as
the sampling clock. When the noise canceller is enabled (NCS = 1), the internal clock selected by
bits CKS1 and CKS0 in TMG becomes the sampling clock. Theinput signal is sampled at the
rising edge of this clock pulse. Datais considered correct when the outputs of all five latch
circuits match. If they do not match, the previous valueis retained. Upon reset, the noise
canceller output isinitialized after the falling edge of the input capture signal has been sampled
fivetimes. Accordingly, after the noise canceller function is enabled, pulses that have a pulse
width five times greater than the sampling clock will be recognized as input capture signals. If the
noise canceller circuit is not used, the input capture signal pulse width must be at least 2@ or
204 ;g in order to ensure proper input capture operation.

Note: * Rewriting the NCS bit may cause an internal input capture signal to be generated.
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Figure 9-8-3 shows atypical timing diagram for the noise canceller circuit. In thisexample, a
high-level input at the input capture pin is rejected as noise because its pulse width is less than
five sampling clock cycles.

Input capture
input signal

Sampling
clock | |

Noise canceller
output

Rejected as noise

Figure 9-8-3 Noise Canceller Circuit Timing (Example)
9.8.4 Timer Operation

Timer G isan 8-bit timer with input capture and interval timer functions.
1. Timer G functions

Timer G isan 8-bit timer/counter that functions as an input capture timer or an interval timer.
These two functions are described below.

e Input capture timer operation

Timer G functions as an input capture timer when bit TMIG of port mode register 1 (PMRL1) is
setto 1.*

At reset, timer mode register G (TMG), timer counter G (TCG), input capture register GF
(ICRGF), and input capture register GR (ICRGR) are dl initialized to H'00.

Immediately after reset, TCG begins counting an internal clock with afrequency of @ divided by
64 (2/64). Three other internal clocks can be selected using bits CKS1 and CKS0 of TMG.

At the rising edge/falling edge of the input capture signal input to pin TMIG, the value of TCG is
copied into ICRGR/ICRGF. [f the input edge is the same as the edge selected by the IIEGS bit of
TMG, then bit IRRTG isset to 1in IRR2. If bit IENTG isaso setto 1 in IENR2, a CPU interrupt
isrequested. For details on interrupts, see section 3.3, Interrupts.

TCG can be cleared to 0 at the rising edge, falling edge, or both edges of the input capture signal
as determined with bits CCLR1 and CCLRO of TMG. If TCG overflows while the input capture
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signal is high, bit OVFH of TMGisset. If TCG overflows while the input capture signal is low,
bit OVFL of TMG isset. When either of these bitsis set, if bit OVIE of TMG is currently set to
1, then bit IRRTGissetto 1in IRR2. If bit IENTG isaso setto 1in IENR2, then timer G
requests a CPU interrupt. For further details see 3.3, Interrupts.

Timer G has a noise canceller circuit that rejects high-frequency pulse noise in the input to pin
TMIG. See9.8.3, Noise Canceller Circuit, for details.

Note: * Rewriting the TMIG bit may cause an internal input capture signal to be generated.
e Interva timer operation

Timer G functions as an interval timer when bit TMIG is cleared to 0 in PMRL. Following a reset,
TCG starts counting cycles of the @64 internal clock. Thisis one of four internal clock sources
that can be selected by bits CKS1 and CKS0 of TMG. TCG counts up according to the selected
clock source. When it overflows from H'FF to H'00, bit OVFL of TMGisset to 1. If bit OVIE of
TMGiiscurrently setto 1, then bit IRRTG issetto 1in IRR2. If bit IENTG isasosetto 1in
IENRZ2, then timer G requests a CPU interrupt. For further details see 3.3, Interrupts.

2. Count timing

TCG isincremented by input pulses from aninternal clock. TMG hits CKS1 and CK S0 select
one of four internal clocks (2164, &/32, a/2, @,/2) derived by dividing the system clock (g) or the
watch clock (gyy).
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3. Timing of internal input capture signals
»  Timing with noise canceller function disabled

Separate internal input capture signals are generated from the rising and falling edges of the
external input signal.

Figure 9-8-4 shows the timing of these signals.

External input
capture signal

T

Internal input
capture signal F

\

Internal input
capture signal R

Figure 9-8-4 Input Capture Signal Timing (Noise Canceller Function Disabled)
«  Timing with noise canceller function enabled

When input capture noise cancelling is enabled, the external input capture signal isrouted viathe
noise canceller circuit, so the internal signals are delayed from the input edge by five sampling
clock cycles. Figure 9-8-5 showsthe timing.

External input
capture signal

Sampling clock

Noise canceller
circuit output

Internal input H
capture signal R

Figure 9-8-5 Input Capture Signal Timing (Noise Canceller Function Enabled)
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4. Timing of input capture

Figure 9-8-6 shows the input capture timing in relation to the internal input capture signal.

Internal input
capture signal

TCG

N-1 >< N

N +1

Input capture

H'XX ><

register

5. TCG clear timing

Figure 9-8-6 Input Capture Timing

TCG can be cleared at the rising edge, falling edge, or both edges of the external input capture
signal. Figure 9-8-7 shows the timing for clearing at both edges.

External input
capture signal

Internal input

capture signal F

Internal input

capture signal R

TCG

N >< H'00

Figure9-8-7 TCG Clear Timing
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6. Timer G operation states
Table 9-8-3 summarizes the timer G operation states.

Table 9-8-3 Timer G Operation States

Sub- Sub-
Operation Mode Reset Active Sleep Watch  active sleep Standby
TCG Input Reset Functions* Functions* Halted Functions/ Functions/ Halted
capture Halted* Halted*

Interval Reset Functions* Functions* Retained Functions/ Functions/ Halted
Halted* Halted*

ICRGF Reset Functions* Functions* Retained Functions/ Functions/ Retained
Halted* Halted*

ICRGR Reset Functions* Functions* Retained Functions/ Functions/ Retained
Halted* Halted*

TMG Reset Functions Retained Retained Functions Retained Retained

Note: * In active mode and sleep mode, if 8yy/2 is selected as the TCG internal clock, since the
system clock and internal clock are not synchronized with each other, a synchronization
circuit is used. This may result in a count cycle error of up to 1/g (s). In subactive mode
and subsleep mode, if @\)/2 is selected as the TCG internal clock, regardless of the
subclock (a\/2, a4, 2\\/8) TCG and the noise canceller circuit run on an internal clock
of @\/2. If any other internal clock is chosen, TCG and the noise canceller circuit will not
run, and the input capture function will not operate.
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9.8.5 Sample Timer G Application

The absolute values of the high and low widths of the input capture signal can be measured by
using timer G. The CCLR1 and CCLRO bits of TMG should be set to 1. Figure 9-8-8 shows an
example of this operation.

Input capture
signal

H'FF
Input capture
register GF

Input capture
register GR

H'00

TCG Counter cleared

Figure9-8-8 Sample Timer G Application
9.8.6 Application Notes
1. Input clock switching and TCG operation

Depending on when the input clock is switched, there will be cases in which TCG is incremented
in the process. Table 9-8-4 shows the relation between internal clock switchover timing (selected
in bits CKS1 and CKS0) and TCG operation. If aninternal clock (derived from the system clock
@ or subclock gg ) is used, an increment pulse is generated when afalling edge of the internal
clock isdetected. For thisreason, in a case like No. 3 in table 9-8-4, where the clock is switched
at atime such that the clock signal goes from high level before switching to low level after
switching, the switchover is seen as afalling edge of the clock pulse, causing TCG to be
incremented.
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Table 9-8-4 Internal Clock Switching and TCG Operation

Clock Level Before
and After Modifying
No. Bits CKS1 and CKSO TCG Operation

1 Goes from low level to Clock before J ! \—,—L
low level switching I

Clock after |
switching

|
|
Count clock 3
|
|
.

TCG N N+

2 Goes from low level to
. Clock before
high level switching

|

Clock after
switching

Count clock

I
I
I
I
I
I
[I
I
I
} N +2
I

TCG N >< N +1 ><

CKS bits modified

3 Goes from high level to
low level

Clock before
switching

]

Clock after
switching

Count clock | ] ﬁ 1
TCG N X nn 1 X N +2 X

4 Goes from high level to ‘

high level Clock before | ] \—m

switching

Clock after
switching

|
| -
|
|
Count clock :
|
|
- X
|

TCG N >< N +1 >< N +2

CKS bits modified

Note: * The switchover is seen as a falling edge of the clock pulse, and TCG is incremented.
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2. Noteon rewriting port mode registers

When a port mode register setting is modified to enable or disable the input capture function or
input capture noise canceling function, note the following points.

»  Switching the function of the input capture pin

When the function of the input capture pin is switched by modifying port mode register 1 bit 3
(the TMIG bit), an input capture edge may be recognized even though no valid signal edge has
been input. This occurs under the conditions listed in table 9-8-5.

Table9-8-5 Falselnput Capture Edges Generating by Switching of Input Capture Pin Function

Input Capture Edge  Conditions

Rising edge TMIG pin level is high, and TMIG bit is changed from 0 to 1

recognized TMIG pin level is high and NCS bit is changed from 0 to 1, then TMIG bit is
changed from 0 to 1 before noise canceller circuit completes five samples

Falling edge TMIG pin level is high, and TMIG bit is changed from 1 to O

recognized TMIG pin level is low and NCS bit is changed from 0 to 1, then TMIG bit is
changed from 0 to 1 before noise canceller circuit completes five samples

TMIG pin level is high and NCS bit is changed from 0 to 1, then TMIG bit is
changed from 1 to 0 before noise canceller circuit completes five samples

Note: When pin P13 is not used for input capture, the input capture signal input to timer G is low.
«  Switching the input capture noise canceling function

When modifying port mode register 2 bit 4 (the NCS bit) to enable or disable the input capture
noise canceling function, first clear the TMIG bit to 0. Otherwise an input capture edge may be
recognized even though no valid signal edge has been input. This occurs under the conditions
listed in table 9-8-6.

Table9-8-6 Falselnput Capture Edges Generating by Switching of Noise Canceling Function

Input Capture Edge Conditions

Rising edge TMIG bit is set to 1 and TMIG pin level changes from low to high, then NCS

recognized bit is changed from 1 to 0 before noise canceller circuit completes five
samples

Falling edge TMIG bit is set to 1 and TMIG pin level changes from high to low, then NCS

recognized bit is changed from 1 to 0 before noise canceller circuit completes five
samples
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If switching of the pin function generates afalse input capture edge matching the edge selected by
the input capture interrupt edge select bit (IIEGS), the interrupt request flag will be set to 1,
making it necessary to clear this flag to 0 before using the interrupt function. Figure 9-8-9 shows
the procedure for modifying port mode register settings and clearing the interrupt request flag.
Thefirst step isto mask interrupts before modifying the port mode register. After modifying the
port mode register setting, wait long enough for an input capture edge to be recognized (at |least
two system clocks when noise canceling is disabled; at least five sampling clocks when noise
canceling is enabled), then clear the interrupt request flag to 0 (assuming it has been set to 1). An
alternative procedure is to avoid having the interrupt request flag set when the pin function is
switched, either by controlling the level of the input capture pin so that it does not satisfy the
conditions in tables 9-8-5 and 9-8-6, or by setting the I|IEGS bit of TMG to select the edge
opposite to the falsely generated edge.

Set | bitto 1 in CCR Disable interrupts (or disable by clearing interrupt
‘ enable bit in interrupt enable register 2)

Modify port mode register

Modify port mode register setting, wait for input
\ capture edge to be recognized (at least two
Wait for TMIG to be recognized system clocks when noise canceling is disabled;
at least five sampling clocks when noise canceling
\ is enabled), then clear interrupt request flag to 0

Clear interrupt request flag to 0

Clear | bitto 0in CCR Enable interrupts

Figure 9-8-9 Procedurefor Modifying Port Mode Register and Clearing I nterrupt
Request Flag

229



99 Timer H

9.9.1 Overview

Built-in timer H is based on an 8-bit counter. In addition to atimer counter (TCNTH), timer H has
two time constant registers (TCORAH and TCORBH) that support a variety of functions. For
example, a pulse signal with an arbitrary duty cycle can be output by use of the internal compare
match signals generated when TCNTH matches TCORAH and TCORBH.

1. Features

e Choiceof threeinternal clock sources (2/1024, @/64, @/8) or an external clock (can be used as
an external event counter).

e Counter can be cleared by compare match A or B, or by an external reset signal.

e Timer output is controlled by two independent compare match signal's, enabling pul se output
with an arbitrary duty cycle, PWM output, and other applications.

e Threeinterrupt sources: two compare match, one overflow
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2. Block diagram

Figure 9-9-1 shows a block diagram of timer H.

External clock Internal clocks
TMCIH —  @/8
/64

/1024
R

Clock select | Clock

Compare match A

U

Comparator A

TMOH ~—
Overflow
TMRIH —» o Internal
Clear i @ | data bus
g S D
- Comparator B ° o
Control Compare match B . k) S
logic § 8
TCORBH s M
TCSRH L
TCRH
CMIA
————— = CMIB
OoVI

Interrupt signals

Notation:

TCORAH: Time constant register AH
TCORBH: Time constant register BH
TCNTH:  Timer counter H

TCSRH:  Timer control/status register H
TCRH: Timer control register H

Figure9-9-1 Block Diagram of Timer H
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3. Pin configuration
Table 9-9-1 shows the timer H pin configuration.

Table 9-9-1 Pin Configuration

Name Abbrev. I/0 Function

Timer H output TMOH Output Compare match output

Timer H clock input TMCIH Input External clock input to counter
Timer H reset input TMRIH Input External input to reset counter

4. Register configuration
Table 9-9-2 shows the register configuration of timer H.

Table9-9-2 Timer H Registers

Name Abbrev. R/W Initial Value Address
Timer control register H TCRH R/W H'00 H'FF88
Timer control/status register H TCSRH R/(W)* H'10 H'FF89
Time constant register AH TCORAH R/W H'FF H'FF8A
Time constant register BH TCORBH R/W H'FF H'FF8B
Timer counter H TCNTH R/W H'00 H'FF8C

Note: * Bits 7 to 5 can only be written with 0, for flag clearing.
9.9.2 Register Descriptions

1. Timer counter (TCNTH)

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

TCNTH is an 8-bit read/write up-counter which isincremented by internal or external clock inpuit.
The clock sourceis selected by bits CKS2 to CKS0 in TCRH. The TCNTH value can be read by
the CPU at any time. TCNTH can be cleared by an external reset signal, or by compare match A
or B. The clearing signal is selected by bits CCLR1 and CCLRO in TCRH.

When TCNTH overflows from H'FF to H'00, the OVF flag isset to 1 in TCSRH.
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TCNTH isinitialized to H'00 upon reset and in standby mode, watch mode, subsleep mode, and
subactive mode.

2. Time constant registers AH and BH (TCORAH, TCORBH)

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 R/W

TCORAH and TCORBH are 8-hit read/write registers.

TCORAH and TCORBH are compared with TCNTH at all times. When they match TCNTH,
CMFA or CMFB isset to 1in TCSRH. The comparison is disabled, however, during the T5 state
of awrite cycleto TCORAH or TCORBH.

Timer output can be controlled by internal signals (compare match signals) generated from
compare match, according to the settings of bits OS3 to OS0 in TCSRH.

TCORAH and TCORBH are initialized to H'FF upon reset and in standby mode, watch mode,
subsleep mode, and subactive mode.

3. Timer control register H (TCRH)

Bit 7 6 5 4 3 2 1 0

‘ CMIEB ‘ CMIEA‘ OVIE ‘ CCLR1 ‘ CCLRO ‘ CKS2 ‘ CKS1 ‘ CKSO ‘
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

TCRH is an 8-bit read/write register that selectsthe TCNTH input clock, controls the clearing of
TCNTH, and enables interrupts.

TCRH isinitialized to H'00 upon reset and in standby mode, watch mode, subsleep mode, and
subactive mode.
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Bit 7: Compare match interrupt enable B (CMIEB)

Bit 7 enables or disables the interrupt request (CM1B) generated from CMFB when CMFB is set
to1in TCSRH.

Bit 7

CMIEB Description

0 Interrupt request (CMIB) from CMFB disabled (initial value)
1 Interrupt request (CMIB) from CMFB enabled

Bit 6: Compare match interrupt enable A (CMIEA)

Bit 6 enables or disables the interrupt request (CMIA) generated from CMFA when CMFA is set
to1in TCSRH.

Bit 6

CMIEA Description

0 Interrupt request (CMIA) from CMFA disabled (initial value)
1 Interrupt request (CMIA) from CMFA enabled

Bit 5: Timer overflow interrupt enable (OVIE)

Bit 5 enables or disables the interrupt request (OVI) generated from OVF when OVFissetto lin
TCSRH.

Bit 5

OVIE Description

0 Interrupt request (OVI) from OVF disabled (initial value)
1 Interrupt request (OVI) from OVF enabled
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Bits4 and 3: Counter clear 1 and 0 (CCLR1, CCLRO)

Bits 4 and 3 specify whether or not to clear TCNTH, and select compare match A or B or an
external reset signal.

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
1 Cleared by rising edge of external reset input

Bits2to 0: Clock select 2 to 0 (CKS2 to CKS0)
Bits 2 to O select the internal or external clock input to TCNTH.

Threeinternal clock sources divided from the system clock (@) can be selected (2/8, @/64, 2/1024).
The counter increments on the falling edge.

If the external clock is selected, there is a choice of incrementing on the rising edge, falling edge,
or both edges.

Bit 2 Bit 1 Bit 0
CKS2 CKS1 CKSO Description

0 0 0 Clock input disabled (initial value)
1 Internal clock: /8, falling edge
1 0 Internal clock: @/64, falling edge
1 Internal clock: /1024, falling edge
1 0 0 Clock input disabled
1 External clock: rising edge
1 0 External clock: falling edge
1 External clock: both edges
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4. Timer control/status register H (TCSRH)

Bit 7 6 5 4 3 2 1 0
‘CMFB \ CMFA‘ OVF \ — \ 0S3 \ 0S2 \ 0s1 \ 0S0 \

Initial value 0 0 0 1 0 0 0 0

Read/Write  R/I(W)* RIW)* RIW)*  — RW  RW RW  RMW

Note: * These bits can only be written with 0, for flag clearing.

TCSRH is an 8-bit register that sets compare match flags and the timer overflow flag, and controls
compare match output.

TCSRH isinitialized to H'10 upon reset and in standby mode, watch mode, subsleep mode, and
subactive mode.

Bit 7: Compare match flag B (CMFB)

Bit 7 isa status flag indicating that TCNTH has matched TCORBH. Thisflag is set by hardware
and cleared by software. It cannot be set by software.

Bit 7

CMFB Description

0 Clearing conditions: (initial value)
After reading CMFB = 1, cleared by writing 0 to CMFB

1 Setting conditions:

Set when the TCNTH value matches the TCORBH value

Bit 6: Compare match flag A (CMFA)

Bit 6 is a status flag indicating that TCNTH has matched TCORAH. Thisflag is set by hardware
and cleared by software. It cannot be set by software.

Bit 6

CMFA Description

0 Clearing conditions: (initial value)
After reading CMFA = 1, cleared by writing 0 to CMFA

1 Setting conditions:

Set when the TCNTH value matches the TCORAH value
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Bit 5: Timer overflow flag (OVF)

Bit 5isastatus flag indicating that TCNTH has overflowed from H'FF to H'00. Thisflag is set by
hardware and cleared by software. It cannot be set by software.

Bit 5

OVF Description

0 Clearing conditions: (initial value)
After reading OVF = 1, cleared by writing O to OVF

1 Setting conditions:

Set when TCNTH overflows from H'FF to H'00

Bit 4: Reserved hit
Bit 4 isreserved; it is always read as 1, and cannot be modified.
Bits 3to 0: Output select 3 to 0 (OS3 to OS0)

Bits 3 to 0 select the way in which the output level changes in response to compare match
between TCNTH and TCORAH or TCORBH.

0OS3 and OS2 select the output level for compare match B. OS1 and OS0 select the output level
for compare match A. The two levels can be controlled independently.

If two compare matches occur simultaneously, any conflict between the settings is resolved
according to the following priority order: toggle output > 1 output > 0 output.

When OS3 to OS0 are all cleared to O, timer output is disabled.

After areset, the timer output is O until the first compare match.

Bit 3 Bit 2

OS3 0S2 Description

0 0 No change at compare match B (initial value)
1 0 output at compare match B

1 0 1 output at compare match B
1 Output toggles at compare match B
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Bit 1 Bit 0

Os1 0OS0 Description

0 0 No change at compare match A (initial value)
1 0 output at compare match A

1 1 1 output at compare match A
1 Output toggles at compare match A

9.9.3 Timer Operation

1. TCNTH increment timing

TCNTH isincremented by an input (interna or external) clock.
* Interna clock

One of three clocks (2/1024, @/64, ¢/8) divided from the system clock (@) can be selected by
bits CKS2 to CKS0 in TCRH. Figure 9-9-2 shows the timing.

Internal _I |
clock ()()

TCNTH
input (6

|

TCNTH N-1 X N X N+1
))

Figure9-9-2 Increment Timing with Internal Clock

238



External clock

Incrementation on the rising edge, falling edge, or both edges of the external clock can be
selected by bits CKS2 to CKS0 in TCRH.

The external clock pulse width should be at least 1.5 system clocks (@) when asingle edgeis
counted, and at least 2.5 system clocks when both edges are counted. Shorter pulses will not
be counted correctly.

Figure 9-9-3 shows the timing when both the rising and falling edges of the external clock are
selected.

External clock |
((
)Y

input pin \
TCNTH input ,—l
clock e

((
)]
+
N >< ()()Nl

TCNTH N-1 X

Figure 9-9-3 Increment Timing with External Clock
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Compare match timing
Compare match flag A or B (CMFA or CMFB) set timing

CMFA or CMFB issetto 1in TCSRH by an internal compare match signal generated when
TCNTH matches TCORAH or TCORBH. The compare match signal is generated in the last
state in which the values match (when TCNTH changes from the matching value to a new
value). Accordingly, when TCNTH matches TCORAH or TCORBH, the compare match
signal is not generated until the next clock input to TCNTH. Figure 9-9-4 shows the timing.

° T O U

TCNTH N >< N+ 1
TCORAH/ .
TCORBH

Compare match ,—l
signal

CMFA/CMFB |

Figure9-9-4 CMFA and CMFB Set Timing
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Timer output timing

The timer output responds to compare match A or B by remaining unchanged, changing to 0O,
changing to 1, or toggling, as selected by bits OS3 to OS0 in TCSRH. Figure 9-9-5 shows the
timing when the output is toggled by compare match A.

o ipEpEpipEpEuEnEnERE
Compare matchj ,—L
A signal \

.

Timer output |
pin

Figure 9-9-5 Timer Output Timing
Clearing by compare match

TCNTH can be cleared by compare match A or B, as selected by bits CCLR1 and CCLRO in
TCRH. Figure 9-9-6 shows the timing.

° T A

Compare match

signal \\

TCORAH/ -
TCORBH N X H'00

Figure 9-9-6 Clear Timing by Compare Match
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3. TCNTH external reset timing

TCNTH can be cleared by the rising edge of an external reset signal, as selected by bits CCLR1
and CCLRO in TCRH. The pulse width of the external reset signal must be at least 1.5 system
clocks. Figure 9-9-7 shows the timing.

° B e O A o A

External reset |
input pin 3
Internal clearing ,—l
pulse

TCNTH N-1 X N X H'00

Figure 9-9-7 Clear Timing by External Reset Input
4. Overflow flag (OVF) set timing

The overflow flag (OVF) is set to 1 when TCNTH overflows from H'FF to H'00. Figure 9-9-8
shows the timing.

s B S

TCNTH HFF X H'00
Overflow signal

R
OVF

Figure9-9-8 OVF Set Timing
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9.9.4 Interrupt Sources

Timer H has three interrupt sources: CMIA, CMIB, and OVI. Table 9-9-3 lists the interrupt
sources and their vector address. Each interrupt source can be enabled or disabled by an interrupt
enable bit in TCRH. Although all three interrupts share the same vector, they have individua
interrupt flags, so software can discriminate the interrupt source.

Table 9-9-3 Timer H Interrupt Sources

Interrupt Description Vector Address
CMIA Interrupt generated from CMFA H'002A

CMIB Interrupt generated from CMFB

ovi Interrupt generated from OVF

9.9.5 Timer H Application Examples

Figure 9-9-9 shows an example of output of pulseswith an arbitrary duty cycle. To set up this
output:

e Clear bit CCLR1to 0 and set hit CCLROto 1in TCRH so that TCNTH will be cleared by
compare match with TCORAH.

e Set bits OS3 to OS0 to 0110 in TCSRH so that the output will go to 1 at compare match with
TCORAH and to 0 at compare match with TCORBH.

With these settings, a waveform is output without further software intervention, with a period
determined by TCORAH and a pulse width determined by TCORBH.

HFF

TCORAH

TCORBH

H'00

TMOH —

Figure 9-9-9 Pulse Output Example
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9.9.6 Application Notes
The following types of contention can occur in timer H operation.
1. Contention between TCNTH write and counter clear

If aTCNTH clear signal is generated in the T state of a TCNTH write cycle, clearing takes
precedence and the write to the counter is not carried out. Figure 9-9-10 shows the timing.

TCNTH write cycle by CPU

T T, T3
o |
Address X TCNTH address ><

Internal write
signal

Counter clear
signal

TCNTH N >< H'00

Figure9-9-10 Contention between TCNTH Writeand Clear
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2. Contention between TCNTH write and increment

If aTCNTH increment clock signal is generated in the T4 state of a TCNTH write cycle, the write
takes precedence and the counter is not incremented. Figure 9-9-11 shows the timing.

TCNTH write cycle by CPU

Ty T T3

Address X TCNTH address

Internal write signal

TCNTH clock

TCNTH N ></r M
K

Counter write data

Figure9-9-11 Contention between TCNTH Write and Increment
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3. Contention between TCORAH/TCORBH write and compare match

If acompare match is generated in the T state of a TCORAH or TCORBH write cycle, the write
to TCORAH or TCORBH takes precedence and the compare match signal isinhibited. Figure
9-9-12 shows the timing.

TCORAH/TCORBH write cycle by CPU
Ty T T3

|
o L
Address X TCORAH/TCORBH address ><
Internal write signal
TCNTH N >< N+1
TCORAH/TCORBH N >< id M

K TCORAH/TCORBH write data
Compare match
signal : l‘\]
Inhibited

Figure9-9-12 Contention between TCORAH/TCORBH Write and Compare Match
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4. Contention between compare match A and B

If compare match A and B occur simultaneously, any conflict between the output selections for
compare match A and compare match B is resolved by following the priority order in table 9-9-4.

Table 9-9-4 Timer Output Priority Order

Output Setting Priority
Toggle output High

1 output

0 output 1

No change Low

5. Interna clock switching and TCNTH operation

Depending on the timing, TCNTH may be incremented by a switch between different internal
clock sources. Table 9-9-5 shows the relation between internal clock switchover timing (by
writing to bits CKS1 and CK S0) and TCNTH operation.

When TCNTH isinternally clocked, an increment pulse is generated from the falling edge of an
internal clock signal, which is divided from the system clock (@). For this reason, in acase like
No. 3in table 9-9-5 where the switch is from a high clock signal to alow clock signal, the
switchover is seen as afalling edge, causing TCNTH to increment.

TCNTH can also be incremented by a switch between internal and external clocks.
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Table 9-9-5 Internal Clock Switchingand TCNTH Operation

Clock Levels Before
and After Modifying
No. Bits CKS1 and CKSO TCNTH Operation

1 Goes from low level to ‘
low level*1 Clock before 3 ,—l
switching :
Clock after i
switching '
TCNTH clock ! _|
TCNTH N X | N+1 X
Write to CKS1 and CKSO
2 Goes from low to \
high*2 Clock before |
9 switching |
Clock after i
switching !
TCNTH clock 3
TCNTH N X N+1 X1 N+2 X

Write to CKS1 and CKS0

Notes: 1. Including a transition from the low level to the stopped state, or from the stopped state
to the low level.
2. Including a transition from the stopped state to the high level.
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Table 9-9-5 Internal Clock Switchingand TCNTH Operation

Clock Levels Before
and After Modifying

No. Bits CKS1 and CKSO TCNTH Operation
3 Goes from high level Clock before ‘
to low level*3 switching
Clock after :
switching :
4
TCNTH clock |_|
\‘¥/
TCNTH N X n+1 X N+2 X
Write to CKS1 and CKSO
4 Goes from high to

high

Clock before !
switching i

Clock after
switching

TCNTH clock

TCNTH N X N+1 X N+2 X

Write to CKS1 and CKS0

Notes: 3. Including a transition from the high level to the stopped state.
4. The switchover is seen as a falling edge, and TCNTH is incremented.
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Section 10 Serial Communication Interface

10.1 Overview

The H8/3947 Seriesis provided with a three-channel serial communication interface (SCI). Two
of the three channels conform to the 12C bus interface (inter IC businterface). Table 10-1-1
summarizes the functions and features of the three SCI channels.

Table 10-1-1 Serial Communication Interface Functions

Channel  Functions Features
SCI3 Synchronous serial transfer « Built-in baud rate generator
« 8-bit data transfer * Receive error detection
* Send, receive, or simultaneous * Break detection
send/receive « Interrupt requested at completion of
Asynchronous serial transfer transfer or error
« Multiprocessor communication function
« Choice of 7-bit or 8-bit data length
« Choice of 1-bit or 2-bit stop bit length
» Odd or even parity
12C1 12C bus interface functions « Conforms to Philips 12C bus interface
12c2 specifications

* Selectable data bit length (1 to 8 bits)
» Master/slave and transmit/receive selection

« Selection of serial clocks (2/64, @/56, 8/50,
@140, 8/32, @124, 3/20, @/14)

« Selection of slave address and data format
« Optional wait after data transfer

 Three interrupt sources (data transfer end,
slave address detect, bus arbitration lost)

* Data transfer controlled by bus
arbitration check

« Data transfer can be controlled by
acknowledge bit
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10.2 SCI3
10.2.1 Overview

Serial communication interface 3 (SCI3) has both synchronous and asynchronous serial data
communication capabilities. It aso has a multiprocessor communication function for serial data
communication among two or more processors.

1. Features

SCI3 features are listed below.

«  Selection of asynchronous or synchronous mode
a  Asynchronous mode

SCI3 can communicate with a UART (universal asynchronous receiver/transmitter), ACIA
(asynchronous communication interface adapter), or other chip that employs standard
asynchronous serial communication. It can also communicate with two or more other
processors using the multiprocessor communication function. There are twelve selectable
serial data communication formats.

Data length 7 or 8 bits
Stop bit length 1 or 2 bits
Parity Even, odd, or none
Multiprocessor bit 1 or none

Receive error detection Parity, overrun, and framing errors

Break detection By reading the RXD level directly when a framing error occurs

b. Synchronous mode

Seria data communication is synchronized with aclock signal. SCI3 can communicate with
other chips having a clocked synchronous communication function.

Data length 8 bits

Receive error detection Overrun errors

e Full duplex communication

The transmitting and receiving sections are independent, so SCI3 can transmit and receive
simultaneously. Both sections use double buffering, so continuous data transfer is possiblein
both the transmit and receive directions.
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*  Built-in baud rate generator with selectable bit rates.
* Interna or external clock may be selected as the transfer clock source.

e Therearesix interrupt sources. transmit end, transmit data empty, receive data full, overrun
error, framing error, and parity error.

2. Block diagram

Figure 10-2-1 shows a block diagram of SCI3.

External
clock Internal clock
SCKz Q=e—» P
Baud rate (9/64, 9/16, @/4, @)
generator
BRC BRR F—>
Clock
- SMR s
- [2])
= >
Transmit/receive - - > <
SCR3 <
control g
- SSR [ E
[}
1 | =
TXD O= TSR - TDR -
RXD O > RSR > RDR ——
_Interrupt
requests
Notation: RSR: Receive shift register g)%l,géll),

RDR: Receive data register
TSR: Transmit shift register
TDR: Transmit data register
SMR: Serial mode register
SCR3: Serial control register 3
SSR: Serial status register
BRR: Bit rate register

BRC: Bit rate counter

Figure10-2-1 SCI3 Block Diagram

253



3. Pin configuration
Table 10-2-1 shows the SCI3 pin configuration.

Table 10-2-1 Pin Configuration

Name Abbrev. I/0 Function

SCI3 clock SCK; I/O SCI3 clock input/output
SCI3 receive data input RXD Input SCI3 receive data input
SCI3 transmit data output TXD Output SCI3 transmit data output

4. Register configuration
Table 10-2-2 shows the SCI3 internal register configuration.

Table 10-2-2 SCI3 Registers

Name Abbrev. R/W Initial Value Address
Serial mode register SMR R/W H'00 H'FFA8
Bit rate register BRR R/W H'FF H'FFA9
Serial control register 3 SCR3 R/W H'00 H'FFAA
Transmit data register TDR R/W H'FF H'FFAB
Serial status register SSR R/(W)* H'84 H'FFAC
Receive data register RDR R H'00 H'FFAD
Transmit shift register TSR — — —
Receive shift register RSR — — —

Bit rate counter BRC — — —

Note: * Only 0 can be written in bits 7 to 3, to clear flags. Bits 2 and 1 are read-only bits.
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10.2.2 Register Descriptions

1. Receive shift register (RSR)

Bit 7 6 5 4 3 2 1 0

Read/Write — — — — — — _ _

The receive shift register (RSR) isfor receiving serial data.

Serial dataisinput in LSB-first order (bit O first) into RSR from pin RXD, converting it to parallel
data. After each byte of data has been received, the byte is automatically transferred to the receive
dataregister (RDR).

RSR cannot be read or written directly by the CPU.

2. Receive dataregister (RDR)

Bit 7 6 5 4 3 2 1 0

‘ RDR7 ‘ RDR6 ‘ RDR5 ‘ RDR4 ‘ RDR3 ‘ RDR2 ‘ RDR1 ‘ RDRO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R R R R R R R R

Thereceive dataregister (RDR) is an 8-bit register for storing received serial data.

Each time a byte of datais received, the received data is transferred from the receive shift register
(RSR) to RDR, completing areceive operation. Thereafter RSR again becomes ready to receive
new data. RSR and RDR form a double buffer mechanism that allows data to be received
continuously.

RDR isexclusively for receiving data and cannot be written by the CPU.

RDR isinitialized to H'00 upon reset or in standby mode, watch mode, subactive mode, or
subsleep mode.
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3. Transmit shift register (TSR)

Bit 7 6 5 4 3 2 1 0

Read/Write — — — — — — — _

The transmit shift register (TSR) is for transmitting serial data.

Transmit dataisfirst transferred from the transmit dataregister (TDR) to TSR, then is transmitted

from pin TXD, starting from the LSB (bit 0). After one byte of data has been sent, the next byteis
automatically transferred from TDR to TSR, and the next transmission begins. If no data has been
writtento TDR (1 isset in TDRE), there is no data transfer from TDR to TSR.

TSR cannot be read or written directly by the CPU.

4, Transmit dataregister (TDR)

Bit 7 6 5 4 3 2 1 0

‘ TDR7 ‘ TDR6 ‘ TDR5 ‘ TDR4 ‘ TDR3 ‘ TDR2 ‘ TDR1 ‘ TDRO ‘
Initial value 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

The transmit data register (TDR) is an 8-hit register for holding transmit data. When SCI 3 detects
that the transmit shift register (TSR) is empty, it shifts transmit data written in TDR to TSR and
starts serial datatransmission. While TSR istransmitting serial data, the next byte to be
transmitted can be written to TDR, realizing continuous transmission.

TDR can be read or written by the CPU at all times.

TDRisinitialized to H'FF upon reset or in standby mode, watch mode, subactive mode, or
subsleep mode.
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5. Serial mode register (SMR)

Bit 7 6 5 4 3 2 1 0
‘ COM ‘ CHR ‘ PE ‘ PM ‘ STOP ‘ MP ‘ CKSs1 ‘ 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

The serial mode register (SMR) is an 8-hit register for setting the serial data communication
format and for selecting the clock source of the baud rate generator. SMR can be read and written
by the CPU at any time.

SMRisinitialized to H'00 upon reset or in standby mode, watch mode, subactive mode, or
subsleep mode.

Bit 7: Communication mode (COM)

Bit 7 selects asynchronous mode or synchronous mode for SCI3.

Bit 7

COM Description

0 Asynchronous mode (initial value)
1 Synchronous mode

Bit 6: Character length (CHR)

Bit 6 selects either 7 bits or 8 bits as the data length in asynchronous mode. In synchronous mode
the data length is always 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) in the transmit data register is not transmitted.
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Bit 5: Parity enable (PE)

In asynchronous mode, bit 5 selects whether or not a parity bit is to be added to transmitted data
and checked in received data. In synchronous mode there is no adding or checking of parity
regardless of the PE setting.

Bit 5

PE Description

0 Parity bit adding and checking disabled (initial value)
1 Parity bit adding and checking enabled*

Note: * When PE is set to 1, then either odd or even parity is added to transmit data, depending on
the setting of the parity mode bit (PM). When data is received, it is checked for odd or
even parity as designated in bit PM.

Bit 4: Parity mode (PM)

In asynchronous mode, bit 4 selects whether odd or even parity is to be added to transmitted data
and checked in received data. The setting here isvalid only if parity adding/checking is enabled in
bit PE. In synchronous mode, or if parity adding/checking is disabled in bit PE, bit PM isignored.

Bit 4

PM Description

0 Even parity*1 (initial value)
1 Odd parity*2

Notes: 1. When even parity is designated, a parity bit is added to the transmitted data so that the
sum of 1s in the resulting data is an even number. When data is received, the sum of
1s in the data plus parity bit is checked to see if the result is an even number.

2. When odd parity is designated, a parity bit is added to the transmitted data so that the
sum of 1s in the resulting data is an odd number. When data is received, the sum of 1s
in the data plus parity bit is checked to see if the result is an odd number.
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Bit 3: Stop bit length (STOP)

Bit 3 selects 1 hit or 2 bits as the stop bit length in asynchronous mode. This setting isvalid only
in asynchronous mode. In synchronous mode a stop bit is not added, so this bit isignored.

When datais received, only the first stop bit is checked regardless of the stop bit length. If the
second stop bit valueis 1 it istreated as a stop bit; if it is 0, it istreated as the start bit of the next
character.

Bit 3

STOP Description

0 1 stop bit*1 (initial value)
1 2 stop bits*2

Notes: 1. When data is transmitted, one “1” bit is added at the end of each transmitted character
as the stop bit.
2. When data is transmitted, two “1” bits are added at the end of each transmitted
character as the stop bits.

Bit 2: Multiprocessor mode (MP)
Bit 2 enables or disables the multiprocessor communication function. When the multiprocessor
communication function is enabled, the parity enable (PE) and parity mode (PM) settings are

ignored. The MP bitisvalid only in asynchronous mode; it should be cleared to O in synchronous
mode.

See 10.2.6, for details on the multiprocessor communication function.

Bit 2

MP Description

0 Multiprocessor communication function disabled (initial value)
1 Multiprocessor communication function enabled
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Bits1 and 0: Clock select 1, 0 (CKS1, CKS0)

Bits 1 and O select the clock source for the built-in baud rate generator. A choice of 9/64, @/16,
@l4, or gis madein these hits.

See 8, Bit rate register, below for information on the clock source and hit rate register settings, and
their relation to the baud rate.

Bit 1 Bit 0

CKS1 CKSO Description

0 0 g clock (initial value)
0 1 @/4 clock

1 0 2/16 clock

1 1 2/64 clock

6. Seria control register 3 (SCR3)

Bit 7 6 5 4 3 2 1 0
‘ TIE ‘ RIE ‘ TE ‘ RE ‘ MPIE ‘ TEIE ‘ CKE1 ‘ CKEO ‘
Initial value 0 0 0 0 0 0 0 0

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

Serial control register 3 (SCR3) is an 8-hit register that controls SCI3 transmit and receive
operations, enables or disables serial clock output in asynchronous mode, enables or disables
interrupts, and selects the serial clock source. SCR3 can be read and written by the CPU at any
time.

SCRS3isinitialized to H'00 upon reset or in standby mode, watch mode, subactive mode, or
subsleep mode.
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Bit 7: Transmit interrupt enable (TIE)

Bit 7 enables or disables the transmit data empty interrupt (TXI) request when datais transferred
from TDR to TSR and the transmit data register empty bit (TDRE) in the serial status register
(SSR) issetto 1. The TXI interrupt can be cleared by clearing bit TDRE to 0, or by clearing bit
TIEtoO.

Bit 7

TIE Description

0 Transmit data empty interrupt request (TXI) disabled (initial value)
1 Transmit data empty interrupt request (TXI) enabled

Bit 6: Receive interrupt enable (RIE)

Bit 6 enables or disables the receive error interrupt (ERI), and the receive data full interrupt (RX1)
requested when datais transferred from RSR to RDR and the receive data register full bit (RDRF)
in the serial status register (SSR) isset to 1. RXI and ERI interrupts can be cleared by clearing
SSR flag RDREF, or flags FER, PER, and OER to 0, or by clearing bit RIE to 0.

Bit 6

RIE Description

0 Receive data full interrupt request (RXI) and receive error interrupt (initial value)
request (ERI) disabled

1 Receive data full interrupt request (RXI) and receive error interrupt request (ERI)

enabled

Bit 5: Transmit enable (TE)

Bit 5 enables or disables the start of atransmit operation.

Bit 5

TE Description

0 Transmit operation disabled*1 (TXD is a general 1/O port) (initial value)
1 Transmit operation enabled*2 (TXD is the transmit data pin)

Notes: 1. The transmit data register empty bit (TDRE) in the serial status register (SSR) is fixed
at 1.
2. In this state, if transmit data is written in TDR, bit TDRE is cleared to 0 in SSR and serial
transmission begins. Be sure to select the transmit format in SMR before setting TE to
1.
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Bit 4: Receive enable (RE)

Bit 4 enables or disables the start of areceive operation.

Bit 4

RE Description

0 Receive operation disabled*1 (RXD is a general 1/O port) (initial value)
1 Receive operation enabled*2 (RXD is the receive data pin)

Notes: 1. When RE is cleared to 0, this has no effect on the SSR flags RDRF, FER, PER, and
OER, which retain their states.
2. Serial data receiving begins when, in this state, a start bit is detected in asynchronous
mode, or serial clock input is detected in synchronous mode.
Before setting RE to 1 it is necessary to set the receive format in SMR.

Bit 3: Multiprocessor interrupt enable (MPIE)

Bit 3 enables or disables multiprocessor interrupt requests. This setting isvalid only in
asynchronous mode, and only when the multiprocessor mode bit (MP) in the serial mode register
(SMR) isset to 1. It appliesonly to datareceiving. Thisbit isignored when COM issetto 1 or
when bit MP is cleared to 0.

Bit 3

MPIE Description

0 Multiprocessor interrupt request disabled (ordinary receive operation)  (initial value)
Clearing condition:
Multiprocessor bit receives a data value of 1

1 Multiprocessor interrupt request enabled*

Note: * SCI3 does not transfer receive data from RSR to RDR, does not detect receive errors, and
does not set status flags RDRF, FER, and OER in SSR. Until a multiprocessor bit value of
1 is received, the receive data full interrupt (RXI) and receive error interrupt (ERI) are
disabled and serial status register (SSR) flags RDRF, FER, and OER are not set. When
the multiprocessor bit receives a “1”, the MPBR bit of SSR is set to 1, MPIE is
automatically cleared to 0, RXI and ERI interrupts are enabled (provided bits TIE and RIE
in SCR3 are set to 1), and setting of the RDRF, FER, and OER flags is enabled.
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Bit 2: Transmit end interrupt enable (TEIE)

Bit 2 enables or disables the transmit end interrupt (TEI) requested if there is no valid transmit
datain TDR when the MSB is transmitted.

Bit 2

TEIE Description

0 Transmit end interrupt (TEI) disabled (initial value)
1 Transmit end interrupt (TEI) enabled*

Note: * A TEl interrupt can be cleared by clearing the SSR bit TDRE to 0, thereby clearing the
transmit end bit (TEND) to 0, or by clearing bit TEIE to 0.

Bits1 and O: Clock enable 1, 0 (CKE1, CKEO)

Bits 1 and O select the clock source and enable or disable clock output at pin SCK3. The
combination of bits CKE1 and CKEO determines whether pin SCK 3 isageneral 1/0 port, aclock
output pin, or aclock input pin.

The CKEO setting is valid only in asynchronous mode and only when using an internal clock
(CKE1 = 0). CKEO should be cleared to 0 in synchronous mode, or when using an external clock
(CKE1=1).

CKEL1 and CKEQ settings should be made before selecting the operating mode in SMR. For details
on clock source selection, see table 10-2-9 in 10.2.3, Operation.

?:IéEll CB::iIgO Communication Mode Clock Source SCKj3 Pin Function

0 0 Asynchronous Internal clock I/O port*1
Synchronous Internal clock Serial clock output*1

0 1 Asynchronous Internal clock Clock output*2
Synchronous Reserved Reserved

1 0 Asynchronous External clock Clock input*3
Synchronous External clock Serial clock input

1 1 Asynchronous Reserved Reserved
Synchronous Reserved Reserved

Notes: 1. Initial value
2. Aclock is output with the same frequency as the bit rate.
3. Input a clock with a frequency 16 times the bit rate.
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7. Serid statusregister (SSR)

Bit 7 6 5 4 3 2 1 0

‘ TDRE ‘ RDRF ‘ OER ‘ FER ‘ PER ‘ TEND ‘ MPBR ‘ MPBT ‘
Initial value 1 0 0 0 0 1 0 0
Read/Write  R/(W)*  R/(W)* R/(W)* R/(W)* R/(W)* R R R/W

Note: * Only 0 can be written for flag clearing.

The serial status register (SSR) is an 8-bit register containing status flags for indicating SCI3
states, and containing the multiprocessor bits.

SSR can be read and written by the CPU at any time, but the CPU cannot write a 1 to the status
flags TDRE, RDRF, OER, PER, and FER. To clear these flagsto O it isfirst necessary to read a 1.
Bit 2 (TEND) and bit 1 (MPBR) are read-only bits and cannot be modified.

SSRisinitialized to H'84 upon reset or in standby mode, watch mode, subactive mode, or
subsleep mode.

Bit 7: Transmit data register empty (TDRE)

Bit 7 isastatus flag indicating that data has been transferred from TDR to TSR.

Bit 7
TDRE Description
0 Indicates that transmit data written to TDR has not been transferred to TSR
Clearing conditions:
After reading TDRE = 1, cleared by writing O to TDRE.
When data is written to TDR by an instruction.
1 Indicates that no transmit data has been written to TDR, (initial value)

or the transmit data written to TDR has been transferred to TSR

Setting conditions:
When bit TE in SCR3 is cleared to 0.
When data is transferred from TDR to TSR.
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Bit 6: Receive dataregister full (RDRF)

Bit 6 is a status flag indicating whether there isreceive datain RDR.

Bit 6
RDRF Description
0 Indicates there is no receive data in RDR (initial value)
Clearing conditions:
After reading RDRF = 1, cleared by writing O to RDRF.
When data is read from RDR by an instruction.
1 Indicates that there is receive data in RDR
Setting condition:
When receiving ends normally, with receive data transferred from RSR to RDR
Note: If a receive error is detected at the end of receiving, or if bit RE in serial control register 3

Bit 5:

(SCR3) is cleared to 0, RDR and RDRF are unaffected and keep their previous states. An
overrun error (OER) occurs if receiving of data is completed while bit RDRF remains set
to 1. If this happens, receive data will be lost.

Overrun error (OER)

Bit 5isastatus flag indicating that an overrun error has occurred during data receiving.

Bit 5
OER Description
0 Indicates that data receiving is in progress or has been completed*? (initial value)
Clearing condition:
After reading OER = 1, cleared by writing 0 to OER
1 Indicates that an overrun error occurred in data receiving*2
Setting condition:
When data receiving is completed while RDRF is set to 1
Notes: 1. When bit RE in serial control register 3 (SCR3) is cleared to 0, OER is unaffected and

keeps its previous state.

2. RDR keeps the data received prior to the overrun; data received after that is lost. While
OER is set to 1, data receiving cannot be continued. In synchronous mode, data
transmitting cannot be continued either.
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Bit 4: Framing error (FER)

Bit 4 isa status flag indicating that a framing error has occurred during asynchronous receiving.

Bit 4
FER Description
0 Indicates that data receiving is in progress or has been completed*1 (initial value)
Clearing condition:
After reading FER = 1, cleared by writing 0 to FER
1 Indicates that a framing error occurred in data receiving
Setting condition:
The stop bit at the end of receive data is checked and found to be 0*2
Notes: 1. When bit RE in serial control register 3 (SCR3) is cleared to 0, FER is unaffected and

2.

keeps its previous state.

When two stop bits are used only the first stop bit is checked, not the second. When a
framing error occurs, receive data is transferred to RDR but RDRF is not set. While
FER is set to 1, data receiving cannot be continued. In synchronous mode, data
transmitting cannot be continued either.

Bit 3: Parity error (PER)

Bit 3isastatus flag indicating that a parity error has occurred during asynchronous receiving.

Bit 3
PER Description
0 Indicates that data receiving is in progress or has been completed*1 (initial value)
Clearing condition:
After reading PER = 1, cleared by writing 0 to PER
1 Indicates that a parity error occurred in data receiving*2
Setting condition:
When the sum of 1s in received data plus the parity bit does not match the parity
mode bit (PM) setting in the serial mode register (SMR)
Notes: 1. When bit RE in serial control register 3 (SCR3) is cleared to 0, PER is unaffected and
keeps its previous state.
2. When a parity error occurs, receive data is transferred to RDR but RDRF is not set.

While PER is set to 1, data receiving cannot be continued. In synchronous mode, data
transmitting cannot be continued either.
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Bit 2: Transmit end (TEND)

Bit 2 isa status flag indicating that TDRE was set to 1 when the last bit of a transmitted character
was sent. TEND isaread-only bit and cannot be modified directly.

Bit 2
TEND Description
0 Indicates that transmission is in progress
Clearing conditions:
After reading TDRE = 1, cleared by writing O to TDRE.
When data is written to TDR by an instruction.
1 Indicates that a transmission has ended (initial value)

Setting conditions:
When bit TE in SCR3 is cleared to 0.
If TDRE is set to 1 when the last bit of a transmitted character is sent.

Bit 1: Multiprocessor hit receive (MPBR)

Bit 1 holds the multiprocessor bit in data received in asynchronous mode using a multiprocessor
format. MPBR isaread-only bit and cannot be modified.

Bit 1

MPBR Description

0 Indicates reception of data in which the multiprocessor bit is 0* (initial value)
1 Indicates reception of data in which the multiprocessor bit is 1

Note: *If bit RE is cleared to 0 while a multiprocessor format is in use, MPBR retains its previous
state.
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Bit 0: Multiprocessor bit transmit (MPBT)

Bit 0 holds the multiprocessor bit to be added to transmitted data when a multiprocessor format is
used in asynchronous mode. Bit MPBT isignored when synchronous mode is chosen, when the
multiprocessor communication function is disabled, or when data transmission is disabled.

Bit 0

MPBT Description

0 The multiprocessor bit in transmit data is 0 (initial value)
1 The multiprocessor bit in transmit data is 1

8. Bitrateregister (BRR)

Bit 7 6 5 4 3 2 1 0

‘ BRR7 ‘ BRR6 ‘ BRR5 ‘ BRR4 ‘ BRR3 ‘ BRR2 ‘ BRR1 ‘ BRRO ‘
Initial value 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

The bit rate register (BRR) is an 8-hit register which, together with the baud rate generator clock
selected by bits CKS1 and CKS0 in the serial mode register (SMR), sets the transmit/receive bit
rate.

BRR can be read or written by the CPU at any time.

BRRisinitialized to H'FF upon reset or in standby mode, watch mode, subactive mode, or
subsleep mode.

Table 10-2-3 gives examples of how BRR is set in asynchronous mode. Thevauesin
table 10-2-3 are for active (high-speed) mode.
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Table 10-2-3 BRR Settings and Bit Ratesin Asynchronous Mode (1)

OSC (MHz)

2 2.4576 4 4.194304
Bit Rate Error Error Error Error
(bits/s) n N (%) n N (%) n N (%) n N (%)
110 1 70 +0.03 1 86 +0.31 1 141 +0.03 1 148 -0.04
150 0 207 +0.16 O 255 0 1 103 +0.16 1 108 +0.21
300 0 103 +0.16 0 127 O 0 207 +0.16 0 217 +0.21
600 0 51 +0.16 O 63 0 0 103 +0.16 O 108 +0.21
1200 0 25 +0.16 O 31 0 0 51 +0.16 O 54 -0.70
2400 0 12  +0.16 0 15 O 0 25 +0.16 0 26 +1.14
4800 - = = 0 0 0 12 +0.16 O 13 -2.48
9600 - - = 0 3 0 - - = 0 6 —2.48
19200 — — — 0 0 - - = - - =
31250 0 0 0 - = = 0 1 0 - = =
38400 - - = 0 0 0 - - = - - =
Table 10-2-3 BRR Settings and Bit Ratesin Asynchronous M ode (2)

OSC (MHz)
4.9152 6 7.3728 8

Bit Rate Error Error Error Error
(bits/s) n N (%) n N (%) n N (%) n N (%)
110 1 174 -0.26 1 212 +0.03 2 64 +0.70 2 70 +0.03
150 1 127 O 1 155 +0.16 1 191 O 1 207 +0.16
300 0 255 0 1 77  +0.16 1 9%5 0 1 103 +0.16
600 0 127 O 0 155 +0.16 0 191 O 0 207 +0.16
1200 0 63 0 0 77 +0.16 O 9%5 0 0 103 +0.16
2400 0 31 0 0 38 +0.16 O 47 0 0 51 +0.16
4800 0 15 O 0 19 -2.34 0 23 0 0 25 +0.16
9600 0 7 0 0 -2.34 0 11 0 0 12 +0.16
19200 0 3 0 0 4 -2.34 0 5 0 - = =
31250 —_- = = 0 0 —_- = = 0 3 0
38400 0 1 0 - - = 0 2 0 - - =
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Table 10-2-3 BRR Settings and Bit Ratesin Asynchronous Mode (3)

OSC (MHz)
9.8304 10

Bit Rate Error Error
(bits/s) n N (%) n N (%)
110 2 86 +0.31 2 88 -0.25
150 1 255 0 2 64 +0.16
300 1 127 O 1 129 +0.16
600 0 255 0 1 64 +0.16
1200 0 127 O 0 129 +0.16
2400 0 63 O 0 64 +0.16
4800 0 31 0 0 32 -1.36
9600 0 15 0 0 15 +1.73
19200 0 0 0 +1.73
31250 0 4 -1.70 0 4 0
38400 0 0 0 +1.73

Notes: 1. Settings should be made so that error is
within 1%.
2. BRR setting values are derived by the
following equation.

0OSsC
N= ———— x106-1
64 x22n x B

B: Bit rate (bits/s)

N: BRR baud rate generator setting (0 < N < 255)

OSC: Value of gogc (MHZ)

n: Baud rate generator input clock number (n =0, 1, 2, 3)

3. The error values in table 10-2-3 were
derived by performing the following
calculation and rounding off to two
decimal places.

Error (%) = x 100

B: Bit rate found from n, N, and OSC
R: Bit rate listed in left column of table 10-2-3
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The meaning of nis shown in table 10-2-4.

Table 10-2-4 Relation between n and Clock

SMR Setting
n Clock CKS1 CKSO0
0 ] 0 0
1 ol 0 1
2 2/16 1 0
3 /64 1 1

Table 10-2-5 shows the maximum bit rate for selected frequencies in asynchronous mode.
Valuesin table 10-2-5 are for active (high-speed) mode.

Table 10-2-5 Maximum Bit Rate at Selected Frequencies (Asynchronous M ode)

Setting
OSC (MHz) Maximum Bit Rate (bits/s) n N
2 31250 0 0
2.4576 38400 0 0
4 62500 0 0
4.194304 65536 0 0
4.9152 76800 0 0
6 93750 0 0
7.3728 115200 0 0
8 125000 0 0
9.8304 153600 0 0
10 156250 0 0
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Table 10-2-6 showstypical BRR settingsin synchronous mode. Valuesin table 10-2-6 are for
active (high-speed) mode.

Table10-2-6 Typical BRR Settings and Bit Rates (Synchronous M ode)

OSC (MHz)

Bit Rate 2 4 8 10
(bits/s) n N n N n N n N
110 — — — — — — — —
250 1 249 2 124 2 249 — —
500 1 124 1 249 2 124 — —
1K 0 249 1 124 1 249 — —
2.5K 0 99 0 199 1 99 1 124
5K 0 49 0 99 0 199 0 249
10K 0 24 0 49 0 99 0 124
25K 0 9 0 19 0 39 0 49
50K 0 0 9 0 19 0 24
100K — — 0 0 — —
250K 0 0* 0 1 0 0 4
500K 0 (0 0 — —
1M 0 0* — —
2.5M
Notes: Blank: Cannot be set

— Can be set, but error will result

*: Continuous transfer not possible at this setting

BRR setting values are derived by the following equation.

N = % x 106 -1
B: Bit rate (bits/s)

N: BRR baud rate generator setting (0 < N < 255)
OSC: Value of gggc (MHz)
n: Baud rate generator input clock number (n =0, 1, 2, 3)
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The meaning of nisshownin table 10-2-7.

Table 10-2-7 Relation between n and Clock

SMR Setting
n Clock CKS1 CKSO0
0 a 0 0
1 a/4 0 1
2 2/16 1 0
3 /64 1 1

10.2.3 Operation

SCI 3 supports serial data communication in both asynchronous mode, where each character
transferred is synchronized separately, and synchronous mode, where transfer is synchronized by
clock pulses.

The choice of asynchronous mode or synchronous mode, and the communication format, is made
in the serial mode register (SMR), as shown in table 10-2-8. The SCI3 clock sourceis determined
by bit COM in SMR and bits CKE1 and CKEOQ in serial control register 3 (SCR3), as shown in
table 10-2-9.

1. Asynchronous mode
— Datalength: choice of 7 bits or 8 hits

— Transmit/receive format options include addition of parity bit, multiprocessor bit, and one
or two stop bits (character length depends on this combination of options).

— Framing error (FER), parity error (PER), overrun error (OER), and line breaks can be
detected when datais received.

— Clock source: Choice of internal clocks or an external clock

When an internal clock is selected: Operates on baud rate generator clock. A clock can
be output with the same frequency as the bit rate.

When an external clock is selected: A clock input with afrequency 16 times the bit rate
isrequired (internal baud rate generator is not used).
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2. Synchronous mode
— Transfer format: 8 bits
— Overrun error can be detected when data is received.
— Clock source: Choice of internal clocks or an external clock

When an internal clock is selected: Operates on baud rate generator clock, and outputs
aseria clock.

When an external clock is selected: The internal baud rate generator is not used.
Operation is synchronous with the input clock.

Table 10-2-8 SMR Settings and Communication Format

SMR Setting Communication Format
Bit7 Bit6 Bit2 Bit5 Bit3 Multipro- Parity Stop Bit
COM CHR MP PE STOP Mode Data Length cessor Bit Bit Length
0 0 0 0 0 Asynchronous 8-bit data No No 1 bit
1 mode 2 bits
1 0 Yes 1 bit
1 2 bits
1 0 0 7-bit data No 1 bit
1 2 bits
1 0 Yes 1 bit
1 2 bits
0 1 * 0 Asynchronous 8-bit data Yes No 1 bit
’ ! &oﬂﬁprocessor I 72 bits
1 * 0 format) 7-bit data 1 bit
* 1 2 bits
1 * 0 * * Synchronous 8-bit data No None
mode

Note: * Don't care
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Table 10-2-9 SMR and SCR3 Settings and Clock Source Selection

SMR SCR3 Transmit/Receive Clock
Bit7 Bitl BitO Clock
COM CKE1l CKEO Mode Source Pin SCK3 Function
0 0 0 Asynchronous  Internal I/O port (SCK3 function not used)
1 mode Outputs clock with same frequency as bit rate
1 0 External  Clock should be input with frequency 16 times
the desired bit rate
1 0 0 Synchronous Internal Outputs a serial clock
1 0 mode External  Inputs a serial clock
1 1 Reserved (illegal settings)
0 1
1 1

3. Continuous transmit/receive operation using interrupts

Continuous transmit and receive operations are possible with SCI3, using the RX1 or TXI
interrupts. Table 10-2-10 explains this use of these interrupts.

Table 10-2-10 Transmit/Receive Interrupts

Interrupt  Flag Interrupt Conditions Remarks

RXI RDRF RIE  When serial data is received The RXI interrupt handler routine
normally and receive data should read the receive data from
is transferred from RSR to RDR, RDR and clear RDRF to 0.
RDRF issetto 1. IfRIEis 1 at Continuous receiving is possible
this time, RXI is enabled and an if these operations are completed
interrupt occurs. before the next data has been
(See figure 10-2-2 (a).) completely received in RSR.

TXI TDRE TIE  When TSR empty (previous trans- The TXI interrupt handler routine
mission complete) is detected and should write the next transmit data
the transmit data set in TDR is to TDR, clearing TDRE to 0.
transferred to TSR, TDRE is Continuous transmission is
setto 1. If TIE is 1 at this time, possible if these operations are
TXl is enabled and an interrupt completed before the data
occurs. (See figure 10-2-2 (b).) transferred to TSR has been

completely transmitted.
TEI TEND TEIE When the last bit of the TSR TEl indicates that, when the last

transmit character has been sent,
if TDRE is 1, then 1 is set in TEND.
If TEIE is 1 at this time, TEl is
enabled and an interrupt occurs.
(See figure 10-2-2 (c).)

bit of the TSR transmit character
was sent, the next transmit data
had not been written to TDR.
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RDR RDR
RSR (receiving) RSR 1 (received and transferred)
RXD RXD
pin O | pin O |
RDRF =0 RDRF <1
(RXI requested if RIE = 1)

Figure 10-2-2 (a) RDRF Setting and RXI Interrupt

TDR (next transmit data) TDR

TSR | (transmission complete,

TSR (transmitting) next data transferred)
oin | o O~ [
pin pin

TDRE =0 TDRE ~1

(TXI requested if TIE = 1)

Figure 10-2-2 (b) TDRE Setting and TXI Interrupt

TDR TDR
| | | |

TSR (transmitting) TSR (transmission complete)
TXD | TXD |

pin pin
TEND =0 TEND ~1
(TEIl requested if TEIE = 1)

Figure10-2-2 (c) TEND Setting and TEI Interrupt
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10.2.4 Operation in Asynchronous Mode

In asynchronous communication mode, a start bit indicating the start of communication and a stop
bit (1 or 2 bits) indicating the end of communication are added to each character that is sent. In
this way synchronization is achieved for each character as a self-contained unit.

SCI3 consists of independent transmit and receive modules, giving it the capability of full duplex
communication. Both the transmit and receive modules have a double-buffer configuration,
allowing data to be read or written during communication operations so that data can be
transmitted and received continuously.

1. Transmit/receive formats
Figure 10-2-3 shows the general format for asynchronous serial communication.

The communication line in asynchronous communication mode normally stays at the high level,
inthe “mark” state. SCI3 monitors the communication line, and begins serial data communication
when it detects a“ space” (low-level signa), which is regarded as a start bit.

One character consists of a start bit (low level), transmit/receive data (in L SB-first order), a parity
bit (high or low level), and finally a stop bit (high level), in this order.

In asynchronous data receiving, synchronization is with the falling edge of the start bit. SCI3
samples data on the 8th pulse of a clock that has 16 times the frequency of the bit rate, so each bit
of dataislatched at its center.

(LSB) (MSB) 1
Serial Start Transmit or receive data Parity)  Stop bt~ Mark
data bit bit state
1 bit
or lor2
1 bit 7 or 8 bits none bits

One unit of data (character or frame)

Figure 10-2-3 Data Format in Asynchronous Serial Communication M ode
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Table 10-2-11 showsthe 12 formats that can be selected in asynchronous mode. The format is

selected in the serial mode register (SMR).

Table 10-2-11 Serial Communication Formatsin Asynchronous Mode

SMR Setting Serial Communication Format and Frame Length

CHR PE MP STOP 1 2 3 4 5 6

7,8 .9 10 1 12

o 0o o 0 |s| 8-bit data [sToP
o o o 1 |s| 8-bit data [sToP|sTOP
o 1 0o o |s| 8-bit data [ P [sToP
o 1 o 1 |s| 8-bit data [ P [stop[sToP
1 0 0o o |s] 7-bit data |sToP
1 0o o 1 |s] 7-bit data [sToP[sTOP
1 1 o o |s] 7-bit data [ P [sTOP
1 1 0o 1 |s] 7-bit data | P |stop|sTOP
o * 1 0o | s| 8-bit data [ mPB [sTOP
o * 1 1 |s]| 8-bit data [ mPB [sToP[STOP
1 1 0o |s] 7-bit data | MpB [sTOP
1 0+ 1 1 | s| 7-bit data [ mPB [sTOP[STOP
Notation: S: Start bit
STOP: Stop bit
P:  Parity bit

MPB: Multiprocessor bit
Note: * Don'’t care
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2. Clock

The clock source is determined by bit COM in SMR and bits CKE1 and CKEOQ in serial control
register 3 (SCR3). See table 10-2-9 for the settings. Either aninterna clock source can be used to
run the built-in baud rate generator, or an external clock source can be input at pin SCK .

When an external clock sourceisinput, it should have afrequency 16 times the desired bit rate.

When aninternal clock sourceis used, SCK3 is used as the clock output pin. The clock output has
the same frequency as the seria bit rate, and is synchronized asin figure 10-2-4 so that the rising
edge of the clock occurs in the center of each bit of transmit/receive data.

Clock

Serial | o |po|D1|p2|D3|Da|D5|D6|[D7 0] 1 1

‘ 1 character (1 frame)

Figure 10-2-4 Phase Relation of Output Clock and Communication Data in Asynchronous
Mode (8-Bit Data, Parity Bit Added, and 2 Stop Bits)

3. Datatransmit/receive operations

e SCl3initialization

Before datais sent or received, bits TE and RE in seria control register 3 (SCR3) must be cleared
to 0, after which initialization can be performed using the following procedure.

Note:

When modifying the operation mode, transfer format or other settings, always be sure to clear bits
TE and RE first. When TE iscleared to O, bit TDRE will be set to 1. Clearing RE does not clear
the status flags RDRF, PER, FER, or OER, or ater the contents of the receive dataregister (RDR).

When an external clock is used in asynchronous mode, do not stop the clock during operation,
including during initialization. When an external clock is used in synchronous mode, do not
supply the clock during initialization.
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Figure 10-2-5 shows atypical flow chart for SCI3 initialization.

Clear TE and RE to 0 in SCR3

1 Set bits CKE1 and CKEO

2 | Select communication format in SMR

3 Set BRR value

Wait

Has a 1-bit
interval elapsed?

Set bits RIE, TIE, TEIE, and MPIE
4 in SCR3, and set TE or RE to 1

End

. Make clock selections in SCR3, and clear

the other bits to 0. In asynchronous mode,
if clock output is selected, clock output will
begin as soon as bits CKE1 and CKEO
have been set. In synchronous receive
mode, if clock output is selected by bits
CKEL1 and CKEO, clock output will begin
as soon as bit RE is set to 1.

. Set the transmit/receive format in the serial

mode register (SMR).

. Set the bit rate register (BRR) to the value

giving the desired bit rate.
This step is not required when an external
clock source is used.

. Wait for at least a 1-bit interval, then set

bits RIE, TIE, TEIE, and MPIE, and set bit
TE or RE in SCR3to 1. Setting TE or RE
enables SCI3 to use the TXD or RXD pin.
The initial states in asynchronous mode
are the mark transmit state and the idle
receive state (waiting for a start bit).

Figure10-2-5 Typical Flow Chart when SCI3 IsInitialized




e Transmitting

Figure 10-2-6 shows atypical flow chart for data transmission. After SCI3 initialization, follow
the procedure below.

1 Read bit TDRE in SSR 1. Read the serial status register (SRR),
and after confirming that bit TDRE = 1,
write transmit data in the transmit data

No register (TDR). When data is written to
TDR, TDRE is automatically cleared to 0.

Yes

Write transmit data in TDR

Continue Yes

2 data transmission? 2. To continue transmitting data, read bit TDRE
No to make sure it is set to 1, then write the
™ next data to TDR. When data is written to
TDR, TDRE is automatically cleared to O.
Read bit TEND in SSR
3

3. To output a break signal when transmission
ends, first set the port values PCR =1 and
PDR = 0, then clear bit TE in SCR3 to 0.

SetPDR=0and PCR=1

Clear bit TE in SCR3to 0

End

Figure10-2-6 Typical Data Transmission Flow Chart (Asynchronous Mode)
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SCI 3 operates as follows during data transmission in asynchronous mode.

SCI3 monitors bit TDRE in SSR. When this bit is cleared to 0, SCI3 recognizes that there is data
written in the transmit data register (TDR), which it transfers to the transmit shift register (TSR).
Then TDRE is set to 1 and transmission starts. If bit TIE in SCR3issetto 1, aTXI interrupt is
reguested.

Serid dataistransmitted from pin TXD using the communication format outlined in
table 10-2-11. Next, TDRE is checked as the stop bit is being transmitted.

If TDRE isO, dataistransferred from TDR to TSR, and after the stop bit is sent, transmission of
the next frame starts. If TDRE is 1, the TEND bit in SSRis set to 1, and after the stop bit is sent
the output remains at 1 (mark state). A TEI interrupt is requested in this state if bit TEIE in SCR3
issettol.

Figure 10-2-7 shows atypical operation in asynchronous transmission mode.

Start Transmit Parity Stop Start Transmit Parity Stop Mark

bit data bit bit bit data bit bit  state
Serial l|O|DO|D1||D7|O/1|1|0|D0|D1||D7|0/1|11
data 4 qd

| 1 frame | 1 frame ‘

B I |

(C
| )T

|

ore [ ]
TEND T T

SCI3 TXl request TDRE cleared to 0 TXI request TEI request
operation

User Write data in TDR

processing

Figure 10-2-7 Typical Transmit Operation in Asynchronous Mode
(8-Bit Data, Parity Bit Added, and 1 Stop Bit)
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* Receiving

Figure 10-2-8 shows atypical flow chart for receiving serial data. After SCI3 initialization,
follow the procedure below.

|

1. Read bits OER, PER, and

1 Read bits OER, PER, and FER in the serial status
FER in SSR reglster_ (S_SR) to )
determine if a receive

error has occurred.
OER + PER + If a receive error has
FER=1? occurred, receive error
No processing is executed.
2 Read bit RDRF in SSR 2. Read the serial status register
(SSR), and after confirming

that bit RDRF = 1, read
No received data from the receive
RDRF =17 data register (RDR).
Yes When RDR data is read, RDRF
is automatically cleared to 0.

Read received data in RDR

3. To continue receiving data,
4 ’Receive error processing read bit RDRF and finish

T reading RDR before the stop
bit of the present frame is
Yes received.

3 Continue receiving? When data is read from RDR,
No RDRF is automatically cleared
<—® to 0.
Clear bit RE in SCR3t0 0 4. When a receive error occurs,

read bits OER, PER, and FER
in SSR to determine which
End error(s) occurred.
After the necessary error
processing, be sure to clear
the above bits all to 0.
] Data receiving cannot be resumed
Overrun error while any of bits OER, PER, or
- FER is setto 1.
processing When a framing error occurs,

,—1 a break can be detected by

reading the RXD pin value.
Y
Break?

No

Framing error

processing
L T
Clear bits OER, PER, and Parity error
FER in SSRto 0 processing

- L
End receive error @
processing

Figure 10-2-8 Typical Serial Data Receiving Flow Chart in Asynchronous M ode
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SCI3 operates as follows when receiving seria datain asynchronous mode.

SCI3 monitors the communication line, and when a start bit (0) is detected it performsinternal
synchronization and starts receiving. The communication format for data receiving is as outlined
intable 10-2-11. Received datais set in RSR from LSB to M SB, then the parity bit and stop bit(s)
arereceived. After recelving the data, SCI3 performs the following checks:

»  Parity check: The number of 1sreceived is checked to seeif it matches the odd or even parity
selected in bit PM of SMR.

*  Stop bit check: The stop bit is checked for avalue of 1. If there are two stop bits, only the
first bit is checked.

»  Statuscheck: The RDRF hit is checked for avalue of 0 to make sure received data can be
transferred from RSR to RDR.

If no receive error is detected by the above checks, bit RDRF is set to 1 and the received datais
stored in RDR. At that time, if bit RIE in SCR3is set to 1, an RXI interrupt is requested. If the
error check detects areceive error, the appropriate error flag (OER, PER, or FER) is set to 1.
RDRF retains the same val ue as before the datawas received. If at thistime bit RIE in SCR3is
set to 1, an ERI interrupt is requested.

Table 10-2-12 gives the receive error detection conditions and the processing of received datain
each case.

Note: Data receiving cannot be continued while areceive error flag is set. Before continuing the
receive operation it is necessary to clear the OER, FER, PER, and RDRF flagsto O.

Table 10-2-12 Receive Error Conditions and Received Data Processing

Receive Error Abbrev. Detection Conditions Received Data Processing
Overrun error  OER Receiving of the next data ends while Received data is not
bit RDRF in SSR is still setto 1 transferred from RSR to RDR
Framing error  FER Stop bitis 0 Received data is transferred
from RSR to RDR
Parity error PER Received data does not match the Received data is not
parity (odd/even) set in SMR transferred from RSR to RDR
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Figure 10-2-9 shows a typical SCI3 data receive operation in asynchronous mode.

Start Receive Parity Stop Start Receive Parity Stop  Mark
bit data bit bit bit data bit bit (idle state)
Seria|1|0|DO|D1|:|D7|0/1|1|0|DO|D1|::|D7|0/1|0|1
data )T )
1 frame 1 frame

RDRF
§

T |
| |

SCI3 operation RXI request RDRF cleared Detects stop bit =0
to0 ERI request due
to framing error
User processing Read RDR data Framing error
handling

Figure10-2-9 Typical Receive Operation in Asynchronous Mode
(8-Bit Data, Parity Bit Added, and 1 Stop Bit)

10.2.5 Operation in Synchronous Mode

In synchronous mode, datais sent or received in synchronization with clock pulses. Thismodeis
suited to high-speed serial communication.

SCI3 consists of independent transmit and receive modules, so full duplex communication is
possible, sharing the same clock between both modules. Both the transmit and receive modules
have a double-buffer configuration. This allows data to be written during a transmit operation so
that data can be transmitted continuously, and enables data to be read during a receive operation
so that data can be received continuously.

1. Transmit/receive format

Figure 10-2-10 shows the general communication data format for synchronous communication.
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* -1 - *

VAV AV AVAVAVAVAY AW

LSB

MSB
ial dat Don't ; ; ; ; ; ; ; ; Don't
Serial data care )< Bit 0 >< Bit 1 >< Bit 2 >< Bit 3 >< Bit 4 >< Bit 5 >< Bit 6 >< Bit 7 )< care

8 bits

One unit of communication data (character or frame)

Note: * At high level except during continuous transmit/receive.

Figure 10-2-10 Data Format in Synchronous Communication M ode

In synchronous communication, data on the communication line is output from one falling edge of
the serial clock until the next falling edge. Datais guaranteed valid at the rising edge of the seria
clock.

One character of data starts from the LSB and ends with the MSB. The communication line
retains the M SB state after the MSB is output.

In synchronous receive mode, SCI3 latches receive datain synchronization with the rising edge of
the seria clock.

The transmit/receive format is fixed at 8-bit data. No parity bit or multiprocessor bit isadded in
this mode.

2. Clock

Either an internal clock from the built-in baud rate generator is used, or an external clock isinput
at pin SCK3. The choice of clock sourcesis designated by bit COM in SMR and bits CKE1 and
CKEOQ in seria control register 3 (SCR3). Seetable 10-2-9 for details on selecting the clock
source.

When operation is based on an internal clock, a serial clock isoutput at pin SCK3. Eight clock
pulses are output per character of transmit/receive data. When no transmit or receive operation is
being performed, the pinis held at the high level.
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3. Datatransmit/receive operations

SCI3initialization

Before transmitting or receiving data, follow the SCI3 initialization procedure explained under
10.2.4, SCI3 Initialization, and illustrated in figure 10-2-5.

e Transmitting

Figure 10-2-11 shows atypical flow chart for datatransmission. After SCI3 initialization, follow
the procedure below.

Start

1 Read bit TDRE in SSR 1. Read the serial status register (SSR),
and after confirming that bit TDRE =1,

write transmit data in the transmit
data register (TDR).
No When data is written to TDR, TDRE is
automatically cleared to 0 and data
Yes transmission begins.
If clock output has been selected, after

data is written to TDR, the clock is
Write transmit data in TDR output and data transmission begins.

Yes

Continue data transmission? 2. To continue transmitting data, read

bit TDRE to make sure it is setto 1,
‘< then write the next data to TDR.
When data is written to TDR, TDRE

Read bit TEND in SSR is automatically cleared to 0.

No
Yes

Write 0 to bit TE in SCR3

End

Figure 10-2-11 Typical Data Transmission Flow Chart in Synchronous Mode
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SCI 3 operates as follows during data transmission in synchronous mode.

SCI3 monitors bit TDRE in SSR. When this bit is cleared to 0, SCI3 recognizes that there is data
written in the transmit data register (TDR), which it transfers to the transmit shift register (TSR).
Then TDRE is set to 1 and transmission starts. If bit TIE in SCR3issetto 1, aTXI interrupt is
reguested.

If clock output is selected, SCI3 outputs eight serial clock pulses. If an external clock is used,
datais output in synchronization with the clock input.

Serial datais transmitted from pin TXD in order from LSB (bit 0) to MSB (bit 7).

Then TDRE is checked asthe MSB (bit 7) is being transmitted. If TDRE isO, dataistransferred
from TDR to TSR, and after the MSB (bit 7) is sent, transmission of the next frame starts. |If
TDRE is 1, the TEND bitin SSRisset to 1, and after the MSB (bit 7) has been sent, the MSB
state is maintained. A TEI interrupt is requested in this state if bit TEIE in SCR3isset to 1.

After data transmission ends, pin SCK3 is held at the high level.

Note: Data transmission cannot take place while any of the receive error flags (OER, FER, PER)
issetto 1. Be sureto confirm that these error flags are cleared to O before starting transmission.

Figure 10-2-12 shows atypical SCI3 transmit operation in synchronous mode.

clock
Serial data Bit 0 >< Bit 1 ><4 >< Bit 7 Bit0>< Bit1 X X Bit6 X Bit7

1 frame 1 frame

TDRE T T ﬁ ? -

SCI3 TXI TDRE clearedto 0 TXI

operation request request TEI request
User Write data in TDR

processing

Figure10-2-12 Typical SCI3 Transmit Operation in Synchronous M ode
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* Receiving

Figure 10-2-13 shows atypical flow chart for receiving data. After SCI3 initialization, follow the
procedure bel ow.

|

1 Read bit OER in SSR 1. Read bit OER in the serial status register (SSR)
to determine if an error has occurred. If an

Yes overrun error has occurred, overrun error
processing is executed.
No

2 Read bit RDRF in SSR 2. Read the serial status register (SSR), and after
confirming that bit RDRF = 1, read received

No data from the receive data register (RDR).
RDRF = 17 - When data is read from RDR, RDRF is
automatically cleared to 0.
Yes

Read received data in RDR 3

. To continue receiving data, read bit RDRF and
read the received data in RDR before the MSB
4 |Overrun error processing| (bit 7) of the present frame is received.
\ When data is read from RDR, RDRF is
automatically cleared to 0.

Continue Yes

3 receiving?
No 4. When an overrun error occurs, read bit OER in
SSR. After the necessary error processing,
Clear bit RE in SCR3t0 0 be sure to clear OER to 0.
Data receiving cannot be resumed while bit

OER is setto 1.
End

Start overrun
processing

Overrun error
processing

Clear bit OER in
SSRto 0

End overrun
error processing

Figure 10-2-13 Typical Data Receiving Flow Chart in Synchronous M ode
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SCI 3 operates as follows when receiving serial datain synchronous mode.

SCI3 synchronizes internally with the input or output of the serial clock and starts receiving.
Received datais set in RSR from LSB to MSB.

After data has been received, SCI3 checks to confirm that the value of bit RDRF is 0 indicating
that received data can be transferred from RSR to RDR. If this check passes, RDRFisset to 1
and the received datais stored in RDR. At thistime, if bit RIE in SCR3 isset to 1, an RXI
interrupt is requested. If an overrun error is detected, OER is set to 1 and RDRF remains set to 1.
Thenif bit RIE in SCR3 isset to 1, an ERI interrupt is requested.

For the overrun error detection conditions and receive data processing, see table 10-2-12.

Note: Data receiving cannot be continued while areceive error flag is set. Before continuing the
receive operation it is necessary to clear the OER, FER, PER, and RDRF flagsto 0.

Figure 10-2-14 shows atypical receive operation in synchronous mode.

seral 7\ /) YAVAVAYAYAYE
clock

Serial Bit7 { BitO ><% >< Bit7 )\ BitO >< Bit 1 >< %>< Bit 6 >< Bit 7
data | I . I | I . I |

1 frame 1 frame

RDRF |_| )

|
il ! —

(
)T

SCI3 RXI request RDRF cleared RXI request ERI request due

operation to0 to overrun error

User Read data RDR data Overrun error

processing from RDR not read handling
(RDRF = 1)

Figure 10-2-14 Typical Receive Operation in Synchronous M ode
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¢ Simultaneous transmit/receive

Figure 10-2-15 shows atypical flow chart for transmitting and receiving simultaneously. After
SCI3 synchronization, follow the procedure below.

1. Read the serial status register (SSR),

- and after confirming that bit TDRE = 1,
‘ write transmit data in the transmit data
1 Read bit TDRE in SSR register (TDR). When data is written to
TDR, TDRE is automatically cleared to 0.

No 2. Read the serial status register (SSR),
and after confirming that bit RDRF = 1,
read the received data from the receive
data register (RDR). When data is read

. . . from RDR, RDRF is automatically cleared
2 Write transmit data in TDR to 0.

TDRE =17?

Yes

\ 3. To continue transmitting and receiving
serial data, read bit RDRF and finish
Read bit OER in SSR reading RDR before the MSB (bit 7) of the
present frame is received. Also read bit
Yes TDRE, check that it is set to 1, and write
OER = 1? the next data in TDR before the MSB of
the current frame has been transmitted.
No When data is written to TDR, TDRE is
automatically cleared to 0; and when data
is read from RDR, RDRF is automatically

Read RDRF in SSR

cleared to 0.
No 4. When an overrun error occurs, read bit
@ OER in SSR. After the necessary error
processing, be sure to clear OER to 0.
Yes Data transmission and reception cannot
take place while bit OER is setto 1. See
Read received data in RDR figure 10-2-13 for overrun error processing.

Y

4 |Overrun error processing
]

Continue
transmitting and
receiving?

Yes

No

Clear bits TE and
REin SCR3to 0

End

Figure 10-2-15 Simultaneous Transmit/Receive Flow Chart in Synchronous M ode
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Notes: 1. To switch from transmitting to simultaneous transmitting and receiving, use the

following procedure.

e First confirm that TDRE and TEND are both set to 1 and that SCI3 has finished
transmitting. Next clear TEto 0. Then set both TE and RE to 1.

2. To switch from receiving to simultaneous transmitting and rceiving, use the following

procedure.

e After confirming that SCI3 has finished receiving, clear RE to 0. Next, after
confirming that RDRF and the error flags (OER FER, PER) are al O, set both TE
and REto 1.

10.2.6 Multiprocessor Communication Function

The multiprocessor communication function enables several processors to share asingle serial
communication line. The processors communicate in asynchronous mode using aformat with an
additional multiprocessor bit (multiprocessor format).

In multiprocessor communication, each receiving processor is addressed by an ID code. A serid
communication cycle consists of two cycles: an |D-sending cycle that identifies the receiving
processor, and a data-sending cycle. The multiprocessor bitis1in an ID-sending cycle, and0ina
data-sending cycle.

The transmitting processor starts by sending the ID of the receiving processor with which it wants
to communicate as data with the multiprocessor bit set to 1. Next the transmitting processor sends
transmit data with the multiprocessor bit cleared to 0. When areceiving processor receives data
with the multiprocessor bit set to 1, it compares the datawith its own ID. If the data matches its
ID, the receiving processor continues to receive incoming data. If the data does not match itsID,
the receiving processor skips further incoming data until it again receives data with the
multiprocessor bit set to 1. Multiple processors can send and receive datain this way.

Figure 10-2-16 shows an example of communication among different processors using a
multiprocessor format.
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Transmitting

processor
v Communication line
/ / y /
Receiving Receiving Receiving Receiving
processor A processor B processor C processor D
(ID=01) (ID =02) (ID =03) (ID =04)

IETRVa Ve

(MPB = 0)

/ H'01 /

(MPB = 1)

Serial data

ID-sending cycle Data-sending cycle

(receiving processor (data sent to receiving

address) processor designated
by ID)

MPB: Multiprocessor bit

Figure 10-2-16 Example of Inter processor Communication Using M ultiprocessor For mat
(Data H'AA Sent to Receiving Processor A)

Four communication formats are available. Parity-bit settings are ignored when a multiprocessor
format is selected. For details see table 10-2-11.

For a description of the clock used in multiprocessor communication, see 10.2.4, Operation in
Asynchronous Mode.
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e Transmitting multiprocessor data

Figure 10-2-17 shows atypical flow chart for multiprocessor serial data transmission. After SCI3
initialization, follow the procedure bel ow.

1 Read bit TDRE in SSR 1. Read the serial status register (SSR), and
after confirming that bit TDRE = 1, set bit

MPBT (multiprocessor bit transmit) in SSR
NO to 0 or 1, then write transmit data in the
transmit data register (TDR).
Yes When data is written to TDR, TDRE is
automatically cleared to 0.

Set bit MPBT in SSR
\

Write transmit data to TDR

Continue Yes ) L .
2 transmitting? 2. To continue transmitting data, read bit
NoO TDRE to make sure it is set to 1, then
- write the next data to TDR.
When data is written to TDR, TDRE
Read bit TEND in SSR is automatically cleared to O.
3. To output a break signal at the end of data
Yes transmission, first set the port values
PCR =1 and PDR =0, then clear bit TE
3 Break output? in SCR3 10 0.
Yes

SetPDR=0and PCR=1

|
Clear bit TE in SCR3 t0 0

End

Figure 10-2-17 Typical Multiprocessor Data Transmission Flow Chart
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SCI 3 operates as follows during data transmission using a multiprocessor format.

SCI3 monitors bit TDRE in SSR. When this bit is cleared to 0, SCI3 recognizes that there is data
written in the transmit data register (TDR), which it transfers to the transmit shift register (TSR).
Then TDRE is set to 1 and transmission starts. If bit TIE in SCR3issetto 1, aTXI interrupt is
requested.

Seria dataistransmitted from pin TXD using the communication format outlined in
table 10-2-11.

Next, TDRE is checked as the stop bit is being transmitted. If TDRE isO, datais transferred from
TDR to TSR, and after the stop hit is sent, transmission of the next frame starts. If TDRE is 1, the
TEND bit in SSRis set to 1, and after the stop bit is sent the output remains at 1 (mark state). A
TEI interrupt isrequested in this state if bit TEIE (transmit end interrupt enable) in SCR3 is set

to 1.

Figure 10-2-18 shows atypical SCI3 operation in multiprocessor communication mode.

B e L~ S e i
Serial1|0|Do|Dl||D7|0/1|1|0|D0|D1||D7|0/1|1 1
data ‘ ‘ ‘

r 1 frame =r 1 frame T

TDRE |

-

SCI3  TXlrequest TDRE cleared TXI TEI
operation to 0 request request
User Write data in

processing TDR

Figure 10-2-18 Typical Multiprocessor Format Transmit Operation
(8-Bit Data, M ultiprocessor Bit Added, and 1 Stop Bit)
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*  Receiving multiprocessor data

Figure 10-2-19 shows atypical flow chart for receiving data using a multiprocessor format. After
SCI3initialization, follow the procedure bel ow.

1] SetbitPIE in SCR3 1 1 \

1. Set bit MPIE in serial control register 3 (SCR3) to 1.

2 | Read bits OER and FER in SSR \

2. Read bits OER and FER in the serial status register (SSR)
to determine if an error has occurred. If a receive error has
ER + FER = 1? occurred, receive error processing is executed.
3. Read the serial status register (SSR) and confirm that

Read bit RDRF in SSR RDRF = 1. If RDRF = 1, read the data in the received data
register (RDR) and compare it with the processor's own ID.
No If the received data does not match the ID, set bit MPIE to
1 again. Bit RDRF is automatically cleared to 0 when data
in the received data register (RDR) is read.
Read received data in RDR 4. Read SSR, check that bit RDRF = 1, then read received
data from the receive data register (RDR).
Own ID? * 5. If areceive error occurs, read bits OER and FER in SSR
to determine which error occurred. After the necessary
error processing, be sure to clear the error flags to 0.
Serial data transfer cannot take place while
Read bits OER and FER in SSR bit OER or FER is set to 1.

When a framing error occurs, a break can be detected by
es reading the RXD pin value.
OER + FER =17

Read bit RDRF in SSR

*

Read received data in RDR

5 | Error processing

Yes

Continue receiving?

Overrun error

(Start receive error processin@

processing
| Clearbit REin SCR3t00 |
End
Y
Break?
No

- Framing error
C'I:%aF; t_)ltss gFEF: a(?d processing
in 0 0.
L]

T
(End receive error processing)

Figure10-2-19 Typical Flow Chart for Receiving Serial Data Using M ultiprocessor For mat
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Figure 10-2-20 gives an example of data reception using a multiprocessor format.

Start Receive Stop Start Receive Stop  Mark

bit data (ID1) MPB bit  bit data (data1l) MPB bit (idle state)
g:{;a' 1lo|po|pi| b7 1 1]o|po][pa| [D7] o] 1 1

! 1 frame ! 1 frame !
MPIE
RDRF /
RDR / / \ !
value X \ ID1
SCI3 operation RXI request RDREF cleared to O No RXI request

MPIE cleared to 0 RDR state retained
User processing Read data from RDR If not own ID,
set MPIE to 1 again
(a) Data does not match own ID

Start Receive Stop Start Receive Stop  Mark

bit data (ID2) MPB bit  bit data (data2) MPB bit (idle state)
g:tr:" 1|o|oo|[pi][ [p7]1 1]olpo][pa] [D7] o] 1 1

! 1 frame ! 1 frame !
MPIE | (« |_

RDRF ) / \ .

/ / al

ol

RDR

value ID1 X ID2 X Data2

SCI3 operation RXI request RDRF cleared to 0 RXI RDRF

MPIE cleared to 0 request cleared
to0
User processing Read data from RDR  If own ID, continue Read data
receiving from RDR

and set
MPIE to 1
again

(b) Data matches own ID

Figure10-2-20 Example of Multiprocessor Format Receive Operation

(8-Bit Data, M ultiprocessor Bit Added, and 1 Stop Bit)
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10.2.7 Interrupts

SCI3 has six interrupt sources: transmit end, transmit data empty, receive data full, and the three
receive error interrupts (overrun error, framing error, and parity error). All share acommon
interrupt vector. Table 10-2-13 describes each interrupt.

Table 10-2-13 SCI3Interrupts

Interrupt Description Vector Address
RXI Interrupt request due to receive data register full (RDRF) H'0024

TXI Interrupt request due to transmit data register empty (TDRE)

TEI Interrupt request due to transmit end (TEND)

ERI Interrupt request due to receive error (OER, FER, or PER)

Theinterrupt requests are enabled and disabled by bits TIE and RIE of SCR3.

When bit TDRE in SSRisset to 1, TXI isrequested. When bit TEND in SSRissetto 1, TEl is
requested. These two interrupt requests occur during data transmission.

Theinitial value of bit TDRE is 1. Accordingly, if the transmit data empty interrupt request (TXI1)
is enabled by setting bit TIE to 1 in SCR3 before placing transmit datain TDR, TXI will be
reguested even though no transmit data has been readied.

Likewise, theinitial value of bit TEND is 1. Accordingly, if the transmit end interrupt request
(TEI) isenabled by setting bit TEIE to 1 in SCR3 before placing transmit datain TDR, TEI will
be requested even though no data has been transmitted.

These interrupt features can be used to advantage by programming the interrupt handler to move
the transmit datainto TDR. When this technique is not used, the interrupt enable bits (TIE and
TEIE) should not be set to 1 until after TDR has been loaded with transmit data, to avoid
unwanted TXI| and TEl interrupts.

When bit RDRF in SSRisset to 1, RXI isrequested. When any of SSR bits OER, FER, or PER is
set to 1, ERI isrequested. These two interrupt requests occur during the receiving of data.

Details on interrupts are given in 3.3, Interrupts.
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10.2.8 Application Notes
When using SCI 3, attention should be paid to the following matters.
1. Relation between bit TDRE and writing datato TDR

Bit TDRE in the seria status register (SSR) is a status flag indicating that TDR does not contain
new transmit data. TDRE isautomatically cleared to O when datais written to TDR. When SCI3
transfers datafrom TDR to TSR, bit TDRE isset to 1.

Data can be written to TDR regardless of the status of bit TDRE. However, if new dataiswritten
to TDR while TDRE is cleared to 0, assuming the data held in TDR has not yet been shifted to
TSR, it will belost. For thisreason it is advisable to confirm that bit TDRE is set to 1 before each
write to TDR and not write to TDR more than once without checking TDRE in between.

2. Operation when multiple receive errors occur at the same time

When two or more receive errors occur at the same time, the status flags in SSR are set as shown
in table 10-2-14. If an overrun error occurs, datais not transferred from RSR to RDR, and receive
dataislost.

Table 10-2-14 SSR Status Flag States and Transfer of Receive Data

SSR Status Flags Receive Data Transfer

RDRF* OER FER PER (RSR - RDR) Receive Error Status

1 1 0 0 X Overrun error

0 0 1 0 @) Framing error

0 0 0 1 O Parity error

1 1 1 0 x Overrun error + framing error

1 1 0 1 X Qverrun error + parity error

0 0 1 1 @) Framing error + parity error

1 1 1 1 x Overrun error + framing error + parity error

Notation: O: Receive data transferred from RSR to RDR
x: Receive data not transferred from RSR to RDR
Note: * RDRF keeps the same state as before the data was received. However, if due to a late
read of received data in one frame an overrun error occurs in the next frame, RDRF is
cleared to 0 when RDR is read.
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3. Break detection and processing

Break signals can be detected by reading the RXD pin directly when aframing error (FER) is
detected. In the break state the input from the RXD pin consists of all 0s, so FER is set and the
parity error flag (PER) may also be set. In the break state SCI3 continues to receive, so if the FER
bitiscleared to O it will be set to 1 again.

4. Sending amark or break signal

When TE is cleared to 0 the TXD pin becomes an 1/0 port, set by the PDR and PCR bits. This
feature can be used to place the TXD pin in the mark state or send a break signal.

To place the serial communication linein the mark (1) state before TE is set to 1, set the PDR and
PCR bitsboth to 1. Since TE is cleared to 0, TXD becomes a general output port outputting the
value 1.

To send a break signal during data transmission, set the PCR bit to 1 and clear the PDR bit to 0,
then clear TE to 0. When TE is cleared to O the transmitter isinitialized, regardless of its current
state, so the TXD pin becomes an output port outputting the value 0.

5. Receive error flags and transmit operation (sysnchronous mode only)

When areceive error flag (OER, PER, or FER) is set to 1, SCI3 will not start transmitting even if
TDRE iscleared to 0. Be sureto clear the receive error flags to O when starting to transmit. Note
that clearing RE to 0 does not clear the receive error flags.

6. Receive data sampling timing and receive margin in asynchronous mode

In asynchronous mode SCI 3 operates on a base clock with 16 times the bit rate frequency. In
receiving, SCI3 synchronizes internally with the falling edge of the start bit, which it samples on
the base clock. Receive dataislatched at the rising edge of the eighth base clock pulse. See
figure 10-2-21.
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16 clock cycles ‘

8 clock cycles

0 7 1510 7 150
dok o TTUUULUUUUUL UL LU LU UU U U UL
clock

Receive data ‘ Start bit
(RXD) _1 : L | Do .. | D1

Synchronization
sampling timing

Data sampling - -
timing H H

Figure 10-2-21 Receive Data Sampling Timing in Asynchronous Mode
The receive margin in asynchronous mode can therefore be derived from the following equation.
M ={(05-12N)—(D—0.5)/N=(L —=0.5) F} X 100%0......csrrerrrerrrererererrrrenens Equation (1)

M: Receive margin (%)

Ratio of clock frequency to bit rate (N = 16)
Clock duty cycle(D =0.5t0 1)

Frame length (L = 9to 12)

Absolute value of clock frequency error

mrroz

In equation (1), if F (absolute value of clock frequency error) = 0 and D (clock duty cycle) = 0.5,
the receive margin is 46.875% as given by equation (2) below.

When D = 0.5and F=0,
M = {0.5—1/(2 X 16)} X 100% = 46.875%.......vvvvveeeeeeeeeeeeeecesessessssessssssesseseeeeeeee Equation (2)

Thisvaueistheoretical. Inactua system designs a margin of from 20 to 30 percent should be
allowed.
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7. Relationship between bit RDRF and reading RDR

While SCI3isreceiving, it checks the RDRF flag. When aframe of data has been received, if the
RDRF flag is cleared to O, data receiving ends normally. If RDRF is set to 1, an overrun error
occurs.

RDRF is automatically cleared to O when the contents of RDR areread. If RDR isread more than
once, the second and later reads will be performed with RDRF cleared to 0. While RDRF is O, if
RDR is read when reception of the next frameisjust ending, data from the next frame may be
read. Thisisillustrated in figure 10-2-22.

| Frame 1 Frame 2 Frame 3

(_:om_munlca- Data 1 |
tion line

RDRF

Data 2 | Data 3

RDR X Data 1 X Data2
RDR read RDR read

At (A), data 1 is read.
At (B), data 2 is read.

Figure 10-2-22 Relationship between Data and RDR Read Timing

To avoid the situation described above, after RDRF is confirmed to be 1, RDR should only be
read once and should not be read twice or more. When the same data must be read more than
once, the data read the first time should be copied to RAM, for example, and the copied data
should be used. An alternativeisto read RDR but |eave a safe margin of time before reception of
the next frame is completed. In synchronous mode, all reads of RDR should be completed before
bit 7 isreceived. In asynchronous mode, all reads of RDR should be completed before the stop bit
isreceived.
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8. Noteson switching functions of pin SCK3

If pin SCK 3 is switched from clock output in SCI3 synchronous mode to usage as an input port,
when the function of pin SCK 3 is switched over, abrief low output will occur. The duration of this
output is one-half of a system clock period (0.5 x @). This brief low output can be avoided by the
following methods.

9.

When switching pin SCK 3 from clock output to non-output

To terminate transmitting and receiving, use oneinstruction to clear the TE and RE bitsto O
in SCR3, and simultaneously set bit CKE1 to 1 and clear bit CKEOQ to 0. Leave the COM bit
in SMR set to 1. Thiswill make the pin unavailable for general input/output port usage. To
avoid ambiguous voltage input at pin SCK 3, pull the connected line up to V ¢ through a
resistor, or provide output from another device.

When switching pin SCK 3 from clock output to input/output port usage
Terminate receiving as follows:

1. First use oneinstruction to clear the TE and RE bitsto 0 in SCR3, and simultaneously set
bit CKE1 to 1 and clear bit CKEQO to 0.

2. Next clear the COM hitto 0in SMR.
3. Finaly, clear bits CKE1 and CKEO both to 0 in SCR3.
Avoid ambiguous voltage input at pin SCK 3, as above.

Switching TXD function

If pin TXD isused as adata output pin by SCI3 in synchronous mode and is then switched to a
general input/output pin ( apin with adifferent function), the pin outputs a high level signal for
one system clock (@) cycle immediately after it is switched.
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10.3 12C BusInterface
10.3.1 Overview

The I12C bus interface conforms to and provides a subset of the Philips I2C bus (inter-1C bus)
interface functions. The register configuration that controls the 12C bus differs partly from the
Philips configuration, however.

The I12C bus interface uses only one data line (SDA) and one clock line (SCL) to transfer data, so it
can save board and connector space. Figure 10-3-1 shows typical 12C bus interface connections.

1. Features

e Conformsto Philips 12C bus interface

e Start and stop conditions generated automatically

»  Selectable acknowledge output level when receiving

e Auto-loading of acknowledge bit when transmitting

e Selection of eight internal clocks (in master mode)

e Selection of acknowledgement mode* 1, or serial mode* 1 without acknowledge bit

» Wait function: await can be inserted in acknowledgement mode by holding the SCL pin low
after a data transfer, before acknowledgement of the transfer.

*  Threeinterrupt sources

— Datatransfer end
— Inslave receive mode* 2: slave address matched, or general call address received
— In master transmit mode* 2: bus arbitration lost

Notes: 1. Seethe description of bits 5 and 4 in 10.3.2, 12C Bus Control Register (ICCR).
2. Seethe description of bit 3in 10.3.2, 12C Bus Control Register (ICCR).
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Figure10-3-1 12C Bus|Interface Connections (Example)
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2. Block diagram

Figure 10-3-2 shows a block diagram of the I2C bus interface.

P pss [~ ]
ICCR -
SCL o= L Clock |
Noise __| control
canceler ICMR -
+»| Bus state
_ | decision \ -
o151 |
circuit ICSR 3
Lm| Arbitration %
»| decision 3
circuit ©
IS
[J]
oA o= o i
- circuit |~ ICDR
Noise \
canceler Y
Address
comparator
Notation: f
ICCR: I2C bus control register SAR
ICMR: 12C bus mode register
ICSR: I2C bus status register
L2 ;
ICDR. 1°C bus data reglst.er = Interrupt __ Interrupt
SAR: Slave address register enerator request
PSS: Prescaler S g

Figure 10-3-2 Block Diagram of 12C Bus I nterface
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3. Input/output pins

Table 10-3-1 summarizes the input/output pins used by the I2C bus interface.

Table10-3-1 12C BusInterface Pins

Channel Name Abbrev. I/O Function

1 Serial clock 1 SCL, Input/output Serial clock input/output
Serial data 1 SDA; Input/output Serial data input/output

2 Serial clock 2 SCL, Input/output Serial clock input/output
Serial data 2 SDA, Input/output Serial data input/output

4. Register configuration

Table 10-3-2 summarizes the registers of the 12C bus interface.

Table 10-3-2 Register Configuration

Channe Name Abbrev. R/W Initial Value Address

1 I2C bus control register 1 ICCR1 R/W H'00 H'FF80
I2C bus status register 1 ICSR1 R/W H'30 H'FF81
I2C bus data register 1 ICDR1 R/W — H'FF82
I2C bus mode register 1 ICMR1 R/W H'38 H'FF83*
Slave address register 1 SAR1 R/W H'00 H'FF83*

2 12C bus control register 2 ICCR2 R/W H'00 H'FF84
I2C bus status register 2 ICSR2 R/W H'30 H'FF85
I2C bus data register 2 ICDR2 R/W — H'FF86
I2C bus mode register 2 ICMR2 R/W H'38 H'FF87*
Slave address register 2 SAR2 R/W H'00 H'FF87*

Note: * The register that can be written or read depends on the ICE bit in the 12C bus control
register. The slave address register can be accessed when ICE = 0. The 12C bus mode
register can be accessed when ICE = 1.
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10.3.2 Register Descriptions

1. 12C busdataregister (ICDR)

Bit 7 6 5 4 3 2 1 0

‘ ICDR7 ‘ ICDR6 ‘ ICDR5 ‘ ICDR4 ‘ ICDR3 ‘ ICDR2 ‘ ICDR1 ‘ ICDRO ‘
Initial value — — — — — — — —
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

ICDR is an 8-bit read/write register that is used as a transmit data register when transmitting and a
receive data register when receiving. Transmitting is started by writing datain ICDR. Receiving is
started by reading data from ICDR.

ICDR isalso used as a shift register, so it must not be written or read until data has been
completely transmitted or received. If this register iswritten or read while a data transfer isin
progress, the data contents are not guaranteed.

The ICDR value upon reset is not fixed.

2. Slave addressregister (SAR)

Bit 7 6 5 4 3 2 1 0

‘ SVA6 ‘ SVAS5 ‘ SVA4 ‘ SVA3 ‘ SVA2 ‘ SVAl ‘ SVAO ‘ FS ‘
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

SAR isan 8-bit read/write register that stores the slave address and selects the communication
format. When the chip isin slave mode (and the addressing format is selected), if the upper 7 bits
of SAR match the upper 7 hits of the first byte received after a start condition, the chip operates as
the slave device specified by the master device. SAR is assigned to the same address as ICMR.
SAR can be written and read only when the ICE bit iscleared to 0 in ICCR.

SAR isinitialized to H'00 upon reset.
Bits 7 to 1. Slave address (SVAG6 to SVAO)

Set aunique address in bits SVA6 to SVAO, differing from the addresses of other slave devices
connected to the 12C bus.
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Bit 0: Format select (FS)

Bit 0 selects whether to use the addressing format or non-addressing format in slave mode. The
addressing format is used to recognize slave addresses.

Bit 0

FS Description

0 Addressing format, slave addresses recognized (initial value)
1 Non-addressing format

3. 12C bus mode register (ICMR)

Bit 7 6 5 4 3 2 1 0

‘ MLS ‘ WAIT ‘ — ‘ — ‘ — ‘ BC2 ‘ BC1 ‘ BCO ‘
Initial value 0 0 1 1 1 0 0 0
Read/Write R/W R/W — — — R/W R/W R/W

ICMR isan 8-bit read/write register that selects whether the MSB or LSB istransferred first,
performs wait control, and selects the transfer bit count. ICMR is assigned to the same address as
SAR. ICMR can be written and read only when the ICE bit issetto 1 in ICCR.

ICMR isinitialized to H'38 upon reset.
Bit 7: MSB-first/L SB-first select (MLS)

Bit 7 selects whether datais transferred M SB-first or LSB-first.

Bit 7

MLS Description

0 MSB-first (initial value)
1 LSB-first
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Bit 6: Wait insertion bit (WAIT)

Bit 6 selects whether to insert await between the transfer of data and the acknowledge hit, in
acknowledgement mode. When WAIT is set to 1, after the fall of the clock for the final data bit, a
wait state begins (with SCL staying at the low level). When bit IRIC iscleared in ICSR, the wait
ends and the acknowledge bit is transferred. If WAIT is cleared to 0, data and acknowledge bits are
transferred consecutively with no wait inserted.

Bit 6

WAIT Description

0 Data and acknowledge transferred consecutively (initial value)
1 Wait inserted between data and acknowledge

Bits5to 3: Reserved hits
Bits5to 3 arereserved; they are always read as 1, and cannot be modified.
Bits2to O: Bit counter (BC2 to BCO)

BC2 to BCO specify the number of bits to be transferred next. When the ACK bitisclearedto Oin
ICCR (acknowledgement mode), the data is transferred with one additional acknowledge bit. BC2
to BCO settings should be made during an interval between transfer frames. If BC2 to BCO are set
to avalue other than 000, the setting should be made while the SCL lineislow.

The bit counter isinitialized to 000 by areset and when a start condition is detected. The value
returns to 000 at the end of a data transfer, including the acknowledge.

Bit 2 Bit 1 Bit 0 Bits/Frame
BC2 BC1 BCO Serial Mode Acknowledgement Mode
0 0 0 8 9 (initial value)
1 1 2
1 0 2 3
1 3 4
1 0 0 4 5
1 5 6
1 0 6 7
1 7 8
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4. 12C bus control register (ICCR)

Bit 7 6 5 4 3 2 1 0

‘ ICE ‘ IEIC ‘ MST ‘ TRS ‘ ACK ‘ 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

ICCR is an 8-bit read/write register that enables or disables the 12C businterface, enables or
disables interrupts, and selects master or slave mode, transmit or receive, acknowledgement or
serial mode, and the clock fregquency.

ICCRisinitialized to H'00 upon reset.
Bit 7: 12C bus interface enable (ICE)

Bit 7 selects whether or not to use the 12C bus interface. When ICE is set to 1, the corresponding
port pins become SCL and SDA input/output pins and transfer operations are enabled. When ICE
iscleared to 0, the port pins are placed in the high-impedance state and the interface module is
disabled.

The SAR register can be accessed when ICE is 0. The ICMR register can be accessed when |CE
isl

Bit 7
ICE Description
0 Interface module disabled, with SCL and SDA signals
in high-impedance state (initial value)
1 Interface module enabled for transfer operations

Bit 6: 12C bus interface interrupt enable (IEIC)

Bit 6 enables or disables interrupts from the I2C bus interface to the CPU.

Bit 6

IEIC Description

0 Interrupts disabled (initial value)
1 Interrupts enabled
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Bit 5: Master/dave select (MST)

Bit 4: Transmit/receive select (TRS)

MST selects whether the 12C bus interface operates in master mode or slave mode.
TRS selects whether the 12C bus interface operates in transmit mode or receive mode.

In master mode, when arbitration islost, MST and TRS are both reset by hardware, causing a
transition to slave receive mode. In slave receive mode with the addressing format (FS = 0),
hardware automatically selects transmit or receive mode according to the R/W bit in the first byte
after astart condition.

MST and TRS select the operating mode as follows.

Bit 5 Bit 4

MST TRS Operating Mode

0 0 Slave receive mode (initial value)
1 Slave transmit mode

1 0 Master receive mode
1 Master transmit mode

Bit 3: Acknowledgement mode select (ACK)

Bit 3 selects acknowledgement mode or serial mode. In acknowledgement mode (ACK = 0), data
istransferred in frames consisting of the number of data bits selected by BC2to BCOin ICMR,
plus an extra acknowledge bit. In serial mode (ACK = 1), the number of data bits selected by BC2
to BCOin ICMR istransferred as one frame.

Bit 3

ACK Description

0 Acknowledgement mode (initial value)
1 Serial mode
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Bits 2to 0: Serial clock select (CKS2 to CKS0)

Bits 2 to 0 select the serial clock frequency in master mode. They should be set according to the
required transfer rate.

Transfer Rate

Bit 2 Bit 1 Bit O
CKS2 CKS1 CKSO Clock g =2MHZ g =4 MHz g =5 MHz
0 0 0 2/14 143 kHz 286 kHz 357 kHz
1 /20 100 kHz 200 kHz 250 kHz
1 0 /24 83.3 kHz 167 kHz 208 kHz
1 2/32 62.5 kHz 125 kHz 156 kHz
1 0 0 /40 50.0 kHz 100 kHz 125 kHz
1 /50 40.0 kHz 80.0 kHz 100 kHz
1 0 /56 35.7 kHz 71.4 kHz 89.3 kHz
1 /64 31.3 kHz 62.5 kHz 78.1 kHz
5. 12C bus status register (ICSR)
Bit 7 6 5 4 3 2 1 0
‘ BBSY ‘ IRIC ‘ SCP ‘ — ‘ AL ‘ AAS ‘ ADZ ‘ ACKB ‘
Initial value 0 0 1 1 0 0 0 0
Read/Write R/W R/(W)* w — R/(W)*  RI(W)* R/(W)* R/IW

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

ICSR is an 8-hit read/write register with flags that indicate the status of the 12C bus interface. It is
also used for issuing start and stop conditions, and recognizing and controlling acknowledge bits.

ICSRisinitialized to H'30 by areset.
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Bit 7: Busbusy (BBSY)

Bit 7 can be read to check whether the 12C bus (SCL and SDA) is busy or free. In master mode this
bit isalso used in issuing start and stop conditions.

A high-to-low transition of SDA while SCL is high is recognized as a start condition, setting
BBSY to 1. A low-to-high transition of SDA while SCL is high is recognized as a stop condition,
clearing BBSY to 0.

To issue a start condition, use aMOV instruction to write 1 in BBSY and 0in SCP. A
retransmitted start condition isissued in the same way. To issue a stop condition, use a MOV
instruction to write 0 in BBSY and 0 in SCP. It is not possible to write to BBSY in slave mode.

Bit 7

BBSY Description

0 Bus is free (initial value)
Clearing condition:
Cleared when a stop condition is detected

1 Bus is busy

Setting condition:
Set when a start condition is detected

Bit 6: 12C businterface interrupt request flag (IRIC)

Bit 6 indicates that the 12C bus interface has issued an interrupt request to the CPU. IRIC issetto 1
at the end of adatatransfer, when a slave address or general call address is detected in Slave
receive mode, and when bus arbitration islost in master transmit mode. IRIC is set at different
timings depending on the ACK bit in ICCR and WAIT bit in ICMR. See 10.3.3 (6), IRIC Set
Timing and SCL Contral.

IRIC iscleared by reading IRIC after it has been set to 1, then writing O in IRIC.
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Bit 6

IRIC Description

0 Waiting for transfer, or transfer in progress (initial value)
Clearing condition:
Cleared by reading IRIC = 1, then writing 0 in IRIC

1 Interrupt requested

Setting conditions:

Master mode
* End of data transfer
* When bus arbitration is lost

Slave mode (when FS = 0)

* When the slave address is matched, and whenever a data transfer ends after that,
until a retransmitted start condition or a stop condition is detected

« When a general call address is detected, and whenever a data transfer ends after
that, until a retransmitted start condition or a stop condition is detected

Slave mode (when FS = 1)
* End of data transfer

Bit 5: Start condition/stop condition prohibit (SCP)

Bit 5 controls the issuing of start and stop conditions in master mode. To issue a start condition,
write 1in BBSY and 0in SCP. A retransmitted start condition is issued in the same way. To issue a
stop condition, write 0 in BBSY and 0 in SCP. This bit aways reads 1. Written datais not stored.

Bit 5

SCP Description

0 Write Issues a start or stop condition, in combination with BBSY

1 Read Always results in 1 (initial value)
Write Ignored

Bit 4: Reserved bit

Bit 4 isreserved; it isawaysread as 1, and cannot be modified.
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Bit 3: Arbitration lost (AL)

Bit 3 indicates that arbitration was lost in master mode. The I2C bus interface monitors the bus.
When two or more master devices attempt to seize the bus at nearly the same time, if the 12C bus
interface detects data differing from the data it sent, it sets AL to 1 to indicate that the bus has been
taken by another master. At the sametime, it setsthe IRIC bit in ICSR to generate an interrupt
request.

AL iscleared by reading AL after it has been set to 1, then writing 0 in AL. In addition, AL isreset
automatically by write access to ICDR in transmit mode, or read accessto ICDR in receive mode.

Bit 3

AL Description

0 Bus arbitration won (initial value)
Clearing conditions:
* When ICDR data is written (transmit mode) or read (receive mode)
« After reading AL = 1, cleared by writing 0 to AL

1 Arbitration lost

Setting conditions:

* When the internal SDA signal and bus line disagree at the rise of SCL in master
transmit mode

* When the internal SCL is high at the fall of SCL in master transmit mode

Bit 2: Slave address recognition flag (AAS)

When the addressing format is selected (FS = 0) in slave receive mode, thisflag isset to 1if the
first byte following a start condition matches bits SVA6 to SVAQ in SAR, or if the general call
address (H'00) is detected.

AASiscleared by reading AAS after it has been set to 1, then writing 0 in AAS. In addition, AAS
isreset automatically by write accessto ICDR in transmit mode, or read accessto ICDR in receive
mode.

Bit 2

AAS Description

0 Slave address or general call address not recognized (initial value)
Clearing conditions:
* When ICDR data is written (transmit mode) or read (receive mode)
« After reading AAS = 1, cleared by writing 0 to AAS

1 Slave address or general call address recognized

Setting conditions:
« When the slave address or general call address is detected in slave receive mode
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Bit 1: General call address recognition flag (ADZ)

When the addressing format is selected (FS = 0) in slave receive mode, thisflag isset to 1 if the
first byte following a start condition is the general call address (H'00).

ADZ iscleared by reading ADZ after it has been set to 1, then writing 0 in ADZ. In addition, ADZ
isreset automatically by write accessto ICDR in transmit mode, or read accessto ICDR in receive
mode.

Bit 1

ADZ Description

0 General call address not recognized (initial value)
Clearing conditions:
* When ICDR data is written (transmit mode) or read (receive mode)
» After reading ADZ = 1, cleared by writing 0 to ADZ

1 General call address recognized

Setting condition:
When the general call address is detected in slave receive mode

Bit 0: Acknowledge bit (ACKB)

Bit O stores acknowledge data in acknowledgement mode. In transmit mode, after the receiving
device receives data, it returns acknowledge data, and this datais loaded into ACKB. In receive
mode, after data has been received, the acknowledge data set in this bit is sent to the transmitting
device.

When thisbit isread, if TRS = 1, the value loaded from the bus lineisread. If TRS = 0, the value
set by internal softwareisread.

Bit 0

ACKB Description

0 Receive mode: 0 is output at acknowledge output timing (initial value)
Transmit mode: indicates that the receiving device has acknowledged the data

1 Receive mode: 1 is output at acknowledge output timing

Transmit mode: indicates that the receiving device has not acknowledged the data
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10.3.3 Operation

1. 12C busdataformat

The I12C bus interface has three data formats. two addressing formats, shown as (a) and (b) in
figure 10-3-3 (1), and a non-addressing format, shown as (¢) in figure 10-3-3 (2). Thefirst byte
following a start condition always consists of 8 bits. Figure 10-3-4 shows the 12C bus timing.

(a) Addressing format (FS = 0)

| s sta [RW|[ A opata [ A ] |aR | P |

=7 7 1T n =~ }‘T"T"n:bitcount(n=lt08)
1 m m: frame count (m = 1)

(b) Addressing format (retransmit start condition, FS = 0)

[s] sta [rwW[ A pata [ [AA] s sia [rW] A | pata [ [AA] P |
[~ T | g L R N2l fagte ]
1 mil 1 m2

nl and n2: bit count (n1 and n2 = 1 to 8)
m1 and m2: frame count (m1 and m2 = 1)

Notation:

S: Start condition. The master device drives SDA from high to low while SCL is high.

SLA: Slave address, by which the master device selects a slave device.

R/W: Indicates the direction of data transfer: from the slave device to the master device when RWis 1,
or from the master device to the slave device when R/W is 0.

A: Acknowledge. The receiving device (the slave in master transmit mode, or the master in master
receive mode) drives SDA low to acknowledge a transfer. If transfers need not be acknowledged,
set the ACK bitto 1 in ICCR to keep the interface from generating the acknowledge signal and its
clock pulse.

DATA: Transferred data. The bit length is set by bits BC2 to BCO in ICMR. The MSB-first or LSB-first
format is selected by bit MLS in ICMR.

P: Stop condition. The master device drives SDA from low to high while SCL is high.

Figure10-3-3 (1) 12C Bus Data Formats (Addressing For mats)
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(c) Non-addressing format (FS = 1)

|s§DATA|A|DATA|A| ------------ n

}<—><7 84>’<—><7 n —»’«—»‘ }<—><—>‘ n: bit count
1 1 1 1 1 (n=1to 8)
1 - m - m: frame count
(m=1)
Notation:
S: Start condition. The master device drives SDA from high to low while SCL is high.
A: Acknowledge. The receiving device (the slave in master transmit mode, or the master in master

receive mode) drives SDA low to acknowledge a transfer. If transfers need not be acknowledged,
set the ACK bit to 1 in ICCR to keep the interface from generating the acknowledge signal and its

clock pulse.
DATA: Transferred data. The bit length is set by bits BC2 to BCO in ICMR. The MSB-first or LSB-first
format is selected by bit MLS in ICMR.

P: Stop condition. The master device drives SDA from low to high while SCL is high.

Figure10-3-3(2) 12C Bus Data Format (Non-Addressing For mat)

o OO /N O OO R

S SLA RW A DATA A DATA AA P

Figure 10-3-4 12C BusTiming
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2. Master transmit operation

In master transmit mode, the master device outputs the transmit clock and transmit data, and the
slave device returns an acknowledge signal. The transmit procedure and operations in master
transmit mode are described bel ow.

1.

Set bitsMLS and WAIT in ICMR and bits ACK and CKS2 to CKS0 in ICCR according to the
operating mode. Set bit ICE in ICCR to 1.

Read BBSY in ICSR, check that the busisfree, then set MST and TRSto 1 in ICCR to select
master transmit mode. After that, write 1 in BBSY and 0 in SCP. This generates a start
condition by causing a high-to-low transition of SDA while SCL is high.

Write datain ICDR. The master device outputs the written data together with a sequence of
transmit clock pulses at the timing shown in figure 10-3-5. If FSis0in SAR, thefirst byte
following the start condition contains a 7-bit slave address and indicates the transmit/receive
direction. The selected slave device (the device with the matching slave address) drives SDA
low at the ninth transmit clock pulse to acknowledge the data.

When 1 byte of data has been transmitted, IRIC isset to 1in ICSR at the rise of the ninth
transmit clock pulse. If IEIC issetto 1in ICCR, aCPU interrupt is requested. After one frame
has been transferred, SCL is automatically brought to the low level in synchronization with
theinternal clock and held low.

Software clears IRICto 0in ICSR.

To continue transmitting, write the next transmit datain ICDR. Transmission of the next byte
will begin in synchronization with the internal clock.

Steps 4 to 6 can be repeated to transmit data continuously. To end the transmission, write 0 in
BBSY and 0in SCPin ICSR. This generates a stop condition by causing alow-to-high transition
of SDA while SCL is high.
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processing and SCP =0

Figure10-3-5 Timingin Master Transmit Mode (MLS=WAIT = ACK =0)
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3. Master receive operation

In master receive mode, the master device outputs the receive clock, receives data, and returns an
acknowledge signal. The slave device transmits the data. The receive procedure and operationsin
master receive mode are described below. See also figure 10-3-6.

1.

2.

Clear TRSto 0in ICCR to switch from transmit mode to receive mode.

Read ICDR to start receiving. When ICDR isread, areceive clock isoutput in
synchronization with the internal clock, and datais received. At the ninth clock pulse the
master device drives SDA low to acknowledge the data.

When 1 byte of data has been received, IRIC isset to 1in ICSR at the rise of the ninth receive
clock pulse. If IEIC issetto 1in ICCR, a CPU interrupt is requested. After one frame has
been transferred, SCL is automatically brought to the low level in synchronization with the
internal clock and held low.

Software clears IRICto 0in ICSR.

When ICDR isread, receiving of the next data starts in synchronization with the internal
clock.

Steps 3 to 5 can be repeated to receive data continuously. To stop receiving, set TRSto 1, read
ICDR, then write 0 in BBSY and 0 in SCPin ICSR. This generates a stop condition by causing a
low-to-high transition of SDA while SCL is high. If it is not necessary to acknowledge each bye of
data, set ACKB to 1in ICSR before receiving starts.
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Figure10-3-6 Timingin Master Receive Mode (MLS=WAIT =ACK =0)
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4. Slave transmit operation

In slave transmit mode, the slave device outputs the transmit data, and the master device outputs a
receive clock and returns an acknowledge signal. The transmit procedure and operationsin slave
transmit mode are described bel ow.

1.

6.

7.

Set bits MLS and WAIT in ICMR and bits MST, TRS, ACK, and CKS2 to CKS0 in ICCR
according to the operating mode. Set bit ICE in ICCR to 1.

After the dlave device detects a start condition, if the first byte matches its lave address, at the
ninth clock pulse the slave device drives SDA low to acknowledge the transfer. At the same
time, IRIC isset to 1in ICSR, generating an interrupt. If the eighth data bit (R/'W) is 1, the
TRShitissetto 1in ICCR, automatically causing atransition to slave transmit mode. The
slave device holds SCL low from the fall of the transmit clock until dataiswrittenin ICDR.

Software clears IRICto 0in ICSR.

Write datain ICDR. The slave device outputs the written data serially in step with the clock
output by the master device, with the timing shown in figure 10-3-7.

When 1 byte of data has been transmitted, at the rise of the ninth transmit clock pulse IRIC is
setto 1inICSR. If IEICissetto 1in ICCR, a CPU interrupt is requested. The slave device
holds SCL low from the fall of the transmit clock until dataiswrittenin ICDR. The master
device drives SDA low at the ninth clock pulse to acknowledge the data. The acknowledge
signal isstored in ACKB in ICSR, and can be used to check whether the transfer was carried
out normally.

Software clears IRICto 0in ICSR.

To continue transmitting, write the next transmit datain ICDR.

Steps 5 to 7 can be repeated to transmit continuously. To end the transmission, write H'FF in
ICDR. When a stop condition is detected (alow-to-high transition of SDA while SCL is high),
BBSY will beclearedto 0in ICSR.
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Figure10-3-7 Timingin Slave Transmit Mode (MLS=WAIT = ACK =0)
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5.

Slave receive operation

In slave receive mode, the master device outputs the transmit clock and transmit data, and the
slave device returns an acknowledge signal. The receive procedure and operations in slave receive
mode are described below. See also figure 10-3-8.

1.

4,

5.

Set bitsMLS and WAIT in ICMR and bits MST, TRS, and ACK in ICCR according to the
operating mode. Set bit ICE in ICCR to 1.

A start condition output by the master device sets BBSY to 1in ICSR.

After the dave device detects the start condition, if the first byte matches its slave address, at
the ninth clock pulse the slave device drives SDA low to acknowledge the transfer. At the
sametime, IRICissetto 1inICSR. If IEICis1inICCR, a CPU interrupt isrequested. The
dave device holds SCL low from the fall of the receive clock until it has read the datain
ICDR.

Software clears IRICto 0in ICSR.

When ICDR isread, receiving of the next data starts.

Steps 4 and 5 can be repeated to receive data continuously. When a stop condition is detected (a
low-to-high transition of SDA while SCL is high), BBSY isclearedto 0in ICSR.

Start condition

SCL (master 1 2 3 4 5 6 7 8 9 1

output) \
SCL (sl

Sy \/

SDA (master _\_/< Bit 7) Bit 6 X Bit 5 X Bit 4 ) Bit 3 Y Bit 2 X Bit L) Bit 0 \'Bit 7 X

output

SDA (slave
output)

IRIC

User processin
P g 4. Clear IRIC 5. Read ICDR

Figure10-3-8 Timingin Slave Receive Mode (MLS=WAIT = ACK =0)
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6. IRIC set timing and SCL control

Theinterrupt request flag (IRIC) is set at different times depending on the WAIT bit in ICMR and
ACK bitin ICCR. SCL isautomatically held low after one frame has been transferred; thistiming
is synchronized with the internal clock. Figure 10-3-9 shows the IRIC set timing and SCL control.

(@) When WAIT =0and ACK=0

.....

SCL

IRIC
User processing / - /

Clear IRIC Write to ICDR (transmit)
or read ICDR (receive)

(b) When WAIT =1 and ACK=0

Y o

SCL

SDA 7 X 8 A 1

IRIC ]
T /

Clear IRIC Write to ICDR (transmit)
or read ICDR (receive)

Note: The ICDR write (transmit) or read (receive) following the clearing of IRIC
should be executed after the rise of SCL (ninth clock pulse).

User processing

(c) When ACK=1
SCL

..........

o T X5 Y 1

IRIC |

Ty

User processing Clear IRIC Write to ICDR (transmit)
or read ICDR (receive)

Figure10-3-9 IRIC Set Timing and SCL Control
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7. Noise canceler

Thelogic levels at the SCL and SDA pins are routed through noise cancelers before being latched
internally. Figure 10-3-10 shows a block diagram of the noise canceler circuit.

The noise canceler consists of two cascaded latches and a match detector. The SCL (or SDA) input
signal is sampled on the system clock, but is not passed forward to the next circuit unless the
outputs of both latches agree. If they do not agree, the previous value is held.

Sampling clock

S —

C C
SCL or
SDA input —™D Q —1D Q Match Internal
signal — = SCL or
Latch Latch detector SDA
signal
At

Sampling | |_| |_| |_|
clock

At: System clock

Figure10-3-10 Block Diagram of Noise Canceler
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8. Sample flowcharts

Figures 10-3-11 to 10-3-14 show typical flowcharts for using the 12C businterface in each mode.

1. Test the status of the SCL and SDA lines.

| Initialize

| Read BBSY in ICSR

BBSY =0?

Yes

Set MST =1 and
TRS=1inICCR

Write BBSY =1
and SCP =0in ICSR

| Write transmit data in ICDR

Read IRIC in ICSR

| Clear IRIC in ICSR

| Read ACKB in ICSR

[ Clear IRIC in ICSR

| Read ACKB in ICSR

End of transmission

Write BBSY =0
and SCP =0in ICSR

End

2. Select master transmit mode.

1
3. Generate a start condition.
4. Set transmit data for the first byte (slave address +
R/W).
2 . .
5. Wait for 1 byte to be transmitted.
3 6. Test for acknowledgement by the designated slave
device.
4 7. Settransmit data for the second and subsequent
bytes.
5
8. Wait for 1 byte to be transmitted.
9. Test for end of transfer.
10. Generate a stop condition.
6

[[Master receive mode] |

10

Figure10-3-11 Flowchart for Master Transmit Mode (Example€)
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| | Master receive mode | |
I

|  setTRs=oiniccR |1
\

| SetACKB=0inICSR |2

Yes

Last receive?
| Read ICDR | |3
|
Read IRIC in ICSR | |a
|  ClearlRICinICSR |
|
——
|  SetACKB=1inICSR |5
\
| Read ICDR |6
—_——— -
|
|  ReadRICinICSR |7
e
Yes
|  ClarRICinICSR |
\
|  setTRS=1linicCR |8
|
| Read ICDR |9
\
Write BBSY =0 10
and SCP=0inICSR

End

Select receive mode.
Set acknowledgement data.

Start receiving. The first read is a dummy
read.

Wait for 1 byte to be received.

Set acknowledgement data for the last
receive.

Start the last receive.

Wait for 1 byte to be received.

Select transmit mode.

Read the last receive data (if ICDR is read

without selecting transmit mode, receive
operations will resume).

10. Generate a stop condition.

Figure 10-3-12 Flowchart for Master Receive M ode (Example)

330




| | Slave transmit mode | |

1
| Write transmit data in ICDR | 1
Read IRIC in ICSR |
2
|  ClearlRICinICSR |
|  Read ACKBIin ICSR |
3
End
of transmission
(ACKB = 1)?
|  wite TRS=0inicCR | 4
| Read ICDR | 5

End

Set transmit data for the second and
subsequent bytes.

Wait for 1 byte to be transmitted.
Test for end of transfer.
Select slave receive mode.

Dummy read (to release the SCL line).

Figure 10-3-13 Flowchart for Slave Transmit Mode (Example)
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| Initialize |
\
Set MST =0 1
and TRS =0in ICCR
I

|  witeACKB=0inICSR |

|General call address processingl |

* Description omitted

| Slave transmit mode | |

1. Select slave receive mode.

2. Wait for the first byte to be received.

3. Start receiving. The first read is a dummy
read.

4. Wait for the transfer to end.

5. Set acknowledgement data for the last
| setAckB=1inICSR |5 receive.

I
| Read ICDR | 6

Read IRIC in ICSR

6. Start the last receive.

| 7 7. Wait for the transfer to end.

8. Read the last receive data.

| Clear IRIC in ICSR | 8
I

| Read ICDR |

End

Figure 10-3-14 Flowchart for Slave Receive M ode (Example)
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10.3.4 Application Notes

In master mode, if an instruction to generate a start condition isimmediately followed by an
instruction to generate a stop condition, neither condition will be output correctly. To output
consecutive start and stop conditions, after issuing the instruction that generates the start
condition, read the relevant ports, check that SCL and SDA are both low, then issue the
instruction that generates the stop condition.

Either of the following two conditions will start the next transfer. Pay attention to these
conditions when reading or writing to ICDR.

1. Writeaccessto ICDRwhenICE=1and TRS=1
2. Readaccessto ICDRwhen ICE=1and TRS=0

In master mode, the I2C bus interface synchronizes each bit by monitoring the SCL line. If the
SCL risetime ty (the time required for atransition from the low level to V) exceeds 2.5 ty.,
the high period of SCL will be extended. The SCL rise time depends on the pull-up resistance
and load capacitance of the SCL line. To operate at the desired transfer rate, design the pull-up
resistor and load capacitance so that tg will be within 2.5 tyc.
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Section 11 8-Bit PWM

11.1 Overview

The H8/3947 Series has on-chip an 8-bit pulse-width modulator (PWM) with eight channels. The
PWM can be used asa D/A converter by connecting alow-pass filter.

11.1.1 Features

Features of the 8-bit PWM are given below.

*  PWM output can be set independently on eight channels

e Selection of 409.6 psor 819.2 s period (with 5-MHz clock)
 Master-slave PWM register configuration in al eight channels

*  Medium-voltage output pins with NMOS open-drain output circuits

335



11.1.2 Block Diagram

Figure 11-1 shows a block diagram of the PWM.

gﬁe 4>|><|—>|. 8-bit counter |

PWCR

ﬂ

—>| Comparator |<—|

PWDRO

PWMq C

—>| Comparator |<—|

PWDR1

PWM; o~

—>| Comparator |<—|

PWDR2

PWM, o

—>| Comparator |<—|

PWDR3

PWM 0=

—>| Comparator |<—|

PWDRA4

PWM, o=

PWMs o=

PWDR5

PWMg O~

PWDR6

PWM; o

PWDR7

LT LTTT

Notation:

PWCR:

PWDRO:
PWDR1:
PWDR2:
PWDR3:
PWDR4:
PWDRS:
PWDRG6:
PWDRT7:

PWM control register
PWM data register 0
PWM data register 1
PWM data register 2
PWM data register 3
PWM data register 4
PWM data register 5
PWM data register 6
PWM data register 7

Internal data bus

Figure11-1 Block Diagram of the 8-Bit PWM
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11.1.3 Pin Configuration

Table 11-1 shows the PWM pin configuration.

Table 11-1 Pin Configuration

Name Abbrev. I/O Function

PWM, output pin PWM, Output PWM pulse output 0
PWM; output pin PWM, Output PWM pulse output 1
PWM, output pin PWM, Output PWM pulse output 2
PWM3 output pin PWM4 Output PWM pulse output 3
PWM, output pin PWM, Output PWM pulse output 4
PWM;s output pin PWMg Output PWM pulse output 5
PWMg output pin PWMg Output PWM pulse output 6
PWM5 output pin PWM-, Output PWM pulse output 7

11.1.4 Register Configuration

Table 11-2 shows the PWM register configuration.

Table11-2 Register Configuration

Name Abbrev. R/W Initial Value Address
PWM control register PWCR R/W H'FE H'FF90
PWM data register 0 PWDRO R/W H'00 H'FF91
PWM data register 1 PWDR1 R/W H'00 H'FF92
PWM data register 2 PWDR2 R/W H'00 H'FF93
PWM data register 3 PWDR3 R/IW H'00 H'FF94
PWM data register 4 PWDR4 R/W H'00 H'FF95
PWM data register 5 PWDR5 R/W H'00 H'FF96
PWM data register 6 PWDR6 R/W H'00 H'FF97
PWM data register 7 PWDR7 R/W H'00 H'FF98
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11.2 Register Descriptions

11.2.1 PWM Control Register (PWCR)

Bit 7 6 5 4 3 2 1 0
-l -] -1 -] —-1-1] - ]cxs|

Initial value 1 1 1 1 1 1 1 0

Read/Write — — — — — — — R/W

PWCR is an 8-bit read/write register that selects the input clock for the 8-bit counter. Upon reset,
PWCR isinitialized to H'FE.

Bits 7 to 1: Reserved hits
Bits 7 to 1 are reserved; they are always read as 1, and cannot be modified.
Bit 0: Clock select (CKS)

Bit 0 selects the input clock for the 8-bit counter.

Bit 0

CKSs Description

0 Input clock is @/16, with cycle time of 4096/¢ (initial value)
1 Input clock is @/8, with cycle time of 2048/g

11.2.2 PWM Data Register 0 (PWDRO)

Bit 7 6 5 4 3 2 1 0

‘ PWDRO7‘ PWDROG‘ PWDR05‘ PWDRO4‘ PWDRO3‘PWDR02 ‘ PWDROl‘ PWDROO‘
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

PWDRO is an 8-bit read/write register that controls the high width of the PWMg output. This
register is actually a master-dave register pair, with data being loaded from the master to the slave
register when the counter overflows (see figure 11-2). Read access is to the Slave register.

Upon reset, PWDRO isinitialized to H'00.
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11.2.3 PWM Data Register 1 (PWDR1)

Bit 7 6 5 4 3 2 1 0
‘PWDR17‘ PWDRlG‘ PWDR15‘ PWDR14‘ PWDR13‘PWDR12 ‘ PWDRll‘PWDRlo‘

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

PWDRL is an 8-hit read/write register that controls the high width of the PWM, output. This
register is actually a master-slave register pair, with data being loaded from the master to the slave
register when the counter overflows (see figure 11-2). Read access is to the slave register.

Upon reset, PWDR1 isinitialized to H'00.

11.2.4 PWM Data Register 2 (PWDR?2)

Bit 7 6 5 4 3 2 1 0
‘PWDR27‘ PWDR26‘ PWDRZs‘ PWDR24‘ PWDR23‘PWDR22 ‘ PWDRZl‘ PWDRZO‘

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

PWDR2 is an 8-bit read/write register that controls the high width of the PWM,, output. This
register is actually a master-slave register pair, with data being loaded from the master to the slave
register when the counter overflows (see figure 11-2). Read access is to the Slave register.

Upon reset, PWDR2 isinitialized to H'00.

11.25 PWM Data Register 3 (PWDR3)

Bit 7 6 5 4 3 2 1 0

‘ PWDR37‘ PWDR36‘ PWDR35‘ PWDR34‘ PWDRSg‘PWDR32 ‘ PWDR31‘ PWDR30‘
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

PWDRS3 is an 8-bit read/write register that controls the high width of the PWM 3 output. This
register is actually a master-slave register pair, with data being loaded from the master to the slave
register when the counter overflows (see figure 11-2). Read accessis to the slave register.

Upon reset, PWDR3 isinitialized to H'00.
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11.2.6 PWM Data Register 4 (PWDR4)

Bit 7 6 5 4 3 2 1 0

‘ PWDR47‘ PWDR46‘ PWDR45‘ PWDR44‘ PWDRA44 ‘ PWDR4, ‘ PWDR41‘ PWDR4O‘
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

PWDR4 is an 8-hit read/write register that controls the high width of the PWM 4 output. This
register is actually a master-slave register pair, with data being loaded from the master to the slave
register when the counter overflows (see figure 11-2). Read access is to the slave register.

Upon reset, PWDR4 isinitialized to H'00.

11.2.7 PWM Data Register 5 (PWDRb5)

Bit 7 6 5 4 3 2 1 0

‘ PWDR57‘ PWDR56‘ PWDR55‘ PWDR54‘ PWDR53‘PWDR52 ‘ PWDRSl‘ PWDRSO‘
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

PWDRS5 is an 8-bit read/write register that controls the high width of the PWM 5 output. This
register is actually a master-slave register pair, with data being loaded from the master to the slave
register when the counter overflows (see figure 11-2). Read access is to the Slave register.

Upon reset, PWDRS5 isinitialized to H'00.

11.2.8 PWM Data Register 6 (PWDR®6)

Bit 7 6 5 4 3 2 1 0

‘ PWDR67‘ PWDR66‘ PWDR65‘ PWDR64‘ PWDR63‘PWDR62 ‘ PWDRGl‘ PWDRGO‘
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

PWDR6 is an 8-bit read/write register that controls the high width of the PWMg output. This
register is actually a master-slave register pair, with data being loaded from the master to the slave
register when the counter overflows (see figure 11-2). Read access is to the slave register.

Upon reset, PWDR6 isinitialized to H'00.
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11.2.9 PWM Data Register 7 (PWDR?)

Bit 7 6 5 4 3 2 1 0
‘PWDR77‘ PWDR?G‘ PWDR75‘ PWDR74‘ PWDR73‘PWDR72 ‘ PWDR71‘ PWDR?O‘

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

PWDRY is an 8-hit read/write register that controls the high width of the PWM- output. This
register is actually a master-slave register pair, with data being loaded from the master to the slave
register when the counter overflows (see figure 11-2). Read access is to the slave register.

Upon reset, PWDRY7 isinitialized to H'00.
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11.3 Operation
1. Master-dave register configuration

PWDRO to PWDR7 have a master-slave configuration, each consisting of a master register and
slaveregister as shown in figure 11-2.

e Writeaccessis carried out from the CPU to the master register.
* Read accessis carried out from the slave register.

e When the counter overflows from H'FF to H'00, the master register contents are copied to the
slave register.

Write

Internal bus

Read

Figure11-2 PWM Data Register Configuration
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2. Update timing of PWDR data and PWM output

Figure 11-3 shows the update timing of the PWDR data and PWM output. When datais written in
aPWM dataregister, first the master register is updated. When the counter overflows, the master
register contents are transferred to the slave register. The PWM output goes high when the counter
overflows, and goes low when the counter value matches the value in the slave register.

Write to PWDR,,

PWDRnN i
A

(master) Old data H'xx New data H'yy
PWDRnN , .
(slave) Old data H'xx >< New data H'yy

1 PWMn output ‘

couner_roo)ro1{—Yorsu) X perepyre) oo)os)C Xy X —fpreepieee)

! | | update
PWMp, J

output
Li One cycle —‘r One cycle

Figure11-3 Update Timing of PWDRn and PWM , Output
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3. PWM output waveform

The PWM consists of an 8-bit free-running counter, PWM data registers, and comparators. Figure
11-4 shows the PWM output waveform. The high width and cycle length can be expressed as
follows.

Highwidth = (valuein PWM dataregister) x tg
Cyclelength = 256 x tg

The quantity t@is the value selected by CKSin PWCR: 16/g when CKS = 0, or 8/gwhen CKS =
1.

High width

One cycle

Figure11-4 PWM, Output Waveform
4. PWM usage
A typical register setup procedure for using the PWM is given next.
1. Setbit PWMnto 1in port mode register 3 (PMR3) to select the PWM, output pin function
(n=7100).
2. Select theinput clock for the 8-bit counter with the CKS bit in PWCR.

3. Set the output waveform datain the PWM data register (PWDRnN). The output waveform will
be updated when the counter overflows.

The output waveform can be controlled by repeatedly executing step 3 to update the waveform.
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5. Operation modes

Table 11-3 indicates the PWM operation modes.

Table 11-3 PWM Operation Modes

Operation

Mode Reset Active Sleep Watch Subactive Subsleep Standby

PWM, High Functions Functions Low Low Low High

output impedance impedance

PWCR Reset Functions Retained Retained Retained Retained Retained

PWDRnN Reset Functions Retained Retained Retained Retained Retained
(n=7100)
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11.4 Application Notes

When using the PWM, note the following points.

1

Changing the clock select bit (CKS) during PWM operation

If CKSischanged during PWM operation when PWDRn # H'00, the PWMn output
waveform will be incorrect. To change CK S during operation, follow the procedure given
below.

Before changing CK S during operation, write H'00 in PWDRn in al channels.
After writing to the last PWDRn, read this PWDRnN and check that its value is H'00.
If PWDRnN # H'00, repest step 2.

If PWDRn = H'00, change CKSin PWCR.

Write waveform data in the PWDRn registers.

agprwbdpE

PWM,, output is held at the low level in subactive mode, subsleep mode, watch mode, and
standby mode. PWM,, output starts immediately on exit from these modes.

Holding PWM,, output high

To hold the PWM,, output at the high level, set P3,,to 1 in port data register 3 (PDR3), set
PCR3,,to 1 in port control register 3 (PCR3), and set PWMn to 0 in port mode register 3
(PMR3).

Note that when H'FF is set in PWDRn, the output is high for a duration of 255 x tg and low
for aduration of tg.

The PWM,, output cycleisthe samein all eight channels. It is not possible to set the cycle
length independently in each channel. Low-to-high transitions of the PWM, outputs occur
simultaneously in al eight channels.

If the PWM is operating in active mode or sleep mode and the chip isreset or the mode is
changed to watch mode, subactive mode, subsleep mode, or standby mode, hazard pulses may
be output from the PWM, pins.
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Section 12 A/D Converter

12.1 Overview

The H8/3947 Series includes on-chip aresistance-ladder-based successive-approximation analog-
to-digital converter, and can convert up to 12 channels of analog input.

12.1.1 Features
The A/D converter has the following features.

*  8-bitresolution

e 12input channels

*  Conversion time: approx. 12.4 s per channel (at 5 MHz operation)
*  Built-in sample-and-hold function

* Interrupt requested on completion of A/D conversion

» A/D conversion can be started by external trigger input
12.1.2 Block Diagram

Figure 12-1 shows a block diagram of the A/D converter.

ADTRG O

A/D mode
¢ register
ANg  O—»]
AN1q O—»
AN, O—
AN3 O—»
AN;  O—=| !
AN ) A/D start
AN O— Multiplexer % register a
AN~ O—» z
ANg O— g
ANg O— g
ANjg O™ g
AN71 5
O—»=| [J]
Control logic — | &
AVee O—=
Reference
voltage
AV A/D result register
— IRRAD

Figure12-1 Block Diagram of the A/D Converter
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12.1.3 Pin Configuration
Table 12-1 shows the A/D converter pin configuration.

Table12-1 Pin Configuration

Name Abbrev. /O Function

Analog power supply pin  AVce Input  Power supply and reference voltage of analog part
Analog ground pin AVgg Input  Ground and reference voltage of analog part
Analog input pin 0 ANy Input  Analog input channel O

Analog input pin 1 ANq Input  Analog input channel 1

Analog input pin 2 AN, Input  Analog input channel 2

Analog input pin 3 ANy Input  Analog input channel 3

Analog input pin 4 ANy Input  Analog input channel 4

Analog input pin 5 ANg Input  Analog input channel 5

Analog input pin 6 ANg Input  Analog input channel 6

Analog input pin 7 AN, Input  Analog input channel 7

Analog input pin 8 ANg Input  Analog input channel 8

Analog input pin 9 ANg Input  Analog input channel 9

Analog input pin 10 ANqq Input  Analog input channel 10

Analog input pin 11 ANy, Input  Analog input channel 11

External trigger input pin  ADTRG  Input  External trigger input for starting A/D conversion

12.1.4 Register Configuration
Table 12-2 shows the A/D converter register configuration.

Table 12-2 Register Configuration

Name Abbrev. R/W Initial Value Address
A/D mode register AMR R/W H'30 H'FFC4
A/D start register ADSR R/W H'7F H'FFC6
A/D result register ADRR R Not fixed H'FFC5
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12.2 Register Descriptions

12.2.1 A/D Result Register (ADRR)

Bit 7 6 5 4 3 2 1 0

‘ ADR7 ‘ ADR6 ‘ ADR5 ‘ ADR4 ‘ ADR3 ‘ ADR2 ‘ ADR1 ‘ ADRO ‘
Initial value — — — — — — — —
Read/Write R R R R R R R R

The A/D result register (ADRR) is an 8-bit read-only register for holding the results of anal og-to-
digital conversion.

ADRR can be read by the CPU at any time, but the ADRR values during A/D conversion are not
fixed. After A/D conversion is complete, the conversion result is stored in ADRR as 8-bit data;
this datais held in ADRR until the next conversion operation starts.

ADRR is not cleared on reset.

12.2.2 A/D Mode Register (AMR)

Bit 7 6 5 4 3 2 1 0

‘ CKsS ‘ TRGE ‘ — ‘ — ‘ CH3 ‘ CH2 ‘ CH1 ‘ CHO ‘
Initial value 0 0 1 1 0 0 0 0
Read/Write R/W R/W — — R/W R/W R/W R/W

AMR is an 8-bit read/write register for specifying the A/D conversion speed, external trigger
option, and the analog input pins.

Upon reset, AMR isinitialized to H'30.
Bit 7: Clock select (CKS)

Bit 7 setsthe A/D conversion speed.

Conversion Time

Bit 7

CKS Conversion Period g =2MHz @ =5MHz
0 62/ (initial value) 31 us 12.4 ps

1 31/e 15.5 ps *

Note: * Operation is not guaranteed if the conversion time is less than 12.4 ps. Set hit 7 for a
value of at least 12.4 ps.
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Bit 6: External trigger select (TRGE)

Bit 6 enables or disables the start of A/D conversion by external trigger input.

Bit 6

TRGE Description

0 Disables start of A/D conversion by external trigger (initial value)
1 Enables start of A/D conversion by rising or falling edge of external trigger at pin

ADTRG*

Note: * The external trigger (ADTRG) edge is selected by bit IEG4 of the IRQ edge select register
(IEGR). See 3.3.2 for details.

Bits 5 and 4: Reserved hits

Bits 5 and 4 are reserved; they are alwaysread as 1, and cannot be modified.
Bits 3to 0: Channel select (CH3 to CHO)

Bits 3 to 0 select the analog input channel.

The channel selection should be made while bit ADSF is cleared to 0.

Bit 3 Bit 2 Bit 1 Bit 0
CH3 CH2 CH1 CHO Analog Input Channel

0 0 * * No channel selected (initial value)
0 1 0 0 ANg
0 1 0 1 ANy
0 1 1 0 AN,
0 1 1 1 ANg
1 0 0 0 ANy
1 0 0 1 ANg
1 0 1 0 ANg
1 0 1 1 AN
1 1 0 0 ANg
1 1 0 1 ANg
1 1 1 0 ANy
1 1 1 1 ANy

Note: * Don't care
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12.2.3 A/D Start Register (ADSR)

Bit 7 6 5 4 3 2 1 0
osf | — | — | — | = =] = -]

Initial value 0 1 1 1 1 1 1 1

Read/Write R/W — — — — — _ _

The A/D start register (ADSR) is an 8-bit read/write register for starting and stopping A/D
conversion.

A/D conversion is started by writing 1 to the A/D start flag (ADSF) or by input of the designated
edge of the external trigger signal, which also sets ADSF to 1. When conversion is complete, the
converted datais set in the A/D result register (ADRR), and at the same time ADSF is cleared

to 0.

Bit 7: A/D dtart flag (ADSF)

Bit 7 controls and indicates the start and end of A/D conversion.

Bit 7

ADSF Description

0 [Read access] (initial value)
Indicates the completion of A/D conversion.
[Write access]
Stops A/D conversion.

1 [Read access]

Indicates A/D conversion in progress.

[Write access]
Starts A/D conversion.

Bits 6 to 0; Reserved bits

Bits 6 to 0 are reserved; they are always read as 1, and cannot be modified.
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12.3 Operation
12.3.1 A/D Conversion Operation

The A/D converter operates by successive approximations, and yields its conversion result as 8-bit
data.

A/D conversion begins when software setsthe A/D start flag (bit ADSF) to 1. Bit ADSF keeps a
value of 1 during A/D conversion, and is cleared to 0 automatically when conversion is complete.

The completion of conversion also sets bit IRRAD in interrupt request register 2 (IRR2) to 1. An
A/D conversion end interrupt is requested if bit IENAD in interrupt enable register 2 (IENR2) is
setto 1.

If the conversion time or input channel needs to be changed in the A/D mode register (AMR)
during A/D conversion, bit ADSF should first be cleared to 0, stopping the conversion operation,
in order to avoid malfunction.

12.3.2 Start of A/D Conversion by External Trigger Input

The A/D converter can be made to start A/D conversion by input of an external trigger signal.
External trigger input is enabled at pin ADTRG when bit IRQ4 in port mode register 2 (PMR?2) is
setto 1, and bit TRGE in AMR isset to 1. Then when the input signal edge designated in bit
IEGA4 of the IRQ edge select register (IEGR) is detected at pin ADTRG, bit ADSF in ADSR will
be set to 1, starting A/D conversion.

Figure 12-2 shows the timing.

Pin ADTRG
(when bit Y

IEG4 = 0) \\\\\

ADSF

A/D conversion

Figure12-2 External Trigger Input Timing
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12.4 Interrupts

When A/D conversion ends (ADSF changes from 1 to 0), bit IRRAD in interrupt request
register 2 (IRR2) isset to 1.

A/D conversion end interrupts can be enabled or disabled by means of bit IENAD in interrupt
enable register 2 (IENR2).

For further details see 3.3, Interrupts.

12.5 Typical Use

An example of how the A/D converter can be used is given below, using channel 1 (pin AN1) as
the analog input channel. Figure 12-3 shows the operation timing.

Bits CH3 to CHO of the A/D mode register (AMR) are set to 0101, making pin AN1 the
analog input channel. A/D interrupts are enabled by setting bit IENAD to 1, and A/D
conversion is started by setting bit ADSF to 1.

When A/D conversion is complete, bit IRRAD is set to 1, and the A/D conversion result is
stored in the A/D result register (ADRR). At the same time ADSF is cleared to 0, and the
A/D converter goesto theidle state.

Bit IENAD =1, so an A/D conversion end interrupt is requested.
The A/D interrupt handling routine starts.
The A/D conversion result is read and processed.

The A/D interrupt handling routine ends.

If ADSF isset to 1 again afterward, A/D conversion starts and steps 2 through 6 take place.

Figures 12-4 and 12-5 show flow charts of procedures for using the A/D converter.
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Buiwil uorresedO 1eAUOD Q/V [AIdAL £-gT9.nbi-

Interrupt
(IRRAD) I_l I_l
¢ Set*
IENAD |
. Set* ¢ Set*
A/D conversion starts

ADSF
Channel 1 (AN 3 Idle {>\A/D conversion (1) \ﬂB\/ Idle {>\A/D conversion (2) \ﬁ&( Idle
operation state

¢ Read conve(sion result ¢ Read conversion result
ADRR >< >< >< XAID conversion result (1) >< >< >< XX A/D conversion result (2)

Note: * (¥) indicates instruction execution by software.




Set A/D conversion speed
and input channel

Disable A/D conversion
end interrupt

Start A/D conversion

Read ADSR

Read ADRR data

Perform A/D
conversion?

Figure12-4 Flow Chart of Procedurefor Using A/D Converter (1) (Polling by Software)
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Set A/D conversion speed
and input channels

Enable A/D conversion
end interrupt

Start A/D conversion

A/D conversion
end interrupt?

Clear bit IRRAD to
0in IRR2

Read ADRR data

Yes

Perform A/D
conversion?

Figure12-5 Flow Chart of Procedurefor Using A/D Converter (2) (Interrupts Used)

12.6 Application Notes

e Datainthe A/D result register (ADRR) should be read only when the A/D start flag (ADSF)
inthe A/D start register (ADSR) iscleared to O.

e Changing the digital input signal at an adjacent pin during A/D conversion may adversely
affect conversion accuracy.
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Section 13 Electrical Characteristics

13.1 Absolute Maximum Ratings
Table 13-1 lists the absolute maximum ratings.

Table13-1 Absolute Maximum Ratings

Item Symbol Value Unit
Power supply voltage Vee -0.3t0 +7.0 \%
Analog power supply voltage AVce -0.3t0 +7.0 \%
Programming voltage Vpp -0.3to0 +13.0 \%
Input voltage Ports other than ports 3, Band C Vi, —0.3t0 V¢ +0.3 \Y
Port 3 Vin -0.3t015.0 \Y
Ports Band C AV, —0.3t0 AVc +0.3 \
Operating temperature Topr —20to +75 °C
Storage temperature Tstg -551t0 +125 °C

Note: Permanent damage may occur to the chip if maximum ratings are exceeded. Normal
operation should be under the conditions specified in Electrical Characteristics. Exceeding
these values can result in incorrect operation and reduced reliability.
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13.2 Electrical Characteristics

13.2.1 Power Supply Voltage and Operating Range

The power supply voltage and operating range are indicated by the shaded region in the figures
below.

1. Power supply voltage vs. oscillator frequency range

fosc (MHz)

2 (MHz)

& (kHz)

fw (kHz)

10.0 f----mmome e
50
20" ‘ : :
i i \
2.7 4.0 55
Vee (V)

« Active (high speed) mode
 Sleep mode

Power supply voltage vs. clock frequency range

5O
25
i i \
2.7 4.0 5.5
Vee (V)

« Active (high speed) mode
« Sleep mode (except CPU and I2C bus

interface)
625.0 -
500.0 e ;
3125 } !
2.7 4.0 55

Vee (V)
« Active (medium speed) mode
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32.768

16.384

8.192
4.096

2.7 4.0 55
Vee (V)
« All operating modes

2.7 4.0 5.5
Vee (V)
» Subactive mode
« Subsleep mode (except CPU and I°C bus
interface)
« Watch mode (except CPU and I°C bus
interface)



3. Analog power supply voltage vs. A/D converter operating range

5.0 625.0 -
500.0 [~ ‘

~ ~ i |
= L) 2 3 1
= : s 3125r- ! !
R o \ \ 6251 \ i ;

2.7 4.0 55 2.7 4.0 5.5

AVce (V) AVce (V)

« Active (high speed) mode  Active (medium speed) mode

* Sleep mode

4. Power supply voltage vs. I2C bus interface operating range

5.0
416 - !
< ! 1
I | | . .
=3 25l | ! Do not use in the following modes:
8 ' ; :  Active (medium speed) mode
| ! « Subactive mode
3 ! * Subsleep mode
0.5 ‘ ‘ ! ‘ * Watch mode
2.7 40 45 55
Vee (V)

« Active (high speed) mode
* Sleep mode
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13.2.2 DC Characteristics

Table 13-2 lists the DC characteristics.

Table 13-2 DC Characteristics

Vee =27V 055V, AV =27V 1055V,Vgg=AVgg=0.0V, T,=-20°Cto +75°C,
including subactive mode, unless otherwise indicated.

Item Symbol Applicable Pins Test Conditions Min Typ Max Unit  Note
Input high V4 RES, NMI, Vec=40Vto55V  08Vee — Vee+03  V
voltage WKP, to WKP-,
IRQO to IRQ4,
TMIB1, TMIB2A,
TMIB2B, TMIC,
TMIF, TMIG, SCK;
: ' ’ 0.9V — Ve +0.3
ADTRG, TMCIH, ce ce
TMRIH
UD, RXD, SCL4, Vec=40Vto55V 0.7V — Ve +03  V
SDAy, SCL,, SDA, 08Vee —  Vee+0.3
OSCl VCC =4.0Vto55V VCC -05 — VCC +0.3 \Y%
Vec—03 — Vec +0.3
P1,to P1,, Vec=40Vto55V 0.7V — Vee+03  V
P2, to P2,
P4o to P43,
P5q to P5;,
P6, to P65, 0.8V _ Ve + 0.3
P7,to P75, o ree ccm =
P8, to P8,
P9, to P9,
PAO to PAG
P30 to P37 VCC =4.0Vto55V 0.7 VCC — 12.0 \Y%
0.8Vee — 12.0
PBy to PB-, Vee=40V1t055V  07Vee — AVee+03 Vv
PCo to PCs 08Vee —  AVec+03
Inputlow  V,_ RES, NMI, Vec=40Vto55VvV  -03 — 0.2 Ve \%
voltage WKP, to WKP-,
IRQq to IRQy,
TMIB1, TMIB2A,
TMIB2B, TMIC,
TMIF, TMIG, SCKg3, 03 _ 0.1Vee
ADTRG, TMCIH,
TMRIH
UD, RXD, SCL4, Vec=40Vto55V -03 — 0.3 Ve \Y
SDA;, SCL,, SDA, 03 _ 0.2 Vee

Note: Connect pin TEST to Vgs.
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Table13-2 DC Characteristics (cont)

Ve =27V 1055V, AVee= 2.7V 1055V, Vgs = AVgs = 0.0V, T, = —20°C to +75°C,

including subactive mode, unless otherwise indicated.

Item Symbol Applicable Pins Test Conditions Min Max Unit Note
Inputlow V. 0sC, Vce=4.0Vito55Vv  -03 0.5 \%
voltage 0.3 03
Pl to P1, Vec=4.0Vto55V  -0.3 03Vee V
P2, to P25,
P30 to P37,
P4, to P4,,
P5, to P5;,
P60 to P67,
P7qto P7; 03 02 Vee
P8, to P8,
Pgl to P97’
PA, to PAg
PB, to PB,
PCO to PC3’
Output VOH Plo to Pl7, VCC =40Vto55V VCC -1.0 — \Y
high voltage P2, to P2, —lon =1.0 mA
P4q to P4, Vee=40V1055V  Vee—-05 —
P50 to ':’57Y _IOH =0.5mA
P6, to P64,
P7,to P75,
P8, to P85, —lop=0.1 mA Ve - 05 —
P9; to P9,
PA, to PAg
Output VOL Plo to Pl7, VCC =40Vto55V — 0.6 \Y
low voltage P2, to P2, lop =1.6 mA
P4q to P4y,
P50 to P57,
P6o to P, o, = 0.4 mA — 05
P7,to P75,
P80 to P87,
P9; to P9,
P3q to P35, Vec=40Vto55V  — 15
PAg to PAg lo. =10 mA
Vec=4.0Vto55V  — 0.6
loL = 1.6 MA
loL = 0.4 mA — 05
SCLl, SDAl, VCC =40Vto55V — 0.6
SCL,, SDA, lo = 6 MA
IOL =0.4mA — 0.5

Note: Connect pin TEST to Vgs.
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Table13-2 DC Characteristics (cont)

Ve =27V 1055V, AV =27V 1055V,Vgg=AVgg=0.0V, T, =-20°C to +75°C,
including subactive mode, unless otherwise indicated.

Item Symbol Applicable Pins Test Conditions Min Typ Max Unit Note
Input el RES, P4, Viy=05Vto — — 200 pA 2
leakage Vec—05V
current . _ 1.0 1
OSCy, NMI, Viy=0.5Vto — — 1.0 pA
Plo to P17, VCC -05V
P2, to P2,
P4, to P4,,
PSO to P57,
P6, to P6,
P7,to P7,,
P80 to P87,
P9, to P9,
PA to PA;
P3, to P35 Vn=05Vto120V — — 20.0
PBO to PB7, V|N =05V — — 1.0
PCy to PC3 to AVcc - 05V
PU”-UP —lp Plo to P17, VCC =5V, 50.0 — 300.0 |JA
MOS P5q to P5;, Vin=0V
current P6, to P67, Vee = 2.7V, — 300 — Reference
P7oto P77 Vi =0V value
Input Cin All input pins f=1MHz, — — 15.0 pF
capacitance except power Vin=0V
supply, RES, P4;, T,=25°C
and P9, to P9,
RES — — 60.0 2
— — 15.0 1
P4, — — 30.0 2
— — 15.0 1
P9, to P9, — — 20.0
Active lopEL Ve Active mode (high — 140 240 mA 3,4
mode speed), Vec =5V,
current fosc = 10 MHz
dissipation | = Vee Active mode (medium — 25 50 mA 3.4
speed), Vec =5V,
fosc = 10 MHz
Sleep mode Ig ggp Vee Vee =5V, — 6.5 100 mA 3,4
current fosc = 10 MHz
dissipation
Notes: 1. Applies to HD6433947.

2. Applies to HD6473947.
3. Pin states during current measurement are given in the table below.
4

Excludes current in pull-up MOS transistors and output buffers.

362



Table13-2 DC Characteristics (cont)

Ve =27V 1055V, AV =27V 1055V,Vgg=AVgg=0.0V, T, =-20°C to +75°C,
including subactive mode, unless otherwise indicated.

Item Symbol Applicable Pins Test Conditions Min Typ Max Unit Note

Subactive ISUB VCC VCC =27 V, 32-kHz — 30.0 70.0 |JA 1, 2

mode crystal oscillator

current (gsup = BW/2)

dissipation
Vee=2.7V,32-kHz — 150 — HA Reference
crystal oscillator value
(gsyp = BW/8) 1,2

Subsleep ISUBSP VCC VCC =27 V, 32-kHz — 20.0 50.0 |JA 1, 2

mode crystal oscillator

current (gsup = BW/2)

dissipation

Watch lwatcH  Vee Ve =27V, 32-kHz — — 6.0 pA 1,2

mode crystal oscillator

current

dissipation

Standby IstRY Vee 32-kHz crystal — — 50 pA 1,2

mode oscillator not

current used

dissipation

RAM data VRAM VCC 2.0 — — \Y 1, 2

retaining

voltage

Notes: 1. Pin states during current measurement are given in the table below.

2. Excludes current in pull-up MOS transistors and output buffers.
Mode Internal State Other Pins  Oscillator Pins
Active mode Operates Vee System clock oscillator: Crystal
(high and medium Subclock oscillator: Pin X; = Ve
speed)
Sleep mode Only timers operate Vee
Subactive mode Operates Vee System clock oscillator: Crystal
Subsleep mode Only timers operate, Vee Subclock oscillator: Crystal
CPU stops
Watch mode Only time-base clock Vee
operates, CPU stops
Standby mode CPU and timers all Vee System clock oscillator: Crystal

stop

Subclock oscillator: Pin X; = Ve

Note: Excludes current in pull-up MOS transistors and output buffers.

363



Table13-2 DC Characteristics (cont)

Ve =27V 1055V, AV =27V 1055V,Vgg=AVgg=0.0V, T, =-20°C to +75°C,
including subactive mode, unless otherwise indicated.

Item Symbol Applicable Pins Test Conditions Min  Typ Max Unit
Allowable output loL Output pins except in Vec=40Vto55V  — — 20 mA
low current (per pin) ports 3and A

Ports 3 and A, SCL,, Vec=40Vto55V  — — 10.0

SDA;, SCL,, SDA,

All output pins — — 0.5
Allowable output ZloL Output pins except in Vec=40Vto55V  — — 40.0 mA
low current (total) ports 3 and A

Ports 3 and A, SCL,, Vec=40Vto55V  — — 80.0

SDAy, SCL,, SDA,

All output pins — — 20.0
Allowable output —lon All output pins Vec=40Vtob5V — — 20 mA
high current (per pin) . - 0.2
Allowable output >—lon All output pins Vec=40Vto55V  — — 150 mA
high current (total) . . 10.0
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13.2.3 AC Characteristics

Table 13-3 lists the control signal timing, and tables 13-4 and 13-5 list the serial interface timing.

Table 13-3 Control Signal Timing

Vee =27V 1055V, AV =27V 1055V, Vgg=AVgg=0.0V, T,=-20°Cto +75°C,
including subactive mode, unless otherwise specified.

Applicable Reference
Item Symbol Pins Test Conditions Min  Typ Max Unit Figure
System clock fosc 0SC,, Vec=40Vto55V 20 — 10.0 MHz
oscillation frequency 0SsC, 20 — 5.0
OSC clock (ﬁosc) tOSC OSCl, VCC =4.0Vto55V 100.0 — 1000.0 ns 1
cycle time 0SC, 2000 — 1000.0 Figure 13-1
System clock (o) teye 2 — 16 tosc 1
cycle time . B 2000.0 ns
Subclock oscillation  fyy Xq, Xo — 32678 — kHz
frequency
Watch clock (gyy) tw X1, Xy — 305 — us
cycle time
Subclock (gsyg) tsubcyc 2 — 8 tw 2
cycle time
Instruction cycle 2 — — teye
time tsubcyc
Oscillation tre 0SC,, Vec=4.0Vto55V — — 40.0 ms
stabilization time 0SC, o o 60.0
(crystal oscillator) '
Oscillation tre X1, X5 — — — 2.0 s
stabilization time
External clock high  tcpy 0SsC, Vcc=40Vto55V 400 — — ns Figure 13-1
width 800 — -
External clock low  tcp. 0SC, Vec=40Vto55V 400 — — ns Figure 13-1
width 800 — -
External clock rise  tcp, Vec=40Vto55V — — 15.0 ns Figure 13-1
time _ _ 20.0
External clock fall  tepy Vec=40V1to55V — — 15.0 ns  Figure 13-1
time B . 20.0
Pin RES low width  tgg, RES 10 — — toye  Figure 13-2

Notes: 1. A frequency between 1 MHz to 10 MHz is required when an external clock is input.

2. Selected with SA1 and SAO of system clock control register 2 (SYSCR2).
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Table13-3 Control Signal Timing (cont)

Veec =27V 1055V, AV =27V 1055V, Vgg=AVgg=0.0V, T,=-20°Cto +75°C,
including subactive mode, unless otherwise specified.

Item

Symbol

Applicable
Pins

Test Conditions

Min

Typ

Max

Reference

Unit Figure

Input pin high width

iy

mo to m4
WKP, to WKP,
ADTRG, NMI,
TMIB1, TMIB2A,
TMIB2B,

2

TMIC, TMIF, TMIG,

TMCIH, TMRIH

teye  Figure 13-3

tsubcyc

Input pin low width

L

mo to m;;,
WKP, to WKP,
ADTRG, NMI,
TMIB1, TMIB2A,
TMIB2B,

TMIC, TMIF, TMIG,

TMCIH, TMRIH

teye  Figure 13-3

tsubcyc

Pin UD minimum
modulation width

tupH
tubL

ub

teye  Figure 13-4

tsubcyc

Table 13-4 Serial Interface Timing (SCI3)

V=27V 1055V,AVcc =27V 1055V,Vgg=AVgg=0.0V, T, =-20°C to +75°C, unless
otherwise specified.

Reference

Item Symbol Test Conditions Min  Typ Max Unit Figure
Input clock cycle Asynchronous  tseyc 4 — — teye  Figure 13-5

Synchronous 6 — —
Input clock pulse width tsckw 04 — 0.6ty
Transmit data delay time trxp Vcc=40Vio55V — — 1 teye  Figure 13-6
(synchronous mode) o . 1
Receive data setup time trxs Vcc=4.0Vito55V 2000 — — ns
(synchronous mode) 4000 — .
Receive data hold time trRxH Vec=4.0Vto55V 2000 — — ns
(synchronous mode) 4000 — .
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Table 13-5 Serial Interface Timing (12C1, 12C2)

Vee =45V 1055V, AVec =45V 1055V, Vgg=AVgs=0.0V, T,=-20°C to +75°C, unless
otherwise specified.

Applicable Reference
Item Symbol Pins Test Conditions Typ Max Unit Figure
SCL clock cycle tgc SCL4, SCL, - — ns  Figure 13-7
time
SCL clock h|gh tSCLH SCLl, SCL2 — — ns
pulse width
SCL clock low  tgep SCL4, SCL, - — ns
pulse width
SCL and SDA tsy SCL4, SDA; Standard mode, — 1000 ns  Figure 13-7
rise time SCL,, SDA, 100 kbits/s (max) *1
High-speed mode, — 300
400 kbits/s (max)
SCL and SDA tsf SCL4, SDA,, Standard mode, — 300 ns  Figure 13-7
fall time SCL,, SDA, 100 kbits/s (max) *2
High-speed mode, (20 + 0.1Cp)/2 — 300
400 kbits/s (max)
Bus free time taur SDA,, SDA, - — ns  Figure 13-7
Start condition  tgtan SCL4, SCL, —_- - ns
hold time
Retransmitted tstas SCL4, SCL, —_- - ns
start condition
setup time
Stop condition  tgtos SDA,, SDA, - — ns
setup time
SDA data setup tgpas SDA,, SDA, - — ns  Figure 13-7
time *3
SDA data hold  tgpan SDA,, SDA, - — ns  Figure 13-7
time
Capacitive load Cy SDA,, SDA, — 400 pF

on bus lines

Notes: 1. In master mode, if the rise time tg, is greater than 2.5 t,., in order to secure the clock high pulse

time, the transfer rate will decrease accordingly.

2. Refer to figure 13-9 regarding characteristics of SCL and SDA fall time tg;.
3. tgpas is less than 250 ns when tg is between 200 ns and 240 ns (fosc = 10 MHZ to 8.33 MHz).
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13.2.4 A/D Converter Characteristics
Table 13-6 shows the A/D converter characteristics.
Table 13-6 A/D Converter Characteristics

Ve =27V 1055V, AVgg=Vgs=0.0V, T,=-20°C to +75°C, unless otherwise specified.

Applicable
Iltem Symbol Pins Test Conditions Min  Typ Max Unit Note
Analog power AVce AVce 40 — 55 \% 1
supply voltage
Analog input AV |y ANg to ANy -03 — AVec+03 V
voltage
Analog power Alope AVce AVee =50V — — 15 mA
supply current Alsropr AVee _ 150 — WA 2
Reference
value
Alstopa  AVcc - — 5 PA 3
Analog input Cain ANg to ANy — — 30 pF
capacitance
Allowable signal  Rpy — — 10 kQ
source
impedance
Resolution — — 8 bit
(data length)
Non-linearity — — +20 LSB
error
Quantization — — 0.5 LSB
error
Absolute — — *25 LSB
accuracy
Conversion time AVec=45Vto55V 124 — 124 ps

AVec=40Vto55V 248 — 124

Notes: 1. Set AVcc = Vcc when the A/D converter is not used.

Algstops is the current in active and sleep modes while the A/D converter is idle.

3. Algtopy is the current at reset and in standby, watch, subactive, and subsleep modes while the A/D
converter is idle.

N

368



13.3 Operation Timing

Figures 13-1 to 13-7 show timing diagrams.

tosc

ViH
0OSC1
ViL
 fen
— —tcpr teps
Figure13-1 System Clock Input Timing
RES
ViL
trREL
Figure13-2 RESLow Width
IRQg to IRQy, [
WKP, to WKP, ViH
ADTRG, NMI,
TMIB1, TMIB2A, Vi
TMIB2B, TMIC,
TMIF, TMIG,
TMCIH, TMRIH t tin

Figure13-3 Input Timing
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v \
ub
ViL
tupL B tupH _
Figure 13-4 Minimum UD High and L ow Width
tsckw
SCK3

tScyc

Figure13-5 SCKg3Input Clock Timing
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tScyc
e I

Vig or Vor* '\ Z
SCKs V) orVg *
—™ trxp

U0 N X N
-l

Notes: * Output timing reference levels
Output high: Vgou=2.0V
Output low: Vg =0.8V
Load conditions are shown in figure 13-8.

N g

Figure13-6 Input/Output Timing of Serial Interface 3in Synchronous Mode

tscL
- > ~—tspaH

Note: * S, P, and Sr have the following meanings:

S: Start condition
P: Stop condition
Sr: Retransmitted start condition

Figure13-7 12C1 and 12C2 Bus Interface | nput/Output Timing
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13.4 Output Load Circuit

2.4kQ

Output pin

30 pF 12kQ

Figure 13-8 Output Load Condition
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13.4 Electrical Characteristics Diagram

TO/T1 (ns)

320 T
L Maximum rating 1

300

280

260 //)7
240

220 P

200

180

160 //

L Veer = 4)55% J:/ ]
140 Vee =50V,

| Vee =55 |
120 —Z? cc
100

80

Q
o

\ L
\N

60 |-
4014

20

>00
rue
<<<
Qo
SIS
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oo
mow

\<<<
‘

Minimum rating

%50 20 o0 50 75 100
Temp (°C)
Temperature dependence
Conditions: Cp =400 pF, Rp =820 Q

(a) SCL and SDA Output Characteristics Diagram

320
L Maximum rating 4
300
280
260
240
220
| ooa:To |
200 omA:T1
__ 180 <
g I % )
£
— 160
£l - ]
2 140
Vee =45V L
[ /\? =50V ]
120
L /E Ve =55V ]
100 /D/ %
80
0,8V, =45V E
60 0, MV =50V
A, AV =55V
40 ——% %
4': — |
20
/ " . 4
Minimum ratin
ol o b TR
0 100 200 300 400 500
Cp (pF)
Load capacitance dependence
Conditions: Rp =820 Q, temp = 25°C
Internal
reference
clock (o)
SCL, SDA
T1 ~N
TO o

(b) TO and T1 Measurement

Vee
Rp

LSI output pins
(SCL, SDA)

o

(c) Measurement Conditions

Figure 13-9 12C BusInterface Electrical Characteristics Diagram
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Appendix A CPU Instruction Set

A.1 Instructions

Operation Notation

Rd8/16 General register (destination) (8 or 16 bits)
Rs8/16 General register (source) (8 or 16 bits)
Rn8/16 General register (8 or 16 bits)

CCR Condition code register

N (negative) flag in CCR
Z (zero) flag in CCR
V (overflow) flag in CCR

C C (carry) flag in CCR

PC Program counter

SP Stack pointer

#xx: 3/8/16 Immediate data (3, 8, or 16 bits)
d: 8/16 Displacement (8 or 16 bhits)
@aa: 8/16 Absolute address (8 or 16 bits)
+ Addition

- Subtraction

x Multiplication

+ Division

ad Logical AND

ad Logical OR

ad Exclusive logical OR

- Move

Logical complement

Condition Code Notation

Symbol

! Modified according to the instruction result
* Not fixed (value not guaranteed)

0 Always cleared to 0

— Not affected by the instruction execution result
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Table A-1 lists the H8/300L CPU instruction set.

Table A-1 Instruction Set
Addressing Mode/
Instruction Length (bytes)
[J]
N ~ T o
? El&le o 3
K o s |95 2
g S| |2 ET|d|8 5
a | %) % g) (§3 -C% % | Condition Code | 5
o]
Mnemonic Operation ® | I/HIN|Z|V|C <
MOV.B #xx:8, Rd B | #xx:8 - Rd8 2 —|—]¥|?|0|—]2
MOV.B Rs, Rd B | Rs8 -~ Rd8 2 —|—7|t]0|—]2
MOV.B @Rs, Rd B | @Rs16 - Rd8 2 —|—|313]0|—| 4
MOV.B @(d:16, Rs), Rd | B | @(d:16, Rs16) - Rd8 4 —|—|t|1|0|—|®6
MOV.B @Rs+, Rd B | @Rs16 - Rd8 2 —|—|7/7]0|—|6
Rs16+1 - Rs16
MOV.B @aa:8, Rd B | @aa:8 -~ Rd8 —|—| 3|t |0|—]4
MOV.B @aa:16, Rd B | @aa:16 -~ Rd8 4 —|—|?|t|0|—|6
MOV.B Rs, @Rd B | Rs8 - @Rd16 2 —|—13]11]10]|—|4
MOV.B Rs, @(d:16, Rd) |B | Rs8 —» @(d:16, Rd16) 4 —|—|t|t]0|—]|6
MOV.B Rs, @-Rd B | Rd16-1 - Rd16 2 —|—7|t]|0|—|6
Rs8 - @Rd16
MOV.B Rs, @aa:8 B | Rs8 - @aa:8 —|—|%]t|0|—|4
MOV.B Rs, @aa:16 B | Rs8 -~ @aa:16 4 —|—]7|?|0|—|6
MOV.W #xx:16, Rd W | #xx:16 - Rd 4 —|—|31310|—| 4
MOV.W Rs, Rd W | Rsl1l6 - Rd16 2 —|—|?|t|0]|—|2
MOV.W @Rs, Rd W| @Rs16 - Rd16 2 —|—?]t]|0]|—|4
MOV.W @(d:16, Rs), Rd |W| @(d:16, Rs16) — Rd16 4 —|—|t|2/0|—|6
MOV.W @Rs+, Rd W| @Rs16 - Rd16 2 —|—7|t]|0|—|6
Rs16+2 - Rs16
MOV.W @aa:16, Rd W| @aa:16 - Rd16 4 —|—|?|t|0|—|6
MOV.W Rs, @Rd W| Rsl16 - @Rd16 2 —|—3]7|0|—|4
MOV.W Rs, @(d:16, Rd) |W| Rs16 — @(d:16, Rd16) 4 —|—]tl1|0|—]|6
MOV.W Rs, @-Rd W | Rd16-2 - Rd16 2 —|—]7|t|0|—|6
Rs16 - @Rd16
MOV.W Rs, @aa:16 W | Rsl6 - @aa:16 4 —|—|?|t|0|—|6
POP Rd W| @SP - Rd16 2 —|—| 717 —
SP+2 - SP
PUSH Rs W| SP-2 . SP 2 —|—|t|t]|o|—]|6
Rs16 - @SP
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Table A-1 Instruction Set (cont)

Addressing Mode/
Instruction Length (bytes)

N —I* 0
2 £2lolC 2
° g S |®F | n
S @ L9298 5
Q X % -C% ’f@| é % % | Condition Code | 5
(@] x
Mnemonic Operation * I|HIN|Z|V|C <
EEPMOV — | if R4L#0 then 4 |—|—|—|—|—|—|[4]
Repeat @R5 - @R6
R5+1 - R5
R6+1 - R6
R4L-1 - R4L
Until R4L=0
else next;
ADD.B #xx:8, Rd B | Rd8+#xx:8 -~ Rd8 2 —| 3Tt 2
ADD.B Rs, Rd B | Rd8+Rs8 - Rd8 — 3313121212
ADD.W Rs, Rd W | Rd16+Rs16 - Rd16 2 —l[@as|tielt|2
ADDX.B #xx:8, Rd B | Rd8+#xx:8 +C - Rd8 2 —| (Tt t]2
ADDX.B Rs, Rd B | Rd8+Rs8 +C - Rd8 2 —| (T2 r|t|2
ADDS.W #1, Rd W | Rd16+1 - Rd16 2 —|—|—|—|—|—2
ADDS.W #2, Rd W| Rd16+2 - Rd16 2 — === |—|—] 2
INC.B Rd B | Rd8+1 - Rd8 2 — =Tt |—|2
DAA.B Rd B | Rd8 decimal adjust -~ Rd8 2 — 1Tt * 3] 2
SUB.B Rs, Rd B | Rd8—Rs8 - Rd8 2 —| 3Tt 2
SUB.W Rs, Rd W | Rd16-Rs16 - Rd16 2 —l[@as|sielt|2
SUBX.B #xx:8, Rd B | Rd8—#xx:8 -C - Rd8 2 —| 3t t]2
SUBX.B Rs, Rd B | Rd8-Rs8 -C - Rd8 2 —(7 17 |2]7]72
SUBS.W #1, Rd W | Rd16-1 - Rd16 2 — | —|—|—]——] 2
SUBS.W #2, Rd W| Rd16-2 - Rd16 2 —|—|—|—|—|—2
DEC.B Rd B | Rd8-1 - Rd8 2 —|—t|t |t ]—]2
DAS.B Rd B | Rd8 decimal adjust - Rd8 2 —* (Tt |—2
NEG.B Rd B| O-Rd - Rd 2 —| 3372
CMP.B #xx:8, Rd B | Rd8—#xx:8 2 —l 31ttt ]2
CMP.B Rs, Rd B | Rd8-Rs8 2 —| Tttt ]2
CMP.W Rs, Rd W | Rd16-Rs16 —I[Ae|r|tr|t |2
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Table A-1 Instruction Set (cont)

Instruction Length (bytes)

Addressing Mode/

g E: 2
%) c é —~ 2
kel © 'Ir ® 8 8 9
= o S I2(D| | %
< @ c D g lgIR]| e S
oy %o % % il é %% Condition Code | 5
(e} 4 2
Mnemonic Operation = I/H|N|Z|V|C
MULXU.B Rs, Rd B | Rd8 x Rs8 - Rd16 2 —|—|—|—|—|—]14
DIVXU.B Rs, Rd B | Rd16+Rs8 — Rd16 2 —|—|[5]|[6]| —|—|14
(RdH: remainder,
RdL: quotient)
AND.B #xx:8, Rd B | Rd8[#xx:8 - Rd8 2 —|— ¥ to|—|2
AND.B Rs, Rd B | Rd8[Rs8 - Rd8 2 —|—]?|%]0]|—]2
OR.B #xx:8, Rd B | Rd8#xx:8 —» Rd8 2 —|—]?|7]0|—]2
OR.B Rs, Rd B | Rd8Rs8 - Rd8 2 —|—]t|?]0|—]2
XOR.B #xx:8, Rd B | Rd8#xx:8 - Rd8 2 —|—]?|?]0|—]2
XOR.B Rs, Rd B | Rd8JRs8 - Rd8 2 —|—]t|7]0|—]2
NOT.B Rd B|Rd - Rd —|—t|t]o|—]|2
SHAL.B Rd B — =TT |T]T]2
L[ o
b, b
SHAR.B Rd B 2 —|—]T|t]0]%]|2
AT
b; by
SHLL.B Rd B 2 —|—]7|?]|0|%]|2
L[ o
SHLR.B Rd B 2 —|—|0|%]0|1]|2
o~ [ [[[[]]]
ROTXL.B Rd B 2 —|—|t|t|0]|T]|2
1IN
ROTXR.B Rd B Mﬁ 2 —|—|t|%]|0]7]2
b, by C
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Table A-1 Instruction Set (cont)

Addressing Mode/
Instruction Length (bytes)
(]
N —|* 0
o EE|o|C 3
E g s 95| )
g S| |2 2T 5
8 %|c 22T |82 |@| | Condition Code |g
Mnemonic © Operation SCICICICICISIE IHIN|Z|V|C|%
ROTL.B Rd B 2 —|—]t|t]0]t]2
LT
b, bg
ROTR.B Rd B 2 —|—t][t]0|t]2
rLLLL
b, bo
BSET #xx:3, Rd B | (#xx:30f Rd8) « 1 2 _ | — == == 2
BSET #xx:3, @Rd B | (#xx:3 of @Rd16) ~ 1 4 —|—|—|—|—|—] 8
BSET #xx:3, @aa:8 B | (#xx:3 of @aa:8) ~ 1 4 —|—|—=|—|—|—]| 8
BSET Rn, Rd B | (Rn8 of Rd8) ~ 1 2 —|—|—|=|—=|—]2
BSET Rn, @Rd B | (Rn8 of @Rd16) ~ 1 4 —|—|—|—|—|—18
BSET Rn, @aa:8 B | (Rn8 of @aa:8) ~ 1 4 —|—|—|—|—|—]| 8
BCLR #xx:3, Rd B | (#xx:3 of Rd8) —~ 0 2 —|—=|—=|=|=|— 2
BCLR #xx:3, @Rd B | (#xx:3 of @Rd16) ~ 0 4 —|—|—|—|—|—| 8
BCLR #xx:3, @aa:8 B | (#xx:3 of @aa:8) ~ 0 4 —|—|—|—|—|—]| 8
BCLR Rn, Rd B | (Rn8 of Rd8) —~ 0 2 —|—|—|=|—=|—]2
BCLR Rn, @Rd B | (Rn8 of @Rd16) —~ 0 4 —|—|—|—|—|—18
BCLR Rn, @aa:8 B | (Rn8 of @aa:8) —~ 0 4 —|—|—|—|—|—]| 8
BNOT #xx:3, Rd B | (#xx:3 of Rd8) - 2 —|—=|=|=|=|—] 2
(#xx:3 of Rd8)
BNOT #xx:3, @Rd B | (#xx:3 of @Rd16) ~ 4 —|—|—|—|—|—| 8
(#xx:3 of @Rd16)
BNOT #xx:3, @aa:8 B | (#xx:3 of @aa:8) — 4 —|—|—|—|—|—18
(#xx:3 of @aa:8)
BNOT Rn, Rd B | (Rn8 of Rd8) ~ 2 —|—|—|=|—=|—]2
(Rn8 of Rd8)
BNOT Rn, @Rd B | (Rn8 of @Rd16) 4 —|—|—|—|—|—|8
(Rn8 of @Rd16)
BNOT Rn, @aa:8 B | (Rn8 of @aa:8) 4 —|—|—|—|—|—] 8
(Rn8 of @aa:8)
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Table A-1 Instruction Set (cont)

Instruction Length (bytes)

Addressing Mode/

g =g |~ 4

o 9 A &

g | |2 25|98 N 5

2 Xzl |s2® Condition Code | g
Mnemonic © Operation #x®0000® I /H|N|Z|V|C <
BTST #xx:3, Rd B | (#xx:30f Rd8) - Z 2 —|—[—=]t |—|—]| 2
BTST #xx:3, @Rd B | (#xx:3 of @Rd16) - Z 4 —|—|—|t |—|—]| 6
BTST #xx:3, @aa:8 B | (#xx:3 of @aa:8) - Z 4 —|—|—|t|—|—|6
BTST Rn, Rd B | (Rn8 of Rd8) - Z 2 — ==t |—|—]2
BTST Rn, @Rd B | (Rn8 of @Rd16) - Z 4 —|—|—|t |—|—]| 6
BTST Rn, @aa:8 B | (Rn8 of @aa:8) - Z 4 —|—[—| % |—|—|6
BLD #xx:3, Rd B | #xx:30f Rd8) - C 2 — ===t ]2
BLD #xx:3, @Rd B | (#xx:3 of @Rd16) -~ C 4 —|—|—|—|—|t |6
BLD #xx:3, @aa:8 B | (#xx:3 of @aa:8) -~ C 4 —|—|—|—]—|1 |6
BILD #xx:3, Rd B | (#xx:30fRd8) - C 2 —|—|—=]—=]—% |2
BILD #xx:3, @Rd B | (#xx:3 of @Rd16) - C 4 —|—|—|—|—|?t |6
BILD #xx:3, @aa:8 B | (#xx:3 of @aa:8) - C 4 —|—|—|—|—|t |6
BST #xx:3, Rd B | C - (#xx:3 of Rd8) 2 ——|—|—]—]— 2
BST #xx:3, @Rd B| C - (#xx:3 of @Rd16) 4 —|—|—|—|—|—| 8
BST #xx:3, @aa:8 B| C - (#xx:3 of @aa:8) 4 —|—|—|—|—|—| 8
BIST #xx:3, Rd B | C - (#xx:3 of Rd8) 2 —|—|—=|—=]—|—] 2
BIST #xx:3, @Rd B | C - (#xx:3 of @Rd16) 4 —|—|—|—|—|—8
BIST #xx:3, @aa:8 B |C - (#xx:3 of @aa:8) 4 —|—|—|—|—|—| 8
BAND #xx:3, Rd B | CO#xx:3 of Rd8) - C 2 —|—]—=|—=—]t]2
BAND #xx:3, @Rd B | CO#xx:3 of @Rd16) - C 4 —|—|—|—]—| 1|6
BAND #xx:3, @aa:8 B | CO#xx:3 of @aa:8) - C 4 —|—|—|—|—] 1|6
BIAND #xx:3, Rd B | CO#xx:3 of Rd8) — C 2 —|—=|—=]—=]—t]|2
BIAND #xx:3, @Rd B | CO(#xx:3 of @Rd16) —~ C 4 —|—|—|—|—| 1|6
BIAND #xx:3, @aa:8 B | CO#xx:3 of @aa:8) — C 4 —|—|—|—]—| |6
BOR #xx:3, Rd B | CO#xx:30f Rd8) -~ C 2 — = === 1|2
BOR #xx:3, @Rd B | CO#xx:3 of @Rd16) -~ C 4 —|—|—|—|—] 7|6
BOR #xx:3, @aa:8 B | CO(#xx:3 of @aa:8) - C 4 —|—|—=|—|—1]1|6
BIOR #xx:3, Rd B | CO(#xx:3 of Rd8) - C 2 —|—|—|—=]—1]2
BIOR #xx:3, @Rd B | CO(#xx:3 of @Rd16) - C 4 —|—|—|—|—] 1|86
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Table A-1 Instruction Set (cont)

Addressing Mode/
Instruction Length (bytes)

g — 0
% £E|o T &
he] 8 D:_ ® 3 8 ﬁ
< = o< (B -
S S IFE g2 5
) .. L d
& Branching E £ % -C% @| (% % % | Condition Code S
Mnemonic Operation | Condition I/HIN|Z|V|C
BIOR #xx:3, @aa:8 B | CO(#xx:3 of @aa:8) - C 4 —|—|—=|—|—] Y6
BXOR #xx:3, Rd B | CO#xx:30of Rd8) - C 2 —|—|=|=]—=%]2
BXOR #xx:3, @Rd B | CO(#xx:3 of @Rd16) ~ C 4 —|—|—|—|—] 1t |6
BXOR #xx:3, @aa:8 B | CO#xx:3 of @aa:8) - C 4 —|—|—|—]—] 1|6
BIXOR #xx:3, Rd B | CO(#xx:3 of Rd8) - C 2 — ===t 2
BIXOR #xx:3, @Rd B | CO®#xx:3 of @Rd16) - C 4 —|—|—|—|—]|t |6
BIXOR #xx:3, @aa:8 B | CO(#xx:3 of @aa:8) - C 4 —|—|—=|—]—|1 |6
BRA d:8 (BT d:8) —| PC « PC+d:8 2 — === == 4
BRN d:8 (BF d:8) —| PC « PC+2 2 —|—|=|—=|—|—| 4
BHI d:8 —| If coz=o0 2 — === == 4
BLS d:8 _ _condltlon coz=1 2 =
Is true
BCC d:8 (BHS d:8) —| then C=0 2 —|—|—=|—=|—|—| 4
BCS d:8 (BLO d:8) —| PC - c=1 2 == === 2
PC+d:8
BNE d'8 —| else next; |70 2 —|=|=|==|—14
BEQ d:8 — z=1 2 —|—|—|—=|=]—] 4
BVC d:8 — V=0 2 = =|=]=]4
BVS d:8 — v=1 2 —|—|—=|—=|—|— 4
BPL d:8 — N=0 2 == |=|—] 4
BMI d:8 — N=1 2 —|—|—=|—=|=]— 4
BGE d:8 — NOV =0 2 == =|—| 4
BLT d:8 — NOV =1 2 — | —|—|—|—|—1 4
BGT d:8 — ZONOV)=0 2 —|—|—|—|—|—1 4
BLE d:8 — ZONNOV)=1 2 —|—|—|—|—|—1 4
JMP @Rn —| PC < Rn16 2 —|—|—|=|=]—=]2
JMP @aa:16 —| PC ~ aa:16 4 —|—|—|—|—|—| 6
JMP @@aa:8 —| PC ~ @aa:8 2 —|—|—|—|—]—|8
BSR d:8 —| SP-2 - SP 2 —|—|—|—|—|—| 6
PC - @SP
PC ~ PC+d:8
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Table A-1 Instruction Set (cont)

Addressing Mode/

Instruction Length (bytes)

8 — Tt o
o £&leC 2
©° © 'Ir ®|d |a =
= o o |2|e| - %
g R R AR 5
2 %o 4 % D:©| é % % | Condition Code | 5
o
Mnemonic Operation = | I/H|N|Z|V|C <
JSR @Rn —| SP-2 -, SP 2 —|—|—|—|—|—] 6
PC - @SP
PC ~ Rn16
JSR @aa:16 —| SP-2 -, SP 4 —|—|—|—|—|—| 8
PC - @SP
PC — aa:l6
JSR @@aa:8 SP-2 - SP 2 —|—|—|—=|—|—18
PC - @SP
PC - @aa:8
RTS —| PC - @SP 2 |—|—|—|—|—|—| 8
SP+2 -, SP
RTE —| CCR «~ @SP 22 O RO O B B o 0]
SP+2 -, SP
PC - @SP
SP+2 - SP
SLEEP — | Transit to sleep mode. 2 |—|—|—|—|—|—]| 2
LDC #xx:8, CCR B | #xx:8 - CCR 2 R RGN O O O R 4
LDC Rs, CCR B | Rs8 -~ CCR 2 0N O RO 12
STC CCR, Rd B | CCR - Rd8 2 —|—|—|=|—|—12
ANDC #xx:8, CCR B | CCRO#xx:8 —» CCR 2 R RGN O O O o 4
ORC #xx:8, CCR B | CCR#xx:8 - CCR N BN O O O ol 2
XORC #xx:8, CCR B | CCRO#xx:8 - CCR Fou O BT I A o 4
NOP —| PC « PC+2 2 |—|—|—|—|—|—]| 2

Notes:

382

1] Set to 1 when there is a carry or borrow from bit 11; otherwise cleared to 0.

2]If the result is zero, the previous value of the flag is retained; otherwise the flag is cleared to 0.
3] Set to 1 if decimal adjustment produces a carry; otherwise retains value prior to arithmetic operation.
4] The number of states required for execution is 4n + 9 (n = value of R4L).
5] Set to 1 if the divisor is negative; otherwise cleared to O.

6] Set to 1 if the divisor is zero; otherwise cleared to 0.




A.2 Operation Code Map

Table A-2 is an operation code map. It shows the operation codes contained in the first byte of the
instruction code (bits 15 to 8 of the first instruction word).

‘7 Instruction when first bit of byte 2 (bit 7 of first instruction word) is 0.

~=— nstruction when first bit of byte 2 (bit 7 of first instruction word) is 1.
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Table A-2 Operation Code Map

Low
High 0 1 2 3 4 5 6 7 8 9 A B C D E F
0 NOP SLEEP STC LDC ORC XORC ANDC LDC ADD INC ADDS MoV ADDX DAA
SHLL SHLR ROTXL ~"|ROTX NOT
1 OR XOR AND SuUB DEC SUBS CMP SUBX DAS
SHAL SHAR ROTL ROTR NEG
2
MOV
3
4 BRA BRN BHI BLS BCC BCS BNE BEQ BVC BVS BPL BMI BGE BLT BGT BLE
5 MULXU | DIVXU RTS BSR RTE JMP JSR
BST i
6 MOV
BSET BNOT BCLR BTST BIST
BOR BXOR BAND BLD
7 MOV EEPMOV Bit-manipulation instructions
BIOR BIXOR BIAND BILD
8 ADD
9 ADDX
A CMP
B SUBX
C OR
D XOR
E AND
F MoV

Note: * The PUSH and POP instructions are identical in machine language to MOV instructions.




A.3 Number of Execution States

The tables here can be used to calculate the number of states required for instruction execution.
Table A-3 indicates the number of states required for each cycle (instruction fetch, data read/write,
etc.) Table A-4 indicates the number of cycles of each type occurring in each instruction. The
total number of states required for execution of an instruction can be calculated from these two
tables as follows:

Execution states=1x 5 +JIx Sj+ K xS +L xS +M xS, + N x Sy
Examples: When instruction is fetched from on-chip ROM, and on-chip RAM is accessed.

BSET #0, @FF00

From table A-4:

I=L=2, J=K=M=N=0

From table A-3:

§=2 § =2

Number of statesrequired for execution=2x2+2x2=8

Instruction is fetched from on-chip ROM, branch address is read from on-chip ROM, and on-chip
RAM is used for stack area.

JSR @@ 30

From table A-4:

1=2, J=K=1, L=M=N=0
From table A-3:

SI:SJ:SK:Z

Number of statesrequired for execution=2x2+1x2+1x2=8
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Table A-3 Number of Statesin Each Cycle

Execution Status Access Location

(instruction cycle) On-Chip Memory On-Chip Peripheral Module
Instruction fetch S 2 —

Branch address read S;

Stack operation Sk

Byte data access S. 2or3*

Word data access Sm —

Internal operation SN 1

Note: * Depends on which on-chip module is accessed. See 2.9.1, Notes on Data Access for
details.
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Table A-4 Number of Cyclesin Each Instruction

Instruction Branch Stack Byte Data Word Data Internal
Fetch Addr. Read Operation Access Access Operation
Instruction Mnemonic | J K L M N

ADD ADD.B #xx:8, Rd
ADD.B Rs, Rd
ADD.W Rs, Rd

ADDS ADDS.W #1, Rd
ADDS.W #2, Rd

ADDX ADDX.B #xx:8, Rd
ADDX.B Rs, Rd

AND AND.B #xx:8, Rd
AND.B Rs, Rd

ANDC ANDC #xx:8, CCR

BAND BAND #xx:3, Rd
BAND #xx:3, @Rd
BAND #xx:3, @aa:8

Bcc BRA d:8 (BT d:8)
BRN d:8 (BF d:8)
BHI d:8
BLS d:8
BCC d:8 (BHS d:8)
BCS d:8 (BLO d:8)
BNE d:8
BEQ d:8
BVC d:8
BVS d:8
BPL d:8
BMI d:8
BGE d:8
BLT d:8
BGT d:8
BLE d:8

BCLR BCLR #xx:3, Rd
BCLR #xx:3, @Rd
BCLR #xx:3, @aa:8
BCLR Rn, Rd

P RN RPINRNRNMRNMRNRNRNDNNDNNNDNDNDNDNRNDDRNRNINDRNDR|[RP[IFP PP PP PP P P
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Table A-4 Number of Cyclesin Each Instruction (cont)

Instruction Branch Stack Byte Data Word Data Internal
Fetch Addr. Read Operation Access Access Operation

Instruction Mnemonic | J K L M N
BCLR BCLR Rn, @Rd 2 2

BCLR Rn, @aa:8 2 2
BIAND BIAND #xx:3, Rd 1

BIAND #xx:3, @Rd 2

BIAND #xx:3, @aa:8 2
BILD BILD #xx:3, Rd 1

BILD #xx:3, @Rd 2 1

BILD #xx:3, @aa:8 2 1
BIOR BIOR #xx:3, Rd 1

BIOR #xx:3, @Rd 2 1

BIOR #xx:3, @aa:8 2 1
BIST BIST #xx:3, Rd 1

BIST #xx:3, @Rd 2 2

BIST #xx:3, @aa:8 2
BIXOR BIXOR #xx:3, Rd 1

BIXOR #xx:3, @Rd 2 1

BIXOR #xx:3, @aa:8 2 1
BLD BLD #xx:3, Rd 1

BLD #xx:3, @Rd 2 1

BLD #xx:3, @aa:8 2 1
BNOT BNOT #xx:3, Rd 1

BNOT #xx:3, @Rd 2 2

BNOT #xx:3, @aa:8 2

BNOT Rn, Rd 1

BNOT Rn, @Rd 2 2

BNOT Rn, @aa:8 2 2
BOR BOR #xx:3, Rd 1

BOR #xx:3, @Rd 2 1

BOR #xx:3, @aa:8 2 1
BSET BSET #xx:3, Rd 1

BSET #xx:3, @Rd 2 2

BSET #xx:3, @aa:8 2

BSET Rn, Rd 1

BSET Rn, @Rd 2 2
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Table A-4 Number of Cyclesin Each Instruction (cont)

Instruction Branch Stack Byte Data Word Data Internal
Fetch Addr. Read Operation Access Access Operation
Instruction Mnemonic | J K L M N
BSET BSET Rn, @aa:8 2 2
BSR BSR d:8 2 1
BST BST #xx:3, Rd 1
BST #xx:3, @Rd 2
BST #xx:3, @aa:8 2
BTST BTST #xx:3, Rd 1
BTST #xx:3, @Rd 2 1
BTST #xx:3, @aa:8 2 1
BTST Rn, Rd 1
BTST Rn, @Rd 2 1
BTST Rn, @aa:8 2 1
BXOR BXOR #xx:3, Rd 1
BXOR #xx:3, @Rd 2 1
BXOR #xx:3, @aa:8 2 1
CMP CMP. B #xx:8, Rd 1
CMP. B Rs, Rd 1
CMP.W Rs, Rd 1
DAA DAA.B Rd 1
DAS DAS.B Rd 1
DEC DEC.B Rd 1
DIVXU DIVXU.B Rs, Rd 1 12
EEPMOV EEPMOV 2 2n+2* 1
INC INC.B Rd 1
JMP JMP @Rn 2
JMP @aa:16 2 2
JMP @@aa:8 2 1 2
JSR JSR @Rn 2 1
JSR @aa:16 2 1 2
JSR @@aa:8 2 1 1
LDC LDC #xx:8, CCR 1
LDC Rs, CCR 1
MOV MOV.B #xx:8, Rd 1
MOV.B Rs, Rd 1
MOV.B @Rs, Rd 1 1

Note: n: Initial value in R4L. The source and destination operands are accessed n + 1 times each.
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Table A-4 Number of Cyclesin Each Instruction (cont)

Instruction Branch Stack Byte Data Word Data Internal
Fetch Addr. Read Operation Access  Access Operation
Instruction Mnemonic | J K L M N
MOV MOV.B @(d:16, Rs), Rd 2 1
MOV.B @Rs+, Rd 1 1 2
MOV.B @aa:8, Rd 1 1
MOV.B @aa:16, Rd 2 1
MOV.B Rs, @Rd 1 1
MOV.B Rs, @(d:16, Rd) 2 1
MOV.B Rs, @-Rd 1 1 2
MOV.B Rs, @aa:8 1 1
MOV.B Rs, @aa:16 2 1
MOV.W #xx:16, Rd 2
MOV.W Rs, Rd 1
MOV.W @Rs, Rd 1 1
MOV.W @(d:16, Rs), Rd 2 1
MOV.W @Rs+, Rd 1 1 2
MOV.W @aa:16, Rd 2 1
MOV.W Rs, @Rd 1 1
MOV.W Rs, @(d:16, Rd) 2 1
MOV.W Rs, @-Rd 1 1 2
MOV.W Rs, @aa:16 2 1
MULXU MULXU.B Rs, Rd 1 12
NEG NEG.B Rd 1
NOP NOP 1
NOT NOT.B Rd 1
OR OR.B #xx:8, Rd 1
OR.B Rs, Rd 1
ORC ORC #xx:8, CCR 1
POP POP Rd 1 1
PUSH PUSH Rs 1 1
ROTL ROTL.B Rd 1
ROTR ROTR.B Rd 1
ROTXL ROTXL.B Rd 1
ROTXR ROTXR.B Rd 1
RTE RTE 2 2 2
RTS RTS 2 1 2
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Table A-4 Number of Cyclesin Each Instruction (cont)

Instruction Branch

Stack

Byte Data Word Data Internal

Fetch Addr. Read Operation Access Access Operation

Instruction Mnemonic | J K L M N
SHAL SHAL.B Rd 1
SHAR SHAR.B Rd 1
SHLL SHLL.B Rd 1
SHLR SHLR.B Rd 1
SLEEP SLEEP 1
STC STC CCR, Rd 1
SUB SUB.B Rs, Rd 1

SUB.W Rs, Rd 1
SUBS SUBS.W #1, Rd 1

SUBS.W #2, Rd 1
SUBX SUBX.B #xx:8, Rd 1

SUBX.B Rs, Rd 1
XOR XOR.B #xx:8, Rd 1

XOR.B Rs, Rd 1
XORC XORC #xx:8, CCR 1
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Appendix B

B.1 I/0 Registers (1)

On-Chip Registers

Bit Names

Address Register Module
(Low) Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Name
H'80 ICCR1 ICE1 IEIC1 MST1 TRS1 ACK1 CKS12 CKS11 CKS10 I2C
H'81 ICSR1 BBSY1 IRIC1 SCP1 — ALl AAS1 ADZ1 ACKB1
H'82 ICDR1 ICDR17 ICDR16 ICDR15 ICDR14 ICDR13 ICDR12 ICDR11 ICDR10
H'83 ICMR1/ MLS1  WAIT1 —/ —/ —/ BC12/ BC11/ BC10/

SAR1 SVA16 SVA1l5 SVAl4 SVA13 SVA12 SVA1l SVA1I0 FS1
H'84 ICCR2 ICE2 IEIC2 MST2  TRS2 ACK2 CKS22 CKS21 CKS20
H'85 ICSR2 BBSY2 IRIC2 SCP2 — AL2 AAS2 ADZ2 ACKB2
H'86 ICDR2 ICDR27 ICDR26 ICDR25 ICDR24 ICDR23 ICDR22 ICDR21 ICDR20
H'87 ICMR2/ MLS2/ WAIT2/ —/ —/ —/ BC22/ BC21/ BC20/

SAR2 SVA26 SVA25 SVA24 SVA23 SVA22 SVA21 SVA20 FS2
H'88 TCRH CMIEB CMIEA OVIE CCLR1 CCLRO CKS2 CKs1 CKSO  TimerH
H'89 TCSRH CMFB CMFA OVF — 0OS3 0S2 Os1 0OS0
H'8A TCORAH TCORAH7 TCORAH6 TCORAH5 TCORAH4 TCORAH3 TCORAH2 TCORAH1 TCORAHO
H'8B TCORBH TCORBH7 TCORBH6 TCORBH5 TCORBH4 TCORBH3 TCORBH2 TCORBH1 TCORBHO
H'8C TCNTH TCNTH7 TCNTH6 TCNTH5 TCNTH4 TCNTH3 TCNTH2 TCNTH1 TCNTHO
H'8D
H'8E
H'8F
H'90 PWCR — — — — — — — CKS 8-bit
H91  PWDRO PWDRO, PWDRO, PWDRO; PWDRO, PWDRO; PWDRO, PWDRO, PWDR0,""WM
H'92 PWDR1 PWDR1l; PWDR1s; PWDR1lgs PWDR1, PWDR1l; PWDR1, PWDR1; PWDR1,
H'93  PWDR2 PWDR2, PWDR2; PWDR2; PWDR2, PWDR2; PWDR2, PWDR2, PWDR2,
H'94  PWDR3 PWDR3, PWDR3;, PWDR3; PWDR3, PWDR3; PWDR3, PWDR3; PWDR3,
H'95 PWDR4 PWDR4; PWDR4s; PWDR4s PWDR4, PWDR4; PWDR4, PWDR4,; PWDR4,
H'96 PWDR5 PWDRS5, PWDR5; PWDR5; PWDR5, PWDR5; PWDR5, PWDR5; PWDRS5,
H'97 PWDR6 PWDR6;, PWDR6, PWDR6; PWDR6, PWDR6; PWDR6, PWDR6, PWDRG,
H'98 PWDR7 PWDR7; PWDR7; PWDR75 PWDR7, PWDR7; PWDR7, PWDR7, PWDR7,
H'99
H'9A
H'9B
Notation:

12C: 12C bus interface
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Bit Names

Address Register Module
(Low) Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Name
H'9C TMB2 T™MB27 — — — — TMB22 TMB21 TMB20 Timer B2
H'9D TCB2/ TCB27/ TCB26/ TCB25/ TCB24/ TCB23/ TCB22/ TCB21/ TCB20/

TLB2 TLB27 TLB26 TLB25 TLB24 TLB23 TLB22 TLB21 TLB20
H'9E TMB3 TMB37 — — — — TMB32 TMB31 TMB30 Timer B3
H'9F TCB3/ TCB37/ TCB36/ TCB35/ TCB34/ TCB33/ TCB32/ TCB31/ TCB320/

TLB3 TLB37 TLB36 TLB35 TLB34 TLB33 TLB32 TLB31 TLB30
H'AO
H'Al
H'A2
H'A3
H'A4
H'A5
H'A6
H'A7
H'A8 SMR COM CHR PE PM STOP MP CKS1 CKSO SCiI3
H'A9 BRR BRR7 BRR6 BRR5 BRR4 BRR3 BRR2 BRR1 BRRO
H'AA SCR3 TIE RIE TE RE MPIE TEIE CKE1 CKEO
H'AB TDR TDR7 TDR6 TDR5 TDR4 TDR3 TDR2 TDR1 TDRO
H'AC SSR TDRE RDRF OER FER PER TEND MPBR MPBT
H'AD RDR RDR7 RDR6 RDR5 RDR4 RDR3 RDR2 RDR1 RDRO
H'AE
H'AF
H'BO TMA TMA7 TMA6 TMAS — TMA3 TMA2 TMA1L TMAO Timer A
H'B1 TCA TCA7 TCA6 TCAS5 TCA4 TCA3 TCA2 TCAl TCAO
H'B2 TMB1 TMB17 — — — — TMB12 TMB11 TMB10 Timer B1
H'B3 TCB1/ TCB17/ TCB16/ TCB15/ TCB14/ TCB13/ TCB12/ TCB1l/ TCB10/

TLB1 TLB17 TLB16 TLB15 TLB14 TLB13 TLB12 TLBll1 TLB10O
H'B4 T™MC TMC7 TMC6 TMC5 — — TMC2 TMC1 TMCO TimerC
H'B5 TCC/TLC TCC7/ TCCe6/ TCC5/ TCC4/ TCC3/ TCC2/ TCC1/  TCCo/

TLC7 TLC6 TLCS5 TLC4 TLC3 TLC2 TLC1 TLCO

H'B6 TCRF TOLH CKSH2 CKSH1 CKSHO TOLL CKSL2 CKSL1 CKSLO TimerF
H'B7 TCSRF OVFH CMFH OVIEH CCLRH OVFL CMFL OVIEL CCLRL
H'B8 TCFH TCFH7 TCFH6 TCFH5 TCFH4 TCFH3 TCFH2 TCFH1 TCFHO
H'B9 TCFL TCFL7 TCFL6 TCFL5 TCFL4 TCFL3 TCFL2 TCFL1 TCFLO
H'BA OCRFH OCRFH7 OCRFH6 OCRFH5 OCRFH4 OCRFH3 OCRFH2 OCRFH1 OCRFHO
Notation:

SCI3: Serial communication interface 3
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Address Register Bit Names Module

(Low) Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Name
H'BB OCRFL OCRFL7 OCRFL6 OCRFL5 OCRFL4 OCRFL3 OCRFL2 OCRFL1 OCRFLO Timer F

H'BC T™MG OVFH OVFL OVIE IIEGS CCLR1 CCLRO CKsS1 CKSO0 Timer G
H'BD ICRGF ICRGF7 ICRGF6 ICRGF5 ICRGF4 ICRGF3 ICRGF2 ICRGF1 ICRGFO
H'BE ICRGR ICRGR7 ICRGR6 ICRGR5 ICRGR4 ICRGR3 ICRGR2 ICRGR1 ICRGRO

H'BF

H'CO
H'C1
H'C2
H'C3

HC4 AMR  CKS  TRGE — — CH3 CH2 CH1 CHO  AD
HC5 ADRR ADR7 ADR6 ADRS ADR4 ADR3 ADR2 ADRL  ADRO Z‘r’”"e”‘
HC6 ADSR ADSF  — — — — — — _

H'C7
HC8 PMRL IRQ3 IRQ2 IRQL  — TMIG ~ TMOFH TMOFL TMOW I/O
HC9 PMR2 TMIB2B TMIB2A EDGB2 NCS IRQD  — uD IRQ4  POTtS

HCA PMR3 PWM7 PWM6 PWM5 PWM4 PWM3 PWM2 PWM1 PWMO
H'CB
HCC PMR5 WKP;, WKPg WKPs WKP, WKP; WKP, WKP; WKP,

H'CD

H'CE
H'CF

H'DO

HD1

H'D2

HD3

HD4 PDRL Pl Ple Pls P1, Pl, P1, Pl P1, Ilo
HDS PDR2 P2, P26 P25 P2, P2, P2, P2, P2, ports
HD6 PDR3  P3, P3, P35 P3, P3, P3, P3, P3,

HD7 PDR4 — — — — P4, P4, P4, P4,

HD8 PDR5 PS5, P56 P5; P5, PS5, PS5, P5, P5,

HD9 PDR6  P6, P6s P65 P6, P65 P6, P6, P6,

HDA PDR7 P7, P76 P7s P7, P7, P7, P7, P7,

HDB PDR8 P8, P8, P8 P8, P8, P8, P8, P8,

HDC PDR9 P9, P9 P9; P9, P9, P9, P9, P,

HDD PDRA — PAg PAs PA, PA, PA, PA, PA
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Address Register Bit Names Module

(Low) Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Name

HDE PDRB PB, PBg PBs PB, PB, PB, PB, PB, e}
HDF PDRC — — — — PCs PC, PC, PC, ports
HEO PUCR1 PUCR1; PUCRlgs PUCR1; PUCR1, PUCR1; PUCR1, PUCR1; PUCRI,
HE1 PUCR7 PUCR7; PUCR7g PUCR7s PUCR7, PUCR7; PUCR7, PUCR7, PUCR7,
HE2 PUCR5 PUCR5; PUCR5; PUCR5; PUCR5, PUCR5; PUCR5, PUCR5, PUCRS,
HE3 PUCR6 PUCR6; PUCR6; PUCR6; PUCR6, PUCR6; PUCR6, PUCR6, PUCRS,
HE4 PCR1 PCR1; PCRlg PCRl; PCRl, PCRl; PCR1, PCR1; PCRI,
HE5 PCR2 PCR2, PCR2s PCR2; PCR2, PCR2; PCR2, PCR2; PCR2,
HE6 PCR3 PCR3, PCR3; PCR3; PCR3, PCR3; PCR3, PCR3; PCR3,
HE7 PCR4 — — — — — PCR4, PCR4; PCR4,
HE8 PCR5 PCR5;, PCR5s PCR5; PCR5, PCR5; PCR5, PCR5; PCRS5,
HE9 PCR6 PCR6, PCR6; PCR6; PCR6, PCR6; PCR6, PCR6;, PCR6,
HEA PCR7 PCR7; PCR7s PCR7; PCR7, PCR7; PCR7, PCR7, PCR7,
HEB PCR8 PCR8; PCR8y PCR8; PCR8, PCR8, PCR8, PCR8; PCRS,
HEC PCR9 PCR9, PCR9; PCR9s — — — — —

HED PCRA — PCRA; PCRA; PCRA, PCRA; PCRA, PCRA; PCRA,

H'EE

H'EF

HFO  SYSCR1 SSBY STS2 STS1  STSO LSON — — — System
H'F1  SYSCR2 — — — NESEL DTON MSON SAl SAO control
HF2 IEGR NMIEG — — IEG4 IEG3 IEG2 IEG1L  IEGO

H'F3 IENR1 IENTA IENTB3 IENWP IEN4 IEN3 IEN2 IEN1 IENO
H'F4 IENR2 IENDT IENAD IENTB2 IENTG IENTFH IENTFL IENTC IENTB1

H'F5

HF6 IRR1  IRRTA IRRTB3 — IRRI4 IRRI3 IRRI2 IRRIL IRRIO  System
HF7 IRR2  IRRDT IRRAD IRRTB2 IRRTG IRRTFH IRRTFL IRRTC IRRTB1 0Nl

H'F8

H'F9 IWPR IWPF7 IWPF6 IWPF5 IWPF4 IWPF3 IWPF2 IWPF1 IWPFO System
control

HFA
HFB
HFC
HFD
HFE
HFF
HFF
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B.2 1/0 Registers (2)

Register
acronym | /

Register Address to which the
name / register is mapped

Name of
on-chip
supporting
module

Bit
numbeg\

Bit

Initial bit —

values Initial value
Read/Write

Possible types of access

R |Read only

W | Write only

R/W | Read and write

AMR—A/D mode register

H'C4 A/D converter

7 6 5 4 3 1 0

‘ CKS ‘ TRGE ‘ — ‘ — ‘ CH3 ‘ CH2 ‘ CH1 ‘ CHO ‘*

0 0 1 1 0 0 0 Names of the
RIW RIW — — RIW RIW RIW RIW bits. Dashes
T T (—) indicate

‘ reserved bits.
\
Channel select
Bit3 | Bit2 | Bit1l | Bit0 Full name
CH3 | CH2 | CH1 | CHO | Analog Input Channel of bit
0 0 * * No channel selected
1 0 0 |ANg
1 | ANg
1 0 |AN;,
1 | ANz
1 0 0 0 |AN —
1 AN: >~
Descriptions
1 0 | ANe of bit settings
1 | ANy
1 0 0 |ANg
1 | ANg
1 0 AN 190
1 | ANg

External trigger select

0

Disables start of A/D conversion by external trigger

=

Enables start of A/D conversion by rising or falling edge

of external trigger at pin ADTRG
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ICCR1—I12C buscontrol register 1 H'80 12C

Bit 7 6 5 4 3 2 1 0

‘ ICE1 ‘ IEIC1 ‘ MST1 ‘ TRS1 ‘ ACK1 ‘ CKs12 ‘ CKs11 ‘ CKS10 ‘
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

Transfer clock select

CKS12| CKS11|CKS10| Clock Transfer Rate
G=2MHz | 8=4MHz | 8=5MHz

0 0 0 | o/14 | 143kHz | 286kHz | 357 kHz

1 | /20 | 100kHz | 200kHz | 250 kHz

1 0 | o/i24 | 833kHz | 167kHz | 208 kHz

1 | /32 | 625kHz | 125kHz | 156 kHz

1 0 0 | 2/40 | 50.0kHz | 100kHz | 125kHz

1 | @/50 | 40.0kHz | 80.0kHz | 100 kHz

1 0 | /56 | 35.7kHz | 71.4KkHz | 89.3 kHz

1 | of64 | 31.3kHz | 625kHz | 78.1kHz

Acknowledgement mode select

0 | Acknowledgement mode

1 | Serial mode

Master/slave select and transmit/receive select

0 |0 | Slave receive mode

Slave transmit mode

1
1|0 | Master receive mode
1 | Master transmit mode

I2C bus interface interrupt enable

0 | Interrupts disabled
1 | Interrupts enabled

I2C bus interface enable

0 | Interface module disabled, with SCL; and SDA; signals in high-impedance state
1 | Interface module enabled for transfer operations
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ICSR1—I2C bus statusregister 1 H'81 12C
Bit 7 6 5 4 3 2 1 0
‘ BBSY1 ‘ IRIC1 ‘ SCP1 ‘ — ‘ AL1 ‘ AAS1 ‘ ADZ1 ‘ ACKB1 ‘
Initial value 0 0 1 1 0 0 0 0
Read/Write RW  RI(W)* W —  RIW)* RIW)* R/(W)* RW

Acknowledge bit

0 | Receive mode: 0 is output at acknowledge output timing
Transmit mode: indicates that the receiving device has acknowledged the data

1 | Receive mode: 1 is output at acknowledge output timing
Transmit mode: indicates that the receiving device has not acknowledged the data

General call address recognition flag

0 | General call address not recognized

[Clearing conditions]

Cleared when ICDR1 data is written (transmit mode) or read (receive mode)
After reading ADZ1 = 1, cleared by writing 0 to ADZ1

1 | General call address recognized
[Setting conditions]
When the general call address is detected in slave receive mode

Slave address recognition flag

0 | Slave address or general call address not recognized

[Clearing conditions]

Cleared when ICDR1 data is written (transmit mode) or read (receive mode)
After reading AAS1 = 1, cleared by writing 0 to AAS1

1 | Slave address or general call address recognized
[Setting conditions]
When the slave address or general call address is detected in slave receive mode

Arbitration lost flag

0 | Bus arbitration won

[Clearing conditions]

Cleared when ICDR1 data is written (transmit mode) or read (receive mode)
After reading AL1 = 1, cleared by writing 0 to AL1

1 | Arbitration lost

[Setting conditions]

When the internal SDA; and bus line disagree at the rise of SCL; in master transmit mode
When the internal SCL; is high at the fall of SCL; in master transmit mode

Start condition/stop condition prohibit
0 | Writing O issues a start or stop condition, in combination with BBSY1

1 | Reading always results in 1
Writing is ignored

I2C bus interface interrupt request flag

0 | Waiting for transfer, or transfer in progress
[Clearing conditions]
After reading IRIC1 = 1, cleared by writing 0 to IRIC1

1 | Interrupt requested
[Setting conditions]
Master mode

 End of data transfer

Bus busy * Bus arbitration lost
0 |Bus is free Slave mode (when FS1 = 0)
Cleared by detection * When the slave address is matched, and whenever a data transfer ends after that,
f st Yy dit until a retransmitted start condition or a stop condition is detected
Of a stop condition « When a general call address is detected, and whenever a data transfer ends after that,
1 |Bus is busy until a retransmitted start condition or a stop condition is detected
Set by detection of Slave mode (when FS1 = 1)
a start condition * End of data transfer

Note: * Only a write of O for flag clearing is possible.
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ICDR1—I2C busdataregister 1 H'82 12C

Bit 7 6 5 4 3 2 1 0
‘ ICDR17 ‘ ICDR16 ‘ ICDR15 ‘ ICDR14 ‘ ICDR13 ‘ ICDR12 ‘ ICDR11 ‘ ICDR10 ‘
Initial value — — — — — — — —
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Transmit/receive data
SAR1—Slave addressregister 1 H'83 12C
Bit 7 6 5 4 3 2 1 0
‘ SVA1l6 ‘ SVA15 ‘ SVAl4 ‘ SVA13 ‘ SVA12 ‘ SVAll ‘ SVA10 ‘ FS1 ‘
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

Slave address

Format Select

0 | Addressing format, slave address recognized

1 | Non-addressing format
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ICMR1—I2C bus moderegister 1 H'83 12C

Bit

Initial value
Read/Write

7 6 5 4 3 2 1 0
‘ MLS1 ‘ WAITl‘ — ‘ — ‘ — ‘ BC12 ‘ BC11 ‘ BC10 ‘
0 0 1 1 1 0 0 0
R/W R/W — — — R/W R/W R/W
Bit counter
BC12 BC11BC10 - Bits/Frame
Serial Mode | Acknowledgement Mode
0 0 0 8 9
1 1 2
1 0 2 3
1 3 4
1 0 0 4 5
1 5 6
1 0 6 7
1 7 8

Wait insertion bit

0 | Data and acknowledge transferred consecutively
1 | Wait inserted between data and acknowledge

MSB-first/LSB-first

0

MSB-first

1

LSB-first
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ICCR2—I12C buscontrol register 2 H'84 12C

Bit 7 6 5 4 3 2 1 0

‘ ICE2 ‘ IEIC2 ‘ MST2 ‘ TRS2 ‘ ACK2 ‘ CKS22 ‘ CKS21 ‘ CKS20 ‘
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

Transfer clock select

CKS22|CKS21|CKS20| Clock Transfer Rate
G=2MHz | B=4MHz | =5MHz

0 0 0 | @14 | 143kHz | 286kHz | 357 kHz

1 | /20 | 100kHz | 200kHz | 250 kHz

1 0 | o/i24 | 833kHz | 167kHz | 208 kHz

1 | o/32 | 625kHz | 125kHz | 156 kHz

1 0 0 | ©/40 | 50.0kHz | 100 kHz | 125 kHz

1 | o/50 | 40.0kHz | 80.0kHz | 100 kHz

1 0 | /56 | 35.7kHz | 71.4KkHz | 89.3 kHz

1 | ol64 | 31.3kHz | 62.5kHz | 78.1kHz

Acknowledgement mode select

0 | Acknowledgement mode

1 | Serial mode

Master/slave select and transmit/receive select

0 |0 | Slave receive mode

Slave transmit mode

1
1| 0 | Master receive mode
1 | Master transmit mode

I2C bus interface interrupt enable

0 | Interrupts disabled

1 | Interrupts enabled

I2C bus interface enable

0 | Interface module disabled, with SCL, and SDA; signals in high-impedance state
1 | Interface module enabled for transfer operations
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|CSR2—I2C bus statusregister 2 H'85 12C
Bit 7 6 5 4 3 2 1 0
‘ BBSY2 ‘ IRIC2 ‘ SCP2 ‘ — ‘ AL2 ‘ AAS2 ‘ ADZ2 ‘ ACKB2 ‘
Initial value 0 0 1 1 0 0 0 0
Read/Write RIW  R/(W)* w —  RIW)* R/(W)* RIW)* RW

Acknowledge bit

0 | Receive mode: 0 is output at acknowledge output timing
Transmit mode: indicates that the receiving device has acknowledged the data

1 | Receive mode: 1 is output at acknowledge output timing
Transmit mode: indicates that the receiving device has not acknowledged the data

General call address recognition flag

0 | General call address not recognized

[Clearing conditions]

Cleared when ICDR2 data is written (transmit mode) or read (receive mode)
After reading ADZ2 = 1, cleared by writing 0 to ADZ2

1 | General call address recognized
[Setting conditions]

When the general call address is detected in slave receive mode

Slave address recognition flag

0

Slave address or general call address not recognized

[Clearing conditions]

Cleared when ICDR2 data is written (transmit mode) or read (receive mode)
After reading AAS2 = 1, cleared by writing 0 to AAS2

Slave address or general call address recognized
[Setting conditions]
When the slave address or general call address is detected in slave receive mode

Arbitr

ation lost flag

0 | B

us arbitration won

[Clearing conditions]
Cleared when ICDR2 data is written (transmit mode) or read (receive mode)
After reading AL2 = 1, cleared by writing O to AL2

1 | Arbitration lost

[Setting conditions]

When the internal SDA; and bus line disagree at the rise of SCL; in master transmit mode
When the internal SCL; is high at the fall of SCL;, in master transmit mode

Start condition/stop condition prohibit

0 | Writing O issues a start or stop condition, in combination with BBSY1

1 | Reading always results in 1
Writing is ignored

12C bus interface interrupt request flag

0 | Waiting for transfer, or transfer in progress
[Clearing conditions]
After reading IRIC2 = 1, cleared by writing 0 to IRIC2

1 | Interrupt requested
[Setting conditions]
Master mode

« End of data transfer

Bus busy « Bus arbitration lost
0 |Bus is free Slave mode (when FS2 = 0)
Cleared by detection * When the slave address is matched, and whenever a data transfer ends after that,
f st y it until a retransmitted start condition or a stop condition is detected
of a stop condition « When a general call address is detected, and whenever a data transfer ends after
1 |Bus is busy that, until a retransmitted start condition or a stop condition is detected
Set by detection of Slave mode (when FS2 = 1)
a start condition  End of data transfer

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

402



ICDR2—I2C busdata register 2 H'86 12C

Bit 7 6 5 4 3 2 1 0
‘ ICDR27 ‘ ICDR26 ‘ ICDR25 ‘ ICDR24 ‘ ICDR23 ‘ ICDR22 ‘ ICDR21 ‘ ICDR20 ‘
Initial value — — — — — — — —
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Transmit/receive data
SAR2—Slave addressregister 2 H'87 12C
Bit 7 6 5 4 3 2 1 0
‘ SVA26 ‘ SVA25 ‘ SVA24 ‘ SVA23 ‘ SVA22 ‘ SVA21 ‘ SVA20 ‘ FS2 ‘
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

Slave address

Format select

0 | Addressing format, slave address recognized

1 | Non-addressing format
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ICMR2—I2C bus mode register 2 H'87 12C

Bit 7 6 5 4 3 2 1 0
‘ MLS2 ‘ WAITZ‘ — ‘ — ‘ — ‘ BC22 ‘ BC21 ‘ BC20 ‘
Initial value 0 0 1 1 1 0 0 0
Read/Write R/W R/W — — — R/W R/W R/W
Bit counter
BC22BC21BC20 - Bits/Frame
Serial Mode | Acknowledgement Mode
0 0 0 8 9
1 1 2
1 0 2 3
1 3 4
1 0 0 4 5
1 5 6
1 0 6 7
1 7 8

Wait insertion bit

0 | Data and acknowledge transferred consecutively
1 | Wait inserted between data and acknowledge

MSB-first/LSB-first
0 | MSB-first
1 | LSB-first
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TCRH—Timer control register H

Bit

Initial value
Read/Write

H'88 Timer H
7 6 5 4 3 2 1 0
‘ CMIEB ‘ CMIEA‘ OVIE ‘ CCLR1 ‘ CCLRO‘ CKS2 ‘ CKS1 ‘ CKSO0 ‘
0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W
Clock select
0|0 |0 |Clock input disabled
1 |Internal clock: @/8, falling edge
10 |Internal clock: @/64, falling edge
1 |Internal clock: 8/1024, falling edge
10 |0 |Clock input disabled
1 | External clock: rising edge
1|0 |External clock: falling edge
1 |External clock: both edges

Counter clear

0|0

Clearing disabled

Cleared by compare match A

Cleared by compare match B

1
1(0
1

Cleared by rising edge of external reset input

Timer overflow interrupt enable

0 | Interrupt request (OVI) from OVF disabled

1 | Interrupt request (OVI) from OVF enabled

Compare match interrupt enable A

0

Interrupt request (CMIA) from CMFA disabled

1

Interrupt request (CMIA) from CMFA enabled

Compare match interrupt enable B

0

Interrupt request (CMIB) from CMFB disabled

1

Interrupt request (CMIB) from CMFB enabled
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TCSRH—Timer control/status register H H'89 Timer H

Bit 7 6 5 4 3 2 1 0

‘ CMFB ‘ CMFA ‘ OVF ‘ — ‘ 0S3 ‘ 0Ss2 ‘ 0s1 ‘ 0OS0 ‘
Initial value 0 0 0 1 0 0 0 0
Read/Write R/(W)*  R/I(W)* R/(W)* — R/W R/W R/W R/W

Output select 1 and 0——————
0 |0 | No change at compare match A

1| O output at compare match A
1|0 | 1 output at compare match A
1| Output toggles at compare match A

Output select 3 and 2
0 |0 | No change at compare match B
1 | 0 output at compare match B
1|0 |1 output at compare match B
1 | Output toggles at compare match B

Timer overflow flag

0 | [Clearing condition]

After reading OVF = 1, cleared by writing 0 to OVF
1 | [Setting condition]

When TCNTH changes from H'FF to H'00

Compare match flag A

0 | [Clearing condition]

After reading CMFA = 1, cleared by writing 0 to CMFA
1 | [Setting condition]

When TCNTH = TCORAH

Compare match flag B

0 | [Clearing condition]

After reading CMFB = 1, cleared by writing 0 in CMFB
1 | [Setting condition]

When TCNTH = TCORBH

Note: * Only a write of O for flag clearing is possible.
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TCORAH—Time constant register AH H'8A Timer H

Bit 7 6 5 4 3 2 1 0
‘TCORAH?‘TCORAHG‘ TCORAHS‘ TCORAH4‘TCORAH3 ‘TCORAHZ ‘ TCORAHl‘TCORAHO‘
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
TCORBH—Time constant register BH H'8B Timer H
Bit 7 6 5 4 3 2 1 0
‘TCORBH?‘TCORBHG‘TCORBHS‘TCORBH4‘TCORBH3‘TCORBH2‘TCORBHl‘TCORBHO‘
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
TCNTH—Timer counter H H'8C Timer H
Bit 7 6 5 4 3 2 1 0
‘ TCNTH7 ‘TCNTHG ‘ TCNTHS‘ TCNTH4‘ TCNTH3 ‘ TCNTH2 ‘ TCNTH1 ‘ TCNTHO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Count value
PWCR—PWM control register H'90 8-bit PWM
Bit 7 6 5 4 3 2 1 0
S B B e e R R =T
Initial value 1 1 1 1 1 1 1 0
Read/Write — — — — — — — i/VL
Clock select

0 | Input clock is @/16, cycle time is 4096/g
1 | Input clock is @/8, cycle time is 2048/g
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PWDRO—PWM dataregister 0 H'O1 8-bit PWM

Bit 7 6 5 4 3 2 1 0
‘PWDRO7‘ PWDR06‘ PWDROS‘ PWDRO4‘ PWDRO; ‘ PWDRO, ‘ PWDROl‘ PWDROO‘

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

Controls high-level width of PWMg output

PWDR1—PWM dataregister 1 H'92 8-bit PWM
Bit 7 6 5 4 3 2 1 0
‘ PWDR17‘PWDR16 ‘ PWDR15‘ PWDR14‘ PWDng‘PWDRlz ‘ PWDRll‘ PWDRlO‘
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

Controls high-level width of PWM, output

PWDR2—PWM dataregister 2 H'93 8-bit PWM
Bit 7 6 5 4 3 2 1 0
‘ PWDR27‘PWDR26 ‘ PWDR25‘ PWDR24‘ PWDR23‘PWDR22 ‘ PWDR21‘ PWDRZO‘
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

Controls high-level width of PWM, output

PWDR3—PWM dataregister 3 H'94 8-bit PWM
Bit 7 6 5 4 3 2 1 0
‘ PWDR3, ‘ PWDR3g ‘ PWDR35‘ PWDR34‘ PWDR33 ‘ PWDR3, ‘ PWDR31‘ PWDR30‘
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

Controls high-level width of PWM3 output
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PWDR4—PWM dataregister 4 H'95 8-bit PWM

Bit 7 6 5 4 3 2 1 0
‘ PWDR4, ‘ PWDR4g¢ ‘ PWDR45‘ PWDR44‘ PWDR44 ‘ PWDR4, ‘ PWDR41‘ PWDR40‘

Initial value 0 0 0 0 0 0 0 0

Read/Write RW  RW RIW RW RW  RW RW  R/W

Controls high-level width of PWM, output

PWDR5—PWM dataregister 5 H'96 8-bit PWM
Bit 7 6 5 4 3 2 1 0
‘ PWDR57‘PWDR56 ‘ PWDR55‘ PWDR54‘ PWDR53‘PWDR52 ‘ PWDRSl‘ PWDRSO‘
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

Controls high-level width of PWMs output

PWDR6—PWM dataregister 6 H'97 8-bit PWM
Bit 7 6 5 4 3 2 1 0
‘ PWDR67‘ PWDRGG‘ PWDR65‘ PWDR64‘ PWDR63‘PWDR62 ‘ PWDR61‘ PWDRGO‘
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

Controls high-level width of PWMg output

PWDR7—PWM dataregister 7 H'98 8-bit PWM
Bit 7 6 5 4 3 2 1 0
‘PWDRH‘PWDR?G‘ PWDR75‘ PWDR74‘ PWDR75 ‘ PWDR7, ‘ PWDR?l‘ PWDR7O‘
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

Controls high-level width of PWM5 output
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TMB2—Timer moderegister B2 H'9C Timer B2

Bit 7 6 5 4 3 2 1 0
‘ TMB27 ‘ — ‘ — ‘ — ‘ — ‘ TMB22 ‘ TMB21 ‘ TMB20 ‘
Initial value 0 1 1 1 1 0 0 0
Read/Write R/W — — — — R/W R/W R/W
Auto-reload function select Clock select
0 | Interval timer function selected 0|0 |0 Internal clock: /8192
1 | Auto-reload function selected 1| Internal clock: /2048
1|0 | Internal clock: @/512
1 | Internal clock: @/256
1|0 |0 |Internal clock: a/64
1 | Internal clock: @/16
1|0 | Internal clock: g/4
1 | External event (TMIB2A or TMIB2B),
rising or falling edge
TCB2—Timer counter B2 H'9D Timer B2
Bit 7 6 5 4 3 2 1 0
‘ TCB27 ‘ TCB26 ‘ TCB25 ‘ TCB24 ‘ TCB23 ‘ TCB22 ‘ TCB21 ‘ TCB20 ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R R R R R R R R
Count value
TLB2—Timer load register B2 H'9D Timer B2
Bit 7 6 5 4 3 2 1 0
‘ TLB27 ‘ TLB26 ‘ TLB25 ‘ TLB24 ‘ TLB23 ‘ TLB22 ‘ TLB21 ‘ TLB20 ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write w w w w W w W W
Reload value
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TMB3—Timer moderegister B3 H'SE Timer B3

Bit 7 6 5 4 3 2 1 0
‘ TMB37 ‘ — ‘ — ‘ — ‘ — ‘ TMB32 ‘ TMB31 ‘ TMB30 ‘
Initial value 0 1 1 1 1 0 0 0
Read/Write R/W — — — — R/W R/W RIW
Auto-reload function select Clock select
0 | Interval timer function selected 0|0 |0 Internal clock: /8192
1 | Auto-reload function selected 1| Internal clock: /2048
1|0 | Internal clock: @/512
1 | Internal clock: @/256
1|0 |0 |Internal clock: g/64
1 | Internal clock: /16
1|0 | Internal clock: o/4
1 | Reserved
TCB3—Timer counter B3 H'9F Timer B3
Bit 7 6 5 4 3 2 1 0
‘ TCB37 ‘ TCB36 ‘ TCB35 ‘ TCB34 ‘ TCB33 ‘ TCB32 ‘ TCB31 ‘ TCB30 ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R R R R R R R R
Count value
TLB3—Timer load register B3 H'9F Timer B3
Bit 7 6 5 4 3 2 1 0
‘ TLB37 ‘ TLB36 ‘ TLB35 ‘ TLB34 ‘ TLB33 ‘ TLB32 ‘ TLB31 ‘ TLB30 ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write W W W W w W w w
Reload value
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SMR—Serial mode register H'A8

SCI3
Bit 7 6 5 4 3 2 1 0
‘ COM ‘ CHR ‘ PE ‘ PM ‘ STOP ‘ MP ‘ CKS1 ‘ CKSO0 ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Clock select 0, 1

0|0 | g clock
Multiprocessor mode 1 | @/4 clock
0 | Multiprocessor communication function disabled 1|0 | @/16 clock
1 | Multiprocessor communication function enabled 1| 9/64 clock
Stop bit length
0 | 1 stop bit
1| 2 stop bits
Parity mode
0 | Even parity
1| Odd parity
Parity enable
0 | Parity bit adding and checking disabled
1 | Parity bit adding and checking enabled
Character length
0 | 8-bit data
1| 7-bit data
Communication mode
0 | Asynchronous mode
1| Synchronous mode
BRR—BiIt rateregister H'A9 SCI3
Bit 7 6 5 4 3 2 1 0
‘ BRR7 ‘ BRR6 ‘ BRR5 ‘ BRR4 ‘ BRR3 ‘ BRR2 ‘ BRR1 ‘ BRRO ‘
Initial value 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
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SCR3—Serial control register 3 H'AA SCI3
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

Multiprocessor interrupt enable

Clock enable
Bitl | Bit0O Description
CKE1 | CKEO | Communication Mode | Clock Source SCK3 Pin Function
0 0 Asynchronous Internal clock 1/0 port
Synchronous Internal clock Serial clock output
1 Asynchronous Internal clock Clock output
Synchronous Reserved Reserved
1 0 Asynchronous External clock Clock input
Synchronous External clock Serial clock input
1 Asynchronous Reserved Reserved
Synchronous Reserved Reserved
Transmit end interrupt enable
0 | Transmit end interrupt (TEI) disabled
1 | Transmit end interrupt (TEI) enabled

[Clearing condition]
Multiprocessor bit receives a data value of 1

0 | Multiprocessor interrupt request disabled (ordinary receive operation)

1 | Multiprocessor interrupt request enabled

OER are not set.

Until a multiprocessor bit value of 1 is received, the receive data full interrupt (RXI) and receive
error interrupt (ERI) are disabled, and serial status register (SSR) flags RDRF, FER, and

Receive enable

0 | Receive operation disabled (RXD is a general I/O port)

1 | Receive operation enabled (RXD is the receive data pin)

Transmit enable

0 | Transmit operation disabled (TXD is a general I/O port)

1 | Transmit operation enabled (TXD is the transmit data pin)

Receive interrupt enable

0

Receive data interrupt request (RXI) and receive error interrupt request (ERI) disabled

1

Receive data interrupt request (RXI) and receive error interrupt request (ERI) enabled

Transmit interrupt enable (TIE)

0

Transmit data empty interrupt request (TXI) disabled

1

Transmit data empty interrupt request (TXI) enabled
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TDR—Transmit dataregister H'AB SCI3

Bit 7 6 5 4 3 2 1 0

‘ TDR7 ‘ TDR6 ‘ TDR5 ‘ TDR4 ‘ TDR3 ‘ TDR2 ‘ TDR1 ‘ TDRO ‘
Initial value 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Data to be transferred to TSR
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SSR—Serial statusregister H'AC SCI3
Bit 7 6 5 4 3 2 1 0
‘ TDRE ‘ RDRF ‘ OER ‘ FER ‘ PER ‘ TEND ‘ MPBR ‘ MPBT ‘
Initial value 1 0 0 0 0 1 0 0
Read/Write RI(W)*  RI(W)* R/I(W)* RI(W)* R/(W)* R R R/W
[ \ ‘ ‘ ‘ ‘
\ \
Multiprocessor bit receive Multiprocessor bit transmit

0| Indicates reception of data in which the multiprocessor bitis 0 | |0| The multiprocessor bit in transmit data is O

1|Indicates reception of data in which the multiprocessor bitis 1 | | 1| The multiprocessor bit in transmit data is 1

Transmit end

0| Indicates that transmission is in progress

[Clearing conditions] After reading TDRE = 1, cleared by writing O to TDRE.
When data is written to TDR by an instruction.

[

Indicates that a transmission has ended
[Setting conditions] ~ When bit TE in serial control register 3 (SCR3) is 0.

If TDRE is set to 1 when the last bit of a transmitted character is sent.

Parity error

o

Indicates that data receiving is in progress or has been completed
[Clearing conditions] After reading PER = 1, cleared by writing O

[

Indicates that a parity error occurred in data receiving

[Setting conditions] ~ When the sum of 1s in received data plus the parity bit does not match
the parity mode bit (PM) setting in the serial mode register (SMR)

Framing error
0| Indicates that data receiving is in progress or has been completed
[Clearing conditions] After reading FER = 1, cleared by writing 0

=

Indicates that a framing error occurred in data receiving
[Setting conditions]  The stop bit at the end of receive data is checked and found to be 0

Overrun error
0| Indicates that data receiving is in progress or has been completed
[Clearing conditions] After reading OER = 1, cleared by writing 0

=

Indicates that an overrun error occurred in data receiving
[Setting conditions] ~ When data receiving is completed while RDRF is set to 1

Receive data register full

0/|Indicates there is no receive data in RDR

[Clearing conditions]  After reading RDRF = 1, cleared by writing 0.
When data is read from RDR by an instruction.

=

Indicates that there is receive data in RDR

[Setting conditions] ~ When receiving ends normally, with receive data transferred from RSR to RDR

Transmit data register empty

o

Indicates that transmit data written to TDR has not been transferred to TSR

[Clearing conditions] After reading TDRE = 1, cleared by writing 0.
When data is written to TDR by an instruction.

=

[Setting conditions] ~ When bit TE in serial control register 3 (SCR3) is 0.
When data is transferred from TDR to TSR.

Indicates that no transmit data has been written to TDR, or the transmit data written to TDR has been transferred to TSR

Note: * Only a write of O for flag clearing is possible.
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RDR—Receive dataregister H'AD SCI3
Bit 7 6 5 4 3 2 1 0
‘ RDR7 ‘ RDR6 ‘ RDR5 ‘ RDR4 ‘ RDR3 ‘ RDR2 ‘ RDR1 ‘ RDRO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R R R R R R R R
TMA—Timer moderegister A H'BO Timer A
Bit 7 6 5 4 3 2 1 0
‘ TMA7 ‘ TMAG ‘ TMAS ‘ — ‘ TMA3 ‘ TMA2 ‘ TMAL1 ‘ TMAO ‘
Initial value 0 0 0 1 0 0 0 0
Read/Write R/W R/W R/W — R/W R/W R/W R/W

Clock output select

Internal clock select

000 @a/32
1| a/16

10| 2/8

1| a/4
100 ay/32
1| gy/16
1/0|oy/8

1| ayl/a

Prescaler and Divider Ratio
TMA3| TMA2 | TMA1 | TMAO | or Overflow Period Function
0 0 0 0 PSS /8192 Interval
1 |Pss /4096 timer
1 0 PSS /2048
1 PSS 9/512
1 0 0 PSS 2/256
1 PSS 2/128
1 0 PSS /32
1 PSS 2/8
1 0 0 0 PSW 1s Time
1 | PSW 05s base
1 0 PSW 0.25s
1 PSW 0.03125 s
1 0 0 PSW and TCA are reset
1
1 0
1
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TCA—Timer counter A

H'B1 Timer A

Bit 7 6 5 4 3 2 1 0
‘ TCA7 ‘ TCA6 ‘ TCA5 ‘ TCA4 ‘ TCA3 ‘ TCA2 ‘ TCA1l ‘ TCAO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R R R R R R R R
|
Count value
TMB1—Timer moderegister B1 H'B2 Timer B1
Bit 7 6 5 4 3 2 1 0
‘ TMB17 ‘ — ‘ — ‘ — ‘ — ‘ TMB12 ‘ TMB11 ‘ TMB10 ‘
Initial value 0 1 1 1 1 0 0 0
Read/Write R/W — — — — R/W R/W R/W
‘ I ‘ |
Auto-reload function select Clock select
0 | Interval timer function selected 0|00 Internal clock: 2/8192
1 | Auto-reload function selected 1| Internal clock: /2048
1|0 | Internal clock: /512
1| Internal clock: @/256
1|0|0 | Internal clock: /64
1 | Internal clock: @/16
1|0 | Internal clock: @/4
1 | External event (TMIB1): Rising or falling edge
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TCB1—Timer counter B1 H'B3 Timer B1

Bit 7 6 5 4 3 2 1 0

‘ TCB17 ‘ TCB16 ‘ TCB15 ‘ TCB14 ‘ TCB13 ‘ TCB12 ‘ TCB11 ‘ TCB10 ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R R R R R R R R

Count value

TLB1—Timer load register B1 H'B3 Timer B1
Bit 7 6 5 4 3 2 1 0

‘ TLB17 ‘ TLB16 ‘ TLB15 ‘ TLB14 ‘ TLB13 ‘ TLB12 ‘ TLB11 ‘ TLB10O ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write w w w w W w w W

Reload value
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TMC—Timer moderegister C H'B4 Timer C

Bit 7 6 5 4 3 2 1 0
‘ TMC7 ‘ TMC6 ‘ TMC5 ‘ — ‘ — ‘ TMC2 ‘ TMC1 ‘ TMCO ‘
Initial value 0 0 0 1 1 0 0 0
Read/Write R/W R/W R/W — — R/W R/W R/W
| ‘ |
Clock select
0|0 |0 Internal clock: 2/8192
1 | Internal clock: @/2048
Auto-reload function select 1|0 | Internal clock: /512
0 | Interval timer function selected 1| Internal clock: @/64
1 | Auto-reload function selected 1|00 Internal clock: @/16
1 | Internal clock: @/4
1|0 | Internal clock: ay/4
1 | External event (TMIC): Rising or falling edge

Counter up/down control

0| 0| TCCis an up-counter

1| TCC is a down-counter

1| | TCC up/down control is determined by input at pin
UD. TCC is a down-counter if the UD input is high,
and an up-counter if the UD input is low.

Note: * Don'’t care

TCC—Timer counter C H'B5 Timer C
Bit 7 6 5 4 3 2 1 0
‘ TCC7 ‘ TCC6 ‘ TCC5 ‘ TCC4 ‘ TCC3 ‘ TCC2 ‘ TCC1 ‘ TCCO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R R R R R R R R
Count value
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TLC—Timer load register C H'B5 Timer C

Bit 7 6 5 4 3 2 1 0
‘ TLC7 ‘ TLC6 ‘ TLC5 ‘ TLC4 ‘ TLC3 ‘ TLC2 ‘ TLC1 ‘ TLCO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write W W W W w W W w
Reload value
TCRF—Timer control register F H'B6 Timer F
Bit 7 6 5 4 3 2 1 0
‘ TOLH ‘ CKSH2 ‘ CKSH1 ‘ CKSHO‘ TOLL ‘ CKSL2 ‘ CKSL1 ‘ CKSLO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write W w W W W w w w
Toggle output level H Clock select L
0 | Low level 0 | * | * | External event (TMIF): Rising or falling edge
1| High level 1|00 | Internal clock: @/32
1 | Internal clock: @/16
1| 0| Internal clock: @/4
1 | Internal clock: @/2
Toggle output level L
0 | Low level
1| High level
Clock select H
0 | * | * | 16-bit mode selected. TCFL overflow signals are counted.
1|0 |0 Internal clock: @/32
1| Internal clock: @/16
1|0 | Internal clock: @/4
1| Internal clock: @/2

Note: * Don't care
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TCSRF—Timer control/statusregister F H'B7 Timer F
Bit 7 6 5 4 3 2 1 0

‘ OVFH ‘ CMFH ‘ OVIEH ‘ CCLRH‘ OVFL ‘ CMFL ‘ OVIEL ‘CCLRL ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W

RI(W)* R/(W)*  R/W RIW  RIW)* R/(W)*

Timer overflow interrupt enable L
0 | TCFL overflow interrupt disabled
1 | TCFL overflow interrupt enabled

Compare match flag L

0 | [Clearing condition]

After reading CMFL = 1, cleared by writing 0 to CMFL

1 | [Setting condition]
When the TCFL value matches the OCRFL value

Timer overflow flag L

0 | [Clearing condition]
After reading OVFL = 1, cleared by writing 0 to OVFL

1| [Setting condition]

When the value of TCFL goes from H'FF to H'00

Counter clear H

0

16-bit mode: TCF clearing by compare match disabled
8-bit mode: TCFH clearing by compare match disabled

16-bit mode: TCF clearing by compare match enabled
8-bit mode: TCFH clearing by compare match enabled

Timer overflow interrupt enable H

Counter clear L

0 | TCFH overflow interrupt disabled 0

1 | TCFH overflow interrupt enabled 1

TCFL clearing by compare match disabled

TCFL clearing by compare match enabled

Compare match flag H

0

[Clearing condition]
After reading CMFH = 1, cleared by writing 0 to CMFH

[Setting condition]
When the TCFH value matches the OCRFH value

Timer overflow flag H

0

[Clearing condition]
After reading OVFH = 1, cleared by writing 0 to OVFH

[Setting condition]
16-bit mode: When the value of TCF goes from H'FFFF to H'0000
8-bit mode: When the value of TCFH goes from H'FF to H'00

Note: * Only a write of O for flag clearing is possible.
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TCFH—8-bit timer counter FH H'B8 Timer F

Bit 7 6 5 4 3 2 1 0
‘ TCFH7 ‘ TCFH6 ‘ TCFH5 ‘ TCFH4 ‘ TCFH3 ‘ TCFH2 ‘ TCFH1 ‘ TCFHO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Count value
TCFL—8-bit timer counter FL H'B9 Timer F
Bit 7 6 5 4 3 2 1 0
‘ TCFL7 ‘ TCFL6 ‘ TCFL5 ‘ TCFL4 ‘ TCFL3 ‘ TCFL2 ‘ TCFL1 ‘ TCFLO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Count value
OCRFH—Output compare register FH H'BA Timer F
Bit 7 6 5 4 3 2 1 0
‘OCRFH?‘OCRFH6‘OCRFH5‘OCRFH4‘OCRFH3‘OCRFH2‘OCRFHl‘OCRFHO‘
Initial value 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
OCRFL—Output compareregister FL H'BB Timer F
Bit 7 6 5 4 3 2 1 0
‘OCRFL? ‘ OCRFLG‘ OCRFLS‘ OCRFL4‘ OCRFL3 ‘OCRFLZ ‘ OCRFLl‘OCRFLO‘
Initial value 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
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TMG—Timer moderegister G H'BC Timer G

Bit 7 6 5 4 3 2 1

0

‘ OVFH ‘ OVFL ‘ OVIE ‘ IIEGS ‘CCLRl ‘ CCLRO‘ CKS1 ‘ CKSO

Initial value 0 0 0 0 0 0 0

0

Read/Write  R/I(W)* R/(W)*  R/W RW RW  RW RW  RW
|

\
‘ ‘ ‘ Clock select J

0 | 0 | Internal clock:

/64

Internal clock:

2/32

/2

1
1|0 | Internal clock:
1 | Internal clock:

Counter clear

ﬂw/2

0|0 | TCG is not cleared
1| TCG is cleared at the falling edge of the input capture signal
1|0 | TCG is cleared at the rising edge of the input capture signal
1| TCG is cleared at both edges of the input capture signal

Input capture interrupt edge select
0 | Interrupts are requested at the rising edge of the input capture signal
1| Interrupts are requested at the falling edge of the input capture signal

Timer overflow interrupt enable
0 | TCG overflow interrupt disabled
1| TCG overflow interrupt enabled

Timer overflow flag L

0 | [Clearing condition]

After reading OVFL = 1, cleared by writing 0 to OVFL
1| [Setting condition]

When the value of TCG goes from H'FF to H'00

Timer overflow flag H
0 | [Clearing condition]
After reading OVFH = 1, cleared by writing O to OVFH
1| [Setting condition]
When the value of TCG goes from H'FF to H'00

Note: * Only a write of O for flag clearing is possible.
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| CRGF—Input captureregister GF H'BD Timer G

Bit 7 6 5 4 3 2 1 0
‘ ICRGF7 ‘ ICRGF6 ‘ ICRGFS‘ ICRGF4‘ ICRGF3 ‘ ICRGF2 ‘ ICRGF1 ‘ ICRGFO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R R R R R R R R
ICRGR—Input captureregister GR H'BE Timer G
Bit 7 6 5 4 3 2 1 0
‘ ICRGR7 ‘ ICRGRG‘ ICRGRS‘ ICRGR4‘ ICRGR3 ‘ ICRGR2 ‘ ICRGR1 ‘ ICRGRO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R R R R R R R R
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AMR—A/D moderegister

Bit

Initial value
Read/Write

H'C4 A/D converter
7 6 5 4 3 2 1 0
‘ CKS ‘TRGE‘ — ‘ — ‘ CH3 ‘ CH2 ‘ CH1 ‘ CHO ‘
0 0 1 1 0 0 0 0
R/W R/W — — R/W R/W R/W R/W
\
Channel select
Bit3 | Bit2 | Bitl | BitO
CH3 | CH2 | CH1 | CHO | Analog Input Channel
0 0 * * No channel selected
1 0 0 | ANp
1 | AN
1 0 | AN»
1 | ANj
1 0 0 0 | ANg
1 | ANsg
1 0 | ANg
1 | ANy
1 0 0 ANg
1 | ANg
1 0 | ANqpg
1 |ANpp

External trigger select

0

Disables start of A/D conversion by external trigger

1

Enables start of A/D conversion by rising or falling edge

of external trigger at pin ADTRG

Clock select

Bit 7 Conversion Time
CKS | Conversion Period | =2 MHz | g =5 MHz
0 |62/g 31l pus 12.4 ps
1 3l/g 15.5 us —1

Notes: * Don't care
1. Operation is not guaranteed if the conversion time is less than 12.4 ps.
Set bit 7 for a value of at least 12.4 ps.
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ADRR—A/D result register H'C5 A/D converter

Bit 7 6 5 4 3 2 1 0

‘ ADR7 ‘ ADR6 ‘ ADRS5 ‘ ADR4 ‘ ADR3 ‘ ADR2 ‘ ADR1 ‘ ADRO ‘
Initial value Not fixed Not fixed Not fixed Not fixed Not fixed Not fixed Not fixed Not fixed
Read/Write R R R R R R R R

A/D conversion result

ADSR—A/D start register H'C6 A/D converter
Bit 7 6 5 4 3 2 1 0
R e e e
Initial value 0 1 1 1 1 1 1 1
Read/Write R/W — — — — — — —
A/D status flag
0 | [Read]
Indicates the completion of A/D conversion
[Write]
Stops A/D conversion
1 | [Read]
Indicates A/D conversion in progress
[Write]
Starts A/D conversion
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PMR1—Port moderegister 1 H'C8 I/O ports

Bit 7 6 5 4 3 2 1 0

‘ IRQ3 ‘ IRQ2 ‘ IRQ1 ‘ — ‘ TMIG ‘TMOFH ‘ TMOFL ‘ TMOW ‘
Initial value 0 0 0 1 0 0 0 0
Read/Write R/W R/W R/W — R/W R/W R/W R/W

T

\
P1,/TMOW pin function switch

0 | Functions as P1; I/O pin
1 | Functions as TMOW output pin

P1,/TMOFL pin function switch
0 | Functions as P1; I/O pin
1 | Functions as TMOFL output pin

P1,/TMOFH pin function switch
0 | Functions as P1, I/O pin
1 | Functions as TMOFH output pin

P13/TMIG pin function switch
0 | Functions as P13 I/O pin
1| Functions as TMIG input pin

P15/IRQ1/TMIB1 pin function switch
0 | Functions as P15 I/O pin
1 | Functions as IRQ1/TMIB1 input pin

P16/IRQ,/TMIC pin function switch
0 | Functions as P1g I/O pin
1| Functions as IRQ,/TMIC input pin

P1,/IRQ3/TMIF pin function switch
0 | Functions as P15 1/O pin
1 | Functions as IRQ3/TMIF input pin
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PMR2—Port m

Bit

Initial value
Read/Write

oderegister 2 H'C9 I/O ports
7 6 5 4 3 2 1 0
‘ TMIB2B ‘ TMIBZA‘ EDGB2 ‘ NCS ‘ IRQO ‘ — ‘ ub ‘ IRQ4 ‘
0 0 0 0 0 1 0 0
R/W R/W R/W R/W R/W — R/W R/W

—

\
P2y/IRQ4/ADTRG pin function switch

0 | Functions as P2, I/O pin
1| Functions as IRQ4/ADTRG input pin

P2,/UD pin function switch
0 | Functions as P24 I/O pin
1| Functions as UD input pin

P43/IRQgq pin function switch
0 | Functions as P43 I/O pin
1 | Functions as IRQq input pin

TMIG noise canceller select

0

Noise canceler function not selected

1

Noise canceler function selected

TMIB2 edge select

0 | Falling edge of TMIB2A and TMIB2B is sensed

1 | Rising edge of TMIB2A and TMIB2B is sensed

P2¢/TMIB2A function switch

0 | Functions as P24 I/O pin

1| Functions as TMIB2A input pin

P2,/TMIB2B function switch

0

Functions as P27 I/O pin

1

Functions as TMIB2B input pin
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PMR3—Port mode register 3 H'CA I/O ports

Bit 7 6 5 4 3 2 1 0

‘ PWM7 ‘ PWM6 ‘ PWM5 ‘ PWM4 ‘ PWM3 ‘ PWM2 ‘ PWM1 ‘ PWMO ‘
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

P3,/PWM,, pin function switch
0 | Functions as P3,, I/O pin

1 | Functions as PWM,, output pin

(n=7100)
PMR5—Port mode register 5 H'CC I/O ports
Bit 7 6 5 4 3 2 1 0
‘ WKP- ‘ WKPg ‘ WKPs ‘ WKP, ‘ WKP5 ‘ WKP, ‘ WKP; ‘ WKP, ‘
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

P5,/WKP,, pin function switch
0 | Functions as P5,, I/O pin

1 | Functions as WKP,, input pin
(n=71t00)
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PDR1—Port dataregister 1 H'D4 I/O ports
Bit 7 6 5 4 3 2 1 0
‘ P1, ‘ Plg Plg ‘ P1, P1, ‘ P1, P1, ‘ P, ‘
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
PDR2—Port dataregister 2 H'D5 I/0O ports
Bit 7 6 5 4 3 2 1 0
‘ P2, ‘ P2 P2 ‘ 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
PDR3—Port dataregister 3 H'D6 I/O ports
Bit 7 6 5 4 3 2 1 0
‘ P3, ‘ P3g P35 ‘ P3, P3, ‘ P3, P3; ‘ P3, ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
PDR4—Port data register 4 H'D7 I/O ports
Bit 7 6 5 4 3 2 1 0
‘ — ‘ — — ‘ — P4, ‘ P4, P4, ‘ P4, ‘
Initial value 1 1 1 1 1 0 0 0
Read/Write — — — — R R/W R/W R/W
PDR5—Port dataregister 5 H'D8 I/0O ports
Bit 7 6 5 4 3 2 1 0
‘ P5, ‘ PS5 PS5 ‘ P5, P5, ‘ P5, P5, ‘ P50 ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
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PDR6—Port data register 6 H'D9 I/O ports
Bit 7 6 5 4 3 2 1 0

‘ P6- ‘ P6g ‘ P6sy ‘ P6, P64 ‘ P6, ‘ P6, ‘ P6q ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
PDR7—Port data register 7 H'DA I/O ports
Bit 7 6 5 4 3 2 1 0

‘ P74 ‘ P7g ‘ P75 ‘ P7, P75 ‘ P7, ‘ P7, ‘ P7, ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
PDR8—Port data register 8 H'DB I/O ports
Bit 7 6 5 4 3 2 1 0

‘ P8, ‘ P8g ‘ P8y ‘ P8, P83 ‘ P8, ‘ P8, ‘ P8q ‘
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
PDR9—Port dataregister 9 H'DC I/0O ports
Bit 7 6 5 4 3 2 1 0

pPo, | Pos | Po; | Py, | Po, | Py, | Po | —
Initial value 0 0 0 1 1 1 1 1
Read/Write R/W R/W R/W — — — — —
PDRA—Port dataregister A H'DD I/O ports
Bit 7 6 5 4 3 2 1 0

‘ — ‘ PAg ‘ PAs PA, ‘ PA3 ‘ PA, PA; ‘ PAg ‘
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
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PDRB—Port dataregister B H'DE I/O ports

Bit 7 6 5 4 3 2 1 0
‘ PB, ‘ PBg ‘ PBsg ‘ PB4 ‘ PB3 ‘ PB, ‘ PB, ‘ PBg ‘
Initial value
Read/Write R R R R R R R R
PDRC—Port dataregister C H'DF I/0O ports
Bit 7 6 5 4 3 2 1 0
— | — | — | — | pcs | pc, | pc; | Py
Initial value
Read/Write — — — — R R R R
PUCR1—Port pull-up control register 1 H'EO I/O ports
Bit 7 6 5 4 3 2 1 0
‘PUCR17‘ PUCRI1g ‘ PUCRIs ‘ PUCR1, ‘Pucm3 ‘PUCRlZ ‘PUCRll ‘Pucm0 ‘
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
PUCR7—Port pull-up control register 7 H'E1l I/O ports
Bit 7 6 5 4 3 2 1 0
‘PUCR77‘ PUCR7, ‘ PUCRT; ‘ PUCR7, ‘PUCR73 ‘PUCR?z ‘ PUCRT7, ‘PUCR?O ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
PUCR5—Port pull-up control register 5 H'E2 I/O ports
Bit 7 6 5 4 3 2 1 0
‘ PUCR57‘ PUCR56‘ PUCR5g ‘ PUCR5, ‘ PUCR5, ‘PUCRSZ ‘ PUCR5, ‘ PUCR5,, ‘
Initial value 0 0 0 0 0 0 0 0

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
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PUCR6—Port pull-up control register 6 H'E3 I/0O ports

Bit 7 6 5 4 3 2 1 0
‘PUCR67‘ PUCRGG‘ PUCRG65 ‘ PUCRS, ‘ PUCR6, ‘PUCRGZ ‘ PUCR6, ‘PUCR6O ‘
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
PCR1—Port control register 1 H'E4 I/O ports
Bit 7 6 5 4 3 2 1 0
‘ PCR1, ‘ PCR1q ‘ PCR1s ‘ PCR1, ‘ PCR1, ‘ PCR1, ‘ PCR1; ‘ PCR1, ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write w w W w w W W w

Port 1 input/output select

0 | Input pin
1| Output pin
PCR2—Port control register 2 H'E5 I/O ports
Bit 7 6 5 4 3 2 1 0
‘ PCR2; ‘ PCR2g ‘ PCR25 ‘ PCR2, ‘ PCR2, ‘ PCR2, ‘ PCR2; ‘ PCR2, ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write w w W w w W W w

Port 2 input/output select
0 | Input pin
1| Output pin
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PCR3—Port control register 3 H'E6 I/0O ports

Bit 7 6 5 4 3 2 1 0

‘ PCR3, ‘ PCR3q ‘ PCR3;y ‘ PCR3, ‘ PCR3; ‘ PCR3, ‘ PCR3; ‘ PCR3, ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write w w w w W w w W

Port 3 input/output select

0 | Input pin
1 | Output pin
PCR4—Port control register 4 H'E7 I/0O ports
Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ — ‘ — ‘ PCR4, ‘ PCR4, ‘ PCR4, ‘
Initial value 1 1 1 1 1 0 0 0
Read/Write — — — — — W \W w

Port 4 input/output select

0 | Input pin
1| Output pin
PCR5—Port control register 5 H'E8 I/O ports
Bit 7 6 5 4 3 2 1 0
‘ PCR5; ‘ PCR5g ‘ PCR5s ‘ PCR5, ‘ PCR5, ‘ PCR5, ‘ PCR5, ‘ PCR5, ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write w w w w w w w w

Port 5 input/output select
0 | Input pin
1| Output pin
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PCR6—Port control register 6 H'E9 I/O ports

Bit 7 6 5 4 3 2 1 0

‘ PCR6, ‘ PCR66‘ PCR6 5 ‘ PCR6 4 ‘ PCR6 5 ‘ PCR6 5 ‘ PCR6 { ‘ PCR6 ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write w w w w w w w w

Port 6 input/output select

0 | Input pin
1 | Output pin
PCR7—Port control register 7 H'EA I/0O ports
Bit 7 6 5 4 3 2 1 0
‘ PCR7; ‘ PCR7g ‘ PCR7s ‘ PCR7, ‘ PCR7, ‘ PCR7, ‘ PCR7, ‘ PCR7, ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write w w W w w W W w

Port 7 input/output select

0 | Input pin
1| Output pin
PCR8—Port control register 8 H'EB I/O ports
Bit 7 6 5 4 3 2 1 0
‘ PCRS;, ‘ PCRS; ‘ PCRS; ‘ PCRS, ‘ PCRS; ‘ PCRS, ‘ PCRS, ‘ PCRS8, ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write w w w w w w w w

Port 8 input/output select
0 | Input pin
1| Output pin
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PCR9—Port control register 9 H'EC I/0O ports

Bit 7 6 5 4 3 2 1 0
PCRe, | PCRg |PCR%G | — | — | — | — | —

Initial value 0 0 0 1 1 1 1 1

Read/Write w w w — — — — —

Port 9 input/output select

0 | Input pin
1 | Output pin
PCRA—Port control register A H'ED I/0O ports
Bit 7 6 5 4 3 2 1 0
‘ — ‘ PCRAe‘ PCRAs ‘ PCRA, ‘ PCRA3 ‘ PCRA, ‘ PCRA; ‘ PCRAg ‘
Initial value 1 0 0 0 0 0 0 0
Read/Write — w W w W w w w

Port A input/output select
0 | Input pin
1| Output pin
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SYSCR1—System control register 1 H'FO System control

Bit 7 6 5 4 3 2 1 0

‘ SSBY ‘ STS2 ‘ STS1 ‘ STSO ‘ LSON ‘ — ‘ — ‘ — ‘
Initial value 0 0 0 0 0 1 1 1
Read/Write R/W R/W R/W R/W R/W — — —

Low speed on flag
0 | The CPU operates on the system clock (@)
1 | The CPU operates on the subclock (gsyg)

Standby timer select 2to 0
0|0 |0 | Wait time = 8,192 states
1| Wait time = 16,384 states
1| 0| Wait time = 32,768 states
1 | Wait time = 65,536 states
Wait time = 131,072 states

[EnY
*
*

Software standby

0 | When a SLEEP instruction is executed in active mode, a transition is
made to sleep mode.

When a SLEEP instruction is executed in subactive mode, a transition is
made to subsleep mode.

1 | When a SLEEP instruction is executed in active mode, a transition is
made to standby mode or watch mode.

When a SLEEP instruction is executed in subactive mode, a transition is
made to watch mode.

Note: * Don't care
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SYSCR2—System control register 2 H'F1 System control

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ NESEL‘ DTON ‘ MSON ‘ SAl ‘ SAO0
Initial value 1 1 1 0 0 0 0 0
Read/Write — — — R/W R/W R/W R/W R/W
‘ |
|
Medium speed on flag Subactive mode clock select
0 | Operates in active (high-speed) mode 0|0| oy/8
1 | Operates in active (medium-speed) mode 1| awl4
1)+ | gwl2

Direct transfer on flag

0 | When a SLEEP instruction is executed in active mode, a transition is
made to standby mode, watch mode, or sleep mode.

When a SLEEP instruction is executed in subactive mode, a transition is
made to watch mode or subsleep mode.

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

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

When a SLEEP instruction is executed in subactive mode, a direct

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

LSON =0, and MSON = 1.

Noise elimination sampling frequency select

0

Sampling rate is gogc/16

1

Sampling rate is gosc/4

Note: * Don't care
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|[EGR—IRQ edge select register H'F2 System control
Bit 7 6 5 4 3 2 1 0
‘ NMIEG ‘ — ‘ — ‘ IEG4 ‘ IEG3 ‘ IEG2 ‘ IEG1 ‘ IEGO ‘
Initial value 0 1 1 0 0 0 0 0
Read/Write R/W — — R/W R/W R/W R/W R/W
N

IRQq edge select
0 | Falling edge of IRQq pin input is detected
1 | Rising edge of IRQq pin input is detected

IRQ, edge select
0 | Falling edge of IRQ1/TMIB pin input is detected
1 | Rising edge of IRQ1/TMIB pin input is detected

IRQ, edge select

0

Falling edge of IRQ,/TMIC pin input is detected

1

Rising edge of IRQ,/TMIC pin input is detected

IRQ3 edge select

0

Falling edge of IRQ3/TMIF pin input is detected

1

Rising edge of IRQ3/TMIF pin input is detected

IRQ4 edge select

0 | Falling edge of IRQ4/ADTRG pin input is detected

1 | Rising edge of IRQ 4/ADTRG pin input is detected

NMI edge select

0

Falling edge of NMI pin input is detected

1

Rising edge of NMI pin input is detected
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|ENR1—Interrupt enableregister 1 H'F3

System control

Bit 7 6 5 4 3 2 1 0
‘ IENTA ‘ IENTBS‘ IENWP‘ IEN4 ‘ IEN3 ‘ IEN2 ‘ IEN1 ‘ IENO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
— ] | ‘

IRQ4 to IRQgq interrupt enable

0 | Disables interrupt requests from IRQ4 to IRQq

1 | Enables interrupt requests from IRQ4 to IRQq

Wakeup interrupt enable

0 | Disables interrupt requests from WKP; to WKPq

1 | Enables interrupt requests from WKP; to WKP

Timer B3 interrupt enable
0 | Disables timer B3 interrupts
1| Enables timer B3 interrupts

Timer A interrupt enable
0 | Disables timer A interrupts
1 | Enables timer A interrupts
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|ENR2—Interrupt enableregister 2 H'F4 System control

Bit 7 6 5 4 3 2 1 0

‘ IENDT ‘ IENAD ‘ IENB2 ‘ IENTG ‘IENTFH ‘ IENTFL ‘ IENTC ‘ IENTBl‘
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

— | |

Timer B1 interrupt enable
0 | Disables timer B1 interrupts
1| Enables timer B1 interrupts

Timer C interrupt enable
0 | Disables timer C interrupts
1 | Enables timer C interrupts

Timer FL interrupt enable
0 | Disables timer FL interrupts
1| Enables timer FL interrupts

Timer FH interrupt enable
0 | Disables timer FH interrupts
1| Enables timer FH interrupts

Timer G interrupt enable
0 | Disables timer G interrupts
1 | Enables timer G interrupts

Timer B2 interrupt enable
0 | Disables timer B2 interrupts
1 | Enables timer B2 interrupts

A/D converter interrupt enable
0 | Disables A/D converter interrupt requests
1 | Enables A/D converter interrupt requests

Direct transfer interrupt enable
0 | Disables direct transfer interrupt requests
1 | Enables direct transfer interrupt requests
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IRR1—Interrupt request register 1 H'F6 System control

Bit 7 6 5 4 3 2 1 0

‘ IRRTA ‘IRRTB?,‘ — ‘ IRRI4 ‘ IRRI3 ‘ IRRI2 ‘ IRRI1 ‘ IRRIO
Initial value 0 0 1 0 0 0 0 0
Read/Write R/W* R/W* — R/W* R/W* R/W* R/W* R/W*

|
IRQ4 to IRQg interrupt request flag

0 | [Clearing condition]
When IRRI4 = 1, it is cleared by writing 0; the same applies to IRRI3 to IRRIO
1 | [Setting condition]
When pin IRQy is set to interrupt input and the designated signal edge is
detected; the same applies to IRRI3 to IRRIO

Timer B3 interrupt request flag
0 | [Clearing condition]
When IRRTB3 = 1, it is cleared by writing 0

1 | [Setting condition]
When timer counter B3 overflows from H'FF to H'00

Timer A interrupt request flag

0 | [Clearing condition]

When IRRTA =1, it is cleared by writing O

1 | [Setting condition]

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

Note: * Only a write of O for flag clearing is possible.
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IRR2—Interrupt request register 2 H'F7 System control

Bit 7 6 5 4 3 2 1 0

‘ IRRDT ‘ IRRAD ‘ IRRTBZ‘ IRRTG ‘IRRTFH ‘ IRRTFL ‘ IRRTC ‘IRRTBl‘
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 \ ‘ ‘ ‘ ‘
\
Timer B1 interrupt request flag

0 | [Clearing condition] When IRRTB1 =1, it is cleared by writing O

1 | [Setting condition]  When the timer B1 counter overflows from
H'FF to H'00

Timer C interrupt request flag

0 | [Clearing condition] When IRRTC =1, it is cleared by writing O

1 | [Setting condition]  When the timer C counter overflows from H'FF to H'00
or underflows from H'00 to H'FF

Timer FL interrupt request flag
0 | [Clearing condition] When IRRTFL =1, it is cleared by writing O

1 | [Setting condition] When counter FL matches output compare register FL
in 8-bit mode

Timer FH interrupt request flag
0 | [Clearing condition] When IRRTFH =1, it is cleared by writing 0

1| [Setting condition] When counter FH matches output compare register FH in
8-bit mode, or when 16-bit counter F (TCFL, TCFH)
matches 16-bit output compare register F (OCRFL,
OCRFH) in 16-bit mode

Timer G interrupt request flag

0 | [Clearing condition] When IRRTG =1, it is cleared by writing O

1| [Setting condition] When pin TMIG is set to TMIG input and the
designated signal edge is detected

Timer B2 interrupt request flag

0 | [Clearing condition] When IRRTB2 =1, it is cleared by writing O
1 | [Setting condition]  When the timer B2 counter value overflows from H'FF to H'00
A/D converter interrupt request flag

0 | [Clearing condition] When IRRAD = 1, it is cleared by writing O

1 | [Setting condition]  When A/D conversion is completed and ADSF is reset
Direct transfer interrupt request flag

0 | [Clearing condition] When IRRDT =1, it is cleared by writing O

1| [Setting condition] A SLEEP instruction is executed when DTON = 1 and a direct
transfer is made

Note: * Only a write of O for flag clearing is possible.
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| WPR—Wakeup interrupt request register H'F9 System control

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

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

Wakeup interrupt request flag

0 | [Clearing condition]

When IWPFn = 1, it is cleared by writing O

1| [Setting condition]

When pin WKP,, is designed for wakeup input and a falling edge is input
(n=71t00)

Note: * Only a write of O for flag clearing is possible.
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Appendix C /O Port Block Diagrams

C.1 Schematic Diagram of Port 1

SBY (low level during reset and in standby mode)

Internal
data bus
@PUCR1H< -
Vee
Vee
PMR1, = -
P1,
o] PDR1,, |
Vss - PCR1, |~

PDR1: Port data register 1

PCR1: Port control register 1

PMR1: Port mode register 1
PUCR1: Port pull-up control register 1

n=5to7

FigureC-1(a) Port 1 Block Diagram (Pins P1; to Pls)
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SBY

PUCR1,

PDR14

PCR14

PDR1: Port data register 1
PCR1: Port control register 1
PUCRZ1.: Port pull-up control register 1

Internal
data bus

FigureC-1(b) Port 1 Block Diagram (Pin P1,)
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P13

<]g:j*PUCR%<
VCC
PMRI, =
o PDRL, =
Vss +— PCR1; |

PDR1:
PCR1:
PMR1:
PUCR1:

Port data register 1

Port control register 1

Port mode register 1

Port pull-up control register 1

Internal
data bus

Timer G module

FigureC-1(c) Port 1 Block Diagram (Pin Plg)
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Timer F module

{=— TMOFH (P1,)

SBY

e PUCR1,[*

VCC

Vee (
PMR1, =
P1,

PDR1, |=
Vss +—| PCR1, [=

PDR1: Port data register 1
PCR1: Port control register 1
PMR1: Port mode register 1

PUCRZ1.: Port pull-up control register 1

n=2,1

TMOFL (P1;)

Internal
data bus

FigureC-1(d) Port 1 Block Diagram (PinsP1, and P1,)
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Timer A module

SBY

(P |PUCRy[~

A

VCC
(
PMR1,
PDR1,
Vss +—{ PCR1,

PDR1:
PCR1:
PMR1:
PUCR1:

Port data register 1

Port control register 1

Port mode register 1

Port pull-up control register 1

Internal
data bus

FigureC-1(e) Port 1 Block Diagram (Pin Plp)
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C.2 Schematic Diagrams of Port 2

Vee

:E PMR27 = > |Internal

Vss

data bus

A

PDR2;

A

PCR2;

9= TMIB2B

PDR2: Port data register 2
PCR2: Port control register 2
PMR2: Port mode register 2

FigureC-2 (a) Port 2 Block Diagram (Pin P2;)

450




PMR2g [ > |Internal
Vee data bus
PDR2 [
<
— PCR2; |=
Vss

D= TVB2A

PDR2: Port data register 2
PCR2: Port control register 2
PMR2: Port mode register 2

FigureC-2 (b) Port 2 Block Diagram (Pin P2g)

451




Vee

Vss

PDR2,

PCR2,

A

PDR2: Port data register 2
PCR2: Port control register 2

n=5to2

Internal
data bus

FigureC-2(c) Port 2 Block Diagram (Pins P25 to P2,)
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PMR2; |- ™ |Internal

data bus
b

PDR2;

A

A

— PCR2;

Timer C

PDR2: Port data register 2
PCR2: Port control register 2
PMR2: Port mode register 2

FigureC-2 (d) Port 2 Block Diagram (Pin P2;)
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Vee
PMR2q = > |Internal
b_@_< data bus
PDR2, |
<
PCR2( =

=R

PDR2: Port data register 2
PCR2: Port control register 2
PMR2: Port mode register 2

FigureC-2 (e) Port 2 Block Diagram (Pin P2y)
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C.3 Schematic Diagram of Port 3

PWM
module __
SBY ;
- PWM,
( Internal
data bus
PMR3,, [+
P3, : PDR3), =
PCR3,, [«
Vss

PDR3: Port data register 3
PCR3: Port control register 3
PMR3: Port mode register 3

n=7to0

Figure C-3 Port 3 Block Diagram
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C.4 Schematic Diagram of Port 4

Internal
data bus
PMR2; |« >
|Z>43 D—»
— ) S -7,
PMR2: Port mode register 2
FigureC-4 (a) Port 4 Block Diagram (Pin P45)
SBY
SCI3 module
Vee /s
( - TE
-«— TXD
”””””””””
PDR4, |«
Internal
data bus
Vss L | PCR4, |=

PDR4: Port data register 4
PCR4: Port control register 4

FigureC-4 (b) Port 4 Block Diagram (Pin P4,)
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SBY

SCI3 module
VCC :
- RE
——»RXD
P4,
o PDR4, =
E
oo}
g
Vss +— PCR4, |- E
I3
[

PDR4: Port data register 4
PCR4: Port control register 4

FigureC-4 (c) Port 4 Block Diagram (Pin P4,)
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SBY

SCI3 module
| -— SCKIE
~— SCKOE
—=— SCKO
= SCKI
9%} PDR4 [«
1)
>
Qo
s
+—{ PCR4,, | 3
3
<
g
=

PDR4: Port data register 4
PCR4: Port control register 4

FigureC-4 (d) Port 4 Block Diagram (Pin P4g)
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C.5 Schematic Diagram of Port 5

SBY
@PUCR% -
VCC
PMR5,, (=
—1— PDR5, |
Vss ~— PCRS, |«

PDRS5: Port data register 5

PCR5: Port control register 5
PMR5: Port mode register 5
PUCRS: Port pull-up control register 5

n=0to7

Internal
data bus

— YD—————————=WKP,

FigureC-5 Port 5 Block Diagram
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C.6 Schematic Diagram

of Port 6

(@ |Pucrs,

——| PDRG6,

+— PCRG6,

PDR6: Port data register 6

PCR6: Port control register 6

PUCRA4: Port pull-up control

n=0to7

register 6

Internal
data bus

Figure C-6 Port 6 Block Diagram
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C.7 Schematic Diagram of Port 7

)
vy)
<

PUCR7 | Internal
ﬂJ <L data bus
Vce

PDR7,

A

PCR7,

A

—C]
—O— 1

Vs

PDR7: Port data register 7
PCR7: Port control register 7
PUCRY: Port pull-up control register 7

n=7to0

FigureC-7 Port 7 Block Diagram
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C.8 Schematic Diagram of Port 8

SBY

Internal
data bus

— PDRS,, =

U
[oe]
S

PCRS,, |«

PDRS8: Port data register 8
PCRS8: Port control register 8

n=0to7

FigureC-8 Port 8 Block Diagram
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C.9 Schematic Diagram of Port 9

SBY

Timer H
module

A A
_|
<
o
I

Vee (

PDRY; [«

A

PCRY,

Vss

PDR9: Port data register 9
PCR9: Port control register 9

Internal
data bus

FigureC-9 (a) Port 9 Block Diagram (Pin P9,)
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VCC 4@:7

PDR9g = Internal

data bus
—C ]
PCRYg |-

Vss

PDR9: Port data register 9
PCR9: Port control register 9

Figure C-9 (b) Port 9 Block Diagram (Pin P9g)
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A

PDR9s Internal

P—@ data bus
PCRO; |-

Vss

Timer H
module

PDR9: Port data register 9
PCR9: Port control register 9

FigureC-9(c) Port 9 Block Diagram (Pin P9s)
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Slope control buffer

12C2 module

Vee ~ SDA20
o<} - ICE2
b—

,,,,,,,,,,,,,,,,,,,,,,,,

Internal
data bus

—»! SDA2]

S

FigureC-9 (d) Port 9 Block Diagram (Pin P9,)
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Slope control buffer

12C2 module

Vee ~ SCL20
<><} - ICE2
P — = scL2I
Internal ‘
databus|

,,,,,,,,,,,,,,,,,,,,,,,,

S

FigureC-9 (e) Port 9 Block Diagram (Pin P9s)
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Vee ~ SDA10
! °<} - ICE1
P } —=i SDALI

Internal |
i databus| T

| -

I ! |

,,,,,,,,,,,,,,,,,,,,,,,,

>

D

FigureC-9 (f) Port 9 Block Diagram (Pin P9,)
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Slope control buffer

12C1 module

A

'scL10

,,,,,,,,,,,,,,,,,,,,,,,,

>

Internal
data bus

A

ICE1
—» SCL1I

D

FigureC-9(g) Port 9 Block Diagram (Pin P9,)
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C.10 Schematic Diagram of Port A

0
>
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SBY

——| PDRA [=

PCRA, =

PDRA: Port data register A
PCRA: Port control register A

n=6to0

Internal
data bus

FigureC-10 Port A Block Diagram
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C.11 Schematic Diagram of Port B

Internal
data bus

A/D module

DQO<F 1 DEC | AMR;to AMR;
T

n=0to7

FigureC-11 Port B Block Diagram

C.12 Schematic Diagram of Port C

Internal
data bus
PC, N -
A/Dmodule
g°< = , DEC AMR, to AMR;
i
n=0to3

Figure C-12 Port C Block Diagram
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Appendix D Port Statesin the Different Processing States

TableD-1 Port States Overview

Port Reset Sleep Subsleep Standby  Watch Subactive Active

P1;to P1; High Retained Retained High Retained  Functions Functions
impedance impedance*

P2, to P2, High Retained Retained High Retained  Functions Functions
impedance impedance

P3;to P3; High Retained Retained High Retained  Functions Functions
impedance impedance

P45 to P4y High Retained Retained High Retained  Functions Functions
impedance impedance

P5; to P5, High Retained Retained High Retained  Functions Functions
impedance impedance*

P6, to P6y High Retained Retained High Retained  Functions Functions
impedance impedance*

P7;to P75 High Retained Retained High Retained  Functions Functions
impedance impedance*

P8, to P8y High Retained Retained High Retained  Functions Functions
impedance impedance

P9, to P9; High Retained Retained High Retained  Functions  Functions
impedance impedance

PAg to PA; High Retained Retained High Retained  Functions Functions
impedance impedance

PB; to PBy High High High High High High High
impedance impedance impedance impedance impedance impedance impedance

PC;to PCy High High High High High High High
impedance impedance impedance impedance impedance impedance impedance

Note: * High level output when MOS pull-up is in on state.
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Appendix E Package Dimensions

Figure E-1 shows the dimensions of the FP-100A package of the H8/3947 Series.

unit: mm

248+0.4
20.0

18.8+0.4
14.0

3.10 Max

0.20

0.17 £ 0.05

1.20+0.20

FigureE-1 FP-100A Package Dimensions

Note: In case of inconsistencies arising within figures, dimensional drawings listed in the Hitachi

Semiconductor Packages Manual take precedence and are considered correct.
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