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Preface

The H8/3032 Seriesis a series of high-performance single-chip microcontrollers that integrate
system supporting functions together with an H8/300H CPU core.

The H8/300H CPU has a 32-bit internal architecture with sixteen 16-bit general registers, and a
concise, optimized instruction set designed for speed. It can address a 16-Mbyte linear address
space.*

The on-chip system supporting functionsinclude ROM, RAM, a 16-bit integrated timer unit
(ITY), aprogrammable timing pattern controller (TPC), awatchdog timer (WDT), a seria
communication interface (SCI), an A/D converter, 1/O ports, and other facilities.

The three operating modes offer a choice of expanded mode and single-chip mode, enabling the
H8/3032 Series to adapt quickly and flexibly to avariety of conditions.

This manual describes the H8/3032 Series hardware. For details of the instruction set, refer to the
H8/300H Programming Manual.

Note: * The H8/3032 Series has a maximum address space of 1 Mbyte.






Contents

Section 1 OVEIVIBIW ...ttt 1
L1 OVEIVIBIW oottt et r s 1
7 = 1T To: (g T T o -1 o 5
1.3 PIN DESCIIPIION ...ttt et ettt e b e bbbt b e besne b e b e 6
131 PN ATTANGEMENT ...ttt et ebe e sae b b see e 6
132 PN FUNCHIONS ...ttt sttt neens 7
0 T T Voo S 10
Section 2 CPU ...t 15
21 OVEIVIBIW ettt r s 15
211 FEALUNES. ...t e e bt ae b aeenre e 15
212 Differences from HB8/300 CPU ...........ccocvvirereririeiereeeeeeese st see e 16
22 CPU Operating MOOES........coruiiriiiriiiniiieiesieies ettt st 17
B2 T N (0 (== - o SO 18
A/ S = 1= o [ = (= GO0 01110 0= 1 Lo o O 19
24.1 OVEIVIBW....eevetiieeirteeste sttt ettt s be e be e nte e es 19
242 GENEral REQISIENS....ceeieeee ettt b e sne s 20
243 CONLrOl REGISLENS ... ..ttt bbb 21
244 Initial CPU RegiSter VAIUES. ...ttt 22
25 DABFOIMMELS........coieeiireciirecire e 23
251 General Register Data FOMELS..........coeeeieviesiesiesieseeeeee et 23
252 MemOory Dala FOIMELS.........cooiieeiirierieeeesieee et 24
2.6 INSIIUCHION SEL ..ottt ettt ettt et neeaeeae b e sbesaesbeseees 26
26.1 INSEFUCLION SEL OVEIVIEW ...t 26
26.2 Instructions and Addressing MOGES..........ccvirinnennieneee e 27
2.6.3 Tables of Instructions Classified by FUNCLION .........cccceveveeveeieeeecccece e, 28
264 BasiC INStrucCtion FOMMELS.........covvveurirreeieeres e 38
2.6.5 Notes on Use of Bit Manipulation INStructions..........ccecererienenienieneneneneens 39
2.7  Addressing Modes and Effective Address Calculation ...........cccooereeeirienienncenc e 39
271 AdAressing MOTES ..o 39
272 Effective Address CalCUlation ...........cccvvvererienenereseeseeeesese s 42
P T = 0100 ] 00 R - (= 46
281 OVEIVIBIW ...ttt ettt sttt es 46
282 Program EXECULION SEALE .........coeieiiireierienie et 47
283 Exception-Handling SEALe..........ccoviririiirieieeriereeere s 47
284 Exception-Handling SEQUENCES..........covireirieerieerieereeeree e 49
2.85 S < RS = = 50

2.8.6 POWEr-DOWN SEALE.......eeicceeeee ettt e et seeaee s sbee e eereeesnes 50



29  Basic Operational TiMiNG.......ccccoirueerieirieirieereesteesiese st 51
291 (@ gV T 51
292 On-Chip Memory ACCESS TIMING.....c.uevrueerueeriiesiireeesiee et 51
293 On-Chip Supporting Module ACCESS TIMING ...c.vevereeeeeeeeeeereee e seeees 53
294 Access to External Address SPace........cuvveeeveveseneseseeseesee e 54
Section 3 MCU Operating MOUES...........c.cooeuereieneieeiseiseeseessessssessesseseeees 55
00 R © = o 55
311 Operating Mode SEIECHION ..o 55
312 Register CoNfigUIation...........ccuveierinieiesese s seesee e re e e 56
3.2  Mode Control REGISLEr (MDCR) ....ccccueieieieese ettt 57
3.3  System Control RegIStEr (SY SCR)....cuerieirererierierie sttt s 58
34 Operating Mode DESCIiPLIONS.......cccotreeuirieririeiirieerieesiese st 60
34.1 1o o L= TP 60
34.2 11,0 L= 2SS 60
343 MOOE 3.ttt 60
35  PinFunctionsin Each Operating MOGE..........ccccvciriiininie i 61
3.6 Memory Mapin Each Operating MOGE..........ccccoriririiineiireriesie e e 61
Section 4 Exception HanAliNg.........ccooveseeeseesessssseisseseseees 65
R © 1Y V= SRS 65
41.1 Exception Handling Types and Priority.......cccccoovvevevereeienieeieceseseseseseeseens 65
41.2 Exception Handling OPeration ...........coeeeeereseesieseseeseesesiee e eresesse e steseesnens 65
413 Exception Vector Table.........coi i 66
A2 RESEL bbb bbbt bbbt e bbbt b 67
421 (@ oY T 67
422 RESEL SEOUENCE.......eeeeeeeee e e 67
423 INErrUPLS aftEr RESEL....ceeieecececee e e 69
4.3 101 0o £ PSPPSR 70
O L ¢ o 1 = (g F o1 o] o SRR RURPRURIN 71
45  Stack Status after EXception Handling .........ccooeeeveineinieieneseeseese e 72
4.6 NOtES ON SEBCK USAE ....c.eiiiieiiiieesiee ettt sttt et 73
Section 5 INterrupt CONIOHEN ... 75
BiL OVEIVIBIW oottt b et b bt ne bt n e 75
511 FEBLUES. ...ttt bbbt bbb e 75
512 BIOCK DI@QI8M.....ecvieeeiieiiiteesieist ettt 76
513 PN CONfIQUIBLTION. ......cueiiiierieirierteet e 77
514 Register ConfigUIration...........couorirrineerieereere e 77
oI = (= o[£ (= g L=< v ] o)1 o] = 78

521 System Control Register (SYSCR).....cccieveiinieieseseeesee et 78



522 Interrupt Priority Registers A and B (IPRA, IPRB) ......cccccoviiniiniiicneee 79

523 IRQ Status REGISIEr (ISR) ..o.ecveieeiirieierieerieereese sttt 85
524 IRQ Enable REGISLEr (IER)......couciriiiirieirieerieeeiesesie ettt 86
525 IRQ Sense Control Register (ISCR) ......ccccvvveieviereeeseereeeees e sese e 87
53 INEEITUPE SOUMCES. ... evi ittt sttt sttt sttt b e st et e e st e sbe e sbe e be e et e e naeenares 88
531 EXIErNEl INEEITUDES ...ttt e 88
532 [INEErNEl INEEITUPLS ...ttt 89
533 INterrupt VECOr TaDIE........coiiiercireeeree e 89
5.4 INETUPE OPEIaLiON .....covevieeiiriiiriiesieeetesie sttt 92
54.1 Interrupt Handling PrOCESS .........covveiiriie e 92
542 INLEITUPE SEOUENCE. ...eoiveeiiie sttt st s sbe st saaesne e e 97
54.3 INterrupt RESPONSE TIIME......coeiirierieriieiesie e 98
55 USBHEINOLES......ccuiiiiiiiriie ittt 99
551 Contention between Interrupt and Interrupt-Disabling Instruction................ 99
552 Instructions that INhibit INEEITUPES .....coveeiieieeee e 100
55.3 Interrupts during EEPM OV [nstruction EXECULion ..........cccccveeeecenevesenieneenns 100
Section 6 BUS CONEIOIIEN ... 101
Lo R O = oV PR 101
6.1.1 FFEALUIES. ...ttt st sb e e nre s 101
6.1.2 BIOCK DI@OIEM....c.ecvieetireeierieierierteste e 102
6.1.3 INPUL/OULPUL PINS......ceeieeicieeceee ettt e 103
6.1.4 Register CoNfigUIatioN..........ccuveiiieeieie ettt seens 103
6.2 REQISIEr DESCIIPLIONS. . c.uiitiitiieriereeieee ettt ettt sttt b ettt s ae b sbe e b b e 104
6.2.1 Access State Control Register (ASTCR) .....coveovierirereeereeereeeseeee e 104
6.2.2 Wait Control RegiSter (WCR).....c.coeiieerieeriererese ettt 105
6.2.3 Wait State Controller Enable Register (WCER) ..o veiveieneirecneenieens 106
LSRG T © o - o) o 107
6.3.1 ATEADIVISION. ...ttt 107
6.3.2 Bus Control Signal TiMiNg........ccoeiiiiiininee e e 109
6.3.3 WEIT MOOES......c.oiuiiiiieiee et 111
6.34 Interconnections with Memory (EXample) .........coceeveeneeneinneneeneeneens 117
6.4 USBOEINOLES......ocuiiiieietiete sttt ettt r b e r e 118
6.4.1 ReGIStEr WILE TIMING «.cvveeeeeeeeieeeestese st se e e see s e snesresreseesnens 118
Section 7 /O POITS...... et 119
5 R © = o TP 119
7.2 0] 1 PSPPSR PSP 122
721 OVEIVIBW. ...ttt ettt st s e e e e e e e eneesesseeseesenseseenseneeseeseenen 122
722 REGIStEr DESCIIPLIONS. .....cceeeeetiriecectes e sestes e et e e se e esre e sresresresnens 123

7.2.3 Pin FUNCLiONS N EACh MOOE. ........ooviiieeceiccee et 124



7.3

7.4

75

7.6

7.7

7.8

7.9

7.10

711

Port 2
7.3.1
7.3.2
7.3.3
734
Port 3
74.1
7.4.2
7.4.3
Port 5
7.5.1
752
7.5.3
75.4
Port 6
7.6.1
7.6.2
7.6.3
Port 7
7.7.1
7.7.2
Port 8
7.8.1
7.8.2
7.8.3
Port 9
7.9.1
7.9.2
7.9.3
Port A
7.10.1
7.10.2
7.10.3
Port B
7.11.1
7.11.2
7.11.3

........................................................................................................................ 126
OVEIVIBIW. ...ttt ettt et sate et e et e e b s sate e bessabeesbeesabeesbessnseesbessnbesaseesares 126
RegiSter DESCITPLIONS......cuiiveiiriierterte et 127
Pin FUNCtionsSin EACh MOGE.........c.cccveirieiecticiecreecee ettt erens 128
INPUL PUIT-UP TranSIStOrS......cvciciieececiece et 130
........................................................................................................................ 131
(@Y= VL= T TR 131
RegiSter DESCITPLIONS. ... .cueiveieriiieteeetee et 131
Pin FUNCioNSin EACh MOGE. ........oocvieieeiee et 133
........................................................................................................................ 134
OVEIVIBW. ...ttt ettt ettt et s aeeae s be et e sbe et e sbeebesaeeebesaeesbeennesaeensesaeas 134
REgiSter DESCIIPLIONS......cceeiereirieie ettt s sbe e 134
Pin FUNctionsin EGCh MOGE..........ccveeieeciei ettt 137
[INPUE PUlT-UP TraNSISLOrS.......c.eiveiirieierieirieesieesie st 138
........................................................................................................................ 139
OVEIVIBW. ...ttt ettt ettt et e e s re et e s be et e sbeebesbe et e saeeebesasesbeennesaeennesaeas 139
REGIStEr DESCIIPLIONS. .....ccieuietiiiecectes et e sttt se e e e e e re e sresresresresrens 139
Pin Functionsin EGCh MOGE...........coeceeiiieiieceece et 141
........................................................................................................................ 144
OVEIVIBIW. ...ttt ettt et sate et e et e e b s sate e bessabeesbeesabeesbessnseesbessnbesaseesares 144
REGIStEr DESCITPLION ...ttt 145
........................................................................................................................ 146
OVEIVIBW. ...ttt ettt ettt e sae e ae s b e et e sbe et e ebe et e saeeebeeaeesbeensesaeensesaeas 146
REgiSter DESCIIPLIONS......cceiuereirieeie ettt s be e 147
PiN FUNCHIONS ...ttt ettt ettt et re s et be e saeeebe e sreeereesree s 148
........................................................................................................................ 150
(@Y7 VL= 150
REGIStEr DESCIIPLIONS......cceeeeeeirerestes st e st e e s resresresnens 150
PIN FUNCHIONS .. .ottt ettt er e s ae s stesaeesbesaeesbesnsesreens 152
........................................................................................................................ 153
(@Y= VL= T TR 153
REgiSter DESCIIPLIONS. ... .cuiiveiiriierteeet ettt 154
[ 1 10 156
........................................................................................................................ 161
(@Y V1= YT 161
REgiSter DESCIIPLIONS......cceiuereirieeie ettt et st see e 161
PiN FUNCHIONS ...ttt sttt et b s et be e s be e saeeeabe e saeeereesbee s 163



Section 8 16-Bit Integrated Timer Unit (ITU).....c..cccooeeoeieeveeeeeceeeeeeeans 169

8.1

8.2

8.3

8.4

85

8.6

OVEIVIBIV .ttt h ettt bbbt et bt se e e e e e e e e e e aeeaeeaeebeeaesaeebeebesbesbenbesbeseans 169
811 FEALUIES. ...ttt et b et et aee b 169
812 BIOCK DI@QIaMS......eecvieeiirieierieerieesie et 172
8.1.3 INPUL/OULPUL PINS......ceieceicecececece st ene e s 177
814 Register CoNfigUIation..........cccuveieieiieiesese s seesie e st sresnens 178
REGISIEr DESCIIILIONS. ... ettt ettt b e bbb e e 181
821 Timer Start REGISLEr (TSTR) .ccvviveevieeseeree e 181
822 Timer Synchro Register (TSNC) .......coveirriieree e 182
823 Timer Mode Register (TMDR) ..ot 184
8.24 Timer Function Control Register (TFCR) .....cccoovvvvereriereereeeees e 187
8.25 Timer Output Master Enable Register (TOER) ........cccceveveeveeieecenieeese e 189
8.2.6 Timer Output Control Register (TOCR).......ccocurirereieieeeeeeeere e 192
8.2.7 TIMeEr CoOUNErS (TCONT) .o e 193
828 General Registers (GRA, GRB) .....c.couciiieirieirieinieeeesie et 194
829 Buffer Registers (BRA, BRB) ..ot 195
8.210 Timer Control REGISLErS (TCR) ...vevveiieieirieerierieieeeeeesese e see e snens 196
8211 Timer I/O Control Register (TIOR).......cccceierereeriereereeeseseeeseseseesresseseeseens 198
8.2.12 Timer Status REQISIEr (TSR)....cceiivieieieeie ettt 200
8.213  Timer Interrupt Enable Register (TIER).......cocoiiieieieeeeeeeeeceere e 203
CPU INEEITACE ...ttt sttt a st s be b saeseesbeneeneens 205
831 16-Bit AcCessiDle REGISIErS......cccvirieeieeeeee s 205
8.3.2 8-Bit ACCESSIDIE REGISIENS.....ccviceeciee e 207
L@ 07 = 1 o] 1 [ 209
84.1 OVEIVIBW ...ttt ettt sttt st be e st e e es 209
84.2 BaSIC FUNCLIONS.......oiiiiiiereeiere sttt sbe bbb 210
8.4.3 SYNCAMONIZALION ... 220
844 PWM MOGE ...ttt sne e nteneennens 222
8.4.5 Reset-Synchronized PWM MOGE........ccevvreveneeieieseeeeeees et se e 226
8.4.6 Complementary PWM MOGE.........cccoovireiererieeneeseeeseee e 229
8.4.7 Phase Counting MOUE. .........ccoeiieiiiieecese e 239
8.4.8 BUFFEITNG ..ttt s neen 241
8.4.9 [TU OULPUE TIMING ..ttt eb s b e s s seesesneneas 248
INEEITUPDES ..o e esn e e esre e e e nnees 250
85.1 Setting Of SKAUS FIAgS .....ecvvveieicieses et 250
85.2 Clearing of StatUS FIagS......cccvvvviieri vt 252
853 INEEITUPE SOUICES. ..ottt s 253



Section 9 Programmable Timing Pattern Controller .............ccccoocvevveieeiennnce 269

.1 OVEIVIBIW 1ottt st b et £ b bt e bbbt e bkt e bt e e 269
911 FEALUIES. ...ttt et e e e e ae e b e b 269
912 BIOCK DI@QIaM...c.ecveeeiirieiirieerteestest ettt 270
9.13 TPC PINS ettt 271
9.14 L S [ =S 272
9.2 REQISIEr DESCIIPLIONS. ...c.uiiuiititerierteieie ettt sttt sttt ettt et sb b sae b b e 273
9.21 Port A Data Direction Register (PADDR) ........coeorrineinerreeeresieie e 273
9.2.2 Port A Data Register (PADR) ........cuirriririenirerieie et 273
9.23 Port B Data Direction Register (PBDDR) .......cccoeeieeriiiniineneneeseeseeenienes 274
9.24 Port B Data RegISter (PBDR) ......cccvirereereeneresrereenesirese e 274
9.25 Next Data RegiSter A (NDRA) ..o stestesieseeseees e sne st sre e snens 275
9.2.6 Next Data Register B (NDRB) ......c.ccoiriiinrineciesecee e 277
9.2.7 Next Data Enable Register A (NDERA) ..o 279
9.2.8 Next Data Enable Register B (NDERB)..........cccocinriniiineririeee s 280
9.29 TPC Output Control Register (TPCR)......cocovveereireesieeseesie e 281
9.210 TPC Output Mode Register (TPMR)......ccovieiereeieeereeeeeee e sese e seesee e e 284
LS G T © o= - o) o 286
9.31 OVEIVIBIW. ...ttt sttt b et 286
9.3.2 (@0 17018 T o 11 0o TSR RRTT 287
933 NOIMEl TPC OULPUL........cuieeiirieisieeet et 288
934 Non-Overlapping TPC OULPUL.........cceriririeerieierieesieeseeeseee e 290
9.35 TPC Output Triggering by Input Capture..........ccoovvererereereereeescesesese e 292
LS U 1= 1= N () == S 293
94.1 Operation of TPC OULPUL PiNS........cooiiiiieieieie e 293
94.2 Note on Non-Overlapping OULPUL ..........coererereerieriereeeees e eiese e see e 293
Section 10 WatChdog TIMEN ...ttt 295
JO.1  OVEIVIBIW .ttt r e e r et r e 295
JOL1  FEAIUMES....i ettt ettt r e e er e e n e nnenenre e nnenen 295
O I 2 = [ Tox QD = | - o U 296
O G T = 10 @001 110 U1 = o o F TR 296
10.1.4  Register CONfiQUIELION. .....cciveuereeierieiereeiesteest ettt er e eb e e see e sneneas 297
10.2 REQISIEr DESCIIPLIONS. ...c.ectieeierieierieiert ettt ettt ettt st s b nesaens 298
0 20t R T 0= @0 W 1 = (I 1V ) 298
10.2.2  Timer Control/Status RegIStEr (TCSR).....ccceeivrevierieriereereeeeesesesese e sre e s 299
10.2.3 Reset Control/Status Register (RSTCSR) ......covvevevveeieveee e 301
10.24  NOtES 0N REQISIEr ACCESS....ccueitiriiriiitirtesieseesiesieseeseeseesee e e e sse e saesbe e saesre e ses 303
T0.3  OPEIBHION ...ttt ettt ettt b bt b e bt e bt e bt e bt b e st e st b e b e e b s b e nennens 305
10.3.1  Watchdog Timer OPEration..........ccoeerueerierineniseneeie st 305

10.3.2  Interval TiImer OPEration .......cccveiieereseiesieseseeseesee e seeseeese e sre e snessesseens 306



10.3.3  Timing of Setting of Overflow Flag (OVF)......cccoiireinciiecieerceseeniens 307

10.3.4  Timing of Setting of Watchdog Timer Reset Bit (WRST) ......ccceoevvviveienienens 308
JO.4  INEEITUPLS ..ottt se ettt b e bbbt r b sn e n e re s 309
105 USAQEINOLES......eeci ettt sttt e e e et ae et s e e aesseeseesseeseesneeseeeneessenneensenns 309
Section11l  Serial Communication INterface............covvvrrneneincrninenees 311
O R @Y7 YT 1 PP 31
O R o = TP PP PRPRPOPR 311
11.1.2  BIOCK DIGOIAIM. ....ceitieitereeie ettt st s ebe st e b see e saenens 313
11.1.3  INPUL/OULPUL PINS......ceciceieiicectece sttt e st e 314
11.1.4  Register CONfiQUIalioN........ccccveiieiiireeeseseesesteseeseeseesee e eses e saesre e eesnesresnesns 314
11.2  REQIStEr DESCIIPLIONS. ... coiiiiriiriieteeierie sttt sttt sttt ettt sbe bbb b sae b b s 315
1121  Receive Shift RegiSter (RSR) .....cevveirieirieirieesesesieseste et 315
1122 Receive Data RegiSter (RDR).....cccoeeriririeinieeseresie et 315
11.2.3  Transmit Shift REQISLEr (TSR) ....cceveerieerieirieeseresie e 316
11.2.4  Transmit Data RegIStEr (TDR) ...ccovviiveie et 316
11.25  Serial Mode RegiSter (SMR) ..o e 317
11.2.6  Seria Control REQISLEr (SCR) ...coveiviivirierieriinierie et e 321
11.2.7  Serial Status REGISLEr (SSR) ...c.viviuririiiririeieieressie e 325
11.2.8  Bit Rate REGISIEr (BRR) ....ooureeeeeeeeeeeeeceeeeeseseessesessessssessssssssessssssssssenssnnes 329
I T @ o= = 1o o [T RR 338
L1131 OVEIVIBW. .ot 338
11.3.2  Operation in Asynchronous MOdE...........ccceveveveieciieieeiecesese et 340
11.3.3  Multiprocessor COMMUNICALTION .........erereereirieriereereeee e see e 349
11.3.4  SynchronOUS OPEIELION ......c.ceuereevereeuerieieriesesteesrene s sesreseeresesreseesesnereseesesnenens 356
T1.4  SCIINEEITUDES. .. ettt ettt ettt sr et r b b e r e r e resneen e re s 365
T115  USAQE NOLES. ... oot n e s sn e e e sr e e nrenen e s nennnenneens 366
SECtioN 12 A/D CONVEITEN ...ttt 371
L2.1  OVEIVIBIW ottt bbbkttt bttt sttt s 371
12,01 FOAIUIES.....ieiieteteee ettt 371
12.1.2  BIOCK DIGOIAIM.....cueiuiieiiieteriete ettt e s s b s snene 372
1213 INPUE PINS ..ttt ettt st st s be e seene 373
1214  Register CONfigQUIration........ccoveiereiiiisieseseesesieseeseeseeseesessessessesnesre e seessesseses 374
12,2  REQISLEr DESCIIPLIONS. ...c.ccieuieiieeetieese et ste e estese e et se e e e e e e e esessesaeeresbestesnenrenrees 375
1221 A/D DataRegisters A to D (ADDRA t0 ADDRD)......ccccvvirrcenninieenenesiens 375
12.2.2  A/D Control/Status Register (ADCSR) .....cccoeerrererierieieneeieresieseeiesiee s 376
12.2.3  A/D Control Register (ADCR) .....cccoiveiriiirieerenesie st 379
2 T O U I 1 01 1 o S 380
D R @ o - (o o 381

1241  Single Mode (SCAN = 0) ..ueceeiriiieieeie et se et re e e 381



1242 SCaN MOOE (SCAN = 1)ttt 383

12.4.3  Input Sampling and A/D ConVersion TIME........ccoeereereereereeeseeesieesienens 385
12.4.4  Externa Trigger INPUL TIMING......cooeoereiriineeseneee e 386
2 T 1= o (SRS 387
126 USAQENOLES. ....ctiiiii ettt s b e b et e e sae e et eesaeesnbeesaaeeree e 387
SECHON 13 RAM ettt 389
G 1 R © 1= 4V 1 P 389
1311  BIOCK DIGOIAM. ....ceiiiriitireeie ettt st st s eb e s s ne s saeneas 389
13.1.2  Register CONfigQUIration........ccccveireiieesiesesesesieseesee e seeseeessesse e sre e snesresseses 390
13.2  System Control REGISLEr (SY SCR)....c.ccvciiiiiiecie e steresie e aee e s e sre et 391
TG T @ o= - (o o TP 392
TG T R Y [ o L= I TSRS 392
1332 MOOES2 AN 3.ttt e et 392
SECHION 14 ROM ...ttt 393
TA.L  OVEIVIEIW ottt bbbt e bbbt bbbt e s bt 393
270 Tt R = Vo ot 1 BT = 4 OSSP 393
142 PROM MOOE......coucuiuiriinieieninesieiee sttt sttt ettt sttt bbb s ssebane s 394
1421  PROM MOOE SELING ...cvevevereetereeierieiesieesieesie et ere e sre s snenens 394
14.2.2  Socket Adapter and Memory Map........cccoerererenneneeneee s 394
I T = oo =010 1.1 1 oo 397
1431  Programming and VErifiCatioN...........ccoeveienienesesesesee e 397
14.3.2  Programming PreCautions............ccocoeirereiiinene et 402
14.4 Reliability of Programmed Data..........cccoeeerririeiinieirieinieesieereeese e 403
Section 15 Clock PUISE GENEIALOT ..o 405
151 OVEIVIBIW ottt b et n et n e n e 405
0 5t R =1 oo [ BT - o 405
152 OSCHIBION CIFCUIT ...veueetieetiseetiseet sttt nnens 406
1521  Connecting a Crystal RESONELON ...........cvrueirreresiereereseeie et 406
1522  Externa ClOCK INPUL.........cccoiiriiiieineeriesieee ettt 408
15.3 DUty AJUSIMENE CIFCUIT.......cueieeeireeiriiirie sttt 410
154 PrESCAEIS...coeiieireeeierire ettt 410
Section 16 POWEr-DOWN SEALE...........ooieecieee s 411
N R @ Y 4T T TP 411
16.2  RegiStEr CONFIQUIBLION.....c.ciieiirieeirieiirtert ettt 412
16.2.1  System Control Register (SYSCR).....ccceveirirrenere et 412
G TS 1= = o 11V o [ 414



16.3.2  EXit from SIeep MO ..ot 414

16.4  Software StandDy MOGE .......c.cocuiriiiriiiiere e 415
16.4.1  Trangition to Software Standby MOdE...........ccooiirrirniineierneeeree s 415
16.4.2  Exit from Software Standby MOde..........ccceverevcieieceeec e 415
16.4.3  Selection of Waiting Time for Exit from Software Standby Mode................. 416
16.4.4  Sample Application of Software Standby Mode.........cccccoorninininiinen 417
L16.4.5  INOLE...ieeeceee ettt st 417
16.5 Hardware Standby MOOE.........cociiiiriiiriirieseee e 418
16.5.1 Trangition to Hardware Standby Mode...........cccoeriirrinnienneneereeseerieens 418
16.5.2  Exit from Hardware Standby ModE...........cccccerevereeiieieececeeeseeese e 418
16.5.3 Timing for Hardware Standby Mode...........ccceeevevieiieieeiececrecese e 418
Section 17  Electrical CharaCteristiCS........ooviirinieineeseieeeseesessise s 419
17.1  ADBSOIUtE MaXimUM RELNGS. .....c.civeeerieierieirtiistee sttt sb s snenas 419
17.2  Electrical CharaCteriSliCS....cuiiririririeesese e ste et see e se e sre e e e nes 420
1721  DC CharaCteriSliCS......cueirerrereiirerieieeresre et 420
1722 AC CharaCteriSliCS.....cceirerreeeiiriieiee et 430
17.2.3  A/D Conversion CharaCteriStiCS........cuuerreirrererenesreseereseereseere e snenens 437
17.3  Operational TIMING......coeerererieeerieerieesree et s e st se e se et ss e s e s e b e s s snenes 438
17.3. 1 BUSTIMING c.oiiiiiiiiiieiieieseetese ettt b e s sb e et eb e e snene 438
17.3.2  Control Signal TIMING ......ccooeereireireneesees e 442
I 3 T @ o 1T 411 o P 444
1734  TPC and I/O POrt TIMING......ccociiiiiiiiinesesesese e see e see e e e e re e snesre e s 444
17.35  ITU TIMING .ttt s 445
17.3.6  SCI INPUL/OULPUL TIMING....civevereererierereeieriesesreesrene e sesre s seere s seeseseesesnenens 446
ApPPendiXx A INSITUCTION SEL ... 447
AL INSIUCHON LISttt 447
A.2  Operating CoUe MaPS.......cccierieiieieeeietese st tesresre e tesre e se e e e eses e s e srestesaesresteseeseens 462
A.3  Number of States Required for EXECULION..........cciiririreiienere e 465
Appendix B RegIStEr FIEId ... 474
B.1 Register Addresses and Bit NAMES........ccooeerrerieineeneese sttt 474
B.2  REQISIEr DESCIIPLIONS. .....cieieieeeeee et st e e resaesaesresresnesnenan 482
Appendix C  1/O Port BIOCK Diagrams...........cc.ccuveueeeierevseseieesie s 532
C.1  POrt 1 BIOCK DiBgram ......ccueiiuiiriiiniieeiiieiisieie et 532
C.2  POrt 2 BIOCK DIBgraM ......coueirieiiiisiiieiesieiesieees ettt bbb 533
C.3  POrt 3BIOCK DIBgram ....c.coueiiiiiriiiriiieieie sttt 534
(O S o) £ BN =] oo [ DIT- o - o [ 535

(O I = ot A S Y =] o Tw [ DIT- o - o [ 536



C.6  POrt 7 BIOCK Diagram ......ccueoiiuiiriiieiiieiesieiesieie ettt bbb 538

C.7  POrt 8 BIOCK DIBgraM ......coueiieiiiiiiriiieiesieesiee ettt bbb 539
C.8  POrt 9BIOCK DIBgram ......couiiieiiriiiriiieiesieesie ettt 540
C.9  Port A BIOCK Diagram .......cccceceieiierieieieeeeese s se sttt se e e e re s st 543
C.10 Port B BIOCK DIGQIaM .....cceiuieieiieiieieieseeeeese e ete st sre e e e sae e sae s esaesseseesessessesnessesseses 546
APPENAIX D PIN SEALES ...ttt 550
D.1  Port StateSin EaCh MOGE.........cveieieeieieeeesece s 550
D.2  Pin StaeS @l RESEL.....ccieeeeeeeeeeeee et r e nae e 552

Appendix E  Timing of Transition to and Recovery
from Hardware Standby Mode............cccoeveieiceiccceeeeeee e, 555

Appendix F Package DIMENSIONS...........coireceessessesssesssssesssessens 556






Section 1 Overview

1.1 Overview

The H8/3032 Series is a series of microcontrollers (MCUSs) that integrate system supporting
functions together with an H8/300H CPU core having an original Hitachi architecture.

The H8/300H CPU has a 32-bit internal architecture with sixteen 16-bit general registers, and a
concise, optimized instruction set designed for speed. It can address a 16-Mbyte linear address

space.™ 1 Itsinstruction set is upward-compatible at the object-code level with the H8/300 CPU,
enabling easy porting of software from the H8/300 Series.

The on-chip system supporting functions include ROM, RAM, a 16-bit integrated timer unit
(ITU), aprogrammable timing pattern controller (TPC), awatchdog timer (WDT), a seria
communication interface (SCI), an A/D converter, 1/O ports, and other facilities.

The three members of the H8/3032 Series are the H8/3032, the H8/3031, and the H8/3030. The
H8/3032 has 64 kbytes of ROM and 2 kbytes of RAM. The H8/3031 has 32 kbytes of ROM and
1 kbyte of RAM. The H8/3030 has 16 kbytes of ROM and 512 bytes of RAM.

Three MCU operating modes offer a choice of data bus width and address space size. The modes
(modes 1 to 3) include a single-chip mode and expanded mode.

In addition to the masked-ROM versions of the H8/3032 Series, the H8/3032 has a ZTAT ™*2
version with user-programmable on-chip PROM. This version enables users to respond quickly
and flexibly to changing application specifications, growing production volumes, and other
conditions.

Table 1-1 summarizes the features of the H8/3032 Series.

Notes: 1. The H8/3032 Series has a maximum address space of 1 Mbyte.
2. ZTAT (Zero Turn-Around Time) is atrademark of Hitachi, Ltd.



Table1-1 Features

Feature

Description

CPU

Upward-compatible with the H8/300 CPU at the object-code level
General-register machine

» Sixteen 16-bit general registers
(also useable as sixteen 8-bit registers or eight 32-bit registers)

High-speed operation

¢ Maximum clock rate: 16 MHz
¢ Add/subtract: 125 ns
e Multiply/divide: 875 ns

Two CPU operating modes

« Normal mode (64-kbyte address space)
¢ Advanced mode (1-Mbyte address space)

Instruction features

« 8/16/32-bit data transfer, arithmetic, and logic instructions

¢ Signed and unsigned multiply instructions (8 bits x 8 hits, 16 bits x 16 bits)

» Signed and unsigned divide instructions (16 bits + 8 bits, 32 bits + 16 bits)

¢ Bit accumulator function

« Bit manipulation instructions with register-indirect specification of bit positions

Memory

H8/3032
* ROM: 64 kbytes
¢ RAM: 2 kbytes

H8/3031
*« ROM: 32 kbytes
* RAM: 1 kbyte

H8/3030
* ROM: 16 kbytes
« RAM: 512 bytes

Interrupt
controller

» Six external interrupt pins: NMI, IRQq to IRQ,4
e 21 internal interrupts
« Three selectable interrupt priority levels

Bus controller

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

« Two-state or three-state access selectable for each area

¢ Selection of four wait modes




Table1-1 Features (cont)

Feature

Description

16-bit integrated
timer unit (ITU)

Five 16-bit timer channels, capable of processing up to 12 pulse outputs or 10
pulse inputs

16-bit timer counter (channels 0 to 4)

Two multiplexed output compare/input capture pins (channels 0 to 4)
Operation can be synchronized (channels 0 to 4)

PWM mode available (channels 0 to 4)

Phase counting mode available (channel 2)

Buffering available (channels 3 and 4)

Reset-synchronized PWM mode available (channels 3 and 4)
Complementary PWM mode available (channels 3 and 4)

Programmable
timing pattern
controller (TPC)

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

Watchdog * Reset signal can be generated by overflow

timer (WDT), « Reset signal can be output externally

1 channel ¢ Usable as an interval timer

Serial » Selection of asynchronous or synchronous mode

communication
interface (SCI),
2 channels

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

A/D converter

Resolution: 10 bits

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

Can be externally triggered

I/O ports

55 input/output pins
8 input-only pins




Table1-1 Features (cont)

Feature

Description

Operating modes Three MCU operating modes
Address Address Bus

Mode Space

Pins Width

Mode 1 1 Mbyte

Agto Ajg 8 bits

Mode 2 64 kbytes — —

Mode 3 1 Mbyte

Power-down
state

« Sleep mode
Software standby mode
Hardware standby mode

Other features

On-chip clock oscillator

Product lineup

Model Package ROM
HD6473032F 80-pin QFP (FP-80A) PROM
HD6473032TF 80-pin TQFP (TFP-80C)

HD6433032F 80-pin QFP (FP-80A) Mask ROM
HD6433032TF 80-pin TQFP (TFP-80C)

HD6433031F 80-pin QFP (FP-80A) Mask ROM
HD6433031TF 80-pin TQFP (TFP-80C)

HD6433030F 80-pin QFP (FP-80A) Mask ROM
HD6433030TF 80-pin TQFP (TFP-80C)




1.2 Block Diagram

Figure 1-1 shows an internal block diagram.
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Note: PROM version is available only in the H8/3032 Series.
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Figure1-1 Block Diagram




1.3 Pin Description

1.3.1 Pin Arrangement

Figure 1-2 shows the pin arrangement of the H8/3032 Series, FP-80A and TFP-80C package.
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1.3.2 Pin Functions

Pin Assignmentsin Each Mode: Table 1-2 lists the FP-80A and TFP-80C pin assignmentsin
each mode.

Table1-2 FP-80A and TFP-80C Pin Assignmentsin Each Mode

Pin Pin Name

No. Mode 1 Mode 2 Mode 3 PROM Mode
1 PBo/TP/TIOCA, PBo/TPg/TIOCA; PBo/TPg/TIOCA; NC
2 PB,/TPy/TIOCB, PB,/TPg/TIOCB, PB,/TPg/TIOCB, NC
3 PB,/TP1,/TIOCA, PB,/TP1o/TIOCA, PB,/TP1o/TIOCA, NC
4 PB4/TP,,/TIOCB, PB4/TP4,/TIOCB, PB4/TP4,/TIOCB, NC
5 PB/TP1,/TOCXA, PB,4/TP1,/TOCXA, PB,4/TP1,/TOCXA, NC
6 PBs/TP,3/TOCXB, PB5/TP,3/TOCXB, PB5/TP,3/TOCXB, NC
7 PBg/TP14 PBg/TP14 PBg/TP14 NC
8 PB,/TP,5/ADTRG PB,/TP,5/ADTRG PB,/TP,5/ADTRG NC
9 P9y/TxD P9o/TxD P9o/TxD NC
10 P9,/RxD P9,/RxD P9,/RxD NC
1 P9,/SCK/IRQ, P9,/SCK/RQ, P9,/SCK/IRQ, NC
12 Vss Vss Vss Vss
13 Do P3q P3q EOq
14 D, P3; P3; EO,
15 D, P3, P3, EO,
16 Dy P35 P35 EO;
17 D, P3, P3, EO,
18 Ds P35 P35 EOs
19 D P3g P3g EOg
20 D, P3, P3, EO;
21 Vee Vee Vee Vee
22 P1o/Ag P1, P1, EA,
23 P1,/A; P1, P1, EA;
24 P1,/A, P1, P1, EA,
25 P14/A, P1, P1, EA;
26 P14/A, P1, P1, EA,

Note: Pins marked NC should be left unconnected.



Table1-2 FP-80A and TFP-80C Pin Assignmentsin Each Mode (cont)

Pin

No. Mode 1 Mode 2 Mode 3 PROM Mode
27 P1s/Ag Pl Pl EAs
28 Ple/Ag Plg Plg EAg
29 P1,/A; P1, P1, EA;
30 Vss Vss Vss Vss
31 P2o/Ag P2, P2, EAg
32 P2,/Aq P2, P2, CE
33 P2,/A10 P2, P2, EAj
34 P25/A1; P25 P25 EA;;
35 P24A1, P2, P2, EAs»
36 P25/A5 P2 P2 EA;
37 P26/A14 P2 P2 EA4
38 P2,/A5 P2, P2, CE
39 P5¢/A6 P5q P5q Vee
40 P5,/A7 P5, P5, Vee
41 P5,/A15 P5, P5, NC
42 P53/A19 P53 P53 NC
43 P6o/WAIT P5, P5, EA5
44 MDg MDq MDq Vss
45 MD, MD, MD, Vss
46 2} [} [} NC
47 STBY STBY STBY Vsg
48 RES RES RES NC
49 NMI NMI NMI EAq
50 Vss Vss Vss Vss
51 EXTAL EXTAL EXTAL NC
52 XTAL XTAL XTAL NC
53 Vee Vee Vee Vee




Table1-2 FP-80A and TFP-80C Pin Assignmentsin Each Mode (cont)

Pin Pin Name

No. Mode 1 Mode 2 Mode 3 PROM Mode
54 AS P65 P64 NC
55 RD P6, P6, NC
56 WR P6g P6g NC
57 RESO RESO RESO Vpp
58 AVgg AVsg AVsg AVss
59 P7o/ANg P7/ANg P7/ANg NC
60 P7./AN; P7./AN, P7./AN, NC
61 P7,/AN, P7,/AN, P7,/AN, NC
62 P74/ANg P74/ANg P74/ANg NC
63 P74/AN, P74/AN, P74/AN, NC
64 P75/ANg P75/ANg P75/ANg NC
65 P7¢/ANg P7¢/ANg P7¢/ANg NC
66 P74/AN, P74/AN; P74/AN; NC
67 VRerF VRer VRer Vee
68 AV AVce AVce Vee
69 P8y/IRQ, P8y/IRQ, P8./IRQ, EAsg
70 P8,/IRQ; P8,/IRQ; P8,/IRQ; PGM
71 P8,/IRQ, P8,/IRQ, P8,/IRQ, NC
72 P84/IRQ; P84/IRQ; P84/IRQ; NC
73 PAG/TPG/TCLKA PAG/TPo/TCLKA PAG/TPo/TCLKA NC
74 PA,/TP,/TCLKB PA,/TP,/TCLKB PA,/TP,/TCLKB NC
75 PAL/TP,/TIOCA)TCLKC ~ PAL/TP,/TIOCA)TCLKC  PA,/TP,/TIOCA)/TCLKC  NC
76 PAS/TP3/TIOCBY/TCLKD ~ PAG/TP4/TIOCBy/TCLKD  PA4/TP4/TIOCBy/TCLKD  NC
77 PA,/TP,TIOCA, PA,/TP,TIOCA, PA,/TPTIOCA, /Ay NC
78 PAs/TP5/TIOCB, PAg/TPg/TIOCB, PAS/TP5/TIOCB, /A, NC
79 PAG/TPg/TIOCA, PAG/TPG/TIOCA, PAG/TPG/TIOCA,/A,, NC
80 PA,/TP/TIOCB, PA,/TP,/TIOCB, PA,/TPZITIOCB,/Ay NC




1.4 Pin Functions

Table 1-3 summarizes the pin functions.

Table 1-3 Pin Functions

Type

Symbol

Pin No.

I/0

Name and Function

Power

Vee

21,53

Input

Power: For connection to the power supply
(+5 V). Connect all V¢ pins to the +5-V system
power supply.

Vss

12, 30, 50

Input

Ground: For connection to ground (0 V).
Connect all Vgg pins to the 0-V system power

supply.

Clock

XTAL

52

Input

For connection to a crystal resonator.

For examples of crystal resonator and external
clock input, see section 15, Clock Pulse
Generator.

EXTAL

51

Input

For connection to a crystal resonator or input of
an external clock signal. For examples of
crystal resonator and external clock input, see
section 15, Clock Pulse Generator.

46

Output

System clock: Supplies the system clock to
external devices

Operating
mode control

45, 44

Input

Mode 1 and mode O: For setting the operating
mode, as follows

MD; MDy  Operating Mode
0

0 Mode 1

01 Mode 2

1 Mode 3

System control

48

Input

Reset input: When driven low, this pin resets
the H8/3032

RESO

57

Output

Reset output: Outputs a reset signal to
external devices

STBY

a7

Input

Standby: When driven low, this pin forces
a transition to hardware standby mode

10



Table 1-3 Pin Functions (cont)

Type Symbol Pin No. /0 Name and Function
Interrupts NMI 49 Input  Nonmaskable interrupt: Requests a
nonmaskable interrupt
IRQ,4 to 11, Input  Interrupt request 4 to 0: Maskable interrupt
IRQq 72 to 69 request pins

Address bus AjgtoAg, 42to31, Output Address bus: Outputs address signals
A;t0 Ay 291022

Data bus D, to Dg 20to 13 Input/  Data bus: Bidirectional data bus
output
Bus control AS 54 Output Address strobe: Goes low to indicate valid

address output on the address bus

RD 55 Output Read: Goes low to indicate reading from the
external address space

WR 56 Output High write: Goes low to indicate writing to the
external address space; indicates valid data on
the data bus.

WAIT 43 Input  Wait: Requests insertion of wait states in bus
cycles during access to the external address
space

16-bit TCLKDto 76to73 Input  Clock input A to D: External clock inputs
integrated TCLKA

time unit )
(ITU) TIOCA4to 3,1,79, Input/  Input capture/output compare A4 to AO:

TIOCAq 77,75 output GRA4 to GRAO output compare or input
capture, or PWM output

TIOCB,4to 4, 2, 80, Input/  Input capture/output compare B4 to BO:

TIOCBy 78, 76 output GRB4 to GRBO output compare or input
capture, or PWM output

TOCXA, 5 Output Output compare XA4: PWM output

TOCXB,4 6 Output Output compare XB4: PWM output

Programmable TPq5to 8to1l, Qutput TPC output 15 to 0: Pulse output
timing pattern TP 80to 73

controller (TPC)

11



Table 1-3 Pin Functions (cont)

Type Symbol Pin No. 110 Name and Function
Serial com- TXD 9 Output Transmit data: SCI data output
munication
interface (SCI) RxD 10 Input  Receive data: SCI data input
SCK 11 Input/  Serial clock: SCI clock input/output
output
A/D AN to ANy 66 to 59 Input  Analog 7 to 0: Analog input pins
converter ADTRG 8 Input  A/D trigger: External trigger input for starting
A/D conversion
AV 68 Input  Power supply pin for the A/D converter.
Connect to the system power supply (+5 V)
when not using the A/D converter.
AVgg 58 Input  Ground pin for the A/D converter. Connect to
system ground (0 V) when not using the A/D
converter.
VREE 67 Input  Reference voltage input pin for the A/D
converter. Connect to the system power supply
(+5 V) when not using the A/D converter.
I/O ports P1,to P1l, 29to 22 Input/  Port 1: Eight input/output pins. The direction
output of each pin can be selected in the port 1 data
direction register (P1DDR).
P2,to P2, 38to 31 Input/  Port 2: Eight input/output pins. The direction
output of each pin can be selected in the port 2 data
direction register (P2DDR).
P3;to P3; 20to 13 Input/  Port 3: Eight input/output pins. The direction
output of each pin can be selected in the port 3 data
direction register (P3DDR).
P53 to P5, 42to 39 Input/  Port 5: Four input/output pins. The direction of
output each pin can be selected in the port 5 data
direction register (P5DDR).
P65 to P63, 56 to 54, Input/  Port 6: Four input/output pins. The direction
P6q 43 output of each pin can be selected in the port 6 data
direction register (P6DDR).
P7,to P7, 66 to59 Input  Port 7: Eight input pins
P83to P8y, 7210 69 Input/  Port 8: Four input/output pins. The direction of
output each pin can be selected in the port 8 data

direction register (P8DDR).

12



Table 1-3 Pin Functions (cont)

Type Symbol Pin No. /0 Name and Function
I/O ports P94, P9,, 11to9 Input/  Port 9: Three input/output pins. The direction
P99 output of each pin can be selected in the port 9 data
direction register (PO9DDR).
PA; to PA; 80to 73 Input/  Port A: Eight input/output pins. The direction of
output each pin can be selected in the port A data
direction register (PADDR).
PB,toPBy 8tol Input/  Port B: Eight input/output pins. The direction of
output each pin can be selected in the port B data

direction register (PBDDR).

13



14



Section2 CPU

2.1 Overview

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

2.1.1 Features
The H8/300H CPU has the following features.
»  Upward compatibility with H8/300 CPU
Can execute H8/300 series object programs without alteration
»  General-register architecture
Sixteen 16-bit general registers (also usable as sixteen 8-bit registers or eight 32-bit registers)
e Sixty-two basic instructions

— 8/16/32-bit arithmetic and logic instructions
— Multiply and divide instructions
— Powerful bit-manipulation instructions

e Eight addressing modes

— Register direct [Rn]

— Register indirect [ @ERN]

— Register indirect with displacement [@(d:16, ERn) or @(d:24, ERn)]

— Register indirect with post-increment or pre-decrement [ @ERN+ or @—ERnN]
— Absolute address [ @aa:8, @aa: 16, or @aa:24]

— Immediate [#xx:8, #xx:16, or #xx:32]

— Program-counter relative [@(d:8, PC) or @(d:16, PC)]

— Memory indirect [ @@aa:8]

e 1-Mbyte* linear address space

Note: * The CPU, if used alone, can access a maximum address space of 16 Mbytes. However,
the maximum address space of the H8/3032 Seriesis 1 Mbyte.

15



High-speed operation

— All frequently-used instructions execute in two to four states

— Maximum clock frequency: 16 MHz
— 8/16/32-bit register-register add/subtract: 125 ns
— 8 x 8-hit register-register multiply: 875ns
— 16 + 8-hit register-register divide: 875 ns
— 16 x 16-bit register-register multiply: 1.375us
— 32+ 16-bit register-register divide: 1.375pus

Two CPU operating modes

— Normal mode
— Advanced mode

Low-power mode

Transition to power-down state by SLEEP instruction

2.1.2 Differencesfrom H8/300 CPU

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

More general registers
Eight 16-bit registers have been added.
Expanded address space

— Advanced mode supports a maximum 1-Mbyte address space.
— Normal mode supports the same 64-kbyte address space as the H8/300 CPU.

Enhanced addressing

The addressing modes have been enhanced to make effective use of the 1-Mbyte address
space.

Enhanced instructions

— Datatransfer, arithmetic, and logic instructions can operate on 32-bit data.
— Signed multiply/divide instructions and other instructions have been added.

16



2.2 CPU Operating Modes

The H8/300H CPU has two operating modes: normal and advanced. Normal mode supports a
maximum 64-kbyte address space. Advanced mode supports up to 1 Mbytes. See figure 2-1.

CPU operating modes

Normal mode

Advanced mode

Maximum 64 kbytes, program
and data areas combined

Maximum 1 Mbyte, program
and data areas combined

Figure2-1 CPU Operating Modes
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2.3 Address Space

Figure 2-2 shows a simple memory map for the H8/3032 Series. The H8/300H CPU can address a
linear address space with a maximum size of 64 kbytesin normal mode, and 16 Mbytesin
advanced mode. For further details see section 3.6, Memory Map in Each Operating Mode.

The 1-Mbyte operating mode uses 20-bit addressing. The upper 4 bits of effective addresses are
ignored.

H'00000 H'000000

HFFFFF

H'FFFFFF

a. 1-Mbyte mode b. 16-Mbyte mode

Figure2-2 Memory Map
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2.4 Register Configuration
2.4.1 Overview

The H8/300H CPU has the internal registers shown in figure 2-3. There are two types of registers:
general registers and control registers.

General Registers (ERnN)

15 07 07 0
ERO EO ROH ROL
ER1 El R1H R1L
ER2 E2 R2H R2L
ER3 E3 R3H R3L
ER4 E4 R4H R4L
ER5 E5 R5H R5L
ER6 E6 R6H R6L
ER7 E7 (SP) R7H R7L

Control Registers (CR)
23 0
PC | |

76543210
ccr |1 ullH|u[Nz|v]C]

Legend

SP:  Stack pointer

PC. Program counter

CCR: Condition code register
I: Interrupt mask bit

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

User bit

Negative flag

Zero flag

Overflow flag

Carry flag

OsNzcx

Figure2-3 CPU Registers
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2.4.2 General Registers

The H8/300H CPU has eight 32-bit general registers. These general registers are al functionally
alike and can be used without distinction between data registers and address registers. When a
general register isused as a dataregister, it can be accessed as a 32-bit, 16-bit, or 8-bit register.
When the general registers are used as 32-bit registers or as address registers, they are designated
by the letters ER (ERO to ER7).

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

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

Figure 2-4 illustrates the usage of the general registers. The usage of each register can be selected
independently.

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

E registers
— (extended registers)
EOto E7

ER registers RH registers
ERO to ER7 ROH to R7H

R registers
RO to R7

RL registers
ROL to R7L

Figure 2-4 Usage of General Registers
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General register ER7 has the function of stack pointer (SP) in addition to its general-register
function, and is used implicitly in exception handling and subroutine calls. Figure 2-5 shows the
stack.

Free area

SP (ER7) —

Stack area

/\/

Figure 2-5 Stack
2.4.3 Control Registers

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

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

Condition Code Register (CCR): This 8-bit register contains internal CPU status information,
including the interrupt mask bit (1) and half-carry (H), negative (N), zero (Z), overflow (V), and
carry (C) flags.

Bit 7—Interrupt Mask Bit (I): Masks interrupts other than NM1 when set to 1. NMI is accepted
regardless of the | bit setting. The | bit isset to 1 at the start of an exception-handling sequence.

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

21



Bit 5—Half-Carry Flag (H): When the ADD.B, ADDX.B, SUB.B, SUBX.B, CMPB, or NEG.B
instruction is executed, thisflag isset to 1 if thereisacarry or borrow at bit 3, and cleared to O
otherwise. When the ADD.W, SUB.W, CMPW, or NEG.W instruction is executed, the H flag is
setto 1if thereisacarry or borrow at bit 11, and cleared to 0 otherwise. When the ADD.L,
SUB.L, CMPL, or NEG.L instruction is executed, the H flag is set to 1 if thereisacarry or
borrow at bit 27, and cleared to O otherwise.

Bit 4—User Bit (U): Can be written and read by software using the LDC, STC, ANDC, ORC,
and XORC instructions.

Bit 3—Negative Flag (N): Indicates the most significant bit (sign bit) of data.
Bit 2—Zero Flag (Z): Set to 1 to indicate zero data, and cleared to 0 to indicate non-zero data.

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

Bit 0—Carry Flag (C): 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 flag bits unchanged. Operations can be performed on CCR by the LDC,
STC, ANDC, ORC, and XORC instructions. The N, Z, V, and C flags are used by conditional
branch (Bcc) instructions.

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

2.4.4 Initial CPU Register Values

In reset exception handling, PC isinitialized to a value loaded from the vector table, and the | bit
in CCRisset to 1. The other CCR bits and the general registers are not initialized. In particular,
the stack pointer (ER7) is not initialized. The stack pointer must therefore beinitialized by an
MOV.L instruction executed immediately after areset.
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2.5 Data Formats

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

25.1 General Register Data Formats

Figures 2-6 and 2-7 show the dataformats in general registers.

General
Data Type Register Data Format
7 o
1-bit data RnH Ena Don'tcare .
7 0

1-bit data RnL Don't care EE

7 43 0

4-bit BCD data RnH Don't care |

________________ 7 43 0

4-bit BCD data RnL | Don't care

7 o
Byte data RnH [:j Don't care
MSB Lse
________________ 7 0
Byte data RnL 5 Don't care [:]
""""""""MSB LSB

Figure2-6 General Register Data Formats (1)
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General

Data Type Register Data Format
15 0
woddat R0 |
MSB LSB
Word data En | L |
MSB LSB
3116150

Longword data ERn |
MSB

LSB
Legend
ERn: General register
En:  General register E
Rn:  General register R
RnH: General register RH
RnL: General register RL

MSB: Most significant bit
LSB: Least significant bit

Figure2-7 General Register Data Formats (2)
2.5.2 Memory Data Formats

Figure 2-8 shows the data formats on memory. The H8/300H CPU can access word data and
longword data on memory, but word or longword data must begin at an even address. If an
attempt is made to access word or longword data at an odd address, no address error occurs but
the least significant bit of the addressis regarded as O, so the access starts at the preceding
address. This also applies to instruction fetches.
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Data Type

1-bit data

Byte data

Word data

Longword data

Address

Address /

Address /

Address 2m
Address 2m + 1

Address 2n

Address 2n + 1
Address 2n + 2
Address 2n + 3

Data Format

/X/

7 0

7]e6|s5]al3|2]1]0

MSB LSB

MSB\ L L L L L L
LsB

MSB\ L L L L L L
LSB

Figure2-8 Memory Data Formats

When ER7 (SP) is used as an address register to access the stack, the operand size should be word
size or longword size.
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2.6 Instruction Set
2.6.1 Instruction Set Overview
The H8/300H CPU has 62 types of instructions, which are classified in table 2-1.

Table2-1 Instruction Classification

Function Instruction Types

Data transfer MOV, PUSH*1, POP*1, MOVTPE*2, MOVFPE*2 3

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

Logic operations AND, OR, XOR, NOT 4

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

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

Branch Bcc*3, JMP, BSR, JSR, RTS

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

Block data transfer EEPMOV 1

Total 62 types

Notes: 1. POP.W Rn is identical to MOV.W @SP+, Rn.
PUSH.W Rn is identical to MOV.W Rn, @-SP.
POP.L ERn is identical to MOV.L @SP+, Rn.
PUSH.L ERn is identical to MOV.L Rn, @-SP.
They are not available on H8/3032.

3. Bcc is a generic branching instruction.

n
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2.6.2 Instructions and Addressing Modes

Table 2-2 indicates the instructions available in the H8/300H CPU.

Table2-2 Instructionsand Addressing M odes

Addressing Modes

@ @ @ @
(d:16, (d:24, @ERn+/ @ @ @ (d:8, (d:16, @@
Function Instruction #xx Rn @ERn ERn) ERn) @-ERn aa:8 aal1l6 aai24 PC) PC) aa8 Implied
Data MoV BWL BWL BWL BWL BWL BWL B BWL BWL — — — —
transfer  pop pysH — — — — — — — — — — — — WL
MOVFPE, - - = — — — — B — — — — —
MOVTPE
Arithmetic ADD, CMP BWL BWL — — — — — — — — — — —
operations gyg WL BWL — _ — — — — — — — — —
ADDX, SUBX B B — — — — — — — — — — —
ADDS, SUBS — L — — — — — —_ — — — — —
INC, DEC — BWL — — — — — — — — — — —
DAA, DAS — B — — — — — —_ — — — — —
DIVXU, — BW — — — — — — — — — — —
MULXS,
MULXU,
DIVXS
NEG —  BwL — — — — — — — — — — —
EXTU, EXTS — WL — — — — — — — — — — —
Logic AND, OR, BWL BWL — — — — — — — — — — —
operations XOR
NOT — BWL — — — — — — — — — — —
Shift instructions — BWL — — — — — —_ — — — — —
Bit manipulation — B B — — —_ B — — — — _ —
Branch Bcc, BSR - = = — — — — — — o 0 — —
JMP, JSR — — o — B — — — o - — _
RTS - - = — — — — — — — — — o
System  TRAPA - - = — — — — — — — — — o
control RTE - —  — — — — — — — — — — o
SLEEP - - = — - - — — — —  —  —_ 5
LDC B B w w w w — w W — — — —
STC — B w w w w — w W — — — —
ANDC, ORC, B — — — — — — — — — — — —
XORC
NOP - - = — — — — — — — — — 0
Block data transfer - - = — — — — — — — — — BW
Legend
B: Byte
W: Word
L:  Longword
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2.6.3 Tablesof Instructions Classified by Function

Tables 2-3 to 2-10 summarize the instructions in each functional category. The operation notation
used in these tables is defined next.

Operation Notation

Rd General register (destination)*

Rs General register (source)*

Rn General register*

ERnN General register (32-bit register or address register)
(EAd) Destination operand

(EAS) Source operand

CCR Condition code register

N (negative) flag of CCR

Z (zero) flag of CCR

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

ad Exclusive OR logical

- Move

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

Note: * General registers include 8-bit registers (ROH to R7H, ROL to R7L), 16-bit registers (RO to
R7, EO to E7), and 32-bit data or address registers (ERO to ER7).
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Table 2-3 Data Transfer Instructions

Instruction Size* Function

MOV B/W/L (EAs) — Rd, Rs - (EAd)

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

MOVFPE B (EAs) - Rd

Cannot be used in the H8/3032.
MOVTPE B Rs - (EAs)

Cannot be used in the H8/3032.
POP Wi/L @SP+ - Rn

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

PUSH Wi/L Rn - @-SP

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

Note: * Size refers to the operand size.
B: Byte
W: Word
L: Longword
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Table2-4 Arithmetic Operation Instructions

Instruction Size*

Function

ADD, B/W/L RdtRs - Rd, Rd +#MM - Rd

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

ADDX, B Rd+*Rs+C - Rd,Rd+#IMM+C - Rd

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

INC, B/W/L Rdz1 -5 Rd,Rd*2 - Rd

DEC Increments or decrements a general register by 1 or 2. (Byte operands can
be incremented or decremented by 1 only.)

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

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

DAA, B Rd decimal adjust — Rd

DAS

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

MULXU B/W

Rd xRs - Rd

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

MULXS B/W

Rd xRs - Rd

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

Note: * Size refers to the operand size.

B: Byte
W: Word
L: Longword
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Table 2-4 Arithmetic Operation Instructions (cont)

Instruction Size* Function

DIVXU B/W Rd +Rs - Rd

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

DIVXS B/W Rd +Rs - Rd

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

CMP B/W/L Rd-Rs, Rd —#IMM

Compares data in a general register with data in another general register or
with immediate data, and sets CCR according to the result.

NEG B/W/L O0-Rd - Rd
Takes the two's complement (arithmetic complement) of data in a general
register.

EXTS WI/L Rd (sign extension) - Rd

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

EXTU WI/L Rd (zero extension) - Rd

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

Note: * Size refers to the operand size.

B: Byte
W: Word
L: Longword
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Table 2-5 Logic Operation Instructions

Instruction Size* Function

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

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

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

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

XOR B/W/L RdORs - Rd,RdO#IMM - Rd

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

NOT B/W/L -Rd - Rd

Takes the one’s complement of general register contents.

Note: * Size refers to the operand size.

B: Byte
W: Word
L: Longword

Table2-6 Shift Instructions

Instruction Size* Function

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

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

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

ROTR

Rotates general register contents.

ROTXL, B/W/L Rd (rotate) — Rd

ROTXR Rotates general register contents through the carry bit.

Note: * Size refers to the operand size.

B: Byte
W: Word
L: Longword
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Table 2-7 Bit Manipulation Instructions

Instruction Size*

Function

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

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

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

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

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

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

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

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

Note: * Size refers to the operand size.

B: Byte
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Table 2-7 Bit Manipulation Instructions (cont)

Instruction Size*

Function

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

BIOR B C O[~ (<bit-No.> of <EAd>)] — C
ORs the carry flag with the inverse of a specified bit in a general register or
memory operand and stores the result in the carry flag.
The bit number is specified by 3-bit immediate data.

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

BIXOR B C O [~ (<bit-No.> of <EAd>)] - C
Exclusive-ORs the carry flag with the inverse of a specified bit in a general
register or memory operand and stores the result in the carry flag.
The bit number is specified by 3-bit immediate data.

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

BILD B - (<bit-No.> of <EAd>) — C
Transfers the inverse of a specified bit in a general register or memory
operand to the carry flag.
The bit number is specified by 3-bit immediate data.

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

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

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

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

Note: * Size refers to the operand size.

B: Byte
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Table 2-8 Branching I nstructions

Instruction Size

Function

Bcc — Branches to a specified address if a specified condition is true. The
branching conditions are listed below.
Mnemonic Description Condition
BRA (BT) Always (true) Always
BRN (BF) Never (false) Never
BHI High cadz=0
BLS Low or same coz=1
Bcc (BHS) Carry clear (high or same) C=0
BCS (BLO) Carry set (low) c=1
BNE Not equal Z=0
BEQ Equal z=1
BVC Overflow clear V=0
BVS Overflow set V=1
BPL Plus N=0
BMI Minus N=1
BGE Greater or equal NOV=0
BLT Less than NOV=1
BGT Greater than ZOINOV)=0
BLE Less or equal ZONNOV)=1
JMP — Branches unconditionally to a specified address
BSR — Branches to a subroutine at a specified address
JSR — Branches to a subroutine at a specified address
RTS — Returns from a subroutine
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Table2-9 System Controal Instructions

Instruction Size*

Function

TRAPA —

Starts trap-instruction exception handling

RTE — Returns from an exception-handling routine

SLEEP — Causes a transition to the power-down state

LDC B/W  (EAs) -~ CCR
Moves the source operand contents to the condition code register. The
condition code register size is one byte, but in transfer from memory, data is
read by word access.

STC B/W  CCR - (EAd)
Transfers the CCR contents to a destination location. The condition code
register size is one byte, but in transfer to memory, data is written by word
access.

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

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

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

NOP — PC+2 - PC

Only increments the program counter.

Note: * Size refers to the operand size.

B: Byte
W: Word
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Table 2-10 Block Transfer Instruction

Instruction Size

Function

EEPMOV.B —

EEPMOV.W —

if R4L # 0 then
repeat @ER5+ - @ER6+, R4L—-1 - R4L
until R4L =0

else next;

if R4 # 0 then

repeat @ER5+ - @ER6+,R4-1 - R4
until R4=0
else next;

Transfers a data block according to parameters set in general registers R4L
or R4, ER5, and ERG6.

R4L or R4: Size of block (bytes)
ERS: Starting source address
ERG6: Starting destination address

Execution of the next instruction begins as soon as the transfer is
completed.
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2.6.4 Basic Instruction Formats

The H8/300H instructions consist of 2-byte (1-word) units. An instruction consists of an operation
field (OPfield), aregister field (r field), an effective address extension (EA field), and a condition
field (cc).

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

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

Effective Address Extension: Eight, 16, or 32 hits specifying immediate data, an absolute
address, or a displacement. A 24-bit address or displacement istreated as 32-bit datain which the
first 8 bitsare 0 (H'00).

Condition Field: Specifies the branching condition of Bcc instructions.

Figure 2-9 shows examples of instruction formats.

Operation field only

| op | NOP, RTS, etc.

Operation field and register fields

| op ‘ m ‘ m | ADD.B Rn, Rm, etc.

Operation field, register fields, and effective address extension

op ‘ m ‘ rm

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

EA (disp)

Operation field, effective address extension, and condition field

op cc ‘ EA (disp) BRA d:8

Figure2-9 Instruction Formats
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2.6.5 Noteson Use of Bit Manipulation I nstructions

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

The BCLR instruction can be used to clear flagsin the on-chip registers. In an interrupt-handling
routine, for example, if it is known that the flag is set to 1, it is not necessary to read the flag
ahead of time.

2.7 Addressing M odes and Effective Address Calculation
2.7.1 Addressing Modes

The H8/300H CPU supports the eight addressing modes listed in table 2-11. Each instruction uses
a subset of these addressing modes. Arithmetic and logic instructions can use the register direct
and immediate modes. Data transfer instructions can use all addressing modes except program-
counter relative and memory indirect. Bit manipulation instructions use register direct, register
indirect, or absolute (@aa:8) addressing mode to specify an operand, and register direct (BSET,
BCLR, BNOT, and BTST instructions) or immediate (3-bit) addressing mode to specify abit
number in the operand.

Table2-11 Addressing Modes

No. Addressing Mode Symbol
1 Register direct Rn
2 Register indirect @ERnN
3 Register indirect with displacement @(d:16, ERn)/@d:24, ERn)
4 Register indirect with post-increment @ERN+
Register indirect with pre-decrement @-ERnN
5 Absolute address @aa:8/@aa:16/@aa:24
6 Immediate #XX:8/#xX: 16/#xX:32
7 Program-counter relative @(d:8, PC)/@(d:16, PC)
8 Memory indirect @@aa:8
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1 Register Direct—Rn: The register field of the instruction code specifies an 8-, 16-, or 32-hit
register containing the operand. ROH to R7H and ROL to R7L can be specified as 8-bit registers.
RO to R7 and EQ to E7 can be specified as 16-bit registers. ERO to ER7 can be specified as 32-bit
registers.

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

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

4 Register Indirect with Post-Increment or Pre-Decrement—@ERN+ or @—ERn:
*  Register indirect with post-increment—@ERnN+

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

*  Register indirect with pre-decrement—@-ERn

Thevalue 1, 2, or 4 is subtracted from an address register (ERn) specified by the register field
in the instruction code, and the lower 24 bits of the result become the address of a memory
operand. Theresult is also stored in the address register. The value subtracted is 1 for byte
access, 2 for word access, or 4 for longword access. For word or longword access, the
resulting register value should be even.

5 Absolute Address—@aa: 8, @aa: 16, or @aa: 24: The instruction code contains the absolute
address of amemory operand. The absolute address may be 8 bits long (@aa:8), 16 bits long
(@aa:16), or 24 hitslong (@aa:24). For an 8-bit absolute address, the upper 16 bitsare all
assumed to be 1 (H'FFFF). For a 16-bit absolute address the upper 8 bits are a sign extension. A
24-bit absolute address can access the entire address space. Table 2-12 indicates the accessible
address ranges.
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Table2-12 Absolute Address Access Ranges

Absolute

Address 1-Mbyte Modes 64-kbyte Modes

8 bits (@aa:8) H'FFFO00 to H'FFFFF H'FFO0 to H'FFFF
(1048320 to 1048575) (65280 to 65535)

16 bits (@aa:16) H'00000 to H'0O7FFF, H'0000 to H'FFFF
H'F8000 to H'FFFFF (0 to 65535)
(0 to 32767, 1015808 to 1048575)

24 bits (@aa:24) H'00000 to H'FFFFF H'000000 to H'O0OFFFF
(0 to 1048575) (0 to 65535)

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

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

7 Program-Counter Relative—@(d:8, PC) or @(d: 16, PC): This modeis used in the Bcc and
BSR instructions. An 8-bit or 16-bit displacement contained in the instruction code is sign-
extended to 24 bits and added to the 24-bit PC contents to generate a 24-bit branch address. The
PC value to which the displacement is added is the address of the first byte of the next instruction,
so the possible branching range is—126 to +128 bytes (—63 to +64 words) or —32766 to +32768
bytes (16383 to +16384 words) from the branch instruction. The resulting value should be an
even number.

8 Memory Indirect—@@aa: 8: This mode can be used by the IMP and JSR instructions. The
instruction code contains an 8-bit absol ute address specifying a memory operand. This memory
operand contains a branch address. The memory operand is accessed by longword access. The
first byte of the memory operand is ignored, generating a 24-bit branch address. See figure 2-10.
The upper bits of the 8-bit absolute address are assumed to be 0 (H'0000), so the addressrange is
0 to 255 (H'000000 to H'0000FF). Note that the first part of this range is also the exception vector
area. For further details see section 5, Interrupt Controller.
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/\/

Specified by @aa:8 — Reserved

Figure2-10 Memory-Indirect Branch Address Specification

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

Memory Data Formats.

2.7.2 Effective Address Calculation

Table 2-13 explains how an effective addressis cal culated in each addressing mode. In the
1-Mbyte operating modes the upper 4 hits of the calculated address are ignored in order to

generate a 20-bit effective address.
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Table2-13 Effective Address Calculation

Addressing Mode and
No. Instruction Format

Effective Address Calculation

Effective Address

1 Register direct (Rn)

| op_|m][m]

Operand is general
register contents

2 Register indirect (@ERN)

31 0 23

| .
| General register contents I——|

3 Register indirect with displacement
@(d:16, ERn)/@(d:24, ERn)

31 0
|

| General register contents

:} 4’|23

| op ‘ r ‘ ‘ disp | | Sign extension ‘ disp
\ }
4 Register indirect with post-increment

or pre-decrement

Register indirect with post-increment 31 0 23

@ERn+ I General register contents
[

Register indirect with pre-decrement 31 0

@-ERn I General register contents 23
v a|

1 for a byte operand, 2 for a word
operand, 4 for a longword operand




144

Table 2-13 Effective Address Calculation (cont)

Addressing Mode and

No. Instruction Format Effective Address Calculation Effective Address
5 Absolute address 23 8 7
@aa:8 | HFFFE |
“op [ as *
23 1615
@aa:16 | Sign ‘
extension
| op ‘ abs !
23
@aa:24 |
op
abs
6 Immediate Operand is immediate data
#xX:8, #xXx:16, or #xx:32
| op Y
7 Program-counter relative

@(d:8, PC) or @(d:16, PC)

op disp

23

PC contents

Sign
extension

disp

23
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Table 2-13 Effective Address Calculation (cont)

Addressing Mode and

No. Instruction Format Effective Address Calculation Effective Address
8 Memory indirect
@@aa:8
Normal mode
23 8 7 0
~————|  Hoooo | abs |
15 0 23 1615
IMemory contents |—>| H'00 ‘
Advanced mode
23 8 7 0
H0000 | abs |
31 0 23
Memory contents I——|
Legend
r, rm, rn: Register field
op: Operation field
disp: Displacement
IMM: Immediate data

abs:

Absolute address



2.8 Processing States

2.8.1 Overview

The H8/300H CPU has five processing states: the program execution state, exception-handling
state, power-down state, reset state, and bus-rel eased state. The power-down state includes sleep
mode, software standby mode, and hardware standby mode. Figure 2-11 classifies the processing
states. Figure 2-13 indicates the state transitions.

Processing states F% Program execution state |

The CPU executes program instructions in sequence

% Exception-handling state |

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

% Reset state

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

% Power-down state Sleep mode |

The CPU is halted to conserve power

Software standby mode |

Hardware standby mode |

Figure2-11 Processing States
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2.8.2 Program Execution State
In this state the CPU executes program instructions in normal sequence.
2.8.3 Exception-Handling State

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

Types of Exception Handling and Their Priority: Exception handling is performed for resets,
interrupts, and trap instructions. Table 2-14 indicates the types of exception handling and their
priority. Trap instruction exceptions are accepted at all timesin the program execution state.

Table 2-14 Exception Handling Typesand Priority

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

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

Figure 2-12 classifies the exception sources. For further details about exception sources, vector
numbers, and vector addresses, see section 4, Exception Handling, and section 5, Interrupt
Controller.
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Reset

External interrupts
Exception

sources Interrupt

Internal interrupts (from on-chip supporting modules)

Trap instruction

Figure2-12 Classification of Exception Sources

CProgram execution state>
SLEEP

instruction
with SSBY =0

Sleep mode >

LEEP instruction
ith SSBY =1

E Software standby mode>

End of
exception
handling

Exception

(%))

Interrupt

£

NMI, IRQg, IRQ 4,
or IRQ interrupt

<Exception-handling state j=

A

STBY=1, RES =0
C Reset state™* \‘

j‘ Gardware standby mode*a

Power-down state

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

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

Figure 2-13 State Transitions
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2.8.4 Exception-Handling Sequences

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

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

Figure 2-14 shows the stack after the exception-handling sequence.

\\\__,//////’~——\\\\ \\\~——//////’—__“\\

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

N B | address

\\\‘_—’/////"'"“\\\ \\\-__//////"'—“\\\

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

Legend
CCR: Condition code register
SP:  Stack pointer

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

Figure2-14 Stack Structure after Exception Handling
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2.8.5 Reset State

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

The reset state can also be entered by a watchdog timer overflow. For details see section 10,
Watchdog Timer.

2.8.6 Power-Down State

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

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

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

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

For further information see section 16, Power-Down State.
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2.9 Basic Operational Timing
2.9.1 Overview

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

2.9.2 On-Chip Memory Access Timing

On-chip memory is accessed in two states. The data busis 16 bits wide, permitting both byte and
word access. Figure 2-15 shows the on-chip memory access cycle. Figure 2-16 indicates the pin
states.

Bus cycle

——Mm P
< T, state —»<«—T,state —»

: W W

Internal address bus >< Address ><

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

Internal write signal ‘ \—/7

Internal data bus -
(write access) > ‘< ‘ Write data >—

Figure 2-15 On-Chip Memory Access Cycle
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2
Address bus >< Address ><
AS, RD, WR — 3 3
! High ! ‘
High imbedance
D7 to Do i T i
Figure2-16 Pin Statesduring On-Chip Memory Access

52




2.9.3 On-Chip Supporting Module Access Timing

The on-chip supporting modules are accessed in three states. The data busis 8 or 16 bits wide,
depending on the register being accessed. Figure 2-17 shows the on-chip supporting module
access timing. Figure 2-18 indicates the pin states.

Bus cycle

— -
e o

-<—T, state —»=—T,state —»r«—T5 State —»

Address bus >< Address X
Internal read signal ! \ : ‘ / w
Read ! ; ; !
access | data b | ! ! |
Internal data bus :>_< Read data :
Internal write signal \ /
Write \ ! ; ‘
access ! : 3 |
Internal data bus — Write data —

Figure 2-17 Access Cyclefor On-Chip Supporting Modules




Address bus ><

AS, RD, HWR, LWR

Figure 2-18 Pin Statesduring Accessto On-Chip Supporting Modules
2.9.4 Accessto External Address Space

The external address spaceis divided into eight areas (areas O to 7). Bus-controller settings
determine whether each areais accessed via an 8-hit or 16-bit bus, and whether it is accessed in
two or three states. For details see section 6, Bus Controller.
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Section 3 MCU Operating Modes

3.1 Overview
3.1.1 Operating Mode Selection

The H8/3032 Series has three operating modes (modes 1 to 3) that are selected by the mode pins
(MD4 and MDg) asindicated in table 3-1. The input at these pins determines expanded mode or
single-chip mode.

Table3-1 Operating Mode Selection

Mode Pins Description
Operating Mode MD; MDD, Address Space Initial Bus Width*l  On-Chip RAM
Mode 1 0 1 1 Mbyte 8 bits Enabled*!
Mode 2 1 0 64 kbytes — Enabled*2
Mode 3 1 1 1 Mbyte — Enabled*2

Notes: 1. In mode 1, if the RAM enable bit (RAME) in the system control register (SYSCR) is
cleared to 0, these addresses become external addresses.
2. In modes 2 and 3, clearing bit RAME of SYSCR to 0 and reading the on-chip RAM
always returns H'FF, and write access is ignored. For details, see section 13.3,
Operation.

For the address space size there are two choices: 64 kbytes or 1 Mbyte.

Modes 1 and 3 support a maximum address space of 1 Mbyte. Mode 2 supports a maximum
address space of 64 kbytes.

The H8/3032 Series can only be used in modes 1 to 3. The inputs at the mode pins must select one
of these three modes. The inputs at the mode pins must not be changed during operation.
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3.1.2 Register Configuration

The H8/3032 Series has a mode control register (MDCR) that indicates the inputs at the mode
pins (MD, to MDg), and a system control register (SY SCR). Table 3-2 summarizes these registers.

Table3-2 Registers

Address* Name Abbreviation R/W Initial Value
H'FFF1 Mode control register MDCR R Undetermined
H'FFF2 System control register SYSCR R/W H'0B

Note: * The lower 16 bits of the address are indicated.
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3.2 Mode Control Register (MDCR)

MDCR is an 8-hit read-only register that indicates the current operating mode of the H8/3032
Series.

Bit 7 6 5 4 3 2 1 0
‘ _ ‘ _ ‘ _ ‘ _ ‘ — ‘ — ‘ MDS1 ‘ MDS0 ‘
Initial value 1 1 0 0 0 1 —* —*
Read/Write — — — — — — R R
Reserved bits Mode select 1 and 0

Bits indicating the current
operating mode

Note: * Determined by pins MD; and MDg.

Bits 7 and 6—Reserved: Read-only bits, alwaysread as 1.
Bits 5 to 3—Reserved: Read-only bits, alwaysread as 0.
Bit 2—Reserved: Read-only bit, alwaysread as 1.

Bits 1 and 0—Mode Select 1 and 0 (MDSL1 and MDS0): These bitsindicate the logic levels at
pins MD, and MDg, (the current operating mode). MDS1 and MDSO0 correspond to MD; and

MDg. MDS1 and MDSO are read-only bits. The mode pin (MD; and MDy) levels are latched
when MDCR isread.
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3.3 System Control Register (SYSCR)

SYSCR is an 8-hit register that controls the operation of the H8/3032 Series.

Bit 7 6 5 4 3 2 1 0
‘ SSBY ‘ STS2 ‘ STS1 ‘ STSO ‘ UE ‘NMIEG‘ — ‘ RAME ‘

Initial value 0 0 0 0 1 0 1 1

Read/Write R/W R/W R/W R/W R/W R/W — R/W
RAM enable
Enables or

disables
on-chip RAM

Reserved bit

NMI edge select
Selects the valid edge
of the NMI input

User bit enable
Selects whether to use Ul bitin CCR 6
as a user bit or an interrupt mask bit

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

Software standby
Enables transition to software standby mode

Bit 7—Software Standby (SSBY): Enables transition to software standby mode. (For further
information about software standby mode see section 16, Power-Down State.)

When software standby mode is exited by an external interrupt, this bit remains set to 1. To clear
this bit, write 0.

Bit 7

SSBY  Description

0 SLEEP instruction causes transition to sleep mode (Initial value)
1 SLEEP instruction causes transition to software standby mode

58



Bits 6 to 4—Standby Timer Select (STS2 to ST S0): These bits select the length of time the CPU
and on-chip supporting modules wait for the internal clock oscillator to settle when software
standby mode is exited by an external interrupt. Set these bits so that the waiting time will be at
least 8 ms at the system clock rate. For further information about waiting time selection, see
section 19.4.3, Selection of Oscillator Waiting Time after Exit from Software Standby Mode.

Bit 6 Bit 5 Bit 4
STS2 STS1 STSO Description

0 0 Waiting time = 8192 states (Initial value)

Waiting time = 16384 states

1
0 Waiting time = 32768 states
1 Waiting time = 65536 states

— Waiting time = 131072 states

Rl Ol O|lO|O

0
1
1
0
1

— lllegal setting

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

Bit 3

UE Description

0 Ul bit in CCR is used as an interrupt mask bit

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

Bit 2—NM|I Edge Select (NMIEG): Selectsthe valid edge of the NMI inpuit.

Bit 2

NMIEG Description

0 An interrupt is requested at the falling edge of NMI (Initial value)
1 An interrupt is requested at the rising edge of NMI

Bit 1—Reserved: Read-only bit, alwaysread as 1.

Bit 0—RAM Enable (RAME): Enables or disables the on-chip RAM. The RAME hit is
initialized by the rising edge of the RES signal. It isnot initialized in software standby mode.

Bit 0

RAME  Description

0 On-chip RAM is disabled

1 On-chip RAM is enabled (Initial value)
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3.4 Operating Mode Descriptions
3.4.1 Mode1l

1-Mbyte address space can be accessed including the on-chip ROM addresses. Port 3 pins
function as data pins D7 to Dg and port 1, 2, and 5 pins function as address pins A9 to Ag. The
address bus width can be selected by setting DDR of ports 1, 2, and 5.

3.4.2 Mode2

Thismode is anormal mode with a 64-kbyte address space which operates using the on-chip
ROM, RAM, and registers. External addresses cannot be accessed. The vector area and stack area
can be saved.

3.4.3 Mode3

This mode is an advanced mode with a 1-Mbyte address space which operates using the on-chip
ROM, RAM, and registers. External addresses cannot be accessed.
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3.5 Pin Functionsin Each Operating Mode

The pin functions of ports 1, 2, 3, 5, and 6 vary depending on the operating mode. Table 3-3
indicates their functions in each operating mode.

Table 3-3 Pin Functionsin Each Mode

Port Mode 1 Modes 2, 3

Port 1 P1,to P15 P1,to P1,

Port 2 P2, to P25 P2, to P2,

Port 3 D; to Dy P3; to P3

Port 5 P55 to P54"1 P55 to P5,

Port 6 WR, RD, AS, P64/WAIT*2 P65 to P63, P6,

Notes: 1. Initial state. These pins function as an address bus by setting the corresponding DDR

bit to 1.

2. The functions of these pins vary depending on the settings in the wait state controller
enable register (WCER), wait control register (WCR), and port data direction register.
3.6 Memory Map in Each Operating Mode

Figure 3-1 shows a memory map of the H8/3032. Figure 3-2 shows a memory map of the
H8/3031. Figure 3-3 shows a memory map of the H8/3030. The address space is divided into
eight areas.
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(first half)

(second half)

Mode 1 Mode 2 Mode 3
(expanded mode with on-chip ROM) (single-chip normal mode) (single-chip advanced mode)
2 3 3
H'00000 7 H'0000 "2 H'00000 YR8
Vector table 90 |n Vector table =3 Vector table o2l
ES (O =] ET| O
———————————————— oT (2 TR E [oh =] TR E s | B
EZ|e EZ ES|o
588 28 =8|35
HOOOFF f---------------- T BE R HOOFF f--------mmmmeeee R HOOOFF [ ------------mo- eS| ®
c|oc c c|l o
a7 - =
o= [=}
0ne [}
On-chip ROM ? On-chip ROM ?
o . o
gﬂ On-chip ROM Q
HO7FFF | | S HO7FFF [ ¥ __
H'OFFFF H'F70F H'OFFFF
H'10000 HFE710
Area 0
H1FFFF | | .
::gg‘;"’:‘; Area 1 On-chip RAM
H'40000 Area 2
HSFFFF |
HYGOOOO Area 3 [ S o
H7FFFF | __ External __|.__________ :Eggg
H'80000 QL
. addresses Area 4 L9
HOFFFFE | e HFE1C 29
’, i
HIAOOOO Area 5 ?é
HIBFFFF ——————————————————————————— On-chip registers | | 2 @
H'C0000 Area 6 ©
HDFFFF| | H'FFFF A\
H'E0000
Area 7
s I HIFB00Q ~-------=-n=-msmomooopoee
H'FF70F HFF710
H'FF710
a -chip RAM
On-chip RAM* & On-chip 4
173 1723
<P 3
X et = = T B L =
HFFFoO [TV RE HFFFO0 §
HFFFOR g %g H'FFFOF 8 18
. a |3 5
H'FFF10 @ § § g §
External 5 |8 S |8
addresses $ S s |z
2 © i) T
HFFF1B Ea =R
HFFF1C 2 HFFF1C 2
© ©
On-chip register 5 On-chip registers | | &
® )
HFFFFF [ 1Y . . H'FFFFF .

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

Figure3-1 H8/3032 Memory Map in Each Operating M ode
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Mode 1 Mode 2 Mode 3
(expanded mode with on-chip ROM) (single-chip normal mode) (single-chip advanced mode)
3 3 8
H'00000 'S H'0000 132 H'00000 =Y.
Vector table 20 o Vector table op Vector table o0 g
7777777777777777 538 || B | |58
ES |8 ES E8|8
=20 |5 =0 20|35
. 20 e . 290 y 20 s
HOOOFF [----=------m-- HBE RS HOOFF [------m-mmmeoe s HOOOFF [ ----=------mee oE|sF
£|2<c £ £ 2<c
=6 El)
2< 2<
On-chip ROM < On-chip ROM ©
= . =
& On-chip ROM )
- -
HO7FFF | I I HO7FPPFR L | Y __
Reserved
H'OFFFF H'7FFF
H'10000
: Area 0
i S e HFB10
H Area 1
H3FFFF | .
H'40000 On-chip RAM
Area 2
HSFFFF | .
H'60000 aeas | e
H7FFFF |___ External -_J-_.._______ H'FFO0
H.80000 addresses Area 4 H'FFOF % P
b s
) Area 5 © g
HIBFFFF ——————————————————————————— On-chip registers | | €
HICOOOO Area 6 ©
:Egggg 777777777777777777777777777 HFFFF
Area 7
WEsooo | T - H'F8000 -----------------mmomo
HFF710 Reserved
H'FFBOF H'FFB10
H'FFB10
2 On-chip RAM "
’ . 2 ]
On-chip RAM™® S 2
777777777777777777777 T " [ IS =
HEFFOO Eg H'FFFO0 £5
H'FFFOF 2 |SE ' 2 |22
HFFF10 2 1338 FIFFFOR 235
@ |83 O |90
External % = s |]S
addresses © -E g 5
HFFF1B =l ERE]
H'FFF1C 2 HFFF1C 2
: g
On-chip register 5 On-chip registers | | 5
@ ®
HFFFFF_ |y HFFFFF . A

Notes: 1. External addresses can be accessed by disabling on-chip ROM.
2. Do not accessed reserved areas.

Figure 3-2 H8/3031 Memory Map in Each Operating M ode
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Mode 3

(single-chip advanced mode)

H'00000

H'000FF

H'03FFF

HOFFFF
H'10000

H'1FFFF
H'20000
H'3FFFF
H'40000
H'SFFFF
H'60000
H7FFFF
H'80000
H'OFFFF
H'A0000
HBFFFF
H'C0000
H'DFFFF
H'E0000

H'F8000

H'FF710
H'FFDOF

H'FFD10

HFFF00
HFFFOF
HFFF10

H'FFF1B
H'FFF1C

HFFFFF

Mode 1 Mode 2
(with on-chip ROM) (single-chip normal mode)
] 3
TE21 H'0000 122
Vector table 9L o Vector table oL
£S5 |0 £S5
7777777777777777 oT |2 - [ =1
£ES|3 ES
283 28
T
7777777777777777 Flmms @ H'OOFF f----------------|- - =
®E |8 “g
£ |85 £
o=
ne
On-chip ROM s
3 .
& On-chip ROM
-
Reserved
H'3FFF
Area 0
”””””””””””””” H'FD10
Area 1
Area 2 On-chip RAM
Area3 |  pemeeeooeoooe-
___ External __| __________ H'FF00
addresses Area 4 H'FFOF % 2
——————————————————————————— HFF1C 24
o0
Area 5 fg
——————————————————————————— On-chip registers | | @ ®
Area 6 ®
,,,,,,,,,,,,,,,,,,,,,,,,,,, H'FFFF
Area 7
Reserved
1%}
[
. a
On-chip RAM"! 14
SE
””””””””””” EE
0 27T
Q S5
2 |83
o _Dfni
External g |=
addresses S
= ©
=} -
°
0
Qo
©
On-chip register | |3
)

H'00000

H'000FF

H'O3FFF

Vector table

On-chip ROM

ot -

8-bit memory-
indirect addresses

16-bit absolute addresses

(first half)

HF8000 --------------mmmme

HFFD10

HFFF00

HFFFOF

HFFF1C

HFFFFF

On-chip RAM

On-chip registers

8-bit absolute addresses

16-bit absolute addresses
(second half)

Notes: 1. External addresses can be accessed by disabling on-chip ROM.
2. Do not accessed reserved areas.

Figure 3-3 H8/3030 Memory Map in Each Operating M ode
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Section 4 Exception Handling

4.1 Overview
4.1.1 Exception Handling Typesand Priority

Astable 4-1 indicates, exception handling may be caused by areset, trap instruction, or interrupt.
Exception handling is prioritized as shown in table 4-1. If two or more exceptions occur
simultaneously, they are accepted and processed in priority order. Trap instruction exceptions are
accepted at al timesin the program execution state.

Table4-1 Exception Typesand Priority

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

Low Trap instruction (TRAPA) Started by execution of a trap instruction (TRAPA)

4.1.2 Exception Handling Operation

Exceptions originate from various sources. Trap instructions and interrupts are handled as follows.
1. The program counter (PC) and condition code register (CCR) are pushed onto the stack.

2. The CCRinterrupt mask bit isset to 1.

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

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

The exception sources are classified as shown in figure 4-1. Different vectors are assigned to
different exception sources. Table 4-2 lists the exception sources and their vector addresses.

* Reset
External interrupts: NMI, IRQ to IRQ,

Exception

sources * Interrupts

Internal interrupts: 21 interrupts from on-chip
supporting modules

 Trap instruction

Figure4-1 Exception Sources

Table4-2 Exception Vector Table

Exception Source Vector Number

Vector Address*?

Advanced Mode

Normal Mode

H'0000 to H'0003

H'0000 to H'0001

H'0004 to H'0007

H'0002 to H'0003

H'0008 to H'000B

H'0004 to H'0005

H'000C to H'000F

H'0006 to H'0007

H'0010 to H'0013

H'0008 to H'0009

H'0014 to H'0017

H'000A to H'000B

H'0018 to H'001B

H'000C to H'000D

H'001C to H'001F

H'000E to H'000F

H'0020 to H'0023

H'0010 to H'0011

H'0024 to H'0027

H'0012 to H'0013

H'0028 to H'002B

H'0014 to H'0015

H'002C to H'002F

H'0016 to H'0017

H'0030 to H'0033

H'0018 to H'0019

H'0034 to H'0037

H'001A to H'001B

H'0038 to H'003B

H'001C to H'001D

H'003C to H'003F

H'001E to H'O01F

H'0040 to H'0043

H'0020 to H'0021

H'0044 to H'0047

H'0022 to H'0023

H'0048 to H'004B

H'0024 to H'0025

H'004C to H'004F

H'0026 to H'0027

Reset 0
Reserved for system use 1
2
3
4
5
6
External interrupt (NMI) 7
Trap instruction (4 sources) 8
9
10
11
External interrupt  IRQq 12
IRQq 13
IRQ, 14
IRQ3 15
IRQ,4 16
Reserved for system use 17
18
19
Internal interrupts*2 20
to
60

H'0050 to H'0053
to
H'00FO to H'O0F3

H'0028 to H'0029

H'0078 to H'0079

Notes: 1. Lower 16 bits of the address.

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

A reset is the highest-priority exception. When the RES pin goes low, all processing halts and the
H8/3032 Series enters the reset state. A reset initializes the internal state of the CPU and the
registers of the on-chip supporting modules. Reset exception handling begins when the RES pin
changes from low to high.

The H8/3032 Series can also be reset by overflow of the watchdog timer. For details see section
10, Watchdog Timer.

4.2.2 Reset Sequence
The H8/3032 Series enters the reset state when the RES pin goes low.

To ensure that the H8/3032 Seriesis reset, hold the RES pin low for at least 20 ms at power-up. To
reset the H8/3032 Series during operation, hold the RES pin low for at least 10 system clock (g)
cycles. See appendix D.2, Pin States at Reset, for the states of the pinsin the reset state.

When the RES pin goes high after being held low for the necessary time, the H8/3032 Series starts
reset exception handling as follows.

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

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

Figure 4-2 shows the reset sequence in modes 1 and 3. Figure 4-3 shows the reset sequence in
mode 2.
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(€ pue T sapo N) souenbes BSRY 2-79.nbi

Prefetch of
Internal first program
Vector fetch processing instruction

g JU ULy L
Qggress 1) >< (3)% >< ®) ><

Internal write
signal

On chip data 2 (4) (6)

Internal read
AN/ AN A N N

(1), (3) Address of reset vector: (1) = H'00000, (3) = H'00002
(2), (4) sStart address (contents of reset vector)

(5) Start address

(6) First instruction of program

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




Internal

Vector fetch processing Prefetch of first

program instruction

RES

Address bus >< (1) X (3

WR | High !

D;5 to Dy

(1), (3) Address of reset vector: (1) = H'00000, (3) = H'00002
(2), (4) Start address (contents of reset vector)

5) Start address

(6) First instruction of program

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

Figure4-3 Reset Sequence (Mode 2)
4.2.3 Interrupts after Reset

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

Interrupt exception handling can be requested by nine external sources (NMI, IRQq to IRQ,) and
21 internal sources in the on-chip supporting modules. Figure 4-4 classifies the interrupt sources
and indicates the number of interrupts of each type.

The on-chip supporting modules that can request interrupts are the watchdog timer (WDT), 16-bit
integrated timer unit (1TU), serial communication interface (SCI), and A/D converter. Each
interrupt source has a separate vector address.

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

For details on interrupts see section 5, Interrupt Controller.

. NMI (1)
External interrupts { IRQ, 10 IRQ, (5)

Interrupts
WDT" (1)

| . ITU (15)
nterna |nterrupts scl (4)

A/D converter (1)

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

Figure4-4 Interrupt Sourcesand Number of Interrupts
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4.4 Trap Instruction

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

Figure 4-5 shows the stack after completion of trap instruction exception handling and interrupt
exception handling.

SP-4
SP-3
SP-2
SP-1
SP (ER7) -

SP-4
SP-3
SP-2
SP-1
SP (ER7) -

Legend
PCE:
PCH:
PCL:
CCR:
SP:

\/\

Stack area

\/\

SP (ER7) -
SP+1
SP+2
SP+3
SP+4

\/\

CCR

CCR*

PChy

PC_

\/\

Before exception handling ——— After exception handling

Save on stack

a. Normal mode

\/\

Stack area

\/\

SP (ER7) -
SP+1
SP+2
SP+3
SP+4

\/\

CCR

PCg

PCH

PCL

\/\

Before exception handing ———  After exception handling

Save on stack

b. Advanced mode

Bits 23 to 16 of program counter (PC)
Bits 15 to 8 of program counter (PC)
Bits 7 to O of program counter (PC)
Condition code register

Stack pointer

Notes: * Ignored upon return.
1. This is the address of the first instruction executed after return.
2. Saving and restoring of registers must be conducted at even addresses in word-size

or longword-size units.

Even address

Even address

Figure4-5 Stack after Completion of Exception Handling
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4.6 Noteson Stack Usage

When accessing word data or longword data, the H8/3032 Series regards the lowest address bit as
0. The stack should always be accessed by word access or longword access, and the value of the
stack pointer (SP, ER7) should always be kept even. Use the following instructions to save
registers:

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

Use the following instructions to restore registers:

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

Setting SP to an odd value may lead to a malfunction. Figure 4-6 shows an example of what
happens when the SP valueis odd.

CCR Sp—> RIL HFFFEFA

sp—= HFFFEFB
I PC | i PC | Hrrrerc

I | i | HrererD
77777777777777777777777777777777777777 HFFFEFF

SP —>

TRAPA instruction executed MOV. B RIL, @-ER7
_— _—
SP set to H'FFFEFF Data saved above SP CCR contents lost

Legend

CCR: Condition code register
PC: Program counter

R1L: General register R1L
SP: Stack pointer

Note: The diagram illustrates modes 1 and 3.

Figure4-6 Operation when SP Valueis Odd
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Section 5 Interrupt Controller

5.1 Overview

5.1.1 Features

The interrupt controller has the following features:

* Interrupt priority registers (IPRs) for setting interrupt priorities

Interrupts other than NMI can be assigned to two priority levels on a module-by-module basis
ininterrupt priority registers A and B (IPRA and IPRB).

»  Three-level masking by the | and Ul bitsin the CPU condition code register (CCR)
*  Independent vector addresses

All interrupts are independently vectored; the interrupt service routine does not have to
identify the interrupt source.

e Six externa interrupt pins

NMI has the highest priority and is always accepted; either the rising or falling edge can be
selected. For each of IRQg to IRQy, sensing of the falling edge or level sensing can be
selected independently.
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5.1.2 Block Diagram

Figure 5-1 shows a block diagram of the interrupt controller.

CPU

ul

liIscR| [IER | | IPRA,IPRB |
NMI _
input o
Y Y
; »| IRQinput -
IRQ input section ISR
Interrupt
OVF | Priority | "equest
TME decision logic
Vector
j:) > number
ADI - |
ADIE I ?
Interrupt controller ( lo—
UE
SYSCR
Legend

I: Interrupt mask bit

IER: IRQ enable register

IPRA:  Interrupt priority register A
IPRB: Interrupt priority register B
ISCR: IRQ sense control register

ISR: IRQ status register
SYSCR: System control register
UE: User bit enable

ul: User bit/interrupt mask bit

CCR

Figure5-1 Interrupt Controller Block Diagram
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5.1.3 Pin Configuration
Table 5-1 lists the interrupt pins.

Table5-1 Interrupt Pins

Name Abbreviation /O Function

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

External interrupt request 4to 0 IRQ,4t0 IRQy Input  Maskable interrupts, falling edge or

level sensing selectable

5.1.4 Register Configuration
Table 5-2 lists the registers of the interrupt controller.

Table5-2 Interrupt Controller Registers

Address*1 Name Abbreviation R/W Initial Value
H'FFF2 System control register SYSCR R/W H'0B
H'FFF4 IRQ sense control register ISCR R/W H'00
H'FFF5 IRQ enable register IER R/W H'00
H'FFF6 IRQ status register ISR R/(W)*2  H'00
H'FFF8 Interrupt priority register A IPRA R/W H'00
H'FFF9 Interrupt priority register B IPRB R/W H'00

Notes: 1. Lower 16 bits of the address.
2. Only 0 can be written, to clear flags.
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5.2 Register Descriptions
5.2.1 System Control Register (SYSCR)

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

Only hits 3 and 2 are described here. For the other bits, see section 3.3, System Control Register
(SYSCR).

SYSCRisinitialized to H'OB by areset and in hardware standby mode. It isnot initialized in
software standby mode.

Bit 7 6 5 4 3 2 1 0
‘ SSBY ‘ STS2 ‘ STS1 ‘ STSO ‘ UE ‘NMIEG ‘ — ‘ RAME ‘

Initial value 0 0 0 0 1 0 1 1

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
RAM enable

Reserved bit

Standby timer NMI edge select
select 2to 0 Selects the NMI input edge
Software standby User bit enable

Selects whether to use CCR bit 6
as a user bit or interrupt mask bit

78



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

Bit 3

UE Description

0 Ul bit in CCR is used as interrupt mask bit

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

Bit 2—NMI Edge Select (NMIEG): Selectsthe NMI input edge.

Bit 2

NMIEG Description

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

5.2.2 Interrupt Priority RegistersA and B (IPRA, IPRB)

IPRA and IPRB are 8-bit readable/writable registers that control interrupt priority.
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Interrupt Priority Register A (IPRA): IPRA isan 8-bit readable/writable register in which
interrupt priority levels can be set.

Bit 7 6 5 4 3 2 1 0

‘ IPRA7 ‘ IPRAG ‘ IPRAS ‘ IPRA4 ‘ IPRA3 ‘ IPRA2 ‘ IPRA1 ‘ IPRAO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Priority
level AO
Selects the
priority level
of ITU
channel 2
interrupt
requests

Priority level Al
Selects the priority level
of ITU channel 1
interrupt requests

Priority level A2
Selects the priority level of
ITU channel 0 interrupt requests

Priority level A3
Selects the priority level of WDT
interrupt requests

Priority level A4
Selects the priority level of IRQ,4
interrupt requests

Priority level A5
Selects the priority level of IRQ, and IRQ3 interrupt requests

Priority level A6
Selects the priority level of IRQ interrupt requests

Priority level A7
Selects the priority level of IRQ interrupt requests

IPRA isinitialized to H'00 by areset and in hardware standby mode.
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Bit 7—Priority Level A7 (IPRA7): Selects the priority level of IRQg interrupt requests.

Bit 7

IPRA7  Description

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

Bit 6—Priority Level A6 (IPRAG): Selects the priority level of IRQ; interrupt requests.

Bit 6

IPRA6  Description

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

Bit 5—Priority Level A5 (IPRAS): Selects the priority level of IRQ, and IRQ3 interrupt
requests.

Bit 5

IPRA5  Description

0 IRQ, and IRQ5 interrupt requests have priority level O (low priority) (Initial value)
1 IRQ, and IRQj interrupt requests have priority level 1 (high priority)

Bit 4——Priority Level A4 (IPRA4): Selects the priority level of IRQy interrupt requests.

Bit 4

IPRA4  Description

0 IRQ, interrupt requests have priority level O (low priority) (Initial value)
1 IRQ, interrupt requests have priority level 1 (high priority)
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Bit 3—Priority Level A3 (IPRA3): Selects the priority level of WDT interrupt requests.

Bit 3

IPRA3  Description

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

Bit 2—Priority Level A2 (IPRA2): Selectsthe priority level of ITU channel O interrupt requests.

Bit 2

IPRA2  Description

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

Bit 1—Priority Level A1 (IPRA1): Sdlectsthe priority level of ITU channel 1 interrupt requests.

Bit 1

IPRA1 Description

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

Bit 0—Priority Level AO (IPRAOQ): Selects the priority level of ITU channdl 2 interrupt requests.

Bit 0

IPRAO  Description

0 ITU channel 2 interrupt requests have priority level O (low priority) (Initial value)
1 ITU channel 2 interrupt requests have priority level 1 (high priority)
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Interrupt Priority Register B (IPRB): IPRB isan 8-bit readable/writable register in which
interrupt priority levels can be set.

Bit 7 6 5 4 3 2 1 0

‘ IPRB7 ‘ IPRBG‘ — ‘ — ‘ IPRB3 ‘ — ‘ IPRB1 ‘ — ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Reserved bit

Priority level B1
Selects the priority level
of A/D converter
interrupt request

Reserved bit

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

Reserved bits

Priority level B6
Selects the priority level of ITU channel 4 interrupt requests

Priority level B7
Selects the priority level of ITU channel 3 interrupt requests

IPRB isinitialized to H'00 by areset and in hardware standby mode.
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Bit 7—Priority Level B7 (IPRB7): Selectsthe priority level of ITU channel 3 interrupt requests.

Bit 7

IPRB7  Description

0 ITU channel 3 interrupt requests have priority level O (low priority) (Initial value)
1 ITU channel 3 interrupt requests have priority level 1 (high priority)

Bit 6—Priority Level B6 (IPRB6): Selectsthe priority level of ITU channel 4 interrupt requests.

Bit 6

IPRB6  Description

0 ITU channel 4 interrupt requests have priority level O (low priority) (Initial value)
1 ITU channel 4 interrupt requests have priority level 1 (high priority)

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

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

Bit 3

IPRB3 Description

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

Bit 2—Reserved: This bit can be written and read, but it does not affect interrupt priority.

Bit 1—Priority Level B1 (IPRB1): Selectsthe priority level of A/D converter interrupt requests.

Bit 1

IPRB1 Description

0 A/D converter interrupt requests have priority level O (low priority) (Initial value)
1 A/D converter interrupt requests have priority level 1 (high priority)

Bit 0—Reserved: Thisbit can be written and read, but it does not affect interrupt priority.
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5.2.3 IRQ Status Register (ISR)

ISR is an 8-hit readable/writable register that indicates the status of IRQq to IRQ, interrupt
reguests.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ IRQ4F ‘ IRQ3F ‘ IRQ2F ‘ IRQ1F ‘ IRQOF
Initial value 0 0 0 0 0 0 0 0

Read/Write  RI(W)*  RIWY RIWY RIWY RIWY  RIW}  RIWY  RI(WY

Reserved bits IRQ,4 to IRQ, flags
These bits indicate IRQ4 to IRQq
interrupt request status

Note: * Only 0 can be written, to clear flags.
ISR isinitialized to H'00 by areset and in hardware standby mode.
Bits 7 to 5—Reserved: Read-only bits, alwaysread as 0.

Bits4to 0—IRQ,4 to IRQq Flags (IRQ4F to IRQOF): These bits indicate the status of IRQ,4 to
IRQ interrupt requests.

Bits 4t0 0
IRQ4F to IRQOF  Description

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

1 [Setting conditions]
IRQNSC =0 and IRQn input is low.
IRQNSC =1 and IRQn input changes from high to low.

Note: n=41t00
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5.2.4 |RQ Enable Register (IER)

IER is an 8-bit readable/writable register that enables or disables IRQ to IRQ, interrupt requests.

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

These bits enable or disable
IRQ4 to IRQgq interrupts

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

Bits 7 to 5—Reserved: These bits can be written and read, but they do not enable or disable
interrupts.

Bits4to 0—IRQ,4 to IRQq Enable (IRQ7E to IRQOE): These bits enable or disable IRQ,4 to
IRQq interrupts.

Bits 4to O

IRQ4E to IRQOE  Description

0 IRQ,4 to IRQq interrupts are disabled (Initial value)
1 IRQ, to IRQy interrupts are enabled
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5.25 IRQ Sense Control Register (ISCR)

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

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ IRQ4SC‘ IRQ3SC ‘ IRQZSC‘ IRQ1SC ‘ IRQOSC ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Reserved bit IRQ4 to IRQq sense control

These bits select level sensing or falling-edge
sensing for IRQ,4 to IRQgq interrupts

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

Bits 7 to 5—Reserved: These bits can be written and read, but they do not select level or falling-
edge sensing.

Bits4to 0—IRQ,4 to IRQq Sense Control (IRQ4SC to IRQOSC): These bits selects whether
interrupts IRQ,4 to IRQy are requested by level sensing of pins IRQ, to IRQg, or by falling-edge
sensing.

Bits 4to 0

IRQ4SC to IRQOSC Description

0 Interrupts are requested when IRQ,4 to IRQq inputs are low  (Initial value)
1 Interrupts are requested by falling-edge input at IRQ,4 to IRQ
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5.3 Interrupt Sources
The interrupt sourcesinclude external interrupts (NMI, IRQq to IRQ,4) and 21 internal interrupts.
5.3.1 External Interrupts

There are six external interrupts: NMI, and IRQg to IRQ,. Of these, NMI, IRQy, IRQq, and IRQ,
can be used to exit software standby mode.

NMI: NMI isthe highest-priority interrupt and is always accepted, regardless of the states of the
| and Ul bitsin CCR. The NMIEG hit in SY SCR selects whether an interrupt is requested by the
rising or falling edge of the input at the NMI pin. NMI interrupt exception handling has vector
number 7.

IRQq to IRQ, Interrupts: These interrupts are requested by input signals at pins IRQq to IRQy.
The IRQq to IRQ, interrupts have the following features.

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

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

* Thestatus of IRQq to IRQ, interrupt requestsisindicated in ISR. The ISR flags can be
cleared to O by software.

Figure 5-2 shows a block diagram of interrupts IRQq to IRQy.

IRQNSC IRQNE
l IRQNF
Edge/level - s Q IRQn interrupt
> sense circuit request
IRQn input f R
Clear signal

Note: n=41t00

Figure5-2 Block Diagram of InterruptsIRQqpto IRQ,
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Figure 5-3 shows the timing of the setting of the interrupt flags (IRQNF).

IRQN
input pin

IRQNF

Figure5-3 Timing of Setting of IRQnF

Interrupts IRQg to IRQ,4 have vector numbers 12 to 16. These interrupts are detected regardless of
whether the corresponding pin is set for input or output. When using a pin for external interrupt
input, clear its DDR bit to 0 and do not use the pin for chip select output, refresh output, or SCI
input or output.

5.3.2 Internal Interrupts
Twenty-one internal interrupts are requested from the on-chip supporting modules.

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

e Interrupt priority levels can be assigned in IPRA and IPRB.
5.3.3 Interrupt Vector Table

Table 5-3 lists the interrupt sources, their vector addresses, and their default priority order. In the
default priority order, smaller vector numbers have higher priority. The priority of interrupts other
than NMI can be changed in IPRA and IPRB. The priority order after areset isthe default order
shown in table 5-3.
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Table5-3 Interrupt Sources, Vector Addresses, and Priority

Vector Address*

Interrupt Source Origin \N/i%?)rer Advanced Mode Normal Mode IPR Priority
NMI External pins 7 H'001C to H'001F H'O00E to H'O0O0OF — High
IRQq 12 H'0030 to H'0033  H'0018 to H'0019 IPRA7 A
IRQq 13 H'0034 to HO037  H'001A to H'001B IPRA6
IRQ, 14 H'0038 to H'003B H'001C to H'001D IPRA5
IRQ3 15 H'003C to H'003F H'001E to H'001F
IRQ, 16 H'0040 to H'0043  H'0020 to H'0021 IPRA4
Reserved — 17 H'0044 to H'0047 H'0022 to H'0023

18 H'0048 to H'004B  H'0024 to H'0025

19 H'004C to H'004F H'0026 to H'0027
WOVI (interval timer) Watchdog timer 20 H'0050 to H'0053 H'0028 to H'0029 IPRA3
Reserved — 21 H'0054 to H'0057  H'002A to H'002B

22 H'0058 to H'005B  H'002C to H'002D

23 H'005C to H'005F H'002E to H'002F
IMIAO (compare match/ ITU channel0 24 H'0060 to H'0063 H'0030 to H'0031 IPRA2
input capture AQ)
IMIBO (compare match/ 25 H'0064 to H'0067  H'0032 to H'0033
input capture BO)
OVI0 (overflow 0) 26 H'0068 to H'006B  H'0034 to H'0035
Reserved — 27 H'006C to H'006F H'0036 to H'0037
IMIAL (compare match/ ITU channel1 28 H'0070 to H'0073 H'0038 to H'0039 IPRA1
input capture Al)
IMIB1 (compare match/ 29 H'0074 to H'0077 H'0O03A to H'003B
input capture B1)
OVI1 (overflow 1) 30 H'0078 to H'007B  H'003C to H'003D
Reserved — 31 H'007C to H'007F H'003E to H'003F
IMIA2 (compare match/ ITU channel 2 32 H'0080 to H'0083  H'0040 to H'0041 IPRAO
input capture A2)
IMIB2 (compare match/ 33 H'0084 to H'0087 H'0042 to H'0043
input capture B2)
OVI2 (overflow 2) 34 H'0088 to H'008B  H'0044 to H'0045
Reserved — 35 H'008C to H'008F H'0046 to H'0047

Note: * Lower 16 bits of the address.
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Table5-3 Interrupt Sources, Vector Addresses, and Priority (cont)

Vector Address*

Interrupt Source Origin \l\/li(;:;)rer Advanced Mode Normal Mode IPR Priority
IMIA3 (compare match/  ITU channel 3 36 H'0090 to H'0093  H'0048 to H'0049 IPRB7 A
input capture A3)
IMIB3 (compare match/ 37 H'0094 to H'0097 H'004A to H'004B
input capture B3)
OVI3 (overflow 3) 38 H'0098 to H'009B H'004C to H'004D
Reserved — 39 H'009C to H'009F H'004E to H'004F
IMIA4 (compare match/ ITU channel 4 40 H'00AO to H'0O0A3 H'0050 to H'0051 IPRB6
input capture A4)
IMIB4 (compare match/ 41 H'00A4 to H'O0A7 H'0052 to H'0053
input capture B4)
OVI4 (overflow 4) 42 H'00A8 to H'0O0OAB H'0054 to H'0055
Reserved — 43 H'00AC to H'O0OAF H'0056 to H'0057
Reserved — 44 H'00BO to H'00B3 H'0058 to H'0059 —
45 H'00B4 to H'00B7 H'005A to H'005B
46 H'00B8 to H'00BB H'005C to H'005D
47 H'00BC to H'00BF H'005E to H'005F
48 H'00CO to H'00C3 H'0060 to H'0061
49 H'00C4 to H'00C7 H'0062 to H'0063
50 H'00C8 to H'00CB H'0064 to H'0065
51 H'00CC to H'OOCF H'0066 to H'0067
ERIO (receive error) SCI 52 H'00DO to H'00D3 H'0068 to H'0069 IPRB3
RXIO (receive data 53 H'00D4 to H'00D7 H'006A to H'006B
full)
TXIO (transmit data 54 H'00D8 to H'00DB H'006C to H'006D
empty)
TEIO (transmit end) 55 H'00DC to H'0OODF H'006E to H'006F
Reserved — 56 H'00EO to H'OOE3 H'0070 to H'0071 IPRB2
57 H'O0E4 to H'OOE7 H'0072 to H'0073
58 H'00E8 to H'0O0EB H'0074 to H'0075
59 H'00EC to H'0OEF H'0076 to H'0077
ADI (A/D end) A/D 60 H'O0FO0 to H'OOF3 H'0078 to H'0079 IPRB1 Low

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

5.4.1 Interrupt Handling Process

The H8/3032 Series handles interrupts differently depending on the setting of the UE bit. When

UE = 1, interrupts are controlled by the | bit. When UE = 0, interrupts are controlled by the | and

Ul bits. Table 5-4 indicates how interrupts are handled for all setting combinations of the UE, I,

and Ul hits.

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

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

SYSCR CCR

UE | ul Description
1 0 — All interrupts are accepted. Interrupts with priority level 1 have higher
priority.
1 — No interrupts are accepted except NMI.
0 0 — All interrupts are accepted. Interrupts with priority level 1 have higher
priority.
1 0 NMI and interrupts with priority level 1 are accepted.

No interrupts are accepted except NMI.

UE = 1: Interrupts IRQ to IRQ,4 and interrupts from the on-chip supporting modules can all be
masked by the | bit in the CPU’s CCR. Interrupts are masked when the | bit isset to 1, and
unmasked when the | bit is cleared to 0. Interrupts with priority level 1 have higher priority.
Figure 5-4 is aflowchart showing how interrupts are accepted when UE = 1.
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If an interrupt condition occurs and the corresponding interrupt enable bit isset to 1, an
interrupt request is sent to the interrupt controller.

When the interrupt controller receives one or more interrupt requests, it selects the highest-
priority request, following the IPR interrupt priority settings, and holds other requests
pending. If two or more interrupts with the same | PR setting are requested simultaneously, the
interrupt controller follows the priority order shown in table 5-3.

The interrupt controller checksthe | bit. If the | bit is cleared to 0, the selected interrupt
request is accepted. If the | bit isset to 1, only NMI is accepted; other interrupt requests are
held pending.

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

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

Next the | bitisset to 1 in CCR, masking all interrupts except NMI.

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

UE =0: Thel and Ul bitsin the CPU’s CCR and the IPR hits enable three-level masking of IRQg
to IRQy interrupts and interrupts from the on-chip supporting modul es.

Interrupt requests with priority level 0 are masked when the | bit is set to 1, and are unmasked
when the | bit is cleared to 0.

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

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

a If1=0, al interrupts are unmasked (priority order: NMI > IRQ, > IRQ3 >IRQy ...).
b. If I =21and Ul =0, only NMI, IRQ,, and IRQ3 are unmasked.
c. Ifl =1and Ul =1, al interrupts are masked except NMI.
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Figure 5-5 shows the transitions among the above states.

1<0
a. All interrupts are - <1 Ul-0 b. Only NMI, IRQ,, and
unmasked ! - IRQ3 are unmasked

Exception handling,
orl <1,Ul <1

Ul <0
Exception handling,
oruUl <1

c. Allinterrupts are
masked except NMI

Figure5-5 Interrupt Masking State Transitions (Example)
Figure 5-6 is aflowchart showing how interrupts are accepted when UE = 0.

« |f aninterrupt condition occurs and the corresponding interrupt enable bit isset to 1, an
interrupt request is sent to the interrupt controller.

e When theinterrupt controller receives one or more interrupt requests, it selects the highest-
priority request, following the PR interrupt priority settings, and holds other requests
pending. If two or more interrupts with the same I PR setting are requested simultaneously, the
interrupt controller follows the priority order shown in table 5-3.

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

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

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

e Thel and Ul bitsare set to 1 in CCR, masking all interrupts except NMI.
»  Thevector address of the accepted interrupt is generated, and the interrupt service routine

starts executing from the address indicated by the contents of the vector address.
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5.4.3 Interrupt Response Time

Table 5-5 indicates the interrupt response time from the occurrence of an interrupt request until
the first instruction of the interrupt service routine is executed.

Table5-5 Interrupt Response Time

External Memory

on-Chip 8-Bit Bus
No. Item Memory 2 States 3 States
1 Interrupt priority decision 2*1 2*1 2*1
Maximum number of states 1to 23 1to 27 1to 314
until end of current instruction
3 Saving PC and CCR to stack 4 8 1274
4 Vector fetch 4 8 124
5 Instruction prefetch*2 4 8 12*4
6 Internal processing*3 4 4 4
Total 19to 41 31to 57 43t0 73

Notes: 1. 1 state for internal interrupts.
2. Prefetch after the interrupt is accepted and prefetch of the first instruction in the interrupt
service routine.
3. Internal processing after the interrupt is accepted and internal processing after prefetch.
4. The number of states increases if wait states are inserted in external memory access.
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5.5 Usage Notes
5.5.1 Contention between Interrupt and Interrupt-Disabling I nstruction

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

Figure 5-8 shows an example in which an IMIEA bitisclearedto Ointhe ITU.

, TIER write cycle by CPU IMIA exception handling

Internal | |
address bus >< TIER address >< ><

Internal
write signal

IMIEA

IMIA

IMFA interrupt

signal - |

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

Thistype of contention will not occur if the interrupt is masked when the interrupt enable bit or
flag iscleared to 0.
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5.5.2 Instructionsthat Inhibit Interrupts

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

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

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

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

L1: EEPMOV. W
MOV. W R4, R4
BNE L1
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Section 6 Bus Controller

6.1 Overview

The H8/3032 Series has an on-chip bus controller that divides the external address space into eight
areas and can assign different bus specifications to each. This enables different types of memory
to be connected easily.

A bus arbitration function of the bus controller controls the operation of the DMA controller
(DMAC) and refresh controller. The bus controller can also release the bus to an external device.

6.1.1 Features
Features of the bus controller are listed below.
*  Independent settings for address areas 0 to 7

— 128-kbyte areas in 1-Mbyte mode.
— Areas can be designated for two-state or three-state access.

e Four wait modes

— Programmable wait mode, pin auto-wait mode, and pin wait modes 0 and 1 can be
selected.
— Zero to three wait states can be inserted automatically.
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6.1.2 Block Diagram

Figure 6-1 shows a block diagram of the bus controller.

Internal
address bus

L

WAIT

Area
decoder

ASTCR

WCER

Bus control
circuit

Legend

ASTCR: Access state control register
WCER: Wait state controller enable register
WCR: Wait control register

Wait-state
controller

WCR

Internal data bus

>

ccess state control signal
Wait request signal
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6.1.3 Input/Output Pins

Table 6-1 summarizes the bus controller’s input/output pins.

Table6-1 BusController Pins

Name Abbreviation /O Function

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

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

Write WR Output  Strobe signal indicating writing to the external
address space, with valid data on the data bus

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

state-access areas

6.1.4 Register Configuration

Table 6-2 summarizes the bus controller’s registers.

Table6-2 BusController Registers

Address* Name Abbreviation R/W Initial Value
H'FFED Access state control register ASTCR R/W H'FF
H'FFEE Wait control register WCR R/W H'F3
H'FFEF Wait state controller enable register WCER R/W H'FF

Note: * Lower 16 bits of the address.
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6.2 Register Descriptions
6.2.1 Access State Control Register (ASTCR)

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

Bit 7 6 5 4 3 2 1 0

‘ AST7 ‘ AST6 ‘ AST5 ‘ AST4 ‘ AST3 ‘ AST2 ‘ AST1 ‘ ASTO ‘
Initial value 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Bits selecting number of states for access to each area

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

Bits 7 to 0—Area 7 to 0 Access State Control (AST7 to ASTO0): These hits select whether the
corresponding areais accessed in two or three states.

Bits 7to O

AST7to ASTO  Description

0 Areas 7 to 0 are accessed in two states

1 Areas 7 to 0 are accessed in three states (Initial value)

ASTCR specifies the number of statesin which external areas are accessed. On-chip memory and
registers are accessed in a fixed number of states that does not depend on ASTCR settings.
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6.2.2 Wait Control Register (WCR)

WCR is an 8-bit readable/writable register that selects the wait mode for the wait-state controller
(WSC) and specifies the number of wait states.

Bit 7 6 5 4 3 2 1 0
] ] = | = wwst|wus2| wer | woo |

Initial value 1 1 1 1 0 0 1 1
Read/Write — — — — R/W R/W R/W R/W

Reserved bits Wait count 1/0

These bits select the
number of wait states
inserted

Wait mode select 1/0
These bits select the wait mode

WCRisinitialized to H'F3 by areset and in hardware standby mode. It is not initialized in
software standby mode.

Bits 7 to 4—Reserved: Read-only bits, alwaysread as 1.

Bits 3 and 2—Wait M ode Select 1 and 0 (WM S1/0): These hits select the wait mode.

Bit 3 Bit 2

WMS1 WMSO Description

0 0 Programmable wait mode (Initial value)
1 No wait states inserted by wait-state controller

1 0 Pin wait mode 1
1 Pin auto-wait mode
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Bits 1 and 0—Wait Count 1 and 0 (WC1/0): These bits select the number of wait states inserted
in accessto external three-state-access areas.

Bit 1 Bit 0
WwC1 WwCo Description
0 0 No wait states inserted by wait-state controller
1 1 state inserted
1 0 2 states inserted
1 3 states inserted (Initial value)

6.2.3 Wait State Controller Enable Register (WCER)

WCER is an 8-hit readable/writable register that enables or disables wait-state control of external
three-state-access areas by the wait-state controller.

Bit 7 6 5 4 3 2 1 0

‘ WCE7 ‘ WCE6 ‘ WCES5 ‘ WCE4 ‘ WCE3 ‘ WCE2 ‘ WCE1 ‘ WCEO ‘
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

Wait state controller enable 7to 0
These bits enable or disable wait-state control

WCER isinitialized to H'FF by areset and in hardware standby mode. It is not initialized in
software standby mode.

Bits 7 to 0—Wait-State Controller Enable 7 to 0 (WCE7 to WCEQ): These bits enable or
disable wait-state control of externa three-state-access areas.

Bits 7to O

WCE7 to WCEO Description

0 Wait-state control disabled (pin wait mode 0)

1 Wait-state control enabled (Initial value)
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6.3 Operation
6.3.1 AreaDivision

The external address spaceis divided into areas 0 to 7. Each area has a size of 128 kbytesin the
1-Mbyte mode. Figure 6-2 shows a general view of the memory map.

H'00000 On-chip ROM"?
H'1FEFF Area 0 (128 kbytes)
H20000 | ]

Area 1 (128 kbytes)
e
H'40000

Area 2 (128 kbytes)
HSFFFE ]
H'60000

Area 3 (128 kbytes)
H'7FFFF
H'80000

Area 4 (128 kbytes)
HOFFFF | ]
H'A0000

Area 5 (128 kbytes)
HBFFFF o ]
H'C0000

Area 6 (128 kbytes)
HOFFFF | ]
H'E0000 Area 7 (128 kbytes)

On-chip RAM' % *2

External address space”®

H'FFFFF On-chip /O registers™*

1-Mbyte mode (mode 1)

Notes: There is no area division in modes 2 and 3.

1. The number of access states to on-chip ROM, on-chip RAM, and on-chip I/O registers is fixed.
2. This area follows area 7 specifications when the RAME bit in SYSCR is 0.
3. This area follows area 7 specifications.

Figure6-2 Access AreaMap
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The bus specifications for each area can be selected in ASTCR, WCER, and WCR as shown in
table 6-3.

Table 6-3 Bus Specifications

ASTCR WCER WCR Bus Specifications
Bus Access
ASTn WCEnN WMS1 WMSO0 Width States Wait Mode
0 — — — 8 2 Disabled
1 0 — — 8 3 Pin wait mode 0
1 0 0 8 3 Programmable wait mode
1 8 3 Disabled
1 0 8 3 Pin wait mode 1
1 8 3 Pin auto-wait mode

Note: n=0to7
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6.3.2 BusControl Signal Timing

8-Bit, Three-State-Access Areas: Figure 6-3 shows the timing of bus control signals for an 8-bit,
three-state-access area. Wait states can be inserted.

Bus cycle

T, ! T ! Ta

’ —\——\——\—

Address bus >< | External address§ ><
AS | | | |
RD s s s |
Read
access
D5 to Dy Valid
WR ‘
Write
access ; -
Dy to Dy ; Valid

Figure 6-3 BusControl Signal Timing for 8-Bit, Three-State-Access Area
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8-Bit, Two-State-Access Areas. Figure 6-4 shows the timing of bus control signals for an 8-hit,
two-state-access area. Wait status cannot be inserted.

«————— Buscycle————— !

1 Tl | Tz
a
Address bus >< External address ><
AS : : 3
RD : :
Read | ! !
access
Dy to Dg j 3 Valid |
WR | | |
Write !
access ! ! \
D; to Dg I Valid |

Figure6-4 BusControl Signal Timing for 8-Bit, Two-State-Access Area
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6.3.3 Wait Modes

Four wait modes can be selected for each area as shown in table 6-4.

Table 6-4 Wait Mode Selection

ASTCR WCER WCR
ASTn Bit WCEn Bit WMS1 Bit WMSO0 Bit WSC Control Wait Mode
0 — — — Disabled No wait states
1 0 — — Disabled Pin wait mode 0
0 0 Enabled Programmable wait mode
1 Enabled No wait states
1 0 Enabled Pin wait mode 1
1 Enabled Pin auto-wait mode

Note: n=71t00

The ASTn and WCER hits can be set independently for each area. Bits WM S1 and WM SO apply
to all areas. All areas for which WSC control is enabled operate in the same wait mode.
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Pin Wait Mode 0: The wait state controller is disabled. Wait states can only be inserted by WAIT
pin control. During access to an external three-state-access area, if the WAIT pinislow at thefall
of the system clock (@) in the T, state, await state (Ty) isinserted. If the WAIT pin remains low,
wait states continue to be inserted until the WAIT signal goes high. Figure 6-5 shows the timing.

Inserted by WAIT signal
Tw T3

Address bus :>< External address ><:
AS
Read FD

access Read data

~
¥

*

J
W

Write
access

Data bus Write data

Note: * Arrows indicate time of sampling of the WAIT pin.

Figure6-5 Pin Wait Mode0
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Pin Wait Mode 1: In all accessesto external three-state-access areas, the number of wait states
(Tyy) selected by bits WC1 and WCO areinserted. If the WAIT pinislow at the fall of the system
clock (@) in the last of these wait states, an additional wait state isinserted. If the WAIT pin
remains low, wait states continue to be inserted until the WAIT signal goes high.

Pin wait mode 1 is useful for inserting four or more wait states, or for inserting different numbers
of wait states for different external devices.

If the wait count is 0, this mode operates in the same way as pin wait mode 0.

Figure 6-6 shows the timing when the wait count is 1 (WC1 = 0, WCO = 1) and one additional
wait state isinserted by WAIT input.

Inserted by Inserted by
WAIT signal

wait count
. L

o | I

WAIT pin
Address bus X External address ><
S T
Read RD
eal
access Read data
Data bus

J
W

Write
access

Data bus Write data

Note: * Arrows indicate time of sampling of the WAIT pin.

Figure6-6 Pin Wait Mode 1
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Pin Auto-Wait Mode: If the WAIT pinislow, the number of wait states (Ty) selected by bits
WC1 and WCO are inserted.

In pin auto-wait mode, if the WAIT pinislow at the fall of the system clock (@) inthe T, state,
the number of wait states (Tyy) selected by bits WC1 and WCO are inserted. No additional wait
states are inserted even if the WAIT pin remains low.

Figure 6-7 shows the timing when the wait count is 1.

S S B e B e
"

WAIT
Address bus External address External address
s ] L
o ] L
Read
access Read data Read data
Data bus
~
WR
Write
access
Data bus Write data >—< Write data

Note: * Arrows indicate time of sampling of the WAIT pin.

Figure 6-7 Pin Auto-Wait Mode
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Programmable Wait Mode: The number of wait states (T,y) selected by bits WC1 and WCO are
inserted in all accesses to externa three-state-access areas. Figure 6-8 shows the timing when the
wait countis1 (WC1 =0, WCO0 = 1).

T T, Tw Tg‘
- ] L1 L [

Address bus X External address

s

1Tt

RD
Read
access Read data
Data bus
WR
Write
access
Data bus Write data %

Figure 6-8 Programmable Wait Mode
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Example of Wait State Control Settings: A reset initializes ASTCR and WCER to H'FF and
WCR to H'F3, selecting programmable wait mode and three wait states for all areas. Software can
select other wait modes for individual areas by modifying the ASTCR, WCER, and WCR settings.
Figure 6-9 shows an example of wait mode settings.

3-state-access area,

Area 0 : -
programmable wait mode
Area 1 3-state-access area, _
rea programmable wait mode |
Area 2 3-state-access area, _
pin wait mode 0
Area 3 3-state-access area, ~
pin wait mode 0
2-state-access area,
Area 4 —-

no wait states inserted

2-state-access area,
Area 5 -

no wait states inserted

2-state-access area,

Area 6 no wait states inserted

2-state-access area,

Area 7 no wait states inserted T

Bt 7 6 5 4 3 2
ASTCR HOF: [ 0 | o [ o[ o | 1 | 1] 1] 1|

WCER H33: | 0 [ o | 1 | 1 [ o] o] 1] 1]

wer HF3: | — | — | — | — ] o] o] 1] 1]

Note: Wait states cannot be inserted in areas designated for two-state access by ASTCR.

Figure 6-9 Wait M ode Settings (Example)
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6.3.4 Interconnectionswith Memory (Example)

For each area, the bus controller can select two- or three-state access. |n three-state-access areas,
walit states can be inserted in avariety of modes, simplifying the connection of both high-speed
and low-speed devices.

Figure 6-10 shows an example of interconnections between the H8/3032 Series and memory.
Figure 6-10 shows amemory map for this example.

A 32-kword x 8-bit EPROM is connected to area 0. This device is accessed in three statesviaa 8-
bit bus.

Two 32-kword x 8-bit SRAM devices (SRAM1 and SRAM?2) are connected to area 1. These
devices are accessed in two states via a 8-hit bus.

One 32-kword x 8-bit SRAM (SRAM3) is connected to area 7. This device is accessed viaan
8-bit bus, using three-state access with an additional wait state inserted in pin auto-wait mode.

H'00000
On-chip ROM

H'OFFFF Area 0
H'10000 rea
H'17FFF EPROM 8-bit, three-state-access area
H'18000

Not used
H'1FFFF
H'20000

SRAM1, 2
H2FFFF Area 1
H'30000 8-bit, two-state-access area

Not used
H'3FFFF
H'E0000 Area 7

SRAM3 8-hit, three-state-access area
H'E7FFF (one auto-wait state)

Not used

On-chip RAM

HEEFEF On-chip I/O registers

Note: The bus width and the number of access states of the on-chip memories and registers
are fixed; they cannot be changed by register setting.

Figure 6-10 Memory Map (Example)
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6.4 Usage Notes
6.4.1 Register Write Timing

ASTCR and WCER Write Timing: Datawritten to ASTCR or WCER takes effect starting from
the next bus cycle. Figure 6-11 shows the timing when an instruction fetched from area 0 changes
area 0 from three-state access to two-state access.

Address :>< >< ASTCR address >< ><

2-state access
toarea 0

3-state access to area 0

Figure6-11 ASTCR Write Timing
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Section 7 1/O Ports

7.1 Overview

The H8/3032 Series has nine input/output ports (ports 1, 2, 3, 5, 6, 8, 9, A, and B) and one input
port (port 7). Table 7-1 summarizes the port functions. The pinsin each port are multiplexed as
shownintable 7-1.

Each port has a data direction register (DDR) for selecting input or output, and a data register (DR)
for storing output data. In addition to these registers, ports 2, and 5 have an input pull-up control
register (PCR) for switching input pull-up transistors on and off.

Ports 1 to 3 and ports 5, 6, and 8 can drive one TTL load and a 90-pF capacitive load. Ports 9, A,
and B can driveone TTL load and a 30-pF capacitive load. Ports 1 to 3 and ports 5, 6, 8, 9, A, and
B can drive adarlington pair. Ports 1, 2, 5, and B can drive LEDs (with 10-mA current sink). Pins
P8, to P8p, PA; to PA, and PB3 to PBg have Schmitt-trigger input circuits.

For block diagrams of the ports see appendix C, 1/O Port Block Diagrams.
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Table7-1 Port Functions (1)

Port  Description Pins Mode 1 Mode 2 Mode 3
Port1 « 8-hit I/O port P1,to P1y/ Address output (A7 to Generic input/output
e Candrive LEDs A;to A Ag) and generic input
DDR =0:
generic input
DDR =1:
address output
Port 2 < 8-hit I/O port P2, to P2y/ Address output (A5 to Generic input/output
« Input pull-up A5 to Ag Ag) and generic input
« Can drive LEDs DDR = 0:
generic input
DDR = 1:
address output
Port 3 < 8-hit I/O port P3; to P3y/ Data input/output (D5 Generic input/output
D7 to Do to Ds)
Port5 « 4-bit 1/O port P55 to P5¢/ Address output (Ag to Generic input/output
* Input pull-up Ajgto A A1) and generic input
« Can drive LEDs DDR = 0:
generic input
DDR = 1:
address output
Port 6 « 4-bit I/0 port P65/WR, Bus control signal Generic input/output
P6,4/RD, output (WR, RD, AS)
P64/AS
P6o/WAIT Bus control signal
output (WAIT) and
1-bit generic input/
output
Port 7 < 8-bit input port P7,to P7y/ Analog input (AN, to ANg) to A/D converter, and generic input
AN7 to ANy
Port 8 « 4-hit 1/O port P85/IRQ3, IRQ3 to IRQg input and 4-bit generic input/output
* P8, to P8y have P8,/IRQ,,
Schmitt inputs P8,/IRQ,
P8y/IRQq
Port9 « 3-bit I/O port P9,4/SCKI/IRQ,4 Input and output (SCK) for serial communication interface

(SCI), IRQ, input, and 1-bit generic input/output

P9,/RXD,
P9y/TXD

Input and output (RxD and Txd) for SCI and 2-bit generic
input/output
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Table7-1 Port Functions (1)

Port  Description Pins Mode 1 Mode 2 Mode 3
Port A« 8-bit I/O port PA;/TP,/TIOCB,/, TPC output (TPg to TPg), ITU input and output (TCLKD,
* Schmitt inputs PAG/TPg/TIOCA,,  TCLKC, TCLKB, TCLKA, TIOCB,, TIOCA,, TIOCB,, TIOCA,),
PAs/TPs/TIOCB;,  and generic input/output
PALITP4ITIOCA,,
PA3/TP5/TIOCBy/
TCLKD,
PAL/ITP,ITIOCAy/
TCLKC,
PA,/TP,/TCLKB,
PA/TPy/TCLKA
Port B« 8-bit I/0 port PB,/TP5/ADTRG, TPC output (TP;s), trigger input (ADTRG) to A/D converter,
» Can drive LEDs and 1-bit generic input/output
) Ezi?etcéz?rgitt PBg/TP14 TPC output (TP4,4) and 1-bit generic input/output
inputs PBs/TP3/TOCXB,, TPC output (TP,3to TPg), ITU input and output (TOCXBy,
PB4/TP,/TOCXA,;, TOCXA,, TIOCB,, TIOCA,, TIOCB;, TIOCA;), and TOCXA,,

PB4/TP,,/TIOCB,,
PB,/TP;,/TIOCA,,
PB,/TP4/TIOCB;,
PB,/TPg/TIOCA,

TIOCBy,, TIOCA,, TIOCB3, TIOCA3), and 6-bit generic
input/output
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7.2 Port 1
7.2.1 Overview

Port 1 is an 8-hit input/output port with the pin configuration shown in figure 7-1. The pin functions
differ depending on the operating mode. In mode 1, they are address bus output pins (A7 to Ag).

In modes 2 and 3, port 1 isageneric input/output port.

Pinsin port 1 can drive one TTL load and a 90-pF capacitive load. They can also drive adarlington
transistor pair.

Port 1 pins Modes 1 Modes 2 and 3
~— P1,/A; P1, (input)/A; (output) P1, (input/output)
— Plg/Ag P1g (input)/Ag (output) P1g (input/output)
= Plg/Ag P15 (input)/As (output) P1s (input/output)
-~ P1,/A, P1, (input)/A4 (output) P1, (input/output)

Portt = P13/A; P15 (input)/A3 (output) P15 (input/output)
~— P1,/A, P1, (input)/A, (output) P1, (input/output)
= P1,/A4 P1; (input)/A4 (output) P1, (input/output)
~— P1y/Ap P1y (input)/Aq (output) P1, (input/output)

Figure7-1 Port 1 Pin Configuration
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7.2.2 Register Descriptions
Table 7-2 summarizes the registers of port 1.

Table7-2 Port 1 Registers

Address* Name Abbreviation R/W Initial Value
H'FFCO Port 1 data direction register P1DDR W H'00
H'FFC2 Port 1 data register P1DR R/W H'00

Note: * Lower 16 bits of the address.

Port 1 Data Direction Register (P1DDR): PIDDR is an 8-bit write-only register that can select
input or output for each pin in port 1.

Bit 7 6 5 4 3 2 1 0
‘PlyDDR‘ P16DDR‘ P15DDR‘ P14DDR‘ P1;DDR ‘ P1,DDR ‘ PllDDR‘PloDDR‘

Initial value 0 0 0 0 0 0 0 0

Read/Write W W W W W W W w

Port 1 data direction 7to O
These bits select input or
output for port 1 pins

Mode 1: A pinin port 1 becomes an address output pin if the corresponding PLDDR hit isset to 1,
and agenericinput pinif thishbitis cleared to 0.

Modes 2 and 3 (Single-Chip Modes): Port 1 functions as an input/output port. A pinin port 1
becomes an output pin if the corresponding PIDDR bit is set to 1, and an input piniif thisbitis
cleared to O.

P1DDR isawrite-only register. Its value cannot be read. All bits return 1 when read.

P1DDR isinitialized to H'00 by areset and in hardware standby mode. In software standby mode it
retains its previous setting. If a PLDDR hit is set to 1, the corresponding pin maintains its output
state in software standby mode.
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Port 1 Data Register (P1DR): P1DR is an 8-bit readable/writable register that stores data for pins
Pl7 to Plo

Bit 7 6 5 4 3 2 1 0

‘ P1; ‘ Plg ‘ Pls ‘ 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

Port 1 data 7to O
These bits store data for port 1 pins

When abit in PLDDR isset to 1, if port 1 isread the value of the corresponding P1DR bit is
returned directly, regardless of the actua state of the pin. When abitin PA<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>