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Timer Event Generator Register — EVGR ...........ooiiiiiiiiiii e 298
Timer Interrupt Status Register — INTSR ... ..o 300
Timer Counter Register — CNTR ... ... e e e e e e e e e e e e enees 302
Timer Prescaler RegiSter — PSCR ... ..ooiiiiiieii et e e e e e e aaeee s 303
Timer Counter Reload Register — CRR .......ooooiiii e a e 303
Channel 0 Capture/Compare Register — CHOCCR .........ccoiiiiiiiiiiieeciee e 304
Channel 1 Capture/Compare Register — CHICCR ........ccciiiiiiiiiiiei e 305
Channel 2 Capture/Compare Register — CH2CCR .......coccuiiiiiiiiiiiiie e 306
Channel 3 Capture/Compare Register — CH3CCR .......ccccuiiiiiiiiiiiie e 307
Channel 0 Asymmetric Compare Register — CHOACR .........cooiiiiiiiiiiiiie e 308
Channel 1 Asymmetric Compare Register — CHTACR .........cooiiiiiiiiiiiic e 308
Channel 2 Asymmetric Compare Register — CH2ACR ..........coooiiiiiiiiiiiee e 309
Channel 3 Asymmetric Compare Register — CH3ACR .........ooiiiiiiiii e 309
15 Basic Function Timer (BFTM).......ccccoiiiiiimmiiinssesn s ssnnnes 310
T 10T L8[ 1o o PP PEPPPRPR 310
FATUIES ...t 310
Functional DeSCIIPLION .......iiiieie i e e e e e e e e e e e e e e e e e e e e eeeeaeaennnananas 311
REPELEIVE MOUE. ...ttt et e et eas 31
ONE SNOE IMOUE.......eee ettt ettt e et e e bt e e et e e e e e eane e e anneeenan 312
THGGEN ADC SEAM. ..ttt e e e ettt e e e e et e e e e e e nn et e e e e e e nnbeeeeeeanntnneeeeaannes 312
L=T0 L] (=Tl 1Y = o SRR S
REgIStEr DESCIIPHIONS. ... .eeiie ettt e e e e e et e e e e b e e e e enneees S
BFTM Control Register — BFTMOCR .........ooiiiiieiiiie ettt e e e e nnees 313
BFTM Status Register — BFTMSR.........uiiiiiie ettt e e nnees 314
BFTM Counter Register — BETMCNTR ........ooiiiiiiiiiiieiiee e e e e Bil5
BFTM Compare Value Register — BFTMCMPR ........ccoiiiiiiiiiiiiee et 315
16 Motor Control Timer (MCTM) .......cccceiiiiiiiiimmrreer s ssss s 316
T 10T LT ) o 316
L= = L0 PSR 317
FUNCLONAl DESCIIPLIONS ....eeiiiiiiiie ettt e e e e e e eaneees 318
COUNTET IMOTE ...ttt et ettt ettt e ae et eeae e ettt ene e eereeeanenarees 318
ClIOCK CONIOIIET ...ttt ettt ettt b ettt e b e e eanenene s 322
oo =T @] 1 (o] = SO PPRRRRSOPPPPRN 323

ST Fo N I 0 0] | (]| T OSSPSR 325
=Sy (=T @ a (o] =T PP PPPR 327
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ChanNEl CONTIOIIET ...ttt a ettt ae e ettt eeae e s 328
T 0T 00 =T =SS 330
(O 0o 10 ] = o [T SRR UPPPPPRRIN 331
Update ManagEmMENT ..........uviiiiieiiiiiee et e e et e e e e et e e e e e et e e e e e b eeaeeaanraaes 341
(@ TUE=To = 1 (U= =T T o = PRSPPSO 342
[ To L e= I 1L T PSP O PR 344
Clearing CHXOREF when ETIF iS high.......cooiiiiiiiii e 345
SiNGIE PUISE IMOE ...ttt et s et e e e e 345
ASYMMELHC PWIM IMOE ..ottt e e et e e e e e e e e e e anneeeaaaenn 348
TIMeEr INTEIrCONNECHION ...t s e e e 348
LA Lo L= DL O - S 352
LOCK LEVEI TADIE ...t e e nenes 352
PDMA REQUEST ...ttt e e e e e e e e e e e e e e e et ettt et eeeeeeaaaaaeaeeeeaeaeeaaaannnsnnnsnsnsnnnnnes 858
=T0 S (=Tl 1Y =T o PRSP 354
RegiSter DESCIIPHIONS. .....eeiie ittt 355
Timer Counter Configuration Register — CNTCFR .........ccocuiiiiiiiiiiiie e 355
Timer Mode Configuration Register — MDCFR ...........oooiiiiiiiiiieiiie e 356
Timer Trigger Configuration Register — TRCFR.........ccciiiiiiiiiii e 359
Timer Counter REGIStEr — CTR ... ..uiiiiiiiiiii it e e 361
Channel 0 Input Configuration Register — CHOICFR ..........ccooiiiiiiiiiiiii e 362
Channel 1 Input Configuration Register — CHTICFR ..........ooiiiiiiiiiiiieeee e 363
Channel 2 Input Configuration Register — CH2ICFR ...........oooiiiii e 364
Channel 3 Input Configuration Register — CH3ICFR ..........ccoiiiiiiieeeee e 366
Channel 0 Output Configuration Register — CHOOCFR ...........cooiiiiiiiiiieiiee e 368
Channel 1 Output Configuration Register — CH1OCFR .........c.cooiiiiiiiiie e 370
Channel 2 Output Configuration Register — CH2OCFR ............ccouiiiiiiiiiiiiee e 372
Channel 3 Output Configuration Register — CH3OCFR ..........c.coiiiiiiiiiiiiiiieeeiie e 374
Channel Control Register — CHOCTR ......cci ittt e e e e e s e eanre e e e e e ennes 376
Channel Polarity Configuration Register — CHPOLR............cociiiiiiiiiiiieee e 377
Channel Break Configuration Register — CHBRKCFR ..........ccoiiiiiiiiiiiee e 379
Channel Break Control Register — CHBRKCTR ........cuoiiiiiiiiiiiieiceeee e 380
Timer PDMA / Interrupt Control Register — DICTR ......ooiiiiiiiiiiiii e 382
Timer Event Generator Register — EVGR.........ooo e 384
Timer Interrupt Status Register — INTSR ..o 386
Timer Counter RegisSter — CNTR......o it e et e et e e sneeeennaeeean 388
Timer Prescaler RegISter — PSCR ........ooiiiiiiiiii et et s e nnaee s 389
Timer Counter Reload Register — CRR .........ooiiiiiiiiiiie et 389
Timer Repetition Register — REPR ........ooooiiii e 390
Channel 0 Capture / Compare Register — CHOCCR ..........coiiiiiiiiiiiiiie e 390
Channel 1 Capture / Compare Register — CHTCCR ..........ooiiiiiiiiiiiiiiec e 391
Channel 2 Capture / Compare Register — CH2CCR ..........ooiiiiiiiiiiiiic e 392
Channel 3 Capture / Compare Register — CH3CCR ..........coiiiiiiiiiieiiee e 393
Channel 0 Asymmetric Compare Register — CHOACR........coooiiiiiiii e 394
Channel 1 Asymmetric Compare Register — CHTACR ........cociiiiiiie e 394
Channel 2 Asymmetric Compare Register — CH2ACR .........ccuiiiiiiiiiie e 395
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Channel 3 Asymmetric Compare Register — CH3ACR ..........oooiiiiiieeiee e 395
17 Real Time CIOCK (RTC) ...coeeieieeieeeeeeeeeeeeeseeessesseesssessssssssssssssssssssssssssssssssssssnssnenes 396
INEFOAUCTION ...ttt e et e e es 396
LT (=T SO P 396
Functional DeSCIIPLIONS ...ttt e s e e e e e e 397
RTC Related Register RESEL ...... ...t 397
REAAING RTC REGISTET . ...ttt e et e e et e e e et e e e e e e nneeeeenneeeannees 397
[V o=Y=To J @4 [o o1 [q @7 ] e 0] =1 1) o 397
RTC Counter OPEratiOn .........cooiiiiiieiiee et e e e e e e e e e e e e e e e e esaaaeeaeeeensneeas 398
Interrupt and WaKeup CONMIOL.........coiiiiiiiiie et e e e e e e e e e e e e e snaaeeeeeaas 398
RTCOUT Output Pin Configuration.............oeeiiiiiiiiieie e e e e e e 399
LT o 15 L= g 1Y = T o PP 400
[N o 5 (= =TT o o] (0] 1 PR 400
RTC Counter Register — RTCCNT .....ccoiiiiiiiiiiiiiie ettt 400
RTC Compare Register — RTCCMP ........oiiiiiiiiiiie et 401
RTC Control Register — RTCCR ........ooiiiiiiit ittt 402
RTC Status Register — RTCSR.........oiiiiiiie et 404
RTC Interrupt and Wakeup Enable Register — RTCIWEN.............coooiiiiiiiiiiiiiieiee e 405
18 Watchdog Timer (WDT) ....ccoiiiiiierirrriinnssssssss s sssssssss s ssssssss s s s s ssssssssnnes 406
[T yoTo 18 o1 i o) o PSSP 406
FATUIES ...t 406
Functional DeSCIIPLION .......iiiieiei i e e e e e e e e e e e e e e e e e e e e e eeeeresenenannaaanan 407
LY 1S3 (T 1Y = T o RSP 408
Y0153 (o g D =TSty o)1) OSSP 409
Watchdog Timer Control Register — WDTCR .........uoiiiiiiiiiiie e 409
Watchdog Timer Mode Register 0 — WDTMRO...........ooiiiiiiiiiie et 410
Watchdog Timer Mode Register 1 — WDTMRT ... 411
Watchdog Timer Status Register — WDTSR .......ccooiiiiiiiieiie e e e 412
Watchdog Timer Protection Register — WDTPR ........oooiiiiiiiiieee e 413
Watchdog Timer Clock Selection Register — WDTCSR.........ooiiiiiiiiiiiiiieeee e 414
19 Inter-Integrated Circuit (IPC)......c.ccocerverrerserreeressessessessessessesseessssaessesessesssessnns 415
[a] (oo [U o i{o] o IEURE RSP URTRPRTRRPPORt 415
L= = 10 PSR 416
FUNCLONAl DESCIIPLIONS ...eeiiiiiiiiie ettt e e e e e e e e e enneees 416
TWO Wire Serial INterfaCe. ........oiiiiiiiiiii e 416
START and STOP CONAIIONS..........eiiiiiiiiiiieeie ettt nene s 416

[ = L= Y =1 1o 1 PRSP 417
AdAreSSING FOMMAL ...coiiiiiiiiee et e e e e e e e e e e e et e e e e e e sanbeeaeeeensseeeaeaan 417
Data Transfer and ACKNOWIEAGE ........cccoiiuiiiiieieieie et e e e et e e e e e e enaeeeas 419
ClOCK SYNCAIONIZATION ...ttt be et e et e e s b e e e et e e ean 419
ATDIIFATION L.ttt n 420
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GeNEral Call ADArESSING -..cceueeeeiuiiee e et e ettt e et e e et e e s et e e neeeesneeeeaneeeaaneeeeanneeeanneeeeaneeeeann 420
LU o o PRSP 420
AdAress Mask ENADIE..........coooiii e 421

PN (o 1LY TS T g To o) o SO P PP PPP PP 421

(O] 7= =1 (o A 1Y, oo [= PP P RSP 421
Conditions Of HOIAING SCL LINE ....ccoiuuiiiiiiii ittt 426
[2C TIMEOUL FUNCHON .....vivecv ettt ettt sttt et e et e st et e snese s eneeseneeneneas 426
PDMA INEEITACE. ... ettt ettt e sttt eaa e e et e e e ane e nenes 427
Lo 153 (=T 1Y =T o PR 427
REGISter DESCIIPHONS ...ttt e e e e e e e e e e e 428
I2C Control REGISLEr — I2CCR .......cueieeeeeeee et eae e ens 428
I2C Interrupt Enable Register — I2CIER ............cooooiiiieeeeeeeeeeeeeeee et 430
I2C Address Register — I2CADDR ............oovie oottt 432
I2C Status REGISIEr — I2CSR ... ...ttt 432
I2C SCL High Period Generation Register — I2CSHPGR...........c..coveeieeeieieeeee e 435
I2C SCL Low Period Generation Register — I2CSLPGR ...........coceoueoueoeeeeeeeeeeeeeeeeeeee e 436
I2C Data REGISTEr — I2CDR ........oiceeeeeeeeeeeeee ettt e e e aneeteereaneeenenes 437
I2C Target Register — I2CTAR .......coiiiuiieeeeiteeieteeete ettt ettt ese st ese et e et et etesaesesaeseesesseseneas 438
I2C Address Mask Register — [I2CADDMR ...........cooiiuiiieieiieteieeieeteseeteeee s etee et seeseseebesaesesaesesseneas 439
I2C Address Snoop Register — [2CADDSR ..........coiiiuiieieiieieiieie st sttt ettt seebesaesesaesesseneas 440
12C Timeout ReGiSter — I2CTOUT ........co oottt eae e e eeeenes 441
20 Serial Peripheral Interface (SPI) .......ccccccciiiiiiiiiniieeirr e 442
[ oY ioTo [¥Tex i o) o ISP 442
FRATUIES . ...ttt e e e oottt et e e e e e e e et e et e e e e e e e e s 443
FUNCLON DESCIIPLIONS ... e e e e e e e e e e e e e e e e e e e e eeeeeeaesenannnnnnns 443
Y =Ty (=Tl 1Y (o o [T PPPPPPPOt 443
SIAVE MOE......coeeeieeeeeee ettt e e e e e e e e e et e e e e e e e et a e e e e e e e e e e eeeaeaaaaeaeeeeaaaeaaaaaas 443
SPI Serial Frame FOrmat....... ..ot e e e e e e e e e 444

S =L 0[S = o T PRSP 448

L DY ) (=Y =T 451
L=T0 ] (=Tl 1Y =T o LSRR 451
RegiSter DESCIIPHIONS. .....eeiii ittt e e et e e e aneeas 452
SPI Control RegiSter 0 — SPICRO .......ciiiiiie ittt e e e e et eeesnaeeesaeeeenneeeennee 452
SPI Control Register 1 — SPICR ......uiiiiii et e e e e e e e e e e e e e e nnnes 453
SPI Interrupt Enable Register — SPIER ..........ooooiiiiiiie e 455
SPI Clock Prescaler Register — SPICPR ........ooooiiiiiiiiii et 456
SPI Data RegiSter — SPIDR .........oiiiiiiiiiiiie ittt e et e 457
SPI Status RegisSter — SPISR ... ..ot 457
SPI FIFO Control Register — SPIFCR.........oiiiiiiii et 459
SPI FIFO Status Register — SPIFSR ... 460
SPI FIFO Time Out Counter Register — SPIFTOCR ...........uiiiiiiiiee e 461
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21 Universal Synchronous Asynchronous Receiver Transmitter (USART)..... 462
10T [T o) o O 462
L= = L0 PSR 463
FUNCION DESCIPHIONS ...ttt e e e e e e e e e e e aaee e an 463

Serial Data FOMMIAL........ouiieiiii ettt e et e bt e e et e e et e e e ana e e anbeeeenn 463
Baud Rate GENEIAtION .........eeiiiiiiiiiiiee ettt e e e e e e e et e e e e e e e e e e e e enneeees 464
Hardware FIOW CONTIOL..........oiiiiiiiiiie ettt e e e et e e e e et e e e e et eeaeeeennneeeas 465
OSSPSR 467
RS 1Yo T [P RSRRR 469
SyNChronoUs Master MOAE............ooiiiiiiiii ettt 470
INEErTUPES @NA STATUS ...eeeieeeeeeeeeeee e e e e e e e e e e et eeeaeaaaaaeas 472
L YN [ (=Y =TSSR 473
L0 15 L= 1Y = T o PR 473
RegiSter DESCIIPHIONS. ... .eeeie ittt et e ettt e e e e e e e e aaneees 474
USART Data Register — USRDR .......ccoiiiiiiiiieiiiee ettt e e e e e e e ennees 474
USART Control Register — USRCR ..........iiiiiiiiiiie ittt e e e e e e s 475
USART FIFO Control Register — USRFCR...........ouiiiiiiiiiiie et 477
USART Interrupt Enable Register — USRIER ............oooiiiiiiiiiiiiee e 478
USART Status & Interrupt Flag Register — USRSIFR..........cccoiiiiiiiiiiiie e 479
USART Timing Parameter Register — USRTPR .......c.coiiiiiiiiiiieee e 481
USART IrDA Control Register — I'DACR ........coiiiiiiiii e 482
USART RS485 Control Register — RSA85CR.........c.coiiiiiiiiiiiiie e 483
USART Synchronous Control Register — SYNCR ..........uuiiiiiiiiiia e 484
USART Divider Latch Register — USRDLR...........oiiiiiieiiie e 485
USART Test Register — USRTSTR ....coiiiiiiiiieiie ettt e e e e e e e e e ennees 486

22 Universal Asynchronous Receiver Transmitter (UART).......cccccciiiiiiinnnnnnnn. 487

T 10T LT3 o) o SRR 487

Y= L =PSSO 488
FUNCHION DESCIIPHIONS ...ttt e e e e 488
Serial Data FOrMAL...... ..ottt e e e e et e e e e e e e e e e e annaeeeeeeannes 488

= F TU o I = (I €T =Y o= = | o] o SR 489
INtErruPts @Nd StALUS ........ooeiiiiiee e a e 490

L YN ) (=Y =TSP 491
LYo 5 (=T g 1Y = T o PSR 491
[T o5 (= gl =TT o] 1 0] 1 PR 492
UART Data Register — URDR...........ooiiiiiiiiiee et e e e et e e e e e e enaeeeas 492
UART Control Register — URCR ........ooiiiiiiiii et e e et e e e e es 492
UART Interrupt Enable Register — URIER ............ooiiiiiiiii e 494
UART Status & Interrupt Flag Register — URSIFR .........cooiiiiiiiiiii e 495
UART Divider Latch Register — URDLR .........cooiiiiiiiiiiiieiiee e 496
UART Test Register — URTSTR.........ooiiiiiiiiiieii et 497
23 Smart Card Interface (SCI)......ccooeeeiiiiiiicrrccrccrrcr e 498
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1] 10T [T 1o ) o SRR 498
== L 0P 499
FUNCLONAl DESCIIPLIONS ...eeeiiiiiiiee ettt e e e e e e e et e e e neeeas 499
Elementary Time Unit COUNET..........oiiiiee et e e eneeas 499
GUAND TIME COUNTET ...ttt ettt ea et ea et et eaeeean e e e eneenane s 502
L= LT T a1 3O o T [ | (= SR 502
Card Clock and Data SelECHON.........cc.coiuiiiiiii e 503

(O o [ 1= (=Y o 1o PRSP 503
SCI Data TransSTer MOGE .........ooiiiiiiiiiie ettt e e e e e e 504
INEEITUPT GENEIATON ...ttt ettt e e et es 506
PDMA INEEITACE. ...ttt ettt e et eaa e e et ea e e e nenees 507
REGISTEN VAP ...ttt 507
T o 15 (= gl D= T Yo o] 0] 1 PR 508
SCI Control REGISTEr — CR......eiiiieieeie ettt e e e e ettt e e e e et e e e e e e aneneeaeaaannees 508
SCI Status Register — SR ... e e e e 510
SCI Contact Control RegiSter — CCR.........iiiiiieeiiie et e e e e eneeeenees 511
SCI Elementary Time Unit Register — ETUR .........ooiiiiiiiii et 512
SCI Guard Time RegiSter — GTR ........iiiiiiieiiiee ittt e e e e et e e e e saeeeenneeeennee 513
SCI Waiting Time RegiSter — WTR......eoiiiiiieiiie ettt e e e e e e e e eaareeaeeannnes 513
SCl Interrupt Enable Register — IER .........ccuuiiiiiiiiiee e 514
SClI Interrupt Pending Register — IPR ..ottt 515
SCI Transmit BUFFEr — TXB.......oiuiiiiiiiiiiiiie ettt e e nnneeenaee 517
SCIl Receive BUfEr — RXB ...ttt e e aaee 517
SCI Prescaler ReGISter — PSCR ........uiiiiiiiiiiiie et 518
24 USB Device Controller (USB) ........ccccoiciiiiiiiiiiiiisrcsscs s sssssssssssssssssnsnes 519
1110 [T 1o o PR 519
FRATUIES . ...ttt e oo ettt et e e e e e e e bbbt e e e e e e e e an 519
Functional DESCIIPLIONS .......ciieiiii i e e e e e e e e e e e e e e e e e e e e e e eeeeaeseaannananas 520
[ g To oo ][ PP OP R 520
EP _SRAM. ... etttk h bt et bRt b e e he e b e e e nbe bt e e neenneean 520
Serial Interface ENGINe — SIE........ooo e 521
(Do U o1 (= = U 3 =Y [ g SRR 521
Suspend Mode and WaKE-UP .......ccccuueiiiiiieiiie e ettt e et e e e e et e e e e e eebaeeeeeeesanaeeaeeeanees 523
REMOLIE WWaKE-UP ...ttt ettt e et e e e eaeaeaeaeeaeaeea e e e nnnnnnnenrnnnnnes 523
=T0 ] (=Tl 1Y =1 o S PP 523
RegiSter DESCIIPHIONS. ... .eeiii ittt e et e e e abeeas 525
USB Control and Status Register — USBCSR ..ottt 525
USB Interrupt Enable Register — USBIER ............oooiiiiiiiiee e 527
USB Interrupt Status Register — USBISR ........cccuuiiiiiiiiiiiee s 528
USB Frame Count Register — USBFCR ........ccoiiiiiiiiiiiiii e 529
USB Device Address Register — USBDEVAR .........coiiiiiiiiiiee ittt 530
USB Endpoint 0 Control and Status Register — USBEPOCSR ............cooiiiiiiiiiiiiiieiicceeec e 531
USB Endpoint 0 Interrupt Enable Register — USBEPOIER ............cooiiiiiiiiiiicecee 532
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USB Endpoint 0 Interrupt Status Register — USBEPOISR ..........cccooiiiiiiiiiieieeeeee e 533
USB Endpoint 0 Transfer Count Register — USBEPOTCR .........ccoiiiiiiiiiiee e 585
USB Endpoint 0 Configuration Register — USBEPOCFGR...........cccooiiiiiiiiiiiiiiiee e 536
USB Endpoint 1 ~ 3 Control and Status Register - USBEPNCSR (N =1 ~3) c.occooviiieeieeiiinen. 537
USB Endpoint 1 ~ 3 Interrupt Enable Register — USBEPNIER (N =1~ 3) .ecccoiiiiiiiiiiieiiee e, 538
USB Endpoint 1 ~ 3 Interrupt Status Register — USBEPNISR (N =1~ 3) ..cooociiiiiiiiiieeiiie 539
USB Endpoint 1 ~ 3 Transfer Count Register — USBEPNTCR (N =1~ 3)..ccoioiiiiiiiiiiieiiec 540
USB Endpoint 1 ~ 3 Configuration Register — USBEPNCFGR (N =1~ 3) ..cccciiiiiiiiiiieiiec e 541
USB Endpoint 4 ~ 7 Control and Status Register —- USBEPNCSR (N =4 ~7) ..ocooiiiiiiiiiiiee. 542
USB Endpoint 4 ~ 7 Interrupt Enable Register — USBEPNIER (N =4 ~7) ..occoiiiiiiiiiiieeeee 544
USB Endpoint 4 ~ 7 Interrupt Status Register — USBEPNISR (N =4 ~ 7) c.ccoooiiiiiiieieeeee e 545
USB Endpoint 4 ~ 7 Transfer Count Register — USBEPNTCR (N =4 ~ 7)..ceivoiiiiiiieiieeeee e 546
USB Endpoint 4 ~ 7 Configuration Register — USBEPNCFGR (N =4 ~ 7) ccooeiiiiieeiieeeiee e 547
25 Peripheral Direct Memory Access (PDMA)........ccccccmrriiiiniiimmmnee s 548
1] (0o 11 T3 1o o PR 548
L= ( 0 = PSR 548
FUNCLONAl DESCIIPLION ...ttt e e e e e e e e e e anneees 549
AHB IMASTET ...ttt ekttt ekt nn 549
PDIMA CR@NNEI ...ttt ettt b e et e e et e sbeeeane et e eneenneean 549
PDMA REQUEST MAPPING ...ttt e e et e e e e et e e e e e e e e e e e ennneeeas 549
ChanNEl TrANSTE ......eiiuiiiii ettt ettt b et e bt sanenenees
(0 aF= 1 1 L= I 4 o] 1O PPRRU PPN
TraNSTEr REQUEST ...ttt e et e et e et e e e e neee s
F e (o =T/ (oo = PSPPI
AULO-REI0AA. ...ttt e ettt n
TranSTer INTEITUPDL ... .ot e et e e e n
LS S] (T 1Y = T o RSO
Register Descriptions
PDMA Channel n Control Register — PDMACHNCR (N =0 ~ 11) eeiiiiiiiiiie e 5585)
PDMA Channel n Source Address Register —- PDMACHNSADR (N =0~ 11) coooiiiieiiieeeiieeeee. 557
PDMA Channel n Destination Address Register - PDMACHNDADR (N =0 ~ 11).....cccceeviinennnnen. 557
PDMA Channel n Transfer Size Register — PDMACHNTSR (N =0 ~ 11) cooeiiiiiiiiiieieeeiee e 558
PDMA Channel n Current Transfer Size Register - PDMACHNCTSR (N =0~ 11).ccccccevieevnnnenn.. 559
PDMA Interrupt Status Register 0 — PDMAISRO .........cccuuiiiiiiiiiiiee e 560
PDMA Interrupt Status Register 1 — PDMAISRT ......oviiiiiiiiii e 561
PDMA Interrupt Status Clear Register 0 — PDMAISCRO .........oooiiiiiiiiieiiiie e 562
PDMA Interrupt Status Clear Register 1 — PDMAISCRT ........oiiiiiiiiiiiieieeeie e 563
PDMA Interrupt Enable Register 0 — PDMAIERO .........cccoiiiiiiiiii e 564
PDMA Interrupt Enable Register 1 — PDMAIER ... 565
26 Extend Bus Interface (EBI).......cccccooiiiiiemmmiiiieernes s 566
INEFOAUCTION ...ttt e e e e e e e ettt et e e e e e e e e e aannnes 566
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== 0 PR 566
FUNCLONAl DESCIIPLIONS ...ceiiiiiiiiie ettt e et e e e e e et e e e neeeas 567
Non-multiplexed 8-bit Data 8-bit AdAress MOdE .............uuuiiiiiiiiiiiiiiieeeee e 568
Non-multiplexed 16-bit Data N-bit Address Mode............c.c.uuuuiiiiiiiiiiiiiiiieeee e 569
Multiplexed 16-bit Data, 16-bit Address Mode ... 570
Multiplexed 8-bit Data, 24-bit AdAress MOde ...........ccocouuiiiiiiiiiiiie et 571
Page Read OPEration ..........uiiiiiiiiiiieee et e et e e e e et e e e e e e e e e e et e e e e e e nnneeeas 572
Write Buffer and EBI STatusS .........c.uoiiiiiii e 574
Bus Turn-around and 1d1€ CYCIES .......ccccuuiiiiiiiiiiiee e 574
AHB Transaction Width CONVEISION..........eiiiiiiiiiii e 576
EBI BANK ACCESS .....eeiiutiiiiiiii ettt ettt ettt he et e et e ettt e e e e e et e s 577
EBI REAAY ...ttt ettt ekttt 578
PDMA REQUEST ...ttt et e e e e e e oo e e e e ettt e e e e e e e eaaeaeaeaaaaeaeaeaaaaaannsnnnnnsnnnnnnnes 578
L0 15 L= 1Y =T o PR 579
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1 Introduction

Overview

This user manual provides detailed information including how to use the HT32F12365/12366/22366
devices, system and bus architecture, memory organization and peripheral instructions. The
target audiences for this document are software developers, application developers and hardware
developers. For more information regarding pin assignment, package and electrical characteristics,
please refer to the HT32F12365/12366/22366 datasheet.

The HT32F12365/12366/22366 devices are high performance and low power consumption 32-bit
microcontrollers based around an Arm® Cortex®-M3 processor core. The Cortex®-M3 is a next-
generation processor core which is tightly coupled with Nested Vectored Interrupt Controller (NVIC),
SysTick timer, and including advanced debug support.

The HT32F12365/12366/22366 devices operate at a frequency of up to 96 MHz with a Flash
accelerator to obtain maximum efficiency. It provides 256 KB of embedded Flash memory for
code/data storage and up to 128 KB of embedded SRAM memory for system operation and
application program usage. A variety of peripherals, such as ADC, I°C, USART, UART, SPI, I°S,
PDMA, GPTM, MCTM, SCI, EBI, CRC-16/32, AES-128/256, USB2.0 FS, SDIO, CSIF and SWJ-
DP (Serial Wire JTAG Debug Port), etc., are also implemented in the device series. Several power
saving modes provide the flexibility for maximum optimization between wakeup latency and power
consumption, an especially important consideration in low power applications.

The above features ensure that the HT32F12365/12366/22366 devices are suitable for use in a wide
range of applications, especially in areas such as white goods application control, power monitors,
alarm systems, consumer products, handheld equipment, data logging applications, motor control,
fingerprint recognition and so on.
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Features

| Core

e 32-bit Arm® Cortex™-M3 processor core
Up to 96 MHz operation frequency
Single-cycle multiplication and hardware division
Integrated Nested Vectored Interrupt Controller (NVIC)
24-bit SysTick timer

B On-chip Memory
e 256 KB on-chip Flash memory for instruction/data and options storage
e Up to 128 KB on-chip SRAM
e Supports multiple boot modes

B Flash Memory Controller — FMC
e Flash accelerator to obtain maximum efficiency
e 32-bit word programming with In System Programming Interface (ISP) and In Application
Programming (IAP)
e Flash protection capability to prevent illegal access

M Reset Control Unit — RSTCU
e Supply supervisor: Power On Reset/Power Down Reset (POR/PDR), Brown-out Detector
(BOD) and Programmable Low Voltage Detector (LVD)

M Clock Control Unit — CKCU
e External 4 to 16 MHz crystal oscillator
e External 32.768 kHz crystal oscillator
e Internal 8§ MHz RC oscillator trimmed to +2 % accuracy at 3.3 V operating voltage and 25 °C
operating temperature
e Internal 32 kHz RC oscillator
e Integrated system clock PLL
e Independent clock divider and gating bits for peripheral clock sources

B Power Management — PWRCU
e Single Vpp power supply: 2.0 Vto 3.6 V
Integrated 1.5 V LDO regulator for CPU core, peripherals and memories power supply

® Vp,r battery power supply for RTC and backup registers
e Three power domains: Vpp, 1.5 V and Backup
e Four power saving modes: Sleep, Deep-Sleepl, Deep-Sleep2, Power-Down

W External Interrupt/Event Controller — EXTI
e Up to 16 EXTI lines with configurable trigger source and type
All GPIO pins can be selected as EXTI trigger source
Source trigger type includes high level, low level, negative edge, positive edge or both edge

Individual interrupt enable, wakeup enable and status bits for each EXTT line
Software interrupt trigger mode for each EXTT line
Integrated deglitch filter for short pulse blocking
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M Analog to Digital Converter — ADC

12-bit SAR ADC engine

Up to 1 MSPS conversion rate

Up to 16 external analog input channels
External reference voltage input possibility
Conversion range: Vrgrs ~ Vrer-

M Analog Comparator — CMP

Rail-to-rail comparator

Each comparator has configurable negative inputs used for flexible voltage selection
Dedicated I/O pin or internal voltage reference provided by 6-bit scaler.

Programmable hysteresis

Programming speed and consumption

Comparator output can be output to I/O or to timers or ADC trigger inputs

6-bit scaler can be configurable to dedicated I/O for voltage reference.

Comparator has interrupt generation capability with wakeup from Sleep or Deep Sleep modes
through the EXTI controller.

M 1/O Ports — GPIO

Up to 80 GPIOs
Port A ~ E are mapped on 16 external interrupts (EXTI)
Almost I/O pins are configurable output driving current

M Motor Control Timer - MCTM

16-bit up, down, up/down auto-reload counters

Up to 4 independent channels for each timer

16-bit programmable prescaler allowing dividing the counter clock frequency by any factor
between 1 and 65536

Input Capture function

Compare Match Output

PWM waveform generation with Edge-aligned and Center-aligned Counting Modes
Single Pulse Mode Output

Complementary Outputs with programmable dead-time insertion

Supports 3-phase motor control and hall sensor interface

Break input to force the timer’s output signals into a reset or fixed condition

B PWM Generation and Capture Timer — GPTM

16-bit up, down, up/down auto-reload counters

Up to 4 independent channels for each timer

16-bit programmable prescaler allowing dividing the counter clock frequency by any factor
between 1 and 65536

Input Capture function

Compare Match Output

PWM waveform generation with Edge-aligned and Center-aligned Counting Modes

Single Pulse Mode Output

Encoder interface controller with two inputs using quadrature decoder
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M Basic Function Timer — BFTM
® 32-bit compare/match count-up counters — no I/O control features
e One shot mode — counting stops after a match condition
e Repetitive mode — restart counter after a match condition

B Watchdog Timer — WDT
e 12-bit down counter with 3-bit prescaler
e Interrupt or reset event for the system
e Programmable watchdog timer window function
e Registers write protection function

M Real Time Clock — RTC
e 32-bit up-counter with a programmable prescaler
e Alarm function
e Interrupt and Wake-up event

M Inter-integrated Circuit — I*C
e Supports both master and slave modes with a frequency of up to 1 MHz
e Provides an arbitration function and clock synchronization
e Supports 7-bit and 10-bit addressing modes and general call addressing
e Supports slave multi-addressing mode with maskable address

M Serial Peripheral Interface — SPI
e Supports both master and slave mode
e Frequency of up to (frcik/2) MHz for master mode and (frcix/3) MHz for slave mode
e FIFO Depth: 8 levels
e Multi-master and multi-slave operation

M Universal Synchronous Asynchronous Receiver Transmitter - USART
e Supports both asynchronous and clocked synchronous serial communication modes
e Asynchronous operating baud rate up to (fpcix/16) MHz and synchronous operating rate up to
(frcLk/8) MHz
e Capability of full duplex communication
e Fully programmable characteristics of serial communication including: word length, parity bit,
stop bit and bit order
Error detection: Parity, overrun, and frame error
Supports Auto hardware flow control mode — RTS, CTS
IrDA SIR encoder and decoder
RS485 mode with output enable control
FIFO Depth: 89 bits for both receiver and transmitter

B Universal Asynchronous Receiver Transmitter — UART
e Asynchronous serial communication operating baud-rate up to (fpcrx/16) MHz
e Capability of full duplex communication
e Fully programmable characteristics of serial communication including: word length, parity bit,
stop bit and bit order
e Error detection: Parity, overrun and frame error
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M Smart Card Interface — SCI

Supports ISO 7816-3 Standard

Character mode

Single transmit buffer and single receive buffer

11-bit ETU (Elementary Time Unit) counter

9-bit guard time counter

24-bit general purpose waiting time counter

Parity generation and checking

Automatic character retry on parity error detection in transmission and reception modes

m Inter-IC Sound — IS

Master or slave mode

Mono and stereo

I’S-justified, Left-justified, and Right-justified mode
8/16/24/32-bit sample size with 32-bit channel extended
8 x 32-bit TX & RX FIFO with PDMA supported

8-bit Fractional Clock Divider with rate control

B Cyclic Redundancy Check — CRC

Supports CRC16 polynomial: 0x8005, X'+X"*+X>+1

Supports CCITT CRC16 polynomial: 0x1021, X"+X"+X5+1

Supports IEEE-802.3 CRC32 polynomial: 0x04C11DB7, X**+X*+X»+X?2+X "6+ X2+ X +X1°
XX XCHX XX ]

Supports 1’s complement, byte reverse & bit reverse operation on data and checksum
Supports byte, half-word & word data size

Programmable CRC initial seed value

CRC computation done in 1 AHB clock cycle for 8-bit data and 4 AHB clock cycles for 32-bit data
Supports PDMA to complete a CRC computation of a block of memory

M Peripheral Direct Memory Access — PDMA

12 channels with trigger source grouping

8/16/32-bit width data transfer

Supports Address increment, decrement or fixed mode

4-level programmable channel priority

Auto reload mode

Supports trigger source: ADC, SPI, EBI, CRC, USART, UART, I°C, I*S, GPTM, MCTM, SClI,
AES, SDIO and software request

M External Bus Interface — EBI

Programmable interface for various memory types

Translates the AHB transactions into the appropriate external device protocol

4 Memory bank regions and independent chip select control for each memory bank

Accurate control of setup, strobe, hold and turn-around timing per memory bank

Supports page mode read

Automatic translation when AHB transaction width and external memory interface width is
different

e Write buffer to decrease the stalling of the AHB write burst transaction
e Both multiplexed and non-multiplexed address and data line configurations

— Up to 25 address lines
— Up to 16-bit data bus width
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M Universal Serial Bus Device Controller — USB

Complies with USB 2.0 full-speed (12 Mbps) specification

On-chip USB full-speed transceiver

1 control endpoint (EPO) for control transfer

3 single-buffered endpoint (EP1~EP3) for bulk and interrupt transfer

4 double-buffered endpoint (EP4~EP7) for bulk, interrupt and isochronous transfer
1 KB EP_SRAM used as the endpoint data buffers

B Advanced Encryption Standard — AES

Supports AES Encrypt / Decrypt Function

Supports AES ECB/CBC/CTR mode

Supports Key Sizes of 128, 192 and 256 bits

Supports 4 words Initial Vector for CBC and CTR mode

8 x 32 bits ( Each IN and OUT FIFO Capacity ) for 2 AES Data blocks
Supports Word Data Swap Function

Supports PDMA Interface

M Sccure Digital Input Output Interface — SDIO

Supports two different data bus modes: 1-bit (default) and 4-bit

Supports two different speed modes: Normal speed (default) and High speed
SD clock frequency of up to system frequency

SPI mode and MMC stream mode not supported

B CMOS Sensor Interface — CSIF (HT32F22366 Only)

Up to 2048 x 2048 input resolution

Supports 8-bit YUV422 and Raw RGB formats

Up to (fucrx/3) MHz input pixel clock frequency

VSYNC and HSYNC various settings for image capture

Hardware window capture function

Fractional hardware sub-sample function

Dual FIFOs each with a capacity of 8 x 32 bits which can be read by PDMA or CPU

B Debug support

Serial Wire JTAG Debug Port SWJ-DP

6 instruction comparators and 2 literal comparators for hardware breakpoint/watchpoint or
code patch

1-bit asynchronous trace (TRACESWO)

B Package and Operation Temperature

46-pin QFN, 48/64/100-pin LQFP package
Operation temperature range: -40 °C to 85 °C

Rev. 1.10

34 of 680 November 22, 2018

uondnpo.u|



32-Bit Arm® Cortex®-M3 MCU #
HT32F12365/HT32F12366/HT32F22366 HOLTEK

www.holtek.com

Device Information

Table 1. Features and Peripheral List

Peripherals HT32F12365 HT32F12366 HT32F22366
Main Flash (KB) 255 255 255
Option Bytes Flash (KB) 1 1 1
SRAM (KB) 64 128 128
MCTM 2
GPTM 2
Timers BFTM 2
RTC 1
WDT 1
CSIF — — 1
USB 1
SCI 2
o USART 2
Communication
UART 2
SPI 2
I’C 2
12S 1
PDMA 12 channels
AES 1
SDIO 1
EBI 1
CRC 1
GPIO Up to 80
EXTI 16
12-bit ADC 1
Number of channels Max. 16 Channels
Comparator 2
CPU frequency Up to 96 MHz
Operating voltage 20vV~36V
Operating temperature -40°C~85°C
Package 46-pin QFN, 48/64/100-pin LQFP
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Block Diagram

JTRST, JTDI, JTDO, CSIF_VSYNC, CSIF_HSYNC,
JTCK_SWCLK, BOOTO PA~PE[15:0] CSIF_MCK, CSIF_PCK,
TRACESWO JTMS_SWDIO BOOT1 CSIF_D[7:0]
[AF [AF | - Lae 1
r— Powered by V. -
\ owered Dy Vppis X POR
I|  TPU | SWJ-DP | _ t
5 /PDR | igay
g K—) ¢ ) Flash Memory K— Flash EV
Interface Memory PLL ss
| ] fuex 96 MHz
™ o)
Cortex "-M3 g K= i v l l
Processor @ PDMA FMC 1 gpio CKCU/ HSE XTALIN
Control Control | " RSTCU CsIF p——1 4~ 16 MHz XTALOUT
— Registers | Registers
& AHB aes | cre spio Controbata 8 HSI
— § C:||> % Peripherals Registers E L e MHz
=4 g SRAM - : DO | ggot2?
g el —) (;) SRAM | &|T - icar.
g Controller H 15V -
hel H
é PDMA <:D : : External Bus C | | ?\?g =
S 12 Channels Interface
o Powered by Vpp
o A
g AHB to APB B cik cvo
= Bridge 1| DATO ~
3 ] || pATO~3
USB PLL
= L~ J AD0~-AD15
@ = A0~A24
>E CS0~CS3
OE, WR
] ] .| USB ALE, RDY
TX RX I ”| Device BLO~BL1
RTS/TXE [l = DP
cTs/sck | | DM
X, RX
™ RX [l ~ »[7| Rrsmxe
i Ll crsisck
MOSSCI MISSO ﬂA >ﬁ TX, RX
K, SEL
MCLK, BCLK &] » 5| MOSI, MisO
S, SDO, SDI|_| |Isck, seL
_ [lspba
> scL
_ [B|cH3 ~ cHo
CHO ~CH2 ETI
CHON ~ CH2N [T > > = L
CH3, ETI, BRK |_| 2 ® H
o = )
g
El
5 CLK, DIO,
CLK, DIO, |3 { |<:> DET
BET in > SCI1
-
RTCOUT
ADC_INO ﬂ 12-Bit T ADC
ADC_IN15 SARADC ™75 QVear
gVDD
DdVss
CNo, CPO 5
COUTO (¥ Analog r PORB LSI
oN1,CP1 :|' " cmPo ~ 1 CMPCU |<:|'> Vo 32 Kz .
<—"|WAKEUP
LSE
BREG
Vopa X+ | L L | | 32.768kHz
VssalXl . __Powered by Voox |_Powered by Vooss __ ] iVeax Backup Domain 1 ~<—-InRST
1
||
X32KIN
X32KOUT
Power supply: ~ ====-----

Bus:

Control signal:
Alternate function:

Note: The AHB peripheral function, CSIF, is only available in the HT32F22366.

-

Figure 1. Block Diagram
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2 Document Conventions

Unless otherwise specified, this document uses the conventions which showed as follows.

Table 2. Document Conventions

Notation

Example

Description

0x

0x5a05

The number string with a Ox prefix indicates a hexadecimal
number.

Oxnnnn_nnnn

0x2000_0100

32-bit Hexadecimal address or data.

The number string with a lowercase b prefix indicates a

b b0101 .
binary number.
Specific bit of NAME. NAME can be a register or field of
NAME [n] ADDR [5] register. For example, ADDR [5] means bit 5 of ADDR
register (field).
Specific bits of NAME. NAME can be a register or field of
NAME [m:n] ADDR [11:5] register. For example, ADDR [11:5] means bit 11 to 5 of
ADDR register (field).
X b10X1 Don’t care notation which means any value is allowed.
19 18
RW | SERDYIE | PLLRDYIE | Software can read and write to this bit.
RW 0 RW 0
3 2 . . . .
RO [HSIRDY | HSERDY ISf?ft:t/vare can only read this bit. Write operation has no
RO 1RO o | erort
1 0 - . .
RC [ PDF _|BAK PORF] Sotft\;]vqazg c”an read this bit. Read operation clears it to 0
=C ORC T automatically.
3 2 N . . .
We [SERDYF | PLLRDYF | ?ct:ftware cf?nrtread this bit or clear it by writing 1. Write 0 to
Wo O We o it has no effort.
31 30 Software can only write to this bit. Read operation al
WO | DBE_CKSRC Ire(: ;I;/gg can only write to this bit. Read operation always
WO 0WO o rewms
1 0 Reserved bit(s) for future use. Software should not rely on the
Reserved | LLRDY | Reserved | value of the reserved bit. In general case, reserved bits are
RO 0 set to 0. Note that reserved bit must be kept at reset value.
Word Data length of word is 32-bit.
Half-word Data length of half-word is 16-bit.
Byte Data length of byte is 8-bit.
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3

System Architecture

The system architecture of the HT32F12365/12366/22366 series of devices that includes the
Arm® Cortex®-M3 processor, bus architecture and memory organization will be described in
the following sections. The Cortex®-M3 is a next generation processor core which offers many
new features. Integrated and advanced features make the Cortex®™-M3 processor suitable for high
performance and low power microcontroller market. In brief, Cortex®-M3 processor includes
three AHB-Lite buses, [Code, DCode, and System bus. All memory accesses of Cortex®™-M3
are performed on those three buses according to the different purpose and target memory space.
The memory organization with Harvard architecture, pre-defined memory map, and up to 4 GB
memory space makes the system flexible and extendable.

Arm® Cortex®-M3 Processor

Cortex®-M3 is a general purpose 32-bit processor core which very suitable for high performance
and low power microcontroller market. It offers many new features including a Thumb-2
instruction sets, hardware divide, low latency interrupt respond time, atomic bit-banding access,
and multiple buses for simultaneous accesses. Cortex®-M3 is based on ARMv7 architecture and
supports both Thumb and Thumb-2 instruction sets. Some system peripherals are also provided by
the Cortex®-M3 including:

M Internal Bus Matrix connected with ICode bus, DCode bus, System bus, Private Peripheral Bus
(PPB), and debug accesses (AHB-AP)

M Nested Vectored Interrupt Controller (NVIC)
M Flash Patch and Breakpoint (FPB)

B Data Watchpoint and Trace (DWT)

M Instrument Trace Macrocell (ITM)

B Memory Protection Unit (MPU)

M Serial Wire JTAG Debug Port (SWI-DP)

B Embedded Trace Macrocell (ETM)

B Trace Port Interface Unit (TPIU)

The following figure shows the Cortex®-M3 block diagram. For more information, please refer to
Arm® Cortex®-M3 Technical Reference Manual.

Rev. 1.10

38 of 680 November 22, 2018

24n)0a)IYoay woalshs



32-Bit Arm® Cortex®-M3 MCU #
HT32F12365/HT32F12366/HT32F22366 HOLTEK

www.holtek.com

INTNMI > _ Interrupts . Cortex-M3 i~
P Nleln P Sleep o~ o
INTISR{Z39:01=% i »  CM3Core > Em |
<«—SLEEPING ,  Debug _ »! I
<« SLEEPDEEP Instr. Data Trigger " — — J
A
|
_>| MPU |~ v Trat;e pgrt
L N (serial wire
? or multi-pin)
TPV —
A
vy
» FPB = DWT il [TM Private
Ly Peripheral
f ? Bus
Private Peripheral Bus (external)
(internal)
APB | ROM
> i | Table
|I-code bus
> Bus >
»! Matrix D-code bus >
Sw/ SWy/ »| AHB-AP o System bus
JTAG | SWJ-DP v v =

Figure 2. Cortex®-M3 Block Diagram

Bus Architecture

The HT32F12365/12366/22366 series consists of four master and six slaves in the bus architecture.
Cortex®-M3 ICode, DCode, System bus, and Peripheral Direct Memory Access (PDMA) are the
masters, internal SRAM, internal Flash memory, AHB peripherals, external bus interface and
two AHB to APB bridges are the slaves. The ICode bus is used for instruction and vector fetches
from Code region (0x0000 0000 ~ Ox1FFF_FFFF) to Cortex®-M3 core. The DCode bus is used
for data load/stores and debugging accesses of Code region. Similarly, the System bus is used for
instruction/vector fetches, data load/stores, and debugging accesses of system regions. The system
regions include internal SRAM region and peripheral region. All of these master buses are based
on 32-bit Advanced High-performance Bus-Lite (AHB-Lite) protocol. The following figure shows
the bus architecture of HT32F12365/12366/22366 series.
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Figure 3. Bus Architecture

Memory Organization

Arm® Cortex®-M3 is structured in Harvard architecture which can use separate buses to fetch
instructions and load/store data. The instruction code and data bus share the same memory address
space but in different address ranges. The maximum addressing range of the Cortex®-M3 is 4 GB
since it has 32-bit bus address width. Additionally, a pre-defined memory map is provided by the
Cortex®-M3 to reduce the software complexity of repeated implementation of different device
venders. However, some regions are used by Arm® Cortex®-M3 system peripherals. Refer to
Arm® Cortex®-M3 Technical Reference Manual for more information. The following figure shows
the memory map of the HT32F12365/12366/22366 series of devices, including Code, SRAM,
peripheral, and other pre-defined regions.
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[~ Ox400F_FFFF 7
0x400C_E000 Reserved
0x400C_C000 CSIF
0x400C_A000 Reserved
0x400C_8000 AES
0x400B_A000 Reserved
0x400B_0000 GPIO A~E

OxFFFF_FFFF 0x400A_C000 Reserved
Reserved 0x400A_8000 USB
0x400A_2000 Reserved
OXE010_0000 0x400A_0000 SDIO AHB
0x4009_A000 Reserved
Private peripheral bus
OXE000_0000 perip 0x4009_8000 EBI
0x4009_2000 Reserved
Reserved
0x7000_0000 B 0x4009_0000 PDMA
0x4008_C000 Reserved
EBI Selection Bank s‘: mB 0x4008_A000 CRC-16/32
0x6000_0000 0x4008_8000 | CKCU/RSTCU
- 0x4008_2000 Reserved
Reserved
0x4400_0000 0x4008_0000 FMC i
B T 0x4007_8000 Reserved
APB/AHB bit band alias 32MB 0x4007_7000 BFTM1
0x4200_0000 _ 0x4007_6000 BFTMO
Reserved 0x4007_0000 Reserved
Peripheral| %#010_0000 _ 0x4006_F000 GPTM1
AHB peripherals 512 KB 0x4006_E000 GPTMO
0x4008_0000 - < ———- o0x4006_B000 Reserved
APB peripherals 512 KB 0x4006_A000 | RTC/PWRCU
| 0x4000_0000 _ 0x4006_9000 Reserved
R 0x4006_8000 WDT APBA
0x2220_0000 _ 0x4005_9000 Reserved
0x4005_8000 CMP
) ) 0x4004_A000 Reserved
SRAM bit band alias 2 MB 0x4004_9000 12C1
SRAM 0x4004_8000 12C0
0x2200_0000 _ 0x4004_5000 Reserved
Reserved 0x4004_4000 SPI1
0x2002_0000 _ 0x4004_3000 SCI0
0x4004_2000 Reserved
Up to Up to 0x4004_1000 UART1
128 KB on-chip SRAM 128KB | 0x4004_0000 |  USARTT i
| 0x2000_0000 _ 0x4003_C000 Reserved
FEsEneEs 0x4003_A000 sci
0x1FF0_0400 _ 0x4002_E000 Reserved
Option byte alias 1KB 0x4002_D000 MCTM1
0x1FF0_0000 | 0x4002_C000 MCTMO
Reserved 0x4002_7000 Reserved
0x1F00_2000 _ 0x4002_6000 125
x1F00 0000 Boot loader 8 KB 0x4002_5000 Reserved APBO
Code xAFoe . 0x4002_4000 EXTI
Reserved 0x4002_3000 Reserved
0x0004_0000 _ 0x4002_2000 AFIO
0x4001_1000 Reserved
0x4001_0000 ADC
0x4000_5000 Reserved
256 KB on-chip Flash 256 KB 0x4000_4000 SPIO
0x4000_2000 Reserved
0x4000_1000 UARTO
| 0x0000_0000 i L 0x4000_0000 USARTO _
Figure 4. Memory Map
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Table 3. HT32F12365/12366/22366 Register Map

Start Address End Address Peripheral Bus
0x4000_0000 0x4000_OFFF USARTO
0x4000_1000 0x4000_1FFF UARTO
0x4000_2000 0x4000_3FFF Reserved
0x4000_4000 0x4000_4FFF SPIO
0x4000_5000 0x4000_FFFF Reserved
0x4001_0000 0x4001_OFFF ADC
0x4001_1000 0x4002_1FFF Reserved
0x4002_2000 0x4002_2FFF AFIO
0x4002_3000 0x4002_3FFF Reserved
0x4002_4000 0x4002_4FFF EXTI APBO
0x4002_5000 0x4002_5FFF Reserved
0x4002_6000 0x4002_6FFF 1S
0x4002_7000 0x4002_BFFF Reserved
0x4002_C000 0x4002_CFFF MCTMO
0x4002_D000 0x4002_DFFF MCTMA1
0x4002_E000 0x4003_9FFF Reserved
0x4003_A000 0x4003_BFFF SCH
0x4003_C000 0x4003_FFFF Reserved
0x4004_0000 0x4004_OFFF USART1
0x4004_1000 0x4004_1FFF UART1
0x4004_2000 0x4004_2FFF Reserved
0x4004_3000 0x4004_3FFF SCI0
0x4004_4000 0x4004_4FFF SPI1
0x4004_5000 0x4004_7FFF Reserved
0x4004_8000 0x4004_8FFF I2CO
0x4004_9000 0x4004_9FFF 12C1
0x4004_A000 0x4005_7FFF Reserved
0x4005_8000 0x4005_8FFF CMP
0x4005_9000 0x4006_7FFF Reserved APBA
0x4006_8000 0x4006_8FFF WDT
0x4006_9000 0x4006_9FFF Reserved
0x4006_A000 0x4006_AFFF RTC/PWRCU
0x4006_B000 0x4006_DFFF Reserved
0x4006_E000 0x4006_EFFF GPTMO
0x4006_F000 0x4006_FFFF GPTM1
0x4007_0000 0x4007_5FFF Reserved
0x4007_6000 0x4007_6FFF BFTMO
0x4007_7000 0x4007_7FFF BFTMA1
0x4007_8000 0x4007_FFFF Reserved
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Start Address End Address Peripheral Bus
0x4008_0000 0x4008_1FFF FMC
0x4008_2000 0x4008_7FFF Reserved
0x4008_8000 0x4008_9FFF CKCU/RSTCU
0x4008_A000 0x4008_BFFF CRC
0x4008_C000 0x4008_FFFF Reserved

0x4009_0000

0x4009_1FFF

PDMA Control Registers

0x4009_2000

0x4009_7FFF

Reserved

0x4009_8000

0x4009_9FFF

EBI Control Registers

0x4009_A000

0x4009_FFFF

Reserved

AHB

0x400A_0000 O0x400A_1FFF SDIO
0x400A_2000 0x400A_7FFF Reserved
0x400A_8000 Ox400A_9FFF USB Control Registers
0x400A_A000 Ox400A_BFFF EP_SRAM
0x400A_C000 O0x400A_FFFF Reserved
0x400B_0000 0x400B_1FFF GPIOA
0x400B_2000 0x400B_3FFF GPIOB
0x400B_4000 0x400B_5FFF GPIOC
0x400B_6000 0x400B_7FFF GPIOD
0x400B_8000 0x400B_9FFF GPIOE
0x400B_A000 0x400C_7FFF Reserved
0x400C_8000 0x400C_9FFF AES
0x400C_A000 0x400C_BFFF Reserved
0x400C_C000 0x400C_DFFF CSIF
0x400C_E000 O0x400F _FFFF Reserved
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Embedded Flash Memory

The HT32F12365/12366/22366 devices provide 256 Kbytes on-chip Flash memory which is located
at address 0x0000_0000. It supports bytes, halt-words, and word access. Note that Flash memory
only supports read operation for Cortex®-M3 ICode or DCode bus access. Any write operation
to the Flash memory (via DCode bus) will cause a bus fault exception. The Flash memory has a
capacity of 256 pages. Each page has a memory capacity of 1 KB and can be erased independently.
A 32-bit programming interface provides the capability of changing bits from 1 to 0. A data storage
or firmware upgrade can be implemented using several methods such as In System Programming
(ISP), In Application Programming (IAP) or In Circuit Programming (ICP). The above
programming methods provide flexibility to user for data storage and firmware upgrade purpose.
For more information, refer to the Flash Memory Controller section.

Embedded SRAM Memory

The HT32F12365/12366/22366 devices contain up to 128 KB on-chip SRAM which is located at
address 0x2000_0000. It supports bytes, half-words and full words access operations. In order to
reduce the time of read-modify-write operations, the Cortex®-M3 provides a bit-banding function
to perform a single atomic bit operation. Users can modify a single bit in SRAM bit-band region
by accessing the corresponding bit-band alias. For more information about bit-binding, refer to the
Arm® Cortex®-M3 Technical Reference Manual. The following formulas and examples show how
to access a bit in the bit-band region by calculate the bit-band alias.

Bit-band alias = Bit-band base + (byte offset x 32) + (bit number x 4)
For example, if you want to access bit 7 of address 0x2000 0200, the bit-band alias is:
Bit-band alias = 0x2200 0000 + (0x200 x 32) + (7 x 4) = 0x2200_401C

Write to address 0x2200 401C causes the bit 7 of address 0x2000 0200 changed. On the contrary,
read address 0x2200 401C returns 0x01 or 0x00 according to the value of bit 7 at SRAM address
0x2000_0200.

AHB Peripherals

The address of the AHB peripherals ranges from 0x4008 0000 to 0x400F FFFF. Some peripherals
such as Clock Control Unit, Reset Control Unit, and Flash Memory Controller are connected to
the AHB bus directly. The AHB peripheral clocks are always enabled after system reset. Access to
registers for these peripherals can be achieved directly via the AHB bus. Note that all peripheral
registers in AHB bus support only word access.

APB Peripherals

The address of APB peripherals ranges from 0x4000_ 0000 to 0x4007 FFFF. An APB to AHB
bridge provides access capability between the Cortex®-M3 and the APB peripherals. Additionally,
the APB peripheral clocks are disabled after a system reset. Software must enable peripheral clock
by setting up the APBCCRn registers in Clock Control Unit before accessing the corresponding
peripheral register. Note that the APB to AHB bridge will duplicate the half-word or byte data
to word width when a half-word or byte access is performed on APB peripheral register. In other
words, the access result of half-word or byte access on APB peripheral register will vary depending
on the data bit width of the access operation on the peripheral registers.
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4 Flash Memory Controller (FMC)

Introduction

The Flash Memory Controller, FMC, provides all the necessary functions, pre-fetch buffer and
branch cache for the embedded on-chip Flash memory. The figure below shows the block diagram
of FMC which includes programming interface, control register, pre-fetch buffer, and access
interface. Since the access speed of Flash memory is slower than the CPU, a wide access interface
with a pre-fetch buffer is provided to the Flash memory in order to reduce the CPU waiting timing
which will cause CPU instruction execution delay. The Flash memory word program/page erase
functions are also provided for instruction/data storage.

System Bus |« »{ Control Register

I/D Code Bus |«

Flash
Flash Memory Controller Information
Block
Wait State
Control
Addressing
<> <« .
Main Flash
Pre-fetch Buffer Data Memory
>
Branch Cache Programming
Control

Figure 5. Flash Memory Controller Block Diagram

Features

M 256 KB of on-chip Flash memory for storing instruction/data and options

e 256 KB: 255 KB + 1 KB (instruction/data + Option Byte)

Page size of 1 KB, totally 255 pages

Wide access interface with pre-fetch buffer and branch cache to reduce instruction gaps

Page erase and mass erase capability

Interrupt function to indicate end of Flash memory operations or an error occurs

Flash read protection to prevent illegal code/data access

|
|
|
M 32-bit word programming
|
|
|

Page erase/program protection to prevent unexpected operation
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Functional Descriptions

Flash Memory Map

The following figure is the Flash memory map of the system. The address ranges from
0x0000_0000 to Ox1FFF FFFF (0.5 GB). The address from 0x1F00 0000 to 0x1F00_ 1FFF
is mapped to Boot Loader with a capacity of 8 KB. Additionally, the region addressed from
0x1FF0_0000 to 0x1FFO_O3FF is the alias of Option Byte block with a capacity of 1 KB. The
memory mapping on system view is shown as below.

Ox1FFF_FFFF
Reserved
0x1FF0_0400
Option B 1 Kb
0x1FF0_0000 ption Byte ) ytes
Reserved
0x1F00_2000
N
Boot Loader Block 8 Kbytes
0x1F00_0000 /
Reserved
N
Main Flash Block 255 Kbt
es
User Application 4
0x0000_0000 /

Figure 6. Flash Memory Map
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Flash Memory Architecture

The Flash memory consists of 256 KB main Flash with 1 KB per page and an 8 KB Information
Block for the Boot Loader. The main Flash memory contains a total of 256 pages which can be
erased individually. The following table shows the base address, size and protection setting bit of
each page.

Table 4. Flash Memory and Option Byte

Page .
Block Name Address Protection Bit Size
Page 0 0x0000_0000 ~ 0x0000_03FF 1 KB
OB PP[0]
Page 1 0x0000_0400 ~ 0x0000_0O7FF 1KB
Page 2 0x0000_0800 ~ 0x0000_OBFF 0B_PP[1] 1KB
Page3 | 0x0000_0CO0 ~ 0x0000_ OFFF - 1 KB
Main Flash :
Block i .
Page 252 |0x0003_F000 ~ 0x0003_F3FF 1KB
OB PP[126]
Page 253 |0x0003_F400 ~ 0x0003_F7FF 1KB
Page 254 | 0x0003_F800 ~ 0x0003_FBFF OB_PP[127] = 1KB
Page 255 |Physical: 0x0003_FCO00 ~ 0x0003_FFFF
(Option Byte) |Alias: Ox1FF0_0000 ~ 0x1FFO_O3FF OB_CP[1] 1KB
:;llocr:“at"’” Boot Loader |0x1F00_0000 ~ 0x1F00_1FFF NA 8 KB

Notes: 1. Information Block stores boot loader, this block cannot be programmed or erased by user.
2. Option Byte is always located at last page of main Flash block.

Wait State Setting

When the CPU clock, HCLK, is greater than the access speed of the Flash memory, the wait state
cycles must be inserted during the CPU fetch instructions or load data from Flash memory. The
wait state can be changed by setting the WAIT [2:0] bits of the Flash Cache and Pre-fetch Control
Register, CFCR. In order to match the wait state requirement, the following two rules shall be
considered.

B HCLK clock is changed from lower to higher: Change the wait state setting first and then switch
the HCLK clock.

M HCLK clock is changed from higher to lower: Switch the HCLK clock first and then change the
wait state setting.

The following table shows the relationship between the wait state cycle and HCLK. The default
wait state is 0 since the High Speed Internal oscillator HSI which operates at a frequency of 8§ MHz
is selected as the HCLK clock source after reset.

Table 5. Relationship Between Wait State Cycle and HCLK

Wait State Cycle HCLK
0 0 MHz < HCLK < 24 MHz
1 24 MHz < HCLK <48 MHz
2 48 MHz < HCLK < 72 MHz
3 72 MHz < HCLK =< 96 MHz
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Booting Configuration

The system provides three kinds of booting mode which can be selected through BOOTO and
BOOT]1 pins. The BOOT0 and BOOT]! pins are sampled during a power-on reset or a system
reset. Once the logic value on these pins has been determined, the first 4 words of vector will be
remapped to the corresponding source according to the booting mode. The booting modes are
shown in the following table.

Table 6. Booting Modes

Booting mode selection pins

BOOT1 BOOTO Mode Descriptions
0 0 SRAM The source of Vector is SBVTO ~ 3
0 1 Boot Loader | The source of Vector is Boot Loader
1 X Main Flash The source of Vector is main Flash

The Vector Mapping Control Register (VMCR) is provided to change the setting of the vector
remapping setting temporarily after a device reset. The initial reset value of the VMCR register is
determined by the BOOTO and BOOT] pins which will be sampled during the reset duration.

Boot1 and Boot0 Setting

1x: Main Flash 01: Boot Loader 00: SRAM
oxc | HardFault +0xC +0xC +0xC|  SBVT3
Handler
0x8 NMI Handler + 0x8 + 0x8 + 0x8 SBVT2
<
0x4 | Program Counter + Ox4 + Ox4 + 0x4 SBVT1
" ) 0x1F00 0x4008

0x0 | Initial Stack Point | 0x0000 0000 0000 0300 SBVTO
Figure 7. Vector Remapping
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Page Erase

The FMC provides a page erase function which is used to initialize the contents of a Flash memory.
Any page can be erased independently without affecting others. The following steps show the
access sequence of the register for a page erase operation.

M Check the OPCR register to confirm that no Flash memory operation is in progress (OPM [3:0]
equal to OxE or 0x6). Otherwise, wait until the previous operation has been finished.

M Write the page address to TADR register

B Write the page erase command to OCMR register (CMD [3:0] = 0x8).

M Send the page erase command to FMC by setting OPCR register (set OPM [3:0] = 0xA).

B Wait until all the operations have been completed by checking the value of OPCR register (OPM
[3:0] equal to OxE).

M Read and verify the page if required using DCODE access.

Note that a correct target page address must be confirmed. The software may run out of control
if the target erase page is being used for fetching code or access data. The FMC will not provide
any notification when this occurs. Additionally, the page erase operation will be ignored on the
protected pages. A Flash Operation Error interrupt will be triggered by the FMC if the OREIEN
bit in the OIER register is set. Software can check the PPEF bit in the OISR register to detect this
condition in the interrupt handler. The following figure shows the page erase operation flow.

( Start )

»
Ll
Y

Is OPM equal to
OxE or Ox6 ?

Set TADR, OCMR

A 4

Commit command
by setting OPCR

»
Ll
Y

Is OPM equal to
OxE ?

Figure 8. Page Erase Operation Flowchart
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Mass Erase

The FMC provides a mass erase function which is used to initialize the complete Flash memory
contents to a high state. The following steps show the mass erase operation sequence.

M Check the OPCR register to confirm that no Flash memory operation is in progress (OPM [3:0]
equal to OxE or 0x6). Otherwise, wait until the previous operation has been finished.

B Write the mass erase command to the OCMR register (CMD [3:0] = 0xA).
M Send the mass erase command to the FMC by setting the OPCR register (set OPM [3:0] = 0xA).

B Wait until all operations have been completed by checking the value of the OPCR register (OPM
[3:0] equal to OxE).

B Read and verify the Flash memory if required using DCODE access.

Since all Flash data will be reset as OXFFFF_FFFF, the mass erase operation can be implemented

by an application that runs in the SRAM or by the debug tool that access the FMC register directly.

An application that executes on the Flash memory will not trigger a mass erase operation. The
following figure shows the mass erase operation flow.

( Start )

>
Y

Is OPM equal to
OxE or 0x6 ?

Set OCMR = 0xA

\ 4

Commit command
by setting OPCR

»
>
Y

Is OPM equal to
OxE ?

Figure 9. Mass Erase Operation Flowchart
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Word Programming

The FMC provides a 32-bit word programming function which is used to modify the Flash memory
contents. The following steps show the word programming register access sequence.

M Check the OPCR register to confirm that no Flash memory operation is in progress (OPM [3:0]
equal to OXE or 0x6). Otherwise, wait until the previous operation has been finished.

B Write the word address to the TADR register. Write data to WRDR register.
B Write the word program command to the OCMR register (CMD [3:0] = 0x4).
B Send the word program command to the FMC by setting the OPCR register (set OPM [3:0] = 0xA).

B Wait until all operations have been completed by checking the value of the OPCR register (OPM
[3:0] equal to OxE).

M Read and verify the Flash memory if required using DCODE access.

Note that the word programming operation cannot be applied to the same address twice. Successive
word programming operation to the same address must be separated by a page erase operation.
Additionally, the word programming operation will be ignored on protected pages. A Flash
Operation Error interrupt will be triggered by the FMC if the OREIEN bit in the OIER register is
set. Software can check the PPEF bit in the OISR register to detect this condition in the interrupt
handler. The following figure shows the word programming operation flow.

( Start )

»
Ll
Y

Is OPM equal to
OxE or 0x6 ?

Set TADR, WRDR and
OCMR

A 4

Commit command
by setting OPCR

>
}

Is OPM equal to
OxE ?

Figure 10. Word Programming Operation Flowchart
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Option Byte Description

The Option Byte can be treated as an independent Flash memory which base address is
0x1FF0_0000. The following table shows the function description and memory map of Option

Byte.
Table 7. Option Byte Memory Map
Option Byte \ Offset \ Description Reset Value
Option Byte Base Address = 0x1FF0_0000
0x000 |OB_PP [n]: Main Flash Page Erase/Program Protection OxFFFF_FFFF
OB PP 0x004 |(n =0~ 127 for page 254 ~ page 0) OxFFFF_FFFF
- 0x008 0: Flash Page 2n and 2n+1 Erase / Program Protection is enabled |OxFFFF_FFFF

0x00C 1: Flash Page 2n and 2n+1 Erase / Program Protection is disabled |OxFFFF_FFFF

OB_CP [0]: Flash Security Protection
0: Flash Security protection is enabled
1: Flash Security protection is disabled
OB_CP 0x010 |OB_CP [1]: Option Byte Protection OxFFFF_FFFF
0: Option Byte protection is enabled
1: Option Byte protection is disabled
OB_CP [31:2]: Reserved

OB_CK [31:0]: Flash Option Byte Checksum

OB_CK should be set as the sum of 5 words Option Byte content, of
which the offset address ranges form 0x000 to 0x010 (0x000 + 0x004
+ 0x008 + 0x00C + 0x010), when the OB_PP or OB_CP register
content is not equal to OxFFFF_FFFF. Otherwise, both page erase/
program protection and security protection will be enabled.

0B_CK 0x020 OXFFFF_FFFF
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Page Erase/Program Protection

The FMC provides page erase/program protection functions to prevent inadvertent operations
on the Flash memory. The page erase or word programming command will not be accepted by
the FMC on the protected pages. When the page erase or word programming command is sent to
the FMC on a protected page, the PPEF bit in the OISR register will then be set by FMC. If the
OREIEN bit in the OIER register is also set to 1 then the Flash operation error interrupt will be
triggered by the FMC. The page protection function can be individually enabled for each page by
configuring the OB_PP [127:0] bit field in the Option Byte. The following table shows the access
permission of the main Flash page when the page protection is enabled.

Table 8. Access Permission of Protected Main Flash Page

=, [IEED ISP/IAP ICP/Debug Mode | Boot from SRAM
Operation
DCODE Read (o] @] 0]
Program X X X
Page Erase X X X
Mass Erase (0] O (0]

Notes: 1.The write protection is based on specific pages. The above access permission only
affects the pages of which the protection function has been enabled. Other pages are not
affected.

2. Main Flash page protection is configured by OB_PP [127:0]. Option Byte is physically
located at the last page of main Flash. Option Byte page protection is configured by the
OB_CP [1] bit.

3. The page erase on Option Byte area can disable the page protection of main Flash.

4. The page protection of Option Byte can only be disabled by a mass erase operation.

The following steps show the page erase/program protection procedure register access sequence.

B Check the OPCR register to confirm that no Flash memory operation is in progress (OPM [3:0]
equal to OXE or 0x6). Otherwise, wait until the previous operation has been finished.

B Write the OB_PP address to the TADR register (TADR = 0x1FF0_0000).

B Write the data which indicates the protection function of corresponding page is enabled or
disabled into the WRDR register (0: Enabled, 1: Disabled).

B Write the word program command to the OCMR register (CMD [3:0] = 0x4).

B Commit the word program command to the FMC by setting the OPCR register (set OPM [3:0] =
0xA).

B Wait until all operations have been finished by checking the value of the OPCR register (OPM
[3:0] equal to OxE).

M Read and verify the Option Byte if required using DCODE access.

B Before to activate the new OB_PP setting, the OB_CK must be updated according to the Option
Byte checksum rule.

B Apply a system reset to activate the new setting.
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Security Protection

The FMC provides a security protection function to prevent illegal code/data access of the Flash
memory. This function is useful for protecting the software / firmware from the illegal users. The
function is activated by configuring the OB_CP [0] bit in the Option Byte. Once the function has
been enabled, all the main Flash DCODE access, programming and page erase operations will
not be allowed except for the user’s application. However, the mass erase operation will still be
accepted by the FMC in order to disable this security protection function. The following table
shows the access permission of Flash memory when the security protection is enabled.

Table 9. Access Permission When Security Protection is Enabled

. LR User Application " | ICP/Debug Mode Boot from SRAM
Operation
DCODE Read (0] X (read as 0) X (read as 0)
Program om X X
Page Erase o X X
Mass Erase (0] (0] (0]

Notes: 1. User application means the software that is executed or booted from the main Flash
memory with the JTAG/SW debugger being disconnected. However, the Option Byte block
and page 0 are still protected in which Programming and Page Erase operations cannot
be executed.

2. Mass erase operation can erase Option Byte block and disable security protection.
The following steps show the Security protection procedure register access sequence.

B Check the OPCR register to confirm that no Flash memory operation is in progress (OPM [3:0]
equal to OXE or 0x6). Otherwise, wait until the pervious operation has been finished.

B Write the OB_CP address to the TADR register (TADR = 0x1FF0_0010).

B Write the data into the WRDR register to clear OB_CP [0] bit to O.

B Write the word program command to the OCMR register (CMD [3:0] = 0x4).

M Send the word program command to the FMC by setting the OPCR register (set OPM = 0xA).

B Wait until all operations have been finished by checking the value of the OPCR register (OPM
[3:0] equals to OxE).

M Read and verify the Option Byte if required using DCODE access.

W Before to activate the security protection function, the OB_CK field must be update according to
the Option Byte checksum rule.

B Apply a system reset to activate the new setting.
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Register Map
The following table shows the FMC registers and reset values.

Table 10. FMC Register Map

Register Offset Description Reset Value
TADR 0x000 Flash Target Address Register 0x0000_0000
WRDR 0x004 Flash Write Data Register 0x0000_0000
OCMR 0x00C Flash Operation Command Register 0x0000_0000
OPCR 0x010 Flash Operation Control Register 0x0000_000C
OIER 0x014 Flash Operation Interrupt Enable Register 0x0000_0000
OISR 0x018 Flash Operation Interrupt and Status Register 0x0001_0000

0x020 OXXXXX_XXXX
PPSR giggg Flash Page Erase/Program Protection Status Register 8§§§§§:§§§§

0x02C OXXXXX_XXXX
CPSR 0x030 Flash Security Protection Status Register 0x0000_000X
VMCR 0x100 Flash Vector Mapping Control Register 0x0000_000X
MDID 0x180 Flash Manufacturer and Device ID Register 0x0376_XXXX
PNSR 0x184 Flash Page Number Status Register 0x0000_00XX
PSSR 0x188 Flash Page Size Status Register 0x0000_0400
DIDR 0x18C Device ID Register 0x000X_XXXX
CFCR 0x200 Flash Cache and Pre-fetch Control Register 0x0000_1091
SBVTO 0x300 SRAM Booting Vector 0 (Stack Point) 0x200X_0000
SBVT1 0x304 SRAM Booting Vector 1 (Program Counter) 0x2000_0159
SBVT2 0x308 SRAM Booting Vector 2 (NMI Handler) 0x0000_0000
SBVT3 0x30C SRAM Booting Vector 3 (Hard Fault Handler) 0x0000_0000
CIDRO 0x310 Custom ID Register 0 OXXXXX_XXXX
CIDR1 0x314 Custom ID Register 1 OXXXXX_XXXX
CIDR2 0x318 Custom ID Register 2 OXXXXX_XXXX
CIDR3 0x31C Custom ID Register 3 OXXXXX_XXXX

Note: "X" means various reset values which depend on the Device, Flash value, option byte value, or
power on reset setting.
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Register Descriptions

Flash Target Address Register - TADR

This register specifies the target address of the page erase and word programming operations.

Offset:

0x000

Reset value: 0x0000_0000

31 30 29 28 27 26 25 24
| TADB |
Type/Reset RW RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0
23 22 21 20 19 18 17 16
| TADB |
Type/Reset RW RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0
15 14 13 12 11 10 9 8
| TADB |
Type/Reset RW RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0
7 6 5 4 3 2 1 0
| TADB |
Type/Reset RW RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0
Bits Field Descriptions
[31:0] TADB Flash Target Address Bits

For programming operations, the TADR register specifies the address where the
data is written. Since the programming length is 32-bit, the TADR should be set
as word-aligned (4 bytes). The TADB [1:0] will be ignored during programming
operations. For page erase operations, the TADR register contains the page address
which is going to be erased. Since the page size is 1 KB, the TADB [9:0] will be
ignored in order to limit the target address as 1 Kbyte-aligned. For 256 KB main
Flash addressing, TADB [31:18] should be zero. The Option Byte which has a 1 KB
capacity ranges from Ox1FF0_0000 to Ox1FFO_O03FF. This field is used to specify the
Flash address which must be within the range from 0x0000_0000 to Ox1FFF_FFFF.
Otherwise, an Invalid Target Address interrupt will be generated if the corresponding
interrupt enable bit is set.
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Flash Write Data Register - WRDR

This register stores the data to be written into the TADR register for programming operation.

Offset: 0x004
Reset value: 0x0000_0000

31 30 29 28 27 26 25 24

| WRDB |

Type/Reset RW O RW ORW ORW ORW ORW ORW 0RW 0
23 22 21 20 19 18 17 16

| WRDB |

Type/Reset RW O RW ORW ORW ORW ORW ORW 0RW 0
15 14 13 12 11 10 9 8

| WRDB |

Type/Resst RW O RW ORW ORW ORW ORW ORW O0RW 0
7 6 5 4 3 2 1 0

| WRDB |

Type/Reset RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0

Bits Field Descriptions

[31:0] WRDB Flash Write Data Bits
The data value for programming operation.
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Offset: 0x00C
Reset value: 0x0000_0000

31 30 29 28 27 26 25 24
| Reserved
Type/Reset
23 22 21 20 19 18 17 16
| Reserved
Type/Reset
15 14 13 12 11 10 9 8
| Reserved
Type/Reset
7 6 5 4 3 2 1 0
| Reserved CMD
Type/Reset RW 0 RW RW 0 RW 0
Bits Field Descriptions
[3:0] CMD Flash Operation Command
The following table shows the definitions of the operation command bits CMD [3:0]
which determine the Flash memory operation. If an invalid command is set and the
IOCMIEN is equal to 1, an Invalid Operation Command interrupt will be generated.
CMD [3:0] Description
0x0 Idle - default
0x4 Word program
0x8 Page erase
OxA Mass erase
Others Reserved
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This register is used for controlling the command commitment and checking the status of the FMC operations.
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Offset:

0x010

Reset value: 0x0000_000C

Type/Reset

Type/Reset

Type/Reset

Type/Reset

Bits

31

30

29 28 27

26

25 24

Reserved

23

22

21 20 19

18

17 16

Reserved

15

14

13 12 11

10

Reserved

6

1 0

Reserved

| OPM

| Reserved |

Field

Descriptions

RW 0 RW 1 RW

1

RW

0

[4:1]

OPM

Operation Mode
The following table shows the operation modes of the FMC. User can commit the
command which is set by the OCMR register for the FMC according to the address
alias setting in the TADR register. The contents of the TADR, WRDR and OCMR
registers should be prepared before setting this register. After all the operations
have been finished, the OPM field will be set as OXE by the FMC hardware. The
Idle mode can be set when all the operations have been finished for power saving
purpose. Note that the operation status should be checked before the next operation
is executed on the FMC. The content of the TADR, WRDR, OCMR and OPCR
registers should not be changed until the previous operation has been finished.

OPM [3:0]

Description

0x6

Idle - default

OxA

Commit command to main Flash

OxE

All operation finished on main Flash

Others

Reserved
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This register is used to enable or disable the FMC interrupt function. The FMC generates interrupt to the
controller when corresponding interrupt enable bits are set.
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Offset:

0x014

Reset value: 0x0000_0000

31 30 29 28 27 26 25 24
Reserved |
Type/Reset
23 22 21 20 19 18 17 16
Reserved |
Type/Reset
15 14 13 12 11 10 9 8
Reserved |
Type/Reset
7 6 5 4 3 2 1 0
Reserved | OrREIEN | 10CMIEN | OBEIEN | ITADIEN | ORFIEN |
Type/Reset RW 0 RW 0 RW 0 RW 0 RW 0
Bits Field Descriptions
[4] OREIEN Operation Error Interrupt Enable
0: Operation error does not generate an interrupt
1: Operation error generates an interrupt
[3] IOCMIEN Invalid Operation Command Interrupt Enable
0: Invalid Operation Command does not generate an interrupt
1: Invalid Operation Command generates an interrupt
[2] OBEIEN Option Byte Check Sum Error Interrupt Enable
0: Option Byte Check Sum Error does not generate an interrupt
1: Option Byte Check Sum Error generates an interrupt
[1] ITADIEN Invalid Target Address Interrupt Enable
0: Invalid Target Address does not generate an interrupt
1: Invalid Target Address generates an interrupt
[0] ORFIEN Operation Finished Interrupt Enable
0: Operation Finish does not generate an interrupt
1: Operation Finish generates an interrupt
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Flash Operation Interrupt and Status Register — OISR

This register indicates the status which is used to check if an operation has been finished or an error occurs. The
status bits, bit [4:0], are available when the corresponding bits in the OIER register are set.

Offset:

Reset value: 0x0001_0000

0x018

31 30 29 28 27 26 25 24
Reserved |
Type/Reset
23 22 21 20 19 18 17 16
Reserved | pPEF | RORFF |
Type/Reset RO 0 RO 1
15 14 13 12 11 10 9 8
Reserved |
Type/Reset
7 6 5 4 3 2 1 0
Reserved | orer | 1ocmrF | oBer | 1TabF | ORFF |
Type/Reset wC 0 WC 0 wC 0 WC 0 wC 0
Bits Field Descriptions
[17] PPEF Page Erase/Program Protected Error Flag
0: Page Erase/Program Protected Error does not occur
1: Operation error occurs due to an invalid page erase/program operation being
applied to a protected page
This bit is reset by hardware once a new Flash operation command is committed.
[16] RORFF Raw Operation Finished Flag
0: The last flash operation command is has not yet finished
1: The last flash operation command has finished
This bit is directly connected to the Flash memory for debugging purpose.
[4] OREF Operation Error Flag
0: No flash operation error occurred
1: The last flash operation is failed
This bit will be set when any Flash operation error such as an invalid command,
program error and erase error, etc. occurs. The ORE interrupt occurs if the OREIEN
bit in the OIER register is set. Reset this bit by writing 1.
[3] IOCMF Invalid Operation Command Flag
0: No invalid flash operation command was set
1: An invalid flash operation command is set into the OCMR register.
The IOCM interrupt will be occurred if the IOCMIEN bit in the OIER register is set.
Reset this bit by writing 1.
[2] OBEF Option Byte Check Sum Error Flag
0: Check sum of Option Byte is correct
1: Check sum of Option Byte is incorrect
The OBE interrupt will occur if the OBEIEN bit in the OIER register is set. However,
the Option Byte Check Sum Error Flag has to wait until the interrupt condition is
cleared, this bit will be reset by software writes 1, which means the Option Byte
check sum value has been modified to correct one. Otherwise, the interrupt will
be continually kept or the software disables the interrupt enable bit to release the
interrupt request.
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Bits Field Descriptions

[1] ITADF Invalid Target Address Flag
0: The target address is valid
1: The target address TADR is invalid
The data in the TADR field must be within the range from 0x0000_0000 to Ox1FFF_
FFFF. The ITAD interrupt will be occurred if the ITADIEN bit in the OIER register is
set. Reset this bit by writing 1.
[0] ORFF Operation Finished Flag
0: No operation finished interrupt occurred
1: Last flash operation command is finished
The ORF interrupt will be occurred if the ORFIEN bit in the OIER register is set.
Reset this bit by writing 1.

Flash Page Erase/Program Protection Status Register - PPSR

This register indicates the page erase/program protection status of the Flash memory.

Offset: 0x020 (0) ~ 0x02C (3)
Reset value: OxXXXX_XXXX

31 30 29 28 27 26 25 24

| PPSBn |

Type/Reset RO X RO XRO XRO XRO XRO XRO XRO X
23 22 21 20 19 18 17 16

| PPSBn |

Type/Reset RO X RO XRO XRO XRO XRO XRO XRO X
15 14 13 12 11 10 9 8

| PPSBn |

Type/Reset RO X RO XRO XRO XRO XRO XRO XRO X
7 6 5 4 3 2 1 0

| PPSBn |

Type/Reset RO X RO X RO X RO X RO X RO X RO X RO X

Bits Field Descriptions

[127:0] PPSBN Page Erase/Program Protection Status Bits (n = 0 ~ 127)

PPSB[n] = OB_PPI[n]

0: The corresponding pages are protected

1: The corresponding pages are not protected
The content of this register is not dynamically updated and will only be reloaded from
the Option Byte when any kind of reset occurs. The erase or program function of
the specific pages is not allowed when the corresponding bits of the PPSR registers
are reset. The reset value of PPSR [127:0] is determined by the Option Byte OB_
PP [127:0] bits. Since the maximum page number of the main flash is 256 KB in this
device series. Therefore, each page erase/program protection status bit protect two
pages. The other remained bits of OB_PP and PPSR registers are reserved.
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Flash Security Protection Status Register - CPSR
This register indicates the Flash memory security protection status. The content of this register is not dynamically
updated and will only be reloaded by the Option Byte loader which is active when any kind of reset occurs.
Offset: 0x030
Reset value: 0x0000_000X

31 30 29 28 27 26 25 24
| Reserved |
Type/Reset
23 22 21 20 19 18 17 16
| Reserved |
Type/Reset
15 14 13 12 11 10 9 8
| Reserved |
Type/Reset
7 6 5 4 3 2 1 0
| Reserved | oBpsB | cpsB |
Type/Reset RO X RO X
Bits Field Descriptions
[1] OBPSB Option Byte Page Erase/Program Protection Status Bit

0: The Option Byte page is protected.
1: The Option Byte page is not protected.
The reset value of OPBSB is determined by the Option Byte OB_CP [1] bit.
[0] CPSB Flash Memory Security Protection Status Bit
0: Flash Security protection is enabled

1: Flash Security protection is not enabled
The reset value of CPSB is determined by the Option Byte OB_CP [0] bit.
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Flash Vector Mapping Control Register - VMCR
This register is used to control the vector mapping. The reset value of the VMCR register is determined by the
external booting pins, BOOTO0 and BOOT1, during the power-on reset period.
Offset: 0x100
Reset value: 0x0000_000X

31 30 29 28 27 26 25 24
| Reserved |
Type/Reset
23 22 21 20 19 18 17 16
| Reserved |
Type/Reset
15 14 13 12 11 10 9 8
| Reserved |
Type/Reset
7 6 5 4 3 2 1 0
| Reserved | VMCB |
Type/Reset RW X RW X
Bits Field Descriptions
[1:0] VMCB Vector Mapping Control Bit

The VMCB bits are used to control the mapping source of first 4-word vector
addressed from 0x0 to OxC. The following table shows the vector mapping setting.

BOOT1|BOOTO0|VMCB [1:0] Descriptions
SRAM booting mode
Low Low 00 The vector mapping source is SBVT0~3.
. Boot Loader mode
Low High 01 The vector mapping source is the boot loader area.
High Low 10 Main Flash mode
High | High 1 The vector mapping source is the main Flash area.

The reset value of the VMCB register is determined by the pins status of the external
booting pins BOOT1 and BOOTO during power on reset and system reset. The
vector mapping setting can be changed temporarily by configuring the VMCB bits
when the application is running.
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Flash Manufacturer and Device ID Register — MDID
This register is used to store the manufacture ID and device part number information which can be used as the
product identity.
Offset: 0x180
Reset value: 0x0376_XXXX

31 30 29 28 27 26 25 24
| MFID |
Type/Reset RO 0 RO 0 RO ORO ORO 0RO 0RO 1 RO 1
23 22 21 20 19 18 17 16
| MFID |
Type/Reset RO 0 RO 1 RO 1 RO 1RO 0RO 1 RO 1RO 0
15 14 13 12 11 10 9 8
| ChipID |
Type/Reset RO 0 RO 0 RO 0 RO 1RO XRO XRO XRO X
7 6 5 4 3 2 1 0
| ChipID |

Type/Reset RO 0 RO 1 RO 0 RO 1 RO 0 RO 0 RO 1 RO 0

Bits Field Descriptions
[31:16] MFID Manufacturer ID

Read as 0x0376
[15:0] ChipID Chip ID

Read the last 4 digital code of the MCU device part number.
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Flash Page Number Status Register —- PNSR

This register is used to indicate the Flash memory page number.

Offset: 0x184
Reset value: 0x0000_00XX

31 30 29 28 27 26 25 24
| PNSB |
Type/Reset RO 0 RO 0 RO 0 RO 0 RO 0 RO 0 RO 0 RO 0
23 22 21 20 19 18 17 16
| PNSB |
Type/Reset RO 0 RO 0 RO 0 RO 0 RO 0 RO 0 RO 0 RO 0
15 14 13 12 11 10 9 8
| PNSB |
Type/Reset RO 0 RO 0 RO 0 RO 0 RO 0 RO 0 RO 0 RO 0
7 6 5 4 3 2 1 0
| PNSB |

Type/Reset RO X RO X RO X RO X RO X RO X RO X RO X

Bits Field Descriptions

[31:0] PNSB Flash Page Number Status Bits
0x0000_0020: Totally 32 pages for the on-chip Flash memory device.
0x0000_0040: Totally 64 pages for the on-chip Flash memory device.
0x0000_0080: Totally 128 pages for the on-chip Flash memory device.
0x0000_OOFF: Totally 255 pages for the on-chip Flash memory device.
They indicated the total pages of the on-chip Flash memory device.
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Flash Page Size Status Register - PSSR

This register is used to indicate the page size in bytes.

Offset: 0x188
Reset value: 0x0000_0400

31 30 29 28 27 26 25 24
| PSSB |
Type/Reset RO 0 RO 0 RO 0 RO 0 RO 0 RO 0 RO 0 RO 0
23 22 21 20 19 18 17 16
| PSSB |
Type/Reset RO 0 RO 0 RO 0 RO 0 RO 0 RO 0 RO 0 RO 0
15 14 13 12 11 10 9 8
| PSSB |
Type/Reset RO 0 RO 0 RO 0 RO 0 RO 0 RO 1 RO 0 RO 0
7 6 5 4 3 2 1 0
| PSSB |

Type/Reset RO 0 RO 0 RO 0 RO 0 RO 0 RO 0 RO 0 RO 0

Bits Field Descriptions

[31:0] PSSB Flash Page Size Status Bits
0x200: That means the page size is 512 Byte per page.
0x400: That means the page size is 1 KB per page.
0x800: That means the page size is 2 KB per page.

Device ID Register — DID

This register is used to store the device part number information which can be used as the product identity.

Offset: 0x18C
Reset value: 0x000X_XXXX

31 30 29 28 27 26 25 24
| Reserved |
Type/Reset
23 22 21 20 19 18 17 16
| Reserved | ChiplD |
Type/Reset RO X RO X RO X RO X
15 14 13 12 11 10 9 8
| ChipID |
Type/Reset RO X RO X RO X RO X RO X RO X RO X RO X
7 6 5 4 3 2 1 0
| ChipID |

Type/Reset RO X RO X RO X RO X RO X RO X RO X RO X

Bits Field Descriptions
[19:0] ChiplD Chip ID
Read the complete 5 digital code of the MCU device part number.
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Flash Pre-fetch Control Register - CFCR

This register is used for controlling the FMC cache and pre-fetch module.

Offset: 0x200
Reset value: 0x0000_1091

31 30 29 28 27 26 25 24
| Reserved |
Type/Reset
23 22 21 20 19 18 17 16
| Reserved |
Type/Reset
15 14 13 12 11 10 9 8
| Reserved | CE | Reserved |
Type/Reset RW 1
7 6 5 4 3 2 1 0
| pcos | Reserved | PFBE | Reserved | WAIT |
Type/Reset RW 1 RW 1 0 RW 0 RW 0 RW 1
Bits Field Descriptions
[12] CE Branch Cache Enable Bit

0: Cache is disabled
1: Cache is enabled
[7] DCDB DCODE Data Cacheable Control Bit
0: DCODE Data Access is Cacheable
1: DCODE Data Access is Non-Cacheable
[4] PFBE Pre-fetch Buffer Enable Bit
0: Pre-fetch buffer is disabled
1: Pre-fetch buffer is enabled
The pre-fetch buffer is enabled in default state. When the pre-fetch buffer is
disabled, the instruction and Data are provided by the Flash memory directly.
[2:0] WAIT Flash Wait State Setting
The WAIT [2:0] are used to set the HCLK wait clock during non-sequential
address Flash access. The actual value of the wait clocks is given by (WAIT[2:0]
- 1). Since a wide access interface with a pre-fetch buffer and branch cache is
provided, the wait state of sequential Flash access is very close to zero.

WAIT [2:0] Wait Status Allowed HCLK Range
001 0 0 MHz < HCLK <= 24 MHz
010 1 24 MHz < HCLK <= 48 MHz
011 2 48 MHz < HCLK <= 72 MHz

Others 3 72 MHz < HCLK <= 96 MHz
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SRAM Booting Vector Register n — SBVTn (n =0 ~ 3)
These registers specify the initial values of Stack Point, Program Counter, NMI Handler address and Hard Fault
Handler address for the SRAM Booting mode.
Offset: 0x300 (0) ~ 0x30C (3)
Reset value: Various depending on the address offset

31 30 29 28 27 26 25 24

| SBVTn |

Type/Reset RW X RW X RW XRW XRW XRW XRW XRW X
23 22 21 20 19 18 17 16

| SBVTn |

Type/Reset RW X RW X RW XRW XRW XRW XRW XRW X
15 14 13 12 11 10 9 8

| SBVTn |

Type/Resst RW X RW X RW XRW XRW XRW XRW XRW X
7 6 5 4 3 2 1 0

| SBVTn |

Type/Reset RW X RW X RwW X RwW X RW X RW X RW X RwW X

Bits Field Descriptions

[31:0] SBVTn SRAM Booting Vectorn (n =0~ 3)

The SRAM Booting Vector 0 ~ 3 provide a SRAM booting capability for applications
debugging. The contents of the SBVTn registers are re-mapped into addresses 0x0
~ 0xC of the Flash memory CODE area under SRAM booting mode. Refer to the
description of the VCMR register and BOOT1/BOOTO boot pins. The following table
shows the purpose and reset value of the SBVTn register. The reset value provides
a fixed setting for program execution during the SRAM booting mode. Those
registers can be modified by the debugging tool in order to change the program
execution setting. The reset values of SBVTn will be reloaded only by a power-on
reset. Other reset sources will have no effect.

Name |Address Offset Purpose Descriptions Reset Value
128 KB SRAM:
) 0x2002_0000
SBVTO |[0x300 Stack point 64 KB S_R AM:-
0x2001_0000
SBVT1 0x304 Program counter 0x2000_0159
SBVT2 |0x308 NMI handler address 0x0000_0000
SBVT3 |0x30C Hard fault handler address |0x0000_0000

This access width of the registers SBVT0 ~SBVT3 must be 32 bits (Word access). 8
or 16 bits (Byte or Half-Word) access is not allowed.
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Custom ID Register n — CIDRn (n =0 ~ 3)

This register is used to store the custom ID information which can be used as the custom identity.

Offset: 0x310 (0) ~ 0x31C (3)
Reset value: Various depending on Flash Manufacture Privilege Information Block.

31 30 29 28 27 26 25 24

| CID |

Type/Resst RO X RO X RO X RO X RO X RO X RO X RO X
23 22 21 20 19 18 17 16

| cID |

Type/Reset RO X RO X RO X RO X RO X RO X RO X RO X
15 14 13 12 1 10 9 8

| cID |

Type/Resst RO X RO X RO X RO X RO X RO X RO X RO X
7 6 5 4 3 2 1 0

| CcID |

Type/Reset RO X RO X RO X RO X RO X RO X RO X RO X

Bits Field Descriptions

[31:0] CIDn Custom ID
Read as the CIDn[31:0] (n=0 ~ 3) field in the Custom ID registers in Flash
Manufacture Privilege Block.
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Power Control Unit (PWRCU)

Introduction

The power consumption can be regarded as one of the most important issues for many embedded
system applications. Accordingly the Power Control Unit, PWRCU, provides many types of power
saving modes such as Sleep, Deep-Sleepl, Deep-Sleep2 and Power-Down modes. These modes
reduce the power consumption and allow the application to achieve the best trade-off between the
conflicting demands of CPU operating time, speed and power consumption. The dash line in the
Figure 11 indicates the power supply source of three digital power domains.

|_ _______________________ |
| + Voo
| Vpp Domain PLL
| v LDOOFF
HSI
Voo L _OV'\';_ VBA LCM E LDO
el ke
vV, v K POR/PDR
BAT —r° DMOSON OVOS 1o
P
WKUP1 a T5V
nRST D3 > HSE L POR/PDR
PWR_CTRL
WKUP2 :
WAKEUP J > WKUP4 : CLDO
VDD15
RTCOUT R N—_L
WKUP3
RTC Y
1.5V Domain I
SLEEPDEEP
[ st | | Pore | SLEEPING cPU | | Memories |
APB Digital
A »
I LSE I I BREG I 7 g INTF Peripheral
Backup Domain
PORB: Vgak Power On Reset LDO: Voltage Regulator LVD: Low Voltage Detector
BREG: Backup Registers DMOS: Depletion MOS POR/PDR: Power On Reset/Power Down Reset
Figure 11. PWRCU Block Diagram
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Features

M Three power domains: Backup, Vpp and 1.5 V power domains.

B Four power saving modes: Sleep, Deep-Sleepl, Deep-Sleep2 and Power-Down modes.
M Internal Voltage regulator supplies 1.5 V voltage source.
|

Additional Depletion MOS supplies 1.5 V voltage source with low leakage and low operating
current.
B A power reset is generated when one of the following events occurs:
e Power-on / Power-down reset (POR / PDR reset).
e When exiting Power-Down mode.
e The control bits BODEN = 1, BODRIS=0 and the supply power Vpp < Viop.

B Brown Out Detector can issue a system reset or an interrupt when Vpp power source is lower
than the Brown Out Detector voltage Vgop.

B Low Voltage Detector can issue an interrupt or wakeup event when Vpp is lower than a
programmable threshold voltage Viyp.

B Battery power (Vpar) for backup domain when Vpp is lower than Vppg voltage.

M 40 bytes of backup registers powered by Vpax for data storage of user application data when in
the Power-Down mode.

Functional Descriptions

Backup Domain

Power Switch

The Backup Domain is powered by the Vpp power source or the battery power source, Vpar, which
is selected by the power switch PWRSW. The operating voltage range of the Back Domain is
from 2.0 V to 3.6 V. If Vpp is lower than Vppg, then the power source of the Back Domain will be
automatically switched from Vpp to Vpar. Therefore, even if Vpp is powered down, all the circuitry
in the backup domain can operate normally. This means that the backup register contents will be
retained, the RTC circuitry will operate normally and the low speed oscillators can keep running.

Backup Domain Reset

The Backup Domain reset sources include the Backup Domain Power-On-Reset (PORB) and
the Backup Domain software reset which is activated by setting the BAKRST bit in the BAKCR
register. The PORB signal forces the device to stay in the reset mode until the Vpax is greater than
Vpors. The application software can set the PORBDN bit in the BAKCR register to disable PORB
circuit to save the current consumption in the Backup Domain. Also the application software can
trigger Backup Domain software reset by setting the BAKRST bit in the BAKCR register. All
registers of PWRCU and RTC will be reset only by the Backup Domain reset.

LSE, LSl and RTC

The Real Time Clock circuitry clock source can be derived from either the Low Speed Internal
RC oscillator, LSI, or the Low Speed External Crystal oscillator, LSE. Before entering the power
saving mode by executing WFI/WFE instruction, the MCU needs to setup the compare register
with an expected wakeup time and enable the wakeup function to achieve the RTC timer wakeup
event. After entering the power saving mode for a certain amount of time, the Compare Match
flag, CMFLAG, will be asserted to wakeup the device when the compare match event occurs. The
details of the RTC configuration for wakeup timer will be described in the RTC chapter.
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Backup Registers and Isolation Cells

Ten 32-bit registers, up to 40 bytes, are located in the Backup Domain for user application data
storage. These registers are powered by Vgax which constantly supplies power when the 1.5 V
core power is switched off. The Backup Registers are only reset by the Backup Domain power-on-
reset, PORB, or the Backup Domain software reset, BAKRST. When the device resumes operation
from the 1.5 V power, either by Hardware or Software, access to the Backup registers and the RTC
registers are disabled by the isolation cells which protect these registers against possible parasitic
write accesses. To resume access operations, users must disable these isolation cells by setting the
BKISO bit to 1 in the LPCR register of the Clock Control Unit.

LDO Power Control
The LDO will be automatically switched off when one of the following conditions occurs:

M The Power-Down or Deep-Sleep 2 mode is entered.

B The control bits BODEN = 1, BODRIS=0 and the supply power Vpp < Vgop.
B The supply power Vpp < Vepr
|

The LDO will be automatically switched on by hardware when the supply power Vpp > Vipogr if
any of the following conditions occurs:

B Resume operation from the power saving mode — RTC wakeup, LVD wakeup and WAKEUP pin
rising edge.

M Detect a falling edge on the external reset pin (nRST).

M The control bit BODEN = 1 and the supply power Vpp > Viop.

To enter the Deep-Sleepl mode, the PWRCU will request the LDO to operate in a low current
mode, LCM. To enter the Deep-Sleep 2 mode, the PWRCU will turn off the LDO and turn on the
DMOS to supply an alternative 1.5 V power.

Voo Power Domain

Voltage Regulator

The voltage regulator, LDO, Depletion MOS, DMOS, Low voltage Detector, LVD and High Speed
Internal oscillator, HSI are operated under the Vpp power domain. The LDO can be configured
to operate in either normal mode (LDOOFF = 0, SLEEPDEEP = 0, Ioyr = High current mode) or
low current mode (LDOOFF = 0, SLEEPDEEP = 1, Ioyr = Low current mode) to supply the 1.5
V power. An alternative 1.5 V power source is the output of the DMOS which has low static and
driving current characteristics. It is controlled using the DMOSON bit in the BAKCR register. The
DMOS output has weak output current and regulation capability and only operates in the Deep-
Sleep 2 mode for data retention purposes in the Vpps power domain.

Power On Reset (POR) / Power Down Reset (PDR)

The device has an integrated POR/PDR circuitry that allows proper operation starting from/down
to 2.0 V. The device remains in Power-Down mode when Vpp is below a specified threshold Vppg,
without the need for an external reset circuit. For more details of the power on / power down reset
threshold voltage, refer to the electrical characteristics of the corresponding datasheet.
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Figure 12. Power On Reset / Power Down Reset Waveform

Low Voltage Detector / Brown Out Detector

The Low Voltage Detector, LVD, can detect whether the supply voltage Vpp is lower than a
programmable threshold voltage Viyp. It is selected by the LVDS bits in the LVDCSR register.
When a low voltage on the Vpp power pin is detected, the LVDF flag will be active and an interrupt
will be generated and sent to the MCU core if the LVDEN and LVDIWEN bits in the LVDCSR
register are set. For more details concerning the LVD programmable threshold voltage Vivp, refer
to the electrical characteristics of the corresponding datasheet.

The Brown Out Detector, BOD, is used to detect if the Vpp supply voltage is equal to or lower
than Vgop. When the BODEN bit in the LVDCSR register is set to 1 and the Vpp supply voltage
is lower than Vpop then the BODF flag is active. The PWRCU will regard this as a power down
reset situation and then immediately disable the internal LDO regulator when the BODRIS bit is
cleared to 0 or issue an interrupt to notify the CPU to execute a power down procedure when the
BODRIS bit is set to 1. For more details concerning the Brown Out Detector voltage Vgop, refer to
the electrical characteristics of the corresponding datasheet.

High Speed Internal Oscillator

The High Speed Internal Oscillator, HSI, is located in the Vpp power domain. When exiting from
the Deep-Sleep mode, the HSI clock will be configured as the system clock for a certain period
by setting the PSRCEN bit to 1 This bit is located in the Global Clock Control Register, GCCR, in
the Clock Control Unit, CKCU. The system clock will not be switched back to the original clock
source used before entering the Deep-Sleep mode until the original clock source, which may be
either sourced from the PLL or HSE stabilizes. Also the system will force the HSI oscillator to be
the system clock after a wake up from Power-Down mode since a 1.5 V power on reset will occur.

High Speed External Oscillator

The High Speed External Oscillator, HSE, is located in the Vpp power domain. The HSE crystal
oscillator can be switched on or off using the HSEEN bit in the Global Clock Control Register
(GCCR). The HSE clock can then be used directly as the system clock source or be used as the PLL
input clock.
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1.5 V Power Domain

The main functions that include the APB interface for the backup domain, CPU core logic, AHB/
APB peripherals and memories and so on are located in this power domain. Once the 1.5 V is
powered up, the POR will generate a reset sequence (Refer to PORB) on 1.5 V power domain.
Subsequently, to enter the expected power saving mode, the associated control bits including
the LDOOFF, DMOSON and SLEEPDEEP bits must be configured. Then, once a WFI or WFE
instruction is executed, the device will enter an expected power saving mode which will be
discussed in the following section.

Operation Modes

Run Mode

In the Run mode, the system operates with full functions and all power domains are active. There
are two ways to reduce the power consumption in this mode. The first is to slow down the system
clock by setting the AHBPRE field in the CKCU AHBCFGR register, and the second is to turn
off the unused peripherals clock by setting the APBCCRO and APBCCRI registers or slow down
peripherals clock by setting the APBPCSRO and APBPCSRI1 registers to meet the application
requirement. Reducing the system clock speed before entering the sleep mode will also help to
minimize power consumption.

Additionally, there are several power saving modes to provide maximum optimization between
device performance and power consumption.

Table 11. Operation Mode Definitions

Mode name Hardware Action
Run After system reset, CPU fetches instructions to execute.
Sleep CPU clock will be stopped.

Peripherals, Flash and SRAM clocks can be stopped by setting.

Stop all clocks in the 1.5 V power domain.

Disable HSI, HSE, and PLL.

Turning on the LDO low current mode or DMOS to reduce the 1.5 V power
domain current.

Power-Down Shut down the 1.5 V power domain

Deep-Sleep1 ~ 2

Sleep Mode

By default, only the CPU clock will be stopped in the Sleep mode. Clearing the FMCEN or
SRAMEN bit in the CKCU AHBCCR register to 0 will have the effect of stopping the Flash clock
or SRAM clock after the system enters the Sleep mode. If it is not necessary for the CPU to access
the Flash memory and SRAM in the Sleep mode, it is recommended to clear the FMCEN and
SRAMEN bits in the AHBCCR register to minimize power consumption. To enter the Sleep mode,
it is only necessary to clear the SLEEPDEEP bit to 0 and execute a WFI or WFE instruction. The
system will exit from the Sleep mode via any interrupt or event trigger. The accompanying table
provides more information about the power saving modes.
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Table 12. Enter/Exit Power Saving Modes

Mode

Mode Entry

CPU
Instruction

CPU
SLEEPDEEP

LDOOFF

DMOSON

Mode Exit

Sleep

Deep-Sleep1

Deep-Sleep2

Power-Down

WEFI or WFE
(Takes effect)

WEFI: Any interrupt

WFE: Any wakeup event " or

Any interrupt (NVIC on) or Any interrupt
with SEVONPEND = 1 (NVIC off)

Any EXTI in event mode or RTC wakeup
or CMP Wakeup or LVD wakeup ?
or WAKEUP pin rising edge or USB
resume

RTC wakeup or LVD wakeup @ or
WAKEUP pin rising edge

RTC wakeup or LVD wakeup @ or
WAKEUP pin rising edge or
External reset (nRST)

Notes: 1. Wakeup event means EXTI line in event mode, RTC, LVD and WAKEUP pin rising edge
2. If the system allows the LVD activity to wake it up after the system has entered the power saving mode,
the LVDEWEN and LVDEN bits in the LVDCSR register must be set to 1 to make sure that the system
can be waked up by an LVD event and then the LDO regulator can be turned on when system is woken
up from the Deep-Sleep2 and Power-Down modes.

Deep-Sleep Mode

To enter Deep-Sleep mode, configure the registers as shown in the preceding table and execute
the WFI or WFE instruction. In the Deep-Sleep mode, all clocks including PLL and high speed
oscillator, known as HSI and HSE, will be stopped. In addition, Deep-Sleepl turns the LDO into
low current mode while Deep-Sleep2 turns off the LDO and uses a DMOS to keep 1.5 V power.
Once the PWRCU receives a wakeup event or an interrupt as shown in the preceding Mode-Exiting
table, the LDO will then operate in normal mode and the high speed oscillator will be enabled.
Finally, the CPU will return to Run mode to handle the wakeup interrupt if required. A Low
Voltage Detection also can be regarded as a wakeup event if the corresponding wakeup control bit
LVDEWEN in the LVDCSR register is enabled. The last wakeup event is a transition from low to
high on the external WAKEUP pin sent to the PWRCU to resume from Deep-Sleep mode. During
the Deep-Sleep mode, retaining the register and memory contents will shorten the wakeup latency.

Power-Down Mode

The Power-Down mode is derived from the Deep-Sleep mode of the CPU together with the
additional control bits LDOOFF and DMOSON. To enter the Power-Down mode, users can
configure the registers shown in the preceding Mode-Entering table and execute the WFI or WFE
instruction. An RTC wakeup trigger event, an LVD wakeup, a low to high transition on the external
WAKEUP pin or an external reset (nRST) signal will force the MCU out of the Power-Down mode.
In the Power-Down mode, the 1.5 V power supply will be turned off. The remaining active power
supplies are the 3.3 V power (Vpp/ Vppa) and the Backup Domain power (Vpax).
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BAKPORF | PDF | PORSTF Description

Power-up for the first time after the backup domain is reset:

1 0 Power on reset when Vgax is applied for the first time or executing
software reset command on the backup domain.

0 0 Restart from unexpected loss of the 1.5 V power or other reset
(nRST, WDT, ...)

0 1 Restart from the Power-Down mode.

1 1 Reserved

Register Map

After a system reset, the PORSTF bit in the RSTCU GRSR register, the PDF and BAKPORF bits in
the BAKSR register should be checked by software to confirm if the device is being resumed from
the Power-Down mode by a backup domain power on reset, an unexpected loss of the 1.5 V power
or other reset events (nRST, WDT, ...). If the device has entered the Power-Down mode under the
correct firmware procedure, then the PDF bit will be set. The System information could be saved
in the Backup Registers and be retrieved when the 1.5 V power domain is powered on again. More
information about the PDF and BAKPORF bits in the BAKSR register and PORSTF bit in the

RSTCU GRSR register is shown in the following table.

Table 13. Power Status after System Reset

The following table shows the PWRCU registers and reset values. Note all the registers in this unit

are located in the Vpax backup power domain.

Table 14. PWRCU Register Map

Register Offset Description Reset Value
BAKSR 0x100 Backup Domain Status Register 0x0000_0001
BAKCR 0x104 Backup Domain Control Register 0x0000_0000
BAKTEST 0x108 Backup Domain Test Register 0x0000_0027
LVDCSR 0x110 ;c;vgi;c;I:age/Brown Out Detect Control and Status 0x0000_0000
BAKREGO 0x200 Backup Register 0 0x0000_0000
BAKREG1 0x204 Backup Register 1 0x0000_0000
BAKREG2 0x208 Backup Register 2 0x0000_0000
BAKREG3 0x20C Backup Register 3 0x0000_0000
BAKREG4 0x210 Backup Register 4 0x0000_0000
BAKREG5 0x214 Backup Register 5 0x0000_0000
BAKREG6 0x218 Backup Register 6 0x0000_0000
BAKREG7 0x21C Backup Register 7 0x0000_0000
BAKREGS8 0x220 Backup Register 8 0x0000_0000
BAKREG9 0x224 Backup Register 9 0x0000_0000
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Offset: 0x100
Reset value: 0x0000_0001 (Reset only by Backup Domain reset)

31 30 29 28 27 26 25 24
| Reserved |
Type/Reset
23 22 21 20 19 18 17 16
| Reserved |
Type/Reset
15 14 13 12 1 10 9 8
| Reserved | wupr |
Type/Reset RC 0
7 6 5 4 3 2 1 0
| Reserved | PDF |BAKPORF|
Type/Reset RC 0 RC 1
Bits Field Descriptions
[8] WUPF External WAKEUP Pin Flag
0: The Wakeup pin is not asserted
1: The Wakeup pin is asserted
This bit is set by hardware when the WAKEUP pin asserts and is cleared by software
read. Software should read this bit to clear it after a system wake up from the power
saving mode.
[1] PDF Power Down Flag

0: Wakeup from abnormal Vpps shutdown (Loss of Vpp1s is unexpected)
1: Wakeup from Power-Down mode. The loss of Vpp+s is under expectation.
This bit is set by hardware when the system has successfully entered the Power-

Down mode This bit is cleared by software read.

[0] BAKPORF  Backup Domain Reset Flag
0: Backup Domain reset does not occur
1: Backup Domain reset occurs

This bit is set by hardware when Backup Domain reset occurs, either a Backup
Domain power on reset or Backup Domain software reset. The bit is cleared by
software read. This bit must be cleared after the system is first powered, otherwise it
will be impossible to detect when a Backup Domain reset has been triggered. When
this bit is read as 1, a read software loop must be implemented until the bit returns
again to 0. This software loop is necessary to confirm that the Backup Domain is
ready for access. It must be implemented after the Backup Domain is first powered

up.
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Backup Domain Control Register - BAKCR

This register provides power control bits for the Deep-Sleep and Power-Down modes.

Offset: 0x104
Reset value: 0x0000_0000 (Reset only by Backup Domain reset)

31 30 29 28 27 26 25 24
| Reserved |
Type/Reset
23 22 21 20 19 18 17 16
| Reserved |
Type/Reset
15 14 13 12 11 10 9 8
[pmMossTS| Reserved | V15RDYSC | Reserved | WUPIEN | WUPEN |
Type/Reset RO 0 RW 0 RW 0 RW 0
7 6 5 4 3 2 1 0
| DMOSON | Reserved | LDOFTRM | LDOOFF | LDOLCM | Reserved | BAKRST |
Type/Reset RW 0 RW 0 RW 0 RW 0 RW 0 WO 0
Bits Field Descriptions
[15] DMOSSTS Depletion MOS Status
This bit is set to 1 if the DMOSON bit in this register has been set to 1.
This bit is cleared to 0 if the DMOSON bit has been set to 0 or if a POR/PDR reset
occurred.
[12] V15RDYSC VDD15 Ready Source Selection.
0: BKISO bit in the LPCR register located in the CKCU
1: VDD15 POR

Setting this bit to determine what control signal of isolation cells is used to disable
the isolation function of the V15 to VDD power domain level shifter.

[9] WUPIEN External WAKEUP Pin Interrupt Enable
0: Disable WAKEUP pin interrupt function
1: Enable WAKEUP pin interrupt function
The software can set the WUPIEN bit to 1 to assert the LPWUP interrupt in the NVIC
unit when both the WUPEN and WUPF bits are set to1.
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Bits Field Descriptions

[8] WUPEN External WAKEUP Pin Enable
0: Disable WAKEUP pin function.
1: Enable WAKEUP pin function.

The Software can set the WUPEN bit as 1 to enable the WAKEUP pin function

before entering the power saving mode. When WUPEN = 1, a rising edge on the

WAKEUP pin wakes up the system from the power saving mode. As the WAKEUP

pin is active high, this bit will set an input pull down mode when the bit is high. The

corresponding register bits which should be properly setup are the PCPD [15] to 1 in
the PCPDR register, the PCPU [15] to 0 in the PCPUR register and the PCCFG15
field to 0x01 in the GPCCFGHR register.

Note: This bit is reset by a system reset or a Backup Domain reset. Because this bit
is located in the Backup Domain, after reset activity there will be a delay until
the bit is active. The bit will not be active until the system reset finished and
the Backup Domain ISO signal has been disabled. This means that the bit
can not be immediately set by software after a system reset finished and the
Backup domain ISO signal disabled. The delay time needed is a minimum of
three 32 kHz clock periods until the bit reset activity has finished.

[7] DMOSON  DMOS Control
0: DMOS is OFF
1: DMOS is ON

A DMOS is implemented to provide an alternative voltage source for the 1.5 V power

domain when the CPU enters the Deep-Sleep mode (SLEEPDEEP = 1). The control

bit DMOSON is set by software and cleared by software or PORB. If the DMOSON
bit is set to 1, the LDO will automatically be turned off when the CPU enters the

Deep-Sleep mode.

[5:4] LDOFTRM  LDO Output Voltage Fine Trim
00: The LDO default output voltage.
01: The LDO default output voltage offset - 5 %.
10: The LDO default output voltage offset + 3 %.
11: The LDO default output voltage offset + 7 %.
These bits will be clear to 0 when the LDO is power down or VDD power domain
reset.
[3] LDOOFF LDO Operating Mode Control
0: The LDO operates in a low current mode when CPU enters the Deep-Sleep
mode (SLEEPDEEP = 1). The VDD15 power is available.
1: The LDO is turned off when the CPU enters the Deep-Sleep mode
(SLEEPDEEP=1). The VDD15 power is not available.
Note: This bit is only available when the DMOSON bit is cleared to 0.
[2] LDOLCM LDO Low Current Mode
0: The LDO is operated in normal current mode.
1: The LDO is operated in low current mode.

Note: This bit is only available when CPU is in the run mode. The LDO output current
capability will be limited at 10 mA below and lower static current when the
LDOLCM bit is set. It is suitable for CPU is operated at lower speed system
clock to get a lower current consumption. This bit will be clear to 0 when the
LDO is power down or VDD power domain reset.

[0] BAKRST Backup Domain Software Reset

0: No action
1: Backup Domain Software Reset is activated - includes all the related RTC and
PWRCU registers.
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Backup Domain Test Register - BAKTEST
This register specifies a read-only value for the software to recognize whether backup domain is ready for
access.
Offset: 0x108
Reset value: 0x0000_0027

31 30 29 28 27 26 25 24
| Reserved |
Type/Reset
23 22 21 20 19 18 17 16
| Reserved |
Type/Reset
15 14 13 12 1 10 9 8
| Reserved |
Type/Reset
7 6 5 4 3 2 1 0
| BAKTEST |

Type/Reset RO 0 RO 0 RO 1 RO 0 RO 0 RO 1 RO 1 RO 1

Bits Field Descriptions

[7:0] BAKTEST  Backup Domain Test Bits
A constant 0x27 will be read when the Backup Domain is ready for CPU access.
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Low Voltage / Brown Out Detect Control and Status Register - LVDCSR

This register specifies flags, enable bits and option bits for Low-voltage / Brown-out detector.

Offset: 0x110
Reset value: 0x0000_0000 (Reset only by Backup Domain reset)

31 30 29 28 27 26 25 24
| Reserved |
Type/Reset
23 22 21 20 19 18 17 16
| Reserved | LvDS [2] |LVDEWEN] LVDIWEN | LvDF | LVDS [1:0] | LvoeN |
Type/Reset RW ORW O0RW 0 RO ORW ORW O0RW 0
15 14 13 12 11 10 9 8
| Reserved |
Type/Reset
7 6 5 4 3 2 1 0
| Reserved | BODF | Reserved | BoDRIs | BODEN |
Type/Reset RO 0 RW 0 RW 0
Bits Field Descriptions
[21] LVDEWEN  LVD Event Wakeup Enable

0: LVD event wakeup is disabled

1: LVD event wakeup is enabled
Setting this bit to 1 will enable the LVD event wakeup function to wake up the system
when a LVD condition occurs which result in the LVDF bit being asserted. If the
system requires to be waked up from the Deep-Sleep or Power-Down mode by a
LVD condition, this bit must be set to 1.

[20] LVDIWEN LVD Interrupt Wakeup Enable
0: LVD interrupt wakeup is disabled
1: LVD interrupt wakeup is enabled
Setting this bit to 1 will enable the LVD interrupt function. When a LVD condition
occurs and the LVDIWEN bit is set to 1, a LVD interrupt will be generated and sent
to the CPU NVIC unit.

[19] LVDF Low Voltage Detect Status Flag

0: VDDA is higher than the specific voltage level

1: VDDA is equal to or lower than the specific voltage level
When the LVD condition occurs, the LVDF flag will be asserted. When the LVDF flag
is asserted, a LVD interrupt will be generated for CPU if the LVDIWEN bit is set to 1.
However, if the LVDEWEN bit is set to 1 and the LVDIWEN bit is cleared to 0, only
a LVD event will be generated rather than a LVD interrupt when the LVDF flag is
asserted.

[22], [18:17] LVDS [2:0] Low Voltage Detect Level Selection
For more details concerning the LVD programmable threshold voltage, refer to the
electrical characteristics of the corresponding datasheet.
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Bits Field Descriptions

[16] LVDEN Low Voltage Detect Enable

0: Disable Low Voltage Detect

1: Enable Low Voltage Detect
Setting this bit to 1 will generate a LVD event when the VDDA power is lower than
the voltage set by LVDS bits. Therefore when the LVD function is enabled before
the system enters the Deep-Sleep2 (DMOS is turn on and LDO is power down) or
Power-Down mode (DMOS and LDO is power down), the LVDEWEN bit has to be
enabled to avoid the LDO does not activate in the meantime when the CPU is woken
up by the low voltage detection activity.

[3] BODF Brow Out Detect Flag
0: Vop > Veop
1: VDD < VBOD
[1] BODRIS BOD Reset or Interrupt Selection

0: Reset the whole chip
1: Generate Interrupt

[0] BODEN Brown Out Detector Enable
0: Disable Brown Out Detector
1: Enable Brown Out Detector

Backup Register n - BAKREGn (n =0 ~9)
This register specifies backup register n for storing data during the VDD15 power-off period.

Offset: 0x200 ~ 0x224
Reset value: 0x0000_0000 (Reset only by Backup Domain reset)

31 30 29 28 27 26 25 24

| BAKREGN |

Type/Reset RW ORW ORW ORW ORW ORW ORW ORW 0
23 22 21 20 19 18 17 16

| BAKREGN |

Type/Reset RW O RW ORW ORW ORW ORW ORW ORW 0
15 14 13 12 11 10 9 8

| BAKREGN |

Type/Resst RW O RW ORW ORW ORW ORW ORW ORW 0
7 6 5 4 3 2 1 0

| BAKREGn |

Type/Reset RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0

Bits Field Descriptions

[31:0] BAKREGn  Backup Registern (n =0~ 9)
These registers are used for data storage in general purpose. The contents of
BAKREGRN registers will remain even if the VDD15 power is lost.
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6

Clock Control Unit (CKCU)

Introduction

The Clock Control unit (CKCU) provides functions of high speed internal RC oscillator (HSI),
High speed external crystal oscillator (HSE), Low speed internal RC oscillator (LSI), Low speed
external crystal oscillator (LSE), Phase Lock Loop (PLL), HSE clock monitor, clock prescaler,
clock multiplexer and clock gating. The clock of AHB, APB, and CPU are derived from system
clock (CK_SYS) which can come from HSI, HSE, LSI, LSE or PLL. Watchdog Timer and Real
Time Clock (RTC) use either LSI or LSE as their clock source. The maximum operating frequency
of system clock fck aus can be up to 96 MHz.

A variety of internal clocks can also be wired out though CKOUT for debugging purpose. The
clock monitor can be used to get clock failure detection of HSE. Once the clock of HSE does not
function (could be broken down or removed or etc), CKCU will force to switch the system clock
source to HSI clock to prevent system halt.
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Features

M 4 to 16 MHz external crystal oscillator —- HSE

M Internal 8 MHz RC oscillator (HSI) with configuration option calibration and custom trimming
capability.

B PLL with selectable clock source, either from HSE or HSI, for system clock

M 32,768 Hz external crystal oscillator (LSE) for Watchdog Timer or RTC or system clock.
M Internal 32 kHz RC oscillator (LSI) for Watchdog Timer, RTC or system clock.

M HSE clock monitor

Function Descriptions

High Speed External Crystal Oscillator — HSE

The high speed external 4 to 16 MHz crystal oscillator (HSE) produces a highly accurate
clock source to the system clock. The related hardware configuration is shown in the following
figure. The crystal with specific frequency must be placed across the two HSE pins (XTALIN /
XTALOUT) and the external components such as resistors and capacitors are necessary to make it
oscillate properly.

The following guidelines are provided to improve the stability of the crystal circuit PCB layout.

B The crystal oscillator should be located as close as possible to the MCU so that the trace lengths
are kept as short as possible to reduce any parasitic capacitances.

M Shield any lines in the vicinity of the crystal by using a ground plane to isolate signals and reduce
noise.

B Keep frequently switching signal lines away from the crystal area to prevent crosstalk.

0SC_EN

XTALIN XTALOUT

4 MHz ~ 16 MHz

Figure 14. External Crystal, Ceramic and Resonators for HSE

Cu1
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The HSE crystal oscillator can be switched on or off using the HSEEN bit in the Global Clock
Control Register (GCCR). The HSERDY flag in the Global Clock Status Register (GCSR) will
indicate if the high-speed external crystal oscillator is stable. While switching on the HSE, the HSE
clock will still not be released until this HSERDY bit is set by the hardware. The specific delay
period is well-known as "Start-up time". As the HSE becomes stable, an interrupt will be generated
if the related interrupt enable bit HSERDYIE in the Global Clock Interrupt Register (GCIR) is set.
The HSE clock can then be used directly as the system clock source or be used as the PLL input
clock.

High Speed Internal RC Oscillator — HSI

The high speed internal 8 MHz RC oscillator (HSI) is the default selection of clock source for the
CPU when the device is powered up. The HSI RC oscillator provides a clock source in a lower cost
because no external components are required. The HSI RC oscillator can be switched on or off
using the HSIEN bit in the Global Clock Control Register (GCCR). The HSIRDY flag in the Global
Clock Status Register (GCSR) will indicate if the internal RC oscillator is stable. The start-up
time of HSI is shorter than the HSE crystal oscillator. An interrupt can be generated if the related
interrupt enable bit HSIRDYIE in the Global Clock Interrupt Register (GCIR) is set as the HSI
becomes stable. The HSI clock can also be used as the PLL input clock.

The accuracy of the frequency of the high speed internal RC oscillator HSI can be calibrated via the
configuration options, but it is still less accurate than the HSE crystal oscillator. The applications,
the environments and the cost will determine the use of the oscillators.

Software could configure the Power Saving Wakeup RC Clock Enable bit PSRCEN to 1 to force
HSI clock to be system clock when the system initially wake-up. Subsequently, the system clock is
back to the original clock source if the original clock source ready flag is asserted. This function
can reduce the wakeup time when using HSE or PLL as system clock.

Auto Trimming of High Speed Internal RC Oscillator — HSI

The frequency accuracy of the high speed internal RC oscillator HSI can vary from one chip to another
due to manufacturing process variations, this is why each device is factory calibrated for = 2 %
accuracy at Vpp = 3.3 V and T, = 25 °C. But the accuracy is not enough for some applications
and environments requirement. Therefore, this device provides the trimming mechanism for HSI
frequency calibration using more accurate external reference clock. The detail block diagram is
shown as Figure 15.

After reset, the factory trimming value is loaded in the HSICOARSE[4:0] and HSIFINE[7:0] bits in
the HSI Control Register (HSICR). The HSI frequency may be affected by voltage or temperature
variations. If the application has to be driven by a more accurate HSI frequency, the HSI frequency
can be manually trimmed using the HSIFINE[7:0] bits in the HSI Control Register (HSICR) or
automatically adjusted via the Auto Trimming Controller (ATC) together with an external reference
clock in the application. The reference clock can be provided from the following clock sources:

M 32,768 Hz low speed external crystal or ceramic resonator oscillator LSE output clock
M | kHz USB SOF package reception
B External pin (CKIN) with 1 kHz pulse
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Factory
Trimming Bits

Figure 15. The Block Diagram of HSI Auto Trimming
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Phase Locked Loop — PLL

This PLL can provide 8 ~ 96 MHz clock output which is 2 ~ 24 multiples of a fundamental
reference frequency of 4 ~ 16 MHz. The rationale of the clock synthesizer relies on the digital
Phase Locked Loop (PLL) which includes a reference divider, a feedback divider, a digital phase
frequency detector (PFD), a current-controlled charge pump, a built-in loop filter and a voltage-
controlled oscillator (VCO) to achieve a stable phase-locked state.

CLK;,
=4~ 16MHz

Figure 16.

VCOqy = 128 ~ 192MHz

Ref. Divider » - f‘ Output Divider 1 Output Divider 2 PLLoyt
> R PO > CP I > Vveo > "oty [P (No2) > _ g~ 96MHz
2 2
Loop
Filter $1~50

Feedback Divider 2 Feedback Divider 1
(NF2) (NF1)

? 14

B4~B0

PLL block diagram

Frequency of the PLL output clock can be determined by the following formula:

NF1xNF2 4xNF2 NF2

PLL,, =CLK, x————————=CLK, x =CLK,, x——
NR xNO1xNO2

2x2xNO2 NO2

where NR = Ref divider = 2, NF1 = Feedback Divider 1 = 4, NF2 = Feedback Divider 2 =1 ~ 32,
NOI1 = Output Divider 1 =2, NO2 = Output Divider 2 =1, 2, 4, or 8

Considering the duty cycle with 50%, both input frequency and output frequency is divided by 2.
Assume that a given CLK;, frequency as the PLL input generates a specific PLL output frequency;
it is recommended to load a larger value into the NF2 field to increase the PLL stability and reduce
the jitter with the expense of the settling time. The output and feedback divider 2 setup value are
described in Table 15 and Table 16. All the configuration bits (S1 ~ SO, B4 ~ B0) in Table 15 and
Table 16 are defined in the PLL Configuration Register (PLLCFGR) and PLL Control Register
(PLLCR) in the section of Register Definition. Note that VCOoyr frequency should be in the range
from 128 MHz to 192 MHz. If the selected configuration exceeds this range, the PLL output
frequency cannot be guaranteed to match the above PLLoyr formula.

The PLL can be switched on or off by using the PLLEN bit in the Global Clock Control Register
(GCCR). The PLLRDY flag in the Global Clock Status Register (GCSR) will indicate if the PLL
clock is stable. An interrupt can be generated if the related interrupt enable bit PLLRDYIE in the
Global Clock Interrupt Register (GCIR) is set as the PLL becomes stable.
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Table 15. Output Divider 2 Value Mapping

Output divider 2 setting
S1~ S0 (POTD)
00
01
10
11

NO2 (Output divider 2 value)

0| IN|—~

Table 16. Feedback Divider 2 Value Mapping

Feedb;‘:': g;‘?;lz;;‘)e“'“g NF2 (Feedback divider 2 value)
00000 32
00001 1
00010 2
00011 3
00100 4
00101 5
00110 6
00111 7
01000 8
01001 9
01010 10
01011 1
11110 30
11111 31
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USB Phase Locked Loop — USB PLL

This USB PLL can provide 48 MHz clock output for USB peripheral which is 2 ~ 24 multiples of
a fundamental reference frequency of 4 ~ 16 MHz. The rationale of the clock synthesizer relies
on the digital Phase Locked Loop (PLL) which includes a reference divider, a feedback divider, a
digital phase frequency detector (PFD), a current-controlled charge pump, a built-in loop filter and
a voltage-controlled oscillator (VCO) to achieve a stable phase-locked state.

CLKp,
=4 ~16MHz

VCOqy = 48 ~ 96 MHz

Ref. Divider > - K Output Divider 1 Output Divider 2 PLLout
> R) PD > CP I » VCO (NO1) q (NO2) > 4~ 48 MHz
2 2
Loop
Filt
mer $1~50
Feedback Divider 2 b Feedback Divider 1
(NF2) (NF1)
? /4
B3~BO

Figure 17. USB PLL Block Diagram

Frequency of the PLL output clock can be determined by the following formula:

PLL,, =CLK, x N DXNF2__ oy 4xNF2__ o)\ (NP2
NR xNO1xNO2 2x2xNO2 NO2
where NR = Ref divider = 2, NF1 = Feedback Divider 1 = 4, NF2 = Feedback Divider 2 =1 ~ 16,
NOI1 = Output Divider 1 =2, NO2 = Output Divider 2 =1, 2, 4, or 8

Considering the duty cycle with 50%, both input frequency and output frequency is divided by
2. Assume that a given CLK;, frequency as USB PLL input generates a specific USB PLL output
frequency; it is recommended to load a larger value into the NF2 field to increase the PLL stability
and reduce the jitter with the expense of the settling time. The output and feedback divider 2 value
are described in Table 17 and Table 18. All the configuration bits (S1 ~ S0, B3 ~ B0) in Table 17
and Table 18. are defined in the PLL Configuration Register (PLLCFGR) and PLL Control Register
(PLLCR) in the section of Register Definition. Note that VCOgyr is ranged from 48 MHz to 96
MHz. If your configurations exceed this range, the output frequency of USB PLL will not be
promised to match the above PLLoyr formula.

The USB PLL can be switched on or off by using the USBPLLEN bit in the Global Clock Control
Register (GCCR). The USBPLLRDY flag in the Global Clock Status Register (GCSR) will indicate
if the USB PLL clock is stable. An interrupt can be generated if the related interrupt enable bit
USBPLLRDYIE in the Global Clock Interrupt Register (GCIR) is set as the USB PLL becomes
stable.
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Table 17. USB PLL Output Divider 2 Value Mapping
Output divider 2 setting
S1 ~ S0 (USBPOTD)
00
01
10
11

NO2 (Output divider 2 value)

0| IN|—~

Table 18. USB PLL Feedback Divider 2 Value Mapping

Feedback divider 2 setting
B3 ~ B0 (USBPFBD)

0000 16
0001
0010
0011
0100
0101
0110
0111
1000
1001
1010
1011
1100

NF2 (Feedback divider 2 value)

—_

© N OO0 WDN

N
o

N
N

L=
N

1111 15
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Low Speed External Crystal Oscillator — LSE

The low speed external crystal or ceramic resonator oscillator with 32,768 Hz frequency produces
a low power but highly accurate clock source for the circuits of Real-Time-Clock peripheral,
Watchdog Timer or system clock. The associated hardware configuration is shown in the following
figure. The crystal or ceramic resonator must be placed across the two LSE pins (X32KIN /
X32KOUT) and the external components such as resistors and capacitors are necessary to make
it oscillate properly. The LSE oscillator can be switched on or off by using the LSEEN bit in the
RTC Control Register RTCCR. The LSERDY flag in the Global Clock Status Register (GCSR) will
indicate if the LSE clock is stable. An interrupt can be generated if the related interrupt enable bit
LSERDYIE in the Global Clock Interrupt Register (GCIR) is set as the LSE becomes stable.

X32KIN
Cui T 32.76.8 kHz T
1

X32KOUT
Ci2

Figure 18. External Crystal, Ceramic and Resonators for LSE

Low Speed Internal RC Oscillator — LSI

The low speed internal RC oscillator with frequency of about 32 kHz produces a low power clock
source for the circuits of Real-Time-Clock peripheral, Watchdog Timer or system clock. The LSI
offers a low clock source because no external component is required to make it oscillates. The
LSI RC oscillator can be switched on or off by using the LSIEN bit in the RTC Control Register
RTCCR. The LSI frequency accuracy is shown in the Datasheet. The LSIRDY flag in the Global
Clock Status Register (GCSR) will indicate if the LSI clock is stable. An interrupt can be generated
if the related interrupt enable bit LSIRDYIE in the Global Clock Interrupt Register (GCIR) is set as
the LSI becomes stable.

Clock Ready Flag

CKCU provides the corresponding clock ready flags for the HIS, HSE, PLL, LSI and LSE to
indicate whether these clocks are stable. Before using them as system clock source or other
purpose, it is necessary to confirm the specific clock ready flag is set. Software can check if
the specific clock is ready or not by polling the individual clock ready status bits in GCSR
register. Additionally, the CKCU can trigger an interrupt to notify specific clock is ready if the
corresponding interrupt enable bit in the GCIR is set. Software should clear the interrupt status bit
in the GCIR register by interrupt service routine.
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System Clock (CK_SYS) Selection

After the system reset occurs, the high speed internal RC oscillator HSI is selected as the system
clock (CK_SYS). The CK_SYS may come from the HSI, HSE, LSE, LSI or PLL output clock and
it can be switched from one clock source to another via the System Clock Switch bits (SW) in the
Global Clock Control Register (GCCR). The system will still run under the original clock until the
destination clock gets ready when the SW value is changed. The corresponding clock ready status
bits in the Global Clock Status Register (GCSR) will indicate whether the selected clock is ready to
use or not. The CKCU also contains the clock source status bits in the Clock Source Status Register
CKST to indicate which clock is currently used as system clock. If a clock source or the PLL output
clock is used as system clock, it is not possible to stop it. More detail about function of clock enable
is described in the following.

If any event in the following occurs, the HSI will be enabled.

M Enable PLL and configure its source clock to HSI. (PLLEN, PLLSRC)

M Enable Clock monitor. (CKMEN)

B Configure clock switch register to HSI. (SW)

B Configure HSI enable register to 1. (HSIEN)

If any event in the following occurs, the HSE will be enabled.

M Enable PLL and configure its source clock to HSE. (PLLEN, PLLSRC)
B Configure clock switch register to HSE. (SW)

B Configure HSE enable register to 1. (HSEEN)

If any event in the following occurs, the PLL will be enabled.
M Enable USB Enable register. (USBEN)

B Configure clock switch register to PLL (SW)

B Configure PLL enable register to 1. (PLLEN)

The system clock selection Programming guide is listed in the following.
1. Enable any source clock which will become system clock or PLL input clock.
2. Configuring the PLLSRC register after the ready flags of both HSI and HSE are asserted,

3. Configuring the SW register to change the system clock source will occur after the corresponding
ready flag of the clock source is asserted. Note that the system clock will be forced to HSI if the
clock monitor is enabled and the PLL output or HSE clock configured as system clock is stuck at
0/1.
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HSE Clock Monitor

The HSE clock monitor function is enabled by the HSE Clock Monitor Enable bit CKMEN in
the Global Clock Control Register (GCCR). This function should be enabled after the HSE start-
up delay and be disabled when the HSE oscillator is stopped. Once the HSE failure is detected,
the HSE will automatically be disabled. The HSE Clock Stuck Flag CKSF in the Global Clock
Interrupt Register, GCIR, will be set and the HSE failure event will be generated if the Clock Fail
Interrupt Enable bit CKSIE in the GCIR register is set. This failure interrupt is connected to the
Non-Maskable Interrupt NMI. When the HSE oscillator failure occurs, the HSE will be turned off
and the system clock will be switched to the HSI automatically by the hardware. If the HSE is used
as the clock input of the PLL circuit whose output is used as the system clock, the PLL circuit will
also be turned off as well as the HSE when the failure happens.

Clock Output Capability

The device has the clock output capability to allow the clocks to be output on the specific external
output pin CKOUT. The configuration registers of the corresponding GPIO port must be well
configured in the Alternate Function I/O section, AFIO, to output the selected clock signal. There
are seven output clock signals to be selected via the device clock output source selection bits
CKOUTSRC in the Global Clock Configuration Register GCFGR.

Table 19. CKOUT Clock Source

CKOUTSRCJ[2:0] Clock Source
000 CK_REF = CK_PLL / (CKREFPRE + 1) / 2
001 HCLK /16
010 CK_SYS /16
oM CK_HSE /16
100 CK_HSI/ 16
101 CK_LSE
110 CK_LSI
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Register Offset Description Reset Value
GCFGR 0x000 Global Clock Configuration Register 0x0000_0302
GCCR 0x004 Global Clock Control Register 0x0000_0803
GCSR 0x008 Global Clock Status Register 0x0000_0028
GCIR 0x00C Global Clock Interrupt Register 0x0000_0000
PLLCFGR 0x018 PLL Configuration Register 0x0000_0000
PLLCR 0x01C PLL Control Register 0x0000_0000
AHBCFGR 0x020 AHB Configuration Register 0x0000_0000
AHBCCR 0x024 AHB Clock Control Register 0x0000_0005
APBCFGR 0x028 APB Configuration Register 0x0000_0000
APBCCRO 0x02C APB Clock Control Register 0 0x0000_0000
APBCCR1 0x030 APB Clock Control Register 1 0x0000_0000
CKST 0x034 Clock Source Status Register 0x0100_0003
APBPCSRO0 0x038 APB Peripheral Clock Selection Register 0 0x0000_0000
APBPCSR1 0x03C APB Peripheral Clock Selection Register 1 0x0000_0000
HSICR 0x040 HSI Control Register \?V’;é)r(é(i—igg?]geﬁne g
HSIATCR 0x044 HSI Auto Trimming Counter Register 0x0000_0000
LPCR 0x300 Low Power Control Register 0x0000_0000
MCUDBGCR |0x304 MCU Debug Control Register 0x0000_0000
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Register Descriptions

Global Clock Configuration Register - GCFGR

This register specifies the clock source for PLL/USART/Watchdog Timer/CKOUT.

Offset: 0x000
Reset value: 0x0000_0302

31 30 29 28 27 26 25 24
| LPMOD | CSIFMPRE |
Type/Reset RO 0RO 0 RO 0 RW ORW 0RW 0 RW 0 RW 0
23 22 21 20 19 18 17 16
[ USBPRE | Reserved |
Type/Reset RW 0 RW 0
15 14 13 12 1 10 9 8
| CKREFPRE | usBsrC |usBPLLSRC| PLLSRC |
Type/Reset RW 0 RW 0 RW 0 RW ORW 0RW 0 RW 1 RW 1
7 6 5 4 3 2 1 0
| Reserved | CKOUTSRC |
Type/Reset RW 0 RW 1 RW 0
Bits Field Descriptions
[31:29] LPMOD Lower Power Mode Status

000: When Chip is in running mode
001: When Chip wants to enter Sleep mode
010 :When Chip wants to enter Deep Sleep mode1
011: When Chip wants to enter Deep Sleep mode2
100: When Chip wants to enter Power Down mode
Others: Reserved
Set and reset by hardware.
[23:22] USBPRE USB Clock Prescaler Selection
00:CK_USB = CK_PLL
01:CK_USB =CK_PLL/2
Others: Reserved
Set and reset by software to control USB clock prescaler setting.
[15:11] CKREFPRE  CK_REF Clock Prescaler Selection
CK_REF = CK_PLL / (CKREFPRE + 1) /2
00000:CK_REF = CK_PLL /2
00001:CK_REF = CK_PLL /4

11111:CK_REF = CK_PLL / 64
Set and reset by software to control CK_REF clock prescaler setting.
[10] USBSRC USB Clock Source Selection
0: CK_PLL clock is selected
1: CK_USBPLL clock is selected
Set and reset by software to control USB clock source.
[9] USBPLLSRC USB PLL Clock Source Selection
0: External 4 ~ 16 MHz crystal oscillator clock is selected (HSE)
1: Internal 8 MHz RC oscillator clock is selected (HSI)
Set and reset by software to control USB PLL clock source.
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Bits Field Descriptions
[8] PLLSRC PLL Clock Source Selection
0: External 4 ~ 16 MHz crystal oscillator clock is selected (HSE)
1: Internal 8 MHz RC oscillator clock is selected (HSI)
Set and reset by software to control PLL clock source.
[2:0] CKOUTSRC CKOUT Clock Source Selection

000: CK_REF is selected — Where CK_REF = CK_PLL / (CKREFPRE + 1) /2
001: (HCLKC / 16) is selected
010: (CK_SYS/ 16) is selected
011: (CK_HSE / 16) is selected
100: (CK_HSI / 16) is selected
101: CK_LSE is selected
110: CK_LSI is selected
111: Reserved
Set and reset by software.

Global Clock Control Register - GCCR

This register specifies the clock enable bits.

Offset:

Reset value: 0x0000_0803

0x004

31 30 29 28 27 26 25 24
Reserved |
Type/Reset
23 22 21 20 19 18 17 16
Reserved | PSRCEN | CKMEN |
Type/Reset RW 0 RW 0
15 14 13 12 11 10 9 8
Reserved | HSiEN | HSeeN | PLLEN |HSEGAIN |
Type/Reset RW 1 RW 0 RW 0 RW 0
7 6 5 4 3 2 1 0
Reserved |usBPLLEN] SW |
Type/Reset RW 0 RW 0 RW 1 RW 1
Bits Field Descriptions
[17] PSRCEN Power Saving Wakeup RC Clock Enable
0: No action
1: Use Internal 8 MHz RC clock (HSI) as system clock after Deep Sleep 1/2
wakeup.
The software can set the PSRCEN bit high before entering the Deep Sleep 1 or
Deep Sleep 2 mode. In order to reduce the waiting time after a wakeup. When the
PSRCEN bit is set to 1, the HSI will be used as the CK_SYS clock source after
waking up from the Deep Sleep 1 or Deep Sleep 2 mode. This means that the
instruction can be executed before the original CK_SYS source is stable since the
HSI clock is provided to CPU. After the original clock source is ready, the CK_SYS
clock will automatically be switched back to the original.
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Bits Field Descriptions

[16] CKMEN HSE Clock Monitor Enable
0: Disable External 4 ~ 16 MHz crystal oscillator clock monitor
1: Enable External 4 ~ 16 MHz crystal oscillator clock monitor

When the hardware detects that the HSE clock stuck at a low or high state, the

internal hardware will switch the system clock to the internal high speed HSI RC

clock.
[11] HSIEN Internal High Speed Clock Enable
0: Internal 8 MHz RC oscillator clock is disabled
1: Internal 8 MHz RC oscillator clock is enabled
Set and reset by software. This bit cannot be reset if HSI clock is used as system
clock.
[10] HSEEN External High Speed Clock Enable
0: External 4 ~ 16 MHz crystal oscillator clock is disabled
1: External 4 ~ 16 MHz crystal oscillator clock is enabled
Set and reset by software. This bit cannot be reset if the HSE clock is used as
system clock or the PLL input clock.
[9] PLLEN PLL Enable
0: PLL is disabled
1: PLL is enabled
Set and reset by software to enable PLL. This bit cannot be reset if the PLL clock is
used as system clock.
[8] HSEGAIN External High Speed Clock Gain Selection
0: HSE is in low gain mode
1: HSE is in high gain mode
[3] USBPLLEN USB PLL Enable
0: USB PLL is disabled
1: USB PLL is enabled
Set and reset by software to enable USB PLL. This bit cannot be reset if the PLL
clock is used as system clock.
[2:0] SW System Clock Switch
00x: CK_PLL clock out as system clock
010: CK_HSE as system clock
011: CK_HSI as system clock
110: CK_LSE as system clock
111: CK_LSI as system clock
Other: CK_HSI as system clock

This bit field is set and reset by software to select the CK_SYS source. The HSI

oscillator will be forced as the when the HSE oscillator clock failure is detected,

where the HSE is used directly or indirectly as system clock, as the clock monitor is
enabled.

Note: When switching the system clock using the SW bit, the system clock will not
be immediately switched and a certain delay is necessary. The system clock
source selected by the SW bits can be indicated in the CKSWST bits in the
clock source status register CKST to make sure which clock is currently used
as the system clock.
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Global Clock Status Register - GCSR

This register indicates the clock ready status.

Offset: 0x008
Reset value: 0x0000_0028

31 30 29 28 27 26 25 24
| Reserved |
Type/Reset
23 22 21 20 19 18 17 16
| Reserved |
Type/Reset
15 14 13 12 1 10 9 8
| Reserved |
Type/Reset
7 6 5 4 3 2 1 0
| Reserved | LSIRDY | LSERDY | HSIRDY | HSERDY | PLLRDY | USBPLLRDY |
Type/Reset RO 1 RO 0 RO 1 RO 0 RO 0 RO 0
Bits Field Descriptions
[5] LSIRDY Internal Low Speed Clock Ready Flag

0: Internal 32 kHz RC oscillator clock is not ready
1: Internal 32 kHz RC oscillator clock is ready
Set by hardware to indicate whether the LSl is stable to be used.
[4] LSERDY External Low Speed Clock Ready Flag
0: External 32,768 Hz crystal oscillator clock is not ready
1: External 32,768 Hz crystal oscillator clock is ready
Set by hardware to indicate whether the LSE is stable to be used.
[3] HSIRDY Internal High Speed Clock Ready Flag
0: Internal 8 MHz RC oscillator clock is not ready
1: Internal 8 MHz RC oscillator clock is ready
Set by hardware to indicate whether the HSI is stable to be used.
[2] HSERDY External High Speed Clock Ready Flag
0: External 4 ~ 16 MHz crystal oscillator clock is not ready
1: External 4 ~ 16 MHz crystal oscillator clock is ready
Set by hardware to indicate whether the HSE is stable to be used.
[1] PLLRDY PLL Clock Ready Flag
0: PLL is not ready
1: PLL is ready
Set by hardware to indicate whether the PLL is stable to be used.
[0] USBPLLRDY USB PLL Clock Ready Flag
0: USB PLL is not ready
1: USB PLL is ready
Set by hardware to indicate whether the USB PLL is stable to be used.
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Global Clock Interrupt Register — GCIR

This register specifies interrupt enable and flag bits.

Offset: 0x00C
Reset value: 0x0000_0000

31 30 29 28 27 26 25 24
| Reserved |
Type/Reset
23 22 21 20 19 18 17 16
| Reserved | LSIRDYIE |LSERDYIE | HSIRDYIE | HSERDYIE | PLLRDYIE |USBPLLRDYIE| CKSIE |
Type/Reset RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0
15 14 13 12 11 10 9 8
| Reserved |
Type/Reset
7 6 5 4 3 2 1 0
| Reserved | LSIRDYF | LSERDYF | HSIRDYF | HSERDYF | PLLRDYF | USBPLLRDYF | CKSF |
Type/Reset WC 0 wWC 0 WC 0 WC 0 wc 0 wC 0 wWC o
Bits Field Descriptions
[22] LSIRDYIE LS| Ready Interrupt Enable

0: Disable LSI stabilization interrupt
1: Enable LSI stabilization interrupt
Set and reset by software to enable/disable interrupt caused by LS| stabilization.
[21] LSERDYIE LSE Ready Interrupt Enable
0: Disable LSE stabilization interrupt
1: Enable LSE stabilization interrupt
Set and reset by software to enable/disable interrupt caused by LSE stabilization.
[20] HSIRDYIE HSI Ready Interrupt Enable
0: Disable HSI stabilization interrupt
1: Enable HSI stabilization interrupt
Set and reset by software to enable/disable interrupt caused by HSI stabilization.
[19] HSERDYIE HSE Ready Interrupt Enable
0: Disable HSE stabilization interrupt
1: Enable HSE stabilization interrupt
Set and reset by software to enable/disable interrupt caused by HSE stabilization.
[18] PLLRDYIE PLL Ready Interrupt Enable
0: Disable PLL stabilization interrupt
1: Enable PLL stabilization interrupt
Set and reset by software to enable/disable interrupt caused by PLL stabilization.
[17] USBPLLRDYIE  USB PLL Ready Interrupt Enable
0: Disable USB PLL stabilization interrupt
1: Enable USB PLL stabilization interrupt
Set and reset by software to enable/disable interrupt caused by USB PLL
stabilization.
[16] CKSIE Clock Stuck Interrupt Enable
0: Disable clock failure interrupt
1: Enable clock failure interrupt
Set and reset by software to enable or disable the clock failure interrupt caused
by clock monitor.
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Bits

Field

Descriptions

6]

(5]

(4]

(3]

(2]

(1]

0]

LSIRDYF

LSERDYF

HSIRDYF

HSERDYF

PLLRDYF

USBPLLRDYF

CKSF

LSI Ready Interrupt Flag

0: No LSI stabilization clock ready interrupt event occurs

1: Clock ready interrupt caused by LSI stabilization
Reset by software (Write 1 clear).Set by hardware when the Internal 32 kHz RC
oscillator clock stabilization and LSIRDYDIE is set.

LSE Ready Interrupt Flag

0: No clock ready interrupt caused by LSE stabilization

1: Clock ready interrupt caused by LSE stabilization
Reset by software (Write 1 clear). Set by hardware when the External 32,768 Hz
crystal oscillator clock stabilization and LSERDYDIE is set.

HSI Ready Interrupt Flag

0: No clock ready interrupt caused by HSI stabilization

1: Clock ready interrupt caused by HSI stabilization
Reset by software (Write 1 clear). Set by hardware when the Internal 8 MHz RC
oscillator clock stabilization and HSIRDYDIE is set.

HSE Ready Interrupt Flag

0: No clock ready interrupt caused by HSE stabilization

1: Clock ready interrupt caused by HSE stabilization
Reset by software (Write 1 clear). Set by hardware when the External 4 ~ 16
MHz crystal oscillator clock stabilization and HSERDYDIE is set.

PLL Ready Interrupt Flag

0: Clock not ready interrupt caused by PLL stabilization

1: Clock ready interrupt caused by PLL stabilization
Reset by software (Write 1 clear). Set by hardware when the PLL stabilization
and PLLRDYDIE is set.
USB PLL Ready Interrupt Flag

0: Clock not ready interrupt caused by USB PLL stabilization

1: Clock ready interrupt caused by USB PLL stabilization
Reset by software (Write 1 clear). Set by hardware when the USB PLL
stabilization and PLLRDYDIE is set.
Clock Stuck Interrupt Flag

0: Clock works normally

1: HSE clock is stuck
Reset by software (Write 1 clear). Set by hardware when HSE clock stuck and
CKMEN is set.
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PLL Configuration Register - PLLCFGR

This register specifies the PLL configurations.
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Offset:

0x018

Reset value: 0x0000_0000

31 30 29 28 27 26 25 24
| Reserved | PFBD
Type/Reset RwW 0 RW 0 RW 0 RW 0
23 22 21 20 19 18 17 16
| pFeD | POTD | Reserved
Type/Reset RW 0 RW 0 RW 0
15 14 13 12 11 10 9 8
| Reserved | USBPFBD
Type/Reset RW 0 RW 0 RW 0
7 6 5 4 3 2 1 0
| usBPFBD | USBPOTD | Reserved
Type/Reset RW 0 RW 0 RW 0
Bits Field Descriptions
[27:23] PFBD PLL VCO Output Clock Feedback Divider (B4 ~ B0O)
Feedback Divider divides the output clock from VCO of PLL.
[22:21] POTD PLL Output Clock Divider (S1 ~ S0)
[10:7] USBPFBD USB PLL VCO Output Clock Feedback Divider (B3 ~ B0O)
Feedback Divider divides the output clock from VCO of PLL.
[6:5] USBPOTD USB PLL Output Clock Divider (S1 ~ S0)
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PLL Control Register - PLLCR

This register specifies the PLL Bypass mode.

Offset: 0x01C
Reset value: 0x0000_0000

31 30 29 28 27 26 25 24
| pLLBPS | Reserved |
Type/Reset RW 0
23 22 21 20 19 18 17 16
| Reserved |
Type/Reset
15 14 13 12 11 10 9 8
| Reserved |
Type/Reset
7 6 5 4 3 2 1 0
| Reserved |
Type/Reset
Bits Field Descriptions
[31] PLLBPS PLL Bypass Mode Enable

0: Disable PLL Bypass mode
1: Enable PLL Bypass mode which acts Four = Fin

AHB Configuration Register - AHBCFGR

This register specifies the system clock frequency.

Offset: 0x020
Reset value: 0x0000_0000

31 30 29 28 27 26 25 24
| Reserved |
Type/Reset
23 22 21 20 19 18 17 16
| Reserved |
Type/Reset
15 14 13 12 11 10 9 8
| Reserved |
Type/Reset
7 6 5 4 3 2 1 0
| Reserved | AHBPRE |
Type/Reset RW 0 RW 0 RW 0
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Bits Field Descriptions

[2:0] AHBPRE AHB Pre-scaler

000: CK_AHB = CK_SYS

001: CK_AHB = CK_SYS /2

010: CK_AHB = CK_SYS /4

011: CK_AHB =CK_SYS /8

100: CK_AHB = CK_SYS/ 16
101: CK_AHB = CK_SYS /32
110: CK_AHB = CK_SYS /32
111: CK_AHB = CK_SYS /32

Set and reset by software to control the division factor of the AHB clock.

AHB Clock Control Register - AHBCCR

This register specifies the AHB clock enable bits.

Offset: 0x024
Reset value: 0x0000_00E5

31 30 29 28 27 26 25 24
| Reserved |
Type/Reset
23 22 21 20 19 18 17 16
| Reserved | PEEN | PpEN | PCeN | PBEN | PaeN |
Type/Reset RW ORW ORW ORW O0ORW 0
15 14 13 12 11 10 9 8

| AESEN | sDIOEN | CRCEN | EBIEN |CKREFEN| USBEN |cCSIFMEN| CSIFEN |
Type/Resst RW ORW ORW ORW ORW ORW ORW ORW 0

7 6 5 4 3 2 1 0
| APB1EN | APBOEN | BMEN | PDMAEN | Reserved | SRAMEN | Reserved | FMCEN |
Type/Reset RW 1 RW 1 RW 1 RW 0 RW 1 RW 1
Bits Field Descriptions
[20] PEEN GPIO Port E Clock Enable

0: Port E clock is disabled
1: Port E clock is enabled
Set and reset by software
[19] PDEN GPIO Port D Clock Enable
0: Port D clock is disabled
1: Port D clock is enabled
Set and reset by software
[18] PCEN GPIO Port C Clock Enable
0: Port C clock is disabled
1: Port C clock is enabled
Set and reset by software
[17] PBEN GPIO Port B Clock Enable

0: Port B clock is disabled
1: Port B clock is enabled
Set and reset by software
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Bits Field Descriptions

[16] PAEN GPIO Port A Clock Enable
0: Port A clock is disabled
1: Port A clock is enabled
Set and reset by software
[15] AESEN AES Module Clock Enable
0: AES clock disable
1: AES clock enable
Set and reset by software.
[14] SDIOEN SDIO Module Clock Enable
0: SDIO clock disable
1: SDIO clock enable
Set and reset by software.
[13] CRCEN CRC Module Clock Enable
0: CRC clock disable
1: CRC clock enable
Set and reset by software.
[12] EBIEN EBI Module Clock Enable
0: EBI clock disable
1: EBI clock enable
Set and reset by software.
[11] CKREFEN CK_REF Clock Enable
0 : CK_REF clock is disabled
1: CK_REF clock is enabled
Set and reset by software
[10] USBEN USB Clock Enable
0: USB clock disabled
1: USB clock enabled
Set and reset by software
[9] CSIFMEN  CSIF_MCK Clock Enable
0: CSIF_MCK clock disable
1: CSIF_MCK clock enable
Set and reset by software.
[8] CSIFEN CSIF Clock Enable
0: CSIF clock disable
1: CSIF clock enable
Set and reset by software.
[7] APB1EN APB1 bridge Clock Enable
0: APB1 bridge clock is automatically disabled by hardware during Sleep mode
1: APB1 bridge clock is always enable during Sleep mode
Set and reset by software. User can set the APB1EN bit to 0 to reduce the power
consumption if the APB1 bridge is unused during Sleep mode.

[6] APBOEN APBO bridge Clock Enable
0: APBO bridge clock is automatically disabled by hardware during Sleep mode
1: APBO bridge clock is always enable during Sleep mode
Set and reset by software. User can set the APBOEN bit to 0 to reduce the power
consumption if the APBO bridge is unused during Sleep mode.
[5] BMEN Bus Matrix Clock Enable
0: Bus Matrix clock is automatically disabled by hardware during Sleep mode
1: Bus Matrix clock is always enabled during Sleep mode
Set and reset by software. User can set the BMEN bit to 0 to reduce the power
consumption if the bus matrix is unused during Sleep mode.
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Bits Field Descriptions

[4] PDMAEN Peripheral DMA Clock Enable
0: PDMA clock disable
1: PDMA clock enable
Set and reset by software.
Note: The PDMA can independently operate when the processor enters the Sleep
mode. But the relative clock of AHB bus slave or peripherals has to be enabled.

[2] SRAMEN SRAM Clock Enable
0: SRAM clock is automatically disabled by hardware during Sleep mode
1: SRAM clock is always enabled during Sleep mode
Set and reset by software. User can set the SRAMEN bit to 0 to reduce the power
consumption if the SRAM is unused during Sleep mode.
[0] FMCEN Flash Memory Controller Clock Enable
0: FMC clock is automatically disabled by hardware during Sleep mode
1: FMC clock is always enabled during Sleep mode
Set and reset by software. User can set FMCEN bit to 0 to reduce the power
consumption if the Flash Memory is unused during Sleep mode.

APB Configuration Register - APBCFGR

This register specifies the ADC conversion clock frequency.

Offset: 0x028
Reset value: 0x0001_0000

31 30 29 28 27 26 25 24
| Reserved |
Type/Reset
23 22 21 20 19 18 17 16
| Reserved | ADCDIV |
Type/Reset RW 0 RW 0 RW 1
15 14 13 12 11 10 9 8
| Reserved |
Type/Reset
7 6 5 4 3 2 1 0
| Reserved |
Type/Reset
Bits Field Descriptions
[18:16] ADCDIV ADC Clock Frequency Divide Selection

000: CK_ADC = (CK_AHB /1)
001: CK_ADC = (CK_AHB/ 2)
010: CK_ADC = (CK_AHB / 4)
011: CK_ADC = (CK_AHB / 8)
100: CK_ADC = (CK_AHB / 16)
101: CK_ADC = (CK_AHB / 32)
110: CK_ADC = (CK_AHB / 64)
111: CK_ADC = (CK_AHB / 6)
Set and reset by software to control ADC conversion clock division factor.
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APB Clock Control Register 0 —- APBCCRO

This register specifies the APB peripherals clock enable bits.

Offset: 0x02C
Reset value: 0x0000_0000

31 30 29 28 27 26 25 24
| Reserved | SCMEN | Reserved | 12SEN | SCIOEN |
Type/Reset RW 0 RW 0 RW 0
23 22 21 20 19 18 17 16
| Reserved |
Type/Reset
15 14 13 12 11 10 9 8
| EXTIEN | AFIOEN | Reserved | UR1EN | UROEN | USR1EN | USROEN |
Type/Reset RW 0 RW 0 RW ORW ORW O0ORW 0
7 6 5 4 3 2 1 0
| Reserved | SPIMEN | SPIOEN | Reserved | 12C1EN | 12COEN |
Type/Reset RW 0 RW 0 RW 0 RW 0
Bits Field Descriptions
[27] SCHEN Smart Card Interface 1 Clock Enable

0: SCI1 clock is disabled
1: SCI1 clock is enabled
Set and reset by software
[25] 12SEN I2S Interface Clock Enable
0: IS clock is disabled
1: I2S clock is enabled
Set and reset by software
[24] SCIOEN Smart Card Interface 0 Clock Enable
0: SCIO clock is disabled
1: SCIO clock is enabled
Set and reset by software
[15] EXTIEN External Interrupt Clock Enable
0: EXTI clock is disabled
1: EXTI clock is enabled
Set and reset by software.
[14] AFIOEN Alternate Function I/O Clock Enable
0: AFIO clock is disabled
1: AFIO clock is enabled
Set and reset by software.
[11] UR1EN UART1 Clock Enable
0: UART1 clock is disabled
1: UART1 clock is enabled
Set and reset by software.
[10] UROEN UARTO Clock Enable
0: UARTO clock is disabled
1: UARTO clock is enabled
Set and reset by software.
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(9]

(8]

(3]

(4]

(]

[0]

USR1EN

USART1 Clock Enable

0: USART1 clock is disabled
1: USART1 clock is enabled
Set and reset by software.

USROEN

USARTO Clock Enable

0: USARTO clock is disabled
1: USARTO clock is enabled
Set and reset by software.

SPIMEN

SPI1 Clock Enable

0: SPI1 clock is disabled
1: SPI1 clock is enabled
Set and reset by software.

SPIOEN

SPI0 Clock Enable

0: SPIO0 clock is disabled
1: SPIO clock is enabled
Set and reset by software.

I2C1EN

I°C1 Clock Enable

0: I>C1 clock is disabled
1: 1°C1 clock is enabled
Set and reset by software.

I2COEN

I2CO Clock Enable

0: 12CO clock is disabled
1: I2CO clock is enabled
Set and reset by software.

APB Clock Control Register 1 - APBCCR1

This register specifies the APB peripherals clock enable bits.

Offset:

0x030

Reset value: 0x0000_0000

31 30 29 28 27 26 25 24
| Reserved | ADCCEN |
Type/Reset RW 0
23 22 21 20 19 18 17 16
| Reserved | CMPEN | Reserved | BFTM1EN | BFTMOEN |
Type/Reset RW 0 RW 0 RW 0
15 14 13 12 11 10 9 8
| Reserved | GPTM1EN| GPTMOEN |
Type/Reset RW 0 RW 0
7 6 5 4 3 2 1 0
| Reserved | BKPREN | Reserved | WDTREN | Reserved [MCTM1EN|MCTMOEN]
Type/Reset RW 0 RW 0 RW 0 RW 0
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(24]

(22]

(171

[16]

9]

(8]

(6]

(4]

(1]

0]

ADCCEN

CMPEN

BFTM1EN

BFTMOEN

GPTM1EN

GPTMOEN

BKPREN

WDTREN

MCTM1EN

MCTMOEN

ADC Controller Clock Enable
0: ADC clock is disabled
1: ADC clock is enabled
Set and reset by software.
CMP Clock Enable
0: CMP clock is disabled
1: CMP clock is enabled
Set and reset by software.
BFTM1 Clock Enable
0: BFTM1 clock is disabled
1: BFTM1 clock is enabled
Set and reset by software.
BFTMO Clock Enable
0: BFTMO clock is disabled
1: BFTMO clock is enabled
Set and reset by software.
GPTM1 Clock Enable
0: GPTM1 clock is disabled
1: GPTM1 clock is enabled
Set and reset by software.
GPTMO Clock Enable
0: GPTMO clock is disabled
1: GPTMO clock is enabled
Set and reset by software.
Backup Domain Clock Enable for Registers Access
0: RTC clock is disabled
1: RTC clock is enabled
Set and reset by software.
Watchdog Timer Clock Enable for Registers Access
0: Watchdog Timer clock is disabled
1: Watchdog Timer clock is enabled
Set and reset by software.
MCTM1 Clock Enable
0: MCTM1 clock is disabled
1: MCTM1 clock is enabled
Set and reset by software.
MCTMO Clock Enable
0: MCTMO clock is disabled
1: MCTMO clock is enabled
Set and reset by software.
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Clock Source Status Register — CKST

This register specifies clock source status.

Offset:

Reset value: 0x0100_0003

Type/Reset

Type/Reset

Type/Reset

Type/Reset

Bits

0x034

31

30 29 28 27 26 25 24

Reserved | HSIST |

23

RO 0 RO 0 RO 0 RO 1
22 21 20 19 18 17 16

Reserved | HSEST |

15

RO 0 RO 0 RO 0
14 13 12 11 10 9 8

Reserved | PLLST |

RO 0 RO 0 RO 0 RO 0
6 5 4 3 2 1 0

Reserved | CKSWST |

Field

RO 0 RO 1 RO 1

Descriptions

[27:24]

[18:16]

[11:8]

[2:0]

HSIST

HSEST

PLLST

CKSWST

Internal High Speed Clock Occupation Status (CK_HSI)
xxx1: HSI is used by System Clock (CK_SYS) (SW = 0x03)
xx1x: HSl is used by PLL
x1xx: HSI is used by Clock Monitor
1xxx: HSI is used by USB PLL

External High Speed Clock Occupation Status (CK_HSE)
xx1: HSE is used by System Clock (CK_SYS) (SW = 0x02)
x1x: HSE is used by PLL
1xx: HSE is used by USB PLL

PLL Clock Occupation Status
xxx1: PLL is used by System Clock (CK_SYS)
xx1x: PLL is used by USART
x1xx: PLL is used by USB
1xxx: PLL is used by CK_REF

Clock Switch Status

00x: CK_PLL clock out as system clock

010: CK_HSE as system clock

011: CK_HSI as system clock

110: CK_LSE as system clock

111: CK_LSI as system clock
The fields are status to indicate which clock source is using as system clock
currently.
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APB Peripheral Clock Selection Register 0 — APBPCSRO

This register specifies the APB peripheral clock prescaler selection.

Offset: 0x038
Reset value: 0x0000_0000
31 30 29 28 27 26 25 24
| URTPCLK | UROPCLK | USR1PCLK | USROPCLK |
Type/Reset RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RwW 0 RW 0
23 22 21 20 19 18 17 16
| GPTM1PCLK| GPTMOPCLK | MCTM1PCLK | MCTMOPCLK |
Type/Reset RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RwW 0 RW 0
15 14 13 12 1 10 9 8
| BFTM1PCLK | BFTMOPCLK | Reserved |
Type/Reset RW 0 RW 0 RW 0 RW 0
7 6 5 4 3 2 1 0
| SPI1PCLK | SPIOPCLK | 12C1PCLK | I2COPCLK |
Type/Reset RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RwW 0 RW 0
Bits Field Descriptions
[31:30] UR1PCLK UART1 Peripheral Clock Selection
00: PCLK = CK_AHB
01: PCLK =CK_AHB /2
10: PCLK = CK_AHB / 4
11: PCLK = CK_AHB /8
PCLK = Peripheral Clock; CK_AHB = AHB and CPU clock
[29:28] UROPCLK UARTO Peripheral Clock Selection
00: PCLK = CK_AHB
01: PCLK=CK_AHB /2
10: PCLK=CK_AHB / 4
11: PCLK = CK_AHB /8
PCLK = Peripheral Clock; CK_AHB = AHB and CPU clock
[27:26] USR1PCLK USART1 Peripheral Clock Selection
00: PCLK = CK_AHB
01: PCLK =CK_AHB /2
10: PCLK = CK_AHB / 4
11: PCLK = CK_AHB /8
PCLK = Peripheral Clock; CK_AHB = AHB and CPU clock
[25:24] USROPCLK USARTO Peripheral Clock Selection
00: PCLK = CK_AHB
01: PCLK =CK_AHB /2
10: PCLK = CK_AHB / 4
11: PCLK = CK_AHB /8
PCLK = Peripheral Clock; CK_AHB = AHB and CPU clock
[23:22] GPTM1PCLK GPTM1 Peripheral Clock Selection
00: PCLK = CK_AHB
01: PCLK =CK_AHB /2
10: PCLK=CK_AHB / 4
11: PCLK = CK_AHB /8
PCLK = Peripheral Clock; CK_AHB = AHB and CPU clock
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Bits Field Descriptions

[21:20] GPTMOPCLK  GPTMO Peripheral Clock Selection
00: PCLK = CK_AHB
01: PCLK = CK_AHB / 2
10: PCLK = CK_AHB / 4
11: PCLK = CK_AHB / 8
PCLK = Peripheral Clock; CK_AHB = AHB and CPU clock
[19:18] MCTM1PCLK  MCTM1 Peripheral Clock Selection
00: PCLK = CK_AHB
01: PCLK = CK_AHB / 2
10: PCLK = CK_AHB / 4
11: PCLK = CK_AHB / 8
PCLK = Peripheral Clock; CK_AHB = AHB and CPU clock
[17:16] MCTMOPCLK  MCTMO Peripheral Clock Selection
00: PCLK = CK_AHB
01: PCLK =CK_AHB /2
10: PCLK = CK_AHB / 4
11: PCLK = CK_AHB /8
PCLK = Peripheral Clock; CK_AHB = AHB and CPU clock
[15:14] BFTM1PCLK BFTM1 Peripheral Clock Selection
00: PCLK = CK_AHB
01: PCLK=CK_AHB /2
10: PCLK = CK_AHB / 4
11: PCLK = CK_AHB /8
PCLK = Peripheral Clock; CK_AHB = AHB and CPU clock
[13:12] BFTMOPCLK BFTMO Peripheral Clock Selection
00: PCLK = CK_AHB
01: PCLK = CK_AHB /2
10: PCLK = CK_AHB / 4
11: PCLK = CK_AHB / 8
PCLK = Peripheral Clock; CK_AHB = AHB and CPU clock
[7:6] SPIMPCLK SPI1 Peripheral Clock Selection
00: PCLK = CK_AHB
01: PCLK =CK_AHB /2
10: PCLK = CK_AHB / 4
11: PCLK = CK_AHB /8
PCLK = Peripheral Clock; CK_AHB = AHB and CPU clock
[6:4] SPIOPCLK SPI0 Peripheral Clock Selection
00: PCLK = CK_AHB
01: PCLK=CK_AHB /2
10: PCLK = CK_AHB / 4
11: PCLK = CK_AHB /8
PCLK = Peripheral Clock; CK_AHB = AHB and CPU clock
[3:2] 12C1PCLK I2C1 Peripheral Clock Selection
00: PCLK = CK_AHB
01: PCLK = CK_AHB / 2
10: PCLK = CK_AHB / 4
11: PCLK = CK_AHB / 8
PCLK = Peripheral Clock; CK_AHB = AHB and CPU clock
[1:0] 12COPCLK I2CO Peripheral Clock Selection
00: PCLK = CK_AHB
01: PCLK = CK_AHB / 2
10: PCLK = CK_AHB / 4
11: PCLK = CK_AHB /8
PCLK = Peripheral Clock; CK_AHB = AHB and CPU clock
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APB Peripheral Clock Selection Register 1 - APBPCSR1

This register specifies APB peripheral clock prescaler selection.

Offset: 0x03C
Reset value: 0x0000_0000

31 30 29 28 27 26 25 24
| Reserved |
Type/Reset
23 22 21 20 19 18 17 16
| Reserved | 12SPCLK | SCIPCLK]| SCIOPCLK |
Type/Reset RW 0 RW 0O RW ORW ORW ORW 0
15 14 13 12 11 10 9 8
| BKPRPCLK | WDTRPCLK | Reserved | CMPPCLK |
Type/Reset RW 0 RW 0 RW 0RW 0 RW ORW 0
7 6 5 4 3 2 1 0
| Reserved | ADCCPCLK | EXTIPCLK | AFIOPCLK |
Type/Reset RW 0 RW 0 RW ORW O0ORW ORW 0
Bits Field Descriptions
[21:20] I2SPCLK I2S Peripheral Clock Selection

00: PCLK = CK_AHB
01: PCLK = CK_AHB / 2
10: PCLK = CK_AHB / 4
11: PCLK = CK_AHB /8
PCLK = Peripheral Clock; CK_AHB = AHB and CPU clock

[19:18] SCHMPCLK SCI1 Peripheral Clock Selection
00: PCLK = CK_AHB
01: PCLK = CK_AHB / 2
10: PCLK = CK_AHB / 4
11: PCLK=CK_AHB /8
PCLK = Peripheral Clock; CK_AHB = AHB and CPU clock

[17:16] SCIOPCLK SCI1 Peripheral Clock Selection
00: PCLK = CK_AHB
01: PCLK = CK_AHB / 2
10: PCLK = CK_AHB / 4
11: PCLK = CK_AHB /8
PCLK = Peripheral Clock; CK_AHB = AHB and CPU clock

[15:14] BKPRCLK Backup Domain Register Access Clock Selection
00: PCLK=CK_AHB /4
01: PCLK=CK_AHB /8
10: PCLK = CK_AHB / 16
11: PCLK = CK_AHB / 32
PCLK = Peripheral Clock; CK_AHB = AHB and CPU clock

[13:12] WDTRPCLK  WDT Register Access Clock Selection
00: PCLK = CK_AHB
01: PCLK = CK_AHB / 2
10: PCLK = CK_AHB / 4
11: PCLK = CK_AHB / 8
PCLK = Peripheral Clock; CK_AHB = AHB and CPU clock
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Bits Field Descriptions

[9:8] CMPPCLK CMP Peripheral Clock Selection
00: PCLK = CK_AHB
01: PCLK = CK_AHB /2
10: PCLK = CK_AHB / 4
11: PCLK = CK_AHB /8
PCLK = Peripheral Clock; CK_AHB = AHB and CPU clock

[5:4] ADCCPCLK  ADC Controller Peripheral Clock Selection
00: PCLK = CK_AHB
01: PCLK = CK_AHB / 2
10: PCLK = CK_AHB / 4
11: PCLK = CK_AHB / 8
PCLK = Peripheral Clock; CK_AHB = AHB and CPU clock

[3:2] EXTIPCLK EXTI Peripheral Clock Selection
00: PCLK = CK_AHB
01: PCLK = CK_AHB / 2
10: PCLK=CK_AHB /4
11: PCLK=CK_AHB /8
PCLK = Peripheral Clock; CK_AHB = AHB and CPU clock

[1:0] AFIOPCLK AFIO Peripheral Clock Selection
00: PCLK = CK_AHB
01: PCLK = CK_AHB / 2
10: PCLK = CK_AHB / 4
11: PCLK =CK_AHB /8
PCLK = Peripheral Clock; CK_AHB = AHB and CPU clock

HSI Control Register — HSICR

This register is used to control the frequency trimming of the HSI RC oscillation.

Offset: 0x040
Reset value: 0xXXXX_0000 where X is undefined

31 30 29 28 27 26 25 24
| Reserved | HSICOARSE |
Type/Reset RO XRO XRO X RO XRO X
23 22 21 20 19 18 17 16
| HSIFINE |
Type/Reset RW X RW X RW X RW X RW X RW X RW XRW X
15 14 13 12 11 10 9 8
| Reserved |
Type/Reset
7 6 5 4 3 2 1 0
| FLock | REFCLKSEL| TMSEL | Reserved | ATCEN | TRIMEN |
Type/Reset RO 0RW 0 RW 0 RW 0 RW O0RW 0
Bits Field Descriptions
[28:24] HSICOARSE HSI Clock Coarse Trimming Value

These bits are initialized automatically at startup. They are adjusted by factory trimming
and cannot be trimmed by program.
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Bits Field Descriptions

[23:16] HSIFINE HSI Clock Fine Trimming Value
These bits are initialized automatically at startup. They are also adjusted by factory
trimming. But these bits provide an additional user-programmable trimming value that is
added to the HSICOARSE[4:0] bits to get more accurate or compensate the variations
in voltage and temperature that influence the HSI frequency. It can be programmed by
software or Auto-Trimming Controller (ATC) with an external reference clock.
[7] FLOCK Frequency Lock
0: HSI frequency is not trimmed into target range.
1: HSI frequency is trimmed into target range.
[6:5] REFCLKSEL Reference Clock Selection
00: Select 32.768 kHz external low speed clock source (LSE)
01: Select 1 kHz USB frame pulse
1x: Select external pin (CKIN) 1 kHz pulse
This bit is selected the reference clock for the HSI Auto Trimming Controller.
[4] TMSEL Trimming Mode Selection

0: Automatic by Auto Trimming Controller
1: Manual by user program
This bit is used to select the HSI RC oscillator trimming function by the ATC hardware or

user program via the HSIFINE[7:0] bits in the HSI Control Register.
[1] ATCEN Auto Trimming Controller Enable

0: Disable Auto Trimming Controller
1: Enable Auto Trimming Controller

[0] TRIMEN Trimming Enable

0: HSI Trimming is disable
1: HSI Trimming is enable
The bit enables the HSI RC oscillator trimming function by the ATC hardware or user

program.

HSI Auto Trimming Counter Register — HSIATCR

This register contains the counter value of the HSI auto trimming controller

Offset: 0x044
Reset value: 0x0000_0000

31 30 29 28 27 26 25 24
| Reserved |
Type/Reset
23 22 21 20 19 18 17 16
| Reserved |
Type/Reset
15 14 13 12 11 10 9 8
| Reserved | ATCNT |
Type/Reset RO 0 RO 0 RO 0 RO 0 RO 0 RO 0
7 6 5 4 3 2 1 0
| ATCNT |

Type/Reset RO 0 RO 0 RO 0 RO 0 RO 0 RO 0 RO 0 RO 0

Bits Field Descriptions

[13:0] ATCNT Auto Trimming Counter
These bits contain the counter value of the HSI auto trimming controller.
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Low Power Control Register — LPCR

This register specifies the low power control.

Offset: 0x300
Reset value: 0x0000_0000

31 30 29 28 27 26 25 24
| Reserved |
Type/Reset
23 22 21 20 19 18 17 16
| Reserved |
Type/Reset
15 14 13 12 11 10 9 8
| Reserved |usBsLEEP|
Type/Reset RW 0
7 6 5 4 3 2 1 0
| Reserved |
Type/Reset
Bits Field Descriptions
[8] USBSLEEP USB Sleep Software Control Enable
0: Disable

1: Enable USB Software Sleeping
Set and reset by software. Refer to the Power Control Unit chapter for more information.

MCU Debug Control Register - MCUDBGCR

This register specifies the MCU debug control.

Offset: 0x304
Reset value: 0x0000_0000

31 30 29 28 27 26 25 24
| Reserved |
Type/Reset
23 22 21 20 19 18 17 16
| Reserved | DBSCI1 |DBTRACE| DBUR1 | DBURO |DBBFTM1|DBBFTMO |
Type/Reset RW ORW ORW ORW ORW O0RW 0
15 14 13 12 11 10 9 8

| pescio |pbBbsLP2| pBi2c1 | pBI2co | DBSPI1 | DBSPI0 | DBUSR1 | DBUSRO |
Type/Resst RW ORW ORW ORW ORW ORW ORW ORW 0
7 6 5 4 3 2 1 0
|pBGPTM1|DBGPTMO [DBMCTM1|DBMCTMO| DBWDT | DBPD |DBDSLP1| DBSLP |
Type/Resst RW O RW ORW ORW ORW ORW ORW ORW 0

Bits Field Descriptions

[21] DBSCI1 SCI1 Debug Mode Enable
0: Same behavior as in normal mode
1: SCI1 timeout is frozen when the core is halted
Set and reset by software.
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Bits Field Descriptions

[20] DBTRACE TRACESWO Debug Mode Enable
0: Disable TRACESWO output.
1: Enable TRACESWO output.

Set and reset by software.

[19] DBUR1 UART1 Debug Mode Enable
0: Same behavior as in normal mode
1: UART1 FIFO timeout is frozen when the core is halted
Set and reset by software.

[18] DBURO UARTO Debug Mode Enable
0: Same behavior as in normal mode
1: UARTO FIFO timeout is frozen when the core is halted
Set and reset by software.

[17] DBBFTM1  BFTM1 Debug Mode Enable
0: BFTM1 counter continues to count even if the core is halted.
1: BFTM1 counter stops counting when the core is halted.
Set and reset by software.

[16] DBBFTMO  BFTMO Debug Mode Enable
0: BFTMO counter continues even if the core is halted.
1: BFTMO counter is stopped when the core is halted.
Set and reset by software.

[15] DBSCIO SCI0 Debug Mode Enable
0: Same behavior as in normal mode.
1: SCIO0 timeout is frozen.
Set and reset by software.

[14] DBDSLP2  Debug Deep-Sleep2
0: LDO = Off (but turn on DMOS), FCLK = Off, and HCLK = Off in Deep-Sleep2.
1: LDO = On, FCLK = On, and HCLK = On in Deep-Sleep2.
Set and reset by software.

[13] DBI2C1 [*C1 Debug Mode Enable
0: Same behavior as in normal mode
1: 12C1 timeout is frozen when the core is halted
Set and reset by software.

[12] DBI2CO0 [>C0O Debug Mode Enable
0: Same behavior as in normal mode
1: 12CO0 timeout is frozen when the core is halted
Set and reset by software.

[11] DBSPI1 SPI1 Debug Mode Enable
0: Same behavior as in normal mode
1: SPI1 FIFO timeout is frozen when the core is halted
Set and reset by software.
[10] DBSPIO SPI0 Debug Mode Enable
0: Same behavior as in normal mode
1: SPIO0 FIFO timeout is frozen when the core is halted
Set and reset by software.
[9] DBUSR1 USART1 Debug Mode Enable
0: Same behavior as in normal mode
1: USART1 FIFO timeout is frozen when the core is halted
Set and reset by software.
[8] DBUSRO USARTO0 Debug Mode Enable
0: Same behavior as in normal mode
1: USARTO FIFO timeout is frozen when the core is halted
Set and reset by software.
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Bits Field Descriptions
[7] DBGPTM1 GPTM1 Debug Mode Enable
0: GPTM1 counter continues even if the core is halted
1: GPTM1 counter is stopped when the core is halted
Set and reset by software.
[6] DBGPTMO GPTMO Debug Mode Enable
0: GPTMO counter continues even if the core is halted
1: GPTMO counter is stopped when the core is halted
Set and reset by software.
[5] DBMCTM1 MCTM1 Debug Mode Enable
0: MCTM1 counter continues even if the core is halted
1: MCTM1 counter is stopped when the core is halted
Set and reset by software.
[4] DBMCTMO MCTMO Debug Mode Enable
0: MCTMO counter continues even if the core is halted
1: MCTMO counter is stopped when the core is halted
Set and reset by software.
[3] DBWDT Watchdog Timer Debug Mode Enable
0: Watchdog Timer counter continues even if the core is halted
1: Watchdog Timer counter is stopped when the core is halted
Set and reset by software.
[2] DBPD Debug Power-Down Mode
0: LDO = Off, FCLK = Off, and HCLK = Off in Power-Down mode
1: LDO = On, FCLK = On, and HCLK = On in Power-Down mode
Set and reset by software.
[1] DBDSLP1 Debug Deep-Sleep1
0: LDO = Low power mode, FCLK = Off, and HCLK = Off in Deep-Sleep1.
1: LDO = On, FCLK = On, and HCLK = On in Deep-Sleep1.
Set and reset by software.
[0] DBSLP Debug Sleep Mode
0: LDO = On, FCLK = On, and HCLK = Off in Sleep mode.
1: LDO = On, FCLK = On, and HCLK = On in Sleep mode.
Set and reset by software.
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Introduction

The Reset Control Unit, RSTCU, has three kinds of reset, the power on reset, system reset and
APB unit reset. The power on reset, known as a cold reset, resets the full system during a power
up. A system reset resets the processor core and peripheral IP components with the exception of
the debug port controller. The resets can be triggered by an external signal, internal events and the

reset generators. More information about these resets will be described in the following section

RSTCU

PORRESETN

SYSRESETREQ
<

Cortex™-M3

NVIC

Brown Out
Detector
RESET

nRST

<

SYSRESETn

TREQ

VECTRESET

NVICDBGRESETn

NVICRESETn

CM3 Core

CORERESTn

A
[

WDTRST

Reset
generator

Reset
generator

USARTRST

Figure 19. RSTCU Block Diagram
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Functional Descriptions

Power On Reset

The Power on reset, POR, is generated by either an external reset or the internal reset generator.
Both types have an internal filter to prevent glitches from causing erroneous reset operations. By
referring to Figure 20, the POR1S5 active low signal will be de-asserted when the internal LDO
voltage regulator is ready to provide 1.5 V power. In addition to the POR15 signal, the Power
Control Unit, PWRCU, will assert the BODF signal as a Power Down Reset, PDR, when the
BODEN bit in the LVDCSR register is set and the brown-out event occurs. For more details about
the PWRCU function, refer to the PWRCU chapter.

Voo
4
Vob1s
<
t
PORRESETn ’/ -
SYSRESETn 7
3 t1 = 25 us *Typical.
I I t, =100 us
t3 ' t3 = 150 us

* This timing is dependent on the internal LDO regulator output capacitor value.

Figure 20. Power On Reset Sequence

System Reset

A system reset is generated by a power on reset (PORRESETn), a Watchdog Timer reset (WDT _
RSTn), nRST pin or a software reset (SYSRESETREQ) event. For more information about
SYSRESETREQ and VECTRESET events, refer to the related chapter in the Cortex™-M3
reference manual.

AHB and APB Unit Reset

The AHB and APB unit reset can be divided into hardware and software resets. A hardware
reset can be generated by either power on reset or system reset for all AHB and APB units.
Each functional IP connected to the AHB and APB buses can be reset individually through the
associated software reset bits in the RSTCU. For example, the application software can generate a
USARTO reset via the USRORST bit in the APBPRSTRO register.
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Register Map

The following table shows the RSTCU registers and reset values.
Table 21. RSTCU Register Map

Register Offset Description Reset Value
GRSR 0x100 Global Reset Status Register 0x0000_0008
AHBPRSTR |0x104 AHB Peripheral Reset Register 0x0000_0000
APBPRSTRO |0x108 APB Peripheral Reset Register 0 0x0000_0000
APBPRSTR1 |[0x10C APB Peripheral Reset Register 1 0x0000_0000

Register Descriptions
Global Reset Status Register —- GRSR

This register specifies a variety of reset status conditions.

Offset: 0x100
Reset value:  0x0000_0008
31 30 29 28 27 26 25 24
I Reserved |
Type/Reset
23 22 21 20 19 18 17 16
| Reserved |
Type/Reset
15 14 13 12 1" 10 9 8
| Reserved |
Type/Reset
7 6 5 4 3 2 1 0
| Reserved | PORSTF | WDTRSTF | EXTRSTF | SYSRSTF |
Type/Reset wcC 1 WC 0 wcC 0 wWC 0
Bits Field Descriptions
[3] PORSTF Core Power On Reset Flag
0: No POR occurred
1: POR occurred
This bit is set by hardware when a power on reset occurs and reset by writing 1 into it.
[2] WDTRSTF Watchdog Timer Reset Flag
0: No Watchdog Timer reset occurred
1: Watchdog Timer occurred
This bit is set by hardware when a watchdog timer reset occurs and reset by writing 1 into
it or by hardware when a power on reset occurs.
[1] EXTRSTF External Pin Reset Flag
0: No pin reset occurred
1: Pin reset occurred
This bit is set by hardware when an external pin reset occurs and reset by writing 1 into it
or by hardware when a power on reset occurs.
[0] SYSRSTF  System Reset Flag

0: No NVIC asserting system reset occurred
1: NVIC asserting system reset occurred
This bit is set by hardware when a system reset occurs and reset by writing 1 into it or by

hardware when a power on reset occurs.
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AHB Peripheral Reset Register - AHBPRSTR

This register specifies several AHB peripheral software reset control bits.

Offset: 0x104
Reset value: 0x0000_0000

31 30 29 28 27 26 25 24
| Reserved |
Type/Reset
23 22 21 20 19 18 17 16
| Reserved |
Type/Reset
15 14 13 12 11 10 9 8
| AESRST | SDIORST | Reserved | PERST | PDRST | PCRST | PBRST | PARST |
Type/Reset RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0
7 6 5 4 3 2 1 0
| CRCRST | EBIRST | USBRST | CSIFRST | Reserved | DMARST |
Type/Reset RW 0 RW 0 RW 0 RW 0 RW 0
Bits Field Descriptions
[15] AESRST AES Reset Control
0: No reset
1: Reset AES
This bit is set by software and cleared to 0 by hardware automatically.
[14] SDIORST SDIO Reset Control
0: No reset
1: Reset SDIO
This bit is set by software and cleared to 0 by hardware automatically.
[12] PERST GPIO Port E Reset Control
0: No reset
1: Reset Port E
This bit is set by software and cleared to 0 by hardware automatically.
[11] PDRST GPIO Port D Reset Control
0: No reset
1: Reset Port D
This bit is set by software and cleared to 0 by hardware automatically.
[10] PCRST GPIO Port C Reset Control
0: No reset
1: Reset Port C
This bit is set by software and cleared to 0 by hardware automatically.
[9] PBRST GPIO Port B Reset Control
0: No reset
1: Reset Port B
This bit is set by software and cleared to 0 by hardware automatically.
[8] PARST GPIO Port A Reset Control

0: No reset
1: Reset Port A
This bit is set by software and cleared to 0 by hardware automatically.
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[7]

(6]

(3]

(4]

0]

CRCRST

EBIRST

USBRST

CSIFRST

DMARST

CRC Reset Control
0: No reset
1: Reset USB

This bit is set by software and cleared to 0 by hardware automatically.

EBI Reset Control
0: No reset
1: Reset USB

This bit is set by software and cleared to 0 by hardware automatically.

USB Reset Control
0: No reset
1: Reset USB

This bit is set by software and cleared to 0 by hardware automatically.

CSIF Reset Control
0: No reset
1: Reset CSIF

This bit is set by software and cleared to 0 by hardware automatically.

Peripheral DMA (PDMA) Reset Control
0: No reset
1: Reset Peripheral DMA (PDMA)

This bit is set by software and cleared to 0 by hardware automatically.

APB Peripheral Reset Register 0 - APBPRSTRO

This register specifies several APB peripheral software reset control bits.

Offset:

0x108

Reset value: 0x0000_0000

31 30 29 28 27 26 25 24
| Reserved | SCIRST | Reserved | 12SRST | SCIORST |
Type/Reset RW 0 RW 0 RW 0
23 22 21 20 19 18 17 16
| Reserved |
Type/Reset
15 14 13 12 11 10 9 8
| EXTIRST | AFIORST | Reserved | UR1RST | URORST | USR1RST | USRORST |
Type/Reset RW 0 RW 0 RW ORW ORW O0ORW 0
7 6 5 4 3 2 1 0
| Reserved | SPI1RST | SPIORST | Reserved | 12C1RST | 12CORST |
Type/Reset RW 0 RW 0 RW 0 RW 0
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Bits Field Descriptions
[27] SCIMRST Smart Card Interface 1 Reset Control
0: No reset

1: Reset Smart Card Interface 1
This bit is set by software and cleared to 0 by hardware automatically.
[25] I2SRST I>S Reset Control
0: No reset
1: Reset I°S
This bit is set by software and cleared to 0 by hardware automatically.
[24] SCIORST Smart Card Interface 0 Reset Control
0: No reset
1: Reset Smart Card Interface 0
This bit is set by software and cleared to 0 by hardware automatically.
[15] EXTIRST External Interrupt Controller Reset Control
0: No reset
1: Reset EXTI
This bit is set by software and cleared to 0 by hardware automatically.
[14] AFIORST Alternate Function I/O Reset Control
0: No reset
1: Reset Alternate Function 1/O
This bit is set by software and cleared to 0 by hardware automatically.
[11] UR1RST UART1 Reset Control
0: No reset
1: Reset UART1
This bit is set by software and cleared to 0 by hardware automatically.
[10] URORST UARTO Reset Control
0: No reset
1: Reset UARTO
This bit is set by software and cleared to 0 by hardware automatically.
[9] USR1RST  USART1 Reset Control
0: No reset
1: Reset USART1
This bit is set by software and cleared to 0 by hardware automatically.
[8] USRORST  USARTO Reset Control
0: No reset
1: Reset USARTO
This bit is set by software and cleared to 0 by hardware automatically.
[5] SPIMRST SPI1 Reset Control
0: No reset
1: Reset SPI1
This bit is set by software and cleared to 0 by hardware automatically.
[4] SPIORST SPI0 Reset Control
0: No reset
1: Reset SPIO
This bit is set by software and cleared to 0 by hardware automatically.
[1] I2C1RST I’C1 Reset Control
0: No reset
1: Reset I°C1
This bit is set by software and cleared to 0 by hardware automatically.
[0] [2CORST [2CO Reset Control
0: No reset
1: Reset I°CO
This bit is set by software and cleared to 0 by hardware automatically.
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APB Peripheral Reset Register 1 - APBPRSTR1

This register specifies several APB peripheral software reset control bits.

Offset:

0x10C

Reset value: 0x0000_0000

31 30 29 28 27 26 25 24
| Reserved | ADCRsT |
Type/Reset RW 0
23 22 21 20 19 18 17 16
| Reserved | CMPRST | Reserved | BFTM1RST | BFTMORST |
Type/Reset RW 0 RW 0 RW 0
15 14 13 12 1 10 9 8
| Reserved | GPTM1RST | GPTMORST |
Type/Reset RW 0 RW 0
7 6 5 4 3 2 1 0
| Reserved | wDTRsT | Reserved | MCTM1RST [ MCTMORST |
Type/Reset RW 0 RW 0 RW 0
Bits Field Descriptions
[24] ADCRST A/D Converter Reset Control
0: No reset
1: Reset A/D Converter
This bit is set by software and cleared to 0 by hardware automatically.
[22] CMPRST Comparator Controller Reset Control
0: No reset
1: Reset CMP
This bit is set by software and cleared to 0 by hardware automatically.
[17] BFTM1RST BFTM1 Reset Control
0: No reset
1: Reset BFTM1
This bit is set by software and cleared to 0 by hardware automatically.
[16] BFTMORST BFTMO Reset Control
0: No reset
1: Reset BFTMO
This bit is set by software and cleared to 0 by hardware automatically.
[9] GPTM1RST GPTM1 Reset Control
0: No reset
1: Reset GPTM1
This bit is set by software and cleared to 0 by hardware automatically.
[8] GPTMORST GPTMO Reset Control
0: No reset
1: Reset GPTMO
This bit is set by software and cleared to 0 by hardware automatically.
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Bits Field Descriptions
[4] WDTRST Watchdog Timer Reset Control
0: No reset

1: Reset Watchdog Timer
This bit is set by software and cleared to 0 by hardware automatically.
[1] MCTM1RST  MCTM1 Reset Control
0: No reset
1: Reset MCTMA1
This bit is set by software and cleared to 0 by hardware automatically.
[0] MCTMORST MCTMO Reset Control
0: No reset
1: Reset MCTMO
This bit is set by software and cleared to 0 by hardware automatically.

Rev. 1.10 127 of 680 November 22, 2018

(NOLsy) yun jo13u0) Jasay



32-Bit Arm® Cortex*-M3 MCU #
HT32F12365/HT32F12366/HT32F22366 HOLTEK

www.holtek.com

8 General Purpose 1/0 (GPIO)

Introduction

There are up to 80 General Purpose /O ports, GPIO, named PAO ~ PA15, PBO ~ PBI15, PCO ~
PCI15, PDO ~ PDI15 and PEO ~ PE15 for the device to implement the logic input/output functions.
Each of the GPIO ports has related control and configuration registers to satisfy the requirement of
specific applications. The really available General Purpose I/O port numbers are dependent on the
device specification and package type. Plase refer the device data sheet for detail information.

The GPIO ports are pin-shared with other alternative functions (AFs) to obtain maximum flexibility
on the package pins. The GPIO pins can be used as alternative functional pins by configuring the
corresponding registers regardless of the AF input or output pins.

The external interrupts on the GPIO pins of the device have related control and configuration
registers in the External Interrupt Control Unit (EXTTI).

—>| PxDOn P To AFIO MUX

PxRSTn
PxSETn
PxDVn
Bus Interface PxODN To IOPAD DS
PxPLn < P To IOPAD PDN
PxPHn P To IOPAD PUN
Cropao |  PxDIN
IEN
AFIO JD7—> To IOPAD IEN
PxINENn
PxDIRn
To IOPAD OEN
OENario ‘LD7—>

Figure 21. GPIO Block Diagram
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Features

M Input/output direction control
Input weak pull-up/pull-down control
Output push-pull/open drain enable control

Output set/reset control

|

|

|

B Output drive current selection

B External interrupt with programmable trigger edge — using EXTI configuration registers
M Analog input/output configurations — using AFIO configuration registers

B Alternate function input/output configurations — using AFIO configuration registers

B Port configuration lock

Functional Descriptions

Default GPIO Pin Configuration

During or just after the reset period, the alternative functions are all inactive and the GPIO ports
are configured into the input disable floating mode, i.e. input disabled without pull-up/pull-down
resistors. Only the boot and Serial-Wired Debug pins which are pin-shared with the I/O pins are
active after a device reset.

B BOOTO: Input enable with internal pull-up

B BOOTI: Input enable with internal pull-up

B JTCK/SWCLK: Input enable with internal pull-up

B JTMS/SWDIO: Input enable with internal pull-up

M JTDI: Input en8able with internal pull-up

B JTRST: Input enable with internal pull-up

General Purpose 1/0 — GPIO

The GPIO pins can be configured as inputs or outputs via the data direction control registers
PxDIRCR (where x = A ~ E). When the GPIO pins are configured as input pins, the data on the
external pads can be read if the enable bits in the input enable function register PXINER are set.
The GPIO pull-up/pull-down registers PxPUR/PxPDR can be configured to fit specific applications.
When the pull-up and pull-down functions are both enabled, the pull-up function has the higher
priority while the pull-down function will be blocked until the pull-up function is released.

The GPIO pins can be configured as output pins where the output data is latched into the data
register PxDOUTR. The output type can be setup to be either push-pull or open-drain by the
open drain selection register PXODR. Only one or several specific bits of the output data will be
set or reset by configuring the port output set and reset control register PxSRR or the port output
reset control register PxRR without affecting the unselected bits. As the port output set and reset
functions are both enabled, the port output set function has the higher priority and the port output
reset function will be blocked. The output driving current of the GPIO pins can be selected by
configuring the drive current selection register PxDRVR.
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Figure 22. AFIO / GPIO Control Signal

PxDIn/PxDOn(x = A ~ E): Data Input/Data Output

PxDIRn(x = A ~ E): Direction

PxDVn(x = A ~ E): Output Drive

PxPLn/PxPHn(x = A ~ E): Pull Low/High

PxRSTn/PxSETn(x = A ~ E): Reset/Set

PXxINENn(x = A ~ E): Input Enable

PXODn(x = A ~ E): Open Drain

PxCFGn(x = A ~ E): AFIO Configuration
Table 22. AFIO, GPIO and I/O Pad Control Signal True Table

Type AFIO GPIO PAD
ADENAHO OENAF|0 IENAF]Q PxDIRn PxINENn | ADEN OEN | IEN
GPIO Input Note) 1 1 1 0 1 1 1 |0
GPIO Output N 1 1 1 1 0 (1if need) 1 0 |1(0)
AFIO Input 1 1 0 0 X 1 1 |0
AFIO Output 1 0 1 X 0 (1 if need) 1 0 [1(0)
ADC Input 0 1 1 0 0 (1 if need) 0 1 [1(0)
OSC Output 0 1 1 0 0 (1 if need) 0 1 1(0)

Note: The signals, IEN and OEN, for I/O pads are derived from the GPIO register bits PXINENn and
PxDIRn respectively when the associated pin is configured in the GPIO input/output mode.
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GPIO Locking Mechanism

Register Map

The GPIO also offers a lock function to lock the port until a reset event occurs. The PxLOCKR (x
= A ~ E) registers are used to lock the port x and lock control options. The value 0x5FAO is written
into the PXLKEY field in the PXLOCKR registers to freeze the PxDIRCR, PXINER, PxPUR,
PxPDR, PxODR, PxDRVR control and AFIO mode configuration (GPxCFGHR or GPxCFGLR,
where x = A ~ E). If the value in the PXLOCKR is 0x5FAO 0001, it means that the Port x Lock

function is enabled and the Port x pin 0 is frozen.
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The following table shows the GPIO registers and reset values of the Port A ~ E.
Table 23. GPIO Register Map

Register \ Offset

Description

Reset Value

GPIO A Base Address = 0x400B_0000

PADIRCR 0x000 Port A Data Direction Control Register 0x0000_0000
PAINER 0x004 Port A Input Function Enable Control Register 0x0000_0300
PAPUR 0x008 Port A Pull-Up Selection Register 0x0000_F300
PAPDR 0x00C Port A Pull-Down Selection Register 0x0000_0000
PAODR 0x010 Port A Open Drain Selection Register 0x0000_0000
PADRVR 0x014 Port A Drive Current Selection Register 0x0000_0000
PALOCKR 0x018 Port A Lock Register 0x0000_0000
PADINR 0x01C Port A Data Input Register 0x0000_F300
PADOUTR 0x020 Port A Data Output Register 0x0000_0000
PASRR 0x024 Port A Output Set and Reset Control Register 0x0000_0000
PARR 0x028 Port A Output Reset Control Register 0x0000_0000

GPIO B Base Address = 0x

400B_2000

PBDIRCR 0x000 Port B Data Direction Control Register 0x0000_0000
PBINER 0x004 Port B Input Function Enable Control Register 0x0000_0000
PBPUR 0x008 Port B Pull-Up Selection Register 0x0000_0000
PBPDR 0x00C Port B Pull-Down Selection Register 0x0000_0000
PBODR 0x010 Port B Open Drain Selection Register 0x0000_0000
PBDRVR 0x014 Port B Drive Current Selection Register 0x0000_0000
PBLOCKR 0x018 Port B Lock Register 0x0000_0000
PBDINR 0x01C Port B Data Input Register 0x0000_0000
PBDOUTR 0x020 Port B Data Output Register 0x0000_0000
PBSRR 0x024 Port B Output Set and Reset Control Register 0x0000_0000
PBRR 0x028 Port B Output Reset Control Register 0x0000_0000

GPIO C Base Address = 0x

400B_4000

PCDIRCR 0x000 Port C Data Direction Control Register 0x0000_0000
PCINER 0x004 Port C Input Function Enable Control Register 0x0000_0000
PCPUR 0x008 Port C Pull-Up Selection Register 0x0000_0000
PCPDR 0x00C Port C Pull-Down Selection Register 0x0000_0000
PCODR 0x010 Port C Open Drain Selection Register 0x0000_0000
PCDRVR 0x014 Port C Drive Current Selection Register 0x0000_0000
PCLOCKR 0x018 Port C Lock Register 0x0000_0000
PCDINR 0x01C Port C Data Input Register 0x0000_0000
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Register Offset Description Reset Value
PCDOUTR 0x020 Port C Data Output Register 0x0000_0000
PCSRR 0x024 Port C Output Set and Reset Control Register 0x0000_0000
PCRR 0x028 Port C Output Reset Control Register 0x0000_0000

GPIO D Base Address = 0x

400B_6000

PDDIRCR 0x000 Port D Data Direction Control Register 0x0000_0000
PDINER 0x004 Port D Input Function Enable Control Register 0x0000_0000
PDPUR 0x008 Port D Pull-Up Selection Register 0x0000_0000
PDPDR 0x00C Port D Pull-Down Selection Register 0x0000_0000
PDODR 0x010 Port D Open Drain Selection Register 0x0000_0000
PDDRVR 0x014 Port D Drive Current Selection Register 0x0000_0000
PDLOCKR 0x018 Port D Lock Register 0x0000_0000
PDDINR 0x01C Port D Data Input Register 0x0000_0000
PDDOUTR 0x020 Port D Data Output Register 0x0000_0000
PDSRR 0x024 Port D Output Set and Reset Control Register 0x0000_0000
PDRR 0x028 Port D Output Reset Control Register 0x0000_0000

GPIO E Base Address = 0x400B_8000

PEDIRCR 0x000 Port E Data Direction Control Register 0x0000_0000
PEINER 0x004 Port E Input Function Enable Control Register 0x0000_0000
PEPUR 0x008 Port E Pull-Up Selection Register 0x0000_0000
PEPDR 0x00C Port E Pull-Down Selection Register 0x0000_0000
PEODR 0x010 Port E Open Drain Selection Register 0x0000_0000
PEDRVR 0x014 Port E Drive Current Selection Register 0x0000_0000
PELOCKR 0x018 Port E Lock Register 0x0000_0000
PEDINR 0x01C Port E Data Input Register 0x0000_0000
PEDOUTR 0x020 Port E Data Output Register 0x0000_0000
PESRR 0x024 Port E Output Set and Reset Control Register 0x0000_0000
PERR 0x028 Port E Output Reset Control Register 0x0000_0000
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Register Descriptions
Port A Data Direction Control Register —- PADIRCR

This register is used to control the direction of the GPIO Port A pin as input or output.

Offset: 0x000
Reset value: 0x0000_0000

31 30 29 28 27 26 25 24
| Reserved |
Type/Reset
23 22 21 20 19 18 17 16
| Reserved |
Type/Reset
15 14 13 12 1" 10 9 8
| PADIR |
Type/Reset RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0
7 6 5 4 3 2 1 0
| PADIR |

Type/Reset RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0

Bits Field Descriptions

[15:0] PADIRNn GPIO Port A pin n Direction Control Bits (n =0 ~ 15)
0: Pin nis input mode
1: Pin n is output mode
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Port A Input Function Enable Control Register — PAINER

This register is used to enable or disable the GPIO Port A input function.

Offset: 0x004
Reset value: 0x0000_0300

31 30 29 28 27 26 25 24
| Reserved |
Type/Reset
23 22 21 20 19 18 17 16
| Reserved |
Type/Reset
15 14 13 12 11 10 9 8
| PAINEN |
Type/Reset RW 0 RW 0 RwW 0 RW 0 RW 0 RW 0 RW 1 RW 1
7 6 5 4 3 2 1 0
| PAINEN |

Type/Reset RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0

Bits Field Descriptions
[15:0] PAINENN GPIO Port A pin n Input Enable Control Bits (n = 0 ~ 15)
0: Pin n input function is disabled.
1: Pin n input function is enabled.
When the pin n input function is disabled, the input Schmitt trigger will be turned off
and the Schmitt trigger output will remain at a zero state.
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Port A Pull-Up Selection Register - PAPUR

This register is used to enable or disable the GPIO Port A pull-up function.

Offset: 0x008
Reset value: 0x0000_F300

31 30 29 28 27 26 25 24
| Reserved |
Type/Reset
23 22 21 20 19 18 17 16
| Reserved |
Type/Reset
15 14 13 12 11 10 9 8
| PAPU |
Type/Reset RW 1 RW 1 RW 1 RW 1 RW 0 RW 0 RW 1 RW 1
7 6 5 4 3 2 1 0
| PAPU |

Type/Reset RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0

Bits Field Descriptions

[15:0] PAPUnN GPIO Port A pin n Pull-Up Selection Control Bits (n =0 ~ 15)
0: Pin n pull-up function is disabled
1: Pin n pull-up function is enabled
Note: When the pull-up and pull-down functions are both enabled, the pull-up
function will have the higher priority and therefore the pull-down function will
be blocked and disabled.
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Port A Pull-Down Selection Register - PAPDR

This register is used to enable or disable the GPIO Port A pull-down function.

Offset: 0x00C
Reset value: 0x0000_0000

31 30 29 28 27 26 25 24
| Reserved
Type/Reset
23 22 21 20 19 18 17 16
| Reserved
Type/Reset
15 14 13 12 11 10 9 8
| PAPD
Type/Reset RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0
7 6 5 4 3 2 1 0
| PAPD
Type/Reset RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0
Bits Field Descriptions
[15:0] PAPDnN GPIO Port A pin n Pull-Down Selection Control Bits (n = 0 ~ 15)

0: Pin n pull-down function is disabled
1: Pin n pull-down function is enabled

Note: When the pull-up and pull-down functions are both enabled, the pull-up
function will have the higher priority and therefore the pull-down function will

be blocked and disabled.
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Port A Open Drain Selection Register - PAODR

This register is used to enable or disable the GPIO Port A open drain function.

Offset: 0x010
Reset value: 0x0000_0000

31 30 29 28 27 26 25 24
| Reserved
Type/Reset
23 22 21 20 19 18 17 16
| Reserved
Type/Reset
15 14 13 12 11 10 9 8
| PAOD
Type/Reset RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0
7 6 5 4 3 2 1 0
| PAOD
Type/Reset RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0
Bits Field Descriptions
[15:0] PAODnN GPIO Port A pin n Open Drain Selection Control Bits (n =0 ~ 15)

0: Pin n Open Drain output is disabled. (The output type is CMOS output)
1: Pin n Open Drain output is enabled. (The output type is open-drain output)
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Port A Output Current Drive Selection Register - PADRVR
This register specifies the GPIO Port A output driving current.

Offset: 0x014
Reset value: 0x0000_0000
31 30 29 28 27 26 25 24
| PADV15 | PADV14 | PADV13 | PADV12 |
Type/Reset RW O RW ORW ORW ORW ORW ORW O0ORW 0
23 22 21 20 19 18 17 16
| PADV11 | PADV10 | PADVY | PADVS |
Type/Reset RW O RW ORW ORW ORW ORW ORW O0ORW 0
15 14 13 12 11 10 9 8
| PADV7 | PADV6 | PADV5 | PADV4 |
Type/Reset RW O RW ORW ORW ORW ORW ORW O0ORW 0
7 6 5 4 3 2 1 0
| PADV3 | PADV2 | PADV1 | PADVO |
Type/Reset RW O RW ORW ORW ORW ORW ORW O0ORW 0
Bits Field Descriptions
[31:0] PADVN[1:0] GPIO Port A pin n Output Current Drive Selection Control Bits (n = 0 ~ 15)

00: 4 mA source / sink current
01: 8 mA source / sink current
10: 12 mA source / sink current
11: 16 mA source / sink current
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Port A Lock Register - PALOCKR
This register specifies the GPIO Port A lock configuration.

Offset:

Reset value: 0x0000_0000

0x018

31

30 29 28 27 26 25 24

PALKEY |

Type/Reset

RW 0

23

RwW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0

22 21 20 19 18 17 16

PALKEY |

Type/Reset

RW 0

15

RwW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0

14 13 12 11 10 9 8

PALOCK |

Type/Reset

RW 0

RwW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0

6 5 4 3 2 1 0

PALOCK |

Type/Reset

Bits

RW 0

Field

RwW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0

Descriptions

[31:16]

[15:0]

PALKEY

PALOCKn

GPIO Port A Lock Key

0x5FAOQ: Port A Lock function is enable

Others: Port A Lock function is disable
To lock the Port A function, a value 0x5FAO should be written into the PALKEY field
in this register. To execute a successful write operation on this lock register, the
value written into the PALKEY field must be 0x5FAOQ. If the value written into this
field is not equal to Ox5FAQ, any write operations on the PALOCKR register will be
aborted. The result of a read operation on the PALKEY field returns the GPIO Port
A Lock Status which indicates whether the GPIO Port A is locked or not. If the read
value of the PALKEY field is 0, this indicates that the GPIO Port A Lock function is
disabled. Otherwise, it indicates that the GP1O Port A Lock function is enabled as the
read value is equal to 1.

GPIO Port A Pin n Lock Control Bits (n = 0 ~ 15)

0: Port A Pin n is not locked

1: Port A Pin n is locked
The PALOCKnN bits are used to lock the configurations of corresponding GPIO Pins
when the correct Lock Key is applied to the PALKEY field. The locked configurations
including PADIRn, PAINENNn, PAPUn, PAPDn, PAODn and PADVn setting in the
related GPIO registers. Additionally, the GPACFGHR or GPACFGLR field which is
used to configure the alternative function of the associated GPIO pin will also be
locked. Note that the PALOCKR can only be written once which means that PALKEY
and PALOCKnN (lock control bit) should be written together and can not be changed
until a system reset or GPIO Port A reset occurs.
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Port A Data Input Register — PADINR

This register specifies the GPIO Port A input data.

Offset: 0x01C
Reset value: 0x0000_F300

31 30 29 28 27 26 25 24
| Reserved |
Type/Reset
23 22 21 20 19 18 17 16
| Reserved |
Type/Reset
15 14 13 12 11 10 9 8
| PADIN |
Type/Reset RO 1 RO 1 RO 1 RO 1 RO 0 RO 0 RO 1 RO 1
7 6 5 4 3 2 1 0
| PADIN |

Type/Reset RO 0 RO 0 RO 0 RO 0 RO 0 RO 0 RO 0 RO 0

Bits Field Descriptions

[15:0] PADINN GPIO Port A pin n Data Input Bits (n = 0 ~ 15)
0: The input data of pinis 0
1: The input data of pin is 1

Port A Output Data Register - PADOUTR

This register specifies the GPIO Port A output data.

Offset: 0x020
Reset value: 0x0000_0000

31 30 29 28 27 26 25 24
| Reserved |
Type/Reset
23 22 21 20 19 18 17 16
| Reserved |
Type/Reset
15 14 13 12 11 10 9 8
| PADOUT |
Type/Reset RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0
7 6 5 4 3 2 1 0
| PADOUT |

Type/Reset RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0

Bits Field Descriptions

[15:0] PADOUTNn  GPIO Port A pin n Data Output Bits (n =0 ~ 15)
0: Data to be output on pinnis 0
1: Data to be output on pin nis 1
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Port A Output Set/Reset Control Register - PASRR

This register is used to set or reset the corresponding bit of the GPIO Port A output data.

Offset: 0x024
Reset value: 0x0000_0000

31 30 29 28 27 26 25 24

| PARST |

Type/Reset WO O WO OWO OWO OWO OWO OWO OWO O
23 22 21 20 19 18 17 16

| PARST |

Type/Resst WO O WO OWO OWO OWO OWO OWO O0OWO O
15 14 13 12 11 10 9 8

| PASET |

Type/Resst WO O WO OWO OWO OWO OWO OWO O0WO O
7 6 5 4 3 2 1 0

| PASET |

Type/Reset WO 0 wo 0 WO 0 WO 0 wo 0 WO 0 wo 0 WO 0

Bits Field Descriptions

[31:16] PARSTnN GPIO Port A pin n Output Reset Control Bits (n =0 ~ 15)
0: No effect on the PADOUTNn bit
1: Reset the PADOUTN bit

[15:0] PASETn GPIO Port A pin n Output Set Control Bits (n =0 ~ 15)
0: No effect on the PADOUTn bit
1: Set the PADOUTNn bit
Note that the function enabled by the PASETn bit has the higher priority if both the
PASETn and PARSTn bits are set at the same time.
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Port A Output Reset Register - PARR

This register is used to reset the corresponding bit of the GPIO Port A output data.

Offset: 0x028
Reset value: 0x0000_0000

(01d9) O/1 @sodind |essusn

31 30 29 28 27 26 25 24
| Reserved |
Type/Reset
23 22 21 20 19 18 17 16
| Reserved |
Type/Reset
15 14 13 12 11 10 9 8
| PARST
Type/Reset WO 0 woO 0 WO 0 WO \We)] 0 WO 0 woO WO
7 6 5 4 3 2 1 0
| PARST
Type/Reset WO 0 WO 0 WO 0 WO 0 WO 0 WO 0 wWo 0 WO 0
Bits Field Descriptions
[15:0] PARSTnN GPIO Port A pin n Output Reset Bits (n =0 ~ 15)

0: No effect on the PADOUTN bit
1: Reset the PADOUTNn bit

Port B Data Direction Control Register —- PBDIRCR

This register is used to control the direction of GPIO Port B pin as input or output.

Offset: 0x000
Reset value: 0x0000_0000

31 30 29 28 27 26 25 24
| Reserved |
Type/Reset
23 22 21 20 19 18 17 16
| Reserved |
Type/Reset
15 14 13 12 11 10 9 8
| PBDIR |
Type/Reset RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0
7 6 5 4 3 2 1 0
| PBDIR |

Type/Reset RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0

Bits Field Descriptions
[15:0] PBDIRnN GPIO Port B pin n Direction Control Bits (n = 0 ~ 15)
0: Pin nis input mode
1: Pin n is output mode
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Port B Input Function Enable Control Register — PBINER

This register is used to enable or disable the GPIO Port B input function.

Offset: 0x004
Reset value: 0x0000_0000

31 30 29 28 27 26 25 24
| Reserved |
Type/Reset
23 22 21 20 19 18 17 16
| Reserved |
Type/Reset
15 14 13 12 11 10 9 8
| PBINEN |
Type/Reset RW 0 RW 0 RwW 0 RW 0 RW 0 RW 0 RW 0 RW 0
7 6 5 4 3 2 1 0
| PBINEN |

Type/Reset RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0

Bits Field Descriptions

[15:0] PBINENN GPIO Port B pin n Input Enable Control Bits (n = 0 ~ 15)
0: Pin n input function is disabled.
1: Pin n input function is enabled.
When the pin n input function is disabled, the input Schmitt trigger will be turned off
and the Schmitt trigger output will remain at a zero state.
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Port B Pull-Up Selection Register - PBPUR

This register is used to enable or disable the GPIO Port B pull-up function.

Offset: 0x008
Reset value: 0x0000_0000

31 30 29 28 27 26 25 24
| Reserved |
Type/Reset
23 22 21 20 19 18 17 16
| Reserved |
Type/Reset
15 14 13 12 11 10 9 8
| PBPU |
Type/Reset RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0
7 6 5 4 3 2 1 0
| PBPU |

Type/Reset RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0

Bits Field Descriptions

[15:0] PBPUnN GPIO Port B pin n Pull-Up Selection Control Bits (n = 0 ~ 15)
0: Pin n pull-up function is disabled
1: Pin n pull-up function is enabled
Note: When the pull-up and pull-down functions are both enabled, the pull-up
function will have the higher priority and therefore the pull-down function will
be blocked and disabled.
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Port B Pull-Down Selection Register - PBPDR

This register is used to enable or disable the GPIO Port B pull-down function.

Offset: 0x00C
Reset value: 0x0000_0000

31 30 29 28 27 26 25 24
| Reserved
Type/Reset
23 22 21 20 19 18 17 16
| Reserved
Type/Reset
15 14 13 12 11 10 9 8
| PBPD
Type/Reset RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0
7 6 5 4 3 2 1 0
| PBPD
Type/Reset RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0
Bits Field Descriptions
[15:0] PBPDn GPIO Port B pin n Pull-Down Selection Control Bits (n = 0 ~ 15)

0: Pin n pull-down function is disabled
1: Pin n pull-down function is enabled

Note: When the pull-up and pull-down functions are both enabled, the pull-up
function will have the higher priority and therefore the pull-down function will

be blocked and disabled.
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Port B Open Drain Selection Register - PBODR

This register is used to enable or disable the GPIO Port B open drain function.

Offset: 0x010
Reset value: 0x0000_0000

31 30 29 28 27 26 25 24
| Reserved
Type/Reset
23 22 21 20 19 18 17 16
| Reserved
Type/Reset
15 14 13 12 11 10 9 8
| PBOD
Type/Reset RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0
7 6 5 4 3 2 1 0
| PBOD
Type/Reset RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0
Bits Field Descriptions
[15:0] PBODnN GPIO Port B pin n Open Drain Selection Control Bits (n = 0 ~ 15)

0: Pin n Open Drain output is disabled. (The output type is CMOS output)
1: Pin n Open Drain output is enabled. (The output type is open-drain output)
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Port B Output Current Drive Selection Register - PBDRVR
This register specifies the GPIO Port B output driving current.

Offset: 0x014
Reset value: 0x0000_0000
31 30 29 28 27 26 25 24
| PBDV15 | PBDV14 | PBDV13 | PBDV12 |
Type/Reset RW O RW ORW ORW ORW ORW ORW O0ORW 0
23 22 21 20 19 18 17 16
| PBDV11 | PBDV10 | PBDVY | PBDVS |
Type/Reset RW O RW ORW ORW ORW ORW ORW O0ORW 0
15 14 13 12 11 10 9 8
| PBDV7 | PBDV6 | PBDV5 | PBDV4 |
Type/Reset RW O RW ORW ORW ORW ORW ORW O0ORW 0
7 6 5 4 3 2 1 0
| PBDV3 | PBDV2 | PBDV1 | PBDVO |
Type/Reset RW O RW ORW ORW ORW ORW ORW O0ORW 0
Bits Field Descriptions
[31:0] PBDVN[1:0] GPIO Port B pin n Output Current Drive Selection Control Bits (n = 0 ~ 15)

00: 4 mA source / sink current
01: 8 mA source / sink current
10: 12 mA source / sink current
11: 16 mA source / sink current
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Port B Lock Register - PBLOCKR
This register specifies the GPIO Port B lock configuration.

Offset: 0x018
Reset value: 0x0000_0000
31 30 29 28 27 26 25 24
| PBLKEY |
Type/Reset RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0
23 22 21 20 19 18 17 16
| PBLKEY |
Type/Reset RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0
15 14 13 12 11 10 9 8
| PBLOCK |
Type/Reset RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0
7 6 5 4 3 2 1 0
| PBLOCK |
Type/Reset RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0
Bits Field Descriptions
[31:16] PBLKEY GPIO Port Block Key
0x5FAQ: Port Block function is enable
Others: Port B Lock function is disable
To lock the Port B function, a value 0x5FAQ should be written into the PBLKEY field
in this register. To execute a successful write operation on this lock register, the
value written into the PBLKEY field must be O0x5FAQ. If the value written into this
field is not equal to Ox5FAOQ, any write operations on the PBLOCKR register will be
aborted. The result of a read operation on the PBLKEY field returns the GPIO Port
B Lock Status which indicates whether the GPIO Port B is locked or not. If the read
value of the PBLKEY field is 0, this indicates that the GPIO Port B Lock function is
disabled. Otherwise, it indicates that the GPIO Port B Lock function is enabled as
the read value is equal to 1.
[15:0] PBLOCKn  GPIO Port B pin n Lock Control Bits (n = 0 ~ 15)

0: Port B pin n is not locked

1: Port B pin n is locked
The PBLOCKnN bits are used to lock the configurations of corresponding GPIO Pins
when the correct Lock Key is applied to the PBLKEY field. The locked configurations
including PBDIRn, PBINENn, PBPUn, PBPDn and PBODn setting in the related
GPIO registers. Additionally, the GPBCFGHR or GPBCFGLR field which is used
to configure the alternative function of the associated GPIO pin will also be locked.
Note that the PBLOCKR can only be written once which means that PBLKEY and
PBLOCKnN (lock control bit) should be written together and can not be changed until
a system reset or GPIO Port B reset occurs.
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Port B Data Input Register —- PBDINR

This register specifies the GPIO Port B input data.

Offset: 0x01C
Reset value: 0x0000_0000

31 30 29 28 27 26 25 24
| Reserved |
Type/Reset
23 22 21 20 19 18 17 16
| Reserved |
Type/Reset
15 14 13 12 11 10 9 8
| PBDIN |
Type/Reset RO 0 RO 0 RO 0 RO 0 RO 0 RO 0 RO 0 RO 0
7 6 5 4 3 2 1 0
| PBDIN |

Type/Reset RO 0 RO 0 RO 0 RO 0 RO 0 RO 0 RO 0 RO 0

Bits Field Descriptions

[15:0] PBDINnN GPIO Port B pin n Data Input Bits (n =0 ~ 15)

0: The input data of corresponding pin is 0
1: The input data of corresponding pin is 1

Port B Output Data Register - PBDOUTR

This register specifies the GPIO Port B output data.

Offset: 0x020
Reset value: 0x0000_0000

31 30 29 28 27 26 25 24
| Reserved |
Type/Reset
23 22 21 20 19 18 17 16
| Reserved |
Type/Reset
15 14 13 12 11 10 9 8
| PBDOUT |
Type/Reset RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0
7 6 5 4 3 2 1 0
| PBDOUT |

Type/Reset RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0

Bits Field Descriptions

[15:0] PBDOUTn  GPIO Port B pin n Data Output Bits (n =0 ~ 15)
0: Data to be output on pin nis 0
1: Data to be output on pin nis 1
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Port B Output Set/Reset Control Register - PBSRR

This register is used to set or reset the corresponding bit of the GPIO Port B output data.

Offset: 0x024
Reset value: 0x0000_0000

31 30 29 28 27 26 25 24

| PBRST |

Type/Reset WO O WO OWO OWO OWO OWO OWO OWO O
23 22 21 20 19 18 17 16

| PBRST |

Type/Resst WO O WO OWO OWO OWO OWO OWO O0OWO O
15 14 13 12 11 10 9 8

| PBSET |

Type/Resst WO O WO OWO OWO OWO OWO OWO O0WO O
7 6 5 4 3 2 1 0

| PBSET |

Type/Reset WO 0 wo 0 WO 0 WO 0 wo 0 WO 0 wo 0 WO 0

Bits Field Descriptions
[31:16] PBRSTn GPIO Port B pin n Output Reset Control Bits (n = 0 ~ 15)
0: No effect on the PBDOUTN bit
1: Reset the PBDOUTN bit
[15:0] PBSETn GPIO Port B pin n Output Set Control Bits (n =0 ~ 15)
0: No effect on the PBDOUTN bit
1: Set the PBDOUTN bit
Note that the function enabled by the PBSETn bit has the higher priority if both the
PBSETn and PBRSThn bits are set at the same time.
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Port B Output Reset Register - PBRR

This register is used to reset the corresponding bit of the GPIO Port B output data.

Offset: 0x028
Reset value: 0x0000_0000

31 30 29 28 27 26 25 24
| Reserved |
Type/Reset
23 22 21 20 19 18 17 16
| Reserved |
Type/Reset
15 14 13 12 11 10 9 8
| PBRST |
Type/Reset WO 0 wo 0 WO 0 WO 0 wo 0 WO 0 wo 0 wo 0
7 6 5 4 3 2 1 0
| PBRST |

Type/Reset WO 0 wo 0 WO 0 WO 0 wo 0 WO 0 wo 0 WO 0

Bits Field Descriptions

[15:0] PBRSTn GPIO Port B pin n Output Reset Bits (n =0 ~ 15)
0: No effect on the PBDOUTN bit
1: Reset the PBDOUTN bit

Port C Data Direction Control Register - PCDIRCR

This register is used to control the direction of GPIO Port C pin as input or output.

Offset: 0x000
Reset value: 0x0000_0000

31 30 29 28 27 26 25 24
| Reserved |
Type/Reset
23 22 21 20 19 18 17 16
| Reserved |
Type/Reset
15 14 13 12 11 10 9 8
| PCDIR |
Type/Reset RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0
7 6 5 4 3 2 1 0
| PCDIR |

Type/Reset RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0

Bits Field Descriptions

[15:0] PCDIRNn GPIO Port C pin n Direction Control Bits (n = 0 ~ 15)
0: Pin nis input mode
1: Pin n is output mode
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Port C Input Function Enable Control Register — PCINER

This register is used to enable or disable the GPIO Port C input function.

Offset: 0x004
Reset value: 0x0000_0000

31 30 29 28 27 26 25 24
| Reserved |
Type/Reset
23 22 21 20 19 18 17 16
| Reserved |
Type/Reset
15 14 13 12 11 10 9 8
| PCINEN |
Type/Reset RW 0 RW 0 RwW 0 RW 0 RW 0 RwW 0 RW 0 RW 0
7 6 5 4 3 2 1 0
| PCINEN |

Type/Reset RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0

Bits Field Descriptions

[15:0] PCINENRN GPIO Port C pin n Input Enable Control Bits (n =0 ~ 15)
0: Pin n input function is disabled.
1: Pin n input function is enabled.
When the pin n input function is disabled, the input Schmitt trigger will be turned off
and the Schmitt trigger output will remain at a zero state.
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Port C Pull-Up Selection Register - PCPUR

This register is used to enable or disable the GPIO Port C pull-up function.

Offset: 0x008
Reset value: 0x0000_0000

31 30 29 28 27 26 25 24
| Reserved |
Type/Reset
23 22 21 20 19 18 17 16
| Reserved |
Type/Reset
15 14 13 12 11 10 9 8
| PCPU |
Type/Reset RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0
7 6 5 4 3 2 1 0
| PCPU |

Type/Reset RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0

Bits Field Descriptions

[15:0] PCPUn GPIO Port C pin n Pull-Up Selection Control Bits (n =0 ~ 15)
0: Pin n pull-up function is disabled
1: Pin n pull-up function is enabled
Note: When the pull-up and pull-down functions are both enabled, the pull-up
function will have the higher priority and therefore the pull-down function will
be blocked and disabled.
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Port C Pull-Down Selection Register - PCPDR

This register is used to enable or disable the GPIO Port C pull-down function.

Offset: 0x00C
Reset value: 0x0000_0000

31 30 29 28 27 26 25 24
| Reserved
Type/Reset
23 22 21 20 19 18 17 16
| Reserved
Type/Reset
15 14 13 12 11 10 9 8
| PCPD
Type/Reset RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0
7 6 5 4 3 2 1 0
| PCPD
Type/Reset RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0
Bits Field Descriptions
[15:0] PCPDn GPIO Port C pin n Pull-Down Selection Control Bits (n =0 ~ 15)

0: Pin n pull-down function is disabled
1: Pin n pull-down function is enabled

Note: When the pull-up and pull-down functions are both enabled, the pull-up
function will have the higher priority and therefore the pull-down function will

be blocked and disabled.
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Port C Open Drain Selection Register - PCODR

This register is used to enable or disable the GPIO Port C open drain function.

Offset: 0x010
Reset value: 0x0000_0000

31 30 29 28 27 26 25 24
| Reserved |
Type/Reset
23 22 21 20 19 18 17 16
| Reserved |
Type/Reset
15 14 13 12 11 10 9 8
| PCOD |
Type/Reset RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0
7 6 5 4 3 2 1 0
| PCOD |

Type/Reset RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0

Bits Field Descriptions

[15:0] PCODn GPIO Port C pin n Open Drain Selection Control Bits (n = 0 ~ 15)
0: Pin n Open Drain output is disabled. (The output type is CMOS output)
1: Pin n Open Drain output is enabled. (The output type is open-drain output)
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Port C Output Current Drive Selection Register - PCDRVR
This register specifies the GPIO Port C output driving current.

Offset: 0x014
Reset value: 0x0000_0000
31 30 29 28 27 26 25 24
| PCDV15 | PCDV14 | PCDV13 | PcDV12 |
Type/Reset RW O RW ORW ORW ORW ORW ORW O0ORW 0
23 22 21 20 19 18 17 16
| PcDV11 | PCDV10 | PcDbvo | pcDvs |
Type/Reset RW O RW ORW ORW ORW ORW ORW O0ORW 0
15 14 13 12 11 10 9 8
| pcDv7 | PCDV6 | pcDvs | PcDV4 |
Type/Reset RW O RW ORW ORW ORW ORW ORW O0ORW 0
7 6 5 4 3 2 1 0
| PCDV3 | PCDV2 | pcDv1 | PcDVo |
Type/Reset RW O RW ORW ORW ORW ORW ORW O0ORW 0
Bits Field Descriptions
[31:0] PCDVnN[1:0] GPIO Port C pin n Output Current Drive Selection Control Bits (n =0 ~ 15)

00: 4 mA source / sink current
01: 8 mA source / sink current
10: 12 mA source / sink current
11: 16 mA source / sink current
Becuase the PC13 ~ 15 are located at the Backup Domain. Therefore only the
sink current capability can be set with PCDV[0] bit and don’t care the PCDV[1] bit.
x0: 4 mA sink current
x1: 8 mA sink current
For the soruce current of this pins are always limited at 1mA.
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Port C Lock Register - PCLOCKR
This register specifies the GPIO Port C lock configuration.

Offset: 0x018
Reset value: 0x0000_0000
31 30 29 28 27 26 25 24
| PCLKEY |
Type/Reset RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0
23 22 21 20 19 18 17 16
| PCLKEY |
Type/Reset RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0
15 14 13 12 11 10 9 8
| PCLOCK |
Type/Reset RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0
7 6 5 4 3 2 1 0
| PCLOCK |
Type/Reset RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0
Bits Field Descriptions
[31:16] PCLKEY GPIO Port C lock Key
0x5FAQ: Port C Lock function is enable
Others: Port C Lock function is disable
To lock the Port C function, a value 0x5FAQ should be written into the PCLKEY field
in this register. To execute a successful write operation on this lock register, the
value written into the PCLKEY field must be 0x5FAO. If the value written into this
field is not equal to Ox5FAOQ, any write operations on the PCLOCKR register will be
aborted. The result of a read operation on the PCLKEY field returns the GPIO Port
C Lock Status which indicates whether the GPIO Port C is locked or not. If the read
value of the PCLKEY field is 0, this indicates that the GPIO Port C Lock function is
disabled. Otherwise, it indicates that the GPIO Port C Lock function is enabled as
the read value is equal to 1.
[15:0] PCLOCKn  GPIO Port C pin n Lock Control Bits (n =0 ~ 15)

0: Port C pin n is not locked

1: Port C pin n is locked
The PCLOCKN bits are used to lock the configurations of corresponding GPIO Pins
when the correct Lock Key is applied to the PCLKEY field. The locked configurations
including PCDIRn, PCINENn, PCPUn, PCPDn and PCODn setting in the related
GPIO registers. Additionally, the GPCCFGHR or GPCCFGLR field which is used
to configure the alternative function of the associated GPIO pin will also be locked.
Note that the PCLOCKR can only be written once which means that PCLKEY and
PCLOCKn (lock control bit) should be written together and can not be changed until
a system reset or GPIO Port C reset occurs.
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Port C Data Input Register — PCDINR

This register specifies the GPIO Port C input data.

Offset: 0x01C
Reset value: 0x0000_0000

31 30 29 28 27 26 25 24
| Reserved |
Type/Reset
23 22 21 20 19 18 17 16
| Reserved |
Type/Reset
15 14 13 12 11 10 9 8
| PCDIN |
Type/Reset RO 0 RO 0 RO 0 RO 0 RO 0 RO 0 RO 0 RO 0
7 6 5 4 3 2 1 0
| PCDIN |

Type/Reset RO 0 RO 0 RO 0 RO 0 RO 0 RO 0 RO 0 RO 0

Bits Field Descriptions

[15:0] PCDINn GPIO Port C pin n Data Input Bits (n =0 ~ 15)

0: The input data of corresponding pin is 0
1: The input data of corresponding pin is 1

Port C Output Data Register - PCDOUTR

This register specifies the GPIO Port C output data.

Offset: 0x020
Reset value: 0x0000_0000

31 30 29 28 27 26 25 24
| Reserved |
Type/Reset
23 22 21 20 19 18 17 16
| Reserved |
Type/Reset
15 14 13 12 11 10 9 8
| PCDOUT |
Type/Reset RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0
7 6 5 4 3 2 1 0
| PCDOUT |

Type/Reset RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0

Bits Field Descriptions

[15:0] PCDOUTn  GPIO Port C pin n Data Output Bits (n = 0 ~ 15)
0: Data to be output on pin nis 0
1: Data to be output on pin nis 1
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Port C Output Set/Reset Control Register - PCSRR

This register is used to set or reset the corresponding bit of the GPIO Port C output data.

Offset: 0x024
Reset value: 0x0000_0000

31 30 29 28 27 26 25 24

| PCRST |

Type/Reset WO O WO OWO OWO OWO OWO OWO OWO O
23 22 21 20 19 18 17 16

| PCRST |

Type/Resst WO O WO OWO OWO OWO OWO OWO O0OWO O
15 14 13 12 11 10 9 8

| PCSET |

Type/Resst WO O WO OWO OWO OWO OWO OWO O0WO O
7 6 5 4 3 2 1 0

| PCSET |

Type/Reset WO 0 wo 0 WO 0 WO 0 wo 0 WO 0 wo 0 WO 0

Bits Field Descriptions

[31:16] PCRSTn GPIO Port C pin n Output Reset Control Bits (n =0 ~ 15)
0: No effect on the PCDOUTN bit
1: Reset the PCDOUTN bit
[15:0] PCSETn GPIO Port C pin n Output Set Control Bits (n =0 ~ 15)
0: No effect on the PCDOUTN bit
1: Set the PCDOUTN bit
Note that the function enabled by the PCSETn bit has the higher priority if both the
PCSETn and PCRSTn bits are set at the same time.
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Port C Output Reset Register - PCRR

This register is used to reset the corresponding bit of the GPIO Port C output data.

Offset: 0x028
Reset value: 0x0000_0000

31 30 29 28 27 26 25 24
| Reserved |
Type/Reset
23 22 21 20 19 18 17 16
| Reserved |
Type/Reset
15 14 13 12 11 10 9 8
| PCRST |
Type/Reset WO 0 wo 0 WO 0 WO 0 wo 0 WO 0 wo 0 wo 0
7 6 5 4 3 2 1 0
| PCRST |

Type/Reset WO 0 wo 0 WO 0 WO 0 wo 0 WO 0 wo 0 WO 0

Bits Field Descriptions

[15:0] PCRSTn GPIO Port C pin n Output Reset Bits (n =0 ~ 15)
0: No effect on the PCDOUTN bit
1: Reset the PCDOUTN bit

Port D Data Direction Control Register - PDDIRCR

This register is used to control the direction of GPIO Port D pin as input or output.

Offset: 0x000
Reset value: 0x0000_0000

31 30 29 28 27 26 25 24
| Reserved |
Type/Reset
23 22 21 20 19 18 17 16
| Reserved |
Type/Reset
15 14 13 12 11 10 9 8
| PDDIR |
Type/Reset RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0
7 6 5 4 3 2 1 0
| PDDIR |

Type/Reset RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0

Bits Field Descriptions

[15:0] PDDIRN GPIO Port D pin n Direction Control Bits (n = 0 ~ 15)
0: Pin nis input mode
1: Pin n is output mode
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Port D Input Function Enable Control Register — PDINER

This register is used to enable or disable the GPIO Port D input function.

Offset: 0x004
Reset value: 0x0000_0000

31 30 29 28 27 26 25 24
| Reserved |
Type/Reset
23 22 21 20 19 18 17 16
| Reserved |
Type/Reset
15 14 13 12 11 10 9 8
| PDINEN |
Type/Reset RW 0 RW 0 RwW 0 RW 0 RW 0 RW 0 RW 0 RW 0
7 6 5 4 3 2 1 0
| PDINEN |

Type/Reset RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0

Bits Field Descriptions
[15:0] PDINENN GPIO Port D pin n Input Enable Control Bits (n = 0 ~ 15)
0: Pin n input function is disabled.
1: Pin n input function is enabled.
When the pin n input function is disabled, the input Schmitt trigger will be turned off
and the Schmitt trigger output will remain at a zero state.
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Port D Pull-Up Selection Register - PDPUR

This register is used to enable or disable the GPIO Port D pull-up function.

Offset: 0x008
Reset value: 0x0000_0000

31 30 29 28 27 26 25 24
| Reserved |
Type/Reset
23 22 21 20 19 18 17 16
| Reserved |
Type/Reset
15 14 13 12 11 10 9 8
| PDPU |
Type/Reset RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0
7 6 5 4 3 2 1 0
| PDPU |

Type/Reset RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0

Bits Field Descriptions

[15:0] PDPUn GPIO Port D pin n Pull-Up Selection Control Bits (n =0 ~ 15)
0: Pin n pull-up function is disabled
1: Pin n pull-up function is enabled
Note: When the pull-up and pull-down functions are both enabled, the pull-up
function will have the higher priority and therefore the pull-down function will
be blocked and disabled.
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Port D Pull-Down Selection Register - PDPDR

This register is used to enable or disable the GPIO Port D pull-down function.

Offset: 0x00C
Reset value: 0x0000_0000

31 30 29 28 27 26 25 24
| Reserved
Type/Reset
23 22 21 20 19 18 17 16
| Reserved
Type/Reset
15 14 13 12 11 10 9 8
| PDPD
Type/Reset RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0
7 6 5 4 3 2 1 0
| PDPD
Type/Reset RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0
Bits Field Descriptions
[15:0] PDPDn GPIO Port D pin n Pull-Down Selection Control Bits (n = 0 ~ 15)

0: Pin n pull-down function is disabled
1: Pin n pull-down function is enabled

Note: When the pull-up and pull-down functions are both enabled, the pull-up
function will have the higher priority and therefore the pull-down function will

be blocked and disabled.
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Port D Open Drain Selection Register - PDODR

This register is used to enable or disable the GPIO Port D open drain function.

Offset: 0x010
Reset value: 0x0000_0000

31 30 29 28 27 26 25 24
| Reserved |
Type/Reset
23 22 21 20 19 18 17 16
| Reserved |
Type/Reset
15 14 13 12 11 10 9 8
| PDOD |
Type/Reset RW 0 RW 0 RwW 0 RW 0 RW 0 RW 0 RW 0 RW 0
7 6 5 4 3 2 1 0
| PDOD |

Type/Reset RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0

Bits Field Descriptions

(01d9) O/1 @sodind |essusn

[15:0] PDODn GPIO Port D pin n Open Drain Selection Control Bits (n = 0 ~ 15)
0: Pin n Open Drain output is disabled. (The output type is CMOS output)
1: Pin n Open Drain output is enabled. (The output type is open-drain output)
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Port D Output Current Drive Selection Register - PDDRVR
This register specifies the GPIO Port D output driving current.

Offset:

0x014

Reset value: 0x0000_0000

31 30 29 28 27 26 25 24
| PDDV15 | PDDV14 | PDDV13 | PDDV12 |
Type/Reset RW O RW ORW ORW ORW ORW ORW O0ORW 0
23 22 21 20 19 18 17 16
| PDDV11 | PDDV10 | PDDVY | PDDVS |
Type/Reset RW O RW ORW ORW ORW ORW ORW O0ORW 0
15 14 13 12 11 10 9 8
| PDDV7 | PDDV6 | PDDV5 | PDDV4 |
Type/Reset RW O RW ORW ORW ORW ORW ORW O0ORW 0
7 6 5 4 3 2 1 0
| PDDV3 | PbDV2 | PDDV1 | PDDVO |
Type/Reset RW O RW ORW ORW ORW ORW ORW O0ORW 0
Bits Field Descriptions
[31:0] PDDVnN[1:0] GPIO Port D pin n Output Current Drive Selection Control Bits (n =0 ~ 15)

00: 4 mA source / sink current
01: 8 mA source / sink current
10: 12 mA source / sink current
11: 16 mA source / sink current
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Port D Lock Register - PDLOCKR
This register specifies the GPIO Port D lock configuration.

Offset: 0x018
Reset value: 0x0000_0000
31 30 29 28 27 26 25 24
| PDLKEY |
Type/Reset RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0
23 22 21 20 19 18 17 16
| PDLKEY |
Type/Reset RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0
15 14 13 12 11 10 9 8
| PDLOCK |
Type/Reset RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0
7 6 5 4 3 2 1 0
| PDLOCK |
Type/Reset RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0
Bits Field Descriptions
[31:16] PDLKEY GPIO Port D Lock Key
0x5FAQ: Port D Lock function is enable
Others: Port D Lock function is disable
To lock the Port D function, a value 0x5FAQ should be written into the PDLKEY field
in this register. To execute a successful write operation on this lock register, the
value written into the PDLKEY field must be 0x5FAO. If the value written into this
field is not equal to 0x5FAOQ, any write operations on the PDLOCKR register will be
aborted. The result of a read operation on the PDLKEY field returns the GPIO Port
D Lock Status which indicates whether the GPIO Port D is locked or not. If the read
value of the PDLKEY field is 0, this indicates that the GPIO Port D Lock function is
disabled. Otherwise, it indicates that the GPIO Port D Lock function is enabled as
the read value is equal to 1.
[15:0] PDLOCKn  GPIO Port D pin n Lock Control Bits (n =0 ~ 15)

0: Port D pin n is not locked

1: Port D pin n is locked
The PDLOCKN bits are used to lock the configurations of corresponding GPIO Pins
when the correct Lock Key is applied to the PDLKEY field. The locked configurations
including PDDIRn, PDINENn, PDPUn, PDPDn and PDODn setting in the related
GPIO registers. Additionally, the GPDCFGHR or GPDCFGLR field which is used
to configure the alternative function of the associated GPIO pin will also be locked.
Note that the PDLOCKR can only be written once which means that PDLKEY and
PDLOCKnN (lock control bit) should be written together and can not be changed until
a system reset or GPIO Port D reset occurs.
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Port D Data Input Register —- PDDINR

This register specifies the GPIO Port D input data.

Offset: 0x01C
Reset value: 0x0000_0000

31 30 29 28 27 26 25 24
| Reserved |
Type/Reset
23 22 21 20 19 18 17 16
| Reserved |
Type/Reset
15 14 13 12 11 10 9 8
| PDDIN |
Type/Reset RO 0 RO 0 RO 0 RO 0 RO 0 RO 0 RO 0 RO 0
7 6 5 4 3 2 1 0
| PDDIN |

Type/Reset RO 0 RO 0 RO 0 RO 0 RO 0 RO 0 RO 0 RO 0

Bits Field Descriptions

[15:0] PDDINn GPIO Port D pin n Data Input Bits (n =0 ~ 15)
0: The input data of corresponding pin is 0
1: The input data of corresponding pin is 1

Port D Output Data Register - PDDOUTR

This register specifies the GPIO Port D output data.

Offset: 0x020
Reset value: 0x0000_0000

31 30 29 28 27 26 25 24
| Reserved |
Type/Reset
23 22 21 20 19 18 17 16
| Reserved |
Type/Reset
15 14 13 12 11 10 9 8
| PDDOUT |
Type/Reset RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0
7 6 5 4 3 2 1 0
| PDDOUT |

Type/Reset RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0

Bits Field Descriptions

[15:0] PDDOUTNn  GPIO Port D pin n Data Output Bits (n = 0 ~ 15)
0: Data to be output on pin nis 0
1: Data to be output on pin nis 1
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Port D Output Set/Reset Control Register - PDSRR

This register is used to set or reset the corresponding bit of the GPIO Port D output data.

Offset: 0x024
Reset value: 0x0000_0000

31 30 29 28 27 26 25 24

| PDRST |

Type/Reset WO O WO OWO OWO OWO OWO OWO OWO O
23 22 21 20 19 18 17 16

| PDRST |

Type/Resst WO O WO OWO OWO OWO OWO OWO O0OWO O
15 14 13 12 11 10 9 8

| PDSET |

Type/Resst WO O WO OWO OWO OWO OWO OWO O0WO O
7 6 5 4 3 2 1 0

| PDSET |

Type/Reset WO 0 wo 0 WO 0 WO 0 wo 0 WO 0 wo 0 WO 0

Bits Field Descriptions

[31:16] PDRSTn GPIO Port D pin n Output Reset Control Bits (n =0 ~ 15)
0: No effect on the PDDOUTN bit
1: Reset the PDDOUTN bit
[15:0] PDSETn GPIO Port D pin n Output Set Control Bits (n =0 ~ 15)
0: No effect on the PDDOUTN bit
1: Set the PDDOUTN bit
Note that the function enabled by the PDSETn bit has the higher priority if both the
PDSETn and PDRSTn bits are set at the same time.
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Port D Output Reset Register - PDRR

This register is used to reset the corresponding bit of the GPIO Port D output data.

Offset: 0x028
Reset value: 0x0000_0000

31 30 29 28 27 26 25 24
| Reserved |
Type/Reset
23 22 21 20 19 18 17 16
| Reserved |
Type/Reset
15 14 13 12 11 10 9 8
| PDRST |
Type/Reset WO 0 WO 0 WO 0 WO 0 WO 0 wo 0 WO 0 WO 0
7 6 5 4 3 2 1 0
| PDRST |

Type/Reset WO 0 WO 0 WO 0 wo 0 WO 0 wo 0 WO 0 WO 0

Bits Field Descriptions

[15:0] PDRSTn GPIO Port D pin n Output Reset Bits (n =0 ~ 15)
0: No effect on the PDDOUTNn bit
1: Reset the PDDOUTN bit

Port E Data Direction Control Register - PEDIRCR

This register is used to control the direction of GPIO Port E pin as input or output.

Offset: 0x000
Reset value: 0x0000_0000

31 30 29 28 27 26 25 24
| Reserved |
Type/Reset
23 22 21 20 19 18 17 16
| Reserved |
Type/Reset
15 14 13 12 11 10 9 8
| PEDIR |
Type/Reset RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0
7 6 5 4 3 2 1 0
| PEDIR |

Type/Reset RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0

Bits Field Descriptions

[15:0] PEDIRnN GPIO Port E pin n Direction Control Bits (n = 0 ~ 15)
0: Pin n is input mode
1: Pin n is output mode
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Port E Input Function Enable Control Register — PEINER

This register is used to enable or disable the GPIO Port B input function.

Offset: 0x004
Reset value: 0x0000_0000

31 30 29 28 27 26 25 24
| Reserved |
Type/Reset
23 22 21 20 19 18 17 16
| Reserved |
Type/Reset
15 14 13 12 11 10 9 8
| PEINEN |
Type/Reset RW 0 RW 0 RwW 0 RW 0 RW 0 RW 0 RW 0 RW 0
7 6 5 4 3 2 1 0
| PEINEN |

Type/Reset RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0

Bits Field Descriptions
[15:0] PEINENN GPIO Port E pin n Input Enable Control Bits (n = 0 ~ 15)
0: Pin n input function is disabled.
1: Pin n input function is enabled.
When the pin n input function is disabled, the input Schmitt trigger will be turned off
and the Schmitt trigger output will remain at a zero state.
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Offset:

0x008

Reset value: 0x0000_0000

31 30 29 28 27 26 25 24
| Reserved
Type/Reset
23 22 21 20 19 18 17 16
| Reserved
Type/Reset
15 14 13 12 11 10 9 8
| PEPU
Type/Reset RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0
7 6 5 4 3 2 1 0
| PEPU
Type/Reset RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0
Bits Field Descriptions
[15:0] PEPUnN GPIO Port E pin n Pull-Up Selection Control Bits (n =0 ~ 15)
0: Pin n pull-up function is disabled
1: Pin n pull-up function is enabled
Note: When the pull-up and pull-down functions are both enabled, the pull-up
function will have the higher priority and therefore the pull-down function will
be blocked and disabled.
Rev. 1.10 171 of 680 November 22, 2018

(01d9) O/1 @sodind |essusn



32-Bit Arm® Cortex®-M3 MCU
HT32F12365/HT32F12366/HT32F22366

Port E Pull-Down Selection Register —- PEPDR

This register is used to enable or disable the GPIO Port E pull-down function.

HDLTEK#

www.holtek.com

Offset:

0x00C

Reset value: 0x0000_0000

31 30 29 28 27 26 25 24
| Reserved
Type/Reset
23 22 21 20 19 18 17 16
| Reserved
Type/Reset
15 14 13 12 11 10 9 8
| PEPD
Type/Reset RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0
7 6 5 4 3 2 1 0
| PBPD
Type/Reset RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0
Bits Field Descriptions
[15:0] PEPDnN GPIO Port E pin n Pull-Down Selection Control Bits (n = 0 ~ 15)
0: Pin n pull-down function is disabled
1: Pin n pull-down function is enabled
Note: When the pull-up and pull-down functions are both enabled, the pull-up
function will have the higher priority and therefore the pull-down function will
be blocked and disabled.
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Offset:

0x010

Reset value: 0x0000_0000

31 30 29 28 27 26 25 24
| Reserved
Type/Reset
23 22 21 20 19 18 17 16
| Reserved
Type/Reset
15 14 13 12 11 10 9 8
| PEOD
Type/Reset RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0
7 6 5 4 3 2 1 0
I PEOD
Type/Reset RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0
Bits Field Descriptions
[15:0] PEODnN GPIO Port E pin n Open Drain Selection Control Bits (n =0 ~ 15)
0: Pin n Open Drain output is disabled. (The output type is CMOS output)
1: Pin n Open Drain output is enabled. (The output type is open-drain output)
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Port E Output Current Drive Selection Register - PEDRVR
This register specifies the GPIO Port E output driving current.

Offset:

0x014

Reset value: 0x0000_0000

31 30 29 28 27 26 25 24
| PEDV15 | PEDV14 | PEDV13 | PEDV12 |
Type/Reset RW O RW ORW ORW ORW ORW ORW O0ORW 0
23 22 21 20 19 18 17 16
| PEDV11 | PEDV10 | PEDVY | PEDVS |
Type/Reset RW O RW ORW ORW ORW ORW ORW O0ORW 0
15 14 13 12 11 10 9 8
| PEDV7 | PEDV6 | PEDV5 | PEDV4 |
Type/Reset RW O RW ORW ORW ORW ORW ORW O0ORW 0
7 6 5 4 3 2 1 0
| PEDV3 | PEDV2 | PEDV1 | PEDVO |
Type/Reset RW O RW ORW ORW ORW ORW ORW O0ORW 0
Bits Field Descriptions
[31:0] PEDVN[1:0] GPIO Port E pin n Output Current Drive Selection Control Bits (n = 0 ~ 15)

00: 4 mA source / sink current
01: 8 mA source / sink current
10: 12 mA source / sink current
11: 16 mA source / sink current

Rev. 1.10

174 of 680

November 22, 2018

(01d9) O/1 @sodind |essusn



32-Bit Arm® Cortex®-M3 MCU
HT32F12365/HT32F12366/HT32F22366

HOLTEK#

www.holtek.com

Port E Lock Register - PELOCKR
This register specifies the GPIO Port E lock configuration.

Offset:

0x018

Reset value: 0x0000_0000

31 30 29 28 27 26 25 24
| PELKEY |
Type/Reset RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0
23 22 21 20 19 18 17 16
| PELKEY |
Type/Reset RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0
15 14 13 12 11 10 9 8
| PELOCK |
Type/Reset RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0
7 6 5 4 3 2 1 0
| PELOCK |
Type/Reset RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0
Bits Field Descriptions
[31:16] PELKEY GPIO Port Block Key
0x5FAQ: Port Block function is enable
Others: Port E Lock function is disable
To lock the Port E function, a value 0x5FAQ should be written into the PELKEY field
in this register. To execute a successful write operation on this lock register, the
value written into the PELKEY field must be 0x5FAQ. If the value written into this
field is not equal to 0x5FAO, any write operations on the PELOCKR register will be
aborted. The result of a read operation on the PELKEY field returns the GPIO Port
E Lock Status which indicates whether the GPIO Port E is locked or not. If the read
value of the PELKEY field is 0, this indicates that the GPIO Port E Lock function is
disabled. Otherwise, it indicates that the GPIO Port E Lock function is enabled as
the read value is equal to 1.
[15:0] PELOCKn  GPIO Port E pin n Lock Control Bits (n = 0 ~ 15)

0: Port E pin n is not locked

1: Port E pin n is locked
The PELOCKnN bits are used to lock the configurations of corresponding GPIO Pins
when the correct Lock Key is applied to the PELKEY field. The locked configurations
including PEDIRn, PEINENn, PEPUn, PEPDn and PEODnN setting in the related
GPIO registers. Additionally, the GPECFGHR or GPECFGLR field which is used
to configure the alternative function of the associated GPIO pin will also be locked.
Note that the PELOCKR can only be written once which means that PELKEY and
PELOCKnN (lock control bit) should be written together and can not be changed until
a system reset or GPIO Port E reset occurs.
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Port E Data Input Register — PEDINR

This register specifies the GPIO Port E input data.

Offset: 0x01C
Reset value: 0x0000_0000

31 30 29 28 27 26 25 24
| Reserved |
Type/Reset
23 22 21 20 19 18 17 16
| Reserved |
Type/Reset
15 14 13 12 11 10 9 8
| PEDIN |
Type/Reset RO 0 RO 0 RO 0 RO 0 RO 0 RO 0 RO 0 RO 0
7 6 5 4 3 2 1 0
| PEDIN |

Type/Reset RO 0 RO 0 RO 0 RO 0 RO 0 RO 0 RO 0 RO 0

Bits Field Descriptions

[15:0] PEDINnN GPIO Port E pin n Data Input Bits (n =0 ~ 15)

0: The input data of corresponding pin is 0
1: The input data of corresponding pin is 1

Port E Output Data Register - PEDOUTR

This register specifies the GPIO Port E output data.

Offset: 0x020
Reset value: 0x0000_0000

31 30 29 28 27 26 25 24
| Reserved |
Type/Reset
23 22 21 20 19 18 17 16
| Reserved |
Type/Reset
15 14 13 12 11 10 9 8
| PEDOUT |
Type/Reset RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0
7 6 5 4 3 2 1 0
| PEDOUT |

Type/Reset RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0

Bits Field Descriptions

[15:0] PEDOUTn  GPIO Port E pin n Data Output Bits (n =0 ~ 15)
0: Data to be output on pin nis 0
1: Data to be output on pin nis 1
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Port E Output Set/Reset Control Register - PESRR

This register is used to set or reset the corresponding bit of the GPIO Port E output data.

Offset: 0x024
Reset value: 0x0000_0000

31 30 29 28 27 26 25 24

| PERST |

Type/Resst WO O WO OWO OWO OWO OWO OWO O0WO O
23 22 21 20 19 18 17 16

| PERST |

Type/Resst WO O WO OWO OWO OWO OWO OWO O0WO O
15 14 13 12 11 10 9 8

| PESET |

Type/Reset WO O WO OWO OWO OWO OWO OWO OWO O
7 6 5 4 3 2 1 0

| PESET |

Type/Reset WO 0 wo 0 wo 0 WO 0 wo 0 WO 0 wo 0 WO 0

Bits Field Descriptions

[31:16] PERSTn GPIO Port B pin n Output Reset Control Bits (n = 0 ~ 15)
0: No effect on the PBDOUTNn bit
1: Reset the PBDOUTN bit
[15:0] PESETn GPIO Port E pin n Output Set Control Bits (n =0 ~ 15)
0: No effect on the PEDOUTN bit
1: Set the PEDOUTNn bit
Note that the function enabled by the PESETn bit has the higher priority if both the
PESETn and PERSTn bits are set at the same time.
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Port E Output Reset Register - PERR

This register is used to reset the corresponding bit of the GPIO Port E output data.

Offset: 0x028
Reset value: 0x0000_0000

31 30 29 28 27 26 25 24
| Reserved |
Type/Reset
23 22 21 20 19 18 17 16
| Reserved |
Type/Reset
15 14 13 12 11 10 9 8
| PERST |
Type/Reset WO 0 wo 0 WO 0 WO 0 wo 0 WO 0 WO 0 wo 0
7 6 5 4 3 2 1 0
| PERST |

Type/Reset WO 0 wo 0 WO 0 WO 0 wo 0 WO 0 wo 0 WO 0

Bits Field Descriptions

[15:0] PERSTn GPIO Port B pin n Output Reset Bits (n =0 ~ 15)
0: No effect on the PEDOUTNn bit
1: Reset the PEDOUTN bit
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9 Alternate Function Input/Output Control
Unit (AFI10)

Introduction

In order to expand the flexibility of the GPIO or the usage of peripheral functions, each IO pin can
be configured to have up to sixteen different functions such as GPIO or IP functions by setting the
GPxCFGLR or GPxCFGHR register where x is the different port name. According to the usage of
the IP resource and application requirements, suitable pin-out locations can be selected by using
the peripheral IO remapping mechanism. Additionally, various GPIO pins can be selected to be
the EXTI interrupt line by setting the EXTInPIN [3:0] field in the ESSRn register to trigger an
interrupt or event. Refer to the EXTI section for more details.

AFIO CONtrok - - - = - - o mem o
signal !
APB Interface ' !
AFIO Configuration i !
Registers | b !
I xLOCKR '
Lock Signall H
: |
! i
1 i
i
1
i !
! H GPIOx
1
. AFIO output| i
Peripheral IP1/0 Alternative Function signal \ | i
Output Selections _—9_>: GPIO Module i
]
]
! !
e e
Alternate function output through GPIO
AFIO CONtrOk === === === === ooy
signal !
APB Interface ] !
AFIO Configuration i !
Registers | b !
<:II xLOCKR '
Lock Signal H
: |
1 1
! i
H |
1 i
AFIO Inputt H
signal 1 ! GPIOX
! i
I H
I (. i
| (. GPIO Module H
fommm———————————— 1 |
1 1
! Peripheral IPn Input i ; i
\ \ AFIO Inpute ______________________!
_________________ signal
Alternate function input through GPIO

Figure 23. AFIO Block Diagram
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Features

B APB slave interface for register access
B EXTI source selection
M Configurable pin function for each GPIO, up to four alternative functions on each pin

M AFIO lock mechanism

Functional Descriptions

External Interrupt Pin Selection

The GPIO pins are connected to the 16 EXTI lines as shown in the accompanying figure. For
example, the user can set the EXTIOPIN [3:0] field in the ESSRO register to b0000 to select the
GPIO PAO pin as EXTI line 0 input. Since not all the pins of the Port A ~ E pins are available in all
package types, refer to the pin assignment section for detailed pin information. The setting of the
EXTInPIN [3:0] field is invalid when the corresponding pin is not available.

EXTIx Pin Selection
i EXTIOPIN }
PAD »| 000
PBO »| 001
PCO »| 010 > EXTIO
PDO »| 011
PEQ »| 100
[}
0 :
. :
e | o eeeeeee-ma—aa 0
i EXTI15PIN |
PA15 >l 000
PB15 > 001
PC15 »| 010 »| EXTI15
PD15 >l 011
PE15 »| 100

Figure 24. EXTI Channel Input Selection
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Alternate Function

Up to sixteen alternative functions can be chosen for each I/O pad by setting the PxCFGn [3:0]
field in the GPXxCFGLR or GPxCFGHR (n = 0~15, x = A~ E) registers. Refer to the "Alternate
function mapping" table in the device datasheet for the detailed mapping of the alternate function
I/0 pins. In addition to this flexible I/O multiplexing architecture, each peripheral has alternate
functions mapped onto different I/O pins to optimize the number of peripherals available in smaller
packages. The following description shows the setting of the PXCFGn [3:0] field. Note that if the
Comparator is active, then pins PB [8:6] or PB [11:9] can not be set as other AFIO functional pins

simultaneously.

B PxCFGn [3:0] = 0000: The default alternated function (after reset, AF0)

B PxCFGn [3:0] = 0001: Alternate Function 1 (AF1)
B PxCFGn [3:0] = 0010: Alternate Function 2 (AF2)

M PxCFGn [3:0] = 1110: Alternate Function 14 (AF14)

B PxCFGn [3:0] = 1111: Alternate Function 15 (AF15)
Table 24. AFIO Selection for Peripheral Map Example

HOLTEK#
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AFO0 | AF1 | AF2 | AF3 | AF4 |AF5| AF6 |AF7 | AF8 | AF9 | AF10 | AF11 | AF12 | AF13 | AF14 | AF15
System MCTM USART| , 2 System
Default GPIO | ADC | CMP /GPTM SPI JUART I°C | SCI EBI I’S | SDIO | CSIF | N/A N/A Other

Lock Mechanism

The GPIO PXxLOCKR (i.e. x = A ~ E) also offer lock key 0x5FAQ to lock AFIO input and output

status until Reset.

Register Map

The following table shows the AFIO registers and reset value.

Table 25. AFIO Register Map

Register Offset Description Reset Value
ESSRO 0x000 EXTI Source Selection Register 0 0x0000_0000
ESSR1 0x004 EXTI Source Selection Register 1 0x0000_0000
GPACFGLR  |0x020 GPIO Port A Configuration Register 0 0x0000_0000
GPACFGHR |0x024 GPIO Port A Configuration Register 1 0x0000_0000
GPBCFGLR |0x028 GPIO Port B Configuration Register 0 0x0000_0000
GPBCFGHR |0x02C GPIO Port B Configuration Register 1 0x0000_0000
GPCCFGLR |0x030 GPIO Port C Configuration Register 0 0x0000_0000
GPCCFGHR |0x034 GPIO Port C Configuration Register 1 0x0000_0000
GPDCFGLR |0x038 GPIO Port D Configuration Register 0 0x0000_0000
GPDCFGHR |0x03C GPIO Port D Configuration Register 1 0x0000_0000
GPECFGLR |0x040 GPIO Port E Configuration Register 0 0x0000_0000
GPECFGHR |0x044 GPIO Port E Configuration Register 1 0x0000_0000
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Register Descriptions

EXTI Source Selection Register 0 — ESSR0

This register specifies the 10 selection of EXTIO ~ EXTI7.

HDLTEK#

www.holtek.com

Offset:

0x000

Reset value: 0x0000_0000

Type/Reset RW

Type/Reset RW

Type/Reset RW

31 30 29 28 26 25 24
I EXTI7PIN EXTIGPIN
RW RW 0 RW 0 RW 0 RW 0 RW 0
23 22 21 20 18 17 16
I EXTISPIN EXTI4PIN
RwW RW 0 RW 0 RW 0 RW 0 RW 0
15 14 13 12 10 9 8
I EXTI3PIN EXTI2PIN
RwW RW 0 RW 0 RW 0 RW 0 RW 0
7 6 5 4 2 1 0
I EXTI1PIN EXTIOPIN
RwW RwW 0 RW 0 RW 0 RW 0 RW 0

Type/Reset RW

Bits Field

Descriptions

[31:0]

EXTINPIN[3:0]

EXTIn Pin Selection (n =0~ 7)
0000: PA Bit n is selected as EXTIn source signal

0001: PB Bit n is selected as EXTIn source signal
0010: PC Bit n is selected as EXTIn source signal

0011: PD Bit n is selected as EXTIn source signal

0100: PE Bit n is selected as EXTIn source signal

Others: Reserved
Note: Since not all GPIO pins are available in all products and package types,
refer to the pin assignment section for detailed pin information. The
EXTInPIN [3:0] field setting is invalid when the corresponding pin is not

available.
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EXTI Source Selection Register 1 — ESSR1

This register specifies the 10 selection of EXTI8~EXTI15.

Offset: 0x004
Reset value: 0x0000_0000

31 30 29 28 27 26 25 24

| EXTI15PIN | EXTI14PIN |

Type/Reset RW ORW ORW ORW ORW ORN ORW O0RW 0
23 22 21 20 19 18 17 16

| EXTI13PIN | EXTI12PIN |

Type/Reset RW ORW ORW ORW ORW ORN ORW O0RW 0
15 14 13 12 11 10 9 8

| EXTI11PIN | EXTI10PIN |

Type/Resst RW ORW ORW ORW ORW ORW ORW O0RW 0
7 6 5 4 3 2 1 0

| EXTI9PIN | EXTISPIN |

Type/Reset RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0

Bits Field Descriptions

[31:0] EXTInPIN[3:0]  EXTIn Pin Selection (n =8 ~ 15)

0000: PA Bit n is selected as EXTIn source signal

0001: PB Bit n is selected as EXTlIn source signal

0010: PC Bit n is selected as EXTIn source signal

0011: PD Bit n is selected as EXTIn source signal

0100: PE Bit n is selected as EXTIn source signal

Others: Reserved

Note: Since not all GPIO pins are available in all products and package types,

refer to the pin assignment section for detailed pin information. The
EXTInPIN [3:0] field setting is invalid when the corresponding pin is not
available.
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GPIO x Configuration Low Register - GPxCFGLR (x =A, B, C, D,
This low register specifies the alternate function of GPIO Port x. x =A, B, C, D, E

Offset: 0x020, 0x028, 0x030, 0x038, 0x040
Reset value: 0x0000_0000

31 30 29 28 27
| PxCFG7 |
Type/Reset RW 0 RW 0 RW 0 RW 0 RW
23 22 21 20 19
| PxCFG5 |
Type/Reset RW 0 RW 0 RW 0 RW 0 RW
15 14 13 12 11
| PxCFG3 |
Type/Reset RW 0 RW 0 RW 0 RW 0 RW
7 6 5 4 3
| PxCFG1 |
Type/Reset RW 0 RW 0 RW 0 RW 0 RW
Bits Field Descriptions
[31:0] PxCFGn[3:0] Alternate function selection for port x pin n (n = 0~7)

0000: Port x pin n is selected as AFO
0001: Port x pin n is selected as AF1

1110: Port x pin n is selected as AF14
1111: Port x pin n is selected as AF15

Refer to the "Alternate function mapping" table in the device datasheet for the
detailed mapping of the alternate function 1/O pins.
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GPIO x Configuration High Register - GPxCFGHR (x = A, B, C, D, E)
This high register specifies the alternate function of GPIO Port x. x=A, B, C, D, E

Offset:

0x024, 0x02C, 0x034, 0x03C, 0x044
Reset value: 0x0000_0000

31 30 29 28 27 26 25 24
| PxCFG15 | PxCFG14
Type/Reset RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0
23 22 21 20 19 18 17 16
| PxCFG13 | PxCFG12
Type/Reset RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0
15 14 13 12 11 10 9 8
| PXCFG11 | PxCFG10
Type/Reset RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0
7 6 5 4 3 2 1 0
| PxCFG9 | PxCFG8
Type/Reset RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0
Bits Field Descriptions
[31:0] PxCFGnN[3:0] Alternate function selection for port x pin n (n = 8~15)
0000: Port x pin n is selected as AFO
0001: Port x pin n is selected as AF1
1110: Port x pin n is selected as AF14
1111: Port x pin n is selected as AF15
Refer to the "Alternate function mapping" table in the device datasheet for the
detailed mapping of the alternate function I/O pins.
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10 Nested Vectored Interrupt Controller (NVIC)

Introduction

In order to reduce the latency and increase the interrupt processing efficiency, a tightly coupled
integrated section, which is named as Nested Vectored Interrupt Controller (NVIC) is provided
by the Cortex™-M3. The NVIC controls the system exceptions and the peripheral interrupt
which include functions such as the enable/disable control, priority, clear-pending, active status
report, software trigger and vector table remapping. Refer to the Technical Reference Manual of
Cortex-M3 for more details.

Additionally, an integrated simple, 24-bit down count timer (SysTick) is provided by the
Cortex"™-M3 to be used as a tick timer for the Real Timer Operation System (RTOS) or as a simple
counter. The SysTick counts down from the reloaded value and generates a system interrupt when
it reached zero.

The accompanying table lists the 16 system exceptions types and a variety of peripheral interrupts.

Table 26. Exception types

Exception Priority Interrupt | Exception| Vector Description
Type Number | Number |Address
— — 0 0x000 |Initial Stack Point value
Reset -3 (Highest) — 1 0x004 |Reset
Non-Maskable Interrupt. The clock stuck
2 = 2 oo Dlemsns ok montor bnctor
connected to the NMI input
Hard Fault -1 — 3 0x00C | All fault classes
Management  Configurable® | — 4 oMo e access vioialion and no matoh
Bus Fault Configurable®” | — 5 0x014 f)’trrf:re;sz::;‘Lt;m”;fn”:r’;yr;‘;‘t’zjs fault, and
Usage fault, such as undefined executed
Usage Fault Configurable! — 6 0x018 |instruction or illegal attempt of state
transition
— — — 7 0x01C |Reserved
— — — 8 0x020 |Reserved
— — — 9 0x024 |Reserved
— — — 10 0x028 |Reserved
SVCcall Configurablet — 11 0x02C | SVC instruction System service calll
Debug Monitor | Configurable — 12 0x030 |Debug monitor, when not halted
— Configurablet — 13 0x034 |Reserved
PendSV Configurable — 14 0x038 |System Service Pendable request
SySTick Configurable! — 15 0x03C |SysTick timer decremented to zero
CKRDY Configurable® 0 16 0x040 g_'gé rﬁg?’yl_'gtg’rt‘splt or PLL)
LVD Configurable® 1 17 0x044 |Low voltage detection interrupt
BOD Configurable® 2 18 0x048 |Brown-out detection interrupt
— — 3 19 0x04C |Reserved
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Exception Priority Interrupt | Exception| Vector Description
Type Number | Number |Address

RTC Configurable® 4 20 0x050 |RTC global interrupt
FMC Configurable® 5 21 0x054 |FMC global interrupt
EVWUP Configurable® 6 22 0x058 |EXTI event wakeup interrupt
LPWUP Configurable® 7 23 0x05C |WAKEUP pin interrupt
EXTIO Configurable® 8 24 0x060 |EXTI Line 0 interrupt
EXTI1 Configurable® 9 25 0x064 |EXTI Line 1 interrupt
EXTI2 Configurable® 10 26 0x068 |EXTI Line 2 interrupt
EXTI3 Configurable® 1 27 0x06C |EXTI Line 3 interrupt
EXTI4 Configurable® 12 28 0x070 |EXTI Line 4 interrupt
EXTI5 Configurable® 13 29 0x074 |EXTI Line 5 interrupt
EXTI6 Configurable® 14 30 0x078 |EXTI Line 6 interrupt
EXTI7 Configurable® 15 31 0x07C |EXTI Line 7 interrupt
EXTI8 Configurable® 16 32 0x080 |EXTI Line 8 interrupt
EXTI9 Configurable® 17 33 0x084 |EXTI Line 9 interrupt
EXTI10 Configurable® 18 34 0x088 |EXTI Line 10 interrupt
EXTI11 Configurable® 19 35 0x08C |EXTI Line 11 interrupt
EXTI12 Configurable® 20 36 0x090 |EXTI Line 12 interrupt
EXTI13 Configurable® 21 37 0x094 |EXTI Line 13 interrupt
EXTI14 Configurable® 22 38 0x098 |EXTI Line 14 interrupt
EXTI15 Configurable® 23 39 0x09C |EXTI Line 15 interrupt
COMP Configurable® 24 40 0x0AQ |Comparator global interrupt
ADC Configurable® 25 41 0x0A4 |ADC global interrupt

— — 26 42 0xOA8 |Reserved
MCTMO_BRK | Configurable® 27 43 0x0OAC |MCTMO break interrupt
MCTMO_UP Configurable® 28 44 0x0BO | MCTMO update interrupt
'L\J/lg; MO_TR_ Configurable® 29 45 0x0B4 |MCTMO trigger/update event 2 interrupt
MCTMO_CC Configurable® 30 46 0x0B8 |MCTMO capture/compare interrupt
MCTM1_BRK | Configurable® 31 47 0xOBC |MCTM1 break interrupt
MCTM1_UP Configurable® 32 48 0x0CO |MCTM1 update interrupt
'l\J/lg; MI_TR_ Configurable® 33 49 0x0C4 |MCTMA1 trigger/update event 2 interrupt
MCTM1_CC Configurable® 34 50 0x0C8 |MCTM1 capture/compare interrupt
GPTMO Configurable® 35 51 0x0CC |GPTMO global interrupt
GPTM1 Configurable® 36 52 0x0DO |GPTM1 global interrupt

— — 37 53 0x0D4 |Reserved

— — 38 54 0x0D8 |Reserved

— — 39 55 0xODC |Reserved

— — 40 56 OxOEO |Reserved
BFTMO Configurable® 41 57 0x0E4 |BFTMO global interrupt
BFTM1 Configurable® 42 58 0xO0E8 |BFTM1 global interrupt
12CO Configurable® 43 59 0xOEC | I2CO global interrupt
12C1 Configurable® 44 60 0xOF0 |I°C1 global interrupt
SPI0 Configurable® 45 61 0xO0F4 | SPIO global interrupt
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Exception Priority Interrupt | Exception| Vector Description
Type Number | Number |Address

SPI1 Configurable® 46 62 0xO0F8 | SPI1 global interrupt
USARTO Configurable® 47 63 0xOFC |USARTO global interrupt
USART1 Configurable® 48 64 0x100 |USART1 global interrupt
UARTO Configurable® 49 65 0x104 |UARTO global interrupt
UART1 Configurable® 50 66 0x108 |UART1 global interrupt
SCI Configurable® 51 67 0x10C |SCIO0 & SCI1 global interrupt
1S Configurable® 52 68 0x110 |I°S global interrupt
USB Configurable® 53 69 0x114 |USB global interrupt
SDIO Configurable® 54 70 0x118 |SDIO global interrupt
PDMA_CHO Configurable® 55 71 0x11C | PDMA channel 0 global interrupt
PDMA_CH1 Configurable® 56 72 0x120 |PDMA channel 1 global interrupt
PDMA_CH2 Configurable® 57 73 0x124 | PDMA channel 2 global interrupt
PDMA_CH3 Configurable® 58 74 0x128 |PDMA channel 3 global interrupt
PDMA_CH4 Configurable® 59 75 0x12C |PDMA channel 4 global interrupt
PDMA_CH5 Configurable® 60 76 0x130 |PDMA channel 5 global interrupt
PDMA_CH6 Configurable® 61 77 0x134 | PDMA channel 6 global interrupt
PDMA_CH7 Configurable® 62 78 0x138 | PDMA channel 7 global interrupt
PDMA_CHS8 Configurable® 63 79 0x13C | PDMA channel 8 global interrupt
PDMA_CH9 Configurable® 64 80 0x140 |PDMA channel 9 global interrupt
PDMA_CH10 Configurable® 65 81 0x144 |PDMA channel 10 global interrupt
PDMA_CH11 Configurable® 66 82 0x148 |PDMA channel 11 global interrupt
CSIF Configurable® 67 83 0x14C |CSIF global interrupt
EBI Configurable® 68 84 0x150 |EBI global interrupt
AES Configurable® 69 85 0x154 | AES global interrupt

Notes: 1. The exception priority can be changed using the NVIC System Handler Priority Registers. For more

information, refer to the Arm® "Technical Reference Manual of Cortex®-M3" document.

2. The interrupt priority can be changed using the NVIC Interrupt Priority Registers. For more information,

refer to the Arm® "Technical Reference Manual of Cortex®-M3" document.

Features

16 system Cortex®-M3 exceptions

Up to 64 Maskable peripheral interrupts

16 programmable priority levels (4 bits for interrupt priority setting)
Non-Maskable interrupt

Low-latency exception and interrupt handling

Vector table remapping capability

e Integrated simple, 24-bit system timer, SYSTICK

24-bit down counter

Auto-reloading capability

Maskable system interrupt generation when counter decrements to 0
SysTick clock source derived from the HCLK or AHB clock divided by 8
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Function Descriptions

SysTick Calibration

The SysTick Calibration Value Register (SCALIB) is provided by the NVIC to give a reference time
base of Ims for the RTOS tick timer or other purpose. The TENMS field in the SCALIB register
has a fixed value of 12000 which is the counter reload value to indicate 1 ms when the clock source
comes from the SysTick reference input clock STCLK with a frequency of 12 MHz (96 MHz divide
by 8).

Register Map

The following table shows the NVIC registers and reset values.

Table 27. NVIC Register Map

Register ‘ Offset
NVIC Base Address = 0xE000_E000

Description Reset Value

ICTR 0x004 Interrupt Control Type Register 0x0000_0001
SCTRL 0x010 SysTick Control and Status Register 0x0000_0000
SLOAD 0x014 SysTick Reload Value Register Unpredictable
SVAL 0x018 SysTick Current Value Register Unpredictable
SCALIB 0x01C SysTick Calibration Value Register 0X4000_2EEO

ISERO_31 0x100
ISER32_63 0x104
ISER64_95 0x108
ICERO_31 0x180
ICER32_63 0x184
ICER64_95 0x188
ISPRO_31 0x200
ISPR32_63 0x204
ISPR64_95 0x208

Irg 0 to 31 Set Enable Register

Irg 32 to 63 Set Enable Register
Irq 64 to 95 Set Enable Register
Irg 0 to 31 Clear Enable Register
Irg 32 to 63 Clear Enable Register
Irg 64 to 95 Clear Enable Register
Irg 0 to 31 Set Pending Register
Irq 32 to 63 Set Pending Register
Irq 64 to 95 Set Pending Register

0x0000_0000
0x0000_0000
0x0000_0000
0x0000_0000
0x0000_0000
0x0000_0000
0x0000_0000
0x0000_0000
0x0000_0000

ICPRO_31 0x280 Irg 0 to 31 Clear Pending Register 0x0000_0000
ICPR32_63 0x284 Irq 32 to 63 Clear Pending Register 0x0000_0000
ICPR64_95 0x288 Irq 64 to 95 Clear Pending Register 0x0000_0000
IABRO_31 0x300 Irq 0 to 31 Active Bit Register 0x0000_0000
IABR32_63 0x304 Irg 32 to 63 Active Bit Register 0x0000_0000
IABR64_ 95 0x308 Irq 64 to 95 Active Bit Register 0x0000_0000
IRQO_3 0x400 Irq O to 3 Priority Register 0x0000_0000
IRQ4_7 0x404 Irq 4 to 7 Priority Register 0x0000_0000
IRQ8_11 0x408 Irq 8 to 11 Priority Register 0x0000_0000
IRQ12_15 0x40C Irqg 12 to 15 Priority Register 0x0000_0000
IRQ16_19 0x410 Irq 16 to 19 Priority Register 0x0000_0000
IRQ20_23 0x414 Irq 20 to 23 Priority Register 0x0000_0000
IRQ24_27 0x418 Irq 24 to 27 Priority Register 0x0000_0000
IRQ28_31 0x41C Irq 28 to 31 Priority Register 0x0000_0000
IRQ32_35 0x420 Irg 32 to 35 Priority Register 0x0000_0000
IRQ36_39 0x424 Irq 36 to 39 Priority Register 0x0000_0000
IRQ40_43 0x428 Irq 40 to 43 Priority Register 0x0000_0000
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Register Offset Description Reset Value
IRQ44_47 0x42C Irq 44 to 47 Priority Register 0x0000_0000
IRQ48_51 0x430 Irq 48 to 51 Priority Register 0x0000_0000
IRQ52_55 0x434 Irq 52 to 55 Priority Register 0x0000_0000
IRQ56_59 0x438 Irq 56 to 59 Priority Register 0x0000_0000
IRQ60_63 0x43C Irg 60 to 63 Priority Register 0x0000_0000
IRQ64_67 0x440 Irq 64 to 67 Priority Register 0x0000_0000
ICSR 0xD04 Interrupt Control State Register 0x0000_0000
VTOR 0xD08 Vector Table Offset Register 0x0000_0000
AIRCR 0xD0OC Application Interrupt/Reset Control Register 0xFA05_0000
SCR 0xD10 System Control Register 0x0000_0000
CCR 0xD14 Configuration Control Register 0x0000_0000
SHPR4-7 0xD18 System Handlers 4-7 Priority Register 0x0000_0000
SHPR8_11 0xD1C System Handlers 8-11 Priority Register 0x0000_0000
SHPR12_15 |0xD20 System Handlers 12-15 Priority Register 0x0000_0000
SHCSR 0xD24 System Handler Control and State Register 0x0000_0000
CFSR 0xD28 Configurable Fault Status Registers 0x0000_0000
HFSR 0xD2C Hard Fault Status Register 0x0000_0000
DFSR 0xD30 Debug Fault Status Register 0x0000_0000
MMFAR 0xD34 Mem Manage Address Register Unpredictable
BFAR 0xD38 Bus Fault Address Register Unpredictable
AFSR 0xD3C Auxiliary Fault Status Register 0x0000_0000
STIR 0xFO0 Software Trigger Interrupt Register 0x0000_0000

Note: For more information of the above detail register descriptions, please refer to the "Technical

Reference Manual of Cortex®-M3" document from Arm®.
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11 External Interrupt/Event Controller (EXTI)

Introduction

The External Interrupt/Event Controller, EXTI, comprises 16 edge detectors which can generate
a wake-up event or interrupt requests independently. In interrupt mode there are five trigger types
which can be selected as the external interrupt trigger type, low level, high level, negative edge,
positive edge and both edges, selectable using the SRCnTYPE field in the EXTICFGRn (n = 0 ~
15) register. In the wake-up event mode, the wake-up event polarity can be configured by setting
the EXTInWPOL (n = 0 ~ 15) field in the EXTIWAKUPPOLR register. If the EVWUPIEN bit in
the EXTIWAKUPCR Register is set, the EVWUP interrupt can be generated when the associated
wake-up event occurs and the corresponding EXTI wake-up enable bit is set. Each EXTI line can
also be masked independently.

High or Low level
Rising or Falling
or Both Edges

Edge/Level Software
Control Activate
(SRCNTYPE[2:0]) (EXTInSC) Interrupt Enable bits
EXTI_PCLK & Interrupt Flags
16
A
EXTI Interrupt
16 | Edgel/Level 16 16 _ External I/O Interrupt
Debounce Detection 16 Control & (To NVIC control unit)
Status
16 16
EXTIO
| 16 | DBNCNT[15:0] DBnEN
EXTI 15 Event Enable bits
& Event Flags
. EXTI Event
. 16 Polarity 16 .16 _ External I/O Event
Deglitch ”|  Detection Control & (To NVIC control unit)
Status (To clock control unit)
Polarity
Control
(EXTINWPOL)

High or Low level

Figure 25. EXTI Block Diagram

Features

B Up to 16 EXTI lines with configurable trigger source and type
e All GPIO pins can be selected as EXTI trigger source
e Source trigger type includes high level, low level, negative edge, positive edge or both edge

M Individual interrupt enable, wakeup enable and status bits for each EXTI line
B Software interrupt trigger mode for each EXTI line
M Integrated deglitch filter for short pulse blocking
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Functional Descriptions

Wakeup Event Management

In order to wakeup the system from the power saving mode, the EXTI controller provides a
function which can monitor external events and send them to the CPU core and the Clock Control
Unit, CKCU. These external events include EXTI events, Low Voltage Detection, WAKEUP input
pin, Comparator, USB and RTC wakeup functions. By configuring the wakeup event enable bit
in the corresponding peripheral, the wakeup signal will be sent to the CPU and the CKCU via the
EXTI controller when the corresponding wakeup event occurs. Additionally, the software can
enable the event wakeup interrupt function by setting the EVWUPIEN bit in the EXTIWAKUPCR
register and the EXTI controller will then assert an interrupt when the wakeup event occurs

-
T
extin [X | 16 \ . EXTInWFL
6 o) 16 16"
| 16 |/

| HI‘- ;/L_ _I - I" EVWUP interrupt
igh/Low level NVIC
| detector 16} 16 ( )
|
EXTINWPOL
:_ EXTINWEN m SIHSEN
———————— _ HSIHSE/PLL
CMP : 16= " wakeup (CKCU)
CMP_WAKEUP :
| 1
wWDT |
WDT_WAKEUP
| -
RTC |
RTC_WAKEUP !
— I
PWRCU : Set event signal to NVIC
| To wake up MCU
LVD_WAKEUP | |
\ |
wakeup [X— I |
! |
WUPF t |
| ! |
usB | |
USB_WAKEUP : |
|
! |
! |
LEEPIN
S (NVICG) : EXTI Wakeup Event Management :
. 1

Figure 26. EXTI Wake-up Event Management
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External Interrupt/Event Line Mapping

All GPIO pins can be selected as EXTI trigger sources by configuring the EXTInPIN [3:0] field in
the AFIO ESSRn (n= 0 ~ 1) register to trigger an interrupt or event. Refer to the AFIO section for
more details.

Interrupt and Debounce

The application software can set the DBnEN bit in the EXTIn Interrupt Configuration Register
EXTICFGRn (n= 0 ~ 15) to enable the corresponding pin de-bounce function and configure the
DBnCNT field in the EXTICFGRn so as to select an appropriate de-bounce time for specific
applications. The interrupt signal will however be delayed due to the de-bounce function. When
the device is woken up from the power saving mode by an external interrupt, an interrupt request
will be generated by the EXTI wakeup flag. After the device has been woken up and the clock
has recovered, the EXTI wake-up flag that was triggered by the EXTI line must be read and then
cleared by application software. The accompanying diagram shows the relationship between the
EXTT input signal and the EXTI interrupt/event request signal.

Low pulse is
shorter than
debounce time

[
pin input |

nINT ‘
interrupt
request

Figure 27. EXTI Interrupt Debounce Function

Rev. 1.10 193 of 680 November 22, 2018

(1LX3) J91]013u0 JudATAdNIIB)U| [RUIB)XT



32-Bit Arm® Cortex®-M3 MCU

HT32F12365/HT32F12366/HT32F22366

Register Map

The following table shows the EXTI registers and reset values.

Table 28. EXTI Register Map
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Register Offset Description Reset Value
EXTICFGRO 0x000 EXTI Interrupt 0 Configuration Register 0x0000_0000
EXTICFGR1 0x004 EXTI Interrupt 1 Configuration Register 0x0000_0000
EXTICFGR2 0x008 EXTI Interrupt 2 Configuration Register 0x0000_0000
EXTICFGRS3 0x00C EXTI Interrupt 3 Configuration Register 0x0000_0000
EXTICFGR4 0x010 EXTI Interrupt 4 Configuration Register 0x0000_0000
EXTICFGR5 0x014 EXTI Interrupt 5 Configuration Register 0x0000_0000
EXTICFGRG6 0x018 EXTI Interrupt 6 Configuration Register 0x0000_0000
EXTICFGR7 0x01C EXTI Interrupt 7 Configuration Register 0x0000_0000
EXTICFGR8 0x020 EXTI Interrupt 8 Configuration Register 0x0000_0000
EXTICFGR9 0x024 EXTI Interrupt 9 Configuration Register 0x0000_0000
EXTICFGR10 0x028 EXTI Interrupt 10 Configuration Register 0x0000_0000
EXTICFGR1M 0x02C EXTI Interrupt 11 Configuration Register 0x0000_0000
EXTICFGR12 0x030 EXTI Interrupt 12 Configuration Register 0x0000_0000
EXTICFGR13 0x034 EXTI Interrupt 13 Configuration Register 0x0000_0000
EXTICFGR14 0x038 EXTI Interrupt 14 Configuration Register 0x0000_0000
EXTICFGR15 0x03C EXTI Interrupt 15 Configuration Register 0x0000_0000
EXTICR 0x040 EXTI Interrupt Control Register 0x0000_0000
EXTIEDGEFLGR |0x044 EXTI Interrupt Edge Flag Register 0x0000_0000
EXTIEDGESR 0x048 EXTI Interrupt Edge Status Register 0x0000_0000
EXTISSCR 0x04C EXTI Interrupt Software Set Command Register | 0x0000_0000
EXTIWAKUPCR 0x050 EXTI Interrupt Wakeup Control Register 0x0000_0000
EXTIWAKUPPOLR |0x054 EXTI Interrupt Wakeup Polarity Register 0x0000_0000
EXTIWAKUPFLG 0x058 EXTI Interrupt Wakeup Flag Register 0x0000_0000
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Register Descriptions

EXTI Interrupt Configuration Register n — EXTICFGRn (n =0 ~ 15)

This register is used to specify the debounce function and select the trigger type.

Offset: 0x000 (0) ~ 0x03C (15)
Reset value: 0x0000_0000

31 30 29 28 27 26 25 24
| pBrEN | SRCnTYPE | Reserved
Type/Reset RW 0 RW 0 RW 0 RW 0
23 22 21 20 19 18 17 16
| Reserved
Type/Reset
15 14 13 12 1 10 9 8
| DBNCNT
Type/Reset RW 0 RW 0 RW ORW ORW ORW ORW O0ORW 0
7 6 5 4 3 2 1 0
| DBNCNT

Type/Reset RW 0

Bits Field

RwW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0

Descriptions

[31] DBREN

[30:28] SRCnTYPE

[15:0] DBNCNT

EXTIn De-bounce Circuit Enable Bit (n = 0 ~ 15)
0: De-bounce circuit is disabled
1: De-bounce circuit is enabled

EXTIn Interrupt Source Trigger Type (n =0 ~ 15)
SRCnTYPE [2:0] Interrupt Source Type
Low-level Sensitive

High-level Sensitive
Negative-edge Triggered
Positive-edge Triggered

1 X X  |Both-edge Triggered
EXTIn De-bounce Counter (n =0 ~ 15)

The de-bounce time is calculated with DBnCNT x APB clock (EXTI_PCLK) period
and should be long enough to take effect on the input signal.

o|jo|Oo| O
o
O[O
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EXTI Interrupt Control Register — EXTICR

This register is used to control the EXTI interrupt.

Offset: 0x040
Reset value: 0x0000_0000

31 30 29 28 27 26 25 24
| Reserved |
Type/Reset
23 22 21 20 19 18 17 16
| Reserved |
Type/Reset
15 14 13 12 11 10 9 8

| ExT115EN | EXTI14EN | EXTI13EN | EXTI12EN | EXTI11EN | EXTI10EN | EXTI9EN | EXTISEN |

Type/Resst RW ORW ORW ORW ORW ORW ORW ORW 0
7 6 5 4 3 2 1 0

| ExTIZEN | EXTIBEN | EXTISEN | EXTI4EN | EXTIEN | EXTI2EN | EXTIMEN | EXTIOEN |

Type/Resst RW ORW ORW ORW ORW ORW ORW ORW 0

Bits Field Descriptions

[15:0] EXTINEN EXTIn Interrupt Enable Bit (n = 0 ~ 15)
0: EXTI line n interrupt is disabled
1: EXTI line n interrupt is enabled

EXTI Interrupt Edge Flag Register - EXTIEDGEFLGR

This register is used to indicate if an EXTI| edge has been detected.

Offset: 0x044
Reset value: ~ 0x0000_0000

31 30 29 28 27 26 25 24
| Reserved |
Type/Reset
23 22 21 20 19 18 17 16
I Reserved I
Type/Reset
15 14 13 12 11 10 9 8
| ExT115EDF | EXTI14EDF | EXT113EDF | EXT112EDF | EXTI11EDF | EXTI10EDF | EXTI9EDF | EXTISEDF |
Type/Reset ~ WC 0 WC 0 WC 0 WC 0 WC 0 WC 0 WC 0 WC 0
7 6 5 4 3 2 1 0
| exnizepF | exTieeDF | ExTISEDF | EXTI4EDF | EXTI3EDF | EXTI2EDF | EXTIMEDF | EXTIOEDF |
Type/Reset ~ WC 0 WC 0 wWC 0 WC 0 WC 0 wC 0 wC 0 wC 0
Bits Field Descriptions
[15:0] EXTINEDF  EXTIn Both Edge Detection Flag (n =0 ~ 15)

0: No edge is detected

1: Positive or negative edge is detected
This bit is set by the hardware circuitry when a positive or negative edge is detected
on the corresponding EXTI line. Software should write 1 to clear it.

Rev. 1.10 196 of 680 November 22, 2018

(1LX3) 491]013u0 JudATAdNIIB)U| [RUIB)XT



32-Bit Arm® Cortex®-M3 MCU #
HT32F12365/HT32F12366/HT32F22366 HOLTEK

www.holtek.com

EXTI Interrupt Edge Status Register - EXTIEDGESR

This register indicates the polarity of a detected EXTI edge.

Offset: 0x048
Reset value: ~ 0x0000_0000

31 30 29 28 27 26 25 24
| Reserved |
Type/Reset
23 22 21 20 19 18 17 16
I Reserved I
Type/Reset
15 14 13 12 11 10 9 8
| ExT115EDS | EXT114EDS | EXT113EDS | EXTI112EDS | EXTI11EDS | EXTI10EDS | EXTI9EDS | EXTISEDS |
Type/Reset ~ WC 0 WC 0 WC 0 WC 0 WC 0 WC 0 WC 0 WC 0
7 6 5 4 3 2 1 0
| exTi7eps | ExTieeDS | EXTISEDS | EXTI4EDS | EXTISEDS | EXTI2EDS | EXTIMEDS | EXTIOEDS |
Type/Reset ~ WC 0 WC 0 wWC 0 WC 0 WC 0 wC 0 WC 0 wWC 0
Bits Field Descriptions
[15:0] EXTINEDS  EXTIn Both Edge Detection Status (n =0 ~ 15)

0: Negative edge is detected
1: Positive edge is detected
Software should write 1 to clear it.

EXTI Interrupt Software Set Command Register — EXTISSCR

This register is used to activate the EXTI interrupt.

Offset: 0x04C
Reset value: 0x0000_0000

31 30 29 28 27 26 25 24
| Reserved |
Type/Reset
23 22 21 20 19 18 17 16
| Reserved |
Type/Reset
15 14 13 12 1 10 9 8

| ExTI155C | EXTI14SC | EXTI13SC | EXTI12SC | EXTI11SC | EXTIM0SC | EXTI9SC | EXTISSC |

Type/Reset RW O RW ORW ORW ORW ORW ORW O0RW 0
7 6 5 4 3 2 1 0

| exTizsc | ExTiesc | ExTissc | ExTI4sC | ExTI3sC | ExTI2sC | EXTIMSC | EXTIOSC |

Type/Reset RW O RW ORW ORW ORW ORW ORW O0RW 0

Bits Field Descriptions

[15:0] EXTInSC EXTIn Software Set Command (n =0 ~ 15)
0: Deactivates the corresponding EXTI interrupt
1: Activates the corresponding EXTI interrupt
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EXTI Interrupt Wakeup Control Register - EXTIWAKUPCR

This register is used to control the EXTI interrupt and wakeup function.

Offset: 0x050
Reset value: 0x0000_0000

31 30 29 28 27 26 25 24
| EvwuPEN | Reserved |
Type/Reset RW 0
23 22 21 20 19 18 17 16
I Reserved I
Type/Reset
15 14 13 12 11 10 9 8
| ExT115WEN | EXT114WEN | EXTI13WEN | EXTI12WEN |EXTI11WEN | EXTI1T0WEN | EXTIOWEN | EXTIBWEN |
Type/Reset RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0
7 6 5 4 3 2 1 0
| ExTi7WEN | ExTIBWEN | EXTISWEN | EXTI4WEN | EXTI3WEN | EXTI2WEN | EXTITWEN | EXTIOWEN |
Type/Reset RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0
Bits Field Descriptions
[31] EVWUPIEN EXTI Event Wakeup Interrupt Enable Bit

0: Disable EVWUP interrupt
1: Enable EVWUP interrupt

[15:0] EXTInNWEN EXTIn Wakeup Enable Bit (n =0 ~ 15)

0: Power saving mode wakeup is disabled
1: Power saving mode wakeup is enabled

EXTI Interrupt Wakeup Polarity Register —- EXTIWAKUPPOLR

This register is used to select the EXTI line interrupt wakeup polarity.

Offset: 0x054
Reset value: 0x0000_0000

31 30 29 28 27 26 25 24
I Reserved |
Type/Reset

23 22 21 20 19 18 17 16
I Reserved I
Type/Reset

15 14 13 12 11 10 9 8
|exTisweoL | ExTitawpoL | ExTi13wpoL | ExTi12wpoL | ExTi1twPoL | ExTitowPoL | ExTiowPOL | ExTiswPOL |
Type/Reset RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0
7 6 5 4 3 2 1 0
|exTizwproL | ExTiewPOL |ExTISWPOL |EXTI4WPOL |EXTI3WPOL | EXTI2WPOL | EXTI1WPOL | EXTIOWPOL |
Type/Reset RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0 RW 0

Bits Field Descriptions

[15:0] EXTINWPOL EXTIn Wakeup Polarity (n =0 ~ 15)
0: EXTIn wakeup is high level active
1: EXTIn wakeup is low level active

Rev. 1.10 198 of 680 November 22, 2018

(1LX3) 491]013u0 JudATAdNIIB)U| [RUIB)XT



32-Bit Arm® Cortex®-M3 MCU #
HT32F12365/HT32F12366/HT32F22366 HOLTEK

www.holtek.com

EXTI Interrupt Wakeup Flag Register — EXTIWAKUPFLG

This register is the EXTI interrupt wake flag register.

Offset: 0x058
Reset value: 0x0000_0000

31 30 29 28 27 26 25 24
| Reserved |
Type/Reset
23 22 21 20 19 18 17 16
| Reserved |
Type/Reset
15 14 13 12 11 10 9 8

[ExTI15WFL]EXTI14WFL|EXTI13WFLEXTI12WFL| EXTI11WFL|EXTI1OWFL] EXTIOWFL | EXITSWFL |

Type/Resst WC O WC OWC OWC OWC OWC OWC OWC O
7 6 5 4 3 2 1 0

[ExTI7WFL | EXTIBWFL | EXTISWFL | EXTI4WFL | EXTIBWFL | EXTI2WFL | EXTI1WFL | EXTIOWFL |

Type/Resst WC O WC OWC OWC OWC OWC OWC OWC O

Bits Field Descriptions

[15:0] EXTINWFL  EXTIn Wakeup Flag (n =0 ~ 15)
0: No wakeup occurs
1: System is waken up by EXTIn
Software should write 1 to clear it.
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1 2 Analog to Digital Converter (ADC)

Introduction

A 12-bit multi-channel Analog to Digital Converter is integrated in the device. There are a total
of 18 multiplexed channels including 16 external channels on which the external analog signal can
be supplied and 2 internal channels. If the input voltage is required to remain within a specific
threshold window, the Analog Watchdog function will monitor and detect the signal. An interrupt
will then be generated to inform that the input voltage is higher or lower than the set thresholds.
There are three conversion modes to convert an analog signal to digital data. The A/D conversion
can be operated in one shot, continuous and discontinuous conversion mode. A left-aligned or
right-aligned 16-bit data register is provided to store the data after conversion.

w ® = o ® =
>
223359 g2 333
EXTIM5:0] & ¥ ¥ % % EXTI[150] © ® ¥ % =
ADCHTSR[31:0] ADCTSRI[31:0]
Start Trigger Start Trigger
(High Priority) (Regular)
ADCHTCR[2:0] 3 _C ADCTCR[2:0]
From ADC Prescaler y \ 4
»| CK_ADC
A/D
ADC_INO Converter
Upto 4 . - n n - N
ADC_IN1 ! High Priority } High Priority DATA Register
> :
. groups (4 x 16 bits)
GPIO - | /
. Up to 16
ADC_IN15 [ }— »
Regular Regular DATA Register
groups ) (16 x 16 bits)
VSSA EE »
VDDA L |
— " P —
| —
Address/data bus I
> b _
Analog Watchdog
High Threshold (12 bits) [ | DMA Request -
>
Low Threshold (12 bits) l
Analog Watchdog Event
A 4
Analog Watchdog
Interrupt ADC Interrupt to
EOC of Regular Interrupt NVIC >
g—} EOC Generator
EOC of High Priority High Priority EOC
—>
.

Figure 28. ADC Block Diagram
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Features

12-bit SAR ADC engine

Up to 1 MSPS conversion rate
e | usat 84 MHz, 1.17us at 96 MHz

16 external analog input channels
2 internal analog input channels for reference voltage detection
Separately programmable sampling time for each channel

Three conversion mode

e One shot conversion mode

e Continuous conversion mode

e Discontinuous conversion mode

Two level conversion priority
e Regular — Could be interrupted by a high priority conversion
e High priority

Up to 16 dedicated sequencer and data registers for regular conversion
Up to 4 dedicated sequencer and data registers for high priority conversion

Data alignment adjustment and offset cancellation
e Right/left alignment

e Signed/unsigned

e 16 offset registers for each channel

Analog watchdog for predefined voltage range monitor
e Lower/upper threshold register
e Interrupt generation

Various trigger start source for both regular and high priority conversion modes

e Software trigger

EXTI — External interrupt input pin
GPTMO / GPTM1 trigger

MCTMO / MCTM1 trigger
BFTMO / BFTMI1 trigger

CMPO / CMP1 trigger

Multiple generated interrupts
End of single conversion

End of subgroup conversion
End of cycle conversion
Analog Watchdog

Data register overwriting

PDMA request when end of conversion occurred
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Function Descriptions
ADC Clock Setup

The ADC clock, CK_ADC is provided by the Clock Controller which is synchronous with the
AHB clock known as HCLK. Refer to the Clock Control Unit chapter for more details. Notes that
ADC peripheral needs keeping at least two ADC clock cycles to switch between power-on and
power off stage (ADEN bit = ‘0”).

Regular and High Priority Channel Selection

The A/D converter supports 16 multiplexed channels and organizes the conversion results into two
groups: regular group and high priority group. A regular group can organize a conversion sequence
which can be implemented arranged in a specific conversion sequence length from 1 to 16. For
example, conversion can be carried out with the following channel sequence: CH2, CH4, CH?7,
CHS5, CH6, CH3, CH1 and CHO one after another.

A regular group is composed of up to 16 conversions. The selected channels of the regular group
conversion can be specified in the ADCLSTO~ADCLST3 registers. The total conversion sequence
length is setup using the ADSEQL/[3:0] bits in the ADCCONYV register.

A high priority group is composed of at most 4 conversions. The sequence length and the selected
channels of the high priority conversion can be set in the ADCHLST register. The total conversion
length of high priority group can be set in the ADHSEQL[1:0] bits in the ADCHCONYV register.

Modifying the ADCCONYV or ADCHCONYV register during a conversion process will reset the
current conversion, after which a new start pulse is required to restart a new conversion.

Conversion Modes

The A/D has three operating conversion modes. The conversion modes are One Shot Conversion
Mode, Continuous Conversion Mode, and Discontinuous Conversion mode. Details are provided
later.

One Shot Conversion Mode

In one shot conversion mode, the ADC will perform conversion cycles on the channels specified
in the A/D conversion list registers ADCLSTn or ADCHLST with a specific sequence when an A/D
converter event occurs. When the A/D conversion mode field ADMODE [1:0] or ADHMODE [1:0]
is set to 0x0, the A/D converter will operate in the One Shot Conversion Mode. This mode can be
started by a software trigger, a comparator transition event, an external EXTI event or a TM event
determined by the Trigger Control Register ADCTCR or ADCHTCR, and the Trigger Source
Register ADCTSR or ADCHTSR.

Regular Conversion:
B The converted data will be stored in the 16-bit ADCDRYy (y = 0~15) registers.

B The ADC regular single sample end of conversion event raw status flag, ADIRAWS, in the
ADCIRAW register will be set when the single sample conversion is finished.

B An interrupt will be generated after a single sample end of conversion if the ADIES bit in the
ADCIER register is enabled.

B An interrupt will be generated after a regular group cycle end of conversion if the ADIEC bit in
the ADCIER register is enabled.
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High Priority Conversion:
M The converted data will be stored in the 16-bit ADCHDRYy (y = 0~3) registers.

M The ADC high priority single sample end of conversion event raw status flag, ADIRAWHS, in
the ADCIRAW register will be set when the conversion is finished.

B An interrupt will be generated after a high priority single sample end of conversion if the
ADIEHS bit in the ADCIER register is enabled.

B An interrupt will be produced after a high priority group cycle end of conversion if the ADIEHC
bit in the ADCIER register is enabled.

Regular Group (ex: Sequence Length=8)

|:> CH2 CH4 CH7 CH5 CHé CH3 CHoO CH1 CH2 CH4 CH7 CH5 CHé

Zaetson | l
TN i ninn nnnnan

Cycle End of
Conversion
High Priority Group (ex: Sequence Length=4)
Cycle Cycle Cycle
y - —— === N—_——— == N y - —— === ~——— == N - —— === ~——— == N

|:> CH4 CH5 CH3 CH1 CH4 CH5 CH3 CH1 CH4 CH5 CH3 CH1

Start of |_| |_|

Conversion

Single sample

Endof ] || | | o
Conversion

Cycle End of

Conversion

Figure 29. One Shot Conversion Mode
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Continuous Conversion Mode

In Continuous Conversion Mode, repeated conversion cycle will start automatically without
requiring additional A/D start trigger signals after a channel group conversion has completed.
When the A/D conversion mode field ADMODE[1:0] or ADHMODE][1:0] is set to 0x2, the A/D
converter will operate in the Continuous Conversion Mode which can be started by a software
trigger, a comparator transition event, an external EXTI event or a TM event determined by the
Trigger Control Register ADCTCR or ADCHTCR and the Trigger Source Register ADCTSR or
ADCHTSR

After each conversion:

B The converted data will be stored in the 16-bit ADCDRy (y = 0~15) or ADCHDRYy (y = 0~3)
registers.

B The ADC regular group and high priority group cycle end of conversion event raw status flag,
ADIRAWC, in the ADCIRAW register will be set when the conversion cycle is finished.

B An interrupt will be generated after a regular or high priority group cycle end of conversion if the
ADIEC or ADIHEC bit in the ADCIER register is enabled.

Regular Group (ex: Sequence Length=12)
Cycle Cycle

|:> cH2 | cH5 | cH4 | cH7 | cH7 | cH5 | cHe | cHe | cH3 | cHo | cHo | cH1 | cH2 | cHs

Start of
Conversion

| N | | | | ) | |

Conversion

Cycle End of
Conversion

High Priority Group (ex: Sequence Length=3)

Cycle Cycle Cycle Cycle Cycle

|::> CH7 CH4 CH1 CH7 CH4 CH1 CH7 CH4 CH1 CH7 CH4 CH1 CH7 CH4

Start of
Conversion

S | | | ) ) | o

Conversion
Cycle End of
Conversion

Figure 30. Continuous Conversion Mode

Rev. 1.10 204 of 680 November 22, 2018

(oav) 1auaAu0) [enbiq o) Fojeuy



32-Bit Arm® Cortex®-M3 MCU #
HT32F12365/HT32F12366/HT32F22366 HOLTEK

www.holtek.com

Discontinuous Conversion Mode

Regular group

The A/D converter will operate in the Discontinuous Conversion Mode for regular groups when the
A/D conversion mode bit field ADMODE [1:0] in the ADCCONYV register is set to 0x3. The regular
group to be converted can have up to 16 channels and can be arranged in a specific sequence by
configuring the ADCLSTn registers where n ranges from 0 to 3. This mode is provided to convert
data for the regular group with a short sequence, named as the A/D regular conversion subgroup,
each time a trigger event occurs. The subgroup length is defined in the ADSUBL [3:0] field to
specify the subgroup length. In the Discontinuous Conversion Mode the A/D converter can be
started by a software trigger, a comparator transition event, an external EXTI event or a TM event
for regular groups determined by the Trigger Control Register ADCTCR and the Trigger Source
Register ADCTSR.

In the Discontinuous Conversion Mode, the A/D Converter will start to convert the next n
conversions where the number n is the subgroup length defined by the ADSUBL field. When a
trigger event occurs, the channels to be converted with a specific sequence are specified in the
ADCLSTn registers. After n conversions have completed, the regular subgroup EOC interrupt
raw flag ADIRAWG in the ADCIRAW register will be asserted. The A/D converter will now not
continue to perform the next n conversions until the next trigger event occurs. The conversion
cycle will end after all the regular group channels, of which the total number is defined by the
ADSEQL[3:0] bits in the ADCCONYV register, have finished their conversion, at which point the
regular cycle EOC interrupt raw flag ADIRAWC in the ADCIRAW register will be asserted. If a
new trigger event occurs after all the subgroup channels have all been converted, i.e., a complete
conversion cycle has been finished, the conversion will restart from the first subgroup.

Example:

A/D subgroup length = 3 (ADSUBL=2) and sequence length = 8 (ADSEQL=7), channels to be
converted = 2,4, 7,5, 6, 3, 0 and 1 - specific converting sequence as defined in the ADCLSTn
registers,

M Trigger 1: subgroup channels to be converted are CH2, CH4 and CH7 with the ADIRAWG flag
being asserted after subgroup EOC.

B Trigger 2: subgroup channels to be converted are CHS, CH6 and CH3 with the ADIRAWG flag
being asserted after subgroup EOC.

M Trigger 3: subgroup channels to be converted are CHO and CH1 with the ADIRAWG flag
being asserted after subgroup EOC. Also a Cycle end of conversion (EOC) interrupt raw flag
ADIRAWC will be asserted.

B Trigger 4: subgroup channels to be converted are CH2, CH4 and CH7 with the ADIRAWG flag
being asserted - conversion sequence restarts from the beginning.
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Discontinuous Conversion Mode

(ex: Sequence Length=8, Subgroup Length=3 )

—)

Cycle Cycle
CH2 CH4 CH7 CH5 CH6 CH3 CHO CH1 CH2 CH4 CH7
SubgFoup 0 Subgl"'oup 1 Subgr'oup 2 Subgl"'oup 0

Start of |_| |_| |_|
Conversion

Single sample
End of
Conversion

Subgroup End
of Conversion

Cycle End of
Conversion

Figure 31.

Regular Group Discontinuous Conversion Mode

High priority group

The A/D converter will operate in the Discontinuous Conversion Mode for the high priority group
when the A/D high priority conversion mode bit field ADHMODE [1:0] in the ADCHCONV
register is set to 0x3. The high priority group to be converted can be up to 4 channels and can be
arranged in a specific sequence by configuring the ADCHLST register. This mode is provided
to convert data for the high priority group with a short sequence, named as the A/D high
priority conversion subgroup, each time a trigger event occurs. The subgroup length is defined
in the ADHSUBL [1:0] field to specify the high priority subgroup length. In the Discontinuous
Conversion Mode the A/D converter can be started by a software trigger, a comparator transition
event, an external EXTI event or a GPTM functional event for high priority group determined
by the high priority Trigger Control Register ADCHTCR and the high priority Trigger Source
Register ADCHTSR.

In the Discontinuous Conversion Mode, the A/D Converter will start to convert the next n
conversions when a trigger event occurs. Here the number n is the subgroup length defined by
the ADHSUBL field. The channels to be converted with a specific sequence are specified in the
ADCHLST register. After n conversions have finished, the high priority subgroup EOC interrupt
raw flag ADIRAWHG in the ADCIRAW register will be asserted. The A/D converter will then
not continue to perform the next n conversions until the next trigger event occurs. The conversion
cycle will finish after all the high priority group channels of which the total number is defined
by the ADHSEQL][3:0] bits in the ADCHCONYV register have finished conversion and the high
priority cycle EOC interrupt raw flag ADIRAWHC in the ADCIRAW register will be asserted.
If a new trigger event occurs after all the subgroup channels have been converted, i.e., a complete
conversion cycle has been finished, the conversion will restart from the first subgroup.
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Example:

A/D subgroup length = 2 (ADHSUBL=1) and sequence length = 3 (ADHSEQL=2), channels to be
converted =4, 7 and 1 - specific converting sequence as defined in the ADCHLST register,

M Trigger 1: subgroup channels to be converted are CH4 and CH7 with the ADIRAWHG flag being
asserted after subgroup EOC.

M Trigger 2: subgroup channel to be converted is CH1 with the ADIRAWHG flag being asserted
after subgroup EOC. Also a Cycle end of conversion (EOC) interrupt raw flag ADIRAWHC will
be asserted.

M Trigger 5: subgroup channels to be converted are CH4 and CH7 with the ADIRAWHG flag being
asserted after subgroup EOC - conversion sequence restarts from the beginning.

High Priority Group
( ex: Sequence Length=3, Subgroup Length=2 )

Cycle Cycle Cycle
|::> CH4 CH7 CH1 CH4 CH7 CH1 CH4 CH7
“Subgroup 0 ubgroup 1 “Subgioup0 Subgroupt Subgroup 0

Start of

Conversion

Single sample

Endof [ ] | [ ] l |
Conversion

Subgroup End

of Conversion

Cycle End of

Conversion

Figure 32. High Priority Group Discontinuous Conversion Mode

Start Conversion on External Event

Data conversion can be initiated by a software trigger, a comparator transition event, a General-
Purpose Timer Module (GPTM) event, a Motor Control Timer Module (MCTM) event, a Basic
Function Timer Module (BFTM) event or an external trigger. Each trigger source can be enabled
by setting the corresponding enable control bit in the ADCTCR or ADCHTCR register and then
selected by configuring the associated selection bits in the ADCTSR and ADCHTSR register to
start a group channel conversion.

An A/D converter conversion can be started by setting the software trigger bit, ADSC, in the
ADCTSR or ADCHTSR register for the regular or high priority group channel when the software
trigger enable bit, ADSW or ADHSW, in the ADCTCR or ADCHTCR register is set to 1. After the
A/D converter starts converting the analog data, the corresponding enable bit, ADSC or ADHSC,
will be cleared to 0 automatically.
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The A/D converter can also be triggered to start a regular or high priority channel conversion by a
TM event. The TM events include a GPTM or MCTM master trigger output MTO, four GPTM or
MCTM channel outputs CHO~CH3 and a BFTM trigger output. If the corresponding TM trigger
enable bit is set to 1 and the trigger output or the TM channel event is selected via the relevant TM
event selection bits, the A/D converter will start a conversion when a rising edge of the selected
trigger event occurs.

In addition to the internal trigger sources, the A/D converter can be triggered to start a conversion
by an external trigger event. The external trigger event is derived from the external lines EXTIn.
If the external trigger enable bit, ADEXTI or ADHEXTI, is set to 1 and the corresponding EXTI
line is selected by configuring the ADEXTIS or ADHEXTIS bit for regular group or high priority
group, the A/D converter will start a conversion when an EXTI line active edge occurs.

High Priority Group Management

The high priority channels have a higher priority than the regular A/D conversion channels. If,
during a regular conversion process, a high priority channel trigger event occurs, then the current
regular channel conversion will be aborted and the high priority channel conversion will be
initiated.

The high priority channel length to be converted depends upon the high priority group conversion
mode as the high priority start trigger occurs. When a high priority start trigger occurs, the high
priority channel length to be converted is the high priority conversion sequence length defined by
the ADHSEQL field for the one shot conversion mode. For the discontinuous conversion mode, the
length to be converted is the high priority subgroup length defined by ADHSUBL field. If the high
priority group is configured to be operated in the continuous conversion mode, the high priority
conversion will keep converting each channel in the high priority group repeatedly after a high
priority start trigger occurs unless the high priority conversion mode has been changed.

When the high priority conversion has finished, the regular group conversion will then restart from
the aborted channel location. Note that no matter what conversion mode the regular group operates
in, the high priority conversion will always interrupt the current regular group conversion when a
high priority start trigger occurs regardless of the high priority group conversion mode.
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@ Regular Group : Sequence Length=5, Subgroup Length=3, discontinuous conversion mode
@ High Priority Group : Sequence Length=3, one shot conversion mode
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Figure 33. High Priority Group Management
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Sampling Time Setting

The conversion channel sampling time can be programmed according to the input resistance of
the input voltage source. This sampling time must be enough for the input voltage source to charge
the internal sample and hold capacitor of the converter to the input voltage level. Each conversion
channel can be sampled with a different sampling time. By modifying the ADSTn[7:0] bits in the
ADCSTRn (n = 0~15) registers, the sampling time of the analog input signal can be determined.

The total conversion time (T.,ny) is calculated using the following formula:
Tconv = TSampling + TLatency

Where the minimum sampling time Tsampiing = 1.5 cycles (when ADST[7:0] = 0) and the minimum
channel conversion latency Tiaency = 12.5 cycles.

Example:
With the A/D Converter clock CK_ADC = 14 MHz and a sampling time = 1.5 cycles:

Teonv = 1.5+ 12.5=14 cycles=1 pus

Data Format and Alignment

The A/D Conversion result can have different output data format, selected by configuring the ADOFE
and ADAL bits in the ADCOFRn (n = 0~15) registers, which is shown as following Table 29.

Each channel has a dedicated offset subtraction function whose offset value can be defined by user
and written in the ADCOFRn (n = 0~15) registers. The original A/D conversion data written in
the data register will always be an unsigned number between O0xOFFF and 0x0000 in which only
twelve bits are significant. If the ADOFEn bit in the ADCOFRn (n = 0~15) register is set to 1 then
the offset subtraction is enabled. The significant conversion data in ADCDRy or ADCHDRYy (y=
0~15) registers has a thirteen bits format and the most significant bit (MSB) of the data stream is
the sign bit

Table 29. Data Format in ADCDRy[15:0] (y = 0~15) and ADCHDRy[15:0] (y = 0~3)

ADOFE | ADAL Description Data Format
. . . "0_0_0_0 d11_d10_d9 d8_d7_d6_d5_d4_d3_
0 0 Right aligned and unsigned d2_d1_do"
. . "d11_d10_d9_d8_d7_d6_d5_d4_d3_d2_d1_
0 1 Left aligned and unsigned 4000 0 0"
1 0 Right aligned and signed|"0_0_0_Sign bit_d11_d10_d9 d8 d7_d6 _d5 d4
after offset subtraction d3_d2_d1_do"
1 1 Left aligned and signed|"Sign bit_d11_d10_d9_d8 d7_d6_d5 d4 d3_d2_
after offset subtraction d1.do 0 0 Q"
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Analog Watchdog

The A/D converter includes a watchdog function to monitor the converted data. There are two
kinds of thresholds for the watchdog monitor function, known as the watchdog upper threshold
and watchdog lower threshold, which are specified in the Watchdog Upper and Lower Threshold
Registers respectively. The watchdog monitor function is enabled by setting the watchdog upper
and lower threshold monitor function enable bits, ADWUE and ADWLE, in the watchdog control
register ADCWCR. The channel to be monitored can be specified by configuring the ADWCH
and ADWALL bits. When the converted data is less or higher than the lower or upper threshold, as
defined in the ADCLTR or ADCUTR registers respectively, the watchdog lower or upper threshold
interrupt raw flags, ADIRAWL or ADIRAWU in the ADCIRAW register, will be asserted if the
watchdog lower or upper threshold monitor function is enabled. If the lower or upper threshold
interrupt raw flag is asserted and the corresponding interrupt is enabled by setting the ADIEL or
ADIEU bit in the ADCIER register, the A/D watchdog lower or upper threshold interrupt will be
generated.

Interrupts

When an A/D conversion is completed, an End of Conversion EOC event will occur. There are three
kinds of EOC events which are known as single sample EOC, subgroup EOC and cycle EOC for A/D
conversion. A single sample EOC event will occur and the single sample EOC interrupt raw flag,
ADIRAWS or ADIRAWHS bit in the ADCIRAW register, will be asserted when a single channel
conversion has completed. A subgroup EOC event will occur and the subgroup EOC interrupt raw
flag, ADIRAWG or ADIRAWHG bit in the ADCIRAW register, will be asserted when a subgroup
conversion has completed. A cycle EOC event will occur and the cycle EOC interrupt raw flag,
ADIRAWC or ADIRAWHC bit in the ADCIRAW register, will be asserted when a cycle conversion
is finished. When a single sample EOC, a subgroup EOC or a cycle EOC raw flag is asserted and the
corresponding interrupt enable bits, ADIEHC, ADIEHG, ADIEHS, ADIEC, ADIEG or ADIES in
the ADCIER register, is set to 1, the associated interrupt will be generated.

After a conversion has completed, the 12-bit digital data will be stored in the associated ADCDRy
or ADCHDRYy register and the value of the data valid flag, named as ADVLDy or ADHVLDy, will
be changed from low to high. The converted data should be read by the application program, after
which the data valid flag ADVLDy or ADHVLDy will be automatically changed from high to low.
Otherwise, a data overwrite event will occur and the data overwrite interrupt raw flag ADIRAWO
or ADIRAWHO bit in the ADCIRAW register will be asserted. When the related data overwrite
raw flag is asserted, the data overwrite interrupt will be generated if the interrupt enable bit,
ADIEO or ADIEHO in the ADCIER register is set to 1.

If the A/D watchdog monitor function is enabled and the data after a channel conversion is less
than the lower threshold or higher than the upper threshold, the watchdog lower or upper threshold
interrupt raw flag ADIRAWL or ADIRAWU in the ADCIRAW register will be asserted. When
the ADIRAWL or ADIRAWU flag is asserted and the corresponding interrupt enable bit, ADIEL
or ADIEU in the ADCIER register, is set a watchdog lower or upper threshold interrupt will be
generated.

The A/D Converter interrupt clear bits are used to clear the associated A/D converter interrupt raw
and interrupt status bits. Writing a 1 into the specific A/D converter interrupt clear bit in the A/D
converter interrupt clear register ADCICLR will clear the corresponding A/D converter interrupt
raw and interrupt status bits. These bits are automatically cleared to 0 by hardware after being set
to .
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PDMA Request

The converted channel value will be stored in the corresponding data register. The A/D Converter
can inform the CPU using the A/D Converter EOC interrupt if a new conversion data is already
stored in the ADCDRy or ADCHDRYy register. Users also can determine the PDMA request
is asserted by setting the ADDMAC, ADDMAG, ADDMAS, ADDMAHC, ADDMAHG or
ADDMAHS bit in the ADCDMAR register. A PDMA request will be automatically generated
at the end of each A/D conversion. The detail description will be introduced in the ADCDMAR
register description.

Register Map

The following table shows the A/D Converter registers and reset values.

Table 30. A/D Converter Register Map

Register Offset
ADCRST 0x004
ADCCONV 0x008
ADCHCONV | 0x00C
ADCLSTO 0x010
ADCLST1 0x014
ADCLST2 0x018
ADCLST3 0x01C
ADCHLST 0x020
ADCOFRO 0x030

Reset Value
0x0000_0000
0x0000_0000
0x0000_0000
0x0000_0000
0x0000_0000
0x0000_0000
0x0000_0000
0x0000_0000
0x0000_0000

Description
ADC Reset Register
ADC Regular Conversion Mode Register
ADC High Priority Conversion Mode Register
ADC Regular Conversion List Register 0
ADC Regular Conversion List Register 1
ADC Regular Conversion List Register 2
ADC Regular Conversion List Register 3
ADC High Priority Conversion List Register
ADC Input 0 Offset Register

ADCOFR1 0x034 ADC Input 1 Offset Register 0x0000_0000
ADCOFR2 0x038 ADC Input 2 Offset Register 0x0000_0000
ADCOFR3 0x03C ADC Input 3 Offset Register 0x0000_0000
ADCOFR4 0x040 ADC Input 4 Offset Register 0x0000_0000
ADCOFR5 0x044 ADC Input 5 Offset Register 0x0000_0000
ADCOFRG6 0x048 ADC Input 6 Offset Register 0x0000_0000
ADCOFR7 0x04C ADC Input 7 Offset Register 0x0000_0000
ADCOFR8 0x050 ADC Input 8 Offset Register 0x0000_0000
ADCOFR9 0x054 ADC Input 9 Offset Register 0x0000_0000
ADCOFR10 |0x058 ADC Input 10 Offset Register 0x0000_0000
ADCOFR11 0x05C ADC Input 11 Offset Register 0x0000_0000
ADCOFR12 0x060 ADC Input 12 Offset Register 0x0000_0000
ADCOFR13  |0x064 ADC Input 13 Offset Register 0x0000_0000
ADCOFR14 0x068 ADC Input 14 Offset Register 0x0000_0000
ADCOFR15 |0x06C ADC Input 15 Offset Register 0x0000_0000

ADCSTRO 0x070 ADC Input 0 Sampling Time Register 0x0000_0000

ADCSTR1 0x074 ADC Input 1 Sampling Time Register 0x0000_0000

ADCSTR2 0x078 ADC Input 2 Sampling Time Register 0x0000_0000

ADCSTR3 0x07C ADC Input 3 Sampling Time Register 0x0000_0000

ADCSTR4 0x080 ADC Input 4 Sampling Time Register 0x0000_0000

ADCSTR5 0x084 ADC Input 5 Sampling Time Register 0x0000_0000

ADCSTRG6 0x088 ADC Input 6 Sampling Time Register 0x0000_0000

ADCSTRY7 0x08C

ADC Input 7 Sampling Time Register 0x0000_0000
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Register Offset Description Reset Value
ADCSTRS8 0x090 ADC Input 8 Sampling Time Register 0x0000_0000
ADCSTR9 0x094 ADC Input 9 Sampling Time Register 0x0000_0000
ADCSTR10 0x098 ADC Input 10 Sampling Time Register 0x0000_0000
ADCSTR1M 0x09C ADC Input 11 Sampling Time Register 0x0000_0000
ADCSTR12 0x0A0 ADC Input 12 Sampling Time Register 0x0000_0000
ADCSTR13 0x0A4 ADC Input 13 Sampling Time Register 0x0000_0000
ADCSTR14 0x0A8 ADC Input 14 Sampling Time Register 0x0000_0000
ADCSTR15 0x0AC ADC Input 15 Sampling Time Register 0x0000_0000
ADCDRO 0x0BO ADC Regular Conversion Data Register 0 0x0000_0000
ADCDR1 0x0B4 ADC Regular Conversion Data Register 1 0x0000_0000
ADCDR2 0x0B8 ADC Regular Conversion Data Register 2 0x0000_0000
ADCDR3 0x0BC ADC Regular Conversion Data Register 3 0x0000_0000
ADCDR4 0x0CO0 ADC Regular Conversion Data Register 4 0x0000_0000
ADCDRS5 0x0C4 ADC Regular Conversion Data Register 5 0x0000_0000
ADCDRG6 0x0C8 ADC Regular Conversion Data Register 6 0x0000_0000
ADCDR?7 0x0CC ADC Regular Conversion Data Register 7 0x0000_0000
ADCDRS8 0x0DO0 ADC Regular Conversion Data Register 8 0x0000_0000
ADCDR9 0x0D4 ADC Regular Conversion Data Register 9 0x0000_0000
ADCDR10 0x0D8 ADC Regular Conversion Data Register 10 0x0000_0000
ADCDR11 0x0DC ADC Regular Conversion Data Register 11 0x0000_0000
ADCDR12 0x0EO ADC Regular Conversion Data Register 12 0x0000_0000
ADCDR13 OxOE4 ADC Regular Conversion Data Register 13 0x0000_0000
ADCDR14 O0x0E8 ADC Regular Conversion Data Register 14 0x0000_0000
ADCDR15 Ox0EC ADC Regular Conversion Data Register 15 0x0000_0000
ADCHDRO 0x0F0 ADC High Priority Conversion Data Register 0 0x0000_0000
ADCHDR1 0x0F4 ADC High Priority Conversion Data Register 1 0x0000_0000
ADCHDR2 OxOF8 ADC High Priority Conversion Data Register 2 0x0000_0000
ADCHDR3 0x0FC ADC High Priority Conversion Data Register 3 0x0000_0000
ADCTCR 0x100 ADC Regular Trigger Control Register 0x0000_0000
ADCTSR 0x104 ADC Regular Trigger Source Register 0x0000_0000
ADCHTCR 0x110 ADC High Priority Trigger Control Register 0x0000_0000
ADCHTSR 0x114 ADC High Priority Trigger Source Register 0x0000_0000
ADCWCR 0x120 ADC Watchdog Control Register 0x0000_0000
ADCLTR 0x124 ADC Watchdog Lower Threshold Register 0x0000_0000
ADCUTR 0x128 ADC Watchdog Upper Threshold Register 0x0000_0000
ADCIMR 0x130 ADC Interrupt Enable register 0x0000_0000
ADCIRAW 0x134 ADC Interrupt Raw Status Register 0x0000_0000
ADCISR 0x138 ADC Interrupt Status Register 0x0000_0000
ADCICLR 0x13C ADC Interrupt Clear Register 0x0000_0000
ADCDMAR 0x140 ADC DMA Request Register 0x0000_0000
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Register Descriptions
ADC Reset Register - ADCRST

ADC software reset register.

Offset:

Reset value: 0x0000_0000

0x004

31 30 29 28 27 26 25 24
Reserved |
Type/Reset
23 22 21 20 19 18 17 16
Reserved |
Type/Reset
15 14 13 12 11 10 9 8
Reserved |
Type/Reset
7 6 5 4 3 2 1 0
Reserved | ADRST |
Type/Reset RW 0
Bits Field Descriptions
[0] ADRST ADC Software Reset
0: No effect
1: Reset A/D converter except for the A/D Converter controller
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ADC Regular Conversion Mode Register - ADCCONV

This register specifies the mode setting, queue length, and subgroup length of ADC regular conversion mode.
Note that once the content of ADCCONYV is changed, the regular conversion in progress will be aborted and ADC
will be reset. Firmware has to wait for at least one ADCLK before issuing the next command.

Offset: 0x008

Reset value: 0x0000_0000

31 30 29 28 27 26 25 24
| Reserved |
Type/Reset
23 22 21 20 19 18 17 16
| Reserved | ADSUBL |
Type/Reset RW 0 RW 0 RW 0 RW 0
15 14 13 12 11 10 9 8
| Reserved | ADSEQL |
Type/Reset RW 0 RW 0 RW 0 RW 0
7 6 5 4 3 2 1 0
| Abcen | Reserved | ADMODE |
Type/Reset RW 0 RW 0 RW 0
Bits Field Descriptions
[19:16] ADSUBL ADC Regular Conversion Subgroup Length
ADSUBL specifies the conversion channel length of each subgroup for regular
discontinuous mode. Length of each subgroup = ADSUBL [3:0] + 1. If (ADSEQL [3:0]
+ 1) is not a multiple of (ADSUBL [3:0] + 1), the last subgroup will be shorter than
others.
[11:8] ADSEQL ADC Regular Conversion Length
0x00: Implement a conversion on the specified channel only (specified by
ADSEQO in ADCLSTO register).
Others: Length of list queue = ADSEQL [3:0] + 1.
[7] ADCEN ADC Enable
0: ADC disable
1: ADC enable
[1:0] ADMODE ADC Regular Conversion Mode
ADMODE [1:0] Mode Descriptions
After a start trigger, the conversion will be
00 One shot mode | executed on the specific channels for the whole
conversion sequence once.
01 Reserved
After a start trigger, the conversion will be
10 Continuous |executed on the specific channels for the whole
mode sequence continuously until conversion mode
is changed.
After a start trigger, the conversion will be
. . executed on the current subgroup. When the
11 Dlscrcl)qr;t;neuous last subgroup is finished, the conversion will
restart from the first subgroup if another start
trigger occurs..
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ADC High Priority Conversion Mode Register - ADCHCONV

This register specifies the mode setting, queue length, and subgroup length of ADC high priority conversion
mode. Note that once the content of ADCHCONYV is changed, the high priority conversion in progress will be
aborted and ADC will be reset. Firmware has to wait for at least one ADCLK before issuing the next command.

Offset: 0x00C

Reset value: 0x0000_0000

31 30 29 28 27 26 25 24
| Reserved |
Type/Reset
23 22 21 20 19 18 17 16
| Reserved | ADHSUBL |
Type/Reset RW 0 RW 0
15 14 13 12 11 10 9 8
| Reserved | ADHSEQL |
Type/Reset RW 0 RW 0
7 6 5 4 3 2 1 0
| Reserved | ADHMODE |
Type/Reset RW 0 RW 0
Bits Field Descriptions
[17:16] ADHSUBL ADC High Priority Conversion Subgroup Length
ADHSUBL specifies the conversion channel length of each subgroup for high priority
discontinuous mode. Length of each subgroup = ADHSUBL [1:0] + 1. If (ADHSEQL
[1:0] + 1) is not a multiple of (ADHSUBL [1:0] + 1), the last subgroup will be shorter
than others.
[9:8] ADHSEQL ADC High Priority Conversion Length
0x00: Implement a conversion on the specified channel only (specified by ADHSEQO
in ADCHLST).
Others: Length of list queue = ADHSEQL [1:0] + 1.
[1:0] ADHMODE ADC High Priority Conversion Mode

ADHMODE [1:0]

Mode

Descriptions

After a start trigger, the conversion will be

00 One shot mode |executed on the specific channels for the whole
conversion sequence once.
01 Reserved
After a start trigger, the conversion will be
10 Continuous |executed on the specific channels for the whole
mode sequence continuously until conversion mode
is changed.
After a start trigger, the conversion will be
. . executed on the current subgroup. When the
Discontinuous e . .
11 mode last subgroup is finished, the conversion will
restart from the first subgroup if another start
trigger occurs..
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ADC Regular Conversion List Register 0 — ADCLSTO

This register specifies the conversion sequence order No.0 ~ No.3 of the ADC regular group.

Offset: 0x010

Reset value: 0x0000_0000

31

30

29

28 27 26 25 24

Reserved

| ADSEQ3

Type/Reset
23

22

21

RW 0 RW 0 RW 0 RW 0 RW 0
20 19 18 17 16

Reserved

| ADSEQ2

Type/Reset
15

14

13

RwW 0 RW 0 RW 0 RW 0 RW 0
12 11 10 9 8

Reserved

| ADSEQ(1

Type/Reset

6

RW 0 RW 0 RW 0 RW 0 RW 0
4 3 2 1 0

Reserved

| ADSEQO

Type/Reset

Bits Field

Descriptions

RW 0 RW 0 RW 0 RW 0 RW 0

[28:24] ADSEQ3

[20:16] ADSEQ2
[12:8] ADSEQ1
[4:0] ADSEQO

ADC Regular Conversion Sequence Select 3

Select the ADC input channel of 3rd sequence in ADC regular conversion mode.
0x0: ADC_INO
0x1: ADC_IN1
0x2: ADC_IN2
0x3: ADC_IN3
0x4: ADC_IN4
0x5: ADC_IN5
0x6: ADC_IN6
0x7: ADC_IN7
0x8: ADC_IN8
0x9: ADC_IN9

OxA: ADC_IN10
0xB: ADC_IN11
0xC: ADC_IN12
0xD: ADC_IN13
OXE: ADC_IN14
OxF: ADC_IN15

0x10: Analog ground, AVSS (Vger.)

0x11: Analog power, AVDD (Vggr+)

0x12 ~ Ox1F: Invalid setting. These values must not be selected as it may cause
the ADC abnormal operations.

ADC Regular Conversion Sequence Select 2
ADC Regular Conversion Sequence Select 1
ADC Regular Conversion Sequence Select 0
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ADC Regular Conversion List Register 1 — ADCLST1

This register specif