e

GigaDevice GD32VF103 User Manual

GigaDevice Semiconductor Inc.

GD32VF103
RISC-V 32-bit MCU

User Manual

Revision 1.2

( Oct. 2019)



e

GigaDevice GD32VF103 User Manual

Table of Contents

BLIE= 01 =0 O 1 = 2
LiST Of FIQUIES ciiiiiiiiiieerteiiiiiiisisennresesssssssssssssessessssssssssssssnsssssssssssssssnsnssasssssssssssssnnnssassss 14
TS 0 1= 0] =2 20
1. System and memory arChiteCtUIe . vcvvceeeeiiiiiiierrrrr e ssssseee e 22
00 O 3 o - U 22
I TS VIS =T 4 T o 411 =T ot {0 RN 22
1.3, IMIECMOTY MAP teuiiniiiniieniieniinicinicinisreiseesiessiossisssrasssssssssessstasstassssssssssssssssssosstasssssssnssanssasssassss 24
1.3.1.  ON-Chip SRAM MEIMOIY .....ooiriiiitirieiieiereetete ettt ettt ettt b e st be bt ebe st et b see e ebesbeeebens 28
1.3.2.  On-chip flash MEMOIY OVEIVIEW .......ccoriiiiiriiiiiieietereeteee ettt st ebe 28

T S = To Yo Aol 10 = 0T - | o s RN 28
1.5. Device electronic SigNatUre.......cccccceiieuuieiiiiuierreicerrenneereennseereennseessensssessrnsssssesnsssssesassssnens 29
1.5.1. Memory density iNfOrMEaLION .........co.eiiiriiirinieieere ettt b e st ebe 30
1.5.2. Unique device ID (96 DIIS) ....cccciririeiririeirienieeere sttt b e st s be e ebe 30

2. Flash memory controller (FMQC) ...iiiiiiiinereeiiiiiniiinneneeenssssssssssssssssssssssssssssssnnes 32
2 T 0 1Y =T V=S 32

P 2R R 0 - T ot =T o3 S 32
2.3, FUNCEHION OVEIVIBW...cuuuiiiiiiiiiiiiiiiiniiiiiniiiniisiieniisiiesssisiienssisimesssistsssssissssssssssssssssssenssssssennss 32
2.3.1.  FIash Mmemory arChitECIUIE ........ocveieierieeceeeeee ettt st e st s e besresteeseeneennens 32
2.3.2.  REAA OPEIALIONS. ..c..ouiitiieiietertetete ettt ettt ettt et b et b e bt e bbb e st b et a e bt n e bt et eas 33
2.3.3.  UnIOCK the FMC_CTL FEQISIEIS ...eoieieriieieieeeeeeeeeete e e seeeeesseeseaestestesaesseeeessessessessessessessesnsensens 33
2.3.4. o Yo [T = LT TR PSS 33
2.3.5. IMIBISS BIASE ...ttt ettt b ettt st h e s bt bt ae et n et R e bt bt ettt a b she bt et et enen 34
2.3.6.  Main flash Programming .......cccceceeeeeriererinieie ettt st sresse et essesaessessessesseeseensensens 35
2.3.7.  OPLON DYES EFBSE ...ccuiiieuietiieieiesieitetestetet sttt sttt ettt sttt stk b e bbbt ebe bt e st b be st s b nbeneeaes 37
2.3.8.  OptioN DYES MOGIY.....eiuiuieririeieieriieeree ettt ettt sttt b et as 37
2.3.9.  Option DYLES AESCHIPLON ....oceieieeieieieie ettt sttt s se et ess e aessesbesresseeseensensens 38
2.3.10. Page erase/program ProtECLON .........ccvivirieirieiee sttt e sae e e e ese et esaesaessessessessesseensensens 39
P72 0 I T Yo U 1V o] o €= o3 1T o ISR 39

2.4. Register definitioN......ccciiiiiiieiiiiiiiiiiiiirree s sess e st s s s s s s s e e s anasssssesans 40
2.4.1.  Wait state regiSter (FMC _WS) .......ccviiieiiicieeeeereses st see st esaeste e sre s e e s e sessesseseessesseessensens 40
2.4.2.  Unlock Key register (FMC _KEY)....coiiiiiieieeeieieseseseesseseesessessessessessesseessessessessesssssessesssessens 40
2.4.3.  Option byte unlock key register (FMC_OBKEY) .....ccccivvieirieieresieseseeeseesessessesesseesessesssessens 41
2.4.4.,  Status regiSter (FMC _STAT) oottt eeetetete e e et s e ssesaesse s e ssessesseessessessessessessessesssensens 41
2.4.5.  CoNntrol register (FMC _CTL)uiiiiieieieresisirieeeeetesie e e see e sseeaesessestessesseeseessessessessessessessesssesens 42
2.4.6.  Address register (FMC_ADDR) ......ccccoiriiiiiieieeeeee e e seestesseesessessessessessesseessessessessessessessesssessens 43
2.4.7.  Option byte status register (FMC_OBSTAT)....cccccvveriirerieieeeeestesiesesesesseessessessessessessessesssessens 44



e

GigaDevice GD32VF103 User Manual
2.4.8.  Erase/Program Protection register (FMC _WP) ...ttt ssessseseens 44
2.4.9.  Product ID regiSter (FMC _PID) ..ottt ettt este et sresta e e s esaesbesbesresseesesnsensens 45
3. Power management UNIt (PMU) ...eeeiiiiiiicinnineeeeeeiesisccssssnsneeesssessssssssnsssssssssssssns 46
0 S © 1V = V= VRN 46
20 R 0 o - T Tt =T 4 1 T of 46
3.3, FUNCLION OVEIVIEW.....cuuiieiiiiieiiiieiiiiaiiiieiitieeisiaeireesrsassirasssrasssrasssresssssnsssrassssassssssssssnssssnssses 46
TG T R = -1 (=1 A o= Uod (U o2 (] 1 4 = U o I TSR 47
3.3.2.  VDD/VDDA POWET HOMEIN ....euvinitiiiiietiieiettsieie sttt bttt sttt e e st st e s esesbe e enesbe e eseebeneeneene 48
G T0C TR TR AV o To 1V (=T o [0 1 1 = 1 o TSR 50
3.3.4.  POWET SAVING MOUEBS .....cviiiitieiiieeeteetteteie e te st etaestessetesbestesseesaesaessessesaestesseassessessessessessessesssessenses 50
3.4. Register definitioN....ccccieeiiiiiiiiiiiiiireicrrcrrcereeerenerenerenseraseeresserensesensesensseransernnsesansanen 53
3.4.1. Control regiSter (PMU _CTL) ..uviiiecieeeeee ettt ettt ettt ste e ae e sree e e aeenaeensessaesreenneas 53
3.4.2. Control and status regisSter (PMU_CS) ..ottt e e nes 54
4. BacKup regiSters (BKP) uiiiiiiiicnnreeeteieiiiccssnnneseessesssssssssnnssessssssssssssssnsssssssssssns 56
L N O 1= V- 56
L R 6 T Vot =T 4 ol N 56
4.3,  FUNCHION OVEIVIEW..ccuuuiiiieeiiiiiieeiiiiieeiiiieeeiiiisnesiitienessisienessssmenessstmsnessssmesessssrenesssssensssssseness 56
4.3.1. RTC ClOCK CAIDIALION ...ttt sttt eb ettt b e b b e e e 56
V0 T - 10 4o 1T e 1= (=T o 1o o [OOSR 56
4.4. Register definition......ccccciiiiiieiiiiri e e e s s e s s s e s e s s s e anes s s eanens 58
44.1. Backup data register X (BKP_DATAX) (X= 0..41) ..coooeeeeeceeeeie et esre e e s s snes 58
4.4.2. RTC signal output control register (BKP_OCTL) ...c.ccvueeieiieieeieeie ettt 58
4.4.3.  Tamper pin control register (BKP_TPCTL) ....ccceiieiieiceeseereeseee ettt sre e sraeeees 59
4.4.4.  Tamper control and status register (BKP_TPCS) .....cccciiieiieieeieeie et eve e svae e 59
5. Reset and clock UNit (RCU) ciiiiiciiierereeeiiieicccccnnneeeeeeessscesssssnnneeesssessssessssnssssssssssssns 61
5.1.  ReSet CONLrol UNIt (RCTL) ceuuueireeunierreennierrenneereenseeerennsseerensssessessssssesnssesssssssssssnsssssssnssesssnnnes 61
5.1.1. OVBIVIBW ..ttt ettt b e bt s bt e bt e a e et et e b e s bt e bt e bt eh e e a e e e e b e sbeebeeaeeht e b et e besbeebesaeeneensenean 61
5.1.2. FUNCLION OVEIVIEW ...ttt sttt h ettt st b e bt bt et et e st e st e besbeebeeaeenseneens 61
5.2.  ClOCk cONtrol UNIt (CCTL)ceuuueireunniereennniereennneereeaseeeeesnsseeresnsessssssssssssnssesssssssessssnsssssssnssesssnnnes 62
5.2.1. OVBIVIBW ..ttt ettt etk s b e s bt he e a et et e b e s bt e bt e bt eheea e e e e besbeebeeaeeat e b et e besbeebesaeententenean 62
5.2.2. (O T = T (=] 1] (01T SRS S 64
5.2.3. FUNCHION OVEIVIEW ... oottt sttt te et ettt e e te e st e et e e beeatesatesaaesaeesseeseenseenteenseessessaeseensens 64
5.3.  Register definition.......cccciviireiiiiiiiiiiiiiiiiiirrrrrrss s asa s sss s e 68
5.3.1.  Control regiSter (RCU_CTL) ..cciiiiieieieie ettt sttt ettt st be sttt e b e sbe e eaee e enean 68
5.3.2.  Clock configuration register O (RCU_CFGO) ......ccooiiiiiniiieieiesierie ettt 70
5.3.3.  Clock interrupt register (RCU_INT) ...ccuiiiiiiieeieeere ettt sttt s s 73
5.3.4. APB2reset register (RCU_APBZ2RST) ..ottt ettt st 76
5.3.5.  APB1resetregister (RCU_APBLRST) ..ottt sttt 78
5.3.6.  AHB enable register (RCU_AHBEN) .........oooi ittt st 80



e

GD32VF103 User Manual

GigaDevice
5.3.7.  APB2 enable register (RCU_APB2EN) .......cccceiiierieresiseseeteetesteste st sre e se e ste e ssassaessenes 82
5.3.8.  APB1 enable register (RCU_APBLEN) .......ccccciiiierire sttt saesreste e snesnenes 83
5.3.9.  Backup domain control register (RCU_BDCTL) ...ccccceiiriiieieierieriesteeeseeeeeesessesiesre e sseenessees 86
5.3.10. Reset source/clock register (RCU_RSTSCK) ....cceviiiiiiiiiicieieriese ettt ste e neeenas 87
5.3.11. AHB reset register (RCU_AHBRST).....cccoiiiiiiieieieeie sttt esie st ste et ssestesre e saesnesnenes 89
5.3.12. Clock configuration register L (RCU_CFGL) ......cccoceviiieiiieieiesese ettt esaenees 89
5.3.13. Deep-sleep mode voltage register (RCU _DSV) ...cccceiieiiieieieene ettt 92
6. Interrupt/event CONtroller (EXTI) iiiiccrrneeeeieiiicccsssnnneeesssssssessssssesssssssssssssssnnns 93
00 S © 1V = V= VN 93
T R 0 o - T Tt =T 4 1 T o 93
6.3.  FUNCLION OVEIVIEW...cuuuiiiiiiiiiiiiiiiiiiiiiiniess e r st res s s s e sa s s s e s e s s nenasssssenassssnenass 93
6.4. External interrupt and event (EXTI) block diagram.........ccccceeeireeniiiieeniiireenneeireenneeeeennneeeeennes 96
6.5. External Interrupt and Event fuNCtion OVEIVIEW .........ccieeueieeniireniiieenerencrennerenseereserennerensenes 96
6.6. Register definitioN....cccciveiiieiiiiiiiiiiricrrcrrcereeereneerearerenseerassereaserensesensesenssesanseransesansanen 98
6.6.1. Interrupt enable register (EXTI_INTEN) ...cooioi it 98
6.6.2. Event enable register (EXTI_EVEN) ...ttt ettt nes 98
6.6.3. Rising edge trigger enable register (EXTI_RTEN).....ccccevierieiiee e 99
6.6.4. Falling edge trigger enable register (EXTI_FTEN) ....cccccoiieiieceee e 99
6.6.5. Software interrupt event register (EXTI_SWIEV).....ccooiiinierieeeieee e sre et sae s 99
6.6.6. Pending register (EXTI_PD) ... ettt sttt e sttt eaessaesnne e 100
7. General-purpose and alternate-function 1/0Os (GPIO and AFIO) ....eeeeeeeeeiccccnnnes 101
70 T 1Y =T V=N 101
787 N O ¢ T T - ot =T o3 101
7.3.  FUNCELION OVEIVIEW...ccuuiiiiieiiiiiiiiiiiiiiiiiiirinin s reeese s esasenresasesressssssssnsssssensssssnenassssnens 101
7.3.1. GPIO PIN CONFIQUIALION........cciiiiicecceeee ettt e e teete s e e s e e sreesseenseenrenns 102
7.3.2. External interrupt/@VENT lINES .......cc.voieiee ettt ettt e ae e eas 103
7.3.3.  ARErNate fUNCHONS (AF) c..oiiieiee ettt s s e s te et e et e et eeraesta e baesbeenseeneesneeses 103
7.3.4. [aT o101 elo] 1T U1 = U1 To] o R 103
7.3.5. OULPUL CONTIGUIALION ..ottt et et e e e e e teesaesraesraesreesseenseensenns 104
ARSI ST AV o -1 oo [ oTo ] Vi o 18] =11 o] o SRR 104
7.3.7.  Alternate function (AF) CONfIQUIALION .......c.ccviiiiiieiicece e s 105
7.3.8. 10 PiN fUNCLION SEIECTION ....oviieieieeee ettt ettt st s be s sbe et nes 105
7.3.9.  GPIO 10CKING FUNCLION ..ottt st ettt ae st b e s sbe et e e s 106
7.4. Remapping function I/O and debug configuration ............eeceeericeerriceenrerninncccnnrnnreeeessnsenns 106
7.4.1. [ (oo 18 Tox 1 o] [T SRR 106
7.4.2. T IR 1=T= L0 (=TSSR 106
7.4.3. JTAG alternate fuNCtion reMAaPPING .......ccceeeeieiieriere ettt ettt st sbe st e nes 106
7.4.4. TIMER AF FEMAPPING . ..c.ttitirtiriteuieieriererteste sttt et este e stesbe s bt eseeatessebestesbesaesbesntestesessesbesbesseeneensenes 107
745, USART AF FEMAPPING . ttitieteriteiteieitere ettt ettt st st sttt e e et e bestesbesaeebe et esseseesbesbesbesbeeneensenes 108
T.A.6.  12C0 AF FEIMAPPING . etetertietertt ettt ste et st sttt et et e bestesbesbeebeeate st e besbesbesaeebeeatensenbesbesbesaesbeeneensenes 109



e

GigaDevice GD32VF103 User Manual
A A S = (01 AN o (= 4 =T o] o1 Lo R 109
7.4.8.  SPI2/I2S2 AF rEMAPPING ..ccveiereriererieriesiesieseetesessestessesreseesaessessessessessessessssssessessessessessessesssessenes 109
7.4.9. CANO AF FEMAPPING wovveteitietestiettetestesestestese et etessestessestesteaseesaessessessestesssasesseessessessessessessesssessenes 109
A O B @ N\ A o =10 1 =T o] 11 o TSR 110
7.4.11.  CLK PINS AF FE€MAPPING .e.vieviieieeieieieiestesteseetetessessessestesseeseessessessessessesssesssssessessessessessessessssssenes 110
7.5. Register definition.......ccciviiiiiiiiiiiiiiiiiicr e saa s e s e s a s s s ene 111
7.5.1.  Port control register 0 (GPIOX_CTLO, XZA..E) .eoooiiiieecieeeeeee ettt 111
7.5.2.  Port control register 1 (GPIOX_CTLL, XZA..E) oottt st 113
7.5.3.  Port input status register (GPIOX_ISTAT, XZA..E) c.cciciiieeeeeeriesese ettt 114
7.5.4.  Port output control register (GPIOX_OCTL, XZA..E) ..ccccieieiereestise sttt 115
7.5.5.  Port bit operate register (GPIOX_BOP, XZA..E).coii ittt 115
7.5.6.  Port bit clear register (GPIOX_BC, XZA..E) .cooviieieiisereeieeeese sttt st senes 116
7.5.7. Port configuration lock register (GPIOX_LOCK, X=A..E) oo iievieieeeeceeeeeeeee e 116
7.5.8. Event control register (AFIO_EC)..... ettt sttt ettt et s 117
7.5.9.  AFIO port configuration register 0 (AFIO_PCFO).....ccccccoeiiiieseeseee et 118
7.5.10. EXTI sources selection register 0 (AFIO_EXTISS0) ...ccvvoeiiereeieeieeteeteeteeeese e 121
7.5.11. EXTI sources selection register 1 (AFIO_EXTISSL) ..cccovvoiiieiiereee ettt 122
7.5.12. EXTI sources selection register 2 (AFIO_EXTISS2) ...ccocceiievieriesiete et 123
7.5.13. EXTI sources selection register 3 (AFIO_EXTISS3) ...cccvvoeiieiiereeriereeteeeeseese et 124
7.5.14. AFIO port configuration register 1 (AFIO_PCFL).....cccccciiioiiieieesecse et 125
8. CRC calculation UNit (CRC) .iiiiiceerrrneeeeiiisiicicssnnnneeeessessssssssnnsesesssssssssssssnssssssssssssnns 127
20 N O 1= V- 127
= 7 R 6 T - Vot =T 4 ] ol 127
8.3.  FUNCLION OVEIVIEW.....uiiiiuniiiiiiiiiiiiiiiiiieiiiineisrieeeisnesassssnesassisnesassisnenessssnenassssnsnsssssnsnass 128
8.4. Register definition.....c.ccuuiiiiiiiiiiiircrrr e s e s s s e s e e s s e n e s s s eenens 129
8.4.1. Data register (CRC _DATA) ...ttt ettt ettt s ae e e sre e ste e ste et e et e estestaesteeteestessaesnnesnes 129
8.4.2. Free data register (CRC_FDATA) ..ottt ste et e ve e e e s e et teevesnaesnneses 129
8.4.3. (70 g i o] I =To |5 (=T g (@1 = O O I I TSR 130
9. Direct memory access CONtroller (DMA) ... eeeeiiieicicccnnreeeeeeeeesccssnnneeeeesssssens 131
£ T 0 1Y =T V=N 131
L0 O T T ot =T o3 131
L= TR TR < [ Yol Qo [T {4 o 132
9.4.  FUNCLION OVEIVIEW...ccuuiiiiiiiiiiiiiiiiiiiiiiiiiriiisrrsesisrseasssssesasssssessssssresssssssssssssssnassssnenasssssens 132
0.4.1.  DIMA OPEIALION.....ccuieuieiete sttt ettt sttt ettt et e s b e be bt ebeeat e st e be st e ebe s bt eheeat e st enbesbeebesbeebeeneensenes 132
9.4.2.  Peripheral NandSNaKe ..ot 134
0.4.3.  ATDIITALION ..ottt e b e h ettt b he bt et et e besbenbesheehe et et nes 134
9.4.4.  AdAreSS GENEIALION .....coiuiieiriiiieettee ettt ettt sttt ea et e be st e s be s bt ebe e st et e besbesbesbeebeeneeneenes 135
9.4.5. CIFCUIAT TMOTE ...ttt b ettt e st et bt b e et et et e s benbesbeebesneenteneans 135
9.4.6. MEMOrY t0 MEMOIY MOUTE......c.ciuiiieiiie ettt ettt st b et ae et et e sbesbesbesaeebe et eneenes 135
9.4.7.  Channel CONFIQUIALION .....cc.oiiiiieieieee ettt st b e sttt et bbb sbe et e e nes 135



e

GigaDevice GD32VF103 User Manual
9.4.8. ST 1 U o PR 136
LS I T B 11V VAN (= To (U =TSy A g =T o] o1 o SO SRR 136
9.5. Register definition.......ccciuuiiiiiiiiiiiiiiiic e s s s s e s e s e s a s s s ene 140
9.5.1. Interrupt flag regisSter (DMA_INTF) ...ttt ettt sa et s e st resraeseenaenes 140
9.5.2. Interrupt flag clear register (DMA_INTC) ..cocceieveresiieeceeeeterese st sttt renes 141
9.5.3.  Channel x control register (DMA_CHXCTL)....cccevivreriirerieieieiesesreseseeaeseesesse s e sressaesaessenns 141
9.5.4.  Channel x counter register (DMA_CHXCNT)..c.coiereiieirieieieere st se e sre e sre e eseesenns 143
9.5.5.  Channel x peripheral base address register (DMA_CHXPADDR).........cccccevvevereseseeneeenenns 144
9.5.6.  Channel x memory base address register (DMA_CHXMADDR) .......cccccevveviereneneseeeeeeeenns 144
10. DeEDUQ (DBG) ceererereriiiiiiiiiirrnnreeeesissiscssssssnssessssssssssssssnssassssssssssssssnssssssssssssssssnnnns 146
10.1. OVEIVIEW . cuuiiieniiineireeiiiiesirensieasiirasstraessrasssresssssnsssesssssasssssssssesssssssssssssssnssssassssassessnssses 146
10.2. JTAG fUNCLION OVEIVIEW....ciiieeeeiiiiiiiiiiriineisiiiinnrssseesssisssnnessssessssssssnerssassssssssssnessnnssssns 146
O A T = E = o 1T | RS SPS 146
10.2.2.  JTAG daisy ChaINEd SLIUCLUIE ........cccveeieciecie ettt eae s ae e sreesteeseeaseessessaessaeneas 146
O T 1= o TH o =] SRRSO 147
10.3. Debug hold fuNCtioN OVEIVIEW .......cceuiieeniiieiiieeiireniirieerennetennerensserenserenserenseesnsesensennnnes 147
10.3.1. Debug support for pOWer SAVING MOUE ........ccceevieiiieiieieeeeree et see e e sre e sre et eaesraesraeees 147
10.3.2. Debug support for TIMER, 12C, WWDGT, FWDGT and CAN .......cccccvrveviereeeeeeeeee e 147
10.4. Register definition .......cciceiiieiiiiiiiiiiiencrere ettt reeereasesennesenseerasseresserensessnsesensnenannes 148
10.4.1. ID code regiSter (DBG _ID) ....c.cciecierieeiesieieesee st et eteetestee e e e steetessaesreesreesseeseessesssesssesseesens 148
10.4.2.  Control regiSter (DBG_CTL)....cciiiieieeieciesieseeste e eteete e e te e e etessaesaesreesreesseeseessesssesssessesssens 148
11. Analog-to-digital cOnVerter (ADC)..cccccvvreeeeeireieiceirssnneeeeeeesssscsssssnnsessssssssssssssnnns 151
11.1. QYo T [T 4o T 151
11.2. LY T T8 =TT T T 151
11.3. Pins and internal SigNals.......ccccciiiieiiiiiiiiiiiiicnieserrensereenessesssnssesssnsssssesasssssenasssnens 152
11.4. Functional description .......ccciiiiiiiiiiiiiiiiiicrrrre e seeessesssessesssasssssesassssssnnssssnens 152
It N %= 111 = o o (1= TSRS 153
L1.4.2. ADC CIOCK ..ttt ettt b e bt bt et a et et e b sbeeb e e aeeat e b et e besbeebeeaeeae et enean 154
11.4.3.  ADCON SWILCH ..etiviieiieieicceeees ettt sttt ettt sa et ebe b e e ebesaenesbentenens 154
11.4.4. Regular and inserted ChannNel groUPS.........c.coveiieiiecii ettt raenes 154
11.4.5.  CONVEISION MOAES......c.coitiitiitiitieiteteie ettt ettt ettt b e bt bt e ae e st et et e besbesbe s bt eaeens e benbesbesbesaeeneeneenean 154
11.4.6. Inserted channel ManAgEMENT ........cc.ooi ittt ettt s sb ettt eas 158
11.4.7.  Data @ligNMENT .......oiiiiiiieie ettt e eb ettt et e besbe s b e s bt e st et et e nbeseesbesaeeaeeneenean 159
11.4.8.  Programmable SAmMPIE tIME ..ottt et 160
11.4.9.  EXEEINAI THQOE ..ttt ettt b e bt bt ae et e st et e besbesbesaeeaee s e teebeseesbesaeeneeneenean 160
11.4.10. DIMA TEOUEST ...ttt sttt ettt et e at e bt e s bt e bt et e sabesatesheesbeesbeebeeabeenbesaaeebeenbeenbean 161
11.4.11. Temperature sensor, and internal reference voltage VREFINT ......ccoeerereeneniereneneesieneenne 161
11.4.12. Programmable resolution (DRES) - fast conversion Mode ..........ccccoceeevenenenenenceieneenn. 162
11.4.13. On-chip hardware oVersampling .......c.cccceoieieiirinee e e 162
11.5. ADC SYNC MOME......iieeeiiiiieieiiiieieeitieneeetrenesestrenssassrenssssssenssssssenssssssenssssssenssssssanssssssaness 164



e

GD32VF103 User Manual

GigaDevice

11.6. YT 4T T =N 165
11.6.1. Regular parallel MOAE ........cocieieieeiceceeeeeee ettt sttt be s resteereesaennenses 166
11.6.2. Inserted parallel MOAE ........ccveiiiiiiiice ettt re e e b be s besbeeseesaeseensas 166
11.6.3.  FOHOW-UP fASE MOUE ....cviiieiceieeceees ettt sttt sa e e este s b e staeseesaensensas 167
11.6.4.  FOHOW-UP SIOW MOUE ..ottt sttt st et e beesa s ssessesresteeseessensenss 167
11.6.5.  Trigger rotation MOUE ........ccceeieieierieriee ettt e et te st et e e e et e s e b e bestestesseesaessessessessesseesesssensensas 168
11.6.6. Combined regular parallel & inserted parallel Mode ..........ccoeeveviiieicieceee e 169
11.6.7. Combined regular parallel & trigger rotation MOde .........cccevvevevireieeeceeeee s 169
11.6.8. Combined inserted parallel & folloOW-UP MOUE........cccooieieieieeee e 170
11.7. 0O 14T =T o ¥ T N 171
11.8. 0L O =T T =T N 172
11.8.1.  Status regiSter (ADC _STAT) ..occiccieieeiesie ettt te et e s e e e e e e tesssessaesreesreesseeseessesssesssesseeses 172
11.8.2. Control register O (ADC _CTLO) ..ccieiieiecie ettt ettt e e e teeaesae e sreesteeseessesssessaesseensens 173
11.8.3.  Control register 1 (ADC _CTLL) .ottt ettt e e e e e e tesaesaesreesreesseeaeesseessessaessaenses 175
11.8.4. Sample time register 0 (ADC_SAMPTO) ......ccceiieiieiieieseesee e ee e ste e sreesreesreesessaesaessaeses 177
11.8.5. Sample time register 1 (ADC_SAMPTL) .....cioiiieiieieeeeeseee ettt sreesreesae e seae e raeees 178
11.8.6. Inserted channel data offset register x (ADC_IOFFX) (X=0..3) cceeoieeveeiiereereereereeree e 179
11.8.7. Watchdog high threshold register (ADC_WDHT) ....cocciiieiieeeeeie et 179
11.8.8. Watchdog low threshold register (ADC_WDLT) .....cccoieiiriereeieieeie sttt sve e eve e ees 180
11.8.9. Regular sequence register 0 (ADC_RSQO).....cceovieiieieeierieeeseerie e see st e sreesreere e aessaenees 180
11.8.10. Regular sequence register 1 (ADC_RSQL).....ccciciirierieiieeeie e seesee e e sre e saesaeseeenees 181
11.8.11. Regular sequence register 2 (ADC_RSQ2)......c.ocuieierieiieeeie e see e e e e esre e ssaesaeseeenses 181
11.8.12. Inserted sequence register (ADC_ISQ) ..vovveiieiieiieiesiereee et see e se et e e nes 182
11.8.13. Inserted data register X (ADC_IDATAX) (X= 0..3) c.eecverieiirieeieeie e e ste et evesaeseesseeees 182
11.8.14. Regular data register (ADC_RDATA) ...ccv ottt te e e sve et r e aesrae e e reenes 183
11.8.15. Oversample control register (ADC_OVSAMPCTL) ....ccoeiieiieieeeeeeee et 183
12. Digital-to-analog CONVErter (DAC) .ccicccrveeeeeiieiiicccrsnnneeeeeeisssseesssnssssessssssssssssnnns 186
12.1. OVEIVIBW . ceuuuuiiiiueiiiiieeiiiinueeirinesetttsusetteaessstressssstersssssnesssssssesssssstensssssrensssssrsnsssssnennss 186
12.2. (00 T =Tt =TT o3 186
12.3. FUNCEION OVEIVIEBW ....oiiieeiiiiiiiiiiiiiiniiisinirinin e rrsase s sass s e saasss s esasssssenassssnens 187
12.3.1. DAC ENADIE ..ttt bbbt b e bt bt aeea et et e bbbt aeeae et enean 187
D A X O o 111 01U L0 o0 = TSRS 187
12.3.3.  DAC data CONFIQUIALION .....cc.eiuiiiiieieiiee ettt et b ettt be e sbe et ee s 188
L12.3.4.  DAC IHQOET ettt ettt ettt ettt sttt e h e a et e e st e ke s bt ebeeaeeaten s e s e besbesbeeaeens et et ebesbeebesaeeneentenean 188
12.3.5.  DAC CONVEISION ...ttt ettt ettt sttt eat et et e te st be s bt sbeeaeea s entensenbesbeebesaeeae et e senbeseesbesaeeneeneenean 188
12.3.6.  DAC NOISE WAVE ....cueeuieiieteitietieitetete et ste st eat et et e te st esbesbesbeeaeesten s e s ebesaesbesaeeaeensensesbeseesbesaeeneeneenean 188
12.3.7.  DAC OULPUL VOIAGE ..ottt sttt e b ettt et s be bt st eae et e e e sbesbesbesaeeae et eneas 189
12.3.8.  DIMA TEQUEST ...ttt sttt ettt et a e e s bt e bt e b e s abeeabesabesaeesbeenbe e bt eabeeaaesbeenbeenbean 190
12.3.9.  DAC CONCUITENT CONVEISION ...ouuiiuiiiiiiiteite ettt et ste sttt et et et et e besbesbesaeeas et e sesbeseesbesaeeseeneeneas 190
12.4. Register definition ..........cciiiieiiiiiircrcccrr e e s e e e s e s s e s e s a s s e nens 191
12.4.1.  CoNntrol regiSter (DAC _CTL) ittt sttt ettt bt eb ettt et e besbesbesaeeaeeneeneas 191
12.4.2. Software trigger regiSter (DAC_SWT) ..ottt sttt s sbe s 193



e

GD32VF103 User Manual

GigaDevice
12.4.3. DACO 12-hit right-aligned data holding register (DACO_R12DH)......c.ccccccevmrievivrencvreereeennn 194
12.4.4. DACO 12-hit left-aligned data holding register (DACO_L12DH).......ccccecvevevieverenreneeeerenennnn 194
12.4.5. DACO 8-hit right-aligned data holding register (DACO_R8DH) .......c.cceevevveveverenereeeeeeeennnn 195
12.4.6. DACL 12-hit right-aligned data holding register (DAC1_R12DH)......ccccccoeverevereneneerenennn 195
12.4.7. DACL1 12-hit left-aligned data holding register (DACL1 _L12DH)......cccccecvevevievevieneneeeererennn 196
12.4.8. DACL1 8-hit right-aligned data holding register (DAC1_R8DH) .......cccccecvevveviererienereeeeeeeennnn 196
12.4.9. DAC concurrent mode 12-bit right-aligned data holding register (DACC_R12DH) .............. 196
12.4.10. DAC concurrent mode 12-bit left-aligned data holding register (DACC_L12DH)............. 197
12.4.11. DAC concurrent mode 8-bit right-aligned data holding register (DACC_R8DH) .............. 198
12.4.12. DACO data output register (DACO_DO) .....ccceceriireriieieieieiesesestesteeseeaese e sse e ssessesssessesses 198
12.4.13. DACI1 data output register (DACL _DO) .....cccevevrireriieiieieieiesese e eteeeeaesessesse e ssessesssessenses 199
13.  Watchdog timer (WDGT) ccevccerereriieiiicssssnneeesessissessssssnnsessssssssssssssnsssssssssssssssssnnnns 200
13.1. [(-Y-RVVET 1 Ve oY= a0 T=T  (21,V] 01 Ct 1 1IN 200
L1310, OVEIVIEW ..ttt ettt sttt h e bt h et e et be s bt eh e e heeat e st e b e besheebeeaeentens et e beseeebesaeeneeneenean 200
13.1.2.  CRAIACTEIISTICS. c. e uteutetertieterte ettt ettt ettt ettt b e bt bt e a e st et e b et sbe e bt s bt ease s et e nbesbesbesaeeneeneenean 200
13.1.3.  FUNCHION OVEIVIEW ...ttt ettt sttt et eat et e e bbbt bt eae e st et et e besbesbesheebeens e benbesbesbesaeeneeneenean 200
R 0 I S = To 1Y (= o (=Y ] 1 (T o TSRS 203
13.2. Window watchdog timer (WWDGT) ..c..ciiieeuieiiieeneriieeneeieenneereensseeeeenssessesnssesssnnssesssannes 206
L13.2. 0. OVEIVIBW ..ttt ettt sttt bt bt h et et be s bt eh e e heea e e st e s et e sheeb e e aeemtens et e beseeebesaeeneeneenean 206
13.2.2.  CRAIACTEIISTICS. .. e ueeutetertieteste ettt ettt et b e bt bt e a e st et et e besbeeb e s bt eate b et enbeseesbeeaeeneeneenean 206
13.2.3.  FUNCLION OVEIVIEW ....eiiiiiitiiteetieit ettt sttt ettt ettt be bt bt eaeeae et e b e besbeebesheeaeess e benbesbesbesaeeseeneenean 206
13.2.4.  ReQISter AefiNITION ..cueciecee et sre e s re e beebe et e esaesraessaennean 209
14. Real-time ClOCK (RTC) iiiiicrrrureeeeiiieiiicissnnnneeeessesseesssssnssesesssssssssssssnssssssssssssssssnnnns 211
14.1. OVEIVIBW . ceuuuiiiiiueiiiiiteeiitinaetiinesietresusetieaessstressssstessssssressssssnessssssnensssssrensssssnensssssnennss 211
14.2. 00 T =Tt =TT o3 211
14.3. FUNCLION OVEIVIEW ....oiiieiiiiiiiiiiiiiiiiiniiininrrinin s saas s e saasss s e s asssssesassssnens 211
LTA.3.1. RTC ISttt b ettt et e ht e s bt e b e bt st e sabe s st e sheesbeenbe e bt eabeeatesbaenbeenbenn 212
I 0 = I O (== o [ Vo RSO 212
14.3.3.  RTC CONFIQUIALION ......cviiiiciiicieeceeteeeee ettt ettt e et e tesaaesraesreesseeseenseenseessessaessaensens 212
14.3.4. RTC flag @SSEITION ....ccvicieeeieeteeteeeee ettt ettt et e s et e e s aaesraesreesseeseesseesseessessaensaensens 213
14.4. Register definition ........cccvvieiiiiiiiiiiniin s 215
14.4.1. RTC interrupt enable regiSter(RTC _INTEN) ..ot 215
14.4.2. RTC control regiSter(RTC_CTL) ..ottt sttt st sttt s sbe st neas 215
14.4.3. RTC prescaler high register (RTC_PSCH) .......coiiiiiiiiieeeeree e 216
14.4.4. RTC prescaler low register (RTC_PSCL) ..oociiiiiieieeieeeeeie ettt 217
14.4.5. RTC divider high register (RTC_DIVH) ......cooioiiiiiiie ettt 217
14.4.6. RTC divider Iow register (RTC_DIVL) ...ccooiiiiieieiererit ettt s 217
14.4.7. RTC counter high register (RTC_CNTH) ..ottt 218
14.4.8. RTC counter low register (RTC_CNTL)...cciiiiiieiireie ettt 218
14.4.9. RTC alarm high register (RTC_ALRMH) ........ccoiiiiiiieeee ettt 219
14.4.10. RTC alarm low register (RTC_ALRML) ......ccoiiiiieitiieeetee ettt 219



e

GD32VF103 User Manual

GigaDevice
15, TIMEIr(TIMERX) ovrcereeeiiiiiiiiinnnneeeeisisssscsssssnssessssssssssssssnsssssssssssssssssnssssssssssssssssnnnns 220
15.1. Advanced timer (TIMERX, X=0) ....cc.cceieiiiiiemmmnniiieisneienmnsnsssesssssessnssssssssssssessnssssssssssssssnne 220
L15.1.1.  OVEIVIEW vttt ettt sttt sttt st e et s be st et s be st e st st e s e e st st et e st ek e st e st e beseeneebe st eneebenaenesbenseneane 220
LT O g - 1 - T (=] 1] 1T T OO SOOI 221
LT G TR =1 [ Tor Qo 7= Vo | - o o SRS TRSRIR 222
15.1.4.  FUNCHON OVEIVIEW .....uiiiiieiieieieiesterieieete st ste st steste e sbe st et sbesee st sbe st eseebesaesesbeneenesbessenesbessenessenseneans 222
15.1.5.  TIMERX reQISTEIS(XT0) ...ccveiuietieiieieiesiisie st etteitetete e te e steese et esse b e tessesteeseessessessesessessessesssessanses 252
15.2. General level0 timer (TIMERX, X=1, 2, 3, 4)..c..ccitturiiereemnierennncerennseeerennsesesenssesessnssesssnnnes 277
L15.2.1.  OVEIVIEW .uiiiiieiteiesee ettt ettt sttt st sttt st st st st st et s be st e st et e s e e st s be st ese et e st e st ebeseeneebesbenesbenaenesbeseneaee 277
T O g - 1 - T (=] 1] (T TSROSO USRS 277
T T =1 [ Tor Qo [7= Vo - o o TSRO 277
15.2.4.  FUNCHON OVEIVIEW ....eiuiiiiiteitietteiteatete et ste sttt et et e e st e b s bt ebesaeeae et e s e besbesbesheeueeas e bebeseesbesaeeneeneeneen 278
15.2.5. TIMERX FreQIStEIS(XT1,2,3,4) .eeceeieeieeiesieieeseeste et eteetestee e e teetesssessaesseesseesseenseessesssesssessenssens 294
15.3. Basic timer (TIMERX, X=5, 5) ....cctteureerreunnierrennnierrennseereenssseresnsssesssnsssesssnsssssssssssssssnssssssns 315
L15.3.1.  OVEIVIEW ..ottt ettt sttt bbbt et et b b s bt eb e s heeae e st e b et e sbeebeeaeeatens et e besbeebesaeeneeneenean 315
15.3.2.  CRAIACIEIISTICS. c e uteutetertietest ettt ettt ettt b e bt bt a e st et e b et e sbeeb e s bt eabe s et e besbesbesaeeneeneenean 315
ST TS T =1 (o o3 Qo[- o > o RS SPS 315
15.3.4.  FUNCLION OVEIVIEW ....oitiiiitiiteetieit et st ettt et e et e e st b s bt ebeeaeeat et e s e besbesbesheeueens e tebeseeebesueeneeneeneen 315
15.3.5.  TIMERX FreQIStEIS(XT5,6) . ..0iciecieriieieeieiieiieseeste et eteetesteestees e esteesessaesseesseesseesseessesssesssessensses 320
16. Universal synchronous/asynchronous receiver /transmitter (USART) ........ 325
16.1. OVEIVIBW . ceuuuiiiiieeiiiitueiiitieettineserresasertenasetresssssrerasssstennssssnenssssstensssssrensssssrensssssnennss 325
16.2. (00 T = ot =TT o3 325
16.3. FUNCEION OVEIVIEBW ...oiiiiiiiiiiiiiiiiiiiiiniiininirinen s rssase e s s e sasssssesasssssenassssnens 326
16.3.1.  USART frame fOMMAL......ccoiiiieeeeeee ettt b ettt s sbe st eeneas 327
16.3.2.  Baud rate gENEIALION.........cceecieeieeiieieete et teerte et et e st e e e e e tesaesraesreesseeseenseessesssessaesseensens 328
16.3.3.  USART trANSIMIIIEL ..ottt eb et ettt bbb eat et et et sbesbeeaeebeeneenean 328
16.3.4.  USART FECEIVET ...ttt sttt ettt b e bt bt at st et et e besbeeb e s bt eae e s e benbesbeebesaeeaeeneenean 329
16.3.5. Use DMA for data bUffer BCCESS......coiiiiiiiieeee e et 331
16.3.6.  Hardware fIOW CONTIOL .......co.oiuiiiiiieee ettt e s be st eas 332
16.3.7. Multi-processor COMMUNICALION .........ccceivieiieieerie ettt ete et e e e e e resaesaesreesreesteeseeaseessesraessaenses 333
16.3.8.  LIN MOGE....c.eiiiieeee ettt b e bt bt at st e e et e besheeb e e ae e st e s et e besbeebesaeebe et enean 334
16.3.9.  SYNCHIONOUS MOTE.......cccoiiiiiciieieeieeeee sttt et e et e e e st e st e et eetesaaesraesreesseesseenseessesssessaesseensens 335
16.3.10.  IrDA SIR ENDEC MOUE ....cocciiiieiieiiieisiesieeee ettt st et st saenestenseneens 336
16.3.11. Half-duplex communiCation MOE............cceriiirineiieee ettt 337
16.3.12.  Smartcard (ISO7816-3) MOE .....cc.occeruiruirieieieiete ettt sttt be e bt eeeneas 337
16.3.13. USART INEEITUPLS ..c.eiitieteiteeteeit ettt ettt sttt b eae et e e e e besbe s b e s bt eaeens et e nbeseesbesaeeneeneenean 338
16.4. Register definition .........cciiiieiiiiiiccrccrrr e r e e s e s e s a e s s e s a s s e nenn 340
16.4.1.  Status regisSter (USART _STAT) ..ottt sttt ettt sttt ettt be e b eae e e eneas 340
16.4.2. Data register (USART _DATA) ...ttt sttt ettt b bt sttt et et sbesbesaeeaeeeeneas 342
16.4.3. Baud rate register (USART _BAUD) ......cociiiiiiiieiie ittt sttt st 342
16.4.4. Control register O (USART _CTLO) ..coiiiiieieieieerteste sttt sttt ettt s sbe e eeeas 343



e

GigaDevice GD32VF103 User Manual
16.4.5. Control register 1 (USART _CTLL) .ociciiiieieieieerese st eteseeetetestesie e te e sae s ssessesressassaessesaenss 345
16.4.6. Control register 2 (USART _CTL2) ..ottt sttt et este e te e sae st srestesnaesaennenes 346
16.4.7. Guard time and prescaler register (USART _GP)......cccccveeeiereniie et se e aesens 348

17. Inter-integrated circuit iNterface (I12C) ..cvccceriiiiecirrrnneeeeieieisiccsssnneeeeeesssseesssnnnns 350

17.1. OVEBIVIEW..cuiieiiiiiiiiieiiieiieetieniienetaiienitesstesstasersssssssesssosstasssnsssnsssnssesssasesasessssssssssssnsssnsssns 350
17.2. (00T T - ot = 1 4 o ORN 350
17.3. FUNCLION OVEIVIEW ....cuiieiiiiiiiiiiiiiiiiiiieiieeiieciiecreteaiensesetasesasssassesssasssasssnsssnssenssenssanens 350
17.3. 1. SDAANA SCLIINES ...ttt sttt sttt st sttt st st se st st nesbe e neee 351
17.3.2.  Data@ VaAIIALION. ....cciiieieieei ettt sttt sttt st ettt a et st ee s 352
17.3.3.  START and STOP CONAILION......cccirieiriirieirereese ettt sttt 352
17.3.4.  CIlOCK SYNCRIONIZALION ......ccuviiieiecieeece ettt s s e s e teebeeateesaesraessaennean 352
17.3.5.  ATDIIFATION ..ottt bt e b e a e sttt be bt e bt e ae e st et et et seesbesaeeneeneenean 353
17.3.6.  12C COMMUNICALION FIOW....eiuiiiiiiiiiiieiere ettt ettt e sb et eneas 353
17.3.7.  Programming MOAEI.........ccuiiieiieieeee sttt st st s e et e esveesteesaesraessaenneas 354
17.3.8.  SCL lINE StrELCNING....cccvieiiciecieeeeee ettt e e s e s raesreesreesbeeseesteessessaessaensenn 363
17.3.9.  Use DMA TOr data traNSTEI ......cc.eiiiieiieieieet ettt sttt s 364
17.3.10.  Packet errOr CHECKING ......ccveiieiieiece ettt et esreesteeaeeaseesaesraessaennens 364
17.3.11. SIMBUS SUPPOIT ...ttt ettt ettt st e siae e s ite e sate e sseeesbteesateebaeesbaeessseesaseensseesasesnses 364
17.3.12.  Status, errors and iNLEITUPLS .......ccveeieiieiie ettt e e e e s e sreesteeaeesseesaesraessaenes 366
17.4. Register defiNition .......cciceiiieiiiiiiiiiiieiirere et reeereanesennesenseesasssresserensessnsesensnsnannes 367
17.4.1. Control register 0 (I2C _CTLO).c.ii ettt e e ae e s reesreesteesseesseesaesraessaensees 367
17.4.2.  Control register 1 (I2C _CTLL) ittt ettt e e ae e e e sreesteebeeaaeessesraessaeseas 369
17.4.3. Slave address register 0 (I2C_SADDRUO).......ccccctevieiiieieceeseese ettt sreesteesteeveeeaesaesraeees 370
17.4.4. Slave address register 1 (I2C_SADDRIL) .....cccccieiieiieieeiesees ettt ste e eve e aesraenres 370
17.4.5. Transfer buffer register (I2C_DATA) ... .ottt ete e e e e steessesaeeaaesraesraenseas 371
17.4.6. Transfer status register 0 (I2C_STATO) ..ottt ete e e sreeste e b e ae e raeres 371
17.4.7. Transfer status register 1 (I2C_STATL) ..ottt st sreeste e b e aae e raeaes 373
17.4.8. Clock configure register (I2C_CKCFG) ... ittt st eve e raeren 374
17.4.9. RiS€ tIMe regiStEr (I2C _RT) ittt ettt te s te s e e e sreesteebeeabeesaesraessaensens 375
17.4.10.  Fast mode plus configure register (I2C_FMPCFG).......ccccecvrverieiie st 375
18. Serial peripheral interface/Inter-IC sound (SPI/I2S).uuiiiiieicccirrrneeeeeeneseccccsnnnnns 377
18.1. OVEIVIBW . ceuuuiiiiiueiiiiteeiiiiireetrisesstresasesteaesstressssstessssssreesssssnessssssmensssssrensssssnensssssnennss 377
18.2. (00 T Lot =T ] ol 377
S I ] o Il F= 1= Tod 1= 1S3 o SRS 377
S A S ol = = Tt (= ] (oSSR 377
18.3. SPIBIOCK diagram ...ccceueiiiieeiiiiecirrecc et rrne e s s e nes s s e ene s s s eenesasseanesasseansssssnanens 378
18.4. SPI Signal desCription .......ccciiiiirerueiiiiiiiiiininuiiiiiiiiirrsseesiirrrssasssssssinrerssssssssssssssesane 378
18.4.1.  NOIrMal CONFIGUIALION ......ooviitiiiieiiiieie ettt ettt ettt bbb e et b sbesaeeae e e eneas 378
18.5. SPI fUNCLION OVEIVIEW ..cuuuuiiiiiiiiiiieiiiiiiiiiininaeiissinninnnssssssssssnirnessssssssssssnsesssssssssssssssssane 379
18.5.1. SPI clock timing and data fOrMAL...........ccoceiiiieiiieee e e 379



e

GigaDevice GD32VF103 User Manual
18.5.2. NSS fUNCHON ...ttt sttt ettt b et ettt et st sesbe st nesbe st nene 379
18.5.3.  SPI OPErating MOUES.......ccecieeieieieesteee sttt ettt re e e s e testestesbeesaessessestessessesseessensensas 380
18.5.4.  DMA FUNCHON .oveiiitieeee ettt sttt sttt st sttt e et et e st seebe st enesbenteneens 386
18.5.5.  CRC FUNCHON w.eutiiitiieetee ettt sttt sttt st ettt be et e st e e be st enesbenseneens 386

18.6. I T = U o N 386
RS T S = | 11 E3 { - T [T 386
RS T (o T g F= Vo RSP TRSRR 387

18.7. (3] o1 Lo Yol 1@ [T =L 11 o PN 388

18.8. 12S Signal deSCription .......ciiiieiiiiiiiiiiiiiiiiiiieirrerrrnesesresasetesasssesssnsssssesasssssssnsssssens 388

18.9. 12S fUNCLION OVEIVIEW ...cceuiiiiinniiiiiiiniiiiiiiiiiiinnieniennsiennenssiesiessssesssnsssssssssssssssssssssssnsssssens 389
18.9.1.  12S AUAIO STANUAITS ....oeiitiiieiieieeee ettt bbbttt et e b e sbesaeeae e e enean 389
L18.9.2. 128 ClOCK.....eteeeeeeeeee ettt b e bt eb e a e a et b b sbe e bt e ae e st e b et e b et ebeeaeene et enean 397
S T O o 1= = 11 o o TSRS 397
18.9.4.  DIMA TUNCHION ..ttt ettt b e bt bt et a et e b sb e eb e s ae e st e s et e besbesbesaeese et enean 400

18.10. 12 iNtEITUPTES. .. ieeieiiiictiiiiitiieeitecteeracratenteserasernserasssessesssasssnsssnsssnssenssasssnsernsennsennns 400
S 0 O - L1 3 = Vo RS SS 400
S 0 ¢ o g = T TSRS 401

18.11. Register definition .......ccciveeiiieeiiiiiiiiiiricrrereecrreerreeeerenereanerensesrassensseransesensesensessnns 403
18.11.1. Control regisSter 0 (SPL_CTLO) ....icoieiiceeeeeeeeee et steesteeae et e st sae e teeaeenaesneenns 403
18.11.2. Control regisSter 1 (SPI_CTLL) ..cvcoiciieieeeeeeeee ettt ste ettt ae et eeaeenaesnaesns 405
18.11.3. Y e L S = To R (T ST o TS Y SN ) 406
18.11.4. Data regiSter (SPI_DATA). ...ttt ettt te s e s ae s aesreesae e teenbeessessaessaesseensens 407
18.11.5. CRC polynomial register (SPI_CRCPOLY) ..ccvoviiiiieeceeseeseee ettt 408
18.11.6. RX CRC regiSter (SPI_RCRC) ..ottt sttt sttt st st sae e 408
18.11.7.  TX CRC regiSter (SPI_TCRC) ...cciiiirieiriesietsieste sttt sttt st st s 409
18.11.8. 12S control register (SPI_I2SCTL) c..oiieieeeee ettt st aa e s aeene s 410
18.11.9. 12S clock prescaler register (SPI_I2SPSC) ...t 411

19. External memory controller (EXMOQC) ....eeiiieiiicciiinnneeeeeeiessccesssnnneeeessssssssssssnnns 413

19.1.  OVEIVIEBW wuueeriiiiiniiiiiiineessiisnsssisssnessssssssesssssssssssssssssssssssssesssssssssssssssassssssssesssssassssssss 413

19.2.  CharaCleriStiCS iiiiinrririiirsnreiiisstessssssntessssssseesssssssessssssssessssssssssssssssssssssssesssssnasssns 413

19.3.  FUNCLION OVEIVIEW couueeiiiiierniiinnresssssneesssssnsssssssssessssssssesssssssssssssssssssssssssesssssansssssns 413
19.3.1.  BIOCK QIBGIAM ... .ottt st sh et e e et et sbeebe s bt eat et et e nbeseesbesaeeneeneenean 413
19.3.2. Basic regulation of EXMC GCCESS ......ccceiiruirieieenieste sttt st sttt ettt sbe s sbe st eae e neas 414
19.3.3.  External device addreSS MEAPPING ...c.coereeieiieniererieniesieeteeteteste st estesee bt st eeenteseesbeseesbesaeeaeeneeneas 415
19.3.4. NOR/PSRAM CONLIOIIEL ......oictietieieeieee ettt ettt ettt teetesaesaaesteesteebeeaseeasessaessaensens 415

19.4.  Register defiNitiON i asse s sssssss e s s s s ssssssasssassses 421
19.4.1. NOR/PSRAM CONIOIEN FEGISTEIS ..ottt ettt st 421

20. Controller area NEtWOTIK (CAN) oiiiiiiiiiiiiiiiirrrrrrsrsrsrsssssssssssssssssssssssssssssssssssssssssseas 424

20,1, OVEIVIBW tiiiiiiiiinenrteiiiiiiiisssssssessississsssssssssessssssssssssssssssssssssssssssssssssssssssssssassssssssssssssns 424



e

GD32VF103 User Manual

GigaDevice

PO O ¢ = 1= 1o (=] ] o 424
20.3.  FUNCLION OVEIVIEW wutiiiiiieriiiiinieiisisseessissseessssssssesssssssssssssssssssssssssesssssssssssssssssssssssnse 424
p2L O B R V1Yo (1 g To T 1 o Lo = O SRR 425
20.3.2.  COMMUNICALION MOUES ....ooviieiiiiiieiieiertetete ettt sttt st sttt st et et be e besbe st ebesbe e ebesteneeseseeneesens 426
20.3.3.  DAta tranSMISSION .....couiiieiiiiirieiete ettt ettt sttt st ettt be st et et e s be st ebesaentebesbensebesteneesesseneerens 427
P10 S B - - W (=T o =Y o] 1 0] o RS SR 429
p2LO G S T 11 =T T o I (0] o3 17 o O R 430
20.3.6. Time-triggered COMMUNICALION .........cccevveeiiiieieeeiere st e ettt et e st e te e ta e e e b essesrestesressaeseensenes 433
20.3.7.  COMMUNICALION PAFAMELEIS ....ecuveeieieierieetereeeetesterte st te e ta et e b e sessestesreesaessessessessesseasesseessensenes 433
PO TR S T ¢ (o g 1= Vo [ SE 435
L0 IO O N\ (=14 U] o] R SRR 436
20.4. Register defiNitiON iiiiicccieereeieeiicccssnneeeeesescsecsssssneeeeesssesesssssssssesssssssssssannsssssssssasns 438
20.4.1. Control regiSter (CAN _CTL) .ot ieiieieeie ettt ettt eete e s e e e ste e sre et e e s e s saessaesseestaesesneesnnesees 438
20.4.2.  Status regiSter (CAN _STAT) ..ottt et e e teetesae e e st e steesaeesteessessaessaessaessaesesnsessnesees 439
20.4.3. Transmit status register (CAN_TSTAT) .ottt see st e st sre e see s e te e teesesaesneesns 441
20.4.4. Receive message FIFOOQ register (CAN_RFIFOO) ......ccoevoiiieiieieee et 444
20.4.5. Receive message FIFOL register (CAN_RFIFOL) ...ccccooviiiiieiiere ettt 444
20.4.6. Interrupt enable register (CAN_INTEN) ....occioiiiieiieeee ettt ses 445
20.4.7. Errorregister (CAN_ERR) ..ottt ettt ettt e s ae e e 447
20.4.8. Bit timing regiSter (CAN_BT) . ... iieeeieieeiesteese ettt et eesreeste e et e e aessae s e e saesaesesneesnnesees 448
20.4.9. Transmit mailbox identifier register (CAN_TMIX) (X=0..2) .ccceeveevveiieieecee e 449
20.4.10.  Transmit mailbox property register (CAN_TMPX) (X=0..2) ...cccvvevverrieirieieeieseereesee e 449
20.4.11.  Transmit mailbox dataO register (CAN_TMDATAOX) (X=0..2) c.ecovevrrevrreiereerieerieerie e 450
20.4.12.  Transmit mailbox datal register (CAN_TMDATALX) (X=0..2) coccvvevrrevriereeeenreerieesiesee e 451
20.4.13. Receive FIFO mailbox identifier register (CAN_RFIFOMIX) (X=0,1).....cccccevvereevirrcrernenne 451
20.4.14. Receive FIFO mailbox property register (CAN_RFIFOMPX) (X=0,1)....c.cccceevvevvevirrcrernenne. 452
20.4.15. Receive FIFO mailbox dataO register (CAN_RFIFOMDATAOX) (X=0,1)...ccccccevvevvrrvverrnenne. 453
20.4.16. Receive FIFO mailbox datal register (CAN_RFIFOMDATALX) (X=0,1)...ccccccevvevrrrcvrrnnenne. 453
20.4.17.  Filter control register (CAN_FCTL) .ottt s ses 454
20.4.18.  Filter mode configuration register (CAN_FMCFG) ......cccccoeiievieiiceeeeeeceeseee et 454
20.4.19.  Filter scale configuration register (CAN_FSCFG) ....cccccceiviiieieeii e 455
20.4.20.  Filter associated FIFO register (CAN_FAFIFO) ....cccooiioiieceeeee et 455
20.4.21.  Filter working register (CAN_FW) ..ottt ettt et s sns 456
20.4.22.  Filter x data y register (CAN_FXDATAY) (X=0..27, Y=0,1) c.ccceiieiieriereceeeeeeeeeie e 456
21. Universal serial bus full-speed interface (USBFES) ....cccccvviiiiiiinneennininiiisssnnns 458
21.1. OVEIVIBW . ceuuuiiiiiueiiiirusiiiriesetrenesitrrsasstrraesstresssssterssssstrnssssssenssssstensssssrensssssrsnsssssrsnnss 458
21.2, (00 T Lot =T T ol 458
21.3. (2] [Tl Qe [EET = =T TR PPN 459
21.4. R =4 T e L= o T 4o o PN 459
21.5. FUNCEION OVEIVIEW ....iiieiiiiiiiiiiiiiiiiiiinisinnri s sr s s s s sassss s e sasssssenasssssens 459
21.5.1. USBFS clocks and WOrking MOAES .........c.coirieiinieierinee ettt ettt st 459



e

GigaDevice GD32VF103 User Manual

21.5.2.  USB NOSE fUNCLON ...ttt ettt sttt sttt sttt sttt st besteneenens 461
21.5.3.  USB dEVICE TUNCHION ....ocveeiriiieiieteiteieteseete ettt sttt sttt sttt sae et s be e beste e ebesaeneesens 463
21.5.4.  OTG fUNCHON OVEIVIEW ...oouiieniiiiieiieierieiieie ettt sttt st ettt eteste e ebeste st ebesteneesesteneebesteneesesseneesens 464
p ST ST B T - U 1 ST 465
P ST G T @ o =Y =40 I o [V 1o [= TR SRR 468
21.6. L =T T o S 472
21.7. Register definition .......cccciiiiiiiiiiiiiiiiic e s s s e s e s e s e e 474
21.7.1. Global control and StatusS rEQISTEIS......ccciciiieieierereseee ettt te e ressaeseessenes 474
21.7.2. Host control and StatUS FEQISTEIS ......cciviieiieeieeeee ettt te b be st eaeseenaenes 495
21.7.3. Device control and StatUS FEQISTEIS .....ccecviieieiererestiee st eeete ettt se e e tesrestesresseeseessenes 507
21.7.4. Power and clock control register (USBFS_PWRCLKCTL)....ccccocvviverieinieiere e 530

22.  REVISION NISTOMY eeeeiiiiiiiiiicnnreeetieessccccsnnneeeeesssssssssssnsasessssssssssssssnsssssssssssssssnnnns 532

13



e

GigaDevice

GD32VF103 User Manual

List of Figures

Figure 1-1. GD32VF103 SYStem arChitECIUIMNE ..uuivveiicreiicreercreercseeeeseessseeseseeseseesssanesssnesesnesssanssssnesssnesssnesssnnss 24
Figure 2-1. Process Of page €rase OPEIratioN ..uiceiiceercrerereeresnesssnessssesessessssssssssessssessssssssasssssnssssnssssassssans 34
Figure 2-2. Process 0f Mass €rase OPEratioN ..iiceiicceicrerereesisnesssnessssesesessssssssssessssessssessssssssanssssnssssassssans 35
Figure 2-3. Process of word program OPEration ...eciceeecreeesneessnesessesessessssssssssessssessssesssasssssnssssnssssassssans 36
Figure 3-1. POWET SUPPIY OVEIVIEW uueiicreercreerereerinnneiseesssnesesaessssnsssssessssessssesssansssssessssessssssssassssanssssnsssnssssnns 47
Figure 3-2. Waveform of the POR/PDR........iiceiiniiiceeiceeseseesssnnesssessssesessesssssssssssssssessssssssasssssnssssnssssassssanes 49
Figure 3-3. Waveform of the LVD threShOld ....eeeceeiceeeceercneeceeseesceescneessssnesseesesnesesanssssnesssnssssnesssnnss 49
Figure 5-1. The SYSTEM FESEL CITCUIL wuiivrererrerererirneisreessseesesenssssnesssnessssessssesssansssssessssessssssssassssanessnnesssnesssans 62
FIQUIE 5-2. CIOCK T8 uuureriirrereriirneeiissnesiissnnesssssnessssssnessessnnesssssnnesssssnssssssanesssssnsessssansessssanssssssanasssssnsessssnsessne 63
Figure 5-3. HXTAL CIOCK SOUICE wuiiiirreirirerericneesiissnessessnnessesnnesssssnssssssnnesssssnnessssnsessssanesssssnsasssssnsessssansasasne 64
Figure 6-1. BIOCK diagram Of EXTI ...uiiiccccericsieniicssnesisssnesiessnessssssssssssnesssssanssssssnsessssnssssssanasssssnssssssnsesssne 96
Figure 7.1. Basic structure of a standard I/O POIt Dil ...eeiiceveeeiciieericreeriicreesscsenessesenessesnsessssenesssssanenss 102
Figure 7.2. INPUt CONTIQUIALION ..eeiiievceiiirsreriissntesicssneessssnessessnnesssssnnesssssnssssssanesssssanssssssnsessssansessssansssassananss 103
Figure 7.3. OUtPUL CONTIQUIALION ciiicvceeicssreriesrnrerisssneessssnessessnnessessnnesssssnsssssssnsessssanesssssasessessnsessssanssssssananss 104
Figure 7.4. ANalog CONTIQUIALION ciivcveeiiicrreriisrnrerssseesssesnessessanesssssnnessssnssssssansessssanssssssnnessssnsessssansssassananss 104
Figure 7.5. Alternate function CONTIGQUIAtION ..euiiicvceeiiieieeriiceresscseressssnesssssenessssnnesssssnnessssansessssanesssssnnanss 105
Figure 8-1. Block diagram of CRC calCulation UNit....c.ccceeerceriesrnericssnniisssnessessnesssssnnesssssnsssssssnssssssanenss 127
Figure 9-1. BIOCK diagram Of DMA ....ciiccveiiirreteiicsnesiiesnesssssnnesssssnnesssssnssssssnssssssanssssssnsesssssnssssssanssssssanasss 132
Figure 9-2. Handshake MeEChaNiSM ... eeiiirrriiicreenisennessisseresssssnsessssnsssssssnssssssanesssssnnesssssnsessssanssssssananss 134
Figure 9-3. DMA iNtEITUPT |OQIC uuiiiirreriirrreriissnnesiessnnesssssnesssssnessessnnesssssnssssssanesssssanssssssnsessssnssssssanssssssanasss 136
Figure 9-4. DMAOQO requUEeSt MAPPING .eeeeeerrrerresssrersesssesssessnessssssnesssssasssssssssesssssssssssssnssssssassssessnsssssssnssssssanasss 137
Figure 9-5. DMAL requUEeSt MAPPING .eeeeeerrrerrerrsressessseessessnessssssnesssssanssssssnsesssssssssssssnssssssassssessnsssssssnssssssanasss 138
Figure 11-1. ADC module BIOCK AiAgram ...iccceeeeccseereesseessissnessessnsssessnsessessnesssssanesssssanessessnsssssssnsssassanasss 152
Figure 11-2. Single CONVErSiON MOUE i cveiiecreericreeersesressesssnessessanessessnsessssnesssssanesssssasessessnsesssssnsssassanasss 154
Figure 11-3. ContinUOUS CONVEIrSION MOUE ...ueeeererreeersessnessessnnessessanessessnsesssssnesssssanesssssasessessnsesssssnssssssanasss 155
Figure 11-4. Scan conversion mode, coONtiNUOUS AiSADIE ...ueiveereerrerceeericrrerrccreeerccere e seeesseseneesesanenas 156
Figure 11-5. Scan conversion mode, CONtINUOUS E€NADIE ...ueceveeveirrcreeericreerrcceeesseceresseseeeesssseneesesanenas 157
Figure 11-6. DiScontinUOUS CONVEIrSION MOUE cciiccceeerrerseerrissrersessnessessnnessessnessessanesssssnsessessnsessssansssassananss 158
Figure 11-7. AUtO-INSErtioN, CNT = 1 .iicvceeicrreericseeessesnesssssnnessesssnesssssnsesssssnesssssanesssssanesssssnsessssansssassananss 159
Figure 11-8. Triggered iNSErTiON i iiccrrericsrressessneessessnessessnessessanesssssnsesssssnesssssanesssssnsesssssnssssssansssassananss 159
Figure 11-9. 12-bit Data @aligNMENT ....eeiiicrcerierreerierseeessesnessessnresssssanessessnsesssssnesssssanesssssasessessnsesssssnsssassananss 160
Figure 11-10. 6-bit Data alignmeEnt ...ttt s se s s s s s s s s 160
Figure 11-11. 20-bit to 16-bit reSUlt trUNCAION coceiiieiii ettt 163
Figure 11-12. Numerical example with 5-bits shift and rounding ....cccccevevciiiiiiiicnnicinecercr s 164
Figure 11-13. ADC SYNC DIOCK QiagQram ..cueeiieciieiiiiiniesi ettt s s ses s s sas s s ee s ses s sas s sassssanasanes 165
Figure 11-14. Regular parallel mode 0N 16 ChannNelS..... it 166
Figure 11-15. Inserted parallel mode 0n 4 Channels ... 167
Figure 11-16. Follow-up fast mode on 1 channel in continuous conversion MoOde ......cceceeeeeereeerens 167
Figure 11-17. Follow-up slow mode 0N 1 ChanNel ...t 168
Figure 11-18. Trigger rotation: inserted channel group .t se e 169
Figure 11-19. Trigger rotation: inserted channels in diScontinUOUS MOdE ....ccccereeireiirirciniscennisennnes 169



e

GD32VF103 User Manual

GigaDevice

Figure 11-20. Regular parallel & trigger rotation MOAE ....iieiniineiniiniineiee s 170
Figure 11-21. Trigger occurs during inSerted CONVEISION wiiisiiiiniisiiiisensessessesssesssssssesssssssesns 170
Figure 11-22 Follow-up single channel with inserted sequence CHL, CH2.......cccocvvirnirnerserscnsnenane 171
Figure 12-1. DAC bIOCK diagrami..iicicinciniiniiiiiicisiisciscississisessesssssssssssssesssssssssssssssssssssssssssssssssans 187
Figure 12-2. DAC LFSR a@lgOrithm it ssssssssssssssssssssssssssssssssssne 189
Figure 12-3. DAC triangle NOISE WAVE ...civiiieiniinsiinniinsiiniisiississiseissssssssssssssssssssssssssssssssssssssssssssssssssans 189
Figure 13.1. Free watchdog DIOCK diagram .......cciiiniiniiiiiniiiisssssssssesssssssssesssssssssssesnne 201
Figure 13.2. Window watchdog timer DIOCK diagram ..., 207
Figure 13.3. Window watchdog timing diagram ..., 208
Figure 14.1. Block diagram Of RTC ...civiiiiniiniiniiiiiiiiiseississssssssississsssssssssssssssssssssssssssssssssssssssssans 212
Figure 14.2. RTC second and alarm waveform example (RTC_PSC =3, RTC_ALRM = 2)...cccceeueruue 213
Figure 14.3. RTC second and overflow waveform example (RTC_PSC= 3)....cccccvnirnirninsensesssesssenane 214
Figure 15-1. Advanced timer DIOCK diagram .....ccceiveeirernieneiintnnstinsnsienssesesssssssssssssssssessssssanssssssssnsssnes 222
Figure 15-2. Normal mode, internal clock divided DY L.....iiniininniininininsiesssesessesse, 223
Figure 15-3. Counter timing diagram with prescaler division change from 110 2 ....ccccovverserscrsnenane 224
Figure 15-4. Timing chart of up counting mode, PSC=0/1 ......ccccccuiinirniininninninninnninnisisisesea. 225
Figure 15-5. Timing chart of up counting mode, change TIMERX_CAR 0NQOING .ccccercererrrrsnrsennnrenes 226
Figure 15-6. Timing chart of down counting mode, PSC=0/1.......ccccccvererererssnnssnssesesessssssssssssssssssenes 227
Figure 15-7. Timing chart of down counting mode, change TIMERX_CAR 0NQOING ..cceceevrrrrrrennnrenes 228
Figure 15-8. Timing chart of center-aligned counting MOde ......ccciviiniininniininninne e 229
Figure 15-9. Repetition counter timing chart of center-aligned counting Mode......cccccceevcrrievrrennrnes 230
Figure 15-10. Repetition counter timing chart of up counting MO ....cucccerevrricriiineeicnerisrnrrerernnes 230
Figure 15-11. Repetition counter timing chart of down counting Mode......ccoccvvviriirnirncrncssensennenane 231
Figure 15-12. INPUL CAPLUIE [OQIC uiiiririerrierenrereersstrssneisssnsesesssnsssnssssssssssssssassssanssssssssssssessasssassssasssssnsssnns 232
Figure 15-13. Output compare logic (with complementary output, X=0,1,2) ..ccccccrerrrercererrrsssnesssnnsenes 233
Figure 15-14. Output compare 10giC (CH3_0) ciiivcirrrrierrierniistrssnsssnsisssessssssssssssssssssessssssssasssssssssansssnes 233
Figure 15-15. Output-compare in thre@ MOUES ...iiviiiiiniiniiniii e ssss s sssssssesane 235
Figure 15-16. Timing chart 0f EAPWM....iiiiiniiniiiieiiniisiiscsssississsssssssssssssssssssssssssssssssssssssssssssssns 236
Figure 15-17. TiMming chart Of CAPWM .....iiviiiiniiniiniiiiiiiiissisiissississsssssssssssssssssssssssssssssssssssssssssssssns 236
Figure 15-18. Complementary output with dead time iNSertioN ..., 239
Figure 15-19. Output behavior of the channel in response to a break (the break high active)........ 240
Figure 15-20. Example of counter operation in encoder interface mode......cccvrvirniriinncnscnnensnenane 241
Figure 15-21. Example of encoder interface mode with CIOFEOQ polarity inverted .......ccocvnerserinenane 241
Figure 15-22. Hall sensor is used t0 BLDC MOLOF cuuiiieeiierceiernrisnsisnnniesnesesssssnssssssssssssssssssansssssssssnsssnes 242
Figure 15-23. Hall sensor timing between tWo tIMErS ... ssesssssssssssssssssssesnns 243
Figure 15-24. RESTAIt MO E coccueiiiriiiririneeieseeiesetiesanessnessssesessessssnssssnssssnsssssesssassssasssssssssssessssssssssssssssssansssnns 244
FIgUIe 15-25. PAUSE MOUE cueiiereerereerinniriseeieseeseseessssssssssssssssssssessssssssssssssssssssessssssssassssssssssssssssssssssssssssssassssnns 244
FIgure 15-26. EVENT MOUE cuiiiiiieiiiiiiiiiiiiciesiscsssissssssssssssssssssssssssssssssssssssssssssssssnssssssnssnsssnsssnssnssnsssns 245
Figure 15-27. Single pulse mode TIMERx_CHXCV=0x04, TIMERX_CAR=0X60.......cceecsssersuerserssersaerns 246
Figure 15-28. TIMERO Master/Slave mode timer eXample... s 246
Figure 15-29. Triggering TIMERO with enable signal of TIMERZ.......cccccvviiniininniininninninnciscsssssssenns 247
Figure 15-30. Triggering TIMERO with update signal of TIMERZ ......cccccvviiiininniiniininninncssessssssnenns 248
Figure 15-31. Pause TIMERO with enable signal of TIMERZ .......occciviiniiniiniininniinincnsssssssssssssssssens 249
Figure 15-32. Pause TIMERO with OOCPREF signal of TIMEer2......ccccciiniininninnniniininnnsincssssssssses 249



e

GigaDevice GD32VF103 User Manual

Figure 15-33. Triggering TIMERO and TIMER2 with TIMER2’s CI0 input .........cccccoeviiviininiinsenicninnnane 250
Figure 15-34. General Level O timer DIOCK diagram ... 278
Figure 15-35. Normal mode, internal clock divided DY L., 279
Figure 15-36. Counter timing diagram with prescaler division change from 1 t0 2.....ccceccvverierinenane 280
Figure 15-37. Timing chart of up counting mode, PSC=0/1 .......cceccvnirniinirninnenninninninnninsensenese. 281
Figure 15-38. Timing chart of up counting mode, change TIMERX_CAR ONQOiNg....cceccrnerserserssenane 282
Figure 15-39. Timing chart of down counting mode, PSC=0/1......cccccevinirninninninninninniinennensen. 283
Figure 15-40. Timing chart of down counting mode, change TIMERX_CAR. .....ccccvnvirnirnsersersersenane 284
Figure 15-41. Timing chart of center-aligned couUNting MOUE .....ccvviriirniininninninnen s, 285
Figure 15-42. INpUt CAPLUIE [0QIC cuiiniiniiniiiiiniiiiiiiinniisiisc s sssesssesssssssssssssssesssssssessnesane 286
Figure 15-43. Output-compare in thre@ MOUES ....civiiiiiniiniiniiin s sssesssesane 288
Figure 15-44. EAPWM HIMECNAIT ...ciiviiiiiiiiiiiiiiitiicnntnsc it sss s s s ssessssssssssssssssesane 289
Figure 15-45. CAPWM tiMECNAIM ...ciiiiiiiiiiiiiiiiiiinninscissssssssssssss s s sssssssssssssssssssssssssssssssssssssssssssessne 289
Figure 15-46. Example of counter operation in encoder interface Mode.......cccocrnirnirscrncrscnsennenane 291
Figure 15-47. Example of encoder interface mode with CIOFEQ polarity inverted ........ccocceversersnenane 291
Figure 15-48. RESIAIt MOUE wuvviiviiiiiniiiiiiiinncisiisi it ssssssss s ssssssssssssssssssssssnssnssssssnssnsssns 292
Figure 15-49. PAUSE MOTE uiiuiiiiiiiiiiiiiiiciinisisssssscssssssssssssssssssssssssssssssssssssssssssssssssssssnssssssssssssssssssnssans 292
Figure 15-50. EVENT MOUE cuiiiiiieiiiiiiiiniiiiiiscsscsscsscssssssssssssssssssssssssssssssssssssssssssssssssssnsssnssssssssssssssnesans 293
Figure 15-51. Single pulse mode TIMERXx_CHXCV = 0xX04 TIMERX_CAR=0X60 .....cceccsssersuerssersersaerane 294
Figure 15-52. Basic timer DIOCK diagram ......cceiiiiniiiiniiiiisissssssssssssssesssssssssssssssssssssssns 315
Figure 15-53. Normal mode, internal clock divided DY L., 316
Figure 15-54. Counter timing diagram with prescaler division change from 110 2......cceccrnirsersncnane 317
Figure 15-55. Timing chart of up counting mode, PSC=0/1 .......cceccvnirniinirninninninninniininneseses. 318
Figure 15-56. Timing chart of up counting mode, change TIMERX_CAR 0ONQOING..ccccccrerrrrrrrrcsnnrenes 319
Figure 16-1. USART module BIoCK diagram ....ceeiiiieiiniiniiiiisisisissssssssssssssssssssssssssssssssns 327
Figure 16-2. USART character frame (8 bits data and 1 Stop Dit) ceecceveverevceiiniinciniceercrencseresceeseeennes 327
Figure 16-3. USART tranSmit ProCEAUIE wuciiiniiiiisiisiisiiscisssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssans 329
Figure 16-4. Receiving a frame bit by oversampling Method......ccccvievirevciiiniiinnieneiesereeresseesseenenns 330
Figure 16-5. Configuration steps when using DMA for USART tranSmiSSioN ....cuciirsensessesssesssenns 331
Figure 16-6. Configuration steps when using DMA for USART reCception ......cisennesncnsensessscsssenns 332
Figure 16-7. Hardware flow control between twWo USARTS ...ciciiiiniiniiiiniisissesssssssssssssssssssesns 332
Figure 16-8. Hardware flIOW CONTIOL ittt s sss s s sssssssssssssssssssesans 333
Figure 16-9. Break frame occurs during idle State ......ciiiiniiniiniiniiniiiisssnsssssssssssssssssssssssesns 334
Figure 16-10. Break frame occurs during a frame....ciiiiiiiiissssssssssssssssssssssssssssesns 335
Figure 16-11. Example of USART in SYNChronouUS MOUE ..ciciiniiniiniiniinsiissiissciseissesssssssssssssssesssssssesns 335
Figure 16-12. 8-bit format USART synchronous waveform (CLEN=1).....ccccccecerrvirnirserneisscisessnssenans 336
Figure 16-13. IrDA SIR ENDEC MOUUIE wiouiiviiieiiiiiiiiitiecianissississssssssssssssssssssssssssssssssssssssssssssssssssssssns 336
Figure 16-14. IrDA data MOAUIALION ..ciiiveiiieiiiiiiiiiiicisississ s ssssssssssssssssssssssnssssssnssnsssns 337
Figure 16-15. ISO7816-3 frame fOrMat ...coccivviiiiiiiiniiiiiieiisieiiseisssss s ssssssssssssssssssssssssssssssns 338
Figure 16-16. USART interrupt mapping diagram c...ciceeeccceecseeesnesssnsiessesssssesnsssnsssssessssssssssssssnsssssssssns 339
Figure 17-1. 12C module DIOCK diagram ....ccieiiiiniiiiiiiiisississississssssssssssssssssssssssssssssssssssssssssssssns 351
Figure 17-2. Data ValidatioN ......ucieiiniiniiiiiiiisiisiissississississssssssssssssssssssssssssssssssssssssssssssssssssssssssnsssnsssns 352
Figure 17-3. START and STOP CONAITION w.ivviiviiniiniiiiiiiiniesisnississssssssssssssssssssssssssssssssssssssssssssssssssns 352
Figure 17-4. CIOCK SYNCNTONIZALION ..ecvvuiiieiiieiiiiiiiiiiciiiistissississsssssssssssss st ssssssssssssssssssasssssssssssnsssnsssns 353



e

GigaDevice GD32VF103 User Manual

Figure 17-5. SDA Line arbitration ...t sssesss s sssssssssess 353
Figure 17-6. 12C communication flow with 7-Dit @ddressS ... 354
Figure 17-7.12C communication flow with 10-bit address (Master TranSmit) ...cocveersersessessesssenane 354
Figure 17-8. 12C communication flow with 10-bit address (Master RECEIVE) ....ccuerviriersersessesssenane 354
Figure 17-9. Programming model for slave transmitting(10-bit address mode).......ccevrverserserinenane 356
Figure 17-10. Programming model for slave receiving(10-bit address mode) ......cceverversersersersnenane 357
Figure 17-11. Programming model for master transmitting(10-bit address mode) ......ccecersuerserinerane 359

Figure 17-12. Programming model for master receiving using Solution A(10-bit address mode).. 361
Figure 17-13. Programming model for master receiving using solution B(10-bit address mode) .. 363

Figure 18-1. BIOCK diagram Of SPl...iiiiiniiniiniiiiiiiiiisiiseiscssississsssssssssssssssssssssssssssssssssssssssssssssns 378
Figure 18-2. SPI timing diagram in NOrmMal MOdE ....iiiiiniiniiniinii s s sse s 379
Figure 18-3. A typical full-duplexX CONNECTION ...iviiniiiiiniiiiiiiie s ssse s sssesane 381
Figure 18-4. A typical simplex connection (Master: Receive, Slave: TranSmit).....cccenersersessessaenane 381
Figure 18-5. A typical simplex connection (Master: Transmit only, Slave: ReCeive)......ccuriersnenane 381
Figure 18-6. A typical bidirectional CONNECHION wiiviiiiiiiiniiiiiii s sssssssesssesane 382
Figure 18-7. Timing diagram of Tl master mode with discontinuous transfer......n., 383
Figure 18-8. Timing diagram of Tl master mode with continuOUs tranSfer ..., 384
Figure 18-9. Timing diagram of Tl SIQVe MOUE ....iiviiiiiniiniiiiiinincnsc s sssesssesane 384
Figure 18-10. Timing diagram of NSS pulse with continuous tranSMIiSSION .....cveiisersersersensessenns 385
Figure 18-11. BIoCK diagram Of [2S.....iiiiiiniiiiiiiniinniiniincisssscsscssssss s sss s ssssssssssssssssssssssssssssssne 388
Figure 18-12. 12S Phillips standard timing diagram (DTLEN=00, CHLEN=0, CKPL=0)......csccsssersueruns 389
Figure 18-13. 12S Phillips standard timing diagram (DTLEN=00, CHLEN=0, CKPL=1) .....cccecerruersueruns 389
Figure 18-14. 12S Phillips standard timing diagram (DTLEN=10, CHLEN=1, CKPL=0)........cccecseseererurrerarsssaresssnasones 390
Figure 18-15. 12S Phillips standard timing diagram (DTLEN=10, CHLEN=1, CKPL=1) ..ccccceeerruersueruns 390
Figure 18-16. 12S Phillips standard timing diagram (DTLEN=01, CHLEN=1, CKPL=0) .....csccsssersueruns 390
Figure 18-17. 12S Phillips standard timing diagram (DTLEN=01, CHLEN=1, CKPL=1) ....cccecerruersueruns 390
Figure 18-18. 12S Phillips standard timing diagram (DTLEN=00, CHLEN=1, CKPL=0) .....csccsssersueruns 391
Figure 18-19. 12S Phillips standard timing diagram (DTLEN=00, CHLEN=1, CKPL=1) ....cccscerruersueruns 391
Figure 18-20. MSB justified standard timing diagram (DTLEN=00, CHLEN=0, CKPL=0) ......ccsc0ssueruus 391
Figure 18-21. MSB justified standard timing diagram (DTLEN=00, CHLEN=0, CKPL=1) ......ceeessueruns 391
Figure 18-22. MSB justified standard timing diagram (DTLEN=10, CHLEN=1, CKPL=0) ......ccseessueruus 391
Figure 18-23. MSB justified standard timing diagram (DTLEN=10, CHLEN=1, CKPL=1) ...cccccscverurrenes 392
Figure 18-24. MSB justified standard timing diagram (DTLEN=01, CHLEN=1, CKPL=0) ......cc0cseevrrenes 392
Figure 18-25. MSB justified standard timing diagram (DTLEN=01, CHLEN=1, CKPL=1) ...c.cceseerrueruus 392
Figure 18-26. MSB justified standard timing diagram (DTLEN=00, CHLEN=1, CKPL=0) .....ccccssueruu. 392
Figure 18-27. MSB justified standard timing diagram (DTLEN=00, CHLEN=1, CKPL=1) ....ccccecsrueruus 392
Figure 18-28. LSB justified standard timing diagram (DTLEN=01, CHLEN=1, CKPL=0) ......csceecssueruus 393
Figure 18-29. LSB justified standard timing diagram (DTLEN=01, CHLEN=1, CKPL=1) ...ccccsseerruerues 393
Figure 18-30. LSB justified standard timing diagram (DTLEN=00, CHLEN=1, CKPL=0) ......ccsceessueruus 393
Figure 18-31. LSB justified standard timing diagram (DTLEN=00, CHLEN=1, CKPL=1) ...ccccseeerrueruus 393
Figure 18-32. PCM standard short frame synchronization mode timing diagram (DTLEN=00,
CHLEN=0, CKPLZ0) utirtirteressiieisnessesiieissessestisessssssesessssssssstsssisssssesstissssssssssssssssssssssssssssessssssssssssssesns 394
Figure 18-33. PCM standard short frame synchronization mode timing diagram (DTLEN=00,
CHLEN=ZO, CKPLZEL)cutititiriniieieesneiiieisesseitisissssseiessssssesstsssssssssssstsssssssssssssssssssesssssssssssesssssssssssesns 394



e

GigaDevice GD32VF103 User Manual
Figure 18-34. PCM standard short frame synchronization mode timing diagram (DTLEN=10,

CHLENZL, CKPLZ0) utiitisersecsisensssssssissessssssssstsssssssssssssssssssssssssssssssssssssssssssssssnsssssssssns st sssssnssnssssssssssssns 394
Figure 18-35. PCM standard short frame synchronization mode timing diagram (DTLEN=10,

CHLENZL, CKPLZEL)ciisiieescnininsensscsiistsssssssstssssssssssssssssssssssssssssssssssssssssssssnssnsssssssssns st ssssnssnssnsssssssssns 394
Figure 18-36. PCM standard short frame synchronization mode timing diagram (DTLEN=01,

CHLENZL, CKPLZ0) utiitisersnisissensssssnsiisessssssssstsssssssssssssssssssssssssssssssssssssssssssssssssssssssssns st sssssnssnssnsssssssssns 394
Figure 18-37. PCM standard short frame synchronization mode timing diagram (DTLEN=01,

CHLENZL, CKPLZEL)ciistiericiiiinsesssssiisessssssssstssssssssssssssssssssssssssssssssssssssssssssnssssssssssssns st ssssnssnsssssssssnssns 394
Figure 18-38. PCM standard short frame synchronization mode timing diagram (DTLEN=00,

CHLENZL, CKPLZ0) utiitisereueiissenssssssssiisessssssssstsssssssssssssssssssssssssssssssssssssssssssssssssssssssssns st sssssnssnssssssssssssns 395
Figure 18-39. PCM standard short frame synchronization mode timing diagram (DTLEN=00,

CHLENZL, CKPLZEL)ciisiieesesiiinsssssstistsssssssstssssssssssssssssssssssssssssssssssnsssssssssnssnssssssnssns st ssssnssnssnsssssssssns 395
Figure 18-40. PCM standard long frame synchronization mode timing diagram (DTLEN=00,

CHLEN=0, CKPLZ0) utitirirrinsiiiininsiiiinisissiitisissesseiesssissesstsssssssssessssssssssssssssssssssssssssssssssssssssssssssssesns 395
Figure 18-41. PCM standard long frame synchronization mode timing diagram (DTLEN=00,

CHLENZO, CKPLZEL)uiiiitcrninniiiincseiiiniseseistisisessesssssssesstsssssssssessssssssssssssssssssssssssssssssssssssssssssssssesns 395
Figure 18-42. PCM standard long frame synchronization mode timing diagram (DTLEN=10,

CHLEN=L, CKPLZ0) utitiririsniiiinisseiiinississiitisisissessissssssstsssssssssesssssssssssssssssssssssssssssssssssssssssssssssesns 395
Figure 18-43. PCM standard long frame synchronization mode timing diagram (DTLEN=10,

CHLENZL, CKPLZEL)iititiiiniiiinenneiiinisessesstisisessessesssssssstsssssssssessssssssssssssssssssssssssssssssssssssssssssssssesns 396
Figure 18-44. PCM standard long frame synchronization mode timing diagram (DTLEN=01,

CHLEN=L, CKPLZ0) utititirisiiiininseiiinississeitisisissesssssssesstssssssssssssssssssssssssssssssssssssssssssssssssssssssssssesns 396
Figure 18-45. PCM standard long frame synchronization mode timing diagram (DTLEN=01,

(O T e I O 1 T 396
Figure 18-46. PCM standard long frame synchronization mode timing diagram (DTLEN=00,

CHLEN=L, CKPLZ0) utistireiriniiiisnessisiinisscssisiisissssseiisssisssestississsssesstsssssssssssssssssssssssssssssessessssssssssssesns 396
Figure 18-47. PCM standard long frame synchronization mode timing diagram (DTLEN=00,

(O T e I O 1 T 396
Figure 18-48. Block diagram Of 12S ClOCK gENETAtOr ..civiiviiiiiniiniiinicistnss s sssssssssssesane 397
Figure 19-1. The EXMC DIOCK iagram ....cceiicceiisirinnininsenisseissnnsssnsissnsiesessssssssssssssssssssssssssssassssssssssnsssnes 414
Figure 19-2. EXMC MeMOIY DANKS wcociiiiiiiiiiiiiiiiiitisiisiisiississ s s s s ssssssssssssssssssssssssssssssssssns 415
Figure 19-3. Region of bank0 addreSs MapPinNg ..cceeeieererceressnsissnssssessesesessssssssssssssssssssssssssassssssssssssssnes 415
Figure 19-4. MultipleXx MOde read GCCESS .ttt ssssssssssssssssssssssssssssssssssns 418
Figure 19-5. MultipleX MOde WIITE ACCESS ittt ssss s ssssssssssssssssssssssssssns 418
Figure 19-6. Read access timing diagram under async-wait signal assertion.......ccceiernennensenns 420
Figure 19-7. Write access timing diagram under async-wait signal assertion ......cccccecveeisesscssnnns 420
Figure 20-1. CAN module BIOCK diagram .....cucieiiiiniiniiiiiiiississississississsssssssssssssssssssssssssssssssssns 425
Figure 20-2. TranSMIiSSION FEOISTEN cuiiviiiiiiiiniiiiiiiiiet i ssssssssssasssasssssssssssnssnssssssnssnssans 427
Figure 20-3. State of transmMiSSION MaAIDOX ..civiiviiniiiiiiiiniii s ssesans 428
Figure 20-4. RECEPLION FEOISTEN uiiirririrrericseereseerestessstessssesessesssanssssnssssnsssssessssssssasssssssssssessssesssasssssnsssnnsssnns 429
FIgure 20-5. 32-Dit FIILEI civiiiiiiiiiiiiiiniitntic s sssessassssesaesasssesanssanesanssanssanesans 430
FIgUre 20-6. 16-Dit FIILEr civiiviiriiieiiiiiiiniitinieties s sssssassssssesassnssenssanesanssanssanssans 430
Figure 20-7. 32-bit MASK MOAE fIlLEr w.cvviiiiiiiiiiiiitncnt s ssasssassnssane 431
Figure 20-8. 16-bit MaSK MOAE fIlLEr ..cvviiviiiiiiiiititnti s sssssssssassans 431



e

GD32VF103 User Manual

GigaDevice

Figure 20-9. 32-bit [iSt MOAE filLer ittt sse s 431
Figure 20-10. 16-Dbit list MOAE filtEr cuviiviiiiiiiiiiiiicn s sse s 431
Figure 20-11. The DIt tiMe i sse s s ssesssessessesnesane 434

Figure 21-1.
Figure 21-2.
Figure 21-3.
Figure 21-4.
Figure 21-5.
Figure 21-6.
Figure 21-7.
Figure 21-8.

UEST = SIS o] Lo T o1 1qe [ =T | = 0 459
Connection with host or device MOAE .. 460
Connection With OTG MO ...ttt sssessesane 461
State transition diagram of hOSt POIt ..ucivciiiiiiniiniini e 461
HOST mode FIFO Space in SRAM ...t sssssssssssssssssssssees 466
Host mode FIFO acCess regiSter Map .cececieeieiiiciiiiieiisisiisimesmmnememsnes 466
Device mode FIFO Space in SRAM ..iiininininicnsnssssssssssssssssssssssssssssssssssssssnees 467
Device mode FIFO access regiSter Map . 467

19



e

GD32VF103 User Manual

GigaDevice
List of Tables

Table 1-1. The interconnection relationship of the AHB interconnNect MatriX ...ccceeeeereerceerereererenessanenes 23
Table 1-2. Memory map 0f GD32VF103 HEVICES ..cccerereerereerernesssnesssnesessessssnsssssessssesessssssasesssssssssssssassssanesss 25
Table 1-3. BOOE MOUES ..eiveeiieeieiieiiitiesiis s sses s ssssssssssssssasssssssssnsssnsssnsssnsssnsssnsssnsssnssnsssnssnssnssnsssnssnns 29
Table 2-1. Base address and size for flash MEMOTY ....eicvieirrnicreicrercre e reee e seseressseesssnesesassssaneses 32
TADIE 2-2. OPtION DY TE.uuuiiiiiiceeicreercrercreerree e seseessseresseeseseesesasssssnesssnesesnesesnnssssnesssneserassssanesssnesssnesssassssanasen 38
Table 3-1. Power Saving MOAE SUMMATY ..cccvcererreeerseessreesessesessnsssssessssessssesssasssssssssssssssassssssssssssssssssssassssanasss 51
Table 5-1. ClIOCK OULPUL O SOUICE SEIECT w.uuiivrerereirecreireercreesssenessnessseesesaesesnnsssssessssesesassssanesssnssssnssssassssanessn 67
Table 5-2. 1.2V domain voltage selected in deep-SIEEP MOAE ..ccvceerereerirerrirreicreerereeecsresseeseseesesaeessanenes 67
Table 6-1. INtErrupt VECTOI LADIE ...t ssssresssseressssnessessnnesssssnnessssansssessnnessssannessssansesassanenss 94
BLIE= oL = G I =] 01U o = N 97
Table 7.1. GPIO configuration tabI€ .. iicceeiicreeeicreeesrcseer e sssseressssenesssssenessessnnessssansessssnnessassanessssanns 101
Table 7.2. Debug iNnterface SIGNaAIS ..uucvviiicrciriicrreriireresscsees i snessessnressssnesssssanesssssanessssnsessssansesessanessssanns 106
Table 7.3. DEDUQ POIt MaPPiNg . ccccceeicrrrericrrrriisssnesiessnesssssnessssssnesssssnnesssssnsessssnesssssnsesssssnssssssanssssssansssssanns 107
Table 7.4. TIMERO alternate function remMapPiNg ccccccceeeccreericssersessnessesssesessssesssssnesssssnsssssssnsessssansssssanns 107
Table 7.5. TIMERL alternate function remMapPiNg ..cccccceeecrreericssersessnessessssssssssesssssssesssssnssssssnsessssanessssanns 107
Table 7.6. TIMER2 alternate function remMapPinNg ..cccccceeecereeriessersesssnessssssssessssessesssesssssnsssssssnsessssansssssanns 108
Table 7.7. TIMERS alternate function remMapPinNg ..cccccceeeccrceeriesserressnersesssssessssessesssesssssnssssssnsessssansssssanns 108
Table 7.8. TIMER4 alternate function remMapPiNg ccccccceeecsreeriesserressnessesssssesssnessssssesssssnsssssssnsessssansssssanns 108
Table 7.9. USARTO alternate function remapping..cccccceeccreerecssersessnessssssssesssnessssssnesssssnssssssnsessssansssssanns 108
Table 7.10. USARTL1 alternate function remMappPiNg..ccccccccceericssersessneesessnssesssnessssssnesssssnssssssnsessssansssssanns 108
Table 7.11. USART2 alternate function remMappPiNg...ccccececceericsserscssnersesseesssssnessesssnesssssnsessssnesssssansssssanns 108
Table 7.12. 12C0 alternate funCtion reMaPPIiNg ccccceeecrcrereesreeriessersessressesssesessssessessasesssssssesssssnsessssansssasanns 109
Table 7.13. SPIO alternate fuNCtioN reMaPPING . ccceiccrcericrreeriessnerressressesssesessssessessanesssssnsesssssnssssssanessssanns 109
Table 7.14. SPI2/12S2 alternate funCtion reMapPPiNg .cccceecccceerecrsersesssrersessressessneesessnessesssnesssssneessssanessesanns 109
Table 7.15. CANO alternate funCtion reMapPPiNg weciccccceecrreeriessersessnessesseesessssessessasesssssnsssssssneessssanessesanns 110
Table 7.16. CANL1 alternate funcCtion reMapPPiNg weeiccccceererrcerriessnerressnessesseesessssessessasesssssnsesssssnesssssanessssanns 110
Table 7.17. OSC32 PiNS CONFIQUIAtION..uuiiiirreriicrsrerresrresiesseeessssnessesssnessessnsssssssnesssssanesssssnsessssanesssssanessasanns 110
Table 7.18. OSC PiNS CONTIQUIAtION civcvveericceeriicseesrcsreressesseeessssanessessnnesssssnsssssssnesssssanesssssnsessssanessessanessssanns 110
Table 9-1. DMA tranSfer OPEratioN ..uuceciicccceerccssesscssenessesssessssssnessesssnesssssnssssssssssssssanesssssnsessssanesssssansssssanns 133
Table 9-2. INTEITUPL EVENTS coeeeiecreeeicsreeesreseesssssnessessnnesssssnessssssnessessnnesssssnsessssanesssssnsesssssnsessssanessassanessssanns 136
Table 9-3. DMAOQ requests for @aCh ChanNel.. et sscere s sere s s sne e ssssaneesessnnessssnnns 137
Table 9-4. DMAL requests for each Channel....... it 138
Table 11-1. ADC internal SIgNalS .ottt s s s e s e s sne s an s 152
Table 11-2. ADC PiNS defiNitiON .euiiiieiiieiieiiee it s e s s s e s e s mn s 152
Table 11-3. External trigger for regular channels for ADCO and ADCL .....ccccoiieviriiirirnnnssenseesesesseenns 161
Table 11-4. External trigger for inserted channels for ADCO and ADC1 ......ccvecirererirnnnsneneeesenesseenns 161
Table 11-5. tcony timings depending 0N reSOIULION cu.eiieciiecciiirtirie et 162
Table 11-6. Maximum output results vs N and M (Grayed values indicates truncation) ..........ce...... 164
QLI LT LI I 0 O o ] g T 187
Table 12-2. External triggers Of DAC ... it s s s s s s s s s as s s s e s sne s nan s 188
Table 13.1. Min/max FWDGT timeout period at 40 KHzZ (IRCA0K) ...ciccereiiiiiiniiiniesnsressssesee e 201



e

GigaDevice

GD32VF103 User Manual

Table 13.2.

Table 15-1.
Table 15-2.
Table 15-3.
Table 15-4.
Table 15-5.

Table 15-6.
Table 16-1.
Table 16-2.
Table 16-3.
Table 17-1.

Min/max timeout value at 54 MHZ (fecLK1) cereerseersessennnnsnnnnnniisiieeeseenes 208
Timers (TIMERX) are devided into three SOrS..ii e, 220
Complementary outputs controlled by parameters ..., 238
Counting direction versus encoder SIgNalS ... 241
Slave mode example table i 243
Counting direction versus encoder SIgNalS ... 290
Slave controller eXamPpPlES . sane 292
Description of USART iMpPOrtant PiNS . 326
Stop DitS CONFIGQUIALION wivveiisiiiiiiiiiicntnnt st 327
USART iNTEITUPL FEQUESTS cutiieiriiiiiiniiiniiisiisesscssesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssans 338
Definition of 12C-bus terminology (refer to the I12C specification of philips

L= gL oo ¥o [ L] {o T =) 351
Tablel7-2. EVENT StAtUS FlAQS wiievcirerrriririnirisseiestiistsisnssssnssssssssnsssssssssssssssssssassssanssssssssssssssasssssssssssssssanes 366
TaDIEL7-3. [2C EFTOF FlAgS cerrererrerrreriristiisneiesesesnesssnrsssnsssssssssassssanssssssssssssssassssassssassssssssssassssansssssssessssssans 366

Table 18-1.
Table 18-2.
Table 18-3.
Table 18-4.
Table 18-5.
Table 18-6.
Table 18-7.
Table 19-1.
Table 19-2.
Table 19-3.
Table 19-4.
Table 19-5.
Table 19-6.

Table 20-1.
Table 20-2.

Table 21-1.
Table 21-2.
Table 22-1.

SPI SigNal dESCIIPLION cuirereirertrictiieetieseresrsssresste s stesssnesssasssssnssssnssesassssassssansssssesessssssassssasasss 378
SP| OPErating MOUES ..ciiererererrisntiisntiesesssrssssssssnessssesssasssssssssssesessssesassssassssassssssssessssssassssasasss 380
SPLINTEITUPT FEOUESTS etreeiriretrirnteisttissesssansssnssssnesessessssssssssssssssssssssesassssassssansssssssessssssassssasssss 387
12S bitrate calculation fOrMUIAS ...t 397
Audio sampling frequency calculation fOrmMuUIAS .....coccvvererircrinrriinnnieeerereseresee s seenes 397
Direction of 12S interface signals for each operation Mode ....ccccvecerrererererisnnisnesennnnenes 398
[2S INTEITUPT eereerererisreesessesteseseesesaesssansssssessssessssssessssssansssssessssesssassssasssssnesessesesassssassssanssssnssonns 401
NOR Flash interface signals deSCriplioN ..iicvceieecerissirennieneiesrssserensessesessesessssasssssnssssnssenes 416
PSRAM muxed Signal deSCIIPLION cuvciiieeiierirestieseressrsssnssssnesesessssnnsssnsssssssessssssassssanssssnsssnns 416
EXMC bank 0 supports all tranSaCtiONS ...c.eiievceierreisneisseeiesesesnsssnsssssssessssesssssssnsssnssssnsssnes 416
NOR / PSRAM controller timing parametersS....reieeeieseresesssneissnsiesssessssssssssnsssssssenes 417
EXMC_tiMIiNg MOUEIS.ciiceiieeiieeirirerinntiisteieseeiesnesssntsssnesssnsssssssesasssssnssssssssssssesssssssssssanssssnsssnes 418
Multiplex mode related registers CONfiQUIation ....uiceveceiereresnnssnensneieneresssssnessnesssnssenes 419
2 o T AR 1 =T O 0 T2 = R 431
FIITEIING INAEX cueiiiririiiiineiiestiestristeissneisstessssnssssnssssnesssassssanssssssssssessssssssssssssnsssssssssassssassssnnsssnns 432
USBFS Signal deSCriPLION cueiieriiereristricesieeeissesssntesssnssssssssssssssasssssnsssssssssssssssssssassssanssssnsssnes 459
USBFS globDal INTEITUPT..eeiiceiieirctristsistnseeeseseesssntessanesssnesssnssesanssssnssssnssessesessssssassssanssssnsssnns 472
REVISION NISTOIY cieceiiiciiicirieeiienetiesesssneisstsseseesesessessnssssnssssssssssssssasssssnsssssessssesessssssassssssasssnsssnns 532

21



e

GD32VF103 User Manual

GigaDevice

1. System and memory architecture
The devices of GD32VF103 series devices are 32-bit general-purpose microcontrollers based
on the Nuclei Bumblebee processor. The Bumblebee processor is based on the RSIC-V
architecture instruction set, hereinafter referred to as the RISC-V processor. The RISC-V
processor includes three AHB buses known as I-Code bus, D-Code bus and System buse.
All memory accesses of the RISC-V processor are executed on the three buses according to
the different purposes and the target memory spaces. The memory organization uses a
Harvard architecture, pre-defined memory map and up to 4 GB of memory space, making the
system flexible and extendable.

1.1. RISC-V CPU
RISC-V CPU target for embedded applications that require low energy consumption and small
area, which is compliant to RISC-V architecture with several efficient micro-architecture
features, including simple dynamic branch prediction, instruction pre-fetch buffers and local
memories. Visit https://github.com/nucleisys/Bumblebee Core Doc for more information
about the Bumblebee core.It supports 32 general purpose registers (GPRs) and fast multiplier
for performance/area tradeoff:
B RISC-V compliant little-endian RV32IMAC (32GPRS) ;
B Configurable 2-stage pipeline optimized for low gate-count and high frequency;
B Machine (M) and User (U) Privilege levels support;
B Single-cycle hardware multiplier and Multi-cycles hardware divider support;
B Misaligned load/store hardware support;
B Atomic instructions hardware support;
B Non-maskable interrupt (NMI) support;
B Dynamic Branch Prediction and instruction pre-fetch buffers to speed up control code;
B State-of-the-art micro-architecture design to tradeoff area and performance

requirements;

B WFI (Wait for Interrupt) support;
B WFE (Wait for Event) support;
B Interrupt priority levels configurable and programmable;
B Enhancement of vectored interrupt handling for real-time performance;
B Support interrupt preemption with priority ;
B Support interrupt tail chaining;
B Standard 4-wire JTAG debug port
B Support interactive debug functionalities
B Support 4 triggers for hardware breakpoint

1.2. System architecture

A 32-bit multilayer bus is implemented in the GD32VF103 devices, which makes the parallel
22
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access paths between multiple masters and slaves in the system possible The multilayer bus
consists of an AHB interconnect matrix, one AHB bus and two APB buses. The
interconnection relationship of the AHB interconnect matrix is shown below. In Table 1-1. The
interconnection relationship of the AHB interconnect matrix, “1” indicates the
corresponding master is able to access the corresponding slave through the AHB

interconnect matrix, the blank indicates the corresponding master cannot access the
corresponding slave through the AHB interconnect matrix.

Table 1-1. The interconnection relationship of the AHB interconnect matrix

IBUS |DBUS | SBUS | DMAO | DMA1

FMC-I 1

FMC-D 1 1 1
SRAM | 1 1 1 1 1
EXMC| 1 1 1 1 1
AHB 1 1 1
APB1 1 1 1
APB2 1 1 1

As is shown above, there are several masters connected with the AHB interconnect matrix,
including IBUS, DBUS, SBUS, DMAO and DMAL. IBUS is the instruction bus of the RISC-V
core, which is used for fetching instruction/vector from the Code region (0x0000 0000 ~
Ox1FFF FFFF). DBUS is the data bus of the RISC-V core, which is used for loading/storing
data and also for debugging access of the Code region. Similarly, SBUS is the system bus of
the RISC-V core, which is used for fetching instruction/vector, loading/storing data and
debugging access of the system regions. The System regions include the internal SRAM
region and the Peripheral region. DMAO and DMA1 are the buses of DMAO and DMALl
respectively.

There are also several slaves connected with the AHB interconnect matrix, including FMC-,
FMC-D, SRAM, EXMC, AHB, APB1 and APB2. FMC-I is the instruction bus of the flash
memory controller, FMC-D is the data bus of the flash memory controller. SRAM is on-chip
static random access memories. EXMC is the external memory controller. AHB is the AHB
bus connected with all AHB slaves, APB1 and APB2 connected with all APB slaves and all
APB peripherals. APBL1 is limited to 54 MHz, APB2 operates at full speed (up to 108MHz
depending on the device).

As shown in the following figure, these are interconnected using the multilayer AHB bus
architecture.
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Figure 1-1. GD32VF103 system architecture
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1.3. Memory map

The RISC-V processor is structured using a Harvard architecture which uses separate buses

to fetch instructions and load/store data. The instruction code and data are both located in

the same memory address space but in different address ranges. Program memory, data
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memory, registers and 1/O ports are organized within the same linear 4-Gbyte address
space .The maximum address range of the RISC-V is 4-Gbyte due to its 32-bit bus address
width. Additionally, a pre-defined memory map is provided by the RISC-V processor to reduce
the software complexity of repeated implementation for different device vendors. In the map,

some regions are used by the RISC-V system peripherals which can not be modified.

However, the other regions are available to the vendors. Table 1-2. Memory map of
GD32VF103 devices shows the memory map of the GD32VF103 series devices, including

Code, SRAM, peripheral, and other pre-defined regions. Almost each peripheral is allocated

1KB of space. This allows simplifying the address decoding for each peripheral.

Table 1-2. Memory map of GD32VF103 devices

Pre-defined .
Regions Bus Address Peripherals
External

device 0xA000 0000 - 0xA000 OFFF EXMC - SWREG
0x9000 0000 - OX9FFF FFFF Reserved
AHB 0x7000 0000 - OX8FFF FFFF Reserved
External RAM EXMC -
0x6000 0000 - Ox6FFF FFFF NOR/PSRAM/SRA
M

0x5000 0000 - 0x5003 FFFF USBFS
0x4008 0000 - OX4FFF FFFF Reserved
0x4004 0000 - 0x4007 FFFF Reserved
0x4002 BCOO - 0x4003 FFFF Reserved
0x4002 BOOO - 0x4002 BBFF Reserved
0x4002 AOOO - 0x4002 AFFF Reserved
0x4002 8000 - 0x4002 9FFF Reserved
0x4002 6800 - 0x4002 7FFF Reserved
0x4002 6400 - 0x4002 67FF Reserved
0x4002 6000 - 0x4002 63FF Reserved
0x4002 5000 - 0x4002 5FFF Reserved

Peripheral AHB 0x4002 4000 - 0x4002 4FFF Reserved
0x4002 3C00 - 0x4002 3FFF Reserved
0x4002 3800 - 0x4002 3BFF Reserved
0x4002 3400 - 0x4002 37FF Reserved
0x4002 3000 - 0x4002 33FF CRC
0x4002 2CO00 - 0x4002 2FFF Reserved
0x4002 2800 - 0x4002 2BFF Reserved
0x4002 2400 - 0x4002 27FF Reserved
0x4002 2000 - 0x4002 23FF FMC
0x4002 1CO00 - 0x4002 1FFF Reserved
0x4002 1800 - 0x4002 1BFF Reserved
0x4002 1400 - 0x4002 17FF Reserved
0x4002 1000 - 0x4002 13FF RCU
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Pre-defined

Regions

Bus Address Peripherals
0x4002 0CO00 - 0x4002 OFFF Reserved
0x4002 0800 - 0x4002 OBFF Reserved
0x4002 0400 - 0x4002 O7FF DMA1
0x4002 0000 - 0x4002 03FF DMAO
0x4001 8400 - 0x4001 FFFF Reserved
0x4001 8000 - 0x4001 83FF Reserved
0x4001 7CO00 - 0x4001 7FFF Reserved
0x4001 7800 - 0x4001 7BFF Reserved
0x4001 7400 - 0x4001 77FF Reserved
0x4001 7000 - 0x4001 73FF Reserved
0x4001 6C00 - 0x4001 6FFF Reserved
0x4001 6800 - 0x4001 6BFF Reserved
0x4001 5C00 - 0x4001 67FF Reserved
0x4001 5800 - 0x4001 5BFF Reserved
0x4001 5400 - 0x4001 57FF Reserved
0x4001 5000 - 0x4001 53FF Reserved
0x4001 4C00 - 0x4001 4FFF Reserved
0x4001 4800 - 0x4001 4BFF Reserved
0x4001 4400 - 0x4001 47FF Reserved
0x4001 4000 - 0x4001 43FF Reserved
0x4001 3C00 - 0x4001 3FFF Reserved

APB2 0x4001 3800 - 0x4001 3BFF USARTO
0x4001 3400 - 0x4001 37FF Reserved
0x4001 3000 - 0x4001 33FF SPIO
0x4001 2CO00 - 0x4001 2FFF TIMERO
0x4001 2800 - 0x4001 2BFF ADC1
0x4001 2400 - 0x4001 27FF ADCO
0x4001 2000 - 0x4001 23FF Reserved
0x4001 1CO00 - 0x4001 1FFF Reserved
0x4001 1800 - 0x4001 1BFF GPIOE
0x4001 1400 - 0x4001 17FF GPIOD
0x4001 1000 - 0x4001 13FF GPIOC
0x4001 0CO0O0 - 0x4001 OFFF GPIOB
0x4001 0800 - 0x4001 OBFF GPIOA
0x4001 0400 - 0x4001 O7FF EXTI
0x4001 0000 - 0x4001 03FF AFIO
0x4000 CCO0O0 - 0x4000 FFFF Reserved
0x4000 C800 - 0x4000 CBFF Reserved

APB1 0x4000 C400 - 0x4000 C7FF Reserved
0x4000 C000 - 0x4000 C3FF Reserved
0x4000 8000 - 0x4000 BFFF Reserved
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Pre-defined
Regions Bus Address Peripherals
0x4000 7CO00 - 0x4000 7FFF Reserved
0x4000 7800 - 0x4000 7BFF Reserved
0x4000 7400 - 0x4000 77FF DAC
0x4000 7000 - 0x4000 73FF PMU
0x4000 6CO00 - 0x4000 6FFF BKP
0x4000 6800 - 0x4000 6BFF CAN1
0x4000 6400 - 0x4000 67FF CANO
0x4000 6000 - 0x4000 63FF Shared USB/CAN
SRAM 512 bytes
0x4000 5C00 - 0x4000 5FFF UsB dfevice Fs
registers

0x4000 5800 - 0x4000 5BFF 12C1
0x4000 5400 - 0x4000 57FF 12C0
0x4000 5000 - 0x4000 53FF UART4
0x4000 4C00 - 0x4000 4FFF UART3
0x4000 4800 - 0x4000 4BFF USART2
0x4000 4400 - 0x4000 47FF USART1
0x4000 4000 - 0x4000 43FF Reserved
0x4000 3C00 - 0x4000 3FFF SPI2/12S2
0x4000 3800 - 0x4000 3BFF SPI1/12S1
0x4000 3400 - 0x4000 37FF Reserved
0x4000 3000 - 0x4000 33FF FWDGT
0x4000 2CO00 - 0x4000 2FFF WWDGT
0x4000 2800 - 0x4000 2BFF RTC
0x4000 2400 - 0x4000 27FF Reserved
0x4000 2000 - 0x4000 23FF Reserved
0x4000 1CO00 - 0x4000 1FFF Reserved
0x4000 1800 - 0x4000 1BFF Reserved
0x4000 1400 - 0x4000 17FF TIMERG6
0x4000 1000 - 0x4000 13FF TIMERS
0x4000 0CO00 - 0x4000 OFFF TIMER4
0x4000 0800 - 0x4000 OBFF TIMER3
0x4000 0400 - 0x4000 07FF TIMER2
0x4000 0000 - 0x4000 03FF TIMER1
0x2007 0000 - Ox3FFF FFFF Reserved
0x2006 0000 - 0x2006 FFFF Reserved
0x2003 0000 - 0x2005 FFFF Reserved

SRAM AHB 0x2002 0000 - 0x2002 FFFF Reserved
0x2001 C000 - 0x2001 FFFF Reserved
0x2001 8000 - 0x2001 BFFF Reserved
0x2000 5000 - 0x2001 7FFF SRAM
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Pre-defined
. Bus Address Peripherals
Regions
0x2000 0000 - 0x2000 4FFF
Ox1FFF F810 - Ox1FFF FFFF Reserved
Ox1FFF F800 - Ox1FFF F80F Option Bytes
Ox1FFF B00O - OX1FFF F7FF Boot loader
Ox1FFF 7A10 - OX1FFF AFFF Reserved
Ox1FFF 7800 - OX1FFF 7AO0F Reserved
Ox1FFF 0000 - OX1FFF 77FF Reserved
Ox1FFE CO010 - OX1FFE FFFF Reserved
Code AHB Ox1FFE C000 - Ox1FFE COOF Reserved
0x1001 0000 - OX1FFE BFFF Reserved
0x1000 0000 - 0x1000 FFFF Reserved
0x083C 0000 - OXOFFF FFFF Reserved
0x0802 0000 - 0x083B FFFF Reserved
0x0800 0000 - 0x0801 FFFF Main Flash
0x0030 0000 - OX07FF FFFF Reserved
0x0010 0000 - 0x002F FFFF
Aliased to Main
0x0002 0000 - 0x000F FFFF
Flash or Boot loader
0x0000 0000 - 0x0001 FFFF
1.3.1. On-chip SRAM memory
The GD32VF103 series of devices contain up to 32 KB of on-chip SRAM which address starts
at 0x2000 0000. It supports byte, half-word (16 bits), and word (32 bits) accesses.
1.3.2. On-chip flash memory overview
The devices provide high density on-chip flash memory, which is organized as follows:
® Up to 128KB of main flash memory.
® Up to 18KB of information blocks for the boot loader.
B Option bytes to configure the device.
Refer to Elash memory controller (FMC) Chapter for more details.
1.4. Boot configuration

The GD32VF103 devices provide three kinds of boot sources which can be selected by the
BOOTO0 and BOOT1 pins. The details are shown in the following table. The value on the two
pins is latched on the 4th rising edge of CK_SYS after a reset. User can select the required
boot source by set the BOOTO and BOOT1 pins after a power-on reset or a system reset.
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Once the two pins have been sampled, they are free and can be used for other purposes.

Table 1-3. Boot modes

Boot mode selection pins
Selected boot source
Bootl Boot0
Main Flash Memory X 0
Boot loader 0 1
On-chip SRAM 1 1

Note: When the boot source is hoped to be set as “Main Flash Memory”, the BootO pin has
to be connected with GND definitely and can not be floating.

The embedded boot loader is located in the System memory, which is used to reprogram the
Flash memory. In GD32VF103 devices, the boot loader can be activated through the USARTO
(PA9 and PA10), USARTL1 (PD5 and PD6), USBFS in device mode (PA9, PA11 and PA12)
interface.

1.5. Device electronic signature

The device electronic signature contains memory size information and the 96-bit unique
device ID. It is stored in the information block of the Flash memory. The 96-bit unique device
ID is unique for any device. It can be used as serial numbers, or part of security keys, etc.
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1.5.1. Memory density information
Base address: Ox1FFF F7EO
The value is factory programmed and can never be altered by user.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
SRAM_DENSITY[15:0]
r
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
FLASH_DENSITY[15:0]
r
Bits Fields Descriptions
31:16 SRAM_DENSITY SRAM density
[15:0] The value indicates the on-chip SRAM density of the device in Kbytes.
Example: 0x0008 indicates 8 Kbytes.
15:0 FLASH_DENSITY Flash memory density
[15:0] The value indicates the Flash memory density of the device in Kbytes.
Example: 0x0020 indicates 32 Kbytes.
1.5.2. Unique device ID (96 bits)
Base address: Ox1FFF F7E8
The value is factory programmed and can never be altered by user.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
UNIQUE_ID[31:16]
r
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
UNIQUE_ID[15:0]
r
Bits Fields Descriptions
31.0 UNIQUE_ID[31:0] Unique device ID
Base address: Ox1FFF F7EC
The value is factory programmed and can never be altered by user.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
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UNIQUE_ID[63:48]
r
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
UNIQUE_ID[47:32]
r
Bits Fields Descriptions
31.0 UNIQUE_ID[63:32] Unique device ID
Base address: Ox1FFF F7FO
The value is factory programmed and can never be altered by user.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
UNIQUE_ID[95:80]
r
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
UNIQUE_ID[79:64]
r
Bits Fields Descriptions
31:.0 UNIQUE_ID[95:64] Unique device ID

31




e

GigaDevice

GD32VF103 User Manual

2.

2.1.

2.2.

2.3.

2.3.1.

Flash memory controller (FMC)

Overview

The flash memory controller, FMC, provides all the necessary functions for the on-chip flash
memory. There is no waiting time while CPU executes instructions stored in the flash. It also
provides page erase, mass erase, and word/half-word program operations for flash memory.

Characteristics

Up to 128KB of on-chip flash memory for instruction and data.

No waiting time when CPU executes instructions.

The flash page size is 1KB for all series.

Word/half-word programming, page erase and mass erase operation.

16B option bytes block for user application requirements.

Option bytes are uploaded to the option byte control registers on every system reset.
Flash security protection to prevent illegal code/data access.

Page erase/program protection to prevent unexpected operation.

Function overview

Flash memory architecture

The flash memory consists of up to 128 KB main flash organized into 128 pages with 1 KB
capacity per page and a 18 KB Information Block for the Boot Loader. The main flash memory
contains a total of up to 128 pages which can be erased individually. The Table 2-1. Base
address and size for flash memory shows the details of flash organization.

Table 2-1. Base address and size for flash memory

size
Block Name Address Range

(bytes)

Page 0 0x0800 0000 - 0x0800 03FF 1KB

Page 1 0x0800 0400 - 0x0800 07FF 1KB

Page 2 0x0800 0800 - 0x0800 OBFF 1KB

Main Flash Block

Page 127 0x0801 FCOO0 - 0x0801 FFFF 1KB

Information Block Boot loader area | Ox1FFF BO0O- Ox1FFF F7FF 18KB

Option bytes Block Option bytes Ox1FFF F800 - Ox1FFF F80F 16B
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2.3.2.

2.3.3.

2.3.4.

Note: The Information Block stores the boot loader. This block cannot be programmed or
erased by user.

Read operations

The flash can be addressed directly as a common memory space. Any instruction fetch and
the data access from the flash are through the IBUS or DBUS from the CPU.

Unlock the FMC_CTL registers

After reset, the FMC_CTL registers are not accessible in write mode, and the LK bit in
FMC_CTL register is 1. An unlocking sequence consists of two write operations to the
FMC_KEY register to open the access to the FMC_CTL register. The two write operations are
writing 0x45670123 and OxCDEF89AB to the FMC_KEY register. After the two write
operations, the LK bit in FMC_CTL register is reset to 0 by hardware. The software can lock
the FMC_CTL again by setting the LK bit in FMC_CTL register to 1. Any wrong operations to
the FMC_KEY will set the LK bit to 1, and lock FMC_CTL register, and lead to a bus error.

The OBPG bit and OBER bit in FMC_CTL are still protected even the FMC_CTL is unlocked.
The unlocking sequence is two write operations, which are writing 0x45670123 and
OxCDEF89AB to FMC_OBKEY register. And then the hardware sets the OBWEN bit in
FMC_CTL register to 1. The software can reset OBWEN bit to O to protect the OBPG bit and
OBER bit in FMC_CTL register again.

Page erase

The FMC provides a page erase function which is used to initialize the contents of a main
flash memory page to a high state. Each page can be erased independently without affecting
the contents of other pages. The following steps show the access sequence of the registers
for a page erase operation.

B Unlock the FMC_CTL registers if necessary.

B Check the BUSY bit in FMC_STAT registers to confirm that no flash memory operation
is in progress (BUSY equals to 0). Otherwise, wait until the operation has finished.

B Setthe PER bit in FMC_CTL registers.

B Write the page absolute address (0x08XX XXXX) into the FMC_ADDR registers.

B Send the page erase command to the FMC by setting the START bit in FMC_CTL
registers.

B Wait until all the operations have finished by checking the value of the BUSY bit in
FMC_STAT registers.

B Read and verify the page if required using a DBUS access.

When the operation is executed successfully, the ENDF in FMC_STAT registers is set, and
an interrupt will be triggered by FMC if the ENDIE bit in the FMC_CTL registers is set. Note
that a correct target page address must be confirmed. Or the software may run out of control
if the target erase page is being used to fetch codes or to access data. The FMC will not
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provide any notification when this occurs. Additionally, the page erase operation will be
ignored on erase/program protected pages. In this condition, a flash operation error interrupt
will be triggered by the FMC if the ERRIE bit in the FMC_CTL registers is set. The software
can check the WPERR bit in the FMC_STAT registers to detect this condition in the interrupt
handler. Eigure 2-1. Process of page erase operation shows the page erase operation flow.
Figure 2-1. Process of page erase operation
Start
Is the LK bitis 0 l;u%ikc?f —‘
Yes j
Set the PER bit,
Write
FMC_ADDR
y
Send the command
to FMC by setting
START bit
Y
No
Is the BUSY bitis Q
Finish
2.3.5. Mass erase

The FMC provides a complete erase function which is used to initialize the main flash block
contents. This erase can affect by setting MER bit to 1 in the FMC_CTL register. The following
steps show the mass erase register access sequence.

B Unlock the FMC_CTL registers if necessary.

B Check the BUSY bit in FMC_STAT registers to confirm that no flash memory operation
is in progress (BUSY equals to 0). Otherwise, wait until the operation has finished.

B Set MER bitin FMC_CTL register

B Send the mass erase command to the FMC by setting the START bit in FMC_CTL
registers.
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B Wait until all the operations have been finished by checking the value of the BUSY bit in
FMC_STAT registers.
B Read and verify the flash memory if required using a DBUS access.

When the operation is executed successfully, the ENDF in FMC_STAT registers is set, and
an interrupt will be triggered by FMC if the ENDIE bit in the FMC_CTL registers is set. Since
all flash data will be modified to a value of OXFFFF_FFFF, the mass erase operation can be
implemented using a program that runs in SRAM or by using the debugging tool that accesses
the FMC registers directly.

The following figure indicates the mass erase operation flow.

Figure 2-2. Process of mass erase operation
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2.3.6. Main flash programming

The FMC provides a 32-bit word/16-bit half word programming function which is used to
modify the main flash memory contents. The following steps show the register access
sequence of the word programming operation.

B Unlock the FMC_CTL registers if necessary.
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B Check the BUSY bit in FMC_STAT registers to confirm that no flash memory operation
is in progress (BUSY equals to 0). Otherwise, wait until the operation has finished.

B Setthe PG bitin FMC_CTL registers.

B Write a 32-bit word/16-bit half word to desired absolute address (0x08XX XXXX) by
DBUS.

B Wait until all the operations have been finished by checking the value of the BUSY bit in
FMC_STAT registers.

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

When the operation is executed successfully, the ENDF in FMC_STAT registers is set, and
an interrupt will be triggered by FMC if the ENDIE bit in the FMC_CTL registers is set. Note
that the word/half word programming operation checks the address if it has been erased. If
the address has not been erased, PGERR bit in the FMC_STAT registers will be set when
programming the address except 0x0. Note that the PG bit must be set before the word/half
word programming operation. Additionally, the program operation will be ignored on
erase/program protected pages and WPERR bit in FMC_STAT is set. In these conditions, a
flash operation error interrupt will be triggered by the FMC if the ERRIE bit in the FMC_CTL
registers is set. The software can check the PGERR bit or WPERR bit in the FMC_STAT
registers to detect which condition occurred in the interrupt handler. Eigure 2-3. Process of
word program operation displays the word programming operation flow.

Figure 2-3. Process of word program operation
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Note: Reading the flash should be avoided when a program/erase operation is ongoing in the
same bank. And flash memory accesses failed if the CPU enters the power saving modes.
2.3.7. Option bytes Erase
The FMC provides an erase function which is used to initialize the option bytes block in flash.
The following steps show the erase sequence.
B Unlock the FMC_CTL register if necessary.
B Check the BUSY bit in FMC_STAT register to confirm that no Flash memory operation
is in progress (BUSY equal to 0). Otherwise, wait until the operation has finished.
B Unlock the option bytes operation bits in FMC_CTL register if necessary.
B Wait until OBWEN bit is set in FMC_CTL register.
B Set OBER bitin FMC_CTL register.
B Send the option bytes erase command to the FMC by setting the START bitin FMC_CTL
register.
B Wait until all the operations have been finished by checking the value of the BUSY bit in
FMC_STAT register.
B Read and verify the Flash memory if required using a DBUS access.
When the operation is executed successful, the ENDF in FMC_STAT register is set, and an
interrupt will be triggered by FMC if the ENDIE bit in the FMC_CTL register is set.
2.3.8. Option bytes modify

The FMC provides an erase and then program function which is used to modify the option
bytes block in flash. There are 8 pair option bytes. The MSB is the complement of the LSB in
each pair. And when the option bytes are modified, the MSB is generated by FMC
automatically, not the value of input data. The following steps show the erase sequence.

B Unlock the FMC_CTL register if necessary.

Check the BUSY bit in FMC_STAT register to confirm that no Flash memory operation
is in progress (BUSY equals to 0). Otherwise, wait until the operation has finished.
Unlock the option bytes operation bits in FMC_CTL register if necessary.

Wait until OBWEN bit is set in FMC_CTL register.

Set the OBPG bit in FMC_CTL register.

A 32-bit word/16-bit half word write at desired address by DBUS.

Wait until all the operations have been finished by checking the value of the BUSY bit in
FMC_STAT register.

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

When the operation is executed successfully, the ENDF in FMC_STAT register is set, and an
interrupt will be triggered by FMC if the ENDIE bit in the FMC_CTL register is set. Note that
the word/half word programming operation checks the address if it has been erased. If the
address has not been erased, PGERR bit in the FMC_STAT register will set when program
the address except programming OxO.
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2.3.9.

The modified option bytes only take effect after a system reset is generated.

Option bytes description

The option bytes block is reloaded to FMC_OBSTAT and FMC_WP registers after each
system reset, and the option bytes take effect. The complement option bytes are the opposite

of option bytes. When option bytes reload, if the complement option byte and option byte do
not match, the OBERR bit in FMC_OBSTAT register is set, and the option byte is set to OXFF.
The OBERR bit is not set if both the option byte and its complement byte are OxFF.Table 2-2.
Option byte shows the detail of option bytes.

Table 2-2. Option byte

Address Name Description
Ox1fff f800 SPC option byte Security Protection value
O0xA5 : no security protection
any value except OxA5 : under security protection
Ox1fff f801 SPC_N SPC complement value
Ox1fff f802 USER [7:4]: reserved
[3]: BB
0: boot from bankl or bankO if bankl is void, when
configured boot from main memory
1: boot from bankO, when configured boot from main
memory
[2]: nNRST_STDBY
0: generate a reset instead of entering standby mode
1: no reset when entering standby mode
[1]: NRST_DPSLP
0: generate a reset instead of entering Deep-sleep mode
1: no reset when entering Deep-sleep mode
[0]: \WDG_HW
0: hardware free watchdog
1: software free watchdog
Ox1fff f803 USER_N USER complement value
Ox1fff {804 DATA[7:0] user defined data bit 7 to 0
Ox1fff f805 DATA_NI[7:0] DATA complement value bit 7 to 0
Ox1fff f806 DATA[15:8] user defined data bit 15 to 8
Ox1fff f807 DATA_NJ[15:8] DATA complement value bit 15 to 8
Ox1fff f808 WP[7:0] Page Erase/Program Protection bit 7 to 0
0: protection active
1: unprotected
Ox1fff f809 WP_NJ[7:0] WP complement value bit 7 to 0
Ox1fff f80a WP[15:8] Page Erase/Program Protection bit 15 to 8
Ox1fff f80b WP_N[15:8] WP complement value bit 15 to 8
Ox1fff f80c WP[23:16] Page Erase/Program Protection bit 23 to 16
Ox1fff f80d WP_N[23:16] WP complement value bit 23 to 16
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2.3.10.

2.3.11.

Address Name Description

Ox1fff f80e WP[31:24] Page Erase/Program Protection bit 31 to 24

WP[30:24]: Each bit is related to 4KB flash protection, that
means 4 pages for GD32VF103. Bit 0 configures the first
4KB flash protection, and so on.

Ox1fff f80f WP_N[31:24] WP complement value bit 31 to 24

Page erase/program protection

The FMC provides page erase/program protection functions to prevent inadvertent operations
on the Flash memory. The page erase or program will not be accepted by the FMC on
protected pages. If the page erase or program command is sent to the FMC on a protected
page, the WPERR bit in the FMC_STAT registers will then be set by the FMC. If the WPERR
bit is set and the ERRIE bit is also set to 1 to enable the corresponding interrupt, then the
Flash operation error interrupt will be triggered by the FMC to draw the attention of the CPU.
The page protection function can be individually enabled by configuring the WP [31:0] bit field
to 0 in the option bytes. If a page erase operation is executed on the option bytes block, all
the Flash Memory page protection functions will be disabled. When WP in the option bytes is
modified, a system reset followed is necessary.

Security protection

The FMC provides a security protection function to prevent illegal code/data access on the
Flash memory. This function is useful for protecting the software/firmware from illegal users.

No protection: when setting SPC byte and its complement value to OXx5AA5, no protection
performed. The main flash and option bytes block are accessible by all operations.

Under protection: when setting SPC byte and its complement value to any value except
O0x5AA5, the security protection is performed. Note that a power reset should be followed
instead of a system reset if the SPC modification is performed while the debug module is still
connected to JTAG device. Under the security protection, the main flash can only be accessed
by user code and the first 4KB flash is under erase/program protection. In debug mode, boot
from SRAM or boot from boot loader mode, all operations to main flash is forbidden. If a read
operation to main flash in debug, boot from SRAM or boot from boot loader mode, a bus error
will be generated. If a program/erase operation to main flash in debug mode, boot from SRAM
or boot from boot loader mode, the WPERR bit in FMC_STAT registers will be set. Option
bytes block are accessible by all operations, which can be used to disable the security
protection. If program back to no protection level by setting SPC byte and its complement
value to OX5AA5, a mass erase for main flash will be performed.
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2.4. Register definition
FMC base address: 0x4002 2000

2.4.1. Wait state register (FMC_WS)

Address offset: 0x00
Reset value: 0x0000 0000

This register has to be accessed by word (32-bit)

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ Reserved

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ Reserved WSCNT[2:0]

w

Bits Fields Descriptions
31:3 Reserved Must be kept at reset value.
2:0 WSCNTI[2:0] Wait state counter

These bits is set and reset by software. The WSCNT valid when WSEN bit in
FMC_WSEN is set.

000: 0 wait state added

001: 1 wait state added

010: 2 wait state added

011~111:reserved

2.4.2. Unlock key register (FMC_KEY)

Address offset: 0x04
Reset value: 0x0000 0000

This register has to be accessed by word (32-bit)

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

‘ KEY([31:16)

w

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

‘ KEY[15:0]

w
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Bits Fields Descriptions
31.0 KEY[31:0] FMC_CTL unlock key
These bits are only be written by software. Write KEY[31:0] with keys to unlock
FMC_CTL register
2.4.3. Option byte unlock key register (FMC_OBKEY)
Address offset: 0x08
Reset value: 0x0000 0000
This register has to be accessed by word (32-bit)
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ OBKEY[31:16] ‘
w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ OBKEY[15:0] ‘
w
Bits Fields Descriptions
31:.0 OBKEY[31:0] FMC_CTL option bytes operation unlock key
These bits are only be written by software. Write OBKEY[31:0] with keys to unlock
option bytes command in FMC_CTL register.
2.4.4, Status register (FMC_STAT)
Address offset: 0x0C
Reset value: 0x0000 0000
This register has to be accessed by word (32-bit)
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved ‘
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved ‘ ENDF ‘ WPERR |Reserved | PGERR |Reserved | BUSY ‘
rc_wl rc_wl rc_wl r
Bits Fields Descriptions
31:6 Reserved Must be kept at reset value.
5 ENDF End of operation flag bit
When the operation executed successfully, this bit is set by hardware. The software
can clear it by writing 1.
4 WPERR Erase/Program protection error flag bit
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When erase/program on protected pages, this bit is set by hardware. The software
can clear it by writing 1.

3 Reserved Must be kept at reset value.

2 PGERR Program error flag bit
When program to the flash while it is not OXFFFF, this bit is set by hardware. The
software can clear it by writing 1.

1 Reserved Must be kept at reset value.

0 BUSY The flash busy bit
When the operation is in progress, this bit is set to 1. When the operation is end or
an error is generated, this bit is cleared.

2.4.5. Control register (FMC_CTL)

Address offset: 0x10
Reset value: 0x0000 0080

This register has to be accessed by word (32-bit)

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

‘ Reserved ‘
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

‘ Reserved ‘ ENDIE |Reserved| ERRIE ‘ OBWEN [ Reserved LK ‘ START ‘ OBER ‘ OBPG |Reserved MER | PER ‘ PG ‘
w w w s rs w w w w w

Bits Fields Descriptions
31:13 Reserved Must be kept at reset value.
12 ENDIE End of operation interrupt enable bit

This bit is set or cleared by software
0: no interrupt generated by hardware.
1: end of operation interrupt enable

11 Reserved Must be kept at reset value.

10 ERRIE Error interrupt enable bit
This bit is set or cleared by software
0: no interrupt generated by hardware.

1: error interrupt enable

9 OBWEN Option byte erase/program enable bit
This bit is set by hardware when right sequence written to FMC_OBKEY register.

This bit can be cleared by software.

8 Reserved Must be kept at reset value.
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7 LK FMC_CTL lock bit
This bit is cleared by hardware when right sequence written to FMC_KEY register.
This bit can be set by software.

6 START Send erase command to FMC bit
This bit is set by software to send erase command to FMC. This bit is cleared by

hardware when the BUSY bit is cleared.

5 OBER Option bytes erase command bit
This bit is set or clear by software
0: no effect

1: option byte erase command

4 OBPG Option bytes program command bit
This bit is set or clear by software
0: no effect

1: option bytes program command
3 Reserved Must be kept at reset value.

2 MER Main flash mass erase for bankO command bit
This bit is set or cleared by software
0: no effect

1: main flash mass erase command for bankO

1 PER Main flash page erase for bankO command bit
This bit is set or clear by software
0: no effect

1: main flash page erase command for bank0

0 PG Main flash program for bankO command bit
This bit is set or clear by software
0: no effect

1: main flash program command for bankO

Note: This register should be reset after the corresponding flash operation completed.

2.4.6. Address register (FMC_ADDR)

Address offset: 0x14
Reset value: 0x0000 0000

This register has to be accessed by word (32-bit)
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31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
ADDR[31:16] ‘
w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ADDR[15:0] ‘
w
Bits Fields Descriptions
31:.0 ADDR[31:0] Flash erase/program command address bits
These bits are configured by software.
ADDR bits are the address of flash erase/program command
2.4.7. Option byte status register (FMC_OBSTAT)

Address offset: 0x1C
Reset value: OXOXXX XXXX.

This register has to be accessed by word (32-bit)

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved ‘ DATA[15:6] ‘
r
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ DATA[5:0] ‘ USER([7:0] ’ SPC ‘ OBERR ‘
r r r r
Bits Fields Descriptions
31:26 Reserved Must be kept at reset value.
25:10 DATA[15:0] Store DATA of option bytes block after system reset.
9:2 USER[7:0] Store USER of option bytes block after system reset.
1 SPC Option bytes security protection code
0: no protection
1: protection
0 OBERR Option bytes read error bit.
This bit is set by hardware when the option bytes and its complement byte do not
match, then the option bytes is set to OxFF.
2.4.8. Erase/Program Protection register (FMC_WP)

Address offset: 0x20
Reset value: OxXXXX XXXX

This register has to be accessed by word (32-bit)
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31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
WP[31:16] ‘
r
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
WP[1 ‘
r
Bits Fields Descriptions
31.0 WP[31:0] Store WP of option bytes block after system reset
2.4.9. Product ID register (FMC_PID)

Address offset: 0x100
Reset value: OxXXXXX XXXX

This register has to be accessed by word(32-bit)

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ PID[31:16]
r
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ PID[15:0]
r
Bits Fields Descriptions
31.0 PID[31:0] Product reserved ID code register O

These bits are read only by software.
These bits are unchanged constant after power on. These bits are one time program

when the chip produced.
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3. Power management unit (PMU)

3.1 Overview
The power consumption is regarded as one of the most important issues for the devices of
GD32VF103 series. According to the Power management unit (PMU), provides three types
of power saving modes, including Sleep, Deep-sleep and Standby mode. These modes
reduce the power consumption and allow the application to achieve the best tradeoff among
the conflicting demands of CPU operating time, speed and power consumption. For
GD32VF103 devices, there are three power domains, including Voo/Vopba domain, 1.2V
domain, and Backup domain, as is shown in Figure 3-1. Power supply overview. The power
of the Voo domain is supplied directly by Voo. An embedded LDO in the Vopo/Vopa domain is
used to supply the 1.2V domain power. A power switch is implemented for the Backup domain.
It can be powered from the Vear voltage when the main Voo supply is shut down.

3.2. Characteristics
B Three power domains: Vsak, Voo/Vopa and 1.2V power domains.
B Three power saving modes: Sleep, Deep-sleep and Standby modes.
B Internal Voltage regulator (LDO) supplies around 1.2V voltage source for 1.2V domain.
B Low Voltage Detector can issue an interrupt or event when the power is lower than a

programmed threshold.

B Battery power (Vsar) for Backup domain when Vop is shut down.
B LDO output voltage select for power saving.

3.3. Function overview

Figure 3-1. Power supply overview provides details on the internal configuration of the PMU

and the relevant power domains.
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Figure 3-1. Power supply overview
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3.3.1. Battery backup domain

The Backup domain is powered by the Voo or the battery power source (Vear) selected by the
internal power switch, and the Veak pin which drives Backup Domain, supplies power for RTC
unit, LXTAL oscillator, BPOR and BREG, and three pads, including PC13 to PC15. In order
to ensure the content of the Backup domain registers and the RTC supply, when Vop supply
is shut down, Vear pin can be connected to an optional standby voltage supplied by a battery
or by another source. The power switch is controlled by the Power Down Reset circuit in the
Voo/Vopa domain. If no external battery is used in the application, it is recommended to
connect Vear pin externally to Voo pin with a 100nF external ceramic decoupling capacitor.

The Backup domain reset sources include the Backup domain power-on-reset (BPOR) and
the Backup Domain software reset. The BPOR signal forces the device to stay in the reset
mode until Veak is completely powered up. Also the application software can trigger the
Backup domain software reset by setting the BKPRST bit in the RCU_BDCTL register to reset
the Backup domain.

The clock source of the Real Time Clock (RTC) circuit can be derived from the Internal 40KHz
RC oscillator (IRC40K) or the Low Speed Crystal oscillator (LXTAL), or HXTAL clock divided
by 128. When Voo is shut down, only LXTAL is valid for RTC. Before entering the power saving
mode by executing the WFI/WFE instruction, the RISC-V can setup the RTC register with an
expected wakeup time and enable the wakeup function to achieve the RTC timer wakeup
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event. After entering the power saving mode for a certain amount of time, the RTC will wake
up the device when the time match event occurs. The details of the RTC configuration and
operation will be described in theReal-time Clock (RTC).
When the Backup domain is supplied by Voo (Veax pin is connected to Vop), the following
functions are available:
B PCl3can be usedas GPIO or RTC function pin described in theReal-time Clock (RTC)..
B PC14 and PC15 can be used as either GPIO or LXTAL Crystal oscillator pins.
When the Backup domain is supplied by Vear (Veak pin is connected to Vear), the following
functions are available:
B PC13 can be used as RTC function pin described in the Real-time Clock (RTC)..
B PC14 and PC15 can be used as LXTAL Crystal oscillator pins only.
Note: Since PC13, PC14, PC15 are supplied through the Power Switch, which can only be
obtained by a small current, the speed of GPIOs PC13 to PC15 should not exceed 2MHz
when they are in output mode(maximum load: 30pF).

3.3.2. Vob/Vopa power domain

Voo/Vopa domain includes two parts: Vop domain and Vooa domain. Voo domain includes
HXTAL (High Speed Crystal oscillator), LDO (Voltage Regulator), POR/PDR (Power On/Down
Reset), FWDGT (Free Watchdog Timer), all pads except PC13/PC14/PC15, etc. Vboa domain
includes ADC/DAC (AD/DA Converter), IRC8M (Internal 8MHz RC oscillator), IRC40K
(Internal 40KHz RC oscillator), PLLs (Phase Locking Loop), LVD (Low Voltage Detector), etc.

Vop domain

The LDO, which is implemented to supply power for the 1.2V domain, is always enabled after
reset. It can be configured to operate in three different status, including in the Sleep mode
(full power on), in the Deep-sleep mode (on or low power), and in the Standby mode (power
off).

The POR/PDR circuit is implemented to detect Voo/Vopa and generate the power reset signal
which resets the whole chip except the Backup domain when the supply voltage is lower than
the specified threshold. Figure 3-2. Waveform of the POR/PDR shows the relationship
between the supply voltage and the power reset signal. Vror, Which typical value is 2.40V,

indicates the threshold of power on reset, while Vepr, which typical value is 1.80V, means the
threshold of power down reset. The hysteresis voltage (Vhyst) is around 600mV.
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Figure 3-2. Waveform of the POR/PDR
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The LVD is used to detect whether the Voo/Vopa supply voltage is lower than a programmed
threshold selected by the LVDT[2:0] bits in the Power control register(PMU_CTL). The LVD
is enabled by setting the LVDEN bit, and LVDF bit, which in the Power status register
(PMU_CS), indicates if Vppo/Vopa is higher or lower than the LVD threshold. This event is
internally connected to the EXTI line 16 and can generate an interrupt if it is enabled through
the EXTI registers. Figure 3-3. Waveform of the LVD threshold shows the relationship
between the LVD threshold and the LVD output (LVD interrupt signal depends on EXTI line
16 rising or falling edge configuration). The following figure shows the relationship between
the supply voltage and the LVD signal. The hysteresis voltage (Vhyst) is 100mV.

Figure 3-3. Waveform of the LVD threshold
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3.3.3.

3.3.4.

Generally, digital circuits are powered by Vop, while most of analog circuits are powered by
Vopa. To improve the ADC and DAC conversion accuracy, the independent power supply Vopa
is implemented to achieve better performance of analog circuits. Vopoa can be externally
connected to Vop through the external filtering circuit that avoids noise on Vopa, and Vssa
should be connected to Vssthrough the specific circuit independently. Otherwise, if Vopa is
different from Vbp, Vbboa must always be higher, but the voltage difference should not exceed
0.2V.

To ensure a high accuracy on ADC and DAC, the ADC/DAC independent external reference
voltage should be connected to Vrer+/VRrer- pins. According to the different packages, Vrer+
pin can be connected to Vbpapin, or external reference voltage which refers to Table 11-2.
ADC pins definition and Table 12-1. DAC pins, Vrer- pin must be connected to Vssa pin.
The Vrer+ pin is only available on no less than 100-pin packages, or else the Vrer+ pin is not

available and internally connected to Vopa. The Vrer- pin is only available on no less than 100-
pin packages, or else the Vrer- pin is not available and internally connected to Vssa.

1.2V power domain

The main functions that include RISC-V logic, AHB/APB peripherals, the APB interfaces for
the Backup domain and the Voo/Vbopa domain, etc, are located in this power domain. Once the
1.2V is powered up, the POR will generate a reset sequence on the 1.2V power domain. If
need to enter the expected power saving mode, the associated control bits must be
configured. Then, once a WFI (Wait for Interrupt) or WFE (Wait for Event) instruction is
executed, the device will enter an expected power saving mode which will be discussed in
the following section.

Power saving modes

After a system reset or a power reset, the GD32VF103 MCU operates at full function and all
power domains are active. Users can achieve lower power consumption through slowing
down the system clocks (HCLK, PCLK1, PCLK2) or gating the clocks of the unused
peripherals. Besides, three power saving modes are provided to achieve even lower power
consumption, they are Sleep mode, Deep-sleep mode, and Standby mode.

Sleep mode

The Sleep mode is corresponding to the SLEEPING mode of the RISC-V. In Sleep mode,
only clock of RISC-V is off. To enter the Sleep mode, it is only necessary to clear the
CSR_SLEEPVALUE bit in the RISC-V System Control Register, and execute a WFI or WFE
instruction. If the Sleep mode is entered by executing a WFI instruction, any interrupt can
wake up the system. If it is entered by executing a WFE instruction, any wakeup event can
wake up the system. The mode offers the lowest wakeup time as no time is wasted in interrupt
entry or exit.
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Deep-sleep mode

The Deep-sleep mode is based on the SLEEPDEEP mode of the RISC-V. In Deep-sleep
mode, all clocks in the 1.2V domain are off, and all of IRC8M, HXTAL and PLLs are disabled.
The contents of SRAM and registers are preserved. The LDO can operate normally or in low
power mode depending on the LDOLP bit in the PMU_CTL register. Before entering the Deep-
sleep mode, it is necessary to set the CSR_SLEEPVALUE bit in the RISC-V System Control
Register, and clear the STBMOD bit in the PMU_CTL register. Then, the device enters the
Deep-sleep mode after a WFI or WFE instruction is executed. If the Deep-sleep mode is
entered by executing a WFI instruction, any interrupt from EXTI lines can wake up the system.
If it is entered by executing a WFE instruction, any wakeup event from EXTI lines can wake
up the system. When exiting the Deep-sleep mode, the IRC8M is selected as the system
clock. Notice that an additional wakeup delay will be incurred if the LDO operates in low power
mode.

Note: In order to enter Deep-sleep mode smoothly, all EXTI line pending status (in the
EXTI_PD register) and RTC alarm/time stamp/tamper flag must be reset. If not, the program
will skip the entry process of Deep-sleep mode to continue to execute the following procedure.

Standby mode

The Standby mode is based on the SLEEPDEEP mode of the RISC-V, too. In Standby mode,
the whole 1.2V domain is power off, the LDO is shut down, and all of IRC8M, HXTAL and
PLLs are disabled. Before entering the Standby mode, it is necessary to set the
CSR_SLEEPVALUE bit in the RISC-V System Control Register, and set the STBMOD bit in
the PMU_CTL register, and clear WUF bit in the PMU_CS register. Then, the device enters
the Standby mode after a WFI or WFE instruction is executed, and the STBF status flag in
the PMU_CS register indicates that the MCU has been in Standby mode. There are four
wakeup sources for the Standby mode, including the external reset from NRST pin, the RTC
alarm/time stamp/tamper events, the FWDGT reset, and the rising edge on WKUP pin. The
Standby mode achieves the lowest power consumption, but spends longest time to wake up.
Besides, the contents of SRAM and registers in 1.2V power domain are lost in Standby mode.
When exiting from the Standby mode, a power-on reset occurs and the RISC-V will execute
instruction code from the 0x00000000 address.

Table 3-1. Power saving mode summary

Mode Sleep Deep-sleep Standby
All clocks in the 1.2V The 1.2V domain is power
o ) domain are off off
Description Only CPU clock is off | )
Disable IRC8M, HXTAL and| Disable IRC8M, HXTAL
PLL and PLL
LDO Status On On or in low power mode Off
] ) CSR_SLEEPVALUE =| CSR_SLEEPVALUE =1 | CSR_SLEEPVALUE =1
Configuration
0 STBMOD =0 STBMOD =1, WURST=1
Entry WFI or WFE WFI or WFE WFI or WFE
Wakeup Any interrupt for WFI Any interrupt from EXTI NRST pin
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Mode Sleep Deep-sleep Standby
Any event (or interrupt) lines for WFI WKUP pin
for WFE(WFI) Any event(or interrupt) from FWDGT reset
EXTI for WFE(WFI) RTC
IRC8M wakeup time,
Wakeup ) )
None LDO wakeup time added if Power on sequence
Latency o
LDO is in low power mode
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3.4. Register definition
PMU base address: 0x4000 7000
3.4.1. Control register (PMU_CTL)
Address offset: 0x00
Reset value: 0x0000 0000 (reset by wakeup from Standby mode)
This register can be accessed by half-word(16-bit) or word(32-bit)
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ Reserved |
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ Reserved ‘BKPWEN‘ LVDT[2:0] ’ LVDEN ‘ STBRST ’ WURST ‘STBMOD‘ LDOLP |
w w w rc_wl rc_wl w w
Bits Fields Descriptions
319 Reserved Must be kept at reset value.
8 BKPWEN Backup Domain Write Enable
0: Disable write access to the registers in Backup domain
1: Enable write access to the registers in Backup domain
After reset, any write access to the registers in Backup domain is ignored. This bit
has to be set to enable write access to these registers.
75 LVDT([2:0] Low Voltage Detector Threshold
000: 2.2V
001: 2.3V
010: 2.4V
011: 2.5V
100: 2.6V
101: 2.7V
110: 2.8V
111: 2.9V
4 LVDEN Low Voltage Detector Enable
0: Disable Low Voltage Detector
1: Enable Low Voltage Detector
3 STBRST Standby Flag Reset
0: No effect
1: Reset the standby flag
This bit is always read as 0.
2 WURST Wakeup Flag Reset
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0: No effect
1: Reset the wakeup flag
This bit is always read as 0.

1 STBMOD Standby Mode
0: Enter the Deep-sleep mode when the RISC-V enters SLEEPDEEP mode
1: Enter the Standby mode when the RISC-V enters SLEEPDEEP mode

0 LDOLP LDO Low Power Mode
0: The LDO operates normally during the Deep-sleep mode
1: The LDO is in low power mode during the Deep-sleep mode

3.4.2. Control and status register (PMU_CYS)

Address offset: 0x04
Reset value: 0x0000 0000 (not reset by wakeup from Standby mode)

This register can be accessed by half-word(16-bit) or word(32-bit).

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ Reserved |
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ Reserved ‘ WUPEN ‘ Reserved | LVDF ‘ STBF ‘ WUF |
w r r r
Bits Fields Descriptions
31:9 Reserved Must be kept at reset value.
8 WUPEN WKUP Pin Enable

0: Disable WKUP pin function

1: Enable WKUP pin function

If WUPEN is set before entering the power saving mode, a rising edge on the WKUP
pin wakes up the system from the power saving mode. As the WKUP pin is active
high, the WKUP pin is internally configured to input pull down mode. And set this bit
will trigger a wakup event when the input changes to high.

7:3 Reserved Must be kept at reset value.

2 LVDF Low Voltage Detector Status Flag
0: Low Voltage event has not occurred (Voo is higher than the specified LVD
threshold)
1: Low Voltage event occurred (Voo is equal to or lower than the specified LVD
threshold)
Note: The LVD function is stopped in Standby mode.

1 STBF Standby Flag
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0: The device has not entered the Standby mode
1: The device has been in the Standby mode
This bit is cleared only by a POR/PDR or by setting the STBRST bitin the PMU_CTL
register.
0 WUF Wakeup Flag

0: No wakeup event has been received

1: Wakeup event occurred from the WKUP pin or the RTC wakeup event including
RTC Tamper event, RTC alarm event, or RTC Time Stamp event.

This bit is cleared only by a POR/PDR or by setting the WURST bit in the PMU_CTL

register.
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4. Backup registers (BKP)
4.1. Overview
The Backup registers are located in the Backup domain that remains powered-on by Vear
even if Voo power is shut down, they are forty-two 16-bit (84 bytes) registers for data
protection of user application data, and the wake-up action from Standby mode or system
reset do not affect these registers.
In addition, the BKP registers can be used to implement the tamper detection and RTC
calibration function.
After reset, any writing access to the registers in Backup domain is disabled, that is, the
Backup registers and RTC cannot be written to access. In order to enable access to the
Backup registers and RTC, the Power and Backup interface clocks should be enabled firstly
by setting the PMUEN and BKPIEN bits in the RCU_APB1EN register, and writing access to
the registers in Backup domain should be enabled by setting the BKPWEN bit in the
PMU_CTL register.
4.2. Characteristics
B 84 bytes Backup registers which can keep data under power saving mode. If tamper
event is detected, Backup registers will be reset.
B The active level of Tamper source (PC13) can be configured.
B RTC Clock Calibration register provides RTC alarm and second output selection, and
the calibration value configuration.
B Tamper control and status register (BKP_TPCS) can control tamper detection with
interrupt or event capability.
4.3. Function overview
4.3.1. RTC clock calibration
In order to improve the RTC clock accuracy, the MCU provides the RTC output for calibration
function. The clock with the frequency frrcck/64 can be output on the PC13. It is enabled by
setting the COEN bit in the BKP_OCTL register.
The calibration value is set by RCCV[6:0] in the BKP_OCTL register, and the calibration
function can slow down the RTC clock by steps of 2000000/2”20 ppm.
4.3.2. Tamper detection

In order to protect the important user data, the MCU provides the tamper detection function,
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and it can be independently enabled on TAMPER pin by setting corresponding TPEN bit in
the BKP_TPCTL register. To prevent the tamper event from losing, the edge detection is
logically ANDed with the TPEN bit, used for tamper detection signal. So the tamper detection
configuration should be set before enable TAMPER pin. When the tamper event is detected,
the corresponding TEF bit in the BKP_TPCS register will be set. Tamper event can generate
an interrupt if tamper interrupt is enabled. Any tamper event will reset all Backup data registers.

Note: When TPAL=0/1, if the TAMPER pin is already high/low before it is enabled(by setting
TPEN bit), an extra tamper event is detected, while there was no rising/falling edge on the
TAMPER pin after TPEN bit was set.
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4.4, Register definition
BKP base address: 0x4000 6C00

4.4.1. Backup data register x (BKP_DATAX) (x=0..41)

Address offset: 0x04 to 0x28, 0x40 to OxBC
Reset value: 0x0000

This register can be accessed by half-word (16-bit) or word (32-bit)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DATA [15:0]
I\
Bits Fields Descriptions
15:0 DATA[15:0] Backup data

These bits are used for general purpose data storage. The contents of the
BKP_DATAX register will remain even if the wake-up action from Standby mode or

system reset or power reset occurs.

4.4.2. RTC signal output control register (BKP_OCTL)

Address offset: 0x2C
Reset value: 0x0000(bit [6:0], bit 8, bit 9 reset by a Backup domain reset, bit 7 reset by a POR/PDR)

This register can be accessed by half-word(16-bit) or word(32-bit)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved ‘ ROSEL ‘ ASOEN ‘ COEN ‘ RCCV[6:0]
w w w w
Bits Fields Descriptions
15:10 Reserved Must be kept at reset value.
9 ROSEL RTC output selection

0: RTC alarm pulse is selected as the RTC output
1: RTC second pulse is selected as the RTC output

8 ASOEN RTC alarm or second signal output enable
0: Disable RTC alarm or second output
1: Enable RTC alarm or second output
When enable, the TAMPER pin will output the RTC output.

7 COEN RTC clock calibration output enable
0: Disable RTC clock calibration output
1: Enable RTC clock calibration output
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When enable, the TAMPER pin will output a clock with the frequency frrccLx/64.
ASOEN has the priority over COEN. When ASOEN is set, the TAMPER pin will
output the RTC alarm or second signal whether COEN is set or not.

6:0 RCCV[6:0] RTC clock calibration value
The value indicates how many clock pulses are ignored or added every 2220 RTC
clock pulses.

4.4.3. Tamper pin control register (BKP_TPCTL)

Address offset: 0x30
Reset value: 0x0000

This register can be accessed by half-word (16-bit) or word (32-bit)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved ‘ TPAL ‘ TPEN |
w w
Bits Fields Descriptions
15:2 Reserved Must be kept at reset value.
1 TPAL TAMPER pin active level

0: The TAMPER pin is active high
1: The TAMPER pin is active low

0 TPEN TAMPER detection enable
0: The TAMPER pin is free for GPIO functions
1: The TAMPER pin is dedicated for the Backup Reset function. The active level on
the TAMPER pin resets all data of the BKP_DATAX registers.

4.4.4. Tamper control and status register (BKP_TPCYS)

Address offset: 0x34
Reset value: 0x0000(bit 2 reset by a system reset or the wake-up from Standby mode)

This register can be accessed by half-word (16-bit) or word (32-bit)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved ‘ TIF ‘ TEF ‘ Reserved ‘ TPIE ‘ TIR ‘ TER |
r r 2 w w
Bits Fields Descriptions
15:10 Reserved Must be kept at reset value.
9 TIF Tamper interrupt flag

0: No tamper interrupt occurred
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7:3

TEF

Reserved

TPIE

TIR

TER

1: A tamper interrupt occurred
This bit is reset by writing 1 to the TIR bit or the TPIE bit being 0.

Tamper event flag

0: No tamper event occurred

1: A tamper event occurred

This bit is reset by writing 1 to the TER bit.

Must be kept at reset value.

Tamper interrupt enable
0: Disable the tamper interrupt
1: Enable the tamper interrupt

Tamper interrupt reset

0: No effect

1: Reset the TIF bit

This bit is always read as 0.

Tamper event reset
0: No effect
1: Reset the TEF bit

This bit is always read as 0.
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5. Reset and clock unit (RCU)

5.1. Reset control unit (RCTL)

5.1.1. Overview
GD32VF103 Reset Control includes the control of three kinds of reset: power reset, system
reset and backup domain reset. The power reset, known as a cold reset, resets the full system
except the Backup domain. The system reset resets the processor core and peripheral 1P
components except for the JTAG controller and the Backup domain. The backup domain reset
resets the Backup domain. 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 sections.

5.1.2. Function overview

Power reset

The Power reset is generated by either an external reset as Power On and Power Down reset
(POR/PDR reset) or by the internal reset generator when exiting Standby mode. The power
reset sets all registers to their reset values except the Backup domain. The Power reset
whose active signal is low, it will be de-asserted when the internal LDO voltage regulator is
ready to provide 1.2V power. The RESET service routine vector is fixed at address 0x0000
0000 in the memory map.

System reset

A system reset is generated by the following events:

A power reset (POWER_RSTn).

An external pin reset (NRST).

A window watchdog timer reset WWDGT_RSTn).

A free watchdog timer reset (FWDGT_RSTn).

The SYSRESETREQ bit in RISC-V Application Interrupt and Reset Control Register is

set (SW_RSTn).

B Reset generated when entering Standby mode when resetting nRST_STDBY bit in User
Option Bytes (OB_STDBY_RSTn).

B Reset generated when entering Deep-sleep mode when resetting nRST_DPSLP bit in

User Option Bytes (OB_DPSLP_RSTn).

A system reset resets the processor core and peripheral IP components except for the JTAG
controller and the Backup domain.

A system reset pulse generator guarantees low level pulse duration of 20 us for each reset
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source (external or internal reset).

Figure 5-1. The system reset circuit

NRST l

min 20 us
pulse —— System Reset

FWDGT_RSTn— |
- generator

SW_RSTn
OB_STDBY_RSTn

OB_DPSLP_RSTn

Backup domain reset

A backup domain reset is generated by setting the BKPRST bit in the Backup domain control
register or Backup domain power on reset (Voo or Vear power on, if both supplies have
previously been powered off).

5.2. Clock control unit (CCTL)

5.2.1. Overview

The Clock Control unit provides a range of frequencies and clock functions. These include an
Internal 8M RC oscillator (IRC8M), a High Speed crystal oscillator (HXTAL), a Low Speed
Internal 40K RC oscillator (IRC40K), a Low Speed crystal oscillator (LXTAL), three Phase
Lock Loop (PLL), a HXTAL clock monitor, clock prescalers, clock multiplexers and clock
gating circuitry.

The clocks of the AHB, APB and RISC-V are derived from the system clock (CK_SYS) which
can source from the IRC8M, HXTAL or PLL. The maximum operating frequency of the system
clock (CK_SYS) can be up to 108 MHz. The Free Watchdog Timer has independent clock
source (IRC40K), and Real Time Clock (RTC) uses the IRC40K, LXTAL or HXTAL/128 as its
clock source.
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Figure 5-2. Clock tree

USB OTG

to FMC)
( ) ™1} Prescaler 48 Mbz CK_USBFS .
SCS[1:0] 115225 (to USBFS)
CK_FMC
CK_IRC8M
8 MHz - AHB CK_AHB N\ CK_EXMC
IRC8M CKPLL o K_SYS Prescaler  [108 MHz max _|_/ — >
108[MHz max S12.512 EXMC enablé (to EXMC)
oL < HCLK
PLLSEL PLLMF >
PREDVO AHB enable (to AHB bus,CPU,SRAM,DMA)
CK_CST
4-32 MHz Clock 1 ¢ _
Monitor 4 i
HXTAL L (to CPU SysTick)
FCLK -
PREDVOSEL - >
EXTlto CK_HXTAL (free running clock)
Ck_ouTo APBL CK_APBL
¢—— Prescaler = PCLKL
+1,2,4,8,16 to APBL1 peripherals
Peripheral enable
T TIMERL,2,3,4,5,6
x
,9,10..., if(APB1 prescale
14 16,2 CK_PLLL ( :1)F;1 Y CK_TIMERX
PLL1 else x 2 enable
to TIMER1,2,3.4, 5,6
1,23... PLLIMF
15,16 cK_I2S AF’BZ‘ CK_APB2
*89.10..., CK_PLL2 —— Prescaler PCLK2
PREDV1 14,16,20 = +1,2,4,8,16 108 MHz max to APB2 perpherals
PLL2 Peripheral enable
12S1/2SEL P
PLL2MF TIMERO if(APB2
L {28 Hu prescale =1)x1 CK_TIMERx
else x 2 TIMERX
32.768 KHz CK_RTC - enable to TIMERO
LXTAL o -
(to RTC)
ADC
10 Prescaler CK_ADCx to ADCO, 1
+2,4,6,8,12,1
6 14 MHz max
RTCSRC[1:0
20 KHz [1:0] CK_FWDGT _
>
IRC40K (to FWDGT)
00x—— NOCLK
0100 CK_SYS
EZ' CK_OUTo 010——— CK_IRC8M
0110————— CK_HXTAL
otf———— 72 - ckpLL
1000} CK_PLL1
1o——— 2 }—ck pLL2
1010 gxT1
011 CK_PLL2
CKOUTOSEL(3:0]

The frequency of AHB, APB2 and the APB1 domains can be configured by each prescaler.
The maximum frequency of the AHB, APB2 and APB1 domains is 108 MHz/108 MHz/54 MHz.
The RISCV System Timer (SysTick) external clock is clocked with the AHB clock (HCLK)

divided by 4.

The ADCs are clocked by the clock of APB2 divided by 2, 4, 6, 8, 12, 16.

The TIMERSs are clocked by the clock divided from CK_APB2 and CK_APBL1. The frequency
of TIMERs clock is equal to CK_APBx(APB prescaler is 1), twice the CK_APBx(APB

prescaler is not 1).

The USBFS is clocked by the clock of CK_PLL as the clock source of 48MHz.

The 12S is clocked by the clock of CK_SYS or PLL2*2 which defined by I2SxSEL bit in

RCU_CFG1 register.

The RTC is clocked by LXTAL clock or IRC40K clock or HXTAL clock divided by 128 (defined
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5.2.2.

5.2.3.

which select by RTCSRC bit in Backup Domain Control Register (RCU_BDCTL). After the
RTC select HXTAL clock divided by 128, the clock disappeared when the 1.2V core domain
power off. After the RTC select IRC40K, the clock disappeared when Vop power off. After the
RTC select LXTAL, the clock disappeared when Vpp and Vear power off.

The FWDGT is clocked by IRC40K clock, which is forced on when FWDGT started.

The FMC is clocked by IRC8M clock, which is forced on when IRC8M started.

Characteristics

4 to 32 MHz High Speed crystal oscillator (HXTAL).
Internal 8 MHz RC oscillator (IRC8M).

32,768 Hz Low Speed crystal oscillator (LXTAL).
Internal 40KHz RC oscillator (IRC40K).

PLL clock source can be HXTAL or IRC8M.

HXTAL clock monitor.

Function overview

High speed crystal oscillator (HXTAL)

The high speed external crystal oscillator (HXTAL), which has a frequency from 4 to 32 MHz,
produces a highly accurate clock source for use as the system clock. A crystal with a specific
frequency must be connected and located close to the two HXTAL pins. The external resistor
and capacitor components connected to the crystal are necessary for proper oscillation.

Figure 5-3. HXTAL clock source

OSCIN oscour

c1— j— c2

The HXTAL crystal oscillator can be switched on or off using the HXTALEN bit in the Control
Register RCU_CTL. The HXTALSTB flag in Control Register RCU_CTL indicates if the high-
speed external crystal oscillator is stable. When the HXTAL is powered up, it will not be
released for use until this HXTALSTB bit is set by the hardware. This specific delay period is
known as the oscillator “Start-up time”. As the HXTAL becomes stable, an interrupt will be
generated if the related interrupt enable bit HXTALSTBIE in the Interrupt Register RCU_INT
is set. At this point the HXTAL clock can be used directly as the system clock source or the
PLL input clock.
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Select external clock bypass mode by setting the HXTALBPS and HXTALEN bits in the
Control Register RCU_CTL. The CK_HXTAL is equal to the external clock which drives the
OSCIN pin.

Internal 8M RC oscillators (IRC8M)

The internal 8M RC oscillator, IRC8M, has a fixed frequency of 8 MHz and is the default clock
source selection for the CPU when the device is powered up. The IRC8M oscillator provides
a lower cost type clock source as no external components are required. The IRC8M RC
oscillator can be switched on or off using the IRC8MEN bit in the Control Register RCU_CTL.
The IRC8MSTB flag in the Control Register RCU_CTL is used to indicate if the internal 8M
RC oscillator is stable. The start-up time of the IRC8M oscillator is shorter than the HXTAL
crystal oscillator. An interrupt can be generated if the related interrupt enable bit,
IRC8MSTBIE, in the Clock Interrupt Register, RCU_INT, is set when the IRC8M becomes
stable. The IRC8M clock can also be used as the system clock source or the PLL input clock.

The frequency accuracy of the IRC8M can be calibrated by the manufacturer, but its operating
frequency is still less accurate than HXTAL. The application requirements, environment and
cost will determine which oscillator type is selected.

If the HXTAL or PLL is the system clock source, to minimize the time required for the system
to recover from the Deep-sleep Mode, the hardware forces the IRC8M clock to be the system
clock when the system initially wakes-up.

Phase locked loop (PLL)

There are three internal Phase Locked Loop, including PLL, PLL1 and PLL2.

The PLL can be switched on or off by using the PLLEN bit in the RCU_CTL Register. The
PLLSTB flag in the RCU_CTL Register will indicate if the PLL clock is stable. An interrupt can
be generated if the related interrupt enable bit, PLLSTBIE, in the RCU_INT Register, is set
as the PLL becomes stable.

The PLL1 can be switched on or off by using the PLL1EN bit in the RCU_CTL Register. The
PLL1STB flag in the RCU_CTL Register will indicate if the PLL1 clock is stable. An interrupt
can be generated if the related interrupt enable bit, PLLLSTBIE, in the RCU_INT Register, is
set as the PLL1 becomes stable.

The PLL2 can be switched on or off by using the PLL2EN bit in the RCU_CTL Register. The
PLL2STB flag in the RCU_CTL Register will indicate if the PLL2 clock is stable. An interrupt
can be generated if the related interrupt enable bit, PLL2STBIE, in the RCU_INT Register, is
set as the PLL2 becomes stable.

The three PLLs are closed by hardware when entering the Deepsleep/Standby mode or
HXTAL monitor fail when HXTAL used as the source clock of the PLLs.

Low speed crystal oscillator (LXTAL)

The low speed external crystal or ceramic resonator oscillator, which has a frequency of
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32,768 Hz, produces a low power but highly accurate clock source for the Real Time Clock
circuit. The LXTAL oscillator can be switched on or off using the LXTALEN bit in the Backup
Domain Control Register (RCU_BDCTL). The LXTALSTB flag in the Backup Domain Control
Register (RCU_BDCTL) will indicate if the LXTAL clock is stable. An interrupt can be
generated if the related interrupt enable bit, LXTALSTBIE, in the Interrupt Register RCU_INT
is set when the LXTAL becomes stable.

Select external clock bypass mode by setting the LXTALBPS and LXTALEN bits in the
Backup Domain Control Register (RCU_BDCTL). The CK_LXTAL is equal to the external
clock which drives the OSC32IN pin.

Internal 40K RC oscillator (IRC40K)

The internal RC oscillator has a frequency of about 40 kHz and is a low power clock source
for the Real Time Clock circuit or the Free Watchdog Timer. The IRC40K offers a low cost
clock source as no external components are required. The IRC40K RC oscillator can be
switched on or off by using the IRC40KEN bit in the Reset source/clock Register
(RCU_RSTSCK). The IRC40KSTB flag in the Reset source/clock Register RCU_RSTSCK
will indicate if the IRC40K clock is stable. An interrupt can be generated if the related interrupt
enable bit IRC40KSTBIE in the Clock Interrupt Register (RCU_INT) is set when the IRC40K
becomes stable.

The IRC40K can be trimmed by TIMER4_CH3, user can get the clocks frequency, and adjust
the RTC and FWDGT counter. Please refer to TIMER4CH3_IREMAP in AFIO_PCFO register.

System clock (CK_SYS) selection

After the system reset, the default CK_SYS source will be IRC8M and can be switched to
HXTAL or CK_PLL by changing the System Clock Switch bits, SCS, in the Clock configuration
register 0, RCU_CFGO0. When the SCS value is changed, the CK_SYS will continue to
operate using the original clock source until the target clock source is stable. When a clock
source is directly or indirectly (by PLL) used as the CK_SYS, it is not possible to stop it.

HXTAL clock monitor (CKM)

The HXTAL clock monitor function is enabled by the HXTAL Clock Monitor Enable bit,
CKMEN, in the Control Register (RCU_CTL). This function should be enabled after the
HXTAL start-up delay and disabled when the HXTAL is stopped. Once the HXTAL failure is
detected, the HXTAL will be automatically disabled. The HXTAL Clock Stuck interrupt Flag,
CKMIF, in the Clock Interrupt Register, RCU_INT, will be set and the HXTAL failure event will
be generated. This failure interrupt is connected to the Non-Maskable Interrupt, NMI, of the
RISC-V. If the HXTAL is selected as the clock source of CK_SYS, PLL and CK_RTC, the
HXTAL failure will force the CK_SYS source to IRC8M, the PLL will be disabled automatically.
If the HXTAL is selected as the clock source of PLL, the HXTAL failure will force the PLL
closed automatically. If the HXTAL is selected as the clock source of RTC, the HXTAL failure
will reset the RTC clock selection.
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Clock output capability

The clock output capability is ranging from 0.09375 MHz to 108 MHz. There are several clock
signals can be selected via the CK_OUTO Clock Source Selection bits, CKOUTOSEL, in the
Clock Configuration Register 0 (RCU_CFGO0). The corresponding GPIO pin should be
configured in the properly Alternate Function I/O (AFIO) mode to output the selected clock

signal..

Table 5-1. Clock output 0 source select

Clock Source 0 Selection bits Clock Source

00xx NO CLK
0100 CK_SYS
0101 CK_IRC8M
0110 CK_HXTAL
0111 CK_PLL/2
1000 CK_PLL1
1001 CK_PLL2/2
1010 EXT1
1011 CK_PLL2

Voltage control

The 1.2V domain voltage in Deep-sleep mode can be controlled by DSLPVS[1:0] bit in the
Deep-sleep mode voltage register (RCU_DSV).

Table 5-2. 1.2V domain voltage selected in deep-sleep mode

DSLPVS[1:0] Deep-sleep mode voltage(V)
00 1.2
01 11
10 1.0
11 0.9
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5.3. Register definition
RCU base address: 0x4002 1000
5.3.1. Control register (RCU_CTL)
Address offset: 0x00
Reset value: 0x0000 xx83 where x is undefined.
This register can be accessed by byte(8-bit), half-word(16-bit) and word(32-bit)
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
PLL HXTALB |HXTALST| HXTALE
Reserved PLL2STB | PLL2EN [PLL1STB| PLL1EN | PLLSTB Reserved CKMEN
EN PS B N
r rw r w r I\ w rw r w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
IRC8MST
IRC8MCALIBJ[7:0] IRC8MADJ[4:0] Reserved IRC8BMEN
B
r rw r w
Bits Fields Descriptions
31:30 Reserved Must be kept at reset value.
29 PLL2STB PLL2 Clock Stabilization Flag
Set by hardware to indicate if the PLL2 output clock is stable and ready for use.
0: PLL2 is not stable
1: PLL2 is stable
28 PLL2EN PLL2 enable
Set and reset by software. Reset by hardware when entering Deep-sleep or Standby
mode.
0: PLL2 is switched off
1: PLL2 is switched on
27 PLL1STB PLL1 Clock Stabilization Flag
Set by hardware to indicate if the PLL1 output clock is stable and ready for use.
0: PLL1 is not stable
1: PLL1 is stable
26 PLL1EN PLL1 enable
Set and reset by software. Reset by hardware when entering Deep-sleep or Standby
mode.
0: PLL1 is switched off
1: PLL1 is switched on
25 PLLSTB PLL Clock Stabilization Flag

Set by hardware to indicate if the PLL output clock is stable and ready for use.
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0: PLL is not stable
1: PLL is stable

24 PLLEN PLL enable
Set and reset by software. This bit cannot be reset if the PLL clock is used as the
system clock. Reset by hardware when entering Deep-sleep or Standby mode.
0: PLL is switched off
1: PLL is switched on

23:20 Reserved Must be kept at reset value.

19 CKMEN HXTAL Clock Monitor Enable
0: Disable the High speed 4 ~ 32 MHz crystal oscillator (HXTAL) clock monitor
1: Enable the High speed 4 ~ 32 MHz crystal oscillator (HXTAL) clock monitor
When the hardware detects that the HXTAL clock is stuck at a low or high state, the
internal hardware will switch the system clock to be the internal high speed IRC8M
RC clock. The way to recover the original system clock is by either an external reset,
power on reset or clearing CKMIF by software.
Note: When the HXTAL clock monitor is enabled, the hardware will automatically
enable the IRC8M internal RC oscillator regardless of the control bit, IRC8MEN,
state.

18 HXTALBPS High speed crystal oscillator (HXTAL) clock bypass mode enable
The HXTALBPS bit can be written only if the HXTALEN is 0.
0: Disable the HXTAL Bypass mode
1: Enable the HXTAL Bypass mode in which the HXTAL output clock is equal to the
input clock.

17 HXTALSTB High speed crystal oscillator (HXTAL) clock stabilization flag
Set by hardware to indicate if the HXTAL oscillator is stable and ready for use.
0: HXTAL oscillator is not stable
1: HXTAL oscillator is stable

16 HXTALEN High Speed crystal oscillator (HXTAL) Enable
Set and reset by software. This bit cannot be reset if the HXTAL clock is used as
the system clock or the PLL input clock when PLL clock is selected to the system
clock. Reset by hardware when entering Deep-sleep or Standby mode.
0: High speed 4 ~ 32 MHz crystal oscillator disabled
1: High speed 4 ~ 32 MHz crystal oscillator enabled

15:8 IRC8MCALIBJ[7:0] Internal 8MHz RC Oscillator calibration value register
These bits are load automatically at power on.

7:3 IRC8MADJ[4:0] Internal 8MHz RC Oscillator clock trim adjust value

These bits are set by software. The trimming value is these bits (IRC8MADJ) added
to the IRC8MCALIBJ[7:0] bits. The trimming value should trim the IRC8M to 8 MHz
+ 1%.
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2 Reserved Must be kept at reset value.
1 IRC8MSTB IRC8M Internal 8MHz RC Oscillator stabilization Flag
Set by hardware to indicate if the IRC8M oscillator is stable and ready for use.
0: IRC8M oscillator is not stable
1: IRC8M oscillator is stable
0 IRC8BMEN Internal 8MHz RC oscillator Enable
Set and reset by software. This bit cannot be reset if the IRC8M clock is used as the
system clock. Set by hardware when leaving Deep-sleep or Standby mode or the
HXTAL clock is stuck at a low or high state when CKMEN is set.
0: Internal 8 MHz RC oscillator disabled
1: Internal 8 MHz RC oscillator enabled
5.3.2. Clock configuration register 0 (RCU_CFGO)
Address offset: 0x04
Reset value: 0x0000 0000
This register can be accessed by byte(8-bit), half-word(16-bit) and word(32-bit)
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
ADCPSC| PREDVO
Reserved PLLMF[4] CKOUTOSEL[3:0] USBFSPSC[1:0] PLLMF[3:0] PLLSEL
2] _LsB
w w w w w w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ADCPSCJ[1:0] APB2PSCI[2:0] APB1PSC[2:0] AHBPSC[3:0] SCSS[1:0] SCS[1:0]
w w w w r w
Bits Fields Descriptions
31:30 Reserved Must be kept at reset value.
29 PLLMF[4] Bit 4 of PLLMF
see bits 21:18 of RCU_CFGO
28 ADCPSCJ[2] Bit 2 of ADCPSC
see bits 15:14 of RCU_CFGO
27:24 CKOUTOSEL[3:0] CKOUTO Clock Source Selection

Set and reset by software.

00xx: No clock selected

0100: System clock selected

0101: High Speed 8M Internal Oscillator clock selected
0110: External High Speed oscillator clock selected
0111: (CK_PLL / 2) clock selected

1000: CK_PLL1 clock selected

1001: CK_PLL2 clock divided by 2 selected
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23:22

21:18

USBFSPSCI1:0]

PLLMF[3:0]

1010: EXT1 selected
1011: CK_PLL2 clock selected

USBFS clock prescaler selection

Set and reset by software to control the USBFS clock prescaler value. The USBFS
clock must be 48MHz. These bits can’t be reset if the USBFS clock is enabled.

00: CK_USBFS=CK_PLL/15

01: CK_USBFS = CK_PLL

10: CK_USBFS =CK_PLL /25

11: CK_USBFS =CK_PLL/2

The PLL clock multiplication factor
Bit 29 of RCU_CFGO0 and these bits are written by software to define the PLL
multiplication factor

Caution: The PLL output frequency must not exceed 108 MHz
00000: (PLL source clock x 2)
00001: (PLL source clock x 3)
00010: (PLL source clock x 4)
00011: (PLL source clock x 5)
00100: (PLL source clock x 6)
00101: (PLL source clock x 7)
00110: (PLL source clock x 8)
00111: (PLL source clock x 9)
01000: (PLL source clock x 10)
01001: (PLL source clock x 11)
01010: (PLL source clock x 12)
01011: (PLL source clock x 13)
01100: (PLL source clock x 14)
01101: (PLL source clock x 6.5)
01110: (PLL source clock x 16)
01111: (PLL source clock x 16)
10000: (PLL source clock x 17)
10001: (PLL source clock x 18)
10010: (PLL source clock x 19)
10011: (PLL source clock x 20)
10100: (PLL source clock x 21)
10101: (PLL source clock x 22)
10110: (PLL source clock x 23)
10111: (PLL source clock x 24)
11000: (PLL source clock x 25)
11001: (PLL source clock x 26)
11010: (PLL source clock x 27)
11011: (PLL source clock x 28)
11100: (PLL source clock x 29)
11101: (PLL source clock x 30)

71



e

GigaDevice

GD32VF103 User Manual

17

16

15:14

13:11

10:8

7:4

PREDVO_LSB

PLLSEL

ADCPSC[1:0]

APB2PSC[2:0]

APB1PSC[2:0]

AHBPSC[3:0]

11110: (PLL source clock x 31)
11111: (PLL source clock x 32)

The LSB of PREDVO division factor

This bit is the same bit as PREDVO division factor bit [0] from RCU_CFG1. Changing
the PREDVO division factor bit [0] from RCU_CFG1, this bit is also changed. When
the PREDVO division factor bits [3:1] are not set, this bit controls PREDVO input
clock divided by 2 or not.

PLL Clock Source Selection

Set and reset by software to control the PLL clock source.
0: (IRC8M / 2) clock selected as source clock of PLL

1: HXTAL selected as source clock of PLL

ADC clock prescaler selection

These bits and bit 28 of RCU_CFGO are written by software to define the ADC
prescaler factor.Set and cleared by software.
000: (CK_APB2 / 2) selected

001: (CK_APB2 / 4) selected

010: (CK_APB2 / 6) selected

011: (CK_APB2 / 8) selected

100: (CK_APB2/ 2) selected

101: (CK_APB2/ 12) selected

110: (CK_APB2/ 8) selected

111: (CK_APB2/ 16) selected

APB2 prescaler selection

Set and reset by software to control the APB2 clock division ratio.
Oxx: CK_AHB selected

100: (CK_AHB / 2) selected

101: (CK_AHB / 4) selected

110: (CK_AHB / 8) selected

111: (CK_AHB / 16) selected

APBL1 prescaler selection

Set and reset by software to control the APBL1 clock division ratio.
Caution: The CK_APB1 output frequency must not exceed 60 MHz.
Oxx: CK_AHB selected

100: (CK_AHB / 2) selected

101: (CK_AHB/ 4) selected

110: (CK_AHB / 8) selected

111: (CK_AHB / 16) selected

AHB prescaler selection

Set and reset by software to control the AHB clock division ratio
Oxxx: CK_SYS selected

1000: (CK_SYS / 2) selected
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1001: (CK_SYS/ 4) selected
1010: (CK_SYS/ 8) selected
1011: (CK_SYS/ 16) selected
1100: (CK_SYS/ 64) selected
1101: (CK_SYS/ 128) selected
1110: (CK_SYS/ 256) selected
1111: (CK_SYS/512) selected
3:2 SCSS[1:0] System clock switch status
Set and reset by hardware to indicate the clock source of system clock.
00: select CK_IRC8M as the CK_SYS source
01: select CK_HXTAL as the CK_SYS source
10: select CK_PLL as the CK_SYS source
11: reserved
1:0 SCSJ[1:0] System clock switch
Set by software to select the CK_SYS source. Because the change of CK_SYS has
inherent latency, software should read SCSS to confirm whether the switching is
complete or not. The switch will be forced to IRC8M when leaving Deep-sleep and
Standby mode or HXTAL failure is detected by HXTAL clock monitor when HXTAL
is selected directly or indirectly as the clock source of CK_SYS
00: select CK_IRC8M as the CK_SYS source
01: select CK_HXTAL as the CK_SYS source
10: select CK_PLL as the CK_SYS source
11: reserved
5.3.3. Clock interrupt register (RCU_INT)
Address offset: 0x08
Reset value: 0x0000 0000
This register can be accessed by byte(8-bit), half-word(16-bit) and word(32-bit)
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
PLL2 PLL1 PLL HXTAL IRC8M LXTAL IRC40K
Reserved CKMIC
STBIC STBIC STBIC STBIC STBIC STBIC STBIC
w w w w w w w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PLL2 PLL1 PLL HXTAL IRC8M LXTAL IRC40K PLL2 PLL1 PLL HXTAL IRC8M LXTAL IRC40K
Reserved CKMIF
STBIE STBIE STBIE STBIE STBIE STBIE STBIE STBIF STBIF STBIF STBIF STBIF STBIF STBIF
w w w w w w w r r r r r r r r
Bits Fields Descriptions
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31:24

23

22

21

20

19

18

17

16

15

14

13

Reserved

CKMIC

PLL2STBIC

PLL1STBIC

PLLSTBIC

HXTALSTBIC

IRC8MSTBIC

LXTALSTBIC

IRC40KSTBIC

Reserved

PLL2STBIE

PLL1STBIE

Must be kept at reset value

HXTAL Clock Stuck Interrupt Clear

Write 1 by software to reset the CKMIF flag.
0: Not reset CKMIF flag

1: Reset CKMIF flag

PLL2 stabilization Interrupt Clear

Write 1 by software to reset the PLL2STBIF flag.
0: Not reset PLL2STBIF flag

1: Reset PLL2STBIF flag

PLL1 stabilization Interrupt Clear

Write 1 by software to reset the PLL1STBIF flag.
0: Not reset PLL1STBIF flag

1: Reset PLL1STBIF flag

PLL stabilization Interrupt Clear

Write 1 by software to reset the PLLSTBIF flag.
0: Not reset PLLSTBIF flag

1: Reset PLLSTBIF flag

HXTAL Stabilization Interrupt Clear

Write 1 by software to reset the HXTALSTBIF flag.
0: Not reset HXTALSTBIF flag

1: Reset HXTALSTBIF flag

IRC8M Stabilization Interrupt Clear

Write 1 by software to reset the IRC8MSTBIF flag.
0: Not reset IRC8MSTBIF flag

1: Reset IRC8MSTBIF flag

LXTAL Stabilization Interrupt Clear

Write 1 by software to reset the LXTALSTBIF flag.
0: Not reset LXTALSTBIF flag

1: Reset LXTALSTBIF flag

IRC40K Stabilization Interrupt Clear

Write 1 by software to reset the IRC40KSTBIF flag.
0: Not reset IRC40KSTBIF flag

1: Reset IRC40KSTBIF flag

Must be kept at reset value

PLL2 Stabilization Interrupt Enable

Set and reset by software to enable/disable the PLL2 stabilization interrupt.

0: Disable the PLL2 stabilization interrupt
1: Enable the PLL2 stabilization interrupt

PLL1 Stabilization Interrupt Enable
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12

11

10

PLLSTBIE

HXTALSTBIE

IRC8MSTBIE

LXTALSTBIE

IRC40KSTBIE

CKMIF

PLL2STBIF

PLL1STBIF

PLLSTBIF

Set and reset by software to enable/disable the PLL1 stabilization interrupt.
0: Disable the PLL1 stabilization interrupt
1: Enable the PLL1 stabilization interrupt

PLL Stabilization Interrupt Enable

Set and reset by software to enable/disable the PLL stabilization interrupt.
0: Disable the PLL stabilization interrupt

1: Enable the PLL stabilization interrupt

HXTAL Stabilization Interrupt Enable

Set and reset by software to enable/disable the HXTAL stabilization interrupt
0: Disable the HXTAL stabilization interrupt

1: Enable the HXTAL stabilization interrupt

IRC8M Stabilization Interrupt Enable

Set and reset by software to enable/disable the IRC8M stabilization interrupt
0: Disable the IRC8M stabilization interrupt

1: Enable the IRC8M stabilization interrupt

LXTAL Stabilization Interrupt Enable

LXTAL stabilization interrupt enable/disable control
0: Disable the LXTAL stabilization interrupt

1: Enable the LXTAL stabilization interrupt

IRC40K Stabilization interrupt enable

IRC40K stabilization interrupt enable/disable control
0: Disable the IRC40K stabilization interrupt

1: Enable the IRC40K stabilization interrupt

HXTAL Clock Stuck Interrupt Flag

Set by hardware when the HXTAL clock is stuck.
Reset when setting the CKMIC bit by software.
0: Clock operating normally

1: HXTAL clock stuck

PLL2 stabilization interrupt flag

Set by hardware when the PLL2 is stable and the PLL2STBIE bit is set.
Reset when setting the PLL2STBIC bit by software.

0: No PLL2 stabilization interrupt generated

1: PLL2 stabilization interrupt generated

PLL1 stabilization interrupt flag

Set by hardware when the PLL1 is stable and the PLL1STBIE bit is set.
Reset when setting the PLL1STBIC bit by software.

0: No PLL1 stabilization interrupt generated

1: PLL1 stabilization interrupt generated

PLL stabilization interrupt flag
Set by hardware when the PLL is stable and the PLLSTBIE bit is set.
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Reset when setting the PLLSTBIC bit by software.
0: No PLL stabilization interrupt generated
1: PLL stabilization interrupt generated

3 HXTALSTBIF HXTAL stabilization interrupt flag
Set by hardware when the High speed 4 ~ 32 MHz crystal oscillator clock is stable
and the HXTALSTBIE bit is set.
Reset when setting the HXTALSTBIC bit by software.
0: No HXTAL stabilization interrupt generated
1: HXTAL stabilization interrupt generated

2 IRC8MSTBIF IRC8M stabilization interrupt flag
Set by hardware when the Internal 8 MHz RC oscillator clock is stable and the
IRCBMSTBIE bit is set.
Reset when setting the IRC8MSTBIC bit by software.
0: No IRC8M stabilization interrupt generated
1: IRC8M stabilization interrupt generated

1 LXTALSTBIF LXTAL stabilization interrupt flag
Set by hardware when the Low speed 32,768 Hz crystal oscillator clock is stable
and the LXTALSTBIE bit is set.
Reset when setting the LXTALSTBIC bit by software.
0: No LXTAL stabilization interrupt generated
1: LXTAL stabilization interrupt generated

0 IRC40KSTBIF IRC40K stabilization interrupt flag
Set by hardware when the Internal 40kHz RC oscillator clock is stable and the
IRC40KSTBIE bit is set.
Reset when setting the IRC40KSTBIC bit by software.
0: No IRCA40K stabilization clock ready interrupt generated
1: IRC4O0K stabilization interrupt generated

5.3.4. APB2 reset register (RCU_APB2RST)

Address offset: 0x0C
Reset value: 0x0000 0000

This register can be accessed by byte(8-bit), half-word(16-bit) and word(32-bit)

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
USARTO TIMEROR | ADC1RS | ADCORS
Reserved Reserved [ SPIORST Reserved PERST | PDRST | PCRST | PBRST | PARST |Reserved| AFRST
RST ST T T
w w w w w w w rw w 2 w
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Bits

Fields

Descriptions

31:15

14

13
12

11

10

Reserved

USARTORST

Reserved
SPIORST

TIMERORST

ADCI1RST

ADCORST

Reserved
PERST

PDRST

PCRST

PBRST

Must be kept at reset value

USARTO Reset

This bit is set and reset by software.

0: No reset
1: Reset the USARTO

Must be kept at reset value
SPIO0 reset

This bit is set and reset by software.

0: No reset
1: Reset the SPIO

Timer O reset

This bit is set and reset by software.

0: No reset
1: Reset the TIMERO

ADCL1 reset

This bit is set and reset by software.

0: No reset
1: Reset the ADC1

ADCO reset

This bit is set and reset by software.

0: No reset
1: Reset the ADCO

Must be kept at reset value
GPIO port E reset

This bit is set and reset by software.

0: No reset
1: Reset the GPIO port E

GPIO port D reset

This bit is set and reset by software.

0: No reset
1: Reset the GPIO port D

GPIO port C reset

This bit is set and reset by software.

0: No reset
1: Reset the GPIO port C

GPIO port B reset

This bit is set and reset by software.

0: No reset
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1: Reset the GPIO port B
2 PARST GPIO port A reset
This bit is set and reset by software.
0: No reset
1: Reset the GPIO port A
1 Reserved Must be kept at reset value
0 AFRST Alternate function 1/O reset
This bit is set and reset by software.
0: No reset
1: Reset Alternate Function 1/O
5.3.5. APB1 reset register (RCU_APB1RST)
Address offset: 0x10
Reset value: 0x0000 0000
This register can be accessed by byte(8-bit), half-word(16-bit) and word(32-bit)
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
CANI1RS [ CANORS UART4R [ UART3R | USART2 | USART1
Reserved DACRST | PMURST | BKPIRST Reserved I2C1RST | I2CORST Reserved
T T ST ST RST RST
w rw w w rw I\ rw rw w rw w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
WWDGT TIMERG6R | TIMERSR | TIMER4R | TIMER3R | TIMER2R | TIMER1R
SPI2RST | SPIIRST Reserved Reserved
RST ST ST ST ST ST ST
rw w w rw rw w rw w w
Bits Fields Descriptions
31:30 Reserved Must be kept at reset value
29 DACRST DAC reset
This bit is set and reset by software.
0: No reset
1: Reset DAC unit
28 PMURST Power control reset
This bit is set and reset by software.
0: No reset
1: Reset power control unit
27 BKPIRST Backup interface reset

This bit is set and reset by software.
0: No reset
1: Reset backup interface
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26

25

24:23

22

21

20

19

18

17

16

15

14

CAN1RST

CANORST

Reserved

I2C1RST

I2CORST

UART4RST

UART3RST

USART2RST

USARTI1RST

Reserved

SPI2RST

SPI1RST

CANL1 reset

This bit is set and reset by software.

0: No reset
1: Reset the CAN1

CANO reset

This bit is set and reset by software.

0: No reset
1: Reset the CANO

Must be kept at reset value

12C1 reset

This bit is set and reset by software.

0: No reset
1: Reset the 12C1

12CO0 reset

This bit is set and reset by software.

0: No reset
1: Reset the 12C0

UART4 reset

This bit is set and reset by software.

0: No reset
1: Reset the UART4

UART3 reset

This bit is set and reset by software.

0: No reset
1: Reset the UART3

USART2 reset

This bit is set and reset by software.

0: No reset
1: Reset the USART2

USART1 reset

This bit is set and reset by software.

0: No reset
1: Reset the USART1

Must be kept at reset value

SPI2 reset

This bit is set and reset by software.

0: No reset
1: Reset the SPI2

SPI1 reset
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13:12

11

10:6

5.3.6.

This bit is set and reset by software.
0: No reset
1: Reset the SPI1

Reserved Must be kept at reset value

WWDGTRST WWDGT reset
This bit is set and reset by software.
0: No reset
1: Reset the WWDGT

Reserved Must be kept at reset value

TIMER6RST TIMERG reset
This bit is set and reset by software.
0: No reset
1: Reset the TIMER6

TIMER5RST TIMERS reset
This bit is set and reset by software.
0: No reset
1: Reset the TIMERS

TIMER4RST TIMER4 reset
This bit is set and reset by software.
0: No reset
1: Reset the TIMER4

TIMER3RST TIMERS reset
This bit is set and reset by software.
0: No reset
1: Reset the TIMER3

TIMER2RST TIMER2 reset
This bit is set and reset by software.
0: No reset
1: Reset the TIMER2

TIMER1RST TIMERL1 reset
This bit is set and reset by software.
0: No reset
1: Reset the TIMER1

AHB enable register (RCU_AHBEN)

Address offset: 0x14
Reset value: 0x0000 0014

This register can be accessed by byte(8-bit), half-word(16-bit) and word(32-bit)
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31

30

29 28

27

26 25 24 23 22

21

20

19

18

17

16

Reserved

15

14

13 12

11

10 9 8 7 6

4

2

Reserved

USBFSE

N

Reserved EXMCEN | Reserved | CRCEN

Reserved

FMCSPE

N

Reserved

SRAMSP

EN

DMA1EN

DMAOEN

Bits

rw

Fields

Descriptions

w

w

31:13

12

11:9

Reserved

USBFSEN

Reserved

EXMCEN

Reserved

CRCEN

Reserved

FMCSPEN

Reserved

SRAMSPEN

DMA1EN

Must be kept at reset value

USBFS clock enable

This bit is set and reset by software.
0: Disabled USBFS clock

1: Enabled USBFS clock

Must be kept at reset value

EXMC clock enable

This bit is set and reset by software.
0: Disabled EXMC clock

1: Enabled EXMC clock

Must be kept at reset value

CRC clock enable

This bit is set and reset by software.
0: Disabled CRC clock

1: Enabled CRC clock

Must be kept at reset value

FMC clock enable when sleep mode

This bit is set and reset by software to enable/disable FMC clock during Sleep

mode.

0: Disabled FMC clock during Sleep mode

1: Enabled FMC clock during Sleep mode

Must be kept at reset value

SRAM interface clock enable when sleep mode

This bit is set and reset by software to enable/disable SRAM interface clock during

Sleep mode.

0: Disabled SRAM interface clock during Sleep mode.

1: Enabled SRAM interface clock during Sleep mode

DMAL1 clock enable
This bit is set and reset by software.
0: Disabled DMAL1 clock
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1: Enabled DMAL clock
0 DMAOEN DMAO clock enable
This bit is set and reset by software.
0: Disabled DMAO clock
1: Enabled DMAO clock
5.3.7. APB2 enable register (RCU_APBZ2EN)
Address offset: 0x18
Reset value: 0x0000 0000
This register can be accessed by byte(8-bit), half-word(16-bit) and word(32-bit)
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
USARTO TIMEROE
Reserved Reserved | SPIOEN ADCIEN [ ADCOEN Reserved PEEN PDEN PCEN PBEN PAEN [Reserved| AFEN
EN N
w rw w w rw I\ rw rw w rw w
Bits Fields Descriptions
31:15 Reserved Must be kept at reset value
14 USARTOEN USARTO clock enable
This bit is set and reset by software.
0: Disabled USARTO clock
1: Enabled USARTO clock
13 Reserved Must be kept at reset value
12 SPIOEN SPIO clock enable
This bit is set and reset by software.
0: Disabled SPIO clock
1: Enabled SPIO clock
11 TIMEROEN TIMERO clock enable
This bit is set and reset by software.
0: Disabled TIMERO clock
1: Enabled TIMERO clock
10 ADC1EN ADC1 clock enable
This bit is set and reset by software.
0: Disabled ADCL1 clock
1: Enabled ADC1 clock
9 ADCOEN ADCO clock enable
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5.3.8.

31 30

Reserved
PEEN

PDEN

PCEN

PBEN

PAEN

Reserved

AFEN

This bit is set and reset by software.
0: Disabled ADCO clock
1: Enabled ADCO clock

Must be kept at reset value

GPIO port E clock enable

This bit is set and reset by software.
0: Disabled GPIO port E clock

1: Enabled GPIO port E clock

GPIO port D clock enable

This bit is set and reset by software.
0: Disabled GPIO port D clock

1: Enabled GPIO port D clock

GPIO port C clock enable

This bit is set and reset by software.
0: Disabled GPIO port C clock

1: Enabled GPIO port C clock

GPIO port B clock enable

This bit is set and reset by software.
0: Disabled GPIO port B clock

1: Enabled GPIO port B clock

GPIO port A clock enable

This bit is set and reset by software.
0: Disabled GPIO port A clock

1: Enabled GPIO port A clock

Must be kept at reset value

Alternate function 10 clock enable

This bit is set and reset by software.

0: Disabled Alternate Function 10 clock
1: Enabled Alternate Function 10 clock

APB1 enable register (RCU_APB1EN)

Address offset: 0x1C
Reset value: 0x0000 0000

This register can be accessed by byte(8-bit), half-word(16-bit) and word(32-bit)

29 28

27

26 25 24 23 22 21 20 19 18 17

16

Reserved

DACEN | PMUEN

BKPIEN

UARTA4E | UART3E | USART2 | USART1
CANI1EN | CANOEN Reserved I2C1EN | 12COEN
N N EN EN

Reserved

w rw w w w w w w
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15

14

13 12

11

10 9 8 7 6

5

4

3

2

1

0

SPI2EN

SPI1EN

Reserved

WWDGT

EN

Reserved

TIMERGE

N

TIMERSE

N

TIMER4E

N

TIMER3E

N

TIMER2E

N

TIMER1E

N

Bits

Fields

Descriptions

w

w

w

w

w

w

31:30

29

28

27

26

25

24:23

22

21

20

Reserved

DACEN

PMUEN

BKPIEN

CAN1EN

CANOEN

Reserved

I2C1EN

I2COEN

UART4EN

Must be kept at reset value

DAC clock enable

This bit is set and reset by software.

0: Disabled DAC clock
1: Enabled DAC clock

PMU clock enable

This bit is set and reset by software.

0: Disabled PMU clock
1: Enabled PMU clock

Backup interface clock enable

This bit is set and reset by software.

0: Disabled Backup interface clock
1: Enabled Backup interface clock

CAN1 clock enable

This bit is set and reset by software.

0: Disabled CANL1 clock
1: Enabled CANL1 clock

CANO clock enable

This bit is set and reset by software.

0: Disabled CANO clock
1: Enabled CANO clock

Must be kept at reset value

12C1 clock enable

This bit is set and reset by software.

0: Disabled 12C1 clock
1: Enabled I2C1 clock

12CO0 clock enable

This bit is set and reset by software.

0: Disabled 12C0 clock
1: Enabled 12CO0 clock

UART4 clock enable

This bit is set and reset by software.

0: Disabled UART4 clock
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19

18

17

16

15

14

13:12

11

10:6

UART3EN

USART2EN

USART1EN

Reserved

SPI2EN

SPI1EN

Reserved

WWDGTEN

Reserved

TIMERGEN

TIMERSEN

TIMER4EN

1: Enabled UART4 clock

UARTS3 clock enable

This bit is set and reset by software.

0: Disabled UARTS3 clock
1: Enabled UART3 clock

USART2 clock enable

This bit is set and reset by software.

0: Disabled USART?2 clock
1: Enabled USART2 clock

USART1 clock enable

This bit is set and reset by software.

0: Disabled USART1 clock
1: Enabled USART1 clock

Must be kept at reset value

SPI2 clock enable

This bit is set and reset by software.

0: Disabled SPI2 clock
1: Enabled SPI2 clock

SPI1 clock enable

This bit is set and reset by software.

0: Disabled SPI1 clock
1: Enabled SPI1 clock

Must be kept at reset value

WWDGT clock enable

This bit is set and reset by software.

0: Disabled WWDGT clock
1: Enabled WWDGT clock

Must be kept at reset value

TIMERS® clock enable

This bit is set and reset by software.

0: Disabled TIMERG6 clock
1: Enabled TIMERG6 clock

TIMERS clock enable

This bit is set and reset by software.

0: Disabled TIMERS5 clock
1: Enabled TIMERS5 clock

TIMER4 clock enable

This bit is set and reset by software.
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0: Disabled TIMER4 clock
1: Enabled TIMERA4 clock
2 TIMER3EN TIMERS clock enable
This bit is set and reset by software.
0: Disabled TIMERS3 clock
1: Enabled TIMERS3 clock
1 TIMER2EN TIMER2 clock enable
This bit is set and reset by software.
0: Disabled TIMER2 clock
1: Enabled TIMER2 clock
0 TIMER1EN TIMERL1 clock enable
This bit is set and reset by software.
0: Disabled TIMER1 clock
1: Enabled TIMER1 clock
5.3.9. Backup domain control register (RCU_BDCTL)
Address offset: 0x20
Reset value: 0x0000 0018, reset by Backup domain Reset.
This register can be accessed by byte(8-bit), half-word(16-bit) and word(32-bit)
Note: The LXTALEN, LXTALBPS, RTCSRC and RTCEN bits of the Backup domain control
register (RCU_BDCTL) are only reset after a Backup domain Reset. These bits can be
modified only when the BKPWEN bit in the Power control register (PMU_CTL) is set.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved ‘ BKPRST |
w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
LXTALBP | LXTALST
RTCEN Reserved RTCSRCJ[1:0] Reserved LXTALEN
S B
w w 2 r w
Bits Fields Descriptions
31:17 Reserved Must be kept at reset value
16 BKPRST Backup domain reset
This bit is set and reset by software.
0: No reset
1: Resets Backup domain
15 RTCEN RTC clock enable

This bit is set and reset by software.
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0: Disabled RTC clock
1: Enabled RTC clock

14:10 Reserved Must be kept at reset value

9:8 RTCSRCJ1:0] RTC clock entry selection
Set and reset by software to control the RTC clock source. Once the RTC clock
source has been selected, it cannot be changed anymore unless the Backup
domain is reset.
00: No clock selected
01: CK_LXTAL selected as RTC source clock
10: CK_IRCA40K selected as RTC source clock
11: (CK_HXTAL / 128) selected as RTC source clock

7:3 Reserved Must be kept at reset value

2 LXTALBPS LXTAL bypass mode enable
Set and reset by software.
0: Disable the LXTAL Bypass mode
1: Enable the LXTAL Bypass mode

1 LXTALSTB Low speed crystal oscillator stabilization flag
Set by hardware to indicate if the LXTAL output clock is stable and ready for use.
0: LXTAL is not stable
1: LXTAL is stable

0 LXTALEN LXTAL enable
Set and reset by software.
0: Disable LXTAL
1: Enable LXTAL

5.3.10. Reset source/clock register (RCU_RSTSCK)

Address offset: 0x24
Reset value: 0xOC00 0000, ALL reset flags reset by power Reset only, RSTFC/IRC40KEN
reset by system reset.

This register can be accessed by byte(8-bit), half-word(16-bit) and word(32-bit)

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

LP WWDGT | FWDGT SW POR EP
Reserved [ RSTFC Reserved

RSTF RSTF RSTF RSTF RSTF RSTF

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

IRC40K | IRC40KE
Reserved
STB N

r w
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Bits Fields Descriptions
31 LPRSTF Low-power reset flag

Set by hardware when Deep-sleep /standby reset generated.
Reset by writing 1 to the RSTFC bit.

0: No Low-power management reset generated

1: Low-power management reset generated

30 WWDGTRSTF Window watchdog timer reset flag
Set by hardware when a window watchdog timer reset generated.
Reset by writing 1 to the RSTFC bit.
0: No window watchdog reset generated

1: Window watchdog reset generated

29 FWDGTRSTF Free watchdog timer reset flag
Set by hardware when a free watchdog timer reset generated.
Reset by writing 1 to the RSTFC bit.
0: No free watchdog timer reset generated
1: free Watchdog timer reset generated

28 SWRSTF Software reset flag
Set by hardware when a software reset generated.
Reset by writing 1 to the RSTFC bit.
0: No software reset generated
1: Software reset generated

27 PORRSTF Power reset flag
Set by hardware when a Power reset generated.
Reset by writing 1 to the RSTFC bit.
0: No Power reset generated

1: Power reset generated

26 EPRSTF External PIN reset flag
Set by hardware when an External PIN reset generated.
Reset by writing 1 to the RSTFC bit.
0: No External PIN reset generated
1: External PIN reset generated

25 Reserved Must be kept at reset value

24 RSTFC Reset flag clear
This bit is set by software to clear all reset flags.
0: Not clear reset flags
1: Clear reset flags

23:2 Reserved Must be kept at reset value

1 IRC40KSTB IRC40K stabilization flag
Set by hardware to indicate if the IRC40K output clock is stable and ready for use.
0: IRC40K is not stable
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1: IRC40K is stable
0 IRC40KEN IRC40K enable
Set and reset by software.
0: Disable IRC40K
1: Enable IRC40K
5.3.11. AHB reset register (RCU_AHBRST)
Address offset: 0x28
Reset value: 0x0000 0000
This register can be accessed by byte(8-bit), half-word(16-bit) and word(32-bit)
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
USBFSR
Reserved Reserved
ST
rw
Bits Fields Descriptions
31:13 Reserved Must be kept at reset value
12 USBFSRST USBFS reset
This bit is set and reset by software.
0: No reset
1: Reset the USBFS
11:0 Reserved Must be kept at reset value
5.3.12. Clock configuration register 1 (RCU_CFG1)
Address offset: 0x2C
Reset value: 0x0000 0000
This register can be accessed by byte(8-bit), half-word(16-bit) and word(32-bit)
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
PREDVO
Reserved 12S2SEL | I12S1SEL
SEL
w w rw
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PLL2MF[3:0] PLLIMF[3:0] PREDV1[3:0] PREDVO0[3:0]
w w w
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Bits

Fields

Descriptions

31:19

18

17

16

15:12

11:8

Reserved

12S2SEL

12S1SEL

PREDVOSEL

PLL2MF[3:0]

PLL1MF[3:0]

Must be kept at reset value

12S2 Clock Source Selection

Set and reset by software to control the 12S2 clock source.
0: System clock selected as 12S2 source clock

1: (CK_PLL2 x 2) selected as 12S2 source clock

12S1 Clock Source Selection

Set and reset by software to control the 12S1 clock source.
0: System clock selected as 12S1 source clock

1: (CK_PLL2 x 2) selected as 12S1 source clock

PREDVO input Clock Source Selection

Set and reset by software.

0: HXTAL selected as PREDVO input source clock
1: CK_PLL1 selected as PREDVO input source clock

The PLL2 clock multiplication factor
Set and reset by software.

00xx: reserve
010x: reserve

0110: (PLL2 source clock x 8)

0111: (PLL2 source clock x 9)

1000 :(PLL2 source clock x 10)
1001: (PLL2 source clock x 11)
1010: (PLL2 source clock x 12)
1011: (PLL2 source clock x 13)
1100: (PLL2 source clock x 14)
1101: (PLL2 source clock x 15)
1110: (PLL2 source clock x 16)
1111: (PLL2 source clock x 20)

The PLL1 clock multiplication factor
Set and reset by software.

00xx: reserve
010x: reserve

0110: (PLL1 source clock x 8)

0111: (PLL1 source clock x 9)

1000 :(PLL1 source clock x 10)
1001: (PLL1 source clock x 11)
1010: (PLL1 source clock x 12)
1011: (PLL1 source clock x 13)
1100: (PLL1 source clock x 14)
1101: (PLL1 source clock x 15)
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1110 :(PLL1 source clock x 16)
1111: (PLL1 source clock x 20)

74 PREDV1[3:0] PREDV1 division factor
This bit is set and reset by software. These bits can be written when PLL1 and PLL2
are disable
0000: PREDV1 input source clock not divided
0001: PREDV1 input source clock divided by 2
0010: PREDV1 input source clock divided by 3
0011: PREDV1 input source clock divided by 4
0100: PREDV1 input source clock divided by 5
0101: PREDV1 input source clock divided by 6
0110: PREDV1 input source clock divided by 7
0111: PREDV1 input source clock divided by 8
1000: PREDV1 input source clock divided by 9
1001: PREDV1 input source clock divided by 10
1010: PREDV1 input source clock divided by 11
1011: PREDV1 input source clock divided by 12
1100: PREDV1 input source clock divided by 13
1101: PREDV?2 input source clock divided by 14
1110: PREDV?2 input source clock divided by 15
1111: PREDV?2 input source clock divided by 16

3.0 PREDVO[3:0] PREDVO division factor
This bit is set and reset by software. These bits can be written when PLL is disable.
Note: The bit 0 of PREDVO is same as bit 17 of RCU_CFGO, so modifying
Bit 17 of RCU_CFGO also modifies bit 0 of RCU_CFG1.
0000: PREDVO input source clock not divided
0001: PREDVO input source clock divided by 2
0010: PREDVO input source clock divided by 3
0011: PREDVO input source clock divided by 4
0100: PREDVO input source clock divided by 5
0101: PREDVO input source clock divided by 6
0110: PREDVO input source clock divided by 7
0111: PREDVO input source clock divided by 8
1000: PREDVO input source clock divided by 9
1001: PREDVO input source clock divided by 10
1010: PREDVO input source clock divided by 11
1011: PREDVO input source clock divided by 12
1100: PREDVO input source clock divided by 13
1101: PREDVO input source clock divided by 14
1110: PREDVO input source clock divided by 15
1111: PREDVO input source clock divided by 16
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5.3.13. Deep-sleep mode voltage register (RCU_DSV)

Address offset: 0x34
Reset value: 0x0000 0000

This register can be accessed by byte(8-bit), half-word(16-bit) and word(32-bit)

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

‘ Reserved |
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

‘ Reserved DSLPVSI[1:0] |

w

Bits Fields Descriptions

31:2 Reserved Must be kept at reset value

1.0 DSLPVS[1:0] Deep-sleep mode voltage select

These bits are set and reset by software
00 : The core voltage is 1.2V in Deep-sleep mode
01 : The core voltage is 1.1V in Deep-sleep mode
10 : The core voltage is 1.0V in Deep-sleep mode
11

: The core voltage is 0.9V in Deep-sleep mode
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6. Interrupt/event controller (EXTI)

6.1. Overview
RISC-V integrates the Enhancement Core-Local Interrupt Controller (ECLIC) for efficient
interrupts processing. ECLIC is designed to provide low-latency, vectored, pre-emptive
interrupts for RISC-V systems. When activated the ECLIC subsumes and replaces the
existing RISC-V local interrupt scheme (CLINT). The CLIC design has a base design that
requires minimal hardware, but supports additional extensions to provide hardware
acceleration. The goal of the ECLIC design is to provide support for a variety of software ABI
and interrupt models, without complex hardware that can impact high-performance processor
implementations. It's tightly coupled to the processer core. You can read the Technical
Reference Manual of RISC-V for more details about ECLIC.
EXTI (interrupt/event controller) contains up to 19 independent edge detectors and generates
interrupt requests or events to the processer. The EXTI has three trigger types: rising edge,
falling edge and both edges. Each edge detector in the EXTI can be configured and masked
independently.

6.2. Characteristics
B Up to 68 maskable peripheral interrupts.
B 4 bits interrupt priority configuration - 16 priority levels.
B Support interrupt pre-emption and tail-chaining.
B Wake up system from power saving mode.
®  Upto 19 independent edge detectors in EXTI.
B Three trigger types: rising, falling and both edges.
B Software interrupt or event trigger.
B Trigger sources configurable.

6.3. Function overview

The RISC-V processor and the Enhancement Core-Local Interrupt Controller (ECLIC)
prioritize and handle all interrupts in machine mode.

The processor supports tail-chaining, which enables back-to-back interrupts to be performed
without the overhead of state saving and restoration. The following tables list all interrupt

types.
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Table 6-1. Interrupt vector table

Vector
N Interrupt Description Vector Address
3 CLIC_INT_SFT 0x0000_000C
7 CLIC_INT_TMR 0x0000_001C
17 CLIC_INT_BWEI 0x0000_0044
18 CLIC_INT_PMOVI 0x0000_0048
19 WWDGT interrupt 0x0000_004C
20 LVD from EXTI interrupt 0x0000_0050
21 Tamper interrupt 0x0000_0054
22 RTC global interrupt 0x0000_0058
23 FMC global interrupt 0x0000_005C
24 RCU global interrupt 0x0000_0060
25 EXTI Line0 interrupt 0x0000_0064
26 EXTI Linel interrupt 0x0000_0068
27 EXTI Line2 interrupt 0x0000_006C
28 EXTI Line3 interrupt 0x0000_0070
29 EXTI Line4 interrupt 0x0000_0074
30 DMAO channelO global interrupt 0x0000_0078
31 DMAO channell global interrupt 0x0000_007C
32 DMAO channel2 global interrupt 0x0000_0080
33 DMAO channel3 global interrupt 0x0000_0084
34 DMAO channel4 global interrupt 0x0000_0088
35 DMAGO channel5 global interrupt 0x0000_008C
36 DMAGO channel6 global interrupt 0x0000_0090
37 ADCO and ADC1 global interrupt 0x0000_0094
38 CANO TX interrupts 0x0000_0098
39 CANO RXO interrupts 0x0000_009C
40 CANO RX1 interrupts 0x0000_00A0
41 CANO EWMC interrupts 0x0000_00A4
42 EXTI line[9:5] interrupts 0x0000_00AS8
43 TIMERO break interrupt 0x0000_00AC
44 TIMERO update interrupt 0x0000_00B0
45 TIMERQO trigger and channel commutation interrupts 0x0000_00B4
46 TIMERO channel capture compare interrupt 0x0000_00B8
a7 TIMERL1 global interrupt 0x0000_00BC
48 TIMERZ2 global interrupt 0x0000_00CO0
49 TIMERS3 global interrupt 0x0000_00C4
50 12C0 event interrupt 0x0000_00C8
51 12CO0 error interrupt 0x0000_00CC
52 I2C1 event interrupt 0x0000_00D0
53 I2C1 error interrupt 0x0000_00D4
54 SPI0 global interrupt 0x0000_00D8
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Vector
N Interrupt Description Vector Address
55 SPI1 global interrupt 0x0000_00DC
56 USARTO global interrupt 0x0000_00EO
57 USART1 global interrupt 0x0000_00E4
58 USART2 global interrupt 0x0000_00E8
59 EXTI line[15:10] interrupts 0x0000_00EC
60 RTC alarm from EXTI interrupt 0x0000_00FO0
61 USBFS wakeup from EXTI interrupt 0x0000_00F4
62 Reserved 0x0000_00F8
63 Reserved 0x0000_00FC
64 Reserved 0x0000_0100
65 Reserved 0x0000_0104
66 Reserved 0x0000_0108
67 Reserved 0x0000_010C
68 Reserved 0x0000_0110
69 TIMERA4 global interrupt 0x0000_0114
70 SPI2 global interrupt 0x0000_0118
71 UARTS3 global interrupt 0x0000_011C
72 UART4 global interrupt 0x0000_0120
73 TIMERS global interrupt 0x0000_0124
74 TIMERG global interrupt 0x0000_0128
75 DMAL channel0 global interrupt 0x0000_012C
76 DMA1 channell global interrupt 0x0000_0130
77 DMAL channel2 global interrupt 0x0000_0134
78 DMA1 channel3 global interrupt 0x0000_0138
79 DMA1 channel4 global interrupt 0x0000_013C
80 Reserved 0x0000_0140
81 Reserved 0x0000_0144
82 CAN1 TX interrupt 0x0000_0148
83 CANL1 RXO interrupt 0x0000_014C
84 CAN1 RX1 interrupt 0x0000_0150
85 CAN1 EWMC interrupt 0x0000_0154
86 USBFS global interrupt 0x0000_0158
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6.4. External interrupt and event (EXTI) block diagram

Figure 6-1. Block diagram of EXTI

Polarity Software
Control Trigger
EXTI Line0~18 Edge
detector
.| Interrupt Mask ToECLIC
Control g
Event Event Mask To Wakeup Unit
Generate Control —
6.5. External Interrupt and Event function overview

The EXTI contains up to 19 independent edge detectors and generates interrupts request or
event to the processer. The EXTI has three trigger types: rising edge, falling edge and both
edges. Each edge detector in the EXTI can be configured and masked independently.

The EXTI trigger source includes 16 external lines from GPIO pins and 3 lines from internal
modules (including LVD, RTC Alarm, USB Wakeup). All GPIO pins can be selected as an
EXTI trigger source by configuring AFIO_EXTISSx registers in GPIO module (please refer to
GPIO and AFIO section for detalil).

EXTI can provide not only interrupts but also event signals to the processor. The RISC-V
processor fully implements the Wait For Interrupt (WFI), Wait For Event (WFE) and the Send
Event (SEV) instructions. EXTI can be used to wake up processor and the whole system
when some expected event occurs, such as a special GPIO pin toggling or RTC alarm.
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Table 6-2. EXTI source

EXTI Line
N Source

0 PAO/PBO/PCO/PDO/PEO
1 PA1/PB1/PC1/PD1/PE1
2 PA2/PB2/PC2/PD2/PE2
3 PA3/PB3/PC3/PD3/PE3
4 PA4/PB4/PC4/PD4/PE4
5 PA5/PB5/PC5/PD5/PES
6 PAG6/PB6/PC6/PD6/PE6
7 PA7/PB7/PC7/PD7/PE7
8 PA8/PB8/PC8/PD8/PE8
9 PA9/PB9/PC9/PD9/PE9
10 PA10/PB10/PC10/PD10/PE10
11 PA11/PB11/PC11/PD11/PE11
12 PA12/PB12/PC12/PD12/PE12
13 PA13/PB13/PC13/PD13/PE13
14 PA14/PB14/PC14/PD14/PE14
15 PA15/PB15/PC15/PD15/PE15
16 LVD
17 RTC Alarm
18 USB Wakeup
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6.6. Register definition
EXTI base address: 0x4001 0400

6.6.1. Interrupt enable register (EXTI_INTEN)

Address offset: 0x00
Reset value: 0x0000 0000

This register has to be accessed by word(32-bit)

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

‘ Reserved ‘ INTEN18 ‘ INTEN17 ‘ INTEN16 |
rw w rw
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

‘INTENlS‘INTEN14‘INTEN13 ‘ INTEN12 ‘ INTEN11 ‘ INTENlO‘ INTEN9 ‘ INTENS ‘ INTEN7 ‘ INTEN6 ‘ INTENS ’ INTEN4 ‘ INTEN3 ’ INTEN2 ‘ INTEN1 ‘ INTENO |

rw w w rw w w rw I\ rw I\ rw rw w rw w w
Bits Fields Descriptions
31:19 Reserved Must be kept at reset value
18: 0 INTENX Interrupt enable bit

0: Interrupt from Linex is disabled.
1: Interrupt from Linex is enabled.

6.6.2. Event enable register (EXTI_EVEN)

Address offset: 0x04
Reset value: 0x0000 0000

This register has to be accessed by word(32-bit)

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

‘ Reserved | EVEN18 ‘ EVEN17 ‘ EVEN16 |
rw w rw
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

‘EVENlS ‘ EVEN14 ‘ EVEN13 ‘ EVEN12 ‘ EVEN11 ‘ EVENlO‘ EVEN9 ‘ EVENS ’ EVEN7 ’ EVENG6 ‘ EVENS ’ EVEN4 ‘ EVEN3 ’ EVEN2 ‘ EVEN1 ‘ EVENO |

rw w w rw w w rw w rw w rw w w rw rw w
Bits Fields Descriptions
31:19 Reserved Must be kept at reset value
18:0 EVENx Event enable bit

0: Event from Linex is disabled.

1: Event from Linex is enabled.
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6.6.3. Rising edge trigger enable register (EXTI_RTEN)

Address offset: 0x08
Reset value: 0x0000 0000

This register has to be accessed by word(32-bit)

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

‘ Reserved ‘ RTEN18 ‘ RTEN17 ‘ RTEN16 |
w w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

‘RTENlS ‘ RTEN14 ‘ RTEN13 ‘ RTEN12 ‘ RTEN11 ‘ RTENlO‘ RTEN9 ‘ RTEN8 ‘ RTEN7 ‘ RTENG ‘ RTENS ‘ RTEN4 ‘ RTEN3 ‘ RTEN2 ‘ RTEN1 ‘ RTENO |

w w w rw I\ I\ rw I\ rw I\ rw rw w rw w w
Bits Fields Descriptions
31:19 Reserved Must be kept at reset value
18:0 RTENXx Rising edge trigger enable

0: Rising edge of Linex is invalid

1: Rising edge of Linex is valid as an interrupt/event request

6.6.4. Falling edge trigger enable register (EXTI_FTEN)

Address offset: 0x0C
Reset value: 0x0000 0000

This register has to be accessed by word(32-bit)

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

‘ Reserved | FTEN18 ‘ FTEN17 ‘ FTEN16 |
w w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

‘FTENlS | FTEN14 | FTEN13 ‘ FTEN12 ‘ FTEN11 ‘ FTENlO‘ FTEN9 ‘ FTENS ‘ FTEN7 ‘ FTENG6 ‘ FTENS | FTEN4 ‘ FTEN3 | FTEN2 ‘ FTEN1 ‘ FTENO |

rw rw rw rw w w rw w rw w rw rw w rw w rw
Bits Fields Descriptions
31:19 Reserved Must be kept at reset value
18:0 FTENX Falling edge trigger enable

0: Falling edge of Linex is invalid

1: Falling edge of Linex is valid as an interrupt/event request

6.6.5. Software interrupt event register (EXTI_SWIEV)

Address offset: 0x10

Reset value: 0x0000 0000
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This register has to be accessed by word(32-bit)

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

‘ Reserved | SWIEV18 ‘ SWIEV17 ‘ SWIEV16 |
w w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

‘SWIEVlS|SWIEV14|SWIEV13‘SWIEVlZISWIEVll‘SWIEVlO‘ SWIEV9 | SWIEVS | SWIEV7 | SWIEV6 ‘ SWIEV5 | SWIEV4 ‘ SWIEV3 | SWIEV2 ‘ SWIEV1 ‘ SWIEVO |

w w w w w w w w w w w w w w w w
Bits Fields Descriptions
31:19 Reserved Must be kept at reset value
18: 0 SWIEVX Interrupt/Event software trigger

0: Deactivate the EXTIx software interrupt/event request
1: Activate the EXTIx software interrupt/event request

6.6.6. Pending register (EXTI_PD)

Address offset: 0x14
Reset value: undefined

This register has to be accessed by word(32-bit)

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ Reserved | PD18 ‘ PD17 ‘ PD16
rc_wl rc_wl rc_wl
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ PD15 | PD14 | PD13 ‘ PD12 ‘ PD11 ‘ PD10 ‘ PD9 ‘ PD8 ‘ PD7 ‘ PD6 ‘ PD5 | PD4 ‘ PD3 | PD2 ‘ PD1 ‘ PDO
rc_wl rc_wl rc_wl rc_wl rc_wl rc_wl rc_wl rc_wl rc_wl rc_wl rc_wl rc_wl rc_wl rc_wl rc_wl rc_wl
Bits Fields Descriptions
31:19 Reserved Must be kept at reset value
18: 0 PDx Interrupt pending status

0: EXTI Linex is not triggered
1: EXTI Linex is triggered. This bit is cleared to 0 by writing 1 to it.
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7. General-purpose and alternate-function 1/0Os (GPIO
and AFIO)

7.1. Overview
There are up to 80 general purpose I/O pins (GPIO), named PAO ~ PA15, PBO ~ PB15, PCO
~PC15, PD0O ~ PD15 and PEO ~ PE15 for the device to implement logic input/output functions.
Each GPIO port has related control and configuration registers to satisfy the requirements of
specific applications. The external interrupt on the GPIO pins of the device have related
control and configuration registers in the Interrupt/event Controller Unit (EXT]I).
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.
Each of the GPIO pins can be configured by software as output (push-pull or open-drain),
input, peripheral alternate function or analog mode. Each GPIO pin can be configured as pull-
up, pull-down or no pull-up/pull-down. All GPIOs are high-current capable except for analog
mode.

7.2. Characteristics
B Input/output direction control.
B Schmitt trigger input function enable control.
B Each pin weak pull-up/pull-down function.
B Output push-pull/open drain enable control.
H  Output set/reset control.
B External interrupt with programmable trigger edge — using EXTI configuration registers.
®  Analog input/output configuration.
B Alternate function input/output configuration.
B Port configuration lock.

7.3. Function overview

Each of the general-purpose I/O ports can be configured as 8 modes: analog inputs, input
floating, input pull-down/pull-up, GPIO push-pull/open-drain or AFIO push-pull/open-drain
mode by two GPIO configuration registers (GPIOx_CTLO/GPIOx_CTL1), and two 32-bits data
registers (GPIOx_ISTAT and GPIOx_OCTL).Table 7.1. GPIO configuration table shows the
details.

Table 7.1. GPIO configuration table
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Configuration mode CTL[1:0] MDI[1:0] OCTL
Analog 00 don’t care
Input floating 01 don’t care
Input 0
Input pull-down 10 0
Input pull-up 10 1
Push-pull 00 Oorl
|
General purpose 00: Reserved
Output (GPIO ;
put ( ) Open-drain 01 01: Speed up to 10MHz Oorl
10: Speed up to 2MHz ,
Alternate Function Push-pull 10 P P don’t care
11: Speed up to 50MHz
Output (AFIO) Open-drain 11 don’t care
Figure 7.1. Basic structure of a standard 1/O port bit shows the basic structure of an 1/0O
port bit.
Figure 7.1. Basic structure of a standard I/O port bit
R e |
9 Output Output driver
Control vdd
Read/Write »-| Register J
Output
Control
Alternate Function Output Vdd
1 ESD
1 protection
Vss
‘Analog ( Input / Output ) Y 110 pin
Alternate Function Input [Q
\_/SS
Read Input |
- Status [« R\
Register
Schmitt
Input driver trigger
7.3.1. GPIO pin configuration

During or just after the reset period, the alternative functions are all inactive and the GPIO

PA15: JTDI in PU mode.
PA14: JTCK in PD mode.
PA13: JTMS in PU mode.
PB4: NJTRST in PU mode.
PB3: JTDO in Floating mode.

ports are configured into the input floating mode that input disabled without Pull-Up (PU)/Pull-
Down (PD) resistors. But the JTAG/Serial-Wired Debug pins are in input PU/PD mode after
reset:
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7.3.2.

7.3.3.

7.3.4.

The GPIO pins can be configured as inputs or outputs. When the GPIO pins are configured
as input pins, all GPIO pins have an internal weak pull-up and weak pull-down which can be
chosen. And the data on the external pins can be captured at every APB2 clock cycle to the
port input status register (GPIOX_ISTAT).

When the GPIO pins are configured as output pins, user can configure the speed of the ports.
And chooses the output driver mode: Push-Pull or Open-Drain mode. The value of the port
output control register (GPIOx_OCTL) is output on the 1/O pin.

There is no need to read-then-write when programming the GPIOx_OCTL at bit level, user
can modify only one or several bits in a single atomic APB2 write access by programming ‘1’
to the bit operate register (GPIOx_BOP, or for clearing only GPIOx_BC). The other bits will
not be affected.

External interrupt/event lines

All ports have external interrupt capability. To use external interrupt lines, the port must be
configured in input mode.

Alternate functions (AF)

When the port is configured as AFIO (set CTLy bits to “Ob10” or “Ob11”, and set MDy bits to
“Ob01”, “Ob10”, or “Ob11”, which is in GPIOx_CTLO/GPIOx_CTL1 registers), the port is used
as peripheral alternate functions. The detail alternate function assignments for each port are
in the device datasheet.

Input configuration

When GPIO pin is configured as Input:

B The schmitt trigger input is enabled.

B The weak pull-up and pull-down resistors could be chosen.

B Every APB2 clock cycle the data present on the I/O pin is got to the port input status
Register.

B The output buffer is disabled.

Figure 7.2. Input configuration shows the input configuration.

Figure 7.2. Input configuration

Alternate Function Input

-t

hl Vvdd ESD
protection

T
Read Input | ﬁ 1/0 pin
- Status | R\
Register |
Schmitt
Input driver trigger i_ Vss
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7.3.5. Output configuration
When GPIO pin is configured as output:
B The schmitt trigger input is enabled.
B The weak pull-up and pull-down resistors are disabled.
B The output buffer is enabled.
B Open Drain Mode: The pad output low level when a “0” in the output control register,
while the pad leaves Hi-Z when a “1” in the output control register.
B Push-Pull Mode: The pad output low level when a “0” in the output control register, while
the pad output high level when a “1” in the output control register.
B A read access to the port output control register gets the last written value.
B Aread access to the port input status register gets the 1/O state.
Figure 7.3. Output configuration shows the output configuration.
Figure 7.3. Output configuration
S e
Quiput Output driver
) Control vdd
Read/Write »| Register J
Output |
Alternate Function Output _ Control :I vdd
> 1 ESD
1 protection
Vss
[P 110 pln
|
|
: q
|
L
| vss
Read Input |
o= === Status [M—-|-————————-< \_®*-————————— !
Register
Schmitt
Input driver trigger
7.3.6. Analog configuration

When GPIO pin is used as analog configuration:

The weak pull-up and pull-down resistors are disabled.
The output buffer is disabled.

The schmitt trigger input is disabled.

The port input status register of this 1/0 port bit is “0”.

Figure 7.4. Analog configuration shows the analog configuration.

Figure 7.4. Analog configuration
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ESD
protection
Analog ( Input / Output ) I/O pin
- >
7.3.7. Alternate function (AF) configuration

To suit for different device packages, the GPIO supports some alternate functions mapped to
some other pins by software.

When be configured as alternate function:

The output buffer is enabled in Open-Drain or Push-Pull configuration.

The output buffer is driven by the peripheral.

The schmitt trigger input is enabled.

The weak pull-up and pull-down resistors could be chosen when input.

The I/O pin data is stored into the port input status register every APB2 clock.
A read access to the port input status register gets the 1/O state.

A read access to the port output control register gets the last written value.

Figure 7.5. Alternate function configuration shows the alternate function configuration.

Figure 7.5. Alternate function configuration

Output driver
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7.3.8. IO pin function selection

Each 10 pin can implement many functions, each function selected by GPIO registers.

GPIO:

Each 10 pin can be used for GPIO input function by configuring MDy bits to 0bOO in
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GPIOx_CTLO/GPIOx_CTL1 registers. And set output function by configuring MDy bits to 0b01,
0b10, or Ob11 and configuring CTLy bits of corresponding port in GPIOx_CTLO/GPIOx_CTL1
register to 0b0O0 (for GPIO push-pull output) or 0b01 (for GPIO open-drain output).
Alternate function:
Each IO pin can be used for AF input function by configuring MDy bits to Ob0O in
GPIOx_CTLO/GPIOx_CTL1 registers. And set output function by configuring MDy bits to Ob01,
0b10, or Ob11 and configuring CTLy bits of corresponding port in GPIOx_CTLO/GPIOx_CTL1
register to 0b10 (for AF push-pull output) or Ob11 (for AF open-drain output).

7.3.9. GPIO locking function
The locking mechanism allows the 1O configuration to be protected.
The protected registers are GPIOx_CTLO, GPIOx_CTL1. It allows the I/O configuration to be
frozen by the 32-bit locking register (GPIOx_LOCK). When the special LOCK sequence has
been occurred on LKK bit in GPIOx_LOCK register and the LKy bit is set in GPIOx_LOCK
register, the corresponding port is locked and the corresponding port configuration cannot be
modified until the next reset. It should be recommended to be used in the configuration of
driving a power module.

7.4. Remapping function 1/0 and debug configuration

7.4.1. Introduction
In order to expand the flexibility of the GPIO or the usage of peripheral functions, each 1/O pin
can be configured to have up to four different functions by setting the AFIO Port Configuration
Register (AFIO_PCFO/AFIO_PCF1). Suitable pinout locations can be selected using the
peripheral 10 remapping function. Additionally, various GPIO pins can be selected to be the
EXTI interrupt line by setting the relevant EXTI Source Selection Register (AFIO_EXTISSX)
to trigger an interrupt or event.

7.4.2. Main features
B APB slave interface for register access.
B EXTI source selection.
B Each pin has up to four alternative functions for configuration.

7.4.3. JTAG alternate function remapping

The debug interface signals are mapped on the GPIO ports as shown in table below.

Table 7.2. Debug interface signals
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Alternate function GPIO port
JTMS PA13
JTCK PA14
JTDI PA15
JTDO PB3
NJTRST PB4
To reduce the number of GPIOs used to debug, user can configure SWJ_CFG [2:0] bits in
the AFIO_PCFO to different value. Refer to table below.
Table 7.3. Debug port mapping
SWJ_CFG - SWJ I/O pin assigned
[2:0] Available debug ports PAL3/ | PAl4/ | PAIS/| | PB4
JTMS JTCK JTDI NJTRST
000 JTAG-DP Reset state ° ° ° ° °
001 JTAG-DP but without NJTRST ° ° ° ° X
100 JTAG-DP Disabled X X X X X
Other Forbidden
7.4.4. TIMER AF remapping
Table 7.4. TIMERO alternate function remapping
Alternate function TIMERO_REMAP [1:0] | TIMERO_REMAP [1:0] = | TIMERO_REMAP [1:0] =
= “00” (no remap) “01” (partial remap) “11” (full remap) ¥
TIMERO_ETI PA12 PE7
TIMERO_CHO PA8 PE9
TIMERO_CH1 PA9 PE11
TIMERO_CH2 PA10 PE13
TIMERO_CH3 PA11 PE14
TIMERO_BKIN PB12 PAG6 PE15
TIMERO_CHO_ON PB13 PA7 PES8
TIMERO_CH1_ON PB14 PBO PE10
TIMERO_CH2_ON PB15 PB1 PE12

1. For different packages and flash sizes please refer to the datasheet.

Table 7.5. TIMER1 alternate function remapping

TIMER1_REMAP | TIMER1_REMAP |TIMER1_REMAP | TIMER1_REMAP
Alternate function [1:0] = “00” [1:0] = “01” [1: 0] = “10” [1:0] = “11”
(no remap) (partial remap) (partial remap) (full remap) @
TIMER1_CHO/TIMER

1 ETI® PAO PA15 PAO PA15
TIMER1_CH1 PAl PB3 PAl PB3
TIMER1_CH2 PA2 PB10
TIMER1_CH3 PA3 PB11
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1. For different packages and flash sizes please refer to the datasheet.

Table 7.6. TIMER?2 alternate function remapping

Alternate | TIMER2_REMAP [1:0] = | TIMER2_REMAP [1:0] = | TIMER2_REMAP [1:0] =

function “00” (no remap) “10” (partial remap) “11” (full remap)
TIMER2_CHO PAG6 PB4 PC6
TIMER2_CH1 PA7 PB5 PC7
TIMER2_CH2 PBO PC8
TIMER2_CH3 PB1 PC9

1. For different packages and flash sizes please refer to the datasheet.

Table 7.7. TIMER3 alternate function remapping

Alternate function TIMER3_REMAP =0 TIMER3_REMAP = 10
TIMER3_CHO PB6 PD12
TIMER3_CH1 PB7 PD13
TIMER3_CH2 PB8 PD14
TIMER3_CH3 PB9 PD15

1. For different packages and flash sizes please refer to the datasheet.

Table 7.8. TIMER4 alternate function remapping

Alternate function TIMER4CH3_REMAP =0 TIMER4CH3_REMAP =1
IRC40K internal clock is
TIMER4_CH3 TIMER4_CH3 is connected to PA3| connected to TIMER4_CH3
input for calibration purpose

1. For different packages and flash sizes please refer to the datasheet.

7.4.5. USART AF remapping

Refer to AFIO port configuration register 0 (AFIO_PCFO0).

Table 7.9. USARTO alternate function remapping

Alternate function USARTO _REMAP =0 USARTO REMAP =1
USARTO_TX PA9 PB6
USARTO_RX PA10 PB7

Table 7.10. USART1 alternate function remapping

Alternate function USART1 REMAP =0 USART1 REMAP=1®@
USART1_CTS PAO PD3
USART1_RTS PAl PD4

USART1 TX PA2 PD5
USART1 RX PA3 PD6
USART1 CK PA4 PD7

Table 7.11. USART?2 alternate function remapping
Alternate function |USART2_REMAP [1:0] =| USART2_REMAP [1:0] | USART2_REMAP [1:0]
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“00” (no remap) =“01” (partial remap) @ | =“11” (full remap) @
USART2_TX PB10 PC10 PD8
USART2_RX PB11 PC11 PD9
USART2_CK PB12 PC12 PD10
USART2_CTS PB13 PD11
USART2_RTS PB14 PD12
2.  Remap available only for 64-pin,100-pin
3.  Remap available only 100-pin
7.4.6. I2C0O AF remapping
Refer to AFIO port configuration register 0 (AFIO_ PCFO0).
Table 7.12. 12C0 alternate function remapping
Alternate function 12C0_REMAP =0 [2C0_REMAP =10
12C0_SCL PB6 PB8
12C0O_SDA PB7 PB9
1. Remap not available on 36-pin package.
7.4.7. SPIO AF remapping
Refer to AFIO port configuration register 0 (AFIO_PCFO0).
Table 7.13. SPI0 alternate function remapping
Alternate function SPI0_ REMAP =0 SPI0_ REMAP =1
SPIO_NSS PA4 PA15
SPIO_SCK PAS5 PB3
SPIO_MISO PA6 PB4
SPI0O_MOSI PA7 PB5
7.4.8. SPI2/12S2 AF remapping
Refer to AFIO port configuration register 0 (AFIO_ PCFO0).
Table 7.14. SPI2/12S2 alternate function remapping
Alternate function SPI2_REMAP =0 SPI2_REMAP =1
SPI2_NSS/ 1252_WS PA15 PA4
SPI2_SCK/ 1252_CK PB3 PC10
SPI2_MISO PB4 PC11
SPI2_MOSI/12S2_SD PB5 PC12
7.4.9. CANO AF remapping

Refer to AFIO port configuration register 0 (AFIO_ PCFO0).

109



e

GD32VF103 User Manual

GigaDevice
Table 7.15. CANO alternate function remapping
_ CANO_REMAP[1:0] | CANO_REMAP[1:0] | CANO_REMAP[1:0]
Alternate function
=“oou =“1 0!!(2) =“1 1”(1)
CANO_RX PAl1l PB8 PDO
CANO_TX PA12 PB9 PD1
1. This remapping is available only on 100-pin packages, when PDO and PD1 are not
remapped on OSC_IN and OSC_OUT.
2.  Remap not available on 36-pin package.
7.4.10. CAN1 AF remapping
Refer to AFIO port configuration register 0 (AFIO_ PCFO0).
Table 7.16. CAN1 alternate function remapping
Alternate function CAN1_REMAP = “0” ™D CAN1_REMAP = “1”
CAN1_RX PB12 PB5
CAN1_TX PB13 PB6
1. Remap not available on 36-pin package.
7.4.11. CLK pins AF remapping

The LXTAL oscillator pins OSC32_IN and OSC32_OUT can be used as general-purpose 1/0
PC14 and PC15 individually, when the LXTAL oscillator is off. The LXTAL has priority over the

GPIOs function.

Note: 1. But when the 1.8 V domain is powered off (by entering standby mode) or when the
backup domain is supplied by Vear (Voo no more supplied), the PC14/PC15 GPIO

functionality is lost and will be set in analog mode.
2. Refer to the note on 10 usage restrictions in Section Battery backup domain.

Table 7.17. OSC32 pins configuration

Alternate function LXTAL= ON LXTAL= OFF
PC14 OSC32_IN PC14
PC15 0SC32_0uUT PC15

The HXTAL oscillator pins OSC_IN/OSC_OUT can be used as general-purpose I/O PDO/PD1.

Table 7.18. OSC pins configuration

Alternate function HXTAL= ON HXTAL = OFF
PDO OSC_IN PDO
PD1 OSC_OouT PD1
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7.5. Register definition

AFIO base address: 0x4001 0000

GPIOA base address: 0x4001 0800
GPIOB base address: 0x4001 0C00
GPIOC base address: 0x4001 1000
GPIOD base address: 0x4001 1400
GPIOE base address: 0x4001 1800

7.5.1. Port control register 0 (GPIOx_CTLO, x=A..E)

Address offset: 0x00
Reset value: 0x4444 4444

This register has to be accessed by word (32-bit).

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
CTL7[1:0] ‘ MD7[1:0] ‘ CTL6[1:0] ‘ MD6[1:0] ‘ CTL5[1:0] ‘ MD5[1:0] ’ CTL4[1:0] ’ MDA4[1:0]
w rw rw 1\ I\ rw rw w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CTL3[1:0] ‘ MD3[1:0] ‘ CTL2[1:0] ‘ MD2[1:0] ‘ CTL1[1:0] ‘ MD1[1:0] ’ CTLO[1:0] ’ MDO[1:0]
w rw rw 1\ I\ rw rw w
Bits Fields Descriptions
31:30 CTL7[1:0] Port 7 configuration bits

These bits are set and cleared by software
refer to CTLO[1:0]description

29:28 MD7[1:0] Port 7 mode bits
These bits are set and cleared by software
refer to MDO[1:0]description

27:26 CTL6[1:0] Port 6 configuration bits
These bits are set and cleared by software
refer to CTLO[1:0]description

25:24 MD6[1:0] Port 6 mode bits
These bits are set and cleared by software
refer to MDO[1:0]description

23:22 CTL5[1:0] Port 5 configuration bits
These bits are set and cleared by software
refer to CTLO[1:0]description

21:20 MD5[1:0] Port 5 mode bits
These bits are set and cleared by software
refer to MDO[1:0]description
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19:18

17:16

15:14

13:12

11:10

9:8

7:6

5:4

3:2

1.0

CTLA4[1:0]

MD4[1:0]

CTL3[1:0]

MD3[1:0]

CTL2[1:0]

MD2[1:0]

CTL1[1:0]

MD1[1:0]

CTLO[1:0]

MDO[1:0]

Port 4 configuration bits
These bits are set and cleared by software
refer to CTLO[1:0]description

Port 4 mode bits
These bits are set and cleared by software
refer to MDO[1:0]description

Port 3 configuration bits
These bits are set and cleared by software
refer to CTLO[1:0]description

Port 3 mode bits
These bits are set and cleared by software
refer to MDO[1:0]description

Port 2 configuration bits
These bits are set and cleared by software
refer to CTLO[1:0]description

Port 2 mode bits
These bits are set and cleared by software
refer to MDO[1:0]description

Port 1 configuration bits
These bits are set and cleared by software
refer to CTLO[1:0]description

Port 1 mode bits
These bits are set and cleared by software
refer to MDO[1:0]description

Port 0 configuration bits

These bits are set and cleared by software
Input mode ( MD[1:0] =00)

00: Analog mode

01: Floating input

10: Input with pull-up / pull-down

11: Reserved

Output mode ( MD[1:0] >00)

00: GPIO output with push-pull
01: GPIO output with open-drain
10: AFIO output with push-pull
11: AFIO output with open-drain

Port 0 mode bits
These bits are set and cleared by software
00: Input mode (reset state)
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01: Output mode ,max speed 10MHz
10: Output mode ,max speed 2 MHz
11: Output mode ,max speed 50MHz
7.5.2. Port control register 1 (GPIOx_CTL1, x=A..E)
Address offset: 0x04
Reset value: 0x4444 4444
This register has to be accessed by word (32-bit).
31 30 29 28 27 26 25 24 23 22 21 19 18 17 16
CTL15[1:0] MD15[1:0] ‘ CTL14[1:0] ‘ MD14[1:0] ‘ CTL13[1:0] ‘ MD13[1:0] CTL12[1:0] MD12[1:0]
w w w w w 12 12 w
15 14 13 12 11 10 9 8 7 6 5 3 2 1 0
CTL11[1:0] MD11[1:0] ‘ CTL10[1:0] ‘ MD10[1:0] ‘ CTL9[1:0] ‘ MD9[1:0] CTL8[1:0] MD8[1:0]
w w w w w 12 12 w
Bits Fields Descriptions
31:30 CTL15[1:0] Port 15 configuration bits
These bits are set and cleared by software
refer to CTLO[1:0]description
29:28 MD15[1:0] Port 15 mode bits
These bits are set and cleared by software
refer to MDO[1:0]description
27:26 CTL14[1:0] Port 14 configuration bits
These bits are set and cleared by software
refer to CTLO[1:0]description
25:24 MD14[1:0] Port 14 mode bits
These bits are set and cleared by software
refer to MDO[1:0]description
23:22 CTL13[1:0] Port 13 configuration bits
These bits are set and cleared by software
refer to CTLO[1:0]description
21:20 MD13[1:0] Port 13 mode bits
These bits are set and cleared by software
refer to MDO[1:0]description
19:18 CTL12[1:0] Port 12 configuration bits
These bits are set and cleared by software
refer to CTLO[1:0]description
17:16 MD12[1:0] Port 12 mode bits
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These bits are set and cleared by software
refer to MDO[1:0]description
15:14 CTL11[1:0] Port 11 configuration bits
These bits are set and cleared by software
refer to CTLO[1:0]description
13:12 MD11[1:0] Port 11 mode bits
These bits are set and cleared by software
refer to MDO[1:0]description
11:10 CTL10[1:0] Port 10 configuration bits
These bits are set and cleared by software
refer to CTLO[1:0]description
9:8 MD10[1:0] Port 10 mode bits
These bits are set and cleared by software
refer to MDO[1:0]description
7:6 CTL9[1:0] Port 9 configuration bits
These bits are set and cleared by software
refer to CTLO[1:0]description
5:4 MD9[1:0] Port 9 mode bits
These bits are set and cleared by software
refer to MDO[1:0]description
3:2 CTL8[1:0] Port 8 configuration bits
These bits are set and cleared by software
refer to CTLO[1:0]description
1.0 MD8[1:0] Port 8 mode bits
These bits are set and cleared by software
refer to MDO[1:0]description
7.5.3. Port input status register (GPIOx_ISTAT, x=A..E)
Address offset: 0x08
Reset value: 0x0000 XXXX
This register has to be accessed by word (32-bit).
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ Reserved ‘
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

‘ ISTAT15 ‘ ISTAT14 ‘ ISTAT13 ‘ ISTAT12 ‘ ISTAT11 ‘ ISTAT10 ‘ ISTAT 9 ‘ ISTAT 8 ‘ ISTAT 7 ‘ ISTAT 6 ‘ ISTAT 5 ‘ ISTAT 4 ‘ ISTAT 3 ‘ ISTAT 2 ‘ ISTAT 1 | ISTATO ‘

r r r r r r r r r r r r r r r r
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Bits Fields Descriptions
31:16 Reserved Must be kept at reset value
15:0 ISTATY Port input status(y=0..15)

These bits are set and cleared by hardware
0: Input signal low

1: Input signal high

7.5.4. Port output control register (GPIOx_OCTL, x=A..E)

Address offset: 0x0C
Reset value: 0x0000 0000

This register has to be accessed by word(32-bit).

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

‘ Reserved ‘

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

‘OCTLlS ‘ OCTL14 ‘ OCTL13 ‘ OCTL12 ‘ OCTL11 ‘ OCTLlO‘ OCTL9 ‘ OCTL8 ‘ OCTL7 ‘ OCTL6 ‘ OCTLS ‘ OCTL4 ’ OCTL3 ‘ OCTL2 ’ OCTL1 | OCTLO ‘

rw w rw w rw w w rw I\ rw rw w rw w w w
Bits Fields Descriptions
31:16 Reserved Must be kept at reset value
15:0 OCTLy Port output control(y=0..15)

These bits are set and cleared by software
0: Pin output low

1: Pin output high

7.5.5. Port bit operate register (GPIOx_BOP, x=A..E)

Address offset: 0x10
Reset value: 0x0000 0000

This register has to be accessed by word(32-bit).

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

‘ CR15 ‘ CR14 ‘ CR13 ‘ CR12 ‘ CR11 ‘ CR10 ‘ CR9 ’ CR8 ‘ CR7 ’ CR6 ‘ CR5 ‘ CR4 ’ CR3 ‘ CR2 ’ CR1 | CRO ‘
w w w w w w w w w w w w w w w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

‘BOPlS ‘ BOP14 ‘ BOP13 ‘ BOP12 ‘ BOP11 ‘ BOPlO‘ BOP9 ‘ BOP8 ‘ BOP7 ‘ BOP6 ‘ BOPS ‘ BOP4 ‘ BOP3 ‘ BOP2 ‘ BOP1 | BOPO ‘

w w w w w w w w w w w w w w w w
Bits Fields Descriptions
31:16 CRy Port Clear bit y(y=0..15)
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These bits are set and cleared by software
0: No action on the corresponding OCTLYy bit
1: Clear the corresponding OCTLy bitto 0

15:0 BOPy Port Set bit y(y=0..15)
These bits are set and cleared by software
0: No action on the corresponding OCTLy bit
1: Set the corresponding OCTLy bit to 1

7.5.6. Port bit clear register (GPIOx_BC, x=A..E)

Address offset: 0x14
Reset value: 0x0000 0000

This register has to be accessed by word (32-bit).

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

‘ Reserved ‘
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

‘ CR15 ‘ CR14 ‘ CR13 ‘ CR12 ‘ CR11 ‘ CR10 ‘ CR9 ‘ CR8 ‘ CR7 ‘ CR6 ‘ CR5 ’ CR4 ‘ CR3 ’ CR2 ‘ CR1 | CRO ‘
w w w w w w w w w w w w w w w w

Bits Fields Descriptions

31:16 Reserved Must be kept at reset value

15:0 CRy Port Clear bit y(y=0..15)

These bits are set and cleared by software
0: No action on the corresponding OCTLy bit
1: Clear the corresponding OCTLy bitto O

7.5.7. Port configuration lock register (GPIOx_LOCK, x=A..E)

Address offset: 0x18
Reset value: 0x0000 0000

This register has to be accessed by word(32-bit).

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
’ Reserved | LKK ‘
w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ LK15 ‘ LK14 ‘ LK13 ‘ LK12 ‘ LK11 ‘ LK10 ‘ LK9 ‘ LK8 ‘ LK7 ‘ LK6 ‘ LK5 ‘ LK4 ‘ LK3 ‘ LK2 ‘ LK1 | LKO ‘
w w rw w w w w w w w w w 2 w w w
Bits Fields Descriptions
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31:17 Reserved Must be kept at reset value
16 LKK Lock sequence key

It can only be setted using the Lock Key Writing Sequence. And can always be read.
0: GPIO_LOCK register is not locked and the port configuration is not locked.
1: GPIO_LOCK register is locked until an MCU reset..

LOCK key configuration sequence
Write 1—-Write 0—»Write 1— Read 0— Read 1
Note: The value of LK[15:0] must hold during the LOCK Key Writing sequence.

15:0 LKy Port Lock bit y(y=0..15)
These bits are set and cleared by software
0: The corresponding bit port configuration is not locked
1: The corresponding bit port configuration is locked when LKK bit is “1”

7.5.8. Event control register (AFIO_EC)

Address offset: 0x00
Reset value: 0x0000 0000

This register has to be accessed by word (32-bit).

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ Reserved

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ Reserved ‘ EOE ‘ PORT[2:0] PIN[3:0]

1\ 1\ w

Bits Fields Descriptions
31:8 Reserved Must be kept at reset value
7 EOE Event output enable

Set and cleared by software.When set the EVENTOUT RISC-V output is connected
to the I/O selected by the PORT[2:0] and PIN[3:0] bits

6:4 PORT[2:0] Event output port selection

Set and cleared by software.Select the port used to output the RISC-V EVENTOUT
signal.

000: Select PORT A

001: Select PORT B

010: Select PORT C

011: Select PORT D

100: Select PORT E

3:0 PIN[3:0] Event output pin selection
Set and cleared by software. Select the pin used to output the RISC-V EVENTOUT
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signal.
0000: Select Pin 0
0001: Select Pin 1
0010: Select Pin 2
1111: Select Pin 15
7.5.9. AFIO port configuration register 0 (AFIO_PCFO0)
Address offset: 0x04
Reset value: 0x0000 0000
This register has to be accessed by word (32-bit).
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
TIMER1 TIMER4C
SPI2_RE CAN1_RE
Reserved ITI1_REM SWJ_CFG[2:0] Reserved Reserved H3_
MAP MAP
AP IREMAP
w w w w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PDO1_RE TIMER3_ | TIMER2_REMAP[1:0 | TIMER1_REMAP[1:0 | TIMERO_REMAP[1:0 | USART2_REMAP[1: |[USART1_|USARTO_| I2C0O_RE | SPI0_RE
CANO_REMAP[1:0]
MAP REMAP 1 ] ] 0] REMAP | REMAP MAP MAP
w w w w w w 12 12 w w w
Bits Fields Descriptions
31:28 Reserved Must be kept at reset value
29 TIMER1ITI1_REMAP TIMERL1 internal trigger 1 remapping
These bits are set and cleared by software. It control the TIMERZ1_ITI1 internal
mapping
0: Connect to O
1: Connect USB OTG SOF (Start of Frame) output TIMER1_ITI1 for calibration
purposes
28 SPI12_REMAP SPI2/12S2 remapping
This bit is set and cleared by software.
0: No remap (SPI2_NSS-12S2_WS/PA15, SPI2_SCK-12S2_CK/PB3, SPI2_MISO/
PB4, SPI2_MOSI-I2S_SD/PB5)
1: Full remap (SPI2_NSS-12S2_WS/PA4, SPI2_SCK-12S2_CK/PC10, SPI2_MISO
/PC11, SPI2_MOSI-I2S_SD/PC12)
Note: This bit is available only in Extra-density devices and High-density devices.
27 Reserved Must be kept at reset value
26:24 SWJ_CFG[2:0] Serial wire JTAG configuration

These bits are write-only (when read,the value is undefined).They are used to
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configure the SWJ alternate function I/Os. The SWJ(Serial Wire JTAG) supports
JTAG access to the RISC-V debug port. The default state after reset is SWJ
ON.This allows JTAG mode to be enabled by sending a specific sequence on the
JTMS/JITCK pin.

000: JTAG-DP Reset State

001: JTAG-DP but without NJTRST

010: JTAG-DP Disabled

Other: Undefined

23 Reserved Must be kept at reset value

22 CAN1_REMAP CANL1 interface remapping
This bit is set and cleared by software
0: No remap (CAN1_RX/PB12,CAN1_TX/PB13)
1: Remap (CAN1_RX/PB5,CAN1_TX/PB6)

21:17 Reserved Must be kept at reset value
16 TIMER4CH3_IREMA TIMER4 channel3 internal remapping
P Set and cleared by software.This bit controls the TIMER4_CH3 internal

mapping.When reset the timer TIMER4_CH3 is connected to PA3.When set the
IRC40K internal clock is connected to TIMER4_CH3 input for calibration purpose.
Note: This bit is available only in High-density value line devices.

15 PD01_REMAP Port DO/Port D1 mapping on OSC_IN/OSC_OUT
This bit is set and cleared by software
0: Not remap
1: PDO remapped on OSC_IN, PD1 remapped on OSC_OUT

14:13 CANO_REMAP [1:0] CANO interface remapping
These bits are set and cleared by software.
00: No remap (CANO_RX/PA11,CANO_TX/PA12)
01: Not used
10: Partial remap (CANO_RX/PB8,CANO_TX/PB9)
11: Full remap (CANO_RX/PDO0O,CANO_TX/PD1)

12 TIMER3_REMAP TIMER3 remapping
This bit is set and cleared by software
0: No remap (TIMER3_CHO0/PB6,TIMER3_CH1/PB7,TIMER3_CH2/PB8,
TIMER3_CH3/PB9)
1: Full remap (TIMER3_CHO/PD12,TIMER3_CH1/PD13,TIMER3_CH2/PD14,
TIMER3_CH3/PD15)

11:10 TIMER2_ TIMER2 remapping
REMAP[1:0] These bits are set and cleared by software
00: No remap (TIMER2_CHO/PA6,TIMER2_CH1/PA7,TIMER2_CH2/PBO,
TIMER2_CH3/PB1)
01: Not used
10: Partial remap (TIMER2_CHO0/PB4,TIMER2_CH1/PB5,TIMER2_CH2/PBO,

119



e

GigaDevice

GD32VF103 User Manual

9:8

7:6

5:4

TIMER1_REMAP
[1:0]

TIMERO_REMAP
[1:0]

USART2_REMAP
[1:0]

USART1_REMAP

USARTO_REMAP

TIMER2_CH3/PB1)
11: Full remap (TIMER2_CHO/PC6,TIMER2_CH1/PC7,TIMER2_CH2/PCS8,
TIMER2_CH3/PC9)

TIMER1 remapping

These bits are set and cleared by software

00: No remap (TIMER1_CHO-TIMER1_ETI/PAQ,TIMER1_CH1/PA1,
TIMER1_CH2/PA2,TIMER1_CH3/PA3)

01: Partial remap (TIMER1_CHO-TIMER1_ETI/PA15 TIMER1_CH1/PB3,
TIMER1_CH2/PA2,TIMER1_CH3/PA3)

10: Partial remap (TIMER1_CHO-TIMER1_ETI/PAO,TIMER1_CH1/PA1,
TIMER1_CH2/PB10,TIMER1_CH3/PB11)

11: Full remap(TIMER1_CHO-TIMER1_ETI/PA15,TIMER1_CH1/PB3,
TIMER1_CH2/PB10,TIMER1_CH3/PB11)

TIMERO remapping

These bits are set and cleared by software

00: No remap (TIMERO_ETI/PA12, TIMERO_CHO/ PA8, TIMERO_CH1/PA9,
TIMERO_CH2/PA10,TIMERO_CH3/PA11,TIMERO_BKIN/PB12,
TIMERO_CHO_ON/PB13, TIMERO_CH1_ON/PB14, TIMERO_CH2_ON/PB15)
01: Partial remap (TIMERO_ETI/PA12, TIMERO_CHO/ PA8, TIMERO_CH1/PA9,
TIMERO_CH2/PA10,TIMERO_CH3/PA11, TIMERO_BKIN/PAG,
TIMERO_CHO_ON/PA7, TIMERO_CH1_ON/PBO, TIMERO_CH2_ON/PB1)

10: Not used

11: Full remap (TIMERO_ETI/PE7, TIMERO_CHO/ PE9, TIMERO_CH1/PE11,
TIMERO_CHZ2/PE13,TIMERO_CH3/PE14, TIMERO_BKIN/PE15,
TIMERO_CHO_ON/PES, TIMERO_CH1_ON/PE10, TIMERO_CH2_ON/PE12)
USART2 remapping

These bits are set and cleared by software

00: No remap (USART2_TX/PB10, USART2_RX /PB11, USART2_CK/PB12,
USART2_CTS/PB13, USART2_RTS/PB14)

01: Partial remap (USART2_TX/PC10, USART2_RX /PC11, USART2_CK/PC12,
USART2_CTS/PB13, USART2_RTS/PB14)

10: Not used

11: Full remap (USART2_TX/PD8, USART2_RX /PD9, USART2_CK/PD10,
USART2_CTS/PD11, USART2_RTS/PD12)

USART1 remapping

This bit is set and cleared by software

0: No remap (USART1_CTS/PAO, USART1_RTS/PA1,USART1_TX/PA2,
USART1_RX /PA3, USART1_CK/PA4)

1 Remap (USART1_CTS/PDS3, USART1_RTS/PD4,USART1_TX/PD5,
USART1_RX /PD6, USART1_CK/PD7)

USARTO remapping

This bit is set and cleared by software
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0: No remap (USARTO_TX/PA9, USARTO_RX /PA10)
1: Remap (USARTO_TX/PB6, USARTO_RX /PB7)

1 12C0_REMAP 12C0 remapping
This bit is set and cleared by software
0: No remap (12C0_SCL/PBS6, 12C0_SDA /PB7)
1: Remap (12C0_SCL/PBS, 12C0_SDA /PB9)

0 SPI0_REMAP SPI0 remapping
This bit is set and cleared by software
0: No remap (SPI0_NSS/PA4, SPI0_SCK /PA5, SPI0_MISO /PA6, SPI0_MOSI
IPA7)
1: Remap (SPIO_NSS/PA15, SPI0_SCK /PB3, SPIO_MISO /PB4, SPI0_MOSI
/PB5)

7.5.10. EXTI sources selection register 0 (AFIO_EXTISSO0)

Address offset: 0x08
Reset value: 0x0000 0000

This register has to be accessed by word (32-bit).

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Reserved

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ EXTI3_SS[3:0] EXTI2_SS[3:0] EXTI1_SS[3:0] EXTIO_SS[3:0]
w w w w
Bits Fields Descriptions
31:16 Reserved Must be kept at reset value
15:12 EXTI3_SS [3:0] EXTI 3 sources selection
0000: PA3 pin
0001: PB3 pin
0010: PC3 pin
0011: PD3 pin
0100: PE3 pin

Other configurations are reserved.

11:8 EXTI2_SS [3:0] EXTI 2 sources selection
0000: PA2 pin
0001: PB2 pin
0010: PC2 pin
0011: PD2 pin
0100: PE2 pin
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7:4

3.0

7.5.11.

EXTI1_SS [3:0]

EXTIO_SS [3:0]

Other configurations are reserved.

EXTI 1 sources selection
0000: PA1 pin
0001: PB1 pin
0010: PC1 pin
0011: PD1 pin
0100: PE1 pin

Other configurations are reserved.

EXTI O sources selection

0000: PAO pin

0001: PBO pin

0010: PCO pin

0011: PDO pin

0100: PEO pin

Other configurations are reserved.

EXTI sources selection register 1 (AFIO_EXTISS1)

Address offset: 0x0C
Reset value: 0x0000 0000

This register has to be accessed by word (32-bit).

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
EXTI7_SS[3:0] EXTI6_SS[3:0] EXTI5_SS[3:0] EXTI4_SS[3:0]
w w w w
Bits Fields Descriptions
31:16 Reserved Must be kept at reset value
15:12 EXTI7_SS [3:0] EXTI 7 sources selection
0000: PA7 pin
0001: PB7 pin
0010: PCY pin
0011: PD7 pin
0100: PE7 pin
Other configurations are reserved.
11:8 EXTI6_SS [3:0] EXTI 6 sources selection

0000: PAG6 pin
0001: PB6 pin
0010: PC6 pin
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7:4

3.0

7.5.12.

EXTI5_SS [3:0]

EXTI4_SS [3:0]

0011: PD6 pin
0100: PES6 pin
Other configurations are reserved.

EXTI 5 sources selection
0000: PAS5 pin
0001: PB5 pin
0010: PC5 pin
0011: PD5 pin
0100: PES5 pin

Other configurations are reserved.

EXTI 4 sources selection

0000: PA4 pin

0001: PB4 pin

0010: PC4 pin

0011: PD4 pin

0100: PE4 pin

Other configurations are reserved.

EXTI sources selection register 2 (AFIO_EXTISS2)

Address offset: 0x10
Reset value: 0x0000 0000

This register has to be accessed by word (32-bit).

31 30 29 28 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 10 9 8 7 6 5 4 3 2 1 0
EXTI11_SS[3:0] EXTI10_SS[3:0] EXTI9_SS[3:0] EXTI8_SS[3:0]
w w w w
Bits Fields Descriptions
31:16 Reserved Must be kept at reset value
15:12 EXTI11_SS [3:0] EXTI 11 sources selection
0000: PA11 pin
0001: PB11 pin
0010: PC11 pin
0011: PD11 pin
0100: PE11 pin
Other configurations are reserved.
11:8 EXTI10_SS [3:0] EXTI 10 sources selection

0000: PA10 pin
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7:4

3.0

7.5.13.

EXTI9_SS [3:0]

EXTI8_SS [3:0]

0001: PB10 pin
0010: PC10 pin
0011: PD10 pin
0100: PE10 pin
Other configurations are reserved.

EXTI 9 sources selection

0000: PA9 pin

0001: PB9 pin

0010: PC9 pin

0011: PD9 pin

0100: PE9 pin

Other configurations are reserved.

EXTI 8 sources selection

0000: PA8 pin

0001: PB8 pin

0010: PC8 pin

0011: PD8 pin

0100: PE8 pin

Other configurations are reserved.

EXTI sources selection register 3 (AFIO_EXTISS3)

Address offset: 0x14
Reset value: 0x0000 0000

This register has to be accessed by word (32-bit).

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
EXTI15_SS[3:0] EXTI14_SS[3:0] EXTI13_SS[3:0] EXTI12_SS[3:0]
w w w w

Bits Fields Descriptions
31:16 Reserved Must be kept at reset value
15:12 EXTI15_SS [3:0] EXTI 15 sources selection

0000: PA15 pin
0001: PB15 pin
0010: PC15 pin
0011: PD15 pin
0100: PE15 pin

Other configurations are reserved.
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11:8 EXTI14_SS [3:0] EXTI 14 sources selection
0000: PA14 pin
0001: PB14 pin
0010: PC14 pin
0011: PD14 pin
0100: PE14 pin
Other configurations are reserved.

74 EXTI13_SS [3:0] EXTI 13 sources selection
0000: PA13 pin
0001: PB13 pin
0010: PC13 pin
0011: PD13 pin
0100: PE13 pin
Other configurations are reserved.

3.0 EXTI12_SS [3:0] EXTI 12 sources selection
0000: PA12 pin
0001: PB12 pin
0010: PC12 pin
0011: PD12 pin
0100: PE12 pin
Other configurations are reserved.

7.5.14. AFIO port configuration register 1 (AFIO_PCF1)

Address offset: 0x1C
Reset value: 0x0000 0000

This register has to be accessed by word (32-bit).

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

ADV
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Bits Fields Descriptions

31:11 Reserved Must be kept at reset value

10 EXMC_NADV EXMC_NADYV connect/disconnect

This bit is set and cleared by software, it controls the use of optional EXMC_NADV
signal.

0: The NADV signal is connected to the output(default)

1: The NADV signal is not connected. The I/O pin can be used by another
peripheral.

9:0 Reserved Must be kept at reset value
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8. CRC calculation unit (CRC)
8.1. Overview

A cyclic redundancy check (CRC) is an error-detecting code commonly used in digital
networks and storage devices to detect accidental changes to raw data.

This CRC calculation unit can be used to calculate 32 bit CRC code with fixed polynomial.

8.2. Characteristics

B 32-bit data input and 32-bit data output. Calculation period is 4 AHB clock cycles for 32-
bit input data size from data entered to the calculation result available.

B Free 8-bit register is unrelated to calculation and can be used for any other goals by any
other peripheral devices.

B Fixed polynomial: 0x4C11DB7
X32+X26+X23+X22+X16+X12+X11+X10+X8+X7+X5+X4+X2+X+1
This 32-bit CRC polynomial is a common polynomial used in Ethernet.

Figure 8-1. Block diagram of CRC calculation unit

Data Input
- ——>| Input Data Register (32 bit)
CRC Calculation Unit
o Fixed polynomial
g 0x4C11DB7
8
=
(%)
>
m
m
I
< M
Data Output
{——— |Output Data Register (32 bit)
Data Access
{——>| Free Data Register (8 bit)
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8.3. Function overview

B CRC calculation unit is used to calculate the 32-bit raw data, and CRC_DATA register
will receive the raw data and store the calculation result.

If the CRC_DATA register has not been cleared by software setting the CRC_CTL
register, the new input raw data will be calculated based on the result of previous value
of CRC_DATA.

CRC calculation will spend 4 AHB clock cycles for 32-bit data size, during this period
AHB will not be hanged because of the existence of the 32-bit input buffer.

B This module supplies an 8-bit free register CRC_FDATA.

CRC_FDATA is unrelated to the CRC calculation, any value you write in will be read out
at anytime.
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8.4. Register definition
CRC base address: 0x4002 3000

8.4.1. Data register (CRC_DATA)

Address offset: 0x00
Reset value: OXFFFF FFFF

This register has to be accessed by word (32-bit).

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ DATA [31:16] |
w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ DATA [15:0] |
w
Bits Fields Descriptions
31:0 DATA [31:0] CRC calculation result bits

Software writes and reads.
This register is used to calculate new data, and the register can be written the new
data directly. Written value cannot be read because the read value is the previous

CRC calculation result.

8.4.2. Free data register (CRC_FDATA)

Address offset: 0x04
Reset value: 0x0000 0000

This register has to be accessed by word (32-bit).

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ Reserved

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
’ Reserved FDATA [7:0]

2

Bits Fields Descriptions
31:8 Reserved Must be kept at reset value.
7:0 FDATA [7:0] Free Data Register bits

Software writes and reads.

These bits are unrelated with CRC calculation. This byte can be used for any goal
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8.4.3.

by any other peripheral. The CRC_CTL register will take no effect to the byte.

Control register (CRC_CTL)

Address offset: 0x08
Reset value: 0x0000 0000

This register has to be accessed by word (32-bit).

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved |
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved | RST |
rs
Bits Fields Descriptions
311 Reserved Must be kept at reset value.
0 RST Set this bit can reset the CRC_DATA register to the value of OxXFFFFFFFF then

automatically cleared itself to 0 by hardware. This bit will take no effect to

CRC_FDATA.
Software writes and reads.
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9.

9.1.

9.2.

Direct memory access controller (DMA)

Overview

The direct memory access (DMA) controller provides a hardware method of transferring data
between peripherals and/or memory without intervention from the CPU, thereby freeing up
bandwidth for other system functions. Data can be quickly moved by DMA between
peripherals and memory as well as memory and memory without any CPU actions. There are
12 channels in the DMA controller (7 for DMAO and 5 for DMAL). Each channel is dedicated
to manage memory access requests from one or more peripherals. An arbiter is implemented
inside to handle the priority among DMA requests.

The system bus is shared by the DMA controller and the RISC-V core. When the DMA and
the CPU are targeting the same destination, the DMA access may stop the CPU access to
the system bus for some bus cycles. Round-robin scheduling is implemented in the bus matrix
to ensure at least half of the system bus bandwidth for the CPU.

Characteristics

Programmable length of data to be transferred, max to 65536.

12 channels and each channel are configurable (7 for DMAO and 5 for DMAL).

AHB and APB peripherals, FLASH, SRAM can be accessed as source and destination.
Each channel is connected to fixed hardware DMA request.

Software DMA channel priority (low, medium, high, ultra high) and hardware DMA
channel priority (DMA channel O has the highest priority and DMA channel 6 has the
lowest priority).

Support independent 8, 16, 32-bit memory and peripheral transfer.

Support independent fixed and increasing address generation algorithm of memory and
peripheral.

Support circular transfer mode.

Support peripheral to memory, memory to peripheral, and memory to memory transfers.
One separate interrupt per channel with three types of event flags.

Support interrupt enable and clear.
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9.3. Block diagram
Figure 9-1. Block diagram of DMA
AHB slave
DMA interface
Configuration >
\ 4
) | Channel6
peri_req » v AHB master
: 3 AHB interface
peri_req :! Channel 2 v (— i _} Master (_
3 Port
veri_req :! Channel 1 v < &
. Channel 0 (
peri_req
Memory control
state & counter >
management
Peripheral control — Arbiter
state & counter »
management —
Transfer
request 7
As shown inFigure 9-1. Block diagram of DMA, a DMA controller consists of four main parts:
- DMA configuration through AHB slave interface
- Data transmission through two AHB master interfaces for memory access and peripheral
access
- An arbiter inside to manage multiple peripheral requests coming at the same time
- Channel management to control address/data selection and data counting
9.4. Function overview
9.4.1. DMA operation

Each DMA transfer consists of two operations, including the loading of data from the source
and the storage of the loaded data to the destination. The source and destination addresses
are computed by the DMA controller based on the programmed values in the
DMA_CHxPADDR, DMA_CHxMADDR, and DMA_CHXCTL registers. The DMA_CHXCNT
register controls how many transfers to be transmitted on the channel. The PWIDTH and
MWIDTH bits in the DMA_CHXCTL register determine how many bytes to be transmitted in a
transfer.

Suppose DMA_CHXCNT is 4, and both PNAGA and MNAGA are set. The DMA transfer
operations for each combination of PWIDTH and MWIDTH are shown in the following Table
9-1. DMA transfer operation.
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Table 9-1. DMA transfer operation

Transfer size Transfer operations
Source Destination Source Destination
32 bits 32 bits 1: Read B3B2B1B0[31:0] @0x0 | 1: Write B3B2B1B0[31:0] @0x0
2: Read B7B6B5B4[31:0] @0x4 | 2: Write B7B6B5B4[31:0] @0x4
3: Read BBBAB9BS[31:0] @0x8 | 3: Write BBBABIB8[31:0] @0x8
4; Read BFBEBDBC[31:0] @OxC | 4: Write BFBEBDBC[31:0] @0xC
32 bits 16 bits 1: Read B3B2B1B0[31:0] @0x0 1: Write B1B0O[7:0] @0x0
2: Read B7B6B5B4[31:0] @0x4 2: Write B5B4[7:0] @0x2
3: Read BBBAB9B8[31:0] @0x8 3: Write B9B8[7:0] @0x4
4: Read BFBEBDBCJ[31:0] @0xC 4: Write BDBC[7:0] @0x6
32 bits 8 bits 1: Read B3B2B1B0[31:0] @0x0 1: Write BO[7:0] @0x0
2: Read B7B6B5B4[31:0] @0x4 2: Write B4[7:0] @0x1
3: Read BBBAB9B8[31:0] @0x8 3: Write B8[7:0] @0x2
4: Read BFBEBDBCJ[31:0] @0xC 4: Write BC[7:0] @0x3
16 bits 32 bits 1: Read B1B0[15:0] @0x0 1: Write 0000B1B0[31:0] @0x0
2: Read B3B2[15:0] @0x2 2: Write 0000B3B2[31:0] @0x4
3: Read B5B4[15:0] @0x4 3: Write 0000B5B4[31:0] @0x8
4: Read B7B6[15:0] @0x6 4: Write 0000B7B6[31:0] @0xC
16 bits 16 bits 1: Read B1B0[15:0] @0x0 1: Write B1B0[15:0] @0x0
2: Read B3B2[15:0] @0x2 2: Write B3B2[15:0] @0x2
3: Read B5B4[15:0] @0x4 3: Write B5B4[15:0] @0x4
4: Read B7B6[15:0] @0x6 4: Write B7B6[15:0] @0x6
16 bits 8 bits 1: Read B1B0[15:0] @0x0 1: Write BO[7:0] @0x0
2: Read B3B2[15:0] @0x2 2: Write B2[7:0] @0x1
3: Read B5B4[15:0] @0x4 3: Write B4[7:0] @0x2
4: Read B7B6[15:0] @0x6 4: Write B6[7:0] @0x3
8 bits 32 bits 1: Read BO[7:0] @0x0 1: Write 000000B0[31:0] @0x0
2: Read B1[7:0] @0x1 2: Write 000000B1[31:0] @Ox4
3: Read B2[7:0] @0x2 3: Write 000000B2[31:0] @0x8
4: Read B3[7:0] @0x3 4: Write 000000B3[31:0] @0xC
8 bits 16 bits 1: Read BO[7:0] @0x0 1, Write 00B0[15:0] @0x0
2: Read B1[7:0] @0x1 2, Write 00B1[15:0] @0x2
3: Read B2[7:0] @0x2 3, Write 00B2[15:0] @0x4
4: Read B3[7:0] @0x3 4, Write 00B3[15:0] @0x6
8 bits 8 bits 1: Read BO[7:0] @0x0 1, Write BO[7:0] @0x0
2: Read B1[7:0] @0x1 2, Write B1[7:0] @0x1
3: Read B2[7:0] @0x2 3, Write B2[7:0] @0x2
4: Read B3[7:0] @0x3 4, Write B3[7:0] @0x3

The CNT bits in the DMA_CHXCNT register control how many data to be transmitted on the
channel and must be configured before enabling the CHEN bit in the register. During the
transmission, the CNT bits indicate the remaining number of data items to be transferred.

The DMA transmission is disabled by clearing the CHEN bit in the DMA_CHXCTL register.
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m If the DMA transmission is not completed when the CHEN bit is cleared, two situations
may be occurred when restart this DMA channel:

- If noregister configuration operations of the channel occurs before restart the DMA
channel, the DMA will continue to complete the rest of the transmission.

- If any register configuration operations occur, the DMA will restart a new
transmission.

B If the DMA transmission has been finished when clearing the CHEN bit, enable the DMA
channel without any register configuration operation will not launch any DMA transfer.

9.4.2. Peripheral handshake

To ensure a well-organized and efficient data transfer, a handshake mechanism is introduced
between the DMA and peripherals, including a request signal and a acknowledge signal:

- Request signal asserted by peripheral to DMA controller, indicating that the peripheral is
ready to transmit or receive data

- Acknowledge signal responded by DMA to peripheral, indicating that the DMA controller
has initiated an AHB command to access the peripheral

Figure 9-2. Handshake mechanism shows how the handshake mechanism works between
the DMA controller and peripherals.

Figure 9-2. Handshake mechanism

Peripheral is ready to transmit Peripheral releases the
or receive dat_a, and assert the request signal when it receives Peripheral launches
request signal to DMA the acknowledge signal the next request
Peripheral / } -
~~ i Peripheral
request Peripheral request 4/ request
Wait the DMA bus idle and The DMA controller deasserts
other higher priority channels the acknowledge signal when
to have been processed it receives low request signal
DMA \} / L Vi
Acknowledge / / ><‘RMA aCknOWIedgeX/
7/ \

The corresponding channel has
the highest priority and the DMA
controller sents an AHB command
to access the peripheral

9.4.3. Arbitration

When two or more requests are received at the same time, the arbiter determines which
request is served based on the priorities of channels. There are two-stage priorities, including
the software priority and the hardware priority. The arbiter determines which channel is
selected to respond according to the following priority rules:

- Software priority: Four levels, including low, medium, high and ultra high by configuring
the PRIO bits in the DMA_CHXCTL register.

- For channels with equal software priority level, priority is given to the channel with lower
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9.4.4.

9.4.5.

9.4.6.

9.4.7.

channel number.

Address generation

Two kinds of address generation algorithm are implemented independently for memory and
peripheral, including the fixed mode and the increased mode. The PNAGA and MNAGA bit in
the DMA_CHXCTL register are used to configure the next address generation algorithm of
peripheral and memory.

In the fixed mode, the next address is always equal to the base address configured in the
base address registers (DMA_CHxPADDR, DMA_CHxMADDR).

In the increasing mode, the next address is equal to the current address plus 1 or 2 or 4,
depending on the transfer data width.

Circular mode

Circular mode is implemented to handle continue peripheral requests (for example, ADC scan
mode). The circular mode is enabled by setting the CMEN bit in the DMA_CHXCTL register.

In circular mode, the CNT bits are automatically reloaded with the pre-programmed value and
the full transfer finish flag is asserted at the end of every DMA transfer. DMA can always
responds the peripheral request until the CHEN bit in the DMA_CHXCTL register is cleared.

Memory to memory mode

The memory to memory mode is enabled by setting the M2M bit in the DMA_CHXCTL register.
In this mode, the DMA channel can also work without being triggered by a request from a
peripheral. The DMA channel starts transferring as soon as it is enabled by setting the CHEN
bit in the DMA_CHXCTL register, and completed when the DMA_CHXCNT register reaches
Zero.

Channel configuration

When starting a new DMA transfer, it is recommended to respect the following steps:

1. Read the CHEN bit and judge whether the channel is enabled or not. If the channel is
enabled, clear the CHEN bit by software. When the CHEN bit is read as ‘0’, configuring
and starting a new DMA transfer is allowed.

2. Configure the M2M bit and DIR bit in the DMA_CHXCTL register to set the transfer mode.
3. Configure the CMEN bit in the DMA_CHXCTL register to enable/disable the circular mode.
4. Configure the PRIO bits in the DMA_CHXCTL register to set the channel software priority.

5. Configure the memory and peripheral transfer width, memory and peripheral address
generation algorithm in the DMA_CHXCTL register.
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6. Configure the enable bit for full transfer finish interrupt, half transfer finish interrupt,
transfer error interrupt in the DMA_CHXCTL register.
7. Configure the DMA_CHxPADDR register for setting the peripheral base address.
8. Configure the DMA_CHXMADDR register for setting the memory base address.
9. Configure the DMA_CHXCNT register to set the total transfer data number.
10. Configure the CHEN bit with ‘1’ in the DMA_CHXCTL register to enable the channel.
9.4.8. Interrupt
Each DMA channel has a dedicated interrupt. There are three types of interrupt event,
including full transfer finish, half transfer finish, and transfer error.
Each interrupt event has a dedicated flag bit in the DMA_INTF register, a dedicated clear bit
in the DMA_INTC register, and a dedicated enable bit in the DMA_CHXCTL register. The
relationship is described in the following Table 9-2. Interrupt events.
Table 9-2. Interrupt events
Flag bit Clear bit Enable bit
Interrupt event
DMA_INTF DMA_INTC DMA_CHxCTL
Full transfer finish FTFIF FTFIFC FTFIE
Half transfer finish HTFIF HTFIFC HTFIE
Transfer error ERRIF ERRIFC ERRIE
The DMA interrupt logic is shown in theFigure 9-3. DMA interrupt logic, an interrupt can be
produced when any type of interrupt event occurs and enabled on the channel.
Figure 9-3. DMA interrupt logic
FTFIFX—>]
and
FTFIEX—>
L
HTFIFX > \
and > Or CHXINTF—>
HTFIEX—> /
]
ERRIFX—»]
and
ERRIEX—>
Note: “x” indicates channel number (for DMAQ, x=0...6, for DMA1, x=0...4).
9.4.9. DMA request mapping

Several requests from peripherals may be mapped to one DMA channel. They are logically
ORed before entering the DMA. For details, see the following Figure 9-4. DMAOQO request

mapping and Figure 9-5. DMA1 request mapping. The request of each peripheral can be
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independently enabled or disabled by programming the registers of the corresponding

peripheral. The user has to ensure that only one request is enabled at a time on one channel.
Table 9-3. DMAO requests for each channel lists the support request from peripheral for

each channel of DMAOQ, and Table 9-4. DMA1 requests for each channel lists the support

request from peripheral for each channel of DMAL.

Figure 9-4. DMAO request mapping

priority
high

low

Hardware

Channel 0

or

Channel 1

or

Channel 2

or

Channel 3

or

Channel 4

or

Channel 5

or

Channel 6

or

MEMTOMEMO—

or

MEMTOMEM1—

or

MEMTOMEM2—

or

MEMTOMEM3—

or

MEMTOMEM4—

or

MEMTOMEM5—

or

MEMTOMEM6—

Table 9-3. DMAO requests for each channel

or

(NIRRT

ADCO
TIMER1_CH2
TIMER3_CHO

SPI0_RX
USART2_TX
TIMERO_CHO
TIMERI_UP
TIMER2_CH2

SPI0_TX
USART2_RX
TIMERO_CH1
TIMER2_CH3
TIMERZ_UP

SPI1/12S1_RX
USARTO_TX
12C1_TX
TIMERO_CH3
TIMERO_TG
TIMERO_CMT
TIMER3_CH1

SPI1/12S1_TX
USARTO_RX
12C1_RX
TIMERO_UP
TIMER1_CHO
TIMER3_CH?2

USART1_RX
12C0_TX
TIMERO_CH?2
TIMER2_CHO
TIMERZ_TG

USART1_TX
12C0_RX
TIMERI_CH1
TIMER1_CH3
TIMER3_UP

Periphera
|

Channel O

Channel 1

Channel 2

Channel 3

Channel 4

Channel 5

Channel 6

TIMERO

TIMERO_CHO

TIMERO_CH1

TIMERO_CH3
TIMERO_TG
TIMERO_CM

T

TIMERO_UP

TIMERO_CH2
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Periphera
! Channel 0 Channel 1 Channel 2 Channel 3 Channel 4 Channel 5 Channel 6
TIMER1_CH1
TIMER1 |TIMER1_CH2| TIMER1_UP ° ° TIMER1_CHO . -
TIMER1_CH3
TIMER2_CH3 TIMER2_CHO
TIMER2 . TIMER2_CH2 ° ° °
TIMER2_UP TIMER2_TG
TIMER3 |TIMER3_CHO . ° TIMER3_CH1|TIMER3_CH2 ° TIMER3_UP
ADCO ADCO . . ° ° ° °
SPI1/I12S1_R | SPI1/12S1_T
SPI/12S . SPI0_RX SPIO_TX . o
X X
USART . USART2_TX | USART2_RX | USARTO_TX | USARTO_RX | USART1_RX | USART1_TX
12C . o o 12C1_TX I2C1_RX 12C0_TX 12C0_RX
Figure 9-5. DMAL1 request mapping
Hardware
pROAYY SPI2/1252_RX
. TIMER4_CH3
high Channel 0 or or TIMERA TG
MEMTOMEMO—
SPI2/12S2_TX
TIMER4_CH2
Channel 1 or TIMER4_UP
or
MEMTOMEM1—
UART3_RX
TIMER5_UP
Channel 2 or DAC_CHO
or
MEMTOMEM2—
TIMER4_CH1
TIMER6_UP
Channel 3 or or DAC_CH1
MEMTOMEM3—
or UART3_TX
\ 4 Channel 4 or TIMER4_CHO
low MEMTOMEM4—
Table 9-4. DMAL requests for each channel
Peripheral| Channel 0 Channel 1 Channel 2 Channel 3 Channel 4
TIMER4_CH3 | TIMER4 _CH2
TIMER4 ] TIMER4_CH1 | TIMER4_CHO
TIMER4_TG | TIMER4_UP
TIMERS ° ° TIMER5_UP °
TIMER6 ° ° ° TIMER6_UP
DAC . o DAC_CHO DAC_CH1
SPI/I2S [SPI2/I12S2_RX|SPI2/12S2_TX ° °
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Periphera

Channel O

Channel 1

Channel 2

Channel 3

Channel 4

USART

UART3_RX

UART3_TX
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9.5. Register definition

DMAO base address: 0x4002 0000
DMAL base address: 0x4002 0400
Note: For DMA1 having 5 channels, all bits related to channel 5 and channel 6 in the following

registers are not suitable for DMAL.

9.5.1. Interrupt flag register (DMA_INTF)

Address offset: 0x00
Reset value: 0x0000 0000

This register has to be accessed by word (32-bit)

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

‘ Reserved ‘ ERRIF6 ‘ HTFIF6 ‘ FTFIF6 ‘ GIF6 ‘ ERRIF5 ‘ HTFIFS ‘ FTFIF5 ’ GIF5 ‘ ERRIF4 ’ HTFIF4 ‘ FTFIF4 ‘ GIF4 |
r r r r r r r r r r r r
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

‘ ERRIF3 l HTFIF3 l FTFIF3 ‘ GIF3 ‘ ERRIF2 ‘ HTFIF2 ‘ FTFIF2 ‘ GIF2 ‘ ERRIF1 ‘ HTFIF1 ‘ FTFIF1 | GIF1 ‘ ERRIFO | HTFIFO ‘ FTFIFO ‘ GIFO |

r r r r r r r r r r r r r r r r

Bits Fields Descriptions

31:28 Reserved Must be kept at reset value.

27/23/19/ ERRIFx Error flag of channel x (x=0...6)

15/11/7/3 Hardware set and software cleared by configuring DMA_INTC register.

0: Transfer error has not occurred on channel x

1: Transfer error has occurred on channel x

26/22/18/ HTFIFx Half transfer finish flag of channel x (x=0...6)
14/10/6/2 Hardware set and software cleared by configuring DMA_INTC register.
0: Half number of transfer has not finished on channel x

1: Half number of transfer has finished on channel x

25/21/17/ FTFIFx Full Transfer finish flag of channel x (x=0...6)

13/9/5/1 Hardware set and software cleared by configuring DMA_INTC register.
0: Transfer has not finished on channel x
1: Transfer has finished on channel x

24/20/16/ GIFx Global interrupt flag of channel x (x=0...6)

12/8/4/0 Hardware set and software cleared by configuring DMA_INTC register.
0: None of ERRIF, HTFIF or FTFIF occurs on channel x
1: At least one of ERRIF, HTFIF or FTFIF occurs on channel x
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9.5.2. Interrupt flag clear register (DMA_INTC)

Address offset: 0x04
Reset value: 0x0000 0000

This register has to be accessed by word (32-bit)

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

‘ Reserved ‘ERRIFCG‘ HTFIFC6 ‘ FTFIFC6 ‘ GIFC6 ‘ERRIFCS‘ HTFIFCS ‘ FTFIFCS ‘ GIFC5 ‘ERRIFCL‘.‘ HTFIFC4 ‘ FTFIFC4 ‘ GIFC4 |
w w w w w w w w w w w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

‘ERRIFCS ‘ HTFIFC3 ‘ FTFIFC3 ‘ GIFC3 ‘ERRIFCZ‘ HTFIC2 ‘ FTFIFC2 ‘ GIFC2 ‘ERRIFCl‘ HTFIFC1 ‘ FTFIFC1 ‘ GIFC1 ‘ERRIFCO‘ HTFIFCO ‘ FTFIFCO ‘ GIFCO |

w w w w w w w w w w w w w w w w
Bits Fields Descriptions
31:28 Reserved Must be kept at reset value.
27/23/19/ ERRIFCx Clear bit for error flag of channel x (x=0...6)
15/11/7/3 0: No effect

1: Clear error flag

26/22/18/ HTFIFCx Clear bit for half transfer finish flag of channel x (x=0...6)
14/10/6/2 0: No effect
1: Clear half transfer finish flag

25/21/17/ FTFIFCx Clear bit for full transfer finish flag of channel x (x=0...6)
13/9/5/1 0: No effect
1: Clear full transfer finish flag

24/20/16/ GIFCx Clear global interrupt flag of channel x (x=0...6)
12/8/4/0 0: No effect
1: Clear GIFx, ERRIFx, HTFIFx and FTFIFx bits in the DMA_INTF register

9.5.3. Channel x control register (DMA_CHxCTL)

x = 0...6, where x is a channel number

Address offset: 0x08 + 0x14 x x
Reset value: 0x0000 0000

This register has to be accessed by word (32-bit)

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
’ Reserved |
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved M2M ‘ PRIO[1:0] MWIDTH[1:0] PWIDTH[1:0] ’ MNAGA ’ PNAGA ‘ CMEN ’ DIR ‘ ERRIE ’ HTFIE ‘ FTFIE ‘ CHEN |
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Bits Fields

Descriptions

31:15 Reserved

14 M2M

13:12 PRIO[1:0]

11:10 MWIDTH[1:0]

9:8 PWIDTH[1:0]

7 MNAGA

6 PNAGA

Must be kept at reset value.

Memory to Memory Mode

Software set and cleared

0: Disable Memory to Memory Mode

1: Enable Memory to Memory mode

This bit can not be written when CHEN is ‘1°.

Priority level

Software set and cleared

00: Low

01: Medium

10: High

11: Ultra high

These bits can not be written when CHEN is ‘1°.

Transfer data size of memory
Software set and cleared

00: 8-hit

01: 16-hbit

10: 32-hit

11: Reserved

These bits can not be written when CHEN is ‘1.

Transfer data size of peripheral

Software set and cleared

00: 8-bit

01: 16-bit

10: 32-bit

11: Reserved

These bits can not be written when CHEN is ‘1°.

Next address generation algorithm of memory
Software set and cleared

0: Fixed address mode

1: Increasing address mode

This bit can not be written when CHEN is ‘1°.

Next address generation algorithm of peripheral
Software set and cleared

0: Fixed address mode

1: Increasing address mode

This bit can not be written when CHEN is ‘1’
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5 CMEN Circular mode enable
Software set and cleared
0: Disable circular mode
1: Enable circular mode
This bit can not be written when CHEN is ‘1’
4 DIR Transfer direction
Software set and cleared
0: Read from peripheral and write to memory
1: Read from memory and write to peripheral
This bit can not be written when CHEN is ‘1’
3 ERRIE Enable bit for channel error interrupt
Software set and cleared
0: Disable the channel error interrupt
1: Enable the channel error interrupt
2 HTFIE Enable bit for channel half transfer finish interrupt
Software set and cleared
0:Disable channel half transfer finish interrupt
1:Enable channel half transfer finish interrupt
1 FTFIE Enable bit for channel full transfer finish interrupt
Software set and cleared
0:Disable channel full transfer finish interrupt
1:Enable channel full transfer finish interrupt
0 CHEN Channel enable
Software set and cleared
0:Disable channel
1:Enable channel
9.5.4. Channel x counter register (DMA_CHxCNT)
x = 0...6, where x is a channel number
Address offset: 0xOC + 0x14 x x
Reset value: 0x0000 0000
This register has to be accessed by word (32-bit)
31 30 29 26 25 24 23 22 21 20 19 18 17 16
‘ Reserved
15 14 13 10 9 8 7 6 5 4 3 2 1 0
‘ CNT[15:0]
w

143



e

GD32VF103 User Manual

GigaDevice
Bits Fields Descriptions
31:16 Reserved Must be kept at reset value.
15:0 CNT[15:0] Transfer counter
These bits can not be written when CHEN in the DMA_CHXCTL register is ‘1’
This register indicates how many transfers remain. Once the channel is enabled, it
is read-only, and decreases after each DMA transfer. If the register is zero, no
transaction can be issued whether the channel is enabled or not. Once the
transmission of the channel is complete, the register can be reloaded automatically
by the previously programmed value if the channel is configured in circular mode.
9.5.5. Channel x peripheral base address register (DMA_CHxPADDR)
x = 0...6, where x is a channel number
Address offset: 0x10 + 0x14 x x
Reset value: 0x0000 0000
This register has to be accessed by word (32-bit)
Note: Do not configure this register when channel is enabled.
31 30 29 28 26 25 24 23 22 21 20 19 18 17 16
‘ PADDR([31:16]
w
15 14 13 12 10 9 8 7 6 5 4 3 2 1 0
‘ PADDR[15:0]
w
Bits Fields Descriptions
31:0 PADDR[31:0] Peripheral base address
These bits can not be written when CHEN in the DMA_CHXCTL register is ‘1’
When PWIDTH is 01 (16-bit), the LSB of these bits is ignored. Access is
automatically aligned to a half word address.
When PWIDTH is 10 (32-bit), the two LSBs of these bits are ignored. Access is
automatically aligned to a word address.
9.5.6. Channel x memory base address register (DMA_CHxMADDR)

x = 0...6, where x is a channel number

Address offset: 0x14 + 0x14 x x

Reset value: 0x0000 0000
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This register has to be accessed by word (32-bit)
Note: Do not configure this register when channel is enabled.
31 30 29 28 26 25 24 23 22 21 20 19 18 17 16
‘ MADDR[31:16]
w
15 14 13 12 10 9 8 7 6 5 4 3 2 1 0
‘ MADDRI[15:0]
w
Bits Fields Descriptions
31:0 MADDRJ[31:0] Memory base address

These bits can not be written when CHEN in the DMA_CHXCTL register is ‘1’.
When MWIDTH in the DMA_CHXCTL register is 01 (16-bit), the LSB of these bits is
ignored. Access is automatically aligned to a half word address.

When MWIDTH in the DMA_CHXCTL register is 10 (32-bit), the two LSBs of these

bits are ignored. Access is automatically aligned to a word address.

145



e

GD32VF103 User Manual

GigaDevice
10. Debug (DBG)
10.1. Overview
The GD32VF103 series provide a large variety of debug and test features. They are
implemented with a standard configuration of the RISC-V module together with a daisy
chained standard TAP controller. Debug functions are integrated into the RISC-V. The debug
system supports standard JTAG debug. The debug refer to the following documents:
B RISC-V External Debug Support Version 0.13
The DBG hold unit helps debugger to debug power saving mode, TIMER, 12C, WWDGT,
FWDGT and CAN. When corresponding bit is set, provide clock when in power saving mode
or hold the state for TIMER, WWDGT, FWDGT, 12C or CAN.
10.2. JTAG function overview
Debug capabilities can be accessed by a debug tool via JTAG interface (JTAG - Debug Port).
10.2.1. Pin assignment
The JTAG interface provides 5-pin standard JTAG, known as JTAG clock (JTCK), JTAG mode
selection (JTMS), JTAG data input (JTDI), JTAG data output (JTDO) and JTAG reset
(NJTRST, active low).
The pin assignment are:
PA15: JTDI
PA14: JTCK
PA13: JTMS
PB4: NJTRST
PB3: JTDO
By default, 5-pin standard JTAG debug mode is chosen after reset. Users can also use JTAG
function without NJTRST pin, then the PB4 can be used to other GPIO functions. (NJTRST
tied to 1 by hardware). If JTAG not used, all 5-pin can be released to other GPIO functions.
Please refer to GPIO pin configuration.
10.2.2. JTAG daisy chained structure

The RISC-V JTAG TAP is connected to a Boundary-Scan (BSD) JTAG TAP. The BSD JTAG
IR is 5-bit width, and the RISC-V JTAG IR is also 5-bit width.
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10.2.3.

10.3.

10.3.1.

10.3.2.

The BSD JTAG IDCODE is 0x790007A3.

Debug reset

The JTAG-DP register are in the power on reset domain. The System reset initializes the
majority of the RISC-V. The NJTRST reset can reset JTAG TAP controller only.

Debug hold function overview

Debug support for power saving mode

When STB_HOLD bit in DBG control register (DBG_CTL) is set and entering the standby
mode, the clock of AHB bus and system clock are provided by CK_IRC8M, and the debugger
can debug in standby mode. When exit the standby mode, a system reset generated.

When DSLP_HOLD bit in DBG control register (DBG_CTL) is set and entering the Deep-
sleep mode, the clock of AHB bus and system clock are provided by CK_IRC8M, and the
debugger can debug in Deep-sleep mode.

When SLP_HOLD bit in DBG control register (DBG_CTL) is set and entering the sleep mode,
the clock of AHB bus for CPU is not closed, and the debugger can debug in sleep mode.

Debug support for TIMER, 12C, WWDGT, FWDGT and CAN

When the core halted and the corresponding bit in DBG control register (DBG_CTL) is set,
the following behaved.

For TIMER, the timer counters stopped and hold for debug.
For I2C, SMBUS timeout hold for debug.
For WWDGT or FWDGT, the counter clock stopped for debug.

For CAN, the receive register stopped counting for debug.
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This bit is set and reset by software

0: no effect

1: the receive register of CAN1 stops receiving data when core halted

GigaDevice
10.4. Register definition
DBG base address: 0xE004 2000
10.4.1. ID code register (DBG_ID)
Address: 0xE004 2000
Read only
This register has to be accessed by word(32-bit)
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
ID_CODE[31:16]
r
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ ID_CODE[15:0]
r
Bits Fields Descriptions
31:.0 ID_CODEJ[31:0] DBG ID code register
These bits read by software, These bits are unchanged constant
10.4.2. Control register (DBG_CTL)
Address offset: 0x04
Reset value: 0x0000 0000; power reset only
This register has to be accessed by word(32-bit)
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
CAN1_H [ TIMER6_ | TIMERS_ | TIMER4_ 12C1_HO
Reserved Reserved
OoLD HOLD HOLD HOLD LD
rw w rw w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
12C0_HO | CANO_H | TIMER3_ | TIMER2_ | TIMER1_ | TIMERO_ |WWDGT_| FWDGT_ STB_ DSLP_ SLP_
Reserved
LD OoLD HOLD HOLD HOLD HOLD HOLD HOLD HOLD HOLD HOLD
rw w rw w rw w w rw w w w
Bits Fields Descriptions
31:22 Reserved Must be kept at reset value
21 CAN1_HOLD CANL1 hold bit
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20

19

18

17

16

15

14

13

12

11

10

TIMER6_HOLD

TIMERS_HOLD

TIMER4_HOLD

Reserved

[2C1_HOLD

12C0_HOLD

CANO_HOLD

TIMER3_HOLD

TIMER2_HOLD

TIMER1_HOLD

TIMERO_HOLD

TIMER 6 hold bit

This bit is set and reset by software

0: no effect

1: hold the TIMER 6 counter for debug when core halted

TIMER 5 hold bit

This bit is set and reset by software

0: no effect

1: hold the TIMER 5 counter for debug when core halted

TIMER 4 hold bit

This bit is set and reset by software

0: no effect

1: hold the TIMER 4 counter for debug when core halted

Must be kept at reset value

12C1 hold bit

This bit is set and reset by software

0: no effect

1: hold the 12C1 SMBUS timeout for debug when core halted

12C0 hold bit

This bit is set and reset by software

0: no effect

1: hold the 12C0 SMBUS timeout for debug when core halted

CANO hold bit
This bit is set and reset by software
0: no effect

1: the receive register of CANO stops receiving data when core halted

TIMER 3 hold bit

This bit is set and reset by software

0: no effect

1: hold the TIMER 3 counter for debug when core halted

TIMER 2 hold bit

This bit is set and reset by software

0: no effect

1: hold the TIMER 2 counter for debug when core halted

TIMER 1 hold bit

This bit is set and reset by software

0: no effect

1: hold the TIMER 1 counter for debug when core halted

TIMER 0 hold bit

This bit is set and reset by software
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7:3

WWDGT_HOLD

FWDGT_HOLD

Reserved

STB_HOLD

DSLP_HOLD

SLP_HOLD

0: no effect
1: hold the TIMER 0 counter for debug when core halted

WWDGT hold bit

This bit is set and reset by software

0: no effect

1: hold the WWDGT counter clock for debug when core halted

FWDGT hold bit

This bit is set and reset by software

0: no effect

1: hold the FWDGT counter clock for debug when core halted

Must be kept at reset value

Standby mode hold register

This bit is set and reset by software

0: no effect

1: At the standby mode, the clock of AHB bus and system clock are provided by
CK_IRC8M, a system reset generated when exit standby mode

Deep-sleep mode hold register

This bit is set and reset by software

0: no effect

1: At the Deep-sleep mode, the clock of AHB bus and system clock are provided by
CK_IRC8M

Sleep mode hold register
This bit is set and reset by software
0: no effect

1: At the sleep mode, the clock of AHB is on.
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11.

11.1.

11.2.

Analog-to-digital converter (ADC)

Introduction

The 12-bit ADC is an analog-to-digital converter using the successive approximation method.
It has 18 multiplexed channels making the ADC convert analog signals from 16 external
channels, and 2 internal channels. The analog watchdog allows the application to detect
whether the input voltage goes outside the user-defined higher or lower thresholds. The
analog signals of the channels can be converted by the ADC in single, continuous, scan or
discontinuous mode. A left-aligned or right-aligned 16-bit data register holds the output of the
ADC. An on-chip hardware oversample scheme improves performances while off-loading the
related computational burden from the MCU.

Main features

High performance
- 12-bit, 10-bit, 8-bit or 6-bit configurable resolution
- ADC sampling rate: 2 MSPs for 12-bit resolution
- Self-calibration
- Programmable sampling time
- Data alignment with built-in data coherency
- DMA support
B Analog input channels
- 16 external analog inputs
- 1 channel for internal temperature sensor (Vsensk)
- 1 channel for internal reference voltage (VrerinT)
B  Start-of-conversion can be initiated
- By software
- By hardware triggers
B Conversion modes
- Converts a single channel or scans a sequence of channels.
- Single mode converts selected inputs once per trigger.
- Continuous mode converts selected inputs continuously
- Discontinuous mode
- SYNC mode(the device with two or more ADCs)
B Analog watchdog
B Interrupt generation:
- atthe end of regular and inserted group conversions
- analog watchdog event
B Oversampler
- 16-bit data register
- Oversampling ratio adjustable from 2 to 256x
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- Programmable data shift up to 8-bit
B ADC supply requirements: 2.6V to 3.6V, and typical power supply voltage is 3.3V
B ADC input range: Vrer- SViN SVRer+

11.3. Pins and internal signals

Figure 11-1. ADC module block diagram shows the ADC block diagram. Table 11-1. ADC
internal signals gives the ADC internal signals and Table 11-2. ADC pins definition gives
the ADC pin description.

Table 11-1. ADC internal signals

Internal signal name Signal type Description
VseNse Input Internal temperature sensor output voltage
VREFINT Input Internal voltage reference output voltage

Table 11-2. ADC pins definition

Name Signal type Remarks

Voos Input, analog power Analog power supply equal to Vop and
supply 26V <Vppa<3.6V

Vssa Input, analog power Ground for analog power supply equal to Vss

supply ground

Vieees Input, positive reference |The positive reference voltage for the ADC, 2.4V
voltage < VRrer+ < Vbpa

Veer. Input, negative reference | The negative reference voltage for the ADC,Vrer-
voltage = Vssa

ADCx_IN[15:0] Input, Analog signals Up to 16 external channels

Note: The ADC_IN[15:0] should set as Analog Input mode.

11.4. Functional description

Figure 11-1. ADC module block diagram
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11.4.1. Calibration (CLB)

The ADC has a foreground calibration feature. During the procedure, the ADC calculates a
calibration factor which is internally applied to the ADC until the next ADC power-off. The
application must not use the ADC during calibration and must wait until it is completed.
Calibration should be performed before starting A/D conversion. The calibration is initiated by
software by setting bit CLB=1. CLB bit stays at 1 during all the calibration sequence. It is then
cleared by hardware as soon as the calibration is completed.

When the ADC operating conditions change (such as supply power voltage Vppa, positive

reference voltage Vrer+, temperature and so on), it is recommended to re-run a calibration

cycle.

The internal analog calibration can be reset by setting the RSTCLB bit in ADC_CTL1 register.

Calibration software procedure:
1. Ensure that ADCON=1.

Set CLB=1.

o~ wN

Wait until CLB=0.

Delay 14 ADCCLK to wait for ADC stability.
Set RSTCLB (optional).
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11.4.2. ADC clock
The ADCCLK clock provided by the clock controller is synchronous APB2 clock. The RCU
controller has a dedicated programmable prescaler for the ADC clock.

11.4.3. ADCON switch
The ADCON bit on the ADC_CTL1 register is the enable switch of the ADC module. The ADC
module will keep in reset state if this bit is 0. For power saving, when this bit is reset, the
analog sub-module will be put into power-down mode.

11.4.4. Regular and inserted channel groups
The ADC supports 18 multiplexed channels and organizes the conversion results into two
groups: a regular channel group and an inserted channel group.
In the regular group, a sequence of up to 16 conversions can be organized in a specific
sequence. The ADC_RSQO~ADC_RSQ?2 registers specify the selected channels of the
regular group. The RL[3:0] bits in the ADC_RSQO register specify the total conversion
sequence length.
In the inserted group, a sequence of up to 4 conversions can be organized in a specific
sequence. The ADC_ISQ register specify the selected channels of the inserted group. The
IL[1:0] bits in the ADC_ISQ register specify the total conversion sequence length.

11.4.5. Conversion modes

Single conversion mode

This mode can be running on both regular and inserted channel group. In the single
conversion mode, the ADC performs conversion on the channel specified in the RSQ0[4:0]
bits of ADC_RSQ2 at a regular trigger or the channel specified in the 1SQ3[4:0] bits of
ADC_ISQ. When the ADCON has been set high, the ADC samples and converts a single
channel, once the corresponding software trigger or external trigger is active.

Figure 11-2. Single conversion mode

| |CH2| | |CH2| | |CH2| | |CH2| | |CH2|
o -
o T T [ ]

After conversion of a single regular channel, the conversion data will be stored in the
ADC_RDATA register, the EOC will be set. An interrupt will be generated if the EOCIE bit is
set.

Sample

Convert

After conversion of a single inserted channel, the conversion data will be stored in the

ADC_IDATAO register, the EOC and EOIC will be set. An interrupt will be generated if the
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EOCIE or EOICIE bit is set.

Software procedure for a single conversion of a regular channel:

1. Make sure the DISRC, SM in the ADC_CTLO register and CTN bit in the ADC_CTL1
register are reset

Configure RSQO with the analog channel number

Configure ADC_SAMPTX register

Configure ETERC and ETSRC bits in the ADC_CTL1 register if in need

Set the SWRCST bit, or generate an external trigger for the regular group

Wait the EOC flag to be set

Read the converted in the ADC_RDATA register

Clear the EOC flag by writing 0 to it

© N o ok wDN

Software procedure for a single conversion of an inserted channel:

Make sure the DISIC, SM in the ADC_CTLO register are reset

Configure 1SQ3 with the analog channel number

Configure ADC_SAMPTX register

Configure ETEIC and ETSIC bits in the ADC_CTL1 register if in need

Set the SWICST bit, or generate an external trigger for the inserted group
Wait the EOC/EOIC flags to be set

Read the converted in the ADC_IDATAQO register

Clear the EOC/EOIC flags by writing O to them

© N o ks~ owdhE

Continuous conversion mode

This mode can be run on the regular channel group. The continuous conversion mode will be
enabled when CTN bit in the ADC_CTL1 register is set. In this mode, the ADC performs
conversion on the channel specified in the RSQO0[4:0]. When the ADCON has been set high,
the ADC samples and converts specified channel, once the corresponding software trigger or
external trigger is active. The conversion data will be stored in the ADC_RDATA register.

Figure 11-3. Continuous conversion mode

| |CH2| |CH2| |CH2| |CH2| |CH2| |CH2| |CH2|
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e |
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Software procedure for continuous conversion on a regular channel:

Set the CTN bit in the ADC_CTL1 register

Configure RSQO with the analog channel number

Configure ADC_SAMPTX register

Configure ETERC and ETSRC bits in the ADC_CTL1 register if in need
Set the SWRCST bit, or generate an external trigger for the regular group
Wait the EOC flag to be set

Read the converted in the ADC_RDATA register

Clear the EOC flag by writing O to it

© N o gk~ wDNPE
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9. Repeat steps 6~8 as soon as the conversion is in need

To get rid of checking, DMA can be used to transfer the converted data:

Set the CTN and DMA bit in the ADC_CTLL1 register

Configure RSQO with the analog channel number

Configure ADC_SAMPTX register

Configure ETERC and ETSRC bits in the ADC_CTL1 register if in need
Prepare the DMA module to transfer data from the ADC_RDATA.

Set the SWRCST bit, or generate an external trigger for the regular group

o g A~ wDh R

Scan conversion mode

The scan conversion mode will be enabled when SM bit in the ADC_CTLO register is set. In
this mode, the ADC performs conversion on the channels with a specific sequence specified
in the ADC_RSQO~ADC_RSQ2 registers or ADC_ISQ register. When the ADCON has been
set high, the ADC samples and converts specified channels one by one in the regular or
inserted group till the end of the regular or inserted group, once the corresponding software
trigger or external trigger is active. The conversion data will be stored in the ADC_RDATA or
ADC_IDATAX register. After conversion of the regular or inserted channel group, the EOC or
EOIC will be set. An interrupt will be generated if the EOCIE or EOICIE bit is set. The DMA
bit in ADC_CTL1 register must be set when the regular channel group works in scan mode.

After conversion of a regular channel group, the conversion can be restarted automatically if
the CTN bit in the ADC_CTL1 register is set.

Figure 11-4. Scan conversion mode, continuous disable
| | CHe | | CHl| | CH5| | CH7| |CH11| |CH16| |CH12| |CH17| | | CH2| | CH1|

Regular |_|
trigger
EOC |_|

One circle of regular group, RL=7- >||

—_—

[T o [Jormo[ oo [[ome| [ ore [ Jomo] -

Inserted |_|

trigger
|_| I:I Convert
}%One circle of inserted group, IL=3—){

Software procedure for scan conversion on a regular channel group:

Set the SM bit in the ADC_CTLO register and the DMA bit in the ADC_CTL1 register
Configure ADC_RSQx and ADC_SAMPTX registers

Configure ETERC and ETSRC bits in the ADC_CTL1 register if in need

Prepare the DMA module to transfer data from the ADC_RDATA.

Set the SWRCST bit, or generate an external trigger for the regular group

Wait the EOC flag to be set

Clear the EOC flag by writing O to it

EQIC

N o ok~
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Software procedure for scan conversion on an inserted channel group:

Set the SM bit in the ADC_CTLO register

Configure ADC_ISQ and ADC_SAMPTX registers

Configure ETEIC and ETSIC bits in the ADC_CTLL1 register if in need
Set the SWICST bit, or generate an external trigger for the inserted group
Wait the EOC/EOIC flags to be set

Read the converted in the ADC_IDATAX register

Clear the EOC/EOIC flag by writing O to them

N o o~ w DN

Figure 11-5. Scan conversion mode, continuous enable

| |CH2| |CH1| |CH5| |CH7| |CH11| | CH2| |CH1| | CH5| | CH7| |CH11| | CH2|
Regular J_I
trigger
EOC H H
HOne circle of regular group, RLﬂH

Discontinuous mode

For regular channel group, the discontinuous conversion mode will be enabled when DISRC
bit in the ADC_CTLO register is set. In this mode, the ADC performs a short sequence of n
conversions (n<=8) which is a part of the sequence of conversions selected in the
ADC_RSQO~ADC_RSQ?2 registers. The value of n is defined by the DISNUM]2:0] bits in the
ADC_CTLO register. When the corresponding software trigger or external trigger is active, the
ADC samples and coverts the next n channels selected in the ADC_RSQO~ADC_RSQ2
registers until all the channels in the regular sequence are done. The EOC will be set after
every circle of the regular channel group. An interrupt will be generated if the EOCIE bit is set.
For inserted channel group, the discontinuous conversion mode will be enabled when DISIC
bit in the ADC_CTLO register is set. In this mode, the ADC performs one conversion which is
a part of the sequence of conversions selected in the ADC _ISQ register. When the
corresponding software trigger or external trigger is active, the ADC samples and coverts the
next channel selected in the ADC_ISQ register until all the channels in the inserted sequence
are done. The EOIC will be set after every circle of the inserted channel group. An interrupt
will be generated if the EOICIE bit is set.

The regular and inserted groups cannot both work in discontinuous conversion mode. Only
one group conversion can be set in discontinuous conversion mode at a time.
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11.4.6.

Figure 11-6. Discontinuous conversion mode

EOQIC

| |CH2| |CH1| |CH5| | |CH7| |CH11| |CH16| | |CH12| |CH17| | |CH2| |CH1| |CH5|---

Regular |_| |'| |'|
trigger
EOC H

%One circle of regular group, RL=7, DISNUM:ZH

[ [cwo| [Jomo| [Jome] [[ewe| [ [cro]...

Inserted |_| |_| |_| |_|
trigger

|_| I:I Convert
FOne circle of inserted group, ILzzﬁ{

Software procedure for discontinuous conversion on a regular channel group:

1.

o > wN

© © N o

Set the DISRC bit in the ADC_CTLO register and the DMA bit in the ADC_CTL1 register
Configure DISNUM]J2:0] bits in the ADC_CTLO register

Configure ADC_RSQx and ADC_SAMPTX registers

Configure ETERC and ETSRC bits in the ADC_CTL1 register if in need

Prepare the DMA module to transfer data from the ADC_RDATA (refer to the spec of the
DMA module).

Set the SWRCST bit, or generate an external trigger for the regular group

Repeat step6 if in need.

Wait the EOC flag to be set

Clear the EOC flag by writing O to it

Software procedure for discontinuous conversion on an inserted channel group:

© N o gk~ wdhPE

Set the DISIC bit in the ADC_CTLO register

Configure ADC_ISQ and ADC_SAMPTX registers

Configure ETEIC and ETSIC bits in the ADC_CTL1 register if in need
Set the SWICST bit, or generate an external trigger for the inserted group
Repeat step4 if in need

Wait the EOC/EOIC flags to be set

Read the converted in the ADC_IDATAX register

Clear the EOC/EOIC flag by writing O to them

Inserted channel management

Auto-insertion

The inserted group channels are automatically converted after the regular group channels

when the ICA bit in ADC_CTLO register is set. In this mode, external trigger on inserted

channels cannot be enabled. A sequence of up to 20 conversions programmed in the
ADC_RSQO0~ADC_RSQ2 and ADC_ISQ registers can be used to convert in this mode. In
addition to the ICA bit, if the CTN bit is also set, regular channels followed by inserted

channels are continuously converted.
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Figure 11-7. Auto-insertion, CNT =1

o L] cro [ Jem[ee[JesJem]  [omo]]om]

fy NED

I:I Sample

EOC |_| |_|

Eoic |_| I:I Convert
The auto insertion mode cannot be enabled when the discontinuous conversion mode is set.
Triggered insertion
If the ICA bit is cleared, the triggered insertion occurs if a software or external trigger occurs
during the regular group channel conversion. In this situation, the ADC aborts from the current
conversion and starts the conversion of inserted channel sequence. After the inserted channel
group is done, the regular group channel conversion is resumed from the last aborted
conversion.
Figure 11-8. Triggered insertion

Rgergﬂ'r‘?r| |CHO| |CH1| | |CH1| |CH2| |CH3| | |CH3| |CH4|

| ted

e iED IED

Inserted

noger l |

Sample

| l 1

EolC I'I I'I I:I Convert
Analog watchdog
The analog watchdog is enabled when the RWDEN and IWDEN bits in the ADC_CTLO
register are set for regular and inserted channel groups respectively. When the analog voltage
converted by the ADC is below a low threshold or above a high threshold, the WDE bit in
ADC_STAT register will be set. An interrupt will be generated if the WDEIE bit is set. The
ADC_WDHT and ADC_WDLT registers are used to specify the high and low threshold. The
comparison is done before the alignment, so the threshold value is independent of the
alignment, which is specified by the DAL bit in the ADC_CTL1 register. One or more channels,
which are select by the RWDEN, IWDEN, WDSC and WDCHSEL[4:0] bits in ADC_CTLO
register, can be monitored by the analog watchdog.

11.4.7. Data alignment

The alignment of data stored after conversion can be specified by DAL bit in the ADC_CTL1
register.

After being decreased by the user-defined offset written in the ADC_IOFFx registers, the
inserted group data value may be a negative value. The sign value is extended.
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Figure 11-9. 12-bit Data alignment
Regular group data
| 0 | 0 | 0 | 0 |D11|D10|D9|D8|D7| D6| D5| D4| D3| D2| D1| DO|
Inserted group data
|Sign|Sign|Sign|Sign|D11|D10| D9 | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO |
DAL=0
Regular group data
|D11|D10|D9|D8|D7|D6|D5|D4|D3|D2|D1|D0| 0 | 0 | 0 | 0|
Inserted group data
|Sign|Dll|D10|D9|D8|D7|D6|D5|D4|D3|D2|Dl| D0| 0 | 0 | 0 |
DAL=1
6-bit resolution data alignment is different from 12-bit/10-bit/8-bit resolution data alignment,
shown as Figure 11-10. 6-bit Data alignment .
Figure 11-10. 6-bit Data alignment
Regular group data
|O|0|0|O|0|0|O|0|0|O|D5|D4|D3|D2|D1|DO|
Inserted group data
| Sign | Sign | Sign | Sign | Sign | Sign | Sign | Sign | Sign | Sign | D5 | D4 | D3 | D2 | D1 | DO |
DAL=0
Regular group data
|O|0|0|O|O|0|O|O|D5|D4|D3|D2|D1|DO|0|0|
Inserted group data
| Sign | Sign | Sign | Sign | Sign | Sign | Sign | Sign | Sign | D5 | D4 | D3 | D2 | D1 | DO | 0 |
DAL=1
11.4.8. Programmable sample time
The number of ADCCLK cycles which is used to sample the input voltage can be specified by
the SPTN[2:0] bits in the ADC_SAMPTO0 and ADC_SAMPT1 registers. A different sample time
can be specified for each channel. For 12-bits resolution, the total conversion time is
“sampling time + 12.5” ADCCLK cycles.
Example:
ADCCLK = 10MHz and sample time is 1.5 cycles, the total conversion time is “1.5+12.5”
ADCCLK cycles, that means 1.4us.
11.4.9. External trigger

The conversion of regular or inserted group can be triggered by rising edge of external trigger
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inputs. The external trigger source of regular channel group is controlled by the ETSRC[2:0]
bits in the ADC_CTL1 register, while the external trigger source of inserted channel group is
controlled by the ETSIC[2:0] bits in the ADC_CTL1 register
ETSRC[2:0] and ETSIC[2:0] control bits are used to specify which out of 8 possible events
can trigger conversion for the regular and inserted groups.
Table 11-3. External trigger for regular channels for ADCO and ADC1
ETSRC[2:0] Trigger Source Trigger Type
000 TIMERO_CHO
001 TIMERO_CH1
010 TIMERO_CH2
oLl TIMERL_CHL Internal on-chip signal
100 TIMER2_TRGO
101 TIMER3_CH3
110 EXTI11 External signal
111 SWRCST Software trigger
Table 11-4. External trigger for inserted channels for ADCO and ADC1
ETSIC[2:0] Trigger Source Trigger Type
000 TIMERO_TRGO
001 TIMERO_CH3
010 TIMER1_TRGO
o1 TIMERL CHo Internal on-chip signal
100 TIMER2_CH3
101 TIMER3_TRGO
110 EXTI15 External signal
111 SWICST Software trigger
11.4.10. DMA request
The DMA request, which is enabled by the DMA bit of ADC_CTL1 register, is used to transfer
data of regular group for conversion of more than one channel. The ADC generates a DMA
request at the end of conversion of a regular channel. When this request is received, the DMA
will transfer the converted data from the ADC_RDATA register to the destination location
which is specified by the user.
11.4.11. Temperature sensor, and internal reference voltage VrerinT

When the TSVREN bit of ADC_CTL1 register is set, the temperature sensor channel
(ADCO_CH16) and Vrerint channel (ADCO_CH17) is enabled. The temperature sensor can
be used to measure the ambient temperature of the device. The sensor output voltage can
be converted into a digital value by ADC. The sampling time for the temperature sensor is
recommended to be set to at least 17.1 ps. When this sensor is not in use, it can be put in
power down mode by resetting the TSVREN bit.
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11.4.12.

11.4.13.

The output voltage of the temperature sensor changes linearly with temperature. Because
there is an offset, which is up to 45 °C and varies from chip to chip due to process variation,
the internal temperature sensor is more suited for applications that detect temperature
variations instead of absolute temperature. When it is used to detect accurate temperature,
an external temperature sensor part should be used to calibrate the offset error.

The internal voltage reference (Vrerint) provides a stable (bandgap) voltage output for the
ADC and Comparators. VrerinT is internally connected to the ADCO_CH17 input channel.

To use the temperature sensor:

1. Configure the conversion sequence (ADC_IN16) and the sampling time(17.1us) for
the channel.

2. Enable the temperature sensor by setting the TSVREN bit in the ADC control
register 1 (ADC_CTL1).

3. Start the ADC conversion by setting the ADCON bit (or by external trigger).

4. Read the resulting temperature data(Viemperature) in the ADC data register, and get
the temperature using the following formula:

Temperature (°C) = {(V25 — Viemperature (digit)) / Avg_Slope} + 25.
V2s: Viemperature Value at 25°C, the typical value please refer to the datasheet.

Avg_Slope: Average Slope for curve between Temperature vs. Viemperature, the typical
value please refer to the datasheet.

Programmable resolution (DRES) - fast conversion mode

It is possible to obtain faster conversion time (tanc) by reducing the ADC resolution.

The resolution can be configured to be either 12, 10, 8, or 6 bits by programming the
DRES[1:0] bits in the ADC_OVSAMPCTL register. Lower resolution allows faster conversion
time for applications where high data precision is not required. The DRES[1:0] bits must only
be changed when the ADCON bit is reset. Lower resolution reduces the conversion time
needed for the successive approximation steps as shown in Table 11-5. tCONV timings

depending on resolution .

Table 11-5. tconv timings depending on resolution

tconv tsmpL(mMin) tapc

DRES[1:0]
bits

(ADC clock
cycles)

tconv(ns) at
fapc=14MHz

(ADC clock
cycles)

(ADC clock
cycles)

tanc(us) at
fapc=14MHz

12

125

893 ns

15

14

1000 ns

10

10.5

750 ns

15

12

857 ns

8

8.5

607 ns

15

10

714 ns

6

6.5

464 ns

15

8

571 ns

On-chip hardware oversampling

The on-chip hardware oversampling circuit performs data preprocessing to offload the CPU.
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It can handle multiple conversions and average them into a single data with increased data
width, up to 16-bit. It provides a result with the following form, where N and M can be adjusted,
and Dout(n) is the n-th output digital signal of the ADC:

Result = &+ NN=3 Doye (n) (11-1)

The on-chip hardware oversampling circuit performs the following functions: summing and bit
right shifting. The oversampling ratio N is defined by the OVSR[2:0] bits in the
ADC_OVSAMPCTL register. It can range from 2x to 256x. The division coefficient M means
bit right shifting up to 8-bit. It is configured through the OVSS[3:0] bits in the
ADC_OVSAMPCTL register.

The summation unit can yield a result up to 20 bits (256 x 12-bit), which is first shifted right.
The upper bits of the result are then truncated, keeping only the 16 least significant bits
rounded to the nearest value using the least significant bits left apart by the shifting, before
being finally transferred into the data register.

Figure 11-11. 20-bit to 16-bit result truncation

19 15 11 7 3 0
Raw 20-bit data
| |
| |
| |
| |
| |
| |
Shifting e
| |
| |
| |
| |
| |
:15 11 7 3 0 :

Truncation and
rounding

Note: If the intermediate result after the shifting exceeds 16 bits, the upper bits of the result
are simply truncated.

Figure 11-12. Numerical example with 5-bits shift and rounding shows a numerical

example of the processing, from a raw 20-bit accumulated data to the final 16-bit result.
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Figure 11-12. Numerical example with 5-bits shift and rounding

19 15 11 7 3 0

Raw 20-bit data 2 A C D 6

15 11 7 3 0

Final result after 5-bit shift and rounding
to nearest

The Table 11-6. Maximum output results vs N and M (Grayed values indicates
truncation) below gives the data format for the various N and M combination, for a raw
conversion data equal to OXFFF.

Table 11-6. Maximum output results vs N and M (Grayed values indicates truncation)
1-bit 2-bit 3-bit 4-bit 5-bit 6-bit 7-bit 8-bit
shift shift shift shift shift shift shift shift

OVSS= | OVSS=| 0OVSS=|OVSS=|OVSS= | OVSS=|0OVSS=|0VSS=
0001 0010 0011 0100 0101 0110 0111 1000
2x Ox1FFE |Ox1FFE | OXOFFF | OxO7FF | OXO3FF | OXO1FF | OXOOFF | 0xO07F | 0XO03F | OX001F
4x Ox3FFC |0x3FFC |Ox1FFE | OXOFFF | OXO7FF | OXO3FF | OXO1FF | OXOOFF | OX007F | OXxO03F
8x Ox7FF8 | 0x7FF8 |Ox3FFC |O0x1FFE | OXOFFF | 0xO7FF | OXO3FF | OXO1FF | OXOOFF | OXO07F
16x | OXFFFO |OXFFFO | OX7FF8 |Ox3FFC |Ox1FFE | OXOFFF | OXO7FF | OXO3FF | OXO1FF | OXOOFF
32x |Ox1FFEO|OXFFEOQ | OXFFFO | 0x7FF8 |Ox3FFC | OX1FFE | OXOFFF | OXO7FF | OXO3FF | OXO1FF
64x |0x3FFCO|0XFFCO|O0XFFEOQ | OXFFFO | 0x7FF8 | OX3FFC | OX1FFE | OXOFFF | OxO7FF | OXO3FF

128x |0x7FF80 | OXFF80 | OXFFCO | OXFFEOQ | OXFFFO | 0x7FF8 | Ox3FFC | OxX1FFE | OXOFFF | OXx07FF

256x |OxFFFOO0|OxFF0O0 | 0XFF80 | OXFFCO [ OXFFEOQ | OXFFFO | OX7FF8 | 0x3FFC | OX1FFE |OXOFFF

Oversa| Max |No-shift
mpling | Raw |OVSS=
ratio data 0000

The conversion timings in oversampled mode do not change compared to standard
conversion mode: the sample time is maintained equal during the whole oversampling
sequence. New data are provided every N conversion, with an equivalent delay equal to:

Nxtapc=Nx*(tsmpL+tcony) (11-2)
11.5. ADC sync mode

In devices with two ADC, ADC sync mode can be used.

In ADC sync mode, the conversion starts alternately or simultaneously triggered by ADCO
master to ADC1 slave, according to the mode selected by the SYNCM[3:0] bits in
ADC1_CTLO register.

In sync mode, when configure the conversion which is triggered by an external event, the

slave ADC must be configured as triggered by the software in order to prevent false triggers
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to start unwanted conversion. However, the external trigger must be enabled for ADC master
and ADC slave.

The following modes can be configured:

- Free mode

- Regular parallel mode

- Inserted parallel mode

- Follow-up fast mode

- Follow-up slow mode

- Trigger rotation mode

- Inserted parallel mode + regular parallel mode
- Regular parallel mode + trigger rotation mode
- Inserted parallel mode + follow-up fast mode
- Inserted parallel mode + follow-up slow mode

In ADC sync mode, the DMA bit must be set even if it is not used; the converted data of ADC
slave can be read from the master data register.

Figure 11-13. ADC sync block diagram

Regular Inserted data registers
channels (16 bits x4 )
— Inserted Regular data registers [\
channels (16 bits ) l/
1 ADC1
(slave)
A
ADC_INO » P
~ ) Regular Inserted data registers B
ADC—lN_l GPIO > :(> channels :> (16 bits x4 )
.o B
ADC_IN15| > U
VSENSE —P] Inserted Regular data registers [\ S
> channels (16 bits ) /]
VREF —
L Syncl mode
EXTI11 [} control
Regular o
triggermux ]
ADCO
master,
EXTI15 [} —T ( )
Inserted b—
trigger mux =~ —
11.6. Free mode

In this mode, the ADC synchronization is bypassed, and each ADC works freely.
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11.6.1.

11.6.2.

Regular parallel mode

This mode converts the regular channel simultaneously. The source of external trigger comes
from the regular group MUX of ADCO (selected by the ETSRC[2:0] bits in the ADC_CTL1
register). A simultaneous trigger is provided to ADC1.

At the end of conversion event on ADCO or ADC1 an EOC interrupt is generated (if enabled
on one of the two ADC interfaces) when the ADCO/ADCL1 regular channels are all converted.
The behavior of regular parallel mode shows in the Figure 11-14. Reqular parallel mode on
16 channels .

A 32-bit DMA is used, which transfers ADC_RDATA 32-bit register (the ADC_RDATA 32-bit
register containing the ADC1 converted data in the upper half-word and the ADCO converted
data in the lower half-word) to SRAM.

Note:

1. Do not convert the same channel on the two ADCs (no overlapping sampling times for the
two ADCs when converting the same channel).

2. In parallel mode, exactly the same sampling time should be configured for the two channels
that will be sampled simultaneously by ACDO and ADC1.

Figure 11-14. Regular parallel mode on 16 channels

ADCO| |CHO| |CH1| |CH2| |CH3| CH14CH15 ..

woor [ [l [ew [lov] - [[eefles] [Meellee] -
Regular |_| I:I
trigger Sample

EOC |_|
I:I Convert

Inserted parallel mode

This mode converts the inserted channel simultaneously. The source of external trigger
comes from the inserted group MUX of ADCO (selected by the ETSIC[2:0] bits in the
ADC_CTL1 register). A simultaneous trigger is provided to ADC1.

At the end of conversion event on ADCO or ADC1, an EOIC interrupt is generated (if enabled
on one of the two ADC interfaces). ADCO/ADC1 inserted channels are all converted, and the
converted data is stored in the ADC_IDATAX registers of each ADC interface. The behavior
of inserted parallel mode shows in the Figure 11-15. Inserted parallel mode on 4 channels .

Note:

1. Do not convert the same channel on the two ADCs (no overlapping sampling times for the
two ADCs when converting the same channel).

2. In parallel mode, exactly the same sampling time should be configured for the two channels
that will be sampled simultaneously by ADCO and ADC1.
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Figure 11-15. Inserted parallel mode on 4 channels
ADCO||CHO||CH1||CH2||CH3| ||CHO||CH1|
ADC1||CH4||CH5||CH6||CH7| ||CH4||CH5|
Inserted |_| I:I Sample
trigger

EQIC |_| I:I Convert

11.6.3. Follow-up fast mode

This mode can be running on the regular channel group (usually one channel). The source of
external trigger comes from the regular channel MUX of ADCO (selected by the ETSRC[2:0]
bits in the ADC_CTL1 register). When the trigger occurs, ADC1 runs immediately and ADCO
runs after 7 ADC clock cycles.

If the continuous mode is enabled for both ADCO and ADC1, the selected regular channels of
both ADCs are continuously converted. The behavior of follow-up fast mode shows in the
Figure 11-16. Follow-up fast mode on 1 channel in continuous conversion mode .

After an EOC interrupt is generated by ADCO in case of setting the EOCIE bit, we can use a
32-bit DMA, which transfers to SRAM the ADC_RDATA 32-bit register containing the ADC1
converted data in the upper half word and the ADCO converted data in the lower half word.

Note: The maximum sampling time allowed is <7 ADCCLK cycles to avoid the overlap
between ADCO and ADC1 sampling phases in the event that they convert the same channel.

Figure 11-16. Follow-up fast mode on 1 channel in continuous conversion mode
7 ADCCLK cycles

i

ADCO | CH1 | | CH1 | | CH1 | | CH1 |

ADC1

o [ ou [ on [] ou | -

Fffigglg J I:I Sample
cacaocn 1 1 I 1

EOC(ADC1) |—| |—|

11.6.4. Follow-up slow mode

This mode can be running on the regular channel group (usually one channel). The source of
external trigger comes from the regular channel MUX of ADCO(selected by the ETSRCJ[2:0]
bits in the ADC_CTL1 register).When the trigger occurs, ADC1 runs immediately, ADCO runs
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after 14 ADC clock cycles, after the second 14 ADC clock cycles the ADC1 runs again.
Continuous mode can’t be used in this mode, because it continuously converts the regular
channel. The behavior of follow-up slow mode shows in the Figure 11-17. Follow-up slow
mode on 1 channel .
After an EOC interrupt is generated by ADCO (if enabled through the EOCIE bit), we can use
a 32-bit DMA, which transfers to SRAM the ADC_RDATA 32-bit register containing the ADC1
converted data in the upper half-word and the ADCO converted data in the lower half-word.
Note:
1. The maximum sampling time allowed is <14 ADCCLK cycles to avoid the overlap between
ADCO and ADC1 sampling phases in the event that they convert the same channel.
2. For both the fast and follow-up slow mode, we must ensure that no external trigger for
inserted channel occurs.
Figure 11-17. Follow-up slow mode on 1 channel
14 ADCCLK 14 ADCCLK
cycles cycles
-
ADCO | c+11||| CH1||| CH1 ||| CH1|
ADC1
| o || ] e || ] e ||| o |
Regular
trigger J—I I:I Sample
EOC(ADCO) H H H
I:I Convert
EOC(ADC1) H H H
11.6.5. Trigger rotation mode

This mode can be running on the inserted channel group. The source of external trigger
comes from the inserted channel MUX of ADCO (selected by the ETSIC[2:0] bits in the
ADC_CTL1 register).

When the first trigger occurs, all the inserted channels of ADCO are converted. When the
second trigger occurs, all the inserted channels of ADC1 are converted. The behavior of
trigger rotation mode shows in the Fiqure 11-18. Trigger rotation: inserted channel group .

If the EOIC interrupt of ADCO and ADC1 are enabled, when all the channels of ADCO or ADC1
have been converted, the corresponded interrupt occurred.

If another external trigger occurs after all inserted group channels have been converted, the
trigger rotation process restarts by converting ADCO inserted group channels.
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Figure 11-18. Trigger rotation: inserted channel group
aoco | | o] | ] o] o’
ADC1 | | Cramel | | Cramel] ..... l
| d Sample
nserte
trigger J |_| |_| |_| ............... |_| |_|
I:I Convert
cococ) ] | — | -
coiceoc) 1 | — L
If the discontinuous mode is enabled for both ADCO and ADC1, when the first trigger occurs,
the first inserted channel in ADCO is converted. When the second trigger occurs, the first
inserted channel in ADC1 is converted. Then the second channel in ADCO, the second
channel in ADC1, and so on.
The behavior of trigger rotation discontinuous mode shows in the Figure 11-19. Trigger
rotation: inserted channels in discontinuous mode .
If the EOIC interrupt of ADCO and ADC1 are enabled. When all the channels of ADCO or
ADC1 have been converted, the corresponded interrupt occurred.
If another external trigger occurs after all inserted group channels have been converted then
the trigger rotation process restarts.
Figure 11-19. Trigger rotation: inserted channels in discontinuous mode
ADCO ||CH0|||CH1|||CH2|||CH3|
ADC1 ||CH4|||CH5|||CH6|||CH7|
I:I Sample
Inserted
trigger |_| |_| |_| |_| |_| |_| |_|
I:I Convert
EOIC(ADCO) |_|
EOIC(ADC1) I_L
11.6.6. Combined regular parallel & inserted parallel mode
In the free mode, the conversion of regular group can be interrupted by the conversion of
inserted group. In the sync mode, itis also possible to interrupt parallel conversion of a regular
group to insert parallel conversion of an inserted group.
Note: In combined regular parallel + inserted parallel mode, the sampling time for the two
ADCs should be configured the same.
11.6.7. Combined regular parallel & trigger rotation mode

It is possible to interrupt regular group parallel conversion to start trigger rotation conversion
of an inserted group. The behavior of an alternate trigger interrupt a regular parallel
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conversion shows in the Figure 11-20. Reqular parallel & trigger rotation mode .
When the inserted event occurs, the inserted rotation conversion is immediately started. If
regular conversion is already running, in order to ensure synchronization after the inserted
conversion, the regular conversion of both (master/slave) ADCs is stopped and resumed
synchronously at the end of the inserted conversion.
Note: In combined regular parallel + trigger rotation mode, the sampling time for the two ADCs
should be configured the same.
Figure 11-20. Regular parallel & trigger rotation mode
| | CHO| | CH1| | | CH1| | CH2| | CH3| | | CH3| | CH4| | CH5| S
ADCO
[Toms
||CH4||CH5| ||CH5||CH6||CH7| ||CH7||CH8||CH9|
ADC1
l Sample
| ted
pene [ [ Convet
If one inserted trigger occurs during an inserted conversion that has interrupted a regular
conversion, it will be ignored Figure 11-21. Trigger occurs during inserted conversion
shows the case (the third trigger is ignored).
Figure 11-21. Trigger occurs during inserted conversion
| | CHO| | CH1| | | CH1| | CH2| | CH3| | | CH3| | CH4| | CH5| .
ADCO
o]
||CH4||CH5| ||CH5||CH6||CH7| ||CH7||CH8||CH9|
ADC1 Sample
CH14
this trigger is l-
| ted ignored
trigger [[] | Convert
11.6.8. Combined inserted parallel & follow-up mode

It is possible to interrupt a follow-up conversion (both fast and slow) with an inserted event.
When the inserted trigger occurs, the follow-up conversion is interrupted and the inserted
conversion starts, at the end of the inserted sequence the follow-up conversion is resumed.
Figure 11-22 Follow-up single channel with inserted sequence CH1, CH2 shows the

behavior of this mode.
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11.7.

Figure 11-22 Follow-up single channel with inserted sequence CH1, CH2

ADCO

w5 [ev] M) i3
o [ew ] [Ton] ew] [ sm

regular

ADCO
inserted | | cHl | | cH2 | I:I Convert

ADCL | | CH2 | | CH1 |
inserted

Inserted |_|
trigger

ADC interrupts

The interrupt can be produced on one of the events:

B End of conversion for regular and inserted groups
B The analog watchdog event

Separate interrupt enable bits are available for flexibility.

The interrupts of ADCO, ADC1 are mapped into the same interrupt vector ISR[18].
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11.8. ADC registers

ADCO base address: 0x4001 2400

ADC1 base address: 0x4001 2800

11.8.1. Status register (ADC_STAT)

Address offset: 0x00
Reset value: 0x0000 0000

This register has to be accessed by word(32-bit)

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved ‘
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved ‘ STRC | STIC ‘ EOIC | EOC ‘ WDE ‘
rc_w0 rc_w0 rc_w0 rc_w0 rc_w0
Bits Fields Descriptions
315 Reserved Must be kept at reset value
4 STRC Start flag of regular channel group

0: No regular channel group started

1: Regular channel group started

Set by hardware when regular channel conversion starts.
Cleared by software writing 0 to it.

3 STIC Start flag of inserted channel group
0: No inserted channel group started
1: Inserted channel group started
Set by hardware when inserted channel group conversion starts.

Cleared by software writing O to it.

2 EOIC End of inserted group conversion flag
0: No end of inserted group conversion
1: End of inserted group conversion
Set by hardware at the end of all inserted group channel conversion.
Cleared by software writing 0 to it.

1 EOC End of group conversion flag
0: No end of group conversion
1: End of group conversion
Set by hardware at the end of a regular or inserted group channel conversion.
Cleared by software writing O to it or by reading the ADC_RDATA register.
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0 WDE Analog watchdog event flag
0: No analog watchdog event
1: Analog watchdog event
Set by hardware when the converted voltage crosses the values programmed in the
ADC_WDLT and ADC_WDHT registers. Cleared by software writing 0 to it.

11.8.2. Control register 0 (ADC_CTLO)

Address offset: 0x04
Reset value: 0x0000 0000

This register has to be accessed by word(32-bit)

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved ‘ RWDEN ‘ IWDEN ‘ Reserved | SYNCM[3:0]
w w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DISNUM[2:0] ‘ DISIC ‘ DISRC ‘ ICA ‘ WDSC ‘ SM ‘ EOICIE ‘ WDEIE ‘ EOCIE ‘ WDCHSEL[4:0]
w rw w w w rw I\ rw I\ rw
Bits Fields Descriptions
31:24 Reserved Must be kept at reset value
23 RWDEN Regular channel analog watchdog enable

0: Regular channel analog watchdog disable

1: Regular channel analog watchdog enable

22 IWDEN Inserted channel analog watchdog enable
0: Inserted channel analog watchdog disable
1: Inserted channel analog watchdog enable

21:20 Reserved Must be kept at reset value

19:16 SYNCM[3:0] Sync mode selection
These bits use to select the operating mode.
0000: Free mode.
0001: Combined regular parallel + inserted parallel mode
0010: Combined regular parallel + trigger rotation mode
0011: Combined inserted parallel + follow-up fast mode
0100: Combined inserted parallel + follow-up slow mode
0101: Inserted parallel mode only
0110: Regular parallel mode only
0111: Follow-up fast mode only
1000: Follow-up slow mode only
1001: Trigger rotation mode only
Note: These bits are reserved in ADC1.In sync mode, the change of configuration
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will cause unpredictable consequences. We must disable sync mode before any

configuration change.

15:13 DISNUM[2:0] Number of conversions in discontinuous mode

The number of channels to be converted after a trigger will be DISNUM+1

12 DISIC Discontinuous mode on inserted channels
0: Discontinuous mode on inserted channels disable
1: Discontinuous mode on inserted channels enable

11 DISRC Discontinuous mode on regular channels
0: Discontinuous mode on regular channels disable

1: Discontinuous mode on regular channels enable

10 ICA Inserted channel group convert automatically
0: Inserted channel group convert automatically disable
1: Inserted channel group convert automatically enable

9 WDSC When in scan mode, analog watchdog is effective on a single channel
0: Analog watchdog is effective on all channels
1: Analog watchdog is effective on a single channel

8 SM Scan mode
0: scan mode disable
1: scan mode enable

7 EOICIE Interrupt enable for EOIC
0: EOIC interrupt disable
1: EOIC interrupt enable

6 WDEIE Interrupt enable for WDE
0: WDE interrupt disable
1: WDE interrupt enable

5 EOCIE Interrupt enable for EOC
0: EOC interrupt disable
1: EOC interrupt enable

4:0 WDCHSEL[4:0] Analog watchdog channel select
00000: ADC channel0
00001: ADC channell
00010: ADC channel2
00011: ADC channel 3
00100: ADC channel 4
00101: ADC channel 5
00110: ADC channel 6
00111: ADC channel 7
01000: ADC channel 8
01001: ADC channel 9
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01010: ADC channel 10
01011: ADC channel 11
01100: ADC channel 12
01101: ADC channel 13
01110: ADC channel 14
01111: ADC channell5
10000: ADC channel16
10001: ADC channell7
Other values are reserved.
Note: ADCO analog inputs Channell6 and Channell7 are internally connected to
the temperature sensor, and to Vrerint inputs. ADC1 analog inputs Channel16, and
Channell7 are internally connected to Vssa.
11.8.3. Control register 1 (ADC_CTL1)
Address offset: 0x08
Reset value: 0x0000 0000
This register has to be accessed by word(32-bit)
31 30 29 27 26 25 24 23 22 21 20 19 18 17 16
‘ Reserved ‘TSVREN ‘SWRCST‘ SWICST ‘ ETERC | ETSRCI[2:0] Reserved
w w w 12 w
15 14 13 11 10 9 8 7 6 5 4 3 2 1 0
‘ ETEIC | ETSIC[2:0] ‘ DAL ‘ Reserved. ‘ DMA ‘ Reserved | RSTCLB ‘ CLB | CTN ‘ ADCON ‘
w w w w 12 w w w
Bits Fields Descriptions
31:24 Reserved Must be kept at reset value
23 TSVREN Channel 16 and 17 enable of ADCO.
0: Channel 16 and 17 of ADCO disable
1: Channel 16 and 17 of ADCO enable
22 SWRCST Start on regular channel.
Set 1 on this bit starts a conversion of a group of regular channels if ETSRC is 111.
It is set by software and cleared by software or by hardware immediately after the
conversion starts.
21 SWICST Start on inserted channel.
Set 1 on this bit starts a conversion of a group of inserted channels if ETSIC is 111.
It is set by software and cleared by software or by hardware immediately after the
conversion starts.
20 ETERC External trigger enable for regular channel

0: External trigger for regular channel disable
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1: External trigger for regular channel enable

19:17 ETSRCJ[2:0] External trigger select for regular channel

For ADCO and ADC1:

000: Timer 0 CHO

001: Timer 0 CH1

010: Timer 0 CH2

011: Timer 1 CH1

100: Timer 2 TRGO

101: Timer 3 CH3

110: EXTl line 11

111: SWRCST
16 Reserved Must be kept at reset value
15 ETEIC External trigger enable for inserted channel

0: External trigger for inserted channel disable
1: External trigger for inserted channel enable

14:12 ETSIC[2:0] External trigger select for inserted channel
For ADCO and ADCL1.:
000: Timer 0 TRGO
001: Timer 0 CH3
010: Timer 1 TRGO
011: Timer 1 CHO
100: Timer 2 CH3
101: Timer 3 TRGO
110: EXTI linel5
111: SWICST

11 DAL Data alignment
0: LSB alignment
1: MSB alignment

10:9 Reserved Must be kept at reset value

8 DMA DMA request enable.
0: DMA request disable
1: DMA request enable

74 Reserved Must be kept at reset value

3 RSTCLB Reset calibration
This bit is set by software and cleared by hardware after the calibration registers are
initialized.

0: Calibration register initialize done.
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1: Initialize calibration register start

2 CLB ADC calibration
0: Calibration done

1: Calibration start

1 CTN Continuous mode
0: Continuous mode disable
1: Continuous mode enable

0 ADCON ADC ON. The ADC will be wake up when this bit is changed from low to high and
take a stabilization time. When this bit is high and “1” is written to it with other bits
of this register unchanged, the conversion will start.

0: ADC disable and power down
1: ADC enable

11.8.4. Sample time register 0 (ADC_SAMPTO)

Address offset: 0x0C
Reset value: 0x0000 0000

This register has to be accessed by word(32-bit)

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

‘ Reserved ‘ SPT17[2:0] ‘ SPT16[2:0] ’ SPT15[2:1] ‘

rw w w

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

‘ SPT15[0] ‘ SPT14[2:0] SPT13[2:0] ‘ SPT12[2:0] ‘ SPT11[2:0] ‘ SPT10[2:0] ‘
w w w w 12 w

Bits Fields Descriptions

31:24 Reserved Must be kept at reset value

23:21 SPT17[2:0] refer to SPT10[2:0] description

20:18 SPT16[2:0] refer to SPT10[2:0] description

17:15 SPT15[2:0] refer to SPT10[2:0] description

14:12 SPT14[2:0] refer to SPT10[2:0] description

11:9 SPT13[2:0] refer to SPT10[2:0] description

8:6 SPT12[2:0] refer to SPT10[2:0] description

5:3 SPT11[2:0] refer to SPT10[2:0] description

2:0 SPT10[2:0] Channel sample time

000: 1.5 cycles
001: 7.5 cycles
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010: 13.5 cycles
011: 28.5 cycles
100: 41.5 cycles
101: 55.5 cycles
110: 71.5 cycles
111: 239.5 cycles
11.8.5. Sample time register 1 (ADC_SAMPT1)
Address offset: 0x10
Reset value: 0x0000 0000
This register has to be accessed by word(32-bit)
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ Reserved SPT9[2:0] ‘ SPT8[2:0] ‘ SPT7[2:0] ‘ SPT6[2:0] SPT5[2:1]
w w w w w
15 14 13 10 9 8 7 4 3 2 1 0
‘ SPT5[0] I SPT4[2:0] SPT3[2:0] ‘ SPT2[2:0] SPT1[2:0] ‘ SPTO[2:0]
rw rw rw I\ rw w
Bits Fields Descriptions
31:30 Reserved Must be kept at reset value
29:27 SPT9[2:0] refer to SPTO0[2:0] description
26:24 SPT8[2:0] refer to SPTO[2:0] description
23:21 SPT7[2:0] refer to SPTO0[2:0] description
20:18 SPT6[2:0] refer to SPTO0[2:0] description
17:15 SPT5[2:0] refer to SPTO0[2:0] description
14:12 SPT4[2:0] refer to SPTO[2:0] description
11:9 SPT3[2:0] refer to SPTO0[2:0] description
8:6 SPT2[2:0] refer to SPTO[2:0] description
5:3 SPT1[2:0] refer to SPTO[2:0] description
2:0 SPTO0[2:0] Channel sample time

000: 1.5 cycles

001: 7.5 cycles

010: 13.5 cycles
011: 28.5 cycles
100: 41.5 cycles
101: 55.5 cycles
110: 71.5 cycles
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111: 239.5 cycles

11.8.6. Inserted channel data offset register x (ADC_IOFFx) (x=0..3)

Address offset: 0x14-0x20
Reset value: 0x0000 0000

This register has to be accessed by word(32-bit)

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved ‘

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

‘ Reserved IOFF[11:0] ‘

I\

Bits Fields Descriptions

31:12 Reserved Must be kept at reset value

11:0 IOFF[11:0] Data offset for inserted channel x

These bits will be subtracted from the raw converted data when converting inserted
channels. The conversion result can be read from in the ADC_IDATAX registers.

11.8.7. Watchdog high threshold register (ADC_WDHT)

Address offset: 0x24
Reset value: 0x0000 OFFF

This register has to be accessed by word(32-bit)

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

‘ Reserved ‘
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

‘ Reserved WDHT[11:0] ‘

1\

Bits Fields Descriptions

31:12 Reserved Must be kept at reset value

11:0 WDHT[11:0] Analog watchdog high threshold

These bits define the high threshold for the analog watchdog.
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11.8.8. Watchdog low threshold register (ADC_WDLT)
Address offset: 0x28
Reset value: 0x0000 0000
This register has to be accessed by word(32-bit)
31 30 29 28 26 25 24 23 22 21 20 19 18 17 16
‘ Reserved
15 14 13 12 10 9 8 7 6 5 4 3 2 1 0
‘ Reserved WDLT[11:0]
I\
Bits Fields Descriptions
31:12 Reserved Must be kept at reset value
11:0 WDLT[11:0] Analog watchdog low threshold
These bits define the low threshold for the analog watchdog.
11.8.9. Regular sequence register 0 (ADC_RSQO0)
Address offset: 0x2C
Reset value: 0x0000 0000
This register has to be accessed by word(32-bit)
31 30 29 28 26 25 24 23 22 21 20 19 18 17 16
‘ Reserved ‘ RL[3:0] | RSQ15[4:1]
w 2
15 14 13 12 10 9 8 7 6 5 4 3 2 1 0
‘ RSQ15[0] I RSQ14[4:0] RSQ13[4:0] ‘ RSQ12[4:0]
w w w 2
Bits Fields Descriptions
31:24 Reserved Must be kept at reset value
23:20 RL[3:0] Regular channel group length.
The total number of conversion in regular group equals to RL[3:0]+1.
19:15 RSQ15[4:0] refer to RSQO[4:0] description
14:10 RSQ14[4:0] refer to RSQO[4:0] description
9:5 RSQ13[4:0] refer to RSQO[4:0] description
4:0 RSQ12[4:0] refer to RSQO[4:0] description
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11.8.10. Regular sequence register 1 (ADC_RSQ1)
Address offset: 0x30
Reset value: 0x0000 0000
This register has to be accessed by word(32-bit)
31 30 29 28 27 26 25 24 23 22 21 20 18 17 16
‘ Reserved RSQ11[4:0] ‘ RSQ10[4:0] RSQ9[4:1]
I\ rw rw
15 14 13 12 11 10 9 8 7 6 5 4 2 1 0
‘ RSQ9[0] ‘ RSQ8[4:0] ‘ RSQ7[4:0] RSQ6[4:0]
w I\ I\ rw
Bits Fields Descriptions
31:30 Reserved Must be kept at reset value
29:25 RSQ11[4:0] refer to RSQO[4:0] description
24:20 RSQ10[4:0] refer to RSQO[4:0] description
19:15 RSQ9[4:0] refer to RSQO[4:0] description
14:10 RSQ8[4:0] refer to RSQO[4:0] description
9:5 RSQ7[4:0] refer to RSQO[4:0] description
4:0 RSQ6[4:0] refer to RSQO[4:0] description
11.8.11. Regular sequence register 2 (ADC_RSQ2)
Address offset: 0x34
Reset value: 0x0000 0000
This register has to be accessed by word(32-bit)
31 30 29 28 27 26 25 24 23 22 21 20 18 17 16
‘ Reserved RSQ5[4:0] ‘ RSQ4[4:0] RSQ3[4:1]
w rw rw
15 14 13 12 11 10 9 8 7 6 5 4 2 1 0
‘ RSQ3[0] ‘ RSQ2[4:0] ‘ RSQ1[4:0] RSQO[4:0]
rw w w rw
Bits Fields Descriptions
31:30 Reserved Must be kept at reset value
29:25 RSQ5[4:0] refer to RSQO[4:0] description
24:20 RSQA4[4:0] refer to RSQO[4:0] description
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19:15 RSQ3[4:0] refer to RSQO[4:0] description

14:10 RSQ2[4:0] refer to RSQO[4:0] description

9:5 RSQ1[4:0] refer to RSQO0[4:0] description

4:0 RSQO0[4:0] The channel number (0..17) is written to these bits to select a channel as the nth

conversion in the regular channel group.

11.8.12. Inserted sequence register (ADC_ISQ)

Address offset: 0x38
Reset value: 0x0000 0000

This register has to be accessed by word(32-bit)

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

‘ Reserved ‘ IL[1:0] ’ 1SQ3[4:1] ‘

rw rw

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

‘ 1SQ3[0] ‘ 1SQ2[4:0] 1SQ1[4:0] ‘ 1SQO[4:0] ‘
w w w 12

Bits Fields Descriptions

31:22 Reserved Must be kept at reset value

21:20 IL[1:0] Inserted channel group length.

The total number of conversion in Inserted group equals to IL[1:0] + 1.

19:15 1SQ3[4:0] refer to 1ISQO[4:0] description
14:10 1SQ2[4:0] refer to 1ISQO[4:0] description
9:5 1ISQ1[4:0] refer to 1ISQO[4:0] description
4:0 1ISQO[4:0] The channel number (0..17) is written to these bits to select a channel at the nth

conversion in the inserted channel group.
Unlike the regular conversion sequence, the inserted channels are converted
starting from (4 - IL[1:0] - 1), if IL[1:0] length is less than 4.

IL Insert channel order

3 ISQO >> ISQL >> I1SQ2 >> ISQ3
2 ISQ1 >> ISQ2 >> ISQ3

1 1ISQ2 >>1SQ3

0 1ISQ3

11.8.13. Inserted data register x (ADC_IDATAX) (x=0..3)

Address offset: 0x3C + 0x4*x,(x=0..3)

Reset value: 0x0000 0000
182



e

GigaDevice

GD32VF103 User Manual

31

This register has to be accessed by word(32-bit)

30 29 28 27 26 25 24 23 22 21 20 19

18

17

16

Reserved

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
IDATAN[15:0]
r
Bits Fields Descriptions
31:16 Reserved Must be kept at reset value
15:0 IDATAN[15:0] Inserted number n conversion data

These bits contain the number n conversion result, which is read only.

11.8.14. Regular data register (ADC_RDATA)

31

Address offset: 0x4C
Reset value: 0x0000 0000

This register has to be accessed by word(32-bit)

30 29 28 27 26 25 24 23 22 21 20 19

18

17

16

ADC1RDTRI[15:0]

r

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ RDATA[15:0]
r

Bits Fields Descriptions
31:16 ADC1RDTR[15:0] ADC1 regular channel data

In ADCO: In sync mode, these bits contain the regular data of ADC1.

In ADC1.: these bits are not used.
15:0 RDATA[15:0] Regular channel data

These bits contain the conversion result from regular channel, which is read only.

11.8.15. Oversample control register (ADC_OVSAMPCTL)

31

Address offset: 0x80
Reset value: 0x0000_0000

This register has to be accessed by word(32-bit)

30 29 28 27 26 25 24 23 22 21 20 19

18

17

16

Reserved
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15 14 13 12

10 9 8 7 6 5 4 3 2 1 0

Reserved DRES[1:0]

Reserved ‘ TOVS ‘ OVSS[3:0] ‘ OVSR[2:0]

Reserved

OVSEN ‘

w

Bits Fields

w w w w

Descriptions

31:14 Reserved

13:12 DRES[1:0]

11:10 Reserved

9 TOVS

8:5 OVSS[3:0]

4:2 OVSR[2:0]

Must be kept at reset value.

ADC resolution
00: 12bit;

01: 10bit;

10: 8bit;

11: 6bit

Must be kept at reset value

Triggered Oversampling

This bit is set and cleared by software.

0: All oversampled conversions for a channel are done consecutively after a trigger
1: Each conversion needs a trigger for a oversampled channel and the number of
triggers is determined by the oversampling ratio(OVSR[2:0]).

Note: Software is allowed to write this bit only when ADCON=0 (which ensures that

no conversion is ongoing).

Oversampling shift

This bit is set and cleared by software.
0000: No shift

0001: Shift 1-bit

0010: Shift 2-bits

0011: Shift 3-bits

0100: Shift 4-bits

0101: Shift 5-bits

0110: Shift 6-bits

0111: Shift 7-bits

1000: Shift 8-bits

Other codes reserved

Note: Software is allowed to write this bit only when ADCON =0 (which ensures that

no conversion is ongoing).

Oversampling ratio
This bit filed defines the number of oversampling ratio.
000: 2x
001: 4x
010: 8x
011: 16x
100: 32x
101: 64x
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110: 128x
111: 256x
Note: Software is allowed to write this bit only when ADCON =0 (which ensures that

no conversion is ongoing).
1 Reserved Must be kept at reset value.

0 OVSEN Oversampler Enable
This bit is set and cleared by software.
0: Oversampler disabled
1: Oversampler enabled
Note: Software is allowed to write this bit only when ADCON =0 (which ensures that

no conversion is ongoing).
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12. Digital-to-analog converter (DAC)

12.1. Overview
Digital-to-analog converter converts 12-bit digital data to a voltage on the external pins. The
digital data can be configured in 8-bit or 12-bit mode, left-aligned or right-aligned mode. DMA
can be used to update the digital data on external triggers. The output voltage can be
optionally buffered for higher drive capability.
The two DACs can work independently or concurrently.

12.2. Characteristics

DAC’s main features are as follows:

12-bit resolution. Left or right data alignment.

DMA capability for each channel.

Conversion update synchronously.

Conversion triggered by external triggers.

Configurable internal buffer.

Input voltage reference, VREF+.

Noise wave generation (LFSR noise mode and Triangle noise mode).

Two DACs in concurrent mode.

Figure 12-1. DAC block diagram shows the block diagram of DAC and Table 12-1. DAC
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pins gives the pin description.
Figure 12-1. DAC block diagram
DAC control register
4
DTSELX[2:0]
HEFEE DBOFFx
TIMERS_TRGO < “EJ HEE
TIMER7_TRGO 8 g % %
TIMER6_TRGO E e
TIMER4_TRGO %
TIMER1_TRGO g
TIMER3_TRGO 2
exTio [ H a Yyvivy %’ \
g ]DAC_OUTH
Control £ =
logic :ﬁ> DOx 7 DAC
DHx 12-bit 12-bi
12-bit
[
S5 %
SO
Table 12-1. DAC pins
Name Description Signal type
Vopa Analog power supply Input, analog supply
Vssa Ground for analog power supply Input, analog supply ground
VREF+ Positive reference voltage for the DAC, Input, analog positive reference
2.4V < VRer+ < Vbpa
DAC_OUTx DACx analog output Analog output signal
The GPIO pins (PA4 for DACO, PA5 for DAC1) should be configured to analog mode before
enable the DAC module.
12.3. Function overview
12.3.1. DAC enable
The DACs can be powered on by setting the DENXx bit in the DAC_CTL register. A twakeup
time is needed to startup the analog DAC submodule.
12.3.2. DAC output buffer

For the concern of reducing output impedance, and driving external loads without an external
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operational amplifier, an output buffer is integrated inside each DAC module.
The output buffer, which is turned on by default to reduce the output impedance and improve
the driving capability, can be turned off by setting the DBOFFx bits in the DAC_CTL register.
12.3.3. DAC data configuration
The 12-bit DAC holding data (DACx_DH) can be configured by writing any one of the
DACx_R12DH, DACx_L12DH and DACx_R8DH registers. When the data is loaded by
DACx_R8DH register, only the MSB 8 bits are configurable, the LSB 4 bits are forced to
4’'b0000.
12.3.4. DAC trigger
The DAC external trigger is enabled by setting the DTENX bits in the DAC_CTL register. The
DAC external triggers are selected by the DTSELX bits in the DAC_CTL register.
Table 12-2. External triggers of DAC
DTSELXx[2:0] Trigger Source Trigger Type
000 TIMER5_TRGO
001 TIMER2_TRGO
010 TIMER6_TRGO
Internal on-chip signal
011 TIMER4_TRGO
100 TIMER1_TRGO
101 TIMER3_TRGO
110 EXTI9 External signal
111 SWTRIG Software trigger
The TIMERx_TRGO signals are generated from the timers, while the software trigger can be
generated by setting the SWTRXx bits in the DAC_SWT register.
12.3.5. DAC conversion
If the external trigger is enabled by setting the DTENXx bit in DAC_CTL register, the DAC
holding data is transferred to the DAC output data (DACx_DO) register at the selected trigger
events. Otherwise, when the external trigger is disabled, the transfer is performed
automatically.
When the DAC holding data (DACx_DH) is loaded into the DACx_DO register, after the time
tsetTLING, the analog output is valid, and the value of tsertuine is related to the power supply
voltage and the analog output load.
12.3.6. DAC noise wave

There are two methods of adding noise wave to the DAC output data: LFSR noise wave and
Triangle wave. The noise wave mode can be selected by the DWMx bits in the DAC_CTL
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register. The amplitude of the noise can be configured by the DAC noise wave bit width
(DWBWX) bits in the DAC_CTL register.

LFSR noise wave mode: there is a Linear Feedback Shift Register (LFSR) in the DAC control
logic, it controls the LFSR noise signal which is added to the DACx_DH value. When the
configured DAC noise wave bit width is less than 12, the noise signal equals to the LSB
DWBWX hits of the LFSR register, while the MSB bits are masked.

Figure 12-2. DAC LFSR algorithm

XOR

‘Aﬂ AA

x12 X8 X4 X x°

ﬂﬂﬂ
12i

NOR

<

Triangle noise mode: in this mode, a triangle signal is added to the DACx_DH value. The
minimum value of the triangle signal is 0, while the maximum value of the triangle signal is
(2<<DWBWX)-1.

Figure 12-3. DAC triangle noise wave

V'S

(2<<DWBWHx)-1 +
DACx_DH value

DACx_DH value

A 4

12.3.7. DAC output voltage

The analog output voltage on the DAC pin is determined by the following equation:
DACiput=Vrer+ "DAC_DO/4096 (12-1)

The digital input is linearly converted to an analog output voltage, its range is 0 to Vrer-+.
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12.3.8. DMA request
When the external trigger is enabled, the DMA request is enabled by setting the DDMAENXx
bits of the DAC_CTL register. A DAC DMA request will be generated when an external
hardware trigger (not a software trigger) occurs.

12.3.9. DAC concurrent conversion

When the two DACs work at the same time, for maximum bus bandwidth utilization in specific
applications, two DACs can be configured in concurrent mode. In concurrent mode, two DACs
data transfer (DACx_DH to DACx_DO) will be at the same time.

There are three concurrent registers that can be used to load the DACx_DH value:
DACC_R8DH, DACC_R12DH and DACC_L12DH. You just need to access a unique register
to realize driving both DACs at the same time.

When external trigger is enabled, both DTENX bits should be set. DTSELO and DTSEL1 bits
should be configured with the same value.

When DMA is enabled, only one of the DDMAENX bits should be set.

The noise mode and noise bit width can be configured either the same or different, depending
on the usage.
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12.4. Register definition

DAC base address: 0x4000 7400
12.4.1. Control register (DAC_CTL)

31

30

Address offset: 0x00
Reset value: 0x0000 0000

This register has to be accessed by word(32-bit)

29 28 27 26 25 24 23 22 21 20 19

18 17 16

Reserved

‘DDMAENl‘ DWBW1[3:0] ‘ DWML1[1:0] ‘ DTSEL1[2:0]

‘ DTEN1 ‘DBOFFl‘ DEN1 |

15

14

rw rw w w

13 12 11 10 9 8 7 6 5 4 3

w w w

2 1 0

Reserved

‘ DDMAENO ‘ DWBWO0[3:0] ‘ DWMO[1:0] ‘ DTSELO0[2:0]

’ DTENO ‘DBOFFO‘ DENO |

Bits

rw rw w w

Fields Descriptions

w w w

31:29

28

27:24

23:22

Reserved Must be kept at reset value

DDMAEN1 DAC1 DMA enable
0: DAC1 DMA mode disabled
1: DAC1 DMA mode enabled

DWBW1[3:0] DAC1 noise wave bit width

These bits specify bit width of the noise wave signal of DAC1. These bits indicate

that unmask LFSR bit [n-1, O] in LFSR noise mode or the amplitude of the triangle

is ((2<<(n-1))-1) in triangle noise mode, where n is the bit width of wave.

0000: The bit width of the wave signal is 1
0001: The bit width of the wave signal is 2
0010: The bit width of the wave signal is 3
0011: The bit width of the wave signal is 4
0100: The bit width of the wave signal is 5
0101: The bit width of the wave signal is 6
0110: The bit width of the wave signal is 7
0111: The bit width of the wave signal is 8
1000: The bit width of the wave signal is 9
1001: The bit width of the wave signal is 10
1010: The bit width of the wave signal is 11
=1011: The bit width of the wave signal is 12

DWM1[1:0] DAC1 noise wave mode

These bits specify the mode selection of the noise wave signal of DAC1 when

external trigger of DACL1 is enabled (DTEN1=1).

00: wave disabled
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21:19

18

17

16

15:13

12

11:8

DTSEL1[2:0]

DTEN1

DBOFF1

DEN1

Reserved

DDMAENO

DWBWO[3:0]

01: LFSR noise mode

1x: Triangle noise mode

DACL1 trigger selection

These bits select the external trigger of DAC1 when DTEN1=1.
000: Timer 5 TRGO

001: Timer 2 TRGO

010: Timer 6 TRGO

011: Timer 4 TRGO

100: Timer 1 TRGO

101: Timer 3 TRGO

110: EXTl line 9

111: Software trigger

DAC1 trigger enable
0: DAC1 trigger disabled
1: DACL1 trigger enabled

DACL1 output buffer turn off

0: DAC1 output buffer turns on to reduce the output impedance and improve the
driving capability

1: DAC1 output buffer turn off

DAC1 enable
0: DAC1 disabled
1: DAC1 enabled

Must be kept at reset value

DACO DMA enable
0: DACO DMA mode disabled
1: DACO DMA mode enabled

DACO noise wave bit width
These bits specify bit width of the noise wave signal of DACO. These bits indicate
that unmask LFSR bit [n-1, O] in LFSR noise mode or the amplitude of the triangle
is ((2<<(n-1))-1) in triangle noise mode, where n is the bit width of wave.
0000: The bit width of the wave signal is 1
0001: The bit width of the wave signal is 2
0010: The bit width of the wave signal is 3
0011: The bit width of the wave signal is 4
0100: The bit width of the wave signal is 5
0101: The bit width of the wave signal is 6
0110: The bit width of the wave signal is 7
0111: The bit width of the wave signal is 8
1000: The bit width of the wave signal is 9
1001: The bit width of the wave signal is 10
1010: The bit width of the wave signal is 11
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7:6

5:3

12.4.2.

DWMO[1:0]

DTSELO[2:0]

DTENO

DBOFFO

DENO

=1011: The bit width of the wave signal is 12

DACO noise wave mode

These bits specify the mode selection of the noise wave signal of DACO when
external trigger of DACO is enabled (DTENO=1).

00: wave disabled

01: LFSR noise mode

1x: Triangle noise mode

DACO trigger selection

These bits select the external trigger of DACO when DTENO=1.
000: Timer 5 TRGO

001: Timer 2 TRGO

010: Timer 6 TRGO

011: Timer 4 TRGO

100: Timer 1 TRGO

101: Timer 3 TRGO

110: EXTl line 9

111: Software trigger

DACO trigger enable
0: DACO trigger disabled
1: DACO trigger enabled

DACO output buffer turn off

0: DACO output buffer turns on to reduce the output impedance and improve the
driving capability

1: DACO output buffer turn off

DACO enable
0: DACO disabled
1: DACO enabled

Software trigger register (DAC_SWT)

Address offset: 0x04
Reset value: 0x0000 0000

This register has to be accessed by word(32-bit)

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

’ Reserved |
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

’ Reserved ‘ SWTR1 ‘ SWTRO |
w w
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Bits Fields Descriptions
31:2 Reserved Must be kept at reset value
1 SWTR1 DAC1 software trigger, cleared by hardware
0: Software trigger disabled
1: Software trigger enabled
0 SWTRO DACO software trigger, cleared by hardware
0: Software trigger disabled
1: Software trigger enabled
12.4.3. DACO 12-bit right-aligned data holding register (DACO_R12DH)

Address offset: 0x08
Reset value: 0x0000 0000

This register has to be accessed by word(32-bit)

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved DACO_DHJ[11:0]
w
Bits Fields Descriptions
31:12 Reserved Must be kept at reset value
11:0 DACO_DH[11:0] DACO 12-bit right-aligned data
These bits specify the data that is to be converted by DACO.
12.4.4. DACO 12-bit left-aligned data holding register (DACO_L12DH)
Address offset: 0x0C
Reset value: 0x0000 0000
This register has to be accessed by word(32-bit)
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ DACO_DH[11:0] Reserved
w
Bits Fields Descriptions
31:16 Reserved Must be kept at reset value
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15:4 DACO_DH[11:0] DACO 12-hit left-aligned data
These bits specify the data that is to be converted by DACO.

3:0 Reserved Must be kept at reset value

12.4.5. DACO 8-bit right-aligned data holding register (DACO_R8DH)

Address offset: 0x10
Reset value: 0x0000 0000

This register has to be accessed by word(32-bit)

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

‘ Reserved DACO_DH([7:0]
rw

Bits Fields Descriptions
31:8 Reserved Must be kept at reset value
7:0 DACO_DH[7:0] DACO 8-bit right-aligned data

These bits specify the MSB 8 bits of the data that is to be converted by DACO.

12.4.6. DACL1 12-bit right-aligned data holding register (DAC1_R12DH)

Address offset: 0x14
Reset value: 0x0000 0000

This register has to be accessed by word(32-bit)

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

‘ Reserved

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ Reserved DAC1_DHJ[11:0]
w
Bits Fields Descriptions
31:12 Reserved Must be kept at reset value
11:0 DAC1_DH[11:0] DAC1 12-bit right-aligned data

These bits specify the data that is to be converted by DACL1.
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12.4.7.

DAC1 12-bit left-aligned data holding register (DAC1_L12DH)

Address offset: 0x18
Reset value: 0x0000 0000

This register has to be accessed by word(32-bit)

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DAC1_DHI[11:0] Reserved
I\
Bits Fields Descriptions
31:16 Reserved Must be kept at reset value
15:4 DAC1_DH[11:0] DAC1 12-bit left-aligned data
These bits specify the data that is to be converted by DACL1.

3.0 Reserved Must be kept at reset value
12.4.8. DACL1 8-bit right-aligned data holding register (DAC1_R8DH)

Address offset: 0x1C
Reset value: 0x0000 0000

This register has to be accessed by word(32-bit)

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved DAC1_DH[7:0]
rw
Bits Fields Descriptions
318 Reserved Must be kept at reset value
7:0 DAC1_DH[7:0] DAC1 8-bit right-aligned data
These bits specify the MSB bits of the data that is to be converted by DACL1.

12.4.9. DAC concurrent mode 12-bit right-aligned data holding register

(DACC_R12DH)

Address offset: 0x20
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Reset value: 0x0000 0000
This register has to be accessed by word(32-bit)
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved ‘ DAC1_DHI[11:0]
I\
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved ‘ DACO_DHJ[11:0]
w
Bits Fields Descriptions
31:28 Reserved Must be kept at reset value
27:16 DAC1_DH[11:0] DAC1 12-bit right-aligned data
These bits specify the data that is to be converted by DACL1.
15:12 Reserved Must be kept at reset value
11:0 DACO_DHI[11:0] DACO 12-bit right-aligned data
These bits specify the data that is to be converted by DACO.
12.4.10. DAC concurrent mode 12-bit left-aligned data holding register
(DACC_L12DH)
Address offset: 0x24
Reset value: 0x0000 0000
This register has to be accessed by word(32-bit)
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ DAC1_DH[11:0] ‘ Reserved
w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ DACO_DH[11:0] ‘ Reserved
w
Bits Fields Descriptions
31:20 DAC1_DH[11:0] DAC1 12-bit left-aligned data
These bits specify the data that is to be converted by DACL1.
19:16 Reserved Must be kept at reset value
15:4 DACO_DH[11:0] DACO 12-bit left-aligned data
These bits specify the data that is to be converted by DACO.
3.0 Reserved Must be kept at reset value
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12.4.11. DAC concurrent mode 8-bit right-aligned data holding register
(DACC_RS8DH)
Address offset: 0x28
Reset value: 0x0000 0000
This register has to be accessed by word(32-bit)
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ DAC1_DH [7:0] DACO_DH [7:0]
w 12
Bits Fields Descriptions
31:16 Reserved Must be kept at reset value
15:8 DAC1_DHI[7:0] DAC1 8-bit right-aligned data
These bits specify the MSB 8-bit of the data that is to be converted by DAC1.
7:0 DACO_DH[7:0] DACO 8-bit right-aligned data
These bits specify the MSB 8-bit of the data that is to be converted by DACO.
12.4.12. DACO data output register (DAC0_DO)
Address offset: 0x2C
Reset value: 0x0000 0000
This register has to be accessed by word(32-bit)
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ Reserved DACO0_DO [11:0]
r
Bits Fields Descriptions
31:12 Reserved Must be kept at reset value
11:0 DACO_DO [11:0] DACO data output

These bits, which are read only, reflect the data that is being converted by DACO.
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12.4.13. DAC1 data output register (DAC1_DO)
Address offset: 0x30
Reset value: 0x0000 0000
This register has to be accessed by word(32-bit)
31 30 29 28 27 26 25 2 23 2 2 20 19 18 17 16

Reserved

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Reserved DAC1_DO [11:0]

r

Bits Fields Descriptions

31:12 Reserved Must be kept at reset value

11:0 DAC1_DO [11:0] DAC1 data output

These bits, which are read only, reflect the data that is being converted by DACL1.
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13. Watchdog timer (WDGT)
The watchdog timer (WDGT) is a hardware timing circuitry that can be used to detect system
failures due to software malfunctions. There are two watchdog timer peripherals in the chip:
free watchdog timer (FWDGT) and window watchdog timer (WWDGT). They offer a
combination of a high safety level, flexibility of use and timing accuracy. Both watchdog timers
are offered to resolve malfunctions of software.
The watchdog timer will generate a reset (or an interrupt in window watchdog timer) when the
internal counter reaches a given value. The watchdog timer counter can be stopped while the
processor is in the debug mode.

13.1. Free watchdog timer (FWDGT)

13.1.1. Overview
The free watchdog timer (FWDGT) has free clock source (IRC40K). Thereupon the FWDGT
can operate even if the main clock fails. It's suitable for the situation that requires an
independent environment and lower timing accuracy.
The free watchdog timer causes a reset when the internal down counter reaches 0. The
register write protection function in free watchdog can be enabled to prevent it from changing
the configuration unexpectedly.

13.1.2. Characteristics
B Free-running 12-bit downcounter.
B Reset when the downcounter reaches 0, if the watchdog is enabled.
B Free clock source, FWDGT can operate even if the main clock fails such as in standby

and Deep-sleep modes.

B Hardware free watchdog bit, automatically start the FWDGT at power on.
B FWDGT debug mode, the FWDGT can stop or continue to work in debug mode.

13.1.3. Function overview

The free watchdog consists of an 8-stage prescaler and a 12-bit down-counter. Refer to the
figure below for the functional block of the free watchdog module.
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Figure 13.1. Free watchdog block diagram

Status: PUD
IRC40K Prescaler 12-Bit ‘ Reset
1418...256 DownCounter >

Control register| Reload |
register Status: RUD

The free watchdog is enabled by writing the value OxCCCC in the control register
(FWDGT_CTL), and the counter starts counting down. When the counter reaches the value
0x000, a reset is generated.

The counter can be reloaded by writing the value OXAAAA to the FWDGT_CTL register at
anytime. The reload value comes from the FWDGT_RLD register. The software can prevent
the watchdog reset by reloading the counter before the counter reaches the value 0x000.

The free watchdog can automatically start at power on when the hardware free watchdog bit
in the device option bytes is set. To avoid reset, the software should reload the counter before
the counter reaches 0x000.

The FWDGT_PSC register and the FWDGT_RLD register are write-protected. Before writing
these registers, the software should write the value 0x5555 to the FWDGT_CTL register.
These registers will be protected again by writing any other value to the FWDGT_CTL register.
When an update operation of the prescaler register (FWDGT_PSC) or the reload value
register (FWDGT_RLD) is on going, the status bits in the FWDGT_STAT register are set.

If the FWDGT_HOLD bit in DBG module is cleared, the FWDGT continues to work even the
RISC-V core halted (Debug mode). While the FWDGT stops in Debug mode if the
FWDGT_HOLD bit is set.

Table 13.1. Min/max FWDGT timeout period at 40 kHz (IRC40K)

Prescaler divider | PSC[2:0] bits Min timeout (ms) Max timeout (ms)
RLD[11:0]=0x000 RLD[11:0]=0xFFF
1/4 000 0.1 409.6
1/8 001 0.2 819.2
1/16 010 0.4 1638.4
1/32 011 0.8 3276.8
1/64 100 1.6 6553.6
1/128 101 3.2 13107.2
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Prescaler divider

PSC[2:0] bits

Min timeout (ms)
RLD[11:0]=0x000

Max timeout (ms)
RLD[11:0]=0xFFF

1/256

110 or 111

6.4

26214.4

The FWDGT timeout can be more accurate by calibrating the IRC40K.

Note:

B For all the GD32VF103 devices, when after the execution of dog reload operation, if the
MCU needs enter the deepsleep/standby mode immediately, (more than 3) IRC40K
clock interval must be inserted in the middle of reload and deepsleep/standby mode

commands by software setting.

B For all the GD32VF103 devices, when software finished the executing operation of
FWDGT, if the MCU needs enter the deepsleep/standby mode immediately, it is at least
100 us interval left between the two instructions.

®m For all the GD32VF103 devices, if you need access to the MCU debug mode,
recommend to use hardware watchdog, or enable watchdog again after exit debug mode
by software setting.
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13.1.4.

Register definition

FWDGT base address: 0x4000 3000

Control register (FWDGT_CTL)

Address offset: 0x00
Reset value: 0x0000 0000

This register can be accessed by half-word (16-bit) or word (32-bit) access

31 30 29 28 26 25 24 23 22 21 20 19 18 17 16
Reserved |
15 14 13 12 10 9 8 7 6 5 4 3 2 1 0
‘ CMD[15:0] |
w
Bits Fields Descriptions
31:16 Reserved Must be kept at reset value.
15:0 CMD[15:0] Write only. Several different fuctions are realized by writing these bits with different
values:
0x5555: Disable the FWDGT_PSC and FWDGT_RLD write protection.
OxCCCC: Start the free watchdog counter. When the counter reduces to 0, the free
watchdog generates a reset.
O0xAAAA: Reload the counter.
Prescaler register (FWDGT_PSC)
Address offset: 0x04
Reset value: 0x0000 0000
This register can be accessed by half-word (16-bit) or word (32-bit) access
31 30 29 28 26 25 24 23 22 21 20 19 18 17 16
‘ Reserved
15 14 13 12 10 9 8 7 6 5 4 3 2 1 0
’ Reserved PSCI[2:0]
rw
Bits Fields Descriptions
31:3 Reserved Must be kept at reset value
2:0 PSC[2:0] Free watchdog timer prescaler selection. Write 0x5555 in the FWDGT_CTL register

before writing these bits. During a write operation to this register, the PUD bit in the

FWDGT_STAT register is set and the value read from this register is invalid.
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31

000: 1/4

001: 1/8

010: 1/16

011: 1/32

100: 1/64

101: 1/128

110: 1/256

111: 1/256

If several prescaler values are used by the application, it is mandatory to wait until
PUD bhit is reset before changing the prescaler value. However, after updating the
prescaler value it is not necessary to wait until PUD is reset before continuing code

execution except in case of low-power mode entry.

Reload register (FWDGT_RLD)

Address offset: 0x08
Reset value: 0x0000 OFFF

This register can be accessed by half-word (16-bit) or word (32-bit) access

30 29

28

27

26 25 24 23 22 21 20 19 18 17 16

Reserved ‘

15

14 13

12

11

10 9 8 7 6 5 4 3 2 1 0

Reserved

RLD [11:0] ‘

I\

Bits Fields Descriptions
31:12 Reserved Must be kept at reset value
11:0 RLD[11:0] Free watchdog timer counter reload value. Write OXAAAA in the FWDGT_CTL

register will reload the FWDGT counter with the RLD value.

These bits are write-protected. Write 0x5555 in the FWDGT_CTL register before
writing these bits. During a write operation to this register, the RUD bit in the
FWDGT_STAT register is set and the value read from this register is invalid.

If several reload values are used by the application, it is mandatory to wait until RUD
bit is reset before changing the reload value. However, after updating the reload
value it is not necessary to wait until RUD is reset before continuing code execution

except in case of low-power mode entry.

Status register (FWDGT_STAT)

Address offset: 0x0C
Reset value: 0x0000 0000

This register can be accessed by half-word(16-bit) or word(32-bit) access
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31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved |
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved ‘ RUD ‘ PUD |
r r
Bits Fields Descriptions
31:2 Reserved Must be kept at reset value
1 RUD Free watchdog timer counter reload value update
During a write operation to FWDGT_RLD register, this bit is set and the value read
from FWDGT_RLD register is invalid. This bit is reset by hardware after the update
operation of FWDGT_RLD register.
0 PUD Free watchdog timer prescaler value update

During a write operation to FWDGT_PSC register, this bit is set and the value read
from FWDGT_PSC register is invalid. This bit is reset by hardware after the update
operation of FWDGT_PSC register.
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13.2.

13.2.1.

13.2.2.

13.2.3.

Window watchdog timer (WWDGT)

Overview

The window watchdog timer (WWDGT) is used to detect system failures due to software
malfunctions. After the window watchdog timer starts, the value of downcounter reduces
progressively. The watchdog timer causes a reset when the counter reached 0x3F (the CNTI[6]
bit becomes cleared). The watchdog timer also causes a reset if the counter is refreshed
before the counter reached the window register value. So the software should refresh the
counter in a limited window. The window watchdog timer generates an early wakeup status
flag when the counter reaches 0x40 or refreshes before the counter reaches the window value.
Interrupt occurs if it is enabled.

The window watchdog timer clock is prescaled from the APB1 clock. The window watchdog
timer is suitable for the situation that requires an accurate timing.

Characteristics

B Programmable free-running 7-bit downcounter.
B Generate reset in two conditions when WWDGT is enabled:
- Reset when the counter reached 0x3F.
- The counter is refreshed when the value of the counter is greater than the window
register value.

B Early wakeup interrupt (EWI): if the watchdog is started and the interrupt is enabled, the
interrupt occurs when the counter reaches 0x40 or refreshes before it reaches the
window value.

B WWDGT debug mode, the WWDGT can stop or continue to work in debug mode.

Function overview

If the window watchdog timer is enabled (set the WDGTEN bit in the WWDGT_CTL), the
watchdog timer cause a reset when the counter reaches 0x3F (the CNT[6] bit becomes
cleared), or when the counter is refreshed before the counter reaches the window register
value.
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Figure 13.2. Window watchdog timer block diagram
PCLK1/4096 Prescaler
> 11121418
WDGTEN N 7-Bit Do(\;vSTCounter ‘ CNT[6]=0 Reset

\ CNT>WIN

Window WIN / } Reset
Write WWDGT_CTL

The watchdog is always disabled after power on reset. The software starts the watchdog by
setting the WDGTEN bit in the WWDGT_CTL register. Whenever window watchdog timer is
enabled, the counter counts down all the time, the configured value of the counter should be
greater than Ox3F, it implies that the CNT[6] bit should be set. The CNT[5:0] determine the
maximum time interval of two reloading. The countdown speed depends on the APB1 clock
and the prescaler (PSCJ[1:0] bits in the WWDGT _CFG register).

The WIN[6:0] bits in the configuration register (WWDGT_CFG) specifies the window value.
The software can prevent the reset event by reloading the downcounter when counter value
is less than the window value and greater than Ox3F, otherwise the watchdog causes a reset.

The early wakeup interrupt (EWI) is enabled by setting the EWIE bit in the WWDGT_CFG
register, and the interrupt is generated when the counter reaches 0x40 or the counter is
refreshed before it reaches the window value. The software can do something such as
communication or data logging in the interrupt service routine (ISR) in order to analyse the
reason of software malfunctions or save the important data before resetting the device.
Moreover the software can reload the counter in ISR to manage a software system check and
so on. In this case, the WWDGT will never generate a WWDGT reset but can be used for
other things.

The EWI interrupt is cleared by writing '0' to the EWIF bit in the WWDGT_STAT register.
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Figure 13.3. Window watchdog timing diagram
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Calculate the WWDGT timeout by using the formula below.

where:

twwoaT=tpcLit X4096 x27C x( CNT[5:0]+1) (ms)

twwoeT: WWDGT timeout
trcLk1: APB1 clock period measured in ms

Refer to the table below for the minimum and maximum values of the twwpcrT.

Table 13.2. Min/max timeout value at 54 MHz (fpcLk1)

(13-1)

- Min timeout value Max timeout value
Prescaler divider PSC[1:0]
CNT[6:0] =0x40 CNT[6:0]=0x7F
1/1 00 75.8 us 4.85ms
1/2 01 151.7 ys 9.7 ms
1/4 10 303.4 us 19.4 ms
1/8 11 606.8 ps 38.8 ms

If the WWDGT_HOLD bit in DBG module is cleared, the WWDGT continues to work even the
RISC-V core halted (Debug mode). While the WWDGT_HOLD bit is set, the WWDGT stops

in Debug mode.
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13.2.4. Register definition

WWDGT base address: 0x4000 2C00

Control register WWDGT_CTL)

Address offset: 0x00
Reset value: 0x0000 007F

This register can be accessed by half-word (16-bit) or word (32-bit)

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ Reserved |
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ Reserved ‘ WDGTEN ‘ CNTI[6:0] |
rs w
Bits Fields Descriptions
31:8 Reserved Must be kept at reset value.
7 WDGTEN Start the window watchdog timer. Only can cleared by a hardware reset. Writing 0
has no effect.
0: Window watchdog timer disabled
1: Window watchdog timer enabled
6:0 CNT[6:0] The value of the watchdog timer counter. A reset occurs when the value of this

counter decreases from 0x40 to Ox3F. When the value of this counter is greater than

the window value, writing this counter also causes a reset.

Configuration register (WWDGT_CFG)

Address offset: 0x04
Reset value: 0x0000 007F

This register can be accessed by half-word (16-bit) or word (32-bit)

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ Reserved

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ Reserved ‘ EWIE ‘ PSC[1:0] WIN[6:0]

s rw w

Bits Fields Descriptions
31:10 Reserved Must be kept at reset value.
9 EWIE Early wakeup interrupt enable. An interrupt occurs when the counter reaches 0x40
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or the counter is refreshed before it reaches the window value if the bit is set. It can
be cleared by a hardware reset or by a RCU WWDGT software reset. A write
operation of ‘0’ has no effect.
8.7 PSC[1:0] Prescaler. The time base of the watchdog timer counter
00: (PCLK1 / 4096) / 1
01: (PCLK1 / 4096) / 2
10: (PCLK1/4096) /4
11: (PCLK1 / 4096) / 8
6:0 WINI6:0] The Window value. A reset occurs if the watchdog counter (CNT bits in
WWDGT_CTL) is written when the value of the watchdog counter is greater than
the Window value.
Status register (WWDGT_STAT)
Address offset: 0x08
Reset value: 0x0000 0000
This register can be accessed by half-word (16-bit) or word (32-bit)
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved |
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved ‘ EWIF |
w
Bits Fields Descriptions
311 Reserved Must be kept at reset value.
0 EWIF Early wakeup interrupt flag. When the counter reaches 0x40 or refreshes before it

reaches the window value, this bit is set by hardware even the interrupt is not
enabled (EWIE in WWDGT_CFG is cleared). This bit is cleared by writing O to it.

There is no effect when writing 1 to it.
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14. Real-time Clock (RTC)
14.1. Overview
The RTC is usually used as a clock-calendar. The RTC circuits are located in two power
supply domains. The ones in the Backup Domain consist of a 32-bit up-counter, an alarm, a
prescaler, a divider and the RTC clock configuration register. That means the RTC settings
and time are kept when the device resets or wakes up from Standby mode. While the circuits
in the VDD domain only include the APB interface and a control register. In the following
sections, the details of the RTC function will be described.
14.2. Characteristics
B 32-bit programmable counter for counting elapsed time
Programmable prescaler: Max division factor is up to 22°
B Separate clock domains:
A) PCLK1 clock domain
B) RTC clock domain (this clock must be at least 4 times slower than the PCLK1 clock)
B RTC clock source:
A) HXTAL clock divided by 128
B) LXTAL oscillator clock
C) IRC40K oscillator clock
B Maskable interrupt source:
A) Alarm interrupt
B) Second interrupt
C) Overflow interrupt
14.3. Function overview

The RTC circuits consist of two major units: APB interface located in PCLK1 clock domain
and RTC core located in RTC clock domain.

APB Interface is connected with the APB1 bus. It includes a set of registers, can be accessed
by APB1 bus.

RTC core includes two major blocks. One is the RTC prescaler block, which generates the
RTC time base clock SC_CLK. RTC prescaler block includes a 20-bit programmable divider
(RTC prescaler) which can make SC_CLK is divided from RTC source clock. If second
interrupt is enabled in the RTC_INTEN register, the RTC will generate an interrupt at every
SC_CLKrising edge. Another block is a 32-bit programmable counter, which can be initialized

with the value of current system time. If alarm interrupt is enabled in the RTC_INTEN register,
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the RTC will generate an alarm interrupt when the system time equals to the alarm time
(stored in the RTC_ALRMHY/L register),
Figure 14.1. Block diagram of RTC
< APB1 BUS >
&ﬂ APB interface
HXTAL/128 4
RTCCLK sC L | RTC_Overflow nter
—LXIAI—>IR - — RTC_DIV RTC_CNT } - i nEtng;IJ?)t
Reloa RTC_Alam - ’—> controler
RTCSRC[lO RTC _ALRM Y
: R [Cexmune v
BACKUP DOMAIN EXIT STANDBY MODE
14.3.1. RTC reset
The APB interface and the RTC_INTEN register are reset by system reset. The RTC core
(prescaler, divider, counter and alarm) is reset only by a backup domain reset.
Steps to enable access to the backup registers and the RTC after reset are as follows:
1. Set the PMUEN and BKPIEN bits in the RCU_APBI1EN register to enable the power and
backup interface clocks.
2. Enable access to the backup registers and RTC by setting the BKPWEN bit in the
(PMU_CTL).
14.3.2. RTC reading
The APB interface and RTC core are located in two different power supply domains.
In the RTC core, only counter and divider registers are readable registers. And the values in
the two registers and the RTC flags are internally updated at each rising edge of the RTC
clock, which is resynchronized by the APB1 clock.
When the APB interface is immediately enabled from a disable state, the read operation is
not recommended because the first internal update of the registers has not finished. That
means, when a system reset, power reset, waking up from Standby mode or Deep-sleep
mode occurs, the APB interface was in disabled state, but the RTC core has been kept
running. In these cases, the correct read operation should first clear the RSYNF bit in the
RTC _CTL register and wait for it to be set by hardware. While WFI and WFE have no effects
on the RTC APB interface.
14.3.3. RTC configuration

The RTC_PSC, RTC_CNT and RTC_ALRM registers in the RTC core are writable. These
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14.3.4.

registers’ value can be set only when the peripheral enter configuration mode. And the CMF
bit in the RTC_CTL register is used to indicate the configuration mode status. The write
operation executes when the peripheral exit configuration mode, and it takes at least three
RTCCLK cycles to complete. The value of the LWOFF bit in the RTC_CTL register sets to ‘1,
if the write operation finished. The new write operation should wait for the previous one
finished.

The configuration steps are as follows:

a) Wait until the value of LWOFF bit in the RTC_CTL register sets to ‘1’;

b) Enter Configuration mode by setting the CMF bit in the RTC_CTL register;
c) Write to the RTC registers;

d) Exit Configuration mode by clearing the CMF bit in the RTC_CTL register;
e) Wait until the value of LWOFF bit in the RTC_CTL register sets to ‘1°.

RTC flag assertion
Before the update of the RTC Counter, the RTC second interrupt flag (SCIF) is asserted on
the last RTCCLK cycle.

Before the counter equal to the RTC Alarm value which stored in the Alarm register increases
by one, the RTC Alarm interrupt flag (ALRMIF) is asserted on the last RTCCLK cycle.

Before the counter equals to 0x0, the RTC Overflow interrupt flag (OVIF) is asserted on the
last RTCCLK cycle.

The RTC Alarm write operation and Second interrupt flag must be synchronized by using
either of the following sequences:

B Use the RTC alarm interrupt and update the RTC Alarm and/or RTC Counter registers
inside the RTC interrupt routine;

B Update the RTC Alarm and/or the RTC Counter registers after the SCIF bit to be set in
the RTC Control register.

Figure 14.2. RTC second and alarm waveform example (RTC_PSC =3, RTC_ALRM =
2)

RTCCLK

I
rrc psc X X X OX 3X X X OX X B X X X BX X X X 2X
RTC_Second /N /N /N /\

RTC CNT o X 1 X 2 X D G

RTC_Alarm /\

ALRMIF

ALRMIF flag can be cleared by software
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Figure 14.3. RTC second and overflow waveform example (RTC_PSC= 3)
RTCCLK
-
rRTc Psc X 2X DX OX BX X X X EX X X X 33X X X axX 32Xt
RTC_Second /N /N
RTC_CNT FFEFFFFD X FFFFFFFE X EEEFEFEE X 0 X 1
RTC_ Overflow /\
OVIF / OVIF flag can be cleared by software
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14.4. Register definition
RTC base address: 0x4000 2800

14.4.1. RTC interrupt enable register(RTC_INTEN)

Address offset: 0x00
Reset value: 0x0000

This register can be accessed by half-word (16-bit) or word (32-bit)

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved |
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved | OVIE | ALRMIE | SCIE |
12 w w
Bits Fields Descriptions
31:3 Reserved Must be kept at reset value.
2 OVIE Overflow interrupt enable

0: Disable overflow interrupt
1: Enable overflow interrupt

1 ALRMIE Alarm interrupt enable
0: Disable alarm interrupt

1: Enable alarm interrupt

0 SCIE Second interrupt enable
0: Disable second interrupt
1: Enable second interrupt

14.4.2. RTC control register(RTC_CTL)

Address offset: 0x04
Reset value: 0x0020

This register can be accessed by half-word (16-bit) or word (32-bit)

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| Reserved |
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| Reserved | LWOFF | CMF | RSYNF | OVIF | ALRMIF | SCIF |
r w rc_w0 rc_w0 rc_w0 rc_w0
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Bits Fields Descriptions

316 Reserved Must be kept at reset value

5 LWOFF Last write operation finished flag

0: Last write operation on RTC registers did not finished.

1: Last write operation on RTC registers finished.

4 CMF Configuration mode flag
0: Exit configuration mode.
1: Enter configuration mode.

3 RSYNF Registers synchronized flag
0: Registers not yet synchronized with the APB1 clock.
1: Registers synchronized with the APB1 clock.

2 OVIF Overflow interrupt flag
0: Overflow event not detected
1: Overflow event detected. An interrupt will occur if the OVIE bit is set in
RTC_INTEN.

1 ALRMIF Alarm interrupt flag
0: Alarm event not detected
1: Alarm event detected. An interrupt named RTC global interrupt will occur if the
ALRMIE bit is set in RTC_INTEN. And another interrupt named the RTC Alarm
interrupt will occur if the EXTI 17 is enabled in interrupt mode.

0 SCIF Second interrupt flag
0: Second event not detected.
1: Second event detected. An interrupt will occur if the SCIE bit is set in
RTC_INTEN.
Set by hardware when the divider reloads the value in RTC_PSCHIL, thus

incrementing the RTC counter.

14.4.3. RTC prescaler high register (RTC_PSCH)

Address offset: 0x08
Reset value: 0x0000

This register can be accessed by half-word (16-bit) or word (32-bit)

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| Reserved PSC[19:16]
w
Bits Fields Descriptions
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31:4 Reserved Must be kept at reset value
3:0 PSC[19:16] RTC prescaler value high
14.4.4. RTC prescaler low register (RTC_PSCL)
Address offset: 0x0C
Reset value: 0x8000
This register can be accessed by half-word (16-bit) or word (32-bit)
31 30 29 28 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 10 9 8 7 6 5 4 3 2 1 0
PSC[15:0]
Bits Fields Descriptions
31:16 Reserved Must be kept at reset value
15:0 PSC[15:0] RTC prescaler value low
The frequency of SC_CLK is the RTCCLK frequency divided by (PSC[19:0]+1).
14.4.5. RTC divider high register (RTC_DIVH)
Address offset: 0x10
Reset value: 0x0000
This register can be accessed by half-word (16-bit) or word (32-bit)
31 30 29 28 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 10 9 8 7 6 5 4 3 2 1 0
Reserved DIV[19:16]
Bits Fields Descriptions
31:4 Reserved Must be kept at reset value
3:0 DIV[19:16] RTC divider value high
14.4.6. RTC divider low register (RTC_DIVL)
Address offset: 0x14
Reset value: 0x8000
This register can be accessed by half-word (16-bit) or word (32-bit)
31 30 29 28 26 25 24 23 22 21 20 19 18 17 16
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| Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| DIV[15:0]
r
Bits Fields Descriptions
31:16 Reserved Must be kept at reset value
15:0 DIV[15:0] RTC divider value low

The RTC divider register is reloaded by hardware when the RTC prescaler or RTC
counter register updated.

14.4.7. RTC counter high register (RTC_CNTH)

Address offset: 0x18
Reset value: 0x0000

This register can be accessed by half-word (16-bit) or word (32-bit)

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| Reserved

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| CNT[31:16]

I\

Bits Fields Descriptions
31:16 Reserved Must be kept at reset value
15:0 CNT[31:16] RTC counter value high

14.4.8. RTC counter low register (RTC_CNTL)

Address offset: 0x1C
Reset value: 0x0000

This register can be accessed by half-word (16-bit) or word (32-bit)

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| CNT[15:0]
w
Bits Fields Descriptions

218



e

GigaDevice GD32VF103 User Manual
31:16 Reserved Must be kept at reset value
15:0 CNT[15:0] RTC counter value low

14.4.9. RTC alarm high register (RTC_ALRMH)

Address offset: 0x20
Reset value: OxXFFFF

This register can be accessed by half-word (16-bit) or word (32-bit)

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| Reserved

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| ALRM[31:16]

w

Bits Fields Descriptions
31:16 Reserved Must be kept at reset value
15:0 ALRM[31:16] RTC alarm value high

14.4.10. RTC alarm low register (RTC_ALRML)

Address offset: 0x24
Reset value: OxFFFF

This register can be accessed by half-word (16-bit) or word (32-bit)

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| Reserved

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| ALRM[15:0]

w

Bits Fields Descriptions
31:16 Reserved Must be kept at reset value
15:0 ALRM[15:0] RTC alarm value low
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15.

15.1.

15.1.1.

Timer(TIMERX)

Table 15-1. Timers (TIMERX) are devided into three sorts

TIMER TIMERO TIMER1/2/3/4 TIMER5/6
TYPE Advanced General-L0 Basic
Prescaler 16-hit 16-hit 16-bit
Counter 16-bit 16-bit 16-bit
UP,DOWN, UP,DOWN,
Count mode . ) UP ONLY
Center-aligned Center-aligned
Repetition ° X X
CH Capture/
4 4 0
Compare
Complementary
[ ) X X
& Dead-time
Break ° x x
Single Pulse ) ° °
Quadrature . . "
Decoder
Slave Controller ° ° X
Inter connection o 1) TRGO TO DAC
DMA ° . o®®
Debug Mode ° ° °
(1) TIMERO ITIO: TIMER4_TRGO  ITI1: TIMER1_TRGO ITI2: TIMER2_TRGO  ITI3: TIMER3_TRGO
(2) TIMER1 ITIO: TIMERO_TRGO  ITI1: refer to note (4)  ITI2: TIMER2_TRGO  ITI3: TIMER3_TRGO
TIMER2 ITIO: TIMERO_TRGO  ITI1: TIMER1_TRGO ITI2: TIMER4_TRGO  ITI3: TIMER3_TRGO
TIMER3 ITIO: TIMERO_TRGO  ITI1: TIMER1_TRGO ITI2: TIMER2_TRGO  ITI3: 0
TIMER4 ITIO: TIMERL_TRGO  ITI1: TIMER2_TRGO  ITI2: TIMER3_TRGO  ITI3: 0

(3) Only update events will generate DMA request. Note that TIMER5/6 do not have DMA configuration

registers.

(4) The source of TIMER1 ITI1 is decided by TIMER1ITI1_REMAP in AFIO port configuration register

0 (AFIO PCFO0);

Advanced timer (TIMERX, x=0)

Overview

The advanced timer module (TIMERO) is a four-channel timer that supports both input capture
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and output compare. They can generate PWM signals to control motor or be used for power
management applications. The advanced timer has a 16-bit counter that can be used as an
unsigned counter.
In addition, the advanced timers can be programmed and be used for counting, their external
events can be used to drive other timers.
Timer also includes a dead-time insertion module which is suitable for motor control
applications.
Timers are completely independent with each other, but they may be synchronized to provide
a larger timer with their counter value incrementing in unison.

15.1.2. Characteristics

Total channel num: 4.

Counter width: 16-bit.

Clock source of timer is selectable: internal clock, internal trigger, external input, external
trigger.

Multiple counter modes: up counting, down counting and center-aligned counting.
Quadrature decoder: used for motion tracking and determination of both rotation
direction and position.

Hall sensor function: used for 3-phase motor control.

Programmable prescaler: 16-bit. The factor can be changed ongoing.

Each channel is user-configurable: input capture mode, output compare mode,
programmable PWM mode and single pulse mode

Programmable dead time insertion.

Auto reload function.

Programmable counter repetition function.

Break input.

Interrupt output or DMA request: update event, trigger event, compare/capture event and
break input.

Daisy chaining of timer module allows a single timer to start multiple timers.

Timer synchronization allows the selected timers to start counting on the same clock
cycle.

Timer master/slave mode controller.
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15.1.3. Block diagram
Figure 15-1. Advanced timer block diagram provides details of the internal configuration
of the advanced timer.
Figure 15-1. Advanced timer block diagram
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15.1.4. Function overview

Clock selection

The clock source of the advanced timer can be either the CK_TIMER or an alternate clock
source controlled by SMC bits (TIMERx_SMCFG bit[2:0]).

®  SMC [2:0] == 3'b000. Internal clock CK_TIMER is selected as timer clock source which
is from module RCU.

The default clock source is the CK_TIMER for driving the counter prescaler when the slave
mode is disabled (SMC [2:0] == 3'b000). When the CEN is set, the CK_TIMER will be divided
by PSC value to generate PSC_CLK.

In this mode, the TIMER_CK which drives counter’s prescaler to count is equal to CK_TIMER
which is from RCU module.

If the slave mode controller is enabled by setting SMC [2:0] in the TIMERX_SMCFG register
to an available value including 0x1, 0x2, 0x3 and Ox7, the prescaler is clocked by other clock
sources selected by the TRGS [2:0] in the TIMERx_SMCFG register, more details will be
introduced later. When the slave mode control bits SMC [2:0] are set to 0x4, 0x5 or 0x6, the
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internal clock TIMER_CK is the counter prescaler driving clock source.

Figure 15-2. Normal mode, internal clock divided by 1
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B SMC [2:0] == 3'b111 (external clock mode 0). External input pin is selected as timer clock
source

The TIMER_CK, which drives counter’s prescaler to count, can be triggered by the event of
rising or falling edge on the external pin TIMERx_CHO/TIMERXx_CH1. This mode can be
selected by setting SMC [2:0] to 0x7 and the TRGS [2:0] to 0x4, 0x5 or 0x6.

And, the counter prescaler can also be driven by rising edge on the internal trigger input pin
ITI0/1/2/3. This mode can be selected by setting SMC [2:0] to 0x7 and the TRGS [2:0] to 0x0,
0x1, 0x2 or 0x3.

B SMC1== 1’'b1 (external clock mode 1). External input ETI is selected as timer clock
source

The TIMER_CK, which drives counter’s prescaler to count, can be triggered by the event of
rising or falling edge on the external pin ETI. This mode can be selected by setting the SMC1
bit in the TIMERx_SMCEFG register to 1. The other way to select the ETI signal as the clock
source is setting the SMC [2:0] to 0x7 and the TRGS [2:0] to 0x7. Note that the ETI signal is
derived from the ETI pin sampled by a digital filter. When the ETI signal is selected as the
clock source, the trigger controller including the edge detection circuitry will generate a clock
pulse on each ETI signal rising edge to clock the counter prescaler.

Prescaler

The prescaler can divide the timer clock (TIMER_CK) to a counter clock (PSC_CLK) by any
factor ranging from 1 to 65536. It is controlled by prescaler register (TIMERx_PSC) which can
be changed ongoing, but it is adopted at the next update event.

223



e

GigaDevice

GD32VF103 User Manual

Figure 15-3. Counter timing diagram with prescaler division change from 1to 2
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Up counting mode

In this mode, the counter counts up continuously from 0 to the counter reload value, which is
defined in the TIMERX_CAR register, in a count-up direction. Once the counter reaches the
counter reload value, the counter restarts from 0. If the repetition counter is set, the update
event will be generated after (TIMERx_CREP+1) times of overflow. Otherwise the update
event is generated each time when counter overflows. The counting direction bit DIR in the
TIMERX_CTLO register should be set to 0 for the up counting mode.

Whenever, if the update event software trigger is enabled by setting the UPG bit in the
TIMERX_SWEVG register, the counter value will be initialized to 0 and an update event will
be generated.

If the UPDIS bit in TIMERx_CTLO register is set, the update event is disabled.

When an update event occurs, all the registers (repetition counter register, auto reload
register, prescaler register) are updated.

Figure 15-4. Timing chart of up counting mode, PSC=0/1 and Figure 15-5. Timing chart

of up counting mode, change TIMERXx CAR ongoingshow some examples of the counter

behavior for different clock prescaler factors when TIMERx_CAR=0x63.
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Figure 15-4. Timing chart of up counting mode, PSC=0/1

CEN

PSC=0

CNT_CLK(PSC_CLK)

CNT_REG 5E @@@@ 63 @@@@@@@@@
Update event (UPE) —|

Hardware ss\

Update interrupt flag (UPIF)

PSC=1

CNT_CLK(PSC_CLK)

Update event (UPE)

N
Update interrupt flag (UPIF) Hardware set Software clear

225



e

GigaDevice GD32VF103 User Manual

Figure 15-5. Timing chart of up counting mode, change TIMERx_CAR ongoing
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Down counting mode

In this mode, the counter counts down continuously from the counter reload value, which is
defined in the TIMERX_CAR register, in a count-down direction. Once the counter reaches 0,
the counter restarts to count again from the counter reload value. If the repetition counter is
set, the update event will be generated after (TIMERx_CREP+1) times of underflow.
Otherwise, the update event is generated each time when counter underflows. The counting
direction bit DIR in the TIMERx_CTLO register should be set to 1 for the down-counting mode.

When the update event is set by the UPG bit in the TIMERx_SWEVG register, the counter
value will be initialized to the counter reload value and an update event will be generated.

If the UPDIS bit in TIMERX_CTLO register is set, the update event is disabled.

When an update event occurs, all the registers (repetition counter register, auto reload
register, prescaler register) are updated.

Figure 15-6. Timing chart of down counting mode, PSC=0/1 and Figure 15-7. Timing
chart of down counting mode, change TIMERX CAR ongoing show some examples of
the counter behavior in different clock frequencies when TIMERx_CAR = 0x63.
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Figure 15-6. Timing chart of down counting mode, PSC=0/1
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Figure 15-7. Timing chart of down counting mode, change TIMERx_CAR ongoing
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Center-aligned counting mode

In the center-aligned counting mode, the counter counts up from 0 to the counter reload value
and then counts down to O alternatively. The timer module generates an overflow event when
the counter counts to (TIMERx_CREP-1) in the count-up direction and generates an
underflow event when the counter counts to 1 in the count-down direction. The counting
direction bit DIR in the TIMERx_CTLO register is read-only and indicates the counting
direction when in the center-aligned counting mode. The counting direction is updated by
hardware automatically.

Setting the UPG bit in the TIMERx_SWEVG register will initialize the counter value to 0 and
generate an update event irrespective of whether the counter is counting up or down in the
center-aligned counting mode.

The UPIF bit in the TIMERX_INTF register will be set to 1 either when an underflow event or
an overflow event occurs. While the CHXxIF bit is associated with the value of CAM in
TIMERX_CTLO. The details refer toFigure 15-8. Timing chart of center-aligned counting

mode.
If the UPDIS bit in the TIMERX_CTLO register is set, the update event is disabled.
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When an update event occurs, all the registers (repetition counter register, auto-reload
register, prescaler register) are updated.

Figure 15-8. Timing chart of center-aligned counting mode show some examples of the
counter behavior when TIMERx_CAR=0x63. TIMERx_PSC=0x0

Figure 15-8. Timing chart of center-aligned counting mode
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Repetition counter

Repetition counter is used to generate the update event or update the timer registers only
after a given number (N+1) cycles of the counter, where N is the value of CREP bit in
TIMERXx_CREP register. The repetition counter is decremented at each counter overflow in
up counting mode, at each counter underflow in down counting mode or at each counter
overflow and at each counter underflow in center-aligned mode.

Setting the UPG bit in the TIMERx_SWEVG register will reload the content of CREP in
TIMERx_CREP register and generate an update event.

For odd values of CREP in center-aligned mode, the update event occurs either on the
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overflow or on the underflow depending on when the CREP register was written and when
the counter was started. The update event is generated at overflow when the CREP was
written before starting the counter and generated at underflow when the CREP was written

after starting the counter.

Figure 15-9. Repetition counter timing chart of center-aligned counting mode
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Figure 15-10. Repetition counter timing chart of up counting mode
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Figure 15-11. Repetition counter timing chart of down counting mode

mwerce_TIIUTUTUTTUL TV UUUUyUvivyyuriy

CEN |

onT_ci UUiuiiuyirriiriridrrir iy
CNTREG__ w (=)

Underflow

85 |5

Overflow
TIMERX_CREP =0x0

J

[ < I S I S I S A o

UPIF

TIMERX_CREP = 0x1

J
TT
J

UPIF

TIMERX_CREP = 0x2
UPIF

.|

e

Capture/compare channels

The advanced timer has four independent channels which can be used as capture inputs or
compare outputs. Each channel is built around a channel capture compare register including
an input stage, a channel controller and an output stage.

B |nput capture mode

Input capture mode allows the channel to perform measurements such as pulse timing,
frequency, period, duty cycle and so on. The input stage consists of a digital filter, a channel
polarity selection, edge detection and a channel prescaler. When a selected edge occurs on
the channel input, the current value of the counter is captured into the TIMERX_CHXCV
register, at the same time the CHXxIF bit is set and the channel interrupt is generated if it is
enabled when CHxIE=1.

231



e

GigaDevice GD32VF103 User Manual

Figure 15-12. Input capture logic
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The input signals of channelx (CIx) can be the TIMERXx_CHx signal or the XOR signal of the

TIMERXx_CHO, TIMERx_CH1 and TIMERx_CHZ2 signals. First, the input signal of channel (CIx)
is synchronized to TIMER_CK signal, and then sampled by a digital filter to generate a filtered

input signal. Then through the edge detector, the rising or falling edge is detected by

configuring CHxP bit. The input capture signal can also be selected from the input signal of

other channel or the internal trigger signal by configuring CHxMS bits. The IC prescaler makes

several input events generate one effective capture event. On the capture event,

TIMERX_CHxCV will store the value of counter.

So the process can be divided to several steps as below:

Stepl: Filter configuration (CHXCAPFLT in TIMERX_CHCTLO).
Based on the input signal and quality of requested signal, configure compatible
CHxCAPFLT.

Step2: Edge selection (CHXP/CHxNP in TIMERx_CHCTLZ2).

Rising edge or falling edge, choose one by configuring CHxP/CHXNP bits.

Step3: Capture source selection (CHxMS in TIMERx_CHCTLO).

As soon as selecting one input capture source by CHxMS, the channel must be set to
input mode (CHxMS! =0x0) and TIMERx_CHXxCV cannot be written any more.

Step4: Interrupt enable (CHxIE and CHxDEN in TIMERx_DMAINTEN).

Enable the related interrupt to get the interrupt and DMA request.

Stepb5: Capture enable (CHXEN in TIMERXx_CHCTL2).

Result: When the wanted input signal is captured, TIMERx_CHxCV will be set by counter’s
value and CHXxIF is asserted. If the CHxIF is 1, the CHXOF will also be asserted. The
interrupt and DMA request will be asserted or not based on the configuration of CHXIE
and CHxDEN in TIMERx_DMAINTEN.
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Direct generation: A DMA request or interrupt is generated by setting CHxG directly.

The input capture mode can be also used for pulse width measurement from signals on the
TIMERX_CHXx pins. For example, PWM signal connects to CI0 input. Select CI0 as channel 0
capture signals by setting CHOMS to 2’b01 in the channel control register (TIMERx_CHCTLO)
and set capture on rising edge. Select CIO as channel 1 capture signal by setting CH1MS to
2’b10 in the channel control register (TIMERx_CHCTLO) and set capture on falling edge. The
counter is set to restart mode and is restarted on channel O rising edge. Then the
TIMERX_CHOCV can measure the PWM period and the TIMERx_CH1CV can measure the
PWM duty cycle.

B Output compare mode

Figure 15-13. Output compare logic (with complementary output, x=0,1,2)
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Figure 15-14. Output compare logic (CH3_0O)
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Figure 15-13. Output compare logic (with complementary output, x=0,1,2) and Figure
15-14. Output compare logic (CH3 O) show the logic circuit of output compare mode. The
relationship between the channel output signal CHx_O/CHx_ON and the OxCPRE signal
(more details refer to Channel output prepare signal) is described as blew: The active level
of OOCPRE is high, the output level of CHO_O/CHO_ON depends on OxCPRE signal,
CHxP/CHxNP bit and CHOE/CHONE bit (please refer to the TIMERx_CHCTL?2 register for
more details). For examples,

1) Configure CHxP=0 (the active level of CHx_O is high, the same as OxCPRE), CHxE=1
(the output of CHx_O is enabled),
If the output of OXCPRE is active(high) level, the output of CHx_O is active(high) level;
If the output of OXCPRE is inactive(low) level, the output of CHx_O is active(low) level.

2) Configure CHxNP=0 (the active level of CHx_ON is low, contrary to OXCPRE), CHXxNE=1
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(the output of CHx_ON is enabled),
If the output of OXCPRE is active(high) level, the output of CHx_O is active(low) level;
If the output of OXCPRE is inactive(low) level, the output of CHx_O is active(high) level.

When CHO_O and CHO_ON are output at the same time, the specific outputs of CHO_O and
CHO_ON are related to the relevant bits (ROS, 10S, POE and DTCFG bhits) in the
TIMERx_CCHP register. Please refer to Complementary outputs for more details.

In output compare mode, the TIMERX can generate timed pulses with programmable position,
polarity, duration and frequency. When the counter matches the value in the TIMERX_CHXxCV
register of an output compare channel, the channel (n) output can be set, cleared, or toggled
based on CHXCOMCTL. When the counter reaches the value in the TIMERx_CHXCV register,
the CHXxIF bit will be set and the channel (n) interrupt is generated if CHxIE = 1. And the DMA
request will be asserted, if CxCDE=1.

So the process can be divided into several steps as below:
Stepl: Clock Configuration. Such as clock source, clock prescaler and so on.

Step2: Compare mode configuration.
B Set the shadow enable mode by CHXCOMSEN
B Set the output mode (set/clear/toggle) by CHXCOMCTL.
B Select the active polarity by CHXP/CHXNP
B Enable the output by CHXEN

Step3: Interrupt/DMA-request enable configuration by CHXIE/CHXDEN.

Step4: Compare output timing configuration by TIMERx_CAR and TIMERx_CHxCV
The TIMERXx_CHXCV can be changed ongoing to meet the expected waveform.

Stepb5: Start the counter by configuring CEN to 1.

Figure 15-15. Output-compare in_three modes show the three compare modes
toggle/set/clear. CAR=0x63, CHxVAL=0x3
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Figure 15-15. Output-compare in three modes
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PWM mode

In the PWM output mode (by setting the CHXCOMCTL bit to 3’'b110 (PWM mode 0) or to 3’'b
111(PWM mode 1)), the channel can generate PWM waveform according to the
TIMERX_CAR registers and TIMERX_CHXCYV registers.

Based on the counter mode, PWM can also be divided into EAPWM (Edge-aligned PWM)
and CAPWM (Center-aligned PWM).

The EAPWM'’s period is determined by TIMERXx_CAR and the duty cycle is determined
by TIMERX_CHXCV. Eigure 15-16. Timing chart of EAPWM shows the EAPWM output and
interrupts waveform.

The CAPWM'’s period is determined by 2*TIMERx_CAR, the duty cycle is determined by
2*TIMERXx_CHxCV.Figure 15-17. Timing chart of CAPWM shows the CAPWM output and
interrupts waveform.

In up counting mode, if the value of TIMERx_CHXCV is greater than the value of
TIMERx_CAR, the output will be always inactive in PWM mode 0 (CHXCOMCTL=3'b110).
And if the value of TIMERx_CHXCYV is greater than the value of TIMERx_CAR, the output will
be always active in PWM mode 1 (CHXxCOMCTL=3"b111).
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Figure 15-16. Timing chart of EAPWM
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Figure 15-17. Timing chart of CAPWM
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Channel output prepare signal

As is shown in Figure 15-13. OQutput compare logic (with complementary output, x=0,1,2),

when TIMERX is configured in compare match output mode, a middle signal which is OXCPRE
signal (Channel x output prepare signal) will be generated before the channel outputs signal.
The OXCPRE signal type is defined by configuring the CHXCOMCTL bit. The OXCPRE signal
has several types of output function. These include keeping the original level by configuring
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the CHXCOMCTL field to 0x00, setting to high by configuring the CHXCOMCTL field to 0x01,
setting to low by configuring the CHxCOMCTL field to 0x02 or toggling signal by configuring
the CHxCOMCTL field to 0x03 when the counter value matches the content of the
TIMERX_CHXCV register.

The PWM mode 0/PWM mode 1 output is another output type of OXCPRE which is setup by
configuring the CHXCOMCTL field to 0x06/0x07. In these modes, the OXCPRE signal level is
changed according to the counting direction and the relationship between the counter value
and the TIMERx_CHXCV content. Refer to the definition of relative bit for more details.

Another special function of the OXCPRE signal is a forced output which can be achieved by
configuring the CHXCOMCTL field to 0x04/0x05. The output can be forced to an
inactive/active level irrespective of the comparison condition between the values of the
counter and the TIMERx_CHXCV.

Configure the CHXCOMCEN bit to 1 in the TIMERx_CHCTLO register, the OXCPRE signal
can be forced to 0 when the ETIFP signal derived from the external ETI pin is set to a high
level. The OXCPRE signal will not return to its active level until the next update event occurs.

Complementary outputs

Function of complementary is for a pair of channels, CHx_O and CHx_ON, the two output
signals cannot be active at the same time. The TIMERX has 4 channels, but only the first
three channels have this function. The complementary signals CHx_O and CHx_ON are
controlled by a group of parameters: the CHXEN and CHXNEN bits in the TIMERx_CHCTL2
register, the POEN, ROS and IOS bits in the TIMERx_CCHP register, ISOx and ISOxN bits
in the TIMERX_CTL1 register. The output polarity is determined by CHxP and CHXNP bits in
the TIMERXx_CHCTL2 register.
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Table 15-2. Complementary outputs controlled by parameters

Complementary Parameters Output Status
POEN| ROS | I0S | CHXEN | CHxNEN CHx_O CHx_ON
0 CHx_O/CHx_ON = LOW
0 CHx_O/ CHx_ON output disable.
1 CHx_O = CHxP CHx_ON = CHxNP
0 CHx_O/CHx_ON output disable.
0 If clock is enable:
1 1 CHx_O =1SOx CHx_ON = ISOxN
0 0/1
CHx_O = CHxP CHx_ON = CHxNP
0 0 CHx_O/CHx_ON output disable.
1 CHx_O = CHxP CHx_ON = CHxNP
1 CHx_O/CHx_ON output enable.
0 If clock is enable:
1 1 CHx_O =1SOx CHx_ON = ISOxN
CHx_O/CHx_ON = LOW
0 CHx_O/CHx_ON output disable.
0 CHx_O = LOW CHx_ON=OXCPRE &
1 CHx_O output disable. CHxNP
CHx_ON output enable
0 CHxX_O=OXCPRE ® CHxP CHx_ON = LOW
0 CHx_O output enable CHx_ON output disable.
1 CHx_O=0OxCPRE @ CHxP CHx_ON=(!OxCPRE) ®
1 CHx_O output enable CHxNP
1 o1 CHx_ON output enable
CHx_O = CHxP CHx_ON = CHxNP
0 CHx_O output disable. CHx_ON output disable.
0 CHx_O = CHxP CHx_ON=OxCPRE ®
1 CHx_O output enable CHxNP
CHx_ON output enable
! CHx_O=0OxCPRE @ CHxP CHx_ON = CHxXNP
0 CHx_O output enable CHx_ON output enable.
1 CHx_O=OXCPRE ®CHxP | CHx_ON=(!OXCPRE) ®
1 CHx_O output enable CHxNP
CHx_ON output enable.
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Dead time insertion

The dead time insertion is enabled when both CHXEN and CHXNEN are configured to 1’b1,
it is also necessary to configure POEN to 1. The field named DTCFG defines the dead time
delay that can be used for all channels except channel 3. Refer to the TIMERx_CCHP register
for details about the delay time.

The dead time delay insertion ensures that two complementary signals are not active at the
same time.

When the channelx match event (TIMERx counter = CHxVAL) occurs, OxCPRE will be
toggled in PWM mode 0. At point Ain Figure 15-18. Complementary output with dead time
insertion CHx_O signal remains at the low level until the end of the dead time delay, while
CHx_ON signal will be cleared at once. Similarly, at point B when the channelx match event
(TIMERX counter = CHxVAL) occurs again, OXCPRE is cleared, and CHx_O signal will be
cleared at once, while CHx_ON signal remains at the low level until the end of the dead time
delay.

Sometimes, we can see corner cases about the dead time insertion. For example: the dead
time delay is greater than or equal to the duty cycle of the CHx_O signal, then the CHx_O
signal is always inactive. (as show in the_Figure 15-18. Complementary output with dead

time insertion)

Figure 15-18. Complementary output with dead time insertion
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Break function

In this function, CHx_O and CHx_ON are controlled by the POEN, 10S and ROS bits in the
TIMERXx_CCHP register, ISOx and ISOxN bits in the TIMERx_CTL1 register. In any case,
CHx_O and CHx_ON signals cannot be set to active level at the same time. The break
sources are input break pin and HXTAL stuck event which is generated by Clock Monitor
(CKM) in RCU. The break function is enabled by setting the BRKEN bit in the TIMERXx_CCHP
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register. The break input polarity is configured by the BRKP bit in TIMERx_CCHP register.

When a break occurs, the POEN bit is cleared asynchronously. As soon as POEN is 0, the
level of the CHx_O and CHx_ON outputs are determined by the ISOx and ISOxN bits in the
TIMERx_CTL1register. If IOS is 0, the timer releases the enable output, otherwise, the enable
output remains high. The complementary outputs are first in the reset state, and then the dead
time generator is reactivated to drive the outputs with the level programmed in the ISOx and
ISOxN bits after a dead time.

When a break occurs, the BRKIF bit in the TIMERX_INTF register will be set. If BRKIE is 1,
an interrupt will be generated.

Figure 15-19. Output behavior of the channel in response to a break (the break high

active)
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Quadrature decoder

The quadrature decoder function uses two quadrature inputs CI0 and CI1 derived from the
TIMERx_CHO and TIMERx_CH1 pins respectively to interact with each other to generate the
counter value. Setting SMC=0x01, 0x02, or 0x03 to select that the counting direction of timer
is determined only by the CIO, only by the CI1, or by the CIO and the CI1. The DIR bit is
modified by hardware automatically during the voltage level change of each direction
selection source. The mechanism of changing the counter direction is shown in.Table 15-3.
Counting direction versus encoder signals. The quadrature decoder can be regarded as

an external clock with a direction selection. This means that the counter counts continuously
from O to the counter-reload value. Therefore, users must configure the TIMERx_CAR register
before the counter starts to count.
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Table 15-3. Counting direction versus encoder signals
CIOFEO CI1FE1
Counting mode Level
Rising Falling Rising Falling
CI0 only CI1FE1=High Down Up - -
counting CI1FEl=Low Up Down - -
ClI1 only CIOFEO=High - - Up Down
counting CIOFEO=Low - - Down Up
CI1FE1=High Down Up X X
Cl0 and CI1 CI1FEl=Low Up Down X X
counting CIOFEO=High X X Up Down
CIOFEO=Low X X Down Up

Note:"-" means "no counting”; "X" means impossible.

Figure 15-20. Example of counter operation in encoder interface mode

I

Ci1

Clo 71
[

Counter UP down

T

Figure 15-21. Example of encoder interface mode with CIOFEQ polarity inverted

Clo 71 -
e || L] L

L
Counter down UP

Hall sensor function

Hall sensor is generally used to control BLDC Motor; advanced timer can support this function.
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Figure 15-22. Hall sensor is used to BLDC motor show how to connect. And we can see
we need two timers. First TIMER _in (Advanced/GeneralLO TIMER) should accept three
Rotor Position signals from Motor.

Each of the 3 sensors provides a pulse that applied to an input capture pin, can then be
analyzed and both speed and position can be deduced.

By the internal connection such as TRGO-ITIx, TIMER_in and TIMER_out can be connected.
TIMER_out will generate PWM signal to control BLDC motor’s speed based on the ITRx.
Then, the feedback circuit is finished, also you change configuration to fit your request.

About the TIMER_in, it need have input XOR function, so you can choose from
Advanced/GeneralL0 TIMER.

And TIMER_out need have functions of complementary and Dead-time, so only advanced
timer can be chosen. Else, based on the timers’ internal connection relationship, pair’s timers
can be selected.

TIMER_in (TIMER2) -> TIMER_out (TIMERO ITI2)
And so on.

After getting appropriate timers combination, and wire connection, we need to configure
timers. Some key settings include:

° Enable XOR by setting TIOS, then, each of input signal change will make the CIO
toggle. CHOVAL will record the value of counter at that moment.

) Enable ITIx connected to commutation function directly by setting CCUC and CCSE.
o Configuration PWM parameter based on your request.

Figure 15-22. Hall sensor is used to BLDC motor

Hall Sensor Rotor
Position signals

TIMER_in
Input capture
Driver Motor S CPU
1 GPIO = | TIMER_out Core
BLDC ::
Motor ‘

Output compare
PWM output

MCU
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Figure 15-23. Hall sensor timing between two timers

CHO_IN

CHI1_IN

Advanced/General LO TIMER_in under input capture mode

CH2_IN i

CIO(OXR) |

\Y

Counter

|

. Vb ‘ V¢
{

CHOVAL

IXTXTX X XK XK KD

Advanced TIMER_out under output compare mode(PWM with Dead-time)

CHO O |—|

Slave controller

The TIMERX can be synchronized with a trigger in several modes including restart mode,
pause mode and event mode which is selected by the SMCJ[2:0] bits in the TIMERX_SMCFG
register. The input trigger of these modes can be selected by the TRGS[2:0] bits in the

TIMERX_SMCEFG register.

Table 15-4. Slave mode example table

Mode Selection Source Selection Polarity Selection Filter and Prescaler
TRGS[2:0] If CIOFEO or CILFEL1 | For the ITIx, no filter
000: ITIO is selected as the and prescaler can be
SMCJ2:0] 001:1TI1 trigger source, used.
3'h100 (restart mode) 010: ITI2 configure the CHxP |For the Clx, filter can be
LIST 3'b101 (pause mode) 011:ITI3 and CHxNP for the used by configuring
3'b110 (event mode) 100: CIOF_ED polarity selection and CHXCAPFLT, no
101: CIOFEO inversion. prescaler can be used.
110: CI1FE1 If ETIFP is selected as|For the ETIFP, filter can
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Mode Selection

Source Selection

Polarity Selection

Filter and Prescaler

111: ETIFP

the trigger source,
configure the ETP for
polarity selection and

inversion.

be used by configuring
ETFC and prescaler
can be used by
configuring ETPSC.

Restart mode

The counter will

cleared and restart
when a rising edge of

trigger input comes.

be

TRGS[2:0] = 3'b000
ITIO is selected.

For ITIO, no polarity
selector can be used.

For the ITI0, no filter
and prescaler can be

used.

Figure 15-24. Restart mode

TIMER_CK —|_
Exam1l
CEN
CNT_REG st X seX 60X 61X 62 63X 00X 01 o‘ (00X 02X c2)
UPIF |
ITIo |_
Internal sync delay
TRGIF —
Pause mode
. TI0S=0 (Non-xor)
The counter will be
[CHONP=0, CHOP=0]
paused when the o o
] ) ] TRGS[2:0]1=3'b101 CIOFEO does not  |Filter is bypassed in this
trigger input is low, ) )
- CIOFEOQ is selected. | invert. The capture example.
and it will start when )
] ) ) event will occur on the
the trigger input is o
i rising edge only.
high.
Figure 15-25. Pause mode
Exam2

TRGIF

CEN

e | UL UL LU UL U UL U UL

CNT_REG

5E

Clo

CIOFEOQ
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Mode Selection Source Selection Polarity Selection Filter and Prescaler
Event mode
] ) ETPSC =1, ETlis
The counter will start ETP = 0, the polarity o
TRGS[2:0] =3'b111 divided by 2.
to count when a ] of ETI does not
o ) ETIFP is selected. ETFC = 0, ETI does not
rising edge of trigger change. i
) filter.
input comes.

Figure 15-26. Event mode

ETIFP

Exam3

CNT_REG 58 5EX 60X 61,

TRGIF

Single pulse mode

Single pulse mode is enabled by setting SPM in TIMERx_CTLO. If SPM is set, the counter
will be cleared and stopped automatically when the next update event occurs. In order to get
a pulse waveform, the TIMERx is configured to PWM mode or compare mode by
CHxCOMCTL.

Once the timer is set to the single pulse mode, it is not necessary to configure the timer enable
bit CEN in the TIMERx_CTLO register to 1 to enable the counter. Setting the CEN bit to 1 or
a trigger signal edge can generate a pulse and then keep the CEN bit at a high state until the
update event occurs or the CEN bit is written to 0 by software. If the CEN bit is cleared to 0
by software, the counter will be stopped and its value will be held. If the CEN bit is
automatically cleared to 0 by a hardware update event, the counter will be reinitialized.

In the single pulse mode, the active edge of trigger which sets the CEN bit to 1 will enable the
counter. However, there exists several clock delays to perform the comparison result between
the counter value and the TIMERXx_CHXCV value. In order to reduce the delay to a minimum
value, the user can set the CHXCOMFEN bit in TIMERx_CHCTLO/1 register. After a trigger
rising occurs in the single pulse mode, the OXCPRE signal will immediately be forced to the
state which the OXCPRE signal will change to, as the compare match event occurs without
taking the comparison result into account. The CHXCOMFEN bit is available only when the
output channel is configured to the PWM mode 0 or PWM mode 1 and the trigger source is
derived from the trigger signal.
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Figure 15-27. Single pulse mode TIMERx_CHxCV=0x04, TIMERXx_CAR=0x60

TIMER_CK(CNT_CLK) J_|_—|_|_|_ U_U_U_U_Lﬂ_ﬂ_ﬂ_ﬂ_ﬂ_

CEN

ci3 J_|
CNT_REG T W | @@@ 04 @Q@ 6

O2CPRE

Under SPM, counter stop

/
J

— (=)

Timers interconnection

The timers can be internally connected together for timer chaining or synchronization. This
can be implemented by configuring one timer to operate in the master mode while configuring
another timer to be in the slave mode. The following figures present several examples of
trigger selection for the master and slave modes.

Figure 15-28. TIMERO Master/Slave mode timer example shows the timerO trigger

selection when it is configured in slave mode.

Figure 15-28. TIMERO Master/Slave mode timer example

TIMER 4 TRGS TIMERO
Master TRGO ITIO

— Prescaler Counter mode >

control

| |
| |
| |
| |
| |
| |
| |
| |
: TIMER 1 — :

TRGO 1M
- . |
| control |
| |
| |
| TIMER 2 — - i

aster

TRGO
. - |
| control Tri

rigger Slave mode|
- L |

i oo S i
| TIMER 3 Master |

TRGQ Im
] |
: control :
| CIOF_ED _ |
I CIOFEO '
I > |
: CIIEE], :
| _{ ETIFP |
| |
| |
| |
| |

Other interconnection examples:

B TIMER2 as prescaler for TIMERO
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We configure TIMER2 as a prescaler for TIMERO. Refer to Figure 15-28. TIMERO
Master/Slave mode timer example for connections. Do as follow:

1.

6.

Configure TIMER2 in master mode and select its update event (UPE) as trigger output
(MMC=3b010 in the TIMER2_CTLA1 register). Then TIMER2 drives a periodic signal on
each counter overflow.

Configure the TIMER2 period (TIMER2_CAR registers).

Select the TIMERO input trigger source from TIMER2 (TRGS=3b010 in the
TIMERX_SMCFG register).

Configure TIMERO in external clock mode 0 (SMC=3’b111 in TIMERO_SMCFG register).
Start TIMERO by writing ‘1 in the CEN bit (TIMERO_CTLO register).

Start TIMERZ2 by writing ‘1 in the CEN bit (TIMER2_CTLO register).

Start TIMERO with TIMERZ2'’s Enable/Update signal

First, we enable TIMERO with the enable out of TIMER2. Refer to Fiqure 15-29. Triggering
TIMERO with enable signal of TIMER2. TIMERO starts counting from its current value on

the divided internal clock after trigger by TIMERZ2 enable output.

When Timer0 receives the trigger signal, its CEN bit is automatically set and the counter

counts until we disable TIMERO. Both counter clock frequencies are divided by 3 by the

prescaler compared to TIMER_CK (fent_cik = frimer_ck/3). Do as follow:

1.

Configure TIMER2 master mode to send its enable signal as trigger output(MMC=3'b001
in the TIMER2_CTL1 register)

Configure TimerO to select the input trigger from TIMER2 (TRGS=3’b010 in the
TIMERX_SMCFG register).

Configure Timer0 in event mode (SMC=3b 110 in TIMERx_SMCFG register).

Start TIMER2 by writing 1 in the CEN bit (TIMER2_CTLO register).

Figure 15-29. Triggering TIMERO with enable signal of TIMER2

mver_ck | [ [LLPLP LT LD PP
TIMER2_CEN |

TIMER2_CNT_REG 61 62 63

TIMERO_TRGIF

TIMERO_CNT_REG 1 12 13 1

In this example, we also can use update event as trigger source instead of enable signal.
Refer to_Figure 15-30. Triggering TIMERO with update signal of TIMER2. Do as follow:

1.

Configure TIMERZ2 in master mode and send its update event (UPE) as trigger output
(MMC=3'b010 in the TIMER2_CTLA1 register).
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2. Configure the Timer2 period (TIMER2_CARL registers).

3. Configure TIMERO to get the input trigger from Timer2 (TRGS=3'b010 in the
TIMERO_SMCEFG register).

4. Configure TIMERO in event mode (SMC=3’b110 in TIMERX_SMCFG register).

5. Start TIMER2 by writing ‘1 in the CEN bit (TIMER2_CTLO register).

Figure 15-30. Triggering TIMERO with update signal of TIMER2

TIMER2_UPE ’7

TIMER2_CNT_REG 62 63 00 01 02

TIMERO_TRGIF

TIMERO_CEN

TIMERO_CNT_REG 11 12 13 14

B Enable TIMERO count with TIMER2’s enable/O0OCPRE signal

In this example, we control the enable of TIMERO with the enable output of TIMER2 .Refer to
Figure 15-31. Pause TIMERO with enable signal of TIMER2. TIMERO counts on the divided
internal clock only when TIMER2 is enable. Both counter clock frequencies are divided by 3
by the prescaler compared to TIMER_CK (fent_cik = frimer_ck /3). Do as follow:

1. Configure TIMER2 input master mode and output enable signal as trigger output
(MMC=3'b001 in the TIMER2_CTLA1 register).

2. Configure TIMERO to get the input trigger from TIMER2 (TRGS=3'b010 in the

TIMERO_SMCEFG register).

Configure TIMERO in pause mode (SMC=3’b101 in TIMERx_SMCFG register).

Enable TIMERO by writing 1 in the CEN bit (TIMERO_CTLO register)

Start TIMER2 by writing “1 in the CEN bit (TIMER2_CTLDO register).

Stop TIMER2 by writing ‘0 in the CEN bit (TIMER2_CTLO register).

o 0~ w
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Figure 15-31. Pause TIMERO with enable signal of TIMER2

mver_ck | [ [LLPLP LT LD PP
TIMER2_CEN |

TIMER2_CNT_REG 61 62 63

TIMERO_TRGIF

TIMERO_CNT_REG 11 12 13

In this example, we also can use OOCPRE as trigger source instead of enable signal output.
Do as follow:

1. Configure TIMER2 in master mode and output compare 0 prepare signal (OOCPRE) as
trigger output (MMS=3’b100 in the TIMER2_CTL1 register).

2. Configure the TIMER2 OOCPRE waveform (TIMER2_CHCTLO register).
Configure TIMERO to get the input trigger from TIMER2 (TRGS=3'b010 in the
TIMERX_SMCEFG register).

4. Configure TIMERO in pause mode (SMC=3’b101 in TIMERO_SMCFG register).

5. Enable TIMERO by writing ‘1 in the CEN bit (TIMERO_CTLO register).

6. Start TIMER2 by writing ‘1 in the CEN bit (TIMER2_CTLO register).

Figure 15-32. Pause TIMERO with OOCPREF signal of Timer2

TIMER2_CEN ‘

TIMER2_CNT_REG 61 62 63

TIMERO_TRGIF

TIMERO_CNT_REG 1 1 .

B Using an external trigger to start 2 timers synchronously

We configure the start of TIMERO triggered by the enable signal of TIMER2, and TIMER?2 is
triggered by its CIO input rises edge. To ensure 2 timers start synchronously, TIMER2 must
be configured in Master/Slave mode. Do as follow:

1. Configure TIMER?2 in slave mode to get the input trigger from CIO (TRGS=3'b100 in the
TIMER2_SMCEFG register).
2. Configure TIMER2 in event mode (SMC=3'b110 in the TIMER2_SMCFG register).
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3. Configure the TIMER2 in Master/Slave mode by writing MSM=1 (TIMER2_SMCFG
register).

4. Configure TIMERO to get the input trigger from TIMER2 (TRGS=3'b010 in the
TIMERO_SMCEFG register).

5. Configure TIMERO in event mode (SMC=3’b110 in the TIMERO_SMCFG register).

When a rising edge occurs on TIMER2’s CIO, two timer’'s counters start counting
synchronously on the internal clock and both TRGIF flags are set.

Figure 15-33. Triggering TIMERO and TIMER2 with TIMER2’s CI0 input

TIMER2

TMER_CK yuugyuuyL

Clo

TRGIF

CEN

CNT_REG 0 a X o X o

TIMERO

TRGIF

CEN

CNT_CK

CNT_REG 00 01 X 02 X 03

Timer DMA mode

Timer DMA mode is the function that configures timer’s register by DMA module. The relative
registers are TIMERx_DMACFG and TIMERx_DMATB. Corresponding DMA request bit
should be asserted to enable DMA request for internal interrupt event. TIMERXx will send a
request to DMA when the interrupt event occurs. DMA is configured to M2P (memory to
peripheral) mode and the address of TIMERx_DMATB is configured to PADDR (peripheral
base address), then DMA will access the TIMERx_DMATB. In fact, TIMERx_DMATB register
is only a buffer, timer will map the TIMERXx_DMATB to an internal register, appointed by the
field of DMATA in TIMERx_DMACFG. If the field of DMATC in TIMERx_DMACFG is 0 (1
transfer), the timer sends only one DMA request. While if TIMERx_DMATC is not 0, such as
3 (4 transfers), then timer will send 3 more requests to DMA, and DMA will access timer’s
registers DMATA+0x4, DMATA+0x8 and DMATA+0xC at the next 3 accesses to
TIMERx_DMATB. In a word, one-time DMA internal interrupt event asserts, (DMATC+1) times
request will be sent by TIMERX.
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If one more DMA request event occurs, TIMERX will repeat the process above.

Timer debug mode

When the RISC-V core halted, and the TIMERx_HOLD configuration bit in DBG_CTL register
is set to 1, the TIMERX counter stops.
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15.1.5. TIMERX registers(x=0)
TIMERO base address: 0x4001 2C00
Control register 0 (TIMERx_CTLO)
Address offset: 0x00
Reset value: 0x0000
This register can be accessed by half-word (16-bit) or word (32-bit)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved CKDIV[1:0] ‘ ARSE ‘ CAM[1:0] ‘ DIR | SPM ‘ UPS | UPDIS ‘ CEN ‘
w rw rw w w rw w w
Bits Fields Descriptions
15:10 Reserved Must be kept at reset value
9:8 CKDIV[1:0] Clock division
The CKDIV bits can be configured by software to specify division ratio between the
timer clock (TIMER_CK) and the dead-time and sampling clock (DTS), which is
used by the dead-time generators and the digital filters.
00: fors=frimMer_ck
01: fors= frimer_ck /2
10: fors= friver_ck /4
11: Reserved
7 ARSE Auto-reload shadow enable
0: The shadow register for TIMERx_CAR register is disabled
1: The shadow register for TIMERX_CAR register is enabled
6:5 CAM[1:0] Counter aligns mode selection

00: No center-aligned mode (edge-aligned mode). The direction of the counter is
specified by the DIR bit.

01: Center-aligned and counting down assert mode. The counter counts under
center-aligned and channel is configured in output mode (CHxMS=00 in
TIMERX_CHCTLO register). Only when the counter is counting down, compare
interrupt flag of channels can be set.

10: Center-aligned and counting up assert mode. The counter counts under center-
aligned and channel is configured in output mode (CHxMS=00 in TIMERx_CHCTLO
register). Only when the counter is counting up, compare interrupt flag of channels
can be set.

11: Center-aligned and counting up/down assert mode. The counter counts under
center-aligned and channel is configured in output mode (CHxMS=00 in
TIMERX_CHCTLO register). Both when the counter is counting up and counting

down, compare interrupt flag of channels can be set.
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After the counter is enabled, cannot be switched from 0x00 to non 0x00.
4 DIR Direction
0: Count up
1: Count down
This bit is read only when the timer is configured in center-aligned mode or encoder
mode.
3 SPM Single pulse mode.
0: Counter continues after update event.
1: The CEN is cleared by hardware and the counter stops at next update event.
2 UPS Update source
This bit is used to select the update event sources by software.
0: Any of the following events generate an update interrupt or DMA request:
The UPG bit is set
The counter generates an overflow or underflow event
The slave mode controller generates an update event.
1: Only counter overflow/underflow generates an update interrupt or DMA request.
1 UPDIS Update disable.
This bit is used to enable or disable the update event generation.
0: update event enable. The update event is generate and the buffered registers are
loaded with their preloaded values when one of the following events occurs:
The UPG bit is set
The counter generates an overflow or underflow event
The slave mode controller generates an update event.
1: update event disable. The buffered registers keep their value, while the counter
and the prescaler are reinitialized if the UG bit is set or if the slave mode controller
generates a hardware reset event.
0 CEN Counter enable
0: Counter disable
1: Counter enable
The CEN bit must be set by software when timer works in external clock, pause
mode and encoder mode. While in event mode, the hardware can set the CEN bit
automatically.
Control register 1 (TIMERx_CTL1)
Address offset: 0x04
Reset value: 0x0000
This register can be accessed by half-word (16-bit) or word (32-bit)
15 14 13 10 9 8 7 6 5 4 3 2 1 0
Reserved 1ISO3 ‘ ISO2N ‘ 1SO2 ‘ ISOIN ‘ 1ISO1 ‘ ISOON ’ 1ISO0 ‘ TIOS ’ MMCJ[2:0] ’ DMAS ‘ CCUC |Reserved| CCSE
w w w w rw w w rw w w

253



e

GD32VF103 User Manual

GigaDevice
Bits Fields Descriptions
15 Reserved Must be kept at reset value
14 ISO3 Idle state of channel 3 output
Refer to ISOO bit
13 ISO2N Idle state of channel 2 complementary output
Refer to ISOON bit
12 1ISO2 Idle state of channel 2 output
Refer to ISOO bit
11 ISO1N Idle state of channel 1 complementary output
Refer to ISOON bit
10 ISO1 Idle state of channel 1 output
Refer to ISOO bit
9 ISOON Idle state of channel 0 complementary output
0: When POEN bit is reset, CHO_ON is set low.
1: When POEN bit is reset, CHO_ON is set high
This bit can be modified only when PROT [1:0] bits in TIMERXx_CCHP register is 00.
8 1ISO0 Idle state of channel 0 output
0: When POEN bit is reset, CHO_O is set low.
1: When POEN bit is reset, CHO_O is set high
The CHO_O output changes after a dead-time if CHO_ON is implemented. This bit
can be modified only when PROT [1:0] bits in TIMERx_CCHP register is 00.
7 TIOS Channel 0 trigger input selection
0: The TIMERx_CHO pin input is selected as channel O trigger input.
1: The result of combinational XOR of TIMERXx_CHO, CH1 and CH2 pins is selected
as channel O trigger input.
6:4 MMC[2:0] Master mode control

These bits control the selection of TRGO signal, which is sent in master mode to
slave timers for synchronization function.
000: Reset. When the UPG bit in the TIMERX_SWEVG register is set or a reset is
generated by the slave mode controller, a TRGO pulse occurs. And in the latter
case, the signal on TRGO is delayed compared to the actual reset.
001: Enable. This mode is useful to start several timers at the same time or to control
a window in which a slave timer is enabled. In this mode the master mode controller
selects the counter enable signal as TRGO. The counter enable signal is set when
CEN control bit is set or the trigger input in pause mode is high. There is a delay
between the trigger input in pause mode and the TRGO output, except if the master-
slave mode is selected.
010: Update. In this mode the master mode controller selects the update event as
TRGO.
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011: Capture/compare pulse. In this mode the master mode controller generates a
TRGO pulse when a capture or a compare match occurred in channalO.
100: Compare. In this mode the master mode controller selects the OOCPRE signal
is used as TRGO
101: Compare. In this mode the master mode controller selects the OLCPRE signal
is used as TRGO
110: Compare. In this mode the master mode controller selects the O2CPRE signal
is used as TRGO
111: Compare. In this mode the master mode controller selects the O3CPRE signal
is used as TRGO
3 DMAS DMA request source selection
0: DMA request of channel x is sent when capture/compare event occurs.
1: DMA request of channel x is sent when update event occurs.
2 CcucC Commutation control shadow register update control
When the commutation control shadow enable (for CHxXEN, CHxNEN and
CHxCOMCTL bits) are set (CCSE=1), these shadow registers update are controlled
as below:
0: The shadow registers update by when CMTG bit is set.
1: The shadow registers update by when CMTG bit is set or a rising edge of TRGI
occurs.
When a channel does not have a complementary output, this bit has no effect.
1 Reserved Must be kept at reset value.
0 CCSE Commutation control shadow enable
0: The shadow registers for CHXEN, CHXNEN and CHXCOMCTL bits are disabled.
1: The shadow registers for CHXEN, CHXNEN and CHxXCOMCTL bits are enabled.
After these bits have been written, they are updated based when commutation event
coming.
When a channel does not have a complementary output, this bit has no effect.
Slave mode configuration register (TIMERx_SMCFG)
Address offset: 0x08
Reset value: 0x0000
This register can be accessed by half-word (16-bit) or word (32-bit)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ ETP ‘ SMC1 ‘ ETPSC[1:0] ETFCI[3:0] ‘ MSM ‘ TRGS[2:0] Reserved SMC[2:0]
w w w w w w w
Bits Fields Descriptions
15 ETP External trigger polarity

This bit specifies the polarity of ETI signal
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14

13:12

11:8

SMC1

ETPSC[1:0]

ETFC[3:0]

MSM

0: ETl is active at high level or rising edge.
1: ETl is active at low level or falling edge.

Part of SMC for enable External clock model.

In external clock mode 1, the counter is clocked by any active edge on the ETIFP
signal.

0: External clock mode 1 disabled

1: External clock mode 1 enabled.

It is possible to simultaneously use external clock mode 1 with the restart mode,
pause mode or event mode. But the TRGS bits must not be 3’'b111 in this case.
The external clock input will be ETIFP if external clock mode 0 and external clock
mode 1 are enabled at the same time.

Note: External clock mode 0 enable is in this register's SMC bit-filed.

External trigger prescaler

The frequency of external trigger signal ETIFP must not be at higher than 1/4 of
TIMER_CK frequency. When the external trigger signal is a fast clock, the prescaler
can be enabled to reduce ETIFP frequency.

00: Prescaler disable

01: ETIFP frequency will be divided by 2

10: ETIFP frequency will be divided by 4

11: ETIFP frequency will be divided by 8

External trigger filter control

An event counter is used in the digital filter, in which a transition on the output occurs
after N input events. This bit-field specifies the frequency used to sample ETIFP
signal and the length of the digital filter applied to ETIFP.

0000: Filter disable. fsamp= fors, N=1.

0001: fsamp= friver_ck, N=2.

0010: fsamp= friver_ck, N=4.

0011: fsamp= friver_ck, N=8.

0100: fsamp=foTs/2, N=6.

0101: fsamp=foTs/2, N=8.

0110: fsamp=foTs/4, N=6.

0111: fsamp=fors/4, N=8.

1000: fsamp=fpTs/8, N=6.

1001: fsamp=fpTs/8, N=8.

1010: fsamp=fpTs/16, N=5.

1011: fsamp=foTs/16, N=6.

1100: fsamp=fpTs/16, N=8.

1101: fsamp=foTs/32, N=5.

1110: fsamp=foTs/32, N=6.

1111: fsamp=foTs/32, N=8.

Master-slave mode

This bit can be used to synchronize selected timers to begin counting at the same
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time. The TRGI is used as the start event, and through TRGO, timers are connected
together.

0: Master-slave mode disable

1: Master-slave mode enable

6:4 TRGS[2:0] Trigger selection
This bit-field specifies which signal is selected as the trigger input, which is used to
synchronize the counter.
000: Internal trigger input 0 (ITI0)
001: Internal trigger input 1 (ITI1)
010: Internal trigger input 2 (IT12)
011: Internal trigger input 3 (ITI3)
100: CIO edge flag (CIOF_ED)
101: channel O input Filtered output (CIOFEO)
110: channel 1 input Filtered output (CI1FE1)
111: External trigger input filter output(ETIFP)

These bits must not be changed when slave mode is enabled.
3 Reserved Must be kept at reset value.

2:0 SMCJ[2:0] Slave mode control
000: Disable mode. The slave mode is disabled; The prescaler is clocked directly
by the internal clock (TIMER_CK) when CEN bit is set high.
001: Quadrature decoder mode 0.The counter counts on CI1FE1 edge, while the
direction depends on CIOFEOQ level.
010: Quadrature decoder mode 1.The counter counts on CIOFEO edge, while the
direction depends on CI1FEL1 level.
011: Quadrature decoder mode 2.The counter counts on both CIOFEO and CI1FE1
edge, while the direction depends on each other.
100: Restart mode. The counter is reinitialized and the shadow registers are
updated on the rising edge of the selected trigger input.
101: Pause mode. The trigger input enables the counter clock when it is high and
disables the counter when it is low.
110: Event mode. A rising edge of the trigger input enables the counter. The counter
cannot be disabled by the slave mode controller.
111: External clock mode 0. The counter counts on the rising edges of the selected
trigger.

DMA and interrupt enable register (TIMERx_DMAINTEN)

Address offset: 0x0C
Reset value: 0x0000

This register can be accessed by half-word (16-bit) or word (32-bit)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Reserved

TRGDEN‘CMTDEN‘CH?,DEN‘CHZDEN‘CHIDEN‘CHODEN’ UPDEN ‘ BRKIE ’ TRGIE ’ CMTIE ‘ CH3IE ’ CH2IE ‘ CH1IE ’ CHOIE ‘ UPIE ‘

257



e

GigaDevice GD32VF103 User Manual

Bits Fields Descriptions

15 Reserved Must be kept at reset value.

14 TRGDEN Trigger DMA request enable
0: disabled

1: enabled

13 CMTDEN Commutation DMA request enable
0: disabled
1: enabled

12 CH3DEN Channel 3 capture/compare DMA request enable
0: disabled
1: enabled

11 CH2DEN Channel 2 capture/compare DMA request enable
0: disabled
1: enabled

10 CH1DEN Channel 1 capture/compare DMA request enable
0: disabled
1: enabled

9 CHODEN Channel 0 capture/compare DMA request enable
0: disabled

1: enabled

8 UPDEN Update DMA request enable
0: disabled
1: enabled

7 BRKIE Break interrupt enable
0: disabled

1: enabled

6 TRGIE Trigger interrupt enable
0: disabled
1: enabled

5 CMTIE commutation interrupt enable
0: disabled

1: enabled

4 CH3IE Channel 3 capture/compare interrupt enable
0: disabled
1: enabled

3 CH2IE Channel 2 capture/compare interrupt enable
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0: disabled
1: enabled
2 CH1IE Channel 1 capture/compare interrupt enable
0: disabled
1: enabled
1 CHOIE Channel 0 capture/compare interrupt enable
0: disabled
1: enabled
0 UPIE Update interrupt enable
0: disabled
1: enabled
Interrupt flag register (TIMERX_INTF)
Address offset: 0x10
Reset value: 0x0000
This register can be accessed by half-word (16-bit) or word (32-bit)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved ‘ CH30OF ‘ CH20F ‘ CH1O0F ‘ CHOOF |Reserved | BRKIF ‘ TRGIF ‘ CMTIF ‘ CH3IF ’ CH2IF ‘ CH1IF ’ CHOIF ‘ UPIF ‘
rc_wo rc_w0 rc_w0 rc_w0 rc_w0 rc_wo rc_w0 rc_wo rc_wo rc_wo rc_wo rc_wo
Bits Fields Descriptions
15:13 Reserved Must be kept at reset value.
12 CH3O0F Channel 3 over capture flag
Refer to CHOOF description
11 CH20F Channel 2 over capture flag
Refer to CHOOF description
10 CH10F Channel 1 over capture flag
Refer to CHOOF description
9 CHOOF Channel 0 over capture flag
When channel 0 is configured in input mode, this flag is set by hardware when a
capture event occurs while CHOIF flag has already been set. This flag is cleared by
software.
0: No over capture interrupt occurred
1: Over capture interrupt occurred
8 Reserved Must be kept at reset value.
7 BRKIF Break interrupt flag

This flag is set by hardware when the break input goes active, and cleared by
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software if the break input is not active.
0: No active level break has been detected.
1: An active level has been detected.

6 TRGIF Trigger interrupt flag
This flag is set by hardware on trigger event and cleared by software. When the
slave mode controller is enabled in all modes but pause mode, an active edge on
trigger input generates a trigger event. When the slave mode controller is enabled
in pause mode both edges on trigger input generates a trigger event.
0: No trigger event occurred.

1: Trigger interrupt occurred.

5 CMTIF Channel commutation interrupt flag
This flag is set by hardware when channel’'s commutation event occurs, and cleared
by software
0: No channel commutation interrupt occurred
1: Channel commutation interrupt occurred

4 CH3IF Channel 3 ‘s capture/compare interrupt flag
Refer to CHOIF description

3 CH2IF Channel 2 ‘s capture/compare interrupt flag
Refer to CHOIF description

2 CH1IF Channel 1 ‘s capture/compare interrupt flag
Refer to CHOIF description

1 CHOIF Channel 0 ‘s capture/compare interrupt flag
This flag is set by hardware and cleared by software. When channel 0 is in input
mode, this flag is set when a capture event occurs. When channel 0 is in output
mode, this flag is set when a compare event occurs.
0: No Channel 0 interrupt occurred

1: Channel 0 interrupt occurred

0 UPIF Update interrupt flag
This bit is set by hardware on an update event and cleared by software.
0: No update interrupt occurred
1: Update interrupt occurred

Software event generation register (TIMERx_SWEVG)

Address offset: 0x14
Reset value: 0x0000

This register can be accessed by half-word (16-bit) or word (32-bit)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved ‘ BRKG ’ TRGG ’ CMTG ‘ CH3G ’ CH2G ‘ CH1G ’ CHOG ‘ UPG ‘
w w w w w w w w
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Bits Fields Descriptions

15:8 Reserved Must be kept at reset value.

7 BRKG Break event generation
This bit is set by software and cleared by hardware automatically. When this bit is
set, the POEN bit is cleared and BRKIF flag is set, related interrupt or DMA transfer
can occur if enabled.
0: No generate a break event
1: Generate a break event

6 TRGG Trigger event generation
This bit is set by software and cleared by hardware automatically. When this bit is
set, the TRGIF flag in TIMERX_INTF register is set, related interrupt or DMA transfer
can occur if enabled.
0: No generate a trigger event
1: Generate a trigger event

5 CMTG Channel commutation event generation
This bit is set by software and cleared by hardware automatically. When this bit is
set, channel’'s capture/compare control registers (CHXEN, CHxNEN and
CHXCOMCTL bits) are updated based on the value of CCSE (in the
TIMERx_CTL1).
0: No affect
1: Generate channel’s c/c control update event

4 CH3G Channel 3’s capture or compare event generation
Refer to CHOG description

3 CH2G Channel 2’s capture or compare event generation
Refer to CHOG description

2 CH1G Channel 1’s capture or compare event generation
Refer to CHOG description

1 CHOG Channel 0’s capture or compare event generation
This bitis set by software in order to generate a capture or compare eventin channel
0, it is automatically cleared by hardware. When this bit is set, the CHOIF flag is set,
the corresponding interrupt or DMA request is sent if enabled. In addition, if channel
1 is configured in input mode, the current value of the counter is captured in
TIMERX_CHOCYV register, and the CHOOF flag is set if the CHOIF flag was already
high.
0: No generate a channel 1 capture or compare event
1: Generate a channel 1 capture or compare event

0 UPG Update event generation

This bit can be set by software, and cleared by hardware automatically. When this

bit is set, the counter is cleared if the center-aligned or up counting mode is selected,
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else (down counting) it takes the auto-reload value. The prescaler counter is cleared
at the same time.

0: No generate an update event

1: Generate an update event

Channel control register 0 (TIMERXx_CHCTLO)

Address offset: 0x18
Reset value: 0x0000

This register can be accessed by half-word (16-bit) or word (32-bit)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CH1COM CH1COMCTL[2:0] CH1COM | CH1COM CHIMS[1:0] CHOCOM CHOCOMCTL([2:0] CHOCOM | CHOCOM CHOMSJ[1:0]
CEN SEN FEN CEN SEN FEN
CH1CAPFLT[3:0] CH1CAPPSCI[1:0] CHOCAPFLT[3:0] CHOCAPPSC[1:0]
w w w w w w

Output compare mode:

Bits Fields Descriptions
15 CH1COMCEN Channel 1 output compare clear enable
Refer to CHOCOMCEN description

14:12 CH1COMCTL[2:0] Channel 1 compare output control
Refer to CHOCOMCTL description

11 CH1COMSEN Channel 1 output compare shadow enable
Refer to CHOCOMSEN description

10 CH1COMFEN Channel 1 output compare fast enable
Refer to CHOCOMSEN description

9:8 CH1MS[1:0] Channel 1 mode selection
This bit-field specifies the direction of the channel and the input signal selection.
This bit-field is writable only when the channel is not active. (CH1EN bit in
TIMERXx_CHCTL2 register is reset).
00: Channel 1 is configured as output
01: Channel 1 is configured as input, IS1 is connected to CI1FE1
10: Channel 1 is configured as input, IS1 is connected to CIOFE1
11: Channel 1 is configured as input, IS1 is connected to ITS. This mode is working
only if an internal trigger input is selected through TRGS bits in TIMERX_SMCFG

register.

7 CHOCOMCEN Channel 0 output compare clear enable.
When this bit is set, the OOCPRE signal is cleared when High level is detected on
ETIF input.
0: Channel 0 output compare clear disable

1: Channel 0 output compare clear enable
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6:4 CHOCOMCTL][2:0] Channel 0 compare output control
This bit-field controls the behavior of the output reference signal OOCPRE which
drives CHO_O and CHO_ON. OOCPRE is active high, while CHO_O and CHO_ON
active level depends on CHOP and CHONP bits.
000: Timing mode. The OOCPRE signal keeps stable, independent of the
comparison between the register TIMERx_CHOCV and the counter TIMERX_CNT.
001: Set the channel output. OOCPRE signal is forced high when the counter
matches the output compare register TIMERx_CHOCV.
010: Clear the channel output. OOCPRE signal is forced low when the counter
matches the output compare register TIMERx_CHOCV.
011: Toggle on match. OOCPRE toggles when the counter matches the output
compare register TIMERx_CHOCV.
100: Force low. OOCPRE is forced low level.
101: Force high. OOCPRE is forced high level.
110: PWM mode0. When counting up, OOCPRE is active as long as the counter is
smaller than TIMERx_CHOCV else inactive. When counting down, OOCPRE is
inactive as long as the counter is larger than TIMERx_CHOCYV else active.
111: PWM model. When counting up, OOCPRE is inactive as long as the counter
is smaller than TIMERx_CHOCV else active. When counting down, O0OCPRE is
active as long as the counter is larger than TIMERx_CHOCYV else inactive.
When configured in PWM mode, the OOCPRE level changes only when the output
compare mode switches from “Timing mode” mode to “PWM” mode or when the
result of the comparison changes.
This bit cannot be modified when PROT [1:0] bit-filed in TIMERx_CCHP register is
11 and CHOMS bit-filed is 00(COMPARE MODE).

3 CHOCOMSEN Channel 0 compare output shadow enable
When this bit is set, the shadow register of TIMERx_CHOCYV register, which updates
at each update event, will be enabled.
0: Channel 0 output compare shadow disable
1: Channel 0 output compare shadow enable
The PWM mode can be used without validating the shadow register only in single
pulse mode (SPM bit in TIMERx_CTLO register is set).
This bit cannot be modified when PROT [1:0] bit-filed in TIMERx_CCHP register is
11 and CHOMS bit-filed is 00.

2 CHOCOMFEN Channel 0 output compare fast enable

When this bit is set, the effect of an event on the trigger in input on the
capture/compare output will be accelerated if the channel is configured in PWMO or
PWM1 mode. The output channel will treat an active edge on the trigger input as a
compare match, and CHO_O is set to the compare level independently from the
result of the comparison.

0: Channel 0 output quickly compare disable. The minimum delay from an edge on
the trigger input to activate CHO_O output is 5 clock cycles.

1: Channel 0 output quickly compare enable. The minimum delay from an edge on
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1:0

Bits

CHOMSI[1:0]

Input capture mode:

Fields

the trigger input to activate CHO_O output is 3 clock cycles.

Channel 0 I/O mode selection

This bit-field specifies the work mode of the channel and the input signal selection.
This bit-field is writable only when the channel is not active. (CHOEN bit in
TIMERXx_CHCTL2 register is reset).).

00: Channel 0 is configured as output

01: Channel 0 is configured as input, 1SO is connected to CIOFEOQ

10: Channel 0 is configured as input, IS0 is connected to CI1LFEO

11: Channel 0 is configured as input, IS0 is connected to ITS, This mode is working
only if an internal trigger input is selected through TRGS bits in TIMERx_SMCFG

register.

Descriptions

15:12

11:10

9:8

7:4

3:2

CHI1CAPFLT[3:0]

CH1CAPPSC[1:0]

CHI1MSI[1:0]

CHOCAPFLT[3:0]

CHOCAPPSCI[1:0]

Channel 1 input capture filter control
Refer to CHOCAPFLT description

Channel 1 input capture prescaler
Refer to CHOCAPPSC description

Channel 1 mode selection

Same as Output compare mode

Channel 0 input capture filter control

An event counter is used in the digital filter, in which a transition on the output occurs
after N input events. This bit-field specifies the frequency used to sample CI0 input
signal and the length of the digital filter applied to CIO.

0000: Filter disabled, fsamp=fors, N=1

0001: fsamp=frimer_ck, N=2

0010: fsamp= frimer_ck, N=4

0011: fsamp= friver_ck, N=8

0100: fsamp=foTs/2, N=6

0101: fsamp=foTs/2, N=8

0110: fsamp=foTs/4, N=6

0111: fsamp=fprs/4, N=8

1000: fsamp=fpTs/8, N=6

1001: fsamp=fpTs/8, N=8

1010: fsamp=fpTs/16, N=5

1011: fsamp=fpTs/16, N=6

1100: fsamp=fpTs/16, N=8

1101: fsamp=fpoTs/32, N=5

1110: fsamp=fpors/32, N=6

1111: fsamp=fors/32, N=8

Channel 0 input capture prescaler
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This bit-field specifies the factor of the prescaler on channel 0 input. The prescaler
is reset when CHOEN bit in TIMERx_CHCTLZ2 register is clear.
00: Prescaler disable, capture is done on each channel input edge
01: Capture is done every 2 channel input edges
10: Capture is done every 4channel input edges
11: Capture is done every 8 channel input edges
1.0 CHOMS[1:0] Channel 0 mode selection
Same as Output compare mode
Channel control register 1 (TIMERx_CHCTL1)
Address offset: 0x1C
Reset value: 0x0000
This register can be accessed by half-word (16-bit) or word (32-bit)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CH3COM CH3COMCTL[2:0] CH3COM | CH3COM CH3MSJ[1:0] CH2COM CH2COMCTL[2:0] CH2COM |CH2COM CH2MSJ[1:0]
CEN SEN FEN CEN SEN FEN
CH3CAPFLT[3:0] CH3CAPPSC[1:0] CH2CAPFLT[3:0] CH2CAPPSC[1:0]
w w rw w w w
Output compare mode:
Bits Fields Descriptions
15 CH3COMCEN Channel 3 output compare clear enable
Refer to CHOCOMCEN description
14:12 CH3COMCTL[2:0] Channel 3 compare output control
Refer to CHOCOMCTL description
11 CH3COMSEN Channel 3 output compare shadow enable
Refer to CHOCOMSEN description
10 CH3COMFEN Channel 3 output compare fast enable
Refer to CHOCOMSEN description
9:8 CH3MS[1:0] Channel 3 mode selection
This bit-field specifies the direction of the channel and the input signal selection.
This bit-field is writable only when the channel is not active. (CH3EN bit in
TIMERx_CHCTL2 register is reset).
00: Channel 3 is configured as output
01: Channel 3 is configured as input, 1S3 is connected to CI3FE3
10: Channel 3 is configured as input, IS3 is connected to CI2FE3
11: Channel 3 is configured as input, IS3 is connected to ITS, This mode is working
only if an internal trigger input is selected through TRGS bits in TIMERx_SMCFG
register.
7 CH2COMCEN Channel 2 output compare clear enable.
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When this bit is set, the O2CPRE signal is cleared when High level is detected on
ETIF input.
0: Channel 2 output compare clear disable
1: Channel 2 output compare clear enable

6:4 CH2COMCTL[2:0] Channel 2 compare output control
This bit-field controls the behavior of the output reference signal O2CPRE which
drives CH2_O and CH2_ON. O2CPRE is active high, while CH2_O and CH2_ON
active level depends on CH2P and CH2NP bits.
000: Timing mode. The O2CPRE signal keeps stable, independent of the
comparison between the output compare register TIMERx_CH2CV and the counter
TIMERX_CNT.
001: Set the channel output. O2CPRE signal is forced high when the counter
matches the output compare register TIMERX_CH2CV.
010: Clear the channel output. O2CPRE signal is forced low when the counter
matches the output compare register TIMERXx_CH2CV.
011: Toggle on match. O2CPRE toggles when the counter matches the output
compare register TIMERx_CH2CV.
100: Force low. O2CPRE is forced low level.
101: Force high. O2CPRE is forced high level.
110: PWM mode0. When counting up, O2CPRE is active as long as the counter is
smaller than TIMERXx_CH2CV else inactive. When counting down, O2CPRE is
inactive as long as the counter is larger than TIMERXx_CH2CV else active.
111: PWM model. When counting up, O2CPRE is inactive as long as the counter
is smaller than TIMERX_CH2CV else active. When counting down, O2CPRE is
active as long as the counter is larger than TIMERx_CH2CYV else inactive.
When configured in PWM mode, the O2CPRE level changes only when the output
compare mode switches from “Timing mode” mode to “PWM” mode or when the
result of the comparison changes.
This bit cannot be modified when PROT [1:0] bit-filed in TIMERx_CCHP register is
11 and CH2MS bit-filed is 00(COMPARE MODE).

3 CH2COMSEN Channel 2 compare output shadow enable
When this bit is set, the shadow register of TIMERx_CH2CYV register, which updates
at each update event will be enabled.
0: Channel 2 output compare shadow disable
1: Channel 2 output compare shadow enable
The PWM mode can be used without validating the shadow register only in single
pulse mode (SPM bit in TIMERx_CTLO register is set).
This bit cannot be modified when PROT [1:0] bit-filed in TIMERx_CCHP register is
11 and CHOMS bit-filed is 00.

2 CH2COMFEN Channel 2 output compare fast enable

When this bit is set, the effect of an event on the trigger in input on the
capture/compare output will be accelerated if the channel is configured in PWML or
PWM2 mode. The output channel will treat an active edge on the trigger input as a

266



e

GD32VF103 User Manual

GigaDevice
compare match, and CH2_O is set to the compare level independently from the
result of the comparison.
0: Channel 2 output quickly compare disable. The minimum delay from an edge on
the trigger input to activate CH2_O output is 5 clock cycles.
1: Channel 2 output quickly compare enable. The minimum delay from an edge on
the trigger input to activate CH2_O output is 3 clock cycles.

1.0 CH2MS[1:0] Channel 2 I/O mode selection
This bit-field specifies the work mode of the channel and the input signal selection.
This bit-field is writable only when the channel is not active. (CH2EN bit in
TIMERXx_CHCTL2 register is reset).).
00: Channel 2 is configured as output
01: Channel 2 is configured as input, 1S2 is connected to CI2FE2
10: Channel 2 is configured as input, IS2 is connected to CI3FE2
11: Channel 2 is configured as input, IS2 is connected to ITS. This mode is working
only if an internal trigger input is selected through TRGS bits in TIMERX_SMCFG
register.

Input capture mode:

Bits Fields Descriptions

15:12 CH3CAPFLT[3:0] Channel 3 input capture filter control
Refer to CHOCAPFLT description

11:10 CH3CAPPSCJ1:0] Channel 3 input capture prescaler
Refer to CHOCAPPSC description

9:8 CH3MS[1:0] Channel 3 mode selection
Same as Output compare mode

74 CH2CAPFLT[3:0] Channel 2 input capture filter control

An event counter is used in the digital filter, in which a transition on the output occurs
after N input events. This bit-field specifies the frequency used to sample CI2 input
signal and the length of the digital filter applied to CI2.
0000: Filter disable, fsamp=fors, N=1
0001: fsamp=frimer_ck, N=2
0010: fsamp= frimer_ck, N=4
0011: fsamp= friver_ck, N=8
0100: fsamp=foTs/2, N=6
0101: fsamp=foTs/2, N=8
0110: fsamp=foTs/4, N=6
0111: fsamp=foTs/4, N=8
1000: fsamp=fpTs/8, N=6
1001: fsamp=fpTs/8, N=8
1010: fsamp=fpTs/16, N=5
1011: fsamp=fpTs/16, N=6
1100: fsamp=fpTs/16, N=8
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1101: fsamp=fprs/32, N=5
1110: fsamp=fprs/32, N=6
1111: fsamp=fprs/32, N=8

3:2 CH2CAPPSC[1:0] Channel 2 input capture prescaler
This bit-field specifies the factor of the prescaler on channel 2 input. The prescaler
is reset when CH2EN bit in TIMERx_CHCTL?2 register is clear.
00: Prescaler disable, capture is done on each channel input edge
01: Capture is done every 2 channel input edges
10: Capture is done every 4 channel input edges

11: Capture is done every 8 channel input edges

1.0 CH2MS[1:0] Channel 2 mode selection
Same as Output compare mode

Channel control register 2 (TIMERXx_CHCTL?2)

Address offset: 0x20
Reset value: 0x0000

This register can be accessed by half-word(16-bit) or word(32-bit)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved | CH3P ‘ CH3EN ‘ CH2NP ‘CHZNEN‘ CH2P ‘ CH2EN ‘ CHINP ‘CHlNEN‘ CH1P ‘ CHI1EN | CHONP ‘CHONENI CHOP ‘ CHOEN ‘
w w w w w w w w w 12 12 w w w
Bits Fields Descriptions
15:14 Reserved Must be kept at reset value
13 CH3P Channel 3 capture/compare function polarity

Refer to CHOP description

12 CH3EN Channel 3 capture/compare function enable
Refer to CHOEN description

11 CH2NP Channel 2 complementary output polarity
Refer to CHONP description

10 CH2NEN Channel 2 complementary output enable
Refer to CHONEN description

9 CH2P Channel 2 capture/compare function polarity
Refer to CHOP description

8 CH2EN Channel 2 capture/compare function enable
Refer to CHOEN description

7 CHINP Channel 1 complementary output polarity
Refer to CHONP description
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6 CHINEN Channel 1 complementary output enable
Refer to CHONEN description

5 CH1P Channel 1 capture/compare function polarity
Refer to CHOP description

4 CH1EN Channel 1 capture/compare function enable
Refer to CHOEN description

3 CHONP Channel 0 complementary output polarity
When channel 0 is configured in output mode, this bit specifies the complementary
output signal polarity.
0: Channel 0 active high
1: Channel 0 active low
This bit cannot be modified when PROT [1:0] bit-filed in TIMERX_CCHP register is
11 or 10 and CHOMS [1:0] bit-filed in TIMERX_CHCTLO register is 00.

2 CHONEN Channel 0 complementary output enable
When channel 0 is configured in output mode, setting this bit enables the
complementary output in channelO.
0: Channel 0 complementary output disabled
1: Channel 0 complementary output enabled

1 CHOP Channel 0 capture/compare function polarity
When channel 0 is configured in output mode, this bit specifies the output signal
polarity.
0: Channel 0 active high
1: Channel 0 active low
When channel 0 is configured in input mode, this bit specifies the CI0 signal polarity.
0: CIO is non-inverted. Input capture is done on a rising edge of CI0. When used as
extern trigger, CIO is non-inverted.
1: CIO is inverted. Input capture is done on a falling edge of CI0. When used as
extern trigger, CIO is inverted.
This bit cannot be modified when PROT [1:0] bit-filed in TIMERx_CCHP register is
11 or 10.

0 CHOEN Channel 0 capture/compare function enable

When channel 0 is configured in output mode, setting this bit enables CHO_O signal
in active state. When channel 0 is configured in input mode, setting this bit enables
the capture event in channelO.

0: Channel 0 disabled

1: Channel 0 enabled

Counter register (TIMERX_CNT)

Address offset: 0x24
Reset value: 0x0000
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This register can be accessed by half-word (16-bit) or word (32-bit)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CNT[15:0]
w
Bits Fields Descriptions
15:0 CNT[15:0] This bit-filed indicates the current counter value. Writing to this bit-filed can change
the value of the counter.
Prescaler register (TIMERXx_PSC)
Address offset: 0x28
Reset value: 0x0000
This register can be accessed by half-word (16-bit) or word (32-bit)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PSCI[15:0]
w
Bits Fields Descriptions
15:0 PSC[15:0] Prescaler value of the counter clock
The PSC clock is divided by (PSC+1) to generate the counter clock. The value of
this bit-filed will be loaded to the corresponding shadow register at every update
event.
Counter auto reload register (TIMERx_CAR)
Address offset: 0x2C
Reset value: 0x0000
This register can be accessed by half-word (16-bit) or word (32-bit)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CARL[15:0]
w
Bits Fields Descriptions
15:0 CARL[15:0] Counter auto reload value

This bit-filed specifies the auto reload value of the counter.
Note: When the timer is configured in input capture mode, this register must be
configured a non-zero value (such as OxFFFF) which is larger than user expected

value.
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Counter repetition register (TIMERx_CREP)
Address offset: 0x30
Reset value: 0x0000
This register can be accessed by half-word (16-bit) or word (32-bit)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved ‘ CREP[7:0]
w
Bits Fields Descriptions
15:8 Reserved Must be kept at reset value.
7:0 CREP[7:0] Counter repetition value
This bit-filed specifies the update event generation rate. Each time the repetition
counter counting down to zero, an update event is generated. The update rate of
the shadow registers is also affected by this bit-filed when these shadow registers
are enabled.
Channel 0 capture/compare value register (TIMERx_CHOCV)
Address offset: 0x34
Reset value: 0x0000
This register can be accessed by half-word (16-bit) or word (32-bit)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CHOVAL[15:0]
w
Bits Fields Descriptions
15:0 CHOVAL[15:0] Capture or compare value of channelO

15

14

When channel 0 is configured in input mode, this bit-filed indicates the counter value
corresponding to the last capture event. And this bit-filed is read-only.

When channel 0 is configured in output mode, this bit-filed contains value to be
compared to the counter. When the corresponding shadow register is enabled, the

shadow register updates every update event.

Channel 1 capture/compare value register (TIMERx_CHI1CV)

Address offset: 0x38
Reset value: 0x0000

This register can be accessed by half-word (16-bit) or word (32-bit)

13 12 11 10 9 8 7 6 5 4 3 2 1 0
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‘ CH1VAL[15:0] ‘
w
Bits Fields Descriptions
15:0 CH1VAL[15:0] Capture or compare value of channell
When channel 1 is configured in input mode, this bit-filed indicates the counter value
corresponding to the last capture event. And this bit-filed is read-only.
When channel 1 is configured in output mode, this bit-filed contains value to be
compared to the counter. When the corresponding shadow register is enabled, the
shadow register updates every update event.
Channel 2 capture/compare value register (TIMERx_CH2CV)
Address offset: 0x3C
Reset value: 0x0000
This register can be accessed by half-word (16-bit) or word (32-bit)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CH2VAL[15:0]
rw
Bits Fields Descriptions
15:0 CH2VAL[15:0] Capture or compare value of channel 2
When channel 2 is configured in input mode, this bit-filed indicates the counter value
corresponding to the last capture event. And this bit-filed is read-only.
When channel 2 is configured in output mode, this bit-filed contains value to be
compared to the counter. When the corresponding shadow register is enabled, the
shadow register updates every update event.
Channel 3 capture/compare value register (TIMERXx_CH3CV)
Address offset: 0x40
Reset value: 0x0000
This register can be accessed by half-word (16-bit) or word (32-bit)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CH3VAL[15:0]
w
Bits Fields Descriptions
15:0 CH3VAL[15:0] Capture or compare value of channel 3

When channel3 is configured in input mode, this bit-filed indicates the counter value

corresponding to the last capture event. And this bit-filed is read-only.

When channel 3 is configured in output mode, this bit-filed contains value to be
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compared to the counter. When the corresponding shadow register is enabled, the

shadow register updates every update event.

Complementary channel protection register (TIMERx_CCHP)

Address offset: 0x44

Reset value: 0x0000
This register can be accessed by half-word (16-bit) or word (32-bit)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ POEN | OAEN | BRKP ‘ BRKEN | ROS ‘ 10S | PROTI[1:0] ‘ DTCFG[7:0]

w w w w w w w w
Bits Fields Descriptions
15 POEN Primary output enable

This bit s set by software or automatically by hardware depending on the OAEN bit.
Itis cleared asynchronously by hardware as soon as the break input is active. When
one of channels is configured in output mode, setting this bit enables the channel
outputs (CHx_O and CHx_ON) if the corresponding enable bits (CHXEN, CHXNEN
in TIMERx_CHCTL?2 register) have been set.

0: Channel outputs are disabled or forced to idle state.

1: Channel outputs are enabled.

14 OAEN Output automatic enable
This bit specifies whether the POEN bit can be set automatically by hardware.
0: POEN can be not set by hardware.
1: POEN can be set by hardware automatically at the next update event, if the break
input is not active.
This bit can be modified only when PROT [1:0] bit-filed in TIMERx_CCHP register
is 00.

13 BRKP Break polarity
This bit specifies the polarity of the BRKIN input signal.
0: BRKIN input active low
1; BRKIN input active high

12 BRKEN Break enable
This bit can be set to enable the BRKIN and CKM clock failure event inputs.
0: Break inputs disabled
1; Break inputs enabled
This bit can be modified only when PROT [1:0] bit-filed in TIMERx_CCHP register
is 00.

11 ROS Run mode off-state configure
When POEN bit is set, this bit specifies the output state for the channels which has

a complementary output and has been configured in output mode.
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0: When POEN bit is set, the channel output signals (CHx_O/CHx_ON) are
disabled.
1: When POEN bit is set, the channel output signals (CHx_O/CHx_ON) are enabled,
with relationship to CHXEN/CHXNEN bits in TIMERXx_CHCTL2 register.
This bit cannot be modified when PROT [1:0] bit-filed in TIMERx_CCHP register is
10 or 11.

10 I0S Idle mode off-state configure
When POEN bit is reset, this bit specifies the output state for the channels which
has been configured in output mode.
0: When POEN bit is reset, the channel output signals (CHx_O/CHx_ON) are
disabled.
1: When POEN bit is reset, he channel output signals (CHx_O/CHx_ON) are
enabled, with relationship to CHXEN/CHXNEN bits in TIMERx_CHCTL2 register.
This bit cannot be modified when PROT [1:0] bit-filed in TIMERx_CCHP register is
10 or 11.

9:8 PROT[1:0] Complementary register protect control
This bit-filed specifies the write protection property of registers.
00: protect disable. No write protection.
01: PROT mode 0.The ISOX/ISOxN bits in TIMERx_CTL1 register and the
BRKEN/BRKP/OAEN/DTCFG bits in TIMERx_CCHP register are writing protected.
10: PROT mode 1. In addition of the registers in PROT mode 0, the CHxP/CHXNP
bits in TIMERx_CHCTL2 register (if related channel is configured in output mode)
and the ROS/IOS bits in TIMERx_CCHP register are writing protected.
11: PROT mode 2. In addition of the registers in PROT mode 1, the CHXCOMCTL/
CHXCOMSEN bits in TIMERx_CHCTLO/1 registers (if the related channel is
configured in output) are writing protected.
This bit-field can be written only once after the reset. Once the TIMERx_CCHP
register has been written, this bit-field will be writing protected.

7:0 DTCFG[7:0] Dead time configure

This bit-field controls the value of the dead-time, which is inserted before the output
transitions. The relationship between DTCFG value and the duration of dead-time
is as follow:

DTCFG [7:5] =3'bOxx: DTvalue = DTCFG [7:0] x toT, toT = toTs.

DTCFG [7:5] =3'b10x: DTvalue = (64+DTCFG [5:0]) x tpr, tor = tors X 2.

DTCFG [7:5] =3'b110: DTvalue = (32+DTCFG [4:0]) X to, toT = tors X 8.

DTCFG [7:5] =3'b111: DTvalue = (32+DTCFG [4:0]) X tor, toT = toTs X 16.

This bit can be modified only when PROT [1:0] bit-filed in TIMERXx_CCHP register
is 00.

DMA configuration register (TIMERx_DMACFG)

Address offset: 0x48
Reset value: 0x0000
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This register can be accessed by half-word (16-bit) or word (32-bit)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved DMATC[4:0] ‘ Reserved ‘ DMATA [4:0]
w w
Bits Fields Descriptions
15:13 Reserved Must be kept at reset value.
12:8 DMATC [4:0] DMA transfer count
This filed is defined the number of DMA will access(R/W) the register of
TIMERXx_DMATB
5'b0_0000: 1 time transfer
5'b0_0001: 2 times transfer
5'b1_0001: 18 times transfer
75 Reserved Must be kept at reset value.
4.0 DMATA [4:0] DMA transfer access start address
This filed define the first address for the DMA access the TIMERx_DMATB. When
access is done through the TIMERXx_DMA address first time, this bit-field specifies
the address you just access. And then the second access to the TIMERx_DMATB,
you will access the address of start address + 0x4.
5’b0_0000: TIMERx_CTLO
5'b0_0001: TIMERx_CTL1
5'b1_0010: TIMERx_DMACFG
In a word: Start Address = TIMERXx_CTLO + DMATA *4
DMA transfer buffer register (TIMERx_DMATB)
Address offset: 0x4C
Reset value: 0x0000
This register can be accessed by half-word (16-bit) or word (32-bit)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DMATBI[15:0]
rw
Bits Fields Descriptions
15:0 DMATBJ[15:0] DMA transfer buffer

When a read or write operation is assigned to this register, the register located at
the address range (Start Addr + Transfer Timer* 4) will be accessed.

The transfer Timer is calculated by hardware, and ranges from 0 to DMATC.

275



Z

GigaDevice GD32VF103 User Manual

276



e

GD32VF103 User Manual

GigaDevice
15.2. General levelO timer (TIMERX, x=1, 2, 3, 4)
15.2.1. Overview
The general levelO timer module (TIMERL, 2, 3, 4) is a four-channel timer that supports input
capture and output compare. They can generate PWM signals to control motor or be used for
power management applications. The general levelO time reference is a 16-bit counter that
can be used as an unsigned counter.
In addition, the general levelO timers can be programmed and be used to count or time
external events that drive other timers.
Timer are completely independent with each other, but there may be synchronized to provide
a larger timer with their counters value incrementing in unison.
15.2.2. Characteristics
B Total channel num: 4.
B Counter width: 16-bit.
B Clock source of timer is selectable: internal clock, internal trigger, external input, external
trigger.
B Multiple counter modes: up counting, down counting and center-aligned counting.
B Quadrature decoder: used for motion tracking and determination of both rotation
direction and position.
B Hall sensor function: used for 3-phase motor control.
B Programmable prescaler: 16-bit. The factor can be changed ongoing.
B Each channel is user-configurable: input capture mode, output compare mode,
programmable PWM mode and single pulse mode
B Auto-reload function.
B Interrupt output or DMA request: update event, trigger event and compare/capture event.
B Daisy chaining of timer modules to allow a single timer to initiate multiple timing events.
B Timer synchronization allows selected timers to start counting on the same clock cycle.
B Timer master/slave mode controller.
15.2.3. Block diagram

Figure 15-34. General Level O timer block diagram provides details on the internal

configuration of the general levelO timer.
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Figure 15-34. General Level 0 timer block diagram
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15.2.4. Function overview

Clock selection

The clock source of the general level0 TIMER can be either the CK_TIMER or an alternate
clock source controlled by SMC bits (TIMERx_SMCFG bit[2:0]).

B SMC [2:0] == 3’'b000. Internal timer clock CK_TIMER which is from module RCU.

The default clock source is the CK_TIMER for driving the counter prescaler when the slave
mode is disabled (SMC [2:0] == 3’'b000). When the CEN is set, the CK_TIMER will be divided
by PSC value to generate PSC_CLK.

In this mode, the TIMER_CK which drives counter’s prescaler to count is equal to CK_TIMER
which is from RCU module.

If the slave mode controller is enabled by setting SMC [2:0] in the TIMERX_SMCFG register
to an available value including 0x1, 0x2, 0x3 and Ox7, the prescaler is clocked by other clock
sources selected by the TRGS [2:0] in the TIMERx_SMCFG register, more details will be
introduced later. When the slave mode control bits SMC [2:0] are set to 0x4, 0x5 or 0x6, the
internal clock TIMER_CK is the counter prescaler driving clock source.
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Figure 15-35. Normal mode, internal clock divided by 1
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B SMC[2:0] == 3'b111 (external clock mode 0). External input pin is selected as timer clock
source

The TIMER_CK, which drives counter’s prescaler to count, can be triggered by the event of
rising or falling edge on the external pin TIMERx_CHO/TIMERx_CH1. This mode can be
selected by setting SMC [2:0] to 0x7 and the TRGS [2:0] to 0x4, 0x5 or 0x6.

And, the counter prescaler can also be driven by rising edge on the internal trigger input pin
ITI0/1/2/3. This mode can be selected by setting SMC [2:0] to 0x7 and the TRGS [2:0] to 0x0,
0x1, Ox2 or 0x3.

B SMC1== 1’b1 (external clock mode 1). External input ETI is selected as timer clock
source

The TIMER_CK, which drives counter’s prescaler to count, can be triggered by the event of
rising or falling edge on the external pin ETI. This mode can be selected by setting the SMC1
bit in the TIMERX_SMCEFG register to 1. The other way to select the ETI signal as the clock
source is setting the SMC [2:0] to 0x7 and the TRGS [2:0] to 0x7. Note that the ETI signal is
derived from the ETI pin sampled by a digital filter. When the ETI signal is selected as the
clock source, the trigger controller including the edge detection circuitry will generate a clock
pulse on each ETI signal rising edge to clock the counter prescaler.

Prescaler

The prescaler can divide the timer clock (TIMER_CK) to a counter clock (PSC_CLK) by any
factor ranging from 1 to 65536. It is controlled by prescaler register (TIMERx_PSC) which can
be changed ongoing, but it is adopted at the next update event.
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Figure 15-36. Counter timing diagram with prescaler division change from 1 to 2
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Up counting mode

In this mode, the counter counts up continuously from 0 to the counter reload value, which is
defined in the TIMERX_CAR register, in a count-up direction. Once the counter reaches the
counter reload value, the counter restarts from 0. If the repetition counter is set, the update
event will be generated after (TIMERx_CREP+1) times of overflow. Otherwise the update
event is generated each time when counter overflows. The counting direction bit DIR in the
TIMERX_CTLO register should be set to 0 for the up counting mode.

Whenever, if the update event software trigger is enabled by setting the UPG bit in the
TIMERX_SWEVG register, the counter value will be initialized to 0 and an update event will
be generated.

If the UPDIS bit in TIMERX_CTLO register is set, the update event is disabled.

When an update event occurs, all the registers (auto reload register, prescaler register) are
updated.

Figure 15-37. Timing chart of up counting mode, PSC=0/1 and_Figure 15-38. Timing
chart of up counting mode, change TIMERx CAR ongoing show some examples of the
counter behavior for different clock prescaler factors when TIMERX_CAR=0x63.
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Figure 15-37. Timing chart of up counting mode, PSC=0/1
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Figure 15-38. Timing chart of up counting mode, change TIMERx_CAR ongoing

mer ok [ [T UUUUUTUUUL

CEN __ |
CNT_CLK(PSC_CLK) ——|—|_|—|_|—|_|—|_|——|_|_|_|_|_|_|_|_|_|_|_|_|_|_|_|—|_
ARSE =0
ONT_REC
Update event (UPE) _|
Update interrupt flag (UPIF) Hardware set ~ |

Auto-reload register 65 >< 63 :
change CAR Vaule

ARSE =1 oNT REG 5= X(seX aoX o s2X saX 64X 69X ooX(on)X 02X X s2X e} ooX
-

Update event (UPE) _|

Update interrupt flag (UPIF) Hardware set ~ | iSOftware clear
¥~ Hardware set
Auto-reload register 65 X 63

change CAR Vaule

Auto-reload shadow
register

65 63

Down counting mode

In this mode, the counter counts down continuously from the counter reload value, which is
defined in the TIMERX_CAR register, in a count-down direction. Once the counter reaches 0,
the counter restarts to count again from the counter reload value. If the repetition counter is
set, the update event will be generated after (TIMERx_CREP+1) times of underflow.
Otherwise, the update event is generated each time when counter underflows. The counting
direction bit DIR in the TIMERx_CTLO register should be set to 1 for the down-counting mode.

When the update event is set by the UPG bit in the TIMERx_SWEVG register, the counter
value will be initialized to the counter reload value and an update event will be generated.

If the UPDIS bit in TIMERX_CTLO register is set, the update event is disabled.

When an update event occurs, all the registers (auto reload register, prescaler register) are
updated.

Figure 15-39. Timing chart of down counting mode, PSC=0/1 and Figure 15-40. Timing
chart of down counting mode, change TIMERx CAR.show some examples of the counter
behavior in different clock frequencies when TIMERX_CAR = 0x63.
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Figure 15-39. Timing chart of down counting mode, PSC=0/1
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Figure 15-40. Timing chart of down counting mode, change TIMERx_CAR.

CEN

CNT_CLK(PSC_CLK)

ARSE =0
S O CCO0CCCO0OCCS
Update event (UPE) _|

Hardware set ~a

Update interrupt flag (UPIF)

Auto-reload register 65 >< 63
change CAR Vaule

ARSE =1
AR, 060000 00000CCC
Update event (UPE)
Update interrupt flag (UPIF) Hardware set ~al A/Softw re clear
™~ Hardware set
Auto-reload register 65 )< 63 63 65,
change CAR Vaule ghange CAR Vaule
Auto-reload shadow register 65 63 65

Center-aligned counting mode

In the center-aligned counting mode, the counter counts up from 0 to the counter reload value
and then counts down to O alternatively. The timer module generates an overflow event when
the counter counts to (TIMERx_CREP-1) in the count-up direction and generates an
underflow event when the counter counts to 1 in the count-down direction. The counting
direction bit DIR in the TIMERx_CTLO register is read-only and indicates the counting
direction when in the center-aligned counting mode. The counting direction is updated by
hardware automatically.

Setting the UPG bit in the TIMERx_SWEVG register will initialize the counter value to 0 and
generate an update event irrespective of whether the counter is counting up or down in the
center-aligned counting mode.

The UPIF bit in the TIMERX_INTF register will be set to 1 either when an underflow event or
an overflow event occurs. While the CHXxIF bit is associated with the value of CAM in
TIMERX_CTLO. The details refer to.Figure 15-41. Timing chart of center-aligned counting

mode.
If the UPDIS bit in the TIMERX_CTLO register is set, the update event is disabled.
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When an update event occurs, all the registers (auto-reload register, prescaler register) are
updated.

Figure 15-41. Timing chart of center-aligned counting mode show some examples of the
counter behavior when TIMERx_CAR=0x63. TIMERx_PSC=0x0

Figure 15-41. Timing chart of center-aligned counting mode
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Capture/compare channels

The general levelO Timer has four independent channels which can be used as capture inputs
or compare outputs. Each channel is built around a channel capture compare register
including an input stage, a channel controller and an output stage.

H Input capture mode

Input capture mode allows the channel to perform measurements such as pulse timing,
frequency, period, duty cycle and so on. The input stage consists of a digital filter, a channel
polarity selection, edge detection and a channel prescaler. When a selected edge occurs on
the channel input, the current value of the counter is captured into the TIMERX_CHXCV
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register, at the same time the CHXxIF bit is set and the channel interrupt is generated if it is
enabled when CHxIE=1.

Figure 15-42. Input capture logic
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The input signals of channelx (CIx) can be the TIMERx_CHXx signal or the XOR signal of the

TIMERXx_CHO, TIMERx_CH1 and TIMERx_CH2 signals. First, the input signal of channel (CIx)
is synchronized to TIMER_CK signal, and then sampled by a digital filter to generate a filtered

input signal. Then through the edge detector, the rising or falling edge is detected by

configuring CHxP bit. The input capture signal can also be selected from the input signal of
other channel or the internal trigger signal by configuring CHxMS bits. The IC prescaler makes

several input events generate one effective capture event. On the capture event,

TIMERX_CHXxCV will store the value of counter.

So the process can be divided to several steps as below:

Step1: Filter configuration (CHXCAPFLT in TIMERX_CHCTLO).
Based on the input signal and quality of requested signal, configure compatible
CHXCAPFLT.

Step2: Edge selection (CHXP/CHxNP in TIMERx_CHCTLZ2).

Rising edge or falling edge, choose one by configuring CHxP/CHXNP bits.

Step3: Capture source selection (CHxMS in TIMERx_CHCTLO).
As soon as selecting one input capture source by CHxMS, the channel must be set to
input mode (CHxMS! =0x0) and TIMERx_CHXCV cannot be written any more.

Step4: Interrupt enable (CHxIE and CHXDEN in TIMERx_DMAINTEN).
Enable the related interrupt to get the interrupt and DMA request.
Step5: Capture enable (CHXEN in TIMERXx_CHCTL2).
Result: When the wanted input signal is captured, TIMERx_CHxCV will be set by counter’s

value and CHXxIF is asserted. If the CHxIF is 1, the CHxOF will also be asserted. The
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interrupt and DMA request will be asserted or not based on the configuration of CHXIE
and CHxDEN in TIMERx_DMAINTEN.
Direct generation: A DMA request or interrupt is generated by setting CHxG directly.

The input capture mode can be also used for pulse width measurement from signals on the
TIMERX_CHXx pins. For example, PWM signal connects to CI0 input. Select CI0 as channel 0
capture signals by setting CHOMS to 2’b01 in the channel control register (TIMERx_CHCTLO)
and set capture on rising edge. Select CIO as channel 1 capture signal by setting CH1MS to
2’b10 in the channel control register (TIMERx_CHCTLO) and set capture on falling edge. The
counter is set to restart mode and is restarted on channel O rising edge. Then the
TIMERX_CHOCV can measure the PWM period and the TIMERx_CH1CV can measure the
PWM duty cycle.

B Output compare mode

In output compare mode, the TIMERX can generate timed pulses with programmable position,
polarity, duration and frequency. When the counter matches the value in the TIMERXx_CHxCV
register of an output compare channel, the channel (n) output can be set, cleared, or toggled
based on CHXCOMCTL. When the counter reaches the value in the TIMERXx_CHXCYV register,
the CHXIF bit will be set and the channel (n) interrupt is generated if CHXIE = 1. And the DMA
request will be asserted, if CxCDE=1.

So the process can be divided into several steps as below:
Stepl: Clock configuration. Such as clock source, clock prescaler and so on.
Step2: Compare mode configuration.

Set the shadow enable mode by CHXCOMSEN

Set the output mode (Set/Clear/Toggle) by CHXCOMCTL
Select the active high polarity by CHxP

Enable the output by CHXEN

Step3: Interrupt/DMA-request enables configuration by CHxXIE/CxDEN

Step4: Compare output timing configuration by TIMERXx_CAR and TIMERx_CHXCV.
About the CHxVAL, you can change it on the go to meet the waveform you expected.

Stepb5: Start the counter by configuring CEN to 1.

Figure 15-43. Output-compare in_three modes show the three compare modes
toggle/set/clear. CAR=0x63, CHxVAL=0x3
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Figure 15-43. Output-compare in three modes
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PWM mode

In the PWM output mode (by setting the CHXCOMCTL bit to 3’'b110 (PWM mode 0) or to 3’'b
111(PWM mode 1)), the channel can generate PWM waveform according to the
TIMERX_CAR registers and TIMERX_CHXCYV registers.

Based on the counter mode, PWM can also be divided into EAPWM (Edge-aligned PWM)
and CAPWM (Center-aligned PWM).

The EAPWM'’s period is determined by TIMERX_CAR and the duty cycle is determined
by TIMERXx _CHXCV. Figure 15-44. EAPWM timechart shows the EAPWM output and
interrupts waveform.

The CAPWM period is determined by 2*TIMERx_CAR, and duty cycle is determined by
2*TIMERX_CHxCV. Figure 15-45. CAPWM timechart shows the CAPWM output and
interrupts waveform.

If TIMERXx_CHXCV is greater than TIMERx_CAR, the output will be always active under PWM
mode0 (CHXxCOMCTL==3'h110).

And if TIMERx_CHXCV is equal to zero, the output will be always inactive under PWM mode0
(CHXCOMCTL==3'b110).
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Figure 15-44. EAPWM timechart
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Figure 15-45. CAPWM timechart
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Channel output prepare signal

When the TIMERX is used in the compare match output mode, the OxCPRE signal (Channel
x Output prepare signal) is defined by setting the CHXCOMCTL filed. The OxCPRE signal has
several types of output function. These include, keeping the original level by setting the
CHxCOMCTL field to 0x00, set to 1 by setting the CHXCOMCTL field to 0x01, set to O by
setting the CHXCOMCTL field to 0x02 or signal toggle by setting the CHxCOMCTL field to
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0x03 when the counter value matches the content of the TIMERXx_CHXCYV register.

The PWM mode 0 and PWM mode 1 outputs are also another kind of OXCPRE output which
is setup by setting the CHXCOMCTL field to 0x06/0x07. In these modes, the OxCPRE signal
level is changed according to the counting direction and the relationship between the counter
value and the TIMERx_CHXCV content. With regard to a more detail description refer to the
relative bit definition.

Another special function of the OXCPRE signal is a forced output which can be achieved by
setting the CHxCOMCTL field to 0x04/0x05. Here the output can be forced to an
inactive/active level irrespective of the comparison condition between the counter and the
TIMERx_CHXxCV values.

The OxCPRE signal can be forced to 0 when the ETIFP signal is derived from the external
ETI pin and when it is set to a high level by setting the CHXCOMCEN bit to 1 in the
TIMERXx_CHCTLO register. The OxCPRE signal will not return to its active level until the next
update event occurs.

Quadrature decoder

The quadrature decoder function uses two quadrature inputs CIO and CI1 derived from the
TIMERx_CHO and TIMERX_CH1 pins respectively to interact with each other to generate the
counter value. Setting SMC=0x01, 0x02, or 0x03 to select that the counting direction of timer
is determined only by the CIO, only by the CI1, or by the CIO and the CI1. The DIR bit is
modified by hardware automatically during the voltage level change of each direction
selection source. The mechanism of changing the counter direction is shown in.Table 15-5.
Counting direction versus encoder signals. The quadrature decoder can be regarded as

an external clock with a direction selection. This means that the counter counts continuously
from 0 to the counter-reload value. Therefore, users must configure the TIMERX_CAR register
before the counter starts to count.

Table 15-5. Counting direction versus encoder signals

CIOFEO CI1FE1
Counting mode Level
Rising Falling Rising Falling
CIO only CI1FE1=High Down Up - -
counting CI1FEl=Low Up Down - -
CI1 only CIOFEO=High - - Up Down
counting CIOFEO=Low - - Down Up
CI1FE1=High Down Up X X
Cl0 and CI1 CI1FEl=Low Up Down X X
counting CIOFEO=High X X Up Down
CIOFEO=Low X X Down Up

Note:"-" means "no counting"; "X" means impossible.
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Figure 15-46. Example of counter operation in encoder interface mode
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Figure 15-47. Example of encoder interface mode with CIOFEQ polarity inverted
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Hall sensor function

Refer to Advanced timer (TIMERXx, x=0).

Slave controller

The TIMERX can be synchronized with a trigger in several modes including restart mode,
pause mode and event mode which is selected by the SMCJ[2:0] bits in the TIMERX_SMCFG
register. The input trigger of these modes can be selected by the TRGS[2:0] bits in the

TIMERx_SMCEFG register.
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Table 15-6. Slave controller examples

Mode Selection |Source Selection Polarity Selection Filter and Prescaler
LIST SMC[2:0] TRGS[2:0] If you choose the For the ITIx no filter
3'h100 (restart 000: ITIO CIOFEO or CI1FE1, and prescaler can be
mode) 001:ITI1 configure the CHxP and used.
3'h101 (pause 010: ITI2 CHXxNP for the polarity | For the CIx, configure
mode) 011:1TI3 selection and inversion. | Filter by CHXCAPFLT,
3'h110 (event 100: CIOF_ED | If you choose the ETIF, | no prescaler can be
mode) 101: CIOFEO configure the ETP for used.
110: CI1FE1 polarity selection and |For the ETIF, configure
111: ETIFP inversion. Filter by ETFC and
Prescaler by ETPSC.
Exam1l Restart mode TRGS[2:0]1=3'b000| For ITIO, no polarity For the ITIO, no filter
The counter can be ITIO is the selector can be used. | and prescaler can be
clear and restart selection. used.
when a rising trigger
input.
Figure 15-48. Restart mode
weo [|[UUUUUUUULUUUUUL
CEN
CNT_REG 5E 5FX 60X 61A 62 A 63\ 00A 01 O¢ @@@
UPIF |
ITI0 |_
Internal sync delay
TRGIF —
Exam?2 Pause mode TRGS[2:0]=3'b101| TI0S=0. (Non-xor) Filter is bypass in this
The counter can be | CIOFEO is the | [CHONP==0, CHOP==0] example.
paused when the selection. no inverted. Capture will
trigger input is low. be sensitive to the rising
edge only.
Figure 15-49. Pause mode
TIMER_CK —|_
CEN
CNT_REG 5E S5FA 60X 61, GZ><I
clo |
CIOFEO |
TRGIF |/
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Mode Selection |Source Selection Polarity Selection Filter and Prescaler
Exam3 Event mode TRGS[2:0]=3'b111 ETP =0 no polarity |ETPSC =1, divided by
The counter will ETIF is the change. 2.

start to count when selection. ETFC =0, no filter

a rising trigger input.

Figure 15-50. Event mode

ETIFP

CNT_REG 3= 5EX 60X 61,

TRGIF

Single pulse mode

Single pulse mode is enabled by setting SPM in TIMERx_CTLO. If SPM is set, the counter
will be cleared and stopped automatically when the next update event occurs. In order to get
a pulse waveform, the TIMERx is configured to PWM mode or compare mode by
CHXxCOMCTL.

Once the timer is set to the single pulse mode, it is not necessary to configure the timer enable
bit CEN in the TIMERx_CTLO register to 1 to enable the counter. Setting the CEN bit to 1 or
a trigger signal edge can generate a pulse and then keep the CEN bit at a high state until the
update event occurs or the CEN bit is written to 0 by software. If the CEN bit is cleared to 0
by software, the counter will be stopped and its value will be held. If the CEN bit is
automatically cleared to 0 by a hardware update event, the counter will be reinitialized.

In the single pulse mode, the active edge of trigger which sets the CEN bit to 1 will enable the
counter. However, there exists several clock delays to perform the comparison result between
the counter value and the TIMERXx_CHXCV value. In order to reduce the delay to a minimum
value, the user can set the CHXCOMFEN bit in TIMERx_CHCTLO/1 register. After a trigger
rising occurs in the single pulse mode, the OXCPRE signal will immediately be forced to the
state which the OXCPRE signal will change to, as the compare match event occurs without
taking the comparison result into account. The CHXCOMFEN bit is available only when the
output channel is configured to the PWM mode 0 or PWM mode 1 and the trigger source is
derived from the trigger signal.
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15.2.5.

Figure 15-51. Single pulse mode TIMERx_CHxCV = 0x04 TIMERx_CAR=0x60

TIMER_CK(CNT_CLK) J_|_—|_|_|_ U_U_U_U_Lﬂ_ﬂ_ﬂ_ﬂ_ﬂ_
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CNT_REG T W | @@@ 04 @Q@ 6
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Under SPM, counter stop

/
J

— (=)

Timers interconnection

Refer to Advanced timer (TIMERX, x=0).

Timer DMA mode

Timer DMA mode is the function that configures timer’s register by DMA module. The relative
registers are TIMERx_DMACFG and TIMERx_DMATB. Corresponding DMA request bit
should be asserted to enable DMA request for internal interrupt event. TIMERXx will send a
request to DMA when the interrupt event occurs. DMA is configured to M2P (memory to
peripheral) mode and the address of TIMERx_DMATB is configured to PADDR (peripheral
base address), then DMA will access the TIMERx_DMATB. In fact, TIMERx_DMATB register
is only a buffer, timer will map the TIMERXx_DMATB to an internal register, appointed by the
field of DMATA in TIMERx_DMACFG. If the field of DMATC in TIMERX _DMACFG is 0 (1
transfer), the timer sends only one DMA request. While if TIMERx_DMATC is not 0, such as
3 (4 transfers), then timer will send 3 more requests to DMA, and DMA will access timer’s
registers DMATA+0x4, DMATA+0x8 and DMATA+0xC at the next 3 accesses to
TIMERx_DMATB. In a word, one-time DMA internal interrupt event asserts, (DMATC+1) times
request will be sent by TIMERX.

If one more DMA request event occurs, TIMERX will repeat the process above.

Timer debug mode

When the RISC-V core halted, and the TIMERx_HOLD configuration bit in DBG_CTL register
set to 1, the TIMERX counter stops.

TIMERX registers(x=1,2,3,4)

TIMER1 base address: 0x40000000
TIMER2 base address: 0x40000400
TIMER3 base address: 0x40000800
TIMER4 base address: 0x40000C00
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Control register 0 (TIMERx_CTLO)
Address offset: 0x00
Reset value: 0x0000
This register can be accessed by half-word (16-bit) or word (32-bit)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved CKDIV[1:0] ‘ ARSE ‘ CAM[1:0] ‘ DIR ‘ SPM ‘ UPS ‘ UPDIS ‘ CEN ‘
w w w w w w w w
Bits Fields Descriptions
15:10 Reserved Must be kept at reset value
9:8 CKDIV[1:0] Clock division
The CKDIV bits can be configured by software to specify division ratio between the
timer clock (TIMER_CK) and the dead-time and sampling clock (DTS), which is
used by the dead-time generators and the digital filters.
00: fors=friMer_ck
01: fors= frimer_ck /2
10: fors= friver_ck /4
11: Reserved
7 ARSE Auto-reload shadow enable
0: The shadow register for TIMERX_CAR register is disabled
1: The shadow register for TIMERX_CAR register is enabled
6:5 CAM[1:0] Counter aligns mode selection
00: No center-aligned mode (edge-aligned mode). The direction of the counter is
specified by the DIR bit.
01: Center-aligned and counting down assert mode. The counter counts under
center-aligned and channel is configured in output mode (CHxMS=00 in
TIMERX_CHCTLO register). Only when the counter is counting down, compare
interrupt flag of channels can be set.
10: Center-aligned and counting up assert mode. The counter counts under center-
aligned and channel is configured in output mode (CHxMS=00 in TIMERx_CHCTLO
register). Only when the counter is counting up, compare interrupt flag of channels
can be set.
11: Center-aligned and counting up/down assert mode. The counter counts under
center-aligned and channel is configured in output mode (CHxMS=00 in
TIMERX_CHCTLO register). Both when the counter is counting up and counting
down, compare interrupt flag of channels can be set.
After the counter is enabled, cannot be switched from 0x00 to non 0x00.
4 DIR Direction
0: Count up

1: Count down
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15

14

This bit is read only when the timer is configured in Center-aligned mode or Encoder
mode.

SPM Single pulse mode.

0: Counter continues after update event.

1: The CEN is cleared by hardware and the counter stops at next update event.

UPS Update source

This bit is used to select the update event sources by software.
0: When enabled, any of the following events generate an update interrupt or DMA
request:

The UPG bit is set

The counter generates an overflow or underflow event

The slave mode controller generates an update event.
1: When enabled, only counter overflow/underflow generates an update interrupt or
DMA request.

UPDIS Update disable.

This bit is used to enable or disable the update event generation.
0: update event enable. The update event is generate and the buffered registers are
loaded with their preloaded values when one of the following events occurs:

The UPG bit is set

The counter generates an overflow or underflow event

The slave mode controller generates an update event.
1: update event disable. The buffered registers keep their value, while the counter
and the prescaler are reinitialized if the UG bit is set or if the slave mode controller

generates a hardware reset event.

CEN Counter enable

0: Counter disable
1: Counter enable
The CEN bit must be set by software when timer works in external clock, pause
mode and encoder mode. While in event mode, the hardware can set the CEN bit

automatically.

Control register 1 (TIMERx_CTL1)

Address offset: 0x04
Reset value: 0x0000

This register can be accessed by half-word (16-bit) or word (32-bit)

13 12 11 10 9 8 7 6 5 4 3 2 1 0

Reserved ‘ TIOS ‘ MMCJ[2:0] ‘ DMAS ‘ Reserved

Bits

I\ I\ w

Fields Descriptions
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15:8 Reserved Must be kept at reset value
7 TIOS Channel 0 trigger input selection
0: The TIMERx_CHO pin input is selected as channel O trigger input.
1: The result of combinational XOR of TIMERx_CHO, CH1 and CH2 pins is selected
as channel O trigger input.
6:4 MMCJ[2:0] Master mode control
These bits control the selection of TRGO signal, which is sent in master mode to
slave timers for synchronization function.
000: Reset. When the UPG bit in the TIMERx_SWEVG register is set or a reset is
generated by the slave mode controller, a TRGO pulse occurs. And in the latter
case, the signal on TRGO is delayed compared to the actual reset.
001: Enable. This mode is useful to start several timers at the same time or to control
a window in which a slave timer is enabled. In this mode the master mode controller
selects the counter enable signal TIMERx_EN as TRGO. The counter enable signal
is set when CEN control bit is set or the trigger input in pause mode is high. There
is a delay between the trigger input in pause mode and the TRGO output, except if
the master-slave mode is selected.
010: Update. In this mode the master mode controller selects the update event as
TRGO.
011: Capture/compare pulse. In this mode the master mode controller generates a
TRGO pulse when a capture or a compare match occurred.
100: Compare. In this mode the master mode controller selects the OOCPRE signal
is used as TRGO
101: Compare. In this mode the master mode controller selects the O1CPRE signal
is used as TRGO
110: Compare. In this mode the master mode controller selects the O2CPRE signal
is used as TRGO
111: Compare. In this mode the master mode controller selects the O3CPRE signal
is used as TRGO
3 DMAS DMA request source selection
0: DMA request of channel x is sent when channel x event occurs.
1: DMA request of channel x is sent when update event occurs.
2:0 Reserved Must be kept at reset value.
Slave mode configuration register (TIMERx_SMCFG)
Address offset: 0x08
Reset value: 0x0000
This register can be accessed by half-word (16-bit) or word (32-bit)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ ETP ‘ SMC1 ‘ ETPSC[1:0] ETFCI[3:0] ‘ MSM ‘ TRGS[2:0] Reserved SMC[2:0]
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Bits Fields

Descriptions

15 ETP

14 SMC1

13:12 ETPSC[1:0]

11:8 ETFC[3:0]

External trigger polarity

This bit specifies the polarity of ETI signal
0: ETl is active at high level or rising edge.
1: ETl is active at low level or falling edge.

Part of SMC for enable External clock model.

In external clock mode 1, the counter is clocked by any active edge on the ETIFP
signal.

0: External clock mode 1 disabled

1: External clock mode 1 enabled.

It is possible to simultaneously use external clock mode 1 with the restart mode,
pause mode or event mode. But the TRGS bits must not be 3'b111 in this case.
The external clock input will be ETIFP if external clock mode 0 and external clock
mode 1 are enabled at the same time.

Note: External clock mode 0 enable is in this register's SMC bit-filed.

External trigger prescaler

The frequency of external trigger signal ETIFP must not be at higher than 1/4 of
TIMER_CK frequency. When the external trigger signal is a fast clock, the prescaler
can be enabled to reduce ETIFP frequency.

00: Prescaler disable

01: ETIFP frequency will be divided by 2

10: ETIFP frequency will be divided by 4

11: ETIFP frequency will be divided by 8

External trigger filter control
An event counter is used in the digital filter, in which a transition on the output occurs
after N input events. This bit-field specifies the frequency used to sample ETIFP
signal and the length of the digital filter applied to ETIFP.
0000: Filter disabled. fsamp= fors, N=1.
0001: fsamp= friver_ck, N=2.
0010: fsamp= friver_ck, N=4.
0011: fsamp= friver_ck, N=8.
0100: fsamp=foTs/2, N=6.
0101: fsamp=foTs/2, N=8.
0110: fsamp=foTs/4, N=6.
0111: fsamp=fors/4, N=8.
1000: fsamp=fpTs/8, N=6.
1001: fsamp=fpTs/8, N=8.
1010: fsamp=fpTs/16, N=5.
1011: fsamp=foTs/16, N=6.
1100: fsamp=fpTs/16, N=8.
1101: fsamp=foTs/32, N=5.
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6:4

2:0

MSM

TRGS[2:0]

Reserved

SMC[2:0]

1110: fsamp=foTrs/32, N=6.
1111: fsamp=fors/32, N=8.

Master-slave mode

This bit can be used to synchronize selected timers to begin counting at the same
time. The TRGI is used as the start event, and through TRGO, timers are connected
together.

0: Master-slave mode disable

1: Master-slave mode enable

Trigger selection

This bit-field specifies which signal is selected as the trigger input, which is used to
synchronize the counter.

000: Internal trigger input O (ITIO)

001: Internal trigger input 1 (ITI1)

010: Internal trigger input 2 (ITI2)

011: Internal trigger input 3 (ITI3)

100: CIO edge flag (CIOF_ED)

101: channel 0 input Filtered output (CIOFEOQ)

110: channel 1 input Filtered output (CILFE1)

111: External trigger input filter output(ETIFP)

These bits must not be changed when slave mode is enabled.

Must be kept at reset value.

Slave mode control

000: Disable mode. The slave mode is disabled; The prescaler is clocked directly
by the internal clock (TIMER_CK) when CEN bit is set high.

001: Quadrature decoder mode 0.The counter counts on CI1FE1 edge, while the
direction depends on CIOFEO level.

010: Quadrature decoder mode 1.The counter counts on CIOFEO edge, while the
direction depends on CI1FEL1 level.

011: Quadrature decoder mode 2.The counter counts on both CIOFEO and CI1FE1
edge, while the direction depends on each other.

100: Restart mode. The counter is reinitialized and the shadow registers are
updated on the rising edge of the selected trigger input.

101: Pause mode. The trigger input enables the counter clock when it is high and
disables the counter when it is low.

110: Event mode. A rising edge of the trigger input enables the counter. The counter
cannot be disabled by the slave mode controller.

111: External clock modeO. The counter counts on the rising edges of the selected

trigger.

DMA and interrupt enable register (TIMERx_DMAINTEN)

Address offset: 0x0C
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Reset value: 0x0000

This register can be accessed by half-word (16-bit) or word (32-bit)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved | TRGDEN | Reserved | CH3DEN ‘ CH2DEN ‘ CH1DEN ‘ CHODEN ‘ UPDEN |Reserved| TRGIE |Reserved| CH3IE ‘ CH2IE ‘ CH1IE ‘ CHOIE ‘ UPIE ‘
w rw I\ I\ I\ rw rw rw rw w w w
Bits Fields Descriptions
15 Reserved Must be kept at reset value.
14 TRGDEN Trigger DMA request enable
0: disabled
1: enabled
13 Reserved Must be kept at reset value.
12 CH3DEN Channel 3 capture/compare DMA request enable
0: disabled
1: enabled
11 CH2DEN Channel 2 capture/compare DMA request enable
0: disabled
1: enabled
10 CH1DEN Channel 1 capture/compare DMA request enable
0: disabled
1: enabled
9 CHODEN Channel 0 capture/compare DMA request enable
0: disabled
1: enabled
8 UPDEN Update DMA request enable
0: disabled
1: enabled
7 Reserved Must be kept at reset value.
6 TRGIE Trigger interrupt enable
0: disabled
1: enabled
5 Reserved Must be kept at reset value.
4 CH3IE Channel 3 capture/compare interrupt enable
0: disabled
1: enabled
3 CH2IE Channel 2 capture/compare interrupt enable
0: disabled
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1: enabled

2 CH1IE Channel 1 capture/compare interrupt enable
0: disabled

1: enabled

1 CHOIE Channel 0 capture/compare interrupt enable
0: disabled
1: enabled

0 UPIE Update interrupt enable
0: disabled

1: enabled

Interrupt flag register (TIMERX_INTF)

Address offset: 0x10
Reset value: 0x0000

This register can be accessed by half-word (16-bit) or word (32-bit)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved ‘ CH3OF ‘ CH20F ‘ CH10F ‘ CHOOF ’ Reserved ‘ TRGIF |Reserved| CH3IF ’ CH3IF ‘ CH1IF ’ CHOIF ‘ UPIF ‘
rc_wo rc_w0 rc_w0 rc_w0 rc_wo rc_wo rc_wo rc_wo rc_wo rc_wo
Bits Fields Descriptions
15:13 Reserved Must be kept at reset value.
12 CH3O0F Channel 3 over capture flag

Refer to CHOOF description

11 CH20F Channel 2 over capture flag
Refer to CHOOF description

10 CH10F Channel 1 over capture flag
Refer to CHOOF description

9 CHOOF Channel 0 over capture flag
When channel 0 is configured in input mode, this flag is set by hardware when a
capture event occurs while CHOIF flag has already been set. This flag is cleared by
software.
0: No over capture interrupt occurred
1: Over capture interrupt occurred

8:7 Reserved Must be kept at reset value.

6 TRGIF Trigger interrupt flag
This flag is set by hardware on trigger event and cleared by software. When the
slave mode controller is enabled in all modes but pause mode, an active edge on
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trigger input generates a trigger event. When the slave mode controller is enabled
in pause mode both edges on trigger input generates a trigger event.

0: No trigger event occurred.

1: Trigger interrupt occurred.

5 Reserved Must be kept at reset value.

4 CHS3IF Channel 3 ‘s capture/compare interrupt enable
Refer to CHOIF description

3 CH2IF Channel 2 ‘s capture/compare interrupt enable
Refer to CHOIF description

2 CHL1IF Channel 1 ‘s capture/compare interrupt flag
Refer to CHOIF description

1 CHOIF Channel 0 ‘s capture/compare interrupt flag
This flag is set by hardware and cleared by software. When channel 0 is in input
mode, this flag is set when a capture event occurs. When channel 0 is in output
mode, this flag is set when a compare event occurs.
0: No Channel 1 interrupt occurred
1: Channel 1 interrupt occurred

0 UPIF Update interrupt flag
This bit is set by hardware on an update event and cleared by software.
0: No update interrupt occurred

1: Update interrupt occurred

Software event generation register (TIMERx_SWEVG)

Address offset: 0x14
Reset value: 0x0000

This register can be accessed by half-word (16-bit) or word (32-bit)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Reserved ‘ TRGG [Reserved| CH3G ‘ CH2G ‘ CH1G ‘ CHOG ‘ UPG ‘

w w w w w w

Bits Fields Descriptions
15:7 Reserved Must be kept at reset value.
6 TRGG Trigger event generation

This bit is set by software and cleared by hardware automatically. When this bit is
set, the TRGIF flag in TIMERX_STAT register is set, related interrupt or DMA
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transfer can occur if enabled.
0: No generate a trigger event
1: Generate a trigger event
5 Reserved Must be kept at reset value.
4 CH3G Channel 3’s capture or compare event generation
Refer to CHOG description
3 CH2G Channel 2’s capture or compare event generation
Refer to CHOG description
2 CH1G Channel 1’s capture or compare event generation
Refer to CHOG description
1 CHOG Channel 0’s capture or compare event generation
This bit is set by software in order to generate a capture or compare eventin channel
0, it is automatically cleared by hardware. When this bit is set, the CH1IF flag is set,
the corresponding interrupt or DMA request is sent if enabled. In addition, if channel
1 is configured in input mode, the current value of the counter is captured in
TIMERX_CHOCYV register, and the CHOOF flag is set if the CHOIF flag was already
high.
0: No generate a channel 1 capture or compare event
1: Generate a channel 1 capture or compare event
0 UPG This bit can be set by software, and cleared by hardware automatically. When this
bit is set, the counter is cleared if the center-aligned or up counting mode is selected,
else (down counting) it takes the auto-reload value. The prescaler counter is cleared
at the same time.
0: No generate an update event
1: Generate an update event
Channel control register 0 (TIMERXx_CHCTLO)
Address offset: 0x18
Reset value: 0x0000
This register can be accessed by half-word (16-bit) or word (32-bit)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CH1COM CH1COMCTL[2:0] CH1COM | CH1COM CH1MS[1:0] CHOCOM CHOCOMCTL[2:0] CHOCOM | CHOCOM CHOMS[1:0]
CEN SEN FEN CEN SEN FEN
CH1CAPFLT[3:0] CH1CAPPSC[1:0] CHOCAPFLT[3:0] CHOCAPPSC[1:0]
w w w w w w
Qutput compare mode:
Bits Fields Descriptions
15 CH1COMCEN Channel 1 output compare clear enable
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14:12

11

10

9:8

6:4

CH1COMCTL[2:0]

CH1COMSEN

CH1COMFEN

CH1MS[1:0]

CHOCOMCEN

CHOCOMCTL[2:0]

Refer to CHOCOMCEN description

Channel 1 compare output control
Refer to CHOCOMCTL description

Channel 1 output compare shadow enable
Refer to CHOCOMSEN description

Channel 1 output compare fast enable
Refer to CHOCOMSEN description

Channel 1 mode selection

This bit-field specifies the direction of the channel and the input signal selection.
This bit-field is writable only when the channel is not active. (CHL1EN bit in
TIMERXx_CHCTL2 register is reset).

00: Channel 1 is configured as output

01: Channel 1 is configured as input, IS1 is connected to CIOFE1

10: Channel 1 is configured as input, IS1 is connected to CI1FE1

11: Channel 1 is configured as input, IS1 is connected to ITS. This mode is working
only if an internal trigger input is selected through TRGS bits in TIMERX_SMCFG

register.

Channel 0 output compare clear enable.

When this bit is set, the OOCPRE signal is cleared when High level is detected on
ETIF input.

0: Channel 0 output compare clear disable

1: Channel 0 output compare clear enable

Channel 0 compare output control

This bit-field controls the behavior of the output reference signal OOCPRE which
drives CHO_O. O0OCPRE is active high, while CHO_O active level depends on CHOP
bits.

000: Timing mode. The OOCPRE signal keeps stable, independent of the
comparison between the register TIMERx_CHOCV and the counter TIMERX_CNT.
001: Set the channel output. OOCPRE signal is forced high when the counter
matches the output compare register TIMERx_CHOCV.

010: Clear the channel output. OOCPRE signal is forced low when the counter
matches the output compare register TIMERx_CHOCV.

011: Toggle on match. OOCPRE toggles when the counter matches the output
compare register TIMERx_CHOCV.

100: Force low. OOCPRE is forced low level.

101: Force high. OOCPRE is forced high level.

110: PWM mode0. When counting up, OOCPRE is active as long as the counter is
smaller than TIMERx_CHOCYV else inactive. When counting down, OOCPRE is
inactive as long as the counter is larger than TIMERXx_CHOCYV else active.

111: PWM model. When counting up, OOCPRE is inactive as long as the counter
is smaller than TIMERx_CHOCYV else active. When counting down, OOCPRE is
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active as long as the counter is larger than TIMERx_CHOCYV else inactive.
When configured in PWM mode, the OOCPRE level changes only when the output
compare mode switches from “Timing mode” mode to “PWM” mode or when the
result of the comparison changes.
This bit cannot be modified when PROT [1:0] bit-filed in TIMERx_CCHP register is
11 and CHOMS bit-filed is 00(COMPARE MODE).

3 CHOCOMSEN Channel 0 compare output shadow enable
When this bit is set, the shadow register of TIMERx_CHOCYV register, which updates
at each update event, will be enabled.
0: Channel 0 output compare shadow disable
1: Channel 0 output compare shadow enable
The PWM mode can be used without validating the shadow register only in single
pulse mode (SPM bit in TIMERx_CTLO register is set).
This bit cannot be modified when PROT [1:0] bit-filed in TIMERx_CCHP register is
11 and CHOMS bit-filed is 00.

2 CHOCOMFEN Channel 0 output compare fast enable
When this bit is set, the effect of an event on the trigger in input on the
capture/compare output will be accelerated if the channel is configured in PWMO or
PWML1 mode. The output channel will treat an active edge on the trigger input as a
compare match, and CHO_O is set to the compare level independently from the
result of the comparison.
0: Channel 0 output quickly compare disable. The minimum delay from an edge on
the trigger input to activate CHO_O output is 5 clock cycles.
1: Channel 0 output quickly compare enable. The minimum delay from an edge on
the trigger input to activate CHO_O output is 3 clock cycles.

1:0 CHOMS[1:0] Channel 0 I/O mode selection
This bit-field specifies the work mode of the channel and the input signal selection.
This bit-field is writable only when the channel is not active. (CHOEN bit in
TIMERX_CHCTL2 register is reset).).
00: Channel 0 is configured as output
01: Channel 0 is configured as input, 1SO is connected to CIOFEO
10: Channel 0 is configured as input, IS0 is connected to CILFEO
11: Channel 0 is configured as input, IS0 is connected to ITS. This mode is working
only if an internal trigger input is selected through TRGS bits in TIMERX_SMCFG
register.

Input capture mode:

Bits Fields Descriptions

15:12 CH1CAPFLT[3:0] Channel 1 input capture filter control
Refer to CHOCAPFLT description

11:10 CH1CAPPSCJ1:0] Channel 1 input capture prescaler
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Refer to CHOCAPPSC description

9:8 CH1MS[1:0] Channel 1 mode selection

Same as Output compare mode

74 CHOCAPFLTI[3:0] Channel 0 input capture filter control
An event counter is used in the digital filter, in which a transition on the output occurs
after N input events. This bit-field specifies the frequency used to sample CIO input
signal and the length of the digital filter applied to CIO.
0000: Filter disabled, fsamp=fors, N=1
0001: fsamp=friMER_CK, N=2
0010: fsamp= friMer_ck, N=4
0011: fsamp= friMer_ck, N=8
0100: fsamp=foTs/2, N=6
0101: fsamp=foTs/2, N=8
0110: fsamp=foTs/4, N=6
0111: fsamp=fors/4, N=8
1000: fsamp=fpTs/8, N=6
1001: fsamp=fpTs/8, N=8
1010: fsavp=foTs/16, N=5
1011: fsavp=foTs/16, N=6
1100: fsamp=foTs/16, N=8
1101: fsavp=fors/32, N=5
1110: fsavp=foTs/32, N=6
1111: fsamp=fprs/32, N=8

3:2 CHOCAPPSCJ1:0] Channel 0 input capture prescaler
This bit-field specifies the factor of the prescaler on channel 0 input. The prescaler
is reset when CHOEN bit in TIMERx_CHCTLZ2 register is clear.
00: Prescaler disable, capture is done on each channel input edge
01: Capture is done every 2 channel input edges
10: Capture is done every 4 channel input edges
11: Capture is done every 8 channel input edges

1.0 CHOMS[1:0] Channel 0 mode selection

Same as Output compare mode

Channel control register 1 (TIMERx_CHCTL1)

Address offset: 0x1C
Reset value: 0x0000

This register can be accessed by half-word (16-bit) or word (32-bit)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CH3COM CH3COMCTL[2:0] CH3COM | CH3COM CH3MSJ1:0] CH2COM CH2COMCTL[2:0] CH2COM |CH2COM CH2MS[1:0]
CEN SEN FEN CEN SEN FEN
CH3CAPFLT[3:0] CH3CAPPSCI1:0] CH2CAPFLT[3:0] CH2CAPPSC[1:0]
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w w w w w w
Output compare mode:

Bits Fields Descriptions

15 CH3COMCEN Channel 3 output compare clear enable
Refer to CHOCOMCEN description

14:12 CH3COMCTL[2:0] Channel 3 compare output control
Refer to CHOCOMCTL description

11 CH3COMSEN Channel 3 output compare shadow enable
Refer to CHOCOMSEN description

10 CH3COMFEN Channel 3 output compare fast enable
Refer to CHOCOMSEN description

9:8 CH3MS[1:0] Channel 3 mode selection
This bit-field specifies the direction of the channel and the input signal selection.
This bit-field is writable only when the channel is not active. (CH3EN bit in
TIMERX_CHCTL2 register is reset).
00: Channel 3 is configured as output
01: Channel 3 is configured as input, 1S3 is connected to CI2FE3
10: Channel 3 is configured as input, IS3 is connected to CI3FE3
11: Channel 3 is configured as input, IS3 is connected to ITS. This mode is working
only if an internal trigger input is selected through TRGS bits in TIMERXx_SMCFG
register.

7 CH2COMCEN Channel 2 output compare clear enable.
When this bit is set, the O2CPRE signal is cleared when High level is detected on
ETIF input.
0: Channel 2 output compare clear disable
1: Channel 2 output compare clear enable

6:4 CH2COMCTL][2:0] Channel 2 compare output control

This bit-field controls the behavior of the output reference signal O2CPRE which
drives CH2_0O. O2CPRE is active high, while CH2_O active level depends on CH2P
bits.

000: Timing mode. The O2CPRE signal keeps stable, independent of the
comparison between the output compare register TIMERx_CH2CV and the counter
TIMERX_CNT.

001: Set the channel output. O2CPRE signal is forced high when the counter
matches the output compare register TIMERx_CH2CV.

010: Clear the channel output. O2CPRE signal is forced low when the counter
matches the output compare register TIMERx_CH2CV.

011: Toggle on match. O2CPRE toggles when the counter matches the output
compare register TIMERx_CH2CV.

100: Force low. O2CPRE is forced low level.
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101: Force high. O2CPRE is forced high level.
110: PWM mode 0. When counting up, O2CPRE is active as long as the counter is
smaller than TIMERx_CH2CV else inactive. When counting down, O2CPRE is
inactive as long as the counter is larger than TIMERx_CH2CYV else active.
111: PWM mode 1. When counting up, O2CPRE is inactive as long as the counter
is smaller than TIMERx_CH2CV else active. When counting down, O2CPRE is
active as long as the counter is larger than TIMERx_CH2CV else inactive.
When configured in PWM mode, the O2CPRE level changes only when the output
compare mode switches from “Timing mode” mode to “PWM” mode or when the
result of the comparison changes.
This bit cannot be modified when PROT [1:0] bit-filed in TIMERx_CCHP register is
11 and CH2MS bit-filed is 00(COMPARE MODE).

3 CH2COMSEN Channel 2 compare output shadow enable
When this bit is set, the shadow register of TIMERx_CH2CYV register, which updates
at each update event will be enabled.
0: Channel 2 output compare shadow disable
1: Channel 2 output compare shadow enable
The PWM mode can be used without validating the shadow register only in single
pulse mode (SPM bit in TIMERx_CTLO register is set).
This bit cannot be modified when PROT [1:0] bit-filed in TIMERx_CCHP register is
11 and CHOMS bit-filed is 00.

2 CH2COMFEN Channel 2 output compare fast enable
When this bit is set, the effect of an event on the trigger in input on the
capture/compare output will be accelerated if the channel is configured in PWM1 or
PWM2 mode. The output channel will treat an active edge on the trigger input as a
compare match, and CH2_O is set to the compare level independently from the
result of the comparison.
0: Channel 2 output quickly compare disable. The minimum delay from an edge on
the trigger input to activate CH2_O output is 5 clock cycles.
1: Channel 2 output quickly compare enable. The minimum delay from an edge on
the trigger input to activate CH2_O output is 3 clock cycles.

1:0 CH2MS[1:0] Channel 2 I/O mode selection

Input capture mode:

This bit-field specifies the work mode of the channel and the input signal selection.
This bit-field is writable only when the channel is not active. (CH2EN bit in
TIMERX_CHCTL2 register is reset).).

00: Channel 2 is configured as output

01: Channel 2 is configured as input, 1IS2 is connected to CI2FE2

10: Channel 2 is configured as input, IS2 is connected to CI3FE2

11: Channel 2 is configured as input, IS2 is connected to ITS. This mode is working
only if an internal trigger input is selected through TRGS bits in TIMERx_SMCFG

register.
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Bits Fields Descriptions
15:12 CH3CAPFLT[3:0] Channel 3 input capture filter control

Refer to CHOCAPFLT description

11:10 CH3CAPPSC[1:0] Channel 3 input capture prescaler
Refer to CHOCAPPSC description

9:8 CH3MS[1:0] Channel 3 mode selection
Same as Output compare mode

74 CH2CAPFLT[3:0] Channel 2 input capture filter control
An event counter is used in the digital filter, in which a transition on the output occurs
after N input events. This bit-field specifies the frequency used to sample CI2 input
signal and the length of the digital filter applied to CI2.
0000: Filter disable, fsamp=fors, N=1
0001: fsamp=friMer_ck, N=2
0010: fsamp= frimer_ck, N=4
0011: fsamp= friver_ck, N=8
0100: fsamp=foTs/2, N=6
0101: fsamp=foTs/2, N=8
0110: fsamp=foTs/4, N=6
0111: fsamp=foTs/4, N=8
1000: fsamp=fpTs/8, N=6
1001: fsamp=fpTs/8, N=8
1010: fsamp=fpTs/16, N=5
1011: fsamp=fprs/16, N=6
1100: fsamp=fpTs/16, N=8
1101: fsamp=fprs/32, N=5
1110: fsamp=fprs/32, N=6
1111: fsamp=fprs/32, N=8

3:2 CH2CAPPSCJ1:0] Channel 2 input capture prescaler
This bit-field specifies the factor of the prescaler on channel 2 input. The prescaler
is reset when CH2EN bit in TIMERx_CHCTLZ2 register is clear.
00: Prescaler disable, capture is done on each channel input edge
01: Capture is done every 2 channel input edges
10: Capture is done every 4 channel input edges

11: Capture is done every 8 channel input edges

1:0 CH2MS[1:0] Channel 2 mode selection
Same as output compare mode

Channel control register 2 (TIMERx_CHCTL2)

Address offset: 0x20
Reset value: 0x0000
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This register can be accessed by half-word(16-bit) or word(32-bit)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved | CH3P ‘ CH3EN | Reserved | CH2P | CH2EN ‘ Reserved | CH1P ‘ CH1EN | Reserved | CHOP ‘ CHOEN ‘
w w w w w w w w

Bits Fields Descriptions
15:14 Reserved Must be kept at reset value
13 CH3P Channel 3 capture/compare function polarity

Refer to CHOP description

12 CH3EN Channel 3 capture/compare function enable
Refer to CHOEN description

11:10 Reserved Must be kept at reset value

9 CH2P Channel 2 capture/compare function polarity
Refer to CHOP description

8 CH2EN Channel 2 capture/compare function enable
Refer to CHOEN description

7:6 Reserved Must be kept at reset value

5 CH1P Channel 1 capture/compare function polarity
Refer to CHOP description

4 CH1EN Channel 1 capture/compare function enable
Refer to CHOEN description

3:2 Reserved Must be kept at reset value

1 CHOP Channel 0 capture/compare function polarity
When channel 0 is configured in output mode, this bit specifies the output signal
polarity.
0: Channel 0 active high
1: Channel 0 active low
When channel 0 is configured in input mode, this bit specifies the CI0 signal polarity.
0: CI0 is non-inverted. Input capture is done on a rising edge of Cl0. When used as
extern trigger, CIO is non-inverted.
1: CIO is inverted. Input capture is done on a falling edge of CI0. When used as

extern trigger, CIO is inverted.

0 CHOEN Channel 0 capture/compare function enable
When channel 0 is configured in output mode, setting this bit enables CHO_O signal
in active state. When channel 0 is configured in input mode, setting this bit enables
the capture event in channelO.
0: Channel 0 disabled
1: Channel 0 enabled
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Counter register (TIMERx_CNT)
Address offset: 0x24
Reset value: 0x0000
This register can be accessed by half-word (16-bit) or word (32-bit)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CNT[15:0]
rw
Bits Fields Descriptions
15:0 CNT[15:0] This bit-filed indicates the current counter value. Writing to this bit-filed can change
the value of the counter.
Prescaler register (TIMERXx_PSC)
Address offset: 0x28
Reset value: 0x0000
This register can be accessed by half-word (16-bit) or word (32-bit)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PSCI[15:0]
rw
Bits Fields Descriptions
15:0 PSC[15:0] Prescaler value of the counter clock
The PSC clock is divided by (PSC+1) to generate the counter clock. The value of
this bit-filed will be loaded to the corresponding shadow register at every update
event.
Counter auto reload register (TIMERXx_CAR)
Address offset: 0x2C
Reset value: 0x0000
This register can be accessed by half-word (16-bit) or word (32-bit)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CARL[15:0]
w
Bits Fields Descriptions
15:0 CARL[15:0] Counter auto reload value

This bit-filed specifies the auto reload value of the counter.
Note: When the timer is configured in input capture mode, this register must be
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configured a non-zero value (such as OxFFFF) which is larger than user expected
value.
Channel 0 capture/compare value register (TIMERXx_CHOCV)
Address offset: 0x34
Reset value: 0x0000
This register can be accessed by half-word (16-bit) or word (32-bit)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CHOVAL[15:0]
w
Bits Fields Descriptions
15:0 CHOVALJ[15:0] Capture or compare value of channel0
When channel 0 is configured in input mode, this bit-filed indicates the counter value
corresponding to the last capture event. And this bit-filed is read-only.
When channel 0 is configured in output mode, this bit-filed contains value to be
compared to the counter. When the corresponding shadow register is enabled, the
shadow register updates every update event.
Channel 1 capture/compare value register (TIMERXx_CH1CV)
Address offset: 0x38
Reset value: 0x0000
This register can be accessed by half-word (16-bit) or word (32-bit)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CH1VAL[15:0]
w
Bits Fields Descriptions
15:0 CH1VAL[15:0] Capture or compare value of channell

When channel 1 is configured in input mode, this bit-filed indicates the counter value
corresponding to the last capture event. And this bit-filed is read-only.

When channel 1 is configured in output mode, this bit-filed contains value to be
compared to the counter. When the corresponding shadow register is enabled, the

shadow register updates every update event.
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Channel 2 capture/compare value register (TIMERx_CH2CV)
Address offset: 0x3C
Reset value: 0x0000
This register can be accessed by half-word (16-bit) or word (32-bit)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CH2VAL[15:0]
w
Bits Fields Descriptions
15:0 CH2VAL[15:0] Capture or compare value of channel 2
When channel 2 is configured in input mode, this bit-filed indicates the counter value
corresponding to the last capture event. And this bit-filed is read-only.
When channel 2 is configured in output mode, this bit-filed contains value to be
compared to the counter. When the corresponding shadow register is enabled, the
shadow register updates every update event.
Channel 3 capture/compare value register (TIMERXx_CH3CV)
Address offset: 0x40
Reset value: 0x0000
This register can be accessed by half-word (16-bit) or word (32-bit)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CH3VAL[15:0]
rw
Bits Fields Descriptions
15:0 CH3VAL[15:0] Capture or compare value of channel 3

15

14

When channel3 is configured in input mode, this bit-filed indicates the counter value
corresponding to the last capture event. And this bit-filed is read-only.

When channel 3 is configured in output mode, this bit-filed contains value to be
compared to the counter. When the corresponding shadow register is enabled, the

shadow register updates every update event.

DMA configuration register (TIMERx_DMACFG)

Address offset: 0x48
Reset value: 0x0000

This register can be accessed by half-word (16-bit) or word (32-bit)

13

12 11 10 9 8 7 6 5 4 3 2 1 0

Reserved

DMATCI[4:0] ‘ Reserved ‘ DMATA [4:0]
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rw rw
Bits Fields Descriptions
15:14 Reserved Must be kept at reset value.
12:8 DMATC [4:0] DMA transfer count
This filed is defined the number of DMA will access(R/W) the register of
TIMERx_DMATB
5’b0_0000: 1 time transfer
5'b0_0001: 2 times transfer
5'b1_0001: 18 times transfer
75 Reserved Must be kept at reset value.
4.0 DMATA [4:0] DMA transfer access start address
This filed define the first address for the DMA access the TIMERx_DMATB. When
access is done through the TIMERXx_DMA address first time, this bit-field specifies
the address you just access. And then the second access to the TIMERx_DMATB,
you will access the address of start address + 0x4.
5’b0_0000: TIMERx_CTLO
5'b0_0001: TIMERx_CTL1
5'b1_0010: TIMERx_DMACFG
In a word: Start Address = TIMERX_CTLO + DMATA*4
DMA transfer buffer register (TIMERx_DMATB)
Address offset: 0x4C
Reset value: 0x0000
This register can be accessed by half-word (16-bit) or word (32-bit)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DMATBI[15:0]
w
Bits Fields Descriptions
15:0 DMATB[15:0] DMA transfer buffer

When a read or write operation is assigned to this register, the register located at
the address range (Start Addr + Transfer Timer* 4) will be accessed.
The transfer Timer is calculated by hardware, and ranges from 0 to DMATC.
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15.3.

15.3.1.

15.3.2.

15.3.8.

15.3.4.

Basic timer (TIMERX, x=5, 6)

Overview

The basic timer module (Timer5, 6) reference is a 16-bit counter that can be used as an
unsigned counter. The basic timer can be configured to generate DMA request and TRGO to
DAC.

Characteristics

Counter width: 16-bit.

Source of count clock is internal clock only.

Multiple counter modes: count up.

Programmable prescaler: 16-bit. The factor can be changed ongoing.
Single pulse mode is supported.

Auto-reload function.

Interrupt output or DMA request on update event.

Block diagram

Figure 15-52. Basic timer block diagram provides details on the internal configuration of

the basic timer.

Figure 15-52. Basic timer block diagram
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TIMER_CK PSC_CLK
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«——|Trigger Selector&Counter Counter

TIMERX_TRGO T T T
APB BUS Register /Interrupt CAR

Update | Register set and update
4""—9"”{ ' Interrupt collector
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Function overview

Clock selection

The basic TIMER can only being clocked by the internal timer clock CK_TIMER, which is from
the source named CK_TIMER in RCU
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The TIMER_CK, driven counter’s prescaler to count, is equal to CK_TIMER used to drive the
counter prescaler. When the CEN is set, the CK_TIMER will be divided by PSC value to

generate PSC_CLK.

Figure 15-53. Normal mode, internal clock divided by 1

CK_TIMER

CEN

update event generate(UPG)

Reload Pulse

Update event (UPE)

PSC_CLK = TIMER_CK

CNT_REG

Juu

UL

il

L

i

UUUuuuL

17

%

COee

&)

uuuuuyL
(XXX oK X oK)

Prescaler

The prescaler can divide the timer clock (TIMER_CK) to a counter clock (PSC_CLK) by any
factor ranging from 1 to 65536. It is controlled by prescaler register (TIMERx_PSC) which can
be changed ongoing, but it is adopted at the next update event.
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Figure 15-54. Counter timing diagram with prescaler division change from 1 to 2
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Up counting mode

In this mode, the counter counts up continuously from 0 to the counter-reload value, which is
defined in the TIMERX_CAR register, in a count-up direction. Once the counter reaches the
counter reload value, the counter restarts to count once again from 0.The update event is
generated at each counter overflow.

When the update event is set by the UPG bit in the TIMERXx_SWEVG register, the counter
value will be initialized to 0 and generates an update event.

If set the UPDIS bit in TIMERX_CTLO register, the update event is disabled.

When an update event occurs, all the registers (repetition counter, auto reload register,
prescaler register) are updated.

Figure 15-55. Timing chart of up counting mode, PSC=0/1 and Figure 15-56. Timing

chart of up counting mode, change TIMERx CAR ongoing show some examples of the
counter behavior for different clock prescaler factor when TIMERx_CAR=0x63.
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Figure 15-55. Timing chart of up counting mode, PSC=0/1
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Figure 15-56. Timing chart of up counting mode, change TIMERx_CAR ongoing
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Timer debug mode

When the RISC-V core halted, and the TIMERx_HOLD configuration bit in DBG_CTL register
set to 1, the TIMERX counter stops.
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15.3.5. TIMERX registers(x=5,6)
TIMERS base address: 0x40001000
TIMER®G base address: 0x40001400
Control register 0 (TIMERx_CTLO)
Address offset: 0x00
Reset value: 0x0000
This register can be accessed by half-word (16-bit) or word (32-bit)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved ‘ ARSE ’ Reserved ’ SPM ‘ UPS ’ UPDIS ‘ CEN ‘
w w 12 w w
Bits Fields Descriptions
15:8 Reserved Must be kept at reset value
7 ARSE Auto-reload shadow enable
0: The shadow register for TIMERX_CAR register is disabled
1: The shadow register for TIMERx_CAR register is enabled
6:4 Reserved Must be kept at reset value
3 SPM Single pulse mode.
0: Single pulse mode disable. Counter continues after update event.
1: Single pulse mode enable. The CEN is cleared by hardware and the counter
stops at next update event.
2 UPS Update source
This bit is used to select the update event sources by software.
0: When enabled, any of the following events generate an update interrupt or DMA
request:
The UPG bit is set
The counter generates an overflow or underflow event
The slave mode controller generates an update event.
1: When enabled, only counter overflow/underflow generates an update interrupt or
DMA request.
1 UPDIS Update disable.

This bit is used to enable or disable the update event generation.
0: update event enable. The update event is generate and the buffered registers are
loaded with their preloaded values when one of the following events occurs:

The UPG bit is set

The counter generates an overflow or underflow event

The slave mode controller generates an update event.
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1: update event disable. The buffered registers keep their value, while the counter
and the prescaler are reinitialized if the UG bit is set or if the slave mode controller
generates a hardware reset event.
0 CEN Counter enable
0: Counter disable
1: Counter enable
The CEN bit must be set by software when timer works in external clock, pause
mode and encoder mode. While in event mode, the hardware can set the CEN bit
automatically.
Control register 1 (TIMERx_CTL1)
Address offset: 0x04
Reset value: 0x0000
This register can be accessed by half-word (16-bit) or word (32-bit)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved ‘ MMCI2:0] | Reserved
I\
Bits Fields Descriptions
15:7 Reserved Must be kept at reset value
6:4 MMC[2:0] Master mode control
These bits control the selection of TRGO signal, which is sent in master mode to
slave timers for synchronization function.
000: Reset. When the UPG bit in the TIMERx_SWEVG register is set or a reset is
generated by the slave mode controller, a TRGO pulse occurs. And in the latter
case, the signal on TRGO is delayed compared to the actual reset.
001: Enable. This mode is useful to start several timers at the same time or to control
a window in which a slave timer is enabled. In this mode the master mode controller
selects the counter enable signal TIMERXx_EN as TRGO. The counter enable signal
is set when CEN control bit is set or the trigger input in pause mode is high. There
is a delay between the trigger input in pause mode and the TRGO output, except if
the master-slave mode is selected.
010: Update. In this mode the master mode controller selects the update event as
TRGO.
3.0 Reserved Must be kept at reset value.

Interrupt enable register (TIMERx_DMAINTEN)

Address offset: 0x0C
Reset value: 0x0000

321



e

GD32VF103 User Manual

GigaDevice
This register can be accessed by half-word (16-bit) or word (32-bit)
15 14 13 12 11 10 9 8 7 6 5 4 0
Reserved | UPDEN ‘ Reserved ‘ UPIE ‘
w w
Bits Fields Descriptions
15:9 Reserved Must be kept at reset value.
8 UPDEN Update DMA request enable
0: disabled
1: enabled
7:1 Reserved Must be kept at reset value.
0 UPIE Update interrupt enable
0: disabled
1: enabled
Interrupt flag register (TIMERX_INTF)
Address offset: 0x10
Reset value: 0x0000
This register can be accessed by half-word (16-bit) or word (32-bit)
15 14 13 12 11 10 9 8 7 6 5 4 0
Reserved ‘ UPIF ‘
rc_wo
Bits Fields Descriptions
15:1 Reserved Must be kept at reset value.
0 UPIF Update interrupt flag

15

14

This bit is set by hardware on an update event and cleared by software.

0: No update interrupt occurred
1: Update interrupt occurred

Software event generation register (TIMERx_SWEVG)

Address offset: 0x14
Reset value: 0x0000

This register can be accessed by half-word (16-bit) or word (32-bit)

13 12 11 10 9 8 7 6 5 4

Reserved
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Bits Fields Descriptions
15:1 Reserved Must be kept at reset value.
0 UPG This bit can be set by software, and cleared by hardware automatically. When this

bit is set, the counter is cleared. The prescaler counter is cleared at the same time.
0: No generate an update event

1: Generate an update event

Counter register (TIMERx_CNT)

Address offset: 0x24
Reset value: 0x0000

This register can be accessed by half-word (16-bit) or word (32-bit)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CNT[15:0]
w
Bits Fields Descriptions
15:0 CNTI[15:0] This bit-filed indicates the current counter value. Writing to this bit-filed can change

the value of the counter.

Prescaler register (TIMERx_PSC)

Address offset: 0x28
Reset value: 0x0000

This register can be accessed by half-word (16-bit) or word (32-bit)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PSC[15:0]
rw
Bits Fields Descriptions
15:0 PSC[15:0] Prescaler value of the counter clock

The PSC clock is divided by (PSC+1) to generate the counter clock. The value of
this bit-filed will be loaded to the corresponding shadow register at every update

event.

Counter auto reload register (TIMERx_CAR)

Address offset: 0x2C
Reset value: 0x0000
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This register can be accessed by half-word (16-bit) or word (32-bit)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CARL[15:0]
w
Bits Fields Descriptions
15:0 CARL[15:0] Counter auto reload value

This bit-filed specifies the auto reload value of the counter.
Note: When the timer is configured in input capture mode, this register must be
configured a non-zero value (such as OxFFFF) which is larger than user expected

value.
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16.

16.1.

16.2.

Universal synchronous/asynchronous receiver

[transmitter (USART)

Overview

The Universal Synchronous/Asynchronous Receiver/Transmitter (USART) provides a flexible
serial data exchange interface. Data frames can be transferred in full duplex or half duplex
mode, synchronously or asynchronously through this interface. A programmable baud rate
generator divides the peripheral clock (PCLK1 or PCLK2) to produce a dedicated baud rate
lock for the USART transmitter and receiver.

Besides the standard asynchronous receiver and transmitter mode, the USART implements
several other types of serial data exchange modes, such as IrDA (infrared data association)
SIR mode, smartcard mode, LIN (local interconnection network) mode, half-duplex mode and
synchronous mode. It also supports multiprocessor communication mode, and hardware flow
control protocol (CTS/RTS). The data frame can be transferred from LSB or MSB bit.

The USART supports DMA function for high-speed data communication, except UART4.

Characteristics

NRZ standard format

Asynchronous, full duplex communication

Half duplex single wire communication

Programmable baud-rate generator

- Divided from the peripheral clocks, PCLK2 for USARTO, PCLK1 for USART1/2 and
UART3/4.

- Oversampling by 16

- Maximum speed up to 6.75 MBits/s (PCLK2 108M and oversampling by 16)

®  Fully programmable serial interface characteristics:

- Even, odd or no-parity bit generation/detection

- Adata word length can be 8 or 9 bits

- 0.5,1, 1.5 or 2 stop bit generation

Transmitter and Receiver can be enabled separately

Hardware flow control protocol (CTS/RTS)

DMA request for data buffer access

LIN Break generation and detection

IrDA Support

Synchronous mode and transmitter clock output for synchronous transmission

ISO 7816-3 compliant smartcard interface
- Character mode (T=0)
B Multiprocessor communication
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- Enter into mute mode if address match does not occur
- Wake up from mute mode by idle frame or address match detection
B Various status flags:
- Flags for transfer detection: Receive buffer not empty (RBNE), Transmit buffer
empty (TBE), transfer complete (TC).
- Flags for error detection: overrun error (ORERR), noise error (NERR), frame error
(FERR) and parity error (PERR)
- Flag for hardware flow control: CTS changes (CTSF)
- Flag for LIN mode: LIN break detected (LBDF)
- Flag for multiprocessor communication: IDLE frame detected (IDLEF)
- Interrupt occurs at these events when the corresponding interrupt enable bits are
set
While USARTO0/1/2 is fully implemented, UART3/4 is only partially implemented with the
following features not supported.
B Smartcard mode
B Synchronous mode
B Hardware flow control protocol (CTS/RTS)
16.3. Function overview

The interface is externally connected to another device by the main pins listed in Table 16-1.
Description of USART important pins.

Table 16-1. Description of USART important pins

Pin Type Description
RX Input Receive Data
TX Output Transmit Data. High level when enabled but nothing
I/O (single-wire/Smartcard mode) to be transmitted
CK Output Serial clock for synchronous communication
nCTS Input Clear to send in hardware flow control mode
nRTS Output Request to send in hardware flow control mode
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Figure 16-1. USART module block diagram

TX <
SW_RX —»

RX  ——»

nRTS

nCTS — ™

PCLK

CPU/DMA

wil 4p e

USART Baud
Rate Register

Transmit
-t Shift -
Register
Eli'ith’;-\k A USART Data Register
Receive
> Shift  [—
Register
f §
USART Guard Time o
and Prescaler Register o CK
Ha;(liware CK Controller f———
low
Controller
USART Control
Registers
vy |vy d USART
. Address
Transmlttel; Transimit
clock 7| controler p
y A\ l A\
Receiver Receiver )
/16 clock ™ contoller | - Wakeup Unit
JUSARTDIV
A4 A \

USART Status Register [—#

USART Interrupt
Controller

16.3.1. USART frame format

The USART frame starts with a start bit and ends up with a number of stop bits. The length
of the data frame is configured by the WL bit in the USART_CTLO register. The last data bit
can be used as parity check bit by setting the PCEN bit of in USART_CTLO register. When
the WL bit is reset, the parity bit is the 7th bit. When the WL bit is set, the parity bit is the 8th
bit. The method of calculating the parity bit is selected by the PM bitin USART_CTLO register.

Figure 16-2. USART character frame (8 bits data and 1 stop bit)

IS I e B ' BV BV BV s BV
Data frame o
Start or parity bit
| 77 [ bito | bitt [ bite | bit3 | bit4a | bits | bitt | bit7 | stop | Start
Idle frame Start
*‘ ,Toplswrt

Break frame

In transmission and reception, the number of stop bits can be configured by the STBJ[1:0] bits
in the USART_CTL1 register.

Table 16-2. Stop bits configuration

STB[1:0] stop bit length (bit) usage description
00 1 default value
01 0.5 Smartcard mode for receiving
10 2 normal USART and single-wire modes
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STB[1:0] stop bit length (bit) usage description
11 15 Smartcard mode for transmitting and receiving
In an idle frame, all the frame bits are logic 1. The frame length is equal to the normal USART
frame.
Abreak frame is configured number of low bits followed by the configured number of stop bits.
The transfer speed of a USART frame depends on the frequency of the PCLK, the
configuration of the baud rate generator and the oversampling mode.
16.3.2. Baud rate generation
The baud-rate divider is a 16-bit number consisting of a 12-bit integer and a 4-bit fractional
part. The number formed by these two values is used by the baud rate generator to determine
the bit period. Having a fractional baud-rate divider allows the USART to generate all the
standard baud rates.
When oversampled by 16, the baud-rate divider (USARTDIV) has the following relationship
with the peripheral clock:
_ PCLK
USARTDIV= ToxBand Rale (16-1)
The peripheral clock is PCLK2 for USARTO and PCLK1 for USART1/2 and UART3/4. The
peripheral clock must be enabled through the clock control unit before enabling the USART.
1. Get USARTDIV by caculating the value of USART_BUAD:
If USART_BUAD=0x21D, then INTDIV=33 (0x21), FRADIV=13 (OxD).
USARTDIV=33+13/16=33.81.
2. Getthe value of USART_BUAD by calculating the value of USARTDIV:
If USARTDIV=30.37, then INTDIV=30 (Ox1E).
16*0.37=5.92, the nearest integer is 6, SO FRADIV=6 (0x6).
USART_BUAD=0x1ES®.
Note: If the roundness of FRADIV is 16 (overflow), the carry must be added to the
integer part.
16.3.3. USART transmitter

If the transmit enable bit (TEN) in USART_CTLO register is set, when the transmit data buffer
is not empty, the transmitter shifts out the transmit data frame through the TX pin. Clock pulses
can output through the CK pin.

After the TEN bit is set, an idle frame will be sent. The TEN bit should not be cleared while
the transmission is ongoing.
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After power on, the TBE bit is high by default. Data can be written to the USART_DATA when
the TBE bit of the USART_STAT register is asserted. The TBE bit is cleared by writing to the
USART_DATA register and it is set by hardware after the data is put into the transmit shift
register. If a data is written to the USART_DATA register while a transmission is ongoing, it
will be firstly stored in the transmit buffer, and transferred to the transmit shift register after
the current transmission is done. If a data is written to the USART_DATA register while no
transmission is ongoing, the TBE bit will be cleared and set soon, because the data will be
transferred to the transmit shift register immediately.
If a frame is transmitted and the TBE bit is asserted, the TC bit of the USART_STAT register
will be set. An interrupt will be generated if the corresponding interrupt enable bit (TCIE) is
set in the USART_CTLO register.
The USART transmit procedure is shown in Figure 16-3. USART transmit procedure. The
software operating process is as follows:
1. Write the WL bit in USART_CTLO to set the data bits length.
2. Setthe STB[1:0] bits in USART_CTL1 to configure the number of stop bits.
3. Enable DMA (DENT bit) in USART_CTLZ2 if multibuffer communication is selected.
4. Setthe baud rate in USART_BAUD.
5. Setthe TEN bit in USART_CTLO.
6. Setthe UEN bitin USART_CTLO to enable the USART
7. Wait for the TBE to be asserted.
8. Write the data to the USART_DATA register.
9. Repeat step7-8 for each data, if DMA is not enabled.
10. Wait until TC=1 to finish.
Figure 16-3. USART transmit procedure
TEN Write dataO to Write datal to Write data2 to
USART_DATA by USART_DATA by USART_DATA by
DMA or software DMA or software DMA or software
‘r/ set by hardware—b‘_( set by hardwar»‘_( set by hardvvar
USARALDAT:X data0 X datal X data2
. |<—id|e frame——>f¢————frame0 framel: frame2
e HERRERE | cleared by
softwgre
Tc setby hardware»ri
It is necessary to wait for the TC bit to be asserted before disabling the USART or entering
the power saving mode. This bit can be cleared by a software sequence: reading the
USART_STAT register and then writing the USART_DATA register. If the multibuffer
communication is selected (DENT=1), this bit can also be cleared by writing O directly.
16.3.4. USART receiver

After power on, the USART receiver can be enabled by the follow procedure:

1. Write the WL bit in USART_CTLO to set the data bits length.
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Set the STBJ[1:0] bits in USART_CTL1.

Enable DMA (DENR bit) in USART_CTL2 if multibuffer communication is selected.
Set the baud rate in USART_BAUD.

Set the REN bit in USART_CTLO.

Set the UEN bit in USART_CTLO to enable the USART.

o s W N

After being enabled, the receiver receives a bit stream after a valid start pulse has been
detected. Detection on noisy error, parity error, frame error and overrun error is performed
during the reception of a frame.

When a frame is received, the RBNE bit in USART_STAT is asserted, an interrupt is
generated if the corresponding interrupt enable bit (RBNEIE) is set in the USART_CTLO
register. The status of the reception are stored in the USART_STAT register.

The software can get the received data by reading the USART_DATA register directly, or
through DMA. The RBNE bit is cleared by a read operation on the USART_DATA register,
whatever it is performed by software directly, or through DMA.

The REN bit should not be disabled when reception is ongoing, or the current frame will be
lost.

By default, the receiver gets three samples to evaluate the value of a frame bit. While in the
oversampling 16 mode, the 7th, 8th, and 9th samples are used. If two or more samples of a
frame bit is 0, the frame bit is confirmed as a 0, else 1. If the value of the three samples of
any bit are not the same, whatever it is a start bit, data bit, parity bit or stop bit, a noisy error
(NERR) will be generated for the frame. An interrupt will be generated, if the receive DMA is
enabled and the ERRIE bit in USART_CTL2 register is set.

Figure 16-4. Receiving a frame bit by oversampling method

A

one frame bit

A 4

oversamplingT I I) T T T T I‘ T T 1 1‘ g 1 1 1—
2 A I A A A O A O A

If the parity check function is enabled by setting the PCEN bit in the USART_CTLO register,
the receiver calculates the expected parity value while receiving a frame. The received parity
bit will be compared with this expected value. If they are not the same, the parity error (PERR)
bit in USART_STAT register will be set. An interrupt is generated, if the PERRIE bit in
USART_CTLO register is set.

If the RX pin is evaluated as 0 during a stop bit, the frame error (FERR) bit in USART_STAT
register will be set. An interrupt is generated, If the receive DMA is enabled and the ERRIE
bit in USART_CTL2 register is set.

When a frame is received, if the RBNE bit is not cleared yet, the last frame will not be stored
in the receive data buffer. The overrun error (ORERR) bit in USART_STAT register will be set.
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An interrupt is generated, if the receive DMA is enabled and the ERRIE bit in USART_CTL2
register is set, or if the RBNEIE is set.

The RBNE, NERR, PERR, FERR and ORERR flags are always set at the same time in a
reception. If the receive DMA is not enabled, software can check NERR, PERR, FERR and
ORERR flags when serving the RBNE interrupt.

Use DMA for data buffer access

To reduce the burden of the processor, DMA can be used to access the transmitting and
receiving data buffer. The DENT bitin USART_CTL2 is used to enable the DMA transmission,
and the DENR bit in USART_CTL2 is used to enable the DMA reception.

When DMA is used for USART transmission, DMA transfers data from internal SRAM to the
transmit data buffer of the USART. The configuration steps are shown in Figure 16-5.
Configuration steps when using DMA for USART transmission.

Figure 16-5. Configuration steps when using DMA for USART transmission

Clear the TC bitin USART_STATO

A

Set the address of USART_DATA as
the DMA destination address

A

Set the address of data in internal
sram as the DMA source address

A

Set the number of data as the DMA
transfer number

A

Set other configurations of DMA,
interrupt enable, priority, etc

A

Enable the DMA channel for USART

A

Wait the TC bit to be set

After all of the data frames are transmitted, the TC bit in USART_STAT is set. An interrupt
occurs if the TCIE bit in USART_CTLO is set.

When DMA is used for USART reception, DMA transfers data from the receive data buffer of
the USART to the internal SRAM. The configuration steps are shown in Figure 16-6.
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16.3.6.

Configuration steps when using DMA for USART reception. If the ERRIE bit in
USART_CTL2 is set, interrupts can be generated by the Error status bits (FERR, ORERR
and NERR) in USART_STAT.

Figure 16-6. Configuration steps when using DMA for USART reception

Set the address of USART_DATA as
the DMA source address

\
Set the address of the buffer in

internal sram as the DMA destination
address

A

Set the number of data as the DMA
transfer number

A

Set other configurations of DMA,
interrupt enable, priority, etc

A

Enable the DMA channel for USART

When the number of the data received by USART reaches the DMA transfer number, an end
of transfer interrupt will be generated in the DMA module.

Hardware flow control

The hardware flow control function is realized by the nCTS and nRTS pins. The RTS flow
control is enabled by writing ‘1’ to the RTSEN bit in USART_CTL2 and the CTS flow control
is enabled by writing ‘1’ to the CTSEN bit in USART_CTL2.

Figure 16-7. Hardware flow control between two USARTSs

TX RX
TX module ncTs NRTS RX module
USART 1 USART 2
RX TX
RX module nRTS nCTS TX module
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RTS flow control
The USART receiver outputs the nRTS, which reflects the status of the receive buffer. When
data frame is received, the nRTS signal goes high to prevent the transmitter from sending
next frame. The nRTS signal keeps high when the receive buffer is full, and can be cleared
by reading the USART_DATA register.
CTS flow control
The USART transmitter monitors the nCTS input pin to decide whether a data frame can be
transmitted. If the TBE bit in USART_STAT is ‘0’ and the nCTS signal is low, the transmitter
transmits the data frame. When the nCTS signal goes high during a transmission, the
transmitter stops after the current transmission is accomplished.
Figure 16-8. Hardware flow control
RTS flow control
nRTS A A
RX
start datal |[stopi ide |sta] data2 stop i idle
CTS flow control
nCTS
USART_DAT empty | data 2 | empty | data 3 | empty
T data 1 | stop | start] data 2 [stopi idle | start| data3 [ stop idle
If the CTS flow control is enabled, the CTSF bit in USART_STAT is set when the nCTS pin
toggles. An interrupt is generated if the CTSIE bit in USART_CTL2 is set.
16.3.7. Multi-processor communication

In multiprocessor communication, several USARTSs are connected as a network. It will be a
big burden for a device to monitor all of the messages on the RX pin. To reduce the burden
of a device, software can put an USART module into a mute mode by setting the RWU bit in
USART_CTLO register.

If a USART is in mute mode, all of the receive status bits cannot be set. Software can wake
up the USART by clearing the RWU bit.

The USART can also be woken up by hardware by one of the two methods: idle frame method
and address match method.

The idle frame wake up method is selected by default. When an idle frame is detected on the
RX pin, the hardware clears the RWU bit and exits the mute mode. When it is woken up by
an idle frame, the IDLEF bit in USART_STAT will not be set.

When the WM bit of in USART_CTLO register is set, the MSB bit of a frame is detected as the
address flag. If the address flag is high, the frame is treated as an address frame. If the
address flag is low, the frame is treated as a data frame. If the LSB 4 bits of an address frame
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16.3.8.

are the same as the ADDR[3:0] bits in the USART_CTL1 register, the hardware will clear the
RWU bit and exits the mute mode. The RBNE bit will be set when the frame that wakes up
the USART. The status bits are available in the USART_STAT register. If the LSB 4 bits of an
address frame differ from the ADDR[3:0] bits in the USART_CTLA1 register, the hardware sets
the RWU bit and enters mute mode automatically. In this situation, the RBNE bit is not set.

If the address match method is selected, the receiver does not check the parity value of an
address frame by default. If the PCEN bit in USART_CTLO is set, the MSB bit will be checked
as the parity bit, and the bit preceding the MSB bit is detected as the address bit.

LIN mode

The local interconnection network mode is enabled by setting the LMEN bit in USART_CTL1.
The CKEN, WL, STB[1:0] bits in USART_CTL1 and the SCEN, HDEN, IREN bits in
USART_CTL2 should be cleared in LIN mode.

When transmitting a normal data frame, the transmission procedure is the same as the normal
USART mode. When the SBKCMD bit in USART_CTLO is set, the USART transmits 13 ‘0’
bits continuously, followed by 1 stop bit.

The break detection function is totally independent of the normal USART receiver. So a break
frame can be detected during the idle state or during a frame. The expected length of a break
frame can be selected by configuring LBLEN bit in USART_CTL1. When the RX pin is
detected at low state for a time that is equal to or longer than the expected break frame length
(10 bits when LBLEN=0, or 11 bits when LBLEN=1), the LBDF in USART_STAT is set. An
interrupt occurs if the LBDIE bit in USART_CTL1 is set.

As shown in Figure 16-9. Break frame occurs during idle state, if a break frame occurs
during the idle state on the RX pin, the USART receiver will receive an all ‘0’ frame, with an
asserted FERR status.

Figure 16-9. Break frame occurs during idle state

frame0 frame1: i <—frame2—>|
R [ [[TILPLPLETTTITTT [LLTITITTT]

FERR ' '|

USART_DATA X data0 X datal X 0000000 Xdataz

LBDF |

As shown in Figure 16-10. Break frame occurs during a frame, if a break frame occurs

during a frame on the RX pin, the FERR status will be asserted for the current frame.
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Figure 16-10. Break frame occurs during a frame
frame0 framel [&———frame!
e [T PELTTTT [LLTTTTTTT
FERR [¢——1 frame time :l
USART_DATA X data0 X datal X data2
LBDF
16.3.9. Synchronous mode

The USART can be used for full-duplex synchronous serial communications only in master
mode, by setting the CKEN bit in USART_CTL1. The LMEN bit in USART_CTL1 and SCEN,
HDEN, IREN bits in USART_CTL2 should be cleared in synchronous mode. The CK pin is
the clock output of the synchronous USART transmitter, and can be only activated when the
TEN bit is enabled. No clock pulse will be sent through the CK pin during the transmission of
the start bit and stop bit. The CLEN bit in USART_CTL1 can be used to determine whether
the clock is output or not during the last (address flag) bit transmission. The CPH bit in
USART_CTL1 can be used to determine whether data is captured on the first or the second
clock edge. The CPL bit in USART_CTL1 can be used to configure the clock polarity in the
USART synchronous idle state.

The CPL, CPH and CLEN bits in USART_CTL1 determine the waveform on the CK pin.
Software can only change them when the USART is disabled (UEN=0).

If the REN bit in USART_CTLO is set, the receiver works differently from the normal USART
reception method. The receiver samples the data on the capture edge of the CK pin without
any oversampling.

Figure 16-11. Example of USART in synchronous mode

RX  |lag Data output
X » Data input
USART Device
(master mode) (slave mode)
CK » Clock input
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Figure 16-12. 8-bit format USART synchronous waveform (CLEN=1)
Idle frame data (8-bit) il
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CK pin (CPL=0, CPH=1)
CKpin(CPL=1, CPH=1) | A | A A [ A | A [ 4 [ 4 [_4
Master data outpat— SR T3 T 1o | i3 | bia | bis | b6 | b7 | stop |
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16.3.10. IrDA SIR ENDEC mode

The IrDA mode is enabled by setting the IREN bit in USART_CTL2. The LMEN, STBJ[1:0],
CKEN bits in USART_CTL1 and HDEN, SCEN bits in USART_CTL2 should be cleared in
IrDA mode.

In IrDA mode, the USART transmission data frame is modulated in the SIR transmit encoder
and transmitted to the infrared LED through the TX pin. The SIR receive decoder receives the
modulated signal from the infrared LED through the RX pin, and puts the demodulated data
frame to the USART receiver. The baud rate should not be larger than 115200 for the encoder.

Figure 16-13. IrDA SIR ENDEC module
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In IrDA mode, the polarity of the TX pin and RX pin is different. The TX pin is usually at low
state, while the RX pin is usually at high state. The IrDA pins keep stable to represent the
logic ‘1’, while an infrared light pulse on the IrDA pins (a Return to Zero signal) represents the
logic ‘0’. The pulse width should be 3/16 of a bit period. The IrDA could not detect any pulse
if the pulse width is less than 1 PSC clock. While it can detect a pulse by chance if the pulse
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width is greater than 1 but smaller than 2 times of PSC clock.
Because the IrDAis a half-duplex protocol, the transmission and the reception should not be
carried out at the same time in the IrDA SIR ENDEC block.
Figure 16-14. IrDA data modulation
ovormal start [ 4 o[t o1 1 ]o o o1 ]o [ swp
g I I I
RX pin U |_| |_|
L Lo Lo [l 0 0o [ew
The SIR sub module can work in low power mode by setting the IRLP bit in USART_CTL2.
The transmit encoder is driven by a low speed clock, which is divided from the PCLK. The
division ratio is configured by the PSC[7:0] bits in USART_GP register. The pulse width on
the TX pin is 3 cycles of this low speed period. The receiver decoder works in the same
manner as the normal I[rDA mode.
16.3.11. Half-duplex communication mode
The half-duplex communication mode is enabled by setting the HDEN bit in USART_CTL2.
The LMEN, CKEN bits in USART_CTL1 and SCEN, IREN bits in USART_CTL2 should be
cleared in half-duplex communication mode.
In the half-duplex mode the receive line is internally connected to the TX pin, and the RX pin
is no longer used. The TX pin should be configured as output open drain mode. The software
should make sure that the transmission and reception process never conflict with each other.
16.3.12. Smartcard (ISO7816-3) mode

The smartcard mode is an asynchronous mode, which is designed to support the ISO7816-3
protocol. The smartcard mode is enabled by setting the SCEN bit in USART_CTL2. The
LMEN bit in USART_CTL1 and HDEN, IREN bits in USART_CTL2 should be reset in
smartcard mode.

A clock is provided to the external smart card through the CK pin after the CKEN bit is set.
The clock is divided from the PCLK. The divide ratio is configured by the PSCJ[4:0] bits in
USART_GP register. The CK pin only provides a clock source to the smartcard.

The smartcard mode is a half-duplex communication protocol. When connected to a
smartcard, the TX pin must be configured as open drain, and an external pull-up resistor will
be needed, which drives a bidirectional line that is also driven by the smartcard. The data
frame consists of 1 start bit, 9 data bits (1 parity bit included) and 1.5 stop bits. The 0.5 stop
bit may be configured for a receiver.

337



e

GigaDevice

GD32VF103 User Manual

16.3.13.

Figure 16-15. 1ISO7816-3 frame format
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ISO 7816-3 frame without parity error

0.5 it 1 bit

ISO 7816-3 frame with parity error

Character (T=0) mode

Compared to the timing in normal operation, the transmission time from transmit shift register
to the TX pin is delayed by half baud clock, and the TC flag assertion time is delayed by a
guard time that is configured by the GUAT[7:0] bits in USART_GP. In Smartcard mode, the
internal guard time counter starts counting up after the stop bits of the last data frame, and
the GUAT]7:0] bits should be configured as the character guard time (CGT) in 1ISO7816-3
protocol minus 12. The TC status is forced reset while the guard time counter is counting up.
When the counter reaches the programmed value TC is asserted high.

During USART transmission, if a parity error event is detected, the smartcard may NACK the
current frame by pulling down the TX pin during the last 1 bit time of the stop bits. The USART
can automatically resend data according to the protocol. The USART will not take the NACK
signal as the start bit.

During USART reception, if the parity error is detected in the current frame, the TX pin is
pulled low during the last 1 bit time of the stop bits. This signal is the NACK signal to smart
card. Then a frame error occurs in smart card side. The RBNE/receive DMA request is not
activated if the received character is erroneous. According to the protocol, the smart card can
resend the data. The NACK signal is enabled by setting the NKEN bit in USART_CTL2.

The idle frame and break frame are not applied for the Smartcard mode.

USART interrupts

The USART interrupt events and flags are listed in Table 16-3. USART interrupt requests.

Table 16-3. USART interrupt requests

. Enable
Interrupt event Event flag Control register .
Control bit
Transmit data buffer empty TBE USART_CTLO TBEIE
CTS toggled flag CTSF USART_CTL2 CTSIE
Transmission complete TC USART_CTLO TCIE
Received buff not empty RBNE
USART_CTLO RBNEIE
Overrun error ORERR
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. Enable
Interrupt event Event flag Control register )
Control bit
Idle frame IDLEF USART_CTLO IDLEIE
Parity error PERR USART_CTLO PERRIE
Break detected flag in LIN mode LBDF USART_CTL1 LBDIE
Reception Errors (Noise flag,
) i NERR or ORERR or
overrun error, framing error) in FERR USART_CTL2 ERRIE
DMA reception

All of the interrupt events are ORed together before being sent to the interrupt controller, so
the USART can only generate a single interrupt request to the controller at any given time.

Software can service multiple interrupt events in a single interrupt service routine.

Figure 16-16. USART interrupt mapping diagram
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16.4. Register definition
USARTO base address: 0x4001 3800
USART1 base address: 0x4000 4400
USART?2 base address: 0x4000 4800
UART3 base address: 0x4000 4C00
UART4 base address: 0x4000 5000
16.4.1. Status register (USART_STAT)
Address offset: 0x00
Reset value: 0x0000 00CO
This register has to be accessed by word (32-bit)
31 30 29 28 26 25 24 23 22 21 20 19 18 17 16
Reserved ‘
15 14 13 12 10 9 8 7 6 5 4 3 2 1 0
‘ Reserved ‘ CTSF ‘ LBDF ‘ TBE ‘ TC ‘ RBNE ‘ IDLEF ’ ORERR ‘ NERR ’ FERR ‘ PERR ‘
rc_w0 rc_wo r rc_wo rc_w0 r r r r r
Bits Fields Descriptions
31:10 Reserved Must be kept the reset value
9 CTSF CTS change flag
If CTSEN bit in USART_CTL2 is set, this bit is set by hardware when the nCTS input
toggles. An interrupt occurs if the CTSIE bit in USART_CTL2 is set.
Software can clear this bit by writing O to it.
0: The status of the nCTS line does not change
1: The status of the nCTS line has changed
This bit is reserved for UART3/4.
8 LBDF LIN break detected flag
This bit is set when LIN break is detected. An interrupt occurs if the LBDIE bit in
USART_CTL1 is set.
Software can clear this bit by writing 0 to it.
0: The USART does not detect a LIN break
1: The USART has detected a LIN break
7 TBE Transmit data buffer empty

This bit is set after power on or when the transmit data has been transferred to the
transmit shift register. An interrupt occurs if the TBEIE bit in USART_CTLO is set.
This bit is cleared when the software writes transmit data to the USART_DATA
register.

0: Transmit data buffer is not empty
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TC

RBNE

IDLEF

ORERR

NERR

FERR

1: Transmit data buffer is empty

Transmission complete

This bit is set after power on. If the TBE bit has been set, this bit is set when the
transmission of current data is complete. An interrupt occurs if the TCIE bit in
USART_CTLO is set.

Software can clear this bit by writing O to it.

0: Transmission of current data is not complete

1: Transmission of current data is complete

Read data buffer not empty

This bit is set when the read data buffer is filled with a data frame, which has been
received through the receive shift register. An interrupt occurs if the RBNEIE bit in
USART_CTLO is set.

Software can clear this bit by writing 0 to it or by reading the USART_DATA register.
0: Read data buffer is empty

1: Read data buffer is not empty

IDLE frame detected flag

This bit is set when the RX pin has been detected in idle state for a frame time. An
interrupt occurs if the IDLEIE bit in USART_CTLO is set.

Software can clear this bit by reading the USART_STAT and USART_DATA
registers one by one.

0: The USART module does not detect an IDLE frame

1: The USART module has detected an IDLE frame

Overrun error flag

This bit is set if the RBNE is not cleared and a new data frame is received through
the receive shift register. An interrupt occurs if RBNEIE bit in USART_CTLO is set.
In multi-processor communication or DMA mode, an interrupt occurs if ERRIE bit in
USART_CTL2 is set.

Software can clear this bit by reading the USART_STAT and USART_DATA
registers one by one.

0: The USART does not detect a overrun error

1: The USART has detected a overrun error

Noise error flag

This bit is set if the USART detects noise on the RX pin when receiving a frame. An
interrupt occurs if the ERRIE bit in USART_CTL2 is set.

Software can clear this bit by reading the USART_STAT and USART_DATA
registers one by one.

0: The USART does not detect a noise error

1: The USART has detected a noise error

Frame error flag
This bit is set when the RX pin is detected low during the stop bits of a receive
frame. An interrupt occurs if the ERRIE bit in USART_CTL2 is set.
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Software can clear this bit by reading the USART_STAT and USART_DATA
registers one by one.
0: The USART does not detect a framing error
1: The USART has detected a framing error
0 PERR Parity error flag
This bit is set when the parity bit of a receive frame does not match the expected
parity value. An interrupt occurs if the PERRIE bit in USART_CTLO is set.
Software can clear this bit in the sequence: read the USART_STAT register, and
then read or write the USART_DATA register.
0: The USART does not detect a parity error
1: The USART has detected a parity error
16.4.2. Data register (USART_DATA)
Offset: 0x04
Reset value: Undefined
This register has to be accessed by word (32-bit)
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ Reserved ‘
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ Reserved DATA[8:0] ‘
w
Bits Fields Descriptions
31:9 Reserved Must be kept the reset value
8:0 DATA[8:0] Transmitted or received data value
Software can write these bits to update the transmitted data or read these bits to
get the received data.
If the parity check function is enabled, when transmitted data is written to this
register, the MSB bit (bit 7 or bit 8 depending on the WL bit in USART_CTLO) will
be replaced by the parity bit.
16.4.3. Baud rate register (USART_BAUD)

31

30

Address offset: 0x08
Reset value: 0x0000 0000

The software must not write this register when the USART is enabled (UEN=1).
This register has to be accessed by word (32-bit)

29 28

27

26 25 24 23 22 21 20 19 18 17 16

Reserved
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
INTDIV [11:0] ‘ FRADIV[3:0]
w w
Bits Fields Descriptions
31:16 Reserved Must be kept the reset value
15:4 INTDIV[11:0] Integer part of baud-rate divider
3.0 FRADIV[3:0] Fraction part of baud-rate divider
16.4.4. Control register 0 (USART_CTLO)
Address offset: 0x0C
Reset value: 0x0000 0000
This register has to be accessed by word (32-bit)
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved ‘
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved ‘ UEN ‘ WL ‘ wM ‘ PCEN ‘ PM ‘ PERRIE ‘ TBEIE ‘ TCIE ‘ RBNEIE ‘ IDLEIE ‘ TEN ‘ REN ‘ RWU ‘SBKCMD‘
w rw w w w rw w rw w rw rw w rw w
Bits Fields Descriptions
31:14 Reserved Must be kept the reset value
13 UEN USART enable
0: USART disabled
1: USART enabled
12 WL Word length
0: 8 data bits
1: 9 data bits
11 WM Wakeup method in mute mode
0: Wake up by idle frame
1: Wake up by address match
10 PCEN Parity check function enable
0: Parity check function disabled
1: Parity check function enabled
9 PM Parity mode

0: Even parity
1: Odd parity
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8 PERRIE Parity error interrupt enable
If this bit is set, an interrupt occurs when the PERR bit in USART_STAT is set.
0: Parity error interrupt is disabled
1: Parity error interrupt is enabled

7 TBEIE Transmitter buffer empty interrupt enable
If this bit is set, an interrupt occurs when the TBE bit in USART_STAT is set.
0: Transmitter buffer empty interrupt is disabled

1: Transmitter buffer empty interrupt is enabled

6 TCIE Transmission complete interrupt enable
If this bit is set, an interrupt occurs when the TC bit in USART_STAT is set.
0: Transmission complete interrupt is disabled

1: Transmission complete interrupt is enabled

5 RBNEIE Read data buffer not empty interrupt and overrun error interrupt enable
If this bit is set, an interrupt occurs when the RBNE bit or the ORERR bit in
USART_STAT is set.
0: Read data register not empty interrupt and overrun error interrupt disabled
1: Read data register not empty interrupt and overrun error interrupt enabled

4 IDLEIE IDLE line detected interrupt enable
If this bit is set, an interrupt occurs when the IDLEF bit in USART_STAT is set.
0: IDLE line detected interrupt disabled
1: IDLE line detected interrupt enabled

3 TEN Transmitter enable
0: Transmitter is disabled
1: Transmitter is enabled

2 REN Receiver enable
0: Receiver is disabled

1: Receiver is enabled

1 RWU Receiver wakes up from mute mode.
Software can set this bit to make the USART work in mute mode and clear this bit
to wake up the USART.
If it is configured to wake up by idle frame (WM=0), this bit can be cleared by
hardware when an idle frame has been detected. If it is configured to wake up by
address matching (WM=1), this bit can be cleared by hardware when receiving an
address match frame or set by hardware when receiving an address mismatch
frame.
0: Receiver in active mode

1: Receiver in mute mode

0 SBKCMD Send break command
Software can set this bit to send a break frame.

Hardware clears this bit automatically when the break frame has been transmitted.
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31 30

0: Do not transmit a break frame
1: Transmit a break frame

Control register 1 (USART_CTL1)

Address offset: 0x10
Reset value: 0x0000 0000

This register has to be accessed by word (32-bit)

29 28 27 26 25 24 23 22 21 20 19 18 17

16

Reserved

15 14

13 12 11 10 9 8 7 6 5 4 3 2 1

Reserved

LMEN |

STB[1:0] ‘ CKEN ‘ CPL ‘ CPH ‘ CLEN |Reserved Reserved ADDR([3:0]

LBDIE ‘ LBLEN

w

Bits

w A A A w w I\ w

Fields Descriptions

31:15

14

13:12

11

10

Reserved Must be kept the reset value

LMEN LIN mode enable
0: LIN mode disabled
1: LIN mode enabled
This bit field cannot be written when the USART is enabled (UEN=1).

STB[1:0] Stop bits length
00: 1 stop bit
01: 0.5 stop hit
10: 2 stop bits
11: 1.5 stop bits
This bit field cannot be written when the USART is enabled (UEN=1).
Only 1 stop bit and 2 stop bits are available for UART3/4.

CKEN CK pin enable
0: CK pin disabled
1: CK pin enabled
This bit field cannot be written when the USART is enabled (UEN=1).
This bit is reserved for UART3/4.

CPL CK polarity
This bit specifies the polarity of the CK pin in synchronous mode.
0: The CK pinis in low state when the USART is in idle state
1: The CK pin is in high state when the USART is in idle state
This bit field cannot be written when the USART is enabled (UEN=1).
This bit is reserved for UART3/4.

CPH CK phase
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This bit specifies the phase of the CK pin in synchronous mode.
0: The capture edge of the LSB bit is the first edge of CK pin
1: The capture edge of the LSB bit is the second edge of CK pin
This bit field cannot be written when the USART is enabled (UEN=1).
This bit is reserved for UART3/4.
8 CLEN CK length
This bit specifies the length of the CK signal in synchronous mode.
0: There are 7 CK pulses for an 8 bit frame and 8 CK pulses for a 9 bit frame
1: There are 8 CK pulses for an 8 bit frame and 9 CK pulses for a 9 bit frame
This bit field cannot be written when the USART is enabled (UEN=1).
This bit is reserved for UART3/4.
7 Reserved Must be kept the reset value
6 LBDIE LIN break detected interrupt enable
If this bit is set, an interrupt occurs when the LBDF bit in USART_STAT is set.
0: LIN break detected interrupt is disabled
1: LIN break detected interrupt is enabled
5 LBLEN LIN break frame length
This bit specifies the length of a LIN break frame.
0: 10 bits
1: 11 bits
This bit field cannot be written when the USART is enabled (UEN=1).
4 Reserved Must be kept the reset value
3:0 ADDRJ[3:0] Address of the USART
If it is configured toln wake up by address matching (WM=1), the USART enters
mute mode when the LSB 4 bits of a received frame do not equal the ADDR[3:0]
bits, and wakes up when the LSB 4 bits of a received frame equal the ADDR[3:0]
bits.
16.4.6. Control register 2 (USART_CTL?2)
Address offset: 0x14
Reset value: 0x0000 0000
This register has to be accessed by word (32-bit)
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved ‘
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved ‘ CTSIE ‘ CTSEN ‘ RTSEN ‘ DENT ‘ DENR ‘ SCEN ‘ NKEN ‘ HDEN ‘ IRLP ‘ IREN ‘ ERRIE ‘
w w w w w w rw rw w w w
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31:11 Reserved Must be kept the reset value

10 CTSIE CTS interrupt enable

If this bit is set, an interrupt occurs when the CTSF bit in USART_STAT is set.
0: CTS interrupt disabled

1: CTS interrupt enabled

This bit is reserved for UART3/4.

9 CTSEN CTS enable
This bit enables the CTS hardware flow control function.
0: CTS hardware flow control disabled
1: CTS hardware flow control enabled
This bit field cannot be written when the USART is enabled (UEN=1).
This bit is reserved for UART3/4.

8 RTSEN RTS enable
This bit enables the RTS hardware flow control function.
0: RTS hardware flow control disabled
1: RTS hardware flow control enabled
This bit field cannot be written when the USART is enabled (UEN=1).
This bit is reserved for UART3/4.

7 DENT DMA request enable for transmission
0: DMA request is disabled for transmission

1: DMA request is enabled for transmission

6 DENR DMA request enable for reception
0: DMA request is disabled for reception

1: DMA request is enabled for reception

5 SCEN Smartcard mode enable
This bit enables the smartcard work mode.
0: Smartcard mode disabled
1: Smartcard mode enabled
This bit field cannot be written when the USART is enabled (UEN=1).
This bit is reserved for UART3/4.

4 NKEN NACK enable in Smartcard mode
This bit enables the NACK transmission when parity error occurs in smartcard
mode.
0: Disable NACK transmission
1: Enable NACK transmission
This bit field cannot be written when the USART is enabled (UEN=1).
This bit is reserved for UART3/4.

3 HDEN Half-duplex enable
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This bit enables the half-duplex USART mode.

0: Half duplex mode is disabled

1: Half duplex mode is enabled

This bit field cannot be written when the USART is enabled (UEN=1).

2 IRLP IrDA low-power
This bit selects low-power mode of IrDA mode.
0: Normal mode
1: Low-power mode
This bit field cannot be written when the USART is enabled (UEN=1).

1 IREN IrDA mode enable
This bit enables the IrDA mode of USART.
0: IrDA disabled
1: IrDA enabled
This bit field cannot be written when the USART is enabled (UEN=1).
This bit is reserved in USARTL.

0 ERRIE Error interrupt enable
When DMA request for reception is enabled (DENR=1), if this bit is set, an interrupt
occurs when any one of the FERR, ORERR and NERR bits in USART_STAT is set.
0: Error interrupt disabled

1: Error interrupt enabled

16.4.7. Guard time and prescaler register (USART_GP)

Address offset: 0x18
Reset value: 0x0000 0000

This register has to be accessed by word (32-bit)

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Reserved

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
GUAT[7:0] PSC[7:0]
w w
Bits Fields Descriptions
31:16 Reserved Must be kept the reset value.
15:8 GUAT[7:0] Guard time value in Smartcard mode

TC flag assertion time is delayed by GUAT[7:0] baud clock cycles.
This bit field cannot be written when the USART is enabled (UEN=1).
These bits are reserved for UART3/4.

7:0 PSCJ[7:0] When the USART IrDA low-power mode is enabled, these bits specify the division
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factor that is used to divide the peripheral clock (PCLK1/PCLK2) to generate the
low-power frequency.

00000000: Reserved - never program this value

00000001: Divided by 1

00000010: Divided by 2

11111111: Divided by 255

When the USART works in IrDA normal mode, these bits must be set to 00000001.
When the USART smartcard mode is enabled, the PSC [4:0] bits specify the division
factor that is used to divide the peripheral clock (APB1/APB2) to generate the
smartcard clock (CK). The actual division factor is twice as the PSC [4:0] value.
00000: Reserved - never program this value

00001: Divided by 2

00010: Divided by 4

11111: Divided by 62

The PSC [7:5] bits are reserved in smartcard mode.
This bit field cannot be written when the USART is enabled (UEN=1).
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17.

17.1.

17.2.

17.3.

Inter-integrated circuit interface (12C)

Overview

The 12C (inter-integrated circuit) module provides an 12C interface which is an industry
standard two-line serial interface for MCU to communicate with external 12C interface. 12C
bus uses two serial lines: a serial data line, SDA, and a serial clock line, SCL.

The 12C interface implements standard 12C protocol with standard mode, fast mode and fast
mode plus as well as CRC calculation and checking, SMBus (system management bus) and
PMBus (power management bus). It also supports multi-master 12C bus. The 12C interface
provides DMA mode for users to reduce CPU overload.

Characteristics

Parallel-bus to 12C-bus protocol converter and interface.

Both master and slave functions with the same interface.

Bi-directional data transfer between master and slave.

Supports 7-bit and 10-bit addressing and general call addressing.

Multi-master capability.

Supports standard mode (up to 100 kHz), fast mode (up to 400 kHz) and fast mode plus
(up to 1MHz).

Configurable SCL stretching in slave mode.

Supports DMA mode.
SMBus 2.0 and PMBus compatible.
2 Interrupts: one for successful byte transmission and the other for error event.

Optional PEC (packet error checking) generation and check.

Function overview

Figure 17-1. 12C module block diagram below provides details on the internal configuration

of the 12C interface.
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17.3.1.

Figure 17-1. 12C module block diagram

PEC register

I

CRC Calculation /
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0
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]
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APB Bus

SCL&———> SCL Controller

Control Registers

SMBA < >  Timing and
Control Logic

|

DMA/ Interrupts

Status Flags

Table 17-1. Definition of 12C-bus terminology (refer to the 12C specification of philips
semiconductors)

Term Description

Transmitter the device which sends data to the bus

Receiver the device which receives data from the bus

Mast the device which initiates a transfer, generates clock signal and terminates
aster
a transfer

Slave the device addressed by a master

. more than one master can attempt to control the bus at the same time
Multi-master ) ]
without corrupting the message

Synchronization |procedure to synchronize the clock signal of two or more devices

procedure to ensure that, if more than one master tries to control the bus
Arbitration simultaneously, only one is allowed to do so and the winning master’'s

message is not corrupted

SDA and SCL lines

The 12C module has two external lines, the serial data SDA and serial clock SCL lines. The
two wires carry information between the devices connected to the bus.

Both SDA and SCL are bidirectional lines, connected to a positive supply voltage via current-
source or p ull-up resistor. When the bus is free, both lines are HIGH. The output stages of
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17.3.2.

17.3.3.

17.3.4.

devices connected to the bus must have an open-drain or open-collect to perform the wired-
AND function. Data on the 12C-bus can be transferred at rates of up to 100 Kbit/s in the
standard mode, up to 400 Kbit/s in the fast mode and up to 1Mbit/s in the fast mode plus if
the FMPEN bit in 12C_FMPCFG is set. Due to the variety of different technology devices
(CMOS, NMOS, bipolar) that can be connected to the 12C-bus, the voltage levels of the logical
‘0’ (LOW) and ‘1’ (HIGH) are not fixed and depend on the associated level of Vpp.

Data validation

The data on the SDA line must be stable during the HIGH period of the clock. The HIGH or
LOW state of the data line can only change when the clock signal on the SCL line is LOW
(seeFigure 17-2. Data validation). One clock pulse is generated for each data bit transferred.

Figure 17-2. Data validation

scL SN/

START and STOP condition

All transactions begin with a START (S) and are terminated by a STOP (P) (see Eigure 17-3.
START and STOP condition). AHIGH to LOW transition on the SDA line while SCL is HIGH
defines a START condition. A LOW to HIGH transition on the SDA line while SCL is HIGH
defines a STOP condition.

Figure 17-3. START and STOP condition

START

SDA \
scL \

STOP /
SDA

SCL

Clock synchronization

Two masters can begin transmitting on a free bus at the same time and there must be a
method for deciding which master takes control of the bus and complete its transmission. This
is done by clock synchronization and bus arbitration. In a single master system, clock
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17.3.5.

17.3.6.

synchronization and bus arbitration are unnecessary.

Clock synchronization is performed using the wired-AND connection of 12C interfaces to the
SCL line. This means that a HIGH to LOW transition on the SCL line causes the masters
concerned to start counting off their LOW period and, once a master clock has gone LOW, it
holds the SCL line in that state until the clock HIGH state is reached (see Figure 17-4. Clock
synchronization). However, if another clock is still within its LOW period, the LOW to HIGH
transition of this clock may not change the state of the SCL line. The SCL line is therefore
held LOW by the master with the longest LOW period. Masters with shorter LOW periods
enter a HIGH wait-state during this time.

Figure 17-4. Clock synchronization

CLK1 \ /(
| wait: )I( count

CLK2 \
scl \ /

Arbitration

[T

Arbitration, like synchronization, is part of the protocol where more than one master is used
in the system. Slaves are not involved in the arbitration procedure.

A master may start a transfer only if the bus is free. Two masters may generate a START
condition within the minimum hold time of the START condition which results in a valid START
condition on the bus. Arbitration is then required to determine which master will complete its
transmission.

Arbitration proceeds bit by bit. During every bit, while SCL is HIGH, each master checks to
see whether the SDA level matches what it has sent. This process may take many bits. Two
masters can even complete an entire transaction without error, as long as the transmissions
are identical. The first time a master tries to send a HIGH, but detects that the SDA level is
LOW, then the master knows that it has lost the arbitration and turns off its SDA output driver.
The other master goes on to complete its transaction.

Figure 17-5. SDA Line arbitration
masterl

master2

SDA 1 0 1 0

saL /S S S\

I2C communication flow

Each 12C device is recognized by a unique address (whether it is a microcontroller, LCD driver,
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17.3.7.

memory or keyboard interface) and can operate as either a transmitter or receiver, depending
on the function of the device.

An 12C slave will continue to detect addresses after a START condition on 12C bus and
compare the detected address with its slave address which is programmable by software.
Once the two addresses match, the 12C slave will send an ACK to the 12C bus and responses
to the following command on 12C bus: transmitting or receiving the desired data. Additionally,
if General Call is enabled by software, the 12C slave always responses to a General Call
Address (0x00). The 12C block support both 7-bit and 10-bit address modes.

An 12C master always initiates or end a transfer using START or STOP condition and it’s also
responsible for SCL clock generation.

Figure 17-6. 12C communication flow with 7-bit address

[R@ ] DATAOQ [ACK] . [ DATAN [ NACK ]
|Sta”| Slave address [y ACK DATAQ [ACK| [ DATAN _|Ackiack] S1oP

data transfer (N+1 bytes)

I:I From master to slave I:I From slave to master

Figure 17-7. 12C communication flow with 10-bit address (Master Transmit)

Slave address bytel
(hreader)

11110xx|

|Stan| |W(0)|ACK| Slave address byte2 |ACK| DATAO |ACK| | DATAN |ACK|Stop|

. data transfer (N+1 bytes
write ( yies)

\:| From master to slave \:| From slave to master

Figure 17-8. 12C communication flow with 10-bit address (Master Receive)

Slave address
bytel (hreader)

Slave address
byte2

Slave address bytel
| S | (hreader) wo) |ACK|

11110 x x |
write read data transfer (N+1 bytes)

\:| From master to slave \:| From slave to master

Programming model

|ACK| Start R(1)|ACK| DATAO |ACK| | DATAN |NACK| St0p|

An 12C device such as LCD driver may only be a receiver, whereas a memory can both
receive and transmit data. In addition to transmitters and receivers, devices can also be
considered as masters or slaves when performing data transfers. A master is the device which
initiates a data transfer on the bus and generates the clock signal to permit that transfer. At
that time, any device addressed is considered as a slave.

An 12C device is able to transmit or receive data whether it’s a master or a slave, thus, there’re
4 operation modes for an 12C device:

Master Transmitter.
Master Receiver.
Slave Transmitter.

Slave Receiver.
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12C block supports all of the four 12C modes. After system reset, it works in slave mode. If it’s
programmed by software and finished sending a START condition on I12C bus, it changes into
master mode. The 12C changes back to slave mode after it’s programmed by software and
finished sending a STOP condition on 12C bus.

Programming model in slave transmitting mode

As is shown in Figure 17-9. Programming model for slave transmitting(10-bit address
mode), the following software procedure should be followed if users wish to make transaction
in slave transmitter mode:

1.

First of all, software should enable 12C peripheral clock as well as configure clock related
registers in 12C_CTL1 to make sure correct 12C timing. After enabled and configured,
I12C operates in its default slave state and waits for START condition followed by address
on 12C bus.

After receiving a START condition followed by a matched address, either in 7-bit format
or in 10-bit format, the 12C hardware sets the ADDSEND bit in I2C_STATO register, which
should be monitored by software either by polling or interrupt. After that software should
read I2C_STATO and then 12C_STAT1 to clear ADDSEND bit. If 10-bit addressing format
is selected, the I12C master should then send a repeated START(Sr) condition followed
by a header to the 12C bus. The slave sets ADDSEND bit again after it detects the
repeated START(Sr) condition and the following header. Software needs to clear the
ADDSEND bit again by reading 12C_STATO and then 12C_STAT1.

Now I12C enters data transmission stage and hardware sets TBE bit because both the
shift register and data register 12C_DATA are empty. Once TBE is set, Software should
write the first byte of data to 12C_DATA register, TBE is not cleared in this case because
the write byte in 12C_DATA is moved to the internal shift register immediately. 12C begins
to transmit data to 12C bus as soon as the shift register is not empty.

During the first byte’s transmission, software can write the second byte to 12C_DATA,
and this time TBE is cleared because neither I2C_DATA nor shift register is empty.

Any time TBE is set, software can write a byte to 12C_DATA as long as there are still data
to be transmitted.

During the second last byte’s transmission, software write the last data to 12C_DATA to
clear the TBE flag and doesn’t care TBE anymore. So TBE will be set after the byte’s
transmission and not cleared until a STOP condition.

I2C master doesn’t acknowledge to the last byte according to the 12C protocol, so after
sending the last byte, 12C slave will wait for the STOP condition on I12C bus and sets
AERR (Acknowledge Error) bit to notify software that transmission completes. Software
clears AERR bit by writing O to it.
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Figure 17-9. Programming model for slave transmitting(10-bit address mode)

12C Line State Hardware Action Software Flow
IDLE 1) Software initialization
Master generates START
condition

Master sends Header
Slave sends Acknowledge

Master sends Address
Slave sends Acknowledge

Master generates repeated SetADDSEND I I_,| 2) Clear ADDSEND |
START condition
Master sends header
Slave sends Acknowledge |
Set ADDSEND |

|—>| 2) Clear ADDSEND |

Set TBE
3) Write DATA(L) to 12C_DATA |
1]
Slave sends DATA(1)

Master sends Acknowledge | 4) Write DATA(2) to I2C_DATA |

Set TBE .
5) Write DATA(3) to I2C_DATA |
Set TBE
Write DATA(X) to I2C_DATA|

Set TBE
6)Write DATA(N) to [2C_DATA |

SCL stretched by slave

o

...... ( Data transmission )

Slave sends DATA(N-2)
Master sends Acknowledge

Slave sends DATA(N-1)
Master sends Acknowledge

PR R

Set TBE |
Slave sends DATA(N)
Master DON'T send Ack
Set AERR I
Master generates STOP |—>| 7) Clear AERR
condition
Clear TBE |

Programming model in slave receiving mode

As is shown in Figure 17-10. Programming model for slave receiving(10-bit address

mode), the following software procedure should be followed if users wish to make reception
in slave receiver mode:

1. First of all, software should enable I2C peripheral clock as well as configure clock related
registers in I2C_CTL1 to make sure correct 12C timing. After enabled and configured,
I2C operates in its default slave state and waits for START condition followed by address
on 12C bus.

2. After receiving a START condition followed by a matched 7-bit or 10-bit address, the 12C
hardware sets the ADDSEND bit in I2C status register, which should be monitored by
software either by polling or interrupt. After that software should read 12C_STATO and
then 12C_STAT1 to clear ADDSEND bit. The 12C begins to receive data to 12C bus as
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soon as ADDSEND bit is cleared.

As soon as the first byte is received, RBNE is set by hardware. Software can now read
the first byte from [12C_DATA and RBNE is cleared as well.

Any time RBNE is set, software can read a byte from [2C_DATA.
After last byte is received, RBNE is set. Software reads the last byte.

STPDET bit is set when 12C detects a STOP condition on 12C bus and software reads
[2C_STATO and then write 12C_CTLO to clear the STPDET bit.

Figure 17-10. Programming model for slave receiving(10-bit address mode)

I2C Line State Hardware Action Software Flow
IDLE
Master generates START T
condition 1) Software initialization

Slave sends Acknowledge

Master sends Header

Slave sends Acknowledge

Master sends Address

L setappsenp |
SCL stretched by slave L’| 2) Clear ADDSEND
Master sends DATA(1)
Slave sends Acknowledge
_l—»| Set RBNE | -
3) Read DATA(1
...... (Data transmission) L’| ) @) |
_l—»| Set RBNE i
Master sends DATA(N) L’| 4) Read DATA(X) |
Slave sends Acknowledge
_|—»| Set RBNE '
Master generates STOP | |_>| 5) Read DATA(N) |
condition |
Set STPDET | |

|—>| 6) Clear STPDET

Programming model in master transmitting mode

As it shows in Figure 17-11. Programming model for master transmitting(10-bit address

mode), the following software procedure should be followed if users wish to make transaction

in master transmitter mode:

1.

First of all, software should enable 12C peripheral clock as well as configure clock related
registers in 12C_CTL1 to make sure correct 12C timing. After enabled and configured,
I2C operates in its default slave state and waits for START condition followed by address
on 12C bus.

Software set START bit requesting I12C to generate a START condition to 12C bus.
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After sending a START condition, the 12C hardware sets the SBSEND bit in 12C status
register and enters master mode. Now software should clear the SBSEND bit by reading
I2C_STATO and then writing a 7-bit address or header of a 10-bit address to 12C_DATA.
I2C begins to send address or header to 12C bus as soon as SBSEND bit is cleared. If
the address sent is a header of 10-bit address, the hardware sets ADD10S END bit after
sending header and software should clear the ADD10SEND bit by reading 12C_STATO
and writing 10-bit lower address to 12C_DATA.

After the 7-bit or 10-bit address is sent, the 12C hardware sets the ADDSEND bit and
software should clear the ADDSEND bit by reading 12C_STATO and then [2C_STAT1.

Now 12C enters data transmission stage and hardware sets TBE bit because both the
shift register and data register 12C_DATA are empty. Software now write the first byte
data to 12C_DATA register, but the TBE is not cleared because the write byte in
I2C_DATA s moved to internal shift register immediately. The 12C begins to transmit data
to 12C bus as soon as shift register is not empty.

During the first byte’s transmission, software can write the second byte to 12C_DATA,
and this time TBE is cleared because neither [2C_DATA nor shift register is empty.

Any time TBE is set, software can write a byte to 12C_DATA as long as there are still data
to be transmitted.

During the second last byte’s transmission, software write the last data to 12C_DATA to
clear the TBE flag and doesn’t care TBE anymore. So TBE will be asserted after the
byte’s transmission and not cleared until a STOP condition.

After sending the last byte, 12C master sets BTC bit because both shift register and
I2C_DATA are empty. Software should program a STOP request now, and the 12C clears
both TBE and BTC flags after sending a STOP condition.
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Figure 17-11. Programming model for master transmitting(10-bit address mode)

I12C Line State Hardware Action Software Flow

| 1) Software nitialization |

IDLE | 2) Set START |
Master generates START I
conqition |
SCL stretched by master ( Set SBSEND }_\_,{ 3) Clear SBSEND |

Master sends Header
Slave sends Acknowledge

Set ADD10SEND
SCL stretched by master L’| }_\—»{ 4) Clear ADD10SEND |
I

Set ADDSEND
L'| }_‘—»{ 4) Clear ADDSEND |

Master sends Address
Slave sends Acknowledge

SCL stretched by master | Set TBE
h—’{ 5) Write DATA(L) to 12C_DATA |
T
Master sends DATA(1) -
Slave sends Acknowledge | 6) Write DATA(2) to 12C_DATA |

Set TBE
7) Wiite DATA(3) to 12C_DATA |
Set TBE
Write DATA(x) to 12C_DATA|

Set TBE
8)Write DATA(N) to 12C_DATA |

Set TBE |

SetBTC
9) Set STOP

...... ( Data transmission )

Master sends DATA(N-2)
Slave sends Acknowledge

Master sends DATA(N-1)
Slave sends Acknowledge

Master sends DATA(N)
Slave sends Acknowledge

<+ - - I

SCL stretched by master

Master generates STOP
condition

Programming model in master receiving mode

In master receiving mode, a master is responsible for generating NACK for the last byte
reception and then sending STOP condition on 12C bus. So, special attention should be paid
to ensure the correct ending of data reception. Two solutions for master receiving are provided
here for your application: Solution A and B. Solution A requires the software’s quick response
to 12C events, while Solution B doesn’t.

Solution A

1. First of all, software should enable I12C peripheral clock as well as configure clock related
registers in 12C_CTL1 to make sure correct 12C timing. After enabled and configured,
I2C operates in its default slave state and waits for START condition followed by address
on 12C bus.
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2. Software set START bit requesting 12C to generate a START condition to 12C bus.

3. After sending a START condition, the 12C hardware sets the SBSEND bit in 12C status
register and enters master mode. Now software should clear the SBSEND bit by reading
[2C_STATO and then writing a 7-bit address or header of a 10-bit address to 12C_DATA.
I2C begins to send address or header to 12C bus as soon as SBSEND bit is cleared. If
the address sent is a header of 10-bit address, the hardware sets ADD10SEND bit after
sending header and software should clear the ADD10SEND bit by reading 12C_STATO
and writing 10-bit lower address to 12C_DATA.

4. After the 7-bit or 10-bit address is sent, the 12C hardware sets the ADDSEND bit and
software should clear the ADDSEND bit by reading I2C_STATO and then 12C_STAT1. If
the address is in 10-bit format, software should then set START bit again to generate a
repeated START condition on I12C bus and SBSEND is set after the repeated START is
sent out. Software should clear the SBSEND bit by reading 12C_STATO and writing
header to I2C_DATA. Then the header is sent out to 12C bus, and ADDSEND is set again.
Software should again clear ADDSEND by reading 12C_STATO and then 12C_STAT1.

5.  As soon as the first byte is received, RBNE is set by hardware. Software now can read
the first byte from I12C_DATA and RBNE is cleared as well.

6. Anytime RBNE is set, software can read a byte from 12C_DATA.

7. After the second last byte is received, the software should clear ACKEN bit and set STOP
bit. These actions should complete before the end of the last byte’s receiving to ensure
that NACK is sent for the last byte.

8. After last byte is received, RBNE is set. Software reads the last byte. 12C doesn’t send
ACK to the last byte and generate a STOP condition after the transmission of the last

byte.

Above steps require byte number N>1. If N=1, Step 7 should be performed after Step 4 and
completed before the end of the single byte’s receiving.
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Figure 17-12. Programming model for master receiving using Solution A(10-bit address
mode)

12C Line State Hardware Action Software Flow

| 1) Software initialization |

IDLE | 2) Set START |

START Condition I

T N
y BSEND |—|
SCL Strechd | SetSBS 3) Clear SBSEND |

Master sends Header
Slave sends Acknowledge

Set ADD10SEND
SCL stretched by master L’| |—v| 4) Clear ADD10SEND |

Master sends Address
Slave sends Acknowledge

SetADDSEND | ———
H 4) Clear ADDSEND |

| 4) Set START |

SCL stretched by master

Master generates repeated T

START Icondition | |
SCL stretched by master 'I Set SBSEND |

Ly 4) Clear sBSEND |

Master sends Header
Slave sends Acknowledge

L5 SetADDSEND
4) Clear ADDSEND |

SCL stretched by master

Slave sends DATA(1)
Master sends Acknowledge

Set RBNE i

5) Read DATA(1
...... ( Data transmission ) L.| ) (1) |

Set RBNE

Slave sends DATA(N-1) I_’| Read DATA(X) |

Master sends Acknowledge

SetRBNE ‘—»| 6) Read DATA(N-1) |

Slave sends DATA(N)

A A

Master DON'T send Ack | 7) Clear ACKEN , Set STOP |
Master generates STOP SetRBNE 8) Read DATA(N) |
condition
Solution B
1. First of all, software should enable I12C peripheral clock as well as configure clock related
registers in 12C_CTL1 to make sure correct 12C timing. After enabled and configured,
I2C operates in its default slave state and waits for START condition followed by address
on 12C bus.
2. Software set START bit requesting 12C to generate a START condition to 12C bus.
3. After sending a START condition, the 12C hardware sets the SBSEND bit in 12C status

register and enters master mode. Now software should clear the SBSEND bit by reading
[2C_STATO and then writing a 7-bit address or header of a 10-bit address to 12C_DATA.
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I2C begins to send address or header to 12C bus as soon as SBSEND bit is cleared. If
the address sent is a header of 10-bit address, the hardware sets ADD10SEND bit after
sending header and software should clear the ADD10SEND bit by reading I12C_STATO
and writing 10-bit lower address tol2C_DATA.

4. After the 7-bit or 10-bit address is sent, the 12C hardware sets the ADDSEND bit and
software should clear the ADDSEND bit by reading 12C_STATO and then 12C_STAT1. If
the address is in 10-bit format, software should then set START bit again to generate a
repeated START condition on I12C bus and SBSEND is set after the repeated START is
sent out. Software should clear the SBSEND bit by reading 12C_STATO and writing
header to I2C_DATA. Then the header is sent out to 12C bus, and ADDSEND is set again.
Software should again clear ADDSEND by reading 12C_STATO and then 12C_STAT1.

5. As soon as the first byte is received, RBNE is set by hardware. Software now can read
the first byte from I12C_DATA and RBNE is cleared as well.

6. Anytime RBNE is set, software can read a byte from 12C_DATA until the master receives
N-3 bytes.

As shown in Figure 17-13. Programming model for master receiving using solution B(10-
bit address mode), the N-2 byte is not read out by software, so after the N-1 byte is received,
both BTC and RBNE are asserted. The bus is stretched by master to prevent the reception
of the last byte. Then software should clear ACKEN bit.

7. Software reads out N-2 byte, clearing BTC. After this the N-1 byte is moved from shift
register to 12C_DATA and bus is released and begins to receive the last byte.

8. After last byte is received, both BTC and RBNE is set again. Software sets STOP bit and
master sends out a STOP condition on bus.

9. Software reads the N-1 byte, clearing BTC. After this the last byte is moved from shift
register to 12C_DATA.

10. Software reads the last byte, clearing RBNE.
Above steps require that byte number N>2. N=1 or N=2 are similar:
N=1

In Step4, software should reset ACK bit before clearing ADDSEND bit and set STOP bit after
clearing ADDSEND bit. Step 5 is the last step when N=1.

N=2

In Step 2, software should set POAP bit before set START bit. In Step 4, software should
reset ACKEN bit before clearing ADDSEND bit. In Step 5, software should wait until BTC is
set and then set STOP bit and reads 12C_DATA twice.
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GigaDevice
igure 17-13. Programming model for master receiving using solution B(10-bit address
mode)
I2C Line State Hardware Action Software Flow
| 1) Software initialization |
IDLE | 2) Set START |
Master generates START T
condlition |
SCL stretched by master Y SetSBSEND |_.| 3) Clear SBSEND |
]
Master sends Header
Slave sends Acknowledge
Set ADD10SEND
SCL stretched by master L’| |—>| 4) Clear ADD10SEND |
|
Master sends Address
Slave sends Acknowledge
ADDSEND
L'| SetADDS '—>| 4) Clear ADDSEND |
SCL stretched by master
| 4) Set START |
Master generates repeated T
START (I:ondition [ |
Set SBSEND
SCL stretched by master 1 | I_,I 4) Clear SBSEND |
T
Master sends Header
Slave sends Acknowledge
|—'| Set ADDSEND
|—’| 4) Clear ADDSEND |
SCL stretched by master
Slave sends DATA(1)
Master sends Acknowledge
|—>| Set RBNE I
...... ( Data transmission ) L’| 5) Read DATA(1) |
Set RBNE |
Slave sends DATA(N-2) L’| | I_,| 6) Read DATA(N-3) |
Master sends Acknowledge
L Set RBNE |
Slave sends DATA(N-1)
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_\_,| Set RBNE and BTC }—L,{ 7 Cloar ACKEN |
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8) Read DATA(N-2)
]
Slave sends DATA(N)
Master DON'T send Ack
—\_,| Set RBNE and BTC }—\_.{ 7) Set STOP |
SCL stretched by master |
Master generates STOP
O o | 8) Read DATANN-1) |
| 9) Read DATAN) |
17.3.8. SCL line stretching

The SCL line stretching function is designed to avoid overflow error in reception and underflow
error in transmission. As is shown in Programming Model, when the TBE and BTC bit of a
transmitter is set, the transmitter stretches the SCL line low until the transfer buffer register is
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17.3.9.

17.3.10.

17.3.11.

filled with the next transmit data. When the RBNE and BTC bit of a receiver is set, the receiver
stretches the SCL line low until the data in the transfer buffer is read out.

When works in slave mode, the SCL line stretching function can be disabled by setting the
SS bit in the 12C_CTLO register. If this bit is set, the software is required to be quick enough
to serve the TBE, RBNE and BTC status, otherwise, overflow or underflow situation might
occur.

Use DMA for data transfer

As is shown in Programming Model, each time TBE or RBNE is asserted, software should
write or read a byte, this may cause CPU’s high overload. The DMA controller can be used to
process TBE and RBNE flag: each time TBE or RBNE is asserted, DMA controller does a
read or write operation automatically.

The DMA request is enabled by the DMAON bit in the 12C_CTL1 register. This bit should be
set after clearing the ADDSEND status. If the SCL line stretching function is disabled for a
slave device, the DMAON bit should be set before the ADDSEND event.

Refer to the specification of the DMA controller for the configuration method of a DMA stream.
The DMA controller must be configured and enabled before 12C transfer. When the configured
number of byte has been transferred, the DMA controller generates End of Transfer (EOT)
interrupt.

When a master receives two or more bytes, the DMALST bit in the 12C_CTL1 register should
be set. The 12C master will not send NACK after the last byte. The software can set the STOP
bit to generate a stop condition in the ISR of the DMA 