GigaDevice Semiconductor Inc.

GD32F50x
Arm® Cortex®-M33 32-bit MCU

For GD32F505xx, GD32F503xx, GD32F502xx

User Manual

Revision 1.1

(Dec. 2025)



&

GD32F50x User Manual

GigaDevice
Table of Contents

Table of CONENTS ... 2
LiSt Of FIQUIES .....ooeiii e e e e e e 18
LisSt Of TADIES ... 26
1. System and memory architecture ................cccccooeii i, 29
1.1, Arm® CorteX®-M33 PrOCESSON ........c..oocuiiiiiieiie ettt aee e 29
1.2.  System arChiteCture .................ooiiiiiiiiii e 30
1.3, IVI@IMIOIY MI@P ..ottt 33
1.3.1. ON-Chip SRAM MEMOIY .. .oiiiiiiiiii ettt ettt e et e et e e e 37
1.3.2.  On-chip flash MEMOrY OVEIVIEW ..........ccoiiiiiiiiiiii e 38
1.4. Boot CONfiQUIrAtioN.............oiiiiiiiii e 38
1.5. System configuration regiSters ..................ccuuuiiiiiiiiiiiiiiii 40
1.5.1.  Configuration register 0 (SYSCFG_CFGO) ......cuveiiiiiiieiiiiie et 40
1.5.2.  Configuration register 1 (SYSCFG_CFG1) ..coiuiiiiiiiiiiii e 40
1.5.3.  Lockup control register (SYSCFG_LKCTL) .....cuutiiiiiiiieiiiiee ettt 41
1.5.4.  Bus timeout register (SYSCFG_BUSTO) ....ccoiiiiiiiiiiiieiic e 41
1.5.5.  Timer input selection register (SYSCFG_TIMERCISEL).........cccceeiiiiiiiiiniiieeiieee e 42
1.5.6.  FPU interrupt enable register (SYSCFG_FPUINTEN) .........coccoiiiiniiiiiieeee e, 43
1.5.7.  SRAM write protection register (SYSCFG_SRAMWP) ........coociiiiiiiiiieiiiee e 44
1.5.8.  SRAM ECC status register (SYSCFG_SRAMECCSTAT) ...ccoiiiiiiiiiiiieiitee e 44
1.5.9.  SRAM ECC control and status register (SYSCFG_SRAMECCCS)........cccccevriieeiniieeennnn. 45
1.5.10. Bus timeout status register (SYSCFG_BUSTOSTAT).......cooiiiiiiieiiiiee e 46
1.5.11.  TIMERX configuration register 0 (SYSCFG_TIMERXCFGO, X=0, 7) ....ccccooeeiniiieenniieeeee, 46
1.5.12. TIMERX configuration register 1 (SYSCFG_TIMERXCFG1, X=0, 7) ....coocovviiriiieeiiiieeeee, 48
1.5.13. TIMERX configuration register 2 (SYSCFG_TIMERXCFG2, X=0, 7) ....ccccooveeiriiieeiiiieeeen, 49
1.5.14. TIMERX configuration register 0 (SYSCFG_TIMERXCFGO, x=1, 2, 3, 4) c...coococvverriieeennn. 50
1.5.15. TIMERX configuration register 1 (SYSCFG_TIMERXCFG1, x=1,2, 3, 4) ccccooivvveiiieeennn. 51
1.5.16. TIMERX configuration register 2 (SYSCFG_TIMERXCFG2, x=1, 2, 3, 4) ccc.ceevvveeriiieeeenn. 53
1.5.17. TIMERX configuration register 0 (SYSCFG_TIMERXCFGO, x=15, 16) ......cccovvvveerriieeennnn. 54
1.5.18. TIMERX configuration register 1 (SYSCFG_TIMERXCFG1, x=15, 16) ......cccovvveerniieeennn. 55
1.5.19. TIMERX configuration register 2 (SYSCFG_TIMERXCFG2, x=15, 16) ......cccoevvveerriieeennnn. 56
1.6. Device electronic SIgNAtUIe ..................uuiiiiiiiiiiiiiiii e 57
1.6.1. Memory density INFOrMatioN............ooiiiiiiiii e 58
1.6.2.  Unique devVice ID (96 DItS) ......cueiiiiiiiiie ittt 58
2.  Interrupt/ event controller (EXTI)...........cccoiiiiiiiii e 60
21, OVEIVIBW ... 60
2.2, CharacteriStiCS............ooiiiiiiiiiiii s 60



&

GigaDevice GD32F50x User Manual
2.3. Interrupts fUNCioN OVEIrVIeW................iiii i 60
2.4. External interrupt and event (EXTI) block diagram ........................cccooiiiiiii s 64
2.5. External Interrupt and Event function overview...........................ccci 64
2.6. EXTIREGISIOr ........eeiiii et e e r s e e e e e e ettt e e e e e e e aaanee 67

2.6.1.  Interrupt enable register (EXTI_INTEN) ....oooiiiiiiiiiiieee e e re e 67
2.6.2. Eventenable register (EXTI_EVEN) ...t 67
2.6.3.  Rising edge trigger enable register (EXTI_RTEN) .....ccoooiiiiiiiiiiiiiie e ccvveee e 68
2.6.4. Falling edge trigger enable register (EXTI_FTEN) .......ccccoiiiiiiiiiiiie e scviveee e 68
2.6.5.  Software interrupt event register (EXTI_SWIEV) .....oouevieiiiiiiiiee e 68
2.6.6. Pending register (EXTI_PD) .....uuuuriiiiiieiiee ettt e e e e e s strre e e e e e e e s snnnaaneeaeee s 69

3. Direct memory access controller (DMA)............cccccoiiiiiiiiiiiiiiiiiieeeeeee 70
L. OVBIVIBW ..o 70
3.2, CharacteriStiCs..........ccooiiiiiee e 70
3.3, BlocKk diagram........ ... 71
3.4, FUNCLION OVEIVIBW ......oiiiiiiiiiiii ettt e e e e e 4

34.1. 1Y 1o 0= =4[ o PSPPIt 71
3.4.2. Peripheral handShaKe.............uuiiiiiiiiiiiiiiieieiii et ee e e eeeeseesessesesssssesaserseesnnnnes 73
3.4.3.  AIDIIALION. ..o e e 73
3.4.4. AJAress gENEIAtION........uuuuiiii 74
3.4.5.  CIFCUIAI MOTE... ..ottt e e e e e e bbb e e e e e e e e e anbbbeeeeeaa e s 74
3.4.6. Memory t0 MEeMOIY MOTE ........uuiiiiiiiii ittt e e e e e e e e e abbbaeeeaaeeeas 74
3.4.7. Channel configuration ............uuuiiiiiiiiii e 74
3.4.8. a1 =Y 0 U o S PPt 75
3.4.9. DMA reqUESTE MAPPING ....ueeeeieiiieeeee ittt e e e e s e ettt e e e e e e s e aanb e et e e e e e e s e abnbeeeeaaeeeaaannnes 75
3.5. Register definition ... 77
3.5.1.  Interrupt flag register (DMA _INTF) ... 77
3.5.2. Interrupt flag clear register (DMA_INTC) ....oouiiiiiiiiii e 78
3.5.3.  Channel x control register (DMA_CHXCTL) ...cooiiiiiiiiiieee e 78
3.5.4.  Channel x counter register (DMA_CHXCNT)......ooiiiiiiiiii e 80
3.5.5.  Channel x peripheral base address register (DMA_CHXPADDR).........cccoccciiiiiiiiiiienenn. 81
3.5.6.  Channel x memory base address register (DMA_CHXMADDR) ..........ccoiiiiiiiiiniiiiiiieeeen, 81

4. DMA request multiplexer (DMAMUX) .........ccoooiiiiiiiiiicie e 83
4. OVEIVIBW ... 83
4.2, CharacteriStiCs............ooiiiiiiiiiiii s 83
4.3. Blockdiagram.............ccciiiiiiiiii 84
4.4. FUNCHION OVEIVIEBW . ...t e e e e e et e e e e eeeeeannes 84

441, DMAMUX SIGNQAIS.......uteiiiiieiiiiiie ettt e e e et e e e e e s e bbb et e e e e e e s e anbnbaeeeaaaeeas 85
442, DMAMUX reqUESE MUILIPIEXEE ...vvviiiiiiiiiiiieieeeieieeeeeeteeseseseeeeeesesesssssssssssessssssssssssssssssssssssssnnnes 85
4.4.3. DMAMUX reqUESt ENEIALON ......ccciiiiiiiiiiiie ettt et 87



&

GigaDevice GD32F50x User Manual
4.4.4. Channel CONfIQUIatioNS ..........cccuiiiiiiii e s e e e e e s e e e e e e s s nrnraeeeeeeeeas 88
445, LT 0 U o PSPPIt 89
4.4.6. 11V 1N L G 0= o o T PSPPSRt 89

4.5. Registerdefinition...............ccc 94
4.5.1. Request multiplexer channel x configuration register (DMAMUX_RM_CHXxCFGQG)............... 94
4.5.2. Request multiplexer channel interrupt flag register (DMAMUX_RM _INTF)........cccccvvveeeeennn. 95
4.5.3. Request multiplexer channel interrupt flag clear register (DMAMUX_RM_INTC)................ 95
4.5.4. Request generator channel x configuration register (DMAMUX_RG_CHXxCFQG).................. 96
4.5.5. Request generator interrupt flag register (DMAMUX _RG_INTF).......ccociiiieeeeiiiiiciiieeeeeen, 97
4.5.6. Request generator interrupt flag clear register (DMAMUX_RG_INTC).....cccccceeeviiivviennenenn. 97

5. Flash memory controller (FMC)...............ooooii 99

5.1, INtrodUCHION .. ..o e 99

5.2, CharacteriStiCs..........ccoooiiiiiieeeeee 99

5.3, FUNCLION OVEIVIBW ...t e e 99
5.3.1. Flash memory arChit@CUIE ...........viiiiiiiiiiiieeeeeee et eeaeeseeeesesesssesssesenesnnnnes 99
5.3.2. XY= To 0] 01T = 11 o] o - PRSPPIt 100
5.3.3.  Unlock the FMC_CTLX/FMC_OBCTLX regiSters ........ccccceeiiiiiiiiieeeeiiiiiiieee e eciiiveee e 100
5.34. = To Lo = = 1T PSPPSRt 101
5.3.5. T =T = T TP P PP TP PPUPPPPPPTN 102
5.3.6. Main flash Programming ..........oocoiiiiiiiiiiie e e e e e s e e e e e e e s aeanes 103
5.3.7.  Option bYtES MOAIfY ...ceeiiiiii e 105
5.3.8. Option bytes deSCriPHION ........ueeiiiiiee e 106
5.3.9.  Page erase/program ProteCtion ...........c..ueeiiiiiiiiiiiiiii e 107
5.3.10. OTP bloCK Programming ............ceeeeoiiiiuiiieiieiee ettt e e e e e e e e e e e e s snbbaeeeaaeeeeas 107
5.3.11.  SeCUItY PrOtECHION ....ceiiiiie e e e e e e e e 110
5.3.12.  FrequeNCY CONTIOl ... ..ottt e e e e e s e e e e e e e e eaes 110

5.4, FMC registers. .. ..o 112
5.4.1.  Unlock key register O(FMC_KEY0) ... ..uuuiiiiiiiiiiiiiee et 112
5.4.2.  Option byte unlock key register (FMC_OBKEY).......ocuiiiiiiiiiiiiieeeiiieceee e 112
5.4.3. Status register 0 (FMC_STATO).....coi ittt e e e e e 112
5.4.4. Control register O(FMC_CTLO) ..coiiiiiiiiiiiieie ettt e e e e e e seebeeeea e e e e enes 113
5.4.5. Address register 0 (FMC_ADDRO) .......uuuiiiiiiiiiiiiie e e e e 115
5.4.6. Option byte control register 0 (FMC_OBCTLO) .....uuiiiiieiiiiiiiiiiieee e 115
5.4.7.  Option byte control register 1 (FMC_OBCTL) ....uuiiiiiiiiiiiiiieeee e 116
5.4.8.  Option byte control register 2 (FMC_OBCTL2) ......uuiiiiiiiiiiiiiiieee et 117
5.4.9. OTP1 configuration register (FMC_OTPICFG) ......coiiiiiiiiiiiiiiieeee e 117
5.4.10. Option bytes status register (FMC_OBSTAT) ... ..uuiiiiiiiiiiiieee e 118
5.4.11. Unlock key register 1(FMC_KEY 1) ... 118
5412, Status register 1 (FMC _STAT ) ..o e e e e 118
5.4.13. Control register T(FIMC _CTL) .ottt e e e e e e e e e 119
5.4.14. Address register 1 (FMC_ADDRT) ...ttt 120
5.4.15. OTP3 status register (FMC_OTP3_STAT) ...uiiiiiiiiiee ettt 121



&

GigaDevice GD32F50x User Manual
5.4.16. Product ID register (FIMC _PID).......ccii i ee e e st r e e e e e snnnanne e e e 122

6. Power management unit (PMU) ... 123
6.1, OVEIVIEW ...t e e e e e e 123
6.2.  CharacteriStiCs............cooiiiiiiiiiiiiii s 123
6.3. FUNCHION OVEIVIEW ... 123
6.3.1. = 2= Vo3 (BT o 3o (o] 0 =1 o IS PSPPIt 124
6.3.2. VDD / VDDA POWET OMAIN ....0euiiiieeiiiiiiiiiireieeeisiittieeeeeeeesssstnteeeeeaessssasnrreseeeeesssnsnnneneeeeees 125
6.3.3.  VCORE POWET QOMI@IN ...eiiiiiiiiiiiiiieit e e ettt ettt ettt e e e e e et e e e e e e e st b e e e e e e e e annbnnreeeeeeeeas 127
6.3.4. POWET SAVING MOUES .....evviiiiiiiiiiiiieiiieieieeeeeeeeeaessessseseseesseseeesesesesesssesesseseenensesreneenrnnssnnnrnnnnes 129
6.4. PMU regisSters .......ccooouiiiiiii e 132
6.4.1.  Control register0 (PMU_CTLO) .....ccuuiiiiiiiiee ittt ettt e e e 132
6.4.2.  Control and status register (PMU_CS) .........ccooiiiiiiiii ettt 134
6.4.3.  Control register T(PMU_CTLT) ..coiiiiiii ettt ettt e e 136

7. Backup registers (BKP)............oooooii 138
TA. INtrodUCION ... 138
7.2, Main fEAtUreS ...........ooiiiiiii s 138
7.3. Function descCripltion ... 138
7.3.1. RTC CloCk CaliDration ..........ccuuuiiiiiiiiie ittt e e e s e e e e eneeas 138

A B - 11 0] =T o [=1 =Y o1 110 o PP PPPPPPPNt 138

TA., BKP regiSters. .. ... e 140
7.4.1.  Backup data register x (BKP_DATAX) (X= 0..471) ..coriiiiiiiiiiiie et 140
7.4.2.  RTC signal output control register (BKP_OCTL) ......ccoiiiiiiiiiiiiiiiiiiiiieeeee e 140
7.4.3.  Tamper pin control register (BKP_TPCTL) .....c.uuuiiiiiiiiiiiiie e 141
7.4.4.  Tamper control and status register (BKP_TPCS) ... 142

8. Reset and clock unit (RCU).............coooiiiiiiiiiiiiiiiiieeee 144
8.1. Reset control unit (RCTL) ..o, 144

< Tt It B © V=T V1L TP PP TOUPUPPPRP 144
8.1.2. FUNCHION OVEIVIEW ..ottt e e e s et e e e e e e e e eaaes 144
8.2. Clock control unit (CCOTL) ........ooiiiiiiiiiiii e 145

S I T © Y= V11 PP 145
8.2.2.  CharaCteriStICS .......uiiiiiiiie it a e a e 149
8.2.3. FUNCHON OVEIVIEW ..ottt ettt e e e s et e e e e e e e e e aanes 149
8.3. Register definition ...............c.ooiiiiiiiii 154
8.3.1.  Control register (RCU_CTL) .....uiiiiieiiiieiie ettt a e e ee e e e 154
8.3.2.  Clock configuration register 0 (RCU_CFGO) .......cuuuiiiiiiiiiiiiieeeee e 156
8.3.3.  Clock interrupt register (RCU_INT) ...t 158
8.3.4. APB2reset register (RCU_APB2RST) ....uuiiiiiiiiiiieie et 162
8.3.5. APB1 reset register (RCU_APBIRST) ...uuiiiiiiiiiiiet et 164
8.3.6.  AHB enable register (RCU_AHBEN) ........ccoiiiiiiie e 166



&

GigaDevice GD32F50x User Manual
8.3.7.  APB2 enable register (RCU_APB2EN) ......ccccoiiiiiiiiieie et r e e nnnnnn e 168
8.3.8.  APB1 enable register (RCU_APBTEN) ......coiiiiiiiiieieeee et e e e ee e 171
8.3.9.  Backup domain control register (RCU_BDCTL) .......cuieieeiiiiiiiiiiieee e sieiiieee e e e e s sinineeee e e 173
8.3.10. Reset source/clock register (RCU_RSTSCK) .....ccuviiiiiieiiiiiiiieieee et svninn e 175
8.3.11.  AHB reset register (RCU_AHBRST).......uuiiiiiiiiiiiiiirce e r e e 176
8.3.12. Clock configuration register 1 (RCU_CFGT) ....cccciiiiiiiie e 178
8.3.13. PLL bandwidth configuration register (RCU_PLLBWCFG) ........ccccooiiiiiiiiiieeeeeiiiiieeeeeeenn 180
8.3.14. Deep-sleep mode voltage register (RCU _DSV) .......cuvvieiiiiiiiiiiiieeee i eviveee e 180
8.3.15. Clock frequency monitor configuration register 0 (RCU_CKFMCFGO)...........cooccvvvvveeeeennn. 181
8.3.16. Clock frequency monitor configuration register 1 (RCU_CKFMCFG1).....cccccovvvivvvvnneeenn. 182
8.3.17. Clock frequency monitor configuration register 2 (RCU_CKFMCFG2).........coeevvvvveneeenn. 183
8.3.18. Clock frequency monitor configuration register 3 (RCU_CKFMCFG3).........ccccceevivveennen. 184
8.3.19. Additional clock control register (RCU_ADDCTL) ....cccoiiuiiieiiiiieeiiiiie et siiee e siee e 185
8.3.20. Additional clock interrupt register (RCU_ADDINT) ......cccoviiiiiiiiieiiiiie e 187
8.3.21. APB1 additional reset register (RCU_ADDAPBIRST).....cccoiiiiiieiiiiieeiiiiiee e 187
8.3.22. APB1 additional enable register (RCU_ADDAPBIEN) .......cccocieiiiiiieiiiiie e 188
8.3.23. LOCK register (RCU_LOCK) ......cciiuiiieiiiiieeiiiiie et siee e e siee e e sitee e e s stae e e s sntae e s s sntaeeesnnees 188

9. Clock trim controller (CTC) ..., 190

0.1, OVBIVIBW ..o 190
9.2. CharacteriStiCs..........ccoooiiiiie e 190
9.3, FUNCLION OVEIVIBW ..ot e e e e 190
9.3.1.  REF SYNC PUISE GENEIALON ......oeeiiiiiiiieie e 191
9.3.2.  CTC MM COUNLET ...ttt e e e e e s bbb e e e e e e e e e nbbbreeeeaeeeas 191
9.3.3.  Frequency evaluation and automatically trim process............ccccceeiiiiiiiiiiiiiii e 192
9.3.4.  Software program QUIAE ...........eoiiiiiiiiii e 193
9.4. Register definition ... 195
9.4.1.  Control register 0 (CTC_CTLO)...uuii ittt ettt e e e ee e e e 195
9.4.2. Control register 1 (CTC _CTLT ) ittt ee e e e 196
9.4.3.  Status register (CTC _STAT) ...ttt e e e eee e e e 197
9.4.4. Interrupt clear register (CTC _INTC) ... 199
10. General-purpose and alternate-function 1/0s (GPIO and AFIO).................... 201
TR T © V= - 201
O 0 4 =T = e =] 1= (o 201
10.3. FUNCLION OVEIVIEW.........eeiiii e e e e e e e eeeees 201
10.3.1.  GPIO pin CONfIQUIAtioN ....c.cooiiiiiiiiiiiie e a e e 202
10.3.2.  External interrupt/eVent liNES ........ccooiiiiiiiieee e 203
10.3.3.  Alternate fuNCHONS (AF) ..o 204
10.3.4.  Additional FUNCHIONS .......uiiiiieii e e e e e e e s e rnn e 204
10.3.5.  Input CONFIGUIALION .. ..eeieiiiiee et e e e e e e 204
10.3.6.  Output CONFIQUIALION ......ooiiiiiie e 204
10.3.7.  ANalog CONFIGUIALION .....coiuiiiii it e e an e e 205



&

GigaDevice GD32F50x User Manual
10.3.8. Alternate function (AF) configuration ............cccceeiiiiiiiiiiic e 205
10.3.9.  GPIO I0CKING FUNCHON ...vieiieieie e s e e e e e s e e e e e e e e s e e anreenees 206

10.4. Registerdefinition....................ccooiiii e 207
10.4.1. Port control register (GPIOX_CTL, X T A...E) it 207
10.4.2. Port output mode register (GPIOX_OMODE, X = A...E) .o 208
10.4.3. Port output speed register (GPIOX_OSPD, X = A...E) cvvvvriiiiii e, 210
10.4.4. Port pull-up / pull-down register (GPIOX_PUD, X =A..E) ..o, 212
10.4.5. Port input status register (GPIOX_ISTAT, X = A...E) i 213
10.4.6. Port output control register (GPIOX_OCTL, X ZA..E) i, 214
10.4.7. Port bit operate register (GPIOX_BOP, X = A...E) oo 214
10.4.8. Port configuration lock register (GPIOX_LOCK, X =A...E) ..coviiiiiiiiiie e, 215
10.4.9. Alternate function selected register 0 (GPIOX_AFSELO, X = A...E) ccvevviiiiiiiiiiiiee e 216
10.4.10.  Alternate function selected register 1 (GPIOX_AFSEL1, X = A..E) cccvviiviiiiiiiieiiiieees 217
10.4.11.  Bit clear register (GPIOX_BC, X = A...E) oottt 218
10.4.12.  EXTI sources selection register 0 (AFIO_EXTISS0) ......cccoviiiieiiiiieeeiiiieeessiiiee e sniieee e 218
10.4.13.  EXTI sources selection register 1 (AFIO_EXTISST) .....uoviiiiiiiiiiiiee e 219
10.4.14.  EXTI sources selection register 2 (AFIO_EXTISS2) ......cccoiiiiiiiiiiiiiiiiiee e 220
10.4.15.  EXTI sources selection register 3 (AFIO_EXTISS3) ......cooiiiiiiiiiiiieieiiieee i 221

11. Trigger selection controller (TRIGSEL).................ccco 223

A4, OVEIVIBW ...ttt e e e e e e r e e e e e e 223

11.2. CharacteristiCs ............oooiiii e 223

11.3.  FUNCHON OVEIVIEW..........oiiiiiiiiiiii e 223

11.4. INternal CONNECT .............oi e 224

11.5. Register definition.................ouuiiiiiiiiiiiiii e 230
11.5.1.  Trigger selection for EXTOUT register 0 (TRIGSEL_EXTOUT_0)....cccoviiiiiiiiiiiiiiiiiiineen. 230
11.5.2.  Trigger selection for EXTOUT register 1 (TRIGSEL_EXTOUT _1)..cccoiiiiiiiiiiiiiiiiiiiie, 230
11.5.3.  Trigger selection for EXTOUT register 2 (TRIGSEL_EXTOUT _2)....ccooiiiiiiiiiiiiiiiiiiiien, 231
11.5.4. Trigger selection for EXTOUT register 3 (TRIGSEL_EXTOUT _3)...ccooiiiiiiiiiiiiiiiiiiiiiiee, 232
11.5.5. Trigger selection for TIMERO_ITI register (TRIGSEL_TIMEROETI).......ccccviiiiiiiiiiiiiinen. 232
11.5.6. Trigger selection for TIMER1_ET]I register (TRIGSEL_TIMERTITI) ..o 233
11.5.7. Trigger selection for TIMER2_ITI register (TRIGSEL_TIMERZ2ITI) .....coooiiiiiiiiiiiiiiiiiien. 234
11.5.8. Trigger selection for TIMER3_ITI register (TRIGSEL_TIMERS3ITI) .....cooiiiiiiiiiiiiiiiiiie, 234
11.5.9.  Trigger selection for TIMER4_ITI register (TRIGSEL_TIMERAITI) .....cooiiiiiiiiiiiiiiiiiiien. 235
11.5.10.  Trigger selection for TIMER7_ITI register (TRIGSEL_TIMERT7ITI) .....cccvviiiiieiiiiiiinen. 235
11.5.11. Trigger selection for TIMER15_ITI register (TRIGSEL_TIMERASITI) ...coooooiiiiiiiiinnnenn. 236
11.5.12.  Trigger selection for TIMER16_ITI register (TRIGSEL_TIMER16ITI) .......cccoeeiiiiiinnnen. 236
11.5.13.  Trigger selection for DAC register (TRIGSEL_DAC) ......ccoiiiiiiiiiiiiiiiiiieee e 237
11.5.14.  Trigger selection for ADCO_ROUTRG register (TRIGSEL_ADCO0_ROUTRG)............... 238
11.5.15.  Trigger selection for ADCO_INSTRG register (TRIGSEL_ADCO_INSTRG)................... 238
11.5.16.  Trigger selection for ADC1_ROUTRG register (TRIGSEL_ADC1_ROUTRG)............... 239
11.5.17.  Trigger selection for ADC1_INSTRG register (TRIGSEL_ADC1_INSTRG)................... 240
11.5.18.  Trigger selection for ADC2_ROUTRG register (TRIGSEL_ADC2_ROUTRG)............... 240



&

GigaDevice GD32F50x User Manual
11.5.19.  Trigger selection for ADC2_INSTRG register (TRIGSEL_ADC2_INSTRG)................... 241
11.5.20.  Trigger selection for TIMERO_BRKIN register (TRIGSEL_TIMEROBRKIN)................... 241
11.5.21.  Trigger selection for TIMERO_CHBRKIN register (TRIGSEL_TIMEROCHBRKIN) ........ 242
11.5.22.  Trigger selection for TIMER7_BRKIN register (TRIGSEL_TIMER7BRKIN)................... 243
11.5.23.  Trigger selection for TIMER7_CHBRKIN register (TRIGSEL_TIMER7CHBRKIN) ........ 243
11.5.24.  Trigger selection for TIMER15_BRKIN register (TRIGSEL_TIMER15BRKIN)............... 244
11.5.25.  Trigger selection for TIMER16_BRKIN register (TRIGSEL_TIMER16BRKIN)............... 245

12. TIMER (TIMERX) ... 246

12.1. Advanced timer (TIMERX, X=0, 7) .....c..cooiiiiiiiiee e e e e eaeees 247
L I T © Y=Y = PRSPPI 247
L I O o - - Tor (=) 4 o P USP PRSP 247
12.1.3.  BlOCK diagram ... .o ————— 248
12.1.4.  FUNCHON OVEIVIEW ... ..ttt e e e e e e et e e e e e st e e e e e e e e e e e e nnnnreneeas 248
12.1.5. Registers definition (TIMERX, X=0, 7) ...ccicuiiiiiiiiie it stiie et sbaee e sraeee s snsreeaeanes 289

12.2. General level0 timer (TIMERX, X=1,2,3,4) ..........c..oceiiiiiiiiii e, 333
L R O Y= = PRSPPI 333
(A R O o - Tor (=) 4 o PSPPI 333
220728 TR =11 Yo Qo [ =T =T o o 333
12.2.4.  FUNCHON OVEIVIEW ... ..ttt ettt e e e s e e et e e e e e s ab bbb e e e e e e e e e s nanneeneeas 334
12.2.5. Registers definition (TIMERX, X=1,2,3,4) ...uctiiiiiiieiiiiee ittt e staee e staee e snireea e 354

12.3. General level3 timer (TIMERX, X=15,16) ..............uuuuiiiiiiiiiiiiiiiiiiiiiiiiiiiiininneennneeenn. 379
T2.3.0. OVEIVIBW ...ttt et oo oo oottt e e e e e e e a bbbttt e e e e e e e e annbb b b e e eaeeseananbeeneeas 379
12.3.2.  CharacteriStCS .....coi i e e e 379
12.3.3. BIOCK @IAQIam ...ccooiiieieie ettt e e e e e e eees 379
12.3.4.  FUNCHON OVEIVIEW ... ..ttt ettt e e e e et e e e e e e e e s bbb e e e e e e e e e nanneeneeas 380
12.3.5. Register definition (TIMERX, X=15,16).......uuiiiiiiiiiiiiie e 407

12.4. Basic timer (TIMERX, X=5,6)............cuuuuuuiiiiiiiiiiiiiiiiiienneeennnernenenennnneeenenn. 441
T2.4.0.  OVEIVIEW ...ttt e oo e oottt et e e e e e e bbbttt et e e e e e e aanb bbb e e eeeeseaaannreneeas 441
12.4.2.  CharacteriStCS .....coi i e e e e s 441
L T =1 (o Yo (e L F= o =1 4 TP P UPPPT PR 441
12.4.4.  FUNCHON OVEIVIEW ...ttt ettt ettt e e e st e e e e e e e e s bbb e e e e e e e e e e e nanbeeeeeas 441
12.4.5. Registers definition (TIMERX, X=5,6) ..ot 445

13. Real-time CIOCK(RTC) ......ccoo oo 450

0 T © V= V- 450

T 0 4 =T = e =] 1= o 450

13.3.  FUNCLION OVEIVIEW ... ..o e e e e eeeees 450
G TR Tt B o 1 O (=TT TP UPPTR U 451
LR TR I = 4 I O (=T Vo | o [ TP URTTT O 451
13.3.3.  RTC CONfIGUIAtION ...t et e e e e e e e eas 452
13.3.4.  RTC flag @SSEITION ......eeiiiiieieie ettt e e e e et e e e e e e e e e nanneeeeeas 452



&

GigaDevice GD32F50x User Manual
13.4.  RTC REQISIOr ... e e e e e e e eaaeee 454
13.4.1. RTC interrupt enable register(RTC _INTEN)........cocociiiiiiiie e 454
13.4.2. RTC control regiSter(RTC _CTL) .uuuiiiiiiiii ittt e et e e e s snrrrre e e e e e s e e sannenee s 454
13.4.3. RTC prescaler high register (RTC_PSCH) ....ouiviiiiiiiiiee e 455
13.4.4. RTC prescaler low regiSter(RTC _PSCL) .....uuuiiiiiiiiiiiiieecc et 456
13.4.5. RTC divider high register (RTC_DIVH).......c..uuviiiiiiiiiiiecc et 456
13.4.6. RTC divider low register (RTC_DIVL)......cccuuiiiiee ittt svrree e e e e s nnneene s 456
13.4.7. RTC counter high register(RTC_CNTH).....c.ccvviiiiiiiiecc e e 457
13.4.8. RTC counter low register (RTC_CNTL)....cccuiiiriieiiiiiiieiee e s s e e sneeene s 457
13.4.9. RTC alarm high register(RTC_ALRMH) ........oooiiiiiiiiiiieee e 458
13.4.10. RTC alarm low register (RTC_ALRML) ....uoviriiiiiiiiiieiee et e e 458
14. Watchdog timer (WDGT) ..o 459
14.1. Free watchdog timer (FWDGT).............oooiiriiiii e, 459
Tt I T @ Y=Y = PRSPPI 459

L T I O o = - Tor (=) 4 1o ST USPPUPPR 459
14.1.3.  FUNCHON OVEIVIEW ...ttt ettt e e e e e e e e e e e e s b e s e e e e e e e e e nanbeeneeas 459
14.1.4. Register defiNition .........uoiiiiiiiiie e e e e e 462
14.2. Window watchdog timer (WWDGT).............uuuuuimiiiiiiiiiiiiiiiiiireiiniineerenernn. 465
L T O Y=Y =PTSRS 465
L O o= |- Tor (=) 4 o P USPPPRR 465
14.2.3.  FUNCHON OVEIVIEW ...ttt ettt e e e e e e e e e e e s e s bbb e e e e e e e e e e e sannenneeas 465
14.2.4. Register definition ..........oooiii e 468
15. Cyclic redundancy checks management unit (CRC)................ccccviiiinnn. 470
20t T © V= V- 470
T 0 4 =T = e =] 4 1= (o 470
15.3.  FUNCLION OVEIVIEW.........oiiiii et eeeeeneees 471
15.4. Register definition.................ouviiiiiiiiiiiiii e 472
15.4.1. Dataregister (CRC_DATA) ...t e e e e s e eee s 472
15.4.2. Free data register (CRC_FDATA) ...coi i ittt 472
15.4.3.  Control register (CRC _CTL) ...ttt e e e e s 473
15.4.4. Initialization data register (CRC_IDATA)......uu i 473
15.4.5. Polynomial register (CRC_POLY)...cci it 474
16. Debug (DBG) ... 475
16.1.  INtrodUCHION ... ..o e 475
16.2. JTAG/SW function descCription ...................uuuuuiiiiiiiiiiiiiiiiiiiieiiiieeieeneee.. 475
16.2.1.  Switch JTAG Or SW NtEIfACe .......eeiiiiiiiiii e 475
16.2.2. PN @SSIGNMENT ...t e e e s et e e e e e e e e e bbb e e e e e e e e e e aanneeeeeas 475
16.2.3. JTAG daisy chained SIrUCIUIE .........cooiiiiii e 476
T6.2.4.  DEDUQG MESEL ...ttt e e e e et e e e e e e e s e bbb e e e e e e e e e aanrreaeeas 476
16.2.5.  JEDEC-106 ID COUE ..uiiiiiiiiieeiiiiie e ittt e e itiee e e sttee e e staee e e staeeassntaeeessntaeaaesntaeeeesnsseeeesnsseeaeanes 476



&

GigaDevice GD32F50x User Manual
16.3. Debug hold function description .................ccoccoii i 476
16.3.1. Debug support for power Saving MOAE..........ueviieiiiiiiiiiiieie e e e s e e e e s e saeeeaees 476
16.3.2. Debug support for TIMER, 12C, WWDGT, FWDGT and CAN ......cccccceeviiiiiiieiee e 477
16.4.  DBG regiSters ........cooooiiiiiiii i e e e e aaana 478
16.4.1. ID code register (DBG _ID).......ccuuiiiiiieeie e e e e e s et re e e e e e s e e nanneenees 478
16.4.2. Control regisSter (DBG _CTL) ...cuiiiiiiiee ittt e e er e e e e e e st re e e e e e s e e sanneenees 478

17. True random number generator (TRNG)..............coooiiiiiiiii 482
L% T © V=Y V- R 482
L 0 1 F= T = Tea =] 4 1= (o 482
17.3.  FUNCLION OVEIVIEW.........eiiiiii et e e eneees 482
A T I © oY== 1 o] o T oSSR 483

L B Yy o ol =T I SR 483
17.4. Register definition................oouuiiiiiiiiiiiiiii e 484
17.4.1.  Control register (TRNG _CTL)....uuiiiiiiiiiiiiiiee sttt siee e e st e e e s sabeee e snnreeaeanes 484
17.4.2.  Status register (TRNG _STAT) ..uoiii ittt stee e steee et e e s sbeeeeesstseeessnsseeesanes 484
17.4.3. Data register (TRNG _DATA).....uuiii ittt sttt stee et ee e sbae e e e s stbeeeesstbeeeesnsbeeeeanes 485

18. Cryptographic Acceleration Unit (CAU)............c.oooiiiiiiiiiiii e 487
20 T © V=Y V- R 487

R T 0 4 == e =] 1= (o 487

R TR T 0 U o -1 - T8 T T T 487
18.4. Cryptographic acceleration ProCesSSOr ..................uuuiiiiiiiiiiiiiiiiiiiiiiiiiin. 489
18.4.1. AES cryptographic acceleration proCESSOr.........couiiiiiiiiiiee i 489
18.5.  OPerating MOUES............ouuiuiiiiiiiiiiiiiiiiiiiteieeieeeeeeaeeeeee e eeeeeeeaeeeeeseesensnesnnnnsnnnnes 491
18.6. CAUDMA INEEIrTACE .........oviiiiiiiiiiiiiiiiiiiiiiititiiiiieieeeeeee e eeeaeeeeseeeeennnneennnennnnes 492
18.7.  CAU INLEITUPES.......cooiii e e e e e e eeaeees 492
18.8. Register definition.................ouiiiiiiiiiiiiiiiii e 494
18.8.1.  Control register (CAU_CTL) ..t 494
18.8.2. Status register O (CAU_STATO) ....ueiiiieiiiiiiie et e e e e s e raneeeeeeas 495
18.8.3. Data input register (CAU_DI).......oeiiiiii e 496
18.8.4. Data output register (CAU_DO)......coii i a e 496
18.8.5. DMA enable register (CAU_DMAEN) ... ..o 497
18.8.6. Interrupt enable register (CAU_INTEN)........ooiii e 497
18.8.7.  Status register 1 (CAU _STAT ) .. e e 498
18.8.8. Interrupt flag register (CAU_INTF ... 498
18.8.9. Key registers (CAU_KEYO0..3(H /L)) wuiiiiiiiiieiiiiiee ittt e e siee e snnaeee e 499

19. Hash Acceleration Unit (HAU) ... 502
L TR T © V= V- 502



&

GigaDevice GD32F50x User Manual
19.2. CharacteriStiCS ..........uuiiiiiiiiiiiiiiiiiiii bbb e bbb bbb bbb e brnrnnes 502
19.3.  HAU datatype.......coooomiiiii e e e e e e e e aaenes 502
e T S o 7 U I o o - TR 504

19.4.1.  Automatic data padding .......cccooeiiiiiiiii i ——————————— 504
19.4.2.  Digest COMPULING ..ooiiie i 505
19.4.3.  HASN MOAE......ooiiiiii et e e et e e e s e 506
19.5.  HAU INtEITUPL.... .o e e e e e e e aeaeees 506
19.5.1.  INPUE FIFO INTEITUPE ...evviieiiee e e e e e e e e s e s e e e e e e s e e nanrenneees 506
19.5.2. Calculation completion iNtEITUPL .........cooi i e e s reee s 506
19.6. Registerdefinition....................ccooi 507
19.6.1.  Control register (HAU_CTL) ...uiiiiiiiiiee ittt st e et e e e s ntbee e e s nnbeeaeanes 507
19.6.2. Data input register (HAU_DI)......ooiiiiiiiiiiiiiee ettt tee et e e nrreeeeanes 508
19.6.3. Configuration register (HAU_CFG).......ccooiiiiiiiiiiie ittt e e niaee e snereeeeanes 508
19.6.4. Data output register (HAU_DOO0..7) ...ooiiiiiieeiiiiiie ittt et e e staee e neeeeeeanes 509
19.6.5. Interrupt enable register (HAU_INTEN)........cooiiiiiiiiiiii e 512
19.6.6. Status and flag register (HAU_STAT) ..ottt et e nreea e 512

20. Comparator (CIMP) ...........ouuiiiiiiiiiiiiii e 514
201, OVEIVIBW ... 514
20.2. CharacteristiC..............cccoiiiiiii 514
20.3.  FUNCHION OVEIVIEW ... ..ot 514

20.3.1.  CMP ClOCK @Nd FESEL....ccoi it e e ee e e e 515
20.3.2. CMP 1/O CONfIQUIALION......coiiiiiiiie et ee e e e 515
20.3.3.  CIMP NYSIEIESIS ... eeieiieiiee ittt e e e e e e et e e e e e e e ee e e e as 516
20.3.4. CMP register Write ProteCION .........cooiiuiiiiiiii e 516
20.3.5. CMP output BIaNKING.......cooiiiiiiiiie e 517
20.3.6.  CMP digital filter.......eeeeeiieei e e e et e e et e e et e e 517
20.3.7. CMP voltage scaler FUNCHION ........c.ooiiiiiiie e 518
20.3.8.  CMP INEEITUPT . ...eeeiiii s 518
20.4. Registerdefinition...................cc 519
20.4.1.  Status register (CIMP _STAT ). .. it e e e e e baaaeeeaaaeeas 519
20.4.2. Interrupt flag clear register (CMP _IFC) ..o 519
20.4.3. CMPO control/status register (CMPO_CS)......ccoiiiiiiiiiiieiiiiee e 520

21. Analog-to-digital converter (ADC)................uuuiiiiiiiiiiiiiiiiiiiiiiiiis 523
211, OVEIVIBW ... 523
21.2.  CharacteristiCs ... 523
21.3. Pinsandinternal signals..................cccccc 524
21.4.  FUNCHION OVEIVIEW ... .o et 525

At I Sy B\ B T O o o2 PSSR RR 525
21.4.2.  ADC €NADIE......c e a e e eaaa e 525



&

GigaDevice GD32F50x User Manual
21.4.3. Routine and inSerted SEQUENCE ..........uuuuuummiiiii s 525
g S @ o 1= = 11T I T o 1= SRR 526
21.4.5. Inserted seqUENCE MAaNAGEMENT .......uuuuiuiiiii s 530
21.4.6. Convert data latCh........oocuuiiiiii e 531
21.4.7. Conversion result threshold MONItOr............oociiiiiii e 532
21.4.8. Data StOrage MOUE ........uuuuiiiiii s 533
21.4.9. Sample time CoNfigUIation ...........ccooiiiiiiiiiiiii e 533
21.4.10.  External trigger configuration ...........cc.uuuiriiiiiiiiiie e 534
21.4.11. DMA reQUEST ... 534
21.4.12. ADC iInternal ChannEls ..........ccooiiiiiiiiiii e e 534
21.4.13.  Programmable resolution (DRES) .........coiviiiiiiiiiiiiiec e 535
21.4.14.  On-chip hardware oversampling .........cccceeieeiiiiiiiiiie e a e 535

21.5.  ADC SYNC MOME........ccoiiiiiiiiie e e e e e e e r e 537
A S Tt T o =T 1 0 To Lo [ T PP U PP TOPPUPPPTPN 539
21.5.2. Routing parallel MOAE..........uuuuii s 539
21.5.3. Inserted parallel MOAE ..........uuuuni s 539
21.5.4. Routine follow-up fast MOAE ...........cooiiiiiiiiiii e 540
21.5.5. Routine follow-Up SIOW MOAE........cccoiiiiiiiiiiiie e e e e e 541
21.5.6. Inserted trigger rotation MOAE...........uuuiniiii 542
21.5.7. Combined routine parallel & inserted parallel mode............cccccceeieiiiiiiiiee e, 543
21.5.8. Combined routine parallel & inserted trigger rotation mode ..............cccccvveveieiiiiiiiieeeeeen, 543
21.5.9. Combined inserted parallel & routine follow-up mode..........ccccooiiiiiiiiiiiiiiiiee e, 544

21.6. ADC INEITUPLES........cco oo e e e 544

21.7. Registerdefinition.................ooooiiii i 546
21.7.1.  Status register (ADC _STAT ) ... ettt a e e e bbbreee e e e 546
21.7.2. Control register 0 (ADC_CTLO) ..oeiiiiiiiieiie ettt ee e 547
21.7.3. Control register 1 (ADC _CTLT) .ot 549
21.7.4. Sample time register 0 (ADC_SAMPTO) ....ooiiiiiiiiiiii e 550
21.7.5. Sample time register 1 (ADC_SAMPTT) ..o 551
21.7.6. Inserted channel data offset register x (ADC_IOFFX) (X = 0..3) ..ccooviiiiiiiiiiiieiiiiiiiieeeeeen 552
21.7.7. Watchdog 0 high threshold register (ADC_WDOHT) ......cooiiiiiiiiiiieeiiiie e 553
21.7.8. Watchdog 0 low threshold register (ADC_WDOLT) ....ccoeiiiiiiiiiiiieieeeiiieee e 553
21.7.9. Routine sequence register 0 (ADC_RSQUO0).......ccoviuiiiiiiiiiieiiiieee e 553
21.7.10.  Routine sequence register 1 (ADC_RSQT) ...ccoiiiiiiiiiiiiieiiiieeee e 554
21.7.11.  Routine sequence register 2 (ADC_RSQ2) .......ceoeeiiiiiiiiiiiiee e 554
21.7.12.  Inserted sequence register (ADC_ISQ) ........oeoiiiiiiiiiiiiee e 555
21.7.13.  Latch data register x (ADC_LDATAX) (X= 0..3) eereeeiieeeiiiiiiieiee et 556
21.7.14.  Routine data register (ADC_RDATA) ... .ottt 556
21.7.15.  Inserted data register (ADC_IDATA) ... 557
21.7.16.  Latch data control register(ADC_LDCTL) ...ccoiiuiiiiiiiieii e 557
21.7.17.  Oversample control register (ADC_OVSAMPCTL) .....ooiiiiiiiiiiieiiiiiieeeee e 558

22. Digital-to-analog converter (DAC)...............uuuiiiiiiiiiiiiiiiiiiiiiiii. 561



&

GigaDevice GD32F50x User Manual
221, OVEIVIBW ... 561
22.2. CharacteristiCs .............cccciiiiiii 561
22.3.  Function OVeIrVIEW............cooiiiiiiiii 562

22.3.1. DAC ENADIE......ooiiiiieii e 562
22.3.2. DAC OUIPUL DUFFET ...ueiieeic e e e e e e e e e e s s rereeeaeeean 563
22.3.3. DAC data configuration.............eueiieeiiiiiiiie e a e 563
D B Y O {5 o o =Y SRR 563
22.3.5.  DAC CONVEISION .....utiiieiiiiiie e siteee e sttt e e sttt e e s sttt e e e et e e e ssbe e e e e ambe e e e e anbeeeeeanbeeeeeanbeeeesanbaeeeenneees 563
22.3.6. DAC NOISE WAVE .....veiieiiiiiiieiiitiie e sttt e e sttt e e s sttt e e s sttt e e e sttt e e e e ssbe e e e e anbe e e e e anbeeeeeanbeeeeeanbaeeesannes 564
22.3.7. DAC OUIPUL VORBGE .. ueeiie et e e e e e e e e s s e e e e e e e s st rrneeeeeeeas 565
22.3.8.  DMA TEQUEST .....eeiiiii s 565
22.4. Register definition.....................oi 566
22.4.1. DACx control register 0 (DAC_CTLO)......cuueiiiiiieeiiiiie ettt ettt e e 566
22.4.2. DACx software trigger register (DAC_SWT) ....oiiiiiiiiiiiiiiee et 567
22.4.3. DACx_OUTO 12-bit right-aligned data holding register (DAC_OUTO0_R12DH) ................. 568
22.44. DACx_OUTO 12-bit left-aligned data holding register (DAC_OUTO_L12DH) .................... 568
22.45. DACx_OUTO 8-bit right-aligned data holding register (DAC_OUTO0_R8DH) ..................... 569
22.4.6. DACx_OUTO data output register (DAC_OUTO_DO)......cceeoviuiiieiiiiieeeiiieee e 569
22.4.7. DACx_OUTO status register 0 (DAC_STATO) ..cccoviuiiieiiiiiie ettt 570

23. Universal synchronous/asynchronous receiver /transmitter (USART)........ 571
231, OVEIVIBW ... 571
23.2.  CharacteristiCs ... 571
23.3.  FUNCHION OVEIVIEW ... ..ot 572

23.3.1. USART frame fOrmMat ... 573
23.3.2. Baud rate geNeration ...........c.uuiiiiiiiiiie e 574
23.3.3.  USART traNnSMUILEE .....eeiiii ittt et e e e e e e eba e eeeaeeeas 574
23.3.4.  USART FBCEIVEN ...ttt et e ettt e e e e e et e e e e e e e e e anbbbneeeeeee s 575
23.3.5. Use DMA for data buffer @CCeSS ........oouuiiiiiiiiiii e 577
23.3.6.  Hardware fIoW CONIOL...........eieeiiiiiee e e e 579
23.3.7.  Multi-processor COMMUNICATION .........uuuuuuiiiiii s 580
P22 TG T8 T I |V 43T Yo =TSRSS 581
23.3.9.  SYNCHIONOUS MOME ....ciiiiiiiiiiiiiie ittt e e et e e e e e e et e e e e e e e e e anbabeeeeaaaaeas 582
23.3.10.  IrDA SIR ENDEC MOE .....cvviieiiiiiiee it ettt e sttt e e ste e e et e e e e stae e e e antae e e e antaeeeennees 582
23.3.11. Half-duplex communication mode ................cccc 584
23.3.12. Smartcard (ISO7816-3) MOUE.......coiueiiiiiiie ettt a e 584
23.3.13. USART INEITUPES ..ttt s 586
23.4. Registerdefinition....................cc 588
23.4.1. Status register 0 (USART_STATO) ....uuiiiiiiieieiee et ee e e 588
23.4.2. Data register (USART _DATA). ...ttt a e eea e e 590
23.4.3. Baud rate register (USART_BAUD)........uuiiiiiiiiiiiii ettt 590
23.4.4. Control register 0 (USART_CTLO) ....ieiiiiiiieiiiiie et 591



&

GigaDevice GD32F50x User Manual
23.4.5. Control register 1 (USART _CTLT) ..ot e e r e e e e snnran e e e e e 593
23.4.6. Control register 2 (USART _CTL2).....ccciiiiieie oo ee e e e e e e e nananen e e e 594
23.4.7. Guard time and prescaler register (USART_GP) ....oovviviiiiiie e 596
23.4.8. Control register 3 (USART _CTL3) ..ot e et e e e e e e snnnanne e e e 597
23.4.9. Receiver timeout register (USART _RT) ..uuuiiiieiiiiiiiiieee et e e e nrnnnn e e e 598
23.4.10.  Status register 1 (USART _STATT) .. e e e e e e e s snnnanee e e e 599
23.4.11.  Coherence control register (USART _CHC) .....ccvviiiiieeiiicieice et ee e 600
24. Serial peripheral interface/Inter-IC sound (SPI/I2S)..............cccccciiiiiiiiiinnnnns 602
241, OVEIVIBW ... 602
24.2. CharacteristiCs .............ccccoiiiiiiii 602
24.2.1.  SPI CharacteriStiCS ....ccoi i 602
Y VS el o = - Tor (=) 4 £ [ TSP 602
24.3. SPIfunction OVervIeW ..o 603
D227 0 Wt TR 1 o I o] (o o3 [qo [ =T [ = 10 SRR 603
24.3.2.  SPI Signal deSCriPtiON .....cciiiiiiiiiii e e e aaa e 603
24.3.3. SPlI clock timing and data format.............cccccee i 604
R S N 11 {0 Vo 1o o T PSSP 605
24.3.5. SPl OPeration MOUES .........cccuiiiiiiii et e e e e e e s e e e e e e s st e e e e e e e s snnraareeeaaeeeas 606
24.3.6.  DIMA fUNCHON. ..ottt ittt e st e e e st e e e e st e e e e s nb e e e e e snbe e e e e snbbeeesantaeeeeaneees 614
Y T A ©F o O3 13T i o o F PSPPSR 614
24.3.8.  SPLINIEITUPES ..uuuiiiiiii s 615
24.4. 128 function OVEIVIEW ...........coooiiiiiiiii 617
P2 0t T VRS T o (o Tt [qe 1= To | =10 AP PP TP TOUPTPPPRT 617
24.4.2. 125 SigNal deSCrIPHION .....coi it 617
24.4.3. 125 QUAIO STANAAIAS ....cooiiiiiiiiiie e a e 617
Y 1 T o1 o Yo RSP RR 626
24.4.5.  OPEIAtION ...uuiiiiiiiiii i ———————————————————————————————————————————— 627
24.4.6. DIMA FUNCHON. ..ottt e e e e e st e e e e e e e e e s bbbreeeeaeeeas 631
24.4.7. 128 INEEITUPES . ...t s 631
24.5. Registerdefinition...................ccc 633
24.51. Control register 0 (SPI_CTLO) ...uiiiieiiiieeiee ettt e e e e e e aaaeeeeaeeeeas 633
24.5.2.  Control register 1 (SPI_CTL) .ttt e e ee e e e 635
24.5.3.  Status register (SPI_ ST AT ) ... i a e ee e e e 636
24.5.4. Data register (SPL_DATA) ... it a e a e 637
24.5.5. CRC polynomial register (SPI_CRCPOLY) ....coiiiiiiiiiieieee ettt 638
24.5.6. RX CRC register (SPI_RCRC) .....ccuuiiiiiiiie ettt ettt e e stae e antae e 638
24.57. TXCRC register (SPI_TCROC) ....cciciiieiiiiie ettt ettt see e stae e e s stae e e e aneaeeeennens 639
24.5.8. 125 control register (SPI_I2SCTL) ... 640
24.5.9. 125 clock prescaler register (SPI_I2SPSC) ... 641
24.5.10. Quad-SPI mode control register (SPI_QCTL) of SPIO ......c.ccoviiiiiiiiiii e, 642

25. Inter-integrated circuit interface (12C)..............ccccciiiiiiiiiiiiiiiis 643



&

GigaDevice GD32F50x User Manual
251, OVEIVIBW ... 643
25.2.  CharacteristiCs ..............ccciiiiii 643
25.3.  Function OVeIrVIeW.............oooiiiiiiiii 643

AT Tt TR O oYt Q=Y o [0 11T o 0= ) SRR 644
25.3.2.  12C commuUNICAtION fIOW......coiuiiiiiiiiiie e 645
25.3.3. NOISE fIHEI .ot 647
25.3.4. 12C timings CONfIQUIALioN .........cuiiiiieiiiiiie e e e e e e e e e 648
AT TR T 1 O =TT RSP SR 650
25.3.8.  Data franSTOr .. .coiiiiiiii e naas 650
AT T A L O F= 1Y 1 T Lo [ PSPPSR 652
25.3.8.  12C MASIEr MOAE .. .oeiiiiiiiiie ittt e e et e et eatae e e naas 657
25.3.9.  SMBUS SUPPOI . ..uiiiiiiiiiee e i ittt e e e s e st e e e e e e s e et e e e e e e e s e s ta e e e e aeessaastatreeeeeeeessannnrreeeaaeeeas 662
25.3.10. SIMBUS MOGE.......ceiiiiiiiiieiiiiie et e et e et e et e sttt e e e st e e e e st et e e e snbee e e e snbaeeesantaeeeeaneees 665
25.3.11.  Use DMA for data transfer ........ocuvii i 666
25.3.12. 12C error and iNtErrUPLS .......uuviiii i a e 667
DA TR Tt 1 TR 17 o 11 o 1H o g o T [ SRR 667
25.4. Registerdefinition..................ccc 668
25.4.1. Control register 0 (I2C_CTLO) ..iiiiiiiieeiiiiee ettt e e e et e e et e e e sntae e e e enees 668
25.4.2. Control register 1 (I2C _CTLT) wuiiiiiiiieeiiiiie ettt ettt et e e st e e s sntae e e e e 670
25.4.3. Slave address register 0 (I2C_SADDRO) .........oeeiiiiiiieiiiiie et 672
25.4.4. Slave address register 1 (I2C_SADDR) ...coccuiiiiiiiiie ettt 673
25.4.5. Timing register (I2C_TIMING) ....ccooiiiiiiii e 674
25.4.6. Timeout register (I2C_TIMEOUT).....coouiiiiiiiiee e 675
25.4.7. Status register (I2C STAT ) .. i it e e e ee e e e 676
25.4.8. Status clear register (I2C_STATC) ... 679
25.4.9. PEC register (I2C_PEC) ...ciii ittt ettt e et a et e et 680
25.4.10. Receive data register (I2C_RDATA) ...ttt 680
25.411.  Transmit data register (I2C_TDATA) ... e 680
25.4.12.  Control register 2 (I2C_CTL2) ... i 681

26. Controller area NetwWOork (CAN) ..........ouuiiiiiiiiiiiiiiiii s 682
26.1.  OVEIVIBW ... 682
26.2. CharacteristiCs ... 682
26.3.  FUNCHION OVEIVIEW ... ..o 683

26.3.1.  WOIKING MOGE ... ...ttt ettt et e e e e e ettt e e e e e e e s bbb e e et e e e e e e anbabeeeeaaaeeas 683
26.3.2. CommuUNICAtION MOUES ...ttt e e e e e et e e e e e e e abeareeeaaaeeas 684
26.3.3.  Data tranSMUSSION ......ccoiiiiiiiiiiiiiii et e e e e e e e e e e eaaaaeeas 685
26.3.4.  Data rECEPLION. ... .uuitiii 687
26.3.5.  Filtering fUNCHION.........coii e e e ee e e e 689
26.3.6. Time-triggered COMMUNICAtION .......cooiiiiiiiiii e 692
26.3.7. Communication PAramMELErS. ..........uuuuuuiiiiii 692
26.3.8.  CAN FD OPEIAtioN ......uuuueiiiiiiiii s 694
26.3.9. Transmitter Delay COMPENSAtION .......coocuiiiiiiiiieiiii e 695



&

GigaDevice GD32F50x User Manual
D20 Tt O R Y 4 o ol =T 1= SRR 695
26.3.11.  CAN INIEITUPES ..euviiieiiee i e e s s e e e e e e s s e e e e e e e s snnaraneeeaeeean 696

26.4. Register definition.....................oooi 699
26.4.1.  Control register (CAN_CTL) ..uuuuiiiie it s s r e e e e e st r e e e e e s sanaaeeeaeeeeas 699
26.4.2.  Status register (CAN _STAT ) ...t e e e e s r e e e e s s s rae e e e e e e e s snnnaaneeeaeees 700
26.4.3. Transmit status register (CAN_TSTAT) ..o e ee e e 702
26.4.4. Receive message FIFOO register (CAN_RFIFO0) .....ccccciiiiiiiiiiiee e svvneee e 704
26.4.5. Receive message FIFO1 register (CAN_RFIFOT) ... 705
26.4.6. Interrupt enable register (CAN_INTEN) ... 706
26.4.7. Error register (CAN_ERR) .....ouiiiiiii e e e e e e e 708
26.4.8. Bittiming register (CAN _BT) ... e e e e e e e e s nnran e e e e e e 709
26.4.9. FD control register (CAN_FDCTL)....cccoiiiiiiiiiiiee ittt stee et e e 710
26.4.10.  FD status register (CAN_FDSTAT) ...ccuuiiiiiiiie ittt nnbae e 711
26.4.11. FD transmitter delay compensation register (CAN_FDTDC).......ccccccvvveiiiiieeiniieeesniennn 71
26.4.12.  Date Bit timing register (CAN_DBT) .....cccoiiiiiiiiiii e 712
26.4.13.  Transmit mailbox identifier register (CAN_TMIX) (X = 0...2)..cccoviiiieiiiiieeeiiiee e 712
26.4.14.  Transmit mailbox property register (CAN_TMPX) (X = 0...2) .coocoveeiiiiieeeiiiee e 713
26.4.15.  Transmit mailbox dataO register (CAN_TMDATAOX) (X = 0...2) eveeviiieeeiiiiieeeeniiee e 714
26.4.16.  Transmit mailbox data1 register (CAN_TMDATATX) (X = 0...2) ccueveeviiiveeiiiieee e 715
26.4.17.  Rx FIFO mailbox identifier register (CAN_RFIFOMIX) (X = 0,1) c..ccovviiiveeiiiiieeeiiiee e, 715
26.4.18.  Rx FIFO mailbox property register (CAN_RFIFOMPX) (X = 0,1) c.oeevviiieeiiiiieeeiiieee e, 716
26.4.19. Rx FIFO mailbox data0 register (CAN_RFIFOMDATAOX) (X = 0,1)..cccceveiiiiieeeiiieeeenee, 717
26.4.20. Rx FIFO mailbox data1 register (CAN_RFIFOMDATA1X) (X=0,1)..ccccccvveiniiiieiiiieeeenee, 717
26.4.21.  Filter control register (CAN_FCTL) ....uuiiiiiiiii e 718
26.4.22.  Filter mode configuration register (CAN_FMCFG) .........ccouiiiiiiiiiiieieeeee e 718
26.4.23.  Filter scale configuration register (CAN_FSCFG).........ooiiiiiiiiiiiiiiieeieeeee e 719
26.4.24.  Filter associated FIFO register (CAN_FAFIFO)......ccooiiiiiee e 719
26.4.25.  Filter working register (CAN_FW) ... e 720
26.4.26.  Filter x data y register (CAN_FXDATAY) (X=0..27, y=0,1) ..orrriiiiiiiiiiieeeeiiieeeee e 720

27. External memory controller (EXMC) ... 721

271, OVEIVIBW ... 721

27.2. CharacteristiCs ... 721

27.3.  FUNCHION OVEIVIEW ... ..o 721
27.3.1.  BIOCK di@Qram ... . ..ottt e e e e e e e e e e eeaaaaeas 721
27.3.2. Basic regulation Of EXIMC GCCESS......cccuuuiiiiiiaiaiiiiiiiie ettt e e eea e e 722
27.3.3. External device addresSs MapPing........c.ueeeieiiaiiiiiiiiiii et e et e e e a e 723
27.3.4. NOR/PSRAM CONLIOIET ...ttt ee e e e 725
27.3.5.  NAND FIash CONrOlEr ...........ueieiiiiee e ee e e e 734

27.4. Registers definition...................cc 738
27.4.1. NOR/PSRAM controller regiSters ..........ueeiiiiii it 738
27.4.2. NAND Flash controller regiSters ........oouuueiiiiii i 741

28. Universal serial bus full-speed interface (USBFS)..............ccccccciiiiiiiiiiiinnnns 746



&

GigaDevice GD32F50x User Manual
281, OVEIVIBW ... 746
28.2. CharacteristiCs ... 746
28.3.  BloCcK diagram ............ooooiiiiiiiii i e 747
28.4. Signal descCription ... 747
28.5.  FUunction OVEIrVIEW............oooiiiiiiii 747

28.5.1. USBFS clocks and WOrking MOAES...........cuiiiieiiiiiiiiiiiee e ee e e e e e e e snnranee e e e 747
28.5.2.  USB hOSt fUNCHON .....oiiiiiiiiciciie ettt e e e 748
28.5.3.  USB deViICE TUNCHION ....ouviiieiiiiiie ettt ettt enbae e e e 750
2T S - 1 - T O RSP R 751
28.5.5.  Operation QUIAE ........uueiiiiiiiiiiiiii e e e e e e e e e raaaa e 754
28.6. INOrTUPTS ..o 758
28.7. Register definition.....................ooi 760
28.7.1. Global control and status regiSters ..........eiiieiiiiiiiiiiee e 760
28.7.2. Host control and status regisSters ....... ... 776
28.7.3. Device control and status regisSters ... 788
28.7.4. Power and clock control register (USBFS_PWRCLKCTL).......ccooviiiieiiiiieeeiiieee e 810

P2 T Y o o 1= o o [ G 812
29.1. List of abbreviations used inregister....................cooo 812
29.2. Listofterms.............cco 813
29.3. Available peripherals .............ccooo i 813

30. ReViSioN NiStOry...........oooiiiiiiiiiiiiii 814

17



&

GigaDevice

GD32F50x User Manual

Figure 1-1.
Figure 1-2.
Figure 1-3.
Figure 2-1.
Figure 3-1.
Figure 3-2.
Figure 3-3.
Figure 4-1.
Figure 4-2.
Figure 4-3.
Figure 5-1.
Figure 5-2.
Figure 5-3.
Figure 6-1.
Figure 6-2.
Figure 6-3.
Figure 6-4.
Figure 6-5.
Figure 6-6.
Figure 8-1.
Figure 8-2.
Figure 8-3.
Figure 8-4.
Figure 8-5.
Figure 8-6.
Figure 9-1.
Figure 9-2.

Figure 10-1.
Figure 10-2.
Figure 10-3.
Figure 10-4.
Figure 10-5.
Figure 11-1.
Figure 12-1.
Figure 12-2.
Figure 12-3.
Figure 12-4.
Figure 12-5.
Figure 12-6.
Figure 12-7.
Figure 12-8.

List of Figures

The structure of the Cortex®-M33 ProCeSSOr...............ccoeeveveeeeciececieee e, 30
GD32F50x series system architecture ................ccoco i, 32
[ 07 03 e [ oo Yo [-T PR PRRPT 37
Block diagram of EXTI.........coooiiiiiii e 64
Block diagram of DIMA ... 71
Handshake mechaniSm..............ccuiiiiiiiiii e 73
DMA iNterrupt IOgiC. .......cocuuiiiiiiiii e 75
Block diagram of DMAMUX ...t 84
Synchronization MOde ... 86
Event generation.............ocooiiiiiiiii i 87
Process of page erase operation .............cccccccvviiiiiiiiiiiiii e 102
Process of mass erase operation .................ccccoeviiiiiiiiii s 103
Process of word program operation.............ccccccooiiiiiiiiiiii i 105
POWET SUPPIY OVEIVIBW ...ttt 124
Waveform of the POR/PDR ........uuiiiiiiiiiie ettt s e e e e e ennnes 126
Waveform of the LVD threshold ... 126
Waveform of the VAVD threshold ... 127
WAVETFOIM OFf VOVD ..ottt e e e e s e e e e e e s s e beeeeeaeeesannne 128
WAVETFOIM OFf VUVD ...t e e r e e e e s et eeaeeeeeannnes 129
The system reset CirCUIt ... 145
Clock tree (FOr GD32F502XX) ........ccoiiuiiiiiiiiiieiiiiie ettt baee e 146
Clock tree (FOr GD32F503XX) .......ccoiiuiiiiiiiiiiei ettt ee e 147
Clock tree (FOr GD32F505XX) .......cccoiiuiiiiiiiiiiii et 148
HXTAL CIOCK SOUICE ... 149
HXTAL clock source in bypass mode............cccccoiiiiiiiiiiiinie e 150
CTC OVEIVIOW ...ttt e e e e et e e e e e e e e st e e e e e e s e nan e eaeeeeesannnseneeaeeeean 191
CTC trim COUNTEE ... e e e s eeeeee s 192

Basic structure of a standard /O port bit .................cccoi 202
Basic structure of Input configuration .....................cccii 204
Basic structure of Output configuration ...................ccccooiiiii 205
Basic structure of Analog configuration..................cccoooiiii 205
Basic structure of Alternate function configuration ........................c..oo 206
TRIGSEL main composition example ..............ccccoiiiiiiiiii e 224
Advanced timer block diagram ..............c.cccooii 248
Normal mode, internal clock divided by 1 ................cooiii 249
Counter timing diagram with prescaler division change from1to2................... 250
Timing diagram of up counting mode, PSC=0/2.................ccccoiiiiiiiiniiienee e, 251
Timing diagram of up counting mode, change TIMERx_CAR ongoing................ 251
Timing diagram of down counting mode, PSC=0/2....................ccccccoviiiiinniinennnn. 252
Timing diagram of down counting mode, change TIMERx_CAR ongoing............ 253
Timing diagram of center-aligned counting mode................ccccccce v, 254



&

GigaDevice GD32F50x User Manual
Figure 12-9. Repetition counter timing diagram of center-aligned counting mode.................. 255
Figure 12-10. Repetition counter timing diagram of up counting mode ........................cccvvee. 255
Figure 12-11. Repetition counter timing diagram of down counting mode .............................. 256
Figure 12-12. Input capture logic forchannel 0...................cccooi e 256
Figure 12-13. Output compare l0gicC ...........ccoeeiiiiiiiiiiic e 258
Figure 12-14. Output-compare in three modes .................ocociiiiiiii e 259
Figure 12-15. Timing diagram of EAPWM ...t e e e 260
Figure 12-16. Timing diagram of CAPWNM...............coiiiii i 260
Figure 12-17. Channel x output PWM with (CHXxVAL < CHXCOMVAL_ADD)............cccceevvnrrnnnn. 262
Figure 12-18. Channel x output PWM with (CHxVAL = CHXCOMVAL_ADD)...............ceeevuvrnnnn. 262
Figure 12-19. Channel x output PWM with (CHxVAL > CHXCOMVAL_ADD)...............cccevuvvnnen. 263
Figure 12-20. Channel x output PWM with CHxVAL or CHXCOMVAL_ADD exceeds CARL .... 263
Figure 12-21. Channel x output PWM duty cycle changing with CHXCOMVAL_ADD............... 264
Figure 12-22. Four Channels outputs in Composite PWM mode....................ooccvvieiieeeen e, 264
Figure 12-23. Channel x output PWM with (CHxVAL < CHxCOMVAL_ADD / CHxCOMVAL_ADD <
(04 5 D14/ Y ) SO 266
Figure 12-24. Channel x output PWM with (CHxVAL = CHXCOMVAL_ADD) .............cccccoenee. 267
Figure 12-25. Channel x output PWM with CHxVAL or CHXCOMVAL_ADD exceeds CARL .... 267
Figure 12-26. CHx_O output with a pulse in edge-aligned mode (CHxOMPSEL#2’b00) .......... 269
Figure 12-27. CHx_O output with a pulse in center-aligned mode (CHxOMPSEL#2’b00)........ 269
Figure 12-28. Complementary output with dead time insertion........................ccccoccc i, 272
Figure 12-29. Complementary output with different dead time(DTDIFEN=1) ............................ 273
Figure 12-30. BREAK function logic diagram ..............cccccooiiiiiiiiiiie e, 274
Figure 12-31. Output behavior of the channel in response to BREAK (the break input high active
=T T I [0 1Ty Iy PSPPSR 274
Figure 12-32. Channel break function logic diagram ....................cccoii e, 275
Figure 12-33. Example of counter operation in quadrature decoder interface mode................ 276
Figure 12-34. Example of quadrature decoder interface mode with CIOFEO polarity inverted 276
Figure 12-35. Hall sensor is used for BLDC MOtOr...............cuoiiiiiiiiiiiiii e 278
Figure 12-36. Hall sensor timing between two timers .................cccccoii e, 279
Figure 12-37. Restart MOMe.............ooo i 280
Figure 12-38. PaUSE MOGE............oooiiiiiiiiiiiii ettt e e e e bbb e e e e e e e e s b e e eas 280
Figure 12-39. EVENt MOAE ..........oooiiiii et e e e ee s 281
Figure 12-40. Single pulse mode TIMERx_CHxCV=0x04, TIMERXx_CAR=0x60.......................... 282
Figure 12-41. Trigger mode of TIMERO controlled by enable signal of TIMER2........................ 283
Figure 12-42. Trigger mode of TIMERO controlled by update signal of TIMER2 ....................... 283
Figure 12-43. Pause mode of TIMERO controlled by enable signal of TIMER2 ........................ 284
Figure 12-44. Pause mode of TIMERO controlled by O0CPRE signal of TIMER2....................... 285
Figure 12-45. Trigger TIMERO and TIMER2 by the CI0 signal of TIMER2 ........................ccee. 286
Figure 12-46. Triggering four timers by trigger out of basic timer ......................... 287
Figure 12-47. Counting direction in CINITDIR iS 0 or 1 ..., 287
Figure 12-48. General Level 0 timer block diagram.................ccccccoiiii e, 334
Figure 12-49. Normal mode, internal clock divided by 1 ..............coii e, 335
Figure 12-50. Counter timing diagram with prescaler division change from1to2.................. 336



&

GigaDevice

GD32F50x User Manual

Figure 12-51.
Figure 12-52.
Figure 12-53.
Figure 12-54.
Figure 12-55.
Figure 12-56.
Figure 12-57.
Figure 12-58.
Figure 12-59.
Figure 12-60.
Figure 12-61.
Figure 12-62.
Figure 12-63.
Figure 12-64.
Figure 12-65.
Figure 12-66.
Figure 12-67.
Figure 12-68.
Figure 12-69.
Figure 12-70.
Figure 12-71.
Figure 12-72.
Figure 12-73.
Figure 12-74.
Figure 12-75.
Figure 12-76.
Figure 12-77.
Figure 12-78.
Figure 12-79.
Figure 12-80.
Figure 12-81.
Figure 12-82.
Figure 12-83.
Figure 12-84.
Figure 12-85.
Figure 12-86.
Figure 12-87.
Figure 12-88.
Figure 12-89.
Figure 12-90.
Figure 12-91.
Figure 12-92.
Figure 12-93.
Figure 12-94.

Timing chart of up counting mode, PSC=0/2..................cccoiiiii e, 337
Timing chart of up counting, change TIMERx_CAR ongoing................c.c...couu. 337
Timing chart of down counting mode, PSC=0/2.....................cc..co e, 338
Timing chart of down counting mode, change TIMERx_CAR ongoing.............. 339
Timing chart of center-aligned counting mode .................cccccccc i, 340
INPUt CaPUre 1OGIC..........eiiiiiiiieie ettt aeeeeeeeeseeeeeeeseneneennnnes 341
Output compare 10gic (X=0,1,2,3) .........cceriiiieiiiir e 342
Output-compare under three Mmodes ..............occcciviiiiie e 343
Timing chart of EAPWIM ... 344
Timing chart of CAPWIM ... 344
Example of counter operation in decoder interface mode...................cccccceeee. 346
Example of decoder interface mode with CIOFEQ polarity inverted .................... 346
Quadrature decoder signal disconnection detection block diagram.................. 347
Example of counter operation in decoder mode 0/ 1 with CH1P=0.................... 348
Example of counter operation in decoder mode 2 /3 (CHOP / CH1P=0) ............. 349
ReSEArt MOAEe. ... 351
PauSe MOE...... .ot e s 351
EVENE MOAE ... 352
Single pulse mode TIMERx_CHXxCV = 0x04, TIMERx_CAR=0x60........................ 352
General level3 timer block diagram..................cccccco oo, 380
Normal mode, internal clock divided by 1 ... 381
Counter timing diagram with prescaler division change from1to2.................. 382
Timing diagram of up counting mode, PSC=0/2..................ccccccciiiiiiiiieee 383
Timing diagram of up counting mode, change TIMERx_CAR on thego............ 383
Timing diagram of down counting mode, PSC=0/2..................ccccciiiiiiinnnnnnnn. 384
Timing diagram of down counting mode, change TIMERx_CAR ongoing......... 385
Timing diagram of center-aligned counting mode...................cccccoiine 386
Repetition counter timing diagram of center-aligned counting mode................. 387
Repetition counter timing diagram of up countingmode ......................cccccc. 387
Repetition counter timing diagram of down counting mode .............................. 388
Input capture logic for channel 0 ..., 389
Input capture logic for multi mode channel 0.......................ccco i, 389
Output compare logic (when MCHXMSEL = 2’00, X=0) .........cccccceiiiiiiiiiienerrnnnnnne 391
Output compare logic (when MCHXMSEL = 2’11, x=0) ............ccceoiiiiiiiiieneennnns 391
Output compare 10giC (X=T) .....oooiiiiiiiii e 391
Output-compare in three modes ..o 393
Timing diagram of EAPWM ...... ..o 394
Timing diagram of CAPWIM............oo e 394
Channel x output PWM with (CHxVAL < CHXCOMVAL_ADD)..........cccceviiimiinnenn. 396
Channel x output PWM with (CHxVAL = CHXCOMVAL_ADD)..........ccccceevviirinnnnn. 396
Channel x output PWM with (CHxVAL > CHXCOMVAL_ADD)..........ccccceeviiuinnnenn. 397
Channel x output PWM with CHxVAL or CHxCOMVAL_ADD exceeds CARL .... 397
Channel x output PWM duty cycle changing with CHxCOMVAL_ADD................ 398
CHx_O output with a pulse in edge-aligned mode (CHxOMPSEL#2’b00) .......... 399

20



&

GigaDevice GD32F50x User Manual
Figure 12-95. CHx_O output with a pulse in center-aligned mode (CHxOMPSEL#2’b00)......... 399
Figure 12-96. Complementary output with dead-time insertion.......................ccoooccc i, 402
Figure 12-97. BREAK function logic diagram .................ccoooiiiiii e 403
Figure 12-98. Output behavior of the channel in response to BREAK (the break input high active
=T T I [0 15T ) PSPPSR 403
Figure 12-99. Restart mode.................cc o 405
Figure 12-100. Pause Mode.................oo oo 405
Figure 12-101. Event mode ... 405
Figure 12-102. Single pulse mode TIMERx_CHxCV = 0x04 TIMERx_CAR=0x60....................... 406
Figure 12-103. Basic timer block diagram.........................ccc 441
Figure 12-104. Normal mode, internal clock divided by 1 ...l 442
Figure 12-105. Counter timing diagram with prescaler division change from1to 2................ 442
Figure 12-106. Timing chart of up counting mode, PSC=0/2...................cccccce i, 443
Figure 12-107. Timing chart of up counting mode, change TIMERXx_CAR ongoing ................. 444
Figure 13-1. Block diagram of RTC ................cco ot 451
Figure 14-1. Free watchdog timer block diagram ............................. 460
Figure 14-2. Window watchdog timer block diagram............................l 465
Figure 14-3. Window watchdog timing diagram ... 466
Figure 15-1. Block diagram of CRC calculation unit ........................cocoiiiii e, 470
Figure 17-1. TRNG block diagram ....................coo oo 482
Figure 18-1. DATAM No swapping and Half-word swapping..............cccccccceeeeiiiiiiiience e, 488
Figure 18-2. DATAM Byte swapping and Bit swapping.......................cccc 488
Figure 18-3. CAU diagram .............oooiiiiiiiiiiiiiiiia ettt e e et e e e e e e e e e snbeeeeeas 489
Figure 18-4. AES ECB enCryption ............oiiiiiiiiii e 490
Figure 18-5. AES ECB deCryption ..............oiiiiiiiiiii e 491
Figure 19-1. DATAM No swapping and Half-word swapping.............ccccccciiiiniiiiiiiinie, 503
Figure 19-2. DATAM Byte swapping and Bit swapping............cccccciiiiiiiiiii e, 503
Figure 19-3. HAU block diagram..................oooiiiiiiiiiii e 504
Figure 20-1. CMP bIoCk diagram ................ooiiiiiiiiiiiii et 515
Figure 20-2. CIMP hyStereSis ..........oooiiiiiiiiiii e e 516
Figure 20-3. The CMP outputs sighal blanking ..............cccoooiiiiii e, 517
Figure 20-4. CMP noise filter and interrupt operation..................cccooiiie, 518
Figure 21-1. ADC module block diagram .................uuiiiiiiiiiii e 525
Figure 21-2. Single operation Mode. ... 526
Figure 21-3. Continuous operation Mode..................ooiiiiiiiiiii e 527
Figure 21-4. Scan operation mode, continuous disable .....................cccocc 528
Figure 21-5. Scan operation mode, continuous enable ...................oocoi 529
Figure 21-6. Discontinuous operation mode...............ccccoooiiiiiiii e 529
Figure 21-7. Auto-insertion, CNT = ... e 530
Figure 21-8. Triggered iNSertion .................oiiiiii e 531
Figure 21-9. Data [atCh...............oeiiiii e 531
Figure 21-10. Sequence data from ADC_LDATAX .......ccccoiiiiiiiiiiiiaa it 532
Figure 21-11. Data storage mode of 12-bit resolution...................ccoiii 533
Figure 21-12. Data storage mode of 6-bit resolution....................cccccii 533



&

GigaDevice GD32F50x User Manual
Figure 21-13. 20-bit to 16-bit result truncation............................. 536
Figure 21-14. Numerical example with 5-bits shift and rounding .....................ccccocccc i, 537
Figure 21-15. ADC sync block diagram ................cccoiriiiiiiiiiiiie e 538
Figure 21-16. Routine parallel modeon10channels........................... 539
Figure 21-17. Inserted parallel mode on 4 channels ............................ 540
Figure 21-18. Routine follow-up fast mode (the CTN bit of ADCs are set)...................cceenenneen. 541
Figure 21-19. Routine follow-up sIow mode..............cccccooo oo 541
Figure 21-20. Inserted trigger rotation: DISIC=0, IL=1..............cc..ccoiiiiiiiiiiee e 542
Figure 21-21. Inserted trigger rotation: DISIC=1, IL=1..............ccccccciiiiiiiiiee e 542
Figure 21-22. Routine parallel & inserted trigger rotation mode: SYNCM = 4’b0010................ 543
Figure 21-23. Trigger occurs during inserted conversion: SYNCM = 4’b0010 ........................ 544
Figure 21-24. Follow-up single channel with inserted sequence CH1,CH2 ............................ 544
Figure 22-1. DAC block diagram..................ooiiiiiiiiiiicc e e s 562
Figure 22-2. DAC LFSR algorithm ... e 564
Figure 22-3. DAC triangle NOISE WAVE..............ccooiiiiiiiiiie e 564
Figure 23-1. USART module block diagram ................cccccooiiiiiiiiiii e 573
Figure 23-2. USART character frame (8 bits data and 1 stop bit) ...............ccccccoeiiiiiiinn, 573
Figure 23-3. USART transmit ProCedUre ...............ccuviiiii i 575
Figure 23-4. Receiving a frame bit by oversampling method (OSB=0) ..............c..cccoccvveerinnnnn. 576
Figure 23-5. Configuration step when using DMA for USART transmission............................. 578
Figure 23-6. Configuration steps when using DMA for USART reception .....................cccvveee. 579
Figure 23-7. Hardware flow control between two USARTS ..............ccccciiiiii e 579
Figure 23-8. Hardware flow CONtrol..............cccoooiiiii e 580
Figure 23-9. Break frame occurs during idle state ...................ccccciii, 581
Figure 23-10. Break frame occurs during aframe ..................ccccocoiii e, 581
Figure 23-11. Example of USART in synchronous mode.................ocoiiiiiiiiiiiiiie, 582
Figure 23-12. 8-bit format USART synchronous waveform (CLEN=1) ...................ccccccnnnnnn. 582
Figure 23-13. IrDA SIR ENDEC mModuUle ............cooiiiiiiiiii et 583
Figure 23-14. IrDA data modulation .................cooiiii e 583
Figure 23-15. ISO7816-3 frame format ... 584
Figure 23-16. USART interrupt mapping diagram ...............ccciiiiiiiiiiiie e 587
Figure 24-1. Block diagram of SPI................ooo e 603
Figure 24-2. SPI timing diagram in normal mode .................ccoiiii 604
Figure 24-3. SPI timing diagram in Quad-SPI mode (CKPL=1, CKPH=1, LF=0)......................... 605
Figure 24-4. A typical Full-duplex connection ................ccooiiiiiiiiii e 607
Figure 24-5. A typical simplex connection (Master: Receive, Slave: Transmit) ........................ 608
Figure 24-6. A typical simplex connection (Master: Transmit only, Slave: Receive) ................ 608
Figure 24-7. A typical bidirectional connection ...................co 608
Figure 24-8. Timing diagram of Tl master mode with discontinuous transfer .......................... 610
Figure 24-9. Timing diagram of Tl master mode with continuous transfer............................... 610
Figure 24-10. Timing diagram of Tl slave mode...............ccoiiiii e 611
Figure 24-11. Timing diagram of NSS pulse with continuous transmit.................................... 611
Figure 24-12. Timing diagram of quad write operation in Quad-SPI mode.....................cccueee. 612
Figure 24-13. Timing diagram of quad read operation in Quad-SPI mode.................c...ccooeeee. 613



&

GigaDevice

GD32F50x User Manual

Figure 24-14.
Figure 24-15.
Figure 24-16.
Figure 24-17.
Figure 24-18.
Figure 24-19.
Figure 24-20.
Figure 24-21.
Figure 24-22.
Figure 24-23.
Figure 24-24.
Figure 24-25.
Figure 24-26.
Figure 24-27.
Figure 24-28.
Figure 24-29.
Figure 24-30.
Figure 24-31.
Figure 24-32.
Figure 24-33.
Figure 24-34.

Figure 24-35.
CHLEN=0, CKPL=0)
Figure 24-36.
CHLEN=0, CKPL=1)
Figure 24-37.
CHLEN=1, CKPL=0)
Figure 24-38.
CHLEN=1, CKPL=1)
Figure 24-39.
CHLEN=1, CKPL=0)

Figure24-40.

CHLEN=1, CKPL=1)
Figure 24-41.
CHLEN=1, CKPL=0)
Figure 24-42.
CHLEN=1, CKPL=1)
Figure 24-43.
CHLEN=0, CKPL=0)

Figure24-44.

CHLEN=0, CKPL=1)
Figure 24-45.
CHLEN=1, CKPL=0)
Figure 24-46.

Block diagram of 128 .............ooo i 617
12S Philips standard timing diagram (DTLEN=00, CHLEN=0, CKPL=0) .............. 618
12S Philips standard timing diagram (DTLEN=00, CHLEN=0, CKPL=1) .............. 618
12S Philips standard timing diagram (DTLEN=10, CHLEN=1, CKPL=0).............. 619
12S Philips standard timing diagram (DTLEN=10, CHLEN=1, CKPL=1) .............. 619
12S Philips standard timing diagram (DTLEN=01, CHLEN=1, CKPL=0) .............. 619
12S Philips standard timing diagram (DTLEN=01, CHLEN=1, CKPL=1) .............. 619
12S Philips standard timing diagram (DTLEN=00, CHLEN=1, CKPL=0) .............. 620
12S Philips standard timing diagram (DTLEN=00, CHLEN=1, CKPL=1) .............. 620
MSB justified standard timing diagram (DTLEN=00, CHLEN=0, CKPL=0) ......... 620
MSB justified standard timing diagram (DTLEN=00, CHLEN=0, CKPL=1) ......... 620
MSB justified standard timing diagram (DTLEN=10, CHLEN=1, CKPL=0) ......... 620
MSB justified standard timing diagram (DTLEN=10, CHLEN=1, CKPL=1) ......... 621
MSB justified standard timing diagram (DTLEN=01, CHLEN=1, CKPL=0) ......... 621
MSB justified standard timing diagram (DTLEN=01, CHLEN=1, CKPL=1) ......... 621
MSB justified standard timing diagram (DTLEN=00, CHLEN=1, CKPL=0) ......... 621
MSB justified standard timing diagram (DTLEN=00, CHLEN=1, CKPL=1) ......... 621
LSB justified standard timing diagram (DTLEN=01, CHLEN=1, CKPL=0) .......... 622
LSB justified standard timing diagram (DTLEN=01, CHLEN=1, CKPL=1) .......... 622
LSB justified standard timing diagram (DTLEN=00, CHLEN=1, CKPL=0) .......... 622
LSB justified standard timing diagram (DTLEN=00, CHLEN=1, CKPL=1) .......... 622

PCM standard short frame synchronization mode timing diagram (DTLEN=00,
PGM standard short frame synchronization mode timing diagram (DTLEN=00,
PGM standard short frame synchronization mode timing diagram (DTLEN=10,
PGM standard short frame synchronization mode timing diagram (DTLEN=10,
PGM standard short frame synchronization mode timing diagram (DTLEN=01,
PCM standard short frame synchronization mode timing diagram (DTLEN=01,
PGM standard short frame synchronization mode timing diagram (DTLEN=00,
PGM standard short frame synchronization mode timing diagram (DTLEN=00,
PCM standard long frame synchronization mode timing diagram (DTLEN=00,
PCM standard long frame synchronization mode timing diagram (DTLEN=0D,
PCM standard long frame synchronization mode timing diagram (DTLEN=10,

PCM standard long frame synchronization mode timing diagram (DTLEN=10,

23



&

GigaDevice GD32F50x User Manual
CHLENZT, CKKPLZT) ..ottt ettt s et sm e st e e nnne e snneeennne s 625
Figure 24-47. PCM standard long frame synchronization mode timing diagram (DTLEN=01,
CHLENZ1, CKKPLZ0) .......ooiiiiiiiieeeeee ettt ettt ettt e e n e st esm e e snn e s nnne e snneeennne s 625
Figure 24-48. PCM standard long frame synchronization mode timing diagram (DTLEN=01,
CHLENZT, CKKPLZT) ..ottt sttt s e nn e e s e e nnne e snneeennne s 625
Figure 24-49. PCM standard long frame synchronization mode timing diagram (DTLEN=00,
CHLENZ1, CKKPLZ0) .......ooiiiiiiiieeee ettt n e s e e sn e e s e e nnne e snneeennne s 625
Figure 24-50. PCM standard long frame synchronization mode timing diagram (DTLEN=00,
CHLENZT, CKKPLZT) ..ottt ettt s et sm e st e e nnne e snneeennne s 625
Figure 24-51. Block diagram of 12S clock generator ................ccccccoo i 626
Figure 24-52. 128 initialization SEQUENCE..............ceviiiiiiii e 628
Figure 24-53. 12S master reception disabling sequence..................ccccociiiiii i, 630
Figure 25-1. 12C module block diagram ................cccooiiii i 644
Figure 25-2. Data validation ..................... 645
Figure 25-3. START and STOP Signal .............cccoi it 646
Figure 25-4. 12C communication flow with 10-bit address (Master Transmit) ........................... 646
Figure 25-5. 12C communication flow with 7-bit address (Master Transmit) ............................. 647
Figure 25-6. 12C communication flow with 7-bit address (Master Receive)...............cc..c.ccuee... 647
Figure 25-7. 12C communication flow with 10-bit address (Master Receive when HEAD10R=0)
........................................................................................................................................................... 647
Figure 25-8. 12C communication flow with 10-bit address (Master Receive when HEAD10R=1)
........................................................................................................................................................... 647
Figure 25-9. Data hold time ... 648
Figure 25-10. Data SetUP timMe ..........ooooi i 648
Figure 25-11. Data tranSmiSSION ............cuuiiiiiiii e 650
Figure 25-12. Data reCePLtioN ...........ooooiiiiiiiiiii et 651
Figure 25-13. 12C initialization in slave mode ..............cccccoii 654
Figure 25-14. Programming model for slave transmitting when SS=0...........................cccoe 655
Figure 25-15. Programming model for slave transmitting when SS=1.......................cce 656
Figure 25-16. Programming model for slave receiving ..............cccccoooii, 657
Figure 25-17. 12C initialization in master mode..................oooiii 658
Figure 25-18. Programming model for master transmitting (N<=255)................cccccccccin 659
Figure 25-19. Programming model for master transmitting (N>255) .................cccoccco 660
Figure 25-20. Programming model for master receiving (N<=255) ..............cccooiiiiiiiiiiiiinne. 661
Figure 25-21. Programming model for master receiving (N>255) .............cccciiiniine, 662
Figure 25-22. SMBus Master Transmitter and Slave Receiver communication flow ................ 666
Figure 25-23. SMBus Master Receiver and Slave Transmitter communication flow ................ 666
Figure 26-1. CAN module block diagram................ccooiiiiiiiiiiii e 683
Figure 26-2. TranSMIiSSiON FregISter ...t 685
Figure 26-3. State of transmit mailboX.............ccooi 686
Figure 26-4. Reception regiSter ... 688
Figure 26-5. 32-bit filter ... e 689
Figure 26-6. 16-bit filter ... 689
Figure 26-7. 32-bit mask mode filter ... 689



&

GigaDevice GD32F50x User Manual
Figure 26-8. 16-bit mask mode filter ....................co 690
Figure 26-9. 32-bit list mode filter...................cc i 690
Figure 26-10. 16-bit list mode filter....................oo i 690
Figure 26-11. The bit time................ 693
Figure 26-12. Transmitter Delay Measurement .............................. 695
Figure 27-1. The EXMC block diagram ................cccuiiiiiiie i e 722
Figure 27-2. EXMC MemoOry DAnKS ..............cooiiiiiiiiiiiiiicc et s e e e e e snnrae e e e e e s e nnneene s 723
Figure 27-3. Four regions of bank0 address mapping...........ccccccccciiiiiiiiiiie e 723
Figure 27-4. NAND address mapping ... 724
Figure 27-5. Diagram of bank1 common SPAce ................cccciiiiiii e 725
Figure 27-6. Multiplex mode read access.................ccooeo i 728
Figure 27-7. Multiplex mode write access ................ccc 728
Figure 27-8. Read access timing diagram under async-wait signal assertion......................... 730
Figure 27-9. Write access timing diagram under async-wait signal assertion......................... 730
Figure 27-10. Read timing of synchronous multiplexed burst mode ......................cc.ccoovnnnnn. 732
Figure 27-11. Write timing of synchronous multiplexed burst mode .......................ccccoo i, 733
Figure 27-12. Access timing of common memory space of NAND flash Controller................. 736
Figure 27-13. Access to none "NCE don’t care” NAND Flash ...................cccccoiiiii i, 737
Figure 28-1. USBFS block diagram ..................coooiiiiiiiic et 747
Figure 28-2. Connection with host or device mode.................cccccccoo i, 748
Figure 28-3. State transition diagram of host port .................cccccc i, 749
Figure 28-4. HOST mode FIFO space in SRAM.................oooiiiiiii e 752
Figure 28-5. Host mode FIFO access register map ..............ccccceiiiiiiiiiii e 752
Figure 28-6. Device mode FIFO space in SRAM ... 753
Figure 28-7. Device mode FIFO access register map ............cccccceeiiiiiiiiiiiiii e 754

25



&

GigaDevice GD32F50x User Manual

List of Tables

Table 1-1. The interconnection relationship of the AHB interconnect matrix ............................ 30
Table 1-2. Memory map of GD32F50X d@VICES .........cccooiiiiiiiiiiiii e 33
TabIE 1-3. BOOT MOUES ...ttt ettt e e e ettt e e e e e s ettt e e e e e e e s sannbbbeeeeaaeeesanbanaeeeaaeenas 38
Table 2-1. NVIC exception types in Cortex®-M33 ...............ccooieiiiiiieieeeeee e 61
Table 2-2. Interrupt vector table................ooo i 61
Table 2-3. EXTI SOUICE ...ttt e e e s ettt e e e e e e s e e bbbt e e e e e e e e e nnneeeeeaaeeeas 65
Table 3-1. DMA transfer operation...............ccooo i 72
Table 3-2. INterruPt @VENES ... 75
Table 4-1. DMAMUX SIgNaIS ...........ooiiiiiiiiiiii e e s 85
Table 4-2. INterrUPt @VENES ........oooiiiiii e 89
Table 4-3. Request multiplexer input MapPing ..........cccooiiiiiiiiiii e 89
Table 4-4. Trigger iNPUt MAaPPING ..........c.ooiiiiiiii e e 92
Table 4-5. Synchronization input Mapping............cccccoiiiii e 93
Table 5-1. GD32F50x base address and size for flash memory ..................cccooii e, 99
Table 5-2. OPtion DYLe...........ooiii e 106
Table 5-3. WP bit for pages protected ... 107
Table 5-4. OTP available programming width ....................ccci e 108
Table 5-5. OTPO IOCK .........oooiiiiii it e e e s e e e st b e e e e st b e e e e sstbeeeesnsaeaaeaaes 108
Table 5-6. OTP1 lock and data .............cccooviiiiiiiiii e 109
Table 5-7. OTP2 lock and data .............cccueviiiiiiiiii e e 109
Table 5-8. OTP3 lock and data .............c..oeeiiiiiiiii e ereeee e s 110
Table 5-9. Security ProteCtion ... s 110
Table 6-1. Power Saving MOde SUMIMAIY ....cccoiuiiiiiiiiieeiiiite et e ettt et e st e et e e 131
Table 8-1. Clock output SOUICe SEIECt............cooiiiiiiiiiie e 153
Table 8-2. Vcore domain voltage selected in deep-sleep mode...............cccoveveiieieiccceeienae. 153
Table 10-1. GPIO configuration table .................ccciiii e 202
Table 11-1. Trigger input bit fields selection .................coo oo, 224
Table 11-2. TRIGSEL input and output Mapping...........ccccocuiiiiiiiiiii e 226
Table 12-1. Timers (TIMERX) are divided into four sorts...............cccccociii e 246
Table 12-2.The composite PWM pulse width ................c.ooi e, 261
Table 12-3.The asymmetric PWM pulse width .................oooo 265
Table 12-4. Complementary outputs controlled by parameters....................coeciie i, 271
Table 12-5. Output behavior of the channel in response to a BREAK (the break input is high
ACIVE) ... et e e e et e e e bt e e e b e e e e nbr e e e e anbae e e e nnnas 274
Table 12-6. Counting direction in different quadrature decoder signals .................c.ccccoieeenne 276
Table 12-7. Examples of SIave MOde............coooiiiiiiiiiiiii e 279
Table 12-8. Counting direction in different quadrature decoder signals ...................ccccooeeene 346
Table 12-9. the counter operationindecodermode 1......................... 348
Table 12-10. the counter operation in decoder mode 2/ 3...............ccccieie e, 349
Table 12-11. Examples of SIave MOde .............ccoooiiiiiiiiiii e 350
Table 12-12.The Composite PWM pulse Width..................cccoiiii e 395



&

GigaDevice GD32F50x User Manual
Table 12-13. Complementary outputs controlled by parameters (MCHXMSEL =2’'b11) ............ 401
Table 12-14. Slave mode example table...............ccveiiii i 404
Table 14-1. Min/max FWDGT timeout period at 40 kHz (IRC40K)..................ooociiiiieeee e, 460
Table 14-2. Min / max timeout value at 110 MHz (fecLk1) ....occoovvrrreeeiiiie e, 467
Table 16-1. Pin assignment ... 476
Table 20-1. CMP inputs and outputs SUMMAIY ................occciiiiiiei e 515
Table 21-1. ADC internal input channels ..................cccco o 524
Table 21-2. ADC input pins definition..................ccco e 524
Table 21-3. External trigger mode and type ................oooo i 534
Table 21-4. tconv timings depending onresolution........................... 535
Table 21-5. Maximum output results for N and M (Grayed values indicates truncation) ......... 537
Table 21-6. ADC sync mode table................cccooo i 538
Table 22-1. DAC 1/O deSCriptioN...............oviiiiiiii i e e e e e aneaeae s 562
Table 22-2. DAC triggers and outputs SUMMAIY...............cccciiiiiiei i 562
Table 22-3. Triggers Of DAC ... e e e e e s e s e e e e e e s e e sanraraees 563
Table 23-1. Description of USART important Pins..............cccccccce i, 572
Table 23-2. Configuration of Stop bitS................ccci 573
Table 23-3. USART interrupt reqUESES ..............oooiiiiiiiii i 586
Table 24-1. SPI signal descCription ...............cccoo i 603
Table 24-2. Quad-SPI signal description................cccooiiiiiiiiiiie e 604
Table 24-3. NSS function in slave Mode ..o e 605
Table 24-4. NSS function in master Mode .................cceiiiiiiii e 606
Table 24-5. SPloperation modes...................oooo i 606
Table 24-6. SPlinterruptrequests ..................o oo 616
Table 24-7. 12S bitrate calculation formulas ................cccoo i, 626
Table 24-8. Audio sampling frequency calculation formulas ..................cccccciii . 626
Table 24-9. Direction of 12S interface signals for each operation mode ...............................c. 627
Table 24-10. 12S interrupt ... 632
Table 25-1. Definition of 12C-bus terminology (refer to the 12C specification of Philips
SEMICONAUCTONS) ..ottt ettt e ettt e e e e s s bbbttt e e e e e s e a bbb b e et e e e e e e anbbbreeeaaeeeas 644
Table 25-2. Data setup time and data hold time.................................. 649
Table 25-3. Communication modes to be shut down ...................c 651
Table 25-4. SMBus with PEC configuration...............cccccoii e, 664
Table 25-5. 12C error flags ..........ooooi e 667
Table 25-6. 12C interrupt events.................. 667
Table 26-1. 32-bit filter nUMDber ... 690
Table 26-2. Filtering INAEX ..........oo et 691
Table 26-3. CAN Event / Interrupt flags ..o 697
Table 27-1. NOR Flash interface signals description ...............ccccccoiii e, 726
Table 27-2. PSRAM muxed signal description ..............ccoooiiiiiiiiiiii e, 726
Table 27-3. EXMC bank 0 supports all transactions................................. 726
Table 27-4. NOR / PSRAM controller timing parameters.................cooco e, 727
Table 27-5. EXMC_timing mModels ..............ooooiiii e 727
Table 27-6. Multiplex mode related registers configuration ....................ccocie 729



&

GigaDevice GD32F50x User Manual
Table 27-7. Timing configurations of synchronous multiplexed read mode ............................ 732
Table 27-8. Timing configurations of synchronous multiplexed write mode ......................... 733
Table 27-9. 8-bit or 16-bit NAND interface signal..................ccccccc i, 734
Table 27-10. Bank1 of EXMC support the memory and access mode................cccccceeeevevnnvnnnnn. 735
Table 27-11. NAND Flash programmable parameters ..., 735
Table 28-1. USBFS signal descCription................ccciiiiiii e 747
Table 28-2. USBFS global interrupt ................cooo i 758
Table 29-1. List of abbreviations used in register ................cccccccccoi i, 812
Table 29-2. List OF terMIS ..........ooiiiiii e 813
Table 30-1. Revision Ristory................ 814

28



&

GigaDevice

GD32F50x User Manual

1.

1.1.

System and memory architecture

The GD32F50x series are 32-bit general-purpose microcontrollers based on the Arm®
Cortex®-M33 processor. The Arm® Cortex®-M33 processor includes two AHB buses known
as Code and System buses. All memory accesses of the Arm® Cortex®-M33 processor are
executed on these two 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.

Arm® Cortex®-M33 processor

The Cortex®-M33 processor is a 32-bit processor that possesses low interrupt latency and
low-cost debug. The characteristics of integrated and advanced make the Cortex®-M33
processor suitable for market products that require microcontrollers with high performance
and low power consumption. The Cortex®-M33 processor is based on the Armv8 architecture
and supports a powerful and scalable instruction set including general data processing I/O
control tasks, advanced data processing bit field manipulations and DSP. Some system
peripherals listed below are also provided by Cortex®-M33:

B Internal Bus Matrix connected with Code bus, System bus, and Private Peripheral Bus
(PPB) and debug accesses.

Nested Vectored Interrupt Controller (NVIC).
Breakpoint Unit (BPU).

Data Watchpoint and Trace (DWT).
Instrumentation Trace Macrocell (ITM).
Serial Wire JTAG Debug Port (SWJ-DP).
Trace Port Interface Unit (TPIU).

Memory Protection Unit (MPU).

Floating Point Unit (FPU).

DSP Extension (DSP).

Software Built-In Self Test (SBIST) controller

The Figure 1-1. The structure of the Cortex®-M33 processor shows the Arm® Cortex®-M33
processor block diagram. For more information, refer to the Arm® Cortex®-M33 Technical

Reference Manual.
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Figure 1-1. The structure of the Cortex’-M33 processor
Cortex-M33 processor
Cortex-M33 core
Nested
Interrupts Vectored Floating Point
< »  Interrupt <@ Unit(FPU) <
Controller
4 '
. Data
Breakpomt Memo_ry Watchpoint
Unit «4» Protection (@ And Trace <
(BPU) Unit(MPU) (OWT)
A A A A
¢ v ¢ v v

Serial-Wire

Or JTAG AHB Instrumentation Trace Port
Debug Port @ Accessport €9 BusMatrix &% Trace Macrocell & Interface Unit
(SWDP or (AHB-AP) (ITM) (TPIV)

SWJ-DP)

A A A A
I I

Serial-Wi v Sv i 4 v

erial-Wire or . System Trace Port

AHB-Lite . PPB APB
Jﬂﬁ\gr?i;u@ Code ASH Bt_LrI:ne SBIST CoreSight | pepug system Interface
interface >yt controller || - ROM table interface
interface
1.2. System architecture

A 32-bit multilayer bus is implemented in the GD32F50x devices, which enables parallel
access paths between multiple masters and slaves in the system. 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 the following table, “1” indicates

the corresponding master is able to access the corresponding slave through the AHB

interconnect matrix, while the blank means the corresponding master cannot access the

corresponding slave through the AHB interconnect matrix.

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

CBUS SBUS DMAO DMA1
FMC 1 1 1
SRAM 1 1 1 1
AHB 1 1 1
EXMC 1 1 1 1

As is shown Table 1-1. The interconnection relationship of the AHB interconnect matrix,
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there are several masters connected with the AHB interconnect matrix, including CBUS,
SBUS, DMAO and DMA1. CBUS is the code bus of the Cortex®-M33 core, which is used for
any instruction fetch and data access to the Code region.SBUS is the system bus of the
Cortex®-M33 core, which is used for instruction/vector fetches, data loading/storing 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 DMA1
respectively.

The GD32F50x devices support a master port timeout monitoring mechanism to detect
system bus transmission timeouts.

The system monitors timeout conditions for 4 AHB master ports (CPU CBUS, CPU SBUS,
DMAO, DMA1). When access anomalies cause prolonged bus access blocking, the hardware
automatically generates bus error feedback to the corresponding master, while the SYSCFG
module sets the corresponding timeout status flag bits and triggers an NMI interrupt for
exception handling.

The bus timeout register (SYSCFG_BUSTO) is used to enable the timeout monitoring
function for corresponding master ports, and the bus timeout status register
(SYSCFG_BUSTOSTAT) is used to check the timeout status flag bits of each master port.

There are also several slaves connected with the AHB interconnect matrix, including FMC,
SRAM, EXMC, AHB, APB1 and APB2. FMC is the flash memory controller. SRAM are on-
chip static random access memories. EXMC is the external memory controller. AHB is the
AHB bus connected with all of the AHB slaves, while APB1 and APB2 are the two APB buses
connected with all of the APB slaves. The two APB buses connect with all the APB peripherals.
APB1 is limited to 140 MHz, APB2 operates at full speed (up to 280MHz depending on the
device).

These are interconnected using a multilayer AHB bus architecture as shown in Figure 1-2.
GD32F50x series system architecture:
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Figure 1-2.

GD32F50x series system architecture

A

TPIU ‘ SWIITAG | PORPDR
ARM Cortex- 2 Flash L Flash ] PLL
M33 & Memory Memory
o N : Controller
Processor aste S DO
Fmax: 280MHz - 12V
2 :
G (B DMAM | RC
NVIC Master] = FMC |USBFS| CRC |~ )\ | RCU 8MHz
S.
b x AHB Peripherals Ll IRC
SRAM Slave AHB to AHB to 48MHz
SRAMK=2 Controller C:Dsme CAU B,/?EgBez Bﬁ;;Bel HAU | TRNG
EXMC N [ Mester $— 3-25MHz l«——
Slave K—) DMA1
Master o |
L] LVD
Interrput request — —
» USARTO / \J \—‘ \
Slave Slave
WWDGT

A

12-bit
SAR ADC

Powered By Vooa

A

A\

A

\4

ZHINO8Z = Xeuwd :zddv

xewd :79dVv

ZHNOVT

TIMER1~4
SPI1~2/
D S
1251~2
USART1~2
12CO

12C1

FWDGT ¢————»
RTC
DAC

(= eres |

—N UART3-4

=

TIMER
16

CTC

BKP

Note: The maximum operating clock frequency of the GD32F502xx system clock can reach
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1.3.

up to 200MHz, the maximum operating clock frequency of the GD32F503xx system clock can
reach up to 252MHz, while the maximum operating clock frequency of the GD32F505xx
system clock can reach up to 280MHz.

Memory map

The Arm® Cortex®-M33 processor is structured in Harvard architecture which can use
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 memory, registers and 1/O ports are organized within the same linear 4-Gbyte
address space which is the maximum address range of the Cortex®-M33 since the bus
address width is 32-bit. Additionally, a pre-defined memory map is provided by the Cortex®-
M33 processor to reduce the software complexity of repeated implementation of different
device vendors. In the map, some regions are used by the Arm® Cortex®-M33 system
peripherals which can not be modified. However, the other regions are available to the
vendors. Table 1-2. Memory map of GD32F50x devices shows the memory map of the
GD32F50x 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 GD32F50x devices

Pre-defined .
_ Bus Address Peripherals
Regions
External
] 0xA000 0000 - 0XxA000 OFFF EXMC - SWREG
device

AHB3 0x9000 0000 - OX9FFF FFFF Reserved

0x7000 0000 - OXx8FFF FFFF EXMC - NAND
External RAM
EXMC -
0x6000 0000 - OX6FFF FFFF
NOR/PSRAM
0x5000 0000 - 0x5003 FFFF USBFS
0x4008 0000 - Ox4FFF FFFF Reserved
0x4004 0000 - 0x4007 FFFF Reserved
0x4002 BCOO - 0x4003 FFFF Reserved
0x4002 B0O0O - 0x4002 BBFF Reserved
0x4002 A00O - 0x4002 AFFF Reserved
0x4002 8000 - 0x4002 9FFF Reserved
Peripheral AHB1

0x4002 6800 - 0x4002 7FFF Reserved
0x4002 6400 - 0x4002 67FF Reserved
0x4002 6000 - 0x4002 63FF Reserved
0x4002 5000 - 0x4002 5FFF Reserved
0x4002 4000 - 0x4002 4FFF Reserved
0x4002 3C00 - 0x4002 3FFF TRNG
0x4002 3800 - 0x4002 3BFF HAU
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Pre-defined

Regions

Bus Address Peripherals
0x4002 3400 - 0x4002 37FF CAU
0x4002 3000 - 0x4002 33FF CRC
0x4002 2C00 - 0x4002 2FFF Reserved
0x4002 2800 - 0x4002 2BFF Reserved
0x4002 2400 - 0x4002 27FF Reserved
0x4002 2000 - 0x4002 23FF FMC
0x4002 1C00 - 0x4002 1FFF Reserved
0x4002 1800 - 0x4002 1BFF Reserved
0x4002 1400 - 0x4002 17FF Reserved
0x4002 1000 - 0x4002 13FF RCU
0x4002 0CO00 - 0x4002 OFFF Reserved
0x4002 0800 - 0x4002 OBFF DMAMUX
0x4002 0400 - 0x4002 O7FF DMA1
0x4002 0000 - 0x4002 03FF DMAO
0x4001 8400 - 0x4001 FFFF Reserved
0x4001 8000 - 0x4001 83FF Reserved
0x4001 7C00 - 0x4001 7FFF Reserved
0x4001 7800 - 0x4001 7BFF Reserved
0x4001 7400 - 0x4001 77FF Reserved
0x4001 7000 - 0x4001 73FF Reserved
0x4001 6CO00 - 0x4001 6FFF Reserved
0x4001 6800 - 0x4001 6BFF Reserved
0x4001 6500 - 0x4001 67FF Reserved
0x4001 6400 - 0x4001 64FF Shared CAN/APB

SRAM1
0x4001 6000 - 0x4001 63FF Shared CAN/APB

SRAMO
0x4001 5CO00 - 0x4001 5FFF CAN1

APB2 0x4001 5800 - 0x4001 5BFF CANO

0x4001 5400 - 0x4001 57FF Reserved
0x4001 5000 - 0x4001 53FF TIMER15
0x4001 4CO00 - 0x4001 4FFF Reserved
0x4001 4800 - 0x4001 4BFF Reserved
0x4001 4400 - 0x4001 47FF TRIGSEL
0x4001 4000 - 0x4001 43FF SYSCFG
0x4001 3C00 - 0x4001 3FFF ADC2
0x4001 3800 - 0x4001 3BFF USARTO
0x4001 3400 - 0x4001 37FF TIMER7
0x4001 3000 - 0x4001 33FF SPIO
0x4001 2CO00 - 0x4001 2FFF TIMERO
0x4001 2800 - 0x4001 2BFF ADC1
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Pre-defined

Regions

Bus Address Peripherals
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 0CO0 - 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 CTC
0x4000 C400 - 0x4000 C7FF Reserved
0x4000 C000 - 0x4000 C3FF Reserved
0x4000 8000 - 0x4000 BFFF Reserved
0x4000 7C00 - 0x4000 7FFF Reserved
0x4000 7800 - 0x4000 7BFF CMP
0x4000 7400 - 0x4000 77FF DAC
0x4000 7000 - 0x4000 73FF PMU
0x4000 6C00 - 0x4000 6FFF BKP
0x4000 6800 - 0x4000 6BFF Reserved
0x4000 6400 - 0x4000 67FF Reserved
0x4000 6000 - 0x4000 63FF Reserved
0x4000 5C00 - 0x4000 S5FFF Reserved
0x4000 5800 - 0x4000 5BFF 12C1

APB1 0x4000 5400 - 0x4000 57FF 12C0
0x4000 5000 - 0x4000 53FF UART4
0x4000 4CO00 - 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 2C00 - 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 TIMER16
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Pre-defined
Regions Bus Address Peripherals

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

SRAM AHB 0x2006 0000 - 0x2006 FFFF Reserved
0x2003 0000 - 0x2005 FFFF Reserved
0x2000 0000 - 0x2002 FFFF SRAM
Ox1FFF F810 - Ox1FFF FFFF Reserved
Ox1FFF F800 - Ox1FFF F80F Option Bytes
Ox1FFF BOOO - OX1FFF F7FF Boot loader
Ox1FFF 7A10 - OX1FFF AFFF Reserved
Ox1FFF 7940 - OX1FFF 7AOF Reserved
Ox1FFF 7930 - Ox1FFF 793F OTP3(lock area)
Ox1FFF 7900 - OX1FFF 792F OTP3(data area)
Ox1FFF 7880 - OxX1FFF 788F Reserved
Ox1FFF 7840 - OX1FFF 787F OTPO(lock area)
Ox1FFF 7800 - OX1FFF 783F OTPO(data area)
Ox1FFF 0000 - OX1FFF 77FF Reserved
Ox1FFE C010 - OX1FFE FFFF Reserved

Code AHB Ox1FFE C000 - Ox1FFE COOF Reserved
0x1FF2 0190 - OX1FFE BFFF Reserved

O0x1FF2 0110 - Ox1FF2 018F

OTP2 (lock area)

O0x1FF2 0100 - Ox1FF2 010F

OTP1 (lock area)

O0x1FF2 0000 - Ox1FF2 OOFF

OTP2 (data area)

0x1FFO 0000 - Ox1FF1 FFFF

OTP1 (data area)

0x1001 0000 - OX1FEF FFFF Reserved
0x1000 0000 - 0x1000 FFFF Reserved
0x083C 0000 - OXOFFF FFFF Reserved
0x0830 0000 - 0x083B FFFF Reserved
0x0810 0000 - 0x082F FFFF Reserved
0x0800 0000 - 0x080F FFFF Main Flash
0x0030 0000 - 0x07FF FFFF Reserved

0x0010 0000 - 0x002F FFFF

0x0002 0000 - 0xO00F FFFF

0x0000 0000 - 0x0001 FFFF

Aliased to Main
Flash or Boot loader
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1.3.1.

On-chip SRAM memory

The GD32F50x series of devices contain up to 192 KB of on-chip SRAM which starts at the
address 0x2000 0000. It supports byte, half-word (16 bits), and word (32 bits) accesses.

ECC

When reading and writing first 32KB SRAM, it supports 7-bit ECC function. It can correct 1-
bit error and detect multiple bits (two bits) error.

It must be written before reading SRAM, otherwise it may cause ECC error. Unaligned read
operations will be performed in accordance with 32-bit read operations. Non-aligned write
operations will produce a read-modify-write process. For example, when 16-bit data is written
into SRAM, firstly the another 16-bit data is read out from the SRAM, and the 16-bit that need
to be written are combined to a 32-bit data, and finally the 32-bit data is written into the SRAM
together. Therefore, when initializing SRAM, it can only be written in a 32-bit width.

The ECC module is composed of an encoder and a decoder.

Encoder: When performing a SRAM write operation, a 7-bit ECC code will be generated and
written into the SRAM together with the data.

Decoder: When performing a SRAM read operation, it uses the same algorithm as the
encoder to decode and generate a 7-bit ECC code. The ECC code includes ECC error status
and information which specific bit of the 32-bit data has single bit error.

The decoder is shown in Figure 1-3. ECC decoder:

Figure 1-3. ECC decoder

SRAMECCMEIF
SRAMECCSEIF
Dataout[31:0] SRAMECCSERRBITS
A A
Bit
. - Decoder
Correction
7y A
Datain[38:0]
Addr[31:0]

EEIC

The EEIC(ECC Error Interrupt Control) module provides the function of ECC error status
management and ECC interrupt configuration.

Single bit correction error event

When a single-bit correction error event is detected, EEIC:
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(1) The SRAMECCSEIF bit in SYSCFG_SRAMECCSTAT register will be set. Software can
clear it by writing 1.
(2) The SYSCFG_SRAMECCCS records the address where the single-bit correction error
event occurred.
Multi-bits (Two bits) non-correction error event
When a multi-bits non-correction error event is detected, EEIC:
(1) The SRAMECCMEIF bit in SYSCFG_SRAMECCSTAT register will be set. Software can
clear it by writing 1.
(2) The SYSCFG_SRAMECCCS records the address where the multi-bits non-correction
error event occurred.
Single bit correction error interrupt
Set the SRAMECCSEIE bit in SYSCFG_SRAMECCCS register. When a single-bit error
correctable event is detected, NMI and SRAMECC interrupt will be generated.
Multi-bits (Two bits) non-correction error interrupt
Set the SRAMECCMEIE bit in SYSCFG_SRAMECCCS register. When a multi-bits error non-
correction event is detected, NMI and SRAMECC interrupt will be generated.
1.3.2. On-chip flash memory overview
The devices provide high density on-chip flash memory, which is organized as follows:
B Up to 1024KB of main flash memory.
B Up to 18KB of information blocks for the boot loader.
B Option bytes to configure the device.
Refer to Flash memory controller (FMC) chapter for more details.
1.4. Boot configuration

The GD32F50x devices provide four kinds of boot sources. The boot mode is influenced by
Security Protection, NBTSB and BTFOSEL bits in OTP3, and Boot pins. The details are
shown in the following table Table 71-3. Boot modes.

The value on the BOOTO0 and BOOT1 pins is latched on the 4th rising edge of CK_SYS after
a reset. It is up to the user to set the BOOTO and BOOT1 pins after a power-on reset or a
system reset to select the required boot source. Once the two pins have been sampled, they
are free and can be used for other purposes.

Table 1-3. Boot modes

Security OTP3 Boot pin BOOT_MODE[2| Boot Select
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protection NBTSB BTFOSEL BOOTO BOOT1 :0]
No protection/
Protection level 0 X 1 1 011 SRAM
low

No protection/
Protection level 0 X 1 0 001 BootLoader

low

No protection/
Protection level 0 0 0 X 000 Main Flash

low

No protection/

Protection level 0 1 0 X 101 OTP1
low
X 1 0 X X 000 Main Flash
X 1 1 X X 101 OTP1
Protection level
) X 0 X X 000 Main Flash
high
Protection level
] X 1 X X 101 OTP1
high

After power-on sequence or a system reset, the Arm® Cortex®-M33 processor fetches the
top-of-stack value from address 0x0000 0000 and the base address of boot code from 0x0000
0004 in sequence. Then, it starts executing code from the base address of boot code.

The corresponding memory space of the selected boot source is aliased in the boot memory
space which begins at the address 0x0000 0000. When the on-chip SRAM is selected as the
boot source, in the application initialization code, you have to relocate the vector table in
SRAM using the NVIC exception table and the offset register.

When the main flash memory is selected to be the boot source, the memory space beginning
at the address 0x0800 0000 is aliased in the boot memory space. When OTP1 is selected to
be the boot source, the memory space beginning at the address Ox1FFO 0000 is aliased in
the boot memory space.

The embedded boot loader is located in the System memory, which is used to reprogram the
Flash memory.GD32F50x MCU embedded bootloader supports multi interfaces to update the
Flash memory. There will be USART port, and standard USB port can be used on GD32F50x
line products.
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1.5. System configuration registers
SYSCFG base address: 0x4001 4000

1.5.1. Configuration register 0 (SYSCFG_CFGO0)

Address offset: 0x00
Reset value: 0x0000 000X (X indicates BOOT_MODE[2:0] may be any value according to
the BOOTO and BOOTL pins)

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 " 10 9 8 7 6 5 4 3 2 1 0
Reserved BOOT_MODE[2:0]
r

Bits Fields Descriptions
31:3 Reserved Must be kept at reset value.
2:0 BOOT_MODE[2:0] Boot mode. Refer to Table 1-3. Boot modes
1.5.2. Configuration register 1 (SYSCFG_CFGH1)

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 " 10 9 8 7 6 5 4 3 2 1 0
Reserved 12C1FMP | I2COFMP
w w

Bits Fields Descriptions
31:2 Reserved Must be kept at reset value
1 12C1FMP 12C1 Fm+

This bit enables Fm+ on 12C1.
0: Fm+ disabled
1: Fm+ enabled

0 12COFMP 12C0 Fm+
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This bit enables Fm+ on 12C0.
0: Fm+ disabled
1: Fm+ enabled
1.5.3. Lockup control register (SYSCFG_LKCTL)
Address offset: 0x018
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 " 10 9 8 7 6 5 4 3 2 1 0
SRAM_L CPU_LO LVD_LOC
Reserved Reserved Reserved Reserved
0CK CK
w w w
Bits Fields Descriptions
31:13 Reserved Must be kept at reset value.
12 SRAM_LOCK SRAM ECC double error lockup bit
This bit is set by software and cleared by a system reset.
0: SRAM ECC double error signal is disconnected from the break input of
TIMERO/7/15/16
1: SRAM ECC double error signal is connected from the break input of
TIMERO/7/15/16
11:7 Reserved Must be kept at reset value.
6 CPU_LOCK CPU lockup bit
This bit is set by software and cleared by a system reset.
0: CPU lockup signal is disconnected from the break input of TIMERO/7/15/16
1: CPU lockup signal is connected from the break input of TIMERO/7/15/16
5:3 Reserved Must be kept at reset value.
2 LVD_LOCK Low voltage detector lockup bit
This bit is set by software and cleared by a system reset.
0: LVD signal is disconnected from the break input of TIMERO/7/15/16
1: LVD signal is connected from the break input of TIMERO/7/15/16
1.0 Reserved Must be kept at reset value.
1.5.4. Bus timeout register (SYSCFG_BUSTO)

Address offset: 0x1C
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
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
DMA1BU | DMAOBU | CPUSBU | CPUCBU
Reserved
STO STO STO STO
w w w w
Bits Fields Descriptions
31:4 Reserved Must be kept at reset value.
3 DMA1BUSTO DMA1 bus timeout enable bit.
0: Disable
1: Enable
2 DMAOBUSTO DMADO bus timeout enable bit.
0: Disable
1: Enable
1 CPUSBUSTO CPU Sbus timeout enable bit.
0: Disable
1: Enable
0 CPUCBUSTO CPU Cbus timeout enable bit.
0: Disable
1: Enable
1.5.5. Timer input selection register (SYSCFG_TIMERCISEL)
Address offset: 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
TIMER16_CIO_SEL[ TIMER15_CIO_SEL[1
Reserved Reserved
1:0] :0]
w w
Bits Fields Descriptions
316 Reserved Must be kept at reset value.
5:4 TIMER16_CIO_SEL[1 Selects TIMER16_CIO input selection

:0]

This bit selects the TIMER input source.

00: TIMER16_CHO input
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01: Reserved

10: Reserved

11: CKOUT
3:2 Reserved Must be kept at reset value.
1.0 TIMER15_CIO_SEL[1 Selects TIMER15_CIO input selection
:0] This bit selects the TIMER input source.
00: TIMER15_CHO input
01: IRC40K
10: LXTAL

11: Reserved

1.5.6. FPU interrupt enable register (SYSCFG_FPUINTEN)

Address offset: 0x24
Reset value: 0x0000 001F

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 ‘ IXIE ‘ IAIE IOVFIE‘ UFIE I DZIE ‘ IOPIE |

I\ rw w w w w

Bits Fields Descriptions

316 Reserved Must be kept at reset value.

5 IXIE Inexact interrupt enable bit
0: Disable
1: Enable

4 IAIE Input abnormal interrupt enable bit
0: Disable
1: Enable

3 OVFIE Overflow interrupt enable bit
0: Disable
1: Enable

2 UFIE Underflow interrupt enable bit
0: Disable
1: Enable

1 DZIE Divide by 0 interrupt enable bit
0: Disable
1: Enable
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0 IOPIE Invalid operation interrupt enable bit
0: Disable
1: Enable
1.5.7. SRAM write protection register (SYSCFG_SRAMWP)
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
SRAM SRAM SRAM SRAM SRAM SRAM SRAM SRAM SRAM SRAM SRAM SRAM SRAM SRAM SRAM SRAM
_P31WP | _P30WP | _P29WP | _P28WP | _P27WP | _P26WP | _P25WP | _P24WP | _P23WP | _P22WP | _P21WP | _P20WP | _P19WP | _P18WP | _P17WP | _P16WP
rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs
15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0
SRAM SRAM SRAM SRAM SRAM SRAM SRAM SRAM SRAM SRAM SRAM SRAM SRAM SRAM SRAM SRAM
_P15WP | _P14WP | _P13WP | _P12WP | _P11WP | _P10WP | _POWP | _P8WP | _P7WP | _P6WP | _P5WP | _P4WP | _P3WP | _P2WP | _P1WP | _POWP
rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs

Bits Fields Descriptions
31:0 SRAM_PxWP (x=0 to SRAM page x write protection
31) These bits are set by software and cleared only by system reset.
0: Write protection of SRAM page x is disabled.
1: Write protection of SRAM page x is enabled.
1.5.8. SRAM ECC status register (SYSCFG_SRAMECCSTAT)
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
SRAMEC | SRAMEC
Reserved
CSEIF CMEIF
rc_wl rc_wl
Bits Fields Descriptions
31:2 Reserved Must be kept at reset value.

SRAMECCSEIF

Indicates the single-bit error

SRAM single bit correction event

The software can clear it by writing 1.

0: no SRAM single bit correction event is detected.
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1: SRAM single bit correction event is detected.
0 SRAMECCMEIF Indicates the multi-bit error
SRAM non-correction event
The software can clear it by writing 1.
0: no SRAM non-correction event is detected.
1: SRAM non-correction event is detected.
1.5.9. SRAM ECC control and status register (SYSCFG_SRAMECCCS)
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 19 18 17 16
SRAMECCADDRJ[12:0] Reserved
r
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SRAMEC | SRAMEC
SRAMECCSERRBITS[5:0] Reserved Reserved
CSEIE CMEIE
r w 12
Bits Fields Descriptions
31:19 SRAMECCADDR[12: Record the faulting system address where the last ECC event on SRAM occurred.
0]
18:16 Reserved Must be kept at reset value.
15:10 SRAMECCSERRBIT Indicates the error bit
S[5:0] Which one bit has an SRAM ECC single-bit correctable error
000000: no error
000001: bit 0
111001: bit 38
9:5 Reserved Must be kept at reset value.
4 SRAMECCSEIE SRAM single bit correction interrupt enable
0: Disable.
1: Enable.
3 SRAMECCMEIE SRAM multi-bit non-correction interrupt enable
0: Disable.
1: Enable.
2:0 Reserved Must be kept at reset value.
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1.5.10. Bus timeout status register (SYSCFG_BUSTOSTAT)
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 19 18 17 16
Reserved
15 14 13 12 " 10 9 8 7 6 5 4 3 2 1 0
DMA1BU | DMAOBU | CPUSBU | CPUCBU
Reserved
STOF STOF STOF STOF
rc_w1 rc_w1 rc_w1 rc_w1
Bits Fields Descriptions
314 Reserved Must be kept at reset value.
3 DMA1BUSTOF DMAL1 bus timeout flag.
0: DMAZ1 bus not timeout
1: DMAL bus timeout
2 DMAOBUSTOF DMAQO bus timeout flag.
0: DMAQO bus not timeout
1: DMAO bus timeout
1 CPUSBUSTOF CPU Sbus timeout flag.
0: CPU Sbus not timeout
1: CPU Sbus timeout
0 CPUCBUSTOF CPU Cbus timeout flag.
0: CPU Cbus not timeout
1: CPU Chbus timeout
1.5.11. TIMERXx configuration register 0 (SYSCFG_TIMERxCFGO0, x=0, 7)

Address offset: 0x100 for TIMERO
Address offset: 0x13C for TIMER7
Reset value: 0x0000 0000

TSCFGO[4:0]... TSCFG6[4:0] are mutually exclusive and cannot be configured at the same

time.

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 TSCFG5[4:0] TSCFG4[4:0] TSCFG3[4:0]
w w w
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
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Reserved

TSCFG2[4:0]

TSCFG1[4:0]

TSCFGO[4:0]

Bits

w

Fields

w

Descriptions

w

31

30:26

25:21

20:16

Reserved

TSCFG5[4:0]

TSCFGA4[4:0]

TSCFG3[4:0]

Must be kept at reset value.

Event mode configuration

A rising edge of the trigger input enables the counter.
00000: Event mode disable

00001: Internal trigger input O (ITIO)

00010: Internal trigger input 1 (ITI1)

00011: Internal trigger input 2 (IT12)

00100: Internal trigger input 3 (ITI3)

00101: CIO edge flag (CIOF_ED)

00110: The filtered output of channel 0 input (CIOFEQ)
00111: The filtered output of channel 1 input (CI1FE1)

01000: The filtered output of external trigger input (ETIFP)

01001: The filtered output of channel 2 input (CI2FE2)
01010: The filtered output of channel 3 input (CI3FE3)
Others: Reserved

Pause mode configuration

The trigger input enables the counter clock when it is high and disables the counter

when it is low when these bits are not 0.

00000: Pause mode disable

00001: Internal trigger input O (ITIO)

00010: Internal trigger input 1 (ITI1)

00011: Internal trigger input 2 (ITI2)

00100: Internal trigger input 3 (ITI3)

00101: Reserved

00110: The filtered output of channel 0 input (CIOFEQ)
00111: The filtered output of channel 1 input (CI1FE1)

01000: The filtered output of external trigger input (ETIFP)

01001: The filtered output of channel 2 input (CI2FE2)
01010: The filtered output of channel 3 input (CI3FE3)

Others: Reserved

Restart mode configuration

The counter is reinitialized and the shadow registers are updated on the rising edge

of the selected trigger input when these bits are not 0.
00000: Restart mode disable

00001: Internal trigger input O (ITI10)

00010: Internal trigger input 1 (ITI1)

00011: Internal trigger input 2 (IT12)

00100: Internal trigger input 3 (ITI3)
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00101: CIO edge flag (CIOF_ED)

00110: The filtered output of channel 0 input (CIOFEO)
00111: The filtered output of channel 1 input (CI1FE1)
01000: The filtered output of external trigger input (ETIFP)
01001: The filtered output of channel 2 input (CI2FEZ2)
01010: The filtered output of channel 3 input (CI3FE3)

Others: Reserved
15 Reserved Must be kept at reset value.

14:10 TSCFG2[4:0] Quadrature decoder mode 2 configuration
00000: Quadrature decoder mode 2 disable
Others: The counter counts on both CIOFEO and CI1FE1 edges, while the direction
depends on each other

9:5 TSCFG1[4:0] Quadrature decoder mode 1 configuration
00000: Quadrature decoder mode 1 disable
Others: The counter counts on CI1FE1 edge, while the direction depends on
CIOFEQO level

4:0 TSCFGO[4:0] Quadrature decoder mode 0 configuration
00000: Quadrature decoder mode 0 disable
Others: The counter counts on CIOFEO edge, while the direction depends on
CI1FEL1 level.

1.5.12. TIMERXx configuration register 1 (SYSCFG_TIMERxCFG1, x=0, 7)

Address offset: 0x104 for TIMERO
Address offset: 0x140 for TIMER7
Reset value: 0x0000 0000

TSCFGO[4:0]... TSCFG6[4:0] are mutually exclusive and cannot be configured at the same
time.

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 " 10 9 8 7 6 5 4 3 2 1 0
Reserved TSCFG6[4:0]
w

Bits Fields Descriptions
315 Reserved Must be kept at reset value.
4:0 TSCFG6[4:0] External clock mode 0 configuration

The counter counts on the rising edges of the selected trigger when these bits are
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not 0.
00000: External clock mode 0 disable
00001: Internal trigger input O (ITIO)
00010: Internal trigger input 1 (ITI1)
00011: Internal trigger input 2 (1TI2)
00100: Internal trigger input 3 (ITI3)
00101: CIO edge flag (CIOF_ED)
00110: The filtered output of channel 0 input (CIOFEO)
00111: The filtered output of channel 1 input (CI1FE1)
01000: The filtered output of external trigger input (ETIFP)
01001: The filtered output of channel 2 input (CI2FE2)
01010: The filtered output of channel 3 input (CI3FE3)
Others: Reserved
1.5.13. TIMERXx configuration register 2 (SYSCFG_TIMERXxCFG2, x=0, 7)
Address offset: 0x108 for TIMERO
Address offset: 0x144 for TIMER7
Reset value: 0x0000 0000
TSCFGO[4:0]... TSCFG6[4:0] are mutually exclusive and cannot be configured at the same
time.
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 TSCFG15[4:0]
w
15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0
Reserved
Bits Fields Descriptions
31:21 Reserved Must be kept at reset value.
20:16 TSCFG15[4:0] Internal trigger input source configuration

00000: Reserved

00001: Internal trigger input O (ITI10)

00010: Internal trigger input 1 (ITI1)

00011: Internal trigger input 2 (IT12)

00100: Internal trigger input 3 (ITI3)

00101: CIO edge flag (CIOF_ED)

Others: Reserved

Note: When TSCFG15[4:0] is used, TSCFGy[4:0](y=0...6) should be zero,
otherwise, the ITS trigger cooperate with TSCFGy[4:0], and input source depend on
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TSCFGy[4:0].
15:0 Reserved Must be kept at reset value.
1.5.14. TIMERX configuration register 0 (SYSCFG_TIMERxCFGO0, x=1, 2, 3, 4)
Address offset: 0x10C for TIMER1
Address offset: 0x118 for TIMER2
Address offset: 0x124 for TIMER3
Address offset: 0x130 for TIMER4
Reset value: 0x0000 0000
TSCFGO[4:0]...TSCFG6[4:0], TSCFG9[4:0]...TSCFG15[4:0] are mutually exclusive and
cannot be configured at the same time.
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 TSCFG5[4:0] TSCFG4[4:0] TSCFG3[4:0]
w w w
15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0
Reserved TSCFG2[4:0] TSCFG1[4:0] TSCFGO[4:0]
w w w
Bits Fields Descriptions
31 Reserved Must be kept at reset value.
30:26 TSCFG5[4:0] Event mode configuration
A rising edge of the trigger input enables the counter.
00000: Event mode disable
00001: Internal trigger input 0 (ITI10)
00010: Internal trigger input 1 (ITI1)
00011: Internal trigger input 2 (IT12)
00100: Internal trigger input 3 (ITI3)
00101: CIO edge flag (CIOF_ED)
00110: The filtered output of channel 0 input (CIOFEQ)
00111: The filtered output of channel 1 input (CI1FEL)
01000: The filtered output of external trigger input (ETIFP)
01001: The filtered output of channel 2 input (CI2FE2)
01010: The filtered output of channel 3 input (CI3FE3)
Others: Reserved
25:21 TSCFGA4[4:0] Pause mode configuration

The trigger input enables the counter clock when it is high and disables the counter
when it is low when these bits are not 0.

00000: Pause mode disable

00001: Internal trigger input O (ITIO)

50




&

GigaDevice

GD32F50x User Manual

20:16

15

14:10

9:5

4.0

1.5.15.

TSCFG3[4:0]

Reserved

TSCFG2[4:0]

TSCFG1[4:0]

TSCFGO[4:0]

00010: Internal trigger input 1 (ITI11)

00011: Internal trigger input 2 (1TI2)

00100: Internal trigger input 3 (ITI3)

00101: Reserved

00110: The filtered output of channel 0 input (CIOFEO)
00111: The filtered output of channel 1 input (CI1FE1)
01000: The filtered output of external trigger input (ETIFP)
01001: The filtered output of channel 2 input (CI2FE2)
01010: The filtered output of channel 3 input (CI3FE3)

Others: Reserved

Restart mode configuration

The counter is reinitialized and the shadow registers are updated on the rising edge
of the selected trigger input when these bits are not 0.
00000: Restart mode disable

00001: Internal trigger input O (ITI0)

00010: Internal trigger input 1 (ITI1)

00011: Internal trigger input 2 (IT12)

00100: Internal trigger input 3 (ITI3)

00101: CIO edge flag (CIOF_ED)

00110: The filtered output of channel 0 input (CIOFEO)
00111: The filtered output of channel 1 input (CI1FE1)
01000: The filtered output of external trigger input (ETIFP)
01001: The filtered output of channel 2 input (CI2FE2)
01010: The filtered output of channel 3 input (CI3FE3)

Others: Reserved
Must be kept at reset value.

Quadrature decoder mode 2 configuration
00000: Quadrature decoder mode 2 disable
Others: The counter counts on both CIOFEO and CI1FE1 edges, while the direction

depends on each other

Quadrature decoder mode 1 configuration

00000: Quadrature decoder mode 1 disable

Others: The counter counts on CI1FE1 edge, while the direction depends on
CIOFEO level

Quadrature decoder mode O configuration

00000: Quadrature decoder mode 0 disable

Others: The counter counts on CIOFEO edge, while the direction depends on
CI1FEL1 level.

TIMERX configuration register 1 (SYSCFG_TIMERXxCFG1, x=1, 2, 3, 4)

Address offset: 0x110 for TIMER1
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Address offset: 0x11C for TIMER2
Address offset: 0x128 for TIMER3
Address offset: 0x134 for TIMER4
Reset value: 0x0000 0000
TSCFGO[4:0]... TSCFG6[4:0], TSCFG9[4:0]...TSCFG15[4:0] are mutually exclusive and
cannot be configured at the same time.
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 TSCFG11[4:0] TSCFG10[4:0] TSCFG9[4:0]
w w w
15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0
Reserved TSCFG6[4:0]
w
Bits Fields Descriptions
31 Reserved Must be kept at reset value.
30:26 TSCFG11[4:0] Decoder mode 2 configuration
00000: disable
Others: The counter will count on both rising and falling edges of CIOFEO and
CI1FE1 signals. And the counting direction determined by the CHOP and CH1P bits.
25:21 TSCFG10[4:0] Decoder mode 1 configuration
00000: disable
Others: The CIOFEQ is used as the count direction signal and the CI1FE1 signal is
used as the count pulse. And the counter counts on the edge of CI1FE1, which is
set by the CH1P.
20:16 TSCFG9[4:0] Decoder mode 0 configuration
00000: Disable
Others: The CIOFEO is used as the count direction signal and the CI1FE1 signal is
used as the count pulse. The counter will count on both rising and falling edges of
the CI1FE1 signal.
15:5 Reserved Must be kept at reset value.
4:0 TSCFG6[4:0] External clock mode O configuration

The counter counts on the rising edges of the selected trigger when these bits are
not 0.
00000: External clock mode 0 disable
00001: Internal trigger input O (ITI0)
00010: Internal trigger input 1 (ITI1)
00011: Internal trigger input 2 (IT12)
00100: Internal trigger input 3 (ITI3)
00101: CIO edge flag (CIOF_ED)
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00110: The filtered output of channel 0 input (CIOFEQ)
00111: The filtered output of channel 1 input (CI1FE1)
01000: The filtered output of external trigger input (ETIFP)
01001: The filtered output of channel 2 input (CI2FE2)
01010: The filtered output of channel 3 input (CI3FE3)

Others: Reserved

1.5.16. TIMERXx configuration register 2 (SYSCFG_TIMERXxCFG2, x=1, 2, 3, 4)

Address offset: 0x114 for TIMER1
Address offset: 0x120 for TIMER2
Address offset: 0x12C for TIMER3
Address offset: 0x138 for TIMER4
Reset value: 0x0000 0000

TSCFGO[4:0]...TSCFG6[4:0], TSCFG9[4:0]...TSCFG15[4:0] are mutually exclusive and
cannot be configured at the same time.

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 TSCFG15[4:0]

15 14 13 12

w

10 9 8 7 6 5 4 3 2 1 0

Reserved TSCFG14[4:0]

TSCFG13[4:0] TSCFG12[4:0]

w

Bits Fields

w w

Descriptions

31:21 Reserved

20:16 TSCFG15[4:0]

15 Reserved

14:10 TSCFG14[4:0]

Must be kept at reset value.

Internal trigger input source configuration

00000: Reserved

00001: Internal trigger input O (ITI0)

00010: Internal trigger input 1 (ITI1)

00011: Internal trigger input 2 (IT12)

00100: Internal trigger input 3 (ITI3)

00101: CIO edge flag (CIOF_ED)

Others: Reserved

Note: When TSCFG15[4:0] is used, TSCFGy[4:0](y=0...6, 9...15) should be zero,
otherwise, the ITS trigger cooperate with TSCFGy[4:0], and input source depend on
TSCFGyJ[4:0].

Must be kept at reset value.

Quadrature decoder mode 4 configuration
00000: Disable

Others: The counter counts on CILFE1 edge only, while the direction depends on
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CI1FEL1 level.
9:5 TSCFG13[4:0] Quadrature decoder mode 3 configuration
00000: Disable
Others: The counter counts on CIOFEO edge only, while the direction depends on
CIOFEO level.
4:0 TSCFG12[4:0] Decoder mode 3 configuration
00000: disable
Others: the counter will count on rising or falling edge of CIOFEO and CI1FE1
signals. When CHxP=0, the counter will counter on the high level or the falling edge
or the CIXFEXx signal; When CHxP=1, the counter will counter on the low level or the
rising edge or the CIXFEXx signal.
1.5.17. TIMERXx configuration register 0 (SYSCFG_TIMERxCFGO0, x=15, 16)
Address offset: 0x148 for TIMER15
Address offset: 0x154 for TIMER16
Reset value: 0x0000 0000
TSCFG3[4:0]...TSCFG6[4:0] are mutually exclusive and cannot be configured at the same
time.
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 TSCFG5[4:0] TSCFG4[4:0] TSCFG3[4:0]
w w w
15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0
Reserved
Bits Fields Descriptions
31 Reserved Must be kept at reset value.
30:26 TSCFG5[4:0] Event mode configuration

A rising edge of the trigger input enables the counter.
00000: Event mode disable

00001: Internal trigger input O (ITI10)

00010: Internal trigger input 1 (ITI1)

00011: Internal trigger input 2 (IT12)

00100: Internal trigger input 3 (ITI3)

00101: CIO edge flag (CIOF_ED)

00110: The filtered output of channel 0 input (CIOFEQ)
00111: The filtered output of channel 1 input (CI1FE1)
01011: MCIOFEMO

10011: Internal trigger input 14 (IT114)

54




&

GigaDevice GD32F50x User Manual

Others: Reserved

25:21 TSCFGA4[4:0] Pause mode configuration
The trigger input enables the counter clock when it is high and disables the counter
when it is low when these bits are not 0.
00000: Pause mode disable
00001: Internal trigger input 0 (ITIO)
00010: Internal trigger input 1 (ITI1)
00011: Internal trigger input 2 (ITI2)
00100: Internal trigger input 3 (ITI3)
00101: Reserved
00110: The filtered output of channel 0 input (CIOFEQ)
00111: The filtered output of channel 1 input (CI1FE1)
01011: MCIOFEMO
10011: Internal trigger input 14 (ITI14)
Others: Reserved

20:16 TSCFG3[4:0] Restart mode configuration
The counter is reinitialized and the shadow registers are updated on the rising edge
of the selected trigger input when these bits are not 0.
00000: Restart mode disable
00001: Internal trigger input O (ITI10)
00010: Internal trigger input 1 (ITI1)
00011: Internal trigger input 2 (IT12)
00100: Internal trigger input 3 (ITI3)
00101: CIO edge flag (CIOF_ED)
00110: The filtered output of channel 0 input (CIOFEQ)
00111: The filtered output of channel 1 input (CI1FE1)
01011: MCIOFEMO
10011: Internal trigger input 14 (ITI14)
Others: Reserved

15:0 Reserved Must be kept at reset value.

1.5.18. TIMERX configuration register 1 (SYSCFG_TIMERxCFG1, x=15, 16)

Address offset: 0x14C for TIMER15
Address offset: 0x158 for TIMER16
Reset value: 0x0000 0000

TSCFG3[4:0]...TSCFG6[4:0] are mutually exclusive and cannot be configured at the same
time.

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
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15 14 13 12 " 10 9 8 7 6 5 4 3 2 1 0
Reserved TSCFG6[4:0]
w

Bits Fields Descriptions

315 Reserved Must be kept at reset value.

4:0 TSCFG6[4:0] External clock mode 0 configuration
The counter counts on the rising edges of the selected trigger when these bits are
not 0.

00000: External clock mode 0 disable

00001: Internal trigger input O (ITI0)

00010: Internal trigger input 1 (ITI1)

00011: Internal trigger input 2 (ITI12)

00100: Internal trigger input 3 (ITI3)

00101: CIO edge flag (CIOF_ED)

00110: The filtered output of channel 0 input (CIOFEOQ)
00111: The filtered output of channel 1 input (CI1FE1)
01011: MCIOFEMO

10011: Internal trigger input 14 (ITI114)

Others: Reserved

1.5.19. TIMERXx configuration register 2 (SYSCFG_TIMERxCFG2, x=15, 16)

Address offset: 0x150 for TIMER15
Address offset: 0x15C for TIMER16
Reset value: 0x0000 0000

TSCFG3[4:0]...TSCFG6[4:0] are mutually exclusive and cannot be configured at the same
time.

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 TSCFG15[4:0]
w
15 14 13 12 " 10 9 8 7 6 5 4 3 2 1 0
Reserved

Bits Fields Descriptions
31:21 Reserved Must be kept at reset value.
20:16 TSCFG15[4:0] Internal trigger input source configuration

00000: Reserved
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15:0

1.6.

00001: Internal trigger input 0 (ITIO)

00010: Internal trigger input 1 (ITI1)

00011: Internal trigger input 2 (1TI2)

00100: Internal trigger input 3 (ITI3)

00101: CIO edge flag (CIOF_ED)

10011: Internal trigger input 14 (IT114)

Others: Reserved

Note: When TSCFG15[4:0] is used, TSCFGy[4:0](y = 3..6) should be zero,
otherwise, the ITS trigger cooperate with TSCFGy[4:0], and input source depend on
TSCFGy[4:0].

Reserved Must be kept at reset value.

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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1.6.1. Memory density information
Base address: Ox1FFF F7EOQ
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 " 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.
1.6.2. 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 1" 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
‘ UNIQUE_ID[63:48]
r
15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0

UNIQUE_ID[47:32]

r
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Bits Fields Descriptions
31.0 UNIQUE_ID[63:32] Unique device ID
Base address: Ox1FFF F7FO0
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

UNIQUE_ID[95:80]

r

15 14 13 12 1" 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
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2.

2.1.

2.2.

2.3.

Interrupt / event controller (EXTI)

Overview

Cortex®-M33 integrates the Nested Vectored Interrupt Controller (NVIC) for efficient exception
and interrupts processing. NVIC facilitates low-latency exception and interrupt handling and
power management controls. It’s tightly coupled to the processer core. More details about
NVIC could referred to the technical reference manual of cortex®-M33.

EXTI (interrupt / event controller) contains up to 20 independent edge detectors and
generates interrupt requests or events to the processor. 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.

Characteristics

Cortex®-M33 system exception.

Up to 79 maskable peripheral interrupts.

4 bits interrupt priority configuration—216 priority levels.
Efficient interrupt processing.

Support exception pre-emption and tail-chaining.
Wake up system from power saving mode.

Up to 20 independent edge detectors in EXTI.

Three trigger types: rising, falling and both edges.
Software interrupt or event trigger.

Trigger sources configurable.

Interrupts function overview

The Arm Cortex®-M33 processor and the Nested Vectored Interrupt Controller (NVIC)
prioritize and handle all exceptions in Handler Mode. The processor state is automatically
stored to the stack on an exception and automatically restored from the stack at the end of
the Interrupt Service Routine (ISR).

The vector is fetched in parallel to the state saving, enabling efficient interrupt entry. The
processor supports tail-chaining, which enables back-to-back interrupts to be performed
without the overhead of state saving and restoration. Table 2-1. NVIC exception types in

Cortex®- and Table 2-2. Interrupt vector table list all exception types.
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Table 2-1. NVIC exception types in Cortex’-M33

. Vector o _
Exception type Priority (a) Vector address Description
number
- 0 - 0x0000_0000 Reserved
Reset 1 -3 0x0000_0004 Reset
NMI 2 -2 0x0000_0008 Non maskable interrupt.
HardFault 3 -1 0x0000_000C All class of fault
MemManage 4 Programmable 0x0000_0010 Memory management
Prefetch fault, memory access
BusFault 5 Programmable 0x0000_0014
fault
Undefined instruction or illegal
UsageFault 6 Programmable 0x0000_0018
state
0x0000_001C -
- 7-10 - Reserved
0x0000_002B
System service call via SWI
SvcCall 11 Programmable 0x0000_002C ) )
instruction
Debug Monitor 12 Programmable 0x0000_0030 Debug Monitor
- 13 - 0x0000_0034 Reserved
Pendable request for system
PendSv 14 Programmable 0x0000_0038 )
service
SysTick 15 Programmable 0x0000_003C System tick timer

Table 2-2. Interrupt vector table

Interrupt Vector Devices
Number Number Interrupt Description vector Address
IRQO 16 WWDGT interrupt 0x0000_0040
IRQ 1 17 LVD / VAVD from EXTI interrupt 0x0000_0044
IRQ 2 18 Tamper interrupt 0x0000_0048
IRQ 3 19 RTC global interrupt 0x0000_004C
IRQ 4 20 FMC global interrupt 0x0000_0050
IRQ 5 21 RCU and CTC interrupt 0x0000_0054
IRQ 6 22 EXTI line0 interrupt 0x0000_0058
IRQ7 23 EXTI linel interrupt 0x0000_005C
IRQ 8 24 EXTI line2 interrupt 0x0000_0060
IRQ9 25 EXTI line3 interrupt 0x0000_0064
IRQ 10 26 EXTI line4 interrupt 0x0000_0068
IRQ 11 27 DMAO channel0 global interrupt 0x0000_006C
IRQ 12 28 DMAO channell global interrupt 0x0000_0070
IRQ 13 29 DMAO channel2 global interrupt 0x0000_0074
IRQ 14 30 DMAO channel3 global interrupt 0x0000_0078
IRQ 15 31 DMAO channel4 global interrupt 0x0000_007C
IRQ 16 32 DMAO channel5 global interrupt 0x0000_0080
IRQ 17 33 DMAO channel6 global interrupt 0x0000_0084
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Interrupt Vector Devices
Number Number Interrupt Description vector Address
IRQ 18 34 ADCO and ADC1 global interrupt 0x0000_0088
IRQ 19 35 CANO TX interrupts 0x0000_008C
IRQ 20 36 CANO RXO interrupts 0x0000_0090
IRQ 21 37 CANO RX1 interrupts 0x0000_0094
IRQ 22 38 CANO EWMC interrupts 0x0000_0098
IRQ 23 39 EXTI line[9:5] interrupts 0x0000_009C
IRQ 24 40 TIMERO break interrupt 0x0000_00A0
IRQ 25 41 TIMERO update interrupt 0x0000_00A4
IRQ 26 42 TIMERO trigger a-md Channel 0X0000_00A8
commutation interrupts

RO 27 43 TIMERO char-mel capture compare 0X0000_00AC

interrupt
IRQ 28 44 TIMERL global interrupt 0x0000_00B0
IRQ 29 45 TIMERZ2 global interrupt 0x0000_00B4
IRQ 30 46 TIMERS3 global interrupt 0x0000_00B8
IRQ 31 a7 12C0 event interrupt 0x0000_00BC
IRQ 32 48 12CO0 error interrupt 0x0000_00CO0
IRQ 33 49 I12C1 event interrupt 0x0000_00C4
IRQ 34 50 I12C1 error interrupt 0x0000_00C8
IRQ 35 51 SPIO0 global interrupt 0x0000_00CC
IRQ 36 52 SPI1 global interrupt 0x0000_00D0
IRQ 37 53 USARTO global interrupt 0x0000_00D4
IRQ 38 54 USART1 global interrupt 0x0000_00D8
IRQ 39 55 USART?2 global interrupt 0x0000_00DC
IRQ 40 56 EXTI line[15:10] interrupts 0x0000_00EO
IRQ 41 57 RTC alarm from EXTI interrupt 0x0000_0OO0E4
IRQ 42 58 USBFS wakeup from EXTI interrupt 0x0000_0O0ES8
IRQ 43 59 TIMERY break interrupt 0x0000_00EC
IRQ 44 60 TIMERY update interrupt 0x0000_00F0
IRQ 45 o1 TIMER7 trigger a-md Channel 0X0000_00F4

commutation interrupts

IRQ 46 62 TIMER7 char-mel capture compare 0X0000_00F8

interrupt
IRQ 47 63 ADC2 global interrupt 0x0000_00FC
IRQ 48 64 reserved 0x0000_0100
IRQ 49 65 RCU clock frequency monitor interrupt 0x0000_0104
IRQ50 66 CMP from EXTI interrupt 0x0000_0108
IRQ51 67 SPI2 global interrupt 0x0000_010C
IRQ52 68 UARTS3 global interrupt 0x0000_0110
IRQ53 69 UART4 global interrupt 0x0000_0114
IRQ54 70 TIMERS global interrupt 0x0000_0118
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Interrupt Vector Devices
Number Number Interrupt Description vector Address
IRQ55 71 TIMERSG global interrupt 0x0000_011C
IRQ56 72 DMA1 channelO global interrupt 0x0000_0120
IRQ57 73 DMAL1 channell global interrupt 0x0000_0124
IRQ58 74 DMAL1 channel2 global interrupt 0x0000_0128
IRQ59 75 DMAL1 channel3 global interrupt 0x0000_012C
IRQ60 76 DMAL1 channel4 global interrupt 0x0000_0130
IRQ61 77 DAC global interrupt 0x0000_0134
IRQ62 78 VUVD or VOVD interrupt 0x0000_0138
IRQ63 79 CAN1 TX interrupt 0x0000_013C
IRQ64 80 CAN1 RXO interrupt 0x0000_0140
IRQ65 81 CAN1 RX1 interrupt 0x0000_0144
IRQ66 82 CAN1 EWMC interrupt 0x0000_0148
IRQ67 83 SRAM ECC interrupt 0x0000_014C
IRQ68 84 FPU interrupt 0x0000_0150
IRQ69 85 CMP interrupt 0x0000_0154
IRQ70 86 DMAMUX interrupt 0x0000_0158
IRQ71 87 CAU interrupt 0x0000_015C
IRQ72 88 HAU interrupt 0x0000_0160
IRQ73 89 TRNG interrupt 0x0000_0164
IRQ74 90 USBFS interrupt 0x0000_0168
IRQ75 91 TIMER4 interrupt 0x0000_016C
IRQ76 92 TIMER15 interrupt 0x0000_0170
IRQ77 93 TIMER16 interrupt 0x0000_0174
IRQ78 94 TIMERO channel break interrupt 0x0000_0178
IRQ79 95 TIMERY channel break interrupt 0x0000_017C
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2.4. External interrupt and event (EXTI) block diagram
Figure 2-1. Block diagram of EXTI
Polarity Software
Control Trigger
EXTI Line0~19 Edge
detector
Interrupt Mask TonvIC
Control
Event Event Mask ToWakeup Unit
Generate Control
2.5. External Interrupt and Event function overview

The EXTI contains up to 20 independent edge detectors and generates interrupts request or
event to the processor. 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 4 lines from internal
modules which refers to Table 2-3. EXTI source. All GPIO pins can be selected as an EXTI
trigger source by configuring AFIO_EXTISSx registers in GPIO module (please refer to
General-purpose and alternate-function I/Os (GPIO and AFIO) section for detail).

EXTI can provide not only interrupts but also event signals to the processor. The Cortex®-
M33 processor fully implements the Wait For Interrupt (WFI), Wait For Event (WFE) and the
Send Event (SEV) instructions. The Wake-up Interrupt Controller (WIC) enables the
processor and NVIC to be put into a very low-power sleep mode leaving the WIC to identify
and prioritize interrupts and event. 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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Hardware trigger

Hardware trigger may be used to detect the voltage change of external or internal signals.
The software should follow these steps to use this function:

Configure EXTI sources in AFIO module based on application requirement.

Configure EXTI_RTEN and EXTI_FTEN to enable the rising or falling detection on
related pins. (Software may set both RTENx and FTENXx for a pin at the same time to
detect both rising and falling changes on this pin).

3. Enable interrupts or events by setting related EXTI_INTEN or EXTI_EVEN bits.

4. EXTI starts to detect changes on the configured pins. The related interrupt or event will
be triggered when desired change is detected on these pins. If the interrupt is triggered,
the related PDx is set; if the event is triggered, the related PDx is not set. The software
should response to the interrupts or events and clear these PDx bits.

Software trigger

Software may also trigger EXTI interrupts or events following these steps:

Enable interrupts or events by setting related EXTI_INTEN or EXTI_EVEN bits.

Set SWIEVXx bits in EXTI_SWIEV register, the related interrupt or event will be triggered
immediately. If the interrupt is triggered, the related PDx is set; if the event is triggered,
the related PDx is not set. Software should response to these interrupts, and clear related

PDx bits.
Table 2-3. EXTI source
EXTI Line
N Source

0 PAO/PBO/PCO/PDO/PEO

1 PA1/PB1/PC1/PD1/PE1l

2 PA2/PB2/PC2/PD2/PE2

3 PA3/PB3/PC3/PD3/PE3

4 PA4 /PB4 /PC4/PD4/ PE4

5 PA5/PB5/PC5/PD5/PE5

6 PA6 / 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/PE1l1
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 / VAVD

17 RTC Alarm
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EXTI Line
Source
Number
18 CMP Wakeup
19 USBFS Wakeup
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2.6. EXTI Register
EXTI base address: 0x4001 0400
2.6.1. 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 ‘ INTEN19 | INTEN18 ‘ INTEN17 ‘ INTEN16 |
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

‘INTENlSIINTEN14|INTEN13 ‘ INTEN12 ‘ INTEN11 ‘ INTENlO‘ INTEN9 ‘ INTENS ‘ INTEN7 ‘ INTEN6 ‘ INTENS ‘ INTEN4 ‘ INTEN3 | INTEN2 ‘ INTEN1 ‘ INTENO |

w w w w w w w w w w w w w 12 w w
Bits Fields Descriptions
31:20 Reserved Must be kept at reset value.
19: 0 INTENX Interrupt enablebit x (x = 0...19)
0: Interrupt from linex is disabled.
1: Interrupt from linex is enabled.
2.6.2. 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 ‘ EVEN19 ’ EVEN18 ‘ EVEN17 ‘ EVEN16 |
w 2 w w
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 |

w w w rw w w w w w w w w w 2 w 12
Bits Fields Descriptions
31:20 Reserved Must be kept at reset value.
19: 0 EVENX Event enable bit x (x = 0...19)

0: Event from linex is disabled.
1: Event from linex is enabled.
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2.6.3. 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 ‘ RTEN19 | RTEN18 ‘ RTEN17 ‘ RTEN16 |
w 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 | RTENS | RTEN7 | RTENG6 ‘ RTENS | RTEN4 ‘ RTEN3 | RTEN2 ‘ RTEN1 ‘ RTENO |

w w w w w w w w w w w w w w w w
Bits Fields Descriptions
31:20 Reserved Must be kept at reset value.
19:0 RTENXx Rising edge trigger enable x (x = 0...19)

0: Rising edge of linex is invalid
1: Rising edge of linex is valid as an interrupt / event request

2.6.4. 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 ‘ FTEN19 ’ FTEN18 ‘ FTEN17 ‘ FTEN16 |
w rw w rw
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

‘FTENlS ‘ FTEN14 ‘ FTEN13 ‘ FTEN12 ‘ FTEN11 ‘ FTENlO‘ FTEN9 ‘ FTEN8 ‘ FTEN7 ‘ FTENG6 ‘ FTENS ‘ FTEN4 ‘ FTEN3 ’ FTEN2 ‘ FTEN1 ‘ FTENO |

w w w w w w w w w w w w w 2 w w
Bits Fields Descriptions
31: 20 Reserved Must be kept at reset value.
19: 0 FTENX Falling edge trigger enable x (x = 0...19)

0: Falling edge of linex is invalid
1: Falling edge of linex is valid as an interrupt / event request

2.6.5. Software interrupt event register (EXTI_SWIEV)

Address offset: 0x10
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
‘ Reserved ‘ SWIEV19 ‘ SWIEV18 ‘ SWIEV17 ‘ SWIEV16 |
w w w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

‘SWIEVlS ‘SWIEV14‘SWIEV13‘SWIEV12 ‘SWIEVII‘SWIEVIO‘ SWIEV9 ‘ SWIEVS ‘ SWIEV7 ‘ SWIEV6 ‘ SWIEVS ‘ SWIEV4 ‘ SWIEV3 ‘ SWIEV2 ‘ SWIEV1 ‘ SWIEVO |

w w w w w w rw w w A rw rw w w w w

Bits Fields Descriptions

31:20 Reserved Must be kept at reset value.
19:0 SWIEVX Interrupt / Event software trigger x (x = 0...19)
0: Deactivate the EXTIx software interrupt / event request
1: Activate the EXTIx software interrupt / event request
2.6.6. Pending register (EXTI_PD)
Address offset: 0x14
Reset value: OxXXXX XXXX, where X is 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 PD19 PD18 ‘ PD17 PD16 |
rc_wl 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: 20 Reserved Must be kept at reset value.
19:0 PDx Interrupt pending status x (x = 0...19)

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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3.

3.1.

3.2.

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 DMA1). 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 Cortex®-M33 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 (7 for DMAO and 5 for DMAL) and each channel are configurable.

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 0 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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3.3. Block diagram

Figure 3-1. Block diagram of DMA
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As shown in Figure 3-1. 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.

3.4. Function overview

3.4.1. 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_CHXxCTL registers. The DMA_CHxCNT
register controls how many transfers to be transmitted on the channel. The PWIDTH and
MWIDTH bits in the DMA_CHXxCTL 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
3-1. DMA transfer operation.
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Table 3-1. DMA transfer operation

Transfer size Transfer operations
Source | Destination Source Destination
1: Read B3B2B1B0[31:0] @0x0 1: Write B3B2B1B0[31:0] @0x0
) ) 2: Read B7B6B5B4[31:0] @0x4 2: Write B7B6B5B4[31:0] @0x4
32 bits 32 bits )
3: Read BBBAB9B8[31:0] @0x8 3: Write BBBAB9B8[31:0] @0x8
4: Read BFBEBDBCJ[31:0] @0xC  |4: Write BFBEBDBC[31:0] @0xC
1: Read B3B2B1B0[31:0] @0x0 1: Write B1B0[15:0] @0x0
. ) 2: Read B7B6B5B4[31:0] @0x4 2: Write B5B4[15:0] @0x2
32 bits 16 bits .
3: Read BBBAB9B8[31:0] @0x8 3: Write B9B8[15:0] @0x4
4: Read BFBEBDBCJ[31:0] @OxC  |4: Write BDBC[15:0] @0x6
1: Read B3B2B1B0[31:0] @0x0 1: Write BO[7:0] @0x0
) ) 2: Read B7B6B5B4[31:0] @0x4 2: Write B4[7:0] @0x1
32 bits 8 bits .
3: Read BBBAB9B8[31:0] @0x8 3: Write B8[7:0] @0x2
4: Read BFBEBDBCJ[31:0] @0OxC  |4: Write BC[7:0] @0x3
1: Read B1B0[15:0] @0x0 1: Write 0000B1B0[31:0] @0x0
. ) 2: Read B3B2[15:0] @0x2 2: Write 0000B3B2[31:0] @0x4
16 bits 32 bits .
3: Read B5B4[15:0] @0x4 3: Write 0000B5B4[31:0] @0x8
4: Read B7B6[15:0] @0x6 4: Write 0000B7B6[31:0] @0xC
1: Read B1B0[15:0] @0x0 1: Write B1B0[15:0] @0x0
) ) 2: Read B3B2[15:0] @0x2 2: Write B3B2[15:0] @0x2
16 bits 16 bits .
3: Read B5B4[15:0] @0x4 3: Write B5B4[15:0] @0x4
4: Read B7B6[15:0] @0x6 4: Write B7B6[15:0] @0x6
1: Read B1B0[15:0] @0x0 1: Write BO[7:0] @0x0
) ) 2: Read B3B2[15:0] @0x2 2: Write B2[7:0] @0x1
16 bits 8 bits .
3: Read B5B4[15:0] @0x4 3: Write B4[7:0] @0x2
4: Read B7B6[15:0] @0x6 4: Write B6[7:0] @0x3
1: Read BO[7:0] @0x0 1: Write 000000B0[31:0] @0x0
] ] 2: Read B1[7:0] @0x1 2: Write 000000B1[31:0] @0x4
8 bits 32 bits )
3: Read B2[7:0] @0x2 3: Write 000000B2[31:0] @0x8
4: Read B3[7:0] @0x3 4: Write 000000B3[31:0] @0xC
1: Read BO[7:0] @0x0 1, Write 00B0[15:0] @0x0
] ] 2: Read B1[7:0] @0x1 2, Write 00B1[15:0] @0x2
8 bits 16 bits )
3: Read B2[7:0] @0x2 3, Write 00B2[15:0] @0x4
4: Read B3[7:0] @0x3 4, Write 00B3[15:0] @0x6
1: Read BO[7:0] @0x0 1, Write BO[7:0] @0x0
2: Read B1[7:0] @0x1 2, Write B1[7:0] @0x1
8 bits 8 bits )
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 enable 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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W If the DMA transmission is not completed when the CHEN bit is cleared, two situations
may be occurred when restart this DMA channel;

- If no register 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 to DMA_CHxCNT, DMA_CHxPADDR or
DMA_CHxMADDR of corresponding channel occur, the DMA will restart a new
transmission.

B |f the DMA transmission has been finished when clearing the CHEN bit, enable the DMA
channel without any register configuration operation to DMA_CHXCNT,
DMA_CHxPADDR or DMA_CHxMADDR of corresponding channel will not launch any
DMA transfer.

3.4.2. 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 an 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 3-2. Handshake mechanism shows how the handshake mechanism works between

the DMA controller and peripherals.

Figure 3-2. Handshake mechanism

Peripheral is ready to transmit

N Peripheral releases the
or receive data, and assert the

) request signal when it receives Peripheral launches
request signal to DMA the acknowledge signal the next request
Peripheral \ / / -
AN = Peripheral
request Peripheral request 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 // ><<QMA acknowledgex/
7/ / \

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

3.4.3. 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:
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3.4.4.

3.4.5.

3.4.6.

3.4.7.

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

B For channels with equal software priority level, priority is given to the channel with lower
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_CHXxCTL 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_CHXxCTL 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_CHXxCTL 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.
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5. Configure the memory and peripheral transfer width, memory and peripheral address
generation algorithm in the DMA_CHXCTL register.
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_CHXxMADDR 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_CHXxCTL register to enable the channel.
3.4.8. 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 3-2. interrupt events.
Table 3-2. 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 the Figure 3-3. DMA interrupt logic, an interrupt can be
produced when any type of interrupt event occurs and enabled on the channel.
Figure 3-3. DMA interrupt logic
FTFIFx—> \
and
FTFIEX—>|
HTFIFx—> \
and CHXINTF—>
HTFIEX—> /
ERRIFX—>] \
and
——ERRIExX—> /
Note: “x” indicates channel number (x=0...6).
3.4.9. DMA request mapping

The DMA requests of a channel are coming from the AHB/APB peripherals through the

corresponding channel output of DMAMUX request multiplexer, refer to Table 4-3. Request
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multiplexer input mapping.
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3.5. Register definition

DMA base address: 0x4002 0000
DMA1 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 DMA1

3.5.1. 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 ‘ HTFIF5 ‘ FTFIFS ‘ 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 ‘ HTFIF3 ‘ 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.

27/23/19/15 ERRIFxX Error flag of channel x (x=0...6)

111/7/3 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

26/22/18/14  HTFIFx Half transfer finish flag of channel x (x=0...6)

/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

25/21/17/13  FTFIFx Full Transfer finish flag of channel x (x=0...6)
/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

24/20/16/12  GIFx Global interrupt flag of channel x (x=0...6)

/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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3.5.2. 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 ‘ ERRIFCBI HTFIFC6 ‘ FTFIFC6 ‘ GIFC6 | ERRIFCSI HTFIFC5 | FTFIFCS | GIFCS ‘ ERRIFC4| 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

‘ERRIFCB ‘ HTFIFC3 | FTFIFC3 ‘ GIFC3 ‘ERRIFCZI HTFIC2 ‘ FTFIFC2 ‘ GIFC2 IERRIFCII HTFIFC1 | FTFIFC1 | GIFC1 ‘ERRIFCOI HTFIFCO ‘ FTFIFCO ‘ GIFCO |

w w w w w w w w w w w w w w w w
Bits Fields Descriptions
31:20 Reserved Must be kept at reset value.
27/23/19/15 ERRIFCx Clear bit for error flag of channel x (x=0...6)
111/7/3 0: No effect

1: Clear error flag

26/22/18/14  HTFIFCx Clear bit for half transfer finish flag of channel x (x=0...6)
110/6/2 0: No effect
1: Clear half transfer finish flag

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

24/20/16/12  GIFCx Clear global interrupt flag of channel x (x=0...6)
/814/0 0: No effect
1: Clear GIFx, ERRIFx, HTFIFx and FTFIFx bits in the DMA_INTF register

3.5.3. 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] MWIDTHI[1:0] PWIDTH[1:0] ‘ MNAGA ’ PNAGA ’ CMEN ‘ DIR ’ ERRIE ‘ HTFIE ’ FTFIE ‘ CHEN ‘
w w w w w w w w w w w w
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Bits

Fields

Descriptions

31:15

14

13:12

11:10

9:8

Reserved

M2M

PRIO[1:0]

MWIDTH[1:0]

PWIDTH[1:0]

MNAGA

PNAGA

CMEN

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°.

Circular mode enable
Software set and cleared

0: Disable circular mode
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3.5.4.

31

30

DIR

ERRIE

HTFIE

FTFIE

CHEN

1: Enable circular mode
This bit can not be written when CHEN is ‘1.

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°.

Enable bit for channel error interrupt
Software set and cleared
0: Disable the channel error interrupt

1: Enable the channel error interrupt

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

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

Channel enable
Software set and cleared
0: Disable channel

1: Enable channel

Channel x counter register (DMA_CHXCNT)

x = 0...6, where x is a channel number
Address offset: 0Ox0C + 0x14 x x
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

CNT[15:0]

Bits

Fields

w

Descriptions

31:16

15:0

Reserved

CNT[15:0]

Must be kept at reset value.

Transfer counter
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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.
3.5.5. 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).
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ PADDR[31:16]
w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ PADDRI[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_CHXxCTL 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.
3.5.6. 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
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
‘ MADDR[31:16]
w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ MADDR[15:0]
w
Bits Fields Descriptions
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31.0

MADDRI[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.
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4.

4.1.

4.2.

DMA request multiplexer (DMAMUX)

Overview

DMAMUX is a transmission scheduler for DMA requests. The DMAMUX request multiplexer

is used for routing a DMA request line between the peripherals / generated DMA request (from
the DMAMUX request generator) and the DMA controller. Each DMAMUX request multiplexer
channel selects a unique DMA request line, unconditionally or synchronously with events from

its DMAMUX synchronization inputs. The DMA request is pending until it is served by the

DMA controller which generates a DMA acknowledge signal (the DMA request signal is de-
asserted).

Characteristics

12 channels for DMAMUX request multiplexer.

4 channels for DMAMUX request generator.
Support 20 trigger inputs.

Support 20 synchronization inputs.

Each DMAMUX request generator channel:

- DMA request trigger input selector

- DMAMUX request generator counter

- Trigger overrun flag

Each DMAMUX request multiplexer channel:

- 82 input DMA request lines from peripherals
- Synchronization input selector

- One DMA request line output

- One channel event output, for DMA request chaining
- DMAMUX request multiplexer counter

- Synchronization overrun flag
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4.3. Block diagram

Figure 4-1. Block diagram of DMAMUX
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4.4, Function overview

As shown in Figure 4-1. Block diagram of DMAMUX, DMAMUX includes two sub-blocks:

B DMAMUX request multiplexer.

DMAMUX request multiplexer inputs (Regx_in) source from:
- Peripherals (Peri_regx).
- DMAMUX request generator outputs (Gen_regx).

DMAMUX request multiplexer outputs (Regx_out) is connected to channels of DMA controller.
Synchronization inputs (Syncx_in) source from internal or external signals.

B DMAMUX request generator.
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Trigger inputs (Trgx_in) source from internal or external signals.
4.4.1. DMAMUX signals
Table 4-1. DMAMUX signals
Signal name Discription
R ) DMAMUX request multiplexer inputs (from peripheral requests and request
eqgx_in
P generator channels)
Peri_reqx DMAMUX DMA request line inputs from peripherals
Gen_regx DMAMUX generated DMA request from request generator
Regx_out DMAMUX requests outputs (to DMA controller)
Trgx_in DMAMUX DMA request triggers inputs (to request generator)
Syncx_in DMAMUX synchronization inputs (to request multiplexer)
Evix_out DMAMUX request multiplexer counter underrun event outputs
4.4.2. DMAMUX request multiplexer

The DMAMUX request multiplexer enables routing a DMA request line between the
peripherals / generated DMA request and the DMA controllers of the product. Its component
unit is the request multiplexer channels. DMA request lines are connected in parallel to all
request multiplexer channels. There is a synchronization unit for each request multiplexer
channel. The synchronization inputs are connected in parallel to all synchronization unit of
request multiplexer channels. And there is a built-in DMAMUX request multiplexer counter for
each request multiplexer channel.

Request multiplexer channel

A DMA request input for the DMAMUX request multiplexer channel x is configured by the
MUXIDI[6:0] bits in the DMAMUX_RM_CHXxCFG register, sourced either from the peripherals
or from the DMAMUX request generator, the sources can refer to Table 4-3. Request
multiplexer_input mapping. A DMAMUX request multiplexer channel is connected and
dedicated to one single channel of the DMA controller.

Note: The value 0 of MUXID[6:0] bits corresponds to no DMA request line is selected. It is
not allowed to configure the same DMA request line (same non-null MUXIDI[6:0]) to two
different request multiplexer channels.

When synchronization mode is disabled

Each time the connected DMAMUX request is served by the DMA controller, the served DMA
request is de-asserted, and the built-in DMAMUX request multiplexer counter is decremented.
At the request multiplexer counter underrun, the built-in DMAMUX request multiplexer counter
is automatically loaded with the value in NBR[4:0] bits of the DMAMUX_RM_CHxCFG register.
If the channel event generation is enabled by setting EVGEN bit, the number of DMA requests
before an output event generation is NBR[4:0] + 1.
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Note: The NBR[4:0] bits value shall only be written by software when both synchronization
enable bit SYNCEN and event generation enable EVGEN bit of the corresponding request
multiplexer channel x are disabled.

When synchronization mode is enabled

A channel x in synchronization mode, when a rising/falling edge on the selected
synchronization input is detected, the pending selected input DMA request line is routed to
the multiplexer channel x output. Each time the connected DMAMUX request is served by the
DMA controller, the served DMA request is de-asserted, and the built-in DMAMUX request
multiplexer counter is decremented. At the request multiplexer counter underrun, the input
DMA request line is disconnected from the request multiplexer channel x output, and the built-
in DMAMUX request multiplexer counter is automatically loaded with the value in NBR[4:0]
bits of the DMAMUX_RM_CHxCFG register. The number of DMA requests transferred to the
request multiplexer channel x output following a detected synchronization event is NBR[4:0]

+1.

Figure 4-2. Synchronization mode shows an example when NBR[4:0]=4, SYNCEN=1,
EVGEN=1, SYNCP[1:0]=01.

Figure 4-2. Synchronization mode
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DMAMUX request multiplexer channel x can be synchronized by setting the synchronization
enable bit SYNCEN in the DMAMUX_RM_CHxCFG register. The synchronization input is
selected by SYNCID[4:0] bits in the DMAMUX_RM_CHXxCFG register, the sources can refer
to Table 4-5. Synchronization input mapping. The synchronization input valid edge is
configured by the SYNCP[1:0] bits of the DMAMUX_RM_CHxCFG register.

Note: If a synchronization input event occurs when there is no pending selected input DMA
request line, the input event is discarded. The following asserted input request lines will not
be routed to the DMAMUX multiplexer channel output until a synchronization input event
occurs again.
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Channel event generation
Each DMA request line multiplexer channel has an event output called Evtx_out, which is the
DMA request multiplexer counter underrun event. Signals dmamux_evt0 ~dmamux_evt3 can
be used for DMA request chaining. If event generation bit EVGEN in the
DMAMUX_RM_CHXCFG register is enabled on the channel x output, when its DMA request
multiplexer counter is automatically reloaded with the value of the programmed NBR[4:0] field,
the multiplexer channel generates a channel event, as a pulse of one AHB clock cycle.
Figure 4-3. Event generation shows an example when NBR[4:0]=4, SYNCEN=0, EVGEN=1.
Figure 4-3. Event generation
Pending DMA request
H_
The selected Regx_in _(). 1 au ol ad ol
P : : )
reacont L LTI TUUTTTTUUT
DMAMUX request —
multiplexer counter — 2 /\/\_/\_/: NN\ NSNS
)
P Lo P "
o 14 [
i i i i Counterungerrun eventoccursi i i i
A 4 Py P
ot _p o )
7 “
Note: If EVGEN = 1 and NBR[4:0] = 0, an event is generated after each served DMA request.
Synchronization overrun
If a new synchronization event occurs before the built-in DMAMUX request multiplexer
counter underrun, the synchronization overrun flag bit SOIFx is set in the
DMAMUX_RM_INTF register.
Note: The synchronization mode of request multiplexer channel x shall be disabled by
resetting SYNCEN bit in DMAMUX_RM_CHxCFG register at the completion of the use of the
related channel of the DMA controller. Otherwise, when a new synchronization event occurs,
there will be a synchronization overrun due to the absence of a DMA acknowledge (that is,
no served request) received from the DMA controller.
4.4.3. DMAMUX request generator

The DMAMUX request generator produces DMA requests upon trigger input event. Its
component unit is the request generator channels. DMA request trigger inputs are connected

87



&

GigaDevice

GD32F50x User Manual

4.4.4.

in parallel to all request generator channels. And there is a built-in DMAMUX request
generator counter for each request generator channel.

The active edge of trigger input events is selected through the RGTP[1:0] bits in
DMAMUX_RG_CHxCFG register. The DMA request trigger input for the DMAMUX request
generator channel x is selected through the TID[4:0] bits in DMAMUX_RG_CHxCFG register,
the sources can refer to Table 4-4. Trigger input mapping. DMAMUX request generator
channel x can be enabled by setting RGEN to 1 in DMAMUX_RG_CHXxCFG register.

Request generator channel

Upon the trigger input event, the corresponding request generator channel starts generating
DMA requests on its output, and the output goes to the input of the DMAMUX request
multiplexer. Each time the DMAMUX generated request is served by the connected DMA
controller, the served request will be de-asserted, and the built-in DMAMUX request generator
counter of the request generator channel is decremented. At the request generator counter
underrun, the request generator channel stops generating DMA requests. The built-in
DMAMUX request generator counter will be automatically reloaded to its programmed value
upon the next trigger input event, the built-in counter is programmed by the NBRGJ[4:0] bits of
the DMAMUX_RG_CHxCFG register.

Note: The number of generated DMA requests after the trigger input event is NBRG[4:0] + 1.
The NBRGJ[4:0] value shall only be written by software when the RGEN bit of the
corresponding generator channel x is disabled.

Trigger overrun

If a request generator channel x was enabled by RGEN bit, when a new DMA request trigger
event for the request generator channel x occurs before the DMAMUX request generator
counter underrun, then the request trigger overrun event flag bit TOIFx is set by hardware in
the DMAMUX_RG_INTF register.

Note: The request generator channel x shall be disabled by resetting RGEN bit in
DMAMUX_RG_CHXxCFG register at the completion of the usage of the related channel of the
DMA controller. Otherwise, when a new detected trigger event occurs, there will be a trigger
overrun due to the absence of an acknowledge (that is, no served request) received from the
DMA.

Channel configurations

The following sequence should be followed to configure a DMAMUX channel y and the related
DMA channel x:

Set and configure the DMA channel x completely, except enabling the channel x.
. Set and configure the related DMAMUX channel y completely.
3. Configure the CHEN bit with “1” in the DMA_CHXxCTL register to enable the DMA channel
X.
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4.4.5. Interrupt
There are two types of interrupt event, including synchronization overrun event on each
DMAMUX request multiplexer channel, and trigger overrun event on each DMAMUX request
generator channel.
Each interrupt event has a dedicated flag bit, a dedicated clear bit, and a dedicated enable
bit. The relationship is described in the following Table 4-2. Interrupt events.
Table 4-2. Interrupt events
Interrupt event Flag bit Clear bit Enable bit
Synchronization overrun event on
DMAMUX request multiplexer channel SOIFxX SOIFCx SOIE
X
Trigger overrun event on DMAMUX
TOIFy TOIFCy TOIE
request generator channel y
Trigger overrun interrupt
When the DMAMUX request trigger overrun flag TOIFx is set, and the trigger overrun interrupt
is enabled by setting TOIE bit, a trigger overrun interrupt will be generated. The overrun flag
TOIFx is reset by writing 1 to the corresponding clear bit of overrun flag TOIFCx in the
DMAMUX_RG_INTC register.
Synchronization overrun interrupt
When the synchronization overrun flag SOIFx is set, and the synchronization overrun interrupt
is enabled by setting SOIE bit, a synchronization overrun interrupt will be generated. The
overrun flag SOIFx is reset by writing 1 to the corresponding clear bit of synchronization
overrun flag bit SOIFCx in the DMAMUX_RM_INTC register.
4.4.6. DMAMUX mapping

Request multiplexer input mapping

ADMA request is sourced either from the peripherals or from the DMAMUX request generator,
the sources can refer to Table 4-3. Request multiplexer input mapping, configured by the
MUXIDI6:0] bits in the DMAMUX_RM_CHXxCFG register for the DMAMUX request multiplexer
channel x.

Table 4-3. Request multiplexer input mapping

Request multiplexer
channel input identification Source
MUXID[6:0]
1 Gen_regx0
2 Gen_regx1
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Request multiplexer

channel input identification Source
MUXIDI[6:0]

3 Gen_reqgx2
4 Gen_reqgx3
5 ADCO_ROUTINE
6 ADCO_INSERTED
7 DACO_CHO
8 TIMERS_UP
9 TIMER6_UP
10 SPI0_RX
11 SPIO_TX
12 SPI1_RX
13 SPI1_TX
14 SPI2_RX
15 SPI2_TX
16 12C0_RX
17 12C0_TX
18 I2C1_RX
19 [2C1_TX
20 USARTO_RX
21 USARTO_TX
22 USART1_RX
23 USART1_TX
24 USART2_RX
25 USART2_TX
26 UART3_RX
27 UART3_TX
28 TIMERO_CHO
29 TIMERO_CH1
30 TIMERO_CH2
31 TIMERO_CH3
32 TIMERO_UP
33 TIMERO_TI
34 TIMERO_COM
35 TIMER7_CHO
36 TIMER7_CH1
37 TIMER7_CH2
38 TIMER7_CH3
39 TIMER7_UP
40 TIMER7_TI
41 TIMER7_COM
42 TIMER1_CHO
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Request multiplexer
channel input identification Source
MUXID[6:0]

43 TIMER1_CH1
44 TIMER1_CH2
45 TIMER1_CHS3
46 TIMER1_UP
47 TIMERL_TI
48 TIMER3_CHO
49 TIMER2_CH1
50 TIMER2_CH2
51 TIMER2_CH3
52 TIMER2_UP
53 TIMER2_TI
54 TIMER3_CHO
55 TIMER3_CH1
56 TIMER3_CH2
57 TIMER3_CHS3
58 TIMER3_UP
59 TIMER3_TI
60 TIMER4_CHO
61 TIMER4_CH1
62 TIMER4_CH2
63 TIMER4_CH3
64 TIMER4_UP
65 TIMER4_TI
66 ADC1_ROUTINE
67 ADC1_INSERTED
68 ADC2_ROUTINE
69 ADC2_INSERTED
70 Reserved
71 Reserved
72 TIMER15_CHO
73 TIMER15_CH1
74 TIMER15_CHLN
75 TIMER15_UP
76 TIMER15_TI
77 TIMER15_COM
78 TIMER16_CHO
79 TIMER16_CH1
80 TIMER16_CHLN
81 TIMER16_UP
82 TIMER16_TI
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Request multiplexer
channel input identification Source
MUXID[6:0]
83 TIMER16_COM
84 CAU_IN
85 CAU_OUT
86 HAU_IN

Trigger input mapping

The DMA request trigger input for the DMAMUX request generator channel x is selected
through the TID[4:0] bits in DMAMUX_RG_CHxCFG register, the sources can refer to Table

4-4. Trigger input mapping.

Table 4-4. Trigger input mapping

Trigger input identification
TID[4:0] Source
0 Evtx_outO
1 Evix_outl
2 Evtx_out2
3 Evtx_out3
4 EXTI_O_INT
5 EXTI_1 INT
6 EXTI_2_ INT
7 EXTI_3_INT
8 EXTI_4 INT
9 EXTI_5_INT
10 EXTI_6_INT
11 EXTI_7_INT
12 EXTI_0_EVT
13 EXTI_1_EVT
14 EXTI_2_EVT
15 EXTI_3 EVT
16 EXTI_4 EVT
17 EXTI_5 EVT
18 EXTI_6 EVT
19 EXTI_7_EVT
20 Reserved
21 Reserved
22 Reserved
23 Reserved
24 Reserved
25 Reserved
26 Reserved
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Synchronization input mapping

The synchronization input is selected by SYNCID[4:0] bits in the DMAMUX_RM_CHxCFG

register, the sources can refer to Table 4-5. Synchronization input mapping.

Table 4-5. Synchronization input mapping

Synchronization input

identification SYNCID[4:0] Source
0 Evtx_outO
L Evtx_outl
2 Evtx_out2
3 Evtx_out3
4 EXTI_O_INT
5 EXTI_1_INT
6 EXTI_2_INT
! EXTI_3_INT
8 EXTI_4_INT
9 EXTI_5_INT
10 EXTI_6_INT
11 EXTI_7_INT
12 EXTI_O0_EVT
13 EXTI_1_EVT
14 EXTI_2_EVT
15 EXTI_3_EVT
16 EXTI_4_EVT
7 EXTI_5_EVT
18 EXTI_6_EVT
19 EXTI_7_EVT
20 Reserved
21 Reserved
22 Reserved
23 Reserved
24 Reserved
25 Reserved

26 Reserved
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4.5. Register definition
DMAMUX base address: 0x4002 0800
45.1. Request multiplexer channel X configuration register
(DMAMUX_RM_CHxCFG)
x = 0...11, where x is a channel number
Address offset: 0x00 + 0x04 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 SYNCID[4:0] ‘ NBR[4:0] SYNCP[1:0] ‘SYNCEN |
w rw w rw
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ Reserved ‘ EVGEN ‘ SOIE | Reserved MUXID[6:0] |
w w w
Bits Fields Descriptions
31:29 Reserved Must be kept at reset value.
28:24 SYNCID[4:0] Synchronization input identification
Selects the synchronization input source.
23:19 NBR[4:0] Number of DMA requests to forward
The number of DMA requests to forward to the DMA controller after a
synchronization event / before an output event is generated equals to NBR[4:0] +
1.
These bits shall only be written when both SYNCEN and EVGEN bits are disabled.
18:17 SYNCPJ[1:0] Synchronization input polarity
00: No event detection
01: Rising edge
10: Falling edge
11: Rising and falling edges
16 SYNCEN Synchronization enable
0: Disable synchronization
1: Enable synchronization
15:10 Reserved Must be kept at reset value.
9 EVGEN Event generation enable

0: Disable event generation
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1: Enable event generation

8 SOIE Synchronization overrun interrupt enable
0: Disable interrupt
1: Enable interrupt

7 Reserved Must be kept at reset value.

6:0 MUXID[6:0] Multiplexer input identification
Selects the input DMA request in multiplexer input sources.

45.2. Request multiplexer channel interrupt flag register (DMAMUX_RM_INTF)

Address offset: 0x80
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 ‘ SOIF11 ‘ SOIF10 ‘ SOIF9 ‘ SOIF8 ‘ SOIF7 ‘ SOIF6 ‘ SOIF5 ‘ SOIF4 ‘ SOIF3 | SOIF2 ‘ SOIF1 ‘ SOIFO0 |
r r r r r r r r r r r r
Bits Fields Descriptions
31:12 Reserved Must be kept at reset value.
11:0 SOIFx Synchronization overrun event flag of request multiplexer channel x (x=0..11)

The flag is set when a synchronization event occurs on a DMA request line
multiplexer channel x, while the DMA request counter value is lower than NBR[4:0].
The flag is cleared by writing 1 to the corresponding SOIFCx bit in
DMAMUX_RM_INTC register.

4.5.3. Request multiplexer channel interrupt flag clear register

(DMAMUX_RM_INTC)

Address offset: 0x084
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 ‘SOIFCll ‘ SOIFCIO‘ SOIFC9 ‘ SOIFC8 ‘ SOIFC7 ‘ SOIFC6 ‘ SOIFC5 ‘ SOIFC4 ‘ SOIFC3 ‘ SOIFC2 ‘ SOIFC1 ‘ SOIFCO |
w w w w w w w w w w w w
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Bits Fields Descriptions
31:12 Reserved Must be kept at reset value.
11.0 SOIFCx Clear bit for synchronization overrun event flag of request multiplexer channel x
(x=0..11)
Writing 1 clears the corresponding overrun flag SOIFx in the DMAMUX_RM_INTF
register.
45.4. Request generator channel configuration register
(DMAMUX_RG_CHxCFG)
x = 0...3, where x is a channel number
Address offset: 0x100 + 0x04 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 ‘ NBRG[4:0] RGTP[1:0] ‘ RGEN |
rw w rw
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ Reserved ‘ TOIE ‘ Reserved TID[4:0] |
w 2
Bits Fields Descriptions
31:24 Reserved Must be kept at reset value.
23:19 NBRG[4:0] Number of DMA requests to be generated
The number of DMA requests to be generated after a trigger event equals to
NBRG[4:0] + 1.
Note: These bits shall only be written when RGEN bit is disabled.
18:17 RGTP[1:0] DMA request generator trigger polarity
00: No event trigger detection
01: Rising edge
10: Falling edge
11: Rising and falling edges
16 RGEN DMA request generator channel x enable
0: Disable DMA request generator channel x
1: Enable DMA request generator channel x
15:9 Reserved Must be kept at reset value.
8 TOIE Trigger overrun interrupt enable
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1: Enable interrupt
7:5 Reserved Must be kept at reset value.

4:0 TID[4:0] Trigger input identification

Selects the DMA request trigger input source.

4.5.5. Request generator interrupt flag register (DMAMUX_RG_INTF)

Address offset: 0x140
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 ’ TOIF3 ‘ TOIF2 ’ TOIF1 ‘ TOIFO |
r r r r
Bits Fields Descriptions
314 Reserved Must be kept at reset value.
3.0 TOIFX Trigger overrun event flag of request generator channel x (x=0..3)

The flag is set when a new trigger event occurs on DMA request generator channel
X, before the request counter underrun (the internal request counter programmed
via the NBRGJ4:0] bits of the DMAMUX_RG_CHXCFG register).

The flag is cleared by writing 1 to the corresponding TOIFCx bit in the
DMAMUX_RG_INTC register.

45.6. Request generator interrupt flag clear register (DMAMUX_RG_INTC)

Address offset: 0x144
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 ‘ TOIFC3 ‘ TOIFC2 ‘ TOIFC1 ‘ TOIFCO |
w w w w
Bits Fields Descriptions
31:4 Reserved Must be kept at reset value.
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3.0 TOIFCx Clear bit for trigger overrun event flag of request generator channel x (x=0..3)
Writing 1 in each bit clears the corresponding overrun flag TOIFx in the
DMAMUX_RG_INTF register.
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5. Flash memory controller (FMC)
5.1. Introduction
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 maximum
first 256K bytes of the flash. It also provides page erase, mass erase, and 32bit word / 16bit
half-word program operations for flash memory.
5.2. Characteristics
B Up to 1024KB of main flash memory for instruction and data;
B No waiting time within maximum first 256K bytes when CPU executes instructions. A
long delay when CPU fetches the instructions out of the range;
B 2 banks adopted for GD32F50x with flash more than 512KB. BankO is used for the first
512KB and bankl is for the rest capacity;
B The flash page size is 2KB for bank0, 4KB for bankl;
B Word/half-word programming, page erase and mass erase operation;
B 16B option bytes block for user application requirements;
B Option bytes are uploaded to the option byte control registers on every system reset;
B Flash security protection to prevent illegal code/data access;
B Page erase/program protection to prevent unexpected operation.
B 18K bytes information block for bootloader.
B 64Byte OTPO (One-time program) block used for user data storage.
B 128K byte OTP1 used for BOOT entry or user data storage.
B 256Byte OTP2 with write lock and read lock, used for user data storage.
B 48Byte OTP3 used for critical security configuration(12 bytes user-programmable).
5.3. Function overview
5.3.1. Flash memory architecture

For the GD32F50x, the flash memory can have up to 256 pages of 2K bytes each and 128
pages of 4K bytes each. Each page can be erased individually.

Table 5-1. GD32F50x base address and size for flash memory shows the details of flash

organization.

Table 5-1. GD32F50x base address and size for flash memory

size
Block Name Address Range
(bytes)
Main Flash BankO Page 0 0x0800 0000 - 0x0800 07FF 2KB
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size
Block Name Address Range
(bytes)
Block 512KB Page 1 0x0800 0800 - 0x0800 OFFF 2KB
Page 255 0x0807 F800 - 0x0807 FFFF 2KB
Page 256 0x0808 0000 — 0x0808 OFFF 4KB
Bank1 Page 257 0x0808 1000 — 0x0808 1FFF 4KB
512KB
Page 383 0x080F FOO0 — Ox080F FFFF 4KB
Information Block Bootloader Ox1FFF B000O- Ox1FFF F7FF 18KB
Option bytes Block Option bytes Ox1FFF F800 - Ox1FFF F80F 16B
data area Ox1FFF 7800 - OX1FFF 783F 64B
OTPO Block
lock area Ox1FFF 7840 - Ox1FFF 787F 64B
data area 0x1FFO 0000 - Ox1FF1 FFFF 128KB
OTP1 Block
lock area 0x1FF2 0100 - Ox1FF2 010F 16B
data area O0x1FF2 0000 - Ox1FF2 OOFF 256B
OTP2 Block
lock area Ox1FF2 0110 - Ox1FF2 018F 128B
data area Ox1FFF 7900 - OX1FFF 792F 48B
OTP3 Block
lock area Ox1FFF 7930 - OX1FFF 793F 16B
Note: The Information Block stores the boot loader. This block cannot be programmed or
erased by user.
5.3.2. Read operations
The flash can be addressed directly as a common memory space. Any instruction fetches and
the data access from the flash are through the CBUS from the CPU.
For devices with a code area of 128KB and 192KB, the erase operation in the data area will
occupy the BUS, and read operations in the code area will be blocked. For devices with a
code area of 256KB, the erase operation in the data area will not occupy the BUS, and read
operations in the code area will not be blocked. For all devices, programming operations will
occupy the BUS, and read operations in the code area will be blocked. To avoid this issue,
the read operation code can be placed in SRAM and prevent reading from the flash memory
area. The code area size for different devices can be referenced in the datasheet.
5.3.3. Unlock the FMC_CTLx/FMC_OBCTLX registers

After reset, the FMC_CTLx registers are not accessible in write mode, and the LK bit in
FMC_CTLx register is 1. An unlocking sequence consists of two write operations to the
FMC_KEYO register to open the access to the FMC_CTLO register. The two write operations
are writing 0x45670123 and OxCDEF89AB to the FMC_KEYO register. After the two write
operations, the LK bit in FMC_CTLO register is reset to 0 by hardware. The software can lock
the FMC_CTL again by setting the LK bit in FMC_CTLO register to 1. Any wrong operations
to the FMC_KEYO, set the LK bit to 1, and lock FMC_CTLO register, and lead to a bus error.
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5.3.4.

The FMC_OBCTLx (x = 0,1,2) registers are still protected even the FMC_CTL is unlocked.
The unlocking sequence is two write operations, which are writing 0x45670123 and
O0xCDEF89AB to FMC_OBKEY register. After the two write operations, the OB_LK bit in
FMC_OBCTLO register is reset to 0 by hardware. The software can relock FMC_OBCTLXx by
first setting the LK bit in the FMC_CTLO register to 1, and then setting the OB_LK bit in the
FMC_OBCTLO register to 1.

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.

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

3. Setthe PER bitin FMC_CTLXx registers;

4.  Write the page address (0x08XX XXXX) into the FMC_ADDRX registers;

5. Send the page erase command to the FMC by setting the START bit in FMC_CTLXx
registers;

6. Wait until all the operations have finished by checking the value of the BUSY bit in
FMC_STATX registers;

7. Read and verify the page if required using a CBUS access.

When the operation is executed successfully, the ENDF in FMC_STATXx registers is set, and
an interrupt will be triggered by FMC if the ENDIE bit in the FMC_CTLx 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
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_CTLx registers is set. The software
can check the WPERR bit in the FMC_STATXx registers to detect this condition in the interrupt
handler. Figure 5-1. Process of page erase operation shows the page erase operation flow.
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5.3.5.

Figure 5-1. Process of page erase operation
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FMC_STATO reflects the operation status of bank0, and FMC_STAT1 reflects the operation
status of bank1. The page erase procedure applied to bank1 is similar to the procedure

applied to bank0. Especially, when erasing page in bank1 under security protection, the
address should not only be written to FMC_ADRR1 but also to FMC_ADDRO.

Mass erase

The FMC provides a complete erase function which is used to initialize the main flash block
contents. This erase can affect only on BankO by setting MER bit to 1 in the FMC_CTLO
register, or only on Bank1 by setting MER bit to 1 in the FMC_CTL1 register, or on entire flash
by setting MER bits to 1 in FMC_CTLO register and FMC_CTL1 register. The following steps
show the mass erase register access sequence.

1. Unlock the FMC_CTLx registers if necessary;
2. Check the BUSY bit in FMC_STATX registers to confirm that no flash memory operation
is in progress (BUSY equals to 0). Otherwise, wait until the operation has finished;

102



&

GigaDevice GD32F50x User Manual

3. Set MER bit in FMC_CTLO register if erase BankO only. Set MER bit in FMC_CTL1
register if erase Bankl only. Set MER bits in in FMC_CTLO register and FMC_CTL1
register if erase entire flash;

4. Send the mass erase command to the FMC by setting the START bit in FMC_CTLx
register;

5. Wait until all the operations have been finished by checking the value of the BUSY bit in
FMC_STATX registers;

6. Read and verify the flash memory if required using a CBUS access.

When the operation is executed successfully, the ENDF in FMC_STATXx registers is set, and
an interrupt will be triggered by FMC if the ENDIE bit in the FMC_CTLx 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.

Figure 5-2. Process of mass erase operation indicates the mass erase operation flow.

Figure 5-2. Process of mass erase operation
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5.3.6. Main flash programming

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

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

3. Setthe PG bitin FMC_CTLx registers;

4.  Write a 32-bit word/16-bit half word to desired absolute address by CBUS;

5. Wait until all the operations have been finished by checking the value of the BUSY bit in
FMC_STATX registers;

6. Read and verify the Flash memory if required using a CBUS access.

When the operation is executed successfully, the ENDF in FMC_STATX registers is set, and
an interrupt will be triggered by FMC if the ENDIE bit in the FMC_CTLx 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_STATx registers will be set when
program the address except programming 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_STATXx is set. In these conditions, a
flash operation error interrupt will be triggered by the FMC if the ERRIE bit in the FMC_CTLx
registers is set. The software can check the PGERR bit or WPERR bit in the FMC_STATx
registers to detect which condition occurred in the interrupt handler. Figure 5-3. Process of

word program operation displays the word programming operation flow.
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5.3.7.

Figure 5-3. Process of word program operation
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Note: Flash memory accesses failed if the CPU enters the power saving modes.

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 modify sequence.

Unlock the FMC_CTLO register if necessary;
Check the BUSY bit in FMC_STATO register to confirm that no Flash memory operation
is in progress (BUSY equals to 0). Otherwise, wait until the operation has finished;

3. Unlock the option bytes operation bits in FMC_CTLO register if necessary;

4. Write the new options byte contents by programming the FMC_OBCTLXx register.

5.  Send the option bytes modify command to the FMC by setting the OB_START bit in
FMC_OBCTLO register.

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

7. Read and verify the Flash memory if required using a CBUS access.
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When the operation is executed successfully, the ENDF in FMC_STATO register is set, and
an interrupt will be triggered by FMC if the ENDIE bit in the FMC_CTLO register is set.

Note: The modified option bytes only take effect after a system reset (NWLDE bit of
FMC_CTLO should be set) is generated.
5.3.8. Option bytes description

The option bytes block is reloaded to FMC_OBCTLx (x = 0,1,2) and FMC_OBSTAT registers
after each system reset(NWLDE bit of FMC_CTLO should be set), 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_OBCTLA1 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 5-2. Option byte is the detail
of option bytes.

Table 5-2. Option byte

factory _
Address [Name Description
value
0x1fff f800 [SPC OXAA  |option byte Security Protection value

0xAA: no security protection

0OxCC: security protection level high

any value except OXAA or OXCC : security protection level low.
0x1fff {801 |[SPC_N 0x55  |[SPC complement value

Ox1fff {802 [USER Ox9F  [7]: reserved

[6:5]: NWLD_CLK

Select the clock for loading no waiting time area.
00: 200M PLL CLK

01: 160M PLL CLK

10: 120M PLL CLK

11: 8M IRC8M CLK

[4]: ECC_EN

0: SRAM ECC disable

1: SRAM ECC enable

[3]: SRAM_RST

0: Initialize SRAM after power reset.

1: Do not initialize SRAM after power reset;

[2]: NRST_STDBY

0: generator a reset instead of entering standby mode

1: no reset when entering standby mode

[1]: NnRST_DPSLP

0: generator a reset instead of entering Deep-sleep mode
1: no reset when entering Deep-sleep mode

[0]: NWDG_HW

0: hardware free watchdog
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Address  |[Name factory Description
value
1: software free watchdog
0x1fff f803 |USER_N 0x60  |USER complement value
0x1fff {804 |DATA[7:0] OxFF  |user defined data bit 7 to 0
0x1fff {805 [DATA _N[7:0] OxFF  |DATA complement value bit 7 to 0
0x1fff {806 [DATA[15:8] OxFF  |user defined data bit 15to 8
Ox1fff {807 [DATA_N[15:8] |0xFF |DATA complement value bit 15to 8
0x1fff f808 WP[7:0] OxFF  [Page Erase/Program Protection bit 7 to 0
0: protection active
1: unprotected
0x1fff {809 WP_N[7:0] OxFF  |WP complement value bit 7 to O
0x1fff f80a [WP[15:8] OXFF  |Page Erase/Program Protection bit 15 to 8
O0x1fff f80b [WP_N[15:8] OXFF WP complement value bit 15to 8
0x1fff f80c [WP[23:16] OXFF  |Page Erase/Program Protection bit 23 to 16
0x1fff f80d [WP_N[23:16] OXFF WP complement value bit 23 to 16
0x1fff f80e [WP[31:24] OXFF  |Page Erase/Program Protection bit 31 to 24
Ox1fff f80f |WP_N[31:24] OXFF WP complement value bit 31 to 24
5.3.9. 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_STATXx 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.
Table 5-3. WP bit for pages protected
WP bit protected pages
WPI[0] Page0, Pagel
WP[1] Page2, Page3
WP[29] Page58, Page59
WP[30] Page60, Page61
WP[31] Page62 - Page383
5.3.10. OTP block programming

The OTP programming method is the same as Bank0, using FMC_CTLO and FMC_STATO
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register. All OTP can only be programmed one time and not be erased. Each byte of lock
blocks can only be programmed one time from OxFF to 0x00, no other value.

The FMC provides a 32-bit word / 16-bit half word/8-bit byte programming function which is
used to modify OTPO/OTP1/0OTP2/0OTP3 contents. Available programming width is shown as
Table 5-4. OTP available programming width.

Table 5-4. OTP available programming width

; Available programming width
Block Name Size - - -
32bit 16bit 8bit

data area 64*1Byte - - 1
OTPO

lock area 1*64Byte - - 1

data area 16*8KByte 1 1 1
OTP1

lock area 1*16Byte - - 1

data area 64*4Byte 1 1 1
OTP2

lock area 1*128Byte - - 1

data area 3*4Byte 1 - -
OTP3

lock area 3*4Byte 1 - -

Note: If the BootLoader is used to modify the content of OTP1 and OTP2, only the
programming function of 32-bit word t is supported, and it must be 4-byte aligned.

The OTPO block can be divided to 64 data blocks which has 1 byte each and 1 lock block
which has 64 bytes. The lock block address is from Ox1FFF 7840 to Ox1FFF 787F. The data
block address is from Ox1FFF 7800 to Ox1FFF 783F. Each lock byte (0x00: lock OxFF:no lock)
can lock corresponding data blocks to prevent program to this data block. The lock byte 0 on
Ox1FFF 7840 locks data block 0 on Ox1FFF 7800 and so on. Programming a locked data
block will result in a WPERR bit programming protection error.

Table 5-5. OTPO lock

Lock byte Lock byte address Locked data block Lockeddata address
0 Ox1FFF 7840 0 Ox1FFF 7800
1 Ox1FFF 7841 1 Ox1FFF 7801
62 Ox1FFF 787E 62 Ox1FFF 783E
63 Ox1FFF 787F 63 Ox1FFF 783F

The OTP1 block can be divided to 16 data blocks which has 8K bytes each and 1 lock block
which has 16 bytes. The data block address is from O0x1FF0 0000 to Ox1FF1 FFFF. The lock
block address is from Ox1FF2 0100 to Ox1FF2 010F. Each lock byte (0x00: lock OxFF:no lock)
can lock corresponding data blocks to prevent program to this data block. Programming a
locked data block will result in a WPERR bit programming protection error. OTP1 data blocks
can be read or not determined by OTP1REN[15:0] in FMC_OTP1CFG register. Reading a
locked block of data will cause a bus error.
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Table 5-6. OTP1 lock and data

Lock byte | Lock byte address Locked data block Locked data address
0 Ox1FF2 0100 0 Ox1FFO0 0000 - Ox1FFO 1FFF
1 Ox1FF2 0101 1 Ox1FFO0 2000 - Ox1FFO0 3FFF
14 Ox1FF2 010E 14 O0x1FF1 C000 - Ox1FF1 DFFF
15 Ox1FF2 010F 15 Ox1FF1 EO00O - Ox1FF1 FFFF

The OTP2 block can be divided to 64 data blocks which has 4 bytes each and 1 lock block
which has 128 bytes. The data block address is from 0x1FF2 0000 to Ox1FF2 O0FF. The lock
block address is from 0x1FF2 0110 to Ox1FF2 018F.

The OTP2 write lock block address is from Ox1FF2 0110 to Ox1FF2 014F. Each lock byte
(0x00:lock 0OxFF:no lock) can lock corresponding data blocks to prevent program to this data
block. The lock byte 0 on 0x1FF2 0110 locks data block 0, and so on. Programming a locked
data block will result in a WPERR bit programming protection error.

The OTP2 read lock block address is from Ox1FF2 0150 to Ox1FF2 018F. Each lock byte
(0x00:lock OxFF:no lock) can lock corresponding data blocks to prevent read access. The
lock byte 64 on Ox1FF2 0150 locks data block 0, and so on.

When the RLBE bit in FMC_CTLO is set, the OTP2 data block corresponding to the read lock
block cannot be read. For example, security verification data is stored in OTP2, and the
security startup program starting from OTP1 can read OTP2 information for verification. After
the verification is completed, the RLBE is set and then jumps to other programs. the OTP2
data block corresponding to the read lock block cannot be read until the next reset. Reading
a locked block of data will cause a bus error.

Table 5-7. OTP2 lock and data
Write Write lock Read Read lock Locked

Locked data address
lock byte| byte address |lock byte| byte address |data block

0 Ox1FF2 0110 64 Ox1FF2 0150 0 Ox1FF2 0000 - Ox1FF2 0003
1 Ox1FF2 0111 65 Ox1FF2 0151 1 0x1FF2 0004 - Ox1FF2 0007
63 Ox1FF2 014F 127 Ox1FF2 018F 63 0x1FF2 O0FC - Ox1FF2 OOFF

The OTP3 block can be divided to 3 data blocks which has 4 bytes each and 3 lock block
which has 4 bytes each. The lock block address is from Ox1FFF 7930, Ox1FFF 7934, Ox1FFF
7938. The data block address is from Ox1FFF 7900, Ox1FFF 7910, Ox1FFF 7920. Each lock
word (All O: lock, All 1:no lock) can lock corresponding data blocks to prevent program to this
data block. The lock block 0 on Ox1FFF 7930 - Ox1FFF 7933 locks data block 0 on Ox1FFF
7900 - Ox1FFF 7903 and so on. OTP3 is write-only and read is invalid. It will take effect
immediately after successful programming, and the result can be read through the
corresponding bit field of the FMC_OTP3_STAT register.
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Table 5-8. OTP3 lock and data
Lock Lock byte address Name Data Locked data address Name
block write-only All 0 valid block write-only All 0 valid
0 Ox1FFF 7930 - Ox1FFF 7933 | NDBG_LK 0 Ox1FFF 7900 - Ox1FFF 7903 NDBG
1 Ox1FFF 7934 - Ox1FFF 7937 | NBTSB_LK 1 Ox1FFF 7910 - Ox1FFF 7913 NBTSB
2 Ox1FFF 7938 - Ox1FFF 793B | BTFOSEL_LK 2 Ox1FFF 7920 - OX1FFF 7923 | BTFOSEL

5.3.11. 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.
Table 5-9. Security protection shows different configurations. There are 3 levels for
protecting:

No protection: when setting SPC byte to 0xAA, no protection performed. The main flash and
option bytes block are accessible by all operations.

Protection level low: when setting SPC byte to any value except 0xAA or OxCC, protection
level low performed. The main flash can only be accessed by user code. In debug mode, boot
from SRAM or boot from boot loader mode, all operations to main flash is forbidden. If a read
operation is executed to main flash in debug mode, boot from SRAM or boot from boot loader
mode, a bus error will be generated. If a program/erase operation is executed to main flash
in debug mode, boot from SRAM or boot from boot loader mode, the WPERR bit in
FMC_STATXx register will be set. At protection level low, option bytes block are accessible by
all operations. If program back to no protection level by setting SPC byte to 0xAA, a mass
erase for main flash will be performed.

Protection level high: when setting SPC byte to 0xCC, protection level high performed.
When this level is programmed, debug mode, boot from SRAM or boot from boot loader mode
are disabled. The main flash block is accessible by all operations from user code. The SPC
byte cannot be reprogrammed. So, if protection level high is programmed, it cannot move
back to protection level low or no protection level.

Table 5-9. Security protection

SPC[7:0] Security Protection
OxAA No protection

except OXAA or OxCC Protection level low

0xCC Protection level high

5.3.12. Frequency Control

The FMC module uses the clock CK_FMC to access SIP flash, and it must meet certain
frequency relationships with the system clock CK_SYS. CK_FMC must not be slower than
the system clock CK_SYS, but not exceed seven times the system clock:

CK_FMC = CK_SYS = 1/7 CK_FMC
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The recommended frequency switching configuration method is as follows:

If increasing the frequency:

1. Ensure that CK_FMC selects the clock source as the system clock CK_SYS, and
simultaneously increase the frequency of CK_FMC and CK_SYS;
2. Then, increase the frequency of CK_FMC separately as needed.

If decreasing the frequency:

1. First, set CK_FMC to select the clock source as the system clock CK_SYS;
2. Synchronize the frequency reduction of CK_FMC and CK_SYS.
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5.4. FMC registers
FMC base address: 0x4002 2000

5.4.1. Unlock key register 0(FMC_KEYO)

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
Bits Fields Descriptions
31:0 KEY[31:0] FMC_CTLO unlock register

These bits are only be written by software.
Write KEY[31:0] with keys to unlock FMC_CTLO register.

5.4.2. 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] Option bytes operation unlock register.

These bits can only be written by software.
Write OBKEY[31:0] with keys to unlock option bytes command in FMC_OBCTLx
(x =0,1,2) register.

5.4.3. Status register 0 (FMC_STATO)

Address offset: 0x0C
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GigaDevice
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 5 4 3 2 1 0
‘ Reserved ‘ ENDF ‘ WPERR |Reserved | PGERR [Reserved| BUSY |
rc_wl rc_wl rc_wl rc_wl
Bits Fields Descriptions
316 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
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 is 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 to 0.
5.4.4. Control register 0(FMC_CTLO)
Address offset: 0x10
Reset value: 0x0000 0080
This register has to be accessed by word (32-bit)
Note: This register should be reset after the corresponding flash operation completed.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ NWLDE ‘ PWDN ‘ Reserved ‘
w w
15 14 13 12 11 10 9 8 7 5 4 3 2 1 0
‘ Reserved ‘ RLBE ‘ ENDIE |[Reserved| ERRIE ‘ Reserved ‘ LK ‘ START ‘ Reserved ‘ MER ‘ PER ‘ PG ‘
w w rw rs w w w
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Bits Fields Descriptions

31 NWLDE Enable no waiting time area load when system reset. No waiting time area load
include load option bytes, OTP, main flash code area.
This bit is set or cleared by software, not reset after a system reset, but reset after
a power-on reset.
0: Don’t copy flash content to buffer memory when system reset.

1: Copy flash content to buffer memory when system reset.

30 PWDN Flash enter to Deep Power Down mode when no operation.
This bit is set or cleared by software, not reset after a system reset, but reset after
a power-on reset.
1: Enter to Deep Power Down mode.
0: Not enter to Deep Power Down mode.
Note:
1. In power-saving mode, the flash memory will only enter deep power-down
mode when the PWDN bit is set to 1.
2. When CPU Cbus timeout is enabled (CPUCBUSTO=1) and PWDN=1,
accessing the non-zero wait area (data area) of the flash memory after it enters
deep power-down mode will cause CBUS timeout, triggering Hardfault error.
3. When CPU Cbus timeout is not enabled (CPUCBUSTO=0) and PWDN=1,
accessing the non-zero wait area (data area) of the flash memory after it enters
deep power-down mode will wake up the flash memory, requiring flash wake-up
time. Accessing the zero wait area (code area) of the flash memory will not wake

up the flash memory and does not require waiting.
29:14 Reserved Must be kept at reset value.

13 RLBE Enable read lock block for OTP2.
This bit can only be set to 1 to enable read lock block for OTP2. Once the software
sets the value to 1, the data block corresponding to the read lock block cannot be
read.

Reset value is restored after reset.

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

9:8 Reserved Must be kept at reset value.
7 LK FMC_CTLO lock bit
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Address offset: 0x18
Reset value: 0x0XXX XXXX

GigaDevice
This bit is cleared by hardware when right sequence written to FMC_KEYO0
register.
This bit can be set by software.
6 START Send erase command to FMC bit
This hit is set by software to send erase command to FMC.
This hit is cleared by hardware when the BUSY bit is cleared.
5:3 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 bankO
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 bank0
5.4.5. Address register 0 (FMC_ADDRO)
Address offset: 0x14
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
‘ ADDRI[31:16]
w
15 14 13 12 10 9 8 7 6 5 4 3 2 1 0
‘ ADDRI[15:0]
w
Bits Fields Descriptions
31:0 ADDR[31:0] Flash erase command address bits
These bits are configured by software.
ADDR bits are the address of flash erase command.
5.4.6. Option byte control register 0 (FMC_OBCTLDO0)
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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 |
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
OB_STAR
SPC Reserved OB_LK
T
w rs rs
Bits Fields Descriptions
31:16 Reserved Must be kept at reset value.
15:8 SPC Option byte security protection code.

O0xAA: no security protection
O0xCC: security protection level high
Any value except 0XAA or OxCC : security protection level low.

7:2 Reserved Must be kept at reset value.

1 OB_START Send option byte change command to FMC bit.
This bit is set by software to send option byte change command to FMC.
This bit is cleared by hardware when the BUSY bit is cleared.

0 OB_LK FMC_OBCTLO/1/2 lock bit
This bit is cleared by hardware when right sequence written to FMC_OBKEY
register.

This bit can be set by software.

5.4.7. Option byte control register 1 (FMC_OBCTL1)

Address offset: 0x1C
Reset value: 0x0XXX 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] |
w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ DATA[5:0] ‘ USER[7:0] Reserved | OBERR |
rw w 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.
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1 Reserved Must be kept at reset value.
0 OBERR Option bytes read error hit.

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.

5.4.8. Option byte control register 2 (FMC_OBCTL2)

Address offset: 0x20
Reset value: OxXXXX 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
‘ WP[31:16]
w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ WP[15:0]
w
Bits Fields Descriptions
31.0 WP[31:0] Store WP of option bytes block after system reset.
5.4.9. OTP1 configuration register (FMC_OTP1CFG)

Address offset: 0x24
Reset value: 0x0000 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

Reserved

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

OTP1REN[15:0]

w
Bits Fields Descriptions
31:16 Reserved Must be kept at reset value.
15:0 OTP1REN[15:0] OTP1 read enable.

OTP1REN]|X] decides OTP1 data block x read or not, x=0...15.
0: Data block can not be read
1: Data block can be read

Software can write 0, but only reset can setto 1.
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5.4.10. Option bytes status register (FMC_OBSTAT)

Address offset: 0x40
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 | SPCH ‘ SPCL |

r r

Bits Fields Descriptions

31:2 Reserved Must be kept at reset value.

1 SPCH Security protection is level high now.

0 SPCL Security protection is level low now.

5.4.11. Unlock key register 1(FMC_KEY1)

Address offset: 0x44
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
Bits Fields Descriptions
31.0 KEY[31:0] FMC_CTL1 unlock register

These bits are only be written by software.
Write KEY[31:0] with keys to unlock FMC_CTL1 register.

5.4.12. Status register 1 (FMC_STAT1)

Address offset: 0x4C
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
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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 rc_wl
Bits Fields Descriptions
316 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
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 is 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 to 0.

5.4.13. Control register 1(FMC_CTL1)

Address offset: 0x50
Reset value: 0x0000 0080

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

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

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 ‘ Reserved ‘ LK ‘ START ‘ Reserved ‘ MER ‘ PER ‘ PG ‘
rw w rs rs w 2 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.
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11

10

9:8

5:3

5.4.14.

31 30

Reserved

ERRIE

Reserved

LK

START

Reserved

MER

PER

PG

0: No interrupt generated by hardware

1: End of operation interrupt enable
Must be kept at reset value

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

1: Error interrupt enable
Must be kept at reset value.

FMC_CTL1 lock bit

This bit is cleared by hardware when right sequence written to FMC_KEY1 register.

This bit can be set by software.

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.

Must be kept at reset value

Main flash mass erase for bank1l command bit
This bit is set or cleared by software.
0: No effect

1: Main flash mass erase command for bank1

Main flash page erase for bankl command bit
This bit is set or clear by software.

0: No effect

1: Main flash page erase command for bank1

Main flash program for bankl command bit
This bit is set or clear by software.
0: No effect

1: Main flash program command for bank1

Address register 1 (FMC_ADDR1)

Address offset: 0x54
Reset value: 0x0000 0000

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

29

26 25 24 23 22 21 20 19 18 17

16

ADDR([31:16]

15 14

13

w

10 9 8 7 6 5 4 3 2 1

ADDR[15:0]

w
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Bits Fields Descriptions
310 ADDRJ[31:0] Flash erase command address bits
These bits are configured by software.
ADDR bits are the address of flash erase command
5.4.15. OTP3 status register (FMC_OTP3_STAT)
Address offset: 0x60
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
BTFOSE [NBTSB_L| NDBG_L BTFOSE
Reserved Reserved NBTSB NDBG
L_LK K K L
r r r r r r
Bits Fields Descriptions
317 Reserved Must be kept at reset value.
6 BTFOSEL_LK BTFOSEL lock status.
0: No lock
1: Locked
5 NBTSB_LK NBTSB lock status.
0: No lock
1: Locked
4 NDBG_LK NDBG lock status.
0: No lock
1: Locked
3 Reserved Must be kept at reset value.
2 BTFOSEL Select Boot from flash or OTP1. This bit actives when NBTSB is 1 or BOOTO is 0.
0: Boot from main flash block
1: Boot from OTP1 block
1 NBTSB Not boot from SRAM or bootloader.
0: Can boot from SRAM or bootloader
1: Can’t boot from SRAM or bootloader
0 NDBG Debugging permission setting.

0: No influence
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1: Can not debug
5.4.16. Product ID register (FMC_PID)
Address offset: 0x100
Reset value: OxXXXX 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

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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6. Power management unit (PMU)

6.1. Overview
The power consumption is regarded as one of the most important issues for the devices of
this series. 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 this devices, there are
three power domains, including Vop / Vooa domain, Vcore domain, and Backup domain, as is
shown in the following figure. The power of the Voo domain is supplied directly by VDD. An
embedded LDO in the Vob / Vobadomain is used to supply the Vcore domain power. A power
switch is implemented for the Backup domain. It can be powered from the VBAT voltage when
the main VDD supply is shut down.

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

programmed threshold.
B Battery power (VBAT) for Backup domain when Vopp is shut down.
B | DO output voltage select for power saving.
B Power supply supervision: POR / PDR monitor / LVD monitor /VOVD monitor / VAVD
monitor / VUVD monitor.

B Ultra power saving for low-driver mode in Deep-sleep mode.

6.3. Function overview

Figure 6-1. Power supply overview provides details on the internal configuration of the PMU

and the relevant power domains.
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Figure 6-1. Power supply overview
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6.3.1. Backup domain

The Backup domain is powered by the VDD or the battery power source (VBAT) selected by
the internal power switch, and the VBAK pin which drives Backup Domain, power supply for
RTC unit, LXTAL oscillator, BPOR and BREG, and three BKP PAD including PC13 to PC15.
In order to ensure the content of the Backup domain registers and the RTC supply, when VDD
supply is shut down, VBAT 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 VBAT pin externally to VDD pin with a 100nF external ceramic
decoupling capacitor.

The Backup domain reset sources includes 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, or AHB clock devided by 10. When Voo is shut down, only LXTAL is valid for RTC.
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6.3.2.

Before entering the power saving mode by executing the WFI / WFE instruction, the Cortex®-
M33 can setup the RTC register with an expected wakeup time and enable the wakeup
function to achieve the RTC timer wakeup event. After entering the power saving mode for a
certain amount of time, the RTC will wake up the device when the time match event occurs.
The details of the RTC configuration and operation will be described in the Real-time

Clock(RTC).

When the Backup domain is supplied by VDD (VBAK pin is connected to VDD), the following
functions are available:

B PC13 can be used as GPIO or RTC function pin described in the RTC chapter.
B PC14 and PC15 can be used as either GPIO or LXTAL Crystal oscillator pins.

When the Backup domain is supplied by VBAT (VBAK pin is connected to VBAT), the following
functions are available:

B PC13 can be used as RTC function pin described in the RTC chapter.
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).

VDD / VDDA power domain

Vob / Vopba domain includes two parts: Voo domain and Vopa domain. Vpop domain includes
POR / PDR (power on / down reset), HXTAL (high speed crystal oscillator), LDO (voltage
regulator), LVD(Low Voltage Detector), FWDGT (free watchdog timer), IRC8M (internal 8MHz
RC oscillator), IRC48M (internal 48MHz RC oscillator at 48MHz frequency), IRC40K (internal
40KHz RC oscillator), , PLLs (phase locking loop), VAVD (Analog Voltage Detector), all pads
except PC13 / PC14 / PC15, etc. VDDA domain includes ADC / DAC (AD / DA converter),
CMP(comparator), etc.

VDD domain

The LDO, which is implemented to supply power for the Vcore domain, is always enabled
after reset. It can be configured to operate in three different statuses, 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 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 6-2. Waveform of the POR/PDR shows the relationship between

the supply voltage and the power reset signal. Veor, wWhich typical value is refer to device
datasheet, indicates the threshold of power on reset, while Vror, which typical value is refer
to device datasheet, means the threshold of power down reset. The hysteresis voltage (Vhyst)
is refer to device datasheet.
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Figure 6-2. Waveform of the POR/PDR
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The LVD is used to detect whether the VDD supply voltage is lower than a programmed
threshold selected by the LVDT[2:0] bits in the Power control register(PMU_CTLO). The LVD
is enabled by setting the LVDEN bit, and LVDF bit, which in PMU_CS, indicates if Voo 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 6-3. Waveform of
the LVD threshold shows the relationship between the LVD threshold and the LVD output.

The following figure shows the relationship between the supply voltage and the LVD signal.

The hysteresis voltage (Vhyst) please refer to device datasheet.

Figure 6-3. Waveform of the LVD threshold
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VDDA domain

The Vbbpa analog voltage detector is used to detect whether the VDDA supply voltage is lower
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6.3.3.

than a programmed threshold selected by the VAVDVC[1:0] bits in the power control
register(PMU_CTLO). The VAVD is enabled by setting the VAVDEN bit, and VAVDF bit, which
in PMU_CS, indicates if Vopa is higher or lower than the specified VAVD threshold..Figure
6-4. Waveform of the VAVD threshold shows the relationship between the VAVD threshold
and the VAVDF The hysteresis voltage (Vhyst) please refer to device datasheet.

Figure 6-4. Waveform of the VAVD threshold
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VAVD
threshold

VAVDF

Generally, digital circuits are powered by VDD, while most of analog circuits are powered by
VDDA. To improve the ADC and DAC conversion accuracy, the independent power supply
VDDA is implemented to achieve better performance of analog circuits. VDDA can be
externally connected to VDD through the external filtering circuit that avoids noise on VDDA,
and VSSA should be connected to VSS through the specific circuit independently. Otherwise,
if VDDA is different from VDD, Vooa must always be higher, but the voltage difference should
not exceed 0.3V.

To ensure a high accuracy on ADC and DAC, the ADC/DAC independent external reference
voltage should be connected to VREFP/VREFN pins. According to the different packages,
VREFP pin can be connected to VDDA pin, or external reference voltage which refers toTable
21-2. ADC input pins definition and Table 22-1. DAC I/O description. VREFN pin must be
connected to VSSA pin. The VREFN pin is only available on no less than 48-pin packages, or

else the VREFN pin is not available and internally connected to VSSA.

Vcore power domain

Vcore power domain supplies power for Cortex®-M33 logic, AHB/APB peripherals, the APB
interfaces for the Backup domain and the Vob / Voba domain, etc, includes VUVD (Vcore
Under Voltage Detector) and VOVD(Vcore Over Voltage Detector). Once the Vcore is
powered up, the POR will generate a reset sequence on the Vcore 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
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will enter an expected power saving mode which will be discussed in the following section.
The voltage of this power domain can be configured by LDOVS[2:0] in the PMU CTLO register.
Refer to the datasheet for the Vcore voltage value.

Vcore Voltage thresholds detector

There is an internal Vcore power over voltage detector, when VOVDEN is Ob1, it means Vcore
power over voltage detector is enabled. Once Vcore power domain is over than a
programmed threshold selected by the VOVDVC[1:0] bits in the power control
register(PMU_CTLO), VOVDF will be set immediately after two flip-flops synchronization of
the analog output. VOVDF will be set after digital filter which can be used by configuring the
VOVDO_DNF[7:0]bit in PMU_CTL1 register.This allows to suppress spikes with a
programmable length of 1 to 255 of 1024* Tyck(period of PCLK1) The hysteresis voltage
(Vhyst) please refer to device datasheet.

Note: Before enable VOVD, LVD must be enabled first. After a delay of 50us, VOVD can then
be enabled. Otherwise, VOVD may generate false trigger signals. Subsequently, LVD can
either remain enabled or be disabled.

Figure 6-5. waveform of VOVD

Vi2v

VOVD
threshold

VOVDF

There is an internal Vcore power under voltage detector, when VUVDEN is Ob1, it means
Vcore power under voltage detector is enabled. Once Vcore power domain is lower than a
programmed threshold selected by the VUVDVC[1:0] bits in the power control
register(PMU_CTLO), VUVDFO will be set immediately after two flip-flops synchronization of
the analog output, VUVDF1 will be set after digital filter which can be used by configuring the
VUVDO_DNF[7:0] bits in PMU_CTL1 register.This allows to suppress spikes with a
programmable length of 1 to 255 of 1024* Tpck(period of PCLK1) VUVDF1 interrupt is
internally connected. The hysteresis voltage (Vhyst) please refer to device datasheet.
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Figure 6-6. waveform of VUVD
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6.3.4. Power saving modes

After a system reset or a power reset, the 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, and PCLK2) or gating the clocks of the unused peripherals or
configuring the LDO output voltage by LDOVS bits in PMU_CTL register. The LDOVS bits
should be configured only when the PLL is off, and the programmed value is selected to drive
Vcore domain after the PLL opened. While the PLL is off, LDO output voltage low mode is
selected to drive Vcore domain. 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 Cortex®-M33. In Sleep mode,
only clock of Cortex®-M33 is off. To enter the Sleep mode, it is only necessary to clear the
SLEEPDEEP bit in the Cortex®-M33 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 (If SEVONPEND is 1, any interrupt can wake up the system, refer to
Cortex®-M33 Technical Reference Manual). The mode offers the lowest wakeup time as no
time is wasted in interrupt entry or exit.

According to the SLEEPONEXIT bit in the Cortex®-M33 System Control Register, there are
two options to select the Sleep mode entry mechanism.

B Sleep-now: if the SLEEPONEXIT bit is cleared, the MCU enters Sleep mode as soon as
WFI or WFE instruction is executed.
B Sleep-on-exit: if the SLEEPONEXIT bit is set, the MCU enters Sleep mode as soon as it

129



&

GigaDevice

GD32F50x User Manual

exits from the lowest priority ISR.

Deep-sleep mode

The Deep-sleep mode is based on the SLEEPDEEP mode of the Cortex®-M33. In Deep-sleep
mode, all clocks in the Vcore domain are off, and all of IRC8M, IRC48M, 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 SLEEPDEEP bit in the Cortex®-M33
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 (If SEVONPEND is 1, any interrupt from EXTI lines can wake
up the system, refer to Cortex®-M33 Technical Reference Manual). 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.

The low-driver mode in Deep-sleep mode can be entered by configuring the LDEN, LDNP,
LDLP, LDOLP bits in the PMU_CTL register. The Low-driver mode provides lower drive
capability, and the Low-power mode take lower power.

Normal-driver / Normal-power: The Deep-sleep mode is not in low-driver mode by configure
LDEN to 00 in the PMU_CTL register, and not in low-power mode depending on the LDOLP
bit reset in the PMU_CTL register.

Normal-driver / Low-power: The Deep-sleep mode is not in low-driver mode by configure
LDEN to 00 in the PMU_CTL register. The low-power mode enters depending on the LDOLP
bit set in the PMU_CTL register.

Low-driver / Normal-power: The low-driver mode in Deep-sleep mode when the LDO in
normal-power mode depending on the LDOLP bit reset in the PMU_CTL register enters by
configure LDEN to Ob11 and LDNP to 1 in the PMU_CTL register.

Low-driver / Low-power: The low-driver mode in Deep-sleep mode when the LDO in low-
power mode depending on the LDOLP bit set in the PMU_CTL register enters by configure
LDEN to Ob11 and LDLP to 1 in the PMU_CTL register.

No Low-driver: The Deep-sleep mode is not in low-driver mode by configure LDEN to 00 in
the PMU_CTL register.

Note: In order to enter Deep-sleep mode smoothly, all EXTI line pending status (in the
EXTI_PD register) and related peripheral flags must be reset, refer toTable 2-3. EXTI source.

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 Cortex®-M33, too. In Standby
mode, the whole Vcore domain is power off, the LDO is shut down, and all of IRC8M, IRC48M,
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HXTAL and PLL are disabled. Before entering the Standby mode, it is necessary to set the
SLEEPDEEP bit in the Cortex®-M33 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,
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 Vcore power domain are lost in Standby mode. When exiting from the Standby

mode, a power-on reset occurs and the Cortex®-M33 will execute instruction code from the
0x00000000 address.

Table 6-1. Power saving mode summary

Mode Sleep Deep-sleep Standby
] 1. The Vcore domain
1. Allclocks in the )
) is power off
- ) Vcore domain are off
Description Only CPU clock is off ) 2. Disable IRC8M,
2. Disable IRC8M,
IRC48M, HXTAL and
IRC48M, HXTAL and PLL
PLL
On (normal power mode
On (normal power
] or low power mode,
LDO Status mode, normal driver ) Off
normal driver mode or low
mode) .
driver mode)
SLEEPDEEP =1
SLEEPDEEP =1
Configuration SLEEPDEEP =0 STBMOD =1, WURST
STBMOD =0
=1
Entry WFI or WFE WFI or WFE WFI or WFE
Any interrupt for WFI Any interrupt from EXTI )
) 1. NRST pin
Any event (or lines for WFI )
) ] 2. WKUP pin
Wakeup interrupt when Any event(or interrupt
) ) 3. FWDGT reset
SEVONPEND is 1) when SEVONPEND is 1) 4 RTC
for WFE from EXTI for WFE '
IRC8M wakeup time,
Wakeup LDO wakeup time added
None ) o Power on sequence
Latency if LDO is in low power
mode

Note: In Standby mode, all 1 / Os are in high-impedance state except NRST pin, PC13 pin
when configured for RTC function, PC14 and PC15 pins when used as LXTAL crystal

oscillator pins, and WKUP pin if enabled
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6.4. PMU registers
PMU base address: 0x4000 7000

6.4.1. Control register0 (PMU_CTLO)

Address offset: 0x00
Reset value: 0x1600 7000 (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
‘ LOCK ‘ Reserved l VUVDVC[1:0] ‘ VOVDVC[1:0] ‘VUVDEN ‘ VOVDEN ‘ VAVDVC[1:0] ‘ VAVDEN | LDEN[1:0] | Reserved ‘
w w w w w w w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved LDOVS|2:0] ‘ LDNP ‘ LDLP ‘ PDRVS ‘BKPWEN‘ LVDT[2:0] ‘ LVDEN | STBRST ‘ WURST ISTBMOD‘ LDOLP ‘
w w w w w w w rc_wl rc_wl w w
Bits Fields Descriptions
31 LOCK Register lock

0: Other registers and bits are not writable
1: Other registers and bits are writable

30:29 Reserved Must be kept at reset value.

28:27 VUVDVCI[1:0] Vcoreunder voltage detector voltage level configure bits
These bits are set and cleared by software
00: Configure Vcore under voltage detector voltage level to 1.05V
01: Configure Vcore under voltage detector voltage level to 0.95V.
1x: Configure Vcore under voltage detector voltage level to 0.85V.

26:25 VOVDVC[1:0] Vcore over voltage detector voltage level configure bits
These bits are set and cleared by software
00: Configure Vcore over voltage detector voltage level to 1.25V.
01: Configure Vcore over voltage detector voltage level to 1.30V.
10: Configure Vcore over voltage detector voltage level to 1.35V.

11: Configure Vcore over voltage detector voltage level to 1.40V.

24 VUVDEN Vcore under Voltage detector enable
0: Disable Vcore under Voltage Detector.
1: Enable Vcore under Voltage Detector.

23 VOVDEN Vcore over Voltage detector enable
This bit is set and cleared by software.
0: Peripheral voltage on Vcore detector disabled.

1: Peripheral voltage on Vcore detector enabled

22:21 VAVDVC[1:0] VDDA analog voltage detector voltage level configure bits
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These bits are set and cleared by software

00: Configure Vbpa analog voltage detector voltage level to 2.3V
01: Configure Vopa analog voltage detector voltage level to 2.5V
10: Configure Vppa analog voltage detector voltage level to 2.7V
11: Configure Vppa analog voltage detector voltage level to 2.9V

20 VAVDEN Vooa @analog voltage detector voltage enable bit
This bit is set and cleared by software.
0: Vopa analog voltage detector voltage disabled.

1: Vopa analog voltage detector voltage enabled.

19:18 LDEN[1:0] Low-driver mode enable in Deep-sleep mode
00: Low-driver mode disable in Deep-sleep mode
01: Reserved
10: Reserved
11: Low-driver mode enable in Deep-sleep mode

17:15 Reserved Must be kept at reset value.

14:12 LDOVS[2:0] LDO output voltage select
These bits are set by software when the main PLL closed. And the LDO output
voltage selected by LDOVS bits takes effect when the main PLL enabled. If the main
PLL closed, the LDO output default value.
000: Reserved
001: 0.9v (not recommended for customers to use)
010: 0.95v (not recommended for customers to use)
011: 1.0v (not recommended for customers to use)
100: 1.05v (not recommended for customers to use)
101: 1.1v
110: 1.15v
111:1.2v
Note: 0b000 is not supported for this bit field, configured to 0b0O0O will cause
unpredictable errors.

11 LDNP Low-driver mode when use normal power LDO
0: normal driver when use normal power LDO

1: Low-driver mode enabled when LDEN is 11 and use normal power LDO

10 LDLP Low-driver mode when use low power LDO.
0: normal driver when use low power LDO

1: Low-driver mode enabled when LDEN is 11 and use low power LDO

9 PDRVS PDR threshold selection
0: 2.35V
1.1.8vV
8 BKPWEN Backup Domain Write Enable

0: Disable write access to the registers in Backup domain
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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: 2.1V
001: 2.3V
010: 2.4V
011: 2.6V
100: 2.7V
101: 2.8V
110: 3.0V
111: 3.1V

4 LVDEN Low Voltage Detector Enable
0: Disable Low Voltage Detector
1: Enable Low Voltage Detector
Note: When LVD_LOCK bitis setto 1 in the SYSCFG_LKCTL register, LVDEN and
LVDT[2:0] are read only.

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
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 Cortex®-M33 enters SLEEPDEEP mode
1: Enter the Standby mode when the Cortex®-M33 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

6.4.2. Control and status register (PMU_CS)

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 ‘ LDRF[1:0] Reserved

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

VUVDFO‘ VAVDF‘ LVDF ‘ STBF ‘ WUF ‘

LDOVSRF‘ Reserved ‘ WUPEN ‘VUVDF1 ‘ VOVDF

Reserved Reserved

r w r r r r r r r

Bits Fields Descriptions
31:20 Reserved Must be kept at reset value.
19:18 LDRF[1:0] Low-driver mode ready flag

These bits are set by hardware when enter Deep-sleep mode and the LDO in Low-
driver mode. These bits are cleared by software when write 11.

00: normal driver in Deep-sleep mode

01: Reserved

10: Reserved

11: Low-driver mode in Deep-sleep mode

17:15 Reserved Must be kept at reset value.

14 LDOVSRF LDO voltage select ready flag
0: LDO voltage select not ready
1: LDO voltage select ready

13:9 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 Standby mode, a rising edge on the WKUP pin
wakes up the system from the Standby 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 is aready high.

7 VUVDFA1 Vcore under voltage detector flag bit after digital filter.
this bit is set and cleared by hardware. It is valid only if VUVDEN is enabled.
0: Vcore is higher than VUVD threshold.

1: Vcore is equal or lower than VUVD threshold.

6 VOVDF Vcore over voltage detector flag bit after digital filter.
this bit is set and cleared by hardware. It si valid only if VOVDEN is enabled.
0: Vcore is lower than VOVDVC[1:0] threshold
1: Vcore is equal or higher than VOVDVCI1:0] threshold

5 Reserved Must be kept at reset value.

4 VUVDFO Vcore under voltage detector flag bit
this bit is set and cleared by hardware. It si valid only if VUVDEN is enabled.
0: Vcore is higher than VUVD threshold.
1: Vcore is equal or lower than VUVD threshold.

3 VAVDF VDDA analog voltage detector voltage output on VDDA flag bit.
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This bit is set and cleared by hardware. It is valid only if VAVDEN is enabled.
0: Vooa is equal or higher than the VAVD threshold configured by VAVDVC bits.
1: Vopa is lower than the VAVD threshold configured by VAVDVC bits.

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
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 bit in the
PMU_CTLO register.

0 WUF Wakeup Flag
0: No wakeup event has been received
1: Wakeup event occurred from the WKUP pin or RTC alarm event
This bit is cleared only by a POR / PDR or by setting the WURST bit in the
PMU_CTLO register.

6.4.3. Control register 1(PMU_CTL1)

Address offset: 0x08
Reset value: 0x0000 0000

This register can 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 1 10 9 8 7 6 5 4 3 2 1 0
VUVDO_DNF[7:0] VOVDO_DNF[7:0]
w w
Bits Fields Descriptions
31:16 Reserved Must be kept at reset value.
15:8 VUVDO_DNF[7:0] VUVD analog output digital noise filter

These bits are used to configure the digital noise filter on VUVD analog output. The
digital filter will filter spikes with a length of up to VUVDO_DNF[7:0] * 1024 *TecLk1
0: Digital filter is disabled

1: Digital filter is enabled and filter spikes with a length of up to 1024 * TecLk1

255: Digital filter is enabled and filter spikes with a length of up to 255*1024 * TecLk1
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7:0

VOVDO_DNF[7:0]

VOVD analog output digital noise filter

These bits are used to configure the digital noise filter on VOVD analog output. The
digital filter will filter spikes with a length of up to VOVDO_DNF[7:0] * 1024 * TecLk1
0: Digital filter is disabled

1: Digital filter is enabled and filter spikes with a length of up to 1024 * TecLk1

255: Digital filter is enabled and filter spikes with a length of up to 2551024 * TecLk1
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7.

7.1.

7.2

7.3.

7.3.1.

7.3.2.

Backup registers (BKP)

Introduction

The Backup registers are located in the Backup domain that remains powered-on by Vear
even if Vpp 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.

Main features

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
sets the calibration value.

B Tamper control and status register (BKP_TPCS) can control tamper detection with
interrupt or event capability.

Function description

RTC clock calibration

In order to improve the RTC clock accuracy, the MCU provides the RTC output for calibration
function. The RTC clock, or a clock with the frequency is frrccLk/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 1000000/2*20 ppm.

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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7.4. BKP registers
BKP base address: 0x4000 6C00

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

Address offset: 0x04 + 0x04*x(x=0..9), 0x40 + 0x04*(x-10)(x=10..41)
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
‘ DATA [15:0]
w
Bits Fields Descriptions
31:16 Reserved Must be kept at reset value.
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.

7.4.2. RTC signal output control register (BKP_OCTL)

Address offset: 0x2C
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
‘CALDIR ‘CCOSEL‘ Reserved ‘ ROSEL ‘ ASOEN ‘ COEN ‘ RCCV[6:0]

w rw w w w 2
Bits Fields Descriptions
31:16 Reserved Must be kept at reset value.
15 CALDIR RTC clock calibration direction

0: Slowed down
1: Speed up

This bit is reset only by a Backup domain reset.
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14 CCOSEL RTC clock output selection
0: RTC clock div 64
1: RTC clock
This bit is reset only by a POR.

13:10 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

This bit is reset only by a Backup domain reset.

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.
This bit is reset only by a Backup domain reset.

7 COEN RTC clock calibration output enable
0: Disable RTC clock calibration output
1: Enable RTC clock Calibration output
When enable, the TAMPER pin will output the RTC clock or RTC clock divided by
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.
This bit is reset only by a POR.

6:0 RCCVI[6:0] RTC clock calibration value
The value indicates how many clock pulses are ignored or added every 220 RTC
clock pulses.

This bit is reset only by a Backup domain reset.

7.4.3. Tamper pin control register (BKP_TPCTL)

Address offset: 0x30
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 ‘ TPAL ‘ TPEN ‘
w 2
Bits Fields Descriptions
31:2 Reserved Must be kept at reset value.
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TAMPER pin active level
1 TPAL 0: The TAMPER pin is active high
1: The TAMPER pin is active low

TAMPER detection enable
0: The TAMPER pin is free for GPIO functions

0 TPEN 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 register.
7.4.4. Tamper control and status register (BKP_TPCS)

Address offset: 0x34
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 ‘ TIF ‘ TEF ‘ Reserved ‘ TPIE | TIR ‘ TER |
r r w w w
Bits Fields Descriptions
31:10 Reserved Must be kept at reset value.
9 TIF Tamper interrupt flag

0: No tamper interrupt occurred
1: A tamper interrupt occurred
This bit is reset by writing 1 to the TIR bit or the TPIE bit being 0.

8 TEF Tamper event flag
0: No tamper event occurred
1: A tamper event occurred
This bit is reset by writing 1 to the TER bit.

7:3 Reserved Must be kept at reset value

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

This bit is reset only by a system reset and wake-up from Standby mode.

1 TIR Tamper interrupt reset
0: No effect
1: Reset the TIF bit
This bit is always read as 0.

0 TER Tamper event reset
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0: No effect
1: Reset the TEF bit
This bit is always read as 0.
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8.

8.1.

8.1.1.

8.1.2.

Reset and clock unit (RCU)

Reset control unit (RCTL)

Overview

GD32F50x 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 IP
components except for the SW-DP controller and the backup domain. The backup domain
reset resets the backup domain. These 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.

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 Vcore power domain. The reset service routine vector is fixed at address
0x0000_0004 in the memory map.

System reset

A system reset is generated by the following events:

A power reset (POWER_RSTn).

A external pin reset (NRST).

A window watchdog timer reset ( WWDGT_RSTn).

A free watchdog timer reset (FWDGT_RSTn).

The SYSRESETREQ bit in Cortex®-M33 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 SW-
DP controller and the backup domain.

A system reset pulse generator guarantees low level pulse duration of 20 ps for each reset
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8.2.

8.2.1.

source (external or internal reset).

Figure 8-1. The system reset circuit

NRST %

POWER_RSTn

WWDGT_RSTn
FWDGT_RSTn

min 20us
pulse [—— System Reset

SW_RSTn generator

OB_STDBY_RSTn
OB_DPSLP_RSTh

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).

Clock control unit (CCTL)

Overview

The clock control unit provides a range of frequencies and clock functions. These include a
Internal 8M RC oscillator (IRC8M), a Internal 48M RC oscillator (IRC48M), a High Speed
crystal oscillator (HXTAL), a Low Speed Internal 40K RC oscillator (IRC40K), a Low Speed
crystal oscillator (LXTAL), two Phase Lock Loop (PLL), a HXTAL clock monitor, a LXTAL clock
monitor, clock frequency monitor, clock prescalers, clock multiplexers and clock gating
circuitry.

The clocks of the AHB, APB and Cortex®-M33 are derived from the system clock (CK_SYS)
which can source from the IRC8M, HXTAL or PLLOP. The maximum operating frequency of
the system clock (CK_SYS) can be up to 200 MHz (for GD32F502xx), 252 MHz (for
GD32F503xx) or 280 MHz (for GD32F505xx).

Note: When switching between low and high frequencies (e.g., 8MHz and 280MHz), a
switching frequency patch is required. The specific implementation can refer to the relevant
code in the firmware library system_ gd32f50x.c and the clock switching configuration
description can refer to the "AN250 GD32 Clock Switching Configuration User Guide".
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Figure 8-2. Clock tree (for GD32F502xx)
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Figure 8-3. Clock tree (for GD32F503xx)
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Figure 8-4. Clock tree (for GD32F505xx)
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(to Cortex-M33 SysTick)
FCLK

CK_IRC8M

CK_IRCEM [~ (free running clock)

CK IRC48M] AHB CK_AHB APBL CK_APB1
CK_HXTAL | 80 max | :124.512 ma; +1,2,4,8,16 140 MHz max to APBL peripherals
PREDIVO

cKPLL |, PLLOMF, C Peripheral enable

4-40 MHz /I/

AxTAL [ PLLOSEL([1:0]

[1:0] CK_TIMERX
TIMERX =
enable to TIMER1,2,3.4,
5616

APB2 CK_APB2

p—  Prescaler PCLK2
+1,24,816 280 MHz max to APB2 peripherals

Peripheral enable

TIMER1,2,3,4,5,6,

CK_HXTAL/128| | TIMER0,7,15
|f(APB:21 )p:scae CK_TIMERX
32.768 KHz o CK_RTC it TIMERX
enable to TIMER0,7,15
LXTAL RO 0
10 ADC
Prescaler ADCPSC[3]
2,468,121
40 KHz RTCSRC[1:0] CK_FWDGT 6 0 CK_ADCx to ADCO,1,2
IRCA0K (to FWDGT) 42 MHz max
ADC
L—— Prescaler
+3,56,10,20
CK_SYS
K_PLL1
gg CK_IRCBM S,
CK_ouT 010} CKHXTAL CK_PLLO 10 CK_EMC
CK_PLLO/2 <1,23..16
011 CK_SYS
CK_PLLY2 —=——o1 PREDIVL PLLIMF 12SxDIV
100 CK_AHB FMCDIV 12SXSEL (=1 2)
101 [CK LXTAL 00, PLLISEL (x=12)
110 [SKIRC48M
11 [CK_IRCA0K FMCSEL[10]

CKOUTSEL([2:0]

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 200 MHz / 200 MHz / 100
MHz (for GD32F502xx), 252 MHz / 252 MHz / 126 MHz (for GD32F503xx) or 280 MHz / 280
MHz / 140 MHz (for GD32F505xx). The cortex® system timer (systick) external clock is
clocked with the AHB clock (HCLK) divided by 8. The systick can work either with this clock
or with the AHB clock (HCLK), configurable in the systick control and status register.

The ADCs are clocked by the clock of APB2 divided by 2, 4, 6, 8, 12, 16 or by the clock of
AHB divided by 3, 5, 6, 10, 20, which defined by ADCPSC in RCU_CFGO0 and RCU_CFG1
register.

The TIMERSs are clocked by the clock divided from CK_APB2 and CK_APB1. 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 CK48M. The CK48M is selected from the clock of
CK_PLLO or the clock of IRC48M by CK48MSEL bit in RCU_ADDCTL register.

The CTC is clocked by the clock of IRC48M. The IRC48M can be automatically trimmed by
CTC unit.
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8.2.2.

8.2.3.

The I12S is clocked by the clock of CK_SYS or CK_PLL1 which defined by 12SxSEL (x =1, 2)
bit in RCU_CFG1 register.

The FMC interface clock can be selected as one of CK_AHB, CK SYS, CK _PLLO, and
CK_PLL1 through the FMCSEL bit field in the RCU_ADDCTL register, and is provided after
division by FMCDIV.

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

Characteristics

4 to 40 MHz high speed crystal oscillator (HXTAL).
Internal 8 MHz RC oscillator (IRC8M).

Internal 48 MHz RC oscillator (IRC48M).

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

PLLO clock source can be HXTAL, IRC8M or IRC48M.
HXTAL clock monitor.

LXTAL clock monitor.

Clock frequency monitor.

Function overview

High speed crystal oscillator (HXTAL)

The high speed external crystal oscillator (HXTAL), which has a frequency from 4 to 40 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 8-5. HXTAL clock source

OSCIN oscoutr

X D4

l

Crystal
c1—— c2

|||—
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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 PLLO
input clock.

Select external clock bypass mode by setting the HXTALBPS and HXTALEN bits in the control
register RCU_CTL. During bypass mode, the signal is connected to OSCIN, and OSCOUT
remains in the suspended state, as shown in Figure 8-6. HXTAL clock source in bypass
mode. The CK_HXTAL is equal to the external clock which drives the OSCIN pin.

Figure 8-6. HXTAL clock source in bypass mode

OSCIN Ooscourt

E‘Q 2

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 PLLO 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 PLLOP 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.

Internal 48M RC oscillators (IRC48M)

The internal 48M RC oscillator, IRC48M, has a fixed frequency of 48 MHz. The IRC48M
oscillator provides a lower cost type clock source as no external components are required
when USBFS used. The IRC48M RC oscillator can be switched on or off using the IRC48MEN
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bit in the RCU_ADDCTL register. The IRC48MSTB flag in the RCU_ADDCTL register is used
to indicate if the internal 48M RC oscillator is stable. An interrupt can be generated if the
related interrupt enable bit, IRC48MSTBIE, in the RCU_ADDINT register, is set when the
IRC48M becomes stable. The IRC48M clock is used for the clocks of USBFS.

The frequency accuracy of the IRC48M can be calibrated by the manufacturer, but its
operating frequency is still not enough accurate because the USB need the frequency must
between 48MHz with 500ppm accuracy. A hardware automatically dynamic trim performed in
CTC unit adjust the IRC48M to the needed frequency.

Phase locked loop (PLL)

There are two internal Phase Locked Loop, the PLLO and PLLA1.

The PLLO can be switched on or off by using the PLLOEN bit in the RCU_CTL register. The
PLLOSTB flag in the RCU_CTL register will indicate if the PLLO clock is stable. An interrupt
can be generated if the related interrupt enable bit, PLLOSTBIE, in the RCU_INT register, is
set as the PLLO 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, PLL1STBIE, in the RCU_INT register, is
set as the PLL1 becomes stable.

The two 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
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

151



&

GigaDevice

GD32F50x User Manual

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 frequency accuracy of the IRC40K can be calibrated by the manufacturer.

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_PLLOP 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 PLLO) used as the CK_SYS, it is not possible
to stop it.

HXTAL clock monitor (HCKM)

The HXTAL clock monitor function is enabled by the HXTAL clock monitor enable bit,
HCKMEN, 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,
HCKMIF, 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
Cortex®-M33. 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.

LXTAL clock monitor (LCKM)

A clock monitor on LXTAL can be activated by software writing the LCKMEN bit in the backup
domain control register (RCU_BDCTL). LCKMEN can not be enabled before LXTAL is
enabled and ready.

The clock monitor on LXTAL is working in all modes except Vear. If a failure is detected on
the external 32 KHz oscillator, an interrupt can be sent to CPU.

The software must then disable the LCKMEN bit, stop the defective external 32 KHz oscillator,
and change the RTC clock source, or take any required action to secure the application.

A 4-bits plus one counter will work at IRC40K domain when LCKMD enable. If the LXTAL
clock has stuck at 0/1 error or slow down about 20KHz, the counter will overflow. The LXTAL
clock failure will been found. Once the LXTAL failure is detected, the LXTAL clock stuck
interrupt flag, LCKMIF, in the clock interrupt register, RCU_INT, will be set and the LXTAL
failure event will be generated.
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Clock frequency monitor (CKFM)

The clock frequency monitor can use IRC48M to monitor IRC8M, HXTAL, PLLOP and PLL1
clock frequency range. For IRC8M and HXTAL, 1000 IRC48M clock cycle is used as the
monitor window. For PLLOP and PLL1, 100 IRC48M clock cycle is used as the monitor window.
User can configure the monitoring range of the clock frequency by configuring the
RCU_CKFMCFGx (x =0, 1, 2, 3) register. If the corresponding interrupt is enabled and the
clock frequency failure flag is set, the interrupt will be occurred.

When the IRC48M clock is disabled or lost, the clock frequency monitor is invalid.

Clock output capability

There are several clock signals can be selected via the CK_OUT clock source selection bits,
CKOUTSEL, in the clock configuration register 0 (RCU_CFGO0). The corresponding GPIO pin
should be configured in the properly alternate function 1/0 (AFIO) mode to output the selected
clock signal.

Table 8-1. Clock output source select

Clock Source Selection bits Clock Source

000 CK_SYS

001 CK_IRC8M
010 CK_HXTAL
011 CK_PLLO/2
100 CK_PLL1/2
101 CK_LXTAL
110 CK_IRC48M
111 CK_IRC40K

Voltage control

The Vcore domain voltage in Deep-sleep mode can be controlled by DSLPVS[2:0] bit in the
Deep-sleep mode voltage register (RCU_DSV).

Table 8-2. Vcore domain voltage selected in deep-sleep mode

DSLPVS[2:0] Deep-sleep mode voltage(V)

000 default value

001 default value — 0.05
010 default value — 0.1
011 default value — 0.15
100 default value — 0.2
101 default value — 0.25
110 default value — 0.3
111 default value — 0.35
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8.3. Register definition
RCU base address: 0x4002 1000
8.3.1. 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
HXTALB |HXTALST| HXTALE
Reserved PLL1STB | PLL1EN [PLLOSTB| PLLOEN Reserved HCKMEN
PS B N
r w r w 12 w r w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
IRC8MST
IRC8MCALIB[7:0] IRC8MADJ[4:0] Reserved IRC8MEN
B
r w r w
Bits Fields Descriptions
31:28 Reserved Must be kept at reset value.
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 PLLOSTB PLLO clock stabilization flag
Set by hardware to indicate if the PLLO output clock is stable and ready for use.
0: PLLO is not stable
1: PLLO is stable
24 PLLOEN PLLO enable
Set and reset by software. This bit cannot be reset if the PLLO clock is used as the
system clock. Reset by hardware when entering Deep-sleep or Standby mode.
0: PLLO is switched off
1: PLLO is switched on
23:20 Reserved Must be kept at reset value.
19 HCKMEN HXTAL clock monitor enable
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18

17

16

15:8

7:3

HXTALBPS

HXTALSTB

HXTALEN

IRC8MCALIB[7:0]

IRC8MADJ[4:0]

Reserved

IRC8MSTB

IRC8MEN

0: Disable the High speed 4 ~ 40 MHz crystal oscillator (HXTAL) clock monitor

1: Enable the High speed 4 ~ 40 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.

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.

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

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 PLLO input clock when PLLO clock is selected to the
system clock. Reset by hardware when entering Deep-sleep or Standby mode.
0: High speed 4 ~ 40 MHz crystal oscillator disabled

1: High speed 4 ~ 40 MHz crystal oscillator enabled

Internal 8MHz RC oscillator calibration value register
These bits are load automatically at power on.

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%.

Must be kept at reset value.

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

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
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1: Internal 8 MHz RC oscillator enabled
8.3.2. Clock configuration register 0 (RCU_CFGO)
Address offset: 0x04
Reset value: 0x0010 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
USBFSP ADCPSC[ PREDIVO
PLLOMF[5:4] Reserved CKOUTSEL[2:0] USBFSPSC[1:0] PLLOMF[3:0] Reserved
SC[2] 2] _LsB
rw rw rw rw rw rw rw
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ADCPSC[1:0] APB2PSC[2:0] APB1PSC[2:0] AHBPSC[3:0] SCSS[1:0] SCS[1:0]
w rw rw rw r rw
Bits Fields Descriptions
31 USBFSPSC[2] Bit 2 of USBFSPSC
see hits 23:22 of RCU_CFGO
30:29 PLLOMF[5:4] Bit 5 and Bit 4 of PLLOMF
see bits 21:18 of RCU_CFGO
28 ADCPSCI2] Bit 2 of ADCPSC
see bits 15:14 of RCU_CFGO
27 Reserved Must be kept at reset value.
26:24 CKOUTSEL[2:0] CKOUT clock source selection
Set and reset by software.
000: System clock selected
001: Internal 8MHz RC Oscillator clock selected
010: External high speed oscillator clock selected
011: (CK_PLLO / 2) clock selected
100: (CK_PLL1 / 2) clock selected
101: External low speed oscillator clock selected
110: Internal 48MHz RC Oscillator clock selected
111: Internal 40K RC Oscillator clock selected
23:22 USBFSPSCJ1:0] 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.
000: CK_USBFS = CK_PLLO/3

001: CK_USBFS=CK_PLLO/2

010: CK_USBFS = CK_PLLO/5

011: CK_USBFS = CK_PLLO/ 4

100: CK_USBFS = CK_PLLO /6
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21:18

17

16

15:14

13:11

PLLOMF[3:0]

PREDIVO_LSB

Reserved

ADCPSC[1:0]

APB2PSC[2:0]

101: CK_USBFS = CK_PLLO/7
11x :CK_USBFS = CK_PLLO /8

The PLLO clock multiplication factor

Bit 29, bit 30 of RCU_CFGO and these bits are written by software to define the
PLLO multiplication factor

Note: The PLL output frequency must not exceed 200 MHz (for GD32F502xx),
The PLL output frequency must not exceed 252 MHz (for GD32F503xx), The PLL
output frequency must not exceed 280 MHz (for GD32F505xx).

0000xx: reserve

000100: (PLLO source clock x 4)

000101: (PLLO source clock x 5)

000110: (PLLO source clock x 6)

111111: (PLLO source clock x 63)

The LSB of PREDIVO division factor

This bit is the same bit as PREDIVO division factor bit [0] from RCU_CFGL1.
Changing the PREDIVO division factor bit [0] from RCU_CFGL1, this bit is also
changed. When the PREDIVO division factor bits [3:1] are not set, this bit controls
PREDIVO input clock divided by 2 or not.

Must be kept at reset value.

ADC clock prescaler selection

These bits, bit 28 of RCU_CFGO0 and bit 29 of RCU_CFG1 are written by software
to define the ADC prescaler factor.Set and cleared by software.
0000: (CK_APB2 / 2) selected

0001: (CK_APB2 / 4) selected

0010: (CK_APB2 / 6) selected

0011: (CK_APB2/ 8) selected

0100: (CK_APB2 / 2) selected

0101: (CK_APB2/ 12) selected

0110: (CK_APB2/ 8) selected

0111: (CK_APB2/ 16) selected

1000: (CK_AHB / 3) selected

1100: (CK_AHB / 5) selected

1x01: (CK_AHB / 6) selected

1x10: (CK_AHB / 10) selected

1x11: (CK_AHB / 20) selected

APB2 prescaler selection

Set and reset by software to control the APB2 clock division ratio.
0Oxx: CK_AHB selected

100: (CK_AHB / 2) selected

101: (CK_AHB / 4) selected

110: (CK_AHB / 8) selected
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111: (CK_AHB / 16) selected

10:8 APB1PSC[2:0] 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.
0xx: CK_AHB selected
100: (CK_AHB / 2) selected
101: (CK_AHB / 4) selected
110: (CK_AHB/ 8) selected
111: (CK_AHB / 16) selected

74 AHBPSC[3:0] AHB prescaler selection
Set and reset by software to control the AHB clock division ratio
Oxxx: CK_SYS selected
1000: (CK_SYS / 2) selected
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_PLLOP as the CK_SYS source

11: Reserved

1.0 SCS[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_PLLOP as the CK_SYS source
11: Reserved

8.3.3. 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)
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31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
PLL1 PLLO HXTAL IRC8M LXTAL IRC40K
Reserved LCKMIF | LCKMIC | HCKMIC | Reserved
STBIC STBIC STBIC STBIC STBIC STBIC
r w w w w w w w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PLL1 PLLO HXTAL IRC8M LXTAL | IRC40K PLL1 PLLO HXTAL IRC8M LXTAL IRC40K
LCKMIE |Reserved HCKMIF | Reserved
STBIE STBIE STBIE STBIE STBIE STBIE STBIF STBIF STBIF STBIF STBIF STBIF
w w w w w w w r r r r r r r
Bits Fields Descriptions
31:26 Reserved Must be kept at reset value.
25 LCKMIF LXTAL clock stuck interrupt flag
Set by hardware when the LXTAL clock is stuck.
Reset when setting the LCKMIC bit by software.
0: Clock operating normally
1: LXTAL clock stuck
24 LCKMIC LXTAL clock stuck interrupt clear
Write 1 by software to reset the LCKMIF flag.
0: Not reset LCKMIF flag
1: Reset LCKMIF flag
23 HCKMIC HXTAL clock stuck interrupt clear
Write 1 by software to reset the HCKMIF flag.
0: Not reset HCKMIF flag
1: Reset HCKMIF flag
22 Reserved Must be kept at reset value.
21 PLL1STBIC PLL1 stabilization interrupt clear
Write 1 by software to reset the PLL1STBIF flag.
0: Not reset PLL1STBIF flag
1: Reset PLL1STBIF flag
20 PLLOSTBIC PLLO stabilization interrupt clear
Write 1 by software to reset the PLLOSTBIF flag.
0: Not reset PLLOSTBIF flag
1: Reset PLLOSTBIF flag
19 HXTALSTBIC HXTAL stabilization interrupt clear
Write 1 by software to reset the HXTALSTBIF flag.
0: Not reset HXTALSTBIF flag
1: Reset HXTALSTBIF flag
18 IRC8MSTBIC IRC8M stabilization interrupt clear

Write 1 by software to reset the IRC8MSTBIF flag.
0: Not reset IRC8MSTBIF flag
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17

16

15

14

13

12

11

10

LXTALSTBIC

IRC40KSTBIC

LCKMIE

Reserved

PLL1STBIE

PLLOSTBIE

HXTALSTBIE

IRC8BMSTBIE

LXTALSTBIE

IRC40KSTBIE

HCKMIF

1: Reset IRCSMSTBIF 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

LXTAL clock stuck interrupt enable

Set and reset by software to enable/disable the LXTAL clock stuck interrupt.
0: Disable the LXTAL clock stuck interrupt

1: Enable the LXTAL clock stuck interrupt

Must be kept at reset value.

PLL1 stabilization interrupt enable

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

1: Enable the PLL1 stabilization interrupt

PLLO stabilization interrupt enable

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

1: Enable the PLLO 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
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6 Reserved

5 PLL1STBIF

4 PLLOSTBIF

3 HXTALSTBIF

2 IRC8MSTBIF

1 LXTALSTBIF

0 IRC40KSTBIF

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

1: HXTAL clock stuck

Must be kept at reset value.

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

PLLO stabilization interrupt flag

Set by hardware when the PLLO is stable and the PLLOSTBIE bit is set.
Reset when setting the PLLOSTBIC bit by software.

0: No PLLO stabilization interrupt generated

1: PLLO stabilization interrupt generated

HXTAL stabilization interrupt flag

Set by hardware when the High speed 4 ~ 40 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

IRC8M stabilization interrupt flag

Set by hardware when the Internal 8 MHz RC oscillator clock is stable and the
IRC8MSTBIE bit is set.

Reset when setting the IRC8MSTBIC bit by software.

0: No IRC8M stabilization interrupt generated

1: IRC8M stabilization interrupt generated

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

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 IRC40K stabilization clock ready interrupt generated

1: IRC4O0K stabilization interrupt generated
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8.3.4.

31

30

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).

29

28

27

26 25 24 23 22

21

20

19

18

17

16

Reserved

CANI1RS

T

CANORS SYSCFG TRIGSEL
Reserved
T RST RST

TIMER15

RST

Reserved

15

14

13

12

rw

11

w rw w

10 9 8 7 6

A

4

ADC2RS

T

USARTO

RST

TIMER7R

ST

SPIORST

TIMEROR

ST

ADCI1RS | ADCORS
Reserved PERST
T T

PDRST

PCRST

PBRST

PARST

Reserved

AFRST

w

Bits

w

w

Fields

w

A w I\

Descriptions

31:28

27

26

25

24

23:21

20

19:16

15

Reserved

CAN1RST

CANORST

SYSCFGRST

TRIGSELRST

Reserved

TIMER15RST

Reserved

ADC2RST

Must be kept at reset value.

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

SYSCFG reset

This bit is set and reset by software.
0: No reset

1: Reset the SYSCFG

TRIGSEL reset

This bit is set and reset by software.
0: No reset

1: Reset the TRIGSEL

Must be kept at reset value.

TIMER15 reset

This bit is set and reset by software.
0: No reset

1: Reset the TIMER15

Must be kept at reset value.

ADC2 reset

This bit is set and reset by software.
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14

13

12

11

10

8:7

USARTORST

TIMER7RST

SPIORST

TIMERORST

ADCI1RST

ADCORST

Reserved

PERST

PDRST

PCRST

0: No reset
1: Reset the ADC2

USARTO reset

This bit is set and reset by software.

0: No reset
1: Reset the USARTO

Timer 7 reset

This bit is set and reset by software.

0: No reset
1: Reset the TIMER7

SPIO 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
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3 PBRST GPIO port B reset
This bit is set and reset by software.
0: No reset
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 I/O
8.3.5. 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
UART4R | UART3R | USART2 | USART1
Reserved DACRST | PMURST | BKPIRST Reserved CMPRST [ I2C1RST | I2CORST Reserved
ST ST RST RST
w w w w w w w 2 w 2
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
WWDGT TIMER16 | TIMER6R | TIMERSR | TIMER4R | TIMERS3R | TIMER2R | TIMER1R
SPI2RST | SPIIRST Reserved Reserved
RST RST ST ST ST ST ST ST
w w w w w w 2 w 2 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.
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26:24

23

22

21

20

19

18

17

16

15

14

Reserved

CMPRST

I2C1RST

I2CORST

UART4RST

UART3RST

USART2RST

USART1RST

Reserved

SPI2RST

SPI1RST

0: No reset

1: Reset backup interface
Must be kept at reset value.

CMP interface reset

This bit is set and reset by software.
0: No reset

1: Reset CMP interface

I12C1 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

USART?Z2 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
This bit is set and reset by software.

0: No reset
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13:12

11

10:7

8.3.6.

Reserved

WWDGTRST

Reserved

TIMER16RST

TIMER6RST

TIMER5RST

TIMER4RST

TIMER3RST

TIMER2RST

TIMER1RST

1: Reset the SPI1
Must be kept at reset value.

WWDGT reset

This bit is set and reset by software.

0: No reset
1: Reset the WWDGT

Must be kept at reset value.

TIMER16 reset

This bit is set and reset by software.

0: No reset
1: Reset the TIMER16

TIMERG reset

This bit is set and reset by software.

0: No reset
1: Reset the TIMERG6

TIMERS reset

This bit is set and reset by software.

0: No reset
1: Reset the TIMER5S

TIMER4 reset

This bit is set and reset by software.

0: No reset
1: Reset the TIMER4

TIMERS reset

This bit is set and reset by software.

0: No reset
1: Reset the TIMER3

TIMER2 reset

This bit is set and reset by software.

0: No reset
1: Reset the TIMER2

TIMER1 reset

This bit is set and reset by software.

0: No reset
1: Reset the TIMER1

AHB enable register (RCU_AHBEN)

Address offset: 0x14
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Reset value: 0x0000 0014
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
DMAMUX
Reserved TRNGEN | HAUEN | CAUEN
EN
w w w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
USBFSE FMCSPE SRAMSP
Reserved Reserved EXMCEN | Reserved | CRCEN | Reserved Reserved DMALEN | DMAOEN
N N EN
w I\ rw I\ rw w rw rw
Bits Fields Descriptions
31:20 Reserved Must be kept at reset value.
19 DMAMUXEN DMAMUX clock enable
This bit is set and reset by software.
0: Disabled DMAMUX clock
1: Enabled DMAMUX clock
18 TRNGEN TRNG clock enable
This bit is set and reset by software.
0: Disabled TRNG clock
1: Enabled TRNG clock
17 HAUEN HAU clock enable
This bit is set and reset by software.
0: Disabled HAU clock
1: Enabled HAU clock
16 CAUEN CAU clock enable
This bit is set and reset by software.
0: Disabled CAU clock
1: Enabled CAU clock
15:13 Reserved Must be kept at reset value.
12 USBFSEN USBFS clock enable
This bit is set and reset by software.
0: Disabled USBFS clock
1: Enabled USBFS clock
11:9 Reserved Must be kept at reset value.
8 EXMCEN EXMC clock enable

This bit is set and reset by software.
0: Disabled EXMC clock
1: Enabled EXMC clock
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8.3.7.

31 30

Reserved

CRCEN

Reserved

FMCSPEN

Reserved

SRAMSPEN

DMALEN

DMAOEN

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

1: Enabled DMA1 clock

DMAQO clock enable

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

1: Enabled DMAO clock

APB2 enable register (RCU_APB2EN)

Address offset: 0x18
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

SYSCFG TRIGSEL

Reserved

CAN1IEN CANOEN

EN

EN

Reserved

TIMER15

EN

Reserved

15

14

13

12

rw

11

10

A

9

A

8 7

rw

4

ADC2EN

USARTO

EN

TIMER7E

N

SPIOEN

TIMEROE

N

ADCI1EN

ADCOEN

Reserved

PEEN

PDEN

PCEN

PBEN

PAEN

Reserved

AFEN

w

w

rw
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Bits

Fields

Descriptions

31:28

27

26

25

24

23:21

20

19:16

15

14

13

12

Reserved

CANI1EN

CANOEN

SYSCFGEN

TRIGSELEN

Reserved

TIMER15EN

Reserved

ADC2EN

USARTOEN

TIMER7EN

SPIOEN

Must be kept at reset value.

CANL1 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

SYSCFG clock enable

This bit is set and reset by software.

0: Disabled SYSCFG clock
1: Enabled SYSCFG clock

TRIGSEL clock enable

This bit is set and reset by software.

0: Disabled TRIGSEL clock
1: Enabled TRIGSEL clock

Must be kept at reset value.

TIMER15 clock enable

This bit is set and reset by software.

0: Disabled TIMER15 clock
1: Enabled TIMER15 clock

Must be kept at reset value.

ADC2 clock enable

This bit is set and reset by software.

0: Disabled ADC2 clock
1: Enabled ADC2 clock

USARTO clock enable

This bit is set and reset by software.

0: Disabled USARTO clock
1: Enabled USARTO clock

TIMERTY clock enable

This bit is set and reset by software.

0: Disabled TIMER7 clock
1: Enabled TIMER7 clock

SPIO0 clock enable

This bit is set and reset by software.

0: Disabled SPI0 clock
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11

10

8.7

TIMEROEN

ADC1EN

ADCOEN

Reserved

PEEN

PDEN

PCEN

PBEN

PAEN

Reserved

AFEN

1: Enabled SPI0 clock

TIMERQO clock enable

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

1: Enabled TIMERO clock

ADCI1 clock enable

This bit is set and reset by software.
0: Disabled ADC1 clock

1: Enabled ADC1 clock

ADCO clock enable

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 IO clock
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1: Enabled Alternate Function 10 clock
8.3.8. APB1 enable register (RCU_APB1EN)
Address offset: 0x1C
Reset value: 0x1000 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
UART4E | UART3E | USART2 | USART1
Reserved DACEN | PMUEN | BKPIEN Reserved CMPEN | I2C1EN | I12COEN Reserved
N N EN EN
rw rw w I\ rw I\ rw rw w rw
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
WWDGT TIMER16 | TIMERGE | TIMERSE | TIMER4E | TIMER3E | TIMER2E | TIMERLE
SPI2EN | SPI1EN Reserved Reserved
EN EN N N N N N N
rw w w rw I\ rw rw w rw w
Bits Fields Descriptions
31:30 Reserved Must be kept at reset value.
29 DACEN DAC clock enable
This bit is set and reset by software.
0: Disabled DAC clock
1: Enabled DAC clock
28 PMUEN PMU clock enable
This bit is set and reset by software.
0: Disabled PMU clock
1: Enabled PMU clock
27 BKPIEN Backup interface clock enable
This bit is set and reset by software.
0: Disabled backup interface clock
1: Enabled backup interface clock
26:24 Reserved Must be kept at reset value.
23 CMPEN CMP clock enable
This bit is set and reset by software.
0: Disabled CMP clock
1: Enabled CMP clock
22 I2C1EN 12C1 clock enable
This bit is set and reset by software.
0: Disabled 12C1 clock
1: Enabled 12C1 clock
21 I2COEN 12CO0 clock enable
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20

19

18

17

16

15

14

13:12

11

10:7

UART4EN

UART3EN

USART2EN

USART1EN

Reserved

SPI2EN

SPI1EN

Reserved

WWDGTEN

Reserved

TIMER16EN

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
1: Enabled UART4 clock

UARTS3 clock enable

This bit is set and reset by software.

0: Disabled UART3 clock
1: Enabled UART3 clock

USART2 clock enable

This bit is set and reset by software.

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

TIMER16 clock enable

This bit is set and reset by software.

0: Disabled TIMER16 clock
1: Enabled TIMER16 clock
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5 TIMERGEN TIMERSG clock enable
This bit is set and reset by software.
0: Disabled TIMERG6 clock
1: Enabled TIMERG clock
4 TIMERSEN TIMERS clock enable
This bit is set and reset by software.
0: Disabled TIMERS clock
1: Enabled TIMERS clock
3 TIMER4EN TIMERA4 clock enable
This bit is set and reset by software.
0: Disabled TIMERA4 clock
1: Enabled TIMERA4 clock
2 TIMER3EN TIMERS3 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 TIMERZ clock
1: Enabled TIMER?2 clock
0 TIMER1EN TIMER1 clock enable
This bit is set and reset by software.
0: Disabled TIMER1 clock
1: Enabled TIMER1 clock
8.3.9. 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
LXTALRD LXTALBP | LXTALST
RTCEN Reserved RTCSRCJ[1:0] LCKMD | LCKMEN LXTALDRI[1:0] LXTALEN
YRST S B
rw w w r rw w w r w
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Bits

Fields

Descriptions

31:17

16

15

14:10

9:8

4:3

Reserved

BKPRST

RTCEN

Reserved

RTCSRCI[1:0]

LXTALRDYRST

LCKMD

LCKMEN

LXTALDRI[1:0]

Must be kept at reset value.

Backup domain reset
This bit is set and reset by software.
0: No reset

1: Resets backup domain

RTC clock enable

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

1: Enabled RTC clock

Must be kept at reset value.

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

LXTAL ready reset
0: LXTAL ready no reset
1: LXTAL ready reset

LXTAL clock failure detection

Set by hardware to indicate when a failure has been detected by the clock security
system on the external 32 KHz oscillator (LXTAL). It can be clean by disable
LCKMEN or disable LXTALEN.

0: No failure detected on LXTAL (32 KHz oscillator)

1: Failure detected on LXTAL (32 KHz oscillator)

LXTAL clock monitor enable

0: Disable the LXTAL clock monitor

1: Enable the LXTAL clock monitor

Set by software to enable the clock security system on LXTAL (32 KHz oscillator).
LCKMEN should be enabled only on the LXTAL is enabled (LXTALEN bit enabled)
and ready (LXTALSTB flag set by hardware).

Note: Once LCKMEN bit is set, this bit can be reset by backup domain reset or
reseting this bit after detecting LXTAL clock failure (LCKMD = 1)

LXTAL drive capability
Set and reset by software. Backup domain reset resets this value.
00: Lower driving capability

174



&

GigaDevice GD32F50x User Manual
01: Medium low driving capability
10: Medium high driving capability
11: Higher driving capability (reset value)
Note: The LXTALDRI is not in bypass mode.
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
8.3.10. Reset source/clock register (RCU_RSTSCK)
Address offset: 0x24
Reset value: 0x0CO00 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
r r r r r r w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
IRC40K | IRC40KE
Reserved
STB N
r w
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.
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29

28

27

26

25

24

23:2

8.3.11.

FWDGTRSTF

SWRSTF

PORRSTF

EPRSTF

Reserved

RSTFC

Reserved

IRC40KSTB

IRC40KEN

0: No window watchdog reset generated

1: Window watchdog reset generated

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

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

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

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

Must be kept at reset value.

Reset flag clear

This bit is set by software to clear all reset flags.
0: Not clear reset flags

1: Clear reset flags

Must be kept at reset value.

IRC40K stabilization flag

Set by hardware to indicate if the IRC40K output clock is stable and ready for use.
0: IRC40K is not stable

1: IRC40K is stable

IRC40K enable

Set and reset by software.
0: Disable IRC40K

1: Enable IRC40K

AHB reset register (RCU_AHBRST)

Address offset: 0x28
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31 30

Reset value: 0x0000 0000

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

29 28

26 25 24 23 22

21

20

19

18

17

16

Reserved

DMAILRS

T

DMAORS

T

DMAMUX

RST

TRNGRS

T

HAURST

CAURST

15 14

13 12

10 9 8 7 6

Reserved

USBFSR

ST

Reserved

Bits

w

Fields

Descriptions

31:22

21

20

19

18

17

16

15:13

12

Reserved

DMA1RST

DMAORST

DMAMUXRST

TRNGRST

HAURST

CAURST

Reserved

USBFSRST

Must be kept at reset value.

DMAQO reset

This bit is set and reset by software.

0: No reset
1: Reset the DMAO

DMAL reset

This bit is set and reset by software.

0: No reset
1: Reset the DMA1

DMAMUX reset

This bit is set and reset by software.

0: No reset
1: Reset the DMAMUX

TRNG reset

This bit is set and reset by software.

0: No reset
1: Reset the TRNG

HAU reset

This bit is set and reset by software.

0: No reset
1: Reset the HAU

CAU reset

This bit is set and reset by software.

0: No reset
1: Reset the CAU

Must be kept at reset value.

USBFS reset

This bit is set and reset by software.
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0: No reset
1: Reset the USBFS
11.0 Reserved Must be kept at reset value.
8.3.12. Clock configuration register 1 (RCU_CFG1)
Address offset: 0x2C
Reset value: 0x0000 0400
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| HXTALR
Reserved IRC40KCALIB[4:0] Reserved PLLOSEL[1:0] 12S2SEL | I2S1SEL | PLL1SEL
3] DYRST
w r w w 12 w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved PLL1MF([5:0] PREDIV1[3:0] PREDIV0[3:0]
w w 12
Bits Fields Descriptions
31:30 Reserved Must be kept at reset value.
29 ADCPSCI3] Bit 4 of ADCPSC
see bits 15:14 of RCU_CFGO0 and bit 28 of RCU_CFGO0
28:24 IRC40KCALIB[4:0] Internal 40KHz RC oscillator calibration value register
These bits are load automatically at power on.
23:22 Reserved Must be kept at reset value.
21:20 PLLOSEL[1:0] PLLO clock source selection
Set and reset by software to control the PLLO clock source.
00: IRC8M clock selected as source clock of PLLO
01: IRC48M clock selected as source clock of PLLO
10: HXTAL clock selected as source clock of PLLO
11: CK_PLL1 clock selected as source clock of PLLO
19 HXTALRDYRST HXTAL ready reset
0: HXTAL ready no reset
1: HXTAL ready reset
18 12S2SEL 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_PLL1) selected as 12S2 source clock
17 I2S1SEL 12S1 Clock Source Selection

Set and reset by software to control the 12S1 clock source.
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16 PLL1SEL

15:14 Reserved

13:8 PLL1IMF[5:0]

7:4 PREDIV1[3:0]

3:0 PREDIVO[3:0]

0: System clock selected as 12S1 source clock
1: (CK_PLL1) selected as 12S1 source clock

PLL1 clock source selection

Set and reset by software to control the PLL1 clock source.
0: HXTAL clock selected as source clock of PLL1

1: IRC48M clock selected as source clock of PLL1

Must be kept at reset value.

The PLL1 clock multiplication factor
Set and reset by software.

0000xx: reserve

000100: PLL1 source clock x 4)
000111: (PLL1 source clock x 5)

111111: (PLL1 source clock x 63)

PREDIV1 division factor

This bit is set and reset by software. These bits can be written when PLL1 is
disable.

0000: PREDIV1 input source clock not divided
0001: PREDIV1 input source clock divided by 2
0010: PREDIV1 input source clock divided by 3
0011: PREDIV1 input source clock divided by 4
0100: PREDIV1 input source clock divided by 5
0101: PREDIV1 input source clock divided by 6
0110: PREDIV1 input source clock divided by 7
0111: PREDIV1 input source clock divided by 8
1000: PREDIV1 input source clock divided by 9
1001: PREDIV1 input source clock divided by 10
1010: PREDIV1 input source clock divided by 11
1011: PREDIV1 input source clock divided by 12
1100: PREDIV1 input source clock divided by 13
1101: PREDIV1 input source clock divided by 14
1110: PREDIV1 input source clock divided by 15
1111: PREDIV1 input source clock divided by 16

PREDIVO division factor

This bit is set and reset by software. These bits can be written when PLLO is
disable.

Note: The bit 0 of PREDIVO is same as bit 17 of RCU_CFGO0, so modifying
Bit 17 of RCU_CFGO also modifies bit 0 of RCU_CFG1.

0000: PREDIVO input source clock not divided

0001: PREDIVO input source clock divided by 2

0010: PREDIVO input source clock divided by 3

0011: PREDIVO input source clock divided by 4
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31

30

Address offset: 0x34

Reset value: 0x000A 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

GigaDevice
0100: PREDIVO input source clock divided by 5
0101: PREDIVO input source clock divided by 6
0110: PREDIVO input source clock divided by 7
0111: PREDIVO input source clock divided by 8
1000: PREDIVO input source clock divided by 9
1001: PREDIVO input source clock divided by 10
1010: PREDIVO input source clock divided by 11
1011: PREDIVO input source clock divided by 12
1100: PREDIVO input source clock divided by 13
1101: PREDIVO input source clock divided by 14
1110: PREDIVO input source clock divided by 15
1111: PREDIVO input source clock divided by 16
8.3.13. PLL bandwidth configuration register (RCU_PLLBWCFG)
Address offset: 0x30
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 PLL1_BW_CFG[3:0] Reserved PLLO_BW_CFG[3:0]
rw rw
Bits Fields Descriptions
31:12 Reserved Must be kept at reset value.
11:8 PLL1_BW_CFG[3:0] PLL1 bandwidth configuration
Bit[2] and Bit[0] are inverted before to PLL1 analog interface
74 Reserved Must be kept at reset value.
3:0 PLLO_BW_CFG[3:0] PLLO bandwidth configuration
Bit[2] and Bit[0] are inverted before to PLLO analog interface
8.3.14. Deep-sleep mode voltage register (RCU_DSV)

16

Reserved ‘

SWDLY[4:0]

w
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ Reserved DSLPVS[2:0]
rw
Bits Fields Descriptions
31:21 Reserved Must be kept at reset value.
20:16 SWDLY[4:0] switch delay time
When enter deep-sleep mode, switch to IRC8M clock and wait the SWDLY IRC8M
counter and then enter deep-sleep mode. The default is 10 IRC8M clock.
Note: don’t configure to 0,because it's a sequence.
15:3 Reserved Must be kept at reset value.
2:0 DSLPVS[2:0] Deep-sleep mode voltage select
These bits are set and reset by software.
000: The core voltage is default value in Deep-sleep mode
001: The core voltage is (default value-0.05)V in Deep-sleep mode
010: The core voltage is (default value-0.1)V in Deep-sleep mode
011: The core voltage is (default value-0.15)V in Deep-sleep mode
100: The core voltage is (default value-0.2)V in Deep-sleep mode
101: The core voltage is (default value-0.25)V in Deep-sleep mode
110: The core voltage is (default value-0.3)V in Deep-sleep mode (customers are
not recommended to use it)
111: The core voltage is (default value-0.35)V in Deep-sleep mode (customers are
not recommended to use it)
8.3.15. Clock frequency monitor configuration register 0 (RCU_CKFMCFGO)
Address offset: 0x40
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
IRC8MCK |IRC8MCK [IRC8MCK IRC8MCK
Reserved IRC8BMCKFMC[1:0]
FFIE FFC FFF FMEN
rw w r w rw
Bits Fields Descriptions
31:6 Reserved Must be kept at reset value.
5 IRC8MCKFFIE IRC8M clock frequency failure interrupt enable
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2:1

8.3.16.

IRC8BMCKFFC

IRC8BMCKFFF

IRC8MCKFMCI[1:0]

IRC8BMCKFMEN

0: Disable IRC8M clock frequency failure interrupt
1: Enable IRC8M clock frequency failure interrupt

IRC8M clock frequency failure flag clear

Write 1 by software to reset the IRC8MCKFFF flag and this bit is automatically reset
by the hardware after IRC8MCKFFF is cleared.

0: Not reset IRC8BMCKFFF flag

1: Reset IRC8MCKFFF flag

IRC8M clock frequency failure flag

This bit indicates whether IRC8M clock frequency is out of monitoring range.
0: IRC8M clock frequency is not out of monitoring range

1: IRC8M clock frequency is out of monitoring range

IRC8M clock frequency monitor configuration

This bit is set and reset by software.

00: The clock frequency monitoring range is 8M Hz + 5%
01: The clock frequency monitoring range is 8M Hz + 10%
10: The clock frequency monitoring range is 8M Hz + 15%

11: The clock frequency monitoring range is 8M Hz £ 20%

IRC8M clock frequency monitor enable

This bit is set and reset by software.

0: Disable the Internal 8M RC oscillators (IRC8M) clock frequency monitor
1: Enable the Internal 8M RC oscillators (IRC8M) clock frequency monitor

Clock frequency monitor configuration register 1 (RCU_CKFMCFG1)

Address offset: 0x44
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
HXTALC | HXTALC HXTALC
Reserved HXTALCKFMIN[11:0]
KFFC | KFFF KFFIE
w r rw w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

HXTALCKFMIN[11:0]

HXTALC
HXTALCKFMAX[11:0]
KFMEN

Bits

Fields

w w

Descriptions

31

HXTALCKFFC

HXTAL clock frequency failure flag clear

Write 1 by software to reset the HXTALCKFFF flag and this bit is automatically reset
by the hardware after HXTALCKFFF is cleared.

0: Not reset HXTALCKFFF flag
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1: Reset HXTALCKFFF flag

30 HXTALCKFFF HXTAL clock frequency failure flag
This bit indicates whether HXTAL clock frequency is out of monitoring range.
0: HXTAL clock frequency is not out of monitoring range

1: HXTAL clock frequency is out of monitoring range
29:26 Reserved Must be kept at reset value.

25 HXTALCKFFIE HXTAL clock frequency failure interrupt enable
This bit is set and reset by software.
0: Disable HXTAL clock frequency failure interrupt
1: Enable HXTAL clock frequency failure interrupt

24:13 HXTALCKFMIN[11:0] HXTAL clock frequency monitor configuration minimum value
This bit is set and reset by software.
The reference clock is IRC48M and a monitoring window is 1000 IRC48M clock
cycle.

12:1 HXTALCKFMAX[11:0] HXTAL clock frequency monitor configuration maximum value
This bit is set and reset by software.
The reference clock is IRC48M and a monitoring window is 1000 IRC48M clock

cycle.

0 HXTALCKFMEN HXTAL clock frequency monitor enable
This bit is set and reset by software.
0: Disable the HXTAL clock frequency monitor
1: Enable the HXTAL clock frequency monitor

8.3.17. Clock frequency monitor configuration register 2 (RCU_CKFMCFG2)

Address offset: 0x48
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

PLLOPCK | PLLOPCK PLLOPCK
Reserved Reserved PLLOPCKFMIN[9:0]

FFC FFF FFIE

w r rw w

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

PLLOPCK
PLLOPCKFMIN[9:0] Reserved PLLOPCKFMAX[9:0]
FMEN
rw w w

Bits Fields Descriptions
31 PLLOPCKFFC PLLOP clock frequency failure flag clear

Write 1 by software to reset the PLLOPCKFFF flag and this bit is automatically reset
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30

20:24

23

22

21:12

11

10:1

8.3.18.

31

30

PLLOPCKFFF

Reserved

PLLOPCKFFIE

Reserved

PLLOPCKFMIN[9:0]

Reserved

PLLOPCKFMAX]9:0]

PLLOPCKFMEN

by the hardware after PLLOPCKFFF is cleared.
0: Not reset PLLOPCKFFF flag
1: Reset PLLOPCKFFF flag

PLLOP clock frequency failure flag
This bit indicates whether PLLOP clock frequency is out of monitoring range.
0: PLLOP clock frequency is not out of monitoring range

1: PLLOP clock frequency is out of monitoring range
Must be kept at reset value.

PLLOP clock frequency failure interrupt enable
This bit is set and reset by software.

0: disable PLLOP clock frequency failure interrupt
1: enable PLLOP clock frequency failure interrupt

Must be kept at reset value.

PLLOP clock frequency monitor configuration minimum value
This bit is set and reset by software.

The reference clock is IRC48M and a monitoring window is 100 IRC48M clock cycle.
Must be kept at reset value.

PLLOP clock frequency monitor configuration maximum value
This bit is set and reset by software.

The reference clock is IRC48M and a monitoring window is 100 IRC48M clock cycle.

PLLOP clock frequency monitor enable

This bit is set and reset by software.

0: Disable the PLLOP clock frequency monitor
1: Enable the PLLOP clock frequency monitor

Clock frequency monitor configuration register 3 (RCU_CKFMCFG3)

Address offset: 0x4C
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

PLL1CKF

FC

PLL1CKF

FF

Reserved

PLL1CKF

Reserved PLL1CKFMIN[9:0]

FIE

w

15

r

14

13 12 11

w

10 9 8 7 6 5 4 3 2 1 0

Reserved

PLL1CKF

PLL1CKFMIN[9:0]

PLL1CKFMAX[9:0]

MEN

w
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Bits Fields Descriptions
31 PLL1CKFFC PLL1 clock frequency failure flag clear
Write 1 by software to reset the PLL1CKFFF flag and this bit is automatically reset
by the hardware after PLL1CKFFF is cleared.
0: Not reset PLL1CKFFF flag
1: Reset PLL1CKFFF flag
30 PLL1CKFFF PLL1 clock frequency failure flag
This bit indicates whether PLL1 clock frequency is out of monitoring range.
0: PLL1 clock frequency is not out of monitoring range
1: PLL1 clock frequency is out of monitoring range
29:24 Reserved Must be kept at reset value.
23 PLL1CKFFIE PLL1 clock frequency failure interrupt enable
This bit is set and reset by software.
0: disable PLL1 clock frequency failure interrupt
1: enable PLL1 clock frequency failure interrupt
22 Reserved Must be kept at reset value.
21:12 PLL1CKFMIN[9:0] PLL1 clock frequency monitor configuration minimum value
This bit is set and reset by software.
The reference clock is IRC48M and a monitoring window is 100 IRC48M clock cycle.
11 Reserved Must be kept at reset value.
10:1 PLL1CKFMAX[9:0] PLL1 clock frequency monitor configuration maximum value
This bit is set and reset by software.
The reference clock is IRC48M and a monitoring window is 100 IRC48M clock cycle.
0 PLL1CKFMEN PLL1 clock frequency monitor enable
This bit is set and reset by software.
0: Disable the PLL1 clock frequency monitor
1: Enable the PLL1 clock frequency monitor
8.3.19. Additional clock control register (RCU_ADDCTL)
Address offset: 0xCO
Reset value: 0x8000 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
IRC48MS | IRC48ME
IRC48MCALIB([7:0] Reserved 12S2DIV[4:0]
B N
r w r w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

185




&

GD32F50x User Manual

GigaDevice
CK48MS
FMCDIV[3:0] PLLODIV[3:0] 12S1DIV[4:0] FMCSEL[1:0]
EL
rw rw I\ rw w
Bits Fields Descriptions
31:24 IRC48MCALIB [7:0] Internal 48MHz RC oscillator calibration value register
These bits are load automatically at power on.
23 Reserved Must be kept at reset value.
22:18 12S2DIV[4:0] 12S2 divider
The divider is [12S2DIV +1.
17 IRC48MSTB Internal 48MHz RC oscillator clock stabilization flag
Set by hardware to indicate if the IRC48M oscillator is stable and ready for use.
0: IRC48M is not stable
1: IRC48M is stable
16 IRC48MEN Internal 48MHz RC oscillator enable
Set and reset by software. Reset by hardware when entering Deep-sleep or Standby
mode.
0: IRC48M disable
1: IRC48M enable
15:12 FMCDIV[3:0] FMC divider
The divider is FMCDIV +1.
Note: During the lifecycle of the chip, ensure that the FMC interface clock is greater
than or equal to the CK_AHB clock, but no more than 7 times the CK_AHB clock,
otherwise unpredictable problems may occur.
11:8 PLLODIV[3:0] PLLO divider
The divider is PLLODIV +1.
7:3 12S1DIV[4:0] 12S1 divider
The divider is 12S1DIV +1.
2:1 FMCSEL[1:0] FMC clock source selection
Set and reset by software to control the FMC clock source
00: CK_AHB selected as FMC source clock
01: CK_SYS selected as FMC source clock
10: CK_PLLO selected as FMC source clock
11: CK_PLL1 selected as FMC source clock
Note: During the lifecycle of the chip, ensure that the FMC interface clock is greater
than or equal to the CK_AHB clock, but no more than 7 times the CK_AHB clock ,
otherwise unpredictable problems may occur.
0 CK48MSEL 48MHz clock selection

Set and reset by software. This bit used to generate CK48M clock which select
IRC48M clock or PLL48M clock.
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0: Don't select IRC48M clock (use CK_PLLO clock divided by USBFSPSC)
1: Select IRC48M clock
8.3.20. Additional clock interrupt register (RCU_ADDINT)
Address offset: OxCC
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
IRC48MS
Reserved Reserved
TBIC
w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
IRC48MS IRC48MS
Reserved Reserved Reserved
TBIE TBIF
w r
Bits Fields Descriptions
31:23 Reserved Must be kept at reset value.
22 IRC48MSTBIC Internal 48 MHz RC oscillator stabilization interrupt clear
Write 1 by software to reset the IRC48MSTBIF flag.
0: Not reset IRC48MSTBIF flag
1: Reset IRC48MSTBIF flag
21:15 Reserved Must be kept at reset value.
14 IRC48MSTBIE Internal 48 MHz RC oscillator stabilization interrupt enable
Set and reset by software to enable/disable the IRC48M stabilization interrupt
0: Disable the IRC48M stabilization interrupt
1: Enable the IRC48M stabilization interrupt
13:7 Reserved Must be kept at reset value.
6 IRC48MSTBIF IRC48M stabilization interrupt flag
Set by hardware when the Internal 48 MHz RC oscillator clock is stable and the
IRC48MSTBIE bit is set.
Reset by software when setting the IRC48MSTBIC bit.
0: No IRC48M stabilization interrupt generated
1: IRC48M stabilization interrupt generated
5:0 Reserved Must be kept at reset value.
8.3.21. APB1 additional reset register (RCU_ADDAPB1RST)

Address offset: OxEOQ
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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 ‘ CTCRST | Reserved
w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ Reserved
Bits Fields Descriptions
31:28 Reserved Must be kept at reset value.
27 CTCRST CTC reset
This bit is set and reset by software.
0: No reset
1: Reset CTC
26:0 Reserved Must be kept at reset value.

8.3.22. APB1 additional enable register (RCU_ADDAPB1EN)

Address offset: OxE4
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 ‘ CTCEN ‘ Reserved
rw

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ Reserved
Bits Fields Descriptions
31:28 Reserved Must be kept at reset value.
27 CTCEN CTC clock enable

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

26:0 Reserved Must be kept at reset value.

8.3.23. LOCK register (RCU_LOCK)

Address offset: 0x100

Reset value: 0x0000 0000
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This register can be accessed by byte(8-bit), half-word(16-bit) and word(32-bit).
31 30 29 26 25 24 23 22 21 20 19 18 17 16
‘ LOCK ‘ Reserved
w
15 14 13 10 9 8 7 6 5 4 3 2 1 0
Bits Fields Descriptions
31 LOCK RCU register lock bit
This bit is set and reset by software.
0: RCU register can be configured
1: RCU register can not be configured but read
Note: HardFault exception will be generated When LOCK = 1 and Writing RCU
register.
30:0 Reserved Must be kept at reset value.
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9. Clock trim controller (CTC)
9.1. Overview

The Clock Trim Controller (CTC) is used to trim internal 48MHz RC oscillator (IRC48M)
automatically by hardware. The CTC unit trim the frequency of the IRC48M based on an
external accurate reference signal source. It can automatically adjust the trim value to provide
a precise IRC48M clock.

9.2. Characteristics

Two external reference signal sources: GPIO(CTC_SYNC), LXTAL clock.

Provide software reference sync pulse.

Automatically trimmed by hardware without any software action.

16 bits trim counter with reference signal source capture and reload.

8 bits clock trim base value to frequency evaluation and automatically trim.

Enough flag or interrupt to indicate the clock is OK (CKOKIF), warning (CKWARNIF) or
error (ERRIF).

9.3. Function overview

Figure 9-1. CTC overview provides details on the internal configuration of the CTC.
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Figure 9-1. CTC overview
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48MHz Counter RLVALUE
REFDIR
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2
TRIMVALUE ]
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adjustment
CKLIM
9.3.1. REF sync pulse generator
Firstly, the reference signal source can select GPIO(CTC_SYNC), LXTAL clock by setting
REFSEL bits in CTC_CTLA1 register.
Secondly, the selected reference signal source uses a configurable polarity by setting
REFPOL bit in CTC_CTL1 register, and can be divided to a suitable frequency with a
configurable prescaler by setting REFPSC bits in CTC_CTL1 register.
Thirdly, if a software reference pulse needed, write 1 to SWREFPUL bitin CTC_CTLO register.
The software reference pulse generated in last step is logical OR with the external reference
pulse.
9.3.2. CTC trim counter

The CTC trim counter is clocked by CK_IRC48M. After CNTEN bitin CTC_CTLO register set,
and a first REF sync pulse detected, the counter start down-counting from RLVALUE (defined
in CTC_CTL1 register). If any REF sync pulse detected, the counter reload the RLVALUE and
start down-counting again. If no REF sync pulse detected, the counter down-count to zero,
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9.3.3.

and then up- counting to 128 x CKLIM (defined in CTC_CTL1 register), and then stop until
next REF sync pulse detected. If any REF sync pulse detected, the current CTC trim counter
value is captured to REFCAP in status register (CTC_STAT), and the counter direction is
captured to REFDIR in status register (CTC_STAT). The detail is showing in Figure 9-2. CTC
trim counter.

Figure 9-2. CTC trim counter
Counter value
A

RLVALUE

128 x CKLIM

3 x CKLIM

CKLIM

TRIM VALUE

CTC STATUS

Frequency evaluation and automatically trim process

The clock frequency evaluation is performed when a REF sync pulse occur. If a REF sync
pulse occurs on down-counting, it means the current clock is slower than correct clock (the
frequency of 48M). It needs to improve TRIMVALUE in CTC_CTLO register. If a REF sync
pulse occurs on up-counting, it means the current clock is faster than correct clock (the
frequency of 48M). It needs to reduce TRIMVALUE in CTC_CTLO register. The CKOKIF,
CKWARNIF, CKERR and REFMISS in CTC_STAT register shows the frequency evaluation
scope.

If the AUTOTRIM bit in CTC_CTLO register is setting, the automatically hardware trim mode
enabled. In this mode, if a REF sync pulse occurs on down-counting, it means the current
clock is slower than correct clock, the TRIMVALUE will be increased automatically to raise
the clock frequency. Vice versa when it occurs on up-counting, the TRIMVALUE will be
reduced automatically to reduce the clock frequency.

B Counter < CKLIM when REF sync pulse is detected.

The CKOKIF in CTC_STAT register set, and an interrupt generated if CKOKIE bit in
CTC_CTLO register is 1.

If the AUTOTRIM bitin CTC_CTLO register set, the TRIMVALUE in CTC_CTLO register is not
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changed.
B CKLIM < Counter < 3 x CKLIM when REF sync pulse is detected.
The CKOKIF in CTC_STAT register set, and an interrupt generated if CKOKIE bit in
CTC_CTLO register is 1.
If the AUTOTRIM bit in CTC_CTLO register set, the TRIMVALUE in CTC_CTLO register add
1 when down-counting or sub 1 when up-counting.
B 3 xCKLIM < Counter <128 x CKLIM when REF sync pulse is detected.
The CKWARNIF in CTC_STAT register set, and an interrupt generated if CKWARNIE bit in
CTC_CTLO register is 1.
If the AUTOTRIM bit in CTC_CTLO register set, the TRIMVALUE in CTC_CTLO register add
2 when down-counting or sub 2 when up-counting.
B Counter > 128 x CKLIM when down-counting when a REF sync pulse is detected.
The CKERR in CTC_STAT register set, and an interrupt generated if ERRIE bitin CTC_CTLO
register is 1.
The TRIMVALUE in CTC_CTLO register is not changed
B Counter = 128 x CKLIM when up-counting.
The REFMISS in CTC_STAT register set, and an interrupt generated if ERRIE bit in
CTC_CTLO register is 1.
The TRIMVALUE in CTC_CTLO register is not changed.
If adjusting the TRIMVALUE in CTC_CTLO register over the value of 63, the overflow will be
occurred, while adjusting the TRIMVALUE under the value of 0, the underflow will be occurred.
The TRIMVALUE is in the range 0 to 63 (the TRIMVALUE is 63 if overflow, the TRIMVALUE
is 0 if underflow). Then, the TRIMERR in CTC_STAT register will be set, and an interrupt
generated if ERRIE bit in CTC_CTLO register is 1.

9.3.4. Software program guide

The RLVALUE and CKLIM bits in CTC_CTLA1 register is critical to evaluate the clock frequency
and automatically hardware trim. The value is calculated by the correct clock frequency
(IRC48M:48 MHz) and the frequency of REF sync pulse. The ideal case is REF sync pulse
occur when the CTC counter is zero, so the RLVALUE is:

RLVALUE = (Fejock * Frer) - 1 (9-1)

The CKLIM is set by user according to the clock accuracy. It is recommended to set to the
half of the step size, so the CKLIM is:
CKLIM = (FC|OCk + FREF) x0.12% +2 (9‘2)

The typical step size is 0.12%. Where the F . is the frequency of correct clock (IRC48M),
the Frer is the frequency of reference sync pulse.
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9.4. Register definition
CTC base address: 0x4000 C800
9.4.1. Control register 0 (CTC_CTLO)
Address offset: 0x00
Reset value: 0x0000 2000
This register has to be accessed by word (32-bit)
31 30 29 28 27 26 25 24 23 22 20 19 18 17 16 15
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SWREF AUTO CKWARN
Reserved TRIMVALUE[5:0] CNTEN [Reserved | EREFIE | ERRIE CKOKIE
PUL TRIM IE
w w w w 12 w 12 w
Bits Fields Descriptions
31:14 Reserved Must be kept at reset value.
13:8 TRIMVALUE[5:0] IRC48M trim value
When AUTOTRIM in CTC_CTLO register is 0, these bits are set and cleared by
software. This mode used to software calibration.
When AUTOTRIM in CTC_CTLO register is 1, these bits are read only. The value
automatically modified by hardware. This mode used to hardware trim.
The middle value is 32. When increase 1, the IRC48M clock frequency add around
57KHz. When decrease 1, the IRC48M clock frequency sub around 57KHz.
7 SWREFPUL Software reference source sync pulse
This bit is set by software, and generates a reference sync pulse to CTC counter.
This bit is cleared by hardware automatically and read as 0.
0: No effect
1: generates a software reference source sync pulse
6 AUTOTRIM Hardware automatically trim mode
This bit is set and cleared by software. When this bit is set, the hardware
automatic trim enabled, the TRIMVALUE bits in CTC_CTLO register are modified
by hardware automatically, until the frequency of IRC48M clock is close to 48MHz.
0: Hardware automatic trim disabled
1: Hardware automatic trim enabled
5 CNTEN CTC counter enable

This bit is set and cleared by software. This bit used to enable or disable the CTC
trim counter. When this bit is set, the CTC_CTL1 register cannot be modified.
0: CTC trim counter disabled
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1: CTC trim counter enabled.
4 Reserved Must be kept at reset value.

3 EREFIE Expect reference interrupt enable
0: Expect reference interrupt disable

1: Expect reference interrupt enable

2 ERRIE Error interrupt enable
0: Error interrupt disable
1: Error interrupt enable

1 CKWARNIE Clock trim warning interrupt enable
0: Clock trim warning interrupt disable
1: Clock trim warning interrupt enable

0 CKOKIE Clock trim OK interrupt enable
0: Clock trim OK interrupt disable
1: Clock trim OK interrupt enable

9.4.2. Control register 1 (CTC_CTLA1)

Address offset: 0x04
Reset value: 0x2022 BB7F

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

Note: This register cannot be modified when CNTEN is 1.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ REFPOL | Reserved REFSEL[1:0] Reserved REFPSC[2:0] ‘ CKLIM[7:0]

rw rw rw w

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

I\

Bits Fields Descriptions
31 REFPOL Reference signal source polarity

This bit is set and cleared by software to select reference signal source polarity
0: rising edge selected
1: falling edge selected

30 Reserved Must be kept at reset value.

29:28 REFSEL[1:0] Reference signal source selection
These bits are set and cleared by software to select reference signal source.
00: GPIO(CTC_SYNC) selected
01: LXTAL clock selected
10: Reserved
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27

26:24

23:16

15:0

9.4.3.

31

30

Reserved

REFPSC[2:0]

CKLIM[7:0]

RLVALUE[15:0]

11: Reserved
Must be kept at reset value.

Reference signal source prescaler

These bits are set and cleared by software
000: Reference signal not divided

001: Reference signal divided by 2

010: Reference signal divided by 4

011: Reference signal divided by 8

100: Reference signal divided by 16

101: Reference signal divided by 32

110: Reference signal divided by 64

111: Reference signal divided by 128

Clock trim base limit value
These bits are set and cleared by software to define the clock trim base limit
value. These bits used to frequency evaluation and automatically trim process.

Please refer to the Frequency evaluation and automatically trim process for

detail.

CTC counter reload value
These bits are set and cleared by software to define the CTC counter reload value.
These bits reload to CTC trim counter, when a reference sync pulse is received, so

as to start or restart the counter.

Status register (CTC_STAT)

Address offset: 0x08
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

REFCAP[15:0]

15

14

13 12

11

10 9 8 7 6 5 4 3 2 1 0

REFDIR

Reserved

TRIMER CKWARN| CKOK
REFMISS| CKERR Reserved EREFIF | ERRIF
R IF IF

Bits

Fields

r r r r r r r

Descriptions

31:16

15

REFCAP[15:0]

REFDIR

CTC counter capture when reference sync pulse.
When a reference sync pulse occurred, the CTC trim counter value is captured to
REFCAP bhits.

CTC trim counter direction when reference sync pulse

When a reference sync pulse occurred during the counter is working, the CTC trim
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counter direction is captured to REFDIR bit.
0: Up-counting
1: Down-counting

14:11 Reserved Must be kept at reset value.

10 TRIMERR Trim value error bit
This bit is set by hardware when the TRIMVALUE in CTC_CTLO register overflow
or underflow. When the ERRIE in CTC_CTLO register is set, an interrupt occurs.
This bit is cleared by writing 1 to ERRIC bit in CTC_INTC register.
0: No trim value error occur
1: Trim value error occur

9 REFMISS Reference sync pulse miss
This bit is set by hardware when the reference sync pulse miss. This is occur when
the CTC trim counter reach to 128 x CKLIM during up counting and no reference
sync pulse detected. This means the clock is too fast to be trimmed to correct
frequency or other error occur. When the ERRIE in CTC_CTLO register is set, an
interrupt occurs. This bit is cleared by writing 1 to ERRIC bit in CTC_INTC register.
0: No Reference sync pulse miss occur
1: Reference sync pulse miss occur

8 CKERR Clock trim error bit
This bit is set by hardware when the clock trim error occurs. This is occur when the
CTC trim counter greater or equal to 128 x CKLIM during down counting when a
reference sync pulse detected. This means the clock is too slow and cannot be
trimmed to correct frequency. When the ERRIE in CTC_CTLO register is set, an
interrupt occurs. This bit is cleared by writing 1 to ERRIC bit in CTC_INTC register.
0: No Clock trim error occur
1: Clock trim error occur

74 Reserved Must be kept at reset value.

3 EREFIF Expect reference interrupt flag
This bit is set by hardware when the CTC counter reach to 0. When the EREFIE in
CTC_CTLO register is set, an interrupt occurs. This bit is cleared by writing 1 to
EREFIC bit in CTC_INTC register.
0: No Expect reference occur
1: Expect reference occur

2 ERRIF Error interrupt flag

This bit is set by hardware when an error occurred. If any error of TRIMERR,
REFMISS or CKERR occurred, this bit will be set. When the ERRIE in CTC_CTLO
register is set, an interrupt occur. This bit is cleared by writing 1 to ERRIC bit in
CTC_INTC register.

0: No Error occur

1: An error occur
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1 CKWARNIF Clock trim warning interrupt flag
This bit is set by hardware when a clock trim warning occurred. If the CTC trim
counter greater or equal to 3 x CKLIM and smaller to 128 x CKLIM when a reference
sync pulse detected, this bit will be set. This means the clock is too slow or too fast,
but can be trim to correct frequency. The TRIMVALUE add 2 or sub 2 when a clock
trim warning occurred. When the CKWARNIE in CTC_CTLO register is set, an
interrupt occurs. This bit is cleared by writing 1 to CKWARNIC bit in CTC_INTC
register.
0: No Clock trim warning occur
1: Clock trim warning occur
0 CKOKIF Clock trim OK interrupt flag
This bit is set by hardware when the clock trim is OK. If the CTC trim counter smaller
to 3 x CKLIM when a reference sync pulse detected, this bit will be set. This means
the clock is OK to use. The TRIMVALUE need not to adjust or adjust one step.
When the CKOKIE in CTC_CTLO register is 1, an interrupt occurs. This bit is cleared
by writing 1 to CKOKIC bit in CTC_INTC register.
0: No Clock trim OK occur
1: Clock trim OK occur
9.4.4. Interrupt clear register (CTC_INTC)
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
CKWARN
Reserved EREFIC | ERRIC CKOKIC
IC
w w w w
Bits Fields Descriptions
31:4 Reserved Must be kept at reset value.
3 EREFIC EREFIF interrupt clear bit
This bit is written by software and read as 0. Write 1 to clear EREFIF bit in
CTC_STAT register. Write 0 is no effect.
2 ERRIC ERRIF interrupt clear bit
This bit is written by software and read as 0. Write 1 to clear ERRIF, TRIMERR,
REFMISS and CKERR bits in CTC_STAT register. Write 0 is no effect.
1 CKWARNIC CKWARNIF interrupt clear bit

This bit is written by software and read as 0. Write 1 to clear CKWARNIF bit in
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CTC_STAT register. Write 0 is no effect.

0 CKOKIC CKOKIF interrupt clear bit
This bit is written by software and read as 0. Write 1 to clear CKOKIF bit in
CTC_STAT register. Write 0 is no effect.
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10. General-purpose and alternate-function 1/0Os (GPIO
and AFIO)
10.1. Overview
There are up to 80 general purpose /O pins (GPIO), named PAO ~ PA15, PBO ~ PB15, PCO
~ PC15, PD0O ~ PD15, 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 (EXIT).
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 floating. All GPIOs are high-current capable except for analog mode.
10.2. 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.
B OQutput set/reset control.
B External interrupt with programmable trigger edge — using EXTI configuration registers.
B Analog input/output configuration.
B Alternate function input/output configuration.
B Port configuration lock.
10.3. Function overview

Each of the general-purpose | / O ports can be configured as GPIO inputs, GPIO outputs, AF
function or analog mode by GPIO 32-bit configuration registers (GPIOx_CTL). When select
AF function, the pad input or output is decided by selected AF function output enable. When
the port is output (GPIO output or AFIO output), it can be configured as push-pull or open
drain mode by GPIO output mode registers (GPIOx_OMODE). And the port max speed can
be configured by GPIO output speed registers (GPIOx_OSPD). Each port can be configured
as floating (no pull-up and pull-down), pull-up or pull-down function by GPIO pull-up / pull-
down registers (GPIOx_PUD). Table 10-1. GPIO configuration table shows the details.
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Table 10-1. GPIO configuration table
PAD TYPE CTLy OMy PUDy
Floating 00
GPIO
X Pull-up 00 X 01
INPUT
Pull-down 10
Floating 00
Push-pull Pull-up 0 01
GPIO Pull-down o1 10
OUTPUT Floating 00
Open-drain Pull-up 1 01
Pull-down 10
Floating 00
AFIO
X Pull-up 10 X 01
INPUT
Pull-down 10
Floating 00
Push-pull Pull-up 0 01
AFIO Pull-down 10 10
OUTPUT Floating 00
Open-drain Pull-up 1 01
Pull-down 10
ANALOG X X 11 X XX
Figure 10-1. Basic structure of a standard I/O port bit shows the basic structure of an I/O
port bit.
Figure 10-1. Basic structure of a standard 1/O port bit
Write Bit Operate
Registers Output
Control
Read/Write Register
Output driver
Alternate Function Output
VDD
T ESD
protect
Analog Input/output ET [ 1/0 pin
Alternate Function Input %
Input driver
Read Staus
Register
10.3.1. GPIO pin configuration

During or just after the reset period, the alternative functions are all inactive and the GPIO
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10.3.2.

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

PA15: JTDI in PU mode.

PA14: JTCK / SWCLK in PD mode.
PA13: JTMS / SWDIO in PU mode.
PB4: NJTRST in PU mode.

PB3: JTDO in Floating mode.

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, the user can configure the speed of the
ports and choose 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, the
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.

Note:

For LQFP100 package, when the HXTAL function is disabled, the following should be noted
when configuring PDO/PD1:

1. When configured as a general GPIO output fucntion, the output of PDO will both be reflected
on PDO / OSCIN-PDO pin, and the output of PD1 will both be reflected on PD1 / OSCOUT-
PD1 pin.

2. When configured as a general GPIO input fucntion, the status in the corresponding ISTAT
will only display the pin status on OSCIN-PD0O / OSCOUT-PD1 and not the status of the PDO
/ PD1 pins. If PDO / PD1 is selected as the EXTI trigger source, triggering can only occur
through the OSCIN-PDO / OSCOUT-PD1 pins.

3. When configured for AF function, with the HXTAL function disabled, the AF8 function only
applies to OSCIN-PDO / OSCOUT-PD1; with the HXTAL function enabled, the AF8 function
only applies to PD0 / PD1. Additionally, regardless of whether the HXTAL function is disabled
or enabled, AFO~AF7 only apply to PDO / PD1.

External interrupt/event lines

All ports have external interrupt capability. To use external interrupt lines, the port must be
configured in input mode.
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10.3.3. Alternate functions (AF)
When the port is configured as AFIO (set CTLy to “10” bits, which is in GPIOx_CTL registers),
the port is used as peripheral alternate functions. Each port has sixteen alternate functions
can be configured by GPIO alternate functions select registers (GPIOx_AFSELy(y=0,1)). The
detail alternate function assignments for each port are in the device datasheet.
10.3.4. Additional functions
Some pins have additional functions, which have priority over the configuration in the standard
GPIO registers. When for ADC or DAC additional functions, the port must be configured as
analog mode. When for RTC, WKUPx and oscillators additional functions, the port type is set
automatically by related RTC, PMU and RCU registers. These ports can be used as normal
GPIO when the additional functions disabled.
10.3.5. 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 1/O pin is got to the port input status
register.
B The output buffer is disabled.
Figure 10-2. Basic structure of Input configurationshows the input configuration of the
GPIO pin.
Figure 10-2. Basic structure of Input configuration
Alternate Function Input V_[fD —
protect )
Input driver 6 ‘ 70 pin
Read S“:e‘\)tlljjts &
Register L
j\/SS
10.3.6. Output configuration

When GPIO pin is configured as output:

The schmitt trigger input is enabled.
The weak pull-up and pull-down resistors could be chosen .
The output buffer is enabled.

while the pad holds Hi-Z when setting “1” in the output control register.

Open Drain Mode, the pad outputs low level when setting “0” in the output control register.

B Push-Pull Mode, the pad outputs low level when setting “0” in the output control register;
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while the pad output high level when setting “1” in the output control register.
B A read access to the port output control register gets the last written value.
B A read access to the port input status register gets the 1/O state.

Figure 10-3. Basic structure of Qutput configurationshows the output configuration.

Figure 10-3. Basic structure of Output configuration

Write Bit Operate
— N
Registers Output

Control
Read/Write Register
Output driver
Alternate Function Output
VDD
T ESD
protect
[ 1/0 pin
|
‘ }i
I
| 1
| =
| Vss
|
Input |
Red __ _______ Status [« ———————— Input driver I
Register P

10.3.7. 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 10-4. Basic structure of Analog configuration shows the analog configuration.

Figure 10-4. Basic structure of Analog configuration

ESD
protection

Analog ( Input / Output) I/O pin
-

10.3.8. 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:

B The output buffer is enabled in Open-Drain or Push-Pull configuration.
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B The output buffer is driven by the peripheral.
B The schmitt trigger input is enabled.
B The weak pull-up and pull-down resistors could be chosen when input.
B The I/O pin data is stored into the port input status register every APB2 clock.
B A read access to the port input status register gets the 1/O state.
B A read access to the port output control register gets the last written value.
Figure 10-5. Basic structure of Alternate function configuration shows the alternate
function configuration of the GPIO pin.
Figure 10-5. Basic structure of Alternate function configuration
Alternate Function Output Output driver
VDD
T
ﬁ 1/0 pin
L
VSS
Alternate Function Input .
Input driver
10.3.9. GPIO locking function

The locking mechanism allows the 10 configuration to be protected.

The protected registers are GPIOx_CTL, GPIOx_OMODE, GPIOx_OSPD, GPIOx_PUD,
GPIOx_AFSELy(y=0,1). It allows the I/O configuration to be frozen by the 32-bit locking
register (GPIOx_LOCK). When the special LOCK sequence has 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
recommended to be used in the configuration of driving a power module.
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10.4. Register definition

10.4.

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

AFIO base address: 0x4001 0000

1. Port control register (GPIOx_CTL, x = A...E)

Address offset: 0x00

Reset value: OxABFF FFFF for port A; OXFFFF FES8F for port B; OXFFFF FFFF for others.

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

31 30 29 28 27 26 25 24 21 20 19 18 17 16
‘ CTL15[1:0] ‘ CTL14[1:0] ‘ CTL13[1:0] ‘ CTL12[1:0] ‘ CTL11[1:0] ‘ CTL10[1:0] ‘ CTLO[1:0] ‘ CTL8[1:0]
w rw rw 1\ w w w
15 14 13 12 11 10 9 5 4 3 2 1 0
‘ CTL7[1:0] ‘ CTL6[1:0] ‘ CTL5[1:0] ‘ CTL4[1:0] CTL2[1:0] ‘ CTL1[1:0] ‘ CTLO[1:0]
w rw rw w w w w
Bits Fields Descriptions
31:30 CTL15[1:0] Pin 15 configuration bits
These bits are set and cleared by software.
Refer to CTLO[1:0] description
29:28 CTL14[1:0] Pin 14 configuration bits
These bits are set and cleared by software.
Refer to CTLO[1:0] description
27:26 CTL13[1:0] Pin 13 configuration bits
These bits are set and cleared by software.
Refer to CTLO[1:0] description
25:24 CTL12[1:0] Pin 12 configuration bits
These bits are set and cleared by software.
Refer to CTLO[1:0] description.
23:22 CTL11[1:0] Pin 11 configuration bits
These bits are set and cleared by software.
Refer to CTLO[1:0] description
21:20 CTL10[1:0] Pin 10 configuration bits
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19:18

17:16

15:14

13:12

11:10

9:8

7:6

54

3:2

1:0

10.4.2.

CTLO[1:0]

CTL8[1:0]

CTL7[1:0]

CTL6[1:0]

CTL5[1:0]

CTLA[1:0]

CTL3[1:0]

CTL2[1:0]

CTLA[1:0]

CTLO[1:0]

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

Pin 9 configuration bits
These bits are set and cleared by software.
Refer to CTLO[1:0] description

Pin 8 configuration bits
These bits are set and cleared by software.
Refer to CTLO[1:0] description

Pin 7 configuration bits
These bits are set and cleared by software.
Refer to CTLO[1:0] description

Pin 6 configuration bits
These bits are set and cleared by software.
Refer to CTLO[1:0] description

Pin 5 configuration bits
These bits are set and cleared by software.
Refer to CTLO[1:0] description

Pin 4 configuration bits
These bits are set and cleared by software.
Refer to CTLO[1:0] description

Pin 3 configuration bits
These bits are set and cleared by software.
Refer to CTLO[1:0] description

Pin 2 configuration bits
These bits are set and cleared by software.
Refer to CTLO[1:0] description

Pin 1 configuration bits
These bits are set and cleared by software.
Refer to CTLO[1:0] description

Pin 0 configuration bits

These bits are set and cleared by software.

00: GPIO Input mode

01: GPIO output mode

10: Alternate function mode

11: Analog mode (Input and Output) (reset value)

Port output mode register (GPIOx_OMODE, x = A...E)

Address offset: 0x04
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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 |

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

‘ OM15 ‘ OoM14 ‘ OM13 ‘ OomM12 ‘ OoM11 ‘ oM10 ‘ OM9 ‘ OoM8 ‘ om7 ‘ OM6 ‘ OM5 ‘ Om4 ‘ OM3 ‘ OoM2 ‘ OomM1 ‘ OMO |

rw w w rw I\ I\ I\ rw I\ rw I\ rw rw w rw w
Bits Fields Descriptions
31:16 Reserved Must be kept at reset value.
15 OM15 Pin 15 output mode bit
These bits are set and cleared by software.
Refer to OMO description
14 OM14 Pin 14 output mode bit

These bits are set and cleared by software.
Refer to OMO description

13 OM13 Pin 13 output mode bit
These bits are set and cleared by software.

Refer to OMO description

12 OM12 Pin 12 output mode bit
These bits are set and cleared by software.
Refer to OMO description

11 OM1M1 Pin 11 output mode bit
These bits are set and cleared by software.

Refer to OMO description

10 OM10 Pin 10 output mode bit
These bits are set and cleared by software.
Refer to OMO description

9 OM9 Pin 9 output mode bit
These bits are set and cleared by software.

Refer to OMO description

8 OoM8 Pin 8 output mode bit
These bits are set and cleared by software.
Refer to OMO description

7 Oom7 Pin 7 output mode bit
These bits are set and cleared by software.

Refer to OMO description

6 OM6 Pin 6 output mode bit
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These bits are set and cleared by software.
Refer to OMO description

5 OM5 Pin 5 output mode bit
These bits are set and cleared by software.
Refer to OMO description

4 OomM4 Pin 4 output mode bit
These bits are set and cleared by software.
Refer to OMO description.

3 OM3 Pin 3 output mode bit
These bits are set and cleared by software.
Refer to OMO description

2 OoM2 Pin 2 output mode bit
These bits are set and cleared by software.
Refer to OMO description

1 OMA1 Pin 1 output mode bit
These bits are set and cleared by software.
Refer to OMO description

0 OMO Pin 0 output mode bit
These bits are set and cleared by software.
0: Output push-pull mode (reset value)
1: Output open-drain mode

10.4.3. Port output speed register (GPIOx_OSPD, x = A...E)

Address offset: 0x08
Reset value: 0x0C00 0000 for port A; 0x0000 00CO for port B; 0x0000 0000 for others.

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
0SPD15[1:0] ‘ OSPD14[1:0] ‘ OSPD13[1:0] ‘ 0SPD12[1:0] ‘ 0SPD11[1:0] ‘ 0SPD10[1:0] ‘ OSPD9[1:0] ‘ OSPD8[1:0]
w rw rw w w w w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
0SPD7[1:0] ‘ OSPD6[1:0] ‘ OSPD5[1:0] ‘ 0SPD4[1:0] ’ OSPD3[1:0] ’ 0SPD2[1:0] ‘ OSPD1[1:0] ‘ OSPDO[1:0]
w rw rw w w w w w
Bits Fields Descriptions
31:30 OSPD15[1:0] Pin 15 output max speed bits
These bits are set and cleared by software.
Refer to OSPDO0[1:0] description
29:28 OSPD14[1:0] Pin 14 output max speed bits

These bits are set and cleared by software.
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Refer to OSPDO[1:0] description

27:26 OSPD13[1:0] Pin 13 output max speed bits
These bits are set and cleared by software.
Refer to OSPDO[1:0] description

25:24 OSPD12[1:0] Pin 12 output max speed bits
These bits are set and cleared by software.
Refer to OSPDO[1:0] description

23:22 OSPD11[1:0] Pin 11 output max speed bits
These bits are set and cleared by software.
Refer to OSPDO[1:0] description.

21:20 OSPD10[1:0] Pin 10 output max speed bits
These bits are set and cleared by software.
Refer to OSPDO[1:0] description

19:18 OSPD9[1:0] Pin 9 output max speed bits
These bits are set and cleared by software.
Refer to OSPDO[1:0] description

17:16 OSPD8[1:0] Pin 8 output max speed bits
These bits are set and cleared by software.
Refer to OSPDO[1:0] description

15:14 OSPD7[1:0] Pin 7 output max speed bits
These bits are set and cleared by software.
Refer to OSPDO[1:0] description

13:12 OSPD6[1:0] Pin 6 output max speed bits
These bits are set and cleared by software.
Refer to OSPDO[1:0] description

11:10 OSPD5[1:0] Pin 5 output max speed bits
These bits are set and cleared by software.
Refer to OSPDO[1:0] description

9:8 OSPDA4[1:0] Pin 4 output max speed bits
These bits are set and cleared by software.
Refer to OSPDO[1:0] description

7:6 OSPD3[1:0] Pin 3 output max speed bits
These bits are set and cleared by software.
Refer to OSPDO0[1:0] description

5:4 OSPD2[1:0] Pin 2 output max speed bits
These bits are set and cleared by software.
Refer to OSPDO[1:0] description

3:2 OSPD1[1:0] Pin 1 output max speed bits
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These bits are set and cleared by software.
Refer to OSPDO[1:0] description

1:0 OSPDO[1:0] Pin 0 output max speed bits
These bits are set and cleared by software.
00: Output speed level 0 (reset state)
01: Output speed level 1
10: Output speed level 2
11: Output speed level 3

10.4.4. Port pull-up / pull-down register (GPIOx_PUD, x = A...E)

Address offset: 0x0C
Reset value: 0x6400 0000 for port A; 0x0000 0100 for port B; 0x0000 0000 for others.

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
‘ PUD15[1:0] ‘ PUD14[1:0] ‘ PUD13[1:0] ‘ PUD12[1:0] ‘ PUD11[1:0] ‘ PUD10[1:0] ‘ PUD9[1:0] ‘ PUD8[1:0]
w w w w w w w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ PUD7[1:0 ‘ PUD6[1:0] ‘ PUDS5[1:0] ‘ PUD4[1:0] ‘ PUD3[1:0] ‘ PUD2[1:0] ‘ PUD1[1:0] ‘ PUDO[1:0]
w w w w w w w w
Bits Fields Descriptions
31:30 PUD15[1:0] Pin 15 pull-up or pull-down bits

These bits are set and cleared by software.
Refer to PUDO[1:0] description.

29:28 PUD14[1:0] Pin 14 pull-up or pull-down bits
These bits are set and cleared by software.
Refer to PUDO[1:0] description.

27:26 PUD13[1:0] Pin 13 pull-up or pull-down bits
These bits are set and cleared by software.
Refer to PUDO[1:0] description.

25:24 PUD12[1:0] Pin 12 pull-up or pull-down bits
These bits are set and cleared by software.
Refer to PUDO[1:0] description.

23:22 PUD11[1:0] Pin 11 pull-up or pull-down bits
These bits are set and cleared by software.
Refer to PUDO[1:0] description.

21:20 PUD10[1:0] Pin 10 pull-up or pull-down bits
These bits are set and cleared by software.
Refer to PUDO[1:0] description.
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19:18

17:16

15:14

13:12

11:10

9:8

7:6

54

3:2

1:0

10.4.5.

PUD9[1:0]

PUDS[1:0]

PUD7[1:0]

PUD6[1:0]

PUD5[1:0]

PUD4[1:0]

PUD3[1:0]

PUD2[1:0]

PUD1[1:0]

PUDO[1:0]

Port input status register (GPIOx_ISTAT, x = A...E)

Pin 9 pull-up or pull-down bits

These bits are set and cleared by software.

Refer to PUDO[1:0] description.

Pin 8 pull-up or pull-down bits

These bits are set and cleared by software.

Refer to PUDO[1:0] description.

Pin 7 pull-up or pull-down bits

These bits are set and cleared by software.

Refer to PUDO[1:0] description.

Pin 6 pull-up or pull-down bits

These bits are set and cleared by software.

Refer to PUDO[1:0] description.

Pin 5 pull-up or pull-down bits

These bits are set and cleared by software.

Refer to PUDO[1:0] description.

Pin 4 pull-up or pull-down bits

These bits are set and cleared by software.

Refer to PUDO[1:0] description.

Pin 3 pull-up or pull-down bits

These bits are set and cleared by software.

Refer to PUDO[1:0] description.

Pin 2 pull-up or pull-down bits

These bits are set and cleared by software.

Refer to PUDO[1:0] description.

Pin 1 pull-up or pull-down bits

These bits are set and cleared by software.

Refer to PUDO[1:0] description.

Pin 0 pull-up or pull-down bits

These bits are set and cleared by software.

00: Floating mode, no pull-up and pull-down (reset value)

01: With pull-up mode
10: With pull-down mode

11: Reserved

Address offset: 0x10
Reset value: 0x0000 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

‘ Reserved ‘

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

‘ISTATIS | ISTAT14 | ISTAT13 ‘ ISTAT12 | ISTAT11 ‘ ISTATlOl ISTAT9 ‘ ISTAT8 ‘ ISTAT7 | ISTAT6 | ISTATS ‘ ISTAT4 | ISTAT3 ‘ ISTAT2 | ISTAT1 ‘ ISTATO ‘

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

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

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

10.4.6. Port output control register (GPIOx_OCTL, 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

‘OCTLlS | OCTL14 | OCTL13 ‘ OCTL12 ‘ OCTL11 ‘ OCTLlO‘ OCTL9 ‘ OCTL8 ‘ OCTL7 ‘ OCTL6 ‘ OCTL5 ‘ OCTL4 | OCTL3 ‘ OCTL2 | OCTL1 ‘ OCTLO ‘

w w w w w w w w w w w w 12 w 2 w
Bits Fields Descriptions
31:16 Reserved Must be kept at reset value.
15:0 OCTLy Pin output control (y=0..15)

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

10.4.7. Port bit operate register (GPIOx_BOP, 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

‘ 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
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‘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 Pin 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 bit to 0
15:0 BOPy Pin 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
10.4.8. Port configuration lock register (GPIOx_LOCK, x = A...E)
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 ‘ 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 ‘
rw rw rw w w w w rw w rw w rw rw w rw w
Bits Fields Descriptions
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”
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These bits are set and cleared by software.

0000: AFO0 selected (reset value)
0001: AF1 selected
0010: AF2 selected
0011: AF3 selected

GigaDevice
10.4.9. Alternate function selected register 0 (GPIOx_AFSELO, x = A...E)
Address offset: 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 19 18 17 16
‘ SEL7[3:0] ‘ SEL6[3:0] | SEL5[3:0] SEL4[3:0]
w w w w
15 14 13 12 11 10 9 8 7 6 5 3 2 1 0
‘ SEL3[3:0] ‘ SEL2[3:0] | SEL1[3:0] SELO[3:0]
w w w w
Bits Fields Descriptions
31:28 SEL7[3:0] Pin 7 alternate function selected
These bits are set and cleared by software.
Refer to SELO [3:0] description.
27:24 SEL6[3:0] Pin 6 alternate function selected
These bits are set and cleared by software.
Refer to SELO [3:0] description.
23:20 SEL5[3:0] Pin 5 alternate function selected
These bits are set and cleared by software.
Refer to SELO [3:0] description.
19:16 SEL4[3:0] Pin 4 alternate function selected
These bits are set and cleared by software.
Refer to SELO [3:0] description.
15:12 SEL3[3:0] Pin 3 alternate function selected
These bits are set and cleared by software.
Refer to SELO [3:0] description.
11:8 SEL2[3:0] Pin 2 alternate function selected
These bits are set and cleared by software.
Refer to SELO [3:0] description.
74 SEL1[3:0] Pin 1 alternate function selected
These bits are set and cleared by software.
Refer to SELO [3:0] description.
3:.0 SELO[3:0] Pin 0 alternate function selected
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0100: AF4 selected
0101: AF5 selected
0110: AF6 selected
0111: AF7 selected
1000: AF8 selected
1001~1111: Reserved
10.4.10.  Alternate function selected register 1 (GPIOx_AFSEL1, x = A...E)
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 19 18 17 16
SEL15([3:0] ‘ SEL14[3:0] ‘ SEL13[3:0] SEL12[3:0]
w rw rw rw
15 14 13 12 11 10 9 8 7 6 5 3 2 1 0
SEL11[3:0] ‘ SEL10[3:0] ‘ SEL9[3:0] SELS8[3:0]
w rw rw rw
Bits Fields Descriptions
31:28 SEL15[3:0] Pin 15 alternate function selected
These bits are set and cleared by software.
Refer to SEL8[3:0] description.
27:24 SEL14[3:0] Pin 14 alternate function selected
These bits are set and cleared by software.
Refer to SEL8[3:0] description.
23:20 SEL13[3:0] Pin 13 alternate function selected
These bits are set and cleared by software.
Refer to SEL8[3:0] description.
19:16 SEL12[3:0] Pin 12 alternate function selected
These bits are set and cleared by software.
Refer to SEL8[3:0] description.
15:12 SEL11[3:0] Pin 11 alternate function selected
These bits are set and cleared by software.
Refer to SEL8[3:0] description.
11:8 SEL10[3:0] Pin 10 alternate function selected
These bits are set and cleared by software.
Refer to SEL8[3:0] description.
74 SEL9[3:0] Pin 9 alternate function selected

These bits are set and cleared by software.
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Refer to SEL8[3:0] description.

3.0 SELS8[3:0] Pin 8 alternate function selected
These bits are set and cleared by software.
0000: AFO0 selected (reset value)
0001: AF1 selected
0010: AF2 selected
0011: AF3 selected
0100: AF4 selected
0101: AF5 selected
0110: AF6 selected
0111: AF7 selected
1000: AF8 selected
1001~1111: Reserved

10.4.11.  Bit clear register (GPIOx_BC, x = A...E)

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

‘ CR15 l CR14 l 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 Pin 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 bit

10.4.12.  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
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15

14

13 12

11

10 9 8 7 6 5 4 3 2

1

EXTI3_SS [3:0]

EXTI2_SS [3:0] EXTI1_SS [3:0] ‘

EXTIO_SS [3:0]

Bits

w

Fields

w w

Descriptions

w

31:16

15:12

11:8

7:4

3.0

10.4.13.

31

30

Reserved

EXTI3_SS [3:0]

EXTI2_SS [3:0]

EXTI1_SS [3:0]

EXTIO_SS [3:0]

Must be kept at reset value.

EXTI 3 sources selection

0000: PA3 pin

0001: PB3 pin

0010: PC3 pin

0011: PD3 pin

0100: PE3 pin

Other configurations are reserved.

EXTI 2 sources selection

0000: PA2 pin

0001: PB2 pin

0010: PC2 pin

0011: PD2 pin

0100: PE2 pin

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 0 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).

29 28

27

26 25 24 23 22 21 20 19 18

17

16
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15

14

13 12

11

10 9

6 5

2 1

EXTI7_SS [3:0]

EXTI6_SS [3:0]

EXTI5_SS [3:0]

EXTI4_SS [3:0]

Bits

w

Fields

w

Descriptions

A

w

31:16

15:12

11:8

7:4

3.0

10.4.14.

Reserved

EXTI7_SS [3:0]

EXTI6_SS [3:0]

EXTI5_SS [3:0]

EXTI4_SS [3:0]

EXTI sources selection register 2 (AFIO_EXTISS2)

Must be kept at reset value.

EXTI 7 sources selection

0000: PA7 pin
0001: PB7 pin
0010: PC7 pin
0011: PD7 pin
0100: PE7 pin

Other configurations are reserved.

EXTI 6 sources selection

0000: PA6 pin
0001: PB6 pin
0010: PC6 pin
0011: PD6 pin
0100: PE6 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.

Address offset: 0x10
Reset value: 0x0000 0000
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31 30

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

2 1

EXTI11_SS [3:0] EXTI10_SS [3:0] EXTI9_SS [3:0]

EXTI8_SS [3:0]

Bits

w w A

Fields Descriptions

w

31:16

15:12

11:8

7:4

3.0

10.4.15.

Reserved Must be kept at reset value.

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.

EXTI10_SS [3:0] EXTI 10 sources selection
0000: PA10 pin
0001: PB10 pin
0010: PC10 pin
0011: PD10 pin
0100: PE10 pin

Other configurations are reserved.

EXTI9_SS [3:0] EXTI 9 sources selection
0000: PA9 pin
0001: PB9 pin
0010: PC9 pin
0011: PD9 pin
0100: PE9 pin
Other configurations are reserved.

EXTI8_SS [3:0] EXTI 8 sources selection
0000: PA8 pin
0001: PB8 pin
0010: PC8 pin
0011: PD8 pin
0100: PES8 pin

Other configurations are reserved.

EXTI sources selection register 3 (AFIO_EXTISS3)

Address offset: 0x14
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31 30

Reset value: 0x0000 0000

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

29 28

26 25 24 23 22 21

20

19

18 17

16

Reserved

15 14

13 12

10 9 8 7 6 5

2 1

EXTI15_SS [3:0]

EXTI14_SS [3:0] EXTI13_SS [3:0]

EXTI12_SS [3:0]

Bits

w

Fields

w w

Descriptions

w

31:16

15:12

11:8

74

3.0

Reserved

EXTI15_SS [3:0]

EXTI14_SS [3:0]

EXTI13_SS [3:0]

EXTI12_SS [3:0]

Must be kept at reset value.

EXTI 15 sources selection

0000: PA15 pin

0001: PB15 pin

0010: PC15 pin

0011: PD15 pin

0100: PE15 pin

Other configurations are reserved.

EXTI 14 sources selection

0000: PA14 pin

0001: PB14 pin

0010: PC14 pin

0011: PD14 pin

0100: PE14 pin

Other configurations are reserved.

EXTI 13 sources selection
0000: PA13 pin
0001: PB13 pin
0010: PC13 pin
0011: PD13 pin
0100: PE13 pin

Other configurations are reserved.

EXTI 12 sources selection

0000: PA12 pin

0001: PB12 pin

0010: PC12 pin

0011: PD12 pin

0100: PE12 pin

Other configurations are reserved.
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11.

11.1.

11.2.

11.3.

Trigger selection controller (TRIGSEL)

Overview

The trigger selection controller (TRIGSEL) allows software to select the trigger input signal
for various peripherals. TRIGSEL provides a flexible mechanism for a peripheral to select
different trigger inputs.

With TRIGSEL, there are up to 3 trigger selection outputs could be selected for each
peripheral. And every output could be selected from different trigger input signal.

Characteristics

Support up to 74 trigger input signals.

Each peripheral has its corresponding register to select trigger input signal.
TRIGSEL register can be configured up to 3 outputs to peripheral.

Trigger input source could be external input signal or output of peripheral.
Trigger selection output could be for external output or peripheral input.

Function overview

With TRIGSEL, peripherals that support trigger source selection have dedicated registers to
select the trigger input source. Each register can be configured with 3 outputs, which are
connected to the trigger input of the peripheral. Each output can select different trigger input
sources.

The Figure 11-1. TRIGSEL main _composition example shows the main composition of
TRIGSEL.
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GigaDevice
Figure 11-1. TRIGSEL main composition example
rTT T T T T T T T T T T I
| Trigger Select |
. |
' |
' |
' |
' |
' |
I
Trigger input O | '
— 0 :
. . I
T t 1 |
rigger inpu : > 1 I
| | Trigger output 2>
I | .
: : Trigger output 1> Peripheral_x
T
' Trigger output O
i | 99 put o
| |
' |
' |
' |
Trigger input n: I
I
I
I
I
Co_ I
i |
: INSELx LK :
I I
. ___________TriggerRegister I
11.4. Internal connect

The TRIGSEL allows software to select the trigger input for peripherals. The Table 11-1.

Trigger input bit fields selection shows the trigger input register selection.

Table 11-1. Trigger input bit fields selection

fields bits value trigger input selection
0x00 Vss
0x01 Vb
0x02 TRIGSEL_INO
0x03 TRIGSEL_IN1
0x04 TRIGSEL_IN2
0x05 TRIGSEL_IN3

INSELx 0x06 TRIGSEL_IN4
0x07 TRIGSEL_IN5
0x08 TRIGSEL_IN6
0x09 TRIGSEL_IN7
0x0a TIMERO_TRGO
0x0b TIMERO_CHO
0x0c TIMERO_CH1
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fields bits value trigger input selection
oxod TIMERO_CH2
0x0e TIMERO_CH3
0xOf TIMER7_TRGO
0x10 TIMER7_CHO
O0x11 TIMER7_CH1
0x12 TIMER7_CH2
0x13 TIMER7_CH3
0x14 TIMER5_TRGO
0x15 TIMER6_TRGO
0x16 TIMER1_TRGO
0x17 TIMER1_CHO
0x18 TIMER1_CH1
0x19 TIMER1_CH2
Oxla TIMER1_CHS3
0x1b TIMER2_TRGO
Oxlc TIMER2_CHO
0x1d TIMER2_CH1
Oxle TIMER2_CH2
Ox1f TIMER2_CH3
0x20 TIMER3_TRGO
0x21 TIMER3_CHO
0x22 TIMER3_CH1
0x23 TIMER3_CH2
0x24 TIMER3_CH3
0x25 TIMER4_TRGO
0x26 TIMER4_CHO
0x27 TIMER4_CH1
0x28 TIMER4_CH2
0x29 TIMER4_CH3
Ox2f TIMER15_TRGO
0x30 TIMER15_CHO
0x31 TIMER15_CH1
0x32 TIMER15_MCHO
0x33 TIMER16_TRGO
0x34 TIMER16_CHO
0x35 TIMER16_CH1
0x36 TIMER16_MCHO
0x37 ADCO_WDO_OuUT
0x38 Reserved
0x39 Reserved
0x3a ADC1_WDO_OUT
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fields bits value trigger input selection
0x3b Reserved
0x3c Reserved
0x3d ADC2_WDO_OUT
0x3e Reserved
0x3f Reserved
0x40 CMPO_OUT
0x41 CK_OUT
0x42 TIMERO_BKIN
0x43 TIMERO_CHOBKIN
0x44 TIMERO_CH1BKIN
0x45 TIMERO_CH2BKIN
0x46 TIMER7_BKIN
0x47 TIMER7_CHOBKIN
0x48 TIMER7_CH1BKIN
0x49 TIMER7_CH2BKIN
Ox4a TIMER15_BKIN
Ox4b TIMER16_BKIN
Ox4c EXTI9
Ox4d EXTI11
Ox4e EXTI15

Table 11-2. TRIGSEL input _and output mapping shows the connection relationship

between TRIGSEL input and output. Through the INSELXx[7:0] bits of TRIGSEL register, an
input trigger source can be selected for the output of TRIGSEL. Each TRIGSEL register can

configure with up to 3 outputs, which are connected to the corresponding peripherals.

Table 11-2. TRIGSEL input and output mapping

_ Trigger _ TRIGSEL _
Trigger Source TRIGSEL Register Peripherals
select output
0
1 Output0 TRIGSEL_OUTO
TRIGSEL_EXTOUTO
TRIGSEL_INO Outputl TRIGSEL_OUT1
TRIGSEL_IN1
TRIGSEL_IN2
TRIGSEL_IN3 Output0 TRIGSEL_OUT2
INSELX[7:0] | TRIGSEL_EXTOUT1
TRIGSEL_IN4 Outputl TRIGSEL_OUTS3
TRIGSEL_IN5
TRIGSEL_IN6
TRIGSEL_IN7 Output0 TRIGSEL_OUT4
TRIGSEL_EXTOUT2
TIMERO_TRGO Outputl TRIGSEL_OUT5
TIMERO_CHO
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Trigger Source

Trigger
select

TRIGSEL Register

TRIGSEL

output

Peripherals

TIMERO_CH1
TIMERO_CH2
TIMERO_CH3
TIMER7_TRGO
TIMER7_CHO
TIMER7_CH1
TIMER7_CH2
TIMER7_CH3
TIMER5_TRGO
TIMER6_TRGO
TIMERL_TRGO
TIMER1_CHO
TIMER1_CH1
TIMER1_CH2
TIMER1_CH3
TIMER2_TRGO
TIMER2_CHO
TIMER2_CH1
TIMER2_CH2
TIMER2_CH3
TIMER3_TRGO
TIMER3_CHO
TIMER3_CH1
TIMER3_CH2
TIMER3_CH3
TIMER4_TRGO
TIMER4_CHO
TIMER4_CH1
TIMER4_CH2
TIMER4_CH3
TIMER15_TRGO
TIMER15_CHO
TIMER15_CH1
TIMER15_MCHO
TIMER16_TRGO
TIMER16_CHO
TIMER16_CH1
TIMER16_MCHO
ADCO_WDO_OUT
ADCO_WD1_OUT

TRIGSEL_EXTOUT3

Output0
Outputl

TRIGSEL_OUT6
TRIGSEL_OUTY

TRIGSEL_TIMEROITI

Output0

TIMERO_ITI

TRIGSEL_TIMERL1ITI

Output0

TIMERL1_ITI

TRIGSEL_TIMER2ITI

Output0

TIMER2_ITI

TRIGSEL_TIMERSITI

Output0

TIMER3_ITI

TRIGSEL_TIMERAITI

OutputO

TIMER4_ITI

TRIGSEL_TIMERT7ITI

OutputO

TIMER7_ITI

TRIGSEL_TIMER15I
TI

OutputO

TIMER15_ITI

TRIGSEL_TIMER16I
Tl

Output0

TIMER16_ITI

TRIGSEL_DAC

Output0

DACO_OUT_EXTRG

227



&

GigaDevice GD32F50x User Manual
. Trigger . TRIGSEL .
Trigger Source TRIGSEL Register Peripherals
select output
ADCO_WD2_OUT
ADC1_WDO_OUT TRIGSEL_ADCO_RO
Outputd | ADCO_ROUTRG
ADC1_WD1_OuUT UTRG
ADC1_WD2_OUT
ADC2_WDO0_OUT
ADC2_WD1_OuT TRIGSEL_ADCO_INS o 0 0 INSTRG
ADC2_WD2_OUT TRG utput ADCO_INSTR
CMPO_OUT
CK_OuT
TIMERO_BKIN TRIGSEL_ADC1_RO
TIMERO_CHOBKIN UTRG Output0 ADC1_ROUTRG
TIMERO_CH1BKIN
TIMERO_CH2BKIN
TIMER7_BKIN TRIGSEL_ADC1_INS
TIMER7 CHOBKIN TRG Output0 ADC1_INSTRG
TIMER7_CH1BKIN
TIMER7_CH2BKIN
i TRIGSEL_ADC2_RO Output0 ADC2_ROUTRG
utpu
TIMER16_BKIN UTRG p _
EXTI9
EXTI11
EXTI15
TRIGSEL_ADCZ2_INS
OutputO ADC2_INSTRG
TRG
TRIGSEL_TIMEROBR
OutputO TIMERO_BRKIN
KIN
Output0 | TIMERO_CHOBRKIN
TRIGSEL_TIMEROC
Outputl | TIMERO_CHI1BRKIN
HBRKIN
Output2 | TIMERO_CH2BRKIN
TRIGSEL_TIMER7BR
Output0 TIMER7_BRKIN
KIN
Output0 | TIMER7_CHOBRKIN
TRIGSEL_TIMER7C
Outputl | TIMER7_CH1BRKIN
HBRKIN
Output2 | TIMER7_CH2BRKIN
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Trigger TRIGSEL
Trigger Source TRIGSEL Register Peripherals
select output

TRIGSEL_TIMER15B

Output0 | TIMER15_BRKIN
RKIN

TRIGSEL_TIMER16B

Output0 | TIMER16_BRKIN
RKIN

Note:

1. TRIGSEL_OUTXx (x=0,...,7) cannot select any TRIGSEL_INy (y=0,...,7) as trigger source.

2. Al TIMERx_ITI (x=0,...,4,7, 15,16) can only select trigger input sources from TIMER and
CK_OUT. Among them, TIMERx_ITI (x=0,...,4,7) cannot select signals (TIMERx_TRGO \
TIMERx_CHO \ TIMERx_CH1 \ TIMERx_CH2 \ TIMERx_CH3) from its own module as
trigger sources, and TIMERXx_ITI (x=15,16) cannot select signals (TIMERx_TRGO \
TIMERx_CHO \ TIMERx_CH1 \ TIMERx_MCHO) from its own module as trigger sources.

3. Except as described in points 1 and 2, all outputs can select all inputs as trigger sources.

When trigger input selection INSELx[7:0] bits is configured to be 0x00, TRIGSEL trigger input
is selected as low level; when configured to be 0x01, TRIGSEL trigger input is selected as
high level.When illegal data is selected for these outputs, the output will be selected as O.
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11.5. Register definition
TRIGSEL base address: 0x4001 4400
11.5.1. Trigger selection for EXTOUT register 0 (TRIGSEL_EXTOUT_0)
Address offset: 0x00
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
‘ LK ‘ Reserved
rs
15 14 13 12 10 9 8 7 6 5 4 3 2 1 0
‘ INSEL1[7:0] INSELO[7:0]
Bits Fields Descriptions
TRIGSEL register lock.
This bit is set by software and cleared only by a system reset. When it is set, it
31 LK disables write access to TRIGSEL_EXTOUT_O register.
0: TRIGSEL_EXTOUT_O register write is enabled.
1: TRIGSEL_EXTOUT_O register write is disabled.
30:16 Reserved Must be kept at reset value.
Trigger input source selection for outputl
These bits are used to select trigger input signal connected to outputl. The outputl
15:8 INSEL1{7:0] is connected with TRIGSEL_OUTL1. For the detailed configuration, please refer to
Table 11-1. Trigger input bit fields selection.
Trigger input source selection for outputO
These bits are used to select trigger input signal connected to output0. The outputO
70 INSELO[7:0] is connected with TRIGSEL_OUTO. For the detailed configuration, please refer to
Table 11-1. Trigger input bit fields selection.
11.5.2. Trigger selection for EXTOUT register 1 (TRIGSEL_EXTOUT_1)

30

Address offset: 0x04
Reset value: 0x0000 0000

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

29 28

26 25 24 23 22 21 20 19 18 17 16

Reserved

14

13 12

10 9 8 7 6 5 4 3 2 1 0
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‘ INSEL1[7:0] INSELO[7:0]
Bits Fields Descriptions

TRIGSEL register lock.

This bit is set by software and cleared only by a system reset. When it is set, it
31 LK disables write access to TRIGSEL_EXTOUT_1 register.

0: TRIGSEL_EXTOUT_1 register write is enabled.

1: TRIGSEL_EXTOUT_1 register write is disabled.

30'16 Reserved Must be kept at reset value.

Trigger input source selection for outputl
These bits are used to select trigger input signal connected to outputl. The outputl

15:8 INSEL1[7:0] is connected with TRIGSEL_OUTS3. For the detailed configuration, please refer to
Table 11-1. Trigger input bit fields selection.
Trigger input source selection for outputO
These bits are used to select trigger input signal connected to output0. The outputO
7:0 INSELO[7:0]

is connected with TRIGSEL_OUT2. For the detailed configuration, please refer to
Table 11-1. Trigger input bit fields selection.

11.5.3. Trigger selection for EXTOUT register 2 (TRIGSEL_EXTOUT_2)

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
‘ LK ‘ Reserved
rs
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ INSEL1[7:0] INSELO[7:0]
rw rw
Bits Fields Descriptions

TRIGSEL register lock.

This bit is set by software and cleared only by a system reset. When it is set, it
31 LK disables write access to TRIGSEL_EXTOUT_2 register.

0: TRIGSEL_EXTOUT_2 register write is enabled.

1: TRIGSEL_EXTOUT_2 register write is disabled.

30:16 Reserved Must be kept at reset value.

Trigger input source selection for outputl
15:8 INSEL1[7:0] These bits are used to select trigger input signal connected to outputl. The outputl
is connected with TRIGSEL_OUTS5. For the detailed configuration, please refer to
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Table 11-1. Trigger input bit fields selection.

Trigger input source selection for outputO
These bits are used to select trigger input signal connected to output0. The outputO
70 INSELO[7:0] is connected with TRIGSEL_OUT4. For the detailed configuration, please refer to

Table 11-1. Trigger input bit fields selection.

11.5.4. Trigger selection for EXTOUT register 3 (TRIGSEL_EXTOUT_3)

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

‘ LK ‘ Reserved

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

‘ INSEL1[7:0] INSELO[7:0]

w w

Bits Fields Descriptions

TRIGSEL register lock.

This bit is set by software and cleared only by a system reset. When it is set, it
31 LK disables write access to TRIGSEL_EXTOUT_3 register.

0: TRIGSEL_EXTOUT_3 register write is enabled.

1: TRIGSEL_EXTOUT_3 register write is disabled.

30:16 Reserved Must be kept at reset value.

Trigger input source selection for outputl
These bits are used to select trigger input signal connected to outputl. The outputl

15:8 INSEL1{7:0] is connected with TRIGSEL_OUT7. For the detailed configuration, please refer to
Table 11-1. Trigger input bit fields selection.
Trigger input source selection for outputO
These bits are used to select trigger input signal connected to output0. The outputO
7:0 INSELO[7:0]

is connected with TRIGSEL_OUT®6. For the detailed configuration, please refer to
Table 11-1. Trigger input bit fields selection.

11.5.5. Trigger selection for TIMERO_ITI register (TRIGSEL_TIMEROETI)

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

‘ LK ‘ Reserved
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rs
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved INSELO[7:0]
w
Bits Fields Descriptions

TRIGSEL register lock.

This bit is set by software and cleared only by a system reset. When it is set, it
31 LK disables write access to TRIGSEL_TIMEROETI register.

0: TRIGSEL_TIMEROETI register write is enabled.

1: TRIGSEL_TIMEROETI register write is disabled.

30:8 Reserved Must be kept at reset value.

Trigger input source selection for outputO
These bits are used to select trigger input signal connected to output0. The outputO
70 INSELO[7:0] is used as TIMERO_ETI trigger input. For the detailed configuration, please refer to

Table 11-1. Trigger input bit fields selection.

11.5.6. Trigger selection for TIMER1_ETI register (TRIGSEL_TIMER1ITI)

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
‘ LK ‘ Reserved
rs
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ Reserved INSELO[7:0]
2
Bits Fields Descriptions

TRIGSEL register lock.

This bit is set by software and cleared only by a system reset. When it is set, it
31 LK disables write access to TRIGSEL_TIMERL1ITI register.

0: TRIGSEL_TIMERL1ITI register write is enabled.

1: TRIGSEL_TIMERL1ITI register write is disabled.

308 Reserved Must be kept at reset value.

Trigger input source selection for outputO
These bits are used to select trigger input signal connected to output0. The outputO
70 INSELO[7:0] is used as TIMERZ1_ITI trigger input. For the detailed configuration, please refer to

Table 11-1. Trigger input bit fields selection.
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11.5.7. Trigger selection for TIMER2_ITI register (TRIGSEL_TIMERZ2ITI)

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
‘ LK | Reserved
rs
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ Reserved INSELO[7:0]
w
Bits Fields Descriptions

TRIGSEL register lock.

This bit is set by software and cleared only by a system reset. When it is set, it
31 LK disables write access to TRIGSEL_TIMERZ2ITI register.

0: TRIGSEL_TIMER2ITI register write is enabled.

1: TRIGSEL_TIMER2ITI register write is disabled.

30:8 Reserved Must be kept at reset value.

Trigger input source selection for outputO

These bits are used to select trigger input signal connected to output0. The outputO
70 INSELO[7:0] is used as TIMER2_ITI trigger input. For the detailed configuration, please refer to

Table 11-1. Trigger input bit fields selection.

11.5.8. Trigger selection for TIMER3_ITI register (TRIGSEL_TIMERSITI)

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
‘ LK ‘ Reserved
rs
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
’ Reserved INSELO[7:0]
2
Bits Fields Descriptions

TRIGSEL register lock.

This bit is set by software and cleared only by a system reset. When it is set, it
31 LK disables write access to TRIGSEL_TIMERSITI register.

0: TRIGSEL_TIMERS3ITI register write is enabled.

1: TRIGSEL_TIMERSITI register write is disabled.
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30:8 Reserved Must be kept at reset value.
Trigger input source selection for outputO
These bits are used to select trigger input signal connected to output0. The outputO
70 INSELO[7:0] is used as TIMER3_ITI trigger input. For the detailed configuration, please refer to
Table 11-1. Trigger input bit fields selection
11.5.9. Trigger selection for TIMER4_ITI register (TRIGSEL_TIMERA4ITI)
Address offset: 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
‘ LK ‘ Reserved
rs
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ Reserved INSELO[7:0]
12
Bits Fields Descriptions
TRIGSEL register lock.
This bit is set by software and cleared only by a system reset. When it is set, it
31 LK disables write access to TRIGSEL_TIMERA4ITI register.
0: TRIGSEL_TIMERA4ITI register write is enabled.
1: TRIGSEL_TIMERAITI register write is disabled.
308 Reserved Must be kept at reset value.
Trigger input source selection for outputO
These bits are used to select trigger input signal connected to output0. The outputO
70 INSELO[7:0] is used as TIMERA4_ITI trigger input. For the detailed configuration, please refer to
Table 11-1. Trigger input bit fields selection.
11.5.10.  Trigger selection for TIMER7_ITI register (TRIGSEL_TIMER?7ITI)

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
‘ LK ‘ Reserved

rs

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

w
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Bits Fields Descriptions
TRIGSEL register lock.
This bit is set by software and cleared only by a system reset. When it is set, it
31 LK disables write access to TRIGSEL_TIMERTYITI register.
0: TRIGSEL_TIMERTYITI register write is enabled.
1: TRIGSEL_TIMERT7ITI register write is disabled.
30:8 Reserved Must be kept at reset value.
Trigger input source selection for outputO
These bits are used to select trigger input signal connected to output0. The outputO
70 INSELO[7:0] is used as TIMER7_ITI trigger input. For the detailed configuration, please refer to
Table 11-1. Trigger input bit fields selection.
11.5.11.  Trigger selection for TIMER15_ITI register (TRIGSEL_TIMER15ITI)
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
‘ LK ‘ Reserved
rs
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ Reserved INSELO[7:0]
rw
Bits Fields Descriptions
TRIGSEL register lock.
This bit is set by software and cleared only by a system reset. When it is set, it
31 LK disables write access to TRIGSEL_TIMER15ITI register.
0: TRIGSEL_TIMERZ15ITI register write is enabled.
1: TRIGSEL_TIMER15ITI register write is disabled.
30:8 Reserved Must be kept at reset value.
Trigger input source selection for outputO
These bits are used to select trigger input signal connected to output0. The outputO
70 INSELO[7:0] is used as TIMER15_ITI trigger input. For the detailed configuration, please refer to
Table 11-1. Trigger input bit fields selection.
11.5.12.  Trigger selection for TIMER16_ITI register (TRIGSEL_TIMER16ITI)

Address offset: 0x30
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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
‘ LK ‘ Reserved
rs
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ Reserved INSELO[7:0]
w
Bits Fields Descriptions

TRIGSEL register lock.

This bit is set by software and cleared only by a system reset. When it is set, it
31 LK disables write access to TRIGSEL_TIMER16ITI register.

0: TRIGSEL_TIMERZ16ITI register write is enabled.

1: TRIGSEL_TIMER16ITI register write is disabled.

30:8 Reserved Must be kept at reset value.

Trigger input source selection for outputO
These bits are used to select trigger input signal connected to output0. The outputO
70 INSELO[7:0] is used as TIMER16_ITI trigger input. For the detailed configuration, please refer to

Table 11-1. Trigger input bit fields selection.

11.5.13.  Trigger selection for DAC register (TRIGSEL_DAC)

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 19 18 17 16
‘ LK ‘ Reserved
rs
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ Reserved INSELO[7:0]
w
Bits Fields Descriptions

TRIGSEL register lock.

This bit is set by software and cleared only by a system reset. When it is set, it
31 LK disables write access to TRIGSEL_DAC register.

0: TRIGSEL_DAC register write is enabled.

1: TRIGSEL_DAC register write is disabled.

30:8 Reserved Must be kept at reset value.

7:0 INSELO[7:0] Trigger input source selection for outputO
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These bits are used to select trigger input signal connected to output0. The outputO
is used as the source of DAC_OUT_EXTRIG (DAC_OUT external trigger input). For
the detailed configuration, please refer to Table 11-1. Trigger input bit fields

selection.

11.5.14.  Trigger selection for ADCO_ROUTRG register

(TRIGSEL_ADCO0_ROUTRG)

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
‘ LK ‘ Reserved
rs
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ Reserved INSELO[7:0]
12
Bits Fields Descriptions

TRIGSEL register lock.

This bit is set by software and cleared only by a system reset. When it is set, it
31 LK disables write access to TRIGSEL_ADCO_ROUTRG register.

0: TRIGSEL_ADCO_ROUTRG register write is enabled.

1: TRIGSEL_ADCO_ROUTRG register write is disabled.

308 Reserved Must be kept at reset value.

Trigger input source selection for outputO

These bits are used to select trigger input signal connected to outputO. The outputO
7:0 INSELO[7:0] is used as the source of ADCO_ROUTRG (ADCO routine sequence external trigger

input). For the detailed configuration, please refer to Table 11-1. Trigger input

bit fields selection.

11.5.15. Trigger selection for ADCO_INSTRG register (TRIGSEL_ADCO0_INSTRG)

Address offset: 0x3C
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
‘ LK ‘ Reserved

rs

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

TRIGSEL register lock.

This bit is set by software and cleared only by a system reset. When it is set, it
31 LK disables write access to TRIGSEL_ADCO_INSTRG register.

0: TRIGSEL_ADCO_INSTRG register write is enabled.

1: TRIGSEL_ADCO_INSTRG register write is disabled.

30:8 Reserved Must be kept at reset value.

Trigger input source selection for outputO

These bits are used to select trigger input signal connected to output0. The outputO
7:0 INSELO[7:0] is used as the source of ADCO_INSTRG (ADCO inserted sequence external trigger

input). For the detailed configuration, please refer to Table 11-1. Trigger input

bit fields selection.

11.5.16.  Trigger selection for ADC1_ROUTRG register

(TRIGSEL_ADC1_ROUTRG)

Address offset: 0X40
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
LK ‘ Reserved
rs
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved INSELO[7:0]
w
Bits Fields Descriptions

TRIGSEL register lock.

This bit is set by software and cleared only by a system reset. When it is set, it
31 LK disables write access to TRIGSEL_ADC1_ROUTRG register.

0: TRIGSEL_ADC1_ROUTRG register write is enabled.

1: TRIGSEL_ADC1_ROUTRG register write is disabled.

30:8 Reserved Must be kept at reset value.

Trigger input source selection for outputO

These bits are used to select trigger input signal connected to outputO. The outputO
7:0 INSELO[7:0] is used as the source of ADC1_ROUTRG (ADCL1 routine sequence external trigger

input). For the detailed configuration, please refer to Table 11-1. Trigger input

bit fields selection.
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11.5.17. Trigger selection for ADC1_INSTRG register (TRIGSEL_ADC1_INSTRG)

Address offset: 0x44
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
‘ LK ‘ Reserved |
rs
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ Reserved INSELO[7:0] |
w
Bits Fields Descriptions

TRIGSEL register lock.

This bit is set by software and cleared only by a system reset. When it is set, it
31 LK disables write access to TRIGSEL_ADC1_INSTRG register.

0: TRIGSEL_ADC1_INSTRG write is enabled.

1: TRIGSEL_ADC1_INSTRG register write is disabled.

308 Reserved Must be kept at reset value.

Trigger input source selection for outputO

These bits are used to select trigger input signal connected to outputO. The outputO
7:0 INSELO[7:0] is used as the source of ADC1_INSTRG (ADC1 inserted sequence external trigger

input). For the detailed configuration, please refer to Table 11-1. Trigger input

bit fields selection.

11.5.18. Trigger selection for ADC2_ROUTRG register

(TRIGSEL_ADC2_ROUTRG)

Address offset: 0x48
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
‘ LK ‘ Reserved
rs
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
’ Reserved INSELO[7:0]
w
Bits Fields Descriptions

31 LK TRIGSEL register lock.
This bit is set by software and cleared only by a system reset. When it is set, it
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disables write access to TRIGSEL_ADC2_ROUTRG register.
0: TRIGSEL_ADC2_ROUTRG register write is enabled.
1: TRIGSEL_ADC2_ROUTRG register write is disabled.

30:8 Reserved Must be kept at reset value.

Trigger input source selection for outputO

These bits are used to select trigger input signal connected to output0. The outputO
7:0 INSELO[7:0] is used as the source of ADC2_ROUTRG (ADC2 routine sequence external trigger

input). For the detailed configuration, please refer to Table 11-1. Trigger input

bit fields selection

11.5.19. Trigger selection for ADC2_INSTRG register (TRIGSEL_ADC2_INSTRG)

Address offset: 0x4C
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
‘ LK ‘ Reserved
rs
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ Reserved INSELO[7:0]
w
Bits Fields Descriptions

TRIGSEL register lock.

This bit is set by software and cleared only by a system reset. When it is set, it
31 LK disables write access to TRIGSEL_ADC2_INSTRG register.

0: TRIGSEL_ADC2_INSTRG register write is enabled.

1: TRIGSEL_ADC2_INSTRG register write is disabled.

30:8 Reserved Must be kept at reset value.

Trigger input source selection for outputO

These bits are used to select trigger input signal connected to output0. The outputO
7:0 INSELO[7:0] is used as the source of ADC2_INSTRG (ADC2 inserted sequence external trigger

input). For the detailed configuration, please refer to Table 11-1. Trigger input

bit fields selection.

11.5.20. Trigger selection for TIMERO_BRKIN register (TRIGSEL_TIMEROBRKIN)

Address offset: 0x50
Reset value: 0x0000 0042

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
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‘ LK ‘ Reserved
rs
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ Reserved INSELO[7:0]
w
Bits Fields Descriptions

TRIGSEL register lock.

This bit is set by software and cleared only by a system reset. When it is set, it
31 LK disables write access to TRIGSEL_TIMEROBRKIN register.

0: TRIGSEL_TIMEROBRKIN register write is enabled.

1: TRIGSEL_TIMEROBRKIN register write is disabled.

30:8 Reserved Must be kept at reset value.

Trigger input source selection for TIMERO_BRKIN
These bits are used to select trigger input signal connected to output0. The outputO

70 INSELO[7:0] is used as the source of TIMERO_BRKIN trigger input. For the detailed
configuration, please refer to Table 11-1. Trigqger input bit fields selection
11.5.21. Trigger selection for TIMERO_CHBRKIN register

(TRIGSEL_TIMEROCHBRKIN)

Address offset: 0x54
Reset value: 0x0045 4443

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
‘ LK ‘ Reserved ‘ INSEL2[7:0]
rs rw
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ INSEL1[7:0] ‘ INSELO[7:0]
rw rw
Bits Fields Descriptions

TRIGSEL register lock.

This bit is set by software and cleared only by a system reset. When it is set, it
31 LK disables write access to TRIGSEL_TIMEROCHBRKIN register.

0: TRIGSEL_TIMEROCHBRKIN register write is enabled.

1: TRIGSEL_TIMEROCHBRKIN register write is disabled.

30:24 Reserved Must be kept at reset value.

Trigger input source selection for TIMERO_CH2BRKIN.
23:16 INSEL2[7:0] _ _ _ _
These bits are used to select trigger input signal connected to output2. The output2
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is used as the source of TIMERO_CH2BRKIN trigger input. For the detailed
configuration, please refer to Table 11-1. Trigger input bit fields selection

Trigger input source selection for TIMERO_CH1BRKIN
These bits are used to select trigger input signal connected to outputl. The outputl

15:8 INSEL1{7:0] is used as the source of TIMERO_CH1BRKIN trigger input. For the detailed
configuration, please refer to Table 11-1. Trigger input bit fields selection.
Trigger input source selection for TIMERO_CHOBRKIN
These bits are used to select trigger input signal connected to output0. The outputO
7:0 INSELO[7:0]

is used as the source of TIMERO_CHOBRKIN trigger input. For the detailed
configuration, please refer to Table 11-1. Trigger input bit fields selection

11.5.22.  Trigger selection for TIMER7_BRKIN register (TRIGSEL_TIMER7BRKIN)

Address offset: 0x58
Reset value: 0x0000 0046

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
LK ‘ Reserved
rs
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved INSELO[7:0]
w
Bits Fields Descriptions

TRIGSEL register lock.

This bit is set by software and cleared only by a system reset. When it is set, it
31 LK disables write access to TRIGSEL_TIMER7BRKIN register.

0: TRIGSEL_TIMER7BRKIN register write is enabled.

1: TRIGSEL_TIMER7BRKIN register write is disabled.

30:8 Reserved Must be kept at reset value.

Trigger input source selection for TIMER7_BRKIN

These bits are used to select trigger input signal connected to output0. The outputO

70 INSELO[7:0] is used as the source of TIMER7_BRKIN trigger input. For the detailed
configuration, please refer to Table 11-1. Trigger input bit fields selection.
11.5.23.  Trigger selection for TIMER7_CHBRKIN register

(TRIGSEL_TIMER7CHBRKIN)

Address offset: 0x5C
Reset value: 0x0049 4847
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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
‘ LK ‘ Reserved ‘ INSEL2[7:0]

rs rw

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ INSEL1[7:0] ‘ INSELO[7:0]

w w

Bits Fields Descriptions

TRIGSEL register lock.

This bit is set by software and cleared only by a system reset. When it is set, it
31 LK disables write access to TRIGSEL_TIMER7CHBRKIN register.

0: TRIGSEL_TIMER7CHBRKIN register write is enabled.

1: TRIGSEL_TIMER7CHBRKIN register write is disabled.

30:24 Reserved Must be kept at reset value.

Trigger input source selection for TIMER7_CH2BRKIN.

These bits are used to select trigger input signal connected to output2. The output2
23:16 INSEL2[7:0] is used as the source of TIMER7_CH2BRKIN trigger input. For the detailed

configuration, please refer to Table 11-1. Trigger input bit fields selection.

Trigger input source selection for TIMER7_CH1BRKIN

These bits are used to select trigger input signal connected to outputl. The outputl
15:8 INSEL1{7:0] is used as the source of TIMER7_CH1BRKIN trigger input. For the detailed

configuration, please refer to Table 11-1. Trigger input bit fields selection.

Trigger input source selection for TIMER7_CHOBRKIN

These bits are used to select trigger input signal connected to output0. The outputO
70 INSELO[7:0] is used as the source of TIMER7_CHOBRKIN trigger input For the detailed

configuration, please refer to Table 11-1. Trigger input bit fields selection.

11.5.24.  Trigger selection for TIMER15_BRKIN register

(TRIGSEL_TIMER15BRKIN)

Address offset: 0x60
Reset value: 0x0000 004A

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
‘ LK ‘ Reserved

rs

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

w
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Bits Fields Descriptions

TRIGSEL register lock.

This bit is set by software and cleared only by a system reset. When it is set, it
31 LK disables write access to TRIGSEL_TIMER15BRKIN register.

0: TRIGSEL_TIMER15BRKIN register write is enabled.

1: TRIGSEL_TIMER15BRKIN register write is disabled.

30:8 Reserved Must be kept at reset value.

Trigger input source selection for TIMER15_BRKIN.

These bits are used to select trigger input signal connected to output0. The outputO

70 INSELO[7:0] is used as the source of TIMER15_BRKIN trigger input. For the detailed
configuration, please refer to Table 11-1. Trigger input bit fields selection.
11.5.25.  Trigger selection for TIMER16_BRKIN register

(TRIGSEL_TIMER16BRKIN)

Address offset: 0x64
Reset value: 0x0000 004B

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
LK ‘ Reserved
rs
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved INSELO[7:0]
2
Bits Fields Descriptions

TRIGSEL register lock.

This bit is set by software and cleared only by a system reset. When it is set, it
31 LK disables write access to TRIGSEL_TIMER16BRKIN register.

0: TRIGSEL_TIMER16BRKIN register write is enabled.

1: TRIGSEL_TIMER16BRKIN register write is disabled.

308 Reserved Must be kept at reset value.

Trigger input source selection for TIMER16_BRKIN
These bits are used to select trigger input signal connected to output0. The outputO
70 INSELO[7:0] is used as the source of TIMER16_BRKIN trigger input. For the detailed

configuration, please refer to Table 11-1. Trigger input bit fields selection.
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12.

TIMER (TIMERX)

Table 12-1. Timers (TIMERX) are divided into four sorts

TIMER TIMERO/7 TIMER1/2/3/4 TIMER15/16 | TIMER5/6
TYPE Advanced General-LO General-L3 Basic
Prescaler 16-bit 16-bit 16-bit 16-bit
Counter 16-bit 16-bit (TIMER2/3/4) 16-bit 16-bit
32-bit (TIMER1)
S UP, DOWN, UP, DOWN, UP, DOWN, UP ONLY
Center-aligned Center-aligned |Center-aligned
Repetition ° x ° x
Channel Capture/Compare 4 4 3 0
Composite PWM mode ) X ° X
Asymmetric PWM mode ° x x x
Output match pulse select . X ° x
Complementary & Dead-time . x ° X
Break BREAK . x ° x
function | Channel BREAK ° x X X
Single Pulse ) ° ° °
Quadrature decoder ° ° X X
decoder x ° x x
Master-slave management . ° ° x
Inter Connection o @ o® TRGOTO
DAC
Synchronization and initial
[ ] X [ ] X
direction and value refresh
DMA . . ° @
Debug Mode . ° ° °
TIMERX ITIO ITI1 ITI2 ITI3 ITI14
TIMERO | TIMER4_TRGO | TIMER1_TRGO | TIMER2_TRGO
& TIMER7 | TIMERO_TRGO | TIMER1_TRGO | TIMER3_TRGO
TIMER1 | TIMERO_TRGO | TIMER7_TRGO | TIMER2_TRGO
TIMER2 | TIMERO_TRGO | TIMER1_TRGO | TIMER4_TRGO TRIGSEL )
@) TIMER3 | TIMERO_TRGO | TIMER1_TRGO | TIMER2_TRGO
TIMER4 | TIMER1_TRGO | TIMER2_TRGO | TIMER3_TRGO
TIMER1S5 | TIMERO_TRGO | TIMER2_TRGO | TIMER3_TRGO | TIMER16_CHO |TRIGS
®) TIMER16 | TIMERO_TRGO | TIMER2_TRGO | TIMER15_CHO | TIMER7_TRGO EL
@ Only update events will generate a DMA request. TIMERS5/6 do not have DMAS bit (DMA
request source selection).
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12.1. Advanced timer (TIMERX, x=0, 7)

12.1.1. Overview
The advanced timer module (TIMERO/7) is an four-channel timer that supports both input
capture 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 increasing in unison.

12.1.2. Characteristics

Total channel num: 4.

Counter width: 16 bits.

Selectable clock source: 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 bits. The factor can be changed ongoing.

Each channel is independent and user-configurable: input capture mode, output
compare mode, programmable PWM mode, single pulse mode and trigger out.
Programmable dead time insertion and separated dead time insertion.

Auto reload function.

Programmable counter repetition function.

Break input function: BREAK and channel 0/1/2 BREAK.

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.

B Timer synchronization allows the selected timers to start counting on the same clock
cycle.

B Timer master-slave management.
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Figure 12-1. Advanced timer block diagram provides details of the internal configuration of
the advanced timer.

Figure 12-1. Advanced timer block diagram
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12.1.4 Function overview

Clock selection

The clock source of the advanced timer can be either the CK_TIMER or an alternate clock
source controlled by TSCFGy[4:0] (y=0..6) in SYSCFG_TIMERXxCFG(x=0,7) registers.

B TSCFGy[4:0] (y=0..6) = 5’00000 in SYSCFG_TIMERXCFG(x=0,7) registers. 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
TSCFGy[4:0] (y=0..6) = 5’00000 in SYSCFG_TIMERXCFG(x=0,7) registers. 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 TSCFGy[4:0] (y=0..2,6) in SYSCFG_TIMERXCFG(x=0,7) registers are setting to a nonzero
value, the prescaler is clocked by other clock sources selected in the TSCFGy[4:0] (y=0..2,6)

bit-filed, more details will be introduced later. When the TSCFGy[4:0] (y=3,4,5) are setting to
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a nonzero value, the internal clock TIMER CK is the counter prescaler driving clock source.

Figure 12-2. Normal mode, internal clock divided by 1

CK_TIMER J_|_—|_ —|_—|_—|_

CEN

update event
generate(UPG)

Reload Pulse

Update event (UPE)

PSC_CLK = TIMER_CK —|_—|_ﬂ_—|_|_|_|_|_|_|_|_|_|_|_|_|_
CNT_REG 17 @@@ ZIXEXEX: @@@@@@@

S

B TSCFGB6[4:0] are setting to a nonzero value (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_CHn (n=0..3). This mode can be selected
by setting TSCFG6[4:0] to 0x5~0x7 and 0x9/0xA.

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 TSCFG6[4:0] to 0x1~0x4.

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 TIMERXx_SMCFG register to 1. The other way to select the ETI signal as the clock
source is setting the TSCFG6[4:0] to 0x8. 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.

Clock 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 12-3. 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_CREPO+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
TIMERXx_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 12-4. Timing diagram of up counting mode, PSC=0/2 and Figqure 12-5. Timing

diagram of up counting mode, change TIMERx CAR ongoing show some examples of
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the counter behavior for different clock prescaler factors when TIMERx_CAR=0x99.

Figure 12-4. Timing diagram of up counting mode, PSC=0/2
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Figure 12-5. Timing diagram 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_CREPO+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.

Fiqure 12-6. Timing diagram of down counting mode, PSC=0/2 and Figure 12-7. Timing

diagram of down counting mode, change TIMERx CAR ongoing show some examples

of the counter behavior in different clock frequencies when TIMERXx_CAR = 0x99.

Figure 12-6. Timing diagram of down counting mode, PSC=0/2
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Figure 12-7. Timing diagram 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 0 alternatively. The timer module generates an overflow event when
the counter counts to (TIMERx_CAR-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 CHxIF bit is associated with the value of CAM[1:0] in
TIMERX_CTLO. The details refer to Figure 12-8. Timing diagram_of center-aligned

counting mode.

If the UPDIS bit in the 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.
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Figure 12-8. Timing diagram of center-aligned counting mode shows some examples of
the counter behavior when TIMERx_CAR=0x99. TIMERx_PSC=0x0.

Figure 12-8. Timing diagram of center-aligned counting mode
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Counter repetition

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 CREPO bit in
TIMERx_CREPO 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 counting mode.

Setting the UPG bit in the TIMERx_SWEVG register will reload the content of CREPO in
TIMERx_CREPOQO register and generate an update event.

The new written CREPO value will not take effect until the next update event. When the value
of CREPO is odd, and the counter is counting in center-aligned mode, the update event is
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generated (on overflow or underflow) depending on when the written CREPO value takes
effect. If an update event is generated by software after writing an odd number to CREPO, the
update events will be generated on the underflow. If the next update event occurs on overflow

after writing an odd number to CREPO, then the subsequent update events will be generated

on the overflow.

Figure 12-9. Repetition counter timing diagram of center-aligned counting mode
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Figure 12-10. Repetition counter timing diagram of up counting mode
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Figure 12-11. Repetition counter timing diagram of down counting mode
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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 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
(x=0...3) registers, at the same time the CHxIF (x=0..3) bits are set and the channel interrupt
is generated if it is enabled when CHXxIE =1 (x=0..3).

Figure 12-12. Input capture logic for channel 0
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The input signals of channelx (ClIx) can be the TIMERx_CHx signal or the XOR signal of the
TIMERx_CHO, TIMERx_CH1 and TIMERx_CH2 signals (just for CI0).

First, the input signal of channel (Clx) 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/ CHxNP bits. 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 into several steps as below:
Step1: Filter configuration (CHXCAPFLT bit in TIMERx_CHCTLO register).

Based on the input signal and quality of requested signal, configure compatible CHxCAPFLT
bit.

Step2: Edge selection (CHxP and CHxNP bits in TIMERx_CHCTL2 register).
Rising edge or falling edge, choose one by configuring CHxP and CHxNP bits.
Step3: Capture source selection (CHxMS bit in TIMERx_CHCTLO register).

As soon as selecting one input capture source by CHxMS, the channel must be set to input
mode (CHxMS! =0x000) and TIMERx_CHxCV cannot be written any more.

Step4: Interrupt enable (CHxIE and CHxDEN bits in TIMERx_DMAINTEN).
Enable the related interrupt to get the interrupt and DMA request.
Step5: Capture enable (CHXEN bit in TIMERx_CHCTL2).

Result: When the wanted input signal is captured, TIMERx_CHxCV will be set by counter’s
value and CHXxIF bit is asserted. If the CHxIF bit is 1, the CHxOF bit will also be asserted. The
interrupt and DMA request will be asserted or not based on the configuration of CHxIE and
CHxDEN bits bits 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_CHx pins. For example, PWM signal connects to CI0 input. Select CI0 as channel 0

capture signals by setting CHOMS to 3'b001 in the channel control register (TIMERx_CHCTLO)
and set capture on rising edge. Select CI0 as channel 1 capture signal by setting CH1MS to

3'b010 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 12-13. Output compare logic showS the logic circuit of output compare mode.
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Figure 12-13. Output compare logic
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In output compare mode, the TIMERXx can generate timed pulses with programmable position,
polarity, duration and frequency. When the counter matches the value in the TIMERx_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 TIMERx_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 CHXDEN=1.

So, the process can be divided into several steps as below:
Step1: 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 polarity by CHxP/CHXNP.

Enable the output by CHXEN/ CHXNEN.

[ |
[ |
[ |
[ |
Step3: Interrupt/DMA request enable configuration by CHxIE/CHxXDEN.

Step4: Compare output timing configuration by TIMERx_CAR and TIMERx_CHxCV.
The TIMERx_CHxCV can be changed ongoing to meet the expected waveform.

Stepb5: Start the counter by configuring CEN to 1.

Fiqure 12-14. Output-compare in_three _modes shows the three compare modes:
toggle/set/clear. CARL=0x63, CHxVAL=0x3.
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Figure 12-14. Output-compare in three modes
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PWM mode

In the PWM output mode (by setting the CHXCOMCTL bit to 4’b0110 (PWM mode 0) or to
4'b0111 (PWM mode 1)), the channel can generate PWM waveform according to the
TIMERx_CAR registers and TIMERx_CHXxCV 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. Figure 12-15. Timing diagram of EAPWM shows the EAPWM output and
interrupts waveform.

The CAPWM'’s period is determined by 2*TIMERx_CAR, and the duty cycle is determined by
2*TIMERX_CHXxCV. Figure 12-16. Timing diagram of CAPWM shows the CAPWM output
and interrupts waveform.

In up counting mode, if the value of TIMERx_CHXxCYV is greater than the value of counter, the
output will be always active in PWM mode 0 (CHxCOMCTL=4’b0110). And if the value of
TIMERx_CHXxCV is greater than the value of counter, the output will be always inactive in
PWM mode 1 (CHxCOMCTL=4'b0111).
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Figure 12-15. Timing diagram of EAPWM
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Figure 12-16. Timing diagram of CAPWM
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Composite PWM mode

In the composite PWM mode (CHxCPWMEN = 1’b1, CHxMS[2:0] = 3'b000 and CHxCOMCTL
=4'b0110 or 4'b0111), the PWM signal output in channel x (x=0..3) is composited by CHxVAL
and CHxCOMVAL_ADD bits.

If CHXCOMCTL = 4’b0110 (PWM mode 0) and DIR = 1'b0 (up counting mode), or
CHxCOMCTL = 4'b0111 (PWM mode 1) and DIR = 1’b1 (Down counting mode), the channel
x output is forced low when the counter matches the value of CHxVAL. It is forced high when
the counter matches the value of CHxCOMVAL_ADD.

If CHxCOMCTL = 4’b0111 (PWM mode 1) and DIR = 1'b0 (up counting mode), or
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CHxCOMCTL = 4’0110 (PWM mode 0) and DIR = 1’'b1 (down counting mode) the channel
x output is forced high when the counter matches the value of CHxVAL. It is forced low when
the counter matches the value of CHxCOMVAL_ADD.

When CHxVAL or CHXCOMVAL_ADD = 0/ CARL, the channel x output is specially processed,
and by setting the CHXPERFOREN bit in the TIMERx_CHCTL2 register, the OxCPRE output
is forced to either high or low level (determined according to the selected composite PWM
mode).

The PWM period is determined by (CARL + 0x0001) and the PWM pulse width is determined
by the Table 12-2.The composite PWM pulse width.

Table 12-2.The composite PWM pulse width
Condition Mode PWM pulse width
(CARL + 0x0001) +

CHXVAL < CHXCOMVAL_ADD PWM mode 0
(CHXVAL — CHXCOMVAL_ADD)
< CARL
PWM mode 1 (CHXCOMVAL_ADD — CHxVAL)
PWM mode 0 (CHXVAL - CHXCOMVAL_ADD)

CHxXCOMVAL_ADD < CHxVAL

(CARL + 0x0001) +
< CARL PWM mode 1

(CHXCOMVAL_ADD — CHxVAL)

PWM mode 0 (up

counting) or

100%
(CHxVAL = CHxCOMVAL_ADD < PWM mode 1 (down
CARL) or counting)
(CHxVAL > CARL PWM mode 0 (down
> CHXxCOMVAL_ADD) counting) or 0%
PWM mode 1 (up
counting)
PWM mode O(up
counting) or
PWM modeg)l(down 0%
CHXCOMVAL_ADD > CARL > counting)
CHxVAL PWM mode 0(down
counting) or 100%

PWM mode 1(up

counting)

(CHxVAL>CARL) and

- The output of CHx_O is keeping
(CHXCOMVAL_ADD > CARL)

When the counter reaches the value of CHxVAL, the CHXxIF bit is set and the channel x
interrupt is generated if CHxIE = 1, and the DMA request will be asserted, if CHxDEN=1.
When the counter reaches the value of CHXCOMVAL_ADD, the CHxCOMADDIF bit is set
(this flag just used in composite PWM mode, when CHxCPWMEN=1) and the channel x
additional compare interrupt is generated if CHXCOMADDIE = 1 (Only interrupt is generated,
no DMA request is generated).

According to the relationship among CHxVAL, CHxCOMVAL_ADD and CARL, it can be
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divided into four situations:

1) CHxVAL < CHxCOMVAL_ADD, and the values of CHxVAL and CHxCOMVAL_ADD
between 0 and CARL.

Figure 12-17. Channel x output PWM with (CHxVAL < CHxCOMVAL_ADD)
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. Interrupt signal
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Interrupt signal
CHXxIF
CHXCOMADDIF

2) CHxVAL = CHxCOMVAL_ADD, and the value of CHxVAL and CHxCOMVAL_ADD
between 0 and CARL.

Figure 12-18. Channel x output PWM with (CHxVAL = CHxCOMVAL_ADD)
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3) CHxVAL > CHxCOMVAL_ADD, and the value of CHxVAL and CHxCOMVAL_ADD
between 0 and CARL.
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Figure 12-19. Channel x output PWM with (CHxVAL > CHxCOMVAL_ADD)
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4) One of the value of CHxVAL and CHxCOMVAL_ADD exceeds CARL.

Figure 12-20. Channel x output PWM with CHxVAL or CHXxCOMVAL_ADD exceeds
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The composite PWM mode is intended to support the generation of PWM signals where the
period is not modified while the signal is being generated, but the duty cycle will be varied.
Figure 12-21. Channel x output PWM duty cycle changing with CHXCOMVAL ADD
shows the PWM output and interrupts waveform.

In some cases, the CHXCOMVAL_ADD match can happen on the next counter period (the
value of CHXCOMVAL_ADD was written after the counter reaches the value of CHxVAL, and
the value of CHXCOMVAL_ADD was less than or equal to the CHxVAL).
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Figure 12-21. Channel x output PWM duty cycle changing with CHxCOMVAL_ADD
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A cHxCOMVAL_ADD match

If more than one channels are configured in composite PWM mode, it is possible to fix an
offset for the channel x match edge of each pair with respect to other channels. This behavior
is useful in the generation of lighting PWM control signals where it is desirable that edges are
not coincident with each other pair to help eliminate noise generation. The CHxVAL register
value is the shift of the PWM pulse with respect to the beginning of counter period.

Figure 12-22. Four Channels outputs in Composite PWM mode
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Asymmetric PWM mode

Asymmetric PWM mode allows two center-aligned PWM signals to be generated with a
programmable phase shift. In the asymmetric PWM mode (CHxCOMCTL[3:0]=4'b1010 /
4’b1011 and CHxMS[2:0] = 3’'b000), the PWM signal output in channel x (x=0..3) is
composited by CHxVAL and CHxCOMVAL_ADD bits. The asymmetric PWM mode is only
available in the center-aligned counting mode.
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If CHXCOMCTL = 4'b1010 (asymmetric PWM mode 0) and DIR = 1'b0 (up counting mode),
the channel x output is forced low when the counter matches the value of CHxVAL.

If CHXCOMCTL =4'b1010 (asymmetric PWM mode 0) and DIR = 1’b1 (down counting mode),
the channel x output is forced high when the counter matches the value of CHXCOMVAL_ADD.

If CHXCOMCTL = 4'b1011 (asymmetric PWM mode 1) and DIR = 1'b0 (up counting mode),
the channel x output is forced high when the counter matches the value of CHxVAL.

If CHXCOMCTL =4’b1011 (asymmetric PWM mode 1) and DIR = 1’b1 (down counting mode),
the channel x output is forced low when the counter matches the value of CHXCOMVAL_ADD.

Compared to composite PWM mode, asymmetric PWM mode is only valid with center-aligned
mode, and the CHxVAL is only valid when counting up and CHXCOMVAL_ADD is only valid
when counting down. When CHxVAL or CHxCOMVAL_ADD = 0/ CARL, the channel x output
is specially processed, and by setting the CHXPERFOREN bit in the TIMERx_CHCTL2
register, the OxCPRE output is forced to either high or low level (determined according to the
selected asymmetric PWM mode).

When CHxVAL =0, the channel x output level is low in Asymmetric PWM mode 0. When
CHxVAL =0, the channel x output level is high in Asymmetric PWM mode 1.

When CHxCOMVAL_ADD =0, the channel x output level is high in Asymmetric PWM mode
0. When CHxCOMVAL_ADD =0, the channel x output level is low in Asymmetric PWM mode
1.

When CHxVAL = CARL, the channel x output level is low in asymmetric PWM mode 0. When
CHxVAL = CARL, the channel x output level is high in Asymmetric PWM mode 1.

When CHxCOMVAL_ADD = CARL, the channel x output level is high in asymmetric PWM
mode 0. When CHxCOMVAL_ADD = CARL, the channel x output level is low in Asymmetric
PWM mode 1.

The PWM period is determined by 2*CARL and the PWM pulse width is determined by the
following table Table 12-3.The asymmetric PWM pulse width.

Table 12-3.The asymmetric PWM pulse width

Condition Mode PWM pulse width
CHxVAL < CHXCOMVAL_ADD i CHXCOMVAL_ADD +
Asymmetric PWM mode 0
< CARL or CHxVAL
CHxCOMVAL_ADD < CHxVAL 2*CARL —
< CARL or Asymmetric PWM mode 1 CHxCOMVAL_ADD —
CHxVAL = CHXCOMVAL_ADD CHXxVAL
Asymmetric PWM mode 0 100%
CHxVAL > CARL > CHXCOMVAL_ADD
Asymmetric PWM mode 1 0%
Asymmetric PWM mode 0 0%
CHXCOMVAL_ADD > CARL > CHxVAL
Asymmetric PWM mode 1 100%
(CHxVAL>CARL)and The output of CHx_O is
(CHXCOMVAL_ADD > CARL) keeping
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When the counter reaches the value of CHxVAL, the CHXxIF bit is set and the channel x
interrupt is generated if CHxIE = 1, and the DMA request will be asserted, if CHXDEN=1.
When the counter reaches the value of CHXCOMVAL_ADD, the CHxCOMADDIF bit is set
(this flag just used in Composite PWM mode and Asymmetric PWM mode, when
CHxCOMCTL][3:2]= 2’b10) and the channel x additional compare interrupt is generated if
CHxCOMADDIE = 1 (Only interrupt is generated, no DMA request is generated).

According to the relationship among CHxVAL, CHxCOMVAL_ADD and CARL, it can be
divided into three situations:

1) CHxVAL < CHxCOMVAL_ADD, and the values of CHxVAL and CHxCOMVAL_ADD
between 0 and CARL.

Figure 12-23. Channel x output PWM with
CHxCOMVAL_ADD < CHxVAL)
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CARL

CARL
CH1COMVAL
_ADD
CH2vAL _|

( CHxXVAL < CHxCOMVAL_ADD /

e o

CH2COMVAL
_ADDT
CHIVAL

0o

Asymmetric
PWM mode 0 | |
O1CPRE 3 L
Asymmetric | |
PWM mode 1
O1CPRE
Asymmetric
PWM mode 0 : . |
O2CPRE : ! '
Asymmetric | ; ‘
PWM mode 1 1 i ;
O2CPRE ! [ J

—

L
b. 0 < CH1VAL < CH1COMVAL_ADD = CARL /0 < CH2COMVAL_ADD < CH2VAL =

CARL, and CH1VAL = CH2COMVAL_ADD

CHICOMVAL_ADD _ _
=CH2VAL=CARL

CH2COMVAL _
ADD=CH1VAL —

o

Asymmetric

PWM mode 0

OI1CPRE e —
Asymmetric | |
PWM mode 1

O1CPRE I I

Asymmetric
PWM mode 0
O2CPRE
Asymmetric
PWM mode 1
O2CPRE




&

GigaDevice

GD32F50x User Manual

c. 0=CH1VAL < CH1COMVAL_ADD < CARL /0 = CH2COMVAL_ADD < CH2VAL <

CARL, and CH1COMVAL_ADD = CH2VAL

CARL
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2) CHxVAL = CHxCOMVAL_ADD, and the value of CHxVAL and CHxCOMVAL_ADD

between 0 and CARL.

Figure 12-24. Channel x output PWM with (CHxVAL = CHxCOMVAL_ADD)
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3) One of the value of CHxVAL and CHXxCOMVAL_ADD exceeds CARL.

Figure 12-25. Channel x output PWM with CHxVAL or CHxCOMVAL_ADD exceeds

CARL

0 < CH1VAL < CARL < CH1COMVAL_ADD / 0 < CH2COMVAL_ADD < CARL < CH2VAL
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Output match pulse select

Basing on that CHx_O (x=0..3) outputs are configured by CHxCOMCTL[3:0] (x=0..3) bits
when the match events occur, the output signal is configured by CHXOMPSEL][1:0] (x=0..3)
bit to be normal or a pulse.

When the match events occur, the CHXOMPSEL[1:0] (x=0..3) bits are used to select the
output of OXxCPRE which drives CHx_O:

B CHxOMPSEL = 2'b00, the OxCPRE signal is output normally with the configuration of
CHXxCOMCTL]3:0] bits;

B CHxOMPSEL = 2’b01, only the counter is counting up, the OxCPRE signal is output a
pulse when the match events occur, and the pulse width is one CK_TIMER clock cycle.

B CHxOMPSEL = 2'b10, only the counter is counting down, the OXCPRE signal is output
a pulse when the match events occur, and the pulse width is one CK_TIMER clock cycle.

B CHxOMPSEL = 2’b11, both the counter is counting up and counting down, the OXCPRE
signal is output a pulse when the match events occur, and the pulse width is one
CK_TIMER clock cycle.
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Figure 12-26. CHx_O output with a pulse in edge-aligned mode (CHXOMPSEL#2’b00)
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Figure 12-27. CHx_O output with a pulse in center-aligned mode (CHxOMPSEL+#2’b00)
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Channel output prepare signal

As is shown in Figure 12-13. Output compare logic, when TIMERX is configured in compare

match output mode, a middle signal named OxCPRE (channel x output prepare signal) will
be generated before the channel outputs signal.

The OxCPRE signal has everal types of output function. The OxCPRE signal type is defined
by configuring the CHxCOMCTL bit.

Take OxCPRE as an example for description below, these include keeping the original level
by configuring 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
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TIMERXx_CHXxCYV 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 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
(OCPRECIVM = 1) or underflow/overflow event occurs (OCPRECIVM = 0).

Outputs Complementary

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 pairs of channels, all the four
pairs 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&CHPOENXx(x=0...2), ROS and I0S bits in the TIMERx_CCHPO register, ISOx and
ISOxN bits in the TIMERx_CTL1 register. The output polarity is determined by CHxP and
CHxNP bits in the TIMERx_CHCTL2 register.

When the the outputs of CHx_O and CHx_ON are complementary, there are three situations:
output enable. output off-state and output disabled. The details are shown in Table 12-4.
Complementary outputs controlled by parameters.
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Table 12-4. Complementary outputs controlled by parameters

Complementary Parameters

Output Status

POEN
&CHP| ROS | IOS | CHXEN |CHxNEN CHx_O CHx_ON
OENx
0 CHx_O/CHx_ON = LOW
0 CHx_O / CHx_ON output disable®,
CHx_O/ CHx_ON output “off-state” @:
0 0 the CHx_O/ CHx_ON output inactive level firstly: CHx_O =
. CHxP, CHx_ON = CHxNP; If the clock for deadtime
0 o/ 1 generator is present, after a deadtime: CHx_O = ISOXx,
CHx_ON = ISOxN. @
CHx_O/ CHx_ON output “off-state™:
the CHx_O/ CHx_ON output inactive level firstly: CHx_O
1 X X = CHxP, CHx_ON = CHxNP; If the clock for deadtime
generator is present, after a deadtime: CHx_O = ISOx,
CHx_ON = ISOxN.
0 CHx_O/ CHx_ON = LOW
CHx_O/ CHx_ON output disable.
0 CHx_ON =OxCPRE ®®
CHx_O =LOW
1 ) CHxNP
CHx_O output disable.
0 CHx_ON output enable.
0 CHx_O=0OxCPRE ® CHxP CHx_ON = LOW
CHx_O output enable. CHx_ON output disable.
1 CHx_ON = (I OXCPRE)® &
CHx_O=0OxCPRE @ CHxP
1 CHxNP
CHx_O output enable.
1 0/1 CHx_ON output enable.
0 CHx_O = CHxP CHx_ON = CHxNP
0 CHx_O output “off-state”. | CHx_ON output “off-state”.
1 CHx_O = CHxP CHx_ON =OxCPRE ® CHxNP
CHx_O output “off-state” CHx_ON output enable
1 0 CHx_O=0OxCPRE ® CHxP CHx_ON = CHxNP
CHx_O output enable CHx_ON output “off-state”.
1 CHx_ON = (! OXCPRE) ®
CHx_O=0OxCPRE ® CHxP
1 CHxNP
CHx_O output enable
CHx_ON output enable.
Note:

(1) output disable: the CHx_O / CHx_ON are disconnected to corresponding pins, the pin is

floating

with GPIO pull up/down setting which will be Hi-Z if no pull.
(2) “off-state” CHx_O / CHx_ON output with inactive state (e.g., CHx_O = (0 ® CHxP) = CHxP).

(3) See Break mode section for more details.

(4) @: Xor calculate.
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(5) (! OXCPRE): the complementary output of the OxCPRE signal.

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&CHPOENx(x=0...2) to 1. The field named DTCFG
defines the dead time delay that can be used for all channels. Refer to the Complementary
channel protection register 0 (TIMERx CCHPO) 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 channel x match event (TIMERx_CNT = CHxVAL) occurs, OxCPRE will be toggled
in PWM mode 0. At point A in Figure 12-28. 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_CNT = 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 shown in Figure 12-28. Complementary output with dead time
insertion).

Figure 12-28. Complementary output with dead time insertion

CARL -
CHXVAL -
0 | |
| | |
OXCPRE } } [ [ 1 [ 1 [ 1 [
R S g SN o S g N N —_—
-2 & : : -
CHxON— [ 1 T
AN ¢
Deadtime
Corner case:
Deadtime > pulse width )
L~ Pulse width
CHx_O  t
: E\Deadtime
CHx_ON \ =l ] I I |
Deadtime

By configuring the DTIENCHx (x=0...3) bit in the TIMERx_CTL2 register to realize the
independent control of dead-time insertion function for each pair of channels. When the
DTIENCHx (x=0...3) bit is “0”, the corresponding channels CHx_O and CHx_ON will not be
inserted into the dead-time.
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Different dead time insertion

The CHx_O and CHx_ON signal can output with different dead time when the DTDIFEN bit
(in the TIMERXx_CCHP1register) is set to 1. As shown in Figure 12-29. Complementary
output with different dead time(DTDIFEN=1).

The rising edge dead time of the channel output prepare signal OXCPRE is configured by the
DTCFGJ7:0] bit-field in the TIMERXx_CCHPO register. And the falling edge dead time of the
OxCPRE signal is configured by the DTFCFG[7:0] bit-field in the TIMERX_CCHPL1 register.

The DTDIFEN bit must be written before enabling the counter and cannot be modified while
CEN=1.

Figure 12-29. Complementary output with different dead time(DTDIFEN=1)

CARL
CHxVAL
0
| | |
OXCPRE [ [ [
ewo 1M i mF
S« > «|: .
cmon —A AN N e N

DTFCFG[7:0] DTCFGI7:0]
Falling edge Rising edge

Break function

In this mode, the output CHx_O and CHx_ON are controlled by the POEN, I0S and ROS bits
in the TIMERx_CCHPO register, ISOx and ISOxN bits in the TIMERx_CTL1 register and
cannot be set both to active level when break occurs.

The break event is the result of logic ORed of all sources. The break functions can handle
two types of event sources:

B External sources: coming from BRKINO inputs;

B System sources: LVD lock event, Cortex®-M33 LOCKUP_LOCK event or SRAM ECC
event;

B On-chip peripheral events: input by comparator output.

Break events can also be generated by software using BRKG bit in the TIMERx_SWEVG
register.

Refer to Figure 12-30. BREAK function logic diagram, BRKINO can select GPIO pins from
the TRIGSEL module, which can select by Trigger selection for TIMERO BRKIN register
(TRIGSEL TIMEROBRKIN) and Trigger selection for TIMER7 BRKIN register
(TRIGSEL TIMER7BRKIN).
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Figure 12-30. BREAK function logic diagram

LVD lock event
LOCKUP_LOCK event
SRAM ECC event

BRKINO BRKINOEN

BRKINOP Digital

CMPO_OUT | BRKCMPOEN Filter
BRKCMPOP

BREAK can be used to handle the faults of system sources, on-chip peripheral events and

Output
Logic

external sources. When a BREAK event occurs, the outputs are force at an inactive level, or
at a predefined level (either active or inactive) after a deadtime duration.

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_CTL1 register. If IOS = 0, the timer releases the enable output, otherwise, the enable
output remains high. When 10S=1, the output behavior of the channel is shown in Figure
12-31. Output behavior of the channel in response to BREAK (the break input high
active and 10S=1). 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.

Figure 12-31. Output behavior of the channel in response to BREAK (the break input
high active and 10S=1)

BREAK

OxCPRE

| |
CHXEN: 1 CHXNEN: 1| CHx_O | =1SOx |
CHxP :0 CHxNP :0 | I
ISOxX = ~ISOXN CHx_ON | = ISOxN |
| |
| |
| |
CHXEN: 1 CHXNEN: 0 | CHx_O = 1SOx |
CHxP:0 CHxNP :0 |
ISOx = ~ISOXN CHx_ON | =ISOXN |
|
|
|
|

CHXEN: 1 CHXNEN: 0| CHx_O |_|

CHxP :0 CHxNP :0
ISOx = ISOxXN CHx ON

Table 12-5. Output behavior of the channel in response to a BREAK (the break input is
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high active)

BREAK Output Status

inputs CHx_O CHx_ON

I0S=1: CHx_O output is inactive and then | 10S=1: CHx_ON output is inactive and
output to idle level (by I0Sx bit) after a | then output to level (by IOSxN bit) after a

High o L
deadtime time. deadtime time.
I0S=0: CHx_O output disable (inactive). |I0S=0: CHx_ON output disable (inactive).
Low CHx_O output disable (inactive). CHx_ON output disable (inactive).

When a break occurs, the BRKIF bit in the TIMERx_INTF register will be set. If BRKIE is 1,
an interrupt will be generated.

By configuring the BEKENCHXx (x=0...3) bit in the TIMERx_CTL2 register to realize the
independent control of break function for each pair of channels. When the BEKENCHXx(x=0...3)
bit is “0” and a break event occurs, the corresponding channels CHx_O and CHx_ON will not
be changed and the outputs is keeping.

To enhance the flexibility of the break function, for the advanced timers, each pair of channels
has a separate break input CHBRKXxIN (x=0...2), and can be individually broken when the
corresponding CHBRKXIN (x=0...2) input is active. The channel break can be enabled by
setting the CHBRKEN bit in the TIMERx_CCHPO register. Additionally, the polarity of channel
break is configured by setting the CHBRKP bit in the TIMERx_CCHPO register.

Furthermore, if the channel x break is enabled, CHx_O and CHx_ON (x=0...2) are controlled
not only by POEN but also by CHPOENXx (x=0...2). The output of CHx and CHx_ON (x=0...2)
after being broken is the same as described for the BREAK functionality. Each channel break
input has its own enable bit CHBRKXINEN (x=0...2) and polarity control bit CHBRKxINP
(x=0...2), and shares the same filter configuration field BRKF[3:0] with BREAK. Please refer
to Figure 12-32. Channel break function logic diagram.

When the channel x (x=0...2) break input is active, the corresponding channel break flag bit
CHxBRKIF (x=0...2) is set to 1. If the channel x (x=0...2) break input is active for multiple
periods, flag bit CHXBRKMIF(x=0...2) will be set to 1. The period counts can be determined
by configuring the TIMERx_CHBRKPER register.

Figure 12-32. Channel break function logic diagram

POEN
CHBRKEN

)
CHxBRKIN pins | CHBRKXINEN Digital

(x=0..2) CHBRKXINP Filter

Output
Logic

Quadrature decoder
The quadrature decoder function uses two quadrature inputs CI0 and CI1 derived from the
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TIMERx_CHO and TIMERx_CH1 pins respectively to interact with each other to generate the
counter value.

Setting TSCFGy[4:0] (y=0, 1, 2) = 5’b00000 to select that the counting direction of timer is
determined only by the CIO, only by the CI1, or by the CI0 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 12-6. Counting direction in different quadrature decoder signals. The CIOFEQ and

CHMFE1 are the signals of the CI0 and CI1 after the filtering and polarity selection. 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 12-6. Counting direction in different quadrature decoder signals

Counting mode Level - .CIOFEO - - .CIlFEl -
Rising | Falling | Rising | Falling
Quadrature decoder mode 0 CI1IFE1=1 | Down Up - -
TSCFGO[4:0]'= 5'b00000 CI1FE1=0 Up Down - -
Quadrature decoder mode 1 CIOFEO=1 - - Up Down
TSCFG1[4:0]'= 5’b00000 CIOFE0=0 - - Down Up
CI1FE1=1 | Down Up X X
Quadrature decoder mode 2 CI1FE1=0 Up Down X X
TSCFG2[4:0]'= 5’00000 CIOFEO=1 X X Up Down
CIOFEO=0 X X Down Up

Note: "-" means "no counting"; "X" means impossible. "0” means “low level”, ”1” means “high
level”.

Figure 12-33. Example of counter operation in quadrature decoder interface mode
CIOFEO —|

CI1FE1

il

T

Counter UupP _I_d|o_wr\1—|_‘

Figure 12-34. Example of quadrature decoder interface mode with CIOFEQ polarity

[
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inverted
CIOFEO __| —I
CIIFEL |
_|
Counter down UP

Quadrature decoder and decoder clock output

TIMERSs can output the decoder clock output signal as TRGO. This function can be enabled
by setting the MMC[3:0] bit-field to 4’b1000 in the TIMERX_CTL1 register, and just used in
quadrature decoder mode 0~2.

Hall sensor function

Hall sensor is generally used to control BLDC motor; the advanced timer supports this
function.

Figure 12-35. Hall sensor is used for BLDC motor shows how to connect the timer and the

motor. And two timers are needed. TIMER _in(Advanced/General LO TIMER) is used to accept
three rotor position signals of motor from hall sensors.

Each of the 3 hall sensors provides a pulse which is applied to an input capture pin, then both
the speed and position of rotor can be calculated by analyzing the hall sensor signals.

By the internal connection function (TRGO-ITIx), TIMER in and TIMER out can be
connected. TIMER_out will generate PWM signals to control the speed of BLDC motor based
on the ITIx. Then, the feedback circuit is finished, you can change the configuration to fit your
request.

Because the advanced/general LO TIMER has the input XOR function, they can be used as
the TIMER _in timer. And the advanced timer has the functions of complementary output and
dead time, so it can be used as the TIMER out timer. Else, based on the timer’s internal
connection relationship, pair’s timers can be selected. For example:

TIMER_in (TIMERO) -> TIMER_out (TIMER? ITIO)
TIMER_in (TIMER1) -> TIMER_out (TIMERO IT)

After appropriate interconnected timers are selected and wires are connected, the timers
need to be configured. Some key settings are as follows:

B Enable XOR by setting TIOS, then, the change of each input signal will make the CIO
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toggle. CHOVAL will record the current value of counter.

B Choose ITIx to trigger commutation by configuring CCUC and CCSE.

B Configure PWM parameters based on the requests.

Figure 12-35. Hall sensor is used for BLDC motor

Hall Sensor Rotor
Position signals

BLDC
Motor

Driver Motor

GPIO

TIMER_in

Input capture

~ >

il

TIMER_out

Output compare
PWM output

MCU
Core

MCU
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Figure 12-36. Hall sensor timing between two timers

Advanced/General LO TIMER_in under input capture mode

CHO_INPUT , . .
| | [
CH1_INPUT | | | T
CH2_INPUT I | . o
CIO(OXR)
Counter
/
crovaL < X va Xvb X ve X X X X X XD

Advanced TIMER_out under output compare mode(PWM with Dead-time)

Master-slave management

The TIMERx can be synchronized with a trigger in several modes including restart mode,
pause mode and event mode and so on, which is selected by the TSCFGy[4:0] (y=3..6) in
SYSCFG_TIMERXCFG(x=0,7).

Table 12-7. Examples of slave mode

Mode Selection Source Selection | Polarity Selection | Filter and Prescaler

00101: CIOF_ED

TSCFGy[4:0] If CIXFEx (x=0...3)|For the ITIx, no filter
TSCFGy[4:0] 00000:Mode are selected as theland prescaler can be
y=3: restart mode disable trigger source,|used.

LIST y=4: pause mode 00001: ITIO configure the CHXxP|For the CIx, filter can
y=5: event mode 00010: ITIZ and CHxNP for the|be used by configuring
y=6: external clock|00011: ITI2 polarity selection and|CHxCAPFLT, no
mode 0 00100: ITI3 inversion. prescaler can be used.

If ETIFP (the filtered

For the ETIFP, filter
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Mode Selection

Source Selection

Polarity Selection

Filter and Prescaler

00110: CIOFEO
00111: CI1FE1
01000: ETIFP®
01001: CI2FE2
01010: CISFE3

output of external
trigger input ETI) is
selected as the trigger

source, configure the

ETP for polarity
selection and
inversion.

can be used by
configuring ETFC and
prescaler can be used

by configuring ETPSC.

Restart mode
be

restart

The counter will

cleared and

when a rising edge of

trigger input comes.

TSCFG3[4:0]
5'b00001, ITIO is
selected.

For ITIO, no polarity
selector can be used.

For the ITIO, no filter
and prescaler can be

used.

Figure 12-37. Restart mode

Examl TIMER_CK —|_
CEN
CNT_REG 5E |X 5FX 60X 61X 62X 63X 00X 01 o @@@
UPIF |
ITI0 |_
Internal sync delay
TRGIF —
Pause mode TI0S=0 (Non-xor)
The counter will be [CHONP=0, CHOP=0]
) TSCFG4[4:0] ) ) ]
paused when the trigger —5b00110 CIOFEO does not|Filter is bypassed in
input is low, and it will ' invert. The capture|this example.

start when the trigger

CIOFEQ is selected.

event will occur on the

input is high. rising edge only.
Figure 12-38. Pause mode
seme weroe [ UL UUHHULUUULLUL
CEN __ |
CNT_REG 5E 5F>@><I
clo |
CIOFEQ
TRGIF |/
Exam3 Event mode TSCFG5[4:0] ETP =0, the polarity of ETPSC = 1, ETI is
The counter will start to|=5’b01000, ETI does not change. |divided by 2.
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Mode Selection Source Selection | Polarity Selection | Filter and Prescaler
count when a rising|ETIFP is selected. ETFC = 0, ETI does
edge of trigger input not filter.
comes.

Figure 12-39. Event mode

ETIFP

CNT_REG 5E| 5FX 60X 6

TRGIF

Single pulse mode

Single pulse mode is opposite to the repetitive mode, which can be 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 bit.

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 O 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 TIMERx_CHXxCV value. After a trigger rising occurs in the single
pulse mode, the OxCPRE signal will immediately be forced to the state which the OxCPRE
signals will change to, as the compare match event occurs without taking the comparison
result into account.

Single pulse mode is also applicable to composite PWM mode (CHXxCPWMEN = 1’b1 and
CHxMS[2:0] = 3'b000).
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Figure 12-40. Single pulse mode TIMERx_CHxCV=0x04, TIMERx_CAR=0x60
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cii | /
3 066000066C
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Timers interconnection

The timers can be internally connected 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 show several examples of trigger
selection for the master mode and slave mode.

Some interconnection examples:
B TIMER2 as the prescaler for TIMERO
TIMER?2 is configured as a prescaler for TIMERQO, steps are shown as follows:

1. Configure TIMERZ2 in master mode and select its update event (UPE) as trigger output
(MMC=4’b0010 in the TIMER2_CTL1 register). Then TIMERZ2 drives a periodic signal on
each counter overflow.

2. Configure TIMERZ2 period (TIMER2_CAR register).

3. Configure TIMERO in external clock mode 0 and select the TIMER2 as TIMERO input
trigger source (TSCFG6[4:0] = 5’00011 in the SYSCFG_TIMEROCFG1 register).

4. Start TIMERO by writing ‘1’ to the CEN bit (TIMERO_CTLO register).

Start TIMERZ2 by writing ‘1’ to the CEN bit (TIMER2_CTLO register).

Start TIMERO with TIMERZ2’s enable/update signal

o

First, enable TIMERO with the enable signal of TIMER2. Refer to Figure 12-41. Trigger mode
of TIMERO controlled by enable signal of TIMER2. TIMERO starts counting from its current

value with the divided internal clock after being triggered by TIMERZ2 enable signal output.

When TIMERO receives the trigger signal, its CEN bit is set automatically and the counter
counts until TIMERO is disabled. Both clock frequency of the counters is divided by 3 from
TIMER_CK (fesc_cik = frimer_ck /3). Steps are shown as follows:

1. Configure TIMER2 in master mode to send its enable signal as trigger output
(MMC=4’b0001 in the TIMER2_CTL1 register).

2. Configure TIMERO in event mode and select the TIMER2 as TIMERQO input trigger source
(TSCFG5[4:0] = 5’b00011 in the_SYSCFG_TIMEROCFGO register).
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3. Start TIMER2 by writing 1 to the CEN bit (TIMER2_CTLO register).

Figure 12-41. Trigger mode of TIMERO controlled by enable signal of TIMER2
TIMER2

e o [T UUHUUUUUULUUL
CEN Q |

CNT_REG 61 2 X s
TIMERO
TRGIF
CNT_REG u 2 X g3 X[ w ><:

In this example, the update event can also be used as trigger source instead of enable signal.
Refer to Figure 12-42. Trigger mode of TIMERO controlled by update signal of TIMER2.
Steps are shown as follows:

1. Configure TIMER2 in master mode to send its update event (UPE) as trigger output
(MMC=4'b0010 in the TIMER2_CTL1 register).

2. Configure the TIMER2 period (TIMER2_CARL registers).

3. Configure TIMERO in event mode and select the TIMER2 as TIMERQO input trigger source
(TSCFG5[4:0] = 5’b00011 in the_SYSCFG_TIMEROCFGO register).

4. Start TIMER2 by writing ‘1’ to the CEN bit (TIMER2_CTLO register).

Figure 12-42. Trigger mode of TIMERO controlled by update signal of TIMER2

TIMER2
meer ek [T UUULUUUUHULUULHL
UPE ]
ontree X @ X ® 00 a X e X
TIMERO
TRGIF
CEN
CNT_REG 1 12 X 3 “ ><

B Enable TIMERO to count with the enable/O0CPRE signal of TIMER2.

In this example, TIMERO is enabled with the enable signal of TIMER2. Refer to Figure 12-43.
Pause mode of TIMERO controlled by enable signal of TIMER2. TIMERO counts with the
divided internal clock only when TIMER?2 is enabled. Both clock frequency of the counters is
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divided by 3 from TIMER_CK (fpsc_cLk = frimer_ck/3). Steps are shown as follows:

1.

Configure TIMER2 in master mode and output enable signal as trigger output
(MMC=4'b0001 in the TIMER2_CTL1 register).

Configure TIMERO in pause mode and select the TIMER2 as TIMERO input trigger
source (TSCFG4[4:0] = 5’b00011 in the_SYSCFG_TIMEROCFGO register).

Enable TIMERO by writing ‘1’ to the CEN bit (TIMERO_CTLDO register).

Start TIMERZ2 by writing ‘1’ to the CEN bit (TIMER2_CTLO register).

Stop TIMER2 by writing ‘0’ to the CEN bit (TIMER2_CTLO register).

Figure 12-43. Pause mode of TIMERO controlled by enable signal of TIMER2

TIMER2

wer ok [ UHUUUTUUULUUL
CEN Q

CNT_REG 61 62 X 63
TIMERO
TRGIF
CNT_REG 1 2 X1

In this example, OOCPRE can also be used as trigger source instead of enable signal output.

Steps are shown as follows:

1.

Configure TIMERZ2 in master mode and OOCPRE as trigger output (MMS=3’b100 in the
TIMER2_CTLA1 register).

Configure the TIMER2 O0CPRE waveform (TIMER2_CHCTLO register).

Configure TIMERO in pause mode and select the TIMERZ2 as TIMERO input trigger source
(TSCFG4[4:0] = 5’b00011 in the_SYSCFG_TIMEROCFGO register).

Enable TIMERO by writing ‘1’ to the CEN bit (TIMERO_CTLO register).

Start TIMERZ2 by writing ‘1’ to the CEN bit (TIMER2_CTLO register).
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Figure 12-44. Pause mode of TIMERO controlled by O0CPRE signal of TIMER2
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B Using an external trigger to start two timers synchronously.

The start of TIMERQO is triggered by the enable signal of TIMER2, and TIMER2 is triggered by
its CIO input rising edge. To ensure that two timers start synchronously, TIMER2 must be
configured in master/slave mode. Steps are shown as follows:

1. Configure TIMER2 in event mode and select the CIOF_ED as TIMER2 input trigger
source (TSCFG5[4:0] = 5’b00101 in the_SYSCFG_TIMER2CFGO register).

2. Configure TIMER2 in master/slave mode by writing MSM=1 (TIMER2_SMCFG register).
Configure TIMERO in event mode and select the TIMER2 as TIMERO input trigger source
(TSCFG5[4:0] = 5’b00011 in the_SYSCFG_TIMEROCFGO register).

When the CIO signal of TIMER2 generates a rising edge, two timer counters start counting
synchronously with the internal clock and both TRGIF flags are set.
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Figure 12-45. Trigger TIMERO and TIMER2 by the CI0 signal of TIMER2
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Counter synchronization and counter initial direction and value refresh

In some interconnection configurations, several timers are triggered and synchronized to start
counting at the same time. several timers may have phase offsets after long counts and the
phase offsets is eliminated by periodically refreshing the synchronization counter with an
external trigger, it is possible to control the initial value of the phase between several timers
by configuring counter initial control register(TIMERXx_CINITV).

Four slave timers are configured to exist in the same trigger input source. The initial values
of the timer can be preload by setting the CINITVEN bit of the TIMERX_CINITCTL register. In
the following figure, the initial load of the four slave timers is 0,20,40,60 respectively.So there's
an arithmetic shift of 20 CK_TIMER.

The 9998 count in the figure below shows the phase shift between the counter buses of
different timers after a long count. The four timers count value is refreshed synchronization
by trigger output of basic timer, and the phase offset is avoided.
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Figure 12-46. Triggering four timers by trigger out of basic timer
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The counting direction after resetting the counter can be configured by CINITDIR bit in
TIMERX_CINITCTL register when the counter is in center-aligned counting mode. CINITDIR
only takes effect when CINITVEN in TIMERX_CINITCTL register is enabled, and CINITDIR
does not take effect when the counter is in up/down counting mode.

When CINITDIR is 0, the counting direction is up after resetting the counter. When CINITDIR
is 1, the count direction is down after resetting the counter.

Figure 12-47. Counting direction in CINITDIR is 0 or 1

triggerin triggerin

l |

CARL=100 CINITDIR=1

CINITDIR=0

The counter initial direction and value also can refresh by soft synchronization event. When
SWSYNCG bit in TIMERx_CINITCTL register is set, a soft synchronization event generated,
and TIMERXx can refresh the counter initial direction and value.

When the advanced TIMERX is used in master mode to synchronize the other advanced
timers, the MMCJ[3:0] bit-field (in TIMERx_CTL1 register) should set to 4'b1001. The soft
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synchronization event (generated by setting the SWSYNCG to 1) of TIMERX which can output
as the TRGO signal, is used to synchronize the other advanced timers.

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. TIMERX 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 TIMERx_DMATB to an internal register, appointed by the
field of DMATA in TIMERx_DMACEFG. 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, TIMERXx will repeat the process above.

Timer debug mode

When the Cortex®-M33 is halted, and the TIMERx_HOLD configuration bit in DBG_CTL
register is set to 1, the TIMERX counter stops.
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12.1.5. Registers definition (TIMERX, x=0, 7)
TIMERO base address: 0x4001 2C00
TIMERY base address: 0x4001 3400
Control register 0 (TIMERx_CTLO)
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 CKDIV[1:0] ‘ ARSE ‘ CAM[1:0] ‘ DIR ‘ SPM ’ UPS ‘ UPDIS ‘ CEN |
rw rw rw rw w rw w rw
Bits Fields Descriptions
31:10 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
CK_TIMER (the timer clock) and DTS (the dead time and sampling clock) which is
used for the dead time generator and the digital filter.
00: fors= fck_TiMER
01: fors= fck_TImMER /2
10: fors= fck_TIMER /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 align 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 in center-
aligned mode and channel is configured in output mode (CHxMS = 3'b000 in
TIMERXx_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 in center-
aligned mode and channel is configured in output mode (CHxMS = 3'b000 in
TIMERXx_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 in
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center-aligned mode and channel is configured in output mode (CHxMS = 3'b000
in TIMERXx_CHCTLDO register). Both when the counter is counting up and counting
down, compare interrupt flag of channels can be set.

After the counter is enabled, these bits 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 decoder
mode.

3 SPM Single pulse mode
0: Single pulse mode is disabled. Counter continues after an update event.

1: Single pulse mode is enabled. The CEN bit 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 generates an update interrupt or a 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 a 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 generated 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 UPG bit is set or 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 mode,
pause mode or decoder mode. While in event mode, the hardware can set the CEN

bit automatically.

Control register 1 (TIMERx_CTL1)

Address offset: 0x04
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
‘ CCuC[2:1] ‘ Reserved ‘ MMC[3] ‘ Reserved |
rw I\
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ ISO3N ‘ 1SO3 ‘ ISO2N ‘ 1SO2 ‘ ISOIN ‘ 1ISO1 ‘ ISOON ‘ 1ISO0 ‘ TIOS ‘ MMC[2:0] ‘ DMAS ‘CCUC[O] Reserved | CCSE |
w w w w w w w w w w w w w
Bits Fields Descriptions
31:30 CCuUCJ2:1] Commutation control shadow register update control

Refer to CCUC [0] description.
29:26 Reserved Must be kept at reset value.

25 MMCJ3] Master mode control
Refer to MMC[2:0] description.

24:16 Reserved Must be kept at reset value.

15 ISO3N Idle state of multi mode channel 3 complementary output.
Refer to ISOON bit.

14 1ISO3 Idle state of channel 3 output.
Refer to 1ISOO bit.

13 ISO2N Idle state of multi mode channel 2 complementary output.
Refer to ISOON bit

12 1ISO2 Idle state of channel 2 output
Refer to ISOO bit

11 ISO1IN Idle state of multi mode channel 1 complementary output
Refer to ISOON bit

10 1ISO1 Idle state of channel 1 output
Refer to ISOO bit

9 ISOON Idle state of multi mode channel O complementary output
0: When POEN&CHPOENXx(x=0...2) bit is reset, CHO_ON is set low.
1: When POEN&CHPOENXx(x=0...2) bit is reset, CHO_ON is set high.
This bit can be modified only when PROT[1:0] bits in TIMERx_CCHPO register is
00.

8 1ISO0 Idle state of channel 0 output
0: When POEN&CHPOENX(x=0...2) bit is reset, CHO_O is set low.
1: When POEN&CHPOENXx(x=0...2) 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_CCHPO register is 00.

7 TIOS Channel 0 trigger input selection
0: The TIMERx_CHO pin input is selected as channel O trigger input.
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1: The result of combinational XOR of TIMERx_CHO, TIMERx_CH1 and
TIMERx_CH2 pins is selected as channel 0O trigger input.

6:4 MMCJ2:0] Master mode control
These bits control the selection of TRGO signal, which is sent by master timer to
slave timer for synchronization function.
0000: 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.
0001: Enable. This mode is used to start several timers at the same time or control
a slave timer to be enabled in a period. 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.
0010: Update. In this mode, the master mode controller selects the update event as
TRGO.
0011: Capture/compare pulse. In this mode, the master mode controller generates
a TRGO pulse when a capture or a compare match occurs in channel 0.
0100: Compare. In this mode, the master mode controller selects the OOCPRE
signal as TRGO.
0101: Compare. In this mode, the master mode controller selects the O1CPRE
signal as TRGO.
0110: Compare. In this mode, the master mode controller selects the O2CPRE
signal as TRGO.
0111: Compare. In this mode, the master mode controller selects the O3CPRE
signal as TRGO.
1000: Decoder clock output. In this mode, the master mode controller selects the
decoder clock signal as TRGO. This value just used in quadrature decoder mode
0-~2.
1001: In this mode, the master mode controller selects the soft synchronization
event signal (generated by setting the SWSYNCG to 1) as TRGO.
Others: Reserved.

3 DMAS DMA request source selection
0: DMA request of CHXx is sent when capture/compare event occurs.
1: DMA request of channel CHx is sent when update event occurs.

2 CCuUCI0] Commutation control shadow register update control

The CCUC[2:1] and CCUCI|0] field are used to control the commutation control
shadow register update. When the commutation control shadow registers (for
CHXEN, CHxNEN and CHxCOMCTL bits) are enabled (CCSE=1), the update
control of the shadow registers with the CCUC[2:0] bit-field are shown as below:
000: The shadow registers update when CMTG bit is set.

001: The shadow registers update when CMTG bit is set or a rising edge of TRGI

occurs.
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100: The shadow registers update when the counter generates an overflow event.
101: The shadow registers update when the counter generates an underflow event.
110: The shadow registers update when the counter generates an overflow or
underflow event.

Others: Reserved

When a channel does not have a complementary output, this bit has no effect.
Note: When CCUCJ2:0] bit-field are set to 100, 101 and 110, the update of the
shadow registers also considers the value the CCUSEL bit in the TIMERX_CFG

register.
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 CHXCOMCTL bits) are enabled.
After these bits have been written, they are updated when commutation event
comes.

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 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
‘ ETP ‘ SMC1 ‘ ETPSC[1:0] ETFC[3:0] ‘ MSM ’ Reserved

rw rw rw rw w
Bits Fields Descriptions
31:16 Reserved Must be kept at reset value.
15 ETP 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.

14 SMC1 Part of slave mode controller is used to enable external clock mode 1

In external clock mode 1, the counter is clocked by any active edge of 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 TSCFGy[4:0](y=3,4,5) bits must not be
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13:12

11:8

6:0

ETPSCI[1:0]

ETFC[3:0]

MSM

Reserved

5’01000 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 0O enable is in TSCFG6[4:0] bit-field in
SYSCFG_TIMERXCFGL1 register.

External trigger prescaler

The frequency of external trigger signal ETIFP must not be higher than 1/4 of
TIMER_CK frequency. When the frequency of external trigger signal is high, the
prescaler can be enabled to reduce ETIFP frequency.

00: Prescaler disabled

01: ETIFP frequency divided by 2

10: ETIFP frequency divided by 4

11: ETIFP frequency 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= fck_TiMER, N=2.

0010: fsamp= fck_TiMer, N=4.

0011: fsamp= fck_TiMer, N=8.

0100: fsamp=fpTs/2, N=6.

0101: fsamp=fpTs/2, N=8.

0110: fsamp=fpTs/4, N=6.

0111: fsamp=fors/4, N=8.

1000: fsamp=fpTs/8, N=6.

1001: fsamp=fpTs/8, N=8.

1010: fsamp=fprs/16, N=5.

1011: fsamp=fp1s/16, N=6.

1100: fsamp=fprs/16, N=8.

1101: fsamp=foT1s/32, N=5.

1110: fsamp=fo1s/32, N=6.

1111: fsamp=fo1s/32, N=8.

Master-slave mode

This bit can be used to synchroni