PY32F403 Series

PUY') 32-Bit ARM® Cortex®-M4F Microcontroller

PY32F403

32-bit ARM® Cortex® M4F Microcontroller

Reference manual

@)

Puya Semiconductor (Shanghai) Co., Ltd



PY32F403 Reference manual

Contents

I | 1 4 o To LU f o I PSP PPPR 14
2. System and MemMOrY ArChItECIUIE .....uiiii it 16
2.1.  Arm® Cortex®-M4 Processor INrOQUCTION..........c.eviiiieiiie et 16
2.2, SYSLEM AICRILECIUIE ...ttt s bt e e s n e e e e 16
2 R I o U1 PRSP 17
2.2.2. D US et h e R bt e b e e bt e bt e e ahbe e e be e e enbeeennes 17
R T S T o U L PR OPSPR 17
2.2.4.  DMALIDMAZ BUS.... oottt ettt ettt ettt st e sbe e e sab e e s be e e sabe e e be e e abbe e e abneeenbeeennes 17
P T = 1 LS IV - 11 ) OO R PPTO PR 17
2.2.6. AHB/APB DUS DIIOQE. ... ceiiiiiieieieesee ettt 18
Y22 T |V =10 Lo V@] o T= U 1T 1 1o o S PR 18
P20 70 R [ 011 7o [0 Tox 1T o [OOSR PP 18
2.3.2. 1Y =10 aT0] V1 = T o PO PRSPPI 18
2.4, EMDEAUEA SRAM ... .oiiiiiii ittt et e e e e 21
2.5, EMDBDEAAEA FLASH. ...ttt ettt sab et e et e s e hb e s ee e e sr e e s bae e saaeean 21
2.6, Bl SEOMENLS ..ottt a bt e bt e e e e e e 21
2.7, StArt-UP CONTIGUIALION . .eeiiieiiiiii ettt ettt e e et e e s aabb et e e e abbe e e e anenas 22
2.7.1. Embedded Start-Up PrOOIaIM .......cooiiiiieiiiiie ettt ettt e e e e e e e s bbbe e e anbne e e e sbreeeeanens 23
A O o 01V (o= T €T 1 4= o] o1 Vo T TP OU PP OUPRR 23
3. Embedded FIasSh MEMOTY ... s 24
0 I [ 011 oo [¥ o3 1 o] o [ P PP 24
1 00t B = g I (=T (0] £ PO 24
3.1.2. 1V oT [U1 1= o] (o3 Qe 7= o | > o 24

R T2 ¥ od 1o =Y o [ ol 11 o o PPNt 24
3.2.1. Flash MemOry SIIUCLUIE ...t 24
3.2.2.  Flash memory read operations and access lateNCIes ........ccccuvvveiieeeiiiiiiiiiiiee e 26
3.2.3.  Adaptive Real-Time Memory Accelerator™ (ART Accelerator™).........cccccevviiieeininneennnne. 27
3.2.4.  Erasing and programming OPEratiONS........ccuiieeeeeiiiteeeeariieeeeriieeeesireeeasiteeeessbreeessereeesnaens 28
3.2.5.  FIash €rase OPEratiONS ..........ccuueieiiiiiiiiiiiie ettt ettt e et e e st e e e s aabr e e e e e 28
3.2.6.  Flash memory WItE OPEratiONS.......cuueiii ittt ettt e s 30
3.2.7.  FIash OPtioN DYLES ......cooiiiiiiiiiiie ettt e b e e 30
3.2.8. Flash configuration DYLES ..o 33
3.2.9. Flash memory INtEITUPLS ... s 35
3.3. Register description (base address 0X4002_2000)...........cueueeeeeeerereeeeeeerereeeeeeeeeeerrrereeererere———. 36
3.3.1. FLASH access control register(FLASH_ACR) ....cooooiiiiiciiiceceeeeeeeee s 36
3.3.2.  FLASH Kkey regiSter(FLASH_KEYR) ......ociiiiiiiieiiie ittt 36
3.3.3. FLASH option key register(FLASH_OPTKEYR) ....cooiiiiiiiiiiciceeccececcceecseses e 37
3.3.4.  FLASH status regisSter(FLASH_SR).....coicuiiiiiiiiie ittt 37
3.3.5.  FLASH control regiSter(FLASH_CR) .......uuiiiiiiiieeiiiee ettt 38
3.3.6.  FLASH option regiSter(FLASH_OPTR) .....coiiiiiiiiiiiiee ittt 40
3.3.7.  FLASH WRP register(FLASH WRPR)..........ccevrueeeeeeeeeeeceeeeeeeesese e esesesese s neeneneneeen 41
3.3.8.  FLASH sleep time config register(FLASH_STCR) .....ccoviiiiiiiiiiieiiiee et 42
3.3.9. FLASH TSO regiSter(FLASH_TS0) ....cciiiiiiieiiiiieeeriiiee ettt et e e 43
3.3.10.  FLASH TS1 regiSter(FLASH_TSL) ..iiiiiieiiiieiieeiiie ettt 43
3.3.11. FLASH TS2P register(FLASH_TS2P) ....cociiiiieiiie ittt 44
3.3.12. FLASH TPS3 register(FLASH_TPS3) ..ottt 44
3.3.13. FLASH TS3 regiSter(FLASH_TS3) ..iiiiiiiiiiieiiie sttt ettt be e 44
3.3.14. FLASH ERASE TPE register(FLASH_ERSTPE) ......c.coiiiiiiienieiee e 45
3.3.15. FLASH PROGRAM TPE register(FLASH _PRGTPE).........cccooveuevereeeeeseeerenseessnenenneeen 45
3.3.16. FLASH PRE-PROGRAM TPE register (FLASH _PRETPE) ......ccvvveiiiiiiiiiieeee e 46

I 0 A o I NS o I T o IS (] o g = T o TP EP PSR 46
4, POWET CONTIOI CPWR) ettt e ettt e e e e e e st e e e e e e e e seabbeeeeeaeeesesssabaeeeeeeeessairees 50
4.1, FUNCHONAl AESCHIPLION. .....eiiii ittt ettt e et e e e et e e e s anbee e e e aneeas 50
4.1.1. POWET SUPPIY SLIUCTUIE ...ttt e e e e 50
4.1.2.  SyStem LOW POWEN MOUE ....cooiiiiiiiiiiiiee ittt et e et e e e sbaeeeeenes 54
4.2. Register description (base address 0X4000_7000).........cccuurreeiaaainiiiiiieeeea e e abireeeea e e e aeneeeeeens 62
4.2.1.  power control register (PWR_CR) (0X00) .......cuttieeiiiiiiiieieeee ettt ee e e e e e 62
4.2.2.  power control/status registers (PWR_CSR)(0X04) .......uuueeiieiiiiiiiiiiiie e 64
4.2.3. PWR REQISIEI MAP .ttt ettt e et e e e e e e s bbb e e e e e e e e e s snbbbeeeaaeeeeaannrbnneeas 67
5. Reset and clock CONtrol (RCC) ..ottt seee e se e et e e st e e naeeesreeesneeesnaeean 69

2/759



PY32F403 Reference manual

5.1. Description of the reSet fUNCLON ............uiiiii e 69
5.1.1. SYSTEIM MBS ... 69
5.1.2. POWET TESET ... 69
5.1.3. Backup DOMAIN RESEL .......oiiiiiiiiiiiiiii ettt e s e e e 69
5.1.4.  Unified handling of resets other than backup domain resets .........ccccccvieeiiiieeniiiie e, 70

5.2, Functional description Of the CIOCK ............oiiiiiiiiiiii e 70
I R O (o o) Q=] 1 £ [ox 11 = OO O PR 70
5.2.2.  Clock source (clock signal and parameters subject to analogue module requirements) .... 71

5.3.  Register (base: OX4002L1000) ....c.cociiuieiiiriiieeeiieeaaieeeaiteeaateeesreeasteeasteeesabeeessseeabeessssessnseesssees 73
5.3.1.  Clock Control Register (RCC_CR) .....iciiiiiiiieiiie ittt sttt sbbe s sbee e e 73
5.3.2.  Clock Configuration Register (RCC_CFGR) .....cccoiiiiiiiiiiiiee ettt 75
5.3.3.  Clock interrupt register (RCC_CIR) ...iiiiiiiiieiiee ettt 78
5.3.4.  APB2 Peripheral Reset Register (RCC_APB2RSTR) ....cccceiiiiiiiiie e 80
5.3.5.  APB1 Peripheral Reset Register (RCC_APBIRSTR) ....cccciiiiiiiiiiieiiieeie e 82
5.3.6.  AHB1 Peripheral Clock Enable Register (RCC_AHBLENR) .......ccccocoiiiiiiniisiiieenieeenee 84
5.3.7.  APB2 Peripheral Clock Enable Register (RCC_APB2ENR) .........ccccccviiivevensiiiiivineeeeeen 84
5.3.8.  APBL1 Peripheral Clock Enable Register (RCC_APBI1ENR) .......cccccooiiiiieinniiiinniiiesesinne, 86
5.3.9. RTC domain control register (RCC_BDCR) ....ccccociiiiiieiiii e cieestee e e saee e sneae e 88
5.3.10. Control/status register (RCC_CSR) ....ccciiiiiiiiee ittt et s s 89
5.3.11. Clock Reset Configuration Register 1 (RCC_CFGR1) .....cccocceeiiiiiieeniiiiiesiiiee e 90
5.3.12. AHB1 peripheral reset register (RCC_AHBIRSTR) ...cccooiviiiiiiiiiiiiieiiiee e 91
5.3.13. AHB2 peripheral reset register (RCC_AHB2RSTR) ...cviiiiiiiiiiiiiiin e 92
5.3.14. AHB2 peripheral clock enable register (RCC_AHB2ENR) ........ccccoeviieiiieeniee e 93
5.3.15. Clock Reset Configuration Register 2 (RCC_CFGR2) ....ccccocciiiiiiiiiiiiiiie e 94
5.3.16. RCC rEQISIEI M@P ..uteiieiiitiiee ettt e et e et e ettt e e e s b b e e e asbe e e e e anbe e e e e anbe e e e s anbreeeeanens 94

B = 7 (ot (0 =T L1y €T G =1 1 ) T PSPPSR 97

S I [ 1 Yo [ o 1 o] o T SRR 97
6.1.1. = T I o= LU = USSR 97

2 1 (o Tox (o] g F= 1o (=2 od €] o] PO S PSP O PP PUPPR P 97
6.2.1. Ta 1 gV (o] o I L] (=T 1o ) o PSSR 97
6.2.2. RTC CaliDration .......ooveeiiiiiieiiie it n s 98

6.3. BKP register (base address = 0X40006C00)..........ccceieiiiiiiiiii e, 102
6.3.1. Backup Data Register (BKP_DRX) (X=1...42) . iioiiiiiiiiieesee e 102
6.3.2. RTC Clock Calibration Register (BKP_RTCCR) ....ccccocoiiiiiieiiie e see e e e 102
6.3.3.  Backup control register (BKP_CR) ......ociiiiiieiiie e esee et eeeeseee e neeeesneee e 103
6.3.4.  Backup control/status register (BKP_CSR) .....cccoiiiiiiiiiiie e ee e 104
6.3.5. L Nl (=0 1S 1= 2 > o 105

. CRC calculation UNit CCREC) ..ottt ettt et e et ee e et e sneeeenteeenteeesnreeenneeas 115

4% T [ 011 (o [¥ 11 [o ] o BT PP PT PP PRP P 115

7.2.  Main features OFf CRC ......ccoiiiiiiiiiie et e e e 115

7.3. Description of the CRC fUNCHON ..o 115
7.3.1. CRC block diagram.........ccoooiiiiiii 115

T4, CRC FEQISIE ..o 116
7.4.1. Dataregister (CRC_DR) ..ottt e et e et e e s sta e e e staeeeeataeeeeanes 116
7.4.2. Independent data register ( CRC_IDR) ....ccuiiiiiiiiee it e e 116
7.4.3.  Control register (CRC_CR) .iiiiiiiiie ettt ste et e et e e ste e st e e snaeeenneeesraeesnneeesneeeans 117
A O o O (= To 153 (] gl 1 = o I UEUT PP 117
General-purpoSe /O (GPIO) ...ttt ettt ettt e b e eneeenbeeneeens 119

S 700 I 14 o T [ T o) PSS 119

S I Y = 11 o I (Y= L] S 119

8.3, FUNCHONAl AESCIIPLIONS......eiiiiiiiii ittt e et e e e abe e e e e sbeeeeeanes 119
8.3.1.  General-purpose /O (GPIO) ..ottt ettt be e sane e 121
8.3.2. I/0 Pin Multiplexer and Mapping........cooueeeeiiiiieeiiiiee ettt e e 121
8.3.3. 1/O POrt CoNtrol REGISTET .......eiiiie ittt et et e e 122
8.3.4. 1/O POt DAt@ REGISIET......eiiiiiiie ettt ettt e e et e e e e 122
8.3.5. [/O Data Bit OPEIrAtiONS.........uiiiiiiieeiiiiiiie ettt e e e ettt e e e e e e e bbbt e e e e e e e s anbnbeeeaaaaaeas 123
8.3.6.  GPIO LOCKiNg MECRANISIMS ......eeiiiiiiiiiiiiiii et e e e e e e e e 123
8.3.7. I/O Multiplexed Function Input/Output Mode Configuration..............cccuveeeeeeeiiiiiiiiieeeeeeenn. 123
8.3.8.  External interrupt/Wake-Up lINES ..ot 124
8.3.9. 1/O INPUL CONFIGUIATTION ...ttt e e e e e e e e e e e e as 124

3/759



PY32F403 Reference manual

8.3.10.  OULPUL CONFIQUIALION. ....ceiii ittt ettt e e e e e s et e e e e e e e nbabaeeeaaaeeas 124
8.3.11. Configuration of the multiplexing fUNCHON ............ccuiiiiii e 124
8.3.12.  Analogue CONTIGUIALION ......eiiiiiiiiiiiiii ettt et e et e e st r e e e sbneeeeanes 124
8.3.13. HSE or LSE Pins Configured as GPIO ... 125
8.3.14. BKP Area GPIO USAJE........ccuuriiiiiieiiiiiiet ettt e e 125
8.4,  REQISIEr DESCHIPIIONS .....uveeeeiiitiiee ettt ettt ettt et e e e st e e e st e e e e e st b e e e e aabb e e e e snbneeeesanneeeeanes 125
8.4.1. GPIO Port Mode Register (GPIOX_MODER) (X= A..E) ccoiiiiiiiiiiiiieeie e 125
8.4.2.  GPIO Port Output Type Register (GPIOX_OTYPER) (X= A..E)..ccociiiiiiiiiiiiiieieieiees 126
8.4.3.  GPIO Port Output Speed Register (GPIOX_OSPEEDR) (X= A.E).ccccocvveveeiiiiiiiiieeeeen, 126
8.4.4.  GPIO Port Pull-Up/Pull-Down Register (GPIOX_PUPDR) (X=A..E)...cccccccvniiiiiininenns 127
8.4.5.  GPIO Port Input Data Register (GPIOX_IDR) (X= A..E)uuiiiiviiieiiiee e eie e sniee e 127
8.4.6.  GPIO Port Output Data Register (GPIOX_ODR) (X= A..E) cviviiveviii e srs s 127
8.4.7. GPIO Port Reset/Reset Register (GPIOX_BSRR) (X= A..E)uuevivieiiiiiiieee e 128
8.4.8.  GPIO Port Configuration Lock Register (GPIOX_LCKR) (X= A..E).ccccvvvveveeiiiiiiiiieeeeen, 128
8.4.9.  GPIO Multiplexing Function Low Register (GPIOX_AFRL) (X= A..E) ..ccccoeevniiiieiiniiinnnns 129
8.4.10. GPIO Multiplexing High Register (GPIOX_AFRH) (X= A..E).ecvvviiiiiiiiiieeeccieiiiiieeee e 130
8.4.11. GPIO Port Bit Reset Register (GPIOX_BRR) (X= A..E) ..coiiiiiieeiiiiiee i eiies s eiiiee e 130
8.4.12. GPIO regiSter addreSS MAP .......ceii ittt e et e et e e et e e e s abbe e e s sab b e e e e sabbeeeeanes 131
9. System configuration controller (SYSCFG) ....cociiiiiiiiiiiie ittt e et s e ntan e ee e 135
SR B O 1= VT T o PP SV P PP PUPPPP 135
9.2. SYSCFG register (baseaddr=0X40010000) .........cuteerrrrreeriurreennriiesaineeesasieeeesseeeesssrneeeesneees 135
9.2.1. SYSCFG configuration register 1 (SYSCFG_CFGRL1) .....ccccccciiiiiieeeiiiieeeiiiieeesniieeee s 135
9.2.2.  SYSCFG configuration register 2 (SYSCFG_CFGR2) .......c.coiiiieiiiiieieiiiee e 136
9.2.3.  SYSCFG configuration register 3 (SYSCFG_CFGR3)......ccociiiiiiiiiiiiee et 137
9.2.4. SYSCFG configuration register 4 (SYSCFG_CFGR4) ..., 140
9.2.5. SYSCFG configuration register 5 (SYSCFG_CFGRDS) .......cccoeiiiiiiiiii, 140
9.2.6.  External interrupt configuration register 1 (SYS_EXTICRL) ......ccocceviiiiiiiiniiiieiieenieens 141
9.2.7.  External Interrupt Configuration Register 2 (SYS_EXTICR2) .....cccccocoiiiiieiiiieiiirenieenns 141
9.2.8.  External Interrupt Configuration Register 3 (SYS_EXTICRS3) .....ccccoviiiiiiiriniiieiiieeiieenns 142
9.2.9.  External Interrupt Configuration Register 4 (SYS_EXTICR4) .....ccccoviiiiiiriiiieeiiieenieenns 142
9.2.10. GPIOA Filter Enable (PA_ENS) ...ttt ettt et e st e nneeesnneeens 143
9.2.11. GPIOB Filter Enable (PB_ENS) .....ccciiiiiiiiiiiiee ettt e s tvee e st e e et e e e s nnaeea e 143
9.2.12. GPIOCilter enable (PC_ENS) ...ttt 144
9.2.13. GPIOD filter enable (PD_ENS) ...ttt 144
9.2.14. GPIOE Filter Enable (PE_ENS) ....cociiiiiiiiiiieiite ettt 144
9.2.15. GPIO analogue channel enable (GPIO_ENA) ...t 145
9.2.16. Timer clock extension control (TIM_CLK _EXT) ..cccciiiiiiieiiiiiie e ciieee e sniieee e snieeee e 145
9.2.17.  SYSCHFG rEQISTEE IMAP ...uveeeeiiutiieeeiteiee ettt e ettt e e abe e e e e st e e e e e abb e e e e abb e e e e abeeeeesbbeeesabneeeeanes 146
10.  DMA CONTIOHEr (DMA) ittt ettt b et e bt b e s bt et e e sb e sbe e sneeenne e 151
10.1. L@ Y= 1 S 151
10.1.1. MAIN TEALUIES ...eiiiitiiee ettt ettt e e ettt e e et e e e e anbae e e e annnas 151
10.2. Functional desCriPliONS .......ccoo i 151
10.2.1.  DMA TrANSMISSION ....eiiiiitiieeiiietee ettt et e et e e e ne et e e et e e e st e e e s e e e s nnnn e e e e annns 151
L0.2.2. AT et e e r e b e eanes 152
10.2.3. DMA CRANNEL....ciiiiiiieiiie ettt sa b e nb e e sab e e s abe e e nareeennes 152
10.2.4. Data transfer width/alignment/SIZe eNd...........oooiuiiiiiiiiiiiii e 156
O ST =i ¢ (o] gl = F= T 0o | 1o o U UTUT ORI 158
O S [ 1 (=T U] o SO TP PP PP PTTPPPPPP 158
10.2.7. DMA Peripheral ReqUESE MapPING ........uueieiiiiiieiiiiie ettt e e 158
10.3. Register Descriptions (0X40020000) ......eieiuiiiiiieeiiie et siteeeieeesteeesreeesireesre e ssreesbeeeseeeas 159
10.3.1. DMA interrupt status register (DMA_ISR) ..ot 159
10.3.2. DMA Interrupt Flag Clear Register (DMA_IFCR) .....ocoiiiiiiiiiiiii e 163
10.3.3. DMA Channel 1 Configuration Register (DMA_CCRL) ....cccoiiiiiiiiiiieieeee e 165
10.3.4. DMA Channel 1 Number of Data Transfers Register (DMA_CNDTRL1) ........cccccevcveennee. 166
10.3.5. DMA Channel 1 Peripheral Address Register (DMA_CPARL) ......ccocooiiiiniiiiiinciieeee 167
10.3.6. DMA Channel 1 Memory Address Register (DMA_CMARL) .....ccccocoiiiiiniiiiiiee e 167
10.3.7. DMA Channel 2 Configuration Register (DMA_CCR2) .....ccccceviiveiiieere e 168
10.3.8. DMA Channel 2 Number of Data Transfers Register (DMA_CNDTR2) .........ccccceeuernnee. 169
10.3.9. DMA Channel 2 Peripheral Address Register (DMA_CPAR2) ......cccccevivevieeiiiee e 170

4/759



PY32F403 Reference manual

10.3.10. DMA Channel 2 Memory Address Register (DMA_CMAR2) .......ccccceevviieeeiviiiee e, 170
10.3.11. DMA Channel 3 Configuration Register (DMA CCR3) ......ccccoceieiiiiie e 171
10.3.12. DMA Channel 3 Number of Data Transfers Register (DMA_CNDTR3) ........ccccoeeunee. 172
10.3.13.  DMA Channel 3 Peripheral Address Register (DMA_CPAR3) .....ccccccviiveeiiiiieeeennn, 173
10.3.14. DMA Channel 3 Memory Address Register (DMA_CMARS3) ......cccooiiieiiiniiieeniee e 174
10.3.15. DMA Channel 4 Configuration Register (DMA_CCR4) .....cccocoeiiiiiiiieeniee i 174
10.3.16. DMA Channel 4 Number of Data Transfers Register (DMA_CNDTR4) ........ccccceeu..e. 175
10.3.17. DMA Channel 4 Peripheral Address Register (DMA_CPAR4) ......ccccceviiiiiiiicniiennne 176
10.3.18. DMA Channel 4 Memory Address Register (DMA_CMAR4) ......ccccoviiiiiiniiieeiieeee 177
10.3.19. DMA Channel 5 Configuration Register (DMA_CCR5) ......ccocoiiiiiiiiieeniee i 177
10.3.20. DMA Channel 5 Number of Data Transfers Register (DMA_CNDTR5) ........cccoueun.e. 178
10.3.21. DMA Channel 5 Peripheral Address Register (DMA_CPARS) .....cccccvvciieeiiciieeeeiin, 179
10.3.22. DMA Channel 5 Memory Address Register (DMA_CMARS) ......cocoiiiiiiiiiiieeniee e 180
10.3.23. DMA Channel 6 Configuration Register (DMA_CCRBE) ........ccoceeiiiieiiieeiieeiiie e 180
10.3.24. DMA Channel 6 Number of Data Transfers Register (DMA_CNDTR6) ...........cco..... 181
10.3.25. DMA Channel 6 Peripheral Address Register (DMA_CPARB) ........ccccvvveiiereivinnnens 182
10.3.26. DMA Channel 6 Memory Address Register (DMA_CMARB) ......cccccevveicvreriieeirnennnes 183
10.3.27. DMA Channel 7 Configuration Register (DMA_CCR7) ....cccovoiiiiiiiiiie it 183
10.3.28. DMA Channel 7 Number of Data Transfers Register (DMA_CNDTR7) ......c.ccccvvnee. 185
10.3.29. DMA Channel 7 Peripheral Address Register (DMA_CPART7) ...ccccccccveviiveiiinervneenne, 185
10.3.30. DMA Channel 7 Memory Address Register (DMA_CMART7) ...cccocvivieeviie e 186
10.3.31.  DMA REQISIEI MAP ... .eeiiiiiitiiieiitite ettt ettt b e sib e e ettt e e et e e e e anbe e e e e annnas 186
11. INTEITUPLS @NA BVENTS ... s 189
11.1. a1 0T [T o) o [ SRR 189
112,10 MAIN FEALUIES ..ottt e ekt e ekt e et e e et e e e st e e e e e e s nnnre e e e nnnns 189
11.1.2. Block diagrams Of MOGUIES...........uuuuuriiieeieieesieieeeeeeeesseeeeeesereeeeerereerrerererrrer——————————.. 189
11.2. Functional desSCriPliON........coo i 189
11.2.1. Interrupt and EXception VECtOr TabIE ..........oviiiiiiiiiiieeiiiiiieiiieieeeieieeseveeeeeeeeeeeeeeeessesesenenennne 189
11.2.2. External interrupt/event controller (EXIT) .....ooiieiiiiiiiieiiie e 193
11.3. Register DeSCIIPLIONS. ... 195
11.3.1. Interrupt Mask Registers (EXTI_IMR) ..ot 195
11.3.2. Event Mask Register ( EXTI_EMR) ....cciiiiiiiieie et 196
11.3.3. Rising-Edge Trigger Select Register (EXTI_RTST) ..cccoiiiiiiiiriiiee e 196
11.3.4. Falling-Edge Trigger Select Register (EXTI_FTSR) ...cooiiiiiiiiiiiiiee e 197
11.3.5. Software Interrupt Event Register (EXTI_SWIER) ....ccccoooiiiiiiiiiieiie e 197
11.3.6. Suspend register (EXTI_PR) .. ettt s e e snee e st e e seee e sneee e 198
11.3.7. EXTIreqiSter A00rESS MEAP .....uuuuuurerurerereeeeerereeeeseseereesesssseeeeeseesessrsserererereeere——————.. 198
12.  Analogue/digital cONVErsion (ADC) ......ooiiiiiiiiiieiee et et e e e e aee e snte e e neeeesneeeens 202
12.1. INEFOTUGCTION L.ttt e e et e e e st e e e st e e s nar e e e s re e e e eanns 202
12.1. 1. MAIN FEATUIES ..ottt ettt e et e e et e e et e e s ann e e e eanns 202
2 I Y/ T Yo [ L= o[ Yo Qo 1=V | = o PP PPPPPPPRt 203
12.2. ADC Pin DEfINITIONS .....eeiiieeeieiieiiee et e e e e s et e e e e e e s s entnteeeeaeeeesnnsnnaneeeeeeeas 203
12.3. SV g Toa (o] g F= 1o (2ol ] ) o] - PP PP PPPRR 204
D2 T S A B T o7 1 o] - 1 o SRR 204
12.3.2. ADC ON-Off CONLIOL ...eiiiieiiiieie et e e e e st e e e e e e e nnenneeeeeeeeeas 204
22 TR T s T @ [ o2 S 205
12.3.4. ADC Channel SEIECHON .......uuiiiiiiie et e e e e e s r e e e e e e s nnrnneeeaeeeeean 205
12.3.5.  FOrce StopPing ADC......coo ittt e e e e e e e e bbb e e e e e e e e e b anaeeaaaaaaas 206
12.3.6.  CONVEISION MOUE .....eiiiiiiiiiiiiei ittt e bbbttt e e e e e s bbbt e e e e e e s e nbbbeeeeeaeeeaanbaeaeeaaaeeeas 206
12.3.7. Injection channel ManagemENt.........c.uuuiiiiiiii ittt e e e e e e e e e 208
12.3.8.  ANAlogUE WatChAOG. .....coiiiiiiiiii e a e 210
2R N O B = = W [T [ o] 41T o | PP UTUTR PP 211
12.3.10.  Programmable sampling tIMe .......c.uuiiiiiiiei e 211
12.3.11.  Externally triggered CONVEISION.........uuiiiiiiiiee ittt ettt e e e 212
12.3.12.  Configurable reSOIULION .......ccoiiiiiieiiiiie e 213
12.3.13.  DIMA FEOUEST ...ttt eee ettt e e e e sttt e e e e e st e e e e e s e et e e e e e s an e e e e e e e an 213
2 T I S B TU = 1 AN 0T @ 1 o To = SRR 213
12.3.15. Temperature sensor and internal reference voltage .........cccccovveeeeiiie e, 221
12.3.16. Battery MONITOIING ..ccooei ittt e e e e e s b e e e e e e e e s annbereeeaaaeeeas 222

5/759



PY32F403 Reference manual

2 T I R S\ B O [ 1 (=11 U] o) S UETT RPN 222
12.4. F D O S {=To 1 (=] PP PP 222
12.4.1. Status register (0X00: ADC_SR) ..cccciiiiiiieiiiieiieesieeseeeseeeseessteeesteeessaeessseesssaeesnseeennes 223
12.4.2. ADC Control Register 1 (0X04: ADC_CRL1) ...cccveiiieiiiieiiee e sstee e steeesiee e see e sneee e s e s 224
12.4.3. ADC Control Register 2 (0X08: ADC_CR2) ...cceeiiieiiiee e eee s see e sree e e s 226
12.4.4. ADC Sampling Time Register 1 (0XOC: ADC_SMPRL) .....cccoviiiiveiiieeiie e 229
12.4.5. ADC Sampling Time Register 2 (0x10: ADC_SMPR2) .......cccovviiiveiiiieenie e 230
12.4.6. ADC Injection Channel Data Offset Register x (0x14-0x20: ADC_JOFRx) x=1~4......... 230
12.4.7. ADC Watchdog High Threshold Register (0x24: ADC_HTR) ...cccoiiiiiiiiiiiieiie e 231
12.4.8. ADC Watchdog Low Threshold Register (0x28: ADC_LTR) ...ocoiiiiiiiinieeniee e 231
12.4.9. ADC Rule Sequence Register 1 (0x2C: ADC_SQR1) ...cccoiiiiiiiiiiiiie e 232
12.4.10. ADC Rule Sequence Register 2 (0x30: ADC_SQR2) ...coooiiiiiiiiiiieiieeniee e 233
12.4.11.  ADC Rule Sequence Register 3 (0x34: ADC_SQR3) ...ooiiiiiiiiiiiiieiieesiee i 233
12.4.12.  ADC Injection Sequence Register (0x38: ADC_JSQR) ....cccocoiiiiiiiiinieeniee i 234
12.4.13.  ADC Injection Data Register x (0x3C-0x48: ADC_JDRX) X=1~4.....cccccvviriiinieniinnnnnn 235
12.4.14.  ADC Rules Data Register (OX4C: ADC_DR) ....c.coiiiiiiiiiiiie it 235
12.4.15.  ADC Calibration Configuration and Status Registers (0x50: ADC_CCSR) ............... 236
12.4.16.  ADC REQISIEN IMIAP ..vuvvrvrveieieirisiereuereesseessessssenssssesssessessresssessessessesestsssssnssresrassnnenesmrernrnnes 237
13. Advanced timers (TIML and TIMB8) ......cuuuti ittt e e e 242
13.1. INEFOTUCTION ...t e e e e e ne e e s e e e e s nnb e e s e e e e e ennns 242
13.1.1.  TIM1 and TIM8 MaiN fEALUINES.........uiii it 242
13.1.2.  Module BIOCK DIGQIAM .....ccoiiiiiieiiiiie ettt e s e e et e e et e e e e e e e 242
13.2. TIM1 and TIM8 Functional DeSCHPLIONS .......ciiuiiiiiiiiie it 243
R T I I o ¢ 1= o F= = U o | SRR 243
R B0 O o 10 o1 =Y g o o o = SRR 245
13.2.3.  REPELIHION COUNET ....eiiiiiiiiieiiieie etttk ak e e ettt e e ettt e e e sab e e e e anbneeeeaneeas 253
R T S O o Tod (1= [T ox 1o o SRR 254
13.2.5. Capture/Compare ChanNEl..............uuueiiieeeiieeiiieiieieeeieeriesereeerererrree———————————————————————————. 257
13.2.6.  INPUL CAPLUIE MOUTE ....eeveiiiiiiieieieieieeeteteeteeeeseesasseeeeesssssssesesssesssssssssssssssssssssssssssssssnnnssnsnsnnnnes 258
13.2.7.  PWM INPUE MOE .....oiiiiiiiiie etttk et e s e e nnn e b e ennes 259
13.2.8.  FOrCed OULPUL MO ... .uuuiiiiiieiiieisieietetieeeesesteeeseeeseseesesssesssssssssssssssssssssssssssssssssssssnnsssnnssnnnnes 260
13.2.9.  OUutpUt COMPATISON MOUE .....eviviieiererereueeseeeesessereresrereesreseeeeerreresareserererereeea———. 261
13.2.00. PWM MOUOE ..ottt ettt ettt shb e s st e st e e e sa bt e e bt e nab e e e nbn e e eeennes 262
13.2.11. Complementary outputs and deadband iNSErtion .............ccccccveee i 264
13.2.12.  Use the brake fUNCLION .........oooiiiiiieiie et 266
13.2.13.  Clear the OCXREF signal on an external eVent...........cccoocveeiiiiiie e 268
13.2.14.  Generate SiX-Step PWM OUIPULS .......veiiiiiiiie et 269
13.2.15.  SINGIE-PUISE MOUE ... .oeiiiiiiiiee ettt e e e e e nnenas 270
13.2.16.  ENcoder interfaCe MOUE .........coocueiiiiiiiiie ittt 271
13.2.17.  Timer Input ISOChroNOUS FUNCLION .........uuuiiiiiiiiiiiiiiiiiieieieseeeeeseesesereseeseeseserersrerererererara... 273
13.2.18.  Interface With Hall SENSOIS ..........coiiiiiiiiiiiiie e 273
13.2.19.  Synchronisation of TIMx timers and external triggersS............uuuuuerrerererererererrrerererererennn. 275
13.2.20.  Timer SYNCRIONISALION .........uuuiiiiiiiiiiiieieieteiieeeseeeeseeessraesesseseesaesserererererererarrrrrerererararae— 278
R S I 7= o U T 1/ o o = PP PPPPPPPRt 283
13.3. REQISEr DESCIIPLIONS. ... itiiie ettt ettt et e e ettt e e et e e e e anbee e e e nnenes 283
13.3.1. TIM1 and TIM8 control registersl (TIMX_CRI1) ...ccoiiiiiiiiiiiiee e 283
13.3.2. TIM1 and TIM8 control registers2 (TIMX_CR2) .....cccccceiiiiiiiieiiiee e 285
13.3.3. TIM1 and TIM8 Slave Mode Control Registers (TIMX_SMCR) ......ccccoooiiniiriiinenieennnn 287
13.3.4. TIM1 and TIM8 DMA/Interrupt Enable Registers (TIMX_DIER) .......cccccoiniiiiiiiicninnnnnnn. 289
13.3.5. TIM1 and TIM8 Status Registers (TIMX_SR) .....cccoiiiiieiieeie e 290
13.3.6. TIM1 and TIM8 Event Generation Registers (TIMX_EGR) ......cccccoivviiiveriieeiiiee e 292
13.3.7. TIM1 and TIM8 Capture/Compare Mode Control Register 1 (TIMx_CCMR1) .............. 293
13.3.8. TIM1 and TIM8 Capture/Compare Mode Registers2 (TIMX_CCMR2) .......ccccccceevurrnnee. 297
13.3.9. TIM1 and TIM8 Capture/Compare Enable Registers (TIMX_CCER) .......cccccovcvevinrnne. 299
13.3.10. TIM1 and TIM8 counters (TIMX_CNT) ..coiiiieiiieiiee e eee e nee e e e seeeesnee e sneee s 302
13.3.11.  TIM1 and TIM8 prescalers (TIMX_PSC) ....ccceiiieiiie e 302
13.3.12.  TIM1 and TIM8 Auto-Reload Registers (TIMX_ARR) .....cccoviiiieiiiiiere e 302
13.3.13.  TIM1 and TIM8 Repeat Counter Registers (TIMX_RCR) .....cccceviiveiieeriee e 303
13.3.14.  TIM1 and TIM8 Capture/Compare Register 1 (TIMX_CCR1) .....ccccevveviveriererieennne 303

6/759



PY32F403 Reference manual

13.3.15. TIM1 and TIM8 Capture/Compare Registers2 (TIMX_CCR2) ......ccccccceviveeviiieeeennnne. 304
13.3.16. TIM1 and TIM8 Capture/Compare Registers3 (TIMX_CCR3) ......cccccccvviveeviiineeennnnne. 304
13.3.17.  TIM1 and TIM8 Capture/Compare Registersd (TIMX_CCR4) .....ccccoooeviiiiiiieeriiennnnn 305
13.3.18.  TIM1 and TIM8 Brake and Deadband Registers (TIMX_BDTR) ......cccccooiiiiiieriinnnnnn. 306
13.3.19. TIM1 and TIM8 DMA Control Registers (TIMX_DCR) ......ccccooiiriiiiinieeniee e 308
13.3.20. TIM1 and TIM8 Continuous Mode DMA Addresses (TIMX_DMAR) ......c.cccccccveernnnnn. 309
13.3.21.  TIM1 and TIM8 REQISLEr MAPS .....c.uvviiiiieeeeiiiiiiiieie e e e e e ssete e e e e e e e s st aae e e e e e e s s snnnaaneeaaeeen 309
14. General-purpose timers (TIM2 £0 TIMS) ...ooiiiiiiiiiiiiee et 318
14.1. [ ol 8] ox o] WP PSPPSR PR 318
14.1.1.  Main features Of TIM 2/3/A/5 ... et e e e e e e 318
14.1.2.  Module DIOCK iagram .........oocueiiiiiiiiie ittt et 318
14.2. TIM2/3/4/5 FUNCLioNal DESCIIPLIONS ....cociiiiiieiiiiii ettt e e 319
I I I ¢ T o F= T U o SRR PRS 319
I O o 1V o1 (=Y gl o o o = PSRRI 321
14.2.3.  CIOCK SEIECHON .....coiiieiiiie ittt e bt e nn e s b e nnre e enes 329
14.2.4. Capture/Compare ChanNEl..........ccoiiiiiiiiiiee e e e e e e e snrnt e saaaeeean 331
0 ST ] o 10 o= ) (8 £ [ Yo [= U PR 333
14.2.6. PWM INPUE MOOE ...eeiiiiiiiiiee ettt ettt e et e e e sntae e e e st e s e e inb e e e e nnbbe e e e nneeas 334
I A o 1 (o= To o 1U 101U | . [ Lo [ SO PPRPRNt 335
14.2.8.  OUtPUL COMPANISON MOUE .....uveieieieiieereeereeeeeererereresereeeseeeererereeresrreeneseeneeeesessarerreranrererrrnrnne 335
I TR VI 4T To [ PR 336
14.2.10.  Clear the OCXREF signal on an external eVent...........cccociieiiiiineeeiiiinee e 339
14.2.11.  SINGIE PUISE MOAE......eeiiiiiiiie e et e e st sb e e e e 340
14.2.12. ENcoder iNterface MOAE .........ccuiiiiiiiiiiiiiee ettt e e e e s e eeaeeeeas 341
14.2.13.  Timer input heterodyne fUNCLION ..........ooiiiiiiiiii e 343
14.2.14.  Synchronisation of TIMx timers and external triggers........ccccevvveeeiriiie e 344
14.2.15.  Timer SYNCRIONISALION ........uuuiiiiiiiiiiiiieieiieeeeeeesseseesesassaeseeesesesareeererererseerarerrrrrrrerrrenernnnne 347
I G TR I T o U T 1/ o o = PP PPPPPRt 352
14.3. Register DeSCIIPLION ..o 352
14.3.1. TIM2/3/4/5 control register 1 (TIMX_CRL) ..iooiiiiiiie e eiee et 352
14.3.2. TIM2/3/4/5 control registers2 (TIMX_CR2) .....ciiiiiiieiiiiie ettt 354
14.3.3. TIM2/3/4/5 slave mode control registers (TIMX_SMCR) ......ccccoooieiiiiiiiiieiiie e 355
14.3.4. TIM2/3/4/5 DMA/Interrupt Enable Registers (TIMX_DIER) ......ccccccevviiieeiiiiee e, 358
14.3.5. TIM2/3/4/5 status registers (TIMX_SR) ... 359
14.3.6. TIM2/3/4/5 event generation registers (TIMX_EGR) ......ccccoviiiiiiieeiiie e 361
14.3.7. TIM2/3/4/5 Capture/comparison mode control register 1 (TIMx_CCMR1) .................... 362
14.3.8. TIM2/3/4/5 Capture/Compare Mode Register 2 (TIMX_CCMR2) ....cccccoveviveiiireninene 366
14.3.9. TIM2/3/4/5 Capture/Compare Enable Registers (TIMX_CCER) ......cccccccveviiiiiinennnnnnne. 367
14.3.10. TIM2/3/4/5 counters (TIMX_CNT ) .ooiiiiiiiie ettt e e e e e enrae e e e 369
14.3.11.  TIM2/3/4/5 prescalers (TIMX_PSC) ..ottt 369
14.3.12.  TIM2/3/4/5 Automatic Reload Registers (TIMX_ARR) ...ccccoiiiiieiiiiie e 370
14.3.13.  TIM2/3/4/5 Capture/comparison register 1 (TIMX_CCR1) .....cccccoociiveeiiiiieeiiiieeeeee, 370
14.3.14.  TIM2/3/4/5 Capture/comparison register 2 (TIMX_CCR2) .....c.ccccocivieviieeeiiiieeeee 371
14.3.15.  TIM2/3/4/5 Capture/comparison registers3 (TIMX_CCR3) ......ccccocicveeviiieeeeniieee e, 371
14.3.16.  TIM2/3/4/5 Capture/comparison registers4 (TIMX_CCR4) ......cccoovvveeeiiiiiiiiiieeeeee, 372
14.3.17.  TIM2/3/4/5 DMA Control Registers (TIMX_DCR) .....ccocoiiiiiiiiiie e 373
14.3.18. DMA address for TIM2/3/4/5 continuous mode (TIMX_DMAR) .....ccccccciiiiiiniinnneeennn. 374
14.3.19. L P T L (=T o 1S (= gl £ = ] o o S 374
15. General-purpose timer (TIM9 and TIMIL2) .......ooiiiiiiiii e 382
15.1. 10T [T 1o ) o S 382
15.1.1.  TIM9 and TIM12 Main fEAUIMES........oiieeiieiiee e e e e e e e e e e e e e e e e s e nnaneeeeee s 382
15.1.2.  Module BIOCK DIBGIAM ... .ottt e e e e et e e e e e e e b nneeeaaaeeeas 382
15.2. TIM9 and TIM12 FuNnctional DESCHPHONS ......cciiiiiiiiiiiiii et reeee e e 383
15.2.0. TIME DASE UNIE ...ttt ettt e e e e e s bbbttt e e e e e s e bbb e e e e e e e e e e anbnnaeeaaaaaeas 383
15.2.2.  COUNLEI MOOES ....eiiiiiiiiee ettt e ettt e e e e ettt e e e e e e s e abbbb e et e e e e e aaanbbbeeeeaaeeesanbnbbeeaaaaeeas 385
15.2.3.  ClOCK SEIECHION ......ueiiiiiie ettt ettt e e e e e s bbbt e e e e e e e e anbntaeeaaaeeeas 387
15.2.4. Capture/Compare CRANNEIS..........ooi i e e e e e 389
15.2.5.  INPUL CAPLUIE MO ... ieiiiiiiiiie ettt ettt et e e e st e e e st e e e e nnbee e e e nnneas 390
15.2.6.  PWM INPUE MOOE ...ooiiiiiiiiee ittt ettt ettt e et e e s st e e e snbae e e e nnnnas 391
T G o (o= R o101 010 4T Lo = T PSRRI 392

7/759



PY32F403 Reference manual

15.2.8.  OULPUL COMPAIE MOME ...ttt e e ettt e e e e e st bt e et e e e e e e aannbeaaeeaaaaeeas 392
15.2.9.  PWIM MOAE ...ttt ettt ettt ekttt s hb e e st e e et e e e sa b e e e ebb e e eabe e e nbee e snbeeenees 394
15.2.10.  ONE-PUISE MOUE.....ciiiiieiiiiiie ettt e e et e e e et e e e anbre e e e anenas 395
15.2.11.  Synchronization of TIMx timers and external triggers..........cccovvvveeiriiie e 396
15.2.12.  TimMer SYNCRIONIZALION ....couviiiiiiiiie ettt e e 398
15.2.13.  DEDUG MOGE..... .ot ab e e aneeas 402
15.3. =T oIS L= =TT o3 €] ) 1o o SRR 403
15.3.1. TIM9 and TIM12 control register 1 (TIMX_CRL) ....ccoiiiiiiiiiiieiie e 403
15.3.2. TIM9 and TIM12 Slave Mode Control Register (TIMX_SMCR) ......cccccooiiiniiiiiniienieeenn 404
15.3.3. TIM9 and TIM12 interrupt enable register (TIMX_DIER) ......ccccociiiiiiiiiiinii e 405
15.3.4. TIM9 and TIM12 status register (TIMX_SR) ..ot 406
15.3.5. TIM9 and TIM12 event generation register (TIMX_EGR) .....ccccccciiiiiiiiiniii i 407
15.3.6. TIM9 and TIM12 Capture/Compare Mode Control Register 1 (TIMX_CCMR1) ............ 408
15.3.7. TIM9 and TIM12 Capture/Compare Enable Registers (TIMX_CCER) .........cccccivveennn. 411
15.3.8. TIM9 and TIM12 Counters (TIMX_CNT) ..ot 413
15.3.9. TIM9 and TIM12 Prescaler (TIMX_PSC) .....coiiiiiiiieiieiie et 413
15.3.10. TIM9 and TIM12 Auto Reload Register (TIMX_ARR) ......cccccoiiiiiiiiiiiinniesiee e 414
15.3.11. TIM9 and TIM12 Capture/Compare Register 1 (TIMX_CCR1) ......cccccceiiuveevriiiiennnnnn. 414
15.3.12. TIM9 and TIM12 Capture/Compare Register 2 (TIMX_CCR2) .....ccccoceviveriiiiieeennnnnn. 415
15.3.13. TIM9 and TIM12 regiSter MaAP.......ccoiuutieiiiiieeiitiee ettt e st e s abn e e s sbeeeeesnenas 415
16. General-purpose timer(TIM1O0/TIMLIL/TIML3/TIMLA) c.oooeeeeeeeieieeeeeeeeiieeiieeeeeeeeeeeeeeeaeeaeeseaeeseeeneeees 420
16.1. gL 0T [T 1o ) o [ ST 420
16.1.1.  TIMX MAIN FEALUIES ...coiie it e et e e e e e s e bee e e e e e e e s nnennaeeeaeeeeas 420
16.2. TIMX functional deSCIIPLION ......coii i s s 421
16.2. 1. TIME-DASE UNIT ..cciiriiieiiiiie ettt e e e e e e e e e e s e e s ennne e e e nnnns 421
16.2.2.  COUNEEI MOUE ...ttt et e ekt e et e e et e e e st e e e anr e e e e nn e e e nnnns 422
16.2.3.  CIOCK SEIBCHON ...ttt ettt e e e e 425
16.2.4. Capture/compare CRANNEIS............uuuuuiiiiiieieieieiiesie eeeesasseeeeeerereeereerrerererererararr————————. 425
16.2.5.  INPUL CAPLUIME MOUTE ....uvveieieieieieieieieteteteesteesssassaeessesssbeeesesasssesssssssssssssssssssssssssssnsssnsnssnsnsnnnnes 426
16.2.6.  FOrced OULPUL MOTE ... . ..ot ettt e ettt e e et e e e nnbn e e e e 427
16.2.7.  OULPUL COMPAIE MOME ....oeiiiiiiiie ittt ettt et e et e e e e st e e e ettt e e ettt e e e anbe e e e e anbeeeeeannnas 427
T2 TR YV /I 4T To [ PSR 429
16.2.9.  SINGIE PUISE MOAE ...ttt ettt e e 430
16.2.10.  TimMer SYNCRIONIZALION ......uviiiii ittt ettt e e e 430
G720 I I 7= o1 U T T 1 e o = TP PPPPPPPRt 431
16.3. Register DeSCIIPLON .....ccooi i 431
16.3.1. TIMx control register 1 (TIMX_CRL) ......uuuuuuuiieueirieeerieeseeeeeeesresesereserersrsrerererererrr———. 431
16.3.2. TIMx interrupt enable register (TIMX_DIER) ..........uuuuiiiiiiieiiiiieieieeieeererersesserererrrerererene... 432
16.3.3.  TIMX Status RegiSter (TIMX_SR) ......uuuuuuriereeiiiueirierereesrerrseesrreresereserereeereee—————————————. 432
16.3.4. TIMx Event Generation Register (TIMX_EGR) .........uuuiiiiiiiiiiiiiiiiiiiiireeererererereeseereseeenereen. 433
16.3.5. TIMx Capture/Compare Mode Control Register 1 (TIMX_CCMRL1).........cccevcvveiiniinreennnnnn. 434
16.3.6. TIMx Capture/Compare Enable Register (TIMX_CCER).......cccccovuiiiiiiiiiieeiniiie e 436
16.3.7.  TIMX COUNET (TIMX_CNT) coitiiieiiiite ettt et e e e e e aeeas 438
16.3.8.  TIMX Prescaler (TIMX_PSC) ...ttt 438
16.3.9. TIMx Auto Reload Register (TIMX_ARR)......c.utiiiiiiieeeiee e 438
16.3.10.  TIMx Capture/Compare Register 1 (TIMX_CCRL).......cccoviuiiieiniiieeiiieee e 439
16.3.11.  TIMx option register (TIMX_OR) ........uuueriiiieieirieeerieeresseeeereererereeererereeerererr———————————. 439
16.3.12.  TIMX REQISIE IMAP ...ttt ettt e e e e ettt e e e e e e s b nbaeeaaaeeeas 440
17. General-purpose timers (TIM 6 and TIMLT7) ..ot 444
17.1. [ gL el [0 Tox i o] o [T UUTTT R 444
17.2.1. TIM6 and TIM7 Main fEALUIMNES......ccii ittt e e e e e e e 444
0 7 Y o To [0 Lo =] o Tod QB T- To | = o I P PR 444
17.2. TIM6 and TIM7 Functional DeSCHPLIONS .......ciiuiiieiiiiie e 444
A R I o 1= o T T U SRR 444
A ©1o 10 o (=T o] o 1=] =i o o PRSP 446
7 T B L= o 10 o 11T Yo 1= PSPPI 449
17.3. REQISEr DESCIIPLION ...eiiiiiiiiie ittt ettt e e st e e e st e e e e st e e e e snbee e e e nnaees 449
17.3.1. TIM6 and TIM7 control register 1 (TIMX_CRL) .....uuuiiiiiiiiiiiiiiiiieee e 449
17.3.2.  TIM6 and TIM7 control register 2 (TIMX_CR2) .......uoiiiiiiiiiiiieiieee e 450
17.3.3. TIM6 and TIM7 DMA/interrupt enable registers (TIMX_DIER) .........cccoiiiiiiiiiiiiiieeee, 451
17.3.4. TIM6 and TIM7 status registers (TIMX_SR).....ococuiiiiiiiaiiee e 451
17.3.5. TIM6 and TIM7 event generation registers (TIMX_EGR) ........cccccceiiiiiiiiiiiiiiiniiiieeeeeeen 452

8/759



PY32F403 Reference manual

17.3.6. TIM6 and TIM7 Counters (TIMX_CNT) ...eiiiiiiiiiiiiieiie et eeaa e 452
17.3.7.  TIM6 and TIM7 Prescaler (TIMX_PSC) ..ot 453
17.3.8. TIM6 and TIM7 Auto Reload Registers (TIMX_ARR) ......cccoiiiiiiiiiiieeiiee e 453
17.3.9.  TIMBE and TIM7 FregISTEI MAPS...cciiuiiieiiiieee ettt ettt e e et e e s st e e s sbre e e anenas 453
18. R U T = o] Lo Yot (8 3 SRR 457
18.1. L gL 0T [T i o] o [ PR ESTTR S 457
I Tt I T 1Y = 1] B == L (DTSR 457
18.1.2. Module BIOCK DIagram .......cc.uuiiiieee e iiiiiieiie e e e e s se sttt e e e e e e s st e e e e e e s s sntsaaeeeeeeessnnnennneeeaeeeeas 457
18.2. T Tod v o I D= T Tod 11 ISR 458
T I == T 1) (T g LT -1 SRR 458
S =T o B I O =T 1) (] G SRR 459
18.2.3.  CoNfiIQUIE RTC MBOISIEI ..ieiiiiie et e e ettt e e e e e e s e e e e e e s s st e e e e e e e s snnnrnaneereaeeeas 459
18.2.4. RTC flag SEING ....veeeeiiiiie ettt e ettt e e st e e e nabre e e e aiees 460
T T = IO 11 011 o PSP 460
18.3. Register description (base address 0X4000 _2800) ..........ceeuieeiiiiiiiiiieieeeneiiiieeeeeeeesessnnnesaeens 461
18.3.1. RTC Control Register High (RTC_CRH) (0X00) .......ccosiuutieiiiiieeiiiieeeeiiieessiee e 461
18.3.2. RTC control register Iow (RTC_CRL) (OXO04) ....ccoiuutieiiiiieeeiiiee etttk eeae e 462
18.3.3. RTC Prescaler Load Register High (RTC_PRLH) (0X08).........ccuvuurvrereiiieiieiieerieieenernesnnnens 464
18.3.4. RTC Prescaler Load Register Low (RTC_PRLL) (OXOC) ....uvvvivvviiiierereeeivesesieereerssssarenennnns 464
18.3.5. RTC prescaler remainder register high (RTC_DIVH) (0X10).......cuuvvvimmmiiirererrieieeeieennenennnns 465
18.3.6. RTC prescaler remainder register low (RTC_DIVL) (OX14) .......uueveueeerererererineneeereneennenennnns 465
18.3.7. RTC Count Register High (RTC_CNTH) (OX18) ......cccoiiiiieiiiiieeiiiiieeiniieeeesinie e sieee e 466
18.3.8. RTC Count Register LOW (RTC_CNTL) (OXLC)...ccuuveeiiiiieeisiiiieeeiiiie e sitin e s siee e e sieee e 466
18.3.9. RTC alarm register high (RTC_ALRH) (0X20) .......uutiiiiiiieeiiiiee ittt 467
18.3.10. RTC alarm register Iow (RTC_ALRL) (0X24) ......ooeeiiiiiieiiiiiee e 467
18.3.11. RTC REQISIEI IMAP ....ueeieiiiiiiee ettt sttt e et e e ettt e e et e e e b e e e e nnnnas 468
19. Independent WatChdOg (IWDG) ... s 470
19.1. Lo T [T 1o ) o SRS 470
19.2. Y= T I (ST LU SRR 470
19.3. FUNCHION DESCIIPLION ..., 470
19.3.1.  MOAUIE BIOCK DIBQIAM ... .uuuuueiereieieieeesesiaeeessesessnessssssssssssnssssssssssssssesessnsrsrersrersrrssnererenernrnne 470
19.3.2.  Hardware WatChUOQ .........uuuueierriiieiiieieieseeeeeeeesesssssreesessssnreessseeeseresererererreerererrrr 471
S R TR T o= To 11 (=] gl o £0] =T o111 o PP PPPPPRt 471
S S 1= o T8 To I 1 4T Lo [ PP P PPNt 471
19.3.5. IWDG RegiSter DESCIIPLION .. ...cciiitiiieiiiite ettt ettt e e e e aeeas 471
20. System window watChdog (WWDG) .......ooiiiiiiiiiiiiiiieieeeeeeeeeeeee e eeeeeeeeassaassssesesesesesesssesnnnnes 476
20.1. a1 0T 11T o) o S 476
20.1.1.  WWDG M@IN FEAIUMES .eeiieeeiiiiiieiiei e e e e eeee et e e e e e st e e e e e s e e e e e e e s e anntneeeeaeeesannennaneeeaeenan 476
20.2. WWDG FUNCHON DESCIIPIION. ...ttt ettt sttt st et e et e e e e 476
20.3. How to write a watchdog timeout ProOgram ..........ccoiiiiieeiiiiie e 477
20.4. DebUg MOE ... 478
20.5. Register DeSCIIPLON ..o 478
20.5.1. Control register (WWDG _CR) ... 478
20.5.2. Configuration register (WWDG_CFR) ... 478
20.5.3. Status register (WWDG_SR) ... 479
20.5.4. WWDG REQISIEr MAP ..uuuuiiie s s 479
21. External Serial Memory Controller (ESMC) ... 481
21.1. 10T [T 1o ) o S 481
21.2. Y= U I (Y= LU S 481
21.3. FUNCHON DESCIIPLION ...eeieiiiiiee ittt ettt et e et e e et e e e e e nbe e e e e anbeeeeennaeas 481
21.3.1.  Module BIOCK DIBGIAM ... ...eiiiiiiieeiiiiiee ettt e ettt e e et e e e sbe e e e sbeeeeesnbneeeeanes 481
21.3.2.  ESMC FUNCIONAl DESCIIPLION ....eeeiiiiiieeiitiiee ettt ettt e et e e e st e e e sbaeeeeanes 482
21.3.3. ESMC register description (ONE BYTE @CCESS) ....uuuteiiiaiiiiiiiiiiiie et ee e eiiiieeee e 489
21.3.4. ESMC register description (FOUR BYTE @CCESS)....uuuiiiiiiiiiiiiiiiiae it ee e e eiiiieeea e 502
21.3.5. ESMC REQISIEI MAP ..eetiiieiiiiiiiitiieae e ettt e et e e e e e e e e bbb e e e e e e s e aasbeeeeeaeeesanbebeeeeaaeeeas 504
22. SDIO INLEITACE (SDIO) ittt e ettt e e e st bt e e e sabe e e e snbbeeeesbaeeeeane 509
22.1. [ gL ol [0 Tox i o] o [T EUTTT R 509
2 I I V- 1T g T (ST L] =R 509
22.1.2.  Module BIOCK DIBGIAM ... ..eeiiiiiiieeiiiiiee ittt ettt e et e e ettt e e e sbe e e s sbeeeeesnbaeeeeanes 509
22.2. FUNCHON DESCIIPLION ...eeieiiiiiie ittt e et e e et e e e e embe e e e e anbee e e e nneeas 509
P 1B 1 1@ I Ao -1 o (= SRR PP PPTRRRR 510
W S D 1 (@ B Y o = 3T 01 (T o - Vo R 516
22.2.3.  Card FUNCLION DESCHIPLION ...coiuviiiiiiiiiee ettt ettt e et e e et e e e sbeeeeeanes 517

9/759



PY32F403 Reference manual

22.2.4.  COMIMANG ..ottt ettt ettt e e e e e s bbb e e e e e e e e e e as bbbt e et e e e s e ansbeeeeeeaeesaannnbbneaaaaeaas 526
22,25, RESPONSE ... s 530
22.3. Software APPIICAION NOLES .....coiiiiiiiiiiiie ittt et e et e e e st rr e e e sbreeeeaae 534
22.3. 1. POWEE CONIOL ...ttt ettt e e e e e e e e e e e s e st e e e e e e e e e annnnbaeeeaaeeeas 534
e T O [ Tox [ o] (oo | -1 1 FO PP PP PP PP PP PUPPPPUPPPPIN 534
P T T | 011 (=12 o] o [ PR 534
22.3.4. No data command and NO reSPONSE SEGUENCE .......uueereeeiiiirrrrrrreeeesaiinrnereeeeessaasnnnneeeeeens 537
22.3.5. Data transfer COMMEANG ..........ooovieiiiiiiiieiie e nnnee s 538
22.3.6.  Single or MUlti-bIOCK WITING ....uvvririiee i e e e s s re e e e e e s s e e eeeeee s 539
22.3.7. Data Stream FEATING ....c.cccciiiiiieiiie e e e e e et r e e e e s s st e e e e e e s s st e e e e e e s e aanra et e e e e e e s annrnraareaaeean 541
ARG S T B Y- L= U1 (= 1 IR/ ] o SRR 541
22.3.9. Send stop and interrupt during tranSMISSION ..........uvviiieeeiiiiiir e e 541
22.3.10.  SUSPENT OF FESUME SEQUENCE ... ..eeeeeiutiieeeiutieeeeauteeeaeaubeeeessbeeeesabeeeesabeeeeesasbeeessannseesanes 541
22.3.11. Read WAl SEOUEINCE .....ooiiiiiiieiitiiee ettt e et et e e e st e e e sbe e e e s abrreeeabreeeeaan 543
22.3.12.  Controller/DMA/FIFO RESEL USAQJE .......ceiiiiiiiiiiiiiee ittt e s 543
22.3.13. DediCated INTEITUPL. ... ueiieiitiiee ettt ettt st e et e e e st e e e sbaE e e e aabr e e e e annreeeeaan 543
22.3.14.  ASYNCNIONOUS INLEITUPE ...eeiiitiieiiiitiee ettt ettt e et e e e st e e e e b e e e aanbeeeeaae 543
22.3.15.  EITOr HaNAIING ..ue e e 544
22.3.16. CT_ATA OPEIALION. ....uuuitiiiiiiiiiei s 545
22.4. Register Configuration ... 547
22.4.1. SDIO power control register (SDIO_POWER).......ccoooiiiiiiiiiiiiics i 547
22.4.2. SDIO clock control register (SDIO_CLKCR)......coiiiiiiiiiiiiiieceesee s 547
22.4.3. SDIO parameter register (SDIO_ARG) ... ..iiiiiiiiiieiiiceice st e 548
22.4.4. SDIO command register (SDIO_CMD) .......cciiiiiiiiiiiieie ettt ettt et snnaeee e 549
22.4.5. SDIO command response register (SDIO_RESPCMD) .....cccoiiuieiiiiiiiieiiiieee e 552
22.4.6. SDIO command response 1..4 register (SDIO_RESPX)....cccocooiiiiiiiiiiiiieeeiiiee e 553
22.4.7. SDIO data timer register (SDIO_TMOUT) ...coiuuiiiiiiiiieeiiiiee st et e e e sbeeee e 553
22.4.8. SDIO data block length register (SDIO_BLKSIZE)........ccouuteiiiiieiiiiiiee e 554
22.4.9. SDIO Data Length Register (SDIO_DLEN) .....uuveiiiiiiiieiiiiee et 554
22.4.10.  SDIO control register (SDIO_CTRL) ....uiiieiieiaiieiies i 554
22.4.11.  SDIO Status Register (SDIO_STA) ..iiuuiiiiiiiieeeeiitiiee e itieee e stieeesstreeessteeeessteeeesssseeeesae 557
22.4.12.  SDIO interrupt status register (SDIO_INTSTS) ...ccooeiiiiiiiiiiiiiiiierc s 558
22.4.13.  SDIO interrupt mask register (SDIO_INTMASK) ......oiiiiiiiiiiiiiiierrcreee e 559
22.4.14.  SDIO FIFO threshold register (SDIO_FIFOTH) .....coiiiiiiieiiiiiie et sieee e 560
22.4.15. SDIO send to card counter (SDIO_TCBCNT) ...iuuiiiiiiiieee it 561
22.4.16. SDIO send to FIFO counter (SDIO_TBBCNT) .....cetiiiiiiiiiiiiiiee it 562
22.4.17.  SDIO data FIFO register (SDIO_FIFODATA) ....ocuuttieitiiee ittt 562
22.4.18.  SDIO rEQISIET MEAP .eiiiiitiiieiiie ettt ettt e st e e s bb e e e abb e e e e sbbe e e e abbeeesabbeeeeanes 562
23. USB Full Speed Device Interface (USB)........cooooiiiiiiiiii 568
23.1. a1 0T [T o) o S 568
23.2. MAIN TEATUIES ...ttt e e e e e st e e s e e e e 568
23.3. FUNCHioN DESCIIPLION ..o 568
23.3.1.  Module BIOCK DIBQIAM ... s 568
23.3.2.  FUNCHON DESCIIPLION ... s 568
23.3.3. FUNCHON USE .....oiiiiiiiiiiiiiiee ettt ettt et e st e s r e e e e sn e e e e snr e e e e anneee e e 569
23.3.4. USB RegiSter DESCHPLION ......uuc e s 581
24. CAN DUS CONTIOIIBI .ttt e s et e e s bt e e s nr e e e anne e e e e 592
24.1. 10T [T 1o ) o S 592
24.2. Y= T I (Y= L0 S 592
24.3. FUNCHON DESCIIPLION ...eeieiiiiiee ettt e et e e et e e e e snb e e e e snbbe e e e nnenas 592
24.3.1. Module BIOCK DIBGIAM ... ..eeiiiiiiiieiiiiiee ettt ettt e et e ettt e e s sbe e e e sbeeeeesnbneeeeanes 592
2 A 1o ) o 11 o o [ USRI 593
P T B = - 10 To I - (= J=T = 1] g o U TR 593
24.3.4.  SENA DUIFEI ..ottt e e e st e e e e e e e e b ae e e e e e as 596
24.3.5.  RECEIVING DUITEI ...t e e e e e e e e e e 596
24.3.6. ReCEIVE filtEr rEQISEr SBL ... ...t e e e eeaa e 596
24.3.7.  Data trANSMUSSION .....eeeeiieeiiiiiitetie e e e e ettt e e e e e s bbbt e e e e e s s s s beeeeeea e e s aansbeeeeeaeeeaannnbaneeaaeeaas 599
24.3.8.  Single data tranSMISSION .....cc.iuuiieiiiiiee ittt e et e e e st e e e sbe e e e sbeeeeeabneeeeanes 600
24.3.9.  Cancel dat@ SENAING .........eeiiiiiiiee ettt e et e e et e e e sbe e e anreeeeane 600
P Tt O B B = = (=T ot =T o] 1T ] o PP UOTPPPTPURR 601
P2 Tt I A o (o]l =TT |1 o PP UOUPPP TSR 601
2 T I [ To 1= 3 o (o 1 U R 601
24.3.13.  Arbitration Failure LOCation CAptUre ..........ccuiiiiiiiieeiiiiiee ettt seaeee e 602

10/759



PY32F403 Reference manual

24.3.14.  LOOPDACK MOE......eeiiiiiiiiiiieii ettt e e e e st e e e e e e e nbabaeeeaaaeeas 602
2 L TR [T oL o 4T To [~ U ERT TP 603
24.3.16.  Software resSet FUNCHON ...........oiiiiiii e e e 603
24.3.17.  Compatible with CAN-FD fUNCHON .........oeiiiiiiiiiiiiiee et 605
24.3.18.  TiMe-triggered TTCAN ... oo ittt ettt e e et e e e st e e e e sbe e e e e sbe e e e e sbneeeeaaes 605
24.3.19. TDC OF RDC...coiiitiiie ettt ettt ettt e st e e e st e e e st e e e e satbaeeesntaaeeesntbeaeesnsbaeaesnsbeeeeanes 607
2 T O TR 101 (Y ¢ {0 0T o USRS 607
24.4, =T oIS L= =TT o3 €] ) 1o o SRR 608
24.4.1. Node Configuration Register (CANFD_TSNCR) .....uuuuiiiiiiiiiiiiiiiie e e e ssivveee e e 608
24.4.2. Bit Timing Configuration Register (CANFD_ACBTR) .....c.ccccciiiiiie e ssivineeee e 608
24.4.3. CANFD_FDBTR ..o itttie ettt sttt ettt e et e e e st e e e e snbb e e e e snbbeeeesnbbeeeeabbeeeenne 609
24.4.4, Limit and Prescaler Configuration Register (CANFD_RLSSP) ......cooocciiivevee i, 610
24.4.5. Status Register (CANFD _IFR)....ccoiuiiiiiiiiiee ittt bre e e ee s 611
24.4.6. Interrupt Enable Register (CANFD_IER) .......ocuiiiiiiiieiiiiiiee ettt 613
24.4.7. Transmission Status Register (CANFD_TSR) ......coiuiiiiiiiiieiiiieee ettt 614
24.4.8. Global Configuration Register (CANFD_MCRY) ......cuuiiiiiiiiiiiiiiiee ettt sieeee s ee s 615
24.4.9. Error Warning Register (CANFD_WEGCR) ........uuiiiiiiiiiiiiiiec et 620
24.4.10. Reference ID register (CANFD_REFMSG) .....coiiiiiiiiiiiicccice s 621
24.4.11. TTCAN Configuration Register (CANFD_TTCR)....ccccoiiiiiiiiieiiciiciececeee e 622
24.4.12. TTCAN Trigger Register (CANFD_TTTR) ccooeiiieeieieiiceeece s s 624
24,413,  CANFD_SCMS ...ttt sttt e st e e e st e e e sbb e e e sttt eeeantbee s e snbeeeaeansbeeeeanes 624
24.4.14.  Filter Group Control Register (CANFD_ACFCR) .....ccoiiiiiiiiiicsccies i 626
24.4.15.  Filter group code register (CANFD_ACFQC) .....oiiiiiiiiiiiiiiceiee i 626
24.4.16.  Filter groupmask register (CANFD_ACFM) ....ccoiiiiiiiiiiieieiieite sttt 626
24.4.17.  CAN Receive BUF register (CANFD_RBUF) .....c..coiiiiiiiiiiiiiiiee it 627
24.4.18.  CAN transmit BUF register (CANFD_TBUF) ......ccccviiiiiiiiiic e 627
24.4.19.  CAN FEQISTEE MAP...ciiiiiteieeiitiiee e ittee e e ittt it e e e sttt e e e abeeee etk b e e e e abeeeeesbseeeesbeeeeeaabbeeeeanes 627
25. Serial Peripheral INterface (SPI).....uuuuiiiiiiiiiiiiiiiie ettt ee e stae e aeeeeeaeeeeseeesesaesesssesssseesnennes 629
25.1. Lo T [T 1o ) o PSSR 629
25. 1.1, MaAIN FEALUIES ...ttt e e e ek b ettt e e e e e s kbbb e e et e e e e e anb b e e e e e e e e e s annnnbaeeeaeeeeas 629
25.1.2.  Module BIOCK DIaQIam..... ... e s 630
25.2. Y o B ¥ ox 1 o I L= 2o 1o 1o o ISPt 631
25.2. 0. OVEIVIEW ..teiieiiiiiiee i iitiee e sttt e st e e et e e s et et e e ss bt e e e e anbb e e e e anbeeeeeanta e e e e antbeeeeabbeeeesbbeeeesntbeeeennes 631
25.2.2. Single-master and single-slave CommuNICAtioN .........ccccooieiiiiiiiiiiiiic e 632
25.2.3.  Multi-Slave COMMUNICALION ........ooiiieeiiiiiiieie e e et e s e e e e e s e s re e e e e e s enneneeeeaaeeeean 634
25.2.4.  Multi-NOSt COMMUNICALION ... ..uiieiieiee i e e e e e e s e s e e e e e e s eneneaeeeaeeeeas 635
25.2.5.  From Selection (NSS) Pin Management............ceiiiiiieiiiiiiee i iiiee et e sineee e 635
25.2.6.  COMMUNICALION FOIMAL...... . iieeiieiie e it ir e e e e e s s e e e e e e e s s s teeeeeaeeesannennnneeaeeeean 636
25.2. 7. SPI CONFIQUIALION .....eeiiii ittt ettt e e e st e e e e abb e e e e sbbeeeeanes 637
25.2.8.  SPIENADIE FIOW .....eviiiiiieeeiecieie ettt e e e e e e e e s e s re e e e e e e e nnnnaeeeeeeee s 638
25.2.9. Data transmission and reCeption PrOCESS. ... ..ccceiiieeeieiiieieieeee e 638
25.2.00. SEAIUS FlaQ . .u i 642
25.2. 00, EITOF flagS i 643
25.2.12. ] I 1 1T 0 (U] o | S PSPPI 643
25.2.13. CRC CAlCUIALION......eiiiieiiiiiiee ittt e e s e e e e e e s anbebaeeeaaeeeas 644
25.3. 12S FUNCLioN DESCHPLION ..o 645
25T T I | 011 o o [T o) o SR 645
PSR T2 A\ [ [ o TN = o (o o] o SRR 645
P TG TR T O (o Tox PO PPROUPPPRNt 656
25.3.4.  SENA QNG RECEIVE....uuuiiiieeiie ittt ettt e e e e e et e e e s e et e e e e e e s s snstaeeeeaeeeaannsnnnneneeeensn 657
P TC TR T o To o I o To 171 1 o] o W PP OTPPPURRR 659
P TC I T [ 01 1=T4 €U o 1T ] o PP PPUPRRR 660
25.4. REGISTEr DESCIIPLION .....eiiieiie ettt e e e et e e e e e e e e abb b et e e e e e e e e e aanbreneeas 660
25.4. 1. SPI_CRL FEOISTEN ....uteiieiie ettt ettt e et et e e e e e bbb e e e e e e e s e aae b e e eeeaeeesannnbaeeeaaaeeas 660
25.4.2.  SPI_CR2 FEOISTEN .....teiieiiee ittt ettt e ettt e e e e e bbb et e e e e e s e e ab b e et e e e e e e s anbnbaeeeaaaeeas 663
25.4.3.  SPI_SR FBOISIEN ... .ttt e e e st e e e e e e e e e e e 665
25.4.4.  SPI_DR FEQISTEN ... eiiiiieiiie ettt ettt e et e e e e e e e e bbb et e e e e e s e e a bbb et e e e e e e s e nnbreeeaaaeaas 666
25.4.5.  SPI_CRCPR FEQISIET ..ccoiteiiii ittt ettt ettt ettt e e e st e e e sbe e e e e sbbeeesanbbeeeeanes 667
25.4.6. SPI_RXCRCR FEOISIEN .. .teiiiiiiiiee ettt iteee e sttt ettt et e e e st e e e sbe e e e e sbe e e e e sbeeeesanbneeeeane 667
25.4.7.  SPI_TXCRCR FEISLEN . ..teiiiiitiieeeiieiee ettt ettt ettt e st e e e sbb e e e e sbe e e e s snbeeeeesbeeeessnbneeeeanes 668
25.4.8.  SPI_I2S_CFGR IBQISIET.....eiiiiiiiie ittt ettt et e et e e e bt ee s snbaeeeeanes 668
25.4.9.  SPI_I2SPR FEOISIEI ....eiiiiieiie ittt ettt e st e e st e e e st b e e e sbe e e e e sbe e e e e anreeeeane 670
25.4.10.  SPITEISEI MAP ..veiiiiiiiiie it e ettt e ettt et e e e st e e s sbeee e e sttt e e e snbeeeeesbbeeesanbbeeeeane 670

11/759



PY32F403 Reference manual

26. Inter-integrated Circuit (I2C) INTEITACE ....uvvii e i 673
26.1. [aLr ol [0Tox i o] o [T T OO UPTTT P 673
P I I V- 1T o I (= L0 ] = PRSP 673
26.2. I2C FUNCEION DESCHIPLION ....eeieiiiieee ittt ettt et e e et e e et e e e e e e e e e 674
P 2 I | 011 o o 0T o) o [P PR 674
26.2.2. Packet Error Checking (PEC) .....ocoiiiiiiiiiiiee ettt bne e e e e 675
26.2.3.  SlAVE MOUE ....eeiiiiieiiie ettt e r e s r e e e e r e ne e nnreeaa 676
26.2.4.  MESLEI MOOE ...ttt et e n e s r e e s e e s e e n e s ne e nnreena 678
26.2.5.  EITON STATUS ..coooiiiiiiiiiiiic e 685
26.2.6.  DMA FUNCHION ..ottt s e st e s e e s e e e nnn e e sne e e nnneenn 686
26.2.7. System Management BUS SIMDUS ........cc.uviiieiiiiiiiiiiiiee s e e s ee e e e e e s s nnnaaneeee e 688
26.3. =T oIS L= g L= o3 €] ) 1o o [ SESRRS 690
26.3.1. 12C Control register 1 (I2C_CRL) ....uuiiiiiiiiee ittt bn e e ee s 690
26.3.2. 12C Control register 2 (I2C_CR2) ......ooi ittt eeses 693
26.3.3. 12C Own address registerl (I2C_OARL) ....ccoiiiiiieiiiiee ettt e s snnne e 695
26.3.4. 12C own address register2 (12C_OAR2) ...cccieicieiiieeiieeeseeeseesteeesneesnae e seaeeaeeeessneeans 695
26.3.5. 12C Data regiSter(I2C_DRY) ....ccuuiiiiiiieee ittt ettt e et e e st e e e ibe e e e rnneeeaae 696
26.3.6. 12C Staus register (I2C_SRL) ....coiiiiiieii ettt e e sbb e e e e e ebe e e 697
26.3.7. 12C Status register2 (I2C_SR2) ......cuuiii ittt ettt 702
26.3.8. 12C Clock control register(I2C_CCR) ... ... s 703
26.3.9. 12C TRISE register (I2C_TRISE) .....cciiiiiiiieiii ettt 704
26.3.10. [2C FEQISTEr MAP ... 705
27. Universal synchronous asynchronous receiver transmitter (USART) .....ccceevviieiiiineecnnnn, 708
27.1. INEFOTUGCTION ... e ke e e st f e et e st e e e e e s nnnn e e e e 708
A I I V- 1T o T (= L0 ] = SRR 708
27.2. USART FUNCHONAI DESCIIPLION ....eiiiitiiee ittt ettt et e sttt e et e e s sbee e e s b e e 710
27.2. 1. TranSMUSSION PN ...ttt et e e e e s et r e e e e s e sns e eeeeeeesannsnbaeeeaaeeean 710
A B U Y o I I = 1= 0 RSP 711

P R R D - - W (=Tot =] o] 1T o O PO PP PP PP PP PUPPPPPPPPP 712
27.2.4. Fractional baud rate generation.............iciiiin it 715
27.2.5. USART receiver tolerates ClOCK Changes .......cccooiieiiiiiiiiiiiic i 717
27.2.6. USART automatic baud rate deteCtion ...........cccciirriieiiiiriiee e 717
27.2.7. Multiprocessor COMMUNICALION ......uuuuii s 717
27.2.8.  Calibration CONMIOL.......ccoiuiiiiiitiie et e e e e e e sn e e s e e e anreeeeanes 718
27.2.9. LIN (local area network) MOel........ ... 719
27.2.10.  SYNChronization MOGE ... s 721
27.2.11.  Single-line half-duplex COMMUNICALION ..........cooiiiiiiiiiiiiie e 722
A 1 4 - g o (o SR 722
27.2.13.  IrDA SIR ENDEC FUNCON MOAUIE.......ccoiiiieiiiiiiiiie e enaeee e e e 724
27.2.14.  Continuous communication USING DIMA .........oiiiiiiiiii e 726
27.2.15. Hardware flIoW CONIOL ..........ooeiiiiieiiiiiiie e e s e e e e e e nrareeaeeeeas 728
27.2.16. INTEITUPL FEQUEST ... 729
27.3. Register desCription .........cooo i 730
27.3.1.  CONtrOl REGISIEN (SR ..uuuuiiiiie i 730
27.3.2. Dataregister (USART _DR) ... s 733
27.3.3. Baud Rate Register (USART_BRR) ... s 733
27.3.4. Control Register (USART _CR) ... s 734
27.3.5. Guard Time and Preshunt Register (USART_GTPR) .......cooiiiiiiiiiiiiee e 740
27.3.6.  USART IE0ISIEI MAP ..ciiiiitiiieiiiiiee et te e sttt ettt ettt e e e sbe e e e abe e e e e sbbeeeesbeeeeeabeeeesanbeeeeeane 741
28. Clock Calibration Controller (CTC) ... ittt e e e e e e eeaaeeeas 743
28.1. 0T [T 1o ) o S 743
S 0 I R V- 1T o T {5 L] =R 743
28.1.2.  Module BIOCK QIagram.........cooiiiiiiiiiiiee ittt e et e e et e e e abaeeeeane 743
28.2. FUNCLIONAI AESCIIPLION ...ttt e e e e e s et e e e e e e e e e aannreeeeas 743
28.2.1. REF Synchronized PUlISE GENEIALOr..........cuiiiiiiiiiiiiiiie ettt e e eareeeeaa e 743
28.2.2. CTC Calibration COUNLET..........uuiiiiieiiiiiiee ettt e et e e e e e e s b ebaeeaaaeeeas 744
28.2.3. Frequency evaluation and automatic calibration process..........ccccccuniiiiiiiiiiiiiiiiiieneeeen, 744
28.2.4. Software programming QUIAE.........oooiiiiiiiiiiee ettt e e e e e s r e e e e e e s aenbaeeeaaaeeas 746
28.3. Register description (base address 0X4000 _C800) ........ueerieeriiiiirirreeieeeeaaiiiireeee e e e eieeeeeeas 746
28.3.1. Control rediSter O (CTC_CTLO) . .cciiuiieeeiiieee e iieie e steee e st ee et ee e sbe e e s sbbe e e e snbeeeeesnbbeeeeanes 746
28.3.2.  Control rediSter L (CTC_CTLL) ittt ettt sttt e e st e e et e e e sbaeeeeanes 748
28.3.3.  StAtus regiSter (CTC_SR) ..iiiiiiiiieiiiiiee e iieee ettt et e et e e e sttt e e e sbe e e e sbbeeessbaeeeeanes 749
28.3.4. Interrupt clear register (CTC_INTC) ..oviiiiiiiiiiiiiee ettt e et e e aaeee e 751

12/759



PY32F403 Reference manual

P T B T O W O (=T 151 (T ol 1 =T o TP ERT TP 752

29. (D= o0 Yo T 0 o] o Yol g (5] =) PR 753
29.1. L a0l [T i o] o [ PR STTTS 753
pAS I I I V- 1T o I (= LU ] = PR 753
29.2. (S0 gToi (o] o e [=2Tod d] o1 i o o FO P O PO P PP PPPPPPRRP 753
29.2.1. Low-power mode is supported in debugging .........occveeiiiiiiiiiiiiiee e 753
29.3. Register baseaddr=0XEOQ042000 ...........ccceiiiurrrirreeeeieiiirrrereeeeesessstanreeeeeesssasnrsreereeessanssesneees 753
29.3.1. ID code (DBGMCU_IDCODE) (OXEOO4_2000) .......uveeeeirrieeeiiieeeesieeeessieeeessseeeessneeesssnes 753
29.3.2. Debug configuration register (DBGMCU_CR) (0XEO04 _2004) ........ccccvveereeeeeiiiiirinneneeeenn 754
A I T B B 1= T C R (=T 153 (T 0 = o SRR 758

30. VEISION HISTOTY ..tttk s bbbt e skt e e s bbb et e s aab e e e e enbne e e s anneeee s 759

13/759



PY32F403 Reference manual

1.Introduction

The system consists of the Cortex-M4 processor core, which includes SIMD's DSP enhancements and the
Floating Process Unit (FPU) unit, which can be switched on or off depending on the configuration, but is
supported by default for SIMD instructions. The on-chip Flash is used only as a read-only space for software
instructions and data during system operation, with an instruction and data cache added to the system to
increase the efficiency of the CM4, and an on-chip Flash with 128-bit data to reduce access time to the on-
chip Flash. To reduce access time to the on-chip Flash, the on-chip Flash provides a 128-bit data read bit
width. The Quad/Octal SPI Flash extends the system's non-volatile runnable storage while occupying only
a small number of GPIO ports. The system includes DMA1 and 2 which can support up to 12 channels for
direct data transfer between memory, peripherals including ADC , SDIO, 12S, 12C and USART.

The system includes two peripheral system buses, APB1 and APB2, with the same speed as the AHB bus.
The peripherals include 17 timer units and 13 communication interface units. The former includes ten 16-
bit timers, two 16-bit timers with PWM control, two watchdog timers, two basic timers and one systick timer.
The latter includes two I12C interfaces, five USART interfaces, three SPI interfaces, a CAN bus controller,

a USB 2.0 interface supporting full speed operation and an SDIO interface.
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2.System and memory architecture

The PY32F403XX family of devices is a 32-bit general purpose microcontroller based on the Arm® Cor-
tex®-M4 processor. The Arm® Cortex®-M4 processor includes three AHB buses called the I-CODE bus,
the D-Code bus and the system bus respectively. All memory accesses to the Cortex®-M4 processor are
performed on these three buses, depending on the purpose and target memory space. The organisation
of the memory is based on a Harvard structure, with pre-defined memory mappings and up to 4 GB of

storage space, which fully guarantees system flexibility and scalability.

2.1. Arm® Cortex®-M4 Processor Introduction

The Cortex®-M4 processor is a 32-bit processor with low interrupt latency times and low cost debug
features. The high level of integration and enhanced features make the Cortex™-M4 processor suita-
ble for those market segments that require high performance and low power microcontrollers. The
Cortex®-M4 processor is based on the Armv7 architecture and supports a powerful and scalable in-
struction set including general purpose data processing 1/0O control tasks, enhanced data processing
bit field operations, DSP (Digital Signal Processing) and floating point instructions. Some of the system
peripherals provided by the Cortex®-M4 are listed below:

B Internal bus matrix for interconnecting the I-Code bus, D-Code bus, system bus, private bus (PPB)
and debug-only bus (AHB-AP);

Nested Vector Interrupt Controller (NVIC);

Flash Address Reload and Breakpoint Unit (FPB);

Data Watchpoint and Trace Unit (DWT);

Instruction Trace Macro Unit (ITM);

Embedded Trace Macro Unit (ETM);

Serial Line and JTAG Debug Interface (SWJ-DP);

Trace Port Interface Unit (TPIU);

Memory Protection Unit (MPU);

Floating Point Unit (FPU).

2.2. System architecture

The system uses a 32-bit multi-layer AHB bus matrix that allows for parallel communication between
multiple masters and multiple slaves:
B Five master buses:
»  Cortex™-MA4F core I-bus, D-bus and S-bus
» DMA1 memory bus
» DMA2 memory bus
B Five Controlled Buses:
Internal Flash ICode bus
Internal Flash DCode bus
Internal SRAM bus
AHBL1 peripheral bus (including AHB to APB bus bridge and APB peripherals)
AHB2 peripheral bus

YV V. V V V
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2.2.1.

2.2.2.

2.2.3.

2.2.4.

2.2.5.
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Figure 2-1 Bus Architecture

| _bus

This bus is used to connect the instruction bus of the Cortex™-M4F core to the bus matrix. The kernel
gets its instructions via this bus. This bus accesses the memory containing the code (internal
Flash/SRAM or external memory via ESMC).

D_bus

This bus is used to connect the Cortex™-M4F data bus to the bus matrix. The kernel performs imme-
diate number loading and debug accesses via this bus. This bus accesses memory containing code

or data (internal Flash/SRAM or external memory via ESMC).
S bus

This bus is used to connect the system bus of the Cortex™-M4F core to the bus matrix. This bus is
used to access data located in peripherals or SRAM. This bus accesses the 64 KB internal SRAM, the
APB1 peripheral including the AHB peripheral, the APB2 peripheral and the external memory via the
ESMC.

DMA1/DMAZ2 BUS

This bus is used to connect the main DMA memory bus interface to the bus matrix. The DMA accesses
via this bus are the 64KB internal SRAM, the APB1 peripheral including the AHB peripheral, the APB2

peripheral and the external memory via the ESMC.
Bus Matrix

The bus matrix is used to manage the arbitration of accesses between master buses. Arbitration is
performed using a round-robin scheduling algorithm. The system consists of five Master devices,
|_ BUS, D _BUS, S BUS, DMA1 and DMAZ2 of the ARM® Cortex™-M4, and four Slave devices, internal
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2.2.6.

2.3.
2.3.1.

2.3.2.

Flash memory, internal SRAM, AHB peripherals (AHB2APB Bridge 1 for the peripherals and
AHB2APB Bridge 2 for the AHB2APB Bridge 1 and AHB2APB Bridge 2), and ESMC.

AHB/APB bus bridge

With the AHB/APB bus bridge, a fully synchronous connection between the AHB bus and the APB bus
is possible, allowing flexible selection of peripheral frequencies.

After each chip reset, all peripheral clocks are switched off (except for the SRAM and Flash interfaces).
Before a peripheral can be used, its clock must be enabled in the RCC_AHBXENR or RCC_APBXENR

registers.

Memory Organisation

Introduction

The Arm® Cortex®-M4 processor has a Harvard architecture that allows the use of mutually inde-
pendent buses for reading instructions and loading/storing data. Instruction code and data are located
in the same memory address space, but in different address ranges. Program memory, data memory,
registers and 1/O ports are all within the same linear 4 GB address space.

The individual bytes are encoded in memory in a small-end format. The lowest numbered byte in a
word is considered the lowest valid byte for that word, while the highest numbered byte is considered
the highest valid byte.

For more information on the mapping of peripheral registers, see the relevant section.

The addressable memory space is divided into 8 main blocks of 512 MB each.

Memory Map
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OXFFFF FFFF
0xE010 0000
ARM Cortex M4
Internal periphrals
0xE000 0000
0xC000 0000
0xA000 1400
ESMC REG
0xA000 1000
0xA000 0000
ESMC Bank1
0x9000 0000
0x8000 0000
0x6000 0000
Periphrals
0x4000 0000
0x2001 0000
RAM
0x2000 0000
Code

0x0000 0000

Addressable space

User space

Reserved space

AHB2

AHB1

APB2

APB1

Reserved

Factory config. bytes

uiD

Factory config. bytes

Option bytes

System memory

Main flash

Main flash/
System flash/
RAM

OXSFFF FFFF

0x4800 1400

0x4800 0000

0x4002 3400

0x4001 8000

0x4001 5800

0x4001 0000

0x4000 CCO0

0x4000 0000

OX1FFF FFFF
OX1FFF 5A00

Ox1FFF 5900
Ox1FFF 5800
Ox1FFF 5100
Ox1FFF 5000

Ox1FFF 0000
0x0806 0000

0x0800 0000
0x0006 0000

0x0000 0000

Figure 2-2 Memory Map

All other memory space not allocated to on-chip memory and peripherals is reserved address space.

Refer to the table below for detailed memory and register space mapping.

The table below gives the peripherals available in the product and the corresponding address bound-

aries.

Table 2-1 Peripheral register address

Memory start/stop address Peripheral Bus Register map
0xA000 1000 - 0xA000 13FF ESMC AHB
0x4800 1400 - OX5FFF FFFF Reserve
0x4800 1000 - 0x4800 13FF GPIOE
0x4800 0CO00 - 0x4800 OFFF GPIOD AHB2
0x4800 0800 - 0x4800 OBFF GPIOC
0x4800 0400 - 0x4800 O7FF GPIOB
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Memory start/stop address Peripheral Bus Register map
0x4800 0000 - 0x4800 03FF GPIOA
0x4002 3400 - 0x47FF FFFF Reserve
0x4002 3000 - 0x4002 33FF CRC
0x4002 2400 - 0x4002 2FFF Reserve
0x4002 2000 - 0x4002 23FF FMC
0x4002 1400 - 0x4002 1FFF Reserve
0x4002 1000 - 0x4002 13FF RCC AHB1
0x4002 0800 - 0x4002 OFFF Reserve
0x4002 0400 - 0x4002 07FF DMA2
0x4002 0000 - 0x4002 03FF DMA1
0x4001 8400 - 0x4001 FFFF Reserve
0x4001 8000 - 0x4001 83FF SDIO
0x4001 5800 - 0x4001 7FFF Reserve
0x4001 5400 - 0x4001 57FF TIMER11
0x4001 5000 - 0x4001 53FF TIMER10
0x4001 4CO00 - 0x4001 4FFF TIMER9
0x4001 4000 - 0x4001 4BFF Reserve
0x4001 3C00 - 0x4001 3FFF ADC3
0x4001 3800 - 0x4001 3BFF USART1
0x4001 3400 - 0x4001 37FF TIMERS8 APB2
0x4001 3000 - 0x4001 33FF SPI1
0x4001 2C00 - 0x4001 2FFF TIMER1
0x4001 2800 - 0x4001 2BFF ADC2
0x4001 2400 - 0x4001 27FF ADC1
0x4001 0800 - 0x4001 23FF Reserve
0x4001 0400 - 0x4001 O7FF EXTI
0x4001 0000 - 0x4001 O3FF SYSCFG
0x4000 CCOO0 - 0x4000 FFFF Reserve
0x4000 C800 - 0x4000 CBFF CTC
0x4000 7800 - 0x4000 C7FF Reserve
0x4000 7400 - 0x4000 77FF Reserve
0x4000 7000 - 0x4000 73FF PWR
0x4000 6C00 - 0x4000 6FFF BKP
0x4000 6800 - 0x4000 6BFF Reserve
0x4000 6400 - 0x4000 67FF CAN
APB1
0x4000 6000 - 0x4000 63FF USBD/CAN share 512 bytes of SRAM
0x4000 5C00 - 0x4000 5FFF USBD
0x4000 5800 - 0x4000 5BFF 12C2
0x4000 5400 - 0x4000 57FF 12C1
0x4000 5000 - 0x4000 53FF UASRTS5
0x4000 4C00 - 0x4000 4FFF UASRT4
0x4000 4800 - 0x4000 4BFF USART3
0x4000 4400 - 0x4000 47FF USART2
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Memory start/stop address Peripheral Bus Register map
0x4000 4000 - 0x4000 43FF Reserve
0x4000 3C00 - 0x4000 3FFF SPI3/12S
0x4000 3800 - 0x4000 3BFF SPI2/12S
0x4000 3400 - 0x4000 37FF Reserve
0x4000 3000 - 0x4000 33FF IWDG
0x4000 2C00 - 0x4000 2FFF WWDG
0x4000 2800 - 0x4000 2BFF RTC
0x4000 2400 - 0x4000 27FF Reserve
0x4000 2000 - 0x4000 23FF TIMER14
0x4000 1C00 - 0x4000 1FFF TIMER13
0x4000 1800 - 0x4000 1BFF TIMER12
0x4000 1400 - 0x4000 17FF TIMER7
0x4000 1000 - 0x4000 13FF TIMER6
0x4000 0C00 - 0x4000 OFFF TIMERS
0x4000 0800 - 0x4000 OBFF TIMER4
0x4000 0400 - 0x4000 07FF TIMER3
0x4000 0000 - 0x4000 03FF TIMER2

2.4. Embedded SRAM

The PY32F403XX series devices have a built-in static SRAM of up to 64K bytes, the SRAM capacity
may vary depending on the product definition, please refer to the Datasheet for details. it can be ac-
cessed as byte, half word (16 bits) or full word (32 bits). the starting address of the SRAM is 0x2000
0000.

2.5. Embedded FLASH

The Flash memory consists of two distinct physical areas:

B Main flash area, 384KBytes, which contains application programs and user data. The Flash ca-
pacity may vary depending on the product definition, please refer to the Datasheet for details.
Software access to the space outside the set range will result in a hard fault.

B Information area, 24Kbytes, which contains the following parts:

» Factory config. bytes: 3328Bytes, used to store trimming data (including HSI trimming
data), flash size configuration information, and power-up read checksum.
» Factory config. bytes:
chip power-up read parity code
Chip hardware trimming configuration value
Device ID code
» UID: 512 bytes, used to store the chip's UID
»  Option bytes: 256 bytes for chip hardware and memory protection configuration values
»  System memory: 20KBytes for the boot loader
The Flash interface implements instruction reading and data access based on the AHB protocol, it

also implements the basic program/erase operations of the flash through registers.
2.6. Bit Segments
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The Cortex™-M4F memory map consists of two-bit segment regions. These regions map each word

in the memory alias region to the corresponding bit in the memory bit segment region. Writing a word

in the alias region is equivalent to performing a read-modify-write operation on the target bit in the bit

segment region.

Peripheral registers and SRAM are mapped to a bit-segment area, allowing read and write operations

to be performed on a single bit-segment. These operations are only available for Cortex™-M4F ac-

cesses and are not available for other bus master interfaces such as DMA.

The correspondence between each word in the alias area and each bit in the bit segment area can be

illustrated by a mapping formula. The mapping formula is as follows.

bit_ word_addr = bit_band_base + (byte_offset x 32) + (bit_number x 4)

- bit_word_addr represents the address of the word that will be mapped to the target bit in the alias
area

- bit_band_base represents the start address of the alias area

- byte_offset represents the byte number in the band area where the target bit is located

- bit_number represents the bit position of the target bit (0-7)

Example

The following example shows how bit 2 of the byte at SRAM address 0x20000300 can be mapped to

the alias area:

0x22006008 = 0x22000000 + (0x300*32) + (2*4)

A write operation to address 0x22006008 is equivalent to a read-modify-write operation on bit 2 of the

byte at SRAM address 0x20000300.

A read operation on address 0x22006008 returns the value of bit 2 of the byte at SRAM address

0x20000300 (0x01 for a position bit, 0x00 for a bit reset).

See the Cortex™-M4F Programming Manual for more information on bit segments,

2.7. Start-up configuration
In the PY32F403xx, three different boot modes can be selected via the BOOT[1:0] pins, as shown in
the table below.
Table 2-2 BOOT pin configuration
Pin Configuration
Boot Mode Description
BOOT1 BOOTO
Main flash memory | The main flash memory is selected as the boot X 0
area
System memory | System memory selected as boot area 0 1
On-chip SRAM Internal SRAM selected as boot area 1 1

After a system reset, the value of the BOOT pin will be latched. The user can select the boot mode
after a reset by setting the status of the BOOT1 and BOOTO pins. When exiting from standby mode,
the value of the BOOT pin will be relocked. Therefore, in standby mode the BOOT pin should be left
in the desired boot configuration.

Depending on the selected boot mode, the main flash memory, system memory or SRAM can be

accessed as follows
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- Boot from main flash memory: the main flash memory is mapped to the boot space (0x0000 0000)
but it can still be accessed at its original address (0x0800 0000), i.e. the contents of the flash
memory can be accessed in two address areas, 0x0000 0000 or 0x0800 0000.

- Boot from system memory: the system memory is mapped to the boot space (0x0000 0000) but
it can still be accessed at its original address (0Ox1FFF B00O0).

- Boot from internal SRAM: The SRAM is mapped to the boot space (0x0000 0000) but can still be
accessed at its original address (0x2000 0000).

After the boot delay, the CPU gets the address at the top of the stack from address 0x0000 0000 and

starts executing the code from the address indicated by 0x0000_0004 in the boot memory. Because

of the fixed memory image, the code area always starts at address 0x0000_0000 (accessed via the

ICode and DCode buses), while the data area (SRAM) always starts at address 0x2000_0000 (ac-

cessed via the system bus). the Cortex M4F CPU always gets the reset vector from the ICode bus,

i.e. the boot is only suitable for starting from the The PY32F403xx family of microcontrollers imple-

ments a special mechanism for booting from the on-chip SRAM. When booting from the on-chip SRAM,

the vector table must be remapped in the SRAM using the NVIC's exception table and offset registers

in the initialisation code of the application.
2.7.1. Embedded start-up program

The system memory contains an embedded bootloader which can be used to program the flash
memory. The bootloader is used to reprogram the flash memory via USART1, USART2 or the USB
interface.

2.7.2. Physical remapping

When the boot pin is selected, the application software can set certain memories to be accessed
from the code space (so that code can be executed via the ICode bus instead of the system bus).
Such a modification is achieved by programming SYSCFG_MEMRMP in the SYSCFG controller.
The following memories can thus be remapped:

- Main Flash

- System memory

-  Embedded SRAM

- ESMC
Table 2-3 Port Bit Configuration Table
. Boot/remap in )
Boot/remap in ) Remapping
Address . embedded Boot/remap in system memory )
main Flash in ESMC
SRAM
0x2000 0000 - 0x2000 FFFF | SRAM SRAM SRAM SRAM
System System
Ox1FFF 0000 - Ox1FFF 4FFF System memory | System memory
memory memory
0x0808 0000 - OxOFFF FFFF | Reserved Reserved Reserved Reserved
0x0800 0000 - 0x0807 FFFF | Flash Flash Flash Flash
0x0006 0000 - 0x07FF FFFF | Reserved Reserved Reserved ESMC
0x0000 0000 - 0x0005 FFFF | Flash Use alias | SRAM Use alias | System memory (20KB) Use alias | ESMC
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3.Embedded Flash Memory

3.1.

3.1.1.

3.1.2.

Introduction

The Flash interface manages CPU access to the Flash via the AHB I-Code and D-Code. The interface

performs erase and program operations on the Flash and implements read and write protection mech-

anisms.

The Flash interface accelerates code execution by means of instruction prefetching and caching mech-

anisms.

Main features

H B B B B BE B V VV V V V V 1

Option byte load

Memory organisation

Main memory: 384 Kbytes max.
Information memory: 24 Kbytes
Page size: 256 bytes

Sector size: 2 Kbytes

Block size: 32 Kbytes

128-bit wide data read

32-bit wide data write

Flash read operation

Read/write protection
Prefetch operations on I-Code
Branch Cache on I-Code

Data cache on D-Code

Module block diagram

I-Code Bus

CPU

D-Code Bus

3.2.
3.2.1.

Functional description

CPUADDR([31:0]—

Flash programming operation (page programming)

Flash erase operation (page erase/sector erase/block erase/full erase)

ACC_RDADR_O([31:0]

-CPURD——Pp -ACC_RDREQ_O
HREADY——
Flash Flash
HPROT[3:0]——— ACC
Mux WRITE Controller
CPU_RDYOUT e C_RDRDY_|
CPU_RDDATA[31:0] |[#¢—ACC_RDDATA_I[63:0]—
| HWRITE T

Figure 3-1 Module block diagram

Flash memory structure

ACLK
AXA
RA[9:0}
CA[4:0]
PA[4:0]
DIN[31:0]
PW.
MODE[3:0]
SEQ[2:0
PE
SLEEP
RSTB
DOUT[63:0}

Embedded
Flash

Flash memory consists of 128-bit wide memory cells that can be used for program and data storage,

with a Page size of 256Bytes, a Sector size of 2Kbytes and a Block size of 32KBytes.
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Functionally, Flash memory is divided into Main Flash, which has a maximum capacity of 384Kbytes,

and information flash, which has a capacity of 24Kbyte, as follows:

Table 3-1 Flash memory structure and boundary address

Area Space Name Address Size (bytes)

Sector O Page 0-7 0x0800 0000 - 0x0800 07FF 2K

Sector 1 Page 8-15 0x0800 0800 - 0x0800 OFFF 2K

Sector 2 Pagel16-23 0x0800 1000 - 0x0800 17FF 2K

Sector 3 Page 24-31 0x0800 1800 - 0x0800 1FFF 2K

Sector 4 Page 32-39 0x0800 2000 - 0x0800 27FF 2K

Sector 5 Page 40-47 0x0800 2800 - 0x0800 2FFF 2K

Sector 6 Page 48-55 0x0800 3000 - 0x0800 37FF 2K

Sector 7 Page 56-63 0x0800 3800 - 0x0800 3FFF 2K

Block Sector 8 Page 64-71 0x0800 4000 - 0x0800 47FF 2K
Sector 9 Page 72-79 0x0800 4800 - 0x0800 4FFF 2K

Sector 10 Page 80-87 0x0800 5000 - 0x0800 57FF 2K

Sector 11 Page 88-95 0x0800 5800 - 0x0800 5FFF 2K

Sector 12 Page 96-103 0x0800 6000 - 0x0800 67FF 2K

Sector 13 Page 104-111 0x0800 6800 - 0x0800 6FFF 2K

Sector 14 Page 112-119 0x0800 7000 - 0x0800 77FF 2K

Sector 15 Page 120-127 0x0800 7800 - 0x0800 7FFF 2K

Main memory

Sector 176 Page 1408-1415 | 0x0805 8000 - 0x0805 87FF 2K

Sector 177 Page 1416-1423 | 0x0805 8800 - 0x0805 8FFF 2K

Sector 178 Page 1424-1431 | 0x0805 9000 - 0x0805 97FF 2K

Sector 179 Page 1432-1439 | 0x0805 9800 - 0x0805 9FFF 2K

Sector 180 Page 1440-1447 | 0x0805 A0OO - 0x0805 A7FF 2K

Sector 181 Page 1448-1455 | 0x0805 A800 - 0x0805 AFFF 2K

Sector 182 Page 1456-1463 | 0x0805 B00OO - 0x0805 B7FF 2K

Sector 183 Page 1464-1471 | 0x0805 B800 - 0x0805 BFFF 2K

Block 11 Sector 184 Page 1472-1479 | 0x0805 CO00O0 - 0x0805 C7FF 2K
Sector 185 Page 1480-1487 | 0x0805 C800 - 0x0805 CFFF 2K

Sector 186 Page 1488-1495 | 0x0805 DOOO - 0x0805 D7FF 2K

Sector 187 Page 1496-1503 | 0x0805 D800 - 0x0805 DFFF 2K

Sector 188 Page 1504-1511 | 0x0805 EO00O - 0x0805 E7FF 2K

Sector 189 Page 1512-1519 | 0x0805 E800 - 0x0805 EFFF 2K

Sector 190 Page 1520-1527 | 0x0805 FOO0O - 0x0805 F7FF 2K

Sector 191 Page 1528-1535 | 0x0805 F800 - 0x0805 FFFF 2K

Informatin System memory Ox1FFF 0000 - OX1FFF 4FFF 20K
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Area Space Name Address Size (bytes)
block Option bytes O0x1FFF 5000 - Ox1FFF 50FF 256
Factory config. bytes Ox1FFF 5100 - OX1FFF 51FF 256
Factory config. bytes Ox1FFF 5200 - OxX1FFF 52FF 256
Factory config. bytes Ox1FFF 5300 - Ox1FFF 53FF 256
Factory config. bytes Ox1FFF 5400 - OX1FFF 54FF 256
Factory config. bytes Ox1FFF 5500 - Ox1FFF 55FF 256
HSI8M Trim Ox1FFF 5600 - Ox1FFF 56FF 256
Factory config. bytes Ox1FFF 5700 - OX1FFF 57FF 256
uiD Ox1FFF 5800 - Ox1FFF 58FF 256
Factory config. bytes Ox1FFF 5900 - Ox1FFF 59FF 256
Reserve Ox1FFF 5A00 - OX1FFF 5FFF 15K

3.2.2. Flash memory read operations and access latencies

In order to read instructions/data from Flash memory correctly, the number of wait cycles (Latency) of

the register FLASH_ACR needs to be set according to the frequency of the CPU clock (HCLK).

Table 3-2 Number of wait states according to CPU clock (HCLK) frequency

HCLK(MHz)

Wait states(Latency)

Fhclk <= 28MHz

0 (1 HCLK cycles)

28MHz < Fhclk <= 60MHz

1 (2 HCLK cycles)

60MHz < Fhclk <= 90MHz

3 (4 HCLK cycles)

90MHz < Fhclk <= 120MHz

4 (5 HCLK cycles)

120MHz < Fhclk <= 140MHz

5 (6 HCLK cycles)

140MHz < Fhclk

6 (7 HCLK cycles)

Note: In the case of latency 0, if the HPRE divider is used, the clock cannot be higher than 60MHz

before the divider.

After a chip reset (including power-on reset, system reset and exit standby reset), the HCLK clock

frequency is 8MHz and the Flash read cycle count is O.

When changing the CPU clock frequency or range, the following software steps must be followed to

adjust the number of wait cycles required to access the Flash memory.

B Steps to follow when increasing CPU frequency

1. program the new wait cycle number into the LATENCY bit in the FLASH_ACR register

2. Check if the new wait cycle is set successfully by reading the FLASH_ACR register

3. modify the CPU clock source by rewriting the SW bit in the RCC_CFGR register

4. If necessary, modify the CPU clock prescaler by overwriting the HPRE bit in RCC_CFGR

5. Check whether the new CPU clock source and/or the new CPU clock prescaler is successfully set
by reading the corresponding clock source status (SWS bit) and/or AHB prescaler value (HPRE bit) in
the RCC_CFGR register

B Steps to follow when lowering the CPU frequency
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3.2.3.

1. Modify the CPU clock source by overwriting the SW bit in the RCC_CFGR register

2. If necessary, modify the CPU clock prescaler by overwriting the HPRE bit in the RCC_CFGR reg-
ister

3. check whether the new CPU clock source and/or the new CPU clock prescaler is successfully set
by reading the corresponding clock source status (SWS bit) and/or AHB prescaler value (HPRE bit) in
the RCC_CFGR register

4. program the new number of wait cycles into the LATENCY bit in FLASH_ACR

5. check if the new wait cycle is set successfully by reading the FLASH_ACR register

Adaptive Real-Time Memory Accelerator™ (ART Accelerator™)

The proprietary Adaptive Real-Time (ART) Memory Accelerator is optimised for the ARM® Cortex™ -
M4 processor. The accelerator takes advantage of the inherent performance benefits of the ARM Cor-
tex M4F, overcoming the usual conditions where high-speed processors often have to wait for FLASH
reads during operation.
To exploit the full performance of the processor, the accelerator will implement instruction pre-fetch
queues and branch caching, thereby increasing the speed of program execution on 128-bit Flash.
According to CoreMark benchmark tests, the performance achieved with the ART accelerator is equiv-
alent to Flash executing a program with 0 wait cycles at CPU frequencies up to 160 MHz.
B instruction prefetch
Each Flash read operation can read 128 bits, either 4 lines of 32-bit instructions or 8 lines of 16-bit
instructions, depending on the program burned into the Flash. Therefore, for sequentially executed
code, at least 4 CPU cycles are required to execute the 128-bit instruction line from the previous read.
When the CPU requests the current instruction line, the next successive 128-bit instruction line in
Flash can be read using the prefetch operation of the I-Code bus. The prefetch function can be enabled
by setting the PRFTEN bit in the FLASH_ACR register to 1. This is useful when at least one wait cycle
is required to access the Flash.
B instruction cache memory
To reduce the time loss due to instruction hops, 64 lines of 128-bit instructions can be stored in the
instruction cache memory. This feature can be enabled by setting the Instruction Cache Enable (ICEN)
in the FLASH_ACR register to position 1. Whenever an instruction miss occurs (i.e. the requested
instruction does not exist in the currently used instruction line, prefetched instruction line or instruction
cache memory), the system will copy the newly read line into the instruction cache memory. If the
instruction requested by the CPU already exists in the instruction cache, it can be fetched immediately
without any delay. When the instruction cache is full, the LRU (least recently used) policy can be used
to determine the instruction lines to be replaced in the instruction cache. This feature is ideal for code
that contains loops.
B Data Management
During the CPU flow execution phase, the data buffer pool in Flash is accessed via the D-Code bus.
Therefore, the CPU flow does not continue until the requested data has been provided. In order to
reduce the resulting time loss, accesses via the AHB data bus D-Code take precedence over accesses
via the AHB instruction bus I-Code. If certain data is used frequently, the data cache memory can be
enabled by setting the Data Cache Enable (DCEN) in the FLASH_ACR register to position 1. This
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3.2.4.

3.2.5.

feature works similarly to the instruction cache memory, but the size of the data retained is limited to
8 lines of 128 bits/line.

Erasing and programming operations

The flash can be programmed via ICP or IAP.

ICP: is used to update the contents of the entire Flash memory, either using the SWD protocol or boot
loader, to load the user application into the MCU. ICP provides fast and efficient design iterations and
eliminates unnecessary packet handling or socketing.

IAP: The data to be programmed can be downloaded to flash using the communication interface sup-
ported by the chip. IAP allows the user to reprogram the flash memory while the application is running.
The flash memory will then already contain part of the application previously programmed in using ICP.
If a reset occurs during a flash programming or erase operation, the contents of the flash memory are
not protected. Any read of the flash during a program or erase operation will delay the bus. As soon
as the programming or erase operation is completed, the read operation can be performed correctly.
This also means that code and data cannot be read while a program or erase operation is in progress.
For programming and erasing operations, the HSI must be switched on and the user is advised to
perform programming and erasing operations at the default clock to prevent problems.

B Flash Unlock

After a reset, the Flash control register (FLASH_CR) is not allowed to perform write operations to
prevent accidental operations on the Flash due to electrical interference etc. Each erase and program
operation to the Flash must Unlock the timing by writing FLASH_KEYR to enable access to the
FLASH_CR register.

The specific steps are as follows:

Step 1: Write KEY1=0x4567 0123 to the FLASH_KEYR register

Step 2: Write KEY2=0xCDEF 89AB to the FLASH_KEYR register Any incorrect timing will lock the
FLASH_CR register until the next reset. At incorrect KEY timing, a bus error is detected and a Hard
Fault interrupt is generated. Such errors include a KEY1 mismatch on the first write cycle, or a KEY1
match but a KEY2 mismatch on the second write cycle.

The FLASH_CR register can be re-locked by a software write to the LOCK bit of the FLASH_CR
register.

Note: When the BSY bit of the FLASH_SR register is set, the FLASH_CR register cannot be written
to. At this point, any attempt to write to this register (FLASH_CR) will cause a delay on the AHB bus
until the BSY bit is cleared.

Flash erase operations

Flash erase operations support page,sector,mass erase, mass erase does not work on the infor-
mation memory.

B Flash Page Erase

Page erase is used to erase 256bytes of main flash, but does not work on the information area.
When a page is protected by WRP, it will not be erased and the WRPERR bit will be set.

The page erase operation is performed as follows:

1) Check the BSY bit of the FLASH_SR register to make sure there are no flash operations in pro-

gress
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2) Write KEY1 and KEY?2 to the FLASH_KEYR register in sequence to unprotect the FLASH_CR
register

3) Set the PER and EOPIE bits of the FLASH_CR register

4) Write any data to the page (must be 32 bits data)

5) Wait for the BSY bit to be cleared

6) Check that the EOP flag bit is set

7) Clear the EOP flag

B Flash sector erase

Sector erase is used to erase 2Kbytes of main flash, but does not work on the information sector.
When a sector is protected by WRP, it is not erased and the WRPERR bit is set.

The sector erase operation is performed as follows:

1) Check the BSY bit to make sure there are no Flash operations in progress

2) Write KEY1 and KEY2 to the FLASH_KEYR register in sequence to unprotect the FLASH_CR
register

3) Set the SER and EOPIE bits of the FLASH_CR register

4) Write any data to this sector

5) Wait for the BSY bit to be cleared

6) Check that the EOP flag bit is set

7) Clear the EOP flag

B Flash Block Erase

Block erase is used to erase 32Kbytes of main flash, but does not work on the information sector.
When a block is protected by WRP, it is not erased and the WRPERR bit is set.

The steps for a block erase operation are as follows:

1) Check the BSY bit to make sure there are no Flash operations in progress

2) Write KEY1 and KEY2 to the FLASH_KEYR register in sequence to unprotect the FLASH_CR
register

3) Set the BER and EOPIE bits of the FLASH_CR register

4) Write any data to the block

5) Wait for the BSY bit to be cleared

6) Check that the EOP flag bit is set

7) Clear the EOP flag

B flash erase

Mass erase is used to erase the entire main flash, but not the information area. When WRP is enabled,
the mass erase function is disabled, no mass erase operation is generated and the WRPERR bit is
set.

The procedure for a mass erase operation is as follows:

1) Check the BSY bit to verify that there are no Flash operations in progress

2) Write KEY1,KEY2 to the FLASH_KEYR register in sequence to unprotect the FLASH_CR register
3) Set the MER and EOPIE bits of the FLASH_CR register

4) Write any data (32bit data) to any main flash space of the flash

5) Wait for the BSY bit to be cleared

6) Check that the EOP flag bit is set
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3.2.6.

3.2.7.

3.2.7.1.

7) Clear the EOP flag
Flash memory write operations

The Flash memory is programmed in 32-bit (word) increments (a half word or byte operation will gen-
erate a hardfault) for the entire page at a time. The programming operation starts when the PG bit of
the FLASH_CR register is set and the CPU writes 32-bit data to the FLASH memory address space.
If the flash address space to be programmed is an area protected by the FLASH_WRPR register, the
program operation is ignored and the WRPERR bit of the FLASH_ SR register is set. At the end of the
programming operation, the EOP bit of the FLASH_SR register is set.

The specific flash programming procedure is shown below:

1) Check the BSY bit of the FLASH_SR register to determine if there is no flash operation currently in
progress

2) If there is no flash erase or programming operation in progress, the software reads the 64 words of
the page (this step is performed if the data already on the page needs to be retained, otherwise it is
skipped)

3) Write KEY1 and KEY2 to the FLASH_KEYR register in sequence to unprotect the FLASH_CR
register

4) Set the PG and EOPIE bits of the FLASH_CR register

5) Program word 1 to 63 to the target address (only 32-bit programs are accepted)

6) Set the PGSTRT of the FLASH_CR register

7) Write the 64th word

8) Wait for the BSY bit in the FLASH_SR register to be cleared

9) Check the EOP flag of the FLASH_SR register (when the program operation has succeeded, this
bit is set) and then software clears this bit

10) If there is no more programming operation, the software clears the PG bit When step 7) above is
successfully executed, the programming operation is automatically started and the BSY bit is set by

hardware.
Flash option bytes

Description of the Flash option byte

The part of the information area of the flash inside the chip is used as an Option byte to store the
hardware configuration required by the chip or the user for the application. For example, the watchdog
can be selected in hardware or software mode.

For data security purposes, the option byte is stored as a body and inverse code.

Table 3-3 Option byte format

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

Complemented Option byte 1 Complemented Option byte 0

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

Option byte 1 Option byte 0

The contents of the Option byte can be read from the memory address described in the table Option
byte organization, or from the following registers associated with the Option byte:

B FLASH user option register (FLASH_OPTR)

m FLASH WRP address register (FLASH_WRPR)
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Table 3-4 Option byte organization

Word Address Description

Ox1FFF 5000 Option byte for Flash User option and its complemented

Ox1FFF 5004 Reserved

Ox1FFF 5008 Reserved

Ox1FFF 500C Option byte for Flash WRP address and its complemented

Ox1FFF 5010 Reserved

Ox1FFF 5014 Reserved

Reserved

Ox1FFF 50FF Reserved

Option byte for Flash User option

Flash memory address: Ox1FFF 5000

Production value:0x8F55 70AA

After the power-on reset (POR/OBL_LAUNCH), the corresponding value is read from the option bytes

area of the flash information memory and written to the corresponding option bit of this register.

31 30 29 28 27 |26 | 25|24 | 23|22 |21 (20|19 |18 | 17 | 16
Res | ~nRST_STDBY | ~nRST_STOP | ~IWDG_SW Res ~RDP[7:0]
R R R R R|R|R|R|R|R|R|R|R |R |R R
15 | 14 13 12 11|120(9 (8 |7 |6 |5 |4 |3 |2 |1 |O
Res | nRST_STDBY | nRST_STOP IWDG_SW Res RDP[7:0]
R R R R R|R|R|R|R|R|R|R|R |R |R R
Bit Name R/W Function
31 Reserved RES
30 ~nRST_STDBY R Inverse code of NRST_STDBY
29 ~NnRST_STOP R Inverse code of NRST_STOP
28 ~IWDG_SW R Inverse code of IWDG_SW
27: 25 Reserved RES
24 Reserved RES
23: 16 ~RDP R Inverse code of RDP
15 Reserved RES
14 nRST_STDBY R 0: Reset generated when entering Standby mode
1: No reset generated
13 nRST STOP R 0: Reset generated when entering Stop mode
1: No reset generated
0: Hardware watchdog
12 IWDG_SW R
1: Software watchdog
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11: 9 Reserved RES
8 Reserved RES
70 RDP R OxAA: level 0, read protection inactive
Non OxAA: level 1, read protection active
Option byte for Flash WRP address
Flash memory address: Ox1FFF 500C
Production value: 0XxFOOO OFFF
After the power-on reset (POR/OBL_LAUNCH), the corresponding value is read from the option bytes
area of the flash information memory and written to the corresponding option bit of this register.
31 30 29 28 27 26 25 24 23 22 |21 |20 19 | 18 17 | 16
Res Res Res | Res ~WRP[11:0]
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
Res Res Res | Res WRP[11:0]
R R R R R R R R R R R R
Bit Name R/IW Function
27: 16 | Complemented WRP R Inverse code for WRP
0: block[y] is protected
11: O WRP R 1: blockly] is unprotected
y=0~11

3.2.7.2. Flash Option byte write

After reset, the bits in the FLASH_CR register associated with the Option byte are write-protected.
The OPTLOCK bit in the FLASH_CR register must be cleared before the operation associated with
the option byte can be performed.

The following steps are used to unlock this register:

1) Unlock the FLASH_CR register from write protection by Unlock timing

2) Write OPTKEY1=0x0819 2A3B to the FLASH_OPTKEYR register

3) Write OPTKEY2=0x4C5D 6E7F to FLASH_OPTKEYR register

Any incorrect timing will lock the FLASH_CR register until the next reset. At incorrect KEY timing, a
bus error is detected and a Hard Fault interrupt is generated.

The User option (option bytes of the information flash) can be protected against unwanted erase/pro-
gram operations by software writing the OPTLOCK bit of the FLASH_CR register.

If the Lock bit is set by software, the OPTLOCK bit is also set automatically.

Modifying user option bytes

The program operation of option bytes is different from the operation of Main flash. In order to modify
the option bytes, the following steps are required:

1) Clear the OPTLOCK bit using the procedure described previously
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2) Check the BSY bit to make sure there are no ongoing flash operations

3) Write the desired value (1 to 2 words) to the option bytes register FLASH_OPTR/ FLASH_WRPR
4) Setthe OPTSTRT bit and EOPIE bit of register FLASH_CR

5) Write any 32-bit data to any address in main flash (triggers a formal write operation)

6) wait for the BSY bit to be cleared

7) wait for EOP to be pulled high and software to clear

Any change to the option bytes, the hardware will first erase the whole page corresponding to the
option byte, and then write to the option bytes with the value of FLASH_OPTR or FLASH_WRPR
register. Furthermore, the hardware automatically calculates the corresponding complement and

writes the calculated value to the corresponding area of the option bytes.

Option byte loading

3.2.8.

3.2.8.1.

After the BSY bit has been cleared, all new option bytes are written to the flash information memory
but are not applied to the chip system. A read operation of the option bytes register still returns the
values from the last loaded option bytes. Only when they (the new values) have been loaded does it
work for the chip system.
Option bytes are loaded in the following two cases:
1) when the OBL_LAUNCH bit in the FLASH_CR register is set
2) after a power-on reset (POR)
The "load option bytes" operation is performed by reading the option bytes in the information memory
area and storing the read data in the internal option registers (FLASH_OPTR and FLASH_WRPR).
These internal registers configure the system and can be read by software. Setting the OBL_LAUNCH
bit generates a reset so that the option bytes can be loaded with the system reset.
Each option bit has a corresponding complement at its same double word address (next half word).
During the option bytes loading, the option bit and its complement are verified to ensure that the load-
ing has been carried out correctly.
If the positive complement matches, the option bytes are copied into the option register.
If the positive complement does not match, the OPTVERR status bit of the FLASH_SR register is set.
The unmatched value is written to the option register:
W for user option

-  RDP bit is written to Oxff (i.e. level 1)

- Therest of the unmatched values are written to 1
B For the WRP option, the unmatched value is the default value of "unprotected"

After a system reset, the contents of the option bytes are copied to the following option registers

(software readable and writable):
Flash configuration bytes

A part of the information area of the flash in the chip is used as a Factory byte to store the TRIM, CP,

FT, etc. information of the chip.

Flash memory protection

The protection of the Flash main memory consists of the following mechanisms:

B read protection (RDP) to prevent accesses from external sources.

B wrtie protection (WRP) control to prevent unwanted write operations (due to confusion of the

program memory pointer PC). The granularity of the write protection is designed to be 32Kbytes.
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B Option byte write protection, specially designed for unlocking.

3.2.8.2. Flash memory protection
Read protection can be activated by setting the RDP option byte and performing a system reset (POR
or OBL reset) to load a new RDP option byte. rdp protects flah main memory, backup registers.
If the read protection is set while the debug via SWD is still connected, a power-on reset is required
instead of a system reset.
Flash memory is protected when the RDP option byte and the complement pair are correctly present
in the option byte.

Table 3-5 flash memory read protection status

RDP byte value RDP complemented byte value Read protection level
OxAA 0x55 Level O
Any value other than the combination [OxAA,0x55] Level 1

System memory is readable regardless of the level of protection, but cannot be programmed or erased.

Level 0: no protection

Read, program and erase operations on the main flash are possible, as are any operations on the

option byte.

Level 1: Read protection

Level 1 read protection is in effect when the RDP and its complement in the option byte contain any

combination other than [OxAA,0x55], Level 1 is the default level of protection.

B User mode: program executed in user mode (boot from main flash), all operations can be per-
formed on main flash, option byte.

B Debug, boot from SRAM, and boot from system memory modes: In debug mode, or when boot-
ing from SRAM or system memory, main flash is not accessible. In these modes, read or write
accesses to main flash generate a bus error, and a hard fault interrupt.

Changing the Read protection level

The read protection level can be changed:

m from Level 0 to Level 1, changing the value of the RDP byte to any value other than OxAA

m from Level 1 to Level 0, changing the value of the RDP byte to OXAA

Level 1 to Level O will trigger a hardware mass erase Main Flash.

RDP protection summary
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3.2.8.3.

1) A mass erase command initiated by any zone will erase Main Flash.

2) Information Block is only read-accessible, regardless of the protection level and execution mode.
3) RDP changes from Level 1 to Level O will trigger a hardware mass erase on the main flash.

4) For executing programs from SRAM or system memory there are two cases:

One is Boot from, the other is boot from another memory and the program jumps to SRAM or system

memory for execution.

Flash Write Protection (WRP)

Flash can be set to write protect against unwanted write operations. The WRP register is defined to
have a control granularity of 32Kbytes per bit of the Write Protected (WRP) area, i.e. 1 block size. See
the description of the WRP register for details.

When a WRP area is activated, erase or program operations are not allowed. Accordingly, the mass
erase function does not work even if only one area is set to write protect.

In addition, if an erase or program operation is attempted on a write-protected area, the write-protected
error flag (WRPERR) in the FLASH_SR register will be set.

Note: Write protection only works for main flash, not for system memory.

3.2.9. Flash memory interrupts
Table 3-6 FLASH interrupt requests
Interrupt event Event flag Event flag/Interrupt clearing method Enable control bit
End of operation EOP Write EOP=1 EOPIE
Write protection WRPERR Write WRPERR=1 ERRIE

The following events do not have a separate interrupt flag, but generate a Hard fault:
» Sequence error for FLASH_CR register of Unlock flash memory

»  Sequence error for Unlock flash option bytes write operation

» FLASH program,erase operation not aligned for 32-bit data

»  Write operation to option byte register not aligned to 32-bit data

35/759

Debug/
A Boot or executed From SRAM/
READ Boot or executed From Main Flash DMA
To be g Boot or executed From System
Protection
Accessed Area memory
level
Read Write Erase Read Write Erase Read Write Erase
0 Yes Yes Yes Yes Yes Yes Yes N/A N/A
Main Flash
1 Yes Yes Yes No No No No N/A N/A
. Yes No No Yes No No Yes N/A N/A
Information
X
Block
Yes No No Yes No No Yes N/A N/A
. Yes Yes - Yes Yes - Yes Yes -
Option bytes <
(registers)
Yes Yes - Yes Yes - Yes Yes -
Figure 3-2 Access status with protection level and execution mode
Notes:
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3.3. Register description (base address 0x4002_2000)
3.3.1. FLASH access control register(FLASH_ACR)

Address offset: 0x00
Reset value: 0x0000 0700
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Res. | Res. | Res. Res. Res. Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res.

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

Res. | Res. | Res. Res Res Res | Res | Res | Res. | Res. | Res. | Res. LATENCY[3:0]

RW | RW | RW | RW

Bit Name R/W Reset Value Function

31:4 | Reserved RES - Reserved

Flash read operation corresponds to the wait state:

0: Flash read operation has no wait state

1: flash read operation has 1 wait state

3: Flash read operation has 3 wait states

4: Flash read operation has 4 wait states

3:0 | LATECY[3:0] | RW 0 ) .
5: Flash read operation has 5 wait states

6: Flash read operation has 6 wait states

Others: reserved

Note: When configuring the latecy bit, no other bits in this register can

be written to any value

3.3.2. FLASH key register(FLASH_KEYR)

Address offset: 0x08
Reset value: 0x0000 0000
All register bits are write-only and read-out returns 0.

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

KEY[31:16]

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

KEY[15:0]

Bit Name R/W | Reset Value Function

31:.0 KEY[31:0] w 0x0000  [The following values must be written consecutively to unlock the
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FLASH_CR register and enable the program/erase operation of the
flash

KEY1: 0x4567 0123

KEY2: OXCDEF 89AB

3.3.3. FLASH option key register(FLASH_OPTKEYR)

Address offset:0x0C
Reset value:0x0000 0000
All register bits are write-only and read-out returns O.

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

OPTKEY[31:16]

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

OPTKEY[15:0]

w w W W w W W w w w W W W W w w

Bit Name R/W |[Reset Value Function

The following values must be written consecutively to unlock the op-
tion register of the flash and enable program/erase operation of the

31:0 |[OPTKEY[31:0] W 0x0000 option byte
KEY1: 0x0819 2A3B

KEY2: 0x4C5D 6E7F

3.3.4. FLASH status register(FLASH_SR)

Address offset:0x10
Reset value:0x0000 0000

31 30 | 29 | 28 | 27 | 26 | 25 | 24 | 23 | 22 21 20 19 | 18 17 16
Res. Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res. Res | Res | Res | BSY
R
15 14 | 13 12 11 | 10 9 8 7 6 5 4 3 2 1 0
OPTVER | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | WRPER Eop
R . . . . . . . . . . R
RC_W1 RC_W1 RC_W
1
Bit Name R/W Reset Value Function
31:17 Reserved RES - Reserved
16 BSY R 0 Busy bit
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Bit Name R/W Reset Value Function
This bit indicates that a flash operation is in progress. This bit is
set by hardware at the beginning of a flash operation and is
cleared by hardware when the operation is completed or when
an error is generated.
Option and trimming bits loading validity error
When the option and trimming bit and its inverse code do not
15 OPTVERR RC W1 0 match, the hardware sets the bit. Loading of mismatched option
- bytes is forced to a safe value, refer to section FLASH option
byte program-ming.
Software write 1 to clear zero.
14:5 Reserved RES - Reserved
Write protection error
4 WRPERR RC W1 0 When the address to be programmed/erased is in a write pro-
- tected flash area (WRP), the hardware sets this bit.
Write 1, clear the bit.
31 Reserved RES - Reserved
Hardware set when the program/erase operation of flash com-
pletes successfully. This bit will only be set if the EOPIE bit in
0 EOP RC_W1 0 the FLASH_CR register is enabled.
Write 1 to clear this bit.
3.3.5. FLASH control register(FLASH_CR)
Address offset:0x14
Reset value:0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
OPT OBL_ ER EO PG OPT
LOC Res | Res Res Res | Res | Res | Res Res
K LOC LAUN R P _ . _ _ STR | Res. | STR
K CH IE IE T T
RS RS RC_W RW | RW RW RwW
1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res. Res. Res | BE SER Res | Res | Res | Res | Res | Res | Res | Res. | ME PER | PG
R R
RW | RW RW RW RW
Bit Name R/IW Reset Value Function
FLASH_CR Lock bit.
31 Lock RS 0 This bit can only be set by software. When set, the
FLASH_CR register is Locked. When the unlock timing is
successfully given, the bit is cleared by hardware and the
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Bit Name R/W Reset Value Function
FLASH_CR register is unlocked.
[Software has to set this bit after the program/erase oper-
ation is completed]
When an unsuccessful unlock timing is given, the bit re-
mains set until the next system reset.
Option bytes Lock bit.
This bit can only be set by software. When set, the bit in
the FLASH_CR register associated with option bytes is
locked. When the unlock timing is successfully given, this
bit is cleared by hardware and the FLASH_CR register is
30 OPTLOCK RS 0 unlocked.
The software has to set this bit after the program/erase
operation is completed]
When an unsuccessful unlock timing is given, the bit re-
mains set until the next system reset.
29: 28 Reserved -
Force the option bytes loading,
When set, this bit forces the system to perform a reload of
the option bytes. This bit is only cleared by hardware
27 OBL_LAUNCH RC_W1 0 when the option byte load has been completed. If the
OPTLOCK hit is set, this bit cannot be written.
0: Option byte loading complete
1: Option byte loading request is generated and the sys-
tem generates a reset for option byte reloading.
26 Reserved -
Error interrupt enable bit, when WRPERR bit of
FLASH_SR register is set, if this bit is enabled, interrupt
25 ERRIE RW 0 request will be generated.
0: No interrupt is generated
1: Interrupt generated
End of operation interrupt enable
When the EOP bit in the FLASH_SR register is set, this bit
24 EOPIE RW 0 enables the generation of interrupts.
0: EOP interrupt off
1: EOP interrupt enable
23: 18 Reserved RW 0
The start bit of the program operation of Flash main
19 PGSTRT RW 0 memory.

This bit starts the program operation of Flash main
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Bit Name R/W Reset Value Function
memory, is set by software and is cleared by hardware af-
ter the BSY bit of FLASH_SR register is cleared.
18 Reserved -
Flash option bytes modification initiation bit
This bit initiates the modification of option bytes. It is set
by software and cleared by hardware after the BSY bit of
17 OPTSTRT RW 0 the FLASH_SR register has been cleared.
Note: When modifications are made to the flash option
bytes, the hardware automatically erases the entire
128Bytes page and then performs a program operation,
which also includes automatic complement writing.
16:13 Reserved -
Block erase operation
12 BER RW 0 0: Block erase operation without flash selected
1: Block erase operation with flash selected
Sector erase operation
11 SER RW 0 0: Sector erase operation without flash selected
1: Sector erase operation with flash selected
10: 3 Reserved -
Mass erase operation
2 MER RW 0 0: Mass erase operation without flash selected
1: Mass erase operation with flash selected
Page erase operation
1 PER RW 0 0: page erase operation without flash selected
1: page erase operation with flash selected
Program operation
0 PG RW 0 0: program operation without flash selected
1: Program operation with flash selected
3.3.6. FLASH option register(FLASH_OPTR)
Address offset:0x20
Reset value: 0x0000 XXXX,
After the power-on reset (POR/OBL_LAUNCH), the corresponding value is read from the option bytes
area of the flash information memory and written to the corresponding option bit of this register.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res | Res. Res. Res. Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
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NnRST nRST | IWD
Res Res

STbB | STO |G Res. RDP[7:0]

Y P _SwW '
RW | RW RW RW RW |[RW |RW |RW |[RW |RW |[RW |RW |RW [RW | RW | RW
Bit Name R/W Reset Function

Value
31: 16 Reserved
15 Reserved
0: Reset generated when entering Standby mode

14 nRST_STDBY RW

1: No reset generated

0: Reset generated when entering Stop mode

13 NnRST_STOP RW
1: No reset generated
0: Hardware watchdog
12 IWDG_SW RW
1: Softwarewatchdog
11:8 Reserved RW
OxAA: level 0, read protection Invalid
7:0 RDP RW

Non OxAA: level 1, read protection Valid

3.3.7. FLASH WRP register(FLASH_WRPR)
Address offset:0x2C
Reset value: 0x0000 XXXX,

After a power-on reset (POR/OBL_LAUNCH), the corresponding value is read from the option bytes

area of the flash information memory and written to the corresponding value in this register.

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

Res. Res. | Res. | Res. | Res. Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res.

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

Res. | Res. | Res. | Res. | WRP[11:0]

RwW RW | RW | RW | RW | RW RW | RW | RW RW | RW RW

Bit Name R/W Reset Value Function
31: 12 Reserved
11: 0 WRP[11:0] RW Write protection, and each Bit corresponds to a block
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0: block N, Write protected

1: block N, Invalid write protection

N=0-11

3.3.8. FLASH sleep time config register(FLASH_STCR)

Address offset:0x90
Reset value: 0x0000 6400

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

Res. | Res. | Res. | Res. | Res. Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res.

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

Res. | Res. | Res. | Res. | Res. | Res. | Res. | SLEEP
SLEEP_TIME[7:0]
_EN

RW |RW |[RW | RW | RW RW | RW | RW RW

Bit Name R/W | Reset Value Function

31: 16 Reserved

FLASH sleep time configuration(counter based on
HSI_10M)
When LSI or LSE is selected for the system clock, this

register can be used to obtain a more optimal Run mode

power consumption.

When LSI or LSE is selected as the system clock, the
function of this register can be used for better Run mode

power consumption.

(recommended only when LSI or LSE is the system

clock).

(recommended only when LSI or LSE is the system

15: 8 SLEEP_TIME[7:0] RW | Ox64
clock).

When this function is enabled, the Flash will be in Sleep

every half system clock low cycle.

When this function is enabled, the width of time that the

Flash is in Sleep for each half system clock low cycle is
tHSI_10M * SLEEP_TIME

Note.

tHSI_10M is the period of HSI_10M,;

To ensure correct Flash function, the maximum setting of

this register is recommended to be 0x28.

This register is recommended to be set to 0x28 in order to
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Bit Name R/W | Reset Value Function
ensure correct Flash functionality.
In addition, the setting value of this register is stored in
Ox1FFF XXX at the factory to improve usability.
71 Reserved
FLASH Sleep enable
0 SLEEP_EN RW | oxo 1: enable flash sleep
0: disable flash sleep
3.3.9. FLASH TSO register(FLASH_TSO0)
Address offset:0x100
Reset value: 0x0000 003C
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. TSO
RW | RW | RW | RW RW | RW | RW RW
Bit Name R/W Reset Value Function
31: 8 Reserved
7:0 TSO R 0x3C TS0 = 7.5*Freq_HSI8M
3.3.10. FLASH TS1 register(FLASH_TS1)
Address offset: 0x104
Reset value: 0x0000 0090
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. TS1
RW RW RW RW RW RW RW RW
Bit Name R/W Reset Value Function
31: 8 Reserved
7: 0 TS1 R 0x90 TS1 = 18*Freq_HSI8M
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3.3.11. FLASH TS2P register(FLASH_TS2P)
Address offset: 0x108
Reset value: 0x0000 003C
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. TS2P
RwW RwW RW RW RW RW RW RW
Reset
Bit Name R/W Function
Value
31: 8 Reserved
7.0 TS2P R 0x3C TS2P = 7.5*Freq_HSI8M
3.3.12. FLASH TPS3 register(FLASH_TPS3)
Address offset: 0x10C
Reset value: 0x0000 0240
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res. | Res. | Res. | Res. | Res. TPS3
RW RW RW RwW RwW RW RW RwW RwW RW RwW
Bit Name R/W Reset Value Function
31: 11 Reserved
10: O TPS3 R 0x240 TPS3 = 72*Freq_HSI8M
3.3.13. FLASH TS3 register(FLASH_TS3)
Address offset: 0x110
Reset value: 0x0000 003C
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res.
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. TS1
RW | RW | RW | RW RW | RW | RW RwW
Bit Name R/W Reset Value Function
31: 8 Reserved
7: 0 TS1 R 0x3C TS1 = 7.5*Freq_HSI8M
3.3.14. FLASH ERASE TPE register(FLASH_ERSTPE)
Address offset: 0x114
Reset value: 0x0000 4E20
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. Res
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ERSTPE
RW | RW RW | RW | RW RW | RW | RW | RW RW | RW | RW | RW | RW | RW RW
Bit Name R/W Reset Value Function
31: 16 Reserved
15: 0 ERSTPE R 0x5DCO ERSTPE = 3000*Freq_HSI8M
3.3.15. FLASH PROGRAM TPE register(FLASH_PRGTPE)
Address offset: 0x118
Reset value: 0x0000 2EEO
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. Res.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PRGTPE
RW | RW | RW RW RwW RW | RW | RW RW | RW | RW | RW RW | RW | RW RW
Bit Name R/W Reset Value Function
31: 16 Reserved
15: 0 PRGTPE R 0Ox1F40 PRGTPE = 1000*Freq_HSI8M
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3.3.16. FLASH PRE-PROGRAM TPE register (FLASH_PRETPE)
Address offset: 0x11C
Reset value: 0x0000 0640
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res.

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

Res. | Res. | Res. PRETPE

RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW

31: 13 Reserved

12: 0 PRETPE R 0x640 PRETPE = 200*Freq_HSI8M

3.3.17. FLASH register map
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4. Power control (PWR)

4.1. Functional description

4.1.1. Power supply structure

The power supply structure is shown below:

VSSx5
VCCx5 |

VREFP———————»
——VREFN—————»]
VCCA [

VSSA D:\—
VSSA————————»]

VCCA domain

ADC

VCCA—

TS

Power detector
PLL ’
HSI8
BGR

VCCD domain VDDD domajn

VSSD———

VCCD

Lv detector

VDDA

10 Ring vDbD »

Core —
SRAM <
» Digital peripherals

Standby circuit
(wakeup logic, IWDG)

LDO <

A 4

FLASH

VDDK domain(1.1V)

£33
VvBAT [ | i IF;SéElS BKP Regs = § g:
P pC1g BLDO [RCCBDCRRegs | &
pC1S RTC VBAK 3
Figure 4-1 Power supply structure
Table 4-1 Power supply structure
No. Power supply Power value Description
Power is provided to the chip via the power supply pins. The
1 VCC 1.7vV~3.6V power supply modules are: part of the analogue IP and 10 cir-
cuitry, and the standby mode control logic.
Powering most of the analogue modules and most of the 10s
2 VCCA 1.7v~3.6V
from the VCCA PAD.
The output from the VR supplies the main logic circuits inside
the chip, the SRAM. When MR is powered, the output is 1.1v.
VDDXx 1.1V/1.0Vv/0.9V/0.8V+
4 When in stop mode, it can be powered by MR or LPR depend-
(vDDD/VDDA) 10% ) i ) )
ing on the software configuration, and the LPR output is
1.1Vv/1.0V/0.9V/0.8V depending on the software configuration.
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4.1.1.1. Main power supply for the system
Independent A/D converter power supply and reference voltage
To improve conversion accuracy, the ADC is equipped with a separate power supply that can be
filtered separately and shielded from noise on the PCB.
B The ADC voltage source is fed from a separate VCCA pin.
B The VSSA pin provides a separate power supply ground connection.
To improve the accuracy of the low voltage input, the user can connect a separate ADC external ref-
erence voltage input to VREF. The voltage range on VREF is 1.7 V to VDDA.
Backing up the battery field
To retain the contents of the RTC backup register and power the RTC after a VCCD power failure,
the VBAT pin can be connected to a battery or other backup power supply.
For the RTC to work even after the main digital power supply (VDD) has been switched off, the
VBAT pin needs to be powered for each of the following modules:
RCC BDCR register

Bm RTC module (except RTC_CR register)
B | SE oscillator
B BKP registers

PC13to PC151/0

The switching of the VBAT power supply is controlled by the built-in power-down reset circuit

(BPOR) in the reset module.

Note:

B The power switch between VBAT and VCCD remains connected to VBAT after tRSTTEMPO
(temporisation time at VCC start-up) or after PDR is detected.

B During the start-up phase, if the established VCCD is less than tRSTTEMPO (see tRSTTEMPO
value in the data sheet) and VCCD > VBAT + 0.6 V, current can be injected into VBAT via the
internal diode connected between VDD and the power switch (VBAT).

If the power supply/battery connected to the VBAT pin cannot support this current injection, it is

strongly recommended to connect an external low drop diode between this power supply and the

VBAT pin.

If no external battery is used in the application, it is recommended to connect the VBAT pin to the

VCCD with a 100 nF decoupling ceramic capacitor connected in parallel to the VCCD.

When powering the backup domain via the VCCD (analogue switch connected to the VCCD) the fol-

lowing pins can be implemented:

B PC14 and PC15 can be used as GPIO or LSE pins

B PC13 can be used as GPIO and can also be configured for other functions (TAMPER pin, RTC
calibration clock, RTC alarm or seconds output)

Note: Due to the limited current fill capability of this switch (3 mA), the following limitations exist

when using GPIOs PC13 to PC15 in output mode: the rate must not exceed 2 MHz, the maximum

load is 30 pF and these 1/0Os cannot be used as current sources (e.g. for driving LEDS).

When powering the backup domain via VBAT (as there is no VCCD, the internal power switch is

connected to VBAT), the following pinouts are possible:

B PC14 and PC15 can only be used as LSE pins
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41.1.2.

B PC13 can be used as RTC additional function pin (TAMPER pin, RTC alarm or seconds output)

Backup Domain Access

After reset, the backup domains (RTC registers and RTC backup registers) are protected against
accidental write access. To enable access to the backup domain (RTC and RTC backup registers),

configure as follows:

B Enable the power interface clock by placing PWREN position 1 in the RCC_APBI1ENR register
B Enable access to the backup domain by placing DBP in the PWR_CR register in position 1

B Configure the RTCSEL register in the RCC Backup Domain Control Register (RCC_BDCR) to

select the RTC clock source

B Configure RTCEN in the RCC Backup Domain Control Register (RCC_BDCR) to enable RTC
clocking
VDDD Regulators

The embedded linear VR powers all digital circuits other than the backup domain and standby
(wake-up) circuits. The regulator output voltage defaults to 1.1 V and can be configured to output 1.0
V, 0.9V, and 0.8 V. The regulator output voltage is 1.1 V by default.

When activated via software, the regulator is always enabled after a reset. Depending on the appli-

cation mode, three different modes of operation are available:

B Inrun mode, the regulator provides full power to the 1.1 V domain (core, memory and digital
peripherals). In this mode, the regulator output voltage can be adjusted by software to different

voltage values (configurable via the VOS[1:0] bits of the PWR_CR register).

B |n stop mode, the main or low-power regulator provides a low-power voltage to the VDDD do-
main to save the contents of the registers and internal SRAM. It is also possible to place the
regulator in master regulator mode (MR) or low power mode (LPR).

B In standby mode, the regulator is powered down. The contents of the registers and SRAM are
lost, except for the standby (wake-up) circuitry and the backup field.

VBKP Regulators

The embedded linear VR powers all digital circuits in the backup domain. The regulator output volt-

age defaults to 1.1 V and can be configured to output 0.9 V, 0.85 V, and 0.8 V. The regulator output

voltage is 1.1 V by default.

When activated via software, the regulator is always enabled after reset. Depending on the applica-

tion mode, three different modes of operation are available:
B Inrun mode and low power mode, the regulator provides full power to the VDDK domain;
B operates always in all modes;

power detection

POR/PDR

The chip contains power-on reset (POR) and power-off reset (PDR) modules to provide power-re-
lated reset. Among them, POR/PDR works by default in all power modes.POR/PDR output reset low

is active.
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VCCD/VCCA
A

40mV hysteresis

Lag Time
> 28

tRSTTEMPO

Reset POR
(active low)

Figure 4-2 POR/PDR Timing
PVD Module
The PVD module is to detect whether VCC is below the threshold set by PWR_CR.PLS.
The PVD function is enabled by configuring the PVDE register.
The PVDO flag in the Power Control/Status Register (PWR_CSR) is used to indicate whether VCC
is above or below the voltage threshold for PVD. This event is internally connected to Linel6 of the
EXTI and generates an interrupt if the interrupt is enabled in the external interrupt register. The PVD
interrupt is generated when VCC falls below the PVD threshold and/or when VCC rises above the
PVD threshold, depending on the rising/falling edge trigger setting of EXTI Linel6. In practice, this

feature can be used for use in performing emergency shutdown tasks.

vccC

100mV
hysteresis

v

PVD output

Figure 4-3 PVD Timing
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4.1.2.

41.2.1.

41.2.2.

System Low Power Mode

By default, the microcontroller enters run mode after a system reset or power-on reset. In run mode,
the CPU provides a clock via HCLK and executes program code. The system provides several low-
power modes to save power consumption when the CPU does not need to run (e.g., when waiting
for external events). It is up to the user to select the specific low-power mode according to the appli-
cation, seeking the best balance between low power consumption, short boot time, and available

wake-up sources.
The device has three low-power modes:

B Sleep mode (Cortex®-M4F core with FPU is stopped, peripherals including those of the Cor-
tex®-M4 (NVIC, Sys Tick) etc. can be configured to run)

B Stop mode (HSI48M, HSI8M, HSE and PLL clocks are stopped)
B Standby mode (VDDD domain powered down)

VBAT power is present on the chip, so when VCC is powered down, the chip operates only in the
VBKP domain.

In addition, the power consumption in run mode can be reduced by one of the following methods:
B Reducing the system clock speed
B Turn off the corresponding peripheral clocks when APBx and AHBX peripherals are not used.

Enter Low Power Mode

The MCU enters low-power mode by executing the WFI (wait for interrupt) or WFE (wait for event)
instruction, or by setting SLEEPONEXIT in the Cortex®-M4F system control register with FPU to po-
sition 1 when returning from the ISR.

Low power mode can be entered via WFI or WFE only when there are no interrupts or events pend-
ing, i.e., the CPU needs to clear pending interrupts or events before entering low power.

If a wake-up signal occurs during the process of entering low-power mode, the low-power entry pro-

cess is exited.

Exit low-power mode

The MCU exits both low power modes depending on how it entered sleep and stop mode:

B If low power mode is entered using the WFI instruction or returning from the ISR, any peripheral
interrupt acknowledged through the NVIC can wake up the device.

B |f the WFE instruction is used to enter low-power mode, the MCU will exit low-power mode as
soon as an event occurs. The wake-up event can be generated in the following ways:

v NVIC IRQ interrupt:

Enable the interrupt in the peripheral control register, not in the NVIC, and enable SEVONPEND=1

in the Cortex®-M4F system control register. when the MCU resumes from WFE, the peripheral inter-

rupt pending bit and the peripheral's NVIC interrupt channel pending bit (in the NVIC interrupt clear

pending register) must be cleared.

v event

Configure an external or internal EXTI line for event mode. When the CPU recovers from WFE, it is

not necessary to clear the interrupt pending bit of the EXTI peripheral or the NVIC IRQ channel
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pending bit because the pending bit of the corresponding event line is not set to one. It may be nec-

essary to clear the interrupt flag in the peripheral. This mode takes the shortest amount of time to

wake up because there is no time to spend on interrupt entry or exit.

The MCU exits standby low-power mode when an external reset (NRST pin) occurs, an IWDG reset

occurs, a rising edge occurs on the enabled WKUPX pin, or an RTC wake-up event is triggered.

After waking up from standby mode, the programme will be re-executed as it was after the reset

(boot pin sampling, reset vector fetch, etc.).

4.1.2.3. Low Power Mode Summary

Table 4-2 Low Power Mode Summary

VDDD | VCCD
entry condi- exit condi- wake-up do- do- VDDK do- 10
mode ) ) ) ) ) else
tion tion delay main main main state | state
state state
Sleep mode Perform WFI
1 or return from
ISR and Stand
SLEEPONEXI Any interrup-
SLEEPING=1 ; no delay by NA
=0 [ . ion
T=0 B Execut Pro- mode
ing WFI or SLEEPDEEP= cessor | wake-
WFE com- 0 core up Normal op-
mand, the clock mod- | eration; Main-
CPU enters off; ule Whether tains
the sleep Other does LSE/RTC/B | origi-
mode immedi- clocks not KP is work- | nal
ately; switch | work; ing is con- oper-
2, Wakeup edon | Wheth | figuredby | ating
Execute WFE
SLEEPONEXI event or and off | erthe | the CPU; mode
with
T =1 when the SEVON- ac- IWDG | TrimReg sta-
= n | . NA
system exits SLEEPIRG=1¢ PEND o delay cording | works | module tus
SLEEPDEEP= _ P
from the low- 5 interrupt tocon- | ornot | working;
est priority in- when 1 figura- | is con-
terrupt han- tion; figured
dler, the CPU by the
immediately CPU;
enters the
sleep mode.
Interrupt or HSISM Stand Main- | IWDG,
Execute WFE Turn .
wake-up wake-up by Normal op- | tain RTC,
or WFI or re- ) off .
event genera- | time + (LDO mode | eration; the LSI,
turn from ISR . o HSI8M u
Stop Mode tion WFI en- exit time wake- | Whether origi- | LSE32
when the fol- )
) ] try: any EXTI from low- up LSE/RTC/B | nal K need
lowing condi- ) ) HSI48
] line config- power mod- KP is work- | oper- | to be
tions are met: M, )
ured for mode) + ule ating | enabled
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VDDD | VCCD
entry condi- exit condi- wake-up do- do- VDDK do- 10
mode ) . ) ) ) else
tion tion delay main main main state | state
state state
1, wake-up from | FLASH PLL, does ing is con- mode | or disa-
SLEEPDEEP= | astop-mode | wake-up HSE; not figured by sta- bled re-
1:2, PDDS=0 | interrupt; time (time SRAM | work; the CPU; tus spec-
WFE entry: may overlap | enters | Wheth | TrimReg tively
any EXTl line | depending reten- | erthe | module before
configured to | ©n configu- | tjon; IWDG | working; enter-
wake up from | ration) Flash | works ing stop
a stop mode into or not mode if
event; sleep; is con- re-
IWDG reset; LpDs= | figured quired.
NRST reset; 0: nor- | bythe
open;
LPDS=
1: low
power
mode
open
Highl
yre-
sis-
The )
tive
standb
Execute WFE y state
or WFI or re- wake- & t
ce
turn from ISR Rising edge up ; P
or
when the fol- of the WKUP mod- | Normal op- X IWDG,
] . the
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mode

entry condi-
tion

exit condi-

tion

wake-up
delay

VDDD
do-
main

state

VCCD
do-
main

State

VDDK do-
main state

state

else

RTC
cali-
bra-
tion
out-
put
PIN
3.10
pin
cor-
re-
spon
ding

All interrupt pending bits must be cleared before entering sleep mode.

4.1.2.4. Sleep mode

Table 4-3 Sleep Modes

Sleep mode

Descriptions

enter mode

WFI or WFE and:
--SLEEPDEEP=0 and
--SLEEPONEXIT=1 and

--No interrupt hangs.

--SLEEPDEEP=0 and
--SLEEPONEXIT=1 .

Returns from the lowest priority ISR and:

exit mode

Use WFI or return from lowest priority ISR to enter: interrupt (enable)

Entered with WFE and SEVONPEN=0: Wake-up event

Entered with WFE and SEVONPEN=1: peripheral enable interrupt (even if disabled in NVIC)

wake-up delay

NA
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4.1.2.5. Stop Mode

Stop mode is based on the Cortex®-M4F SleepDeep mode with FPU with peripheral clock gat-

ing.The VDDD domain LDO can be configured either in normal mode or in low power mode. In stop

mode, all high frequency clocks in the VDDD domain are stopped. the stopped clocks include PLL,

HSI8M, HSI48M, and HSE in the order of PLL->HSI48->HSE->HSI8. the internal SRAM and register

contents will be retained.

Certain settings in the PWR_CR register can further reduce power consumption. waking up the de-

vice from stop mode when Flash is in stop mode requires an additional startup delay.

If Flash programming is being performed, stop mode entry is delayed until the end of the memory

access (controlled by the HREADY signal at the FLASH controller interface and the operation flag,

software can execute the WFI or WFE instruction after the end).

If the APB domain is being accessed before entering stop mode, stop mode entry will be delayed

until the end of the APB access. (Guaranteed by software)

In stop mode, the following functions can be selected by programming each control bit:

B Independent Watchdog (IWDG): The IWDG is started by writing to its key register or by using
the hardware option. Once started, it cannot be stopped except by a reset.

B Real Time Clock (RTC): Configured via the RTCEN bit in the RCC Backup Domain Control
Register (RCC_BDCR).

B Internal RC Oscillator (LSI RC): configured via the LSION bit in the RCC Clock Control and Sta-
tus Register (RCC_CSR).

B External 32.768 kHz Oscillator (LSE OSC): configured via the LSEON bit in the RCC Backup
Domain Control Register (RCC_BDCR).

B PVD: configured via the PVDE bit in the Power Control Register PWR_CR.

Exiting stop mode will select the HSI8M as the system clock.

Table 4-4 Stop mode

Stop mode Description

enter mode

WEFI or WFE, and:
--No interrupt (for WFI) or event (for WFE) is pending;
--SLEEPDEEP=1;
--Clear the PDDS bit in the PWR_CR register to zero;

--Configure the LPDS in the PWR_CR register to select the VR operating mode;

Return from the lowest priority ISR and:
--SLEEPDEEP=1;

--SLEEPONEXIT=1,

--No interrupt pending;

--Clear the PDDS bit in the PWR_CR register to zero;

--Configure the LPDS in the PWR_CR register to select the VR operating mode;

Note: To enter stop mode, all EXTI line pending bits (EXTI_PR), all peripheral interrupt pending
bits, and the RTC alarm flag bit must be reset. Otherwise entry into stop mode will be ignored

and program execution will continue (CPU implementation).
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Stop mode

Description

exit mode

Use WFI or return from ISR to enter: any EXTI line configured for interrupt mode (while ena-
bling the corresponding EXTI interrupt in the NVIC). The interrupt source is an external interrupt

or an interrupt generated by a peripheral with a wake-up function.

Entered with WFE and SEVONPEND=0: Any EXTI line configured for event mode.

Entered with WFE and SEVONPEND=1:

- - Any EXTI line configured for interrupt mode (even if the EXTI interrupt is disabled in the
NVIC interrupt counterpart). The interrupt source is an external interrupt or an interrupt gener-

ated by a peripheral with wake-up capability.

--Wake-up events

NRST reset

IWDG reset

wake-up delay

HSI8M wake-up time + (LDO exit time from low-power mode) + FLASH wake-up time (time
may overlap depending on configuration)

4.1.2.6. Standby mode

In standby mode, the VR stops working and the VDDD domain is powered down. the PLL, HSI8M,
HSI48M, and HSE are all turned off, and the order of shutdown is PLL->HSI48->HSE->HSI8. the

SRAM and register contents are lost except for the registers in the VBAK domain (the RTC registers

and the backup register) and the standby circuit.

In standby mode, the following functions can be selected by programming each control bit:

B Independent Watchdog (IWDG): The IWDG is activated by writing to its key register or using a

hardware option. Once started, it cannot be stopped except by a reset.

B Real Time Clock (RTC): Configured via the RTCEN bit in the RCC Backup Domain Control
Register (RCC_BDCR).

B Internal RC Oscillator (LSI RC): configured via the LSION bit in the RCC Clock Control and Sta-
tus Register (RCC_CSR).

B External 32.768 kHz Oscillator (LSE OSC): configured via the LSEON bit in the RCC Backup
Domain Control Register (RCC_BDCR).

Table 4-5 Standby mode

Standby mode

description

enter mode

WEFI or WFE, and:

--No interrupt (for WFI) or event (for WFE) is pending;
--SLEEPDEEP=1;

--Position the PDDS bit in the PWR_CR register;

--Configure the WUF bit in the PWR_CSR register to be cleared to zero (if not, it will wake up

immediately);

--Clear the flag corresponding to the selection of the wake-up source;
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Standby mode description

Return from ISR and:

--SLEEPDEEP=1;

--SLEEPONEXIT=1;

--No interrupt pending;

--Position the PDDS bit in the PWR_CR register;

--Clear the WUF bit in the PWR_CSR register to zero (if not cleared, it will wake up immedi-
ately);

--Clear the flag corresponding to the selection of the wake-up source;

WKUPXx pin (x=1, 2, 3, 4, 5)

RTC wake-up event generation

exit mode

NRST pin reset

IWDG reset

HSI8M wake-up time + LDO power-up time + LDO wait time (configurable 5us/10us/20us/30us)
wake-up delay

+ FLASH wait time 3us (depending on the configuration time can have overlap)

41.2.7.

4.1.2.8.

In standby mode, all IOs are in the high resistance state except for the following components:
B Reset pin

B TAMPER pin when set to anti-intrusion or calibration output (TBD)

B 5 WKUP pins (PAO/PC13/PE6/PA2/PC5) (if enabled)

Debugging in stop mode and standby mode

In Stop and Standby modes, by default, the debugging function is interrupted because the CPU core
is not clocked. However, if the relevant registers in DBGMCU_CR are configured, debugging is still
possible even if the CPU enters SLEEPDEEP mode.

Automatic wake-up in low-power mode (AWU)

The RTC can wake up the MCU in low-power mode without relying on external interrupts (Automatic
Wake-Up Mode). The RTC provides a programmable time base for periodic wake-up from stop or
standby mode. Two of the three RTC clock sources can optionally be used to implement this func-
tion by programming the RTCSEL[1:0] bits of the Backup Region Control Register (RCC_BDCR):

B Low Power 32.768kHz External Crystal (LSE)

This clock source provides a low-power and accurate time reference. (Typically consumes less than
1pA).

B Low Power Internal RC Oscillator (LSI)

Using this clock source saves the cost of a 32.768kHz crystal. However, the RC oscillator will slightly
increase the power consumption. In order to wake up the system from stop mode with an RTC alarm
event, the following must be done:

B Configure EXTI17 for rising edge triggering.

B Configure the RTC so that it can generate wake-up events.

It is not necessary to configure EXTI17 if you want to wake up from standby mode (wake up standby
directly using the RTC alarm clock wake-up event).

The registers of this peripheral can be accessed via half-word or word.
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4.1.2.9. Functions in different modes

The following table shows the presence or absence of each functional module in different modes:

Table 4-6 Functions in different modes

Peripheral

Run

Sleep

Stop

Standby

VR@LPR
or
VR@MR

Wakeup
ability

Wakeup
ability

VBKP/VDDK

CPU Core

Flash memory

<

o®

-

SRAM

o®

-

PVD

ESMC

DMA

HSI

HSI148

HSE

LSI

LSE

PLL

O] O] O] O] O] O] O] O] O] <

O] O] O] O] O] O] O] O] ©

HSE Clock Security System
(CSS)

@]

@]

RTC/Auto Wakeup

Number of RTC TAMP pin

USB

USART1

USART2

USART3

USART4

USARTS5

12C1

12C2

SPI1

SPI2

SPI3

CAN

ADC1

ADC2

ADC3

Temperature sensor

Ol O] O] O] O] O] O] O] O] O] O] O] O] O] Ol O] »| O

Ol O] O] O] O] O] O] O] O] O] O] O] O] O] O| O] »| O

Timers(TIM1/TIM3/
TIM6/TIM14/TIM16/TIM17)

o

o

IWDG

o

o

WWDG

o

o

SysTick timer
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Stop Standby
. VR@LPR
Peripheral Run Sleep Wakeup Wakeup | VBKP/VDDK
or -
abilit abilit
VR@MR d 4
CRC o o - - - - -
GPIOs (0] (0] 0] (0] (0] 5pins 3pins
ACC (0] (0] - - - - -
BKP 0 ) o ® o0 ® . o ® . 0 ®
Notes:

1) Y =Yes (enable); O = Optional (off by default, can be enabled by software); - = Not available

2) Insleep mode, the FLASH controller clock can be turned off.

3) In Stop mode, FLASH does not power down, but enters Sleep low power mode, wake up needs
3us wait.

4) In sleep mode, the SRAM clock can be turned on or off.

5) The SRAM does not power down, but no clock is supplied and it enters the lowest power state.

6) The BKP module clock has an enable signal defined as O

4.2. Register description (base address 0x4000_7000)
4.2.1. power control register (PWR_CR) (0x00)

Address offset: 0x00
Reset value: 0x0011 0000(Cleared on wake-up from standby mode)

31 | 30 | 29 28 27 26 | 25 | 24 | 23 | 22 21 ‘ 20 19 18 17 16
Re | Re | Re Re | Re | Re | Re | Re | STDBY_MRRDY_ HSION_C
Res Res FLS WUPT
s s s s S s s S WAIT TRL.
RwW RwW RW | RW | RW RW
15 | 14 | 13 12 11 10 | 9 8 7 6 5 4 3 2 1 0
Re | VOS[1:0 | BKPVR_VOS[ | Re | Re | DB Cs Cw | PDD
PLS[2:0] PVDE LPDS
s ] 1:0] s s P BF UF S
R R R R R
RwW RwW RwW RwW RW | RW | RW RW
W | W W | W | W
Bit Name R/W | Reset Value Function
31:22 Reserved - - Reserved
The time to wait after waking up in standby mode and
MR ready.
00: 5us
21:20 | STDBY_MRRDY_WAIT[1:0] | RW 2’h1 01: 10us
10: 20us
11: 30us
19 Reserved - - Reserved
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Bit Name R/W | Reset Value Function
In the stop mode wake-up timing, after the HSI8M is
stabilised, a waiting time is required before FLASH op-
eration.
00: 3us;
18:17 FLS_WUPT[1:0] RW 2'b00
01: 5us;
10: 2us;
11: Ous;
HSI8M turn on time control when waking up from stop
mode.
16 HSION_CTRL RW 0 0: Wait for MR to stabilise and then enable HSI;
1: turn on at the same time as VR, i.e., enable HSI im-
mediately upon wake-up.
15 Reserved - - Reserved
Selects the VR output voltage level.
This bit is used to control the output voltage of the in-
ternal VR in order to achieve a balance between device
and power consumption.
When the VR is in LP mode:
00: 1.1V
14:13 VOSJ[1:0] RW 2’600 Wy
10: 0.9V
11: 0.8V
When VR is MR mode:
Ox: 1.1V
1x: 0.9V
Note: This signal is not shown on the external
datasheet.
PMU BLDO output voltage control.
00: VDDK=1.1V
01: VDDK=0.9V
12:11 BKPVR_VOS[1:0] RW 0
10: VDDK=0.85V
11: VDDK=0.8V
This signal is 0 when VDDD power-on reset is active
10:9 Reserved - - Reserved
BACKUP field register write protection.
8 DBP RW 0 0: RTC and RTC backup registers are not accessible;
1: RTC and RTC backup registers are accessible;
PVD Level Selection.
Written by software to select the voltage threshold for
75 PLS[2:0] RW 0 the PVD.

000: VPVDO (around 1.8V)
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Bit

Name

R/W

Reset Value

Function

001: VPVDL1 (around 2.0V)
010: VPVD2 (around 2.2V)
011: VPVD3 (around 2.4V)
100: VPVD4 (around 2.6V)
101: VPVDS5 (around 2. 8V)
110: VPVDG6 (around 3.0V)

111: VPVDY (around 3.2V)

PVDE

RW

PVD enable.
0: Disable PVD;
1: enable PVD;

CSBF

The standby flag is cleared to zero.
0: No effect;
1: Clear the SBF flag bit to zero;

CWUF

Zeroes the wake-up flag.
0: No effect;
1: Clear the WUF flag to zero after 2 system clock cy-

cles;

PDDS

RW

Power-down deep sleep.

This bitis set to 1 and cleared by software. Configured
in conjunction with LPDS.

0: The system enters stop mode when the CPU enters
SLEEPDEEP. the VR state depends on the LPDS con-
figuration;

1: The system enters standby mode when the CPU en-
ters SLEEPDEEP. the VR is off;

LPDS

RW

VR Low Power Deep Sleep Configuration.

This bit is set to 1 and cleared by software. Configured
in conjunction with PDDS.

0: VR (MVR) on in stop mode;

1: LPVR on in stop mode;

4.2.2.

power control/status registers (PWR_CSR)(0x04)

Address offset: 0x04
Reset value: 0x0000 0000(Waking up from standby mode does not reset the WUF/SBF and EWUPXx

bits of this register)

31

30

29

28

27

26

25

24

23] 22|21 ] 20 19‘ 18 ‘17 16

Re

Re | Re

S

Res

Res

Res

Res

Res

Re | Re | Re | Re | FLT_CTRL[2:0] | FLTE

S S S S N

R RW | RW | RW

15

14

13

12

11

10

7 6 5 4 3 2 1 0
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Re | Re | Re | EWUP | EWUP | EWUP | EWUP | EWUP | Re | Re | Re | Re | Re | PVD | SB | WUF
S S S 5 4 3 2 1 S S S S s (e} F
RW RwW RwW RW RW R R R
Bit Name R/W | Reset Value Function
31:20 Reserved - - Reserved

PVD filter time configuration.

111: Reserved,;

110: filter time of approximately 1024 filter clocks (approxi-
mately 30.7ms when LSI or LSE);

101: Filter time is approximately 128 filter clocks (approxi-
mately 3.8ms when LSI or LSE);

100: The filtering time is approximately 64 filter clocks (ap-
proximately 1.92ms for LS| or LSE);

19:17 FLT_CTRL[2:0] RW 3’b000
011: Filtering time is approximately 16 filter clocks (approxi-
mately 480us for LSI or LSE);

010: Filtering time is approximately 4 filter clocks (approxi-
mately 120us for LSI or LSE);

001: Filtering time is approximately 2 filter clocks (approxi-
mately 60us for LS| or LSE);

000: Filtering time is approximately 1 filter clock (approxi-
mately 30us for LSI or LSE);

PVD digital filter enable.
16 FLTEN RW 0 0: PVD digital filter disable;
1: PVD digital filter enable;

15:13 Reserved - - Reserved

Enable WKUPS5 pin.

This bit is set to 1 and cleared by software.

0: The WKUPS5 pin is used for general purpose I/O. Events
on the WKUP5 pin do not wake the device from standby
mode.

12 EWUP5 RW 0 1: The WKUPS5 pin is used to wake the device from standby
mode and is forced to be configured as an input pull-down
(waking the system from standby mode when a rising edge
occurs on the WKUPS5 pin).

Note: This bit is reset by system reset. However, this bit is

not reset when waking up from standby mode.

Enable WKUP4 pin.

This bit is set to 1 and cleared by software.

0: The WKUP4 pin is used for general purpose I/O. Events
on the WKUP4 pin do not wake the device from standby

11 EWUP4 RW 0 mode.

1: The WKUPA4 pin is used to wake the device from standby
mode and is forced to be configured as an input pull-down
(waking the system from standby mode when a rising edge
occurs on the WKUP4 pin).
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Bit Name R/W | Reset Value Function
Note: This bit is reset by system reset. However, this bit is
not reset when waking up from standby mode.
Enable WKUP3 pin.
This bit is set to 1 and cleared by software.
0: The WKUP3 pin is used for general purpose I/0O. Events
on the WKUP3 pin do not wake the device from standby
mode.
10 EWUP3 RW 0 1: The WKUP3 pin is used to wake the device from standby
mode and is forced to be configured as an input pull-down
(wakes the system from standby mode when a rising edge
occurs on the WKUP3 pin).
Note: This bit is reset by system reset. However, this bit is
not reset when waking up from standby mode.
Enable WKUP2 pin.
This bit is set to 1 and cleared by software.
0: The WKUP2 pin is used for general purpose I/O. Events
on the WKUP2 pin do not wake the device from standby
mode.
9 EWUP2 RW 0 1: The WKUP2 pin is used to wake the device from standby
mode and is forced to be configured as an input pull-down
(wakes the system from standby mode when a rising edge
occurs on the WKUP2 pin).
Note: This bit is reset by system reset. However, this bit is
not reset when waking up from standby mode.
Enable WKUP1 pin.
This bit is set to 1 and cleared by software.
0: The WKUP pin is used for general purpose 1/O. Events on
the WKUP pin do not wake the device from standby mode.
8 EWUPL - 0 1: The WKUP pin is used to wake the device from standby
mode and is forced to be configured as an input pull-down
(waking the system from standby mode when a rising edge
occurs on the WKUP pin).
Note: This bit is reset by system reset. However, this bit is
not reset when waking up from standby mode.
7:3 Reserved - - Reserved
PVD Output Flag.
This bit is set to 1 and cleared by hardware. This bit is valid
only when PVD is enabled via the PVDE bit.
0: VDD is above the PVD threshold selected by the PLS[2:0]
2 PVDO R 0 bits.

1: VDD is below the PVD threshold selected by the PLS[2:0]
bits.
Note: PVD stops when entering standby mode. Therefore,

after standby mode or after reset, this bit is equal to 0 until
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Bit Name R/W | Reset Value Function
PVDE position 1 and then the corresponding value is output

according to the detected voltage threshold.

Standby mode flag.

This bit is set to 1 by hardware, and clearing it can only be
1 SBE R 0 achieved by POR/PDR (VCC power-on reset/power-down
reset) or by setting the CSBF in the PWR_CR register to 1.
0: The device has not entered standby mode

1: The device has entered the standby mode

Standby mode wake-up flag.

This bit is set to 1 by hardware, and clearing it can only be
done by POR/PDR (VCC power-on reset/power-down reset)
0 WUF R 0 or by clearing CWUF bit 1 in the PWR_CR register.

0: No wake-up event occurred

1: Wake-up event received, may be from WKUP pin, RTC

wake-up event.

4.2.3. PWR Register map
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5.Reset and clock control (RCC)

5.1.
5.1.1.

51.1.1.

51.1.2.

5.1.2.

5.1.3.

Description of the reset function

System reset

A system reset resets all registers to their reset values except for the reset flag in the clock control
register CSR and the registers in the backup field.

A system reset is generated whenever one of the following events occurs:

B NRST pin low (external reset)

End of window watchdog count (WWDG reset)

B End of independent watchdog count (IWDG reset)
B Software reset (SYSRESETREQ reset)
B Low power management reset (NRST_STDBY/NRST_STOP)

Option byte load reset

Software Reset

This can be determined by looking at the reset flag in the RCC Clock Control and Status Register
(RCC_CSR). To perform a software reset of the device, the SYSRESETREQ position 1 in the Cor-
tex®-M4 Application Interrupt and Reset Control Register with FPU must be set.

Low-power management reset

There are two ways to trigger a low power management reset:

B generates a reset when it enters standby mode:

This reset is enabled by clearing the nRST_STDBY bit in the user option byte. When enabled, when
the SLEEPDEEP signal is detected and the PWR_CR_PDDS register is configured for standby
mode, the device will reset instead of entering standby mode.

B Aresetis generated when entering stop mode:

This reset is enabled by clearing the nRST_STOP bit in the user option byte. When enabled, the de-
vice will reset instead of entering stop mode when the SLEEPDEEP signal is detected and the
PWR_CR_PDDS register is configured for stop mode.

power reset

A power reset occurs whenever one of the following events occurs:

B Power-on/power-off reset (POR/PDR reset)

B On exit from standby mode

A power reset sets all registers to their reset values except the backup field.

These sources all act on the NRST pin, which remains low during the reset process.The RESET re-
set entry vector is fixed in the memory map at address 0x0000 0004.

The internal reset signal outputs a low-level pulse on the NRST pin. A pulse generator ensures that
the reset pulse from each internal reset source lasts at least 20 ps. For external resets, the reset

pulse is generated when the NRST pin is low.

Backup Domain Reset
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5.1.4.

5.2.
5.2.1.

A backup domain reset resets all backup domain registers to their respective reset values. The

backup domain registers include the RCC_BDCR,backup registers, and the RTC section registers.

A backup domain reset occurs whenever one of the following events occurs:

B Software Reset: triggered by placing BDRST position 1 in the RCC Backup Domain Control
Register (RCC_BDCR).

B After both the power supply VCC and VBAT have been powered down, either one of them is

powered up again.
Unified handling of resets other than backup domain resets

Source resets other than backup domain resets act on the NRST pin, which is clocked low during
the reset.

The circuit is shown below:

NRST [

[

WWDG reset

IWDG reset

VDD
ﬁRPU
E Filter System reset

Pulse Software reset
Generator POR/PDR reset
i BOR reset
(min 20us) OBL recet
Low power reset

Figure 5-1 Reset circuit diagram

When an internal reset occurs (active high), the pulse generator starts generating a pulse signal that
is guaranteed to last for at least 20us.This pulse signal energises the N-tube. The N-tube energisa-
tion continuously pulls down the NRST pin voltage, and when it is pulled down to VIL, a low level
signal is generated at the NRST pin. This signal goes through the Schmitt trigger and filtering to pro-
duce a system reset (active low).

Note 1: Reset sources other than the external PIN reset source, i.e., the source of the pulse genera-
tor, will not be filtered for 30us before generating a system reset;

Note 2: The reset source of the pulse generator, after generating a system reset, will set the external

pin reset flag in addition to setting the reset flag itself;

Functional description of the clock

Clock structure
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The clock structure is shown below:

PT100V1_PLLO48MO1 USBSELHST48
PT100V1_HSI8M02 = HSI48M
AT
> o @ to USBD
sl Hsl i\ — R
8MHz 48MHz USBD CLK EN
;
| Trimming
USBD SOF ——y
APBL CLK
GPIO
t P{RRCIC ( ;: CTC CLK EN
LSE ——» — [DSE | to CAN(20MHz/40MHz/80MHz)
CANCKSEL »
PLL
PT100V1_HSI8MO01 HSI8M
° UsBD
Hs| 4@—' PRESC
— /1,1.5,2,2.
8MHz 53,354
\ to AHB slave -
AHB CLK EN A_/ i
to Cortex-M4 SysTick
PLLSRC Sy /8 o oren s oysie
PT100V1_PLL200MO] PLL e
> SYSCLK| ~ARB APB1_CLK
_@ e PLL PRESC PRESC = \ to APBl slave g
PLL HSE /1,2,..512 /1,2,4,8,16 APBI CLK EN A_/ i
x1/ to APB1 Timers
PLLXTPRE APBI timer CLK EN
0 0SC OUT PT100V1_HSE32MO01 HSE
APB2 | APB2 CLK
4@+ 1 PRESC \ to APB2 slave o
[-OSC IN HSE /1,2,4,8,16 APB2 CLK EN A_/ 4
4~32MHz
to APB2 Timers
RTCSEL APB2 timer CLK EN
PT100V1_LSE32K0] pres
[}05c32 our LSE oresc | to ADC
: : to RTC /2,4,6,812,16| ADC CLK EN
DOSC32 IN
32KHz
\ to SDIO
SDIO CLK EN —l_} >
PT100V1_LSI40K01 LSl
\ to 12S1/1252/12S3
(: :> ® to IWDG MCOSEL srakms — ) >
40KHz SYSCLK
HST48M
HSI8M
MCO
[, /1,2,4,8,16,3 HSE
2,64,128
PLL
LST
LSE
PAD_PA14 to Cortex—M4F
0% SWCLKTCK > o Lortex
Figure 5-2 Clock structure

Clock source (clock signal and parameters subject to analogue module re-
guirements)

The following clock sources exist in the system:

5.2.2.1. HSE Clock

External high frequency OSC. frequency range 4~32MHz.
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5.2.2.2.

5.2.2.3.

5.2.2.4.

5.2.2.5.

The stabilisation time of the HSE clock is counted by the analogue HSE module and the stabilisation
time is configured by FLASH_TRIM9.HSE_RDYSEL. The analogue HSE module generates the sig-
nal HSE_RDY after the HSE has started and stabilised.

The HSE clock can have two sources:

B External XTAL OSC + internal starting circuitry

B External clock input via OSC_IN IO (HSEBYP=1)

To ensure that the first clock out of the CLOCK is a stable clock, the HSE contains an internal coun-
ter that outputs the first rising edge of the clock after the count is complete. The counting period can
be set by HSE_RDYSEL to select four counting gears, and the four counting gears select the appro-
priate counting period according to the HSE design. The counting period is selected according to the
design of HSE. 00~10 counting positions are selected according to the design of HSE, 11 counting
positions are test mode, no counting, and CLOCK outputs directly. normal mode and bypass mode
have clock counting, but the counting period is different, and the counting period of the three count-
ing positions in bypass mode is half of that in normal mode.

Bypass

HSE_BYP=1:

Bypass case, the analogue HSE is based on HSE_EXT_CLK and outputs the CLK_HSE i.e.
HSE_RDY signal after counting half the time of the number of cycles configured by
FLASH_TRIM9.HSE_RDYSEL.

HSI8M Clock

Internal 8MHz RC oscillator. Compared to the XTAL OSC, the RC OSC has low power consumption
and short stabilisation time, but low accuracy. The HSI analogue module counts the stabilisation
time, i.e. the HSI8M clock output to digital is the stabilisation clock.

After power-on reset, during the load phase, the calibration value of the HSI is loaded into the
RCC_CR. HSICAL register.

Upon wake-up from stop mode, the HSI will be used as the system clock source.

HSI48M clock

The HSI48M clock consists of HSI_USB (8MHz) and PLL48M.The HSI48MHz clock supports self-
calibration through the CTC module. The CTC calibrates the HSI_USB.The PLL48M reference clock
is the output of the HSI_USB and is fixed to a frequency of 6x.The HSI48M is used as the clock for
the USBD module.

PLL Clock

The PLL module is a frequency-doubled HSE clock with a PLL input clock frequency range of 8 MHz
to 25 MHz and an output frequency of 24 MHz to 168 MHz.

LSE Clock

External 32.76KHz OSC used as a low power clock.

A balance between stabilisation time and power consumption can be made by configuring

LSEDRV.The LSE stabilisation time is 0.5s (typical).The LSE stabilisation signal is generated by the
LSE analogue module.
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5.2.2.6.

Similar to the HSE source, the LSE has two sources:
B 32.768K XTAL+ internal starting circuitry
B External clock input via OSC_IN (LSEBYP=1)

To ensure that the first clock out of the CLOCK is a stable clock, the LSE contains an internal coun-
ter that outputs the first rising edge of the clock after the count is complete. The counting period can
be set by LSE_RDYSEL_VBKP to select four counting gears, in which the counting gears from 00 to
10 select the appropriate counting period according to the LSE design, and the counting gear from
11 is the test mode, no counting, and the CLOCK outputs it directly; the Normal mode and the by-
pass mode have the clock counting but the counting period is different, and the counting period of
the three counting gears is the same as the counting period of the bypass mode, which is the same
as the counting period of the normal mode. Normal mode and bypass mode both have clock count-
ing, but the counting period is different, the counting period of bypass mode is half of that of normal

mode.
Bypass
During LSE bypass, the HSERDY signal given by the analogue LSE has a value of zero.

In LSE bypass, the hardware VBAK _RCC module generates an LSE stabilisation wait time by count-
ing, the length of which is controlled by the RCC_BDCR.LSERDYSEL_BP register.

In the non-bypass case, by configuring the FLASH information area register, it is possible to control
the analogue output to the logic to clock CLK_LSE as a non-stable clock or as a stable clock, i.e.,
the LSE clock output through the MCO contains can contain either the non-stable phase or only the

post-stable clock. Its ready signal is also given synchronously at the clock output.

In the bypass case, the clock output from the MCO is the original external clock and is not controlled
by the LSE_ON signal. However, logic using the LSE clock will be controlled by the LSE_ON signal.

LSI Clock

Internal low frequency 40KHz clock. Used as the IWDG clock.

5.3. Register (base: 0x40021000)
5.3.1. Clock Control Register (RCC_CR)
Address:0x00
Reset value:0x0080 2083
31 ‘30 ‘29 ‘28 ‘27 ‘26 25 24 23 ‘22 ‘21 20 | 19 18 17 16
PLL PLL CSS | HSE | HSE | HSE
Res HSICAL[10:8] Res
RDY ON ON | BYP | RDY | ON
R RW R RS | RW R RW
15‘14‘13‘12‘11‘10 9 8 7‘6‘5 4 3 2 1 0
HSI | HSI
HSICAL[7:0] HSITRIM[4:0] Res
RDY | ON
R RW R RW
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Bit Name R/W Reset Value Function
31:26 Reserved - - Reserved
PLL clock ready flag.
- PLLRDY R 0 Hardware set to indicate that the PLL clock is LOCKED.
0: PLL unlocked;
1: PLL locked;
PLL Enable.
The hardware clears this bit when the system enters stop,
standby mode. This bit cannot be cleared when the PLL clock
24 PLLON RW 0 is being used (SWS is the PLL) or will be used as the system
clock (SW selects the PLL).
0: PLL OFF;
1: PLL ON;
The HSI8M clock calibration value is 2 bits high.
This register is loaded with the Flash information area value
during the load phase of the power-up process.
23:21 HSICAL[10:8] R Ox4 o
Software reads this register to return a value of HSI-
CAL+HSITRIM, and when the HSITRIM value is changed, this
register value is also updated.
20 Reserved - - Reserved
HSE Clock Safety System Enable.
When this bit is 1, the hardware enables the clock detection
module if the HSE OSC is ready, or turns off the clock detection
19 CSSON RW 0x0 module if the HSE detection fails.
0: Clock safety system off (clock detection off);
1: clock safety system on (clock detection on if HSE clock is
stable, otherwise clock detection off);
HSE shields the crystal and selects the pin input clock.
This bit can only be written when HSEON=0.
18 HSEBYP m 0 0: HSE crystal is not shielded, external high-speed clock se-
lects the crystal;
1: HSE crystal shielded, external high-speed clock selects ex-
ternal pin input clock source;
HSE crystal clock ready flag.
This bit is set by hardware to indicate that the HSE crystal is
17 HSERDY R 0 stable.
0: HSE crystal is not ready;
1: HSE crystal is ready;
HSE Crystal Enable.
When the system enters the stop, standby mode, the hardware
clears this bit to turn off the HSE crystal. This bit cannot be set
16 HSEON RW 0 to 0 when the HSE is used directly or indirectly as the system
clock source.
0: HSE crystal OFF;
1: HSE crystal ON;
15:8 HSICAL[7:0] R 0x20 HSI8M clock calibration value.
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Bit Name R/W Reset Value Function
This register is loaded with the Flash information area value
during the load phase of the power-up process.
Software reads this register to return a value of HSI-
CAL+HSITRIM, and when the HSITRIM value is changed, this
register value is also updated.
HSI8M clock Trimming value.
Software writes to this register to adjust the HSI8M clock, which
7:3 HSITRIM[4:0] RW 0x10 is superimposed on HSICAL and output to the analogue
HSI8M.
A system reset resets this register.
2 Reserved - - Reserved
HSI8M clock ready flag.
Hardware setting indicates that the HSI OSC is stable. This bit
is only valid when HSION=1.
1 HSIRDY R 1 0: HSI8M OSC not ready;
1: HSI8M OSC ready;
When HSION is cleared, HSIRDY will be pulled low after 6
HSI8M clocks.
HSI8M Clock Enable.
The hardware will clear this register as necessary to stop the
HSI8M when it enters stop, standby mode.
This register cannot be 0 when the HSI8M is used directly or in-
directly as the system clock.
0 HSION RW 1 0: HSI8M OSC OFF;
1: HSI8M OSC ON;
The hardware will enable HSI8M in the following cases:
1) After the hardware wakes up from stop or standby mode;
2) HSE is directly/indirectly used as the system clock but there
is a HSE CSS fail;
5.3.2. Clock Configuration Register (RCC_CFGR)
Address:0x04
Reset value:0x0000 00000
31 30 29 28 27 | 26 ‘ 25 ‘ 24| 23 ‘ 22 |21 ‘ 20 ‘ 19 | 18 17 16
USBPRE[2] | PLLMULL[5:4] | ADCPRE[2] |Res| MCO [2:0] | USBPRE[1:0] | PLLMULL[3:0] |PLLXTPRE |PLLSRC
RW RW RW RW RW RW RW RW
15 14 13 12 1110‘9‘8 7‘6 5‘4 3|2 1 0
ADCPRE[1:0] PPREZ2[2:0] PPRE1[2:0] HPRE[3:0] SWS[1:0] SWI1:0]
RW RW RW RW R RW
Bit Name R/IW Reset Value Function
31 USBPRE[Z] RW 0 Combine w-ith bit 23:22 to configure the USB
clock pre-divider value.
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Bit

Name

R/W

Reset Value

Function

30:29

PLLMULL[5:4]

RW

Combine with bit 21:18 to configure the PLL
multiplication factor.

28

ADCPRE[2]

RW

Combine with bit15:14 to configure the ADC

clock division factor.

27

Reserved

Reserved

26:24

MCO [2:0]

RW

MCO output clock selection.

000: no clock, MCO output disabled

001: LSE32K

010: LSI40K

011: HSI48M

100: SYSCLK

101: HSI8MO01

110: HSE

111: PLL

others: reserved

Note 1: If HSE and LSE are configured with
HSE_RDYSEL and LSE_RDYSEL registers, the
clock during startup can be output;

Note 2: When selecting the system clock for the
MCO output, it is necessary to ensure that the
frequency at the output does not exceed the
maximum allowable frequency of the 10.

23:22

USBPRE[1:0]

RW

USB clock pre-scaler. The combination with
bit31 is configured as follows:

000: PLL clock 1.5 division frequency

001: PLL clock

010: PLL clock 2.5 divisions

011: PLL clock 2 divisions

100: PLL clock 3 divisions

101: PLL clock 3.5 divisions

11x: PLL clock 4 divisions

21:18

PLLMULL[3:0]

RW

Configure the PLL multiplication factor in combi-
nation with bit31:29.

000000: x2
000001: x3

000010: x4

010001: x19
010010: x20

010011: x21

Others: Reserved

17

PLLXTPRE

RW

The HSE divider is used as the PLL source.
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Bit Name R/W Reset Value Function
This bit can only be written when the PLL is
turned off.
0: HSE clock as PLL source
1: HSE clock 2-division as PLL source
PLL clock source selection.
This bit can only be written when the PLL is
16 PLLSRC RW 0 urned oft.
0: res
1: PLLXTPRE configured HSE clock as PLL in-
put clock
Combine with bit27 to configure the frequency
division factor of the ADC clock.
000: APB2 CLK 2 division frequency
001: APB2 CLK 4-division frequency
010: APB2 CLK 6 division frequency
1514 ADCPRE[1:0] RW 0 011: APB2 CLK 8 division frequency
100: APB2 CLK 2 crossover frequency
101: APB2 CLK 12 crossover frequency
110: APB2 CLK 8 crossover frequency
111: APB2 CLK 16 crossover frequency
High-speed APB (APB2) clock division factor.
PCLK is based on the HCLK division factor.
0xx: No frequency division
13:11 PPREZ2[2:0] RW 0 100: 2-division frequency
101: 4-division frequency
110: 8-division frequency
111: 16 crossover frequency
Low-speed APB (APB1) clock division factor.
PCLK is based on the HCLK division factor.
0xx: No frequency division
10:8 PPRE1[2:0] RW 0 100: 2-division frequency
101: 4-division frequency
110: 8-division frequency
111: 16 crossover frequency
The AHB clock HCLK is based on the division
factor of SYSCLK.
Oxxx: no frequency division
1000: 2-division frequency
74 HPRE[3:0] RW 0 1001: 4-division frequency

1010: 8 divisions
1011: 16 divisions
1100: 64 crossover

1101: 128 crossover frequency
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Bit Name R/W Reset Value Function

1110: 256 crossover frequency

1111:512dB

In order to ensure the normal operation of the
system, it is necessary to configure the appropri-
ate frequency according to the VR power supply.
Note: When the pre-divided frequency factor of
the AHB clock is greater than 1, the prefetch
buffer must be turned on.

Note: It is recommended to switch the dividing

factor step by step.

System Clock Source Selection.

This bit is controlled by hardware and indicates
the selection of the system clock source.

3:2 SWS[1:0] R 0 00: HSI8M

01: HSE

10: PLL CLK

Others: Reserved

System Clock Source Selection.

This bit is controlled by hardware and software
and indicates the selection of the system clock
source

00: HSI8M

01: HSE

10: PLL CLK

1:0 SW[1:0] RW 0

Others: Reserved

5.3.3. Clock interrupt register (RCC_CIR)

Address:0x08
Reset value:0x0000 0000

Q 29 28 27 26 25 24 23 |22 21 20 19 18 17 16
HSE
CSS |Re|HSI48RDY|PLLRDY HSER- |LSER|LSIRDY
Res RDY
C |s C C c DYC |DYC C
W w W W W W w
13 12 11 10 9 8 7 | 6 5 4 3 2 1 0
5|4
HSE
R HSI48RDYI|PLLRDYI RDY] HSIRDYI|LSER|LSIRDYI|CSS |Re [HSI48RDY|PLLRDY | HSE |HSIRDY|LSER|LSIRDY
es
E E £ E DYIE E F |s F F RDYF F DYF F
RW RW RW RW RW RW R R R R R R R
Bit Name R/W Reset Value Function
31:24 Reserved - - Reserved
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Bit Name R/W Reset Value Function

HSE Clock Safety System (CSS) interrupt flag
3 cssC W 0 cleared to zero.

0: No effect;

1: Clear the CSSF flag
22 Reserved - - Reserved

HSI48M ready interrupt flag cleared.
21 HSI48RDYC W 0 0: No effect;

1: Clear the HSI48RDYF flag;

PLL ready interrupt flag cleared.
20 PLLRDYC W 0 0: No effect;

1: Clear PLLRDYF flag;

HSE ready interrupt flag cleared.
19 HSERDYC w 0 0: No effect;

1: Clear the HSERDYF flag;

HSI ready interrupt flag cleared.
18 HSIRDYC W 0 0: No effect;

1: Clear the HSIRDYF flag;

LSE ready interrupt flag cleared.
17 LSERDYC W 0 0: No effect;

1: Clear the LSERDYF flag;

LSI ready interrupt flag cleared.
16 LSIRDYC W 0 0: No effect;

1: Clear the LSIRDYF flag;

15:14 Reserved - - Reserved

HSI48M clockready interrupt enable.
13 HSI48RDYIE RW 0 0: disable;

1: enable;

PLL ready interrupt enable.
12 PLLRDYIE RW 0 0: disable;

1: enable;

HSE clock ready interrupt enable.
11 HSERDYIE RW 0 0: disable;

1: enable;

HSI8M clockready interrupt enable.
10 HSIRDYIE RW 0 0: disable;

1: enable;

LSE clock ready interrupt enable.
9 LSERDYIE RW 0 0: disable;

1: enable;

LSI clock ready interrupt enable.
8 LSIRDYIE RW 0 0: disable;

1: enable;
7 CSSF R 0 Clock Safety System Interrupt Flag.
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Bit

Name

R/W

Reset Value

Function

When the HSE clock fails, it is set by hardware
to 1. Software clears this flag bit by writing
CSSC bit 1.

0: No safety system interrupt generated by HSE
clock failure is generated;

1: Safety system interrupt generated by HSE
clock failure is generated;

Reserved

Reserved

HSI48RDYF

HSI48M clock ready interrupt flag.

Hardware sets this register when the HS148M
clock is stable and HSI48RDYIE=1.

0: HSI148M clock ready interrupt not generated,;
1: HSI48M clock ready interrupt generated;
Write HSI48RDYC register 1 to clear this bit.

PLLRDYF

PLL ready interrupt flag.

Hardware sets this register when PLL lock and
PLLRDYDIE=1.

0: PLL lock interrupt not generated;

1: PLL lock interrupt generated;

Write PLLRDYC1 to clear this bit.

HSERDYF

HSE clock ready interrupt flag.

Hardware sets this register when the HSE clock
is stable and HSERDYIE=1.

0: HSE clock ready interrupt not generated;

1: HSE clock ready interrupt generated,;

Write HSERDYC register 1 to clear this bit.

HSIRDYF

HSI8M clock ready interrupt flag.

Hardware sets this register when the HSI8M
clock is stable and HSIRDYIE=1.

0: HSI8M clock ready interrupt not generated;
1: HSI8M clock ready interrupt generated;
Write HSIRDYC register 1 to clear this bit.

LSERDYF

LSERDY clock ready interrupt flag.

Hardware sets this register when the LSE clock
is stable and LSERDYDIE=1.

0: LSERDY clock ready interrupt not generated;
1: LSERDY clock ready interrupt generated;
Write LSERDYC register 1 to clear this bit.

LSIRDYF

LSIRDY clock ready interrupt flag.

Hardware sets this register when the LSI clock is
stable and LSIRDYIE=1.

0: LSIRDY clock ready interrupt not generated;
1: LSIRDY clock ready interrupt generated;
Write LSIRDYC register 1 to clear this bit.

5.3.4. APB2 Peripheral Reset Register (RCC_APB2RSTR)
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Address:0x0C

Reset value:0x0000 0000
31 30 | 29 ‘ 28 ‘ 27 ‘ 26 ‘ 25 ‘24|23|22 21 20 19 18‘17‘ 16
Res TIM11RST|TIM1ORST|TIMORST Res
RW RW RW
15 14 13 12 11 10 8‘7‘6 5 4 3 2‘1 0
ADC3RST|USART1RST|TIMBRST|SPILIRST|TIM1IRSTIADC2RST|ADC1RST Res SYS
CFGRST
RwW RW RW RW RW RW RW RwW
Bit Name R/W Reset Value Function
31:22 Reserved - Reserved
TIM11 module reset.
21 TIM11RST RW 0 0: no effect;
1: the module is reset;
TIM10 module reset.
20 TIM1ORST RW 0 0: no effect;
1: the module is reset;
TIM9 module reset.
19 TIMORST RW 0 0: no effect;
1: the module is reset;
18:16 Reserved RES - Reserved
ADC3 module reset.
15 ADC3RST RW 0 0: no effect;
1: the module is reset;
USART1 module reset.
14 USART1RST RW 0 0: no effect;
1: the module is reset;
TIM8 module reset.
13 TIMBRST RW 0 0: no effect;
1: the module is reset;
SPI1 module reset.
12 SPI1RST RW 0 0: no effect;
1: the module is reset;
TIM1 module reset.
11 TIM1IRST RW 0 0: no effect;
1: the module is reset;
ADC2 module reset.
10 ADC2RST RW 0 0: no effect;
1: the module is reset;
ADC1 module reset.
9 ADCI1RST RW 0 0: no effect;
1: the module is reset;
8:1 Reserved - - Reserved
0 SYSCFGRST RW 0 SYSCFG module reset.

81/759




PY32F403 Reference manual

Bit Name

R/W

Reset Value

Function

0: no effect;
1: the module is reset;

5.3.5. APB1 Peripheral Reset Register (RCC_APB1RSTR)

Address:0x10
Reset value:0x0000 0000

31 30 (29| 28 27 2 25 24 23 22 21 20 19 18 17 16
CTCR R |PWRR CANR USBRS| 12C2R |I2C1R|USARTS5 |[USART4 |USART3|USART2
ST Res es| ST Res ST Res T ST ST RST RST RST RST Res
RW RwW RW RW RW RW RW RW RW RW
15 14 (13| 12 11 ; 9 8 7 6 4 3 2 1 0
SPI3R|SPI2R WWD- TIM14 | TIM13 | TIM12 [TIM7R| TIM6RS | TIM5RS | TIMARS | TIM3RS [TIM2R
ST ST Res GRST Res RST | RST | RST ST T T T T ST
RW | RW RwW RW RW RW RW RW RW RW RW RW
Bit Name R/W Reset Value Function
CTC module reset.
31 CTCRST RW 0 0: no effect;
1: the module is reset;
30:29 Reserved RES - Reserved
Power interface module reset.
28 PWRRST RW 0 0: no effect;
1: the module is reset;
27:26 Reserved RES - Reserved
CAN module reset.
25 CANRST RW 0 0: no effect;
1: the module is reset;
24 Reserved RES - Reserved
USBD module reset.
23 USBRST RW 0 0: no effect;
1: the module is reset;
I2C2 module reset.
22 12C2RST RW 0 0: no effect;
1: the module is reset;
I2C1 module reset.
21 12C1RST RW 0 0: no effect;
1: the module is reset;
UARTS module reset.
20 USART5RST RW 0 0: no effect;
1: the module is reset;
19 USARTARST RW 0 USART4 module reset.
0: no effect;
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Bit

Name

R/W

Reset Value

Function

1: the module is reset;

18

USART3RST

RW

USART3 module reset.
0: no effect;

1: the module is reset;

17

USART2RST

RW

USART2 module reset.
0: no effect;

1: the module is reset;

16

Reserved

RES

Reserved

15

SPI3RST

RW

SPI3 module reset.
0: no effect;

1: the module is reset;

14

SPI2RST

RW

SPI2 module reset.
0: no effect;
1: the module is reset;

13:12

Reserved

RES

Reserved

11

WWDGRST

RW

WWDG module reset.
0: no effect;
1: the module is reset;

10:9

Reserved

RES

Reserved

TIM14RST

RW

TIM14 module reset.
0: no effect;
1: the module is reset;

TIM13RST

RW

TIM13 module reset.
0: no effect;
1: the module is reset;

TIM12RST

RW

TIM12 module reset.
0: no effect;

1: the module is reset;

TIM7RST

RW

TIM7 module reset.
0: no effect;

1: the module is reset;

TIM6RST

RW

TIM6 module reset.
0: no effect;

1: the module is reset;

TIMSRST

RW

TIM5 module reset.
0: no effect;

1: the module is reset;

TIMARST

RW

TIM4 module reset.
0: no effect;

1: the module is reset;

TIM3RST

RW

TIM3 module reset.
0: no effect;

1: the module is reset;

TIM2RST

RW

TIM2 module reset.

0: no effect;
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Bit Name R/W Reset Value Function

1: the module is reset;

5.3.6. AHB1 Peripheral Clock Enable Register (RCC_AHB1ENR)

Address:0x14
Reset value:0x0000 0014

31‘30]29‘ 28 ‘27| 26 |25‘24|23‘ 22 ‘21| 20 ‘19‘ 18 | 17 | 16
Res
15‘14‘13 12 1 [ 10 9‘8‘7 6 5 4 3 2 1 0
Res ESMCEN| Res [SDIOEN Res CRCEN| Res |[FMCEN| Res [SRAMEN|DMA2ENDMA1EN
RW RW RW RW RwW RW RW
Bit Name R/W Reset Value Function
31:13 Reserved RES - Reserved
ESMC(QSPI) module clock enable.
12 ESMCEN RW 0 0: disable;
1: enable;
11 Reserved RES - Reserved
SDIO module clock enable.
10 SDIOEN RW 0 0: disable;
1: enable;
9:7 Reserved RES - Reserved
CRC module clock enable.
6 CRCEN RW 0 0: disable;
1: enable;
5 Reserved RES - Reserved
FLASH interface module clock enable for sleep
4 FMCEN RW 1 mode.
0: disable;
1: enable;
3 Reserved RES - Reserved
SRAM memory area clock enable for sleep
2 SRAMEN RW 1 m"d_e'
0: disable;
1: enable;
DMA2 module clock enable.
1 DMA2EN RW 0 0: disable;
1: enable;
DMA1 module clock enable.
0 DMAL1EN RW 0 0: disable;

1: enable;

5.3.7. APB2 Peripheral Clock Enable Register (RCC_APB2ENR)

Address:0x18
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Reset value:0x0000 0000

31 30 29 28 27 26 25 21 20 19 16
4 2 8|7
Res TIM11E | TIM10OE | TIMOE Res
N N N
RW RW RW
15 14 13 12 11 10 9 8|7|6 5 4 3 (21 0
ADC3E | USARTLI1E | TIM8E | SPI1E | TIM1E | ADC2E | ADC1E SYS-
N N N N N N N Res CFGEN
RW RW RW RW RwW RwW RwW RW
Bit Name R/W Reset Value Function
31:22 Reserved RES - Reserved
TIM11 module clock enable.
21 TIM11EN RW 0 0: disable;
1: enable;
TIM10 module clock enable.
20 TIM10EN RW 0 0: disable;
1: enable;
TIM9 module clock enable.
19 TIMOEN RW 0 0: disable;
1: enable;
18:16 Reserved RES - Reserved
ADC3 module clock enable.
15 ADC3EN RW 0 0: disable;
1: enable;
USART1 module clock enable.
14 USART1EN RW 0 0: disable;
1: enable;
TIM8 module clock enable.
13 TIMBEN RW 0 0: disable;
1: enable;
SPI1 module clock enable.
12 SPI1EN RW 0 0: disable;
1: enable;
TIM1 module clock enable.
11 TIM1EN RW 0 0: disable;
1: enable;
ADC2 module clock enable.
10 ADC2EN RW 0 0: disable;
1: enable;
ADC1 module clock enable.
9 ADCI1EN RW 0 0: disable;
1: enable;
8:1 Reserved RES - Reserved
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Bit Name R/W Reset Value Function
SYSCFG module clock enable.
0 SYSCFGEN RW 0 0: disable;
1: enable;

5.3.8. APB1 Peripheral Clock Enable Register (RCC_APB1ENR)

Address:0x1C
Reset value:0x0000 0000

31 30 |29| 28 27 26| 25 24 23 22 21 20 19 18 17 16
CTCE Re| PWR Re|CANE USBD | I2C2E [I2C1E|USART5|USART4 [USART3|USART2
N Res s | EN BKPEN S N Res EN N N EN EN EN EN Res
RW RwW RwW RW RwW RW RW RW RW RW RW
15 14 |13| 12 11 10| 9 8 7 6 5 4 3 2 1 0
SPI3E|SPI2E WWDG TIM14 | TIM13 | TIM12 [TIM7E TIM2E
N N Res EN Res EN EN EN N TIM6EN | TIM5EN | TIM4EN | TIM3EN N
RW | RW RW RW RwW RW RW RW RW RW RW RW
Bit Name R/W Reset Value Function
CTC module clock enable.
31 CTCEN RW 0 0: disable;
1: enable;
30:29 Reserved RES - Reserved
PWR module clock enable.
28 PWREN RW 0 0: disable;
1: enable;
BACKUP module clock enable.
27 BKPEN RW 0 0: disable;
1: enable;
26 Reserved RES - Reserved
CAN module clock enable.
25 CANEN RW 0 0: disable;
1: enable;
24 Reserved RES - Reserved
USBD module clock enable.
23 USBDEN RW 0 0: disable;
1: enable;
I2C2 module clock enable.
22 12C2EN RW 0 0: disable;
1: enable;
I12C1 module clock enable.
21 I2C1EN RW 0 0: disable;
1: enable;
UARTS5 module clock enable.
20 USART5EN RW 0 0: disable;
1: enable;
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Bit

Name

R/W

Reset Value

Function

19

USART4EN

RW

UART4 module clock enable.
0: disable;

1: enable;

18

USART3EN

RW

USART3 module clock enable.
0: disable;

1: enable;

17

USART2EN

RW

USART2 module clock enable.
0: disable;

1: enable;

16

Reserved

Reserved

15

SPI3EN

RW

SPI3 module clock enable.
0: disable;
1: enable;

14

SPI2EN

RW

SPI2 module clock enable.
0: disable;

1: enable;

13:12

Reserved

RES

Reserved

11

WWDGEN

RW

WWDG module clock enable.
0: disable;
1: enable;

10:9

Reserved

Reserved

TIM14EN

RW

TIM14 module clock enable.
0: disable;
1: enable;

TIM13EN

RW

TIM13 module clock enable.
0: disable;
1: enable;

TIM12EN

RW

TIM12 module clock enable.
0: disable;

1: enable;

TIM7EN

RW

TIM7 module clock enable.
0: disable;

1: enable;

TIMGEN

RW

TIM6 module clock enable.
0: disable;

1: enable;

TIMSEN

RW

TIM5 module clock enable.
0: disable;

1: enable;

TIM4EN

RW

TIM4 module clock enable.
0: disable;
1: enable;

TIM3EN

RW

TIM3 module clock enable.
0: disable;
1: enable;
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Bit Name R/W Reset Value Function
TIM2 module clock enable.
0 TIM2EN RW 0 0: disable;
1: enable;
5.3.9. RTC domain control register (RCC_BDCR)

Address:0x20

Reset value:0x0000 0000

31 ‘30‘29‘28‘27‘

26

‘ 25 ‘ 24 ‘23‘

22

16

Res

RW

15

14|13|12‘11

10

9‘8

6

‘ 5 0

RTCEN

Res

RSTOUT DIS

RTCSEL[1:0]

Res

LSERDYSEL_BP[1:0]

LSEDRV[1:0]LSEBYP|LSERDY|LSEON

RW

RW

RW

RW RW RW RW RW

Bit

Name

R/W

Reset Value

Function

3

1:17

Reserved

Reserved

16

BDRST

RW

Backup domain soft reset.
0: no effect;
1: reset;

15

RTCEN

RW

RTC and TAMP clock enable.
0: disable;

1: enable;

1

4:11

Reserved

Reserved

10

RSTOUT_DIS

RW

Reset output disable register.

0: Internal reset output after 30us pulse genera-
tor;

1: internal reset disable output.

This bit needs to be configured to 1 when the
standby mode is entered in order to ensure the

wake-up time.

9:8

RTCSEL[1:0]

RW

RTC clock source selection.

00: No clock

01: LSE

10: LSI

11: HSE divided by 128.

Once the RTC clock source is selected it cannot
be changed unless the backup domain reset is

cleared.

Reserved

Reserved

6:5

LSERDYSEL_BP[1:0]

RW

0x0

Count time selection on LSE Bypass.
00: 8 LSE clocks

01: 16 LSE clocks

10: 24 LSE clocks

11: 32 LSE clocks
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Bit Name R/W Reset Value Function
LSE Drive Capability Setting, default 00
00: gm 2.5uA/V
43 LSEDRV[1:0] RW 0 01: gm 3.75UAN
10: gm 8.5uA/NV
11: gm 13.5uA/NV
LSE OSC bypass
0: Not bypassed, Low-speed external clock se-
lection crystal;
> LSEBYP RW 0 1: Bypassed, Low-speed external clock selec-
tion external interface input clock;
Note: This bit can only be written if the external
32KHz OSC is disabled (LSEON=0 and
LSERDY=0).
LSE OSC ready.
Hardware configuration of this bit to 1 indicates
1 LSERDY R 0 that the LSE clock is ready.
After LSEON is cleared, this bit takes 6 LSE
clocks before it is cleared.
LSE OSC enable.
0 LSEON RW 0 0: disable;
1: enable;
5.3.10. Control/status register (RCC_CSR)
Address:0x24
Reset value:0x0000 0000
31 30 29 28 27 26 25 24 23|22|21‘20‘19‘18| 17 | 16
LPWRRSTFWWDGRSTF|IWDGRSTFSFTRSTFPWRRSTFPINRSTFIOBLRSTFRMVF Res
R R R R R R R R
15 14 13 12 11 10 9 8 7|6|5‘4‘3‘2 1 0
Res LSIRDY|LSION
R RW
Bit Name R/W Reset Value Function
Low Power Reset Flag.
Hardware sets this register when an illegal
stop/standby low power mode is entered.
31 LPWRRSTF R 0 This register can only be operated when the

NRST_STOP, nRST_STDBY option bits are in
the clear (valid) state.
RMVF set to 1 clears this bit.
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Bit

Name

R/W

Reset Value

Function

30

WWDGRSTF

Window WDG Reset Flag.
RMVF set to 1 clears this bit.

29

IWDGRSTF

IWDG Reset Flag.
RMVF set to 1 clears this bit.

28

SFTRSTF

Soft reset flag.
RMVF set to 1 clears this bit.

27

PWRRSTF

POR/PDR Reset Flag.
RMVF set to 1 clears this bit.

26

PINRSTF

External NRST pin reset flag.
RMVF set to 1 clears this bit.

25

OBLRSTF

Option byte loader Reset Flag.
RMVF set to 1 clears this bit.

24

RMVF

RW

Software set bit clears the reset flag.

An operation that writes this bit to 1 clears the
reset flag starting at bit 25, which will remain at 1
after a software write of 1 and will not be cleared
by hardware.

23:2

Reserved

Reserved

LSIRDY

LSI OSC Stability marker.
LSIRDY is generated by the analogue LSI.

LSION

RW

LSI OSC Enable.

0 forbidden: stop;

1: enable;

Hardware enable for analogue LSI:

1) Hardware IWDG enable;

5.3.11. Clock Reset Configuration Register 1 (RCC_CFGR1)

Address:0x24

Reset value:0x0000 0000

31 30‘29 28|27|26|25‘24‘23|22| 21 | 20 ‘19‘18|17‘16
USBSELHSI48 Res HSI48CAL[12:0]
RW RW
15 14‘13 12‘11‘10‘9 8‘7‘6 5 4 3 2|1‘o
HSI48TRIM[6:0] Res HSI48RDY|HSI480N| Res MCOPRE[2:0]
RW R RW RW
Bit Name R/W Reset Value Function
USBD module clock (not system clock) selec-
tion.
31 USBSELHSI48 RW 0 0: USBD clock selection PLL (divided fre-
quency);
1: USBD clock selection HS148M;
30:29 Reserved
28:16 HSI48CAL[12:0] R 0x1080 HSI48M clock calibration value.
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Bit

Name

R/W

Reset Value

Function

This register is loaded with the Flash information
area value during the load phase of the power-
up process.

Software reads this register to return a value of
HSI48CAL + HSI48TRIM, and when the
HSI48TRIM value is changed, this register value
is also updated.

15:9

HSI48TRIM[6:0]

RW

0x40

HSI48M Clock Trimming Value.

Software writes to this register to adjust the
HSI48M clock, which is superimposed on the
HSI48CAL and output to the analogue HSI48M.
This register is reset on system reset.

8.6

Reserved

Reserved

HSI48RDY

HSI48M clock ready flag.

Hardware setting indicates that the HSI48M is
stable. This bit is only valid when HSI48MON=1.
0: HSI48M not ready;

1: HSI48M ready;

When HSI48MON is cleared, HSI48MRDY wiill
be pulled low after 6 HSI48M clocks.

HSI480N

RW

HSI48M Clock Enable.

The hardware will clear this register to stop the
HSI48M as needed when it enters stop, standby
mode.

0: HSI148M OFF;

1: HSI48M ON;

Reserved

Reserved

2:0

MCOPRE[2:0]

RW

MCO (microcontroller clock output) crossover
coefficients. Software controls these bits to set
the crossover coefficient of the MCO output:

000: 1
001: 2
010: 4
011: 8
100: 16
101: 32
110: 64

111: 128

It is recommended that these bits be set before
the MCO output is enabled.

5.3.12. AHB1 peripheral reset register (RCC_AHB1RSTR)
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Address:0x2C
Reset value:0x0000 0000

31|30|29| 28 ‘27‘26|25|24|23‘22|21‘20‘19‘18‘ 17 ‘ 16
Res
15‘14‘13 12 11 10 9‘8‘7 6 5‘4‘3‘2 1 0
Res ESMCRST| Res |SDIORST Res CRCRST Res DMA2RST|DMA1RST
RW RW RW RW RW
Bit Name R/W Reset Value Function
31:13 Reserved - Reserved
ESMC(QSPI) module reset enable.
12 ESMCRST RW 0 0: disable;
1: enable;
11 Reserved - Reserved

SDIO module reset enable.

10 SDIORST RW 0 0: disable;
1: enable;
9:7 Reserved - Reserved

CRC module reset enable.

6 CRCRST RW 0 0: disable;

1: enable;

5:2 Reserved RES - Reserved
DMA2 module reset enable.

1 DMA2RST RW 0 0: disable;

1: enable;

DMA1 module reset enable.
0 DMA1RST RW 0 0: disable;

1: enable;

5.3.13. AHB2 peripheral reset register (RCC_AHB2RSTR)

Address:0x30
Reset value:0x0000 0000
31‘30‘29'28‘27‘26‘25‘24‘23‘22‘21‘20‘19‘18‘17|16
Res
15‘14‘13‘12‘11‘10‘9‘8‘7 6 5 4 3 2 1|o
Res IOPERST|IOPDRST|IOPCRST|IOPBRST|IOPARST|  Res
RW RW RW RW RW
Bit Name R/W Reset Value Function
317 Reserved - Reserved
6 IOPERST RW 0 Module reset.
0: no effect;
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Bit

Name

R/W

Reset Value

Function

1: the module is reset;

IOPDRST

RW

Module reset.
0: no effect;

1: the module is reset;

IOPCRST

RW

Module reset.
0: no effect;

1: the module is reset;

IOPBRST

RW

Module reset.
0: no effect;

1: the module is reset;

IOPARST

RW

Module reset.
0: no effect;
1: the module is reset;

1.0

Reserved

Reserved

5.3.14. AHB2 peripheral clock enable register (RCC_AHB2ENR)

Address:0x34
Reset value:0x0000 0000

31‘30‘29‘28‘27‘26‘25‘24‘23‘22‘21‘20‘19|18|17|16
Res
15|14|13‘12‘11|10‘9‘8|7 6 5 4 3 2 1|o
Res IOPEEN|IOPDEN|IOPCEN|IOPBEN|IOPAEN Res
RwW RW RW RW RW
Bit Name R/W Reset Value Function
317 Reserved - Reserved
IOPE module clock enable.
6 |IOPEEN RW 0 0: disable;
1: enable;
IOPD module clock enable.
5 IOPDEN RW 0 0: disable;
1: enable;
IOPC module clock enable.
4 IOPCEN RW 0 0: disable;
1: enable;
IOPB module clock enable.
3 IOPBEN RW 0 0: disable;
1: enable;
IOPA module clock enable.
2 IOPAEN RW 0 0: disable;
1: enable;
1.0 Reserved RES - Reserved
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5.3.15. Clock Reset Configuration Register 2 (RCC_CFGR2)
Address:0x38
Reset value:0x0000 0008
31’30’29’28’27’26'25'24‘23‘22‘21‘20'19‘18‘17‘16
Res
15‘14‘13‘12‘11‘10 9‘8 7‘6‘5‘4 3‘2‘1‘0
Res HSE_DRV Res CANCKSEL[3:0]
RW
Bit Name R/W Reset Value Function
31:10 Reserved - Reserved
HSE Drive Capability Configuration
00: gm 3.5mA/V
9:8 HSE_DRV[1:0] RW 0x0 01: gm 5.0mA/N
10: gm 7.5mA/N
11: gm 10mA/N
74 Reserved - Reserved
CAN communication clock selection.
0000: PLL clock;
0001: PLL clock 2 divisions;
0010: PLL clock 3 division frequency;
0011: PLL clock 4 division frequency;
3:0 CANCKSEL[3:0] RW 0x8 0100: PLL clock 5 division frequency;
0101: PLL clock 6 division frequency;
0110: PLL clock 7 division frequency;
0111: PLL clock 8 division frequency;
1000: HSE clock;
others: no clock;
5.3.16. RCC register map
2 % slslalzlsiglels|z|nlalz|alels|alalz|alelz]gle o~ o fo |« o |n ]|
0x400 RCC_CR Reserved é § ) é é § % é é HSICAL[7:0] HSITRIM[4:0] g é 5
2 SZ| TR [$1812]0|2 82 |2
1000 ° S il Il =
Reset Value olof[1]o]o0 ooooo‘o 1‘0‘0 o‘o‘o 1‘0‘0‘00 1)1
IR g wi,| 8 | & S s | =
RCC_CFGR g § HE MCO[3:0] E PLLMULL[S:O]E % E % % HPRE[3:0] % =
0x04 als (8 a 51215 @ @ = | 2
3F < ? z|*| 2 & & Z
Reset Value | 0 o‘o 0 o‘o‘o‘o o‘o o‘o‘o‘o ofo o’o o’o‘o o‘o’o 0’0‘0‘0 o‘o o‘o
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6.Backup register (BKP)

6.1.

6.1.1.

6.2.
6.2.1.

Introduction

The backup registers are 42 16-bit registers that can be used to store 84 bytes of user application
data. The module is in the backup domain and when the VDD power is cut off, they are still main-
tained powered by VBAT. They are also not reset when the system is woken up in standby mode, or

during a system reset or power on reset (POR).

The backup registers are reset by a backup domain power-on reset (BPOR+BDRST) and the

backup register contents are cleared when an intrusion event is detected.

In addition, the BKP control register is used to manage the intrusion detection and RTC calibration
functions.

After reset, access to the backup registers and RTC is disabled and the backup domain is protected
against possible accidental write operations. Access to the backup registers and RTC can be ena-
bled by performing the following operations:

B Turn on the clock for the power and backup interfaces by setting the PWREN and BKPEN bits
of register RCC_APB1ENR

B DBP bit of the Power Control Register (PWR_CR) to enable access to the backup registers and
RTC.

Main features

Supports 84-byte data back-up registers
Status/control register used to manage anti-intrusion detection with interrupt capability

Parity register used to store the RTC parity value.

Outputs RTC calibration clock, RTC alarm pulse, or seconds pulse on pin PC13 (when this pin
is not used for intrusion detection).

Functional description

Intrusion Detection

An Intrusion Detection event is generated when the signal on the TAMPER pin changes from 0 to 1
or from 1 to O (depending on the TPAL bit of the Backup Control Register BKP_CR). The intrusion
detection event clears all data backup register contents. However, to avoid losing the intrusion
event, the intrusion detection signal is a logical 'and' of the edge detected signal and the intrusion
detection allow bit, so that intrusion events that occur before the intrusion detection pin is allowed
can also be detected.

B When TPAL=0: If the TAMPER pin is already high before the Trespass Detect TAMPER pin is
activated (by setting the TPE bit), an additional trespass event is generated as soon as the tres-
pass detection function is activated (even though no rising edge occurs after the TPE position
1.
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6.2.2.

6.2.2.1.

6.2.2.2.

B When TPAL=1: If this pin is already low before activating the intrusion detection pin TAMPER
(by setting the TPE bit), an additional intrusion event is generated once the intrusion detection

function is activated (although no falling edge occurs after the TPE position '1").

Setting the TPIE bit of the BKP_CSR register to '1' generates an interrupt when an intrusion event is
detected. After an intrusion event has been detected and cleared, the intrusion detection pin TAM-
PER should be disabled. The intrusion detection function is then re-enabled with the TPE bit before
writing to the backup data register again. This prevents software from writing to the backup data reg-
ister while there is still an intrusion event on the intrusion detection pin. This is equivalent to level
detecting the intrusion pin TAMPER.

Note: The intrusion detection function remains active when the VCC power supply is disconnected.
To avoid unnecessary resetting of the data backup register, the TAMPER pin should be connected

off-chip to the correct level.
RTC Calibration

To facilitate measurements, the RTC clock can be output via a 64-division frequency to the intrusion
detection pin TAMPER. This feature is enabled by setting the CCO bit of the RTC calibration register
(BKP_RTCCR).

This clock can be slowed down by up to 121 ppm by configuring the CAL [6:0] bits.

Overview

Real-time clock (RTC) accuracy is a requirement for most embedded applications, but due to the
external environment-temperature variations and changes in the clock's crystal frequency-RTC ac-
curacy may not be as accurate as expected.

The RTC module contains digital clock calibration circuitry suitable for manufacturing environments,

allowing applications to compensate for crystal and temperature variations.
RTC Calibration Methods
The RTC clock can be driven by an optional quartz crystal controlled oscillator rated at 32.768 kHz.

The crystal oscillator is one of the most accurate circuits for providing a fixed frequency. Clock errors

can occur for two reasons:
» Temperature changes
» Crystal changes

As mentioned earlier, most clock chips compensate for crystal frequency and temperature variations
by using cumbersome trimming capacitors. The design uses periodic counter calibration. The digital
calibration circuit eliminates 0 to 127 cycles every 220 clock cycles. The number of pulses that are
cancelled depends on the value of the RTC clock calibration register BKP_RTCCR.CAL loaded into
the BKP. Since the RTC clock calibration register is in the backup domain, the calibration value is

not lost even if the device is powered down if the battery is connected to the VBAT pin.

The block diagram of the structure is shown below:
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Figure 6-1 Block diagram of RTC structure

Note: The clock output on the pin is the RTC clock before calibration, so calibration does not change

its value.

The effect of each calibration step is 1 oscillator cycle subtracted from every 1,048,576 (220) actual

oscillator cycles. That is, the adjustment for each calibration step in the calibration register is 0.954

(1,000,000/220) ppm. therefore, the oscillator clock can be slowed from 0 to 121 ppm.

The following table shows the ppm and seconds that each bit represents in real time for each month

(30 days).
Table 6-1 Real-time ppm and seconds
Values are in Values are in
seconds, seconds,

el e Rounded to the rounded to the el e vl Rounded to the rounded to the

nearest ppm nearest second nearest ppm nearest second

for each month for each month

(30 days) (30 days)

0 0 0 64 61 158
1 1 2 65 62 161
2 2 5 66 63 163
3 3 7 67 64 166
4 4 10 68 65 168
5 5 12 69 66 171
6 6 15 70 67 173
7 7 17 71 68 176
8 8 20 72 69 178
9 9 22 73 70 180
10 10 25 74 71 183
11 10 27 75 72 185
12 11 30 76 72 188
13 12 32 77 73 190
14 13 35 78 74 193
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calibration value

Rounded to the
nearest ppm

Values are in
seconds,
rounded to the
nearest second

for each month

calibration value

Rounded to the
nearest ppm

Values are in
seconds,
rounded to the
nearest second

for each month

(30 days) (30 days)
15 14 37 79 75 195
16 15 40 80 76 198
17 16 42 81 77 200
18 17 44 82 78 203
19 18 47 83 79 205
20 19 49 84 80 208
21 20 52 85 81 210
22 21 54 86 82 213
23 22 57 87 83 215
24 23 59 88 84 218
25 24 62 89 85 220
26 25 64 90 86 222
27 26 67 91 87 225
28 27 69 92 88 227
29 28 72 93 89 230
30 29 74 94 90 232
31 30 77 95 91 235
32 31 79 96 92 237
33 31 82 97 93 240
34 32 84 98 93 242
35 33 87 99 94 245
36 34 89 100 95 247
37 35 91 101 96 250
38 36 94 102 97 252
39 37 96 103 98 255
40 38 99 104 99 257
41 39 101 105 100 260
42 40 104 106 101 262
43 41 106 107 102 264
44 42 109 108 103 267
45 43 111 109 104 269
46 44 114 110 105 272
47 45 116 111 106 274
48 46 119 112 107 277
49 47 121 113 108 279
50 48 124 114 109 282
51 49 126 115 110 284
52 50 129 116 111 287
53 51 131 117 112 289
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calibration value

Rounded to the
nearest ppm

Values are in
seconds,
rounded to the
nearest second

for each month

calibration value

Rounded to the
nearest ppm

Values are in
seconds,
rounded to the
nearest second

for each month

(30 days) (30 days)
54 51 133 118 113 292
55 52 136 119 113 294
56 53 138 120 114 297
57 54 141 121 115 299
58 55 143 122 116 302
59 56 146 123 117 304
60 57 148 124 118 307
61 58 151 125 119 309
62 59 153 126 120 311
63 60 156 127 121 314

As mentioned above, the RTC clock calibration circuit only subtracts cycles from the crystal clock.

Based on the default setting of the RTC prescaler value to 32768, faster crystal frequencies (>32768

Hz) can be calibrated, while slower crystal frequencies (<32768 Hz) cannot be compensated for

(only faster crystals are calibrated, slower ones exacerbate the slowness). So only the crystal fre-

quency range [32772,32768] can be calibrated.

Since the crystal frequency may vary by about 32.768 kHz, a solution can be considered that con-

sists in setting the RTC prescaler to 32766 (instead of 32768). Thus, the crystal frequency is

changed from 32768 to 32766. in this way, the crystal frequency in the range [32770,32766] can be

compensated for.

For the remainder of this document, the RTC prescaler value considered will be 32766.

6.2.2.3. Calculate the amount of required calibration

In order to determine how much calibration is required in a given application, a methodology particu-

larly suited to the manufacturing environment needs to be retained. It involves the use of the RTC

clock output mode, which obtains a 512 Hz signal from the clock division chain. This signal can be

used to measure the accuracy of the crystal oscillator.

The method can be divided into the following steps.

» Enable the Low Speed External Oscillator (LSE), select the LSE as the RTC clock source, and
then enable the RTC clock.

» Enable the frequency of the RTC clock output to be divided by 64 on the RTC_OUT pin for crys-

tal frequency measurement. This is done by setting the CCO bit in BKP_RTCCR.

»  Calculate the crystal frequency deviation (ppm). The deviation in ppm can be quickly calculated

by dividing the measured deviation of 511.968 Hz by 511.968 and multiplying the result by 1

million. Use Table 1 to find the nearest calibration value. This table is a straightforward lookup

table for calibration values based on the change in value expressed in ppm.

» Load a calibration value in the RTC calibration register to compensate for crystal deviation.

Note: To set the RTC prescaler to 32766, write 32765 to the RTC prescaler load register.
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For example, if the frequency measured in test mode is 511.982 Hz, then & is 0.014. Dividing by
511.968 and multiplying by 1,000,000 results in 27.35 ppm. In this case, the closest compensated
value is 28. The error will be reduced from 27.35 ppm (~71 seconds per month) to 0.65 ppm (~1.7
seconds per month).

Note: Since RTC calibration is based on removing clock cycles, it does not improve counts over
short periods of time, it only improves counts over long periods of time. For example, counting
1/100th of a second with RTC without calibration will be more accurate than with calibration. Since
the calibration cycle may or may not occur within the time frame under consideration, the resultant
values may change significantly. Therefore, depending on the application, it is best to avoid using
calibration.

6.3. BKP register (base address = 0x40006C00)

Note: The BKP register can be accessed as a half-word (16-bit) or word (32-bit).

6.3.1. Backup Data Register (BKP_DRx) (x=1...42)

Address offset: 0x04~0x28,0x40~0xBC

Reset value: 0x0000 0000

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

Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. Res. Res. | Res. | Res. | Res. | Res. | Res.

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

D[15:0]

RW | RW | RW | RW | RW | RW | RW | RW RW RW RW | RW | RW | RW | RW | RW

Bit Name R/W Reset Value Function

31:16 Reserved - - Reserved

Backup data.
These bits can be used to write user data.

Note: The BKP_DRX register is not reset by a system re-
15:0 D[15:0] RW 0 set, power reset, or wake from standby mode reset. It can
be reset by a backup domain reset or (if the intrusion de-
tection pin TAMPER function is enabled) by an intrusion

pin event.

6.3.2. RTC Clock Calibration Register (BKP_RTCCR)

Address offset: 0x2C

Reset value: 0x0000 0000
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31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Res. | Res. | Res. | Res. | Res. | Res. Res. Res. Res. Res. | Res. | Res. | Res. | Res. | Res. | Res.

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

Res ASOS | ASOE | CCO CAL[6:0]

RW RW RW RW RW | RW | RW | RW | RW | RW

Bit Name R/W Reset Value Function

31:10 Reserved RwW - Reserved

Alarm or Second Output Selection.

When the ASOE bit is set, the ASOS bit can be used to
select whether an RTC seconds pulse or an alarm clock

9 ASOS RW 0 pulse signal is output on the TAMPER pin.
0: Output RTC alarm clock pulse;
1: outputs a seconds pulse;

Note: This bit can only be cleared by a backup area reset.

Allow the output of an alarm clock or seconds pulse.
Depending on the ASOS bit configuration, this bit allows
an RTC alarm clock or seconds pulse to be output to the
8 ASOE RW 0 TAMPER pin.

The width of the output pulse is one RTC clock cycle.
TAMPER cannot be enabled when the ASOE bit is set.

Note: This bit can only be cleared by a backup area reset.

Calibrate clock output.

0: No effect;

1: RTC 64-division clock output at the intrusion detection
pin.

After CCO position 1, the intrusion detection function must

7 CCO RW 0

be turned off to avoid detecting useless intrusion signals.

Note: This bit is cleared when the VCC supply is discon-
nected.

Calibration Value.

The calibration value indicates how many clock pulses will
be skipped within every 220 clock pulses. This can be

6:0 CAL[6:0] RW 0 ] )
used to calibrate the RTC to slow down the clock at a ratio

of 1000000/220ppm.

The RTC clock can be slowed down from 0 to 121 ppm.

Note: When CCO and ASOE are configured at the same time, ASOS has high priority.

6.3.3. Backup control register (BKP_CR)

Address offset: 0x30
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Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. Res. Res. | Res. | Res. | Res. | Res. | Res.
15 14 13 12 11 10 9 8 7 6 5 4 8 2 1 0
Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. Res. | Res. | Res. | Res. | Res. | TPAL | TPE
RW | RW
Bit Name R/W Reset Value Function
31:2 Reserved RW - Reserved
Intrusion Detection TAMPER pin active level.
0: A high level on the Intrusion Detect TAMPER pin clears
all data backup registers (with TPE=1);
1: A low level on the Intrusion Detect TAMPER pin clears
1 TPAL RW 0
all data backup registers (when TPE=1);
Note: It is recommended to change the value of TPAL
when TPE is 0, otherwise a false intrusion event will be
generated.
Activate the Intrusion Detection TAMPER pin.
0: Intrusion detection TAMPER pin is used as a general
0 TPE RW 0 purpose |10 port;
1: Intrusion detection TAMPER pin is used as intrusion
detection;
6.3.4. Backup control/status register (BKP_CSR)
Address offset: 0x34
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. Res. Res. | Res. | Res. | Res. | Res. | Res.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res. | Res. | Res. | Res. | Res. | Res. | TIF | TEF | Res. Res. Res. | Res. | Res. | TPIE | CTl | CTE
R R RW W W
Bit Name R/IW Reset Value Function
31:10 Reserved RW Reserved
9 TIF R 0 Intrusion Interrupt Flag.

104/759




PY32F403 Reference manual

Bit

Name

R/IW

Reset Value

Function

This bit is set by hardware when an intrusion event is de-
tected and the TPIE bit is 1. This flag bit is cleared (as
well as the interrupt) by writing a 1 to the CTI bit. If the
TPIE bit is cleared, this bit is also cleared.

0: no intrusive interrupt;

1: intrusive interrupt generated;

TEF

Intrusion Event Flag.

This bit is set by hardware to 1 when an intrusion event is
detected. This flag bit can be cleared by writing a 1 to the
CTE bit.

0: No intrusion event;
1: Intrusion event detected:;

Note: An intrusion event resets all BKP_DRXx registers. All
BKP_DRXx registers remain reset as long as TEF is 1.
When this bit is set to 1, if a write operation is performed
to the BKP_DRX, the value written will not be saved.

7:3

Reserved

RW

Reserved

TPIE

RW

Allow intrusion of TAMPER pin interrupts.

0: Intrusion into the detection interrupt is prohibited;

1: Intrusion to monitor the terminal is allowed (the TPE bit
of the BKP_CR register must also be set to 1)

Note 1: Intrusion interrupts cannot wake up the system
core from low-power mode;

Note 2: Reset this bit only after a system reset or wake-up

from standby mode.

CTI

Clears the intrusion detection interrupt.

This bit can only be written to and read out with a value of
0.

0: Invalid;

1: Clears the Intrusion Detection Interrupt and TIF Intru-

sion Detection Interrupt flags.

CTE

Clears the intrusion detection event.

This bit can only be written to and read out with a value of
0.

0: Invalid;

1: Clears the TEF intrusion detection event flag (and re-

sets the intrusion detector).

6.3.5.

BKP register map
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7.CRC calculation unit (CRC)

7.1.

7.2.

7.3.
7.3.1.

Introduction
The Cyclic Redundancy Check (CRC) computation unit is based on a fixed generating polynomial to
obtain a 32-bit CRC computation.

Among other applications, the CRC technique is mainly used to verify the correctness and integrity

of data transmission or data storage.

Main features of CRC
B Use CRC-32 (Ethernet) polynomials: 0x4C11DB7
— X32 + X26 + X23 + X22 + X16 + X12 + X11 + X10 + X8 + X7 + X4 + X2 + X +1
B A 32-bit data register for input/output.
B CRC calculation time: 4 AHB clock cycles (HCLK)

B General purpose 8-bit register (can be used to store temporary data)
Description of the CRC function
CRC block diagram

< 32-bit AHB bus >
wﬂ-bit(read access)
crc_hclk

—> Data register(Output)

ﬁ

CRC computation

32-bit(write access) @

Data register(Input)

Figure 7-1 Block diagram of the CRC calculation unit
The CRC calculation unit contains one 32-bit data register:

When a write operation is performed on this register, it serves as an input register, allowing new data

to be entered for CRC calculation.
A read operation to this register returns the result of the last CRC calculation.

For each write to the data register, the result of the calculation is a combination of the result of the
previous CRC calculation and the result of the new calculation (CRC calculation is performed on the
entire 32-bit word, not byte by byte).

Register CRC_DR can be reset to OXFFFF FFFF by setting the RESET bit of register CRC_CR. This

operation does not affect the data within register CRC_IDR.
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7.4.

7.4.1.

CRC register

These registers must be accessed in a 32-bit manner.

Data register (CRC_DR)

Address offset:0x00

Reset value:0xFFFF FFFF

31|30|29‘28‘27‘26‘25'24‘23‘22‘21|20|19|18|17|16
DR[31:16]
rw rw rw rw rw rw rw rw rw rw rw rw rw rw rw rw
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DR[15:0]
w ‘rw ‘rw ‘rw ‘rw ‘rw ‘rw ‘rw ‘rw ‘rw ‘rw ‘rw ’rw ’rw 'rw ’rw
Bit Name R/W Reset Value Function
Data register bits.
Used as an input register when writing new data
31: 0 DR RW 32’hFFFFFFFF to the CRC counter.
Returns the result of the CRC calculation when
read.
7.4.2. Independent data register ( CRC_IDR)
Address offset:0x04
Reset value:0x0000 0000
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 IDR[7:0]
rw‘rw‘rw‘r\m‘rw’rw’rw’rw
Bit Name R/W Reset Value Function
31: Re-
RES - Reserved
8 served
General purpose 8-bit data register bit.
Can be used to temporarily store 1 byte of data.
7. 0 DR RW &'ho The CRC rese-t gem.arated by the RESET bit of register CRC_CR has
no effect on this register.
Note: This register does not participate in CRC calculations and can
hold any data.
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7.4.3. Control register (CRC_CR)
Address offset:0x08
Reset value:0x0000 0000
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
RESET
Reserved
w
Bit Name R/W Reset Value Function
31: 1 Reserved RES - Reserved
A software set will reset the CRC module and the data reg-
0 RESET W 0 ister will be loaded with the value of the CRC_INIT regis-
ter. Software can only write 1, cleared by hardware.
7.4.4. CRC register map
5|
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8.General-purpose I/O0 (GPIO)

8.1.

8.2.

8.3.

Introduction

Each general-purpose I/O port consists of four 32-bit configuration registers (GPIOx_MODER,
GPIOXx_OTYPER, GPIOx_OSPEEDR, and GPIOx_PUPDR), two 32-bit data registers (GPIOx_IDR
and GPIOx_ODR), a 32-hit bit/reset register (GPIOx_BSRR ), a 32-bit latch register (GPIOx_LCKR),
and two 32-bit multiplexing function selection registers (GPIOx_AFRH and GPIOx_AFRL).

Main features

Output state: push-pull or open-drain + pull-up/pull-down

Output data from output data register (GPIOx_ODR) or peripheral (multiplexed function output)
Different speeds can be selected for each 1/0

Input states: float, pull-up/pull-down, analogue

Input data to input data register (GPIOx_IDR) or peripheral (multiplexed function input)

[
[
[
[
[
B Set and reset registers (GPIOx_BSRR), with bitwise write access to GPIOx_ODR
B Lockout mechanism (GPIOx_LCKR) to freeze I/O configuration

®  Analogue function

B Multiplexed function input/output selection registers (up to 16 multiplexed functions per I/O)
B Fast rollover with as little as two clock cycles per rollover

[

Pin multiplexing is very flexible, allowing I/O pins to be used as GPIOs or as one of several pe-

ripheral functions.
Functional descriptions

Each bit of each GPIO can be configured in several modes through software programming:
Input float
Input pull-up
Input pull-down

Analogue function

[

]

]

[

B Open-drain output with pull-up or pull-down function

B Push-pull output with pull-up or pull-down function

B Multiplexed push-pull with pull-up or pull-down function

B Open-drain multiplexing with pull-up or pull-down function

Each 1/O port bit is freely programmable, but the 1/O port registers must be accessed as 32-bit
words, half-words, or bytes. The GPIOx_BSRR register is designed to enable atomic read/modify
access to the GPIO ODR registers. This ensures that interrupt requests occurring between read and
modify accesses will not be a problem.

The following figure shows the basic structure of the 5 V tolerant and basic I/O port bits as well as

possible port bit configuration options.
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Figure 8-2 5V Tolerance I/O Port Bit Basic Structure

Table 8-1 Port Bit Configuration

MODE(i)[1:0] OTYPE(i) OSPEED(i)[1:0] PUPD(i)[1:0] 1/0 configuration

0 0 0 GP output PP

0 0 1 GP output PP+PU
0 1 0 GP output PP+PD

01 SPEED[1:0]

0 1 1 Reserved

1 0 0 GP output oD

1 0 1 GP output OD+PU
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MODE(i)[1:0] OTYPE(i) OSPEED(i)[1:0] PUPD(i)[1:0] I/O configuration

1 1 0 GP output OD+PD
1 1 1 Reserved(GP output OD)
0 0 0 AF PP
0 0 1 AF PP+PU
0 1 0 AF PP+PD
0 1 1 Reserved

10 SPEED[1:0]
1 0 0 AF oD
1 0 1 AF OD+PU
1 1 0 AF OD+PD
1 1 1 Reserved
X X X 0 0 Input Floating
X X X 0 1 Input PU

00
X X X 1 0 Input PD
X X X 1 1 Reserved(input floating)
X X X 0 0 Input/Output Analog
X X X 0 1 Reserved

11
X X X 1 0 Input/Output Analog,PD
X X X 1 1 Reserved

GP = general-purpose, PP = push-pull, PU = pull-up, PD = pull-down, OD = open-drain, AF = alternate func-

tion.

8.3.1. General-purpose /0 (GPIO)

During and just after reset, the multiplexing function has not been activated and the 1/O ports are

configured for input float mode analogue mode. After reset, the debug pins are in a multiplexed func-

tion pull-up/pull-down state:

B PA15: JTDI in pull-up state

PA14: JTCK/SWCLK in pull-down state

PB4: NJTRST is in pull-up state
PB3: JTDO in float state

PA13: JTMS/SWDAT in pull-down state (F4 is pull-down, G4 is pull-up, F1 is pull-up)

When the pin is configured as an output, the value written to the output data register (GPIOx_ODR)

is output on the I/O pin. The output driver can be used in push-pull mode or in open-drain mode

(only N-MOS is active when output is 0).

The input data register (GPIOx_IDR) captures the data from the 1/O pins every 1 AHB1 clock cycle.

All GPIO pins have internal weak pull-up and pull-down resistors that can be turned on/off based on
the value in the GPIOx_PUPDR register.

8.3.2. 1/0O Pin Multiplexer and Mapping
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8.3.3.

8.3.4.

The microcontroller 1/O pins are connected to the on-board peripherals/modules through a multi-
plexer that allows only one peripheral's multiplexing function (AF) to be connected to an I/O pin at a

time. This ensures that there are no conflicts between peripherals that share the same 1/O pin.

Each 1/0O pin has a multiplexer that uses 16 multiplexed function inputs (AFO to AF15), which can be
configured through the GPIOx_AFRL (for pins 0 to 7) and GPIOx_AFRH (for pins 8 to 15) regis-

ters:

B Upon completion of the reset, all I/Os are connected to the system's multiplexing function 0
(AFO). All I/Os are configured for multiplexing via the GPIOx_MODER register.

B Multiplexing function per pin
B In addition to this flexible I/O multiplexing architecture, each peripheral can map multiplexing

functions to different I/O pins, which optimises the number of peripherals available in a small

package.
To configure the I/O to the desired function, follow the steps below:

B Debug Functions: After each reset, these debug function pins are the multiplexed function pins

that are immediately available to the debugger by default

B GPIO: Configure the corresponding I/O port as output, input or analogue mode in
GPIOXx_MODER.

B Peripheral multiplexing function
Connect I/O to the desired AFx in GPIOX_AFRL or GPIOx_AFRH registers

Select type, pull-up/down, and output speed via GPIOx_OTYPER, GPIOx_PUPDR, and
GPIOx_OSPEEDER registers, respectively

»  Configure the required I/O as multiplexed in the GPIOXx_MODER registers

B Additional Functions

» For ADC, you need to configure the corresponding I/O as analogue mode through register
GPIOx_MODER, and configure the corresponding functions in ADC.

»  For the additional functions RTC, WKUPx and external crystal interface, the corresponding
functions need to be configured in the RTC and PWR modules. These functions, take prece-

dence over the AF selection registers in the GPIO.
I/O Port Control Register

Each GPIO has four 32-bit memory-mapped control registers (GPIOx_MODER, GPIOx_OTYPER,
GPIOx_OSPEEDR, GPIOx_PUPDR) that can be configured for up to 16 1/Os. The GPIOx_MODER
register is used to select the 1/O direction (input, output, AF, analogue). The GPIOx_OTYPER and
GPIOx_OSPEEDR registers are used to select the output type (push-pull or open-drain) and speed,
respectively (the 1/0 speed pins are connected directly to the corresponding GPIOx_OSPEEDR reg-
ister bits, regardless of which 1/O direction is used). The GPIOx_PUPDR register is used to select

pull-up/pull-down regardless of 1/O direction.
I/O Port Data Register
Each GPIO has two 16-bit data registers: input and output data registers (GPIOx_IDR and

GPIOx_ODR). GPIOx_ODR is used to store the data to be output, which can be accessed
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8.3.5.

8.3.6.

8.3.7.

read/write. The data input via I/O is stored into the input data register (GPIOx_IDR), which is a read-

only register.
I/O Data Bit Operations

The Set Reset Register (GPIOx_BSRR) is a 32-bit register that allows the application to perform set
and reset operations on each individual data bit in the Output Data Register (GPIOx_ODR). The size
of the Set Reset Register is twice the size of GPIOx_ODR.

Each data bit in GPIOx_ODR corresponds to two control bits in GPIOx_BSRR: BS (i) and BR (i).
When a 1 is written, the BS(i) bit sets the corresponding ODR(i) bit. When a 1 is written, the BR (i)
bit clears the corresponding ODR (i) bit.

Writing a 0 to any bit in GPIOx_BSRR does not have any effect on the corresponding bit in
GPIOx_ODR. If an attempt is made to perform both a set and a clear operation on a bit in

GPIOx_BSRR, the set operation takes precedence.

Changing the value of each bit in GPIOx_ODR using the GPIOx_BSRR register is a "one-shot" oper-
ation and does not lock the GPIOx_ODR bits. The GPIOx_ODR bits can be accessed directly at any

time. The GPIOx_BSRR register provides a way to perform atomic per-bit processing.

Software does not need to disable interrupts when performing bitwise operations on GPIOx_ODR:

one or more bits can be modified in a single atomic AHB1 write access.
GPIO Locking Mechanisms

The GPIO control registers can be frozen by applying a specific write sequence to the GPIOx_LCKR
register. The frozen registers include GPIOXx_MODER, GPIOx_OTYPER, GPIOx_OSPEEDR,
GPIOx_PUPDR, GPIOx_AFRL, and GPIOx_AFRH.

To perform a write operation to the GPIOx_LCKR register, a specific write/read sequence must be
applied. When the correct LOCK sequence is applied to hit 16 of this register, the value of
LCKR[15:0] is used to lock the I/O configuration (the value of LCKR[15:0] must be the same during
the write sequence). After applying a LOCK sequence to a port bit, the value of that port bit cannot
be modified until the next reset is performed. Each GPIOx_LCKR bit freezes the corresponding bit in
the control registers (GPIOx_MODER, GPIOx_OTYPER, GPIOx_OSPEEDR, GPIOx_PUPDR,
GPIOx_AFRL, and GPIOx_AFRH).

The LOCK sequence can only be performed by means of a word (32-bit long) access to the
GPIOx_LCKR register, since bit 16 of GPIOx_LCKR must be set at the same time as bits [15:0].

Refer to the GPIOXx_LCKR register description for detalils.
I/O Multiplexed Function Input/Output Mode Configuration

Two registers can be used to select from the 16 multiplexed inputs/outputs available for each 1/0O.
With the help of these registers, a multiplexed function can be connected to one of the other pins

according to the requirements of the application.

This means that multiple available peripheral functions can be multiplexed on each GPIO using the
GPIOx_AFRL and GPIOx_AFRH multiplexing registers. In this way, the application can select any of
the available functions for each 1/0. Since the AF select signal is shared by the multiplexed function
inputs and multiplexed function outputs, only one channel needs to be selected for each 1/0's multi-
plexed function input/output.
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8.3.8.

8.3.9.

8.3.10.

8.3.11.

8.3.12.

Note: For each 1/0O, the application can only select one available peripheral function at a time.
External interrupt/wake-up lines

All ports have external interrupt capability. To use an external interrupt line, the port must be config-

ured in input mode, see Interrupts and Events.
I/O input configuration

When programming an I/O port as an input:

B output buffer is switched off

B Schmitt trigger input is turned on

B Pull-up and pull-down resistors are turned on or off according to the values in the
GPIOx_PUPDR registers

B Input data register samples data on I/O pins every 1 AHB1 clock cycle
B Read access to the input data register to obtain 1/O status

Output configuration

When programming an 1/O port as an output:

B The output buffer is switched on:

» Open-drain mode: "0" in the output register activates the N-MOS, while "1" in the output register
keeps the port in Hi-Z state (P-MOS is always inactive).

» Push-Pull mode: "0" in the output register activates N-MOS, while "1" in the output register acti-
vates P-MOS.

B Schmitt trigger input is switched on.

B Weak pull-up and pull-down resistors are turned on according to the value in the
GPIOx_PUPDR register.

B Input data register samples data on 1/O pins every 1 AHB clock cycle

B Read accesses to the input data registers obtain the I/O status

B Read access to the output data register obtains the last write value

Configuration of the multiplexing function

When programming the 1/O port as a multiplexing function:

W the output buffers can be configured as open-drain or push-pull

B The output buffer is driven by signals from the periphery (transmitter enable and data)
B Schmitt trigger input is switched on
[

Weak pull-up and pull-down resistors are turned on or off based on the value in the
GPIOx_PUPDR registers

B Input data register samples data on 1/O pins every 1 AHB clock cycle

B A read access to the input data register obtains the 1/O state
Analogue configuration

When programming an I/O port as an analogue configuration:

B The output buffer is disabled.
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8.3.13.

8.3.14.

8.4.

8.4.1.

B The Schmitt trigger input is deactivated and the power consumption of each analogue input of
the 1/O pins becomes zero. The output of the Schmitt trigger is forced to handle a constant
value (0).

B The weak pull-up and pull-down resistors are disabled.

B Read access to the input data register is "0".

Note: In analogue configuration, the 1/0O pins are not 5 V tolerant.

HSE or LSE Pins Configured as GPIO

After system reset, HSE and LSE are off in the default mode, at this time the corresponding pins of
HSE and LSE can be used as normal GPIO.

After HSE or LSE is enabled via RCC_CSR register, the corresponding pins can only be configured

as crystal oscillator function. The priority is higher than GPIO.

When the crystal is configured as external input clock mode, OSC_IN or OSC32_IN is used as clock
input, and OSC_OUT or OSC32_0OUT can be used as normal 1/Os.

BKP Area GPIO Usage

When the VCCD is powered down, PC13/PC14/PC15 will not have GPIO functionality. If the RTC is

not using these pins, these pins are set to analogue mode.

Register Descriptions

All GPIO-related registers can be accessed via byte (8-bit), half-word (16-bit), or word (32-bit) ac-

cess to the GPIO registers.

GPIO Port Mode Register (GPIOx_MODER) (x=A..E)

Address offset:0x00

Reset value: OXABFF_FFFF (portA)
Reset value:0xFFFF_FEBF (portB)

Reset value:OXFFFF FFFF (else)

31

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

MODER15[1 | MODER14[1 | MODER13[1 | MODER12[1 | MODER11[1 | MODER10[1 | MODER9[1 | MODERSJ[1

rw

w rw rw w w 'w w 'w w 'w w w rw w rw

15

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

MODER7[1: | MODERG6[1: | MODER5[1: | MODER4[1: | MODER3[1: | MODER2[1: | MODER1[1 | MODERO[1

rw rw rw rw rw rw rw rw rw rw rw rw rw rw rw rw
Bit Name R/W Reset Value Function
y=15.0
The software configures the corresponding I/O modes
31: 0 MODEYy[1:0] RW

with these bits

00: Input mode
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01: General-purpose output mode
10: Multiplexed function mode

11: Analogue mode (reset state)

8.4.2. GPIO Port Output Type Register (GPIOx_OTYPER) (x=A..E)
Address offset:0x04
Reset value:0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res. | Res. | Res. | Res. | Res. | Res. | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res
15 14 13 12 11 10 9 7 6 5 4 3 2 1 0
OoT1 OoT1 OoT1 OoT1 OoT1 OoT1 OT9 | OT8 | OT7 | OT6 | OT5 | OT4 | OT3 | OT2 | OT1 | OTO
rw rw rw rw rw rw rw rw rw rw rw rw rw rw rw rw
Bit Name R/W Reset Value Function
31:16 Reserved
Software Configuration of I/O Output Types
15:0 oT RW 0: Push-pull output (reset state)
1: Open-drain output
8.4.3. GPIO Port Output Speed Register (GPIOx_OSPEEDR) (x=A..E)
Address offset:0x08
Reset value:0x0C00 0000 (port A)
Reset value:0x0000 0000 (else)
31 30 29 28 27 26 25 ‘ 24 23 22 21 20 19 18 17 16
OSPEED15 | OSPEED14 | OSPEED13 | OSPEED12 | OSPEED11 | OSPEED10 | OSPEED9 OSPEEDS8
rw rw rw rw rw rw rw rw rw rw rw rw rw rw rw rw
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
OSPEED7 OSPEED6 OSPEED5 OSPEED4 OSPEED3 OSPEED2 OSPEED1 OSPEEDO
rw rw rw rw rw rw rw rw rw rw rw rw rw rw rw rw
Bit Name R/W Reset Value Function
Y =15..0
Software configuration of 10 port output speed
00: very low
31:0 OSPEEDy[1:0] RW

11: very high

01: low speed
10: High speed
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8.4.4. GPIO Port Pull-Up/Pull-Down Register (GPIOx_PUPDR) (x=A..E)

Address offset:0x0C

Reset value:0x6400 0000 (port A)
Reset value:0x0000 0100 (port B)

Reset value:0x0000 0000 (else)

31 30 29 28 27 ‘ 26 25 ‘ 24 23 22 21 20 19 | 18 | 17 | 16
PUPD15[1:0 | PUPD14[1:0 | PUPD13[1:0 | PUPD12[1:0 | PUPD11[1:0 | PUPD10[1:0 | PUPD9[1:0 | PUPDS8[1:0
rw rw rw rw rw rw rw rw rw rw rw rw rw rw rw 'w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PUPD7[1:0] | PUPD6[1:0] | PUPD5[1:0] | PUPD4[1:0] | PUPD3[1:0] | PUPD2[1:0] | PUPD1[1:0 | PUPDO[1:0
rw rw rw rw rw rw rw rw rw rw rw rw rw rw rw rw
Bit Name R/IW Reset Value Function
Y =15.0

Software configuration of 1/0 port pull-up or pull-down
00: No pull-up or pull-down

01: Pull-up

10: Pull-down

11: Reserved

310 PUPDy [1:0] RW

8.4.5. GPIO Port Input Data Register (GPIOx_IDR) (x= A..E)

Address offset:0x10

Reset value:0x0000 XXXX
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
ID15 | ID14 | ID13 | ID12 | ID11 | ID10 | ID9 | ID8 | ID7 | ID6 | ID5 | ID4 | ID3 | ID2 | ID1 | IDO

Bit Name R/W Reset Value Function
31:16 Reserved
Y=15.0
15:0 IDy R This is read-only, and the readout value bit corre-
sponds to the status of the 1/O port.

8.4.6. GPIO Port Output Data Register (GPIOx_ODR) (x=A..E)

Address offset:0x14

Reset value:0x0000 0000
|31‘30‘29‘28‘27‘26‘25‘24‘23‘22‘21‘20‘19|18|17‘16|
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Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ODl1 | Ob1 | OD1 | OD1 | OD1 | OD1 | OD oD oD oD oD oD oD | OD oD oD
5 4 3 2 1 0 9 8 7 6 5 4 3 2 1 0
rw rw rw rw rw rw rw rw rw rw rw rw rw rw rw rw
Bit Name R/W Reset Value Function
31:16 Reserved
y=15..0
Software readable and writable.
15:0 ODy[1:0] RW Note: For GPIOXx_BSRR or GPIOx_BRR regis-
ters.(x=A,B,C,D,E), each ODR bit can be set/cleared
independently.

8.4.7. GPIO Port Reset/Reset Register (GPIOx_BSRR) (x=A..E)

Address offset:0x18

Reset value:0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
BR15 | BR14 | BR13 | BR12 | BR11 | BR10 | BR9 | BR8 | BR7 | BR6 | BR5 | BR4 | BR3 | BR2 | BR1 | BRO

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
BS15 | BS14 | BS13 | BS12 | BS11 | BS10 | BSO | BS8 | BS7 | BS6 | BS5 | BS4 | BS3 | BS2 | BS1 | BSO

Bit Name R/W Reset Value Function
y=15..0

Software writable, read out return value is 0

0: no effect on the corresponding ODRY bits

31:16 BRy W . )
1: Clear the corresponding ODRY bit
Note: If the corresponding bits of Bsy and Bry are set
at the same time, the Bsy bit works.
y=15..0
Software writable, return value is 0 when read.
15: 0 BSy w

0: No effect on the corresponding ODRYy bit.

1: Set the corresponding ODRYy bit

8.4.8. GPIO Port Configuration Lock Register (GPIOx_LCKR) (x=A..E)

This register is used to lock the configuration of the port bits when bit16 (LCKR) is set by executing

the correct write sequence. bit [15:0] is used to lock the configuration of the GPIO port. LCKR [15:0]
cannot be changed during a defined write operation. After the LOCK sequence has been performed
on the corresponding port, the configuration of the port bits will not be able to be changed again until

the next system reset.
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Note: The special write timing sequence is used to write the GPIOx_LCKR register. Only word ac-

cesses can be performed during the lock sequence.

Each latched bit freezes a specific type of configuration register (control and multiplexing function
registers)

Address offset:0x1C

Reset value:0x0000 0000

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

Res. 16

rw

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

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

rw rw rw rw rw rw rw rw rw rw rw rw rw rw rw rw

Bit Name R/W Reset Value Function

31:17 Reserved
This bit can be read out at any time, it can only be modi-
fied by a lock-key write sequence
0: Port configuration lock bit not activated
1: Port configuration lock key bit is activated and
GPIOx_LCKR register is locked before the next system
reset.
LOCK key write sequence.

16 LCKK = LOCK key write sequence: Write 1->Write 0->Write 1-
>Read 0->Read 1, the last read can be omitted, but it
can be used to confirm the lock key is activated.

Note: The value of LCK [15:0] cannot be changed dur-

ing the operation of the lock key write timing. Any error

in the lock key timing will terminate the lock key being

activated. After the first latch sequence on any bit of the

port, reading the LCKK bit returns a 1, which results in a

direct MCU reset or a peripheral reset.

y=15.0

These bits are readable and writable but can only be
15:0 LCKy RwW written if the LCKK bit is 0.

0: Unlocked port configuration

1: Locked port configuration

8.4.9. GPIO Multiplexing Function Low Register (GPIOx_AFRL) (x=A..E)

Address offset:0x20

Reset value:0x0000 0000
|31‘30‘29‘28‘27‘26‘25‘24‘23‘22‘21‘20|19|18|17|16|
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AFSEL7[3:0] AFSEL6[3:0] AFSEL5[3:0] AFSEL4[3:0]
rw rw rw w rw rw rw rw rw rw rw rw rw rw rw rw
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
AFSEL3[3:0] AFSEL2[3:0] AFSEL1[3:0] AFSELO[3:0]
rw‘rw‘rw‘rw rw‘rw‘rw‘rw rw‘rw‘rw‘rw rw‘rw‘rw‘rw
Bit Name R/W Reset Value Function
Software Writable These Bit Configuration Multiplexing
Function 1/Os
AFSELy options.
0000:AFO 1000: AF8
AFSELY[3:0] ((y=7 0001:AF1 1001: AF9
31:0 RW 0010:AF2 1010: AF10
0 0)) 0011:AF3 1011: AF11
0100:AF4 1100: AF12
0101:AF5 1101: AF13
0110:AF6 1110: AF14
0111:AF7 1111: AF15

8.4.10. GPIO Multiplexing High Register (GPIOx_AFRH) (x=A..E)

Address offset:0x24
Reset value:0x0000 0000

31‘30‘29‘28 27‘26‘25‘24 23‘22‘21’20 19|18|17|16
AFSEL15[3:0] AFSEL14[3:0] AFSEL13[3:0] AFSEL12[3:0]
rw rw rw rw rw rw rw rw rw rw rw rw rw rw rw rw
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
AFSEL11[3:0] AFSEL10[3:0] AFSEL9[3:0] AFSEL8[3:0]
rwlrwlrw‘rw rw‘rw‘rw‘rw rw‘rw‘rw‘rw rwlrwlrwlrw
Bit Name R/W Reset Value Function
Software Writable These Bit Configuration Multiplexing
Function 1/Os
AFSELy options.
0000:AFO 1000: AF8
AFSELY[3:0] ((y=8 0001:AF1 1001: AF9
31:0 RW 0010:AF2 1010: AF10
to 15)) 0011:AF3 1011: AF11
0100:AF4 1100: AF12
0101:AF5 1101: AF13
0110:AF6 1110: AF14
0111:AF7 1111: AF15

8.4.11. GPIO Port Bit Reset Register (GPIOx_BRR) (x=A..E)
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Address offset:0x28

Reset value:0x0000 0000
31|30|29l28|27|26|25‘24‘23|22‘21|20|19‘18‘17|16

Res.
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8.4.12. GPIO register address map

0 “ - o 010
T [o:Tlozaow 3 [o:Tlo3aow 3 [0:Tlo3aon 3 710
[4 “ - - Z10
€ [o:TlT3aow 5 [o:TlT3aow 3 [o:TIT3a0W 5 €10
v o - o 710
S [o:Tlzaaon 3 [o:Tlzaaon 3 [0:Tleaaow 3 510
9 “ - a 910
z [o:Tleaaon - [o:Tleaaon - [o:Tleaaow - 710
8 “ - o 810
6 [o:Tlvaaow 5 [o:Tlvaaow 3 [o:Tly3aow o 610
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9.System configuration controller (SYSCFG)

9.1. Overview
The SYSCFG module mainly performs the following functions:
B |2C type 10 noise filter control enable
B All 1O noise filter control enable
B EXTI IO select control
B Mapping of initial programme area according to different boot modes
B DMA peripheral passband select control
B TIMERSs breakin and ETR control
9.2. SYSCFG register (baseaddr=0x40010000)
9.2.1. SYSCFG configuration register 1 (SYSCFG_CFGR1)
This register is used as a memory and DMA request remap and to control the specific configuration
of special 10 functions.
Two bits are used to configure the type of access to memory address 0x0000 0000. These two bits
are used to select the software physical remap and bypass the hardware BOOT selection. After a
reset, these bits use the values configured by the actual BOOT mode.
Address offset: 0x00
Reset value: 0x0000 000x(x is the memory mode selected by the actual boot mode configuration)
31 Q 25 | 24 23 22 21 20 19 18 17 16
Re R Re | Re [I12CPB|12CPB|I12CPB|12CP | I2CP | I2CP | I2CP | I2C_P
es.
S S. 12 11 10 B9 B8 B7 B6 B5
R R R
RW RW RwW RW RW RW RW RW
W W w
15 9 8 7 6 5 4 3 2 1 0
4 13|12|1]|0
MEM_MODE
Res.
[1:0]
HEEEE N | | [ [ ] RW
Bit Name R/W Reset Value Function
31:24 Reserved RW - readable and writable
Analogue filter enable control for 12C related 10s
PB12~PB5
23:16 12C_IOx_EIIC RW 0
0: Analogue filter off
1: Analogue filter enable
15: 2 Reserved RW readable and writable
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Bit Name R/W Reset Value Function
Memory mapping selection bit
Software set and software clear. They control the mapping
of the 0x0000 0000 address of the memory. after a reset,
these bits use the actual real boot mode configuration val-
ues.
_ MEM_MODE
1:0 [1:0] RW 0 00: Main flash, mapped t 0x0000 0000
01: System flash , mapped at 0x0000 0000
10: ESMC, mapped at 0x0000 0000
11: SRAM, mapped at 0x0000 0000
9.2.2. SYSCEFG configuration register 2 (SYSCFG_CFGR2)
Address offset: 0x04
Reset value: 0x0000
3 2|2
27 26 25 24 18 16
Res.
11 10 9 8 6 | 5|4 |3]| 2 0
5| 4
P
b LO
R |R ADC2_ETR | ADC2_ETR | ADC1_ETR | ADC1_ETR R|R|R|R CK
GREG_RE GINJ_REM | GREG_RE GINJ_REM e |e |e |e I UP
S. |s MAP AP MAP AP S.|s.|s. |s o _LO
CK
C
K
R
RW
w
Reset
Bit Name R/W Function
Value
31:12 Reserved - - Reserved
ADC2 Rule Conversion External Trigger Remap
This bit can be set '1' or set '0' by software. It controls the trig-
ger input that is connected to the ADC2 Rule Conversion Ex-
11 ADC2_ETRGREG_REMAP | RW 0 ternal Trigger. When this bit is '0', the ADC2 rule-conversion
external trigger is connected to EXTI11; when this bit is '1', the
ADC2 rule-conversion external trigger is connected to
TIM8_TRGO.
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. Reset .
Bit Name R/W Function
Value

ADC2 Injection Conversion External Trigger Remap

This bit can be set '1' or '0' by software. It controls the trigger
input that is connected to the ADC2 Injection Conversion Exter-
10 ADC2_ETRGINJ_REMAP | RW 0 nal Trigger. When this bit is set to '0', the ADC2 injection con-
version external trigger is connected to EXTI15; when this bit is
set to '1', the ADC2 injection conversion external trigger is con-
nected to TIM8 channel 4.

ADC1 Rule Conversion External Trigger Remap

This bit can be set '1' or '0' by software. It controls the trigger
input that is connected to the ADCL1 rule-conversion external
9 ADC1_ETRGREG_REMAP | RW 0 ] o )
trigger. When this bit is '0', the ADCL1 rule-conversion external
trigger is connected to EXTI11; when this bit is '1', the ADC1

rule-conversion external trigger is connected to TIM8_TRGO.

ADC1 Injection Conversion External Trigger Remap

This bit can be set '1' or '0' by software. It controls the trigger
input that is connected to the ADC1 injection conversion exter-
8 ADC1_ETRGINJ_REMAP | RW 0 _ W o ,
nal trigger. When this bit is '0', the ADC1 injection external trig-
ger is connected to EXTI15; when this bit is '1', the ADC1 injec-

tion external trigger is connected to TIM8 channel 4.

7:3 Reserved - - Reserved
PVD Lock Enable Bit
Set by software and cleared by system reset. It can be used to

enable and lock the PVD connection to TIM1's brake inputs,
and also to lock PVDE in the PWR_CR register.

2 PVD_LOCK RW 0 ) ) )
0: The PVD interrupt is not connected to the brake input of
TIM1. the PVDE bit can be written by the application.

1: The PVD interrupt is connected to the brake input of TIM1.
the PVDE bit is read-only.

1 Reserved - - Reserved

Cortex-M4F LOCKUP bit enable bit

Set by software and cleared by system reset. It enables and
locks the LOCKUP (hardfault) output of the Cortex-M4F to the
LOCKUP_ brake inputs of TIM1 and TIM8.

LOCK 0: The LOCKUP output of the Cortex-M4F is not connected to
the brake inputs of TIM1 and TIMS;
1: The LOCKUP output of the Cortex-M4F is connected to the
brake inputs of TIM1 and TIMS;

9.2.3. SYSCFG configuration register 3 (SYSCFG_CFGR3)

Address offset: 0x08

Reset value: Ox7F7F_7F7F

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

DMA4_MAP

Res.

DMA3_MAP

RW

RW | RW | RW | RW | RW

RW

RW | RW | RW | RW | RW | RW

RW

15

14

13 | 12 | 11 | 10 9

6 5 4 3 2 1

Res.

DMA2_MAP

Res.

DMA1_MAP

RW

RW‘RWIRW‘RWIRW

RW

RWIRWIRW‘RWIRWIRW

IRW

Bit

Name R/W

Reset Value

Function

31

Res -

Reserved

30:24

DMA4_MAP RW

7’h7f

DMAL channel 4 mapping.
Refer to the DMA1_MAP description.

23

Res -

Reserved

22:16

DMA3_MAP RW

7’hf

DMA1 channel 3 mapping.
Refer to the DMA1_MAP description.,

15

Res -

Reserved

14:8

DMA2_MAP RW

7’hf

DMA1 channel 2 mapping.
Refer to the DMA1_MAP description.

Res -

Reserved

6:0

DMA1_MAP RW

7’h7f

DMA1 channel 1 mapping.
0000000: ADC1;
0000001: ADC2;
0000010: ADC3;
0000011: Reserved:;
0000100: Reserved:;
0000101: SPI1_RD;
0000110: SPI1_WR;
0000111: SPI2_RD;
0001000: SPI2_WR,;
0001001: SPI3_RD;
0001010: SPI3_WR;
0001011: USART1_RD;
0001100: USART1_WR,;
0001101: USART2_RD;
0001110: USART2_WR,;
0001111: USART3_RD;
0010000: USART3_WR,;
0010001: USART4_RD;
0010010: USART4_WR,;
0010011: USARTS5_RD;
0010100: USART5_WR,;
0010101: 12C1_RD;
0010110: 1I2C1_WR;
0010111: 12C2_RD;
0011000: 12C2_WR;
0011001: TIM1_CH1;
0011010: TIM1_CH2;
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Bit

Name

R/W

Reset Value

Function

0011011: TIM1_CHS3;
0011100: TIM1_CH4;
0011101: TIM1_COM,;
0011110: TIM1_TRG;
0011111: TIM1_UP;
0100000: TIM2_CHZ1,;
0100001: TIM2_CH?2;
0100010: TIM2_CHS3;
0100011: TIM2_CH4;
0100100: TIM2_UP;
0100101: TIM3_CHZ1,
0100110: TIM3_CH3;
0100111: TIM3_CH4;
0101000: TIM3_UP;
0101001: TIM3_TRIG;
0101010: TIM4_CHZ1,
0101011: TIM4_CH?2;
0101100: TIM4_CH3;
0101101: TIM4_UP;
0101110: TIM5_CHZ1,
0101111: TIM5_CH2;
0110000: TIM5_CH3;
0110001: TIM5_CH4;
0110010: TIM5_UP;
0110011: TIM5_TRIG;
0110100: TIM6;
0110101: TIM7;
0110110: TIM8_CH1,
0110111: TIM8_CH?2;
0111000: TIM8_CHS3;
0111001: TIM8_CH4;
0111010: TIM8_COM;
0111011: TIM8_TRG;
0111100: TIM8_UP;
0111101:TIM2_TRIG;
0111110: TIM3_CH?2;
0111111: TIM4_CH4;
1000000: TIM4_TRIG;
1000001: ESMC_TX;
1000010: ESMC_RX;
1000011: SDIO;

1000100: USB;

Others: Reserved
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9.2.4. SYSCEFG configuration register 4 (SYSCFG_CFGR4)

Address offset: 0x0C

Reset value: OxX7F7F_7F7F

31 30‘29'28‘27'26'25'24 23 22‘21‘20‘19‘18‘17‘16
Res. DMA8_MAP Res. DMA7_MAP
RW |[RW [RW |RW [RW |RW | RW RW [RW [RW |RW |[RW |RW | RW
15 14 | 13 [ 12 | 112 | 10 9 8 7 6 5 4 3 2 1 0
Res. DMA6_MAP Res. DMA5_MAP
RW‘RWIRW‘RWIRWIRWIRW RW‘RW‘RW‘RW‘RW‘RWIRW

Bit Name R/W Reset Value Function
31 Res - - Reserved
DMAZ2 channel 1 mapping.
30:24 DMA4_MAP RW 7’h7f Y
See DMA1_MAP description.
23 Res - - Reserved
DMAZ2 channel 7 mapping.
22:16 DMA7_MAP RW 7’h7f o
See DMA1_MAP description.
15 Res - - Reserved
DMAZ2 channel 6 mapping.
14:8 DMA6_MAP RW 7’h7f o
See DMA1_MAP description.
7 Res - - Reserved
DMAZ2 channel 5 mapping.
6:0 DMA5_MAP RW 7’h7f
See DMA1_MAP description.

9.2.5. SYSCFG configuration register 5 (SYSCFG _

Address offset: 0x10

Reset value: OX7F7F_7F7F

CFGR5)

31 30‘29‘28‘27‘26‘25‘24 23 22‘21‘20‘19|18‘17|16
Res. DMA12_MAP Res. DMA11_MAP
RW [RW [RW [RW [RW [RW [ RW RW [RW [RW [RW [RW [RW [ RW
15 14 | 13 [ 12 [ 112 | 10 | 9 8 7 6 5 4 3 2 1 0
Res. DMA10_MAP Res. DMA9_MAP
RW‘RW‘RW‘RW‘RW‘RW‘RW RW‘RW’RW‘RW’RW‘RW’RW

Bit Name R/W Reset Value Function
31 Res - - Reserved
DMAZ2 channel 5 mapping.
30:24 DMA12_MAP RW 7’h7f o
See DMA1_MAP description.
23 Res - - Reserved
22:16 DMAl1l_MAP RW 7’h7f DMAZ2 channel 4 mapping.
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Bit Name R/W Reset Value Function
See DMA1_MAP description.
15 Res - Reserved
DMAZ2 channel 3 mapping.
14:8 DMA10_MAP RW 7’h7f o
See DMA1_MAP description.
7 Res - Reserved
DMAZ2 channel 2 mapping.
6:0 DMA9_MAP RwW 7’h7f
See DMA1_MAP description.
9.2.6. External interrupt configuration register 1 (SYS_EXTICR1)

Address offset:0x14
Reset value:0x0000 0000

31‘30‘29‘28‘27‘26‘25‘24‘23‘22‘21’20|19|18|17|16
Res.
15‘14‘13‘12 11‘10‘9‘8 7‘6‘5‘4 3|2|1|o
EXTI3[3:0] EXTI2[3:0] EXTI1[3:0] EXTIO[3:0]
rwlrwlrw‘rw rw‘rw‘rw‘rw rW‘rW‘nN’nN rwlrwlrwlrw
Bit Name R/W Reset Value Function
31:16 Reserved
EXTIx configuration (x = 0 ... 3) (EXTI x configuration)
These bits can be read or written by software to select
the input source for the EXTIx external interrupt. Refer-
ence EXTI external interrupt event mapping
15:0 EXTIX[3:0] RwW 0x0000 0000: PA[X] pin
0001: PB[X] pin
0010: PCI[x] pin
0011: PDI[X] pin
0100: PE[X] pin
9.2.7. External Interrupt Configuration Register 2 (SYS_EXTICR2)
Address offset:0x18
Reset value:0x0000 0000
31‘30‘29‘28‘27‘26‘25‘24‘23‘22‘21‘20|19|18|17|16
Res.
15‘14‘13‘12 11‘10‘9‘8 7‘6‘5‘4 3|2|1|o
EXTI7[3:0] EXTIB[3:0] EXTI5[3:0] EXTI4[3:0]
rw‘rw‘rw‘rw rw‘rw‘rw‘rwrw‘rw‘rw‘rw rw‘rw‘rw‘rw
Bit Name R/W Reset Value Function
31:16 Reserved
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Bit Name R/W Reset Value Function

EXTIx configuration (x =4 ... 7) (EXTI x configuration)
These bits can be read and written by software to select
the input source for the EXTIx external interrupt. Refer
to EXTI external interrupt event mapping.

15:0 EXTIX[3:0] RW 0x0000 0000: PA[X] pin

0001: PB[x] pin

0010: PCI[X] pin

0011: PDI[X] pin

0100: PE[X] pin

9.2.8. External Interrupt Configuration Register 3 (SYS_EXTICR3)

Address offset:0x1C

Reset value:0x0000 0000
31‘30‘29‘28‘27‘26‘25‘24‘23‘22‘21‘20|19‘18‘17‘16

Res.
15‘14‘13‘12 11‘10‘9‘8 7‘6‘5‘4 3‘2‘1‘0
EXTI11[3:0] EXTI10[3:0] EXTI9[3:0] EXTI8[3:0]
w ‘ w ‘ w ‘ w rw ‘ rw ‘ rw ‘ rw w ‘ rw ‘ rw ‘ rw rw ‘ rw ‘ rw ‘ rw
Bit Name R/W Reset Value Function

31:16 Reserved

EXTIx configuration (x = 8 ... 11) (EXTI x configuration)
These bits can be read or written by software to select
the input source for the EXTIx external interrupt. Refer
to EXTI external interrupt event mapping.

15:0 EXTIX[3:0] RW 0x0000 0000: PA[X] pin

0001: PB[X] pin

0010: PCI[x] pin

0011: PDIx] pin

0100: PE[X] pin

9.2.9. External Interrupt Configuration Register 4 (SYS_EXTICR4)

Address offset:0x20

Reset value:0x0000 0000
31‘30‘29‘28‘27‘26‘25‘24‘23‘22‘21‘20|19‘18‘17‘16

Res.
15‘14‘13‘12 11‘10‘9‘8 7‘6‘5‘4 3‘2‘1‘0
EXTI15[3:0] EXTI14[3:0] EXTI13[3:0] EXTI12[3:0]
w ‘ w ‘ w ‘ w w ‘ w ‘ w ‘ w rw ‘ rw ‘ rw ‘ rw rw ‘ w ‘ w ‘ w
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Bit Name R/W Reset Value Function
31:16 Reserved
EXTIx configuration (x = 12 ... 15) (EXTI x configuration)
These bits can be read and written by software to select
the input source for the EXTIx external interrupt. Refer
to EXTI external interrupt event mapping.
15:0 EXTIX[3:0] RW 0x0000 0000: PA[X] pin
0001: PB[x] pin
0010: PCI[X] pin
0011: PDI[xX] pin
0100: PE[X] pin
9.2.10. GPIOA Filter Enable (PA_ENS)
Address offset:0x24
Reset value:0x0000 0000
31‘30‘29‘28‘27‘26‘25‘24‘23‘22‘21‘20|19|18|17|16
Res.
15‘14‘13‘12‘11‘10‘9‘8‘7‘6‘5‘4|3|2|1|0
PA_ENS[15:0]
rw‘rw‘rw‘rw‘rw‘rw‘rw‘rw‘rw‘rw‘rw‘rwlrwlrwlrwlrw
Bit Name R/W Reset Value Function
31:16 Reserved
Noise filter enable, active high
15:0 PA_ENSI[X] RW 0x0000 0: Noise filter bypass
1: Enable noise filter
9.2.11. GPIOB Filter Enable (PB_ENS)
Address offset:0x28
Reset value:0x0000 0000
31‘30‘29‘28‘27‘26‘25‘24‘23‘22‘21‘20|19|18|17|16
Res.
15‘14‘13‘12‘11‘10‘9‘8‘7‘6‘5‘4|3|2|1|0
PB_ENS[15:0]
rw‘rw‘rw‘rw‘rw‘rw‘rw‘rw‘rw‘rw‘rw‘rw‘rw‘rw‘rw‘rw
Bit Name R/W Reset Value Function
31:16 Reserved
Noise filter enable, active high
15:0 PA_ENSI[X] RW 0x0000 0: Noise filter bypass
1: Enable noise filter
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9.2.12.

GPIOC filter enable (PC_ENS)

Address offset:0x2C
Reset value:0x0000 0000

31‘30‘29‘28‘27‘26‘25‘24‘23‘22‘21‘20|19|18|17|16
Res.
15‘14‘13‘12‘11‘10|9|8‘7‘6‘5‘4|3|2|1|0
PC_ENS[15:0]
rvv‘rw‘rw‘rw‘rw‘rw‘rw‘rw‘rw‘rw‘rw‘rw‘rw‘rw\rw\rw
Bit Name R/W Reset Value Function
31:16 Reserved
Noise filter enable, active high
15:0 PC_ENS[x] RW 0x0000 0: Noise filter bypass
1: Enable noise filter
9.2.13. GPIOD filter enable (PD_ENS)
Address offset:0x30
Reset value:0x0000 0000
31‘30‘29‘28‘27‘26‘25‘24‘23‘22‘21‘20|19|18|17|16
Res.
15‘14‘13‘12‘11‘10‘9‘8‘7‘6‘5‘4|3|2|1|0
PD_ENSI[15:0]
rw‘rw‘rw‘rw‘rw‘rw‘rw‘rw‘rw‘rw‘rw‘rw’rw’rw’rw’rw
Bit Name R/W Reset Value Function
31:16 Reserved
Noise filter enable, active high
15:0 PD_ENS[X] RW 0x0000 0: Noise filter bypass
1: Enable noise filter
9.2.14. GPIOE Filter Enable (PE_ENS)
Address offset:0x34
Reset value:0x0000 0000
31‘30‘29‘28‘27‘26‘25‘24‘23‘22‘21‘20|19|18|17|16
Res.
15‘14‘13‘12‘11‘10‘9‘8‘7‘6‘5‘4|3|2|1|0
PE_ENSJ[15:0]
rw‘rw‘rw‘rw‘rw‘rw‘rw‘rw‘rw‘rw‘rw‘rw‘rw‘rw‘rw‘rw
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Bit Name R/W Reset Value Function
31:16 Reserved - - -
Noise filter enable, active high
15:0 PE_ENSI[X] RW 0x0000 0: Noise filter bypass
1: Enable noise filter
9.2.15. GPIO analogue channel enable (GPIO_ENA)
Address offset:0x38
Reset value:0x0000 0000
31‘30‘29‘28‘27‘26‘25‘24‘23‘22 21‘20|19|18|17|16
Res. PC_ENA
15‘14‘13‘12‘11‘10 9‘8 7‘6 5‘4|3|2|1|0
Res. PB_ENA PA_ENA
rw‘rw‘rw‘rw‘rw‘rw rw‘rwrw‘rw‘rw‘rw’rw‘rw‘rw‘rw
Bit Name R/W Reset Value Function
31:12 Reserved - - -
21:16 PC_ENA RW 0x00 PCI[5: 0] Analogue input enable, active high
15:10 Reserved - - -
9:8 PB_ENA RW 0x00 PB[1:0] Analogue input enable, active high
7:0 PA_ENA RW 0x00 PA[7:0] Analogue input enable, active high

9.2.16. Timer clock extension control (TIM_CLK_EXT)

Address offset:0x17C

Reset value:0x0000 0000

31 | 30 | 29 | 28 | 27 | 26 | 25 | 24 23 22 21 20 19 18 17 16
Re | Re | Re | Re | Re | Re | Re | Re Re Re | Re | Re | Re | Re
Res. Res.
S. S. S. S. S. s. s. s. S S s s s S
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Re | Re | Re | Re | Re | Re | Re | Re | Tim_pclk2_ | Tim_pclkl_| Re | Re | Re | Re | Re | Re
S S S S. S S S S. sel sel S. S. S. S. S. S.
rw rw
Bit Name R/W Reset Value Function
31:8 Reserved - - -
Selecting the Timer clock under APB2 bus
] 0: APB2 bus Timer uses 2x APB2 clock (equal to APB2
7 Tim_pclk2 sel RW 0 ] o
clock when APB2 is not divided)
1: APB2 bus Timer always uses APB2 clock.
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Tim_pclkl sel

RW

Select the Timer clock under APB1 bus

0: APB1 bus Timer uses 2x APB1 clock (equal to APB1
clock when APBL is not divided)

1: APB1 bus Timer always uses the APB1 clock.

7:0

Reserved

9.2.17.

SYSCFG register map

ff

Re
gis
ter

31
30
29
28
27
26

25
24
3
2

21

2
19
1
1

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

o O X O

Res.

12C_PB12
12C_PB11

12C_PB10|

12C_PB9
12C_PB8
12C_PB7
12C_PB6

12C_PB5

MEM_MODE

Res.

set
Val

A O X O

Res.

Res.

PVD_LOCK
LOCKUP_LOCK

set
Val

o O X O

DMA4_MAP

Reserved

Reserved

DMA3_MAP

DMA2_MAP DMA1_MAP

Reserved
Reserved

set
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Re
gis
ter

24
23
22
19
18
17

31
30
29
28
27
26
25
21
20

16

15
14
13

12

11
10
9

Val

O O X o

DMA8_MAP DMA7_MAP

DMAG_MAP

DMA5_MAP

Reserved
Reserved

Reserved

Reserved

set
Val

O B X O

DMA12_MAP DMA11_MAP

DMA10_MAP

DMA9_MAP

Reserved
Reserved

Reserved

Reserved

set
Val

ue

A B X O

SY
SC
FG

XTI

Res.

EXTI3[3:0]

EXTI2[3:0]

EXTI1[3:0] EXTIO[3:0]

set
Val

ue

0 B X O

Sy
SC
FG

XTI

Res.

EXTI7[3:0]

EXTI6[3:0]

EXTIS[3:0] EXTI4[3:0]
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Re
gis
ter

31
30
29
28
27
26
25
24
23
22
21

20
19
18

17
16

15
14
13
12

11
10
9
8
7
6
5)

O = X O

XTI

Res.

EXTI11[3:0]

EXTI10[3:0] EXTI9[3:0]

EXTI8[3:0]

set
Val

ue

o N X O

SY
SC
FG

XTI

Res.

EXTI5[3:0]

EXTI4[3:0] EXTI3[3:0]

EXTI2[3:0]

set
Val

A N X O

Res.

PA_ENS

set
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Re
gis
ter

31

30
29
28

27
26

25

19
18
17

24
23
22
21
20

16
15
14

13
12

11
10

Val

o N X O

Res.

PB_ENS

set
Val

O N X O

Res.

PC_ENS

set
Val

o w X O

Res.

PD_ENS

set
Val

A W X O

Res.

PE_ENS

set
Val

ue

o w X O

GP

EN

Res.

PC_ENA

Res.

PB_
ENA

PA_ENA
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Re
gis
ter

31
30
29
28
27
26
25
24
23

22
21

20

19
18
17
16

15
14
13
12
11
10

o

O N B X O

Res.

Res.

Tim_pclk2 sell

Tim_pclkl sel

Res.

set
Val

ue
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10.

10.1.

10.1.1.

10.2.
10.2.1.

DMA controller (DMA)

Overview

Direct memory access (DMA) is used to provide high-speed data transfers between peripherals and
memory or between memory and memory. Moving data does not require CPU intervention; data can
be moved quickly through DMA, which saves CPU resources for other operations. The two DMA
controllers have 12 channels (7 channels for DMA1 and 5 channels for DMA2), each dedicated to
managing requests for memory access from one or more peripherals. There is also an arbiter to co-

ordinate the priority of individual DMA requests.
Main features

The main functions are as follows:
B Single AHB master

B Supports peripheral to memory, memory to peripheral, memory to memory and peripheral to

peripheral data transfers

B On-chip memory devices such as FLASH, SRAM, AHB and APB peripherals as source and tar-
get

B All DMA channels are independently configurable:

» Each channel is either associated with a DMA request signal from a peripheral or with a soft-

ware trigger in a memory-to-memory transfer. This configuration is done by software.

»  The priority between requests is programmable by software (4 levels per channel: very high,
high, medium, low) and in equal cases by hardware (e.g. requests to channel 1 have priority

over requests to channel 2).

»  Source and destination transmission sizes are independent (byte, halfword, word), analogue

packing and unpacking. Source and destination addresses must be aligned by data size.
» Number of programmable transfer data:0 ~65535
B One interrupt request is generated per channel. Each interrupt request is caused by any of
three DMA events: transfer complete, half transfer, or transfer error.

Functional descriptions

DMA transmission

DMA block transfers can be requested from a peripheral or triggered by software in the case of
memory-to-memory transfers.

After the event, the individual DMA transfer steps.

B The peripheral sends a DMA request signal to the DMA controller.

B The DMA controller responds to the request based on the priority of the channel associated with

this peripheral request.

B Once the DMA controller grants the peripheral, the transfer is initiated and when the transfer is

complete, the DMA controller sends an answer to the peripheral.
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10.2.2.

10.2.3.

B When the peripheral gets an answer from the DMA controller, it releases its request.

B Once the peripheral cancels the request assertion, the DMA controller releases the channel re-

quest currently occupied by the peripheral.

The request/acknowledgement protocol is used when the peripheral is the source or destination of
the transfer. For example, in a memory-to-peripheral transfer, the peripheral initiates the transfer by
driving its single request signal to the DMA controller, which then reads a single piece of data from

memory and writes that data to the peripheral.
For a given channel x, a DMA block transfer consists of the following repeating sequence.

B A single DMA transfer encapsulating a single data from two AHB transfers over the DMA AHB

master bus:.

» A single piece of data (byte, half-word, or word) read from a peripheral data register or a loca-

tion in memory, addressed via the internal current peripheral/memory address register.

The starting address used for the first single transfer is the base address of the peripheral or
memory, configured in the DMA_CPARx or DMA_CMARX registers.

» A single data write (byte, halfword, or word) to a location in the peripheral data register or

memory is addressed through the internal current peripheral/memory address register.

The starting address used for the first transfer is the base address of the peripheral or memory
and is configured in the DMA_CPARx or DMA_CMARX registers.

» The DMA_CNDTRX register contains the number of data items remaining to be transferred (the
number of AHB 'read-after-write' transfers).

Repeat the above sequence until DMA_CNDTRX is empty.

Note: The AHB master bus source/destination address must be aligned with the programme size of

the individual data transferred to the source/destination.
Arbiter

The arbiter initiates peripheral/memory accesses based on the priority of the channel request.

When a requesting channel x is granted (hardware-requested or software-triggered) access by the
arbiter, a single DMA transfer is issued (e.g., an AHB "read-and-write" transfer of a single piece of
data). The arbiter then arbitrates all requested channels again and selects the channel with the high-
est priority.

Priority is managed in 2 stages:

Software: the priority of each channel can be set in the DMA_CCRX register and has 4 levels:
highest priority

High priority

Medium priority

Low priority

H Vv VvV v Vv 1

Hardware: If 2 requests have the same software priority, the lower numbered channel has a
higher priority than the higher numbered channel. For example, channel 2 has priority over
channel 4.

DMA Channel

152/759



PY32F403 Reference manual

Each channel can perform DMA transfers between peripheral registers with fixed addresses and
memory addresses. The DMA transfer data amount is programmable up to 65535 bytes, and this

register value is decremented after each data transfer.

10.2.3.1.Programmable transfer data amount

10.2.3.2.

10.2.3.3.

The peripheral and memory lump sum transfer data widths are programmable through the PSIZE
and MSIZE bits in the DMA_CCRX register.

Address Pointer Increment

Peripheral and memory pointer auto-incrementation can be done selectively after each transfer by
setting the PINC and MINC flag bits in the DMA_CCRX register.

When set to increment mode, the next address to be transferred will be the previous address plus
the increment value, which depends on the selected data width of 1, 2, or 4. The first address to be
transferred is the address stored in the DMA_CPARX/DMA_CMARX registers. These registers main-
tain their initial values during the transfer and software cannot change or read out the address cur-
rently being transferred (it is in the internal current peripheral/memory address register).

When the channel is configured in acyclic mode, no further DMA operations will be generated after
the transfer has ended (i.e., the transfer count becomes 0). To start a new DMA transfer, the transfer
count needs to be rewritten in the DMA_CNDTRX register with the DMA channel closed.

In cyclic mode, at the end of the last transfer, the contents of the DMA_CNDTRX register are auto-
matically reloaded to their initial values and the internal current peripheral/memory address registers
are reloaded to the initial base address set by the DMA_CPARX/DMA_CMARKX registers.

Channel Configuration Procedure
Configure the DMA channel on peripheral request as follows:

B Set the address of the peripheral register in the DMA_CPARX register. When a peripheral data

transfer request occurs, this address will be the source or destination of the data transfer.

B Set the address of the data memory in the DMA_CMARX register. When a peripheral data
transfer request occurs, the transferred data will be read from or written to this address.

B Setthe amount of data to be transferred in the DMA_CNDTRX register. This value is decre-

mented after each data transfer.

Configure the DMA_CCRX register with the following parameters:
Priority of the channel.

Direction of data transfer

Cyclic mode

Peripheral and memory incremental mode

Peripheral and memory data size

Interrupt enable

@ VvV V V V Vv V I

Setting the ENABLE bit of the DMA_CCRX register starts the channel.

Once the DMA channel is activated, it can respond to DMA requests from peripherals connected to

the channel.
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10.2.3.4.

10.2.3.5.

After half of the data has been transferred, the Half Transfer Flag (HTIF) is set to 1. When the Half
Transfer Interrupt Allowed bit (HTIE) is set, an interrupt request is generated. After the end of the
data transfer, the Transfer Completion Flag (TCIF) is set to 1. When the Allow Transfer Completion

Interrupt Bit (TCIE) is set, an interrupt request is generated.

Channel status and disabled channels

An active channel x is an enabled channel (read DMA_CCRXx.EN = 1). An active channel x is a
channel that must have been enabled by the software (DMA_CCRx. EN = 1) and then no transmis-
sion error has occurred (DMA_ISR.TEIFx = 0). If a transmission error occurs, the channel is auto-
matically disabled by hardware (DMA_CCRXx.EN = 0).

The following 3 scenarios may occur:

B Suspend and resume the channel

This corresponds to the following two actions.

» The active channel is disabled by software (write DMA_CCRXx.EN = 0).

»  Software re-enables the channel (DMA_CCRXx.EN = 1) but does not reconfigure the other chan-
nel registers (e.g., DMA_CNDTRx, DMA_CPARX, and DMA_CMARX); or incomplete transfers
hang the bus when software disables it.

The DMA hardware does not support this situation and therefore cannot guarantee that the remain-

ing data transfers will be performed correctly.
B Stopping and Aborting a Channel

If the channel is no longer needed by the application, the active channel can be disabled by soft-
ware. The channel is stopped and aborted, but the DMA_CNDTRX register contents may not cor-
rectly reflect the remaining data transfers.

B Abort and restart the channel

This corresponds to the software sequence: Disable the active channel, then reconfigure the chan-

nel and enable it again.

B Hardware support when the following conditions are met.

» The application guarantees that there are no ongoing (not yet completed) transfers in the DMA
when the channel is disabled by software. For example, the application can first disable a pe-
ripheral in DMA mode to ensure that there are no pending hardware DMA requests for that pe-
ripheral.

» The software must perform independent write accesses to the same DMA_CCRXx register: first
to disable the channel, second to reconfigure the channel for the next block transfer if a configu-
ration change is required, including DMA_CCRXx. Finally, to enable the channel again.

When a channel transfer error occurs, hardware clears the EN bit in the DMA_CCRX register. This

EN bit cannot be set again by software to reactivate channel x until the TEIFx bit of the DMA_ISR

register is set.

DMA cycle mode

Cyclic mode is used to handle circular buffers and continuous data transfers (e.g., scan mode for

ADCs). The CIRC bit in the DMA_CCRX register is used to enable this function. When cyclic mode is
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10.2.3.6.

10.2.3.7.

10.2.3.8.

activated and the number of data transfers becomes 0, it will automatically be restored to the initial

value set when the channel was configured and the DMA operation will continue.

Note: Cyclic mode cannot be used in memory-to-memory mode. Software must clear the
MEM2MEM bit of the DMA_CCRX register before cyclic mode (CIRC = 1) enables the channel.
When cyclic mode is enabled, the amount of data to be transferred will be automatically reloaded
using the programmed initial values during the channel configuration phase and DMA requests will

continue to be answered.

In order to stop cyclic transfers, software needs to stop the peripheral from generating DMA requests
(e.g. exit ADC scan mode) before disabling the DMA channel.

Software must explicitly program the DMA_CNDTRX value before starting/enabling a transfer and

after stopping a cyclic transfer.
memory-to-memory mode

The operation of the DMA channel can be performed without a peripheral request; this operation is
the memory-to-memory mode. When the DMA channel is initiated by software setting the EN bit in
the DMA_CCRX register after setting the MEM2MEM bit in the DMA_CCRX register, the DMA trans-
fer will start immediately. The DMA transfer ends when the DMA_CNDTRX register becomes zero.

Memory-to-memory mode cannot be used in conjunction with cyclic mode.
Peripheral-to-peripheral mode

Any DMA channel can be operated in peripheral-to-peripheral mode:.

B When a hardware request from a peripheral is selected to trigger a DMA channel

This peripheral is the DMA initiator and transfers data between this peripheral and registers belong-

ing to another memory-mapped peripheral (which is not configured for DMA mode).
B When no peripheral request is selected and connected to a DMA channel

The software configures register-to-register transfers by setting the MEM2MEM bit of the
DMA_CCRX register.

Configure the transfer direction, specify source/destination

The value of the DIR bit of the DMA_CCRX register sets the direction of the transfer and therefore

identifies the source and target, regardless of the source/target type (peripheral or memory)..

B DIR =1 typically defines a memory-to-peripheral transfer. More generally, if DIR = 1.

» the source attribute is defined by the DMA_MARX register, the MSIZE[1:0] field, and the MINC
bit of the DMA_CCRXx register. Regardless of their common nomenclature, these "memory" reg-
isters, fields and bits are used to define the source peripheral in peripheral-to-peripheral mode.

» The target attributes are defined by the DMA_PARX register, the PSIZE[1:0] fields of the
DMA_CCRXx register, and the PINC bit. Regardless of their usual names, these "peripheral” reg-

isters, fields and bits are used to define the target memory in memory-to-memory mode.

B DIR = 0 typically defines a peripheral to memory transfer. More generally, if DIR = 0.
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» The source attribute is defined by the DMA_PARKX register, the PSIZE[1:0] fields of the
DMA_CCRX register, and the PINC bit. Regardless of their common nomenclature, these "pe-

ripheral” registers, fields and bits are used to define the source memory in memory-to-memory

mode.

» The target attributes are defined by the DMA_MARKX register, the MSIZE[1:0] fields of the
DMA_CCRXx register, and the MINC bit. Regardless of their common designation, these

"memory" registers, fields and bits are used to define the target peripheral in peripheral-to-pe-

ripheral mode.

10.2.4. Data transfer width/alignment/size end

When the memory data width MSIZE and the peripheral data width PSIZE are different, the DMA

aligns the data according to the following table:

Table 10-1 Data alignment

trans-
Tar- mis-
Source i Source: Ad- o ) Target: ad-
. get sion transmission operation
width ) dress/Data dress/data
width | num-
ber
0x0/B0 1: Read BO[7:0] at 0x0 and write BO[7:0] at 0x0 0x0/BO
8 8 4 0x1/B1 2: Read B1[7:0] at 0x1 and write B1[7:0] at Ox1 0x1/B1
0x2/B2 3: Read B2[7:0] at Ox2 and write B2[7:0] at 0x2 0x2/B2
0x3/B3 4: Read B3[7:0] at 0x3 and write B3[7:0] at Ox3 0x3/B3
0x0/B0 1: Read BO[7:0] at 0x0 and write 00BO[7:0] at Ox0 0x0/00B0
8 16 4 0x1/B1 2: Read B1[7:0] at 0x1 and write 00B1[7:0] at 0x2 0x2/00B1
0x2/B2 3: Read B2[7:0] at 0x2 and write 00B2[7:0] at 0x4 0x4/00B2
0x3/B3 4: Read B3[7:0] at 0x3 and write 00B3[7:0] at 0x6 0x6/00B3
1: Read BO[7:0] at OxO and write 000000B0[31:0] at
0x0
0x0/BO 2: Read B1[7:0] at 0x1 and write 000000B1[31:0] at | 0x0/000000B0O
8 - 4 0x1/B1 0x4 0x4/000000B1
0x2/B2 3: Read B2[7:0] at 0x2 and write 000000B2[31:0] at | 0x8/000000B2
0x3/B3 0x8 0xC/000000B3
4: Read B3[7:0] at 0x3 and write 000000B3[31:0] at
OxC.
0x0/B1B0 1: Read B1B0[15:0] at 0x0 and write BO[7:0] at Ox0 0x0/B0
16 8 4 0x2/B3B2 2: Read B3B2[15:0] at 0x2 and write B2[7:0] at Ox1 0x1/B2
0x4/B5B4 3: Read B5B4[15:0] at 0x4 and write B4[7:0] at 0x2 0x2/B4
0x6/B7B6 4: Read B7B6[15:0] at 0x6 and write B6[7:0] at 0x3 0x3/B6
1: Read B1B0[15:0] at Ox0 and Write B1BO0[15:0] at
0x0
0x0/B1B0 0x0/B1B0
2: Read B3B2[15:0] at Ox2 and write B3B2[15:0] at
0x2/B3B2 0x2/B3B2
16 16 4 0x2
0x4/B5B4 ) 0x4/B5B4
3: Read B5B4[15:0] at 0x4, write B5B4[15:0] at 0x4
0x6/B7B6 0x6/B7B6

4: Read B7B6[15:0] at Ox6 and Write B7B6[15:0] at
0x6
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1: Read B1BO0[7:0] at Ox0 and write 0000B1B0[31:0]
at Ox0
0x0/B1B0 2: Read B3B2[7:0] at 0x2 and write 0000B3B2[31:0] | 0x0/0000B1B0
16 32 0x2/B3B2 at 0x4 0x4/000B3B2
0x4/B5B4 3: Read B5B4[7:0] at Ox4 and write 0000B5B4[31:0] | 0x8/0000B5B4
0x6/B7B6 at 0x8 0xC/0000B7B6
4: Read B7B6[7:0] at 0x6 and write 0000B7B6[31:0]
at OxC
1: Read B3B2B1BO0 [31:0] at 0x0 and write BO [7:0] at
0x0
0x0/B3B2B1B0 .
2: Read B7B6B5B4 [31:0] at Ox4 and write B4 [7:0] at | 0x0/BO
0x4/B7B6B5B4
0ox1 0x1/B4
32 8 0x8/BBBAB9B8 .
3: Read BBBAB9BS [31:0] at 0x8 and write B8 [7:0] at | Ox2/B8
OxC/BFBEB-
0x2 0x3/BC
DBC .
4: Read BFBEBDBC [31:0] at Oxc and write BC [7:0]
at Ox3
1: Read B3B2B1B0 [31:0] at 0x0 and write B1BO [7:0]
at Ox0
0x0/B3B2B1B0 )
2: Read B7B6B5B4 [31:0] at Ox4 and write B5B4 [7:0] | 0x0/B1B0
0x4/B7B6B5B4
at 0x2 0x2/B5B4
32 16 0x8/BBBAB9B8 .
3: Read BBBAB9B8 [31:0] at 0x8 and write BOB8 [7:0] | 0x4/B9B8
OxC/BFBEB-
DBC at 0x4 0x6/BDBC
4: Read BFBEBDBC [31:0] at Oxc and write BDBC
[7:0] at Ox6
1: Read B3B2B1BO [31:0] at Ox0 and Write
B3B2B1BO [7:0] at 0x0
0x0/B3B2B1B0 . 0x0/B3B2B1B0
2: Read B7B6B5B4 [31:0] at 0x4 and write B7B6B5B4
0x4/B7B6B5B4 0x4/B7B6B5B4
[7:0] at Ox2
32 32 0x8/BBBAB9BS8 . 0x8/BBBAB9B8
3: Read BBBAB9B8 [31:.0] at 0x8 and write
0xC/BFBEB- O0xC/BFBEB-
BBBAB9BS [7:0] at 0x4
DBC DBC
4: Read BFBEBDBC [31:0] at Oxc and write BFBEB-
DBC [7:0] at Ox6
10.2.4.1. Operate an AHB device that does not support byte or half-word writes

If the DMA writes an AHB device that does not support byte or half-word write operations in bytes or
half-words (i.e., HSIZE is not appropriate for this module), no error will occur and the DMA will write
32-bit HWDATA data as per the following two examples:

»  When HSIZE=halfword, write halfword 'OXxABCD' and the DMA will set the HWDATA bus to '0xA-
BCDABCD'.

»  When HSIZE=byte, write byte '0OxAB', DMA will set HWDATA bus to 'OXABABABABAB'.
Assuming that the AHB/APB bridge is a 32-bit slave device to an AHB that does not handle the
HSIZE parameter, it will transfer bytes or halfwords on any AHB to the APB in 32-bit as follows:

>  Awrite byte data '0xB0' operation on an AHB to address Ox0 (or 0x1, 0x2, or 0x3) will be converted
to a write word data '0xBOBOBOBOBOBO' operation on an APB to address 0x0 ' operation.
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» A write halfword data '0xB1B0' operation on the AHB for address 0x0 (or 0x2) will be converted
to a write data '0xB1BOB1BO' operation on the APB for address 0x0.

10.2.5. Error Handling
Reading or writing a reserved address area will generate a DMA transfer error. When a DMA trans-
fer error occurs during a DMA read or write operation, the hardware automatically clears the EN bit
in the Channel Configuration Register (DMA_CCRX) corresponding to the channel on which the error
occurred, and that channel operation is halted. At this time, the Transmission Error Interrupt Flag Bit
(TEIF) corresponding to that channel in the DMA_IFR register will be set, and an interrupt will be
generated if the Transmission Error Interrupt Allow bit is set in the DMA_CCRX register.
The EN bit of the DMA_CCRX register cannot be set again by software (channel x reactivated) until
the TEIFx bit of the DMA_ISR register is cleared (by setting the CTEIFx bit of the DMA_IFCR regis-
ter).
When software receives a notification of a transmission error through a channel involving a periph-
eral, software first stops this peripheral in DMA mode in order to disable any waiting or future DMA
requests. Software then typically reconfigures the DMA and peripheral in DMA mode for a new
transfer.
10.2.6. Interrupt
Each DMA channel can generate interrupts on DMA transfer halves, transfer completions, and trans-
fer errors. For application flexibility, these interrupts are turned on by setting different bits in the reg-
isters.
Table 10-2 DMA Interrupts
Interrupt Event Event Flag Bit Enable Control Bit
Halfway through transmission HTIFX HTIExX
Transmission complete TCIFx TCIEX

Transmission Error TEIFX TEIEX

Transmission halfway/transmission

complete/transmission error

GIFx -

10.2.7.

Notes:

1) When the transmission length NDT is 1, the transmission half flag bit HTIF is not generated,
and the TCIF bit is generated when the transmission is complete.

2) When the transmission length NDT is odd (greater than 1), both the HTIF and TCIF flags are
generated. The internal signal TCIF will be generated at NDT=1; HTIF will be generated at
(NDT-(NDT/2 (rounded) -1)). If NDT=5, TCIF will be generated when NDT is reduced to 1; HTIF
will be generated when NDT is reduced to 4.

3) When the transmission length NDT is even (greater than 1), both the HTIF and TCIF flags are
generated. The internal signal TCIF will be generated when NDT=1; HTIF will be generated
when (NDT-(NDT/2 (rounded) -1)). If NDT=10, TCIF will be generated when NDT decreases to
1; HTIF will be generated when NDT decreases to 6.

DMA Peripheral Request Mapping

158/759



PY32F403 Reference manual

DMA peripheral requests are mapped to each channel of DMAL (7 channels) or DMA2 (5 channels),

controlled by the DMAX_MAP register of SYSCFG, and each peripheral request can be mapped to

any of the 12 channels by configuration.

The relationship between the serial number and the peripheral request is shown in the table below:

Table 10-3 DMA Peripheral Request Mapping

Request for MUX Request for MUX Request for MUX
input serial num- Source input serial num- Source input serial num- Source
ber ber ber
0 ADC1 23 I2C2_RD 46 TIM5_CH1
1 ADC2 24 12C2_WR 47 TIM5_CH2
2 ADC3 25 TIM1_CH1 48 TIM5_CH3
3 Reserved 26 TIM1_CH2 49 TIM5_CH4
4 Reserved 27 TIM1_CH3 50 TIM5_UP
5 SPI1_RD 28 TIM1_CH4 51 TIM5_TRIG
6 SPI1_WR 29 TIM1_COM 52 TIM6
7 SPI2_RD 30 TIM1_TRIG 53 TIM7
8 SPI2_WR 31 TIM1_UP 54 TIM8_CH1
9 SPI3_RD 32 TIM2_CH1 55 TIM8_CH2
10 SPI3_WR 33 TIM2_CH2 56 TIM8_CH3
11 USART1_RD 34 TIM2_CH3 57 TIM8_CH4
12 USART1_WR 35 TIM2_CH4 58 TIM8_COM
13 USART2_RD 36 TIM2_UP 59 TIM8_TRIG
14 USART2_WR 37 TIM3_CH1 60 TIM8_UP
15 USART3_RD 38 TIM3_CH3 61 TIM2_TRIG
16 USART3_WR 39 TIM3_CH4 62 TIM3_CH2
17 USART4_RD 40 TIM3_UP 63 TIM4_CH4
18 USART4_WR 41 TIM3_TRIG 64 TIM4_TRIG
19 USART5_RD 42 TIM4_CH1 65 ESMC_TX
20 USART5_WR 43 TIM4_CH2 66 ESMC_RX
21 I2C1_RD 44 TIM4_CH3 67 SDIO
22 2C1_WR 45 TIM4_UP 68 usB
10.3. Register Descriptions (0x40020000)
10.3.1. DMA interrupt status register (DMA_ISR)
Address:0x00
Reset value:0x0000 0000
31 ‘ 30 ‘ 29 ‘ 28 | 27 26 25 | 24 | 23 22 21 [ 20 | 19 18 17 | 16
Res. TEIF | HTIF | TCIF | GIF | TEIF | HTIF | TCIF | GIF | TEIF | HTIF | TCIF | GIF
7 7 7 7 6 6 6 6 5 5 5 5
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
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TEIF | HTIF | TCIF | GIF | TEIF | HTIF | TCIF | GIF | TEIF | HTIF | TCIF | GIF | TEIF | HTIF | TCIF | GIF
4 4 4 4 3 3 3 3 2 2 2 1 1 1 1
R R R R R R R R R R R R R R R
Bit Name R/W Reset Value Function
31:28 Reserved - - Reserved
Channel 7 transmission error flag.
Hardware set, software write DMA_IFCR=1 to
27 TEIF7 R 0 clear.
0: no transmission error (TE);
1: Channel 7 transmission error (TE);
Channel 7 half-transmit flag.
Hardware set, software write DMA_IFCR=1 to
26 HTIF7 R 0 clear.
0: No half-transfer event;
1: a half-transfer event occurs on channel 7;
Channel 7 transmission completion flag.
25 TCIF7 R 0 0: no transmission completion (TC);
1: Channel 7 transmission complete (TC);
Channel 7 global interrupt flag.
Hardware set, software write DMA_IFCR=1 to
24 GIF7 R 0 clear.
0: No TE/HT/TC event;
1: TE/HT/TC event occurred on channel 7;
Channel 6 transmission error flag.
Hardware set, software write DMA_IFCR=1 to
23 TEIF6 R 0 clear.
0: no transmission error (TE);
1: Channel 6 transmission error (TE);
Channel 6 half-transmit flag.
Hardware set, software write DMA_IFCR=1 to
22 HTIF6 R 0 clear.
0: No half-transfer event;
1: a half-transfer event occurs on channel 6;
Channel 6 transmission completion flag.
21 TCIF6 R 0 0: no transmission completion (TC);
1: Channel 6 transmission complete (TC);
Channel 6 global interrupt flag.
Hardware set, software write DMA_IFCR=1 to
20 GIF6 R 0 clear.
0: No TE/HT/TC event;
1: TE/HT/TC event occurred on channel 6;
Channel 5 transmission error flag.
1o TEIFS R 0 Hardware set, software write DMA_IFCR=1 to

clear.

0: no transmission error (TE);
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Bit

Name

R/W

Reset Value

Function

1: Channel 5 transmission error (TE);

18

HTIF5

Channel 5 half-transmit flag.

Hardware set, software write DMA_IFCR=1 to
clear.

0: No half-transfer event;

1: a half-transfer event occurs on channel 5;

17

TCIF5

Channel 5 transmission completion flag.
0: no transmission completion (TC);
1: Channel 5 transmission complete (TC);

16

GIF5

Channel 5 global interrupt flag.

Hardware set, software write DMA_IFCR=1 to
clear.

0: No TE/HT/TC event;

1: TE/HT/TC event occurs on channel 5;

15

TEIF4

Channel 4 transmission error flag.

Hardware set, software write DMA_IFCR=1 to
clear.

0: no transmission error (TE);

1: Channel 4 transmission error (TE);

14

HTIF4

Channel 4 half-transmit flag.

Hardware set, software write DMA_IFCR=1 to
clear.

0: No half-transfer event;

1: a half-transfer event occurs on channel 4;

13

TCIF4

Channel 4 transmission completion flag.
0: no transmission completion (TC);
1: Channel 4 transmission complete (TC);

12

GIF4

Channel 4 global interrupt flag.

Hardware set, software write DMA_IFCR=1 to
clear.

0: No TE/HT/TC event;

1: TE/HT/TC event occurs on channel 4;

11

TEIF3

Channel 3 transmission error flag.

Hardware set, software write DMA_IFCR=1 to
clear.

0: no transmission error (TE);

1: Channel 3 transmission error (TE);

10

HTIF3

Channel 3 half-transmit flag.

Hardware set, software write DMA_IFCR=1 to
clear.

0: No half-transfer event;

1: a half-transfer event occurs on channel 3;

TCIF3

Channel 3 transmission completion flag.
0: no transmission completion (TC);

1: Channel 3 transmission complete (TC);
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Bit Name R/W Reset Value Function

Channel 3 global interrupt flag.

Hardware set, software write DMA_IFCR=1 to
8 GIF3 R 0 clear.

0: No TE/HT/TC event;

1: TE/HT/TC event occurs on channel 3;

Channel 2 transmission error flag.

Hardware set, software write DMA_IFCR=1 to
7 TEIF2 R 0 clear.

0: no transmission error (TE);

1: Channel 2 transmission error (TE);

Channel 2 half-transmit flag.

Hardware set, software write DMA_IFCR=1 to
6 HTIF2 R 0 clear.

0: No half-transfer event;

1: a half-transfer event occurs on channel 2;

Channel 2 transmission completion flag.
Hardware set, software write DMA_IFCR=1 to
5 TCIF2 R 0 clear.

0: no transmission completion (TC);

1: Channel 2 transmission complete (TC);

Channel 2 global interrupt flag.

Hardware set, software write DMA_IFCR=1 to
4 GIF2 R 0 clear.

0: No TE/HT/TC event;

1: TE/HT/TC event occurred on channel 2;

Channel 1 transmission error flag.

Hardware set, software write DMA_IFCR=1 to
3 TEIF1 R 0 clear.

0: no transmission error (TE);

1: Channel 1 transmission error (TE);

Channel 1 half-transmit flag.

Hardware set, software write DMA_IFCR=1 to
2 HTIF1 R 0 clear.

0: No half-transfer event;

1: Channel 1 half-transfer event occurs;

Channel 1 transmission completion flag.
Hardware set, software write DMA_IFCR=1 to
1 TCIF1 R 0 clear.

0: no transmission completion (TC);

1: Channel 1 transmission complete (TC);

Channel 1 global interrupt flag.

Hardware set, software write DMA_IFCR=1 to
0 GIF1 R 0 clear.

0: No TE/HT/TC event;

1: TE/HT/TC event occurs on channel 1;
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10.3.2. DMA Interrupt Flag Clear Register (DMA_IFCR)

Address:0x04

Reset value:0x0000 0000

31 ‘ 30 ‘ 29 ‘ 28 27 26 25 24 23 22 21 20 19 18 17 16
Res. CTE | CHT | CTC | CGI | CTE | CHT | CTC | CGI | CTE | CHT | CTC | CGl
IF7 IF7 IF7 F7 IF6 IF6 IF6 F6 IF5 IF5 IF5 F5
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
CTE | CHT | CTC | CGl | CTE | CHT | CTC | CGI | CTE | CHT | CTC | CGI | CTE | CHT | CTC | CGlI
IF4 IF4 IF4 F4 IF3 IF3 IF3 F3 IF2 IF2 IF2 F2 IF1 IF1 IF1 F1
W W w W W W W W w w W w w w W w
Bit Name R/W Reset Value Function
31:28 Reserved - - Reserved
Channel 7 transmission error flag cleared.
27 CTEIF7 W 0 0: No effect;
1: Clear TEIF7;
Channel 7 half-transmission flag cleared.
26 CHTIF7 w 0 0: No effect;
1: Clear HTIF7;
Channel 7 transmission completion flag cleared.
25 CTCIF7 w 0 0: No effect;
1: Clear TCIF7;
Channel 7 global interrupt flag cleared.
24 CGIF7 w 0 0: No effect;
1: Clear GIF/TEIF/HTIF/TCIF for channel 7;
Channel 6 transmission error flag cleared.
23 CTEIF6 w 0 0: No effect;
1: Clear TEIF6;
Channel 6 half-transmission flag cleared.
22 CHTIF6 W 0 0: No effect;
1: Clear HTIF®6;
Channel 6 transmission completion flag cleared.
21 CTCIF6 W 0 0: No effect;
1: Clear TCIF®6;
Channel 6 global interrupt flag cleared.
20 CGIF6 W 0 0: No effect;
1: Clear GIF/TEIF/HTIF/TCIF for channel 6;
Channel 5 transmission error flag cleared.
19 CTEIF5 W 0 0: No effect;
1: Clear TEIF5;
Channel 5 half-transmission flag cleared.
18 CHTIF5 w 0 0: No effect;

1: Clear HTIF5;
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Bit Name R/W Reset Value Function

Channel 5 transmission completion flag cleared.
17 CTCIF5 w 0 0: No effect;

1: Clear TCIF5;

Channel 5 global interrupt flag cleared.
16 CGIF5 w 0 0: No effect;

1: Clear GIF/TEIF/HTIF/TCIF for channel 5;

Channel 4 transmission error flag cleared.
15 CTEIF4 w 0 0: No effect;

1: Clear TEIF4;

Channel 4 half-transmission flag cleared.
14 CHTIF4 w 0 0: No effect;

1: Clear HTIF4;

Channel 4 transmission completion flag cleared.
13 CTCIF4 w 0 0: No effect;

1: Clear TCIF4;

Channel 4 global interrupt flag cleared.
12 CGIF4 w 0 0: No effect;

1: Clear GIF/TEIF/HTIF/TCIF for channel 4;

Channel 3 transmission error flag cleared.
11 CTEIF3 w 0 0: No effect;

1: Clear TEIF3;

Channel 3 half-transmission flag cleared.
10 CHTIF3 w 0 0: No effect;

1: Clear HTIF3;

Channel 3 transmission completion flag cleared.
9 CTCIF3 W 0 0: No effect;

1: Clear TCIF3;

Channel 3 global interrupt flag cleared.
8 CGIF3 W 0 0: No effect;

1: Clear GIF/TEIF/HTIF/TCIF for channel 3;

Channel 2 transmission error flag cleared.
7 CTEIF2 W 0 0: No effect;

1: Clear TEIF2;

Channel 2 half-transmission flag cleared.
6 CHTIF2 w 0 0: No effect;

1: Clear HTIFZ;

Channel 2 transmission completion flag cleared.
5 CTCIF2 w 0 0: No effect;

1: Clear TCIFZ2;

Channel 2 global interrupt flag cleared.
4 CGIF2 w 0 0: No effect;

1: Clear GIF/TEIF/HTIF/TCIF for channel 2;

Channel 1 transmission error flag cleared.
3 CTEIF1 w 0 0: No effect;

1: Clear TEIF1;
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Bit Name R/W Reset Value Function
Channel 1 half-transmission flag cleared.
2 CHTIF1 w 0 0: No effect;
1: Clear HTIF1;
Channel 1 transmission completion flag cleared.
1 CTCIF1 w 0 0: No effect;
1: Clear TCIF1;
Channel 1 global interrupt flag cleared.
0 CGIF1 w 0 0: No effect;
1: Clear GIF/TEIF/HTIF/TCIF for channel 1;

10.3.3. DMA Channel 1 Configuration Register (DMA_CCR1)

Address:0x08

Reset value:0x0000 0000

31 30

‘29 ‘28 ‘27 ‘26 ‘25 ‘24 ‘23

‘22 ‘21 ‘2o|19 |18 |17 ‘16

Res.

15 14

13 ‘12 11 ‘10 9 ‘8 7

MEM2ME
M

Res

PL[1:0] MSIZE[1:0 | PSIZE[1:0 | MIN

] ] C

PIN CIR DI TEI HTI TCI EN

RW

RW | RW | RW | RW | RW

RW RW RW | RW |RW |RW |R

Bit

Name R/W Reset Value

Function

31:15

Reserved - -

Reserved

14

MEM2MEM RW 0

Channel 1 memory to memory mode.
0: disable;

1: memory to memory mode enable;

13: 12

PL[1:0] RW 0

Channel 1 priority configuration.
00: low;

01: medium;

10: high;

11: very high;

11: 10

MSIZE[1:0] RW 0

Channel 1 memory data width.
00: 8 bits;

01: 16 bits;

10: 32 bits;

11: Reserved.

PSIZE[1:0] RW 0

Channel 1 peripheral data width.
00: 8 bits;

01: 16 bits;

10: 32 bits;

11: Reserved.

MINC RW 0

Channel 1 memory address increment mode.
0: disabled;
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Bit Name R/W Reset Value Function

1: memory address increment mode enable;

Channel 1 peripheral address incremental
mode.
0: disabled;

1: peripheral address increment mode enable;

6 PINC RW 0

Channel 1 cyclic mode.
5 CIRC RW 0 0: disable;

1: cyclic mode enable;

Channel 1 data transfer direction.
4 DIR RW 0 0: read from peripheral,

1: read from memory;

Channel 1 transmission error interrupt (TE) ena-
ble.

0: Disable;

1: TE interrupt enable;

3 TEIE RW 0

Channel 1 half-transmission interrupt (HT) ena-
ble.
0: disabled:;

1: HT interrupt enable;

2 HTIE RW 0

Channel 1 transmission completion interrupt
(TC) enable.

0: disabled;

1: TC interrupt enable;

1 TCIE RW 0

Channel 1 enable.
0 EN RW 0 0: Disable;

1: channel 1 enable;

10.3.4. DMA Channel 1 Number of Data Transfers Register (DMA_CNDTR1)

Address:0x0C

Reset value:0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res.

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

Bit Name R/W Reset Value Function

31: 16 Reserved - - Reserved

Channel 1 data transfer quantity.
15: 0 NDT[15:0] RW 0 The number of data transfers is 0 to 65535.This

register is written only when the channel is not
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Bit Name R/W Reset Value Function
active (DMA_CCRL1.EN=0). This register is read-
only after the channel is enabled, indicating the

number of bytes remaining to be transferred.
This register value is decremented after each
DMA transfer.

The contents of the register either become 0
when the data transfer is complete, or when the
channel is configured for cyclic mode, the con-
tents of the register are automatically reloaded
with the value from the previous configuration.
When the value of this register is 0, no data will
be transferred even if the DMA channel starts.

10.3.5. DMA Channel 1 Peripheral Address Register (DMA_CPAR1)

Address:0x10

Reset value:0x0000 0000
31‘30‘29‘28‘27‘26‘ 25‘24‘23‘22‘21‘20|19‘ 18 ‘ 17‘16

PA[31:16]
RW | RW |RW | RW | RW [RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW
15 | 14 | 13 | 12 | 11 | 10 9 8 7 6 5 4 3 2 1 0
PA[15:0]

RW‘RW‘RW‘RW‘RW‘RW‘RW‘RW‘RW‘RW‘RW‘RW‘RW‘RW‘RW‘RW

Bit Name R/W Reset Value Function

Channel 1 Peripheral Address.

The base address of the channel 1 peripheral
data register, which is used as the source or
destination of the data transfer.

When PSIZE=2'b01, the PA[O] bit is not used.
The operation is automatically aligned to the
halfword address.

When PSIZE=2'b10, the PA[1:0] bits are not

used. The operation is automatically aligned to

31: 0 PA[31:0] RW 0

the word address.

10.3.6. DMA Channel 1 Memory Address Register (DMA_CMARL1)

Address:0x14
Reset value:0x0000 0000

31‘30‘29‘28‘27‘26‘25‘24‘23‘22‘21‘20‘19‘18‘17‘16
MA[31:16]

RW [RW [RW [RW [RW [RW [ RW [ RW [RW [RW [RW [RW [ RW [ RW | RW | RW

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

RW‘RW‘RWIRW‘RWIRW‘RW‘RWIRWIRW‘RWIRWIRW‘RW‘RW‘RW

Bit Name R/W

Reset Value

Function

31: 0 MA[31:0] RW

Channel 1 memory address.

Channel 1 memory address to be used as the
source or destination of the data transfer.
When MSIZE=2'b01, the MA[0] bit is not used.
The operation is automatically aligned to the
halfword address.

When MSIZE=2'b10, the MA[1:0] bits are not
used. The operation is automatically aligned to
the word address.

10.3.7. DMA Channel 2 Configuration Register (DMA_CCR?2)

Address:0x1C
Reset value:0x0000 0000

31 30 ‘29'28‘27‘26‘25‘24‘23‘22|21‘20|19|18|17‘16
Res.
15 14 13‘12 11‘10 9‘8 7 6 5 4 3 2 1 0
Res | MEM2ME PL[1:0] MSIZE[1:0 | PSIZE[1:0 | MIN PIN CIR DI TEI HTI TCI EN
M ] ] c C C R E E E
RW R R RW | RW | RW | RW | RW RwW RW | RW | RW RW RW R
W W W
Bit Name R/W Reset Value Function
31: 15 Reserved - - Reserved
Channel 2 memory to memory mode.
14 MEM2MEM RW 0 0: disable;
1: memory to memory mode enable;
Channel 2 Priority Configuration.
00: low;
13: 12 PL[1:0] RW 0 01: medium;
10: high;
11: very high;
Channel 2 memory data width.
00: 8 bits;
11: 10 MSIZE[1:0] RW 0 01: 16 bits;
10: 32 bits;
11: Reserved.
Channel 2 peripheral data width.
9: 8 PSIZE[1:0] RW 0 _
00: 8 bits;
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Bit

Name

R/W

Reset Value

Function

01: 16 bits;
10: 32 hits;
11: Reserved.

MINC

RW

Channel 2 memory address increment mode.
0: disabled;

1: memory address increment mode enable;

PINC

RW

Channel 2 peripheral address incremental
mode.
0: Disable;

1: peripheral address increment mode enable;

CIRC

RW

Channel 2 cyclic mode.
0: disable;
1: cyclic mode enable;

DIR

RW

Channel 2 data transfer direction.
0: read from peripheral;

1: read from memory;

TEIE

RW

Channel 2 transmission error interrupt (TE) ena-
ble.

0: Disable;

1: TE interrupt enable;

HTIE

RW

Channel 2 half-transmission interrupt (HT) ena-
ble.

0: disabled;

1: HT interrupt enable;

TCIE

RW

Channel 2 transmission completion interrupt
(TC) enable.

0: disabled;

1: TC interrupt enable;

EN

RW

Channel 2 enable .
0: Disable;
1: channel 1 enable ;

10.3.8. DMA Channel 2 Number of Data Transfers Register (DMA_CNDTR2)

Address:0x20

Reset value:0x0000 0000

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

Res.

15‘14‘13‘12‘11‘10‘9‘8‘7‘6‘5‘4‘3|2|1|0

NDT[15:0]

RwW

169/759



PY32F403 Reference manual

Bit

Name

R/W

Reset Value

Function

31: 16

Reserved

Reserved

Channel 2 data transfer quantity.

The number of data transfers is 0 to 65535.This
register is written only when the channel is not
working (DMA_CCR2.EN=0). This register is
read-only after the channel is enabled, indicating
the number of bytes remaining to be transferred.
This register value is decremented after each
DMA transfer.

The contents of the register either become 0 af-

15: 0 NDT[15:0] RW 0

ter the end of the data transfer, or when the
channel is configured for cyclic mode, the con-
tents of the register are automatically reloaded
with the value from the previous configuration.
When the value of this register is 0, no data will
be transferred even if the DMA channel starts.

10.3.9. DMA Channel 2 Peripheral Address Register (DMA_CPAR2)

Address:0x24
Reset value:0x0000 0000

31‘30‘29‘28‘27‘26‘25‘24‘23‘22‘21’20‘19|18|17|16
PA[31:16]
RW
15‘14‘13‘12‘11‘10‘9‘8‘7‘6‘5‘4‘3|2|1|0
PA[15:0]
RW
Bit Name R/W Reset Value Function

Channel 2 Peripheral Address.

The base address of the channel 2 peripheral
data register, which is used as the source or
destination of the data transfer.

When PSIZE=2'001, the PA[Q] bit is not used.
31: 0 PA[31:0] RW 0 o . .
The operation is automatically aligned to the
halfword address.

When PSIZE=2'b10, the PA[1:0] bits are not
used. The operation is automatically aligned to

the word address.

10.3.10. DMA Channel 2 Memory Address Register (DMA_CMAR2)
Address:0x28
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Reset value:0x0000 0000

31|30‘29|28|27‘26‘25‘24'23‘22‘21|20‘19|18|17|16
MA[31:16]
RW
15|14‘13|12|11‘10‘9‘8'7‘6‘5|4‘3|2|1|0
MA[15:0]
RW
Bit Name R/W Reset Value Function

31: 0

MA[31:0]

RW

Channel 2 memory address.

Channel 2 memory address to be used as the
source or destination of the data transfer.
When MSIZE=2'b01, the MA[0] bit is not used.
The operation is automatically aligned to the
halfword address.

When MSIZE=2'b10, the MA[1:0] bits are not
used. The operation is automatically aligned to
the word address.

10.3.11. DMA Channel 3 Configuration Register (DMA_CCR3)

Address:0x30

Reset value:0x0000 0000

31 30 ‘29‘28‘27‘26‘25‘24|23|22|21|20|19|18|17‘16
Res.
15 14 13‘12 11‘10 9 ‘ 8 7 6 5 4 3 2 1 0
Res MEM2ME PL[1:0] MSIZE[1:0 | PSIZE[1:0 | MIN PIN CIR DI TEI HTI TCI EN
M ] ] C C C R E E E
RW R R RW | RW | RW | RW RW RwW RW | RW | RW RW RW R
W W W
Bit Name R/W Reset Value Function
31: 15 Reserved - - Reserved
Channel 3 memory to memory mode.
14 MEM2MEM RW 0 0: disable;
1: memory to memory mode enable;
Channel 3 Priority Configuration.
00: low;
13: 12 PL[1:0] RW 0 01: medium;
10: high;
11: very high;
11: 10 MSIZE[L:0] RW 0 Channel 3 memory data width.
00: 8 bits;
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Bit

Name

R/W

Reset Value

Function

01: 16 bits;
10: 32 hits;
11: Reserved.

PSIZE[1:0]

RW

Channel 3 peripheral data width.
00: 8 bits;

01: 16 bits;

10: 32 bits;

11: Reserved.

MINC

RW

Channel 3 memory address increment mode.
0: disabled;

1: memory address increment mode enable;

PINC

RW

Channel 3 peripheral address incremental
mode.

0: disabled;

1: peripheral address increment mode enable;

CIRC

RW

Channel 3 cyclic mode.
0: disable;
1: cyclic mode enable;

DIR

RW

Channel 3 data transfer direction.
0: read from peripheral,
1: read from memory;

TEIE

RW

Channel 3 transmission error interrupt (TE) ena-
ble.

0: Disable;

1: TE interrupt enable;

HTIE

RW

Channel 3 half-transmission interrupt (HT) ena-
ble.

0: disabled;

1: HT interrupt enable;

TCIE

RW

Channel 3 transmission completion interrupt
(TC) enable.

0: disabled;

1: TC interrupt enable;

EN

RW

Channel 3 enable .
0: Disable;

1: channel 1 enable ;

10.3.12. DMA Channel 3 Number of Data Transfers Register (DMA_CNDTR3)

Address:0x34

Reset value:0x0000 0000

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

Res.

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

RW

Bit

Name

R/W

Reset Value

Function

31: 16

Reserved

Reserved

15: 0

NDT[15:0]

RW

Channel 3 data transfer quantity.

The number of data transfers is 0 to 65535.This
register is written only when the channel is not
working (DMA_CCR3.EN=0). This register is
read-only after the channel is enabled, indicating
the number of bytes remaining to be transferred.
This register value is decremented after each
DMA transfer.

The contents of the register either become 0
when the data transfer is complete, or when the
channel is configured for cyclic mode, the con-
tents of the register are automatically reloaded
with the value from the previous configuration.
When the value of this register is 0, no data will
be transferred even if the DMA channel starts.

10.3.13. DMA Channel 3 Peripheral Address Register (DMA_CPAR3)

Address:0x38

Reset value:0x0000 0000

31|30‘29|28|27‘26‘25‘24‘23'22'21|20|19|18|17|16
PA[31:16]

RW | RW | RW [RW [RW [ RW | RW | RW [RW [ RW | RW | RW | RW | RwW RW | RW

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

PA[15:0]

RWIRW‘RWIRW]RW‘RW‘ RW‘RW‘RW‘RW‘RW‘RW‘RWIRWIRWIRW

Bit Name R/W Reset Value Function
Channel 3 Peripheral Address.
The base address of the channel 3 peripheral
data register, which is used as the source or
destination of the data transfer.
31: 0 PA[3L0] RW 0 When PSIZE=2'001, the PA[Q] bit is not used.

The operation is automatically aligned with the
halfword address.

When PSIZE=2'b10, the PA[1:0] bits are not
used. The operation is automatically aligned to

the word address.
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10.3.14. DMA Channel 3 Memory Address Register (DMA_CMAR3)

Address:0x3C

Reset value:0x0000 0000

31‘30‘29‘28‘27‘26‘25‘24‘23‘22‘21‘20‘19|18|17|16
MA[31:16]

RW | RW |[RW [ RW [ RW | RW | RW | RW | RW RW | RW | RW | RW RW | RW

15 [ 14 | 13 | 12 | 11 | 10 9 8 7 5 4 3 2 1 0
MA[15:0]

RWIRW‘RWIRWIRW‘RW‘ RW‘RWIRW‘RW‘RWIRW‘RWIRW\RW\RW

Bit

Name

R/W

Reset Value

Function

31: 0

MA[31:0]

RW

Channel 3 memory address.

Channel 3 memory address to be used as the
source or destination of the data transfer.
When MSIZE=2'b01, the MA[0] bit is not used.
The operation is automatically aligned to the
halfword address.

When MSIZE=2'b10, the MA[1:0] bits are not
used. The operation is automatically aligned to

the word address.

10.3.15. DMA Channel 4 Configuration Register (DMA_CCR4)

Address:0x44

Reset value:0x0000 0000

31 30 |29‘28‘27‘26‘25‘24|23|22|21‘20|19|18|17‘16
Res.
15 14 13‘12 11‘10 9‘8 7 6 5 4 3 2 1 0
Res MEM2ME PL[1:0] MSIZE[1:0 | PSIZE[1:0 MIN PIN CIR DI TEI HTI TCI EN
M ] ] C C C R E E E
RW R R RW | RW | RW | RW RW RW RW RW | RW RW RW R
w
Bit Name R/W Reset Value Function
31: 15 Reserved - - Reserved
Channel memory to memory mode.
14 MEM2MEM RW 0 0: disable;
1: memory to memory mode enable;
Channel Priority Configuration.
00: low;
13: 12 PL[1:0] RW 0 .
01: medium;
10: high;
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Bit

Name

R/W

Reset Value

Function

11: very high;

11: 10

MSIZE[1:0]

RW

Channel memory data width.
00: 8 bits;

01: 16 bits;

10: 32 bits;

11: Reserved.

PSIZE[1:0]

RW

Channel peripheral data width.
00: 8 bits;

01: 16 bits;

10: 32 bits;

11: Reserved.

MINC

RW

Channel memory address increment mode.
0: disable;

1: memory address increment mode enable;

PINC

RW

Channel peripheral address increment mode.
0: Disable;
1: peripheral address increment mode enable;

CIRC

RW

Channel cycling mode.
0: disable;
1: cyclic mode enable;

DIR

RW

Direction of channel data transfer.
0: read from peripheral,

1: read from memory;

TEIE

RW

Channel transmission error interrupt (TE) ena-
ble.

0: Disable;

1: TE interrupt enable;

HTIE

RW

Channel half-transfer interrupt (HT) enable.
0: Disable;
1: HT interrupt enable;

TCIE

RW

Channel transmission completion interrupt (TC)
enable.

0: Disable;

1: TC interrupt enable;

EN

RW

Channel Enable.
0: Disable;

1: channel enable;

10.3.16. DMA Channel 4 Number of Data Transfers Register (DMA_CNDTR4)

Address:0x48

Reset value:0x0000 0000

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

Res.
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15‘14‘13‘12|11‘1o‘9

8‘7

6|5|4‘3|2|1|0

NDT[15:0]

RW

Bit Name R/W

Reset Value

Function

31: 16 Reserved -

Reserved

15: 0 NDT[15:0] RW

Number of channel data transfers.

The number of data transfers is 0 to 65535.This
register is written only when the channel is not
working (DMA_CCR3.EN=0). This register is
read-only after the channel is enabled, indicating
the number of bytes remaining to be transferred.
This register value is decremented after each
DMA transfer.

The contents of the register either become 0
when the data transfer is complete, or when the
channel is configured for cyclic mode, the con-
tents of the register are automatically reloaded
with the value from the previous configuration.
When the value of this register is 0, no data will
be transferred even if the DMA channel starts.

10.3.17. DMA Channel 4 Peripheral Address Register (DMA_CPAR4)

Address:0x4C
Reset value:0x0000 0000

31‘30‘29‘28‘27‘26‘25‘24‘23‘22‘21‘20‘19|18|17|16
PA[31:16]
RW
15|14‘13|12|11‘10‘9‘8‘7|6|5|4|3|2|1|0
PA[15:0]
RW
Bit Name R/W Reset Value Function

31: 0 PA[31:0] RW

Channel Peripheral Address.

The base address of the channel peripheral data
register, which is used as the source or destina-
tion of the data transfer.

When PSIZE=2'b01, the PA[O] bit is not used.
The operation is automatically aligned to the
halfword address.

176/759



PY32F403 Reference manual

Bit

Name

R/W

Reset Value

Function

When PSIZE=2'b10, the PA[1:0] bits are not
used. The operation is automatically aligned to
the word address.

10.3.18. DMA Channel 4 Memory Address Register (DMA_CMAR4)

Address:0x50

Reset value:0x0000 0000

31|30‘29|28|27‘26‘25‘24'23‘22‘21|20‘19|18|17|16
MA[31:16]

RW | RW | RW [ RW [ RW [ RW | RW | RW [RW [ RW | RW | RW | RW | RwW RW | RW

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

MA[15:0]

RWIRW‘RWIRWIRW‘RW‘ RW‘RW‘RW‘RW‘RW‘RW‘RWIRWIRWIRW

Bit

Name

R/W

Reset Value

Function

MA[31:0]

RW

Channel memory address.

The channel memory address, which is used as
the source or destination of the data transfer.
When MSIZE=2'b01, the MA[0] bit is not used.
The operation is automatically aligned to the
halfword address.

When MSIZE=2'b10, the MA[1:0] bits are not
used. The operation is automatically aligned to

the word address.

10.3.19. DMA Channel 5 Configuration Register (DMA_CCR5)

Address:0x58

Reset value:0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res Res. Res | Res | Res | Res | Res | Res | Res. | Res. | Res. | Res | Res | Res. | Res. | Res
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res | MEM2ME PL[1:0] MSIZE[1:0 | PSIZE[1:0] | MIN PIN CIR | DIR | TEI HTI TCI EN
M ] C C C E E E
RW RW | RW RW | RW | RW | RW RW RW RW RW RW RW RW RW
Bit Name R/W Reset Value Function
31: 15 Reserved - - Reserved
14 MEM2MEM RW 0 Channel memory to memory mode.
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Bit Name R/W Reset Value Function
0: disable;
1: memory to memory mode enable;
Channel Priority Configuration.
00: low;
13: 12 PL[1:0] RW 0 01: medium;
10: high;
11: very high;
Channel memory data width.
00: 8 bits;
11: 10 MSIZE[1:0] RW 0 01: 16 bits;
10: 32 bits;
11: Reserved.
Channel peripheral data width.
00: 8 bits;
9: 8 PSIZE[1:0] RW 0 01: 16 bits;
10: 32 bits;
11: Reserved.
Channel memory address increment mode.
7 MINC RW 0 0: disable;
1: memory address increment mode enable;
Channel peripheral address increment mode.
6 PINC RW 0 0: Disable;
1: peripheral address increment mode enable;
Channel cycling mode.
5 CIRC RW 0 0: disable;
1: cyclic mode enable;
Direction of channel data transfer.
4 DIR RW 0 0: read from peripheral;
1: read from memory;
Channel transmission error interrupt (TE) ena-
3 TEIE RW 0 ble.
0: Disable;
1: TE interrupt enable;
Channel half-transfer interrupt (HT) enable.
2 HTIE RW 0 0: Disable;
1: HT interrupt enable;
Channel transmission completion interrupt (TC)
1 TCIE RW 0 enable.
0: Disable;
1: TC interrupt enable;
Channel Enable.
0 EN RW 0 0: Disable;

1: channel enable;

10.3.20. DMA Channel 5 Number of Data Transfers Register (DMA_CNDTR5)
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Address:0x5C
Reset value:0x0000 0000

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

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

RW

Bit Name R/W Reset Value Function
31: 16 Reserved - - Reserved

Number of channel data transfers.

The number of data transfers is 0 to 65535.This
register is written only when the channel is not
working (DMA_CCR3.EN=0). This register is
read-only after the channel is enabled, indicating
the number of bytes remaining to be transferred.
This register value is decremented after each
15: 0 NDT[15:0] RW 0 DMA transfer.

The contents of the register either become 0
when the data transfer is complete, or when the
channel is configured for cyclic mode, the con-
tents of the register are automatically reloaded
with the value from the previous configuration.
When the value of this register is 0, no data will

be transferred even if the DMA channel starts.

10.3.21. DMA Channel 5 Peripheral Address Register (DMA_CPAR5)

Address:0x60
Reset value:0x0000 0000

31‘30‘29‘28‘27‘26‘ 25‘24‘23‘22‘21’20‘19|18 | 17|16
PA[31:16]
RW
15‘14‘13‘12‘11‘10‘ 9‘8‘7‘6‘5‘4‘3|2 | 1|o
PA[15:0]
RW
Bit Name R/W Reset Function
Value

Channel Peripheral Address.

The base address of the channel peripheral data register,
31: 0 PA[31:0] RW 0
which is used as the source or destination of the data

transfer.
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. Reset ;
Bit Name R/W Function
Value

When PSIZE=2'h01, the PA[Q] bit is not used. The opera-
tion is automatically aligned to the halfword address.
When PSIZE=2'h10, the PA[1:0] bits are not used. The op-

eration is automatically aligned to the word address.

10.3.22. DMA Channel 5 Memory Address Register (DMA_CMARS5)

Address:0x64
Reset value:0x0000 0000

31‘30‘29‘28‘27‘26‘ 25‘24‘23‘22‘21‘20‘19|18 | 17|16
MA[31:16]
RW

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

Bit Name R/W Reset Function
Value

Channel memory address.

The channel memory address, which is used as the source
or destination of the data transfer.

31: 0 MA[31:0] RW 0 When MSIZE=2'b01, the MA [0] bit is not used. The opera-
tion is automatically aligned to the halfword address.

When MSIZE=2'b10, the MA [1:0] bits are not used. The op-
eration is automatically aligned to the word address.

10.3.23. DMA Channel 6 Configuration Register (DMA_CCR6)

Address:0x6C
Reset value:0x0000 0000

31 30 ‘29‘28‘27‘26‘25‘24’23’22’21‘20|19|18|17‘16
Res.
15 14 13 ‘ 12 | 11 ‘ 10 9 ‘ 8 7 6 5 4 3 2 1 0
Res | MEM2ME PL[1:0] | MSIZE[1:0 | PSIZE[1:0 | MIN | PIN | CIR | DI | TEI | HTI | TCI | EN
M ] ] C C C R E E E
RW R R|RW|RW|RW|RW| RW | RW | RW [RW| RW | RwW | RW | R
W | w W
Bit Name R/W Reset Value Function
31: 15 Reserved - - Reserved
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Bit Name R/W Reset Value Function
Channel memory to memory mode.
14 MEM2MEM RW 0 0: disable;
1: memory to memory mode enable;
Channel Priority Configuration.
00: low;
13: 12 PL[1:0] RW 0 01: medium;
10: high;
11: very high;
Channel memory data width.
00: 8 bits;
11: 10 MSIZE[1:0] RW 0 01: 16 bits;
10: 32 bits;
11: Reserved.
Channel peripheral data width.
00: 8 bits;
9: 8 PSIZE[1:0] RW 0 01: 16 bits;
10: 32 bits;
11: Reserved.
Channel memory address increment mode.
7 MINC RW 0 0: disable;
1: memory address increment mode enable;
Channel peripheral address increment mode.
6 PINC RW 0 0: Disable;
1: peripheral address increment mode enable;
Channel cycling mode.
5 CIRC RW 0 0: disable;
1: cyclic mode enable;
Direction of channel data transfer.
4 DIR RW 0 0: read from peripheral;
1: read from memory;
Channel transmission error interrupt (TE) ena-
3 TEIE RW 0 ble.
0: Disable;
1: TE interrupt enable;
Channel half-transfer interrupt (HT) enable.
2 HTIE RW 0 0: Disable;
1: HT interrupt enable;
Channel transmission completion interrupt (TC)
1 TCIE RW 0 enable.
0: Disable;
1: TC interrupt enable;
Channel Enable.
0 EN RW 0 0: Disable;

1: channel enable;

10.3.24. DMA Channel 6 Number of Data Transfers Register (DMA_CNDTR6)
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Address:0x70

Reset value:0x0000 0000

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

Res.

15‘14‘13‘12‘11‘10‘9‘8‘7‘6‘5‘4‘3|2|1|0

NDT[15:0]

RW‘RW‘RW‘RW‘RW‘RW‘RWIRW‘RWIRWIRWIRW‘RWIRWIRWIRW

Bit

Name

R/W

Reset Value

Function

31: 16

Reserved

Reserved

15: 0

NDT[15:0]

RW

Number of channel data transfers.

The number of data transfers is 0 to 65535.This
register is written only when the channel is not
working (DMA_CCR3.EN=0). This register is
read-only after the channel is enabled, indicating
the number of bytes remaining to be transferred.
This register value is decremented after each
DMA transfer.

The contents of the register either become 0
when the data transfer is complete, or when the
channel is configured for cyclic mode, the con-
tents of the register are automatically reloaded
with the value from the previous configuration.
When the value of this register is 0, no data will

be transferred even if the DMA channel starts.

10.3.25. DMA Channel 6 Peripheral Address Register (DMA_CPARS6)

Address:0x74

Reset value:0x0000 0000

31‘30‘29‘28‘27‘26‘25‘24‘23‘22‘21’20‘19|18|17|16
PA[31:16]

RW [RW [RW [RW [RW | RW | RW RW | RW RW [RW | RW |RW RW RW

15 | 14 | 13 | 12 10 9 8 7 5 4 3 2 1 0
PA[15:0]

RW‘RW‘RW‘RW ‘RW‘RW

‘RW ‘RW ‘RW‘RW‘RW’RW ‘RW

’RW ’RW ’RW

Bit Name R/W Reset Value Function
Channel Peripheral Address.
The base address of the channel peripheral data register,
31: 0 PA[31:0] RW o L
which is used as the source or destination of the data
transfer.
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Bit Name R/W Reset Value Function
When PSIZE=2'h01, the PA [0] bit is not used. The opera-
tion is automatically aligned to the halfword address.
When PSIZE=2'b10, the PA [1:0] bits are not used. The op-
eration is automatically aligned to the word address.

10.3.26. DMA Channel 6 Memory Address Register (DMA_CMARG6)

Address:0x78
Reset value:0x0000 0000

31‘30‘29‘28‘27‘26‘25‘24‘23‘22‘21‘20‘19|18|17|16
MA[31:16]
RW
15|14‘13|12|11‘10‘9‘8‘7‘6‘5‘4‘3|2|1|0
MA[15:0]
RW
Bit Name R/W Reset Value Function

Channel memory address.

The channel memory address, which is used as
the source or destination of the data transfer.
When MSIZE=2'b01, the MA [0] bit is not used.
31: 0 MA[31:0] RW 0 The operation is automatically aligned to the
halfword address.

When MSIZE=2'b10, the MA [1:0] bits are not
used. The operation is automatically aligned to
the word address.

10.3.27. DMA Channel 7 Configuration Register (DMA_CCR7)

Address:0x80
Reset value:0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res Res. Res | Res | Res | Res | Res | Res | Res. | Res. | Res. | Res | Res | Res. | Res. | Res
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res | MEM2ME PL[1:0] MSIZE[1:0 | PSIZE[1:0] | MIN PIN CIR | DIR | TEI HTI | TCI EN
M ] C C C E E E

RW RW | RW RW | RW | RW | RW RW RW RW RW RW RW RW RW
Bit Name R/IW Reset Value Function
31: 15 Reserved - - Reserved
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Bit Name R/W Reset Value Function
Channel memory to memory mode.
14 MEM2MEM RW 0 0: disable;
1: memory to memory mode enable;
Channel Priority Configuration.
00: low;
13: 12 PL[1:0] RW 0 01: medium;
10: high;
11: very high;
Channel memory data width.
00: 8 bits;
11: 10 MSIZE[1:0] RW 0 01: 16 bits;
10: 32 bits;
11: Reserved.
Channel peripheral data width.
00: 8 bits;
9: 8 PSIZE[1:0] RW 0 01: 16 bits;
10: 32 bits;
11: Reserved.
Channel memory address increment mode.
7 MINC RW 0 0: disable;
1: memory address increment mode enable;
Channel peripheral address increment mode.
6 PINC RW 0 0: Disable;
1: peripheral address increment mode enable;
Channel cycling mode.
5 CIRC RW 0 0: disable;
1: cyclic mode enable;
Direction of channel data transfer.
4 DIR RW 0 0: read from peripheral;
1: read from memory;
Channel transmission error interrupt (TE) ena-
3 TEIE RW 0 ble.
0: Disable;
1: TE interrupt enable;
Channel half-transfer interrupt (HT) enable.
2 HTIE RW 0 0: Disable;
1: HT interrupt enable;
Channel transmission completion interrupt (TC)
1 TCIE RW 0 enable.
0: Disable;
1: TC interrupt enable;
Channel Enable.
0 EN RW 0 0: Disable;

1: channel enable;

184/759



PY32F403 Reference manual

10.3.28. DMA Channel 7 Number of Data Transfers Register (DMA_CNDTRY7)

Address:0x84

Reset value:0x0000 0000
31‘30‘29‘28‘27‘26‘25‘ 24 ‘23‘22‘21‘20‘19|18|17|16

Res.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
NDT[15:0]
RW
Bit Name R/W Reset Value Function
31: 16 Reserved - - Reserved

Number of channel data transmissions.

The number of data transfers is 0 to 65535.This
register is written only when the channel is not
working (DMA_CCR3.EN=0). This register is
read-only after the channel is enabled, indicating
the number of bytes remaining to be transferred.
This register value is decremented after each
15: 0 NDT[15:0] RW 0 DMA transfer.

The contents of the register either become 0 af-
ter the end of the data transfer, or when the
channel is configured for cyclic mode, the con-
tents of the register are automatically reloaded
with the value from the previous configuration.
When the value of this register is 0, no data will

be transferred even if the DMA channel starts.

10.3.29. DMA Channel 7 Peripheral Address Register (DMA_CPAR7)

Address:0x88
Reset value:0x0000 0000

31130‘29‘28‘27‘26‘ 25‘24‘23‘22‘21‘20‘19| 18 | 17|16
PA[31:16]
RW
15‘14‘13‘12‘11‘10‘9‘8‘7‘6‘5‘4‘3|2|1|0
PA[15:0]
RW
Bit Name R/W Reset Function
Value
31: 0 PA[31:0] RW 0 Channel Peripheral Address.
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Bit

Name

R/W

Reset
Value

Function

fer.

The base address of the channel peripheral data register,

which is used as the source or destination of the data trans-

When PSIZE=2'h01, the PA [0] bit is not used. The operation
is automatically aligned to the halfword address.

When PSIZE=2'h10, the PA [1:0] bits are not used. The op-
eration is automatically aligned to the word address.

10.3.30. DMA Channel 7 Memory Address Register (DMA_CMAR7)

Address:0x8C

Reset value:0x0000 0000

31‘30‘29‘28‘27‘26‘25‘24‘23‘22‘21’20‘19|18|17|16
MA[31:16]
RW
15‘14‘13‘12‘11‘10‘9‘8‘7‘6‘5‘4‘3|2|1|0
MA[15:0]
RW
Bit Name R/W Reset Value Function

Channel memory address.

The channel memory address, which is used as
the source or destination of the data transfer.
When MSIZE=2'b01, the MA [0] bit is not used.

31: 0 MA[31:0] RW 0 The operation is automatically aligned to the
halfword address.
When MSIZE=2'b10, the MA [1:0] bits are not
used. The operation is automatically aligned to
the word address.
10.3.31. DMA Register Map
5 | &
2 2 FRRENSREIRNRREEECEEERFISE~e0|x|e]|~|]e
© 2
0x400 wou fw e (o e o o fw [uw oo fu|w iy (e |w (o (e (e e oo (e o
DMA_ISR | Reserved i |E |G |L | |E|[C|L|W|=|C|E|D|E|O|%|d|E|o|%|u|E|OC|%|T|E|C |
2 F|ZT [ [O|F|T|F[O|F|ZT|F|[O|F|ZT|F|O|F|ZT|F|O|F|[Z|F |O | [T | |O
0000 | Reset Value ojo|ojo|o|o|0f0|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O
b o [ e e o |wfw oo o je s oo oo e (e oo [ [ [
= = = = [ = [ = [ = [ = [ =
0X004DMA_IFCR ResewedEISOEIBOEIBOEIEOEIBOEIEOEIBO
O O [O |O |0 |O O[O |0 |00 O[O0 |00 |0 O[O |00 OO o 0o |0 O
Reset Value ojoj|ojo|o|o|ofO0|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O
IENE
o | —
DMA_CCR1 Reserved gl 4 |4 —| T 2% e |x E ",l_J E—j z
0x008 gl 7 |5 N IS|Z|0|°|F|T|F M
(7]
= = a
Reset Value oo’oo’oo‘ooooooooo
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oer [}
q) —
£ 2 SISIRIRINICIQIIRINIFIRISISISIGSIC(SQ|Y|D|S | ||~ |o|w |t |o|a|- |0
[0}
o @
DMA_CNDT
0x00 R1 Reserved NDT[15:0]
c
Reset Value 0‘0‘0‘o‘o‘o‘o‘o‘o‘o‘o‘o‘o‘o‘o‘o
DMA_CPAR
PA[31:0]
0x010 1
Reset Value 0‘ololo‘olo‘olo‘ololo‘olo‘olo‘0|o‘o‘olo‘ololo‘olo‘o‘olo‘ololo‘o
DMA_CMAR
MA[31:0]
0x014 1
Reset Value o‘o‘o‘o‘o‘o‘o‘o‘o‘o‘o‘o‘o‘0‘0‘0‘0‘0‘0‘o‘o‘o‘o‘o\o‘o‘o o‘o\o'o‘o
0x018 Reserved
o 2 |3
o i —
0x01 | DMA_CCR2 Reserved gl 4 |4¥—| o 2128 |x =G
il & |o % SiZlc|oe|F|T|F|Y
C = S a
Reset Value oo‘o o‘o 0‘000000000
DMA_CNDT
Reserved NDT[15:0]
0x020 R2
Reset Value o‘o‘o‘o‘o‘o‘o‘olo‘o‘o o‘ololo‘o
DMA_CPAR
PA[31:0]
0x024 2
Reset Value 0‘0‘0‘o‘0‘o‘o‘o‘o‘o‘o‘o‘o‘o‘o‘0‘o‘o‘o‘o‘o‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0
DMA_CMAR
MA[31:0]
0x028 2
Reset Value 0‘ololo‘o‘o‘o‘o‘o‘o‘o‘o‘o‘olo‘o’o‘o‘o‘o‘o‘o‘o‘olo‘o‘o o‘ololo‘o
0x02
Reserved
c
e[o 3 |8
o — —
DMA_CCR3 Reserved gl 4 |4 —| T (z)% e |x % ",l_J E—j z
0x030 ol & |o N IS|IZ|o|e|F|T|F|¥
n
= = [a¥
Reset Value oo‘o o‘o o‘ooooooooo
DMA_CNDT
Reserved NDT[15:0]
0x034 R3
Reset Value 0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0 0‘0‘0‘0‘0
DMA_CPAR
PA[31:0]
0x038 3
Reset Value 0‘ololo‘o‘o‘o‘0‘o‘0‘o‘o‘o‘o‘o‘o‘o‘0‘0‘o‘o‘o‘o‘olo‘o‘olo‘ololo‘o
DMA_CMAR
0x03 MA[31:0]
3
c
Reset Value o‘o‘o‘o‘o‘o‘o‘o‘o‘o‘o‘o‘o‘o‘o‘o‘o‘o‘o‘o‘o‘o‘o‘o‘o‘o‘o o‘o‘o‘o‘o
0x040 Reserved
T R
o — —
DMA_CCR4 Reserved gl 4 |4 —| T 2% e |x E ",l_J E—j z
0x044 gl 7 |5 N IS |T|C|e|F|T|F|Y
= s 0
o
Reset Value oo’o o’o o‘ooooooooo
DMA_CNDT
Reserved NDT[15:0]
0x048 R4
Reset Value 0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0 0‘0‘0‘0‘0
0x04 |DMA_CPAR
- PA[31:0]
c 4
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oer [}
q) —
£ 2 SISIRIRINICIQIIRINIFIRISISISIGSIC(SQ|Y|D|S | ||~ |o|w |t |o|a|- |0
© @
ResetValue|0|0|o|o|o|o|lofo]o|o|lo|lof[o|o[oflo|lo|[o[o[o|lo]lo|lo|o[o|lo]lo]lo|o][o[o]|o0O
DMA_CMAR
MA[31:0]
0x050 4
Reset Value 0‘ololo‘olo‘olo‘ololo‘olo‘olo‘0|o‘o‘olo‘ololo‘olo‘o‘olo‘ololo‘o
0x054 Reserved
eTo 3 |8
o = —
DMA_CCRS5 Reserved S|l 2 o | 2|28 EIEz
0x058 “JEE %EEGDI—IPM
= = a
Reset Value oolo olo o‘ooooooooo
DMA_CNDT
0x05 Reserved NDT[15:0]
R5
c
Reset Value o‘o‘o‘o‘o‘o‘o‘o’o‘o‘o'o‘o‘o‘o‘o
DMA_CPAR
PA[31:0]
0x060 5
Reset Value 0‘olo|o‘o‘o‘o‘o‘o‘o‘o‘o‘o‘o‘o‘o‘o‘0‘0‘o‘olo‘o‘olo‘o‘olo‘ololo‘o
DMA_CMAR
MA[31:0]
0x064 5
Reset Value 0‘0‘0‘o‘0‘o‘o‘o‘o‘o‘o‘o‘o‘o‘o‘0‘o‘o‘o‘o‘o‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0
0x068 Reserved
R
o =, —
0x06 | DMA_CCR6 Reserved S8 || T 2RIz mEIElS g
ol £ |3 N IS |2 |c |2 |- |T|F
c = s 4
Reset Value oo‘o o‘o o‘ooooooooo
DMA_CNDT
Reserved NDT[15:0]
0x070 R6
Reset Value 0‘0‘0‘o‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0
DMA_CPAR
PA[31:0]
0x074 6
Reset Value 0‘olo|0‘0‘o‘o‘0‘o‘0‘o‘o‘o‘o‘o‘o‘o‘0‘0‘o‘o‘o‘o‘olo‘o‘olo‘ololo‘o
DMA_CMAR
MA[31:0]
0x078 6
Reset Value o‘o‘o‘o‘0‘o‘o‘0‘0‘0‘0‘0‘0‘o‘o‘0‘o‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0
0x07
Reserved
c
RS
o = —
DMA_CCR? Reserved S| 2 || T |221EI=EEBlz
0x080 o 7 |5 S =R TR I e
= s a
Reset Value oo‘o o‘o 0‘000000000
DMA_CNDT
Reserved NDT[15:0]
0x084 R7
Reset Value o‘o‘o’o‘o’o’o‘o’o‘o‘o’o‘o’o’o‘o
DMA_CPAR
PA[31:0]
0x088 7
Reset Value 0‘0‘0‘o‘o‘o‘o‘o‘o‘o‘o‘o‘o‘o‘o‘0‘o‘o‘o‘o‘o‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0
DMA_CMAR
0x08 7 MA[31:0]
c
Reset Value

o‘o‘o‘0‘o‘o‘o‘o‘o‘o‘o‘o‘o‘o’o‘o’o‘o‘o’o‘o’o’o‘o’o‘o‘o’o‘o’o’o‘o
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11. Interrupts and events

11.1. Introduction

The Nested Vector Interrupt Controller (NVIC) interfaces closely with the processor core to enable

low-latency interrupt handling and efficient handling of late arriving interrupts. The Nested Vector

Interrupt Controller manages interrupts including kernel exceptions. Refer to the Cortex-M4 Pro-

gra

mming Manual for more instructions on exceptions and NVIC programming.

11.1.1. Main features

60 maskable interrupt channels (16 Cortex™-M4 interrupt lines not included)
8 programmable priority levels (3-bit interrupt priority used)

Low latency exception and interrupt handling

Power management controls

System control register implementation

11.1.2. Block diagrams of modules

exti
IAPB interface
Registers
pclk
> RCC
paio[15:0] wkup_stop
pbio[15:0]
i0[15:0
GPIO pdol15:0] EXTI
pdio[4:0] MUX PWR
peio[4:0]
Events | Event
Software Config triggers[180] ———» > .
Trigger Masking
cpu_rxev
Detect RXEV
Wakeup - >
Peri. Interrupt | Interrupt CcPU
Masking IRQ[31:0]
exﬁ,int[lS:O]
Interrupts cpu_irg[31:0]
Int_ctrl

Figure 11-1 EXTI Module Block Diagram

11.2. Functional description

11.2.1. Interrupt and Exception Vector Table

Table 11-1 Interrupt and Exception Vector Table
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Vector
Pri- Priority .
num- ; Name Address Description
ority type
ber
- - - - 0x0000_0000 Reserved
- -3 Fixed Reset 0x0000_0004 Reset
RCC HSE Clock Safety _
- -2 NMI 0x0000_0008 unmaskable interrupt
(HSE CSS)
; hardware fault (Hard )
- -1 Fixed 0x0000_000C All types of failure
Fault)
Program-
- 0 Mem Manage 0x0000_0010 memory management
mable
Program- ) )
1 g Bus Fault 0x0000_0014 | Prefetch failure, memory access failure
mable
Program- i i . .
- 2 g Usage Fault 0x0000_0018 Undefined instructions or illegal states
mable
- - - - 0x0000_001C Reserved
- - - - 0x0000_0020 Reserved
= = - - 0x0000_0024 Reserved
- - - - 0x0000_0028 Reserved
Program- System service calls via SWI instruc-
- 3 SVcall 0x0000_002C i
mable tions
Program- ; i
- 4 Debug Monitor 0x0000_0030 Debug Monitor
mable
- - - - 0x0000_0034 Reserved
Program- .
- 5 PendSV 0x0000_0038 Suspendable system services
mable
Program- ) ) )
= 6 SysTick 0x0000_003C System Tick Timer
mable
Program- ) )
0 7 WWDG 0x0000_0040 Window Watchdog Timer Interrupt
mable
Program- Supply voltage connected to EXTI is in-
1 8 PVD 0x0000_0044 .
mable terrupted by detection (PVD)
Program- . o .
2 9 TAMPER 0x0000_0048 Intrusion detection interruption
mable
Program- )
3 10 b RTC 0x0000_004C | Real Time Clock (RTC) Global Interrupt
mable
Program-
4 11 FMC 0x0000_0050 Flash FMC Global Interrupt
mable
Program- Reset and Clock Control (RCC) and
5 12 RCCF1CTC 0x0000_0054 )
mable CTC interrupts
Program- ) )
6 13 EXTIO 0x0000_0058 EXTI line 0 interrupts
mable
Program- EXTI line 1 interrupts
7 14 EXTI1 0x0000_005C
mable
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Vector i L
Pri- Priority _
num- ) Name Address Description
ority type
ber
Program- EXTI line 2 interrupts
8 15 EXTI2 0x0000_0060
mable
Program- EXTI line 3 interrupts
9 16 EXTI3 0x0000_0064
mable
Program- EXTI line 4 interrupts
10 17 EXTI4 0x0000_0068
mable
Program- i
11 18 b DMAL channel 1 0x0000_006C DMA1 channel 1 globally interrupt
mable
Program- DMA1 channel 2 globally interrupt
12 19 DMAL channel 2 0x0000_0070
mable
Program- DMA1 channel 3 globally interrupt
13 20 DMAL channel 3 0x0000_0074
mable
Program- DMAL1 channel 4 globally interrupt
14 21 DMAL channel 4 0x0000_0078
mable
Program- DMA1 channel 5 globally interrupt
15 22 DMAL channel 5 0x0000_007C
mable
Program- DMA1 channel 6 globally interrupt
16 23 DMAL channel 6 0x0000_0080
mable
Program- DMA1 channel 7 globally interrupt
17 24 DMAL channel 7 0x0000_0084
mable
Program-
18 25 ADC1_2 0x0000_0088 ADC1 and ADC2 Global Interrupt
mable
Program- .
19 26 uSB 0x0000_008C USB interrupt
mable
Program- )
20 27 CAN 0x0000_0090 CAN interrupt
mable
Program- Reserved
21 28 - 0x0000_0094
mable
Program- Reserved
22 29 - 0x0000_0098
mable
Program- ) ] )
23 30 EXTIO_5 0x0000_009C EXTI line [9:5] interruptions
mable
Program- TIMER1 abort interrupt and TIMER9
24 31 TIM1_BRK_TIM9 0x0000_00AO0 )
mable global interrupt
Program- TIMER1 abort interrupt and TIMER10
25 32 TIM1_UP_TIM10 0x0000_00A4 i
mable global interrupt
Program- TIMERL1 abort interrupt and TIMER11
26 33 TIM1_TRG_COM_TIM11 | 0x0000_00A8 .
mable global interrupt
Program- 0x0000_00A ]
27 34 TIM1_CC TIMER1 capture compare interrupt
mable C
Program- )
28 35 bl TIM2 0x0000_00BO TIMER2 global interrupts
mable
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Vector i L
Pri- Priority _
num- ) Name Address Description
ority type
ber
Program- TIMERS global interrupts
29 36 TIM3 0x0000_00B4
mable
Program- TIMER4 global interrupts
30 37 TIM4 0x0000_00B8
mable
Program- 0x0000_00B )
31 38 12C1_EV 12C1levent interrupt
mable C
Program- ;
32 39 12C1_ER 0x0000_00Co I12C1 error interrupt
mable
Program- |
33 40 12C2_EV 0x0000_00C4 12C2 event interrupt
mable
Program- .
34 41 12C2_ER 0x0000_00C8 12C2 error interrupt
mable
Program- 0x0000_00C ) )
35 42 SPI1 SPI1 global interruptions
mable C
Program- . .
36 43 SPI2 0x0000_00D0 SPI2 global interruptions
mable
Program- ) ]
37 44 USART1 0x0000_00D4 USART1 global interruptions
mable
Program- . .
38 45 USART2 0x0000_00D8 USART?2 global interruptions
mable
Program- 0x0000_00D ) ]
39 46 USART3 USARTS3 global interruptions
mable C
Program- . ) .
40 47 EXTI15_10 0x0000_00EO EXTI line [15:10] interruption
mable
Program- RTC Alarm Clock Interrupt Connected to
41 48 RTCAlarm 0x0000_00OE4
mable EXTI
Program-
42 49 - 0x0000_00E8 Reserved
mable
Program- 0x0000_00E TIMERS abort interrupt and TIMER12
43 50 TIM8_BRK_TIM12 .
mable C global interrupt
Program- TIMERS8 Update Interrupt and TIMER13
44 51 TIM8_UP_TIM13 0x0000_00F0
mable Global Interrupt
Program- TIMERS Trigger and Communication In-
45 52 TIM8_TRG_COM_TIM14 | 0x0000_O00F4
mable terrupt TIMER14 Global Interrupt
Program-
46 53 bl TIM8_CC 0x0000_00F8 TIMERS8 Capture Compare Interrupt
mable
Program- 0x0000_00F )
a7 54 ADC3 ADC3 global interrupt
mable C
Program- )
48 55 ESMC 0x0000_0100 ESMC global interrupt
mable
Program- )
49 56 bl SDIO 0x0000_0104 SDIO global interrupt
mable
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Vector
Pri- Priority _
num- ) Name Address Description
ority type
ber
Program- .
50 57 TIM5 0x0000_0108 TIM5 global interrupt
mable
Program- )
51 58 SPI3 0x0000_010C SPI3 global interrupt
mable
Program- )
52 59 USART4 0x0000_0110 USART4 global interrupt
mable
Program- )
53 60 USART5 0x0000_0114 USARTS5 global interrupt
mable
Program- [
54 61 TIM6 0x0000_0118 TIM6 global interrupt
mable
Program- .
55 62 TIM7 0x0000_011C TIM7 global interrupt
mable
Program- )
56 63 b DMAZ2 channel 1 0x0000_0120 DMA2 Channel 1 global interrupt
mable
Program- )
57 64 b DMA2 channel 2 0x0000_0124 DMA2 Channel 2 global interrupt
mable
Program- ]
58 65 b DMAZ2 channel 3 0x0000_0128 DMA2 Channel 2 global interrupt
mable
Program- DMA2 Channel 4 and Channe 5 global
59 66 DMA2 channel 4 5 0x0000_012C )
mable interrupt

11.2.2. External interrupt/event controller (EXIT)

There are 19 edge detectors capable of generating event/interrupt requests. Each input line can be

independently configured with the input type (pulse or hang) and the corresponding trigger event

(rising or falling edge or both edges triggered). Each input line can be independently masked. The

pending register holds the interrupt request for the status line.

11.2.2.1.Main features

11.2.2.2.

The main features of the EXTI controller are as follows:

Each interrupt/event is independently triggered and masked

Dedicated status bits for each interrupt line

Supports up to 19 software requests for interrupts/events

Detection of external signals with pulse widths lower than the APB2 clock width. See relevant

parameters in the Electrical Characteristics section of the datasheet.

Wake-up event management

The P32F403xx can handle external or internal events to wake up the core (WFE). Wake-up events

can be generated by the following configuration:

Enable an interrupt in the control register of the peripheral but not in the NVIC, and enable the
SEVONPEND bit in the system control register of the Cortex-M4. When the CPU recovers from
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WEFE, it is necessary to clear the interrupt pending bit of the corresponding peripheral and the
peripheral NVIC interrupt channel pending bit (in the NVIC interrupt clear pending register).

B Configure an external or internal EXTI line to be in event mode, and when the CPU recovers
from WFE, it is not necessary to clear the interrupt pending bit of the corresponding peripheral
or the NVIC interrupt channel pending bit because the pending bit of the corresponding event

line is not set.

To use an external I/O port as a wake-up event, see the following section.

11.2.2.3.Functional description

11.2.2.4.

To generate an interrupt, the interrupt line must first be configured and enabled. Set the 2 trigger
registers according to the desired edge detection and also write a '1' to the corresponding bit in the
interrupt mask register to allow an interrupt request. When an expected edge occurs on the external
interrupt line, an interrupt request is generated and the corresponding pending bit is set '1'. Writing a
'1' to the corresponding bit in the pending register will clear the interrupt request. If an event needs to
be generated, the event line must be configured and enabled first. Edge detection as required is al-
lowed by setting the 2 trigger registers while writing a '1' to the corresponding bit in the event mask
register to allow the event request. When the desired edge occurs on the event line, an event re-
quest pulse is generated and the corresponding pending bit is not set '1". Interrupt/event requests
can also be generated by software by writing a '1' to the software interrupt/event register.

Hardware Interrupt Selection

Configure the 19 lines as interrupt sources by following the procedure below:

B Configure the mask bits (EXTI_IMR) for the 19 interrupt lines

B Configure the trigger selection bits (EXTI_RTSR and EXTI_FTSR) for the selected interrupt

lines;

B Configure the enable and mask bits of the NVIC interrupt channel corresponding to the external
interrupt controller (EXTI), so that requests in the 19 interrupt lines can be responded to cor-

rectly.
Hardware Event Selection
B The following procedure allows you to configure 19 lines as event sources
B Configure the mask bits (EXTI_EMR) for the 19 event lines
B Configure the trigger selection bits (EXTI_RTSR and EXTI_FTSR) for the event lines
Software Interrupt/Event Selection

19 lines can be configured as software interrupt/event lines. The following is the procedure for gen-

erating a software interrupt:

B Configure the 19 interrupt/event line mask bits (EXTI_IMR, EXTI_EMR)
B Set the request bit of the software interrupt register (EXTI_SWIER)
External interrupt/event line map

The 80 general-purpose 1/O ports are connected to 16 external interrupt/event lines in the manner

shown below:
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11.3.

11.3.1.

EXTIO[3:0] bits in the SYSCFG EXTICR1

PAQ O——
PBO O———»
PCO O——»
PDO0 O——»
PE0 O——»

EXTI1[3:0] bit
EXTICR1

PA1 O
PB1 O——p
PC1 O——»
PD1 O————»
PE1l O——»

regis$r

EXTIO

s in the SYSCFG
rigister

EXTI1

EXT115[3:0] bits in the SYSCFG

EXTICR4

PA15 O
PB15 OF——
PC15 O———»
PD15 O———»
PE15 O———»

rigister

EXTI15
—

clock must be enabled first.

Address offset:0x00
Reset value:0x0000 0000

The other 2 EXTI lines are connected as follows:

Register Descriptions

Interrupt Mask Registers (EXTI_IMR)

EXTI line 16 is connected to the PVD outputs

EXTI line 17 is connected to the RTC alarm event

These registers must be accessed in a 32-bit manner.

Figure 11-2 External Interrupt/Event Line Map

To configure external interrupts/events on the GPIO lines via SYSCFG_EXTICRYX, the SYSCFG

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

rw‘rw‘rw‘rw‘rw‘rw‘rw‘rw’rw‘nm’rw‘nm’rw rw
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15 14 13 12 11 10 <) 8 7 6 5 4 3 2 1 0
IMR IMR IMR IMR IMR IMR | IMR | IMR | IMR | IMR | IMR | IMR | IMR | IMR IMR IMR
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
rw rw rw rw rw rw rw rw rw rw rw rw rw rw rw rw
Bit Name RIW Reset Value Function
31:19 Reserved
IMRX: Interrupt Mask on line x
18:0 IMRX RW 0 0: Mask interrupt requests on line x;
1: Open interrupt request on line x.
11.3.2. Event Mask Register ( EXTI_EMR)
Address offset:0x04
Reset value:0x0000 0000
31‘30‘29‘28‘27’26’25‘24‘23’22‘21’20‘19 18 17 16
Reserved EMR | EMR | EMR
18 17 16
rw rw rw rw rw rw rw rw rw rw rw rw rw rw rw rw
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
EMR | EMR | EMR | EMR | EMR | EMR | EM EM EM EM EM EM EM | EMR | EMR | EMR
15 14 13 12 11 10 R9 R8 R7 R6 R5 R4 R3 2 1 0
rw rw rw rw w rw w rw rw rw rw rw rw rw rw rw
Bit Name R/W Reset Value Function
31:19 Reserved
EMRx: Event Mask on line x
18:0 EMRXx RW 0 0: Mask event requests on line x;
1: open event requests on line x.
11.3.3. Rising-Edge Trigger Select Register (EXTI_RTST)
Address offset:0x08
Reset value:0x0000 0000
31‘30‘29‘28‘27‘26‘25‘24‘23‘22‘21‘20‘19 18 17 16
Reserved RTS | RTS | RTS
R18 R17 R16
rw rw rw rw rw rw rw rw rw rw rw rw rw rw rw rw
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
RTS | RTS | RTS | RTS | RTS | RTS RT RT RT RT RT RT RT RTS | RTS | RTS
R15 R14 R13 R12 R11 R10 | SR9 | SR8 | SR7 | SR6 | SR5 | SR4 | SR3 R2 R1 RO
rw rw w rw w rw w rw rw w w rw rw rw rw rw
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Bit Name R/W Reset Value Function
31:19 Reserved
RTSRXx: Rising trigger event con-figuration bit of line x
0: Rising trigger (interrupts and events) on line x is disa-
18:0 RTSRXx RwW 0 bled.
1: Rising trigger event con-figuration bit of line x is al-
lowed.
11.3.4. Falling-Edge Trigger Select Register (EXTI_FTSR)
Address offset:0x0C
Reset value:0x0000 0000
31‘30‘29‘28‘27‘26‘25‘24‘23‘22‘21‘20‘19 18 17 16
Reserved RTS | RTS | RTS
R18 R17 R16
rw rw rw rw w w w w w rw rw rw rw rw rw rw
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
FTS | FTS FTF FTS FTS | FTS | FTS | FTS | FTS | FTS | FTS | FTS | FTS | FTS FTS FTS
R15 R14 R13 R12 R11 R10 R9 R8 R7 R6 R5 R4 R3 R2 R1 RO
rw rw rw rw rw rw rw rw rw rw rw rw rw rw rw rw
Bit Name R/W Reset Value Function
31:19 Reserved
RTSRx: Falling trigger event configuration bit of line x
0: Falling trigger (interrupts and events) on line x is disa-
18:0 FTSRx RW 0 bled
1: Falling trigger on line x allowed (interrupts and
events)
11.3.5. Software Interrupt Event Register (EXTI_SWIER)
Address offset:0x10
Reset value:0x0000 0000
31‘30‘29‘28‘27‘26‘25‘24‘23‘22‘21‘20|19 18 17 16
SWI | SWI | SWI
Reserved ER1 | ER1 | ER1
8 7 6
rw rw rw rw rw rw rw rw rw rw rw rw rw rw rw rw
15 14 13 12 11 10 S 8 7 6 5 4 3 2 1 0
SWiI SWI SWiI SWI SWI SWI
er1 | Er1 | ER1 | ERL | ERL | ERL SWI | SWI | SWI | SWI | SWI | SWI | SWI | SWI | SWI | SWI
5 4 3 ) 1 0 ER9 | ER8 | ER7 | ER6 | ER5 | ER4 | ER3 | ER2 | ER1 | ERO
rw rw rw rw rw rw rw rw rw rw rw rw rw rw rw rw
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Bit Name R/W Reset Value Function
31:19 Reserved
SWIERX: Software interrupt on line x.
When this bit is '0', writing '1" will set the corresponding pend-
ing bit in EXTI_PR. If this interrupt is allowed to be generated
180 SWIERX RW 0 in EXTIL_IMR and EXTI_EMR, it will be generated at this time.

this time.

to generate this interrupt, then an interrupt will be generated at

Note: This bit can be cleared to '0' by clearing the correspond-
ing bit in EXTI_PR (writing '1").

11.3.6. Suspend register (EXTI_PR)

Address offset:0x14

Reset value:0x000X XXXX

31|30|29|28‘27‘26‘25‘24‘23‘22‘21‘20‘19 18 17 16
PR1 | PR1 | PR1
Reserved
8 7 6
rcw | rcw)|rcw
1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PR1 | PR1 | PR1 | PR1 | PR1 | PR1
PR9 | PR8 | PR7 | PR6 | PR5 | PR4 | PR3 | PR2 | PR1 | PRO
5 4 3 2 1 0
FC_W | FC_W | rcC_W | rC_W [ IC_W [ IC_W | TC_W | FC_W | FTC_W | IC_W [ IC_W | IC_W | IC_W | IC_W | rC_W | rc_w
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Bit Name R/W Reset Value Function
31: 19 Reserved
PRx: Pending bit
0: No trigger request occurred
1: A selected trigger request has occurred
This bit is set to '1' when a selected edge event oc-
18:0 PRx RC_W1 X ] ) N ]
curs on the external interrupt line. Writing a '1' to this
bit clears it, or it can be
cleared by changing the polarity of the edge detec-
tion.
11.3.7. EXTIregister address map
5
AR R R E R R R e I I I I I
x
E
Reserved MR[18:0]
x| X
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Offset

Register

31
30
29
28
27
26
25
24
23
22
21

20
19

18
17
16
15
14
13
12
11
10
9
8
7
6
5
4
B
2
1
0

o

oo Z

A O X O

Reserved

MR[18:0]

o O X O

Reserved

TR[18:0]
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Offset

Register

31
30
29
28
27
26
25
24
23
22
21

20
19
18

17
16
15

14
13
12
11

0O o x o

es
et

al
ue

Reserved

TR[18:0]

o B X O

TI

n

Reserved

SWIER[18:0]

A B X O

Reserved

PR[18:0]
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12.

12.1.

12.1.1.

Analogue/digital conversion (ADC)

Introduction

A 12-bit ADC is an analogue-to-digital converter that uses successive approximation. It has 20 multi-

plexed channels and can convert analogue signals from 16 external channels and 3 internal chan-

nels. An analogue watchdog allows applications to detect if the input voltage exceeds a user-set

high or low threshold. The A/D conversion of the various channels can be configured in single, con-

tinuous, sweep or intermittent conversion modes. The results of the ADC conversions can be stored

in 16-bit data registers in a left- or right-aligned manner.

Main features

vV V. Vv Vv B Y V BB YV V V v B V Y V VYV V V V 1

vV v ® m YV

High Performance.

Configurable 12 bits, 10 bits, 8 bits and 6 bits resolutions;

Maximum ADC sampling rate: 1IMSPs.

Self-calibrating;

Programmable sample time;

Data register configurable data alignment;

DMA request support for regular channel data conversion.

Dual ADC mode (with 2 or more ADC devices)

Analogue input channels.

16 channels of external analog inputs;

1 internal temperature sensing channel (VSENSE);

1 internal reference voltage input channel (VREFINT).

battery detection input channel (VBAT)

Initiate conversion method:

Software start-up

Hardware Trigger

conversion mode:

Single mode, which converts the selected input channel once per trigger;
Scan mode, which scans a series of channels;

Continuous mode, which continuously converts the selected input channels;

Intermittent mode, which continuously converts a subsequence of channels per trigger, and

multiple triggers until all channels are converted.
synchronised mode (for devices with two or more ADCS).
Analogue watchdog

Interrupt generation:

End of rule group or injection group conversion
Analogue watchdog event
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B ADC supply requirements: 1.7V to 3.6V, typical supply voltage is 3.3V.

B ADC input range: VREF- < VIN £ VREF+

12.1.2. Module block diagram
Interrupt
Flags enable bt
End of injected conversign | EI?OCC TI?C?(I}IEE W
Analog watchdog engt AWD AWDIE
Analog watchdog
Compare Result
| High Threshold(12bits) |
vREF&
v ’ Low Threshold(12bits) ‘
REF-|
VDDA
VSSA
> Injected data registers > APB2
(4x16bits) BUS
|
> Regular dat{a registers >
(16bits)
ADCx_INO >
| [ DMA request
ADCx_IN1 GPIO Up tod
Ports [ | Injected -
ADCx INLS | " channels
= A Analog to digital From ADC prescaler
v > Up tol6 | Regular converter
refint .
v, channels
4
JEXTSEL[2:0] bits
TIM1_TRGO | JEXTSEL[2:0] bits
TIM1 CH4 | TIM1_TRGO
TIM2_TRGO TIMI_CH4
M2 CHI | JEXTRIG bit TIM4_CH3
TIM3_CH4 TIME_CHY EXTRIG bi
Tiva TRGO | ‘ Start trigger UMS CH4 |
EXTI_15[ (injected group) TME_TRGE | | Start trigger
T TS Cha | (injected group)
ADCx_EXTRGINJ_REMAP bit EXTSEL[2:0] bits
EXTSEL[2:0] bits TUM3_CHI |
TimM2 CH3 |
TIM1_TRGO
kL M8 CH1 |
T-:-MZ TRGO TIM8_TRGO Start trigger
TIM3_Cha Start trigger TIM5_CH1 | (regular group)
TIM4_TRGO (regular group) UM CH3
Trigger for ADC3

EXTI_11]
Tl
ADCx_EXTRGREG_REMAP bit

12.2.

Figure 12-1 ADC module block diagram
ADC Pin Definitions

Table 12-1 ADC Pin Definitions

Name Signal type Remark
VDD-equivalent analogue power supply.
VDDA Input, analogue 2.0V < VDDA < VDD for full speed operation
power supply
1.7V < VDDA < VDD for low speed operation
Input, analogue )
VSSA Analogue power ground equivalent to VSS

power ground
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Name Signal type Remark
Input, analogue Positive reference voltage used by the ADC, 1.7V < VREF+ <
VREF+
reference positive VDDA

Input, analogue .
VREF- ) Negative reference voltage used by the ADC, VREF- = VSSA
reference negative

Input, analogue

ADCx_IN[15:0] Analogue input channels

signal

12.3.

12.3.1.

12.3.1.1.

12.3.2.

Functional descriptions

ADC calibration

The ADC has a calibration function that can be enabled by the user through software. During cali-
bration, the ADC calculates a calibration factor that is used internally by the ADC (lost when the ADC
loses power). During ADC calibration, the application cannot use the ADC module until calibration is
complete. It is recommended that the user perform a calibration operation before using ADC conver-
sion. Calibration is used to eliminate chip-to-chip misalignment and mismatch errors due to process
variations. The calibration operation is a software calibration.

ADC Software Calibration

A software setting of CAL=1 initiates calibration, which can only be initiated when the ADC is not
turned on (ADON=0) and only supports selection of the system clock as the ADC clock. When cali-
bration is complete, CAL is cleared by hardware to 0. The calibration factor is maintained until a sys-
tem reset is generated. When the operating conditions of the ADC change (VCC change is the main
factor of the misalignment error and mismatch error, followed by temperature change), it is recom-
mended to perform another calibration operation. Software procedure for calibration:

B Confirm ADON=0

B SetCAL=1

B Wait until CAL=0

ADC conv /start normal conv

Figure 12-2ADC Calibration Timing Chart

ADC on-off control

The ADON bit in the ADC_CR1 register is the enable switch for the ADC module. To save power,
the ADC analogue sub-module will enter power-down mode when ADON is 0.

Caution:

1) After the ADON bit is set to 1, you need to wait for not less than 20us delay (tSTAB) before con-

version.
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12.3.3.

12.3.4.

2) Conversion can be stopped by clearing the ADON bit and placing the ADC analogue sub-module
in power-down mode. the ADC requires a stabilisation time of tSTAB before it can start an accurate
conversion. after the ADC channel group has completed the conversion, the EOC flag is set and the

16-bit ADC data register contains the result of the conversion.
ADC Clock

The ADCCLK clock provided by the clock controller is synchronised with PCLK2 (APB2 clock). the

RCC controller (CLK controller) provides a dedicated programmable prescaler for the ADC clock.
ADC Channel Selection

The ADC has 16 external channels and 3 internal channels, of which the internal channels are: tem-
perature sensor VSENSE, VREFINT and VBAT. 16 external channels are connected to

ADC123 INO-ADC123 IN15, and of the 4 internal channels, the temperature sensor VSENSE is in-
ternally connected to channel ADC1_IN16, the internal reference voltage VREFINT is connected to
ADC1_IN17, and the BAT voltage VBAT is connected to ADC123 _IN18. VREFINT is connected to
ADC1_IN17, BAT voltage VBAT is connected to ADC123_IN18.

ADC channel selection can be configured through ADC_SQRx or ADC_JSQR, and the configuration
values and channel correspondences are shown in the following table:

Table 12-2 Channel relationship table

Configuration values channel
00000 ADC analogue input channel 0
00001 ADC analogue input channel 1
00010 ADC analogue input channel 2
01111 ADC analogue input channel 15
10000 ADC analogue input channel 16
10001 ADC analogue input channel 17
10010 ADC analogue input channel 18
10011 ADC analogue input channel 19

The ADC divides the conversions into two groups: regular conversions and injected conversions.
Each group contains a sequence of conversions that can be done on any channel in any order. For
example, the sequence can be converted in the following order: ADC_IN3, ADC_IN8, ADC_IN2,
ADC _IN2, ADC_INO, ADC_IN2, ADC _IN2, ADC_IN15 All channels can be converted in either in-

jected or regular channel groups.
Note: Temperature sensor, VREFINT channels are only available on the ADC1 peripheral.

B A rule conversion group consists of up to 16 conversions. The rule channel of the conversion
sequence and its conversion order are selected in the ADC_SQRXx register. The length of the
sequence in the rule conversion group must be written to the L[3:0] bits in the ADC_SQR1 reg-

ister.

B An injection conversion group consists of up to 4 conversions. The injection channel and its
conversion order are selected in the ADC_JSQR register. The length of the sequence in the
injected conversion group must be written to bits L[1:0] in the ADC_JSQR register.

205/759



PY32F403 Reference manual

12.3.5.

12.3.6.

12.3.6.1.

12.3.6.2.

If the ADC_SQRx or ADC_JSQR registers are modified during the conversion of each channel
group, the current conversion is cleared and a new start pulse is sent to the ADC to convert the
newly selected group.

Force stopping ADC
Setting ADSTP=1 in the ADC_CR1 register by software stops the current conversion in progress
and puts the ADC into an idle state ready for the next conversion.

When ADSTP is set to 1 by software, any current conversion is aborted and the result is discarded

(ADC_DR register is not updated with the current conversion value).

Once the conversion process is finished, ADSTP is cleared to 0 by hardware.
Conversion mode

(Note: When ADCON=1, ADC can change the conversion mode of ADC during the conversion pro-
cess, but the result of ADC conversion will be abnormal, so it is not recommended to change the

conversion mode during the ADC conversion process.)
Single conversion mode

In single-conversion mode, the ADC performs a single conversion for a single channel, and this

mode is capable of operating in both rule group and injection group. Bits SQ1[4:0] of the ADC_SQR3
register specifies the ADC rule group single-conversion channel; for the injection channel single-con-
version, the application should keep ADC_JSQR [21:20]: JL to 0, and bits JSQR4 of the ADC_JSQR

register [ 4:0] bits configure the injection group single conversion channel.

When the ADON bit is 1 and CONT, SCAN and DISCEN/JDISCEN are all 0, the ADC samples and
converts one channel once the corresponding external trigger occurs. (Note: Single mode and con-

tinuous mode cannot be enabled at the same time, i.e. CONT is 0 in single mode.)
B If arule channel is converted:

the conversion data is stored in the 16-bit ADC_DR register

The EOC (end of conversion) flag is set after the conversion is complete

If EOCIE is set, an interrupt is generated.

If an injection channel is converted:

The conversion data is stored in the 16-bit ADC_JDRX register

The JEOC (end of injection conversion) flag is set after the conversion is completed

YV V V m V V V

If the JEOCIE bit is set, an interrupt is generated.

Continuous Conversion Mode

In continuous conversion mode, the ADC performs continuous conversion for the selected channel,

and this mode is able to run in rule group.

B Rule channel group: the channel for continuous conversion is set by the SQ1[4:0] bits of the
ADC_SQRS3 register.

B Injection channel group: only a single conversion is executed, and the converted channel is set
by the SQ1[4:0] bits of the ADC_SQR3 register.
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12.3.6.3.

12.3.6.4.

When the ADON bit is 1 and CONT is 1, the ADC samples and converts the selected channel

once the corresponding external trigger occurs.

If a rule channel is converted:

The conversion data is stored in the 16-bit ADC_DR register

The EOC (end of conversion) flag is set after the conversion is complete
If EOCIE is set, an interrupt is generated.

If an injection channel is converted:

The conversion data is stored in the 16-bit ADC_JDR1 register

The JEOC (end of injection conversion) flag is set after the conversion is completed

YV V. VYV Vv ®m V V V

If the JEOCIE bit is set, an interrupt is generated.

Scan Mode

In scan conversion mode, the ADC converts all channels of a selected sequence consecutively, and
this mode is capable of operating in both rule group and injection group. The ADC_SQRXx specifies a
rule sequence length as well as all converted channels, where the L [3:0] bits of the ADC_SQR1 reg-
ister specify the sequence length. The ADC_JSQOR register specifies an injection group sequence
length as well as all conversion channels, where the JL [1:0] bits of the ADC_JSQR register specify

that sequence length.

When the ADON bit is 1 and SCAN is 1, the ADC samples and converts a sequence once the corre-

sponding external trigger occurs.

If a regular sequence is converted:

The conversion data is stored in the 16-bit ADC_DR register

The EOC (end of conversion) flag is set after the conversion is complete
If EOCIE is set, an interrupt is generated.

If an injection sequence is converted:

The conversion data is stored in the 16-bit ADC_JDRX register

The JEOC (end of injection conversion) flag is set after the conversion is completed

YV V. VYV ®m V VvV V 1

If the JEOCIE bit is set, an interrupt is generated.

Intermittent conversion mode

In intermittent conversion mode, the ADC divides a selected sequence into sub-sequences (se-
quence lengths 1-8), and completes the entire sequence conversion by externally triggering the sub-
sequence multiple times, which is capable of operating in both rule group and injection group. The
DISCNUM of ADC_CR1 specifies the length of the sub-sequence of the rule channel. The
ADC_SQRXx specifies all the conversion channels of a rule sequence where the L [3:0] bits of the
ADC_ L [3:0] bits of the SQR1 register specify the sequence length. The ADC_JSQR register speci-
fies an injection group sequence all conversion channels, where the JL [1:0] bits of the ADC_JSQR

register specify the length of the sequence.
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12.3.7.

Note: The subsequence of the injected channel group is 1. This mode disables both discen and jdis-

cen from being enabled at the same time.
B Rule Group

An external trigger signal starts ADC_SQRx describing channel n (n<=8) conversions until all con-
versions of this sequence are completed. The total sequence length is defined by L[3:0] in the
ADC_SQRL1 register.

Example:

n=3, channels to be converted =0, 1, 2, 3, 6, 7, 9, 10

First trigger: the converted sequence is 0, 1, 2

Second trigger: the converted sequence is 3, 6, 7

Third trigger: the converted sequence is 9, 10 and an EOC event is generated
Fourth trigger: converted sequence 0, 1, 2

Note: When a rule group is converted in interrupted mode, the converted sequence does not auto-
matically start from the beginning when it is finished. When all subgroups have been converted, the
next trigger starts the conversion of the first subgroup. In the example above, the fourth trigger re-

converts channels 0, 1 and 2 of the first subgroup.
B Injection Group

An external trigger signal initiates ADC_JSQR to describe channel 1 conversions until all conver-
sions in the sequence have been completed. The total sequence length is defined by the JL[1:0] bits
of the ADC_JSQR register.

Example:

1) n=1, channel being converted =1, 2, 3

First trigger: channel 1 is converted

Second trigger: channel 2 is converted

Third trigger: channel 3 is converted and EOC and JEOC events are generated.
Fourth trigger: channel 1 is converted

Note:

1) When all injection channels are converted, the next trigger initiates the conversion of the first in-
jection channel. In the above example, the fourth trigger re-converts the first injection channel 1.

2) Automatic injection and intermittent mode cannot be used at the same time.

3) You must avoid setting interrupt mode for rules and injection groups at the same time. Intermit-

tent mode can only be used for one set of transitions.

Injection channel management

The injection channel external trigger has a higher priority than the rule channel external trigger, i.e.
the injection channel external trigger can interrupt the ongoing rule channel conversion. There are

two ways to interrupt the injection channel: triggered injection and automatic injection.
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12.3.7.1.

12.3.7.2.

Trigger injection

When the ADC detects an external trigger on the injection channel during the execution of a rule se-
quence, it interrupts the channel on which the current rule sequence is being converted and starts to
execute the injection sequence conversion, and when all the conversions of the injection sequence
are finished, the ADC restores the interrupted rule channel and completes the rule sequence conver-

sion.

ADC_SQRXx specifies all conversion channels of a rule sequence, where the L[3:0] bits of the
ADC_SQR1 register specify the length of the sequence. The ADC_JSQR register specifies all con-
version channels of an injection group sequence, where the JL[1:0] bits of the ADC_JSQR register

specify the length of the sequence.

Note: When triggering an injection, JAUTO must be 0. If a rule-triggered event occurs during the
conversion of an injection channel when in scan mode, the event converts the injection channel after

it is completed and the original interrupted rule channel is discarded.

vutegroup [ <0 [l v ] _E3 E3 _E ED

Injection I CH14 I CH15 I CH12 I CH13
group

Injection |_| |_| |:| sample

group
trigger D conversi

H L :
JEOC

Figure 12-3 ADC trigger injection (scan mode)

Automatic Injection

In auto-injection mode, the ADC automatically performs injection sequence conversions after com-
pleting a rule sequence.JAUTO of ADC_CRL1 is the auto-injection mode enable bit. ADC_SQR1,
ADC_SQR2, and ADC_SQR3 specify all conversion channels of a rule sequence, where the L[3:0]
bits of the ADC_SQR1 register specify the length of the sequence. The ADC_JSQR registers specify
an injection group sequence of all conversion channels, where the JL[1:0] bits of the ADC_JSQR

register specify the length of the sequence.

(Note that external triggering of the injection channels must be disabled in this mode; auto-inject and
interrupt modes cannot be used simultaneously)
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Rule l CHO I CH1 I cH2 |

group

Injection
group

JEOC

CH12 CH13

o] - |

. sample
|:| conversion

EOC

12.3.8. Analogue Watchdog

Figure 12-4 ADC auto-injection (cont+scan+jauto)

The AWD analogue watchdog status bits are set to 1 if the analogue voltage converted by the ADC

is below the lower threshold or above the upper threshold. These thresholds are set in the 12 least

significant bits of the ADC_HTR and ADC_LTR registers. An interrupt is generated by setting the
AWDIE bit in the ADC_CR1 register.

The thresholds are independent of the selected alignment of the ALIGN bit in the ADC_CR2 register.

Threshold comparisons are done prior to the alignment (before injecting the channel minus the offset

value).

By configuring the ADC_CRL1 register, the analogue watchdog can act on 1 or more channels as

shown in the table below:

Table 12-3 Simulated watchdog channel selection

Analogue watchdog

ADC_CR1 register control bits

protection channel AWDSGL AWDEN JAWDEN
None X 0 0
All Injection Channels 0 0 1
All rule channels 0 1 0
All Injection and Rule
0 1 1
Channels
Single Injection Channel 1 0 1
Single Rule Channel 1 0
Single injection or rule
1 1 1
channel

Note: A single channel is selected by the AWDCH][4:0] bits
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Analogue
Voltages

High

Thresholds

Low
Thresholds

HTR

warning area

LTR

Figure 12-5 Analogue watchdog protection area

12.3.9. Data Alighment
The ALIGN bit in the ADC_CR2 register is used to select the alignment of the data stored after con-

version, and can be selected as either left-aligned or right-aligned. The data value injected into the

channel group conversion has been subtracted from the custom offset in the ADC_JOFRX register,

so the result can be a negative value. The SEXT bit indicates the extended sign value.

For channels in a 12bit rule group, no offset is subtracted, so only 12 bits are valid.

Injection group

SEXT | SEXT | SEXT [ SExT | D11 | D10 | D9 | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO
Rule group
0 0 0 0 (D11|D10| D9 | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO
Figure 12-6 12-bit data right-aligned
Injection group
ISEXT|D11|D10|D9ID8|D7JD6|DSID4|D3|D2|D1|D0|0|0|O‘
Rule group
|D11|D10|D9J£STD7|D6|DS|D4|D3|D2|D1|Do|0|0|0|o‘

Figure 12-7 12-bit data left-aligned

12.3.10. Programmable sampling time

The ADC samples the input voltage over a number of ADC CLK cycles, the number of which is con-
figured by the SMP[2:0] bits in the ADC_SMPR1 and ADC_SMPR2 registers. Each channel can be

sampled using a different sampling time.

Note: The ADC CH18:VBAT channel sample times share a sample time configuration register

(SMPO[2:0]) with ADC CHO.

The total conversion time is calculated as follows:

Tconv = Sample Time + 12.5 cycles
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Example:
ADCCLK = 16MHz and Sample Time = 3.5 cycles:
Tconv=35+125=16 cycles =1 us

12.3.11. Externally triggered conversion

Conversions can be triggered by external events (e.g., timer capture, EXTI interrupt). If the EX-
TTRIG or JEXTTRIG control bits are set, an external event is able to trigger a conversion. the
EXTSEL[2:0] and JEXTSELZ2:0] control bits allow the application to select one of eight possible
events that can trigger the sampling of the rule and injection groups.

When an external trigger signal is selected for an ADC rule or injection conversion, only the rising

edge can initiate the conversion.

Table 12-4 External Trigger for ADC1,ADC2 Rule Channel

Trigger source Type EXTSEL[2:0]
CH1 output of timer 1 000
CH2 output of timer 1 001
CH3 output of timer 1 ] o 010
i Internal signals for on-chip timer
CH2 output of timer 2 011
TRGO output of timer 3 100
CH4 output of timer 4 101
) ) External pin or internal signal from
EXTI line 11 or TRGO output of timer 8 (1) i 110
Timer 8
SWSTART software control bits 111

(). Select ADC1_ETRGREG_REMAP, ADC2_ETRGREG_REMAP by setting the SYSCFG_CFGR2
register in the SYSCFG module's

Table 12-5 External Trigger for ADC1,ADC2 Injection Channels

Trigger Source Type JEXTSEL[2:0]
TRGO output of Timer 1 000
CH4 output of Timerl 001
TRGO output of Timer 2 ] o 010
AT output of Timer 2 Internal signals for on-chip timer o
CH4 output of Timer 3 100
TRGO output of Timer 4 101
EXTI line 15 / CH4 output of timer 8 (2) External pins or internal signals 110
for Timer 8
JSWSTART Software control bits 111

(2). Select ADC1_ETRGINJ_REMAP, ADC2_ETRGINJ_REMAP by setting the SYSCFG_CFGR2
register in the SYSCFG module's

Table 12-6 External Trigger for ADC3 Rule Channel
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Trigger Source Type EXTSEL[2:0]
CH1 output of timer 3 000
CH3 output of timer 2 001
CH3 output of Timer 1 010
CHZ1 output of Timer 8 Internal signals for on-chip timer 011

TRGO output of timer 8 100
CH1 output of Timer 5 101
CH3 output of Timer 5 110

SWSTART Software Control Bits 111

Table 12-7External triggers for ADC3 injection channels

Trigger Source

Type

JEXTSEL[2:0]

TRGO output of Timer 1 000
CH4 output of timer 1 001
CH3 output of timer 4 010
CH2 output of Timer 8 Internal signals for on-chip timer 011
CH4 output of Timer 8 100

TRGO output of Timer 5 101
CH4 output of Timer 5 110

JSWSTART Software Control Bits 111

12.3.12. Configurable resolution

Fast conversions can be performed by reducing the ADC resolution. The RESSEL bit in the

ADC_CR1 register is used to select the number of bits available in the data register. The minimum

conversion times for each resolution are as follows:

B 12-bit: 3.5+ 12.5 =16 ADCCLK cycles

10-bit: 3.5 + 10.5 = 14 ADCCLK cycles

|
B 8-bit: 3.5+ 8.5 =12 ADCCLK cycles
|

6-bit: 3.5 + 6.5 = 10 ADCCLK cycles

12.3.13. DMA request

Because the values of rule channel conversions are stored in a unique data register, DMA is re-

quired when converting multiple rule channels, which prevents the loss of data already stored in the

ADC_DR register.

A DMA request is generated only when the conversion of a rule channel is complete and the con-

verted data is transferred from the ADC_DR register to the user-specified destination address. In
dual DMA mode, ADC2 converts the data and transfers it using the DMA function of ADC1.

12.3.14. Dual-ADC mode

In devices with 2 ADCs, dual ADC mode can be used. In Dual ADC mode, the conversion can be

initiated by alternating or simultaneous triggering of ADC1 master and ADC2 slave, depending on
the mode selected by the DUALMOD [2:0] bits in the ADC1_CR1 register.
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Note: In Dual ADC mode, when the conversion is configured to be triggered by an external event,

the user must set it to trigger the master ADC only, and set the slave ADC to be triggered by soft-

ware, so as to prevent accidental triggering of the slave conversion. This prevents accidental trigger-

ing of the slave conversion. However, external triggering of both the master and slave ADCs must be

activated at the same time.

There are 6 basic conversion modes:

Simultaneous injection mode
Simultaneous Rule Mode
Fast crossover mode

Slow crossover mode
Alternate Trigger Mode

Independent mode

It is also possible to use the above patterns in combination in the following ways:

simultaneous injection mode + simultaneous rule mode
Simultaneous Rule Mode + Alternate Trigger Mode

simultaneous injection mode + crossover mode

ADC2(Slave)
» ’ Regular data registers \ >
(4x16bits)
*{ Injected data registers \ ol
(16bits) o
‘ Regular
channels

A

Analog to digital <

i |
— Injected | converter From AD(C prescaler
channels APB2

BUS

Internal triggers

> ‘ Regular data registers |
(4x16bits)

Y

Injected data registers |

‘ (16bits)
ADCx_INO 1]
ADCx_IN1 GPIO [ DMA request
3 Ports [ ] [ Regular ‘ -

A

: Lo | channels
ADCx_IN15 i Analog to digital From ADC prescaler
_me_L Injected |converter
Ve g channels
)
o=
Dual mode
_G control
EXTI_11[ 1
Start trigger mux
(injected group) —
ADC1(Master)
Start trigger mux

(regular group)

EXTI_15 [}
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12.3.14.1.

12.3.14.2.

Figure 12-8 Dual ADC Module Diagram
1) An external trigger signal acts on ADC2 but is not shown in this diagram.

2) Insome dual ADC modes, the rule conversion data for ADC1 and ADC2 is contained
in the full ADC1 data register (ADC1_DR).

Synchronous Injection Mode

In synchronous injection mode, ADC1 and ADC2 synchronously convert groups of injection chan-
nels. the ADC_JSQR registers of ADC 1 and ADC 2 specify all the converted channels of an injec-
tion group sequence, where the JL[1:0] bits of the ADC_JSQR register specify the length of this se-

guence sequence

When the ADON bit is 1, ADC1 and ADC2 convert an injection sequence synchronously once the
ADCL1 external trigger (selected by JEXTSEL[2:0] of the ADC1_CR2 register) occurs.

Note:

1) Do not convert the same channel on two ADCs, i.e. the sampling time of two ADCs on the same

channel should not overlap.

2) ADC1 and ADC2 synchronous conversion of the channel sampling time to maintain the same
3) At the end of the ADC1 or ADC2 conversion:

i. the converted data is stored in the ADC_JDRX register of each ADC.

ii. When both ADC1/ADC?2 injection channels are converted, a JEOC interrupt is generated (if the
interrupt is enabled by either ADC).

ADC2 F cvo [ cva [ cnz ] cm3 |
-
I:I Conversion
ADC1 NERNERNETED
Trigger End of injected convsion

on ADC1 and ADC2

Figure 12-9 Synchronised injection pattern on 4 channels

Synchronisation rule model

In synchronous rule mode, ADC1 and ADC2 synchronously convert groups of rule channels. The
ADC_SQRXx registers of ADC 1 and ADC 2 specify all the converted channels of a rule sequence,
where the L [1:0] bits of the ADC_SQR1 register specify the length of the sequence.

When the ADON bit is 1, ADC1 and ADC2 synchronise to convert a regular sequence as soon as
the ADC1 external trigger (selected by EXTSEL[2:0] of the ADC1_CR?2 register) occurs. (Note: users
should not convert the same channel on 2 ADCs i.e. the sampling time of two ADCs on the same

channel should not overlap).

At the end of ADC1 or ADC2 conversion:
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B generates a 32-bit DMA transfer request (if the DMA bit is set) to the 32-bit ADC1_DR register
in SRAM, the high half of the word contains the conversion data of ADC2 and the low half of the
word contains the conversion data of ADCL1.

B When both ADC1/ADC2 rule channels have been converted, an EOC interrupt is generated (if
either ADC enables the interrupt).

Notes:

1) In synchronous rule mode, sequences of the same length must be converted or the trigger interval

must be longer than the longer of the 2 sequences, otherwise the ADC conversion with the shorter

sequence will be restarted while the conversion of the longer sequence has not completed. Other-
wise, the ADC conversion with the shorter sequence will be restarted before the conversion of the
longer sequence is completed.

2) ADC1 and ADC2 synchronised conversions should have the same channel sampling time.

ADC2 | | CHO| | CH1| | |CH15|
I:I Conversion
ADC1 | CH15 | | CH14| e | | CHO |
/‘V

Trigger End of regular convsion on
ADC1 and ADC2

Figure 12-10 Synchronisation rule pattern on 16 channels

Rapid crossover mode

Fast crossover mode, where ADC1 and ADC2 convert one channel alternately. This mode is only
applied to regular channel sets (usually one channel), and SQ1 of ADC_SQRS3 of ADC 1 and ADC 2
defines the channel being converted.

When the ADON bit is 1, ADC1 and ADC2 will alternate converting a regular channel once the ADC1
external trigger (selected by EXTSEL [2:0] in the ADC1_CR?2 register) occurs.

The external trigger source comes from ADCL1's regular channel multiplexer. After the external trig-
ger is generated:

B ADC2 starts immediately

B ADC1 starts after a delay of 7 ADC clock cycles

If the CONT bit of ADC1 and ADC2 are set at the same time, the two selected ADC rule channels
will be converted consecutively. after ADC1 generates an EOC interrupt (enabled by EOCIE), a 32-
bit DMA transfer request is generated (if the DMA bit is set), and 32-bit data from ADC1_DR register
is transferred to SRAM. The 32-bit data in the ADC1_DR register is transferred to SRAM, and the
high half of ADC1_DR contains the ADC2 conversion data and the low half contains the ADC1 con-
version data.

Note: The maximum allowable sample time is <7 ADCCLK cycles to avoid the overlap of two sample

cycles when ADC1 and ADC2 convert the same channel.
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12.3.14.4.

12.3.14.5.

End of regular convsion on
ADC2

ADC2 - Sample
B I B
ADC1 Conversion
Trigger

7 ADCCLK cycles End of regular convsion on
ADC1

Figure 12-11 Fast crossover mode in continuous conversion mode on one channel

Slow crossover mode

This mode is only available for regular channel groups (one channel only). The external trigger

source comes from the rule channel multiplexer of ADC1. After the external trigger is generated:
B ADC?2 starts immediately

B ADCI1 starts after a delay of 14 ADC clock cycles

B ADC?2 starts again after a delay of the second 14 ADC cycles, and so on.

Note: The maximum allowable sample time is <14 ADCCLK cycles to avoid overlap with the next

conversion.

After ADC1 generates an EOC interrupt (enabled by EOCIE), a 32-bit DMA transfer request is gen-
erated (if the DMA bit is set), and the 32-bit data in the ADC1_DR register is transferred to SRAM,
with the high half of the ADC1_DR word containing ADC2's converted data, and the low half of the
ADC1 word containing ADC1's converted data.

The CONT bit cannot be set in this mode because it will continuously convert the selected rule chan-

nel.

Note: The application must ensure that no external triggers are generated to inject channels when

using crossover mode.

End of regular convsion on
ADC2

ADC2 CHO CHO

ADC1 /fl CHOi | - cHo_|
Trigger - | \

|14 ADCCILK cycles End of regular convsion on
ADC1

Sample

Conversion

L]
[ ]

28 ADCCLK cycles

Figure 12-12 Slow crossover mode on one channel

Alternate trigger mode

This mode is only available for injection channel groups. The external trigger source comes from the
injection channel multiplexer of ADC1 (SCAN mode).

B When the first trigger is generated, all injection group channels on ADC1 are converted.
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B When the second trigger arrives, all injection group channels on ADC2 are converted.

B Solooped......
If JEOC interrupts are allowed, a JEOC interrupt is generated after all ADC1 injection group chan-
nels are converted.

If JEOC interrupts are allowed, a JEOC interrupt is generated after all ADC2 injection group chan-
nels are converted.

If another external trigger is generated after all injection group channels have been converted, alter-
nate trigger processing restarts with the conversion of the ADC1 injection group channels.

JEOCon ADC1 3"Trigger JEOCon ADC1 n™Trigger JEOC on ADC1

A 4

1*Trigger

ADC1 CHO CH1 CHn

CHn

S

JEOC on ADC2 JEOC on ADC2

CHO CH1

ADC2

Conversion

2"Trigger JEOC on ADC2

4thTrigger

Figure 12-13Alternate Trigger - Group of Injection Channels per ADC
If injection interrupt mode is used on both ADC1 and ADC2:
B The first injection channel on ADCL1 is converted when the first trigger is generated.
B When the second trigger arrives, the first injection channel on ADC2 is converted.
B solooped ......
If JEOC interrupts are allowed, a JEOC interrupt is generated after all ADCL1 injection group chan-
nels are converted.

If JEOC interrupts are allowed, a JEOC interrupt is generated after all ADC2 injection group chan-
nels are converted.

When all injection group channels have converted, restart the alternate trigger process if another
external trigger is generated.

JEOC on ADC1

JEOC on ADC1 7™Trigger JEOCon ADC1

st- . 3rdT -
1> Trigger JEOC on ADC1 rigger GthTrigger \
Y
ADC1 CHO CH1 CHn CH1 - Sample
CHn CH1
ADC2 EHO €l Conversion
\ i
2"Trigger JEOC on ADC2 S Trigger X
t .
4" Trigger JEOCON ADC2 JEOC on ADC2 8 Trigger JEOC on ADC2

Figure 12-14Alternate triggering - 4 injection channels on each ADC in intermittent mode

12.3.14.6. Stand-alone model

In this mode, the dual ADCs operate asynchronously and each ADC operates independently.
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12.3.14.7.

12.3.14.8.

Mixed rule/injection synchronisation patterns

Rule group synchronisation transitions can be interrupted to initiate synchronisation transitions for
injected groups.

Notes:

1) In mixed rule/injection sync mode, sequences with the same time length must be converted or
the trigger interval must be guaranteed to be longer than the longer of the 2 sequences, other-
wise while the conversion of the longer sequence has not completed, the ADC conversion with
the shorter sequence may be restarted when the conversion of the longer sequence has not

been completed.

2) Synchronised ADC1 and ADC2 conversions with the same channel sampling time.

ADC2 Rule group . CHO . CH1 . CH1 . CH2
ADC2 Injection group .. CH1

TE e "Ea e

ADC1 Rule group

.. CH1 End of regular convsion on
ADC1 and ADC2

Trigger End of injected convsion
on ADC1 and ADC2

Sample

I:] Conversion

ADC1 Rule group

Figure 12-15Hybrid rule/injection synchronisation mode-scan mode

Hybrid synchronisation rules plus alternating trigger patterns

Rule group synchronisation transitions can be interrupted to initiate injection group alternate trigger
transitions. Figure 4-17 shows a rule synchronisation transition interrupted by an alternation trigger.
An injection alternate transition is initiated immediately after the arrival of an injection event. If a rule
conversion is already running, to ensure synchronisation after the injection conversion, rule conver-
sions for all ADCs (master and slave) are stopped and synchronisation resumes at the end of the
injection conversion.

Notes:

1) In mixed Sync Rule + Alternate Trigger mode, it is necessary to convert sequences with the same
length or to ensure that the interval between triggers is longer than the longer of the 2 sequences,
otherwise while the conversion of the longer sequence has not yet completed, the Otherwise the
ADC conversion with the shorter sequence will be restarted when the conversion of the longer se-

quence has not been completed.

2) ADC1 and ADC2 synchronised conversions with the same sample time for the rule channel.
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Y v
ADC2 Rule group . CHO l CH1 l CH2 |

ADC2 Injection group
ADC2 Rule group l CHO l CH1 l CH2 |

ADC2 Injection group

12.3.14.9.

ls%igger

ADC1 Rule groupl CHO l CH1 l CH2 ‘ l CH3 l CH4 ‘ CH4

- Sample
ADC1 Injection group Ehid

|:| Conversion
ADC2 Rule glr"“F’l CHO l CH1 l CH2 ‘ l CH3 l CH4 ‘ CH4
ADC2 Injection group CH2

2"trigger

Figure 12-16Alternate plus rule synchronisation (with alternate trigger + jdiscen)

If the trigger event occurs during an injection transformation that interrupts a rule transformation, this
trigger event is ignored. The following diagram shows the manipulation of this situation (the 2nd trig-

ger is ignored)

1%trigger 3"trigger

;-
I:, Conversion

CH1

CH2

2"trigger

Figure 12-17 Trigger event occurs during injection transition

Mixed synchronous injection plus crossover mode

An injection event can interrupt a cross-conversion. In this case, the cross-conversion is interrupted,
the injection conversion is initiated, and the cross-conversion is resumed at the end of the injection
sequence conversion. The following figure shows an example of this situation.

Note: When the ADC clock prescaler factor is set to 4, the alternating mode does not evenly distrib-
ute the sample time, and the sample interval is 8 ADC clock cycles alternating with 6 ADC clock cy-

cles instead of an even 7 ADC clock cycles.
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B e

ADC2 Rule group . CHO . CHO . CHO ‘ . cHO . CHO l CHO ‘

. . Conversion
ADC2 Injection group . CH1 . CH2 . CH3 ‘
ADC1 Rule group . €HO . EHO . CHO ‘ . CHO . CHo . CHO ‘
ADCI1 Injection group Ehil l €2 . Eh3 ‘
Trigger End of injected convsion

on ADC1 and ADC2

Figure 12-18 Single-channel conversion of injected sequence interrupt crossover (with simultaneous

injection of interrupt cont + fast crossover)

12.3.15. Temperature sensor and internal reference voltage

The temperature sensor can be used to measure the temperature (TA) around the device. The tem-
perature sensor is internally connected to the ADC1_IN16 channel, which converts the sensor output
voltage to a digital value. The recommended sampling time for the analogue input of the temperature

sensor is 17.1 us. the sensor can be placed in power-down mode when not in use.

The output voltage of the temperature sensor varies linearly with temperature. Due to variations in
the production process, the offset of the temperature variation curve may vary from chip to chip (up
to 45°C difference). Internal temperature sensors are better suited for detecting changes in tempera-
ture rather than measuring absolute temperatures. If an accurate temperature measurement is re-

quired, an external temperature sensor should be used.

Note: The TSVREFE bit must be set to activate the conversion of the internal channels: ADC1_IN16
(temperature sensor) and ADC1_IN17 (VREFINT).

TSVREFE control bit

Y
Temperature Vsexse »ADC1 IN16
APB2
P | —
Internal power VREFINT -
biock »ADC1_IN17

Figure 12-19 Temperature Sensor Channel Block Diagram
Key Features
Supported temperature range: -40 °C to 125 °C
Accuracy: £1.5 °C
1) To read the temperature to use the sensor, do the following:
2) Select ADC1_IN16

3) Select a sample time that is greater than the minimum sample time specified in the datasheet.
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4) Wake up the temperature sensor from power-down mode by placing TSVREFE position 1 in the
ADC_CR?2 register.

5) Start ADC conversion by placing ADON position 1 and enabling the external trigger
6) Read the VSENSE data generated in the ADC data registers

7) Calculate the temperature using the following formula:

Temperature (°C) = {(VSENSE - V25) / Avg_Slope} + 25

where:

V25 = VSENSE value at 25 °C

Avg_Slope = average slope of the temperature vs. VSENSE curve in mV/°C or pV/°C

(See the Electrical Characteristics section of the datasheet for information on actual V25 and

Avg_Slope values.)
NOTE: Sensors require a setup time to wake up from power-down mode, after which the correct

level of VSENSE is output. The ADC also requires a setup time after power-up, so to reduce the de-
lay, both ADON and TSVREFE should be set to position 1 at the same time.

12.3.16. Battery monitoring

Since the VBAT voltage may be higher than the VDDA, the VBAT pin needs to be internally con-
nected to the bridge distributor to ensure proper ADC operation.

The bridge is automatically enabled to connect VBAT/3 to the ADC1/2/3_IN18 input channel.

12.3.17. ADC interrupt

An interrupt can be generated by the occurrence of any of the following events: they all have inde-

pendent interrupt enable bits.
End of rule group and injection group conversion;
B Analogue watchdog event;

There are 2 other flags present in the ADC_SR register, but they have no interrupt associated with
them:

» JSTRT (start conversion of injector group channels)
» STRT (start converting channels of the rule group)

Note: ADC1 and ADC?2 interrupts are mapped on the same interrupt vector, while ADC3 interrupts
have their own interrupt vector.

Table 12-8 ADC Interrupts

Interrupt event Event Flag Enable Control Bit
End of rule group conversion EOC EOCIE
End of injection group transition JEOC JEOCIE
Analogue watchdog status bit set AWD AWDIE

12.4.

ADC Register

ADCL1 register base address: 0x4001_2400
ADC2 register base address: 0x4001_2800
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ADCS3 register base address: 0x4001_3C00

12.4.1. Status register (0x00: ADC_SR)

Address offset:0x00

Reset value:0x0000_0000

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

RE|RE|RE|RE|RE|RE|RE]| RE]| RE | RE | RE

S.|s | s |s |s | s | s |s | s | s | s

RES. | RES. | RES. | RES. | RES.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
JSTR
Reserved STRT T JEOC | EOC AWD

RE | RE | RE| RE | RE | RE | RE | RE | RE | RE | RE| RC_ | RC_ | RC_ | RC_ | RC_
S.| s | s | s |s | s |s | s | s |s | s | wo W0 Wo WO WO

Bit Name R/W Reset Value Function
31:5 | Reserved RES 27°h0 Reserved
Rule Channel Start Status Bit

This bit is set to 1 by hardware at the start of the rule channel conver-
4 STRT RC_WO0 0 sion and is set to 0 by a software write 0.

0: Rule channel conversion has not started

1: Rule channel conversion has started

Injection Channel Start Status Bit

This bit is set 1 by hardware at the start of the injection channel group
3 JSTRT RC_WO0 0 conversion, and is set 0 by software writing 0.

0: Injection channel conversion has not started

1: Injection channel conversion has started

Injection Channel Conversion End Status Bit

This bit is set by hardware to 1 at the end of conversion for all injected
2 JEOC RC_WO0 0 channel groups, and is set to 0 by software writing 0.

0: Conversion not completed

1: Conversion completed

End of Conversion Status Bit

This bit is set 1 by hardware at the end of a (regular or injected) chan-
nel group conversion, set 0 by software writing 0 or set 0 when
ADC_DR is read.

0: Conversion not completed

1 EOC RC_WO0 0

1: Conversion completed

Analogue Watchdog Flag Bit

This bit is set 1 by hardware when the converted voltage value is out-
side the range defined by the ADC_LTR or below the ADC_HTR regis-
0 AWD RC_WO 0 _ -
ter, and is set 0 by software writing 0.

0: No analogue watchdog event occurred

1: Analogue watchdog event occurred
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12.4.2. ADC Control Register 1 (0x04: ADC_CR1)

Address offset:0x04
Reset value:0x0000_0000

3|2
31 28 27 26 25 24 23 22 21 20
0] 9 9 | 8|76
Re-
AD- Re- AWDE | JAWDE
Reserved serve RESSEL[1:0] Reserved DUALMOD[3:0]
g STP | served N N
R_W RES | RES
RES. RW 1 RW RW RW RW RW
1|1
15 12 11 10 9 8 7 6 5 4 3|12 |1]|0
4 |3
DISCNUM[2:0 | JDIS- | DIS- | JAUT | AWDSG | SCA | JEOCI EO-
AWDIE AWDCH][4:0]
] CEN | CEN o] L N E CIE
RW RW RW RW RW RW RW RW RW RW
Bit Name R/W | Reset Value Function
31:29 Reserved RES 4'h0 Reserved
28 Reserved RES 1’h0 Reserved
IADC conversion stop enable. Software Write 1 set to 1. Hardware set to 0
when ADC stop signal is received.
27 ADSTP R_W1 1’h0

1: Stop ADC conversion.
0: Do not stop ADC conversion.
26 Reserved RES 1’h0 Reserved

Resolution control bits. The resolution of the conversion can be selected by

writing these bits in software.
00: 12 bits (16 ADCCLK cycles)
01: 10 bits (14 ADCCLK cycles)
10: 8 bits (12 ADCCLK cycles)
11: 6 bits (10 ADCCLK cycles)

Rule channel analogue watchdog enable. Enables the analogue watchdog

25:24 | RESSEL[1:0] | RW 2’b00

on the rule channel. This bit is set by a software write 1 to 1 and a write O
23 AWDEN RW 1'b0 to 0.
0: Disable analogue watchdog on the rules channel

1: Use analogue watchdog on the rule channel

lAnalogue watchdog enables on injection channel. Enables the analogue
watchdog on the injection channel. This bit is set to 1 by a software write 1
22 JAWDEN RW 1’b0 and to 0 by a write 0.

0: Disable analogue watchdog on injection channel

1: Use analogue watchdog on injection channel

21:20 Reserved RES 2’'b0 Reserved

Dual mode selection control bits.
19:16 |[DUALMODI[3:0]] RW 4’h0 These bits are reserved in ADC2 and ADC3; (In Dual ADC mode, changing
the configuration of a channel produces a restart condition, which results in
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Bit

Name

R/W

Reset Value

Function

loss of synchronisation. It is recommended that dual mode be turned off
before making any configuration changes.)

0000: Independent mode.

0001: Mixed sync rules + injected sync mode
0010: Mixed sync rules + alternate trigger mode
0011: Mixed sync injection + fast alternating mode
0100: Mixed sync injection + slow alternating mode
0101: Injection synchronisation mode

0110: Rule Synchronisation Mode

0111: Fast alternating mode

1000: Slow Alternating Mode

1001: Alternate Trigger Mode

15:13

DISCNUM[2:0]

RW

3’h0

Intermittent Mode Channel Count. The number of channels converted by
the rule channel group after an external trigger is received in intermittent
mode.

IA software write operation sets these bits.

000: 1 channel

001: 2 channels

111: 8 channels

12

JDISCEN

RW

1’b0

Injection Channel Intermittent Mode Enable.

This bit is set by a software write 1 to 1 and a write 0 to 0 to enable or disa-
ble intermittent mode on the injection channel group.

0: Intermittent mode is disabled on the injection channel group

1: Intermittent mode is used on the injection channel group

11

DISCEN

RW

1’b0

Intermittent Mode Enable for Rule Channel

This bit is set by a software write 1 to 1 and a write 0 to 0 to enable or disa-
ble intermittent mode on the rule channel set

0: Intermittent mode is disabled on the rule channel group

1: interrupt mode is used on the rule channel group

10

JAUTO

RW

1’b0

IAuto Inject Enable

This bit is set by software write 1 to 1 and write 0 to O to enable or disable
the automatic injection channel group conversion after the rule channel
group conversion is finished

0: Disable automatic injection channel group conversion

1: Enable automatic injection channel group conversion

AWDSGL

RW

1’b0

Single Channel Watchdog Enable.

This bit is set by a software write 1 to 1 and a write O to O to enable or disa-
ble the analogue watchdog on the channel defined by AWDCH[4:0].

0: use analogue watchdog on all channels

1: Use analogue watchdog on a single channel

SCAN

RW

1’b0

Scan Mode Enable

This bit is set by a software write 1 to 1 and a write 0 to O to enable or disa-
ble scan mode. In scan mode, the channel selected by the ADC_SQRXx or
IADC_JSQRXx register is converted.
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Bit

Name

R/W

Reset Value

Function

0: Turn off scan mode
1. Use scan mode

JEOCIE

RW

1’b0

Inject Channel Conversion End Interrupt Enable

This bit is set by software write 1 to set 1 and write 0 to set 0. When this bit
is enabled, an interrupt request is generated while JEOC is active.

0: JEOC interrupt is disabled

1: JEOC interrupt is allowed.

AWDIE

RW

1’b0

lAnalogue Watchdog Interrupt Enable

This bit is set by software write 1 to set 1 and write 0 to set 0. When this bit
is enabled, an interrupt request is generated while AWD is active.

0: Analogue watchdog interrupt disabled

1: Analogue watchdog interrupt is allowed

EOCIE

RW

1’b0

Rule Channel Conversion End Interrupt Enable

This bit is set by software write 1 to set 1 and write O to set 0. When this bit
is enabled, an interrupt request is generated while EOC is active.

0: EOC interrupt is disabled

1: EOC interrupt is allowed.

4.0

AWDCH[4:0]

RW

5'h0

lAnalogue Watchdog Channel Selection Bit

This bit is set by a software write and is used to select the input channel for
the analogue watchdog.

00000: ADC analogue input channel 0

00001: ADC analogue input channel 1

01111: ADC analogue input channel 15

10000: ADC analogue input channel 16

10001: ADC analogue input channel 17

10010: ADC analogue input channel 18

10011: ADC analogue input channel 19

IAll other values are retained.

Notes:

- Analogue input channels 16 and 17 of ADC1 are connected to the tem-
perature sensor and VREFINT respectively inside the chip, and ADC123
channel 18 is connected to Vbat.

- Analogue input channels 16 and 17 of ADC23 are connected to VSS in-

side the chip.

12.4.3. ADC Control Register 2 (0x08: ADC_CR?2)

Address offset:0x08

Reset value:0x0000_0000

31

30 | 29 | 28

27

2
6

24 23 22 21 20 19 18 17 16

226/759



PY32F403 Reference manual

Re- EX- Re-
TSVR | SWST | JSWST
Reserved serv TTR EXTSEL[2:0] serv
EFE ART ART
ed IG ed
RES. RW RW R_W1 R_W1 RW RW RW | RW | pesg
15 14 | 13 | 12 | 11 . 9 8 7 6 5 4 3 2 1 0
Re-
JEXTT | JEXTSEL[2: | ALI DM RSTC CO | AD
serve Reserved CAL
RIG 0] GN q A AL NT | ON
R|R|R R_
RW RW | RES. | RW RES. R_W1 RW | RW
W |wW|w w1
Bit Name R/W | Reset Value Function
31:25 Reserved RES 7'h0 Reserved
24 Reserved RES 1’b0 Reserved
Temperature Sensor and VREFINT Enables
Write 1 to set 1 and write O to set O via software to enable or disable
the temperature sensor and VREFINT channels.
23 TSVREFE RW 1’b0 ) o
Enableable in ADC1, reserved bits in ADC2 and ADC3.
0: Disable temperature sensor and VREFINT
1: Enable temperature sensor and VREFINT
Start conversion rule channel enable
Conversion is initiated by a software write 1 set to 1, and is cleared
22 SWSTART R_W1 1'b0 by hardware to 0 immediately after the conversion is initiated.
0: Reset state
1: Start conversion rule channel
Start conversion injection channel enable
Conversion is initiated by software writing 1 to set 1, and is cleared
21 JSWSTART RW 1'b0 by hardware to set 0 immediately after the conversion is initiated.
0: Reset state
1: Start conversion of injection channel
Rule Channel External Trigger Enable
This bit is cleared by the software Write 1 Set 1 and Write 0 Set 0,
and is used to enable or disable external trigger signals that can initi-
20 EXTTRIG RW 1'b0 .
ate rule channel group conversions.
0: Disable rule channel external trigger
1: Enable rule channel external trigger
Rule Channel External Trigger Event Selection Bit. Selects the exter-
nal event that initiates the rule channel group conversion
ADC1, ADC2 external trigger events are as follows:
19:17 | EXTSEL[2:0] RW 3'b000 000: CH1 event for timer 1
001: CH2 event of Timerl
010: CHS3 event of timer 1
011: CH2 event of timer 2

227/759



PY32F403 Reference manual

Bit

Name

R/W

Reset Value

Function

100: TRGO event of timer 3

101: CH4 event of timer 4

110: TRGO event for timer 8 or EXTI11 (selected via
ADC1_ETRGREG_REMAP, ADC2_ETRGREG_REMAP of SYSCFG
module)

111: SWSTART

The ADC3 external trigger is configured as follows:
000: CH1 event of timer 3

001: CHS3 event for timer 2

010: CHS3 event of timer 1

011: CH1 event of timer 8

100: TRGO event of timer 8

101: CH1 event of timer 5

110: CH3 event of timer 5

111: SWSTART

16

Reserved

RES

1’b0

Reserved

15

JEXTTRIG

RW

1’b0

Inject channel external trigger enable
0: Disable injection channel external trigger
1: Enable injection channel external trigger

14:12

JEXTSEL[2:0]

RW

3’h0

Injecting the Channel Group External Trigger Event Selection Bit
The external trigger events for ADC1 and ADC?2 are as follows:
000: TRGO event for timer 1

001: CH4 event for timer 1

010: TRGO event of timer 2

011: CH1 event of timer 2

100: CH4 event of timer 3

101: TRGO event for timer 4

110: CH4 event for Timer 8 or EXTI15 (selected via
ADC1_ETRGINJ_REMAP, ADC2_ETRGINJ_REMAP of SYSCFG
module)

111: JISWSTART

The trigger settings for ADC3 are as follows:

000: TRGO event of timer 1

001: CH4 event of timer 1

010: CHS3 event of timer 4

011: CH2 event of timer 8

100: CH4 event of timer 8

101: TRGO event of timer 5

110: CH4 event of timer 5

111: JISWSTART

11

ALIGN

RW

1’b0

Data Alignment Control Bit

This bit is cleared by software write 1 set 1 and write 0 set 0.
0: Right alignment

1: Left Alignment

10:9

Reserved

RES

2’h0

Reserved
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Bit Name R/W | Reset Value Function

DMA Enable Bit
This bit is cleared by software write 1 set 1 and write 0 set 0.

8 DMA RW 1'b0 0: Disable DMA mode
1: Enable DMA mode
Note: In dual adc mode, only ADC1 can generate DMA requests.

74 Reserved RES 4’h0 Reserved

Calibration Reset Enable Bit
This bit is set by a software write 1 to 1 and cleared by hardware to
0. This bit is cleared after the calibration register has been initialised

3 RSTCAL R W1 1'b0 (i.e. after RSTCAL is setto 1).

- 0: Calibration register is initialised

1: The calibration register is initialised
Note: When a conversion is in progress, clearing the calibration reg-
ister requires an additional cycle if RSTCAL is set.
Calibration Enable
This bit is set by software write 1 to start calibration and cleared by
hardware on calibration failure or calibration success. When ADON is

2 CAL R W1 1’b0 invalid and SWSTART, JSWSTART is invalid; software starts calibra-
tion.
0: Calibration complete
1: enable calibration
Continuous Conversion Enable
This bit is cleared by software write 1 set 1 and write 0 set 0. If this

1 CONT RW b0 bit is set, conversions are performed continuously until the bit is
cleared.
0: Single conversion mode
1: Continuous conversion mode
On/Off A/ID Converter
ADC converter work enable, when set to 1 after the ADC converter
wake up, in the converter power-up to start conversion there is a de-
lay tSTAB. when set to O after the ADC converter is in power-down
state.

0 ADON RW 1’b0 0: Disable ADC conversion, ADC converter enters power-down
mode.
1: Enable ADC converter.
Note: If SWSTART,JSWSTART is changed in this register along with
ADON, the conversion is not triggered. This is to prevent triggering a
wrong conversion.

12.4.4. ADC Sampling Time Register 1 (0x0C: ADC_SMPR1)

Address offset:0x0C

Reset value:0x0000_0000
31 ‘30‘29‘28‘27‘26‘25‘24‘23‘22‘21‘20|19|18‘17|16|
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Reserved SMP17[2:0] SMP16[2:0] SMP15[2:1]
RES. RW RW RW
15 14 | 13 [ 12 | 11 10‘9 7‘654|321|O
SMP15[0] SMP14[2:0] SMP13[2:0] SMP12[2:0] SMP11[2:0] SMP10[2:0]
RW RW RwW RW RW RW
Bit Name R/W | Reset Value Function
31:24 Reserved RES. 8’ho- Reserved
Selecting the Sample Time for Channel x
Setting these bits via software is used to independently select the sample
time for each channel. The channel selection bits must remain unchanged
during the sampling period.
23:.0 SMPx[2:0] RW 24’h0
000: 3.5 cycles 100: 28.5 cycles
001: 5.5 cycles 101: 41.5 cycles
010: 7.5 cycles 110: 134.5 cycles
011: 13.5 cycles 111: 239.5 cycles

12.4.5. ADC Sampling Time Register 2 (0x10: ADC_SMPR2)

Address offset:0x10

Reset value:0x0000_0000

31 30 29|28‘27 26‘25‘24 23‘22‘21 20|19|18 17‘16
Reserved SMP9[2:0] SMP8[2:0] SMP7[2:0] SMP6[2:0] SMP5[2:1]
RES. RwW RW RW RW RW
15 14 13|12 11 10|9 7|654|321‘0
SMP5][0] SMP4[2:0] SMP3[2:0] SMP2[2:0] SMP1[2:0] SMPO[2:0]
RW RwW RW RW RW RW
Bit Name R/W | Reset Value Function
31:30 Reserved RES 2’h0- Reserved
Selecting the Sample Time for Channel x
Setting these bits via software is used to independently select the sample
time for each channel. The channel selection bits must remain un-
& SMPX[2:0] RW 30'ho changed during the sampling period.
000: 3.5 cycles 100: 28.5 cycles
001: 5.5 cycles 101: 41.5 cycles
010: 7.5 cycles 110: 134.5 cycles
011: 13.5 cycles 111: 239.5 cycles

12.4.6. ADC Injection Channel Data Offset Register x (0x14-0x20: ADC_JOFRX)

x=1~4

Address offset:0x14~0x20

Reset value:0x0000_0000
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31‘30‘29‘28‘27‘26‘25‘24‘23‘22‘21‘20‘19‘18‘17‘16

Reserved
RES.
15‘14‘13‘12 11‘10‘9‘8‘7‘6‘5‘4‘3‘2‘1‘0
Reserved JOFFSETX[11:0]
RES. RW
Reset
Bit Name R/W Function
Value

31:12 Reserved RES | 20'h0 |[Reserved
Inject channel xth conversion data offset

JOFF Software configures the value of these bits. When the conversion is injected

11:0 SETX[11:0] RW 12’h0 |into the channel, these bits define the value used to subtract from the original
X[11:

conversion data. The final conversion result can be read out in the ADC_JDRx

register.

12.4.7. ADC Watchdog High Threshold Register (0x24: ADC_HTR)

Address offset:0x24

Reset value:0x0000_OFFF
31‘30‘29‘28’27’26‘25‘24‘23‘22‘21‘20|19|18|17|16

Reserved
RES.
15‘14‘13‘12 11’10‘9‘8‘7‘6‘5‘4|3|2|1|0
Reserved HT[11:0]
RES. RW
Bit Name R/W | Reset Value Function

31:12 Reserved RES 20’h0 Reserved
lAnalogue Watchdog High Threshold
11:.0 HT[11:0] RW 12’hFFF  [Software configures the value of these bits. These bits define the analogue

watchdog threshold high limit.

12.4.8. ADC Watchdog Low Threshold Register (0x28: ADC LTR)

Address offset:0x28
Reset value:0x0000_0000

31‘30‘29‘28‘27‘26‘25‘24‘23‘22‘21‘20|19|18|17|16
Reserved
RES.
15‘14‘13‘12‘11‘10‘9‘8‘7‘6‘5‘4|3|2|1|0
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Reserved LT[11:0]
RES. RW
Bit Name R/W |Reset Value Function
31:12 Reserved RES 20’h0-
lAnalogue Watchdog Low Threshold
11:.0 LT[11:0] RW 0x000 Software configures the value of these bits. These bits define the analogue
watchdog threshold low limit.

12.4.9. ADC Rule Sequence Register 1 (0x2C: ADC_SQR1)

Address offset:0x2C

Reset value:0x0000_0000

31 |30‘29‘28‘27‘26‘25‘24 23‘22‘21|20 19|18|17|16
Reserved L[3:0] SQ16[4:1]
RES.
RW RW
15 14‘13 12 11‘10 7‘6‘5 4 3|2 1|o
SQ16/[0] SQ15[4:0] SQ14[4:0] SQ13[4:0]
RW RW RwW RW
Bit Name R/W | Reset Value Function
31:24 Reserved RES 8’h0- Reserved
Rule Channel Sequence Length
'The software configures the value of these bits. These bits define the
number of channels in the rule channel conversion sequence.
23:20 L[3:0] RW 4’'b0000 0000: 1 conversion
0001: 2 conversions
1111: 16 conversions
The software configures the value of these bits. 16th Conversion in Rule
19:15 SQ16[4:0] RW 5'b00000 [Sequence These bits define the number of the 16th conversion channel
(0 to 19) in the conversion sequence.
Software configures the value of these bits. The 15th conversion in the
14:10 SQ15[4:0] RW 5'’b00000 [rule sequence, these bits define the number of the 15th conversion chan-
nel in the conversion sequence (0~19).
Software configures the value of these bits. The 14th conversion in the
9:5 SQ14[4:0] RW 5'b00000 |rule sequence, these bits define the number of the 14th conversion chan-
nel in the conversion sequence (0~19).
Software configures the value of these bits. The 13th conversion in the
4:0 SQ13[4:0] RW 5'b00000 [rule sequence, these bits define the number of the 13th conversion chan-
nel in the conversion sequence (0~19).
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12.4.10. ADC Rule Sequence Register 2 (0x30: ADC_SQR?2)

Address offset:0x030

Reset value:0x0000_0000

31 30 29‘28‘27‘26‘25 24‘23‘22‘21‘20 19|18|17|16
Res. SQ12[4:0] SQ11[4:0] SQ10[4:1]
RES. RW RW RW
15 14 13‘12‘11‘1098‘7‘6‘543|2|1|0
SQ10[0] SQ9[4:0] SQ8[4:0] SQ7[4:0]
RwW RW RW RW
Bit Name R/W | Reset Value Function
31:30 Reserved RES 2’h0 Reserved
The software configures the value of these bits. 12th Conversion in Rule
29:25 SQ12[4:0] RW 5'b00000 [Sequence These bits define the number of the 12th conversion channel (0
to 19) in the conversion sequence.
Software configures the value of these bits. The 11th conversion in the rule
24:20 SQ11[4:0] RW 5'b00000 [sequence, these bits define the number (0~19) of the 11th conversion
channel in the conversion sequence.
Software configures the value of these bits. The 10th conversion in the rule
19:15 SQ10[4:0] RW 5'b00000 [sequence, these bits define the number of the 10th conversion channel in
the conversion sequence (0~19).
Software configures the value of these bits. 9th conversion in the rule se-
14:10 SQ9[4:0] RW 5'b00000 |quence, these bits define the number (0~19) of the 9th conversion channel
in the conversion sequence.
Software configures the value of these bits. The 8th conversion in the rule
9:5 SQ8[4:0] RW 5'’b00000 [sequence, these bits define the number of the 8th conversion channel in
the conversion sequence (0~19).
Software configures the value of these bits. The 7th conversion in the rule
4:0 SQ7[4:0] RW 5'b00000 [sequence, these bits define the number of the 7th conversion channel in
the conversion sequence (0~19).

12.4.11. ADC Rule Sequence Register 3 (0x34: ADC_SQR3)

Address offset:0x34

Reset value:0x0000_0000

31 30 29‘28‘27‘26‘25 24‘23‘22‘21‘20 19‘18‘17‘16
Res. SQ6[4:0] SQ5[4:0] SQ4[4:1]
RES. RW RW RW
15 14 13‘12‘11‘109 8’7‘6‘5 4 3‘2‘1‘0
SQ4[0] SQ3[4:0] SQ2[4:0] SQ1[4:0]
RW RW RW RW
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Bit

Name

R/W

Reset Value

Function

31:30

Reserved

RES

2’h0

Reserved

29:25

SQ6[4:0]

RW

5’00000

The software configures the value of these bits. 6th Conversion in
Rule Sequence These bits define the number of the 6th conversion

channel (0 to 19) in the conversion sequence.

24:20

SQ5[4:0]

RW

5’00000

Software configures the value of these bits. The 5th conversion in the
rule sequence, these bits define the number (0~19) of the 5th conver-

sion channel in the conversion sequence.

19:15

SQ4[4:0]

RW

5’00000

Software configures the value of these hits. 4th conversion in the rule
sequence, these hits define the number of the 4th conversion channel

in the conversion sequence (0~19).

14:10

SQ3[4:0]

RW

5’00000

Software configures the value of these bits. The 3rd conversion in the
rule sequence, these bits define the number (0~19) of the 3rd conver-

sion channel in the conversion sequence.

9.5

SQ2[4:0]

RW

5’00000

Software configures the value of these bits. The 2nd conversion in the
rule sequence, these bits define the number of the 2nd conversion
channel in the conversion sequence (0~19).

4:0

SQ1[4:0]

RW

5’00000

Software configures the value of these bits. The 1st conversion in the
rule sequence, these bits define the number of the 1st conversion
channel in the conversion sequence (0~19).

12.4.12. ADC Injection Sequence Register (0x38: ADC_JSQR)

Address offset:0x38

Reset value:0x0000_0000

31 ‘30‘29‘28‘27‘26‘25’24’23’22 21’20 19|18|17|16
Reserved JL[1:0] JSQ4[4:1]
15‘14‘13'12'11‘10‘9|8|7|6 5|4 3|2|1|o
RES. RW RW
JSQ4[0] JSQ3[4:0] JSQ2[4:0] JSQ1[4:0]
RwW RW RwW RW
Bit Name R/W | Reset Value Function
31:22 Reserved RES 10’h0 Reserved
Injecting Channel Sequence Length
The software configures the value of these bits. These bits define the num-
ber of transitions in the injection channel transition sequence.
21:20 JL[1:0] RW 2’b00 00: 1 conversion
01: 2 conversions
10: 3 conversions
11: 4 conversions
Inject the 4th transition in the sequence
19:15 JSQ4[4:0] RW 5’b00000 [The software configures the value of these bits. These bits define the num-
ber (0 to 19) of the 4th conversion channel in the conversion sequence.
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Bit Name R/W | Reset Value Function

Note: Unlike regular conversion sequences, if the length of JL[1:0] is less

than 4, the sequence order of conversions begins with (4-JL).

For example, ADC_JSQR[21:0] = 10 00011 00011 00111 00010 means

that the scan conversions will be performed in the following channel

Sequential conversion: 7, 3, 3instead of 2, 7, 3

Software configures the value of these bits. Inject the 3rd transition in the

14:10 JSQ3[4:0] RW 5’00000

sequence

Software configures the value of these bits. Inject the 2nd conversion in the
9:5 JSQ2[4:0] RW 5’00000

sequence

Software configures the value of these bits. Inject the 1st conversion in the
4:0 JSQ1[4:0] RW 5’b00000

sequence

12.4.13. ADC Injection Data Register x (0x3C-0x48: ADC_JDRx) x=1~4

Address offset:0x3C~0x48
Reset value:0x0000_0000

31‘30‘29‘28‘27‘26‘25‘24‘23‘22‘21‘20|19|18|17|16
Reserved
RES.
15‘14‘13‘12‘11‘10‘9‘8‘7‘6‘5‘4|3|2|1|0
JDATA[15:0]
R
Bit Name R/W | Reset Value Function
31:16 Reserved RES 16’h0 Reserved
Inject channel conversion results
The value of these bits is readable by the software. These bits are read-
15:0 | JDATA[15:0] | R 16'h0

only and contain the conversion results for the injection channel. The

data is left- or right-aligned

12.4.14. ADC Rules Data Register (0x4C: ADC_DR)

Address offset:0x4C
Reset value:0x0000_0000

31‘30‘29‘28‘27‘26‘25‘24‘23‘22‘21‘20|19|18|17|l6
ADC2DATA[15:0]
R
15‘14‘13‘12‘11‘10‘9‘8‘7‘6‘5‘4|3|2|1|0
DATA[15:0]
R
Bit Name R/\W | Reset Value Function
31:16 |ADC2DATA[15:0] R 16’h0 Data converted by ADC2
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Bit

Name

R/\W | Reset Value

Function

Software can read the value of these bits.

- In ADC1: Dual mode, these bits contain the rule channel data converted
by ADC2.

- In ADC2: Reserved bits.

15:0

DATA[15:0]

R 16’h0

Rule channel conversion results
The software can read the value of these bits. These bits are read-only and
contain the result of the rule channel conversion. Data is left or right

aligned

12.4.15. ADC Calibration Configuration and Status Registers (0x50: ADC_CCSR)

Address offset:0x50

Reset value:0x0000_0000

31 30 29 28 | 27 26 |25 |24 |23 |22 |21 |20 |19 |18 |17 |16
caton | 7 | orrsuc Reserved
sucC
R RC_W1 RES.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Re- Re-
served | served CALSMP CALSEL Reserved
RW RW RW RW | RW RES.
Bit Name R/W  |Reset Value Function
Calibration status bits.
31 CALON R 1’b0 1: ADC calibration is in progress;
0: ADC calibration is finished or not started.
Capacitor Calibration Status Bit.
Indicates whether ADC capacitance calibration is successful. Hardware
set to 1; software write 1 set to O;
30 CAPSUC RC_W1/1’b0 CALON=0, CALSEL=0, CALSUC=1: Invalid state
CALON=0, CALSEL=0, CALSUC=0: CAPs calibration not performed
CALON=0, CALSEL=1, CALSUC =1: ADC CAPs calibration successful
CALON=0, CALSEL=1, CALSUC =0: ADC CAPs calibration failed
Offset calibration status bit.
Indicates whether ADC offset calibration is successful. Hardware set to
1; software writes 1 to O;
CALON=0, CALSEL=0,0FFSUC=0: ADC OFFSET calibration failed.
29 OFFSUC RC_W11’b0 CALON=0, CALSEL=0, OFFSUC=1: ADC OFFSET calibration success-
ful
CALON=0, CALSEL=1,0FFSUC=1: ADC OFFSET calibration success-
ful
CALON=0, CALSEL=1, OFFSUC=0: ADC OFFSET calibration failed

236/759



PY32F403 Reference manual

Bit Name R/W  |Reset Value Function

28:16 |Reserved RES. [13’'h0

15 Reserved RES [1’hO Reserved

14 Reserved RES [1’h0 Reserved
Calibration Sample Time Selection. When CAL is 0, the software sets
the selection.
Configure the number of clock cycles for the calibration sampling phase
based on the following information:
00: 1 ADC clock cycle

13:12 |CALSMP RW 2’h0 01: 2 ADC clock cycles
10: 4 ADC clock cycles
11: 8 ADC clock cycles
'The longer the period of the SMP is configured during calibration, the
more accurate the calibration results will be, but this configuration will
result in a longer calibration period
Calibration content selection. When CAL is 0, the software setup se-
lects the content to be calibrated.

11 CALSEL RwW 1’h0
1: Calibrate OFFSET and capacitor.
0: Calibrate OFFSET only

10:0 Reserved RES. [11°’h0
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