PY32F003 Series
m 32-bit ARM® Cortex®-M0+ Microcontrollers

PY32F003 Reference Manual

32-bit ARM® Cortex®-M0+ Microcontroller

@)

Puya Semiconductor (Shanghai) Co., Ltd.



PY32F003 Reference Manual

1.
2.
3.

Contents
List of abbreviations fOr FEGISTEI ... 18
SYSTEM AICRITECTUTE ..ottt e e st e e e st b e e e s sabb e e e e sbreeeeanbneeeean 19
Memory and DUS arChitECTUIE ........eiiii e 20
0 I VA (= 0 =T (o 011 (=T 2 0 UREPR 20
G072 \Y 1= 2 o To o VAo T o T= T4 11 o] o S UREPR 21
3.3, INtroduction t0 MEMOIY SIIUCKUIE ....ccieeeiiiiiiieeee e e e e s sttt e e e e e e e st e e e e e e s e s sbarareeeeesesnnnrnneneeaaeseannns 21
I S 41 o T=T [ [=To RS 2 o 1 PP PPPPRRRN 24
G T = 1= I 1 1= 1 o Y/ SRS 24
N ST =T To | 44T o =P TSRO T R PE PP 24
3.6.1.  Memory pPhySIiCal MaPPING .. .. ueiiieeeiiiiiiiie e e e st e e e e e s s e e e e s e ssnraaeeeeaaeseanneranseeeeeaasanns 25
IC TG0~ = g1 o T=To (o [=Ta [ e To o] o 0= Uo =T P ORI 25
Embedded FIash MEMOTY ... ittt et e e 26
A1, KEY fBAIUMES ..o ——— 26
4.2.  Flash memory function iINtroOdUCLION ..o 26
4,21, FIASH SIUCTUIE ...ttt sttt s et e s e e s e e e s nnn e e e s nnree s 26
4.2.2. Flash read operation and acCess lateNCY........ccccvvviiiiiiiiiiiie e 26
4.2.3. Flash program and erase OPEratiONS ........ccuviviiiiiieiiiiiiieieeeeeeee ettt 27
4.3. Product Unique [dentifier (UID) .......ccooiiiiii i 30
4.4, FIash Option DYt ... ————— 30
44.1. FIash OPtioN WO ........cooiiiiiiiiiiiiee et 30
4.4.2. Flash option DYte WIILE ........oovviiveieii e 33
4.5,  Flash configuration DYIES ..o 34
45.1. HSI_TRIMMING_FOR_USER......ciiitiiiiiiiiiiii et 35
45.2. Calibration value of tEMPErature SENSOI ...........uuuuuuruiriuieirieieieraiernreree i ————————————————— 36
4.5.3. HSI_4M/8M/16M/22.12M/24AM_EPPARAD.......etiiiiie it 36
45.4. HSI_4M/8M/16M/22.12M/I24AM_EPPARAL......ooeiiiiiiiii e 36
45.5. HSI_4AM/8M/16M/22.12M/I2AM_EPPARAZ. ..o 36
4.5.6. HSI_4AM/8M/16M/22.12M/I24AM_EPPARAS ... .ot 37
4.5.7. HSI_4AM/8M/16M/22.12MI2AM_EPPARAZ ..ot 37
4.6.  FIash ProteCHON. ... 37
4.6.1. Flash software development kit (SDK) area protection..........cccccceveveveviiiiiiiiiiiiiiiieieeeeeeeee 37
4.6.2.  Flash read ProteCiON............uueiiiiii ittt e e e et e e e e s e nb et e e e e e e e e aaa 38
4.6.3.  Flash WIIte ProtECHION .....co.eeiiiiiie ettt e e e e et e e e e e s e s b e b e e e e e e e e e anas 39
4.6.4.  Option DYte WILE PrOTECLION......ciiii ittt e e e e s e e e e e e e e e e 40
o R b T (T =] £ 1 U] o] TR PTPPPPPPPPPT 40
4.8.  Flash register deSCHPLION .......o ittt e e e et e e e e e e s b nbeeeeaaeeeanas 40
4.8.1. Flash access control register (FLASH_ACR) ........uiiiiiiiiiiiieee e 40
4.8.2.  Flash key register (FLASH_KEYR) ....uuiiiiiiiii et 40

2/431



PY32F003 Reference Manual

4.8.3.  Flash option key register (FLASH_OPTKEYR) .....uuuiiiiiiiiiiiiiiieie e esisiiieeese e e s s snrnnnenee e e e s e 41
4.8.4.  Flash status register (FLASH_SR) .......uuiiiiiiiiiiiiieiiee e e e s s sstee e e e e e s snrnaee e e e e e e e snns 41
4.8.5.  Flash control register (FLASH_CR)........uuiiiiiiiiiiiiiiiiiee ettt e e e e e s ssiaare e e e e e s s snnrnnneeea e e e e annns 42
4.8.6.  Flash option register (FLASH_OPTR) .....cuiiiiiiiiiiiieieee sttt e e s sstvare e e e e e s e snnrrnneeee e e e e e 43
4.8.7. Flash SDK address register (FLASH_SDKR) .......uuiiiiiiiiiiiiiiiiice et e e e s s sstnnneeee e e e 44
4.8.8. Flash WRP address register (FLASH_WRPR) .......coiiiiiiiiiiiiiiicee st ee e 44
4.8.9. Flash sleep time configuration register (FLASH_STCR)......cccccceeeiiiiiiiiiieiie e ccviineeee e e 45
4.8.10. Flash TS0 register (FLASH_TS0) ....cccuuviiiiieeiiiiiiiiieeee e e e s seittiee e e e e s e ssiaareee e e e s e annrnneeaseeeensnns 45
4.8.11. Flash TS1 register (FLASH _TSL) ...iccciiiiiiie s e st e e e e e e s taere e e e e e s e snntnnaeeeeeeeeanes 46
4.8.12. Flash TS2P register (FLASH_TS2P) ...uuuiiiiioii ittt e e s s srtvtre e e e e e s e snasnneeeaeeesanns 46
4.8.13. Flash TPS3 register (FLASH_TPS3) ..ottt e e e s s st e e e e e e s s s nnnaaesaaeeeeanns a7
4.8.14. Flash TS3 register (FLASH _TS3) ...iccciiiiiiie i iiitieieee e e ssiittee e e e e e s s taaese s e e e s e anstnsaeeeaeeenannns a7
4.8.15. Flash page erase TPE register (FLASH_PERTPE) ..........uuuuiuiuiuiiiiisinimimiieeieimininesinennnn. 48
4.8.16. Flash sector/mass erase TPE register (FLASH_SMERTPE) .......ccccocvviviiiiiiiiernieiiinininininnns 48
4.8.17. Flash program TPE register (FLASH_PRGTPE) .........cuuuuiuuiimiuieieieiiininimiseeenneinininnmn. 48
4.8.18. Flash pre-program TPE register (FLASH_PRETPE) ..........uviuiiiiiiiiiiiiiiiiiiieieieieieieininininininnn 49
4.8.19.  Flash regiSter MaAPPING ........uu e uuuueuereuerereuernrnrssseneeeenneseerererearsree.—.—.—.—.———.—.———.—.—.—.———————————. 49
POWET CONTIOL ...ttt e h e e s ih bt e e ek et e e e sab e e e e e abe e e e e anbe e e e e anbeeeeeneee 52
B L. P OWET SUPPIY .t e —————— 52
5.1.1. oAV g o] (o T3 Qe 7= 1o > o PP 52
LT o 11 = T = =Y U] = o 52
5.3. Dynamic voltage value mManagement........cccoooiiiiieiiiiie e es s es s s s s ae s s 53
Lo S = 1Y/ o o 0T 71 (0] 11V 53
5.4.1. Power-on reset (POR)/power-down reset (PDR)/brown-out reset (BOR)..........ccccceeveveeeeen. 53
5.4.2. Programmable voltage detector (PVD) ........coovvviiiviiiiiiiiieeeeee e 54
LOW-POWEE CONTIOL ... ittt ettt e e st e e e it e e e e e et e e e e anbe e e e e nabe e e e eeees 55
00 O o 1T o 10111V gl 0o [ 55
6.1.1. INtroduction tO [OW=-POWET MOUES .......coeviiiiiiiiiiiieeeeeeeeee ettt 55
6.1.2. LOW-POWEF MOAE SWILCH ..cceiviiiiiiiiieie e 55
6.1.3. Functions in each Working MoOde.........c.ooviviiiiiiiiii e 56
B.2.  SIEEP MOUE ... 56
6.2.1. ENtering SIEEP MOUE .....ooovviieiiiieeeee e 56
6.2.2. EXItiNG SIEEP MOUE .o 57
SR T ] (o] o I 1 1[0 Lo = PR PPPTPPPPPRR 57
6.3.1.  ENLering SIOP MOAE .......cueieiiiiiiiie ettt e e e e e e e e e e e e e nnnee s 58
O I = 1 o To I3 (o] o I 1 1[0 o [= PSPPI 58
6.4. Decreasing System ClOCK frEQUENCY ..o 58
6.5.  Peripheral CIOCK QatiNg........ooui ittt e e e e e e e e b b e e e e e e e e e anaes 59
6.6.  POWEr ManNageMENT FEOISTET ... . .. ittt e ettt e e ettt e e e e e e e s bbb e e e e e e e e e sannbrreeeaaeeaeaanns 59
6.6.1.  Power control register 1 (PWR_CRIL) ...oooiiiiiiiiiiiie ettt a e 59

3/431



PY32F003 Reference Manual

6.6.2.  Power control register 2 (PWR_CR2) .....ccoiiiiiiiieie ettt sesteeee e e e e e st ee e e e e e s nnnneees 60
6.6.3.  Power status register (PWR_SR) .......cuiiiiiiiiiiiiieie et er e e e s ee e e e e nnnnneees 61
G S ViV = (=T 1) (=] g T o SRR 61
RS B e 63
7.1 RESEE SOUICE ....euiiiiiiiii i 63
7.1.1. POWET FESEL ...t 63
7.1.2. R (] A (=TS PSPPSR 63
7.1.3.  NRST PN (EXIEINAI FESEL) . uuiiiiiii ittt e s e e e s re e e e e e s st eereaeessaenreees 63
4 T S VIV - (g o [T I (== PSSRSO 64
715, SOFWAIE FTESEL ....eeeeiii ittt e e e st e e st e e s e e e s s n e e e s sn e e e e nnrneeeena 64
4% G T @ o) 1 o g T o)V (=T [0 T=To [T g =TT U SR 64
L4 o To1 QPSPPSR 65
S I O [ Tod [q=To U ol PO PO PO PP RPRSPPRRR 65
8.1.1. High-speed external CloCK (HSE) ......ccoovvviiiiiiiiiie ettt 65
8.1.2. High-speed internal CloCK (HSI).......ooviviiiiiieieee e 65
8.1.3. Low-speed internal ClOCK (LSI) ....coviviviiiiiiieeee et 65
S O [ Tod Q1= = S PO PP PPPPRRPPTPRN 65
S TR T O (o To QY=o [ 1V VA (=T 0 LI (3535 66
8.4.  ClOCK-0UL CAP@ADIIILY .......ueeie e e s ———— 66
8.5. Internal and external clock calibration With TIML4 ..........ccociiiiiiiiiii e 67
8.5.1.  HSI CAlIBrAtION ...ttt 67
8.5.2.  LSI CAliBratioN ...ttt 68
S T T =TS =1 7 o[ Lo S =0 £ = 68
8.6.1. Clock control regisSter (RCC _CR) ..uuuuiuiiiiiiiiiuiiieiiisieisisininrsrernrsrnrersrnrerens———————————.. 68
8.6.2. Internal clock source calibration register (RCC_ICSCR) ......cccovvvvviiiiiiiiiiiiiiiieveeeeeeeee 69
8.6.3. Clock configuration register (RCC_CFGR) ........uuuuiiiiiiiiiiiiiiiieieieinieieisisisisineeneinrnrnernn. 70
8.6.4. External clock source control register (RCC_ECSCR) .....ccoovvviviiiiiiiiiiiiiiieeeteeeeeeeeeee 71
8.6.5. Clock interrupt enable register (RCC_CIER) ........uuuuiviiiiiuiiiiieieinisieieisinisisinisrninrnrnen. 72
8.6.6. Clock interrupt flag register (RCC_CIFR) ........uuiuiiiiiiiiieiiieieieisieieisinieieisisieinrnrsnn... 72
8.6.7. Clock interrupt clear register (RCC_CICR) .....uuuuuuiuiiieiuieinieieisinisininierninisininesrnnnn... 73
8.6.8. 1/0 interface reset register (RCC_IOPRSTR) ....coovviiviiiiiiiiieeeeeeeeeeeee e 73
8.6.9.  AHB peripheral reset register (RCC_AHBRSTR) .......uuuuuuiuiiiiiiiiriieiniiininieieinininieiennn. 74
8.6.10. APB peripheral reset register 1 (RCC_APBRSTRL) .......ccuuuuiuiuiuiiiiiiiiininininirieinieieininnnn. 74
8.6.11. APB peripheral reset register 2 (RCC_APBRSTR2) .......ccccuiiiiiiieiiiiiieee e 75
8.6.12. /O interface clock enable register (RCC_IOPENR).........cccuuiiiiiiiiiiiiiieee e 75
8.6.13. AHB peripheral clock enable register (RCC_AHBENR)..........ccciiiiiiiiiiiiieeeeee 76
8.6.14. APB peripheral clock enable register 1 (RCC_APBENRL) ..ottt 76
8.6.15. APB peripheral clock enable register 2 (RCC_APBENR2) .........ccooiiiiiiiiiiiiiiiiiiiieeee e 77
8.6.16. Peripheral independent clock configuration register (RCC_CCIPR)........cccccooviiiiieeieannnnns 78
8.6.17. RTC domain control register (RCC_BDCR) .........uuiiiiiiiiiiiiiiiiiie e 79

4/431



PY32F003 Reference Manual

8.6.18. Control/status register (RCC_CSR) .....uuiiiiiieiiiiciiiiiiie e s sttt e e e e s s sstnaee e e e e e s s snnrnneeeeeeeenanns 79
I S IO = { @Y O = To 153 (= =T (o [ =TT 1 - o SRS 80
9.  General-purPOSE 1/OS (GPIO).....cii ittt ettt e et e e e st e e e e s br e e e e aabreeeean 83
LSS O €1 (@ 2T 11 7o [0 ox (7o ] T PP RPPR PSP 83
9.2, GPIO MAIN FEALIUIES .....eeeeiiee ittt e e e r e e s e e s me e e ss e e s re e e snne e e ne e e e 83
SIS R € S (@ (Vg Tt o] g F= 1 o [T Tox g1 o] 1o T o S URRPRR 83
9.3.1.  General-purpoSe /O (GPIO) ......ccciiiiiii et e e e s e e e e e e s et e e e e e e e s e enraees 84
9.3.2.  1/O pin alternate function multiplexer and MappiNg.......ccccccveeeeiiiciiiiie e 84
LS G T 1 (@ I oTo] o a oo ) {0 W =10 IS) =] £ USRS 85
S S 1 (@ I oTo ] g fo o1 = W (=T 1] (] 85
9.3.5. /O data bitwise handliNg .........ccoiiiiiiiiiiiee e e e e e s e e e e s e nraees 85

S N S T €1 = (@ I To Tod 14 To g 0 1=Tod s F= T 41 PR 86
9.3.7. 1/0 alternate funCtion INPUEY/OULPUL .......ccovviviiieiciceeeeeceeeee ettt 86
9.3.8. External interrupt/Wakeup lINES .........oovvviviiiiiiiie e 86
9.3.9. 7@ T o8 oXe ] ] T |81 = 11 Lo} o AP PP 86
9.3.10. /O output CONfIQUIALION .....ccoeviieiei e 87
9.3.11. Alternate function coNfigQUIatiON...........ccoviiiiiiiiiie e 88
9.3.12.  Analog CoONfIQUIAtiON.........ccoiiiiiiiii et 89
9.3.13. Use the HSE oscillator pins @s GPIOS .........cocviiiieiiiiieieieee et 90

LS I S €] o [ I =T 1= = £ 90
9.4.1. GPIO port mode register (GPIOX_MODER) (X = A, B, F) ovvriiiiiiiiiiiiiiiiiieiiiiieievvieveenenenininnns 90
9.4.2. GPIO port output type register (GPIOX_OTYPER) (X = A, B, F) euvvvviriiiiieiiiiiiiiininiiininininnnnns 90
9.4.3. GPIO port output speed register (GPIOX_OSPEEDR) (X = A, B, F) .vvvvriiiiiiiiiiiiiiiiiiiiinininnns 91
9.4.4. GPIO port pull-up and pull-down register (GPIOX_PUPDR) (X = A, B, F) ..vvviviviiiiniiininnns 91
9.4.5. GPIO port input data register (GPIOX_IDR) (X = A, B, F) .uvuuiuiiiiiiiiiiiiiiiiieiiinieieininieinenininnnnns 91
9.4.6. GPIO port output data register (GPIOX_ODR) (X = A, B, F) wovvuviiiiiiiiiiiiiiiiiiiinininieieinieinininnns 92
9.4.7. GPIO port bit set/reset register (GPIOX_BSRR) (X = A, B, F) ..uvvvviiiiiiiiiiiiiiiiiniiieieieieininininnns 92
9.4.8. GPIO port configuration lock register (GPIOX_LCKR) (X = A, B, F) cuvvvvvviiiiiiiiiiiiiiiiiiiiinininnns 92
9.4.9. GPIO alternate function register (low) (GPIOX_AFRL) (X = A, B, F) v, 93
9.4.10. GPIO alternate function register (high) (GPIOX_AFRH) (X =A, B, F) eevvvvviviviiiiiiieiie 93
9.4.11. GPIO port bit reset register (GPIOX_BRR) (X = A, B, F) ovvvviiiiiiiiiiiiiiiiiiiieiiieivieieieisinenininnnen 94
S A €1 = (@ I = To |11 (=T g 1 =1 o PP 94
10. System configuration CONtroller (SYSCFG) ....oouuiiiiiiiiie et 97
10.1. System CONfIQUIALION FEQISTEI..........eiiiiie ittt e e e e s e eeeae s 97
10.1.1. SYSCEFG configuration register 1 (SYSCFG_CFGR1) ......cooiiiiiiiiiiiiiiiiiee e 97
10.1.2. SYSCEFG configuration register 2 (SYSCFG_CFGR2) ......coooiiiiiiiiiiiiiiieeeeieeeee 97
10.1.3. SYSCEFG configuration register 3 (SYSCFG_CFGR3) ......cooiiiiiiiiiieiiee e 98
10.1.4.  SYSCFG IEQISEI IMAP ...tetititaeiiiititieit e e e ettt e e e e e e e s a bbb e et e e e e s aababeeeeeaeeeaaaababeeeeaaeseaannnnenees 100
11 PP PP PPUPPPPPIN 102
11.1. DIMA INEFOTUCTION ...ttt ettt e ettt e e e e e s e bbb e e e e e e e e e s nnbnbneeaaaeseannns 102

5/431



PY32F003 Reference Manual

11.2. DMA MAIN FEALUIES ...ttt re e nne e e 102
11.3. DMA functional deSCIPLION .....uuuiieiee it e e s e e e e s s s e e e e e s e annanareeaeeeseaanns 102
11.3.1.  DMA tFANSACHONS ....uvvieiiiiiiiiie ittt r e sre e snre e e ne e e snn e e sne e e snneeanree e 103
I T V4 o1 (=T R PRRPRPRR 103
11.3.3. DMA CRANNEIS ...ttt e e e s e e sne e 104
11.3.4. Programmable data width, data alignment and endians.............cccccceeeee e, 105
11.3.5.  ErOr MaNAQEIMENT ...ceeuiiiiiiee ettt e ettt e e e e et e e e e e e e e et s e e et e e s tabn s e e e eeeeerbnaaneeeas 107
L11.3.6.  DIMA TN EITUPES ettt ettt e e e e e e e e et e s e e et e e e teb s e e e e e e eeebaba e as 107

I IORC T A 11 VAN = To [ = =1 ) o1 o SRRSO 107
11.4. Y N =01 (= £ SRS 108
11.4.1. DMA interrupt status register (DMA_ISR) ......uuiiiiiiiiiiiiee et a e 108
11.4.2. DMA interrupt flag clear register (DMA_IFCR).....c.coociiiiiiiie e cciieeee e ssiee e e 109
11.4.3. DMA channel 1 configuration register (DMA_CCRL1)........ccooeviiiiiiii i, 110
11.4.4. DMA channel 1 number of data register (DMA_CNDTRL) ......cccooviiiieiiiii e, 111
11.4.5. DMA channel 1 peripheral address register (DMA_CPARL) ..., 112
11.4.6. DMA channel 1 memory address register (DMA_CMARL)..........ceeeeeiiiii e, 112
11.4.7. DMA channel 2 configuration register (DMA_CCR2) ........ccooiiiiiiieii e, 112
11.4.8. DMA channel 2 number of data register (DMA_CNDTR2) ..., 113
11.4.9. DMA channel 2 peripheral address register (DMA_CPAR2) ..., 114
11.4.10. DMA channel 2 memory address register (DMA_CMAR2) ..., 114
11.4.11. DMA channel 3 configuration register (DMA_CCR3) .......cccoeiiieiiii e, 115
11.4.12. DMA channel 3 number of data register (DMA_CNDTR3) ......cccoevviiiiiiiiiiieeeee e, 116
11.4.13. DMA channel 3 peripheral address register (DMA_CPAR3) ..., 116
11.4.14. DMA channel 3 memory address register (DMA_CMAR3) ..., 116
11.4.15. DIMA FEQISIEI MAP ..ottt 117
12. INTEITUPLS ANT BVENTS ..ottt ettt e et bt e e e s bb e e e e abb e e e e anbbeeeesnbneeeeans 119
12.1. Nested vectored interrupt controller (NVIC) .......coooooi oo 119
12.1.1. NVIC MAIN FEAIUIES .....eeiiiiiiieiiiiiee ittt ettt e et e st e e s e e e e s nr e e e e nnreeeeaa 119
12.1.2. SysTick calibration value register...........ccooeiiiiiii e 119
12.1.3. Interrupt and eXCePLiON VECIOIS ......cccocie i e 119
12.2. Extended interrupts and events controller (EXTI) ..ccooooeoiie i, 120
12.2. 1. EXTIMAIN FEATUIES .. ..eeiiiiiiiee ittt e e e e s e e e e nrreee e 120
12.2.2.  EXTIAiagram. .o —————— 121
12.2.3. EXTI connection between peripherals and CPU............ccccooiiiiiiiiiiie e 121
12.2.4. EXTI configurable event trigger Wake-Up ........ccccuaaiiiuiiiiieaeee it e e 121
12.2.5. EXTI direct type event iNpUt WaKBUP ........c.uuiiiiiiieeeiiiieiie ettt e e e 122
12.2.6. External and internal interrupt/event line@ Mapping ..........ccceerriiiiiieieeeee e 122
12.3. o QI (=TS (=] £ T PP TOTRUPPRPPPN 123
12.3.1. Rising trigger selection register (EXTI_RTSR).....ccoiiiiiiiiiiii e 123
12.3.2. Falling trigger selection register (EXTI_FTSR) ....cooiiiiiiiiiiiiaiiiieieee e 124

6/431



PY32F003 Reference Manual

12.3.3. Software interrupt event register (EXTI_SWIER)......cccccvviieiiiiiiieeecee e e 125
12.3.4. Pending register (EXTI PR) ... cuiiiiiiiee s ieceeie e e s st e e e e e s s e e e e e e e e s nnnnaaeeeeeeeeannennnees 128
12.3.5. External interrupt select register 1 (EXTI_EXTICRL) .....uuuviieiiiiiiiiiieiee e cciiieeee e e 130
12.3.6. External interrupt select register 2 (EXTI_EXTICR2) ......cuviieiiiiiiiiiiiiee e ceciieeee e 130
12.3.7. External interrupt select register 3 (EXTI_EXTICR3) ....uuuuiiiiiiiiiiiiiiiieee e cciiieee e 131
12.3.8. Interrupt mask register (EXTI IMR) .....coiiiiiiiiiieee e re e e e e e e e e e 131
12.3.9. Event mask register (EXTI_EMR) ....cooiiiiiiiiiiiiiieee s ee e e e e e s sarae e e e e e e s nnenenees 133
D2 700 O O ) I I (=T [ (= g - o J SRS 134
13.  Cyclic redundancy check calculation unit (CRC)........coooiiiiiiiiiiiiiiiiie e 136
13.1. )i goTo (8 o1 oo FO U PP PF ST 136
13.2. CRC MAIN FEAIUMES ..ottt e et e s e s e e e nnreenneeeas 136
13.3. (01 =IO (V1aTex 0] F= o [T Tox g1 o] 1 o] o PSP 136
13.3.1. CRCDBIOCK diagram .......ccooiiiiii i 136
13.4. CRC FQIS OIS i 137
13.4.1. Dataregister (CRC_DR) ..cccooiiii i 137
13.4.2. Independent data register (CRC_IDR) ......ccooiiiiiiie i 137
13.4.3. Control register (CRC_CR) ..o 137
R S O o O 1= To |11 (=T 1. = o J 138
14. Analog-to-digital CONVErter (ADC).......ciiiiiiiieiiiiiee ettt ettt e e e b e e e sbeeeeeans 139
14.1. 1] (o (U111 o] o F PP PP PPPPRP PRI 139
14.2. ADC MAIN FEATUIES .....iveiee ittt et e e e e e e s st e e sr e e s anr e e e s arreeesanneeennas 139
14.3. YYD IO (¥ g Tt i) g = 1o L= 2o T o 1] o S S 140
L14.3. 1. ADC iagram ... ——————— 140
14.3.2.  CaliDration (ADCAL) ....ueu ittt ettt e e e e e e bbbt e e e e e s e bbbt e e e e e e e e e nnene s 141
14.3.3.  ADC 0n-0ff cONtrol (ADEN) .ccoiiii i 141
L1434, ADC CHCK ...ttt ettt e e e e ettt e e e e e e bbb e e e e e e e e nbaeee s 142
14.3.5. Configuring the ADC ... 143
14.3.6. Channel selection (CHSEL, SCANDIR) .....cccooiiiiii i 143
14.3.7. Programmable sampling time (SMP) ... 143
14.3.8. Single conversion mode (CONT =0, DISCEN = 0) ....ccoooeiiiiiiii e, 143
14.3.9. Continuous conversion Mode (CONT = 1) ..o 144
14.3.10.  Discontinuous conversion mode (DISCEN = 1) ..., 144
14.3.11.  Starting conversions (ADSTART ) ... 145
I Tt I I 0 41T [T PURRPT TP 146
14.3.13.  Stopping an ongoing conVersion (ADSTP)......ccui it 146
14.4. Conversion on external trigger and trigger polarity (EXTSEL, EXTEN)......ccccccceeiiiiiiiiinnenenn. 147
14.4.1. Programmable resolution (RES) - fast conversion mode............cccccveeeiiiiiiiiiieiee e 147
14.4.2. End of conversion, end of sampling phase (EOC, EOSMP flags) .......cccooecuivieeiiieniiiiinnnn. 147
14.4.3. End of conversion sequence (EOSEQ flag) .......cccouiiiiiiiiiiiiiiiiiiii e 148
14.4.4. Example timing QIagramsS . ...ttt ettt e e e e e s bbb e e e e e e e e e e anbeeeees 148

7/431



PY32F003 Reference Manual

14.5. [ F = g =T =T = 0 0= o 1 150
14.5.1. Data register and data alignment (ADC_DR, ALIGN) ......ccoveiiiiiiiiiiiee e 150
14.5.2.  ADC overrun (OVR, OVRMOD) ......ccuiiiiiiiiiee it stieee ettt steee et e et e e staeeessnbeeeeeans 150
14.5.3. Managing a sequence of data converted without using the DMA............cccovieveeeee i, 151
14.5.4. Managing converted data without using the DMA without overrun...........cccccccveeeee v, 152
14.5.5. Managing converted data using the DMA ..........cooiiiiiiiie e 152

14.6. [0V 1o 1V g = = L 153
14.6.1.  Wait MOUE CONVEISION .....vviiiiiieiiee ittt sitee et et ee st sb et esn e s e e ne e e s rn e e ane e e snreeanree e 153

14.7. Pz 1o o IV TaTo [o) ATV 1 (o o T [T SRR 153
14.7.1. ADC_AWD_OUT signal OUtput gENETAtION ........ccceiiiiurriiiieeeeeeiiiiiieeeeeeeeessnrnrneeeeeseesnnnnenens 154

14.8. Temperature sensor and internal reference Voltage ..........cccvvveeviiiiiieeieeee e 155

14.9. F B T O ] (=1 1 10 SR 156

I O TR Y B T O =T 1S3 = = PSRN 156
14.10.1.  ADC interrupt and status register (ADC_ISR) .......ccoooeiiiiii i 156
14.10.2.  ADC interrupt enable register (ADC_IER) ........cccooieiiii i 157
14.10.3.  ADC control register (ADC _CR) ....ccooiiiii e 158
14.10.4.  ADC configuration register 1 (ADC_CFGRL) ........ccooiiiiii i, 159
14.10.5.  ADC configuration register 2 (ADC_CFGR2) ......c.cccoiiieii i, 161
14.10.6.  ADC sampling time register (ADC_SMPR) ...ttt 162
14.10.7.  ADC watchdog threshold register (ADC_TR)......ccocoiiiiiiiie e 162
14.10.8.  ADC channel selection register (ADC_CHSELR) ..., 163
14.10.9. ADC data register (ADC_DR)....ccooiiiiiii e 163
14.10.10. ADC calibration configuration and status registers (ADC_CCSR) ..........ccccoeeeeeeeeeeeeeennn, 164
14.10.11. ADC common configuration register (ADC_CCR)........cceoeiiiiii i, 164
14.10.12.  ADC FrEQISIEI MAP ..oci e e ciiie et ——— 165

15. CoMPAratOr (COMP) ...ttt b bt e e bbbt e s bbbt e e s bbe e e e s bbre e e s aanreeas 167

15.1. 1] (o (U111 o] o B PO P PP PPPPRPPPPPRPN 167

15.2. COMP MAIN FEALUINES ... eieie ettt e e s e e e s e e e s e e e e enes 167

15.3. COMP function desCriPLiON ........cccoiiiei i 167
15.3. 1. COMP Qiagram .. ..o oo 167
15.3.2. COMP pins and internal SigNalS ..........ccooiiieiiii i 168
15.3.3.  COMP reSet @nd CIOCK .........ccoiimiiiiiiiiii ittt e s ee e 168
15.3.4. COMP 10CK MECHANISIM .....oeiiiiiiiiic et ee e 168
15.3.5.  WiNAOW COMPAIALOL ....uutiiiiiieeiiiitiie e e ettt e e e et e et e e e e e e s babe e e e e e e e e s aababeeeeaaesesannnnenees 169
T Y ST o Y1 (=T €T [ U PURRPT TP 169
TS T A w0 1Y =T gl o [0 o [= 2SR 169
15.3.8.  Comparator filErING .........couiiiiiiii et 170
ST IS T O @ 1Y | = 01 (=T 4 (1] o SRR 170

15.4. 61 @ 11 e =T 0[S (=] TP EPP TR 170
15.4.1. COMP1 control and status registers (COMPIL_CSR) ......cooueiiiiiiiiiiiiiieeeiiiiieee e 170

8/431



PY32F003 Reference Manual

15.4.2. COMP1 filter register (COMPL_FR).....ccciociuiiiiiiee e s ciiieieiee e e e ee e e e e s s s e e e e e s snnnnanees 171
15.4.3. COMP2 control and status register (COMP2_CSR) .......ccvvveiiiiiiiiienieeeesiiiiiineee e e e e s sneeenens 172
15.4.4. COMP2 filter register (COMP2_FR)........oiciuiiiiiie et er e e e s snae e e e e e e 173
T T O @ 1Y | = (=T 11 (= 1 1= o SRS 173
16. Advanced-control timer (TIML) ...t e e sb e e e b eee e 175
16.1. I AT (e T [0 Tox 1o o TSSO PR TRR 175
16.2. TIML MAIN FEALTUIES ....eeeieii ettt e e nnneas 175
16.3. TIML functional dESCIPLION ....cicei i e e e s s s r e e e e e e e s anrnreees 176
16.3.1.  TIME-DASE UNIt..c..iiiiiiiciiii e e e e e s e e snee e 176
16.3.2.  COUNLET MOAES .....eeiiieieiitie ettt ettt ettt et sa e sbe e e s e e e s ne e e sare e e ne e e nbneesne e s anreesnnean 178
TG TRC TR = =T o 11 1] 4o ) I oo 10 | ] (= S 186
16.3.4.  ClOCK SEIECHON .....eeeiiiieciie ettt e et e e s esne e 187
16.3.5. Capture/compare Channels ... 189
16.3.6.  INPUL CAPLUIE MOAE .....ccoeeeeeee e 190
16.3.7. PWM INPUL MOAE ... .ot 191
16.3.8.  FOrced OULPUL MOAE . ..o 192
16.3.9.  OULPUL COMPAIE MOUE.....ccoe i e 193
16.3.10. PWIM MO ...t et e e e e et e e e e e e e s abb e e e e e e e e e e aannneees 194
16.3.11. Complementary outputs and dead-time iNSErtioN...............coeeeeeee e, 196
16.3.12.  Using the break fUNCLON ... 198
16.3.13.  Clearing the OCXREF signal on an external event............ccccccoeeeii i, 200
16.3.14.  6-Step PWM QENEIALION.......ccccie i 201
16.3.15. ONE-PUISE MOUE ... ot 202
16.3.16.  ENcOder iNterfaCe MOUOE ..........ceeiiiiiiiiiriiee ittt e e e e e s e e e s nrreeeena 204
16.3.17.  Timer input XOR fUNCHON ..ot 206
16.3.18.  Interfacing with Hall SENSOIS..........ccooiiiiie i 206
16.3.19.  TIMx and external trigger synchronization ..............cccceee e, 207
16.3.20.  Timer SYNChroNIZation ...........ocooiiii i 210
16.3.21. DEDUQG MOUE ... ..o 210
16.4. LI =T 5] (=T PP 210
16.4.1. TIM1 control register 1 (TIML_CRL) ...ccooiiiiiiii i 210
16.4.2. TIM1 control register 2 (TIML_CR2) .....ccoiii i 212
16.4.3. TIM1 slave mode control register (TIM1_SMCR)........ccoooiiiiiiiii e, 213
16.4.4. TIM1 DMA/interrupt enable register (TIM1_DIER).........ccooiiiiiiiiiiiiiieeiieee e 215
16.4.5. TIM1 status register (TIML_SR) ......coui i e e e e e ebeeeees 216
16.4.6. TIM1 event generation register (TIM1_EGR) .......coiiiiiiiiiiiiiiiiiiiiiee e 217
16.4.7. TIM1 capture/compare mode register 1 (TIM1_CCMRIL).......cooiiiiiiiiiieiiiiiiieeeee e 218
16.4.8. TIM1 capture/compare mode register 2 (TIM1_CCMR2)........oooouiiiiiiiiiiiiiiiieeee e 221
16.4.9. TIM1 capture/compare enable register (TIM1_CCER) ......ccoooiiiiiiiiiiiiiiii e 223
16.4.10.  TIML coUNter (TIMI_CNT) coiiiiiiiieiee ettt e et e e e e e e e e e e e e e e e e nneeeees 225

9/431



PY32F003 Reference Manual

16.4.11.  TIML prescaler (TIML _PSC) .. .. iiiiiiieie e e s ssreee e e e e e s ee e e e e e e s st e ee e e e e s annrnnnees 225
16.4.12.  TIM1 auto-reload register (TIML_ARR) ......cuuiiiiiiiiiiiiee e sceeee e e re e e s 226
16.4.13.  TIM1 repetition counter register (TIML_RCR) .......ccccviiieieiiiiiiiiieire e e 226
16.4.14.  TIM1 capture/compare register 1 (TIML _CCRL).....cccccveeeeiiiiiiiieiie e ee e 226
16.4.15.  TIM1 capture/compare register 2 (TIML_CCR2)......ccccccveeeiiiiiiiiieeee e ee e 227
16.4.16.  TIM1 capture/compare register 3 (TIML_CCR3).....ccccccveieiiiiiiiiiieee e 227
16.4.17.  TIM1 capture/compare register 4 (TIML_CCRA) .....ccccceveeeeiiiiiiiieeee e esceee e 228
16.4.18. TIM1 break and dead-time register (TIML BDTR)......ccceeiiiiiiiiieeeeee e e e e s saineenes 228
16.4.19.  TIM1 DMA control register (TIML DCR) ...uuuiiiiiiiiiiiiiiie et e e e e e 230
16.4.20. TIM1 DMA address for full transfer (TIM1_DMAR) ......ccoeeiiiiiiiiieieeee e ciiiineee e e e e s 230
T M S N 1\ B =0 1S3 (=T 0 = o SR 231
17. General-purpose tiMEr (TIM3) ... i it bbe e sneee s 233
17.1. TIM3B INTOAUCTION .ttt e e st e e e R b e e e et e e s e e e e nnes 233
17.2. TIM3 M@AIN FEAIUMES .....eeiii ittt e e e e e ek e e e e e e e e nnes 233
17.3. TIM3 functional deSCHPLION .....ocvvvieieeeie e 234
17.3. 1. TIME-DASE UNIT...eeiiiiiiiieeiiiiie ettt e s e e s st e e et n e e e snre e e s s nr e e e e nrneeeea 234
17.3.2. COUNEEI MOUES ....coiiiriiieiiiri ittt a ket e s e e e s e e e S a e e e e s nn e e e e aann e e e s anr e e e s srneeenn 236
17.3.3.  CIOCK SOUICES .....eeiiiiriiee it ettt ettt et it e et i e e s e e e e s n e e e e sann e e e e annn e e e e snrneeeenn 243
17.3.4. Capture/compare Channels ... 245
17.3.5.  INPUL CAPLUIE MOAE ..o 246
17.3.6.  PWM INPUE MOE ... .ottt 247
17.3.7. FOICE OULPUL MOUE ... 248
17.3.8.  OULPUL COMPAIE MOUE......ccc it 248
17.3.9. PWIM MOOE ...ttt ettt e oo et e e e e e e e bbbt et e e e e e s e bbb e e e e e e e e e sannbennees 249
17.3.10. ONE-PUISE MOUE ... .o 252
17.3.11. ENcoder iNterfaCe MOUE ..........ceiiiiiiiiiiriiee ittt e e e e e s nrreee e 253
17.3.12.  Timer input XOR fUNCLION ........ccooiiiiie i 255
17.3.13.  Timers and external trigger synchronization .............ccccooeee e, 255
17.3.14.  Timer SYNChronization ...........ccooiiii i 258
17.3.15.  DEDUQG MOUE .. .. 262
17.4. I R =T ] (] £ PP 262
17.4.1. TIM3 control register 1 (TIM3_CR1) ...ccooiiiiiii i 262
17.4.2. TIM3 control register 2 (TIM3_CR2) .....ccooiiii i 263
17.4.3. TIMS3 slave mode control register (TIM3_SMCR)..........uueiiiiiiiiiiiiiiiie e 264
17.4.4. TIM3 DMA/Interrupt enable register (TIM3_DIER).........cooiiiiiiiiiiiieee e 265
17.4.5. TIM3 status register (TIM3_SR) ......coi e e e sebeeees 266
17.4.6. TIM3 event generation register (TIM3_EGR) ......ccoiiiiiiiiiiiiaiiiiieiee e 267
17.4.7. TIM3 capture/compare mode register 1 (TIM3_CCMRL)........ooiiuuiiiiiiieiiiiiiiieiee e 268
17.4.8. TIMS3 capture/compare mode register 2 (TIM3_CCMR2)........ccccuuriiiiiieiiiiiiieieee e 271
17.4.9. TIMS3 capture/compare enable register (TIM3_CCER) ........cooiiiiiiiiiiiiiiiiee 272

10/431



PY32F003 Reference Manual

17.4.10.  TIM3 COUNLET (TIM3_CNT) cooeieieoeeeeeeeeeeeeee e e et e s eee et n e enen s 274
17.4.11. TIM3 prescaler (TIM3 PSC) ...t ee e sere e e e s e e e e e e s nnanree e e e e e e e annrnenees 274
17.4.12.  TIM3 auto-reload register (TIM3_ARR) .....uuuiiiiiiiiiiieiie e e e s e e e e 274
17.4.13.  TIM3 capture/compare register 1 (TIM3_CCRL) ......ccccveeeeiiiiiiiieiee e e 274
17.4.14.  TIM3 capture/compare register 2 (TIM3_CCR2) ........cuuviieiiiiiiiiieeee e ee e 275
17.4.15.  TIM3 capture/compare register 3 (TIM3_CCR3)......ccccccveeeiiiiiiiieee e 275
17.4.16.  TIM3 capture/compare register 4 (TIM3_CCRA) .......uuvevieeiiiiiiiieeee e ee e 276
17.4.17.  TIM3 DMA control register (TIM3_DCR) ...uuuviiiiiiiiiiiiiie e ee e e e 276
17.4.18. TIM3 DMA address for full transfer (TIM3_DMAR) ......ccccoiiiiiiiiieiiee e ciiiineee e e e e 277
A o K TR I 1Y G = To 1S3 (=T g0 = o S 277
18. General-purpose tiMEr (TIMLA).......ooi ettt e e e s e naneee s 280
18.1. B g oo 18 o4 oo ST PP P SRR 280
18.2. TIML4 MAIN FEALTUIES ...eeeiiiiiiie ettt e e e b e et e e e e 280
18.3. TIM14 functional deSCHPLION .....ceviieeieieee e 281
18.3. 1. TIME-DASE UNIt...eeiiiiiiiiiieiiiiie ettt e e £ e s e e e s e e s s e e e s s nn e e e e nnnneeenan 281
RS TR I O (o o] Q=T 1N ] { o P PO PO PP PPPRR 285
18.3.3. Capture/compare ChannEls ... 285
18.3.4.  INPUL CAPLUIE MOAE ... 286
18.3.5.  FOrced OULPUL MOAE .. ..o 287
18.3.6.  OULPUL COMPAIE MOUE......cci i 287
18.3.7.  PWIM MOOE ... ittt ekttt e e e e e s bbb e et e e e e e e e e babb e et e e e e e s anbbbeeeeeeeeesannrnrnees 288
18.3.8. DU MOUE ... oo ———————— 289
18.4. QI R =T ] (T PP 289
18.4.1. TIM14 control register 1 (TIM14_CRL) ...ccoooiiiiiii e 289
18.4.2. TIM14 DMA/interrupt enable register (TIM14 _DIER)..........cccccee e, 290
18.4.3. TIM14 status register (TIML4_SR) ....ccooiiiiii i 290
18.4.4. TIM14 event generation register (TIM14_EGR) ..., 291
18.4.5. TIM14 capture/compare mode register 1 (TIM14 _CCMR1) .......ccooeiviiiiiiiiiiii e, 292
18.4.6. TIM14 capture/compare enable register (TIM14 _CCER) ...........ccoooeeiieiii e, 294
18.4.7.  TIM14 counter (TIMLA _CNT) oottt e e e e e e e e e e e s aebeeeees 294
18.4.8. TIM14 prescaler (TIML14 _PSC) ... 295
18.4.9. TIM14 auto-reload register (TIM14_ARR) ... 295
18.4.10.  TIM14 capture/compare register 1 (TIM14_CCRL1)......cooeeieiiiiii e, 295
18.4.11.  TIM14 option register (TIML4_OR) ..ottt 296
18.4.12.  TIMIA FEQISTEE MAP ...tieiieieiiiiitiite i e e e e ettt et e e e e e et ettt e e e e e e s babeeeeeaeeeaanbbbeeeeaaeeeaannnenees 296
19. General-purpose timers (TIMLB/LT7) .....eeiiiiiiii e 298
19.1. TIM16 and TIML7 MaIN fEALUIES ... ...eeiiiiii it a e e 298
19.2. TIM16/TIM17 functional deSCHPLION .....ccoiii i 299
19.2.1.  TIME-DASE UNIT..coii ittt e e e e et e e e e e e e e nneeeees 299
S 0o ¥ o1 (=T o] o1=] = 11 [ ] o PP URPT TP 300

11/431



PY32F003 Reference Manual

L B2 TR = =T o =1 1] 4o ) oo 10 | | (= SRS 303
19.2.4.  ClOCK SOUICES ......uveiiieie ittt ettt ettt e e n et e s e e ne e e s nn e e nne e e nnneenneeen 304
19.2.5. Capture/compare ChaNNEIS ...........uuiiiiiei i e e e e e e e e e s 304

I B2 T ] o TU ) o= o (0 £ o Lo = SRS 306

I B2 R w0 ot =Yoo 114 10 L 3 oo [ SRR 307

L T2 TR @ 1011010 a oo 4] o T= 131 41 Yo [= TR SRS 307
S T T VY1V I 44T To = RPN 308
19.2.10. Complementary outputs and dead-time INSErtioN.........ccccceevecivvieereee e 309
19.2.11.  Using the break fUNCHON............viiiiiiee e e e e 310

I B I @ | T= o 10 LY 4T Yo [ TS 312
19.3. LI BT I Y A =T ] (=T SR 313
19.3.1. TIM16/17 control register 1 (TIMX_CRL)....ccuuuiiiieeiiiiiiiiee e e ccctiiee e e e e e e st re e e e e e s e s neenees 313
19.3.2. TIM16/17 control register 2 (TIML6/17_CR2) ...ccccooieie i 314
19.3.3. TIM16/17 DMA/interrupt enable register (TIM16/17_DIER)..........ccccoeoeiiii i, 315
19.3.4.  TIM16/17 Status register (TIMLB/L7_SR) ...o.ovoveeeeeeeeeeeeeeieeeeeeeeesteeeseseseseeeseeesesesesseens 315
19.3.5. TIM16/17 event generation register (TIM16/17_EGR).........ccccceiieiiiiii e, 316
19.3.6. TIM16/17 capture/compare mode register 1 (TIM16/17_CCMR1) ...........ceeeeeeeieeeeeeeeeeeenn, 317
19.3.7. TIM16/17 capture/compare enable register (TIM16/17 _CCER) .............ccoeoeeeeeeeeeee e, 320
19.3.8.  TIM16/17 counter (TIMLE/17_CINT) ceoeieiiiiiiiiiiie ettt e e e s 321
19.3.9.  TIML6/17 PreSCaler (TIMLB/L7_PSC) c.cuvieeeietieeesieeseeeeeeeeeeeeseseeeeeeeesseeeeseeenesesesneees 321
19.3.10. TIM16/17 auto-reload register (TIM16/17_ARR) ..., 321
19.3.11. TIM16/17 repetition counter register (TIM16/17_RCR) ..........ccceeeeeeieie e, 322
19.3.12. TIM16/17 capture/compare register 1 (TIM16/17_CCRL).......ccccceiiiiiiiiiiie e, 322
19.3.13. TIM16/17 break and dead-time register (TIM16/17_BDTR)............cccceeeeeeeeieieieee e, 323
19.3.14.  TIM16/17 DMA control register (TIM16/17_DCR) .......ccuiiiiiiiiiiiiiiieae e 324
19.3.15. DMA address for full transfer (TIM16/17_DMAR) .....ccoooeiiiiiiii e, 325
19.3.16.  TIMLG/L7 rEQISIEI MNAP ..cceeie e i 325
20. LOW POWET tIMEr (LPTIM) ..ottt e e et e e e s bbeeeeans 327
20.1. IMETOTUCTION. ..ttt e et e e s et e e s r e e e s n e e e e sare e e e e snneeeeannneeenans 327
20.2. LPTIM MAIN FEATUIES .......veieeiieeiee ettt e et e e s 327
20.3. LPTIM functional deSCrPtiON .......cccooiiieie e 327
20.3.1. LPTIMbBIOCK diagram .........cccooviiiiiiiiiiiieee e 327
20.3.2. LPTIM pins and internal SignalS ...........ccoviviiiiiiiiiie e 327
20.3.3.  LPTIM reSet @nd ClOCK........coiiiiiiiiiiiii ettt e e 328
PO S o (=2 o | (= USSP PRPT TP 328
20.3.5.  OPErating MOOE.......cci ittt ettt et e e e e et e e e e e e e e s e e aaabe e eeeea e e s e annbeeeeaeeeeaanneeeees 328
20.3.6.  REQISIEN UPAALE ....cooiiieieeie et e ettt e e e e e s e e e e e e e e e e nnneeees 328
20.3.7.  ENADIE LIMEI ...ttt ettt e e e e ettt e e e e e s e bbb et e e e e e e e nnneaees 328
20.3.8. Counter reset INDANG.........cooiiiiiii 329
{0 TR B 1= o 10 o N 0 o Lo [T TP PRPTP 329

12/431



PY32F003 Reference Manual

20.4. LPTIM IOW POWEE MOME ......eiiiiieiie e e e ettt e e e e e s s sttt e e e e e s et e e e e e e e s snnantaeeeeeeeesnnnnnnneeeaensannns 329
20.5. [ Y (=4 ] o ) SRR 329
20.6. [ Y =T 1 = USSR 329
20.6.1. LPTIM interrupt and status register (LPTIM_ISR)......cccoiiiieeiiiiiiieee e 329
20.6.2. LPTIM interrupt clear register (LPTIM_ICR) ...uuuiiiiiiiiiiiiieiie et e e e e 330
20.6.3. LPTIM interrupt enable register (LPTIM_IER)......cccoiiiiiiiiriie e serieeee e 330
20.6.4. LPTIM configuration register (LPTIM_CFGR) ......cccoiiiiiuiiiiiee e ciiinie e e e s ssiiiee e e e e e 330
20.6.5. LPTIM control register (LPTIM_CR) ....cciiiiiiiiiiiiieee et sttee e s e e e e 331
20.6.6. LPTIM auto-reload register (LPTIM_ARR) ......uuiiiieiiiiiiiiie e csieeie e e e s ee e e e e 331
20.6.7. LPTIM COUNLEr (LPTIM_CNT) tiiiiiiiieiiiiee ittt ettt sttt ettt e st e e st e e e s s e e e s e bbeae s snaie s 332
L0 TR S T I o 11 I = To 1S3 =T g0 =T o SR 332
21. Independent WatChdOg (IWDG) ......couiiiiiiiiiiee ettt ee e e b reeeans 334
21.1. 1] (o (U111 o] o F PP PP PP SRR 334
21.2. IWDG M@IN FRAIUMNES.......eeeeiiitieie ittt e e e s e e e ar b e e e s r e e e et aan e e e e nnneeeenas 334
21.3. \VAYAm LT (W] Tox 1 o] F= o =T Tox o o] (o o 1P 334
230 IR Tt S | VAV € o Y4 g [ =Y = o o o PP 334
21.3.2. Hardware WatChdOog ........covvviiiiiiiii e 334
21.3.3. Register acCess ProtECLON ......cciviiiiiiiiieeee et 335
21.3.4. DebUg MOE ......ccooiieiieeee e 335
21.4. A AT L =T 0] (=] =P 335
21.4.1. Key register (IWDG_KR) ...ccociiiiiiiiiiiiieie ettt 335
21.4.2. Prescaler register (IWDG_PR) ......cooiiiiiieieee et 335
21.4.3. Reload register (IWDG_RLR).......oiiiiiiiiiii e 336
21.4.4. Status register (IWDG_SR) .....ccooiiiiiiiii 336

P T VYA B L C=To 1] (=] gl o = o PP 337
22. System Window WatChdog (WWDG) ......ccoiiiiiiiiiiiiee ittt 338
22.1. 1] (o (U111 o] o B PO P PP PPPPRPPPPPRPN 338
22.2. WWDG MAIN TEALIUIES .....eeiiiriiii ittt ettt e et e s e e e nn e e e s srn e e e e anreeeeaa 338
22.3. WWDG funCtional deSCIIPLION ... ...uuuieieiiiiieieiiieiiieieiereiaeeeerererereeersrererererererarsrererersrersrsenrsrsrnrnnes 338
22.3.1.  WWNDG blOCK IaQram .........ccoeviiiiiiiiiieeeeeeeeee et 338
22.3.2. Enabling the WatChdOg ..........ccoviviiiiiii 339
22.3.3. Controlling the dOWNCOUNLET...........ccciiiiiiiiieieeeeeee e 339
22.3.4. Advanced watchdog interrupt feature ..........cccccevveviiiiii 339
22.3.5. How to program the watchdog timeout ... 340
22.4. A Y BT R =T 51 (=] £ PO PRRP PP 340
22.4.1. Control register (WWDG_CR) .......uiiiiiiiiiaeittie ettt et e e e e e eee e e e e e e aneeeees 340
22.4.2. Configuration register (WWDG_CFR) ..ot 341
22.4.3.  Status register (WWDG_SR)......ouiiiiiiiieie et 341
22.4.4. WWWVDG FEUISTET IMAP .....eeteiieeee e e ittt ie e e e e e ettt e e e e e e e s bbbttt e e e e e s e e aaabbeeeeeeeesaannnbeeeeaaeeesaannnenees 341
23. REAI-tIME CIOCK (RTC)iiiiiiiiiiie ittt ettt e et e e e st e e e e snbb e e e e snbbeeeeanbeeeeeans 343

13/431



PY32F003 Reference Manual

23.1. 0T (81 o o FO PP PR R PTR 343
23.2. RTC MAIN FEALIUIES ...ttt sre e nne e 343
23.3. RTC functional dESCHPLION ......uuiiiiiee e e s e e e e e e s s e e e e s e s snrnaeeeeaeeseeanns 343
P22 T T @ 1= 4T PRSP PPT 343

P TG I =T 1o To T o O3 (=T 1) (= SRS 344

P2 TG G TR =T Vo 1l o o 3 [ O = To 13 (-] SRS 344
23.3.4.  Configuring RTC FEOISIEI .. .uviii i i ciieeie e e e e s e e e e e s e san e e e e e e e s s annnnenees 345
P22 TG S T = W O { = To = U1 Y= 4 1T SRS 345
23.3.6.  RTC CaliDratiON .......ciiiiiieiiieiiee e snre e enee e 346
23.4. L IO (=T 1] (T SRS 346
23.4.1. RTC control register high bit (RTC_CRH) .......uuuiiiiiiiiiiiiiiiie et a e 346
23.4.2. RTC control registe 1ow bit (RTC_CRL) ....cccciiiiiiiee ettt s s e e e e e 347
23.4.3. RTC prescaler reload value high (RTC_PRLH) ......ccoovviiiiiiiiieieee e 348
23.4.4. RTC prescaler reload value [ow (RTC_PRLL) ....ccooviiiiiiiiiieceeeeeveeeeeeeeeeeee e 348
23.4.5. RTC prescaler divide register high (RTC_DIVH) ....ccoovvviiiiiiiiiieee 349
23.4.6. RTC prescaler divide factor register low (RTC_DIVL) ..ccoovvvviiiiiiiiiiiiiieeeeeeeee 349
23.4.7. RTC count register high (RTC_CNTH) ...ccoiiiiiiiiiiieeee e 350
23.4.8. RTC count register [ow (RTC_CNTL) .ioviiiiiiiiiecieiieie ettt 350
23.4.9. RTC alarm register high (RTC_ALRH).......ccciiiiiiiiiieeeeee e 350
23.4.10. RTC alarm register Iow (RTC_ALRL) c.ecvvviiiiiiiiiiiieee e 351
23.4.11. RTC clock calibration register (BKP_RTCCR) ......ccccvvviiiiiiiiiiieeveeeeeeeeee e 351

P T I U O (= To (=Y (= gl g = o I PP 352
24, Inter-integrated circuit (I2C) INTEITACE ....iiueiiiiiiiei e 354
24.1. 1] (o (U111 o] o D O PP PO PP PR PPPPRPPPPPRPN 354
24.2. [2C MAIN TEATUIES ..ottt et et e et e e s et e s an et e e srn e e e e snneeeeaas 354
24.3. [2C fUNCLIONAI AESCIIPLION .....evieiieeeiieite ettt e e e e e s e e e e e e e naneees 355
24.3.1. 12C BIOCK QIAQIaM ....cociiiiiiiieeieeee e 355
24.3.2.  MOAE SEIECHION .. .eeiiiiiiiiie ittt ettt e e e s e e s 355
24.3.3.  12C INItIANZALION .....eeiiiiieiiei ittt e 356
24.3.4.  12C SIAVE MOUE. .....eiiiitiiiei ittt ettt et b et e st e e s s et e s e e e e 356
24.3.5.  12C MASIEI MOUE ...ttt e st e s e e e e s s e e e s nnnnee s 358

P e T T 1 o] =1 =T [ SO PRSPPI 363
24.3.7.  SDAISCL CONIOL ..ttt e e et e e e e e e et e et e e e e e e s nneenees 364
24.3.8.  DMA FEQUESTS.....coiiiiiieieie e 365
24.4. DO 1 (=14 U] o PR PPUTT 366
24.5. DO (=T o |11 (=] TR PPUTR 366
24.5.1. 12C control register 1 (I2C_CRIL) .....uuiiiiiiiiiiiiiiii ettt e e e 366
24.5.2. 12C control register 2 (I2C_CR2) .....uuiiiiieie ittt e e 368
24.5.3. 12C own address register 1 (I2C_OARL) .....uuiiiiiiiiiiiieiieee et 369
24.5.4. 12C data register (I2C_DR)....ccoiiiieeii ettt 369

14/431



PY32F003 Reference Manual

24.5.5. 12C stage register 1 (I2C_SRI1) ..cccuuuiiiieeeieiiiiiieeee e e e s seetee e e e e s e snreaee e e e e e s s snnraeereaeeesnnnnnenees 370
24.5.6. 12C stage registor 2 (I2C_SR2) ......uuiiiieei it e e st e e e s e s e e e e e e s e s e e e e e e 372
24.5.7. 12C clock control register (I2C_CCR) .....ccciiciiieeieee e re e e e e 373
24.5.8. 12C TRISE regiSter (I2C_TRISE).....ciieeeteeeeeeeeeeeeeeseeseeeeeses e eeeeeeseses e seseesenes s eeeenenenen 373
P ST IO D O Yo 115 (=] g 1 1 = | SRS 374
25. Universal synchronous asynchronous receiver transmitter (USART) .....coooveiiiiiieiniiieeenne 375
25.1. )i goTo (8 o1 oo FO PP PP PRR PR 375
25.2. USART M@AIN FEALUIES ....eeiuieeiiiie ittt 375
25.3. USART fUNCLION DESCIHPLION .. .uiiiiiiee it e e e s e r e e e e e s s e e e e e s e snnenaeeeeeeeeesnnns 376
25.3.1. USART character deSCrPtiON .........uuiiiieeee st iee e e e e e e e s s s r e e e e e s e sanrae e e e e s e e s annnnanees 377
P T r- 10 011 PP PSPPSRI 378
25.3.3.  RECBVIET .ttt e e e e 381
25.3.4. USART baud rate generation .............cccuuviiiiiiiiiiiieeeeeeeeeeee ettt 384
2535. USART receivero6s tol er.anc.e..t.o..cl.ock..devB88&ti on
25.3.6. USART auto baud rate deteCtioNn ...........c.oiiriiiiiiieiieieiee e 385
25.3.7. Multiprocessor communication using USART ......coovviiiiiiiiii e 386
25.3.8.  USART SYNChroNOUS MOUE.........coiiiiiiiiiiieieee ittt 388
25.3.9. USART single-wire half-duplex communication............ccccccveieiiiiiiiiiiiiiiieeeeeeeee e 390
25.3.10. USART continuous communication in DMA MOGE ..........cuvveiiiriieriiiiie e 391
25.3.11. Hardware flOW CONMIOL.........oooiiiiiiiiiniei et 393
25.4. L0 ST AN T (=T (0 01 =0 (U= 394
25.5. LS AN I =T £ = 394
25.5.1. Status register (USART _SR).....cciiiiiiiiiiiiie e 394
25.5.2. UASRT data register (USART_DR) ....ccooviiiiiiiieieee e 396
25.5.3. Baud rate register (USART_BRR)........cooviiiiiiiiiee 397
25.5.4. USART control register 1 (USART_CRL1) ..cooviviiiiiiiiieeeeee 397
25.5.5. USART control register 2 (USART_CR2) .....oovviiiiiiiieeeee 399
25.5.6. USART control register 3 (USART_CR3) ...ocoiiiiiiiiieeee 399
AR T R U S o I (= To T[S (=T ¢ T o I PP 400
26. Serial peripheral INTErface (SPI) ...ooo i 402
26.1. INEFOTUCTION. ...ttt et e e st e e s e e e s e e e e sann e e e e arn e e e e nnneeeeaas 402
26.2. SPIMAIN TEAIUMNES ...t e s e e e e e e nres 402
26.3. SPI function desCriplion ........coo oo 402
TS I @ V=T oV = USSP PRPT TP 402
26.3.2. Communications between one master and 0Ne SIAVE ... 403
26.3.3.  Multi-Slave COMMUNICATION ......ooiiiiiiiiiiei et e e e e e 405
26.3.4. Multi-master COMMUINMICALION ......c.uuuiiiiieie ettt e e e e e e e e s e sabb e e e e e e e e abeeeees 406
26.3.5. Slave select (NSS) pin MANAQEMENT .......coiuiiiiiiieeee ettt e e e e e e e 407
26.3.6.  COMMUNICALION FOMMIALS ....eeiiiiiiiititii ettt e e e e e e e e e e s aneeeees 408
26.3.7.  SPI CONfIQUIALION ..ottt e e ettt e e e e e e s et e e e e e e e e s nneeeees 409

15/431



PY32F003 Reference Manual

26.3.8. Procedure for enabling SPl ........ccuuiiiiiiei e 410
26.3.9. Data transmission and reCeption ProCEAUIES........ccivicvirirerieeeieiiitrrereee e s s s snreereeeeessnneeenens 410

P T B K - (1S3 = Vo SRS 415

P2 TG B0 5 I 1 ¢ (o g § - Vo 1SS 416
T B Y o I ) (=14 U o] £ SRS 417
26.4. ] o I (T 11 (= SRR 417
26.4.1. SPI control register 1 (SPI_CRL) ...uuiiiiiii ittt e e e s serre e e e e e s e s e e e e e e s s nnenees 417
26.4.2.  SPI control regisSter 2 (SPI_CR2) ....uuuiiie it e s e e e s e ee e e e e e s anneaaees 418
26.4.3.  SPI Status register (SPI_SR) ... i ettt e e e a e e e 420
26.4.4. SPI data regiSter (SPI_DR) ....ccciiiiiiiiiee ettt e e s e e s e e s e e e rnaae s 420
P S TS| o I =T 1) (=T gl 0 =V o PSSR 421
27. [B2=] o0 [s I U] o] o T ] o AT TP P PP PPSPPPTRP PP PPPRP 422
27.1. OWVEBIVIBW ..ttt ettt ettt s et e ot et st e 4 et a4 e et e e s e e e e b e e e s et e e s e e e e e 422
27.2. Pinout and debug POt PINS ... ———— 422
P A VAV A N o o A o | PP 422
A A VAV | e o] = 1S3 T [ =T o | O o PP 423
27.2.3. Internal pull-up & pull-down 0N SWD PINS......ccoviiiiiiiiiiiiiiiieeeeeeeeeee et 423
27.3. ID codes and l0CKING MECNANISIM .......uuuuuuieieiiieieiiiseeisie eenrsbere sbarereeeeerersrerersrererernrernrnrnrnrnrnres 423
27.4. SWD debUQg PO ... 423
27.4.1.  SWD protocol iNtroOdUCHION...........cciiiiieieieici e 423
27.4.2.  SWD ProtOCOI SEQUENCE........ccieieeeiiiiiei ettt ettt ettt ettt ettt e ettt et e e e e e e e e e 423
27.4.3. SW-DP state machine (reset, idle states, ID cOde).........cccccvvviviiiiiiiiiiiiieeee 424
27.4.4. DP and AP read/WIit€ GCCESSES .....cciiiruiriarrreiteitreite ittt e sasrreeessnreeessrreeesssnneeesnnneeesnnnneees 424
27.4.5.  SW-DP FeQISIEIS...ccci i 424
27.4.6.  SW-AP TEQISIEIS .ccieii e 425
27.5. Core debug......o 425
27.6. Break point UNIt (BPU) ...t 426
27.6.1. BPU fuNCtionality .......ccooviiiiiiiic 426
27.7. Data WatCNPOINt (DWW T) ...cooi ittt ettt e e e e e e s e bbb e e e e e e e e sanbnbeeeeaeeseaans 426
27.7.1. DWT fUNCLONAIILY .....coeeeieeeeeeeeeee e 426
27.7.2. DWT program counter SAmMple regiSter ...........uueiiiiiiiiiiiiie e 426
27.8. MCU debug component (DBGMGCU).......ccoooiiiiiiie et 426
27.8.1. Debug support for low-poOwWer MOAES ..........ccoevviiiiiiiiii e 426
27.8.2. Debug support for times, watchdog and HC ... 427
27.9. (D] 2 R = To IS (] PP OTOTRUPPRPPPN 427
27.9.1. DBG device ID code register (DBG_IDCODE) ........coccuuuiiiiiieiiiiieiie e 427
27.9.2. Debug MCU configuration register (DBGMCU_CR) ........ccoiiiiiiiiiiiiiiiieiiieeceee e 427
27.9.3. DBG APB freeze register 1 (DBG_APB_FZ1) .....ccooiiiiiiiiiiiaeiiiie e 428
27.9.4. DBG APB freeze register 2 (DBG_APB_FZ2) .....ccooiiiiiiiiiiiiiiiieee e 428
27.9.5. DBG FrOISIEI MAP ... et iiitiieiiee e e ettt e e e e ettt e e e e e e st be bt e e eea e s e aaanbeeeeeeaeesaannbeeeaaaaeesannnnenees 429

16/431



PY32F003 Reference Manual

28, VEISION HISTOMY ittt e e ettt et e e e e e e b bbbt e e e e e e e e e anbbe e e e e e e e e e annnbeanaaaaeas 431

17/431



PY32F003 Reference Manual

1. List of abbreviations for register

Abbreviation

Description

Read/Write (RW)

Software can read and write to this bit.

Read-only (R)

Software can only read this bit.

Write-only (W)

Software can only write to this bit.

Read/Clear Write0 (RC_WO0)

Software can read as well as clear this bit by writing 0. Writing 1 has no effect on this bit.

Read/Clear Writel (RC_W1)

Software can read as well as clear this bit by writing 1. Writing O has no effect on this bit.

Read/Clear Write (RC_W)

The software can read and clear the bit by writing to the register. The value written to this
bit is not important.

Read/Clear by read (RC_R)

Software can read this bit. Reading this bit automatically clears it to 0. Writing this bit has
no effect on the bit value.

Read/Set by Read (RS_R)

Software can read this bit. Reading this bit automatically sets it to 1. Writing this bit has
no effect on the bit value.

Read/Set (RS)

Software can read as well as set this bit by writing 1. Writing 0 has no effect on this bit.

Toggle (T)

The software can toggle this bit by writing 1. Writing 0 has no effect.

Reserved (Res.)

Reserved bit, must be kept at reset value.
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2. System architecture
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3. Memory and bus architecture

3.1. System architecture

The system consists of the following parts:
A Two masters:

0  Cortex-MO+

0  General-purpose DMA
A Three Slaves

i  Internal SRAM

0 Internal Flash memory

0 AHB with AHB-APB Bridge

]

SRAM

IOPOR

GPAI%F":OHS H Flash memory inteﬁace}ﬁ Flash memory

ARM

CortexM0+ m Bus matrix
Core

AHBto-APB bridge APB

SYSCFG,
ADC,
COMP1,COMP2,
TIM1,TIM3,
TIM14,TIM16,TIM17
LPTIM,
IWDG ,WWDG,
RTC,PWR,
12C,
USART1, USART2,
SPI1,
DBGMCU

DMAChannels 1 to 3 m

A

Fig3aisgystem architecture
A System bus
This bus connects the system bus of the Cortex-MO+ core to a Bus Matrix which manages the arbitration
between the CPU and the DMA.
A DMA bus
The bus connects the AHB master interface of the DMA to the Bus Matrix which manages the access
of CPU and DMA to SRAM, Flash memory and peripherals of AHB/APB.
A Bus Matrix
The Bus Matrix manages the access arbitration between the CPU bus and the DMA master bus. This
arbitration uses the Round Robin algorithm. The Bus Matrix is composed of masters (CPU and DMA)
and slaves (SRAM, Flash memory and AHB-to-APB bridge).
A AHB-to-APB bridge (APB)

20/431



PY32F003 Reference Manual

The AHB-to-APB bridge provides a synchronous connection between the AHB and APB buses to the

peripheral address mapping of the Bridge.

3.2. Memory organization
3.3. Introduction to memory structure
Program memory, data memory, registers and I/O ports are organized within the same linear 4-GBytes
address space. The bytes are coded in memory in Little Endian format (in a word, the lowest numbered
byte is considered the worl dodés | east sinificant
The addressable memory space is divided into 8 main blocks, each of 512 MBytes.
OXFFFF FFFF
ARM Cortex MO+
0xE000 0000 Intemal periphrals
Block 6
0xC000 0000 0x5001 1FFF
IOPORT 0x5000 0000
Block 5
0x4002 63FF
0XA000 0000 AHB
0x4002 0000
Block 4
0x4001 5BFF
APB
0x8000 0000 0x4001 0000
Block 3 0x4000 A7FF
APB
0X6000 0000 0x4000 0000
Block 2 OX1FFF FFFF
. Reserved
Periphrals Ox1FFF 1000
0x4000 0000 Sz OX1FFF OF80
Factory config. bytes OXLEFF OF00
Block 1 Option bytes OXLFFF OE80
uib OXLFFF OE00
0x2000 0000 RAM System memory
OX1FFF 0000
Block 0 0x0800 FFFF
Code Main flash
00000 0000 0x0800 0000
Main flash/ 0x0000 FFFF
System flash/
Addressable space RAM 0x0000 0000
Fi g32®Memory map
Tab3eMemory boundary addresses
Type Boundary Address Size Memory Area Description
0x2000 2000 - Ox3FFF FFFF 512 MBytes Reserved
SRAM Depending on the hardware, the
0x2000 0000 - 0x2000 1FFF 8 KB SRAM maximum SRAM is 8 KB
Code Ox1FFF 1000 - Ox1FFF FFFF 4 KB Reserved
Ox1FFF OF80 - Ox1FFF OFFF 128 Bytes Reserved

21/431

byt



PY32F003 Reference Manual

Type Boundary Address Size Memory Area Description
Store HSI triming data, Flash
O0x1FFF OF0O0 - Ox1FFF OF7F 128 Bytes Factory config erasing time configuration pa-
rameters
0x1FFF OE80 - Ox1FFF OEFF 128 Bytes Option Bytes option Bytes
O0x1FFF OEQO - Ox1FFF OE7F 128 Bytes uiD Unigue ID
0x1FFF 0000 - Ox1FFF ODFF 3.5 KB System memory Store the boot loader
0x0801 0000 - OX1FFF FFFF 384 MBytes Reserved
0x0800 0000 - 0x0800 FFFF 64 KB Main Flash memory
0x0001 0000 - Ox07FF FFFF 8 MBytes Reserved
According to the Boot
configuration:
0x0000 0000 - 0x0000 FFFF 1) Main Flash memory
2) System memory
3) SRAM

1. Exceptfor Ox1FFF OEQO - Ox1FFF OE7F, the above spaces are marked as reserved spaces, which cannot
be written and read as 0 with a response error occurs.
Tab32Z2Peri pher al register address
Bus Boundary Address Size Peripheral
0xEO000 0000 - OXEOOF FFFF 1 MBytes MO+
0x5000 1800 - OX5FFF FFFF 256 MBytes Reserved ®
0x5000 1400 - 0x5000 17FF 1 KB GPIOF
0x5000 1000 - 0x5000 13FF 1 KB Reserved
/0 PORT 0x5000 0CO00 - 0x5000 OFFF 1 KB Reserved
0x5000 0800 - 0x5000 OBFF 1 KB Reserved
0x5000 0400 - 0x5000 O7FF 1 KB GPIOB
0x5000 0000 - 0x5000 03FF 1 KB GPIOA
0x4002 3400 - Ox4FFF FFFF Reserved
0x4002 300C - 0x4002 33FF 1 KB Reserved
0x4002 3000 - 0x4002 3008 CRC
0x4002 2400 - 0x4002 2FFF Reserved
0x4002 2124 - 0x4002 23FF Reserved
0x4002 2000 - 0x4002 2120 1KB Flash
0x4002 1C00 - 0x4002 1FFF 3 KB Reserved
AHB 0x4002 1888 - 0x4002 1BFF 1KB Reserved
0x4002 1800 - 0x4002 1884 EXTI®
0x4002 1400 - 0x4002 17FF 1 KB Reserved
0x4002 1064 - 0x4002 13FF 1KB Reserved
0x4002 1000 - 0x4002 1060 RCC®
0x4002 0CO00 - 0x4002 OFFF 1 KB Reserved
0x4002 0040 - 0x4002 03FF 1 KB Reserved
0x4002 0000 - 0x4002 003C DMA
0x4001 5CO00 - 0x4001 FFFF 32 KB Reserved
0x4001 5880 - 0x4001 5BFF 1 KB Reserved
0x4001 5800 - 0x4001 587F DBG
0x4001 4CO00 - 0x4001 57FF 3 KB Reserved
0x4001 4850 - 0x4001 4BFF 1 KB Reserved
APB 0x4001 4800 - 0x4001 484C TIM17
0x4001 4450 - 0x4001 47FF 1 KB Reserved
0x4001 4400 - 0x4001 404C TIM16
0x4001 3C00 - 0x4001 43FF 2 KB Reserved
0x4001 381C - 0x4001 3BFF 1 KB Reserved
0x4001 3800 - 0x4001 3018 USART1
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Bus Boundary Address Size Peripheral
0x4001 3400 - 0x4001 37FF 1 KB Reserved
0x4001 3010 - 0x4001 33FF 1KB Reserved
0x4001 3000 - 0x4001 300C SPI1
0x4001 2C50 - 0x4001 2FFF 1 KB Reserved
0x4001 2C00 - 0x4001 2C4C TIM1
0x4001 2800 - 0x4001 2BFF 1 KB Reserved
0x4001 270C - 0x4001 27FF 1KB Reserved
0x4001 2400 - 0x4001 2708 ADC
0x4001 0400 - 0x4001 23FF 8 KB Reserved
0x4001 0220 - 0x4001 O3FF Reserved
0x4001 0200 - 0x4001 021F 1 KB COMP1 and COMP2
0x4001 0000 - 0x4001 O1FF SYSCFG
0x4000 B400 - 0x4000 FFFF 19 KB Reserved
0x4000 BO0O - 0x4000 B3FF 1 KB Reserved
0x4000 8400 - 0x4000 AFFF 11 KB Reserved
0x4000 8000 - 0x4000 83FF 1 KB Reserved
0x4000 7C28 - 0x4000 7FFF 1 KB Reserved
0x4000 7C00 - 0x4000 7C24 LPTIM
0x4000 7400 - 0x4000 7BFF 2 KB Reserved
0x4000 7018 - 0x4000 73FF 1 KB Reserved
0x4000 7000 - 0x4000 7014 PWR ©)
0x4000 5800 - 0x4000 6FFF 6 KB Reserved
0x4000 5434 - 0x4000 57FF 1 KB Reserved
0x4000 5400 - 0x4000 5430 12C
0x4000 4800 - 0x4000 53FF 3 KB Reserved
0x4000 441C - 0x4000 47FF 1KB Reserved
0x4000 4400 - 0x4000 4418 USART2
0x4000 3C00 - 0x4000 43FF 1 KB Reserved
0x4000 3810 - 0x4000 3BFF 1 KB Reserved
0x4000 3800 - 0x4000 380C Reserved
0x4000 3400 - 0x4000 37FF 1 KB Reserved
0x4000 3014 - 0x4000 33FF Reserved
0x4000 3000 - 0x4000 0010 1KB IWDG
0x4000 2COC - 0x4000 2FFF 1 KB Reserved
0x4000 2C00 - 0x4000 2C08 WWDG
0x4000 2830 - 0x4000 2BFF 1 KB Reserved
0x4000 2800 - 0x4000 282C RTC®
0x4000 2420 - 0x4000 27FF
0x4000 2400 - 0x4000 241C 1KB Reserved
0x4000 2054 - 0x4000 23FF Reserved
0x4000 2000 - 0x4000 0050 1KB TIM14
0x4000 1800 - 0x4000 1FFF 2 KB Reserved
0x4000 1400 - 0x4000 17FF 1 KB Reserved
0x4000 1030 - 0x4000 13FF 1 KB Reserved
0x4000 1000 - 0x4000 102C Reserved
0x4000 0800 - 0x4000 OFFF 2 KB Reserved
0x4000 0450 - 0x4000 O7FF 1 KB Reserved
0x4000 0400 - 0x4000 044C TIM3
0x4000 0000 - 0x4000 03FF 1 KB Reserved

1.

In the above table, the address space which marked as Reserved in AHB, cannot be written, read is 0 and

a HardFault is generated. And in APB is marked as the reserved address space, cannot be written, read is

0, and no HardFault will be generated.
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2.
3.

3.4.

3.5.

3.6.

Not only supports 32 bits word access, but also supports halfword and byte access.

Not only supports 32 hits word access, but also supports half word access.

Embedded SRAM
The PY32F003 features up to 8 KB of SRAM. It can be accessed as bytes, half-word (16 bits) or full

words (32 bits). A hard fault will be generated when the software reads and writes the space outside the

setting range.

Flash memory

Flash memory consists of two physical areas:
A Main Flash area, 64 KB, it contains application and user data.
A Information area, 4 KB, it includes the following parts:
U  Factory config. bytes: 128 bytes, used to store trimming data (including HSI triming data),
power-on reading check code, etc.
U  UID: 128 bytes, used to store the UID of the chip
U  Option bytes: 128 bytes, used to store the configuration values of hardware and storage pro-
tection
0  System memory (system memory): 3.5 KB, used to store Boot loader
Flash memory interface implements instruction of reading and data access based on the AHB protocaol,

and it also implements the basic program/erase operations of the Flash through registers.

Boot mode

Three different boot mode can be selected through the BOOTO pin and boot selector option bit nBOOT1
(stored in the Option bytes), as shown in the following table:
Tab33*¥Boot mood

Boot mode selector pins Mode

nBOOT1 bit BOOTO pin
X 0 Main Flash memory is selected as the boot area
1 1 System memory is seleced as the boot area
0 1 Embedded SRAM is selected as the boot area

It is up to the user to set the boot mode to choose according to the table above.

After this startup delay has elapsed, the CPU fetches the top-of-stack value from address 0x0000 0000,

then starts code executes from the boot memory starting from 0x0000 0004. Depending on the selected

boot mode, main Flash memory, system memory or SRAM is accessible as follows:

A Boot from main Flash memory: the main Flash memory is aliased in the boot memory space
(Ox0000 0000), but still accessible from its original memory space (0x0800 0000). In other word,
the Flash memory contents can be accessed starting from address 0x0000 0000 or 0x0800 0000.

A Boot from system memory: the system memory is aliased in the boot memory space (0x0000 0000),
but still accessible from its original memory space (Ox1FFF 0000).
A Boot from the embedded SRAM: the SRAM is aliased in the boot memory space (0x0000 0000),

but still accessible at address 0x2000 0000.
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3.6.1. Memory physical mapping

If boot mode is selected, the application software can modify the memory accessible in the program
space. This modification is determined by the MEM_MODE bit selection in the SYSCFG_CFGR1 reg-

ister (see the SYSCFG chapter for details).

3.6.2. Embedded boot loader

The embedded boot loader is located in the System memory, programmed during production. It is used
to reprogram the Flash memory using the following serial interface:
A USART corresponding to PA14/PA15 or PA9/PA10 or PA2/PA3.
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4. Embedded Flash memory

4.1. Key features

A Main Flash block: maximum 64 KB (16 k x 32 bits)
Information block: 4 KB (1 k x 32 bits)

A
A Page size: 128 Bytes
A

Sector size: 4 KB

The Flash control interface circuit features:

> > >

Flash write and erase
Read protection

Write protection

4.2. Flash memory function introduction

4.2.1. Flash structure

Flash memory is composed of 32-bit wide storage units, which can be used for program and data

storage.

In terms of function, Flash memory is divided into main Flash and information Flash, the former has a

maximum capacity of 64 KB, and the latter has a capacity of 4 KB.

Page erase operation can be applied to Main Flash and System Flash, but sector erase can not be

applied to System Flash.

Mass erase can be applied to main Flash if there is no write protection setting, otheRWise it cannot be

applied to main Flash. Mass erase cannot be applied to system Flash with or without write protection.
Tab4lFI| ash

structure and boundary addresse

Block Sector Page Base address Size
Sector 0 Page 0-31 0x0800 0000 - 0x0800 OFFF 4 KB
Sector 1 Page 32-63 0x0800 1000 - 0x0800 1FFF 4 KB
. Sector 2 Page 64-95 0x0800 2000 - 0x0800 2 FFF 4 KB
Main Flash & & & &
Sector 14 Page 448-479 0x0800 EO0O0 - 0x0800 EFFF 4 KB
Sector 15 Page 480-511 0x0800F000 - OXO800FFFF 4 KB
System Flash Page 0-27 O0x1FFF 0000 - Ox1FFF ODFF 3.5 KB
uiD Page 28 O0x1FFF OEQO - Ox1FFF OE7F 128 Bytes
Option Bytes Sector 16 Page 29 Ox1FFF OE80 - Ox1FFF OEFF 128 Bytes
Factory config Page 30 Ox1FFF OFO00 - Ox1FFF OF7F 128 Bytes
Reserved Page 31 Ox1FFF OF80 - Ox1FFF OFFF 128 Bytes

4.2.2. Flash read operation and access latency

Flash can be used as a general memory space to accessed direct addressing. The contents of the

Flash memory can be read through a special read control sequence.

The instruction fetch and data access are both done through the AHB bus. Read can mange through

the Latency of the FLASH_ACR register, which is the read operation increase the wait state or not.

When it is 0, the wait state of the Flash read operation is not added, when it is 1, the Flash read

operation adds one wait state. This mechanism is specially designed to match high-speed system

clock and relatively low-speed Flash read speed.
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4.2.3.

4.2.3.1.

Flash program and erase operations

The Flash memory can be programmed by In -circuit programming (ICP) or In -application program-
ming (IAP).

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

IAP: It can use any communication interface supported by the microcontroller to download program-
ming data into Flash memory. The IAP allows the user to re-program the Flash memory while the
application is running. Then, part of the application has to have been previously programmed in the
Flash memory using ICP.

If a reset occurs during Flash program and erase operations, the contents of the Flash memory are
not protected.

During a program and erase operations to the Flash memory, any attempt to read the Flash memory
will stall the bus. The read operation will proceed correctly once the program and erase operations has
completed. This means that code or data fetches cannot be made while programming and erasing
operations are in progress.

For program and erase operations, the HSI must be turned on.

Program and erase operations can be implemented through the following control interface-related reg-
isters :

Access control register (FLASH_ACR)

A KEY register (FLASH_KEYR)

A Option byte key register (FLASH_OPTKEYR)

A Flash status register (FLASH_SR)

A Flash control register (FLASH_CR)

A Flash option register (FLASH_OPTR)

A Flash special area address register (FLASH_SAR)

A Flash w rite protection resister (FLASH_WRPR)

A Flash TS0 register (FLASH_TSO0)

A Flash TS1 register (FLASH_TS1)

A TS2P register (FLASH_TS2P)

A Flash TPS3 register (FLASH_TPS3)

A Flash TS3 register (FLASH_TS3)

A Flash page erase TPE register (FLASH_PERTPE)

A Flash sector/mass erase TPE register (FLASH_SMERTPE)

A Flash program TPE register (FLASH_PRGTPE)

A Flash pre-program TPE register (FLASH_PRETPE)

>

Unlocking the Flash memory
After reset, the Flash memory is protected against unwanted (like caused by electrical interference)
write or erase operations. The FLASH_CR register is not accessible in write mode, except for the OB

L_LAUNCH bits, used to reload option bit. Every time to write or erase the Flash, must write the
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4.2.3.2.

FLASH_KEYR register, to generate an unlock sequence, and to open the access to the FLASH_CR
register.

This sequence consists of two steps:

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

Step 2: Write KEY2 = OXCDEF 89AB to the FLASH_KEYR register

Any wrong sequence locks up the FLASH_CR register until the next reset. In the case of a wrong key
sequence, a bus error is detected and a Hard Fault interrupt is generated. This is done after the first
write cycle if KEY1 does not match, or during the second write cycle if KEY1 has been correctly written
but KEY2 does not match.

The FLASH_CR register can be locked again by user software by writing the LOCK bit in the
FLASH_CR register.

In addition, the FLASH_CR register cannot be written when the BSY bit of the FLASH_SR register is
set. In the meantime, any attempt to write FLASH_CR register will cause the AHB bus to stall until the
BSY1 bit is cleared.

Flash memory programming

The Flash memory can be programmed the entire page in units of 32 bits each time (HardFault will be

generated when the half word or byte operation is performed). The program operation is started when

the CPU writes a half-word into a main Flash memory address with the PG bit of the FLASH_CR

register set. Any non 32-bit write will cause a hard fault interrupt.

If the address is write-protected by the FLASH_WRPR register, the program operation is skipped and

a warning is issued by the WRPRTERR bit in the FLASH_CR register. At the end of the program

operation, the EOP bit in the FLASH_CR register will be set.

The Flash memory programming sequence is as follows:

1) Checkthat no Flash memory operation is ongoing by checking the BSY in the FLASH_SR register.

2) If no Flash memory erase or program operation is ongoing, the software reads out the 32 words
of the page (if the page already has data stored, perform this step, otheRWise skip this step).

3) To release the protection of the FLASH_CR register by programming KEY1 and KEY2 to the
FLASH_KEYR register.

4) Setthe PG bit and the EOPIE bit in the FLASH_CR register.

5) Programming to the target address from the 1st to 31st word (only accept 32 bits program).

6) Setthe PGSTRT in FLASH_CR register.

7)  Write the 32nd word.

8) Wait until the BSY bit of the FLASH_SR register to be cleared.

9) Check the EOP flag in the FLASH_SR register (It is set when the programming operation has
succeeded), and then clear it by software.

10) If there are no more program operations, software will clear the PG bit.

When the above step 7) is successfully executed, the program operation is automatically started, and

the BSY bit is set by hardware at the same time.

Flash Erase Operation
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4.2.3.3.

4.2.3.4.

4.2.3.5.

The Flash memory can be erased by page, or sector and mass erase (sector and mass erase do not

work for information memory).

Page erase

When a page is protected by WRP, it will not be erased and the WRPERR bit is set at this time. To

excution the page erase operation, the following steps need to be performed:

1) Check that no Flash memory operation is ongoing by checking the BSY in the FLASH_SR register.

2) To release the protection of the FLASH_CR register by programming KEY1 and KEY2 to the
FLASH_KEYR register.

3) Setthe PER bit and the EOPIE bit in the FLASH_CR register.

4) Write arbitrary data (32-bit data) to the page.

5) Wait for the BSY bit to be cleared.

6) Check that the EOP flag is set.

7) Clear the EOP flag.

Mass erase

The Mass erase can used to completely erase the entire main Flash memory, but the information block

is unaffected by this procedure. Additionally, when WRP is enabled, the mass erase function is disa-

bled and no mass erase operation occurs, the WEPERR bit is set.

The following sequence for mass erase:

1) Check that no Flash memory operation is ongoing by checking the BSY.

2) To release the protection of the FLASH_CR register by programming KEY1 and KEY2 to the
FLASH_KEYR register.

3) Setthe MER bit and the EOPIE bit in the FLASH_CR register.

4) Write arbitrary data (32-bit data) to the main Flash memory.

5) Wait for the BSY bit to be cleared.

6) Check that the EOP flag is set.

7) Clear the EOP flag.

Sector erase

The wector erase can be used to erase the main Flash of 4 KB, but the information block is unaffected

by this procedure. In addition, when a sector is protected by WRP, it will not be erased, and the

WRPERR bit is set.

The following sequence for sector erase:

1) Check that no Flash memory operation is ongoing by checking the BSY.

2) To release the protection of the FLASH_CR register by programming KEY1 and KEY2 to the
FLASH_KEYR register.

3) Setthe SER bit and the EOPIE bit in the FLASH_CR register.

4) Write arbitrary data to the sector.

5) Wait for the BSY bit to be cleared.

6) Check that the EOP flag is set.

7) Clear the EOP flag.

System memory is read-only and will never be programmed/erased.
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4.2.3.6. Program and erase time configuration

The write and erase time of the Flash must be strictly controlled. Otherwise, the operation may fail. If

you need to write and erase the Flash operation, you need to output frequency according to HSI. Refer
to FLASH_TSO, FLASH_TS1, FLASH_TS2P, FLASH_TPS3, FLASH_TS3,FLASH_PERTPE,
FLASH_SMERTPE, FLASH_PRGTPE, The description of FLASH_PRETPE configure the Flash write

and erase time control registers correctly.

4.3. Product Unique Identifier (UID)

Typical application scenarios for unique identifiers:

A Used as a serial number

A Use as a key or cryptographic primitive to increase code security when programming internal

flash memory

A To activate secure bootstrapping processes, etc.

The Product Unique Identity provides a reference number that is unique to any device.

The user can never change these bits. The unique identifier can also be read in different ways such

as single byte/half word/word and then concatenated using a customized algorithm.

Base address: Ox1FFF OEQO

Table 4-2 UID format

UID Bits
Offset address Description
7 | e | s | 4 | 3] 2] 1] o
0 Lot Numer Lot Number ASCII code
1 Lot Numer Lot Number ASCII code
2 Lot Numer Lot Number ASCII code
3 Lot Numer Lot Number ASCII code
4 Wafer Number Wafer Number
5 Lot Numer Lot Number ASCII code
6 Lot Numer Lot Number ASCII code
7 Lot Numer Lot Number ASCII code
8 Internal code Internal code
9 Low Y-coordinate Low Y-coordinate
10 Low X-coordinate Low X-coordinate
11 X,Y coordinate high address High Y-coordinate High X-coordinate
12 Fixed code 0x78
13 Internal code Internal code
14 Internal code Internal code
15 Internal code Internal code

4.4. Flash option byte

4.4.1. Flash option word
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Part of the information area is used as an option byte, which is used to store the hardware configuration

that the chip or the user needs to perform for the application. For example, the watchdog can be

selected in hardware or software mode.

For data security, the option bytes are stored separately in the code and one's complement code.

Tab4-330pti on

byte format

31 [ 30 | 29 | 28 [ 27 [ 26 [ 25 [ 24

23 | 22 | 22| 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 Jo

Option byte 1

Option byte 0

The option bytes can be read from the memory locations listed in the table option byte organization or

from the relevant registers of the following option bytes :

A FLASH user option register (FLASH_OPTR)
A FLASH SDK area address register (FLASH_SDKR)
A FLASH WRP address register (FLASH_WRPR)

Tab4-40ption byte organization

Word address Describe
Ox1FFF OE80 Option byte for Flash User option and its complemented
Ox1FFF OE84 Option byte for Flash SDK area address and its complemented
O0x1FFF OE88 Reserved
Ox1FFF OE8C Option byte for Flash WRP address and its complemented
Ox1FFF OEQ90 Reserved
Ox1FFF OE94 Reserved

é Reserved

é Reserved

é Reserved
Ox1FFF OEFC Reserved

A Option byte for Flash User option
Flash memory Address offset: Ox1FFF OE80
Production value: 0x0155 BEAA

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

the option bytes area of the Flash information memory and written to the corresponding option bit of

the register.

31 30 29 28 27 [ 26 | 25 24 23[22]21]20]19]18[17] 16
~NRST ~WWDG | ~IWDG ~BOR
~nBOOT1 MODE Sw Sw ~BOR_LEV[2:0] EN ~RDPJ[7:0]
R R R R R R R R RIRIR|IR|IR|R|R|R
15 14 13 12 11 10 9 8 716|543 ]2]1]0
NRST WWDG IWDG BOR
nBOOT1 MODE sw sw BOR_LEV[2:0] EN RDP[7:0]
R R R R RIRI[R R RIRIR]IR]IRI]IRI|IRI]R
Bit Name R/W Function
31 ~nBOOT1 R Oneds complement of nBOOT1
30 ~NRST_MODE R Onedbds compl ement of NRST MODE
29 ~WWDG_ SW R Onedbés compl ement of WWDG_SW
28 ~IWDG_ SW R Onebés compl ement of | WDG_SW
27:25 ~BOR_LEV[2:0] R Oneds compBORMEWt of
24 ~BOR_EN R Oneds complement of BOR_EN
23:16 ~RDP R Onebdés compl ement of RDP
15 nBOOT1 R Select boot mode with BOOT PIN
14 NRST_MODE R 0: Reset input only
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1: GPIO function

13

0: Hardware watchdog

WWDG_SW R 1: Software watchdog

12

0: Hardware watchdog

IWDG_SW R 1: Software watchdog

11:9

000: BOR rising threshold is 1.8 V, falling threshold is 1.7 V
001: BOR rising threshold is 2.0 V, falling threshold is 1.9 V
010: BOR rising threshold is 2.2 V, falling threshold is 2.1 V
011: BOR rising threshold is 2.4 V, falling threshold is 2.3 V
100: BOR rising threshold is 2.6 V, falling threshold is 2.5 V
101: BOR rising threshold is 2.8 V, falling threshold is 2.7
110: BOR rising threshold is 3.0 V, falling threshold is 2.9 V
111: BOR rising threshold is 3.2 V, falling threshold is 3.1 V

BOR_LEV[2:0] R

BOR enable
BOR_EN R 0: BOR is disabled
1: BOR is enabled, BOR _LEV works

7:0

0 xAA: level 0, read protection inactive
Non 0xAA: level 1, read protection active

RDP R

A Option byte for Flash SDK area address

Flash memory Address offset: Ox1FFF OE84

Production value: Ox FFOO OOFF

After the power-on reset (POR/BOR/OBL_LAUNCH) is released, the corresponding value is read from
the option bytes area of the Flash information memory and written to the corresponding option bit of

the register.

31 30 29 28 | 27 [ 26 [ 25 | 24 23 22 21 20 [ 19 [ 18 [ 17 | 16
Res Res Res ~SDK_END[4:0] Res Res Res ~SDK_STRT[4:0]
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 SDK_END[4:0] Res Res Res SDK_STRT[4:0]
R I R[I]RI|IRIJR R IR]IRIJIRI] R
Bit Name R/W Function
31:16 Reserved
. Complemented A
28:24 SDK_END[4:0] R Onebds compl emBimt of SDK
23:21 Reserved
. Complemented A
20:16 SDK_STRT[4:0] R Oneds complement of SDK_STRT
15:13 Reserved
12:8 SDK_END[4:0] R SDK area end address, each corresponding STEP is 2 KB
75 Reserved
4:0 SDK_STRT[4:0] R SDK area start address, each corresponding STEP is 2 KB
A Option byte for Flash WRP address
Flash memory Address offset: OxX1FFF OE8C
Production value: 0x0000 FFFF
After the power-on reset (POR/BOR/OBL_LAUNCH) is released, the corresponding value is read from
the option bytes area of the Flash information memory and written to the corresponding option bit of
the register.
31 [ 30 | 29 | 28 | 27 | 26 | 25 | 24 [ 23 [ 22 ] 22 | 20 | 129 | 18 | 17 | 16
~WRP[15:0]

R R R R 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
WRP[15:0]
RIR|]R]I]RJ]RJRJI]R]I]RI]I]RIR]I]R]I]RIJI]R]IRIJRI]R
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Bit Name R/W Function
31:16 Comr\)/:;eénpented R Onebés compl ement of WRP
0: sector [y] is protected
15:0 WRP R 1: sector [y] unprotected
y=0to 15
4.4.2. 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 option byte can be manipulated.

The following steps are used to unlock this register:

1) Unlock sequence to unlock write protection of FLASH_CR register.

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

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

Any wrong sequence locks up the FLASH_CR register until the next reset. In the case of a wrong key

sequence, a bus error is detected and a Hard Fault interrupt is generated.

User option (option bytes in information Flash memory) can be protected by software by writing the

OPTLOCK bit of the FLASH_CR register to prevent unwanted erase/program operations.

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

Modifying user option bytes

Programming operation of the option byte is different from the operation to the main Flash memory.

To modify the option bytes, the following steps are required:

1) Using the steps described previously to clear the OPTLOCK bit.

2) Check that no Flash memory operation is ongoing by checking the BSY.

3) Write the desired value (1~3 words) to the option bytes register FLASH_OPTR/ FLASH_SAR/
FLASH_WRPR.

4) Set OPTSTRT bit.

5) Write any 32 bits data to the main Flash memory address 0x4002 2080 (trigger a formal program
operation).

6) Wait for the BSY bit to be cleared.

7) Wait for EOP to be pulled high, software to be cleared.

Any change to the option bytes, the hardware will first erase the entire page to the option byte, and

then program the value of the FLASH_OPTR, FLASH_SAR or FLASH_WRPR register to the option

bytes. And, the hardware automatically calculates the corresponding complement, and programs the

calculated value to the corresponding area of the option bytes.

Option byte loading

After the BSY bit is cleared, all new option bytes are written into the Flash information memory, but

they are not applied to the system. The read operation of the option bytes register still returns the value

in the last loaded option bytes. Once they are loaded with new values, it will work on the system.

The loading of option bytes is performed in the following two cases:

A OBL_LAUNCH bit in the FLASH_CR register is set.

A After power-on reset (POR, BOR)
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4.5.

Loading option bytes is: read the option bytes in the information memory area, and then store the read
data in the internal option registers (FLASH_OPTR, FLASH_SAR and FLASH_WRPR). These internal
registers configure the system and can be read by software. The OBL_LAUNCH bit is set to generate
a reset, so that the loading of option bytes can be carried out under the reset of the system.
Each option bit has a corresponding complement at its same doubleword address (next half word).
During the loading of the option bytes, the validation of the option bit and its complement ensures that
the loading was performed correctly.
If the one's complement matches, the option bytes are copied into the option register.
If the one's complement does not match, the OPTVERR status bit in the FLASH_SR register is set.
Unmatched values are written to the option register:
A For user option
0 BOR_LEV is written as 000 (the lowest threshold)
U  The BOR_EN bit is written as 0 (BOR is not enabled)
U0 NRST_MODE bit written to 0 (reset input only)
U  RDP bit is written as 0xff (which is level 1)
U  The rest of the mismatched values are written as 1
A  For SDK area option, SDKR_STRT [4:0] = 0x00, SDKR_END [4:0] = Ox1F, all Flash memory is
set as SDK
A For the WRP option, the unmatched value is the default "no protection"
After system reset, the contents of option bytes are copied to the following option registers (readable
and writable by software):
A FLASH_OPTR
A FLASH_SDKR
A FLASH_WRPR
These registers are also used to modify option bytes. If these registers are not modified by the user,

they reflect the state of the system option.

Flash configuration bytes

Part of the interval (one page in total) of the information area of the Flash memory is used as factory
config. byte.
Page 0 is stored for software to read informati on
stored):
A HSI frequency selection control value, and corresponding trimming value.
A Erase and program time configuration parameter values corresponding to different frequencies of
HSI.

Tab4=Factory config. byte organization

Page

Word Address Contents

Ox1FFF OF00 Store HSI 4 MHz frequency selection control and corresponding trimming value

Ox1FFF 0F04 Store HSI 8 MHz frequency selection control and corresponding trimming value

Ox1FFF OF08 Store HSI 16 MHz frequency selection control and corresponding trimming value

Ox1FFF OFOC | Store HSI 22.12 MHz frequency selection control and corresponding trimming value

HW|NF|O

Ox1FFF OF10 Store HSI 24 MHz frequency selection control and corresponding trimming value
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5 Ox1FFF OF14 TS_CAL1, low temperature sensor calibration value
6 Ox1FFF OF18 TS_CAL2, high temperature sensor calibration value
7 OXLEEE OF1C Sto_re the configuration values of the corresponding FLASH_TSO and FLASH_TS1
registers at the HSI 4 MHz frequency
Store the configuration values of the corresponding FLASH_TS2P and
8 OXIFFF 0F20 FLASH_TPS3 registers at the HSI 4 MHz frequency
9 OXLEEE OF24 Store the configuration value of the corresponding FLASH_PERTPE register at the
HSI 4 MHz frequency
10 OXLEEF OE28 Store the configuration value of the corresponding FLASH_ SMERTPE register at
the HSI 4MHz frequency
Store the configuration values of the corresponding FLASH_P RGTPE and
1 OXIFFF OF2C FLASH_PRETPE registers at the HSI 4 MHz frequency
12 OXLEEE OF30 Store the configuration values of the corresponding FLASH_TSO and FLASH_TS1
registers at the HSI 8 MHz frequency
Store the configuration values of the corresponding FLASH_TS2P and
13 OXIFFF OF34 FLASH_TPS3 registers at the HSI 8 MHz frequency
14 OXLEEE OF38 Store the configuration value of the corresponding FLASH_PERTPE register at the
HSI 8 MHz frequency
15 OXLEEE OF3C Store the configuration value of the corresponding FLASH_ SMERTPE register at
the HSI 8 MHz frequency
Store the configuration values of the corresponding FLASH_PRGTPE and
16 OXLFFF OF40 FLASH_PRETPE registers at the HSI 8 MHz frequency
17 OXLEEE OF44 Sto_re the configuration values of the corresponding FLASH_TSO and FLASH_TS1
registers at the HSI 16 MHz frequency
Store the configuration values of the corresponding FLASH_TS2P and
18 OXIFFFOF48 | o) AsH TPS3 registers at the HSI 16 MHz frequency
19 OXLEEE OFAC Store the configuration value of the corresponding FLASH_PERTPE register at the
HSI 16 MHz frequency
20 OXLEEE OF50 Store the configuration value of the corresponding FLASH_ SMERTPE register at
the HSI 16 MHz frequency
Store the configuration values of the corresponding FLASH_P RGTPE and
21 Ox1FFF 0F54 FLASH PRETPE registers at the HSI 16 MHz frequency
Store the configuration values of the corresponding FLASH_TSO and FLASH_TS1
22 OXIFFF OF58 registers at the HSI 22.12 MHz frequency
Store the configuration values of the corresponding FLASH_TS2P and
23 OXIFFF OF5C FLASH_TPS3 registers at the HSI 22.12 MHz frequency
Store the configuration value of the corresponding FLASH_PERTPE register at the
24 Ox1FFF OF60 HSI 22.12 MHz frequency
Store the configuration value of the corresponding FLASH_ SMERTPE register at
25 OX1FFF OF64 the HSI 22.12 MHz frequency
Store the configuration values of the corresponding FLASH_P RGTPE and
26 Ox1FFF OF68 FLASH_PRETPE registers at the HSI 22.12 MHz frequency
27 OXLEEE OF6C Sto_re the configuration values of the corresponding FLASH_TSO and FLASH_TS1
registers at the HSI 24 MHz frequency
Store the configuration values of the corresponding FLASH_TS2P and
28 Ox1FRE 978 FLASH_TPS3 registers at the HSI 2 4MHz frequency
29 OX1EEE OF74 Store the configuration value of the corresponding FLASH_PERTPE register at the
HSI 24 MHz frequency
30 OXLEEF OE78 Store the configuration value of the corresponding FLASH_ SMERTPE register at
the frequency of HSI 24 MHz frequency
Store the configuration values of the corresponding FLASH_PRGTPE and
% OXIGTF OFFC FLASH_PRETPE registers at the HSI 24 MHz frequency
Ox1FFF 0F80 -
1 0 OXLEEF OFFE RESERVED
4.5.1. HSI_TRIMMING_FOR_USER
Address offset: Ox1FFF OF00 to Ox1FFF OF10
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 HSI_FS[2:0]
R R R
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res | Res | Res HSI TRIM[12:0]
R I RIJRIR R [T RIRIJITRIRITRIJIRIRI]R

The software needs to read data from this address, and then write to HSI_FS[2:0] and HSI_TRIM[12:0]

corresponding to the RCC_ICSCR register to change the HSI frequency.
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4.5.2. Calibration value of temperature sensor
Address offset: Ox1FFF OF14 (30t ), Ox1FFF OF18 (85t or 105t )
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
TSca[11:0]
Software needs to read data from this address.
45.3. HSI_4M/8M/16M/22.12M/24M_EPPARAO
Address offset: Ox1FFF OF1C (4 MHz), Ox1FFF OF30 (8 MHz), Ox1FFF OF44 (16 MHz), 0x1FFF OF58
(22.12 MHz), OX1FFF OF6C (24 MHz)
31 30 29 28 27 26 25 24 [ 23 [ 22 [ 21 ] 20 [ 19 [ 18 [ 17 [ 16
Res Res Res Res Res Res Res TS1[8:0]
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
TS3[7:0] TSO0[7:0]

R R | RIT R RJTRIJRTIR RIRJIJRIRIJIJRIRIR] R
The software needs to set the HSI clock frequency according to the need, choose to read the data
from the corresponding address, and then write the FLASH_TSO, FLASH_TS1, FLASH_TS3 registers
to realize the configuration of the erasing and programming time required by the corresponding HSI
frequency.

45.4. HSI_4M/8M/16M/22.12M/24M_EPPARA1
Address offset: Ox1FFF 0F20 (4 MHz), 0x1FFF OF34 (8 MHz), 0x1FFF OF48 (16 MHz), Ox1FFF OF5C
(22.12 MHz), Ox1FFF OF70 (24 MHz)
31 30 29 28 27 26 | 25 | 24 [ 23 [ 22 [ 21 ] 20 [ 19 [ 18 [17 ] 16
Res Res Res Res Res TPS3[10:0]
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 Res Res | Res Res TS2P[7:0]
RIR[IR]IRIR[IRIJIR] R
The software needs to set the HSI clock frequency according to the need, choose to read the data
from the corresponding address, and then write the FLASH_TS2P and FLASH_TPS3 registers to re-
alize the configuration of the erasing and programming time required for the corresponding HSI fre-
guency.
45.5. HSI_4M/8M/16M/22.12M/24M_EPPARA2
Address offset: Ox1FFF 0F24 (4 MHz), 0x1FFF OF38 (8 MHZz), 0x1FFF OF4C (16 MHz), Ox1FFF OF60
(22.12 MHz), OX1FFF OF74 (24 MHz)
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 PE[T;SI—]PE
R
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PERTPE[15:0]
RIRJI]RIJIJRI]IRIJIRIR IR JTRIRI]IRIRIRIRI]IR] R

The software needs to set the HSI clock frequency according to the need, choose to read the data
from the corresponding address, and then write it into the FLASH_PERTPE register to realize the

configuration of the erasing and programming time required for the corresponding HSI frequency.
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45.6. HSI_4M/8M/16M/22.12M/24M_EPPARA3
Address offset: Ox1FFF 0F28 (4 MHz), Ox1FFF OF3C (8 MHz), Ox1FFF OF50 (16 MHz), Ox1FFF OF64
(22.12 MHz), Ox1FFF OF78 (24 MHz)
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
SMER
Res Res Res Res Res Res Res Res Res Res Res Res Res Res Res TPE[16]
R
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SMERTPE[15:0]

RIRJI]RJI]RJRJ]RIR IR [RIRIJIJRI]IJRIJIJRI]IRIJIRI] R
The software needs to set the HSI clock frequency according to the need, choose to read the data
from the corresponding address, and then write it into the FLASH_SMERTPE register to realize the
configuration of the erasing and programming time required for the corresponding HSI frequency.

45.7. HSI_4M/8M/16M/22.12M/24M_EPPARA4
Address offset: Ox1FFF OF2C (4 MHz), OxX1FFF 0F40 (8 MHZz), OX1FFF OF54 (16 MHZz), Ox1FFF OF68
(22.12 MHz), Ox1FFF OF7C (24 MHz)
31 30 29 28 27 26 | 25 | 24 [ 23 [ 22 [ 21 [ 20 [ 19 [ 18 [ 17 | 16
Res Res Res Res Res PRETPE[11:0]
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
PRGTPE[15:0]

R [ R RITRIJIJRIJIRIRIRITRIRIR]I]RIRI]IRIRI] R
The software needs to set the HSI clock frequency according to the need, choose to read the data
from the corresponding address, and then write it into the FLASH_PRGTPE and FLASH_PRETPE
registers to realize the configuration of the erasing and programming time required for the correspond-
ing HSI frequency.

4.6. Flash protection

4.6.1.

The protection of Flash main memory includes the following mechanisms:

A Software design kit (SDK) is used to protect access to specific program areas, and the granularity
is 2 KB.

A Read protection (RDP) is used to prevent access from outside.

A Wrtie protection (WRP) control is used to prevent unwanted writes (due to confusion of the program
memory pointer PC). The granularity of write protection is designed to be 4 KB.

A Option byte write protection, special unlocking design.

Flash software development kit (SDK) area protection

The area protected by the FLASH_SDKR register follows the permission description of table 15.

The protection area is defined by SDKR _STRT[4:0], SDKR_ENDI4:0] of the FLASH_SDKR register,
and each bit corresponds to 2 KB.

Start address

FLASH memory base address + SDK _STRT[4:0] x 0x800 (included)

End address

FLASH memory base address + (SDK _ENDJ[4:0] +1) x 0x800 (excluded)
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When SDK _STRT[4:0] is greater than SDK_ENDI[4:0], SDK protection is invalid. When SDK
_STRT[4:0] is less than or equal to SDK _END[4:0], SDK protection is effective.

When the protection is in effect, when the FLASH_SDKR register is unprotected (writing SDK
_STRT[4:0] is greater than SDK_END[4:0]), the hardware will first trigger mass erase (the protected
program in the SDK area has been written before, and the mass erase is used to protect the program
in the SDK area), and then the value of the SDK option in the Flash option byte is updated (the updated
value at this time is that the SDK protection is invalid).

At this time, the content of the FLASH_SDKR register will not be updated, until the power-on reset (P
OR/BOR/PDR) or OBL reset, the register content will be loaded from the SDK option in the Flash

option byte into the register.

4.6.2. Flash read protection

By setting RDP option byte, and perform system reset (POR/BOR or OPL reset) to load a new RDP

option byte to activate the read protection function. RDP protects main Flah memory, option byte, and

SRAM.

If the read protection is set while the debug by SWD is still connected, a power-on reset is required

instead of a system reset.

When the RDP option byt e a nedistihtheoptionbgtd the lashmemhoeyme nt ¢

will be protected.

Tab46FIl ash read protection status

RDP byte value RDP complemented byte value Read protection level
OxAA 0x55 Level 0
Any value except the combination of (OxAA and 0x55) Level 1

Regardless of any protection level, system memory is access only and program and erase operations

cannot be performed.

Level 0: No protection

To read, program and erase the main Flash memory, as well as any operation to the option byte.

Level 1: Read protection

When the RDP and its twods complement in the option

0x55, the level 1 read protection takes effect, and the level 1 is the default protection level.

A User mode: The program executed in user mode (boot from main Flash memory) can perform all
operations on main Flash and option byte.

A  Debug, boot from SRAM and boot from system memory mode (Boot loader): In debug mode, or
when booting from SRAM or system memory (Boot loader), the main Flash memory cannot be
accessed. In these modes, a bus error is generated for a read or program access to the main
Flash, and a hard fault interrupt is generated.

When it is already at Level 1 (any number rather than 0xAA), changing to Level 0 by programming

OxAA, the hardware will perform a mass erase operation on the main Flash memory.

Tab4-%#The relationship between access status and pro

Area Boot From Main Flash(CPU) Debug/ DMA
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Sb User execution excuted From
REA K (From Non SDK User execution RAM/
D Are Area) (From SDK Area) excuted From Sys-
a tem memory
Pro-
Pro-
tec- tec-
tion tion Rea | Writ | Eras | Rea | Writ | Eras | Rea | Writ | Eras | Rea | Writ | Eras
level | d e e d e e d e e d e e
eve
I
Non Dis- Yes Yes Yes N/A N/A N/A Yes Yes Yes Yes No No
SDK able
Area aEbr}é Yes | Yes Yes Yes | Yes Yes Yes | Yes Yes Yes No No
0 -
Dis- | \ya | nA | NA | NA | NA | NA | NA | NA | NA | NIA | NIA | NUA
SDK able
AIEE) aEbr;é No No No Yes Yes Yes No No No No No No
Non Dis- | ves | Yes | Yes | NIA | NNA | NA | No | No | No | No | No | No
SDK able
Area aEan_e Yes | Yes Yes Yes | Yes Yes No No No No No No
1 -
Dis-
SDK able N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Area aEbrl‘é No | No | No | Yes | Yes | Yes | No | No | No | No | No | No
Sys- Dis- | ves | No | No | N/A | NA | NA | Yes | No | No | No | No | No
tem x able
memor En- Yes No No Yes No No Yes No No No No No
y able
Option Ek'jé Yes | Yes | Yes | N/A | NJ/A | N/A | Yes | Yes | Yes | No | No | No
bytes X En-
area able Yes Yes Yes Yes Yes Yes Yes Yes Yes No No No
Fac- ;)k'jé Yes | No | No | N/A | NJ/A | N/A | Yes | No | No | No | No | No
tory X =
bytes able Yes No No Yes No No Yes No No No No No
Dis- | ves | No | No | N/A | NNA | NA | Yes | No | No | No | No | No
able
ulD X En-
able Yes No No Yes No No Yes No No No No No

1. Mass erase command issued from any area will erase the SDK area.

2. Any modification of level 1 to level O will trigger the hardware mass erase of the main Flash memory.

3. The meaning of N/A is that when the SDK Area is disabled, since there is no SDK Area, no situation in

which programs can be read out from the SDK Area in the above table, and no situation in which the

programs read out from other areas can access the SDK Area.

4. There are two cases for executing programs from SRAM or system memory: one is Boot from, the other is

boot from other memory, and the program jumps to SRAM or system memory.

4.6.3.

Flash write protection

Flash can be set to be write-protected against unwanted writes. Define the control granularity of each
bit of the WRP register as a write protection (WRP) area of 4 KB, that is, the size of 1 sector. See the
description of the WRP register for details.

When the 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 as write-protected.

In addition, if an attempt is made to erase or program a write-protected area, the write -protection error
flag (WRPERR) of the FLASH_SR register will be set.

Note: Write protection only works on main Flash, and read doesn't work on system memory.
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4.6.4. Option byte write protection

By default, Option bytes are readable and write-protected. To gain erase or program access to option

bytes, the correct sequence needs to be written to the OPTKEYR register.

4.7. Flash interrupt
Tab4-8&FI|l ash interrupt request

Interrupt event Event flag Time stamp/interrupt clear method Control bit enable

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 will generate a Hard fault:
A Sequence error of FLASH_CR register of unlock Flash memory.
A Unlock Flash option bytes write sequence error.
A Flash program operation is not aligned with 32-bit data.
A Flash erase (including page erase, sector erase and mass erase) operations do not perform 32-bit
data alignment.
A To the option byte register is not aligned with 32-bit data.
4.8. Flash register description
4.8.1. Flash access control register (FLASH_ACR)
Address offset: 0x00
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 | Res | Res | Res | Res | Res | Res | Res | Res | Res LA-
TENCY
RW
Bit Name R/W Reset Value Function
311 Reserved
The wait state corresponding to the read operation:
0: There is no wait state for Flash read operation (system
clock is 24 MHz and below).

0 RN RW 0 1: The Flash read operation has one wait state, which is two
system clock cycles are required for each Flash read (the
system clock is at 48 MHz).

4.8.2. Flash key register (FLASH_KEYR)
Address offset: 0x08
Reset value: 0x0000 0000
All register bits are write-only and read as 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]
wliwlwIlwIlIwlwlw w [wliwlwlwIlIwlwlIlwl]l w
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Bit Name R/W Reset Value Function
The following values must be written consecutively to un-
lock the FLASH_CR register and enable the program/erase
310 KEY[31:0] W 0x0000 operation of the Flash
KEY1: 0x4567 0123
KEY2: OXCDEF 89AB
4.8.3. Flash option key register (FLASH_OPTKEYR)
Address offset: 0x0C
Reset value: 0x0000 0000
All register bits are write-only and read as 0.
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]
wiliwlwIlwIlwIlwilw [w [wliwlwlwI lwIlwIlw] w

Bit Name R/W Reset Value Function
The following values must be written consecutively to
unlock the option register of the Flash and enable the
31.0 OPTKEY([31:0] W 0x0000 0000 program/erase operation of the option byte
KEY1: 0x0819 2A3B
KEY2: 0x4C5D 6E7F

4.8.4. 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
%‘;TRV Res | Res | Res | Res | Res | Res | Res | Res | Res | Res YEVSS Res | Res | Res EOP
RC_W1 RC W1 RC W1
Bit Name R/W Reset Value Function
31:17 Reserved
Busy bit
This bit indicates that the operation of the Flash is in pro-
16 BSY R 0 gress. This bitis set by hardware at the beginning of a Flash
operation, and is cleared by hardware when the operation
is completed or an error occurs.
Option and trimming bits loading validity error
when the option and tri mminr
15 OPTVERR RC_W1 0 ments do not match. Load unmatched option bytes, co-
erced to safe values.
Software writes 1 to clear.
14:5 Reserved
Write protection error
This bit is set by hardware when the address to be pro-
4 WRPERR RC_W1 0 grammed/erased is in a write-protected Flash region
(WRP).
Write 1 to clear this bit.
3:1 Reserved
When the program/erase operation of the Flash completes
successfully. This bit is only set if the EOPIE bit in the
0 EOP RC_W1 0 FLASH_CR register is enabled.
Write 1 to clear this bit.
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4.8.5. Flash control register (FLASH_CR)
Address offset: 0x14
Reset value: 0xC000 0000
31 30 29 28 27 26 | 25 24 | 23 | 22 | 21 | 20 19 18 17 16
OPT ER | EO OPT
Lic LoC | Res | Res OBI\|1_5||:|AU R"Se R R"Se R"se R"se Rse PG_?TR Res | STR R"Se
K IE IE T
RS RS RC_W1 RW | RW RW RW
15 14 13 12 11 10 9 7 6 5 4 3 2 1 0
Res Res Res | Res SER Re Res | Res Re | Re | Re | Re Res ME PER | PG
S S S S S R
R
RW RW | RW W
Bit Name R/W REEC Function
Value
FLASH_CR Lock bit.
Software can only set this bit. When set, the FLASH_CR
register is locked. When the unlock timing is successfully
given, this bit is cleared by hardware, and the FLASH_CR

31 Lock RS register is unlocked.

The software should set this bit after the program/erase op-
eration is completed.

When an unsuccessful unlock sequence is given, this bit
remains set until the next system reset.

Option bytes Lock bit.

Software can only set this bit. When set, the bits related to
option bytes in the FLASH_CR register are locked. When
the unlock timing is successfully given, this bit is cleared by

30 OPTLOCK RS hardware, and the FLASH_CR register is unlocked.

The software should set this bit after the program/erase op-
eration is completed.
When an unsuccessful unlock sequence is given, this bit
remains 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
option bytes. This bit is only cleared by hardware when the
option byte load has been completed. This bit cannot be

21 OBL_LAUNCH RS-l written if the OPTLOCK bit is set.

0: Option byte loading completed
1: Option byte loading request is generated, the system re-
sets, and the option byte is reloaded.
Error interrupt enable bit, when the WRPERR bit in the
FLASH_SR register is set, if this bit is enabled, an interrupt
25 ERRIE RW request is generated.
0: No interrupt is generated
1: An interrupt is generated
End of operation interrupt enable
This bit enables interrupt generation when the EOP bit in
24 EOPIE RW the FLASH_SR register is set.
0: EOP interrupt disabled
1: EOP interrupt enable
23:18 Reserved RW
The start bit of the program operation of the Flash main
memory.

19 PGSTRT RW Program operation of the main Flash memory, and is set by
software. After the BSY bit of the FLASH_SR register is
cleared, the hardware clears this bit.

18 Reserved
Flash option bytes modified start bit
This bit initiates modification of option bytes. Set by soft-

1 OPTSTRT RW ware and cleared by hardware after the BSY bit in the
FLASH_SR register is cleared.
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. Reset q
Bit Name R/W value Function
Note: When modifying the Flash option bytes, the hardware
will automatically perform the erase operation on the entire
page of 128 Bytes, and then perform the program opera-
ti on, which also includes t
complement code.
16:12 Reserved
4 KByte Sector erase operation
0: Sector erase operation of Flash is not selected
1: Select the sector erases operation of Flash
11 SER RW Note:
1" Sector erase will not work on Flash information
memory.
2" Sector erase has no effect on areas set to WRP.
10:3 Reserved
Mass erase operation
0: Mass erase operation of Flash is not selected
2 MER RW ]’\.l:ofglect the mass erases operation of Flash
Mass erase will not work on Flash information memory.
Mass erase does not work when WRP is set
Page erase operation
1 PER RW 0: Page erase operation of the Flash is not selected
1: Select the page erase operation of Flash
Program operation
0 PG RW 0: Program operation of Flash is not selected
1: Select the program operation of Flash
4.8.6. Flash option register (FLASH_OPTR)
Address offset: 0x20
Reset value: 0x0000 xxxx
After the power-on reset (POR/BOR/OBL_LAUNCH) is released, the corresponding value is read from
the option bytes area of the Flash in formation memory and written to the corresponding option bit of
the register.
31 30 29 28 27 | 26 | 25 24 23 | 22 | 21 | 20 | 19 | 18 17 | 16
Res Res Res Res Re | Re | Re Res Re | Re | Re | Re | Re | Re | Re | Re
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
NRST | WWD IWD BOR
nB?OT _ G G BOR_LEV[2:0] _ RDP[7:0]
MODE SwW sSw EN
RW RW RW RW [ RW [RW [ RW | RW RW[RW[RWI][RW][RW[RW [ RW [ RW
. Reset g
Bit Name R/W value Function
31:16 Reserved
15 nBOOT1 RW Select the boot mode with the BOOT PIN
0: Reset input only
14 NRST_MODE RW 1: GPIO function
0: Hardware watchdog
13 WWDG_SW RW 1: Software watchdog
0: Hardware watchdog
12 IWDG_SW RW 1: Software watchdog
000: BOR rising threshold is 1.8 V, falling threshold is 1.7 V
001: BOR rising threshold is 2.0 V, falling threshold is 1.9 V
010: BOR rising threshold is 2.2 V, falling threshold is 2.1 V
. . 011: BOR rising threshold is 2.4 V, falling threshold is 2.3 V
11:9 BOR_LEV[2:0] RW 100: BOR rising threshold is 2.6 V, falling threshold is 2.5 V
101: BOR rising threshold is 2.8 V, falling threshold is 2.7 V
110: BOR rising threshold is 3.0 V, falling threshold is 2.9 V
111: BOR rising threshold is 3.2 V, falling threshold is 3.1 V
8 BOR_EN RW BOR enable
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0: BOR is not enabled
1: BOR is enabled, BOR LEV works

OxAA: level 0, read protection inactive

70 RDP RW Non OxAA: level 1, read protection active
4.8.7. Flash SDK address register (FLASH_SDKR)
Address offset: 0x24
Reset value: 32'b0000 0000 0000 0000 000X _ XXXX 000X XXXX
After the power-on reset (POR/BOR/OBL_LAUNCH) is released, the corresponding value is read from
the option bytes area of the Flash information memory and written to the corresponding option bit of
the 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 SA_ENDJ[4:0] Res | Res | Res SA_STRT[4:0]
RW | RW | RW | RW | RW RW [ RW | RW | RW | RW
. Reset g
Bit Name R/W value Function
31:13 Reserved
12:8 SDK_END [4:0] RW SDK area end addres, each corresponding STEP is 2 KB
75 Reserved
4.0 SDK_STRT[4:0] RW SDK area start address, each corresponding STEP is 2 KB
4.8.8. Flash WRP address register (FLASH_WRPR)
Address offset: 0x2C
Reset value: 0x0000 XXXX
After the power-on reset (POR/BOR/OBL_LAUNCH) is released, the corresponding value is read from
the option bytes area of the Flash in formation memory and written to the corresponding option bit of
the 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
WRP[15: 0]
RW [ RW [RW [RW [|RW [ RW [RW [RW [RW [|RW [RW | RW [ RW [ RW | RW | RW
Bit Name R/W X Function
Value
31:16 Reserved
0: Sector 15, with write protection, program and erase are
15 WRP RW 1 not allowed
1: Sector 15, no write protection
0: Sector 14, with write protection, program and erase are
14 WRP RW 1 not allowed
1: Sector 14, no write protection
0: Sector 13, with write protection, program and erase are
13 WRP RW 1 not allowed
1: Sector 13, no write protection
0: Sector 12, with write protection, program and erase are
12 WRP RW 1 not allowed
1: Sector 12, no write protection
0: Sector 11, with write protection, program and erase are
11 WRP RW 1 not allowed
1: Sector 11, no write protection
10 WRP RW 1 0: Sector 10, with write protection, program and erase are
not allowed
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1: Sector 10, no write protection

0: Sector 9, with write protection, program and erase are

9 WRP RW 1 not allowed
1: Sector 9, no write protection
0: Sector 8, with write protection, program and erase are
8 WRP RW 1 not allowed
1: Sector 8, no write protection
0: Sector 7, with write protection, program and erase are
7 WRP RW 1 not allowed
1: Sector 7, no write protection
0: Sector 6, with write protection, program and erase are
6 WRP RW 1 not allowed
1: Sector 6, no write protection
0: Sector 5, with write protection, program and erase are
5 WRP RW 1 not allowed
1: Sector 5, no write protection
0: Sector 4, with write protection, program and erase are
4 WRP RW 1 not allowed
1: Sector 4, no write protection
0: Sector 3, with write protection, program and erase are
3 WRP RW 1 not allowed
1: Sector 3, no write protection
0: Sector 2, with write protection, program and erase are
2 WRP RW 1 not allowed
1: Sector 2, no write protection
0: Sector 1, with write protection, program and erase are
1 WRP RW 1 not allowed
1: Sector 1, no write protection
0: Sector 0, with write protection, program and erase are
0 WRP RW 1 not allowed
1: Sector 0, no write protection
4.8.9. Flash sleep time configuration 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
SLEEP_TIME[7:0] Res | Res | Res | Res | Res | Res | Res | SLEEP_EN
RW [RW [RW [ RW | RW | RW [RW [RW RW
Bit Name R/W 5qu€; Function
318 Reserved
FLASH sleep time count (counter based on HSI_10M clock)
When the system clock selects LSI, in order to obtain more
optimized power consumption in Run mode, which can use
the function of this register (it is only recommended to use
this function when LSl is the system clock).
15:8 SLEEP TIME RW Ox64 When this functior_1 is enabled, the time width of th_e Fl_a§h
- in the Sleep state in each half system clock low period is:
tusi_10M*SLEEP_TIME
Note :
tHsi_tom is the period of HSI_10M.
To ensure the correct Flash function, the maximum setting
value of this register is recommended to be set to 0x28.
7:1 Reserved
FLASH Sleep enable
0 SLEEP_EN RW 0 1: Enable Flash sleep
0: Disable Flash sleep
4.8.10. Flash TS0 register (FLASH_TSO0)

Address offset: 0x100
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Reset value: 0x0000 00B4

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 Function
Value
31:8 Reserved
The software reads the data stored at the corresponding
address in the information area and writes
The corresponding register is configured to achieve the
erasing time required for the corresponding HSI frequency
Buy.
7:0 TSO RW 0xB4 Save it in the following address in the Flash:
24MHz: Ox1FFF OF6C
22.12MHz: 0x1FFF OF58
16MHz: Ox1FFF OF44
8MHz: Ox1FFF OF30
4MHz: Ox1FFF OF1C
4.8.11. Flash TS1register (FLASH_TS1)
Address offset: 0x104
Reset value: 0x0000 01BO
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 TS1
RW [RW [RW | RW | RW | RW [ RW | RW | RW
Bit Name R/W Reset Function
Value
31:9 Reserved
The software reads the data stored at the corresponding
address in the information area and writes
The corresponding register is configured to achieve the
erasing time required for the corresponding HSI frequency
Buy.
8:0 TS1 RW 0x1BO Save it in the following address in the Flash:
24MHz: 0x1FFF OF6C
22.12MHz: Ox1FFF OF58
16MHz: Ox1FFF OF44
8MHz: Ox1FFF OF30
4MHz: Ox1FFF OF1C
4.8.12. Flash TS2P register (FLASH_TS2P)
Address offset: 0x108
Reset value: 0x0000 00B4
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
RW [RW [RW | RW [ RW [ RW [ RW | RW
Bit Name R/W Reset Function
Value
31:8 Reserved
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. Reset f
Bit Name R/W value Function
The software reads the data stored at the corresponding
address in the information area and writes
The corresponding register is configured to achieve the
erasing time required for the corresponding HSI frequency
Buy.
7:0 TS2P RW 0xB4 Save it in the following address in the Flash:
24MHz: Ox1FFF OF70
22.12MHz: Ox1FFF OF5C
16MHz: Ox1FFF OF48
8MHz: Ox1FFF OF34
4MHz: Ox1FFF OF20
4.8.13. Flash TPS3 register (FLASH_TPS3)
Address offset: 0x10C
Reset value: 0x0000 06CO
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 [RW [RW [RW [ RW [ RW [ RW [ RW | RW
. Reset q
Bit Name R/W value Function
31:11 Reserved
The software reads the data stored at the corresponding
address in the information area and writes
The corresponding register is configured to achieve the
erasing time required for the corresponding HSI frequency
Buy.
10:0 TPS3 RW 0x6CO0 Save it in the following address in the Flash:
24MHz: Ox1FFF OF70
22.12MHz: 0x1FFF OF5C
16MHz: Ox1FFF OF48
8MHz: Ox1FFF OF34
4MHz: Ox1FFF 0F20

4.8.14. Flash TS3 register (FLASH_TS3)

Address offset: 0x110
Reset value: 0x0000 00B4

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 TS3
| | | | | | [ RW
Bit Name R/W Reset Function
Value
31:8 Reserved
The software reads the data stored at the corresponding
address in the information area and writes
The corresponding register is configured to achieve the
erasing time required for the corresponding HSI frequency
Buy.
7:0 TS3 RW 0xB4 Save it in the following address in the Flash:
24MHz: Ox1FFF OF6C
22.12MHz: Ox1FFF OF58
16MHz: OX1FFF OF44
8MHz: Ox1FFF OF30
4MHz: Ox1FFF OF1C
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4.8.15. Flash page erase TPE register (FLASH_PERTPE)

Address offset: 0x114
Reset value: 0x0001 1940

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

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

Reset

Bit Name R/W
Value

31:17 Reserved

Function

The software reads the data stored at the corresponding
address in the information area and writes

The corresponding register is configured to achieve the
erasing time required for the corresponding HSI frequency
Buy.

16:0 PERTPE RW 0x11940 | Save itin the following address in the Flash:

24MHz: OX1FFF OF74

22.12MHz: Ox1FFF OF60

16MHz: Ox1FFF OF4C

8MHz: Ox1FFF OF38

4MHz: Ox1FFF 0F24

4.8.16. Flash sector/mass erase TPE register (FLASH_SMERTPE)

Address offset: 0x118
Reset value: 0x0001 1940

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

RW [RW [RW [RW [RW [RW [RW [RW [RW [RW [RW [RW [RW [ RW [ RW [  RW

. Reset .

Bit Name R/W value Function
31:17 Reserved

The software reads the data stored at the corresponding
address in the information area and writes

The corresponding register is configured to achieve the
erasing time required for the corresponding HSI frequency
Buy.

16:0 SMERTPE RW 0x11940 | Save it in the following address in the Flash:

24MHz: Ox1FFF OF78

22.12MHz: Ox1FFF OF64

16MHz: Ox1FFF OF50

8MHz: Ox1FFF OF3C

4MHz: Ox1FFF 0F28

4.8.17. Flash program TPE register (FLASH_PRGTPE)

Address offset: 0x11C

Reset value: 0x0000 5DCO

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 [RW [RW |RW [RW | RW [RW [RW | RW | RW | RW | RW [ RW
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Bit Name R/W SR Function

Value
31:16 Reserved

The software reads the data stored at the corresponding
address in the information area and writes

The corresponding register is configured to achieve the
erasing time required for the corresponding HSI frequency
Buy.

15:0 PRGTPE RW 0x5DCO | Save itin the following address in the Flash:

24MHz: OX1FFF OF7C

22.12MHz: Ox1FFF OF68

16MHz: Ox1FFF OF54

8MHz: Ox1FFF OF40

4MHz: Ox1FFF OF2C

4.8.18. Flash pre-program TPE register (FLASH_PRETPE)

Address offset: 0x120

Reset value: 0x0000 12C0

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 PRETPE[13:0]
RW [RW [RW [ RW [RW [RW [ RW | RW [RW [RW | RW | RW [ RW [ RW

Bit Name R/W Reset Function
Value

31:14 Reserved

The software reads the data stored at the corresponding
address in the information area and writes

The corresponding register is configured to achieve the
erasing time required for the corresponding HSI frequency
Buy.

13:0 PRETPE RW 0x12CO0 Save it in the following address in the Flash:

24MHz: Ox1FFF OF7C

22.12MHz: Ox1FFF OF68

16MHz: Ox1FFF OF54

8MHz: Ox1FFF OF40

4MHz: Ox1FFF OF2C

4.8.19. Flash register mapping
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31

30
29
28
27
26

25
24
23
22
21

20
19
18
17

16
15

14
13
12
11

AP X O

LOCK
OPTLOCK

ERRIE
EOPIE

PGSTRT

OPTSTRT

SER

MER
PER
PG

o

o

© |OBL LAUNC

o

o

ON X O

nBOOT1

IWDG SW
BOR_LEV
[2:0]
BOR EN

RDP[7:0]

Reset
value

x

X |INRST MODE

X | WWDG SW

x
x
x
x
x
x
x

AN X O

FLAS

DKR

Reset
value

ON X O

FLAS

RPR

WRP[15:0]

Reset
value

O o X o

FLAS
H_ST

CR

Reset
value

© |SLEEP E| X

FLAS
H_TS

TSO

[7:0]

Reset
value

FLAS
H_TS

TS1[8

:0]

Reset
value

FLAS
H_TS
2P

Reset
value

FLAS
H_TP

S3

Reset
value

FLAS
H_TS

Reset
value

ARPRPPRPXO ORPPXOOORPRXOWORX OPOR X OOOKR X O

FLAS
H_PE
RTP

WRP[15:0]

Reset
value

© |PERTPE

FLAS

MER
TPE

SMERTPE[16:0]

Reset
value

1|]1|1(1(1{0]1,0]|0

X Of Ok, F X O

FLAS

PRGTPE[15:0]
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Reg-
ister

31

30
29
28
27

26

25
24
23
22
21

20
19
18

17
16
15

14
13
12
11
10

OFrRL2on

RGT
PE

Reset
value

ONPEF X O

FLAS

RET
PE

Reset
value
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5. Power control

5.1. Power supply

5.1.1. Power block diagram

VCCA VCCA domain
[Lse| [isi| [HsI]
®
FLASH
VDD domain
VCC domain
POR | HSI_10M| | HSE |
PDR BOR
VCC[—C VR VDD' CPU Core/Digital Peripherals
BG PVD VDD1
| RTC | | I0_CTRL |
PMU
| IWDG | | LPTIMER |
veal VCCIO domain
VDDA IO Ring | PWR_Acon| | RCC_Acon |
@ VDDP
PWR_CR1[1
-CR1[18] SRAM
VDDA
Figure 5-1 Power block diagram
Tab%Power bl ock
Ui PO Power value Describe
bering supply
1 VCC 171055V Provide power to the chip through the power pins, and its power supply
analog circuit module.
VCCA 171055V Provide power to most of the analog modules from VCC PAD (a separate

power supply PAD can also be designed).

VCCIO 1.7to 55V Power supply to IO, from VCC PAD

Output from VR which supplies power to the main logic circuits and
SRAM inside the chip. When the MR is powered, it outputs 1.2 V. When
4 VDD 1.2/2.0V £10% entering the stop mode, according to the software configuration, it can be
powered by MR or LPR, and the LPR output is determined to be 1.2 V or
1.0 V according to the software configuration.

5.2. Voltage regulator

The microcontroller designs two voltage regulators:

A Main regulator (MR) keeps working when the chip is in normal operating state.

A Low power regulator (LPR) provides a lower power consumption option in stop mode.
VDD comes from MR or LPR depending on the working mode.

In run mode, MR keeps working, outputs is 1.2 V, and LPR is turned off.
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5.3.

5.4.

5.4.1.

In stop mode, power can be supplied from MR or LPR as determined by software. Likewise, it is up to
the software to decide whether VDD is 1.2 V or 1.0 V in the case of LPR power supply after entering
stop.

Dynamic voltage value management

Dynamic voltage value management refers to adjusting the output VDD voltage of VR, to obtain corre-
sponding performance and power consumption with different voltages according to application require-
ments.

A Range 1: High performance range

The typically output of MR is 1.2V (VDD), and the system clock frequency can run as fast as 48 MHz.
A Range 2: Low power range

Only in stop mode, it is allowed to enter the low power range, and the range only works for LPR.

By default, the typical output of LPR is 1.2 V (VDD). When the VOS bit of the register is set and the chip
enters the stop mode, the MR switches to the low power supply (if the software selects the stop mode,
it is powered by LPR powered), and LPR is switched to a typical value of 1.0V (VDD). At this time, part
of the logic circuit (LPTIMER) in working state can run under LSI.

When the chip exits the stop mode, the chip restores the MR power supply, and the VOS bit is also
cleared by hardware. When the next time enter the stop mode, the VOS bit need to be set by software

to ensure the LPR power supply in stop mode is 1.0V, which can get lower power consumption.

Power monitoring

Power-on reset (POR)/power-down reset (PDR)/brown-out reset (BOR)

The POR/PDR module is designed in the chip and placed under the VDD power domain to provide
power-on and power-off reset for the chip. The module keeps working in all modes.

In addition to POR/PDR, BOR (brown out reset) is also implemented. BOR can only be enabled and
disabled through the option byte.

When the BOR is turned on, the BOR threshold can be selected by the option byte, and both the rising

and falling detection points can be configured individually.
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VCC

VBORRS

VBORF8

VBORR7

—————————————————————————————— VBORF7

Y =10] 2 T e —
VBORF6

VBORRS5 |-
VBORF5

VBORR4 -
L VBORF4

VBORR3

VBORF3

VBORR2
————————————————— VBORF2

VBORR1

VBORF1
VPOR f---memoenees

VPDR

tRSTTEMP

Reset with BOR off
tRSTTEMP »

Reset with BOR on
(VBORS VBOR1)
——————————————————— POR/BOR rising thresholds

,,,,,,,,,,,,,,,,,,, PDR/BOR falling thresholds

Fi gb-2ROR/ PDR/tBOR s hol d

5.4.2. Programmable voltage detector (PVD)

This module can be used to detect the VCC power supply (also can detect the voltage of the PB7 pin),
and the detection point can be configured through the register. When VCC is higher or lower than the
detection point of PVD, a corresponding flag is generated.

This event is internally connected to line 16 of EXTI, depending on the rising/falling edge configuration
of EXTI line 16, when VCC rises above the detection point of PVD, or VCC falls below the detection

point of PVD, an interrupt is generated. In the service program, users can perform urgent shutdown

tasks.
VCC
A
VPVDRX| .
Configurable
hysteresis
VPVDFx !
PVD output

Fi gbBRVD threshol d
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6.1.

6.1.1.

6.1.2.

Low-power control

By default, the microcontroller is in run mode after a system or a power reset. Several low-power modes

are available to save power when the CPU does not need to be kept running, for example when waiting

for an external event. Software can choose between power consumption, startup time, and wakeup

sources.

Low-power mode

Introduction to low-power modes

There are two low-power modes:

A  Sleep mode: The CPU clock is off, NVIC, Sys Tick, peripherals can be configured to keep working.

(It is recommended to enable only the modules that must work, and close the modules after the

modules work).

turned off, and the clocks of most modules in the VDD domain are stopped.

A  Stop mode: In this mode, the contents of SRAM and registers are maintained, HSI and HSE are

In stop mode, LSI, RTC, LPTIMER, etc. can keep working. For details on the working conditions of

each module in this mode, refer to Table 6-2.

In stop mode, the corresponding of VR state can be controlled by software and set to MR or LPR

power supply. When LPR is powered, the power consumption greatly reduced, but the wake-up time

is long. When the MR power is maintained, the power consumption is large, but it has the ability to

wake up quickly in several cycles.

In addition, in run mode, the power consumption can be reduced by the following methods:

A Decrease system clock frequency

A For unused peripherals, turn off peripheral clocks (system clock and module clock)

In summary, the low-power mode transition diagram of this project is as follows.

4 N
\ stop )
w:/ Run \
( Sleep .

Fi g6-fileowower

Low-power mode switch

mo de

55/431



PY32F003 Reference Manual

Tab6-eLow power mode switch
Wake-up Voltage regulator
Mode Entry Wakeup clock Effects on the clock MR LPR
Sleep WF or Return from AL Same as be- | The CPU clock is off and
(sleep-now ISR interruption . W
or sleep- Wakeup fore entering | has no effect on other On Close
on-exit) WFE event sleep mode clocks and clock sources.
HSI close. Software
HSISYS HSE close. configura-
SLEEPDEEP bit H_SI main- LSI can be turned on or tion
Any EXTI tains the fre- | off. . .
1. WFI . . . Soft- switch, if
line config- quency con- | LPTIMER, RTC, IWDG:
2. Return from ISR ! ! S ) ware open, out-
ured to figuration be- | Whether it is configured .
Stop 3. WFE . configu- | put volt-
. wake up, fore entering | by software or not. -
Note: The system ration age
IWDG, stop and Low-power wakeup and .
clock cannot select . switch 1.2/1.0V
LS| NRST dpes notdi- | some modules guch as o N
vide the fre- RCC keep working. )
- config-
quency Clocks of the remaining ured
modules are turned off.
1. The software must configure the VR state as MR mode to enter sleep mode.
6.1.3. Functions in each working mode
Tab#é2Functions in edé&h working mode
. Stop
FEITIEE Run Sleep I YR@LPR or VR@VR Wakeup ability
CPU Y - - -
Flash memory Y Y -2 -
SRAM Y RE) @ N
Brown-out reset (BOR) Y Y 6] (@)
PVD O ¢} ) O
DMA 6] (@) - =
HSI o (®) - =
HSE O ¢} - -
LSl O o] )
HSE Clock Security System o o ) )
(CSS)
RTC O ¢] ) o]
USART1 ®) @) - -
USART2 0] O - -
12C 0] @) - -
SPI1 6] (@) - =
ADC 0] (@) - =
COMP1/COMP2 0] O 0] ®)
Temperature sensor 0] O - -
Timers(TIM1/TIM3 o o ) )
[TIM14/TIM16/TIM17)
LPTIM 0] (@) ©) o
IWDG 0] O 0] ®)
WWDG 0] O - -
SysTick timer 0] (@) - -
CRC 0o ¢} - -
GPIOs O ¢} 0] ®]

Y = Yes (enable), O = Optional (default disabled, can be enabled by software), - = Not available.

Flash is not powered off, but no clock is provided, and it enters the lowest power consumption state.

1
2
3. SRAM clock can be turned on or off.
4

SRAM is not powered off, but no clock is provided, and it enters the lowest power consumption state.

6.2. Sleep mode

6.2.1.

Entering sleep mode
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The sleep mode is entered by executing the WFI (wait for interrupt) or WFE (wait for event) instructions.

Two option are available to select the sleep mode entry mechanism, depending on the SLEEPONEXIT

bit in the Cortex MO+ System Control Register.

A Sleep-now: If the SLEEPONEXIT bit is 0, to enter sleep mode as soon as WFI or WFE instruction
is excuted.

A  Sleep-on-exit: If the SLEEPONEXIT bitis 1, to enter sleep mode as soon as it exits the low priority
ISR.

In the sleep mode, all IO pins keep the same state as in the run mode.

6.2.2. Exiting sleep mode

If the WFI instruction is used to enter sleep mode, any peripheral interrupt acknowledged by NVIC can

wake up the device from sleep mode.

If the WFE instruction is used to enter sleep mode, the MCU exits sleep mode as soon as an event

occurs. The wakeup events can be generated in the following ways:

A Enable interrupts in the peripheral control register but not in the NVIC, and enabling the SEVON-
PEND bit in the Cortex MO+. When the MCU resumes from WFE, the peripheral interrupt pending
bit and the peripheral NVIC IRQ channel pending bit (in the NVIC interrupt clear pending register)
must be cleared.

A Orconfiguring an external or internal EXTI line in event mode. When the CPU resumes from WFE,
it is not necessary to clear the peripheral interrupt pending bit or the NVIC IRQ channel pending
bit corresponding to the event line is not set.

This mode offer the shortest wakeup time, and no time is wasted in interrupt entry and exit.

Tab6-&SI| e-epw
Sleep-now mode Description
WFI or WFE while:
Mode entry - SLEEPDEEP =0 and
- SLEEPONEXIT =0
Mode exit Enter the sleep mode through WFI, the exit method is: interrupt.
Enter the sleep mode through WFE, the exit method is: wakeup event.
Wakeup latency None
Tab6-4S| eeepe xi t
Sleep-on-exit Description
WFI while:
Mode entry - SLEEPDEEP =0 and
- SLEEPONEXIT =1
Mode exit Interrupt
Wakeup latency None
6.3. Stop mode

The stop mode is based on the Cortex-MO+ deep sleep mode combined with peripheral clock gating,

and the VR can be configured as MR or LPR power supply. In stop mode, HSI and HSE are turned off,
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SRAM and register contents are kept in a state, LS|, LPTIMER, RTC, IWDG can be configured by soft-
ware whether to work, low-power wakeup and some RCC logic and so on, the clock inputs to the digital
blocks of the remaining VCORE domains are turned off.

In the stop mode, all IO pins keep the same state as in the run mode.

6.3.1. Entering stop mode
To further reduce power consumption in stop mode, when PWR_CR.LPR = 1, VR can enter LPR to
supply power.
If Flash memory programming is ongoing, the stop mode entry is delayed until the memory access is
finished (the BSY bit of the FLASH_SR register is read by software to determine whether the current
erase and program operations have been completed).
If an access to the APB domain is ongoing, the stop mode entry is delayed until the APB access is
finished (controlled by software).

6.3.2. Exiting stop mode
When exiting stop mode by issuing an interrupt or a wakeup event, the HSI oscillator is selected as
system clock.
In stop mode, if VR is in LPR state, there is an additional stabilization delay for wakup in stop mode.
In stop mode, if VR is in MR state, the current consumption will be large, but the wakeup time will be
reduced.

Tab6-%St op mode
Stop mode Description
WFI (wait for interrupt) or WFE (wait for event) while:
Configuration settings:
1" Configure the LPR bit of PWR_CR, to select VR to work under MR or LPR.
2" Configure the VOS bit of PWR_CR, to select LPR mode to provide 1.2 V or 1.0 V.
3™ Configure the SRAM_RETYV bit of PWR_CR, to select the retention voltage of SRAM.
4~ Configure the MRRDY_TIME and FLS_SLPTIME of PWR_CR, to set wake-up time of MR
and Flash.
Set the SLEEPDEEP bit of Cortex MO+
Note:

Mode entry To enter stop mode, all EXTI line pending bits (EXTI_PR register), all peripheral interrupt pending
bits and RTC alarm flags must be reset. OtheRWise, the stop mode entry proceduce is ignored
and program execution continues.

If the application needs to disable HSE before entering stop mode, the system clock source must
be first switched to HSI and then clear the HSEON bit.

To make the change of chip power consumption as balanced as possible, the software needs to
follow the principle of gradual shutdown: gradually shut down the clock of each module, select HSI
as the system clock, close HSE.

To shorten the wakeup time, before entering the stop mode, the system clock should be configured
to select the HSI high-frequency clock, and the HPRE of the RCC_CFGR register is set to 0,
otheRWise the hardware switching clock after wake-up will consume extra clocks.

If using WFI to enter stop mode:

- Any EXTI Line configured in interrupt mode (the corresponding EXTI interrupt vector must be

Mode exit enabled in the NVIC).

If using WFE to enter stop mode:

- Any EXTI Line configured in event mode.

- _Interrupt pending bit when the CPU SEVONPEND bhit is set.
Wakeup latency LPR to MR wakeup time + HSI wakeup time + Flash wakeup time

6.4.

Decreasing system clock frequency
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In run mode, the frequency of the system clock (SYSCLK, HCLK, PCLK) can be reduced by frequency
division through the prescaler register configuration. These prescalers can also be used to reduce the
frequency of peripherals before entering sleep mode.

When the system runs at a lower frequency (32.768 kHz), to obtain less power consumption, software
can set the drive capability configuration bit of the voltage regulator (MR) (PWR_CRL1 register BIAS_CR
[3:0]), which greatly reduces the power consumption of MR itself. But it should be noted that the system
clock frequency should be reduced first, and then the driving capability of the MR should be adjusted.
On the contrary, when exiting the lower frequency and entering the higher operating frequency, it need
increase the driving capacity of the MR first, and then change the operating frequency of the system

clock.

6.5. Peripheral clock gating
In run mode, the AHB clock (HCLK) and APB clock (PCLK) for individual peripherals and memories can
be stopped at any time to reduce power consumption.
To reduce the power consumption in sleep mode, peripheral clocks can be stopped before executing
WFI or WFE instructions.
6.6. Power management register
The peripheral 's registers can be accessed through half-word or word.
6.6.1. Power control register 1 (PWR_CR1)
Address offset: 0x00
Reset value: 0x0003 0000 (reset by POR)
31 [ 30 |29 | 28] 27 26 | 25 [ 24 [ 23|22 21 20 19 | 18 | 17 | 16
HSIO
Re | Re | Re | Re | pog Res | Res | R¢ | Re | Re | Re Res N SRAM_RETV[2:0]
S S S S S S S S _CTR
L
R
RwW RwW RW W
15 14 13 | 12 11 10 9 8 7 6 5 4 3 2 1 0
FLS_SL
Re | LP PTIME[L: MRRDY_TIME[l VO | DB | Re | Re | Re | BIAS_CR_S BIAS_CR[3:0]
S R 0] :0] S P S S S EL
RwW \I;QV \;RV RwW RwW RW | RW RW RW | RW | RW RW
Bit Name R/W | Reset Value Function
31:20 Reserved - - Reserved
HSI turns on time control when wakeup from stop mode.
19 HSION_CTRL RW 0 0: After waiting for MR to stabilize, enable HSI.
1: Turn on the VR, as well as enable HSI when wakeup
SRAM retention voltage control in stop mode
000: Reserved
. SRAM_RETV _ 001: Reserved
18:16 [2:0] RW 11 010: Reserved
011: Supply 0.9 V voltage to SRAM
1xx: Supply 1.2 V or 1.0 V to SRAM (depending on VOS hit)
15 Reserved
14 LPR RW 0 Low power regulator
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Bit

Name

R/W

Reset Value

Function

0: Main regulator works in stop mode
1: Low power regulator works in stop mode

13:12

FLS_SLPTIME

RW

2'b00

Wakeup sequence from stop mode, after the HSI is stable, a wait-
ing time is required before the Flash operation.

2'b00: 5 us

2'b01: 2 us

2'b10: 3 us

2'b11: Ous

Note: When this register is set to 2'b11, it means that the program
is executed from SRAM instead of Flash after wakeup. And the
program guarantees that Flash will not be accessed within 3 us
after waking up the execution program.

11:10

MRRDY_TIME

RW

2'b00

During the stop mode, the VDD voltage is LP-VR, and the time
control of switching from LP-VR to stable Main-VR during
wakeup.

2'b00: 2 us

2'b01: 3 us

2'b10: 4 us

2'b11:5us

VOS

RW

Voltage scaling range selection
0: After entering stop mode, VDD =1.2 V
1: After entering stop mode, VDD =1.0V

DBP

RW

RTC write protection disabled

After reset, the RTC is write-protected to prevent accidental
writes. To access the RTC this bit must be set to 1.

0: Disable access to RTC

1: RTC can be accessed

7:5

Reserved

Reserved

BIAS_CR_SEL

RW

Select the MR bias current from the configuration of the BIAS_CR
register or from the loading of the Factory config.bytes area of the
information memory

0: Select the load from the Factory config.bytes area

1: Select from BIAS _CR register

3.0

BIAS_CR

RW

4'b0000

MR bias current configuration.
4'b0000:
é

6.6.2.

Address offset: 0x04
Reset value: 0x0000 0500 (reset by POR)

Power control register 2 (PWR_CR2)

Note: This register is related to PVD function.

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

FLT_TIME[2:0]

FLTEN

Res PVDTJ[2:0] Res | SRCSEL | Res | PVDE

RW

RW

RW RW RW

Bit

Name

R/W

Reset Value

Function

31:12

Reserved

Reserved

11:9

FLT_TIME

RW

3'b010

Digital filter time configuration

The filter time is about 30.7 ms (1024 LSI clocks)
101: The filter time is about 3.8 ms (128 LSI clocks)
100: The filter time is about 1.92 ms (64 LSI clocks)
011: The filter time is about 480 us (16 LSI clocks)
010: The filter time is about 120 us (4 LSI clocks)
001: The filter time is about 60 us (2 LSI clocks)
000: The filter time is about 30 us (1 LSI clock)

FLTEN

RW

Digital filter function enable control
0: Disable
1: enable

Reserved
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Bit Name R/W | Reset Value Function
Voltage rising edge detection threshold (falling edge detection
threshold correspondingly reduced by 0.1 V) and PVDIN detection
control.
000: VPVDO (around 1.8 V)
001: VPVD1 (around 2. 0 V)
6:4 PVDT[2:0] RW 000 010: VPVD2 (around 2. 2 V)
011: VPVD3 (around 2.4 V)
100: VPVD4 (around 2.6 V)
101: VPVDS5 (around 2.8 V)
110: VPVD6 (around 3.0 V)
111: VPVDY7 (around 3.2 V)
3 Reserved
PVD detects power supply selection.
0:vCcC
1:Detect PB7 pin
2 SRCSEL RW 0 If this bit is set to 1, the voltage on PB7 is internally compared to
VREFINT (including rising and falling thresholds). In this case, the
setting of the PVDT register is invalid.
1 Reserved - - Reserved
Voltage detect enable bit
0: Voltage detection disable
0 PVDE RW 0 1: Voltage detection enable
If SYSCFG_CFG2.PVD_LOCK =1, PVDE is write protected. Write
protection is reset only after a system reset.
6.6.3. Power status register (PWR_SR)
Address offset: 0x14
Reset value: 0x0000 0000 (reset by POR)
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 | PVDO | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res
R
Bit Name R/W Reset Value Function
31:12 Reserved - - Reserved
PVD test result
0: The detected VCC or PB7 exceeds the PVD selected
11 PVDO R compare threshold
1: Detected VCC or PB7 is below the PVD selected com-
pare threshold
10:0 Reserved - - Reserved
6.6.4. PWR register map
(e}
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7. Reset

There are two types of resets defined as power reset and system reset.

7.1. Reset source

7.1.1.

7.1.2.

7.1.3.

Power reset

A power reset sets all registers to their reset value, which occurs in the following situations:
A Power on reset (POR/ PDR)
A Brown-out reset (BOR)

System reset

A system reset sets most registers to their reset values, except some special registers, such as the
reset flag register.

A system reset generates when the following events occur:

A Reset of NRST pin

A Windowed watchdog reset (WWDG)

A Independent watchdog reset (IWDG)

A SYSRESETREQ software reset

A Option byte load reset (OBL)

A Power reset (POR/PDR, BOR)

The reset source can be identified by checking the reset flag bits of the RCC_CSR register.

NRST pin (external reset)

By loading the option byte (NRST_MODE bit), the NRST pin can be configured in the following modes
(see option byte description for specific configuration):

A Resetinput

In this mode, any valid reset signal on the NRST pin is passed to the internal logic, but the reset
generated inside the chip is not output on the NRST pin.

In this configuration mode, the PF2 function of the GPIO is invalid.

There is burr filtering for NRST pin. The design ensures that NRST must meet the minimum width of
40 us, and the signal less than this width will be filtered out.

A GPIO

In this mode, the PIN can be used as a standard GPIO, like PF2. The reset function on the pin does

not work. Resets are only generated internally by the chip and cannot be passed to the pin.
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8. Clock

8.1. Clock source
8.1.1. High-speed external clock (HSE)
The high-speed external clock comes from two sources:
A External crystal (crystal), with the internal start-up circuit, a clock signal of 4 to 32 MHz is gener-
ated.
A Input high-speed clock source directly from external.
Tab8kHSE cl ock sources
Clock source Hardware configuration
0SC_IN 0SC_OouT
[ ] [ ]
External clock L
GPIO
External
source
OSC_IN 0SC_ouT
| | IUI | |
External crystal I ]} [ A
- cu cr2
A\ Load /
capacitors
External crystal
The 4 to 32 MHz crystals have very high accuracy. The HSERDY flag of RCC_CR shows whether the
HSE is stable. HSE can be turned on or off by the HSEON bit.
External clock source (HSE bypass)
In this mode, the external clock source is directly supplied to the chip. Software selects this mode by
the HSEBYP and HSEON bits of RCC_CR. The external clock source will be input into the chip through
PFO, and PF1 is used as GPIO.
8.1.2. High-speed internal clock (HSI)
The high-speed internal clock is the most important source of the chip system clock. The center fre-
quency of the HSI clock source is designed to be 24 MHz.
8.1.3. Low-speed internal clock (LSI)
The low-speed internal clock, as the clock for RTC, IWDG and LPTIM, and as the system clock when
the chip is running at low speed. The clock center frequency is designed at 32.768 kHz.
8.2. Clock tree
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8.3.

8.4.

HSI' High-speed internal clock
LSI" Low-speed internal clock
HSE' High-speed external clock
LSIRC to IWDG_
32.768kHz >
LS|
to RTC
HSE 132
RTCS to PWR
EL
To AHB bus, core, memory and DMA
AHB . 4
L | PrESC FCLK Cortex free-running clock >
/1 2..512 To Cortex system timer >
LS|
MCO SYSCLK L PQEEC PCL To APB periphrals=
————[ /1..128 hse 12,4816
LHSI
PCLK
HSIRC L | to LPTIM
e
24MHz LSl
PCLK
to COMP
LSG——F—
ECLF
sc_out HSISYS Hst | toADC
4~32MHz HSE | |SYSCLK
DOSCJN Clock LSl If(APB prescaler=1) x1,
detector else x2
TIM_PCLK

Figure 8-1 System clock structure

Clock security system (CSS)

The clock security system can be activated by software. In this case, the clock detection is enable after
the HSE oscillator startup delay, and disabled when this oscillator is stopped.

If a failure is detected on the HSE clock, the HSE oscillator is automatically disable, a clock failure event
is sent to the break input of advanced-control timer (TIM1) and general purpose timers (TIM16/TIM17)
and an interrupt is generated to inform the software of the failure (Clock Security System Interrupt CSSI),
which allows the MCU to perform rescue operations. CSSl is linked to the Cortex-M0+ NMI (Non-mas-
kable interrupt) exception vector.

Note: Once the CSS is enabled and if the HSE clock fails, the CSS interrupt occurs and an NMI is
automatically generated. The NMI will be executed indefinitely unless the CSS interrupt pending bit is
cleared. Therefore, in the NMI ISR user must clear the CSS interrupt by setting the CSSC bit in the clock
interrupt register (RCC_CICR).

If the HSE oscillator is used directly as the system clock, a detected failure cause a switch of the system

clock to the HSI oscillator and the disabling of the HSE oscillator.

Clock-out capability

In order to facilitate board-level applications, save BOM costs and debug requirements, the chip needs
to provide a clock output function. That is, the MCO signal (parallel frequency division) in the following

table is used to realize the clock output function through the multiplexing function of GPIO.
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Tab820utput clock selection

Clock source MCO output clock source
HSI a
SYSCLK a
HSE a
LSl a

8.5.

8.5.1.

When switching the MCO clock source and selecting the GPIO AF function as the initial stage of the

MCO, the MCO may generate glitches, and this period of time needs to be avoided.

Internal and external clock calibration with TIM14

Due to factors of temperature, voltage, process and production, the frequency of internal clock sources
(such as HSI, LSI, etc.) drifts. Therefore, it is necessary to take some necessary measures to calibrate
the frequency drift according to the change of the external working environment of the system.

The basic idea of clock drift processing is: when the external environment of the system changes, the
internal clock of the chip is dynamically measured in real time to detect and find problems. Then, the
trimming parameters of the internal clock are fine-tuned by software to achieve the purpose of dynamic

calibration.

HSI calibration

HSI clock calibration is divided into two parts: clock detection and clock calibration.

Clock measurement

The rationale is based on relative measurements (such as the ratio of HSI), and the accuracy is closely
related to the ratio of the two clock sources. The higher the ratio, the better the measurement.

HSI oscillators have dedicated calibration bits for this purpose and are user accessible. For the most
accurate calibration possible, choose HSE/32. The frequency of the HSI is measured by capturing the

signal through the channel 1 input of the TIM14.

TIM14

TI1_RMP[1:0]

GPIO
RTCCLK ™
HSE/32

MCO

Fi g@8RFrequency measurement with TIM14 in

The input capture channel of TIM14 can be a GPIO or an in-chip clock. The selection of these clocks
is implemented through the TI1_RMP [1:0] register of TIM14_OR. The four options are as follows:

A TIM14 channel 1 is connected to GPIO

A TIM14 channel 1 is connected to RTC Clock

A TIM14 channel 1 is connected to HSE/32 Clock

A TIM14 channel 1 is connected to MCO (Microcontroller clock output)

Clock division
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8.5.2.

8.6.

Once the abnormality of HSI clock is detected, it will notify the software to deal with it through interrupt.
The software achieves the purpose of dynamic calibration by fine-tuning the trimming parameters of
the internal clock.

Connect HSE/32 to the input capture of TIM14 channel 1 through MCO multiplexer, its main purpose
is to measure HSI accurately (in this case, HSI should be set as the system clock source). Such a
mechanism provides a measure of the internal clock period by counting the number of HSI clocks
during two consecutive HSE/32 signal transition edges.

The HSE high precision (ppm) when an external crystal is used, so that it is possible to determine the
internal clock frequency with the same resolution, and then trim the clock source to compensate for
the frequency drift related to process, temperature and voltage.

HSI is therefore designed with special user-accessible calibration register bits.

The rationale for this implementation mechanism is a relative measure: the accuracy is thus closely
related to the ratio of the frequencies of the two clock sources. The higher the ratio, the better the

measure.

LSI calibration

Like HSI, the clock frequency of LSl is also affected by voltage, temperature, process and production
drift. The calibration of LS| adopts HSE or HSI whose frequency differs greatly from the calibration,
and the calibration method is similar to that of HSI.

The calibration of the LSl is to connect the output of the LSI and the input capture of the TIM14. Define
the HSE as the system clock source, and provide a measure of the LSI cycle in the number of HSE
clocks of two consecutive LSIs.

In principle, it is still the relationship between relative frequencies, that is, the frequency ratio of
HSE/LSI: the calibration accuracy is closely related to this. The larger the ratio value, the better the

measurement.

Reset/clock register

The registers of this module can be accessed with word (32-bit), half-word (16-bit) and byte (8-bit).

8.6.1. Clock control register (RCC_CR)
Address offset: 0x00
Reset value: 0x0000 0100
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
CSS | HSE | HSE | HSE
Res | Res | Res | Res | Res | Res Res Res Res | Res | Res | Res ON BYP | RDY | ON
RS RW
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res | Res Res I';;I( Res HSION | Res | Res | Res | Res | Res | Res | Res | Res
R RW
Bit Name R/W Reset Value Function
31:20 Reserved - - Reserved
Clock safety system enabled.
19 HSE_CSSON RS 0 Set by software to enable the clock security system. When
this bit is set, if HSE is ready, the hardware will perform
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Bit Name R/W Reset Value Function
clock detection. When the clock is found to be invalid, the
hardware disables the clock detection.
This bit can only be set and cleared by reset.
0: Clock security system OFF (clock detection OFF)
1: Clock safety system ON (clock detection ON if HSE is
stable, otheRWise OFF)
Bypass HSE to connect external crystal, select the pin input
clock.
It is set and cleared by software, the circumstance of by-
passing the external crystal, and connecting the external
pin to input the clock. The external clock must be enabled
18 HSEBYP RW 0 with HSEON. The HSEBYP bit is set only when the HSE
external crystal is disabled.
0: HSE external crystal is not dropped by bypass
1: HSE external crystal is bypassed, and external pin input
clock
HSE clock ready flag
Set by hardware, indicating that the HSE is stable.
0: HSE not ready
17 HSERDY R 0 1: HSE ready
Note: When HSEON is cleared, HSERDY is cleared imme-
diately
HSE clock enable
Software can be set and cleared. Enter stop mode, the
16 HSEON RW 0 hardwqre clears_ thi_s bit. This bit cannot be reset if HSE is
used directly or indirectly as the system clock.
0: HSE OFF
1: HSE ON
15:11 Reserved - - Reserved
HSI clock ready flag.
Set by hardware to indicate HSI OSC is stable. This bit is
only valid when HSION = 1.
10 HSIRDY R 0 0: HSI OSC not ready,
1: HSI OSC ready,
When HSION is cleared, HSIRDY will be pulled low imme-
diately.
9 Reserved - - Reserved
HSI clock enable bit. Software can set and clear this bit.
When entering s top mode, the hardware clears this bit to
stop HSI.
When the HSI is used directly or indirectly as the system
8 HSION RW 1 clock (also when exiting stop mode, or when the HSE is
used as the system clock and fails).
0: HSI OFF
1: HSI ON
7:0 Reserved - - Reserved
8.6.2. Internal clock source calibration register (RCC_ICSCR)
Address offset: 0x04
Reset value: OXOOFF 10FF, reset by POR/BOR
31 30 29 28 27 | 26 25 24 [ 23 [ 22 [ 21 ]20] 19 | 18 [ 17 [ 16
Res Res Res Res | LSI_STARTUP | Res LSI_TRIM[8:0]
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
HSI_FS[2:0] HSI_TRIM[12:0]
RW [RW [RW | RW [ RW | RW [ RW [RW [RW[RW[RW[RW | RW [ RW | RW [ RW
Bit Name R/W Reset Value Function
31:28 Reserved - Reserved
Low-speed internal clock (LSI) stabilization time selec-
tion:
. . 11: 256 LSl clock cycles
27:26 LSI_STARTUP RW 2'b00 10- 64 LS| clock cycles
01: 16 LSI clock cycles
00: 4 LSI clock cycles
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25 Reserved
Low-speed internal clock frequency calibration.
After power-on, the chip hardware will write the factory
information (stored in OX1FFF OFA4) into this register, so
24:16 LSI_TRIM RW OXOFF ;huaetng;e LSl can output an accurate 32.768 kHz fre-
By rewriting the value of this register, the software in-
creases (decrease) the output frequency of LSI by about
0.2% for each increase (decrease) by 1.
HSI frequency selection:
000: 4 MHz
001: 8 MHz
010: 16 MHz
. 011: 22.12 MHz
15:13 HSI_FS RW 3'b000 100: 24 MHz
> =101: 4 MHz
After power-on, 4 MHz is selected by default. After the
option byte load is completed, the hardware switches to
8 MHz.
Clock frequency calibration value.
After power-on, the hardware uses the default calibration
value of HSI 4 MHz, and the factory information (stored
in 0 x1FFF OFAO) will be written into this register when
trimming.
The software reads out the data stored in the correspond-
ing address in the information area and writes it into the
register to realize the calibration under the specific output
frequency of the HSI.
Save it in the following address of Flash:
24 MHz calibration value storage Address offset: Ox1FFF
OF10
12:0 HSI_TRIM RW 0x10FF 22.12 MHz calibration value storage Address offset:
Ox1FFF OFOC
16 MHz calibration value storage Address offset: Ox1FFF
OF08
8 MHz calibration value storage Address offset: Ox1FFF
O0F04
4 MHz calibration value storage Address offset: Ox1FFF
OF00
After writing the calibration value to this register, the value
of this register can also be the central value, and the
value of this register can be modified. For each increase
(decrease) by 1, the output frequency of the HSI will in-
crease (decrease) by about 0.1%.
8.6.3. Clock configuration register (RCC_CFGR)
Address offset: 0x08
Reset value: 0x0000 0000
31 [ 30[29 28] 27 26 | 25 | 24 23 22 21 20 19 18 17 16
Res MCOPRE[2:0] Res MCOSEL[2:0] Res | Res | Res | Res | Res | Res | Res | Res
RW RW
15 141312 11 0] 9 [ 8 6 5 4 3 2 1 0
Res PPRE[2:0] HPRE[3:0] Res | Res SWS[2:0] SW[2:0]
RW RW R RW
Bit Name R/W Reset Value Function
31 Reserved - - Reserved
Microcontroller clock output (MCO) frequency division fac-
tor. Software controls these bits to set the division factor of
the MCO output:
000: 1
30:28 MCOPRE[2:0] RW 0 001: 2
010: 4
011:8
100: 16
101: 32
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Bit

Name

R/W

Reset Value

Function

110: 64
111: 128
Set these bits before enabling the MCO output.

27

Reserved

Reserved

26:24

MCOSEL[2:0]

RW

MCO selection

000: No clock, MCO output disabled
001: SYSCLK

010: HSI_10M

011: HSI

100: HSE

101: Reserved

110: LSI

111: Reserved

Note: Incomplete output clock conditions may occur during
the clock startup or switchover phase.

23:15

Reserved

Reserved

14:12

PPRE[2:0]

RW

This bit is controlled by software. To generate the PCLK
clock, it sets the division factor of HCLK as follows:

Oxx: 1

100: 2

101: 4

110: 8

111: 16

11:8

HPRE[3:0]

RW

AHB clock division factor.

Software controls this bit. In order to generate the HCLK
clock, it sets the frequency division factor of SYSCLK as
follows:

Oxxx: 1

1000: 2

1001: 4

1010: 8

1011: 16

1100: 64

1101: 128

1110: 256

1111: 512

In order to ensure the normal operation of the system, it is
necessary to configure an appropriate frequency according
to the VR power supply.

Note: It is recommended to switch the frequency division
factor step by step.

7:6

Reserved

Reserved

5:3

SWS[2:0]

System clock switch status bits

These bits are controlled by hardware and indicate which
clock source is currently being used as the system clock:
000: HSISYS

001: HSE

010: Reserved

011: LSl

Others: Reserved

2:0

SWI[2:0]

RW

System clock source selection bits.

Controlled by software and hardware, these bits select the
system clock:

000: HSISYS

001: HSE

010: Reserved

011: LSl

Others: Reserved

The hardware is configured as HSISYS include:

1) The system exits from stop mode

2) Software configuration 001 (HSE), HSE failure occurs
(HSE is the system clock source.)

8.6.4. External clock source control register (RCC_ECSCR)

Address offset: 0x10

Reset value: 0x0001 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
15 14 13 12 11 10 | 9 | 8 | 7 ] 6 | 5] 4] 3 ]2 1 [ o
Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | HSE_FREQ Res
RW | RW |
Bit Name R/W Reset Value Function
31:4 Reserved RES - Resserved
HSE crystal oscillator operating frequency.
00: HSE off
3:2 HSE_FREQ RwW 0x0 01: 4 MHz to 8 MHz
10: 8 MHz to 16 MHz
11: 16 MHz to 32 MHz
1.0 Resserved
8.6.5. Clock interrupt enable register (RCC_CIER)
Address offset: 0x18
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 | Res | Res | Res | Res Res HSE HSI Res Res LSI
RDYIE | RDYIE RDYIE
RW RW RW
Bit Name R/W Reset Value Function
31:5 Reserved - - Reserved
HSE clock ready interrupt enable.
4 HSERDYIE RW 0 0: Disable
1: Enable
HSI clock ready interrupt enable.
3 HSIRDYIE RW 0 0: Disable
1: Enable
2 Reserved - - Reserved
1 Reserved - - Reserved
LSI clock ready interrupt enable.
0 LSIRDYIE RW 0 0: Disable
1: Enable
8.6.6. Clock interrupt flag register (RCC_CIFR)
Address offset: 0x1C
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 Res CSSF | Res | Res Res HSE HSI Res Res LSI
RDYF | RDYF RDYF
R R R R
Bit Name R/W Reset Value Function
31:9 Reserved - - Reserved
HSE clock security system interrupt flag.
When hardware detects HSE, this register is set when the
OSC clock fails.
8 CSSF R 0 0: HSE clock detection failure interrupt is not generated,
1: HSE clock detection failure interrupt generation,
Programming CSSC register 1 clears this bit.
7:5 Reserved - - Reserved
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HSE ready interrupt flag
This bit is set by hardware when HSE is stable and HSER-
DYIE is enabled. Software clears this bit by setting the

4 HSERDYF R 0 HSERDYC bit.
0: No clock ready interrupt caused by HSE
1: Clock ready interrupt caused by HSE
HSI ready interrupt flag
This hit is set by hardware when HSI is stable and
HSIRDYIE is enabled. Software clears this bit by setting the
3 HSIRDYF R 0 HSIRDYC bit.
0: No clock ready interrupt caused by HSI
1: Clock ready interrupt caused by HSI
2:1 Res - - Reserved
LSI ready interrupt flag
This bit is set by hardware when LSI is stable and
LSIRDYIE is enabled. Software clears this bit by setting the
0 LSIRDYF R 0 LSIRDYC bit.
0: No clock ready interrupt caused by LSI
1: Clock ready interrupt caused by LSI
8.6.7. Clock interrupt clear register (RCC_CICR)
Address offset: 0x20
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
HSE HSI LSl
Res | Res | Res | Res | Res | Res Res CSSC | Res | Res | Res RDYC | RDYC Res | Res RDYC
w w w W
Bit Name R/W Reset Value Function
31:9 Reserved - - Reserved
Clock safe interrupt clear bit.
8 CSSsC W 0 0: No effect.
1: Clear the CSSF flag.
75 Reserved - - Reserved
HSE ready flag is cleared.
4 HSERDYC w 0 0: No effect.
1: Clear the HSERDYF bhit.
HSI ready flag is cleared.
3 HSIRDYC W 0 0: No effect.
1: Clear the HSIRDYF bit.
2 Reserved - - Reserved
1 Reserved - - Reserved
LSl ready flag is cleared.
0 LSIRDYC W 0 0: No effect.
1: Clear the LSIRDYF bit.
8.6.8. /O interface reset register (RCC_IOPRSTR)
Address offset: 0x24
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 6 5 4 3 2 1 0
GPIOF GPIOB | GPIOA
Res | Res | Res | Res | Res | Res | Res | Res | Res | Res RST Res | Res | Res RST RST
RW RW RW
Bit Name R/W Reset Value Function
316 Reserved - - Reserved
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1/0O PortF reset.

5 GPIOFRST RW 0 0: no effect,
1: PortF 1/O reset
4:2 Reserved - - Reserved
1/0 PortB resets.
1 GPIOBRST RW 0 0: no effect,

1: Port B I/O reset
1/0 PortA resets.
0 GPIOARST RW 0 0: no effect,

1: PortA I/O reset

8.6.9. AHB peripheral reset register (RCC_AHBRSTR)

Address offset: 0x28
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 gg? Res Res Res Res Res Res Res Res Res Res Res ghs/l¢
RW RW
Bit Name R/W Reset Value Function
31:13 Reserved - - Reserved
CRC module reset.
12 CRCRST RW 0 0: no effect,
1: CRC module reset,
11:9 Reserved - - Reserved
8:1 Reserved - - Reserved
DMA reset.
0 DMARST RW 0 0: no effect,
1: DMA module reset

8.6.10. APB peripheral reset register 1 (RCC_APBRSTR1)

Address offset: 0x2C
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
LPTIM PWR | DBG 12C USART2
RST Res Res RST | RST Res | Res | Res | Res | Res RST Res | Res | Res RST Res
RW RW RW RW RW
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 | Res | Res Egﬂ.? Res
RW
Bit Name R/W Reset Value Function
LP Timer module reset.
31 LPTIMRST RW 0 0: no effect,
1: The module is reset,
30:29 Reserved - - Reserved
Power interface module reset.
28 PWRRST RW 0 0: no effect,

1: The module is reset,
MCU Debug module reset.

27 DBGRST RW 0 0: no effect,
1: The module is reset,
26:22 Reserved - - Reserved
12C1 module reset.
21 I2CRST RW 0 0: no effect,
1: The module is reset,
20:18 Reserved - - Reserved
17 USART2RST RW 0 USART2 module reset.
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Bit Name R/W Reset Value Function
0: no effect,
1: The module is reset
16:2 Reserved - - Reserved
TIM3 module reset.
1 TIM3RST RW 0 0: no effect,
1: The module is reset
0 Reserved
8.6.11. APB peripheral reset register 2 (RCC_APBRSTR?2)
Address offset: 0x30
Reset value: 0x0000 0000
31 30 29 28 27 26 | 25 | 24 | 23 22 21 20 19 18 17 16
AD
COMP | COMP TIM1 | TIM1
Res Res R"Se Res | Res R,;e R,;e R,;e Rse 2 1 RCS Rse 7 6 Res
RST RST T RST RST
RW RW RW RW RW
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Sy
SPI S
TIM1 | USART TIM
4 1 Rse Rls 1 Rse Rse Rse F;e Res Res | Res Rse Res | Res CGF
RST RST T RST RS
T
RW RW RW | RW RW
Bit Name R/W Reset Value Function
31:23 Reserved - - Reserved
COMP2 module reset.
22 COMP2RST RW 0 0: no effect,
1: The module is reset,
COMP1 module reset.
21 COMP1RST RW 0 0: no effect,
1: The module is reset,
ADC module reset.
20 ADCRST RW 0 0: no effect,
1: The module is reset,
19 Reserved - - Reserved
TIM17 module reset.
18 TIM17RST RW 0 0: no effect,
1: The module is reset,
TIM16 module reset.
17 TIM16RST RW 0 0: no effect,
1: The module is reset,
16 Reserved - - Reserved
TIM14 module reset.
15 TIM14RST 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,
13 Reserved - - Reserved
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,
10:1 Reserved - - Reserved
SYSCFG module reset.
0 SYSCFGRST RWs 0 0: no effect,
1: The module is reset,
8.6.12. 1/O interface clock enable register (RCC_IOPENR)
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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 Res Res | Res | Res GPIOF Res | Res | Res GPIOB | GPIOA
EN EN EN
RW RW RW
Bit Name R/W Reset Value Function
31:6 Reserved - - Reserved
I/O PortF clock enable.
5 GPIOFEN RwW 0 0: Clock disabled,
1: Clock enable
4:2 Reserved - - Reserved
I/0O PortB clock enable.
1 GPIOBEN RW 0 0: Clock disabled,
1: Clock enable
I/0 PortA clock enable.
0 GPIOAEN RW 0 0: Clock disabled,
1: Clock enable
8.6.13. AHB peripheral clock enable register (RCC_AHBENR)
Address offset: 0x38
Reset value: 0x0000 0300
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
CRC SRA- | FLASH DMA
Res | Res | Res EN Res | Res MEN EN Res | Res | Res | Res | Res | Res | Res EN
RW RW RW RW
Bit Name R/W Reset Value Function
31:13 Reserved - - Reserved
CRC module clock enable.
12 CRCEN RwW 0 0: Disable
1: Enable
11:10 Reserved - - Reserved
In sleep mode, the clock enable control of SRAM
0: The module clock is disabled in sleep mode
1: The module clock is enabled in sleep mode
9 SRAMEN RW 1 Note: This bit only affects the clock enable of this module
in sleep mode, in run mode, the clock of this module will
not be disabled
In sleep mode, the clock enable control of FLASH
0: The module clock is disabled in sleep mode
1: The module clock is enabled in sleep mode
8 FLASHEN RW 1 Note: This bit only affects the clock enable of this module
in sleep mode, in run mode, the clock of this module will
not be disabled
7:1 Reserved - - Reserved
DMA module clock enable.
0 DMAEN RwW 0 0: Disable
1: Enable
8.6.14. APB peripheral clock enable register 1 (RCC_APBENR1)
Address offset: 0x3C
Reset value: 0x0000 0000
[ 3 [ 30 [ 29 ] 28 | 27 | 26 [ 25 | 24 ] 23 [ 22 21 ]2 [19 |18 | 17 [ 16 |
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LPEEM Res Res Pl\EA,/\IR DEBl\? Res | Res | Res | Res | Res lEzlEl: Res | Res | Res Usé‘l\Rsz Res
RW RW RW RW RW
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
WWDG RTC TIM3
Res Res Res | Res APB | Res | Res | Res | Res | Res | Res | Res | Res Res
EN EN EN
RW RW RW RW
Bit Name R/W Reset Value Function
LP Timerl module clock enable.
31 LTIMEN RW 0 0: Disable
1: Enable
30:29 Reserved - - Reserved
Low power control block clock enable.
28 PWREN RW 0 0: Disable
1: Enable
Debug module clock enable.
27 DBGEN RW 0 0: Disable
1: Enable
26:22 Reserved - - Reserved
12C1 module clock enable.
21 12CEN RW 0 0: Disable
1: Enable
20:18 Reserved - - Reserved
USART2 module clock enable.
17 USARTZ2EN RW 0 0: Disable
1: Enable
16:12 Reserved - - Reserved
Window WDG module clock enable.
11 WWDGEN RW 0 0: Disable
1: Enable
This register is cleared by hardware system reset.
RTC Module APB clock enable.
10 RTCAPBEN RW 0 0: Disable
1: Enable
9:2 Reserved - - Reserved
TIM3 module clock enable.
1 TIM3EN RW 0 0: Disable
1: Enable
0 Reserved
8.6.15. APB peripheral clock enable register 2 (RCC_APBENR?2)
Address offset: 0x40
Reset value: 0x0000 0000
31 30 29 28 27 26 | 25 | 24 | 23 22 21 20 19 18 17 16
COMP | COMP | AD TIM1 | TIM1
Res Res Ze Res | Res Rse Rse Rse Rse 2 1 C F;e 7 6 Res
EN EN EN EN EN
RW RW RW RW RW
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SY
TIM1 | USART SPI | TIM S
4 1 Rse 1 1 Rse Rse Rse F;e Res Res Res F;e Res Res CF
EN EN EN EN G
EN
RW RW RW | RW RW
Bit Name R/W Reset Value Function
31:23 Reserved - - Reserved
COMP2 module clock enable.
22 COMP2EN RW 0 0: Disable
1: Enable
21 COMP1EN RW 0 C_Ol\_/IPl module clock enable.
0: Disable
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1: Enable
ADC module clock enable.
20 ADCEN RW 0 0: Disable
1: Enable
19 Reserved - - Reserved
TIM17 module clock enable.
18 TIM17EN RW 0 0: Disable
1: Enable
TIM16 module clock enable.
17 TIM16EN RW 0 0: Disable
1: Enable
16 Reserved - - Reserved
TIM14 module clock enable.
15 TIM14EN RW 0 0: Disable
1: Enable
USART1 module clock enable.
14 USARTI1EN RW 0 0: Disable
1: Enable
13 Reserved - - Reserved
SPI1 module clock enable.
12 SPIEN RW 0 0: Disable
1: Enable
TIM1 module clock enable.
11 TIM1EN RW 0 0: Disable
1: Enable
10:1 Reserved - - Reserved
SYSCFG module clock enable.
0 SYSCFGEN RW 0 0: Disable
1: Enable
8.6.16. Peripheral independent clock configuration register (RCC_CCIPR)
Address offset: 0x54
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 | LPTIM1SEL[1:0] | Res | Res
RW RW
15 | 14 | 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res Res Res Cg:\EALPZ Cg:\EALPl Z\éE Res | Res | Res Res Res Res | Res
| RW RW RW
Bit Name R/W Reset Value Function
31:20 Reserved - - Reserved
LPTIM1 internal clock source selection.
00: PCLK
01: LSl
, 10: No clock
19:18 LPTIMSELJ[1:0] RW 2'b00 11 Reserved
Note: When PCLK is selected, the prescalation coeffi-
cient of LPTIM must be configured with division of 2 or
more (configured by LPTIM _ CFGR.PRESC).
17:10 Reserved - - Reserved
COMP2 module clock source selection.
0: PCLK
9 COMP2SEL RW 0 1: LSC (Clock selected by RCC_BDCR.LSCOSEL)
Note: Configure the selected LSC clock before enabling
FLTEN.
COMP1 module clock source selection.
0: PCLK
8 COMP1SEL RW 0 1: LSC (Clock selected by RCC_BDCR.LSCOSEL)
Configure this register to select the clock before ena-
bling COMP2_FR2.FLTEN.
PVD detect clock source selection.
7 PVDSEL RW 0 0: PCLK

1: LSC (Clock selected by RCC_BDCR.LSCOSEL)
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Bit Name R/W Reset Value Function
Note:Configure this register to select the clock before
enabling COMP1 FR1.FLTEN.
6:0 Reserved - - Reserved
8.6.17. RTC domain control register (RCC_BDCR)
Address offset: 0x5C
Reset value: 0x0000 0000, reset by POR/BOR
When PWR_CR1.DBP is 1, it is allowed to write to 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 LSEEO Res Res Res Res | Res | Res | Res | BDRST
RW RW
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
RTCSEL
RTCEN | Res | Res | Res | Res | Res [1:0] Res Res Res Res Res | Res Res
RW RW
Bit Name R/W Reset Value Function
31:25 Reserved - - Reserved
Low-speed clock enable.
24 LSCOEN RW 0 0: Disable
1: Enable
23:17 Reserved - - Reserved
RTC domain soft reset.
16 BDRST RW 0 0: No effect
1: Reset
RTC clock enable. Software set or reset.
15 RTCEN 0: Disable
1: Enable
14:10 Reserved - - Reserved
RTC clock source selection.
00: No clock
01: Reserved
10: LSI
9:8 RTCSEL[1:0] RW 0 11: HSE divided by 128
Once the RTC clock source is selected, it cannot be
changed, except in the following cases:
RTC is reset to 00
BDRST soft reset to 00
7:0 Reserved - - Reserved

8.6.18. Control/status register (RCC_CSR)

Address offset: 0x60
Reset value: 0x0000 0000
Reset sources: 1) [30:25]: POR reset, 2) LSION: system reset, 3) NRST_FLTIDS will not be reset by

system reset reset

31 | 30 29 28 | 27 | 26 | 25 24 23 |22 | 21 | 20 19 | 18 | 17 | 16
WD
WWD SFT | PWR | PIN | OBL
Rse G R(éT RST | RST | RST | RST | Res R'\F"V Rse Rse F;e F;e F;e Res | Res
RSTF | "2 F F F F
R R R R R R RW
15 | 14 13 12 | 11 | 10 9 8 7 6 | 5 | 4 | 3| 2 | 1 0
NRST LS
Re | Res | Res | Res | Res | Res | Res — Res | R€ | Re | Re | Re | Re | pn | LSIO
S FLT- S S S S S Y N
DIS
RW R | RW
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Bit Name R/W Reset Value Function
31 Reserved
Window WDG reset flag.
30 WWDGRSTF R 0 Setting RMVF to 1 clears this bit.
IWDG reset flag.
29 IWDGRSTF R 0 Setting RMVF to 1 clears this bit.
Soft reset flag.
28 SFTRSTF R 0 Setting RMVF to 1 clears this bit.
BOR/POR/PDR reset flag.
21 PWRRSTF R 0 Setting RMVF to 1 clears this bit.
External NRST pin reset flag.
26 PINRSTF R 0 Setting RMVF to 1 clears this bit.
Option byte loader reset flag.
25 OBLRSTF R 0 Setting RMVF to 1 clears this bit.
24 Reserved -
23 RMVF RW 0 Reset flags [30:25] need to be cleared by software.
NRST filter disabled
0: HSI_10M is enabled, and the filter 40 us width function is
8 NRST_FLTDIS RW 0 enabled
1: The filtering function is disabled, and HSI_10M remains
off
7:2 Reserved - - Reserved
LS| OSC stable flag.
1 LSIRDY R 0 0: LSl is not stable
1: LSI has stabilized
LSI OSC enabled.
0: Disable
0 LSION RW 0 1: Enable
Set by software, cleared by software. This bit is set by hard-
ware when IWDG is enabled by hardware (via option byte).
8.6.19. RCC register address map
(0]
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et
D al > = >
RC | g g 8 4946698884 82358 rs 2809888448443
0| CR n:n:n:n:n:n:n:n:n:n:n:n:m'—'m-'(”nJmn:n: : o X 9 o o o o o o @
X (£ T T T T T
8 Re-
set olofo]o 0|01
valu
e
)
a (=)
R|(C:g 8 9 49 8 Eﬁ 8 LSI_TRIM[8:0] 7 HSI_TRIM[12:0]
0| <R o o o o £°| - ' - - '
] 0
X | T
0 9
4 Re-
VS:IL olo o|1f{1|2|2|1]1|2|2]|o]ofol1|o|o]oflo|a|a]alal2|2]|1]1
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e
)
=
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9. General-purpose I/0Os (GPIO)

9.1.

9.2.

9.3.

GPIO introduction

Each GPIO port has:

A Four 32-bit configuration registers (GPIOx_MODER, GPIOx_OTYPER, GPIOx_OSPEEDR,
GPIOx_PUPDR)

A Two 32-bit data registers (GPIOx_IDR and GPIOx_ODR)

A One 32-bit set/reset register (GPIOx_BSRR)

A One 32-bit lock register (GPIOx_LCKR)

A Two alternate function selection registers (GPIOx_AFRH and GPIOx_AFRL).

GPIO main features

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

A Output data from output data register (GPIOx_ODR) or peripheral (alternate function output)
A Speed selection for each /0O

A Input status: floating, pull-up/down, analog

A Input data to input data register (GPIOx_IDR) or peripheral (alternate function input)

A Bit set/reset register (GPIOx_BSRR) for bitwise write access to GPIOx_ODR

A Locking mechanism (GPIOx_LCKR) provided to freeze the I/0 port configuration function

A Analog function

A Alternate functions selection registers (at most 16 AFs per 1/O port)

A Fasttoggle capable of changing every single cycle

A Highly flexible pin multiplexing allows the use of /0 pins as GPIOs or as one of several peripheral

function

GPIO functional description

Each port bit of the GPIO ports can be individually configured by software in several modes:

A Input floating
A Input pull-up
A Input pull-down
A Analog input

A Output open-drain with pull-up or pull-down capability

A Output puss-pull with pull-up or pull -down capability

A Alternate function push-pull with pull-up or pulli down capability

A Alternate function open-drain with pull-up or pull-down capability

Each I/O port bit is freely programmable, however the 1/O port registers have to be accessed as 32-bit
words, half-words or bytes. The purpose of the GPIOx_BSRR and GPIOx_BRR registers is to allow
atomic read/modify accesses to any of the GPIOx_ODR registers. In this way, there is no risk of an IRQ

occurring between read and modify access.
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9.3.1.

9.3.2.

FigedBasic structure of an |/ O port

General-purpose I/0 (GPIO)

During and after reset, the alternate functions are not active and most of the 10s are configured in
analog mode.

The debug pins are in alternate function pull-up or pull-down after reset:

A PA14-SWCLK: in pull-down mode

A PA13-SWDIO: in pull-up mode

Boot pin is set to input pull-down mode after reset:

A PF4-Boot: in pull-down mode

When the pin is configured as output, the value written to the output data register (GPIOx_ODR) is
output on the I/O pin. It is possible to use the output drive in push-pull mode or open-drain mode (only
the low level is driven, high level is HI-Z).

The input data register (GPIOx_IDR) captures the data present on the 1/O pin at every AHB clock cycle.
All GPIO pins have weak internal pull-up and pull-down resistors, which can be activated or not de-

pending on the value in the GPIOx_PUPDR register.

I/O pin alternate function multiplexer and mapping

The device 1/O pins are connected to on-board peripherals/modules through multiplexers that allows
only one peripheral alternate function (AF) connected to an I/O pin at a time. In this way, there can be
no conflict between peripherals available on the same 1/O pin.

Each 1/O port has a multiplexer with up to 16 alternate function inputs (AFO to AF7), which can be
configured through the registers GPIOx_AFRL (for pin 0 to 7) and GPIOx_AFRH (for pin 8 to 15).

A After reset, the multiplexer selection is AFQ. The 1/Os are configured in alternate function mode

through GPIOx_MODER register.
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9.3.3.

9.3.4.

9.3.5.

A The alternate function assignments for each pin are details in section 2.3.

In addition to this flexible multiplexer architecture, each peripheral has alternate functions mapped onto

different I/O pins to optimize the number of peripherals available in smaller packages.

The user configures 10 as follows:

A Debug function: After each reset, these pins are assigned as alternate function pins immediately
usable by the debugger host.

A GPIO: Configure the corresponding I/O port as output, input or analog mode in GPIOx_MODER
register.

A  Peripheral multiplexing function:

0  The I/O corresponding to the register GPIOx_AFRL or GPIOx_AFRH configuration is the
alternate function x (x = 0é 15).

0 Registers GPIOx_OTYPER, GPIOx_PUPDR and GPIOX_OSPEEDER configure the type,
pull-up/pull-down and output speed respectively.

U  Configure the corresponding I/O as an alternate function in the GPIOx_MODER register.

A Additional functions:

U  ADC and COMP functions are enabled in the registers of the ADC and COMP modules, in
every 1/O configuration. When the 1/O is used as ADC or COMP, it is recommended to con-
figure the port as analog mode through the register GPIOx_MODER

U  For additional functions of the crystal oscillator, configure the respective functions in the cor-
responding PWR and RCC module registers. These configurations have higher priority than

standard GPIO configurations.

I/O port control registers

Each of the GPIO ports has four 32-bit memory-mapped control registers (GPIOx_MODER,
GPIOx_OTYPER, GPIOx_OSPEEDR and GPIOx_PUPDR) to configure up to 16 I/Os. The register
GPIOx_MODER is used to select the I/O mode (input, output, AF, analog). The GPIOx_OTYPER and
GPIOx_OSPEEDR registers are used to select the output type (push-pull or open-drain) and speed.
The GPIOx_PUPDR register is used to select the pull-up/pull-down whateverr the I/O direction.

I/O port data registers

Each GPIO has two 16-bit memory-mapped data registers: input and output data registers
(GPIOx_IDR and GPIOx_ODR). GPIOx_ODR stores the data to be output, it is read/written accessible.
The data input through the I/O are stored into the input data register (GPIOx_IDR), a read-only register.

I/O data bitwise handling

The bit set reset register (GPIOx_BSRR) is a 32-bit register that allows the application to set and reset
each individual bits in the output data register (GPIOx_ODR). The bit set reset register has twice the
size of GPIOx_ODR.

To each bit in GPIOx_ODR, correspond two control bits of GPIOx_BSRR: BS(i) and BR(i). When writ-
ten bit BS(i) to 1 can set the corresponding bit of GPIOx_ODR to 1, and setting bit BR(i) to 1 can clear
the corresponding bit of GPIOx_ODR to 0.
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Write any bit to 0 in GPIOx_BSRR does not have any effect on the corresponding bit in GPIOx_ODR.

If there is an attempt to both set and reset a bit in GPIOx_BSRR, the set operation has priority.

Using the GPI Ox_BSRR register to change t heshvoatloues
effect that does not lock the GPIOXx_ODR bits. The GPIOx_ODR bits can always be accessed directly.

The GPIOx_BSRR register provides a way of performing atomic bitwise handling.

There is no need for the software to disable interrupts when programming the GPIOx_ODR at bit level:

it is possible to modify one or more bits in a sinle atomic AHB write access.

9.3.6. GPIO locking mechanism

It is possible to freeze the 10 control with GPIOx_LCKR registers through a series of special write
timings, including GPIOx_MODER, GPIOx_OTYPER, GPIOx_OSPEEDR, GPIOx_PUPDR,
GPIOx_AFRL and GPIOx_AFRH.

A special write/read sequence can manipulate the register GPIOx_LCKR. When the right lock se-
qguence is applied to bit 16 in this register, the value of LCKR[15:0] can LOCK the I/O (during the write
sequence, the value of LCKR[15:0] remains unchanged). When the LOCK sequence has been applied
to a port bit, the value of the port bit cannot be modify until the next MCU reset or peripheral reset.
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 GPIOx_LCKR register with a word (32 bits) because the [15:0] bits are also set when the
GPIOx_LCKR bit 16 is set.

9.3.7. 1/0O alternate function input/output

Two registers are provided to select one of the alternate function input/outputs available for each 1/0.
The user can connect an alternate function to the IO port according as required by the application.

This means that a number of possible peripheral functions are multiplexed on each GPIO using the
GPIOx_AFRL and GPIOx_AFRH alternate function registers. The application can thus select any one
of the possible functions for each I/0. The AF selection signal being common to the alternate function
input and alternate function output, a single channel is selected for the alternate function input/output

of a given 1/O.

9.3.8. External interrupt/wakeup lines

All ports have external interrupt capability. To use the external interrupt lines, the given pin must be

disabled in analog mode or as oscillator pin, so the input trigger is kepy enabled.

9.3.9. /O input configuration

When the 1/O port is configured as input:

A The output buffer is disabled
A The Schmitt trigger input is enable
A The pull-up and pull-down resistors can be enabled/disabled according to the configuration of the

GPIOx_PUPDR register
A The data present on the I/O pins are sampled into the input data register on every AHB clock

cycle
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A Aread access to the input data register provides the I/O status

Analog inputoutput
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control and EXTI : | v
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& | |
X0 | on : - I
(o)) | | Protection
E | | Diode
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2 [ : I
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Write g % | Output driver !
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‘5‘ | | Diode
- L
o : I =
[ l Vss L
I ! Vss
Fi gORlenput /fpuwlaltiwmg/ pul | down configuration

9.3.10. /O output configuration

When the 1/O port is configured as output:
A The output buffer is enabled:
U  Open-drain mode: A '0" in the output register activates the N-MOS whereas a '1' in the
output register leaves the port in a high-impedance state (the PMOS is never activated).
i  Push-pull mode: A'0"in the output register activates the N-MOS whereas a '1' in the output

register activates the P-MOS.

A The Schmitt trigger input is activated

A The pull-up and pull-down resistors can be enabled/disabled according to the configuration of
the GPIOx_PUPDR register

A The data present on the I/O pins are sampled into the input data register every AHB clock cycle

A Aread access to the input data register gets the I/O state

A Aread access to the output data register gets the value of the last write
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9.3.11.

Analog inputoutput
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Alternate function configuration

When an 1/O port is configured as alternate function:

A In an open-drain or push-pull configuration, the output buffer is turned on

A Built-in peripheral signal-driven output buffer (multiplexed function output)

A The Schmitt trigger input is activated

A The pull-up and pull-down resistors can be enabled/disabled according to the configuration of
the GPIOx_PUPDR register

A The data present on the I/O pins are sampled into the input data register every AHB clock cycle

A Aread access to the input data register gets the I/O state
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9.3.12. Analog configuration

When an I/O port is configured as analog configuration:

A The output buffer is disabled
A The Schmitt trigger input is deactivated, providing zero consumption for every analog value of
the 1/0 pin. The output of Schmitt trigger is forced to '0'
A The weak pull-up and pull-down resistors are disabled (software setting required)
A Read access to the input data register gets the value is '0'
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9.3.13.

9.4. GPIO registers

Use the HSE oscillator pins as GPIOs

When the HSE oscillator is switch off (default state after reset), the related oscillator pins can be used

as normal GPIOs.
When the HSE oscillator is switch on (by setting the HSEON bit in the RCC_CSR register) the cor-

responding port needs to be configured as an analog port by software.

When the crystal oscillator is configured in a user external clock mode, only the pin is reserved for

clock input and the OSC_IN or OSC32_IN pin can still be used as normal GPIO.

The GPIO related registers can be written in word, half word and byte mode.

9.4.1. GPIO port mode register (GPIOx_MODER) (x = A, B, F)
Address offset: 0x00
Reset value:
A OXEBFF FFFF for GPIOA
A OXFFFF FFFF for GPIOB
A OXFFFF FCFF for GPIOF
31] 30] 29[ 28] 27] 26 25] 24 23] 22| 21 20 19] 18] 17] 16
MODE15| MODE14| MODE13| MODE12| MODE11| MODE10| MODE9[| MODES8|
0] 0] 0] 0] 0] 0] 0] 0]
RW| | RW| RW| I 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
MODE7[ | MODEG6[ | MODE5[ | MODE4[ | MODE3[ | MODE2]| MOE]E” Mog]Eo[
RWIRW|RW|RW| | RW|RW| RW|RW|RW[RW|RW][RW|RW|RW|[RW]|RW
Bit Name R/W Reset Value Function
y=15..0
These bits are written by software to configure the 1/O
mode
31:0 MODEy[1:0] RW 00: Input mode
01: General purpose output mode
10: Alternate function mode
11: Analog mode (reset state)
9.4.2. GPIO port output type register (GPIOx_OTYPER) (x = A, B, F)
Address offset: 0x04
Reset value: 0x0000 0000
31 30 29 28 27 26 25 241 23| 22| 21 20 19| 18] 17 16
Res| Res| Res| Res| Res| Res| Res ResfReg Reg Reg ResfResg Res Res Res
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
OT1|]OT1{OT1|OT1|OT1|0OT1{OT9 OTB OT7 0T6E OTH OT4 OT3OT2O0T1OTQ
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
These bits are written by software to configure the I/O
: : output type
15:0 MODE[15:0] RW 0: Output push-pull (reset state)
1: Output open-drain
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9

Address offset: 0x08

Reset value:

A 0xOC00 0000 (for port A)
A 0x0000 0000 (for other ports)

.4.3. GPIO port output speed register (GPIOx_OSPEEDR) (x = A, B, F)

31 ] 30| 29| 28| 27 ] 26| 25 24 23] 22| 21| 20| 19] 18] 17] 16
OSPEED] OSPEED] OSPEED]OSPEED(OSPEED OSPEED| OSPEELO OSPEET
RW|[RW| RW]|RW| RW|[RW|[RW[RW|[RW|[RW|RW|RW|RW|RW|RW][RW
15| 14| 23] 122 11| 10| 9 | 8 | 7 | 6 [ 5 ] 4] 3] 21110
OSPEED| OSPEED| OSPEED| OSPEELDC OSPEELO OSPEED OSPEEL OSPEE(
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

These bits are written by software to configure the 1/O

output speed
31:.0 OSPEEDy[1:0] RW 00:Very low speed

01:Low speed

10:High speed

11:Very high speed

9.4.4. GPIO port pull-up and pull-down register (GPIOx_PUPDR) (x = A, B, F)

Address offset: 0x0C

Reset value:

A 0x2400 0000 (for port A)
A 0x0000 0000 (for port B)

A 0x0000 0200 (for port F)
31 30] 29] 28] 27] 26| 25] 24 23] 22 21 20[ 19] 18] 17] 16
PUPD15[PUPD14]| PUPD13|PUPD12|PUPD11]|PUPD10O]PUPD9[|PUPDS8]
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
PUPD7[ | PUPD6[ | PUPDS5[ | PUPD4[ | PUPD3[ | PUPD2[ |PUPD1[|PUPDO]
RWIRW|RW|RW|RW|[RW|RW|RW|RW|[RW| RW|RW|[RW|RW|RW|RW
Bit Name R/W Reset Value Function
y=15..0
These bits are written by software to configure the I/O
pull-up or pull-down
31:0 PUPDy[1:0] RW 00: No pull-up or pull-down
01: Pull-up
10: Pull-down
11: Reserved
9.4.5. GPIO port input data register (GPIOx_IDR) (x = A, B, F)

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

ID1] I D11 D11 D1] 1 D1l 1 D11 DdI1 DgI D71 D41 DF1 D41 D31 D1 D] 1 DC

r r r r r r r r r r r r r r r r
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Bit Name R/W Reset Value Function
31:16 Reserved
y=15..0
15:0 Idy R This is read-only, it contain the input value of the corre-
sponds 1/O port
9.4.6. GPIO port output data register (GPIOx_ODR) (x = A, B, F)
Address offset: 0x14
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
ob1l| ob1| ob1l| obD1| 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| I RW|RW|RW| RW|RW|RW|RW| RW| RW
Bit Name RIW Reset Value Function
31:16 Reserved
y=15..0
These bits are readable and writable by software.
15:0 Ody[1:0] RW Note: For GPIOx_BSRR or GPIOx_BRR registers. (x
= AB,F), each ODR bit can be independently
set/cleared.
9.4.7. GPIO port bit set/reset register (GPIOx_BSRR) (x = A, B, F)
Address offset: 0x18
Reset value: 0x0000 0000
31 30 29 28 27 26 25| 24| 23] 22| 21| 20| 19| 18| 17| 16
BR1|{BR1{BR1|BR1|BR1|BR1|BR9YBR8BR7/ BR6BR5BR4BR3BR2BRI1BRQOQ
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
BS1|BS1{BS1|BS1|BS1|BS1|BS9BS8BS7BS6BS5BS4BS3BS2BS1BSQ0
w w w w w w w w w w w w w w w w
Bit Name R/W Reset Value Function
y=15..0
These bits are write-only. A read to these bits returns the
value of 0.
31:16 BRy W 0: No action on the corresponding ODRYy bit
1: Clear the corresponding ODRY bit
Note: If the corresponding bits of Bsy and Bry are set at
the same time, the Bsy bit has priority.
y=15..0
These bits are write-only. A read to these bits returns the
15:0 BSy w value of 0.
0: No action on the corresponding ODRYy bit
1: Set the corresponding ODRYy bit
9.4.8. GPIO port configuration lock register (GPIOx_LCKR) (x = A, B, F)

This register is used to lock the configuration of the port bits when the correct write sequence is applied
to bit 16 (LCKK) set. The value of bits [15:0] is used to lock the configuration of the GPIO, the value of
LCKR [15:0] must not change. When the LOCK sequence has been applied on the a port bit, the
configuration of the port bits cannot be changed until the next system reset.

Note: A special write sequence is used to write the GPIOx_LCKR register. Only word accesses can
be performed during the lock sequence.

Each lock bit freezes a specific configuration register (control and alternate function registers)
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Address offset: 0x1C
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 Re g LKCK
RW
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
LCK| LCK| LCK| LCK| LCK|LCKILCKLCKLCKLCKLCKLCKLCKLCKLCHKLCK
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 any time, it can only be modified by
the lock key write sequence
0: The port configuration lock key not active
1. The port configuration lock key activated, and the
GPIOx_LCKR register is locked until the next system re-
set
LOCK key write sequence:
The write sequence of the lock key: write 1- > write 0- >
16 LCKK RW write 1- > read 0- > read 1. The last read can be ignored,
but it can be used to confirm that the lock key has been
activated.
Note: During the LOCK key write sequence, the value of
LCK[15:0] must not change. Any error in the lock se-
guence will stop the lock key from being activated. After
the first lock sequence on any bit of the port, any read
access on the LCKK will return 1 until the next MCU reset
or peripheral reset.
y=15..0
These bits are readable and writable but can only be writ-
15:0 LCKy RW ten when the LCKK bit is 0.
0: Port configuration not locked
1: Port configuration locked
9.4.9. GPIO alternate function register (low) (GPIOx_AFRL) (x = A, B, F)
Address offset: 0x20
Reset value: 0x0000 0000
31 ] 30] 29[ 28] 27 ] 26 25] 24] 23[ 22 21] 20] 19] 18] 17] 16
AFSELT7][ 3: AFSELG6][ 3: AFSELS5] 3 AFSELA4]T 3
RW RW RW RW RW RW | RW|I 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: AFSEL2]J 3: AFSELI1J[ 3 AFSELOJ 3
RW| RW]|RW|RW| RW]|]RW|RW[RW|[RW|[RW|[RW[RW|[RW[RW|RW]|RW
Bit Name R/W Reset Value Function
These bits are written by software to configure alternate
function /0.
AFSELYy selection:
0000: AFO 1000: AF8
0001: AF1 1001: AF9
31:0 AFSEL){([)%(;] O=71 rw 0010: AF2 1010: AF10
0011: AF3 1011: AF11
0100: AF4 1100: AF12
0101: AF5 1101: AF13
0110: AF6 1110: AF14
0111: AF7 1111: AF15
9.4.10. GPIO alternate function register (high) (GPIOx_AFRH) (x = A, B, F)

Address offset: 0x24

Reset value: 0x0000 0000
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31] 30 29| 28] 27| 26 ] 25] 24| 23] 22] 21] 20] 19] 18] 17] 16
AFSEL15][ 3: AFSEL14][ 3 AFSEL13][ § AFSEL12]J 3
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: AFSEL10][ 3 AFSEL9]J 3 AFSELS8]T 3
RW]IRW| RW|RW|RW]| RW|[RW|RW|RW[RW|[RW|RW|[RW|RW]|RW][RW
Bit Name R/W Reset Value Function
These bits are written by software to configure alternate
function 1/O.
AFSELy selection:
0000: AFO 1000: AF8
. _ 0001: AF1 1001: AF9
31:0 AFSE"?’O['“”lg; V=8 rw 0010: AF2 1010: AF10
0011: AF3 1011: AF11
0100: AF4 1100: AF12
0101: AF5 1101: AF13
0110: AF6 1110: AF14
0111: AF7 1111: AF15
9.4.11. GPIO port bit reset register (GPIOx_BRR) (x = A, B, F)
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 2 11 10 9 8 7 6 5 4 3 2 1 0
BR1{BR1{BR1|BR1|BR1|BR1|BR9BR§BR7 BR6BR5BR4BR3BR2BRI1BRO
'\ W W W W \\ W \\ W W W '\ W '\ W W
Bit Name R/W Reset Value Function
31:16 Reserved
y=15..0
These bits are write-only. A read to these bots re-
15:0 Bry RW turns the value of 0.
0: No action on the corresponding Ody bit
1: Clear the corresponding Ody bit
9.4.12. GPIO register map
o
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10. System configuration controller (SYSCFG)

The devices feature a set of configuration registers. The main purpose of the system configuration con-

trolle

> > > > >

rare:

Enable or disable 12C Fast Mode Plus on some 10 pins

Remap some DMA trigger sources to different DMA channels

Remap the memory located at the beginning of the code area

Manage the external interrupts connected to GPIOs

Manage robustness features

10.1. System configuration register

10.1.1. SYSCFG configuration register 1 (SYSCFG_CFGR1)
This register is used for specific configuration of memory and DMA request remap and control special
1/0O functions.
Two bits are used to configure the type of memory accessible at address 0x0000 0000. These two
bits are used to select the physical remap by software, and bypass the hardware BOOT selection.
After reset, these bits take the value 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)
i 30 29 28 27 26 25 24 23 | 22 21 20 19 18 17 | 16
12C | 12C | 12C | 12
C
R 12C_ | 12C_ | 12C_ | 12C_ | 5, = Y — | 12C_ | 12C_ | 12C_ | 12C_
e |12CA_|\F1)|E PFO_ | PBS_ | PB7_ | PB6_ 1P2A 1P1A 1POA ZA PAS_ | PA7_ | PA3_ | PAZ_ Rse Rse
S - ANF ANF ANF ANF AN | AN | AN | AN ANF ANF ANF ANF
F | F | F|F
RwW RwW RW RW RW RW | RW | RW \I:/ RW RW RW RW
é 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R MEM_M
e Res Res Res Res Res Re Re Re | Re Res Res Res Res ODE
s s s s )
s [1:0]
RW
Bit Name R/W Reset Value Function
31 Reserved RW - Read and write
Analog filter enable control of 12C related 1/0
30:18 12C_lOx_ANF RW 0 0: Analog filter disable
1: Analog filter enable
17:2 Reserved RW 0 Read and write
Memory mapping selection bit
Set and clear by software. They control the mapping of
MEM MODE memory at address 0x0000 0000. After reset, these bits
1:0 [I'O] take on the actual boot mode configuration values.
) X0: Main Flash, mapped at 0x0000 0000
01: System Flash, mapped at 0x0000 0000
11: SRAM, mapped at 0x0000 0000
10.1.2. SYSCFG configuration register 2 (SYSCFG_CFGR?2)

Address offset: 0x18
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Reset value: 0x0000

3(3|2]|2]2 1
11ololsl7 26 | 25 24 23 22 21 20 19 18 7 16
RIR|R|R|R R
elejel|e|e Ze Rse Res Res Res Res Res Res ; e | Res
s|s|s|s|s s
111|111
5lal3|2]1 10 | 9 8 7 6 5 4 3 2 |1 0
P
\Y, LO
RIR|R|R|R | g og | COMP2_ | COMPL_ | cOMP2_ | COMPL_ | comP2 | comP1 | ° | R | 5%
ejelejeje| o BRK_TI BRK_TI BRK_TI BRK_TI | _BRK_T | _BRK_T L |e L
s|s|s|s|s - M17 M17 M16 M16 M1 M1 s | =
0] oC
C K
K
RW RW RW RW RW RW RW \|7V RW
Bit Name R/W Reset Value Function
31:11 Reserved - - -
TIMER1 ETR input source selection.
_ ETR SRC i 2 lbOOE ETR source from GPIO
10:9 TIM_:L[l'O] RW 206 b 00| 2'b0Ll: ETR source from COMP1
- ’ 2 'b10: ETR source from COMP2
2 'b11: ETR source from ADC
COMP2 as TIMx break input enable.
8 COI\/_Il_F;,\Z/rlI?RK RW 0 0: COMP2 output is not used as TIM17 break input
- 1. COMP2 output as TIM17 break input
COMPL1 as TIMx break input enable.
7 CO'\/_erl\l/l—lsRK RW 0 0: COMP1 output is not used as TIM17 break input
- 1: COMP1 output as TIM17 break input
COMP2 as TIMx break input enable.
6 COI\/_Il_F;I\Z/I_lgRK RW 0 0: COMP2 output is not used as TIM16 break input
- 1. COMP2 output as TIM16 break input
COMP1 as TIMx break input enable.
5 COI\/ITITI\l/I_lIgRK RW 0 0: COMP1 output is not used as TIM16 break input
- 1: COMP1 output as TIM16 break input
COMP2 as TIMx break input enable.
4 COM_T_)I?\A—PRK RW 0 0: COMP2 output is not used as TIM1 break input
- 1: COMP2 output as TIM1 break input
COMP1 as TIMx break input enable.

3 COM.Eh—fRK— RW 0 0: COMP1 output is not used as TIM1 break input
1: COMP1 output as TIM1 break input
PVD Lock enable bit
Set by software and cleared by system reset. It can be used
as the brake input to enable and lock the PVD connection
to TIM1/TIM16/TIM17, and also lock the PVDE of the
PWR_CR register.

g -y K RW 0 0: PVD interrupt is not connected to the brake input of
TIM1/TIM16/TIM17. The PVDE bit can be written by the ap-
plication.
1: PVD interrupt is connected to the brake input of
TIM1/TIM16/TIM17. The PVDE bit is read only.

1 Reserved - - -
Cortex-M0+ LOCKUP enable bit
Set by software and cleared by system reset. It can enable
and lock the LOCKUP (HardFault) output of Cortex-M0+ to

0 LOCKUP_ RW the brake input of TIM1/TIM16/TIM17.

LOCK 0: The LOCKUP output of Cortex-M0+ is not connected to
the brake input of TIM1/TIM16/TIM17
1: The LOCKUP output of Cortex-MO+ is connected to the
brake input of TIM1/TIM16/TIM17
10.1.3. SYSCFG configuration register 3 (SYSCFG_CFGR?3)
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Address offset: 0x1C
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

DMA3_
ACK-
LVL

DMA3_MAP

RW RW RW RW

RW

RW

15

14 13 12 11 10

9

5 4 3 2

1

Res

DMA2_
ACK-
LVL

Res DMA2_MAP

Res | Res

DMAL_
ACK-
LVL

DMA1_MAP

RW

RW [ RW | RW [ RW | RW

RW RW | RW

[ RW | RW | RW

Bit

Name

R/W

Reset Value

Function

31:22

Reserved

21

DMA3_ACKLVL

RW

Response speed enable bit for DMA channel 3

0: Normal speed response
1: Quick speed response

20:16

DMA3_MAP

RW

00000: ADC

00001: SPI1_TX
00010: SPI1_RX
00011: Reserved
00100: Reserved
00101: USART1_TX
00110: USART 1_RX
00111: USART2_TX
01000: USART2_RX
01001: 12C_TX
01010: I2C_RX
01011: TIM1_CH1
01100: TIM1_CH2
01101: TIM1_CHS3
01110: TIM1_CHA4
01111: TIM1_COM,
10000: TIM1_UP
10001: TIM1_TRIG
10010: TIM3_CH1
10011: TIM3_CH3
10100: TIM3_CH4
10101: TIM3_TRG
10110: TIM3_UP
10111: Reserved
11000: TIM16_CH1
11001: TIM16_UP
11010: TIM1 7_CH1
11011: TIM17_UP
Others: Reserved

15:14

Reserved

13

DMA2_ACKLVL

RW

Response speed enable bit for DMA channel 2

0: Normal speed response
1: Quick speed response

12:8

DMA2_MAP

RW

00000: ADC

00001: SPI1_TX
00010: SPI1_RX
00011: Reserved
00100: Reserved
00101: USART1_TX
00110: USART 1_RX
00111: USART2_TX
01000: USART2_RX
01001: 12C_TX
01010: I2C_RX
01011: TIM1_CH1
01100: TIM1_CH2
01101: TIM1_CH3
01110: TIM1_CH4
01111: TIM1_COM
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Bit

Name

R/W

Reset Value

Function

10000: TIM1_UP
10001: TIM1_TRIG
10010: TIM3_CH1
10011: TIM3_CH3
10100: TIM3_CH4
10101: TIM3_TRG
10110: TIM3_UP
10111: Reserved
11000: TIM16_CH1
11001: TIM16_UP
11010: TIM17_CH1
11011: TIM17_UP
Others: Reserved

7:6

Reserved

DMA1_ACKLVL

RW

Response speed enable bit for DMA channel 1

0: Normal speed response
1: Quick speed response

4:0

DMA1_MAP

RW

00000: ADC

00001: SPI1_TX
00010: SPI1_RX
00011: Reserved
00100: Reserved
00101: USART1_TX
00110: USART 1_RX
00111: USART2_TX
01000: USART2_RX
01001: I2C_TX
01010: I2C_RX
01011: TIM1_CH1
01100: TIM1_CH2
01101: TIM1_CHS3
01110: TIM1_CHA4
01111: TIM1_COM
10000: TIM1_UP
10001: TIM1_TRIG
10010: TIM3_CH1
10011: TIM3_CH3
10100: TIM3_CH4
10101: TIM3_TRG
10110: TIM3_UP
10111: Reserved
11000: TIM16_CH1
11001: TIM16_UP
11010: TIM17_CH1
11011: TIM17_UP
Others: Reserved

10.1.4.

SYSCFG register map

O
ff
S
E
t

Re
gi
st

(0]
S

31
0
9

28

27

26

25

24

23

22

21

20
19

8
17
16
15

14
13
12

11
10
9
8
7
6

OO X O

OTMOn<w

12C PF1 ANF
12C PFO ANF
12C PB8 ANF
12C PB7 ANF
12C PB6 ANF
12C PA12 ANF
12C PA11l ANF
12C PA10 ANF
12C PA9 ANF

12C PA8 ANF

12C PA7 ANF

12C PA3 ANF

12C PA2 ANF

[1:0]

MEM_MODE|

2]
~23Bonol

val

c
0]
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11. DMA

11.1. DMA introduction

Direct memory access (DMA) is used in order to provide high-speed data transfer between peripherals
and memory as well as memory to memory. Data can be quickly moved by DMA without any CPU
actions. This keeps CPU resources free for other operations.

The two DMA controllers have 3 channels in total, each dedicated to managing memory access requests

from one or more peripherals. It has an arbiter for handling the priority between DMA requests.

11.2. DMA main features

A Three independently configurable channels (requests)

A Each of the 12 channels is connected to dedicated hardware DMA requests, software trigger is

also supported on each channel. This configuration is done by software

A Priorities between requests from channels of one DMA are software programmable (4 levels con-
sisting of very high, high, medium, low) or hardware in case of equality (request 1 has priority over
request 2, etc.)

A Independent source and destination transfer size (byte, half word, word), emulating packing and
unpacking. Source/destination addresses must be aligned on the data size

A Three event flags (DMA Half Transfer, DMA Transfer complete and DMA Transfer Error) logically
ORed together in a single interrupt request for each channel

A Memory-to-memory transfer

A Peripheral-to-memory and memory-to-peripheral, and peripheral-to-peripheral transfers

A Access to Flash, SRAM, APB and AHB peripherals as source and destination

>

Programmable number of data to be transferred: up to 65536

11.3. DMA functional description
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11.3.1.

11.3.2.

CortexMO+ <:> Flash

RCC CRC
ADC TIM1
USART1 TIM3
AHB

: USART2 TIM16
Bridge| APB A Spjq TIM17
12C

Bus
matrix

dma_ack

chn_req DMAMUX dma_req

A

Fi gadleMA bl ock diagram

DMA transactions

After an event, the peripheral sends a request signal to the DMA Controller. The DMA controller serves

the request depending on the channel priorities. As soon as the DMA Controller accesses the periph-

eral, an Acknowledge is sent to the peripheral by the DMA Controller. The peripheral releases its

request as soon as it gets the Acknowledge from the DMA Controller. Once the request is deasserted

by the peripheral, the DMA Controller release the Acknowledge. If there are more requests, the pe-

ripheral can initiate the next transaction.

In summary, each DMA transfer consists of three operations:

A The loading of data from the peripheral data register or a location in memory addressed through
an internal current peripheral/memory address register. The start address used for the first trans-

fer is the base peripheral/memory address programmed in the DMA_CPARXx or DMA_CMARX

register

A The storage of the data loaded to the peripheral data register or a location in memory addressed
through an internal current peripheral/memory address register. The start address used for the
first transfer is the base peripheral/memory address programmed in the DMA_CPARX or
DMA_CMARKX register.

A The post-decrementing of the DMA_CNDTRX register, which contains the number of transactions
that have still to be performed.

Arbiter

The arbiter manages the channel requests based on their priority and launches the peripheral/memory
access sequences.

The priorities are managed in two stages:

A Software: each channel priority can be configured in the DMA_CCRX register. There are four

levels:

U Very high priority
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U  High priority
U  Medium priority
0  Low priority
A Hardware: if 2 requests have the same software priority level, the channel with the lowest number

will get priority versus the channel with the highest number. For example, channel 2 gets priority

over channel 4.

11.3.3. DMA channels

Each channel can handle DMA transfer between a peripheral register located at a fixed address and
a memory address. The amount of data to be transferred (up to 65535) is programmable. The register
which contains the amount of data items to be transferred is decremented after each transaction.
Programmable data sizes

Transfer data sizes of the peripheral and memory are fully programmable through the PSIZE and
MSIZE bits in the DMA_CCRX register.

Pointer incrementation

Peripheral and memory pointers can optionally be automatically post-incremented after each transac-
tion depending on the PINC and MINC bits in the DMA_CCRX register. If incremented mode is enabled,
the address of the next transfer will be the address of the previous one incremented by 1, 2 or 4
depending on the chosen data size.

The first transfer address is the one programmed in the DMA_CPARx/DMA_CMARX registers. During
transfer operations, these registers keep the initially programmed value. The current transfer ad-
dresses (in the current internal peripheral/memory address register) are not accessible by software.

If the channel is configured in noncircular mode, no DMA request is served after the last transfer (that
is once the number of data items to be transferred has reached zero). In order to reload a new number
of data items to be transferred into the DMA_CNDTRX register, the DMA channel must be disabled.
In circular mode, after the last transfer, the DMA_CNDTRX register is automatically reloaded with the
initially programmed value. The current internal address registers are reloaded with the base address
values from the DMA_CPARXx/DMA_CMARX registers.

Circular mode

Circular mode is available to handle circular buffers and continuous data flows (e.g. ADC scan mode).
This feature can be enabled using the CIRC bit in the DMA_CCRX register.When circular mode is
activated, the number of data to be transferred is automatically reloaded with the initial value pro-
grammed during the channel configuration phase, and the DMA requests continue to be served.
Memory-to-memory mode

The DMA channels can also work without being triggered by a request from a peripheral. This mode is
called Memory to Memory mode.

If the MEM2MEM bit in the DMA_CCRX register is set, then the channel initiates transfers as soon as
it is enabled by software by setting the Enable bit (EN) in the DMA_CCRX register. The transfer stops
once the DMA_CNDTRKX register reaches zero. Memory to Memory mode may not be used at the
same time as Circular mode.

Channel configuration procedure
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The following sequence should be followed to configure a DMA channelx (where x is the channel
number).

A Set the peripheral register address in the DMA_CPARX register. The data will be moved from/ to

this address to/ from the memory after the peripheral event.

A  Setthe memory address in the DMA_CMARKX register. The data will be written to or read from this

memory after the peripheral event.

A Configure the total number of data to be transferred in the DMA_CNDTRX register. After each
peripheral event, this value will be decremented.

A Configure the channel priority using the PL[1:0] bits in the DMA_CCRX register.

A Configure data transfer direction, circular mode, peripheral & memory incremented mode, periph-

eral & memory data size, and interrupt after half and/or full transfer in the DMA_CCRX register.

A Activate the channel by setting the ENABLE bit in the DMA_CCRX register.

As soon as the channel is enabled, it can serve any DMA request from the peripheral connected on
the channel.

Once half of the bytes are transferred, the half-transfer flag (HTIF) is set and an interrupt is generated
if the Half-Transfer Interrupt Enable bit (HTIE) is set. At the end of the transfer, the Transfer Complete
Flag (TCIF) is set and an interrupt is generated if the Transfer Complete Interrupt Enable bit (TCIE) is

set.
11.3.4. Programmable data width, data alignment and endians
When PSIZE and MSIZE are not equal, the DMA performs some data alignments as described in
Table 11-1.
Tabl¥®Programmable data width and endian behavi
Des- | Number
Source | tina- | of data Source con- Destination
port tion | items to tent: Transfer operations content:
width port | transfer | address/data address / data
width | (NDT)
0x0/B0 1: READ BO0[7:0] @0x0 then WRITE BO[7:0] @0x0 0x0/BO
8 8 4 0x1/B1 2: READ B1[7:0] @0x1 then WRITE B1[7:0] @0x1 0x1/B1
0x2/B2 3: READ B2[7:0] @0x2 then WRITE B2[7:0] @0x2 0x2/B2
0x3/B3 4: READ B3[7:0] @0x3 then WRITE B3[7:0] @0x3 0x3/B3
1: READ BO[7:0] @0x0 then WRITE 00BO[15:0]
@0x0
0x0/B0 2: READ B1[7:0] @0x1 then WRITE 00B1[15:0] 0x0/00B0O
8 16 4 0x1/B1 @0x2 0x2/00B1
0x2/B2 3: READ B3[7:0] @0x2 then WRITE 00B2[15:0] 0x4/00B2
0x3/B3 @0x4 0x6/00B3
4: READ B4[7:0] @0x3 then WRITE 00B3[15:0]
@0x6
1: READ BO[7:0] @Ox0 then WRITE
000000B0[31:0] @Ox0
0x0/B0 2. READ B1[7:0] @O0x1 then WRITE | 0x0/000000BO
8 32 4 0x1/B1 000000B1[31:0] @Ox4 0x4/000000B1
0x2/B2 3: READ B3[7:0] @O0x2 then WRITE | 0x8/000000B2
0x3/B3 000000B2[31:0] @0Ox8 0xC/000000B3
4: READ B4[7:0] @O0x3 then WRITE
000000B3[31:0] @0xC
0x0/B1B0 1: READ B1B0[15:0] @0x0 then WRITE BO[7:0] 0x0/BO
16 8 4 0x2/B3B2 @O0x0 0x1/B2
0x4/B5B4 2: READ B3B2[15:0] @0x2 then WRITE B2[7:0] 0x2/B4
0x6/B7B6 @0x1 0x3/B6
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Des- | Number
Source | tina- of data Source con- Destination
port tion | items to tent: Transfer operations content:
width port | transfer | address/data address / data
width (NDT)
3: READ B5B4[15:0] @0x4 then WRITE B4[7:0]
@0x2
4: READ B7B6[15:0] @0x6 then WRITE B6[7:0]
@0x3
1: READ B1B0[15:0] @0x0 then WRITE B1B0[15:0]
@0x0
0x0/B1B0O 2: READ B3B2[15:0] @0x2 then WRITE B3B2[15:0] 0x0/B1B0
16 16 4 0x2/B3B2 @0x2 0x2/B3B2
0x4/B5B4 3: READ B5B4[15:0] @0x4 then WRITE B5B4[15:0] 0x4/B5B4
0x6/B7B6 @0x4 0x6/B7B6
4: READ B7B6[15:0] @0x6 then WRITE B7B6[15:0]
@0x6
1. READ B1B0[15:0] @Ox0 then WRITE
0000B1B0[31:0] @0x0
0x0/B1B0O 2. READ B3B2[15:0] @O0x2 then WRITE 0x0/0000B1B0O
16 32 4 0x2/B3B2 0000B3B2[31:0] @0x4 0x4/000B3B2
0x4/B5B4 3: READ B5B4[15:0] @O0x4 then WRITE 0x8/0000B5B4
0x6/B7B6 0000B5B4[31:0] @0x8 0xC/0000B7B6
4. READ B7B6[15:0] @O0x6 then WRITE
0000B7B6[31:0] @0xC
1: READ B3B2B1BO0[31:0] @O0x0 then WRITE
BO[7:0] @0x0
0x0/B3B2B1B0 2. READ B7B6B5B4[31:0] @0x4 then WRITE 0x0/B0O
0x4/B7B6B5B4 .
32 8 4 | oxe/BBBABOBS | B47:0] @OXI Ox1/B4
OXC/BFBEB- 3: READ BBBAB9B8[31:0] @0x8 then WRITE 0x2/B8
DBC B8[7:0] @0x2 0x3/BC
4. READ BFBEBDBC[31:0] @0xC then WRITE
BC[7:0] @0x3
1: READ B3B2B1B0[31:0] @0x0 then WRITE
B1B0[7:0] @0x0
0x0/B3B2B1B0 2. READ B7B6B5B4[31:0] @0x4 then WRITE 0x0/B1B0
0x4/B7B6B5B4 .
32 16 4 0x8/BBBARYRS B5B4[7:0] @0x1 0x2/B5B4
OxXC/BFBEB- 3: READ BBBAB9B8[31:0] @0x8 then WRITE 0x4/B9B8
DBC B9B8[7:0] @0x2 0x6/BDBC
4: READ BFBEBDBC[31:0] @O0xC then WRITE
BDBC[7:0] @0x3
1: READ B3B2B1B0[31:0] @0x0 then WRITE
B3B2B1B0[31:0] @0x0
8?%53525%52 2. READ B7B6B5B4[31:0] @0x4 then WRITE | 0x0/B3B2B1B0
32 32 4 0x8/BBBARIRS B7B6B5B4[31:0] @0x4 0x4/B7B6B5B4
OxC/BFBEB- 3: READ BBBAB9B8[31:0] @0x8 then WRITE | Ox8/BBBAB9B8
DBC BBBAB9B8[31:0] @0x8 0xC/BFBEBDBC
4: READ BFBEBDBC[31:0] @0xC then WRITE
BFBEBDBC[31:0] @0xC

Addressing an AHB peripheral that does not support byte or halfword write operations

When the DMA initiates an AHB byte or halfword write operation, the data are duplicated on the unused

lanes of the HWDATA[31:0] bus. So when the used AHB slave peripheral does not support byte or

halfword write operations (when HSIZE is not used by the peripheral) and does not generate any error,

the DMA writes the 32 HWDATA bits as shown in the two examples below:

A To write the halfword AOXABCDO, the DMA sets the
= HalfWord

A To write the bytseetAsO xtABed ,HWDhAeT DMAUSs t o AOXABABABA

Assuming that the AHB/APB bridge is an AHB 32-bit slave peripheral that does not take the HSIZE
data into account, it will transform any AHB byte or halfword operation into a 32-bit APB operation in
the following manner:

A An AHB byte write operation of the data AOXBOO tc
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an APB word write operation of the data A0OxBOBOBC

A  An AHB halfword write operation of echwertetdotaa @ 0x B
APB word write operation of the data fA0xB1BO0OB1BOcC¢

For instance, to write the APB backup registers (16-bit registers aligned to a 32-bit address boundary),
the memory source size (MSI-BE} 0 mast ehlaestngienfsizep r e d
(PSI ZE)bittoo .Ai32

11.3.5. Error management

A DMA transfer error can be generated by reading from or writing to a reserved address space. When
a DMA transfer error occurs during a DMA read or a write access, the faulty channel is automatically
disabled through a hardware clear of its EN bit in the corresponding Channel configuration register
(DMA_CCRXx). The channel's transfer error interrupt flag (TEIF) in the DMA_IFR register is set and an

interrupt is generated if the transfer error interrupt enable bit (TEIE) in the DMA_CCRX register is set.

11.3.6. DMA Interrupts

An interrupt can be produced on a Half-transfer, Transfer complete or Transfer error for each DMA
channel. Separate interrupt enable bits are available for flexibility.

Tabl®DMA interrupt requests

Interrput event Event flag Enable Control bit
Half-transfer HTIF HTIE
Transfer complete TCIF TCIE
Transfer error TEIF TEIE

When the DMA_CNDTRX register is 1, the HTIFx bit will not be set, and the TCIFx bit will be set when

the transfer is complete.

11.3.7. DMA request mapping

Tabl®Summary of DMAl1l requests for each chan

Peripherals Channel 1 Channel 2 Channel 3
ADC ADC ADC ADC
Sp SPI_RX SPI_RX SPI_RX

SPI_TX SPI_TX SPI_TX

USART1_RX USART1_RX USART1_RX

USART USART1_TX USART1_TX USART1_TX

USART2_RX USART2_RX USART2_RX

USART2 TX USART2_TX USART2 TX
12C 12C_RX 12C_RX 12C_RX
12C_TX 12C_TX 12C_TX

TIM1_CH1 TIM1_CH1 TIM1_CH1

TIM1_CH2 TIM1_CH2 TIM1_CH2

TIM1_CH3 TIM1_CH3 TIM1_CH3

TIM1 TIM1_CH4 TIM1_CH4 TIM1_CH4
TIM1_UP TIM1_UP TIM1_UP

TIM1_TRIG TIM1_TRIG TIM1_TRIG

TIM1_COM TIM1 COM TIM1_COM

TIM3_CH1 TIM3_CH1 TIM3_CH1

TIM3_CH2 TIM3_CH2 TIM3_CH2

TIM3 TIM3_CH3 TIM3_CH3 TIM3_CH3
TIM3_CH4 TIM3_CH4 TIM3_CH4

TIM3_UP TIM3_UP TIM3_UP

TIM3_TRIG TIM3_TRIG TIM3_TRIG

TIM16 TIM16_CH1 TIM16_CH1 TIM16_CH1
TIM16_UP TIM16_UP TIM16_UP

TIM17 TIM17_CH1 TIM17_CH1 TIM17_CH1
TIM17 UP TIM17 UP TIM17 UP
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11.4. DMA registers

11.4.1. DMA interrupt status register (DMA_ISR)

Address offset: 0x00

Reset value: 0x0000 0000

31 | 30 | 29 | 28 27 26 25 24 23 22 21 20 19 18 17 16
Re | Re | Re | Re | Res Res Res | Res | Res Res Res | Res | Res Res Res | Res
S S S S
15 | 14 | 13 | 12 11 10 9 8 7 6 5 4 3 2 1 0
Re | Re | Re | Re | TEIF | HTIF | TCIF | GIF | TEIF | HTIF | TCIF | GIF | TEIF | HTIF | TCIF | GIF
S S S s 3 3 3 3 2 2 2 2 1 1 1 1
R R R R R R R R R R R R
Bit Name R/W Reset Function
Value
31:12 Reserved - - Reserved
Channel 3 transfer error flag
This bit is set by hardware. It is cleared by software
writing 1 to the corresponding bit in the
1 TEIF3 R 0 DMA_IFCR register.
0: No transfer error (TE) on channel 3 (TE)
1: A transfer error (TE) occurred on channel 3 (TE)
Channel 3 half transfer flag
This bit is set by hardware. It is cleared by software
writing 1 to the corresponding bit in the
10 HTIFS R ' DMA_IFCR register.
0: No half transfer (HT) event on channel 3
1: A half transfer (HT) event occurred on channel 3
Channel 3 transfer complete flag
This bit is set by hardware. It is cleared by software
writing 1 to the corresponding bit in the
9 TCIF3 R 0 DMA_IFCR register.
0: No transfer complete (TC) event on channel 3
1: A transfer complete (TC) event occurred on chan-
nel 3
Channel 3 global interrupt flag
This bit is set by hardware. It is cleared by software
writing 1 to the corresponding bit in the
8 GIRg R 0 DMA_IFCR register.
0: No TE, HT or TC event on channel 3
1: ATE, HT or TC event occurred on channel 3
Channel 2 transfer error flag
This bit is set by hardware. It is cleared by software
writing 1 to the corresponding bit in the
! 1872 R 0 DMA_IFCR register.
0: No transfer error (TE) on channel 2 (TE)
1: A transfer error (TE) occurred on channel 2 (TE)
Channel 2 half transfer flag
This bit is set by hardware. It is cleared by software
writing 1 to the corresponding bit in the
6 HTIF2 R 0 DMA_IFCR register.
0: No half transfer (HT) event on channel 2
1: A half transfer (HT) event occurred on channel 2
Channel 2 transfer complete flag
This bit is set by hardware. It is cleared by software
writing 1 to the corresponding bit in the
5 TCIF2 R 0 DMA_IFCR register.
0: No transfer complete (TC) event on channel 2
1: A transfer complete (TC) event occurred on chan-
nel 2
4 GIF2 R 0 Channel 2 global interrupt flag
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Bit

Name

R/W

Reset
Value

Function

This bit is set by hardware. It is cleared by software
writing 1 to the corresponding bit in the

DMA_IFCR register.

0: No TE, HT or TC event on channel 2

1: ATE, HT or TC event occurred on channel 2

TEIF1

Channel 1 transfer error flag

This bit is set by hardware. It is cleared by software
writing 1 to the corresponding bit in the

DMA_IFCR register.

0: No transfer error (TE) on channel 1 (TE)

1: A transfer error (TE) occurred on channel 1 (TE)

HTIF1

Channel 1 half transfer flag

This bit is set by hardware. It is cleared by software
writing 1 to the corresponding bit in the

DMA_IFCR register.

0: No half transfer (HT) event on channel 1

1: A half transfer (HT) event occurred on channel 1

TCIF1

Channel 1 transfer complete flag

This bit is set by hardware. It is cleared by software
writing 1 to the corresponding bit in the

DMA_IFCR register.

0: No transfer complete (TC) event on channel 1

1: A transfer complete (TC) event occurred on chan-
nel 1

GIF1

Channel 1 global interrupt flag

This bit is set by hardware. It is cleared by software
writing 1 to the corresponding bit in the

DMA_IFCR register.

0: No TE, HT or TC event on channel 1

1: ATE, HT or TC event occurred on channel 1

11.4.2. DMA interrupt flag clear register (DMA_IFCR)

Address offset: 0x04
Reset value: 0x0000 0000

31 [ 30 |29 | 28 | 27 26 25 24 23 22 21 20 19 18 17 16
Re | Re | Re | Re | Res Res Res Res Res Res Res Res Res Res Res Res
s S s S
15| 14 | 13 | 12 11 10 9 8 7 6 5 4 3 2 1 0
Re | Re | Re | Re | CTEIl | CHTI | CTCI | CGI | CTEl | CHTI | CTCI | CGI | CTEI | CHTI | CTCI | CGI
s S s S F3 F3 F3 F3 F2 F2 F2 F2 F1 F1 F1 F1
w w w w w w w w w w W w
Bit Name R/W Reset Value Function
31:12 Reserved - - Reserved
Channel 3 transfer error clear
This bit is set and cleared by software.
11 CTEIF3 w 0 0: No effect
1: Clears the corresponding TEIF flag in the
DMA_ISR register
Channel 3 half transfer clear
This bit is set and cleared by software.
10 CHTIF3 w 0 0: No effect
1: Clears the corresponding HTIF flag in the
DMA ISR register
Channel 3 transfer complete clear
This bit is set and cleared by software.
9 CTCIF3 w 0 0: No effect
1: Clears the corresponding TCIF flag in the
DMA_ISR register
Channel 3 global interrupt clear
8 CGIF3 w 0 This bit is set and cleared by software.
0: No effect
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Bit

Name

R/W

Reset Value

Function

1: Clears the GIF, TEIF, HTIF and TCIF flags in
the DMA ISR register

CTEIF2

Channel 2 transfer error clear

This bit is set and cleared by software.

0: No effect

1: Clears the corresponding TEIF flag in the
DMA ISR register

CHTIF2

Channel 2 half transfer clear

This bit is set and cleared by software.

0: No effect

1: Clears the corresponding HTIF flag in the
DMA_ISR register

CTCIF2

Channel 2 transfer complete clear

This bit is set and cleared by software.

0: No effect

1: Clears the corresponding TCIF flag in the
DMA ISR register

CGIF2

Channel 2 global interrupt clear

This bit is set and cleared by software.

0: No effect

1: Clears the GIF, TEIF, HTIF and TCIF flags in
the DMA ISR register

CTEIF1

Channel 1 transfer error clear

This bit is set and cleared by software.

0: No effect

1: Clears the corresponding TEIF flag in the
DMA ISR register

CHTIF1

Channel 1 half transfer clear

This bit is set and cleared by software.

0: No effect

1: Clears the corresponding HTIF flag in the
DMA ISR register

CTCIF1

Channel 1 transfer complete clear

This bit is set and cleared by software.

0: No effect

1: Clears the corresponding TCIF flag in the
DMA ISR register

CGIF1

Channel 1 global interrupt clear

This bit is set and cleared by software.

0: No effect

1: Clears the GIF, TEIF, HTIF and TCIF flags in
the DMA_ISR register

11.4.3. DMA channel 1 configuration register (DMA_CCR1)

Address offset: 0x08

Reset value: 0x0000 0000

31 30 29 | 28 27 26 25 24 23 22 21 20 19 18 17 16
Re Res Re | Re | Res | Res | Res | Re Res Res Res Re | Res | Res | Res | Re
S s S S S S
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Re MEM2ME PL[1:0] MSIZE[1:0 | PSIZE[1:0 | MIN PIN CIR | DIR | TEI HTI TCI | EN
S M C C C E E E
RW R |RW | RW | RW | RW | RW | RW RW RW | RW | RW | RW | RW | RW
W
Bit Name R/W Reset Value Function
31:15 Reserved - - Reserved
Channel 1 Memory to memory mode
14 MEM2MEM RW 0 This bit is set and cleared by s_oftware.
0: Memory to memory mode disabled
1: Memory to memory mode enabled
Channel 1 priority level
13:12 PL[1:0] RW 0 These bits are set and cleared by software.
00: Low
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Bit

Name

R/W

Reset Value

Function

01: Medium
10: High
11: Very high

11:10

MSIZE[1:0]

RW

Channel 1 Memory size

These bits are set and cleared by software.
00: 8-bits

01: 16-bits

10: 32-bits

11: Reserved

9:8

PSIZE[1:0]

RW

Channel 1 Peripheral size

These bits are set and cleared by software.
00: 8-bits

01: 16-bits

10: 32-bits

11: Reserved

MINC

RW

Channel 1 Memory increment mode
This bit is set and cleared by software.
0: Memory increment mode disabled
1: Memory increment mode enabled

PINC

RW

Channel 1 Peripheral increment mode
This bit is set and cleared by software.
0: Peripheral increment mode disabled
1: Peripheral increment mode enabled

CIRC

RW

Channel 1 Circular mode
This bit is set and cleared by software.
0: Circular mode disabled
1. Circular mode enabled

DIR

RW

Channel 1 Data transfer direction

This bit is set and cleared by software.
0: Read from peripheral

1: Read from memory

TEIE

RW

Channel 1 Transfer error interrupt enable
This bit is set and cleared by software.

0: TE interrupt disabled

1: TE interrupt enabled

HTIE

RW

Channel 1 Half transfer interrupt enable
This bit is set and cleared by software.
0: HT interrupt disabled

1: HT interrupt enabled

TCIE

RW

Channel 1 Transfer complete interrupt enable
This bit is set and cleared by software.

0: TC interrupt disabled

1: TC interrupt enabled

EN

RW

Channel 1 Channel enable
This bit is set and cleared by software.
0: Channel disabled

1: Channel enabled

11.4.4.

Address offset: 0x0C
Reset value: 0x0000 0000

DMA channel 1 number of data register (DMA_CNDTR1)

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 Number of data to transfer
15:0 NDT[15:0] RW 0 Number of data to be transferred (0 up to

65535). This register can only be written when
the channel is disabled. Once the channel is en-
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R/W Function

abled, this register is read-only, indicating the re-
maining bytes to be transmitted. This register
decrements after each DMA transfer.

Once the transfer is completed, this register can
either stay at zero or be reloaded automatically
by the value previously programmed if the chan-
nel is configured in autoreload mode.

If this register is zero, no transaction can be
served whether the channel is enabled or not.

Bit Name Reset Value

11.4.5. DMA channel 1 peripheral address register (DMA_CPAR1)

Address offset: 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]

RWIRW|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
Base address of the peripheral data register
from/to which the data will be read/written.
When PSIZE is 01 (16-bit), the PA[O] bit is ig-
31:0 PA[31:0] RW 0 nored. Access is automatically aligned to a half-
word address.
When PSIZE is 10 (32-bit), PA[1:0] are ignored.
Access is automatically aligned to a word
address.

11.4.6. DMA channel 1 memory address register (DMA_CMAR1)

Address offset: 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
MA[15:0]

RWIRW| RW]IRW |RW |[RW]| RW | RW [RW [RW [RW [ RW | RW | RW | RW | RW

Bit Name R/W Reset Value Function
Channel 1 Memory address
Base address of the memory area from/to which
the data will be read/written.
When MSIZE is 01 (16-bit), the MA[O] bit is ig-
31:.0 MA[31:0] RW 0 nored. Access is automatically aligned to a half-
word address.
When MSIZE is 10 (32-bit), MA[1:0] are ignored.
Access is automatically aligned to a word
address.

11.4.7. DMA channel 2 configuration register (DMA_CCR?2)

Address offset; 0x1C

Reset value: 0x0000 0000

31

30

29

28

27

26

25

24

23

22

21

20

19

18

17

16

Re

Res

Re
S

Re
S

Res

Res

Res

Re

Res

Res

Res

Re

Res

Res

Res

Re
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15 14 131211 J10] 9 | 8 7 6 5 4 3 2 1 0
Re | MEM2ME PL[1:0] MSIZE[1:0 | PSIZE[1:0 | MIN PIN CIR | DIR | TEI HTI TCI | EN
S 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
Channel 2 set and cleared by software.
14 MEM2MEM RW 0 0: Memory to memory mode disabled
1: Memory to memory mode enabled
Channel 2 priority level
These bits are set and cleared by software.
. 00: Low
1312 PL[1:0] RW 0 01> Medium
10: High
11: Very high
Channel 2 Memory size
These bits are set and cleared by software.
. . 00: 8-bits
11:10 MSIZE[1:0] RW 0 01 16-bits
10: 32-bits
11: Reserved
Channel 2 Peripheral size
These bits are set and cleared by software.
. . 00: 8-bits
9:8 PSIZE[1:0] RW 0 01 16-bits
10: 32-bits
11: Reserved
Channel 2 Memory increment mode
This bit is set and cleared by software.
7 MINC RW 0 0: Memory increment mode disabled
1: Memory increment mode enabled
Channel 2 Peripheral increment mode
This bit is set and cleared by software.
6 PINC RW g 0: Peripheral increment mode disabled
1: Peripheral increment mode enabled
Channel 2 Circular mode
This bit is set and cleared by software.
5 CIRC RW 0 0: Circular mode disabled
1: Circular mode enabled
Channel 2 Data transfer direction
4 DIR RW 0 T.hIS bit is set anq cleared by software.
0: Read from peripheral
1: Read from memory
Channel 2 Transfer error interrupt enable
This bit is set and cleared by software.
3 TEIE RW 0 0: TE interrupt disabled
1: TE interrupt enabled
Channel 2 Half transfer interrupt enable
This bit is set and cleared by software.
S 33 RW 0 0: HT interrupt disabled
1: HT interrupt enabled
Channel 2 Transfer complete interrupt enable
This bit is set and cleared by software.
L TCIE RW 0 0: TC interrupt disabled
1: TC interrupt enabled
Channel 2 Channel enable
This bit is set and cleared by software.
0 EN RW 0 0: Channel disabled
1: Channel enabled
11.4.8. DMA channel 2 number of data register (DMA_CNDTR?2)
Address offset: 0x20
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
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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

15:0

NDT[15:0]

RW

channel 2 Number of data to transfer

Number of data to be transferred (0 up to
65535). This register can only be written when
the channel is disabled. Once the channel is en-
abled, this register is read-only, indicating the re-
maining bytes to be transmitted. This register
decrements after each DMA transfer.

Once the transfer is completed, this register can
either stay at zero or be reloaded automatically
by the value previously programmed if the chan-
nel is configured in autoreload mode.

If this register is zero, no transaction can be
served whether the channel is enabled or not.

11.4.9. DMA channel 2 peripheral address register (DMA_CPAR2)

Address offset: 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 [ 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

31:0

PA[31:0]

RW

channel 2 Peripheral address

Base address of the peripheral data register
from/to which the data will be read/written.
When PSIZE is 01 (16-bit), the PA[O] bit is ig-
nored. Access is automatically aligned to a half-
word address.

When PSIZE is 10 (32-bit), PA[1:0] are ignored.
Access is automatically aligned to a word
address.

11.4.10. DMA channel 2 memory address register (DMA_CMAR?2)

Address offset: 0x28

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
MA[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 2 Memory address
Base address of the memory area from/to which
the data will be read/written.
When MSIZE is 01 (16-bit), the MA[O] bit is ig-
31:0 MA[31:0] RW 0 nored. Access is automatically aligned to a half-

word address.

When MSIZE is 10 (32-bit), MA[1:0] are ignored.
Access is automatically aligned to a word
address.

114/431




PY32F003 Reference Manual

11.4.11. DMA channel 3 configuration register (DMA_CCR3)

Address offset: 0x30
Reset value: 0x0000 0000

31 30 29 | 28 27 26 25 24 23 22 21 20 19 18 17 16
Re Res Re | Re | Res | Res | Res | Re Res Res Res Re | Res | Res | Res | Re
s s s s s s
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Re MEM2ME PL[1:0] MSIZE[1:0 | PSIZE[1:0 | MIN PIN CIR | DIR | TEI HTI TCl | EN

s M C C C E E E
RW R |RW | RW | RW | RW | RW | RW RW RW | RW | RW | RW | RW | RW
W
Bit Name R/W Reset Value Function
31:15 Reserved - - Reserved
Channel 3 set and cleared by software.
14 MEM2MEM RW 0 0: Memory to memory mode disabled
1: Memory to memory mode enabled
Channel 3 priority level
These bits are set and cleared by software.
00: Low
13:12 PL[1:0] RW 0 01: Medium
10: High
11: Very high
Channel 3 Memory size
These bits are set and cleared by software.
11:10 MSIZE[1:0] RW 0 80: SAbjs
01: 16-bits
10: 32-bits
11: Reserved
Channel 3 Peripheral size
These bits are set and cleared by software.
00: 8-bits
9:8 PSIZE[1:0] RW 0 01 16-bits
10: 32-bits
11: Reserved
Channel 3 Memory increment mode
This bit is set and cleared by software.
7 MINC R 0 0: Memory increment mode disabled
1: Memory increment mode enabled
Channel 3 Peripheral increment mode
This bit is set and cleared by software.
6 PING RW 0 0: Peripheral increment moc)ile disabled
1: Peripheral increment mode enabled
Channel 3 Circular mode
This bit is set and cleared by software.
5 & C RW 0 0: Circular mode disabled
1: Circular mode enabled
Channel 3 Data transfer direction
4 DIR RW 0 This bit is set anq cleared by software.
0: Read from peripheral
1: Read from memory
Channel 3 Transfer error interrupt enable
This bit is set and cleared by software.
3 TEIE RW 0 0: TE interrupt disabled
1: TE interrupt enabled
Channel 3 Half transfer interrupt enable
This bit is set and cleared by software.
2 HTIE RW 0 0: HT interrupt disabled
1: HT interrupt enabled
Channel 3 Transfer complete interrupt enable
This bit is set and cleared by software.
L TCIE RW 0 0: TC interrupt disabled g
1: TC interrupt enabled
0 EN RW 0 Channel 3 Channel enable
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Bit

Name

R/W

Reset Value

Function

This bit is set and cleared by software.
0: Channel disabled
1: Channel enabled

11.4.12. DMA channel 3 number of data register (DMA_CNDTR3)

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
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

15:0

NDT[15:0]

RW

channel 3 Number of data to transfer

Number of data to be transferred (0 up to
65535). This register can only be written when
the channel is disabled. Once the channel is en-
abled, this register is read-only, indicating the re-
maining bytes to be transmitted. This register
decrements after each DMA transfer.

Once the transfer is completed, this register can
either stay at zero or be reloaded automatically
by the value previously programmed if the chan-
nel is configured in autoreload mode.

If this register is zero, no transaction can be
served whether the channel is enabled or not.

11.4.13. DMA channel 3 peripheral address register (DMA_CPAR3)

Address offset: 0x38

Reset value: 0x0000 0000

31 [ 30 [ 29 | 28 [ 27 [ 26 | 25 | 24 [ 23 [ 22 [ 212 ] 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 5 4 3 2 1 0
PA[15:0]

RWIRW| RW]IRW |[RW|RW]|] RW |RW [RW [RW [RW [ RW | RW | RW | RW | RW

Bit Name R/W Reset Value Function
channel 3 Peripheral address
Base address of the peripheral data register
from/to which the data will be read/written.
When PSIZE is 01 (16-bit), the PA[O] bit is ig-
31:.0 PA[31:0] RW 0 nored. Access is automatically aligned to a half-
word address.
When PSIZE is 10 (32-bit), PA[1:0] are ignored.
Access is automatically aligned to a word
address.

11.4.14. DMA channel 3 memory address register (DMA_CMAR?3)

Address offset: 0x3C
Reset value: 0x0000 0000

31 [ 30 | 29 | 28 [ 27 | 26 | 25 | 24 | 23 [ 22 | 22 | 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 5 4 3 2 1 0
MA[15:0]
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[RW [RW [RW [|RW [RW [RW | RW | RW |RW [RW [RW [RW [ RW | RW | RW | RW |

Bit Name R/W Reset Value Function

Channel 3 Memory address

Base address of the memory area from/to which
the data will be read/written.

When MSIZE is 01 (16-bit), the MA[O] bit is ig-
31.0 MA[31:0] RW 0 nored. Access is automatically aligned to a half-
word address.

When MSIZE is 10 (32-bit), MA[1:0] are ignored.
Access is automatically aligned to a word

address.
11.4.15. DMA register map
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12.Interrupts and events

12.1. Nested vectored interrupt controller (NVIC)

12.1.1. NVIC main features
A 32 maskable interrupt channels (not including the 16 ARM® Cortex®-MO0 interrupt lines)
A 4 programmable priority levels (2 bits of interrupt priority are used)
A Low-latency exception and interrupt handling

A Power management control

A Implementation of System Control Registers

The NVIC and the processor core interface are closely coupled, which enables low latency interrupt
processing and efficient processing of late arriving interrupts. All interrupts including the core excep-

tions are managed by the NVIC.

12.1.2. SysTick calibration value register

The SysTick calibration value is set to 6000, which gives a reference time base of 1 ms with the SysTick

clock set to 6 MHz (max fHCLK/8).

12.1.3. Interrupt and exception vectors

5| 2
.§ -E -pr)r/i%eri?yf Acronym Description Address
o o

- - - Reserved 0x0000_0000
- | -3 fixed Reset Reset 0x0000_0004

. Non maskable interrupt. The RCC Clock Secu-
" e DS etz rity System (CSS) is IiFr)lked to the NMI vector. DALy 080
- |1 fixed HardFualt_Handler All class of fault 0x0000_000C
- 3 settable | SVCall System service call via SWI instruction 0x0000_002C
- 5 settable PendSV Pendable request for system service 0x0000_0038
- 6 settable SysTick System tick timer 0x0000_003C
0 7 settable | WWDG Window watchdog interrupt 0x0000_0040
1 8 settable PVD Supply voltage detection interrupt (EXTI line 16) | 0x0000_0044
2 9 settable RTC RTC interrupt (combined EXTI lines 19) 0x0000_0048
3 | 10 | settable Flash Flash global interrupt 0x0000_004C
4 | 11 | settable RCC RCC global interrupt 0x0000_0050
5 | 12 | settable EXTIO_1 EXTI line[1:0] interrupt 0x0000_0054
6 | 13 | settable EXTI2_3 EXTI line[3:2] interrupt 0x0000_0058
7 | 14 | settable EXTI4 15 EXTI line[15:4] interrupt 0x0000_005C
8 | 15 - Reserved Reserved 0x0000 0060
9 | 16 settable DMA _Channell DMA channel 1 interrupt 0x0000_0064
10 | 17 settable DMA Channel2 3 DMA channel 2& channel 3 interrupt 0x0000 0068
11 | 18 - Reserved Reserved 0x0000_006C
ADC and COMP interrupts (COMP combined
12 | 19 | settable | ADC_COMP with EXTI 17 & 18) pts ( 0x0000_0070
13 | 20 | settable | TIM1_BRK_UP_TRG_COM | /M1 break, update, trigger and 0x0000_0074
commutation interrupt

14 | 21 settable TIM1 CC TIM1 capture compare interrupt 0x0000_0078
15 | 22 - Reserved Reserved 0x0000_007C
16 | 23 | settable | TIM3 TIM3 global interrupt 0x0000_0080
17 | 24 | settable LPTIM1 LPTIM interrupt 0x0000_0084
18 | 25 - Reserved Reserved 0x0000_0088
19 | 26 | settable | TIM14 TIM14 global interrupt 0x0000_008C
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S| 2

3*; 5 Ty.pe.of Acronym Description Address

8 = priority

o o

20 | 27 - Reserved Reserved 0x0000_ 0090
21 | 28 | settable | TIM16 TIM16 global interrupt 0x0000_0094
22 | 29 | settable | TIM17 TIM17 global interrupt 0x0000_0098
23 | 30 | settable 12C1 12C1 global interrupt 0x0000 _009C
24 | 31 - Reserved Reserved 0x0000 _00AO
25 | 32 | settable SPI1 SPI1 global interrupt 0x0000_00A4
26 | 33 - Reserved Reserved 0x0000_00A8
27 | 34 | settable USART1 USART1 global interrupt 0x0000_00AC
28 | 35 | settable USART2 USART2 global interrupt 0x0000 _00BO
29 | 36 - - - 0x0000_00B4
30 | 37 - Reserved Reserved 0x0000 _00B8
31 | 38 - Reserved Reserved 0x0000_00BC
1. The grayed cells (the address less than 0x0000 0040) correspond to the Cortex®-MO+ interrupts.

12.2. Extended interrupts and events controller (EXTI)

The extended interrupt and event controller, through configurable (configurable) and direct (direct event)
input (Lines), manages the CPU and system wake-up functions, and outputs the following request sig-

nals:
A Interrupt request, sent to the int_ctrl module to generate the IRQ of the CPU

A Event request, event input to CPU (RXEV)
A Wake-up request, sent to power management control module
EXTI wakeup request allows the system to wake up from stop mode, interrupt request and event request

can also be used in run mode.
EXTI allows to manage up to 21 configurable/direct event lines (19 configurable event lines and 2 direct

event lines).

12.2.1. EXTI main features

A The system can wake up through GPIO and specified module (PVD/COMP/RTC/LPTIM) input
events
A  Configurable events (from I/O, or peripherals with no state pending bits, peripherals that generate
pulses)
U  Optional valid trigger edge (rising edge/falling edge)
U  Interrupt pending flag
U0  Independent interrupt and event generation mask bit
U  Triggered by software
A Direct events (peripherals with associated flags and interrupt pending status bits)
U  Fixed rising edge trigger
U No interrupt pending bit in EXTI module
U Independent interrupt and event generation mask bit

U  No software trigger
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A 10 port selection
12.2.2. EXTI diagram
exti
AHB interface )
hok__| Registers
. > RCC
v wkup_stop
paio[15:0]
GPIO phio[8:0] EXT
pfio[4:0] MUX] > PWR
- Events| Event
Software Config triggers[18:0}—» Trigger > Masking
Detect cpu_rxev RXEV
Wakeup _ >
Peri. Imerrup; Interrupt cPU
Masking IRQ[31:0]
\
extj_i@_comb[ZS:O]
Interrupts cpu_irq[31:0]
Int_ctrl
Fi ga@leeE XTI di agram
12.2.3. EXTI connection between peripherals and CPU

A peripheral that can generate a wake-up or interrupt event signal in stop mode is connected to the

EXTI module.

A A wake-up signal that generates a pulse, or has no interrupt status bits inside the peripheral, is
connected to the configurable line of the EXTI module. At this time, the EXTI module generates
an interrupt pending bit (this bit needs to be cleared), and the EXTI interrupt will be used as the
interrupt signal of the CPU.

A The interrupt and wake-up signal of the peripheral with the associated status bit (the bit is cleared
in the peripheral) is connected to the wake-up trigger signal line of the EXTI module.

A All GPIO ports are input to the EXTI MUX module, and can be selected as a system wake-up
signal through configurable configuration.

12.2.4. EXTI configurable event trigger wake-up

By configuring the EXTI_SWIERL register, software can trigger the wake-up function.

There is a corresponding register configuration that triggers a rising edge or falling edge or a double
edge to trigger a configurable type event. The hardware detects the input signal of the configurable
type event according to the configuration, and generates a corresponding wake-up event or interrupt
signal.

The CPU has dedicated interrupt mask registers and event mask registers. The event generated to
the CPU after the event is enabled. The only event input signal rxev that is output to the CPU after all

events to the CPU are OR'ed.
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12.2.5.

12.2.6.

Configurable type events have a unique interrupt pending request register, which is shared with the
CPU. The pending register is only set when the CPU Interrupt Mask Register (EXTI_IMR) is configured
as unmasked. Each configurable type event corresponds to a CPU external interrupt signal (some will
be multiplexed to the same CPU external interrupt signal). Configurable type event interrupt requires
the CPU to confirm through the EXTI_PR register (write 1 to clear).

Note: When a bit of the interrupt pending register (EXTI_PR) remains valid (not cleared), the system

cannot enter the low power consumption mode.

EXTI direct type event input wakeup

The direct type event will generate an interrupt in the EXTI module, and will generate an event signal
to wake up the system and the CPU subsystem. When the CPU processes the interrupt generated by
this type of trigger event, it needs to clear the interrupt status bit of the peripheral module.

External and internal interrupt/event line mapping

The GPIOs are connected to the 16 external interrupt/event lines in the following manner:

EXTT bits EXTT bits

PAO——> PALL ———>
PO EXTIO o EXTI1
PFOC—— > PFIL >

EXTIE bits

EXTT bits

PAL}——> PAL}— M
B2 EXTI2 PB EXTI3
PR2J—> PRI M

EXTﬁ bits

EXTf bits

PAY }|— >
PAS |———— >
EXTI4 EXTI5
PBA J———>
PBS J————>
PR }——>
EXTf bits EXT bits
PAGL ——> PAT J— >
EXTI6 EXTI7
PB6 —— > PBT J— >
EXTf bits
PAS EXTI8 EXTI9
PA9 [] >
PB8 J———>
pAll ——EXTUQ pa1s —— EXTUQ

GPI O mappi n

Figua2eExt er nal interrupt/ event
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The remaining lines are connected as follow:

EXTI line Line source Line type
Line 0-15 GPIO configurable
Line 16 PVD output Configurable
Line 17 COMP 1 output Configurable
Line 18 COMP 2 output Configurable
Line 19 RTC Direct
Line 20 Reserved
Line 21 Reserved
Line 22 Reserved
Line 23 Reserved
Line 24 Reserved
Line 25 Reserved
Line 26 Reserved
Line 27 Reserved
Line 28 Reserved
Line 29 LPTIM Direct

12.3. EXTl registers

The registers of this peripheral can be accessed with word (32bit), half-word (16bit) and byte (8bit).

12.3.1. Rising trigger selection register (EXTI_RTSR)

Address offset: 0x00
Reset value: 0x0000 0000

Contains only register control bits for configurable events.

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 Rgl R'7I' ! Rgl
RW RW RW
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
RT1 | RT1 | RT1 | RT1 | RT1 | RT1 | RT | RT | RT | RT | RT | RT | RT
5 4 3 2 0 9 8 7 6 5 4 3 RT2 | RT1 | RTO
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
Configurable type EXTI linel8 rising edge trigger configuration.
18 RT18 RW 0 0: Disable
1: enable
Configurable type EXTI linel7 rising edge trigger configuration.
17 RT17 RW 0 0: Disable
1: enable
Configurable type EXTI linel6 rising edge trigger configuration.
16 RT16 RW 0 0: Disable
1: enable
Configurable type EXTI linel5 rising edge trigger configuration.
15 RT15 RW 0 0: Disable
1: enable
Configurable type EXTI line14 rising edge trigger configuration.
14 RT14 RW 0 0: Disable
1: enable
Configurable type EXTI line13 rising edge trigger configuration.
13 RT13 RW 0 0: Disable
1: enable
Configurable type EXTI line12 rising edge trigger configuration.
12 RT12 RW 0 0: Disable
1: enable
Configurable type EXTI linel1l rising edge trigger configuration.
11 RT11 RW 0 0: Disable
1: enable
10 RT10 RW 0 Configurable type EXTI line10 rising edge trigger configuration.
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Bit Name R/W | Reset Value Function
0: Disable
1: enable
Configurable type EXTI line9 rising edge trigger configuration.
9 RT9 RW 0 0: Disable
1: enable
Configurable type EXTI line8 rising edge trigger configuration.
8 RTS8 RW 0 0: Disable
1: enable
Configurable type EXTI line7 rising edge trigger configuration.
7 RT7 RW 0 0: Disable
1: enable
Configurable type EXTI line6 rising edge trigger configuration.
6 RT6 RW 0 0: Disable
1: enable
Configurable type EXTI line5 rising edge trigger configuration.
5 RT5 RW 0 0: Disable
1: enable
Configurable type EXTI line4 rising edge trigger configuration.
4 RT4 RW 0 0: Disable
1: enable
Configurable type EXTI line3 rising edge trigger configuration.
3 RT3 RW 0 0: Disable
1: enable
Configurable type EXTI line2 rising edge trigger configuration.
2 RT2 RW 0 0: Disable
1: enable
Configurable type EXTI linel rising edge trigger configuration.
1 RT1 RW 0 0: Disable
1: enable
Configurable type EXTI line0 rising edge trigger configuration.
0 RTO RW 0 0: Disable
1: enable
Configurable lines are edge-triggered, and glitches cannot be generated on these lines. If a rising edge
occurs on the configurable interrupt line during a write to the EXTI_RTSR register, the associated
Pending bit is not set.
Both rising and falling edges can be set on the same line, in which case both edges will generate a
trigger condition.
12.3.2. Falling trigger selection register (EXTI_FTSR)
Address offset: 0x04
Reset value: 0x0000 0000
Contains only register control bits for configurable events.
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 | FT18 | FT17 | FT16
RW | RW | RW
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
FT15 | FT14 | FT13 | FT12 | FT11 | FT10 | FT9 | FT8 | FT7 | FT6 | FT5 | FT4 | FT3 | FT2 | FT1 | FTO
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 -
Configurable type EXTI linel8 falling edge trigger configuration.
18 FT18 RW 0 0: Disable
1: enable
Configurable type EXTI linel7 falling edge trigger configuration.
17 FT17 RW 0 0: Disable
1: enable
Configurable type EXTI linel6 falling edge trigger configuration.
16 FT16 RW 0 0: Disable
1: enable
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Bit

Name R/W | Reset Value Function

15

Configurable type EXTI linel5 falling edge trigger configuration.
FT15 RW 0 0: Disable
1: enable

14

Configurable type EXTI linel4 falling edge trigger configuration.
FT14 RW 0 0: Disable
1: enable

13

Configurable type EXTI linel3 falling edge trigger configuration.
FT13 RW 0 0: Disable
1: enable

12

Configurable type EXTI linel2 falling edge trigger configuration.
FT12 RW 0 0: Disable
1: enable

11

Configurable type EXTI linell falling edge trigger configuration.
FT11 RW 0 0: Disable
1: enable

10

Configurable type EXTI linel0 falling edge trigger configuration.
FT10 RW 0 0: Disable
1: enable

Configurable type EXTI line9 falling edge trigger configuration.
FT9 RW 0 0: Disable
1: enable

Configurable type EXTI line8 falling edge trigger configuration.
FT8 RW 0 0: Disable
1: enable

Configurable type EXTI line7 falling edge trigger configuration.
FT7 RW 0 0: Disable
1: enable

Configurable type EXTI line6 falling edge trigger configuration.
FT6 RW 0 0: Disable
1: enable

Configurable type EXTI line5 falling edge trigger configuration.
FT5 RW 0 0: Disable
1: enable

Configurable type EXTI line4 falling edge trigger configuration.
FT4 RwW 0 0: Disable
1: enable

Configurable type EXTI line3 falling edge trigger configuration.
FT3 RW 0 0: Disable
1: enable

Configurable type EXTI line2 falling edge trigger configuration.
FT2 RW 0 0: Disable
1: enable

Configurable type EXTI linel falling edge trigger configuration.
FT1 RW 0 0: Disable
1: enable

Configurable type EXTI line0 falling edge trigger configuration.
FTO RW 0 0: Disable
1: enable

1. The external wakeup lines are edge triggered. No glitches must be generated on these lines. If a falling

edge on an external interrupt line occurs during a write operation to the EXTI_FTSR register, the pending

bit is not set.

Rising and falling edge triggers can be set for the same interrupt line. In this case, both generate a trigger

condition.

12.3.3. Software interrupt event register (EXTI_SWIER)

Address offset: 0x08
Reset value: 0x0000 0000

Contains only register control bits for configurable events.

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 | SW1 | SW1 | SW1
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RW RW RW

15

14

13 12

11

10

9

8 7 6 5 4 3 2 1 0

Swi

Swi

SwW1 | Swi1
3 2

Sw1

Swi
0

SwW
9

SW | SW | SW | SW | SW | SW | SW2 | SW1 | SWO
8 7 6 5 4 3

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

18

SWI18

RW

Configurable type EXTI line18 software rising edge trigger con-

figuration.

0: No effect

1: Generate a rising edge trigger event, which in turn generates

an interrupt

This bit is cleared by hardware, and a read returns 0 (after hard-
ware clearing) or configuration value (before hardware clearing)

17

SWI17

RW

Configurable type EXTI linel7 software rising edge trigger con-

figuration.

0: No effect

1: Generate a rising edge trigger event, which in turn generates
an interrupt

This bit is cleared by hardware, and a read returns 0 (after hard-
ware clearing) or configuration value (before hardware clearing)

16

SWI16

RW

Configurable type EXTI line16 software rising edge trigger con-

figuration.

0: No effect

1: Generate a rising edge trigger event, which in turn generates

an interrupt

This bit is cleared by hardware, and a read returns 0 (after hard-
ware clearing) or configuration value (before hardware clearing)

15

SWI15

RW

Configurable type EXTI linel5 software rising edge trigger con-

figuration.

0: No effect

1: Generate a rising edge trigger event, which in turn generates

an interrupt

This bit is cleared by hardware, and a read returns 0 (after hard-
ware clearing) or configuration value (before hardware clearing)

14

Swi14

RW

Configurable type EXTI line14 software rising edge trigger con-

figuration.

0: No effect

1: Generate a rising edge trigger event, which in turn generates

an interrupt

This bit is cleared by hardware, and a read returns 0O (after hard-
ware clearing) or configuration value (before hardware clearing)

13

SWI13

RW

Configurable type EXTI linel13 software rising edge trigger con-

figuration.

0: No effect

1: Generate a rising edge trigger event, which in turn generates
an interrupt

This bit is cleared by hardware, and a read returns O (after hard-
ware clearing) or configuration value (before hardware clearing)

12

SWI12

RW

Configurable type EXTI linel2 software rising edge trigger con-

figuration.

0: No effect

1: Generate a rising edge trigger event, which in turn generates

an interrupt

This bit is cleared by hardware, and a read returns O (after hard-
ware clearing) or configuration value (before hardware clearing)

11

SWI11

RW

Configurable type EXTI linel1 software rising edge trigger con-

figuration.

0: No effect

1: Generate a rising edge trigger event, which in turn generates

an interrupt

This bit is cleared by hardware, and a read returns O (after hard-
ware clearing) or configuration value (before hardware clearing)

10

SWI10

RW

Configurable type EXTI line10 software rising edge trigger con-
figuration.

0: No effect

1: Generate a rising edge trigger event, which in turn generates
an interrupt

126/431



PY32F003 Reference Manual

Bit

Name

R/W

Reset Value

Function

This bit is cleared by hardware, and a read returns 0 (after hard-
ware clearing) or configuration value (before hardware clearing)

SWI9

RW

Configurable type EXTI line9 software rising edge trigger config-
uration.

0: No effect

1: Generate a rising edge trigger event, which in turn generates
an interrupt

This bit is cleared by hardware, and a read returns 0 (after hard-
ware clearing) or configuration value (before hardware clearing)

SWI8

RW

Configurable type EXTI line8 software rising edge trigger config-
uration.

0: No effect

1: Generate a rising edge trigger event, which in turn generates
an interrupt

This bit is cleared by hardware, and a read returns 0 (after hard-
ware clearing) or configuration value (before hardware clearing)

SWI7

RW

Configurable type EXTI line7 software rising edge trigger config-
uration.

0: No effect

1: Generate a rising edge trigger event, which in turn generates
an interrupt

This bit is cleared by hardware, and a read returns 0 (after hard-
ware clearing) or configuration value (before hardware clearing)

SWI6

RW

Configurable type EXTI line6 software rising edge trigger config-
uration.

0: No effect

1: Generate a rising edge trigger event, which in turn generates
an interrupt

This bit is cleared by hardware, and a read returns 0 (after hard-
ware clearing) or configuration value (before hardware clearing)

SWI5

RW

Configurable type EXTI line5 software rising edge trigger config-
uration.

0: No effect

1: Generate a rising edge trigger event, which in turn generates
an interrupt

This bit is cleared by hardware, and a read returns 0 (after hard-
ware clearing) or configuration value (before hardware clearing)

SwWi4

RW

Configurable type EXTI line4 software rising edge trigger config-
uration.

0: No effect

1: Generate a rising edge trigger event, which in turn generates
an interrupt

This bit is cleared by hardware, and a read returns O (after hard-
ware clearing) or configuration value (before hardware clearing)

SWI3

RW

Configurable type EXTI line3 software rising edge trigger config-
uration.

0: No effect

1: Generate a rising edge trigger event, which in turn generates
an interrupt

This bit is cleared by hardware, and a read returns O (after hard-
ware clearing) or configuration value (before hardware clearing)

SWi2

RW

Configurable type EXTI line2 software rising edge trigger config-
uration.

0: No effect

1: Generate a rising edge trigger event, which in turn generates
an interrupt

This bit is cleared by hardware, and a read returns O (after hard-
ware clearing) or configuration value (before hardware clearing)

SWI1

RW

Configurable type EXTI linel software rising edge trigger config-
uration.

0: No effect

1: Generate a rising edge trigger event, which in turn generates
an interrupt

This bit is cleared by hardware, and a read returns O (after hard-
ware clearing) or configuration value (before hardware clearing)

SWIO

RW

Configurable type EXTI lineO software rising edge trigger config-
uration.
0: No effect
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Bit

Name

R/W

Reset Value

Function

1: Generate a rising edge trigger event, which in turn generates
an interrupt

This bit is cleared by hardware, and a read returns O (after hard-
ware clearing) or configuration value (before hardware clearing)

12.3.4.

Pending register (EXTI_PR)

Address offset: Ox0C

Reset value: undefined

Contains only register control bits for configurable events.

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 | PR1 | PR1 | PR1

15

14

13

12

11

10

PR1

PR1

PR1

PR1

PR1

PR1

PR9

PR8 | PR7 | PR6 | PR5 | PR4 | PR3 | P

rc_w

rc_w

rc_w

rcw | rcw|rcw|rcw|rcw/|rcw/|rcw]|rcw]|rcw

Bit

Name

R/W

Reset Value Function

31:19

Reserved

reserved

18

PR18

RC_W1

Configurable type EXTI line18 event pending
flag. This bit is set when software or hardware
generates a rising/falling edge trigger event.

0 Software writes 1 to clear.

0: no event request is generated,

1: Generate rising edge/falling edge/software
trigger event request,

17

PR17

RC_W1

Configurable type EXTI linel7 event pending
flag. This bit is set when software or hardware
generates a rising/falling edge trigger event.

0 Software writes 1 to clear.

0: no event request is generated,

1: Generate rising edge/falling edge/software
trigger event request,

16

PR16

RC_W1

Configurable type EXTI linel6 event pending
flag. This bit is set when software or hardware
generates a rising/falling edge trigger event.

0 Software writes 1 to clear.

0: no event request is generated,

1: Generate rising edge/falling edge/software
trigger event request,

15

PR15

RC_W1

Configurable type EXTI linel5 event pending
flag. This bit is set when software or hardware
generates a rising/falling edge trigger event.

0 Software writes 1 to clear.

0: no event request is generated,

1: Generate rising edge/falling edge/software
trigger event request,

14

PR14

RC_W1

Configurable type EXTI linel4 event pending
flag. This bit is set when software or hardware
generates a rising/falling edge trigger event.

0 Software writes 1 to clear.

0: no event request is generated,

1: Generate rising edge/falling edge/software
trigger event request,

13

PR13

RC_W1

Configurable type EXTI linel3 event pending
flag. This bit is set when software or hardware
generates a rising/falling edge trigger event.

0 Software writes 1 to clear.

0: no event request is generated,

1: Generate rising edge/falling edge/software
trigger event request,
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Bit

Name

R/W

Reset Value

Function

12

PR12

RC_W1

Configurable type EXTI linel2 event pending
flag. This bit is set when software or hardware
generates a rising/falling edge trigger event.
Software writes 1 to clear.

0: no event request is generated,

1: Generate rising edge/falling edge/software
trigger event request,

11

PR11

RC_W1

Configurable type EXTI linell event pending
flag. This bit is set when software or hardware
generates a rising/falling edge trigger event.
Software writes 1 to clear.

0: no event request is generated,

1: Generate rising edge/falling edge/software
trigger event request,

10

PR10

RC_W1

Configurable type EXTI linel0 event pending
flag. This bit is set when software or hardware
generates a rising/falling edge trigger event.
Software writes 1 to clear.

0: no event request is generated,

1: Generate rising edge/falling edge/software
trigger event request,

PR9

RC_W1

Configurable type EXTI line9 event pending flag.
This bit is set when software or hardware gener-
ates a rising/falling edge trigger event. Software
writes 1 to clear.

0: no event request is generated,

1: Generate rising edge/falling edge/software
trigger event request,

PR8

RC_W1

Configurable type EXTI line8 event pending flag.
This bit is set when software or hardware gener-
ates a rising/falling edge trigger event. Software
writes 1 to clear.

0: no event request is generated,

1: Generate rising edge/falling edge/software
trigger event request,

PR7

RC_W1

Configurable type EXTI line7 event pending flag.
This bit is set when software or hardware gener-
ates a rising/falling edge trigger event. Software
writes 1 to clear.

0: no event request is generated,

1: Generate rising edge/falling edge/software
trigger event request,

PR6

RC_W1

Configurable type EXTI line6 event pending flag.
This bit is set when software or hardware gener-
ates a rising/falling edge trigger event. Software
writes 1 to clear.

0: no event request is generated,

1: Generate rising edge/falling edge/software
trigger event request,

PR5

RC_W1

Configurable type EXTI line5 event pending flag.
This bit is set when software or hardware gener-
ates a rising/falling edge trigger event. Software
writes 1 to clear.

0: no event request is generated,

1: Generate rising edge/falling edge/software
trigger event request,

PR4

RC_W1

Configurable type EXTI line4 event pending flag.
This bit is set when software or hardware gener-
ates a rising/falling edge trigger event. Software
writes 1 to clear.

0: no event request is generated,

1: Generate rising edge/falling edge/software
trigger event request,

PR3

RC_W1

Configurable type EXTI line3 event pending flag.
This bit is set when software or hardware gener-
ates a rising/falling edge trigger event. Software
writes 1 to clear.

0: no event request is generated,
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Bit

Name

R/W Reset Value

Function

1: Generate rising edge/falling edge/software
trigger event request,

PR2

RC_W1

Configurable type EXTI line2 event pending flag.
This bit is set when software or hardware gener-
ates a rising/falling edge trigger event. Software
writes 1 to clear.

0: no event request is generated,

1: Generate rising edge/falling edge/software
trigger event request,

PR1

RC_W1

Configurable type EXTI linel event pending flag.
This bit is set when software or hardware gener-
ates a rising/falling edge trigger event. Software
writes 1 to clear.

0: no event request is generated,

1: Generate rising edge/falling edge/software
trigger event request,

PRO

RC_W1

Configurable type EXTI line0 event pending flag.
This bit is set when software or hardware gener-
ates a rising/falling edge trigger event. Software
writes 1 to clear.

0: no event request is generated,

1: Generate rising edge/falling edge/software
trigger event request,

12.3.5. External interrupt select register 1 (EXTI_EXTICR1)

Address offset: 0x60
Reset value: 0x0000 0000

31 | 30 | 29 28 27 | 26 | 25 | 24 23 21 20 19 18 | 17 | 16
Res | Res | Res | Res Res | Res EXTI3[1:0] | Res | Res Res Res Res Res EXTI2[1:0]
RW | RW RW | RW
15 14 13 12 11 10 9 8 7 5 4 3 2 1 0
Res | Res | Res | Res Res | Res EXTI1[1:0] | Res | Res Res Res Res Res EXTIO[1:0]
RW | RW RW | RW
Bit Name R/W Reset Value Function
31:21 Reserved - - Reserved
EXTI3 corresponds to GPIO port selection.
26b00: PA[3] pin
25:24 EXTI3[1:0] RW 0 20b01: PB[3] pin
2 6 b PR3] pin
26b11: reserved
23:18 Reserved - - Reserved
EXTI2 corresponds to GPIO port selection.
26b00: PA[ 2] pin
17:16 EXTI2[1:0] RW 0 206b01: PB[ 2] pin
26b10: PF[2] pin
26b11: reserved
15:10 Reserved - - Reserved
EXTI1 corresponds to GPIO port selection.
26b00: PA[1] pin
9:8 EXTI1[1:0] RW 0 206b01: PB[1] pin
26b10: PF[1] pin
26b11: reserved
7:2 Reserved - - Reserved
EXTIO corresponds to GPIO port selection
26b00: PA[O] pin
1:0 EXTIO[1:0] RW 0 206b01 PB[ O] pin
26b10 PF[O] pin
26b11 reserved

12.3.6. External interrupt select register 2 (EXTI_EXTICR2)

Address offset: 0x64
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 | EXTI7 | Res | Res Res Res Res Res | Res | EXTI6
RW RW
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res | Res | Res | Res Res | Res | RW | EXTI5 | Res | Res Res Res Res Res EXTI4[1:0]
RW RW [ RW
Bit Name R/W Reset Value Function
31:25 Reserved - - Reserved
EXTI7 corresponds to GPIO port selection.
24 EXTI7 RW 0 0: PA[7] pin
1: PB[7] pin
23:18 Reserved - - Reserved
EXTI6 corresponds to GPIO port selection.
17:16 EXTI6 RW 0 0: PA[6] pin
1: PB[6] pin
15:9 Reserved - - Reserved
EXTI5 corresponds to GPIO port selection.
8 EXTI5 RW 0 0: PA[5] pin
1: PBJ[5] pin
7:2 Reserved - - Reserved
EXTI4 corresponds to GPIO port selection.
26b00: PA[4] pin
1:0 EXTI4[1:0] RW 0 26b01: PB[4] pin
26b10 PF[ 4] pin
206b11 reserved
12.3.7. External interrupt select register 3 (EXTI_EXTICR3)
Address offset: 0x68
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 | Res | Res | Res | Res | Res | Res | Res | Res | Res | EXTI8
RW
Bit Name R/W Reset Value Function
31:1 Reserved - - Reserved
EXTI8 corresponds to GPIO port selection.
0 EXTI8 RW 0 0: PA[8] pin
1: PBJ8] pin
12.3.8. Interrupt mask register (EXTI_IMR)
Address offset: 0x80
Reset value: 0x2008 0000
The interrupt mask bit of the Direct type line is 1 by default, that is, the line is not masked, the mask
bit of the configurable line, the default is 0, that is, the line is masked.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res Res | IM29 | Res Res Res | Res | Res | Res | Res | Res | Res | IM19 | IM18 | IM17 | IM16
RW RW RW RW RW
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
IM15 | IM14 | IM13 | IM12 | IM11 | IM10 | IM9 IM8 IM7 | IM6 | IM5 IM4 IM3 IM2 IM1 IMO
RW RW RW RW RW RW RW RW RW | RW | RW RW RW RW RW RW
Bit Name R/W Reset Value Function
31:30 Reserved
EXTI line29 is used as an interrupt to wake up
29 IM29 RwW 1 the CPU mask control.
0: interrupt wake-up mask
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Bit

Name

R/IW

Reset Value

Function

1: Interrupt wake-up is not masked

28:20

Reserved

19

IM19

RW

EXTI linel9 is used as an interrupt to wake up
the CPU mask control.

0: interrupt wake-up mask

1: Interrupt wake-up is not masked

18

IM18

RW

EXTI linel8 is used as an interrupt to wake up
the CPU mask control.

0: interrupt wake-up mask

1: Interrupt wake-up is not masked

17

IM17

RW

EXTI linel7 is used as an interrupt to wake up
the CPU mask control.

0: interrupt wake-up mask

1: Interrupt wake-up is not masked

16

IM16

RW

EXTI linel6 is used as an interrupt to wake up
the CPU mask control.

0: interrupt wake-up mask

1: Interrupt wake-up is not masked

15

IM15

RW

EXTI linel5 is used as an interrupt to wake up
the CPU mask control.

0: interrupt wake-up mask

1: Interrupt wake-up is not masked

14

IM14

RW

EXTI linel4 is used as an interrupt to wake up
the CPU mask control.

0: interrupt wake-up mask

1: Interrupt wake-up is not masked

13

IM13

RW

EXTI linel3 is used as an interrupt to wake up
the CPU mask control.

0: interrupt wake-up mask

1: Interrupt wake-up is not masked

12

IM12

RW

EXTI linel2 is used as an interrupt to wake up
the CPU mask control.

0: interrupt wake-up mask

1: Interrupt wake-up is not masked

11

IM11

RW

EXTI linell is used as an interrupt to wake up
the CPU mask control.

0: interrupt wake-up mask

1: Interrupt wake-up is not masked

10

IM10

RW

EXTI linel0 is used as an interrupt to wake up
the CPU mask control.

0: interrupt wake-up mask

1: Interrupt wake-up is not masked

IM9

RW

EXTI line9 is used as an interrupt to wake up the
CPU mask control.

0: interrupt wake-up mask

1: Interrupt wake-up is not masked

IM8

RW

EXTI line8 is used as an interrupt to wake up the
CPU mask control.

0: interrupt wake-up mask

1: Interrupt wake-up is not masked

IM7

RW

EXTI line7 is used as an interrupt to wake up the
CPU mask control.

0: interrupt wake-up mask

1: Interrupt wake-up is not masked

IM6

RwW

EXTI line6 is used as an interrupt to wake up the
CPU mask control.

0: interrupt wake-up mask

1: Interrupt wake-up is not masked

IM5

RW

EXTI line5 is used as an interrupt to wake up the
CPU mask control.

0: interrupt wake-up mask

1: Interrupt wake-up is not masked

IM4

RwW

EXTI line4 is used as an interrupt to wake up the
CPU mask control.

0: interrupt wake-up mask

1: Interrupt wake-up is not masked

IM3

RW

EXTI line3 is used as an interrupt to wake up the
CPU mask control.
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Bit

Name R/W

Reset Value

Function

0: interrupt wake-up mask
1: Interrupt wake-up is not masked

IM2 RW

EXTI line2 is used as an interrupt to wake up the
CPU mask control.

0: interrupt wake-up mask

1: Interrupt wake-up is not masked

IM1 RW

EXTI linel is used as an interrupt to wake up the
CPU mask control.

0: interrupt wake-up mask

1: Interrupt wake-up is not masked

IMO RW

EXTI line0 is used as an interrupt to wake up the
CPU mask control.

0: interrupt wake-up mask

1: Interrupt wake-up is not masked

12.3.9.

Event mask register (EXTI_EMR)

Address offset: 0x84
Reset value: 0x0000 0000

31

30 29 28 27 26 25

24

23

22 21 20 19 18 17 16

Res

Res EM2 Res Res
9

Res | Res

Res

Res

Res

Res | Res | EM1 | EM1 | EM1 | EM1

RW

RW RW RW RW

15

14 13 12 11 10 9

8

7

EM1

EM1 | EM1 | EM1 | EM1 | EM1 | EM
4 3 2 1 0 9

EM
8

EM
7

EM

EM | EM | EM3 | EM2 | EM1 | EMO

RW

RW RW RW RW RW | RW

RW

RW

RW

RW | RW | RW RW RW RW

Bit

Name R/W

Reset Value

Function

31:30

Reserved

29

EM29 RW

EXTI line29 wakes up the CPU mask control as
an event.

0: Event wake-up mask

1: Event wakeup is hot masked

28:20

Reserved

19

EM19 RW

EXTI linel9 wakes up the CPU mask control as
an event.

0: Event wake-up mask

1: Event wakeup is not masked

18

EM18 RW

EXTI line18 wakes up the CPU mask control as
an event.

0: Event wake-up mask

1: Event wakeup is not masked

17

EM17 RW

EXTI linel7 wakes up the CPU mask control as
an event.

0: Event wake-up mask

1: Event wakeup is not masked

16

EM16 RW

EXTI line16 wakes up the CPU mask control as
an event.

0: Event wake-up mask

1: Event wakeup is not masked

15

EM15 RW

EXTI linel5 wakes up the CPU mask control as
an event.

0: Event wake-up mask

1: Event wakeup is not masked

14

EM14 RwW

EXTI linel4 wakes up the CPU mask control as
an event.

0: Event wake-up mask

1: Event wakeup is not masked

13

EM13 RW

EXTI linel3 wakes up the CPU mask control as
an event.

0: Event wake-up mask

1: Event wakeup is not masked

12

EM12 RW

EXTI linel2 wakes up the CPU mask control as
an event.
0: Event wake-up mask
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Bit

Name

R/IW

Reset Value

Function

1: Event wakeup is not masked

11

EM11

RW

EXTI linell wakes up the CPU mask control as
an event.

0: Event wake-up mask

1: Event wakeup is hot masked

10

EM10

RW

EXTI linel0 wakes up the CPU mask control as
an event.

0: Event wake-up mask

1: Event wakeup is not masked

EM9

RW

EXTI line9 wakes up the CPU mask control as
an event.

0: Event wake-up mask

1: Event wakeup is hot masked

EM8

RW

EXTI line8 wakes up the CPU mask control as
an event.

0: Event wake-up mask

1: Event wakeup is hot masked

EM7

RW

EXTI line7 wakes up the CPU mask control as
an event.

0: Event wake-up mask

1: Event wakeup is not masked

EM6

RW

EXTI line6 wakes up the CPU mask control as
an event.

0: Event wake-up mask

1: Event wakeup is hot masked

EMS5

RW

EXTI line5 wakes up the CPU mask control as
an event.

0: Event wake-up mask

1: Event wakeup is not masked

EM4

RW

EXTI line4 wakes up the CPU mask control as
an event.

0: Event wake-up mask

1: Event wakeup is hot masked

EM3

RW

EXTI line3 wakes up the CPU mask control as
an event.

0: Event wake-up mask

1: Event wakeup is not masked

EM2

RW

EXTI line2 wakes up the CPU mask control as
an event.

0: Event wake-up mask

1: Event wakeup is not masked

EM1

RW

EXTI linel wakes up the CPU mask control as
an event.

0: Event wake-up mask

1: Event wakeup is not masked

EMO

RW

EXTI line0 wakes up the CPU mask control as
an event.

0: Event wake-up mask

1: Event wakeup is not masked

12.3.10. EXTI register map
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13.Cyclic redundancy check calculation unit (CRC)

13.1.

13.2.

13.3.

Introduction

According to the generator polynomial, the CRC calculation unit will operate the input 32-bit data to

generate a CRC result.

CRC main features

A Uses CRC-32 (Ethernet) polynomial: 0x4C11DB7
X32 4 X26 4 X238 +X22 4X16 4+ X12 4 X11 4+ X10 4X8 + X7 + X5 + X4 + X2 + X +1
A Support 32-bit data input
A Asingle input/output 32 data and result output share one register
A 8-bit register for general purpose (can be used as temporary storage)

)

Computation time: 4 AHB clocks for 32bits data

CRC functional description

13.3.1. CRC block diagram

< 32-bit AHB bus >

w?,z-bit(read access)
crc_hclk

— Data register(Output)

ﬁ

CRC computation

32-bit(write access) @

Data register(Input)

FigadwleCRC calculation unit Dblock diagram

The CRC calculation unit contains a 32-bit data register:

A When writing to this register, as an input register, new data to be calculated by CRC can be input.
A When the register is read, the result of the last CRC calculation is returned.

Each time a data register is written, the result of the calculation is the combination of the previous CRC
calculation and the new calculation (CRC is calculated on the entire 32-bit word, not byte by byte).

While the CRC is being calculated, writes are blocked until the end of the CRC calculation.
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The register CRC_DR can be reset to OXFFFF FFFF by setting the RESET bit of the register CRC_CR.

This operation does not affect the data in register CRC_IDR.

13.4. CRC

registers

13.4.1. Data register (CRC_DR)

Address offset: 0x00
Reset value: OXFFFF FFFF

| 23 [ 22 [ 21 | 20 [ 19 [ 18 [ 17 [ 16

31 [ 30 [ 29 | 28 [ 27 [ 26 [ 25 [ 24
DR[31:16]
RW
15 [ 14 [ 13 [ 12 | 12 [ 10 [ 9 | 8 [ 7 | 6 [ 5] 4 [ 3] 2] 1] o
DR[15:0]
RW
Bit Name R/W Reset Value Function
data register.
. N When writing new data, it is used as an input regis-
310 DR RW 320hFFFFFF ter. When read, the previous CRC calculation result
is retained.

13.4.2. 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
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 IDR[7:0]
RW
Bit Name R/W Reset Value Function
31:8 Reserved -
General purpose 8bit data register
. . These bits are used as temporary storage for one byte.
70 IDR[7:0] RN 0 This register is not reset by the RESET bit of the CRC_CR
register.
13.4.3. 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
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 | Res | Res | Res SREET
w
Bit Name R/W Reset Value Function
31:1 Reserved -
This bit is set by software to reset the CRC calculation
0 RESET 0 unit. This bit can only be set and is automatically cleared
by hardware.
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13.4.4. CRC register map
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14. Analog-to-digital converter (ADC)

14.1. Introduction

The chip has a 12-bit SARADC (successive approximation analog-to-digital converter). The module has
a total of 12 channels to be measured, including 10 external channels and 2 internal channels.

The conversion mode of each channel can be set to single, continuous, sweep, discontinuous
mode.Conversion results are stored in left- or right-aligned 16-bit data registers.

The analog watchdog feature allows the application to detect if the input voltage goes outside the user-
defined higher or lower thresholds.

An efficient low-power mode is implemented to allow very low consumption at low frequency.

14.2. ADC main features
A High performance
U  12-bit, 10-bit, 8-bit or 6-bit configurable resolution
i  ADC conversion time: 1.33 us@12bit 0.75 MSPS" 3.5 T SMFP fabc_cik=12 MHZ~
U  Self-calibration
U  Programmable sampling time
U  Programmable data alignment mode

U  DMA support

A Low-power
U  Application can reduce PCLK frequency for low-power operation while still keeping optimum
ADC performance.
U  Wait mode: prevents ADC overrun in applications with low frequency PCLK
A Analog input channels
U 10 external analog inputs:PA[7:0] and PBJ[1:0]
U 1 channel for internal temperature sensor (VSENSE)
U 1 channel for internal reference voltage (VREFINT)
A Start-of-conversion can be initiated:
U By software
U By hardware triggers with configurable polarity (internal timer events from TIM1, TIM3 and
GPIO)
A Conversion modes
0  Single mode: Can convert a single channel or can scan a sequence of channels
U  Continuous mode: Continuous mode converts selected inputs continuously
U  Discontinuous mode: Convert selected channel once per trigger
A Interrupt generation

U  Atthe end of sampling
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>

U  Atthe end of conversion

U  Atthe end of sequence conversion
0 In case of analog watchdog

U  Overrun events

Analog watchdog

14.3. ADC functional description

14.3.1.

ADC diagram

ADC_IN[9:0

TIM1_TRG
TIM1_CC

TIM3_TRG

VCCA VDDA
o
CAL_BIO [6:0]
CAL_C5IO[7:0]
CAL_CA4I0[7:0]
CALSET CAL_C3IO[7:0]
(set calibration factor) CAL_C210[7:0]
CAL_C1I0[7:0]
CAL_CO0IO[7:0]
R ADC interrupt CPU
Analog Supply Egsr\é P IRQ
CALSEL ~ ____ | 1.8V 105V EoC —
(offset/offset+linearity) OVR —
CALBYP AUDES
(bypass calibration factor to 0)
SC/(/;ND'R CALSMP[1.0] ADE /\—I\ AHB
up/down (calibration sampling timé] P o
CHSEL[12:11] & DATA[11:0] N~ V] #ee bmA
CHSEL[9:0— ADEAL
CONT self-califjration &
single/cont. ™| poweron Falibration APB
interface
DMA request
Supply and referende.
" . DMAEN
Vrefint ———— input conversion data DMACFG
o— | selection &
Vsens SMPZ0] SAR_ADC
scan Contro)sampling time calibration factor
analog input channels
= Converted data stal

A
AWDx
start &stop CAL_BOUT [6:q] analog
Control CAL_C50UT[7:q] watchdog
CAL_C40UT[7q]
ADSTP CAL_C30UT[7]
ADSTART CAL_C20UT[7:q]
SM trigger CAL_C10UT[7:q]
WAIT CAL_COOUT[74]
H/W trigger
» CALFAIL
OVRMOD
(overrun mode)
DISCEN
E.XTEND'O] $— discontinuous ALIGN
trigger enable and mode left/right L———» CALON
edge selection RESSEL[1.0]
12,10,8,6 hits
EXTSEL[2:0]

trigger selection

140/431



PY32F003 Reference Manual

14.3.2.

14.3.3.

ADC_INQ |
ADC_INT ]
ADC_INZ]
ADC_IN8]
ADC_IN4 ]
ADC_ING_|
ADC_ING |
ADC_INT_|
ADC_IN§ |
ADC_IN9 ]

SAR
[ ADC_EN ADC

VREFI
TS VI

B HHHEE AR
|

Fi gudleADC channel with anal og switch

Calibration (ADCAL)

The ADC has a calibration feature. During the procedure, the ADC calculates a calibration factor which
is internally applied to the ADC until the next ADC power-off. The application must not use the ADC
during calibration and must wait until it is complete.

Calibration operations include power-on calibration and software calibration.

ADC power-on calibration

The hardware will automatically perform ADC calibration after power-up.

ADC software calibration

The software can set ADCAL = 1 to start the calibration. The calibration can only be started when the
ADC is not enabled (ADEN = 0), and only the system clock can be selected as the ADC clock. ADCAL
is cleared by hardware when calibration is complete.

When the working conditions of the ADC change (the change in VCC is the main factor for the offset
of the ADC, followed by the change in temperature), it is recommended to perform a re-calibration
operation.

Calibration software procedure:

A Ensure that ADEN = 04 CKMODE selects the system clock

A  Set ADCAL=1
A Wait until ADCAL =0

ADC on-off control (ADEN)

At MCU power-up, the ADC is disabled and put in power-down mode (ADEN = 0).

The following is the process to enable ADC:

1. The ADEN bit of the ADC_CR register is setto 1

ADC conversions are also initiated by setting ADSRART or (if triggered) by an external trigger event.
The following is the procedure for disabling the ADC:
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Check that ADSTART inthe ADC_CR register is 0 to ensure the ADC is not in the process of converting.

If necessary, set ADSTP in the ADC_CR register to 1 to stop the ongoing ADC conversion, and wait

for ADSTP to be cleared by hardware (cleared to 0 means the conversion is stopped).

Warning: ADEN bit cannot be set to 1 during 4 ADC clocks after ADCAL is cleared by hardware and

ADCAL = 1.

ADEN ___A o7 seup | B
ADSTART A Yy
State _OFF) Start SMRCONV \ OFF
EOSEQ A v

Figdd2Enabl ing/disabling the ADC

14.3.4. ADC click

The ADC has a dual clock-domain architecture, so that the ADC can be fed with a clock (ADC_CLK)

independent from the APB clock (PCLK). ADC_CLK can be generated by two possible clock sources.

RCC
(Reset&CIoc o 11/2/4/8]
controller) 1 16/32/64
> > ADC_Clk
CKMODE
Fi gudd3ADC cl ock scheme
Tabl4d4dDel ay bet ween trrsiggmrerstaaardt conve
Frequency .
iy Latency between the trigger event and the start of
ADC clock source CKMODE[3:0] division yconversion T isg?he clock period)
factor
0000 1 0
0001 2 0
0010 4 0
0011 8 0
b Y 0100 16 0
0101 32 0
0110 64 0
0111 / /
1000 1 0
1001 2 0
1010 4 0
1011 8 0
HSI 1100 16 0
1101 32 0
1110 64 0
1111 / /
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14.3.5.

14.3.6.

14.3.7.

14.3.8.

Configuring the ADC

Software must rewrite the ADCAL and ADEN bits in the ADC_CR register with ADC disabled (ADEN
must be 0). Software must rewrite the ADSTART bit in the ADC_CR register with the ADC turned on
(ADEN=1).

For these following ADC_IER, ADC_CFGRi, ADC_SMPR, ADC_TR, ADC_CHSELR, and ADC_CCR
registers, software must be rewritten with no conversion period (ADSTART = 0).

Software must rewrite the ADSTP bit in the ADC_CR register with the ADC turned on and ADSTART
=1

Channel selection (CHSEL, SCANDIR)

There are up to 12 multiplexed channels:

A 10 analog inputs from GPIO pins (ADC_INO...ADC_IN9)

A 2internal analog inputs (Temperature Sensor, Internal Reference Voltage )

It is possible to convert a single channel or to automatically scan a sequence of channels.

The sequence of the channels to be converted must be programmed in the ADC_CHSELR channel
selection register: each analog input channel has a dedicated selection bit (CHSELO...CHSEL11).
The order in which the channels will be scanned can be configured by programming the bit SCANDIR
bit in the ADC_CFGR1 register:

A SCANDIR = 0: foRWard scan Channel 0 to Channel 11

A SCANDIR = 1: backward scan Channel 11 to Channel 0

Temperature sensor, VREFINT internal channels

The temperature sensor is connected to channel ADC_IN10. The internal voltage reference VREFINT

is connected to channel ADC_IN11.

Programmable sampling time (SMP)

Before starting a conversion, the ADC needs to establish a direct connection between the voltage
source to be measured and the embedded sampling capacitor of the ADC. This sampling time must
be enough for the input voltage source to charge the sample and hold capacitor to the input voltage
level.
Having a programmable sampling time allows to trim the conversion speed according to the input
resistance of the input voltage source.
The ADC samples the input voltage for a number of ADC clock cycles that can be modified using the
SMP[2:0] bits in the ADC_SMPR register.
This programmable sampling time is common to all channels. If required by the application, the soft-
ware can change and adapt this sampling time between each conversions.
The total conversion time is calculated as follows:

tconv = Sampling time + (Convert resolution +0.5) x ADC clock cycles

The ADC indicates the end of the sampling phase by setting the EOSMP flag.

Single conversion mode (CONT = 0, DISCEN =0)
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14.3.9.

In Single conversion mode, the ADC performs a single sequence of conversions, converting all the
channels once. This mode is selected when CONT = 0, DISCEN = 0 in the ADC_CFGR1 register.
ADC conversions can be initiated in two ways:

A Set ADSTART bit in ADC_CR register

A Hardware trigger events

Inside the sequence, after each conversion is complete:

A The converted data are stored in the 16-bit ADC_DR register

A The EOC (end of conversion) flag is set

A Aninterrupt is generated if the EOCIE bit is set

After the sequence of conversions is complete:
A The EOSEQ (end of sequence) flag is set

A Aninterrupt is generated if the EOSEQIE bit is set

Then the ADC stops until a new external trigger event occurs or the ADSTART bit is set again.
Note: To convert a single channel, program a sequence with a length of 1.
The ADC cannot be in discontinuous conversion mode and continuous conversion mode at the same

time, in this case (DISCEN =1, CONT = 1), it behaves as single conversion mode.

Continuous conversion mode (CONT = 1)

In continuous conversion mode, when a software or hardware trigger event occurs, the ADC performs
a sequence of conversions, converting all the channels once and then automatically re-starts and con-
tinuously performs the same sequence of conversions. This mode is selected when CONT =1 in the
ADC_CFGR1 register. Conversion is started by either:
A Setting the ADSTART bit in the ADC_CR register

A Hardware trigger event

Inside the sequence, after each conversion is complete:

A The converted data are stored in the 16-bit ADC_DR registe
A The EOC (end of conversion) flag is set

A Aninterrupt is generated if the EOCIE bit is set

After the sequence of conversions is complete:

A The EOSEQ (end of sequence) flag is set

A Aninterrupt is generated if the EOSEQIE bit is set

Then, a new sequence restarts immediately and the ADC continuously repeats the conversion se-
guence.

Note: To convert a single channel, program a sequence with a length of 1.

It is not possible to have both discontinuous mode and continuous mode enabled: it is forbidden to set
both bits DISCEN =1 and CONT = 1.

14.3.10. Discontinuous conversion mode (DISCEN =1)

This mode is enabled by setting the DISCEN bit in the ADC_CFGR1 register.
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In this mode (DISCEN = 1), a hardware or software trigger event is required to initiate each conver-
sion defined in a sequence.

Conversely, when DISCEN = 0, a hardware or software trigger event can initiate all conversions
defined in a sequence.

For example:

DISCEN =1, the channels to be converted are: 0, 3, 7, 10

0  1sttrigger: Channel 0 is converted and an EOC event occurs

0  2nd trigger: Channel 3 is converted and an EOC event occurs

U0  3rd trigger: Channel 7 is converted and an EOC event occurs

0  4th trigger: Channel 10 is converted and EOC and EOSEQ events are generated

U  5thtrigger: Channel 0 is converted and an EOC event occurs

0  6thtrigger: Channel 3 is converted and an EOC event occurs

a

DISCEN =0, the channels to be converted are: 0, 3, 7, 10

U  1st Trigger: The entire complete sequence of conversions, in turn, channels 0, 3, 7, and 10.
Each conversion is completed, an EOC event is generated, and the conversion to the last channel
generates an EOSEQ event in addition to the EOC.

U  Any trigger event restarts the complete sequence conversion.

Note: It is impossible to have the ADC in continuous mode and continuous conversion mode at the

same time, in this case (DISCEN =1, CONT = 1), it behaves as a single conversion mode.

14.3.11. Starting conversions (ADSTART)

Software starts ADC conversion with setting ADSTART = 1.

When ADSTART is set, the conversion:

A When EXTEN = 0x0 (software trigger), start inmediately

A When if EXTEN I 0x0, start at the next selected

The ADSTART bit is also used to indicate whether an ADC conversion operation is currently in pro-
gress. When ADSTART =0, the ADC can be reconfigured, indicating that the ADC is idle at this time.
ADSTART bit can be cleared by hardware.

A One-shot conversion mode is triggered by software (CONT = 0, EXTSEL = 0x0)

U  After sequence conversion is complete (EOSEQ = 1)

A Discontinuous conversion mode is triggered by software (CONT = 0, DISCEN = 1, EXTSEL =
0x0)
U  After conversion is complete (EOC = 1)

A Inall cases (CONT = X, EXTSEL = X)

0  After the software calls and executes the ADSTP procedure
Note: In continuous mode (CONT = 1), the ADSTART bit cannot be cleared by hardware caused by
EOSEQ because it automatically restarts the sequence conversion. When the hardware trigger is
selected as single conversion mode (CONT = 0 and EXTSEL =0x01), ADSTART will not be cleared
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by hardware after the EOSEQ flag is set. This avoids the need for software to reset the ADSTART

bit and ensures that no hardware trigger event is missed.

14.3.12. Timings

The elapsed time between the start of a conversion and the end of conversion is the sum of the
configured sampling time plus the successive approximation time depending on data resolution:
tapc = tsmpL + tsar = [ 3.5min + 12.5)12nit] * tapc_cLk

tapc = tsmpL + tsar = 291.67NSimin + 1041.67)12bit = 1.33 |5 min (for fapc cik = 12 MHZz)

State  Start Smpling CH(n Converting X Smpling CH(n+1)
Analog Channel CH(n) X CH(n+1)
set by SW
ADSTART < tSMPL i tSAR o
set by HW v cleared by SW
EOC Y Y
set by HW cleared by SW
EOSMP YHW Ay y
ADC_DR DATA NL DATA N

tSMPL depends on SMP[2:0]
tSAR depends on RESSEL[1:0]

Figd®dleanal og to digital conversion timing

14.3.13. Stopping an ongoing conversion (ADSTP)

The software can decide to stop any ongoing conversions by setting ADSTP = 1 in the ADC_CR
register.

This will reset the ADC operation and the ADC will be idle, ready for a new operation.

When the ADSTP bit is set by software, any ongoing conversion is aborted and the result is discarded
(ADC_DR register is not updated with the current conversion).

The scan sequence is also aborted and reset (meaning that restarting the ADC would restart a new
sequence).

Once this procedure is complete, the ADSTP and ADSTART bits are both cleared by hardware.

set by SW cleared by HW
pex 'k Y
set byiSW cleared by HW
ADSTART y_} d
State OFF J Start { Smpling CH(nj Converting X OFF

ADSTP K j

ADC_DR DATA NL

FigudseSt op ti ming
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14.4. Conversion on external trigger and trigger polarity (EXTSEL, EX-

TEN)

A conversion or a sequence of conversion can be triggered either by software or by an external event
the EXTEN[1: 0]
are able to trigger a conversion with the selected polarity. The trigger selection is effective once software
has set bit ADSTART = 1.

(forexampleti mer capture). | f control

Any hardware triggers which occur while a conversion is ongoing are ignored.

If bit ADSTART = 0, any hardware triggers which occur are ignored.

Source EXTENI[1:0]
Trigger detection disabled 00
Detect on rising edge 01
Detect on falling edge 10
Detects on rising and falling edges 11

Note: The polarity of the external trigger can be changed only when the ADC is not converting (ASTART
= 0).

The EXTSEL[2:0] control bits are used to select which of 8 possible events can trigger conversions.
The following table shows possible external triggers for rule transitions. A software source trigger event
can be generated by setting the ADSTART bit in the ADC_CR register.

Tabl&#£External trigers
Name Source EXTSEL[2:0]
EXTO TIM1 TRGO 000
EXT1 TIM1 CC4 001
EXT2 Reserved 010
EXT3 TIM3_TRGO 011
EXT4 Reserved 100
EXT5 Reserved 101
EXT6 Reserved 110

Note: The trigger selection can be changed only when the ADC is not converting (ADSTART = 0).

It is possible to obtain faster conversion times (tSAR) by reducing the ADC resolution.

14.4.1. Programmable resolution (RES) - fast conversion mode

The resolution can be configured to be either 12, 10, 8, or 6 bits by programming the RES[1:0] bits in

the ADC_CFGR1 register. Lower resolution allows faster conversion times for applications where high

data precision is not required.

Lower resolution mode reduces the conversion time of successive approximation as shown in the table

below:
tsar tsmp tapc(tsmp = 3.5)

REssEL ADC clock tsar(ns) @ ADC clock ADC clock teonv(ns) @
[1:0] ( S fADC = 24MHz ( RES ( R fanc = 24MHz

12 125 521ns 3.5 16 667ns

10 10.5 438ns 3.5 14 583ns

8 8.5 396ns 3.5 12 500ns

6 6.5 271ns 35 10 417ns

The ADC indicates each end of conversion (EOC) event.

14.4.2. End of conversion, end of sampling phase (EOC, EOSMP flags)
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The ADC sets the EOC flag in the ADC_ISR register as soon as a new conversion data result is
available in the ADC_DR register. An interrupt can be generated if the EOCIE bit is set in the ADC_IER
register. The EOC flag is cleared by software either by writing 1 to it, or by reading the ADC_DR
register.

The ADC also indicates the end of sampling phase by setting the EOSMP flag in the ADC_ISR register.
The EOSMP flag is cleared by software by writing1 to it. An interrupt can be generated if the EOSMPIE
bit is set in the ADC_IER register.

14.4.3. End of conversion sequence (EOSEQ flag)
The ADC notifies the application of each end of sequence (EOSEQ) event.
The ADC sets the EOSEQ flag in the ADC_ISR register as soon as the last data result of a conversion
sequence is available in the ADC_DR register. An interrupt can be generated if the EOSEQIE bit is set
in the ADC_IER register. The EOSEQ flag is cleared by software by writing 1.
14.4.4. Example timing diagrams
ADSTART t ' N Y
EOC WA WA WY N
EOSEQ
SCANDIR
State OFF) cH1f cH2) cHsfcH1i0{CH1Y  OFF X cH1lf cH1of cH5) CH2) CH1f OFF
DR X p1) b2 X D5 X D10 ) D11 X p11) p1o) D5 ) D2 Y D1
by sw T by HwW A

Fi gadeeSi ngl e conversions of a sequence,
A EXTEN =0x0, CONT=0

p>3

CHSEL = 0x20601, WAIT = 0, AUTOFF =0
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ADSTART v T
ADSTP Y
EOC AL AL AL AL AL AL AL AL A Al Al
EOSEQ
SCANDIR
State OFF) cH1 ) cH2) cHs)cH10fCH1Y CHIf cH2j cHs) cHiof CH1X  sToP X CH1J CH10} CH5
DR X p1 ) p2 Y b5 X p1of p11f D1 ) b2 { D5 { Dio) D11 D11 | D10
by sw T by HW A
on of a sequence, sof

Fi gad7eCont i nuous conver si
A EXTEN =0x0, CONT =1
CHSEL = 0x20601, WAIT =0, AUTOFF =0

p>3

ADSTART

wre _* [ 1] * ] i $ ] L

EOC :
EOSEQ A_\l,
State OFF) cH1f cH2) cHs{cHi0{CH1Y  OFF Y cHi) cH2) cHs{cHio{CH1]  OFF
DR D1 ¥ D2 ¥ D5 Y D10) D11 D1 { D2 { D5 X D10 D11

by SIW by HiwW A
triggered__ ignored f

Fi gud8&Si ngle conaessquesceof hardware trigger

A EXTSEL = TRGx, EXTEN = 0x1 (rising edge), CONT =0
CHSEL = 0xF, SCANDIR =0, AUTDLY =0, AUTOFF =0

> >
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ADSTART Y
we _f k | [ %
ADSTP *
EOC Mwﬂ;n;ﬂ;w
EOSEQ ' |
SCANDIR /|\
State OFF) cH1) cH2) cHs)fcH10f CH1Y CcH1f cH2j cHs) cHiof CH1Y  sTOP
DR D1 | D2 X b5 ) p1o) b1 D1 X D2 J D5 { D1o) D11
bysw T by W A
triggered__ ignored %

Fi gdHdeConti nuous conversion of a sequence,
EXTSEL = TRGx, EXTEN = 0x2 (falling edge), CONT =1

>

CHSEL = OxF, SCANDIR = 0, WAIT = 0, AUTOFF =0

14.5. Data management

14.5.1. Data register and data alignment (ADC_DR, ALIGN)

At the end of each conversion (when an EOC event occurs), the result of the converted data is stored
in the ADC_DR data register which is 16-bit wide.

The format of the ADC_DR depends on the configured data alignment and resolution. The ALIGN bit
in the ADC_CFGRL1 register selects the alignment of the data stored after conversion. Data can be

right-aligned (ALIGN = 0) or left-aligned (ALIGN = 1) .

ALIGN | RESSEL [ 15|14 1312|1110 9[8[ 7[]6e]5s5]a[3][2]1]o0

0X0 0X0 DATA[11:0]

0 0X1 0X0 DATA[9:0] | _oxo
0X2 0X0 DATA[7:0] | 0x0
0X3 0X0 DATA[6:0] | 0X0
0X0 DATA[11:0] 0X0

1 0X1 DATA[9:0] | oxo 0X0
0x2 DATA[7:0] | 0x0 0X0
0X3 DATA[6:0] | 0X0 0X0

14.5.2. ADC overrun (OVR, OVRMOD)

The overrun flag (OVR) indicates a data overrun event, when the converted data was not read in time

by the CPU or the DMA, before the data from a new conversion is available.
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The OVR flag is set in the ADC_1 SR

conversion completes. An interrupt can be generated if the OVRIE bit is set in the ADC_IER register.
When an overrun condition occurs, the ADC keeps operating and can continue to convert unless the

software decides to stop and reset the sequence by setting the ADSTP bit in the ADC_CR register.

The OVR flag is cleared by software by writing 1 to it.

It is possible to configure if the data is preserved or oveRWritten when an overrun event occurs by

programming the OVRMOD bit in the ADC_CFGR1 register:
A OVRMOD =0

U An overrun event preserves the data register from being oveRWritten: the old data is maintained

and the new conversion is discarded. If OVR remains at 1, further conversions can be performed

but the resulting data is discarded.
OVRMOD =1

b3

U  The data register is oveRWritten with the last conversion result and the previous unread data is

lost. If OVR remains at 1, further conversions can be performed and the ADC_DR register always

contains the data from the latest conversion.

register

ADSTART

ADSTP

T v

v

Read access

1. _|.

[

T

.b
;
1

i-

1

[1

S R e ¥ o S N o A

L i _|:| | i L
EOSEQ ] i N i —A |
IR R |

State  OFF) cH1) cH2) cH5)cHibfCcH1Y chif dH2{ cHE) cHiogf €H1K T sToP
[ [ [ il [ [ [
DR N — - —+—{

_ pi ) b2 Y b5 DiO - 1) b2 D5 ! ‘ D11
(OVRMODE=0) ! , : , , ] A ,
| | | [ | | |
DR : : : : ! ! :

(OVRMODE=1) X o1 X b2 ) bs') piof plif b1 ) pd ) ps ) biof ! D11
7 I [ [
| | |

by S/W

by W A

Fi gd#leOverurn

14.5.3. Managing a sequence of data converted without using the DMA

If the conversions are slow enough, the conversion sequence can be handled by software. In this case
the software must use the EOC flag and its associated interrupt to handle each data result. Each time
a conversion is complete, the EOC bit is set in the ADC_ISR register and the ADC_DR register can

be read. The OVRMOD bit in the ADC_CFGR1 register should be configured to 0 to manage overrun

events as an error.
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14.5.4.

14.5.5.

145.5.1.

14.5.5.2.

Managing converted data without using the DMA without overrun

It may be useful to let the ADC convert one or more channels without reading the data after each
conversion. In this case, the OVRMOD bit must be configured at 1 and the OVR flag should be ignored
by the software. When OVRMOD = 1, an overrun event does not prevent the ADC from continuing to

convert and the ADC_DR register always contains the latest conversion data.

Managing converted data using the DMA

Since all converted channel values are stored in a single data register, it is efficient to use DMA when
converting more than one channel. This avoids losing the conversion data results stored in the
ADC_DR register. When DMA mode is enabled (DMAEN bit set to 1 in the ADC_CFGR1 register), a
DMA request is generated after the conversion of each channel. This allows the transfer of the con-
verted data from the ADC_DR register to the destination location selected by the software.

Despite this, if an overrun occurs (OVR = 1) because the DMA could not serve the DMA transfer
request in time, the ADC stops generating DMA requests and the data corresponding to the new con-
version is not transferred by the DMA. Which means that all the data transferred to the RAM can be
considered as valid(due to invalid data no longer transmitted).

Depending on the configuration of OVRMOD bit, the data is either preserved or covered.

The DMA transfer requests are blocked until the software clears the OVR bit.

Two different DMA modes are proposed depending on the application use and are configured with bit
DMACEFG in the ADC_CFGRL1 register:

A DMA one shot mode(DMACFG = 0)

This mode should be selected when the DMA is programmed to transfer a fixed number of data words.
A DMA circular mode (DMACFG = 1)

This mode should be selected when programming the DMA in circular mode.

DMA one shot mode (DMACFG =0)

In this mode, the ADC generates a DMA transfer request each time a new conversion data word is
available and stops generating DMA requests once the DMA has reached the last DMA transfer even
if a conversion has been started again (When the DMA_EOT interrupt is generated, the next ADC
conversion may have started).

When the DMA transfer is complete (all the transfers configured in the DMA controller have been done):

A The content of the ADC data register is frozen
A Any ongoing conversion is aborted and its partial result discarded
A No new DMA request is issued to the DMA controller. This avoids generating an overrun error if

there are still conversions which are started.

A The scan sequence is stopped and reset

A The DMA is stopped

DMA circular mode(DMACFG =1)
In this mode, the ADC generates a DMA transfer request each time a new conversion data word is
available in the data register, even if the DMA has reached the last DMA transfer. This allows the DMA

to be configured in circular mode to handle a continuous analog input data stream.
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14.6. Low-power features

14.6.1. Wait mode conversion

Wait mode conversion can be used to simplify the software as well as optimizing the performance of
applications clocked at low frequency where there might be a risk of ADC overrun occurring.

When the WAIT bit is set to 1 in the ADC_CFGR1 register, a new conversion can start only if the
previous data has been treated, once the ADC_DR register has been read or if the EOC bit has been
cleared. This is a way to automatically adapt the speed of the ADC to the speed of the system that
reads the data.

Note: Any hardware triggers which occur while a conversion is ongoing or during the wait time preced-

ing the read access are ignored.

ADSTART t
ADSTP v

EOC A_\!, w
i !
|

| | ,

EOSEQ i 1 .

! | | |

State _ OFF) cH1) pLY ) cHs pLY YcHi¥ oY) cHif oLy { chs ) sTop

| | | I

DR ! ! i
(OVRMODE=0} D1 D5, p11 D1 ) D5

| .

Read access |_| |_| |_] |_]

bysw T by Hw A

Fi glrda Wait mode conversion
A EXTEN =0x0, CONT =1

>

CHSEL = 0x3, SCANDIR =0, AUTDLY =1, AUTOFF =0

14.7. Analog window watchdog

The AWD analog watchdog feature is enabled by setting the AWDEN bit in the ADC_CFGR1 register.
It is used to monitor that either one selected channel or all enabled channels remain within a configured
voltage range (window).

The AWD analog watchdog status bit is set if the analog voltage converted by the ADC is below a lower
threshold or above a higher threshold. These thresholds are programmed in the 12 least significant bits
of the ADC_HTR and ADC_LTR 16-bit registers. An interrupt can be enabled by setting the AWDIE bit
in the ADC_IER register. The AWD flag is cleared by software by writing 1 to it. When converting a data
with a resolution of less than 12-bit (according to bits DRES[1:0]), the LSB of the programmed thresholds
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must be kept cleared because the internal comparison is always performed on the full 12-bit raw con-

verted data (left aligned).

Tabl4&Anal og

wat chdog

comparison

. : Analog Watchdog comparison between:
Resolution bits
RES[L:0] R G Thresholds Comments
' data, left aligned
00: 12-bit DATA[11:0] LT[11:0] and HT[11:0] -
. . ) . . The user must configure
01: 10-bit DATA[11:2],00 LT[11:0] and HT[11:0] LT[1:0] and HT[1:0] o 00
. . . . . The user must configure
10: 8-bit DATA[11:4],0000 LT[11:0] and HT[11:0] LT[3:0] and HT[3:0] to 0000
The user must configure
11: 6-bit DATA[11:6],000000 LT[11:0] and HT[11:0] LT[5:0] and HT[5:0] to
00000
Analog volta%{e
HT
Guarded area
LT L
Fi gdadle2Anal og watchdog guarded area
Tabl#4Anal og watchdog channel selecti
Channels guarded by the analog watchdog AWDSGL bit AWDEN bit
None X 0
All channels 0 1
Single channel 1 1

14.7.1. ADC_AWD_OUT signal output generation

The analog watchdog is associated with an internal hardware signal, ADC_AWD_OUT is directly con-

nected to the ETR input (external trigger) of the on-chip timer TIM1.

When the analog watchdog is enabled, ADC_AWD_OUT is activated:

ADC_AWD_OUT will be set.

the programmed threshold. It will remain at 1 if the next protected transition still exceeds the

programmed threshold.

to 1) may clear the ADC_AWDXx_OUT state.

The AWD flag is set by hardware and reset by software: the AWD flag has no effect on the generation
of ADC_AWD_OUT (eg, if the flag is not cleared by software, ADC_AWDx_OUT can toggle while the

AWDXx flag remains at 1).

The ADC_AWD_OUT signal is generated by the PCLK domain.

AWD comparison is performed at the end of each ADC conversion.

A When the conversion of the channel selected by AWDCH exceeds the programmed threshold,

A After the conversion of the next channel selected by AWDCH, ADC_AWD_OUT is reset within

A ADC_AWD_OUT is also reset when ADC is disabled. Note that stopping conversion (ADSTP set

A Channels not selected as analog watchdog do not affect ADC_AWD_OUT status bits.
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14.8. Temperature sensor and internal reference voltage

A temperature sensor can be used to measure the junction temperature (TJ) of the device.

The temperature sensor is internally connected to the ADC input channel, which can be used to convert
the sensor's voltage value to a humerical value. The sampling time of the temperature sensor must be
greater than the minimum value of Ts_temp given in the datasheet. When the temperature sensor is not
in use, the sensor can be placed in a power-down mode.

The output voltage of the temperature sensor varies linearly with temperature, but each chip has subtle
differences related to process variables. In order to improve this accuracy, the calibration value of each
chip will be individually given by the product test and saved in the system storage area.

The internal voltage reference (VREFINT) provides a regulated voltage output to the ADC and compar-
ator.

Note: The TSVREF bit must be set to activate two internal channels: temperature sensor, VREFINT.

TSEN control bit

Temperature
sensor TS_VIN
ADC
BG VREFINT

VREFEN control bit

Fi gadledarS amREFVNT channel

How to use the temperature sensor to read the temperature:
1. Select ADC1_IN11 input channel
2. Select an appropriate sampling time according to the device specification
3. Set the TSEN bit in the ADC_CCR register to wake up the temperature sensor from power down
mode
4. Start ADC conversion with ADSTART bit set in ADC_CR register (external trigger is also available)
5. Read VSENSE conversion data from ADC_DR register
6. x6 version(Ta =-40 to 85 N ) product,count the temperature using the following formula:
Yoa R el el oo 23y W oma
YY YY
TScaL2 represents the calibration value of the 85C temperature sensor, the calibration value storage
Address offset: Ox1FFF OF18
TScaL1 represents the calibration value of the 30T temperature sensor, the calibration value storage
Address offset: Ox1FFF OF14
TSpata is the actual output value converted by the ADC
X7 version(Ta = -40 to 105 N ) product,count the temperature using the following formula:

YOG N Ol COE6 1 pms aoTm3 Ny Ny
Q#
an Qi odsoi v, v, O T3
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TScac2 represents the calibration value of the 105€ temperature sensor, the calibration value storage

Address offset: Ox1FFF OF18

TScaL1 represents the calibration value of the 30T temperature sensor, the calibration value storage

Address offset: Ox1FFF OF14

TSpata is the actual output value converted by the ADC

Note: When the sensor wakes up from power-down mode, it needs a start-up time to correctly output

VSENSE, and the ADC also has a start-up time after power-on. To reduce this delay, you need to set

the ADEN and TSEN bits at the same time.

Calculating the actual Vcc voltage using the internal reference voltage

00800 "

®wYO' 000 pRewy ————— w00

TTMTWU
Calculating the Vchannnel voltage using the the actual Vcc

o QR O000 WD
w0 00U UV OB—— woo
TTTWL
VREFINT is fixed at 1.2V,
VCHANNEL is the channel voltage,
ADC_DATA is the conversion data in ADC_DR,

4096 is represented as 12 bits.

14.9. ADC interrputs

ADC interrupts can be generated by any of the following events:
A End of any conversion (EOC flag)

A End of sequence conversion (EOS flag)

A When analog watchdog detection occurs (AWD flag)

A Occurs when the sampling phase ends (EOSMP flag)

A When data overshoot occurs (OVR flag)

Separate interrupt enable bit for flexible setting of ADC interrupts

Tabl4ADC interrput

Interrupt event Event flag Enable control bit
End of conversion EOC EOCIE
End of sequence of conversions EOS EOSIE
Analog watchdog status bit is set AWD AWDIE
End of sampling phase EOSMP EOSMPIE
Overrun OVR OVRIE
14.10. ADC registers
14.10.1. ADC interrupt and status register (ADC_ISR)
Address offset: 0x00
Reset value: 0x0000 0000
|31 | 30 [ 20 [ 28 [ 27 [ 26 [ 25 [ 24| 23 [ 2221 ] 20 | 10 | 18 | 17 [ 16 |
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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 | AWD | Res | Res | OVR | EOSEQ | EOC | EOSMP | Res
rc_wl rc wl| rcwl |rcwl| rcwl
Bit Name R/W R Function
Value
31:8 Reserved
Analog watchdog flag
This bit is set by hardware when the converted voltage crosses the values
programmed in the ADC_LTR and ADC_HTR registers. It is cleared by soft-
7 AWD RC W1 0 ware writing 1 to it.
0: No analog watchdog event occurred (or the flag event was already
acknowledged and cleared by software)
1: Analog watchdog event occurred
6:5 Reserved
ADC overrun
This bit is set by hardware when an overrun occurs, meaning that a new con-
version has complete while the EOC flag was already set. It is cleared by soft-
4 OVR RC_W1 0 ware writing 1 to it.
0: No overrun occurred (or the flag event was already acknowledged and
cleared by software)
1: Overrun has occurred
End of sequence flag
This bit is set by hardware at the end of the conversion of a sequence of
channels selected by the CHSEL bits. It is cleared by software writing 1 to it.
3 EOSEQ | RC_W1 0 0: Conversion sequence not complete (or the flag event was already acknowl-
edged and cleared by
software)
1: Conversion sequence complete
End of conversion flag
This bit is set by hardware at the end of each conversion of a channel when a
new data result is available in the ADC_DR register. It is cleared by software
5 EOC RC W1 0 writing 1 to it or by reading the ADC_DR
- register.
0: Channel conversion not complete (or the flag event was already acknowl-
edged and cleared by software)
1: Channel conversion complete
End of sampling flag
This bit is set by hardware during the conversion, at the end of the sampling
phase.lt is cleared by software by |
1 EOSMP | RC WG 0 0: Not at the end of the sampling phase (or the flag event was already
acknowledged and cleared by software)
1: End of sampling phase reached
0 Reserved

14.10.2. ADC interrupt enable register (ADC_IER)

Address offset: 0x04
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 Res Res Re Re Res Res Re Res Re
S S S S S S S S 5 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. AWDI Re Re OVRI EOSE | EO EOSMPI Re
S S S S S S S S E S s E QIE CIE E S

RwW RwW RW RW RW
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Bit

Name

R/W

Reset Value

Function

31:8

Reserved

AWDIE

RW

Analog watchdog interrupt enable

This bit is set and cleared by software to ena-
ble/disable the analog watchdog interrupt.

0: Analog watchdog interrupt disabled

1: Analog watchdog interrupt enabled

6:5

Reserved

OVRIE

RW

Overrun interrupt enable

This bit is set and cleared by software to ena-
ble/disable the overrun interrupt.

0: Overrun interrupt disabled

1: Overrun interrupt enabled. An interrupt is
generated when the OVR bit is set.

EOSEQIE

RW

End of conversion sequence interrupt enable
This bit is set and cleared by software to ena-
ble/disable the end of sequence of conversions
interrupt.

0: EOSEQ interrupt disabled

1: EOSEQ interrupt enabled. An interrupt is
generated when the EOSEQ bit is set.

EOCIE

RW

End of conversion interrupt enable

This bit is set and cleared by software to ena-
ble/disable the end of conversion interrupt.

0: EOC interrupt disabled

1: EOC interrupt enabled. An interrupt is gener-
ated when the EOC bit is set.

EOSMPIE

RW

End of sampling flag interrupt enable

This bit is set and cleared by software to ena-
ble/disable the end of the sampling phase in-
terrupt.

0: EOSMP interrupt disabled.

1: EOSMP interrupt enabled. An interrupt is
generated when the EOSMP hit is set.

Reserved

14.10.3.

Description: Software can write these bits when ADSTART = 0 (to ensure that no conversion is in

progress)

Address offset: 0x08

Reset value: 0x0000 0000

ADC control register (ADC_CR)

31

30 29 28

27

26 25

24 23

22 21 20 19 18 17 16

AD-
CAL

Res Res | Res

Res

Res Res

Res Res

Res | Res | Res | Res Res Res Res

RS

15

14 13 12

11

10 9

Res

Res Res | Res

Res

Res Res

Res Res

Res | Res Res Res | ADEN

AD- AD-
STP START

RS RS RS

Bit

Name

R/W

Reset Value

Function

31

ADCAL

RS

ADC calibration

This bit is set by software to start the calibration
of the ADC.

It is cleared by hardware after calibration is
complete.

0: Calibration complete

1: Write 1 to calibrate the ADC. Read at 1
means that a calibration is in progress.

30:5

Reserved
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Bit

Name

R/W

Reset Value

Function

ADSTP

RS

ADC stop conversion command

This bit is set by software to stop and discard an
ongoing conversion (ADSTP Command).

It is cleared by hardware when the conversion is
effectively discarded and the ADC is ready to
accept a new start conversion command.

0: No ADC stop conversion command ongoing
1: Write 1 to stop the ADC. Read 1 means that
an ADSTP command is in progress.

Reserved

ADSTART

RS

ADC start conversion command

This bit is set by software to start ADC conver-
sion. Depending on the EXTEN [1:0] configura-
tion bits, a conversion either starts immediately
(software trigger configuration) or once a hard-
ware trigger event

occurs (hardware trigger configuration).

It is cleared by hardware:

T In single conversion mode (CONT = 0, DIS-
CEN = 0), when software trigger is selected
(EXTEN = 00): at the assertion of the end of
Conversion Sequence (EOSEQ) flag.

i In discontinuous conversion mode(CONT = 0,
DISCEN = 1), when the software trigger is se-
lected (EXTEN = 00): at the assertion of the end
of Conversion (EOC) flag.

i In all other cases: after the execution of the
ADSTP command, at the same time as the AD-
STP bit is cleared by hardware.

Note: Software is allowed to set ADSTART only
when ADEN =1 (ADC is enabled and there is
no pending request to disable the ADC)

Reserved

ADEN

RS

ADC enable command

Software setting this bit enables the ADC and
the ADC will be ready to operate.

0: ADC disabled (OFF state)

1: enable ADC

14.10.4. ADC configuration register 1 (ADC_CFGR1)

Address offset: 0x0C
Reset value: 0x0000 0000

31 | 30 29 | 28 [27]26 ] 25] 24 23 22 21 [ 2019 ] 18 17 16
Re Re | Re | AWDE | AWDS Re | Re DIS-
s Res AWDCH s s N GL Res s _ Res Res CEN
R R
RW RwW Wl w RwW RwW RW
15 14 13 12 11 | 10 9 8 7 6 5 4 3 2 1 0
QOV- SC
Re | WAI | CON RMO Re | Re | Re EXTSEL ALIG | RES_SE ADI DMACF | DMAE
S T T S S S N L G N
D R
RwW RW RwW R RwW RwW RW R R RW RW RW
W W | W
Bit Name R/W Rzl Function
Value
31:30 Reserved
. ) Analog watchdog channel selection, software can clear and set this bit.
29:26 | AWDCH[3.0] | RW 0000 Analog Watchdog Monitors Selected Input Channels
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0000: ADC analog input channel 0

0001: ADC analog input channel 1

0010: ADC analog input channel 2

é.

1011: Reserved

1011: ADC analog input channel 11

1100: ADC analog input channel 12

Other values: reserved bits

Note: The channel configured by the AWDCH][3:0] bits also needs to be
set to the CHSELR register

Software is allowed to write these bhits only when ADSART = 0 (to en-
sure no conversions are in progress)

25:24

Reserved

23

AWDEN

RW

Analog Watchdog Enable

Software can set and clear this bit

0: Disable analog watchdog

1: Enable watchdog

Software is allowed to write these bits only when ADSART = 0 (to en-
sure no conversions are in progress)

22

AWDSGL

RW

Enable analog watchdog on one channel or all channels

Software can set and clear this bit to enable the analog watchdog on the
channel or all channels set by the AWDCH]J3:0] bits

0: Enable analog watchdog on all channels

1: Enable analog watchdog on one channel

Software is allowed to write these bits only when ADSART = 0 (to en-
sure no conversions are in progress)

21:17

Reserved

16

DISCEN

RW

discontinuous mode

Software can set and clear this bit to enable/disable discontinuous mode
0: Disable discontinuous mode

1: Enable discontinuous mode

It is not possible to enable both discontinuous and continuous modes,
setting DISCEN = 1 and CONT = 1 is prohibited.

Software is allowed to write these bits only when ADSART = 0 (to en-
sure no conversions are in progress)

15

Reserved

14

WAIT

RW

wait for conversion mode

Software can set and clear this bit to enable/disable wait for conversion
mode

0: wait for conversion mode to close

1: Wait for conversion mode to open

Software is allowed to write these bits only when ADSART = 0 (to en-
sure no conversions are in progress)

13

CONT

RW

Single/Continuous Conversion Mode

Software can set and clear this bit. If set to 1, the conversion will occur
consistently until the bit is cleared

It is not possible to enable both discontinuous and continuous modes,

setting DISCEN =1 and CONT = 1 is prohibited.

Software is allowed to write these bits only when ADSART = 0 (to en-

sure no conversions are in progress)

12

OVRMOD

RW

Overload Management Mode

Software can set and clear this bit to configure how data overload is
managed

0: ADC_DR register retains old value when overload occurs

1: When an overload occurs, the ADC_DR register will be oveRWritten
by the last conversion result

Software is allowed to write these bits only when ADSART = 0 (to en-
sure no conversions are in progress)

11:10

EXTEN[L:0]

RwW

00

External trigger enable and polarity selection

Software can set and clear this bit, select drive polarity and enable drive
00: Hardware driver detection disabled (software boot transition)

01: Rising edge hardware drive detection

10: Falling edge hardware driver detection

11: Rising edge and falling edge hardware driver detection

Software is allowed to write these bits only when ADSART = 0 (to en-
sure no conversions are in progress)

Reserved

8:6

EXTSEL[2:0]

RwW

000

External trigger selection
This bit selects the external event that triggers the start of a conversion
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000: TRGO(TIM1_TRGO)
001: TRG1(TIM1_CC4)
010: TRG2(Reserved)
011: TRG3(TIM3_TRGP)
100: TRG4(Reserved)
101: TRG5(Reserved)
110: TRG6(Reserved)
111: TRG7(Reserved)

ALIGN RW 0

Data alignment

Software sets and clears this bit to select right or left justification

0: right-aligned

1: Left-aligned

Software is allowed to write these bits only when ADSART = 0 (to en-
sure no conversions are in progress)

4:3 | RESSEL[1:0] | RW 00

Data resolution

Software sets this bit to select the conversion resolution
00: 12 bits

01: 10 bits

10: 8 bits

11: 6 bits

These bits are software operable only when ADEN =0

SCANDIR RW 0

Scan sequence direction

Software can set and clear this bit to select the scan sequence direction
0: Up (from channel 0 to channel 11)

1: Down (from channel 11 to channel 0)

Software is allowed to write these bits only when ADSART = 0 (to en-
sure nNo conversions are in progress)

DMACFG RW

DMA Configuration

This bit can be set and cleared by software, selects between two DMA
modes of operation and is valid when DMAEN =1

0: DMA single mode selection

1: DMA cycle mode selection

Software is allowed to write these bits only when ADSART = 0 (to en-
sure no conversions are in progress)

DMAEN RW 0

Direct Memory Access Enable

Software can set and clear this bit to enable the generation of DMA re-
quests. Manage auto-conversion data with DMA controller

0: DMA is not enabled

1: Enable DMA

14.10.5. ADC configuration register 2 (ADC_CFGR?2)

Address offset: 0x10

Reset value: 0x0000 0000

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

RW RW [ RW | RW

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 | Res | Res | Res | Res
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Bit

Name

R/W

Reset
Value

Function

31:28

C

KMODE
[3:0]

RW

ADC clock mode, software can set and clear this bit to define the
clock source of the analog ADC

0000:
0001:
0010:
0011:
0100:
0101:
0110:
1000:
1001:
1010:
1011:
1100:
1101:
1110:
Note:
ADCAL = 0, ADSTART =0, ADSTP = 0 and ADEN = 0 only when
ADC is not enabled). Software is allowed to manipulate these bits

PCLK

PCLK/2
PCLK/4
PCLK/8
PCLK/16
PCLK/32
PCLK/64

HSI

HSI/2
HSI/4
HSI/8

HSI/16
HSI/32
HSI/64

27:0

Reserved

14.10.6. ADC sampling time register (ADC_SMPR)

Address offset: 0x14

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 Res Res Res | Res | Res | Res | Res SMP
RW | RW [ RW
Bit Name R/W Reset Value Function
31:3 Reserved
Sampling time selection
Software configurable bit selects the sampling time for all
channels
000: 3.5 ADC clock cycles
001: 5.5 ADC clock cycles
010: 7.5 ADC clock cycles
2:0 SMPJ[2:0] RW 000 011: 13.5 ADC clock cycles

100: 28.5 ADC clock cycles

101: 41.5 ADC clock cycles

110: 71.5 ADC clock cycles

111: 239.5 ADC clock cycles

Software is allowed to write these bits only when ADSART
= 0 (to ensure no conversions are in progress)

14.10.7. ADC watchdog threshold register (ADC_TR)

Address offset: 0x20
Reset value: OxOFFF 0000

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

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
Res Res Res Res LT

RW [RW[RW ]| RW [RW [ RW][RW ]| RW [RW [ RW | RW [ RW
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Bit Name R/W 2GR Function
Value
3128 | _N&
served
Analog Watchdog High Threshold
. . Software configurable to define analog watchdog high threshold
2r:16 | HT[11.0] | RW OxFFF Software is allowed to write these bits only when ADSART = 0 (to ensure no
conversions are in progress)
15:12 Re-
served
Analog Watchdog Low Threshold
. . Software configurable to define analog watchdog low threshold
11:0 LT11:0] | RW 0x000 Software is allowed to write these bits only when ADSART = 0 (to ensure no
conversions are in progress)
14.10.8. ADC channel selection register (ADC_CHSELR)
Address offset: 0x28
Reset value: 0x0000 0000
31 | 30 | 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Re | Re | Re | Res Res | Re | Res Res Res Res Res Res Res Res Res Res
S S s S
15 | 14 | 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CHS | CHS
Re | Re | Re EL EL Re | CHS | CHS | CHS | CHS | CHS | CHS | CHS | CHS | CHS | CHS
S s |s 12 11 |8 EL9 | EL8 | EL7 | EL6 | EL5 | EL4 | EL3 | EL2 | EL1 | ELO
RW RW \I;av RW RW RW RW RW RW RW RW RW RW
Bit Name R/W | Reset Value Function
31:14 Reserved 0
13 Reserved RW 0
Channel 12 (VREFINT) select enable
0: Channell2 is not selected for conversion
12 CHSEL12 RW 0 1: Channell2 is selected for conversion
Software is allowed to write this bit only if ADSART =0
(to ensure no conversions are in progress)
Channel 11 (TS) select enable
0: Channell1l is not selected for conversion
11 CHSEL11 RW 0 1: Channelll is selected for conversion
Software is allowed to write this bit only if ADSART =0
(to ensure no conversions are in progress)
10 Reserved RW 0
Channel selection
These bits are software configurable to define the se-
quence conversion channel
9:0 CHSELx RW 0x0000 0: Input channel-x is not selected for conversion
1: Input channel-x is selected for conversion
Software is allowed to write these bits only when AD-
SART = 0 (to ensure no conversions are in progress)

14.10.9. ADC dataregister (ADC_DR)

Address offset: 0x40
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
DATA[15:0]
R I RI]RJ]JRIJR RIRIR|IRJRJRIJ]RIJIRI]IRI]IRIR
| Bit | Name | RIW | Reset Value | Function |
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31:16

Reserved

15:0

Reserved

0x0

Converted data

This bit is read-only. The conversion result of the last
converted channel is placed in this register. Data is left-
aligned or right-aligned.

14.10.10. ADC calibration configuration and status registers (ADC_CCSR)

Address offset: 0x44
Reset value: 0x0000 0000

31 30 29 28 27 26 | 25 | 24 | 23 | 22 | 21 | 20 | 19 | 18 | 17 | 16
CALON | CALFAI Res Res Res Re | Re | Re | Re | Re | Re | Re | Re | Re | Re | Re
. L S S S S S S S S S S S
R RC W1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res Res CALSMP[2:0 | CALSE Re | Re | Re | Re | Re | Re | Re | Re | Re | Re | Re
] L s S S S S S S S S S S
RW RW
Bit Name R/W Reset Value Function
Calibration flag, indicating that ADC calibra-
tion is in progress.
31 CALON R 0 1: ADC calibration in progress
0: ADC calibration has ended or ADC cali-
bration has not been started
Calibration fail flag, which shows whether
the ADC calibration is successful, used in
conjunction with CALON.
CALON =0, CALFAIL = 1: ADC calibration
failed
30 CALFAIL RC_W1 0 CALON =0, CALFAIL = 0: ADC calibration
is successful
CALON =1, CALFAIL = 0: Calibrating
CALON =1, CALFAIL = 1: Invalid state
Set by hardware, cleared by software writing
1 or cleared by software writing ADCAL = 1.
29:14 Reserved - 0 -
Calibration sample time selection
Configure the number of clock cycles for the
sampling phase of calibration based on the
following information:
00: 2 ADC clock cycles
. . 01: 4 ADC clock cycles
13:12 CALSMPJ[2:0] RW 0 10: 8 ADC clock cycles
11: 1 ADC clock cycle
The longer the cycle of configuring SMP dur-
ing calibration, the more accurate the cali-
bration result, but this configuration will bring
the problem of prolonged calibration cycle
Calibration content selection bit, used to se-
lect the content that needs to be calibrated
= CALSEL RW 0 1: Calibrate OFFSET and linearity
0: Only calibrate OFFSET
10:0 Reserved - 0 -
14.10.11. ADC common configuration register (ADC_CCR)
Address offset: 0x308
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 | TSEN | VREFEN | Res | Res | Res | Res | Res | Res
RW RW
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
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Res | Res | Res | Res | Res | Res | Res | Res Res Res Res | Res | Res | Res | Res | Res
Bit Name R/W Reset Value Function
31:24 Reserved
Temperature sensor enable bit, software can set and clear
this bit, enable/disable temperature sensor
23 TSEN RW 0 0: Disable
1: enable
Software is allowed to write these bits only when ADSART
= 0 (to ensure no conversions are in progress)
Reference Vrefint enable bit, software can set and clear
this bit, enable/disable reference Vrefint
22 VREFEN RW 0 0 Disable
1: enable
Software is allowed to write these bits only when ADSART
= 0 (to ensure no conversions are in progress)
21:.0 Reserved

14.10.12. ADC register map
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15.Comparator (COMP)

15.1. Introduction

Two general purpose comparators (general purpose comparators) COMP are integrated in the chip,
namely COMP1 and COMP2. These two modules can be used as separate modules or combined with
timer.

Comparators can be used as follows:

A Triggered by analog signal to generate low power mode wake-up function

A Analog signal conditioning

A Current control loop of Cycle by cycle when connected with PWM output from timer

15.2. COMP main features
A Each comparator has configurable positive or negative input for flexible voltage selection
U  Multiple I/O pins
i vce
U  Output of temperature sensor

U Internal reference voltage and 3 fractional values (1/4, 1/2, 3/4) provided by voltage divider

A Configurable hysteresis function
A Programmable speed and power consumption
A Output can be connected to I/O or timer input as trigger
U OCREF_CLR event (cycle by cycle current control)
U Brake for fast PWM shutdown
A COMP1 and COMP2 can be combined into window COMP
A Each COMP has interrupt generation capability, which is used as wake-up (via EXTI) from low-

power modes (sleep and stop modes)

15.3. COMP function description

15.3.1. COMP diagram
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COMRWINMODE

COMP analog COMPCTRL
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15.3.2. COMP pins and internal signals

15.3.3.

The 1/0O used as comparator input must be configured in analog mode in the GPIO register.

The comparator output can be connected to the I/O pin through the alternate function channel (alter-

nate function) on the GPIO.

The outputs can also be internally connected to the inputs of various timers for the following purposes:

A

>

A

COMP reset and clock

The COMP module has two clock sources:

Input capture for timing measurements

Cycle-by-cycle current control using OCREF_CLR input

1) PCLK (APB clock), used to provide the clock to the configuration register

When the brake input is connected, the emergency shutdown of the PWM signal

2) COMP clock, used for the clock of the circuit after the analog comparator output (the latch circuit of

the analog output, the glitch filter circuit, etc.), which can be selected as PCLK or LSI. When you need

to work in stop mode, choose LSI.

The reset signal sources of the COMP module are:

1) The reset of the circuit after the analog comparator output (the latch circuit of the analog output, the

glitch filter circuit, etc.), the reset signal includes the APB reset source and the COMP module software

reset source (RCC_APBRSTR2.COMP1RST and RCC_APBRSTR2.COMP2RST)

15.3.4. COMP lock mechanism
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15.3.5.

15.3.6.

15.3.7.

Comparators can be used for safety purposes such as overcurrent and temperature protection. For
applications with specific functional safety requirements, it is necessary to ensure that the comparator
program cannot be rewritten in the event of register access errors and PC (program counter) confusion.
Thus, the comparator control and status registers can be write protected (read only).

If the write to the register is complete, the COMPx Lock bit is set to 1, which makes the entire register
read-only, including the COMPXx Lock bit.

Write protection can only be reset by the chip's reset signal.

Window comparator

The role of the Window comparator is to monitor whether the analog voltage is within the low and high
thresholds.

A window comparator can be created using two comparators. The monitored analog voltage is con-
nected to the non-inverting (+) inputs of both comparators at the same time, and the high and low
thresholds are connected to the inverting inputs (-) of the two comparators, respectively.

By enabling the WINMODE bit, the non-inverting (+ input) of the two comparators can be connected

together to save one I/O pin.

Input COMP1_ IN
d COMP1_OUT
Upper threshold L compP1 INM COMP]’ S
COMP2_INR
. M COMP2_OUT
Lower threshold COMP2 S L
COMPZ_INM|

Figa®2eWi ndow comparator

Hysteresis

To avoid spurious output transitions in noisy signal conditions, the comparator can be enabled with
hysteresis (by enabling the HYST bit in COMP1_CSR, both COMP1 and COMP2 hysteresis can be

turned on).

Power modes

The power consumption and propagation delay of the comparator can be selected from different
modes by the PWRMODE([1:0] bits of the COMPx_CSR register to achieve the most suitable trade-off
in a specific application. The optional modes include high speed and medium speed. Relatively speak-
ing, the high speed mode consumes more power and has a smaller transmission delay. Note that
before entering stop, if you select the PWR_CR2 register LPR =1 (that is, choose to use the low power

regulator to supply power), you need to first set COMP at Medium speed (PWRMODE = 01).
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15.3.8.

In addition, in order to reduce power consumption, APB clock and COMP clock are controlled by

RCC_APBENR2.COMP1EN (and RCC_APBENR2.COMP2EN), software can only enable this regis-

ter when using COMP module.

Comparator filtering

The output filter function of COMP and the corresponding filter width can be enabled by setting the

COMP_FR register. Note that this setting should be done before COMP_EN is enabled.

COMPEN

FLTEN

Comparator
output

waveform —

—>

Digital filter

L

filter

filter

espon &

time

circuit output

waveform

respo
nse
time

—>

Note: The filter response ime is determined by the value set by the FLTCNT register, and the response

time is (FLTCNT+1)T

15.3.9. COMP interrupt

The comparator output is internally connected to the EXTI controller (extended interrupts and events).

Fi gadB3eCOMP

fil

ter

Each comparator has a separate EXTI line (17 and 18) and can generate interrupts or events. The

same mechanism is used for wake-up from low power.

15.4. COMP registers

15.4.1. COMP1 control and status registers (COMP1_CSR)

Address offset: 0x00
Reset value: 0x0000 0000

31 30 29 | 28 27 26 | 25 24 [ 23] 22212019 ] 18 17 16
PWR-
LOCGPORFQ | FEW Ra Res | "€ | Res | Res | "¢ |Re | Re | Re | yope: | Res | HYST
K uT S S s s s s S 0]
R R
RW R wlw RW
15 14 13 | 12 11 10 9 8 7 6 5 4 3 2 1 0
PO- . SCALE | COMP
LAR- | Res Rse Rse ngyo Rse 'NP%']EL[L INMSEL[3:0] Rse Rse R 1
ITY _EN _EN
R R R R
RW - - RW - RW | RW W W W W RW RW
Bit Name R/W Reset Value Function
COMP1_CSR register lock
Set by software and cleared by system reset. When set,
31 LOCK RW 0 all 32 bits of the COMP1_CSR register are locked
0: Unlocked, the entire register can be read and written
1: Locked, the entire register is read-only
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Bit

Name

R/W

Reset Value

Function

30

COMP_OUT

COMP1 output status
This bit is read-only and reflects the polarity-selected
output level of COMP1.

29:20

Reserved

19:18

PWRMODE[1:0]

RW

COMP1 power mode selection

Software is readable and writable, choosing the power
consumption and thus the speed of the COMPL. In high
speed mode, the power consumption is larger and the
delay is smaller

00: High speed

01: Medium speed

10: High speed

11: High speed

Note: This bit is not controlled by the LOCK function.

17

Reserved

16

HYST

RW

COMP1 and COMP2 hysteresis function enable control
0: The hysteresis function is disabled
1: The Hysteresis function enabled

15

POLARITY

RW

COMP1 polarity selection

Software readable and writable (if not locked)
0: do not reverse

1: Reverse

14:12

Reserved

11

WINMODE

RW

COMP1 output selection (window mode)

Software readable and writable (if not locked)

0: The signal is selected by INPSEL[1:0]

1: COMP2_INP signal of COMP2

Note that the WINMODE modes of the two COMPs can-
not be enabled at the same time.

10

Reserved

9:8

INPSEL[1:0]

RW

00

00: PB8
01: PB2
10: PAL1
11: Reserved

7:4

INMSEL[3:0]

RW

0000

0000: 1/4 VREFINT
0001: 1/2 VREFINT
0010: 3/4 VREFINT
0011: VREFINT

0100: VCC

0101: TS

0110: PB1

0111: Reserved

1000: PAO

i T:14VREFI NT

3.2

Reserved

SCALER_EN

RW

The VREFINT related input is enabled. When any one of
VREFINT, 3/4 VREFINT, 1/2 VREFINT, and 1/4
VREFINT is selected as the comparator input, this regis-
ter bit must be turned on.

0: do not open SCALER

1: Enable SCALER

COMP1_EN

RW

COMP1 enable bit

Software readable and writable (if not locked)
0: Disable

1: Enable

15.4.2. COMPL1 filter register (COMP1_FR)

Address offset: 0x04
Reset value: 0x0000 0000

31 | 30 [ 29 | 28] 27 [ 26 | 25 | 24 | 23 | 22 | 21 [ 20 | 19 | 18 | 17 | 16
FLTCNT1[15:0]
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
Res Res | Res | Res Res Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | FLTEN1
RW
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Bit

Name

R/W

Reset Value Function

31:16

FLTCNT1

RW

Comparator 1 Sample Filter Counter

The sampling clock is APB or LSI. The filter count value
is configurable. When the number of sampling times
reaches the filter count value, the results are output con-
sistently.

Sampling count period = FLTCNT[15:0]

0x0

15:1

Reserved

0x0

FLTEN1

RW

Comparator 1 digital filter function configuration
0: Disable digital filter function

1: Enable digital filter function

Note: This bit must be set when COMP1_EN is 0

0x0

15.4.3. COMP2 control and status register (COMP2_CSR)

Address offset: 0x10
Reset value: 0x0000 0000

31 30 29 | 28 27 26 [ 25 [ 24 [ 23222120 19 [ 18 [17 ] 16
COMP_O | Re | Re Re PWR-
LOCK uT s s Res S Res Res MODE[1:0] Res
RW R RW RW
15 14 13 | 12 11 10 9 8 7 6 5 4 3 2 1 0
COM
P()|1I:¢R- Res Re | Re | WINMO | Re | INPSEL[1: INMSEL[3:0] Res Res Re P2
S S DE S 0] s EN
R R R R
RW --RW-RWRWWWWW RW
Bit Name R/W RESEL Function
Value
COMP2_CSR register lock
Set by software and cleared by system reset. When set, all 32
31 LOCK RW 0 bits of the COMP2_CSR register are locked
0: Unlocked, the entire register can be read and written
1: Locked, the entire register is read-only
COMP2 output status
30 COMP_OUT R This bit is read-only and reflects the polarity-selected output
level of COMP2.
29:20 Reserved
COMP2 power mode selection
Software readable and writable, power mode selected and the
resulting speed of COMP2
. . 00: High speed
19:18 PWRMODE[1:0] RW 01: Medium speed
10: High speed
11: High speed
Note: This bit is not controlled by the LOCK function.
17:16 reserved
COMP2 polarity selection
15 POLARITY RW Spﬂware readable and writable (if not locked)
0: do not reverse
1. Reverse
14:12 Reserved
COMP2 non-inverting output selection (window mode)
Software readable and writable (if not locked)
0: The signal is selected by INPSEL[1:0]
1 WINMODE RW 1: COMP1_INP signal of COMP1
Note that the WINMODE modes of the two COMPs cannot be
enabled at the same time.
10 Reserved
Signal selection of COMP2 non-inverting input
Software readable and writable (if not locked)
9:8 INPSEL[1:0] RW 00: PB4
01: PB6
10: PA3
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Bit

Name

R/W

Reset
Value

Function

11: PF3

74

INMSEL[3:0]

RW

0000:
0001:
0010:
0011:
0100:
0101:
0110:
0111:
1000:
> 1000: 1/4 VREFINT

1/4 VREFINT
3/4 VREFINT
1/2 VREFINT
VREFINT
VCC

TS

PB3

PB7

PA2

3:1

Reserved

COMP2_EN

RW

COMP2 enable bit

Software readable and writable (if not locked)
0: Disable

1: Enable

15.4.4. COMP2 filter register (COMP2_FR)

Address offset: 0x14
Reset value: 0x0000 0000

31 [ 30 [ 29 [ 28 [ 27 [ 26 | 25 [ 24 [ 23 [ 22 [ 21 [ 20 [ 19 [ 18 | 17 | 16
FLTCNT2[15:0]
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
Res Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | FLTEN2
RW
Bit Name R/W Reset Value Function
Comparator 2 Sample Filter Counter
The sampling clock is APB or LSI. The filter count value
3116 FLTCNT2[15:0] RW 0x0 is conflgurabl_e. When the number of sampling times
reaches the filter count value, the results are output con-
sistently.
Sampling count period = FLTCNT[15:0]
15:1 Reserved 0x00
Comparator 2 digital filter function configuration
0: Disable digital filter function
0 FLTEN2 RW 0x0 1: Enable digital filter function
Note: This bit must be set when COMP2_EN is 0
15.4.5. COMP register map
ft | e
s|iste | B 8 A I OYIJYYYJKEESG 3 I I ST S o o~ 0w~ o oo
et | '
— = zZ
0| 3 - 4 |2 il
MP | & T o o o - INMSEL @ o
0o|1c| 9 3 z 3 s o [3:0] J s
é SR 9 = 0 2 z 3 3
0 | Re-
set 1 5] 0 olo olo 0 olo|o|olo]|o olo
valu
e
coO Ec
MP ) i
ol 1F FLTCNT1[15:0] E
X R [
0 Re-
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16. Advanced-control timer (TIM1)

16.1. TIM1 introduction

The advanced-control timers (TIM1) consist of a 16-bit auto-reload counter driven by a programmable
prescaler. It may be used for a variety of purposes, including measuring the pulse lengths of input signals
(input capture) or generating output waveforms (output compare, PWM, complementary PWM with
dead-time insertion).

Pulse lengths and waveform periods can be modulated from a few microseconds to several milliseconds
using the timer prescaler and the RCC clock controller prescalers. The advanced-control (TIM1) and
general-purpose (TIMx) timers are completely independent, and do not share any resources. They can

be synchronized together.

16.2. TIM1 main features

A 16-bit up, down, up/down auto-reload counter.
A 16bit programmable prescaler allowing dividing (al
ther by any factor between 1 and 65536.
A Up to 4 independent channels for:
u Input capture
a Output compare
U PWM generation (Edge and Center-aligned Mode)
U One-pulse mode output
A Complementary outputs with programmable dead-time
A Synchronization circuit to control the timer with external signals and to interconnect several timers
together.
A Repetition counter to update the timer registers only after a given number of cycles of the counter.
A Break input to put the timerdés output signals in
A Interrupt/DMA generation on the following events:
U Update: counter overflow/underflow, counter initialization (by software or internal/external trig-
ger)
U  Trigger event (counter start, stop, initialization or count by internal/external trigger)
U  Input capture
i  Output compare
U  Break input
A Supports incremental (quadrature) encoder and hall-sensor circuitry for positioning purposes
A Trigger input for external clock or cycle-by-cycle current management
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16.3. TIM1 functional description

16.3.1. Time-base unit

The main block of the programmable advanced-control timer is a 16-bit counter with its related auto-

reload register. The counter can count up, down or both up and down. The counter clock can be divided

by a prescaler.

The counter, the auto-reload register and the prescaler register can be written or read by software.

This is true even when the counter is running.

The time-base unit includes:

A Counter register (TIMx_CNT)

A Prescaler register (TIMx_PSC)

A Auto-reload register (TIMX_ARR)

A Repetition counter register (TIMx_RCR)
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The auto-reload register is preloaded. Writing to or reading from the auto-reload register accesses the
preload register. The content of the preload register are transferred into the shadow register perma-
nently or at each update event (UEV), depending on the auto-reload preload enable bit (ARPE) in
TIMx_CR1 register. The update event is sent when the counter reaches the overflow (or underflow
when downcounting) and if the UDIS bit equals 0 in the TIMx_CR1 register. It can also be generated
by software.

The counter is clocked by the prescaler output CK_CNT, which is enabled only when the counter
enable bit (CEN) in TIMx_CRL1 register is set.

Note that the counter starts counting 1 clock cycle after setting the CEN bit in the TIMx_CR1 register.
Prescaler description

The prescaler can divide the counter clock frequency by any factor between 1 and 65536. It is based
on a 16-bit counter controlled through a 16-bit register (in the TIMx_PSC register).

It can be changed on the fly as this control register is buffered. The new prescaler ratio is taken into
account at the next update event.

The following pictures give some examples of the counter behavior when the prescaler ratio is changed

on the fly:

cK_psc uuuuuuygudyt
CEN |

Timer clock = CK_CNT ﬂ ﬂ ﬂ ﬂ
Counter register F7 )(F8(Fo FA(FB(FG 00 X 01 X 02 X 03
Update event(UEV) T

Prescaler control register 0 P 1
Write a new value in TIM 1_P5{
Prescaler buffer 0 1
Prescaler counter of 1jo)fajo)f1fof1)

Figure 16-2 Counter timing diagram with prescaler division change from 1 to 2
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cK_psc HuuuduuuEUuuy
CEN |

Timer clock = CK_CNT ﬂ ﬂ
Counter register F7 XF8 @@E‘ 00 01

Update event(UEV) T

Prescaler control register 0 < 3
Write a new value in TIM 1_P5{
Prescaler buffer 0 3
Prescaler counter of 1) 2)3)0)f 1 2f3]

Figad®exCounter timing diagram with prescaler divi

16.3.2. Counter modes

Upcounting mode

In upcounting mode, the counter counts from 0 to the auto-reload value (content of the TIMx_ARR
register), then restarts from 0 and generates a counter overflow event.

If the repetition counter is used, the update event (UEV) is generated after upcounting is repeated for
the number of times programmed in the repetition counter register plus one (TIMx_RCR+1). Else the
update event is generated at each counter overflow.

Setting the UG bit in the TIMXx_EGR register (by software or by using the slave mode controller) also
generates an update event.

The UEV event can be disabled by software by setting the UDIS bit in the TIMx_CR1 register. This is
to avoid updating the shadow registers while writing new values in the preload registers. Then no
update event occurs until the UDIS bit has been written to 0.

However, the counter restarts from 0, as well as the counter of the prescaler (but the prescale rate
does not change). In addition, if the URS bit (update request selection) in TIMx_CR1 register is set,
setting the UG bit generates an update event UEV but without setting the UIF flag (thus no interrupt or
DMA request is sent). This is to avoid generating both update and capture interrupts when clearing the
counter on the capture event.

When an update event occurs, all the registers are updated and the update flag (UIF bit in TIMx_SR
register) is set (depending on the URS bit):

A The repetition counter is reloaded with the content of TIMx_RCR register

A The auto-reload shadow register is updated with the preload value (TIMx_ARR)

A The buffer of the prescaler is reloaded with the preload value (content of the TIMx_PSCregister)

The following figures show some examples of the counter behavior for different clock frequencies when

TIMX_ARR = 0x36.
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Figa®eCounter timing diagram
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Figa®eeCounter timing diagram
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Figure 16-6 Count er ti mi ng di

internal

internal

agram, internal

179/431

cl

c

c

ock

ock

ock



PY32F003 Reference Manual

cK_psc ooy dyn

CNT_EN ‘

Timer clock = CK_CNT ﬂ ﬂ ﬂ

Counter register 1F 20

Counter overflow

Update event(UEV)

Update interrupt flag(UIF)

a
i
—

Figure 16-7Count er timing diagram, internal <c¢lock

oK psc JuryyutduuUduyyl
CNT_EN
Timer dlock = CK_CNT Uy Uy
Counter register 31

Counter overflow H

Update event(UEV) ﬂ

Update interrupt flag(UIF) ‘

Auto-reload preload register FF
Write a new value in TIMx_ARR/'

re 16-8 Counter timing diagram, update event when ARPE = 0 (TIMx_ARR no preloaded)

36

Figu

cK_psc Ty Uy

CNT_EN

Timer dock = CK_ONT uuriyiuuyyuyl

Counter register Fo X F1 F2)(F3( F4( F5(00( 01} 02) 03/ 04) 05/ 06( 07}
Counter overflow H
Update event(UEV) ﬂ

Update interrupt flag(UIF) ‘

Auto-reload preload register F5 36

Wl

Auto-reload shadow register F5 36

Write a new value in TIMX_ARR

Figure 16-9 Counter timing diagram, update event when ARPE = 1 (TIMx_ARR preloaded)
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Downcounting mode

In downcounting mode, the counter counts from the auto-reload value (content of the TIMX_ARR reg-
ister) down to 0, then restarts from the auto-reload value and generates a counter underflow event.

If the repetition counter is used, the update event (UEV) is generated after downcounting is repeated
for the number of times programmed in the repetition counter register (TIMx_RCR). Else the update
event is generated at each counter underflow.

Setting the UG bit in the TIMXx_EGR register (by software or by using the slave mode controller) also
generates an update event.

The UEV update event can be disabled by software by setting the UDIS bit in TIMx_CRL1 register. This
is to avoid updating the shadow registers while writing new values in the preload registers. Then no
update event occurs until UDIS bit has been written to 0.

However, the counter restarts from the current auto-reload value, whereas the counter of the prescaler
restarts from O (but the prescale rate doesndt <chan
In addition, if the URS bit (update request selection) in TIMx_CR1 register is set, setting the UG bit
generates an update event UEV but without setting the UIF flag (thus no interrupt or DMA request is
sent). This is to avoid generating both update and capture interrupts when clearing the counter on the
capture event.

When an update event occurs, all the registers are updated and the update flag (UIF bit in TIMx_SR

register) is set (depending on the URS bit):

A The repetition counter is reloaded with the content of TIMx_RCR register
A The buffer of the prescaler is reloaded with the preload value (content of the TIMx_PSC register)
A The auto-reload active register is updated with the preload value (content of the TIMX_ARR reg-

ister)
Note: the auto-reload is updated before the counter is reloaded, so that the next period is the expected

one.

ok_psc Luguuiutuyduyy]
CNT_EN |

Timer clock = CK_CNT Wmﬂ_ﬂm
Counter register 05

Counter overflow ﬂ

Update event(UEV) ﬂ

Update interrupt flag(UIF) ‘

Figure 16-10 Counter timing diagram, internal clock divided by 1
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gty
|

CNT_EN

z

[ e
[
[

Update interrupt flag(UIF) ‘

Counter register

Figure 16-11 Counter timing diagram, internal clock divided by 2

CK_PSC m m 1

CNT_EN

Timer clock = CK_CNT ﬂ ﬂ ﬂ ﬂ

Counter register ooo1 0000

0036 0035

Counter overflow

Update event(UEV) ﬂ

Update interrupt flag(UIF) ‘

Figure 16-12 Counter timing diagram, internal clock divided by 4

cK_psc ooy dyn
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Figure 16-13 Counter timing diagram, internal clock divided by N
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cK_psc ooy yy Uyl

CNT_EN |

Timer dlock = CK_CNT v ruyyyyy
Counter register 05
Counter overflow [

Update event(UEV) [

Update interrupt flag(UIF) ‘

Auto-reload preload register FF 36

Write a new value in TIMX_ARR

Figure 16-14 Counter timing diagram, update event when repetition counter is not used
Center-aligned mode (up/down counting)
In center-aligned mode, the counter counts from 0 to the auto-reload value (content of the TIMx_ARR
register) 1 1, generates a counter overflow event, then counts from the autoreload value down to 1
and generates a counter underflow event. Then it restarts counting from 0.
Center-aligned mode is active when the CMS bits in TIMx_CR1 register are not equal to '00". The
Output compare interrupt flag of channels configured in output is set when: the counter counts down
(Center aligned mode 1, CMS ="01"), the counter counts up (Center aligned mode 2, CMS ="10") the
counter counts up and down (Center aligned mode 3, CMS ="11").
In this mode, the DIR direction bit in the TIMx_CR1 register cannot be written. Itis updated by hardware
and gives the current direction of the counter.
The update event can be generated at each counter overflow and at each counter underflow or by
setting the UG bit in the TIMX_EGR register (by software or by using the slave mode controller) also
generates an update event. In this case, the counter restarts counting from 0, as well as the counter
of the prescaler.
The UEV update event can be disabled by software by setting the UDIS bit in the TIMx_CR1 register.
This is to avoid updating the shadow registers while writing new values in the preload registers. Then
no update event occurs until UDIS bit has been written to 0.
However, the counter continues counting up and down, based on the current auto-reload value.
In addition, if the URS bit (update request selection) in TIMx_CR1 register is set, setting the UG bit
generates an UEV update event but without setting the UIF flag (thus no interrupt or DMA request is
sent). This is to avoid generating both update and capture interrupts when clearing the counter on the
capture event.
When an update event occurs, all the registers are updated and the update flag (UIF bit in TIMx_SR
register) is set (depending on the URS bit).

A The repetition counter is reloaded with the content of TIMx_RCR register

A The buffer of the prescaler is reloaded with the preload value (content of the TIMx_PSC register)
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A The auto-reload active register is updated with the preload value (content of the TIMXx_ARR reg-

ister)

Note: if the update source is a counter overflow, the autoreload is updated before the counter is re-

loaded, so that the next period is the expected one (the counter is loaded with the new value).

CK_PSC

CNT_EN

Juuuuuyuynyyyyl

Timer clock = CK_CNT

U uyuyyyuyy

Counter register

00} 01 02/ 03/ 04) 05} 06 05( 04( 03

Counter underflow

[

Counter overflow

Update event(UEV)

Update interrupt flag(UIF)

Figure 16-15 Counter timing diagram, internal clock divided by 1, TIMx_ARR = 0x6
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Timer clock = CK_CNT ﬂ ﬂ T ﬂ ﬂ ﬂ ﬂ
Counter register 0002 X 0001 X 0000 0036 X 0035X 0034 X 0033
Counter overflow H
Update interrupt flag(UIF) ‘
Figu®leeCounter timing diagr am, internal clock
oK_psc Huuuuuuy Uy
CNT_EN |
Timer clock = CK_CNT ﬂ ﬂ ﬂ ﬂ
Counter register 0034 0035 0036 0035
Counter overflow T
Update event(UEV) ﬂ
Update interrupt flag(UIF) ‘
Note: overflow  UIF ~ T 2 3
Fi ga®elelCounter timing diagram, internal <clock
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16.3.3. Repetition counter

Time-base unit describes how the update event (UEV) is generated with respect to the counter over-
flows/underflows. It is actually generated only when the repetition counter has reached zero. This can
be useful when generating PWM signals.

This means that data are transferred from the preload registers to the shadow registers (TIMX_ARR
auto-reload register, TIMx_PSC prescaler register, but also TIMx_CCRx capture/compare registers in
compare mode) every N+1 counter overflows or underflows,where N is the value in the TIMx_RCR
repetition counter register.

The repetition counter is decremented:

A At each counter overflow in upcounting mode.
A At each counter underflow in downcounting mode.
A At each counter overflow and at each counter underflow in center-aligned mode. Although this

limits the maximum number of repetition to 128 PWM cycles, it makes it possible to update the
duty cycle twice per PWM period. When refreshing compare registers only once per PWM period
in center-aligned mode, maximum resolution is 2xTck, due to the symmetry of the pattern.
The repetition counter is an auto-reload type, the repetition rate is maintained as defined by the
TIMx_RCR register value. When the update event is generated by software (by setting the UG bit in
TIMx_EGR register) or by hardware through the slave mode controller, it occurs immediately whatever
the value of the repetition counter is and the repetition counter is reloaded with the content of the
TIMx_RCR register.
In center-aligned mode, for odd values of RCR, the update event occurs either on the overflow or on
the underflow depending on when the RCR register was written and when the counter was started. If
the RCR was written before starting the counter, the UEV occurs on the overflow. If the RCR was
written after starting the counter, the UEV occurs on the underflow. For example for RCR = 3, the UEV

is generated on each 4th overflow or underflow event depending on when RCR was written.
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counteraligned mode Edgealigned mode

upcounting downcounting

TTUAAAA WAL NN
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ANAAA AL NN

e S ST S R
ANAA - AL NN

TIMX RCR=3 UEV _a TT TT TT 4 $ 4 4 T )
synchronization UEV. 4 T ] 4 T 1 1 T t

By SW By SW By SW

Update everit preload registers transferred to active

UEV —>» . -
registers and update initerrupt generated

Fi g d ®2elUpdate rate examples depending on mode and TIMx_RCR register settings

16.3.4. Clock selection

The counter clock can be provided by the following clock sources:

A Internal clock (CK_INT)
A External clock model: external input pin
A External clock mode2: external trigger input ETR

>

Internal trigger inputs (ITRx): using one timer as prescaler for another timer, for example, the user
can configure Timer 1 to act as a prescaler for Timer 3.

Internal clock source (CK_INT)

If the slave mode controller is disabled (SMS = 000), then the CEN, DIR (in the TIMx_CR1 register)
and UG bits (in the TIMx_EGR register) are actual control bits and can be changed only by software
(except UG which remains cleared automatically). As soon as the CEN bit is written to 1, the prescaler

is clocked by the internal clock CK_INT.
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CK_PS¢c
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CEN=CNT_EN |

UG

CNT_INIT ]

Counter clock = CK_CNT = CK_PSC

Counter register 31

33(33)(54(35(3600/ 01 02)(03/ 0408/ 0807

Figure 16-22 Control circuit in normal mode, internal clock divided by 1

External clock source mode 1

This mode is selected when SMS = 111 in the TIMx_SMCR register. The counter can count at each

rising or falling edge on a selected input.

TIMx_SMCR
TS[2:0]
T|2§ or%
TI1
ITRx 0XX ? or% Encoder
mode
TILED 100 5
TI2F Risingg,  TIFP1 15 TRGI Eﬂem(’;" Cl'°°k
mode
12| piger || Edge || m2FP2l o CK_PS
fiter detector | TI2F_Falling 5 External clock
1 ETRF ETRF
\ 111 mode 2
ICF 13(
[3:0] CK_IN Internal clock
mode
TIMx_CCMR1
SMS[2:0]
Figuam®ee3drl 2 external clock connect
TI2
CNT_EN \
Counter clock = CK_CNT = CK_PSC B N
Counter register 34 35 36
TIF
Write TIF=0 /
Figa®edontrol circuit in external

External clock source mode 2

on exampl

cl ock

This mode is selected by writing ECE = 1 in the TIMXx_SMCR register. The counter can count at each

rising or falling edge on the external trigger input ETR.
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16.3.5. Capture/compare channels
Each Capture/Compare channel is built around a capture/compare register (including a shadow regis-
ter), a input stage for capture (with digital filter, multiplexing and prescaler) and an output stage (with
comparator and output control).
The input stage samples the corresponding TIx input to generate a filtered signal TIxF. Then, an edge
detector with polarity selection generates a signal (TIXFPx) which can be used as trigger input by the
slave mode controller or as the capture command. It is prescaled before the capture register (ICxPS).
TI1F_ED
P%To slave mode controller
TILF_Risi
T Filter TIIF [ Edge ‘ = ISIIn' 0 TILFPL | (1
fDTS | gowncounter detector | TI1F_Falling | |
o TI2FP1
LCIPICCINF 10|iIc]  Divider |ICIPS
TI2F_Rising(from channelg)O 11,/12,/14,/8
i TRC
TI2F_Falling(from chann '2)1 o save | 11
mode controlle|
| cc1s[1:0] ICPS[1:0] | CC1E
TIMX_ CCMRL  TIMx_CCER
Figa®eeCapture/ compare channel (example: channel
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The output stage generates an intermediate waveform that is then used for reference: OCxRef (active

high). The polarity acts at the end of the chain.

\ APB bus \
‘ APB interface ‘
SAT Jrite CCR1H
Read CCRI¢ _ =@ ?A S
read_in_progress _zf:: =1 3 R Mite CCRI1L
Read CCR R A

output mod e

Mx_CCMR1

oc1PE :
CC1S[1 Capture/compare shadow (’ OC1Pg
CClS[O] Input mode register Comparator Tom time b
TiMx EG capture omme b=
[CCIG q ) p CNT>CCR1
ic1pg) & [ oNTcouner | CNT=CGRI

—_—

Figure 16-28 Capture/compare channel 1 main circuit

[ CC1RTIMX_CCER

_0 0 output oc1
ocref_clr_int x0 " Mode D
ETR 10 (@ > Controller
CNT>CCREOutpur Doad 19C1 DI1 A
= Mode time {
CNT=CCRI1
Controller OCl—RE generatorOC1 =T
—10 0 Oulput ™) - o1
0 ox ’ L Mode ———»{ |
Con koIIer
TIMx CCER
TIMX_ CCMRL | TIMx_BDTR [ CCINP [CCIN[ CCIE

OC1CH OC1IM[2:0] [DTG[7:0) TIMx_BDTH MOE| OSS[ OSSR

Figure 16-29 Output stage of capture/compare channel (channel 1 to 3)

occs
OCREF_Cl| R
ETRE TIMx_ SMCR —» Tothe master mode controller
L 0CCs
CNT>CCRAOutput
— Mode Output
CNT=CCR# oca
Contoller] OC4REF enable ————— ]
circuit

CCAE| TIMx_CCER
MOE| OSSI TIMx_BDTR

MOE TIMx_CR2

TIMx_CCMR2 CC2M[2:0

Figure 16-30 Output stage of capture/compare channel (channel 4)
The capture/compare block is made of one preload register and one shadow register. Write and read
always access the preload register.
In capture mode, captures are actually done in the shadow register, which is copied into the preload
register.
In compare mode, the content of the preload register is copied into the shadow register which is com-

pared to the counter.

16.3.6. Input capture mode
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16.3.7.

In Input capture mode, the Capture/Compare registers (TIMx_CCRX) are used to latch the value of the
counter after a transition detected by the corresponding ICx signal. When a capture occurs, the corre-
sponding CCXIF flag (TIMx_SR register) is set and an interrupt or a DMA request can be sent if they
are enabled. If a capture occurs while the CCxIF flag was already high, then the over-capture flag
CCxOF (TIMx_SR register) isset. CCxlFcan be c¢cl eared by software by wr
the captured data stored in the TIMx_ CCRx register.
The following example shows how to capture the counter value in TIMx_CCR1 when TI1 input rises.

To do this, use the following procedure:

A Select the active input: TIMx_CCR1 must be linked to the TI1 input, so write the CC1S bits to 01
in the TIMx_CCMR1 register. As soon as CC1S becomes different from 00, the channel is con-
figured in input and the TIMx_CCRL1 register becomes read-only.

A Program the needed input filter duration with respect to the signal connected to the timer (by
programming | CxF bits in the TIMx_CCMRx register
when toggling, the input signal is not stable during at must five internal clock cycles. We must
program a filter duration longer than these five clockcycles. We can validate a transition on TI1
when 8 consecutive samples with the new level have been detected (sampled at fDTS frequency).

Then write IC1F bits to 0011 in the TIMx_CCMRL1 register.

A Select the edge of the active transition on the TI1 channel by writing CC1P bit to O in the
TIMx_CCER register (rising edge in this case).

A Program the input prescaler. In our example, we wish the capture to be performed at each valid
transition, so the prescaler is disabled (write

A Enable capture from the counter into the capture register by setting the CCIE bit in the

TIMx_CCER register.

A If needed, enable the related interrupt request by setting the CC1IE bit in the TIMx_DIER register,
and/or the DMA request by setting the CC1DE bit in the TIMx_DIER register.

When an input capture occurs:

A The TIMx_CCR1 register gets the value of the counter on the active transition.

A CCIIF flag is set (interrupt flag). CC1OF is also set if at least two consecutive captures occurred

whereas the flag was not cleared.

A An interrupt is generated depending on the CCL1IE bit.

A A DMA request is generated depending on the CC1DE bit.

In order to handle the overcapture, it is recommended to read the data before the overcapture flag.
This is to avoid missing an overcapture which could happen after reading the flag and before reading
the data.

Note: IC interrupt and/or DMA requests can be generated by software by setting the corresponding
CCxG bit in the TIMx_EGR register.

PWM input mode

This mode is a particular case of input capture mode. The procedure is the same except:

A Two Icx signals are mapped on the same Tix input.
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A The 2 Icx signals are active on edges with opposite polarity.

p)

One of the two TixFP signals is selected as trigger input and the slave mode controller is config-

ured in reset mode.

For example, user can measure the period (in TIMx_CCR1 register) and the duty cycle (in TIMx_CCR2
register) of the PWM applied on TI1 using the following procedure (depending on CK_INT frequency
and prescaler value):

A Select the active input for TIMXx_CCR1: write the CC1S bits to 01 in the TIMx_CCMR1 register

(TI1 selected).

A  Select the active polarity for TILFP1 (used both for capture in TIMx_CCR1 and counter clear):
the CC1P bit ng
A  Select the active input for TIMx_CCR2: write the CC2S bits to 10 in the TIMx_CCMRL1 register

(TI1 selected).

write to 6006 (active on risi

A Select the active polarity for TI1FP2 (used
(active on falling edge).
A Select the valid trigger input: write the TS bits to 101 in the TIMx_SMCR register (TI1LFP1 selected).
A Configure the slave mode controller in reset mode: write the SMS bits to 100 in the TIMx_SMCR
register.
A Enable the captures: write the CC1E and
Tl L
TIMx_CNT1 0004 X 0000 X 0001} 0002 X 0003) 0004 X 0000
TIMx_CCR1 0004
TIMx_CCR2 0002
IC1 captur IC2 captur IC2 captur
IC2 capture Pulse width period
Reset counter measurement measurement

Figure 16-31 PWM input mode timing

16.3.8. Forced output mode

In output mode (CCxS bits = 00 in the TIMx_CCMRX register), each output compare signal (OCxREF
and then OCx/OCxN) can be forced to active or inactive level directly by software, independently of
any comparison between the output compare register and the counter.

To force an output compare signal (OCXREF/OCX) to its active level, the user just needs to write 101
in the OCxM bits in the corresponding TIMx_CCMRX register. Thus OCXREF is forced high (OCxREF
is always active high) and OCx get opposite value to CCxP polarity bit.

For example: CCxP = 0 (OCx active high) => OCx is forced to high level. The OCxREF signal can be
forced low by writing the OCxM bits to 100 in the TIMx_CCMRX register.
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The comparison between the TIMx_CCRXx shadow register and the counter is still performed and al-
lows the flag to be set. Interrupt and DMA requests can be sent accordingly. This is described in the

output compare mode section below.

16.3.9. Output compare mode

This function is used to control an output waveform or indicating when a period of time has elapsed.

When a match is found between the capture/compare register and the counter, the output compare

function:

A Assigns the corresponding output pin to a programmable value defined by the output compare
mode (OCxM bits in the TIMx_CCMRXx register) and the output polarity (CCxP bit in the
TIMx_CCER register). The output pin can keep its level (OCXM = 000), be set active (OCxM =

001), be set inactive (OCxM = 010) or can toggle (OCxM = 011) on match.

>

Sets a flag in the interrupt status register (CCxIF bit in the TIMX_SR register).

p>3

Generates an interrupt if the corresponding interrupt mask is set (CCXIE bit in the TIMx_DIER
register).

A Sends a DMA request if the corresponding enable bit is set (CCxDE bit in the TIMx_DIER register,
CCDS bhit in the TIMx_CR2 register for the DMA request selection).

The TIMx_CCRXx registers can be programmed with or without preload registers using the OCxPE bit
in the TIMx_CCMRX register.

In output compare mode, the update event UEV has no effect on OCXREF and OCx output.

The timing resolution is one count of the counter. Output compare mode can also be used to output a
single pulse (in One Pulse mode).

Procedure:

1. Select the counter clock (internal, external, prescaler).

2. Write the desired data in the TIMX_ARR and TIMx_CCRX registers.

3. Set the CCxIE bit if an interrupt request is to be generated.

4. Select the output mode. For example:

0  Write OCxM = 011 to toggle OCx output pin when CNT matches CCRx

U  Write OCXPE = 0 to disable preload register

0  Write CCxP = 0 to select active high polarity

0 Write CCxE = 1 to enable the output

5. Enable the counter by setting the CEN bit in the TIMx_CR1 register.

The TIMx_CCRX register can be updated at any time by software to control the output waveform,
provided that the preload register is not enabl ed

updated only at the next update event UEV). An example is given in Figure 16-32.
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Write B201 in the CC1R register

Counter register 003A 003B /BZOO B201

TIMx_CCR1 003A ¥ B201

OC1REF=0C1

-

Match detected on CCR1
Interrupt generated if enabled

Figure 16-33 Output compare mode, toggle on OC1.

16.3.10. PWM mode

Pulse Width Modulation mode allows generating a signal with a frequency determined by the value
of the TIMXx_ARR register and a duty cycle determined by the value of the TIMx_CCRKX register.
The PWM mode can be selected independently on each channel (one PWM per OCx output) by
writing 61106 (PWM mode 1) or 61116 ( PWNMrayistat.e
The corresponding preload register must be enabled by setting the OCXPE bit in the TIMx_CCMRXx
register, and eventually the auto-reload preload register (in upcounting or center-aligned modes) by
setting the ARPE bit in the TIMx_CR1 register.

As the preload registers are transferred to the shadow registers only when an update event occurs,
before starting the counter, the user must initialize all the registers by setting the UG bit in the
TIMx_EGR register.

OCx polarity is software programmable using the CCxP bit in the TIMx_CCER register. It can be
programmed as active high or active low. OCx output is enabled by a combination of the CCxE,
CCxNE, MOE, OSSI and OSSR bits (TIMx_CCER and TIMx_BDTR registers). Refer to the
TIMx_CCER register description for more details.

In PWM mode (1 or 2), TIMx_CNT and TIMx_CCRx are always compared to determine whether
TI MX _CCRx O TIMx_CNT or TIMx_CNT O TI Mx_CCRX
The timer is able to generate PWM in edge-aligned mode or center-aligned mode depending on the
CMS bits in the TIMx_CR1 register.

PWM edge-aligned mode

A Upcounting configuration

Upcounting is active when the DIR bit in the TIMXx_CR1 register is low. Refer to Upcounting mode.
Upcounting is active when the DIR bit in the TIMx_CR1 register is low. Refer to Upcounting mode.
In the following example, we consider PWM mode 1. The reference PWM signal OCXREF is high as
long as TIMx_CNT < TIMx_CCRXx else it becomes low. If the compare value in TIMx_CCRX is greater
thantheauto-r el oad value (in Tl Mx_ARR) then OCxREF
OCx Ref i s hellb-3dbshowdsdnie edge-aligned P8/M waveforms in an example where
TIMX_ARR = 8.
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Counter register (o)1) 2)3)4(5)6{7)8)of1
OCXREF
CCRx=4 \—,7
CCx1F ‘
OCXREF
CCRx=8 u
CCx1F ’7
OCXREF 1
CCRx>8
CCx1E
OCXREF 0
CCRx=0
CCx1E ‘

Figu®eexExdgel i gned PWM waveforms (ARR =
A Downcounting configuration
Downcounting is active when DIR bit in TIMx_CRZ1 register is high.
In PWM mode 1, the reference signal OCxRef is low as long as TIMX_CNT > TIMx_CCRKXx else it
becomes high. If the compare value in TIMx CCRx is greater than the auto-reload value in
TI Mx _ ARR, then OCXxREF is held at 616. 0% PWM
PWM center-aligned mode
Center-al i gned mode is active when the CMS bits
the remaining configurations having the same effect on the OCxRef/OCx signals).
The compare flag is set when the counter counts up, when it counts down or both when it counts up
and down depending on the CMS bits configuration. The direction bit (DIR) in the TIMx_CR1 register
is updated by hardware and must not be changed by software. Refer to Center-aligned mode

(up/down counting).

A  TIMx ARR=8
A PWM mode is the PWM mode 1,
A The flag is set when the counter counts down corresponding to the center-aligned mode 1 se-

lected for CMS = 01 in TIMx_CR1 register.
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16.3.11.

Counter register 0 1) 2)(3) 4)(5)6) 7) 8 7} 6)5)(4)(3) 21 0)1)
OCXREF
OCRx=4 |
CCx1F CcMs=01 A
cms=10 A
cms=11 A A
OCXREF
CCRx=7
CCxLE CMS=10 or 11
OCXREF
CCRx=8 CMS=01 7
CCx1F CMS=10
cMs=11 A
OCXREF—L
CCRx>8 CcMS=01 7
CCX1F CMS=10 A
cMs=11 A
OCXREF-0
CCRx=0 CMS=01
4 CMs=10 Pl
CCx1F cMs=11
b A

Figure 16-36 Center-aligned PWM waveforms (ARR = 8)
Hints on using center-aligned mode:
A When starting in center-aligned mode, the current up-down configuration is used. It means that
the counter counts up or down depending on the value written in the DIR bit in the TIMx_CR1

register. Moreover, the DIR and CMS bits must not be changed at the same time by the software.

b3

Writing to the counter while running in center-aligned mode is not recommended as it can lead
to unexpected results. In particular: i The direction is not updated if the user writes a value in
the counter greater than the auto-reload value (TIMx_CNT > TIMx_ARR). For example, if the
counter was counting up, it will continue to count up. i The direction is updated if the user writes
0 or write the TIMX_ARR value in the counter but no Update Event UEV is generated.

>

The safest way to use center-aligned mode is to generate an update by software (setting the
UG bit in the TIMX_EGR register) just before starting the counter and not to write the counter

while it is running.

Complementary outputs and dead-time insertion

The advanced-control timers (TIM1) can output two complementary signals and manage the switch-
ing-off and the switching-on instants of the outputs. This time is generally known as dead-time and it
has to be adjust it depending on the devices connected to the outputs and their characteristics (in-
trinsic delays of level-shifters, delays due to power switches).

User can select the polarity of the outputs (main output OCx or complementary OCxN) independently
for each output. This is done by writing to the CCxP and CCxNP bits in the TIMx_CCER register.
The complementary signals OCx and OCxN are activated by a combination of several control bits:
the CCxE and CCxNE bits in the TIMx_CCER register and the MOE, OISx, OISxN, OSSI and OSSR
bits in the TIMx_BDTR and TIMx_CR2 registers. Refer to Table 17-3 for more details. In particular,
the dead-time is activated when switching to the IDLE state (MOE falling down to 0).
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Dead-time insertion is enabled by setting both CCxE and CCxNE bits, and the MOE bit if the break
circuit is present. DTG[7:0] bits of the TIMx_BDTR register are used to control the dead-time gener-
ation for all channels. From a reference waveform OCXREF, it generates 2 outputs OCx and OCXxN.
If OCx and OCxN are active high:

A The OCx output signal is the same as the reference signal except for the rising edge, which is

delayed relative to the reference rising edge.

b~

The OCxN output signal is the opposite of the reference signal except for the rising edge, which
is delayed relative to the reference falling edge.

If the delay is greater than the width of the active output (OCx or OCxN) then the corresponding pulse
is not generated.

The following figures show the relationships between the output signals of the dead-time generator
and the reference signal OCXREF. (we suppose CCxP = 0, CCxNP =0, MOE =1, CCxE =1 and
CCxNE =1 in these examples).

OCXREF |
ocx |
OCXN \ \
<—» delay <—>» delay
Figure 16-37 Complementary output with dead-time insertion
OCXREF
ocx S |
OCXN <—>» delay

Figure 16-38 Dead-time waveforms with delay greater than the negative pulse.

OCXREF

|

OCX

OCXN \ <« »| delay

Figure 16-39 Dead-time waveforms with delay greater than the positive pulse.

The dead-time delay is the same for each of the channels and is programmable with the DTG bits in
the TIMXx_BDTR register.

Re-directing OCxREF to OCx or OCxN

In output mode (forced, output compare or PWM), OCXREF can be re-directed to the OCx output or
to OCxN output by configuring the CCxE and CCxNE bits in the TIMx_CCER register.

This allows the user to send a specific waveform (such as PWM or static active level) on one output
while the complementary remains at its inactive level. Other possibilities are to have both outputs at

inactive level or both outputs active and complementary with dead-time.
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16.3.12.

Note: When only OCxN is enabled (CCxE = 0, CCxNE = 1), it is not complemented and becomes
active as soon as OCXREF is high. For example, if CCxNP = 0 then OCxN = OCxRef. On the other
hand, when both OCx and OCxN are enabled (CCxE = CCxNE = 1) OCx becomes active when

OCXREF is high whereas OCxN is complemented and becomes active when OCXREF is low.

Using the break function

When using the break function, the output enable signals and inactive levels are modified according
to additional control bits (MOE, OSSI and OSSR bits in the TIMx_BDTR register, OISx and OISxN
bits in the TIMx_CR2 register). In any case, the OCx and OCxN outputs cannot be set both to active
level at a given time. Refer to Table 17-3 for more details.

The brake source can be either the brake input pin, or the following internal sources:

Output from CPU LOCKUP

> >

Ouput from PVD
A Clock failure events generated by the Clock Security System (CSS)
Output from comparator

After reset, the break circuit is disabled and the MOE bit is low. User can enable the break function
by setting the BKE bit in the TIMx_BDTR register. The break input polarity can be selected by con-
figuring the BKP bit in the same register. BKE and BKP can be modified at the same time. When the
BKE and BKP bits are written, a delay of 1 APB clock cycle is applied before the writing is effective.
Consequently, it is necessary to wait 1 APB clock period to correctly read back the bit after the write
operation.

Because MOE falling edge can be asynchronous, a resynchronization circuit has been inserted be-
tween the actual signal (acting on the outputs) and the synchronous control bit (accessed in the
TIMx_BDTR register). It results in some delays between the asynchronous and the synchronous
signals. In particular, if MOE is written to 1 whereas it was low, a delay (dummy instruction) must be
inserted before reading it correctly. This is because the user writes an asynchronous signal, but reads
a synchronous signal.

When a break occurs (selected level on the break input):

A he MOE bhit is cleared asynchronously, putting the outputs in inactive state, idle state or in reset

state (selected by the OSSI bit). This feature functions even if the MCU oscillator is off.

A Each output channel is driven with the level programmed in the OISx bit in the TIMx_CR2 reg-
ister as soon as MOE = 0. If OSSI = 0 then the timer releases the enable output else the enable
output remains high.

A When complementary outputs are used:

0  The outputs are first put in reset state inactive state (depending on the polarity). This is
done asynchronously so that it works even if no clock is provided to the timer.

U Ifthe timer clock is still present, then the dead-time generator is reactivated in order to drive
the outputs with the level programmed in the OISx and OISxN bits after a dead-time. Even
in this case, OCx and OCxN cannot be driven to their active level together. Note that be-

cause of the resynchronization on MOE, the dead-time duration is a bit longer than usual
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(around 2 ck_tim clock cycles).

U If OSSI = 0 then the timer releases the enable outputs else the enable outputs remain or

become high as soon as one of the CCxE or CCxNE bits is high.

A The break status flag (BIF bit in the TIMx_SR register) is set. An interrupt can be generated if
the BIE bit in the TIMx_DIER register is set.
A If the AOE bit in the TIMx_BDTR register is set, the MOE bit is automatically set again at the

next update event UEV. This can be used to perform a regulation, for instance. Else, MOE
remains | ow until it is written to 616 again. I n
input can be connected to an alarm from power drivers, thermal sensors or any security com-
ponents.
Note: The break inputs is acting on level. Thus, the MOE cannot be set while the break input is ac-
tive (neither automatically nor by software). In the meantime, the status flag BIF cannot be cleared.
The break can be generated by the BRK input which has a programmable polarity and an enable bit
BKE in the TIMXx_BDTR register.
By using the BRK input which has a programmable polarity and an enable bit BKE in the TIMx_BDTR
register
In addition to the break input and the output management, a write protection has been implemented
inside the break circuit to safeguard the application. It allows freezing the configuration of several
parameters (dead-time duration, OCx/OCxN polarities and state when disabled, OCxM configura-
tions, break enable and polarity). The user can choose from three levels of protection selected by
the LOCK bits in the TIMx_BDTR register. The LOCK bits can be written only once after an MCU
reset.

The following figure shows the example of the output in response to a break.
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OCXREF

OCx

(OCxN not implemented, CCxP=0, OIszlP

OCx

(OCxN not implemented, CCxP=0, OISx=Ok \
OCx

(OCxN not implemented, CCxP=1, 0|3x:1}

OCx

(OCxN not implemented, CCxP=1, OISx=0}

OCx

OCxN delay. delay
(OCxE=1, CCxP=0, OISx=0, CCxNE=1, CCxNP=0, EISxFﬁzl) delay

(OCxE=1, CCxP=0, OISx=1, CCxNE=1, CCxNP=0, OISxN=1)

§& delay«»>  <«pfdelay [»delay

OCx

|
T [ e dely

OCxN
(OCxE=1, CCxP=0, OISx=0, CCxNE=0, CCxNP=0, OISxN=1)

—

OCx

OCxN
(OCxE=1, CCxP=0, OISx=1, CCxXNE=0, CCxNP=0, OISxN=0)

<©» delay

ocC.
OCXI:I( —‘—,

(OCxE=1, CCxP=0, OISx=0, CCxNE=0, CCxNP=0, OISxN=1)

Fi gd®eOQut put behavior

16.3.13. Clearing the OCXREF signal on an external event

in

response t o

The OCXREF signal for a given channel can be driven Low by applying a High level to the ETRF

input (OCxCE enable bit of the

remains Low until the next update event of UEV occurs.

corresponding

This function can only be used in output compare and PWM modes, and does not work in forced

mode.

For example, the ETR signal can be connected to the output of a comparator to be used for current

handling. In this case, the ETR must be configured as follow:

1. The External Trigger Prescaler should be kept off: bits ETPS[1:0] of the TIMx_SMCR register set

to 6006.

2. The external cl ock mode 2

mu st

be

a

T

di sabl ed:

3. The External Trigger Polarity (ETP) and the External Trigger Filter (ETF) can be configured ac-

cording to the user needs.

The Figure below shows the behavior of the OCXREF signal when the ETRF Input becomes High,

for both values of the enable bit OCXCE. In this example, the timer TIMx is programmed in PWM

mode.
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(CCRx)
Counter(CNT)
ETRF

OCXREF (OCXCE=0)

I e N
I

OCXREF_CLR / /OC'xREF_CLR

becomes high still high

OCXREF(OCXCE=1)

Figum®elCl earing Tl M1 OCxXxREF

16.3.14. 6-step PWM generation

When complementary outputs are used on a channel, preload bits are available on the OCxM, CCxE
and CCxNE bits. The preload bits are transferred to the shadow bits at the COM commutation event.
The user can thus program in advance the configuration for the next step and change the configura-
tion of all the channels at the same time. COM can be generated by software by setting the COM bit
in the TIMx_EGR register or by hardware (on TRGI rising edge).

A flag is set when the COM event occurs (COMIF bit in the TIMx_SR register), which can generate
an interrupt (if the COMIE bit is set in the TIMx_DIER register) or a DMA request (if the COMDE bit
is set in the TIMx_DIER register).

The figure blow describes the behavior of the OCx and OCXxN outputs when a COM event occurs, in

3 different examples of programmed configurations.
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(CCRx)
Counter(CN

OCXREF
Write COM to l
COM event
CCxE=1 CCxE=1
CCxNE=0 Write OCxM to 100 CCxNE=0
OCxM=100(forced inactive) % OCxM=100

Example 1OC)\

i e

OCxN
CCXE=1 Wgte CC'CINE o i CCXE=0
CCXNE=0 and OCxM to 10 CCxNE=1
OCxM=100(forced inactive) OCxM=101
Example 2060y
OCxN
Write CCxNE to 0
CCxE=1 CCxE=1
CCXNE=0 and OCxM to 100 CCxXNE=0
OCxM=100(forced inactive) \ OCxM=100
Example 3pc

I L
OCxN ’—‘ ’—\

F i g d ®le%-step generation, COM example (OSSR =1)

16.3.15. One-pulse mode

One-pulse mode (OPM) is a particular case of the previous modes. It allows the counter to be started
in response to a stimulus and to generate a pulse with a programmable length after a programmable
delay.

Starting the counter can be controlled through the slave mode controller. Generating the waveform
can be done in output compare mode or PWM mode. Select One-pulse mode by setting the OPM bit
in the TIMx_CRL1 register. This makes the counter stop automatically at the next update event UEV.
A pulse can be correctly generated only if the compare value is different from the counter initial value.
Before starting (when the timer is waiting for the trigger), the configuration must be:

A I n upcounting: CNT < CCRGCRXY) ARR (in particular,
A In downcounting: CNT > CCRx
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TI2 ﬂ
OC1REF
ocC1 ?
TIM1_AR
TIM1_CCR1 ﬁ,JI
3]
£ JIF
3
[e]
O
0 >
<> t
tDELAY tPULSE

Figure 16-43 Example of one pulse mode
For example the user may want to generate a positive pulse on OC1 with a length of truLse and after
a delay of toeLay as soon as a positive edge is detected on the TI2 input pin.

Letdés use TI2FP2 as trigger 1:

A Map TI2FP2 to Tl2 by writing CC2S = 06016 in the

A TI2FP2 must detect a rising edge, write CC2P = 6

A Configure TI2FP2 as trigger for the slave mode
TIMx_SMCR register.

A TI2FP2 is used to start the counter by writing S

mode).

The OPM waveform is defined by writing the compare registers (taking into account the clock fre-
quency and the counter prescaler).

A The tDELAY is defined by the value written in the TIMx_CCRL1 register.

A The tPULSE is defined by the difference between the auto-reload value and the compare value
(TIMX_ARR-TIMx_CCR1).

>

When the user to build a waveform with a transif
curs and a transition from 6106 +Yeadvdué. Towothis, t he ¢
enable PWM mode 2 by writing OC1M = 111 in the TIMx_CCMR1 register. The user can op-
tionally enable the preload registers by writing¢
ARPE in the TIMx_CR1 register. In this case the compare value must be written in the
TIMx_CCRL1 register, the auto-reload value in the TIMXx_ARR register, generate an update by

setting the UG bit and wait for external trigger
In this example, the DIR and CMS bits in the TIMx_CR1 register should be low.
The useronly wantsonepulse( Si ngl e mode), so '"186 must be writte
register to stop the counter at the next update event (when the counter rolls over from the auto-reload

value back to 0). When OPM bit in the TIMx_CR1 register is set to '0', so the Repetitive Mode is
selected.

Particular case: OCx fast enable:
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In One-pulse mode, the edge detection on TIx input set the CEN bit which enables the counter. Then
the comparison between the counter and the compare value makes the output toggle. But several
clock cycles are needed for these operations and it limits the minimum delay tDELAY.

If the user wants to output a waveform with the minimum delay, the OCXFE bit in the TIMx_CCMRx
register must be set. Then OCxRef (and OCXx) are forced in response to the stimulus, without taking
in account the comparison. Its new level is the same as if a compare match had occurred. OCxFE

acts only if the channel is configured in PWM1 or PWM2 mode.

16.3.16. Encoder interface mode
To select Encoder I nterf aceTIMx0SMER negistet ifethe SoMrer is 6 00 1
counting on Tl2 edges only, SMS = 601006 if it 1is ¢

counting on both TI1 and TI2 edges.

Select the TI1 and TI2 polarity by programming the CC1P and CC2P bits in the TIMx_CCER register.

When needed, the user can program the input filter as well.

The two inputs TI1 and TI2 are used to interface to an incremental encoder. Refer to Table 17-1. The

counter is clocked by each valid transition on TILFP1 or TI2FP2 (TI1 and TI2 after input filter and

polarity selection, TILFP1 = TI1 if not filtered and not inverted, TI2FP2 = TI2 if not filtered and not

ng ed (CEN bit in

transitions of the two inputs is evaluated and generates count pulses as well as the direction signal.

inverted) assumi that it is enabl
Depending on the sequence the counter counts up or down, the DIR bit in the TIMx_CR1 register is
modified by hardware accordingly. The DIR bit is calculated at each transition on any input (TI1 or
TI2), whatever the counter is counting on TI1 only, TI2 only or both TI1 and TI2.

Encoder interface mode acts simply as an external clock with direction selection. This means that
the counter just counts continuously between 0 and the auto-reload value in the TIMX_ARR register
(0 to ARR or ARR down to 0 depending on the direction). So user must configure TIMx_ARR before
starting. in the same way, the capture, compare, prescaler, repetition counter, trigger output features
continue to work as normal. Encoder mode and External clock mode 2 are not compatible and must
not be selected together. In this mode, the counter is modified automatically following the speed and
the direction of the incremental encoder and its content, therefore, alwaysrepr e sent s t he enc«
position. The count direction correspond to the rotation direction of the connected sensor. The table

below summarizes the possible combinations, assuming TI1 and TI2 do not switch at the same time.

Tabl&Counting direction versus encoder sig
Active edge Level on opposite signal _ _TI1FP1 signal _ _ _TI2FP2 signal _
(TIZFP1 for TI2, TI2FP2 for TI1) Rising Falling Rising Falling
Counting on High Down Up No count No count
TI1 only Low Up Down No count No count
Counting on High No count No count Up Down
TI2 only Low No count No count Down Up
Counting on High Down Up Up Down
TI1 and TI2 Low Up Down Down Up

An external incremental encoder can be connected directly to the MCU without external interface

|l ogi c.

However

comparators

ar e

nor mal

y be
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digital signals. This greatly increases noise immunity. The third encoder output which indicate the
mechanical zero position, may be connected to an external interrupt input and trigger a counter reset.
The figure below gives an example of counter operation, showing count signal generation and direc-
tion control. It also shows how input jitter is compensated where both edges are selected. This might
occur if the sensor is positioned near to one of the switching points. For this example we assume

that the configuration is the following:

A CCl1S = 6016(TI Mx_CCMR1 register, TI1FP1 mapped o
A ccC2s = 6016 (Tl Mx_CCMR2 register, TI1FP2 mapped
A cci1pP = 606, and I C1F = 600006 (Tl Mx_CCER registe
A cc2pP = 606, and | C2F = 0600006 -inyeftddMKIFPREEIR). r egi st e
A SMS = 60116 ( GidteMRothsME Bre actve on both rising and falling edges).
AN CEN = 616 (Tl Mx _CR1 register, counter enabled).
forward jitter backward jitter forward
ST A I A [ (O
n — Uy L
up down up
Counter
Figure 16-44 Example of counter operation in encoder interface mode.
forward jitter backward jitter forward
8 1 F A U S [ (N [
8 1S N A O
Counter
down up down
Figure 16-45 Example of encoder interface mode with TILFP1 polarity inverted.
The timer, when configured in Encoder | nteurrdntace mo

position.The user can obtain dynamic information (speed, acceleration, deceleration) by measuring
the period between two encoder events using a second timer configured in capture mode. The output
of the encoder which indicates the mechanical zero can be used for this purpose. Depending on the
time between two events, the counter can also be read at regular times. This can be done by latching

the counter value into a third input capture register if available (then the capture signal must be
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periodic and can be generated by another timer). When available, it is also possible to read its value

through a DMA request generated by a real-time clock.

16.3.17. Timer input XOR function

The TI1S bit in the TIMx_CR2 register, allows the input filter of channel 1 to be connected to the
output of a XOR gate, combining the three input pins TIMx_CH1, TIMx_CH2 and TIMx_CH3.

The XOR output can be used with all the timer input functions such as trigger or input capture.

16.3.18. Interfacing with Hall sensors

This is done using the advanced-control timers (TIM1) to generate PWM signals to drive the motor

and another timer TIMx (TI M3) referdde.d The afsi nitienrtf
timerodo captures the 3 timer input pins (Tluglxka CH1,
XOR to the TI1 input channel (selected by setting the TI1S bit in the TIMx_CR2 register).

The slave mode controller is configured in reset mode, the slave input is TILF_ED. Thus, each time

one of the 3 inputs toggles, the counter restarts counting from 0. This creates a time base triggered

by any change on the Hall inputs.

On the fiinterfacing timero, capture/ compare channe
is TRC (see Figure 17-27). The captured value, which corresponds to the time elapsed between 2

changes on the inputs, gives information about motor speed.

The fiinterfacing timero can be used in output mode
ration of the channels of the advanced-control timer (TIM1) (by triggering a COM event). The TIM1

timer is used to generate PWM signals to drive the motor. To do this, the interfacing timer channel

must be programmed so that a positive pulse is generated after a programmed delay (in output com-

pare or PWM mode). This pulse is sent to the advanced-control timer (TIM1) through the TRGO

output.

Example: the user wants to change the PWM configuration of the advanced-control timer TIM1 after

a programmed delay each time a change occurs on the Hall inputs connected to one of the TIMx

timers.

A Configure 3 timer inputs ORed to the TI1 input channel by writing the TI1S bit in the TIMx_CR2

register to 0616.

A Program the time base: write the TIMx_ARR to the max value (the counter must be cleared by
the TI1 change. Set the prescaler to get a maximum counter period longer than the time between
2 changes on the sensors.
A Program channel 1 in capture mode (TRC selected): write the CC1S bits in the TIMx_CCMR1
register to 6116. The user can also program t he
A Programchannel2inPWM2modewi t h t he desired delay: write th
CC2S bits to 6006 in the TIMx_CCMR1 register.
A Select OC2REF as trigger output on TRGO: write the MMS bits in the TIMx_CR2 register to

61016.
In the advanced-control timer TIM1, the right ITR input must be selected as trigger input, the timer is

programmed to generate PWM signals, the capture/compare control signals are preloaded (CCPC
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=1 in the TIMx_CR2 register) and the COM event is controlled by the trigger input (CCUS =1 in the
TIMx_CR2 register). The PWM control bits (CCxE, OCxM) are written after a COM event for the next

step (this can be done in an interrupt subroutine generated by the rising edge of OC2REF).

TH1 — | [

TH2

TH3 \—
Counter(CNT)

(CCR2

CCR1 C7A3 C7A8 C794 C7A5 C7AB C796

TRGO=OC2REF | | | ] | || L] L L

com ] ] | ] ] ] [

ocy — |ITTITTIVITVRTE Tl
OC1N ‘ \—
—

oc2 LR RCCEALEALEY

OC2N

N 11111 AR RCERACERACERACER

| |
A A A Y

OC3N

Write CCXE, CxNE
and OCxM for next step

Figu®letExampl e of Hall sensor interface

16.3.19. TIMx and external trigger synchronization

The TIMx timer can be synchronized with an external trigger in several modes: Reset mode, Gated

mode and Trigger mode.

Slave mode: Reset mode

The counter and its prescaler can be reinitialized in response to an event on a trigger input.

Moreover, if the URS bit from the TIMx_CR1 register is low, an update event UEV is generated. Then

all the preloaded registers (TIMx_ARR, TIMx_CCRXx) are updated.

In the following example, the upcounter is cleared in response to a rising edge on TI1 input:

A Configure the channel 1 to detect rising edges on TI1. Configure the input filter duration (in this
example, we donb6ét need any filter, so we édeep |
for triggering, so thereds no need to configure
only, CC1S =01 in the TIMx_CCMR1 register. Write CC1P = 0 in TIMx_CCER register to vali-
date the polarity (and detect rising edges only).

207/431

C



PY32F003 Reference Manual

>

Configure the timer in reset mode by writing SMS = 100 in TIMXx_SMCR register. Select TI1 as
the input source by writing TS = 101 in TIMX_SMCR register.

A Start the counter by writing CEN = 1 in the TIMx_CR1 register.

The counter starts counting on the internal clock, then behaves normally until TI1 rising edge. When
TI1 rises, the counter is cleared and restarts from 0. In the meantime, the trigger flag is set (TIF bit
in the TIMx_SR register) and an interrupt request, or a DMA request can be sent if enabled (depend-
ing on the TIE and TDE bits in TIMx_DIER register).

The following figure shows this behavior when the auto-reload register TIMX_ARR = 0x36. The delay
between the rising edge on TI1 and the actual reset of the counter is due to the resynchronization

circuit on TI1 input.

CK_PSC |
UG T
count dock = ak_ent=akpsd | || [ ][] LTI LILILT LT

Counter register 31 @E@@ 36 @@@@@@@
TIF ’—

Figa®e7Control circuit in reset mode

Slave mode: Gated mode

The counter can be enabled depending on the level of a selected input.

In the following example, the upcounter counts only when TI1 input is low:

A Configure the channel 1 to detect low levels on TI1. Configure the input filter duration (in this
example, we dondét need any filter, so we keep |IC
for triggering, so the user does not need to configure it. The CC1S bits select the input capture
source only, CC1S = 01 in TIMXx_CCMRL1 register. Write CC1P =1 in TIMx_CCER register to

validate the polarity (and detect low level only).

A Configure the timer in gated mode by writing SMS = 101 in TIMx_SMCR register. Select TI1 as
the input source by writing TS = 101 in TIMX_SMCR register.
A Enable the counter by writing CEN = 1 in the TIMx_CR1 register (in gated mode, the counter

doesndt start if CEN = Oevelwhatever is the trigge
The counter starts counting on the internal clock as long as TI1 is low and stops as soon as TI1
becomes high. The TIF flag in the TIMx_SR register is set both when the counter start or stops.
The delay between the rising edge on TI1 and the actual stop of the counter is due to the resynchro-

nization circuit on TI1 input.
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TI1 |
CNT_EN |

Count cIock=ck_cnt=ckJ)@ m—m
TIF [ ]
S
Write TIF =
Figua®e8ontrol circuit in gated mode

The counter can start in response to an event on a selected input.

In the following example, the upcounter starts in response to a rising edge on TI2 input:

A Configure the channel 2 to detect rising edges on TI2. Configure the input filter duration (in this
example, we dond6t need any fHektaptere prescaleriswatuséde ep | C
for triggering, so therebés no need to configure
capture source only, CC2S = 01 in TIMx_CCMR1 register. Write CC2P =1 in TIMx_CCER reg-

ister to validate the polarity (and detect low level only).

>

Configure the timer in trigger mode by writing SMS = 110 in TIMXx_SMCR register. Select TI2 as
the input source by writing TS = 110 in TIMX_SMCR register.

When a rising edge occurs on TI2, the counter starts counting on the internal clock and the TIF flag
is set.

The delay between the rising edge on TI2 and the actual start of the counter is due to the resynchro-

nization circuit on TI2 input.

TI2 ‘
CNT_EN |
Count clock = ck_cnt=ck_psc W
Counter register 34 @@@
TIF
Figa®leXontr ol circuit in trigger mode

Slave mode: external clock mode 2 + trigger mode

The external clock mode 2 can be used in addition to another slave mode (except external clock
mode 1 and encoder mode). In this case, the ETR signal is used as external clock input, and another
input can be selected as trigger input (in reset mode, gated mode or trigger mode). It is recommended
not to select ETR as TRGI through the TS bits of TIMx_SMCR register.

In the following example, the upcounter is incremented at each rising edge of the ETR signal as soon
as a rising edge of TI1 occurs:

1. Configure the external trigger input circuit by programming the TIMx_SMCR register as follows:
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U  ETF =0000: no filter.

0  ETPS = 00: prescaler disabled.

0  ETP = 0: detection of rising edges on ETR and ECE = 1 to enable the external clock mode 2.
2. Configure the channel 1 as follows, to detect rising edges on TI:

U  IC1F = 0000: no filter.

U  The capture prescaler is not used for triggering and does not need to be configured.

0 CC1S=01inTIMx_CCMR1 register to select only the input capture source

0 CC1P =0in TIMx_CCER register to validate the polarity (and detect rising edge only).

3. Configure the timer in trigger mode by writing SMS = 110 in TIMx_SMCR register. Select TI1 as
the input source by writing TS = 101 in TIMXx_SMCR register.

A rising edge on TI1 enables the counter and sets the TIF flag. The counter then counts on ETR
rising edges. The delay between the rising edge of the ETR signal and the actual reset of the counter

is due to the resynchronization circuit on ETRP input.

TI1 ’—‘

CEN/CNT_EN ‘

S N s S

Timer clock = CK_CNT=CK_PSC ﬂ ﬂ

Counter register 34 35 36

TIF

Figua®eeontr ol circuit in external clock mode

16.3.20. Timer synchronization
The TIM timers are linked together internally for timer synchronization or chaining. When a timer is
in master mode, it can reset, start, stop or clock the counter of another timer in slave mode.
16.3.21. Debug mode

When the chip enters the debug mode, according to the setting of DBG_TIMx_STOP in the DBG

module, the TIMx counter can continue to work normally or stop working.

16.4. TIM1 registers

16.4.1. TIM1 control register 1 (TIM1_CR1)

Address offset: 0x00

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 CKD[1:0] ARPE CMS[1:0] DIR | OPM | URS | UDIS | CEN
- - - - - - RW RW RW RW RW RW RW RW
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Bit Name R/W Reset Value Function
31:10 Reserved
Clock division
This bit-field indicates the division ratio between the timer
clock (CK_INT) frequency and the dead-time and sam-
00 pling clock (tDTS)used by the dead-time generators and
9:8 CKDI[1:0] RW the digital filters (ETR, TIx),
00: tDTS = tCK_INT
01: tDTS = 2 x tCK_INT
10: tDTS = 4 X tCK_INT
11: Reserved, do not program this value
Auto-reload preload enable
7 ARPE RW 0 0: TIMXx_ARR register is not buffered
1: TIMX_ARR register is buffered
Center-aligned mode selection
00: Edge-aligned mode. The counter counts up or down
depending on the direction bit (DIR).
01: Center-aligned mode 1. The counter counts up and
down alternatively. Output compare interrupt flags of
channels configured in output (CCxS = 00 in
TIMx_CCMRX register) are set only when the counter is
counting down.
10: Center-aligned mode 2. The counter counts up and
down alternatively. Output compare interrupt flags of
6:5 CMS[1:0] RW 00 channels configured in output (CCxS = 00 in
TIMx_CCMRX register) are set only when the counter is
counting up.
11: Center-aligned mode 3. The counter counts up and
down alternatively. Output compare interrupt flags of
channels configured in output (CCxS =00 in
TIMx_CCMRX register) are set both when the counter is
counting up or down.
Note: It is not allowed to switch from edge-aligned mode
to center-aligned mode as long as the counter is enabled
(CEN=1).
Direction
0: Counter used as upcounter
4 DIR RW 0 1: Counter used as downcounter
Note: This bit is read only when the timer is configured in
Center-aligned mode or Encoder mode.
One pulse mode
0: Counter is not stopped at update event
3 OPM RW 0 1: Counter stops counting at the next update event (clear-
ing the bit CEN)
Update request source
This bit is set and cleared by software to select the UEV
event sources.
0: Any of the following events generate an update interrupt
or DMA request if enabled.
2 URS RW 0 These events can be:
i Counter overflow/underflow
i Setting the UG bit
i Update generation through the slave mode controller
1: Only counter overflow/underflow generates an update
interrupt or DMA request if enabled.
Update disable
This bit is set and cleared by software to enable/disable
UEV event generation.
0: UEV enabled. The Update (UEV) event is generated by
one of the following events:
1 UDIS RW 0 I Counter overflow/underflow

I Setting the UG bit

I Update generation through the slave mode controller
Buffered registers are then loaded with their preload val-
ues.

1: UEV disabled. The Update event is not generated,
shadow registers keep their value
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Bit

Name

R/W

Reset Value

Function

(ARR, PSC, CCRXx). However the counter and the pre-
scaler are reinitialized if the UG bit is set or if a hardware
reset is received from the slave mode controller.

CEN

RW

Counter enable

0: Counter disabled

1: Counter enabled

Note: External clock, gated mode and encoder mode can
work only if the CEN bit has been previously set by soft-
ware. However trigger mode can set the CEN bit automati-
cally by hardware.

16.4.2. TIM1 control register 2 (TIM1_CR2)

Address offset: 0x04

Reset value: 0x0000 0000

31

30

29

28

27

26

25 24

23 22 | 21 | 20 19 18 17 16

Re

Res

Res

Res

Res

Res

Res Res

Res | R | Re | Re | pos | Res | R€ | Res
S S S S

15

14

13

12

11

10

7 6 5 4 3 2 1 0

Re

oIS
4

OIS3
N

oIS
3

0O1S2
N

OIS

OIs1 | OIS

TI1 MMS[2:0] CCD | CCU | Re | CCP

RW

RW

RW

RW

RW

RW RW

R R R
w W W

RW RW RW - RW

Bit

Name

R/W

Reset Value

Function

31:15

Reserved

0

Reserved, must be kept at reset value.

14

0154

RW

Qutput Idle state 4 (OC4 output) refer to OIS1 bit

13

OIS3N

RW

Output Idle state 3 (OC3N output) refer to OIS1N bit

12

OIS3

RW

Output Idle state 3 (OC3 output) refer to OIS1 bit

11

OIS2N

RW

QOutput Idle state 2 (OC2N output) refer to OIS1IN hit

10

OI1S2

RW

o|o|o|o

Output Idle state 2 (OC2 output) refer to OIS1 bit

OIS1IN

RW

Output Idle state 1 (OC1N output)

0: OC1N = 0 after a dead-time when MOE =0

1: OCIN =1 after a dead-time when MOE =0

Note: This bit cannot be modified as long as LOCK level 1,
2 or 3 has been programmed (LOCK bits in TIMx_BDTR
register).

ols1

RW

Output Idle state 1 (OC1 output)

0: OC1 = 0 (after a dead-time if OC1N is implemented)
when MOE =0

1: OC1 =1 (after a dead-time if OC1N is implemented)
when MOE =0

Note: This bit cannot be modified as long as LOCK level 1,
2 or 3 has been programmed (LOCK bits in TIMx_BDTR
register)

TI1S

RW

TI1 selection

0: The TIMx_CH1 pin is connected to TI1 input

1: The TIMx_CH1, CH2 and CH3 pins are connected to
the TI1 input (XOR combination)

6:4

MMS[2:0]

RW

000

Master mode selection

These bits allow to select the information to be sent in
master mode to slave timers for synchronization (TRGO).
The combination is as follows:

000: Reset - the UG bit from the TIMx_EGR register is
used as trigger output (TRGO). If the reset is generated by
the trigger input (slave mode controller configured in reset
mode) then the signal on TRGO is delayed compared to
the actual reset.

001: Enable - the Counter Enable signal CNT_EN is used
as trigger output (TRGO). It is useful to start several tim-
ers at the same time or to control a window in which a
slave timer is enable. The Counter Enable signal is gener-
ated by a logic OR between CEN control bit and
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Bit

Name

R/W

Reset Value

Function

the trigger input when configured in gated mode. When
the Counter Enable signal is controlled by the trigger in-
put, there is a delay on TRGO, except if the master/slave
mode is selected (see the MSM bit description in
TIMx_SMCR register).

010: Update - The update event is selected as trigger out-
put (TRGO). For instance a master timer can then be used
as a prescaler for a slave timer.

011: Compare Pulse - The trigger output send a positive
pulse when the CCL1IF flag is to be set (even if it was al-
ready high), as soon as a capture or a compare match oc-
curred(TRGO).

100: Compare - OC1REF signal is used as trigger output
(TRGO)

101: Compare - OC2REF signal is used as trigger output
(TRGO)

110: Compare - OC3REF signal is used as trigger output
(TRGO)

111: Compare - OC4REF signal is used as trigger output
(TRGO)

CCDS

Capture/compare DMA selection
0: CCx DMA request sent when CCx event occurs
1. CCx DMA requests sent when update event occurs

CCuUsSs

Capture/compare control update selection

0: When capture/compare control bits are preloaded
(CCPC =1), they are updated by setting

the COMG bit only

1: When capture/compare control bits are preloaded
(CCPC = 1), they are updated by setting

the COMG bit or when an rising edge occurs on TRGI
Note: This bit acts only on channels that have a comple-
mentary output.

Res

Reserved, must be kept at reset value.

CCPC

CCPC: Capture/compare preloaded control

0: CCxE, CCxNE and OCxM bits are not preloaded

1: CCxE, CCxNE and OCxM bits are preloaded, after hav-
ing been written, they are updated only when a communi-
cation event (COM) occurs (COMG bit set or rising edge
detected on TRGI, depending on the CCUS bit).

Note: This bit acts only on channels that have a comple-
mentary output.

16.4.3. TIM1 slave mode control register (TIM1_SMCR)

Address offset: 0x08
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

ETP | ECE | ETPS[1:0] ETF[3:0] MSM TS[2:0] OCCS SMSJ[2:0]
RW | RW RW RW RW RW RW RW
Bit Name R/W | Reset Value Function
31:16 Reserved
External trigger polarity
This bit selects whether ETR or ETR is used for trigger opera-
15 ETP RW 0 tions
0: ETR is non-inverted, active at high level or rising edge.
1: ETR is inverted, active at low level or falling edge.
External clock enable
This bit enables External clock mode 2.
14 ECE RW 0 0: External clock mode 2 disabled
1: External clock mode 2 enabled. The counter is clocked by any
active edge on the ETRF signal.
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Bit

Name

R/W

Reset Value

Function

Note: 1: Setting the ECE bit has the same effect as selecting ex-
ternal clock mode 1 with TRGI connected to ETRF (SMS =111
and TS = 111).

2: Itis possible to simultaneously use external clock mode 2 with
the following slave modes: reset mode, gated mode and trigger
mode. Nevertheless, TRGI must not be connected to ETRF in
this case (TS bits must not be 111).

3: If external clock mode 1 and external clock mode 2 are ena-
bled at the same time, the external clock input is ETRF.

13:12

ETPS[1:0]

RW

00

External trigger prescaler

External trigger signal ETRP frequency must be at most 1/4 of
TIMXCLK frequency. A prescaler can be enabled to reduce
ETRP frequency. It is useful when inputting fast external clocks.
00: Prescaler OFF

01: ETRP frequency divided by 2

10: ETRP frequency divided by 4

11: ETRP frequency divided by 8

11:8

ETF[3:0]

RW

0000

External trigger filter

This bit-field then defines the frequency used to sample ETRP
signal and the length of the digital filter applied to ETRP. The
digital filter is made of an event counter in which N consecutive
events are needed to validate a transition on the output:

0000: No filter, sampling is done at fDTS

0001: fSAMPLING = fCK_INT, N =2

0010: fSAMPLING = fCK_INT,N=4

0011: fSAMPLING = fCK_INT, N =8

0100: fSAMPLING = fDTS /2, N =6

0101: fSAMPLING = fDTS /2, N=8

0110: fSAMPLING = fDTS /4, N =6

0111: fSAMPLING = fDTS/4,N=8

1000: fSAMPLING = fDTS/8,N =6

1001: fSAMPLING =fDTS/8,N =8

1010: fSAMPLING = fDTS/ 16,
1011: fSAMPLING = fDTS/ 16,
1100: fSAMPLING = fDTS / 16,
1101: fSAMPLING =fDTS /32, N=5

1110: fSAMPLING =fDTS/32,N=6

1111: fSAMPLING =fDTS/32,N=8

Note: Care must be taken that fDTS is replaced in the formula
by CK_INT when ETF[3:0] =1, 2 or 3.

222

o o U1

MSM

RW

Master/slave mode

0: No action

1: The effect of an event on the trigger input (TRGI) is delayed
to allow a perfect synchronization between the current timer and
its slaves (through TRGO). It is useful if we want to synchronize
several timers on a single external event.

6:4

TS[2:0]

RW

000

Trigger selection

This bit-field selects the trigger input to be used to synchronize
the counter.

000: Internal Trigger 0 (ITRO)

001: Reserved

010: Internal Trigger 2 (ITR2)

011: Internal Trigger 3 (ITR3)

100: TI1 Edge Detector (TILF_ED)

101: Filtered Timer Input 1 (TI1FP1)

110: Filtered Timer Input 2 (TI2FP2)

111: External Trigger input (ETRF)

Note: These bits must be changed only when they are not used
(e.g. when SMS = 000) to avoid wrong edge detections at the
transition.

OCCs

RW

OCREF clear selection.

This bit is used to select the OCREF clear source.
0:0CREF_CLR_INT is connected to the OCREF_CLR input
1: OCREF _CLR _INT is connected to ETRF

2:0

SMS[2:0]

RW

000

Slave mode selection

When external signals are selected the active edge of the trigger
signal (TRGI) is linked to the polarity selected on the external in-
put (see Input Control register and Control Register description.
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Bit Name R/W | Reset Value Function
000: Slave mode disabled-i f CEN = 6106 then
clocked directly by the internal clock.
001: Encoder mode 1 - Counter counts up/down on TI2FP1
edge depending on TI1FP2 level.
010: Encoder mode 2 - Counter counts up/down on TI1FP2
edge depending on TI2FP1 level.
011: Encoder mode 3 - Counter counts up/down on both TI1FP1
and TI2FP2 edges depending on the level of the other input.
100: Reset Mode - Rising edge of the selected trigger input
(TRGI) reinitializes the counter and generates an update of the
registers.
101: Gated Mode - The counter clock is enabled when the trig-
ger input (TRGI) is high. The counter stops (but is not reset) as
soon as the trigger becomes low. Both start and stop of the
counter are controlled.
110: Trigger Mode - The counter starts at a rising edge of the
trigger TRGI (but it is not reset). Only the start of the counter is
controlled.
111: External Clock Mode 1 - Rising edges of the selected trig-
ger (TRGI) clock the counter.
Note: The gated mode must not be used if TILF_ED is selected
as the trigger input (TS s1061
pulse for each transition on TI1F, whereas the gated mode
checks the level of the trigger signal.
Note: The clock of the slave timer must be enabled prior to re-
ceive events from the master timer, and must not be changed
on-the-fly while triggers are received from the master timer.
Tabl& TI M1 Internal trigger connect.i
Slave TIM ITRO(TS = 000) ITRL(TS = 001) ITR2(TS = 010) ITR3(TS = 011)
TIM1 reserved reserved TIM3 TIM17 OC1
16.4.4. TIM1 DMA/interrupt enable register (TIM1 _DIER)
Address offset: 0x0C
Reset value: 0x0000 0000
31 | 30 29 28 27 26 25 24 | 23 | 22 21 20 19 18 17 | 16
Re | Re Res Res Res Res Res Re | Re | Re | Res Res Res Res Re | Re
S s S S s S s
15 | 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Re | TD | COM Cc4 CC3 cc2 CCl1 | UD | BI | TI | COM | CC4l | CC3l | CC2l | CClLIE | U
s E DE DE DE DE DE E E E IE E E E I
E
- R RW RW RW RW RW | RW | R R RW RW RW RW RW R
w W | w w
Bit Name R/W Reset Value Function
31:15 Reserved Reserved, must be kept at reset value.
TDE: Trigger DMA request enable
14 TDE RW 0 0: Trigger DMA request disabled
1: Trigger DMA request enabled
COMDE: COM DMA request enable
13 COMDE RW 0 0: COM DMA request disabled
1: COM DMA request enabled
CCA4DE: Capture/Compare 4 DMA request enable
12 CC4DE RW 0 0: CC4 DMA request disabled
1: CC4 DMA request enabled
CC3DE: Capture/Compare 3 DMA request enable
11 CC3DE RW 0 0: CC3 DMA request disabled
1: CC3 DMA request enabled
CC2DE: Capture/Compare 2 DMA request enable
10 CC2DE RW 0 0: CC2 DMA request disabled
1: CC2 DMA request enabled
9 CC1DE RW 0 CC1DE: Capture/Compare 1 DMA request enable
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Bit Name R/W Reset Value

Function

0: CC1 DMA request disabled
1: CC1 DMA request enabled

8 UDE RW 0

UDE: Update DMA request enable
0: Update DMA request disabled
1: Update DMA request enabled

7 BIE RW 0

BIE: Break interrupt enable
0: Break interrupt disabled
1: Break interrupt enabled

6 TIE RW 0

TIE: Trigger interrupt enable
0: Trigger interrupt disabled
1: Trigger interrupt enabled

5 COMIE RW 0

COMIE: COM interrupt enable
0: COM interrupt disabled
1: COM interrupt enabled

4 CC4IE RW 0

Capture/Compare 4 interrupt enable
0: CC4 interrupt disabled
1: CC4 interrupt enabled

3 CC3IE RW 0

CC3IE: Capture/Compare 3 interrupt enable
0: CC3 interrupt disabled
1: CC3 interrupt enabled

2 CC2IE RW 0

CC2IE: Capture/Compare 2 interrupt enable
0: CC2 interrupt disabled
1: CC2 interrupt enabled

1 CClIE RW 0

CCL1IE: Capture/Compare 1 interrupt enable
0: CC1 interrupt disabled
1: CC1 interrupt enabled

0 UIE RW 0

UIE: Update interrupt enable
0: Update interrupt disabled
1: Update interrupt enabled

16.4.5. TIM1 status register (TIM1_SR)

Address offset: 0x010
Reset value: 0x0000 0000

31 |30 | 29 28 27 26 25 24 22 21 20 19 18 17 16
Re | Re | Re | Res Res Res Res | Re | Res | Res Res Res | Res Res Res Res
S S S S
15 | 14 | 13 12 11 10 9 8 6 5 4 3 2 1 0
Re | Re | Re| CC4 | CC3 | CC2 | CC1 | Re | BIF TIF | COM | CC4l | CC3I | CC2l | CC1lIF | UIF
S S S OF OF OF OF S IF F F F
- - - Rc_w | Rc_w | Rc_w | Rc_w Rc_ Rc_ Rc_ | Rc_ | Rc_ | Re_w | Rc_
0 0 0 0 w0 w0 w0 w0 w0 w0 0 w0
Bit Name R/W 5;5”6; Function
31:13 Reserved - 0 Reserved, must be kept at reset value.
Capture/Compare 4 overcapture flag
£ & 2 Re_w0 0 refer to CC10F description
Capture/Compare 3 overcapture flag
% CC30F Re_w0 0 refer to CC10F description
Capture/Compare 2 overcapture flag
10 CC20F Re_w0 0 refer to CC10F description
Capture/Compare 1 overcapture flag
This flag is set by hardware only when the corresponding
channel is configured in input capture mode. It is cleared
9 CC10F Rc_wO0 0 by software by writing it t
0: No overcapture has been detected.
1: The counter value has been captured in TIMx_CCR1
register while CC1IF flag was already set
8 Res Rc_w0 0 Reserved, must be kept at reset value.
Break interrupt flag
This flag is set by hardware as soon as the break input
7 BIF Rc_wO0 0 goes active. It can be cleared by software if the break in-
put is not active.
0: No break event occurred.
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Bit

Name

R/W

Reset
Value

Function

1: An active level has been detected on the break input

TIF

Rc_w0

Trigger interrupt flag

This flag is set by hardware on trigger event (active edge
detected on TRGI input when the slave mode controller is
enabled in all modes but gated mode.lt is cleared by soft-
ware.

0: No trigger event occurred.

1: Trigger interrupt pending

COMIF

Rc_w0

COM interrupt flag

This flag is set by hardware on COM event (when Cap-
ture/compare Control bits - CCxE, CCxNE, OCxM - have
been updated). It is cleare
0: No COM event occurred.

1. COM interrupt pending.

CC4IF

Rc_w0

Capture/Compare 4 interrupt flag
refer to CC1IF description

CC3IF

Rc_w0

Capture/Compare 3 interrupt flag
refer to CC1IF description

CC2IF

Rc_w0

Capture/Compare 2 interrupt flag
refer to CC1IF description

CClIF

Rc_wO0

Capture/Compare 1 interrupt flag

If channel CC1 is configured as output:

This flag is set by hardware when the counter matches the
compare value, with some exception in center-aligned
mode (refer to the CMS bits in the TIMx_CRL1 register de-
scription).

It is cleared by software.

0: No match.

1: The content of the counter TIMx_CNT matches the con-
tent of the TIMx_CCR1 register.

When the contents of TIMx_CCR1 are greater than the
contents of TIMx_ARR, the CC1IF bit goes high on the
counter overflow (in upcounting and up/down-counting
modes) or underflow (in downcounting mode)

If channel CCl is configured as input:

This bit is set by hardware on a capture. It is cleared by
software or by reading the TIMx_CCR1 register.

0: No input capture occurred

1: The counter value has been captured in TIMx_CCR1
register (An edge has been detected on IC1 which
matches the selected polarity)

UIF

Rc_wO0

Update interrupt flag

This bit is set by hardware on an update event. It is
cleared by software.

0: No update occurred.

1: Update interrupt pending. This bit is set by hardware
when the registers are updated:

7 At overflow or underflow regarding the repetition counter
value (update if repetition counter = 0) and if the UDIS =0
in the TIMx_CRL1 register.

TWhen CNT is reinitialized by software using the UG bit in
TIMx_EGR register, if URS = 0 and UDIS = 0 in the
TIMx_CR1 register.

TWhen CNT is reinitialized by a trigger event (refer to
TIM1 slave mode control register (TIM1_SMCR)), if URS =
0 and UDIS = 0 in the TIMx_CR1 register.

16.4.6. TIM1 event generation register (TIM1_EGR)

Address offset: 0x14
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 | Res | Res | BG TG | COMG | CC4G | CC3G | CC2G | CC1G | UG
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Bit

Name

Reset Value

Function

318

Reserved

0

Reserved, must be kept at reset value.

BG

Break generation

This bit is set by software in order to generate an event, it
is automatically cleared by hardware.

0: No action

1: A break event is generated. MOE bit is cleared and BIF
flag is set. Related interrupt or DMA transfer can occur if
enabled.

TG

Trigger generation

This bit is set by software in order to generate an event, it
is automatically cleared by hardware.

0: No action

1: The TIF flag is set in TIMx_SR register. Related inter-
rupt or DMA transfer can occur if enabled.

COMG

Capture/Compare control update generation

This bit can be set by software, it is automatically cleared
by hardware

0: No action

1: When CCPC bit is set, it allows to update CCxE,
CCxNE and OCxM bits

Note: This bit acts only on channels having a complemen-
tary output.

CC4G

CC4G: Capture/Compare 4 generation
Refer to CC1G description

CC3G

CC3G: Capture/Compare 3 generation
Refer to CC1G description

CC2G

CC2G: Capture/Compare 2 generation
Refer to CC1G description

CC1G

Capture/Compare 1 generation

This bit is set by software in order to generate an event, it
is automatically cleared by hardware.

0: No action

1: A capture/compare event is generated on channel 1:

If channel CC1 is configured as output:

CCL1IF flag is set, Corresponding interrupt or DMA request
is sent if enabled.

If channel CCL1 is configured as input:

The current value of the counter is captured in
TIMx_CCRL1 register. The CC1IF flag is set, the corre-
sponding interrupt or DMA request is sent if enabled. The
CC1OF flag is set if the CC1IF flag was already high.

uG

Update generation

This bit can be set by software, it is automatically cleared
by hardware.

0: No action

1: Reinitialize the counter and generates an update of the
registers. Note that the prescaler counter is cleared too
(anyway the prescaler ratio is not affected). The counter is
cleared if the center-aligned mode is selected or if DIR =0
(upcounting), else it takes the auto-reload value
(TIMx_ARR) if DIR = 1 (downcounting).

16.4.7.

TIM1 capture/compare mode register 1 (TIM1_CCMR1)

Address offset: 0x18
Reset value: 0x0000 0000

Output compare mode:

31

30

29 | 28

27

26

25 | 24

23 22 | 21 | 20 19 18 17 16

Res

Re
S

Re | Re
s S

Res

Res

Re | Re

Res Re Re Re Res Res Res Re

15

14

13 | 12

11

10
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oc2C

OC2M[2:0]

ocC2pP

CO2F

CC2S[1:0

ociC OCIM[2:0] OCIP | OCIF
E E E

CC1S[1:0]

RW

R R R
W I W | W

RW

RW

R R
w w

RW R R R RW RW R RW
w w w W

Bit

Name

R/W

Reset Value

Function

31:16

Reserved

Reserved, must be kept at reset value.

15

OC2CE

RW

0

Qutput Compare 2 clear enable

14:12

OC2M[2:0]

RW

000

QOutput Compare 2 mode

11

OC2PE

RW

0

Output Compare 2 preload enable

10

OC2FE

RW

0

Output Compare 2 fast enable

9:8

CC2S[1:0]

RW

00

Capture/Compare 2 selection

This bit-field defines the direction of the channel (in-
put/output) as well as the used input.

00: CC2 channel is configured as output

01: CC2 channel is configured as input, IC2 is mapped on
TI2

10: CC2 channel is configured as input, IC2 is mapped on
TI1

11: CC2 channel is configured as input, IC2 is mapped on
TRC. This mode is working only if an internal trigger input
is selected through the TS bit (TIMx_SMCR register)
Note: CC2S bits are writable only when the channel is

OFF (CC2E = 0606 in Tl Mx_ CCE

OC1CE

RW

Output Compare 1 clear enable

OCI1CE: Output Compare 1 Clear Enable

0: OC1Ref is not affected by the ETRF Input

1: OC1Ref is cleared as soon as a High level is detected
on ETRF input

6:4

OC1M[2:0]

RW

00

Output Compare 1 mode

These bits define the behavior of the output reference sig-
nal OC1REF from which OC1 and OC1N are derived.
OCL1REF is active high whereas OC1 and OC1N active
level depends on CC1P and CC1NP bits.

000: Frozen - The comparison between the output com-
pare register TIMx_CCR1 and the counter TIMx_CNT has
no effect on the outputs (this mode is used to generate a
timing base).

001: Set channel 1 to active level on match. OC1REF sig-
nal is forced high when the counter TIMx_CNT matches
the capture/compare register 1 (TIMx_CCR1).

010: Set channel 1 to inactive level on match. OC1REF
signal is forced low when the counter TIMx_CNT matches
the capture/compare register 1 (TIMx_CCR1).

011: Toggle - OC1REF toggles when TIMx_CNT =
TIMx_CCRL1.

100: Force inactive level - OC1REF is forced low.

101: Force active level - OC1REF is forced high.

110: PWM mode 1 - In upcounting, channel 1 is active as
long as TIMx_CNT < TIMx_CCRL1 else inactive. In
downcounting, channelli s i nactive ( OC]
long as TIMX_CNT > TIMx_CCR1 else active (OC1REF

= 010) .

111: PWM mode 2 - In upcounting, channel 1 is inactive
as long as TIMx_CNT < TIMx_CCR1 else active. In
downcounting, channel 1 is active as long as TIMx_CNT >
TIMx_CCRL1 else inactive.

Note: 1: These bits can not be modified as long as LOCK
level 3 has been programmed(LOCK bits in TIMx_BDTR
register) and CC1S = 60006 (
output).

2: In PWM mode 1 or 2, the OCREF level changes only
when the result of the comparison changes or when the
output compare mode switche
iPWMO mode.

3: On channels having a complementary output, this bit
field is preloaded. If the CCPC bit is set in the TIMx_CR2
register then the OC1M active bits take the new value
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Bit

Name

R/W

Reset Value

Function

from the preloaded bits only when a COM event is gener-
ated.

OC1PE

RW

Output Compare 1 preload enable

0: Preload register on TIMx_CCR1 disabled. TIMx_CCR1
can be written at anytime, the new value is taken in ac-
count immediately.

1: Preload register on TIMx_CCR1 enabled. Read/Write
operations access the preload register. TIMx_CCR1 pre-
load value is loaded in the active register at each update
event.

Note: 1: These bits can not be modified as long as LOCK
level 3 has been programmed (LOCK bits in TIMx_BDTR
register) and CC1S = 60006 (
output).

2: The PWM mode can be used without validating the pre-
load register only in one pulse mode (OPM bit set in
TIMx_CR1 register). Else the behavior is not guaranteed.

OC1FE

RW

Output Compare 1 fast enable

This bit is used to accelerate the effect of an event on the
trigger in input on the CC output.

0: CC1 behaves normally depending on counter and
CCR1 values even when the trigger is ON. The minimum
delay to activate CC1 output when an edge occurs on the
trigger input is 5 clock cycles.

1: An active edge on the trigger input acts like a compare
match on CC1 output. Then, OC is set to the compare
level independently from the result of the comparison. De-
lay to sample the trigger input and to activate CC1 output
is reduced to 3 clock cycles. OCFE acts only if

the channel is configured in PWM1 or PWM2 mode.

1.0

CC1S[1:0]

RW

00

Capture/Compare 1 selection

This bit-field defines the direction of the channel (in-
put/output) as well as the used input.

00: CC1 channel is configured as output

01: CC1 channel is configured as input, IC1 is mapped on
TI1

10: CC1 channel is configured as input, IC1 is mapped on
TI2

11: CC1 channel is configured as input, IC1 is mapped on
TRC. This mode is working only if an internal trigger input
is selected through TS bit (TIMx_SMCR register)

Note: CC1S bits are writable only when the channel is

OFF (CC1E = 0606 in Tl Mx_CCE

Input Capture mode:

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

IC2F[3:0]

IC2PSC[1:0]

CC2S[1:0]

IC1F[3:0] ICIPSC[1:0] | CC1S[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

Reserved, must be kept at reset value.

15:12

IF2F

RW

0000

Input capture 2 filter

11:10

IC2PSC[1:0]

RW

00

Input capture 2 prescaler

9:8

CC2S[1:0]

RwW

Capture/Compare 2 selection

This bit-field defines the direction of the channel (in-
put/output) as well as the used input.

00: CC2 channel is configured as output

01: CC2 channel is configured as input, IC2 is mapped on
TI2

10: CC2 channel is configured as input, IC2 is mapped on
TI1

11: CC2 channel is configured as input, IC2 is mapped on
TRC. This mode is working only if an internal trigger input
is selected through TS bit (TIMx_SMCR register)
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Bit Name R/W

Reset Value

Function

Note: CC2S bits are writable only when the channel is
OFF (CC2E = 606 in TI Mx_CCE

7:4 IC1F[3:0] RW

0000

Input capture 1 filter

This bit-field defines the frequency used to sample TI1 in-
put and the length of the digital filter applied to TI1. The
digital filter is made of an event counter in which N con-
secutive events are needed to validate

a transition on the output:

0000: No filter, sampling is done at fDTS

0001: fSAMPLING = fCK_INT, N =2

0010: fSAMPLING = fCK_INT,N=4

0011: fSAMPLING = fCK_INT, N =8

0100: fSAMPLING =fDTS/2,N=6

0101: fSAMPLING = fDTS/2,N=8

0110: fSAMPLING = fDTS/4,N=6

0111: fSAMPLING = fDTS/4,N=8

1000: fSSAMPLING =fDTS/8,N=6

1001: fSAMPLING =fDTS/8,N=8

1010: fSAMPLING = fDTS /16, N
1011: fSAMPLING = fDTS / 16, N
1100: fSAMPLING = fDTS /16, N
1101: fSSAMPLING =fDTS/32,N=5

1110: fSSAMPLING =fDTS /32, N=6

1111: fSAMPLING = fDTS /32, N=8

Note: Care must be taken that fDTS is replaced in the for-
mula by CK_INT when ICxF[3:0] =1, 2 or 3.

o o U1

3:2 IC1PSC[1:0] RW

00

Input capture 1 prescaler

This bit-field defines the ratio of the prescaler acting on
CC1 input (IC1).

The prescaler is reset as s
(TIMx_CCER register).

00: no prescaler, capture is done each time an edge is de-
tected on the capture input

01: capture is done once every 2 events

10: capture is done once every 4 events

11: capture is done once every 8 events

1.0 CC1S[1:0] RW

00

Capture/Compare 1 Selection

This bit-field defines the direction of the channel (in-
put/output) as well as the used input.

00: CC1 channel is configured as output

01: CC1 channel is configured as input, IC1 is mapped on
TI1

10: CC1 channel is configured as input, IC1 is mapped on
TI2

11: CC1 channel is configured as input, IC1 is mapped on
TRC. This mode is working only if an internal trigger input
is selected through TS bit (TIMx_SMCR register)

Note: CC1S bits are writable only when the channel is
OFF (CCl1E = 0606 in Tl Mx_CCE

16.4.8. TIM1 capture/compare mode register 2 (TIM1_CCMR2)

Address offset: O0x1C
Reset value: 0x0000 0000

Output compare mode:

31 [ 30 [ 29 [ 28 [ 27 26 [ 25 [ 24 | 23 [ 22 ] 21]20] 19 18 17 16
Res Re Re Re Res Res Re Re Res Re Re Re Res Res Res Re
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
OC4C | OC4M[2:0] OC4P | CO4F | cyqr o | OC3C OC3M[2:0] OC3P | OC3F
E E E : E E E CC3S[1:0]
ICAF[3:0] IC4PSC[L:0] ] IC3F[3:0] IC3PSC[L:0]
RW | R| R| R | RW RW | R| R| RW |[R| R | R | RW RW | R | RW
w | w|w W | w W w | w W
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Bit

Name

R/W

Reset Value

Function

31:16

Reserved

Reserved, must be kept at reset value.

15

OCA4CE

RW

0

Qutput compare 4 clear enable

14:12

OC4M[2:0]

RW

000

Qutput compare 4 mode

11

OC4PE

RW

0

Output compare 4 preload enable

10

OC4FE

RW

0

Qutput compare 4 fast enable

9:8

CC4S[1:0]

RW

00

Capture/Compare 4 selection

This bit-field defines the direction of the channel (in-
put/output) as well as the used input.

00: CC4 channel is configured as output

01: CC4 channel is configured as input, IC4 is mapped on
TI4

10: CC4 channel is configured as input, IC4 is mapped on
TI3

11: CC4 channel is configured as input, IC4 is mapped on
TRC. This mode is working only if an internal trigger input
is selected through TS bit (TIMx_SMCR register)

Note: CC4S bits are writable only when the channel is

OFF (CC4E = 0606 in Tl Mx_ CCE

OC3CE

RW

Output compare 3 clear enable

6:4

OC3M[2:0]

RW

QOutput compare 3 mode

OC3PE

RW

Output compare 3 preload enable

OC3FE

RW

Output compare 3 fast enable

1.0

CC3SJ[1:0]

RW

00

Capture/Compare 3 selection

This bit-field defines the direction of the channel (in-
put/output) as well as the used input.

00: CC3 channel is configured as output

01: CC3 channel is configured as input, IC3 is mapped on
TI3

10: CC3 channel is configured as input, IC3 is mapped on
TI4

11: CC3 channel is configured as input, IC3 is mapped on
TRC. This mode is working only if an internal trigger input
is selected through TS bit (TIMx_SMCR register)

Note: CC3S bits are writable only when the channel is
OFF (CC3E = 0606 in TI Mx_CCE

Input Capture mode:

Bit

Name

R/W

Reset Value

Function

31:16

Reserved

Reserved, must be kept at reset value.

15:12

IC4F

RW

0000

Input capture 4 filter

11:10

IC4PSC

RW

00

Input capture 4 prescaler

9:8

CC4s

RW

00

Capture/Compare 4 selection

This bit-field defines the direction of the channel (in-
put/output) as well as the used input.

00: CC4 channel is configured as output

01: CC4 channel is configured as input, IC4 is mapped on
TI4

10: CC4 channel is configured as input, IC4 is mapped on
TI3

11: CC4 channel is configured as input, IC4 is mapped on
TRC. This mode is working only if an internal trigger input
is selected through TS bit (TIMx_SMCR register)

Note: CC4S bits are writable only when the channel is

OFF (CC4E = 0606 in Tl Mx_CCE

7:4

IC3F

RW

0000

Input capture 3 filter

3.2

IC3PSC

RW

00

Input capture 3 prescaler

1.0

0OC3S

RW

00

Capture/compare 3 selection

This bit-field defines the direction of the channel (in-
put/output) as well as the used input.

00: CC3 channel is configured as output

01: CC3 channel is configured as input, IC3 is mapped on
TI3

10: CC3 channel is configured as input, IC3 is mapped on
TI4

11: CC3 channel is configured as input, IC3 is mapped on
TRC. This mode is working only if an internal trigger input
is selected through TS bit (TIMx_SMCR register)
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Bit Name R/W Reset Value Function
Note: CC3S bits are writable only when the channel is
OFF (CC3E = 606 in TI Mx_CCE

16.4.9. TIM1 capture/compare enable register (TIM1_CCER)

Address offset: 0x20

Reset value: 0x0000 0000

31 | 30 | 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Re | Re | Res | Res Res Res Res | Res Res Res Res | Res Res Res Res | Res
S S
15| 14 | 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Re | Re [CC4 |CC4 | CC3 | CC3 |CC3|CC3| €CC2 | CC2 |cC2|CcC2| cca1 | ccL |cergceer
s s P E NP NE P E NP NE P E NP NE P E
- - RW | RW RW RW RW | RW RW RW RW | RW RW RW RW | RW
Bit Name R/W Reset Value Function
31:14 Reserved - 0 Reserved, must be kept at reset value.
Capture/Compare 4 output polarity
13 CCap RW 0 refer to CC1P description
Capture/Compare 4 output enable
12 CCAE RW 0 refer to CC1E description
Capture/Compare 3 complementary output polarity
1 CC3NP RW 0 refer to CC1NP description
Capture/Compare 3 complementary output enable
10 CC3NE RW 0 refer to CCINE description
Capture/Compare 3 output polarity
9 ccsp RW 0 refer to CC1P description
Capture/Compare 3 output enable
8 CC3E RW 0 refer to CC1E description
Capture/Compare 2 complementary output polarity
! CC2nP RW 3 refer to CC1NP description
Capture/Compare 2 complementary output enable
6 CC2NE RW % refer to CC1NE description
Capture/Compare 2 output polarity
5 ccap RY g refer to CC1P description
Capture/Compare 2 output enable
4 CC2E RW 4 refer to CC1E description
Capture/Compare 1 complementary output polarity
CC1 channel configuration as output:
0: OC1N active high.
1: OC1N active low.
CC1 channel configuration as input:
This bit is used in conjunction with CC1P to define the po-
larity of TILFP1 and TI2FP1. Refer to CC1P description.
3 CCINP RW 0 Note: On channels having a complementary output, this
bit is preloaded. If the CCPC bit is
set in the TIMx_CR2 register then the CC1NP active bit
takes the new value from the preloaded bits only when a
Commutation event is generated.
Note: This bit is not writable as soon as LOCK level 2 or 3
has been programmed (LOCK bits in TIMXx_BDTR regis-
ter) and CCl1lS = 0000 (the ¢
Capture/Compare 1 complementary output enable
0: Off - OC1N is not active. OC1N level is then function of
MOE, OSSI, OSSR, 0OIS1, OIS1IN
and CCL1E bits.
1: On - OC1N signal is output on the corresponding output
pin depending on MOE, OSSI,
2 CCINE RW 0 OSSR, OIS1, OISIN and CCLE bits.
Note: On channels having a complementary output, this
bit is preloaded. If the CCPC bit is set in the TIMx_CR2
register then the CC1NE active bit takes the new value
from the preloaded bits only when a Commutation event is
generated.
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Bit Name R/W Reset Value Function
Capture/Compare 1 output polarity
CC1 channel configured as output:
0: OC1 active high
1: OC1 active low
CC1 channel configured as input:
CC1NP/CC1P bits select the active polarity of TILFP1 and
TI2FP1 for trigger or capture
operations.
00: non-inverted/rising edge
The circuit is sensitive to TIXFP1 rising edge (capture or
trigger operations in reset, external clock or trigger mode),
TIXFP1 is not inverted (trigger operation in gated mode or
encoder mode).
01: inverted/falling edge
The circuit is sensitive to TIXFP1 falling edge (capture or
trigger operations in reset, external clock or trigger mode),
1 CC1P RW 0 TIXFP1 is inverted (trigger operation in gated mode or en-
coder mode).
10: reserved, do not use this configuration.
11: non-inverted/both edges
The circuit is sensitive to both TIxFP1 rising and falling
edges (capture or trigger operations in reset, external
clock or trigger mode), TIXFP1 is not inverted (trigger op-
eration in gated mode). This configuration must not be
used in encoder mode.
Note: On channels having a complementary output, this
bit is preloaded. If the CCPC bit is set in the TIMx_CR2
register then the CC1P active bit takes the new value from
the preloaded bits only when a Commutation event is gen-
erated.
Note: This bit is not writable as soon as LOCK level 2 or 3
has been programmed (LOCK bits in TIMx_BDTR regis-
ter).
Capture/Compare 1 output enable
CC1 channel configured as output:
0: Off - OC1 is not active. OC1 level is then function of
MOE, OSSI, OSSR, 0OIS1, OIS1N and CCI1NE bits.
1: On - OC1 signal is output on the corresponding output
pin depending on MOE, OSSI, OSSR, OIS1, OIS1N and
CC1NE bits.
CC1 channel configured as input:
0 CC1E RW 0 This bit determines if a capture of the counter value can

actually be done into the input capture/compare register 1
(TIMx_CCR1) or not.

0: Capture disabled.

1: Capture enabled.

Note: On channels having a complementary output, this
bit is preloaded. If the CCPC bit is set in the TIMx_CR2
register then the CC1E active bit takes the new value from
the preloaded bits only when a Commutation event is gen-
erated.

Tables

Qutput control

bits for compl ementary

OCx

Control bits Output states(1)
Mb?tE OStSI OﬁﬁR CbCi>:E CCxNE bit OCx output state OCxN output state
Output Disabled (not driven | Output Disabled (not driven by the
0 0 1 by the timer), OCx = 0, | timer), OCxN =0, OCxN_EN =0
OCx EN=0
Output Disabled (not driven | OCXREF + Polarity OCxN =
0 1 0 by the timer), OCx = 0, | OCXREF xor CCxNP, OCxN_EN =
1 X OCx_EN=0 1
OCXREF + Polarity OCx = | Output Disabled (not driven by the
0 1 1 OCXREF xor CCxP, OCx_EN | timer)
=1 OCxN =0, OCxN_EN =0
1 0 0 OCREF + Polarity + dead- | Complementary to OCREF (not
time OCx EN=1 OCREF) + Polarity + dead-time
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Control bits Output states(1)
Mb(i)tE OStSI OﬁiSt:R CbCi>:E CCxNE bit OCx output state OCxN output state
OCxN_EN=1
Output Disabled (not driven | Output Disabled (not driven by the
1 0 1 by the timer) timer)
OCx=CCxP,OCx EN=0 OCXN = CCxNP, OCxN_EN =0
Off-State (output enabled with | OCXREF + Polarity
1 1 0 inactive state) OCxN = OCXREF xor CCxNP,
OCx=CCxP,0OCx EN=1 OCxN_EN=1
OCXREF + Polarity Off-State (output enabled with
1 1 1 OCx = OCxREF xor CCxP, inactive state)
OCx EN=1 OCxN = CCxNP, OCxN_EN=1
OCREF + Polarity + dead- | Complementary to OCREF (not
0 0 0 time OCx_ EN=1 OCREF) + Polarity + dead-time
OCxN_EN=1
0 0 0 Output Disabled (not driven by the timer)
0 0 1 Asynchronously: OCx = CCxP, OCx_EN =0, OCxN = CCxNP,
0 1 0 OCxN_EN=0
0 1 1 Then if the clock is present: OCx = OISx and OCxN = OISxN after
a
dead-time, assuming that OISx and OISxN do not correspond to
0 X and OCxN both in active state.
1 0 1 Off-State (output enabled with inactive state)
1 1 0 Asynchronously: OCx = CCxP, OCx_EN =1, OCxN = CCxNP,
OCxN_EN=1
Then if the clock is present: OCx = OISx and OCxN = OISxN after
1 1 1 a
dead-time, assuming that OISx and OISxN do not correspond to
OCX and OCxN both in active state

When both outputs of a channel are

CCXNP bits must be kept cleared.

not used (CCxE = CCxNE = 0), the OISx, OISxN, CCxP and

Note: The state of the external I/O pins connected to the complementary OCx and OCxN channels

depends on the OCx and OCxN channel state and the GPlIOand AFIO registers.

16.4.10. TIM1 counter (TIM1_CNT)

Address offset: 0x24
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
CNT[15:0]
RW
Bit Name R/W Reset Value Function
31:16 Reserved Reserved, must be kept at reset value.
15:0 CNT[15:0] RW Counter value
16.4.11. TIM1 prescaler (TIM1_PSC)
Address offset: 0x28
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
PSC[15:0]
RW
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Bit Name R/W Reset Value Function
31:16 Reserved Reserved, must be kept at reset value.
Prescaler value
The counter clock frequency (CK_CNT) is equal to
fCK_PSC/ (PSC[15:0] + 1).

15:0 PSC[15:0] RW 0 PSC contf_iins the value to be loaded i_n the _active pre-
scaler register at each update event (including when the
counter is cleared through UG bit of TIMx_EGR register or
throughtriggerc ontr ol I er when conf
modeo) .

16.4.12. TIM1 auto-reload register (TIM1_ARR)

Address offset: 0x2c
Reset value: 0x0000 FFFF

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
ARR[15:0]
RW
Bit Name R/W Reset Value Function
31:16 Reserved Reserved, must be kept at reset value.
Auto-reload value
15:0 ARR[15:0] RW 0 /rAeF;]iF'{stsrthe value to be loaded in the actual auto-reload
The counter is blocked while the auto-reload value is null.

16.4.13. TIM1 repetition counter register (TIM1_RCR)

Address offset: 0x30

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 | Res | Res REP[7:0]
- - - - - - - - RW [RW | RW [ RW [ RW [ RW [ RW | RW
Bit Name R/W Reset Value Function
31:8 Reserved Reserved, must be kept at reset value.
Repetition counter value
These bits allow the user to set-up the update rate of the
compare registers (i.e. periodic transfers from preload to
active registers) when preload registers are enable, as
well as the update interrupt generation rate, if this interrupt
is enable.
Each time the REP_CNT related downcounter reaches
7:0 REP[7:0] RW 0 zero, an update event is generated and it restarts counting

from REP value. As REP_CNT is reloaded with REP value
only at the repetition update event U_RC, any write to the
TIMx_RCR register is not taken in account until

the next repetition update event.

It means in PWM mode (REP+1) corresponds to:

i the number of PWM periods in edge-aligned mode

i the number of half PWM period in center-aligned mode.

16.4.14. TIM1 capture/compare register 1 (TIM1_CCR1)

Address offset: 0x34

Reset value: 0x0000 0000

[ 31 | 30 | 29

| 28

| 27 | 26 | 25 | 24 | 23 | 22 | 21 [ 20 | 19 | 18 | 17 | 16 |
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Res

Res

Res Res

Res

Res

Res

Res

Res Res Res Res Res Res Res Res

15

14

13 12

11

10

8

7 6 5 4 3 2 1 0

CCR1[15:0]

RW

Bit

Name

R/W

Reset Value

Function

31:16

Reserved

Reserved, must be kept at reset value.

15:0

CCR1[15:0]

RW

Capture/Compare 1 value

If channel CC1 is configured as output:

CCR1 is the value to be loaded in the actual capture/com-
pare 1 register (preload value).

It is loaded permanently if the preload feature is not se-
lected in the TIMx_CCMRL1 register (bit

OCL1PE). Else the preload value is copied in the active
capture/compare 1 register when an

update event occurs.

The active capture/compare register contains the value to
be compared to the counter

TIMX_CNT and signaled on OC1 output.

If channel CC1 is configured as input:

CCR1 is the counter value transferred by the last input
capture 1 event (IC1).

16.4.15. TIM1 capture/compare register 2 (TIM1_CCR2)

Address offset: 0x38

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
CCR2[15:0]
RW
Bit Name R/W Reset Value Function
31:16 Reserved Reserved, must be kept at reset value.
Capture/Compare 2 value
If channel CC2 is configured as output:
CCR2 is the value to be loaded in the actual capture/com-
pare 2 register (preload value).
It is loaded permanently if the preload feature is not se-
lected in the TIMx_CCMR2 register (bit OC2PE). Else the
15:0 CCR2[15:0] RW preload value is copied in the active capture/compare 2

register when an update event occurs.

The active capture/compare register contains the value to
be compared to the counter TIMx_CNT and signalled on
OC2 output.

If channel CC2 is configured as input:

CCR2 is the counter value transferred by the last input
capture 2 event (IC2).

16.4.16. TIM1 capture/compare register 3 (TIM1_CCR3)

Address offset: 0x3C
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
CCR3[15:0]

RW
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Bit

Name

R/W Reset Value

Function

31:16

Reserved

Reserved, must be kept at reset value.

15:0

CCR3[15:0]

RW

Capture/Compare value

If channel CC3is configured as output:

CCR3 is the value to be loaded in the actual capture/com-
pare 3 register (preload value).

It is loaded permanently if the preload feature is not se-
lected in the TIMx_CCMR3 register (bit OC3PE). Else the
preload value is copied in the active capture/compare 3
register when an update event occurs.

The active capture/compare register contains the value to
be compared to the counter TIMXx_CNT and signalled on
OC3 output.

If channel CC3is configured as input:

CCR3 is the counter value transferred by the last input
capture 3 event (IC3).

16.4.17. TIM1 capture/compare register 4 (TIM1_CCR4)

Address offset: 0x40
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
CCRA4[15:0]

RW

Bit Name R/W Reset Value Function

31:16 Reserved Reserved, must be kept at reset value.
Capture/Compare value
If channel CC4 is configured as output:
CCR4 is the value to be loaded in the actual capture/com-
pare 4 register (preload value).
It is loaded permanently if the preload feature is not se-
lected in the TIMx_CCMRA4 register (bit OC4PE). Else the

15:0 CCRA[15:0] RW 0 preload value is copied in the active capture/compare 4

register when an update event occurs.

The active capture/compare register contains the value to
be compared to the counter TIMx_CNT and signalled on
OC4 output.

If channel CC4 is configured as input:

CCRA4 is the counter value transferred by the last input
capture 4 event (IC4).

16.4.18. TIM1 break and dead-time register (TIM1_BDTR)

Address offset: 0x44
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

MOE | AOE | BKP | BKE | OSSR | 0OSSI | LOCK]1:0] DTGI[7:0]
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 RW 0 Reserved, must be kept at reset value.
Main output enable
This bit is cleared asynchronously by hardware as soon as
the break input is active. It is set by software or automati-
15 MOE RW 0 cally depending on the AOE bhit. It is acting only on the
channels which are configured in output.
0: OC and OCN outputs are disabled or forced to idle
state.
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Bit Name R/W Reset Value Function
1: OC and OCN outputs are enabled if their respective en-
able hits are set (CCxE, CCxNE in TIMx_CCER register).
Automatic output enable
0: MOE can be set only by software
1: MOE can be set by software or automatically at the next
14 AOE RW 0 update event (if the break input is not be active)
Note: This bit cannot be modified as long as LOCK level 1
has been programmed (LOCK bits
in TIMx_BDTR register).
Break polarity
0: Break input BRK is active low
1: Break input BRK is active high
Note: This bit can not be modified as long as LOCK level 1
13 BKP RW 0 has been programmed (LOCK bits in TIMx_BDTR regis-
ter).
Note: Any write operation to this bit takes a delay of 1 APB
clock cycle to become effective.
Break enable
0: Break inputs (BRK and CCS clock failure event) disa-
bled
1, Break inputs (BRK and CCS clock failure event) ena-
12 BKE RW 0 bled
Note: This bit cannot be modified when LOCK level 1 has
been programmed (LOCK bits in TIMx_BDTR register).
Note: Any write operation to this bit takes a delay of 1 APB
clock cycle to become effective.
Off-state selection for Run mode
This bit is used when MOE = 1 on channels having a com-
plementary output which are configured as outputs. OSSR
is not implemented if no complementary output is imple-
mented in the timer.
0: When inactive, OC/OCN outputs are disabled (OC/OCN
11 OSSR RW 0 enable output signal = 0).
1: When inactive, OC/OCN outputs are enabled with their
inactive level as soon as CCxE =1 or CCxNE = 1. Then,
OC/OCN enable output signal = 1
Note: This bit can not be modified as soon as the LOCK
level 2 has been programmed (LOCK bits in TIMx_BDTR
register).
Off-state selection for Idle mode
This bit is used when MOE = 0 on channels configured as
outputs.
0: When inactive, OC/OCN outputs are disabled (OC/OCN
enable output signal = 0).
10 0SSl RW 0 1: When inactive, OC/OCN outputs are forced first with
their idle level as soon as CCxE =1 or CCxNE = 1.
OC/OCN enable output signal = 1)
Note: This bit can not be modified as soon as the LOCK
level 2 has been programmed (LOCK bits in TIMx_BDTR
register).
Lock configuration
These bits offer a write protection against software errors.
00: LOCK OFF - No bit is write protected.
01: LOCK Level 1 = DTG bits in TIMx_BDTR register,
OISx and OISxN bits in TIMx_CR2 register and
BKE/BKP/AOQE bits in TIMx_BDTR register can no longer
be written.
10: LOCK Level 2 = LOCK Level 1 + CC Polarity bits
(CCxP/CCxNP bits in TIMx_CCER register, as long as the
9:8 LOCK]1:0] RW 00 related channel is configured in output through the CCxS

bits) as well as OSSR and OSSI bits can no longer be
written.

11: LOCK Level 3 =LOCK Level 2 + CC Control bits
(OCxM and OCXxPE bits in TIMx_CCMRX registers, as
long as the related channel is configured in output through
the CCxS bits) can no longer be written.

Note: The LOCK bits can be written only once after the re-
set. Once the TIMx_BDTR register has been written, their
content is frozen until the next reset.
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Bit Name R/W Reset Value Function
Dead-time generator setup
This bit-field defines the duration of the dead-time inserted
between the complementary outputs. DT correspond to
this duration.
DTG[7:5] = Oxx => DT = DTGJ[7:0]x tdtg with tdtg = tDTS.
DTG[7:5] = 10x => DT = (64+DTG[5:0])xtdtg with Tdtg =
2xtDTS.
DTG[7:5] = 110 => DT = (32+DTG[4:0])xtdtg with Tdtg =
8xtDTS.

7.0 DTG[7:0] RW 0000 0000 ?g’x(t;‘-g_rg] =111 => DT = (32+DTG[4:0])xtdtg with Tdtg =

Example if TDTS = 125 ns (8 MHz), dead-time possible
values are:

0 to 15875 ns by 125 ns steps,

16 us to 31750 ns by 250 ns steps,

32 us to 63 us by 1 us steps,

64 us to 126 us by 2 us steps

Note: This bit-field can not be modified as long as LOCK
level 1, 2 or 3 has been programmed (LOCK bits in
TIMx_BDTR register).

16.4.19. TIM1 DMA control register (TIM1_DCR)

Address offset: 0x48
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 DBL[4:0] Res DBA[4:0]
- - - RW [ RW | RW | RW [ RW - -1 - RW [ RW [ RW | RW | RW
Bit Name R/W Reset Value Function
31:13 Reserved Reserved, must be kept at reset value.
DMA burst length
This 5-bit vector defines the number of DMA transfers (the
timer recognizes a burst transfer when a read or a write
access is done to the TIMx_DMAR address)
12:8 DBL[4:0] RW 0 0000 00000: 1 transfer
00001: 2 transfers
00010: 3 transfers
10001: 18 transfers
75 Reserved RW 0 Reserved, must be kept at reset value.
DMA base address
This 5-bit vector defines the base-address for DMA trans-
fers (when read/write access are done through the
TIMx_DMAR address). DBA is defined as an offset start-
ing from the address of the TIMx_CR1 register.
Example:
00000: TIMx_CR1,
4:0 DBA[4:0] RW 0 0000 00001: TIMX_CR2.
00010: TIMX_SMCR,
Example: Let us consider the following transfer: DBL = 7
transfers and DBA = TIMx_CRL1. In this case the transfer
is done to/from 7 registers starting from the TIMx_CR1 ad-
dress.

16.4.20. TIM1 DMA address for full transfer

Address offset: 0x4C
Reset value: 0x0000 0000

(TIM1_DMAR)

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 ] 11 o0
DMAB[15:0]
Bit Name R/W Reset Value Function
31:16 Reserved Reserved, must be kept at reset value.
DMAB[15:0]: DMA register for burst accesses
A read or write operation to the DMAR register accesses
the register located at the address (TIMx_CR1 address) +
. . (DBA + DMA index) x 4 where TIMx_CR1 address is the
150 DMAB[31:0] RW 0 address of the control register 1, DBA is the DMA base
address configured in TIMx_DCR register, DMA index is
automatically controlled by the DMA transfer, and ranges
from O to DBL (DBL configured in TIMx_DCR).
16.4.21. TIM1 register map
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17.General-purpose timer (TIM3)

17.1.

17.2.

TIM3 introduction

The general-purpose timer TIM3 consist of a 16-bit auto-reload counter driven by a programmable pre-
scaler.

It may be used for a variety of purposes, including measuring the pulse lengths of input signals (input
capture) or generating output waveforms (output compare and PWM).

Pulse lengths and waveform periods can be modulated from a few microseconds to several milliseconds
using the timer prescaler and the RCC clock controller prescalers.

The timers are completely independent, and do not share any resources. They can be synchronized

together.

TIM3 main features

General-purpose TIM3 timer features include:
A 16-bit (TIM3) up, down, up/down auto-reload counter.
A 16-bit programmable prescaler used to divide the counter clock frequency by any factor between 1
and 65535.
A Up to 4 independent channels for:
U  Input capture
U  Output compare
U PWM generation (Edge- and Center-aligned modes)

U  One-pulse mode output

A Synchronization circuit to control the timer with external signals and to interconnect several timers.
A Interrupt/DMA generation on the following events:
U  Update: counter overflow/underflow, counter initialization (by software or internal/external trig-
ger)
U  Trigger event (counter start, stop, initialization or count by internal/external trigger)
U  Input capture
U Output compare
A Supports incremental (quadrature) encoder and hall-sensor circuitry for positioning purposes.
A Trigger input for external clock or cycle-by-cycle current management.
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Figure 17-1 General-purpose timer block diagram (TIM3)
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17.3. TIM3 functional description

17.3.1. Time-base unit

The main block of the programmable timer is a 16-bit counter with its related autoreload register. The
counter can count up but also down or both up and down. The counter clock can be divided by a
prescaler.

The counter, the auto-reload register and the prescaler register can be written or read by software.
This is true even when the counter is running.

The time-base unit includes:

A Counter Register (TIM3_CNT)

A Prescaler Register (TIM3_PSC)

A Auto-Reload Register (TIM3_ARR)
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The auto-reload register is preloaded. Writing to or reading from the auto-reload register accesses the
preload register. The content of the preload register are transferred into the shadow register perma-
nently or at each update event (UEV), depending on the auto-reload preload enable bit (ARPE) in
TIM3_CRL1 register. The update event is sent when the counter reaches the overflow (or underflow
when downcounting) and if the UDIS bit equals 0 in the TIM3_CR1 register. It can also be generated
by software.

The counter is clocked by the prescaler output CK_CNT, which is enabled only when the counter
enable bit (CEN) in TIM3_CR1 register is set.

Note that the actual counter enable signal CNT_EN is set 1 clock cycle after CEN.

Prescaler description

The prescaler can divide the counter clock frequency by any factor between 1 and 65535. It is based
on a 16-bit counter controlled through a 16-bit register (in the TIM3_PSC register). It can be changed
on the fly as this control register is buffered. The new prescaler ratio is taken into account at the next
update event.

The following figures give some examples of the counter behavior when the prescaler ratio is changed

on the fly:

cK_Psd Uy yuL

]

CEN |

1

1

Timer clock = CK_CLH_H_H_H_H_’_'
1

Counter register  F7 Fd 00

update event(UEV)

01 03

[N

Y I N FY D P, _..:I______

Prescaler counter register 0 ‘X

/"

writing a new value in TIMx_PSC

o

o T ittt haded '-:I——

Prescaler buffer

R e N e __:I______
Sy I S NI D R — = __:I______

Prescaler counter 0

=
o
=
o
=
o

Figure 17-2 Counter timing diagram with prescaler division change from 1 to 2
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Prescaler counter 0 . 0 3 . 0 a 3

S o e B B B S S
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17.3.2. Counter modes

Upcounting mode

In upcounting mode, the counter counts from O to the auto-reload value, then restarts from 0 and
generates a counter overflow event.

An Update event can be generated by setting the UG bit in the TIM3_EGR register (by software or by
using the slave mode controller).

The UEV event can be disabled by software by setting the UDIS bit in TIM3_CRL1 register. This is to
avoid updating the shadow registers while writing new values in the preload registers. Then no update
event occurs until the UDIS bit has been written to 0. However, the counter restarts from 0, as well as
the counter of the prescaler (but the prescale rate does not change). In addition, if the URS bit (update
request selection) in TIM3_CR1 register is set, setting the UG bit generates an update event UEV but
without setting the UIF flag (thus no interrupt or DMA request is sent). This is to avoid generating both
update and capture interrupts when clearing the counter on the capture event.

When an update event occurs, all the registers are updated and the update flag (UIF bit in TIM3_SR
register) is set (depending on the URS bit):

A The auto-reload shadow register is updated with the preload value (TIM3_ARR).

A The buffer of the prescaler is reloaded with the preload value (content of the TIM3_PSC register).
The following figures show some examples of the counter behavior for different clock frequencies when
TIM3_ARR = 0x36.
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Figure 17-6 Counter timing diagram, internal clock divided by 4
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Figure 17-7 Counter timing diagram, internal clock divided by N
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Figure 17-8 Counter timing diagram, Update event when ARPE =0
(TIM3_ARR not preloaded)
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Figure 17-9 Counter timing diagram, Update event when ARPE = 1
(TIM3_ARR preloaded)

Downcounting mode

In downcounting mode, the counter counts from the auto-reload value down to O, then restarts from

the auto-reload value and generates a counter underflow event.
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An Update event can be generated by setting the UG bit in the TIM3_EGR register (by software or by

using the slave mode controller).

The UEV update event can be disabled by software by setting the UDIS bit in TIM3_CR1 register. This

is to avoid updating the shadow registers while writing new values in the preload registers. Then no

update event occurs until UDIS bit has been written to 0. However, the counter restarts from the current

auto-reload value, whereast he counter of the prescaler rest

change).

In addition, if the URS bit (update request selection) in TIM3_CRL1 register is set, setting the UG bit

generates an update event UEV but without setting the UIF flag (thus no interrupt or DMA request is

sent). This is to avoid generating both update and capture interrupts when clearing the counter on the

capture event.

When an update event occurs, all the registers are updated and the update flag (UIF bit in TIM3_SR

register) is set (depending on the URS bit):

A The buffer of the prescaler is reloaded with the preload value (content of the TIM3_PSC register).

A he auto-reload active register is updated with the preload value (content of the TIM3_ARR regis-
ter).

Note that the auto-reload is updated before the counter is reloaded, so that the next period is the

expected one.
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1 1
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Figure 17-10 Counter timing diagram, internal clock divided by 1
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Figure 17-11 Counter timing diagram, internal clock divided by 2
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Figure 17-12 Counter timing diagram, internal clock divided by 4
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Figure 17-13 Counter timing diagram, internal clock divided by N
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Figure 17-14 Counter timing diagram, Update event when repetition counter is not used
Center-aligned mode (up/down counting)
In center-aligned mode, the counter counts from 0 to the auto-reload value (content of the TIM3_ARR
register) 1 1, generates a counter overflow event, then counts from the autoreload value down to 1
and generates a counter underflow event. Then it restarts counting from O.
Center-aligned mode is active when the CMS bits in TIM3_CR1 register are not equal to '00'. The

Output compare interrupt flag of channels configured in output is set when: the counter counts down
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(Center aligned mode 1, CMS = A0106), the counter <co

counter counts up and down (Center aligned mode 3,CMS=A110) .

In this mode, the direction bit (DIR from TIM3_CRL1 register) cannot be written. It is updated by hard-

ware and gives the current direction of the counter.

The update event can be generated at each counter overflow and at each counter underflow or by

setting the UG bit in the TIM3_EGR register (by software or by using the slave mode controller) also

generates an update event. In this case, the counter restarts counting from 0, as well as the counter

of the prescaler.

The UEV update event can be disabled by software by setting the UDIS bit in TIM3_CR1 register. This

is to avoid updating the shadow registers while writing new values in the preload registers. Then no

update event occurs until the UDIS bit has been written to 0. However, the counter continues counting

up and down, based on the current auto-reload value.

In addition, if the URS bit (update request selection) in TIMx_CR1 register is set, setting the UG bit

generates an update event UEV but without setting the UIF flag (thus no interrupt or DMA request is

sent). This is to avoid generating both update and capture interrupt when clearing the counter on the

capture event.

When an update event occurs, all the registers are updated and the update flag (UIF bit in TIM3_SR

register) is set (depending on the URS bit):

A The buffer of the prescaler is reloaded with the preload value (content of the TIM3_PSC register).

A The auto-reload active register is updated with the preload value (content of the TIM3_ARR reg-
ister).

Note that if the update source is a counter overflow, the autoreload is updated before the counter is

reloaded, so that the next period is the expected one (the counter is loaded with the new value).

CK_Psd LUyt
CEN___|

Timer clock = ck_ent | LI LT L LML LU L L
1 1 1
Counter register 04 o1}00Y o1y 02 03 04 05)0ef 05) 0403
]

.

N

counter underflow

counter overflow

update event(UEV)

I -

update interrupt flag
(UIF)

Figure 17-15 Counter timing diagram, internal clock divided by 1, TIM3_ARR = 0x6
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CEN |

Timer clock = CK_CNT___ i_| [ i—| M M M

Counter register 0003 X 0002  0001) 0000 X 0001 } 0002 ) 0003

update event(UEV)

counter underflow

e

update interrupt flag
(UIF)

Figareounter timing diagram, internal cl
CK_PSC| _||_||_||_||_||_||_||_||_
1 1 1
CEN___| ! !
| | |
1 1 1
Timer clock = CK_CNT ] !_l |_|_
1
Counter register 0034 X 0035 K 0036 X0035
)
update event(UEV) !_l
1
counter overflow !_l
1
update interrupt flag |
(UIF)
note:Here, center_aligned mode 2 or 3 is updated with an UIF on overflow
guawvleCounter timing diagram, internal <clock
CK_PSC .||_||_||_||_||7/ Lll—ll—ll—ll—ll—ll—
1 1
Timer clock = CK_CNT !_l /4_|
1 / 1
Counter register 20 1F ‘) O{LX 00
7 |
update event(UEV) !—l
counter underflow !—l
]
update interrupt flag |
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CK_PSC

CNT_EN

Timer clock = CK_CNT

U uyuyyyyyy

Counter register

06 {05)04)(03] 02/ 01 09/ 01} 02)(03/ 04/ 05/ 08 07

Counter underflow

[

Update event(UEV)

[

Update interrupt flag(UIF)

Auto-reload preload register

FD 36

Pl

Auto-reload shadow register

FD 36

Write a new value in TIMX_ARR

Fi gareount er

t

mi ng diagram, Update event wi

CK_PSC

CNT_EN

Timer clock = CK_CNT

U uyuyyyyyy

Counter register

F7_)F8( Fo)[FA( Fa{ FQ(36( 35(34)(33( 32 31)30( 2P

Counter overflow

[

Update event(UEV)

[

Update interrupt flag(UIF)

Auto-reload preload register

FD 36

Pl

Auto-reload shadow register

FD 36

Write a new value in TIMX_ARR

FigamreCount er

17.3.3. Clock sources

t

mi ng diagram, Update event wi

The counter clock can be provided by the following clock sources:

>

Internal clock (CK_INT)

> >

External clock model: external input pin (TIx)

1 can be configured to act as a prescaler for Timer 3.

Internal clock source (CK_INT)

Internal trigger inputs (ITRx): using one timer as prescaler for another timer, for example, Timer

If the slave mode controller is disabled, then the CEN, DIR (in the TIM3_CR1 register) and UG bits (in

the TIM3_EGR register) are actual control bits and can be changed only by software. As soon as the

CEN bit is written to 1, the prescaler is clocked by the internal clock CK_INT.
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internal clock |_| |_| |_| |_| |_| |_| |_| |_| I_‘ |—

[}
Counter clock= CK_PSC=C K_QLWMM

[} U
Counter register 31 34)35 @m@ 07

1 1 1 1 1
CEN=CNT_EI;|II | RN
1 1 1
uG — H H
1 1 1 1
1 1 1 1

] ]

CNT_INT i i

1 1

[l

FigamelControl circuit in normal mode, internal
External clock source mode 1
This mode is selected when SMS = 111 in the TIM3_SMCR register. The counter can count at each

rising or falling edge on a selected input.

TIMX_SMCR
TS[2:0]
T|2f0|1 \
TRX_ 0XX TIEA oY _[Encoder
TI1_ED 100 1 mode
T12F Rising.  1LEPL101| TR |evemal ciock
TI2 - Edge = mode 1 oK PS
D—@— detector 110 ETF‘K External clockg—(\}
TI2F_Falling =111 — 1 mode2

CKJ@ Internal clock
internal clock mode

ICF[3:0]

TIMx_CCMR1 TIMx_CCER
SMS[2:0
TIMX_SMCR
Figdare2Zll 2 external clock connection exampl

For example, to configure the upcounter to count in response to a rising edge on the TI2 input, use the
following procedure:

1. Configure channel 2 to detect rising edges on the TI2 input by writing CC2S = 01 in the
TIM3_CCMRL1 register.

2. Configure the input filter duration by writing the IC2F[3:0] bits in the TIM3_CCMRL1 register (if no
filter is needed, keep IC2F = 0000).

3. Select rising edge polarity by writing CC2P = 0 in the TIM3_CCER register.

4. Configure the timer in external clock mode 1 by writing SMS = 111 in the TIM3_SMCR register.

5. Select TI2 as the input source by writing TS = 110 in the TIM3_SMCR register.

6. Enable the counter by writing CEN = 1 in the TIM3_CR1 register.

Note: The capture prescaler is not used for triggering, so it does not need to be configured.

When a rising edge occurs on TI2, the counter counts once and the TIF flag is set.

The delay between the rising edge on TI2 and the actual clock of the counter is due to the resynchro-

nization circuit on TI2 input.
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TI2

CNT_EN#

counter clock = CK_CNT = CK_PSC

L

counter register

TIF '7‘/’—"—

write TIF=0

Figde3ontrol circuit in external <c¢clock mo

17.3.4. Capture/compare channels

Each Capture/Compare channel is built around a capture/compare register (including a shadow regis-
ter), a input stage for capture (with digital filter, multiplexing and prescaler) and an output stage (with
comparator and output control).

The input stage samples the corresponding TIx input to generate a filtered signal TIxF. Then, an edge
detector with polarity selection generates a signal (TIxFPx) which can be used as trigger input by the

slave mode controller or as the capture command. It is prescaled before the capture register (ICxPS).

TILFED _
>
To the slave mode controller
—>
TI1 ) TI1F_Risin
F———o"  Filter TIIF|  Edge oy TiFPa] | o
downcounter detector 1 IC1 ivi IC1PS
DTS T Faling 1) Ti2EPL |1 LIC Divider s
11,12,/4,18
11
ICF[3:0] CC1P/CCINH b
TIMx_CCMR1
TiMx_CCER [ CCiS[LO[IcPS[L0] [ CCiE |
TI2F_Risin TIMx_CCMR1 TIMx_CCER
(from channel 2 0
. TRC
TI2F _Fallin
(from 1 (from slave mode controller)
Figdedapture/ compare channel (exampl e: channel

The output stage generates an intermediate waveform which is then used for reference of OCxRef

(active high). The polarity acts at the end of the chain.
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17.3.5.

| APB bus |

v

[ MCUperipheral interface |

Read CCRIHC zg,k% EY Slaite CCRIH
read_in_progress 2 = g rite CCR1L
Read cogily Ty 3 Rl

Compare_transfer

Capture/compare preload regist
| P parep d ef ) output mode CCIS[1
capture_transfer @ CC1S[0

| Capture/compare shadow registe{r OCIPE

< EV ]
Comparator (from time TIMx_CCMR1
\—> CNT>CCR1. baseunit)
————>
| Counter |  ENT=CCR1y
|

Figure 17-25 Capture/compare channel 1 main circuit

TIMXx_SMCR

OCREF_CI|
ETRE —» To the master mode controller
ocref_clr_in
CNT2CCREGrinnt OC1REF Output ot
_ Mode enable | — —~— H
CNTﬂlComroller circuit
TIMx_CCER

CC2M[2:0 TIMX_CCER
TIMx_CCMR1

Figure 17-26 Output stage of capture/compare channel (channel 1)
The capture/compare block is made of one preload register and one shadow register. Write and read
always access the preload register.
In capture mode, captures are actually done in the shadow register, which is copied into the preload
register.
In compare mode, the content of the preload register is copied into the shadow register which is com-

pared to the counter.

Input capture mode

In Input capture mode, the Capture/Compare Registers (TIM3_CCRXx) are used to latch the value of

the counter after a transition detected by the corresponding ICx signal. When a capture occurs, the

corresponding CCxIF flag (TIM3_SR register) is set and an interrupt or a DMA request can be sent if

they are enabled. If a capture occurs while the CCxIF flag was already high, then the over-capture flag

CCxOF (TIM3_SR register) is set. CCxIF can be cleared by software by writing it to 0 or by reading

the captured data stored in the TIM3_CCRXx register. CCxOF is cleared when it is written with 0.

The following example shows how to capture the counter value in TIM3_CCR1 when TI1 input rises.

To do this, use the following procedure:

A Select the active input: TIMx_CCR1 must be linked to the TI1 input, so write the CC1S bits to 01
in the TIM3_CCMRL1 register. As soon as CC1S becomes different from 00, the channel is con-

figured in input and the TIM3_CCR1 register becomes read-only.
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17.3.6.

)

Program the appropriate input filter duration in relation with the signal connected to the timer

(when the input is one of the TIx (I CxF bits

toggling, the input signal is not stable during at must 5 internal clock cycles. We must program a

filter duration longer than these 5 clock cycles. We can validate a transition on TI1 when 8 con-

secutive samples with the new level have been detected (sampled at fDTS frequency). Then write

IC1F bits to 0011 in the TIM3_CCMRL1 register.

A  Select the edge of the active transition on the TI1 channel by writing the CC1P and CC1NP bits
to 0 in the TIM3_CCER register.

A Program the input prescaler. In our example, we wish the capture to be performed at each valid
transition, so the prescaler is disabled (write IC1PS bits to 00 in the TIM3_CCMR1 register).

A Enable capture from the counter into the capture register by setting the CCI1E bit in the

TIM3_CCER register.

p>3

If needed, enable the related interrupt request by setting the CC1IE bit in the TIM3_DIER register,
and/or the DMA request by setting the CC1DE bit in the TIM3_DIER register.

When an input capture occurs:

A The TIM3_CCR1 register gets the value of the counter on the active transition.

A CCI1IF flag is set (interrupt flag). CC1OF is also set if at least two consecutive captures occurred
whereas the flag was not cleared.

A Aninterrupt is generated depending on the CCLIE bit.

A A DMA request is generated depending on the CC1DE bit.

In order to handle the overcapture, it is recommended to read the data before the overcapture flag.
This is to avoid missing an overcapture which could happen after reading the flag and before reading
the data.

Note: IC interrupt and/or DMA requests can be generated by software by setting the corresponding

CCxG bit in the TIM3_EGR register.

PWM input mode

This mode is a particular case of input capture mode. The procedure is the same except:

A Two ICx signals are mapped on the same TIx input.
A The 2 ICx signals are active on edges with opposite polarity.
A One of the two TIXFP signals is selected as trigger input and the slave mode controller is config-

ured in reset mode.
For example, one can measure the period (in TIM3_CCRL1 register) and the duty cycle (in TIM3_CCR2
register) of the PWM applied on TI1 using the following procedure (depending on CK_INT frequency
and prescaler value):
A Select the active input for TIM3_CCR1: write the CC1S bits to 01 in the TIM3_CCMR1 register
(T11 selected).
A Select the active polarity for TILFP1 (used both for capture in TIM3_CCR1 and counter clear):
write the CC1l1P to @e06(active on rising edg
A Select the active input for TIM3_CCR2: write the CC2S bits to 10 in the TIM3_CCMRL1 register

(TI1 selected).

2471431

n

t



PY32F003 Reference Manual

17.3.7.

17.3.8.

A Select the active polarity for TILFP2 (used for capture in TIM3_CCR?2): write the CC2P bit to
6l6(active on falling edge).

A Select the valid trigger input: write the TS bits to 101 in the TIM3_SMCR register (TI1FP1 se-
lected).

A Configure the slave mode controller in reset mode: write the SMS bits to 100 in the TIM3_SMCR
register.

A Enable the captures: write the CC1Egstend CC2E bit

TI1 l

TIMx_CNT1 0004 X 0poo X 0002 0002 X 003X 0004 X 0000
TIMX_CCRT \\ 0004 \\ \\

\ \ \
TIMx_CCR2 \ 0002 \ \

IC1 capture IC2 captug/& IC2 captM

IC2 capture Pulse width period
Reset counter measurement measurement

Figure 17-27 PWM input mode timing

Force output mode

In output mode (CCxS bits = 00 in the TIM3_CCMRX register), each output compare signal (OCXREF
and then OCx) can be forced to active or inactive level directly by software, independently of any
comparison between the output compare register and the counter. To force an output compare signal
(OCXREF/OCX) to its active level, one just needs to write 101 in the OCxM bits in the corresponding
TIM3_CCMRXx register. Thus OCXREF is forced high(OCxREF is always active high) and OCx get
opposite value to CCxP polarity bit.

Like, CCxP = 0 (OCx active high) = > OCx is forced to high level.

OCXREF signal can be forced low by writing the OCxM bits to 100 in the TIM3_CCMRX register.
Anyway, the comparison between the TIM3_CCRx shadow register and the counter is still performed
and allows the flag to be set. Interrupt and DMA requests can be sent accordingly. This is described

in the Output Compare Mode section.

Output compare mode

This function is used to control an output waveform or indicating when a period of time has elapsed.
When a match is found between the capture/compare register and the counter, the output compare
function:

A Assigns the corresponding output pin to a programmable value defined by the output compare
mode (OCxM bits in the TIM3_CCMRx register) and the output polarity (CCxP bit in the
TIM3_CCER register). The output pin can keep its level (OCxM = 000), be set active (OCxM =
001), be set inactive (OCxM = 010) or can toggle (OCxM = 011) on match.

A Sets a flag in the interrupt status register (CCxIF bit in the TIM3_SR register).
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17.3.9.

A Generates an interrupt if the corresponding interrupt mask is set (CCXIE bit in the TIM3_DIER
register).
A Sends a DMA request if the corresponding enable bit is set (CCxDE bit in the TIM3_DIER register,

CCDS bhit in the TIM3_CR2 register for the DMA request selection).
The TIM3_CCRX registers can be programmed with or without preload registers using the OCxPE bit
in the TIM3_CCMRX register.
In output compare mode, the update event UEV has no effect on OCXREF and OCx output. The timing
resolution is one count of the counter. Output compare mode can also be used to output a single pulse
(in One-pulse mode).
Procedure:
1. Select the counter clock (internal, external, prescaler).
2. Write the desired data in the TIM3_ARR and TIM3_CCRKX registers.
3. Set the CCXIE bits if an interrupt request is to be generated.
4. Select the output mode. For example:
U  Flip the output pin of OCx when the counter is required to match CCRx, set OCxM =011
U  Set OCxPE =0 to disable preloaded registers.
0  Set CCxP =0 to select polarity active high.
U  Set CcxE =1 to enable outputs.
5. Enable the counter by setting the CEN bit in the TIM3_CRL1 register.
The TIM3_CCRXx register can be updated at any time by software to control the output waveform,
provided that the preload register is not enabled (OCXPE = 0, else TIM3_CCRXx shadow register is

updated only at the next update event UEV). An example is given.

Write B201 in the CC1R register

/
TIM3_CNT 0039 X__003a X oogB//\’< $209 B201
7

TIM3_CCR1 003A

Match detected on CCR1
Interrupt generated if enabled

B201

OCI1REF=0C1

Figure 17-28 Output compare mode, toggle on OC1

PWM mode

Pulse width modulation mode allows to generate a signal with a frequency determined by the value of

the TIM3_ARR register and a duty cycle determined by the value of the TIM3_CCRX register.

The PWM mode can be selected independently on each channel (one PWM per OCx output) by writing

110 (PWM mode 1) or 6111 (PWM mode 2Xregister. Thelt@re-OCx M b
sponding preload register must be enabled by setting the OCxPE bit in the TIM3_CCMRXx register, and

eventually the auto-reload preload register (in upcounting or center-aligned modes) by setting the

ARPE bit in the TIMx_CR1 register.
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As the preload registers are transferred to the shadow registers only when an update event occurs,

before starting the counter, all registers must be initialized by setting the UG bit in the TIM3_EGR

register.

OCXx polarity is software programmable using the CCxP bit in the TIMx_CCER register. It can be pro-

grammed as active high or active low. OCx output is enabled by the CCxE, CCxNE, MOE, OSSI and

OSSR hit in the TIM3_CCER and TIM3_BDTR register. Refer to the TIM3_CCER register description

for more details.

In PWM mode (1 or 2), TIM3_CNT and TIM3_CCRx are always compared to determine whether

TI M3 _CCRxOTI M3 _CNT or TI M3 _CNTOTI M3 _CCRx (depending

However, to comply with the OCREF_CLR functionality, the OCREF signal is asserted only:

1. When the result of the comparison changes.

2. When the output compare mode (OCxM bits in TIM3_C
configuration (no comparison, OCxM = 6000) to one

This forces the PWM by software while the timer is running.

The timer is able to generate PWM in edge-aligned mode or center-aligned mode depending on the

CMS bits in the TIM3_CR1 register.

PWM edge-aligned mode

A Upcounting configuration

Upcounting is active when the DIR bit in the TIMx_CRL1 register is low. Refer to the following example

of PWM Mode 1. The reference PWM signal OCXREF is high as long as TIM3_CNT < TIM3_CCRx

else it becomes low. If the compare value in TIM3_CCRX is greater than the auto-reload value (in

TIM3_ARR)then OCXx REF i s hel d at 61. I f the compare value
following figure shows some edge-aligned PWM waveforms in an example where TIMX_ARR = 8.
Counter register Y0 X 1Y 2)BX DB BX BN X D)
OCXREE l—li
CCRx=4
CCx1F |
OCXREF L |
CCRx=8
CCx1F
OCXREF®
CCRx>8
CCxlFJ
I oL
OCXREF
CCRx=0
CCx1F _|
FiguaieEdgel i gned PWM waveforms (ARR = 8)

Downcounting configuration

Downcounting is active when DIR bit in TIMx_CR1 register is high.
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In PWM mode 1, the reference signal OCXREF is low as long as TIM3_CNT > TIM3_CCRXx else it

becomes high. If the compare value in TIM3_CCRXx is greater than the auto-reload value in TIM3_ARR,

then ocxref is held at 616. 0% PWM is not possible

PWM center-aligned mode

Centerral i gned mode is active when the CMS bits i
remaining configurations having the same effect on the OCXREF/OCx signals). The compare flag is
set when the counter counts up, when it counts down or both when it counts up and down depending
on the CMS bits configuration. The direction bit (DIR) in the TIM3_CR1 register is updated by hardware

and must not be changed by software. Refer to the following example of the Center-aligned mode.

A TIMx_ARR =8
A PWM mode is the PWM mode 1
A The flag is set when the counter counts down corresponding to the center-aligned mode 1 se-
lected for CMS = 01 in TIM3_CR1 register.
! : ! : :
. |
Counter register R O0X1X2X3X4X5X6X 7X 8X 7X 6 X5 A4 A3K2A LA ONL)
! i P ! !
OCXREF_} ! P ' :
OCRx=4 i | R ! !
CCxIF 1  CMS=01 | R A i
| cms=10 A P | |
' cms=11 A | P | 1 :
OCXREF_i P i :
1 ! 1
]
CCRx=7 i ,I—'—|, ! |
cCcx1E +  CMS=10or 11 { 10 !
T i |
OCXREF— - ;
' cMs=01 A :
CCRx=8 1 ! 1 !
CCxIF | cMsS=10 i i
! CcMS=11 i :
1 | |
OCXREF— . :
CCRx>8 ' cMs=01 Y !
|
CCxIF | CMS=10 iA |
I CMs=11 by :
| ]
OCXREF—L i
CCRx=0 i CMs=01 |
| 4 CMS=10 -
CCx1F if CMS=11 if
A A

Figure 17-30 Center-aligned PWM waveforms (ARR = 8)

Hints on using center-aligned mode:

A When starting in center-aligned mode, the current up-down configuration is used. It means that
the counter counts up or down depending on the value written in the DIR bit in the TIM3_CRL1
register. Moreover, the DIR and CMS bits must not be changed at the same time by the software.

A Writing to the counter while running in center-aligned mode is not recommended as it can lead to
unexpected results. In particular:

U  The direction is not updated if a value greater than the auto-reload value is written in the
counter (TIM3_CNT > TIM3_ARR). For example, if the counter was counting up, it continues

to count up.
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0  The direction is updated if 0 or the TIM3_ARR value is written in the counter but no Update
Event UEV is generated.

A The safest way to use center-aligned mode is to generate an update by software (setting the UG

bit in the TIM3_EGR register) just before starting the counter and not to write the counter while it

is running.

17.3.10. One-pulse mode

One-pulse mode (OPM) is a particular case of the previous modes. It allows the counter to be started
in response to a stimulus and to generate a pulse with a programmable length after a programmable
delay.

Starting the counter can be controlled through the slave mode controller. Generating the waveform
can be done in output compare mode or PWM mode. One-pulse mode is selected by setting the
OPM bit in the TIM3_CR1 register. This makes the counter stop automatically at the next update
event UEV.

A pulse can be correctly generated only if the compare value is different from the counter initial value.
Before starting (when the timer is waiting for the trigger), the configuration must be:

A Upcounting: CNT < CCRx O ARR (in particular, 0 <
A Downcounting: CNT > CCRXx.

TI2 |_|

OC1REF
oc1 |
[
E
TIM3_ARR -3
TIM3_CCR1©

o

<>
tDELAY tPULSE

Fi gai#elExampl e-pafl senenode
For example one may want to generate a positive pulse on OC1 with a length of trLuse and after a
delay of toeLay as soon as a positive edge is detected on the TI2 input pin.
Use TI2FP2 as trigger 1:
Map TI2FP2 on TI2 by writing CC2S = 01 in the TIM3_CCMRL1 register.
A TI2FP2 must detect a rising edge, write CC2P = 0 in the TIM3_CCER register.

>

>

Configure TI2FP2 as trigger for the slave mode controller (TRGI) by writing TS = 110 in the

TIM3_SMCR register.

A TI2FP2is used to startthecount er by writing SMS to 6110 in the
mode).

The OPM waveform is defined by writing the compare registers (taking into account the clock fre-

quency and the counter prescaler).

A The toecay is defined by the value written in the TIM3_CCR1 register.
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A The teuse is defined by the difference between the auto-reload value and the compare value
(TIM3_ARR - TIM3_CCR1 + 1).
A When the user to build a waveform with a transit

and a transotéeoOnwhemwmmt bd ¢ ou nrelead value BoadhtkisPWiMh e awu't
mode 2 must be enabled by writing OC1M = 111 in the TIM3_CCMRL1 register. Optionally the
preload registers can be enabled by writing OC1PE =1 in the TIM3_CCMRL1 register and ARPE
in the TIM3_CR1 register. In this case one has to write the compare value in the TIM3_CCR1
register, the auto-reload value in the TIM3_ARR register, generate an update by setting the UG
bit and wait for external trigger ampeent on TI 2.
In the example, the DIR and CMS bits in the TIM3_CRL1 register should be low.
Since only 1 pulse (Single mode) is needed, a 1 must be written in the OPM bit in the TIM3_CR1
register to stop the counter at the next update event (when the counter rolls over from the auto-reload
value back to 0).
Particular case: OCx fast enable
In One-pulse mode, the edge detection on TIx input set the CEN bit which enables the counter. Then
the comparison between the counter and the compare value makes the output toggle. But several
clock cycles are needed for these operations and it limits the minimum delay toecay.
If one wants to output a waveform with the minimum delay, the OCXFE bit can be set in the
TIM3_CCMRX register. Then OCxRef (and OCXx) are forced in response to the stimulus, without tak-
ing in account the comparison. Its new level is the same as if a compare match had occurred. OCxFE

acts only if the channel is configured in PWM1 or PWM2 mode.

17.3.11. Encoder interface mode

To select Encoder Interface mode write SMS=6001 in the TI M3 _ SMCR regist
counting on TI2 edges only, SMS = 010 if it is counting on TI1 edges only and SMS = 011 if it is

counting on both TI1 and TI2 edges.

Select the TI1 and TI2 polarity by programming the CC1P and CC2P bits in the TIM3_CCER register.

When needed, the input filter can be programmed as well.

The two inputs TI1 and TI2 are used to interface to an incremental encoder. Refer to Table73, The

counter is clocked by each valid transition on TILFP1 or TI2FP2 assuming that it is enabled (CEN bit

in TI M3 _CR1 register written to 61). TI1 and TI 2 a
if not filtered and not inverted, TI2FP2 = TI2 if not filtered and not inverted. The sequence of transi-

tions of the two inputs is evaluated and generates count pulses as well as the direction signal. De-

pending on the sequence the counter counts up or down, the DIR bit in the TIM3_CR1 register is

modified by hardware accordingly. The DIR bit is calculated at each transition on any input (TI1 or

T12), whatever the counter is counting on TI1 only, TI2 only or both TI1 and TI2.

Encoder interface mode acts simply as an external clock with direction selection. This means that

the counter just counts continuously between 0 and the auto-reload value in the TIM3_ARR register

(0 to ARR or ARR down to 0 depending on the direction). So the TIM3_ARR must be configured

before starting. In the same way, the capture, compare, prescaler, trigger output features continue

to work as normal. In this mode, the counter is modified automatically following the speed and the
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di the increment al encoder and its cont e

sition. The count direction correspond to the rotation direction of the connected sensor. The table

rection of

summarizes the possible combinations, assuming TI1 and TI2 do not switch at the same time.

Tabl#Counting direction versus encoder sig
Active edge Level on opposite signal TI1FP1 signal TI2FP2 signal
(TILFP1 for TI2, TI2FP2 for TI1) Rising Falling Rising Falling

Counting on High Down Up No count No count

TI1 only Low Up Down No count No count
Counting on High No count No count Up Down

TI2 only Low No count No count Down Up
Counting on High Up Up Up Down
TI1 and TI2 Low Down Down Down Up

An external incremental encoder can be connected directly to the MCU without external interface

|l ogi c. However, comparators are nor mal | yutpoptetous ed
digital signals. This greatly increases noise immunity. The third encoder output which indicate the
mechanical zero position, may be connected to an external interrupt input and trigger a counter reset.
Figure 18-32 gives an example of counter operation, showing count signal generation and direction
control. It also shows how input jitter is compensated where both edges are selected. This might
occur if the sensor is positioned near to one of the switching points. For this example we assume

that the configuration is the following:

A CC1S = 01 (TIM3_CCMRL1 register, TILFP1 mapped on TI1)
A CC2S = 01 (TIM3_CCMR2 register, TI2FP2 mapped on TI2)
A ccipP = 0, CC1INP = 606 (TIM3_CCER register, TI1FP
A CC2P = 0, CC2NP = regidied TIZFP2 nbrnveed HRFP2 = TI2)
A SMS = 011 (TIM3_SMCR register, both inputs are active on both rising and falling edges)
A CEN = 1 (TIM3_CR1 register, Counter is enabled)
forward jitter backward jitter forward
TI1
TI2
J—l_IJ up down up
Counter

Figure 17-32 Example of counter operation in encoder interface mode
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forward jitter backward jitter forward

m Iy rere e
St S S (I I I I B I

Counter _l_‘—{_{

down up down

Figure 17-33 Example of encoder interface mode with TILFP1 polarity inverted

Thetimer,when configured in Encoder I nterface mode pro
position. Dynamic information can be obtained (speed, acceleration, deceleration) by measuring the
period between two encoder events using a second timer configured in capture mode. The output of
the encoder which indicates the mechanical zero can be used for this purpose. Depending on the
time between two events, the counter can also be read at regular times. This can be done by latching
the counter value into a third input capture register if available (then the capture signal must be
periodic and can be generated by another timer). when available, it is also possible to read its value

through a DMA request generated by a Real-Time clock.

17.3.12. Timer input XOR function

The TI1S bit in the TIM1_CR2 register, allows the input filter of channel 1 to be connected to the
output of a XOR gate, combining the three input pins TIM3_CH1 to TIM3_CH3.
The XOR output can be used with all the timer input functions such as trigger or input capture.

An example of this feature used to interface Hall sensors.

17.3.13. Timers and external trigger synchronization

The TIM3 Timers can be synchronized with an external trigger in several modes: Reset mode, Gated

mode and Trigger mode.

Slave mode: Reset mode

The counter and its prescaler can be reinitialized in response to an event on a trigger input. Moreover,

if the URS bit from the TIM3_CRL1 register is low, an update event UEV is generated. Then all the

preloaded registers (TIM3_ARR, TIM3_CCRXx) are updated.

In the following example, the upcounter is cleared in response to a rising edge on TI1 input:

A Configure the channel 1 to detect rising edges on TI1. Configure the input filter duration (in this
example, we do not need any filter, so we keep IC1F = 0000). The capture prescaler is not used
for triggering, so it does not need to be configured. The CC1S bits select the input capture
source only, CC1S =01 in the TIM3_CCMR1 register. Write CC1P =0 in TIM3_CCER register

to validate the polarity (and detect rising edges only).

A Configure the timer in reset mode by writing SMS = 100 in TIM3_SMCR register. Select TI1 as
the input source by writing TS =101 in TIM3_SMCR register.
A Start the counter by writing CEN = 1 in the TIM3_CR1 register.
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The counter starts counting on the internal clock, then behaves normally until TI1 rising edge. When
TI1 rises, the counter is cleared and restarts from 0. In the meantime, the trigger flag is set (TIF bit
in the TIM3_SR register) and an interrupt request, or a DMA request can be sent if enabled (depend-
ing on the TIE and TDE bits in TIM3_DIER register).

The following figure shows this behavior when the auto-reload register TIM3_ARR = 0x36. The delay
between the rising edge on TI1 and the actual reset of the counter is due to the resynchronization

circuit on TI1 input.

I .
. |
1 1
] 1
uG | ]
! !
cKk_pPsc __ | |

1 1 1
Counter register "\ 30)31(32(Z3(34)35)38) 00 03 02(0z}{o0) o) 03(03
1 ]
TIF

Figdai3edlontr ol circuit in reset mod

Slave mode: Gated mode

The counter can be enabled depending on the level of a selected input.

In the following example, the upcounter counts only when TI1 input is low:

A Configure the channel 1 to detect low levels on TI1. Configure the input filter duration (in this
example, we do not need any filter, so we keep IC1F = 0000). The capture prescaler is not used
for triggering, so it does not need to be configured. The CC1S bits select the input capture
source only, CC1S =01 in TIM3_CCMRL1 register. Write CC1P =1 in TIM3_CCER register to

validate the polarity (and detect low level only).

A Configure the timer in gated mode by writing SMS = 101 in TIM3_SMCR register. Select TI1 as
the input source by writing TS = 101 in TIM3_SMCR register.
A Enable the counter by writing CEN = 1 in the TIM3_CR1 register (in gated mode, the counter

doesndét start irfisth€tE&dger mpullevelwh at ev e
The counter starts counting on the internal clock as long as TI1 is low and stops as soon as TIl
becomes high. The TIF flag in the TIMx_SR register is set both when the counter starts or stops.
The delay between the rising edge on TI1 and the actual stop of the counter is due to the resynchro-

nization circuit on TI1 input.
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TI1 ! Lo
: P
CNT_EN . :
1
ok _psc TLMLTLIL Spipiph
1 1 Il
: L
Counter register 31)32)33) 34 ! 37
1 N
H 1
1
TIF ’—fl;';‘*
1
1
write TIF =0
Figdi3exontrol circuit in gated mode

Slave mode: Trigger mode

The counter can start in response to an event on a selected input.

In the following example, the upcounter starts in response to a rising edge on TI2 input:

A Configure the channel 2 to detect rising edges on TI2. Configure the input filter duration (in this
example, we do not need any filter, so we keep IC2F = 0000). The capture prescaler is not used
for triggering, so it does not need to be configured. CC2S bits are selecting the input capture
source only, CC2S = 01 in TIM3_CCMRL1 register. Write CC2P = 1 and CC2NP = 0 in
TIM3_CCER register to validate the polarity (and detect low level only).

b3

Configure the timer in trigger mode by writing SMS = 110 in TIM3_SMCR register. Select TI2 as
the input source by writing TS = 110 in TIM3_SMCR register.

When a rising edge occurs on TI2, the counter starts counting on the internal clock and the TIF flag
is set. The delay between the rising edge on TI2 and the actual start of the counter is due to the

resynchronization circuit on TI2 input.

TI2 ] L
CNT_EN : | :
| |
CK_PSG | : ! L
Counter register 34 i
b
Yo
TIF |
FigdaieeContr ol circuit in trigger mode

Slave mode: External Clock mode 2 + trigger mode

The external clock mode 2 can be used in addition to another slave mode (except external clock
mode 1 and encoder mode). In this case, the ETR signal is used as external clock input, and another
input can be selected as trigger input when operating in reset mode, gated mode or trigger mode. It
is recommended not to select ETR as TRGI through the TS bits of TIM3_SMCR register.

In the following example, the upcounter is incremented at each rising edge of the ETR signal as soon
as a rising edge of TI1 occurs:

1. Configure the external trigger input circuit by programming the TIMx_SMCR register as follows:
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17.3.14.

0 ETF =0000: no filter
i  ETPS = 00: prescaler disabled

0  ETP =0: detection of rising edges on ETR and ECE = 1 to enable the external clock mode

2.

2. Configure the channel 1 as follows, to detect rising edges on TI:

U IC1F =0000: no filter.

0  The capture prescaler is not used for triggering and does not need to be configured.

i CC1sS=01inTIM3_CCMRL1 register to select only the input capture source

i CC1P =0inTIM3_CCER register to validate the polarity (and detect rising edge only).

3. Configure the timer in trigger mode by writing SMS = 110 in TIM3_SMCR register. Select TI1 as

the input source by writing TS = 101 in TIM3_SMCR register.

The delay between the rising edge of the ETR signal and the actual reset of the counter is due to the

resynchronization circuit on ETRP input.

TiL [ ] ! !
i : i
CNT_EN ! !
em LI
] 1 ]
1
CK_PSC : ” !-l
| i i
Counter register 34 ! X 35 X 36
]
1
e
Figdaieontr ol circuit i

Timer synchronization

n external cl ock

The TIMx timers are linked together internally for timer synchronization or chaining. When one Timer

is configured in Master Mode, it can reset, start, stop or clock the counter of another Timer configured

in Slave Mode.

The following figure presents an overview of the trigger selection and the master mode selection

blocks.

Using one timer as prescaler for another

TIM1 TIM3
clock TS
MMS SMS
UEV | |
N
Master Slave |CK_PSC
|_| mode TRGO] ITRY mode _>| |_|
prescaler counter control conrol prescaler counter
input
trigger
selection

Figui3e8Mast er/ Sl ave ti

mer exampl e

For example, Timer 1 can be configured to act as a prescaler for Timer 3. To do this:
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b~

b~

b~

b~

Configure Timer 1 in master mode so that it outputs a periodic trigger signal on each update
event UEV. If MMS = 010 is written in the TIM1_CR2 register, a rising edge is output on TRGO1
each time an update event is generated.

To connect the TRGO1 output of Timer 1 to Timer 3, Timer 3 must be configured in slave mode
using ITR1 as internal trigger. This is selected through the TS bits in the TIM3_SMCR register
(writing TS = 000).

Then the Timer3's slave mode controller should be configured in external clock mode 1 (write
SMS =111 in the TIM3_SMCR register). This causes Timer 3 to be clocked by the rising edge
of the periodic Timer 1 trigger signal (which correspond to the timer 1 counter overflow).
Finally both timers must be enabled by setting their respective CEN bits within their respective

TIMx_CR1 registers. Make sure to enable Timer3 before enabling Timerl.

Note: If OCx is selected on Timer 1 as trigger output (MMS = 1xx), its rising edge is used to clock

the counter of timer 2.

Using one timer to enable another timer

In this example, we control the enable of Timer 3 with the output compare 1 of Timer 1. Refer to

above Figure for connections. Timer 3 counts on the divided internal clock only when OC1REF of

Timer 1 is high. Both counter clock frequencies are divided by 3 by the prescaler compared to
CK_INT (fek_cnt = feknt/3).

> > >

Configure Timer 1 master mode to enable the slave timer(MMS = 100 in the TIM1_CR2 register).
Configure the Timer 1 OC1REF waveform (TIM1_CCMRL1 register).

Configure Timer 3 to get the input trigger from Timer 1 (TS = 000 in the TIM3_SMCR register).
Configure Timer 3 in gated mode (SMS =101 in TIM3_SMCR register).

Enable Timer 3 by writing 61 in the CEN bit
Start Timer 1 by writing 61 in the CEN bit

Note: The counter 3 clock is not synchronized with counter 1, this mode only affects the Timer 3

counter enable signal.

CK_INT, |_||_||_||_||_||_||_||_||_||_||—
TIMER1_OCREE

TIMER1_CNT J__FC )

Pns P 1w ) R
<
n
m
L
m
Ry
= L
IS3
<
o
=

TIMER3_CNT 3045

TIMER3_TH |_§_| T
- A

write TIF=0

-=-=1---q=gF----1-

] ]
) [}
) [}
3046 \ 3047 X ! | 3048
T T
) ]
]
)
[}

Figai3e¥Gating timer 3 with OC1REF of t

In the example in figure xx, the Timer 3 counter and prescaler are not initialized before being started.

So they start counting from their current value. It is possible to start from a given value by resetting
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both timers before starting Timer 1. Then any value can be written in the timer counters. The timers

can easily be reset by software using the UG bit in the TIMX_EGR registers.

In the next example, we synchronize Timer 1 and Timer 3. Timer 1 is the master and starts from 0.

Timer 3 is the slave and starts from OXE7. The prescaler ratio is the same for both timers. Timer 3

st

A

> > > > > > I > >

ops when Timer 1 is disabled by writing 60

Configure Timer 1 master mode to send its Counter Enable signal (CNT_EN) as a trigger output
(MMS =001 in the TIM1_CR2 register).

Configure the Timer 1 OC1REF waveform (TIM1_CCMRL1 register).

Configure Timer 3 to get the input trigger from Timer 1 (TS = 000 in the TIM3_SMCR register).
Configure Timer 3 in gated mode (SMS = 101 in TIM3_SMCR register).

Reset Timer 1 by writirgsted.l in UG bit (TI M1_
Reset Timer 3 by writing 61 in UG bit (TI M3_
I nitialize Timer 3 to OXE7 by writing 60xE7650

Enable Timer 3 by writing 61 in the CEN bit
Start Timer 1 by w(TIMLICRIgreg®tér).i n t he CEN bi

o th

EGR
EGR
in

(TI M

Stop Timer 1 by writing 60 in the CEN bit (TI M1_

contUUUHUYUUUH YU Uy
| | | ! ! |
TIMERICEN=CNT_EN ! ! ! [ 1 ! !
1 1 1 1 1

] 1 | ] [}
TIMERICNT_INIT ! ] | : i
R ii !

TIMERLCNT?5 Y + | 00 I Y o1 X ‘1oz
| | | | | i
1 1 1 1 1 ]
H H . H H H

TIMER3_.CNT _AB_Y00§ E7 | ES ' E9
. : ) ¢ : X \ :
' | ' i : |
TIMERZNT_INIT N P l
1 ] 1 1
1 1 1
TIMER3WVRITE CNT [ ! ! !
1 1 1
] ] ]

TIMER3_TIF f
write TIF=0

Figure 17-40 Gating timer 3 with Enable of timer 1

Using one timer to start another timer

In this example, we set the enable of Timer 3 with the update event of Timer 1. Refer to Figure 132

for connections. Timer 3 starts counting from its current value (which can be nonzero) on the divided

internal clock as soon as the update event is generated by Timer 1. When Timer 3 receives the

t

r

igger signal its CEN bit is automatically set an

in the TIM3_CR1 register. Both counter clock frequencies are divided by 3 by the prescaler compared

to CK_INT (fex_cent = fek nt/3).

A Configure Timer 1 master mode to send its Update Event (UEV) as trigger output (MMS = 010

in the TIM1_CR2 register).

A Configure the Timer 1 period (TIM1_ARR registers).
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b~

Configure Timer 3 to get the input trigger from Timer 1 (TS = 000 in the TIM3_SMCR register).
Configure Timer 3 in trigger mode (SMS = 110 in TIM3_SMCR register).
A Start Timer 1 by writing 61 in the CEN bit (TI M1

b~

CK_INT [ R

1 1
TIMERL_UEV | 1 !
] [} ] [
1 ] 1 1
TiMERLCNT_\ FD Y FE Y FF [ oor Y o1 Y 02
1 1 1 1
1 1 1 1
TIMER3_CNT ! 45 L L X 46 X 47 X 48
' A
i ——
TIMERZEN=CNT_EN : [
1 1 1 1
i

TIMER3_TIF

write TIF = O/

Figure 17-41 Triggering timer 3 with update of timer 1
As in the previous example, both counters can be initialized before starting counting. The following
Figure shows the behavior with the same configuration as in the previous Figure but in trigger mode
instead of gated mode (SMS = 110 in the TIM3_SMCR register).

CK_INT. |||_||_||_||_||_

TIMERACEN=CNT_EN

TIMERACNT_INIT
I

:

NN U R R
N

! !
1 1
1 1
1 1
1 1 1
| 1 1
! 1 1
] [] T
Lo :
TIMER1_CNT75 | 00 I Jor |
i i 1 P
! : H H N
TIMER3 CNT _ ¢D_ Yooy E7 | Y E8 \ E§ N EA
T T A I N
1 ] 1
TIMERZCNT_INIT, [ [ L
] ] ] 1 1
] 1 1 1
TIMER3WRITE CNT |_| : : i i
1 ] 1 1
i 1 1
TIMER3_TIF

write TIF =0

FigdrdeZlri ggering timer 3 with Enable of ti
Use one timer as a prescaler for another
In this example, we set the enable of timer 1 when its TI1 input rises, and the enable of Timer 3 with
the enable of Timer 1. Refer to Figure 132 for connections. To ensure the counters are aligned, Timer
1 must be configured in Master/Slave mode (slave with respect to TI1, master with respect to Timer
3):
A Configure Timer 1 master mode to send its Enable as trigger output (MMS = 001 in the
TIM1_CR2 register).
Configure Timer 1 slave mode to get the input trigger from TI1 (TS = 100 in the TIM1_SMCR

>

register).
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Configure Timer 1 in trigger mode (SMS = 110 in the TIM1_SMCR register).

Configure the Timer 1 in Master/Slave mode by writing MSM = 1 (TIM1_SMCR register).

Configure Timer 3 to get the input trigger from Timer 1 (TS = 000 in the TIM3_SMCR register).

Configure Timer 3 in trigger mode (SMS = 110 in the TIM3_SMCR register).

When a rising edge occurs on TI1 (Timer 1), both counters starts counting synchronously on the

internal clock and both TIF flags are set.

Note: In this example both timers are initialized before starting (by setting their respective UG hits).

Both counters starts from 0, but an offset can easily be inserted between them by writing any of the

counter registers (TIMx_CNT). One can see that the master/slave mode insert a delay between

CNT_EN and CK_PSC on timer1.

17.3.15. Debug mode

When the microcontroller enters debug mode, the TIM3 counter either continues to work normally or

stops, depending on DBG_TIMx_STOP configuration bit in DBGMCU module.

17.4. TIM3 registers

17.4.1. TIM3 control register 1 (TIM3_CR1)

Address offset: 0x00
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 CKD[1:0] ARPE CMS[1:0] DIR | OPM | URS | UDIS | CEN
- - - - - - RW RW RW RW | RW | RW | RW | RW
Bit Name R/W Reset Value Function
31:10 Reserved
Clock division
This bit-field indicates the division ratio between the timer
clock (CK_INT) frequency and sampling clock used by the
. : 00 digital filters (ETR, TIx)
9:8 CKD[L:0] RW 00: tDTS = tCK_INT
01: tDTS = 2 x tCK_INT
10: tDTS = 4 X tCK_INT
11: Reserved
Auto-reload preload enable
7 ARPE RW 0 0: TIM3_ARR register is not buffered
1: TIM3_ARR register is buffered
Center-aligned mode selection
00: Edge-aligned mode. The counter counts up or down
depending on the direction bit(DIR).
01: Center-aligned mode 1. The counter counts up and
down alternatively. Output compare interrupt flags of
channels configured in output (CCxS =00 in
6:5 CMSJ[1:0] RW 00 TIM3_CCMRX register) are set only when the counter is
counting down.
10: Center-aligned mode 2. The counter counts up and
down alternatively. Output compare interrupt flags of
channels configured in output (CCxS =00 in
TIM3_CCMRX register) are set only when the counter is
counting up.
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Bit Name R/W Reset Value

Function

11: Center-aligned mode 3. The counter counts up and
down alternatively. Output compare interrupt flags of
channels configured in output (CCxS = 00 in
TIM3_CCMRX register) are set both when the counter is
counting up or down.

Note: It is not allowed to switch from edge-aligned mode
to center-aligned mode as long as the counter is enabled
(CEN=1)

4 DIR RW 0

Direction

0: Counter used as upcounter

1: Counter used as downcounter

Note: This bit is read only when the timer is configured in
Center-aligned mode or Encoder mode.

3 OPM RW 0

One-pulse mode

0: Counter is not stopped at update event

1: Counter stops counting at the next update event (clear-
ing the bit CEN)

2 URS RW 0

Update request source

This bit is set and cleared by software to select the UEV
event sources.

0: Any of the following events generate an update interrupt
or DMA request if enabled.

These events can be:

1 Counter overflow/underflow

T Setting the UG bit

1 Update generation through the slave mode controller
1: Only counter overflow/underflow generates an update
interrupt or DMA request if enabled.

1 ubIS RW 0

Update disable

This bit is set and cleared by software to enable/disable
UEV event generation.

0: UEV enabled. The Update (UEV) event is generated by
one of the following events:

T Counter overflow/underflow

1 Setting the UG bit

T Update generation through the slave mode controller
Buffered registers are then loaded with their preload val-
ues.

1: UEV disabled. The Update event is not generated,
shadow registers keep their value (ARR, PSC, CCRX).
However the counter and the prescaler are reinitialized if
the UG bit is set or if a hardware reset is received from the
slave mode controller.

0 CEN RW 0

Counter enable

0: Counter disabled

1: Counter enabled

Note: External clock, gated mode and encoder mode can
work only if the CEN bit has been previously set by soft-
ware. However trigger mode can set the CEN bit automati-
cally by hardware.

17.4.2. TIM3 control register 2 (TIM3_CR2)

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 8 7 6 5 4 3 2 1 0
Res | Res | Res | Res | Res | Res | Res | Res | TI1S MMSJ[2:0] CCDS | Res | Res | Res
- - - - - - - - RW | RW [ RW [ RW | RW - - -
Bit Name R/W Reset Value Function
31:8 Reserved - Reserved, must be kept at reset value.
TI1 selection
! TS RW 0: The TIM3_CHJ1 pin is connected to TI1 input
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Bit

Name

R/W

Reset Value

Function

1: The TIM3_CH1, CH2 and CH3 pins are connected to
the TI1 input (XOR combination)

6:4

MMSI[2:0]

RW

000

Master mode selection

These bits allow to select the information to be sent in
master mode to slave timers for synchronization (TRGO).
The combination is as follows:

000: Reset - the UG bit from the TIMx_EGR register is
used as trigger output (TRGO). If the reset is generated by
the trigger input (slave mode controller configured in reset
mode) then the signal on TRGO is delayed compared to
the actual reset.

001: Enable - the Counter enable signal, CNT_EN, is used
as trigger output (TRGO). It is useful to start several tim-
ers at the same time or to control a window in which a
slave timer is enabled. The Counter Enable signal is gen-
erated by a logic OR between CEN control bit and the trig-
ger input when configured in gated mode. When the
Counter Enable signal is controlled by the trigger input,
there is a delay on TRGO, except if the master/slave
mode is selected (see the MSM bit description in
TIM3_SMCR register).

010: Update - The update event is selected as trigger out-
put (TRGO). For instance a master timer can then be used
as a prescaler for a slave timer.

011: Compare Pulse - The trigger output send a positive
pulse when the CC1IF flag is to be set (even if it was al-
ready high), as soon as a capture or a compare match oc-
curred.(TRGO)

100: Compare - OC1REF signal is used as trigger output
(TRGO)

101: Compare - OC2REF signal is used as trigger output
(TRGO)

110: Compare - OC3REF signal is used as trigger output
(TRGO)

111: Compare - OC4REF signal is used as trigger output
(TRGO)

3

CCDS

RW

Capture/compare DMA selection
0: CCx DMA request sent when CCx event occurs
1: CCx DMA requests sent when update event occurs

2:0

Reseved

Reserved, must be kept at reset value.

17.4.3. TIM3 slave mode control register (TIM3_SMCR)

Address offset: 0x08
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 MSM TS[2:0] OCCS SMS[2:0]

RW RW RW RW

Bit Name R/W Reset Value Function

31:8 Reserved
Master/Slave mode
0: No action
1: The effect of an event on the trigger input (TRGI) is de-

7 MSM layed to a_lllov_v a perfect _ _

synchronization between the current timer and its slaves
(through TRGO). It is useful if we
want to synchronize several timers on a single external
event.
Trigger selection

6:4 TS[2:0] This bit-field selects the trigger input to be used to syn-

chronize the counter.
000: Internal Trigger 0 (ITRO).
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Bit

Name

R/W

Reset Value

Function

001: Internal Trigger 1 (ITR1).

010: Internal Trigger 2 (ITR2).

011: Internal Trigger 3 (ITR3).

100: TI1 Edge Detector (TILF_ED)

101: Filtered Timer Input 1 (TI1FP1)

110: Filtered Timer Input 2 (TI2FP2)

111: Reserved

Note: These bits must be changed only when they are not
used to avoid wrong edge detections at the transition.

OCCSs

OCREEF clear selection.

This bit is used to select the OCREF clear source.
0:0CREF_CLR_INT is connected to the OCREF_CLR in-
put

1: OCREF_CLR_INT is connected to ETRF

2:0

SMS[2:0]

Slave mode selection

When external signals are selected the active edge of the
trigger signal (TRGI) is linked to thepolarity selected on
the external input (see Input Control register and Control
Register description.

000: Slave mode disabled-i f CEN = 61 t h;
is clocked directly by the internal clock.

001: Encoder mode 1 - Counter counts up/down on
TI2FP2 edge depending on TI1FP1 level.

010: Encoder mode 2 - Counter counts up/down on
TI1FP1 edge depending on TI2FP2 level.

011: Encoder mode 3 - Counter counts up/down on both
TILFP1 and TI2FP2 edges depending on the level of the
other input.

100: Reset Mode - Rising edge of the selected trigger in-
put (TRGI) reinitializes the counter and generates an up-
date of the registers.

101: Gated Mode - The counter clock is enabled when the
trigger input (TRGI) is high. The counter stops (but is not
reset) as soon as the trigger becomes low. Both start and
stop of the counter are controlled.

110: Trigger Mode - The counter starts at a rising edge of
the trigger TRGI (but it is not reset). Only the start of the
counter is controlled.

111: External Clock Mode 1 - Rising edges of the selected
trigger (TRGI) clock the counter.

Note: The gated mode must not be used if TILF_ED is se-
lected as the trigger input (TS = 100). Indeed, TI1F_ED
outputs 1 pulse for each transition on TI1F, whereas the
gated mode checks the level of the trigger signal.

Tabl

T M3

internal trigger connect.i

Slave TIM

ITRO(TS = 000)

ITRL(TS = 001)

ITR2(TS = 010) ITR3(TS = 011)

TIM3

TIM1

Reserved Reserved TIM14 OC1

17.4.4. TIM3 DMA/Interrupt enable register (TIM3_DIER)

Address offset: 0x0C
Reset value: 0x0000 0000

31 30 | 29 28 27 26 25 24 23 | 22 | 21 20 19 18 17 | 16
Re | Re | Re Res Res Res Res Res | Re | Re | Re Res Res Res R | Res
5 S S s S S es
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Re | TD | Re | CC4D | CC3D | CC2D | CCID | UD | Re | TI Re | CC41 | CC3I | CccC2l CClIEE | U
S E S E E E E E s E S E E E |
E
- RW - RW RW RW RW RW - R - RW RW RW RW R
W w
Bit Name R/W Reset Value Function
31:15 Reserved Reserved, must be kept at reset value.
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Bit

Name

R/W

Reset Value

Function

14

TDE

RW

TDE: Trigger DMA request enable
0: Trigger DMA request disabled.
1: Trigger DMA request enabled.

13

Reserved

Reserved, must be kept at reset value.

12

CC4DE

RW

CCA4DE: Capture/Compare 4 DMA request enable
0: CC4 DMA request disabled.
1. CC4 DMA request enabled.

11

CC3DE

RW

CC3DE: Capture/Compare 3 DMA request enable
0: CC3 DMA request disabled.
1: CC3 DMA request enabled.

10

CC2DE

RW

CC2DE: Capture/Compare 2 DMA request enable
0: CC2 DMA request disabled.
1. CC2 DMA request enabled.

CCI1DE

RW

CC1DE: Capture/Compare 1 DMA request enable
0: CC1 DMA request disabled.
1: CC1 DMA request enabled.

UDE

RW

UDE: Update DMA request enable
0: Update DMA request disabled.
1: Update DMA request enabled.

Reserved

Reserved, must be kept at reset value.

TIE

RW

TIE: Trigger interrupt enable
0: Trigger interrupt disabled.
1: Trigger interrupt enabled.

Reserved

Reserved, must be kept at reset value.

CC4IE

RW

CCA4IE: Capture/Compare 4 interrupt enable
0: CC4 interrupt disabled.
1: CC4 interrupt enabled.

CC3IE

RW

CC3IE: Capture/Compare 3 interrupt enable
0: CC3 interrupt disabled
1: CC3 interrupt enabled

CC2IE

RW

CC2IE: Capture/Compare 2 interrupt enable
0: CC2 interrupt disabled
1: CC2 interrupt enabled

CClIE

RW

CCL1IE: Capture/Compare 1 interrupt enable
0: CC1 interrupt disabled
1: CC1 interrupt enabled

UIE

RW

UIE: Update interrupt enable
0: Update interrupt disabled
1: Update interrupt enabled

17.4.5. TIM3 status register (TIM3_SR)

Address offset: 0x010

Reset value: 0x0000 0000

31 | 30 | 29 28 27 26 25 24 | 23 22 21 20 19 18 17 16
Re | Re | Re Res Res Res Res Re | Re | Res | Re | Res Res Res Re Res
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 | CC4 CC3 cc2 CCl | Re | Re | TIF | Re | CC4l | CC3I | CC2I | CC1lIF | UIF
S S S OF OF OF OF S S S F F F
- - - Rc_w | Rc_w | Rc_w | Rc_w - - Rc_ - Rc_ Rc_ Rc_ Rc_w Rc_
0 0 0 0 w0 w0 w0 w0 0 wO
Bit Name R/W Reset Function
Value
31:13 Reserved - Reserved, must be kept at reset value.
Capture/Compare 4 overcapture flag
12 CC40F Re_w0 Refer to CC10F description
Capture/Compare 3 overcapture flag
1 CC30F Re_w0 Refer to CC10F description
Capture/compare 2 overcapture flag
10 CC20F Re_w0 Refer to CC10F description
This flag is set by hardware only when the corresponding
9 CC1OF Rc_w0 channel is configured in input capture mode. It is cleared

by software by writing it to 0.
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Bit

Name

R/W

Reset
Value

Function

0: No overcapture has been detected
1: The counter value has been captured in TIM3_CCR1
register while CC1IF flag was already set

8:7

Res

Reserved, must be kept at reset value.

TIF

Rc_w0

Trigger interrupt flag

This flag is set by hardware on trigger event (active edge
detected on TRGI input when the slave mode controller is
enabled in all modes but gated mode. It is set when the
counter starts or stops when gated mode is selected). It is
cleared by software.

0: No trigger event occurred

1: Trigger interrupt pending

Res

Reserved, must be kept at reset value.

CC4IF

Rc_w0

Capture/Compare 4 interrupt flag
Refer to CC1IF description

CC3IF

Rc_w0

Capture/Compare 3 interrupt flag
Refer to CC1IF description

CC2IF

Rc_w0

Capture/Compare 2 interrupt flag
Refer to CC1IF description

CClIF

Rc_wO0

Capture/compare 1 interrupt flag

If channel CC1 is configured as output:

This flag is set by hardware when the counter matches the
compare value, with some exception in center-aligned
mode (refer to the CMS bits in the TIMx_CRL1 register de-
scription). It is cleared by software.

0: No match

1: The content of the counter TIM3_CNT matches the con-
tent of the TIM3_CCRL1 register.

If channel CC1 is configured as input:

This bit is set by hardware on a capture. It is cleared by
software or by reading the TIM3_CCR1 register.

0: No input capture occurred

1: The counter value has been captured in TIM3_CCR1
register (An edge has been detected on IC1 which
matches the selected polarity)

UIF

Rc_wO0

Update interrupt flag

This bit is set by hardware on an update event. It is
cleared by software.

0: No update occurred.

1: Update interrupt pending.

This bit is set by hardware when the registers are up-
dated:

1 At overflow or underflow and if UDIS = 0 in the
TIM3_CR1 register.

T When CNT is reinitialized by software using the UG bit
in TIM3_EGR register, if URS = 0 andUDIS = 0 in the
TIM3_CR1 register.

T When CNT is reinitialized by a trigger event (refer to the
slave mode control register(TIM3_SMCR) description), if
URS = 0 and UDIS = 0 in the TIM3_CR1 register.

17.4.6. TIM3 event generation register (TIM3_EGR)

Address offset: 0x14

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 3 2 1 0
Res | Res | Res | Res | Res | Res | Res | Res | Res | TG Res | CC4G | CC3G | CC2G | CC1G | UG
- - - -- - - - - - W - W W W W W

Bit Name R/W Reset Value Function
31:8 Reserved - 0 Reserved, must be kept at reset value.
7 Reserved - 0 Reserved, must be kept at reset value.

267/431



PY32F003 Reference Manual

Bit Name R/W Reset Value

Function

Trigger generation

This bit is set by software in order to generate an event, it
is automatically cleared by hardware.

0: No action

1: The TIF flag is set in TIMX_SR register. Related inter-
rupt or DMA transfer can occur if enabled.

Reserved -

Reserved, must be kept at reset value.

CC4G W

Capture/compare 4 generation
Refer to CC1G description

3 CC3G

=
o

Capture/compare 3 generation
Refer to CC1G description

2 CC2G W 0

Capture/compare 2 generation
Refer to CC1G description

1 CC1G w 0

Capture/compare 1 generation

This bit is set by software in order to generate an event, it
is automatically cleared by hardware.

0: No action

1: A capture/compare event is generated on channel 1:

If channel CC1 is configured as output:

CC1IF flag is set, Corresponding interrupt or DMA request
is sent if enabled.

If channel CC1 is configured as input:

The current value of the counter is captured in
TIMx_CCRL1 register. The CC1IF flag is set, the corre-
sponding interrupt or DMA request is sent if enabled. The
CC1OF flag is set if the CC1IF flag was already high.

Update generation

This bit can be set by software, it is automatically cleared
by hardware.

0: No action

1: Re-initialize the counter and generates an update of the
registers. Note that the prescaler counter is cleared too
(anyway the prescaler ratio is not affected). The counter is
cleared if the center-aligned mode is selected or if DIR =0
(upcounting), else it takes the auto-reload value
(TIM3_ARR) if DIR = 1 (downcounting).

17.4.7. TIM3 capture/compare mode register 1 (TIM3_CCMR1)

Address offset: 0x18
Reset value: 0x0000 0000

Output compare mode:

31 30 | 29 | 28 27 26 25 | 24 23 22 | 21 | 20 19 18 17 16
Res Re | Re | Re Res Res Re | Re Res Re | Re | Re Res Res Res R
s s s S S 5 S S es
15 14 | 13 | 12 11 10 9 8 7 6 5 4 3 2 1 0
ocz2c OC2M[2:0] OC2P | CO2F CC2S[1:0 [e]exKe: OC1M[2:0] OC1P | OCIF
E E E : E E E CC19[1:0]
IC2F[3:0] IC2PSC[1:0] ] IC1F[3:0] IC1PSC[1:0]
RW R R R RW RW R R RW R R R RW RW R RW
W | W | W W | W W | W | W w
Output compare mode
Bit Name R/W Reset Value Function
31:16 Reserved - Reserved, must be kept at reset value.
15 OC2CE RW 0 Qutput compare 2 clear enable
14:12 0OC2M[2:0] RW 000 Output compare 2 mode
11 OC2PE RW 0 Qutput compare 2 preload enable
10 OC2FE RW 0 Output compare 2 fast enable
Capture/Compare 2 selection
This bit-field defines the direction of the channel (in-
. . put/output) as well as the used input.
9:8 Ccas[10] RW 00 00: CC2 channel is configured as output
01: CC2 channel is configured as input, IC2 is mapped on
TI2
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Bit

Name

R/W

Reset Value

Function

10: CC2 channel is configured as input, IC2 is mapped on
TI1

11: CC2 channel is configured as input, IC2 is mapped on
TRC. This mode is working only if an internal trigger input
is selected through the TS bit (TIMx_SMCR register)
Note: CC2S bits are writable only when the channel is
OFF (CC2E = 0in TIM3_CCER).

OCICE

RW

Output Compare 1 Clear Enable

0: OC1REF is not affected by the ETRF input

1: OC1REF is cleared as soon as a High level is detected
on ETRF input

6:4

OCIM[2:0]

RW

00

Output compare 1 mode

These bits define the behavior of the output reference sig-
nal OC1REF from which OC1 and OC1N are derived.
OCI1REEF is active high whereas OC1 and OC1N active
level depends on CC1P and CC1NP bits.

000: Frozen - The comparison between the output com-
pare register TIM3_CCR1 and the counter TIM3_CNT has
no effect on the outputs.

001: Set channel 1 to active level on match. OC1REF sig-
nal is forced high when the counter TIMx_CNT matches
the capture/compare register 1 (TIMx_CCR1).

010: Set channel 1 to inactive level on match. OC1REF
signal is forced low when the counter TIMx_CNT matches
the capture/compare register 1 (TIMx_CCR1).011: Toggle
- OC1REF toggles when TIM3_CNT = TIM3_CCRL1.

100: Force inactive level - OC1REF is forced low.

101: Force active level - OC1REF is forced high.

110: PWM mode 1 - In upcounting, channel 1 is active as
long as TIMX_CNT < TIMx_CCRL1 else inactive. In
downcounting, channel 1 i s
long as TIMx_CNT > TIMx_CCR1 else active (OC1REF =
1).

111: PWM mode 2 - In upcounting, channel 1 is inactive
as long as TIMx_CNT < TIMx_CCR1 else active. In
downcounting, channel 1 is active as long as TIMx_CNT >
TIMXx_CCRL1 else inactive.

Note: 1: These bits can not be modified as long as LOCK
level 3 has been programmed (LOCK bits in TIMx_BDTR
register) and CC1S = 00 (the channel is configured in out-
put).

2: In PWM mode 1 or 2, the OCREF level changes only
when the result of the comparison changes or when the
output compare mode switche
AiPWMO mode.

OC1PE

RW

Output compare 1 preload enable

0: Preload register on TIM3_CCR1 disabled. TIM3_CCR1
can be written at anytime, the new value is taken in ac-
count immediately.

1: Preload register on TIM3_CCR1 enabled. Read/Write
operations access the preload register. TIM3_CCRL1 pre-
load value is loaded in the active register at each update
event.

Note: 1: These bits can not be modified as long as LOCK
level 3 has been programmed (LOCK bits in TIMx_BDTR
register) and CC1S = 00 (the channel is configured in out-
put).

2: Only in one pulse mode, PWM mode can be used with-
out confirming the preload register, otheRWise its behav-
ior is undefined.

OCI1FE

RW

Output compare 1 fast enable

This bit is used to accelerate the effect of an event on the
trigger in input on the CC output.

0: CC1 behaves normally depending on counter and
CCR1 values even when the trigger is ON. The minimum
delay to activate CC1 output when an edge occurs on the
trigger input is 5 clock cycles.

1: An active edge on the trigger input acts like a compare
match on CC1 output. Then, OC is set to the compare
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Bit Name R/W Reset Value Function

level independently from the result of the comparison. De-
lay to sample the trigger input and to activate CC1 output
is reduced to 3 clock cycles. OCFE acts only if the chan-
nel is configured in PWM1 or PWM2 mode.

Capture/Compare 1 selection

This bit-field defines the direction of the channel (in-
put/output) as well as the used input.

00: CC1 channel is configured as output.

01: CC1 channel is configured as input, IC1 is mapped on
TI1.

1:0 CC1S5[1:0] RW 00 10: CC1 channel is configured as input, IC1 is mapped on
TI2.

11: CC1 channel is configured as input, IC1 is mapped on
TRC. This mode is working only if an internal trigger input
is selected through TS bit (TIMx_SMCR register)

Note: CC1S bits are writable only when the channel is
OFF (CC1E = 0in TIM3_CCER).

Input Capture mode:

Bit Name R/W Reset Value Function
31:16 Reserved - Reserved, must be kept at reset value.
15:12 IF2F RW 0000 Input capture 2 filter
11:10 IC2PSCJ[1:0] RW 00 Input capture 2 prescaler

Capture/compare 2 selection

This bit-field defines the direction of the channel (in-
put/output) as well as the used input.

00: CC2 channel is configured as output.

01: CC2 channel is configured as input, IC2 is mapped on
TI2.

9:8 CC2S[1:0] RW 0 10: CC2 channel is configured as input, IC2 is mapped on
TI1.

11: CC2 channel is configured as input, IC2 is mapped on
TRC. This mode is working only if an internal trigger input
is selected through TS bit (TIM3_SMCR register)

Note: CC2S bits are writable only when the channel is
OFF (CC2E = 0in TIM3_CCER).

Input capture 1 filter
This bit-field defines the frequency used to sample TI1 in-
put and the length of the digital filter applied to TI1. The
digital filter is made of an event counter in which N con-
secutive events are needed to validate a transition on the
output:

0000: No filter, sampling is done at fDTS

0001: fSAMPLING = fCK_INT, N =2

0010: fSAMPLING = fCK_INT,N=4

0011: fSAMPLING = fCK_INT,N=8

0100: fSAMPLING = fDTS/2,N=6

0101: fSAMPLING = fDTS/2,N=8

0110: fSAMPLING = fDTS/4,N=6

0111: fSAMPLING = fDTS/4,N=8

1000: fSAMPLING =fDTS/8,N=6

1001: fSAMPLING =fDTS/8,N =8

1010: fSAMPLING = fDTS/ 16,
1011: fSAMPLING = fDTS/ 16,
1100: fSAMPLING = fDTS / 16,
1101: fSAMPLING = fDTS/ 32,
1110: fSAMPLING = fDTS / 32,
1111: fSAMPLING = fDTS / 32,

7:4 IC1F[3:0] RW 0000

Z2Zz2z2zZ2Z2Z2
LI T O | I T |
o O U100 o Ul

Input capture 1 prescaler

This bit-field defines the ratio of the prescaler acting on
CC1 input (IC1).

The prescaler is reset as soon as CC1E =0 (TIM1_CCER
register).

00: no prescaler, capture is done each time an edge is de-
tected on the capture input

01: capture is done once every 2 events

10: capture is done once every 4 events

11: capture is done once every 8 events

3:2 IC1PSC[1:0] RW 00

1:0 CC1SJ[1:0] RW 00 Capture/Compare 1 selection
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Bit Name R/W Reset Value

Function

This bit-field defines the direction of the channel (in-
put/output) as well as the used input.

00: CC1 channel is configured as output

01: CC1 channel is configured as input, IC1 is mapped on
TI1

10: CC1 channel is configured as input, IC1 is mapped on
TI2

11: CC1 channel is configured as input, IC1 is mapped on
TRC. This mode is working only if an internal trigger input
is selected through TS bit (TIM3_SMCR register)

Note: CC1S bits are writable only when the channel is
OFF (CC1E = 0in TIMx_CCER).

17.4.8. TIM3 capture/compare mode register 2 (TIM3_CCMR?2)

Address offset: 0x1C
Reset value: 0x0000 0000

Output compare mode:

31 30 | 29 | 28 27 26 25 | 24 23 22 | 21 | 20 19 18 17 16
Res Re | Re | Re Res Res Re | Re Res Re | Re | Re Res Res Res | Re
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
OCI:E4C OC4M[2:0] OCI:E4P COE4F CCAS[1:0 OCI:E3C OC3M[2:0] O?P OCE3F CC3S[1:0
IC4F[3:0] IC4PSCJ[1:0] ] IC3F[3:0] IC3PSCJ[1:0] ]
RW R R R RW RW R R RW R R R RW RW R | RW
W | W | W W | W W | W | W W
Output compare mode
Bit Name R/W Reset Value Function
31:16 Reserved - Reserved, must be kept at reset value.
15 OC4CE RW 0 Qutput compare 4 clear enable
14:12 OC4M[2:0] RW 000 Qutput compare 4 mode
11 OC4PE RW 0 Qutput compare 4 preload enable
10 OC4FE RW 0 Output compare 4 fast enable
Capture/Compare 4 selection
This bit-field defines the direction of the channel (in-
put/output) as well as the used input.
00: CC4 channel is configured as output
01: CC4 channel is configured as input, IC4 is mapped on
TI4
9:8 CC4SJ[1:0] RW 00 10: CC4 channel is configured as input, IC4 is mapped on
TI3
11: CC4 channel is configured as input, IC4 is mapped on
TRC. This mode is working only if an internal trigger input
is selected through TS bit (TIMx_SMCR register)
Note: CC4S bits are writable only when the channel is
OFF (CC4E =0in TIM1_CCER).
7 OC3CE RW 0 Qutput compare 3 clear enable
6:4 OC3M[2:0] RW 00 Output compare 3 mode
3 OC3PE RW 0 Output compare 3 preload enable
2 OC3FE RW 0 Output compare 3 fast enable
Capture/Compare 3 selection
This bit-field defines the direction of the channel (in-
put/output) as well as the used input.
00: CC3 channel is configured as output
01: CC3 channel is configured as input, IC3 is mapped on
TI3
1:0 CC3SJ[1:0] RW 00 10: CC3 channel is configured as input, IC3 is mapped on
TI4
11: CC3 channel is configured as input, IC3 is mapped on
TRC. This mode is working only if an internal trigger input
is selected through TS bit (TIMx_SMCR register)
Note: CC3S bits are writable only when the channel is
OFF (CC3E = 0in TIMx_CCER).
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Input Capture mode:

Bit Name

RIW

Reset Value

Function

31:16 Reserved

Reserved, must be kept at reset value.

15:12 IF4F

RW

0000

Input capture 4 filter

11:10 IC4PSC[1:0]

RW

00

Input capture 4 prescaler

9:8 CC4S[1:0]

RW

Capture/Compare 4 selection

This bit-field defines the direction of the channel (in-
put/output) as well as the used input.

00: CC4 channel is configured as output

01: CC4 channel is configured as input, IC4 is mapped on
TI4

10: CC4 channel is configured as input, IC4 is mapped on
TI3

11: CC4 channel is configured as input, IC4 is mapped on
TRC. This mode is working only if an internal trigger input
is selected through TS bit (TIM3_SMCR register)

Note: CC4S bits are writable only when the channel is
OFF (CC4E = 0in TIMX_CCER).

7:4 IC3F[3:0]

RW

0000

Input capture 3 filter
This bit-field defines the frequency used to sample TI3 in-
put and the length of the digital filter applied to TI3. The
digital filter is made of an event counter in which N con-
secutive events are needed to validate a transition on the
output:

0000: No filter, sampling is done at fDTS

0001: fSAMPLING = fCK_INT, N =2

0010: fSAMPLING = fCK_INT,N =4

0011: fSAMPLING = fCK_INT,N =8

0100: fSAMPLING = fDTS/2,N=6

0101: fSAMPLING = fDTS/2,N=8

0110: fSAMPLING = fDTS/4,N=6

0111: fSAMPLING = fDTS/4,N=8

1000: fSAMPLING =fDTS/8,N=6

1001: fSAMPLING =fDTS/8,N =8

1010: fSAMPLING = fDTS/ 16,
1011: fSAMPLING = fDTS/ 16,
1100: fSAMPLING = fDTS/ 16,
1101: fSAMPLING = fDTS/ 32,
1110: fSAMPLING = fDTS/ 32,
1111: fSAMPLING = fDTS / 32,

2ZZ2ZzZ2zZ2Z2
ot nn
0 O U100 O Ul

3:2 IC3PSC[1:0]

RW

00

Input capture 3 prescaler

This bit-field defines the ratio of the prescaler acting on
CC3input (IC1).

The prescaler is reset as soon as CC3E =0 (TIMx_CCER
register).

00: no prescaler, capture is done each time an edge is de-
tected on the capture input

01: capture is done once every 2 events

10: capture is done once every 4 events

11: capture is done once every 8 events

1:0 CC3S[1:0]

RW

00

Capture/Compare 3 selection

This bit-field defines the direction of the channel (in-
put/output) as well as the used input.

00: CC3 channel is configured as output

01: CC3 channel is configured as input, IC3 is mapped on
TI3

10: CC3 channel is configured as input, IC3 is mapped on
TI4

11: CC3 channel is configured as input, IC3 is mapped on
TRC. This mode is working only if an internal trigger input
is selected through TS bit (TIM3_SMCR register)

Note: CC3S bits are writable only when the channel is
OFF (CC3E = 0in TIM3_CCER).

17.4.9. TIM3 capture/compare enable register (TIM3_CCER)

Address offset: 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

Res

Re

Res Res

Res

Re

Res

Res

Res Re Res Res Res Re Res Res

15

14

13 12

11

10

g

8

7 6 5 4 3 2 1 0

CC4N

Re

CC4 | CC4
P E

CC3N | Re

CC3
P

CC3
E

CC2N | Re | CC2 | CC2 | CCIN | Re | CC1 | CC1
P S P E P S P E

RW

RW RW

RW

RW

RW

RW - RW | RW RW - RW | RW

Bit

Name

R/W

Reset Value

Function

31:16

Reserved

Reserved, must be kept at reset value.

15

CC4NP

RW

Capture/Compare 4 output Polarity.
Refer to CC1INP description

14

Reserved

Reserved, must be kept at reset value.

13

CC4P

RW

o |©O|] © |O

Capture/Compare 4 output Polarity.
Refer to CC1P description

12

Reserved

Capture/Compare 4 output enable.
Refer to CC1E description

11

CC3NP

RW

Capture/Compare 3 output Polarity.
Refer to CC1INP description

10

Reserved

Reserved, must be kept at reset value.

CC3P

RW

Capture/Compare 3 output Polarity.
Refer to CC1P description

CCS3E

RW

Capture/Compare 3 output enable.
Refer to CC1E description

CC2NP

RW

Capture/Compare 2 output Polarity.
Refer to CCINP description

Reserved

Reserved, must be kept at reset value.

ccap

RW

Capture/Compare 2 output Polarity.
Refer to CC1P description

CC2E

RW

Capture/Compare 2 output enable.
Refer to CC1E description

CCINP

RW

Capture/Compare 1 output Polarity

0: OCI1N active high

1: OC1N active low

This bit is used in conjunction with CC1P to define
TILFP1/TI2FP1 polarity. refer to CC1P description.

Reserved

Reserved, must be kept at reset value.

CC1P

RW

Capture/Compare 1 output Polarity.

CC1 channel configured as output:

0: OC1 active high

1: OC1 active low

CC1 channel configured as input:

CCI1NP/CC1P bits select TILFP1 and TI2FP1 polarity for
trigger or capture operations.

00: noninverted/rising edge

Circuit is sensitive to TIXFP1 rising edge (capture, trigger
in reset, external clock or trigger mode), TIXFP1 is not in-
verted (trigger in gated mode, encoder mode).

01: inverted/falling edge

Circuit is sensitive to TIXFP1 falling edge (capture, trigger
in reset, external clock or trigger mode), TIXFP1 is in-
verted (trigger in gated mode, encoder mode).

10: reserved, do not use this configuration.

11: noninverted/both edges

CC1E

RW

Capture/Compare 1 output enable.

CC1 channel configured as output:

0: Off - OC1 is not active

1: On - OC1 signal is output on the corresponding output
pin

CC1 channel configured as input:

This bit determines if a capture of the counter value can
actually be done into the input capture/compare register 1
(TIMx_CCR1) or not.

0: Capture disabled

1: Capture enabled
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CcxE bit OCx output State
0 Output disabled (OCx = 0,0Cx_EN =0)
1 OCx = OCxREF+Polarity,OCx_ EN = 1

17.4.10. TIM3 counter (TIM3_CNT)

Address offset: 0x24

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
CNT[15:0]
RW
Bit Name R/W | Reset Value Function
31:16 Reserved Reserved, must be kept at reset value.
15:0 CNT[15:0] RW 0 counter value
17.4.11. TIM3 prescaler (TIM3_PSC)
Address offset: 0x28
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
PSC[15:0]
RW
Bit Name R/W Reset Value Function
31:16 Reserved Reserved, must be kept at reset value.
15:0 PSC[15:0] RW 0 Prescaler value
The counter clock frequency CK_CNT is equal to
fCK_PSC / (PSC[15:0] + 1).
PSC contains the value to be loaded in the active pre-
scaler register at each update event.

17.4.12. TIM3 auto-reload register (TIM3_ARR)

Address offset: 0x2C

Reset value: 0x0000 FFFF

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
ARR[15:0]

RW

Bit Name R/W Reset Value Function
31:16 Reserved Reserved, must be kept at reset value.
Auto-reload value
ARR is the value to be loaded in the actual auto-reload
15:0 ARR[15:0] RW 0 register. Refer to Section 12.4.1: Time-base unit for more
details about ARR update and behavior.
The counter is blocked while the auto-reload value is null.

17.4.13. TIM3 capture/compare register 1 (TIM3_CCR1)

Address offset: 0x34

274/431



PY32F003 Reference Manual

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
CCR1[15:0]

RW/RO

Bit Name R/W Reset Value Function

31:16 Reserved Reserved, must be kept at reset value.
Capture/Compare 1 value
If channel CC1 is configured as output:
CCRL1 is the value to be loaded in the actual capture/com-
pare 1 register (preload value).
It is loaded permanently if the preload feature is not se-
lected in the TIM3_CCMR1 register (bit
OC1PE). OtheRWise the preload value is copied in the

15:0 CCR1[15:0] RW 0 active capture/compare 1 register when an update event
occurs.
The active capture/compare register contains the value to
be compared to the counter TIM3_CNT and signaled on
OC1 output.
If channel CClis configured as input:
CCR1 is the counter value transferred by the last input
capture 1 event (IC1).

17.4.14. TIM3 capture/compare register 2 (TIM3_CCR2)

Address offset: 0x38

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
CCR2[15:0]

RW/RO

Bit Name R/W Reset Value Function

31:16 Reserved Reserved, must be kept at reset value.
Capture/Compare 2 value
If channel CC2 is configured as output:
CCR2 is the value to be loaded in the actual capture/com-
pare 2 register (preload value).
It is loaded permanently if the preload feature is not se-
lected in the TIM3_CCMRZ2 register (bit OC2PE). Else the

15:0 CCR2[15:0] RW 0 pre!oad value is copied in the active capture/compare 2
register when an update event occurs.
The active capture/compare register contains the value to
be compared to the counter TIM3_CNT and signaled on
OC2 output.
If channel CC2 is configured as input:
CCR2 is the counter value transferred by the last input
capture 2 event (IC2).

17.4.15. TIM3 capture/compare register 3 (TIM3_CCR3)

Address offset: 0x3C
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
CCR3[15:0]

RW/RO
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Bit Name R/W Reset Value Function
31:16 Reserved Reserved, must be kept at reset value.
Capture/Compare 3 value
If channel CC3 is configured as output:
CCR3 is the value to be loaded in the actual capture/com-
pare 3 register (preload value).
It is loaded permanently if the preload feature is not se-
lected in the TIM3_CCMR3 register (bit OC3PE). Else the
preload value is copied in the active capture/compare 3
15:0 CCR3[15:0] RW 0 register when an
update event occurs.
The active capture/compare register contains the value to
be compared to the counter TIM3_CNT and signaled on
OC3 output.
If channel CC3is configured as input:
CCRa3is the counter value transferred by the last input
capture 3 event (IC3).

17.4.16. TIM3 capture/compare register 4 (TIM3_CCR4)

Address offset: 0x40

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
CCRA4[15:0]
RW/RO
Bit Name R/W Reset Value Function
31:16 Reserved Reserved, must be kept at reset value.

Capture/Compare 4 value

If CC4 channel is configured as output:

CCR4 is the value to be loaded in the actual capture/com-
pare 4 register (preload value).

It is loaded permanently if the preload feature is not se-
lected in the TIMx_CCMR4 register (bit OC4PE).
OtheRWise, the preload value is copied in the active cap-
ture/compare 4 register when an update event occurs.
The active capture/compare register contains the value to
be compared to the counter TIMx_CNT and signaled on
OC4 output.

If CC4 channel is configured as input:

CCRA4 is the counter value transferred by the last input
capture 4 event (IC4).

15:0 CCR4[15:0] RW 0

17.4.17. TIM3 DMA control register (TIM3_DCR)

Address offset: 0x48

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 g 8 7 6 5 4 3 2 1 0

Res | Res | Res DBL[4:0] Res DBA[4:0]

- - - RW [ RW [ RW [ RW | RW - -1 - RW [ RW | RW | RW [ RW
Bit Name R/W Reset Value Function

31:13 Reserved Reserved, must be kept at reset value.

DMA burst length

This 5-bit vector defines the number of DMA transfers (the
timer recognizes a burst transfer when a read or a write
access is done to the TIMx_DMAR address).

12:8 DBL[4:0] RW 0 0000
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Bit Name R/W Reset Value Function

00000: 1 transfer,
00001: 2 transfers,
00010: 3 transfers,

10001: 18 transfers.

7:5 Reserved RW 0 Reserved, must be kept at reset value.

DMA base address

This 5-bit vector defines the base-address for DMA trans-
fers (when read/write access are done through the
TIM3_DMAR address). DBA is defined as an offset start-
ing from the address of the TIM1_CR1 register.

Example:

00000: TIMx_CR1,

00001: TIMx_CR?2,

00010: TIMx_SMCR,

4:0 DBA[4:0] RW 0 0000

17.4.18. TIM3 DMA address for full transfer (TIM3_DMAR)

Address offset: 0x4C
Reset value: 0x0000 0000

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

DMABJ[31:16]
RW
15 | 14 [ 13 | 12 | 12 [ 10 | 9 [ 8 | 7 ] 6 ] 5] 4] 3] 21T17]o
DMABJ[15:0]
RW
Bit Name R/W Reset Value Function

DMA register for burst accesses

A read or write operation to the DMAR register accesses
the register located at the address

(TIMx_CR1 address) + (DBA + DMA index) x 4

31:.0 DMABJ[31:0] RW 0 where TIMx_CR1 address is the address of the control reg-
ister 1, DBA is the DMA base address configured in
TIMx_DCR register, DMA index is automatically controlled
by the DMA transfer, and ranges from O to DBL (DBL con-
figured in TIMx_DCR).

17.4.19. TIM3 register map

o)
| Reg-
Slister | S YFIYYIQAJIYIS YT Y I YIS oo o w <o oo
e
t
0| TiM3 ckp | ¥ CSM o399z
é _CR1 [1:0] < [10] ol I o O
o | Reset olo|o|lo|lo|lo|lo|o|o]o
value
0 | TIm3 9 mvs |8
x | _CR2 = [2:0 O
0 | Reset
4 | value olojolo]|o
TIM3 0
E .
0| smc @ Tsizo) | § SMSIZ
X R = el 0]
OReset
8 | Lo olololo|o|lo|o|o
TIM3 W wow wow
01 pE 49888 5 8 I < I e
X | = = o d o 9o 5 = O Q O Q 3
0 R O O O O O O O O
c | Reset 0 olololo]|o 0 olo|o|o]o
value
0| TiM3 gggg ul | &
x | _SR O O O o - 88883
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18.General-purpose timer (TIM14)

18.1. TIM14 introduction

18.2.

The TIM14 general-purpose timer consists of a 16-bit auto-reload counter driven by a programmable
prescaler.

It may be used for a variety of purposes, including measuring the pulse lengths of input signals (input
capture) or generating output waveforms (output compare, PWM).

Pulse lengths and waveform periods can be modulated from a few microseconds to several milliseconds
using the timer prescaler and the RCC clock controller prescalers.

The TIM14 timer is completely independent, and does not share any resources. It can be synchronized

together as described in TIM3.

TIM14 main features

A 16-bit auto-reload upcounter

A 16-bit programmable prescaler used to divide the counter clock frequency by any factor between 1
and 65535 (can be changed fAon the flyo)

A One independent channel for:
U  Input capture
U  Output compare

U PWM generation (edge-aligned mode)

})

Interrupt generation on the following events:
U  Update: counter overflow, counter initialization (by software)
U  Input capture

U  Output compare
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Internal clock(CK_INT) Trigger
Controller Enable

counter

A\

auto-reload register

U
— Ul
Stop clearu /L\J’ >
CK_PSC CK_CNT —>
» PSC prescale > +/- CNT counter
ST ﬂ cil
e d —> .y
TIMx CHEJL} Input fiiter & | T11FP1 ICl‘ IC1PS capture/comp | OC1REF Output ocC1 :
- edge selector > prescaler are 1 register control L
TIMX_CH1

Notée

Preload registerstransferred to active
Registers on U event according to
control bit

Event

Interrupt
&DMA output

Figure 18-1 General-purpose timer block diagram (TIM14)

18.3. TIM14 functional description

18.3.1. Time-base unit

The main block of the programmable general-purpose timer is a 16-bit upcounter with its related auto-
reload register. The counter clock can be divided by a prescaler.

The counter, the auto-reload register and the prescaler register can be written or read by software.
This is true even when the counter is running.

The time-base unit includes:

A Counter register (TIM14_CNT)

A Prescaler register (TIM14_PSC)

A Auto-reload register (TIM14_ARR)

The auto-reload register is preloaded. Writing to or reading from the auto-reload register accesses the
preload register. The content of the preload register are transferred into the shadow register perma-
nently or at each update event (UEV), depending on the auto-reload preload enable bit (ARPE) in
TIM14_CR1 register. The update event is sent when the counter reaches the overflow and if the UDIS
bit equals 0 in the TIM14_CR1 register. It can also be generated by software.

The counter is clocked by the prescaler output CK_CNT, which is enabled only when the counter

enable bit (CEN) in TIM14_CR1 register is set.
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Note that the counter starts counting 1 clock cycle after setting the CEN bit in the TIM14_CR1 register.
Prescaler description

The prescaler can divide the counter clock frequency by any factor between 1 and 65535. It is based
on a 16-bit counter controlled through a 16-bit register (in the TIM14_PSC register). It can be changed
on the fly as this control register is buffered. The new prescaler ratio is taken into account at the next
update event.

The following figures give some examples of the counter behavior when the prescaler ratio is changed

on the fly.

cK_psc uuuuuuygudyt
CEN |

Timer clock = CK_CNT ﬂ ﬂ ﬂ ﬂ
Counter register F7 )(F8(Fo FA(FB(FG 00 X 01 X 02 X 03
Update event(UEV) T

Prescaler control register 0 - 1
Write a new value in TIM 1_P5{
Prescaler buffer 0 1
Prescaler counter of 1jo)fajo)f1fof1)

Figa®eCounter timing diagram with prescaler

oK psc oy yyyyl

CEN
Timer clock = CK_CNT ﬂ ﬂ
Counter register F7 XF8 @@E‘ 00 01
Update event(UEV) T
Prescaler control register 0 - 3
Write a new value in TIM 1_P5{
Prescaler buffer 0 3

Prescaler counter 0 ﬂﬂaﬂﬂﬂﬂ

Fi guBCounter timing diagram with prescaler

Upcounter mode

The counter counts from 0 to the auto-reload value (content of the TIM14_ARR register), then restarts
from O and generates a counter overflow event.

Every time the count overflows, an update event is generated. Setting the UG bit in the TIM14_EGR

register also generates an update event.

282/431

di

di

Vi

Vi



PY32F003 Reference Manual

The UEV event can be disabled by software by setting the UDIS bit in the TIM14_CR1 register. This
is to avoid updating the shadow registers while writing new values in the preload registers. Then no
update event occurs until the UDIS bit has been written to 0. However, the counter restarts from 0, as
well as the counter of the prescaler (but the prescale rate does not change). In addition, if the URS bit
(update request selection) in TIM14_CRL1 register is set, setting the UG bit generates an update event
UEV but without setting the UIF flag (thus no interrupt or DMA request is sent). This is to avoid gener-
ating both update and capture interrupts when clearing the counter on the capture event.

When an update event occurs, all the registers are updated and the update flag (UIF bit in TIM14_SR
register) is set (depending on the URS bit):

A The auto-reload shadow register is updated with the preload value (TIM14_ARR),

A The buffer of the prescaler is reloaded with the preload value (content of the TIM14_PSC register).
The following figures show some examples of the counter behavior for different clock frequencies when
TIMx_ARR = 0x36.

oK_PsG RERRRERRANRRRNRnRERnuEE

CNT_EN |

Timer dlock = CK_CNT v ugdygy
Counter register 31 X 32X 33X34) 35 36
Counter overflow [

Update event(UEV) [

Update interrupt flag(UIF) ‘

Figad®eCounter timing diagr am, internal clock
oK_psc JUUUUuuuugguU
CNT_EN ‘
Timer clock = CK_CNT ﬂ ﬂ T ﬂ ﬂ ﬂ ﬂ
Counter register 0034 X 0035 X 003640000 X 0001 0002 X 0003
Counter overflow H
Update event(UEV) ﬂ
Update interrupt flag(UIF) ‘

Figua®seCounter timing diagram, internal <c¢clock
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oK_psc L U LU

CNT_EN

Timer clock = CK_CNT H ﬂ H ﬂ

Counter register 0035 0036 0000 0001

Counter overflow

Update event(UEV) ﬂ

Update interrupt flag(UIF) ‘

FiguaBeCounter timing diagram, internal <c¢lock
ok_psc Uy Uuu
CNT_EN ‘
Timer clock = CK_CNT ﬂ

Counter overflow

Update event(UEV)

] i
Counter register 1F 20

[

—

Update interrupt flag(UIF)

Figuag8eCounter timing diagr am, internal cl ock

cK_psc ooy yy Uyl

CNT_EN

Timer dlock = CK_CNT v ruyyyyy
Counter register 31
Counter overflow [

Update event(UEV) [

Update interrupt flag(UIF) ‘

Auto-reload preload register FF 36

Write a new value in TIMX_ARR

Fi gaBCounter timing diagram, updatAeRRe vneontt pwhee no aAdRePdE
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CK_PSc

CNT_EN

Timer clock = CK_CNT

uuriyiuuyyuyl

Counter register

Fo ) F1{ F2)F3{ F4( F5{ 00( 010203/ 041 05/ 06 07)

Counter overflow

[

Update event(UEV)

[

Update interrupt flag(UIF)

Auto-reload preload register

F5 36

Wl

Auto-reload shadow register

F5 36

Write a new value in TIMX_ARR

Fi gad8eCounter ti mi

18.3.2. Clock source

ng diagram, updat e

event

when ARP

The counter clock is provided by the Internal clock (CK_INT) source. The CEN (in the TIMx_CRL1

register) and UG bits (in the TIM14_EGR register) are actual control bits and can be changed only by

software (except for UG that remains cleared automatically). As soon as the CEN bit is written to 1,

the prescaler is clocked by the internal clock CK_INT.

CK_PSC

Uy

CEN=CNT_EN

UG

CNT_INIT

[ 1

Counter clock = CK_CNT = CK_PSC

uurUiiyruuy

Counter register

31 )(32)(33)(34)35(36)00( 01) 02)(03) 04 05)06( 07

Fi gaBledContr ol

18.3.3. Capture/compare channels

circuit in nor mal

mode,

internal

Each Capture/Compare channel is built around a capture/compare register (including a shadow reg-

ister), a input stage for capture (with digital filter, multiplexing and prescaler) and an output stage (with

comparator and output control).
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18.3.4.

Intput stage ‘ APB bus |
Output stage
‘ APB interface |
write CCRIH
Read CCRJ ad i
—» read_in_progress }Mite CCRI1L
Read CCR

— ¥ R
output mode

oc1PE
v¢— 2" OCIPE | TIM14_CCMR1
< UEV -

(from time base)

capture_transfer
compare_transfer

CCiS[1]

ccisfo] )
R

‘ Capture/compare shadow
register

‘Comparator

TR capre R —
=T (&> ) —RiMode CLREFG oumpur | oy
cie onT=cgRy ode |- 0%
> >' 1 Cont‘roller TIM14_{
TIML4_CCMpDC2M2:0)] [ ccp | [ ccp |
TIM14_CCER
TIM14_CH1
L TIL TILF_Risjng
j—bdwr'][e' el 16| Edge =0
fDT: lowncounte——— Detector |T11F_Fall U —
r d Divider IC1Pg
1121418
TIM14_CCER CC1P/CCINP 4 )
TIM14_CCMR1
[ ccis[1:0] ICPS[1:0]] [ CC1H
Intput stage TIM14 CCMRL _ TIM14 CCER

Figudalglelll M14 Capture/ compare channel
The input stage samples the corresponding TIx input to generate a filtered signal TIxF. Then, an edge
detector with polarity selection generates a signal (TIXFPx) which can be used as trigger input by the
slave mode controller or as the capture command. It is prescaled before the capture register (ICxPS).
The output stage generates an intermediate waveform which is then used for reference: OCxRef (ac-
tive high). The polarity acts at the end of the chain.

The capture/compare block is made of one preload register and one shadow register. Write and read
only access the preload register.

In capture mode, captures are actually done in the shadow register, which is copied into the preload
register.

In compare mode, the content of the preload register is copied into the shadow register which is com-

pared to the counter

Input capture mode

In Input capture mode, the Capture/Compare Registers (TIM14_CCRXx) are used to latch the value of
the counter after a transition detected by the corresponding ICx signal. When a capture occurs, the
corresponding CCXIF flag (TIM14_SR register) is set. If a capture occurs while the CCxIF flag was
already high, then the over-capture flag CCxOF (TIMx_SR register) is set. CCxIF can be cleared by
by by
is cleared when it is written with 0.

sof t war e writing it to 006 or reading t

The following example shows how to capture the counter value in TIM14_CCR1 when TI1 input rises.
To do this, use the following procedure:

A Select the active input: TIM14_CCR1 must be linked to the TI1 input, so write the CC1S bits to
the TI M14 CCMR1 As soon as

6016 in register.

configured in input mode and the TIM14_CCR1 register becomes readonly.

286/431

he

car

CC1c



PY32F003 Reference Manual

)

Program the appropriate input filter duration in relation with the signal connected to the timer

(when the input is one of the TIx (ICxF bits in the TIM14_CCMRX register). When toggling, the

input signal is not stable during at must 5 internal clock cycles. We must program a filter duration

longer than these 5 clock cycles. We can validate a transition on TI1 when 8 consecutive samples

with the new level have been detected (sampled at fDTS frequency). Then write IC1IFbitst o 600116

in the TIM14_CCMRL1 register.

A  Select the edge of the active transition on the TI1 channel by programming CC1P and CC1NP
bits to 6006 in the TIMx_CCER register (rising ec

A Program the input prescaler. In our example, we wish the capture to be performed at each valid
transition, so the prescaler is disabled (write I

A Enable capture from the counter into the capture register by setting the CCI1E bit in the
TIMx_CCER register.

A If needed, enable the related interrupt request by setting the CC1IE bit in the TIMx_DIER register.

When an input capture occurs:

A The TIM14_CCR1 register gets the value of the counter on the active transition

A CC1IF flag is set (interrupt flag). CC1OF is also set if at least two consecutive captures occurred
whereas the flag was not cleared.

A Aninterrupt is generated depending on the CC1IE bit.

In order to handle the overcapture, it is recommended to read the data before the overcapture flag.

This is to avoid missing an overcapture which could happen after reading the flag and before reading

the data.

Note: IC interrupt requests can be generated by software by setting the corresponding CCxG bit in the

TIMx_EGR register.

18.3.5. Forced output mode

I n output mode (tHeTIMBl_ACMRxsegister)pe@dh 6utput aompare signal (OCxREF

and then OCx) can be forced to active or inactive level directly by software, independently of any

comparison between the output compare register and the counter.

To force an output compare sign a | ( OCXREF/ OCx) to its active level,
the OCxM bits in the corresponding TIM14_CCMRXx register. Thus OCXREF is forced high (OCXREF

is always active high) and OCx get opposite value to CCxP polarity bit.

For exampl €6 COXCR =acdive high) = > 0OCx is forced t
The OCxXxREF signal can be forced | ow by writing the
The comparison between the TIM14_ CCRx shadow register and the counter is still performed and

allows the flag to be set. Interrupt requests can be sent accordingly. This is described in the output

compare mode section below.

18.3.6. Output compare mode

This function is used to control an output waveform or to indicate when a period of time has elapsed.
When a match is found between the capture/compare register and the counter, the output compare

function:
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A Assigns the corresponding output pin to a programmable value defined by the output compare
mode (OCxM bits in the TIM14 CCMRx register) and the output polarity (CCxP bit in the
Tl Mx CCER register). The output pin can keep its
= 060016), be set inactive (OCxM = 601006) or can t
A Sets a flag in the interrupt status register (CCxIF bit in the TIMx_SR register).
A Generates an interrupt if the corresponding interrupt mask is set (CCxIE bit in the TIM14_DIER

register).
The TIM14_CCRX registers can be programmed with or without preload registers using the OCxPE bit
in the TIM14_CCMRX register.
In output compare mode, the update event UEV has no effect on OCXREF and OCx output. The timing
resolution is one count of the counter. Output compare mode can also be used to output a single pulse

(in One-pulse mode).( This is meaningless, no OPM)

Write B201h in the CC1R register

TIM1_CNT 0039 X 003A X 003B

__________________________ B200 X B20%,

TIM1_CCR1 003A B201

DY

Match detected on CCR1
interrupt generated if enabled

Figure 18-12 Output compare mode, toggle on OC1

18.3.7. PWM mode

Pulse Width Modulation mode allows to generate a signal with a frequency determined by the value of
the TIMx_ARR register and a duty cycle determined by the value of the TIMx_CCRX register.

The PWM mode can be selected independently on each channel (one PWM per OCx output) by writing
61106 (PWM mode 1) or 61116 (PWM mode 2) in the OC
corresponding preload register must be enabled by setting the OCXPE bit in the TIM14_CCMRX reg-
ister, and eventually the auto-reload preload register by setting the ARPE bit inthe TIM14_CR1 register.
As the preload registers are transferred to the shadow registers only when an update event occurs,
before starting the counter, all registers must be initialized by setting the UG bit in the TIM14_EGR
register.

The OCx polarity is software programmable using the CCxP bit in the TIM14_CCER register. It can be
programmed as active high or active low. The OCx output is enabled by the CCxE bit in the
TIM14_CCER register.

In PWM mode (1 or 2), TIM14_CNT and TIM14_CCRXx are always compared to determine whether
TI M14 _CNTOTI M14 _CCRX.

The timer is able to generate PWM in edge-aligned mode only since the counter is upcounting.
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PWM edge-alighed mode
In the following example, we consider PWM mode 1. The reference PWM signal OCxREF is high as

long as TIM14 _CNT < TIM14_CCRXx else it becomes low. If the compare value in TIM14 CCRX is

greater than the auto-r el oad

0

t hen

OCx Re f

val

s hel

ue

d

(in TIM14_ARR) then

at 606 .

OCXx REF

The following figure shows some edgealigned PWM waveforms in an example where TIMx_ARR = 8.

Counter registeri

OCXREF
CCRx=4
CCxIF

OCXREF
CCRx=8
CCxIF

OCXREF
CCRx>8
CCxIF

OCXREF
CCRx=0
CCxIF

@@C
B |

Fi guBleXEdgel i gned

18.3.8. Debug mode

PWM wavefor ms

( ARR =

8)

When the microcontroller enters debug mode (MO+ core halted), the TIMx counter either continues to

work normally or stops, depending on DBG_TIMx_STOP configuration bit in DBG module.

18.4. TIM14 registers
18.4.1. TIM14 control register 1 (TIM14_CR1)
Address offset: 0x00
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 CKDJ1:0] ARPE Res Res | Res | URS | UDIS | CEN
- - - - - - RW RW - - - RW RW RW
Bit Name R/W Reset Value Function
31:10 Reserved - 0 Reserved, must be kept at reset value.
9:8 CKDJ[1:0] RW 00 Clock division
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Bit Name R/W Reset Value

Function

This bit-field indicates the division ratio between the timer
clock (CK_INT) frequency and sampling clock used by the
digital filters (ETR, TIx),

00: tDTS = tCK_INT

01: tDTS = 2 xtCK_INT

10: tDTS = 4 xtCK_INT

11: Reserved

7 ARPE RW 0

Auto-reload preload enable
0: TIMx_ARR register is not buffered
1: TIMx_ARR register is buffered

6:3 Reserved - 0

Reserved, must be kept at reset value.

2 URS RW 0

Update request source

This bit is set by software to select the update interrupt
(UEV) sources.

0: Any of the following events generate an UEV or a DMA
request if enabled:

i Counter overflow

I Setting the UG bit

1: Only counter overflow generates an UEV or a DMA re-
quest if enabled.

1 ubIS RW 0

Update disable

This bit is set and cleared by software to enable/disable
update interrupt (UEV) event generation.

0: UEV enabled. An UEV is generated by one of the fol-
lowing events:

i Counter overflow

I Setting the UG bit.

Buffered registers are then loaded with their preload val-
ues.

1: UEV disabled. No UEV is generated, shadow registers
keep their value (ARR, PSC, CCRXx). The counter and the
prescaler are reinitialized if the UG bit is set.

0 CEN RW 0

Counter enable

0: Counter disabled

1: Counter enabled

Note: External clock, gated mode and encoder mode can
only work after the CEN bit is set by software. Trigger
mode can automatically set the CEN bit by hardware.

18.4.2. TIM14 DMA/interrupt enable register (TIM14_DIER)

Address offset: 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
Res CClIE | UIE
- RW RW
Bit Name R/W Reset Value Function
31:2 Reserved Reserved, must be kept at reset value.
CC1IE: Capture/Compare 1 interrupt enable
1 CC1IE RW 0 0: CC1 interrupt disabled
1: CC1 interrupt enabled
UIE: Update interrupt enable
0 UIE RW 0 0: Update interrupt disabled
1: Update interrupt enabled

18.4.3. TIM14 status register (TIM14_SR)

Address offset: 0x010
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
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15 14

13 12

11

10

Res

CC10F

Res CClIF UIF

Rc w0

- Rc w0 | Rc w0

Bit

Name

R/W

Reset
Value

Function

31:10

Reserved

Reserved, must be kept at reset value.

CC10F

Rc_wO

Capture/Compare 1 overcapture flag

This flag is set by hardware only when the corresponding
channel is configured in input capture mode. It is cleared
by software by writing it t
0: No overcapture has been detected.

1: The counter value has been captured in TIM14_CCR1
register while CC1IF flag was already set

8:2

Res

Rc_ w0

Reserved, must be kept at reset value.

CClIF

Rc_wO0

Capture/compare 1 interrupt flag

Condtion: channel CC1 is configured as output

This flag is set by hardware when the counter matches the
compare value. It is cleared by software.

0: No match.

1: The content of the counter TIM14_CNT matches the
content of the TIM14_CCRL1 register.

Condition: channel CC1 is configured as input

This bit is set by hardware on a capture. It is cleared by
software or by reading the TIM14_CCR1 register.

0: No input capture occurred.

1: The counter value has been captured in TIM14_CCR1
register (an edge has been detected on IC1 which
matches the selected polarity).

UIF

Rc_w0

Update interrupt flag

This bit is set by hardware on an update event. It is
cleared by software.

0: No update occurred.

1: Update interrupt pending. This bit is set by hardware
when the registers are updated:

iAt overflow and i f UDIS =
T When CNT is reinitialized by software using the UG bit
in Tl Mx_EGR register, i f U R
TIMx_CR1 register.

18.4.4. TIM14 event generation register (TIM14_EGR)

Address offset: 0x14
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 CCl1G | UG
- w w
Bit Name R/W Reset Value Function
31:2 Reserved - 0 Reserved, must be kept at reset value.
Capture/compare 1 generation
This bit is set by software in order to generate an event, it
is automatically cleared by hardware.
0: No action
1 CCi1G W 0 1: A capture/compare event is generated on channel 1:
Condition: channel CC1 is configured as output
CC1IF flag is set, Corresponding interrupt or DMA request
is sent if enabled.
Condition: channel CC1 is configured as input
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Bit

Name

R/W

Reset Value

Function

The current value of the counter is captured in
TIMx_CCRL1 register. The CC1IF flag is set, the corre-
sponding interrupt is sent if enabled. The CC10F flag is
set if the CC1IF flag was already high.

uG

Update generation

This bit can be set by software, it is automatically cleared
by hardware.

0: No action

1: Re-initialize the counter and generates an update of the
registers. Note that the prescaler counter is cleared too
(anyway the prescaler ratio is not affected). The counter is
cleared.

18.4.5. TIM14 capture/compare mode register 1 (TIM14_CCMR1)

Address offset: 0x18
Reset value: 0x0000 0000

output compare mode:

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

6 5 4 3 2 1 0

Res

Res OC1M[2:0] OCI1PE | OCIFE | CC1S[1:0]

RW | RW | RW RW RW | RW [ RW

Bit

Name

R/W

Reset Value

Function

31:7

Reserved

Reserved, must be kept at reset value.

6:4

OC1M[2:0]

RW

00

Output compare 1 mode

These bits define the behavior of the output reference sig-
nal OC1REF from which OC1, OC1N is derived. OC1REF
is active high whereas OC1, OC1N active level depends
on CC1P, CC1NP bit.

000: Frozen. The comparison between the output com-
pare register TIMx_CCR1 and the counter TIMx_CNT has
no effect on the outputs.

001: Set channel 1 to active level on match. OC1REF sig-
nal is forced high when the counter TIMX_CNT matches
the capture/compare register 1 (TIMx_CCR1).

010: Set channel 1 to inactive level on match. OC1REF
signal is forced low when the counter TIMx_CNT matches
the capture/compare register 1 (TIMx_CCR1).

011: Toggle - OC1REF toggles when TIMx_CNT =
TIMx_CCRL1.

100: Force inactive level - OC1REF is forced low.

101: Force active level - OC1REF is forced high.

110: PWM mode 1 - when upcounting, Channel 1 is active
as long as TIMx_CNT < TIMx_CCR1 else inactive. when
downcounting, Channel 1 is inactive(OC1REF = 0) as long
as TIMx_CNT > TIMx_CCR1 else active(OC1REF = 1).
111: PWM mode 2 - Channel 1 is inactive as long as
TIMX_CNT < TIMx_CCR1 else active.

Note: In PWM mode 1 or 2, the OCREF level changes
when the result of the comparison changes or when the
output compare mode switches from frozen to PWM
mode.

OC1PE

RW

Output compare 1 preload enable

0: Preload register on TIM14_CCR1 disabled.
TIM14_CCR1 can be written at anytime, the new value is
taken in account immediately.

1: Preload register on TIM14_CCR1 enabled. Read/Write
operations access the preload register. TIM14_CCR1 pre-
load value is loaded in the active register at each update
event.

OCI1FE

RW

Output compare 1 fast enable
This bit is used to accelerate the effect of an event on the
trigger in input on the CC output.
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Bit

Name

R/W

Reset Value

Function

0: CC1 behaves normally depending on counter and
CCRL1 values even when the trigger is ON. The minimum
delay to activate CC1 output when an edge occurs on the
trigger input is 5 clock cycles.

1: An active edge on the trigger input acts like a compare
match on CC1 output. OC is then set to the compare level
independently of the result of the comparison. Delay to
sample the trigger input and to activate CC1 output is re-
duced to 3 clock cycles. OC1FE acts only if the channel is
configured in PWM1 or PWM2 mode.

1.0

CC1S[1:0]

RW

00

Capture/Compare 1 selection

This bit-field defines the direction of the channel (in-
put/output) as well as the used input.

00: CC1 channel is configured as output.

01: CC1 channel is configured as input, IC1 is mapped on
TI1.

10: Reserved

11: Reserved

Note: CC1S bits are writable only when the channel is
OFF (CC1E =0in TIM14_CCER).

Input Capture mode:

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

7 6 5 4 3 2 1 0

Res

IC1F[3:0] ICIPSC[1:0] | CC1S[1:0]

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

Bit

Name

R/IW

Reset Value

Function

31:8

Reserved

Reserved, must be kept at reset value.

74

IC1F[3:0]

RW

0000

Input capture 1 filter
This bit-field defines the frequency used to sample TI1 in-
put and the length of the digital filter applied to TI1. The
digital filter is made of an event counter in which N events
are needed to validate a transition on the output:

0000: No filter, sampling is done at fDTS

0001: fSAMPLING = fCK_INT, N =2

0010: fSAMPLING =fCK_INT,N=4

0011: fSAMPLING = fCK_INT, N=8

0100: fSAMPLING =fDTS/2,N=6

0101: fSAMPLING =fDTS/2,N=8

0110: fSAMPLING =fDTS/4,N =6

0111: fSAMPLING =fDTS/4,N=8

1000: fSAMPLING = fDTS/8,N=6

1001: fSAMPLING = fDTS/8,N=8

1010: fSAMPLING = fDTS / 16,
1011: fSAMPLING = fDTS / 16,
1100: fSAMPLING = fDTS / 16,
1101: fSAMPLING = fDTS / 32,
1110: fSAMPLING = fDTS / 32,
1111: fSAMPLING = fDTS / 32,

0o O U100 O U1

222222

3.2

IC1PSC[1:0]

RW

00

Input capture 1 prescaler

This bit-field defines the ratio of the prescaler acting on
CC1 input (IC1).

The prescaler is reset as s
(TIM1_CCER register).

00: no prescaler, capture is done each time an edge is de-
tected on the capture input

01: capture is done once every 2 events

10: capture is done once every 4 events

11: capture is done once every 8 events

1.0

CC1S[1:0]

RW

00

Capture/Compare 1 selection

This bit-field defines the direction of the channel (in-
put/output) as well as the used input.

00: CC1 channel is configured as output

01: CC1 channel is configured as input, IC1 is mapped on
TI1
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Bit

Name

R/W

Reset Value

Function

Other: Reserved
Note: CC1S bits are writable only when the channel is
OFF (CC1E =0in TIM14_CCER).

18.4.6. TIM14 capture/compare enable register (TIM14_CCER)

Address offset: 0x20
Reset value: 0x0000 0000

31

30

29 28

27

26

25 24

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

6 5 4 3 2 1 0

Res

Res

Res | Res

Res

Res

Res | Res

Res

Res | Res | Res | CCINP | Res | CC1P | CCI1E

RW RW RW

Bit

Name

R/IW

Reset Value

Function

31:4

Reserved

0

Reserved, must be kept at reset value.

CCINP

RW

Input/Capture 1 complementary output Polarity.

CC1 channel configured as output: CC1INP must be kept
cleared.

CC1 channel configured as input: CC1NP bit is used in
conjunction with CC1P to define

TILFP1 polarity (refer to CC1P description).

Reserved

Reserved, must be kept at reset value.

CC1P

RW

Input/Capture 1 output Polarity.

Condition: CC1 channel configured as output

0: OC1 active high

1: OC1 active low

Condition: CC1 channel configured as input

The CC1NP/CC1P bits select TILFP1 and TI2FP1 polarity
for trigger or capture operations.

00: noninverted/rising edge

Circuit is sensitive to TILFP1 rising edge (capture mode,
reset trigger, external clock or trigger mode), TI1FP1 is not
inverted(gate mode, code mode).

01: inverted/falling edge

Circuit is sensitive to TILFP1 falling edge (capture mode,
reset trigger, external clock or trigger mode), TI1FP1 is in-
verted(gate mode, code mode).

10: reserved, do not use this configuration.

11: noninverted/both edges

CC1E

RW

Input/Capture 1 output enable.

Condition: CC1 channel configured as output:

0: Off - OC1 is not active

1: On - OC1 signal is output on the corresponding output
pin

Condition: CC1 channel configured as input:

This bit determines if a capture of the counter value can
actually be done into the input capture register 1
(TIMx_CCR1) or not.

0: Capture disabled

1: Capture enabled

CcxE bit

OCx output State

0

Output Disabled (OCx = 0,0Cx_EN = 0)

1

OCx = OCxREF+Polarity,0OCx_EN =1

18.4.7.

Address offset: 0x24
Reset value: 0x0000 0000

TIM14 counter (TIM14_CNT)

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 [ 112 [ 10 | 9 | 8 | 7 | 6 | 5 | 4 | 3 ] 2 ] 1 ] o
CNT[15:0]
RW
Bit Name R/W Reset Value Function
31:16 Reserved Reserved, must be kept at reset value.
15:0 CNT[15:0] RW 0 Counter value

18.4.8. TIM14 prescaler (TIM14_PSC)

Address offset: 0x28
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
PSC[15:0]

RW

Bit Name R/W Reset Value Function

31:16 Reserved Reserved, must be kept at reset value.
Prescaler value
The counter clock frequency CK_CNT is equal to
fCK_PSC / (PSC[15:0] + 1).

15:0 PSC[15:0] RW 0 PSC contains the value to be loaded in the active pre-
scaler register at each update event.
Cleared to 0 by the UG bit in TIM_EGR or by a slave con-
troller operating in reset mode.

18.4.9. TIM14 auto-reload register (TIM14_ARR)

Address offset: 0x2C
Reset value: 0x0000 FFFF

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
ARR[15:0]

RW

Bit Name R/W Reset Value Function

31:16 Reserved Reserved, must be kept at reset value.

15:0 ARR[15:0] RW 0 Auto-reload value
ARR is the value to be loaded in the actual auto-reload
register.
Refer to the Time-base unit for more details about ARR
update
and behavior.
The counter is blocked while the auto-reload value is null.

18.4.10. TIM14 capture/compare register 1 (TIM14_CCR1)

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
CCR1[15:0]

RW/RO
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Bit Name R/W Reset Value Function
31:16 Reserved Reserved, must be kept at reset value.
15:0 CCR1[15:0] RW 0 Capture/Compare 1 value

Condition: channel CC1 is configured as output

CCR1 is the value to be loaded in the actual capture/com-
pare 1 register (preload value).

It is loaded permanently if the preload feature is not se-
lected in the TIM1_CCMR1 register (bit OC1PE). Else the
preload value is copied in the active capture/compare 1
register when an update event occurs.

The active capture/compare register contains the value to
be compared to the counter TIMx_CNT and signaled on
OC1 output.

Condition: channel CClis configured as input

CCR1 is the counter value transferred by the last input
capture 1 event (IC1).

18.4.11. TIM14 option register (TIM14_OR)

Address offset: 0x50
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 TI11_RMP
- RW | RW
Bit Name R/W Reset Value Function
31:2 Reserved - 0 Reserved, must be kept at reset value.
1.0 TI1_RMP RW 0 Timer Input 1 remap
Set and cleared by software.
00: TIM14 Channell is connected to the GPIO. Refer to
the alternate function mapping in the device datasheets.
01: TIM14 Channell is connected to the RTCCLK.
10: TIM14 Channell is connected to the HSE/32 Clock.
11: TIM14 Channell is connected to the microcontroller
clock output (MCO), this selection is controlled by the
MCOJ[2:0] bits of the Clock configuration register
(RCC_CFGR)
18.4.12. TIM14 register map
(@)
ff R
Sl |99 9889933959839y oo~ oneaqdo
e
t
S | w
0 | TIM14 = | a g 23
x | _CR1 2 1g 3 3 O
0 O
0 Reset
0 0(0|O0 0(0|O0
0 | TIM14 8 w
x | _DIER o 2
0 Reset
C | value 0(0
0 | TIM14 8 =
>l< _SR O 8 >
Reset
0 value 0 010
o | TIM14 9 o
x | _EGR g >
1 "Reset
4 | value 0]0
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o v X0

Reg-
ister

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
3
2
1
0

0 EF X O

TIM14
CCM

R1(ou OC1M

tput [2:0]
com-

pare
mode)

OC1PE
OCIFE
CC1S[1:0]

Reset ololo
value

o
o
o
o

0 EF X O

TIM14
_CCM
R1(In-
put IC1F[3:0]
Cap-
ture
mode)

IC1PSC[1:0]
CC1S[1:0]

Reset olololo
value

TIM14
_CCE

Reset
value

© |ccinp| @
Res

© |ccip| @

© |ccie| @

TIM14
_CNT

Reset
value ojoj0f0|0|0O|0O|jO|jO|0O|0OjO|0O|0OfO]|O

TIM14
_PSC

Reset
value ojo0j0f0|0j0Oj0O|jO|jO|0O|O|jO|0O|0OfO]|O

TIM14
_ARR

Reset vl 1|2l a2l alala)ala]2l2]a]2
value

TIM14
_CCR CCR1[15:0]

BwWwX O | ONX OON X OANX O] ON X O

Reset
value

o Ul X O

[1:0]

TIMX_

o
py)
TI1_RMP

Reset
value

o
o
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19. General-purpose timers (TIM16/17)

TIM16 and TIM17 function exactly the same.

19.1. TIM16 and TIM17 main features

A 16-bit auto-reload upcounter
A 16bit programmable prescaler used to divide (also
factor between 1 and 65536
A One channel for:
U  Input capture
U  Output compare
i  PWM generation (Edge-aligned mode)

U  One-pulse mode output

A Complementary outputs with programmable dead-time

A Repetition counter to update the timer registers only after a given number of cycles of the counter

A Break input to put the timerdéds output signals in
A Interrupt/DMA generation on the following events:

U  Update: counter overflow
U  Input capture
U  Output compare

U Break input
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h 4
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Figure 19-1 TIM16 and TIM17 block diagram

19.2. TIM16/TIM17 functional description

19.2.1. Time-base unit

The main block of the programmable general purpose timer is a 16-bit upcounter with its related auto-
reload register. The counter clock can be divided by a prescaler.

The counter, the auto-reload register and the prescaler register can be written or read by software.
This is true even when the counter is running.

The time-base unit includes:

A Counter register (TIMx_CNT)

A Prescaler register (TIMx_PSC)

A Auto-reload register (TIMx_ARR)

A Repetition counter register (TIMx_RCR)

The auto-reload register is preloaded. Writing to or reading from the auto-reload register accesses the
preload register. The content of the preload register are transferred into the shadow register perma-

nently or at each update event (UEV), depending on the auto-reload preload enable bit (ARPE) in
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