m PY32L020 Series
)/ 32-bit ARM® Cortex®-MO0+ Microcontrollers

PY32L020 Series

32-bit ARM® Cortex®-M0+ Microcontrollers

Reference Manual

&

Puya Semiconductor (Shanghai) Co., Ltd.



PY32L020 Reference Manual

Contents

1. List of abbreviations fOr FEQISIEN ... e e e e s e s re e e e e e e e e eaans 13
S VAo (=Y - Vo 11 (=T AU = PSR PRERRN 14
3. Memory and BUS arChitECIUIE ... e e e e e e e e e s st ra e e e e e e e e aanns 15
3.1, SYSLEM ArCRILECIUIE .....eeiiiiiiiiee et e et e e e st e e e e st e e e e sbb e e e e snbeeeeeaa 15
3.2.  INtroduction tO MEMOIY STIUCTUIE ........uiiiiiiiiiee ettt e ettt ettt e et e et e e e st e e e st e e e e sbeeeeeaa 16
TR T = 141 o =To [0 [=To IEST 2 A PSSP 18
34, FIASN MEIMOIY ...ttt e et e e st et e e st b e e e e et b e e e e st b e e e e anbbeee s e bneeeeaa 18
IR T = T To | i1 1o Lo [ PO PO PP PP PUPPPPRPPRPP 19
351, Memory phySiCal MaPPING.......eeeeiuiiiieiiiiie ettt e s e e e sanb e e sannnne s 20

L/ 1 aY o= To Lo F=To I F= 1o T 1= 0o ] Y2 SRS 21
O T (=Y (T LTSS PP o TP PPPR PP 21
4.2.  Flash memory function iNtrOAUCTION ...........oiiuiiiiiiiiiii e 21
A.2.1. FIASH SHUCTUIE ...ttt ettt et e e ikt e s ban e e e s nbn e e e s annreees 21
4.2.2.  Flash read operation and aCCeSS IatENCY .........cooiiuiiiiiiiiiiiieiiieee et 21
4.2.3.  Flash program and erase OPEIratiONS ...........cueeieiiuueeieiiueeieniiieiesiestesaanreeessnreeessnsreeesansees 22

4.3.  Unique Identification Code (UID) ....cciuiiiiiiiiei ittt st e et e e et ae e e e eaaa e e e e eaaae e e s enaeeeas 25
4.4, OpPLioN BYLE DESCIIPLION ...eiiiiiiiiiiiiiei ettt ettt s bt e sttt e e sttt e e s bbe e e e s nbneeesannneeas 25
441, FIash OPLON DYLE .....ooiiiiiii bbbttt et e e bbb e e s nbn e e e s nanreeas 25
4.4.2.  Flash OPtioN DYLE WITEE .....ccoiuiiiiiiiiiie ittt e e s nbn e e s nanneeas 29

4.5. Flash configuration DYIES .........oooiiiiii i 30
451.  HSIL_TRIMMING_FOR_USER....cccciistiritiereeeisesissessessesesiessessesesisssassesesessenssessenesssssensnens 32
45.2. FLASH_SLEEPTIME_CONFIG.......coiiiiiiiiii et 32
45.3. HSI_24AM/A8BM _EPPARAD ...ttt et e e e s e st e e e e e e s et ee e e e e e e nnnneeees 33
45.4. HSI_2AM/ABM _EPPARAL ..ottt e e e e s e ee e e e e s et ee e e e e e s nnenreees 33
4.5.5. HSI_2AM/ABM _EPPARAZ. ...ttt e e e ee e e e e s e et e e e e e e s nnenneees 33
45.6. HSI_2AM/ABM _EPPARAS ...ttt ettt e e e e e s e s e e e e e e s e s st eeeaeeeanneneeees 33
4.5.7. HSI_24AM/ABM _EPPARAZ ...ttt et e e e e e e e e e e et e e e e e e e nnenneees 34
45.8. LSI_32.768K_TRIMMING .....ccoiiiiiiiiiiiiiieteee e 34
4.5.9. Flash USER OTP MEMOIY BYLES .....ccoiuiiiiiiiiiiieiiiiee ettt 34

G T - U1 o I oo (=T od o] PSPPSR PP 35
4.6.1. Flash software development kit (SDK) area protection............cccoeveeeeiiireieiiiieee i 35
4.6.2.  Flash WHEE PrOtECLION ......eiiiiiiiiie ittt et e ab e e abe e e s nnneeeas 36
4.6.3.  Load Flash area ProteCLiON...........cueiiiiiiiiie ittt e e e e nbe e e e nnneeeas 36
4.6.4.  Option DYte WItE PrOTECHION. ... .ciiiiiiiiiitiiie ettt e e e e e e e e e s nnneeeas 36

R ST T N1 0 1(=T 4 (U] o] O TSRO PPPR 36
4.8.  Flash register deSCrIPHON ........uiii ittt sttt e e s e e s nbbe e e s snneeeas 37
4.8.1.  Flash access control register (FLASH_ACR) .....coouiiiiiiiiiiiie e 37
4.8.2.  Flash key register (FLASH_KEYR) ....coouuiiiiiiiiiieiiieie ettt 37
4.8.3.  Flash option key register (FLASH_OPTKEYR) ... ..ottt 37

2/294



PY32L020 Reference Manual

4.8.4.  Flash status register (FLASH_SR) .......uuiiiiiiiiiiiiieiiee e r e e s s ssre e e e e e e s snrrnen e e e e e e e anns 38
4.8.5.  Flash control register (FLASH_CR).......ucuiiiiiiiiiiiiiiieee ettt e e e e s s sstaree e e e e e s s snnrnnneeeaeeeeannns 38
4.8.6.  Flash option register (FLASH_OPTR) .....cuiiiiiiiiiiiiiiiee ettt ee e e s ssiare e e e e e s e snnrnnne e e e e e e e e 40
4.8.7. Flash SDK address register (FLASH_SDKR) .......uuiiiiiiiiiiiiiiiiice et e e e e e s ssvnnneeee e e e 40
4.8.8. FLASH boot control (FLASH_BTCR) ....uiiiiiiiieiiiiiee ittt ettt e st e e staeee e 41
4.8.9. Flash WRP address register (FLASH_WRPR) ......ccoiiiiiiiiiiiiiiice e ssvnnneeee e e 42
4.8.10. Flash sleep time configuration register (FLASH_STCR)......cccccveeiiiiiiiiieiiee e 42
4.8.11. Flash TS0 register (FLASH_TS0) ....cccuuuiiiieeeiiiiiiiiieie e e e e s seitiee e e e e s e sstaere e s e e e s e snnrnnaesaseeeeannns 42
4.8.12. Flash TS1 register (FLASH _TSL) ...iccciiiiiiie i e e e s sstiee e e e e s e s staaee e e e e e s e snntnnaeeeaeeesaanns 43
4.8.13. Flash TS2P register (FLASH_TS2P) ...uuiiiiiiiii ettt e e e s e srtvtre e e e e e s e st e eea e s e s annns 43
4.8.14. Flash TPS3 register (FLASH_TPS3) ...uuiiiiiiiiiiiiiieiiie ettt e e s s st e e e e e assnvnnnesaeeeeeanns 44
4.8.15. Flash TS3 register (FLASH _TS3) ...iccciiiiiiee et ee e e s s sttt e e e e s s s taers e s e e e e s ssnrnnaeeeaeeeeannns 44
4.8.16. Flash page erase TPE register (FLASH_PERTPE) .........cuuuuuuiiiuiiiiiiininimisieinneinrsrsrsinennn. 44
4.8.17. FLASH SECTOR/MASS ERASE TPE Register (FLASH_SMERTPE) ........ccooiiiiiiieiieinnns 45
4.8.18. FLASH PROGRAM TPE register (FLASH_PRGTPE) .......c.uuiiiiiiiiiiiiiiiiie e 45
4.8.19. FLASH PRE-PROGRAM TPE Register (FLASH_PRETPE) ........ccocciiiiiiiiiiiiiiiiieeee e 46
POWET CONTIOL ...ttt e e a bt e e okt e e e s ab e e e e e abe e e e e anbe e e e e nnbeeeeenneee 47
B L. P OWET SUPPIY e e e 47
5.1.1. oAV g o] (o Tod 1 Qe 7= Vo > o P PP 47
LI o 11 =T L= =Y U] = o 47
5.3. Dynamic voltage value mManagement. . .cccoii e e 47
L S = 1Y/ o o 0T 71 (0] 1V 48
5.4.1. Power-on reset (POR)/power-down reset (PDR)/brown-out reset (BOR)...........ccccceveveeeeen. 48
LOW-POWEE CONTIOL ...ttt et e et e e e it b e e e e e abe e e e e bt e e e e anbeeeeenees 49
00 O o 1T o 10111V gl 0T [ 49
6.1.1. INtroduction t0 [OW-POWET MOUES .......cocviiiiiiiiiiiieeeeeceeee ettt 49
6.1.2. Functions in each Working Mode...........oovvviiiiiiiiii 50
6.2, SIEEP MOUE ... e ————— 50
6.2.1. ENtering SIEEP MOUE .....ocovvieieiiieeeee e 50
6.2.2. EXItiNg SIEEP MOUE ..o 50
6.3, SEOP MOAE ... et —————— 51
6.3.1. ENtering StOP MOAE .....ooovviiiieiieeeee e 51
6.3.2. EXItING STOP MOAE ..o 51
6.4. Decreasing System ClOCK frEQUENCY ......ooueeiiiiiiie e 52
6.5.  Peripheral CIOCK QatiNg........oou ittt e e e e e et e e e e e e e e aaaes 52
6.6.  POWEr ManNageMENT FEOISTEN ... ...uuiiiiiiii ettt e ettt e e e e e st e e e e e e e e e aannbrbeeeeaaeaeanns 53
6.6.1.  Power control register 1 (PWR_CRIL) ...cooiiiiiiiiiiiie ettt a e 53
T = PSP PTPTTR R PPURPPPPPN 54
7. 1. RESEEI SOUITE ... e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e s 54
7.1.1. POWET TSI ... 54

3/294



PY32L020 Reference Manual

7.1.2. LS (= 0 0 == PP 54
7.1.3.  NRST PN (EXIEINAI FESEL)..uuiiiieiii it ee s e e e e s e e e e e e e s st eer e e e e e e e nnenneees 54
4 T S VIV - (g o [T I (== SRS 55
715, SOFWAIE FESEL ....eeeiiiiiieie ettt e et e e st e e s e e e s s e e e s s nne e e s snneeeean 55
7.1.6 (©]0) (o] 01 o) (=IN (0= Uo (=T g (=11 APPSR 55
L4 o T o1 QPRSP 56
S0 B O [ Tox Qo 1 U o = SO PP RPPR PSP 56
8.1.1.  High-speed external clock (HSE DYPASS).......cccccuuriiiiieeisiiiiiieee et se e e e 56
8.1.2.  Low-speed external CIOCK (LSE).......cccuuiiiieeeis it ee e e sttt e e e e e e s taare e e e e e s s snntnneeeeeeeeeannns 56
8.1.3.  High-speed internal CloCK (HSI)........ccuiiiiiiiie e e et e e e s e 56
8.1.4.  Low-speed interNal CIOCK (LSI) ....cciiiiiiiiieiie ettt e e e e e e st e e e e e e s snennee s e e e e e e anns 56
S O [0 Tox Q1 (=T PP PSPPSR 57
S0 T O (o To QY=o [ 1§V V2 (=1 0 LI (253 T 57
S S O [ Tox o 11 o o= o 11112 58
8.5. Internal and external clock calibration With TIML4 ..........c.ocoiiiiiiiieiiee e 58
ST S o RS I o= o] =1 (o] o P S SO SP PR PPI 58
8.5.2.  LSI CAliBIratiON ....ceieiieiiieie ettt 59
S T T =TS =1 7 o[ Lo S =0 £ = 59
8.6.1. Clock control register (RCC _CR) ...uuuuuiuiuieieiuiuieiaisreieieiarssnrnenrnrnrerernrernern———————. 59
8.6.2. Internal clock source calibration register (RCC_ICSCR) ......cccovvvvviiiiiiiiiiiiiieieeeeeeveeeeeeee 60
8.6.3. Clock configuration register (RCC_CFGR) .........uuuuiiiiiiiiiiiiiiieieieieieieieinrsieinrnneennnnn. 61
8.6.4. External clock source control register (RCC_ECSCR) .....cccovvviviiiiiiiiiiiiiieeeceeeeeeeveveeeeeeee e 63
8.6.5. Clock interrupt enable register (RCC_CIER) ........uuuuiuiuiiimiiiiiiieiiisieieieinisieininnnnninrnenn. 63
8.6.6. Clock interrupt flag register (RCC_CIFR) ........uuuuiuiiiiiiieieiuieieisieieisrnieisininineninnn—... 64
8.6.7. Clock interrupt clear register (RCC_CICR) ......uuuuuiuiiiriiirinieisisinieisineersinisrsineninnrn... 64
8.6.8. 1/0 interface reset register (RCC_IOPRSTR) ...ccoovviiviiiiiiiiieeeeeeee e 65
8.6.9.  AHB peripheral reset register (RCC_AHBRSTR) .......uuuuuiiuiiiiiiiiiiieiriiinininierniernieiennnnn. 65
8.6.10. APB peripheral reset register 1 (RCC_APBRSTRL).......ccuuuuiuiuiuiiimiiiiinininieinininiernnnininnn. 66
8.6.11. APB peripheral reset register 2 (RCC_APBRSTR2).........uuuuuuiuiiiiiiiiiiinininieinininieinininnn. 66
8.6.12. 1/O interface clock enable register (RCC_IOPENR)..........uuvuiiiiiiiiiiiiiiiiieiiieieieieieieisinininininnn 67
8.6.13. AHB peripheral clock enable register (RCC_AHBENR)...........cuuviiiiiiiiiiiiiiiiiiiiiieieininininininens 68
8.6.14. APB peripheral clock enable register 1 (RCC_APBENRL) ..........cuvvviiiiimiiiiiiiiininieinininininnnnns 68
8.6.15. APB peripheral clock enable register 2 (RCC_APBENR2)...........cuvviviiiiiiiiiiiiiiieieininininininnns 69
8.6.16. Peripheral independent clock configuration register (RCC_CCIPR).......cccccoiiiiiiiieneaennnns 69
8.6.17. RCC domain control register (RCC_BDCR) ........uuiiiiiiiiiiiiiieiie et 70
8.6.18. Control/status regisSter (RCC_CSR) ......uiiiiiiiiiiiiiieiie ettt e e e s aibeaee e e e e e e aaaes 71
General-purPOSE 1/OS (GP1O).....ui ettt et e ettt e e e st e e e e s sbaeeeesbaeeeean 72
1S I I €1 = (@ N 1 1 7o To [ e 1o o DT TP PP PPRPRT 72
9.2, GPIO MAIN FEALUIES ....eetiiiiiiiii ittt et e e e e e sttt e e e e e e e s st bbeeeeaaeeesannbsbeeeeaeeaeanns 72
9.3. GPIO fuNCLioNAl AESCIIPLION ........ueiiiiiiie ettt e e e e e e et e e e e e e e st ebeeeaaaeaeanas 72

4/294



PY32L020 Reference Manual

9.3.1.  General-purpose /O (GPIO) .....cciciiiieii et e e e e e e s s e e e e e e s st ee e e e e e e nnnenneees 73
9.3.2.  1/O pin alternate function multiplexer and MappiNg.......cccccceeeee i 73
LS G T 1 (@ I oTo] g f oo ) {0 W =10 IS) =] £ SRR 74
S S 1 (@ I oTo ] gl o1 = W =T 1] (] PR 74
9.3.5. /O data bitwise handliNg .........ccoiiiiiiiiiiie e e e e e e e e 74
9.3.6.  GPIO 10CKING MECNANISM ....cciii ittt e e e s e e e e e e s st e e e e e e e s eneneeees 75
9.3.7.  1/O alternate fuNCction INPUL/OULPUL .......ccceeiiiiiiiiiie e e e e r e e e e e 75
9.3.8.  External interrupt/Wakeup lINES .........ueeiiiiiiiiiiieec e e e e e e e 75
9.3.9. /O INPUL CONTIGUIALION .....vviieiiee et e e e e e e s e s e e e e e s et e e e e e e e s s nnnnbaeeeeaeeeseannnnnes 75
LS 0 0 IR V(@ 01U 1010 | a oo 70 [ - 1o o S S 76
9.3.11. Alternate function CONfIQUIAtION..........cciiiiiiiiiiie e ee e e e e s e eneaees 77

LS RS I 2 A o - 1Yo I o0 oo 10T = 11T} o SRS 78
9.3.13. Use the LSE oscillator pins as GPIOS..........ccoovviiiiiiiieeee e 79

LS S €] o [ I =T 1= = £ 79
9.4.1. GPIO port mode register (GPIOX_MODER) (X = A, B, C)..uvuviiriiirieiiieiiininininininnnrnneinnnnninnn. 79
9.4.2. GPIO port output type register (GPIOX_OTYPER) (X = A, B, C) ..vvvviviiiiieiiiiiiinininininininnnnnnns 79
9.4.3. GPIO port output speed register (GPIOX_OSPEEDR) (X =A, B, C) ..vvviiiivieiiiiiiiiiniiininnnnns 80
9.4.4. GPIO port pull-up and pull-down register (GPIOX_PUPDR) (X = A, B, C) ...ovvvvvvvvvvvinininnnnns 80
9.4.5. GPIO port input data register (GPIOX_IDR) (X = A, B, C) ..uuuvuiuieieiiiiiriiininininininnninrenneninininns 81
9.4.6. GPIO port output data register (GPIOX_ODR) (X = A, B, C) ..uvvvriviiieiriiinieininininininiennininininnn 81
9.4.7. GPIO port bit set/reset register (GPIOX_BSRR) (X = A, B, C) ..uuvvvviiiviiirieiiiiinininininininininnnnn 81
9.4.8. GPIO port configuration lock register (GPIOX_LCKR) (X = A, B, C) ...uvvvivivieieiniiinriininininnnnns 82
9.4.9. GPIO alternate function register (low) (GPIOX_AFRL) (X =A, B, C) ..viriviviniiinieinininininnns 82
9.4.10. GPIO alternate function register (high) (GPIOX_AFRH) (X =A, B, C).cceevivveiieeiieeeieeen 85
9.4.11. GPIO port bit reset register (GPIOX_BRR) (X = A, B, C)eeevrvrviviiiiiiiiiiiee 87
10. System configuration CONtroller (SYSCRFG) .....ocuuiiiiiiiiei i 88
10.1. System configuration regisSter............ooo oo 88
10.1.1. SYSCFG configuration register 1 (SYSCFG_CFGR1) ..o, 88
10.1.2. SYSCFG configuration register 2 (SYSCFG_CFGR2) ..., 89
10.1.3. GPIO filtering enable (GPIO_ENS) ..ottt 90
11. INTEITUPLS ANT EVENTS ..ottt e bt e e et et e e e aa b et e e e aabe e e e e snbeeeeenees 91
11.1. Nested vectored interrupt controller (NVIC) ......ccoooo oo 91
11.1.1. NVIC MAIN FEALUIES ....oeiiiiiiiiee ittt ettt e et e e e e e e e e e e enes 91
11.1.2.  SysTick calibration Value rEQISTEr .........oiiuiiiiiieie et ee e e s 91
11.1.3.  Interrupt and EXCEPLION VECTOIS ......ciiiiii ittt e ettt e e e e e et e e e e e e s e anabeeeeeae s 91
11.2. Extended interrupts and events controller (EXTI) .......ce i 92
1120, EXTIMAIN FEAIUIES ......eeeiiiiee ettt e e e et e e e e e e e e bbb e e e e e e s e e nanbreeeeaeeas 92
O =) I W [ F= Vo | = o TR PPPTPPPP 93
11.2.3. EXTI connection between peripherals and CPU ...........cccccooiiiiiiiiiiaiiiee e 93
11.2.4. EXTI configurable event trigger WaKe-Up ...........couiiuiiiiiiie et 93

5/294



PY32L020 Reference Manual

11.2.5. EXTI direct type event iNPUL WaKEBUP .......c.uuuiiireeee e iiieieeee e e e e s st e e e e e e s s snnnreeee e e e e e s s ennrreneeeees 94
I ST = I IR =1= =T (o) PP PPRP 94
11.3. L QLI (=T 1] 1= PSSP 95
11.3.1. Rising trigger selection register (EXTI_RTSR).......cccouiiiieiiiiiiiieeee e e e 95
11.3.2. Falling trigger selection register (EXTI_FTSR) ....ccccciiiiiieee e e e snvaane e 96
11.3.3. Software interrupt event register (EXTI_SWIER).......ccccceieiiiiiiiieeee e e e e 97
11.3.4. Pending register (EXTI PR) ...t e e e e s et e e e e e e s s annreaneeeee s 98
11.3.5. External interrupt select register 1 (EXTI_EXTICRL) .....uuuviieiiiiiiiiieiiee e cciineee e e e 100
11.3.6. External interrupt select register 2 (EXTI_EXTICR2) ......cuviieiiiiiiiiiiiiee e ceeiiieee e 100
11.3.7. Interrupt mask register (EXTI_IMR) .....coiiiiiiiiiiiee e er e e e e e e e s e e e neneaees 101
11.3.8. Event mask register (EXTI_EMR) ....cooiiiiiiiiiiiiieiee e ss e e e e e sa e e e e e e snenene s 102
12.  Cyclic redundancy check calculation unit (CRC)........coooiiiiiiiiiiiiiiiec e 104
12.1. 1] (o (U111 o] o FU P PPN P AP PPPPRRN 104
12.2. CRC MAIN FEATUIES.....eeii ittt e s e e s s e e e e e e e 104
12.3. CRC functional desCription...........coooie i 104
12.3.1. CRCDBIOCK diagram .......ccoooiiiii i 104
12.4. CRC FQIS OIS i 105
12.4.1. Data register (CRC_DR) ..cccooiiiii et 105
12.4.2. Independent data register (CRC_IDR) ......ccooiiiiiiioi e 105
12.4.3. Control register (CRC_CR) ..o 105
13. Analog-to-digital CONVErter (ADC).... ..ottt e et e e e b e e s sbeeeeeans 106
13.1. 1] (o (U111 o] o P o PO P PP PR PPPPRP PRI 106
13.2. ADC MAIN FEATUIES .....iiiieeiieteee ettt et e e st e s sr e e e s e e e e e s nreeesarneeeeaa 106
13.3. YYD IO {8 g Tt i) g = 1o L= T T o) o] o 1S 107
L13.3. 1. ADC IagramM . i ———————— 107
13.3.2.  CaliDration (ADCAL) .......eeiieieeiiitite ettt e e e e e e e bbb e e e e e e e s e bbb e e e e e e e e e nnane s 108
13.3.3.  ADC 0n-0ff control (ADEN) .....ccooiiiiie i 108
13304, ADC ClOCK ..ttt ettt e e e e e bbbttt e e e e e st e e e e e e e e nbnaee s 109
13.3.5.  Configuring the ADC ... 110
13.3.6. Channel selection (CHSEL, SCANDIR) .....cccooiiiiiei e 110
13.3.7. Programmable sampling time (SMP) ..., 110
13.3.8. Single conversion mode (CONT =0, DISCEN = 0) ....ccoooeiiiiiiii e, 111
13.3.9. Continuous conversion Mode (CONT = 1) ..o 111
13.3.10.  Discontinuous conversion mode (DISCEN = 1) .......uuuiiiiiiiiiiiiiiiiiieee e 111
13.3.11.  Starting conVersioNS (ADSTART) ..cci ittt e e e e e eneeeees 112
13.3.12.  CONVEISION LM ...ttt e e ettt e e e e e e b e b et e e e e e e e e bbb e e e e e e e e e aannneenees 113
13.3.13.  Stopping an ongoing conVersion (ADSTP).......oui ittt 113
13.4. Conversion on external trigger and trigger polarity (EXTSEL, EXTEN)......cccccccoeiiiiiiiiineenenn. 114
13.4.1.  FaSt CONVEISION MOUE .....eiiiiiiiiiiiitii e ettt e ettt e e e e e e s bbbt e e e e e e e s e nbabeeeeaaeeeeannnenees 114
13.4.2. End of conversion, end of sampling phase (EOC, EOSMP flags) .......cccooecuviiieieeeniiniinnnen. 115

6/294



PY32L020 Reference Manual

14.

13.4.3. End of conversion sequence (EOSEQ flag) .......cccoviiiiviimiiieeiiiiiiiieee e 115
13.4.4. Example timing diagramsS ........coccuuiiriiiee e e e e s s e e e e e e st e e e e e e e s s st baeeeeeeessanrnraees 115
13.5. Data MaANAGEIMENT. ...ttt e e et e e e e e e et b r s e e e e eeabeb s e e e e e e eenbaaeeeaeaeees 117
13.5.1. Data register and data alignment (ADC_DR, ALIGN) ......cccooiiiiiiiiiiiieee e cciieee e 117
13.5.2.  ADC overrun (OVR, OVRMOD) ......ccuiiiiiiiiieeiiiiee sttt ettt e sieee e staee e stae e e s snbeeeessnreeeesans 117
13.5.3. Managing conversion sequences WIthOUt DMA ............coovviioiiiiiiieeece e 118
13.5.4. Conversion without DMA and overflow detection.............cvevveeriireiie e 118
13.6. [0V 1o 1V == LU 119
13.6.1. Automatic latency CONVEIrSION MOUE.........cccuviiiireeeeeiiiiieiee e e e rr e e e e e s s e e e e e e e s nnenenees 119
13.7. Pz 1o IV T g o [0V ATV 1o o T [T RS 119
13.7.1. ADC_AWD_OUT signal OUtpUt gENETAtiON .........cceciiiurriiiireeeeeiiiinieeeeeeeesssrniaseeeeeessinnenenees 120
13.8. Temperature sensor and internal reference Voltage ..........cccceveeviiiiiiieie i 121
13.9. NI T @Y= 1 1] €= S 122
R O TR Y I T =T 1S3 = = PN 122
13.10.1. ADC interrupt and status register (ADC_ISR) ......ccooeiiiiiiiiii e, 122
13.10.2.  ADC interrupt enable register (ADC_IER) ........cccoooeii it 123
13.10.3.  ADC control register (ADC _CR) ...ccoii i 124
13.10.4.  ADC configuration register 1 (ADC_CFGRL) ....cccoooiiiiiiieiie e, 125
13.10.5.  ADC configuration register 2 (ADC_CFGR2) ..., 127
13.10.6.  ADC sampling time register (ADC_SMPR) ..ottt 128
13.10.7. ADC watchdog threshold register (ADC_TR) ......ccooiiiiiiiiie e 129
13.10.8.  ADC channel selection register (ADC_CHSELR) ..., 129
13.10.9. ADC dataregister (ADC_DR) ..ottt 130
13.10.10. ADC calibration configuration and status registers (ADC_CCSR) ...........ccceeeeeeveeeeeeeennn. 130
13.10.11. ADC common configuration register (ADC_CCR).......cccoooiiiiiiii e, 132
CoMPArator (COMP) ...ttt bbbt e ettt e s bbbt e e s bbbt e e s bbbe e e s nnneeees 133
14.1. 1] (oo (U111 o] o PP PO PP PR PPPPRPPPPPRPN 133
14.2. COMP MAIN FEALUINES ......oetteie ettt e st e s e s e e e e e e e e e enes 133
14.3. COMP function desCriPLiON ......ccceieieeeee e 134
14.3.1.  COMP Qiagram .. ..ccco oo 134
14.3.2. COMP pins and internal SignalS ... 134
14.3.3.  COMP reSet @nd CIOCK .........ccoiiiiiiiiiiiic ittt e s ee e 134
I S VYA T o [0V A o0 T 4 o F= T = 1 (o | S 135
14.3.5.  LOW-POWET MOUE ... .uiieiiiiiiee ettt e e ettt et e e e e e s bbb e et e e e e e e e e ababeeeeeaeeeaanbabeeeeaaeeesanrnrnees 135
14.3.6.  CompParator filErING .........cooiiiiiii et a e 135
I T A O @ 1Y | =T 01 (=T (1] o SRR 136
14.4. LO1@ 11 e =0 I3 (=] TP PP TR 136
14.4.1. COMP1 control and status registers (COMPIL_CSR) ......ccooeiiiiiiiiiiiiieeeiiiiiee e 136
14.4.2. COMP1 filter register (COMPL_FR) .....coiiiiiiiiiiiieei ittt 137
14.4.3. COMP2 control and status registers (COMP2_CSR) ......cooiiiiiiiiiiiiiieaeeiieee e 137

7/294



PY32L020 Reference Manual

14.4.4. COMP2 filter register (COMP2_FR).......ccociuiiiiiee e ittt ee e e e s e e e e e s annneenees 139
15. Advanced-control timer (TIML) ...ttt e e e e s b e e e 140
15.1. I B AT e T [0 Tox 1o o ISP PP ST 140
15.2. TIML MAIN FEATUIES ....eeeieie ettt e e rr e sn e e s e nnneas 140
15.3. TIML functional dESCHPLION ...cciieiiiieeie e e e e e s s s e e e e e e e e s s nnnneees 141
15.3.1.  TIME-DASE UNIt..c.iiiiiiiieiiii et e e s e nnee e 141
15.3.2.  COUNLET MOAES .....eeiiieieiiiee ettt ettt e st e bt e s e e s te e e sn e e e ne e e nbn e e nne e e snneennreean 143
LS TEC TRC TR = =T o 11 1] 4 o) I oo 10 | ] (= SRR 150
15.3.4.  ClOCK SOUICE.....cciuiiiiiei ettt ettt ettt e s e e ne e e nn e e sne e e nnneesnreeaa 151
15.3.5.  Capture/compare ChaNNEl..........c.uuuiiiiiei e e e e s e e e s e e e neaees 154
LS TRC T T ] o 10 o= o) (01 1= o Lo = TS 155
LS TEC Tir A w1 VI o1 1 o Lo = 156
15.3.8.  FOrced QULPUL MOAE .. ..o 157
15.3.9.  OULPUL COMPAIE MOUE.....ccoc i 157
15.3.10. PWIM MO ...ttt e e e et e e e e e e s et e e e e e e e e e e nnnneees 158
15.3.11. Complementary outputs and dead-time INSErtioN..............cceeeeeeee e, 161
15.3.12.  Using the break fUNCLON...........coooi i 162
15.3.13.  Clearing the OCXREF signal on an external event..........cccccoeieiiii e, 165
15.3.14.  6-Step PWM QENEIAtION ......ccccei i 165
15.3.15. ONE-PUISE MOUE ... .o 166
15.3.16.  ENcoder iNterfaCe MOOE ...........ciiiiimeeiiiriee e ireie e e e e e e s e e e e e s e e e s snneeeean 168
15.3.17.  Timer input XOR fUNCLION .......cccoiiiii i 170
15.3.18.  Interfacing with Hall SENSOIS........ccooiiiiiii 170
15.3.19.  TIMx and external trigger synchronization ..............ccccoe i, 171
15.3.20.  Timer SYNChronization ..o 174
15.3.21. DEDUQG MOUE ... . 174
15.4. I R =T ] (T PP 175
15.4.1. TIM1 control registerl (TIML _CRL).....cccoiiiiiiiii i 175
15.4.2. TIM1 control register2 (TIML _CR2)......cccooiiiii i 176
15.4.3. TIM1 slave mode control register (TIML_SMCR)........ccoooiiiiiiiii e, 178
15.4.4. TIM1 interrupt enable register (TIM1_DIER) ..ot 179
15.4.5. TIM1 status register (TIML_SR) ....ccooiiiiii i 180
15.4.6. TIM1 event generation register (TIML_EGR).......cccoooiiiiiiiii e, 182
15.4.7. TIM1 capture/compare mode registerl (TIM1_CCMRL)......c.coiiiiiiiiiiiiiiiiiiiiiieeee e 183
15.4.8. TIM1 capture/compare mode register 2 (TIM1_CCMR2)........ocoouiiiiiiiiiiiiiiiiieee e 186
15.4.9. TIM1 capture/compare enable register (TIM1_CCER) ......ccooiiiiiiiiiiiiiiiiee e 187
15.4.10.  TIMI1 coUNtEr (TIMI_CNT) oiiiiiiiiieiee ettt ettt e e e e e be e e e e e e e e e anneeees 189
15.4.11. TIM1 prescaler (TIML_PSC) ... .. ittt e e e e e e ebeeeees 190
15.4.12.  TIM1 auto-reload register (TIML_ARR) ......ooiiiiiiiiiiiie et 190
15.4.13.  TIM1 repetition counter register (TIML_RCR) .......c.uuiiiiiiiiiiiieiie e 190

8/294



PY32L020 Reference Manual

15.4.14.  TIM1 capture/compare register 1 (TIML _CCRL) ....cccuueiriieiiiiiiiiiieee e csnieeee e e e e 191
15.4.15.  TIM1 capture/compare register 2 (TIML_CCR2)......cccccveeeeiiiiiiiieiee e ee e 191
15.4.16.  TIM1 capture/compare register 3 (TIML_CCR3).....ccccccveieiiiiiiiiieire e 192
15.4.17.  TIM1 capture/compare register 4 (TIML_CCRA) .....cccveveeeiiiiiiiieetee e ee e 192
15.4.18. TIM1 break and dead-time register (TIML _BDTR)......ccccceiiiiiiiiieiieee e e e e 193
16. General purpose tiMer (TIMLA) ... ..ot e e s e e e s anneeeas 195
16.1. TIMLAINTTOTUCTION ..ttt e e e e s e r e e nne e e nnneennneas 195
16.2. TIML4 M@AIN FEALUIES ..ottt s e e r e e sn e e s e e s 195
16.3. TIM14 functional deSCIIPLION .....cciiieie e e e e s s e e e e e e s nnenerees 196
16.3.1.  TIME-DASE UNIt..cc..iiiiiiieiii et e s an e e e 196
16.3.2.  ClOCK SOUICES ...ttt ettt sn e sn e s nn et e s nn e ar e e nendennne e 200
16.3.3. Capture/compare ChanNEIS ...........uueiiiiiii e e et e e e e e e s e eaees 200
16.3.4.  INPUL CAPLUIE MOAE ..o 201
16.3.5.  FOICE OUPUL MOUE ... 202
16.3.6.  OULPUL COMPAIE MOUE.....ccoc i e i 202
16.3.7.  PWIM MOOE....eeiiiiiiiiiitt ettt e e e e e ettt b e e e e 24 e be e e et e e e e e e anbbbr e e e e e e e e sannnnnnees 203
16.3.8.  ONE-PUISE MOUE ... i 204
16.3.9.  TIMer SYNCAIONIZALION .....ccoe i 205
16.3.10. DEDUQ MOUE .. ..o ————— 205
16.4. I R =T ] (] PP 206
16.4.1. TIM14 control register 1 (TIM14_CRL) ...ccooiiiiiiii i 206
16.4.2. TIM14 DMA/interrupt enable register (TIM14 _DIER).........cccccc i, 207
16.4.3. TIM14status register (TIML4_SR) ...t 207
16.4.4. TIM14 Event generation register (TIM14_EGR) ..., 208
16.4.5. TIM14 Capture/compare mode register 1(TIM14 CCMR1).........cccoeeeiiiiiiiiiiii e, 209
16.4.6. TIM14 capture/compare enable register (TIM14_CCER) ..........cceeoeeeiiii e, 210
16.4.7. TIM14 Counter (TIMI4 CINT) cooeeeiiiiiiee ittt ettt e e e e e s bbb e e e e e e e e s nbeenees 211
16.4.8. TIM14 prescaler(TIML14 _PSC) ... 212
16.4.9. TIM14 auto-reload register (TIM14_ARR) ... 212
16.4.10.  TIM14 capture/compare register 1(TIM14_CCRL1).......ccoeeeiiiiiiii e, 212
16.4.11. TIM14 option register(TIMX_OR) ... 213
17. LOW POWET tIMEN(LPTIM) ...ttt ettt et e e et b e e e sabb e e e e sbbeeeeans 214
17.1. 1] (oo (U111 o] o DO P PO P PR PUPPRPPPPPRPN 214
17.2. LPTIM MAIN FEALUIES ...ceii ittt ettt ettt e e e e e st e e e e e e e e s nbaaeeeeaaeseannns 214
17.3. LPTIM fuNCtional d@SCIIPLION ......ceeiii ittt e e e e e e e e e e e e e e 214
0 70 I I = 1Y/ o] (oYl o [ =T | = Yo U PUPTPTT PP 214
17.3.2.  LPTIM pins and interNal SIgNAIS .........coooiiiiiiiiiiieeeieeee et 215
17.3.3.  LPTIM RESEt @Nnd CIOCK ....coceiiiiiiiiiiiee et 215
G T T o (=T Tox [ U PUURRT TP 215
17.3.5.  OPErating MOAE.........uueeiiiiieee ettt e e e ettt e e e e e s e b e be e et e e e e e s aabbbeeeeaeeeesanreenees 215

9/294



PY32L020 Reference Manual

G T TR = =T ) (=T G U oo - L= SRS 215
17.3.7.  ENADIE tIMET 1ttt re e e e s e nre e 216
17.3.8.  Counter reset INDANG............oooiiiiiii e 216
T C T TR =Y o 10 Fo I 4T Yo [ SRS 216
17.4. LPTIM LOW POWET MOTE .....iiieieeiie e e e sttt e e e e s s sttt e e e e e e s et e e e e e e e s s nnnnbaeeeaaeeesnnnnnnneeeaaesesanns 216
17.5. [ Y (=4 ] o ) PSRRI 216
17.6. [ Y = To 1 = PRSP 217
17.6.1. LPTIMinterrupt and status register (LPTIM_ISR)......cccciiieiiiiiiiieeiee e eceeee e 217
17.6.2. LPTIM interrupt clear register (LPTIM_ICR) ....cccooiiiiiiiiiiieee e ee e e e s e e e e 217
17.6.3. LPTIM interrupt enable register (LPTIM_IER)........cooiiiiiiriie e 218
17.6.4. LPTIM configuration register (LPTIM_CFGR) .........cccciiiiiieee e iiiiieee e e e ssiiisee e e e e s 218
17.6.5. LPTIM control register (LPTIM_CR).....ccciiiiiiiiiieeee s cciieiee e st ee e e e s et ae e e e e e s s nnnnenees 219
17.6.6. LPTIM auto-reload register (LPTIM_ARR) .....cccooiiiii ettt 220
17.6.7. LPTIM COUNEEr (LPTIM_CNT) iiitieiieiee ittt ettt s e e e e abtn e e e e e e anneene s 220
18. Independent WatChdog (IWDG) ....ccocuiiiiiiiie ettt sttt st e e e eneeens 221
18.1. 1] (o (U111 o] o F U P PP PPPPRPPPRPRRN 221
18.2. IWDGMAIN TEALUMNES........eeeeeiireeee ettt e e e et i e e s s n e e e e s nn e e e s srneeeennneeeeaas 221
18.3. ATV A LT (W] Tox 1 o] F= o [>T | =T o o T 221
18.3.1.  IWDG bIOCK diagram .....cccooe i —————— 221
18.3.2.  Hardware WatChdog .........cocooiiiiii i 221
18.3.3.  ReQISter aCCESS PrOtECHION ... ccii i 222
18.3.4. DU MOUE ... . ——————— 222
18.4. A AT L =T 0 1] (=] PN 222
18.4.1. Key register (IWDG_KR) ...ooooiiiiiiieiieie ettt e e e e e b 222
18.4.2. Prescaler register (IWDG_PR) .......uiiiiiiiiiiiiiie ettt e s 222
18.4.3. Reload register (IWDG_RLR).......cccoiiiii i 223
18.4.4. Status regiSter (IWDG _SR) ...ttt e e e e b 223
19. Inter-integrated CirCUIt INTEITACE. .........iii e 224
19.1. 1] (o (U111 o] o DT PO P PP PR PPPPRPPPPPRPN 224
19.2. [2C MAIN TEALTUIES ....ceiiiieie ettt e e e et e s a e e e sr e e e s nnneeeeaas 224
19.3. 2L @ (¥ a Yoo aF= 1Mo [=TTox g o1 i o o IS 225
19.3.1.  12C BIOCK QIAQIam ....cceee e ———————— 225
19.3.2.  MOAE SEIECHION ....eeiiiriieeiiteee ettt e st e st e e s e e s s n e e e e nrreeeeaa 225
TG TR T DA O [ 011 = 11 74= 11 (o U PURRRT TP 226
19.3.4.  12C SIAVE MOAE.... .ottt 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 e nreeeees 226
19.3.5.  12C MASLEI MOUE ... ..ttt ettt e e e ettt e e e e e e e e bbb et et e e e e e s e nbabeeeeaaeeesanbeneees 228
19.3.6.  EITON STAOC .. oo 234
19.3.7.  SDA/JSCL CONLIOL ...ttt e e ettt e e e e e s bbb e e e e e e e e aanbeeeees 235
19.4. DO 1 (=17 U] o PP T PP PRRTR 236
19.5. DO (T o |11 (= £ TP PRUTR 236

10/294



PY32L020 Reference Manual

19.5.1. 12C control register 1 (I2C_CRL) ...uuuiiiiieiiiiiiieie et te e s r e e e e e et e e e e e e annnnenees 236
19.5.2. 12C Control register 2 (I2C_CR2) ....uuiii i cciieeie e e s ee e e er e e e e s s st e e e e e e e snnenenees 237
19.5.3. 12C Own address register 1 (I2C_OARL) ......uuuiiiieeiiiiiiiiee et ee e e s e e e e e e e 238
19.5.4. 12C Data register (I2C _DR) .....ccccuiiiieee e ettt e e e e s sete e e e e e s st e e e e e e e s s s nntnbaeeeeeeeesnnrnnnees 238
19.5.5. 12C Stage register(I2C_SRL) ...cccuiiiiiii et r e e e e e e e e s e e e e e e e 239
19.5.6. 12C Stage register 2 (I2C_SR2) ....uuiiiiii et er e e e e s a e e 241
19.5.7. 12C Clock control register (I2C_CCR) .....ccccuiiieiiee e cceeeee e er e e e e e srrre e e e e e e s nnanenees 242
19.5.8.  12C TRISE regiSter (I2C_TRISE). ... v ieeeeeeeereeeeeeseeeeeseseeeeeeeeesesesseeeeeses s eeeseses s iteeseens 243
20. Universal synchronous asynchronous receiver transmitter (USART) ....ccooovieiiiiiieeiiiieeenns 244
20.1. 1ol (8 o1 oo FO PRSP SR 244
20.2. USART M@AIN FEALUIES ....eeiuieeiiiie ittt ettt fare e 244
20.3. USART fUNCLION AESCIPLION ....viiiiiie e i e e e e s e r e e e e e s s e et e e e s e s s naaraeseeaeseannns 245
20.3.1. USART character desSCrPlON ..........cciviiiiiiiiieiee ettt 246
PO T I = 1 ] 1 0111 = O PP PSP 247
20.3.3.  RECBVIEK ittt 249
20.3.4. USART baud rate generation .............cccvuiiiiiiiiiiieieeeeeeeee ettt 253
20.3.5. USART receiver’s tolerance to clock deviation .............cccoviiiieiiiiiieiiiiiee e 254
20.3.6. USART auto baud rate deteCtiON .............oiiiieiiiniiiie it 254
20.3.7. Multi processor communication uUsing USART ....ccoiiiiiiiiiiiieeeeeeeeeeeeteeee e 255
20.3.8. USART SYNChroNOUS MOUE.........ccoiiiiiieiiiiie et 258
20.3.9. USART single-wire half-duplex communication ..............cccccceveviiiiiiiiiiieeeeeeeee e 260
20.3.10.  Hardware flOW CONIOl...ci.uuviiiiieiiieiieeie et 260
20.4. L0 Sy AN BT ) (=T 0 010 =0 (U= R 261
20.5. LS AN I =T £ = R 262
20.5.1. Status register (USART _SR) ... 262
20.5.2. USART Data register(USART _DR).....ccovviiiiiiiiii et 264
20.5.3. Baud rate register (USART_BRR)......cooviiiiiiiiiee 264
20.5.4. USART control register 1 (USART_CR1) ..cccovviiiiiiiiiieeeeeee 265
20.5.5. USART control register 2 (USART_CR2) ....coovviiiiiiiiieeeeeeee 266
20.5.6. USART control register 3 (USART_CR3) ...ccoiiiiiiiiieeee e 267
21. Serial peripheral INTErface (SPI) ... 268
21.1. 1] (o (U111 o] o DT PO PP PP PR PPPPRPPPPPRPN 268
21.2. SPIMAIN TEAIUMNES ...t s e e e e e 268
21.3. SPI fUNCLION AESCHIPLION ..eiiiiiiiiiiee e e e e st e e e e e e s e aabeeeeeaaeas 269
P2 I TR I @ V= oV = TSP PRPT TP 269
21.3.2. Communications between one master and 0Ne SIAVE ..o 269
21.3.3.  Multi-Slave COMMUNICATION ......ooiiieiiieiiei ettt e e e e e e e e abeeees 272
21.3.4. Multi-master COMMUINMICALION .........uuiiiiiiiee ettt e e e et e e e e e e s e e e e e e e e s nneeeees 273
21.3.5. Slave select (NSS) pin MANAQEMENT .......coiutiiiiiiee ettt e e e e e eeeeees 274
21.3.6.  COMMUNICALION TOMMALS ......eiiiiiiiiiitii et e e e e e e e e e e s abeene e 275

11/294



PY32L020 Reference Manual

21.3.7.  SPI CONfIQUIALION ...eciieiiieeieee et e e e e e e e e e e e et e e e e e e s e annbeeeeeeeeesnnnnnnnees 276
21.3.8.  SPI €Nabling PrOCEAUIE ......ceiie e et eietiieieee et e e e s e e e e e e s e st e e e e e e s e snnbeeeeeeeeesannnneeens 277
21.3.9. Data transmission and reCeption ProCEAUIES........ccuiiiurrrrreieeeiesiterreeeeeesesnrerreeeeessaneeenens 277

P2 TG B0 O TR - (1S3 = Vo SRS 281

72 T B0 I O e ¢ (o g § - T TSRS 282

P2 G B 7 Y = I ) (=T Vo) £ SRS 283
21.4, ] o I (T 11 (= SRR 283
21.4.1. SPI control register 1 (SPI_CRL) ...uuiiiiiiii it cetee e e s e s sree e e e e e s e sanbae e e e e e e s s asnennees 283
21.4.2.  SPI control register2 (SPI_CR2) .....uuuiiiiii it e ettt e e e e e s steae e e e e e s s snnrae e e e e e e s s nnnnerees 284
21.4.3.  SPI Status register (SPI_SR) ... iiiiiiee e e s e e e s e s e e 285
21.4.4. SPI data register (SPI_DR) ....ccciiiiiiieiiee et e e s e e e e a e e e 286
22. [B2=] o8 [o I U] o] o T ] o A TP TP PP PPTPP PRSPPSO 287
22.1. L@ Y =T Y PP PP 287
22.2. Pinout and debug POt PINS ... ————— 287
A A VAV A N o o A o] PP 287
22.2.2. Flexible SW-DP pin @SSIgNMENL.........ccciiiiiiiiiiieieiee ettt ettt 288
22.2.3. Internal pull-up and pull-down 0N SWD PINS ....cccccviviiiiiiiiiiiiiccieeeeeeeeeeeeee e 288
22.3. ID codes and l0CKING MECNANISIM .......uuuuuuieieiiieieriieeeiareeeesnrsrersesenerernrersrerererrrerernrernrnrnrnrnrnne 288
22.4. SWD debUQg PO ... .o 288
22.4.1.  SWD protocol iNtrodUCHION...........ccoiiiiiieiiieie e 288
22.4.2.  SWD ProtOCOI SEQUENCE........cceieiciiieiie ettt ettt a e e 288
22.4.3. SW-DP state machine (reset, idle states, ID COd€).........ccccevvviiiiiiiiiiiiieee 289
22.4.4. DP and AP read/WIit GCCESSES .....cciiiuiriiartieite ittt ettt ettt et e e s et e e sennre e e s nnreees 289
22.4.5.  SW-DP FEQISIEIS....cciii e 290
22.4.6.  SW-AP TEQISIEN ..o iiieieieiee e 290
22.5. Core debug......oi i 290
22.6. Break POINTUNIE ........oii ittt e et e s e e s nenneees 290
22.6.1. BPU functionality ..........cooooiiiiiii 291
22.7. [ XAV I (= = VA= (] oo R 291
22.7.1. DWT fUNCLONAIILY .....coeveeeeeeeieeeeee e 291
22.7.2. DWT program counter Sample regiSter.........ccvvviiiiiiiiiiiiiee e 291
22.8. MCU debug component (DBGMGCU) .......ccoooiiiiiiii et 291
22.8.1. Debug support for low-poOwWer MOAES ...........covvviiiiiiiiiii e 291
22.8.2. Debug support for timers, watchdog and HC.............ociuiiiiiiiiii e 291
22.9. (D] 2 R = To ]IS (] PP TOTRUPPRPPPN 292
22.9.1. DBG device ID code register(DBG_IDCODE) ........ccocuuuiiiiieaaiiieieeeee e 292
22.9.2. Debug MCUconfiguration register (DBGMCU_CR) .........coiiiiiiiiiiiiiiieiee e 292
22.9.3. DBG APB freeze register 1 (DBG_APB_FZ1) ...c.coouiiiiiiiiiieaiiiiieee e 292
22.9.4. DBG APB freeze register 2 (DBG_APB_FZ2) .....ccooiiiiiiiiie it 293
P22 T = =Y To ] o T o 1153 (] Y PSPPSRI 294

12/294



PY32L020 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.Reading this bit returns the reset value.

read/clear writeO (rc_wO0)

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

read/clear writel (rc_w1)

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

read/clear write (rc_w)

Software can read as well as clear this bit by writing register.Writing to this bit has no effect.

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 to “1°.Writing ‘0’ has no effect on the bit value.

toggle ()

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::

u One Master
> Cortex-MO+
| Three Slaves
> Internal SRAM
> Internal Flash Memory
> AHB with AHB-APB Bridge

GPLOBP(CIMS K M Flash memory interface K ) Flash memory

i il

K ) SRAM

PORT

Ol

ARM 1 N
Cortex-MO+ K System bus X Bus matrix
Core
N AHB ] AHB-to-APB bridge APB

SYSCFG,

ADC,
COMP1,COMP2,
TIM1
TIM14

=of o |

IWDG,

=[]
12C,

USART,

ReC |<—> spl,
"4 DBGMCU

Figure 3-1 System architecture

| System bus

This bus connects the system bus of the Cortex-M0O+ core to a BusMatrix which manages the arbi-
tration of the CPU.

u BusMatrix

The BusMatrix manages the access arbitration of the CPU bus.This arbitration uses the Round
Robin algorithm.The BusMatrix is composed of Master (CPU) and slaves (Flash memory, SRAM
and AHB-to-APB bridge) .

[ ] AHB-to-APB bridge (APB)

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

the peripheral address mapping of the Bridge.
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3.2.

Introduction to memory structure

Program memory, data memory, registers and I/O ports are organized within the same linear 4 GB

address space.The bytes are coded in memory in Little Endian format (in a word, the lowest num-

bered byte is considered the world’s least significant byte).

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

OXFFFF FFFF

Block 7

0xEO00 0000

Block 6

0xC000 0000

Block 5

0xA000 0000

Block 4

0x8000 0000

Block 3

0x6000 0000

Block 2

0x4000 0000

Block 1

0x2000 0000

Block 0

0x0000 0000

ARM Cortex MO+
Internal periphrals

User space

Reserved space

IOPORT

AHB

APB

Periphrals

Reserved

User OTP

Reserved

Factory config. bytes

Factory config. bytes

Option bytes

SRAM

uiD

Code

Reserved

Main flash

Addressable space

Main flash/
Load flash/
SRAM

0x5001 1FFF
0x5000 0000

0x4002 3008

0x4002 0000

0x4001 587F

0x4000 0000

Ox1FFF FFFF
Ox1FFF 0300
Ox1FFF 0280
Ox1FFF 0200
Ox1FFF 0180
Ox1FFF 0100
Ox1FFF 0080
Ox1FFF 0000

0x0800 5FFF

0x0800 0000
0x0000 5FFF

0x0000 0000

Figure 3-2 Memory map
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Table 3-1 Memory boundary addresses

Type Boundary Address Size Memory Area Description
0x2000 C000-0x3FFF FFFF - Reserved =
SRAM
0x2000 0000-0x2000 OBFF 3 KB SRAM -
Ox1FFF 0300-0x1FFF FFFF - Reserved -
Ox1FFF 0280-0x1FFF O02FF 128 Bytes USER OTP memory Store user data
Ox1FFF 0180-Ox1FFF O1FF 128 Bytes Factory Configuration bytes Store trimming data
O0x1FFF 0100-0x1FFF 017F 128 Bytes Factory Configuration bytes Store trimming data
Ox1FFF 0080-Ox1FFF OOFF 128 Bytes Option bytes Option bytes
O0x1FFF 0000-0x1FFF 007F 128 Bytes uiD Unique ID
Code
0x0800 6000-0x1FFE FFFF - Reserved -
0x0800 0000-0x0800 5FFF 24 KB Main flash memory -
0x0000 6000-0x07FF FFFF - Reserved -
According to the Boot config-
uration:
0x0000 0000-0x0000 5FFF 24 KB 1.Main flash memory -
2.Load flash
3.SRAM
Note:

Except Ox1FFF 0000-0x1FFF 007F, the above spaces are labelled Reserved and cannot be written. So they

are read as 0 and generate a Response Error.

Table 3-2 Peripheral register address

Bus Boundary Address Size Peripheral
O0xEO00 0000-OXxEOOF FFFF - MO+
0x5000 0C00-0x5FFF FFFF - Reserved

IOPORT 0x5000 0800-0x5000 OBFF 1KB GPIOC
0x5000 0400-0x5000 O7FF 1 KB GPIOB
0x5000 0000-0x5000 03FF 1 KB GPIOA
0x4002 3400-0x4FFF FFFF - Reserved
0x4002 300C-0x4002 33FF Reserved
0x4002 3000-0x4002 3008 LKB CRC
0x4002 2400-0x4002 2FFF - Reserved
0x4002 2000-0x4002 23FF 1 KB Flash
0x4002 1C00-0x4002 1FFF - Reserved

g 0x4002 1900-0x4002 1BFF 1 KB Reserved
0x4002 1800-0x4002 18FF EXTI
0x4002 1400-0x4002 17FF - Reserved
0x4002 1080-0x4002 13FF 1 KB Reserved
0x4002 1000-0x4002 107F RCC
0x4002 0000-0x4002 OFFF - Reserved
0x4001 5C00-0x4001 FFFF - Reserved

APB 0x4001 5880-0x4001 5BFF 1 KB Reserved
0x4001 5800-0x4001 587F DBG
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0x4001 3C00-0x4001 57FF - Reserved
0x4001 381C-0x4001 3BFF 1 KB Reserved
0x4001 3800-0x4001 3018 USART1
0x4001 3400-0x4001 37FF - Reserved
0x4001 3010-0x4001 33FF 1 KB Reserved
0x4001 3000-0x4001 300C SPI1
0x4001 2C50-0x4001 2FFF 1 KB Reserved
0x4001 2C00-0x4001 2C4C TIM1
0x4001 2800-0x4001 2BFF - Reserved
0x4001 270C-0x4001 27FF 1 KB Reserved
0x4001 2400-0x4001 2708 ADC
0x4001 0400-0x4001 23FF - Reserved
0x4001 0220-0x4001 O3FF Reserved
0x4001 0200-0x4001 021F 1 KB COMP1/2
0x4001 0000-0x4001 O1FF SYSCFG
0x4000 8000-0x4000 FFFF - Reserved
0x4000 7C28-0x4000 7FFF 1 KB Reserved
0x4000 7C00-0x4000 7C24 LPTIM
0x4000 7400-0x4000 7BFF - Reserved
0x4000 7018-0x4000 73FF 1 KB Reserved
0x4000 7000-0x4000 7014 PWR
0x4000 5800-0x4000 6FFF - Reserved
0x4000 5434-0x4000 57FF N Reserved
0x4000 5400-0x4000 5430 12C
0x4000 3400-0x4000 53FF - Reserved
0x4000 3014-0x4000 33FF 1 KB Reserved
0x4000 3000-0x4000 0010 IWDG
0x4000 2400-0x4000 2FFF - Reserved
0x4000 2054-0x4000 23FF 1 KB Reserved
0x4000 2000-0x4000 0050 TIM14
0x4000 0000-0x4000 1FFF - Reserved

3.3.

3.4.

Embedded SRAM

The PY32L020 features up to 3 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:
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3.5.

] Main flash area, 24 KB, it contains application and user data, used to store user programs and
user data.In addition, a maximum of 4 KB can be set according to customer configuration for use as
a load flash.
[ ] Information area, 0.75 KB, it includes the following parts:
» Factory config.Bytes 0: 128 Bytes, uesd to store:
— HSI frequency selection control value and corresponding Trimming value
— Parameter values for erasure time configuration corresponding to different frequen-
cies of HSI
» Factory config.Bytes 1: 128 Bytes, used to store power-on reading check code.
» UID: 128 Bytes, uesd to store the UID of the chip.
» Option byte: 128 Bytes, used to store the configuration values of hardware and storage
protection.
» User OTP Memory: 128 Bytes, uesd to store user data.
Flash memory interface implements instruction of reading and data access based on the AHB pro-

tocol, 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

nBOOTL1 (stored in the Option bytes), as shown in the following table:

Table 3-3 Boot mood

Boot mode configuration Mode

nBOOT1 bit nBOOTO bit Boot memory size == Boot memory size =0

X

0 Main flash start Main Flash start

0

1 SRAM start SRAM start

1

1 N/A Load Flash start

The values on the Boot pins are latched on the 4th SYSCLK after a reset.lt is up to the user to set

the boot mode to choose according to the table above.

After this startup has completed, 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 se-

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

B Boot from main Flash memory: the main Flash memory is aligned 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.

B Boot from Load Flash: Load Flash memory is aligned in the memory space (0x0000 0000) ,

but still accessed from the following address spaces based on the Load Flash size setting.

User Bootloader Access address

N/A

0x0800 5C00~0x0800 5FFF

1KB

0x0800 5800~0x0800 5FFF
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2KB 0x0800 5400~0x0800 5FFF
3KB 0x0800 5400~0x0800 5FFF
4KB 0x0800 5000~0x0800 5FFF

B Boot from the embedded SRAM: the SRAM is aligned in the boot memory space (0x0000 0000),
but still accessible at address 0x2000 0000.
3.5.1. Memory physical mapping
If boot mode is selected, the application software can modify the memory accessible in the pro-
gram space.This modification is determined by the MEM_MODE bit selection in the SYS-
CFG_CFGR1 register (see the SYSCFG chapter for details).
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4.Embedded Flash memory

4.1. Key features
[ ] Main flash block: maximum 24 KB(6k x 32 bits)
[ ] Information block: 0.75 KB(192 x 32 bits)
[ ] Page size: 128 Bytes
[ | Sector size: 4 KB
The Flash control interface circuit features:
[ | Flash write and erase
[ ] 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, page size is 128 bytes, Sector size is 4 bytes.
In terms of function, Flash memory is divided into main Flash and information Flash, the former has
a maximum capacity of 24 Bytes, and the latter has a capacity of 0.75 Bytes.
Page erase operation can be applied to Main flash.
Mass erase can be applied to main Flash if there is no write protection setting, otherwise it cannot
be applied to main Flash.
Table 4-1 Flash structure and boundary addresses
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
Main flash Sector 2 Page 64-95 0x0800 2000-0x0800 2FFF 4 KB
Sector 3 Page 96-127 0x0800 3000-0x0800 3FFF 4 KB
Sector 4 Page 128-159 0x0800 4000-0x0800 4FFF 4 KB
Sector 5 Page 160-191 0x0800 5000-0x0800 5FFF 4 KB
UiD Page O O0x1FFF 0000-Ox1FFF 007F 128 bytes
Opthion bytes Page 1 0x1FFF 0080-0x1FFF O0FF 128 bytes
Factory config 0 Sector 6 Page 2 O0x1FFF 0100-Ox1FFF 017F 128 bhytes
Factory config 1 Page 3 0x1FFF 0180-0x1FFF 01FF 128 bhytes
Reserved Page 4 O0x1FFF 0200-0x1FFF 027F 128 hytes
USER OTP memory Page 5 Ox1FFF 0280-0x1FFF 02FF 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.

Flash program and erase operations

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

ICP: It is 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 itera-
tions 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 eras-
ing 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
registers :

B Access control register(FLASH_ACR)

KEY register(FLASH_KEYR)

Option byte key register (FLASH_OPTKEYR)

Flash status register (FLASH_SR)

Flash control register (FLASH_CR)

Flash option register(FLASH_OPTR)

Flash SDK address register(FLASH_SDKR)

Flash boot control register (FLASH_BTCR)

Flash write protection resister (FLASH_WRPR)

FLASH sleep time config register (FLASH_STCR)

Flash TSO register(FLASH_TSO0)

Flash TS1 register(FLASH_TS1)

Flash TS2P register(FLASH_TS2P)

Flash TPS3 register(FLASH_TPS3)

Flash TS3 register(FLASH_TS3)

Flash page erase TPE register(FLASH_PERTPE)

Flash sector/mass erase TPE register(FLASH_SMERTPE)

Flash program TPE register(FLASH_PRGTPE)

Flash pre-program TPE register(FLASH_PRETPE)
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4.2.3.1.

4.2.3.2.

Unlocking the Flash memory

After reset, the Flash memory is protected against unwanted (like caused by electrical inter-
ference) 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 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 BSY 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) Check that 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) Torelease the protection of the FLASH_CR register by programming KEY1 and KEY2 to
the FLASH_KEYR register.

4) Set the 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 bit 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.
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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
The Flash memory can be erased by page, or sector and mass erase (sector and mass

erase do not work for information memory).

4.2.3.3. Page erase

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

time.In addition, when some main flash areas used as Load Flash, the selected pages will

not be erased, and the WRPERR bit will also be set 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.

4.2.3.4. Mass erase
The Mass erase can used to completely erase the entire main Flash memory, but the infor-
mation block is unaffected by this procedure.Additionally, when WRP is enabled, the mass
erase function is disabled 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 KEY?2
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.

4.2.3.5. Sector erase
The sector 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
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4.2.3.6.

4.3.

erased, and the WRPERR bit is set.when some main flash areas used as Load Flash, if sec-

tor5 is selected as the erase object, sector5 will not be erased, and the WRPERR bit will

also be set.

The following sequence for sector erase:

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

2) Torelease 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.

Information memory other than USER OTP memory is read-only and will never be pro-

grammed/erased.

Program and erase time configuration

The program and erase time need to be strictly controlled, otherwise the operation will fail.By
default, the hardware design sets the time parameters of program and erase operations that
the HSI is 24 MHz.When the HSI output frequency is changed, the Flash program and erase

time need to be configured the register correctly.

Unique Identification Code (UID)

Typical application scenarios for UID:

Used as serial number

When programming internal flash memory, use it as a key or encryption primitive to improve
code security

Activate secure bootstrap process, etc

The product unique identification provides a reference number that is unique to any device.
Users can never change these hits. The unique identity identifier can also be read in different

ways such as single byte/half word/word, and then connected using custom algorithms.

4.4. Option Byte Description
4.4.1. Flash option byte
Part of the information area is used as an option byte, which is used to store the hardware configu-
ration 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.
Table 4-2 Option byte format
31 [ 30 [ 29 | 28 | 27 | 26 | 25 | 24 23 | 22 [ 21 ] 20 | 19 ] 18 [ 17 | 16
Complemented Option byte 1 Complemented Option byte 0
15 | 14 | 13 | 12 | 12 | 10 | 9 | 8 7 ] 6 ] 5] 4] 3] 2 11] o
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Option byte 1

Option byte 0

The option bytes can be read from the memory locations listed in the table option byte organiza-

tion or from the relevant registers of the following option bytes :

FLASH user option register (FLASH_OPTR)
FLASH SDK area address register (FLASH_SDKR)
FLASH boot control register (FLASH_BTCR)

FLASH WRP address register (FLASH_WRPR)

Table 4-3 Option byte organization

Word Address Description
O0x1FFF 0080 Option byte for Flash User option and its complemented
Ox1FFF 0084 Option byte for Flash SDK area address and its complemented
Ox1FFF 0088 Option byte for FLASH boot control and its complemented
Ox1FFF 008C Option byte for Flash WRP address and its complemented
Ox1FFF 0090 Reserved
Ox1FFF 0094 Reserved

Reserved

Reserved

Reserved
Ox1FFF OOFC Reserved

[ ] Option byte for Flash User option

Flash memory address: Ox1FFF 0080

Production value:0x4F55 BOAA

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 op-

tion bit of the register.

31 30 29 28 27 | 26 | 25 24 |23|22]|21|2019]18]17]16
~NRST_ B ~-IWDG | _ ] ~BOR_
~IWDG_STOP MODE SWD_MODE “sw BOR_LEV[2:0] EN Res
R R R R R R
15 14 13 12 11 10 ] 9 8 7]6[5[4a]3J]2J1]o0
NRST_ IWDG ) BOR_
IWDG_STOP MODE SWD_MODE “sw BOR_LEV[2:0] EN Res
R R R R R R
Bit Name R/W Function
31 ~ IWDG_STOP R One’s complement of IWDG_STOP
30 ~NRST_MODE R One’s complement of NRST_MODE
29 ~SWD_MODE R One’s complement of SWD_MODE
28 ~IWDG_SW R One’s complement of IWDG_SW
27: 25 ~BOR_LEV[2:0] R One’s complement of BOR_LEV
24 ~BOR_EN R One’s complement of BOR_EN
23: 16 Reserved - -
Set the running state of the IWDG timer in stop mode.
15 IWDG_STOP R 0: Freeze the timer.
1: Run.
14 NRST MODE R
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13

SWD_MODE

NRST_MODE SWD_MODE

0 X: PCO: NRST PB6: SWD
10: PCO: GPIO PB6: SWD
11: PCO: SWD PB6: GPIO

12

IWDG_SW

0: Hardware watchdog

1: Software watchdog

11: 9

BOR_LEV[2:0]

000:
001:
010:
011:
100:
101:
110:
111:

BOR rising threshold is 1.8V,
BOR rising threshold is 2.0V,
BOR rising threshold is 2.2V,
BOR rising threshold is 2.4V,
BOR rising threshold is 2.6V,
BOR rising threshold is 2.8V,
BOR rising threshold is 3.0V,
BOR rising threshold is 3.2V,

falling threshold is 1.7V
falling threshold is 1.9V
falling threshold is 2.1V
falling threshold is 2.3V
falling threshold is 2.5V
falling threshold is 2.7V
falling threshold is 2.9V
falling threshold is 3.1V

BOR_EN

BOR enable
0: BOR is disabled

1: BORis enabled, BOR_LEV works

Reserved

B Option byte for Flash SDK area address
Flash memory address: Ox1FFF 0084

Production value: OxFFF8 0007

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 22 210 | 20 19 ] 18 | 17 | 16
Res Res Res | Res ~SDK_END[3:0 Res Res Res | Res ~SDK_STRT[3:0]
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 SDK_END[3:0] Res | Res | Res | Res SDK_STRT[3:0]
R] R JTRJ]R RIR|IR] R
Bit Name R/W Function
31: 28 Reserved - -
. Complemented )
27: 24 SDK_END[3:0] R One’s complement of SDK_END
23: 20 Reserved - -
. Complemented )
19: 16 SDK_STRT[3:0] R One’s complement of SDK_STRT
15: 12 Reserved - -
11: 8 SDK_ENDI[3:0] R SDK area end address, each corresponding STEP is 2 KB
7.4 Reserved - -
3:0 SDK_STRT[3:0] R SDK area start address, each corresponding STEP is 2 KB

B Option byte for FLASH boot control

Flash memory address: Ox1FFF 0088

Production value: OxFFFF 0000

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.
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31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 é
~nBOOT | ~BOOT | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res ~BOOT_SIZE
1 0 [2:0]

R R R R R
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
nBOOTL | BOOTO. Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res BOO[;I'.B]SIZE
R R R|IRIR
Bit Name R/W Function
31 Complemented nBOOT1 One’s complement of nBOOT1
30 Complemented BOOTO One’s complement of BOOTO0
29: 19 Reserved - -
Complemented
: R ’ I t of BOOT_SIZE
18: 16 BOOT SIZE [2:0] One’s complement of BOOT_S
nBOOT1, BOOTO select chip startup mode
15 nBOOT1 R
X0: Main Flash startup mode
11: Load Flash startup mode
14 BOOTO R
01: SRAM startup mode
13: 3 Reserved - -
Select the Main flash section as the Load Flash area for use
000: no Load Flash area
001: 1KB (0x0800 5C00~0x0800 5FFF)
2: 0 BOOT_SIZE [2:0] R
010: 2KB (0x0800 5800~0x0800 5FFF)
011: 3KB (0x0800 5400~0x0800 5FFF)
1xx: 4KB (0x0800 5000~0x0800 5FFF)
W Option Byte for Flash WRP Address
Flash memory address: Ox1FFF 008C
Production value: OxFFCO 003F
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 29 28 27 26 25 24 23 22 [ 22 ] 20 ] 19 [ 18 ] 17 | 16
Res Res Res Res Res Res Res Res Res Res ~WRP[5:0]
R R R R R R
15 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res Res Res Res Res Res Res Res Res Res WRPJ5:0]
RIRIRJIJRI|IRI]R
Bit Name R/W Function
31: 22 Reserved - -
. Complemented ,
21: 16 WRP R One’s complement of WRP
15: 6 Reserved - -
0: sector[y] is protected
5:0 WRP R 1: sector[y] unprotected
y=0to 5
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4.4.2.

Flash option byte write
After reset, the bits in the FLASH_CR register associated with the option byte are write-pro-
tected. 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 (1~4 words) to the option bytes register FLASH_OPTR /

FLASH_SDKR / FLASH_BTCR / FLASH_WRP.
4) Set OPTSTRT bit.
5) Write any 32 bit 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_SDKR, FLASH_BTCR or FLASH_WRPR
register to the option bytes.And, the hardware automatically calculates the corresponding comple-
ment, and programs the calculated value to the corresponding area of the option bytes.
Reload Bytes Option
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:

B OBL_LAUNCH bit in the FLASH_CR register is set.
B After power-on reset (POR. BOR)

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_SDKR and
FLASH_WRPR).These internal registers configure the system and can be read by software.The
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4.5.

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:
[ ] For user option
» BOR_LEV is written as 000 (the lowest threshold)
» The BOR_EN bit is written as 0 (BOR is not enabled)
» NRST_MODE bit written to 0 (reset input only)
»  The rest of the mismatched values are written as 1
[ ] For SDK area option, SDKR_STRT [3:0] = 0x0, SDKR_END [3:0] = 0xB, all Flash
memory is set as SDK
[ ] For FLASH boot control option
» nBOOT1, BOOTO bits are written as 00 (i.e.select Main flash as the startup area)
» BOOT_SIZE bits is written as 0 (i.e.no Load Flash area)
[ ] 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 (reada-
ble and writable by software):
] FLASH_OPTR
] FLASH_SDKR
] FLASH_BTCR
] 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 fac-
tory config.byte.

Page 0 is stored for software to read information (only code, no one’s complement code is
stored):

| HSI frequency selection control value, and corresponding trimming value

[ ] Parameter values for erasure time configuration corresponding to different frequencies of
HSI

| Trimming values corresponding to different frequencies of LSI

] Trimming values corresponding to different output voltages of VREFBUF

Page 1 stores chip hardware factory information (forward and reverse code storage)

[ | Chip power on read verification code
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Chip hardware Trimming configuration values

For the sake of data security, the factory configuration of Page 1 Bytes are stored separately in text

and reverse form.

Table 4-4 Factory config.byte organization

Page | Word Address Contents
0-3 O0x1FFF 0000-0x1FFF 000F uiD
4-7 Ox1FFF 0010-Ox1FFF O01F Reserved
8 Ox1FFF 0020 1.2V Vrefint (Decimal with positive values in the upper 16 bits)
9-10 | Ox1FFF 0024-0x1FFF 002B Reserved
1 11 Ox1FFF 002C 1.5V Vrefbuf (Decimal with positive values in the upper 16 bits )
12 Ox1FFF 0030 2.048V Vrefbuf (Decimal with positive values in the upper 16 bits )
13 Ox1FFF 0034 2.5V Vrefbuf (Decimal with positive values in the upper 16 bits )
14-31 | Ox1FFF 0030-0x1FFF 007F Reserved
0 OXLEEF 0100 S‘tore‘HSI 24 MHz frequency selection control and corresponding
trimming value
1 OXLEEE 0104 S_tore_HSI 48 MHz frequency selection control and corresponding
trimming value
2 Ox1FFF 0108 Reserved
3 Ox1FFF 010C Reserved
4 Ox1FFF 0110 Reserved
Store the count value of the flash low power con-
5 | OxIFFF 0114 trol(FLASH_LPCR)register
6 Ox1FFF 0118 Reserved
Store the configuration values of the corresponding FLASH_TSO0,
7 Ox1FFF 011C FLASH_ TS1 and FLASH_TS3 registers at the HSI 24 MHz fre-
guency
8 OXLEEE 0120 Store the conflguratlor_l values of the corresponding FLASH_TS2P
and FLASH_TPS3 registers at the HSI 24 MHz frequency
Store the configuration value of the corresponding FLASH_PERTPE
9 Ox1FFF 0124 register at the HSI 24 MHz frequency
2 Store the configuration value of the corresponding
10 Ox1FFig0es FLASH_SMERTPE register at the HSI 24 MHz frequency
Store the configuration values of the corresponding
11 | OXIFFF 012C FLASH_PRGTPE and FLASH_PRETPE registers at the HSI 24
MHz frequency.
Store the configuration values of the corresponding FLASH_TSO0,
12 | Ox1FFF 0130 FLASH_ TS1 and FLASH_TS3 registers at the HSI 48 MHz fre-
guency
Store the configuration values of the corresponding FLASH_TS2P
13 OxIFFF 0134 and FLASH_TPS3 registers at the HSI 48 MHz frequency
Store the configuration value of the corresponding FLASH_PERTPE
14 OxIFFF 0138 register at the HSI 48 MHz frequency
Store the configuration value of the corresponding
15 OXIFFF 013C FLASH_SMERTPE register at the HSI 48 MHz frequency
Store the configuration values of the corresponding
16 Ox1FFF 0140 FLASH_PRGTPE and FLASH_PRETPE registers at the HSI 48
MHz frequency.
Ox1FFF 0144-
17-31 Reserved
Ox1FFF 017F
3 0 Ox1FFF 0180 Power on read verification code 0X55AA AA55
1 Ox1FFF 0184 Power on read verification code 0XAA55 55AA
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2 Ox1FFF 0188 Power on read verification code 0xX55AA AA55
3 Ox1FFF 018C Power on read verification code OXAA55 55AA
4 Ox1FFF 0190 PMU trimming bit and its complemented bit
5 Ox1FFF 0194 PMU trimming bit and its complemented hit
6 Ox1FFF 0198 PMU trimming bit and its complemented bit
7 Ox1FFF 019C Reserved
8 Ox1FFF 01A0 HSI 24 MHz frequency selection, trimming and its complemented bit
9 Ox1FFF 01A4 LS| 32.768 K frequency Trimming and its complemented bit
10 Ox1FFF 01A8 Reserved
11 Ox1FFF 01AC Reserved
12 Ox1FFF 01BO Reserved
13 Ox1FFF 01B4 Reserved
14 Ox1FFF 01B8 Flash Trimming and its complemented bit
15 Ox1FFF 01BC Flash Trimming and its complemented bit
16 Ox1FFF 01CO0 Flash Trimming and its complemented hit
17 Ox1FFF 01C4 Flash Trimming and its complemented bit
18 Ox1FFF 01C8 Flash Trimming and its complemented bit
19 O0x1FFF 01CC Flash Trimming and its complemented bit
20 Ox1FFF 01DO0 TS trimming and its complemented bit
21 Ox1FFF 01D4 Reserved
22 Ox1FFF 01D8 Reserved
23 Ox1FFF 01DC Reserved
24 Ox1FFF 01EO Reserved
25 Ox1FFF 01E4 Reserved
26 Ox1FFF O1E8 Reserved
27 Ox1FFF 01EC Reserved
28 Ox1FFF 01FO0 Reserved
29 Ox1FFF 01F4 Reserved
30 Ox1FFF 01F8 Device ID code
31 Ox1FFF 01FC Reserved
4.5.1. HSI_TRIMMING_FOR_USER
Address: Ox1FFF 0100~0x1FFF 0104
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 HSI_TRIM[12:0]
| | R|IR|RIR [R [R]IR|J]R[RJRIJR|R]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.
4.5.2. FLASH_SLEEPTIME_CONFIG
Address: Ox1FFF 0114
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
FLASH_SLEEPTIME[7:0] Res | Res | Res | Res | Res | Res Res | Res
R I R]I]RI]R R I R]ITRI]R

The software needs to read data from this address, and then write to [15:8] corresponding to the

FLASH_SLEEPTIME register.
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4.53. HSI_24M/48M _EPPARAO
Address: Ox1FFF 011C(24 MHz) . Ox1FFF 0130(48 MHz)

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

Res | Res | Res | Res TS1[9:0] TS3[8:7]

R R R RI R|R|[RIJ[R R

15 14 13 12 11 10 9 8 7 6 5] 4 3] 2 [1 0
TS3[6:0] TS0[8:0]

R I RIRJ]RIJ]RI]RIR R | R[] R [RIRIRJIRI[JR] 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 regis-
ters to realize the configuration of the erasing and programming time required by the corresponding

HSI frequency.

4.5.4. HSI_24M/48M _EPPARA1
Address: Ox1FFF 0120(24 MHz) . Ox1FFF 0134(48 MHz)

31 30 29 28 27 | 26 | 25 [ 24 [ 23 [ 2221 ] 20 19 ] 18 [17 ] 16
Res Res Res Res TPS3[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
Res Res Res Res Res Res | Res TS2P[8:0]
R [RIRIRITRI]IR]JRIR] 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
realize the configuration of the erasing and programming time required for the corresponding HSI

frequency.

45.5. HSI_24M/48M _EPPARA2
Address: Ox1FFF 0124(24 MHz) . Ox1FFF 0138(48 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 P[E7R, IZ]E

R

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

RIR]IRJIJ]R]I]R]I]RIR IR JTRIRI|IRIRIRIJRIJR]] 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.

45.6. HSI_24M/48M _EPPARA3
Address: Ox1FFF 0128(24 MHz) . Ox1FFF 013C(48 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 TPE[17:16]
R
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SMERTPE[15:0]
RIR]I]R]J]RJ]RJ]RIR IR [RIRJRI]IJRIJIJRI]IJRIJR] 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.
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4.5.7. HSI_24M/48M _EPPARA4
Address: Ox1FFF 012C(24 MHz) . Ox1FFF 0140(48 MHz)
31 30 29 | 28 | 27 | 26 | 25 [ 24 | 23 | 22 | 21 [ 20 [ 19 | 18 | 17 | 16
Res Res PRETPE[13:0]
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
PRGTPE[15:0]

R R | RIR]IJRJI]RJIJR|IJR|RJIJRI]IRJI]RIRI|IRI]IRIR
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 corre-
sponding HSI frequency.

4.5.8. LSl _32.768K_TRIMMING
Address: Ox1FFF 0144 (32.768 K)
31 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 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res Res Res Res Res Res Res LSI_TRIM[8:0]
R | RITRI]IRIJTRIJITRIJTRTIJITRTITR
The software needs to read data from this address, and then write to LSI_TRIM[8:0] corresponding
to the RCC_ICSCR register to change the LSI frequency.
45.9. Flash USER OTP memory Bytes
Part of the information area of the flash within the chip is used as Flash USER OTP memaory
Bytes.
Table 4-5 USER OTP memory Bytes organization
Page Word Address Contents
Bit[31:16]:store user data
0 00x1FFF 0280 Bit[15:0]: USER OTP MEMORY_LOCK
1 O0Ox1FFF 0284 store user data
2 00x1FFF 0288 store user data
5 store user data
store user data
store user data
31 00x1FFF 02FC store user data

This page is configured in the information area, and the program and erasure in this page area are

processed using the Main flash method.Additionally, the mass erase in the Main Flash area is not

valid for this area.
Set USER OTP MEMORY_ LOCK content will not be updated immediately until power on reset

(POR/BOR/PDRY), which will activate the protection function.

There are the following protections for this Page Write.
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Table 4-6 Flash USER OTP memory Bytes write protection status

USER OTP MEMORY_LOCK Write protection

Read: allow
OxAA55 ]
Program and erase operation: not allowed

Any value other than (OxAA55) Read. program and erase operation: allow

4.6.

4.6.1.

Flash protection

The protection of Flash main memory includes the following mechanisms:

B Software design kit (SDK) is used to protect access to specific program areas, and the granu-
larity is 2 KB.

B Write 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.

B Option byte write protection, special unlocking design.

Flash software development kit (SDK) area protection

The protection area is defined by SDKR _STRT[3:0], SDKR_END[3:0] of the FLASH_SDKR regis-

ter, and each bit corresponds to 2 KB.

Start address

FLASH memory base address + SDK_STRT[3:0] x 0x800(included)

End address

FLASH memory base address + (SDK_END[3:0]+1) x 0x800(excluded)

When SDK _STRT[3:0] is greater than SDK_ENDI[3:0], SDK protection is invalid.When SDK
_STRT[3:0] is less than or equal to SDK _END[3:0], SDK protection is effective.

In the protection effective state, when the FLASH_SDKR register is unprotected (writing SDK
_STRT[3:0] is greater than SDK_ENDJ3:0]), 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).The mass erase generated by SDK
protection rewriting will also erase the Load Flash area.

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

option byte into the register.

Table 4-7 The relationship between access status and protection level and execution mode

Boot form Main Flash(CPU)

User execution User execution . Debug/
Area (From Non (From Non SDK User execution Execute from RAM
SDK Area) Area) (From SDK Area)
Read | Write | Erase | Read | Write | Erase | Read | Write | Erase
Disable Yes Yes Yes N/A N/A N/A Yes Yes Yes
Non SDK Area
Enable Yes Yes Yes Yes Yes Yes Yes Yes Yes
SDK Area Disable N/A N/A N/A N/A N/A N/A N/A N/A N/A
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Boot form Main Flash(CPU)
User execution User execution . Debug/
Area (From Non (From Non SDK User execution Execute from RAM
SDK Area) Area) (From SDK Area)
Read | Write | Erase | Read | Write | Erase | Read | Write | Erase
Enable No No No Yes Yes Yes No No No
System memory - Yes No No Yes No No Yes No No
Option byte - Yes Yes Yes Yes Yes Yes Yes Yes Yes
Factory bytes - Yes No No Yes No No Yes No No
- Yes No No Yes No No Yes No No

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

2. 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.

4.6.2. 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.
4.6.3. Load Flash area protection
When Load Flash is valid, erasing the selected area will be ignored, and The WRPRTERR bit of the
FLASH_CR register will also be set.
Modify FLASH_ BOOT of the BTCR_ SIZE setting hardware will perform a mass erase operation on
the main flash.The mass erase generated by rewriting will also erase the Load Flash area.
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
Table 4-8 Flash 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

Note: The following events do not have a separate interrupt flag, but will generate a Hard fault:
B Sequence error of FLASH_CR register of unlock Flash memory.
B Unlock Flash option bytes write sequence error.

B Flash program operation is not aligned with 32-bit data.
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B Flash erase (including page erase, sector erase and mass erase) operations do not perform

32-bit data alignment.

B 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
LA-
Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res TENCY
RW
Bit Name R/W Reset Value Function
31:1 Reserved
The wait state corresponding to the read operation:
0: There is no wait state for Flash read operation.
0 LATENCY RW 0 1: The Flash read operation has one wait state, which is
two system clock cycles are required for each Flash read.
(System clock 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]
wliwlwIlwIlw]lwlw Jw [wliwlwlwIlw]lwIlw] w

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
31:.0 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 | 22 | 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]
wliwlwIlwIlwIlwlilw [w [wlwilwlwIlwIlwIlwl]l w
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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
OPTV WRP
ERR Res | Res | Res | Res | Res | Res | Res | Res | Res | Res ERR 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 bit is 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 trimming bits and their one’s comple-
15 OPTVERR RC_W1 0 ments do not match.Load unmatched option bytes, coerced
to safe values.
Software writes 1 to clear
145 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 re-
gion(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 4 FLASH_CR register is enabled.
Write 1 to clear this bit.
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
LOC oy Re | Re | OBL_LAUN | Re ER | EO Re | Re | Re | Re | PGSTR OPT Re
K prC S S CH S R P S S S S T Res | STR S
K IE IE T
RS RS RC_W1 RW | RW RW RW
15 14 13 | 12 11 10 9 8 7 6 5 4 3 2 1 0
Res Res Re | Re SER Re Res | Res Re | Re | Re | Re Res ME PER | PG
S S S S S S S R
R
RW RW RW W
Bit Name R/W Reset Function
Value
FLASH_CR Lock bit.
31 Lock RS - Software can only set this bit When set, the FLASH_CR
register is locked.When the unlock timing is successfully
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Bit

Name

R/W

Reset
Value

Function

given, this bit is cleared by 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.

30

OPTLOCK

RS

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
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

27

OBL_LAUNCH

RC_W1

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
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.

25

ERRIE

RW

Error interrupt enable bit, when the WRPERR bit in the
FLASH_SR register is set, if this bit is enabled, an interrupt
request is generated.

0: No interrupt is generated

1: An interrupt is generated

24

EOPIE

RW

End of operation interrupt enable

When the EOP bit of FLASH_SR register is set, an interrupt
request is generated if this bit is enabled.

0: EOP interrupt disabled

1. EOP interrupt enable

23:18

Reserved

RW

19

PGSTRT

RW

The start bit of the program operation of the Flash main
memory.

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

17

OPTSTRT

RW

Flash option bytes modified start bit

This bit initiates modification of option bytes.Set by software
and cleared by hardware after the BSY bit in the
FLASH_SR register is cleared.

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 operation,
which also includes the automatic writing of the two’s com-
plement code.

16:12

Reserved

11

SER

RW

4KB Sector erase operation

0: Sector erase operation of Flash is not selected
1: Select the sector erases operation of Flash
Note:

1) Sector erase will not work on Flash information memaory.

2) Sector erase has no effect on areas set to WRP.

10:3

Reserved

MER

RwW

Mass erase operation

0: Mass erase operation of Flash is not selected

1: Select the mass erases operation of Flash

Note:

Mass erase will not work on Flash information
memory.Mass erase does not work when WRP is set

PER

RW

Page erase operation
0: Page erase operation of the Flash is not selected
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. Reset q
Bit Name R/W value Function
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 op-
tion bit of the register
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]o0
NRST_ IWDG ) BOR_
IWDG_STOP MODE SWD_MODE “sw BOR_LEV[2:0] EN Res
RW RW RW RW | RW [ RW [ RW RW
Bit Name R/W Function
31: 16 Reserved - -
Set the running state of the IWDG timer in stop mode.
15 IWDG_STOP RW 0: Freeze the timer.
1: Run.
14 NRST_MODE RW NRST_MODE SWD_MODE
0 X: PCO: NRST PB6: SWD
13 SWD_MODE RW 10: PCO: GPIOPB6: SWD
11: PCO: SWD PB6: GPIO
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 o ] ] )
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: BORrising threshold is 3.2 V, falling threshold is 3.1 V
BOR enable
8 BOR_EN RW 0: BOR is not enabled
1. BOR s enabled, BOR_LEV works
7: 0 Reserved - -
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 op-

tion bit of the register.
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31 | 30 | 29 [ 28 [ 27| 26 [ 25 ] 24 [ 23 [ 22 | 210 |20 [19] 18 | 17 [ 16
Res
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res | Res | Res | Res SDK_END[3:0] Res | Res | Res | Res SDK_STRT[3:0]
- - - - [RW] RW [RW ][ RW - - - - |[RW][RW [ RW | RW
Bit Name R/W Function
31: 12 Reserved - -
11: 8 SDK_ENDI[3:0] RW SDK area end address, each corresponding STEP is 2KB
7.4 Reserved - -
3: 0 SDK_STRT[3:0] RW SDK area start address, each corresponding STEP is 2KB

4.8.8. FLASH boot control (FLASH_BTCR)
Address offset: 0x28
Reset value: 32’b0000 0000 0000 0000 XX00 0000 0000 OXXX.
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 op-

tion bit of the register.

31 | 30 [ 29 [ 28 [ 27 [ 26 [ 25 | 24 | 23 | 22 [ 21 [ 20 [ 19 [ 18 [ 17 | 16
Res
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
nBOOT | BOOTO | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res BOOT_SIZE
1 . . . . . . . . [2:0]
R R R
RW RW - - - - - - - - - - - wlwlw
Bit Name R/W Function
31: 16 Reserved - -
nBOOT1, BOOTO select chip startup mode
15 nBOOT1
X0: Main Flash startup mode
RW
11: Load Flash startup mode
14 BOOTO
01: SRAM startup mode
13: 3 Reserved - -
Select the Main flash section as the Load Flash area for use
000: no Load Flash area
001: 1KB (0x0800 5C00~0x0800 5FFF)
2: 0 BOOT_SIZE [2:0] RW

010: 2KB (0x0800 5800~0x0800 5FFF)
011: 3KB (0x0800 5400~0x0800 5FFF)
1xx: 4KB (0x0800 5000~0x0800 5FFF)
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4.8.9. 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 op-

tion bit of the register.

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

Res
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res Res Res Res Res Res Res Res Res Res WRP[5:0]
RW | RW [ RW [ RW | RW | RW
Bit Name R/W Function

31: 6 Reserved - -

0: sector[y] is protected
5:0 WRP RW 1: sector[y] unprotected

y=01to 5

4.8.10. 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 Rizsel Function
Value
31: 8 Reserved - - -

FLASH sleep time count (counter based on HSI_10M
clock)

When the system clock selects LS| or LSE, in order to ob-
tain more optimized power consumption in Run mode,
which can use the function of this register (it is only rec-
ommended to use this function when LSI or LSE is the
system clock).

When this function is enabled, the time width of the Flash
in the Sleep state in each half system clock low period is:
tusi_1om * 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.

15: 8 SLEEP_TIME RW 0x64

7:1 Reserved - - -

FLASH Sleep enable
0 SLEEP_EN RW 0 1: Enable Flash sleep
0: Disable Flash sleep

4.8.11. Flash TS0 register (FLASH_TSO0)
Address offset: 0x100

Reset value: 0x0000 xxxx

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res Res Res Res Res Res Res Res Res Res Res Res Res Res Res Res
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res | Res | Res | Res | Res | Res | Res TS0
RW |RW [RW | RW | RW | RW | RW | RW | RW

Reset

value Function

Bit Name R/W

31: 9 Reserved - - -

The software reads the data stored at the corresponding
address in the information area and writes it to the corre-
sponding register to achieve the configuration of the eras-
8:0 TSO RW 0x XXXX | ure time required for the corresponding HSI frequency.
Save in Flash at the following address:

24 MHz calibration value storage address: Ox1FFF 011C
48 MHz calibration value storage address: Ox1FFF 0130

4.8.12. Flash TS1register (FLASH_TS1)
Address offset: 0x104

Reset value: 0x0000 xxxx

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 TS1

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

Reset

Ve Function

Bit Name R/W

31: 10 Reserved - - -

The software reads the data stored at the corresponding
address in the information area and writes it to the corre-
sponding register to achieve the configuration of the eras-
9: 0 TS1 RW 0x XXXX | ure time required for the corresponding HSI frequency.
Save in Flash at the following address:

24 MHz calibration value storage address: Ox1FFF 011C
48 MHz calibration value storage address: Ox1FFF 0130

4.8.13. Flash TS2P register (FLASH_TS2P)
Address offset: 0x108

Reset value: 0x0000 xxxx

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 Rzl Function
Value

31: 9 Reserved - - -

The software reads the data stored at the corresponding
address in the information area and writes it to the corre-
sponding register to achieve the configuration of the eras-
8: 0 TS2P RW 0x XXXX | ure time required for the corresponding HSI frequency.
Save in Flash at the following address:

24 MHz calibration value storage address: Ox1FFF 0120
48 MHz calibration value storage address: Ox1FFF 0134
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4.8.14. Flash TPS3 register (FLASH_TPS3)
Address offset: 0x10C

Reset value: 0x0000 xxxx

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 TPS3
RW [ RW [RW [RW [RW [RW | RW [ RW [ RW | RW | RW | RW
. Reset q
Bit Name R/W value Function
31: 12 Reserved - - -
The software reads the data stored at the corresponding
address in the information area and writes it to the corre-
sponding register to achieve the configuration of the eras-
11: 0 TPS3 RW 0x XXXX | ure time required for the corresponding HSI frequency.
Save in Flash at the following address:
24 MHz calibration value storage address: Ox1FFF 0120
48 MHz calibration value storage address: Ox1FFF 0134
4.8.15. Flash TS3 register (FLASH_TS3)
Address offset: 0x110
Reset value: 0x0000 xxxx
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 [RW [ RW [ RW [ RW [ RW [ RW | RW
Bit Name R/W Reset Function
Value
31: Reserved - - -
The software reads the data stored at the corresponding
address in the information area and writes it to the corre-
sponding register to achieve the configuration of the eras-
8: 0 TS3 RW 0x XXXX | ure time required for the corresponding HSI frequency.
Save in Flash at the following address:
24 MHz calibration value storage address: Ox1FFF 011C
48 MHz calibration value storage address: Ox1FFF 0130
4.8.16. Flash page erase TPE register (FLASH_PERTPE)
Address offset: 0x114
Reset value: 0x0001 xxxx
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 PERTPE
RW 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
Bit Name R/W Reset Function
Value
31: 18 Reserved - - -
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. Reset q
Bit Name R/W value Function
The software reads the data stored at the corresponding
address in the information area and writes it to the corre-
sponding register to achieve the configuration of the eras-
17: 0 PERTPE RW 0x XXXX | ure time required for the corresponding HSI frequency.
Save in Flash at the following address:
24 MHz calibration value storage address: Ox1FFF 0124
48 MHz calibration value storage address: Ox1FFF 0138
4.8.17. FLASH SECTOR/MASS ERASE TPE Register (FLASH_SMERTPE)
Address offset: 0x118
Reset value: 0x0001 xxxx
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 SMERTPE
RW 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 q
Bit Name R/IW value Function
31: 18 Reserved - - -
The software reads the data stored at the corresponding
address in the information area and writes it to the corre-
sponding register to achieve the configuration of the eras-
17: 0 SMERTPE RW 0x XXXX | ure time required for the corresponding HSI frequency.
Save in Flash at the following address:
24 MHz calibration value storage address: Ox1FFF 0128
48 MHz calibration value storage address: Ox1FFF 013C
4.8.18. FLASH PROGRAM TPE register (FLASH_PRGTPE)
Address offset: 0x11C
Reset value: 0x0000 xxxx
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

Bit

Name

R/W

Reset
Value

Function

31: 16

Reserved

15: 0

PRGTPE

RwW

0x XXXX

The software reads the data stored at the corresponding
address in the information area and writes it to the corre-
sponding register to achieve the configuration of the eras-
ure time required for the corresponding HSI frequency.
Save in Flash at the following address:

24 MHz calibration value storage address: Ox1FFF 012C
48 MHz calibration value storage address: Ox1FFF 0140
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4.8.19. FLASH PRE-PROGRAM TPE Register (FLASH_PRETPE)

Address offset: 0x120

Reset value: 0x0000 xxxx

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
. Reset q
Bit Name R/W value Function
31: 14 Reserved - - -
The software reads the data stored at the corresponding
address in the information area and writes it to the corre-
sponding register to achieve the configuration of the eras-
13: 0 PRETPE RW 0x12CO0 ure time required for the corresponding HSI frequency.
Save in Flash at the following address:
24MHz calibration value storage address: Ox1FFF 012C
48 MHz calibration value storage address: Ox1FFF 0140
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5.Power control

5.1. Power supply

5.1.1. Power block diagram

VCCA VCCA domain
[ apc | | comp |
[Lse] [Lsi] [hsl]
FLASH
VDD domain
VCC domain
on | | son
VCC[}—. VR VDD‘ ’ CPU Core/Digital Peripherals ‘
BG VDD1
’ HSI_lOM‘ ’ I0_CTRL ‘
PMU
’ IWDG ‘ ’ LPTIMER ‘
veel VCCIO domain
VDDA 10 Ring ’ PWRiAcon‘ ’ RCC_Acon ‘
® VDDP
PWR_CRI[18) W
VDDA
Figure 5-1 Power block diagram
Table 5-1 Power block
Num- .
bering Power supply Power value Description
1 VCC 1.7 V~5.5V Provide power Fo the ch_lp through t_he power pin, and its power
supply module is a partial analog circuit.
VCCA 1.7 V~5.5V Provide power to most of the analog modules from VCC PAD (a
separate power supply PAD can also be designed).
VCCIO 1.7V~-55V Power supply to 10, from VCC PAD

5.2. Voltage regulator

The microcontroller designs two voltage regulators:
B Main regulator (MR) keeps working when the chip is in normal operating state.
B Low power regulator (LPR) provides a lower power consumption option in stop mode.
In run mode, MR keeps working, outputs is 1.2 V, and LPR is turned off
In stop mode, power can be supplied from MR or LPR as determined by software.
5.3. Dynamic voltage value management

This project defines two voltage ranges:

[ ] Range 1: High performance range
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5.4.
5.4.1.

The typically output of MR is 1.2V (VDD), and the system clock frequency can run as fast as 48
MHz.
u 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.

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.

A
VvCC

VBORRS

VBORF8

VBORR7

——————————————————————————————— VBORF7

VBORRG6

VBORF6

VBORRS

———————————————————————————————— VBORF5

VBORR4

,,,,,,,,,,,,,,,,, VBORF4

VBORR3 e
————————————————————————————————— VBORF3

VBORR2 -----mmmmmmeme s

VBORRL |-

”””””””””””””””””””””””””””””” VBORF2

VBORF1
VPOR

,,,,,, - VPDR

v

tRSTTEMP

Reset with BOR off li

tRSTTEMPO«

Reset with BOR on
(VBORS8 VBOR1)

fffffffffffffffffff POR/BOR rising thresholds
——————————————————— PDR/BOR falling thresholds

\ 4

\4

Figure 5-2 POR/PDR/BOR threshold
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6.Low-power control

By default, the chip enters normal operating mode after system or power reset.When the CPU does not

require continuous operation, the chip can enter a low-power mode, for example, when waiting for exter-

nal events.Software can compromise between power consumption, wake-up time, and wake-up source.

6.1. Low-power mode
6.1.1. Introduction to low-power modes
The chip has three low-power modes outside of its normal operating mode:
[ ] 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).
[ ] Stop mode: In this mode, the contents of SRAM and registers are maintained, the HSI is
turned off.
[ ] Deep Stop mode: In this mode, the contents of SRAM and registers are maintained, the HSI
is turned off.
In stop mode, LSI, LSE, LPTIMER, etc.can remain operational.Please refer to the table below for
the specific working conditions of each module in this mode.
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 longer.When maintaining MR power supply, the chip consumes a lot of power but has the ability
to quickly wake up for several cycles.
In addition, in run mode, the power consumption can be reduced by the following methods:
[ ] Decrease system clock frequency
| For unused peripherals, turn off peripheral clocks (system clock and module clock)
Table 6-1 Low power mode switch
Wake-up Effects on the | Voltage regulator
e E Ay HEe L clock clock MR LPR
WEFI or Return Anv interruotion The CPU clock
Sleep from ISR Y piip is off and has
Same as be-
(sleep-now . no effect on 1
fore entering On @ off
or sleep-on- | e Wakeup event sleep mode other clocks
exit) P P and clock
sources
HSI Off.
LSI and LSE
SLEEPDEEP can be
bit HSISYS turned on or off. Software config-
1.WFlI or HSI maintains LPTIMER, Soft- urable switch, if
2.Return Anv EXTI line con- the frequency IWDG: ware the switch is
Stop/Deep from ISR or | 2 configuration Whether it is ' configured as
figured to wake . . Configu-
Stop 3.WFE before entering | configured by ; on, then the out-
. up, IWGD, NRST ration
Note: The sys- stop and does software or not. Switch put voltage
tem clock can- not divide the Low-power 1.2/1.0V can be
not select LSI or frequency wakeup  and configured
LSE some modules
such as RCC
keep working.
1. The software must configure the VR state as MR mode to enter sleep mode

49/294



PY32L020 Reference Manual

6.1.2.  Functions in each working mode

Table 6-2 Functions in each working mode ()

Stop
VR@LPR or VR@MR Wakeup ability

- @ -

Peripheral Run Sleep

CPU
Flash memory

SRAM

Brown-out reset (BOR)
HSI
LSI
LSE
LSE Clock Security System
(CSS)
USART1
USART2
12C
SPI1
SPI2
ADC
COMP1/COMP2
Temperature sensor
Timers(TIM1/TIM14)
LPTIM
IWDG
SysTick timer
CRC = -
GPIOs ) O

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

<

-4 -
O O

o
—~
C

O |00

o
o

OO

O|O|0|0|0|0|0|0|0|0|0|0|0|0] O |0|0|0|K| <X | < |
O|0|0|0|0|0|0|0|0|0|0|0|0|0| O |0|0|0|x<

Flash is not powered off, but no clock is provided, and it enters the lowest power consumption state.
SRAM clock can be turned on or off.

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

o M W N BE

Before entering stop mode, if LSE CSS is enabled, when a problem with LSE CSS, it will wake up the

system and enter the NMI interrupt.

6.2. Sleep mode

6.2.1. Entering sleep mode

The sleep mode is entered by executing the WFI (wait for interrupt) or WFE (wait for event) instruc-

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

SLEEPONEXIT bit in the Cortex MO+ System Control Register.

B Sleep-now: If the SLEEPONEXIT bit is 0, it enters sleep mode immediately after executing WFI
or WFE.

B Sleep-on-exit:If the SLEEPONEXIT bit is 1, sleep mode is entered when the low priority inter-
rupt ISR is exited.

In sleep mode, all 10 pins remain in the same state as in 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.
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If the WFE instruction is used to enter sleep mode, the chip exits sleep mode as soon as an event

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

B Enable interrupts in the peripheral control register but not in the NVIC, and enabling the
SEVONPEND bit in the Cortex MO+.When the chip wakes up from WFE and continues execu-
tion, the peripheral interrupt pending bit and the peripheral NVIC IRQ channel pending bit (in
the NVIC interrupt clear pending register) must be cleared.

B Or configuring an external or internal EXTI line in event mode.When the CPU wakes up from
WFE and continues execution.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.

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

Table 6-3 Sleep-now

Sleep-now Description

Mode entry - - SLEEPDEEP =0 and

WFI(Wait for Interrupt) or WFE(Wait for Event) while:

- - SLEEPONEXIT =0

Enter the sleep mode through WFI, the exit method is: interrupt.

Mode exit Enter the sleep mode through WFE, the exit method is: wakeup event.
Wakeup latency None
Table 6-4 Sleep-on-exit
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-M0+ Deep sleep mode combined with peripheral clock gating,
The voltage regulator(VR) can be configured either in MR or Low-power mode.In stop mode, HSI is
turned off, SRAM and register contents are kept in a state, LSI, LSE, LPTIMER, IWDG can be con-
figured by software whether to work, low-power wake-up and partial RCC logic maintenance work,
the clock inputs to the digital blocks of the remaining Vcore domains are turned off.
In the stop mode, all I/O pins keep the same state as in 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
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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.
Table 6-5 stop mode

Stop mode Description
WEFI (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 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 process of entering STOP mode is ignored
and the program continues to execute.
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.
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 hardware switching of the clock after wakeup consumes additional clock.
If using WFI to enter stop mode:
- Any EXTI Line configured in interrupt mode (the corresponding EXTI interrupt vector must be

. enabled in the NVIC).

Mode exit If using WFE to enter stop mode:
- Any EXTI Line configured in event mode.
- Interrupt pending bit when the CPU SEVONPEND bit is set.

Wakeup latency MR from LPR wakeup time+HSI wakeup time+FLASH wakeup time

6.4. Decreasing system clock frequency

6.5.

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

When the system runs at a lower frequency (32.768 kHz), to obtain less power consumption, soft-
ware 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 oper-
ating frequency, it need increase the driving capacity of the MR first, and then change the operating

frequency of the system clock.

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.
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6.6.

6.6.1.

Power management register

The peripheral 's registers can be accessed through half-word or word.
Power control register 1 (PWR_CR1)

Address offset: 0x00
Reset value: 0x0007 0000(reset by POR)

31| 30

29 28 27

26 | 25

24 | 23

22 | 21 20 19 18 17 16

es es

R
es

Res Res

R | Re
es | s

Re | R
s | es

HSI
R | R Res ON SRAM_RET | SRAM_ | R
es | es _CT _DLP RET es

RL

- - - RW RW RW

o=

15 | 14

13 12 11

10| 9

5 4 3 2 1

LPR

FLS_SLP- R
TIME[1:0] es

es S

S es

pelie)
Py

BIAS_CR .
os | es oL BIAS_CRI[3:0]

RW

RW

RW RW

Bit

Name

R/W

Reset
Value

Function

31:20

Reserved

Reserved

19

HSION_CTRL

RW

HSI turns on time control when wakeup from stop mode.
0: After waiting for MR to stabilize, enable HSI.
1: Turn on the VR, as well as enable HSI when wakeup

18

SRAM_RETV_DLP

RW

1'b1

SRAM retention voltage control in Deep Stop mode
1: SRAM voltage is the same as the digital LDO output;
0: SRAM voltage is low

17

SRAM_RETV

RW

1’b1

SRAM retention voltage control in stop mode
1: SRAM voltage is consistent with digital LDO output.
0: SRAM voltage is the low.

15:14

LPR

Low power regulator
VR_LPR_CR=2'b00, stop mode powered by MR
VR_LPR_CR=2'b01, stop mode powered by LPR

VR_LPR_CR=2'b10, Reserved
VR_LPR_CR=2'b11, Reserved

13:12

FLS_SLPTIME

RW

2’b00

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

2'b00: 5us

2'b01: 2us

2'b10: 3us

2'b11: Ous

Note: When this register is set to 2'b11, it means that the pro-
gram 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.

115

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

4’0000

MR bias current configuration.
4’b0000:
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7/.Reset

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

7.1,
7.1.1.

7.1.2.

7.1.3.

Reset source

Power reset
A power reset sets all registers to their reset value, which occurs in the following situations:
[ ] Power on/Down reset (POR/PDR)

[ ] 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:

[ ] Reset of NRST pin

Independent watchdog reset (IWDG)

SYSRESETREQ software reset

Option byte load reset (OBL)

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):

[ ] Reset input

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 PCO 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.

[ ] GPIO

In this mode, the PIN can be used as a standard GPIO, like PCO.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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VCC
Reu 20us filter
NRST

NRST - Fter ST >
WWDG rstn  —p
IWDG rstn —p Sysrstn

A Softwarerstn———» & —»
POR/PDR rstn———
Eci)OIE rstn —>
»| HSI_10M BLrstn )

Figure 7-1 Simplified diagram of the reset circuit

7.1.4. Watchdog reset
See independent watchdog for details.

7.1.5. Software reset
A software reset can be achieved by setting the SYSRESETREQ bit in the ARM MO+ interrupt and
reset control register.

7.1.6.  Option byte loader reset

By configuring FLASH_CR.OBL_LAUNCH = 1, the software generates an option byte load reset,
thereby starting the option byte load again.
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8.Clock

8.1.

8.1.1.

8.1.2.

8.1.3.

8.1.4.

Clock source

High-speed external clock (HSE bypass)
The high-speed external clock can be generated from two sources:
B External clock input from PAG.

B PAG6 automatically enables the input of the I/O when the external clock signal is enabled, and
PAG is prohibited from being used as GPIO.

Low-speed external clock (LSE)

The low-speed external clock (LSE) can be generated from two sources:

B Through an external crystal , with the internal start-up circuit, a clock signal of 32.768 kHz is
generated.

B Input high-speed clock source directly from external.

LSERDY flag in the RCC_BDCR register shows whether the LSE is stable.LSE can be turned on or
off by the LSEON bit.The drive capability can be adjusted via LSE_DRV[1:0].

External clock source (LSE bypass)

In this mode, an external clock source is provided.This mode is selected by software through the
LSEBYP and LSEON bits of RCC_CR.

High-speed internal clock (HSI)

The high-speed internal clock is the most important source of the chip system clock.The center
frequency of the HSI clock source is designed to be 24 MHz and 48 MHz.

Low-speed internal clock (LSI)

The low-speed internal clock, as the clock for 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.

56/294



PY32L020 Reference Manual

8.2.

8.3.

Clock tree

HSI: High-speed internal clock
LSI: Low-speed internal clock
LSE: Low-speed external clock

LSIRC to IWDG,
32.768kHz -

[PSCSZ ouT LSE
32.768kHz to PWR

LSE

M Clock
detector To AHB bus, core, memory

\4

AHB - R
L | prEsC J FCLK Cortex free-running clock=
LSE /1, 2..512 To Cortex system timer
LS|
HSE
APB
PCLK  To APB periphrals
MCO SYSCLK — PRESC —>
[—————- /1..128 /1,2,4,8,16
HSI PCLK
HSIRC | LSE to LPTIM

24148 MHz LSl >

PCLK

to COMP
LSG
HSIDIV pCLK
LSE to ADC
b
HS}
[}—FAS HSE | |syscLK |
LSI ’ If(APB prescaler=1) x1, ‘
HSISYS 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 LSE oscillator startup delay, and disabled when this oscillator is stopped.

If a failure is detected on the LSE clock, the LSE oscillator is automatically disable, a clock failure
event is sent to the break input of advanced-control timer (TIM1) and General-purpose timer (TIM14)
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-maskable interrupt) exception vector.

Note: Once the CSS is enabled and if the LSE 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 processing programs, it is necessary to clear the CSS interrupt by
setting the CSSC bit in the clock interrupt register (RCC_CICR).

If the LSE oscillator is used directly or indirectly as the system clock, a detected failure cause a

switch of the system clock to the LSI oscillator and the disabling of the LSE oscillator.
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8.4. 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 divided MCO signal in the following table is
used to realize the clock output function through the multiplexing function of GPIO.
Table 8-1 Output clock selection
Clock source MCO output clock source
HSI N
SYSCLK N
HSE bypass N
LSE V
LSI V
Note: 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.
8.5. 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.
8.5.1.  HSl 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/LSE), and the accuracy
is closely related to the ratio of the two clock sources.The higher the ratio, the better the measure-
ment.

HSI clock counts between consecutive edges of the LSE signal.Using the high accuracy (ppm level)
of the LSE, the user can measure the clock frequency with the same resolution and can compensate
for production, process, temperature and voltage related frequency deviations by fine-tuning the
clock source.

HSI oscillators have dedicated calibration bits for this purpose and are user accessible.
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8.5.2.

8.6.

8.6.1.

TiIM14

TIH_RMP[1:0]

GPIO
RTCCLK ™

Figure 8-2 Frequency measurement with TIM14 in capture mode

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:
»  TIM14 channel 1 is connected to GPIO
»  TIM14 channel 1 is connected to MCO (Microcontroller clock output)
Clock division
Once the abnormality of HSI clock is detected, it will notify the software to deal with it through inter-
rupt.The software achieves the purpose of dynamic calibration by fine-tuning the trimming parame-
ters of the internal clock.
Connect LSE 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 LSE signal transition edges.
the LSE high precision (ppm) when an external crystal oscillators 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 (eg, the ratio of HSI/LSE):
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.
LSl calibration
Like HSI, the clock frequency of LSl is also affected by voltage, temperature, process and production
drift. The calibration of LS| adopts HSI whose frequency differs greatly from the calibration, and the
calibration method is similar to that of HSI.

The LSl is calibrated by connecting the output of the LSI to the input capture of the TIM14.
Reset/clock register

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

Clock control register (RCC_CR)
Address offset:0x00
Reset value:0x0000 0100
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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 HESNE Res | Res
RW
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res | Res HSIDIV[2:0] FTE?\I{ Res HSION | Res | Res | Res | Res | Res | Res | Res | Res
RW R RW RW
Bit Name R/W Reset Value Function
31:19 Reserved - - Reserved
18 HSEEN RW 0 external clock enable
17:14 Reserved - Reserved
HSI clock division factor.
Software controls these bits to set the frequency division
factor of HSI to generate the HSISYS clock
000: 1
001: 2
010: 4
13:11 HSIDIV[2:0] RW 0
011: 8
100: 16
101: 32
110: 64
111: 128
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.
8 HSION RW 1 When the HSI is used directly or indirectly as the system
clock (also when exiting stop mode).
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:0x00FF 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:
27:26 LSI_STARTUP RW 2'b00 11: 256 LSl clock cycles
10: 64 LSl clock cycles
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Bit

Name

R/W

Reset Value

Function

01: 16 LSl clock cycles
00: 4 LSl clock cycles

25

Reserved

24:16

LSI_TRIM

RW

OxOFF

Low-speed internal clock frequency calibration.Low-
speed internal clock can output 32.768 kHz frequency
though calibration.

After power-on, the chip hardware will write the factory
information (stored in OX1FFF 0144) into this register to
achieve calibration at a specific output frequency of the
LSI.

The calibration values are saved in Flash at the follow-
ing address:

32.768KHz calibration value address: Ox1FFF 0144

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.

15:13

HSI_FS

RW

3’b000

HSI frequency selection:

100:24MHz

101:48MHz

>=110: reserved

After power-on, 24MHz is selected by default.

12:0

HSI_TRIM

RW

O0x10FF

Clock frequency calibration value.

After power-on, the hardware uses the default calibration
value of HSI 24MHz, and the factory information(stored
in Ox1FFF 0100) 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
0100

48 MHz calibration value storage address offset: OX1FFF
0104

After writing the calibration value to this register, it can
also be used as the centre value.Modify the value of this
register.and for each increase(decrease)by 1, the output
frequency of the HSI will increase(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

14 [13 [12

11

10 |9 | 8

4

3

1

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

30:28

MCOPRE[2:0]

RW

Microcontroller clock output(MCO) division factor.Software
controls these bits to set the division factor of the MCO
output:

000:
001:
010:
011:
100: 16

o A N P
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Bit

Name

R/W

Reset Value

Function

101: 32
110: 64

111: 128
Set these hits 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: Reserved

011: HSI

100: HSE

101: Reserved

110: LSI

111: LSE

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 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

100: LSE

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

100: LSE

Others: Reserved

The hardware is configured as HSISYS include:
1) The system exits from stop mode
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8.6.4. External clock source control register (RCC_ECSCR)
Address offset:0x10
Reset value: 0x0001_ 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 | LSE_STARTUP Res LSE_DRIVER
RW RW
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 Res Res
Bit Name R/W Reset Value Function
31:18 Reserved RES - Reserved
LSE crystal oscillator stability time selection.
LSEBYP=0:

00: 4096 LSE clock cycles.
01: 2048 LSE clock cycles.
10: 8192 LSE clock cycles.

11: Directly output without considering stabil-
21:20 LSE_STARTUP RW 0x0 ity time
LSEBYP=1:

00: 2048 LSE clock cycles.
01: 1024 LSE clock cycles.
10: 4096 LSE clock cycles.

11: Directly output without considering stabil-
ity time

Low-speed crystal oscillator drive capability se-
lection

00: The weakest driving ability
01: Weak driving ability
10: Default drive capability (recommended)

17:16 LSE DRIVER RW 0x10 11: The strongest driving ability

Note: The proper drive capability needs to be se-
lected according to the crystal characteristics,
load capacitance and parasitic parameters of the
circuit board.The greater the driving ability, the
greater the power consumption and the weaker
the driving ability, the less the power consump-
tion.

15:0 Reserved -

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
HSI LSE LSI
Res | Res | Res | Res | Res | Res | Res | Res | Res | Res Res Res RDYIE Res RDYIE | RDYIE
RW RW RW
Bit Name R/W Reset Value Function
31:4 Reserved - - Reserved
3 HSIRDYIE RW 0 HSI clock ready interrupt enable.
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Bit Name R/W Reset Value Function
0: Disable
1: Enable
2 Reserved - - Reserved
LSE clock ready interrupt enable.
1 LSERDYIE RW 0 0: Disable
1: Enable
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
LSE HSI LSE LSI
Res | Res | Res | Res | Res | Res CSSE Res | Res | Res | Res Res RDYE Res RDYE | RDYE
R R R R
Bit Name R/W Reset Value Function
31:10 Reserved - - Reserved
LSE clock security system (CSS) interrupt flag.
When hardware detects LSE, this register is set when the
OSC clock fails.
9 LSECSSF R 0 0: LSE clock detection failure interrupt is not generated,
1: LSE clock detection failure interrupt generation,
Programming LSECSSC register 1 clears this bit.
8:4 Reserved - - Reserved
HSI ready interrupt flag
This bit is set by hardware when HSI is stable and
HSIRDYIE is enabled.Software clears this bit by setting
3 HSIRDYF R 0 the HSIRDYC bit.
0: No clock ready interrupt caused by HSI
1: Clock ready interrupt caused by HSI
2 Res - - Reserved
LSE ready interrupt flag
This bit is set by hardware when LSE is stable and LSE
RDYIE is enabled.Software clears this bit by setting the
1 LSERDYF R 0 LSERDYC bit.
0: No clock ready interrupt caused by LSE
1: Clock ready interrupt caused by LSE
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
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
HSI LSE LSI
Res | Res | Res | Res | Res | Res | LSECSSC | Res | Res | Res | Res | Res RDYC Res RDYC | RDYC
W W W W
Bit Name R/W Reset Value Function
31:10 Reserved - - Reserved
LSE clock security system (CSS) interrupt flag is cleared.
9 LSECSSC w 0 0: No effect,
1: Clear the LSECSSF flag
8:4 Reserved - - Reserved
HSI ready flag is cleared.
3 HSIRDYC W 0 0: No effect.
1: Clear the HSIRDYF bhit.
2 Reserved - - Reserved
LSE ready flag is cleared.
1 LSERDYC W 0 0: No effect.
1: Clear the LSERDYF bit.
LSl ready flag is cleared.
0 LSIRDYC W 0 0: No effect.
1: Clear the LSIRDYF bit.
8.6.8. I/Ointerface 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 7 6 5 4 3 2 1 0
GPIOC | GPIOB | GPIOA
Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res Res | Res RST RST RST
RW RW
Bit Name R/W Reset Value Function
31:3 Reserved - - Reserved
1/0 PortC reset.
2 GPIOCRST RW 0 0: no effect;
1. PortC /O reset;
I/O PortB £1iL.
1 GPIOBRST RW 0 0: no effect;
1. PortB I/O reset
1/0 PortA reset.
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
CRC FLASH
Res | Res | Res RST Res | Res | Res RST Res | Res | Res | Res | Res | Res | Res Res
RW RW
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Bit Name R/W Reset Value Function
31:13 Reserved - - Reserved
CRC module reset.
12 CRCRST RwW 0 0: no effect,
1: CRC module reset,
11:9 Reserved - - Reserved
FLASH interface module reset.
8 FLASHRST RW 0 0: no effect;
1: FLASH interface module reset;
7:0 Reserved - - Reserved

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
RST Res | Res RST | RST Res | Res | Res | Res | Res RST 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
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,
20:0 Reserved - - 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
COMP | COMP | AD
Res Res F\;e Res Res F\’Se F;e F\’Se F;e 2 1 C Rse F\;e Rse Res
RST RST RST
RW RW RW
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SYS
TIM1 USART SPI TIM
4 1 Rse 1 1 Ffse Rse Ffse Rse Res Res | Res Rse Rse Rse %F
RST RST RST | RST RST
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;
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Bit Name R/W Reset Value Function
1: The module is reset;
COMP1 module reset.
21 COMPI1RST 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;
19:16 Reserved - - Reserved
TIM14 module reset.
15 TIM14RST RW 0 0: no effect;
1: The module is reset;
USART1 module reset.
14 USARTI1RST RW 0 0: no effect;
1: The module is reset;
13 Reserved - - Reserved
SPI1 module reset.
12 SPIIRST RW 0 0: no effect;
1: The module is reset;
TIM1 module reset.
11 TIMIRST 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)
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 Res Res | Res GFI;INOC GEINOB GEINOA
RW RW RW
Bit Name R/W Reset Value Function
31:3 Reserved - - Reserved
1/0 PortC clock enable.
2 GPIOCEN RW 0 0: Clock disabled;
1: Clock enable
1/0 PortB clock enable.
1 GPIOBEN RW 0 0: Clock disabled;
1. Clock enable
1/0 PortA clock enable.
0 GPIOAEN RW 0 0: Clock disabled;
1. Clock enable
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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
Res | Res | Res EN Res | Res MEN EN Res | Res | Res | Res | Res | Res | Res | Res
RW RW RW
Bit Name R/W Reset Value Function
31:13 Reserved - - Reserved
CRC module clock enable
12 CRCEN RW 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
7:0 Reserved - - Reserved
8.6.14. APB peripheral clock enable register 1 (RCC_APBENR1)
Address offset:0x3C
Reset value:0x0000 0000
31 30 29 27 26 25 24 23 22 21 20 19 18 17 16
LPTIM PWR | DBG 12C
EN Res Res EN Res | Res | Res | Res | Res EN Res | Res | Res Res Res
RW RW RW RW
15 14 13 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
Bit Name R/W Reset Value Function
LP Timerl module clock enable.
31 LPTIMEN 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 I2CEN RW 0 0: Disable
1. Enable
20:0 Reserved - - Reserved
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8.6.15. APB peripheral clock enable register 2 (RCC_APBENR2)
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
Res Res R;e Res | Res R,;e Rse R,;e Rse 2 1 C Ze Rse R;e Res
EN EN EN
RW RW RW
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SYS
TIM1 USART SPI TIM
4 1 Rse 1 1 Rse F;e Rse F;e Res Res | Res Rse R’Se Rse CGF
EN EN EN EN 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
COMP1 module clock enable.
21 COMPI1EN RW 0 0: Disable
1: Enable
ADC module clock enable.
20 ADCEN RW 0 0: Disable
1: Enable
19:16 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 SPI1EN 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
i g 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 LPTIMISEL[1:0 Res | Res
RW RW
é i 13 12 11 10 9 8 7 6 5 4 3 2 1 0
comMP ag
Res Res 2 1 Res Res Res | Res | Res | Res Res Res Res | Res
SEL SEL
RW RW
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Bit Name R/W Reset Value Function
31:20 Reserved - - Reserved
LPTIM1 internal clock source selection.
00: PCLK
19:18 LPTIMSEL[1:0] RW 2’b00 01: LSl
10: No clock
11: LSE
17:12 Reserved - - Reserved
COMP2 module clock source selection.
0: PCLK
11 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
10 COMP1SEL RW 0 1: LSC (Clock selected by RCC_BDCR.LSCOSEL)
Note:Configure this register to select the clock before
enabling COMP2 FR2.FLTEN.
9:0 Reserved - - Reserved

8.6.17. RCC 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
LSC LSC
SRe Ee SRe Ee SRe Ee O O Se Res Res Se SRe Res | Res | Res
SEL EN
RW RW
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
LSE | LSE | LS
SRe F;e F;e Rse F;e Rse Res F;e LSEDCSS Lch)ﬁS Res BY RD E
P Y ON
RW RW RW R RW
Bit Name R/W Reset Value Function
31:26 Reserved - - Reserved
Low-speed clock selection.
25 LSCOSEL RW 0 0: LSl
1: LSE
Low-speed clock enable.
24 LSCOEN RW 0 0: Disable
1: Enable
23:7 Reserved - - Reserved

LSE CSS (clock security system) detection failed.

This bit is set by hardware to indicate that CSS detects
6 LSECSSD R 0 32.768 kHz OSC (LSE) failed.

0: No LSE detected failure

1: Failed to detect ISE

LSE CSS {#fg

0: E|F

5 LSECSSON RW 0 1: {F8E

50 LSEON=1 3£ H LSERDY=1 [5 A E(F8E LSECSSON.
—BfFgeizfi, FeeBitizfZELL, BRIE LSECSSD=1.

4:3 Reserved - -

LSE OSC bypass

0: Not bypassed, the low-speed external clock selects the
crystal oscillator

2 LSEBYP RW 0 1: Bypassed, the low-speed external clock selects the ex-
ternal interface input clock

Note: This bit can only be written when the external 32.768
kHz OSC is disabled (LSEON = 0 and LSERDY = 0).
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Bit Name R/W Reset Value Function
LSE OSC ready bhit.
Set by hardware, cleared by hardware, indicating when
1 LSERDY R 0 LSE is stable
0: Not ready
1: Ready
LSE OSC enabled.
0 LSEON RW 0 0: Disable
1: Enable
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
31 | 30 29 28 27 26 25 24 23 22 | 21 | 20 | 19 | 18 | 17 16
IWD PW
SFT PIN | OBL
Re | Re G RST R RST | RST Res RMV | Re | Re | Re | Re | Re Res | Res
S S RST RST F S S S S S
F F F
F F
R R R R R RW
15 | 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
LSl
Re | Re Res | Res | Res | Res | Res PINRST_FLT- Res Re | Re | Re | Re | Re RD LSIO
S S DIS S S S S S Y N
RW R RW
Bit Name R/W Reset Value Function
31 Reserved
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.
27 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 RMVE RW 0 tF(QJeiset flags [30:25] need to be cleared by setting software
NRST filter disabled
0: HSI_10M is enabled, and the filter 40 us width function is
8 PINRST_FLTDIS RW 0 enabled
1: The filtering function is disabled, and HSI_10M remains
off
7:2 Reserved - - Reserved
LSI OSC stable flag.
1 LSIRDY R 0 0: LSl is not stable
1: LSI has stabilized
LS| OSC enabled.
0: Disable
1: Enable
0 LSION RW 0 Set by software, cleared by software.This bit is set by
hardware when IWDG is enabled by hardware (via option
byte) and LSECSS is enabled by software.

71/294




PY32L020 Reference Manual

9.General-purpose I/0s (GPIO)

9.1.

9.2.

9.3.

GPIO introduction

Each GPIO port has:

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

Two 32-bit data registers (GPIOx_IDR and GPIOx_ODR)

One 32-bit set/reset register (GPIOXx_BSRR)

One 32-bit lock register (GPIOXx_LCKR)

One alternate function selection register (GPIOx_AFRL).

PIO main features

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

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

Input states: floating, pull-up/down, analog

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

Bit set and reset register (GPIOx_ BSRR) for bitwise write access to GPIOx_ODR

Locking mechanism (GPIOx_LCKR) provided to freeze the 1/O port configurations

Analog function

Alternate function selection registers(at most 8 alternate functions per I/O port)

Fast toggle capable of changing every single cycle

Highly flexible pin multiplexing allows the use of 1/O pins as GPIOs or as one of several periph-

eral function

GPIO functional description

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

Input floating
Input pull-up

Input pull-down

— Analog input

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

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

— Alternate function push-pull with pull-up or pull-down capability

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

Each /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 read/modify Independent 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.

The figure of an 1/O port(1 bit) basic structure as follows:

Analog input/output

To on-chip peripherals,

power control and EXTI L |
Digital input

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

VDD
Read

~ ‘

‘ TTL Schmitt Trigger

|
|
T
|
|
|
|
|
| On/off
|
|
|
|
|
|
|

On/off ‘

Input data register

Write

1/0 pad

On/off ‘

‘ Bit set/reset registers

|

-

Read/write Output control

Output data
register

From on-chip
peripheral

Alternate function output

Figure 9-1 10 Basic structure of an I/O port bit

General-purpose I/0 (GPIO)

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

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

—PA2-SWCLK: in pull-down mode

—PB6-SWDIO: in pull-up 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

depending on the value in the GPIOx_PUPDR register.

I/O pin alternate function multiplexer and mapping

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

Each I/O pin has a multiplexer with up to eight alternate function inputs (AFO to AF7) that can be
configured through the GPIOx_AFRL (for pin 0 to 7) registers:

[ ] After reset the multiplexer selection is alternate function 0 (AF0).The 1/Os are configured in
alternate function mode through GPIOx_MODER register.

[ ] The specific alternate function assignments for each pin are detailed in the device datasheet.
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9.3.3.

9.3.4.

9.3.5.

In addition to this flexible /0O multiplexing 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:

B Debug function: After each reset, these pins are assigned as alternate function pins immedi-
ately usable by the debugger host.

B GPIO: Configure the corresponding 1/O port as output, input or analog mode in GPIOx_MODER
register
Peripheral multiplexing function:
The 1/O corresponding to the register GPIOx_AFRL configuration is the alternate function x (x
=0...7).

B Registers GPIOXx_OTYPER, GPIOx_PUPDR and GPIOX_ OSPEEDER configure the type, pull-
up/pull-down and output speed respectively.
Configure the corresponding I/O as an alternate function in the GPIOx_MODER register.
Additional functions:
ADC and COMP functions are enabled in the registers of the ADC and COMP modules, in
every I/O configuration.When the I/O is used as ADC or COMP, it is recommended to configure
the port as analog mode through the register GPIOx_MODER.

B For additional functions of the crystal oscillator, configure the respective functions in the corre-
sponding 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, GPIOXx_OSPEEDR and GPIOx_PUPDR) to configure up to 16 1/Os.The register
GPIOx_MODER is used to select the I1/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 direc-

tion.

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 acces-
sible.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
written 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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9.3.6.

9.3.7.

9.3.8.

9.3.9.

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 GPIOx_BSRR register to change the values of individual bit in GPIOx_ODR is a “one-
shot” effect that does not lock the GPIOx_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.

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, and
GPIOx_AFRL.

A special write/read sequence can manipulate the register GPIOx_LCKR.When the right lock se-
guence is applied to bit 16 in this register, the value of LCKR[15:0] can LOCK the 1/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 and GPIOx_AFRL).

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.

I/O alternate function input/output

Two registers are provided to select one of the alternate function input/outputs available for each
I/0.The user can connect an alternate function to the 10 port according as required by the applica-
tion.

This means that a number of possible peripheral functions are multiplexed on each GPIO using the
GPIOx_AFRL 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.

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.

I/O input configuration

When the 1/O port is configured as input:

B The output buffer is disabled.

B The Schmitt trigger input is enable.

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

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

cycle.
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B Avread access to the input data register provides the I/O status.
Analog input/output
To/from on-chip
peripherals, power « [T
control and EXTI | |
N ! Input driver :
. ! |
|
% ! o : VCC
2o : | -
Read 2 | :
> s : ~\ e
© |
g E : ‘ TTL Schmitt Trigger : On/off |
) 2 | |
R 2 I |
= N < ___
Write 2 9] L | T T T T T T T T T T T T T T .—.—'
2 i | Output driver :
§ @D : : 1/0 pad
E 8 ! O/ ! On/off |
wn © | +
£~ o | |
) @ 5 | !
Read/write oY | :
-« 53 ' I
o : |
— | : -
b _aZIn |

Figure 9-2 input floating/pull up/pull down configurations

9.3.10. 1/O output configuration
When the 1/O port is configured as output:

The output buffer is enabled:
— Open-drain mode: A '0'in the output register activates the N-MOS whereas a '1' in the
output registe leaves the port in a high-impedance state (the PMOS is never activated).
— Push-pull mode: A '0' in the output register activates the N-MOS whereas a '1' in the
output register activates the P-MOS.
The Schmitt trigger input is activated
The pull-up and pull-down resistors can be enabled/disabled according to the configuration of
the GPIOx_PUPDR register
The data present on the 1/O pins are sampled into the input data register every AHB clock cycle
A read access to the input data register gets the 1/O state

A read access to the output data register gets the value of the last write
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Analog input/output
| Inputdriver |
Digital input !
To on-chip peripherals, 'ital Inpu : :
power control and EXTI | :
: |
g : !
i I -
) : on | VCC
Read “ | |
< % ; ~\ :.
o ! <
2 o | ‘ TTL Schmitt Trigger I On/off |
g 3 - !
H | 0 o mmmmm e s mmme e
'gb = PTTTTT T T T T T |
Write = ! Output driver vCCT '® D
e — N 7]
D : : 1/0 pad
= |
> 8 ! ' onjoff |
s T 9 |
= = B | I
. o R | |
Read/write 43' o Output control |
|
-« O | :
) : : -
From. on-chip Alternate function output : Push-pull or |
peripheral L O_P_en_“i@iﬂ _______ :

Figure 9-3 Output configuration

9.3.11. Alternate function configuration

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

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

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

B The Schmitt trigger input is activated.

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

B The data present on the I/O pins are sampled into the input data register every AHB clock cy-
cle.

B Aread access to the input data register gets the 1/O state.
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Analog input/output
ottt T T T ';
Digital input : Input driver |
Alternate function input < : :
| |
1 |
| |
g ! l
k] : I VCC
&0 | On |
Read s | |
< g < T o
© | | <
g o | ‘ TTL Schmitt Trigger I On/off |
2 g_ S, |
0 = e it |
Write - I Output driver VCCT :. D
— o | |
4] ! | 1/0 pad
> © | i
2 g | 1| on/foff |
2 S g I |
. =) 52 | I
Read/write g o Output control
|
“ > O |
) : =
From on-chip Alternate function output : Push-pull .or
peripheral | open-drain !

Figure 9-4 Alternate function configuration

9.3.12. Analog configuration
When an 1/O port is configured as analog configuration:
B The output buffer is disabled.
B 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".
B The weak pull-up and pull-down resistors are disabled (Requires software to set
GPIOx_PUPDR to 00).

B Read access to the input data register gets the value is '0.

Analog input/output

<
<

To/from on-chip
peripherals, power < [mmm
control and EXTI | |
! Input driver :
< : |
2 | off !
2 | : vCe
|
Read b 0 //‘ :
« g : ~ —e
el |
g 2 | ‘ TTL Schmitt Trigger | On/off |
% a2 | !
& = . |
. (0] — |- T T T T T T T T T T T T T T T T T T T
Write = 9] | D—Q—D
- + I Output driver |
—_—> o 44 |
2 oy | : 1/0 pad
& L | |
2 s L o ! on/off |
- o ! |
) ) I |
Read/write 2 | :
o = I |
(o] : |
: : -

Figure 9-5 High impedance-analog configuration
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9.3.13. Use the LSE oscillator pins as GPIOs
When the LSE oscillator is switch off (default state after reset), the related oscillator pins can be
used as normal GPIOs.
When the LSE oscillator is switch on (by setting the LSEON 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.
9.4. GPIO registers
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, C)
Address offset: 0x00
Reset value:
° 0x0000 FFEF for GPIOA
) GPIOB reset value
a) Flash option byte configured with SWD: 0x0000 FFFF
b) Flash option byte not configured with SWD: 0x0000 EFFF
® GPIOC reset value
a) Flash option byte not configured with SWD : 0x0000 000F
b) Flash option byte configured with SWD: 0x0000 000E
31 | 30 29 | 28 27 | 26 25 | 24 23 | 22 21 | 20 19 | 18 17 | 16
MODE15[1: | MODE14[1: | MODE13[1: | MODE12[1: | MODE11[1: | MODE10[1: MODE9[1:0] | MODES[1:0]
0] 0] 0] 0] 0] 0]
rw r'w rw r'w rw rw w r'w w w rw rw w w rw rw
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
MODE7[1:0] | MODE®6[1:0] | MODE5[1:0] | MODE4[1:0] | MODE3[1:0] | MODE2[1:0] | MODE1[1:0] | MODEO[1:0]
w [ w [ w [ w w | w w | rw w | w w | w w | w w | w
Bit Name R/W Reset Value Function
y=15..0
These bits are written by software to configure the 1/O
mode
31: 0 MODEYy[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, C)
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
OT15 | OT14 | OT13 | OT12 | OT11 | OT10 | OT9 | OT8 | OT7 | OT6 | OT5 | OT4 | OT3 | OT2 | OT1 | OTO
'w 'w 'w 'w 'w 'w 'w w 'w 'w 'w 'w 'w 'w r'w 'w
Bit Name R/W Reset Value Function
31:16 Reserved
These bits are written by software to configure the 1/0
15:0 MODE[15:0] RW output type

0: Output push-pull (reset state)
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| 1: Output open-drain

9.4.3. GPIO port output speed register (GPIOx_OSPEEDR) (x = A, B, C)
Address offset: 0x08
Reset value: 0x0000 0000(for other ports)
GPIOB reset value
a) Flash option byte configured with SWD: 0x0000 0000
b) Flash ooption byte not configured with SWD: 0x0000 3000
c) Reset value: 0x0000 0000(for other ports)
GPIOC reset value
a) Flash option byte configured with SWD: 0x0000 0003
b) Flash ooption byte not configured with SWD: 0x0000 0000
31 | 30 29 | 28 27 | 26 25 | 24 23 | 22 21 | 20 19 | 18 17 | 16
OSPEED15 | OSPEED14 | OSPEED13 | OSPEED12 | OSPEED11 | OSPEED10 OSPEED9 OSPEEDS8
'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
OSPEED7 OSPEED6 OSPEED5S OSPEED4 OSPEED3 OSPEED2 OSPEED1 OSPEEDO
w [ rw w [ rw w [ rw w [ rw w [ rw w [ rw w [ rw w [ rw
Bit Name R/W Reset Value Function
Y =15..0
These bits are written by software to configure the 1/O
output speed
00: Very low speed
31:.0 OSPEEDy[1:0] RW
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, C)
Address offset: Ox0C
Reset value:
0x0000 0020(for port A)
GPIOB reset value
a) Flash option byte configured with SWD: 0x0000 0000
b) Flash ooption byte not configured with SWD: 0x0000 1000
GPIOC reset value
a) Flash option byte configured with SWD: 0x0000 0001
b) Flash ooption byte not configured with SWD: 0x0000 0000
31 | 30 29 | 28 27 | 26 25 | 24 23 | 22 21 | 20 19 | 18 17 | 16
PUPD15[1:0 | PUPD14[1:0 | PUPD13[1:0 | PUPD12[1:0 | PUPD11[1:0 | PUPD10[1:0 PUPD9[1:0] | PUPD8[1:0]
r'w rw 'w rw '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
PUPD7[1:0] | PUPD6[1:0] | PUPD5[1:0] | PUPD4[1:0] | PUPD3[1:0] | PUPD2[1:0] | PUPD1[1:0] | PUPDO[1:0]
rw|nN rw|nN rw|rw rwlrw rwlrw rwlrw rw|rw rwlrw
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
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9.4.5. GPIO port input data register (GPIOx_IDR) (x = A, B, C)

Address offset: 0x10
Reset value: 0x0000 XXXX

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

Reserved

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

ID15 | ID14 | ID13 | ID12 | ID11 | ID10 | ID9 | ID8 | ID7 | ID6 | ID5 | ID4 | ID3 | ID2 | ID1 | IDO

r r r r r r r r r r r r r r r r
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 I/O port

9.4.6. GPIO port output data register (GPIOx_ODR) (x = A, B, C)

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 1" 10 9 8 7 6 5 3 2 1 0

4

OD1 OD1 OD1 OD1 OD1 OD1 oD oD oD oD oD oD oD oD oD oD
4
rw

5 4 3 2 1 0 9 8 7 6 5 3 2 1 0
w w w w rw rw rw rw rw rw w rw rw w w
Bit Name R/W Reset Value Function
31: 16 Reserved
y=15..0
These bits are readable and writable by software.
15: 0 ODy RW Note: For GPIOx_BSRR or GPIOx_BRR registers.(x=
A, B, F), each ODR bit can be independently
set/cleared.

9.4.7. GPIO port bit set/reset register (GPIOx_BSRR) (x = A, B, C)

Address offset: 0x18
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
BR15 | BR14 | BR13 | BR12 | BR11 | BR10 | BR9 | BR8 | BR7 | BR6 | BR5 | BR4 | BR3 | BR2 | BR1 | BRO
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
BS15 | BS14 | BS13 | BS12 | BS11 | BS10 | BS9 | BS8 | BS7 | BS6 | BS5 | BS4 | BS3 | BS2 | BS1 | BSO
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 ODRY 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
15: 0 BSy w the value of 0.

0: No action on the corresponding ODRY bit

1: Set the corresponding ODRYy bit
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9.4.8. GPIO port configuration lock register (GPIOx_LCKR) (x = A, B, C)
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)
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 L%K
rw
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
LCK | LCK | LCK | LCK | LCK | LCK | LCK | LCK | LCK | LCK | LCK | LCK | LCK | LCK | LCK | LCK
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
rw rw rw rw rw rw rw rw rw rw rw w w w 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-
quence 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, C)
Address offset: 0x20
Reset value: 0x0000 0000
31 [ 30 | 29 | 28 27 | 26 [ 25 ] 24 23 [22] 21 ] 20 19 18 [ 17 [ 16
Res. AFSEL7[2:0] | Res. | AFSEL6[2:0] Res. AFSEL5[2:0] Res. | AF-SEL4[2:0]
rw rw rw w_ | rw rw w | rw rw rw w_| rw
15 14 13 12 11 10 9 8 6 5 4 3 2 1 0
Res. AFSEL3[2:0] Res. | AFSEL2[2:0] Res. AFSEL1[2:0] Res. | AFSELOQ[2:0]
w [ rw [ rw w [ rw ] w w | rw | rw w [ w [rw
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Bit

Name

R/IW

Reset Value

Function

31

Reserved

30:28

AFSELy[2:0] ((y=7 to 0)

RW

These bits are written by software to configure
alternate function I/O.
AFSELy selection:

000:AFO0
001:AF1
010:AF2
011:AF3
100:AF4
101:AF5
110:AF6
111:AF7

27

Reserved

26:24

AFSELy[2:0] ((y=7 to 0)

RW

These bits are written by software to configure
alternate function I/O.
AFSELYy selection:

000:AFO0
001:AF1
010:AF2
011:AF3
100:AF4
101:AF5
110:AF6
111:AF7

23

Reserved

22:20

AFSELy[2:0] ((y=7 to 0)

RW

These bits are written by software to configure
alternate function 1/O.
AFSELy selection:

000:AFO0
001:AF1
010:AF2
011:AF3
100:AF4
101:AF5
110:AF6
111:AF7

19

Reserved

18:16

AFSELy[2:0] ((y=7 to 0)

RW

These bits are written by software to configure
alternate function I/O.
AFSELy selection:

000:AFO
001:AF1
010:AF2
011:AF3
100:AF4
101:AF5
110:AF6
111:AF7

15

Reserved

14:12

AFSELY[2:0] ((y=7to 0)

RwW

These bits are written by software to configure
alternate function I/O.
AFSELy selection:

000:AFO0
001:AF1
010:AF2
011:AF3
100:AF4
101:AF5
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Bit

Name

R/IW

Reset Value

Function

110:AF6
111:AF7

11

Reserved

10:8

AFSELy[2:0] ((y=7 to 0)

RW

These bits are written by software to configure
alternate function I/O.
AFSELYy selection:

000:AFO0
001:AF1
010:AF2
011:AF3
100:AF4
101:AF5
110:AF6
111:AF7

11

Reserved

10:8

AFSELy[2:0] ((y=7 to 0)

RW

These bits are written by software to configure
alternate function I/O.
AFSELy selection:

000:AFO0
001:AF1
010:AF2
011:AF3
100:AF4
101:AF5
110:AF6
111:AF7

Reserved

6:4

AFSELy[2:0] ((y= 7 to 0)

RW

These bits are written by software to configure
alternate function 1/O.
AFSELy selection:

000:AFO0
001:AF1
010:AF2
011:AF3
100:AF4
101:AF5
110:AF6
111:AF7

Reserved

2:0

AFSELY[2:0] ((y=7 to 0)

RW

These bits are written by software to configure
alternate function I/O.
AFSELy selection:

000:AFO
001:AF1
010:AF2
011:AF3
100:AF4
101:AF5
110:AF6
111:AF7
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9.4.10. GPIO alternate function register (high) (GPIOx_AFRH) (x = A, B, C)

Address offset; 0x24

Reset value: 0x0000 0000

31

30

| 29 [ 28 27 [ 26 | 25 |

24 23

22 ] 21 | 20 19 18 [ 17 ] 16

Res.

AFSEL15[2:0] | Res. AFSEL14

2:0] Res.

AFSEL13[2:0] Res. | AFSEL12[2:0]

r'w

w w 'w

rw

rw

15

14

13 12 1 10

9

8 7

rw rw rw rw w | w
6

5 4 3 2 1 0

Res.

AFSEL11[3:0] | Res. AFSEL10

2:0] Res.

AFSEL9[2:0] Res. AFSELS8[2:0]

w [ rw w [ rw

rw

w | w [ rw w [ rw [rw

Bit

Name

R/W

Reset Value

Function

31

Reserved

30:28

AFSELy[2:0] ((y=8 to 15)

RW

These bits are written by software to configure
alternate function I/O.
AFSELy selection:

000:AFO0
001:AF1
010:AF2
011:AF3
100:AF4
101:AF5
110:AF6
111:AF7

27

Reserved

26:24

AFSELy[2:0] ((y=81to 15)

RW

These bits are written by software to configure
alternate function I/O.
AFSELy selection:

000:AFO0
001:AF1
010:AF2
011:AF3
100:AF4
101:AF5
110:AF6
111:AF7

23

Reserved

22:20

AFSELy[2:0] ((y=81to 15)

RW

These bits are written by software to configure
alternate function I/O.
AFSELYy selection:

000:AFO0
001:AF1
010:AF2
011:AF3
100:AF4
101:AF5
110:AF6
111:AF7

19

Reserved

18:16

AFSELy[2:0] ((y=8to 15)

RwW

These bits are written by software to configure
alternate function I/O.
AFSELy selection:

000:AFO
001:AF1
010:AF2
011:AF3
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Bit

Name

R/IW

Reset Value

Function

100:AF4
101:AF5
110:AF6
111:AF7

15

Reserved

14:12

AFSELy[2:0] ((y=8to 15)

RW

These bits are written by software to configure
alternate function I/O.
AFSELYy selection:

000:AFO0
001:AF1
010:AF2
011:AF3
100:AF4
101:AF5
110:AF6
111:AF7

11

Reserved

10:8

AFSELy[2:0] ((y=81t0 15)

RW

These bits are written by software to configure
alternate function I/O.
AFSELy selection:

000:AFO0
001:AF1
010:AF2
011:AF3
100:AF4
101:AF5
110:AF6
111:AF7

11

Reserved

10:8

AFSELy[2:0] ((y= 8 to 15)

RW

These bits are written by software to configure
alternate function 1/O.
AFSELy selection:

000:AFO
001:AF1
010:AF2
011:AF3
100:AF4
101:AF5
110:AF6
111:AF7

Reserved

6:4

AFSELy[2:0] ((y=81to 15)

RW

These bits are written by software to configure
alternate function I/O.
AFSELy selection:

000:AFO
001:AF1
010:AF2
011:AF3
100:AF4
101:AF5
110:AF6
111:AF7

Reserved

2:0

AFSELy[2:0] ((y=81to 15)

RwW

These bits are written by software to configure
alternate function I/O.
AFSELy selection:

000:AFO0
001:AF1
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Bit Name R/W Reset Value Function
010:AF2
011:AF3
100:AF4
101:AF5
110:AF6
111:AF7

9.4.11. GPIO port bit reset register (GPIOx_BRR) (x = A, B, C)

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 8 2 1 0
BR15 | BR14 | BR13 | BR12 | BR11 | BR10 | BR9 | BR8 | BR7 | BR6 | BR5 | BR4 | BR3 | BR2 | BR1 | BRO
w w w w w 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 returns
15:0 Bry RW the value of 0.

0: No action on the corresponding Ody bit

1: Clear the corresponding Ody bit
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10.

System configuration controller

(SYSCFG)

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

controller are:

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

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 control special I/O 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.Af-
ter 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)
31 [30 [29 [28 [27 [26 [25 [23 [22 [21 [20 [19 18 17 16
Res I2C_PB6_ | 12C_PB4_ | I2C_PB3_ | I12C_PA2_
EllC EllC EllC ElC
- RW RW RW RW
15 [14 [13 12 J11 J10 J9 [7 e [5 4 3 2 1 0
Res MEM_MODE[1:0]
- RW
Bit Name R/W Reset Value Function
31:20 Reserved RW - Read and write
Enable the I2C analog filtering that controls PB6.
19 12C_PB6_FMP RW 0 0: Analog filtering off.
1: Analog filtering enabled.
Enable the I2C analog filtering that controls PB4.
18 12C_PB4_FMP RwW 0 0: Analog filtering off.
1: Analog filtering enabled.
Enable the I)C analog filtering that controls PB3.
17 12C_PB3_FMP RwW 0 0: Analog filtering off.
1: Analog filtering enabled.
Enable the I)C analog filtering that controls PB2.
16 I12C_PA2_FMP RwW 0 0: Analog filtering off.
1: Analog filtering enabled.
15:2 Reserved RW 0 Read and write
Memory mapping selection bit
1:0 MEM_MODE Set and clear by software.They control the mapping of
’ [1:0] memory at address 0x0000 0000.After reset, these bits

take on the actual boot mode configuration values.
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Bit Name R/W Reset Value Function
X0: Main flash, mapped at 0x0000 0000
01: System flash , mapped at 0x0000 0000
11: SRAM, mapped at 0x0000 0000
10.1.2. SYSCEFG configuration register 2 (SYSCFG_CFGR2)
Address offset:0x18
Reset value: 0x0000
31 | 30| 29| 28| 27 26 25 24 |23 | 22|21 20 19 18 | 17 16
Re | Re | Re | Re | Re Res Res Re | Re | Re | Re Res Res Re | Re Res
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
LOCK
Re | Re | Re | Re | Re | ETR_SRC_ | Re | Re | Re | Re | COMP2_BRK | COMP1_BRK | Re | Re uP
S S S S S TIM1 S S S S _TIM1 _TIM1 S S _LoC
K
RW RW RW RW
Bit Name R/W Reset Value Function
31:11 Reserved - - -
TIMER1 ETR input source selection
' ETR SRC , 2,bOOE ETR source from GPIO
10:9 TIMA[1:0] RW 2’b00 2'b01: ETR source from COMP1
- ’ 2’b10: ETR source from COMP2
2’b11: ETR source from ADC
8:5 Reserved - - -
COMP2 as TIMx break input enable.
4 COM$|2MFRK RW 0 0: COMP2 output is not used as TIM1 break input
- 1: COMP2 output as TIM1 break input
COMP1 {EJ3 TIMx break i\ {FE8E.
3 COM.ﬁh—fRK— RW 0 0: COMPL1 output is not used as TIM1 break input
1: COMP1 output as TIM1 break input
2:1 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-M0O+ to
LOCKUP_ the brake input of TIM1. .
0 LOCK RW 0: The LOCKUP output of Cortex-MO+ is not connected
to the brake input of TIM1.
1: The LOCKUP output of Cortex-M0+ is connected to
the brake input of TIM1.
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10.1.3. GPIO filtering enable (GPIO_ENS)
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 | PC ENS
RW | RW
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PB_ENS PA_ENS
RW[RW]|] RW [RW|[RW|RW|RW|RW[RW[RW]|] RW [ RW [ RW [RW [RW | RW
Bit Name R/W Reset Value Function
31: 18 reserved RES - reserved
Noise filter enable, active high
17: 16 PC_ENS|X] RwW 0 0: noise filter bypassed
1: noise filter enabled
Noise filter enable, active high
15: 8 PB_ENSI[X] RW 0 0: noise filter bypassed
1: noise filter enabled
Noise filter enable, active high
7:0 PA_ENSIX] RW 0 0: noise filter bypassed
1: noise filter enabled
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11.

Interrupts and events

11.1. Nested vectored interrupt controller (NVIC)
11.1.1. NVIC main features
| 32 maskable interrupt channels (not including the 16 CPUs interrupt lines)
] 4 programmable priority levels (2 bits of interrupt priority are used)
| Low-latency exception and interrupt handling
| Power management control
] Implementation of System Control Registers
The NVIC and the interface of CPU are closely coupled, which enables low latency interrupt pro-
cessing and efficient processing of late arriving interrupts.All interrupts including the CPU exceptions
are managed by the NVIC.
11.1.2. 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 frcik/8).
11.1.3. Interrupt and exception vectors
Posi- | Prior- | Type of e
tion ity priority Acronym Description Address
- - - - Reserved 0x0000 0000
- -3 fixed Reset Reset 0x0000_0004
Non maskable interrupt.
- -2 fixed NMI_Handler The RCC Clock Security System (CSS) | 0x0000_0008
is linked to the NMI vector.
- -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 - SysTick System tick timer 0x0000_003C
0 7 - Reserved Reserved 0x0000_0040
1 8 - Reserved Reserved 0x0000_0044
2 9 - Reserved Reserved 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 - Reserved Reserved 0x0000_0064
10 17 - Reserved Reserved 0x0000_0068
11 18 - Reserved Reserved 0x0000_006C
ADC and COMP interrupts (COMP
12 19 settable ADC_COMP combined with EXTI 17 & 18) 0x0000_0070
13 20 settable TIM1_BRK_UP_TRG | TIM1 .bregkx update, tigger and com- 0x0000_0074
_COM mutation interrupt
14 21 settable TIM1_CC TIM1 capture/compare interrupt 0x0000_0078
15 22 - Reserved Reserved 0x0000_007C
16 23 - Reserved Reserved 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
20 27 - Reserved Reserved 0x0000_0090
21 28 - Reserved Reserved 0x0000_0094
22 29 - Reserved Reserved 0x0000_0098
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Posi- | Prior- | Type of Acronym Description Address

tion ity priority
23 30 settable 12C1 I12C1 global interrupt 0x0000_009C
24 31 - Reserved Reserved 0x0000_00A0
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 Reserved Reserved 0x0000_00BO0
29 36 - Reserved Reserved 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.

11.2.

11.2.1.

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 signals:

[ | Interrupt request, sent to the int_ctrl module to generate the IRQ of the CPU

[ ] Event request, event input to CPU (RXEV)

[ | 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).

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

B 10 port selection
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11.2.2. EXTI diagram
exti
IAHB inierface Registers
hdlk
; > RCC
v wkup_stop
paio[7:0]
GPIO pbio[7:0] EXTI >
Pcio[1:0] MUX > PWR
Events | Event
Sdftware Config triggers[18:0] ——» Trigger e Masking
Detect cpu_rxev RXEV
Wakeup o >
Peri. Interrupé Interrupt cPu
Masking IRQ[31:0]
exti_iq 't_com b[25:0]
terrupts cpu_irg[31:0]
Int_ctrl
Figure 11-1 EXTI diagram
11.2.3. 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.

B 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.

® 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.

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

11.2.4. EXTI configurable event trigger wake-up

By configuring the EXTI_SWIERL1 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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11.2.5.

11.2.6.

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 config-

ured 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 inter-

rupt 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.

EXTI selector

The GPIOs are connected to the 8 external interrupt/event lines in the following manner:

EXTIO|bits

4_

EXTI

bits

«—EF

PAO D—»W PA1IZI—>7
PO ] > EXTI0 pBLC] > EXTIL
PCOF——> J PCIF—— J
EXTIZlbits EXTI1bits
PR2[F———> PA3[J———>
EXTI2 EXTI3
pB2 [ F—— > PB3[F——>
EXTIéllbits EXTI1bits
PAMMF——> PAS[F——>
EXTI4 EXTIS
.Y RN— PBS [ F——
EXTIGlbits EXTI7ibits
PA6 [ H—"> PA7TF——>
EXTI6 EXTI7
PB6 [ F——> PB7F—>
Figure 11-2 External interrupt/event GPIO mapping
The remaining lines are connected as follows:
EXTI line Line source Line type
Line 0-15 GPIO configurable
Line 16 Reserved
Line 17 COMP 1 output Configurable
Line 18 COMP 2 output Configurable
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EXTI line Line source Line type
Line 19 Reserved
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

11.3. EXTI registers

The registers of this peripheral can be accessed with word (32bit), half-word (16bit) and byte (8bit).
11.3.1. 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 | Res | Res | RT18 | RT17 | Res
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 | RT7 | RT6 | RTS5 | RT4 | RT3 | RT2 RT1 | RTO
RW | RW | RW | RW | RW | RW RW RW
Bit Name R/W | Reset Value Function
31:19 Reserved
Configurable type EXTI line18 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
16:8 Reserved
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
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Bit Name R/W | Reset Value Function
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 asso-
ciated Pending bit is not set.
Rising and falling edges can be set on the same line, in which case both edges will generate a trig-
ger condition.
11.3.2. Falling trigger selection register (EXTI_FTSR)
Address offset: 0x04
Reset value: 0x0000 0000
Contains only register control bits for configurable
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 | Res
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 | FT7 | FT6 | FT5 | FT4 | FT3 | FT2 FT1 | FTO
RW | RW | RW | RW | RW RW RW RW
Bit Name R/W | Reset Value Function
31: 19 Reserved -
Configurable type EXTI line18 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
16: 8 Reserved
Configurable type EXTI line7 falling edge trigger configuration.
7 ET7 RW 0 0: Disable
1: Enable
Configurable type EXTI line6 falling edge trigger configuration.
6 ET6 RW 0 0: Disable
1: Enable
Configurable type EXTI line5 falling edge trigger configuration.
5 FT5 RW 0 0: Disable
1: Enable
Configurable type EXTI line4 falling edge trigger configuration.
4 FT4 RW 0 0: Disable
1: Enable
Configurable type EXTI line3 falling edge trigger configuration.
3 FT3 RW 0 0: Disable
1: Enable
Configurable type EXTI line2 falling edge trigger configuration.
2 FT2 RW 0 0: Diiable "’ J e ’
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Bit

Name R/W | Reset Value Function

1: Enable

Configurable type EXTI linel falling edge trigger configura-
FT1 RW 0 tion.0: Disable

1: Enable

Configurable type EXTI line0 falling edge trigger configura-
FTO RW 0 tion.0: Disable

1. Enable

Note: The external wakeup lines are edge triggered.No glitches must be generated on these lines.If
afalling 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 edges can be set on the same line, in which case both edges will generate a trig-

ger condition.

11.3.3. 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 | SW18 | SW17 | Res
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 | SW7 | SW6 | SW5 | SW4 | SW3 | SW2 | SW1 | SWO
RW | RW | RW | RW | RW RW RW RW
Bit Name R/W | Reset Value Function
31: 19 Reserved -
Configurable type EXTI line18 software rising edge trigger con-
figuration.
0: No effect
18 Swiis RW 0 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)
Configurable type EXTI linel7 software rising edge trigger con-
figuration.
0: No effect
17 SWi17 RW 0 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: Reserved
Configurable type EXTI line7 software rising edge trigger config-
uration.
0: No effect
7 Swi7 RW 0 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)
Configurable type EXTI line6 software rising edge trigger config-
6 SWI6 RW 0 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 0 (after hard-
ware clearing) or configuration value (before hardware clearing)

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

0: No effect

S SWIS RW 0 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)

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

0: No effect

4 Swi4 RW 0 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)

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

0: No effect

3 SWi3 RW 0 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)

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

0: No effect

2 SWi2 RW 0 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)

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

0: No effect

1 Swil RW 0 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)

Configurable type EXTI line0 software rising edge trigger config-
uration.

0: No effect

0 SWI0 RW 0 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)

11.3.4. Pending register (EXTI_PR)
Address offset: Ox0C
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

Re | Re | Re | Re | Re | Re | Re | Re | p.c | Res | Res | Res | Res | PR18 | PR17 | Res
S S S S S S S S

rcw | rcw

=
[ERN

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

Re Re Re Re

Re Re

PR7

PR6

PR5 PR4 PR3 PR2 PR1 PRO

rc_w

rcw

rCcw | rcw | rcw | rcw|rcw,|rw

Bit

Name

R/W

Reset Value

Function

31: 19

Reserved

reserved

18

PR18

RC_W1

Configurable type EXTI linel8 event pending
flag.This bit is set when software or hardware
generates a rising/falling edge trigger event.Soft-
ware writes 1 to clear.

0: no event request is generated.

1: Generate rising edgef/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.Soft-
ware writes 1 to clear.

0: no event request is generated.
1: Generate rising edge/falling edge/software
trigger event request.

16: 8

Reserved

PR7

RC_W1

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

0: no event request is generated.

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
generates a rising/falling edge trigger event.Soft-
ware writes 1 to clear.
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Bit Name R/W Reset Value Function
0: no event request is generated.
1: Generate rising edgef/falling edge/software
trigger event request.
Configurable type EXTI linel event pending
flag.This bit is set when software or hardware
generates a rising/falling edge trigger event.Soft-
1 PR1 RC_W1 0 ware writes 1 to clear..
0: no event request is generated.
1: Generate rising edge/falling edge/software
trigger event request.
Configurable type EXTI line0 event pending
flag.This bit is set when software or hardware
generates a rising/falling edge trigger event.Soft-
0 PRO RC_W1 0 ware writes 1 to clear..
0: no event request is generated.
1: Generate rising edgef/falling edge/software
trigger event request.
11.3.5. External interrupt select register 1 (EXTI_EXTICR1)
Address offset:0x60
Reset value:0x0000
31 | 30 | 29 28 27 | 26 [ 25 | 24 23 | 22 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 6 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.
. . 2’b00: PA[3] pin
25:24 EXTI3[1:0] RW 0 2b01: PB[3] pin
2’b11: reserved
23:18 Reserved - - Reserved
EXTI2 corresponds to GPIO port selection.
. . 2'b00: PA[2] pin
17:16 EXTI2[1:0] RW 0 2'b01: PB[2] pin
2’b11: reserved
15:10 Reserved - - Reserved
EXTI1 corresponds to GPIO port selection.
2'b00: PA[1] pin
9:8 EXTI1[1:0] RW 0 2’b01: PB[1] pin
2'b10: PC[1] pin
2'b11: reserved
7:2 Reserved - - Reserved
EXTIO corresponds to GPIO port selection.
2’b00: PA[0] pin
1:0 EXTIO[1:0] RW 0 2’b01: PB[0] pin
2'b10: PC[0] pin
2'b11: reserved
11.3.6. External interrupt select register 2 (EXTI_EXTICR2)
Address offset:0x64
Reset value:0x0000
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
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1] o
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 EXTIS RW 0 0: PA[5] pin
1: PB[5] pin
7:2 Reserved - - Reserved
EXTI4 corresponds to GPIO port selection.
. . 2’b00: PA[4] pin
1.0 EXTI4[1:0] RW 0 2b01: PB[4] pin
2'b11: reserved

11.3.7. Interrupt mask register (EXTI_IMR)
Address offset:0x80
Reset value:0x2000 0000
Note: 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 Res | IM18 | IM17 | Res

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 | IM7 | IM6 | IM5 IM4 IM3 IM2 IM1 IMO

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 the
CPU mask control.

29 IM29 RwW 1 0: interrupt wake-up mask

1: Interrupt wake-up is not masked

28:19 Reserved - - -
EXTI linel8 is used as an interrupt to wake up
the CPU mask control.
18 IM18 RW 0 0: interrupt wake-up mask

1: Interrupt wake-up is not masked

EXTI linel7 is used as an interrupt to wake up
the CPU mask control.

17 IM17 RW 0 0: interrupt wake-up mask

1: Interrupt wake-up is not masked

16:8 Reserved - - -
EXTI line7 is used as an interrupt to wake up the
CPU mask control.
7 IM7 RW 0 0: interrupt wake-up mask

1: Interrupt wake-up is not masked

EXTI line6 is used as an interrupt to wake up the
6 IM6 RW 0 CPU mask control.

0: interrupt wake-up mask
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Bit Name R/W Reset Value Function
1: Interrupt wake-up is not masked
EXTI line5 is used as an interrupt to wake up the
CPU mask control.
S IM5 RW 0: interrupt wake-up mask
1: Interrupt wake-up is not masked
EXTI line4 is used as an interrupt to wake up the
CPU mask control.
4 IM4 RW 0: interrupt wake-up mask
1: Interrupt wake-up is not masked
EXTI line3 is used as an interrupt to wake up the
CPU mask control.
3 M3 RW 0: interrupt wake-up mask
1: Interrupt wake-up is not masked
EXTI line2 is used as an interrupt to wake up the
CPU mask control.
2 M2 RW 0: interrupt wake-up mask
1: Interrupt wake-up is not masked
EXTI linel is used as an interrupt to wake up the
CPU mask control.
1 M1 RW 0: interrupt wake-up mask
1: Interrupt wake-up is not masked
EXTI line0 is used as an interrupt to wake up the
CPU mask control.
0 IMO RW 0: interrupt wake-up mask
1: Interrupt wake-up is not masked
11.3.8. 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 | EM29 | Res Res Res | Res | Res | Res | Res | Res | Res | Res | EM18 | EM17 | Res
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 | EM7 | EM6 | EM5 | EM4 | EM3 | EM2 EM1 | EMO
RW | RW | RW | RW | RW RW RW RW
Bit Name R/IW Reset Value Function
31:30 Reserved
EXTI line29 wakes up the CPU mask control as
an event.
29 EM29 RW 0: Event wake-up mask
1: Event wakeup is not masked
28:19 Reserved - -
EXTI linel8 wakes up the CPU mask control as
an event.
18 EM18 RW 0: Event wake-up mask
1: Event wakeup is not masked
EXTI linel7 wakes up the CPU mask control as
an event.
17 EM17 RW 0: Event wake-up mask
1: Event wakeup is not masked
16:8 Reserved
7 EM7 RW EXTI line7 wakes up the CPU mask control as an

event.
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Bit

Name

R/W

Reset Value

Function

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 not masked

EM5

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 lined4 wakes up the CPU mask control as an
event.

0: Event wake-up mask

1: Event wakeup is not 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
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12.

Cyclic redundancy check calculation unit

(CRC)

12.1.

12.2.

12.3.
12.3.1.

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

[ ] Uses CRC-32 (ethernet) polynomial: 0x4C11DB7

X32 4+ X26 4+ X23 +X22 +X16 4+ X12 4+ X11 + X10 +X8 + X7 + X5+ X4 + X2 + X +1
Support 32-bit data input

A single input/output 32 data and result output share one register

8-bit register for general purpose (can be used as temporary storage)

Computation time: 4 AHB clocks for 32bits data

CRC functional description

CRC block diagram

< 32-bit AHB bus >

32-bit(read access)

crc_hclk
— Dat

Q

register(Output)

ﬁ

CRC computation

32-bit(write access) @

Data register(Input)

Figure 12-1 CRC calculation unit block diagram

The CRC calculation unit contains a 32-bit data register:

B When writing to this register, as an input register, new data to be calculated by CRC can be
input.

B 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.

12.4. CRC registers
12.4.1. Dataregister (CRC_DR)
Address offset:0x00
Reset value:0xFFFF FFFF
31 [30 |29 [28 27 [26 [25 [24 [23 [22 J21 J20 19 18 |17 |16
DR[31:16]
RW
15 [14 [13 [12 J11 J10 9 |8 |7 ]e6 |5 |4 3 J2 J1 Jo
DR[15:0]
RW
Bit Name R/W Reset Value Function
Data register
. , When writing new data, it is used as an input regis-
310 DR RW S2'hFFFFFFFF ter.When read, the previous CRC calculation result is
retained.
12.4.2. 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] R 0 This register is not reset by the RESET bit of the CRC_CR
register.
12.4.3. 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 | RESET
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.

105/294




PY32L020 Reference Manual

13.

13.1.

13.2.

Analog-to-digital converter (ADC)

Introduction

The chip has a 12-bit SARADC (successive approximation analog-to-digital converter).The module
has a total of 10 channels to be measured, including 8 external channels and 2 internal channels.
The conversion mode of each channel can be set to single, continuous, discontinuous mode.Con-
version 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.

ADC main features

[ ] High performance

12-bit, 10-bit, 8-bit or 6-bit configurable resolution
ADC conversion time: 1.33us@12bit (0.75 MHz)
Self-calibration

Programmable sampling time

VvV V V V V

Programmable data alignment mode
[ | Low-power
» Application can reduce PCLK frequency for low-power operation while still keeping opti-
mum ADC performance.
» Automatic delayed transition mode: prevents ADC overrun in applications with low fre-
quency PCLK

[ ] Analog input channels

> 8 external analog inputs
> 1 channel fo internal temperature sensor
> 1 channel for internal reference voltage channel (VrerinT)

[ | Start-of-conversion can be initiated:
> By software
> By hardware triggers with configurable polarity (TIM1)

] Conversion modes
> single mode: Can convert a single channel or can scan a sequence of channels
> continuous mode: Continuous mode converts selected inputs continuously
> discontinuous mode: Convert selected channel once per trigger

[ | Interrupt generation

At the end of sampling

At the end of conversion

At the end of sequence conversion

In case of analog watchdog

YV V V V V

Overrun events
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13.3.
13.3.1.

Analog watchdog

ADC diagram

ADC functional description

ADC_IN[9:0] [

VCCAZVODA
"
{1
CAL_BIO [8:0]
CAL_C1110[8:0]
CAL_C1010(8:0]
CALSET CAL_C9I0[8:0]
(set calbbration factor) CAL_C8I0[8:0]
CAL_C710[8:0]
CAL_C6I0[8:0]
EOSMP—) ADC interrupt cPU
CALSEL AT;}E“E@” EOSEQ RQ
BVto EOC
(offset/offset+linearity) 5
CALBYP AWD
(bypass calibration factor to 0)
SCANDIR CALSMP[1:0] ADEN - - / N| ans
up/down (calibration sampling time) - to slave master
CHSEL[12:11] & DATA[11:0] \‘_l/ o
CHSEL[9:0]
ADfAL
CONT "
single/cont. self-calipration APB
interface

Vrefint

Vsense

analoginput channels

ADSTP

WAIT

TIM1_TRGO
TIM1_Cc4

input
selection &
scan Control

SMP[2:0]

sampling time I

start &stop

Supply and reference]

SAR_ADC

calibration factor

Converted data start]

conversion data

CAL_BOUT [8:0]

Control

ADSTART
S/W trigger

H/W trigger

CAL_C110UT[8:0]
CAL_C100UT[8:0]
CAL_C90UT(8:0]
CAL_CBOUT(8:0]
CAL_C70UT(8:0]
CAL_C60UT(8:0]

AWDx
——— [ S

watchdog
AWDEN

AWDSGL:
AWDCH[4:0]

LT[11:0]

HT[11:0]

» CAPSUC
l—) OFFSUC

OVRMOD
(overrun mode)

EXTEN[1:0] — z‘sscc:np:nuous AUGN
triggerenable and mode left/right L »CAION
edge selection RESSEL[1:0]
12,10,8,6 bits
T
EXTSEL[2:0]
trigger selection
CHSEL[3:0] SARADC
/
PB1 DC_INO[] —
/
PA3 ADC_IN1[] —
/
PA4 ADC_IN2[] —t
/
PA6 ADC_IN3[] —
/
PA7 ADC_IN4[] —s
/
pco[-apc_iNs[] 1 SAR
PB6 ADC_IN6 [} —o ADC_EN ADC
/
PBO ADC_IN7 [] —
/
-—
/
— 4
4

Figure 13-1 ADC channel with analog switch
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13.3.2.

13.3.3.

Calibration (ADCAL)

The ADC has a calibration function.During the procedure, the ADC calculates a calibration factor
for internal use within the ADC.The application must not use the ADC during calibration and must
wait until it is complete.

Before using ADC conversion, calibration operations should be carried out.Calibration is used to
eliminate offset errors caused by process changes between chips.

Calibration operations include software calibration.

ADC software calibration

The software can set ADCAL = 1 to start the calibration.The calibration only the system clock can
be selected as the ADC clock.ADCAL is cleared by hardware when calibration is complete, and the
calibration factor can be read from the ADC_CALFACTOR register..The calibration factor will be
maintained until system reset is generated.

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:

[ ] CKMODE selects the system clock

] Set ADCAL =1

] 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 ADEN bit is used to turn on or off ADC at control bit.

The following is the process to enable ADC:

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:

Check that ADSTART in the ADC_CR register is 0 to ensure the ADC is not in the process of con-
verting.If ADSTART=0 and ADEN=1, the ADC is disabled to set ADDIS in ADC_CR register to 1.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.

108/294



PY32L020 Reference Manual

ADEN J,STSetup v
<>
ADSTART .4 A
State OFF ) Start [ SMP-CONV i X OFF
EOSEQ A i
Figure 13-2 Enabling/disabling the ADC
13.3.4. ADC Clock

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&Clock
controller)

PCLK »| APB interface
/1/2/4/8/
1 16/32/64 —» Analog ADC
HSL > ADC_Clk
CKMODE

Figure 13-3 ADC clock scheme

Table 13-1 Delay between trigger and conversion start

— e g Latency between the trigger event and the start of
APIS BIEELS SEeE LI ] ARRE conversion (T is the clock period)
0000 1 0
0001 2 0
0010 4 0
0011 8 0
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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13.3.5.

13.3.6.

13.3.7.

Configuring the ADC

Software must write to the ADCAL and ADEN bits in the ADC_CR register if the ADC is disabled
(ADEN must be 0).Software must rewrite to the ADSTART bit in the ADC_CR register only if the
ADC is enabled and there is no pending request to disable the ADC(ADEN=L1).

For all the other control bits in the ADC_IER, ADC_CFGRIi, ADC_SMPR, ADC_TR and ADC_CCR
registers, software must only write to the configuration control bits if the ADC is enabled (ADEN =
1) and if there is no conversion ongoing (ADSTART = 0).ADC_CHSELR is writted with ADEN = 0
and ADSTART =0.

Software must only write to the ADSTP bit in the ADC_CR register if the ADC is enabled and there
is no pending request to disable the ADC (ADSTART =1).

Channel selection (CHSEL, SCANDIR)

There are up to 11 multiplexed channels:

e 8 analog inputs from GPIO pins (ADC_INO...ADC_IN9)

e 2 internal 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.

The order in which the channels will be scanned can be configured by programming the bit SCAN-
DIR bit in the ADC_CFGR1 register:

e SCANDIR = 0: forward scan Channel 0 to Channel 9

e SCANDIR = 1: backward scan Channel 9 to Channel 0

The temperature sensor is connected to channel ADC_IN8 (TS_VIN) .The internal voltage refer-

ence is connected to channel ADC_IN9 (VREFINT) .

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 software can change and adapt this sampling time be-
tween each conversions.
The total conversion time is calculated as follows:
tconv = Sampling time + (Convert resolution +0.5) x ADC clock cycles
For example:
When ADC_CLK = 16MHz, the resolution is 12 bits, and the sampling time is 3.5 ADC clock
cycles:

tconv = (3.5 + 12.5) x ADC clock period = 16 x ADC clock period = 1 ps
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13.3.8.

13.3.9.

13.3.10.

The ADC indicates the end of the sampling phase by setting the EOSMP flag.
Single conversion mode (CONT = 0, DISCEN = 0)

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:

B Set ADSTART bitin ADC_CR register

B Hardware trigger events

Inside the sequence, after each conversion is complete:

B The converted data are stored in the 16-bit ADC_DR register

B The EOC (end of conversion) flag is set

B Aninterrupt is generated if the EOCIE bit is set

After the sequence of conversions is complete:

[ ] The EOSEQ (end of sequence) flag is set

[ | An interrupt is generated if the EOSIE 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.

Continuous conversion mode (CONT = 1)

In continuous conversion mode, when a software or hardware trigger event occurs, the ADC per-
forms a sequence of conversions, converting all the channels once and then automatically re-starts
and continuously performs the same sequence of conversions.This mode is selected when CONT
=1 in the ADC_CFGRL1 register.

Conversion is started by either:

[ ] Setting the ADSTART bit in the ADC_CR register

[ ] Hardware trigger event

Inside the sequence, after each conversion is complete:

[ ] The converted data are stored in the 16-bit ADC_DR register

[ ] The EOC (end of conversion) flag is set

[ ] An interrupt is generated if the EOCIE bit is set

After the sequence of conversions is complete:

| The EOSEQ (end of sequence) flag is set

| An interrupt 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.

Discontinuous conversion mode (DISCEN = 1)
This mode is enabled by setting the DISCEN bit in the ADC_CFGR1 register.
In this mode (DISCEN = 1), a hardware or software trigger event is required to initiate each conver-

sion defined in a sequence.
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13.3.11.

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

- 1sttrigger: Channel O is converted and an EOC event occurs

- 2 trigger: Channel 3 is converted and an EOC event occurs

- 3" trigger: Channel 7 is converted and an EOC event occurs

- 4% trigger: Channel 10 is converted and EOC and EOSEQ events are generated

- 5t trigger: Channel 0 is converted and an EOC event occurs

- 6" trigger: Channel 3 is converted and an EOC event occurs

DISCEN=0, The channels to be converted are: 0, 3, 7, 10

- 1stTrigger: 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.

- 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.

Starting conversions (ADSTART)
Software starts ADC conversion with setting ADSTART = 1.
When ADSTART is set, the conversion:
B When EXTEN = 0x0 (software trigger), start immediately
B When if EXTEN # 0xO0, start at the next selected hardware trigger valid edge
The ADSTART bit is also used to indicate whether an ADC conversion operation is currently in
progress.When ADSTART = 0, the ADC can be reconfigured, indicating that the ADC is idle at this
time.
ADSTART bit can be cleared by hardware.
B One-shot conversion mode is triggered by software (CONT = 0, EXTSEL = 0x0)
- After sequence conversion is complete (EOSEQ = 1)
B Discontinuous conversion mode is triggered by software (CONT =0, DISCEN = 1, EXTSEL
= 0x0)
- After conversion is complete (EOC = 1)
B nall cases (CONT = X, EXTSEL = X)
- 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
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.
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13.3.12. Conversion time
The time used for conversion consists of the start conversion time and the successive approxima-
tion time related to conversion resolution.
tapc = tsmpL + tsar = [ 3.5min + 12.5)12nit] * tapc_cLk

tapc = tsmpL + tsar = 291.66NSimin + 1041.66 nsj12bit = 1.33 YUSmin (for fapc cik = 12 MHz)

State  Start Smpling CH(n) Converting Y\ Smpling CH(n+1)
Analog Channel CH(n) ) CH(n+1)
set by SW
ADSTART tSMPL .~ tSAR !
T« L) »
set by HW v cleared by SW
EOC \
set by HW cleared by SW
EOSMP Y A Y Y
ADC_DR DATA N-1 DATA N

tSMPL depends on SMP[2:0]
tSAR depends on RESSEL[1:0]

Figure 13-4 analog to digital conversion timing

13.3.13. 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 dis-
carded (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.

EsNet by SW A vcleared by HW
ApSR&T setby SW JF vcleared by HW
State OFF ) Start Smpling CH(n) X Converting X OFF
ADSTP A v
ADC_DR DATA N-1

Figure 13-5 Stop timing
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13.4.

Conversion on external trigger and trigger polarity

(EXTSEL, EXTEN)

A conversion or a sequence of conversion can be triggered either by software or by an external
event (for example timer capture, input pin).If the EXTEN[1:0] control bits are not equal to “00”,
then external events are able to trigger a conversion with the selected polarity.The trigger selection
is effective once software has set bit ADSTART = 1.

Any hardware triggers which occur while a conversion is ongoing are ignored.

If bit ADSTART = 0, any hardware triggers which occur are ignored.

Source EXTEN[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 (AS-
TART = 0).The EXTSEL][2:0] control bits are used to select events that 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.

Figure 13-2 External triggers

Name source EXTSEL[2:0]
EXTO TIM1_TRGO 000
EXT1 TIM1_CC4 001

Note: The trigger selection can be changed only when the ADC is not converting

13.4.1. Fast conversion mode
It is possible to obtain faster conversion times (tsar) by reducing the ADC resolution.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 tsvp
RESSEL : tsar(ns) @ 5 tanc(tsmp = 3.5) tconv(ns) @
[1:0] (ADCclock cy- | ¢a\pc=1omHz | (APCcClockey- | apcciock cycles) | fanc = 12MHz
cles) cles)
12 12.5 1024ns 35 16 1334ns
10 10.5 876ns 3.5 14 1166ns
8 8.5 792ns 35 12 1000ns
6 6.5 542ns 3.5 10 834ns
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13.4.2.

13.4.3.

13.4.4.

End of conversion, end of sampling phase (EOC, EOSMP flags)

The ADC indicates each end of conversion (EOC) event.

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 in the ADC_IER
register is set to 1.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 in the ADC_IER register is set to 1.

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 conver-
sion sequence is available in the ADC_DR register.An interrupt can be generated if the EOSEQIE

bit in the ADC_IER register is set to 1.The EOSEQ flag is cleared by software by writing 1.

Example timing diagrams

ADSTART v_ T |
EOC AL AL AL AL AL AL AL AL AL AL
EOSEQ Al )
SCANDIR
State ﬂ CH1 CH2 ‘ﬂ“ﬂ)& OFF CH11 \_CH10 | CHS )\ CH2 i OFF

DR o2 ) ot

by S/W. by H/W ;

Figure 13-6 Single conversions of a sequence, software trigger

EXTEN=0x0, CONT=0
CHSEL=0x20601, WAIT=0
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ADSTART ] v ﬁ
ADSTP Y
Eoc AL AL AL AL AL AL AL AL AL AL Al Al
EOSEQ Al b L
SCANDIR
State OFF X CH1 } CH2 | CH5 fCH10 Y CH11} CH1 )} CH2 § CH5 f CH10 @ STOP XCHll CH10 ) CH5
DR D1 &‘L D10 f D11 ‘i“i)‘D_S'ﬂ‘ D11 D11 D10
bysw_ T byww &

Figure 13-7 Continuous conversion of a sequence, software trigger

EXTEN=0x0, CONT=1,
CHSEL=0x20601, WAIT=0

ADSTART
me 171 $ 1 1 %] L
EOC Al Al Al Al 4] Al Al Al Al 4]
EOSEQ Al i
State OFF | CH1 f CH2 | CH5 JCH10 [ CH11 OFF XCHl CH2 § CH5 | CH10 J CH11 OFF
DR D1 k D2 j D5 jD10 D11 D1 D2 f D5 f D10 X D11
by S/W. byH/W_r
triggered__ ignored %

Figure 13-8 Single conversions of a sequence, hardware trigger

EXTSEL=TRGx, EXTEN=0x1 ( rising edge ), CONT=0
CHSEL=0xF, SCANDIR=0
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ADSTART v
me _F L[ £l ] [+
ADSTP Y
EOC AL AL AL AL AL AL AL AL AL XY
EOSEQ Al N
SCANDIR T
State OFF X CH1 CH2 CHS5 fCH10 f CH11)} CH1} CH2 { CHS ) CH10 ‘ CH11 STOP
DR D1 D2 D5 D10 A D11 D1 D2 D5 D10 D11
by S/W by H/WI
triggered__ ignOFEd_’,‘_

Figure 13-9 Continuous conversion of a sequence, software trigger

1. EXTSEL=TRGx, EXTEN=0x2 ( falling edge ), CONT=1
2. CHSEL=0xF, SCANDIR=0, WAIT=0
13.5. Data management
13.5.1. Dataregister 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[]6]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
13.5.2. 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 , before the data from a new conversion is available.

The OVR flag is set in the ADC_ISR register if the EOC flag is still at ‘1’ at the time when a new
conversion completes.An interrupt can be generated if the OVRIE bit is set in the ADC_IER register.
When an overrun event occurs, the ADC keeps operating and can continue to convert unless the

software decides to stop and reset the sequence conversion.The software can be used to set the
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13.5.8.

13.5.4.

ADSTP bit to 1 in the ADC_CR register to stop ADC converting, and the OVR flag can be 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_CFGRL1 register:

] OVRMOD=0

- 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

- 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.

ADSTART

ADSTP

| A
T v
EoC AWK_\‘LA_:M \IQA—\I_A_\#A \I;A: f

Fio | i i [
EOSEQ ; ; ; A i:’ ; ; i
} t t t t t
N i | P
State OFF Y cH1 [ cHd ) cHb Yenid{cHan) cHi) duz2 Y cnd Y chioy dHaay T stop
[ I I i I [ I
DR ~—t . ~— i —{t
5 pt Y b2 Y bs' Dpio b1 Y b2 D3 ! D11
(OVRMODE=0) ; T ! i | : :
| | | 1 I I I
DR : : : : :
(OVRMODE=1) ot { od Y osI Y pio) pda) b1 J b2l { bs Y bio) | D11
| |
|

i Lo
Read access |_| |_| |_|

bysw T byww A

Figure 13-10 Overrun

Managing conversion sequences without DMA

If the ADC conversion is slow enough, then the conversion sequence can be controlled by soft-
ware.In this case, software application of the EOC flag and its associated interrupts will go through
each conversion data.At the end of each conversion, we can see that the EOC bit in the ADC_ISR
register is set and the conversion value in the ADC_DR register can be read at this time.the OV-

RMOD bit in the ADC_CFGRL1 register can be configured to 0 to manage overshoot events.

Conversion without DMA and overflow detection

There are often applications that convert one or more channels and do not require the results to be
read every time they are converted.In this case, the OVRMOD bit must be set to 1 and the software
should ignore the OVR flag.When OVRMOD=1, an overshoot event cannot prevent the ADC from

continuing to convert and the data in the ADC_DR register is always the last converted data.
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13.6.
13.6.1.

13.7.

Low-power features

Automatic latency conversion mode

Automatic latency conveision mode can be used to simplify software as well as optimizing the per-
formance of applications.It is not easy to generate ADC overrun in this mode.

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(For example, 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 pre-

ceding the read access are ignored.

ADSTART t
ADSTP Y
EOC
A_\!L Y I.: A Z.c A Z.c
| | | |
EOSEQ ; ; A :(; .
! ! ! !
state _ OFF | cH1 | oot f chs oLyl ouyTY i ) oy )\ cus ) stoe
T T I |
R i i i i
(OVRMODE=0) oL DS | p11 b1 ; X D5
I I I I
Read access H H r] r]
by S/W by H/W_r
Figure 13-11 Automatic latency conversion mode

EXTEN=0x0, CONT=1
CHSEL=0x3, SCANDIR=0

Analog window watchdog

The AWD analog watchdog feature is enabled by setting the AWDEN bit in the ADC_CFGR1 regis-
ter.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 sig-
nificant 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 programmed
thresholds must be kept cleared because the internal comparison is always performed on the full
12-bit raw converted data (left aligned).

Note: ADC analog input channel 0 does not support a single channel analog watchdog function.
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Table 13-3 Analog watchdog comparison

Resolution Analog Watchdog comparison between:
bits : comments
Raw converted data, left aligned thresholds
00: 12-bit DATA[11:0] LT[11:0] and HT[11:0] -
1AL . . . The user must configure LT[1:0]
01: 10-hit DATA[11:2], 00 LT[11:0] and HT[11:0] and HT[1:0] to 00
. ahi . . . The user must configure LT[3:0]
10: 8-bit DATA[11:4], 0000 LT[11:0] and HT[11:0] and HT[3:0] to 0000
. ALhi . . . The user must configure LT[5:0]
11: 6-bit DATA[11:6], 000000 LT[11:0] and HT[11:0] and HT[5:0] to 000000
Analog voltagi‘
HT
Guarded area
LT >
Figure 13-12 Analog watchdog guarded area
Table 13-4 Analog watchdog channel selection
Channels guarded by the analog watchdog AWDSGL bit AWDEN bit
None X 0
All channels 0 1
Single channel 1 1
13.7.1. ADC_AWD_OUT signal output generation

The analog watchdog is associated with an internal hardware signal, ADC_AWD_OUT is directly
connected to the ETR input (external trigger) of the on-chip timer TIM1.
When the analog watchdog is enabled, ADC_AWD_OUT is activated:
B When the conversion of the channel selected by AWDCH exceeds the programmed threshold,
ADC_AWD_OUT will be set.
B After the conversion of the next channel selected by AWDCH, ADC_AWD_OUT is reset within
the programmed threshold.It will remain at 1 if the next protected transition still exceeds the pro-
grammed threshold.
m ADC_AWD_OUT is also reset when ADC is disabled.Note that stopping conversion (ADSTP
set to 1) may clear the ADC_AWDx_OUT state.
B Channels not selected as analog watchdog do not affect ADC_AWD_OUT status bits.
The AWD flag is set by hardware and reset by software: the AWD flag has no effect on the generation
of ADC_AWD_OUT (eq, if the flag is not cleared by software, ADC_AWDx_OUT can toggle while
the AWDx 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.
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13.8.

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 numerical 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 com-
parator.

Note: The TSVREF bit must be set to activate two internal channels: temperature sensor,
VREFINT.

TSEN control bit

Temperature
TS_VIN
sensor -
ADC
BG ——»VREFINT

VREFEN control bit

Figure 13-13 TS and VREFINT 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. Setthe TSEN bitinthe 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 avail-
able)

5. Read VSENSE conversion data from ADC_DR register

6. Count the temperature using the following formula:

85°C — 25°C

Temperature(in °C) = TS —Ts X (TSpara — TScar1) + 25°C
CAL2 cAL1

TScaL2 represents the calibration value of the 85°C temperature sensor, the calibration value storage Address
offset: Ox1FFF OF18
TScaL1 represents the calibration value of the 25°C temperature sensor, the calibration value storage Address
offset: Ox1FFF OF14

TSpata is the actual output value converted by the ADC

121/294



PY32L020 Reference Manual

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

VREFINT = 1.2V ADC _DATAx vee
= 1. =X
4095

Calculating the Vchannnel voltage using the the actual Vcc

VCHANNEL ADC_DATAx vce
= X
4095

VREFINT is fixed at 1.2V

VCHANNEL is the channel voltage,
ADC_DATA is the conversion data in ADC_DR,
4095 is represented as 12 bits.

The Vcc power supply of the controller can be easily affected or the magnitude of the value is not
well defined. The internal reference voltage (Vrernt) and the calibration data acquired by the ADC

during production can be used to evaluate the true Vcc voltage level.

13.9. ADC interrupts
ADC interrupts can be generated by any of the following events:
e End of any conversion (EOC flag)
e End of sequence conversion (EOS flag)
e When analog watchdog detection occurs (AWD flag)
e Occurs when the sampling phase ends (EOSMP flag)
e When data overshoot occurs (OVR flag)
Separate interrupt enable bit for flexible setting of ADC interrupts
Table 13-5 ADC interrupt
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

13.10. ADC registers
13.10.1. ADC interrupt and status register (ADC_ISR)

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
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res | Res | Res | Res | Res | Res | Res | Res | AWD | Res | Res | OVR | EOSEQ | EOC | EOSMP | Res
rc_wl rc_wl rc_wl rc_wl rc_wil
Bit Name R/W Reset Value Function
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.lt is
7 AWD RC_W1 0 cleared by software writing 1 to it.
0: No analog watchdog event occurred (or the flag event was al-
ready 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 conversion has complete while the EOC flag was already set.It
is cleared by software writing 1 to it.
4 OVR RC_W1 0 0: No overrun occurred (or the flag event was already acknowl-
edged 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 se-
quence of channels selected by the CHSEL bits.It is cleared by soft-
3 EOSEQ | RC_W1 0 ware writing 1 to it.
0: Conversion sequence not complete (or the flag event was already
acknowledged 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 chan-
nel when a new data result is available in the ADC_DR register.It is
2 EOC RC_W1 0 tcét?ared by software writing 1 to it or by reading the ADC_DR regis-
0: Channel conversion not complete (or the flag event was already
acknowledged 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 programming it to ‘1’
1 EOSMP | RC_W1 0 0: Not at the end of the sampling phase (or the flag event was al-
ready acknowledged and cleared by software)
1: End of sampling phase reached
0 Reserved - -

13.10.2. ADC interrupt enable register (ADC_IER)
Address offset: 0x04
Reset value: 0x0000 0000

31 | 30 | 29 | 28 | 27 | 26 | 25 23 22 | 21 20 19 18 17 16
Re | Re | Re | Re | Re | Re | Re Res Res Re | Re Res Res Res Res Re
s s s s s s S S S s
15 | 14 | 13 | 12 | 11 | 10 9 7 6 5 4 3 2 1 0
Re | Re | Re | Re | Re | Re | Re AWDI | Re | Re | OVRI EOSE- EO- EOSMPI | Re
S S S S S S S E S S E QIE CIE E S

rw rw rw rw rw
Bit Name R/W Reset Value Function
31:8 Reserved - - -
7 AWDIE RW 0
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Bit

Name

R/W

Reset Value

Function

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.

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.

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.

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.

0

Reserved

Comments: Software can write these bits when ADSTART = 0 (to ensure that no conversion is in progress)

13.10.3. ADC control register (ADC_CR)
Address offset: 0x08
Reset value: 0x0000 0000

31 30 29 28 27 26 | 25 | 24 | 23 | 22 21 20 19 18 17 16
AD- Re Re Re Re Re Re Re Re Re Re Re Re
Res Res Res
CAL S S S S S S S S S S S S
rs
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res Re | Re | Re | Re | Re | Re | Re | Re | Re | Re AD- Re AD- Re | ADE
S S S S S S S S S S STP S START S N
RS RS RS
Bit Name R/W | Reset Value Function
This bit is set by software to start the calibration of the ADC.
It is cleared by hardware after calibration is complete.
31 ADCAL RS 0 0: Calibration complete
1: Write 1 to calibrate the ADC.Read at 1 means that a calibra-
tion is in progress.
30:8 Reserved - - -
VRerBUF OUtput voltage select:
00:1.5V
7:6 Verfbuff_sel RW 2'b0 01:2.048 V
10: 25V
Others: Reserved
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Bit Name R/W Reset Value Function

Note: 1.5V precision voltage storage address:0x1FFF002E

2.048 V precision voltage storage address:0x1FFF0032

2.5V precision voltage storage address:0x1FFF0036
eg:Read a 16 bits value 0x1501 from address Ox1FFFO02E,
which means that the precision voltage is 1.501 V.

VerfBuffer enable
Software write 0 to 0, write 1 to 1

0: disable VerfBuffer
1: enable VerfBuffer

5 Vref_buffere RW 1’b0

ADC stop conversion command

This bit is set by software to stop and discard an ongoing con-
version (ADSTP Command).

It is cleared by hardware when the conversion is effectively

4 ADSTP RS 0 discarded and the ADC is ready to accept a new start conver-
sion command.

0: No ADC stop conversion command ongoing

1: Write 1 to stop the ADC.Read 1 means that an ADSTP com-
mand is in progress.

3 Reserved - - -

ADC start conversion command

This bit is set by software to start ADC conversion.Depending
on the EXTEN [1:0] configuration bits, a conversion either
starts immediately (software trigger configuration) or once a
hardware trigger event occurs (hardware trigger configuration).
It is cleared by hardware:

—In single conversion mode (CONT = 0, DISCEN = 0), when
software trigger is selected (EXTEN = 00): at the assertion of
2 ADSTART RS 0 the end of Conversion Sequence (EOSEQ) flag.

—In discontinuous conversion mode(CONT = 0, DISCEN = 1),
when the software trigger is selected (EXTEN = 00): at the as-
sertion of the end of Conversion (EOC) flag.

—In all other cases: after the execution of the ADSTP command,
at the same time as the ADSTP bit is cleared by hardware.

0: No ADC conversion in progress

Write 1 to start ADC , read 1 to indicate that ADC is operating
and may be transitioning.

ADEN Disable Enable

The ADC is disabled by a software bit and the ADC goes into
power-down.Hardware clears this bit when the ADC is disa-
bled (while ADEN is cleared by hardware)

1 ADDIS RS 0: No ADDIS commond ongoing

1: Write 1 disables ADC, read 1 means ADDIS command is
being executed

Note: Setting ADDIS to 1 is only valid when ADEN=1 and AD-
START=0 (to ensure that no conversion is taking place)

ADC enable command

Software setting this bit enables the ADC and
0 ADEN RS 0 the ADC will be ready to operate.
0: ADC disabled (OFF state)

1: Enable ADC

13.10.4. ADC configuration register 1 (ADC_CFGR1)
Address offset: 0x0C
Reset value: 0x0000 0000

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

Res Res AWDCH Res Res EN SGL Res Res Res Res Res CEN
RW [ RW | RW | RW RW | RW RW

15 | 14 | 13 | 12 [ 11 | 10 9 8 7 6 5 4 3 2 1 0
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OV-
WAI | CO EX- ALl SCA
Res NT gl\él TEN[L:0] Res EXTSEL GN RES_SEL NDIR Res Res
RW [ RW | RW RW RW ]| RW | RW [RW | RW | RW | RW
Bit Name R/W RESEL Function
Value
31:30 Reserved
Analog watchdog channel selection, software can clear and set this bit.
Analog Watchdog Monitors Selected Input Channels
0000: ADC analog input channel 1
0001: ADC analog input channel 2
0010: ADC analog input channel 3
_ ' 1001: ADC analog input channel 10
29:26 | AWDCH[3:0] | RW 0000 Other values: reserved bits
Note:
ADC analog input channel 0 does not support single channel analog
watchdog function.
The channel configured by the AWDCH[3:0] bits also needs to be set to
the CHSELR register
Software is allowed to write these bits only when ADSART = 0 (to ensure
Nno conversions are in progress)
25: 24 Reserved - - -
Analog Watchdog Enable
Software can set and clear this bit
0: Disable analog watchdog
23 AWDEN RW 0
1: Enable watchdog
Software is allowed to write these bits only when ADSART = 0 (to en-
sure no conversions are in progress)
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][3:0] bits
22 AWDSGL RW 0 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 ensure
Nno conversions are in progress)
21: 17 Reserved - - -
Discontinuous mode
Software can set and clear this bit to enable/disable discontinuous mode
0: Disable discontinuous mode
1: Enable discontinuous mode
16 DISGRQ RW 0 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 - - -
wait for conversion mode
Software can set and clear this bit to enable/disable wait for conversion
mode
14 WAIT RW 0 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 ensure
no conversions are in progress)
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
13 CONT RW 0 Itis not possible to enable both discontinuous and continuous modes, set-
ting DISCEN = 1 and CONT =1 is prohibited.
Software is allowed to write these bits only when ADSART = 0 (to ensure
no conversions are in progress)
12 OVRMOD RW 0 Overload Management Mode
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Software can set and clear this bit to configure how data overload is man-
aged
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 ensure
no conversions are in progress)
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
11: 10 | EXTEN[L:0] | RW 00 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 ensure
no conversions are in progress)
9 Reserved - - -
External trigger selection
This bit selects the external event that triggers the start of a conversion
000: TRGO(TIM1_TRGO)
001: TRG1(TIM1_CC4)
010: TRG2(Reserved)
8: 6 EXTSEL[2:0] | RW 000 011: TRG3(Reserved)
100: TRG4(Reserved)
101: TRG5(Reserved)
110: TRG6(Reserved)
111: TRG7(Reserved)
Data alignment
Software sets and clears this bit to select right or left justification
0: Right-aligned
5 ALIGN RW 0 .
1: Left-aligned
Software is allowed to write these bits only when ADSART = 0 (to en-
sure no conversions are in progress)
Data resolution
Software sets this bit to select the conversion resolution
00: 12 bits
4: 3 | RESSEL[1:0] | RW 00 01: 10 bits
10: 8bits
11: 6 bits
These bits are software operable only when ADEN =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)
2 SCANQR R 0 1: Down (from channel 11 to channel 0)
Software is allowed to write these bits only when ADSART = 0 (to ensure
no conversions are in progress)
1: 0 Reserved - - -
13.10.5. ADC configuration register 2 (ADC_CFGR2)
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

CKMODE

[3:0]: RW

ADC clock mode, software can set and clear this bit to define the
clock source of the analog ADC

PCLK
PCLK/2
PCLK/4
PCLK/8
PCLK/16
PCLK/32
PCLK/64

0000:
0001:
0010:
0011:
0100:
0101:
0110:
1000:
1001:
1010:
1011:
1100:
1101:

1110:
Note:

HSI

HSI/2
HSI/4
HSI/8
HSI/16
HSI/32
HSI/64

ADCAL =0, ADSTART =0, ADSTP =0 and ADEN = 0 only when ADC
is not enabled.Software is allowed to manipulate these bits

27:0

Reserved -

13.10.6. 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 SMP[2:0] RW 000 011: 13.5 ADC clock cycles
100: 28.5 ADC clock cycles
101: 41.5 ADC clock cycles
110: 134.5 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)
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13.10.7. ADC watchdog threshold register (ADC_TR)
Address offset: 0x20
Reset value: OxOFFF 0000

31 30 29 28 27 [ 26 | 25 | 24 | 23 [ 22 [ 20 [ 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
Bit Name R/W REEG Function
Value
31:28 | Reserved | - - -
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 | Reserved | - - -
Analog Watchdog Low Threshold
. . Software configurable to define analog watchdog low threshold
11:0 LT[11:0] | RW 0x000 Software is allowed to write these bits only when ADSART = 0 (to ensure no
conversions are in progress)
13.10.8. 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 | Re | Re | Re Res Res Res Res Res Res Res Res Res Res
S S S S S S
15 | 14 | 13 | 12 | 11 | 10 9 8 7 6 5 4 3 2 1 0
Re |Re |Re | Re | Re |Re | CHS | CHS | CHS | CHS | CHS | CHS | CHS | CHS | CHS | CHS
s s |s s s |s ELO | EL8 | EL7 | EL6 | EL5 | EL4 | EL3 | EL2 | EL1 | ELO
RW RW RW RW RW RW RW RW RW RW
Bit Name R/W Reset Value Function
31: 14 Reserved - 0 -
13: 10 Reserved RW 0 ;Ii'(r::]s bit is writable and readable, and has no actual func-
Channel 9 (VREFINT) select enable
0: Channel 9 is not selected for conversion
9 CHSEL9 RW 0 1: Channel 9 is selected for conversion
Software is allowed to write this bit only if ADSART =0
(to ensure no conversions are in progress)
Channel 8 (TS) select enable
0: Channel 8 is not selected for conversion
8 CHSELS8 RW 0 1: Channel 8 is selected for conversion
Software is allowed to write this bit only if ADSART =0
(to ensure no conversions are in progress)
Channel selection
These bits are software configurable to define the se-
quence conversion channel
7: 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)
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13.10.9. 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]

RIRIRJIRJ[ITR]IJR|IR[IR]I]R]IRI|IRJITRI]IRI]IRIJIRIR

Bit Name R/W Reset Value Function

31: 16 Reserved - - -

Converted data
This bit is read-only.The conversion result of the last con-
verted channel is placed in this register.Data is left-aligned
or right-aligned.

15:0 DATA[15:0] R 0x00

13.10.10. 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 | CALSU OFFSU Re Res Re Re Re Re | Re Re Re Re Re Re | Re
. C C S S S S S S S S S S S S
R RC W1 | RC W1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CALSE CAL- CALSMP[2:0] CALSE Re | Re | Re | Re | Re | Re | Re | Re | Re | Re | Re
T BYP L S S S S S S S S S S S
RW 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

Capacitance calibration status bit.

Indicates whether ADC capacitance calibra-
tion was successful.Hardware setting 1; Soft-
ware write 1 set to O;

CALON=0, CALSEL=0, CALSUC=1: inva-
lid state

30 CALSUC RC_W1 0 CALON=0, CALSEL=0, CALSUC=0: CAPs
calibration not performed.

CALON=0, CALSEL=1, CALSUC =1: ADC
CAPs calibration successful

CALON=0, CALSEL=1, CALSUC =0: ADC
CAPs calibration failed

Offset calibration status bit.

Indicates whether ADC capacitance calibra-
tion was successful.Hardware setting 1; Soft-
ware write 1 set to O;

29 OFFSUC RC_W1 10 CALON=0, CALSEL=0, OFFSUC=0: ADC
OFFSET calibration failed

CALON=0, CALSEL=0, OFFSUC=1: ADC
OFFSET calibration successful
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Bit

Name

R/W

Reset Value

Function

CALON=0, CALSEL=1, OFFSUC=1: ADC
OFFSET calibration successful

CALON=0, CALSEL=1, OFFSUC=0: ADC
OFFSETcalibration failed

29:16

Reserved

15

CALSET

1’h0

Calibration factor selection

Software writers 1 and sets it to 1 when AD-
CAL is 0.The hardware is set to 0 when AD-
CAL is valid or ADSTART is valid.

1: Set CAL_CXIN data as the final calibra-
tion data

0 : Close the channels of CAL_CXIN to

CAL_CXOUT , Select the results that gener-
ated internally by the calibration circuit.

14

CALBYP

1’h0

Calibration factor bypass.

When CAL is 0, the software writes 1 and
sets it to 1.When CAL is valid or injection/rule
channel SWSTART, JWSTART is valid, the
hardware is set to 0.

1: The calibration result is a reset value.

0: The calibration result is either the self cal-

ibration result or the input value of the calibra-
tion factor

13:12

CALSMP[2:0]

RW

Calibration sample time seletion

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

10: 8 ADC clock cycles

11: 1 ADC clock cycle

The longer the cycle of configuring SMP dur-
ing calibration, the more accurate the calibra-
tion result, but this configuration will bring
the problem of prolonged calibration cycle

11

CALSEL

RW

Calibration content selection bit, used to se-
lect the content that needs to be calibrated
1: Calibrate OFFSET and linearity

0: Only calibrate OFFSET

10:0

Reserved
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13.10.11. 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
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
0: Disable
22 VREFEN RW 0 1 enable
Software is allowed to write these bits only when ADSART
= 0 (to ensure no conversions are in progress)
21: 0 Reserved
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14. Comparator (COMP)

14.1. 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:

[ ] Triggered by analog signal to generate low power mode wake-up function

[ ] Analog signal conditioning

[ ] Current control loop of Cycle by cycle when connected with PWM output from timer

14.2. COMP main features

B Each comparator has configurable positive or negative input for flexible voltage selection
> Multiple 1/0O pins
> VREFCMP:VREFBUF/16th order voltage division of power supply voltage
B Output can be connected to I/O or timer input as trigger
> OCREF_CLR event (cycle by cycle current control)
> Brake for fast PWM shutdown
COMP1 and COMP2 can be combined into window COMP

Provide software to configure digital filtering time to enhance chip anti-interference ability
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14.3. COMP function description
14.3.1. COMP diagram
COMP analog COMP_CTRL
COMPL_INN_SEL
Pt < COMP1_FR[0]
compl NN ¥ COMP1_CSR[15] COMP1_OUT > Jpe3
] = - COMP1_OUT
] + COMP1 interrupt request |
COMP1_INP A (to EXTI 17)
|
'l _____ COMP1_WINMODE
TIM1_BRK
COMP1_EN TIM1_ETR
N TIM1_Ocref_clr
______________________ COMP_VCDIV_E TIM1 IC1ilIE
| COMP_VCSEL
R s A N
: | SOMP_\/CDIV[::O]
| r-—-r——f~"~"f"~FTF"~"~"~""“" ~"~""FTF"~~~—~—7———
|
Ml !rg VREFCMP
) N
COMP2_INN_SEL
Mt ettt | COMP2_0OUT > PA2
! COMP2_FR[0]
COMP2 INN v COMP2_CSR[15]
PMHD] comp e~ || MR COMP2 interrupt request
PAs /4_‘ (to EXTI 18) >
VREFCMP ——— | comP2 N SEL
TIM1_BRK
TIM1_ETR
‘COMPZ_EN
Figure 14-1 Comparator architecture block diagram
14.3.2. COMP pins and internal signals
The I/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 (al-
ternate function) on the GPIO.
The outputs can also be internally connected to the inputs of various timers for the following pur-
poses:
] When the brake input is connected, the emergency shutdown of the PWM signal
u Cycle-by-cycle current control using OCREF_CLR input
u Input capture for timing measurements
14.3.3. COMP reset and clock

The COMP module has two clock sources:

1) PCLK (APBclock) , used to provide the clock to the configuration register

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, LSE or

LSI.When you need to work in stop mode, choose LSE or LSI.
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14.3.4.

14.3.5.

The reset signal of the COMP module includes the APB reset source and the COMP module soft-
ware reset source.

1. APB reset, used for resetting the COMP register.

2. COMP software reset, used for resetting the analog comparator output circuit (the latch cir-

cuit of the analog output, the glitch filter circuit, etc.).

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 1/O pin.

COMP1_INN_SEL
Y

/—: —  COMP1_OUT

“w_ |

~

COMP1_WINMODE

COMP2_INN_SEL
N

Ry
COMP2_INN >
COMP2_INP +
*
VREFCMP ~2

COMP2_INP

COMP1_INN
COMP1_INP

—— COMP2_OUT

Figure 14-2 window comparator

Low-power mode

Mode

Description

Sleep

No impact on COMP.
Comparator interrupt can cause the device to exit Sleep mode

Stop

No impact on COMP
Comparator interrupt can cause the device to exit Stop mode

14.3.6.

Comparator filtering

If the working environment of the chip is harsh, the output of the hysteresis comparator will produce
noise signals.By enabling the digital filtering module, any noise signal with a pulse width less than
the FRX.FLTCNT [15:0] set time in the output waveform of the hysteresis comparator can be filtered
out.If the digital filtering module is prohibited, the input and output signals of the digital filtering mod-
ule are the same.

Note that this setting should be done before COMP_EN is enabled.

The filtering diagram is as follows:
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FLTEN

output waveform

COMPEN

The comparator
output waveform

—>

Digital filter circuit

Filter:

responge E

Filtel

— P responsg——

time:

time

Note: The filtering response time is determined by the value set in the FLTCNT register. The response time is
(FLTCNT+1)T

Figure 14-3 COMP filter

14.3.7. COMP interrupt
The comparator output is internally connected to the EXTI controller (extended interrupts and
events).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.
14.4. COMP registers
14.4.1. COMP1 control and status registers (COMP1_CSR)
Address offset:0x00
Reset value:0x0000 0000
31 30 29 | 28 27 26 25 [24[23]22] 21 [20]19]18[17] 16
Res COMP_ R R COMP_V | COMP_VCD | COMP_VCDIV[3:0 Res R R R R Res
ouT es | es CSEL IV_EN es | es | es | es
R R R R
RW R - - RW RW wlwlwlw - - - - - -
15 14 13 | 12 11 10 9 8 7 6 5 4 3 2 1 0
PO- COM
ITY EN
Rw | - | -1T-] RwW - -1 -1 -TITrw l-1T-1T-1T-1RrRw
Bit Name R/W Reset Value Function
31 Reserved
COMP1 output status
30 COMP_OUT R This bit is read-only and reflects the polarity-selected out-
put level of COMP1.
29: 28 Reserved
VREFCMP reference source selection.
VREFCMP is enabled by VREFINT_EN.
27 COMP_VCSEL RW 0 0: VREFBUF
1: VCC, VREFINT and VREFBUF is not available at
COMP_VCSEL=1.
VREFCMP enable, active high.
26 COMP_VCDIV_EN RW COMP_VCDIV_EN=1 will enable VREFINT at the same
time internally by PMU if COMP_VCSEL=0
VREFCMP voltage divider configuration, VREFCMP is
divided from reference source (VREFBUF or VCC set by
25:22 COMP_VCDIV[3:0] RW COMP_VCSEL)
0111 .
0: 1/16
1:2/16
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Bit Name R/W Reset Value Function
2:3/16
3:4/16
4:5/16
5:6/16
6: 7/16
7:8/16
8:9/16
9:10/16
10: 11/16
11: 12/16
12:13/16
13: 14/16
14: 15/16
15: 16/16
21: 16 Reserved - - -
COMP1 polarity selection
15 POLARITY RW 0 0: do not reverse
1: Reverse
14: 12 Reserved - - -
COMP1 window mode enable
0: Close WINDOW mode, The forward input of COMP1
11 WINMODE RW 0 is COMP1_ INP
1: Open WINDOW mode, The forward input of COMP1
is consistent with the forward input of COMP2
10: 6 Reserved - - -
Negative input selection for COMP1
5 INNSEL[1:0] RW 00 0: PBO
1: PB1
4: 1 Reserved - - -
COMPL1 enable bit
0 COMP1_EN RW 0 0: Disable
1: Enable
14.4.2. 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 | Ress | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | FLTEN1
RW
Bit Name R/W Reset Value Function
Comparator 1 Sample Filter Counter
The sampling clock is APB or LSI or LSE.The filter count
3116 FLTCNT1 RW 0x0 value is conflgurable.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 0x0
Comparator 1 digital filter function configuration
0: Disable digital filter function
0 FLTENI RW 0x0 1: Enable digital filter function
Note: This bit must be set when COMP1_EN is 0

14.4.3. COMP2 control and status registers (COMP2_CSR)
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Address offset:0x10

Reset value:0x0000 0000

31 30 29 | 28 | 27 | 26 25 24 | 23 | 22 21 20 | 19 | 18 | 17 16
COMP_O | Re | Re | Re | Re Re | Re | Re Re | Re | Re | Re
Res Res Res Res
uT s s s s s s s s s s s
R
15 14 13 | 12 | 11 | 10 8 7 6 5 4 3 2 1 0
POLAR- Res Re | Re | Re | Re | INPSE | Re | Re | Re | INMSE | Re | Re | Re | Re COZMP
ITY S S S S S s S L S S S S
_EN
RW - - - RW RW RW
Bit Name R/W RESEL Function
Value
31 Reserved
COMP2 output status
30 COMP_OUT This bit is read-only and reflects the polarity-selected output level
of COMP2.
29: 16 Reserved
COMP2 polarity selection
15 POLARITY RW 0: do not reverse
1: Reverse
14: 10 Reserved
COMP2 Signal selection for forward input
9 INPSEL RW 0: PA3
1: VREFCMP
COMP2 Signal selection for negative input
5 INMSEL RW 0: PA4
1: PA3
4: 1 Reserved
COMP2 enable bit
Software is readable and writable (if not locked)
0 COMP2_EN RW 0: Disable
1: Enable
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14.4.4. 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 or LSE.The filter count

3116 FLTCNT2[15:0] RW 0x0 value is conflgurable.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
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15.

15.1.

15.2.

Advanced-control timer (TIM1)

TIM1 introduction

The advanced-control timers (TIM1) consist of a 16-bit auto-reload counter driven by a programma-
ble 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 milli-
seconds 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.

TIM1 main features

16-bit up, down, up/down auto-reload counter.
16bit programmable frequency divider, allowing for 1 to 65535 frequency division of the clock
frequency of the counter.

B Up to 4 independent channels for:

Input capture

Output compare

vV V V

PWM generation (Edge and Center-aligned Mode)
»  One-pulse mode output
Complementary outputs with programmable dead-time
Synchronization circuit to control the timer with external signals and to interconnect several
timers together.
B Repetition counter to update the timer registers only after a given number of cycles of the coun-
ter.
Break input to put the timer’s output signals in reset state or in a known state.
Interrupt generation on the following events:
» Update: counter overflow/underflow, counter initialization (by software or internal/exter-
nal trigger)
Trigger event (counter start, stop, initialization or count by internal/external trigger)

Input capture

vV V V

Output compare
» Break input
B Supports incremental (quadrature) encoder and hall-sensor circuitry for positioning purposes

B Trigger input for external clock or cycle-by-cycle current management
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Figure 15-1 Advanced-control timer block diagram
15.3. TIM1 functional description

15.3.1.

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 soft-
ware.This is true even when the counter is running.

The time-base unit includes:

[ ] Counter register (TIM1_CNT)

[ ] Prescaler register (TIM1_PSC)

[ ] Auto-reload register (TIM1_ARR)

[ ] Repetition counter register (TIM1_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 per-
manently 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
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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 TIM1_CR1 register is set.

Note that the counter starts counting 1 clock cycle after setting the CEN bit in the TIM1_CR 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 parameter is taken into account at
the next update event.

Figure 15-2 and Figure 15-3 give some examples of the counter behavior when the prescaler pa-

rameter is changed on the fly:

o _psc JTutiuviuyduyt
CEN ‘

Timer dock = CK_CNT UL 1
Counter register F7_)r8)FoXralFBYFc) oo X o1 ¥ 02 03
Update event(UEV) 7

Prescaler control register 0 - 1
Write a new value in TIM1_PSC
Prescaler buffer 0 >< 1
Prescaler counter JEVTREVEI SV EY,

Figure 15-2 Counter timing diagram with prescaler division change from 1 to 2

c_psc Jutuiiududiyduyl
CEN ‘
Timer clock = CK_CNT 7 ﬂ
Counter register F7 F8 m 00 01 >C
Update event(UEV) T
Prescaler control register 0 ,>< 3
Write a new value in TIM1_PSC
Prescaler buffer 0 >< 3
Prescaler counter oj 1) 2 )3 o)1) 2)3)

Figure 15-3 Counter timing diagram with prescaler division change from 1 to 4
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15.3.2.

Counter modes

Upcounting mode

In upcounting mode, the counter counts from 0 to the auto-reload value, 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.Else the update event
is generated at each counter overflow.

Setting the UG bit in the TIMx_EGR register (by software or by using the slave mode controller) also
generates an update event.

Setting the UDIS bit in the TIMx_CR1 register allows the software to disable update events; this is
to avoid updating the shadow register when writing new values to the preload register.No update
events will be generated until the UDIS bit is cleared to zero.However, the counter restarts from 0
and the prescaler restarts from 0 (but the value of the prescaler remains unchanged).In addition, if
the URS bit in the TIMx_CRL1 register is set (select update request), setting the UG bit will generate
an update event UEV, but the hardware does not set the UIF flag (i.e., no interrupt is generated).This
is to avoid generating both update and capture interrupts when the counter is cleared in capture
mode.

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):

B The repetition counter is reloaded with the content of TIMx_RCR register

B The auto-reload shadow register is updated with the preload value (TIMXx_ARR)

B The buffer of the prescaler is reloaded with the preload value (content of the TIMx_PSC register)
The following figures show some examples of the counter behavior for different clock frequencies
when TIMx_ARR = 0x36.

c_pse RERRRERRANRRRNRnRuRnuEE

CNT_EN }

Timer dock = CK_CNT AN NAR RN EpnpARERIREY
Counter register 31 )32)(33)(34)(35/36) 00} 01) 02 )03) 04) 05/ 06) 07}
Counter overflow [

Update event(UEV) [

Update interrupt flag(UIF) ‘

Figure 15-4 Counter timing diagram, internal clock divided by 1
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o psc uiuguyyyuay

CNT_EN ‘

Timer clock = CK_CNT ﬂ H T ﬂ ﬂ H H
Counter register 0034 X 0035 X 0036 %0000 X 0001 X 0002 0003>C
Counter overflow H

Update event(UEV) ﬂ

Update interrupt flag(UIF) ‘

Figure 15-5 Counter timing diagram, internal clock divided by 2

CK_PSC m w

CNT_EN

Timer clock = CK_CNT H ﬂ H H

Counter register 0035 0036 0000

0001

Counter overflow

Update event(UEV) ﬂ

Update interrupt flag(UIF) ‘

Figure 15-6 Counter timing diagram, internal clock divided by 4

oK _psc uyyutuueyy

CNT_EN ‘

Timer clock = CK_CNT H

[ [

Counter register 1F 2d
[

—

Counter overflow

Update event(UEV)

Update interrupt flag(UIF)

Figure 15-7 Counter timing diagram, internal clock divided by N
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o psc iy y Uyl

CNT_EN |

Timer cock = CK_CNT U uyuyyyyyyy

Counter register n
Counter overflow [

Update event(UEV) [ ]

Update interrupt flag(UIF) ‘

Auto-reload preload register FF 36

Write a new value in TIMx_ARR/

Figure 15-8 Counter timing diagram, update event when ARPE = 0 (TIMx_ARR no preloaded)

CK_PSE

CNT_EN

QERRRRRNARRRANA N R R

Timer dock = CK_CNT uuUuyuyl

Fo () 7a)(F) ) 5 00/ 1) 0203 0403} 08/ 07
Counter overflow H
Update event(UEV) ﬂ

Update interrupt flag(UIF) ‘

Auto-reload preload register F5 36

Wal

Auto-reload shadow register F5 36

Write a new value in TIMx_ARR

Figure 15-9 Counter timing diagram, update event when ARPE = 1 (TIMx_ARR preloaded)

Downcounting mode

In downcounting mode, the counter counts from the auto-reload value 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 TIMx_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_CR1 register.This is

to avoid updating the shadow registers while writing new values in the preload registers.Then no update
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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 0 (but the prescale rate doesn’t change).
In addition, if the URS bit (update request selection) in TIMx_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 TIMx_SR
register) is set (depending on the URS bit):

B The repetition counter is reloaded with the content of TIMXx_RCR register

B The buffer of the prescaler is reloaded with the preload value (The TIMx_PSC register value)

B The auto-reload active register is updated with the preload value (content of the TIMx_ARR register)
Note: the auto-reload is updated before the counter is reloaded, so that the next period is the expected

one.

The following figure shows some examples of the counter behavior at different clock frequencies.

c_pse RERRRERRANRRRNRnRuRnuEE

CNT_EN |
Timer dock = CK_CNT Uy
Counter register 05 ) 0a) 03 )02) 01) 00} 36)(35)(34)( 33)( 32/ 31( 30 2F)
Counter overflow [
Update event(UEV) [

Update interrupt flag(UIF) ‘

Figure 15-10 Counter timing diagram, internal clock divided by 1

CNT_EN ‘

[ i e

Counter register 0002 ¥ 0001 % 0000) 0036 X 0035 ¥ 0034 )} 0033)

[
[

Update interrupt flag(UIF) ‘

Figure 15-11 Counter timing diagram, internal clock divided by 2
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CK_PSC m w

CNT_EN

Timer clock = CK_CNT H ﬂ H H

Counter register 0001 0000 0036 0035

Counter overflow

Update event(UEV) ﬂ

Update interrupt flag(UIF) ‘

Figure 15-12 Counter timing diagram, internal clock divided by 4

oK _psc uyyutuueyy

CNT_EN ‘

Timer clock = CK_CNT H

Counter register 20 1F

Counter overflow

Update event(UEV)

Update interrupt flag(UIF)

[ [
a0

1

i

—

Figure 15-13 Counter timing diagram, internal clock divided by N

o pse U uUUyge

CNT_EN

Timer dock = CK_CNT v ruyyyyyl
Counter register 05 )04} 03)02) 01) 00
Counter overflow [ ]

Update event(UEV) | ]

Update interrupt flag(UIF) ‘

Auto-reload preload register FF 36

Write a new value in TIMX_ARR

Figure 15-14 Counter timing diagram, update event when repetition counter is not used
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Center-aligned mode (up/down counting)

In center-aligned mode, the counter counts from O to the auto-reload value (content of the TIMXx_ARR

register) — 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 0.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.It is 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 bitin the TIMx_CR1 register.This

is to avoid updating the shadow registers while writing new values in the preload registers.Then no up-

date 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).This is to avoid gen-

erating 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).

B The repetition counter is reloaded with the content of TIMx_RCR register

B The buffer of the prescaler is reloaded with the preload value (content of the TIMx_PSC register)

B The auto-reload active register is updated with the preload value (content of the TIMXx_ARR register)
Note: 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).

oK psc Uy uay

CNT_EN !

Timer dock = CK_CNT uuUUyuuuyyuuy
04 )(63)02){o3 00 0103 0(04)(us) 08/ 05/ 04 03
Counter underflow [

Counter overflow ]

Update event(UEV) | ] ]

Update interrupt flag(UIF) ‘

Figure 15-15 Counter timing diagram, internal clock divided by 1, TIMx_ARR = 0x6
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ok psc ruyuyuuuyy oy

CNT_EN ‘

Timer clock = CK_CNT ﬂ ﬂ T ﬂ ﬂ ﬂ H
Counter register 0002 X 0001 0000>< 0036 0035 X 0034 0033
Counter overflow H

[

Update interrupt flag(UIF) ‘

Figure 15-16 Counter timing diagram, internal clock divided by 2, TIMx_ARR = 0x36

CK_PSC l_U_I_ |_| |_| |_| |_,—|_|_|_|_|

CNT_EN I

Timer clock = CK_CNT |_| |_| |_| |_|
Counter register 0034 X 0035 X o036 X o035 )
Counter overflow _|

Update event(UEV) |—]

Update interrupt flag(UIF) |

Note: Middle alignment mode 2 or mode 3 was updated when overflow generated UIF

Figure 15-17 TIMx_ARR=0x36 Counter timing diagram, internal clock divided by 4, TIMx_ARR = 0x36

oK _psc gy yL

CNT_EN ‘

Timer clock = CK_CNT H

]

Counter overflow

Counter register 20 1F 01 m

Update event(UEV)

Update interrupt flag(UIF)

Figure 15-18 Counter timing diagram, internal clock divided by N
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o psc ooy yy Uyl

CNT_EN |

Timer dock = CK_CNT Uy uuuguyl
Counter register 06 ) 05){04)03)(02) 01) 00} 01} 02)(03)( 04) 05) 06) 07)
Counter underflow [

Update event(UEV) [

Update interrupt flag(UIF) ‘

Auto-reload preload register FD 36

Pal

Auto-reload shadow register FD 36

Write a new value in TIMx_ARR

Figure 15-19 Counter timing diagram, update event with ARPE = 1 (counter underflow)

oK psc QERERERERERERREERuRRERRE

CNT_EN |

Timer dock = CK_CNT v ruyyyyy
Counter overflow [

Update event(UEV) [

Update interrupt flag(UIF) ‘

Auto-reload preload register FD 36

Wl

Auto-reload shadow register FD 36

Write a new value in TIMx_ARR

Figure 15-20 Counter timing diagram, Update event with ARPE = 1 (counter overflow)

15.3.3. Repetition counter

Time-base unit describes how the update event (UEV) is generated with respect to the counter
overflows/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_CCRXx capture/compare registers
in compare mode) , N+1 is the value in the TIMx_RCR repetition counter register.

The repetition counter is decremented when any of the following conditions are true:

u At each counter overflow in upcounting mode.

u At each counter underflow in downcounting mode.
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[ ] 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 cen-
ter-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 what-
ever 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.

TIMx_RCR=3 andre-

counter-aligned mode Edge-aligned mode

upcounting downcounting

TTAAMAA AL NN
e xRk A R R R R R A VRN
AN AL NN

A FAE A F AN A N N N A
AAAAN - WAL NN
B T N A A A B B

TIMx_RCR=3 UEV ~ —n TT : TT TT T T T T T T

synchronization UEV ~ —s—» T T T T T T T T T

Update event: preload registers transferred to active

UEV —s> X 15t
registers and update initerrupt generated

Figure 15-21 Update rate examples depending on mode and TIMx_RCR register settings

15.3.4. Clock source

The counter clock can be provided by the following clock sources:
[ ] Internal clock (CK_INT)
[ ] External clock model: external input pin

[ ] External clock mode2: external trigger input ETR
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[ ] Internal trigger inputs (ITRx): using one timer as prescaler for another timer, for example, the
user can configure Timerl to act as a prescaler for Timer3.

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 soft-

ware.As soon as the CEN bit is written to 1, the prescaler is clocked by the internal clock CK_INT.

o _psc QERRRRRRNARRRAN RN RR R

CEN=CNT_EN

UG D
CNT_INIT [

Counter clock = CK_CNT = CK_PSC Wﬂ_ﬂm
Counter register 31 EEE 36 @@mm@m

Figure 15-22 Control circuit in normal mode, internal clock divided by 1

External clock source mode 1

This mode is selected when SMS = 111 in the TIMXx_SMCR register.The counter can count at each

rising or falling edge on a selected input.

TIMx_SMCR

Lol TI2F§ or%

TI1F or
ITRx Oxx 5 Y Encoder
mode
TI1_ED 100 5 . ek
xternal cloc
- TI2F_Rising 5 TI1FP1 101 TRGI Y  psc
TI2 . ge TI2FP2 —
—= Fil — ; |
iiter detector | TI2F_Falling 1 ETRE 110 ETRE 5 External clock >
‘ 111 mode 2
ICF
3:0] CK_INT Internal clock
mode

TIMx_CCMR1

ECE || SMS[2:0]

Figure 15-23 TI2 external clock connection example
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TI2

CNT_EN

| I

Counter clock = CK_CNT = CK_PSC

]

]

Counter register

34

35

36

TIF

[ L
o /

Write TIF=0

Figure 15-24 Control circuit in external clock mode 1

External clock source mode 2

This mode is selected by writing ECE = 1 in the TIMx_SMCR register.The counter can count at

each rising or falling edge on the external trigger input ETR.

TRGI 5

TI2F§ or%
TI1F§ or%

ETRF 5

Divider ETRP .
Filter
/1./2,/4,/8 DTS | downcounter
ETPS ETF
ETP
[1:0] [3:0]
TIMx_SMCR  TIMx_SMCR TIMx_SMCR

CK_INT 5

Encoder
mode

External clock
mode 1

External clock
mode 2

Internal clock
mode

CK_PSC

| Ece || sms[2:0] |

TIMx_SMCR

Figure 15-25 T12 External trigger input block

fCK_INF

CNT_EN

Juuuuuy

ETR

ETRP

ETRF

Counter clock = CK_CNT = CK_PSC

Counter register

35

wl

6

Figure 15-26 Control circuit in external clock mode 2

153/294



PY32L020 Reference Manual

15.3.5. Capture/compare channel
Each Capture/Compare channel is built around a capture/compare register (including a shadow
register), 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
%To slave mode controller
m Filter TIIF | Edge THERSngg L TIFPL | g
DTS | gowncounter detector | TI1F_Falling o | ;
T2 10 |11 Divider  |IC1PS)
TI2F_Rising(from channel2) 0 /1,/2,/4,/8
TI2F_Falling(from channel2),_| 1 mengve 11
mode controller
| ccas[1:0] | Icps[1:0] | | cciE |
TIMx_CCMR1 TIMx_CCER

Figure 15-27 Capture/compare channel (example: channel 1 input stage)

The output stage generates an intermediate waveform that is then used for reference: OCxRef (ac-
tive high).The polarity acts at the end of the chain.

\ APB bus \

v

‘ APB interface ‘

= A lyrite CCR1H
Read CCRIK{ [~ " =132 e >
| read_in_progress w| 9 lwrite CCRIL
Read CCR1 Ty = R
R Capture/compare
prelQad egij e

output mode
X
capture_transfer

compare_transfer IMx_CCMR1 |

oCc1pP
CC1S[1] ] - ‘ Capture/cor‘r?ptare shadow ‘ ( UEY OCIPE
CC1S[0] nput mode register Comparator from time base
TIMx EGR ’Z ( )
CC1G capture CNT>CCR1
CCIE CNT>CCRL
IC1PS p ‘ CNT counter ‘ CNT=CCR1
o ——

Figure 15-28 Capture/compare channel 1 main circuit
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15.3.6.

TIMx_CCER
OCREF_CLR, 0 e —
UtpU
. 0 ocref_clr_int x0 Mode ﬂ)‘:‘
ETRF—1 10 } Contkoller
CNT>CCR1 —output Dead- 12€L DTi11
. Mode time
CNT=CCR1 |
Controller | OC1_REF | generator CCIN-D L
L 110 Output OCIN
0 - Mode 4@
0x
}' Contrkoller
TIMx_CCER
TIMx_CCMR1 TIMx_BDTR ‘CClNP‘ ‘CClNE‘ CC1E ‘
ocice [ocimpo] | [DTG[7:0]] TIMx_BDTR 0ssl | OSSR

Figure 15-29 Output stage of capture/compare channel (channel 1 to 3)

0cCcs
OCREF_CIR [|;
ETRF TIMx_SMCR —» Tothe master mode controller
! 0ccs

CNT>CCR4 —output
_ Mode Output

CNT=CCR4 oca

Controller | OCHREF enable 75

CC4E TIMx_CCER

MOE | 0SSI | TIMx_BDTR

TIMX_CCMR2 [ cC2M[2:0]

MOE TIMx_CR2

Figure 15-30 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

compared to the counter.

Input capture mode

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
corresponding CCXIF flag (TIMx_SR register) is set to 1 and an interrupt 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) is set to 1.CCxIF can be cleared by software by writing it to ‘0O’ or by
reading the captured data stored in the TIMx_CCRXx register.CCxOF is cleared when written to ‘0’.
The following examples show how to capture the counter value in TIMx_CCR1 when TI1 input

rises.To do this, use the following procedure:
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15.3.7.

Select the active input: TIMx_CCMR1 must be linked to the TI1 input, so write the CC1S bits to
01 in the TIMXx_CCMRL1 register.As soon as CC1S becomes different from 00, the channel is
configured in input and the TIMx_CCR1 register becomes read-only.

Program the needed input filter duration with respect to the signal connected to the timer (by
programming ICxF bits in the TIMx_CCMRX register if the input is a Tlx input).Let’s imagine
that, 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 Fck_int
frequency).Then write IC1F bits to 0011 in the TIMx_CCMRL1 register.

Select the edge of the active transition on the TI1 channel by writing CC1P bit to 0 in the
TIMx_CCER register (rising edge in this case).

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 TIMx_CCMR1 register).
Enable capture from the counter into the capture register by setting the CC1E bit to 1 in the
TIMx_CCER register

If needed, enable the related interrupt request by setting the CCL1IE bit in the TIMx_DIER reg-

ister

When an input capture occurs:

When generating effective level conversion, the counter value is transmitted to TIMx_ CCR1
register.

CCLlIF flag is set (interrupt flag). CC1OF is also set if at least two consecutive captures occurred
whereas the flag was not cleared.

An interrupt is generated depending on the CCL1IE 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: Capture interrupt 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:

Two Icx signals are mapped on the same Tix input.
The 2 Icx signals are active on edges with opposite polarity.
One of the two TixFP signals is selected as trigger input and the slave mode controller is con-

figured in reset mode.

For example, user can measure the period (in TIMXx_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):

Select the active input for TIMx_CCRZ1: write the CC1S bits to 01 in the TIMx_CCMR1 register
(T11 selected).
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15.3.8.

15.3.9.

B Select the active polarity for TILFP1 (used both for capture in TIMx_CCR1 and counter clear):
write the CC1P bit to ‘0’ (active on rising edge).

B Select the active input for TIMx_CCR2: write the CC2S bits to 10 in the TIMx_CCMR1 register
(TI1 selected).

B Select the active polarity for TI1FP2 (used for capture in TIMx_CCR?2): write the CC2P bit to ‘1’
(active on falling edge).

B Select the valid trigger input: write the TS bits to 101 in the TIMx_SMCR register (TI1FP1 se-
lected).

B Configure the slave mode controller in reset mode: write the SMS bits to 100 in the TIMx_SMCR
register.

B Enable the captures: write the CC1E and CC2E bits to ‘1’ in the TIMx_CCER register.

—

TI1 L

TIMX_CNT1 0004 ) 0goo X 0001 X 0002 X 0p03 X 0004 X 0900
TIMx_CCR1 0004
TIMx_CCR2 0002

IC1 capture IC2 capture IC2 capture
IC2 capture Pulse width period
Reset counter measurement  measurement

Figure 15-31 PWM input mode timing

Forced output mode

In output mode (CCxS bits = 00 in the TIMx_CCMRKX 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/OCXx) 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.

The comparison between the TIMx_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.

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:

157/294



PY32L020 Reference Manual

B 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)
Generates an interrupt if the corresponding interrupt mask is set (CCXIE bit in the TIMx_DIER
register).

The TIMx_CCRX 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).

Configuration steps for output comparison mode:

1.Select the counter clock (internal, external, prescaler).

2.Write the desired data in the TIMXx_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:

— Write OCxM = 011 to toggle OCx output pin when Counter matches CCRx
— Write OCXPE = 0 to disable preload register

— Write CCxP = 0 to select active high polarity

— Write CCxE = 1 to enable the output

— 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 enabled (OCxPE ="0’, else TIMx_CCRxshadow register is

updated only at the next update event).An example is given in Figure 15-32.

Write B201 in the CC1R register

Counter register 003A 003B /BZOO

TIMx_CCR1 003A ¥ B201

Match detected on CCR1
Interrupt generated if enabled

Figure 15-32 Output compare mode, toggle on OC1

15.3.10. 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_CCRX register.
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The PWM mode can be selected independently on each channel (one PWM per OCx output) by
writing ‘110’ (PWM mode 1) or ‘111’ (PWM mode 2) in the OCxM bits in the TIMx_CCMRX regis-
ter.The corresponding preload register must be enabled by setting the OCxPE bit in the
TIMx_CCMRX register, and eventually the auto-reload preload register (in upcounting or center-
aligned modes) by setting the ARPE bit in the TIMx_CRL1 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
TIMx_CCRx < TIMx_CNT or TIMX_CNT < TIMx_CCRXx (depending on the direction of the counter).
The timer is able to generate PWM in edge-aligned mode or center-aligned mode depending on the
CMS bits in the TIMx_CRL1 register.

PWM edge-aligned mode

® Upcounting configuration

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 < IMx_CCRXx else it becomes low.If the compare value in TIMXx_CCRX is greater
than the auto-reload value (in TIMx_ARR) then OCxREF is held at ‘1’.If the compare value is 0 then
OCxRefis held at ‘0’.Figure 15-34 shows some edge-aligned PWM waveforms in an example where
TIMXx_ARR = 8.

Counter register (o)1) 2)3) a5 6l 7 80}

OCXREF

CCRx=4 L““““““““‘TAA‘A‘A‘A

CCx1F
OCXREF

CCRx=8 L“J
CCx1F

OCXREE 1
CCRx>8

CCx1E ‘

OCXREF O

CCRx=0

CCx1F ‘

Figure 15-33 Edge-aligned PWM waveforms, upward(ARR = 8)
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) Downcounting configuration

Downcounting is active when DIR bit in TIMx_CR1 register is high.

In PWM mode 1, the reference signal OCxRef is low as long as TIMx_CNT > TIMx_CCRXx else it
becomes high.If the compare value in TIMx CCRXx is greater than the auto-reload value in
TIMx_ARR, then OCxREF is held at ‘1’.0% PWM is not possible in this mode.

PWM center-aligned mode

Center-aligned mode is active when the CMS bits in TIMx_CR1 register are different from ‘00’ (all
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 de-
pending 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).

B TIMX ARR=8

®E PWMmode 1

B The flag is set when the counter counts down corresponding to the center-aligned mode 1

selected for CMS = 01 in TIMx_CR1 register.

Conteregiser 01 2)(3) A3 o T B T e NS A B 1N
OCXREF
OCRx=4 ‘
CCx1F CMS=01 A
cms=10 A
oms=11 A A
OCXREF
CCRx=7 -
COx1F CMS=10 or 11 \
OCXREF
1
CCRx=8 CMS=01 f
CCx1F CMS=10
CMs=11 A
OCXREF —
CCRx>8 CM5=01 7
CCx1F CMS=10 A
CMSs=11 A
OCXReF —O
CCRx=0 CM5=01
CMS=10
CCx1F » CMs=11 7
" b A

Figure 15-34 Center-aligned PWM waveforms (ARR = 8)

Hints on using center-aligned mode:

B When starting in center-aligned mode, the current up-down configuration is used.lt 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.
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B Writing to the counter while running in center-aligned mode is not recommended as it can
lead to unexpected results.In particular: — 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 exam-
ple, if the counter was counting up, it will continue to count up.— 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.

B 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.

15.3.11. Complementary outputs and dead-time insertion

The advanced-control timers (TIM1) can output two complementary signals and manage the

switching-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 charac-

teristics (intrinsic delays of level-shifters, delays due to power switches).

User can select the polarity of the outputs (main output OCx or complementary OCxN) inde-

pendently 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, OSS| and OSSR

bits in the TIMx_BDTR and TIMx_CR2 registers.Refer to Table for more details.In particular, the

dead-time is activated when switching to the IDLE state (MOE falling down to 0).

Dead-time insertion is enabled by setting both CCxE and CCxNE bits, and the MOE bit if the break

circuit is present.DTGJ[7:0] bits are used to control the dead-time generation for all channels.From a

reference waveform OCXREF, it generates 2 outputs OCx and OCxN.If OCx and OCxN are active

high:

B 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).
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15.3.12.

OCXREF |
ocx ‘
OCXN \ \
<—» delay <—» delay
Figure 15-35 Complementary output with dead-time insertion
OCXREF
ocx S |
OCXN <«—» delay

Figure 15-36 Dead-time waveforms with delay greater than the negative pulse.

OCXREF

|

0oCX

OCXN ‘ H delay

Figure 15-37 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 TIMx_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.

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 = CCxXNE = 1) OCx becomes active when

OCXREF is high whereas OCxN is complemented and becomes active when OCXREF is low.

Using the break function

The purpose of the braking function is to protect the power switch driven by the PWM signal gen-
erated by the timer.Two disconnect inputs are normally connected to the power stage and to the

fault output of the three-phase inverter.When activated, the disconnect circuit turns off the PWM

output and forces it to a predefined safe state.A number of internal MCU events can also be se-

lected to trigger the output shutdown.
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When using the break function, the output enable signals and inactive levels are modified accord-
ing to additional control bits.In any case, the OCx and OCxN outputs cannot be set both to active
level at a given time.

The brake source can be either the brake input pin, or the following internal sources:

B Output from CPU LOCKUP

B SRAM Parity Error Signal

B Clock failure events generated by the Clock Security System (CSS)

B 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 effec-

tive.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):

B The MOE bit 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.

B 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.

B When complementary outputs are used:

» 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.

> If the 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 because of the resynchronization on MOE, the dead-time duration is a bit longer than
usual (around 2 ck_tim clock cycles).

> 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.

B 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.
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B 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 re-
mains low until it is written to ‘1’ again.In this case, it can be used for security and the break
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 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.

OCXREF

OCx
(OCxN not implemented, CCxP=0, OISx=1)

OCx
(OCxN not implemented, CCxP=0, OISx=0)

OCx
(OCxN not implemented, CCxP=1, OISx=1)
OCx
(OCxN not implemented, CCxP=1, OISx=0)

Tt

OCx

OCxN delay delay
(OCxE=1, CCxP=0, 0ISx=0, CCxNE=1, CCxNP=0, OISxN=1) delay
& delay|<€>» ﬂdelay H delay

(OCxE=1, CCxP=0, OISx=1, CCxNE=1, CCxNP=0, OISxN=1)

OCx \—‘
m delay
OCxN
(OCxE=1, CCxP=0, OISx=0, CCxNE=0, CCxNP=0, OISxN=1)
OCx
OCxN
(OCxE=1, CCxP=0, OISx=1, CCxNE=0, CCxNP=0, OISxN=0) <O delay

oc
OCXI\T —\—i

(OCxE=1, CCxP=0, OISx=0, CCXxNE=0, CCxNP=0, OISxN=1)

Figure 15-38 Output behavior in response to a break
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15.3.13. Clearing the OCxXREF signal on an external event

The OCXREF signal for a given channel can be driven Low by applying a High level to the OC-

REF_CLR_INPUT (OCxCE enable bit of the corresponding TIMx_CCMRX register set to ‘“1°).The

OCXREF signal remains Low until the next update event of UEV occurs.This function can only be

used in output compare and PWM modes, and does not work in forced mode.

OCREF_CLR_INPUT can be configured through OCCS bit in TIMXx_ SMCR register, in Choose be-

tween OCREF_ CLR and ETRF (after ETR filtering).

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 ‘00'.

2. The external clock mode 2 must be disabled: bit ECE of the TIMx_SMCR register set to ‘0.

3. The External Trigger Polarity (ETP) and the External Trigger Filter (ETF) can be configured
according to the user needs.

The Figure below shows the behavior of the OCxXREF 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.

(CCRx)
Counter(CNT)
ETRF

OCXREF(OCxCE=0)

I N e N

I
OCxREF_CLR / %:REF_CLR

becomes high still high

OCXREF(OCxCE=1)

Figure 15-39 Clearing TIM1 OCxREF

15.3.14. 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
configuration 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 OCxN outputs when a COM event occurs,

in 3 different examples of programmed configurations.
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W
Counter(CNT) /

Write COM to 1
COM event
CCxE=1 CCxE=1
CCxNE=0 Write OCxM to 100 CCxNE=0
0OCxM=100(forced inactive) % 0OCxM=100

Example 1 ocx

e

OCxN
CCxE=1 Write CCxNE to 1 CCXE=0
CCXNE=0 and OCxM to 101 CCXNE=1
0OCxM=100(forced inactive) OCxM=101

Example 2
OCx

OCxN
CCxE=1 W:;tggc'\’/‘lNE tloog CCxE=1
CCXNE=0 and:0CxM to CCXNE=0
OCxM=100(forced inactive) 0CxM=100

Example 3 ocx

.
]

[
[ ]

OCxN

Figure 15-40 6-step generation, COM example (OSSR = 1)

15.3.15. One-pulse mode
One-pulse mode (OPM) is a particular case of the previous modes.lIt 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_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:
u In upcounting: CNT < CCRx < ARR (in particular, 0 < CCRX)
n In downcounting: CNT > CCRx
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TI M1_ARRT
TIM1_CCR

TI2 [—I

OC1REF

L
oc1 '_1

-

tDELAY  tPULSE

© Counter
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Figure 15-41 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 rising edge is detected on the TI2 input pin.

Let's use TI2FP2 as trigger 1

Map TI2FP2 to TI2 by writing CC2S = ‘01’ in the TIMx_CCMR1 register.

TI2FP2 must detect a rising edge, write CC2P = ‘0’ in the TIMx_CCER register.

Configure TI2FP2 as trigger for the slave mode controller (TRGI) by writing TS = “110’ in the
TIMx_SMCR register.

TI2FP2 is used to start the counter by writing SMS to “110’ in the TIMx_SMCR register (trigger

mode).

The OPM waveform is defined by writing the compare registers (taking into account the clock fre-

quency and the counter prescaler).

The toeLay is defined by the value written in the TIMx_CCR1 register

The truLse is defined by the difference between the auto-reload value and the compare value
(TIMX_ARR-TIMx_CCR1).

Assuming that a waveform from 0 to 1 is generated when a comparison match occurs, and a
waveform from ‘1’ to ‘0’ is generated when the counter reaches the preload value.To do this,
enable PWM mode 2 by writing OC1M = 111 in the TIMx_CCMR1 register.The user can op-
tionally enable the preload registers by writing OC1PE = ‘1’ in the TIMx_CCMR1 register and
ARPE in the TIMx_CR1 register.In this case the compare value must be written in the
TIMx_CCR1 register, the auto-reload value in the TIMx_ARR register, generate an update by

setting the UG bit and wait for external trigger event on TI2.CC1P is written to ‘0’ in this exam-

ple.

In this example, the DIR and CMS bits in the TIMx_CR1 register should be low.

The user only wants one pulse, so '1’ must be written in the OPM bit in the TIMx_CR1 register to

stop the counter at the next update event (when the counter rolls over from the auto-reload value

back to 0).
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15.3.16.

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 toeLay.

If the user wants to output a waveform with the minimum delay, the OCXxFE bit in the TIMx_CCMRx
register must be set.Then OCxRef (and OCx) are forced in response to the stimulus, without taking
in account the comparison.lts 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.

Encoder interface mode

To select Encoder Interface mode write SMS = ‘001’ in the TIMx_SMCR register if the counter is
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 TIMx_CCER regis-
ter.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 35.The
counter is clocked by each valid transition on TI1FP1 or TI2FP2 assuming that it is enabled (CEN
bit in TIMx_CR1 register written to ‘1’).TI1 and TI2 after input filter and polarity selection, TILFP1=
TI1 if not filtered and not inverted, TI2FP2 = TI2 if not filtered and not inverted.The sequence of
transitions of the two inputs is evaluated and generates count pulses as well as the direction sig-
nal.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, always represents the encoder’s
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.

Table 15-1 Counting direction versus encoder signals

Level on opposite signal TI1FP1 signal TI2FP2 signal

Active edge

(TIZFP1 for TI2, TI2FP2 for TI1)

Rising

Falling

Rising

Falling

Counting on
TI1 only

High

Down

Up

No count

No count

Low

Up

Down

No count

No count

Counting on
TI2 only

High

No count

No count

Up

Down

Low

No count

No count

Down

Up

Counting on
TI1 and TI2

High

Down

Up

Up

Down

Low

Up

Down

Down

Up

An external incremental encoder can be connected directly to the MCU without external interface

logic.However, comparators are normally be used to convert the encoder’s differential outputs to
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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 di-
rection 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 as-
sume that the configuration is the following:

CC1S ="01’(TIMx_CCMR1 register, TI1TFP1 mapped on TI1).

CC2S =01’ (TIMx_CCMR2 register, TI1TFP2 mapped on TI2).

CC1P =0’ (TIMx_CCER register, TI1FP1 non inverted, TI1FP1 =TI1).

CC2P =0’ (TIMx_CCER register, TI1FP2 non-inverted, TILFP2 = TI2).

SMS =011’ (TIMx_SMCR register, both inputs are active on both rising and falling edges).
CEN =1’ (TIMx_CRH1 register, counter enabled).

forward jitter backward jitter forward

u down u
Counter P P

Figure 15-42 Example of counter operation in encoder interface mode.

forward jitter backward jitter forward

S5SNI o I
S 17 J

Counter

down up down

Figure 15-43 Example of encoder interface mode with TILFP1 polarity inverted

The timer when configured in Encoder Interface mode provides information on the sensor’s current
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
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15.3.17.

15.3.18.

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).

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.

Interfacing with Hall sensors

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.

B Configure 3 timer inputs ORed to the TI1 input channel by writing the TI1S bit in the TIMx_CR2
registerto ‘1.

B 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 be-
tween 2 changes on the sensors.

B Program channel 1 in capture mode (TRC selected): write the CC1S bits in the TIMXx_CCMR1
register to ‘01’.The user can also program the digital filter if needed.

B Program channel 2 in PWM 2 mode with the desired delay: write the OC2M bits to ‘111’ and
the CC2S bits to ‘00’ in the TIMx_CCMR1 register.

B Select OC2REF as trigger output on TRGO: write the MMS bits in the TIMx_CR2 register to
101"

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

=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).
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Figure 15-44 Example of Hall sensor interface

15.3.19. 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:

B Configure the channel 1 to detect rising edges on TI1.Configure the input filter duration (in this

example, we don’t need any filter, so we keep IC1F = 0000).The capture prescaler is not used

for triggering, so there’s no need to configure it. The CC1S bits select the input capture source

only, CC1S =01 in the TIMXx_CCMR1 register.Write CC1P =0 in TIMx_CCER register to validate

the polarity (and detect rising edges only).

B Configure the timer in reset mode by writing SMS = 100 in TIMx_SMCR register.Select TI1 as

the input source by writing TS = 101 in TIMXx_SMCR register.
B Start the counter by writing CEN = 1 in the TIMx_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 TIMx_SR register) and an interrupt request can be sent if enabled (depending 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
count dock = ck_ent=ck_psc | | | | [ [ L[] LILLTLTL LTI

Counter register 31 (3233 )34/ 35/ 36) 00}, 01,02 (03 00} 01/ 02 03}
TIF ’—

Figure 15-45 Control 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:

B Configure the channel 1 to detect low levels on TI1.Configure the input filter duration (in this
example, we don’t need any filter, so we keep IC1F = 0000).The capture prescaler is not
used for triggering, so the user does not need to configure it. The CC1S bits select the input
capture source only, CC1S = 01 in TIMx_CCMR1 register.Write CC1P = 1 in TIMx_CCER
register to validate the polarity (and detect low level only).

B 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.

B Enable the counter by writing CEN = 1 in the TIMx_CR1 register (in gated mode, the counter
doesn’t start if CEN = 0, whatever is the trigger input level).

The counter starts counting on the internal clock as long as TI1 is low and stops as soon as Tl1

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 resyn-

chronization circuit on TI1 input.
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Figure 15-46 Control 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:

Configure the channel 2 to detect rising edges on T12.Configure the input filter duration (in this

example, we don’t need any filter, so we keep IC2F = 0000).The capture prescaler is not used

for triggering, so there’s no need to configure it. The CC2S bits are configured to select the input
capture source only, CC2S= 01 in TIMx_CCMRL1 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 TIMX_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

resynchronization circuit on TI2 input.

TI2 \

CNT_EN

Count clock = ck_cnt=ck_psc

U

Counter register

TIF

—

Figure 15-47 Control 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:
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1. Configure the external trigger input circuit by programming the TIMx_SMCR register as fol-
lows:
— ETF = 0000: no filter.
— ETPS=00: prescaler disabled.
— 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:
— IC1F=0000: no filter
—The capture prescaler is not used for triggering and does not need to be configured.
—CC1S =01 in TIMx_CCMR1 register to select only the input capture source
—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.

T ’—‘

CEN/CNT_EN ‘

e I

Timer clock = CK_CNT=CK_PSC H ﬂ

Counter register 34 35 36
TIF \

Figure 15-48 Control circuit in external clock mode 2 + trigger mode

15.3.20. 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.

15.3.21. 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.
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15.4. TIM1 registers
15.4.1. TIM1 control registerl (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 CKDJ1:0] ARPE | CMSJ[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 factor
This bit-field indicates the division ratio between the timer
clock (CK_INT) frequency and the dead-time and sam-
pling clock used by the dead-time generators and the digi-
00 tal filters (ETR, TIx),
9:8 CKD[1:0] RW 00: tDTS =tCK_INT
01: tDTS =2 xtCK_INT
10: tDTS =4 xtCK_INT
11: Reserved, do not use this configuration.
Auto-reload preload enable
7 ARPE RW 0 0: TIM1_ARR register is not buffered
1: TIM1_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 chan-
nels configured in output (CCxS = 00 in TIMX_CCMRX reg-
ister) are set only when the counter is counting down.
10: Center-aligned mode 2.The counter counts up and
6:5 CMS[1:0] RW 00 down alternatively.Output compare interrupt flags of chan-
nels configured in output (CCxS = 00 in TIMx_CCMRX reg-
ister) 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 chan-
nels configured in output (CCxS = 00 in TIMx_CCMRX reg-
ister) 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.
2 URS RW 0 0: Any of the following events generate an update interrupt
if enabled.These events can be:
— Counter overflow/underflow
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Bit Name R/IW Reset Value Function
— Setting the UG bit
— 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:
— Counter overflow/underflow
1 uDIS RW 0 — Setting the UG bit
—Update generation through the slave mode controller Buff-
ered registers are then loaded with their preload values.
1: UEV disabled.The Update event is not generated,
shadow registers keep their value(ARR, PSC, CCRx).How-
ever 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.
Counter enable
0: Counter disabled
1: Counter enabled
0 CEN RW 0 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.
15.4.2. TIM1 control register2 (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
Se Res | Res Res | Res Res | Res Res | Res sRe Ee sRe Res | Res SRe Res
15 | 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Re | OIS | OIS3 | OIS | OIS2 | OIS | OIS1 | OIS | TI1 MMS[2:0] RE | CCU | Re | CCP
s 4 N 3 N 2 N 1 S ) S S s C
- RW RW RW RW RW RW RW | RW [ RW | RW [ RW - RW - RW
Bit Name R/W Reset Value Function
31: 15 Reserved - 0 Reserved, must be kept at reset value
14 ols4 RW QOutput Idle state 4 (OC4 output) refer to OIS1 bit.
13 OIS3N RW 0 Qutput Idle state 3 (OC3N output) refer to OIS1IN bit
12 OIS3 RW 0 Output Idle state 3 (OC3 output) refer to OIS1 bit
11 OIS2N RW 0 Output Idle state 2 (OC2N output) refer to OIS1IN bit
10 OIS2 RW 0 Output Idle state 2 (OC2 output) refer to OIS1 bit
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
9 OISIN RW 0 Note: This bit cannot be modified as long as LOCK level 1,
2 or 3 has been programmed (LOCK bits in TIMx_BKR
register).
Qutput Idle state 1 (OC1 output)
0: OC1 = 0 (after a dead-time if OC1N is implemented)
when MOE =0
8 oIS RW 0 1:0C1=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_BKR reg-
ister)
TI1 selection
! s RW 0 0: The TIMx_CH1 pin is connected to TI1 input
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Bit

Name

R/W

Reset Value

Function

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 timers
at the same time or to control a window in which a slave
timer is enable.The Counter Enable signal is generated by
a logic OR between CEN control bit and the trigger 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 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 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)

Note:

1.The clock of the slave timer and ADC must first be ena-
bled to receive signals from the master timer and not
change during reception.

2.If the master and slave timers are not on the same bus,
the master mode should be configured as the width that can
be taken from the timer.

Res

Reserved, always read as 0.

CCuUs

RW

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, always read as 0.

CCPC

RW

Capture/compare preloaded control

0:CCxE, CCxNE and OCxM bits are not preloaded
1:CCxE, CCxNE and OCxM bits are preloaded, after having
been written, they are updated only when a communication
event (COM) occurs.

Note: This bit acts only on channels that have a comple-
mentary output.
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15.4.3. 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

5

4 3

1

ETP

ECE

ETPS[1:0]

ETF[3:0]

MSM

TS[2:0]

OCCS

SMS[2:0]

RW

RW

RW

RW

RW

RW

RW

RW

Bit

Name

R/W

Reset Value

Function

31: 16

Reserved

15

ETP RW

External trigger polarity

This bit selects whether ETR or reverse of ETR is used for trigger
operations

0: ETR is non-inverted, active at high level or rising edge.

1: ETR is inverted, active at low level or falling edge.

14

ECE RW

External clock enable

This bit enables External clock mode 2.

0: External clock mode 2 disabled

1: External clock mode 2 enabled.The counter is clocked by any
active edge on the ETRF signal.

13: 12

ETPS[1:0] RW

00

External trigger prescaler

External trigger signal ETRP frequency must be at most 1/4 of
TIM1CLK frequency.A prescaler can be enabled to reduce
ETRP frequency.lt 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 dig-
ital 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, N
1011: fSSAMPLING = fDTS /16, N
1100: fSAMPLING =fDTS /16, N
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.

5
6
8

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.

TS[2:0] RW

000

Trigger selection

This 3 bits are selected as the trigger inputs for synchronizing the
counter.

000: TIM14 (ITRO)

001: Reserved (ITR1)

010: Reserved (ITR2)

011: Reserved (ITR3)
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Bit Name R/W | Reset Value Function
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 modified only when they are not used
to avoid wrong edge detections at the transition.
OCREF clear selection.
This bit is used to select the OCREF clear source.
3 0Ces RW 0 0: OCREF_CLR_INT is connected to the OCREF_CLR input
1: OCREF _CLR_INT is connected to ETRF
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).
000: Slave mode disabled
if CEN = ‘1’ then the prescaler is 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
Integration of Mode 1 and Mode 2
2: 0 SMS[2:0] RW 000 100: 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 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 selected
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.
TIM1 Internal trigger connection
Slave TIM ITRO(TS=000) ITR1(TS=001) ITR2(TS=010) ITR3(TS=011)
TIM1 TIM14 reserved reserved reserved
15.4.4. TIM1 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
F\’Se Res | Res | Res | Res | Res | Res | Res F;e F;e Res Res Res Res F\’se Res
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Re | RE | RE | RE | RE | RE | RE | RE BIE | TIE COMI | CCc4l | cc3l | cc21 | ccal ul
S S S S S S S S E E E E E E
- - - - - - - - RW | RW RW RW RW RW RW VFf/
Bit Name R/W Reset Value Function
31: 8 Reserved Reserved, must be kept at reset value
7 BIE RW 0 BIE: Break interrupt enable
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Bit Name R/W Reset Value Function

0: Break interrupt disabled
1: Break interrupt enable

TIE: Trigger interrupt enable
6 TIE RW 0 0: Trigger interrupt disabled
1: Trigger interrupt enabled

COMIE: COM interrupt enable
5 COMIE RW 0 0: COM interrupt disabled
1: COM interrupt enabled

CCA4IE: Capture/Compare 4 interrupt enable
4 CC4IE RW 0 0: CC4 interrupt disabled
1: CC4 interrupt enabled

CC3IE: Capture/Compare 3 interrupt enable
3 CC3IE RW 0 0: CC3interrupt disabled
1: CC3interrupt enabled

CC2IE: Capture/Compare 2 interrupt enable
2 CC2IE RW 0 0: CC2 interrupt disabled
1: CC2interrupt enabled

CCLlIE: Capture/Compare 1 interrupt enable
1 CClIE RW 0 0: CCl1 interrupt disabled
1: CC1 interrupt enabled

UIE: Update interrupt enable
0 UIE RW 0 0: Update interrupt disabled
1: Update interrupt enabled

15.4.5. TIM1 status register (TIM1_SR)
Address offset:0x010
Reset value:0x0000 0000

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

R R R Res Res Res Res R IC4IF | IC3IF | IC2IF | IC1IF IC4l IC3IR IC2] IC1IR
es | es | es es R R

RC_ | RC_ | RC_ | RC_ | RC_| RC_ | RC_ | RC_
wo | wo | wo | wo | wo | wo | wo | wo

15 | 14 | 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R|R|]R|JCC4|CC3|CC2]|cCCl | R COM | Ccc4l | cc3l | cc2l
es | es | es OF OF OF OF es BIF TIF IF F F F CCLIF UIF
) ) ) Rc_ Rc_ Rc_ Rc_ ) Rc_ Rc_ Rc_ Rc_ Rc_ Rc_ Rc WO Rc
w0 w0 w0 w0 w0 w0 w0 w0 w0 w0 — w0
Bit Name R/W Reset Function
Value
31: 24 Reserved - 0 Reserved, must be kept at reset value
Falling edge capture 4 flag
23 ICAIF RC_WO 0 refer to IC1IF description
Falling edge capture 3 flag
22 IC3IF RC_WO 0 refer to IC1IF description
Falling edge capture 2 flag
21 IC2IF RC_WO 0 refer to IC1IF description
Falling edge capture 1 flag
20 IC1IF RC_WO 0 refer to IC1IF description

This flag can be set by hardware to 1 only when the corre-
sponding channel is configured for input capture and the
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Bit

Name

R/W

Reset
Value

Function

capture eventis triggered by the falling edge.lt is cleared by
software as' 0 'or by reading TIMx_ CCR1 clear '0".

0: No duplicate capture generation.

1: Falling edge capture event occurs.

19

IC4IR

RC_WO0

Rising edge capture 4 flag
refer to IC1IR description

18

IC3IR

RC_WO0

Rising edge capture 3 flag
refer to IC1IR description

17

IC2IR

RC_WO

Rising edge capture 2 flag
refer to IC1IR description

16

IC1IR

RC_WO

Rising edge capture 1 flag

This flag can be set by hardware to 1 only when the corre-
sponding channel is configured for input capture and the
capture event is triggered by the rising edge.lt is cleared by
software as' 0 ‘or by reading TIMx_ CCRL1 clear

0: No duplicate capture generation.

1: Rising edge capture event occurs.

12

CC40F

Rc_w0

Capture/Compare 4 overcapture flag
refer to CC1OF description

11

CC30F

Rc_w0

Capture/Compare 3 overcapture flag
refer to CC1OF description

10

CC20F

Rc_w0

Capture/Compare 2 overcapture flag
refer to CC1OF description

CC10F

Rc_w0

Capture/Compare 1 overcapture flag

This flag is set by hardware only when the corresponding
channel is configured in input capture mode.lt is cleared
by software by writing it to ‘0’.

0: No overcapture has been detected.

1: The counter value has been captured in TIMx_CCR1
register while CC1OF flag was already set

Res

Rc w0

Reserved, must be kept at reset value.

BIF

Rc_w0

Break interrupt flag

This flag is set by hardware as soon as the break input goes
active.lt can be cleared by software if the break input is not
active.

0: No break event occurred.

1: An active level has been detected on the break input

TIF

Rc_wO0

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 cleared by soft
ware.

0: No trigger event occurred.

1: Trigger interrupt pending

COMIF

Rc_wO0

COM interrupt flag

This flag is set by hardware on COM event (when Cap-
ture/compare Control bits - CCxE, CCxNE, OCxM - have
been updated).lt is cleared by software by writing it to ‘0’.0:
No COM event occurred.

1: COM interrupt pending.

CC4IF

Rc_wO0

Capture/Compare 4 interrupt flag
refer to CC1IF description

CC3IF

Rc_wO0

Capture/Compare 3 interrupt flag
refer to CC1IF description

CC2IF

Rc_w0

Capture/Compare 2 interrupt flag
refer to CC1IF description

CC1IF

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 TIM1_CR1 register de
scription).

It is cleared by software.

0: No match.

1:The content of the counter TIM1_CNT matches the con-
tent of the TIM1_CCRL1 register.

If channel CC1 is configured as input:
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Reset

Bit Name R/W value

Function

This bit is set by hardware on a capture.ltis cleared by soft-
ware or by reading the TIM1_CCR1 register.

0: No input capture occurred

1: The counter value has been captured in TIM1_CCR1
register (An edge has been detected on IC1 which matches
the selected polarity)

Note:The bit will also be set when CEN is turned on.

Update interrupt flag

This bit is set by hardware on an update event.lt is cleared
by software.

0: No update occurred.

1: Update interrupt pending.This bit is set by hardware
when the registers are updated:

—if the UDIS = 0 in the TIM1_CR1 register.When
0 UIF Rc_w0 0 REP_CNT=0 generate an update event.(At overflow or un-
derflow regarding the repetition counter value)

—If UDIS=0, URS=0 in TIM1_CR1 register, when the UG=1
in TIM1_EGR register generate an update event (software
reinitializes the CNT);

—When CNT is reinitialized by a trigger event (refer to TIM1
slave mode control register (TIM1_SMCR)), if URS = 0 and
UDIS = 0in the TIM1 CR1 register.

15.4.6. 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
- - - -- - - - - W W W W W W W W
Bit Name R/W Reset Value Function
31: 8 Reserved - 0 Reserved, must be kept at reset value.

Break generation
This bit is set by software in order to generate an event, it
is automatically cleared by hardware.

7 BG w 0 0: No action;

1: Abreak event is generated.MOE bit is cleared and BIF
flag is set.Related interrupt can occur if enabled.

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 TIM1_SR register.Related interrupt
can occur if enabled.

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.

5 COMG w 0

Capture/Compare 4 generation

4 CCAG Refer to CC1G description

Capture/Compare 3 generation

3 CC3G Refer to CC1G description

Capture/Compare 2 generation

2 CC26 Refer to CC1G description

S - =
o

1 CC1G 0 Capture/Compare 1 generation
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Bit Name R/W Reset Value Function
This bit is set by software in order to generate an cap-
ture/compare event, it is automatically cleared by hardware.
0: No action
1: A capture/compare event is generated on channel CC1:
If channel CC1 is configured as output:
CC1IF flag is set, Corresponding interrupt if enabled.
If channel CC1 is configured as input:
The current value of the counter is captured in TIM1_CCR1
register.The CCL1IF flag is set, the corresponding interrupt
if enabled.The CC10F flag is set if the CC1IF flag was al-
ready be set.
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
0 uG W 0 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 (TIM1_ARR) if DIR = 1
(downcounting).
15.4.7. TIM1 capture/compare mode registerl (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 | Re | Re Res Res Re | Re Res Re | Re | Re Res Res Res Re
S S S S S S 5 5 5
15 14 | 13 | 12 11 10 9 8 7 6 5 4 3 2 1 0
ocac 0C2M[2:0] OC2P | CO2F | CC2S[1:.0 | OC1C OCIM[2:0] OC1P | OC1F CC1S[1:0]
E E E E E E
R R R R R R R R R
RW wlwl!lw RW RW Wl w RW wlwlw RW RW W RW
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 Output Compare 2 mode selection
11 OC2PE RW 0 Output Compare 2 preload enable
10 OC2FE RW 0 Qutput Compare 2 fast enable
Capture/Compare 2 selection
This bit-field defines the direction of the channel (input/out-
put) 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 CC2SJ[1:0] RW 00 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 (TIM1_SMCR register)
Note: CC2S bits are writable only when the channel is OFF
(CC2E =‘0’in TIM1_CCER).
Output Compare 1 clear enable
OCI1CE: Output Compare 1 Clear Enable
7 OCI1CE RW 0 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
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Bit

Name

R/W

Reset Value

Function

These bits define the behavior of the output reference sig-
nal OC1REF from which OCl1 and OCIN are de-
rived. OC1REF is active high whereas OC1 and OC1N ac-
tive level depends on CC1P and CC1NP bits.

000: Frozen - The comparison between the output com-
pare register TIM1_CCR1 and the counter TIM1_CNT has
no effect on the OC1REF.

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 : Setchannel 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 - OCI1REF toggles when TIM1_CNT =
TIM1_CCR1.

100: Force inactive level - OC1REF is forced low.
101: Force active level - OC1REEF is forced high.

110: PWM mode 1 - In upcounting, channel 1 is active as
long as TIM1_CNT<TIM1_CCR1l else inactive.In
downcounting, channel 1 is inactive (OC1REF = ‘0’) as long
as TIM1_CNT > TIM1_CCR1 else active (OC1REF="1).
111: PWM mode 2 - In upcounting, channel 1 is inactive
as long as TIM1_CNT < TIM1_CCR1 else active.ln
downcounting, channel 1 is active as long as TIM1_CNT >
TIM1_CCR1 else inactive.

Notel: 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).

Note2: In PWM mode 1 or 2, the OCREF level changes only
when the result of the comparison changes or when the out-
put compare mode switches from “frozen” mode to “PWM”
mode.

OC1PE

RW

Output Compare 1 preload enable

0: Preload register on TIM1_CCRL1 disabled.TIM1_CCR1
can be written at anytime, the new value is taken in account
immediately.

1: Preload register on TIM1_CCR1 enabled.Read/Write op-
erations access the preload register.TIM1_CCR1 preload
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: The PWM mode can be used without validating the pre-
load register only in one pulse mode.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.Delay to
sample the trigger input and to activate CC1 output is re-
duced 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 (input/out-
put) as well as the used input.

00: CC1 channel is configured as output
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Bit Name R/W Reset Value Function
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: CCL1S bits are writable only when the channel is OFF
(CC1E=0"in TIM1_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 9 8 7 6 5 4 3 2 1 0
IC2F[3:0] IC2PSC[1:0] | CC2S[1:0] IC1F[3:0] IC1IPSC[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 IC2F RW 0000 Input capture 2 filter
11:10 IC2PSC[1:0] RW 00 Input/capture 2 prescaler
Capture/Compare 2 selection
This two bits defines the direction of the channel (input/out-
put) 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 (TIM1_SMCR register)
Note: CC2S bits are writable only when the channel is OFF
(CC2E ='0’in TIM1_CCER)
Input capture 1 filter
This bit-field defines the frequency used to sample TI1 input
and the length of the digital filter applied to TI1.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
1000: fSAMPLING=fDTS/8, N=6
0001: fSAMPLING = fCK_INT, N =2
1001: fSAMPLING=fDTS/8, N=8
0010: fSAMPLING = fCK_INT, N =4
1010:fSAMPLING=fDTS/16, N=5
7:4 IC1F[3:0] RW 0000 0011: fSAMPLING=fCK_INT, N=8
1011: fSAMPLING=fDTS/16, N=6
0100: fSAMPLING=fDTS/2, N=6
1100: fSAMPLING=fDTS/16, N=8
0101: fSAMPLING=fDTS/2, N=8
1101: fSAMPLING=fDTS/32, N=5
0110: fSAMPLING=fDTS/4, N=6
1110: fSAMPLING=fDTS/32, N=6
0111: fSAMPLING=fDTS/4, N=8
1111: fSAMPLING=fDTS/32, N=8
Input capture 1 prescaler
. . This two bits defines the ratio of the prescaler acting on
32 IC1PSCIL.0] RW 00 CC1 input (IC1).The prescaler is reset as soon as CC1E
='0’ (TIM1_CCER register).
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Bit

Name

R/W

Reset Value

Function

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 two bits defines the direction of the channel (input/out-
put) 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 (TIM1_SMCR register)

Note: CCL1S bits are writable only when the channel is OFF
(CC1E=0"in TIM1_CCER).

15.4.8.

TIM1 capture/compare mode register 2 (TIM1_CCMR?2)
Address offset:0x1C
Reset value:0x0000 0000

Output compare mode:

31

30 | 29 | 28

27 26

25 | 24

22 | 21 | 20 19 18 17 16

Res

Re | Re | Re
S S S

Res Res

Re | Re
S S

Re | Re | Re Res Res Res Re
S S S S

15

14 | 13 | 12

11 10

9 8

7 6 5 4 3 2 1 0

0cC4cC

OC4M[2:0]

OC4P | CO4F
E E

CC4S[1:0

IC4F[3:0]

IC4PSC[L:0]

]

OC3P | OC3F
OC3M[2:0] CCas[LO]

E E
IC3F[3:0]

RW

R

R R
w w w

RW RW

R R
W | W

IC3PSC[L:0]
R

W RW RW RW

R R R
W | W W

Bit

Name

R/W

Reset Value

Function

31: 16

Reserved

Reserved, must be kept at reset value.

15

OCACE

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

Output 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 (TIM1_SMCR register)

Note: CC4S bits are writable only when the channel is
OFF (CC4E = ‘0’ in TIM1_CCER).

OC3CE

RW

Output compare 3 clear enable

6:4

OC3M[2:0]

RW

Output compare 3 mode

OC3PE

RW

Qutput compare 3 preload enable

OC3FE

RW

Qutput compare 3 fast enable

1.0

CC3S[1:0]

RW

00

Capture/Compare 3 selection

This bit-field defines the direction of the channel (input/out-
put) 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
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Bit Name R/W Reset Value Function

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 (TIM1_SMCR register)

Note: CC3S bits are writable only when the channel is OFF
(CC3E =‘0’in TIM1_CCER)

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

Capture/Compare 4 selection

This bit-field defines the direction of the channel (input/out-
put) 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 CcC4s 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 (TIM1_SMCR register)

Note: CC4S bits are writable only when the channel is OFF
(CC4E ='0’in TIM1_CCER)

7:4 IC3F RW 0000 Input capture 3 filter

3:2 IC3PSC RW 00 Input capture 3 prescaler

Capture/compare 3 selection

This bit-field defines the direction of the channel (input/out-
put) 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 0C3s 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 (TIM1_SMCR register)

Note: CC3S bits are writable only when the channel is OFF
(CC3E =0’ in TIM1_CCER).

15.4.9. 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
F;e F;e 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
Re | Re | CC4 | CC4 | CC3 CC3 | CC3 | Ccec3 | ce2 CC2 | Ccc2 | ccz2| cc1 CCl | CCl | cc1
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
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Bit Name R/W Reset Value Function
Capture/Compare 3 complementary output enable

10 CC3NE RW 0 refer to CC1NE description
Capture/Compare 3 output polarity

9 Cccsp 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 0 refer to CC1NP description
Capture/Compare 2 complementary output enable

6 CC2NE RW 0 refer to CC1NE description
Capture/Compare 2 output polarity

5 ccap RW 0 refer to CC1P description
Capture/Compare 2 output enable

4 CC2E RW 0 refer to CC1E description
Capture/Compare 1 complementary output polarity
0: OC1N active high.

1: OC1N active low.

3 CCINP RW 0 Note: This bit is not writable as soon as LOCK level 2 or 3
has been programmed (LOCK bits in TIM1_BDTR register)
and CC1S ="00" (the channel is configured in output).
Capture/Compare 1 complementary output enable
0: Off - OC1N is not active.OC1N level is then function of
MOE, OSSI, OSSR, 0OIS1, OIS1N and CCL1E bits.

2 CCINE RW 0 1: On - OCIN signal is output on the corresponding output
pin depending on MOE, OSSI, OSSR, OIS1, OIS1N and
CCI1E bits.

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).

TIXFP1 is not inverted (trigger operation in gated mode or
encoder mode).

01: inverted/falling edge

1 ccip RW 0 The circuit is _sensi_tive to TIxXFP1 falling edge (_capture or
trigger operations in reset, external clock or trigger mode),
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 operation
in gated mode).This configuration must not be used in en-
coder 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 pre-
loaded 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 TIMx_BDTR register).
Capture/Compare 1 output enable

CC1 channel configured as output:

0: Off - OC1 is not active.OC1 level is then function of MOE,
0SSlI, OSSR, 0OIS1, OIS1IN and CC1NE bits.

1: On - OC1 signal is output on the corresponding output

0 CC1E RW 0 pin depending on MOE, OSSI, OSSR, OIS1, OIS1IN and

CCINE bits.

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
(TIM1_CCR1) or not.
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Bit

Name

R/W

Reset Value

Function

0: Capture disabled.
1: Capture enabled.

Table 15-49 Output control bits for complementary OCx and OCxN channels with break feature

Control bits Output state
MOE | OSSI | OSSR | CcxE | CcxNE OCx output state OCxN output state
Output Disabled (not driven by the Output Disabled (not driven by the
0 0 0 timer), OCx =0, timer)
OCx EN=0 OCxN=0, OCxN_EN=0
Output Disabled (not driven by the OCXREF + Polarity
0 0 1 timer), OCx =0, OCXN=0OCXxREF xor CCxNP,
OCx EN=0 OCxN_EN=1
OCXREF + Polarity Output Disabled (not driven by the
0 1 0 OCx = OCXREF xor CCxP, timer)
OCx EN=1 OCxN=0, OCxN_EN=0
. . Complementary to OCREF (not
OCREF + Polarity + dead-time
0 1 1 OCx EN=1 OCREF) + Polarity + dead-time
1 X OCxN_EN=1
Output Disabled (not driven by the Output Disabled (not driven by the
1 0 0 timer) timer),
OCx=CCxP, OCx_EN=0 OCxN=CCxNP, OCxN_EN=0
Output Disabled (not driven by the OCXREF+Polarity
1 0 1 timer) OCXN=OCXxREF xor CCxNP,
OCx=CCxP, OCx_EN=1 OCxN_EN=1
OCXREF+Polarity Off-State (output enabled and
1 1 0 OCx=0OCXxREF xor CCxP, invalid level),
OCx EN=1 OCXN=CCxNP, OCxN_EN=1
_ ) Complementary to OCREF (not
OCREF+Polarity + dead-time
1 1 1 OCx EN=1 OCREF) + polarity + dead-time
OCN_EN=1
Output Disabled (not driven by the Output Disabled (not driven by the
0 0 0 timer), timer),
OCx=CCxP, OCx_EN=0 OCxN=CCxNP, OCxN_EN=0
0 0 1 Output Disabled (not driven by the timer),
0 1 0 Asynchronously: OCx=CCxP, OCx_EN=0, OCxN=CCxNP, OCxN_EN=0
Then if the clock is present: OCx = OISx and OCxN = OISxN after a dead-
0 1 1 time, assuming that OISx and OISxN do not correspond to OCX and OCxN
both in active state.
0 X Output Disabled (not driven by the Output Disabled (not driven by the
1 0 0 timer), timer),
OCx=CCxP, OCx_EN=0 OCxN=CCxNP, OCxN_EN=0
1 0 1 Off-State (output enabled and invalid level),
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 a dead-
1 1 1 time, assuming that OISx and OISxN do not correspond to OCX and OCxN
both in active state

15.4.10. 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
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[ 150 | CNT[15:0] | RW | 0 | Counter value |
15.4.11. 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
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 PSCJ[15:0] RW 0 PSC contains the value to be loaded in the active prescaler
register at each update event (including when the counter
is cleared through UG bit of TIMx_EGR register or through
trigger controller when configured in “reset mode”).

15.4.12. 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 gtR;? is the value to be loaded in the actual auto-reload reg-
The counter is blocked while the auto-reload value is null.

15.4.13. 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

Reserved, must be kept at reset value.

Repetition counter value

These bits allow the user to set-up the update rate of the

7:0 REP[7:0] RW 0 compare registers (i.e.periodic transfers from preload to ac-
tive registers) when preload registers are enable, as well as

the update interrupt generation rate, if this interrupt is ena-

ble.

31: 8 Reserved
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Bit Name R/W Reset Value Function

Each time the REP_CNT related downcounter reaches
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:

— the number of PWM periods in edge-aligned mode

— the number of half PWM period in center-aligned mode.

15.4.14. 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

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
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:

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_CCMRL1 register (bit OC1PE).Else the
preload value is copied in the active capture/compare 1 reg-
ister when an update event occurs.

The active capture/compare register contains the value to
be compared to the counter TIM1_CNT and signaled on
OC1 output.

If channel CC1 is configured as input:

CCRL1 s the counter value transferred by the last input cap-
ture 1 event (IC1).

15: 0 CCR1[15:0] RW 0

15.4.15. 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 TIM1_CCMR?2 register (bit OC2PE).Else the
preload value is copied in the active capture/compare 2 reg-
ister when an update event occurs.

15:0 CCR2[15:0] RW 0
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Bit Name R/W Reset Value Function

The active capture/compare register contains the value to
be compared to the counter TIM1_CNT and signalled on
OC2 output.

If channel CC2 is configured as input:

CCR2 is the counter value transferred by the last input cap-
ture 2 event (IC2).

15.4.16. 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
Bit Name R/W Reset Value Function
31: 16 Reserved Reserved, must be kept at reset value.

Capture/Compare 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 TIM1_CCMR3 register (bit OC3PE).Else the
preload value is copied in the active capture/compare 3 reg-
ister when an update event occurs.

The active capture/compare register contains the value to
be compared to the counter TIM1_CNT and signalled on
OC3 output.

If channel CC3 is configured as input:

CCRa3iis the counter value transferred by the last input cap-
ture 3 event (IC3).

15:0 CCR3[15:0] RW 0

15.4.17. 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
CCR4[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 TIM1_CCMRA4 register (bit OC4PE).Else the
preload value is copied in the active capture/compare 4 reg-
ister when an update event occurs.

The active capture/compare register contains the value to
be compared to the counter TIM1_CNT and signalled on
OC4 output.

If channel CC4 is configured as input:

15:0 CCRA4[15:0] RW 0
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Bit

Name

R/W

Reset Value

Function

CCRA4 is the counter value transferred by the last input cap-
ture 4 event (IC4).

15.4.18. 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

0SSl

LOCK[1:0]

DTG[7:0]

RW

RW

RW

RW

RW

RW

RW | RW

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

Bit

Name

RIW

Reset Value

Function

31: 16

Reserved

RW

0

Reserved, must be kept at reset value.

15

MOE

RW

Main output enable

This bit is cleared asynchronously by hardware as soon as
the break input is active.lt is set by software or automati-
cally depending on the AOE bit.It is acting only on the chan-
nels which are configured in output.

0: OC and OCN outputs are disabled or forced to idle state.
1: OC and OCN outputs are enabled if their respective en-
able bits are set (CCxE, CCxNE in TIM1_CCER register).

14

ACE

RW

Automatic output enable

0: MOE can be set only by software

1: MOE can be set by software or automatically at the next
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 TIM1_BDTR register).

13

BKP

RW

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
has been programmed (LOCK bits in TIM1_BDTR register).

12

BKE

RW

Break enable

0: Break inputs (BRK and BRK_ACTH) disabled

1, Break inputs (BRK and BRK_ACTH) enabled

Note: This bit cannot be modified when LOCK level 1 has
been programmed (LOCK bits in TIM1_BDTR register).

11

OSSR

RW

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.

Refer to the detailed description of OC/OCN enable(cap-
ture/compare enable register(TIM1_CCER)).

0: When inactive, OC/OCN outputs are disabled (OC/OCN
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 TIM1_BDTR
register).

10

OSSlI

RW

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).

1: When inactive, OC/OCN outputs are forced first with their
idle level as soon as CCxE =1 or CCxNE = 1.0C/OCN en-
able output signal = 1)
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Bit

Name

R/W

Reset Value

Function

Note: This bit can not be modified as soon as the LOCK
level 2 has been programmed (LOCK bits in TIM1_BDTR
register).

9:8

LOCK[1:0]

RW

00

Lock configuration

These bits offer a write protection against software errors.
00: LOCK OFF - No bit is write protected.

01: LOCK Level 1, DTG/BKE/BKP/AOE bits in TIM1_BDTR
register and OISx/OISxN bits in TIM1_CR2 register and can
no longer be written.

10: LOCK Level 2, LOCK Level 1 + CC Polarity bits
(CCxP/CCxNP bits in TIM1_CCER register, as long as the
related channel is configured in output through the CCxS
bits) as well as OSSR and OSSI bits can no longer be writ-
ten.

11: LOCK Level 3, LOCK Level 2 + CC Control bits (OCxM
and OCXPE bits in TIM1_CCMRXx 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 TIM1_BDTR register has been written, their
content is frozen until the next reset.

7:0

DTG[7:0]

RW

0000 0000

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 = DTG[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.

DTG[7:5] = 111 = > DT = (32+DTG[4:0])xtdtg with Tdtg =
16xtDTS.

Example if TDTS = 125 ns (8 MHz), dead-time possible val-
ues 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
TIM1_BDTR register).
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16.

16.1.

16.2.

General purpose timer (TIM14)

TIM14introduction

The general-purpose timer TIM14 consist of a 16-bit auto-reload counter driven by a programma-
ble 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 and PWM).

Pulse lengths and waveform periods can be modulated from a few microseconds to several milli-

seconds using the timer prescaler and the RCC clock controller prescalers.

TIM14 main features

16-bit up auto-reload counter
16-bit programmable prescaler used to divide the counter clock frequency by any factor be-
tween 1 and 65536
B One independent channel for:
> Input capture
> Output capture
> PWM generation (Edge-aligned modes)
B Interrupt generation on the following events:
> Update: counter overflow, counter initialization (by software)
> Input capture

> Output capture

Internal clock(CK_INT) Trigger

Controller Enable
counter

A4

auto-reload register
—> ul

Stop, clear il—/\’vy
LN

CK_PSC CK_CNT
» PSC prescaler g +/- CNT counter
oy @ c1l
TILFPL  IC1 - = -
T | inputfilter & Ic1Ps OCIREF oc1

TIMx_CH1 N capture/comp Output C

- [:] edge selector > prescaler > are 1 register control :]
TIMx| CH1

Note:

Preload registerstransferred to active
Registers on U event according to
control bit

REG

Event

L

Interrupt

Figure 16-1 TIM14 Diagram
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16.3.
16.3.1.

TIM14 functional description

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-re.load register and the prescaler register can be written or read by soft-
ware.This is true even when the counter is running.The time-base unit includes:

B Counter register (TIM14 CNT)

B Prescaler register (TIM14_PSC)

B 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
permanently 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_CRL1 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.

Note that the counter starts counting 1 clock cycle after setting the CEN bit in the TIM14_CR1 reg-

ister.

Prescaler description:

The prescaler can divide the counter clock frequency by any factor between 1 and 65536.1t 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 ac-
count at the next update event.

The following figures give some examples of the counter behavior when the prescaler ratio is

changedy:

ok pse T uUgugu L
CEN }

Timer clock = CK_CNT ﬂ ﬂ ﬂ H
Counter register F7 F8 mﬁ 00 01 02 03
Update event(UEV) T

Prescaler control register 0 < 1
Write a new value in TIM1_PSC
Prescaler buffer 0 1
Prescaler counter ONTAOANTAOAIAOAT

Figure 16-2 Counter timing diagram with prescaler division change from 1 to 2
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o _ps oy yyyyl

CEN
Timer clock = CK_CNT ﬂ H
Counter register F7 F8 m@m 00 01
Update event(UEV) T
Prescaler control register 0 < 3
Write a new value in TIM1_PSC
Prescaler buffer 0 3

Prescaler counter of1f2f3 of )23}

Figure 16-3 Counter timing diagram with prescaler division change from 1 to 4

Upcounting mode

The counter counts from 0 to the auto-reload value(TIM14_ARR register value), then restarts from

0 and generates a counter overflow event.

Each count overflow generates an update event.An update event can also be generated by setting

the UG bit in the TIM_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 TIM14_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 O,

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_CR1 register is set, setting the UG bit generates an

update event UEV but without setting the UIF flag (thus no interrupt 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

TIM14_SR register) is set (depending on the URS bit):

B The auto-reload shadow register is updated with the preload value (TIM14_ARR).

B The buffer of the prescaler is reloaded with the preload value (content of the TIM14_PSC reg-
ister).

The following figures show some examples of the counter behavior for different clock frequencies

when TIM14_ARR = 0x36
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CK_PSE

CNT_EN

Timer clock = CK_CNT

Uy uyyyl

Counter register

31 )32)(33)(34)(35) 36],00] 01}(02{03) 04) 05 06] 07}

Counter overflow

]

Update event(UEV)

]

Update interrupt flag(UIF)

Figure 16-4 Counter timing diagram, internal clock divided by 1

CK_PS€

Juuuuuuuuuyuuy

CNT_EN

Timer clock = CK_CNT

I e

Counter register

0034 X 0035 0036 X 0000 ><0001 0002 0003

Counter overflow

i

Update event(UEV)

[

Update interrupt flag(UIF)

Figure 16-5 Counter timing diagram, internal clock divided by 2

CK_PSC

CNT_EN

Timer clock = CK_CNT

Counter register

0035 0036 0000 0001

Counter overflow

Update event(UEV)

Update interrupt flag(UIF)

Figure 16-6 Counter timing diagram, internal clock divided by 4
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K _psc Uittty ugy
CNT_EN ‘
Timer clock = CK_CNT H

Counter register

Counter overflow

Update event(UEV)

Update interrupt flag(UIF)

[ [

1 2 e
M
]

.

Figure 16-7 Counter timing diagram, internal clock divided by N

oK _pse Ty Uy

CNT_EN

Timer clock = CK_CNT

Juuyyyuuguuyguh
a1 )(52)(33)(a4)(35)(36/ 09 01/{02)(03 0405 0807
1
1

Update interrupt flag(UIF) ‘

Counter register

Counter overflow

Update event(UEV)

Auto-reload preload register FF 36

Write a new value in TIMX_ARR

Figure 16-8 Counter timing diagram, update event when ARPE=0 (TIMx_ARR not preload)

oK _pse Ty Uy

CNT_EN

Timer clock = CK_CNT

Juyuuuuyuyuyuyl
(F)(rs)(00) 0302)03) 04} 05} 08 07
1
1

Update interrupt flag(UIF) ‘

Counter register

Counter overflow

Update event(UEV)

Auto-reload preload register F5 36

Pal

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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16.3.2.

16.3.3.

Clock sources

The clock for the counter is provided by the internal clock (CK_INT).The CEN BIT of the
TIMx_CR1 register and the UG bit of th TIM 14_EGR register are the actual control bits (except

that the UG bit is automatically cleared) and can only be changed by software.Once the CEN bit is

set to 1, the internal clock supplies the clock to the divider.

ek pse Uity duuyl

CEN=CNT_EN |
UG ]
CNT_INIT B

Counter clock = CK_CNT = CK_pSC yuuuUyyuuyuyuy
Counter register 31 Emmm 36 @m@mm@m

Figure 16-10Control circuit in normal mode, internal clock divided by 1

Capture/compare channels

Each Capture/Compare channel is built around a capture/compare register (including a shadow

register), a input stage for capture (with digital filter, multiplexing and prescaler) and an output

stage (with comparator and output control).

[ APB bus |

Output stage

|
|
|
|
| APB interface | |
|
|
|
|

S #rite CCR1H
read_in_prugrqss R rite CCR1L
apture/compare prefoa
register — \ output mode > CC1s[1]
< '7 & o (o _caasio
-p com;Lare_transfer
| OC1PE
Capture/compare shadow (‘ TIM14_CCMR1
register
p

|1
|Comparator (from time base)

|

|

|

! I tmaa_cemr[ ocm | [ cerr | [ ccie |
I____ ____________ L e e e = ! TIM14_CCER

|

|

Divider
/1/2/4/8
A A

TIM14_CCMR1

I r

|

|

| ICF[3:0] TIM14_CCER CC1P/CCINP
|

|

|

[ ccasprop [ icpsiao) | [ccie ]
L Intput stage TIM14_CCMR1 TIM14_CCER

Figure 16-11 TIM14 Capture/compare channel(example: channel 1 input stage)
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16.3.4.

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 in-
put by the slave mode controller or as the capture command.lt is prescaled before the capture reg-
ister (ICxPS).

The output stage generates an intermediate waveform which is then used for reference (active
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 always access the preload register.

In capture mode, captures are actually done in the shadow register, which is copied into the pre-
load register.

In compare mode, the content of the preload register is copied into the shadow register which is

compared 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 hign, the the over-capure flag CCxOF(TIMx_SR register) is set. CCxIF can be cleared
by software by writing it to 0 or by reading the capure data stored in the register. CCxOF is cleared

when it is written with O.

The following example shows how to capture the counter value in TIM14_CCR1 when TI1 input

rises.As the following two procedure show:

B Select the active input: TIM14_CCR1 must be linked to the TI1 input, so write the CC1S= 01
in the TIM14_CCMRL1 register.As soon as CC1S becomes different from 00, the channel is
configured in input and the TIM14_CCRL1 register becomes read-only.

B 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).Suppose that,
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 DTS fre-
quency).Then write IC1F= 0011 in the TIM14 _CCMR1 register.

B Select the edge of the active transition on the TI1 channel by writing the CC1P=0(rising) (and
CCI1NP=0 )in the TIMX_CCER register.

B 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=00 in the TIMx_CCMR1 register).

B Enable capture from the counter into the capture register by setting the CC1E bit in the
TIMx_CCER register.

B If needed, enable the related interrupt request by setting the CC1IE bit in the TIMx_DIER reg-
ister.

When an input capture occurs:

B The TIM14_CCR1 register gets the value of the counter on the active transition.
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16.3.5.

16.3.6.

B CCI1IF flag is set (interrupt flag).CC1OF is also set if at least two consecutive captures oc-
curred whereas the flag was not cleared.

B Aninterrupt is generated depending on the CCLIE 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.

Force ouput mode

In this mode (CCxS bits=00 in the TIM14_CCMRX register), each output compare signal (OCxREF
and the corresponding OCx) can be forced to active or inactive level directly by software, inde-
pendently 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
OCxM bits=101, in the corresponding TIM14_CCMRX register.Thus OCXREF is forced
high(OCxREF is always active high) and OCx get opposite value to CCxP polarity bit.

For instance, 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 TIM14_CCMRKX register.
The comparison between the TIM14_CCRx shadow register and the counter is still performed and

allows the flag to be set.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 com-

pare function:

B Assigns the corresponding output pin to a programmable value defined by the output com-
pare mode (OCxM bits in the TIM14_CCMRX 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).
Generates an interrupt if the corresponding interrupt mask is set (CCXIE bit in the
TIM14_DIER register).

The TIM14_CCRXx 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).
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16.3.7.

Write B201h in the CC1R register

TIM1_CNT

TIM1_CCR1 003A B201

OCLREF=0CL
\ /

Match detected on CCR1
interrupt generated if enabled

Figure 16-12 Output compare mode, toggle on OC1

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_CCRX register.
The PWM mode can be selected independently on each channel (one PWM per OCx output) by
writing 110’ (PWM mode 1) or ‘111" (PWM mode 2) in the OCxM bits in the TIM14_CCMRXx regis-
ter.The corresponding preload register must be enabled by setting the OCXPE bit in the
TIM14_CCMRX register, and eventually the auto-reload preload register (in upcounting or center-
aligned modes) by setting the ARPE bit in the TIM14_CRL1 register.

As the preload registers are transferred to the shadow registers only when an update event oc-
curs, before starting the counter, the user must initialize all the registers by setting the UG bit in
the TIM14_EGR register.

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 CcxE bit in the TIM14 CCER register controls the
OCx output enable.

In PWM mode (1 or 2), TIM14_CNT and TIM14_CCRXx are always compared to determine whether
TIM14_CCRx < TIM14_CNT.

The timer can only generate PWM in edge-aligned mode if the counter is counting up.

PWM edge-aligned mode

Here is an example of PWM mode 1.The reference PWM signal OCxREF is high as long as
TIM14_CNT < TIMx_CCRXx else it becomes low.If the compare value in TIM14_CCRX is greater
than the autoreload value (in TIM14_ARR) then OCxREF is held at ‘1’.If the compare value is 0
then OCxRef is held at ‘0’.

The following figure shows some edge-aligned PWM waveforms in an example where TIMx_ARR
=8.
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Counter register : nan 7 0

OCXREF 7—‘ [
CCRx=4

CCxIF 7Q

OCXREF
CCRx=8

CCxIF

OCXREF !
CCRx>8

CCxIF _

OCXREF 0
CCRx=0

CCxIF _

Figure 16-13 Edge-aligned PWM waveforms (ARR=8)

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 pro-
grammable 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_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:

e In upcounting: CNT < CCRx < ARR (in particular, 0 < CCRXx),

Here is an example of one pulse mode.

TI2 ﬂ

OC1REF

oc1 |
TIM1_AR Rﬁ
TIM1_CCR f
5 r
=
3
3 o

tDELAY  tPULSE

Figure 16-14 Example of one pulse mode
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16.3.10.

For example, the user may want to generate a positive pulse on OC1 with a length of tPULSE and

after a delay of tDELAY as soon as a positive edge is detected on the TI2 input pin.

Let’s use TI2FP2 as trigger 1:

® Map TI2FP2 to TI2 by writing CC2S = 01 in the TIMx_CCMR1 register.

® TI2FP2 must detect a rising edge, write CC2P = 0 in the TIMx_CCER register.

® Configure TI2FP2 as trigger for the slave mode controller (TRGI) by writing TS=110 in the
TIMXx_SMCR register.

® TI2FP2 is used to start the counter by writing SMS=110 in the TIMx_SMCR register (trigger
mode).

The OPM waveform is defined by writing the compare registers (taking into account the clock fre-

guency and the counter prescaler).

® The tDELAY is defined by the value written in the TIMx_CCRL1 register.

® 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 transition from 0 to 1 when a compare match oc-
curs and a transition from 1 to O when the counter reaches the auto-reload value.To do this,
enable PWM mode 2 by writing OC1M =111 in the TIMx_CCMR1 register.The user can op-
tionally enable the preload registers by writing OC1PE = 1 in the TIMx_CCMR1 register and
ARPE in the TIMx_CRL1 register.In this case the compare value must be written in the
TIMx_CCR1 register, the auto-reload value in the TIMXx_ARR register, generate an update by

setting the UG bit and wait for external trigger event on TI2.CC1P is written to O in this exam-

ple.

In this example, the DIR and CMS bits in the TIMx_CR1 register should be low.

The user only wants one pulse (Single mode), so '1’ must be written in the OPM bit in the
TIMx_CR1 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_CRL1 register is set to '0', so the Repetitive Mode is selected.

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.

Debug mode
When the chip enters the debug mode(MO+stops), according to the setting of DBG_TIMx_STOP in

the DBG module, the TIMx counter can continue to work normally or stop working
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16.4.
16.4.1.

TIM14 register

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

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 Res | OPM | URS | UDIS | CEN

RW

RW - - RW | RW RW RW

Bit

Name

RIW

Reset Value

Function

31: 10

Reserved

0

Reserved, must be kept as reset value

9:8

CKD[1:0]

RW

00

Clock division, these 2 bits are defined in the timer
clock(CK_INT)frequency, the frequency division ratio be-
tween the sampled clocks used

00: tDTS =tCK_INT

01: tDTS =2 xtCK_INT

10: tDTS =4 x tCK_INT

11: Reserved, do not program this value

ARPE

RW

Auto-reload preload enable
0: TIM14_ARR register is not buffered

1: TIM14_ARR register is buffered

6:4

Reserved

Reserved, must be kept as reset value

OPM

RW

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)

URS

RW

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
request if enabled.

Update interrupt request

— Counter overflow/underflow

— Setting the UG bit

1: Only counter overflow/underflow generates an update
interrupt request if enabled.

ubIS

RW

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:

— Counter overflow/underflow

— Setting the UG bit

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 rei-
nitialized if the UG bit is set or if a hardware reset is re-
ceived from the slave mode controller.

CEN

RW

Counter enable
0 : Counter disabled

1: Counter enabled
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Bit Name R/W Reset Value Function
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. 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 CC1lIE | UIE
- RW RW
Bit Name R/W Reset Value Function
31: 2 Reserved Reserved, must be kept as reset value
CC1IE: Capture/compare 1 interrupt enable
1 CClIE RW 0 0: CCl1 interrupt disabled
1: CC1 interrupt enable
UIE: Update interrupt enable
0 UIE RW 0 0: Update interrupt disable
1: Update interrupt enabled
16.4.3. TIM14status 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 | IC1IF | Res | Res Res IC1IR
- - - - - - - - - - - Rc_w0 - - - Rc_w0
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res CC10F Res CC1IF UIF
- Rc_w0 - Rc_ w0 | Rc_w0
. Reset .
Bit Name R/W value Function
31: 21 Reserved - 0 Reserved, must be kept as reset value
Falling edge capture 1 flag
This flag can be set to 1 by the hardware only if the corre-
sponding channel is configured for input capture and the
20 IC1IF Rc_wO0 0 capture event is triggered by the falling edge.lt is cleared 0
by software or by reading TIMx_CCRL1.
0: No repeated capture is generated;
1: Falling edge capture event occurs.
19:17 Reserved - 0 Reserved, must be kept as reset value
Rising edge capture 1 flag
This flag can be set to 1 by the hardware only if the corre-
sponding channel is configured for input capture and the
16 IC1IR Rc_wO0 0 capture event is triggered by the rising edge.lt is cleared O
by software or by reading TIMx_CCR1.
0: No repeated capture is generated;
1: Rising edge capture event occurs.
Capture/Compare 1 overcapture flag
9 CC1OF Rc WO 0 This flag_ls set _by hard_wgire only when the corr_espondlng
- channel is configured in input capture mode.lt is cleared
by software by writing it to ‘0’.
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Reset

VEUE Function

Bit Name R/W

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 0 Reserved, must be kept as reset value

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, it is cleared by software.

0: No match.

1: The content of the counter TIMx_CNT matches the con-
tent of the TIM14_CCR1 register.

If channel CC1 is configured as input: This bit is set by
hardware on a capture.lt 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)

1 CC1IF Rc_wo 0

Update interrupt flag

This bit is set by hardware on an update event.lt is
cleared by software.

0: No update occurred.

1: Update interrupt pending.This bit is set by hardware
0 UIF Rc_w0 0 when the registers are updated:

- If UDIS of the TIMx_CRL1 register is 0, update event
overflow occurs.

- If UDIS=0 and URS=0 of the TIMx_CR1 register, an up-
date occurs when UG=1 of the TIMx_EGR register
(software reinitializes CNT)

16.4.4. 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 CC1G | UG
- W W
Bit Name R/W Reset Value Function
31: 2 Reserved - 0 Reserved, must be kept as 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: A capture/compare event is generated on channel CC1
If channel CC1 is configured as output:

1 CCi1G W 0 CC1IF flag is set, Corresponding interrupt request

is sent if enabled.

If channel CCL1l is configured as input:

The current value of the counter is captured in
TIM14_CCR1 register.The CCL1IF flag is set, the corre-
sponding interrupt 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
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Bit

Name

R/W

Reset Value

Function

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).

16.4.5.

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] OC1PE Res CC1SJ[1:.0]

RW | RW | RW RW - RW | RW

Bit

Name

R/W

Reset Value

Function

31:

Reserved

Reserved, must be kept as reset value

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 de-
rived.OC1REF is active high whereas OC1 and OC1N ac-
tive level depends on CC1P and CC1NP bits.

000: Frozen - The comparison between the output com-
pare register TIM1_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, 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
only when the result of the comparison changes or when
the output compare mode switches from “frozen” mode to

“PWM” mode.

OC1PE

RW

Output Compare 1 preload enable

0: Preload register on TIM14_CCR1 disa-
bled.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_CCRL1 pre-
load value is loaded in the active register at each update
event.

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.
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Bit

Name R/W

Reset Value

Function

7¥: 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/W

Reset Value

Function

31:8

Reserved -

Reserved, must be kept as reset value

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: 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,

2zZzZ2zZ2zzZ2Z2
T O I A T T |
0o O U100 O Ul

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 soon as CC1E = 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

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 si
OFF.(CC1E=0in TIM14_CCER).

16.4.6.

TIM14 capture/compare enable register (TIM14_CCER)

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

Res

Res

Res

Res

Res

Res | Res | Res | Res | Res | Res | Res | CCINP | Res | CC1P | CC1E

RW RW RW

Bit

Name

R/W Reset Value

Function

31:

Reserved

- 0

Reserved, must be kept as reset value

CCI1INP

RW 0

Capture/Compare 1 complementary output polarity
CC1 channel configuration as output:
CC1NPmusy keep 0.

CC1 channel configuration as input:
CCI1NP and CC1P are used together to define TILFP1
(refer to CC1Pdesciption)

Reserved

Reserved, must be kept as reset value

CC1pP

RW 0

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)
01: inverted/falling edge

The circuit is sensitive to TIxFP1 falling edge (capture or
trigger operations in reset, external clock or trigger mode),
TIXFP1 is inverted (trigger operation in gated mode or en-
coder mode).

10: reserved, do not use this configuration.

11: non-inverted/both edges

CC1E

RW 0

Capture/compare 1 output enable

CC1 channel configured as output:

0: Off - OClis not active

1: On - OCL1 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.

CcxE {3

OCx output State

0

Capture disabled (OCx=0, OCx_EN=0)

1

OCx=0CxREF+Polarity, OCx_EN=1

16.4.7.

TIM14 Counter (TIM14_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 |
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31: 16

Reserved

Reserved, must be kept as reset value

15:0

CNT[15:0]

RW

0 Counter value

16.4.8. 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
PSCI[15:0]
RW
Bit Name R/W Reset Value Function
31: 16 Reserved Reserved, must be kept as reset value
Prescaler value
The counter clock frequency (CK_CNT) is equal to
fCK_PSC / (PSC[15:0] + 1).

150 PSC[15:0] RW 0 PSC contains the value to be loaded in the active pre-
scaler register at each update event (including when the
counter is cleared through UG bit of TIMXx_EGR register or
through trigger controller when configured in “reset
mode”).

16.4.9. 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 as reset value
Auto-reload value

15:0 ARR[15:0] RW 0 'rAeF;'iz-tI:rthe value to be loaded in the actual auto-reload

The counter is blocked while the auto-reload value is null.

16.4.10. 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
Bit Name R/W Reset Value Function
31: 16 Reserved Reserved, must be kept as reset value
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Bit Name R/W Reset Value Function

Capture/Compare 1 value

If channel CCl 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)

15:0 CCR1[15:0] RW 0

16.4.11. TIM14 option register(TIMx_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 | 112 | 10 | 9 | 8 | 7 | 6 ] 5] 4] 3 1] 2 1 ] 0
Res TI1 RMP
- RW [ RW
Bit Name R/W Reset Value Function
31: 2 Reserved - 0 Capture/Compare 1 value

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 datasheet.
01: Reserved.

10: Reserved

11: TIM14 Channell is connected to the microcontroller
clock output (MCO), this selection is controlled by the
MCOI2:0] bits of the Clock configuration register
(RCC_CFGR)

1: 0 TI1_RMP RW 0
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17.

17.1.

17.2.

17.3.
17.3.1.

Low power timer(LPTIM)

Introduction

LPTIM is a 16-bit timer.The ability of LPTIM to wake up the system from a low-power mode makes

it suitable for implementing low-power applications.

LPTIM introduces a flexible clocking scheme that provides the required functionality and perfor-

mance while minimizing power consumption.

LPTIM main features
B 16-bit up counter
B 3-bit prescaler with 8 possible division factors (1, 2, 4, 8, 16, 32, 64, 128)
B Optional clock
» Internal clock source: LSE, LSI or APB clock
16-bit ARR reload register

Continuous/ Single mode

LPTIM functional description

LPTIMblock diagram

LPTIM
el Iptim_ker_ck clock domai
i ptim_ker_ck clock domain
9 Clock domain
o
o
o R
<
e}
o~
«™ LPTIM 1
Register 5
Iptim_|pclk interface ;3 16-bit ARR
T s A
< SNGSTRT ) 4
g —
S
A K
« 16-bit
A counter
interface
Iptim| ker_ck
Igti'n_wkup

Figure 17-1 LPTIM block diagram
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17.3.2. LPTIM pins and internal signals
Table 17-1 LPTIM Internal Signals
Names Signal type Description
Iptim_pclk Digital input LPTIM APB clock domain
Iptim_ker ck Digital input LPTIM kernel clock
Iptim_it Digital output LPTIM global interrupt
Iptim_wakeup Digital output LPTIM wakeup event
17.3.3. LPTIM Reset and clock
LPTIM can use multiple clock sources for count.
Through the RCC module, it can be clocked with an internal clock signal (the clock signal can be
selected among APB, LSI, LSE sources).
17.3.4. Prescaler
LPTIM 16-bit counter driven by a configurable 2 power prescaler control. The prescaler division
ratio is controlled by PRESC[2:0].
The following table lists all cases:
Table 17-2 prescaler factor
Programming Dividing factor
000 /1
001 2
010 14
011 18
100 /16
101 /32
110 164
111 /128
17.3.5. Operating mode
LPTIM has the following timer mode.
B Continuous mode: timer running freely, starting from the triggering event run, until the timer is
disable.
B Single mode: The timer starts from a trigger event and stops when the ARR value is reached.
To enable single counting, the SNGSTRT bit must be set.
A new trigger event will restart the timer.Any trigger events after the counter has started and be-
fore the ARR is reached will be ignored.
17.3.6. Register update

The PRELOAD bit controls how the LPTIM_ARR register is updated:

B When the PRELOAD bit is reset to '0": The LPTIM_ARR register is updated immediately after
any write access.

B When the PRELOAD bit is set to '1": If the timer has already started, LPTIM_ARR will be up-

dated at the end of the current period.
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17.3.7.

17.3.8.

17.3.9.

17.4.

The LPTIM APB interface and the LPTIM Kernel logic use different clocks, so there is a certain
delay when the APB is written and the written value is applied to the counter comparator.During

this delay period, any additional writes to these registers must be avoided.

Enable timer

The ENABLE bit in the LPTIM_CR register is used to enable/disable the LPTIM core logic.After
setting the ENABLE bit, a delay of two counter clocks is required to enable LPTIM.

The LPTIM_CFGR and LPTIM_IER registers can only be modified when LPTIM is disabled.

Counter reset INDANG

In order to reset the contents of the LPTIM_CNT register, a reset mechanism is provided:

Asynchronous reset mechanism:

Asynchronous reset is controlled by the RSTARE bit in the LPTIM_CR register.When this bit is set

to 1, any access to the LPTIM_CNT register resets its contents to zero.

Note that in order to reliably read the LPTIM_CNT register, two read accesses must be performed

and the results are compared.If the results are consistent, the read value is considered to be relia-

ble.

Notice:

B When asynchronous reset is enabled, the first read will reset the LPTIM_CNT, the second
read can read the count result of the LPTIM_CNT register.

B When the LPTIM count clock selects PCLK/HSI, the read value cannot be guaranteed to be

reliable even if it is accessed twice in a row.

Debug mode
When the microcontroller enters debug mode, the LPTIM counter either continues to work nor-

mally or stops, depending on DBG_TIMx_STOP configuration bit in DBG module.

LPTIM Low power mode

Table 17-3 The difference between low power mode of LPTIM

Mode Description

Sleep No effect.LPTIM interrupts cause the device to exit Sleep mode.

Stop

No effect when LPTIM is clocked by LSE or LSI.LPTIM interrupts cause the device to exit Stop.

17.5.

LPTIM interrupt

The following events will generate interrupt/wake-up events if they are enabled in the LPTIM_IER
register:

B Auto-reload match

Note: If the corresponding bit in the LPTIM_IER register (interrupt enable register) is set to 1 after
the corresponding flag in the LPTIM_ISR register (status register) is set to 1, no interrupt will be

generated
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Table 17-4 Interrupt event of LPTIM

Interrupt

event Description
Auto-reload When the content of the counter register (LPTIM_CNT) matches the content of the auto-reload regis-
match ter(LPTIM_ARR), the interrupt flag is set
17.6. LPTIM register
17.6.1. LPTIMinterrupt and status register (LPTIM_ISR)
Address offset:0x000
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 ARROK Res Res ARRM Res
R R
Bit Name R/W Reset Value Function
315 Reserved - 0
Auto-reload register update
ARROK is set by hardware to inform the application pro-
4 ARROK R 0 gram that the APB bus write operation to LPTIM_ARR has
completed successfully. Writing a 1 to LPTIM_ICR.AR-
ROKCE clears the ARROK flag
3:2 Reserved - - -
Auto-reload match
ARRM is set by hardware to inform the application that the
1 ARRM R 0 LPTIM_CNT register value matches the LPTIM_ARR reg-
ister value.Writing a 1 to the ARRMCEF bit of the
LPTIM_ICR register clears the ARRM flag.
0 Reserved - - -
17.6.2. LPTIM interrupt clear register (LPTIM_ICR)
Address offset:0x004
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 | ARROKCF | Res | Res éERM Res
RW RW
Bit Name R/W Reset Value Function
31: 5 Reserved - - -
Automatically reload register update OK clear flag.
4 ARROKCF RW 0 Writing 1 to this bit clears the ARROK flag in the
LPTIM_ISR register.
3: 2 Reserved - 0
Automatically overload the match clear flag
1 ARRMCF RW 0 Writing 1 to this bit clears the ARRM flag in the
LPTIM_ISR register.
0 Reserved - - -
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17.6.3. LPTIM interrupt enable register (LPTIM_IER)
Address offset:0x008
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 | ARROKIE | Res | Res /lAERRM Res

RW RW
Bit Name R/W Reset Value Function
31: 5 Reserved - - -

Auto-reload register update OK interrupt enable
4 ARROKIE RW 0 0:ARROK interrupt disabled
1:ARROK interrupt enabled

3: 2 Reserved - 0

Auto-reload matches interrupt enable
1 ARRMIE RW 0 0:ARRM interrupt disabled
1:ARRM interrupt enabled

0 Reserved - - -

17.6.4. LPTIM configuration register (LPTIM_CFGR)
Address offset:0x00C
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 PRELOAD | Res | Res | Res | Res | Res | Res

w

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

Res | Res | Res | Res PRESCI[2:0] Res Res Res Res Res Res Res Res Res

rw‘rw‘rw

Bit Name R/W Reset Value Function

31:23 Reserved - 0

Register update mode

The preload bit controls the LPTIM_ARR register update
mode

0: Update registers after each APB bus write access

1: Registers are updated at the end of the current LPTIM
period

22 PRELOAD RW 0

21:12 Reserved

Clock prescaler

The PRESC bits configure the prescaler division factor.It
can be a factor in the following divisions:
000:/1

001:/2

11:9 PRESCJ[2:0] RW 0 010:/4

011:/8

100:/16

101:/32

110:/64

111:/128

8.0 Reserved - 0 Reserved, must be kept at reset value
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17.6.5.

Reset value: 0x0000 0000

LPTIM control register (LPTIM_CR)
Address offset:0x010

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

9

6 5 4 S 2 1 0

Res

Res

Res

Res

Res

Res

Res

Res

Res | Res Res

RST SNG | ENA
ARE COUNTRST | CNTSTRT STRT | BLE

'w ] 'w r'w 'w

Bit

Name

R/W

Reset Value

Function

315

Reserved

0

RSTARE

RW

Reset enable after read

This bit is set and cleared by software.When RSTARE is set
to '1', any read access to the LPTIM_CNT register will asyn-
chronously reset the LPTIM_CNT register contents.

COUNTRST

RS

Counter Reset.

This bit is set by software to 1 and cleared by hardware to
0.When set to 1, this bit triggers a synchronous reset of the
LPTIM_CNT counter register.Due to the synchronous nature
of this reset, it only needs to be released after a synchroniza-
tion delay of 3 LPTIM kernel clock cycles (the LPTIM kernel
clock may be different from the APB clock).

Note: Software must not set COUNTRST to 1 until it has
been cleared to 0 by hardware.Therefore, software should
check that the COUNTRST bit is cleared to 0 before attempt-
ing to setitto 1.

CNTSTRT

RW

The timer initiates continuous mode.

This bit is set by software and a 1 in this position will initiate
LPTIM in continuous mode.

If this bit is set to 1 while a single count mode count is being
performed, the timer will not stop at the next pulse mode
count for which the LPTIM_ARR and LPTIM_CNT registers
match.The LPTIM counter remains in continuous mode
counting.

Note: This bit can be set to 1 only when LPTIM is enabled.it
will be automatically reset by the hardware.

SNGSTRT

RW

LPTIM starts single mode.

This bit is set by software and cleared by hardware.Setting
this bit will start LPTIM in single-pulse mode.

Note: This bit can only be set when LPTIM is enabled.It will
be reset automatically by hardware.

ENABLE

RW

LPTIM enable bit, set and cleared by software
0: LPTIM disabled
1: LPTIM enabled
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17.6.6. LPTIM auto-reload register (LPTIM_ARR)
Address offset:0x018
Reset value: 0x0000 0001
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 J12 11 10 |9 [8 7 |6 |5 | 4 | 3 | 2 1 o
ARR[15:0]
w
Bit Name R/W Reset Value Function
31:16 Reserved - 0 Reserved, must be kept at reset value
LPTIM enable bit, set and cleared by software
15: 0 ARR RW 0x0001 0: LPTIM disabled
1. LPTIM enabled
17.6.7. LPTIM counter (LPTIM_CNT)
Address offset:0x01C
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 J11 J10 |9 [8 |7 s |5 4 [3 |2 1 Jo
CNT[15:0]
R
Bit Name R/W Reset Value Function
31:16 Reserved - 0
Counter value
When LPTIM is running on an asynchronous clock, read-
ing the LPTIM_CNT register may return unreliable val-
15 0 CNT R 0 ues.So in this case it is necessary to perform two consec-
’ utive read accesses and verify that the two values re-
turned are the same.A read access can be considered re-
liable when the values of two consecutive read accesses
are equal.
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18. Independent watchdog (IWDG)

18.1. Introduction

Independent watchdog is integrated in the chip, and this module has the characteristics of high-
security level, accurate timing and flexible use.IWDG finds and resolves functional malfunctions
due to software failure and triggers system reset when the counter reaches the specified timeout
value.

The IWDG is clocked by LSI and thus stay active even if the main clock fails.

The IWDG is the best suited to applications that require the watchdog to run as a totally independ-

ent process outside the main application, without having high timing accuracy constraints.

18.2. IWDGmain features

B Free-running downcounter
B Clocked from an independent RC oscillator (can operate in Standby and Stop modes)
B Conditional reset

> Reset when the downcounter value of 0x000 is reached

18.3. IWDG functional diagram
18.3.1. IWDG block diagram

| |
|

| prescaler register status register reload register key register :
: IWDG_PR IWDG_SR IWDG_RLR IWDG_KR :
| A A '
e

32kHz prescaler

|
|

|

|

| .
: LSI 8-bit
|

|

|

|

Figure 18-1 IWDGblock diagram

When the independent watchdog is started by writing the value 0x0000 CCCC in the Key register
(IWDG_KR), the counter starts counting down from the reset value of OXFFF.When it reaches the
end of count value (0x000) a reset signal is generated (IWDG reset).
Whenever the key value 0x0000 AAAA is written in the IWDG_KR register, the IWDG_RLR value
is reloaded in the counter and the watchdog reset is prevented.
Once it starts running, IWDG cannot be stopped.

18.3.2. Hardware watchdog
If the “Hardware watchdog” feature is enabled through the device option bits, the watchdog is au-
tomatically enabled at power-on, and generates a reset unless the Key register is written by the

software before the counter reaches end of count.
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18.3.3. Register access protection
Write access to the IWDG_PR and IWDG_RLR registers is protected.A write access to this regis-
ter with a different value will break the sequence and register access will be protected again.This
implies that it is the case of the reload operation (writing 0X0000 AAAA).
A status register is available to indicate that an update of the prescaler or the down-counter reload
value is on going.

18.3.4. Debug mode
This function can only be used if the system supports DBG_MCU. If the CPU enters debug mode,
whether IWDG continues to count or enters stop mode depends on the configuration of
DBG_IWDG_STOP in the DBG module.

18.4. IWDG register

18.4.1. Key register (IWDG_KR)
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

wilwilwIlwIlwIlwI]lw][w wilw I lwilwIlwIlwIlw][Ww

Bit Name R/W | Reset Value Function

31:16 Reserved RES - Reserved

Key value.

These bits must be written by software at regular intervals with
the key value 0XAAAA, otheRWise the watchdog generates a
reset when the counter reaches 0.

Writing the key value 0x5555 to enable access to the
IWDG_PR and IWDG_RLR registers.

Writing the key value OXCCCC starts the watchdog (except if
the hardware watchdog option is selected)

15:0 KEY[15:0] W 0x00

18.4.2. Prescaler register (IWDG_PR)
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 | Res Res Res | Res | Res PR[2:0]
RW
Bit Name R/W | Reset Value Function
31:3 Reserved RES - Reserved

Prescaler divider.

They are select the prescaler divider feeding the counter clock
by set this register.

PVU bit of IWDG_SR must be reset in order to be able to
change the prescaler divider.

000: divider /4

001: divider /8

010: divider /16

2:0 PR[2:0] RW 0
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Bit Name R/W | Reset Value Function
011: divider /32
100: divider /64
101: divider /128
110: divider /256
111: divider /256
18.4.3. Reload register (IWDG_RLR)
Address offset:0x08
Reset value:0x0000 OFFF
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 RL[11:0]
Bit Name R/W | Reset Value Function
31:12 Reserved RES - Reserved
IWDG counter reload value.
RL value will be loaded in the counter each time When writing
OxAAAA to the IWDG_KR register.The watchdog counter
11:.0 RL[11:0] RW 0 counts down from this value.The timeout period is a function of
this value and the clock prescaler.
The RVU bit in the IWDG_SR register must be reset in order to
be able to change the reload value.
18.4.4. Status register (IWDG_SR)
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 7 6 5 4 3 2 1 0
Res | Res | Res | Res | Res | Res | Res | Res | Res Res Res | Res | Res Res | RVU | PVU
R R
Bit Name R/W | Reset Value Function
31:2 Reserved RES - Reserved
Watchdog counter reload value update
This bit is set by hardware to indicate that an update of the re-
1 RVU R 0 . ; .
load value is ongoing.lt is reset by hardware when the reload
value update operation is completed.
Watchdog prescaler value update
This bit is set by hardware to indicate that an update of the
0 PVU R 0 . : .
prescaler value is ongoing.lt is reset by hardware when the
prescaler update operation is completed.

Note: Before updating IWDG_PR and IWDG_SR.RLR, you have to wait for WDG_PVU and IWDG_SR.RVU

to be 0 respectively, but after updating IWDG_PR and IWDG_RLR, you do not have to wait for

IWDG_SR.PVU and IWDG_SR.RVU to be 0 anymore and can continue to execute the following code.
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19.

19.1.

19.2.

Inter-integrated circuit interface

Introduction

The 12C (inter-integrated circuit) bus interface handles communications between the microcontrol-
ler and the serial 12C bus.It provides multi-master capability, and controls all 12C bus-specific se-

guencing, protocol, arbitration and timing.It supports Standard-mode (Sm) and Fast-mode (Fm).

I2C main features

Slave and master modes
Multimaster capability: Can be master or slave
Support different communication speeds
»  Standard-mode: up to 100 kHz
» Fast-mode: up to 400 kHz
] As Master
» issue clock
» issue Start & Stop clock
[ | As slave
» Programmable 12C address detection
»  Stop bit discovery
7-bit addressing mode
General call
Status flag bit
»  Transmit/receive mode flag bit
»  Byte transfer completion flag bit
» 12C busy flag bit
[ ] error flag bit
»  Host Arbitration Lost
»  ACK failure after address/data transfer
»  Start/Stop error
»  Overrun/Underrun(Clock stretch function disabled)
Optional clock stretching
Software reset

Analog noise filter function
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19.3. 12C functional description

19.3.1. 12C block diagram

SDA [

SCL[

Noise
filter

Data register

T

Noise

fitter [~

Data
control
Data shift register

Clock

control

Clock control register
CCR
control registers
CR1&CR2
status registers
SR1&SR2

¢ 9

l Comparator

PEC calculation ‘

0

Own address register

PEC register

Control logic

interrupt

19.3.2. Mode selecti

on

Figure 19-1 12Cblock diagram

The interface can operate in one of the four following modes:

[ | Slave transmitter

[ | Slave receiver

[ | Master transmitter

[ | Master receiver

By default, it operates in slave mode.The interface automatically switches from slave to master

when it generates a START condition, and from master to slave if an arbitration loss or a STOP

generation occu

19.3.2.1. Communication flow

rs.

In Master mode, the 12C interface initiates a data transfer and generates the clock signal.A

serial data transfer always begins with a START condition and ends with a STOP condi-

tion.Both START and STOP conditions are generated in master mode by software.

In Slave mode, the interface is capable of recognizing its own addresses (7 or 10-bit), and the

General Call address.The General Call address detection can be enabled or disabled by soft-

ware.The reserved SMBus addresses can also be enabled by software.

Data and addresses are transferred as 8-bit bytes, MSB first.The first byte(s) following the

START condition contain the address (one in 7-bit mode, two in 10-bit mode).The address is

always transmitted in Master mode.
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19.3.8.

A 9th clock pulse follows the 8 clock cycles of a byte transfer, during which the receiver must

send an acknowledge bit to the transmitter.Refer to the following figure.

i e e e T

R VAVANSYAVAY R

Bit0
A

Bit8

Stop

Figure 19-2 12Cbus protocol

Acknowledge can be enabled or disabled by software.The 12C interface addresses can be

selected by software(7-bit or general call address).

[2C Initialization

19.3.3.1. Enable and disable the peripheral

The 12C peripheral clock must be configured and enabled the bit of I2C_EN in the RCC_AP-
BENR1 register.
Then the 12C can be enabled by setting the PE bit in the 12C_CR1 register.

19.3.3.2. I2C timings

19.3.4.

The timings must be configured in order to guarantee a correct data hold and setup time,
used in master and slave modes.This is done by programming the I2C_CCR and
12C_TRISE register.

12C slave mode

By default, the 12C interface always works in slave mode.To switch from slave mode to master
mode, a start condition needs to be generated.

In order to generate the correct timing, the input clock to this module must be programmed in the
I2C_CR?2 register.The frequency of the input clock must be at least:

Standard mode: 2 MHz

Fast mode: 4 MHz

If start condition is detected, the address received on the SDA line is sent to the shift register and
is combined with the chip's address OARL1 or general The call address (if ENGC = 1) is compared.
address mismatch:

The 12C interface ignores it and waits for another start condition.

Address match:

The 12C interface generates the following timings:

B If ACKis setto 'l by software, an acknowledge pulse is generated.

B The ADDR bit is set by hardware, and if the ITEVTEN bit is set, an interrupt is generated.

In slave mode, the TRA bit indicates that it is currently in receiver mode or transmitter mode.
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19.3.4.1. Slave transmitter
After receiving the address and clearing the ADDR bit, (if the least significant bit of the ad-
dress byte is 1) the Slave sends the data (byte) from the DR register to the SDA by the inter-
nal shift register.
Slave pulls SCL low until the ADDR bit is cleared and the data to be transmitted has been
written to the DR register.
When an acknowledge pulse is received: The TxE bit is set by hardware and an interrupt is
generated if the ITEVTEN and ITBUFEN bits are set.
If the TXE bit is set, but no new data is written to the 12C_DR register before the end of the
next data transmission, the BTF bit is set.Slave pulls SCL low until the BTF bit is cleared by
software (after reading _SR1, then writing to the I2C_DR register)
7-bit slave transmitter
[] woes | 4 o | A | omm | A [ oom [ w]
EVl | EV3-1 ]| EV3 | EV3 EV3 ﬂ EV4
Figure 19-3 Transmission sequence diagram from the sender
Legend: S = Start, Sr = Repeated Start, P = Stop, A = Acknowledge, NA = Non-
acknowledge, EVx = Event (interrupt when ITEVFEN = 1)
EV1: ADDR = 1, by first reading the SR1 register, then reading the SR2 register to clear the
ADDR bit
EV3-1: TXE = 1, shift register empty, data register empty, write Datal to DR register
EV3: TxE = 1, shift register is not empty, data register is empty, write to DR register (Data2)
to clear TXE
EV3-2: AF = 1, software write 0 to AF bit to clear this bit
EV4: STOPF=1, software write O to AF bit to clear the bit
Note:
1) EV1 and EV3_1 events pull down SCL until the end of the corresponding software se-
quence.
2) The software sequence of EV3 must be completed before the end of the current byte
transfer
19.3.4.2.  Slave receiver

After receiving the address and clearing ADDR, (if the least significant bit of the address
byte is 0) the slave will store the byte received from the SDA line into the DR register by the
internal shift register.The 12C interface performs the following actions after each byte is re-
ceived:

e |f the ACK bit is set, an acknowledge pulse is generated

e The hardware sets RXNE = 1.An interrupt is generated if the ITEVTEN and ITBUFEN bits

are set.
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If RXNE is set and the DR register is not read before the end of receiving new data, the BTF
bit is set, and the slave keeps pulling SCL low until the BTF is cleared (the 12C_DR register
is read after I2C_SR1).(See below).

7-bit slave receiver

Address A DATA1 | A DATA2 I A | DATAN | A P

EVl EV2 EV2 EV2 | EV4

19.3.4.3.

19.3.5.

Figure 19-4Slave receiver transmission sequence diagram

Legend: S = Start, Sr = Repeated Start, P = Stop, A = Acknowledged, EVx = Event(with in-
terrupt if ITEVFEN= 1)

EV1: ADDR =1, by reading SR1 first, then SR2, the ADDR is cleared

EV2: RxNE = 1, read the DR register to clear this bit

EV4: STOPF = 1, clear this bit by first reading the SR1 register and then writing the CR1
register.

Note:

1) EV1 event pulls down SCL until the end of the corresponding software sequence.

2) EV2 software sequence must be completed before the current byte transfer is completed.
3) After checking the contents of the SR1 register, the user should perform a complete clear-
ing sequence for each flag set that is found.For example, the ADDR and STOPF flags need
to use the following sequence:

If ADDR = 1, read SR first, then read SR2, if STOPF = 1, read SR1 first, and then write CR1.
The purpose of this is to ensure that if both ADDR and STOPF are found to be set, they can

both be cleared.

Close communication

After the last data byte is transmitted, the master generates a stop condition.When the slave
detects this condition:

e The hardware sets STOPF, and if the ITEVTEN bit is set, an interrupt is generated.

By first reading SR1 and then writing CR1, the STOPF bit is cleared.(See EV4 in the figure

above)

I2C master mode

In Master mode, the 12C interface starts data transfer and generates a clock signal.Serial data trans-

fers always begin with a START condition and end with a STOP condition.

When a START condition is generated on the bus via the START bit, the device enters master mode.

The following is the sequence of operations required for master mode:

Set the input clock to the module in the 12C_CR2 register to generate the correct timing
Configure the clock control register

Configure the rise time register

Program the 12C_CR1 register to start the peripheral

Set the START bit in the I2C_CR1 register to 1 to generate a start condition.
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The input clock frequency to the 12C module must be at least:

19.3.5.1.

19.3.5.2.

19.3.5.3.

In standard mode: 2 MHz

In fast mode: 4 MHz

The host generats clcok
The CCR register counts on rising edges to generate high and low levels of SCL.Since the
slave may stretch the SCL signal, after the rising edge of SCL occurs, the master checks the
SCL signal from the bus when the time programmed in the TRISE register arrives.
— If SCL is low, it means that the slave is stretching the SCL bus, and the high-level counter
stops counting until SCL is detected high.This is to ensure a minimum high time for the SCL
parameter.
— If SCL is high, the high-level counter keeps counting.
In fact, even if the slave does not stretch SCL, it will take some time for such a feedback loop
to occur from the rising edge of SCL to the detection of the rising edge of SCL.The time of
this loop is related to the rise time of SCL (VIH data detection of SCL), plus the analog noise
filtering of the SCL input path, and the SCL synchronization inside the chip due to the use of
the APB clock.The maximum time for the feedback loop is programmed in the TRISE register,

so the frequency of SCL remains stable regardless of the rise time of SCL.

Start condition
When BUSY =0, set START =1, the 12C interface will generate a Start condition and switch
to master mode (MSL is set).
Note: Setting the START bit in master mode will generate a ReStart condition by hardware
after the current byte is transmitted.
If Start condition is issued:
e The SB bit is set by hardware and an interrupt is generated if the ITEVTEN bit is set.
The master reads the SR1 register, and then writes the slave address to the DR regis-

ter.(Transfer sequence EV5)

Slave address sending
The slave address is sent to the SDA line through the internal shift register.
e In 7-bit address mode, send out an address byte.
If the address byte is sent out
- The ADDR bit is set by hardware and an interrupt is generated if the ITEVTEN bit is set.
Then the Master reads the SR1 register, followed by the SR2 register.
According to the lowest bit of the sent slave address, the master decides to enter the trans-
mitter mode or the receiver mode.
® In 7-bit address mode
- To enter transmitter mode, the master device sets the least significant bit to '0' when send-
ing the slave address.
- To enter receiver mode, the master device sends the slave address with the least significant
bit set to '1".

The TRA bit indicates whether the master is in receiver mode or transmitter mode.
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19.3.5.4.

Master transmitter
After sending the address and clearing the ADDR bit, the master device sends the byte from
the DR register to the SDA line through the internal shift register.
The Master waits until the first data byte is written to the DR register (see EV8_1).
When an ACK pulse is received, the TxE bit is set by hardware and an interrupt is generated
if the INEVFEN and ITBUFEN bits are set.
If TXE is set and no new data byte is written to the DR register before the end of the last data
transmission, BTF is set by hardware.The 12C interface will keep SCL low until the BTF is
cleared (after reading 12C_SR1, then writing the I12C_DR register).Closing Communication.
After writing the last byte in the DR register, a STOP condition is generated by setting the
STOP bit (see EV8_2 in Figure), then the 12C interface will automatically return to slave mode
(MSL bit cleared).
Note: When the TxE or BTF bit is set, the stop condition should be scheduled on the EV8_2

event.

7-bit master transmitter

Address A DATA1 A DATA2 A DATAN A P

EV5

EV6e | EV8_1 | EV8 EV8 EV8 EV8_2

19.3.5.5.

Figure 19-5 Master transmitter transmission sequence diagram

Legend: S = Start, Sr = Repeated Start, P = Stop, A = Acknowledge, EVx = Event(with inter-
rupt if ITEVFEN= 1)

EV5: SB = 1, by reading SR1, and then writing data to the DR register, the bit is cleared

EV6: ADDR =1, by reading SR1, and then reading SR2, the bit is cleared

EV8_1: TxXE = 1, shift register is empty, data register is empty, write Datal to DR register
EV8: TXE = 1, shift register is not empty, data register is empty, write Data2 to DR register,
this bit is cleared

EV8 2: TXE =1, BTF = 1, Write the Stop bit register, when the hardware sends the Stop bit,
TXE and BTF are cleared

Note:

1.EV5, EV6, EV8_1 and EV8_2 events, stretch the low level of SCL until the corresponding
software sequence execution ends.

2.EV8 software The sequence must complete before the current byte is sent.If the EV8 soft-
ware sequence cannot be completed before the end of the currently transmitted byte, it is rec-
ommended to use BTF instead of TXE, which has the disadvantage of slowing down the com-

munication.

Master receiver
After sending the address and clearing the ADDR, the 12C interface enters the master re-

ceiver mode.In this mode, the 12C interface receives data bytes from the SDA line and sends
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them to the DR register through the internal shift register.After each byte, the 12C interface

performs the following operations in sequence:

® |If the ACK bit is set, issue an acknowledge pulse.

® The hardware sets RXNE = 1, if the INEVFEN and ITBUFEN bits are set, an interrupt will
be generated

If the RXNE bit is set and the data in the DR register is not read before the end of receiving

new data, the hardware will set BTF = 1, and the 12C interface will keep SCL low before clear-

ing BTF, after reading 12C_SR1

Reading the 12C_DR register again will clear the BTF bit.

Close communication:

Method 1: The application scenario of this method is: when 12C is set as the highest

priority interrupt in the application

The Master sends a NACK after receiving the last byte from the Slave.After receiving the

NACK, the Slave releases control of the SCL and SDA lines.The Master can then send a

Stop/Restart condition.

1) Inorder to generate a NACK pulse after the last byte is received, the ACK bit must be
cleared after reading the second-to-last data byte (after the second-to-last RXNE event).

2) To generate a STOP/RESTART condition, software must set the STOP/START bit after
reading the secondto-last data byte (after the second-to-last RXNE event).

3) When a single byte is received, the closing acknowledge and stop conditions should be
generated just after EV6 (EV6_1, after clearing ADDR).After a stop condition is gener-

ated, the I12C interface automatically returns to slave mode (MSL bit is cleared)

7-bit master receiver

Address A DATA1 AD DATA2 A DATAN NA P

EV5

EVe | EV6_1 EV7 EV7 EV7_1

Figure 19-6 Method 1: Timing when master mode transmits

Legend: S = Start, Sr = Repeated Start, P = Stop, A = Acknowledge, EVx = Event(with inter-

rupt if ITEVFEN= 1)

EV5: SB = 1, read SR1, then write DR register, this bit is cleared

EV6:ADDR =1, read SR1, then read SR2, this bit is cleared

EV6_1: No related flag event, only used for 1 byte reception.

EV7: RXNE = 1, read DR register, this bit is cleared

EV7_1: RXNE =1, read DR register, write ACK = 0 and set STOP

1) If a single byte is received, the above marked as (1) The place will be NA

2) EV5, EV6 events, stretch the low level of SCL until the corresponding software sequence
execution ends

3) EV7 software sequence must be executed before the current byte is sent.In EV7, the

software sequence cannot be managed until the currently transferred byte has been
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transferred.It is recommended to use BTF instead of RXNE, which has the disadvantage
of slowing down communication.
4) The software sequence of EV6_1 or EV7_1 must be completed before the ACK of the
current byte transmission.
Method 2: The application scenario of this method is: the I12C interrupt is not the high-
est priority in the application, or the query method.
Use this method, DataN-2 is not read, so after DataN-1, the communication is stretched
(RXNE and BTF is set).Then, before reading DataN-2 of the DR register, clear the ACK bit to
ensure that it is cleared before DataN ACKs.After this, after reading DataN-2, set the
STOP/START bit and read DataN-1.After RXNE is set, read DataN.

7-bit master receiver

Address I A | DATA1 I A I DATA2 | A | |DATAN—2I A IDATAN—1| A | DATAN-1 | NA I P |

EV5

EV6 EV7 EV7 EV7_2 | EV7

Figure 19-7 Method 2: Timing for master mode transmission when N>2

Legend: S = Start, Sr = Repeated Start, P = Stop, A = Acknowledge, EVx = Event(with inter-

rupt if ITEVFEN= 1)

EV5: SB = 1, first read SR1 register, then write DR register, clear this bit

EV6: ADDR, first read SR1, then read SR2, clear this bit

EV7: RXNE = 1, read DR register to clear this bit

EV7_2: BTF = 1, DataN-2 is stored in DR register, DataN-1 is stored in shift register, write

ACK =0, read DataN-2 in the DR register.Set STOP, read DataN-1

Note:

1) EVS5, EV6 events, stretch the low level of SCL until the corresponding software sequence
execution ends

2) EV7 software sequence must be executed before the completion of the current byte
transmission.In EV7, the software sequence cannot be managed until the currently trans-
ferred byte has been transferred.It is recommended to use BTF instead of RXNE, which
has the disadvantage of slowing down communication.

eWhen 3 bytes are to be read:

— RxNE =1 = > Nothing (DataN-2 not read).

— DataN-1 received

— BTF =1, shift and data registers are full: DR register stores DataN-2, shift register stores

DataN-1 = > SCL is pulled low: there is no other data to be received on the bus

— Clear the ACK bit

— Read DataN-2 in DR register = > This will start the reception of DataN in shift register

— DataN reception complete (with a NACK)

— Write START or STOP bit

— Read DataN-1
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— RxNE =1

— Read DataN

The above process is a description for N > 2.The reception of 1 byte and 2 bytes uses differ-
ent processing methods, see the following description:
e In the case of 2 bytes reception

— Set the POS and ACK bits

— Wait for ADDR to be set

— Clear the ADDR bit

— Clear the ACK bit

— Wait for BTF to be set

— Write STOP bit

— Read DR twice

7-bit master receiver

S Address A DATA1 A DATA2 NA P

EV5 EV6 | EV6_1 EV7_3

Figure 19-8 Method 2:timing when master mode transmits when N=2

Legend: S = Start, Sr = Repeated Start, P = Stop, A = Acknowledge, EVx = Event(with inter-
rupt if ITEVFEN = 1)

EV5: SB = 1, first read SR1 register, then write DR register, clear this bit

EV6: ADDR = 1, first read the SR1 register, then read the SR2 register, clear the ADDR bit
EV6_1: no related flag events.After EV6, that is, after the address is cleared, ACK should be
cleared

EV7_3: BTF =1, write STOP = 1, then read DR twice (Datal and Data2)

Note:

1) EV5, EV6 events, stretch SCL

2) The software sequence of EV6_1 must be completed before the ACK of the current byte
transmission

e |In the case of single byte reception

— In ADDR event, clear the ACK bit

— Clear ADDR

— Write STOP or START bit

— Read data after RXNE flag is set
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7-bit master receiver

S Address A DATA1 NA P

EV5 EV6_3 EV7

Figure 19-9 Method2: timing when master mode transmits when N=1

Legend: S = Start, Sr = Repeated Start, P = Stop, A = Acknowledge, EVx = Event(with inter-
rupt if ITEVFEN= 1)

EV5: SB = 1, first read SR1 register, then write DR register, clear this bit

EV6_3: ADDR =1, write ACK = 0.First read the SR1 register, then read the SR2 register,
clear the ADDR bit.

After ADDR is cleared, write STOP =1

EV7: RXNE = 1, read DR register to clear this bit

Note:

EV5 and EV6_3 event will stretch the low level of SCL until the corresponding software se-

quence execution ends.

19.3.6. Error stage

19.3.6.1.

19.3.6.2.

19.3.6.3.

Bus error (BERR)
A bus error is generated when the 12C interface detects an external stop or start condition
during an address or data byte transfer at this time:
e The BERR bit is set to '1', if the ITERREN bit is set, an interrupt is generated
e In slave mode: the data is discarded, the hardware releases the bus:
— If it is a wrong Start condition, the slave considers a Restart and waits for an address or a
stop condition
— If it is a wrong Stop condition, the slave operates according to the normal stop condition,
and the hardware releases the bus at the same time
e In master mode: the hardware does not release the bus, and does not affect the current
transmission status.At this point it is up to the software to decide whether to abort the current
transfer.
ACK Failed(AF)
An acknowledge error occurs when the interface detects a no acknowledge bit at this time:
e The AF bit is set, and an interrupt is generated if the ITERREN bit is set
e When the transmitter receives a NACK, the communication must be reset:
— If itis in slave mode, the hardware releases the bus.
— If in master mode, software must generate a stop condition or repeated start
Arbitation loss (ARLO)
Arbitration loss error occurs when 12C interface detects arbitration loss, at this time:

® The ARLO bitis set by hardware and an interrupt is generated if the ITERREN bit is set
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® The I2C interface automatically returns to slave mode (MSL bit is cleared).When the 12C
interface loses arbitration, it cannot respond to its slave address in the same transfer, but
it can respond after the master that wins the bus sends a repeated start condition

® Hardware release bus

19.3.6.4. Overrun/underrun error (OVR)

In slave mode, if the clock extension is disabled and the 12C interface is receiving data, when

it has received a byte (RXNE = 1), but the previous byte data in the DR register has not been

read, an overrun occurs.mistake.

at this time:

® The last received data is discarded

® On overrun error, software should clear the RxNE bit and the transmitter should resend
the last transmitted byte

In slave mode, if the clock extension is disabled and the 12C interface is sending data, before

the clock of the next byte arrives, the new data has not been written to the DR register (TXE =

1), an underrun error occurs.At this time:

® The previous byte in the DR register will be repeated

® The user should make sure that when an underrun error occurs, the receiver should dis-
card the repeatedly received data.The transmitter should update the DR register at the
specified time according to the 12C bus standard

When sending the first byte, the DR register must be written to after clearing ADDR and be-

fore the first rising edge of SCL, if this is not possible, the receiver should discard the first

data.

19.3.7. SDA/SCL Control
e If clock stretching is allowed:

— Transmitter mode: If TXE = 1 and BTF = 1: The I12C interface keeps the clock line low be-
fore transmission, waiting for software to read SR1, and then write the data into the data
register (DR and shift registers are both empty).

— Receiver mode: if RXNE = 1 and BTF = 1: 12C interface keeps clock line low after receiv-
ing data byte, waiting for software to read SR1, then read data register DR (DR and shift
registers are both full).

e |f clock stretching is disabled in slave mode:

— If RXNE =1, the DR has not been read before the next byte is received, an overun oc-
curs.The last byte received is lost.

— If TXE =1, an underrun occurs when no new data is written into the DR before the next byte
must be sent.

The same bytes will be sent repeatedly.

— Hardware does not implement control of write collisions.
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19.4. 12C interrupts

Table 19-1 12C interrupt requests

Interrupt event Event flag Interrupt enable control bit
START has been sent (Master) SB
Address has been sent (Master) /Address ADDR
matched (Slave) ITEVTEN
Stop detection interrupt flag(Slave) STOPF
Transfer Complete Reload BTF
Receive buffer not empty RxXNE
Transmit buffer empty TXE ITEVTEN H1ITBUFEN
Bus error BERR
Arbitration loss(Master) ARLO
ACK Failed AF ITERREN
Overrun/Underrun OVR
PEC error PECERR

19.5. 12C Registers

Registers can be accessed half-word or word.

19.5.1. 12C control register 1 (1I2C_CR1)

Address offset:0x00
Reset value:0x0000

15 14 | 13 | 12 11

10

8 7 6

SWRS | Re Re Re PO
T S S S S

AC

STO

NO
STAR STRETC ENG

H

Re

Re | Re Re | Re PE

RW RW

RW

RW

RW RW RW

=

Bit Name

R/W

Reset Value

Function

15 SWRST

RW

Software reset.
When set, 12C is in reset state.Before the reset
release, make sure that the 12C pins are re-
leased and the bus is in an idle state.

0 0: 12C module is not in reset state

1: 12C module is in reset state

Note: This bit can be used to reinitialize 12C in
error or locked state.If the BUSY bit is 1, no stop
condition is detected on the bus.

14:12 Reserved

RES

- Reserved

11 POS

RW

ACK position (for data reception), this register
can be set/cleared by software, or cleared by
hardware when PE = 0.

0: The ACK bit controls the (N)ACK of the byte
currently being received in the shift register.

1: The ACK bit controls the (N)ACK of the next
byte received in the shift register.

Note: The POS bit can only be used in a 2-byte
receive configuration and must be configured
before receiving data.

In order to NACK the 2nd byte, the ACK bit must
be cleared after clearing ADDR.

10 ACK

RW

acknowledgment enable.This register can be
set/cleared by software, or cleared by hardware
when PE = 0.

0: no response returned

1: Return an acknowledgment after a byte has
been received.(matching address or data)

9 STOP

RW

When a stop condition occurs, software can
set/clear this register, or when a stop condition is
0 detected, it is cleared by hardware, when a
timeout error is detected, hardware is set.

In Master Mode:
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Bit Name R/W Reset Value Function

0: No stop generation

1: Generate a stop condition after the current
byte transfer or after the current start condition is
issued

In Slave Mode:

0: No stop condition is generated

1: Release the SCL and SDA lines after the cur-
rent byte transfer

The starting condition is generated.

This register can be set/cleared by software, or
cleared by hardware when a START condition is
issued or when PE = 0.

Master mode:

0: No start generation

1: Restart/Start condition

Slave Mode:

0: No start generation

1: When the bus is idle, generate a start genera-
tion (and automatically switch to Master Mode by
hardware)

Clock stretching (Slave) is disabled.

When the ADDR or BTF flag is set, this bit is
used by the slave to disable clock stretching until
reset by software.

0: allow clock stretching

1: Disable clock stretching

General call enabled.

0: Disable general call.Respond to address 00h
6 ENGC RW 0 with NACK

1: Allow general calls.Responds to address 00h
with an ACK

5:1 Reserved RES - Reserved

I12C module enabled.

0: Disable

1: 12C enable

Note: If a communication is in progress when
this bit is cleared, after the current communica-
0 PE RW 0 tion ends, the 12C module is disabled and re-
turns to the idle state.

Since PE = 0 after the communication ends, all
bits are cleared.

In master mode, this bit must never be cleared
until the communication has ended.

Note: When the STOP/START bit is set, software should not perform any write operations to 1I2C_CR1 until

8 START RW 0

7 NOSTRETCH RW 0

the hardware clears this bit, otheRWise, the STOP/START bit may be set a second time.

19.5.2. 12C Control register 2 (12C_CR2)
Address offset:0x04
Reset value:0x0000

15 | 14 | 13 | 12 11 10 9 8 7 6 | 5] 4] 3] 2J]1T10o0
IT- ITEV- ITER- .
Res | Res | Res | Res | Res BUEEN TEN REN Res | Res FREQI5:0]
RW RW RW RW [RW [RW | RW [ RW [ RW
Bit Name R/W Reset Value Function
15:11 Reserved RES - Reserved

Buffer interrupt enable.

0: No interrupt is generated when TxE = 1 or

10 ITBUFEN RW 0 RxXNE =1

1: When TxE =1 or RXNE = 1, an event interrupt
is generated

Event interrupt enable.

0: Disable

9 ITEVTEN RW 0
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Bit

Name R/W

Reset Value

Function

1: Enable event interrupt

This interrupt will be generated under thefollow-
ing

conditions:

— SB =1 (main mode),

— ADDR =1 (Master/Slave mode)

— STOPF =1 (slave mode)

— BTF =1, but no TXE or RXNE events

— IfITBUFFEN =1, TXE eventis 1

— If ITBUFEN = 1, the RXNE eventis 1

ITERREN RW

Error interrupt enable.
0: Disable;

1: Enable error interrupt;

This interrupt will be generated under thefollow-
ing conditions:

— BERR=1

— ARLO=1

— AF=1

— OVR=1

— PECERR=1

7:6

Reserved RES

Reserved

5.0

FREQ RW

I2C module clock frequency.

This register must be configured with the value
of the APB clock frequency to generate data
setup and hold times that are compatible with
the 12C protocol.

The minimum allowable frequency that can be
set is 4 MHz (standard mode, ie 100 k), 8 MHz
(400 k), and the maximum frequency is the
highest APB clock frequency of the chip.
000000: Forbidden

000001: Forbidden

000100: 4 MHz

100100: 36 MHz

110000: 48 MHz
Greater than 100100: Forbidden.

19.5.3.

I2C Own address register 1 (12C_OAR1)

Address offset:0x08
Reset value:0x0000

15

14 13 12 | 11 10

[ 6 [ 5] 4] 3 [27]1 0

Res

Res | Res | Res | Res | Res

ADD[7:1] Res

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

Bit

Name R/W

Reset Value

Function

14:8

Reserved RES

Reserved

7:1

ADD[7:1] RW

0

Bit 7 : 1 of address

Reserved RES

Reserved

19.5.4.

I2C Data register (12C_DR)
Address offset:0x10
Reset value:0x0000

15

14 13 12 11 10

|5 [a4a]3[2]1]o0

Res

Res Res Res Res Res

Res Res

DR[7:0]

RW[RW [RW ]| RW [RW ][ RW [ RW | RW
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Bit Name R/W Reset Value Function

15:8 Reserved RES - Reserved
8-bit data register, two independent buffers inside the
chip share an address, which are used to store the re-
ceived data (RX_DR) and place the data to be sent to
the bus (TX_DR).

Transmitter Mode:

Data transfer is automatically started when a byte is writ-
ten to the DR register (actually written to TX_DR).Once
the transmission starts (TXE = 1), if the next data to be
transmitted can be written into the DR register in time,
the 12C module will maintain a continuous data flow.
Receiver Mode:

7:0 DR[7:0] RW 0 The received byte is copied to the DR register (actually
RX_DR) (RxNE = 1).Read out the data register before
receiving the next byte (RXNE = 1) to realize continuous
data reception.

Note:
1) In slave mode, the address will not be copied into the
data register DR
2) The hardware does not handle write conflicts (if TXE =
0, the data register can still be written)
3) If the ARLO event occurs while processing the ACK
pulse, the received byte will not be copied to the data
register, so it cannot be read
19.5.5. 12C Stage register(I2C_SR1)
Address offset:0x14
Reset value:0x0000
15 | 14 | 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Re | Re | Re | RE Tx | RxN | Re | STOP | Re | BT | ADD | S
s S s S OVR AF ARLO | BERR E E S F s F R B
RC_W | RC W | RC W | RC_W R R
0 0 0 0
Bit Name R/W Reset Value Function
15:12 Reserved RES - Reserved
Overload/Underload flag.
0: no overload/underload,
1: Overload/underload occurred.
When NOSTRETCH = 1, this bit is set by hard-
ware in slave mode, In the receive mode, when
a new byte is received
(including the ACK response pulse), and the
contents of the data register have not been read

11 OVR RC WO 0 out, the ngwly received byte will be.lost.

- In transmit mode when a new byte is to be sent,
but no new data is written to the data register,
the same byte will be sent twice.

This bit is cleared by software by writing 0, or by
hardware when PE = 0.
Note: If a write to the data register occurs very
close to the rising edge of SCL, the transmitted
data is indeterminate and a hold time error oc-
curs.
Reply failure flag.
0: no response failed,
1: Reply failed.

10 AF RC_WO0 0 Hardware will set this register when no acknowl-
edgement is returned.
This bit is cleared by software by writing 0, or by
hardware when PE = 0.
Arbitration lost (main mode).

9 ARLO RC_WO 0 0: no arbitration loss is detected.
1: Arbitration loss detected.
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Bit

Name

R/W

Reset Value

Function

This register is set by hardware when the inter-
face loses control of the bus to another host.
This bit is cleared by software by writing 0, or by
hardware when PE = 0.

After an ARLO event, the 12C interface automati-
cally switches back to slave mode (M/SL = 0).

BERR

RC_WO

Bus error flag.

0: No start or stop condition error.

1: Error in start or stop condition.

This bit is set by hardware when the interface
detects a false start or stop condition.

This bit is cleared by software by writing 0, or by
hardware when PE = 0.

TXE

The data register is empty (when transmitting)
flag.

0: The data register is not empty.

1: The data register is empty.

When sending data, this bit is set to 1 when the
data register is empty, and this bit is not set dur-
ing the sending address phase.

This bit can be cleared by software writing data
to the DR register, or automatically by hardware
after a START or STOP condition occurs, or
when PE = 0.

This bit is not set if a NACK is received, or if the
next byte to be sent is PEC (PEC = 1).

Note: After writing the first data to be sent, or
writing data when BTF is set, the TxE bit cannot
be cleared, because the data register is empty at
this time.

RxNE

Data register not empty (on reception) flag.

0: The data register is empty.

1: The data register is not empty.

On reception, this register is set when the data
register is not empty.During the receive address
phase, this register is not set.

This register is cleared by software reads and
writes to the data register, or by hardware when
PE = 0.

Note: When BTF is set, reading data does not
clear the RXNE bit because the data register is
still full.

Reserved

RES

Reserved

STOPF

Stop condition detection bit (slave mode).

0: No stop bit detected.

1: Stop condition detected.

After an acknowledgment (if ACK = 1), the hard-
ware sets this bit to 1 when the slave device de-
tects a stop condition on the bus.

After the software reads the 12C_SR1 register, a
write to the I12C_CR1 register will clear this bit, or
when PE = 0, the hardware will clear this bit.
Note: The STOPF bit is not set after a NACK is
received.

Reserved

BTF

End of byte transfer flag.

0: Byte transfer not complete

1: Byte transfer ended successfully

The hardware will set this register in the follow-
ing cases (when slave mode, NOSTRETCH = 0,
master mode, regardless of NOSTRETCH):

— On reception, when a new byte is received

(including the ACK pulse) and the data register
has not been read (RxNE = 1).

— When transmitting, when a new data should

be transmitted and the data register has not
been written with new data (TXE = 1).

240/294



PY32L020 Reference Manual

Bit Name R/W Reset Value Function
This bit is cleared by a read or write to the data
register after software reads the 12C_SR1 regis-
ter, or by hardware after sending a start or stop
condition, or when PE = 0.
Note: After receiving a NACK, the BTF bit is not
set.
Address has been sent (Master mode)/Address
matched (Slave mode).
After the software reads the 12C_SR1 register,
reading the 12C_SR2 register will clear this bit,
when PE = 0, it will be cleared by hardware.
Address matching (Slave):
0: The address does not match or the address
was not received,
1: The received address matches.
Hardware will set this bit when the received
slave address matches the OAR register or gen-
1 ADDR R 0 eral call address.
Note: In slave mode, it is recommended to per-
form a complete clearing sequence, that is, after
ADDR is set, read the SR1 register first, and
then read the SR2 register.
Address has been sent (Master):
0: Address sending has not ended,
1: Address sending ends.
For a 7-bit address, it is set when the ACK byte
is received.
Note: This register will not be set after receiving
a NACK.
Start bit flag (master mode).
0: start condition not sent,
1: The start condition has been sent,
— This register is set when a START condition
0 SB R 0 .
is sent.
— After the software reads the 12C_SR1 regis-
ter, a write to the data register will clear this bit,
or when PE = 0, it will be cleared by hardware.
19.5.6. 12C Stage register 2 (12C_SR?2)

Address offset:0x18
Reset value:0x0000

Note: Even if the ADDR flag is set after reading the 12C_SR1 register, reading the 12C_SR2 regis-

ter after reading 12C_SR1 will clear the ADDR flag.Therefore, the 12C_SR2 register must be read

only when the ADDR bit of the 12C_SR1 register is found to be set or the STOPF bit is cleared.

15]14]13J12]11]J10[9 [ 8 7 6 4 3 2 1 0
Res Res Res Res SELNL Res | TRA | BUSY | MSL
RIRIRJIJR|IRI]IRIJR]I]R R R R R
Bit Name R/W Reset Value Function
15:7 Reserved - -
General call address (slave mode).
0: No broadcast call address received,
1: When ENGC = 1, the address of the general
4 GENCALL R 0 call is received.
Hardware clears this register when a STOP con-
dition or a repeated START condition occurs, or
when PE = 0.
3 Reserved RES - Reserved
2 TRA R 0 send/receive flag.
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Bit

Name

R/W

Reset Value

Function

0: data received

1: Data has been sent

At the end of the entire address transfer phase,
this register is set according to the R/W bit of the
address byte.

Hardware clears this register when a STOP con-
dition is detected (STOPF = 1), or a repeated
START condition, or bus arbitration is lost
(ARLO= 1), or when PE = 0.

BUSY

Bus busy flag.

0: No data communication on the bus

1: Polarity data communication is in progress on
the bus

Set by hardware when SDA or SCL is detected
low.

Hardware clears when a stop condition is de-
tected.

This register indicates the current bus communi-
cation in progress, this information is still up-
dated when the interface is disabled (PE = 0).

MSL

Master-slave mode.

0: slave

1: master

— Set by hardware when the interface is in mas-
ter mode (SB = 1),

— Hardware cleared when a stop condition is

detected on the bus (STOPF = 1), arbitration lost
(ARLO = 1), or when PE = 0.

19.5.7. 12C Clock control register (I2C_CCR)
Address offset:0x1C
Reset value:0x0000

15 14

13

12

11 [ 10 |

9

8 | 7

I

6 | 5 [ 4[] 3 [2]11]o0

F/S | DUTY

Res

Res

CCR[L1:0]

RW RW

RW|RW|RW] RW | RW

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

Bit

Name

R/W

Reset Value

Function

15

RW

0

I12C Master mode selection.
0: Standard mode
1: Fast Mode

14

DUTY

RW

Duty cycle in fast mode.
0: In fast mode: Tlow /Thigh = 2
1: In fast mode: Tlow /Thigh = 16/9

13:12

Reserved

RES

Reserved

11:0

CCRI[11:0]

RW

Clock control division factor in fast/standard
mode(master mode).
This division factor is used to set the SCL clock
in master mode.

Standard Mode:

v Thigh = CCR x Tpclk

v Tiow = CCR X TpC”(

Express Mode:

4 DUTY =0:
T nigh = CCR x Tpclk
Tiow = 2 X CCR x Tpclk

v DUTY =1 (to reach 400KHz):
Thigh = 9 X CCR x Tpclk
Tiow = 16 X CCR x Tpclk
Note:
1.The minimum allowed setting is 0x04, and
the minimum allowed in fast DUTY mode is
0x01
2.T high = t r(scL) + t w(scLH)
3. Tiow =tr(scy) + t wscLy)
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Bit Name R/W Reset Value Function
4.These delays have no filter
19.5.8. 12C TRISE register (12C_TRISE)
Address offset:0x20
Reset value:0x0000
15 14 13 12 11 10 9 8 6 5 4] 3] 2]1]o
Res Res Res Res Res Res Res Res Res Res TRISE[5:0]
RW|[RW [ RW [ RW | RW | RW
Bit Name R/W Reset Value Function
15:6 Reserved RES - Reserved
Maximum rise time in fast/standard mode (mas-
ter mode).
These bits should provide the maximum duration
of the S CL feedback loop in master mode.The
purpose of this is to maintain a stable frequency
of SCL regardless of the duration of the rising
edge of SCL.
These bits must be set to the maximum SCL rise
time given in the 12C bus specification in 1 incre-
5:0 TRISE RW 0 RRS:

For example: the maximum allowable SCL rise
time in standard mode is 1000ns.If the value in
FREQ [5:0] in the 12C_CR2 register is equal to
0x08, Tpclk = 125ns, then TRISE is configured
as 0x09 (1000ns/125ns =8 +1 =9).

Filter values can also be added to TRISE.

If the result is not an integer, the integer part is
written to TRISE to ensure the t HIGH parame-
ter.

Note: This register can only be set when PE = 0.
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20.

receiver transmitter (USART)

20.1.

20.2.

Universal synchronous asynchronous

Introduction

The universal synchronous asynchronous receiver transmitter (USART) offers a flexible means of

Full-duplex data exchange with external equipment requiring an industry standard NRZ asynchro-

nous serial data format.

The USART offers a very wide range of baud rates using a programmable baud rate generator.

It supports synchronous one-way communication and Half-duplex Single-wire communication, as

well as multiprocessor communications.

USART main features

Full-duplex asynchronous communications

NRZ standard format

Configurable oversampling method by 16 or 8 to give flexibility between speed and clock toler-

ance

A common programmable transmit and receive baud rate of up to 4.5 Mbit/s.

Programmable data word length (8 or 9 bits)

Configurable stop bits (1 or 2 stop bits)

Synchronous mode and clock output for synchronous communications

Single-wire Half-duplex communications

Separate enable bits for transmitter and receiver

Hardware flow control
Detection flag

> Receive buffer full

> Send buffer empty

> End of transmission
Parity Control

> Send check digit

> Check the received data
Flagged interrupt sources

CTS change

Send register empty
Send completed
Receive data register full
Bus idle detected
Overflow error

Frame error

YV V V V V V V

Noise operation
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20.3.

> Error detection
B Multiprocessor communication
> If the address does not match, enter silent mode

»  Wake-up from silent mode: Passing idle detection and address flag detection

USART function description

USART interface is connected with other devices through three pins.Any USART bidirectional
communication requires a minimum of two pins: Receive data In (RX) and Transmit data Out (TX):
RX: Receive data Input.This is the serial data input.Oversampling techniques are used for data
recovery by discriminating between valid incoming data and noise.

TX: Transmit data Output.When the transmitter is disabled, the output pin returns to its I/O port
configuration.When the transmitter is enabled and nothing is to be transmitted, the TX pin is at
high level.In Single-wire modes, this I/O is used to transmit and receive the data.

B Anldle Line prior to transmission or reception

A start bit

A data word ( 8 or 9 bits) least significant bit first

1, 2 stop bits, thus indicating the end of the data frame

The USART interface uses a baud rate generator: Representation of 12-bit Integers and 4-bit
Fraction

B A status register (USART_SR)

B Data registers (USART_DR)

B A baud rate register (USART_BRR)

The following pins are required in synchronous mode:

CK: Transmitter clock output

Clock output.This pin outputs the transmitter data clock for synchronous transmission correspond-
ing to SPI master mode (no clock pulses on start bit and stop it, and a software option to end a
clock pulse on the last data bit).In parallel, data an be received synchronously on RX.This can be
used to control peripherals that ave shift registers (e.g.LCD drivers).The clock phase and polarity
are software programmable.

The following pins are required in RS232 Hardware flow control mode:

B nCTS: Clear To Send blocks the data transmission at the end of the current transfer when
high

B nRTS: Request to send indicates that the USART is ready to receive data (when low).
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20.3.1.

Figure 20-1 USART block diagram

USART character description

World length may be selected as being either 8 or 9 bits by programming the M bits in the

USART_CR1 register.The TX pin is low during the start bit and high during the stop bit.

An Idle character is interpreted as an entire frame of “1”s followed by the start bit of the next

frame containing the data(the number of “1”s includes the number of stop bits)

A Break character is interpreted on receiving “0”s for a frame period( including the stop bit period,

which is also '0").At the end of the break frame, the transmitter inserts 1 or 2 stop bits.

Transmission and reception are driven by a common baud rate generator, the clock for each is

generated when the enable bit is set respectively for the transmitter and receiver.
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9 bit word length(M bit is set),1 stop bit

Cloc J'_**_L

Data Possible Next data £
frame parity Next extdata frame
St bit start
bit | sito [ it [ sit2 | i3 [ sita | Bits | site | Bit7 | Bit8 [g0p | pit
bit

Start

— Idle frame

bit
‘ Start
Break frame Top' bit |_

bit
** | BCL bit coptrols last data clock pulse

8 bit word length(M bit is reset),1 stop bit

ClocK '_**_L

Data Poss‘!ble ~ .
frame parity Next ext data frame
Start it Y
bit | sito | sit1 | sit2 | sit3 [ sita | sits | sits [ it |Stop .
bit

Start

Idle frame

bit
Break ‘ Start |_
reak frame bit
Stop

bit
** | BCL bit controls last data clock pulse

Figure 20-2 Word length programming

20.3.2. Transmitter
The transmitter can send data words of either 8 or 9 bits depending on the M bits status.The

Transmit Enable bit (TE) must be set in order to activate the transmitter function.The data in the

transmit shift register is output on the TX pin and the corresponding clock pulses are output on the

CK pin.

20.3.2.1.

Character transmission
During an USART transmission, data shifts out least significant bit first (default configuration)
on the TX pin.In this mode, the USART_DR register consists of a buffer (DR) between the
internal bus and the transmit shift register.
Every character is preceded by a start bit which is a logic level low for one bit period.The
character is terminated by a configurable number of stop bits.The USART supports multiple
stop bit configurations: 1 and 2 stop bits.
Note:
The TE bit should not be reset during transmission of data.Resetting the TE bit during the
transmission will corrupt the data on the TX pin as the baud rate counters will get frozen.The
current data being transmitted will be lost.

An idle frame will be sent after the TE bit is enabled.
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20.3.2.2. Configurable stop bits
The number of stop bits to be transmitted with every character can be programmed in Control
register 2, bits 13.
1) 1 stop bit: This is the default value of number of stop bits.
2) 2 stop bits: This will be supported by normal USART, Single-wire and Modem modes.An
idle frame transmission will include the stop bits.
A break transmission will be 10 low bits (when m = 0) or 11 low bits (when m = 1) followed by
2 stop bits.It is not possible to transmit long breaks (break of length greater than 9/10 low
bits).
a) 1 stop bit f?:r;ae Ps:i::’;e Nt Nextdata frame
Start bit start
| bit| sito | sitr | sit2 | sit3 | sita [ sits | site | Bit7 [c0p | bit
bit

[
Clock L

b) 2 stop bit Data Possible

frame parity Next Vext data frame

Start start

it
| bit| sito | sit1 | ez | i3 [ sita [ sits | site | Bit7l|25top bit | bt |

20.3.2.3.

Figure 20-3 Configurable stop bits

Character transmission procedure

1) Enable the USART by writing the UE bit in USART_CR1 register to 1.

2) Program the M bits in USART_CRL1 to define the word length.

3) Program the number of stop bits in USART_CR2.

4) Select the desired baud rate using the USART_BRR register.

5) Setthe TE bit in USART_CRL1 to send an idle frame as first transmission.

6) Write the data to send in the USART_DR register (this clears the TXE bit).Repeat this for
each data to be transmitted in case of single buffer.

7)  After writing the last data into the USART_DR register, wait until TC = 1.This indicates
that the transmission of the last frame is complete.This is required for instance when the

USART is disabled or enters the Halt mode to avoid corrupting the last transmission.

Single byte communication
Clearing the TXE bit is always performed by a write to the transmit data register.The TXE bit
is set by hardware and it indicates:
B The data has been moved from the USART_TDR register to the shift register and the
data transmission has started.
The USART_TDR register is empty.
The next data can be written in the USART_TDR register without oveRWriting the
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B previous data.

This flag generates an interrupt if the TXEIE bit is set.

When a transmission is taking place, a write instruction to the USART_DR register stores the
data in the DR register, next, the data is copied in the shift register at the end of the currently
ongoing transmission.

When no transmission is taking place, a write instruction to the USART_DR register places
the data in the shift register, the data transmission starts, and the TXE bit is set.

If a frame is transmitted (after the stop bit) and the TXE bit is set, the TC bit goes high.An in-
terrupt is generated if the TCIE bit is set in the USART_CR1 register.

After writing the last data in the USART_TDR register, it is mandatory to wait for TC = 1 be-
fore disabling the USART or causing the microcontroller to enter the low-power mode

Use the following software procedure to clear the TC bit:

1.Read the USART_SR register once,

2.Write the USART_DR register once.

Note: The TC bit can also be cleared by software by writing '0' to it. This clearing method is

only recommended for use in multi-buffer communication mode.

Idle
preamble Frame 1 Frame 2 Frame 3
TXline HANEEEEEER SRR EEEEEEEEE
Set by hardware cleared Set by hardware cleared
TXE flag —/ /’\ by software r\ by software
Set by hardware
USART_DR| F1 ) F2 ) 3
TC flag /,
\ / ) /4 Set by hardware
Software Software waits
enables the Until TXE=1 and writes F2 TC is not set TC is not set TC is set because
USART into DR because TXE=0 because TXE=0 TXE=1
[
Software waits Software waits Software wait
Until TXE=1 and writes F1 Until TXE=1 and writes F3 ortware watts
into DR into DR Until T¢=1
Figure 20-4 TC/TXE behavior when transmitting
20.3.2.4. Idle characters
Setting the TE bit drives the USART to send an idle frame before the first data frame.
20.3.3. Recevier

The USART can receive data words of either 7, 8 or 9 bits depending on the M bits in the
USART_CR1 register
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20.3.3.1.

20.3.3.2.

Start bit detection
In the USART, the start bit is detected when a specific sequence of samples is recog-
nized.This sequenceis: 1 110X 0X0X0000.

RX state Idle Start bit |

ideal TTTTTTtTStTmTTTTTTmT

sample 7 8 9 ,10 11 12 13 14 15,
clock i | 1
i
1

Sample |
1
| values |

CEENERRR RN

S B W R VR VR O W

clock | X X X X X 10 11 12 13 14 15 16
1 1 1 1 1 1
1 1 1 1 1 1
Lo : : 6/16 A
1 1 1 [ ] 1
1 1 1 1 1 1
U 7/16 i 3 7/16 L
P g i i
1 1 1 1 1 1
L e \One bit time .
1 1 1 1 1 1
1 1 1 0 X 0 X 0 X O 0 O O X X X X X X
Falling edge At least 2 At least 2
8 . g bits out of 3 bits out of 3
detection
at 0 at0

Figure 20-5 Start bit detection

If the sequence is incomplete, the receiver will exit the start bit detection and return to the idle
state ( without setting the flag ) to wait for a falling edge.If all 3 sample points are '0' ( the first
sample at bits 3, 5, and 7, and the second sample at bits 8, 9, and 10 are all '0"), then
acknowledge receipt Start bit, then set the RXNE flag bit, if RXNEIE = 1, an interrupt will be
generated.

If only 2 of the 3 sample points are '0' twice ( the 3rd, 5th, 7th sample point and the 8th, 9th,
10th sample point ), then the start bit is still valid, but The NE noise flag is set.If this condition
cannot be met, the detection process of the start bit is aborted, and the receiver will return to
the idle state ( the flag bit is not set ).

If at one time only 2 of the 3 sample points are '0' ( the 3rd, 5th, 7th sample point or the 8th,
9th, 10th sample point ), then the start bit is still valid, but the NE noise flag is set.

Character reception
During USART reception, the least significant bit of data is shifted in first from the RX pin.In
this mode, the USART_DR register contains a buffer between the internal bus and the receive
shift register.
Configuration steps:
1) Set UE in USART_CR1 register to 1 to activate USART.
2) Program the M bits of USART_CR1 to define the word length
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20.3.3.3.

20.3.3.4.

3) Write the number of stop bits in USART_CR2

4) Select the desired baud rate using the baud rate register USART_BRR.

5) Set the RE bit of USART_CR1.Activate the receiver to start looking for the start bit.

When a character is received :

® The RXNE bit is set.It indicates that the contents of the shift register are transferred to
the RDR.In

® other words, the data has been received and can be read (including error flags associ-
ated with it).
If the RXNEIE bit is set, an interrupt is generated.
If a frame error, noise or overflow error is detected during reception, the error flag will be
set
In multi-buffer communication, RXNE is set up after each byte is received.
In single buffer mode, the RXNE bit is cleared by software reading the USART_DR regis-
ter.The RXNE

® flag can also be cleared by writing 0 to it. The RXNE bit must be cleared before the end of
the next character reception to avoid overrun errors.

Note: The RE bit should not be reset while receiving data.If the RE bit is cleared on reception,

the reception of the current byte is lost.

Idle character
When an idle frame is detected, there is the same procedure as for a received data charac-

ter plus an interrupt if the IDLEIE bit is set.

Overrun error

An overrun error occurs when a character is received when RXNE has not been reset.Data

can not be transferred from the shift register to the RDR register until the RXNE bit is

cleared.The RXNE flag is set after every

byte received.An overrun error occurs if RXNE flag is set when the next data is received.

When an overrun error occurs:

® The ORE bit is set.

® The RDR content will not be lost.The previous data is available when a read to
USART_RDR is performed.

® The shift register will be overwritten.After that point, any data received during overrun is
lost.
An interrupt is generated if either the RXNEIE bit is set or the EIE bit is set.
Sequential read operations of USART_SR and USART_DR registers can reset the ORE
bit

Note: When the ORE bit is set, it indicates that at least 1 data has been lost.There are two

possibilities:

® If RXNE =1, the last valid data is still in the receive register RDR and can be read.

® If RXNE =0, it means that the last valid data has been read, and there is nothing to read

in RDR.This can happen when new (ie lost) data is received while the last valid data is
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being read in the RDR.This can also happen when new data is received during the read
sequence (between the USART_SR register read access and the USART_DR read ac-

cess)
20.3.3.5. Noise error
Data recovery is performed by distinguishing between valid input data and noise using over-

sampling techniques (except synchronous mode)

woo TOLL L b T
i i E E E E E ESamipledivaluies E E E E E i i
1 1 /1—'\ 1 1
sample T T T T T T T T T T T T T T T T T
clock ! :1 2 3 4 5 6 7 :8 9 :10 11 12 13 14 15 :16:
| s
E E < ;One bittlime : j

Figure 20-6 Data sampling for noise detection

Table 20-1 Noise detection from sampled data

Sample value NE state Bit value received Data validity

000 0 0 Valid

001 1 0 Not Valid
010 1 0 Not Valid
011 1 1 Not Valid
100 1 0 Not Valid
101 1 1 Not Valid
110 1 1 Not Valid
111 0 1 Valid

When noise is detected in the received frame:

® Set the NE flag on the rising edge of the RXNE bit.

® Invalid data is transferred from the shift register to the USART_DR register.

® |nthe case of single-byte communication, no interrupt is generated.However, since the NE
flag and the RXNE flag are set at the same time, RXNE will generate an interrupt.in the
case of multi-buffer communication, an interrupt will be generated if the EIE bit in the
USART_CRa3 register has been set.

First read USART_SR, then read USART_DR register, will clear the NE flag bit.

20.3.3.6.  Framing error
A framing error is detected when the stop bit is not recognized on reception at the expected
time, following either a de-synchronization or excessive noise.
When the framing error is detected:
® The FE bit is set by hardware
® The invalid data is transferred from the Shift register to the USART_RDR register.
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® No interrupt is generated in case of single byte communication.However this bit rises at
the same time as the RXNE bit which itself generates an interrupt.In case of multibuffer
communication an interrupt will be issued if the EIE bit is set in the USART_CR3 register.
Sequential reads of the USART_SR and USART_DR registers reset the FE bit.

20.3.3.7. Configuration stop bits during reception
The number of stop bits to be received can be configured through the control bits of Control
Register 2 - it can be either 1 or 2 in normal mode.
B 1 stop bit: Sampling for 1 stop Bit is done on the 8th, 9th and 10th samples.
B 2 stop bits: Sampling for 2 stop bits is done on the 8th, 9th and 10th samples of the first
stop bit.If a framing error is detected during the first stop bit the framing error flag will be
set .The second stop bit is not checked for framing error.The RXNE flag will be set at the

end of the first stop bit.
20.3.4. USART baud rate generation

The baud rate for the receiver and transmitter (Rx and Tx) are both set to the same value as pro-
grammed in the USART_BRR register.
Tx / Rx baud =fCK /(16*USARTDIV )
Here fCK is the clock to the peripheral USARTDIV is an unsigned fixed-point number.The 12-bit
value is set in the USART_BRR register.
Note: After writing to USART_BRR, the baud rate counter is replaced by the new value of the baud
rate register.
Therefore, do not change the value of the baud rate register while communication is in progress.
How to derive USARTDIV from USART_BRR register values
Example 1:
If DIV_Mantissa = 27, DIV_Fraction = 12 (USART_BRR = 0x1BC), then:
Mantissa (USARTDIV) = 27
Fraction (USARTDIV) = 12/16 = 0.75
Therefore USARTDIV = 27.75
Example 2:
To program USARTDIV = 25.62, then:
DIV_Fraction = 16*0.62 = 9.92
The nearest integer is: 10 = 0x0A
DIV_Mantissa = mantissa (25.620) = 25 = 0x19
Then, USART_BRR = 0x19A
Example 3:
To program USARTDIV = 50.99, then: DIV_Fraction = 16*0.99 = 15.84
The nearest integer is: 16 = 0x10 = > DIV_frac[3:0] overflow = > carry must be added to the frac-
tional part
DIV_Mantissa = mantissa (50.990 + carry) = 51 = 0x33
Then, USART_BRR = 0x330, USARTDIV =51
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Baud rate FrcLk=36MHz FrcLk=72MHz
No. Kbps Actual BRR E(:;:;r Actual BRR Error (%)
1 2.4 2.400 937.5 0% 24 1875 0%
2 9.6 9.600 234.375 0% 9.6 468.75 0%
3 19.2 19.2 117.1875 0% 19.2 234.375 0%
4 57.6 57.6 39.0625 0% 57.6 78.125 0%
5 115.2 115.384 19.5 0.15% 115.2 39.0625 0%
6 230.4 230.769 9.75 0.16% 230.769 19.5 0.16%
7 460.8 461.538 4.875 0.16% 461.538 9.75 0.16%
8 921.6 923.076 24375 0.16% 923.076 4.875 0.16%
9 2250 2250 1 0% 2250 2 0%
10 4500 N.A N.A N.A 4500 1 0%

Note: The lower the CPU clock the lower the accuracy for a particular baud rate.The upper limit of the achieva-

ble baud rate can be fixed with these data.

20.3.5.

USART receiver’s tolerance to clock deviation
The asynchronous receiver of the USART works correctly only if the total clock system deviation is

less than the tolerance of the USART receiver.The causes which contribute to the total deviation

are:

B DTRA: Deviation due to the transmitter error (which also includes the deviation of the

transmitter’s local oscillator)

DQUANT: Error due to the baud rate quantization of the receiver

DREC: Deviation of the receiver’s local oscillator

DTCL: Deviation due to the transmission line (generally due to the transceivers which

can introduce an asymmetry between the low-to-high transition timing and the high-tolow

transition timing)
B DTRA + DQUANT + DREC + DTCL < USART receiver’s tolerance.

For normal reception of data, the tolerance of the USART receiver is equal to the maximum

tolerable variation, which depends on the following choices:

] 10- or 11-bit character length defined by the M bits of the USART_CR1 register

[ ] whether to use fractional baud rate to generate

Table 20-2 receiver tolerance when DIV_Fraction is 0

M bit

NF is an error

NF is don’t care

3.75%

4.375%

3.41%

3.97%

Table 20-3 receiver tolerance when DIV_Fraction is different from 0

M bit

NF is an error

NF is don’t care

0

3.33%

3.88%

1

3.03%

3.53%

20.3.6.

USART auto baud rate detection
The USART is able to detect and automatically set the USART_BRR register value based on the

reception o one character.Automatic baud rate detection is useful under two circumstances:

1)

The communication speed of the system is not known in advance
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20.3.7.

2) The system is using a relatively low accuracy clock source and this mechanism allows the
correct baud rate to be obtained without measuring the clock deviation.

The clock source frequency must be compatible with the expected communication speed.

Before activating the auto baud rate detection, the auto baud rate detection mode must be cho-

sen.There are various modes based on different character patterns(They can be chosen through

the ABRMOD[1:0] field in the USART_CR3 register).In these auto baud rate modes, the baud rate

is measured several times during the synchronization data reception and each measurement is

compared to the previous one.

These modes are:

Mode 0: Any character starting with a bit at 1.In this case the USART measures the duration of the

Start bit (falling edge to rising edge).

Mode 1: Any character starting with a 10xx bit pattern.In this case, the USART measures the du-

ration of the Start and of the 1st data bit. The measurement is done falling edge to falling edge, en-

suring better accuracy in the case of slow signal slopes.

In parallel, another check is performed for each intermediate transition of RX line.An error is gen-

erated if the transitions on RX are not sufficiently synchronized with the receiver (the receiver be-

ing based on the baud rate calculated on bit 0).

Prior to activating auto baud rate detection, the USART_BRR register must be initialized by writing

a non-zero baud rate value.

The automatic baud rate detection is activated by setting the ABREN bit in the USART_CR2 regis-

ter.The USART will then wait for the first character on the RX line.The auto baud rate operation

completion is indicated by the setting of the ABRF flag in the USART _ISR register.If the line is

noisy, the correct baud rate detection cannot be guaranteed.In this case the BRR value may be

corrupted and the ABRE error flag will be set.This also happens if the communication speed is not

compatible with the automatic baud rate detection range (bit duration not between 16 and 65536

clock periods (oversampling by 16) and not between 8 and 65536 clock periods (oversampling by

8)).

The RXNE interrupt will signal the end of the operation.At any later time, the auto baud rate detec-

tion may be relaunched by resetting the ABRF flag (by writing a 0).

Note: If the USART is disabled (UE = 0) during an auto baud rate operation, the BRR value may

be corrupted.

Multi processor communication using USART

It is possible to perform multiprocessor communication with the USART (with several USARTs
connected in a network).For instance one of the USARTSs can be the master, its TX output con-
nected to the RX inputs of the other USARTSs.The others are slaves, their respective TX outputs
are logically ANDed together and connected to the RX input of the master.

In multiprocessor configurations it is often desirable that only the intended message recipient
should actively receive the full message contents, thus reducing redundant USART service over-

head for all non addressed receivers.
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The non addressed devices may be placed in mute mode by means of the muting function.In mute

mode:

20.3.7.1.

20.3.7.2.

None of the reception status bits can be set.
All the receive interrupts are inhibited.
The RWU bit in USART_ISR register is set to 1.RWU can be controlled automatically by hard-
ware or by software, through the MMRQ bit in the USART_RQR register, under certain condi-
tions.The USART can enter or exit from mute mode using one of two methods, depending on
the WAKE bit in the USART_CR1 register:
Idle Line detection if the WAKE bit is reset.
Address Mark detection if the WAKE bit is set.

Idle line detection (WAKE=0)
The USART enters mute mode when the RWU bit is written to 1.1t wakes up when an Idle
frame is detected.
Then the RWU bit is cleared by hardware but the IDLE bit is not set in the USART_ISR regis-

ter.The following figure gives an example of silent mode behavior using idle line detection.

RXNEf RXNEf

RX Datal|Data2 | Data3 | Data4 | IDLE | Datas | Data6 |

RwU Mute Mode | Normal Mode

RWU written to 1 Idle frame detected

Figure 20-7 Mute mode using Idle line detection

Address mark check (WAKE=1)
In this mode, bytes are recognized as addresses if their MSB is a ‘1’ otheRWise they are con-
sidered as data.In an address byte, the address of the targeted receiver is put in the 4
LSBs.The choice of 4-bit address detection is done using the ADDM?7 bit. This 4-bit/7-bit word
is compared by the receiver with its own address which is programmed in the ADD bits in the
USART_CR2 register.
If the received byte does not match its programmed address, the USART enters silent
mode.At this point, the hardware sets the RWU bit.
Receiving this byte will neither set the RXNE flag nor generate an interrupt because the
USART is already in silent mode.
When the received byte matches the programmed address in the receiver, the USART exits
silent mode.Then the RWU bit is cleared and subsequent bytes are received normally.The
RXNE bit will be set when this matching address byte is received because the RWU bit has
been cleared.
When the receive buffer contains no data (RXNE =0 in USART_SR), the RWU bit can be

written to O or 1.
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OtheRWise, the write operation is ignored.The figure below shows an example of using ad-

dress mark detection to wake up and enter silent mode.

In this example, the current address of the receiver RXNE f RXNE f RXNE f
is 1(programmed in the USART_CR2 register)

RX  IDLE |Addr=0| Data1]|Data2]| IDLE [Addr=1] Data 3[Data 4 [Addr=2] Data5]
! |

RWU ﬁ Mute Mode | Normal Mode Mute Mode
1
Non-matching address /

Matching address Non-matching address

RWU writtento 1
(RXNE was cleared)

Figure 20-8 Slient mode with address tag detection

20.3.7.3. Check control
Setting the PCE bit on the USART_CRL1 register enables parity control (generates a parity
bit when transmitting, and performs parity checking when receiving).The possible USART
frame formats are listed in the table below according to the frame length defined by the M
bits.
Table 20-4 Frame format
M bit PCE bit USART fram
0 0 SB—=8 hit data—STB
0 1 SB—7 bit data—PB—STB
1 0 SB—9 bit data—STB
1 1 SB—S8 bit data—PB—STB
When waking up a device with an address tag, the address is matched only considering the
MSB bits of the data, not the parity bits.(MSB is the last sent out of the data bits, followed by
the parity bit or stop bit)
20.3.7.4. Even parity
The parity bit is calculated to obtain an even number of “1s” inside the frame of the 7 or 8 LSB
bits (depending on M bits values) and the parity bit.
As an example, if data = 00110101, and 4 bits are set, then the parity bit will be 0 if even par-
ity is selected (PS bit in USART_CR1 = 0).
20.3.7.5. Odd parity
The parity bit is calculated to obtain an odd number of “1s” inside the frame made of the 7 or
8 LSB bits (depending on M bits values) and the parity bit.
As an example, if data = 00110101 and 4 bits set, then the parity bit will be 1 if odd parity is
selected (PS bitin USART_CR1 =1)
20.3.7.6. Transfer mode

If the PCE bit is set in USART_CR1, then the MSB bit of the data written in the data register is
transmitted but is changed by the parity bit (even number of “1s” if even parity is selected or
an odd number of “1s” if odd parity is selected).If the parity check fails, the PE flag is set in
the USART_ISR register and an interrupt is generated if PEIE is set in the USART_CR1 reg-
ister.The PE flag is cleared by software riting 1 to the PECF in the USART _ICR register.
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20.3.8.

USART synchronous mode

The synchronous mode is selected by writing the CLKEN bit in the USART_CR2 register to 1.In
synchronous mode, the following bits must be kept cleared:

e The HDSEL bit in USART_CR3 register

The USART allows the user to control bidirectional synchronous serial communications in a mas-
ter mode.The CK pin is the output of the USART transmitter clock.During the start and stop bits,
there is no clock pulse on the CK pin.Depending on the state of the LBCL bit in the USART_CR2
register, a clock pulse is generated or not generated during the last valid data bit.The CPOL bit in
the USART_CR2 register allows the user to select the clock polarity, and the CPHA bit in the
USART_CR2 register allows the user to select the phase of the external clock.

The external CK clock is not activated during bus idle periods, before actual data arrives and when
the disconnect symbol is sent.

In synchronous mode, the USART transmitter works exactly the same as in asynchronous
mode.But because CK is synchronous with TX (according to CPOL and CPHA), data on TX is sent
synchronously with CK.

The USART receiver in synchronous mode works differently than in asynchronous mode.If RE =1,
the data is sampled on CK (rising or falling according to CPOL and CPHA) without any over-
sampling.But setup time and duration (depending on baud rate, 1/16 bit time) must be considered.
Notice:

CK pin works together with the TX pin.Thus, the clock is only provided when the transmitter is ena-
bled (TE =1) and data is being sent ( writing data to the USART_DR register ).This means that it is
impossible to receive a sync data without sending data.

LBCL, CPOL and CPHA bits should be when both the transmitter and receiver are disabled, these
bits cannot be changed when the transmitter or receiver is enabled.

TE and RE in the same instruction to reduce receiver setup and hold time.

USART only supports master mode: it cannot receive or transmit data with an input clock from

other devices (CK is always an output).

RX Data out
X Datain
Synchronous device
USART (e.g. slave SPI)
CK clock

Figure 20-9 Example of USART synchronous transmission
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Idle or preceding g,y M=0(8 data bits) Stop
transmission

Clock(CPOL=0,CPHA=0) —|_|_|_|_|_|_|_|_|_|_|_|_|_U_|__
Clock(CPOL=0,CPHA=1)

Clock(CPOL=1,CPHA=0) —M
Clock(CPOL=1,CPHA=1) —m

Data on TX

(from master) ﬂnaanﬂﬂ"
Start LSB MSB  Stop
Data on RX
(from slave) (o R 1} 2)3)a)fsNe )z
LSB MSB
Capture strobe I I I I I I I I

LBCL bit controls last data clock pulse

Figure 20-10 USART data clock timing example(M=0)

Idle or preceding ¢, M=0(9 data bits) Stop t'r:':s:i::i’;;
transmission - NS mi
» » > >

Clock(CPOL=0,CPHA=0) . rygyuutyruye
Clock(CPOL=0,CPHA=1) ]
clock(cPot=1,cpHA=0) . L] LI LT LI LT LY

Clock(CPOL=1,CPHA=1) —W

Data on TX

(from master) nﬂnnaﬂ 7 u
Start LSB MSB  Stop
D RX
(fraotr?'lc:;ave) nannaﬂ L
LSB MSB
Capture strobe I I I I I I I I I

LBCL bit controls last data clock pulse

Figure 20-11 USART data clock timing example (M=1)

CK(capture strobe on CK
rising edge in this example)

Data on RX
(from slave)

tSETUP tHOLD

- = - - - - - -

R

;

tSETUP =tHOLD 1/16 bit time

Figure 20-12 RX data sample/hold time
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20.3.9.

20.3.10.

USART single-wire half-duplex communication
Single-wire Half-duplex mode is selected by setting the HDSEL bit in the USART_CR3 register.In
this mode, the following bits must be kept cleared:
B LINEN and CLKEN bits in the USART_CR2 register
The USART can be configured to follow a Single-wire Half-duplex protocol where the TX and RX
lines are internally connected.The selection between half- and Full-duplex communication is made
with a control bit HDSEL in USART_CR3.
B The RX pin is no longer used
B The TX pin is always released when no data is transmitted.Thus, it acts as a standard 1/O
in idle or in reception.It means that the 1/0O must be configured so that TX is configured as
alternate function opendrain with an external pull-up.
Apart from this, the communication protocol is similar to normal USART mode.Any conflicts on the
line must be managed by software (by the use of a centralized arbiter, for instance).In particular,
the transmission is never blocked by hardware and continues as soon as data is written in the data

register while the TE bit is set.

Hardware flow control

Using the Ncts INPUT and nRTS output.The figure below shows how to conncet 2 devices in this

mode.
USART1 USART2
X RX L
TX circuit cTS RTS TX circuit
l
| RX X
RX circuit RTS TS RX circuit
.l

Figure 20-13 Hardware flow control between two USARTs

20.3.10.1. RTS flow control

If RTS flow control is enabled (RTSE = 1), nRTS becomes active (connected low) as soon
as the USART receiver is ready to receive new data.When data arrives in the receive regis-
ter, NRTS is released, thereby indicating that data transmission is to be stopped at the end

of the current frame.

tart,

RX bt Data 1 bit | Data 2 [ P

M r
/ ‘\ Data 1 read ff

Data 2 can now be RXNE
transmitted

stop:
| bit ;Idle

RTS

R)(NEf

Figure 20-14 RTS flow control
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20.3.10.2. CTS flow control
If CTS flow control is enabled (CTSE = 1), the transmitter checks the nCTS input before send-

ing the next frame.

If NCTS is valid (pulled to a low level), the next data is sent (assuming that data is ready to be

sent, that is, TXE = 0), otherwise the next frame of data is not sent.If the nCTS is invalidated

during transmission, the transmission stops after the current transmission is completed.

When CTSE =1, as long as the nCTS input changes state, the hardware automatically sets

the CTSIF status bit.It indicates whether the receiver is ready to communicate.An interrupt is
generated if the CTSIE bit in the USART_CT3 register is set.

CTS

/

CTSf

7

TS |
transmit data register
TDR Data 2 empty | Data 3 empty
start f start]
& bawi e[/ ootz [orad e baws

writing data 3 inDR

A

Transmission of Data 3 is delayed until

CTS=0

Figure 20-15 CTS flow control

20.4. USART interrupt request
Serial
num- Interrupt event Event flag Enable bit Send/receive
ber
1 Send data register empty TXE TXEIE Send
2 CTS (Clear to Send) Interruption CTSIF CTSIE Send
3 Transmission complete TC TCIE Send
4 The receive register is not empty (read data is ready) RXNE Receive
RXNEIE -
5 Overrun error ORE Receive
6 Idle frame IDLE IDLEIE Receive
7 Parity error PE PEIE Receive
8 N_0|se, overrun and frame errors when communicating NR/ORE/FE EIE Receive
with multiple processors

AllUSART interrupts share the same interrupts vector.

TOE =

L

o =

,—L/

CT%TES )

1D

E
IDLEIE
E

L
RXNEIE
oRE —1_)

=D
=D

PE

PEIE
LBD

LBDIE
FE

NE
ORE EIE

>

USART
interrupt

Figure 20-16 USART interrupt map
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20.5.
20.5.1.

USART register
Status register (USART_SR)

Address offset:0x00

Reset value:0x0000 00CO

31 | 30

29 28

27

26 25

23

22 21 20 19 18 | 17 | 16

Re | Re

Re
S

Res

Res

Res Res

Res

Re | Re | Re

Res Res Res | Res

15 | 14

13 12

11

10 9

Re Re

Re | ABRR
s Q

ABR
E

ABR I ¢c1s

TC RXNE NE | FE | PE

w

R

F
R | RCW

o

RC_W | RC_ W

o
o

Bit

Name

R/W

Reset Value

Function

31:13

Reserved

RES

Reserved

12

ABRRQ

Automatic baud rate request

Writing 1 to this bit resets the ABRF flag and re-
quests automatic baud rate detection for the
next frame.

11

ABRE

Auto baud error flag.

This register is set by hardware when there is an
error in automatic baud rate detection (baud rate
out of range or character comparison error).
Software clears this bit by writing a 1 to the
ABRROQ register.

10

ABRF

Automatic baud rate detection flag.

This bit is set to 1 by hardware when auto-baud
rate is set (set RXNE =1 at the same time, an
interrupt will be generated when the interrupt is
enabled), or when an error occurs in the auto-
baud rate detection operation (ABRE = 1, RXNE
=1,FE=1).

Software clears this bit by writing a 1 to the
ABRRQ bit in the USART_RQR register.

CTS

RC_WO

When CTS input toggle, do not CTSE = 1, this
register is 1.Software writes 0 to clear.When
CTSIE = 1, a CTS interrupt is generated.

0: CTS line value unchanged

1: CTS line value change

reserved

TXE

Transfer register empty flag.

This register is set by hardware when the
USART_DR register data is transferred to the
shift register.When TXEIE = 1, an interrupt is
generated.Writing to the USART_DR register will
clear this bit

0: Data is not transferred to the shift register

1: Data is transferred to the shift register

TC

RC_WO0

Transmission complete flag.

After the transmission of the data frame is com-
pleted, and TXE = 1, the hardware will set this
register.An interrupt is generated when TCIE =
1.

Software reading the USART_SR register first
and then writing the USART_DR register will
clear this bit (for multiprocessor communica-
tion).Software can also write O to clear.

0: Transmission not completed

1: Transmission completed

RXNE

RC_WO0

The read data register is not empty flag.
This register is set by hardware when the shift
register value is transferred to the USART_DR

register.
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Bit

Name

R/W

Reset Value

Function

Software reads the USART_DR register, or
writes 0 to clear this bit.

When RXNEIE = 1, an interrupt is generated.
0: No data received

1: Receive data ready

IDLE

Idle sign.

Detect IDLE line, the hardware sets this register.
An interrupt is generated when IDLEIE = 1.
Software can clear this bit by reading the
USART_SR register first and then the
USART_DR register.

0: IDLE not detected line

1: IDLE detected line

ORE

Overrun error flag.

When RXNE = 1, the hardware sets this bit
when the data received in the shift register is
about to be transferred to the RDR register.
Software can clear this bit by reading the
USART_SR register first and then the
USART_DR register.

When RXNEIE = 1, an interrupt is generated.
0: No Overrun error is generated

1: Generate Overrun error

Note: When this register is set, the contents of
the RDR register are not lost, but the contents of
the shift register are overwrite.

When EIE = 1, an ORE interrupt is generated.

NE

Noise error sign.

This register is set by hardware when the data
frame receives noise.

Software can clear this bit by reading the
USART_SR register first and then the
USART_DR register.

0: No noise error detected

1: Noise error detected

Note: When RXNE and NE are generated at the
same time, no interrupt is generated when NE
=1, but an interrupt is generated when the RXNE
flag is set.In multi-buffer communication mode,
NE = 1 will generate an interrupt when EIE = 1.

FE

Framing error flag.

This bit is set by hardware when out-of-sync, ex-
cessive noise, or abort characters are detected.
Software can clear this bit by reading the
USART_SR register first and then the
USART_DR register.

0: no frame error detected

1: Framing error or break character detected
Note: When RXNE and FE are generated at the
same time, no interrupt is generated when FE =
1, but an interrupt is generated when the RXNE
flag is set.If the currently transmitted data has
both a frame error and an overload error, the
hardware will continue to transmit the data and
only set the ORE flag.In multi-buffer communica-
tion mode, FE = 1 will generate an interrupt
when

EIE =1.

PE

Checksum error.

This register is set by hardware when the parity
value is incorrect during reception.

Software can clear this bit by reading the
USART_SR register first and then the
USART_DR register.But software must wait for
RXNE = 1 before clearing this bit.

When PEIE, an interrupt is generated.

0: No parity error is generated

1: Generate parity error
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20.5.2. USART Data register(USART_DR)
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 DR[8:0]
RW [RW [RW | RW | RW | RW | RW | RW [ RW
Bit Name R/W Reset Value Function
31: 9 Reserved RES - Reserved
Receive/transmit data register.
Depending on the read or write operation, the
former is the received data and the latter is the
transmitted data.
The DR register is physically composed of two
registers (one is the transmitted T DR, the other
is the received R DR ), so the DR register imple-
ments two functions of reading and writing.
T DR register provides a parallel interface be-
8: 0 DR[8:0] RW 9" ho tween the internal bus and the output shift regis-
ter, and the R DR register provides a parallel in-
terface between the input shift register and the
internal bus.
When parity is enabled for transmit operation,
writing the M SB bit ( bit7 or bit8 ) has no effect,
because it has been replaced by the parity bit.
When the parity enable is turned on for a receive
operation, the read MSB bit is the received parity
bit.
20.5.3. Baud rate register (USART_BRR)
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

DIV_Mantissa[15:4]

DIV_Faction[3:0]

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

RW [RW [RW |RW

In auot-baud detection mode, hardware updates this register.

Bit Name R/W Reset Value Function
31: 16 Reserved RES - Reserved
15: 4 DIV_Mantissa[15:4] RW 12biti nteger
3:0 DIV_Fraction[3:0] RW 4bit decimal
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20.5.4. USART control register 1 (USART_CR1)

Address offset:0x0C

Reset value: 0x0000_0000

31

30

29

28

27

26

25

24

23

22

21

20

19

18

17

Re

Re

Re
S

Re

Res

S

Res

Re

Res

Res

Res

Res

Res

Re

Re

Res

S S S

15

14

13

12 11

10

7

5 4 3 2 1 0

Re

Re

UE

WAK
M E

PC
E

PS

PEI

TXEI
E

RXNEI IDLEI T | RE RW | Re

RW

RW RW

RW

RW

RW

RW

RW RW RW | RW | RW

Bit

Name

R/W

Reset Value

Function

31: 14

Reserved

RES

Reserved

13

UE

RW

USART enabled.When this bit is cleared, the
USART module will immediately stop the current
operation.This bit is set and cleared by software.
0: USART prescaler and output disabled, low
power mode

1: USART enable

The software needs to wait for USART_ISR.TC
to be set before clearing the UE bit and entering
the low power mode.

12

RW

0: 1 start bit, 8 data bits, n stop bit
1: 1 start bit, 9 data bit, n stop bit

11

WAKE

RW

Receive wakeup mode.

How to wake up from mute mode.Set or cleared
by software.

0: Idle line wake up

1: address wake-up

10

PCE

RW

Parity control.

0: Parity check disabled

1: Parity check enabled

Parity bit: 9th bit of 9bit, 8th bit of 8bit.

PS

RW

Parity check selection.Set and cleared by soft-
ware.

0: Even parity

1: odd parity

PEIE

RW

PE interrupt enable.Set and cleared by software.
0: Disable
1: PE interrupt enable

TXEIE

RW

TXE interrupt enable.Set and cleared by soft-
ware.

0: Disable

1: TX E interrupt enable

TCIE

RW

End of transfer interrupt enable.Set and cleared
by software.

0: Disable

1: TC interrupt enable

RXNEIE

RW

RXNE interrupt enable, set and cleared by soft-
ware.

0: Disable

1: ORE or RXNE interrupt enable

IDLEIE

RwW

IDLE interrupt enable.Set and cleared by soft-
ware.

0: Disable

1: IDLE interrupt enable

TE

RwW

Transmission enable.
0: Transmission prohibited
1: Transmission enable

RE

RW

Receive enable.
0: Reception prohibited
1:Receive enable, start to detect start bit

RWU

RW

Receive wakeup.
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Bit Name R/W Reset Value Function

This bit indicates whether the USART is in mute
mode.

This register is set when a mute mode sequence
is received, this register is cleared when a
wakeup sequence is received.The specific
wake-up sequence (address or IDLE) is con-
trolled by the register USART_CR1.WAKE.

0: The receiver is in working mode

1: The receiver is in silent mode

Note 1: Before setting this bit to enter mute
mode, the USART must have received a data
byte, otherwise in mute mode, it cannot be
woken up by idle bus detection.

Note 2: When configured as address mark de-
tection wake-up (WAKE = 1), the RWU bit can-
not be modified by software when RXNE is set.

0 Reserved RES -

20.5.5. USART control register 2 (USART_CR?2)
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 | Res
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res | Res STOP Res | CLKEN | CPOL | CPHA | LBCL | Res | Res | Res | Res ADD[3:0]
RW RW RW RW | RW RW [ RW | RW | RW
Bit Name R/IW Reset Value Function
31: 14 Reserved RES - Reserved
Stop bit configuration.
13 STOP RW 0 0: 1 stop bit;
1: 2 stop bit;
12 Reserved
CK pin enable.
0: disable;
1 CLKEN RW 0 1: CK pin enable;

This bit is reserved when synchronous mode is
not supported.

Clock polarity.
Sync mode, CK pin output clock polarity.
0: Outside the transmission window, CK pin is a

10 CPOL RW 0
stable low value,
1: Outside the transmission window, CK pin is a
stable high value
This bit is used to select the phase of the CK pin
output clock in synchronous mode.It works with
the CPOL bits to generate the desired clock/data
relationship.

9 CPHA RW 0 0: The first clock transfer is the first data capture
edge
1: The second clock transfer is the first data cap-
ture edge
Whether the clock pulse of the last bit of data is
in CK pin output.

8 LBCL RW 0 0: Th_e clock pulse of the last bit of data is not in
CK pin output,
1: The clock pulse of the last bit of data is at CK
pin output.

7:4 Reserved RES - Reserved

3.0 ADD[3:0] RW 4'b0 USART address.
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Bit Name R/W Reset Value Function
This register is used in the mute mode of the
multiprocessor, and is used as the address
when the 4-bit address wakes up.
20.5.6. USART control register 3 (USART_CR3)
Address offset:0x14
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 | R8¢ | Re | Re | Re | oo | Re | Re | 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
Re | Re | ABR AB OVER | CTSI CTS RTS | Re | Re | Re | Re | HDSE | Re | Re
R EIE
S S MOD EN 8 E E E S S S S L S S
RW | RW RW RW RW RW RW RW
Bit Name R/W Reset Value Function
31: 14 Reserved RES - Reserved
Automatic baud rate detection mode.
00: measure the baud rate from the start bit
01: Falling edge to falling edge measurement
13 ABRMOD RW 2'b0 10: Reserved
11: Reserved
When ABREN = 0 or UE = 0, this register is
write only.
Auto-baud rate enabled.
12 ABREN RW 0 0: Disable
1: Auto baud rate enabled
Oversampling mode.
0: Oversampling by 16
1 OVERS RW [ 1: Oversampling by 8
can only be written when UE =0
CTS interrupt enable.
10 CTSIE RW 0 0: Forbidden,
1: CTSIF interrupt enable
CTS enabled.
0: CTS hardware flow control is disabled
1: CTS mode enabled.Data is only transmitted
9 CTSE RW 0 when the CTS input is 0.At this point, after the
data is written into the data register, the trans-
mission will not be started until the CTS is valid.
RTS enabled.
0: RTS hardware flow control is disabled,
1: The RTS output is enabled, and the next data
8 RTSE RW 0 is requested only when the receive buffer is not
full. After the current data is sent, the sending op-
eration is suspended.If data can be received, set
RTS to valid (0).
7:4 reserved
Half-duplex option.
3 HDSEL RW 0 0: Non-half duplex mode,
1: Half-duplex mode selection.
2:1 reserved
Error interrupt enable.
0 EIE RW 0 0: Forbidden,

1: Frame error FE, overrun error ORE, noise NF
interrupt enable.
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21.

21.1.

21.2.

Serial peripheral interface (SPI)

This project designs and implements 2 SPI modules.

Introduction

Serial Peripheral Interface (SPI) allows the chip to communicate with external devices in half-du-

plex, full-duplex, and simplex synchronous serial communication.This interface can be configured

in master mode and provides the serial clock (SCK) for external slave devices.The interface can

also work in a multi-master configuration.

It can be used for a variety of purposes, including two-wire simplex simultaneous transmission us-

ing one bidirectional data line

SPI main features

Master or slave operation

Full-duplex synchronous transfers on three lines

Half-duplex synchronous transfer on two lines (with bidirectional data line)

Simplex synchronous transfers on two lines (with unidirectional data line)

8-bit to 16-bit data size selection

Multimaster mode capability

8 master mode baud rate prescalers up to frcik/2.

Slave mode frequency up to frcLk/8.

NSS management by hardware or software for both master and slave: dynamic change of mas-
ter/slave

operations

Programmable clock polarity and phase

Programmable data order with MSB-first or LSB-first shifting

Dedicated transmission and reception flags with interrupt capability

SPI bus busy status flag

SPI Motorola support

Master mode fault, overrun flags with interrupt capability

Two embedded Rx and Tx FIFos of 2 depth and 16bit width (8bit width when the data frame is
set to 8bit)
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21.3.1. Overview
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21.3.2.

Figure 21-1 SPI block diagram

Four I/O pins are dedicated to SPI communication with external devices:

MISO: Master In / Slave Out data.In the general case, this pin is used to transmit data in slave
mode and receive data in master mode.

MOSI: Master Out / Slave In data.In the general case, this pin is used to transmit data in master
mode and receive data in slave mode.

SCK: Serial Clock output pin for SPI masters and input pin for SPI slaves.

NSS: Slave select pin.Depending on the SPI and NSS settings, this pin can be used to either:
— Select an individual slave device for communication

— Synchronize the data frame or

— Detect a conflict between multiple masters

The SPI bus allows the communication between one master device and one or more slave de-
vices.The bus consists of at least two wires - one for the clock signal and the other for synchro-
nous data transfer.Other signals can be added depending on the data exchange between SPI

nodes and their slave select signal management.

Communications between one master and one slave
The SPI allows the MCU to communicate using different configurations, depending on the device

targeted and the application requirements.These configurations use 2 or 3 wires (with software
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NSS management) or 3 or 4 wires (with hardware NSS management).Communication is always

initiated by the master.

21.3.2.1.

21.3.2.2.

Full-duplex communication
By default, the SPI is configured for full-duplex communication.In this configuration, the shift
registers of the master and slave are linked using two unidirectional lines between the MOSI
and the MISO pins.During SPI communication, data is shifted synchronously on the SCK
clock edges provided by the master.The master transmits the data to be sent to the slave via
the MOSI line and receives data from the slave via the MISO line.
When the data frame transfer is complete (all the bits are shifted) the information between the

master and slave is exchanged.

MISO MISO

| RX shift register I

TX shift register [
? SPI clock

generator

I TX shift register |
Mosl —» MOSI
]

RX shift register

sck —P sk

NSS NSS
Slave

Master

|—|:|—|::|—r:|—c:|—|

Figure 21-2 Full-duplex single master/slave application

Half-duplex communication
The SPI can communicate in half-duplex mode by setting the BIDIMODE bit in the SPIx_CR1
register.In this configuration, one single cross connection line is used to link the shift registers
of the master and slave together.
During this communication, the data is synchronously shifted between the shift registers on
the SCK clock edge in the transfer direction selected reciprocally by both master and slave
with the BDIOE bit in their SPIx_CR1 registers.In this configuration, the master’'s MISO pin

and the slave’s MOSI pin are free for other application uses and act as GPIOs.
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21.3.2.3.

RX shift register TX shift register

TX shift register

? SPI clock

generator

RX shift register

!

NSS NSS
Master Slave

Figure 21-3 Half-duplex single master/slave application

The NSS pins can be used to provide a hardware control flow between master and
slave.Optionally, the pins can be left unused by the peripheral. Then the flow has to be han-

dled internally for both master and slave.

Simplex communications

The SPI can communicate in simplex mode by setting the SPI in transmit-only or in receive-

only using the RXONLY bit in the SPIx_CR2 register.In this configuration, only one line is

used for the transfer between the shift registers of the master and slave.The remaining

MISO and MOSI pins pair is not used for communication and can be used as standard

GPIOs.

B Transmit-only mode (RXONLY = 0): The configuration settings are the same as for full-
duplex.The application has to ignore the information captured on the unused input
pin.This pin can be used as a standard GPIO.

B Receive-only mode (RXONLY = 1): The application can disable the SPI output function
by setting the RXONLY bit.In slave configuration, the MISO output is disabled and the pin
can be used as a GPIO.The slave continues to receive data from the MOSI pin while its
slave select signal is active.Received data events appear depending on the data buffer
configuration.In the master configuration, the MOSI output is disabled and the pin can be
used as a GPIO.The clock signal is generated continuously as long as the SPI is ena-
bled.The only way to stop the clock is to clear the RXONLY bit or the SPE bit and wait

until the incoming pattern from the MISO pin is finished
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21.3.3.

| RX shift register MISO MISO TX shift register |

’_%‘ — ’%‘
TX shift register [ Mosl MOSI | RX shift register
? SPI clock :[ SCK —» SCK I f

generator

NSS NSS
Master Slave

Figure 21-4 simplex single master/single slave application(master in transmit-only/slave in receive-only mode)

(1) The NSS pins can be used to provide a hardware control flow between master and slave.Op-
tionally, the pins can be left unused by the peripheral. Then the flow has to be handled inter-
nally for both master and slave.For more details see Section 28.5.5: Slave select (NSS) pin
management.

(2) An accidental input information is captured at the input of transmitter Rx shift register.All the
events associated with the transmitter receive flow must be ignored in standard transmit only
mode.

(3) In this configuration, both the MISO pins can be used as GPIOs.Simplex communication can
be replaced by half -duplex communication by setting the transfer direction (the bidirectional

mode is enabled when the Bl DIO E bit is not changed)
Multi-slave communication

In a configuration with two or more independent slaves, the master uses GPIO to manage NSS for

each slave.

The master must select a slave by pulling the connected slave NSS low.When this is done, stand-

ard master and dedicated slave communication is established.
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21.3.4.

NSS
| RX shift register I {} MISO MISO I I TX shift register |
TX shift register [ {1 MOs!I MOSI { RX shift register
f SPI clock 4 sck —» SCK f
generator
101 NSS
Master 102 Slave 1
103

$MISO TX shift register |

MOSI | RX shift register
SCK I f

NSS

Slave 2

TX shift register

RX shift register

!

Slave 3

Figure 21-5 Master communicates with three independent slaves

NSS is not used on the host side in this configuration.Any MODF errors must be prevented by
SSM =1, SSI =1.

Since the MISOs of the slaves are connected together, all slaves must configure their MISO's
GPIO as AF open-drain.

Multi-master communication

Unless SPI bus is not designed for a multi-master capability primarily, the user can use build in
feature which detects a potential conflict between two nodes trying to master the bus at the same
time.For this detection, NSS pin is used configured at hardware input mode.The connection of
more than two SPI nodes working at this mode is impossible as only one node can apply its output
on a common data line at time.

When nodes are non active, both stay at slave mode by default.Once one node wants to overtake

control on the bus, it switches itself into master mode and applies active level on the slave select
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21.3.5.

input of the other node via dedicated GPIO pin.After the session is completed, the active slave se-
lect signal is released and the node mastering the bus temporary returns back to passive slave
mode waiting for next session start.If potentially both nodes raised their mastering request at the
same time a bus conflict event appears (see mode fault MODF event).Then the user can apply
some simple arbitration process (e.g.to postpone next attempt by predefined different time-outs

applied at both nodes).

| RX shift register I {] MISO MISO I I TX shift register |
TX shift register [ {1 Mosl . MOSI | RX shift register
f SPI clock & SCK - SCK I SPI clock f
generator generator
GPIO  —p NSS
Master o Slave
(Slave) (Master)
j., NSS -— GPIO

Figure 21-6 Multi-master application

The NSS pin is configured at hardware input mode at both nodes.Its active level enables the MISO

line output control as the passive node is configured as a slave.

Slave select (NSS) pin management

In slave mode, the NSS works as a standard “chip select” input and lets the slave communicate with

the master.

In master mode, NSS can be used either as output or input.s an input it can prevent multimaster

bus collision, and as an output it can drive a slave elect signal of a single slave.

Hardware or software slave select management can be set using the SSM bit in the SPIx_CR1

register:
B Software NSS management (SSM = 1): in this configuration, slave select information is driven
internally by the SSI bit value in register SPIx_CR1.The external NSS pin is free for other ap-
plication uses.
B Hardware NSS management (SSM = 0): in this case, there are two possible configurations.The
configuration used depends on the NSS output configuration
1) NSS output enable (SSM = 0, SSOE = 1): this configuration is only used when the MCU is
set as master.The NSS pin is managed by the hardware.The NSS signal is driven low as
soon as the SPI is enabled in master mode (SPE = 1), and is kept low until the SPI is
disabled (SPE = 0).A pulse can be generated between continuous communications if NSS
pulse mode is activated (NSSP = 1).The SPI cannot work in multi-master configuration with
this NSS setting.

2) NSS output disable (SSM = 0, SSOE = 0): if the microcontroller is acting as the master on

the bus, this configuration allows multi-master capability.If the NSS pin is pulled low in this
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mode, the SPI enters master mode fault state and the device is automatically reconfigured
in slave mode.In slave mode, the NSS pin works as a standard “chip select” input and the

slave is selected while NSS line is at low level.

SSI control bit

SSM control bit

NSS lutput
0
NSS ] GOIO
Pin [ Iogic NSS Master Slave
Inp. mode mode
r vdd OK Non active
Vss Conflict OK
NSS NSS Output

output

used in Master mode and
Control d

NSS HW management only)

NSS external logic
SSOE control bit

NSS internal logic

Figure 21-7 hardware/software slave select management

21.3.6. communication formats
During SPI communication, receive and transmit operations are performed simultaneously.The

serial clock (SCK) synchronizes the shifting and sampling of the information on the data lines.The

communication format depends on the clock phase, the clock polarity and the data frame for-

mat.To be able to communicate together, the master and slaves devices must follow the same

communication format.

21.3.6.1.

Clock phase and polarity controls
There are 4 possible timings that can be configured by software through the CPOL and CPHA
bits (SP1_CR1 register).CPOL (clock polarity) controls the IDLE state of the clock when no
data is being transmitted.This bit affects both master and slave.If CPOL is reset, the SCK pin
has a low state.If CPOL is set, the SCK pin has a high IDLE state.
If CPHA is set, the second edge of SCK captures the first data bit transmitted (falling edge if
CPOL is reset, rising edge otheRWise).On the occurrence of clock change type, the data is
latched.If CPHA is reset, the first edge of SCK captures the first transmitted data bit (falling
edge if CPOL is set, rising edge otheRWise).Data is latched when this type of clock change
occurs.
The combination of CPOL and CPHA selects the data capture clock edge.
SPI must be disabled (SPE = 0) before CPOL/CPHA is changed.
The IDLE state of SCK must correspond to the polarity selected by the SPI_CR1 register.
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Figure 21-8 Data clock timing diagram

The order of data bits depends on LSBFIRST bit setting.

21.3.6.2. Data frame format

21.3.7.

Through the LSBFIRST bit (SPI_CR 1 register ), the SPI sh ift register can be set to MSB-
FIRST or LSB-FIRST.
Select the number of bits in the data frame by using the DS bit ( SPI_CR2 register ).It can be

selected as 8-bit or 16-bit length, and this setting applies to both sending and receiving

SPI configuration
The configuration procedure is almost the same for master and slave.For specific mode setups,
follow the dedicated sections.When a standard communication is to be initialized, perform these
steps:
1.Write related GPIO registers: configure MOSI, MISO and SCK pins
2.Write SPI_CR1 register

1) Configure the clock baud rate via BR[ 2:0] (not required for slave mode)

2) Configure CPOL and CPHA

3) simplex or half -duplex mode by RXONLY or B IDIMODE and BIDIOE (RXONLY and

BIDIMODE cannot be active at the same time)
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21.3.8.

21.3.9.

4)  Configure LSBFIRST
5) Configure SSM and SSI
6) Configure the MSTR bit (in multi-master In NSS configuration, if the host is configured
to prevent MODF errors, avoid NSS conflict state)
3.Write SPI_CR2 register
1) Configure DS bit, select the number of data frame bits

2) Configure SSOE ( not required for slave mode)

SPI enabling procedure

It is recommended to enable the SPI slave before the master sends the clock.If not, undesired
data transmission might occur.The data register of the slave must already contain data to be sent
before starting communication with the master (either on the first edge of the serial clock, or before
the end of the ongoing communication if the clock signal is continuous).The SCK signal must be
settled at an idle state level corresponding to the selected polarity before the SPI slave is enabled.
The master at full-duplex (or in any transmit-only mode) starts to communicate when the SPI is
enabled and TXFIFO is not empty, or with the next write to TXFIFO.

In any master receive only mode (RXONLY =1 or BIDIMODE = 1 & BIDIOE = 0), master starts to

communicate and the clock starts running immediately after SPI is enabled.

Data transmission and reception procedures

21.3.9.1. RXFIFO and TXFIFO

All SPI data transactions pass through the 32-bit embedded FIFOs.This enables the SPI to
work in a continuous flow, and prevents overruns when the data frame size is short.Each di-
rection has its own FIFO called TXFIFO and RXFIFO.These FIFOs are used in all SPI modes
except for receiver-only mode (slave or master).

The handling of FIFOs depends on the data exchange mode (duplex, simplex), data frame
format (number of bits in the frame), access size performed on the FIFO data registers (8-bit
or 16-bit).

A read access to the SPIx_DR register returns the oldest value stored in RXFIFO that has not
been read yet.A write access to the SPIx_DR stores the written data in the TXFIFO at the end
of a send queue.

FTLVL[1:0] and FRLVL[1:0] bits indicate the current occupancy level of both FIFOs.

A read access to the SPIx_DR register must be managed by the RXNE event.This event is
triggered when data is stored in RXFIFO and the threshold is reached.When RXNE is
cleared, RXFIFO is considered to be empty.

In a similar way, write access of a data frame to be transmitted is managed by the TXE
event.This event is triggered when the TXFIFO level is less than or equal to half of its capac-
ity.OtheRWise TXE is cleared and the TXFIFO is considered as full.

In this way, RXFIFO can store up to four data frames, whereas TXFIFO can only store up to
three when the data frame format is not greater than 8 bits.This difference prevents possible
corruption of 3x 8-bit data frames already stored in the TXFIFO when software tries to write
more data in 16-bit mode into8TXFIFO.
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21.3.9.2.

21.3.9.3.

Both TXE and RXNE events can be polled or handled by interrupts.

If the next data is received when the RXFIFO is full, an overrun event occurs.An overrun
event can be polled or handled by an interrupt.

The BSY bit being set indicates ongoing transaction of a current data frame.When the clock
signal runs continuously, the BSY flag stays set between data frames at master but becomes

low for a minimum duration of one SPI clock at slave between each data frame transfer

Sequence handling
A few data frames can be passed at single sequence to complete a message.When transmis-
sion is enabled, a sequence begins and continues while any data is present in the TXFIFO of
the master.The clock signal is provided continuously by the master until TXFIFO becomes
empty, then it stops waiting for additional data.
In receive-only modes, half-duplex (BIDIMODE = 1, BIDIOE = 0) or simplex (BIDIMODE = 0,
RXONLY = 1) the master starts the sequence immediately when both SPI is enabled and re-
ceive-only mode is activated.The clock signal is provided by the master and it does not stop
until either SPI or receive-only mode is disabled by the master.The master receives data
frames continuously up to this moment.
While the master can provide all the transactions in continuous mode (SCK signal is continu-
ous) it has to respect slave capability to handle data flow and its content at anytime.When
necessary, the master must slow down the communication and provide either a slower clock
or separate frames or data sessions with sufficient delays.Be aware there is no underflow er-
ror signal for master or slave in SPI mode, and data from the slave is always transacted and
processed by the master even if the slave could not prepare it correctly in time.
Each sequence must be encased by the NSS pulse in parallel with the multislave system to
select just one of the slaves for communication.In a single slave system it is not necessary to
control the slave with NSS, but it is often better to provide the pulse here too, to synchronize
the slave with the beginning of each data sequence.
NSS can be managed by both software and hardware (see Section 28.5.5: Slave select
(NSS) pin management).
When the BSY bit is set it signifies an ongoing data frame transaction.When the dedicated
frame transaction is finished, the RXNE flag is raised.The last bit is just sampled and the com-

plete data frame is stored in the RXFIFO.

Procedure for disabling the SPI

When SPI is disabled, it is mandatory to follow the disable procedures described in this para-
graph.lt is important to do this before the system enters a low-power mode when the peripheral
clock is stopped.Ongoing transactions can be corrupted in this case.In some modes the disable
procedure is the only way to stop continuous communication running.

Master in full-duplex or transmit only mode can finish any transaction when it stops providing
data for transmission.In this case, the clock stops after the last data transaction.Special care
must be taken in packing mode when an odd number of data frames are transacted to prevent

some dummy byte exchange (refer to Data packing section).Before the SPI is disabled in these
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21.3.9.4.

modes, the user must follow standard disable procedure.

When the SPI is disabled at the master transmitter while a frame transaction is ongoing or next

data frame is stored in TXFIFO, the SPI behavior is not guaranteed.

When the master is in any receive only mode, the only way to stop the continuous clock is to

disable the peripheral by SPE = 0.Specific procedure must be followed when disabling SPI in

this mode.

Data received but not read remains stored in RXFIFO when the SPI is disabled, and must be

processed the next time the SPI is enabled, before starting a new sequence.To prevent having

unread data, ensure that RXFIFO is empty when disabling the SPI, by using the correct disa-

bling procedure, or by initializing all the SPI registers with a software reset via the control of a

specific register dedicated to peripheral reset.

Standard disable procedure is based on pulling BSY status together with FTLVL[1:0] to check

if a transmission session is fully completed.This check can be done in specific cases, too, when

it is necessary to identify the end of ongoing transactions, for example:

B When NSS signal is managed by software and master has to provide proper end of NSS
pulse for slave.

B When transactions’ streams from FIFO are completed while the last data frame or CRC
frame transaction is still ongoing in the peripheral bus.

The correct disable procedure is (except when receive only mode is used):

1.Wait until FTLVL[1:0] = 00 (no more data to transmit).

2.Wait until BSY = 0 (the last data frame is processed).

3.Disable the SPI (SPE = 0).

4.Read data until FRLVL[1:0] = 00 (read all the received data).

The correct disable procedure for certain receive only modes is:

1.Interrupt the receive flow by disabling SPI (SPE = 0) in the specific time window while the last

data frame is ongoing.

2.Wait until BSY = 0 (the last data frame is processed).

3.Read data until FRLVL[1:0] = 00 (read all the received data).

Data packing
When the data frame size fits into one byte (equal to 8 bits), data packing is used automati-
cally when any read or write 16-bit access is performed on the SPIx_DR register.The double
data frame pattern is handled in parallel in this case.First, SPI uses the pattern stored in the
low-order bits of the word being accessed, followed by the high-order bits.
The figure below provides the data packing process.After a single 16- bit access by the
sender, two data frames are sent.On the receiver side, if the RXFIFO threshold is set to 16
bits, the sequence will be generated immediately on the RXNE event.In response to the
RXNE event, the receiver accesses 2 data frames through a 16-bit read of the SPI_DR regis-
ter.On the receiver side, the setting of the RxFIFO threshold and subsequent read accesses

must remain aligned, otherwise data will be lost.
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On the sender side, it is sufficient to write the last data frame of the odd sequence with 8- bit

access.In order to generate an RXNE event, for an odd number of data frames, the receiver

must change the Rx_FIFO threshold for the last data frame received.

SPIx_DR

16-bit access when write to data register 16-bit access when read from data register
SPI_DR=0x040A when TXE=1 SPI_DR=0x040A when RXNE=1

NSS
SCK _”_ll_”.”.”_”_”_”_
TXFIFO mosi | LI LT RXFIFO

0x0A {00n | 004 | 0x0A
0x04 0x04

SPIx_DR

_>

| SpIfsm 5 : : p| SPIfsm
_>
_>

&shift &shift

YYVY

21.3.9.5.

Figure 21-9 Packing data in FIFO for transmission and reception

Communication diagrams

Some typical timing schemes are explained in this section.These schemes are valid no matter
if the SPI events are handled by polling, interrupts.For simplicity, the LSBFIRST =0, CPOL =0

and CPHA =1 setting is used as a common assumption here.

1.

The slave starts to control MISO line as NSS is active and SPI is enabled, and is discon-
nected from the line when one of them is released.Sufficient time must be provided for the
slave to prepare data dedicated to the master in advance before its transaction starts.At the
master, the SPI peripheral takes control at MOSI and SCK signals (occasionally at NSS
signal as well) only if SPI is enabled.If SPI is disabled the SPI peripheral is disconnected
from GPIO logic, so the levels at these lines depends on GPIO setting exclusively.

At the master, BSY stays active between frames if the communication (clock signal) is con-
tinuous.At the slave, BSY signal always goes down for at least one clock cycle between
data frames.

The TXE signal is cleared only if TXFIFO is full.

In Data packed mode, TXE and RXNE events are paired, and each read/write FIFO access
is 16 bits wide ( until the number of data frames are even ).If TXFIFO is 3/4 full, the FTLVL
state stops at FIFO full level.That's why the last odd frame cannot be stored before the
TXFIFO becomes 1/2 full. The data frame is stored in TxFIFO in 8 -bit access mode.To re-
ceive the last odd data frame in packed mode, the Rx threshold must be changed to 8 -bit

when the last data frame is processed.
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Figure 21-10 Master full-duplex communication diagram(bit frame=8)

Note1: Thandingmeans cpu writes data to Tx fifo time spent

21.3.10. Status flags

Three status flags are provided for the application to completely monitor the state of the SPI bus.

21.3.10.1.

21.3.10.2.

21.3.10.3.

Tx buffer empty flag(TXE)

The TXE flag is set when transmission TXFIFO has enough space to store data to send. TXE
flag is linked to the TXFIFO level.The flag goes high and stays high until the TXFIFO level is
lower or equal to 1/2 of the FIFO depth.An interrupt can be generated if the TXEIE bit in the
SPIx_CR2 register is set.The bit is cleared automatically when the TXFIFO level becomes

greater than 1/2.

Rx buffer not empty
An interrupt can be generated if the RXNEIE bit in the SPIx_CR2 register is set.
The RXNE is cleared by hardware automatically when the above conditions are no longer

true.

Busy Flag

The BSY flag is set and cleared by hardware (writing to this flag has no effect).This flag indi-
cates the state of the SPI communication layer.

When it is set to '1', it indicates that the SPI is busy communicating, with one exception: in
the bidirectional receive mode of master mode (MSTR =1, BDM = 1 and BDOE = 0), the
BSY flag is held during reception to low.

The BSY flag can be used in certain modes to detect the end of a transfer so that the soft-
ware can disable the SPI or its peripheral clock before entering a low-power mode which

does not provide a clock for the peripheral.
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This avoids corrupting the last transfer, so it needs to strictly follow the procedure below.

The BSY flag is also useful for preventing write collisions in a multimaster system.

Except for the bidirectional receive mode of the master mode (MSTR =1, BDM = 1 and

BDOE = 0), the BSY flag is set to '1' when the transmission starts.

The BSY flag is cleared under any one of the following conditions:

® \When the SPI is correctly disabled

® When a fault is detected in Master mode (MODF bit set to 1)

® In Master mode, when it finishes a data transmission and no new data is ready to be
sent

® In Slave mode, when the BSY flag is set to 'O’ for at least one SPI clock cycle between
each data transfer.

Note: it is recommended to use always the TXE and RXNE flags (instead of the BSY flags)

to handle data transmission or reception operations.

21.3.11. Error flags

21.3.11.1.

21.3.11.2.

Mode fault (MODF)

Mode fault occurs when the master device has its internal NSS signal (NSS pin in NSS hard-
ware mode, or SSI bit in NSS software mode) pulled low.This automatically sets the MODF
bit.Master mode fault affects the SPI interface in the following ways:

e The MODF bit is set and an SPI interrupt is generated if the ERRIE bit is set.

e The SPE bit is cleared.This blocks all output from the device and disables the SPI inter-
face.

e The MSTR bit is cleared, thus forcing the device into slave mode.

Use the following software sequence to clear the MODF bit:

1.Make a read or write access to the SPIx_SR register while the MODF bit is set.

2.Then write to the SPIX_CR1 register.

To avoid any multiple slave conflicts in a system comprising several MCUs, the NSS pin
must be pulled high during the MODF bit clearing sequence.The SPE and MSTR bits can be
restored to their original state after this clearing sequence.As a security, hardware does not
allow the SPE and MSTR bits to be set while the MODF bit is set.In a slave device the

MODF bit cannot be set except as the result of a previous multimaster conflict.

Overrun flag (OVR)

An overrun condition occurs when data is received by a master or slave and the RXFIFO
has not enough space to store this received data.This can happen if the software did not
have enough time to read the previously received data (stored in the RXFIFO) or when
space for data storage is limited.

When an overrun condition occurs, the newly received value does not overwrite the previous
one in the RXFIFO.

The newly received value is discarded and all data transmitted subsequently is lost.
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Clearing the OVR bit is done by a read access to the SPI_DR register followed by a read

access to the SPI_SR register.

21.3.12. SPIlinterrupts

Table 21-1 SPI interrupt requests

Interrupt event Event flag Enable control bit
Transmit TXFIFO ready to be loaded TXE TXEIE
Data received in RXFIFO RXNE RXNEIE
Master Mode fault event MODF ERRIE
Overrun error OVR ERRIE
21.4. SPl register
The SPI registers have to be accessed by 16 bits and 32 bits, and the DR registers support 32
bits, 16 bits and 8 hits.
21.4.1. SPIcontrol register 1 (SPI_CR1)
Address offset:0x00
Reset value:0x0000
15 14 13[12 ] 11 10 9 8 7 6 [ 5] 413 2 1 0
BI-
BIDIO | Re | Re | DF | RXONL | SS | SS | LSBFIR | SP . MST | CPO | CPH
DII\/IIEOD E s s F Y M | ST E BR[2:0] R L A
R R R R R
RW RW W RW RW W RW RW wlwlw RW RW RW
Bit Name R/W Reset Value Function
Bidirectional data mode enable
15 BIDIMODE RW 0 0: 2-line unidirectional data mode
1: 1-line bidirectional data mode
Output enable in bidirectional mode
This bit combined with the BIDIMODE bit selects
the direction of transfer in bidirectional mode
14 BIDIOE RW 0 0: Output disabled (receive-only mode)
1: Output enabled (transmit-only mode)
In master mode, the MOSI pin is used and in
slave mode, the MISO pin is used.
13 Reserved 0
12 Reserved 0
Data frame format
0: Send/receive using 8-bit data frame format;
1: Send/receive using 16-bit data frame format.
1 BRS RW 0 Note: This bit can only be written if SPI disables
(SPE=0), otherwise an error occurs.
Note: Not used in I12S mode.
Receive control only.
This bit, together with the BIDIMODE bit, deter-
mines the transfer direction in "2-wire unidirec-
tional" mode.In the configuration of multiple
10 RXONLY RW 0 s!ave de\{lces, this bit is set to 1 on the slave de-
vice that is not accessed, so that only the slave
device that is accessed has output, so there will
be no data conflict on the data line.
0: Full-duplex (Transmit and receive)
1: Output disabled (Receive-only mode)
Software slave management
When the SSM bit is set, the NSS pin input is re-
9 SSM RW 0 placed with the value from the SSI bit.
0: Software slave management disabled
1: Software slave management enabled
8 SSi RW 0 Internal slave select
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Bit Name R/W Reset Value Function
This bit has an effect only when the SSM bit is
set.The value of this bit is forced onto the NSS
pin and the I/O value of the NSS pin is ignored.
Frame format
0: Data is transmitted with the MSB first.
7 LSBFIRST RW 0 1: Data is transmitted with the LSB first.
This bit should not be changed when communi-
cation is ongoing
SPI enable
6 SPE RW 0 0: SPI disabled
1: SPI enable
Baud rate control
000: fpcLk/2
001: frcLx/4
010: frcLx/8
011: frck/16
100: fpcLk/32
5:3 BR[2:0] RW 0 101: fecLk/64
110: frcik/128
111: fercLk/256
These bits should not be changed when commu-
nication is ongoing.
Note: In slave mode, the fastest baud rate only
supports fecLk/8.
Master selection
0: Slave configuration
2 MSTR RW 0 1: Master configuration
Note: This bit should not be changed when com-
munication is ongoing.
Clock polarity
0: CK to 0 when idle
1 CPOL RW 0 1: CKto 1 when idle
This bit should not be changed when communi-
cation is ongoing
Clock phase
0: The first clock transition is the first data
capture edge
0 CPHA RW 0 1: The second clock transition is the first
data capture edge
This bit should not be changed when com-
munication is ongoing.
21.4.2. SPIcontrol register2 (SPI_CR2)
Address offset:0x04
Reset value:0x0000
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SFIR;/ Res | Res | Res | DS | Res | Res | Res | TXEIE | RXNEIE | ERRIE | Res | Res | SSOE | Res | Res
RW RW | RW | RW | RW RW RW RW RW
Bit Name R/W Reset Value Function
31:16 Reserved - - Reserved
Slave fast mode enable
0: Slave normal mode, the speed of the slave
mode supporting the fastest SPI clock is less
than pclk/4
15 SLVFM RW 0 1: Slave fast mode, can support SPI clock speed
in slave mode up to pclk/4
Note: When the speed of SPI clock is less than
pclk/4, this register bit must not be set.
14:12 Reserved - - Reserved
SPI transmission data length
11 DS RW 0 0: 8-bit data frame transmission
1: 16-bit data frame transmission
10:8 Reserved - - -
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Bit

Name

R/W

Reset Value

Function

TXEIE

RW

Tx buffer empty interrupt enable

0: TXE interrupt masked

1: TXE interrupt not masked.Used to generate
an interrupt request when the TXE flag is set

RXNEIE

RW

RX buffer not empty interrupt enable

0: RXNE interrupt masked

1: RXNE interrupt not masked.Used to generate
an interrupt request when the RXNE flag is set

ERRIE

RW

Error interrupt enable

0: Error interrupt is masked

1: Error interrupt is enabled

This bit controls the generation of an interrupt
when an error condition occurs (CRCERR, VR,
MODF in SPI mode).

4:3

Reserved

RES

Reserved

SSOE

RW

SS output enable

0: SS output is disabled in master mode and the
SPI interface can work in multi-master configura-
tion

1: SS output is enabled in master mode and
when the SPI interface is enabled.The SPI inter-
face cannot work in a multi-master environment

1.0

Reserved

RES

Reserved

21.4.3. SPI status register (SPI_SR)

Address offset:0x08
Reset value:0x0002

15

14

13

12 11

109

Res

Res

Res

FTLVL
[1:0]

FRLVL
[1:0]

Res

BSY | OVR

MODF Res Res Res | TXE | RXNE

R[]R

R IR

Bit

Name

R/W

Reset Value

Function

31:13

Reserved

RES

Reserved

12:11

FTLVL

FIFO Transmission level Hardware set, software
clear.

00: FIFO empty
01: 1/4 FIFO
10: 1/2 FIFO

11: FIFO full(considered as FULL when the
FIFO threshold is greater than 1/2)

10:9

FRLVL

FIFO reception level.Hardware set, software
clear.

00: FIFO empty
01: 1/4 FIFO
10: 1/2 FIFO
11: FIFO full

Reserved

BSY

Busy flag

0: SPI (or I12S) not busy

1: SPI (or 12S) is busy in communication or Tx
buffer is not empty

OVR

Overrun flag

0: No overrun occurred

1: Overrun occurred

This flag is set by hardware and reset by a soft-
ware sequence.

MODF

Mode fault

0: No mode fault occurred

1: Mode fault occurred

This flag is set by hardware and reset by a soft-
ware sequence.
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Bit Name R/W Reset Value Function
4:2 Reserved - 0 -
Transmit buffer empty
1 TXE R 1 0: Tx buffer not empty
1: Tx buffer empty
Receive buffer not empty
0 RXNE R 0 0: Rx buffer empty
1: Rx buffer not empty
21.4.4. SPIl dataregister (SPI_DR)
Address offset:0x0C
Reset value:0x0000
15 |14 [12 11 [ 9 [ 7 | 6 5 J4 3 J2 J1 Jo
DR[15:0]

RW | RW [RW

|RW [RW | RW | RW | RW

[RW  |JRW |[RW |[RW [RW [RW]|RW [RW

Bit

Name

R/W

Reset Value

Function

15:0

DR[15:0]

RW

Data register

Data received or to be transmitted

The data register serves as an interface be-
tween the Rx and Tx FIFOs.When the data reg-
ister is read, RXFIFO is accessed while the write
to data register accesses TxFIFO.
Note:Depending on the DS bit (data frame width
selection), data transmission or reception is 8-bit
or 16-bit.

For 8-bit data frames, the data registers are sent
and received based on right -aligned 8-bit data.
When in receive mode, DR [15:8] is set to O by
hardware.

For 16-bit data frame, the data register is 16-bit,
and the entire DR [15:0] is used for transmit and
receive.
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22. Debug support

22.1. Overview

This devices are built around a Cortex-M0+ core which contains hardware extensions for advanced
debugging features.The debug extensions allow the core to be stopped either on a given instruction
fetch (breakpoint) or data access (watchpoint).When stopped, the core’s internal state and the sys-
tem’s external state may be examined.Once examination is complete, the core and the system may
be restored and program execution resumed.

The debug features are used by the debugger host when connecting to and debugging the
MCUSs.One interface for debug is available: serial wire.The debugging function in MO+ CPU Core is
a set of ARM CoreSight Design Kit.

The ARM Cortex®-MO core provides integrated on-chip debug support.lt is comprised of:

B SW-DP: serial wire

B BPU: Break point unit

B DWT: Data watchpoint trigger

It also includes debug features dedicated to this chip:

B Flexible debug pin assignment:SWIO@PB6, SWCLK@PA2

B MCU debug box (support for low-power modes, control over peripheral clocks, etc.)

MCU
Cortex-MO+ debug support

Bus matrix

System
interface

Cortex-M0O+
Core

DBGMCU

SWIO
*ﬂ SW-DP
Debug AP

SWCLK|

Figure 22-1 DBG Block diagram of MCU debug support

22.2. Pinout and debug port pins
22.2.1. SWD port pins

Two pins are used to debug, these pins are available on all packages.

Table 22-1 DBG diagram

SW-DP SW Debugging Interface Pin assignment
Port Pin Name Type SW debug port
SWDIO 1/0 Serial Wire Data Input/Output PB6
SWDCLK | Serial Wire Clock PA2
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22.2.2.

22.2.3.

22.3.

22.4.
22.4.1.

22.4.2.

Flexible SW-DP pin assignment

After reset (SYSRESETn or PORESETN), the pins used for the SW-DP are assigned as dedicated
pins which are immediately usable by the debugger host.

However, the MCU offers the possibility to disable the SWD port and can then release the associ-

ated pins for general-purpose 1/0 (GPIO) usage.

Internal pull-up and pull-down on SWD pins

Once the SW /O is released by the user software, the GPIO controller takes control of these
pins.The reset states of the GPIO control registers put the I/Os in the equivalent states:

B SWDIO: input pull-up

B SWCLK: input pull-down

Having embedded pull-up and pull-down resistors removes the need to add external resistors.

ID codes and locking mechanism

Here are several ID codes inside the MCU.It is recommended that Keil, IAR and other tools use
this ID Code (located at 0x4001 5800 ) locks debugging.

After the chip is powered on, the hardware reads the Ox1FFF OFF8 address of the flash 's factory
config.byte and loads it into the DBG _IDCODE register.

SWD debug port

SWD protocol introduction

This synchronous serial protocol uses two pins:

B SWCLK: clock from host to target

B SWDIO: bidirectional

The protocol allows two banks of registers (DPACC registers and APACC registers) to be read
and written to.

Bits are transferred LSB-first on the wire.For SWDIO bidirectional management, the line must be
pulled-up on the board (100 kQ recommended by ARM).

Each time the direction of SWDIO changes in the protocol, a turnaround time is inserted where the
line is not driven by the host nor the target.By default, this turnaround time is one bit time, however

this can be adjusted by configuring the SWCLK frequency.

SWD protocol sequence
Each sequence consist of three phases:
B Packet request (8 bits) transmitted by the host
B Acknowledge response (3 bits) transmitted by the target

B Data transfer phase (33 bits) transmitted by the host or the target

Table 22-2 Package request (8 bits)

Bit

Name Description

Start Must be“1”

0: DP Access

ApnDP
1: AP Access

RnW 0: Write Request
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Bit Name Description
1: Read Request
4:3 A[3:2] Address field of the DP or AP registers
5 Parity Single bit parity of preceding bits
6 Stop 0
7 Park Not driven by the host.Must be read as “1” by the target because of the
pull-up
The packet request is always followed by the turnaround time (default 1 bit) where neither the host
nor target drive the line.
Table 22-3 ACK response (3 bits)
Bit Name Description
001: FAULT
[2:0] ACK 010: WAIT
100: OK
The ACK Response must be followed by a turnaround time only if it is a READ transaction or if a
WAIT or FAULT acknowledge has been received.
Table 22-4 DATA transfer (33 bits)
Bit Name Description
[31:0] WDATA or RDATA Write or Read data
32 Parity Single parity of the 32 data bits

The DATA transfer must be followed by a turnaround time only if it is a READ transaction.

22.4.3. SW-DP state machine (reset, idle states, ID code)
The State Machine of the SW-DP has an internal ID code which identifies the SW-DP.It follows the

JEP-106 standard.This ID code is the default ARM one and is set to 0x0BB11477 (corresponding
to Cortex®-M0).

22.4.4. DP and AP read/write accesses

Read accesses to the DP are not posted: the target response can be immediate (if ACK =
OK) or can be delayed (if ACK = WAIT).

Read accesses to the AP are posted.This means that the result of the access is returned on
the next transfer.If the next access to be done is NOT an AP access, then the DP-RDBUFF
register must be read to obtain the result. The READOK flag of the DP-CTRL/STAT register is
updated on every AP read access or RDBUFF read request to know if the AP read access
was successful.

The SW-DP implements a write buffer (for both DP or AP writes), that enables it toaccept a
write operation even when other transactions are still outstanding.If the write buffer is full, the
target acknowledge response is “WAIT”.With the exception of IDCODE read or CTRL/STAT
read or ABORT write which are accepted even if the write buffer is full.

Because of the asynchronous clock domains SWCLK and HCLK, two extra SWCLK cycles
are needed after a write transaction (after the parity bit) to make the write effective inter-

nally.These cycles should be applied while driving the line low (IDLE state) This is particularly
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important when writing the CTRL/STAT for a power-up request.If the next transaction (requir-

ing a power-up) occurs immediately, it will fail.

22.4.5. SW-DP registers
Access to these registers are initiated when APnDP=0
. CTRLSEL bit of .
A[3:2] R/W SELECT register Register Notes
00 Read IDCODE
00 Write ABORT
01 Read/Write 0 DP-CTRL/STAT
01 Read/Write 1 WIRE CONTROL
10 Read READ RESEND
10 Write SELECT
11 Read/Write READ BUFFER
22.4.6. SW-AP register
Address A[3:2] value Description
0x0 00 Reserved
DP CTRL/STAT register.Used to:
— Request a system or debug power-up
0x4 01 —  Configure the transfer operation for AP accesses
—  Control the pushed compare and pushed verify operations.
— Read some status flags (overrun, power-up acknowledges)
DP SELECT register: Used to select the current access port and the active 4-
words register window.
—  Bits 31:24: APSEL: select the current AP
0x8 10 —  Bits 23:8: reserved
— Bits 7:4: APBANKSEL: select the active 4-words register window on the
current AP
—  Bits 3:0: reserved
OxC 1 DP RDBUFF register: Used to allow the debugger to get the final result after a
sequence of operations (without requesting new JTAG-DP operation)
22.5. Core debug
Core debug is accessed through the core debug registers.Debug access to these registers is by
means of the debug access port.It consists of four registers:
Table 22-5 Core debug registers
Register Description
DHCSR 32bit Debug halting control and status register
DCRSR 17bit Debug Core register selector register
DHCDR 32bit debug Core register Data register
DEMCR 32bit debug exception and monitor control register
These registers are not reset by a system reset.They are only reset by a power-on reset.Refer to
the Cortex®-MO0O+ TRM for further details.To Halt on reset, it is necessary to:
| Enable the bit0 (VC_CORRESET) of the Debug and Exception Monitor Control Register
| Enable the bit0 (C_DEBUGEN) of the Debug Halting Control and Status Register
22.6. Break Point Unit

The Cortex-M0+ BPU implementation provides four breakpoint registers.The BPU is a subset of
the Flash Patch and Breakpoint (FPB) block available in ARMv7-M (Cortex-M3 & Cortex-M4)
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22.6.1.

22.7.

22.7.1.

22.7.2.

22.8.

22.8.1.

22.8.2.

BPU functionality

The processor breakpoints implement PC based breakpoint functionality.

Refer the ARMv6-M ARM and the ARM CoreSight Components Technical Reference Manual for
more information about the BPU CoreSight identification registers, and their addresses and access

types.

DWT (Data Watchpoint)

The Cortex-M0 DWT implementation provides two watchpoint register sets.

DWT functionality

The processor watchpoints implement both data address and PC based watchpoint functionality.

DWT program counter sample register

A processor that implements the data watchpoint unit also implements the ARMv6-M optional
DWT Program Counter Sample Register (DWT_PCSR).This register permits a debugger to period-
ically sample the PC without halting the processor.This provides coarse grained profiling.See the
ARMv6-M ARM for more information.

The Cortex-M0O DWT_PCSR records both instructions that pass their condition codes and those

that fail.

MCU debug component (DBGMCU)

The MCU debug component helps the debugger provide support for:
B Low-power modes

B Clock control for timers, watchdog and 12C during a breakpoint

Debug support for low-power modes

To enter low-power mode, the instruction WFI or WFE must be executed.The MCU implements

several lowpower modes which can either deactivate the CPU clock or reduce the power of the

CPU.The core does not allow FCLK or HCLK to be turned off during a debug session.As these are

required for the debugger connection, during a debug, they must remain active.The MCU integrates

special means to allow the user to debug software in low-power modes.For this, the debugger host
must first set some debug configuration registers to change the low-power mode behavior:

B In Sleep mode: FCLK and HCLK are still active.Consequently, this mode does not impose any
restrictions on the standard debug features.In stop mode: The DBG_STOP bit must be set in
advance by the debugger.

B In Stop/Standby mode, the DBG_STOP bit must be previously set by the debugger.This ena-
bles the internal RC oscillator clock to feed FCLK and HCLK in Stop mode.

Debug support for timers, watchdog and IIC

During a breakpoint, it is necessary to choose how the counter of timers and watchdog should be-
have:

B They can continue to count inside a breakpoint.This is usually required when a PWM is con-

trolling a motor, for example.
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B They can stop to count inside a breakpoint.This is required for watchdog purposes.For the

12C, the user can choose to block the SMBUS timeout during a breakpoint.

22.9. DBG register

22.9.1. DBG device ID code register(DBG_IDCODE)
Address offset: 0x00

Only supports 32-bit address access, read only.

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

Bit Name R/W Reset Value Function
31: 0 DBG_IDCODE[31:0] R 32’h2020 0061 | The ID - Coding Register of MCU

22.9.2. Debug MCUconfiguration register (DBGMCU_CR)
This register configures the MCU low power mode in debug state.
This register is asynchronously reset by a power-on reset (not a system reset).It can be written by
the debugger under system reset.
If the debugger host does not support this feature, it is still possible for the software user to write to
these registers.
Address offset: 0x04

Reset value: 0x0000 0000 (will not be reset by system reset)

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 2?85 Res
RW

Bit Name R/W Reset Value Function

31: 2 Reserved

Debug Stop mode

0: (FCLK = Off, HCLK = Off) In STOP mode, the clock
controller disables HCLK and FCLK.When exiting from
STOP mode, the clock configuration is identical to the one
after RESET (CPU clocked by the HSI).Consequently, the
software must reprogram the clock controller to enable the
clock configuration.

1: (FCLK = on, HCLK = on).When entering STOP mode,
HSI will not be turned off, and FCLK and HCLK are gener-
ated by I.When exiting STOP mode, if the clock control
needs to be changed, the software needs to be reconfig-
ured.

0 Reserved - - -

22.9.3. DBG APB freeze register 1 (DBG_APB_FZ1)
This register is used to configure the clock of timer, IWDG, under debug.This register is asynchro-

1 DBG_STOP RW 0

nously reset by a power-on reset (not a system reset).It can be written by the debugger under sys-

tem reset.
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Address offset: 0x08
Power on Reset value: 0x0000 0000

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

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

DBG_
Res Res | Res IWDG_STO Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res
=]
RW
Bit Name R/W Reset Value Function
When the CPU is stopped, the counter clock control bit of
31 DBG_LPTIM_STOP | RW 0 the L PTIM
- - 0: enable
1: Disable

30:13 Reserved - - -

When the CPU is stopped, the counter clock control bit of
12 | DBG_IWDG_STOP | RW the IWDG

0: enable

1: Disable
11:0 Reserved - - -

22.9.4. DBG APB freeze register 2 (DBG_APB_FZ2)

This register is used to configure the clock control of timer under debug.This register is asynchro-
nously reset by a power-on reset (not a system reset).It can be written by the debugger under sys-
tem reset.
Address offset: 0x0C
Power on Reset value: 0x0000 0000
Only supports 32-bit address access, read only
31 30 | 29 | 28 27 26 | 25 | 24 | 23 | 22 | 21 | 20 | 19 | 18 | 17 | 16
Re | Re | Re Re | Re | Re | Re | Re | Re | Re | Re | Re | Re | Re
Res Res
S s s S S S S S S S S S S S
15 14 | 13 | 12 11 10 9 8 7 6 5 4 3 2 1 0
DBG_ DBG_

TIM14 STO Re | Re | Re TIM1 STO Re | Re | Re | Re | Re | Re | Re | Re | Re | Re | Re
P S s S P S S S s s s s s S S S
RW RW

Bit Name R/W Reset Value Function
31: 16 Reserved - - -
When the CPU is stopped, the clock control bit of the
TIM16
15 DBG_TIM14_STOP | RW 0 counter
0: Enable
1: Disable
14: 12 Reserved - - -
When the CPU is stopped, the clock control bit of the
TIM1
11 DBG_TIM1_STOP | RW 0 counter
0: Enable
1: Disable
10: 0 Reserved - - -
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23.

Version History

Version ‘ Date l Updated Record
V1.0 2024.03.05 Initial version
V1.1 2024.12.23 Update 17.6.5.LPTIM control register (LPTIM_CR)
1. Modify 13.10.6. ADC sampling time register (ADC_SMPR) SMP [2:0]
2. Modify DBG_IDCODE register definition.
3. Add IWDG_STOP function.
V1.2 2025.01.14

4. Vrerur:1.5V, 2.048V, 25V

5. Modify Figure 14-1 Comparator architecture block diagram
6. Modify 4.4.1. Flash option byte
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