r RMO0038
YI Reference manual
STM32L151xx and STM32L152xx

advanced ARM-based 32-bit MCUs

Introduction

This reference manual targets application developers. It provides complete information on
how to use the STM32L151xx and STM32L152xx microcontroller memory and peripherals.
The STM32L151xx and STM32L152xx will be referred to as STM32L15xxx throughout the
document, unless otherwise specified.

The STM32L15xxx is a family of microcontrollers with different memory sizes, packages and
peripherals.

For ordering information, mechanical and electrical device characteristics please refer to the
STM32L151xx and STM32L 152xx datasheet.

For information on programming, erasing and protection of the internal Flash memory
please refer to the STM32L15xxx Flash programming manual.

For information on the ARM Cortex™-M3 core, please refer to the Cortex™-M3 Technical
Reference Manual.

Related documents

Available from www.arm.com:

& Cortex™-M3 Technical Reference Manual, available from:
http://infocenter.arm.com/help/topic/com.arm.doc.ddi0337g/DDI0337G_cortex_m3_r2p0_trm.pdf

Available from www.st.com:
& STM32L151xx STM32L152xx datasheet
& STM32L15xxx Flash programming manual

February 2011 Doc ID 15965 Rev 4 1/598

www.st.com



http://www.st.com

Contents RMO0038

Contents
1 Documentation conventions ............... .. i 29
1.1 List of abbreviations for registers .. ......... ... ... ... . . L. 29
1.2 Peripheral availability . ........... ... . .. . . . . 29
2 Memory and bus architecture ............... .., 30
2.1 System architecture . ......... .. ... 30
2.2 Memory organization . ... ... ... . ... .. 31
2.3 MemMOrY MapP ...t 31
2.3.1 Embedded SRAM .. ... . .. 34
2.3.2 Bitbanding .. ... ... 35
2.3.3 Embedded Flashmemory . ............ ... ... .. . . . ... 35
2.4 Boot configuration . ........ ... 41
3 Powercontrol (PWR) . .......iiiiii i e et ae e snnnns 43
3.1 Power supplies . .. ... e 43
3.1.1 Independent A/D and DAC converter supply and reference voltage ... 44
3.1.2 Independent LCD supply . ... .ot e 45
3.1.3 RTC and RTC backup registers . ............ i, 45
3.1.4 Voltage regulator . ... ... . e 46
3.1.5 Dynamic voltage scaling management ............... ... .. ..... 46
3.1.6 Dynamic voltage scaling configuration . . ............. ... .. ..... 48
3.1.7 Voltage regulator and clock management when VDD drops
below 2.0 V ... 49
3.1.8 Voltage regulator and clock management when modifying the
VCORE range . . ..ottt e 49
3.2 Power supply SUPervisor . ... ..........iiiiiiiiiie.. 49
3.2.1 Power on reset (POR)/power down reset (PDR) .................. 52
3.2.2 Brownoutreset (BOR) ...... ... i 52
3.2.3 Programmable voltage detector (PVD) .......... ... .. ... .. ..... 54
3.24 Internal voltage reference (VREFINT) ......... .. ... .. ... .. ..... 54
3.3 LOW-POWEr MOAES . . ...ttt 55
3.3.1 Behavior of clocks in low powermodes ......................... 56
3.3.2 Slowing down systemclocks ........... ... ... .. . L. 57
3.3.3 Peripheral clock gating . . . ........ .. 57

2/598 Doc ID 15965 Rev 4 KYI




RMO0038 Contents
3.34 Low powerrunmode (LPrun) ... ... ... i 57
3.3.5 Sleep mMOde . ... e 58
3.3.6 Low power sleepmode (LPsleep) . ........... ... ... 59
3.3.7 StopMoOde . ... e 61
3.3.8 Standby mode ... ... 63
3.3.9 Waking up the device from Stop and Standby modes using the RTC and
comparators 64
3.4 Power control registers . . ... ... ... 65
3.4.1 PWR power control register (PWR_CR) ......... ... ... .. ..... 66
3.4.2 PWR power control/status register (PWR_CSR) .................. 68
3.4.3 PWRregistermap .......... e 69
4 Resetand clockcontrol (RCC) ...........coiiiiiiiiiinannnnns 70
4.1 Reset .. e 70
411 Systemreset . ... .. 70
4.1.2 Power reset ... ... .. 71
41.3 RTC and backup registersreset ......... ... . ... ... ... . o... 71
4.2 CloCKS . . ot 72
421 HSE CloCK . ..o e 74
422 HSIClOCK . . e e 75
4.2.3 MSIClOCK . . . 75
424 PLL 76
425 LSE ClOCK . . .o e 77
42.6 LSl CloCK .. e e 77
427 System clock (SYSCLK) selection . .............. ... .. ... ..... 78
4.2.8 System clock source frequency versus voltagerange .............. 78
4.2.9 Clock security system (CSS) ......... ... i i 78
4210 RTCandLCDclock ... ... e e 79
4211 Watchdogclock . ........ . 79
4212 Clock-outcapability ........ ... ... i 79
4213 Internal/external clock measurement with TIMO/TIM10/TIM11 . ... ... 79
4.2.14  Clock-independent system clock sources for TIM9/TIM10/TIM11 .. ... 81
4.3 RCC registers . ... oo 82
4.31 Clock control register (RCC_CR) ... ...t 82
4.3.2 Internal clock sources calibration register (RCC_ICSCR) ........... 84
4.3.3 Clock configuration register (RCC_CFGR) ...................... 85
434 Clock interrupt register (RCC_CIR) ......... ... ... 87
Ky_l Doc ID 15965 Rev 4 3/598




Contents RMO0038
4.3.5 AHB peripheral reset register (RCC_AHBRSTR) ................. 90
4.3.6 APB2 peripheral reset register (RCC_APB2RSTR) ............... 91
4.3.7 APB1 peripheral reset register (RCC_APB1RSTR) ............... 92
4.3.8 AHB peripheral clock enable register (RCC_AHBENR) ............ 94
4.3.9 APB2 peripheral clock enable register (RCC_APB2ENR) ........... 95
4.3.10 APB1 peripheral clock enable register RCC_APB1ENR) ........... 97
4.3.11  AHB peripheral clock enable in low power mode register
(RCC_AHBLPENR) . ... 99
4.3.12  APB2 peripheral clock enable in low power mode register
(RCC_APB2LPENR) . ... e 100
4.3.13 APB1 peripheral clock enable in low power mode register
(RCC_APBILPENR) . ... e 101
4.3.14 Control/status register (RCC_CSR) .. ....... ... .o .. 103
4.3.15 RCCregistermap . ..... ... e 106
5 General-purpose l/Os (GPIO) ....... ..ot iiie e 108
5.1 GPIO introduction . . ... e 108
5.2 GPIOmainfeatures ...... ... ... . 108
5.3 GPIO functional description .. ...... ... .. . i 108
5.3.1 General-purpose I/O (GPIO) . ... ... 110
5.3.2 I/O pin multiplexerand mapping . .......... i 111
5.3.3 I/O port control registers . ...... ... .. .. 113
5.3.4 I/O portdataregisters ....... ... .. 113
5.35 I/O data bitwise handling . ......... .. ... .. ... . . . .. 114
5.3.6 GPIO locking mechanism ........ ... ... . . . . i 114
5.3.7 I/O alternate function input/output .. ......... ... . ... ... ... ..., 114
5.3.8 External interrupt/wakeup lines . ........... ... .. ... ... ... . ... 115
5.3.9 Input configuration . ........ .. .. ... 115
5.3.10 Output configuration . ........ ... .. . .. . .. 116
5.3.11  Alternate function configuration .......... ... ... .. ... . ... 116
5.3.12 Analog configuration . ........ ... . ... .. 117
5.3.13 Using the OSC32_IN/OSC32_0UT pins as GPIO PC14/PC15
POMt PINS . o e 118
5.3.14  Using the OSC_IN/OSC_OUT pins as GPIO PHO/PH1 port pins .... 118
5.3.15 Selection of RTC_AF1 alternate functions . . . ................... 118
54  GPIOregisters .. ... e 119
5.41 GPIO port mode register (GPIOx_MODER) (x=A..EandH) ....... 119
5.4.2 GPIO port output type register (GPIOx_OTYPER) (x=A..Eand H) .. 120
4/598 Doc ID 15965 Rev 4 Kﬁ




RMO0038 Contents
5.4.3 GPIO port output speed register (GPIOx_OSPEEDR)
(x=A.EandH) ....... .. 120
5.4.4 GPIO port pull-up/pull-down register (GPIOx_PUPDR)
(x=A.EandH) ........ .. . e 120
5.4.5 GPIO port input data register (GPIOx_IDR) (x=A..EandH) ....... 121
5.4.6 GPIO port output data register (GPIOx_ODR) (x=A..EandH) .. ... 121
5.4.7 GPIO port bit set/reset register (GPIOx_BSRR) (x=A..Eand H) ....122
5.4.8 GPIO port configuration lock register (GPIOx_LCKR)
(x=A.EandH) ....... .. 122
5.4.9 GPIO alternate function low register (GPIOx_AFRL) (x = A..E and H) 123
5.4.10 GPIO alternate function high register (GPIOx_AFRH)
(x=A.EandH) ........ . . .. 124
5411 GPIOregistermap . ... ..ot e 124
6 System configuration controller (SYSCFG) and

routinginterface (RI) ............ciiiiiii e, 126
6.1 SYSCFG and Rl introduction .. .......... . ... .. ... ... 126
6.2 Rimainfeatures .......... .. . i 126
6.3 Rl functional description . . ... . . . .. 128
6.3.1 Special I/O configuration ........ ... ... ... . .. . 128

6.3.2 Input capture routing . ... 130

6.3.3 Reference voltage routing . ...... ... ... .. .. .. 131

6.4 Rlregisters . . ... e 132
6.4.1 Rl input capture register (RI_ICR) ........ .. ... . ... ... 132

6.4.2 RI analog switches control register (RI_ASCR1) ................. 134

6.4.3 RI analog switch control register 2 (RI_ASCR2) ................. 135

6.4.4 RI hysteresis control register (RI_HYSCR1) .................... 136

6.4.5 RI Hysteresis control register (RI_HYSCR2) .................... 136

6.4.6 RI Hysteresis control register (RI_HYSCR3) .................... 137

6.4.7 Analog switch mode register (RI_ASMR1) ..................... 137

6.4.8 Channel mask register (RI_CMR1) ......... ... ... ... . ....... 138

6.4.9 Channel identification for capture register (RI_CICR1) ............ 138

6.4.10  Analog switch mode register (RI_ASMR2) ..................... 139

6.4.11  Channel mask register (RI_CMR2) . ........... ... .. ... .. ..... 139

6.4.12  Channel identification for capture register (RI_CICR2) ............ 140

6.4.13  Analog switch mode register (RI_ASMR3) ..................... 140

6.4.14 Channel mask register (RI_CMR3) . ....... ... .. .. .. ... .. ..... 141

6.4.15 Channel identification for capture register (RI_CICR3) ............ 141

Doc ID 15965 Rev 4 5/598




Contents RMO0038
6.4.16 Rlregistermap ......... ... e 142
6.5 SYSCFGregisters ... ... 144
6.5.1 SYSCFG memory remap register (SYSCFG_MEMRMP) .......... 144
6.5.2 SYSCFG peripheral mode configuration register (SYSCFG_PMC) .. 144
6.5.3 SYSCFG external interrupt configuration register 1
(SYSCFG_EXTICRT) .ot e 145
6.5.4 SYSCFG external interrupt configuration register 2
(SYSCFG_EXTICR2) ..ot 145
6.5.5 SYSCFG external interrupt configuration register 3
(SYSCFG_EXTICR3) ..ottt e e e e e 146
6.5.6 SYSCFG external interrupt configuration register 4
(SYSCFG_EXTICRA) ...t e e 146
6.5.7 SYSCFGregistermap .. ... ..ot 147
7 Interruptsandevents ............ ... it it 148
7.1 Nested vectored interrupt controller (NVIC) ...................... 148
711 SysTick calibration value register . ............. ... ... ....... 148
71.2 Interrupt and exceptionvectors . .......... ... .. ... 148
7.2 External interrupt/event controller (EXTI) ......... ... ... ....... 150
7.21 Main features . ... ... .. . 150
7.2.2 Block diagram . ... ... .. 151
7.2.3 Wakeup event management ............ .. ... ... 151
724 Functional description . ........ .. . . . .. . 151
7.2.5 External interrupt/event line mapping . ......... .. ... ... ... ... 152
7.3 EXTlregisters . . ... 154
7.3.1 EXTI interrupt mask register (EXTI_IMR) ...................... 154
7.3.2 EXTI event mask register (EXTI_EMR) .............. ... ...... 154
7.3.3 EXTI rising edge trigger selection register (EXTI_RTSR) .......... 155
7.3.4 Falling edge trigger selection register (EXTI_FTSR) .............. 156
7.3.5 EXTI software interrupt event register (EXTI_SWIER) ............ 156
7.3.6 EXTI pending register (EXTI_PR) ....... .. ... .. ... .. ... .. .... 157
7.3.7 EXTlregistermap . ... e 157
8 DMA controller (DMA) . ..ottt i i e et s e s nnnnnnnnns 158
8.1 DMA introduction ... ... .. .. .. . 158
8.2 DMA mainfeatures . . ... i e 158
8.3 DMA functional description . ............ .. . . e 159
8.3.1 DMA transactions . ........... i 159
6/598 Doc ID 15965 Rev 4 Kﬁ




RMO0038 Contents
8.3.2 ArDIter e 160
8.3.3 DMAchannels ... ... ... ... . . 160
8.3.4 Programmable data width, data alignment and endians ........... 161
8.3.5 Error management . . ... ... 163
8.3.6 Interrupts . ... 163
8.3.7 DMA request mapping . ... ..o vt 163
8.4 DMA registers . . ... .o 166
8.4.1 DMA interrupt status register (DMA_ISR) ............ ... .. .... 166
8.4.2 DMA interrupt flag clear register (DMA_IFCR) .................. 167
8.4.3 DMA channel x configuration register (DMA_CCRXx) (x =1..7,
where x =channelnumber) . ........ ... .. ... ... ... . .. 168
8.4.4 DMA channel x number of data register (DMA_CNDTRX) (x = 1..7),
where x =channelnumber) ......... ... .. ... ... ... .. 169
8.4.5 DMA channel x peripheral address register (DMA_CPARX) (x = 1..7),
where x =channelnumber) ............ ... .. . ... . ... ... . . ... 170
8.4.6 DMA channel x memory address register (DMA_CMARX) (x = 1..7),
where x = channelnumber) . ... ... .. ... ... . . . L. 170
8.4.7 DMA registermap .. ..... ... e 171
9 Analog-to-digital converter (ADC) ............coiiiiiiinnnnnn. 173
9.1 ADC introduction . ........ .. . . e 173
92 ADCmainfeatures . ... ... 173
9.3 ADC functional description . .. ........ ... .. ... 173
9.3.1 ADC poweron-offcontrol . ........ ... ... ... . ... . 175
9.3.2 ADC CloCK . ..o 176
9.3.3 Channelselection ....... ... . .. . . i 176
9.34 Single conversionmode . . ... 177
9.35 Continuous conversionmode ............. ... i 177
9.3.6 Timing diagram ... .. ... e 178
9.3.7 Analogwatchdog ......... ... . 178
9.3.8 SCaN MOAE . .. ot 179
9.3.9 Injected channel management . . ........... ... ... ... ... .. .. .. 180
9.3.10 Discontinuous mode . ......... .. ... ... 181
9.4 Data alignment . . ... ... . . . 181
9.5  Channel-wise programmable samplingtime ..................... 182
9.6 Conversion on external trigger . ........... i 183
9.7 Aborting @a Cconversion . . ... ... 185
Ky_l Doc ID 15965 Rev 4 7/598




Contents RMO0038

9.71 Injectedchannels . ... ... . . 185
9.7.2 Regularchannels . ... . 185
9.8 Conversionresolution . . ... 185
9.9 Hardware freeze and delay insertion modes for slow conversions . . . .. 185
9.91 Inserting a delay after each regular conversion .................. 186
9.9.2 Inserting a delay after each sequence of auto-injected conversions . . 187
9.10 Powersaving . ....... .. 188
9.11 Data management and overrun detection ....................... 190
9.11.1  Usingthe DMA . ... . e 190
9.11.2 Managing a sequence of conversions without using the DMA . ... .. 190
9.11.3  Conversions without reading allthedata ....................... 191
9.11.4  Overrundetection . ......... .. .. it 191
9.12  Temperature SENSOI . . . ..ottt e 191
9.12.1 Howtoreadthetemperature .................. ... ... ... ..... 192
9.13 Internal reference voltage (VgggnT) CONVErsion . ................. 193
9.14  ADC INterrupts . . ... 193
9.15  ADC registers . ..o e 194
9.15.1  ADC status register (ADC_SR) ........ ... .. 194
9.15.2 ADC control register 1 (ADC_CR1) . ...... ... . ... 196
9.15.3 ADC control register2 (ADC_CR2) . ....... ... ... 198
9.15.4 ADC sample time register 1 (ADC_SMPR1) .................... 202
9.15.5 ADC sample time register2 (ADC_SMPR2) .................... 202
9.15.6 ADC sample time register 3 (ADC_SMPR3) .................... 203
9.15.7 ADC injected channel data offset register x (ADC_JOFRXx)(x=1..4) ..204
9.15.8 ADC watchdog higher threshold register (ADC_HTR) ............. 204
9.15.9 ADC watchdog lower threshold register ADC_LTR) .............. 204
9.15.10 ADC regular sequence register 1 (ADC_SQR1) ................. 205
9.15.11 ADC regular sequence register 2 (ADC_SQR2) ................. 205
9.15.12 ADC regular sequence register 3(ADC_SQR3) ................. 206
9.15.13 ADC regular sequence register 4 (ADC_SQR4) ................. 207
9.15.14 ADC regular sequence register 5 (ADC_SQR5) ................. 207
9.15.15 ADC injected sequence register ADC_JSQR) .................. 208
9.15.16 ADC injected data register x (ADC_JDRx) (x=1..4) .............. 208
9.15.17 ADC regular data register (ADC_DR) ........ .. .. .. ... .. ..... 209
9.15.18 ADC common status register (ADC_CSR) ..................... 209
9.15.19 ADC common control register (ADC_CCR) ... .................. 210

8/598 Doc ID 15965 Rev 4 KYI




RMO0038 Contents
9.15.20 ADC registermap ... ... ..t e 211
10 Digital-to-analog converter (DAC) ...........ciiiiiiinnnrnnnns 213
10.1  DAC introduction . ... ... ... ... 213
10.2 DAC mainfeatures ...........c i e 213
10.3 DAC functional description .. .......... ... ... ... ... .. ... ... .. 215
10.3.1 DACchannelenable ........ ... .. .. . . . . .. 215
10.3.2 DACoutputbufferenable ........... ... ... ... . . ... 215
10.3.3 DACdataformat ........... ... ... . . . 215
10.3.4 DAC CONVEISION . . .ottt e e e 216
10.3.5 DACoutputvoltage ......... ...t 217
10.3.6 DAC triggerselection ........ ... i 217
10.3.7 DMA request .. ... e 217
10.3.8 Noise generation . ...... ... ... 218
10.3.9 Triangle-wave generation . . ....... ... .. ... . . . i 219
10.4 Dual DAC channelconversion ........... ... . ... 220
10.4.1  Independent trigger without wave generation ................... 220
10.4.2 Independent trigger with single LFSR generation ................ 221
10.4.3 Independent trigger with different LFSR generation .............. 221
10.4.4 Independent trigger with single triangle generation . . ............. 221
10.4.5 Independent trigger with different triangle generation ............. 222
10.4.6 Simultaneous software start ............. ... ... ... . . .. 222
10.4.7 Simultaneous trigger without wave generation .................. 222
10.4.8  Simultaneous trigger with single LFSR generation ............... 223
10.4.9  Simultaneous trigger with different LFSR generation ............. 223
10.4.10 Simultaneous trigger with single triangle generation .............. 223
10.4.11 Simultaneous trigger with different triangle generation ............ 224
10.5 DAC registers ... ..o e e 224
10.5.1 DAC control register (DAC_CR) ... ... .ot 224
10.5.2  DAC software trigger register (DAC_SWTRIGR) ................. 227

10.5.3 DAC channell 12-bit right-aligned data holding register
(DAC_DHR12RT) . . .ot 228

10.5.4 DAC channell 12-bit left aligned data holding register
(DAC_DHRT12LT) ..o 228
10.5.5 DAC channel1 8-bit right aligned data holding register

(DAC_DHRBRT) . .ttt 228

10.5.6 DAC channel2 12-bit right aligned data holding register
(DAC_DHR12R2) . . . oottt 229
Ky_’ Doc ID 15965 Rev 4 9/598




Contents RMO0038
10.5.7 DAC channel2 12-bit left aligned data holding register
(DAC_DHR12L2) ...ttt e e e e 229
10.5.8 DAC channel2 8-bit right-aligned data holding register

(DAC_DHRBR2) . . ..ttt 229

10.5.9 Dual DAC 12-bit right-aligned data holding register
(DAC_DHRI12RD) ...ttt e e e 230

10.5.10 DUAL DAC 12-bit left aligned data holding register
(DAC_DHRI12LD) . . .ottt ittt e e e e e 230

10.5.11 DUAL DAC 8-bit right aligned data holding register
(DAC_DHRBRD) ...ttt et e e e 231
10.5.12 DAC channel1 data output register (DAC_DOR1) ................ 231
10.5.13 DAC channel2 data output register (DAC_DOR2) ................ 231
10.5.14 DAC status register (DAC_SR) .......... ... .. 232
10.5.15 DACregistermap . ..........iuiiii i 233
11 Comparators (COMP) ...t e e snnn e nnns 234
111 Introduction . ...... .. ... 234
11.2 Mainfeatures ...... ... .. . 234
11.3 COMPCCIOCK . ..o e 236
11.4 Comparator1 (COMPT) ... ... . e 236
11.5 Comparator2 (COMP2) . ...... ... .. . .. 237
11.6 Comparatorsin Windowmode .............. ..., 239
11.7  Low power modes . .........oiiiiiini i 239
11.8  Interrupts . ... . 240
11.9 COMP registers . ... e e e 240
11.9.1  COMP comparator control and status register (COMP_CSR) ....... 240
11.92 COMPregistermap . ...t e 242
12 LCDcontroller (LCD) . ......ciiiiiii it it i i s st nnnnnnnnns 243
12.1  Introduction . ......... . . ... 243
122 LCDmainfeatures ........ ... . 243
12.3  GlOSSary . .. 244
12.4 LCD functional description . ........ ... ... .. i 245
12.4.1  General description .. ....... ... 245
12.4.2 Frequency generator ... ....... ...t 246
12.4.3  CommON driVEr . . ..ot 247
12.4.4  Segmentdriver . ........ . 251
10/598 Doc ID 15965 Rev 4 Kﬁ




RMO0038 Contents
12.4.5 Voltage generator . . ... 255

12.4.6 Double buffermemory ....... ... ... ... ... 257

1247 COMand SEG multiplexing . ...........co .. 257

12.4.8  Flowchart .. ... .. e 261

125 LCDregisters ... ... 262
12.5.1 LCD control register (LCD_CR) . ...t 262

12.5.2 LCD frame control register (LCD_FCR) . .......... ... ... ..... 263

12.5.3 LCD statusregister LCD_SR) ....... ... . . .. 265

12.5.4 LCDclearregister LCD_CLR) ...... ... .. .. 266

12.5.5 LCDdisplay memory (LCD_RAM) ........ .. ...t 268

12.5.6 LCDregistermap . ... o.o it 268

13 General-purpose timers (TIM2to TIM4) .. .............cciieinnn. 270
13.1 TIM2to TIM4 introduction ............ ... ... ... ... ... ... ..... 270
132 TIM2to TIMA mainfeatures ... ...... ... .. ... ... ... ... ... ..... 270
13.3 TIM2 to TIM4 functional description ... ............... ... ....... 271
18.3.1 Time-basewunit . ......... ... . . 271

18.3.2 Countermodes ....... i e 273

13.3.3 Clockselection . ... ... i e e 282

13.3.4 Capture/comparechannels .............. .. i, 285

13.3.5 Inputcapturemode ....... ... .. ... 287

13.3.6  PWMinputmode ....... ... ... . i, 288

18.3.7 Forcedoutputmode ...... ... ... . . . e 289

13.3.8 OQutputcomparemode .. ........... . it 289

13.3.9 PWMmMoOde . ... ... e 290
13.3.10 One-pulse mode . ... ...t e e 293

13.3.11 Clearing the OCxREF signal on an externalevent ............... 294
13.3.12 Encoderinterfacemode . ......... ... .. ... . . i 295
13.3.13 Timerinput XOR function ........ ... ... ... .. . . . ... 297
13.3.14 Timers and external trigger synchronization .................... 297
13.3.15 Timer synchronization .......... ... .. ... . . . . . i 300
13.3.16 Debugmode . ...... ... . e 305

13.4  TIMXregisters . ... ... 306
13.4.1  TIMx control register 1 (TIMx_CR1) .......... ... ... ... ... .... 306

13.4.2 TIMx control register 2 (TIMx_CR2) ............ ... .. ... ... 308

13.4.3 TIMx slave mode control register (TIMXx_SMCR) ................. 309

13.4.4  TIMx DMA/Interrupt enable register (TIMx_DIER) .. .............. 311

Ky_l Doc ID 15965 Rev 4 11/598




Contents RMO0038
13.4.5 TIMx status register (TIMx_SR) .. ...... ... .. .. 312

13.4.6  TIMx event generation register (TIMx_EGR) .................... 314

13.4.7  TIMx capture/compare mode register 1 (TIMx_CCMR1) ........... 315

13.4.8 TIMx capture/compare mode register 2 (TIMx_CCMR2) . .......... 318

13.4.9 TIMx capture/compare enable register (TIMx_CCER) ............. 319
13.4.10 TIMx counter (TIMX_CNT) . ... e 321

13.4.11 TIMx prescaler (TIMx_PSC) ......... .. 321

13.4.12 TIMx auto-reload register (TIMx_ARR) ........................ 321
13.4.18 TIMx capture/compare register 1 (TIMx_CCR1) ................. 322
13.4.14 TIMx capture/compare register 2 (TIMx_CCR2) ................. 322

13.4.15 TIMx capture/compare register 3 (TIMx_CCR3) ................. 323

13.4.16 TIMx capture/compare register 4 (TIMx_CCR4) ................. 323
13.4.17 TIMx DMA control register (TIMx_DCR) .......... ... ... ... .... 324
13.4.18 TIMx DMA address for full transfer (TIMx_DMAR) ............... 324

13.4.19 TIMXregistermap . ....... ..ot 326

14 General-purpose timers (TIM9/10/11) ..............cciiiiinnn. 328
14.1  TIM9/10/11 introduction . ... ... ... . . .. i 328
142 TIM9/10/11 mainfeatures ....... ... ... . . .. .. 328
1421 TIM9mainfeatures ....... ... ... . . i 328

1422 TIM10and TIM11 mainfeatures ......... ... ... ... ... ...... 329

14.3 TIM9/10/11 functional description .. ....... ... ... ... ... ... .... 331
14.3.1 Time-basewunit ... ... . . .. 331

14.3.2 Counter MOdeS .. ..ottt 332

14.3.3 Clockselection . ... ... 335

14.3.4 Capture/comparechannels ................. ... ... .. 338

14.3.5 Inputcapturemode ....... ... . . ... 339

14.3.6  PWM input mode (available for TIMOQonly) ..................... 340

14.3.7 Forcedoutputmode . ....... ... . 341

14.3.8 Outputcompare mode .. ...t 341

14.3.9 PWMmMOde . ... ... e 342
14.3.10 One-pulse mode (available for TIM9only) ...................... 344

14.3.11 Timers and external trigger synchronization (available for TIM9 only) . 345
14.3.12 Timer synchronization (available for TIMQonly) ................. 347
14.3.13 Debugmode .. ..... ... 352

14.4  TIMO/0/M1 registers .. ... e 353
14.4.1  TIMx control register 1 (TIMx_CR1) ........ ... ... ... ... ... ... 353

12/598 Doc ID 15965 Rev 4 Kﬁ




RMO0038 Contents

14.4.2  TIMx control register 2 (TIMx_CR2) (available for TIM9 only) ... .... 354

14.4.3 TIMx slave mode control register (TIMx_SMCR) ................. 355

14.4.4  TIMx Interrupt enable register (TIMx_DIER) .................... 358

14.4.5 TIMx status register (TIMX_SR) . .......... .. ... ... 358

14.4.6  TIMx event generation register (TIMx_EGR) . ................... 360

14.4.7  TIMx capture/compare mode register 1 (TIMx_CCMR1) ........... 361

14.4.8 TIMx capture/compare enable register (TIMx_CCER) ............. 364

1449 TIMxcounter (TIMX_CNT) . ... .ot e 365

14410 TIMx prescaler (TIMX_PSC) ........ ... ... 365

14.4.11 TIMx auto-reload register (TIMXx_ARR) ........................ 366

14.4.12 TIMx capture/compare register 1 (TIMx_CCR1) ................. 366
14.4.13 TIMx capture/compare register 2 (TIMx_CCR2)

(available only for TIM9) . . . . ... 367

14.4.14 TIM9 option register 1 (TIM9_OR) . ... ... ... ... ... 367

14.4.15 TIM10 option register 1 (TIM10_OR) .. .......... ... .. ... ..... 368

14.4.16 TIM11 option register 1 (TIM11_OR) .. .......... ... ... .. .... 368

14.417 TIMxregistermap . ... ... e 368

15 Basic timers (TIMG&TIM7) . . ... ..ottt nnnnnnnnns 371

15.1  TIMB&TIM7 introduction . . ...... ... .. .. i i 371

15.2 TIM6&TIM7 mainfeatures ........... . ... .. .. i, 371

15.3 TIM6&TIM7 functional description . ............ ... ... ... ....... 372

15.3.1 Time-basewunit ... ... ... . . . .. 372

15.3.2 Countingmode .. ... ... 373

15.3.3  ClIOCK SOUICE . ...t 376

15.3.4 Debugmode . ...... ... .. 376

15.4 TIMB&TIM7 registers . ... ... 377

15.4.1  TIM6&TIMY7 control register 1 (TIMx_CR1) ..................... 377

15.4.2 TIM6&TIMY7 control register2 (TIMx_CR2) ..................... 378

15.4.3 TIM6&TIM7 DMA/Interrupt enable register (TIMx_DIER) .......... 378

15.4.4 TIM6&TIMY? status register (TIMX_SR) .......... .. ... .. ... .... 379

15.4.5 TIM6&TIM7 event generation register (TIMx_EGR) .............. 379

15.4.6 TIMB&TIM?7 counter (TIMXx_CNT) ......... .. ... .. ..., 379

15.4.7 TIM6&TIM7 prescaler (TIMXx_PSC) ........ .. ... .. ... 380

15.4.8 TIM6&TIM7 auto-reload register (TIMX_ARR) . .................. 380

15.4.9 TIMB&TIM7 registermap . ... e 381

Ky_l Doc ID 15965 Rev 4 13/598




Contents RMO0038
16 Independent watchdog (IWDG) ...........¢cciiiiiiiiinnrnnnns 382
16.1  IWDG introduction ... ........ ... 382

16.2 IWDGmainfeatures .. ...... ... ... .. 382

16.3 IWDG functional description . .. ....... ... ... .. .. ... ... 382

16.3.1 Hardwarewatchdog ........... ... .. .. . . i 382

16.3.2 Register access protection .......... ... .. .. i 383

16.3.3 Debugmode . ...... ... . .. 383

16.4 IWDG registers . ... ..ot 384

16.4.1  Keyregister IWDG_KR) ........ e 384

16.4.2 Prescaler register IWDG_PR) ......... ... .. . . .. 384

16.4.3 Reload register IWDG_RLR) ....... ... ... 385

16.4.4 Statusregister IWDG_SR) ......... ..t 385

16.4.5 IWDGregistermap ..........iiiii 386

17 Window watchdog (WWDG) . ........c.ciiiiiiiiiiiiinnnanens 387
171 WWDG introduction .. ... ... 387

17.2 WWDG mainfeatures . ......... .. .. 387

17.3 WWDG functional description . ......... ... ... .. ... . ... 387

17.4 How to program the watchdog timeout . . ........................ 389

175 Debugmode ... ... .. 389

176 WWDG registers . ... e 390

17.6.1  Control register ( WWDG_CR) ........... .. ... 390

17.6.2  Configuration register ( WWDG_CFR) ......... ... ... ... ... .... 391

17.6.3 Statusregister (WWDG_SR) ... 391

17.6.4 WWDG registermap . ... 392

18 Universal serial bus full-speed device interface (USB) ........... 393
18.1  USBiintroduction . ............ .. 393

18.2 USBmainfeatures ........ ... .. . 393

18.3 USB functional description . ......... ... .. . . . . 393

18.3.1  Descriptionof USBblocks ............ ... ... . .. . .. 395

18.4 Programming considerations ................ . .. ... 396

18.4.1  Generic USB device programming ........... ..., 396

18.4.2 Systemandpower-onreset ................ i, 397

18.4.3 Double-bufferedendpoints . . ............. ... ... ... . ... 403

14/598 Doc ID 15965 Rev 4 Kﬁ




RMO0038 Contents
18.4.4 Isochronoustransfers ............. . . . ... . . .. 405

18.4.5 Suspend/Resumeevents ..............c.iiiiiiiiiiinnn.. 406

18.5 USBregisters ... ... e 408

18.5.1  Commonregisters . ........ .. 409

18.5.2 Endpoint-specificregisters . .. ...... ... .. 416

18.5.3 Bufferdescriptortable ........... ... .. .. ... .. . . . .. 420

18.5.4 USBregistermap ....... ..o 423

19 CRCecalculationunit ...ttt it i innnnns 425
19.1  CRC introduction ... ....... . .. e 425

19.2 CRCmainfeatures .. .........cc i i 425

19.3 CRC functional description . . . ....... .. ... .. . . . 425

19.4 CRCregisters . ... oo e 426

19.4.1 Dataregister (CRC_DR) .......... i 426

19.4.2 Independent data register (CRC_IDR) ........................ 426

19.4.3 Controlregister (CRC_CR) ...... ... ... .. 427

19.44 CRCregistermap . .........oiuiiiii e 427

20 Real-timeclock (RTC) ... it i iaa e nnns 428
20.1 Introduction . ... ... ... . . . . . e 428

202 RTCmainfeatures . ... ... ... .. .. i 429

20.3 RTC functional description .. ...... ... .. ... i 430

20.3.1 Clockandprescalers . ............i i 430

20.3.2 Realtimeclockandcalendar.............. ... ... ... ...... 431

20.3.3 Programmable alarms . .......... ... 431

20.3.4 Periodic auto-wakeup .. ...... .. 432

20.3.5 RTC initialization and configuration ........................... 432

20.3.6 Readingthecalendar............. . . ... . . i, 434

20.3.7 Resettingthe RTC . ... ... . 434

20.3.8 RTCreference clock detection .. ........... ... ... ............ 435

20.3.9 RTC digitalcalibration . ......... .. ... . . . i 435

20.3.10 Time-stamp function ........... ... .. . . . i 436

20.3.11 Tamperdetection ...... ... ... e 437

20.3.12 Calibrationclockoutput ............ ... ... ... . . . . 438

20.3.13 Alarmoutput . ... . e 438

20.4 RTC and low power modes . ... .......ouiuiiiiinnie e 438

Ky_’ Doc ID 15965 Rev 4 15/598




Contents RMO0038
20.5 RTCINterrupts .. ... e 439
20.6 RTCregisters . ... ... e 440

20.6.1 RTCtimeregister (RTC_TR) .. ... ..ot 440
20.6.2 RTC dateregister (RTC_DR) ..... ..o 441
20.6.3 RTC controlregister (RTC_CR) . ... 442
20.6.4 RTC initialization and status register (RTC_ISR) .. ............... 444
20.6.5 RTC prescaler register (RTC_PRER) ........... ... .. ... .. .... 446
20.6.6 RTC wakeup timer register (RTC_WUTR) .. .......... ... ... ... 447
20.6.7 RTC calibration register (RTC_CALIBR) ............. ... ... ... 447
20.6.8 RTC alarm A register (RTC_ALRMAR) .......... ... ... ... ..... 448
20.6.9 RTC alarm B register (RTC_ALRMBR) ............... ... ...... 449
20.6.10 RTC write protection register (RTC_WPR) ..................... 450
20.6.11 RTC time stamp time register (RTC_TSTR) .................... 451
20.6.12 RTC time stamp date register (RTC_TSDR) .................... 451
20.6.13 RTC tamper and alternate function configuration register

(RTC_TAFCR) ... e e e e 452
20.6.14 RTC backup registers (RTC_BKPxR) ........... ... ... ... ..... 453
20.6.15 Registermap . ... ... 453

21 Inter-integrated circuit (12C) interface .............cviiuneenn.. 455
211 PPCINtrodUCHON . . . . ...ttt e e 455
21.2 PCMaINfeatUIES . . .\ oo vt 455
21.3  I1°C functional description . ... ... 456

21.3.1  Mode selection . . ... e 456

21.3.2 I2Cslavemode ....... ... e 458

21.3.3 [12Cmastermode . ... ...t e 460

21.3.4 Errorconditions ....... .. ... 466

21.3.5 SDA/SCLIlinecontrol ........ ... ... i, 467

21.83.8  SMBUS ...ttt e 467

21.3.7 DMATrequests . ... e 469

21.3.8 Packeterrorchecking .......... ... . . . i 471

214 12C INtErTUPES .. e 471
215 1PCdebugmode . .. ... 473
216 IPCregisters .. ... 473
21.6.1 Controlregister 1 (I2C_CR1) . ... ... i 473

21.6.2 Controlregister2 (I2C_CR2) . ... ... . i 475

21.6.3 Own addressregister1 (I2C_OAR1) . ... .. ... .. 476

16/598 Doc ID 15965 Rev 4 Kﬁ




RMO0038 Contents
21.6.4 Own addressregister2 (I2C_OAR2) . ... ... ... i, 477
21.6.5 Dataregister (I2C_DR) ..... ... i e 477
21.6.6 Statusregister1 (I2C_SR1) ......... . i 478
21.6.7 Statusregister2 (I2C_SR2) . ... . 481
21.6.8 Clock control register (I2C_CCR) ........ ... .. 482
21.6.9 TRISEregister (I2C_TRISE) . ... ... i 483
21.6.10 12Cregister map . ...t 484
22 Serial peripheral interface (SPI) . ...........cciiiiiiiiiinnnn. 485
22.1  SPlintroduction . ......... ... .. e 485
222 SPlmainfeatures ... ... ... .. e 486
2221  SPlfeatures . ... e 486
22.3 SPIlfunctional description . . ... . 486
22.3.1  Generaldescription ............. i e 486
22.3.2 Configuringthe SPlinslavemode .. ........ ... ... .. ... ..... 490
22.3.3 Configuring the SPlinmastermode .......................... 492
22.3.4 Configuring the SPI for Simplex communication ................. 493
22.3.5 Data transmission and reception procedures ................... 493
22.3.6 CRCecalculation ..........c i i e 500
22.3.7 Statusflags ....... ... 502
22.3.8 Disablingthe SPI . ... .. 503
22.3.9 SPI communication using DMA (direct memory addressing) ....... 504
22.3.10 Errorflags . ... ..o 505
22.3.11 SPlinterrupts .. ..o 506
224 SPlregisters . . ... 507
2241 SPlcontrolregister 1 (SPI_LCR1) ......... ... .. 507
22.4.2 SPlcontrolregister2 (SPI_CR2) ......... ... .. 509
22.4.3 SPlstatusregister (SPI_SR) . ... .. ... i 510
22.4.4 SPldataregister (SPI_DR) ....... ... i 511
22.4.5 SPI CRC polynomial register (SPI_CRCPR) .................... 511
22.46 SPIRXCRCregister (SPI_RXCRCR) . ....... ... .. 512
22.4.7 SPITX CRCregister (SPI_TXCRCR) ........... ... ... ... 512
2248 SPlregistermap . .........uiii i 512
23 Universal synchronous asynchronous receiver

transmitter (USART) .......¢cciiiiiiiiiii ittt eennnnnnnnnnnns 514
23.1 USART introduction . ........ ... 514
Doc ID 15965 Rev 4 17/598




Contents RMO0038
23.2 USARTmainfeatures......... ... . ... i 514
23.3 USART functional description . ......... ... ..., 515

23.3.1  USART character description .............c i, 518
23.3.2 Transmitter . ... ... 519
23.3.3 Receiver . ... . 522
23.3.4 Fractional baud rate generation . ............... ... .. ... .. ... 526
23.3.5 USART receiver’s tolerance to clock deviation .................. 533
23.3.6  Multiprocessor communication .......... .. ... . . oL 534
23.3.7 Paritycontrol .. ... ... 536
23.3.8 LIN (local interconnection network) mode . ..................... 537
23.3.9 USART synchronous mode .. ...........uuiiieinnnnennennns 539
23.3.10 Single-wire half-duplex communication ........................ 541
23.3.11 Smartcard .. ... 542
23.3.12 IrDASIRENDECDIoCK . ....... .. . i 544
23.3.13 Continuous communicationusingDMA . ......... ... ... ... ... 546
23.3.14 Hardware flowcontrol . ........ ... . . ... 548
23.4 USARTInterrupts .. ... 550
23.5 USART mode configuration .............. .. ... . .. ... 551
23.6 USART registers . ... 551
23.6.1 Statusregister (USART_SR) . ...... ... 551
23.6.2 Dataregister (USART_DR) ..... ... 553
23.6.3 Baudrateregister (USART_BRR) ........ ... .. i, 553
23.6.4 Control register 1 (USART_CR1) ........ ..., 554
23.6.5 Control register2 (USART_CR2) ........... .. 557
23.6.6 Control register 3(USART_CR3) ... .. ... 558
23.6.7 Guard time and prescaler register (USART_GTPR) .............. 560
23.6.8 USARTregistermap . ... ... 561

24 Debug support (DBG) ........ciiiiiii it i it it innnnnnnnnnns 562
241  OVeIVIEW .o 562
24.2 Reference ARM documentation ............ ... ... . . ... ... 563
24.3 SWJ debug port (serial wireand JTAG) . ............ ..., 563

24.3.1  Mechanism to select the JTAG-DP orthe SW-DP ................ 564

244 Pinoutanddebugportpins .......... ... ... 564

2441 SWJdebug portpins . .......c.ui i 565

24.42 Flexible SWJ-DP pinassignment . . ............. ... ... ... ..... 565

18/598 Doc ID 15965 Rev 4 Kﬁ




RMO0038 Contents
24.4.3 Internal pull-up and pull-down on JTAGpiNS .................... 566
24.4.4  Using serial wire and releasing the unused debug pins as GPIOs ... 567
245 STM32L15xxx JTAG TAP connection ... ......... ... ... . ..., 567
24.6 ID codes and lockingmechanism . .............. ... .. ... .. .... 568
2461 MCUdeviceIDcode ..........ciiiiiiii e 568
246.2 Boundaryscan TAP ... ... .. 569
24.6.3 Cortex-MB TAP ... . e 569
24.6.4 Cortex-M3 JEDEC-1061DCOde . .. ..ot ivie i 569
24.7 JTAG debugport . ... 569
24.8 SWdebug port .. ... e 571
24.8.1 SW protocol introduction . ....... ... .. ... .. .. . 571
24.8.2 SWPprotoCol SEQUENCE . . . .ttt et e e 571
24.8.3 SW-DP state machine (reset, idle states, IDcode) ............... 572
24.8.4 DP and AP read/write accesses . ......... i 573
2485 SW-DP registers .. ... ...t 573
2486 SW-APregisters ........ .. 574

24.9 AHB-AP (AHB access port) - valid for both JTAG-DP
and SW-DP ... 574
2410 Coredebug . ... ... e 575
24.11 Capability of the debugger host to connect under systemreset ...... 576
24.12 FPB (Flash patch breakpoint) . . ......... ... ... .. . 576
24.13 DWT (data watchpointtrigger) . ..........c. i, 576
24.14 |ITM (instrumentation trace macrocell) .......................... 577
24141 Generaldescription . ...... ... . i 577
24.14.2 Time stamp packets, synchronization and overflow packets ........ 577
2415 ETM (Embedded trace macrocell) ............................. 579
24151 Generaldescription . ...... ... . i 579
24.15.2 Signal protocol, packettypes . ... .. ... i 579
24153 Main ETMregisters ... ... e 579
24.15.4 Configurationexample . ........ .. i 580
24.16 MCU debug component (DBGMCU) ............ ... . ..., 580
24.16.1 Debug support for low-powermodes .. .......... ... . ... 580
24.16.2 Debug support for timers, watchdog and PC .. 580
24.16.3 Debug MCU configurationregister . . ......... ... ... ... ... .... 581
24.16.4 Debug MCU APB1 freeze register (DBGMCU_APB1_FZ) ......... 582
24.16.5 Debug MCU APB2 freeze register (DBGMCU_APB2_FZ) ......... 584
‘y_l Doc ID 15965 Rev 4 19/598




Contents RMO0038
24.17 TPIU (trace portinterface unit) . ......... ... ... ... . . . . ..., 585

24171 Introduction .. ... ... . ... 585

24.17.2 TRACE pinassignment .. ......... .t 585

24.17.3 TPUIformatter . ... ... . 587

24.17.4 TPUI frame synchronizationpackets .......................... 588

24.17.5 Transmission of the synchronization frame packet ............... 588

24.17.6 Synchronous mode .. ......... ...t 588

24.17.7 Asynchronous mode .............. ...ttt 589

24.17.8 TRACECLKIN connection inside the STM32L15xxX .. ............ 589

24.17.9 TPIUregisters .. ... e e 590

24.17.10 Example of configuration .. ........ .. ... ... ... . L. 591

24.18 DBG registermap . . ... ..o e 591

25 Device electronic signature ..............ccciiiiiiiinnrrnnnns 592
25.1 Memory size register . ... ... .. 592

25.1.1  Flashsizeregister . ........ . 592

25.2  Unique device ID registers (96 bits) . ............. ... . ... ... ... 592

26 Revision history ......... ...t e e ans 594
20/598 Doc ID 15965 Rev 4 Kﬁ




RMO0038

List of tables

List of tables

Table 1.
Table 2.
Table 3.

Table 5.
Table 6.
Table 7.
Table 8.
Table 9.

Table 10.
Table 11.
Table 12.
Table 18.
Table 14.
Table 15.
Table 16.
Table 17.
Table 18.
Table 19.
Table 20.
Table 21.
Table 22.
Table 28.
Table 24.
Table 25.
Table 26.
Table 27.
Table 28.
Table 29.
Table 30.
Table 31.
Table 32.
Table 38.
Table 34.
Table 35.
Table 36.
Table 37.
Table 38.
Table 39.
Table 40.
Table 41.
Table 42.
Table 48.
Table 44.
Table 45.
Table 46.
Table 47.
Table 48.

574

Register boundary addresses. . . . ... .. e 32
Flash module organization . . . ... ... . e 36
Number of wait states (WS) according to CPU clock (HCLK)
frEQUENCY . .. e e e 37
Flash interface register map andresetvalues . ........ .. ... ... . . .. 41
Boot MOdes. . .. . e 41
Memory mapping vs. boot mode/physicalremap .. .......... .. ... .. 42
Performance versus VCORE ranges . . . .. ..o oottt e e 47
Summary of low-power Modes . . . ... .t e e 55
SlEE P NOW. . o vttt e e e 59
SlEEP-0ON-EXit. . . ..o e e 59
SlEE P NOW. . oottt e e e 61
SlEEP-ON-EXit. . . .. e e 61
SIOP MOE ... e e 62
Standby mode. . ... ... e 63
PWR -register map and resetvalues. . . .......... ... 69
RCC registermap andresetvalues . . ... . i e 106
Port bit configurationtable . ...... ... ... . . . 110
Flexible SWJ-DP pin assignment . . . ... ... e 111
R C AR PIN o e 118
GPIO registermap andresetvalues . ........... . i 124
I/O groups and selection. . . ... .. . e 128
Input capture MappPiNg . . . ..o e 130
Timer selection . . ... .. e 131
Input capture selection . . ... .. ... . . e 131
Rl registermap andresetvalues . . ... ... .. e 142
SYSCFG registermap andresetvalues. . ... i 147
Vectortable . ... ... . 148
External interrupt/event controller register map and resetvalues. . ................. 157
Programmable data width & endian behavior (when bits PINC=MINC =1).......... 162
DMA interrupt requests. . . ... .. e 163
Summary of DMA requests foreachchannel.................... ... ... ........ 165
DMA registermap andresetvalues . . . ... ... . . e 171
AD C PINS. . o e e e e 175
Analog watchdog channel selection . . . ... ... .. . 179
Configuring the triggeredge detection .. .. ... ... ... . . 183
External trigger for regular channels. . . . ... .. . . 183
External trigger for injected channels . . . ... ... . . 184
ADC INterTUPES . .ottt e e e 194
ADC global register map. . .. ... .. e 211
ADC registermap andresetvalues . ......... . . . i 211
ADC register map and reset values (common registers) . ............... ... ...... 212
DA C PINS. . oot e e e 214
External triggers . . . ..o e 217
DAC register MaD . . o oottt e e 233
Comparator behavior inthe low powermodes .. . .......... ... ..., 239
COMP registermap andresetvalues. .. ... ... .. i 242
Example of frame rate calculation . ....... ... ... ... . . . ... e 246
Doc ID 15965 Rev 4 21/598




List of tables RMO0038

Table 49.
Table 50.
Table 51.
Table 52.
Table 53.
Table 54.
Table 55.
Table 56.
Table 57.
Table 58.
Table 59.
Table 60.
Table 61.
Table 62.
Table 63.
Table 64.
Table 65.
Table 66.
Table 67.
Table 68.
Table 69.
Table 70.
Table 71.
Table 72.
Table 73.
Table 74.
Table 75.
Table 76.
Table 77.
Table 78.
Table 79.
Table 80.
Table 81.
Table 82.
Table 83.
Table 84.

Table 85.

Table 86.

Table 87.

Table 88.

Table 89.

Table 90.

Table 91.

Table 92.

22/598

BliNK freqUeNCY . . . ..o e 255
Remapping capability . ........ .. e 258
LCD registermap andresetvalues . ....... ...ttt 268
Counting direction versus encoder signals. . .. ... ... i 296
TIMx internal trigger connection . . .. ... .. . 311
Output control bit for standard OCx channels. . . ........... ... .. ... .. ... ...... 320
TIM2 to TIM4 register map andresetvalues . ........ ... .. ..., 326
TIMx internal trigger connection . . .. ... .. . 357
Output control bit for standard OCx channels. . .. ......... ... ... . .. ... 365
TIM9 registermap and resetvalues . . . ... e 368
TIM10/11 register map and resetvalues . .......... . ... ... 370
TIMB&TIM7 register map and resetvalues. . . ........ .. .. . . .. 381
Min/max IWDG timeout period at 37 kHz (LSI) ........... .. ... 383
IWDG register map and resetvalues . .. ... i 386
WWDG registermap andresetvalues. ... 392
Double-buffering buffer flag definition. . . ........ .. ... 404
Bulk double-buffering memory buffersusage. .. ........ .. ... . . i 404
Isochronous memory buffersusage . ... ... 406
Resume event detection. . . ... ... e 407
Reception status encoding . . . ... ... e 419
Endpointtype encoding . . . ... e 419
Endpointkind meaning . . . . . ... .o e 419
Transmission status encoding . . ... ... e 420
Definition of allocated buffermemory . . . ... .. . 423
USB registermap andresetvalues . ......... ... i 423
CRC calculation unit register map and resetvalues. . . ........ ... ... ... ... ..... 427
Effect of low power modes on RTC . ... ... i e 438
Interrupt control bits . . ... .. e 439
RTC registermap andresetvalues . ............ .. 453
SMBUS VS. 120 . .. e 467
12C Interrupt requests . . . . ..ot 472
I2C register map andresetvalues .. ... 484
SPlinterrupt requests. . . . ... 506
SPlregistermap andresetvalues . . ... ... .. 513
Noise detection from sampleddata . ......... ... ... . . . . . i 525
Error calculation for programmed baud rates at fpg = 8 MHz or fpg k = 12 MHz),
oversampling by 16. . . ... . e 528
Error calculation for programmed baud rates at fpg k = 8 MHz or fpg k =12 MHz),
oversampling by 8. . . ... 529
Error calculation for programmed baud rates at fpc x = 16 MHz or fpg k = 24 MHz),
oversampling by 16. . . ... . e 529
Error calculation for programmed baud rates at fpc x = 16 MHz or fpg k = 24 MHz),
oversampling by 8. . .. ... 530
Error calculation for programmed baud rates at fpc x = 1 MHz or fpg k = 8 MHz),
oversampling by 16. . . ... . e 531
Error calculation for programmed baud rates at fpc k = 1 MHz or fpg k = 8 MHz),
oversampling by 8. . .. ... 531
Error calculation for programmed baud rates at fpc x = 16 MHz or fpg k = 32 MHz),
oversampling by 16. . . ... . e 532
Error calculation for programmed baud rates at fpc x = 16 MHz or fpg k = 32 MHz),
oversampling by 8. . .. ... 533
USART receiver’s tolerance when DIV fractionis O . .......... ... ... ... ... ...... 534

Doc ID 15965 Rev 4 KYI




RMO0038

List of tables

Table 93.
Table 94.
Table 95.
Table 96.
Table 97.
Table 98.
Table 99.

Table 100.
Table 101.
Table 102.
Table 108.
Table 104.
Table 105.
Table 106.
Table 107.
Table 108.
Table 109.
Table 110.
Table 111.
Table 112,
Table 113.
Table 114.

USART receiver’s tolerance when DIV_Fraction is differentfromO0................. 534
Frame formats . . ... . ... e 536
USART interrupt requests. . . ... .ot 550
USART registermap andresetvalues. . ...t 561
SWJ debug port pins . . ... e 565
Flexible SWJ-DP pinassignment . . . ...t e 565
JTAG debug portdataregisters . .. ... ... i 569
32-bit debug port registers addressed through the shifted value A[3:2]. ... .......... 570
Packet request (8-bits) . .. ... ... 571
ACK response (B bits). . ... oo 572
DATA transfer (33 bits) . . . . ... e 572
SW-DP registers. . . ..ot 573
Cortex-M3 AHB-AP registers . . .. ... 575
Coredebug registers . ........ e 575
Main ITM registers . ... .. e 578
Main ETM registers. . .. ..o e 579
Asynchronous TRACE pinassignment. ... ... ... i 585
Synchronous TRACE pin assignment . ........ ... e, 586
Flexible TRACE pin assignment. . .. ... ... i e 587
Important TPIU registers. . . .. ... e 590
DBG registermap andresetvalues . ............ . 591
Document revision history . ....... ... e 594

Doc ID 15965 Rev 4 23/598




List of figures RMO0038

List of figures

Figure 1.
Figure 2.
Figure 3.
Figure 4.
Figure 5.
Figure 6.
Figure 7.
Figure 8.
Figure 9.

Figure 10.
Figure 11.
Figure 12.

Figure 13.
Figure 14.
Figure 15.
Figure 16.
Figure 17.
Figure 18.
Figure 19.
Figure 20.
Figure 21.
Figure 22.
Figure 23.
Figure 24.
Figure 25.
Figure 26.
Figure 27.
Figure 28.
Figure 29.
Figure 30.
Figure 31.
Figure 32.
Figure 33.
Figure 34.
Figure 35.
Figure 36.
Figure 37.
Figure 38.
Figure 39.
Figure 40.
Figure 41.
Figure 42.
Figure 43.
Figure 44.
Figure 45.
Figure 46.
Figure 47.

24/598

System architecture . .......... . . . e 30
Power SUPPIY OVEIVIEW . . . ..o e 44
STM32L15xxx performance versus VDD and VCORErange. . ..................... 48
Power sUpplY SUPEIVISOIS . . ... it et e e 51
Power on reset/power down resetwaveform .. .......... ... ... . . ..o, 52
BOR thresholds . .. ... . e 53
PVD thresholds. . .. .. .. e 54
Simplified diagram of the reset circuit. . . .. .. ... ... . 71
CloCK trEe . . o e 73
HSE/ LSE ClOCK SOUICES. . . . ottt e e e e e e e 74
System clock source freqUENCY . . ...t e 78
Using the TIM9/TIM10/TIM11 channel 1 input capture to measure

frEQUENCIES . . . .t e e e 80
Basic structure of a standard I/O portbit . ....... ... ... . ... ... .. . . . 109
Basic structure of a five-volt tolerant I/O portbit. .. ............. ... ... ... ..... 109
Selecting an alternate function . .. ... .. .. L 113
Input floating/pull up/pull down configurations . .......... ... .. ... ... ... . ... ... 115
Output configuration . . . ... ... e 116
Alternate function configuration .. ... ... ... ... . 117
High impedance-analog configuration . ........ ... .. ... . . ... . . . . . 117
Routing interface (RI) block diagram . .. ... . . 127
Internal reference voltage output . .. ... ... . L 131
External interrupt/event controller block diagram . . .. ........ .. ... .. ... . .. 151
External interrupt/event GPIO mapping . ... .. oot 153
DMA block diagram in STM32L15XXX deViCeS . . . . .o oot i it e e 159
DMA request mapping . .. .o e 164
ADC blocK diagram. . .. ... e 174
Timing diagram (normal mode, PDI=0). . . . . ... ... e 178
Analog watchdog’'s guarded area . . . ... i e 179
Injected conversion latency . .......... . . . 180
Right alignmentof 12-bitdata. ... ... .. 182
Leftalignmentof 12-bitdata. ... ... ... .. .. . . . 182
Leftalignmentof 6-bitdata. . ...... ... ... . . . 182
ADC freeze MOGE . . . ..t e 186
Continuous regular conversions withadelay .. ........... ... .. ... ... . ... 187
Continuous conversions with a delay between each conversion ................... 188
Automatic power-down control: example 1. ... .. ... .. . 189
Automatic power-down control: example 2. . ... ... .. 189
Automatic power-down control: example 3. . .. ... .. ... 190
Temperature sensor and VREFINT channel block diagram ...................... 192
ADC flags and interrupts. . . ... ..o e 193
DAC channel block diagram . ... ... e 214
Data registers in single DAC channelmode. . . ........ .. ..., 215
Data registers in dual DAC channelmode . .. ......... .. ... . . . .. 216
Timing diagram for conversion with trigger disabled TEN=0 ..................... 216
DAC LFSR register calculation algorithm . . .. ... . ... . . . 218
DAC conversion (SW trigger enabled) with LFSR wave generation. . ............... 219
DAC triangle wave generation . ... ... ... it e 219

Doc ID 15965 Rev 4 KYI




RMO0038

List of figures

Figure 48.
Figure 49.
Figure 50.
Figure 51.
Figure 52.
Figure 53.
Figure 54.
Figure 55.
Figure 56.
Figure 57.
Figure 58.
Figure 59.
Figure 60.
Figure 61.
Figure 62.
Figure 63.
Figure 64.
Figure 65.
Figure 66.
Figure 67.
Figure 68.
Figure 69.
Figure 70.
Figure 71.
Figure 72.
Figure 73.
Figure 74.
Figure 75.
Figure 76.
Figure 77.
Figure 78.
Figure 79.
Figure 80.
Figure 81.
Figure 82.
Figure 83.
Figure 84.
Figure 85.
Figure 86.
Figure 87.
Figure 88.
Figure 89.
Figure 90.
Figure 91.
Figure 92.
Figure 93.
Figure 94.
Figure 95.
Figure 96.
Figure 97.
Figure 98.
Figure 99.

574

DAC conversion (SW trigger enabled) with triangle wave generation ............... 220
Comparator block diagram . . . ... ... e 235
COMP1 interconneCtioNS . . .. .ottt et et e e 236
COMP2 interconneCtiONS . . . ..ottt e et et e e e 237
Redirecting the COMP2 output. . ... ... . it e 238
Comparators iINnWIindow mode . . . ... ..ot 239
LCD controller block diagram .. ... ... e 245
1/3bias, 1/4 AUty ... .o e e 248
Static dUty . . . .o 249
Static dUty . . . .o 249
1/2duty, 172 bias ... .. e 250
1/3duty, 1/3 bias ... ..o e e 252
1/4duty, 1/3 bias . ... .o e 253
1/8 duty, 1/4 bias ... .. . e e 254
VLCD pinfor1/21/31/4bias . . . ... oo e e 256
Deadtime . .. ... e 256
SEG/COM mux feature example . ... ... e 260
Flowchart example . . . ... .. e 261
General-purpose timer block diagram .. ........ ... .. . . . e 271
Counter timing diagram with prescaler division change from1to2................. 272
Counter timing diagram with prescaler division change from1to4................. 273
Counter timing diagram, internal clock dividedby 1............................. 274
Counter timing diagram, internal clock dividedby 2. ............. ... ... .. ...... 274
Counter timing diagram, internal clock dividedby 4. ............. ... ... .. ...... 274
Counter timing diagram, internal clock dividedby N. .. .......................... 275
Counter timing diagram, Update event when ARPE=0 (TIMx_ARR not preloaded). . . .. 275
Counter timing diagram, Update event when ARPE=1 (TIMx_ARR preloaded). .. ... .. 276
Counter timing diagram, internal clock dividedby 1.............. ... ... .. ...... 277
Counter timing diagram, internal clock dividedby 2. ............. ... ... .. ...... 277
Counter timing diagram, internal clock dividedby 4. ............. ... ... .. ...... 277
Counter timing diagram, internal clock dividedby N. ... ......................... 278
Counter timing diagram, Update event when repetition counteris notused .......... 278
Counter timing diagram, internal clock divided by 1, TIMx_ARR=0x6 ............... 279
Counter timing diagram, internal clock dividedby 2. ............. ... ... .. ...... 280
Counter timing diagram, internal clock divided by 4, TIMx_ARR=0x36 .............. 280
Counter timing diagram, internal clock dividedby N. .. .......................... 280
Counter timing diagram, Update event with ARPE=1 (counter underflow)............ 281
Counter timing diagram, Update event with ARPE=1 (counter overflow)............. 281
Control circuit in normal mode, internal clock divided by 1........................ 282
TI2 external clock connection example. . . ... .. .. . 283
Control circuitin externalclock mode 1 ... ... ... .. . . 283
External trigger input block . . . ... .. . 284
Control circuitin externalclock mode 2 .. ... ... ... . 284
Capture/compare channel (example: channel 1 inputstage)...................... 285
Capture/compare channel 1 maincircuit . ....... ... ... .. i, 285
Output stage of capture/compare channel (channel 1). . ......................... 286
PWM input mode timing . . . ... .. e 288
Output compare mode, toggle on OC1. ... ... .. e 290
Edge-aligned PWM waveforms (ARR=8) . . . ... ... i 291
Center-aligned PWM waveforms (ARR=8). . . . ... ... . i 292
Example of one-pulse mode. . . ... ... .. .. e 293
Clearing TIMXx OCXREF . . ... . e e 295

Doc ID 15965 Rev 4 25/598




List of figures RMO0038

Figure 100.
Figure 101.
Figure 102.
Figure 103.
Figure 104.
Figure 105.
Figure 106.
Figure 107.
Figure 108.
Figure 109.
Figure 110.
Figure 111.
Figure 112.
Figure 113.
Figure 114.
Figure 115.
Figure 116.
Figure 117.
Figure 118.
Figure 119.
Figure 120.
Figure 121.
Figure 122.
Figure 123.
Figure 124.
Figure 125.
Figure 126.
Figure 127.
Figure 128.
Figure 129.
Figure 130.
Figure 131.
Figure 132.
Figure 133.
Figure 134.
Figure 135.
Figure 136.
Figure 137.
Figure 138.
Figure 139.
Figure 140.
Figure 141.
Figure 142.
Figure 143.
Figure 144.
Figure 145.
Figure 146.
Figure 147.
Figure 148.
Figure 149.
Figure 150.

26/598

Example of counter operation in encoder interffacemode. ... ............ . . L. 296
Example of encoder interface mode with IC1FP1 polarity inverted.. ... ............. 297
Control circuitinresetmode. . .. ... .. 298
Control circuitingated mode . ... ... 299
Control circuit in triggermode. . . . ... e 299
Control circuit in external clock mode 2 + triggermode .. .......... ... ... ... . .... 300
Master/Slave timer example . . ... ... 301
Gating TIM2 with OCT1REF of TIM3 . . ... ... e 302
Gating TIM2 with Enable of TIM3 . . . . ... e 303
Triggering TIM2 withupdate of TIM3 . . . .. . ... . e 303
Triggering TIM2 with Enable of TIM3 . . . .. . ... . e 304
Triggering TIM3 and TIM2 with TIM3 TH input. . .. ... .. . 305
General-purpose timer block diagram . ......... ... .. . . . . e 329
General-purpose timer block diagram (TIM10). ... ... .. i 330
General-purpose timer block diagram (TIM11). ... ... ... . i 330
Counter timing diagram with prescaler division changefrom1to2................. 332
Counter timing diagram with prescaler division changefrom1to4................. 332
Counter timing diagram, internal clock divided by 1........ .. ... ... ... ... ..... 333
Counter timing diagram, internal clock dividedby 2. ....... ... ... ... ... ... .. ... 333
Counter timing diagram, internal clock divided by 4. .. ..... ... ... ... ... ... ..... 334
Counter timing diagram, internal clock divided by N. . . .. ...... ... ... ... ... ... .. 334
Counter timing diagram, update event when ARPE=0 (TIMx_ARR not preloaded). . . .. 334
Counter timing diagram, update event when ARPE=1 (TIMx_ARR preloaded) . .. ..... 335
Control circuit in normal mode, internal clock dividedby 1........................ 336
TI2 external clock connection example. . . ... . . i 336
External triggerinput block . . . ... .. 337
Control circuitin externalclock mode 2 .. ... ... . 337
Capture/compare channel (example: channel 1 inputstage)...................... 338
Capture/compare channel 1 maincircuit . ......... ... .. . . i 338
Output stage of capture/compare channel (channel 1). .. .......... ... ... ... ..... 339
PWM input mode timing . . . ... .. e 341
Output compare mode, toggle on OC1 . ... ... . e 342
Edge-aligned PWM waveforms (ARR=8) . . . ... ... i 343
Example of one-pulse mode. . ... ... ... 344
Control circuitin Resetmode . . .. ... .. 346
Control circuitin Gated mode . . . . . ... . e 346
Control circuit in Trigger mode . . . ... .ot 347
Master/Slave timer example . . ... ... 348
Gating TIM2 with the OC1REF of TIMO . . ... ... . e 349
Gating TIM2 withthe Enable of TIMO . . .. ... .. e 350
Triggering TIM2 with the update of TIMO . . . .. ... ... . 350
Triggering TIM2 with the Enable of TIM9 . . . .. ... ... . . 351
Triggering TIM9 and TIM2 with TIM®’s TH input.. . .. ... .. .. i 352
Basic timer block diagram. . . . .. ... 371
Counter timing diagram with prescaler division changefrom1to2................. 373
Counter timing diagram with prescaler division change from1to4................. 373
Counter timing diagram, internal clock dividedby 1.............. ... ... .. ...... 374
Counter timing diagram, internal clock dividedby 2. ............. ... ... .. ...... 374
Counter timing diagram, internal clock dividedby 4. ............. ... .. ... ...... 375
Counter timing diagram, internal clock dividedby N. .. ........... ... ... .. ...... 375
Counter timing diagram, update event when ARPE = 0 (TIMx_ARR not
preloaded). . . . ..o 375
Doc ID 15965 Rev 4 Kﬁ




RMO0038

List of figures

Figure 151.

Figure 152.
Figure 153.
Figure 154.
Figure 155.
Figure 156.
Figure 157.
Figure 158.
Figure 159.
Figure 160.
Figure 161.
Figure 162.
Figure 163.
Figure 164.
Figure 165.
Figure 166.
Figure 167.
Figure 168.
Figure 169.
Figure 170.
Figure 171.

Figure 172.
Figure 173.
Figure 174.
Figure 175.
Figure 176.

Figure 177.
Figure 178.
Figure 179.
Figure 180.
Figure 181.
Figure 182.
Figure 183.
Figure 184.
Figure 185.
Figure 186.
Figure 187.
Figure 188.
Figure 189.
Figure 190.
Figure 191.
Figure 192.
Figure 193.
Figure 194.
Figure 195.

574

Counter timing diagram, update event when ARPE=1 (TIMx_ARR

preloaded). . . ... . e 376
Control circuit in normal mode, internal clock divided by 1........................ 376
Independent watchdog block diagram .. ........ .. ... . . . 383
Watchdog block diagram . . ... ... . e 388
Window watchdog timing diagram . .. ... .. . 389
USB peripheral block diagram . . . ... 394
Packet buffer areas with examples of buffer description table locations ............. 399
CRC calculation unit block diagram . . ... ... ... . 425
RTC block diagram . ... ... . 430
[2C bUS Protocol . . . .ot 457
[2C block diagram. . . ... ..o 457
Transfer sequence diagram for slave transmitter . ......... .. ... .. ... ... .. .... 459
Transfer sequence diagram for slavereceiver . . ........ ... . .. 460
Transfer sequence diagram for master transmitter. . .. ........... .. ... ... . ... 463
Transfer sequence diagram for masterreceiver. . . ......... . ... . .. 465
[2C interrupt mapping diagram . . ... ... e 472
SPIblock diagram. . .. ... .. 487
Single master/ single slave application. . . ......... ... . . . 488
Hardware/software slave select management ............ ... ... . ... ... ... ... .. 488
Data clock timing diagram . .. ... ... .. e 490
TXE/RXNE/BSY behavior in Master / full-duplex mode (BIDIMODE=0 and RXONLY=0)
in the case of continuous transfers. . .. ... .. ... . 496
TXE/RXNE/BSY behavior in Slave / full-duplex mode (BIDIMODE=0, RXONLY=0) in the
case of continuous transfers. . . .. ... ... . 496
TXE/BSY behavior in Master transmit-only mode (BIDIMODE=0 and RXONLY=0) in the
case of continuous transfers. . . .. ... ... . . e 497
TXE/BSY in Slave transmit-only mode (BIDIMODE=0 and RXONLY=0) in the case of
continuous transfers . . ... .. e 498
RXNE behavior in receive-only mode (BIDIRMODE=0 and RXONLY=1) in the case of
continuous transfers . ... ... e 499
TXE/BSY behavior when transmitting (BIDIRMODE=0 and RXONLY=0) in the case of
discontinuous transfers. . . .. ... .. e 500
Transmission using DMA . . . ... e 504
Reception using DMA . . . ... e 505
USART block diagram . . ... ... e 517
Word length programming . .. ... .. e 518
Configurable stop bits. . .. ... .. 520
TC/TXE behavior when transmitting. . . ... ... . i 521
Start bit detection when oversamplingby 16 0or8. ... ... .. . ... ... ... . ... 522
Data sampling when oversamplingby 16. . .. ... ... .. . 525
Data sampling when oversamplingby 8. .. ... ... ... . . 525
Mute mode using Idle line detection . ... ... .. . 535
Mute mode using address mark detection ... ......... ... ... .. . i i 535
Break detection in LIN mode (11-bit break length - LBDL bitisset)................. 538
Break detection in LIN mode vs. Framing error detection. . . ...................... 539
USART example of synchronous transmission. . . ............ ... .. o, 540
USART data clock timing diagram (M=0) . . . ... .. ... . e 540
USART data clock timing diagram (M=1) . . . ... ... . e 541
RX data setup/hold time . ... ... ... e 541
ISO 7816-3 asynchronous protocol . ... e 542
Parity error detection usingthe 1.5stop bits . ......... .. ... ... .. . .. L. 543
Doc ID 15965 Rev 4 27/598




List of figures RMO0038

Figure 196.
Figure 197.
Figure 198.
Figure 199.
Figure 200.
Figure 201.
Figure 202.
Figure 203.
Figure 204.

Figure 205.
Figure 206.
Figure 207.

28/598

IrDA SIR ENDEC- block diagram . . . ... ..ot e 545
IrDA data modulation (3/16) -Normalmode . ......... ... . ... 545
Transmission using DMA . . . ... e 547
Reception using DMA . . . ... e 548
Hardware flow control between 2 USARTS . ... ... ... it 548
RTS flow control . . .. ..o e 549
CTSflow CONtrol . . . . oo e e 549
USART interrupt mapping diagram . . ... i e 550
Block diagram of STM32L15xxx-level and
Cortex-M3-level debug support . .. ... e 562
SWUJ debug port . . ..o 564
JTAG TAP CONNECtiONS . .. ..ot e e e e e 568
TPIU block diagram . . ... ... e 585
Doc ID 15965 Rev 4 Kﬁ




RMO0038

Documentation conventions

1.1

1.2

Documentation conventions

List of abbreviations for registers

The following abbreviations are used in register descriptions:

read/write (rw)
read-only (r)

write-only (w)

read/clear (rc_w1)

read/clear (rc_wQ)

read/clear by read
(rc_r)

read/set (rs)

read-only write
trigger (rt_w)

toggle (t)
Reserved (Res.)

Software can read and write to these bits.
Software can only read these bits.

Software can only write to this bit. Reading the bit returns the reset
value.

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

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

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

Software can read as well as set this bit. Writing ‘0 has no effect on the
bit value.

Software can read this bit. Writing ‘0 or ‘1 triggers an event but has no
effect on the bit value.

Software can only toggle this bit by writing ‘1. Writing ‘0 has no effect.

Reserved bit, must be kept at reset value.

Peripheral availability

For the peripherals available, and their number, across all STM32L15xxx sales types,
please refer to the STM32L15xxx datasheet.

Doc ID 15965 Rev 4 29/598




Memory and bus architecture RMO0038

2

2.1

30/598

Memory and bus architecture

System architecture

The main system consists of a 32-bit multilayer AHB bus matrix that interconnects:
® Four masters:

—  Cortex-M83 I-bus, D-bus and S-bus

- DMA
® Three slaves:

— Internal Flash memory

— Internal SRAM

— AHB to APBx (APB1 or APB2), which connect all the APB peripherals

These are interconnected using the multilayer AHB bus architecture shown in Figure 1:

Figure 1. System architecture

ICode Flash

<:|,> FLITF <:> memory
DCode EEPROM
<:> ]/ data
System
>-SRAM
. . ! ! ! ! ! !

Cortex-M3

Bus matrix

AHB svstem bu Bridge 1 APB1
Bridge 2 AF_Ei l
Reset & clock
control (RCC) CRC L 7
USART1  EXTI||DAC SPI2
< DMA request SPI1  SYSCFG||PWR IWDG
N ADCH COMP +RI WWDG
TIM9 usB RTC
TIM10 12G2 TiM7
TIM11 12C1 TIM6
USART3 TIM4
USART2 TIM3
TIM2
DMA request
ai17137f

ICode bus

This bus connects the Instruction bus of the Cortex-M3 core to the BusMatrix. This bus is
used by the core to fetch instructions. The target of this bus is a memory containing code
(internal Flash memory or SRAM).

DCode bus

This bus connects the databus of the Cortex-M3 to the BusMatrix. This bus is used by the
core for literal load and debug access. The target of this bus is a memory containing code or
data (internal Flash memory or SRAM).

System bus
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Note:

2.2

2.3

This bus connects the system bus of the Cortex-M3 core to a BusMatrix. This bus is used to
access data located in a peripheral or in SRAM. Instructions may also be fetched on this bus
(less efficient than ICode). The targets of this bus are the internal SRAM and the AHB/APB
bridges.

DMA bus

This bus connects the AHB master interface of the DMA to the bus matrix which manages
the access of the CPU DCode and DMA to the SRAM, Flash memory and peripherals.

Bus matrix

The bus matrix manages the access arbitration between the core system bus and the DMA
master bus. The arbitration uses a round robin algorithm. The bus matrix is composed of
four masters (ICode, DCode, System bus, DMA1 bus, ) and three slaves (Flash interface,
SRAM, FSMC, AES and AHB2APB bridges).

AHB peripherals are connected on the system bus through the bus matrix to allow DMA
access.

AHB/APB bridges (APB)

The two AHB/APB bridges provide full synchronous connections between the AHB and the
2 APB buses. The two APB buses operates at full speed (up to 32 MHz).

Refer to Table 1 on page 32 for the address mapping of the AHB and APB peripherals.

After each device reset, all peripheral clocks are disabled (except for the SRAM and Flash
interface). Before using a peripheral, its clock should be enabled in the RCC_AHBENR,
RCC_APB1ENR or RCC_APB2ENR register.

When a 16- or 8-bit access is performed on an APB register, the access is transformed into
a 32-bit access: the bridge duplicates the 16- or 8-bit data to feed the 32-bit vector.

Memory organization

Flash program memory, EEPROM data memory, SRAM data memory, registers and I/O
ports are organized within the same linear 4 Gbyte address space.

The bytes are coded in memory in little endian format. The lowest numbered byte in a word
is considered the word’s least significant byte and the highest numbered byte, the most
significant.

For the detailed mapping of peripheral registers, please refer to the related sections.
The addressable memory space is divided into 8 main blocks, each of 512 Mbytes.

All the memory areas that are not allocated to on-chip memories and peripherals are
considered “Reserved”). Refer to the memory map figure in the STM32L15xxx datasheet.

Memory map

See the STM32L15xxx datasheet for a comprehensive diagram of the memory map. Table 1
gives the boundary addresses of the peripherals available in all STM32L15xxx devices.
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Table 1. Register boundary addresses
Boundary address Peripheral Bus Register map
0xA000 0000 - 0xA000 OFFF | FSMC Section 24.6.9: FSMC
register map on page 651
0x5006 0000 - 0x5006 03FF | AES Section 22.12.13: AES
register map on page 564
0x4002 6000 - 0x4002 63FF | DMA Section 8.4.7: DMA register
map on page 171
0x4002 3C00 - 0x4002 3FFF | Flash memory interface See Flash programming
manual
0x4002 3800 - 0x4002 3BFF | RCC Section 4.3.15: RCC register
map on page 106
0x4002 3000 - 0x4002 33FF | CRC Section 19.4.4: CRC register
map on page 427
0x4002 1400 - 0x4002 17FF | GPIOH AHB
0x4002 1000 - 0x4002 13FF GPIOE
0x4002 0C00 - 0x4002 OFFF | GPIOD Section 5.4.11: GPIO
0x4002 0800 - 0x4002 OBFF | GPIOC register map on page 124
0x4002 0400 - 0x4002 07FF GPIOB
0x4002 0000 - 0x4002 03FF GPIOA
0x4001 3800 - 0x4001 3BFF | USART Section 23.6.6: USART
register map on page 561
Section Table 82.: SPI
0x4001 3000 - 0x4001 33FF | SPI1 register map and reset
values on page 513
0x4001 2C00 - 0x4001 2FFF | SDIO Section 28.9.16: SDIO
register map on page 834
0x4001 2400 - 0x4001 27FF | ADC Section 9.15.20: ADG
register map on page 211
0x4001 1000 - 0x4001 13FF | TIM11 APB2 | Section 14.4.17: TIMx
register map on page 368
0x4001 0CO0 - 0x4001 OFFF | TIM10 Section 14.4.17: TIMx
register map on page 368
0x4001 0800 - 0x4001 OBFF | TIM9 Section 14.4.17: TIMx
register map on page 368
0x4001 0400 - 0x4001 O7FF | EXTI Section 7.3.7: EXTl register
map on page 157
0x4001 0000 - 0x4001 03FF | SYSCFG Section 6.5.7: SYSCFG

register map on page 147
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Table 1.

Register boundary addresses (continued)

Boundary address Peripheral Bus Register map
0x4000 7C00 - 0x4000 7C03 | COMP Section 11.9.2: COMP
APBH register map on page 242
0x4000 7C04 - 0x4000 7C5B | R Section 6.5.7: SYSCFG
register map on page 147
0x4000 7400 - 0x4000 77FF | DAC Section 10.5.15: DAC
register map on page 233
0x4000 7000 - 0x4000 73FF | PWR Section 3.4.3: PWH register
map on page 69
04000 6000 - 0x4000 63FF USB device FS SRAM Section 18.5.4: USB register
512 bytes map on page 423
0x4000 5C00 - 0x4000 5FFF | USB device FS Section 18.5.4: USB register
map on page 423
APB1 - .
0x4000 5800 - 0x4000 5BFF | 12C2 Section 21.6.10: 12C register
map on page 484
0x4000 5400 - 0x4000 57FF | 12C1 Section 21.6.10: 12C register
map on page 484
0x4000 5000 - 0x4000 53FF | USART5 Section 23.6.8: USART
register map on page 561
0x4000 4C00 - 0x4000 4FFF | USART4 Section 23.6.8: USART

register map on page 561
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Table 1. Register boundary addresses (continued)

Boundary address Peripheral Bus Register map
0x4000 4800 - 0x4000 4BFF | USART3 rseegclgfe’; fniz'g;%‘z;f;s ;
0x4000 4400 - 0x4000 47FF | USART2 rse‘;clg;’e’l iig'g;%‘z’;‘f% ;

Section Table 82.: SPI
0x4000 3800 - 0x3C00 3FFF | SPI3 register map and reset
values on page 513
Section Table 82.: SPI
0x4000 3800 - 0x4000 3BFF | SPI2 register map and reset
values on page 513
0x4000 3000 - 0x4000 33FF | IWDG f;‘:;’fe’; ;g;"g;?’,'gg S 286
0x4000 2C00 - 0x4000 2FFF | WWDG rseegclgfe’; Z;fa'z';’},%g 292
0x4000 2800 - 0x4000 2BFF | RTC APB1 Ii‘:?’gg igéi 1 segister
0x4000 2400 - 0x4000 27FF | LCD Section 12.5.6: LCD register
map on page 268
0x4000 1400 - 0x4000 17FF | TIM7 rsezclg;’e’; ;ﬁ;ﬁ;;’é’:”gfg&;’y 7
0x4000 1000 - 0x4000 13FF | TIM6 Section 15.4.9: TIM6& TIM7

0x4000 0C00 - 0x4000 OFFF

TIM5 (32-bits)

0x4000 0800 - 0x4000 OBFF | TIM4
0x4000 0400 - 0x4000 07FF | TIM3
0x4000 0000 - 0x4000 03FF | TIM2

register map on page 381

Section 13.4.19: TIMx
register map on page 326

Section 13.4.19: TIMx
register map on page 326

Section 13.4.19: TIMx
register map on page 326

Section 13.4.19: TIMx
register map on page 326

Embedded SRAM

The STM32L15xxx features 16 Kbytes of SRAM. It can be accessed as bytes, half-words
(16 bits) or full words (32 bits). The SRAM start address is 0x2000 0000.

Read and write access at CPU speed with 0 wait states.

The CPU can access the SRAM through the system bus or through the I1-Code/D-Code bus
when boot in SRAM is selected or when physical remap is selected (see Section 6.5.1:
SYSCFG memory remap register (SYSCFG_MEMRMP) register in the SYSCFG controller).
To get the best SRAM execution performance, physical remap must be selected (boot or

software selection).
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2.3.2

2.3.3

Bit banding

The Cortex-M3 memory map includes two bit-band regions. These regions map each word
in an alias region of memory to a bit in a bit-band region of memory. Writing to a word in the
alias region has the same effect as a read-modify-write operation on the targeted bit in the
bit-band region.

In the STM32L15xxx both the peripheral registers and the SRAM are mapped in a bit-band
region. This allows single bit-band write and read operations to be performed. These
operations are only available for cortex-M3 accesses, not from other bus masters (e.g.
DMA).

A mapping formula shows how to reference each word in the alias region to a corresponding
bit in the bit-band region. The mapping formula is:
bit_word_addr = bit_band_base + (byte_offset x 32) + (bit_number x 4)

where:

bit_word_addr is the address of the word in the alias memory region that maps to the
targeted bit

bit_band_base is the start address of the alias region
byte_offsetis the number of the byte in the bit-band region, that contains the targeted
bit
bit_number is the bit position (0-7) of the targeted bit
Example:
The following example shows how to map bit 2 of the byte located at SRAM address
0x2000 0300 in the alias region:
0x2200 6008 = 0x2200 0000 + (0x300 x 32) + (2 x 4)

Writing to address 0x2200 6008 has the same effect as a read-modify-write operation on bit
2 of the byte at SRAM address 0x2000 0300.

Reading address 0x22006008 returns the value (0x01 or 0x00) of bit 2 of the byte at SRAM
address 0x20000300 (0x01: bit set; 0x00: bit reset).

For more information on bit-banding, please refer to the Cortex-M3 Technical Reference
Manual.

Embedded Flash memory

® Up to 132 Kbytes of Flash memory

® Memory organization (dual banks):
— 128 Kbytes of Flash program memory and 412 Kbytes of data EEPROM
— 4 Kbytes of system memory and 32 bytes of option bytes
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Flash memory interface (FLITF) features:
Flash memory read operations: read access is performed by 64 or 32 bits
Flash memory program/erase operations

Read/write protection

Write access is performed by 32 bits

Option byte loader reset
Low power mode:

—  Flash memory in Power down mode when the STM32L15xxx is in the Standby

mode or the Stop mo

de

—  Flash memory can be placed in Power down or Idle mode when the STM32L15xxx

is in the Sleep mode

—  Flash memory can be placed in Power down or Idle mode when the STM32L15xxx

is in the Run mode

Flash module organization

The memory is organized as a main program memory block, a data memory block of 512
double words, and an information block. Table 2 shows the Flash memory organization.

The program memory block is divided into 32 sectors of 4 Kbytes each, and each sector is
further split up into 16 pages of 256 bytes each. The sector is the write protection
granularity. In total, the program memory block contains 512 pages.

Table 2. Flash module organization
Block Flash memory addresses Size Name Description

0x0800 0000 - 0x0800 O0OFF 256 bytes Page 0
0x0800 0100 - 0x0800 O1FF 256 bytes Page 1
0x0800 0200 - 0x0800 02FF 256 bytes Page 2
0x0800 0300 - 0x0800 03FF 256 bytes Page 3 Sector 0
0x0800 0400 - 0x0800 O7FF 1 Kbytes Page4to7
0x0800 0800 - 0x0800 OBFF 1 Kbytes Page 8 to 11

Program 0x0800 0CO00 - 0x0800 OFFF 1 Kbytes Page 12 to 15

memory 0x0800 1000 - 0x0800 1FFF 4 Kbytes Page 16 to 31 Sector 1
0x0800 2000 - 0x0800 2FFF 4 Kbytes Page 32 to47 Sector 2
0x0800 3000 - 0x0800 3FFF 4 Kbytes Page 48 to 63 Sector 3
0x0801 EO0O0 - 0x0801 EFFF 4 Kbytes Page 478 t0495 Sector 30
0x0801 FOO0O - 0x0801 FFFF 4 Kbytes Page 496 to511 Sector 31

Data memory 0x0808 0000 - 0x0808 OFFF 4096 bytes DATA Data memory
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Table 2. Flash module organization (continued)
Block Flash memory addresses Size Name Description
0x1FFO0 0000 - 0x1FFO O0OFF 256 bytes Page 0
0x1FFO0 0100 - Ox1FFO O1FF 256 bytes Page 1
0x1FF0 0200 - 0x1FFO 02FF 256 bytes Page 2
information 0x1FF0 0300 - 0x1FFO 03FF 256 bytes Page 3 System memory
Block

0x1FFO OFO00 - Ox1FFO OFFF 256 bytes Page 15
0x1FF8 0000 - Ox1FF8 001F 32 bytes OPTB Option bytes block

Reading the Flash memory
Relation between CPU clock frequency and Flash memory read time
The Flash memory is read by 64 bits or 32 bits.

64-bit access is configured by setting the ACC64 bit in the Flash access control register
(FLASH_ACR). This access mode accelerates the execution of program operations.
Prefetch is useful when the Flash memory cannot be accessed for a CPU cycle. In this case,
the number of wait states (LATENCY) must be correctly programmed in the Flash access
control register (FLASH_ACR) according to the frequency of the Cortex-M3 clock and the
supply voltage of the device. Table 3 shows the correspondence between wait states and
core clock frequency.

Table 3. Number of wait states (WS) according to CPU clock (HCLK)

frequency
HCLK frequency (MHz)
Voltage range Voltage range Wait states
1.65Vto 3.6V 20Vto 3.6V (LATENCY)
0< fHCLKS 2 MHz 0< fHCLKS 8 MHz 0< fHCLK <16 MHz 0 WS (1 HCLK cycle)
2< fHCLK <4 MHZHCLK 8< fHCLKS 16 MHz 16 < fHCLK <32MHz | 1 WS (2 HCLK CyC|eS)

It is also possible to access the Flash memory by 32 bits. This is done by clearing the
ACC64 bit in FLASH_ACR. In this case, prefetch has to be disabled. 32-bit access reduces
the consumption, so it is used when the CPU frequency is low. In this case, the number of
wait states must be 0.

After reset, the used clock is the MSI (2 MHz) with 0 WS configured in the FLASH_ACR
register. 32-bit access is enabled and prefetch is disabled.

ST strongly recommends to use the following software sequences to tune the number of
wait states needed to access the Flash memory with the CPU frequency.
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Increasing the CPU frequency (in the same voltage range)

Program the 64-bit access by setting the ACC64 bit in Flash access control register
(FLASH_ACR)

Check that 64-bit access is taken into account by reading FLASH_ACR
Program 1 WS to the LATENCY bit in FLASH_ACR
Check that the new number of WS is taken into account by reading FLASH_ACR

Modify the CPU clock source by writing to the SW bits in the Clock configuration
register (RCC_CFGR)

If needed, modify the CPU clock prescaler by writing to the HPRE bits in RCC_CFGR
Check that the new CPU clock source or/and the new CPU clock prescaler value is/are
taken into account by reading the clock source status (SWS bits) or/and the AHB
prescaler value (HPRE bits), respectively, in the RCC_CFGR register

Decreasing the CPU frequency (in the same voltage range)

Modify the CPU clock source by writing to the SW bits in the Clock configuration
register (RCC_CFGR)

If needed, modify the CPU clock prescaler by writing to the HPRE bits in RCC_CFGR

Check that the new CPU clock source or/and the new CPU clock prescaler value is/are
taken into account by reading the clock source status (SWS bits) or/and the AHB
prescaler value (HPRE bits), respectively, in the RCC_CFGR register

Program the new number of WS to the LATENCY bit in Flash access control register
(FLASH_ACR)

Check that the new number of WS is taken into account by reading FLASH_ACR
Program the 32-bit access by clearing ACC64 in FLASH_ACR
Check that 32-bit access is taken into account by reading FLASH_ACR
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Instruction prefetch when Flash access is 64 bits

Each Flash memory read operation provides 64 bits from either two 32-bit instructions or
four 16-bit instructions. So, in case of a sequential code, at least 2 CPU cycles are needed
to read the previous instruction line. Prefetch on the ICode bus can be used to read the next
sequential instruction line from the Flash memory while the current instruction line is being
requested by the CPU. Prefetch is enabled by setting the PRFTEN bit in the FLASH_ACR
register. This feature is useful if at least one wait state is needed to access the Flash
memory.

Table 4 shows the supported ACC64, LATENCY and PRFTEN configurations.

Table 4.  Allowed configuration in FLASH_ACR

ACC64=0 ACC64 =1

LATENCY

PRFTEN =0

PRFTEN =1

PRFTEN =0

PRFTEN =1

OK

OK

OK

OK

OK

The Flash access control register (FLASH_ACR) is used to control the Flash state in
run/sleep modes, the prefetch status and access time depending on the CPU frequency.
The table above provides the bit map for this register.

For complete information on Flash memory operations, please refer to the STM32L15xxx
Flash programming manual (PM0062). For details on register configurations, refer to the
following section (Flash access control register (FLASH_ACR) on page 40).
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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 15 14 13 12 11 10 9 8 7 6 5

N
—_

Reserved

ACC64
PRFTEN

2| RUN_PD | &
2 |SLEEP_PD| w
2 | LATENCY | o

2
2

Bits 31:5  Reserved, must be kept cleared.

Bit4 RUN_PD: Flash mode during Run

This bit can be written only when it is unlocked by writing to FLASH_PDKEYR.

This bit determines whether the Flash memory is in Power down mode or Idle mode when
the STM32L15xxx is in Run mode.

The Flash memory can be placed in Power down mode only when the code is executed from
RAM).

0: Flash in Idle mode
1: Flash in Power down mode

Bit 3 SLEEP_PD: Flash mode during Sleep
This bit is used to have the Flash memory in Power down mode or Idle mode when the
STM32L15xxx is in Sleep mode.
0: Flash in Idle mode
1: Flash in Power down mode

Bit2 ACC64: 64-bit access

This bit is used to read data from the Flash memory 64 bits or 32 bits at a time. 32-bit access
is used to decreases the Flash memory consumption. On the contrary, 64-bit access is used
to improve the performance. In this case it is useful to enable prefetch.
0: 32-bit access
1: 64-bit access
Note: 32-bit access is a low power mode. It is used only at low frequencies, that is with 0 wait
state of latency and prefetch off.

Note: This bit cannot be written at the same time as the LATENCY and PRFTEN bits.

Bit1 PRFTEN: Prefetch enable

0: prefetch disabled
1: prefetch enabled

Note: Prefetch can be enabled only when ACC64 is set.
This bit can be set or cleared only if ACC64 is set.
Bit 0 LATENCY: Latency

This bit represents the ratio of the CPU clock period to the Flash access time.
0: zero wait state
1: one wait state
Note: Latency can be set only when ACC64 is set.
This bit can be set or cleared only if ACC64 is set.
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Flash interface register map

The following table summarizes the Flash memory registers.

Table 5. Flash interface register map and reset values
osel] _Register [z [3a (=[x &[&[% @l8[lg[z[2[Fe[2Fle[H[F[Eo]a[~e[o[][s[-[>
eBlL B8
FLASH_ACR 2|58k |E
0x00 Reserved E w < E =
wn -
e oo o[o]o]o]o

2.4 Boot configuration

Due to its fixed memory map, the code area starts from address 0x0000 0000 (accessed
through the 1ICode/DCode buses) while the data area (SRAM) starts from address

0x2000 0000 (accessed through the system bus). The Cortex-M3 CPU always fetches the
reset vector from the ICode bus, which implies to have the boot space available only in the
code area (typically, Flash memory). STM32L15xxx microcontrollers implement a special
mechanism to be able to boot from other memory than the Flash (like internal SRAM).

In the STM32L15xxx, 3 different boot modes can be selected through the BOOT[1:0] pins as
shown in Table 6.

Table 6. Boot modes
Boot mode selection pins
Boot mode Aliasing
BOOT1 BOOTO
X 0 Main Flash memory | Main Flash memory is selected as the boot space
0 1 System memory System memory is selected as the boot space
1 1 Embedded SRAM | Embedded SRAM is selected as the boot space

The values on the BOOT pins are latched on the 4th rising edge of SYSCLK after a reset. It
is up to the user to set the BOOT1 and BOOTO pins after reset to select the required boot

mode.
BOOTO is a dedicated pin while BOOT1 is shared with a GPIO pin. Once BOOT1 has been
sampled, the corresponding GPIO pin is free and can be used by the application.

The BOOQT pins are also resampled when exiting the Standby mode. Consequently they
must be kept in the required Boot mode configuration in Standby mode. After this startup
delay has elapsed, the CPU fetches the top-of-stack value from address 0x0000 0000, then
starts code execution from the boot memory starting from 0x0000 0004.

Note: When booting from SRAM, in the application initialization code, you have to relocate the
vector table in SRAM using the NVIC exception table and offset register.
Physical remap

When the boot pins are configured as desired, the application software can modify the
memory accessible in the code area (code can thus be executed through the ICode/DCode

IYI Doc ID 15965 Rev 4 41/598




Memory and bus architecture

RMO0038

Note:

42/598

in place of the System bus). This modification is performed by programming the SYSCFG

memory remap register (SYSCFG_MEMRMP) in the SYSCFG controller.

The following memory can then be remapped:

® Main Flash memory
® System memory
® Embedded SRAM

Table 7.

Memory mapping vs. boot mode/physical remap

Addresses

Boot/Remap in main
Flash memory

Boot/Remap in
embedded SRAM

Boot/Remap in
System memory

0x2000 0000 - 0x2000 3FFF

SRAM

SRAM

SRAM

0x1FFO0 0000 - Ox1FFO OFFF

System memory

System memory

System memory

0x0802 0000 - OXOFFF FFFF

Reserved

Reserved

Reserved

0x0800 0000 - 0x0801 FFFF

Flash memory

Flash memory

Flash memory

0x0002 0000 - Ox07FF FFFF Reserved Reserved Reserved
i Flash (128 KB) . System memory
0x0000 0000 - 0x0001 FFFF Aliased SRAM Aliased (4 KB) Aliased

Even when aliased in the boot memory space, the related memory is still accessible at its

original memory space.

Embedded boot loader

The embedded boot loader is used to reprogram the Flash memory through one of the
following interfaces: USART1 or USART2. This program is located in the system memory
and is programmed by ST during production.
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Power control (PWR)

Power supplies

The device requires a 1.8-t0-3.6 V Vpp operating voltage supply (down to 1.65 V at power
down) when the BOR is available. The device requires a 1.65-t0-3.6 V Vpp operating voltage
supply when the BOR is not available.

An embedded linear voltage regulator is used to supply the internal digital power, ranging
from1.2t0 1.8 V.

Vpp = 1.8 V (at power on) or 1.65 V (at power down) to 3.6 V when the BOR is
available. Vpp = 1.65 V to 3.6 V, when BOR is not available

Vpp is the external power supply for I/Os and internal regulator. It is provided externally
through Vpp pins

VCORE =12t01.8V

VcoRe is the power supply for digital peripherals, SRAM and Flash memory. It is
generated by a internal voltage regulator. Three VooRg ranges can be selected by
software depending on Vpp (refer Figure 3).

Vssa, Vppa = 1.8 V (at power on) or 1.65 V (at power down) to 3.6 V, when BOR is
available and Vgga, Vppa = 1.65 to 3.6 V, when BOR is not available.

Vppa is the external analog power supply for ADC, DAC, reset blocks, RC oscillators
and PLL. The minimum voltage to be applied to Vppa is 1.8 V when the ADC is used.
VReF-» VREF+

Vger. is the input reference voltage.

VReg. and Vgeg, are only available as external pins on LQFP100 package, UFBGA100
and TFBGAG64, otherwise they are bonded to Vgga.

VLCD =25t03.6V

The LCD controller can be powered either externally through V| ¢p pin, or internally
from an internal voltage generated by the embedded step-up converter.
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Figure 2. Power supply overview

Vppa domain
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Dynamic Voltage
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Vppa and Vgga must be connected to Vpp and Vgg, respectively.
2. When available (depending on packages), Vggr. must be tied to Vgga.

Depending on the operating power supply range used, some peripherals may be used with limited
functionalities or performance. For more details, please refer to section "General operating conditions" in
STM32L15xxx datasheets.

3.1.1 Independent A/D and DAC converter supply and reference voltage

To improve conversion accuracy, the ADC and the DAC have an independent power supply
that can be filtered separately, and shielded from noise on the PCB.
® The ADC voltage supply input is available on a separate Vppa pin

® Anisolated supply ground connection is provided on the Vggp pin
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On BGA 64-pin and all 100-pin packages
To ensure a better accuracy on low-voltage inputs and outputs, the user can connect to
VREeE. a separate external reference voltage lower than Vpp. Vreg, is the highest voltage,
represented by the full scale value, for an analog input (ADC) or output (DAC) signal.
e For ADC
- 24V< VRer, =Vppa forfull speed (ADCCLK = 16 MHz, 1Msps)
— 1.8V < VRer, =Vppa for medium speed (ADCCLK = 8 MHz, 500 Ksps)
— 2.4V < VRer, # Vppa for medium speed (ADCCLK = 8 MHz, 500 Ksps)
— 1.8V < Vggry < Vppa forlow speed (ADCCLK =4 MHz, 250 Ksps)
—  When Product voltage range 3 is selected (VCore = 1.2 V) the ADC is low speed
(ADCCLK = 4 MHz, 250 Ksps)
e ForDAC
- 1.8 V< VREF+ < VDDA
® When Vppj is higher than 2.4 V, the voltage on Vggg, may range from 2.4 V to Vppa.
® When Vpp, is below 2.4 V, Vieg, must be equal to Vppa.
On packages with 64 pins or less (except BGA package)
VRer, and VRgg. pins are not available. They are internally connected to the ADC voltage
supply (Vppa) and ground (Vgga)-
3.1.2 Independent LCD supply
The V| ¢p pin is provided to control the contrast of the glass LCD. This pin can be used in
two ways:
® |t can receive from an external circuitry the desired maximum voltage that is provided
on segment and common lines to the glass LCD by the microcontroller.
® |t can also be used to connect an external capacitor that is used by the microcontroller
for its voltage step-up converter. This step-up converter is controlled by software to
provide the desired voltage to segment and common lines of the glass LCD.
The voltage provided to segment and common lines defines the contrast of the glass LCD
pixels. This contrast can be reduced when you configure the dead time between frames.
® When an external power supply is provided to the V| ¢p pin, it should range from 2.5 V
to 3.6 V. It does not depend on Vpp.
® When the LCD is based on the internal step-up converter, the V| cp pin should be
connected to a capacitor (see the product datasheets for futher information).
3.1.3 RTC and RTC backup registers

The real-time clock (RTC) is an independent BCD timer/counter. The RTC provides a time-
of-day clock/calendar, two programmable alarm interrupts, and a periodic programmable
wakeup flag with interrupt capability. The RTC contains 20 backup data registers (80 bytes)
which are reset when a tamper detection event occurs. For more details refer to Real-time
clock (RTC) section.
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RTC registers access

After reset, the RTC Registers (RTC registers and RTC backup registers) are protected
against possible stray write accesses. To enable access to the RTC Registers, proceed as
follows:

1. Enable the power interface clock by setting the PWREN bits in the RCC_APB1ENR
register.

2. Setthe DBP bit in the PWR_CR register (see Section 3.4.1).
3. Select the RTC clock source through RTCSEL[1:0] bits in RCC_CSR register.
4. Enable the RTC clock by programming the RTCEN bit in the RCC_CSR register.

Voltage regulator

An embedded linear voltage regulator supplies all the digital circuitries except for the
Standby circuitry. The regulator output voltage (VcoRre) can be programmed by software to
three different ranges within 1.2 - 1.8 V (typical) (see Section 3.1.5).

The voltage regulator is always enabled after Reset. It works in three different modes: main

(MR), low power (LPR) and power down, depending on the application modes.

® In Run mode, the regulator is main (MR) mode and supplies full power to the Voore
domain (core, memories and digital peripherals).

® In Low power run mode, the regulator is in low power (LPR) mode and supplies low
power to the Vcore domain, preserving the contents of the registers and internal
SRAM.

® In Sleep mode, the regulator is main (MR) mode and supplies full power to the VooRre
domain, preserving the contents of the registers and internal SRAM.

® Inlow power sleep mode, the regulator is in low power (LPR) mode and supplies low
power to the Vcore domain, preserving the contents of the registers and internal
SRAM.

® In Stop mode the regulator supplies low power to the Voore domain, preserving the
content of registers and internal SRAM.

e In Standby mode, the regulator is powered off. The content of the registers and SRAM
are lost except for the Standby circuitry.

Dynamic voltage scaling management

The dynamic voltage scaling is a power management technique which consists in increasing
or decreasing the voltage used for the digital peripherals (Vcorg), according to the
circumstances.

Dynamic voltage scaling to increase Vopg is known as overvolting. It allows to improve the
device performance. Refer to Figure 3 for a description of the STM32L15xxx operating
conditions versus performance.

Dynamic voltage scaling to decrease VsoRe is known as undervolting. It is performed to
save power, particularly in laptops and other mobile devices where the energy comes from a
battery and is thus limited.

Range 1

Range 1 is the “high performance” range.
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The voltage regulator outputs a 1.8 V voltage (typical) as long as the Vpp input voltage is
above 2.0 V. Flash program and erase operations can be performed in this range.

Range 2 and 3

The regulator can also be programmed to output a regulated 1.5 V (typical, range 2) or a
1.2 V (typical, range 3) without any limitations on Vpp (1.65 to 3.6 V).

® At 1.5V, the Flash memory is still functional but with medium read access time. This is
the “medium performance” range. Program and erase operations on the Flash memory
are still possible.

® At1.2V,the Flash memory is still functional but with slow read access time. This is the
“low performance” range. Program and erase operations on the Flash memory are not
possible under these conditions.

Refer to Table 8 for details on the performance for each range.

Table 8. Performance versus V¢cogg ranges
Max frequency
CPU Power VcoRE Typical (MHz) Vi range
performance performance range Value (V) bp rang
1WS ows
High Low 1 1.8 32 16 2.0-3.6
Medium Medium 2 1.5 16 8
1.65 - 3.6
Low High 3 1.2 4 2
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Figure 3. STM32L15xxx performance versus Vpp and V¢corg range
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3.1.6 Dynamic voltage scaling configuration
The following sequence is required to program the voltage regulator ranges:
1. Check Vpp to identify which ranges are allowed (see Figure 3: STM32L15xxx
performance versus VDD and VCORE range).
2. Poll VOSF bit of in PWR_CSR. Wait until it is reset to 0.
3. Configure the voltage scaling range by setting the VOS[12:11] bits in the PWR_CR
register.
4. Poll VOSF bit of in PWR_CSR register. Wait until it is reset to 0.
Note: During voltage scaling configuration, the system clock is stopped until the regulator is
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stabilized (VOSF=0). This must be taken into account during application developement, in
case a critical reaction time to interrupt is needed, and depending on peripheral used (timer,
communication,...).
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3.1.7 Voltage regulator and clock management when Vpp drops
below 2.0 V
When Vcoge range 1 is selected and Vpp drops below 2.0 V, the application must
reconfigure the system.
A three-step sequence is required to reconfigure the system:
1. Detect that Vpp drops below 2.0 V:
Use the PVD to monitor the Vpp voltage and to generate an interrupt when the voltage
goes under the selected level. To detect the 2.0 V voltage limit, the application can
select by software PVD threshold 2 (2.26 V typical). For more details on the PVD, refer
to Section 3.2.3.
2. Adapt the clock frequency to the voltage range that will be selected at next step:
Below 2.0 V, the system clock frequency is limited to 16 MHz for range 2 and 4 MHz for
range 3.
3. Select the required voltage range:
Note that when Vpp is below 2.0 V, only range 2 or range 3 can be selected.
Note: When Vcope range 2 or range 3 is selected and Vpp drops below 2.0 V, no system
reconfiguration is required.
3.1.8 Voltage regulator and clock management when modifying the
VcoRe range
When Vpp is above 2.0 V, any of the 3 voltage ranges can be selected:
® When the voltage range is above the targeted voltage range (e.g. from range 1 to 2):
a) Adapt the clock frequency to the lower voltage range that will be selected at next
step.
b) Select the required voltage range.
® When the voltage range is below the targeted voltage range (e.g. from range 3 to 1):
a) Select the required voltage range.
b) Tune the clock frequency if needed.
When Vpp is below 2.0 V, only range 2 and 3 can be selected:
® From range 2 to range 3
a) Adapt the clock frequency to voltage range 3.
b) Select voltage range 3.
® From range 3 to range 2
a) Select the voltage range 2.
b) Tune the clock frequency if needed.
3.2 Power supply supervisor

The device has an integrated zeropower power on reset (POR)/power down reset (PDR),
coupled with a brown out reset (BOR) circuitry. For devices operating between 1.8 and 3.6
V, the BOR is always active at power-on and ensures proper operation starting from 1.8 V.
After the 1.8 V BOR threshold is reached, the option byte loading process starts, either to
confirm or modify default thresholds, or to disable BOR permanently (in which case, the Vpp
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min value at power down is 1.65 V). For devices operating between 1.65 V and 3.6 V, the
BOR is permanently disabled. Consequently, the start-up time at power-on can be
decreased down to 1ms typically.

Five BOR thresholds can be configured by option bytes, starting from 1.65 to 3 V. To reduce
the power consumption in Stop mode, the internal voltage reference, VggginT, CaN be
automatically switch off. The device remains in reset mode when Vpp is below a specified
threshold, Vpor, Vppr Or Vgor, Without the need for any external reset circuit.

The device features an embedded programmable voltage detector (PVD) that monitors the
Vpbp/Vpbpa power supply and compares it to the Vpyp threshold. 7 different PVD levels can
be selected by software between 1.85 and 3.05 V, with a 200 mV step. An interrupt can be
generated when Vpp/Vppa drops below the Vpyp threshold and/or when Vpp/Vppy is higher
than the Vpyp threshold. The interrupt service routine then generates a warning message
and/or put the MCU into a safe state. The PVD is enabled by software.

The different power supply supervisor (POR, PDR, BOR, PVD) are illustrated in Figure 4.
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Figure 4. Power supply supervisors
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The PVD is available on all STM32L devices and it is enabled or disabled by software.

2. The BORis available only on devices operating from 1.8 to 3.6 V, and unless disabled by option byte it will
mask the POR/PDR threshold.

3. When the BOR is disabled by option byte, the reset is asserted when Vpp goes below PDR level

4. For devices operating from 1.65 to 3.6 V, there is no BOR and the reset is released when Vpp goes above
POR level and asserted when Vpp goes below PDR level
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3.2.1 Power on reset (POR)/power down reset (PDR)

The device has an integrated POR/PDR circuitry that allows operation down to 1.5 V.

During power on, the device remains in Reset mode when Vpp/Vppa is below a specified
threshold, VpoR, without the need for an external reset circuit. The POR feature is always
enabled and the POR threshold is 1.5 V.

During power down, the PDR keeps the device under reset when the supply voltage (Vpp)
drops below the Vppg threshold. The PDR feature is always enabled and the PDR threshold
is1.5 V.

The POR and PDR are used only when the BOR is disabled (see Section 3.2.2: Brown out
reset (BOR))). To insure the minimum operating voltage (1.65 V), the BOR should be
configured to BOR Level 0. When the BOR is disabled, a “grey zone” exist between the
minimum operating voltage (1.65 V) and the Vpor/Vppg threshold. This means that Vpp
can be lower than 1.65 V without device reset until the Vppg threshold is reached.

For more details concerning the power on/power down reset threshold, refer to the electrical
characteristics of the datasheet.

Figure 5. Power on reset/power down reset waveform

A Vop/Vppa

Temporization
trsTTEMPO

Reset

3.2.2 Brown out reset (BOR)

During power on, the Brown out reset (BOR) keeps the device under reset until the supply
voltage reaches the specified VggR threshold.

For devices operating from 1.65 to 3.6 V, the BOR option is not available and the power
supply is monitored by the POR/PDR. As the POR/PDR thresholds are at 1.5V, a "grey
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zone" exists between the Vpor/VppR thresholds and the minimum product operating voltage
1.65 V.

For devices operating from 1.8 to 3.6 V, the BOR is always active at power on and it's
threshold is 1.8 V.

Then when the system reset is released, the BOR level can be reconfigured or disabled by
option byte loading.

If the BOR level is kept at the lowest level, 1.8 V at power on and 1.65 V at power down, the
system reset is fully managed by the BOR and the product operating voltages are within
safe ranges.

And when the BOR option is disabled by option byte, the power down reset is controlled by
the PDR and a "grey zone" exists between the 1.65 V and Vppg.

Vpor is configured through device option bytes. By default, the Level 4 threshold is
activated. 5 programmable VggR thresholds can be selected.

BOR Level 0 (VgoRo): reset threshold level for 1.69 to 1.80 V voltage range
BOR Level 1 (VgpoRy): reset threshold level for 1.94 to 2.1 V voltage range
BOR Level 2 (VgoRo): reset threshold level for 2.3 to 2.49 V voltage range
BOR Level 3 (VgoRa): reset threshold level for 2.54 to 2.74 V voltage range
BOR Level 4 (VgoR4): reset threshold level for 2.77 to 3.0 V voltage range

When the supply voltage (Vpp) drops below the selected Vggg threshold, a device reset is
generated. When the Vp is above the Vgog upper limit the device reset is released and the
system can start.

BOR can be disabled by programming the device option bytes. To disable the BOR function,
Vpp must have been higher than VggRq to start the device option byte programming
sequence. The power on and power down is then monitored by the POR and PDR (see
Section 3.2.1: Power on reset (POR)/power down reset (PDR))

The BOR threshold hysteresis is ~100 mV (between the rising and the falling edge of the
supply voltage).

Figure 6. BOR thresholds
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Programmable voltage detector (PVD)

You can use the PVD to monitor the Vpp/Vppa power supply by comparing it to a threshold
selected by the PLS[2:0] bits in the PWR_CR (see Section 3.4.1).

The PVD can use an external input analog voltage (PVD_IN) which is compared internally to
VREFINT. The PVD_IN (PB7) has to be configured in Analog mode when PLS[2:0] = 111.
The PVD is enabled by setting the PVDE bit.

A PVDO flag is available, in the PWR_CSR (see Section 3.4.2), to indicate if Vpp/Vppa is
higher or lower than the PVD threshold. This event is internally connected to the EXTI line16
and can generate an interrupt if enabled through the EXTI registers. The PVD output
interrupt can be generated when Vpp/Vppa drops below the PVD threshold and/or when
Vpp/Vppa rises above the PVD threshold depending on EXTI line16 rising/falling edge
configuration. As an example the service routine could perform emergency shutdown tasks.

Figure 7. PVD thresholds
Vbo/Vppa

100 mV
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PVD output

Internal voltage reference (VReriNT)

The functions managed through the internal voltage reference (VgerinT) @re BOR, PVD,
ADC, LCD and comparators. The internal voltage reference (VgegNT) IS @lways enabled.

The internal voltage reference consumption is not negligible, in particular in Stop and
Standby mode. To reduce power consumption, the ULP bit (Ultra low power) in the
PWR_CR register can be set to disable the internal voltage reference. However, in this case,
when exiting from the Stop/Standby mode, the functions managed through the internal
voltage reference are not reliable during the internal voltage reference startup time (up to

3 ms).

To reduce the wakeup time, the device can exit from Stop/Standby mode without waiting for
the internal voltage reference startup time. This is performed by setting the FWU bit (Fast
wakeup) in the PWR_CR register before entering Stop/Standby mode.

If the ULP bit is set, the functions that were enabled before entering the Stop/Standby mode
will be disabled during these modes, and enabled again only after the end of the internal
voltage reference startup time whatever FWU value. The VREFINTRDYF flag in the
PWR_CSR register indicates that the internal voltage reference is ready.
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3.3 Low-power modes
By default, the microcontroller is in Run mode after a system or a power on reset. In Run
mode the CPU is clocked by HCLK and the program code is executed. Several low-power
modes are available to save power when the CPU does not need to be kept running, for
example when waiting for an external event. It is up to the user to select the mode that gives
the best compromise between low-power consumption, performance, short startup time and
available wakeup sources.
The devices feature five low-power modes:
® Low power run mode: regulator in low power mode, limited clock frequency, limited
number of peripherals running
® Sleep mode: Cortex-M3 core stopped, peripherals kept running
® Low power sleep mode: Cortex-M3 core stopped, limited clock frequency, limited
number of peripherals running, regulator in low power mode, RAM in power down,
Flash stopped.
® Stop mode (all clocks are stopped, regulator running, regulator in low power mode
e Standby mode: Vgorg domain powered off
In addition, the power consumption in Run mode can be reduce by one of the following
means:
® Slowing down the system clocks
® Gating the clocks to the APBx and AHBX peripherals when they are unused.
Table 9. Summary of low-power modes
Effecton
Effect on VCORE VDD
Mode name Entry Wakeup domain clocks | domain Voltage regulator
clocks
Low power LPSDSR and The regulator is forced in
P LPRUN bits + regu None None |Inlow power mode
run ) Main regulator (1.8 V)
Clock setting
WFI Any interrupt CPU CLK OFF
Sleep
no effect on other
(Sleep now or None ON
Sleep-on-exit) WFE Wakeup event clocks or analog
clock sources
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Table 9. Summary of low-power modes
Effecton
Mode name Entry Wakeup EJ;?;::‘"CYgg?: dc:,nl:gin Voltage regulator
clocks
LPSDSR bits + . CPU CLK OFF
Low power WEI Any interrupt no effect on other
ﬁI:v?lpof'SSI?:sp- _ clocks oranalog | None |In low power mode
on-exit) LPS?/?EEbItS + Wakeup event clock sources,
Flash CLK OFF
PDDS’.LPSDSR Any EXTI line (configured ON, in low power
Stop bits + in the EXTI registers mode (depending
SLEEPDEEP bit + internal and external Iin,es) on PWR_CR)
WFI or WFE HSI and -
WKUP pin rising edge, All YCORE HSE and
RTC alarm (Alarm A or | domain clocks MSI
PDDS bit + Alarm B), RTC Wakeup OFF oscillators
Standby SLEEPDEEP bit+ | event, RTC tamper event, OFF OFF
WFI or WFE RTC timestamp event,
external reset in NRST
pin, IWDG reset
3.3.1 Behavior of clocks in low power modes
APB peripheral and DMA clocks can be disabled by software.
Sleep and Low power sleep modes
The CPU clock is stopped in Sleep and Low power sleep mode. The memory interface
clocks (FLITF and RAM interfaces) and all peripherals clocks can be stopped by software
during Sleep. The memory interface (FLITF) clock is stopped and the RAM is in power-down
when in Low power sleep mode. The AHB to APB bridge clocks are disabled by hardware
during Sleep/Low power sleep mode when all the clocks of the peripherals connected to
them are disabled.
Stop and Standby modes
The system clock and all high speed clocks are stopped in Stop and Standby modes:
® PLL is disabled
e Internal RC 16 MHz (HSI) oscillator is disabled
® External 1-24 MHz (HSE) oscillator is disabled
® Internal 65 kHz - 4 MHz (MSI) oscillator is disabled
When exiting this mode by interrupt (Stop mode) or by reset (Standby mode), the internal
MSI oscillator is selected as system clock. When the device exits Stop mode, the previous
MSI configuration (range and trimming value) is kept. When exiting Standby mode, the
range and trimming value are reset to the default 2 MHz values.
If a Flash program operation or an access to APB domain is ongoing, the Stop/Standby
mode entry is delayed until the Flash memory or the APB access has completed.
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3.3.2

3.3.3

3.3.4

Note:

Note:

Slowing down system clocks

In Run mode the speed of the system clocks (SYSCLK, HCLK, PCLK1, PCLK2) can be
reduced by programming the prescaler registers. These prescalers can also be used to slow
down peripherals before entering Sleep mode.

For more details refer to Section 4.3.3: Clock configuration register (RCC_CFGR).

Peripheral clock gating

In Run mode, the HCLK and PCLKXx for individual peripherals and memories can be stopped
at any time to reduce power consumption.

To further reduce power consumption in Sleep mode the peripheral clocks can be disabled
prior to executing the WFI or WFE instructions.

Peripheral clock gating is controlled by the AHB peripheral clock enable register
(RCC_AHBENR), APB2 peripheral clock enable register (RCC_APB2ENR), APB1
peripheral clock enable register (RCC_APB1ENR) (see Section 4.3.8: AHB peripheral clock
enable register (RCC_AHBENR), Section 4.3.10: APB1 peripheral clock enable register
(RCC_APB1ENR) and Section 4.3.9: APB2 peripheral clock enable register
(RCC_APB2ENR)).

Disabling the peripherals clocks in Sleep mode can be performed automatically by resetting
the corresponding bit in RCC_AHBLPENR and RCC_APBXLPENR registers (x can 1 or 2).

Low power run mode (LP run)

To further reduce the consumption when the system is in Run mode, the regulator can be
configured in low power mode. In this mode, the system frequency should not exceed 128
KHz.

Please refer to the product datasheet for more details on voltage regulator and peripherals
operating conditions.

To be able to read the RTC calendar register when the the APB1 clock frequency is less
than seven times the RTC clock frequency (7*RTCLCK), the software must read the
calendar time and date registers twice.

If the second read of the RTC_TR gives the same result as the first read, this ensures that
the data is correct. Otherwise a third read access must be done.

Low power run mode can only be entered when VcoRg is in range 2. In addition, the
dynamic voltage scaling must not be used when Low power run mode is selected. Only Stop
and Sleep modes with regulator configured in Low power mode is allowed when Low power
run mode is selected.

In Low power run mode, all I/O pins keep the same state as in Run mode.

Entering Low power run mode

To enter Low power run mode proceed as follows:

® Each digital IP clock must be enabled or disabled by using the RCC_APBXENR and
RCC_AHBENR registers.

® The frequency of the system clock must be decreased below 128 KHz.
® The regulator is forced in low power mode by software (LPRUN and LPSDSR bits set)
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Note:
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Exiting Low power run mode

To exit Low power run mode proceed as follows:

® The regulator is forced in Main regulator mode by software.
® The Flash memory is switched on, if needed.

® The frequency of the clock system can be increased.

Sleep mode

Entering Sleep mode

The Sleep mode is entered by executing the WFI (Wait For Interrupt) or WFE (Wait for
Event) instructions. Two options are available to select the Sleep mode entry mechanism,
depending on the SLEEPONEXIT bit in the Cortex-M3 System Control register:

® Sleep-now: if the SLEEPONEXIT bit is cleared, the MCU enters Sleep mode as soon
as WFI or WFE instruction is executed.

® Sleep-on-exit: if the SLEEPONEXIT bit is set, the MCU enters Sleep mode as soon as
it exits the lowest priority ISR.
In Sleep mode, all I/O pins keep the same state as in Run mode.

Refer to Table 10: Sleep-now and Table 11: Sleep-on-exit for details on how to enter Sleep
mode.

Exiting Sleep mode

If the WFI instruction is used to enter Sleep mode, any peripheral interrupt acknowledged by
the nested vectored interrupt controller (NVIC) can wake up the device from Sleep mode.

If the WFE instruction is used to enter Sleep mode, the MCU exits Sleep mode as soon as
an event occurs. The wakeup event can be generated either by:

® Enabling an interrupt in the peripheral control register but not in the NVIC, and enabling
the SEVONPEND bit in the Cortex-M3 System Control register. When the MCU
resumes from WFE, the peripheral interrupt pending bit and the peripheral NVIC IRQ
channel pending bit (in the NVIC interrupt clear pending register) have to be cleared.

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

This mode offers the lowest wakeup time as no time is wasted in interrupt entry/exit.

Refer to Table 10: Sleep-now and Table 11: Sleep-on-exit for more details on how to exit
Sleep mode.
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Table 10. Sleep-now

Sleep-now mode Description

WEFI (Wait for Interrupt) or WFE (Wait for Event) while:
— SLEEPDEEP =0 and

— SLEEPONEXIT =0

Refer to the Cortex™-M3 System Control register.

Mode entry

If WFI was used for entry:
Interrupt: Refer to Table 28: Veector table
If WFE was used for entry
Wakeup event: Refer to Section 7.2.3: Wakeup event management

Mode exit

Wakeup latency None

Table 11.  Sleep-on-exit

Sleep-on-exit Description

WFI (wait for interrupt) while:
— SLEEPDEEP =0 and

Mode entry — SLEEPONEXIT = 1
Refer to the Cortex™-M3 System Control register.
Mode exit Interrupt: refer to Table 28: Vector table.
Wakeup latency None
3.3.6 Low power sleep mode (LP sleep)

Entering Low power sleep mode

The Low power sleep mode is entered by configuring the voltage regulator in low power
mode, and by executing the WFI (wait for interrupt) or WFE (wait for event) instructions. In
this mode, the Flash memory is not available but the RAM memory remains available.

In this mode, the system frequency should not exceed 128 KHz.

Please refer to product datasheet for more details on voltage regulator and peripherals
operating conditions.

Low power sleep mode can only be entered when VR is in range 2.

Note: To be able to read the RTC calendar register when the the APB1 clock frequency is less
than seven times the RTC clock frequency (7*RTCLCK), the software must read the
calendar time and date registers twice.

If the second read of the RTC_TR gives the same result as the first read, this ensures that
the data is correct. Otherwise a third read access must be done.
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Two options are available to select the Sleep low power mode entry mechanism, depending
on the SLEEPONEXIT bit in the Cortex-M3 System Control register:

® Sleep-now: if the SLEEPONEXIT bit is cleared, the MCU enters Sleep mode as soon
as WFI or WFE instruction is executed.

® Sleep-on-exit: if the SLEEPONEXIT bit is set, the MCU enters Sleep mode as soon as
it exits the lowest priority ISR.

To enter Low power sleep mode, proceed as follows:

® The Flash memory can be switched off by using the control bits (SLEEP_PD in the
FLASH_ACR register. For more details refer to PM0062). This reduces power
consumption but increases the wake-up time.

® Each digital IP clock must be enabled or disabled by using the RCC_APBXENR and
RCC_AHBENR registers.

® The frequency of the system clock must be decreased.
® The regulator is forced in low power mode by software (LPSDSR bits set).
® A WFI/WFE instruction must be executed to enter in Sleep mode.

In Low power sleep mode, all I/O pins keep the same state as in Run mode.

Refer to Table 12: Sleep-now and Table 13: Sleep-on-exit for details on how to enter Low
power sleep mode.

Exiting Low power sleep mode

If the WFI instruction was used to enter Low power sleep mode, any peripheral interrupt
acknowledged by the nested vectored interrupt controller (NVIC) can wake up the device
from Low power sleep mode.

If the WFE instruction was used to enter Low power sleep mode, the MCU exits Sleep mode
as soon as an event occurs. The wakeup event can be generated:

® By enabling an interrupt in the peripheral control register but not in the NVIC, and by
enabling the SEVONPEND bit in the Cortex-M3 System Control register. When the
MCU resumes from WFE, the peripheral interrupt pending bit and the peripheral NVIC
IRQ channel pending bit in the NVIC interrupt clear pending register must be cleared.

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

When exiting Low power sleep mode by issuing an interrupt or a wakeup event, the
regulator is configured in Main regulator mode, the Flash memory is switched on (if
necessary), and the system clock can be increased.

When the voltage regulator operates in low power mode, an additional startup delay is
incurred when waking up from Low power sleep mode.

Refer to Table 12: Sleep-now and Table 13: Sleep-on-exit for more details on how to exit
Sleep low power mode.
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3.3.7

Note:

Table 12.  Sleep-now

Sleep-now mode Description

Voltage regulator in low power mode and the Flash memory switched off
WEFI (Wait for Interrupt) or WFE (wait for event) while:

Mode entry — SLEEPDEEP =0 and

— SLEEPONEXIT =0

Refer to the Cortex™-M3 System Control register.

Voltage regulator in Main regulator mode and the Flash memory switched on
If WFI was used for entry:
Mode exit Interrupt: Refer to Table 28: Vector table
If WFE was used for entry
Wakeup event: Refer to Section 7.2.3: Wakeup event management

Wakeup latency Regulator wakeup time from low power mode

Table 13.  Sleep-on-exit

Sleep-on-exit Description

Voltage regulator in low power mode and the Flash memory switched off
WEFI (wait for interrupt) while:

Mode entry — SLEEPDEEP =0 and

— SLEEPONEXIT =1

Refer to the Cortex™-M3 System Control register.

Mode exit Interrupt: refer to Table 20: Vector table.
Wakeup latency regulator wakeup time from low power mode
Stop mode

The Stop mode is based on the Cortex-M3 deepsleep mode combined with peripheral clock
gating. The voltage regulator can be configured either in normal or low-power mode. In Stop
mode, all clocks in the Voorg domain are stopped, the PLL, the MSI, the HSI and the HSE
RC oscillators are disabled. Internal SRAM and register contents are preserved.

To get the lowest consumption in Stop mode, the internal Flash memory also enters low
power mode. When the Flash memory is in power down mode, an additional startup delay is
incurred when waking up from Stop mode.

To minimize the consumption In Stop mode, Vgeg Nt the BOR, PVD, and temperature
sensor can be switched off before entering the Stop mode. They can be switched on again
by software after exiting the Stop mode using the ULP bit in the PWR_CR register.

In Stop mode, all I/O pins keep the same state as in Run mode.
Entering the Stop mode

Refer to Table 14 for details on how to enter the Stop mode.

To further reduce power consumption in Stop mode, the internal voltage regulator can be
put in low power mode. This is configured by the LPSDSR bit in the PWR_CR register (see
Section 3.4.1).
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If Flash memory programming or an access to the APB domain is ongoing, the Stop mode
entry is delayed until the memory or APB access has completed.

In Stop mode, the following features can be selected by programming individual control bits:

® Independent watchdog (IWDG): the IWDG is started by writing to its Key register or by
hardware option. Once started it cannot be stopped except by a Reset. Refer to
Section 16.3in Section 16: Independent watchdog (IWDG).

® Real-time clock (RTC): this is configured by the RTCEN bit in the RCC_CSR register
(see Section 4.3.14).

® Internal RC oscillator (LSI RC): this is configured by the LSION bit in the RCC_CSR
register.

® External 32.768 kHz oscillator (LSE OSC): this is configured by the LSEON bit in the
RCC_CSR register.

The ADC, DAC or LCD can also consume power in Stop mode, unless they are disabled
before entering it. To disable them, the ADON bit in the ADC_CR2 register and the ENx bit
in the DAC_CR register must both be written to 0.

Exiting the Stop mode
Refer to Table 14 for more details on how to exit Stop mode.

When exiting Stop mode by issuing an interrupt or a wakeup event, the MSI RC oscillator is
selected as system clock.

When the voltage regulator operates in low power mode, an additional startup delay is
incurred when waking up from Stop mode. By keeping the internal regulator ON during Stop
mode, the consumption is higher although the startup time is reduced.

Table 14. Stop mode

Stop mode Description

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

— Set SLEEPDEEP bit in Cortex™-M3 System Control register

— Clear PDDS bit in Power Control register (PWR_CR)

— Select the voltage regulator mode by configuring LPSDSR bit in

Mode entry PWR_CR

Note: To enter the Stop mode, all EXTI Line pending bits (in EXTI pending
register (EXTI_PR)), the RTC Alarm (Alarm A and Alarm B), RTC wakeup,
RTC tamper, and RTC time-stamp flags, must be reset. Otherwise, the
Stop mode entry procedure is ignored and program execution continues.

If WFI was used for entry:
Any EXTI Line configured in Interrupt mode (the corresponding EXTI
Interrupt vector must be enabled in the NVIC). Refer to Table 20: Vector
Mode exit table on page 147.
If WFE was used for entry:
Any EXTI Line configured in event mode. Refer to Section 8.2.3: Wakeup
event management on page 152

MSI RC wakeup time + regulator wakeup time from Low-power mode +

Wakeup latency FLASH wakeup time
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3.3.8

Standby mode

The Standby mode allows to achieve the lowest power consumption. It is based on the
Cortex-M3 deepsleep mode, with the voltage regulator disabled. The Voorg domain is
consequently powered off. The PLL, the MSI, the HSI oscillator and the HSE oscillator are
also switched off. SRAM and register contents are lost except for the RTC registers, RTC
backup registers and Standby circuitry (see Figure 2).

Entering the Standby mode

Refer to Table 15 for more details on how to enter Standby mode.

In Standby mode, the following features can be selected by programming individual control
bits:

® Independent watchdog (IWDG): the IWDG is started by writing to its Key register or by

hardware option. Once started it cannot be stopped except by a reset. Refer to
Section 16.3 in Section 16: Independent watchdog (IWDG).

® Real-time clock (RTC): this is configured by the RTCEN bit in the RCC_CSR register
(see Section 4.3.14).

o Internal RC oscillator (LSI RC): this is configured by the LSION bit in the RCC_CSR
register.

® External 32.768 kHz oscillator (LSE OSC): this is configured by the LSEON bit in the
RCC_CSR register.

Exiting the Standby mode

The microcontroller exits Standby mode when an external Reset (NRST pin), an IWDG
Reset, a rising edge on WKUP pins (WUKP1, WKUP2 or WKUP3), an RTC alarm, a tamper
event, or a time-stamp event is detected. All registers are reset after wakeup from Standby
except for PWR power control/status register (PWR_CSR).

After waking up from Standby mode, program execution restarts in the same way as after a
Reset (boot pins sampling, vector reset is fetched, etc.). The SBF status flag in the
PWR_CSR register (see Section 3.4.2) indicates that the MCU was in Standby mode.

Refer to Table 15 for more details on how to exit Standby mode.

Table 15. Standby mode

Standby mode Description

WEFI (Wait for Interrupt) or WFE (Wait for Event) while:
— Set SLEEPDEEP in Cortex™-M3 System Control register
— Set PDDS bit in Power Control register (PWR_CR)

Mode entry o ]
— Clear WUF bit in Power Control/Status register (PWR_CSR)
— Clear the RTC flag corresponding to the chosen wakeup source (RTC
Alarm A, RTC Alarm B, RTC wakeup, Tamper or Time-stamp flags)
Mode exit WKUP pin rising edge, RTC alarm (Alarm A and Alarm B), RTC wakeup,
tamper event, time-stamp event, external reset in NRST pin, IWDG reset.
Wakeup latency Reset phase
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I/O states in Standby mode

In Standby mode, all I/O pins are high impedance except for:

® Reset pad (still available)

® RTC_AF1 pin (PC13) if configured for Wakeup pin 2 (WKUP2), tamper, time-stamp,
RTC Alarm out, or RTC clock calibration out.

® WKUP pin 1 (PAO) and WKUP pin 3 (PES6), if enabled.

Debug mode

By default, the debug connection is lost if the application puts the MCU in Stop or Standby
mode while the debug features are used. This is due to the fact that the Cortex™-M3 core is
no longer clocked.

However, by setting some configuration bits in the DBGMCU_CR register, the software can
be debugged even when using the low-power modes extensively. For more details, refer to
Section 24.16.1: Debug support for low-power modes.

Waking up the device from Stop and Standby modes using the RTC and
comparators

The MCU can be woken up from low-power mode by an RTC Alarm event, an RTC Wakeup
event, a tamper event, a time-stamp event, or a comparator event, without depending on an
external interrupt (Auto-wakeup mode).

These RTC alternate functions can wake up the system from Stop and Standby low power
modes while the comparator events can only wake up the system from Stop mode.

The system can also wake up from low power modes without depending on an external
interrupt (Auto-wakeup mode) by using the RTC alarm or the RTC wakeup events.

The RTC provides a programmable time base for waking up from Stop or Standby mode at
regular intervals. For this purpose, two of the three alternative RTC clock sources can be
selected by programming the RTCSEL[1:0] bits in the RCC_CSR register (see

Section 4.3.14):

® Low-power 32.768 kHz external crystal oscillator (LSE OSC).
This clock source provides a precise time base with very low-power consumption (less
than 1 yA added consumption in typical conditions)

® Low-power internal RC oscillator (LS| RC)

This clock source has the advantage of saving the cost of the 32.768 kHz crystal. This
internal RC Oscillator is designed to use minimum power consumption.
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3.4

RTC auto-wakeup (AWU) from the Stop mode

® To wake up from the Stop mode with an RTC alarm event, it is necessary to:

a) Configure the EXTI Line 17 to be sensitive to rising edges (Interrupt or Event
modes)

b) Enable the RTC Alarm interrupt in the RTC_CR register
c) Configure the RTC to generate the RTC alarm

® To wake up from the Stop mode with an RTC Tamper or time stamp event, it is
necessary to:

a) Configure the EXTI Line 19 to be sensitive to rising edges (Interrupt or Event
modes)

b) Enable the RTC TimeStamp Interrupt in the RTC_CR register or the RTC Tamper
Interrupt in the RTC_TCR register

c) Configure the RTC to detect the tamper or time stamp event
® To wake up from the Stop mode with an RTC Wakeup event, it is necessary to:

a) Configure the EXTI Line 20 to be sensitive to rising edges (Interrupt or Event
modes)

b) Enable the RTC Wakeup Interrupt in the RTC_CR register
c) Configure the RTC to generate the RTC Wakeup event

RTC auto-wakeup (AWU) from the Standby mode

® To wake up from the Standby mode with an RTC alarm event, it is necessary to:
a) Enable the RTC Alarm interrupt in the RTC_CR register
b) Configure the RTC to generate the RTC alarm

® To wake up from the Stop mode with an RTC Tamper or time stamp event, it is
necessary to:

a) Enable the RTC TimeStamp Interrupt in the RTC_CR register or the RTC Tamper
Interrupt in the RTC_TCR register

b) Configure the RTC to detect the tamper or time stamp event

® To wake up from the Stop mode with an RTC Wakeup event, it is necessary to:
a) Enable the RTC Wakeup Interrupt in the RTC_CR register
b) Configure the RTC to generate the RTC Wakeup event

Comparator auto-wakeup (AWU) from the Stop mode

® To wake up from the Stop mode with a comparator 1 or comparator 2 wakeup event, it
is necessary to:

a) Configure the EXTI Line 21 for comparator 1 or EXTI Line 22 for comparator 2
(Interrupt or Event mode) to be sensitive to the selected edges (falling, rising or
falling and rising)

b) Configure the comparator to generate the event

Power control registers

The peripheral registers have to be accessed by half-words (16-bit) or words (32-bit).
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3.4.1 PWR power control register (PWR_CR)
Address offset: 0x00
Reset value: 0x0000 1000 (reset by wakeup from Standby mode)
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
LPRUN VOS[1:0] FWU | ULP | DBP PLS[2:0] PVDE | CSBF | CWUF | PDDS |LPSDSR
Fles. w Fles. w w rw w w w | rw | w w rc_wi | rc_wi w w
Bits 31:15 Reserved, always read as 0.
Bit 14 LPRUN: Low power run mode
When LPRUN bit is set together with the LPSDSR bit, the regulator is switched from main
mode to low power mode. Otherwise, it remains in main mode. The regulator goes back to
operate in main mode when LPRUN is reset.
It is forbidden to reset LPSDSR when the MCU is in Low power run mode mode. LPSDSR is
used as a prepositionning for the entry into low power mode, indicating to the system which
configuration of the regulator will be selected when entering Low power mode. The LPSDSR
bit must be set before the LPRUN bit is set. LPSDSR can be reset only when LPRUN bit=0.
0: Voltage regulator in main mode in Low power run mode
1: Voltage regulator in low power mode in Low power run mode
Bits 13 Reserved, always read as 0.
Bits 12:11 VOS[1:0]: Voltage scaling range selection
These bits are used to select the internal regulator voltage range.
Before resetting the power interface by resetting the PWRRST bit in the RCC_APB1RSTR
register, these bits have to be set to "10" and the frequency of the system has to be configured
accordingly.
00: forbidden (range1 will be automatically selected)
01:1.8 V (range 1)
10: 1.5V (range 2)
11: 1.2 V (range 3)
Bit 10 FWU: Fast wakeup
This bit works in conjunction with ULP bit.
If ULP = 0, FWU is ignored
If ULP = 1 and FWU = 1: VggpnT Startup time is ignored when exiting from low power mode.
The VREFINTRDYF flag in the PWR_CSR register indicates when the VgggnT IS ready again.
If ULP=1 and FWU = 0: Exiting from low power mode occurs only when the VgggnT iS ready
(after its startup time). This bit is not reset by resetting the PWRRST bit in the
RCC_APB1RSTR register.
0: Low power modes exit occurs only when Vygpr T is ready
1: VRerTiNT Start up time is ignored when exiting low power modes
Bit 9 ULP: Ultralow power mode
When set, the VgepinT is switched off in low power mode. This bit is not reset by resetting the
PWRRST bit in the RCC_APB1RSTR register.
0: VRgpriNT IS ON in low power mode
1: VrepinT IS Off in low power mode
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Bit 8

Bits 7:5

Bit 4

Bit 3

Bit 2

Bit 1

Bit 0

DBP: Disable backup write protection

In reset state, the RTC, RTC backup registers and RCC CSR register are protected against
parasitic write access. This bit must be set to enable write access to these registers.

0: Access to RTC, RTC Backup and RCC CSR registers disabled
1: Access to RTC, RTC Backup and RCC CSR registers enabled

Note: If the HSE divided by 2, 4, 8 or 16 is used as the RTC clock, this bit must remain set to
1.

PLS[2:0]: PVD level selection

These bits are written by software to select the voltage threshold detected by the power
voltage detector:

000: 1.9V

001: 2.1V

010: 2.3V

011:25V

100: 2.7 V

101:29V

110: 3.1V

111: External input analog voltage (Compare internally to VgegNT)
PVD_IN input (PB7) has to be configured as analog input when PLS[2:0] = 111.
Note: Refer to the electrical characteristics of the datasheet for more details.

PVDE: Power voltage detector enable
This bit is set and cleared by software.
0: PVD disabled
1: PVD enabled

CSBF: Clear standby flag
This bit is always read as 0.
0: No effect
1: Clear the SBF Standby flag (write).

CWUF: Clear wakeup flag
This bit is always read as 0.
0: No effect
1: Clear the WUF Wakeup flag after 2 system clock cycles

PDDS: Power down deepsleep

This bit is set and cleared by software.
0: Enter Stop mode when the CPU enters deepsleep. The regulator is in low-power mode.
1: Enter Standby mode when the CPU enters deepsleep.

LPSDSR: Low-power deepsleep/sleep/low power run
— DeepSleep/Sleep modes

When this bit is set, the regulator switches in low power mode when the CPU enters sleep or
deepsleep mode. The regulator goes back to main mode when the CPU exits from these
modes.

— Low power run mode

When this bit is set, the regulator switches in low power mode when the bit LPRUN is set.
The regulator goes back to main mode when the bit LPRUN is reset.

This bit is set and cleared by software.
0: Voltage regulator on during deepsleep/Sleep/Low power run mode
1: Voltage regulator in low power mode during deepsleep/Sleep/Low power run mode
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3.4.2 PWR

power control/status register (PWR_CSR)

Address offset: 0x04

Reset

value: 0x0000 0008 (not reset by wakeup from Standby mode)

Additional APB cycles are needed to read this register versus a standard APB read.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
EWUP | EWUP | EWUP REG VREFIN
VOSF PVDO | SBF | WUF
Reserved 3 2 1 Reserved LPF TRDYF
rw rw rw r r r r r r
Bits 31:11 Reserved, always read as 0.
Bit 10 EWUP3: Enable WKUP pin 3
This bit is set and cleared by software.
0: WKUP pin 3 is used for general purpose I/Os. An event on the WKUP pin 3 does not
wakeup the device from Standby mode.
1: WKUP pin 3 is used for wakeup from Standby mode and forced in input pull down
configuration (rising edge on WKUP pin 3 wakes-up the system from Standby mode).
Note: This bit is reset by a system reset.
Bit 9 EWUP2: Enable WKUP pin 2
This bit is set and cleared by software.
0: WKUP pin 2 is used for general purpose I/Os. An event on the WKUP pin 2 does not
wakeup the device from Standby mode.
1: WKUP pin 2 is used for wakeup from Standby mode and forced in input pull down
configuration (rising edge on WKUP pin 2 wakes-up the system from Standby mode).
Note: This bit is reset by a system reset.
Bit 8 EWUP1: Enable WKUP pin 1
This bit is set and cleared by software.
0: WKUP pin 1 is used for general purpose I/Os. An event on the WKUP pin 1 does not
wakeup the device from Standby mode.
1: WKUP pin 1 is used for wakeup from Standby mode and forced in input pull down
configuration (rising edge on WKUP pin 1 wakes-up the system from Standby mode).
Note: This bit is reset by a system reset.
Bits 7:6 Reserved, always read as 0.
Bit 5 REGLPF : Regulator LP flag
This bit is set by hardware when the MCU is in Low power run mode.
When the MCU exits from Low power run mode, this bit stays at 1 until the regulator is ready in
main mode. A polling on this bit is recommended to wait for the regulator main mode. This bit is
reset by hardware when the regulator is ready.
0: Regulator is ready in main mode
1: Regulator voltage is in low power mode
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3.4.3

Table 16.

Bit 4 VOSF: Voltage Scaling select flag

A delay is required for the internal regulator to be ready after the voltage range is changed.
The VOSF bit indicates that the regulator has reached the voltage level defined with bits VOS

of PWR_CR register.
This bit is reset when VOS[1:0] in PWR_CR register change.
It is set once the regulator is ready.
0: Regulator is ready in the selected voltage range
1: Regulator voltage output is changing to the required VOS level.

Bit 3 VREFINTRDYF: Internal voltage reference (VgernT) ready flag
This bit indicates the state of the internal voltage reference, VRggrNT:
0: VreginT is OFF
1: VRefFINT iS ready

Bit2 PVDO: PVD output

This bit is set and cleared by hardware. It is valid only if PVD is enabled by the PVDE bit.

0: Vpp/Vppa is higher than the PVD threshold selected with the PLS[2:0] bits.
1: Vpp/Vppa is lower than the PVD threshold selected with the PLS[2:0] bits.

Note: The PVD is stopped by Standby mode. For this reason, this bit is equal to 0 after

Standby or reset until the PVDE bit is set.
Bit 1 SBF: Standby flag

This bit is set by hardware and cleared only by a POR/PDR (power on reset/power down reset)

or by setting the CSBF bit in the PWR power control register (PWR_CR)
0: Device has not been in Standby mode
1: Device has been in Standby mode

Bit 0 WUF: Wakeup flag

This bit is set by hardware and cleared only by a POR/PDR (power on reset/power down reset)

or by setting the CWUF bit in the PWR power control register (PWR_CR)
0: No wakeup event occurred

1: A wakeup event was received from the WKUP pin or from the RTC alarm (Alarm A or

Alarm B), RTC Tamper event, RTC TimeStamp event or RTC Wakeup).

Note: An additional wakeup event is detected if the WKUP pins are enabled (by setting the

EWUPx (x=1, 2, 3) bits) when the WKUP pin levels are already high.

PWR register map

The following table summarizes the PWR registers.

PWR - register map and reset values

Offset

N |
| -

13
10
9
8
4
3

i rolo|on~lowidodr-olojol~oln
Register ||| ][ & |&|&[&[J|&I8[s[&]2[2|x]e] ~olw

1

0x000

VOS

[170] PLS[2:0]

PWR_CR Reserved

o LPRUN 14
Reserved

o| FWU

o| ULP

o| DBP

o| PVDE

o| CWUF | 2
o| PDDS
o|LPsDSA| o

Reset value

1]0

(=]
(e
(o]

0x004

PWR_CSR

EWUP3
EWUP2
EWUP1
REGLPF
VOSF

Reserved

Reserved

PVDO
BF

S
WUF

~|VREFINTRDYF| o CSBF

(o]
(=]
(o]
(o]
(=]

Reset value

(=]
(o]
(o]

Refer to Table 1: Register boundary addresses for the register boundary addresses.
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Reset

There are three types of reset, defined as system reset, power reset and RTC domain reset.

System reset

A system reset sets all registers to their reset values except for the RTC, RTC backup
registers and control/status register, RCC_CSR.

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

1. Alow level on the NRST pin (external reset)

Window watchdog end-of-count condition (WWDG reset)

Independent watchdog end-of-count condition (IWDG reset)

A software reset (SW reset) (see Software reset)

Low-power management reset (see Low-power management reset)

Option byte loader reset (see Option byte loader reset)

7.  Exit from Standby mode

o ok wDd

The reset source can be identified by checking the reset flags in the control/status register,
RCC_CSR (see Section 4.3.14).

Software reset

The SYSRESETREQ bit in Cortex™-M3 Application Interrupt and Reset Control Register
must be set to force a software reset on the device. Refer to the Cortex™-M3 technical
reference manual for more details.

Low-power management reset

There are two ways to generate a low-power management reset:
1. Reset generated when entering Standby mode:

This type of reset is enabled by resetting nRST_STDBY bit in user option bytes. In this
case, whenever a Standby mode entry sequence is successfully executed, the device
is reset instead of entering Standby mode.

2. Reset when entering Stop mode:

This type of reset is enabled by resetting nRST_STOP bit in user option bytes. In this
case, whenever a Stop mode entry sequence is successfully executed, the device is
reset instead of entering Stop mode.

Option byte loader reset

The Option byte loader reset is generated when the OBL_LAUNCH bit (bit 18) is set in the
FLASH_PECR register. This bit is used to launch by software the option byte loading.

For further information on the user option bytes, refer to the STM32L15xxx Flash
programming manual (PM0062).
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4.1.2

4.1.3

Power reset

A power reset is generated when one of the following events occurs:

1. Power-on/power-down reset (POR/PDR reset)

2. BORreset

A power reset sets all registers to their reset values including for the RTC domain (see
Figure 8)

These sources act on the NRST pin and it is always kept low during the delay phase. The
RESET service routine vector is fixed at address 0x0000_0004 in the memory map. For
more details, refer to Table 28: Vector table.

The system reset signal provided to the device is output on the NRST pin. The pulse
generator guarantees a minimum reset pulse duration of 20 s for each reset source
(external or internal reset). In case of an external reset, the reset pulse is generated while
the NRST pin is asserted low.

Figure 8. Simplified diagram of the reset circuit

_ Voo/Vppa

% RPU ’
External .
reset 4—" Filter

NRST ’17
—— IWDG reset

Pulse Power reset

|4_ generator Software reset
(min 20 ps) Low-power management reset
Option byte loader reset
Exit from Standy mode

ai16095¢

» System reset

L

- —

—” \WWWDG reset

RTC and backup registers reset

The RTC peripheral, RTC clock source selection (in RCC_CSR) and the backup registers
are reset only when one of the following events occurs:

1. A software reset, triggered by setting the RTCRST bit in the RCC_CSR register (see
Section 4.3.14)

2. Power reset (BOR/POR/PDR)
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Clocks

Four different clock sources can be used to drive the system clock (SYSCLK):
HSI ((high-speed internal) oscillator clock

® HSE (high-speed external) oscillator clock

e PLL clock

® MSI (multispeed internal) oscillator clock

The MSI is used as system clock source after startup from Reset, wake-up from Stop
or Standby low power modes.

The devices have the following two secondary clock sources:
® 37 kHz low speed internal RC (LS| RC) which drives the independent watchdog and
optionally the RTC used for Auto-wakeup from Stop/Standby mode.

® 32.768 kHz low speed external crystal (LSE crystal) which optionally drives the real-
time clock (RTCCLK)

Each clock source can be switched on or off independently when it is not used, to optimize
power consumption.

Several prescalers allow the configuration of the AHB frequency, the high speed APB
(APB2) and the low speed APB (APB1) domains. The maximum frequency of the AHB,
APB1 and the APB2 domains is 32 MHz. It may depend on the device voltage range, for
more details please refer to the Dynamic voltage scaling management section in the PWR
chapter.

All the peripheral clocks are derived from the system clock (SYSCLK) except:

® The USB 48 MHz clock which is derived from the PLL VCO clock.

® The ADC clock which is always the HSI clock. A divider by 1, 2 or 4 allows to adapt the
clock frequency to the device operating conditions. For more details please refer to the
Operating Power Supply Range section in the PWR chapter.

® The RTC/LCD clock which is derived from the LSE, LSl or 1 MHz HSE_RTC (HSE
divided by a programmable prescaler).

® |WDG clock which is always the LSI clock.

The system clock (SYSCLK) frequency must be higher or equal to the RTC/LCD clock
frequency.

The RCC feeds the Cortex System Timer (SysTick) external clock with the AHB clock
(HCLK) divided by 8. The SysTick can work either with this clock or with the Cortex clock
(HCLK), configurable in the SysTick Control and Status Register.
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to Independent Watchdog (IWDG)
-

LSIRC

37 kHz
/1,2,4,

meo [ ]

IWDGCLK

SYSCLK

Figure 9. Clock tree
MSI RC VSI
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Peripheral clock
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to USB interface sw
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0SC IN HSE OSC HSE
a CSsS
HCLK
82 MHz max to AHB bus, core,
Clock — memory and DMA
Enable to Cortex System timer
» FCLK Cortex
AHB APB1 free running clock
Prescaler (11 Prescaler 52 MHz max f;ckgl;
n,2.512 n,2,4,8,16 h
Peripheral Clock peripherals
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APB2
32 MHz max
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else x2 TIMxCLK
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8.16) i
OSC32_IN
- LSE OSC | LSE loRIC
32.768 kHz RTCCLK
0OSC32_0OUT 1o LCD
RTCSEL[1:0]

Legend:

HSE = High-speed external clock signal
HSI = High-speed internal clock signal
LSI = Low-speed internal clock signal
LSE = Low-speed external clock signal
MSI = Multispeed internal clock signal

ail7212c

1. For full details about the internal and external clock source characteristics, please refer to the “Electrical
characteristics” section in your device datasheet.
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The timer clock frequencies are automatically fixed by hardware. There are two cases:

1. If the APB prescaler is 1, the timer clock frequencies are set to the same frequency as
that of the APB domain to which the timers are connected.

2. Otherwise, they are set to twice (x2) the frequency of the APB domain to which the
timers are connected.

FCLK acts as Cortex™-M3 free running clock. For more details refer to the ARM Cortex™-
M3 Technical Reference Manual.

HSE clock

The high speed external clock signal (HSE) can be generated from two possible clock
sources:

® HSE external crystal/ceramic resonator
® HSE user external clock
The resonator and the load capacitors have to be placed as close as possible to the

oscillator pins in order to minimize output distortion and startup stabilization time. The
loading capacitance values must be adjusted according to the selected oscillator.

Figure 10. HSE/ LSE clock sources

Clock source Hardware configuration
OSC_OouT
External clock D D
T (Hi-2)
External
source

OSC_IN OSC_OuUT
Crystal/Ceramic [ ]
resonators | | | D | T |
L |
7777 Cu Load Co 7777
capacitors

External source (HSE bypass)

In this mode, an external clock source must be provided. It can have a frequency of up to
32 MHz. This mode is selected by setting the HSEBYP and HSEON bits in the Clock control
register, RCC_CR (see Section 4.3.1). The external clock signal (square, sinus or triangle)
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4.2.3

with ~50% duty cycle has to drive the OSC_IN pin while the OSC_OUT pin should be left hi-
Z (see Figure 10).

External crystal/ceramic resonator (HSE crystal)

The 1 to 24 MHz external oscillator has the advantage of producing a very accurate rate on
the main clock.

The associated hardware configuration is shown in Figure 10. Refer to the electrical
characteristics section of the datasheet for more details.

The HSERDY flag of the RCC_CR register (see Section 4.3.1) indicates wether the HSE
oscillator is stable or not. At startup, the HSE clock is not released until this bit is set by
hardware. An interrupt can be generated if enabled in the RCC_CR register.

The HSE Crystal can be switched on and off using the HSEON bit in the RCC_CR register.

HSI clock

The HSI clock signal is generated from an internal 16 MHz RC oscillator. It can be used
directly as a system clock or as PLL input.

The HSI RC oscillator has the advantage of providing a clock source at low cost (no external
components). It also has a faster startup time than the HSE crystal oscillator however, even
with calibration the frequency is less accurate than an external crystal oscillator or ceramic
resonator.

Calibration

RC oscillator frequencies can vary from one chip to another due to manufacturing process
variations, this is why each device is factory calibrated by ST for 1% accuracy at an ambient
temperature, Ty, of 25 °C.

After reset, the factory calibration value is loaded in the HSICAL[7:0] bits in the Internal
Clock Sources Calibration Register (RCC_ICSCR) (see Section 4.3.2).

If the application is subject to voltage or temperature variations, this may affect the RC
oscillator speed. You can trim the HSI frequency in the application by using the
HSITRIM[4:0] bits in the RCC_ICSCR register. For more details on how to measure the HSI
frequency variation please refer to Section 4.2.13: Internal/external clock measurement with
TIMO/TIM10/TIM11.

The HSIRDY flag in the RCC_CR indicates wether the HSI oscillator is stable or not. At
startup, the HSI RC output clock is not released until this bit is set by hardware.

The HSI RC oscillator can be switched on and off using the HSION bit in the RCC_CR
register.

The HSI signal can also be used as a backup clock source (auxiliary clock) if the HSE
crystal oscillator fails. Refer to Section 4.2.9: Clock security system (CSS) on page 78.

MSI clock

The MSI clock signal is generated from an internal RC oscillator. Its frequency range can be
adjusted by software by using the MSIRANGE[2:0] bits in the RCC_ICSCR register (see
Section 4.3.2: Internal clock sources calibration register (RCC_ICSCR)). Seven frequency
ranges are available: 65.536 kHz, 131.072 kHz, 262.144 kHz, 524.288 kHz, 1.048 MHz,
2.097 MHz (default value) and 4.194 MHz.
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1

The MSI clock is used as system clock after restart from Reset, wake-up from Stop, and
Standby low power mode. After restart from Reset or wake-up from Standby, the MSI
frequency is set to its default value. The MSI frequency does not change after waking up
from Stop.

The MSI RC oscillator has the advantage of providing a low-cost (no external components)
low-power clock source. It is used as wake-up clock in low power modes to reduce power
consumption and wake-up time.

The MSIRDY flag in the RCC_CR register indicates wether the MSI RC is stable or not. At
startup, the MSI RC output clock is not released until this bit is set by hardware.

The MSI RC can be switched on and off by using the MSION bit in the RCC_CR register
(see Section 4.3.1).

It can also be used as a backup clock source (auxiliary clock) if the HSE crystal oscillator
fails. Refer to Section 4.2.9: Clock security system (CSS) on page 78.

Calibration

The MSI RC oscillator frequency can vary from one chip to another due to manufacturing
process variations, this is why each device is factory calibrated by ST for 1% accuracy at an
ambient temperature, Ty, of 25 °C.

After reset, the factory calibration value is loaded in the MSICAL[7:0] bits in the
RCC_ICSCR register. If the application is subject to voltage or temperature variations, this
may affect the RC oscillator speed. You can trim the MSI frequency in the application by
using the MSITRIM[7:0] bits in the RCC_ICSCR register. For more details on how to
measure the MSI frequency variation please refer to Section 4.2.13: Internal/external clock
measurement with TIM9/TIM10/TIM11.

PLL

The internal PLL can be clocked by the HSI RC or HSE crystal. It is used to drive the system
clock and to generate the 48 MHz clock for the USB peripheral (refer to Figure 9 and
Section 4.3.1: Clock control register (RCC_CR).

The PLL input clock frequency must be between 2 and 24 MHz.
The desired frequency is obtained by using the multiplication factor and output division
embedded in the PLL:

o |[f the USB interface is used in the application, the PLL VCO clock (defined by the PLL
multiplication factor) must be programmed to output a 96 MHz frequency. This is
required to provide a 48 MHz clock to the USB (USBCLK = PLLVCO/2).

® The system clock is derived from the PLL VCO divided by the output division factor.

The application software must set correctly the PLL multiplication factor to avoid exceeding
96 MHz as PLLVCO when the product is in range 1,

48 MHz as PLLVCO when the product is in range 2,

24 MHz when the product is in range 3 .

It must also set correctly the output division to avoid exceeding 32 MHz as SYSCLK.

The minimum input clock frequency for PLL is 2 MHz (when using HSE as PLL source).

The PLL configuration (selection of the source clock, multiplication factor and output division
factor) must be performed before enabling the PLL. Once the PLL is enabled, these
parameters cannot be changed.
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To modify the PLL configuration, proceed as follows:

1. Disable the PLL by setting PLLON to 0.

2. Wait until PLLRDY is cleared. PLLRDY. The PLL is now fully stopped.
3. Change the desired parameter.

4. Enable the PLL again by setting PLLON to 1.

An interrupt can be generated when the PLL is ready if enabled in the RCC_CIR register
(see Section 4.3.4).

LSE clock

The LSE crystal is a 32.768 kHz low speed external crystal or ceramic resonator. It has the
advantage of providing a low-power but highly accurate clock source to the real-time clock
peripheral (RTC) for clock/calendar or other timing functions.

The LSE crystal is switched on and off using the LSEON bit in the RCC_CSR register (see
Section 4.3.14).

The LSERDY flag in the RCC_CSR register indicates wether the LSE crystal is stable or not.
At startup, the LSE crystal output clock signal is not released until this bit is set by hardware.
An interrupt can be generated if enabled in the RCC_CIR register (see Section 4.3.4).

External source (LSE bypass)

In this mode, an external clock source must be provided. It can have a frequency of up to

1 MHz. This mode is selected by setting the LSEBYP and LSEON bits in the RCC_CR (see
Section 4.3.1). The external clock signal (square, sinus or triangle) with ~50% duty cycle
has to drive the OSC32_IN pin while the OSC32_OUT pin should be left Hi-Z (see

Figure 10).

LSI clock

The LSI RC acts as an low-power clock source that can be kept running in Stop and
Standby mode for the independent watchdog (IWDG). The clock frequency is around
37 kHz.

The LSI RC oscillator can be switched on and off using the LSION bit in the RCC_CSR
register (see Section 4.3.14).

The LSIRDY flag in RCC_CSR indicates wether the low-speed internal oscillator is stable or
not. At startup, the clock is not released until this bit is set by hardware. An interrupt can be
generated if enabled in the RCC_CIR (see Section 4.3.4).

LSI measurement

The frequency dispersion of the LSI oscillator can be measured to have accurate RTC time
base and/or IWDG timeout (when LSl is used as clock source for these peripherals) with an
acceptable accuracy. For more details, refer to the electrical characteristics section of the
datasheets. For more details on how to measure the LSI frequency, please refer to

Section 4.2.13: Internal/external clock measurement with TIM9/TIM10/TIM11.
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4.2.8

Figure 11.

System clock (SYSCLK) selection

Four different clock sources can be used to drive the system clock (SYSCLK):

® The HSI oscillator

® The HSE oscillator

® ThePLL

® The MSI oscillator clock (default after reset)

When a clock source is used directly or through the PLL as system clock, it is not possible to
stop it.

A switch from one clock source to another occurs only if the target clock source is ready
(clock stable after startup delay or PLL locked). If a clock source which is not yet ready is
selected, the switch will occur when the clock source will be ready. Status bits in the
RCC_CR register indicate which clock(s) is (are) ready and which clock is currently used as
system clock.

System clock source frequency versus voltage range

The following table gives the different clock source frequencies depending on the product
voltage range.

System clock source frequency

Product voltage

Clock frequency

range MSI HSI HSE PLL
HSE 32 MHz (external clock) 32 MHz
Range 1 (1.8 V) 4MHz | 16 MHz or 24 MHz (crystal) (PLLVCO max = 96 MHz)
Range2(1.5V) | 4MHz | 16 MHz 16 MHz (PLLVCO1 ggAxH_Z% MHz)
4 MHz
Range3(1.2V) | 4 MHz NA 4 MHz (PLLVCO max = 24 MHz)

4.2.9

Note:
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Clock security system (CSS)

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

If a failure is detected on the HSE oscillator clock, this oscillator is automatically disabled
and an interrupt is generated to inform the software about the failure (Clock Security System
Interrupt, CSSI), allowing the MCU to perform rescue operations. The CSSl is linked to the
Cortex™-M3 NMI (Non-Maskable Interrupt) exception vector.

Once the CSS is enabled and if the HSE clock fails, the CSS interrupt occurs and an NMl is
automatically generated. The NMI will be executed indefinitely unless the CSS interrupt
pending bit is cleared. As a consequence, in the NMI ISR must clear the CSS interrupt by
setting the CSSC bit in the RCC_CIR register.

If the HSE oscillator is used directly or indirectly as the system clock (indirectly means: it is
used as PLL input clock, and the PLL clock is used as system clock), a detected failure
causes a switch of the system clock to the MSI oscillator and the disabling of the external
HSE oscillator. If the HSE oscillator clock is the clock entry of the PLL used as system clock
when the failure occurs, the PLL is disabled too.
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4.2.10

Note:

4.2.11

4.2.12

4.2.13

RTC and LCD clock

The RTC and LCD have the same clock source which can be either the LSE, the LS|, or the
HSE 1 MHz clock (HSE divided by a programmable prescaler). It is selected by
programming the RTCSEL[1:0] bits in the RCC_CSR register (see Section 4.3.14) and the
RTCPRE[1:0] bits in the RCC_CR register (see Section 4.3.1).

Once the RTC and LCD clock source have been selected, the only possible way of
modifying the selection is to set the RTCRST bit in the RCC_CSR register, or by a POR.

If the LSE or LSl is used as RTC clock source, the RTC continues to work in Stop and
Standby low power modes, and can be used as wakeup source. However, when the HSE is
the RTC clock source, the RTC cannot be used in the Stop and Standby low power modes.
The LCD can however be used in the Stop low power mode if the LSE or LSl is used as the
RTC clock source.

To be able to read the RTC calendar register when the APB1 clock frequency is less than
seven times the RTC clock frequency (7*RTCLCK), the software must read the calendar
time and date registers twice.

If the second read of the RTC_TR gives the same result as the first read, this ensures that
the data is correct. Otherwise a third read access must be done.

Watchdog clock

If the Independent watchdog (IDG) is started by either hardware option or software access,
the LSI oscillator is forced ON and cannot be disabled. After the LSI oscillator temporization,
the clock is provided to the IWDG.

Clock-out capability

The microcontroller clock output (MCQO) capability allows the clock to be output onto the
external MCO pin (PA8) using a configurable prescaler (1, 2, 4, 8, or 16). The configuration
registers of the corresponding GPIO port must be programmed in alternate function mode.
One of 7 clock signals can be selected as the MCO clock:

e SYSCLK
HSI

MSI

HSE
PLL

LSI

e LSE

The selection is controlled by the MCOSEL[2:0] bits of the RCC_CFGR register (see
Section 4.3.3).

Internal/external clock measurement with TIM9/TIM10/TIM11

It is possible to indirectly measure the frequency of all on-board clock source generators by
means of the TIM9/TIM10/TIM11 channel 1 input capture, as represented on Figure 12.
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Figure 12. Using the TIM9/TIM10/TIM11 channel 1 input capture to measure
frequencies

TIM9
TIH_RMP[1:0]
GPIO D—Aﬁ )
ETR
GPIO @ TI(2)
TIM10
ETR
TIH_RMP[1:0]
GPIO O
RTC_OUT TI(1)
LSE
LSl
TIM11
ETR
TI1_RMP[1:0]
GPIO O——— ]
MSl—| TI(1)
HSE_RTC (1 MHz)
ai17186

Each timer has an input multiplexer that selects which of the I/O or the internal clock is to
trigger the input capture. This selection is performed through the TI1_RMP [1:0] bits in the
TIMx_OR register.

For TIM9 and TIM10, the primary purpose of connecting the LSE to the channel 1 input
capture is to be able to precisely measure the HSI and MSI system clocks (for this, either the
HSI or MSI should be used as the system clock source). The number of HSI (MSI,
respectively) clock counts between consecutive edges of the LSE signal provides a
measure of the internal clock period. Taking advantage of the high precision of LSE crystals
(typically a few tens of ppm’s), it is possible to determine the internal clock frequency with
the same resolution, and trim the source to compensate for manufacturing-process- and/or
temperature- and voltage-related frequency deviations.

The MSI and HSI oscillators both have dedicated user-accessible calibration bits for this
purpose.

The basic concept consists in providing a relative measurement (e.g. the HSI/LSE ratio): the
precision is therefore closely related to the ratio between the two clock sources. The higher
the ratio, the better the measurement.
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4.2.14

Note:

It is however not possible to have a good enough resolution when the MSI clock is low
(typically below 1 MHz). In this case, it is advised to:

® accumulate the results of several captures in a row
® use the timer’s input capture prescaler (up to 1 capture every 8 periods)

® use the RTC_OUT signal at 512 Hz (when the RTC is clocked by the LSE) as the input
for the channell input capture. This improves the measurement precision

TIM10 can also be used to measure the LSI: this is useful for applications with no crystal.
The ultralow power LS| oscillator has a wide manufacturing process deviation: by measuring
it as a function of the HSI clock source, it is possible to determine its frequency with the
precision of the HSI.

Finally, TIM11 has two other sources. TIM11 can use the MSI just like TIM10 uses the LSI
for crystal-less applications. The HSE_RTC frequency (HSE divided by a programmable
prescaler) being relatively high (1MHz), the relative frequency measurement is not very
precise, so its main purpose is to have a rough indication of the external crystal frequency.
This is useful for instance to meet the requirements of the IEC 60730/IEC 61335 standards,
which requires to be able to determine harmonic or subharmonic frequencies (-50/+100%
deviations).

Clock-independent system clock sources for TIM9/TIM10/TIM11

In a number of applications using the 32.768 kHz clock as a time base for the RTC, it is
interesting to have time bases that work completely independently of the system clock. This
allows the scheduling of tasks without having to take into account the processor state (the
processor may be stopped or executing at low, medium or full speed).

For this purpose, the LSE clock is internally redirected to the 3 timers’ ETR inputs, which are
used as additional clock sources, as shown in Figure 12 on page 80. This gives up to three
independent time bases (using the auto-reload feature) with 1 or 2 compare additional
channels for fractional events. For instance, the TIM9’s auto-reload interrupt can be
programmed for a 1 second tick interrupt with an additional interrupt occurring 250 ms after
the main tick.

In this configuration, make sure that you have at least a ratio of 2 between the external clock
(LSE) and the APB clock. If the application uses an APB clock frequency lower than twice
the LSE clock frequency (typically LSE = 32.768 kHz, so twice LSE = 65.536 kHz), it is
mandatory to use the external trigger prescaler feature of the timer: it can divide the ETR
clock by up to 8.
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4.3

4.3.1

31

RCC registers

Refer to Section 1.1 for a list of abbreviations used in register descriptions.

Clock control register (RCC_CR)
Address offset: 0x00
Reset value: 0x0000 0300

Access: no wait state, word, half-word and byte access

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

Res.

CSss PLL HSE

RTCPRE[1:0] PLLON
ON Reserved RDY Reserved BYP

HSE
RDY

w w w r w w

15

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

MSI
MSION
Reserved RDY Reserved

HSI
RDY
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Bit 31 Reserved, always read as 0

Bits 30:29 RTCPRE[1:0] RTC/LCD prescaler

These bits are set and reset by software to obtain a 1 MHz clock from HSE. This prescaler

cannot be modified if HSE is enabled (HSEON = 1).
00: HSE is divided by 2 for RTC/LCD clock

01: HSE is divided by 4 for RTC/LCD clock

10: HSE is divided by 8 for RTC/LCD clock

11: HSE is divided by 16 for RTC/LCD clock

Bit 28 CSSON: Clock security system enable

This bit is set and cleared by software to enable the clock security system (CSS). When
CSSON is set, the clock detector is enabled by hardware when the HSE oscillator is ready,

and disabled by hardware if an oscillator failure is detected.
0: Clock security system OFF (clock detector OFF)

1: Clock security system ON (clock detector ON if HSE oscillator is stable, OFF otherwise)

Bit 27:26 Reserved, always read as 0

Bit 25 PLLRDY: PLL clock ready flag
This bit is set by hardware to indicate that the PLL is locked.
0: PLL unlocked
1: PLL locked
Bit 24 PLLON: PLL enable
This bit is set and cleared by software to enable PLL.

Cleared by hardware when entering Stop or Standby mode. This bit can not be reset if the

PLL clock is used as system clock or is selected to become the system clock.

0: PLL OFF
1: PLLON

Bits 23:19 Reserved, always read as 0
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Bit 18

Bit 17

Bit 16

Bits 15:10
Bit 9

Bit 8

Bits 7:2
Bit 1

Bit 0

HSEBYP: HSE clock bypass
This bit is set and cleared by software to bypass the oscillator with an external clock. The
external clock must be enabled with the HSEON bit, to be used by the device.
The HSEBYP bit can be written only if the HSE oscillator is disabled.
0: HSE oscillator not bypassed
1: HSE oscillator bypassed with an external clock

HSERDY: HSE clock ready flag
This bit is set by hardware to indicate that the HSE oscillator is stable. After the HSION bit is
cleared, HSERDY goes low after 6 HSE oscillator clock cycles.
0: HSE oscillator not ready
1: HSE oscillator ready

HSEON: HSE clock enable
This bit is set and cleared by software.
Cleared by hardware to stop the HSE oscillator when entering Stop or Standby mode. This
bit cannot be reset if the HSE oscillator is used directly or indirectly as the system clock.
0: HSE oscillator OFF
1: HSE oscillator ON

Reserved, always read as 0

MSIRDY: MSI clock ready flag
This bit is set by hardware to indicate that the MSI oscillator is stable.
0: MSI oscillator not ready
1: MSI oscillator ready
Note: Once the MSION bit is cleared, MSIRDY goes low after 6 MSI clock cycles.

MSION: MSI clock enable
This bit is set and cleared by software.
Set by hardware to force the MSI oscillator ON when exiting from Stop or Standby mode, or
in case of a failure of the HSE oscillator used directly or indirectly as system clock. This bit
cannot be cleared if the MSI is used as system clock.

0: MSI oscillator OFF
1: MSI oscillator ON

Reserved, always read as 0

HSIRDY: Internal high-speed clock ready flag
This bit is set by hardware to indicate that the HSI oscillator is stable. After the HSION bit is
cleared, HSIRDY goes low after 6 HSI clock cycles.
0: HSI oscillator not ready
1: HSI oscillator ready

HSION: Internal high-speed clock enable
This bit is set and cleared by software.
This bit cannot be cleared if the HSI is used directly or indirectly as the system clock.

0: HSI oscillator OFF
1: HSI oscillator ON
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4.3.2 Internal clock sources calibration register (RCC_ICSCR)
Address offset: 0x04
Reset value: 0x00XX BOXX where X is undefined.

Access: no wait state, word, half-word and byte access

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
MSITRIM[7:0] MSICAL[7:0]
rw | w | rw | rw | rw | rw | rw | rw r | r | r | r | r | r | r | r
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
MSIRANGE[2:0] HSITRIM[4:0] HSICAL[7:0]
rw | w | rw rw | rw | rw | rw | rw r | r | r | r | r | r | r | r

Bits 31:24 MSITRIM[7:0]: MSI clock trimming
These bits are set by software to adjust MSI calibration.
These bits provide an additional user-programmable trimming value that is added to the

MSICAL[7:0] bits. They can be programmed to compensate for the variations in voltage and
temperature that influence the frequency of the internal MSI RC.

Bits 23:16 MSICAL[7:0]: MSI clock calibration
These bits are automatically initialized at startup.

Bits 15:13 MSIRANGE[2:0]: MSI clock ranges
These bits are set by software to choose the frequency range of MSI.7 frequency ranges are
available:
000: range 0 around 65.536 kHz
001: range 1 around 131.072 kHz
010: range 2 around 262.144 kHz
011: range 3 around 524.288 kHz
100: range 4 around 1.048 MHz
101: range 5 around 2.097 MHz (reset value)
110: range 6 around 4.194 MHz
111: not allowed

Bits 12:8 HSITRIM[4:0]: High speed internal clock trimming

These bits provide an additional user-programmable trimming value that is added to the
HSICAL[7:0] bits. They can be programmed to compensated for the variations in voltage and
temperature that influence the frequency of the internal HSI RC.

Bits 7:0 HSICAL[7:0] Internal high speed clock calibration
These bits are initialized automatically at startup.
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4.3.3 Clock configuration register (RCC_CFGR)
Address offset: 0x08
Reset value: 0x0000 0000
Access: 0 < wait state < 2, word, half-word and byte access

1 or 2 wait states inserted only if the access occurs during clock source switch.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
MCOPRE[2:0] MCOSELJ[2:0] PLLDIV[1:0] PLLMUL[3:0] PLL
Res. Res. Res. SRC

rw | w | w w | w | w w | w w | w | rw | w rw

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

PPRE2[2:0] PPRE1[2:0] HPRE[3:0] SWSJ1:0] SWI1:0]
Reserved
w | w | w w | w | w w | w | w | w r | r rw rw

Bits 31 Reserved, always read as 0.

Bits 30:28 MCOPRE[2:0]: Microcontroller clock output prescaler
These bits are set and cleared by software.
It is highly recommended to change this prescaler before MCO output is enabled.
000: MCO is divided by 1
001: MCO is divided by 2
010: MCO is divided by 4
011: MCO is divided by 8
100: MCO is divided by 16
Others: not allowed

Bits 27 Reserved, always read as 0.

Bits 26:24 MCOSEL[2:0]: Microcontroller clock output selection
These bits are set and cleared by software.
000: MCO output disabled, no clock on MCO
001: SYSCLK clock selected
010: HSI oscillator clock selected
011: MSI oscillator clock selected
100: HSE oscillator clock selected
101: PLL clock selected
110: LSI oscillator clock selected
111:LSE oscillator clock selected

Note: This clock output may have some truncated cycles at startup or during MCO clock
source switching.

Bits 23:22 PLLDIV[1:0]: PLL output division
These bits are set and cleared by software to control PLL output clock division from PLL
VCO clock. These bits can be written only when the PLL is disabled.
00: not allowed
01: PLL clock output = PLLVCO /2
10: PLL clock output = PLLVCO /3
11: PLL clock output = PLLVCO / 4
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Bits 21:18 PLLMUL[3:0]: PLL multiplication factor

These bits are written by software to define the PLL multiplication factor to generate the PLL
VCO clock. These bits can be written only when the PLL is disabled.
0000: PLLVCO = PLL clock entry x 3

0001: PLLVCO = PLL clock entry x 4

0010: PLLVCO = PLL clock entry x 6

0011: PLLVCO = PLL clock entry x 8

0100: PLLVCO = PLL clock entry x 12

0101: PLLVCO = PLL clock entry x 16

0110: PLLVCO = PLL clock entry x 24

0111: PLLVCO = PLL clock entry x 32

1000: PLLVCO = PLL clock entry x 48

others: not allowed

Caution: The PLL VCO clock frequency must not exceed 96 MHz when the product is in
Range 1, 48 MHz when the product is in Range 2 and 24 MHz when the product is
in Range 3.

Bit 17 Reserved, always read as 0

Bit 16 PLLSRC: PLL entry clock source
This bit is set and cleared by software to select PLL clock source. This bit can be written
only when PLL is disabled.
0: HSI oscillator clock selected as PLL input clock
1: HSE oscillator clock selected as PLL input clock
Note: The PLL minimum input clock frequency is 2 MHz.

Bits 15:14 Reserved, always read as 0

Bits 13:11 PPRE2[2:0]: APB high-speed prescaler (APB2)
These bits are set and cleared by software to control the division factor of the APB high-
speed clock (PCLK2).
0xx: HCLK not divided
100: HCLK divided by 2
101: HCLK divided by 4
110: HCLK divided by 8
111: HCLK divided by 16

Bits 10:8 PPRE1[2:0]: APB low-speed prescaler (APB1)

These bits are set and cleared by software to control the division factor of the APB low-
speed clock (PCLK1).

0xx: HCLK not divided

100: HCLK divided by 2

101: HCLK divided by 4

110: HCLK divided by 8

111: HCLK divided by 16
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Bits 7:4 HPRE[3:0]: AHB prescaler
These bits are set and cleared by software to control the division factor of the AHB clock.
Caution: Depending on the device voltage range, the software has to set correctly these bits
to ensure that the system frequency does not exceed the maximum allowed
frequency (for more details please refer to the Dynamic voltage scaling
management section in the PWR chapter.) After a write operation to these bits and
before decreasing the voltage range, this register must be read to be sure that the
new value has been taken into account.
Oxxx: SYSCLK not divided
1000: SYSCLK divided by 2
1001: SYSCLK divided by 4
1010: SYSCLK divided by 8
1011: SYSCLK divided by 16
1100: SYSCLK divided by 64
1101: SYSCLK divided by 128
1110: SYSCLK divided by 256
1111: SYSCLK divided by 512
Bits 3:2 SWS[1:0]: System clock switch status
These bits are set and cleared by hardware to indicate which clock source is used as
system clock.
00: MSI oscillator used as system clock
01: HSI oscillator used as system clock
10: HSE oscillator used as system clock
11: PLL used as system clock
Bits 1:0 SW[1:0]: System clock switch
These bits are set and cleared by software to select SYSCLK source.
Set by hardware to force MSI selection when leaving Stop and Standby mode or in case of
failure of the HSE oscillator used directly or indirectly as system clock (if the Clock Security
System is enabled).
00: MSI oscillator used as system clock
01: HSI oscillator used as system clock
10: HSE oscillator used as system clock
11: PLL used as system clock
43.4 Clock interrupt register (RCC_CIR)
Address offset: 0x0C
Reset value: 0x0000 0000
Access: no wait state, word, half-word and byte access
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
csse MSI | PLL | HSE | HSI | LSE LSl
Reserved Res. | RDYC | RDYC | RDYC | RDYC | RDYC | RDYC
w w w w w w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
MSI | PLL | HSE | HSsI LSE LS| | csqF MSI | PLL | HSE | HSI | LSE LSl
Reserved RDYIE | RDYIE | RDYIE | RDYIE | RDYIE | RDYIE Res. | RDYF | RDYF | RDYF | RDYF | RDYF | RDYF
w rw rw rw w rw r r r r r r r
IYI Doc ID 15965 Rev 4 87/598
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Bits 31:24
Bit 23

Bit 22
Bit 21

Bit 20

Bit 19

Bit 18

Bit 17

Bit 16

Bits 15:14
Bit 12

Bit 12

Bit 11
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Reserved, always read as 0.

CSSC: Clock security system interrupt clear
This bit is set by software to clear the CSSF flag.
0: No effect
1: Clear CSSF flag

Reserved, always read as 0.

MSIRDYC: MSI ready interrupt clear
This bit is set by software to clear the MSIRDYF flag.
0: No effect
1: MSIRDYF cleared

PLLRDYC: PLL ready interrupt clear
This bit is set by software to clear the PLLRDYF flag.
0: No effect
1: PLLRDYF cleared

HSERDYC: HSE ready interrupt clear

This bit is set by software to clear the HSERDYF flag.
0: No effect
1: HSERDYF cleared

HSIRDYC: HSI ready interrupt clear

This bit is set software to clear the HSIRDYF flag.
0: No effect
1: HSIRDYF cleared

LSERDYC: LSE ready interrupt clear

This bit is set by software to clear the LSERDYF flag.
0: No effect
1: LSERDYF cleared

LSIRDYC: LSI ready interrupt clear

This bit is set by software to clear the LSIRDYF flag.
0: No effect
1: LSIRDYF cleared

Reserved, always read as 0.

MSIRDYIE: MSI ready interrupt enable

This bit is set and cleared by software to enable/disable interrupt caused by the MSI
oscillator stabilization.

0: MSI ready interrupt disabled

1: MSI ready interrupt enabled

PLLRDYIE: PLL ready interrupt enable
This bit is set and cleared by software to enable/disable interrupt caused by PLL lock.
0: PLL lock interrupt disabled
1: PLL lock interrupt enabled

HSERDYIE: HSE ready interrupt enable

This bit is set and cleared by software to enable/disable interrupt caused by the HSE
oscillator stabilization.

0: HSE ready interrupt disabled

1: HSE ready interrupt enabled
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Bit 10 HSIRDYIE: HSI ready interrupt enable

This bit is set and cleared by software to enable/disable interrupt caused by the HSI
oscillator stabilization.

0: HSI ready interrupt disabled

1: HSI ready interrupt enabled

Bit 9 LSERDYIE: LSE ready interrupt enable

This bit is set and cleared by software to enable/disable interrupt caused by the LSE
oscillator stabilization.

0: LSE ready interrupt disabled

1: LSE ready interrupt enabled

Bit 8 LSIRDYIE: LSI ready interrupt enable

This bit is set and cleared by software to enable/disable interrupt caused by LSI oscillator
stabilization.

0: LSI ready interrupt disabled

1: LSl ready interrupt enabled

Bit 7 CSSF: Clock security system interrupt flag
This bit is set by hardware when a failure is detected in the HSE oscillator.
It is cleared by software by setting the CSSC bit.
0: No clock security interrupt caused by HSE clock failure
1: Clock security interrupt caused by HSE clock failure

Bit6  Reserved, always read as 0.

Bit 5 MSIRDYF: MSI ready interrupt flag
This bit is set by hardware when the MSI becomes stable and MSIRDYDIE is set.
It is cleared by software setting the MSIRDYC bit.
0: No clock ready interrupt caused by the MSI
1: Clock ready interrupt caused by the MSI

Bit 4 PLLRDYF: PLL ready interrupt flag
This bit is set by hardware when the PLL locks and PLLRDYDIE is set.
It is cleared by software setting the PLLRDYC bit.
0: No clock ready interrupt caused by PLL lock
1: Clock ready interrupt caused by PLL lock

Bit3 HSERDYF: HSE ready interrupt flag
This bit is set by hardware when HSE becomes stable and HSERDYDIE is set.
It is cleared by software setting the HSERDYC bit.
0: No clock ready interrupt caused by the HSE
1: Clock ready interrupt caused by the HSE

Bit 2 HSIRDYF: HSI ready interrupt flag
This bit is set by hardware when the HSI becomes stable and HSIRDYDIE is set.
It is cleared by software setting the HSIRDYC bit.
0: No clock ready interrupt caused by the HSI
1: Clock ready interrupt caused by the HSI

Bit 1 LSERDYF: LSE ready interrupt flag
This bit is set by hardware when the LSE becomes stable and LSERDYDIE is set.
It is cleared by software setting the LSERDYC bit.
0: No clock ready interrupt caused by the LSE
1: Clock ready interrupt caused by the LSE
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Bit 0 LSIRDYF: LSI ready interrupt flag
This bit is set by hardware when the LSI becomes stable and LSIRDYDIE is set.

It is cleared by software setting the LSIRDYC bit.
0: No clock ready interrupt caused by the LSI

1: Clock ready interrupt caused by the LSI

4.3.5 AHB peripheral reset register (RCC_AHBRSTR)

Address offset: 0x10
Reset value: 0x0000 0000

Access: no wait state, word, half-word and byte access.

31 30 29

28 27 26 25 24 23 22

21

20

19

18

16

Reserved

DMA1R
ST

rw

Reserved

15 14 13

12 11 10 9 8 7 6

5

4

3

2

1

0

FLITF
RST Reserved
w

CRC
RST Reserved

GPIOH
RST

GPIOE
RST

GPIOD
RST

GPIOC
RST

GPIOB
RST

GPIOA
RST

rw

w

rw

rw

Bits 31:25
Bit 24

Bits 23:16
Bit 15

Bits 14:13
Bit 12

Bits 11:6
Bit 5

Bit 4
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Reserved, always read as 0.

DMA1RST: DMAT1 reset
This bit is set and cleared by software.

0: No effect
1: Reset DMA1

Reserved, always read as 0.

FLITFRST: FLITF reset

This bit is set and cleared by software. The FLITF reset can be enabled only when the Flash

memory is in power down mode.
0: No effect
1: Reset FLITF

Reserved, always read as 0.

CRCRST: CRC reset
This bit is set and cleared by software.

0: No effect
1: Reset CRC

Reserved, always read as 0.

GPIOHRST: 10 port H reset
This bit is set and cleared by software.

0: No effect
1: Reset

GPIOERST: IO port E reset
This bit is set and cleared by software.

0: No effect
1: Reset |0 port E
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Bit 3 GPIODRST: IO port D reset
This bit is set and cleared by software.
0: No effect
1: Reset IO port D
Bit 2 GPIOCRST: IO port C reset
This bit is set and cleared by software.
0: No effect
1: Reset IO port C
Bit 1 GPIOBRST: IO port B reset
This bit is set and cleared by software.
0: No effect
1: Reset IO port B
Bit 0 GPIOARST: IO port A reset
This bit is set and cleared by software.
0: No effect
1: Reset IO port A
4.3.6 APB2 peripheral reset register (RCC_APB2RSTR)
Address offset: 0x14
Reset value: 0x00000 0000
Access: no wait state, word, half-word and byte access
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
USART1 SPI ADCH1 TIM11 | TIM10 | TIM9 SYSCF
Res; RST | Res; | RST Res: RST Reserved RST | RST | RST | Res; | GRST
rw rw rw rw rw rw rw
Bits 31:15 Reserved, always read as 0.
Bit 14 USART1RST: USART1 reset
This bit is set and cleared by software.
0: No effect
1: Reset USART1
Bit 13 Reserved, always read as 0.
Bit 12 SPIRST: SPI 1 reset
This bit is set and cleared by software.
0: No effect
1: Reset SPI 1
Bits 11:10 Reserved, always read as 0.
Bit9 ADC1RST: ADC1 interface reset
This bit is set and cleared by software.
0: No effect
1: Reset ADC1 interface
Bits 8:5 Reserved, always read as 0.
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Bit 4 TIM11RST: TIM11 timer reset
Set and cleared by software.
0: No effect
1: Reset TIM11 timer
Bit 3 TIM10RST: TIM10 timer reset
This bit is set and cleared by software.
0: No effect
1: Reset TIM10 timer
Bit2 TIMORST: TIM9 timer reset
This bit is set and cleared by software.
0: No effect
1: Reset TIM9 timer
Bit 1 Reserved, always read as 0.
Bit 0 SYSCFGRST: System configuration controller reset
This bit is set and cleared by software.
0: No effect
1: Reset System configuration controller
4.3.7 APB1 peripheral reset register (RCC_APB1RSTR)
Address offset: 0x18
Reset value: 0x0000 0000
Access: no wait state, word, half-word and byte access
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
CoMP DAC | PWR USB | 1262 | I2C1 USART | USART
RST Res. RST RST Reserved RST RST RST Reserved RST RST Res.
rw w rw w w rw w rw
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SPI2 WWDG LCD TIM7 | TIM6 TIM4 | TIM3 | TIM2
Res. RST Reserved RST Res. RST Reserved RST RST Res. RST RST RST
rw rw w rw rw w rw rw
Bit 31 COMPRST: COMP interface reset
This bit is set and cleared by software.
0: No effect
1: Reset COMP interface
Bits 30 Reserved, always read as 0.
Bit 29 DACRST: DAC interface reset
This bit is set and cleared by software.
0: No effect
1: Reset DAC interface
Bit 28 PWRRST: Power interface reset
This bit is set and cleared by software.
0: No effect
1: Reset power interface
Bits 27:24 Reserved, always read as 0.
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Bit 23

Bit 22

Bit 21

Bits 20:19
Bit 18

Bit 17

Bits 16:15
Bit 14

Bits 13:12
Bit 11

Bits 10
Bit 9

Bits 8:6
Bit 5

Bit 4

USBRST: USB reset

This bit is set and cleared by software.

0: No effect
1: Reset USB

I2C2RST: I2C 2 reset

This bit is set and cleared by software.

0: No effect
1: Reset [2C 2

I2C1RST: I2C 1 reset

This bit is set and cleared by software.

0: No effect
1: Reset 12C 1

Reserved, always read as 0.

USART3RST: USART 3 reset

This bit is set and cleared by software.

0: No effect
1: Reset USART 3

USART2RST: USART 2 reset

This bit is set and cleared by software.

0: No effect
1: Reset USART 2

Reserved, always read as 0.
SPI2RST: SPI 2 reset

This bit is set and cleared by software.

0: No effect
1: Reset SPI 2

Reserved, always read as 0.
WWDGRST: Window watchdog reset

This bit is set and cleared by software.

0: No effect
1: Reset window watchdog

Reserved, always read as 0.
LCDRST: LCD reset

This bit is set and cleared by software.

0: No effect
1: Reset LCD

Reserved, always read as 0.
TIM7RST: Timer 7 reset

This bit is set and cleared by software.

0: No effect
1: Reset timer 7

TIM6RST: Timer 6reset
Set and cleared by software.

0: No effect
1: Reset timer 6
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4.3.8

Note:

31

Bit 3 Reserved, always read as 0.

Bit 2 TIM4RST: Timer 4 reset
Set and cleared by software.

0: No effect
1: Reset timer 4

Bit 1 TIM3RST: Timer 3 reset
Set and cleared by software.

0: No effect
1: Reset timer 3

Bit 0 TIM2RST: Timer 2 reset
Set and cleared by software.

0: No effect
1: Reset timer 2

AHB peripheral clock enable register (RCC_AHBENR)

Address offset: 0x1C

Reset value: 0x0000 8000

Access: no wait state, word, half-word and byte access

When the peripheral clock is not active, the peripheral register values may not be readable

by software and the returned value is always 0x0.

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

DMA1EN

Reserved Reserved

w

15

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

FLITF

rw

Reserved

Reserved

GPIOH
EN

GPIOE
EN

GPIOD
EN

GPIOC
EN

GPIOB
EN

GPIOA
EN

rw
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Bits 31:25
Bit 24

Bits 23:16
Bit 15

Bits 14:13
Bit 12

Bits 11:8

Reserved, always read as 0.

DMA1EN: DMA1 clock enable

This bit is set and cleared by software.
0: DMA1 clock disabled
1: DMA1 clock enabled

Reserved, always read as 0.
FLITFEN: FLITF clock enable

This bit can be written only when the Flash memory is in power down mode.

0: FLITF clock disabled
1: FLITF clock enabled

Reserved, always read as 0.

CRCEN: CRC clock enable
This bit is set and cleared by software.

0: CRC clock disabled
1: CRC clock enabled

Reserved, always read as 0.
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Bit 5

Bit 4

Bit 3

Bit 2

Bit 1

Bit 0

GPIOHEN: IO port H clock enable

This bit is set and cleared by software.

0: 10 port H clock disabled
1: 10 port H clock enabled

GPIOEEN: 10 port E clock enable

This bit is set and cleared by software.

0: 10 port E clock disabled

1: 10 port E clock enabled
GPIODEN: 10 port D clock enable
Set and cleared by software.

0: 10 port D clock disabled

1: 10 port D clock enabled

GPIOCEN: 10 port C clock enable

This bit is set and cleared by software.

0: 10 port C clock disabled
1: 10 port C clock enabled

GPIOBEN: 10 port B clock enable

This bit is set and cleared by software.

0: 10 port B clock disabled
1: 10 port B clock enabled

GPIOAEN: IO port A clock enable

This bit is set and cleared by software.

0: 10 port A clock disabled
1: 10 port A clock enabled

4.3.9 APB2 peripheral clock enable register (RCC_APB2ENR)
Address: 0x20
Reset value: 0x0000 0000
Access: word, half-word and byte access
No wait states, except if the access occurs while an access to a peripheral in the APB2
domain is on going. In this case, wait states are inserted until the access to APB2 peripheral
is finished.
Note: When the peripheral clock is not active, the peripheral register values may not be readable
by software and the returned value is always 0x0.
31 30 29 28 27 26 25 24 23 20 19 18 17 16
Reserved
15 14 13 12 1 10 9 8 7 4 3 2 1 0
USART1 SPI1 ADCH TIM11 | TIM10 | TIM9 SYSCF
Res. EN Res. EN Reserved EN Reserved EN EN EN Res. GEN
rw rw rw rw rw w w
Bits 31:15 Reserved, always read as 0.
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Bit 14

Bit 13
Bit 12

Bits 11:10
Bit 9

Bits 8:5
Bit 4

Bit 3

Bit 2

Bit 1
Bit 0
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USART1EN: USART1 clock enable
This bit is set and cleared by software.

0: USART1 clock disabled
1: USART1 clock enabled

Reserved, always read as 0.

SPHEN: SPI 1 clock enable
This bit is set and cleared by software.

0: SPI 1 clock disabled
1: SPI 1 clock enabled

Reserved, always read as 0.

ADC1EN: ADC1 interface clock enable
This bit is set and cleared by software.

0: ADC1 interface disabled
1: ADC1 interface clock enabled

Reserved, always read as 0.

TIM11EN: TIM11 timer clock enable
This bit is set and cleared by software.
0: TIM11 timer clock disabled
1: TIM11 timer clock enabled

TIM10EN: TIM10 timer clock enable
This bit is set and cleared by software.
0: TIM10 timer clock disabled

1: TIM10 timer clock enabled

TIM9EN: TIM9 timer clock enable
This bit is set and cleared by software.

0: TIM9 timer clock disabled
1: TIM9 timer clock enabled

Reserved, always read as 0.

SYSCFGEN: System configuration controller clock enable

This bit is set and cleared by software.

0: System configuration controller clock disabled
1: System configuration controller clock enabled
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4.3.10 APB1 peripheral clock enable register (RCC_APB1ENR)
Address: 0x24

Reset

value: 0x0000 0000

Access: word, half-word and byte access

No wait state, except if the access occurs while an access to a peripheral on APB1 domain
is on going. In this case, wait states are inserted until this access to APB1 peripheral is
finished.

Note: When the peripheral clock is not active, the peripheral register values may not be readable

by software and the returned value is always 0xO0.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
COMP DAC | PWR USB | 12Cc2 | 12C1 USART3 | USART2
EN Res. EN EN Reserved EN EN EN Reserved EN EN Res.
w rw rw rw rw rw rw rw
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SPI2 WWD LCD TIM7 | TIM6 TIM4 TIM3 | TIM2
Res. EN Reserved GEN Res. EN Reserved EN EN Res. EN EN EN
rw rw rw rw rw rw rw w
Bit 31 COMPEN: COMP interface clock enable
This bit is set and cleared by software.
0: COMP interface clock disabled
1: COMP interface clock enable
Bits 30 Reserved, always read as O.
Bit 29 DACEN: DAC interface clock enable
This bit is set and cleared by software.
0: DAC interface clock disabled
1: DAC interface clock enable
Bit 28 PWREN: Power interface clock enable
This bit is set and cleared by software.
0: Power interface clock disabled
1: Power interface clock enable
Bits 27:24 Reserved, always read as 0.
Bit 23 USBEN: USB clock enable
This bit is set and cleared by software.
0: USB clock disabled
1: USB clock enabled
Bit 22 I12C2EN: I2C 2 clock enable
This bit is set and cleared by software.
0: I1°C 2 clock disabled
1: 12C 2 clock enabled
Bit 21 12C1EN: 12C 1 clock enable
This bit is set and cleared by software.
0: I°C 1 clock disabled
1: I2C 1 clock enabled
Bits 20:19 Reserved, always read as 0.
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Bit 18 USART3EN: USART 3 clock enable
This bit is set and cleared by software.

0: USART 3 clock disabled
1: USART 3 clock enabled

Bit 17 USART2EN: USART 2 clock enable
This bit is set and cleared by software.

0: USART 2 clock disabled
1: USART 2 clock enabled

Bits 16:15 Reserved, always read as 0.

Bit 14 SPI2EN: SPI 2 clock enable
This bit is set and cleared by software.

0: SPI 2 clock disabled
1: SPI 2 clock enabled

Bits 13:12 Reserved, always read as 0.

Bit 11 WWDGEN: Window watchdog clock enable
This bit is set and cleared by software.

0: Window watchdog clock disabled
1: Window watchdog clock enabled

Bit 10 Reserved, always read as 0.

Bit 9 LCDEN: LCD clock enable
This bit is set and cleared by software.
0: LCD clock disabled
1: LCD clock enabled

Bits 8:6 Reserved, always read as 0.

Bit 5 TIM7EN: Timer 7 clock enable
This bit is set and cleared by software.
0: Timer 7 clock disabled
1: Timer 7 clock enabled
Bit 4 TIM6EN: Timer 6 clock enable
This bit is set and cleared by software.

0: Timer 6 clock disabled
1: Timer 6 clock enabled

Bit 3 Reserved, always read as 0.

Bit 2 TIM4EN: Timer 4 clock enable
This bit is set and cleared by software.

0: Timer 4 clock disabled
1: Timer 4 clock enabled

Bit 1 TIM3EN: Timer 3 clock enable
This bit is set and cleared by software.
0: Timer 3 clock disabled
1: Timer 3 clock enabled
Bit 0 TIM2EN: Timer 2 clock enable
This bit is set and cleared by software.

0: Timer 2 clock disabled
1: Timer 2 clock enabled
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4.3.11 AHB peripheral clock enable in low power mode register
(RCC_AHBLPENR)
Address offset: 0x28
Reset value: 0x0101 903F
Access: no wait state, word, half-word and byte access
Note: The peripheral clock is enabled in sleep mode only if it previously has been enabled in
AHBENR register.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
DMA1L SRAML
Reserved PEN Reserved PEN
rw w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
FLITFL CRCLP GPIOH | GPIOE | GPIOD | GPIOC | GPIOB | GPIOAL
PEN Reserved EN Reserved LPEN | LPEN | LPEN | LPEN | LPEN | PEN
rw rw rw rw rw rw rw w
Bits 31:25 Reserved, always read as 0.

Bit 24

Bits 23:17
Bit 16

Bit 15

Bits 14:13
Bit 12

Bits 11:6
Bit 5

Bit 4

DMA1LPEN: DMA1 clock enable during Sleep mode
This bit is set and cleared by software.
0: DMA1 clock disabled during Sleep mode
1: DMAT1 clock enabled during Sleep mode

Reserved, always read as 0.

SRAMLPEN: SRAM clock enable during Sleep mode
This bit is set and cleared by software.
0: SRAM clock disabled during Sleep mode
1: SRAM clock enabled during Sleep mode

FLITFLPEN: FLITF clock enable during Sleep mode
This bit can be written only when the Flash memory is in power down mode.
0: FLITF clock disabled during Sleep mode
1: FLITF clock enabled during Sleep mode

Reserved, always read as 0.

CRCLPEN: CRC clock enable during Sleep mode
This bit is set and cleared by software.
0: CRC clock disabled during Sleep mode
1: CRC clock enabled during Sleep mode

Reserved, always read as 0.

GPIOHLPEN: IO port H clock enable during Sleep mode
This bit is set and cleared by software.
0: 10 port H clock disabled during Sleep mode
1: 10 port H clock enabled during Sleep mode

GPIOELPEN: 10 port E clock enable during Sleep mode
This bit is set and cleared by software.

0: 10 port E clock disabled during Sleep mode
1: 10 port E clock enabled during Sleep mode
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Bit 3 GPIODLPEN: IO port D clock enable during Sleep mode
This bit is set and cleared by software.
0: 10 port D clock disabled during Sleep mode
1: 10 port D clock enabled during Sleep mode
Bit 2 GPIOCLPEN: IO port C clock enable during Sleep mode
This bit is set and cleared by software.
0: 10 port C clock disabled during Sleep mode
1: 10 port C clock enabled during Sleep mode
Bit 1 GPIOBLPEN: 10 port B clock enable during Sleep mode
This bit is set and cleared by software.
0: 10 port B clock disabled during Sleep mode
1: 10 port B clock enabled during Sleep mode
Bit 0 GPIOALPEN: IO port A clock enable during Sleep mode
This bit is set and cleared by software.
0: 10 port A clock disabled during Sleep mode
1: 10 port A clock enabled during Sleep mode
4.3.12 APB2 peripheral clock enable in low power mode register
(RCC_APB2LPENR)
Address: 0x2C
Reset value: 0x0000 521D
Access: no wait states, word, half-word and byte access
Note: The peripheral clock is enabled in sleep mode only if it's previously has been enabled in
APBZ2ENR register.
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
USART1 SPI1 ADC1 TIM11 | TIM10 | TIM9 SYSCF
Res. | LPEN | Res. | LPEN Reserved LPEN Reserved LPEN | LPEN | LPEN | Res. |GLPEN
rw rw rw rw rw rw rw

Bits 31:15 Reserved, always read as 0.

Bit 14 USART1LPEN: USART1 clock enable during Sleep mode

This bit is set and cleared by software.
0: USART1 clock disabled during Sleep mode
1: USART1 clock enabled during Sleep mode

Bit 13 Reserved, always read as 0.

Bit 12 SPI1LPEN: SPI 1 clock enable during Sleep mode
This bit is set and cleared by software.
0: SPI 1 clock disabled during Sleep mode
1: SPI 1 clock enabled during Sleep mode

Bits 11:10 Reserved, always read as 0.
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Bit9 ADC1LPEN: ADC1 interface clock enable during Sleep mode
This bit is set and cleared by software.
0: ADC1 interface disabled during Sleep mode
1: ADC1 interface clock enabled during Sleep mode

Bits 8:5 Reserved, always read as 0.

Bit 4 TIM11LPEN: TIM11 timer clock enable during Sleep mode
This bit is set and cleared by software.
0: TIM11 timer clock disabled during Sleep mode
1: TIM11 timer clock enabled during Sleep mode

Bit 3 TIM1OLPEN: TIM10 timer clock enable during Sleep mode
This bit is set and cleared by software.
0: TIM10 timer clock disabled during Sleep mode
1: TIM10 timer clock enabled during Sleep mode

Bit 2 TIMOLPEN: TIM9 timer clock enable during Sleep mode
This bit is set and cleared by software.
0: TIM9 timer clock disabled during Sleep mode
1: TIM9 timer clock enabled during Sleep mode

Bit 1 Reserved, always read as 0.

Bit 0 SYSCFGLPEN: System configuration controller clock enable during Sleep mode
This bit is set and cleared by software.
0: System configuration controller clock disabled during Sleep mode
1: System configuration controller clock enabled during Sleep mode

4.3.13 APB1 peripheral clock enable in low power mode register
(RCC_APB1LPENR)

Address: 0x30
Reset value: 0xBOE6 4A37

Access: no wait state, word, half-word and byte access

Note: The peripheral clock is enabled in sleep mode only if it's previously has been enabled in
APB1ENR register.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
COMP DAC | PWR USB | I2C2 | I2CT USART3 | USART2
LPEN | Res. |LPEN | LPEN Reserved LPEN | LPEN | LPEN Reserved LPEN | LPEN | Res.
rw w rw rw rw rw rw rw
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SPI2 gﬂ’.vfé LCD TIM7 | TIM6 TIM4 | TIM3 | TIM2
Res. | LPEN | Reserved N | Res. | LPEN Reserved LPEN | LPEN | Res. | LPEN | LPEN | LPEN
rw w rw rw rw rw rw w

Bit 31 COMPLPEN: COMP interface clock enable during Sleep mode
This bit is set and cleared by software.
0: COMP interface clock disabled during Sleep mode
1: COMP interface clock enable during Sleep mode

Bits 30 Reserved, always read as 0.
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Bit 29

Bit 28

Bits 27:24
Bit 23

Bit 22

Bit 21

Bits 20:19
Bit 18

Bit 17

Bits 16:15
Bit 14

Bits 13:12
Bit 11

Bit 10
Bit 9
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DACLPEN: DAC interface clock enable during Sleep mode
This bit is set and cleared by software.
0: DAC interface clock disabled during Sleep mode
1: DAC interface clock enable during Sleep mode

PWRLPEN: Power interface clock enable during Sleep mode
This bit is set and cleared by software.
0: Power interface clock disabled during Sleep mode
1: Power interface clock enable during Sleep mode

Reserved, always read as 0.

USBLPEN: USB clock enable during Sleep mode
This bit is set and cleared by software.
0: USB clock disabled during Sleep mode
1: USB clock enabled during Sleep mode

I2C2LPEN: IC 2 clock enable during Sleep mode
This bit is set and cleared by software.
0: I°C 2 clock disabled during Sleep mode
1: 1°C 2 clock enabled during Sleep mode

I2C1LPEN: IC 1 clock enable during Sleep mode
This bit is set and cleared by software.
0: I°C 1 clock disabled during Sleep mode
1: 1°C 1 clock enabled during Sleep mode

Reserved, always read as 0.

USART3LPEN: USART 3 clock enable during Sleep mode
This bit is set and cleared by software.
0: USART 3 clock disabled during Sleep mode
1: USART 3 clock enabled during Sleep mode

USART2LPEN: USART 2 clock enable during Sleep mode
This bit is set and cleared by software.
0: USART 2 clock disabled during Sleep mode
1: USART 2 clock enabled during Sleep mode

Reserved, always read as 0.

SPI2LPEN: SPI 2 clock enable during Sleep mode
This bit is set and cleared by software.
0: SPI 2 clock disabled during Sleep mode
1: SPI 2 clock enabled during Sleep mode

Reserved, always read as O.

WWDGLPEN: Window watchdog clock enable during Sleep mode
This bit is set and cleared by software.
0: Window watchdog clock disabled during Sleep mode
1: Window watchdog clock enabled during Sleep mode

Reserved, always read as 0.

LCDLPEN: LCD clock enable during Sleep mode
This bit is set and cleared by software.
0: LCD clock disabled during Sleep mode
1: LCD clock enabled during Sleep mode
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Bits 8:6 Reserved, always read as 0.

4.3.14

Note:

31

1

Bit 5 TIM7LPEN: Timer 7 clock enable during Sleep mode
This bit is set and cleared by software.
0: Timer 7 clock disabled during Sleep mode
1: Timer 7 clock enabled during Sleep mode

Bit 4 TIM6LPEN: Timer 6 clock enable during Sleep mode
This bit is set and cleared by software.
0: Timer 6 clock disabled during Sleep mode
1: Timer 6 clock enabled during Sleep mode

Bit 3 Reserved, always read as 0.

Bit 2 TIM4LPEN: Timer 4 clock enable during Sleep mode
This bit is set and cleared by software.
0: Timer 4 clock disabled during Sleep mode
1: Timer 4 clock enabled during Sleep mode

Bit 1 TIM3LPEN: Timer 3 clock enable during Sleep mode
This bit is set and cleared by software.
0: Timer 3 clock disabled during Sleep mode
1: Timer 3 clock enabled during Sleep mode

Bit 0 TIM2LPEN: Timer 2 clock enable during Sleep mode
This bit is set and cleared by software.

0: Timer 2 clock disabled during Sleep mode
1: Timer 2 clock enabled during Sleep mode

Control/status register (RCC_CSR)

Address: 0x34

Reset value: 0x0C00 0000,

Access: 0 < wait state < 3, word, half-word and byte access

Wait states are inserted in case of successive accesses to this register.

The LSEON, LSEBYPR, RTCSEL and RTCEN bits in the RCC control and status register
(RCC_CSR) are in the RTC domain. As these bits are write protected after reset, the DBP
bit in the Power control register (PWR_CR) has to be set to be able to modify them. Refer to
Section RTC and RTC backup registers for further information. These bits are only reset
after a RTC domain reset (see RTC and backup registers reset). Any internal or external
reset does not have any effect on them.

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

LPWR
RSTF

IWDG | SFT POR PIN OBLRS RMVE RTC RTC
RSTF | RSTF | RSTF | RSTF TF RST EN Reserved

rw

w w w w w rw w w w w

15

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

LSE LSERDY | LSEON LSI

Reserved BYP Reserved RDY

w r rw r w
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Bit 31

Bit 30

Bit 29

Bit 28

Bit 27

Bit 26

Bit 25

Bit 24

Bit 23
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LPWRRSTF: Low-power reset flag
This bit is set by hardware when a Low-power management reset occurs.
It is cleared by writing to the RMVF bit, or by a POR.
0: No Low-power management reset occurred
1: Low-power management reset occurred
For further information on Low-power management reset, refer to Low-power management
reset.

WWDGRSTF: Window watchdog reset flag

This bit is set by hardware when a window watchdog reset occurs.
It is cleared by writing to the RMVF bit, or by a POR.

0: No window watchdog reset occurred

1: Window watchdog reset occurred

IWDGRSTF: Independent watchdog reset flag

This bit is set by hardware when an independent watchdog reset from Vpp domain occurs.
It is cleared by writing to the RMVF bit, or by a POR.

0: No watchdog reset occurred

1: Watchdog reset occurred

SFTRSTF: Software reset flag

This bit is set by hardware when a software reset occurs.
It is cleared by writing to the RMVF bit, or by a POR.

0: No software reset occurred

1: Software reset occurred

PORRSTF: POR/PDR reset flag
This bit is set by hardware when a POR/PDR reset occurs.
It is cleared by writing to the RMVF bit.
0: No POR/PDR reset occurred
1: POR/PDR reset occurred

PINRSTF: PIN reset flag
This bit is set by hardware when a reset from the NRST pin occurs.
It is cleared by writing to the RMVF bit, or by a POR.
0: No reset from NRST pin occurred
1: Reset from NRST pin occurred

OBLRSTF Options bytes loading reset flag
This bit is set by hardware when an OBL reset occurs.
It is cleared by writing to the RMVF bit, or by a POR.
0: No OBL reset occurred
1: OBL reset occurred

RMVF: Remove reset flag

This bit is set by software to clear the reset flags.
0: No effect
1: Clear the reset flags

RTCRST: RTC software reset
This bit is set and cleared by software.
0: Reset not activated
1: Resets the RTC peripheral, its clock source selection and the backup registers.
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Bit 22 RTCEN: RTC clock enable

This bit is set and cleared by software.

It is reset by setting the RTCRST bit or by a POR.
0: RTC clock disabled

1: RTC clock enabled

Bits 21:18 Reserved, always read as 0.

Bits 17:16 RTCSEL[1:0]: RTC and LCD clock source selection

These bits are set by software to select the clock source for the RTC.

Once the RTC and LCD clock source has been selected, the only possible way of modifying
the selection is to set the RTCRST bit, or issuing a POR.

00: No clock

01: LSE oscillator clock used as RTC clock

10: LS| oscillator clock used as RTC clock

11: HSE oscillator clock divided by a programmable prescaler (selection through the
RTCPRE[1:0] bits in the RCC clock control register (RCC_CR)) used as the RTC clock

If the LSE or LSl is used as RTC clock source, the RTC continues to work in Stop and
Standby low power modes, and can be used as wake-up source. However, when the HSE

clock is used as RTC clock source, the RTC cannot be used in Stop and Standby low power
modes.

Bits 15:11 Reserved, always read as 0.

Bit 10 LSEBYP: External low-speed oscillator bypass

This bit is set and cleared by software to bypass oscillator in debug mode. This bit can be
written only when the LSE oscillator is disabled.

It is reset by setting the RTCRST bit or by a POR.
0: LSE oscillator not bypassed
1: LSE oscillator bypassed

Bit 9 LSERDY: External low-speed oscillator ready

This bit is set and cleared by hardware to indicate when the LSE oscillator is stable. After the
LSEON bit is cleared, LSERDY goes low after 6 LSE oscillator clock cycles.

It is reset by setting the RTCRST bit or by a POR.

0: External 32 kHz oscillator not ready

1: External 32 kHz oscillator ready

Bit 8 LSEON: External low-speed oscillator enable

Bits 7:2

This bit is set and cleared by software.

It is reset by setting the RTCRST bit or by a POR.
0: LSE oscillator OFF

1:LSE oscillator ON

Reserved, always read as 0.

Bit 1 LSIRDY: Internal low-speed oscillator ready

This bit is set and cleared by hardware to indicate when the LSI oscillator is stable. After the
LSION bit is cleared, LSIRDY goes low after 3 LSI oscillator clock cycles.

This bit is reset by system reset.

0: LSI oscillator not ready

1: LSl oscillator ready
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Bit 0 LSION: Internal low-speed oscillator enable

This bit is set and cleared by software.

It is reset by system reset.
0: LSI oscillator OFF
1: LSl oscillator ON

RCC register map

4.3.15

The following table gives the RCC register map and the reset values.

RCC register map and reset values

Table 17.
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RCC register map and reset values (continued)

Table 17.
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Refer to Table 1: Register boundary addresses for the register boundary addresses.

107/598

Doc ID 15965 Rev 4




General-purpose 1/0s (GPIO) RMO0038

5

5.1

5.2

5.3

108/598

General-purpose 1/0s (GPIO)

GPIO introduction

Each general-purpose I/O port has four 32-bit configuration registers (GPIOx_MODER,
GPIOx_OTYPER, GPIOx_OSPEEDR and GPIOx_PUPDR), two 32-bit data registers
(GPIOx_IDR and GPIOx_ODR), a 32-bit set/reset register (GPIOx_BSRR), a 32-bit locking
register (GPIOx_LCKR) and two 32-bit alternate function selection register (GPIOx_AFRH
and GPIOx_AFRL).

GPIO main features

® Upto 16 I/Os under control
o Output states: push-pull or open drain + pull-up/down

e Output data from output data register (GPIOx_ODR) or peripheral (alternate function
output)

Speed selection for each /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 I/O configuration

Analog function

Alternate function input/output selection registers (at most 16 AFs per 1/0)

Fast toggle capable of changing every two clock cycles

Highly flexible pin multiplexing allows the use of I/O pins as GPIOs or as one of several
peripheral functions

GPIO functional description

Subject to the specific hardware characteristics of each I/O port listed in the datasheet, each
port bit of the general-purpose 1/0 (GPIO) ports can be individually configured by software
in several modes:

e Input floating

Input pull-up

Input-pull-down

Analog

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

Output push-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 I/O port bit is freely programmable, however the I/O port registers have to be accessed
as 32-bit words, half-words or bytes. The purpose of the GPIOx_BSRR register is to allow
atomic read/modify accesses to any of the GPIO registers. In this way, there is no risk of an
IRQ occurring between the read and the modify access.
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Figure 13 and Figure 14 show the basic structures of a standard and a 5 V tolerant I/O port
bit, respectively. Table 21 gives the possible port bit configurations.

Figure 13. Basic structure of a standard I/O port bit
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Figure 14. Basic structure of a five-volt tolerant I/O port bit
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1. Vpp_pris a potential specific to five-volt tolerant I/Os and different from V.
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Table 18.  Port bit configuration table(!)
M()[?E?(i) OTYPER(i) OSTEE\?R“) PU[I:%I]R(i) I/0 configuration
0 0 0 GP output PP
0 0 1 GP output PP + PU
0 1 0 GP output PP + PD
0 SPEED 1 1 Reserved
o 1 [B:A] 0 0 GP output oD
1 0 1 GP output OD + PU
1 1 0 GP output OD + PD
1 1 1 Reserved (GP output OD)
0 0 0 AF PP
0 0 1 AF PP + PU
0 1 0 AF PP + PD
10 0 SPEED 1 1 Reserved
1 [B:A] 0 0 |AF oD
1 0 1 AF OD + PU
1 1 0 AF OD + PD
1 1 1 Reserved
X X X 0 0 Input Floating
X X X 0 1 Input PU
00
X X X 1 0 Input PD
X X X 1 1 Reserved (input floating)
X X X 0 0 Input/output Analog
X X X 0 1
11
X X X 1 0 Reserved
X X X 1 1

1.

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

function.

General-purpose 1/0 (GPIO)

During and just after reset, the alternate functions are not active and the 1/O ports are
configured in input floating mode.

The JTAG pins are in input pull-up/pull-down after reset:
PA15: JTDI in pull-up

PA14: JTCK in pull-down

PA13: JTMS in pull-up

PB4: NJTRST in pull-up
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When the pin is configured as output, the value written to the output data register
(GP1Ox_ODR) is output on the 1/O pin. It is possible to use the output driver in push-pull
mode or open-drain mode (only the N-MOS is activated when 0 is output).

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.

5.3.2 I/0 pin multiplexer and mapping

The STM32L15xxx /O pins are connected to onboard peripherals/modules through a
multiplexer that allows only one peripheral’s alternate function (AF) connected to an I/O pin
at a time. In this way, there can be no conflict between peripherals sharing the same 1/0 pin.

Each I/0 pin has a multiplexer with sixteen alternate function inputs (AF0 to AF15) that can
be configured through the GPIOx_AFRL (for pin 0 to 7) and GPIOx_AFRH (for pin 8 to 15)
registers:

® After reset all I/Os are connected to the system’s alternate function 0 (AFQ)
® The peripherals’ alternate functions are mapped from AF1 to AF14
® Cortex-M3 EVENTOUT is mapped on AF15

This structure is shown in Figure 15 below.

In addition to this flexible I/O multiplexing architecture, each peripheral has alternate
functions mapped onto different 1/0 pins to optimize the number of peripherals available in
smaller packages.

To use an I/O in a given configuration, you have to proceed as follows:

e System function: you have to connect the 1/0 to AFO and configure it depending on
the function used:

— JTAG/SWD, after each device reset these pins are assigned as dedicated pins
immediately usable by the debugger host (not controlled by the GPIO controller)

— RTC_AF1: refer to Table 20: RTC_AF1 pin for more details about this pin
configuration

— RTC_50Hz: this pin should be configured in Input floating mode
— MCO: this pin has to be configured in alternate function mode.

Note: You can disable some or all of the JTAG/SWD pins and so release the associated pins for
GPIO usage.

For more details please refer to Section 4.2.12: Clock-out capability.

Table 19. Flexible SWJ-DP pin assignment

SWJ I/O pin assigned

Available debug ports PA13/ | PA14/
JTMS/ | JTCK/
SWDIO | SWCLK

PA15/| PB3/ PB4/
JTDI JTDO | NJTRST

Full SWJ (JTAG-DP + SW-DP) - Reset state X X X X X
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Table 19. Flexible SWJ-DP pin assignment (continued)

SWJ I/O pin assigned

Available debug ports PA13/ | PA14/
JTMS/ | JTCK/
SWDIO | SWCLK

PA15/| PB3/ PB4/
JTDI JTDO | NJTRST

Full SWJ (JTAG-DP + SW-DP) but without

NJTRST X X X X
JTAG-DP Disabled and SW-DP Enabled X X
JTAG-DP Disabled and SW-DP Disabled Released

GPIO: configure the desired I/0O as output, input or analog in the GPIOx_MODER
register.

Peripheral’s alternate function:

For the ADC and DAC, configure the desired I/O as analog in the GPIOx_MODER
register.

For other peripherals:
—  Configure the desired I/O as an alternate function in the GPIOx_MODER register

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

—  Connect the I/O to the desired AFx in the GPIOXx_AFRL or GPIOx_AFRH register

EVENTOUT: you can configure the 1/0 pin used to output the Cortex-M3 EVENTOUT
signal by connecting it to AF15

EVENTOUT is not mapped onto the following I/O pins: PHO, PH1 and PH2.

Please refer to the “Alternate function mapping” table in the STM32L15xxx datasheets for
the detailed mapping of the system and peripherals’ alternate function 1/O pins.
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Figure 15. Selecting an alternate function
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5.3.3 I/O port control registers

Each of the GPIOs has four 32-bit memory-mapped control registers (GPIOx_MODER,
GPIOx_OTYPER, GPIOx_OSPEEDR, GPIOx_PUPDR) to configure up to 16 I/Os. The
GPIOx_MODER register is used to select the 1/O direction (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 I/O speed pins are directly connected to the
corresponding GPIOx_OSPEEDR register bits whatever the I/0O direction). The
GPIOx_PUPDR register is used to select the pull-up/pull-down whatever the 1/O direction.

5.3.4 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/write
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accessible. The data input through the I/O are stored into the input data register
(GPIOx_IDR), a read-only register.

See Section 5.4.5: GPIO port input data register (GPIOx_IDR) (x = A..E and H) and
Section 5.4.6: GPIO port output data register (GPIOx_ODR) (x = A..E and H) for the register
descriptions.

I/O data bitwise handling

The bit set reset register (GPIOx_BSRR) is a 32-bit register which allows the application to
set and reset each individual bit 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 in GPIOx_BSRR: BSRR(i) and
BSRR(i+SIZE). When written to 1, bit BSRR(i) sets the corresponding ODR(i) bit. When
written to 1, bit BSRR(i+SIZE) resets the ODR(i) corresponding bit.

Writing 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
action takes priority.

Using the GPIOx_BSRR register to change the values of individual bits 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 single atomic AHB write access.

GPIO locking mechanism

It is possible to freeze the GPIO control registers by applying a specific write sequence to
the GPIOx_LCKR register. The frozen registers are GPIOx_MODER, GPIOx_OTYPER,
GPIOx_OSPEEDR, GPIOx_PUPDR, GPIOx_AFRL and GPIOx_AFRH.

To write the GPIOx_LCKR register, a specific write / read sequence has to be applied. When
the right LOCK sequence is applied to bit 16 in this register, the value of LCKR[15:0] is used
to lock the configuration of the 1/0Os (during the write sequence the LCKR[15:0] value must
be the same). When the LOCK sequence has been applied to a port bit, the value of the port
bit can no longer be modified until the next reset. Each GPIOx_LCKR bit freezes the
corresponding bit in the control registers (GPIOx_MODER, GPIOx_OTYPER,
GPIOx_OSPEEDR, GPIOx_PUPDR, GPIOx_AFRL and GPIOx_AFRH).

The LOCK sequence (refer to Section 5.4.8: GPIO port configuration lock register
(GPIOx_LCKR) (x = A..E and H)) can only be performed using a word (32-bit long) access
to the GPIOx_LCKR register due to the fact that GPIOx_LCKR bit 16 has to be set at the
same time as the [15:0] bits.

For more details please refer to LCKR register description in Section 5.4.8: GPIO port
configuration lock register (GPIOx_LCKR) (x = A..E and H).

I/O alternate function input/output

Two registers are provided to select one out of the sixteen alternate function inputs/outputs
available for each 1/0O. With these registers, you can connect an alternate function to some
other pin as required by your application.
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This means that a number of possible peripheral functions are multiplexed on each GPIO
using the GPIOx_AFRL and GPIOx_AFRH alternate function registers. The application can
thus select any one of the possible functions for each I/0. The AF selection signal being
common to the alternate function input and alternate function output, a single channel is
selected for the alternate function input/output of one 1/0O.

To know which functions are multiplexed on each GPIO pin, refer to the STM32L15xxx
datasheets.

The application is allowed to select one of the possible peripheral functions for each I/O at a
time.

External interrupt/wakeup lines

All ports have external interrupt capability. To use external interrupt lines, the port must be
configured in input mode, refer to Section 7.2: External interrupt/event controller (EXTI) and
Section 7.2.3: Wakeup event management.

Input configuration

When the I/O port is programmed as Input:
o the output buffer is disabled
® the Schmitt trigger input is activated

® the pull-up and pull-down resistors are activated depending on the value in the
GPIOx_PUPDR register

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

® A read access to the input data register provides the I/O State

Figure 16 shows the input configuration of the 1/O port bit.

Figure 16. Input floating/pull up/pull down configurations
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Output configuration

When the 1/O port is programmed 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 register leaves the port in Hi-Z (the P-MOS 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 weak pull-up and pull-down resistors are activated or not depending on the value in
the GPIOx_PUPDR register

The data present on the 1/O pin are sampled into the input data register every AHB
clock cycle

A read access to the input data register gets the 1/0 state
A read access to the output data register gets the last written value in Push-pull mode

Figure 17 shows the output configuration of the I/O port bit.

Figure 17. Output configuration
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Alternate function configuration

When the 1/O port is programmed as alternate function:

The output buffer is turned on in open-drain or push-pull configuration

The output buffer is driven by the signal coming from the peripheral (alternate function
out)

The Schmitt trigger input is activated

The weak pull-up and pull-down resistors are activated or not depending on the value in
the GPIOx_PUPDR register

The data present on the I/O pin 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 last value written in push-pull mode
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Figure 18 shows the Alternate function configuration of the 1/0 port bit.
Figure 18. Alternate function configuration
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5.3.12 Analog configuration

When the 1/O port is programmed as analog configuration:

® The output buffer is disabled

® The Schmitt trigger input is deactivated, providing zero consumption for every analog
value of the I/O pin. The output of the Schmitt trigger is forced to a constant value (0).

® The weak pull-up and pull-down resistors are disabled

® Read access to the input data register gets the value “0”

Figure 19 shows the high-impedance, analog-input configuration of the I/O port bit.

Figure 19. High impedance-analog configuration
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Note: 1

5.3.14

5.3.15

Table 20.

Using the OSC32_IN/OSC32_OUT pins as GPIO PC14/PC15

port pins

The LSE oscillator pins OSC32_IN and OSC32_OUT can be used as general-purpose
PC14 and PC15 1/Os, respectively, when the LSE oscillator is off (after reset, the LSE
oscillator is off ). The PC14 and PC15 I/Os are only configured as OSC32_IN and

OSC32_0OUT LSE oscillator pins when the LSE oscillator is ON ( by setting the LSEON bit in
the RCC_CSR register). The LSE has priority over the GPIO function.

The PC14/PC15 GPIO functionality is lost when the Vooge domain is powered off (by the
device entering the standby mode) . In this case the I/Os are set in analog input mode.

Using the OSC_IN/OSC_OUT pins as GPIO PHO/PH1 port pins

The HSE oscillator pins OSC_IN/OSC_OUT can be used as general-purpose PHO/PH1
I/Os, respectively, when the HSE oscillator is off. ( after reset, the HSE oscillator is off ). The
PHO/PH1 1/Os are only configured as OSC_IN/OSC_OUT HSE oscillator pins when the
HSE oscillator is ON ( by setting the HSEON bit in the RCC_CR register). The HSE has
priority over the GPIO function.

Selection of RTC_AF1 alternate functions

The STM32L15xxx features:

m Two GPIO pins, which can be used as wakeup pins (WKUP1 and WKUP3).

m One GPIO pin, which can be used as a wakeup pin (WKUP2), for the detection of a
tamper or time-stamp event, or to output RTC AFO_ALARM or AFO_CALIB.

The RTC_AF1 pin (PC13) can be used for the following purposes:

® Wakeup pin 2 (WKUP2): this feature is enabled by setting the EWUP2 in the
PWR_CSR register.

e RTC AFO_ALARM output: this output can be RTC Alarm A, RTC Alarm B or RTC
Wakeup depending on the OSEL[1:0] bits in the RTC_CR register.

e RTC AFO_CALIB output: this feature is enabled by setting the COE[23] bit in the
RTC_CR reqister.

e RTC AFI_TAMPER1: Tamper event detection

® Time-stamp event detection

The selection of the RTC AFO_ALARM output is performed through the RTC_TAFCR
register as follows: ALARMOUTTYPE is used to select whether the RTC AFO_ALARM
output is configured in push-pull or open-drain mode.

The output mechanism follows the priority order shown in Table 20.

RTC_AF1 pin ()

Pin

configuration

ALARMOUTTYPE

AFO_ALARM | AFO_CALIB Tamper Time-stamp EWUP2 AFO_ALARM

enabled enabled enabled enabled enabled

and function configuration

Alarm out output

oD

1 0 Don’t care Don’t care Don’t care 0

Alarm out output

PP

1 0 Don’t care Don’t care Don’t care 1
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Table 20. RTC_AF1 pin (continued)"
Pin | A\FO_ALARM | AFO_CALIB| Tamper |Time-stamp| Ewupz | ALARMOUTTYPE
configuration AFO_ALARM
. enabled enabled enabled enabled enabled : .
and function configuration
Calibration out 0 1 Don’t care Don’t care Don’t care Don’t care
output PP
TAM.PER Input 0 0 1 0 Don’t care Don’t care
floating
TIMESTAMP and
TAMPER input 0 0 1 1 Don’t care Don’t care
floating
.TIMESTAMP 0 0 0 1 Don’t care Don’t care
input floating
Wakeup Pin 2 0 0 0 0 1 Don’t care
Standard GPIO 0 0 0 0 0 Don’t care

1. OD: open drain; PP: push-pull.

54 GPIO registers
This section gives a detailed description of the GPIO registers.
For a summary of register bits, register address offsets and reset values, refer to Table 21.
The peripheral registers have to be accessed by words (32-bit).
5.4.1 GPIO port mode register (GPIOx_MODER) (x = A..E and H)
Address offset: 0x00
Reset values:
® 0xA800 0000 for port A
® 0x0000 0280 for port B
® 0x0000 0000 for other ports
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
MODER15[1:0] | MODER14[1:0] | MODER13[1:0] | MODER12[1:0] | MODER11[1:0] | MODER10[1:0] | MODER9[1:0] | MODERS[1:0]
w | rw rw | rw rw | rw rw | rw rw | rw rw | w rw | rw rw | rw
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
MODER7[1:0] | MODERS[1:0] | MODERS5[1:0] | MODER4[1:0] | MODER3[1:0] | MODER2[1:0] | MODER1[1:0] | MODERO[1:0]
w | rw rw | rw rw | w rw | rw rw | rw rw | w rw | rw rw | rw
Bits 2y:2y+1 MODERYy[1:0]: Port x configuration bits (y = 0..15)
These bits are written by software to configure the 1/0 direction mode.
00: Input (reset state)
01: General purpose output mode
10: Alternate function mode
11: Analog mode
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5.4.2 GPIO port output type register (GPIOx_OTYPER) (x = A..E and H)
Address offset: 0x04
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 1 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
rw rw rw rw rw rw rw rw w rw rw rw rw rw rw rw
Bits 31:16  Reserved, always read as 0.
Bits 15:0 OTy[1:0]: Port x configuration bits (y = 0..15)
These bits are written by software to configure the output type of the 1/O port.
0: Output push-pull (reset state)
1: Output open-drain
5.4.3 GPIO port output speed register (GPIOx_OSPEEDR)
(x = A..E and H)
Address offset: 0x08
Reset values:
® 0x0000 00CO for port B
® 0x0000 0000 for other ports
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
OSPEEDR15[1:0]|OSPEEDR14[1:0]| OSPEEDR13[1:0]| OSPEEDR12[1:0] | OSPEEDR11[1:0]| OSPEEDR10[1:0] |OSPEEDR9[1:0]| OSPEEDRS][1:0]
rw | rw w | rw rw | w rw | w rw | rw rw | rw rw | rw rw | rw
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

OSPEEDR7[1:0]

OSPEEDRS[1:0]

OSPEEDRS5[1:0]

OSPEEDR4[1:0]

OSPEEDR3[1:0]

OSPEEDR2[1:0]

OSPEEDR1[1:0]

OSPEEDRO[1:0]

rw | 'w

w | w

'w | 'w

'w | w

w | rw

w | w

w | rw

w | rw

Bits 2y:2y+1 OSPEEDRYy[1:0]: Port x configuration bits (y = 0..15)

These bits are written by software to configure the 1/0 output speed.
00: 400 kHz Very low speed

01: 2 MHz Low speed

10: 10 MHz Medium speed

11: 40 MHz High speed on 50 pF (50 MHz output max speed on 30 pF)

544 GPIO port pull-up/pull-down register (GPIOx_PUPDR)

(x = A..E and H)
Address offset: 0x0C

Reset values:

® (0x6400 0000 for port A
e (0x0000 0100 for port B
® 0x0000 0000 for other ports
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31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
PUPDR15[1:0] | PUPDR14[1:0] | PUPDR13[1:0] | PUPDR12[1:0] | PUPDR11[1:0] | PUPDR10[1:0] | PUPDRY[1:0] PUPDRS][1:0]
rw | rw rw | rw rw | rw rw | rw rw | rw rw | rw rw | rw rw | rw
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
PUPDR7[1:0] | PUPDR6[1:0] | PUPDRS[1:0] | PUPDRA4[1:0] PUPDR3[1:0] | PUPDR2[1:0] | PUPDRT1[1:0] PUPDRO[1:0]
w | rw rw | rw rw | rw rw | rw w | rw rw | rw rw | rw rw | rw
Bits 2y:2y+1 PUPDRYy[1:0]: Port x configuration bits (y = 0..15)
These bits are written by software to configure the 1/0O pull-up or pull-down
00: No pull-up, pull-down
01: Pull-up
10: Pull-down
11: Reserved
5.4.5 GPIO port input data register (GPIOx_IDR) (x = A..E and H)
Address offset: 0x10
Reset value: 0x0000 xxxx (where x means undefined)
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
IDR15 | IDR14 | IDR13 | IDR12 | IDR11 | IDR10 | IDR9 | IDR8 | IDR7 | IDR6 | IDR5 | IDR4 | IDR3 | IDR2 | IDR1 | IDRO
r r r r r r r r r r r r r r r r
Bits 31:16  Reserved, always read as 0.
Bits 15:0 IDRy[15:0]: Port input data (y = 0..15)
These bits are read-only and can be accessed in word mode only. They contain the input
value of the corresponding 1/O port.
5.4.6 GPIO port output data register (GPIOx_ODR) (x = A..E and H)
Address offset: 0x14
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ODR15 | ODR14 | ODR13 | ODR12 | ODR11 | ODR10 | ODR9 | ODR8 | ODR7 | ODR6 | ODR5 | ODR4 | ODR3 | ODR2 | ODR1 | ODRO
rw rw rw rw rw rw rw rw rw rw rw w rw rw rw rw
Bits 31:16  Reserved, always read as 0.

Bits 15:0 ODRy[15:0]: Port output data (y = 0..15)

These bits can be read and written by software.

Note: For atomic bit set/reset, the ODR bits can be individually set and reset by writing to the

GPIOx_BSRR register (x = A..E and H).
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5.4.7 GPIO port bit set/reset register (GPIOx_BSRR) (x = A..E and H)
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

Bits 31:16 BRy: Port x reset bity (y = 0..15)

These bits are write-only and can be accessed in word, half-word or byte mode. A read to

these bits returns the value 0x0000.
0: No action on the corresponding ODRXx bit
1: Resets the corresponding ODRXx bit

Note: If both BSx and BRx are set, BSx has priority.
Bits 15:0 BSy: Port x set bity (y=0..15)

These bits are write-only and can be accessed in word, half-word or byte mode. A read to

these bits returns the value 0x0000.
0: No action on the corresponding ODRXx bit
1: Sets the corresponding ODRXx bit

5.4.8 GPIO port configuration lock register (GPIOx_LCKR)

(x = A..E and H)

This register is used to lock the configuration of the port bits when a correct write sequence
is applied to bit 16 (LCKK). The value of bits [15:0] is used to lock the configuration of the
GPIO. During the write sequence, the value of LCKR[15:0] must not change. When the
LOCK sequence has been applied on a port bit, the value of this port bit can no longer be

modified until the next reset.

Note: A specific write sequence is used to write to the GPIOx_LCKR register. Only word access

(32-bit long) is allowed during this write sequence.

Each lock bit freezes a specific configuration register (control and alternate function

registers).
Address offset: 0x1C
Reset value: 0x0000 0000

Access: 32-bit word only, read/write register

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

LCKK
Reserved

rw

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
LCK15 | LCK14 | LCK13 | LCK12 | LCK11 | LCK10 | LCK9 LCK8 LCK7 LCK6 LCK5 LCK4 LCK3 LCK2 LCK1 LCKO

rw w w rw rw rw rw rw w rw rw rw rw rw rw rw
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Bits 31:17  Reserved

Bit 16 LCKK[16]: Lock key
This bit can be read any time. It can only be modified using the lock key write sequence.
0: Port configuration lock key not active
1: Port configuration lock key active. The GPIOx_LCKR register is locked until an MCU reset
occurs.

LOCK key write sequence:

WR LCKR[16] = ‘1’ + LCKR[15:0]

WR LCKR[16] = ‘0’ + LCKR[15:0]

WR LCKR[16] = ‘1’ + LCKR[15:0]

RD LCKR

RD LCKR[16] = ‘1’ (this read operation is optional but it confirms that the lock is active)

Note: During the LOCK key write sequence, the value of LCK[15:0] must not change.
Any error in the lock sequence aborts the lock.
After the first lock sequence on any bit of the port, any read access on the LCKK bit will
return ‘1’ until the next CPU reset.
Bits 15:0 LCKYy: Port x lock bit y (y= 0..15)
These bits are read/write but can only be written when the LCKK bit is ‘O.

0: Port configuration not locked
1: Port configuration locked

5.4.9 GPIO alternate function low register (GPIOx_AFRL) (x = A..E and H)

Address offset: 0x20
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
AFRL7[3:0] AFRL6[3:0] AFRL5[3:0] AFRLA4[3:0]

rw | rw | w | rw w | rw | rw | rw rw | rw | rw | w w | rw | rw | rw

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
AFRL3[3:0] AFRL2[3:0] AFRL1[3:0] AFRLO[3:0]

rw | rw | w | rw rw | rw | rw | rw rw | rw | rw | rw w | rw | rw | rw

Bits 31:0 AFRLy: Alternate function selection for port x bity (y = 0..7)
These bits are written by software to configure alternate function I/Os

AFRLy selection:

0000: AFO 1000: AF8
0001: AF1 1001: AF9
0010: AF2 1010: AF10
0011: AF3 1011: AF11
0100: AF4 1100: AF12
0101: AF5 1101: AF13
0110: AF6 1110: AF14
0111: AF7 1111: AF15
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5.4.10 GPIO alternate function high register (GPIOx_AFRH)
(x = A..E and H)
Address offset: 0x24
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
AFRH15[3:0] AFRH14[3:0] AFRH13[3:0] AFRH12[3:0]
rw | rw | w | rw w | rw | rw | rw rw | rw | rw | w | rw | rw | rw
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
AFRH11[3:0] AFRH10[3:0] AFRH9[3:0] AFRH8[3:0]
rw | rw | w | rw rw | rw | rw | rw rw | rw | rw | rw w | rw | rw | rw
Bits 31:0 AFRHy: Alternate function selection for port x bit y (y = 8..15)
These bits are written by software to configure alternate function I/Os
AFRHy selection:
0000: AFO 1000: AF8
0001: AF1 1001: AF9
0010: AF2 1010: AF10
0011: AF3 1011: AF11
0100: AF4 1100: AF12
0101: AF5 1101: AF13
0110: AF6 1110: AF14
0111: AF7 1111: AF15
5.4.11 GPIO register map
Table 21. GPIO register map and reset values
i B EEEEEEEE R EEEEEEEEEEEEEE N EEEEREE
000 GPIOA_MODER E E E E E E & & T & & & & & & &
a a a a a a a a a a a a a a a a
[e) o) le) le) [e) [e) o o (@] o ()] (@] o (@] o (@]
= = s s s = = = = = = = = = = =
Reset value 1|01|01|o 0|o 0|o o|0 o|0 o|o 0|o 0|o o|0 o|0 o|o 0|o 0|o o|0
el |l |2 |2 |2 |g|lg|lg|lg|e|lg|e|g|a|T
0x00 GPIOB_MODER & & & & & & ] ] | ] ] ] W | ] ]
o o o o o o [=) [=) [a) a a a [a) [a) a a
o o o o o o o o o o (@] (@] o o o (@]
= = = s s = = = = = = = = = = =
Reset value o|o o|o o|o o|o o|o o|o o|o o|o o|o o|o o|o 1|0 1|o o|o o|o o|o
el |l |2 |2 |2 |lg|lg|lg|lg|lg|lg|e|g|a |
o F o ~ = s ha ha s pud b b ha s bt b
GPloMODER | 2 | 2 |\ 2 | 2 |2 |2 |7 |8 |F |8 |8 |f |2 |F 5|8
0x00 | (wherex=C..F) | o o I I ] ] | i i w w w w w w w
o o o o fa) o [a) [a) a a a a [a) a a a
o o o o o o o o o (@] (@] (@] o o (@] (@]
s s s s s s = = = = = = = = = =
Reset value o|o o|o o|o o|o 0|o o|o o|o o|o ofo[oJo[ofo[ofoflofJo[oJo]|o]o|0O]O
GPLOX_OTY:EER o< ooz lo o o o o< oo |- o
0x04 (w e;ﬁdxg) - Reserved 566151616 clololclole|o|6 |6 |6
Reset value o[1]ofofo[1[ofofo[1]ofo[o[1]0]0O
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GPIO register map and reset values (continued)

Table 21.
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Refer to Table 1: Register boundary addresses for the register boundary addresses. The

following tables give the GPIO register map and the reset values.
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6

6.1

6.2

Note:

126/598

System configuration controller (SYSCFG) and
routing interface (RI)

SYSCFG and Rl introduction

The system configuration controller is mainly used to remap the memory accessible in the
code area, and manage the external interrupt line connection to the GPIOs.

The routing interface provides high flexibility by allowing the software routing of 1/0Os toward
the input captures of the STM32L15xxx’s three high-end timers (TIM2, TIM3 and TIM4).
The STM32L15xxx’s ADC has an analog input matrix that is usually managed by a specific
ADC interface. With the routing interface, it is possible to connect several I/0O analog pins to
a given channel of the ADC matrix by managing the analog switches of each 1/O.

Rl main features

e TIM2/TIM3/TIM4’s input captures 1,2,3 and four routing selections from selectable 1/0s
® Routing of internal reference voltage Vyeg T t0 Selectable 1/Os for all packages

® 24 external I/Os + 2 internal nodes (internal reference voltage + temperature sensor)
can be used for data acquisition purposes in conjunction with the ADC interface

® Input and output routing of COMP1 and COMP2

The Rl registers can be accessed only when the comparator interface clock is enabled by
setting the COMPEN bit in the RCC_APB1ENR register. Refer to Section 4.3.10 on page
97.
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Figure 20. Routing interface (RI) block diagram
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Note: The internal reference voltage and temperature sensor cannot be used as COMP1 non-

inverting input.

Doc ID 15965 Rev 4

127/598




System configuration controller (SYSCFG) and routing interface (RI) RMO0038

6.3

6.3.1

Note:

Table 22.

Rl functional description

Special I/0 configuration

Two matrices of switches control the routing of I/Os toward analog blocks (that is the ADC or
the comparator): I/O switches and ADC switches (refer to Figure 20: Routing interface (Rl)
block diagram).

® When I/Os are used for analog purposes other than data acquisition, the 1/0 and ADC
switch matrices have to be controlled by the RI_ASCR1 and RI_ASCR2 registers.
These registers are then used to close or open switches by software: closing switches
sets the corresponding bits whereas opening switches clears them.

® When I/Os are used as ADC inputs for data acquisition purposes, the 1/0 and ADC
switch matrices are directly controlled by the ADC interface. The corresponding bits in
the RI_ASCR1 and RI_ASCR2 registers must be kept cleared (switches open).

Up to 6 I/Os are connected directly and independently to the ADC through the pad resistor:
these fast channels are capable of fast acquisition (1 megasample/s at the maximum ADC
acquisition time). Other ADC channels do not exceed 800 kilosamples/s.

When the 1/Os are programmed in input mode by standard 1/O port registers, the Schmitt
trigger and the hysteresis are enabled by default. In this mode, the RI_ASCRx and
RI_HYSCR registers can be used to simultaneously close the corresponding I/O analog
switch and disable the Schmitt trigger hysteresis. It is therefore possible to read the
corresponding port with a trigger level of Vpp /2.

Only 6 groups (18 I/Os) are multiplexed to the ADC by the I/O analog switches. With the 8 or
6 fast channels, this makes 24 I/Os available for data acquisition and COMP1 comparison
versus VREFINT‘

For all I/Os used as comparator inputs, the I/O port configuration must be kept in analog
mode.

Table 22 shows the grouping of I/Os, the control register bits used to configure them as
analog inputs or outputs (irrespective of standard I/O port programming), and the associated
ADC channel number.

I/0 groups and selection

Group

numbering

Analog ADC I/0 + ADC analog

channel switch I/O functions

GPIO port

GR1-1 PAO CHoO RI_ASCR1->CHO

Group

GR1-2 PA1 CH1 RI_ASCR1->CHH1

COMP1_INP

1 GR1-3 PA2 CH2 RI_ASCR1->CH2

GR1-4 PA3 CH3 RI_ASCR1->CH3

Group

GR2-1 PA6 CH6 RI_ASCR1->CH6

COMP1_INP

2 GR2-2 PA7 CH7 RI_ASCR1->CH7

Group| GR3-1 PBO CH8 RI_ASCR1->CH8

COMP1_INP/VREF_OUT

3 GR83-2 PB1 CH9 RI_ASCR1->CH9
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Table 22. 1/0 groups and selection (continued)
GR4-1 PAS RI_ASCR2->GR4-1
GrZ“p GR4-2 PA9 NA RI_ASCR2->GR4-2
GR4-3 PA10 RI_ASCR2->GR4-3
GR5-1 PA13 RI_ASCR2->GR5-1
Grg”p GR5-2 PA14 NA RI_ASCR2->GR5-2
GR5-3 PA15 RI_ASCR2->GR5-3
Group| GR6-1 PB4 A RI_ASCR2->GR6-1 COMP2. INP
6 | GRe-2 PB5 RI_ASCR2->GR6-2
GR7-1 PB12 CH18 RI_ASCR1->CH18
Group | GR7-2 PB13 CH19 RI_ASCR1->CH19 COMP1 INP
7 | GR7-3 PB14 CH20 RI_ASCR1->CH20
GR7-4 PB15 CH21 RI_ASCR1->CH21
GR8-1 PCO CH10 RI_ASCR1->CH10
Group | GR8-2 PC1 CH11 RI_ASCR1->CH11 COMP1 INP
8 | GR8-3 PC2 CH12 RI_ASCR1->CH12
GR8-4 PC3 CH13 RI_ASCR1->CH13
Group| GR9-1 PC4 CH14 RI_ASCR1->CH14 COMP1 INP
9 | GR9-2 PC5 CH15 RI_ASCR1->CH15
GR10-1 PC6 RI_ASCR2->GR10-1
Group | GR10-2 PC7 NA RI_ASCR2->GR10-2
10 | GR10-3 PC8 RI_ASCR2->GR10-3
GR10-4 PC9 RI_ASCR2->GR10-4
PA4 CH4 RI_ASWCR->CH4 COMP1_INP/DACH
PA5 CH5 RI_ASWCR->CH5 COMP1_INP/DAC2
PE7 CH22 RI_ASWCR->CH22 COMP1_INP
Fast channels
PE8 CH23 RI_ASWCR->CH23 COMP1_INP
PE9 CH24 RI_ASWCR->CH24 COMP1_INP
PE10 CH25 RI_ASWCR->CH25 COMP1_INP
NA PB3 NA COMP2_INN
NA PB7 NA PVD_IN/COMP2_INP

Doc ID 15965 Rev 4

129/598




System configuration controller (SYSCFG) and routing interface (RI) RMO0038

6.3.2

Note:

130/598

Input capture routing

By default (at reset), the four input captures of the three general-purpose timers (TIM2,
TIM3, TIM4) are connected to the I/O port specified in the STM32L15xxx datasheet’s “pin
descriptions” table.

The 1/O routing can be changed by programming register RI_ICR as indicated below:

® The input capture 1 of TIM2, TIM3 and TIM4 can be rerouted from any I/O by
configuring the IC110S[3:0] bits in RI_ICR.

® The input capture 2 of TIM2, TIM3 and TIM4 can be rerouted from any I/O by
configuring the 1C210S[3:0] bits in RI_ICR.

® The input capture 3 of TIM2, TIM3 and TIM4 can be rerouted from any I/O by
configuring the IC310S[3:0] bits in RI_ICR.

® The input capture 4 of TIM2, TIM3 and TIM4 can be rerouted from any I/O by
configuring the 1C410S[3:0] bits in RI_ICR.

Refer to the following table for I/O routing to the input capture timers.

This capability can be applied on only one out of the three timers at a time by configuring
TIM[1:0] in RI_ICR. When TIM[1:0]= 00 none of the three timers are affected by the 1/0
routing: the defaults connections are enabled.

Moreover, when a timer is selected, I/O routing can be enabled for one or more input
captures by configuring the IC1, IC2, IC3 and IC4 bits in RI_ICR.

Refer to Table 23 for the 1/O correspondence and to Table 24 for the timer selection.

Table 23. Input capture mapping

IC110S /1C210S / IC3I0S / IC410S TIMx IC1/ TIMx IC2 / TIMx IC3 / TIMx IC4
0000 PAO / PA1/PA2 / PA3
0001 PA4 / PA5 / PA6 / PA7
0010 PA8 / PA9 / PA10 / PA11
0011 PA12/ PA13/PA14/ PA15
0100 PCO0/PC1/PC2/PC3
0101 PC4/PC5/PC6/PC7
0110 PC8/PC9/PC10/PC11
0111 PC12/PC13/PC14/PC15
1000 PDO/PD1/PD2/PD3
1001 PD4 / PD5 / PD6 / PD7
1010 PD8/PD9/PD10/PD11
1011 PD12/PD13/PD14/PD15
1100 PEO/PE1/PE2/PE3
1101 PE4 /PE5/ PE6/PE7
1110 PE8/PE9/PE10/PE11
1111 PE12/PE13/PE14/PE15

The I/O should be configured in alternate function mode (AF14).

Doc ID 15965 Rev 4 KYI




RMO0038 System configuration controller (SYSCFG) and routing interface (RI)

Table 24. Timer selection

TIM[1:0] Selected timer
00 No timer selected, default routing on all timers
01 TIM2 selected
10 TIMS3 selected
11 TIM4 selected

Table 25. Input capture selection

IC4/1C3/I1C2/IC1 Selected input capture
0 IC deselected, default routing on the input capture (AF)
1 Input capture routing follows Table 24
6.3.3 Reference voltage routing

Figure 21. Internal reference voltage output

VREFOUTEN

/\
PBO |:|—/ VRerinT ~1.2V
Group3
pe1 O— @

The VRregNT OUtput can be routed to any 1/O in group 3 by following this procedure:
1. Setthe VREFOUTEN bit in COMP_CSR.
2. Close the analog switch of all I/Os in group 3 by setting CH8 or CH9 in RI_ASCR{.

ai17148b
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6.4 Rl registers

The peripheral registers have to be accessed by words (32-bit).

6.4.1 Rl input capture register (RI_ICR)

The RI_ICR register is used to select the routing of 4 full ports to the input captures of TIM2,
TIM3 and TIM4.

Address offset: 0x04
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
IC4 IC3 IC2 IC1 TIM[1:0]
Reserved
w rw rw w w | w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
1C410S[3:0] IC310S[3:0] 1C210S[3:0] IC110S[3:0]
rw | w | rw | w rw | rw | w | rw rw | rw | w | rw w | w | w | w

Bits 31:22 Reserved, must be kept cleared.

Bit 21 IC4: This bit is set and cleared by software to select the standard AF or the large routing
capability on the input capture 4 of the timer selected by TIM[1:0] (bits 17:16).
0: AF on IC4
1: Multiple port routing capability according to IC410S[3:0] (bits 15:12)

Bit 20 IC3: This bit is set and cleared by software to select the standard AF or the large routing
capability on the input capture 3 of the timer selected by TIM[1:0] (bits 17:16).

0: AFon IC3
1: Multiple port routing capability according to IC310S[3:0] (bits 11:8)

Bit 19 IC2: This bit is set and cleared by software to select the standard AF or the large routing
capability on the input capture 2 of the timer selected by TIM[1:0] (bits 17:16).

0: AFonlIC2
1: Multiple port routing capability according to 1IC210S[3:0] (bits 7:4)

Bit 18 IC1: This bit is set and cleared by software to select the standard AF or the large routing
capability on the input capture 2 of the timer selected by TIM[1:0] (bits 17:16).
0: AFonIC1
1: Multiple port routing capability according to IC110S[3:0] (bits 3:0)

Bits 17:16 TIM[1:0]: Timer select bits
These bits are set and cleared by software. They are used to select one out of three timers
or none.
00: non timer selected
01: TIM2 selected
10: TIM3 selected
11: TIM4 selected
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Bits 15:12 1C410S[3:0]: Input capture 4 select bits

These bits are set and cleared by software. They select the input port to be routed to the IC4 of
the selected timer (see bits 16:17).

0000: PA3 1000: PD3
0001: PA7 1001: PD7
0010: PA11 1010: PD11
0011: PA15 1011: PD15
0100: PC3 1100: PE3
0101: PC7 1101: PE7
0110: PC11 1110: PE11
0111: PC15 1111: PE15

Bits 11:8 1C310S[3:0]: Input capture 3 select bits

These bits are set and cleared by software. They select the input port to be routed toward the
IC3 of the selected timer (see bits 16:17).

0000: PA2 1000: PD2
0001: PA6 1001: PD6
0010: PA10 1010: PD10
0011: PA14 1011: PD14
0100: PC2 1100: PE2
0101: PC6 1101: PE6
0110: PC10 1110: PE10
0111: PC14 1111: PE14

Bits 7:4 1C210S[3:0]: Input capture 2 select bits

These bits are set and cleared by software. They select the input port to be routed toward the
IC2 of the selected timer (see bits 16:17).

0000: PA1 1000: PD1
0001: PA5 1001: PD5
0010: PA9 1010: PD9
0011: PA13 1011: PD13
0100: PC1 1100: PE1
0101: PC5 1101: PE5
0110: PC9 1110: PE9
0111: PC13 1111: PE13

Bits 3:0 IC110S[3:0]: Input capture 1 select bits

These bits are set and cleared by software. They select the input port to be routed toward the
IC1 of the selected timer (see bits 16:17).

0000: PAO 1000: PDO
0001: PA4 1001: PD4
0010: PA8 1010: PD8
0011: PA12 1011: PD12
0100: PCO 1100: PEO
0101: PC4 1101: PE4
0110: PC8 1110: PE8
0111: PC12 1111: PE12

Note: 1  The standard AFs dedicated to TIM2 are:
IC4-> PA3,PB11 or PE12
IC3-> PA2, PB10 or PE11
IC2-> PA1, PB3 or PE10
IC1-> PAO, PA5, PA15 or PE9

2 The standard AFs dedicated to TIM3 are:
IC4-> PB1 or PC9
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IC3-> PBO or PC8
IC2-> PA7, PC7, PB5 or PE4
IC1-> PA6, PC6, PB4 or PE3

3 The standard AFs dedicated to TIM4 are:
IC4-> PD15 or PB9
IC3-> PD14 or PB8
IC2-> PD13 or PB7
IC1-> PD12 or PB6

6.4.2 Rl analog switches control register (RI_ASCR1)
The RI_ASCR1 register is used to configure the analog switches of the 1/Os linked to the
ADC. These I/Os are pointed to by the ADC channel number.
Address offset: 0x08
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
SCM VCOMP| CH25 | CH24 | CH23 | CH22 | CH21 | CH20 | CH19 | CH18
Reserved Reserved
rw rw rw w rw rw w rw rw rw
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CH15 | CH14 | CH13 | CH12 | CH11 | CH10 | CH9 | CH8 | CH7 | CH6 | CH5 | CH4 | CH3 | CH2 | CH1 | CHO
rw rw rw rw w rw rw w rw rw w rw rw rw rw rw
Bit 31 SCM: Switch control mode
This bit is set and cleared by software to control the analog ADC switches according to the
state of the analog I/O switches controlled by bits [25:18] and [15:0].
0: ADC analog switches open or controlled by the ADC interface
1: ADC analog switches closed if the corresponding I/O switch is also closed
Bits 30:27  Reserved
Bit 26 VCOMP: ADC analog switch selection for internal node to comparator 1
This bit is set and cleared by software to control the VCOMP ADC analog switch. See
Figure 50 on page 236 .
0: Analog switch open
1: Analog switch closed
Bits 25:22 CH[25:22]: Analog I/O switch control of channels CH[25:22]
These bits are set and cleared by software to control the analog switches. If the I/O is used
as an ADC input, the switch must be left open to allow the ADC to control it.
0: Analog switch open
1: Analog switch closed
Bits 21:18 CH[21:18] Analog switch control
These bits are set and cleared by software to control the analog switches.
0: Analog switch open
1: Analog switch closed
Bits 17:16  Reserved
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Bits 15:0 CH[15:0]: Analog I/O switch control of channels CH[15:0]

These bits are set and cleared by software to control the analog switches. If the I/O is used
as an ADC input, the switch must be left open to allow the ADC to control it.

0: Analog switch open

1: Analog switch closed

Note: 1 The ADC_IN16 and ADC_IN17 channels are internal and controlled only by the ADC
interface for data acquisition purposes.

2 The ADC _IN4, ADC_IN5, ADC _IN22, ADC _IN23, ADC _IN24 and ADC_IN25 channels are
directly connected to the ADC through a resistor, no need to close external I/O analog
switches.

3 When the SCM bit is low, the CH bits are used to connect groups of I/Os together by analog
switches, independently of the ADC.

4  When the SCM bit is high, the CH bits are used to connect several I/Os together through the
ADC switch matrix in order to allow a possible wakeup by COMP1 if the VCOMP bit is high.

6.4.3 Rl analog switch control register 2 (RI_ASCR2)

The RI_ASCR2 register is used to configure the analog switches of groups of 1/Os not linked
to the ADC. In this way, predefined groups of I/Os can be connected together.

Address offset: 0x0C
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R g GR4-3 | GR4-2 | GR4-1 | GR5-3 | GR5-2 | GR5-1 | GR6-2 | GR6-1 | GR10-4 | GR10-3 | GR10-2 | GR10-1
eserve
w w rw w w w w w w w w w

Bits 31:12 Reserved, must be kept cleared.

Bit 11:0 GRx-x: GRx-x analog switch control
These bits are set and cleared by software to control the analog switches independently.
Refer to Table 22: I/O groups and selection on page 128 from the ADC interface.
0: Analog switch open
1: Analog switch closed
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6.4.4 Rl hysteresis control register (RI_HYSCR1)
The RI_HYSCRH1 register is used to enable/disable the hysteresis of the input Schmitt
trigger of ports A and B.
Address offset: 0x10
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
PB[15:0]
rw | rw | rw | w | rw | rw | w | rw | rw | rw | w | rw | rw | w | w | rw
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PA[15:0]
rw | rw | rw | rw | rw | rw | rw | rw | rw | rw | rw | rw | rw | rw | rw | rw

Bits 31:16 PB[15:0]: Port B hysteresis control on/off
These bits are set and cleared by software to control the Schmitt trigger hysteresis of the
Port B[15:0].
0: Hysteresis on
1: Hysteresis off

Bits 15:0 PA[15:0]: Port A hysteresis control on/off
These bits are set and cleared by software to control the Schmitt trigger hysteresis of the
Port A[15:0].
0: Hysteresis on
1: Hysteresis off

6.4.5 RI Hysteresis control register (RI_HYSCR2)
RI_HYSCR2 register allows to enable/disable hysteresis of input Schmitt trigger of ports C
and D.
Address offset: 0x14
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
PD[15:0]

2 N N N I I N A i N R
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PC[15:0]

T N I N O I N A B B R
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Bits 31:16 PD[15:0]: Port D hysteresis control on/off
These bits are set and cleared by software to control the Schmitt trigger hysteresis of the
Port D[15:0].
0: Hysteresis on
1: Hysteresis off
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Bits 15:0 PC[15:0]: Port C hysteresis control on/off
These bits are set and cleared by software to control the Schmitt trigger hysteresis of the Port
C[15:0].
0: Hysteresis on
1: Hysteresis off

6.4.6 Rl Hysteresis control register (RI_HYSCR3)

The RI_HYSCRS3 register is used to enable/disable the hysteresis of the input Schmitt
trigger of the entire port E.

Address offset: 0x18
Reset value: 0x0000 0000

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

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

v [ [w [w [w [ w [ w o [w[w [ w[w[w[w][w][ow

Bits 27:22 Reserved, must be kept cleared.

Bits 15:0 PE[15:0]: Port E hysteresis control on/off
These bits are set and cleared by software to control the Schmitt trigger hysteresis of the
Port E[15:0].
0: Hysteresis on
1: Hysteresis off

6.4.7 Analog switch mode register (RI_ASMR1)

The RI_ASMRH1 register is used to select if analog switches of port A are to be controlled by
the timer OC or through the ADC interface or RI_ASCRXx registers.

Address offset: 0x20
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
N N O A O I O A I e e
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PA[15:0]
rw I w I w I w | w | rw | w | w I rw | w I w I rw | rw I w | w | w
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Bits 31:16 Reserved, must be kept cleared.

Bits 15:0 PA[15:0]: Port A analog switch mode selection
These bits are set and cleared by software to select the mode of controlling the analog switches for
Port A.
0: ADC interface or RI_ASCRXx controlled
1: Timer controlled

6.4.8 Channel mask register (RI_CMR1)

RI_CMRH1 is used to mask a port A channel designated as a timer input capture (after
acquisition completion to avoid triggering multiple detections).

Address offset: 0x24
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
. r r r r+ r r +r & [ [ [ [ [ |
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PA[15:0]
I N N N N N N R

Bits 31:16 Reserved, must be kept cleared.

Bits 15:0 PA[15:0]: Port A channel masking
These bits are set and cleared by software to mask the ZI input of Port A.

0: Masked
1: Not masked

6.4.9 Channel identification for capture register (RI_CICR1)

The RI_CICRT1 register is used when analog switches are controlled by a timer OC.
RI_CICR1 allows a channel to be identifed for timer input capture.

Address offset: 0x28
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
. rrrrr
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PA[15:0]
rw | w | w | w | w | rw | w | w | rw | rw | w | rw | rw | w | w | w
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Bits 31:16 Reserved, must be kept cleared.

Bits 15:0 PA[15:0]: Port A channel identification for capture
These bits are set and cleared by software to identify the sampling capacitor 1/0Os on Port A.

0: Channel I/O
1: Sampling capacitor I/O

6.4.10 Analog switch mode register (RI_ASMR2)
The RI_ASMR2 register is used to select if analog switches of port B are to be controlled by
the timer OC or through the ADC interface or RI_ASCRXx registers.
Address offset: 0x2C
Reset value: 0x0000 0000
31 30 29 28 27 26 25 23 22 21 20 19 18 17 16
Reserved
15|14|13|12|11|10|9 |7|6|5|4|3|2|1|O
PB[15:0]
w o [ w [ w [ [ [ [ [ [ [ [ [ [ [ [

Bits 31:16 Reserved, must be kept cleared.

Bits 15:0 PB[15:0]: Port B analog switch mode selection
These bits are set and cleared by software to select the mode of controlling the analog switches for

Port B.

0: ADC interface or RI_ASCRXx controlled

1: Timer controlled

6.4.11 Channel mask register (RI_CMR2)
RI_CMR2 is used to mask a por B channel designated as a timer input capture (after
acquisition completion to avoid triggering multiple detections)
Address offset: 0x30
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PB[15:0]
rw | rw | rw | rw | rw | rw | rw | rw | rw | rw | rw | rw | rw | rw | rw | rw
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Bits 31:16 Reserved, must be kept cleared.

Bits 15:0 PB[15:0]: Port B channel masking
These bits are set and cleared by software to mask ZI input of Port B.

0: Masked
1: Not masked

6.4.12 Channel identification for capture register (RI_CICR2)

The RI_CICR2 register is used when analog switches are controlled by a timer OC.
RI_CICR2 allows a port B channel to be identifed for timer input capture.

Address offset: 0x34
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
. r r r r r r +r +r [ [ [ [ [ |
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PB[15:0]
O N N O N N N N R

Bits 31:16 Reserved, must be kept cleared.

Bits 15:0 PB[15:0]: Port B channel identification for capture
These bits are set and cleared by software to identify the sampling capacitor 1/Os on Port B.
0: Channel I/O

1: Sampling capacitor 1/0
6.4.13 Analog switch mode register (RI_ASMR3)

The RI_ASMRS3 register is used to select if analog switches of port C are to be controlled by
the timer OC or through the ADC interface or RI_ASCRXx registers.

Address offset: 0x38
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
. r r r r+ r r r +r [ [ [ [ [ |
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PC[15:0]
I N N N N N N R
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Bits 31:16 Reserved, must be kept cleared.

Bits 15:0 PC[15:0]: Port C analog switch mode selection
These bits are set and cleared by software to select the mode of controlling the analog switches for
Port C.
0: ADC interface or RI_ASCRXx controlled
1: Timer controlled

6.4.14 Channel mask register (RI_CMR3)

RI_CMR3 is used to mask a port C channel designated as a timer input capture (after
acquisition completion to avoid triggering multiple detections)

Address offset: 0x3C
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
. r r r r+ r r +r & [ [ [ [ [ |
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PC[15:0]
w o Lo [ [ [ [ [ o [ [ w [ [ o [ [ [ o [

Bits 31:16 Reserved, must be kept cleared.

Bits 15:0 PC[15:0]: Port C channel masking
These bits are set and cleared by software to mask ZI input of Port C.

0: Masked
1: Not masked

6.4.15 Channel identification for capture register (RI_CICR3)

The RI_CICRBS register is used when analog switches are controlled by a timer OC.
RI_CICR3 allows a port C channel to be identifed for timer input capture.

Address offset: 0x40
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
. rrrrr
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PC[15:0]
rw | w | rw | w | rw | rw | w | rw | rw | rw | w | rw | rw | w | w | w
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Bits 31:16 Reserved, must be kept cleared.
Bits 15:0 PC[15:0]: Port C channel identification for capture
These bits are set and cleared by software to identify the sampling capacitor 1/Os on Port C.
0: Channel I/O
1: Sampling capacitor I/O
6.4.16 Rl register map
Table 26 summarizes the Rl registers.
Table 26. Rl register map and reset values
Offset] Register |5[3[R[R[N[&[&[X[R(A|5|R|2/2 /=222 |2/8 |2 ]|/~ o|w]v/o|a|-|o
=)
iclicjicl|ic| Z . . . .
0x04 RI_ICR S ils|z2|1| 5 IC410S[3:0] | IC3I0S[3:0] | IC210S[3:0] | IC110S[3:0]
'_
Reset value 0[0][0[0[OJO[OJOJOJ0[0[0[0]0|OJOJOJO[0[O0[0]0
= s 3 3
0x08 RI_ASCR1 S| Reserved |3 CH25:22 | CH[21:18] % CH[15:6] % CH([3:0]
>
Resetvalue | 0 0[0[0[0[0][0[0[0[0] € [O0]0]0]0[0[0]0[0[0]0| & [0][0[0]0
. 41| GR6 )
0x0C RI_ASCR2 N GRA[3:1] | GRS[3:1]| 547 | GRI10[4:1]
Reset value 0[0[0|0JOJO[O[O[0[O0[0]0
oxio | RIHYSCR1 PB[15:0] PA[15:0]
Resetvalue |0]O0JOJOJOJO[O[0[0[0]0JOJOJOJOJO|[0O[0[0[0]0JOJOJOJOJO[0[0[0[0]0]O
oxia | RIHYSCR2 PD[15:0] PC[15:0]
Resetvalue |0[O0OJOJOJOJO[O[0[0[0[0JOJO[O[OJO[0[0[0[0[0JOJO[OJOJO[0[0[0[0]0]O
oxis | RIHYSCR3 R PE[15:0]
Reset value 0[0[0JO[OJOJO[OJO[O[0[0[0[0[0]O
0x20 RI_ASMR1 St PA[15:0]
Reset value o|ojo|ojojo|o|ojOo|O|O|O|O|O]O]O
0x24 RI_CMR1 Reserved PAL15:0]
Reset value olojo|ojojo|ojojo|O|Oo|O|O|O]O]O
0x28 RI_CICR1 S PA[15:0]
Reset value olojoJojojo|ojojo]ojojo|O]O]O]O
0x2G RI_ASMR2 R PB[15:0]
Reset value 0|ojo|o|o|O|O|O|O|O]|O]O]O]O]O]O
0x30 RI_CMR2 Reserved PB[15:0]
Reset value 0o|ojojojo|ojo|o]o]O|O|O]O|O|O]O
0x34 RI_CICR2 St PB[15:0]
Reset value olojo|ojojo|ojojo]ojojOo|O|O]O]O
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Table 26. Rl register map and reset values (continued)
Offset] Register [5[8]R[R[K[&[&[3[R[R[R[R[2[=[=[E[2[=[2[8[[2]o]o|~]e]o]+]n]~[-o
0x38 RI_ASMR3 PN PC[15:0]

Reset value O|O|0|O|0|O|0|0|O|0|O|0|0|0|0|O
0x3C RI_CMR3 Reserved PC[15:0]

Reset value o|o|o|o|O0|O|O|O|O|O]O]O]O]O]O]O
0x40 RI_CICR3 Reserved PC[15:0]

Reset value olo|ojo|o]o|o]o|o|ojo]o]|o|o0]O]|O
oxdd RI_ASMR4 Reserved PF[15:0]

Reset value O|0|0|0|0|O|0|0|0|0|O|0|0|0|0|O
0x48 RI_CMR4 Reserved PF15:0]

Reset value O|0|0|0|0|O|0|0|0|0|O|0|0|0|0|O
0xdC RI_CICR4 PN PF[15:0]

Reset value O|O|0|O|0|O|0|0|O|0|O|0|0|0|0|O
x50 RI_ASMRS5 Reserved PG[15:0]

Reset value O|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0
0x54 RI_CMRS Reserved PG[15:0]

Reset value olo|ojo|o]o|o]o|o|ojo]o]|o|o0]O]|O
0x58 RI_CICR5 Reserved PG[15:0]

Reset value O|0|0|0|0|O|0|0|0|0|O|0|0|0|0|O
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6.5 SYSCFG registers

The peripheral registers have to be accessed by words (32-bit).

6.5.1 SYSCFG memory remap register (SYSCFG_MEMRMP)

This register is used for specific configurations on memory remap:

® Two bits are used to configure the type of memory accessible at address 0x0000 0000.
These bits are used to select the physical remap by software and so, bypass the BOOT

pins.
® After reset these bits take the value selected by the BOOT pins.

Note: This register is not reset through the SYSCFGRST bit in the RCC_APB2RSTR register.

Address offset: 0x00
Reset value: 0x0000 000X (X is the memory mode selected by the BOOT pins)

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
MEM_MODE
Reserved
w | w

Bits 31:2 Reserved
Bits 1:0 MEM_MODE: Memory mapping selection

Set and cleared by software. This bit controls the memory’s internal mapping at address
0x0000 0000. After reset these bits take on the memory mapping selected by the BOOT pins.

00: Main Flash memory mapped at 0x0000 0000
01: System Flash memory mapped at 0x0000 0000
10: Reserved

11: SRAM mapped at 0x0000 0000

6.5.2 SYSCFG peripheral mode configuration register (SYSCFG_PMC)

An internal pull-up resistor (1.5 kQ2) can be connected by software on the USB data + (DP)
line. This internal pull-up resistor is enabled if the USB is not in power-down mode and if the

USB_PU bit is set.
Address offset: 0x04
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ Reserved
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Reserved USB_PU
- rrr 1t r 7 7] w
Bits 31:1 Reserved
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Bit 0 USB_PU USB pull-up enable on DP line
Set and cleared by software. This bit controls the internal pull-up (1.5 kQ2) on the USB DP line.
0: no pull-up on the USB DP line (even if USB is not in power down mode)
1: internal pull-up is connected on USB DP line (only if USB is not in power down mode)

6.5.3 SYSCFG external interrupt configuration register 1
(SYSCFG_EXTICR1)
Address offset: 0x08
Reset value: 0x0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| Reserved |
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
EXTI3[3:0] EXTI2[3:0] EXTI[3:0] EXTIO[3:0]
rw | rw | rw | rw w | w | rw | rw rw | rw | rw | rw w | w | rw | rw
Bits 31:16  Reserved
Bits 15:0 EXTIx[3:0]: EXTI x configuration (x = 0 to 3)
These bits are written by software to select the source input for the EXTIx external interrupt.
0000: PA[X] pin
0001: PB[x] pin
0010: PC[x] pin
0011: PD[x] pin
0100: PE[x] pin
0101: PHIx] (only PH[2:0])
PHI[3] is not used.
6.5.4 SYSCFG external interrupt configuration register 2
(SYSCFG_EXTICR2)
Address offset: 0x0C
Reset value: 0x0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| Reserved |
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
EXTI7[3:0] EXTI6[3:0] EXTI5[3:0] EXTI4[3:0]
rw | rw | rw | rw w | rw | rw | rw rw | rw | rw | rw w | w | rw | rw
Bits 31:16  Reserved
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Bits 15:0 EXTIx[3:0]: EXTI x configuration (x = 4 to 7)

These bits are written by software to select the source input for the EXTIx external interrupt.
0000: PA[X] pin

0001: PB[x] pin

0010: PC[x] pin

0011: PD[x] pin

0100: PE[x] pin

PH([7:4] are not used.

6.5.5 SYSCFG external interrupt configuration register 3
(SYSCFG_EXTICR3)
Address offset: 0x10
Reset value: 0x0000
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
EXTI11[3:0] EXTI10[3:0] EXTI9[3:0] EXTI8[3:0]
rw | rw | rw | rw w | w | rw | rw rw | rw | rw | rw w | w | rw | rw
Bits 31:16  Reserved
Bits 15:0 EXTIx[3:0]: EXTI x configuration (x = 8 to 11)
These bits are written by software to select the source input for the EXTIx external interrupt.
0000: PA[X] pin
0001: PB[x] pin
0010: PCI[x] pin
0011: PDI[x] pin
0100: PE[x] pin
PH[11:8] are not used.
6.5.6 SYSCFG external interrupt configuration register 4
(SYSCFG_EXTICR4)
Address offset: 0x14
Reset value: 0x0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| Reserved |
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
EXTI15[3:0] EXTI14[3:0] EXTI13[3:0] EXTI12[3:0]
rw | rw | rw | rw w | w | rw | rw rw | rw | rw | rw w | w | rw | rw
Bits 31:16  Reserved
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Bits 15:0 EXTIx[3:0]: EXTI x configuration (x = 12 to 15)

These bits are written by software to select the source input for the EXTIx external interrupt.

0000: PA[X] pin
0001: PB[x] pin
0010: PCI[x] pin
0011: PD[x] pin
0100: PE[X] pin

PH[15:12] are not used.

6.5.7 SYSCFG register map
The following table gives the SYSCFG register map and the reset values.
Table 27. SYSCFG register map and reset values
Offset] Register |5[3/2|Q[N[&|Q[X[RI[s[R[2|2[N[ele[z[2||r]2]o|o|~ow|<]m]a|-|o
a
¢)
SYSCFG_MEMRMP =]
0x00 Reserved s
<
Reset value X | X
-]
n-l
0x04 SYRi(;;C;'I;E\éIC Reserved g
0]
SYSCFG_EXTICR1 EXTI3[3:0] | EXTI2[3:0] | EXTI[3:0] | EXTIO[3:0]
0x08 Reserved
Reset value 0|o\o\o o\o|o\o o|o\o|o 0|o\o|0
SYSCFG_EXTICR2 EXTI7[3:0] | EXTI6[3:0] | EXTI5[3:0] | EXTI4[3:0]
0x0C Reserved
Reset value o|o‘o‘o o‘o|o‘o o|o‘o|o o|o‘o|o
SYSCFG_EXTICR3 EXTI11[3:0] | EXTI10[3:0] | EXTI9[3:0] | EXTI8[3:0]
0x10 Reserved
Reset value 0|o\o\o o\o|o\o o|o\0|o 0|o\o|0
SYSCFG_EXTICR4 EXTI15[3:0] | EXTI14[3:0] | EXTI13[3:0] | EXTI12[3:0]
0x14 Reserved
Reset value o|o‘o‘o o‘o|o‘o o|o‘o|o o|o‘o|o
Refer to Table: “Register boundary addresses”.
IYI Doc ID 15965 Rev 4 147/598




Interrupts and events RMO0038

7 Interrupts and events
This Section applies to the whole STM32L15xxx family, unless otherwise specified.
71 Nested vectored interrupt controller (NVIC)
Features
® 45 maskable interrupt channels (not including the 16 interrupt lines of Cortex™-M3)
® 16 programmable priority levels (4 bits of interrupt priority are used)
® Low-latency exception and interrupt handling
® Power management control
® Implementation of system control registers
The NVIC and the processor core interface are closely coupled, which enables low-latency
interrupt processing and efficient processing of late arriving interrupts.
All interrupts including the core exceptions are managed by the NVIC. For more information
on exceptions and NVIC programming see Chapter 5 “Exceptions & Chap 8 Nested
Vectored Interrupt Controller” in the ARM Cortex™-M3 Technical Reference Manual.
711 SysTick calibration value register
The SysTick calibration value is fixed to 4000, which gives a reference time base of 1 ms
with the SysTick clock set to 4 MHz (max HCLK/8).
7.1.2 Interrupt and exception vectors
Table 28 is the vector table for STM32L15xxx devices.
Table 28. Vector table
Position | Priority Typ e'of Acronym Description Address
priority
- - - Reserved 0x0000_0000
-3 fixed Reset Reset 0x0000_0004
Non maskable interrupt. The RCC
-2 fixed | NMI_Handler Clock Security System (CSS) is 0x0000_0008
linked to the NMI vector.
-1 fixed HardFault_Handler All class of fault 0x0000_000C
0 settable | MemManage_Handler | Memory management 0x0000_0010
1 settable |BusFault_Handler Pre-fetch fault, memory access fault 0x0000_0014
2 settable |UsageFault_Handler |Undefined instruction or illegal state 0x0000_0018
) ) ) ESR 0x0000_001C -
0x0000_002B
3 | settable |SVC_Handler System service call via SWI 0x0000_002C
instruction
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Table 28. Vector table (continued)
Position | Priority :‘r'::’ ?i?; Acronym Description Address

4 settable | DebugMon_Handler | Debug Monitor 0x0000_0030

- - - Reserved 0x0000_0034

5 settable | PendSV_Handler Pendable request for system service 0x0000_0038

6 settable | SysTick_Handler System tick timer 0x0000_003C
0 7 settable | WWDG Window Watchdog interrupt 0x0000_0040
1 8 settable | PVD i'; Ye?rth;f’ugh EXTI Line detection 0x0000_0044
2 9 settable | TAMPER_STAMP E;"T‘fﬁ;:?:t;mﬁgamp through 0x0000_0048
3 10 | settable |RTC_WKUP iF:]tTeCrrmke“p through EXTl line 0x0000_004C
4 11 settable | FLASH Flash global interrupt 0x0000_0050
5 12 settable |RCC RCC global interrupt 0x0000_0054
6 13 settable | EXTIO EXTI LineO interrupt 0x0000_0058
7 14 settable | EXTH EXTI Line1 interrupt 0x0000_005C
8 15 settable | EXTI2 EXTI Line2 interrupt 0x0000_0060
9 16 settable | EXTI3 EXTI Line3 interrupt 0x0000_0064
10 17 settable | EXTI4 EXTI Line4 interrupt 0x0000_0068
11 18 settable | DMA1_Channeld DMA1 Channel1 global interrupt 0x0000_006C
12 19 settable | DMA1_Channel2 DMAT1 Channel2 global interrupt 0x0000_0070
13 20 settable | DMA1_Channel3 DMA1 Channel3 global interrupt 0x0000_0074
14 21 settable | DMA1_Channel4 DMA1 Channel4 global interrupt 0x0000_0078
15 22 settable | DMA1_Channel5 DMA1 Channel5 global interrupt 0x0000_007C
16 23 settable | DMA1_Channel6 DMA1 Channel6 global interrupt 0x0000_0080
17 24 settable | DMA1_Channel7 DMA1 Channel7 global interrupt 0x0000_0084
18 25 settable | ADC1 ADC1 global interrupt 0x0000_0088
19 26 settable | USB HP USB High priority interrupt 0x0000_008C
20 27 settable |USB_LP USB Low priority interrupt 0x0000_0090
21 28 settable | DAC DAC interrupt 0x0000_0094
22 29 | settable |COMP ﬁ:n"e”‘(g?r::g ;";)ki‘x‘gr::gzugh EXTE | 0x0000_0098
23 30 settable |EXTI9_5 EXTI Line[9:5] interrupts 0x0000_009C
24 31 settable |LCD LCD global interrupt 0x0000_00A0
25 32 settable | TIM9 TIM9 global interrupt 0x0000_00A4
26 33 settable | TIM10 TIM10 global interrupt 0x0000_00A8
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Table 28. Vector table (continued)

Position | Priority ;‘r'::’ ?i:; Acronym Description Address
27 34 settable | TIM11 TIM11 global interrupt 0x0000_00AC
28 35 settable | TIM2 TIM2 global interrupt 0x0000_00B0O
29 36 settable | TIM3 TIM3 global interrupt 0x0000_00B4
30 37 settable | TIM4 TIM4 global interrupt 0x0000_00B8
31 38 settable |I12C1_EV [2C1 event interrupt 0x0000_00BC
32 39 settable |[I2C1_ER 12C1 error interrupt 0x0000_00C0
33 40 settable |I12C2_EV 12C2 event interrupt 0x0000_00C4
34 41 settable |I12C2_ER [2C2 error interrupt 0x0000_00C8
35 42 settable |SPI1 SPI1 global interrupt 0x0000_00CC
36 43 settable |SPI2 SPI2 global interrupt 0x0000_00D0
37 44 settable | USART1 USART1 global interrupt 0x0000_00D4
38 45 settable | USART2 USART2 global interrupt 0x0000_00D8
39 46 settable | USART3 USARTS3 global interrupt 0x0000_00DC
40 47 settable |EXTI15_10 EXTI Line[15:10] interrupts 0x0000_00EO
41 48 | settable |RTC_Alarm |F|‘nTeC| rﬁ'ear:T;t (Aand B) through EXTL | 5600 00E4
42 49 | settable |USB_FS_WKUP E)??I Ei):;’if:t;rsu‘r’)\t’ake“p through 0x0000_00E8
43 50 settable | TIM6 TIM6 global interrupt 0x0000_00EC
44 51 settable | TIM7 TIM7 global interrupt 0x0000_00F0

7.2 External interrupt/event controller (EXTI)

The external interrupt/event controller consists of up to 23 edge detectors for generating
event/interrupt requests. Each input line can be independently configured to select the type
(pulse or pending) and the corresponding trigger event (rising edge, falling edge or both).
Each line can also be masked independently. A pending register maintains the status line of
the interrupt requests.

7.2.1 Main features

The main features of the EXTI controller are the following:

® Independent trigger and mask on each interrupt/event line
® Dedicated status bit for each interrupt line

® Generation of up to 23 software event/interrupt requests
°

Detection of external signals with a pulse width lower than the APB2 clock period. Refer
to the electrical characteristics section of the STM32L15xxx datasheet for details on
this parameter.
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7.2.2 Block diagram

The block diagram is shown in Figure 22.

Figure 22. External interrupt/event controller block diagram
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7.2.3 Wakeup event management

The STM32L15xxx is able to handle external or internal events in order to wake up the core
(WFE). The wakeup event can be generated by either:

® enabling an interrupt in the peripheral control register but not in the NVIC, and enabling
the SEVONPEND bit in the Cortex-M3 system control register. When the MCU
resumes from WFE, the peripheral interrupt pending bit and the peripheral NVIC IRQ
channel pending bit (in the NVIC interrupt clear pending register) have to be cleared.

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

To use an external line as a wakeup event, refer to Section 7.2.4: Functional description.

7.2.4 Functional description

To generate the interrupt, the interrupt line should be configured and enabled. This is done
by programming the two trigger registers with the desired edge detection and by enabling
the interrupt request by writing a ‘1 to the corresponding bit in the interrupt mask register.
When the selected edge occurs on the external interrupt line, an interrupt request is
generated. The pending bit corresponding to the interrupt line is also set. This request is
reset by writing a ‘1 into the pending register.
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7.2.5
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To generate the event, the event line should be configured and enabled. This is done by
programming the two trigger registers with the desired edge detection and by enabling the
event request by writing a ‘1 to the corresponding bit in the event mask register. When the
selected edge occurs on the event line, an event pulse is generated. The pending bit
corresponding to the event line is not set

An interrupt/event request can also be generated by software by writing a ‘1 into the
software interrupt/event register.

Hardware interrupt selection

To configure the 23 lines as interrupt sources, use the following procedure:
® Configure the mask bits of the 23 Interrupt lines (EXTI_IMR)

® Configure the Trigger Selection bits of the Interrupt lines (EXTI_RTSR and
EXTI_FTSR)

® Configure the enable and mask bits that control the NVIC IRQ channel mapped to the
external interrupt controller (EXTI) so that an interrupt coming from any one of the 23
lines can be correctly acknowledged.

Hardware event selection

To configure the 23 lines as event sources, use the following procedure:
® Configure the mask bits of the 23 Event lines (EXTI_EMR)
® Configure the Trigger Selection bits of the Event lines (EXTI_RTSR and EXTI_FTSR)

Software interrupt/event selection

The 23 lines can be configured as software interrupt/event lines. The following is the
procedure to generate a software interrupt.

® Configure the mask bits of the 23 Interrupt/Event lines (EXTI_IMR, EXTI_EMR)
® Set the required bit in the software interrupt register (EXTI_SWIER)

External interrupt/event line mapping

The 83 GPIOs are connected to the 16 external interrupt/event lines in the following manner:
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Figure 23. External interrupt/event GPIO mapping
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The six other EXTI lines are connected as follows:

EXTI line 16 is connected to the PVD output

EXTI line 17 is connected to the RTC Alarm event

EXTI line 18 is connected to the USB Device FS wakeup event

EXTI line 19 is connected to the RTC Tamper and TimeStamp events
EXTI line 20 is connected to the RTC Wakeup event

EXTI line 21 is connected to the Comparator 1 wakeup event and EXTI line 22 is
connected to the Comparator 2 wakeup event

7.3 EXTI registers

Refer to Section 1.1 for a list of abbreviations used in register descriptions.

The peripheral registers have to be accessed by words (32-bit).

7.3.1 EXTI interrupt mask register (EXTI_IMR)

Address offset: 0x00
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
MR22 | MR21 | MR20 | MR19 | MR18 | MR17 | MR16
Reserved
w w w w rw w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

MR15 | MR14 | MR13 | MR12 | MR11 | MR10 | MR9 MR8 MR7 MR6 MR5 MR4 MR3 MR2 MR1 MRO

Bits 31:23 Reserved, must be kept at reset value (0).

Bits 22:0 MRXx: Interrupt mask on line x

0: Interrupt request from Line x is masked
1: Interrupt request from Line x is not masked

7.3.2 EXTI event mask register (EXTI_EMR)

Address offset: 0x04
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
MR22 | MR21 | MR20 | MR19 | MR18 | MR17 | MR16
Reserved
w w w w rw w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

MR15 | MR14 | MR13 | MR12 | MR11 | MR10 | MR9 MR8 MR7 MR6 MR5 MR4 MR3 MR2 MR1 MRO
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Bits 31:23 Reserved, must be kept at reset value (0).

Bits 22:0 MRx: Event mask on line x
0: Event request from Line x is masked
1: Event request from Line x is not masked

7.3.3 EXTI rising edge trigger selection register (EXTI_RTSR)

Address offset: 0x08
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
TR22 | TR21 | TR20 | TR19 | TR18 | TR17 | TR16
Reserved
w w w w w rw rw
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TR15 TR14 TR13 TR12 TR11 TR10 TR9 TR8 TR7 TR6 TR5 TR4 TR3

w | w | w | w | w | w | rw | rw | w | w | w | w | w | w | w | w

Bits 31:23  Reserved, must be kept at reset value (0).

Bits 22:0 TRx: Rising edge trigger event configuration bit of line x
0: Rising edge trigger disabled (for Event and Interrupt) for input line x
1: Rising edge trigger enabled (for Event and Interrupt) for input line x

Note: The external wakeup lines are edge triggered, no glitch must be generated on these lines.
If a rising edge on the external interrupt line occurs while writing to the EXTI_RTSR register,

the pending bit will not be set.
Rising and falling edge triggers can be set for the same interrupt line. In this configuration,
both generate a trigger condition.
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7.3.4 Falling edge trigger selection register (EXTI_FTSR)

Address offset: 0x0C
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
TR22 | TR21 | TR20 | TR19 | TR18 | TR17 | TR16
Reserved
rw w rw w rw rw w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TR15 TR14 TR13 TR12 TR11 TR10 TR9 TR8 TR7 TR6 TR5 TR4 TR3 TR2 TR1 TRO

w | 'w | w | 'w | w | w | w | w | w | 'w | w | 'w | w | w | w | w

Bits 31:23  Reserved, must be kept at reset value (0).

Bits 22:0 TRx: Falling edge trigger event configuration bit of line x

0: Falling edge trigger disabled (for Event and Interrupt) for input line x
1: Falling edge trigger enabled (for Event and Interrupt) for input line x

Note: The external wakeup lines are edge triggered, no glitch must be generated on these lines.
If a falling edge on the external interrupt line occurs while writing to the EXTI_FTSR register,

the pending bit will not be set.
Rising and falling edge triggers can be set for the same interrupt line. In this configuration,
both generate a trigger condition.

7.3.5 EXTI software interrupt event register (EXTI_SWIER)

Address offset: 0x10
Reset value: 0x0000 0000

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

Bits 31:23  Reserved, must be kept at reset value (0).

Bits 22:0 SWIERXx: Software interrupt on line x
Writing a 1 to this bit when it is at 0 sets the corresponding pending bit in EXTI_PR. If the
interrupt is enabled on this line in EXTI_IMR and EXTI_EMR, an interrupt request is

generated.
This bit is cleared by clearing the corresponding bit in EXTI_PR (by writing a 1 to this bit).
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7.3.6 EXTI pending register (EXTI_PR)
Address offset: 0x14
Reset value: undefined
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
PR22 | PR21 | PR20 | PR19 | PR18 | PR17 | PR16
Reserved
rw rc_wi rc_wl | rc_wi rc_wi rc_wi rc_wi
15 14 13 12 1 10 9 8 7 6
PR15 PR14 PR13 PR12 PR11 PR10 PR9 PR8 PR7 PR6 PR5 PR4 PR3 PR2 PRIl PRO

rc_wi | rc_wi | rc_wi | rc_wi | rc_wi | rc_wi | rc_wi | rc_wi | rc_wi | rc_wi | rc_wi | rc_wi | rc_wi | rc_wi | rc_wi | rc_wi

Bits 31:23  Reserved, must be kept at reset value (0).

Bits 22:0 PRx: Pending bit

0: No trigger request occurred
1: The selected trigger request occurred

This bit is set when the selected edge event arrives on the external interrupt line. This bit is

cleared by writing it to 1 or by changing the sensitivity of the edge detector.

7.3.7 EXTI register map
The following table gives the EXTI register map and the reset values.

Table 29. External interrupt/event controller register map and reset values
Offset] Register |5|3[Q[R[N/&1&||Q(8[s[R[2[2[ el |2|8[c[2]o]e|~0|n|+|n|~[-[o
0x00 EXTI_IMR Reserved MR[22:0]

Reset value o|ojojo|ojojo|o]o]o|o|ojo]o|o]O]O|O|O0]O]O]|O]O
0x04 EXTI_EMR RS MR[22:0]

Reset value o|ojojo|ojo]o|o|ojo|o|ojo]O|O|O]O|O|O|O|O]|O]O
o0x08 EXTI_RTSR ESR TR[22:0]

Reset value o|oJojo|ojo]o|o]o]o|o|o]o]0|O]O]O|O|O]O]O]|O]O
. EXTI_FTSR ol TR[22:0]

Reset value o|ojojo|ojojo|o]o]ojo|ojo]o|O]O]O|O|O|O]O]|O]O
0x10 EXTI_SWIER Reserved SWIER[22:0]

Reset value o|ojo|o|ojo]o|o|o]o|o|o]o]O|O|O|O|O|O|O|O]|O]O
0x14 EXTI_PR Reserved PR[22:0]

Reset value o|oJojo|ojo]o|o]o]o|o|o]0]O|O]O]O|O|O]O]O]|O]O

Refer to Table 1 on page 32 for the register boundary addresses.
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8 DMA controller (DMA)

8.1 DMA introduction

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

8.2 DMA main features

® Each of the channels is connected to dedicated hardware DMA requests, software
trigger is also supported on each channel. This configuration is done by software.

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

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

® Support for circular buffer management

® 3 eventflags (DMA Half Transfer, DMA Transfer complete and DMA Transfer Error)
logically ORed together in a single interrupt request for each channel

® Memory-to-memory transfer

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

® Access to Flash, SRAM, APB1, APB2 and AHB peripherals as source and destination

® Programmable number of data to be transferred: up to 65536
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The block diagram is shown in Figure 24.

Figure 24. DMA block diagram in STM32L15xxx devices
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8.3 DMA functional description

The DMA controller performs direct memory transfer by sharing the system bus with the
Cortex™-MS3 core. The DMA request may stop the CPU access to the system bus for some
bus cycles, when the CPU and DMA are targeting the same destination (memory or
peripheral). The bus matrix implements round-robin scheduling, thus ensuring at least half
of the system bus bandwidth (both to memory and peripheral) for the CPU.

8.3.1 DMA transactions

After an event, the peripheral sends a request signal to the DMA Controller. The DMA
controller serves the request depending on the channel priorities. As soon as the DMA
Controller accesses the peripheral, an Acknowledge is sent to the peripheral by the DMA
Controller. The peripheral releases its request as soon as it gets the Acknowledge from the
DMA Controller. Once the request is deasserted by the peripheral, the DMA Controller
release the Acknowledge. If there are more requests, the peripheral can initiate the next
transaction.

In summary, each DMA transfer consists of three operations:

® The loading of data from the peripheral data register or a location in memory
addressed through an internal current peripheral/memory address register. The start
address used for the first transfer is the base peripheral/memory address programmed
in the DMA_CPARx or DMA_CMARX register

® The storage of the data loaded to the peripheral data register or a location in memory
addressed through an internal current peripheral/memory address register. The start
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8.3.2

8.3.3

Note:

160/598

address used for the first transfer is the base peripheral/memory address programmed
in the DMA_CPARx or DMA_CMARX register

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

Arbiter

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

The priorities are managed in two stages:

® Software: each channel priority can be configured in the DMA_CCRXx register. There
are four levels:

— Very high priority
—  High priority
—  Medium priority
—  Low priority
® Hardware: if 2 requests have the same software priority level, the channel with the

lowest number will get priority versus the channel with the highest number. For
example, channel 2 gets priority over channel 4.

DMA channels

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

Programmable data sizes

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

Pointer incrementation

Peripheral and memory pointers can optionally be automatically post-incremented after
each transaction depending on the PINC and MINC bits in the DMA_CCRXx register. If
incremented mode is enabled, the address of the next transfer will be the address of the
previous one incremented by 1, 2 or 4 depending on the chosen data size. The first transfer
address is the one programmed in the DMA_CPARx/DMA_CMARX registers. During
transfer operations, these registers keep the initially programmed value. The current transfer
addresses (in the current internal peripheral/memory address register) are not accessible by
software.

If the channel is configured in noncircular mode, no DMA request is served after the last
transfer (that is once the number of data items to be transferred has reached zero). In order
to reload a new number of data items to be transferred into the DMA_CNDTRX register, the
DMA channel must be disabled.

If a DMA channel is disabled, the DMA registers are not reset. The DMA channel registers
(DMA_CCRx, DMA_CPARx and DMA_CMARX) retain the initial values programmed during
the channel configuration phase.
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8.3.4

In circular mode, after the last transfer, the DMA_CNDTRXx register is automatically reloaded
with the initially programmed value. The current internal address registers are reloaded with
the base address values from the DMA_CPARx/DMA_CMARX registers.

Channel configuration procedure

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

1. Set the peripheral register address in the DMA_CPARX register. The data will be
moved from/ to this address to/ from the memory after the peripheral event.

2. Set the memory address in the DMA_CMARX register. The data will be written to or
read from this memory after the peripheral event.

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

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

5. Configure data transfer direction, circular mode, peripheral & memory incremented
mode, peripheral & memory data size, and interrupt after half and/or full transfer in the
DMA_CCRXx register

6. Activate the channel by setting the ENABLE bit in the DMA_CCRXx register.

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

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

Circular mode

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

Memory-to-memory mode

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

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

Programmable data width, data alignment and endians

When PSIZE and MSIZE are not equal, the DMA performs some data alignments as
described in Table 30: Programmable data width & endian behavior (when bits PINC =
MINC = 1).
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Table 30. Programmable data width & endian behavior (when bits PINC = MINC = 1)
Number
'?g:.ltrce Destination ﬁ;&ast:o Source content: Transfer operations Dfxs)tr:?:rtllt?n
width port width transfer address / data address / data
(NDT)
@0x0 /B0 1: READ B0[7:0] @0x0 then WRITE BO0[7:0] @0x0 @0x0/BO
8 8 4 |@0x1/B1 2: READ B1[7:0] @0x1 then WRITE B1[7:0] @0x1 @0x1/B1
@0x2 /B2 3: READ B2[7:0] @0x2 then WRITE B2[7:0] @0x2 @0x2 /B2
@0x3/B3 4: READ B3[7:0] @0x3 then WRITE B3[7:0] @0x3 @0x3/B3
@0x0/ B0 1: READ BO0[7:0] @0x0 then WRITE 00BO[15:0] @0x0 @0x0 / 00BO
8 1 4 |@0x1/B1 2: READ B1[7:0] @0x1 then WRITE 00B1[15:0] @0x2 @0x2 / 00B1
@0ox2 /B2 3: READ B3[7:0] @0x2 then WRITE 00B2[15:0] @0x4 @0x4 / 00B2
@0x3/B3 4: READ B4[7:0] @0x3 then WRITE 00B3[15:0] @0x6 @0x6 / 00B3
@0x0 /B0 1: READ B0[7:0] @0x0 then WRITE 000000B0[31:0] @0x0 @0x0 / 000000B0
8 32 4 |@0x1/B1 2: READ B1[7:0] @0x1 then WRITE 000000B1[31:0] @0x4 @0x4 / 000000B1
@0x2 /B2 3: READ B3[7:0] @0x2 then WRITE 000000B2[31:0] @0x8 @0x8 / 00000082
@0x3/B3 4: READ B4{7:0] @0x3 then WRITE 000000B3[31:0] @0xC @0xC / 00000083
@0x0/B1B0 1: READ B1BO0[15:0] @0x0 then WRITE BO[7:0] @0x0 @0x0/ B0
16 8 4 |@0x2/B3B2 2: READ B3B2[15:0] @0x2 then WRITE B2[7:0] @0x1 @0x1/B2
@0x4 / B5B4 3: READ B5B4[15:0] @0x4 then WRITE B4[7:0] @0x2 @0ox2 /B4
@0x6 / B7B6 4: READ B7B6[15:0] @0x6 then WRITE B6[7:0] @0x3 @0x3/B6
@0x0/B1BO 1: READ B1B0[15:0] @0x0 then WRITE B1B0[15:0] @0x0 @0x0/B1B0O
16 16 4 |@0x2/B3B2 2: READ B3B2[15:0] @0x2 then WRITE B3B2[15:0] @0x2 @0x2 / B3B2
@0x4 / B5B4 3: READ B5B4[15:0] @0x4 then WRITE B5B4[15:0] @0x4 @0x4 / B5B4
@0x6 / B7B6 4: READ B7B6[15:0] @0x6 then WRITE B7B6[15:0] @0x6 @0x6 / B7B6
@0x0/B1B0 1: READ B1B0[15:0] @0x0 then WRITE 0000B1B0[31:0] @0x0 @0x0 / 0000B1B0
16 32 4 |@0x2/B3B2 2: READ B3B2[15:0] @0x2 then WRITE 0000B3B2[31:0] @0x4 @0x4 / 0000B3B2
@0x4 / B5B4 3: READ B5B4[15:0] @0x4 then WRITE 0000B5B4[31:0] @0x8 @0x8 / 0000B5B4
@0x6 / B7B6 4: READ B7B6[15:0] @0x6 then WRITE 0000B7B6[31:0] @0xC @0xC / 0000B7B6
@0x0/B3B2B1B0  |1: READ B3B2B1B0[31:0] @0x0 then WRITE B0[7:0] @0x0 @0x0/BO
32 8 4 |@0x4/B7B6BSB4 [2: READ B7B6B5B4[31:0] @0x4 then WRITE B4[7:0] @0xT @0x1 /B4
@0x8 / BBBAB9B8 |3: READ BBBAB9B8[31:0] @0x8 then WRITE B8[7:0] @0x2 @0x2 /B8
@0xC / BFBEBDBC |4: READ BFBEBDBC|[31:0] @0xC then WRITE BC[7:0] @0x3 @0x3/BC
@0x0/B3B2B1B0 |1: READ B3B2B1B0[31:0] @0x0 then WRITE B1B0[7:0] @0x0 @0x0/B1B0
32 16 4 |@0x4/B7B6BSB4 |2: READ B7B6B5B4[31:0] @0x4 then WRITE B5B4[7:0] @0x1 @0x2 / B5B4
@0x8/ BBBAB9B8 [3: READ BBBAB9BS[31:0] @0x8 then WRITE BIB8[7:0] @0x2 @0x4 / B9B8
@0xC / BFBEBDBC |4: READ BFBEBDBC[31:0] @0xC then WRITE BDBC[7:0] @0x3 @0x6 / BDBC
@0x0/B3B2B1B0  |1: READ B3B2B1B0[31:0] @0x0 then WRITE B3B2B1B0[31:0] @0x0  |@0x0 / B3B2B1B0
32 32 4 |@0x4/B7B6BSB4 [2: READ B7B6B5B4[31:0] @0x4 then WRITE B7B6B5B4[31:0] @0x4  |@0x4 / B7B6B5B4
@0x8 / BBBAB9B8 |3: READ BBBABIB8[31:0] @0x8 then WRITE BBBAB9B8[31:0] @0x8 | @0x8 / BBBABIB8
@0xC / BFBEBDBC |4: READ BFBEBDBC|[31:0] @0xC then WRITE BFBEBDBC[31:0] @0xC |@0xC / BFBEBDBC
Addressing an AHB peripheral that does not support byte or halfword write
operations
When the DMA initiates an AHB byte or halfword write operation, the data are duplicated on
the unused lanes of the HWDATA[31:0] bus. So when the used AHB slave peripheral does
not support byte or halfword write operations (when HSIZE is not used by the peripheral)
and does not generate any error, the DMA writes the 32 HWDATA bits as shown in the two
examples below:
® To write the halfword “OxABCD”, the DMA sets the HWDATA bus to “OxABCDABCD”
with HSIZE = HalfWord
® To write the byte “OxAB”, the DMA sets the HWDATA bus to “OXABABABAB” with
HSIZE = Byte
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8.3.5

8.3.6

8.3.7

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

® an AHB byte write operation of the data “OxB0” to 0x0 (or to 0x1, 0x2 or 0x3) will be
converted to an APB word write operation of the data “0xBOBOBOBO0” to 0x0

® an AHB halfword write operation of the data “OxB1B0” to 0x0 (or to 0x2) will be
converted to an APB word write operation of the data “0xB1B0B1B0” to 0x0

For instance, if you want to write the APB backup registers (16-bit registers aligned to a 32-
bit address boundary), you must configure the memory source size (MSIZE) to “16-bit” and
the peripheral destination size (PSIZE) to “32-bit”.

Error management

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

Interrupts

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

Table 31. DMA interrupt requests

Interrupt event Event flag Enable Control bit

Half-transfer HTIF HTIE

Transfer complete TCIF TCIE

Transfer error TEIF TEIE

DMA request mapping

DMA controller

The 7 requests from the peripherals (TIMx[2,3,4,6,7], ADC1, SPI[1,2], 12Cx[1,2],
USARTX[1,2,3]) and DAC Channelx[1,2] are simply logically ORed before entering the DMA,
this means that only one request must be enabled at a time. Refer to Figure 25: DMA
request mapping.

The peripheral DMA requests can be independently activated/de-activated by programming
the DMA control bit in the registers of the corresponding peripheral.
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Figure 25. DMA request mapping
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Table 32 lists the DMA requests for each channel.
Table 32. Summary of DMA requests for each channel
Peripherals | Channel 1| Channel 2 Channel 3 Channel 4 Channel 5 Channel 6 Channel 7
ADCH1 ADCH1
SPI SPI1_RX SPI1_TX SPI2_RX SPI2_TX
USART USART3_TX | USART3_RX | USART1_TX | USART1_RX | USART2_RX | USART2_TX
1°C 12C2_TX 12C2_RX 12C1_TX 12C1_RX
TIM2_CH2
TIM2 TIM2_CH3 | TIM2_UP TIM2_CH1 TIM2_CH4
TIM3_CH4 TIM3_CHA1
TIM3 TIM3_CH3 TIM3_UP TIM3_TRIG
TIM4 TIM4_CHA1 TIM4_CH2 | TIM4_CHS3 TIM4_UP
TIM6/DAC_ TIM6_UP/DA
Channell C_Channeld
TIM7/DAC_ TIM7_UP/DA
Channel2 C_Channel2
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8.4 DMA registers

Refer to for a list of abbreviations used in register descriptions.
The peripheral registers can be accessed by bytes (8-bit), half-words (16-bit) or words (32-
bit).
8.4.1 DMA interrupt status register (DMA_ISR)
Address offset: 0x00
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
TEIF7 | HTIF7 | TCIF7 | GIF7 | TEIF6 | HTIF6 | TCIF6 | GIF6 | TEIF5 | HTIF5 | TCIF5 | GIF5
Reserved
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

TEIF4 | HTIF4 | TCIF4 | GIF4 | TEIF3 | HTIF3 | TCIF3 | GIF3 | TEIF2 | HTIF2 | TCIF2 | GIF2 | TEIF1 | HTIF1 | TCIF1 | GIF1

Bits 31:28  Reserved, always read as 0.

Bits 27, 23, 19, 15, TEIFx: Channel x transfer error flag (x =1 ..7)

11,7,3  This bit is set by hardware. It is cleared by software writing 1 to the corresponding bit in the
DMA_IFCR register.
0: No transfer error (TE) on channel x
1: A transfer error (TE) occurred on channel x

Bits 26, 22, 18, 14, HTIFx: Channel x half transfer flag (x =1 ..7)

10,6,2  This bit is set by hardware. It is cleared by software writing 1 to the corresponding bit in the
DMA_IFCR register.

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

Bits 25, 21, 17, 13, TCIFx: Channel x transfer complete flag (x =1 ..7)

9,5,1  This bit is set by hardware. It is cleared by software writing 1 to the corresponding bit in the
DMA_IFCR register.

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

Bits 24, 20, 16, 12, GIFx: Channel x global interrupt flag (x = 1 ..7)

8,4,0  This bit is set by hardware. It is cleared by software writing 1 to the corresponding bit in the
DMA_IFCR register.
0: No TE, HT or TC event on channel x
1: ATE, HT or TC event occurred on channel x
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8.4.2 DMA interrupt flag clear register (DMA_IFCR)
Address offset: 0x04
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
CTEIF7 |CHTIF7 | CTCIF7 | CGIF7 | CTEIF6 |CHTIF6 | CTCIF6 | CGIF6 | CTEIF5 | CHTIF5|CTCIF5 | CGIF5
Reserved
w w w w w w w w w w w w
15 14 13 12 1 10 9 8 7 6 4 3 2 1 0
CTEIF4|CHTIF4|CTCIF4| CGIF4 |CTEIF3 |CHTIF3|CTCIF3 | CGIF3 |CTEIF2 |CHTIF2 [CTCIF2 | CGIF2 |CTEIF1 |CHTIF1|CTCIF1 | CGIF1
w w w w w w w w w w w w w w w w
Bits 31:28  Reserved, always read as 0.
Bits 27, 23, 19, 15, CTEIFx: Channel x transfer error clear (x =1 ..7)
11,7,3  This bit is set and cleared by software.
0: No effect
1: Clears the corresponding TEIF flag in the DMA_ISR register
Bits 26, 22, 18, 14, CHTIFx: Channel x half transfer clear (x =1 ..7)
10,6,2  This bit is set and cleared by software.
0: No effect
1: Clears the corresponding HTIF flag in the DMA_ISR register
Bits 25, 21, 17, 13, CTCIFx: Channel x transfer complete clear (x =1 ..7)
9,5,1  This bit is set and cleared by software.
0: No effect
1: Clears the corresponding TCIF flag in the DMA_ISR register
Bits 24, 20, 16, 12, CGIFx: Channel x global interrupt clear (x =1 ..7)
8,4,0  This bit is set and cleared by software.
0: No effect
1: Clears the GIF, TEIF, HTIF and TCIF flags in the DMA_ISR register
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8.4.3 DMA channel x configuration register (DMA_CCRXx) (x =1..7,
where x = channel humber)

Address offset: 0x08 + 0d20 x (channel number — 1)
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
'\|<I/|EE'\|<|/|2 PL[1:0] MSIZE[1:0] PSIZE[:0] | MINC | PINC | CIRC | DIR | TEIE | HTIE | TCIE | EN
Res.
rw rw w rw rw rw rw rw rw rw rw rw w w rw

Bits 31:15  Reserved, always read as 0.

Bit 14 MEM2MEM: Memory to memory mode
This bit is set and cleared by software.
0: Memory to memory mode disabled
1: Memory to memory mode enabled

Bits 13:12 PL[1:0]: Channel priority level
These bits are set and cleared by software.
00: Low
01: Medium
10: High
11: Very high
Bits 11:10 MSIZE[1:0]: Memory size
These bits are set and cleared by software.
00: 8-bits
01: 16-bits
10: 32-bits
11: Reserved
Bits 9:8 PSIZE[1:0]: Peripheral size
These bits are set and cleared by software.
00: 8-bits
01: 16-bits
10: 32-bits
11: Reserved
Bit 7 MINC: Memory increment mode
This bit is set and cleared by software.

0: Memory increment mode disabled
1: Memory increment mode enabled

Bit 6 PINC: Peripheral increment mode
This bit is set and cleared by software.
0: Peripheral increment mode disabled
1: Peripheral increment mode enabled
Bit 5 CIRC: Circular mode
This bit is set and cleared by software.

0: Circular mode disabled
1: Circular mode enabled
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Bit 4 DIR: Data transfer direction
This bit is set and cleared by software.
0: Read from peripheral
1: Read from memory

Bit 3 TEIE: Transfer error interrupt enable
This bit is set and cleared by software.
0: TE interrupt disabled
1: TE interrupt enabled

Bit 2 HTIE: Half transfer interrupt enable
This bit is set and cleared by software.
0: HT interrupt disabled
1: HT interrupt enabled

Bit 1 TCIE: Transfer complete interrupt enable
This bit is set and cleared by software.

0: TC interrupt disabled
1: TC interrupt enabled

Bit 0 EN: Channel enable
This bit is set and cleared by software.

0: Channel disabled
1: Channel enabled

8.44 DMA channel x number of data register (DMA_CNDTRX) (x = 1..7),
where x = channel humber)

Address offset: 0x0C + 0d20 x (channel number — 1)
Reset value: 0x0000 0000

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

Bits 31:16  Reserved, always read as 0.

Bits 15:0 NDT[15:0]: Number of data to transfer

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

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

If this register is zero, no transaction can be served whether the channel is enabled or not.
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8.4.5 DMA channel x peripheral address register (DMA_CPARX) (x =1..7),
where x = channel humber)

Address offset: 0x10 + 0d20 x (channel number — 1)
Reset value: 0x0000 0000

This register must not be written when the channel is enabled.

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

rw|rw|rw|rw|rw|rw|rw|rw|rw|rw|rw|rw|rw|rw|rw|rw|rw|rw|rw|rw|rw|rw|rw|rw|rw|rw|rw|rw|rw|rw|rw|rw

Bits 31:0 PA[31:0]: Peripheral address
Base address of the peripheral data register from/to which the data will be read/written.

When PSIZE is 01 (16-bit), the PA[0] bit is ignored. Access is automatically aligned to a half-

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

address.

8.4.6 DMA channel x memory address register (DMA_CMARX) (x = 1..7),
where x = channel number)

Address offset: 0x14 + 0d20 x (channel number — 1)
Reset value: 0x0000 0000

This register must not be written when the channel is enabled.

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

rw|rw|rw|rw|rw|rw|rw|rw|rw|rw|rw|rw|rw|rw|rw|rw|rw|rw|rw|rw|rw|rw|rw|rw|rw|rw|rw|rw|rw|rw|rw|rw

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

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

address.
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8.4.7 DMA register map

The following table gives the DMA register map and the reset values.

Table 33. DMA register map and reset values

Offset| Register |5/ & N/ QR I K Q&[] 2= ™92 e N2 o o~ v < oo
DMA ISR ChEpEepletREc zp@ECRR|EEMEEIRZ
0x000 i Reserved B 1= 10 |6 B E R |C|E|ER|cl@zlRlcEERIS|EERIcEER|e
Reset value olofo[o|{o[of[ofoflo|o]o[o[o[o[of[oflo|o|o|o[o|o][ofo|o|o]o]0O
DA tECR etz elReleRReiiRreRRReR L
Reset value olofo[o|{o[of[ofoflo|o]o[o[o[o[of[oflo|o|o|o[o|o][ofo|o|o]o]0O
s =} )
Sle S elelele ulwly |
0x008 DMA_CCR1 Reserved g o g E é%% W e |m
L (%] %)
= s o
Reset value oo|o o|o o|ooooooooo
DMA_CNDTR1 NDT[15:0]
0x00C Reserved
Reset value 0|o|0|0|0|0|o|0|0|0|0|o|0|0|0|0
DMA_CPAR1 PA[31:0]
0x010
Reset value o|o|o|0|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o
DMA_CMAR1 MA[31:0]
0x014
Reset value o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o
0x018 Reserved
s =} 5)
3 IR R N [N IS S PO [ [T T
oxoic | DMA-CCR2 Reserved Sipmo | N | B EIESGEIEIC|D
w n %)
= s o
Reset value oo|o o|0 o|ooooooooo
DMA_CNDTR2 NDT[15:0]
0x020 Reserved
Reset value 0|o|0|o|0|0|o|0|o|0|0|o|0|o|0|o
DMA_CPAR2 PA[31:0]
0x024
Reset value o|o|o|0|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o
DMA_CMAR2 MA[31:0]
0x028
Reset value o|0|o|0|0|0|0|o|0|0|0|0|o|0|0|0|0|o|0|0|0|0|o|0|0|0|0|o|0|0|0|0
0x02C Reserved
s =} 5)
o= T e N (SR ISR (S M R R 1 I
0x030 DMA_CCR3 Reserved g | o g ﬁ §§%5 ElE R |
w %) 75}
= s o
Reset value oo|o o|0 o|ooooooooo
DMA_CNDTR3 NDT[15:0]
0x034 Reserved
Reset value o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o
DMA_CPAR3 PA[31:0]
0x038
Reset value o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o
DMA_CMAR3 :
0x03C
Reset value o|0|o|0|0|0|0|o|0|0|0|0|o|0|0|0|0|o|0|0|0|0|o|0|0|0|0|o|0|0|0|0
0x040 Reserved
S| PL o = Q10 Q| W W W
0x044 DMA_CCR4 Reserved g | 0 ﬁ ﬁ §§%6 = &
w %) 7]
= s o
Reset value oo|o 0|0 o|ooooooooo
DMA_CNDTR4 NDT[15:0]
0x048 Reserved
Reset value o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o
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Table 33. DMA register map and reset values (continued)
Offset| Register /@ Q& KIQ QI QNIRRT L2 I2NF S oo~ o 6o o~
DMA_CPAR4 PA[31:0]
0x04C
Reset value o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o
DMA_CMAR4 MA[31:0]
0x050
Reset value o|0|o|o|o|o|0|o|0|0|0|0|o|0|0|0|0|o|0|0|0|0|o|0|0|0|0|o|0|0|0|0
0x054 Reserved
S PL| O 2919 x|y |y |w
0x058 DMA_CCRS Reserved S| 0] N N EE%E M i
w %) 7}
= s o
Reset value oo|o o|0 o|ooooooooo
DMA_CNDTR5 NDT[15:0]
0x05C Reserved
Reset value o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o
DMA_CPAR5 PA[31:0]
0x060
Reset value o|0|o|0|0|0|0|o|0|0|0|0|o|0|0|0|0|o|0|0|0|0|o|0|0|0|0|o|0|0|0|0
DMA_CMAR5 MA[31:0]
0x064
Reset value o|o|o|0|o|0|0|o|0|o|0|0|o|0|o|0|0|o|0|o|0|0|o|0|o|0|0|o|0|o|0|o
0x068 Reserved
S| PL| = 2919 x|y |y |w
0x06C DMA_CCR6 Reserved S | 0] g N 25%5 HIER &
= s | 2
Reset value oo|o o|o o|ooooooooo
DMA_CNDTR6 NDT[15:0]
0x070 Reserved
Reset value o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o
DMA_CPARG6 PA[31:0]
0x074
Reset value o|0|o|0|0|0|0|o|0|0|0|0|o|0|0|0|0|o|0|0|0|0|o|0|0|0|0|o|0|0|0|0
DMA_CMARG6 MA[31:0]
0x078
Reset value o|o|o|0|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o
0x07C Reserved
S| PL| o= (2129 w|w w
0x080 DMA_CCR7 Reserved S | [1:0] g N é%%ﬁ e &
< s | 2
Reset value oo|o o|o o|ooooooooo
DMA_CNDTR7 NDT[15:0]
0x084 Reserved
Reset value 0|o|0|o|o|0|o|0|o|o|0|o|0|0|0|0
DMA_CPAR7 PA[31:0]
0x088
Reset value o|o|o|0|o|0|0|o|0|o|0|0|o|0|o|0|0|o|0|o|0|0|o|0|o|0|0|o|0|o|0|o
DMA_CMAR7 MA[31:0]
0x08C
Reset value o|o|o|0|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o
0x090 Reserved
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Refer to Table 1 on page 32 for the register boundary addresses.
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9

9.1

9.2

Note:

9.3

Analog-to-digital converter (ADC)

ADC introduction

The 12-bit ADC is a successive approximation analog-to-digital converter. It has up to 26
multiplexed channels allowing it measure signals from 24 external and two internal sources.
The A/D conversion of the channels can be performed in single, continuous, scan or
discontinuous mode. The result of the ADC is stored into a left- or right-aligned 16-bit data
register.

The analog watchdog feature allows the application to detect if the input voltage goes
beyond the user-defined, higher or lower thresholds.

Conversions are always performed at maximum speed to have the highest possible
conversion rate for a given system clock frequency. The automatic power control
dramatically reduces the consumption by powering-on the ADC only during conversions.

ADC main features

® 12-bit, 10-bit, 8-bit or 6-bit configurable resolution

® Interrupt generation at the end of regular conversions, end of injected conversions, and
in case of analog watchdog or overrun events (for regular conversions)

® Single and continuous conversion modes

® Scan mode for automatic conversions in a fully programmable order

® Programmable data alignment with in-built data coherency

® Programmable and individual sampling time for each ADC channel

® External trigger option with configurable edge detection for both regular and injected
conversions

® Discontinuous mode

® ADC conversion time: 1 ps at full speed (ADC clocked at 16 MHz) down to 4 ps at low

speed (ADC clocked at 4 MHz), independent of the APB clock
® Automatic power-up/power-down to reduce the power consumption
® ADC supply requirements:
— 2.4V 1o 3.6V atfull speed or with reference zooming (Vggr, < Vppa)
— downto 1.8 V at slower speeds
® ADC inputrange: Vrgr_< VN < VREFR,
® Automatic programmable hardware delay insertion between conversions
® DMA request generation during regular channel conversion
Figure 26 shows the block diagram of the ADC.

Vrer_, if available (depending on package), must be tied to Vggp.

ADC functional description
Figure 26 shows the ADC block diagram, Table 34 gives the pin description.
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Figure 26. ADC block diagram

— Interrupt
Flags enable bits

»lovR H OVRIE
»Eoc HEocie

Overrun

End of conversion

End of injected conversion ADC Interrupt to NVIC
] JEOC|JEOCIE
Analog watchdog event awd I awoie -
Analog watchdog
| Compare result |
[ Higher threshold (12 bits) |
| Lower threshold (12 bits) |
(2}
| 3
— N Injected data registers %
VREF4 ) (4 x 16 bits) )
VREF- . £
__l> Regular data register :> §
VDDA (16 bits)
Vssa
Analog DMA request
mux ;
ADC_INO —» |
ADC_IN 1 — —1 \ Upto4
. injected
ADC_IN15 -— GPIO | | [conversions Injected o ADCCLK
ADC_IN18 —» ports | | channels Analog to digital
. k
: > Regular converter
ADC_IN25 — Up to 27 channels -
regular 124
conversions
Temp. sensor—Pp
VREFINT —P|
16 MHz
HSIRC
JEXTSEL[3:0] bits EXTSEL[3:0] bits
TIM9_CH1— —— TIM9_CH2
TIM9_TRGO — JEXTEN EXTEN
TIM2_TRGO [1:0] bits [1:0]bits | — III'\I\;B_TRGO
TIM2_CH1—| —— TIM2_CH3
TIM3_CH4 —— M2 Ch2
- — TIM3_TRGO
TIM4_TRGO —|
TIM4_CH1— — TIM4_CH4
TIM4. CH2 . . —— TIM2_TRGO
! St?rt trigger Start trigger TIM3_CH1
TIM4 CH3— (injected group) (regular group)
TIM . H — TIM3_CHS3
10_CH1— —— TIM4_TRGO
TIM7_TRGO— —— TIM6_TRGO
EXTI_15
EXTI_11
ai17166¢
Note: Due to internal connections (ADC multiplexer switches), ADC channels 4, 5, 22, 23, 24 and

25 are considered as fast channels (up to 1 Msample/s) and the other channels are slower
(they do not exceed 800 ksamples/s). For more details, refer to Figure 20: Routing interface
(RI) block diagram on page 127.
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Table 34. ADC pins
Name Signal type Remarks

The higher/positive reference voltage for the ADC is:
2.4V < VREF+ = VDDA for full Speed
(ADCCLK = 16 MHz, 1 Msps)
1.8V < VRer, =Vppa for medium speed
(ADCCLK = 8 MHz, 500 Ksps)

v Input, analog reference

REF+ positive 2.4V < VRgf, # Vppa for medium speed

(ADCCLK = 8 MHz, 500 Ksps)
1.8V< VREF+ < VDDA for low Speed (ADCCLK =4 MHz, 250
Ksps)
When product voltage range 3 is selected (Voore = 1.2 V), the
ADC is low speed (ADCCLK =4 MHz, 250 Ksps)
Analog power supply equal to Vpp and

Vbpa Input, analog supply 2.4V <Vppa £ Vpp (3.6 V) for full speed
1.8 V < Vppa < Vpp (3.6 V) for medium and low speed

Input, analog reference The lower/negative reference voltage for the ADC,
VReF- negative Vgee_=V
REF-= VSSA
Vssa Input, analog supply Ground for analog power supply equal to Vgg
ground

ADC_IN[15:0]

and Analog input signals 24 analog input channels

ADC_IN[25:18]

9.3.1 ADC power on-off control
The ADC is powered on by setting the ADON bit in the ADC_CR2 register. When the ADON
bit is set for the first time, it wakes up the ADC from the Power-down mode.

Conversion starts when either the SWSTART or the JSWSTART bit is set, or in response to
an external trigger. These software or hardware triggers must be enabled only when the
ADC is ready to convert (ADONS=1).

Resetting the ADON bit stops the conversions and put the ADC in power down mode. In this
mode the ADC consumes almost no power. ADONS is cleared after ADON has been
synchronized to the ADCCLK clock domain.

Note: Due to the latency introduced by the synchronization between the two clock domains, ADON
must be set only when ADONS=0 and it must be cleared only when the ADC is ready to
convert (ADONS=1).

Power down configurations (PDI and PDD)

In order to reduce the consumption when the ADC is ready to convert (ADONS=1), the ADC
can be automatically powered off when it is not converting, until the next conversion starts
depending on the PDI and PDD bits in the ADC_CR1 register. Refer to Section 9.10: Power
saving on page 188 for more details.
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Note:

9.3.2

Note:

9.3.3

176/598

Using the PDI bit, the user can determine whether the ADC is powered up or down when it
is not converting (waiting for a hardware or software trigger event).

Using the PDD bit, the user can determine whether the ADC is powered up or down
between 2 conversions (or sequences of conversions) when a delay is inserted (DELS bits).

When PDI=1, ADONS is the image of ADON (same value) as viewed from the ADCCLK
clock.

Conversion starts after the ADC power-up time (tgtag) when either the SWSTART or the
JSWSTART bit is set, or in response to an external trigger. These software or hardware
triggers must be enabled only when the ADC is ready to convert (ADONS=1).

Resetting the ADON bit stops the conversions and places the ADC in a mode where it is no
longer supplied.

Due to the latency introduced by the synchronization between the two clock domains, ADON
must be set only when ADONS=0 and it must be cleared only when ADONS=1.

ADC clock

To avoid unnecessary consumption while not converting, the ADC digital interface has been
designed to operate in a completely independent manner, at its maximum speed using an
internal 16 MHz clock source (HSI), whatever the CPU operating frequency (which can
range from a few sub-kHz up to 32 MHz).

When entering Stop mode, the ADC analog and digital interfaces remain inactive as the HSI
and PCLK2 are disabled. Since the HSI is still deactived after resuming from Stop mode, the
user must enable the HSI as the ADC analog interface clock source and continue using
ADC conversions.

The ADCCLK clock is provided by the clock controller. It is generated from the HSI oscillator
after a clock divider:

e by 1 for full speed (fapccLk = 16 MHz)
® by 2 for medium speed and by 4 for low speed (fapccLk = 4 MHz)

Depending on the APB clock (PCLK) frequency, the ADCCLK clock frequency can be higher
or lower than PCLK. In particular, when the APB becomes too low, it can become difficult to
get the results of conversions at full speed without losing any data (because the data flow is
higher than what the CPU or the DMA can handle). This problem can be solved by inserting
a delay between 2 conversions or between 2 sequences of conversions in order to give the
system enough time to read and save the converted data before the next data arrive. Refer
to Section 9.9: Hardware freeze and delay insertion modes for slow conversions on

page 185 for more details.

Channel selection

There are 26 multiplexed channels. It is possible to organize the conversions in two groups:
regular and injected. A group consists of a sequence of conversions that can be done on
any channel and in any order. For instance, it is possible to implement the conversion
sequence in the following order: Ch3, Ch8, Ch2, Ch2, Ch0, Ch2, Ch2, Ch15.

® Aregular group is composed of up to 27 conversions. The regular channels and their
order in the conversion sequence must be selected in the ADC_SQRXx registers. The
total number of conversions, which can be up to 27 in the regular group must be written
in the L[4:0] bits in the ADC_SQR!1 register.
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® An injected group is composed of up to 4 conversions. The injected channels and
their order in the conversion sequence must be selected in the ADC_JSQR register.
The total number of conversions, which can be up to 4 in the injected group must be
written in the L[1:0] bits in the ADC_JSQR register.
Note: If the ADC_SQRXx register is modified during a regular conversion or the ADC_JSQR
register is modified during an injected conversion, the current conversion is reset and the
ADC waits for a new start pulse. If the conversion that is reset is an injected conversion that
had interrupted a regular conversion, then the regular conversion is resumed.
Temperature sensor, VgegnT internal channels
The temperature sensor is connected to channel ADCx_IN16 and the internal reference
voltage VrepinT IS connected to ADCx_IN17. These two internal channels can be selected
and converted as injected or regular channels.
9.34 Single conversion mode
In Single conversion mode the ADC does one conversion. This mode is started with the
CONT bit in the ADC_CR2 at 0 by either:
o setting the SWSTART bit in the ADC_CR2 register (for a regular channel only)
® setting the JSWSTART bit (for an injected channel)
® external trigger (for a regular or injected channel)
Once the conversion of the selected channel is complete:
@ If a regular channel was converted (converted channel is selected by the SQ1[4:0] bits
in the SQRS5 register):
—  The converted data are stored into the 16-bit ADC_DR register
— The EOC (end of conversion) flag is set
— Aninterrupt is generated if the EOCIE bit is set
@ If aninjected channel was converted (converted channel is selected by the JSQ1[4:0]
bits in the JSQR register):
—  The converted data are stored into the 16-bit ADC_JDR1 register
— The JEOC (end of conversion injected) flag is set
— Aninterrupt is generated if the JEOCIE bit is set
Then the ADC stops.
9.3.5 Continuous conversion mode

In continuous conversion mode, the ADC starts a new conversion as soon as it finishes one.
This mode is started with the CONT bit at 1 either by external trigger or by setting the
SWSTART bit in the ADC_CR2 register (for regular channels only).

After each conversion:

@ If a regular channel was converted (converted channel is selected by the SQ1[4:0] bits
in the SQRS5 register):

— The last converted data are stored into the 16-bit ADC_DR register
— The EOC (end of conversion) flag is set
— Aninterrupt is generated if the EOCIE bit is set
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Injected channels cannot be converted continuously. The only exception is when an injected
channel is configured to be converted automatically after reqular channels in continuous
mode (using JAUTO bit), refer to Auto-injected conversion section).

Timing diagram

As shown in Figure 27, the ADC needs a stabilization time (tgag) before it can actually
convert. The ADONS bit is set when a conversion can be triggered. A conversion is
launched when the SWSTART bit is set (or when an external trigger is detected). After the
conversion time (programmable sampling time + 12 ADCCLK clock cycles for 12-bit data),
the EOC flag is set and the ADC data register contains the result of the conversion. Note
that some delays are needed to resynchronize the different signals from one clock domain
to the other.

Figure 27. Timing diagram (normal mode, PDI=0)

o [N AT UL LA

aoon |

ADON I

_Acknowledge| tstap ¢——p

ADONS |

SWSTART | |
SWSTART I |

_Acknowledge

ADC | ADC conversion |

Conversion time
~ (total conversion time)

EOC |

DR Previous data x New data

ai17158b

9.3.7

Analog watchdog

The AWD analog watchdog status bit is set if the analog voltage converted by the ADC is
below a lower threshold or above a higher threshold. These thresholds are programmed in
the 12 least significant bits of the ADC_HTR and ADC_LTR 16-bit registers. An interrupt can
be enabled by using the AWDIE bit in the ADC_CR1 register.
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The threshold value is independent of the alignment selected by the ALIGN bit in the
ADC_CR2 register. The analog voltage is compared to the lower and higher thresholds
before alignment.

Table 35 shows how the ADC_CR1 register should be configured to enable the analog
watchdog on one or more channels.
Figure 28. Analog watchdog’s guarded area
Analog voltage A
Higher threshold HTR
Guarded area
Lower threshold LTR
ai16048
Table 35. Analog watchdog channel selection
Channels guarded by the analog ADC_CRT1 register control bits (x = don’t care)
watchdog AWDSGL bit AWDEN bit JAWDEN bit
None X 0 0
All injected channels 0 0 1
All regular channels 0 1 0
All regular and injected channels 0 1 1
Single(") injected channel 1 0 1
Singlem regular channel 1 1 0
Single (1) regular or injected channel 1 1 1
1. Selected by the AWDCH][4:0] bits
9.3.8 Scan mode

This mode is used to scan a group of analog channels.

The Scan mode is selected by setting the SCAN bit in the ADC_CR1 register. Once this bit
has been set, the ADC scans all the channels selected in the ADC_SQRx registers (for
regular channels) or in the ADC_JSQR register (for injected channels). A single conversion
is performed for each channel of the group. After each end of conversion, the next channel
in the group is converted automatically. If the CONT bit in the ADC_CR2 register is set,
regular channel conversion does not stop at the last selected channel in the group but
continues again from the first selected channel.

If the DMA bit is set, the direct memory access (DMA) controller is used to transfer the data
converted from the regular group of channels (stored in the ADC_DR register) to memory
after each regular channel conversion.

The EOC bit is set in the ADC_SR register if:
® Atthe end of each regular group sequence the EOCS bit is cleared to 0
® Atthe end of each regular channel conversion the EOCS bit is set to 1

The data converted from an injected channel is always stored into the ADC_JDRXx registers.

Doc ID 15965 Rev 4 179/598




Analog-to-digital converter (ADC) RMO0038

9.3.9

Note:

Note:

180/598

Injected channel management

Triggered injected conversion

To use triggered injection, the JAUTO bit must be cleared in the ADC_CR1 register.

1. Start the conversion of a group of injected channels either by external trigger or by
setting the JSSWSTART bit in the ADC_CR2 register.

2. If an external injected trigger occurs or if the JSSWSTART bit is set during the
conversion of a regular group of channels, the current conversion is reset and the
injected channel sequence switches to Scan-once mode.

3. Then, the regular conversion of the regular group of channels is resumed from the last
interrupted regular conversion.
If a regular event occurs during an injected conversion, the injected conversion is not
interrupted but the regular sequence is executed at the end of the injected sequence.
Figure 29 shows the corresponding timing diagram.

When using triggered injection, one must ensure that the interval between trigger events is
longer than the injection sequence. For instance, if the sequence length is 30 ADC clock
cycles (that is two conversions with a sampling time of 3 clock periods), the minimum
interval between triggers must be 31 ADC clock cycles.

Figure 29. Injected conversion latency

ADCCLK

Injection event

Reset ADC

max latency Q)

SOC D —

ai16049

1. The maximum latency value can be found in the electrical characteristics of the STM32L15xxx datasheet.
Auto-injected conversion

If the JAUTO bit is set, then the channels in the injected group are automatically converted
after the regular group of channels. This can be used to convert a sequence of up to 31
conversions programmed in the ADC_SQRx and ADC_JSQR registers.

In this mode, external trigger on injected channels must be disabled.

If the CONT bit is also set in addition to the JAUTO bit, regular channels followed by injected
channels are continuously converted.

It is not possible to use both the auto-injected and discontinuous modes simultaneously.
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9.4

1

Discontinuous mode

Regular group

This mode is enabled by setting the DISCEN bit in the ADC_CR1 register. It can be used to
convert a short sequence of n conversions (n < 8) that is part of the sequence of
conversions selected in the ADC_SQRXx registers. The value of n is specified by writing to
the DISCNUM][2:0] bits in the ADC_CR1 register.

When an external trigger occurs, it starts the next n conversions selected in the ADC_SQRXx
registers until all the conversions in the sequence are done. The total sequence length is
defined by the L[4:0] bits in the ADC_SQR1 register.

Example:
n = 3, regular channels to be converted =0, 1, 2, 3,6, 7,9, 10
1st trigger: sequence converted 0, 1, 2
2nd trigger: sequence converted 3, 6, 7
3rd trigger: sequence converted 9, 10 and an EOC event generated
4th trigger: sequence converted 0, 1, 2

When a regular group is converted in discontinuous mode, no rollover occurs.

When all subgroups are converted, the next trigger starts the conversion of the first
subgroup. In the example above, the 4th trigger reconverts the channels 0, 1 and 2 in the 1st
subgroup.

Injected group

This mode is enabled by setting the JDISCEN bit in the ADC_CR1 register. It can be used to
convert a short sequence of n conversions (n < 3) part of the sequence of conversions
selected in the ADC_JSQR registers. The value of n is specified by writing to the
DISCNUMJ[2:0] bits in the ADC_CR1 register.

When an external trigger occurs, it starts the next channel conversions selected in the
ADC_JSQR registers until all the conversions in the sequence are done. The total sequence
length is defined by the JL[1:0] bits in the ADC_JSQR register.

Example:

n = 1, injected channels to be converted = 1, 2, 3

1st trigger: channel 1 converted

2nd trigger: channel 2 converted

3rd trigger: channel 3 converted and EOC and JEOC events generated
4th trigger: channel 1

When all injected channels are converted, the next trigger starts the conversion of the first
injected channel. In the example above, the 4th trigger reconverts the 1st injected channel
1.

It is not possible to use both the auto-injected and discontinuous modes simultaneously.
Discontinuous mode must not be set for reqular and injected groups at the same time.

Data alignment

The ALIGN bit in the ADC_CR2 register selects the alignment of the data stored after
conversion. Data can be right- or left-aligned as shown in Figure 30 and Figure 31.
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The converted data value from the injected group of channels is decreased by the user-
defined offset written in the ADC_JOFRXx registers so the result can be a negative value.
The SEXT bit represents the extended sign value.

For channels in a regular group, no offset is subtracted so only twelve bits are significant.

Figure 30. Right alignment of 12-bit data

Injected group

SEXT| SEXT]| SEXT | SEXT | D11 | D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO

Regular group

0 0 0 0 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO

ai16050

Figure 31. Left alignment of 12-bit data

Injected group

SEXT| D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO 0 0 0

Regular group

D11} D10 | D9 D8 D7 D6 D5 D4 D3 D2 D1 DO 0 0 0 0

ai16051

Special case: when left-aligned, the data are aligned on a half-word basis except when the
resolution is set to 6-bit. in that case, the data are aligned on a byte basis as shown in
Figure 32.

Figure 32. Left alignment of 6-bit data

Injected group

SEXT]SEXT | SEXT | SEXT | SEXT] SEXT | SEXT | SEXT | SEXT | D5 D4 D3 D2 D1 DO 0

Regular group

0 0 0 0 0 0 0 0 D5 D4 D3 D2 D1 DO 0 0

ai16052

Channel-wise programmable sampling time

The ADC samples the input voltage for a number of ADCCLK cycles that can be modified
using the SMP[2:0] bits in the ADC_SMPRXx registers (x =1 to 3). Each channel can be
sampled with a different sampling time.

The total conversion time is calculated as follows:
Teonv = Sampling time + channel conversion time
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Example:
With ADCCLK = 16 MHz and sampling time = 4 cycles:
Teonv =4 + 12 =16 cycles = 1 ps (for 12-bit conversion)
Teonv = 4 + 7 = 11 cycles = 685 ns (for 6-bit conversion)
9.6 Conversion on external trigger
Conversion can be triggered by an external event (e.g. timer capture, EXTI line). If the
EXTENT[1:0] control bits (for a regular conversion) or JEXTEN[1:0] bits (for an injected
conversion) are different from “Ob00”, then external events are able to trigger a conversion
with the selected edge. Table 36 provides the correspondence between the EXTEN[1:0] and
JEXTENJ1:0] values and the trigger edge.
Table 36. Configuring the trigger edge detection
Source EXTEN[1:0] / JEXTEN[1:0]
Trigger detection disabled 00
Detection on the rising edge 01
Detection on the falling edge 10
Detection on both the rising and falling edges 11
Note: The edge detection of the external trigger can be changed on the fly.

The EXTSEL[3:0] and JEXTSEL[3:0] control bits are used to select which out of 16 possible
events can trigger conversion for the regular and injected groups.

Table 37 gives the possible external trigger for regular conversion.

Table 37.  External trigger for regular channels

Source Type EXTSEL[3:0]
TIM9_CC2 event 0000
TIM9_TRGO event 0001
TIM2_CC3 event 0010
TIM2_CC2 event 0011
TIM3_TRGO event 0100
TIM4_CC4 event lir:]e:errr;al signal from on-chip 0101
TIM2_TRGO event 0110
TIM3_CC1 event 0111
TIM3_CC3 event 1000
TIM4_TRGO event 1001
TIM6_TRGO event 1010
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1

Table 37.  External trigger for regular channels (continued)

Source Type EXTSEL[3:0]
Reserved 1011
Reserved 1100
NA
Reserved 1101
Reserved 1110
EXTI line11 External pin 1111

Table 38 gives the possible external trigger for injected conversion.

Table 38. External trigger for injected channels

Source Type EXTSEL[3:0]
TIM9_CC1 event 0000
TIM9_TRGO event 0001
TIM2_TRGO event 0010
TIM2_CC1 event 0011
TIM3_CC4 event 0100
TIM4_TRGO event Internal signal from on-chip timers 0101
TIM4_CC1 event 0110
TIM4_CC2 event 0111
TIM4_CC3 event 1000
TIM10_CC1 event 1001
TIM7_TRGO event 1010
Reserved 1011
Reserved 1100
NA
Reserved 1101
Reserved 1110
EXTI line15 External pin 1111

A regular group conversion can be interrupted by an injected trigger.

The trigger selection can be changed on the fly. When this is done, however, trigger
detection is disabled for a period of 2 PCLK cycles. This is to avoid spurious detections
during the transition.

The interval between trigger events must be longer than:
® the sequence for regular conversions
® the sequence + 1 ADCCLK cycle for injected conversions

For instance, if the sequence length is 32 ADC clock cycles (that is two conversions with a 4
clock-period sampling time), the minimum interval between regular triggers must be greater
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than 32 ADC clock cycles and the interval between injected triggers must be greater than 33
ADC clock cycles.

9.7 Aborting a conversion

9.7.1 Injected channels
An injected conversion or a sequence of conversions can be stopped by writing to the JSQR
register (the JL[1:0] bitfield has to be written with its current value). Then any ongoing
injected conversion aborts and any pending trigger is reset. A new injected conversion can
start when a new hardware or software trigger occurs.
After aborting an injected conversion, the system requires a few clock cycles before a new
injected conversion can start (3 to 5 ADC clock cycles + 2 to 5 APB clock cycles). To meet
this requirement, JSWSTART should not be set before JCNR=0.

9.7.2 Regular channels
A regular conversion or a sequence of conversions can be stopped by writing to any of the
SQR1 to SQRS5 registers (if SQR1 is written, the L[4:0] bitfield has to be written with its
current value). The ADC then behaves in the same way as in the case of injected
conversions (see Section 9.7.2: Regular channels).
If several of the SQRIi registers have to be written in order to configure a new sequence, no
conversion should be launched between the different write accesses. In this case, the
following sequence must be applied:
1. Disable the external triggers by writing the EXTEN bits to 00 (when external triggers

are used)

2. Change the sequence configuration (by writing to the SQRi registers)
3. Wait for RCNR=0 in the ADC_SR register
4. Enable the external trigger or set the SWSTART bit

9.8 Conversion resolution
It is possible to perform faster conversion by reducing the ADC resolution. The RES[1:0] bits
are used to select the number of bits available in the data register. The minimal conversion
time for each resolution, when the sampling time is 4 cycles, is then as follows:
o for 12-bit resolution : 12 + 4 =16 cycles
e for 10-bit resolution : 11 + 4 =15 cycles
o for 8-bit resolution : 9+ 4 =13 cycles
e for6-bitresolution: 7+ 4 =11 cycles

9.9 Hardware freeze and delay insertion modes for slow

conversions

When the APB clock is not fast enough to manage the data rate, a delay can be introduced
between conversions to reduce this data rate. The delay is inserted after each regular
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conversion and after each sequence of injected conversions as, during conversion, a trigger
event (for the same group of conversions) occurring during this delay is ignored.

No delay is inserted between conversions of different groups (a regular conversion followed
by an injected conversion or conversely):

e If aninjected trigger occurs during the delay of a regular conversion, the injected
conversion starts immediately.

@ If a regular conversion is to be resumed after being interrupted by an injected
sequence, it starts as soon as the delay of the previous regular conversion is finished.

The behavior is slightly different in auto-injected mode where a new regular conversion can
start only when the delay of the previous injected conversion has ended. This is to ensure
that the software can read all the data of a given sequence before starting a new sequence.
In this mode, a regular trigger is ignored if it occurs during the delay that follows a regular
conversion. It is however considered pending if it occurs after this delay, even if it occurs
during an injected sequence or the delay that follows it. The conversion then starts at the
end of the delay of the injected sequence.

The length of the delay is configured using the DELS[2:0] bits in the ADC_CR2 register. Two
cases should be considered:

® ADC freeze mode:
When DELS[2:0]=001, a new conversion can start only if all the previous data of the
same group have been treated:
—  for a regular conversion: once the ADC_DR register has been read or if the EOC

bit has been cleared

—  for an injected conversion: when the JEOC bit has been cleared

® ADC delay insertion mode:
When DELS[2:0]>001, a new conversion can start only after a given number of APB
clock cycles after the end of the previous conversion in the same group.

Figure 33. ADC freeze mode

Hardware/

software trigger | |

ADC state

| | Freeze | | Freeze | | Freeze

EOC flag _I I_l I—I
I:I Regular conversion #i

Inserting a delay after each regular conversion

ai18211

When enabled, a delay is inserted at the end of each regular conversion before a new
regular conversion can start. It gives time to read the converted data in the ADC_DR
register before a new regular conversion is completed. The length of the delay is configured
by the DELS[2:0] bits. Figure 34 shows an example of continuous regular conversions
where a 10 PCLK cycle delay is inserted after each conversion.
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When ADC_CR2_EOCS = 1, the delay is inserted after each sequence of regular group
conversions.

Figure 34. Continuous regular conversions with a delay

ADCCLK

Start of ADC |_|
conversion

—1

delay conv. 2

delay J conv. 3

ADC i conv. 1

DR

X data 1 X data 2

tconv1 :<
SR.EOC I

H‘ tdelay H

ai17159¢

1. teonvi: including sampling and conversion times (for instance 16 ADC clock cycles with the minimum
sampling time)

2. tgelay: delay from the end of a conversion to the start of the next conversion (number of PCLK periods
conf¥gured with the DELS[2:0] bits) + delay to synchronize the end of conversion (0 to 1 PCLK clock cycles)
+ delay to synchronize the end of delay (2 or 3 ADC clock cycles).

Inserting a delay after each sequence of auto-injected conversions

When enabled, a delay is inserted at the end of each sequence of injected conversions. Up
to 5 conversion results can be stored into the ADC_DR and the ADC_JDRXx registers. The
length of the delay is configured by the DELS[2:0] bits. Figure 35 shows an example of
continuous conversions (the CONT bit is set) where a delay is inserted after each sequence
of injected conversions. Here the JAUTO bit is set and the sequence ends after the last
injected conversion (the sequence is made of 1 regular conversion + 2 injected
conversions).
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Figure 35. Continuous conversions with a delay between each conversion

PCLK

I:l Data stored but not yet available for reading

ADCCLK | | | ll | | |
ADC | ch. 1 (reg) : ch. 2 (inj) : ch. 3 (inj) E : E delay E | ch. 1
4—.— tconv1/2/3§ ».4 ;tdelay _._>
DR | datz%lo;hanneH
JDR1 : : i I : data ch?annelz : :
JDR2 E E E E : : daéa chann;el3
SR.EOC ; ; ; ; ; ; : ;
SR.JEOC E E E E E El_il_éi
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teonvi/2/3: including sampling and conversion times for channels 1, 2 and 3.

2. tge
contl

synchronize the end of delay (2 or 3 ADC clock cycles).

Power saving

: delay from the end of the previous sequence to the start of the new sequence (number of PCLK periods
igured with the DELS bits) + delay to synchronize the end of conversion (0 to 1 PCLK clock cycles) + delay to

ADC power-on and power-off can be managed by hardware to cut the consumption when
the ADC is not converting. The ADC can be powered down:

® during the delay described above (when the PDD bit is set). Then the ADC is powered
up again at the end of the delay

and/or

® when the ADC is waiting for a trigger event (when the PDI bit is set). In this case the
ADC is powered up at the next trigger event.

The ADC needs a certain time to start up before a conversion can actually be launched.
This startup time must be taken into account before selecting the automatic power control
modes or when configuring the delay. For this reason, it is also more efficient (from the
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power point of view and when possible) when scanning several channels to launch a
sequence of several conversions and stop the consumption after the sequence, than when
launching each conversion one by one with a delay after each conversion.

For a given sequence of conversions, the ADCCLK clock must be enabled before launching
the first conversion, and be present until the EOC bit (or the JEOC bit in case of injected
channels) is set.

Figure 36, Figure 37 and Figure 38 show examples of power management in different
configurations. ADON=1 in all these examples.

Figure 36. Automatic power-down control: example 1

Hardware/software |_| |_|

trigger

ADC state
| I delay | delay delay

|

ADC power (DI =0, PpD-0) | S N
| | | |

ADC power (PDI =0, PDD=1) q_ OFF m OFF m
| |

ADC power (PDI =1, PDD=0) OFF OFF

| I | | | | |
ADC power (PDI=1,PDD=1) _OFF [ONEMM  OFF [ ON | OFF | OFF Y OFF
| I | | | | |

' '
|:| Startup time ! |
ai17161b
|:| Regular conversion #i

Figure 37. Automatic power-down control: example 2

Configuration 2: PDI=1, PDD=1, delay after each conversion Ddelay conversion #1
Sequence: 2 regular conversions, CONT=0

D startup time conversion #2
(hardware or software trigger)

ADC state |:|1| D2| | | |1| |
ADC power OFF 'O_N| '_| '_|

ai17162
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Figure 38. Automatic power-down control: example 3

Configuration 3: PDI=1, PDD=1, delay after each sequence D startup time

Sequence: 1 regular conversion + 4 injected conversions, CONT=1 then 0 .
conversmn number

(hardwa{isoftware trigger) (hardware or software trigger) D delay
acstate | {1294 NHEEEE R IEEEE I

CONT |

ai17163b

Data management and overrun detection

Using the DMA

Since converted regular channel values are stored into a unique data register, it is useful to
use DMA for conversion of more than one regular channel. This avoids the loss of the data
already stored in the ADC_DR register.

When the DMA mode is enabled (DMA bit set to 1 in the ADC_CR2 register), after each
conversion of a regular channel, a DMA request is generated. This allows the transfer of the
converted data from the ADC_DR register to the destination location selected by the
software.

Despite this, if data are lost (overrun), the OVR bit in the ADC_SR register is set and an
interrupt is generated (if the OVRIE enable bit is set). DMA transfers are then disabled and
DMA requests are no longer accepted. In this case, if a DMA request is made, the regular
conversion in progress is aborted and further regular triggers are ignored. It is then
necessary to clear the OVR flag and the DMAEN bit in the used DMA stream, and to re-
initialize both the DMA and the ADC to have the wanted converted channel data transferred
to the right memory location. Only then can the conversion be resumed and the data
transfer, enabled again. Injected channel conversions are not impacted by overrun errors.

When OVR = 1 in DMA mode, the DMA requests are blocked after the last valid data have
been transferred, which means that all the data transferred to the RAM can be considered
as valid.

At the end of the last DMA transfer (number of transfers configured in the DMA controller’s
DMA_SxRTR register):

® No new DMA request is issued to the DMA controller if the DDS bit is cleared to 0 in the
ADC_CR2 register (this avoids generating an overrun error). However the DMA bit is
not cleared by hardware. It must be written to 0, then to 1 to start a new transfer.

® Requests can continue to be generated if the DDS bit is set to 1. This allows
configuring the DMA in double-buffer circular mode.

Managing a sequence of conversions without using the DMA

If the conversions are slow enough, the conversion sequence can be handled by the
software. In this case the EOCS bit must be set in the ADC_CR2 register for the EOC status
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bit to be set at the end of each conversion, and not only at the end of the sequence. When
EOCS = 1, overrun detection is automatically enabled. Thus, each time a conversion is
complete, EOC is set and the ADC_DR register can be read. The overrun management is
the same as when the DMA is used.

Conversions without reading all the data

It may be useful to let the ADC convert one or more channels without reading the data each
time (if there is an analog watchdog for instance). For that, the DMA must be disabled
(DMA = 0) and the EOC bit must be set at the end of a sequence only (EOCS = 0). In this
configuration no overrun error is reported if a conversion finishes when the result of the
previous conversion has not been read.

Overrun detection

Overrun detection is always enabled. It takes place before the data are synchronized to the
APB clock.

Only regular channel conversions generate overrun errors.

At the end of a conversion, the result is stored into an intermediate buffer (in the ADC clock
domain) until it is transferred to the data register (ADC_DR, in the APB clock domain). If new
data arrive before the previous data are transferred, the new data are lost and an overrun
error is detected. The OVR bit is set in the ADC_SR register and an interrupt is generated if
the OVRIE bit is set.

This may occur in two cases:

® either the delay is not properly set with respect to the APB clock frequency (the delay is
too short to synchronize the data), or

® the previous data could not be synchronized to the APB clock because the ADC_DR
register is not empty (when DMA=1 or EOCS=1). Indeed, in these modes, the contents
of the ADC_DR register cannot be overwritten and so the register always contains the
last valid data. ADC_DR is emptied by reading it or by clearing the EOC bit in the
ADC_SR register.

An overrun may happen to be detected just after clearing the DMA (or EOCS) when the last
data transferred by the DMA are read very late, which causes the next data to be lost.

After clearing the OVR bit, the software should not launch a new regular conversion until
RCNR=0 in the ADC_SR register.

Temperature sensor

The temperature sensor can be used to measure the internal temperature of the device. It is
internally connected to the ADC TS (ADC channel 16: temperature sensor) input channel
that is used to convert the sensor output voltage into a digital value.

When it is not used, this sensor can be put in power-down mode.

The TSVREFE bit must be set to enable the conversion of both internal channels: ADC
channel 16 (temperature sensor) and ADC channel 17 (VREFINT). If the temperature
sensor conversion is required, this connection must be enabled.

The internal temperature sensor can also be used to detect temperature variations.
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The temperature sensor is factory measured at high temperature and the result of the ADC
conversion is stored in a specific data address : the TS_Factory_ CONV_V90 data (result of
the factory TS voltage conversion at 90°C; refer to the device datasheet for more details).

To reduce the temperature sensor error, the user can measure it at ambient temperature
(25°C) to redefine more accurately the average slope (avg_slope) and the offset.

Figure 39. Temperature sensor and Vgernt Channel block diagram
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How to read the temperature

To read the temperature from the sensor, use the following procedure:
1. Select the ADC TS (temperature sensor) input channel.
2. Select a sample time of 10 ps.

3. Setthe TSVREFE bit in the ADC_CCR register to wake up the temperature sensor
from power-down mode.

4. Start the ADC conversion.
5. Read the resulting VSENSE data in the ADC data register.
6. Calculate the temperature using the following formulae:

Vv
TreK1 = SENSE
[*KI AvgSlope

\Y
T[°C] = —SENSE__ 5731
[°Cl AvgSlope 5

Avg_Slope = average slope of the "Temperature vs. VSENSE" curves (given in mV/°C).
Refer to the Electrical characteristics section for the Avg_Slope value.

When the sensor wakes up from power-down mode, a stabilization time is required before a
correct voltage can be output.

After power-on, the ADC also needs a stabilization time. To minimize this delay, the ADON
and TSON bits should be set at the same time.
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9.13

9.14

Internal reference voltage (VgggnT) CONVErsion

The internal reference voltage is internally connected to the VREFINT channel. This analog
input channel is used to convert the internal reference voltage into a digital value.

The TSVREFE bit in the ADC_CCR register must be set to enable the internal reference
voltage (and also the Temperature sensor). This reference voltage must be enabled only if
its conversion is required.

The internal reference voltage is factory measured and the result of the ADC conversion is
stored in a specific data address : the VREFINT_Factory_ CONV byte.

ADC interrupts

An interrupt can be produced on the end of conversion for regular and injected groups, when
the analog watchdog status bit is set and when the overrun status bit is set. Separate

interrupt enable bits are available for flexibility.

Five other flags are present in the ADC_SR register, but there is no interrupt associated with
them:

® JCNR (injected channel not ready)

® RCNR (regular channel not ready)

® ADONS (ADON status)

® JSTRT (Start of conversion for channels of an injected group)
® STRT (Start of conversion for channels of a regular group)

Figure 40. ADC flags and interrupts

ADCH1 global interrupt
(NVIC)

AWD : « Analog watchdog » to indicate if the converted
voltage crosses the programmed threeshold values.

¥ Interrupt enable

ADONS : « ADC ON status » to indicate if the ADC is ready | .---~ bits
to convert.

- Flag for ADC regular channels

- Flag for ADC Injected channels ai18212

General flag for the ADC
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Table 39. ADC interrupts

Interrupt event Event flag Enable control bit
End of conversion of a regular group EOC EOCIE
End of conversion of an injected group JEOC JEOCIE
Analog watchdog status bit is set AWD AWDIE
Overrun OVR OVRIE

9.15 ADC registers

Refer to Section 1.1 on page 29 for a list of abbreviations used in register descriptions.

The peripheral registers have to be accessed by words (32-bit).

9.15.1 ADC status register (ADC_SR)

Address offset: 0x00
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
JCNR | RCNR | Reserv |ADONS| OVR STRT | JSTRT | JEOC EOC AWD
Reserved od
r r r rc w0 | rcwO | rcwO | rc_wO | rc_wO | rc_wO0

Bits 31:10  Reserved, must be kept cleared.

Bit 9 JCNR: Injected channel not ready

This bit is set and cleared by hardware after the JSQR register is written. It indicates if a new
injected conversion can be launched (by setting the JSWSTART bit).

0: Injected channel ready

1: Injected channel not ready, JSWSTART must not be set

Bit 8 RCNR: Regular channel not ready

This bit is set and cleared by hardware after one of the SQRXx register is written or after the
OVR bit is cleared. It indicates if a new regular conversion can be launched (by setting the

SWSTART bit).
0: Regular channel ready

1: Regular channel not ready, SWSTART must not be set

Bit7  Reserved, must be kept cleared.

Bit 6 ADONS: ADC ON status

This bit is set and cleared by hardware to indicate if the ADC is ready to convert.

0: The ADC is not ready

1: The ADC is ready to convert. External triggers can be enabled, the SWSTART and

JSWSTART bits can be set.
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Bit 5

Bit 4

Bit 3

Bit 2

Bit 1

Bit 0

OVR: Overrun
This bit is set by hardware when regular conversion data are lost. It is cleared by software.
Overrun detection is enabled only when DMA =1 or EOCS = 1.
0: No overrun occurredF
1: Overrun has occurred

STRT: Regular channel start flag
This bit is set by hardware when regular channel conversion starts. It is cleared by software.

0: No regular channel conversion started
1: Regular channel conversion has started

JSTRT: Injected channel start flag
This bit is set by hardware when injected group conversion starts. It is cleared by software.

0: No injected group conversion started
1: Injected group conversion has started

JEOC: Injected channel end of conversion
This bit is set by hardware at the end of the conversion of all injected channels in the group.
It is cleared by software.
0: Conversion is not complete
1: Conversion complete

EOC: Regular channel end of conversion
This bit is set by hardware at the end of the conversion of a regular group of channels. It is
cleared by software or by reading the ADC_DR register.
0: Conversion not complete (EOCS=0), or sequence of conversions not complete (EOCS=1)
1: Conversion complete (EOCS=0), or sequence of conversions complete (EOCS=1)

AWD: Analog watchdog flag

This bit is set by hardware when the converted voltage crosses the values programmed in
the ADC_LTR and ADC_HTR registers. It is cleared by software.

0: No analog watchdog event occurred

1: Analog watchdog event occurred
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9.15.2 ADC control register 1 (ADC_CR1)

Address offset: 0x04
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
OVRIE RESI[1:0] AWDEN | JAWDEN PDI PDD
Reserved Reserved
w w rw w w rw w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DISCNUM[2:0] ‘JDﬁCE DIIE?\IC JAUTO AWESG SCAN | JEOCIE | AWDIE | EOCIE AWDCH][4:0]
w | w | w w w w w rw w w rw w | rw | w | rw | w

Bits 31:27  Reserved, must be kept cleared.

Bit 26 OVRIE: Overrun interrupt enable
This bit is set and cleared by software to enable/disable the Overrun interrupt.
0: Overrun interrupt disabled
1: Overrun interrupt enabled. An interrupt is generated when the OVR bit is set.

Bits 25:24 RES[1:0]: Resolution
These bits are written by software to select the resolution of the conversion.
00: 12-bit ( Tcony = 12 ADCCLK cycles)
01: 10-bit ( Tcony = 11 ADCCLK cycles)
10: 8-bit ( Tcony = 9 ADCCLK cycles)
11: 6-bit ( Tcony = 7 ADCCLK cycles)
This bit must be written only when ADON=0.

Bit 23 AWDEN: Analog watchdog enable on regular channels
This bit is set and cleared by software.

0: Analog watchdog disabled on regular channels
1: Analog watchdog enabled on regular channels

Bit 22 JAWDEN: Analog watchdog enable on injected channels
This bit is set and cleared by software.

0: Analog watchdog disabled on injected channels
1: Analog watchdog enabled on injected channels

Bits 21:18  Reserved, must be kept cleared.

Bit 17 PDI: Power down during the idle phase
This bit is written and cleared by software. When ADON=1, it determines whether the ADC is
powered up or down when not converting (waiting for a hardware or software trigger event).
0: The ADC is powered up when waiting for a start event
1: The ADC is powered down when waiting for a start event
Note: This bit must be written only when ADON=0.

Bit 16 PDD: Power down during the delay phase

This bit is written and cleared by software. When ADON=1, it determines whether the ADC is
powered up or down between 2 conversions (or sequences of conversions) when a delay is
inserted (DELS bits).

0: The ADC is powered up during the delay
1: The ADC is powered down during the delay

Note: This bit must be written only when ADON=0.
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Bits 15:13 DISCNUM([2:0]: Discontinuous mode channel count
These bits are written by software to define the number of channels to be converted in
discontinuous mode, after receiving an external trigger.
000: 1 channel
001: 2 channels

111: 8 channels
Note: This bit must be written only when ADON=0.

Bit 12 JDISCEN: Discontinuous mode on injected channels
This bit is set and cleared by software to enable/disable discontinuous mode on the injected
channels of a group.
0: Discontinuous mode on injected channels disabled
1: Discontinuous mode on injected channels enabled
Note: This bit must be written only when ADON=0.

Bit 11 DISCEN: Discontinuous mode on regular channels
This bit is set and cleared by software to enable/disable Discontinuous mode on regular
channels.
0: Discontinuous mode on regular channels disabled
1: Discontinuous mode on regular channels enabled
Note: This bit must be written only when ADON=0.

Bit 10 JAUTO: Automatic injected group conversion
This bit is set and cleared by software to enable/disable automatic injected group conversion
after regular group conversion.
0: Automatic injected group conversion disabled
1: Automatic injected group conversion enabled
Note: This bit must be written only when ADON=0.

Bit9 AWDSGL: Enable the watchdog on a single channel in scan mode

This bit is set and cleared by software to enable/disable the analog watchdog on the channel
identified by the AWDCH][4:0] bits.

0: Analog watchdog enabled on all channels

1: Analog watchdog enabled on a single channel

Bit 8 SCAN: Scan mode

This bit is set and cleared by software to enable/disable the Scan mode. In the Scan mode,
the inputs selected through the ADC_SQRx or ADC_JSQRXx registers are converted.

0: Scan mode disabled

1: Scan mode enabled

Note: This bit must be written only when ADON=0.

Bit 7 JEOCIE: Interrupt enable for injected channels

This bit is set and cleared by software to enable/disable the end of conversion interrupt for
injected channels.

0: JEOC interrupt disabled

1: JEOC interrupt enabled. An interrupt is generated when the JEOC bit is set.
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Bit 6 AWDIE: Analog watchdog interrupt enable
This bit is set and cleared by software to enable/disable the analog watchdog interrupt. In
Scan mode if the watchdog thresholds are crossed, scan is aborted only if this bit is enabled.
0: Analog watchdog interrupt disabled
1: Analog watchdog interrupt enabled

Bit 5 EOCIE: Interrupt enable for EOC

This bit is set and cleared by software to enable/disable the end of conversion interrupt.
0: EOC interrupt disabled
1: EOC interrupt enabled. An interrupt is generated when the EOC bit is set.

Bits 4:0 AWDCH][4:0]: Analog watchdog channel select bits

These bits are set and cleared by software. They select the input channel to be guarded by
the analog watchdog.

00000: ADC analog input ChannelO

00001: ADC analog input Channell

11000: ADC analog input Channel24
11001: ADC analog input Channel25
11010: ADC analog input Channel26
Other values reserved.

Note: ADCT1 analog inputs Channel16, Channel 17 and Channel26 are internally connected
to the temperature sensor, to Vgegnytand to Vooyp respectively.

9.15.3 ADC control register 2 (ADC_CR2)
Address offset: 0x08
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
SWST . JSWST .
Reserv| ART EXTEN EXTSEL[3:0] Reserv | ART JEXTEN JEXTSEL[3:0]
ed ed
w rw w w | rw | w | rw w w | w rw | w | w | w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ALIGN | EOCS | DDS DMA DELS CONT | ADON
Reserved Res. Reserved
w rw w w w | w | w w w

Bit 31 Reserved, must be kept cleared.

Bit 30 SWSTART: Start conversion of regular channels

This bit is set by software to start conversion and cleared by hardware as soon as the
conversion starts.

0: Reset state

1: Starts conversion of regular channels

Note: This bit must be set only when ADONS=1 and RCNR=0.
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Bits 29:28 EXTEN: External trigger enable for regular channels

These bits are set and cleared by software to select the external trigger polarity and enable
the trigger of a regular group.

00: Trigger detection disabled

01: Trigger detection on the rising edge

10: Trigger detection on the falling edge

11: Trigger detection on both the rising and falling edges

Note: The external trigger must be enabled only when ADONS=1.

Bits 27:24 EXTSEL[3:0]: External event select for regular group

Bit 23
Bit 22

These bits select the external event used to trigger the start of conversion of a regular group:
0000: TIM9_CC2 event
0001: TIM9_TRGO event
0010: TIM2_CC3 event
0011: TIM2_CC2 event
0100: TIM3_TRGO event
0101: TIM4_CC4 event
0110: TIM2_TRGO event
0111: TIM3_CC1 event
1000: TIM3_CC3 event
1001: TIM4_TRGO event
1010: TIM6_TRGO event
1011: Reserved

1100: Reserved

1101: Reserved

1110: Reserved

1111: EXTI line11

Reserved, must be kept cleared.

JSWSTART: Start conversion of injected channels
This bit is set by software and cleared by hardware as soon as the conversion starts.
0: Reset state
1: Starts conversion of injected channels

Note: This bit must be set only when ADONS=1 and JCNR=0.

Bits 21:20 JEXTEN: External trigger enable for injected channels

These bits are set and cleared by software to select the external trigger polarity and enable
the trigger of an injected group.

00: Trigger detection disabled

01: Trigger detection on the rising edge

10: Trigger detection on the falling edge

11: Trigger detection on both the rising and falling edges

Note: The external trigger must be enabled only when ADONS=1.
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Bits 19:16 JEXTSEL[3:0]: External event select for injected group
These bits select the external event used to trigger the start of conversion of an injected
group.

0000: TIM9_CC1 event
0001: TIM9_TRGO event
0010: TIM2_TRGO event
0011: TIM2_CC1 event
0100: TIM3_CC4 event
0101: TIM4_TRGO event
0110: TIM4_CC1 event
0111: TIM4_CC2 event
1000: TIM4_CC3 event
1001: TIM10_CC1 event
1010: TIM7_TRGO event
1011: Reserved

1100: Reserved

1101: Reserved

1110: Reserved

1111: EXTl line15

Bits 15:12  Reserved, must be kept cleared.

Bit 11 ALIGN: Data alignment
This bit is set and cleared by software. Refer to Figure 30 and Figure 31.

0: Right alignment
1: Left alignment

Bit 10 EOCS: End of conversion selection

This bit is set and cleared by software.
0: The EOC bit is set at the end of each sequence of regular conversions
1: The EOC bit is set at the end of each regular conversion

Bit9 DDS: DMA disable selection
This bit is set and cleared by software.
0: No new DMA request is issued after the last transfer (as configured in the DMA controller)
1: DMA requests are issued as long as data are converted and DMA=1

Bit8 DMA: Direct memory access mode

This bit is set and cleared by software. Refer to the DMA controller chapter for more details.
0: DMA mode disabled
1: DMA mode enabled

Bit 7 Reserved, must be kept cleared.
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Bit 6:4 DELS: Delay selection

These bits are set and cleared by software. They define the length of the delay which is

applied after a conversion or a sequence of conversions.

000: No delay

001: Until the converted data have been read (DR read or EOC=0 for regular conversions,

JEOC-=0 for injected conversions)

010: 7 APB clock cycles after the end of conversion

011: 15 APB clock cycles after the end of conversion

100: 31 APB clock cycles after the end of conversion

101: 63 APB clock cycles after the end of conversion

110: 127 APB clock cycles after the end of conversion

111: 255 APB clock cycles after the end of conversion

Note: 1- This bit must be written only when ADON=0.

2- Due to clock domain crossing, a latency of 2 or 3 ADC clock cycles is added to the
delay before a new conversion can start.
3- The delay required for a given frequency ratio between the APB clock and the ADC
clock depends on the activity on the AHB and APB busses. If the ADC is the only
peripheral that needs to transfer data, then a minimum delay should be configured:
15 APB clock cycles if fapg < fapccLi/2 or else 7 APB clock cycles if fapg < fapccrLk
otherwise no delay is needed.

Bits 3:2 Reserved, must be kept cleared.

Bit 1 CONT: Continuous conversion
This bit is set and cleared by software. If it is set, conversion takes place continuously until it
is cleared.
0: Single conversion mode
1: Continuous conversion mode

Bit 0 ADON: A/D Converter ON / OFF
This bit is set and cleared by software.
0: Disable ADC conversion and go to power down mode
1: Enable ADC: conversions can start as soon as a start event (hardware or software) is
received. When not converting, the ADC goes to the power up or power down mode
depending on the PDI and PDD bits.

Note: This bit must be set only when ADONS=0 and cleared only when ADONS=1.
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9.15.4 ADC sample time register 1 (ADC_SMPR1)
Address offset: 0x0C
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
SMP25[2:1]
Reserved
w | rw
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SMP25[0] SMP24[2:0] SMP23[2:0] SMP22[2:0] SMP21[2:0] SMP20[2:0]
rw rw | rw | rw rw | rw | rw rw | rw | rw rw | w | rw rw | rw | rw
Bits 31: 21 Reserved, must be kept cleared.
Bits 20:0 SMPx[2:0]: Channel x sampling time selection
These bits are written by software to select the sampling time individually for each channel.
During sampling cycles, the channel selection bits must remain unchanged.
000: 4 cycles
001: 9 cycles
010: 16 cycles
011: 24 cycles
100: 48 cycles
101: 96 cycles
110: 192 cycles
111: 384 cycles
Note: These bits must be written only when ADON=0.
9.15.5 ADC sample time register 2 (ADC_SMPR2)
Address offset: 0x10
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
SMP19[2:0] SMP18[2:0] SMP17[2:0] SMP16[2:0] SMP15[2:1]
Reserved
rw | rw | rw w | rw | rw rw | w | rw rw | rw | rw rw | rw
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
SMP15[0] SMP14[2:0] SMP13[2:0] SMP12[2:0] SMP11[2:0] SMP10[2:0]
w rw | w | rw rw | w | rw rw | w | w w | w | rw rw | w | w
Bits 31:30 Reserved, must be kept cleared.
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Bits 29:0 SMPx[2:0]: Channel x sampling time selection

These bits are written by software to select the sampling time individually for each channel.
During sample cycles, the channel selection bits must remain unchanged.

000: 4 cycles

001: 9 cycles

010: 16 cycles

011: 24 cycles

100: 48 cycles

101: 96 cycles

110: 192 cycles

111: 384 cycles

Note: These bits must be written only when ADON=0.

9.15.6 ADC sample time register 3 (ADC_SMPR3)
Address offset: 0x14
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
SMP9[2:0] SMP8[2:0] SMP7[2:0] SMP6[2:0] SMP5[2:1]
Reserved

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

SMP5[0] SMP4[2:0] SMP3[2:0] SMP2[2:0] SMP1[2:0] SMPO[2:0]
rw rw | w | w rw | rw | rw rw | w | rw rw | rw | w rw | rw | rw

Bits 31:30 Reserved, must be kept cleared.
Bits 29:0 SMPx[2:0]: Channel x Sample time selection

These bits are written by software to select the sampling time individually for each channel.
During the sampling cycles, the channel selection bits must remain unchanged.

000: 4 cycles

001: 9 cycles

010: 16 cycles

011: 24 cycles

100: 48 cycles

101: 96 cycles

110: 192 cycles

111: 384 cycles

Note: These bits must be written only when ADON=0.
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9.15.7 ADC injected channel data offset register x (ADC_JOFRXx)(x=1..4)

Address offset: 0x18-0x24
Reset value: 0x0000 0000

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

JOFFSETx[11:0]

Reserved

w | w | rw | w | w | w | rw | w | w | w | w | rw

Bits 31:12 Reserved, must be kept cleared.

Bits 11:0 JOFFSETx[11:0]: Data offset for injected channel x

These bits are written by software to define the offset to be subtracted from the raw
converted data when converting injected channels. The conversion result can be read from
in the ADC_JDRXx registers.

9.15.8 ADC watchdog higher threshold register (ADC_HTR)

Address offset: 0x28
Reset value: 0x0000 OFFF

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved |
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved HTT11:0]
w | rw | w | w | rw | w | w | rw | rw | w | w | w

Bits 31:12 Reserved, must be kept cleared.

Bits 11:0 HT[11:0]: Analog watchdog higher threshold
These bits are written by software to define the higher threshold for the analog watchdog.

9.15.9 ADC watchdog lower threshold register (ADC_LTR)

Address offset: 0x2C
Reset value: 0x0000 0000

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

Bits 31:12 Reserved, must be kept cleared.

Bits 11:0 LT[11:0]: Analog watchdog lower threshold
These bits are written by software to define the lower threshold for the analog watchdog.
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9.15.10 ADC regular sequence register 1 (ADC_SQR1)
Address offset: 0x30
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
L[4:0]
Reserved " | - | " | - | - Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserv- SQ27[4:0] SQ264:0] SQ25[4:0]
ed rw | rw | w | rw | rw rw | rw | | | w | rw | rw | rw | rw

Bits 31:25 Reserved, must be kept cleared.

Bits 24:20 L[4:0]: Regular channel sequence length
These bits are written by software to define the total number of conversions in the regular

channel conversion sequence.
00000: 1 conversion
00001: 2 conversions
11010: 27 conversions
Bits 19:15 Reserved, must be kept cleared.

Bits 14:10 SQ27[4:0]: 27th conversion in regular sequence

These bits are written by software with the channel number (0..26) assigned as the 27th in
the conversion sequence.

Bits 9:5 SQ26[4:0]: 26th conversion in regular sequence
Bits 4:0 SQ25[4:0]: 25th conversion in regular sequence

9.15.11 ADC regular sequence register 2 (ADC_SQR2)
Address offset: 0x34
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
SQ24[4:0] SQ23[4:0] SQ22[4:1]
Reserved
rw | rw | rw | rw | rw rw | rw | w | w rw rw | rw | w | rw
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
$Q22[0] SQ21[4:0] SQ20[4:0] SQ19[4:0]
rw rw | rw | rw | rw | rw rw | rw | rw | w | rw rw | rw | rw | rw | rw
Bits 31:30 Reserved, must be kept cleared.

Bits 29:26 SQ24[4:0]: 24th conversion in regular sequence
These bits are written by software with the channel number (0..26) assigned as the 24th in the

sequence to be converted.

Bits 24:20 SQ23[4:0]: 23rd conversion in regular sequence

Bits 19:15 SQ22[4:0]: 22nd conversion in regular sequence
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Bits 14:10 SQ21[4:0]: 21st conversion in regular sequence
Bits 9:5 SQ20[4:0]: 20th conversion in regular sequence
Bits 4:0 SQ19[4:0]: 19th conversion in regular sequence

9.15.12 ADC regular sequence register 3 (ADC_SQR3)

Address offset: 0x38
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 2 21 20 19 18 17 16
SQ18[4:0] SQ17[4:0] SQ16[4:1]
Rosered T T w [ w [ w | w | w [ w [ w | w [ w | w ] w ] w ] m
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
SQ}E‘[O SQ15[4:0] SQ14[4:0] SQ13[4:0]
rw rw | rw | rw | rw | rw rw | rw | rw | rw | rw rw | rw | rw | rw | rw

Bits 31:30 Reserved, must be kept cleared.

Bits 29:25 SQ18[4:0]: 18th conversion in regular sequence

These bits are written by software with the channel number (0..26) assigned as the 18th in
the sequence to be converted.

Bits 24:20 SQ17[4:0]: 17th conversion in regular sequence
Bits 19:15 SQ16[4:0]: 16th conversion in regular sequence
Bits 14:10 SQ15[4:0]: 15th conversion in regular sequence
Bits 9:5 SQ14[4:0]: 14th conversion in regular sequence
Bits 4:0 SQ13[4:0]: 13th conversion in regular sequence
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9.15.13 ADC regular sequence register 4 (ADC_SQR4)

Address offset: 0x3C
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
SQ12[4:0] SQ11[4:0] SQ10[4:1]
Reserved
w | rw | w | w | w w | w | w | rw | w rw | w | w | rw
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SQ10[0] SQ9[4:0] SQ8[4:0] SQ7[4:0]
rw w | w | rw | w | w w | w | w | w | rw w | rw | w | w | rw

Bits 31:30 Reserved, must be kept cleared.

Bits 29:26 SQ12[4:0]: 12th conversion in regular sequence

These bits are written by software with the channel number (0..26) assigned as the 12th in the
sequence to be converted.

Bits 24:20 SQ11[4:0]: 11th conversion in regular sequence

Bits 19:15 SQ10[4:0]: 10th conversion in regular sequence

Bits 14:10 SQ9[4:0]: 9th conversion in regular sequence
Bits 9:5 SQ8[4:0]: 8th conversion in regular sequence

Bits 4:0 SQ7[4:0]: 7th conversion in regular sequence

9.15.14 ADC regular sequence register 5 (ADC_SQRS5)

Address offset: 0x40
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
SQ6[4:0] SQ5[4:0] SQ4[4:1]
Reserved
rw | w | rw | rw | w w | rw | w | w | rw rw | w | w | w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SQ4_0 SQ3[4:0] SQ2[4:0] SQ1[4:0]
rw w | w | w | w | rw w | w | rw | w | w rw | w | w | w | w

Bits 31:30 Reserved, must be kept cleared.

Bits 29:25 SQ6[4:0]: 6th conversion in regular sequence

These bits are written by software with the channel number (0..26) assigned as the 6th in the
sequence to be converted.

Bits 24:20 SQ5[4:0]: 5th conversion in regular sequence
Bits 19:15 SQ4[4:0]: 4th conversion in regular sequence
Bits 14:10 SQ3[4:0]: 3rd conversion in regular sequence

Bits 9:5 SQ2[4:0]: 2nd conversion in regular sequence

Bits 4:0 SQ1[4:0]: 1st conversion in regular sequence
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9.15.15 ADC injected sequence register (ADC_JSQR)
Address offset: 0x44
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
JL[1:0] JSQ4[4:1]
Reserved
rw | rw w | rw | w | w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
JsQ4[o] JSQa[4:0] JSQ2[4:0] JSQi[4:0]
w rw | rw | rw | w | rw rw | rw | rw | rw | rw rw w | rw | w | rw
Bits 31:22 Reserved, must be kept cleared.

Bits 21:20 JL[1:0]: Injected sequence length

These bits are written by software to define the total number of conversions in the injected

channel conversion sequence.
00: 1 conversion

01: 2 conversions

10: 3 conversions

11: 4 conversions

Bits 19:15 JSQ4[4:0]: 4th conversion in injected sequence (when JL[1:0]=3, see note below)
These bits are written by software with the channel number (0..18) assigned as the 4th in the

sequence to be converted.

Bits 14:10 JSQ3[4:0]: 3rd conversion in injected sequence (when JL[1:0]=3, see note below)

Bits 9:5 JSQ2[4:0]: 2nd conversion in injected sequence (when JL[1:0]=3, see note below)

Bits 4:0 JSQ1[4:0]: 1st conversion in injected sequence (when JL[1:0]=3, see note below)

Note: When JL[1:0]=3 (4 injected conversions in the sequencer), the ADC converts the channels
in the following order: JSQ1[4:0], JSQ2[4:0], JSQ3[4:0], and JSQ4[4:0].
When JL=2 ( 3 injected conversions in the sequencer), the ADC converts the channels in
the following order: JSQ2[4:0], JSQ3[4:0], and JSQ4[4:0].
When JL=1 ( 2 injected conversions in the sequencer), the ADC converts the channels in
starting from JSQ3[4:0], and then JSQ4[4:0].
When JL=0 ( 1 injected conversion in the sequencer), the ADC converts only JSQ4[4:0]
channel.
9.15.16 ADC injected data register x (ADC_JDRXx) (x= 1..4)
Address offset: 0x48 - 0x54
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
JDATA[15:0]
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Bits 31:16 Reserved, must be kept cleared.

Bits 15:0 JDATA[15:0]: Injected data

These bits are read-only. They contain the conversion result from injected channel x. The
data are left -or right-aligned as shown in Figure 30 and Figure 31.

9.15.17 ADC regular data register (ADC_DR)

Address offset: 0x58
Reset value: 0x0000 0000

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

Bits 31:16 Reserved.

Bits 15:0 DATA[15:0]: Regular data

These bits are read-only. They contain the conversion result from the regular channels. The
data are left- or right-aligned as shown in Figure 30 and Figure 31.

9.15.18 ADC common status register (ADC_CSR)

Address offset: 0x00 (this offset address is relative to the base address of ADC common
registers, i.e. 0x300)

Reset value: 0x0000 0000

This register provides an image of the status bits of the different ADCs. Nevertheless it is
read-only and does not allow to clear the different status bits. Instead each status bit must
be cleared by writing it to 0 in the corresponding ADC_SR register.

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

ADONS1 | OVR1 | STRT1 |JSTRT1|JEOC 1| EOC1 | AWD1
Reserved

r r r r r r r

Bits 31:7  Reserved, must be kept cleared.

Bit6 ADONS1: ADON Status of ADC1
This bit is a copy of the ADONS bit in the ADC_SR register.

Bit 5 OVR1: Overrun flag of the ADC
This bit is a copy of the OVR bit in the ADC_SR register.

Bit 4 STRT1: Regular channel Start flag of the ADC
This bit is a copy of the STRT bit in the ADC_SR register.
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Bit 3 JSTRT1: Injected channel Start flag of the ADC
This bit is a copy of the JSTRT bit in the ADC_SR register.

Bit2 JEOCH1: Injected channel end of conversion of the ADC
This bit is a copy of the JEOC bit in the ADC_SR register.

Bit 1 EOCH1: End of conversion of the ADC
This bit is a copy of the EOC bit in the ADC_SR register.

Bit 0 AWD1: Analog watchdog flag of the ADC
This bit is a copy of the AWD bit in the ADC_SR register.

9.15.19 ADC common control register (ADC_CCR)

Address offset: 0x04 (this offset address is relative to the base address of ADC common
registers, i.e. 0x300)

Reset value: 0x0000 0000

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

Reserved |

Bits 31:24  Reserved, must be kept cleared.

Bit 23 TSVREFE: Temperature sensor and VgggnT €nable

This bit is set and cleared by software to enable/disable the temperature sensor and the
VREF|NT channel.

0: Temperature sensor and VgggnT channel disabled

1: Temperature sensor and VggginT channel enabled

Bits 22:18  Reserved, must be kept cleared.

Bits 17:16 ADCPRE: ADC prescaler

Set and cleared by software to select the frequency of the clock to the ADC.
00: HSI divided by 1

01: HSI divided by 2

10: HSI divided by 4

11: Reserved

Bits 15:0  Reserved, must be kept cleared.
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9.15.20 ADC register map

The following table summarizes the ADC registers.

Table 40. ADC global register map

Offset Register
0x000 - 0x058 ADC
0x05C - Ox2FC Reserved
0x300 - 0x304 Common registers
Table 41. ADC register map and reset values
offset| Register |5|3[[R|N[&Q|R[3[3[¥[c[R|2[=[~|e|w[2][2]vz[2|o]w|~|o]w]+|m]~]~]o
clz(312clelElo]o|o
P4 o
0x00 ADC_SR Reserved (3 8 % SD:) 8 5 '@ @ 8 5
Resetvalue o[o0|€|[0[0[0]0[0]0]0
— —
w| @ |25 Z1Zlolo|z|w|w|w
= | = |W = |a DISC =17 o513 .
= [a) O < a
0x04 ADC_CR1 Reserved g @ g = | Reserved g 2 INUM [2:0]|@ 3 2129102 8 AWDCH(4:0]
Ol 2|3 algls 2P|y |< (o
) vl <C
Reset value 0[0J0[0]0O 0[0[0]0J0|0[O0[0[0[0[0[0][0[0]0]JO]O]O
£| 2 £ 2
B s BIE| & | JEXTSEL Z 19 o |<|B E |z
apc_cr2 [S 8| Z |extseLizol|S |G| & . S Q& |= |2 |DELS[2:0]| Reser |Z |O
0x08 5 2 E 82| & [3:0] Reserved 3 8 5 ved 8 g
g|®| (3| W &
Reset value 0[0J0[0J0J0]O 0[0[0|0JO0[O0]O 00 0 0]0]0 00
0x0C ADC_SMPR1 Sample time bits SMPx_x
Resetvalue |0 [0[0JOJOJOJ0O[0[0JOJOJOJOJO0JOJOJOJ0O[0[O0]JOJOJOJO0J0[0[J0JOJOJ0O]0]O
0x10 ADC_SMPR2 Sample time bits SMPx_x
Resetvalue |0 [O0[O0JOJOJO[O[0O[0OJOJOJOJOJOJOJOJO[0O[O0[O0JOJOJOJO[0O[0[O0JOJO0J0[0]O
ox14 ADC_SMPR3 Sample time bits SMPx_x
Resetvalue [0 [O[O0JOJOJO[O[O[OJOJOJO[O[OJOJO[O[O[O[O[OJOJO[O[O[O[OJOJOJO0[0]O
oxig | ADC_JOFR1 E JOFFSET1[11:0]
Reset value 0O[0JOJOJOJO[0[0[0]OJO]O
oxic | ADC_JOFR2 SR JOFFSET2[11:0]
Reset value O|0|O|O|0|O|0|O|O|0|O|0
oxc0 | ADC_JOFR3 SR JOFFSET3[11:0]
Reset value O|0|0|0|0|0|0|0|0|0|0|0
oxo4 | ADC_JOFR4 E JOFFSET4[11:0]
Reset value O|0|0|0|0|0|0|0|0|0|0|0
0x28 ADC_HTR R HT[11:0]
Reset value 1|1|1|1|1|1|1|1|1|1|1|1
0x2C ADC_LTR E LT[11:0]
Reset value 0[0JOJOJOJOJOJO[OJO0]0]O
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Table 41. ADC register map and reset values (continued)

Offset] Register |5[3[R[R[N[&[&[x[R]5/R2=[~[2[2[2[2[8]=[2oe|~ o|w|v|o|a|-|o
0x30 ADC_SQR1 - L[4:0] Regular channel sequence SQx_x bits
Reset value OJOJOJOJOJOJOJOJOJOJOJOJOJOJOJOJOJOJOJOJOJOJOJO]JO
el
ADC_SQR2 "3’ Regular channel sequence SQx_x bits
0x34 ]
Reset value & OJOJOJO[OJO[OJOJOJOJOJO[OJO[OJO[OJO[JOJOJOJOJOJOJO[JOJO[O]JOJO
el
ADC_SQR3 az’ Regular channel sequence SQx_x bits
0x38 ]
Reset value c OJOJOJOJOJO[OJOJOJOJOJO[OJOJOJO[OJO[JOJOJOJOJOJOJOJOJOJOJOJO
el
(] .
0x3C ADC_SQR4 % Regular channel sequence SQx_x bits
Reset value & O[OJOJOJO[OJOJO[O[OJOJOJOJOJO[OJOJOJO[OJOJOJOJOJOJOJOJOJO]O
el
ADC_SQR5 %’ Regular channel sequence SQx_x bits
0x40 ]
Reset value s OJOJOJOJOJO[OJOJOJOJOJOJOJOJOJOJOJOJOJOJOJOJOJOJOJOJOJOJOJO
Ox44 ADC_JSQR . JL[1:0] Injected channel sequence JSQx_x bits
Reset value O[OJOJOoJoJOoJOJOJOJOJOJOJOJOJOJOJOJOJOJOJOJO
0x48 ADC_JDR1 Reserved JDATA[15:0]
Reset value OJOJOJOJOJOJOJOJOJOJOJOJOJOJOJO
0x4C ADC_JDR2 Reserved JDATA[15:0]
Reset value OJOJOJOJOJOJOJOJOJOJOJOJOJOJOJO
0x50 ADC_JDR3 Reserved JDATA[15:0]
Reset value O[OJOJOJOJOJOJOJOJOJOJOJOJOJO]O
0x54 ADC_JDR4 Reserved JDATA[15:0]
Reset value OJOJOJOJOJOJOJOJOJOJOJOJOJOJOJO
0x58 ADC_DR Reserved Regular DATA[15:0]
Reset value OJOJOJOJOJOJOoJOJOJOJOJOJOJOJOJO
Table 42. ADC register map and reset values (common registers)
Offset| Register |73 R/&|N[&[R[3[R[Q]5|8[2[2[x[el2/2 /2|8 F[R]o]o[~0]0]¢|n|~|-|o
2lel=lklelolo
ADC_CSR o>'ﬂ_:|_8c);
0x00 Reserved 2 Ol |8 |5 W=
Reset value ojojo|O0|0O|O]O
ADCH1
L
AD R L E
0x04 c_cc Reserved °>: Reserved 8 Reserved
2 <
Reset value 0| 0]0

Refer to Table 1 on page 32 for the Register boundary addresses table.
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10

10.1

10.2

Digital-to-analog converter (DAC)

DAC introduction

The DAC module is a 12-bit, voltage output digital-to-analog converter. The DAC can be
configured in 8- or 12-bit mode and may be used in conjunction with the DMA controller. In
12-bit mode, the data could be left- or right-aligned. The DAC has two output channels, each
with its own converter. In dual DAC channel mode, conversions could be done
independently or simultaneously when both channels are grouped together for synchronous
update operations. An input reference pin, Vgeg,. (shared with ADC) is available for better
resolution.

DAC main features

Two DAC converters: one output channel each

Left or right data alignment in 12-bit mode

Synchronized update capability

Noise-wave generation

Triangular-wave generation

Dual DAC channel for independent or simultaneous conversions
DMA capability for each channel

DMA underrun error detection

External triggers for conversion

Input voltage reference, Vgeg,

Figure 41 shows the block diagram of a DAC channel and Table 43 gives the pin description.
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Figure 41. DAC channel block diagram
DAC control register
TSELxX2:0] bits T
SWTRIGX —{x
TIM6_TRGO—|s& DMAENXx
TIM7_TRGO—]{3
TIM9_TRGO—{3
TIM2_TRGO—{%
TIM4_TRGO—|3
EXTI_9 [} = ‘ '
DM A requestx
i >
12-bit Control logicx . TENX
|
LFSRx <« MAMPX3:0] bits
. WAVENx[1:0] bits
12-bit
DORx
T 12-bit
A4
Vopa [} -
Digital-to-analog |_:| DAC_OUTx
Vssa
converterx
VREFR:
ai17153
Table 43. DAC pins
Name Signal type Remarks
v Input, analog reference The higher/positive reference voltage for the DAC,
REF+ positive 1.8V < Veers < Vopa
Vbpa Input, analog supply Analog power supply
Vssa Input, analog supply ground | Ground for analog power supply
DAC_OUTx | Analog output signal DAC channelx analog output

Once the DAC channelx is enabled, the corresponding GPIO pin (PA4 or PA5) is
automatically connected to the analog converter output (DAC_OUTX). In order to avoid
parasitic consumption, the PA4 or PA5 pin should first be configured to analog (AIN).
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10.3 DAC functional description

10.3.1 DAC channel enable
Each DAC channel can be powered on by setting its corresponding ENx bit in the DAC_CR
register. The DAC channel is then enabled after a startup time tyakeup

Note: The ENXx bit enables the analog DAC Channelx macrocell only. The DAC Channelx digital
interface is enabled even if the ENXx bit is reset.

10.3.2 DAC output buffer enable
The DAC integrates two output buffers that can be used to reduce the output impedance,
and to drive external loads directly without having to add an external operational amplifier.
Each DAC channel output buffer can be enabled and disabled using the corresponding
BOFFx bit in the DAC_CR register.

10.3.3 DAC data format

Depending on the selected configuration mode, the data have to be written into the specified
register as described below:

® Single DAC channelx, there are three possibilities:

—  8-bit right alignment: the software has to load data into the DAC_DHR8RXx [7:0]
bits (stored into the DHRx[11:4] bits)

— 12-bit left alignment: the software has to load data into the DAC_DHR12Lx [15:4]
bits (stored into the DHRx[11:0] bits)

— 12-bit right alignment: the software has to load data into the DAC_DHR12Rx [11:0]
bits (stored into the DHRx[11:0] bits)

Depending on the loaded DAC_DHRyyyx register, the data written by the user is shifted and
stored into the corresponding DHRXx (data holding registerx, which are internal non-
memory-mapped registers). The DHRXx register is then loaded into the DORX register either
automatically, by software trigger or by an external event trigger.

Figure 42. Data registers in single DAC channel mode

31 24 15 7 0

8-bit right aligned

12-bit left aligned

12-bit right aligned

ai14710
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® Dual DAC channels, there are three possibilities:

—  8-bit right alignment: data for DAC channell to be loaded into the DAC_DHR8RD
[7:0] bits (stored into the DHR1[11:4] bits) and data for DAC channel2 to be loaded
into the DAC_DHRB8RD [15:8] bits (stored into the DHR2[11:4] bits)

—  12-bit left alignment: data for DAC channell to be loaded into the DAC_DHR12LD
[15:4] bits (stored into the DHR1[11:0] bits) and data for DAC channel2 to be
loaded into the DAC_DHR12LD [31:20] bits (stored into the DHR2[11:0] bits)

— 12-bit right alignment: data for DAC channell to be loaded into the
DAC_DHR12RD [11:0] bits (stored into the DHR1[11:0] bits) and data for DAC
channel2 to be loaded into the DAC_DHR12LD [27:16] bits (stored into the
DHR2[11:0] bits)

Depending on the loaded DAC_DHRYyyyD register, the data written by the user is shifted and
stored into DHR1 and DHR2 (data holding registers, which are internal non-memory-
mapped registers). The DHR1 and DHR2 registers are then loaded into the DOR1 and
DOR2 registers, respectively, either automatically, by software trigger or by an external
event trigger.

Figure 43. Data registers in dual DAC channel mode

31 24 15 7 0

8-bit right aligned

12-bit left aligned

12-bit right aligned

ai14709

DAC conversion

The DAC_DORXx cannot be written directly and any data transfer to the DAC channelx must
be performed by loading the DAC_DHRXx register (write to DAC_DHR8Rx, DAC_DHR12Lx,
DAC_DHR12Rx, DAC_DHR8RD, DAC_DHR12LD or DAC_DHR12LD).

Data stored in the DAC_DHRX register are automatically transferred to the DAC_DORXx
register after one APB1 clock cycle, if no hardware trigger is selected (TENXx bit in DAC_CR
register is reset). However, when a hardware trigger is selected (TENx bit in DAC_CR
register is set) and a trigger occurs, the transfer is performed three APB1 clock cycles later.

When DAC_DORXx is loaded with the DAC_DHRXx contents, the analog output voltage
becomes available after a time tggr1 NG that depends on the power supply voltage and the
analog output load.

Figure 44. Timing diagram for conversion with trigger disabled TEN = 0

APB1_CLK||||I|I|||||||_E

DHR XomAc:

X Output voltage
DOR | 0x1AC |_—" available on DAC_OUT pin

le——SETTLING —>

ai14711b
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10.3.5 DAC output voltage
Digital inputs are converted to output voltages on a linear conversion between 0 and VRggg,.
The analog output voltages on each DAC channel pin are determined by the following
equation:
DOR
DACOUtpUt = VREF X m
10.3.6 DAC trigger selection
If the TENx control bit is set, conversion can then be triggered by an external event (timer
counter, external interrupt line). The TSELx[2:0] control bits determine which out of 8 possi-
ble events will trigger conversion as shown in Table 44.
Table 44. External triggers
Source Type TSEL[2:0]
Timer 6 TRGO event 000
Reserved 001
Timer 7 TRGO event Internal signal from on-chip 010
Timer 9 TRGO event timers 011
Timer 2 TRGO event 100
Timer 4 TRGO event 101
EXTI line9 External pin 110
SWTRIG Software control bit 111
Each time a DAC interface detects a rising edge on the selected timer TRGO output, or on
the selected external interrupt line 9, the last data stored into the DAC_DHRX register are
transferred into the DAC_DORX register. The DAC_DORX register is updated three APB1
cycles after the trigger occurs.
If the software trigger is selected, the conversion starts once the SWTRIG bit is set.
SWTRIG is reset by hardware once the DAC_DORX register has been loaded with the
DAC_DHRXx register contents.
Note: 1 TSELx[2:0] bit cannot be changed when the ENx bit is set.
2  When software trigger is selected, the transfer from the DAC_DHRXx register to the
DAC_DORX register takes only one APB1 clock cycle.
10.3.7 DMA request

Each DAC channel has a DMA capability. Two DMA channels are used to service DAC
channel DMA requests.

A DAC DMA request is generated when an external trigger (but not a software trigger)
occurs while the DMAENX bit is set. The value of the DAC_DHRX register is then transferred
into the DAC_DORX register.

In dual mode, if both DMAENX bits are set, two DMA requests are generated. If only one
DMA request is needed, you should set only the corresponding DMAENX bit. In this way, the
application can manage both DAC channels in dual mode by using one DMA request and a
unique DMA channel.
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DMA underrun

The DAC DMA request is not queued so that if a second external trigger arrives before the
acknowledgement for the first external trigger is received (first request), then no new request
is issued and the DMA channelx underrun flag DMAUDRX in the DAC_SR register is set,
reporting the error condition. DMA data transfers are then disabled and no further DMA
request is treated. The DAC channelx continues to convert old data.

The software should clear the DMAUDRX flag by writing “1”, clear the DMAEN bit of the
used DMA stream and re-initialize both DMA and DAC channelx to restart the transfer
correctly. The software should modify the DAC trigger conversion frequency or lighten the
DMA workload to avoid a new DMA underrun. Finally, the DAC conversion could be
resumed by enabling both DMA data transfer and conversion trigger.

For each DAC channlex, an interrupt is also generated if its corresponding DMAUDRIEX bit
in the DAC_CR register is enabled.

Noise generation

In order to generate a variable-amplitude pseudonoise, an LFSR (linear feedback shift
register) is available. DAC noise generation is selected by setting WAVEXx[1:0] to “01”. The
preloaded value in LFSR is OxAAA. This register is updated three APB1 clock cycles after
each trigger event, following a specific calculation algorithm.

Figure 45. DAC LFSR register calculation algorithm

ai14713b

The LFSR value, that may be masked partially or totally by means of the MAMPXx[3:0] bits in
the DAC_CR register, is added up to the DAC_DHRXx contents without overflow and this
value is then stored into the DAC_DORX register.

If LFSR is 0x0000, a ‘1 is injected into it (antilock-up mechanism).

It is possible to reset LFSR wave generation by resetting the WAVEX[1:0] bits.
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Figure 46. DAC conversion (SW trigger enabled) with LFSR wave generation

DHR X 0x00

DOR

X 0xD55

SWTRIG _l I_l

X OXAAA

ai14714

Note: The DAC trigger must be enabled for noise generation by setting the TENXx bit in the
DAC_CR register.

10.3.9 Triangle-wave generation

It is possible to add a small-amplitude triangular waveform on a DC or slowly varying signal.
DAC triangle-wave generation is selected by setting WAVEX[1:0] to “10”. The amplitude is
configured through the MAMPx[3:0] bits in the DAC_CR register. An internal triangle counter
is incremented three APB1 clock cycles after each trigger event. The value of this counter is
then added to the DAC_DHRXx register without overflow and the sum is stored into the
DAC_DORXx register. The triangle counter is incremented as long as it is less than the
maximum amplitude defined by the MAMPX[3:0] bits. Once the configured amplitude is
reached, the counter is decremented down to 0, then incremented again and so on.

It is possible to reset triangle wave generation by resetting the WAVEX[1:0] bits.

Figure 47. DAC triangle wave generation

A
MAMPXx[3:0] max amplitude s
+ DAC_DHRXx base value

DAC_DHRXx base value

v

ai14715¢
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1

Figure 48. DAC conversion (SW trigger enabled) with triangle wave generation

DHR XOXABE v Lo v

DOR XOXABE ! XOXABF X 0XACO

SWTRIG I_i i_i

ai14714

The DAC trigger must be enabled for noise generation by setting the TENXx bit in the
DAC_CR register.

The MAMPXx[3:0] bits must be configured before enabling the DAC, otherwise they cannot
be changed.

Dual DAC channel conversion

To efficiently use the bus bandwidth in applications that require the two DAC channels at the
same time, three dual registers are implemented: DHR8RD, DHR12RD and DHR12LD. A
unique register access is then required to drive both DAC channels at the same time.

Eleven possible conversion modes are possible using the two DAC channels and these dual
registers. All the conversion modes can nevertheless be obtained using separate DHRx
registers if needed.

All modes are described in the paragraphs below.

Independent trigger without wave generation

To configure the DAC in this conversion mode, the following sequence is required:

® Set the two DAC channel trigger enable bits TEN1 and TEN2

® Configure different trigger sources by setting different values in the TSEL1[2:0] and
TSEL2[2:0] bits

® Load the dual DAC channel data into the desired DHR register (DAC_DHR12RD,
DAC_DHR12LD or DAC_DHR8RD)

When a DAC channell trigger arrives, the DHR1 register is transferred into DAC_DOR1
(three APB1 clock cycles later).

When a DAC channel2 trigger arrives, the DHR2 register is transferred into DAC_DOR2
(three APB1 clock cycles later).
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10.4.2

10.4.3

10.4.4

Independent trigger with single LFSR generation

To configure the DAC in this conversion mode, the following sequence is required:

® Set the two DAC channel trigger enable bits TEN1 and TEN2

e Configure different trigger sources by setting different values in the TSEL1[2:0] and
TSEL2[2:0] bits

® Configure the two DAC channel WAVEX[1:0] bits as “01” and the same LFSR mask
value in the MAMPX[3:0] bits

® Load the dual DAC channel data into the desired DHR register (DHR12RD, DHR12LD
or DHR8RD)

When a DAC channell trigger arrives, the LFSR1 counter, with the same mask, is added to
the DHR1 register and the sum is transferred into DAC_DOR1 (three APB1 clock cycles
later). Then the LFSR1 counter is updated.

When a DAC channel2 trigger arrives, the LFSR2 counter, with the same mask, is added to
the DHR2 register and the sum is transferred into DAC_DOR2 (three APB1 clock cycles
later). Then the LFSR2 counter is updated.

Independent trigger with different LFSR generation

To configure the DAC in this conversion mode, the following sequence is required:
® Set the two DAC channel trigger enable bits TEN1 and TEN2

® Configure different trigger sources by setting different values in the TSEL1[2:0] and
TSEL2[2:0] bits

® Configure the two DAC channel WAVEX[1:0] bits as “01” and set different LFSR masks
values in the MAMP1[3:0] and MAMP2[3:0] bits

® Load the dual DAC channel data into the desired DHR register (DAC_DHR12RD,
DAC_DHR12LD or DAC_DHR8RD)

When a DAC channell trigger arrives, the LFSR1 counter, with the mask configured by
MAMP1[3:0], is added to the DHR1 register and the sum is transferred into DAC_DOR1
(three APB1 clock cycles later). Then the LFSR1 counter is updated.

When a DAC channel2 trigger arrives, the LFSR2 counter, with the mask configured by
MAMP2[3:0], is added to the DHR2 register and the sum is transferred into DAC_DOR2
(three APB1 clock cycles later). Then the LFSR2 counter is updated.

Independent trigger with single triangle generation

To configure the DAC in this conversion mode, the following sequence is required:
® Set the two DAC channel trigger enable bits TEN1 and TEN2

® Configure different trigger sources by setting different values in the TSEL1[2:0] and
TSEL2[2:0] bits

@ Configure the two DAC channel WAVEX[1:0] bits as “1x” and the same maximum
amplitude value in the MAMPX[3:0] bits

® Load the dual DAC channel data into the desired DHR register (DAC_DHR12RD,
DAC_DHR12LD or DAC_DHR8RD)

When a DAC channell trigger arrives, the DAC channel1 triangle counter, with the same
triangle amplitude, is added to the DHR1 register and the sum is transferred into
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10.4.5

10.4.6

10.4.7

222/598

DAC_DORT1 (three APB1 clock cycles later). The DAC channell triangle counter is then
updated.

When a DAC channel2 trigger arrives, the DAC channel2 triangle counter, with the same
triangle amplitude, is added to the DHR2 register and the sum is transferred into
DAC_DOR?2 (three APB1 clock cycles later). The DAC channel2 triangle counter is then
updated.

Independent trigger with different triangle generation

To configure the DAC in this conversion mode, the following sequence is required:

® Set the two DAC channel trigger enable bits TEN1 and TEN2

e Configure different trigger sources by setting different values in the TSEL1[2:0] and
TSEL2[2:0] bits

® Configure the two DAC channel WAVEX[1:0] bits as “1x” and set different maximum
amplitude values in the MAMP1[3:0] and MAMP2[3:0] bits

® Load the dual DAC channel data into the desired DHR register (DAC_DHR12RD,
DAC_DHR12LD or DAC_DHR8RD)

When a DAC channell trigger arrives, the DAC channell triangle counter, with a triangle
amplitude configured by MAMP1[3:0], is added to the DHR1 register and the sum is
transferred into DAC_DORT1 (three APB1 clock cycles later). The DAC channell triangle
counter is then updated.

When a DAC channel2 trigger arrives, the DAC channel2 triangle counter, with a triangle
amplitude configured by MAMP2[3:0], is added to the DHR2 register and the sum is
transferred into DAC_DOR?2 (three APB1 clock cycles later). The DAC channel2 triangle
counter is then updated.

Simultaneous software start

To configure the DAC in this conversion mode, the following sequence is required:
® Load the dual DAC channel data to the desired DHR register (DAC_DHR12RD,
DAC_DHR12LD or DAC_DHR8RD)

In this configuration, one APB1 clock cycle later, the DHR1 and DHR2 registers are
transferred into DAC_DOR1 and DAC_DORZ2, respectively.

Simultaneous trigger without wave generation

To configure the DAC in this conversion mode, the following sequence is required:
® Set the two DAC channel trigger enable bits TEN1 and TEN2

@ Configure the same trigger source for both DAC channels by setting the same value in
the TSEL1[2:0] and TSEL2[2:0] bits

® Load the dual DAC channel data to the desired DHR register (DAC_DHR12RD,
DAC_DHR12LD or DAC_DHRS8RD)

When a trigger arrives, the DHR1 and DHR2 registers are transferred into DAC_DOR1 and
DAC_DOR?2, respectively (after three APB1 clock cycles).
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10.4.8

10.4.9

10.4.10

Simultaneous trigger with single LFSR generation

To configure the DAC in this conversion mode, the following sequence is required:

® Set the two DAC channel trigger enable bits TEN1 and TEN2

e Configure the same trigger source for both DAC channels by setting the same value in
the TSEL1[2:0] and TSEL2[2:0] bits

® Configure the two DAC channel WAVEX[1:0] bits as “01” and the same LFSR mask
value in the MAMPX[3:0] bits

® Load the dual DAC channel data to the desired DHR register (DHR12RD, DHR12LD or
DHR8RD)

When a trigger arrives, the LFSR1 counter, with the same mask, is added to the DHR1
register and the sum is transferred into DAC_DOR1 (three APB1 clock cycles later). The
LFSR1 counter is then updated. At the same time, the LFSR2 counter, with the same mask,
is added to the DHR2 register and the sum is transferred into DAC_DOR2 (three APB1 clock
cycles later). The LFSR2 counter is then updated.

Simultaneous trigger with different LFSR generation

To configure the DAC in this conversion mode, the following sequence is required:

® Set the two DAC channel trigger enable bits TEN1 and TEN2

® Configure the same trigger source for both DAC channels by setting the same value in
the TSEL1[2:0] and TSEL2[2:0] bits

® Configure the two DAC channel WAVEX[1:0] bits as “01” and set different LFSR mask
values using the MAMP1[3:0] and MAMP2[3:0] bits

® Load the dual DAC channel data into the desired DHR register (DAC_DHR12RD,
DAC_DHR12LD or DAC_DHR8RD)

When a trigger arrives, the LFSR1 counter, with the mask configured by MAMP1[3:0], is
added to the DHR1 register and the sum is transferred into DAC_DOR?1 (three APB1 clock
cycles later). The LFSR1 counter is then updated.

At the same time, the LFSR2 counter, with the mask configured by MAMP2[3:0], is added to
the DHR2 register and the sum is transferred into DAC_DOR2 (three APB1 clock cycles
later). The LFSR2 counter is then updated.

Simultaneous trigger with single triangle generation

To configure the DAC in this conversion mode, the following sequence is required:

® Set the two DAC channel trigger enable bits TEN1 and TEN2

® Configure the same trigger source for both DAC channels by setting the same value in
the TSEL1[2:0] and TSEL2[2:0] bits

@ Configure the two DAC channel WAVEX[1:0] bits as “1x” and the same maximum
amplitude value using the MAMPX[3:0] bits

® Load the dual DAC channel data into the desired DHR register (DAC_DHR12RD,
DAC_DHR12LD or DAC_DHR8RD)

When a trigger arrives, the DAC channel1 triangle counter, with the same triangle amplitude,
is added to the DHR1 register and the sum is transferred into DAC_DOR1 (three APB1 clock
cycles later). The DAC channel1 triangle counter is then updated.

At the same time, the DAC channel2 triangle counter, with the same triangle amplitude, is
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added to the DHR2 register and the sum is transferred into DAC_DOR2 (three APB1 clock
cycles later). The DAC channel2 triangle counter is then updated.

10.4.11 Simultaneous trigger with different triangle generation

To configure the DAC in this conversion mode, the following sequence is required:
® Set the two DAC channel trigger enable bits TEN1 and TEN2

® Configure the same trigger source for both DAC channels by setting the same value in
the TSEL1[2:0] and TSEL2[2:0] bits

® Configure the two DAC channel WAVEX[1:0] bits as “1x” and set different maximum
amplitude values in the MAMP1[3:0] and MAMP2[3:0] bits

® Load the dual DAC channel data into the desired DHR register (DAC_DHR12RD,
DAC_DHR12LD or DAC_DHR8RD)

When a trigger arrives, the DAC channell triangle counter, with a triangle amplitude
configured by MAMP1[3:0], is added to the DHR1 register and the sum is transferred into
DAC_DORT1 (three APB1 clock cycles later). Then the DAC channell triangle counter is
updated.

At the same time, the DAC channel2 triangle counter, with a triangle amplitude configured
by MAMP2[3:0], is added to the DHR2 register and the sum is transferred into DAC_DOR2
(three APB1 clock cycles later). Then the DAC channel2 triangle counter is updated.

10.5 DAC registers

Refer to Section 1.1 on page 29 for a list of abbreviations used in register descriptions.

The peripheral registers have to be accessed by words (32-bit).

10.5.1 DAC control register (DAC_CR)
Address offset: 0x00
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
DMAU | DMA
MAMP2[3:0] WAVEZ2[1:0] TSEL2[2:0] TEN2 | BOFF2 | EN2
Reserved DRIE2 | EN2
w w w | rw | w | w rw | w w | rw | w w w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
BII\RAI?‘EL: g'\’\/}f‘ MAMP1[3:0] WAVE1[1:0] TSEL1[2:0] TEN1 | BOFF1 EN1
Reserved
w w w | rw | w | w rw | w w | rw | rw w w w

Bits 31:30 Reserved.

Bits 29 DMAUDRIE2: DAC channel2 DMA underrun interrupt enable
This bit is set and cleared by software.
0: DAC channel2 DMA underrun interrupt disabled
1: DAC channel2 DMA underrun interrupt enabled

Bit 288 DMAEN2: DAC channel2 DMA enable

This bit is set and cleared by software.
0: DAC channel2 DMA mode disabled
1: DAC channel2 DMA mode enabled

224/598 Doc ID 15965 Rev 4 KYI




RMO0038 Digital-to-analog converter (DAC)

Bit 27:24 MAMP2[3:0]: DAC channel2 mask/amplitude selector
These bits are written by software to select mask in wave generation mode or amplitude in
triangle generation mode.
0000: Unmask bit0 of LFSR/ triangle amplitude equal to 1
0001: Unmask bits[1:0] of LFSR/ triangle amplitude equal to 3
0010: Unmask bits[2:0] of LFSR/ triangle amplitude equal to 7
0011: Unmask bits[3:0] of LFSR/ triangle amplitude equal to 15
0100: Unmask bits[4:0] of LFSR/ triangle amplitude equal to 31
0101: Unmask bits[5:0] of LFSR/ triangle amplitude equal to 63
0110: Unmask bits[6:0] of LFSR/ triangle amplitude equal to 127
0111: Unmask bits[7:0] of LFSR/ triangle amplitude equal to 255
1000: Unmask bits[8:0] of LFSR/ triangle amplitude equal to 511
1001: Unmask bits[9:0] of LFSR/ triangle amplitude equal to 1023
1010: Unmask bits[10:0] of LFSR/ triangle amplitude equal to 2047
> 1011: Unmask bits[11:0] of LFSR/ triangle amplitude equal to 4095

Bit 23:22 WAVEZ2[1:0]: DAC channel2 noise/triangle wave generation enable
These bits are set/reset by software.
00: wave generation disabled
01: Noise wave generation enabled
1x: Triangle wave generation enabled
Note: Only used if bit TEN2 = 1 (DAC channel2 trigger enabled)

Bits 21:19 TSEL2[2:0]: DAC channel2 trigger selection
These bits select the external event used to trigger DAC channel2
000: Timer 6 TRGO event
001: Reserved
010: Timer 7 TRGO event
011: Timer 9 TRGO event
100: Timer 2 TRGO event
101: Timer 4 TRGO event
110: External line9
111: Software trigger
Note: Only used if bit TEN2 = 1 (DAC channel2 trigger enabled).

Bit 18 TEN2: DAC channel2 trigger enable
This bit is set and cleared by software to enable/disable DAC channel2 trigger
0: DAC channel2 trigger disabled and data written into the DAC_DHRX register are
transferred one APB1 clock cycle later to the DAC_DOR2 register
1: DAC channel2 trigger enabled and data from the DAC_DHRXx register are transferred
three APB1 clock cycles later to the DAC_DOR2 register

Note: When software trigger is selected, the transfer from the DAC_DHRX register to the
DAC_DOR?2 register takes only one APB1 clock cycle.
Bit 17 BOFF2: DAC channel2 output buffer disable
This bit is set and cleared by software to enable/disable DAC channel2 output buffer.
0: DAC channel2 output buffer enabled
1: DAC channel2 output buffer disabled
Bit 16 EN2: DAC channel2 enable

This bit is set and cleared by software to enable/disable DAC channel2.
0: DAC channel2 disabled
1: DAC channel2 enabled

Bits 15:14 Reserved.

IYI Doc ID 15965 Rev 4 225/598




Digital-to-analog converter (DAC) RMO0038

Bit 13 DMAUDRIE1: DAC channel1i DMA Underrun Interrupt enable
This bit is set and cleared by software.

0: DAC channel1 DMA Underrun Interrupt disabled
1: DAC channeli DMA Underrun Interrupt enabled

Bit 12 DMAEN1: DAC channell DMA enable
This bit is set and cleared by software.
0: DAC channel1 DMA mode disabled
1: DAC channell DMA mode enabled
Bits 11:8 MAMP1[3:0]: DAC channell mask/amplitude selector

These bits are written by software to select mask in wave generation mode or amplitude in
triangle generation mode.

0000:

0001

0101:
0110:
0111:
1000:
1001:
1010:

Unmask bit0 of LFSR/ triangle amplitude equal to 1

: Unmask bits[1:0] of LFSR/ triangle amplitude equal to 3
0010:
0011:
0100:

Unmask bits[2:0] of LFSR/ triangle amplitude equal to 7
Unmask bits[3:0] of LFSR/ triangle amplitude equal to 15
Unmask bits[4:0] of LFSR/ triangle amplitude equal to 31
Unmask bits[5:0] of LFSR/ triangle amplitude equal to 63
Unmask bits[6:0] of LFSR/ triangle amplitude equal to 127
Unmask bits[7:0] of LFSR/ triangle amplitude equal to 255
Unmask bits[8:0] of LFSR/ triangle amplitude equal to 511
Unmask bits[9:0] of LFSR/ triangle amplitude equal to 1023
Unmask bits[10:0] of LFSR/ triangle amplitude equal to 2047

> 1011: Unmask bits[11:0] of LFSR/ triangle amplitude equal to 4095

Bits 7:6  WAVE1[1:0]: DAC channel1 noise/triangle wave generation enable
These bits are set and cleared by software.
00: wave generation disabled
01: Noise wave generation enabled
1x: Triangle wave generation enabled

Note: Only used if bit TEN1 = 1 (DAC channell trigger enabled).

Bits 5:3 TSEL1[2:0]: DAC channel1 trigger selection
These bits select the external event used to trigger DAC channell.
000: Timer 6 TRGO event
001: Reserved
010: Timer 7 TRGO event
011: Timer 9 TRGO event
100: Timer 2 TRGO event
101: Timer 4 TRGO event
110: External line9
111: Software trigger
Note: Only used if bit TEN1 = 1 (DAC channell trigger enabled).
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Bit2 TEN1: DAC channell trigger enable

This bit is set and cleared by software to enable/disable DAC channell trigger.
0: DAC channeld trigger disabled and data written into the DAC_DHRXx register are
transferred one APB1 clock cycle later to the DAC_DORT register
1: DAC channel trigger enabled and data from the DAC_DHRXx register are transferred
three APB1 clock cycles later to the DAC_DOR1 register

Note: When software trigger is selected, the transfer from the DAC_DHRXx register to the

DAC_DOR!1 register takes only one APB1 clock cycle.

Bit 1 BOFF1: DAC channel1 output buffer disable
This bit is set and cleared by software to enable/disable DAC channel1 output buffer.
0: DAC channell output buffer enabled
1: DAC channell output buffer disabled
Bit 0 EN1: DAC channeli enable
This bit is set and cleared by software to enable/disable DAC channel1.

0: DAC channell disabled
1: DAC channell enabled

10.5.2 DAC software trigger register (DAC_SWTRIGR)

Address offset: 0x04
Reset value: 0x0000 0000

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

Reserved

SWTRIG2 | SWTRIG1

w w

Bits 31:2 Reserved.

Bit 1 SWTRIG2: DAC channel2 software trigger
This bit is set and cleared by software to enable/disable the software trigger.
0: Software trigger disabled
1: Software trigger enabled
Note: This bit is cleared by hardware (one APB1 clock cycle later) once the DAC_DHR2
register value has been loaded into the DAC_DOR2 register.

Bit 0 SWTRIG1: DAC channell software trigger
This bit is set and cleared by software to enable/disable the software trigger.
0: Software trigger disabled
1: Software trigger enabled
Note: This bit is cleared by hardware (one APB1 clock cycle later) once the DAC_DHR1
register value has been loaded into the DAC_DOR!1 register.
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10.5.3 DAC channel1 12-bit right-aligned data holding register
(DAC_DHR12R1)

Address offset: 0x08
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DACC1DHR[11:0]
Reserved
nN|rw|rw|rw|rw|rw|rw|rw|rw|rw|rw|rw

Bits 31:12 Reserved.

Bit 11:0 DACC1DHR[11:0]: DAC channel1 12-bit right-aligned data
These bits are written by software which specifies 12-bit data for DAC channel.

10.5.4 DAC channel1 12-bit left aligned data holding register
(DAC_DHR12L1)

Address offset: 0x0C
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DACC1DHR[11:0]
Reserved
rw | rw | rw | rw | w | rw | rw | w | rw | rw | rw | rw
Bits 31:16 Reserved.
Bit 15:4 DACC1DHR[11:0]: DAC channell 12-bit left-aligned data
These bits are written by software which specifies 12-bit data for DAC channell.
Bits 3:0 Reserved.
10.5.5 DAC channel1 8-bit right aligned data holding register
(DAC_DHR8R1)
Address offset: 0x10
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DACC1DHR[7:0]
Reserved
rw | rw | rw | rw | rw | rw | rw | rw

Bits 31:8 Reserved.

Bits 7:0 DACC1DHRJ[7:0]: DAC channel1 8-bit right-aligned data
These bits are written by software which specifies 8-bit data for DAC channell.
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10.5.6 DAC channel2 12-bit right aligned data holding register
(DAC_DHR12R2)

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 4 3 2 1 0
DACC2DHR[11:0]
Reserved
w | rw | rw | w | rw | rw | rw | rw | rw | rw | rw | rw
Bits 31:12 Reserved.
Bits 11:0 DACC2DHR[11:0]: DAC channel2 12-bit right-aligned data
These bits are written by software which specifies 12-bit data for DAC channel?2.
10.5.7 DAC channel2 12-bit left aligned data holding register
(DAC_DHR12L2)
Address offset: 0x18
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DACC2DHR[11:0]
Reserved
rw | rw | rw | rw | w | rw | rw | w | rw | rw | rw | rw
Bits 31:16 Reserved.
Bits 15:4 DACC2DHR[11:0]: DAC channel2 12-bit left-aligned data
These bits are written by software which specify 12-bit data for DAC channel2.
Bits 3:0 Reserved.
10.5.8 DAC channel?2 8-bit right-aligned data holding register
(DAC_DHR8R2)
Address offset: 0x1C
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 4 3 2 1 0
DACC2DHR[7:0]
Reserved
rw | rw | rw | rw | rw | rw | rw | rw
Bits 31:8 Reserved.
Bits 7:0 DACC2DHR[7:0]: DAC channel2 8-bit right-aligned data
These bits are written by software which specifies 8-bit data for DAC channel2.
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10.5.9 Dual DAC 12-bit right-aligned data holding register
(DAC_DHR12RD)

Address offset: 0x20

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

DACC2DHR[11:0]
Reserved
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
DACC1DHR[11:0]
Reserved
nN|rw|rw|rw|rw|rw|rw|rw|rw|rw|rw|rw

Bits 31:28 Reserved.

Bits 27:16 DACC2DHR[11:0]: DAC channel2 12-bit right-aligned data
These bits are written by software which specifies 12-bit data for DAC channel?2.

Bits 15:12 Reserved.

Bits 11:0 DACC1DHR[11:0]: DAC channell 12-bit right-aligned data
These bits are written by software which specifies 12-bit data for DAC channell.

10.5.10 DUAL DAC 12-bit left aligned data holding register
(DAC_DHR12LD)

Address offset: 0x24

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

DACC2DHR[11:0]
w [ w [ w [ ow [ w [ w [ w | w [ w ] w ] w | w reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DACC1DHR[11:0]
w [ w [ w [ w [ w [ w [ w | w | w ] w ] w | w Reserved

Bits 31:20 DACC2DHR[11:0]: DAC channel2 12-bit left-aligned data
These bits are written by software which specifies 12-bit data for DAC channel2.

Bits 19:16 Reserved.

Bits 15:4 DACC1DHR[11:0]: DAC channel1 12-bit left-aligned data
These bits are written by software which specifies 12-bit data for DAC channeli.

Bits 3:0 Reserved.
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10.5.11 DUAL DAC 8-bit right aligned data holding register
(DAC_DHRS8RD)
Address offset: 0x28
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 4 3 2 1 0
DACC2DHR[7:0] DACC1DHR[7:0]
rw | rw | rw | rw | w | rw | rw | w rw | rw | rw | rw | rw | rw | rw | rw
Bits 31:16 Reserved.
Bits 15:8 DACC2DHR][7:0]: DAC channel2 8-bit right-aligned data
These bits are written by software which specifies 8-bit data for DAC channel2.
Bits 7:0 DACC1DHR[7:0]: DAC channell 8-bit right-aligned data
These bits are written by software which specifies 8-bit data for DAC channel1.
10.5.12 DAC channel1 data output register (DAC_DOR1)
Address offset: 0x2C
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 4 3 2 1 0
DACC1DOR[11:0]
Reserved
r | r | r | r | r | r | r | r | r r r | r
Bits 31:12 Reserved.
Bit 11:0 DACC1DORJ[11:0]: DAC channel1 data output
These bits are read-only, they contain data output for DAC channell.
10.5.13 DAC channel2 data output register (DAC_DOR2)
Address offset: 0x30
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 4 3 2 1 0
DACC2DOR[11:0]
Reserved
r | r | r | r | r | r | r | r | r r r | r
Bits 31:12 Reserved.
Bit 11:0 DACC2DOR[11:0]: DAC channel2 data output
These bits are read-only, they contain data output for DAC channel?2.
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10.5.14 DAC status register (DAC_SR)

Address offset: 0x34
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
DMAUDR2
Reserved Reserved
rc_wi
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DMAUDR1
Reserved Reserved
rc_w1

Bits 31:30 Reserved.

Bit 29 DMAUDR2: DAC channel2 DMA underrun flag

This bit is set by hardware and cleared by software (by writing it to 1).

0: No DMA underrun error condition occurred for DAC channel2

1: DMA underrun error condition occurred for DAC channel2 (the currently selected trigger is
driving DAC channel2 conversion at a frequency higher than the DMA service capability rate)

Bits 28:14 Reserved.

Bit 13 DMAUDR1: DAC channeli DMA underrun flag

This bit is set by hardware and cleared by software (by writing it to 1).

0: No DMA underrun error condition occurred for DAC channell

1: DMA underrun error condition occurred for DAC channell (the currently selected trigger is
driving DAC channell conversion at a frequency higher than the DMA service capability rate)

Bits 12:0 Reserved.
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10.5.15 DAC register map
Table 45 summarizes the DAC registers.
Table 45. DAC register map
Address Register| _| | o ool x| 0| 10| 2| 0| | = | ©| @] 0| | 0] 10| | | | =| S| 0 col | 0| 10| <t| 0| | | ©
offset name D MONANANNANANANANANAN™™r™rr™rrr~vr~
[aY] —
3 g2 vl BOER -
2 WAVE 9 le o | 2 WAVE oL |=
- o (w . 0112 < o |W - 01|12
0x00 DACCR | § (5|3 | MAMP2[3:0] 2[2:0] TSEL2[2:0]|Z LIzl & |3 |<[MAMPIE0] 1[2:0] TSEL1[2:0]|Z s =
[} < |2 = |m o) < (= o
r [=]|0 r |=|o
=] [=)]
YIS
DAC_SWT ==
0x04 RIGR Reserved P_f |ﬂ_:
=z (2
R
0x08 DAC{FI‘D1HR1 Reserved DACC1DHR[11:0]
0x0C DACZ_SHR1 Reserved DACC1DHR[11:0] Reserved
0x10 DACﬁ?HRS Reserved DACC1DHR[7:0]
ox14 DAZ—RDsz Reserved DACC2DHR11:0]
0x18 DAC{&HFH Reserved DACC2DHR][11:0] Reserved
0x1C DACﬁEz)HRB Reserved DACC2DHR([7:0]
0x20 DA(;RE:)HM Reserved DACC2DHR[11:0] Reserved DACC1DHR[11:0]
0x24 DACZ—L%Hm DACC2DHR[11:0] Reserved DACC1DHR[11:0] Reserved
0x28 DAcﬁgHRS Reserved DACC2DHR[7:0] DACC1DHR[7:0]
0x2C DAC_DOR1 Reserved DACC1DOR[11:0]
0x30 DAC_DOR2 Reserved DACC2DOR][11:0]
0x34 DAC_SR o |2 Reserved = Reserved
E z
T |3 &)
Refer to Table 1 on page 32for the register boundary addresses.
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11 Comparators (COMP)

11.1 Introduction

The STM32L15xxx contains two zero-crossing comparators COMP1 and COMP2, that
share the same current bias.

Note: For all I/Os used as comparator inputs, the GPIO registers must be configured in analog
mode.

When using the routing interface (see Section 6: System configuration controller (SYSCFG)
and routing interface (Rl)), the comparator inputs can be connected to external I/Os.

11.2 Main features

A comparator (COMP1) with fixed threshold (internal reference voltage). The non-
inverting input can be selected among 24 external I/Os.

A rail-to-rail comparator (COMP2) with selectable threshold. The non-inverting input
can be selected among 2 I/Os. The threshold can be selected among:

— the internal reference voltage (VgeriNT)

— aninternal reference voltage submultiple (1/4, 1/2, 3/4)

—  the DAC1 output

—  the DAC2 output

— anexternal I/O (PB3)

The 2 comparators can be combined to form window comparators.

Zero-crossing can generate a rising or falling edge on the comparator outputs
depending on the trigger configuration.

Each comparator has an interrupt generation capability with wakeup from the Sleep
and Stop.

The COMP2 output can be redirected to TIM2/TIM3/TIM4’s input capture 4 (IC4) or
OCREF_CLR inputs, or to the TIM10s input capture 1 (IC1).

COMP2 speed is configurable for optimum speed/consumption ratio.

The block diagram of the COMP is shown in Figure 49.

234/598
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Figure 49. Comparator block diagram
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Note: The internal reference voltage and temperature sensor cannot be used as COMP1 non-

inverting input.
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11.3

11.4

Note:
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COMP clock

The COMP clock provided by the clock controller is synchronous with the PCLK1 (APB1

clock).

Comparator 1 (COMP1)

Figure 50 shows the comparator 1 interconnections.

Figure 50. COMP1 interconnections
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VDD Wakeup
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ai18205

The internal reference voltage and temperature sensor cannot be used as COMP1 non-

inverting input.

COMP1 comparator and ADC cannot be used at the same time since they share the ADC

switch matrix.
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Note: The internal reference voltage and temperature sensor cannot be used as COMP1 non-
inverting input.

COMP1 comparator and ADC cannot be used at the same time since they share the ADC
switch matrix.

To use the COMP1 comparator, the application has to perform the following steps:

1. Enable the comparator 1 by setting the CMP1EN bit in the COMP_CSR register

2. Wait until the comparator is ready (when the startup time has elapsed). Refer to the
electrical characteristics of the STM32L15xxx datasheet.

3. Setthe SCM bit in the RI_ASCR1 register so as to close the ADC switches if the
corresponding I/O switch is also closed

4. Close the ADC switches to create the path from the selected I/O to the non-inverting
input. The input can be any of the up to 29 available 1/0Os and can be split into groups or
not (see Figure 22: I/O groups and selection on page 128):

a) Close the VCOMP ADC analog switch by setting the VCOMP bit in the RI_ASCR1
register.

b) Close the I/O analog switch number n corresponding to the I/O group that must be
connected to the COMP1 non-inverting input, by setting the CHn bit in RI_ASCR1.

5. If required enable the COMP1 interrupt by configuring and enabling EXTI line21 in
interrupt mode and selecting the desired trigger event (rising edge, falling edge or
both).

115 Comparator 2 (COMP2)

Figure 51 shows the comparator 2 interconnections.

Figure 51. COMP2 interconnections

Wakeup
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—TIM2 input capture 4
— TIM2 OCREF clear
PB3 [T  TIM3 input capture 4
L1 |[__TIM3 OCREF clear

| TIM4 input capture 4
| TIM4 OCREF clear
I TIM10 input capture 1

Veerint ~12V

OUTSEL[2:0] bits

ai18206b
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Note:

Note:

Note:
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To use the COMP2 comparator, the application has to perform the following steps:
1. Select COMP2's inverting input with the INSEL[2:0] bits in COMP_CSR.
— Inthe case of an external I/O selection (PB3 I/0), the 1/O should be configured in
analog input mode.

2. Close the I/0O's analog switch to connect to COMP2 non-inverting input. The input can
be any I/O in group 6 (see Table 22: I/O groups and selection on page 128). GR6-1 or
GR6-2 switches are closed as soon as the corresponding I/O is configured in analog
mode.

3.  Wait until the comparator is ready (when the startup time has elapsed). Refer to the
electrical characteristics of the STM32L15xxx datasheet.

4. If required, perform the following procedures:
—  Select the speed with the SPEED bit in COMP_CSR.

—  Redirect the COMP2 output to TIM2, TIM3, TIM4 or TIM10 by configuring the
OUTSEL[2:0] bits in COMP_CSR (refer to Figure 52).

—  Enable the COMP2 interrupt by configuring and enabling EXTI line22 in interrupt
mode and selecting the desired sensitivity level.

GR6-1 and GR6-2 I/O switches can be closed by either configuring the corresponding I/0O
(PB4 or PB5) in analog mode (Schmitt trigger disabled) or configuring the I/O in input
floating mode and setting GR6-1 or GR6-2 in RI_ASCRZ2 (Schmitt trigger enabled).

If PB4 or PBS5 is used as comparator input, it is recommended to use analog configuration to
avoid any overconsumption around Vpp/2.

The COMP2 comparator is enabled as soon as the inverting input is selected.
The channel can be changed when the comparator is enabled.

The following figure shows the output redirection possibilities of the COMP2 output.

Figure 52. Redirecting the COMP2 output

Wakeup
P EXTl line 22

OMP2 CMP20UT
- OUTSEL[2:0] bits

J/_TIMZ input capture 4
— TIM2 OCREF clear

. TIM3 input capture 4
| TIM3 OCREF clear
| TIM4 input capture 4
| TIM4 OCREF clear
|— TIM10 input capture 1

ai17151b

For more details about “clearing TIMx OCREF”, refer to Section 13.3.11: Clearing the
OCXREF signal on an external event on page 294.
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11.6 Comparators in Window mode
Figure 53. Comparators in Window mode
Threshold 1 :
Veeenr (1:2V) COMP1
+
WNDWE
GR6_1 R
PB4 ——— V, COMP2
PB5S 7| +
GR6_2 Threshold 2 :
Multiple sources
MS18282V1
To use the COMP1 and COMP2 comparators in window mode, the application has to
perform the following steps:
1. Select COMP2’s inverting input as explained in Section 11.5: Comparator 2 (COMP2).
2. Enable the Window mode by setting WNDWE in the COMP_CSR register.
3. Select the non-inverting input:
—  for COMP1: follow the steps 2 and 3 from Section 11.4: Comparator 1 (COMP1)
—  for COMP2: follow steps 3 and 4 from Section 11.5: Comparator 2 (COMP2)
4. Enable COMP1 by setting the CMP1EN in the COMP_CSR register.
Note: In window mode, only the Group 6 (PB4 and PB5) can be used as a non-inverting input.
11.7 Low power modes
Table 46. Comparator behavior in the low power modes
Mode Description
Slee No effect on the comparators.
P Comparator interrupts cause the device to exit the Sleep mode.
Sto No effect on the comparators.
P Comparator interrupts cause the device to exit the Stop mode.
Note: Comparators cannot be used to exit the device from Sleep or Stop mode when the internal

reference voltage is switched off using the ULP bit in the PWR_CR register.
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11.8 Interrupts
The comparator interrupts are connected to EXTI controller (lines 21 and 22).
To enable the COMP interrupt, the following sequence is required:
1. Configure and enable the EXTI line 21 (COMP1) or EXTI line 22 (COMP2) in interrupt
mode and select the desired trigger event (rising edge, falling edge, or both),
2. Configure and enable the COMP_IRQ channel in the NVIC.
11.9 COMP registers
The peripheral registers have to be accessed by words (32-bit).
11.9.1 COMP comparator control and status register (COMP_CSR)
The COMP_CSR register is the control/status register of the comparators. It contains all the
bits related to both comparators.
Address offset: 0x00
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
OUTSEL[2:0] INSEL[2:0] WNDWE VRTEEF,j)U
Reserved
rw | rw | w rw | rw | w rw rw
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CMP2 | speED CMP10UT CMP1 | 400KPD | 10KPD | 400KPU | 10KPU
Reserved out Reserved Res. EN
r rw r rw rw w rw rw
Bits 31:24 Reserved, must be kept cleared.
Bits 23:21 OUTSEL: Comparator 2 output selection
These bits are written by software to connect the output of COMP2 to a selected timer input.
000 = TIM2 Input Capture 4
001 = TIM2 OCREF_CLR
010 = TIM3 Input Capture 4
011 =TIM3 OCREF_CLR
100 = TIM4 Input Capture 4
101 = TIM4 OCREF_CLR
110 = TIM10 Input Capture 1
111 = no redirection
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Bits 20:18

Bit 17

Bit 16

Bits 15:14
Bit 13

Bit 12

Bits 11:8
Bit 7

Bits 6:5
Bit 4

Bit 3

INSEL: Inverted input selection
000 = no selection
001 = External I/O: PB3 (COMP2_INM)

010 = VReFINT

110 = DAC_OUT1
111 = DAC_OUT2

Note: The COMP2 comparator is enabled when the INSEL bit values are different from "000”.

WNDWE: Window mode enable
0: Disabled
1: Enabled

VREFOUTEN: VRggnT Output enable

This bit is used to output Vg nT ON Group 3 (refer to Figure 21: Internal reference voltage
output).

0: Disabled

1: Enabled

Reserved, must be kept cleared.

CMP20OUT: Comparator 2 output
This bit indicates the low or high level of the comparator 2 output.
0: Comparator 2 output is low when the non-inverting input is at a lower voltage than the
inverting input
1: Comparator 2 output is high when the non-inverting input is at a higher voltage than the
inverting input
SPEED: Comparator 2 speed mode
0: slow speed
1: fast speed
Reserved, must be kept cleared.

CMP10UT: Comparator 1 output
This bit indicates the high or low level of the comparator 1 output.
0: Comparator 1 output is low when the non-inverting input is at a lower voltage than the
inverting input
1: Comparator 1 output is high when the non-inverting input is at a higher voltage than the
inverting input

Reserved, must be kept cleared.

CMP1EN: Comparator 1 enable
0: Comparator 1 disabled
1: Comparator 1 enabled

400KPD: 400 kQ pull-down resistor
This bit enables the 400 kQ pull-down resistor.

0: 400 kQ2 pull-down resistor disabled
1: 400 kQ pull-down resistor enabled
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Bit2 10KPD: 10 kQ pull-down resistor
This bit enables the 10 kQ pull-down resistor.

0: 10 kQ2 pull-down resistor disabled
1: 10 kQ pull-down resistor enabled

Bit 1 400KPU: 400 kQ pull-up resistor
This bit enables the 400 kQ pull-up resistor.

0: 400 kQ pull-up resistor disabled
1: 400 kQ pull-up resistor enabled

Bit 0 10KPU: 10 kQ pull-up resistor
This bit enables the 10 kQ pull-up resistor.

0: 10 kQ pull-up resistor disabled
1: 10 kQ pull-up resistor enabled

Note: 1  To avoid extra power consumption, only one resistor should be enabled at a time.

11.9.2 COMP register map

Table 47: COMP register map and reset values summarizes the COMP registers.

Table 47. COMP register map and reset values

Offset| Register |5/3/Q|&|N[&|Q[I|RIN[S|Q[2|2[2)e[F|2|C|2]o|o|~ o]w/<|/a)-|o
=
] = =
w = = = Z o =]
COMP CSR OUTSEL| INSEL (£ |5| 8 [3|@ 3 o8 HzRIEZR
0x00 - Reserved (2:0] o] |2|2] & |2 |& o al s (81388
Sul 2 |2|® ? S| 2 SEERIRE
o Q o Q o o O
| i [
Reset value OJoJoJoJoJofo]o 00 0 ojofofofoO

242/598 Doc ID 15965 Rev 4




RMO0038

LCD controller (LCD)

12

12.1

12.2

LCD controller (LCD)

Introduction

The LCD controller is a digital controller/driver for monochrome passive liquid crystal display
(LCD) with up to 8 common terminals and up to 44 segment terminals to drive 176 (44x4) or
320 (40x8) LCD picture elements (pixels). The exact number of terminals depends on the
device pinout as described in the datasheet.

The LCD is made up of several segments (pixels or complete symbols) which can be turned
visible or invisible. Each segment consists of a layer of liquid crystal molecules aligned
between two electrodes. When a voltage greater than a threshold voltage is applied across
the liquid crystal, the segment becomes visible. The segment voltage must be alternated to
avoid an electrophoresis effect in the liquid crystal (which degrades the display). The
waveform across a segment must then be generated so as to avoid having a direct current
(DC).

LCD main features

Highly flexible frame rate control.
Supports Static, 1/2, 1/3, 1/4 and 1/8 duty.
Supports Static, 1/2, 1/3 and 1/4 bias.

Double buffered memory allows data in LCD_RAM registers to be updated at any time
by the application firmware without affecting the integrity of the data displayed.

— LCD data RAM of up to 16 x 32-bit registers which contain pixel information
(active/inactive)

e Software selectable LCD output voltage (contrast) from V| cpmin 10 VLcDmax-

® No need for external analog components:

A step-up converter is embedded to generate an internal V| ¢p voltage higher than
Vop

Software selection between external and internal V| ¢p voltage source. In case of

an external source, the internal boost circuit is disabled to reduce power
consumption

A resistive network is embedded to generate intermediate V| ¢p voltages

The structure of the resistive network is configurable by software to adapt the
power consumption to match the capacitive charge required by the LCD panel.

® The contrast can be adjusted using two different methods:
—  When using the internal step-up converter, the software can adjust V| ¢p between

VLCDmin and VLCDmax-
—  Programmable dead time (up to 8 phase periods) between frames.

o Full support of Low power modes: the LCD controller can be displayed in Sleep, Low
power run, Low power sleep and Low power STOP modes or can be fully disabled to
reduce power consumption

@ Builtin phase inversion for reduced power consumption and EMI. (electromagnetic
interference)

@ Start of frame interrupt to synchronize the software when updating the LCD data RAM.
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Note:

12.3
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1

e Blink capability:
— Upto1,2, 3, 4,8 orall pixels which can be programmed to blink at a configurable
frequency.

—  Software adjustable blink frequency to achieve around 0.5 Hz, 1 Hz, 2 Hz or 4 Hz.

® Used LCD segment and common pins should be configured as GPIO alternate
functions and unused segment and common pins can be used for general purpose /O
or for another peripheral alternate function.

When the LCD relies on the internal step-up converter, the VLCD pin should be connected
to Vgg with a capacitor. Its typical value is 1 uF (see Cgxt value in the product datasheets
for futher information).

The VLCD pin should be connected to Vppa:
- For devices without LCD
- If the LCD peripheral is not used for devices with LCD.

Glossary

Bias: Number of voltage levels used when driving an LCD. It is defined as 1/(number of
voltage levels used to drive an LCD display - 1).

Boost circuit: Contrast controller circuit

Common: Electrical connection terminal connected to several segments (44 segments).
Duty ratio: Number defined as 1/(number of common terminals on a given LCD display).
Frame: One period of the waveform written to a segment.

Frame rate: Number of frames per second, that is, the number of times the LCD segments
are energized per second.

LCD: (liquid crystal display) a passive display panel with terminals leading directly to a
segment.

Segment: The smallest viewing element (a single bar or dot that is used to help create a
character on an LCD display).
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124 LCD functional description

12.4.1 General description

The LCD controller has five main blocks (see Figure 54):

Figure 54. LCD controller block diagram

FREQUENCY GENERATOR
VAN LCDCLK p| 16-bit Prescaler
VAN [
UCDCLK| | | | |LCDCLK/32768
vVvY
<p| LCD REGS |PSI3:0] ). CLOCK MUX
¢ ck_ps
DIVIB:0l| " Divide by 16 to 31
|
| » Interrupt COMo
> \L\ ck_div CcoMm COM[3:0] q ‘
DRIVER [ COM[7:4 CcoM3
PN 9 [7:4] Bt
2 LCD RAM = » _SEG
@ % (3216 bits) 2 DRIVER Anal SEG
ol |2 & SEG[43:0] SEG[3g:0] | Analog | SEGE
s ,;: — switch '
al g 44 S| 40 array '
a < | .
< B SEG39
Tl ’
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READY g
Y w5
4 ®\Lco REGs VSEL STATE 83% —— SEG41/
g v i MUX | SEG[43:40] COM5
EN SEGad)
Vss COM6
HD VOLTAGE 1/3-1/4V, SEG43/
R N
PULSE GEN » GENERATOR LCD COMZ
BIAS1:0] 2/3 -3/4V, cp >
Ld
. CONTRAST 172V cp
~. CC20] )| | CONTROLLER
~ Vico
Analog step-up
converter /O Ports
Note: LCDCLK is the same as RTCCLK. Please refer to the RTC/LCD clock description in the

RCC section of this manual.
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Frequency generator

The frequency generator allows you to achieve various LCD frame rates starting from an
LCD input clock frequency (LCDCLK) which can vary from 32 kHz up to 1 MHz.

3 different clock sources can be used to provide the LCD clock (LCDCLK/RTCCLK):
® 32 kHz Low speed external RC (LSE)
® 37 kHz Low speed internal RC (LSI)

® 1-24 MHz High speed external crystal oscillator (HSE) divided by 2, 4, 8 or 16 to obtain
a 1 MHz clock

Please refer to the RTC/LCD Clock configuration in the RCC section of this manual.

This clock source must be stable in order to obtain accurate LCD timing and hence
minimize DC voltage offset across LCD segments. The input clock LCDCLK can be divided
by any value from 1 to 2'%x 31 (see Section 12.5.2: LCD frame control register (LCD_FCR)
on page 263). The frequency generator consists of a prescaler (16-bit ripple counter) and a
16 to 31 clock divider. The PS[3:0] bits, in the LCD_FCR register, select LCDCLK divided by
2PSI3:0] | g finer resolution rate is required, the DIV[3:0] bits, in the LCD_FCR register, can
be used to divide the clock further by 16 to 31. In this way you can roughly scale the
frequency, and then fine-tune it by linearly scaling the clock with the counter. The output of
the frequency generator block is fy, 4iy Which constitutes the time base for the entire LCD
controller. The ck_div frequency is equivalent to the LCD phase frequency, rather than the
frame frequency (they are equal only in case of static duty). The frame frequency (firame) iS
obtained from fg, g, by dividing it by the number of active common terminals (or by
multiplying it for the duty). Thus the relation between the input clock frequency (f cpcLk) of
the frequency generator and its output clock frequency fg gy is:

fLCDCLK
oPS . (16 +DIV)

fckdiv -

x duty

frrame = fokaiv

This makes the frequency generator very flexible. An example of frame rate calculation is
shown in Table 48.

Table 48. Example of frame rate calculation

LCDCLK PS[3:0] DIV[3:0] Ratio Duty firame
32.768 kHz 3 1 136 1/8 30.12 Hz
32.768 kHz 4 1 272 1/4 30.12 Hz
32.768 kHz 4 6 352 1/3 31.03 Hz
32.768 kHz 5 1 544 1/2 30.12 Hz
32.768 kHz 6 1 1088 static 30.12 Hz
32.768 kHz 1 4 40 1/8 102.40 Hz
32.768 kHz 2 4 80 1/4 102.40 Hz
32.768 kHz 2 11 108 13 101.14 Hz
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Table 48. Example of frame rate calculation (continued)
LCDCLK PS[3:0] DIV[3:0] Ratio Duty frrame
32.768 kHz 3 4 160 1/2 102.40 Hz
32.768 kHz 4 4 320 static 102.40 Hz
1.00 MHz 6 3 1216 1/8 102.80 Hz
1.00 MHz 7 3 2432 1/4 102.80 Hz
1.00 MHz 7 10 3328 1/3 100.16 Hz
1.00 MHz 8 3 4864 1/2 102.80 Hz
1.00 MHz 9 3 9728 static 102.80 Hz
The frame frequency must be selected to be within a range of around ~30 Hz to ~100 Hz
and is a compromise between power consumption and the acceptable refresh rate. In
addition, a dedicated blink prescaler selects the blink frequency. This frequency is defined
as:
faLink = fok_ai/2BNKE+9),
with BLINKF[2:0]1=0, 1, 2, ..,7
The blink frequency achieved is in the range of 0.5 Hz, 1 Hz, 2 Hz or 4 Hz.
12.4.3 Common driver

Common signals are generated by the common driver block (see Figure 54).

COM signal bias

Each COM signal has identical waveforms, but different phases. It has its max amplitude
Vi cp or Vgs only in the corresponding phase of a frame cycle, while during the other
phases, the signal amplitude is:

® 1/4V| ¢por3/4V ¢pin case of 1/4 bias
® 1/3V| gpor2/3V|¢gpincase of 1/3 bias
® and 1/2 V| ¢p in case of 1/2 bias.

Selection between 1/2, 1/3 and 1/4 bias mode can be done through the BIAS bits in the
LCD_CR register.

A pixel is activated when both of its corresponding common and segment lines have max
amplitudes during the same phase. Common signals are phase inverted in order to reduce
EMI. As shown in Figure 55, with phase inversion, there is a mean voltage of 1/2 V| ¢p at the
end of every odd cycle.
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Figure 55. 1/3 bias, 1/4 duty
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In case of 1/2 bias (BIAS = 01) the V| ¢p pin generates an intermediate voltage (node B =
node A) equal to 1/2 V| ¢p for odd and even frames (see Figure 62).

COM signal duty

Depending on the DUTY[2:0] bits in the LCD_CR register, the COM signals are generated
with static duty (see Figure 57), 1/2 duty (see Figure 58), 1/3 duty (see Figure 59), 1/4 duty
(see Figure 60) or 1/8 duty (see Figure 61).

COMI[n] n[0 to 7] is active during phase nin the odd frame, so the COM pin is driven to V| ¢p,
During phase n of the even frame the COM pin is driven to Vgg.

In the case of 1/3 or 1/4) bias:

® COM([n]is inactive during phases other than n so the COM pin is driven to 1/3 (1/4)
V| cp during odd frames and to 2/3 (3/4) V| ¢p during even frames

In the case of 1/2 bias:

e |f COM[n] is inactive during phases other than n, the COM pin is always driven (odd
and even frame) to 1/2 V| ¢p.

When static duty is selected, the segment lines are not multiplexed, which means that each
segment output corresponds to one pixel. In this way only up to 44 pixels can be driven.
COMI[0] is always active while COM[7:1] are not used and are driven to Vgg.

When the LCDEN bit in the LCD_CR register is reset, all common lines are pulled down to
Vgg and the ENS flag in the LCD_SR register becomes 0. Static duty means that COM[0] is
always active and only two voltage levels are used for the segment and common lines: V| ¢cp
and Vgg. A pixel is active if the corresponding SEG line has a voltage opposite to that of the
COM, and inactive when the voltages are equal. In this way the LCD has maximum contrast
(see Figure 56, Figure 57). In the Figure 56 pixel 0 is active while pixel 1 is inactive.
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Figure 56. Static duty
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In each frame there is only one phase, this is why fi;me is equal to fi ¢p. If 1/4 duty is
selected there are four phases in a frame in which COM[0] is active during phase 0, COM[1]
is active during phase 1, COM[2] is active during phase 2, and COM[3] is active during

phase 3.

Figure 57. Static duty
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In this mode, the segment terminals are multiplexed and each of them control four pixels. A
pixel is activated only when both of its corresponding SEG and COM lines are active in the
same phase. In case of 1/4 duty, to deactivate pixel 0 connected to COM[0] the SEG[0]
needs to be inactive during the phase 0 when COM[Q] is active. To activate pixel44
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connected to COM[1] the SEG[0] needs to be active during phase 1 when COM[1] is active
(see Figure 60). To activate pixels from 0 to 43 connected to COM[0], SEG[0:43] need to be
active during phase 0 when COM][0] is active. These considerations can be extended to the
other pixels.

8 to 1 Mux

When COM]I0] is active the common driver block, also drives the 8 to 1 mux shown in
Figure 54 in order to select the content of first two RAM register locations. When COM[7] is
active, the output of the 8 to 1 mux is the content of the last two RAM locations.

Start of frame (SOF)

The common driver block is also able to generate an SOF (start of frame flag) (see

Section 12.5.3: LCD status register (LCD_SR)). The LCD start of frame interrupt is executed
if the SOFIE (start of frame interrupt enable) bit is set (see Section 12.5.2: LCD frame
control register (LCD_FCR)). SOF is cleared by writing the SOFC bit to 1 in the LCD_CLR
register when executing the corresponding interrupt handling vector.

Figure 58. 1/2 duty, 1/2 bias
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12.4.4

Segment driver

The segment driver block controls the SEG lines according to the pixel data coming from the
8 to 1 mux driven in each phase by the common driver block.

In the case of 1/4 or 1/8 duty

When COM][0] is active, the pixel information (active/inactive) related to the pixel connected
to COMI[0] (content of the first two LCD_RAM locations) goes through the 8 to 1 mux.

The SEG[n] pin n [0 to 43] is driven to Vgg (indicating pixel n is active when COM[0] is
active) in phase 0 of the odd frame,

The SEG[n] pin is driven to V| ¢p in phase 0 of the even frame. If pixel nis inactive then the
SEG(n] pin is driven to 2/3 (2/4) V| _¢p in the odd frame or 1/3 (2/4) V| _¢p in the even frame
(current inversion in V| ¢cp pad). (see Figure 55)

In case of 1/2 bias, if the pixel is inactive the SEG[n] pin is driven to V| ¢p in the odd and to
Vgg in the even frame.

When the LCD controller is disabled (LCDEN bit cleared in the LCD_CR register) then the
SEG lines are pulled down to Vggs.
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Figure 59. 1/3 duty, 1/3 bias
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Figure 60. 1/4 duty, 1/3 bias
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Figure 61. 1/8 duty, 1/4 bias
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Blink
The segment driver also implements a programmable blink feature to allow some pixels to
continuously switch on at a specific frequency. The blink mode can be configured by the
BLINK][1:0] bits in the LCD_FCR register, making possible to blink up to 1, 2, 4, 8 or all pixels
(see Section 12.5.2: LCD frame control register (LCD_FCR)). The blink frequency can be
selected from eight different values using the BLINKF[2:0] bits in the LCD_FCR register.
Table 49 gives examples of different blink frequencies (as a function of ck_div frequency).
Table 49. Blink frequency

BLINKF[2:0] ck_div frequency (with LCDCLK frequency of 32.768 kHz)

bits 32 Hz 64 Hz 128 Hz 256 Hz

0 0 0 4.0 Hz N/A N/A N/A

0 0 1 2.0Hz 40Hz N/A N/A

0 1 0 1.0 Hz 2.0Hz 4.0Hz N/A

0 1 1 0.5Hz 1.0 Hz 2.0Hz 4.0 Hz

1 0 0 0.25 Hz 0.5Hz 1.0 Hz 2.0Hz

1 0 1 N/A 0.25 Hz 0.5Hz 1.0 Hz

1 1 0 N/A N/A 0.25 Hz 0.5 Hz

1 1 1 N/A N/A N/A 0.25 Hz

12.4.5 Voltage generator

The LCD voltage levels are generated by the V| ¢p pin or by the internal voltage step-up
converter (depending on the VSEL bit in the LCD_CR register), through an internal resistor
divider network as shown in Figure 62.

The LCD voltage generator generates up to three intermediate voltage levels (1/3 V| ¢p, 2/3
Vicp or 1/4 V cp, 2/4 V cp, 3/4 V| cp) between Vgg and V| ¢p in case of 1/3 (1/4) bias and
only one voltage level (1/2 V| cp) between Vgg and V| ¢ in case of 1/2 bias.

In the case of 1/3 or 1/4 bias:

e During odd frames, node b voltage (Vpcopm) is 1/3 (1/4) V| cp, While node a voltage
(Vasea) is 2/3 (3/4) Vi cp,

e During even frames, node b voltage is 2/3 (3/4) V| ¢cp and node a voltage is 1/3 (1/4)
Vico

In the case of 1/2 bias:

® Node a voltage is equal to node b voltage and its value is 1/2 V| ¢p.

For the divider network, two resistive networks one with low value resistors (R|) and one

with high value resistors (Ry) are respectively used to increase the current during transitions
and to reduce power consumption in static state.

The PON[2:0] (Pulse ON duration) bits in the LCD_FCR register configure the time during
which R|_is enabled (see Figure 54) when the levels of the common and segment lines
change. A short drive time will lead to lower power consumption, but displays with high
internal resistance may need a longer drive time to achieve satisfactory contrast.
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Figure 62. V, ¢p pin for 1/2 1/3 1/4 bias

The R|_divider can be always switched on using the HD bit in the LCD_FCR configuration
register (see Section 12.5.2). The V| ¢p value can be chosen among a wide set of values
from V_cpmin 10 Vi comax by means of CC[2:0] (Contrast Control) bits inside LCD_FCR (see
Section 12.5.2) register. New values of V| ¢op takes effect every beginning of a new frame.

After the LCDEN bit is activated the voltage generator sets the RDY bit in the LCD_SR
register to indicate that the voltage levels are stable and the LCD controller can start to
work.

Deadtime

In addition to using the CC[2:0] bits, the contrast can be controlled by programming a dead
time between each frame. During the dead time the COM and SEG values are put to Vgs.

The DEADJ2:0] bits in the LCD_FCR register can be used to program a time of up to eight

phase periods. This dead time reduces the contrast without modifying the frame rate.

Figure 63. Deadtime

[
D
o

A

VvV =
T A3

v ®

odd frame , . evenframe
PN L

d
4>
«»r

I

, odd frame , , even frame
N VN

Doc ID 15965 Rev 4 KYI




RMO0038

LCD controller (LCD)

12.4.6

12.4.7

Double buffer memory

Using its double buffer memory the LCD controller ensures the coherency of the displayed
information without having to use interrupts to control LCD_RAM modification.

The application software can access the first buffer level (LCD_RAM) through the APB
interface. Once it has modified the LCD_RAM, it sets the UDR flag in the LCD_SR register.
This UDR flag (update display request) requests the updated information to be moved into
the second buffer level (LCD_DISPLAY).

This operation is done synchronously with the frame (at the beginning of the next frame),
until the update is completed, the LCD_RAM is write protected and the UDR flag stays high.
Once the update is completed another flag (UDD - Update Display Done) is set and
generates an interrupt if the UDDIE bit in the LCD_FCR register is set.

The time it takes to update LCD_DISPLAY is, in the worst case, one odd and one even
frame.

The update will not occur (UDR =1 and UDD = 0) until the display is enabled (LCDEN = 1)

COM and SEG multiplexing

Output pins versus duty modes

The output pins consists of:

e SEG[43:0]

e COM[3:0]

Depending on the duty configuration, the COM and SEG output pins may have different
functions:

® Instatic, 1/2, 1/3 and 1/4 duty modes there are up to 44 SEG pins and respectively 1, 2,
3 and 4 COM pins

® In 1/8 duty mode (DUTY[2:0] = 100), the COM[7:4] outputs are available on the
SEG[43:40] pins, reducing to the number of available segments 40 .

Remapping capability

Additionally, it is possible to remap 4 segments by setting the MUX_SEG bit in the LCD_CR
register. This is particularly useful when using smaller device types with fewer external pins.

When MUX_SEG is set, output pins SEG[43:40] have function SEG[31:28].

Summary of COM and SEG functions versus duty and remap

All the possible ways of multiplexing the COM and SEG functions are described in Table 50.
Figure 64 gives examples showing the signal connections to the external pins.
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Table 50. Remapping capability
Configuration bits
Capability Output pin Function
DUTY MUX_SEG
SEG[43:40] COM[7:4]
0 40x8 COM[3:0] COM[3:0]
SEG[39:0] SEG[39:0]
1/8 SEG[43:40] COM[7:4]
COM[3:0] COM[3:0]
1 28x8
SEG[39:28] not used
SEG[27:0] SEG[27:0]
0 aird COM[3:0] COM[3:0]
SEG[43:0] SEG[43:0]
a COM[3:0] COM[3:0]
1 sond SEG[43:40] SEG[31:28]
SEG[39:28] not used
SEG[27:0] SEG[27:0]
COM[3] not used
0 44x3 COMI[2:0] COMI[2:0]
SEG[43:0] SEG[43:0]
COM[3] not used
e COM[2:0] COM[2:0]
1 32x3 SEG[43:40] SEG[31:28]
SEG[39:28] not used
SEG[27:0] SEG[27:0]
COM[3:2] not used
0 44x2 COM[1:0] COM[1:0]
SEG[43:0] SEG[43:0]
1o COM[3:2] not used
COM[1:0] COM[1:0]
1 32x2 SEG[43:40] SEG[31:28]
SEG[39:28] not used
SEG[27:0] SEG[27:0]
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Table 50. Remapping capability (continued)
Configuration bits
Capability Output pin Function
DUTY MUX_SEG
COM[3:1] not used
0 44x1 COMIO] COMIO]
SEG[43:0] SEG[43:0]
COM[3:1] not used
STATIC
COM[O0] COM[0]
1 32x1 SEG[43:40] SEG[31:28]
SEG[39:28] not used
SEG[27:0] SEG[27:0]
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Figure 64. SEG/COM mux feature example
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12.4.8

Flowchart

Figure 65. Flowchart example
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12.5 LCD registers

The peripheral registers have to be accessed by words (32-bit).

12.5.1 LCD control register (LCD_CR)

Address offset: 0x00
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
MUX
- BIAS[1:0] DUTY[2:0] VSEL |LCDEN
Reserved SEG
rw/r rw/r rw/r rw/r ‘ rw/r | rw/r rw/r w

Bits 31:8 Reserved, must be kept cleared.

Bit 7 MUX_SEG: Mux segment enable
This bit is used to enable SEG pin remapping. Four SEG pins can be multiplexed with
SEG[31:28]. See Section 12.4.7.
0: SEG pin multiplexing disabled
1: SEG[31:28] are multiplexed with SEG[43:40]

Bits 6:5 BIAS[1:0]: Bias selector
These bits determine the bias used. Value 11 is forbidden.
00: Bias 1/4
01: Bias 1/2
10: Bias 1/3
11: Reserved

Bits 4:2 DUTY[2:0]: Duty selection
These bits determine the duty cycle. Values 101, 110 and 111 are forbidden.

000: Static duty

001: 1/2 duty

010: 1/3 duty

011: 1/4 duty

100: 1/8 duty

101: Reserved

110: Reserved

111: Reserved

Bit 1 VSEL: Voltage source selection
The VSEL bit determines the voltage source for the LCD.

0: Internal source (voltage step-up converter)
1: External source (V| ¢p pin)

Bit 0 LCDEN: LCD controller enable

This bit is set by software to enable the LCD Controller/Driver. It is cleared by software to turn
off the LCD at the beginning of the next frame. When the LCD is disabled all COM and SEG
pins are driven to Vgg.

0: LCD Controller disabled

1: LCD Controller enabled
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Note: The VSEL, MUX_SEG, BIAS and DUTY bits are write protected when the LCD is enabled
(ENS bitin LCD_SR to 1).

12.5.2 LCD frame control register (LCD_FCR)

Address offset: 0x04
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
PS[3:0] DIV[3:0] BLINK[1:0]
Reserved
rw ‘ rw | rw | rw rw | rw | rw ‘ rw rw rw
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
BLINKF[2:0] CC[2:0] DEAD[2:0] PON[2:0] UDDIE . SOFIE | HD
es.
rw ‘ rw | rw rw | rw ‘ rw rw ‘ rw | rw rw ‘ rw | rw rw rw rw
Bits 31:26 Reserved, must be kept cleared.
Bits 25:22 PS[3:0]: PS 16-bit prescaler
These bits are written by software to define the division factor of the PS 16-bit prescaler.
ck_ps = LCDCLK/(2). See Section 12.4.2.
0000: ck_ps = LCDCLK
0001: ck_ps = LCDCLK/2
0002: ck_ps = LCDCLK/4
1111: ck_ps = LCDCLK/32768
Bits 21:18 DIV[3:0]: DIV clock divider

These bits are written by software to define the division factor of the DIV divider. See
Section 12.4.2.

0000: ck_div = ck_ps/16
0001: ck_div = ck_ps/17
0002: ck_div = ck_ps/18

1111: ck_div = ck_ps/31

Bits 17:16 BLINK][1:0]: Blink mode selection

00: Blink disabled

01: Blink enabled on SEG[0], COMI[O0] (1 pixel)

10: Blink enabled on SEG[0], all COMs (up to 8 pixels depending on the programmed duty)
11: Blink enabled on all SEGs and all COMs (all pixels)

Bits 15:13 BLINKF[2:0]: Blink frequency selection

000: fLCD/S 100: fLCD/1 28
001: fLCD/1 6 101: fLCD/256
010: fLCD/32 110: fLCD/512
011: fLCD/64 111: fLCD/1024
Doc ID 15965 Rev 4 263/598




LCD controller (LCD) RMO0038

Bits 12:10 CCJ[2:0]: Contrast control
These bits specify one of the V| cp maximum voltage (independent of Vpp). It ranges from
2.60 Vto 3.51V.

Note: 000: VLCDO
001: VLCD1
010: VLCD2
011: VLCD3
100: VLCD4
101: VLCD5
110 V cps
111: VLCD7

Bits 9:7 DEAD[2:0]: Dead time duration

These bits are written by software to configure the length of the dead time between frames.
During the dead time the COM and SEG voltage levels are held at 0 V to reduce the
contrast without modifying the frame rate.

000: No dead time

001: 1 phase period dead time

010: 2 phase period dead time

111: 7 phase period dead time

Bits 6:4 PON[2:0]: Pulse ON duration
These bits are written by software to define the pulse duration in terms of ck_ps
pulses. A short pulse will lead to lower power consumption, but displays with
high internal resistance may need a longer pulse to achieve satisfactory contrast.
Note that the pulse will never be longer than one half prescaled LCD clock period.

000: 0 100: 4/ck_ps
001: 1/ck_ps 101: 5/ck_ps
010: 2/ck_ps 110: 6/ck_ps
011: 3/ck_ps 111: 7/ck_ps

PON duration example with LCDCLK = 32.768 kHz and PS=0x03:

000: O ps 100: 976 ps

001: 244 ps 101: 1.22 ms
010: 488 ps 110: 1.46 ms
011: 782 ps 111:1.71 ms

Bit 3 UDDIE: Update display done interrupt enable
This bit is set and cleared by software.

0: LCD Update Display Done interrupt disabled
1: LCD Update Display Done interrupt enabled
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Bit 2 Reserved, must be kept cleared.

Bit 1 SOFIE: Start of frame interrupt enable
This bit is set and cleared by software.

0: LCD Start of Frame interrupt disabled
1: LCD Start of Frame interrupt enabled

Bit 0 HD: High drive enable
This bit is written by software to enable a low resistance divider. Displays with high internal
resistance may need a longer drive time to achieve satisfactory contrast. This bit is useful in
this case if some additional power consumption can be tolerated.

0: Permanent high drive disabled
1: Permanent high drive enabled. When HD=1, then the PON bits have to be programmed

to 001.

Note: The data in this register can be updated any time, however the new values are applied only
at the beginning of the next frame (except for CC, UDDIE, SOFIE that affect the device

behavior immediately).
Reading this register obtains the last value written in the register and not the configuration
used to display the current frame.

12.5.3 LCD status register (LCD_SR)

Address offset: 0x08
Reset value: 0x0000 0020

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

FCRSF | RDY ubD UDR SOF ENS

Reserved

Bits 31:6 Reserved, must be kept cleared.

Bit 5 FCRSF: LCD Frame Control Register Synchronization flag
This bit is set by hardware each time the LCD_FCR register is updated in the LCDCLK
domain. It is cleared by hardware when writing to the LCD_FCR register.
0: LCD Frame Control Register not yet synchronized
1: LCD Frame Control Register synchronized

Bit 4 RDY: Ready flag
This bit is set and cleared by hardware. It indicates the status of the step-up converter.

0: Not ready
1: Step-up converter is enabled and ready to provide the correct voltage.
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Bit 3 UDD: Update Display Done

This bit is set by hardware. It is cleared by writing 1 to the UDDC bit in the LCD_CLR register.

The bit set has priority over the clear.
0: No event

1: Update Display Request done. A UDD interrupt is generated if the UDDIE bit in the

LCD_FCR register is set.

Note: If the device is in STOP mode (PCLK not provided) UDD will not generate an interrupt

even if UDDIE = 1.

If the display is not enabled the UDD interrupt will never occur.

Bit 2 UDR: Update display request

Each time software modifies the LCD_RAM it must set the UDR bit to transfer the updated
data to the second level buffer. The UDR bit stays set until the end of the update and during

this time the LCD_RAM is write protected.
0: No effect
1: Update Display request

Note: When the display is disabled, the update is performed for all LCD_DISPLAY locations.

When the display is enabled, the update is performed only for locations for which
commons are active (depending on DUTY). For example if DUTY = 1/2, only the

LCD_DISPLAY of COMO0 and COM1 will be updated.

Note: Writing 0 on this bit or writing 1 when it is already 1 has no effect. This bit can be
cleared by hardware only. It can be cleared only when LCDEN = 1

Bit 1 SOF: Start of frame flag

This bit is set by hardware at the beginning of a new frame, at the same time as the display
data is updated. It is cleared by writing a 1 to the SOFC bit in the LCD_CLR register. The bit

clear has priority over the set.
0: No event

1: Start of Frame event occurred. An LCD Start of Frame Interrupt is generated if the SOFIE

bit is set.

Bit 0 ENS: LCD enabled status

This bit is set and cleared by hardware. It indicates the LCD controller status.

0: LCD Controller disabled.
1: LCD Controller enabled

Note: The ENS bit is set immediately when the LCDEN bit in the LCD_CR goes from 0 to 1.
On deactivation it reflects the real status of LCD so it becomes 0 at the end of the last

displayed frame.

12.5.4 LCD clear register (LCD_CLR)

Address offset: 0x0C
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved ubbe Res. SOFe Res.
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Bit 31:2 Reserved, must be kept cleared.

Bit 3 UDDC: Update display done clear
This bit is written by software to clear the UDD flag in the LCD_SR register.
0: No effect
1: Clear UDD flag

Bit 2 Reserved, must be kept cleared.

Bit 1 SOFC: Start of frame flag clear
This bit is written by software to clear the SOF flag in the LCD_SR register.
0: No effect
1: Clear SOF flag

Bit 0 Reserved, must be kept cleared.
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12.5.5 LCD display memory (LCD_RAM)
Address offset: 0x14-0x50
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
SEGMENT_DATA[31:16]
rw | rw | rw | w | rw | rw | rw | rw | rw | rw | rw | w | rw | w | w | rw
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
SEGMENT_DATA[15:0]
rw | rw | rw | w | rw | rw | rw | rw | rw | rw | rw | w | rw | rw | rw | rw
Bits 31:0 SEGMENT_DATA[31:0]
Each bit corresponds to one pixel of the LCD display.
0: Pixel inactive
1: Pixel active
Note: See register map for more details
12.5.6 LCD register map
The following table summarizes the LCD registers.
Table 51. LCD register map and reset values
Offset| Register |5|3/Q[R[N|&[&[I[R[][5|Q[2[2[ |e[e[z[2[ar[2[o]e]~ 0|0 <]oa]-|o
gl 2 42
i .1l W
0X00 LCD_CR ENRI 2| @ DUTY[2.0]§ 9
) - -
= m
Reset value O[oJoJoJoJo[o0]oO
=) g
— - w |o |w
0x04 LCD_FCR ENT PS[3:0] DIV[3:0] é ¥ CCl2:0] o] |PONE:0I|8 e |52
EI 5 ) 8 w
o o
Reset value 0JO0JOJO|0O[0[0[0[0JO|O0JO0[0|0[0]JO[0JOJ0[0[0[0]O0 00
[T
0 (>0 |L (v
0x08 LCD_SR Reserved § E g % 8 E
Reset value 1[of[0[0[0O]O
QI8 IR [8
0x0C LCD_CLR Reserved a E o g
1D o (D |a
Reset value 0|2 [0]2
— [© |® |0 [N |© [ |F M |N |~ [© |0 (0|~ [O W |F(M|N ([~ |O (D[N [O |V [ |M AN |~ O
MM NN N ||| |O|O O |O|O|O|O|OC|O|OC
0x14 DD D00 |00 |0D|0[0|0|n|n|n|nln|n|n ln|n|n|d|d|6|d|D|d|d|D D |hD
LCD_RAM 0Oj0|0[0|0|0[0O|[0|0O|O|O[0O|0O|O[O[O|O[O|O|O|O|O[O[O|0O|O[O|O[O][O][0][O
(COMOo)
™M IN [~ |O (D |0 [ |© (W | |M AN
< IS ([T M MMM
0x18 Reserved N |00 |06 |0 |6 (6|0 |6
o[0[0[0|0[O0[0[0O|O[O[0O][O
— [© |® | [N O [ |F M |N |- [© |0 (0|~ [O | |F(M|AN ([~ |O (D[N [O© |V (M |AN |— O
MM [N IN NN INN || [ ||| |O|O O |O|O|O|O|O|O|OC
0x1C nwmnnninnin|onnnnonnnnn|nnonnnnin|nin|nlnnninn
LCD_RAM 0O|0(0j0[0[0O|O|O|0O|O|O|O[O[O[O|O|O|O|O[O|O[O|O[O|O|O|O|O[O[O[O]O
(CoM1)
™A [~ |O (D |0 [ |© (W (S |M™ |
< IS (TSRO MMM MM
0x20 Reserved 0|0 |nln|ad|o| 6|6 v |K
0[0|[0[0|0[0[0O[0O|O[O[0O][O
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LCD register map and reset values (continued)

Table 51.
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13.1

13.2
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General-purpose timers (TIM2 to TIM4)

TIM2 to TIM4 introduction

The general-purpose timers consist of a 16-bit auto-reload counter driven by a
programmable prescaler.

They may be used for a variety of purposes, including measuring the pulse lengths of input
signals (input capture) or generating output waveforms (output compare and PWM).

Pulse lengths and waveform periods can be modulated from a few microseconds to several
milliseconds using the timer prescaler and the RCC clock controller prescalers.

The timers are completely independent, and do not share any resources. They can be
synchronized together as described in Section 13.3.15.

TIM2 to TIM4 main features

General-purpose TIMx timer features include:
® 16-bit up, down, up/down auto-reload counter.

® 16-bit programmable prescaler used to divide (also “on the fly”) the counter clock
frequency by any factor between 1 and 65535.

® Up to 4 independent channels for:

Input capture

Output compare

PWM generation (Edge- and Center-aligned modes)
—  One-pulse mode output

® Synchronization circuit to control the timer with external signals and to interconnect
several timers.

o Interrupt/DMA generation on the following events:

—  Update: counter overflow/underflow, counter initialization (by software or
internal/external trigger)

—  Trigger event (counter start, stop, initialization or count by internal/external trigger)
—  Input capture
—  Output compare

® Supports incremental (quadrature) encoder and hall-sensor circuitry for positioning
purposes

@ Trigger input for external clock or cycle-by-cycle current management
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Figure 66. General-purpose timer block diagram

Internal clock (CK_INT)
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13.3 TIM2 to TIM4 functional description

13.3.1 Time-base unit

The main block of the programmable timer is a 16-bit counter with its related auto-reload
register. The counter can count up but also down or both up and down. The counter clock
can be divided by a prescaler.

The counter, the auto-reload register and the prescaler register can be written or read by
software. This is true even when the counter is running.

The time-base unit includes:

® Counter Register (TIMx_CNT)
® Prescaler Register (TIMx_PSC):
® Auto-Reload Register (TIMx_ARR)
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The auto-reload register is preloaded. Writing to or reading from the auto-reload register
accesses the preload register. The content of the preload register are transferred into the
shadow register permanently or at each update event (UEV), depending on the auto-reload
preload enable bit (ARPE) in TIMx_CR1 register. The update event is sent when the counter
reaches the overflow (or underflow when downcounting) and if the UDIS bit equals 0 in the
TIMx_CR1 register. It can also be generated by software. The generation of the update
event is described in detail for each configuration.

The counter is clocked by the prescaler output CK_CNT, which is enabled only when the
counter enable bit (CEN) in TIMx_CR1 register is set (refer also to the slave mode controller
description to get more details on counter enabling).

Note that the actual counter enable signal CNT_EN is set 1 clock cycle after CEN.

Prescaler description

The prescaler can divide the counter clock frequency by any factor between 1 and 65536. It
is based on a 16-bit counter controlled through a 16-bit register (in the TIMx_PSC register).
It can be changed on the fly as this control register is buffered. The new prescaler ratio is
taken into account at the next update event.

Figure 67 and Figure 68 give some examples of the counter behavior when the prescaler
ratio is changed on the fly:

Figure 67. Counter timing diagram with prescaler division change from 1 to 2

orse JUUUUUUTUTUUUUUUT
CNT_EN |

Timer clock = CK_CNT
Counter register __F7_YFa)FeFA(FE(FS oo | o1 { o2 | o3 |

Update event (UEV) |_|

Prescaler control register 0 ‘X 1

Write a new value in TIMx_PSC

Prescaler buffer 0 X 1

Prescaler counter 0 0 n 0 0 0 n
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Figure 68. Counter timing diagram with prescaler division change from 1 to 4

expse JULTUUUUUUUULTLLLT

ONTEN |
Timerclock=ck_ent | [T LT1J 1] [ [
Counter register o Y o Y

Update event (UEV) |_|

Prescaler control register 0 ‘X 3

Write a new value in TIMx_PSC

Prescaler buffer 0 X 3

Prescaler counter 0 n 2 0 n 2

Counter modes

Upcounting mode

In upcounting mode, the counter counts from 0 to the auto-reload value (content of the
TIMx_ARR register), then restarts from 0 and generates a counter overflow event.

An Update event can be generated at each counter overflow or by setting the UG bit in the
TIMx_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 TIMx_CR1 register.
This is to avoid updating the shadow registers while writing new values in the preload
registers. Then no update event occurs until the UDIS bit has been written to 0. However,
the counter restarts from 0, as well as the counter of the prescaler (but the prescale rate
does not change). In addition, if the URS bit (update request selection) in TIMx_CR1
register is set, setting the UG bit generates an update event UEV but without setting the UIF
flag (thus no interrupt or DMA request is sent). This is to avoid generating both update and
capture interrupts when clearing the counter on the capture event.

When an update event occurs, all the registers are updated and the update flag (UIF bit in

TIMx_SR register) is set (depending on the URS bit):

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

® The auto-reload shadow register is updated with the preload value (TIMx_ARR)

The following figures show some examples of the counter behavior for different clock
frequencies when TIMx_ARR=0x36.
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Figure 69. Counter timing diagram, internal clock divided by 1

cont JUUTTUUTUTTUUTUULI
ONT_EN |
Timer clock = CK_CNT
Counterregister 31 {32Y33Y34)35) 36} 00J01Y02Y03)04 0506 Y07)

Counter overflow |_|

Update event (UEV) |—|

Update interrupt flag (UIF) |

Figure 70. Counter timing diagram, internal clock divided by 2

cont JUTTUTUUUTTUUTUTLI

CNT_EN
Timer clock = CK_CNT l_l |_| H_ﬂ_ﬂ_ﬂ_ﬂ_

Counter register 0034 Y 0035 0036 J 0000 0001 Y 0002 Y 0003 |

Counter overflow |_|

Update event (UEV) |—|

Update interrupt flag (UIF) |

Figure 71. Counter timing diagram, internal clock divided by 4

cont JUTTUTUUUTTUUUUTLI
CNT_EN

TImer clock = CK_CNT |—| |—| |_|
Counter register 0035 Y ooss Y oooo Y ooo1
Counter overflow |_|
Update event (UEV) |_|

Update interrupt flag (UIF) |
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Figure 72. Counter timing diagram, internal clock divided by N

CK_INT m—um
L

Timer clock = CK_CNT 1

%

Counter register 1F 20

Counter overflow

Update event (UEV)

L LL

Update interrupt flag (UIF)

Figure 73. Counter timing diagram, Update event when ARPE=0 (TIMx_ARR not

preloaded)
CK_INT |_| |_| |_| |_| |_| |_|

CNT_EN
Timer clock = CK_CNT

32)33) 34/ 35) 36} 00) 01)02) 0304 Y05 Y0607}

Counter register 31
Counter overflow |_|
Update event (UEV) |_|

Update interrupt flag (UIF)

Auto-reload register FF ‘X 36

Write a new value in TIMx_ARR
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Figure 74. Counter timing diagram, Update event when ARPE=1 (TIMx_ARR
preloaded)

CK_PSC |_| |_| I_I I_I |_|

CNT_EN J
Timer clock = CK_CNT
Counter register FO F2 00 @ 03 m 05 @

Counter overflow |_|

Update event (UEV) |—|

Update interrupt flag (UIF) |

Auto-reload preload register F5 ‘X 36

/

Auto-reload shadow register F5 X 36

Write a new value in TIMx_ARR

Downcounting mode

In downcounting mode, the counter counts from the auto-reload value (content of the
TIMx_ARR register) down to 0, then restarts from the auto-reload value and generates a
counter underflow event.

An Update event can be generate at each counter underflow or by setting the UG bit in the
TIMx_EGR register (by software or by using the slave mode controller)

The UEV update event can be disabled by software by setting the UDIS bit in TIMx_CR1
register. This is to avoid updating the shadow registers while writing new values in the
preload registers. Then no update event occurs until UDIS bit has been written to 0.
However, the counter 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_CR1 register is set, setting the
UG bit generates an update event UEV but without setting the UIF flag (thus no interrupt or
DMA request is sent). This is to avoid generating both update and capture interrupts when

clearing the counter on the capture event.

When an update event occurs, all the registers are updated and the update flag (UIF bit in

TIMx_SR register) is set (depending on the URS bit):

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

® The auto-reload active register is updated with the preload value (content of the

TIMx_ARR register). Note that the auto-reload is updated before the counter is
reloaded, so that the next period is the expected one.

The following figures show some examples of the counter behavior for different clock
frequencies when TIMx_ARR=0x36.
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Figure 75. Counter timing diagram, internal clock divided by 1

cont JUUTTUUTUTTUUUUULI

CNT_EN
Timer clock = CK_CNT
Counterregister 05 f04Y03Y02)01{00)(36)(3534Y33Y32)31)30)2F}

Counter underflow (cnt_udf) |_|

Update event (UEV) |—|

Update interrupt flag (UIF) |

Figure 76. Counter timing diagram, internal clock divided by 2

cont JUTTUTUUUTTUUTUTLI

CNT_EN
Timer clock = CK_CNT l_l |_| H_ﬂ_ﬂ_ﬂ_ﬂ_

Counter register 0002 Y 0001Y 0000 Y 0036} 0035 Y 0034 Y 0033 )(:

Counter underflow |_|

Update event (UEV) |—|

Update interrupt flag (UIF) |

Figure 77. Counter timing diagram, internal clock divided by 4

cont JUTTUTUUUTTUUUUTLI
CNT_EN

Timer clock = CK_CNT |—| |—| |_|
Counter register 0001 Y oooo Y oose Y o035
Counter underflow |_|
Update event (UEV) |_|

Update interrupt flag (UIF) |
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Figure 78. Counter timing diagram, internal clock divided by N

CK_INT |_|_|_L—|_|_|_|_|_|_|/
L

Timer clock = CK_CNT 1

|

Counter register 20 1F 0 36

Counter underflow

Update event (UEV)

|l
I R

Update interrupt flag (UIF)

Figure 79. Counter timing diagram, Update event when repetition counter is not
used

CK_INT |_||_H_||_||_||_|

CNT_EN
Timer clock = CK_CNT

Counter register 05 J04)03Y02)01)00)36)35)34/33)32)(31

Counter underflow |_|

Update event (UEV) |_|

Update interrupt flag (UIF) |

Auto-reload register FF ‘X 36

Write a new value in TIMx_ARR

Center-aligned mode (up/down counting)

In center-aligned mode, the counter counts from 0 to the auto-reload value (content of the
TIMx_ARR register) — 1, generates a counter overflow event, then counts from the auto-
reload 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 arenot equal to '00'.
The Output compare interrupt flag of channels configured in output is set when: the counter
counts down (Center aligned mode 1, CMS = "01"), the counter counts up (Center aligned
mode 2, CMS = "10") the counter counts up and down (Center aligned mode 3, CMS =
"11").

In this mode, the direction bit (DIR from 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.
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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 event occurs until the UDIS bit has been written to 0.
However, the counter continues counting up and down, based on the current auto-reload
value.

In addition, if the URS bit (update request selection) in TIMx_CR1 register is set, setting the
UG bit generates an update event UEV but without setting the UIF flag (thus no interrupt or
DMA request is sent). This is to avoid generating both update and capture interrupt when
clearing the counter on the capture event.

When an update event occurs, all the registers are updated and the update flag (UIF bit in
TIMx_SR register) is set (depending on the URS bit):

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

® The auto-reload active register is updated with the preload value (content of the
TIMx_ARR register). Note that if the update source is a counter overflow, the auto-
reload is updated before the counter is reloaded, so that the next period is the expected
one (the counter is loaded with the new value).

The following figures show some examples of the counter behavior for different clock
frequencies.

Figure 80. Counter timing diagram, internal clock divided by 1, TIMx_ARR=0x6

oont JUTTUUUTUUUUUTLL
CNTEN |
Timer clock = CK_CNT
Counter register 04 YoY02}{01)00)01Y02Y0s}o4{05 o6 Yoso4)os|

Counter underflow |_|
Counter overflow |_|
Update event (UEV) |_| |_|

Update interrupt flag (UIF) é

1. Here, center-aligned mode 1 is used (for more details refer to Section 13.4.1: TIMx control register 1 (TIMx_CR1) on
page 306).
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Figure 81. Counter timing diagram, internal clock divided by 2

CK_INT

CNT_EN
Tlmer clock = CK_CNT l_l |_| H_ﬂ_ﬂ_ﬂ_ﬂ_

Counter register 0003 Y 0002 0001 Y 0000 0001 Y 0002 Y 0003 )(:

Counter underflow |_|

Update event (UEV) |—|

Update interrupt flag (UIF) |

Figure 82. Counter timing diagram, internal clock divided by 4, TIMx_ARR=0x36

cont JUTTUTUUUTTUUUUTLI
CNT_EN

Timer clock = CK_CNT |_| |_| |_|
Counter register 0034 \ ooss Y oose Y o035
Counter overflow (cnt_ovf) |_|
Update event (UEV) |—|

Update interrupt flag (UIF) |

1. Center-aligned mode 2 or 3 is used with an UIF on overflow.

Figure 83. Counter timing diagram, internal clock divided by N

oone UL, S
1, 0

Timer clock = CK_CNT 1

Counter register 20 1F 1 00

Counter underflow

Update event (UEV)

JEl
I I R

Update interrupt flag (UIF)
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Figure 84. Counter timing diagram, Update event with ARPE=1 (counter underflow)

cont [JUTUUUUUULUTUUUU
CNTEN |
mmercock=ck_ont [ U U U UUU UYL

Counter underflow |_|

Update event (UEV) |—|

Update interrupt flag (UIF)

Auto-reload preload register FD ‘X 36
Write a new value in TIMx_ARR
Auto-reload active register FD X 36

Figure 85. Counter timing diagram, Update event with ARPE=1 (counter overflow)

CK_INT |_||_||_||_||_||_|

CNT_EN
Timer clock = CK_CNT

Counter register _ F7__ \F8}FofFA(FB{FC|36)35)34)33)32 31

Counter overflow |_|

Update event (UEV) |—|

Update interrupt flag (UIF)

Auto-reload preload register FD ‘X 36
Write a new value in TIMx_ARR
Auto-reload active register FD X 36
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13.3.3 Clock selection

The counter clock can be provided by the following clock sources:
® Internal clock (CK_INT)

® External clock mode1: external input pin (TIx)

® External clock mode2: external trigger input (ETR)
°

Internal trigger inputs (ITRx): using one timer as prescaler for another timer, for
example, you can configure Timer 3 to act as a prescaler for Timer 2. Refer to : Using
one timer as prescaler for another on page 301 for more details.

Internal clock source (CK_INT)

If the slave mode controller is disabled (SMS=000 in the TIMx_SMCR register), then the
CEN, DIR (in the TIMx_CR1 register) and UG bits (in the TIMx_EGR register) are actual
control bits and can be changed only by software (except UG which remains cleared
automatically). As soon as the CEN bit is written to 1, the prescaler is clocked by the internal
clock CK_INT.

Figure 86 shows the behavior of the control circuit and the upcounter in normal mode,
without prescaler.

Figure 86. Control circuit in normal mode, internal clock divided by 1

cont JTUTUTUTUTUUUUUUL

CEN=CNT_EN _|
UG [ ]
CNT_INIT [ ]

Counter clock = CK_CNT = CK_PSC

COUNTERREGISTER 31 J3233)34)(35)36)00}01}02)03}04 {0506 07}

External clock source mode 1

This mode is selected when SMS=111 in the TIMx_SMCR register. The counter can count
at each rising or falling edge on a selected input.
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Figure 87. TI2 external clock connection example
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For example, to configure the upcounter to count in response to a rising edge on the TI2
input, use the following procedure:

For example, to configure the upcounter to count in response to a rising edge on the TI2

input, use the following procedure:

1. Configure channel 2 to detect rising edges on the TI2 input by writing CC2S= ‘01 in the
TIMx_CCMR1 register.

2. Configure the input filter duration by writing the IC2F[3:0] bits in the TIMx_CCMR1
register (if no filter is needed, keep IC2F=0000).

Note: The capture prescaler is not used for triggering, so you don’t need to configure it.
3. Select rising edge polarity by writing CC2P=0 and CC2NP=0 in the TIMx_CCER
register.
4. Configure the timer in external clock mode 1 by writing SMS=111 in the TIMx_SMCR
register.

5. Select TI2 as the input source by writing TS=110 in the TIMx_SMCR register.

6. Enable the counter by writing CEN=1 in the TIMx_CR1 register.

When a rising edge occurs on TI2, the counter counts once and the TIF flag is set.

The delay between the rising edge on TI2 and the actual clock of the counter is due to the
resynchronization circuit on TI2 input.

Figure 88. Control circuit in external clock mode 1

L I N IR B
CNT_EN |
Counter clock = CK_CNT = CK_PSC —| —|
Counter register 34 35 X 36
TIF [ N

Write TIF=0 /

IYI Doc ID 15965 Rev 4 283/598




General-purpose timers (TIM2 to TIM4) RMO0038

284/598

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.

The Figure 89 gives an overview of the external trigger input block.

Figure 89. External trigger input block
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TIMx_SMCR TIMx_SMCR TIMx_SMCR ECE| [SMS[2:0]
TIMx_SMCR

For example, to configure the upcounter to count each 2 rising edges on ETR, use the
following procedure:

1. As no filter is needed in this example, write ETF[3:0]=0000 in the TIMx_SMCR register.
2. Set the prescaler by writing ETPS[1:0]=01 in the TIMx_SMCR register

3. Select rising edge detection on the ETR pin by writing ETP=0 in the TIMx_SMCR
register

4. Enable external clock mode 2 by writing ECE=1 in the TIMx_SMCR register.
5. Enable the counter by writing CEN=1 in the TIMx_CR1 register.

The counter counts once each 2 ETR rising edges.

The delay between the rising edge on ETR and the actual clock of the counter is due to the
resynchronization circuit on the ETRP signal.

Figure 90. Control circuit in external clock mode 2
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13.3.4 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).

The following figure gives an overview of one Capture/Compare channel.

The input stage samples the corresponding Tlx 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).

Figure 91. Capture/compare channel (example: channel 1 input stage)

TIF_ED
to the slave mode controller
—>
™ TIMF_Risin
O——————  filter TPl Edge ' TIFP1 o
fors downcounter Detector  [TI1F_Falling
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~ = controller)
TI2F_rising
(from channel 2) | i | K | | |
TI2F_falling CC18[1:0]| ICPS[1:0] CC1E
(from channel 2) | — TIMx_CCMR1 TIMx_CCER

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

Figure 92. Capture/compare channel 1 main circuit
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Figure 93. Output stage of capture/compare channel (channel 1)
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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.
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13.3.5 Input capture mode
In Input capture mode, the Capture/Compare Registers (TIMx_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 (TIMx_SR register) is set and an interrupt or
a DMA request can be sent if they are enabled. If a capture occurs while the CCxIF flag was
already high, then the over-capture flag CCxOF (TIMx_SR register) is set. CCxIF can be
cleared by software by writing it to O or by reading the captured data stored in the
TIMx_CCRXx register. CCxOF is cleared when you write it to 0.
The following example shows how to capture the counter value in TIMx_CCR1 when TI1
input rises. To do this, use the following procedure:
® Select the active input: TIMx_CCR1 must be linked to the TI1 input, so write the CC1S
bits to 01 in the TIMx_CCMR1 register. As soon as CC1S becomes different from 00,
the channel is configured in input and the TIMx_CCR1 register becomes read-only.
® Program the input filter duration you need with respect to the signal you connect to the
timer (when the input is one of the TIx (ICxF bits in the TIMx_CCMRX register). Let’'s
imagine 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 fpg frequency). Then write IC1F bits to 0011 in the
TIMx_CCMR1 register.
® Select the edge of the active transition on the TI1 channel by writing the CC1P and
CC1NP bits to 00 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 in the
TIMx_CCER register.
® If needed, enable the related interrupt request by setting the CC1IE bit in the
TIMx_DIER register, and/or the DMA request by setting the CC1DE bit in the
TIMx_DIER register.
When an input capture occurs:
® The TIMx_CCRT1 register gets the value of the counter on the active transition.
® CCi1IF flag is set (interrupt flag). CC10F is also set if at least two consecutive captures
occurred whereas the flag was not cleared.
® Aninterrupt is generated depending on the CC1IE bit.
® A DMA request is generated depending on the CC1DE bit.
In order to handle the overcapture, it is recommended to read the data before the
overcapture flag. This is to avoid missing an overcapture which could happen after reading
the flag and before reading the data.
Note: IC interrupt and/or DMA requests can be generated by software by setting the

corresponding CCxG bit in the TIMx_EGR register.
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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.
These 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 configured in reset mode.

For example, you can measure the period (in TIMx_CCR1 register) and the duty cycle (in
TIMx_CCR2 register) of the PWM applied on TI1 using the following procedure (depending
on CK_INT frequency and prescaler value):

Select the active input for TIMx_CCR1: write the CC1S bits to 01 in the TIMx_CCMR1
register (TI1 selected).

Select the active polarity for TIHHFP1 (used both for capture in TIMx_CCR1 and counter
clear): write the CC1P to ‘0’ and the CC1NP bit to ‘0’ (active on rising edge).

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

Select the active polarity for TI1FP2 (used for capture in TIMx_CCR2): write the CC2P
bit to ‘1’ and the CC2NP bit to '0’ (active on falling edge).

Select the valid trigger input: write the TS bits to 101 in the TIMx_SMCR register
(THFP1 selected).

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

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

Figure 94. PWM input mode timing
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13.3.7

13.3.8

Forced output mode

In output mode (CCxS bits = 00 in the TIMx_CCMRX register), each output compare signal
(OCxREF and then OCx) can be forced to active or inactive level directly by software,
independently of any comparison between the output compare register and the counter.

To force an output compare signal (ocxref/OCx) to its active level, you just need to write 101
in the OCxM bits in the corresponding TIMx_CCMRXx register. Thus ocxref is forced high
(OCXREF is always active high) and OCx get opposite value to CCxP polarity bit.

e.g.: 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 TIMx_CCMRx
register.

Anyway, the comparison between the TIMx_CCRx shadow register and the counter is still
performed and allows the flag to be set. Interrupt and DMA requests can be sent
accordingly. This is described in the Output Compare Mode section.

Output compare mode

This function is used to control an output waveform or indicating when a period of time has
elapsed.

When a match is found between the capture/compare register and the counter, the output
compare function:

® 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).

® Sends a DMA request if the corresponding enable bit is set (CCxDE bit in the
TIMx_DIER register, CCDS bit in the TIMx_CR2 register for the DMA request
selection).

The TIMx_CCRXx registers can be programmed with or without preload registers using the
OCXxPE bit in the TIMx_CCMRXx register.

In output compare mode, the update event UEV has no effect on ocxref and OCx output.
The timing resolution is one count of the counter. Output compare mode can also be used to
output a single pulse (in One-pulse mode).

Procedure:

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

2.  Write the desired data in the TIMx_ARR and TIMx_CCRXx registers.

3. Set the CCxIE and/or CCxDE bits if an interrupt and/or a DMA request is to be
generated.

4. Select the output mode. For example, you must write OCxM=011, OCxPE=0, CCxP=0
and CCxE=1 to toggle OCx output pin when CNT matches CCRx, CCRx preload is not
used, OCx is enabled and active high.

5. Enable the counter by setting the CEN bit in the TIMx_CR1 register.
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The TIMx_CCRXx register can be updated at any time by software to control the output
waveform, provided that the preload register is not enabled (OCxPE=0, else TIMx_CCRXx
shadow register is updated only at the next update event UEV). An example is given in
Figure 95.

Figure 95. Output compare mode, toggle on OC1.
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PWM mode

Pulse width modulation mode allows you to generate a signal with a frequency determined
by the value of the TIMx_ARR register and a duty cycle determined by the value of the
TIMx_CCRXx 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
TIMx_CCMRXx register. You must enable the corresponding preload register by setting the
OCXxPE bit in the TIMx_CCMRXx register, and eventually the auto-reload preload register (in
upcounting or center-aligned modes) by setting the ARPE bit in the TIMx_CR1 register.

As the preload registers are transferred to the shadow registers only when an update event
occurs, before starting the counter, you have to 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 the CCxE bit in
the TIMx_CCER register. Refer to the TIMx_CCERX 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). However, to comply with the OCREF_CLR functionality (OCREF can be
cleared by an external event through the ETR signal until the next PWM period), the OCREF
signal is asserted only:

® When the result of the comparison changes, or

® When the output compare mode (OCxM bits in TIMx_CCMRXx register) switches from
the “frozen” configuration (no comparison, OCxM="000) to one of the PWM modes
(OCxM="110 or “111).
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This forces the PWM by software while the timer is running.

The timer is able to generate PWM in edge-aligned mode or center-aligned mode
depending on the CMS bits in the TIMx_CR1 register.

PWM edge-aligned mode

Upcounting configuration

Upcounting is active when the DIR bit in the TIMx_CR1 register is low. Refer to the Section :
Upcounting mode on page 273.

In the following example, we consider PWM mode 1. The reference PWM signal OCxREF is
high as long as TIMx_CNT <TIMx_CCRXx else it becomes low. If the compare value in
TIMx_CCRXx is greater than the auto-reload value (in TIMx_ARR) then OCxREF is held at ‘1.
If the compare value is 0 then OCxREF is held at ‘0. Figure 96 shows some edge-aligned
PWM waveforms in an example where TIMx_ARR=8.

Figure 96. Edge-aligned PWM waveforms (ARR=8)
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Downcounting configuration

Downcounting is active when DIR bit in TIMx_CR1 register is high. Refer to Downcounting
mode on page 276

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_CCRx 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 depending on the CMS bits configuration. The direction bit (DIR) in the
TIMx_CR1 register is updated by hardware and must not be changed by software. Refer to
the Center-aligned mode (up/down counting) on page 278.
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Figure 97 shows some center-aligned PWM waveforms in an example where:
e TIMx_ARR=8,
® PWM mode is the PWM mode 1,

® The flag is set when the counter counts down corresponding to the center-aligned
mode 1 selected for CMS=01 in TIMx_CR1 register.

Figure 97. Center-alignhed PWM waveforms (ARR=8)

Counter register
OCXREF
CCRx=4
CCxIF CMS=01 ha
CMS=10
CMS=11 f /4
OCXREF
CCRx=7
CMS=10 or 11
CCxIF
OCXREF -
CCRx =8
CCxIF CMS=01 f
CMS=10
CMS=11 A
OCXREF =
CCRx > 8
CoxF | CMS=01 0
CMS=10 A
cMS=11 a
OCxREF 2
CCRx=0
CCxIF CMS=01
CMS=10 f
f CMS=11 f
ai14681b

Hints on using center-aligned mode:

® When starting in center-aligned mode, the current up-down configuration is used. It
means that the counter counts up or down depending on the value written in the DIR bit
in the TIMx_CR1 register. Moreover, the DIR and CMS bits must not be changed at the
same time by the software.

® 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 you write a value in the counter that is greater than
the auto-reload value (TIMx_CNT>TIMx_ARR). For example, if the counter was
counting up, it continues to count up.

—  The direction is updated if you write