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Embedded Flash memory RM0091

Bits 31:14 Reserved, must be kept at reset value.

Bit 13 OBL_LAUNCH: Force option byte loading

When set to 1, this bit forces the option byte reloading. This operation generates a system
reset.

0: Inactive
1: Active
Bit 12 EOPIE: End of operation interrupt enable
This bit enables the interrupt generation when the EOP bit in the FLASH_SR register goes to 1.
0: Interrupt generation disabled
1: Interrupt generation enabled
Bit 11 Reserved, must be kept at reset value

Bit 10 ERRIE: Error interrupt enable

This bit enables the interrupt generation on an error when PGERR / WRPRTERR are set in the
FLASH_SR register.

0: Interrupt generation disabled
1: Interrupt generation enabled

Bit9 OPTWRE: Option byte write enable

When set, the option byte can be programmed. This bit is set on writing the correct key
sequence to the FLASH_OPTKEYR register.

This bit can be reset by software
Bit 8 Reserved, must be kept at reset value.

Bit 7 LOCK: Lock

Write to 1 only. When it is set, it indicates that the Flash is locked. This bit is reset by hardware
after detecting the unlock sequence.

In the event of unsuccessful unlock operation, this bit remains set until the next reset.

Bit 6 STRT: Start

This bit triggers an ERASE operation when set. This bit is set only by software and reset when
the BSY bit is reset.

Bit 5 OPTER: Option byte erase
Option byte erase chosen.

Bit 4 OPTPG: Option byte programming
Option byte programming chosen.

Bit 3 Reserved, must be kept at reset value.

Bit2 MER: Mass erase
Erase of all user pages chosen.

Bit 1 PER: Page erase
Page Erase chosen.

Bit 0 PG: Programming
Flash programming chosen.
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Power control (PWR)

RM0091

5.3.4

86/1004

Table 14. Sleep-now

Sleep-now mode

Description

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

Mod t
ode entry _ SLEEPONEXIT = 0
Refer to the Cortex®-M0 System Control register.
If WFI was used for entry:
| . Ref Tabl : Vector tabl
Mode exit nterrupt: Refer to Table 36: Vector table

If WFE was used for entry
Wakeup event: Refer to Section 11.2.3: Event management

Wakeup latency

None

Table 15. Sleep-on-exit

Sleep-on-exit

Description

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

M
ode entry _ SLEEPONEXIT = 1

Refer to the Cortex®-M0 System Control register.
Mode exit Interrupt: Refer to Table 36: Vector table.

Wakeup latency

None

Stop mode

The Stop mode is based on the Cortex®-M0 deep sleep 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 1.8 V domain are stopped, the PLL, the HSI and the HSE
oscillators are disabled. SRAM and register contents are preserved.

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

Entering Stop mode

Refer to Table 16 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 LPDS bit of the Power control register

(PWR_CR).

If Flash memory programming is ongoing, the Stop mode entry is delayed until the memory

access is finished.

If an access to the APB domain is ongoing, The Stop mode entry is delayed until the APB

access is finished.

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. See

Section 23.3: IWDG functional description in Section 23: Independent watchdog

(IWDG).
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RM0091

Reset and clock control (RCC)

6.2.7

6.2.8

Note:

6.2.9

3

The LSI RC can be switched on and off using the LSION bit in the Control/status register
(RCC_CSR).

The LSIRDY flag in the Control/status register (RCC_CSR) indicates if the LSI 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 Clock interrupt register (RCC_CIR).

System clock (SYSCLK) selection

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

e HSIl oscillator

e  HSE oscillator

e PLL

e  HSI48 oscillator (available only on STM32F04x, STM32F07x and STM32F09x devices)

After a system reset, the HSI oscillator is selected as system clock. When a clock source is
used directly or through the PLL as a 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 becomes ready. Status bits in the
Clock control register (RCC_CR) indicate which clock(s) is (are) ready and which clock is
currently used as a system clock.

Clock security system (CSS)

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 clock, the HSE oscillator is automatically disabled, a clock
failure event is sent to the break input of the advanced-control timers (TIM1) and general-
purpose timers (TIM15, TIM16 and TIM17) and an interrupt is generated to inform the
software about the failure (Clock Security System Interrupt CSSlI), allowing the MCU to
perform rescue operations. The CSSl is linked to the Cortex®-M0 NMI (Non-Maskable
Interrupt) exception vector.

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

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 HSI oscillator and the disabling of the HSE
oscillator. If the HSE clock (divided or not) is the clock entry of the PLL used as system clock
when the failure occurs, the PLL is disabled too.

ADC clock

The ADC clock selection is done inside the ADC_CFGR2 (refer to Section 13.12.5: ADC
configuration register 2 (ADC_CFGR2) on page 263). It can be either the dedicated 14 MHz
RC oscillator (HSI14) connected on the ADC asynchronous clock input or PCLK divided by
2 or 4. The 14 MHz RC oscillator can be configured by software either to be turned on/off
(“auto-off mode”) by the ADC interface or to be always enabled. The HSI 14 MHz RC
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Reset and clock control (RCC) RMO0091

6.4.4 APB peripheral reset register 2 (RCC_APB2RSTR)

Address offset: 0x0C
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
DBGMCU TIM17 | TIM16 | TIM15
RST RST RST RST
w w w w
15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0
USART1 SPI1 TIM1 ADC USART8 | USART7R | USART6 SYSCFG
RST RST RST RST RST ST RST RST
w w w w rw w w w

Bits 31:23 Reserved, must be kept at reset value.

Bits 22 DBGMCURST: Debug MCU reset
Set and cleared by software.
0: No effect
1: Reset Debug MCU

Bits 21:19 Reserved, must be kept at reset value.

Bit 18 TIM17RST: TIM17 timer reset
Set and cleared by software.
0: No effect
1: Reset TIM17 timer

Bit 17 TIM16RST: TIM16 timer reset
Set and cleared by software.
0: No effect
1: Reset TIM16 timer

Bit 16 TIM15RST: TIM15 timer reset
Set and cleared by software.

0: No effect
1: Reset TIM15 timer

Bit 15 Reserved, must be kept at reset value.

Bit 14 USART1RST: USART1 reset
Set and cleared by software.
0: No effect
1: Reset USART1

Bit 13 Reserved, must be kept at reset value.

Bit 12 SPIMRST: SPI1 reset
Set and cleared by software.
0: No effect
1: Reset SPI1

3
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Reset and clock control (RCC) RMO0091

6.4.13

Clock configuration register 3 (RCC_CFGR3)

Address: 0x30
Reset value: 0x0000 0000

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

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
USART3SWI[1:0] | USART2SW[1:0]

rw rw w ‘ w

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

ADC | USB | CEC 12C1 )
SW W W W USART1SWI[1:0]

w rw rw w rw ‘ rw

Bits 31:20 Reserved, must be kept at reset value.

132/1004

Bits 19:18

Bits 17:16

Bits 15:9
Bit 8

Bit 7

Bit 6

Bit 5

USART3SWI[1:0]: USARTS3 clock source selection (available only on STM32F09x devices)
This bit is set and cleared by software to select the USART3 clock source.

00: PCLK selected as USART3 clock source (default)

01: System clock (SYSCLK) selected as USART3 clock

10: LSE clock selected as USART3 clock

11: HSI clock selected as USARTS3 clock

USART2SWI[1:0]: USART?2 clock source selection (available only on STM32F07x and
STM32F09x devices)
This bit is set and cleared by software to select the USART2 clock source.

00: PCLK selected as USART2 clock source (default)

01: System clock (SYSCLK) selected as USART2 clock

10: LSE clock selected as USART2 clock

11: HSI clock selected as USART2 clock

Reserved, must be kept at reset value.
ADCSW: ADC clock source selection

Obsolete setting. To be kept at reset value, connecting the HSI14 clock to the ADC
asynchronous clock input. Proper ADC clock selection is done inside the ADC_CFGR?2 (refer
to Section 13.12.5: ADC configuration register 2 (ADC_CFGR2) on page 263).

USBSW: USB clock source selection
This bit is set and cleared by software to select the USB clock source.

0: HSI148 clock selected as USB clock source (default)
1: PLL clock (PLLCLK) selected as USB clock

CECSW: HDMI CEC clock source selection

This bit is set and cleared by software to select the CEC clock source.
0: HSI clock, divided by 244, selected as CEC clock (default)
1: LSE clock selected as CEC clock

Reserved, must be kept at reset value.

3
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RMO0091 Analog-to-digital converter (ADC)

13.3 ADC pins and internal signals

Table 41. ADC internal signals

Inter:::ns;gnal Signal type Description
TRGx Input ADC conversion triggers
VseNSE Input Internal temperature sensor output voltage
VREFINT Input Internal voltage reference output voltage
VeaT/2 Input VgaT Pin input voltage divided by 2
Table 42. ADC pins
Name Signal type Remarks
Vooa Input, analog power Analog power supply and positive reference voltage
supply for the ADC, Vppa = Vpp
Vssa Input, analog supply Grounq for analog power supply. Must be at Vgg
ground potential
ADC_IN[15:0] |Analog input signals 16 analog input channels

3
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RMO0091 Analog-to-digital converter (ADC)

13.12.11 ADC register map

The following table summarizes the ADC registers.

Table 50. ADC register map and reset values

Offset| Register |5/3|2/%|N[Q|R3(2(Q|S[R 2|22z |xc|2|e|w|~|o|0|<|o|c|~|o
AERES
o) x|olo|S |8
ADC_ISR > x
0x00 - z o§8§2
Reset value 0 o|0|O0f0OfO
L W jw
w wig|wz =
ADC_IER = gz
0x04 Z olo|w|o|a
L w | <C
Reset value 0 0o|{0|O0f0OfO
_. ol |k
@ |z
ADC_CR |3 bl |Ela|a
0x08 a la) wo<
< < 2=
Reset value 0 0 0|0]|0
=) x |o
z o ZLul:p_l—g = z 3L |3
ADC_CFGR1 AWDCH[4:0] 82 S °l121812| 3 EXTSEL |G | RES |5 Q<
0x0C e 252 8lE| (o] |g| 0|3 <3
<|z o< o ® |82
Reset value ofolo]ofo oo olof[o|ofofo]o ofofo|ofofofo|o]0
=}
i
ADC_CFGR2 | O
0x10 - o
s
X
O
Reset value olo
SMP
oxia | ADC_SMPR 2:0]
Reset value 0JO0J0O
0x18
0x1C
ADC_TR HT[11:0] LT[11:0]
0x20
Reset value AR EEERRE ofoJoJoJoJoJo]o]oJo]o]o
0x24
CEEEEEEERREEEERERINISS
RN [ [ [ | U P O I U )
ADC_CHSELR e I R T A A A A R A R R
0x28 Q2212121212212 zZIzzlZlz|zIZIz|T
Slolclolololo|lolclololo|jo|jo|o|o | |0 |O
Reset value ofojojofo|jo|ofO|O|O|OfOfO|O|OfO|O]|O]|O
0x2C
0x30
0x34
0x38
0x3C
ADC_DR DATA[15:0]
0x40
Reset value ofoJoJoJoJoJoJoJoJoJoJoJo]o]o]o
0x44
0x304
Z P4
ADC_CCR £ & |
0x308 - & |2
> >
Reset value 000
Refer to Section 2.2.2 on page 46 for the register boundary addresses.
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RM0091

Advanced-control timers (TIM1)

3

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 repetition counter is reloaded with the content of TIMx_RCR register

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 73. Counter timing diagram, internal clock divided by 1, TIMx_ARR = 0x6

orese JUUUTUUTUUUUUUUUL
CNTEN |
mmercock=ck_ont [T UUTUTUUT

Counter underflow |—|
Counter overflow |_|
Update event (UEV) |—| l_l

Update interrupt flag (UIF) é

. Here, center-aligned mode 1 is used (for more details refer to Section 17.4: TIM1 registers on page 367).
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Advanced-control timers (TIM1) RMO0091

17.4.7

376/1004

Bit 6 TG: Trigger generation
This bit is set by software in order to generate an event, it is automatically cleared by
hardware.

0: No action
1: The TIF flag is set in TIMx_SR register. Related interrupt or DMA transfer can occur if
enabled.

Bit5 COMG: Capture/Compare control update generation
This bit can be set by software, it is automatically cleared by hardware

0: No action
1: When CCPC bit is set, it allows to update CCxE, CCxNE and OCxM bits

Note: This bit acts only on channels having a complementary output.

Bit4 CCA4G: Capture/Compare 4 generation
Refer to CC1G description

Bit 3 CC3G: Capture/Compare 3 generation
Refer to CC1G description

Bit 2 CC2G: Capture/Compare 2 generation
Refer to CC1G description

Bit 1 CC1G: Capture/Compare 1 generation
This bit is set by software in order to generate an event, it is automatically cleared by
hardware.
0: No action
1: A capture/compare event is generated on channel 1:
If channel CC1 is configured as output:
CCH1IF flag is set, Corresponding interrupt or DMA request is sent if enabled.
If channel CC1 is configured as input:
The current value of the counter is captured in TIMx_CCR1 register. The CC1IF flag is set, the
corresponding interrupt or DMA request is sent if enabled. The CC10F flag is set if the CC1IF
flag was already high.

Bit 0 UG: Update generation
This bit can be set by software, it is automatically cleared by hardware.
0: No action
1: Reinitialize the counter and generates an update of the registers. Note that the prescaler
counter is cleared too (anyway the prescaler ratio is not affected). The counter is cleared if
the center-aligned mode is selected or if DIR=0 (upcounting), else it takes the auto-reload
value (TIMx_ARR) if DIR=1 (downcounting).

TIM1 capture/compare mode register 1 (TIM1_CCMR1)

Address offset: 0x18
Reset value: 0x0000

The channels can be used in input (capture mode) or in output (compare mode). The
direction of a channel is defined by configuring the corresponding CCxS bits. All the other
bits of this register have a different function in input and in output mode. For a given bit,
OCxx describes its function when the channel is configured in output, ICxx describes its

3
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RMO0091 General-purpose timers (TIM15/16/17)

on page 522 for more details. In particular, the dead-time is activated when switching to the
IDLE state (MOE falling down to 0).

Dead-time insertion is enabled by setting both CCxE and CCxNE bits, and the MOE bit if the
break circuit is present. There is one 10-bit dead-time generator for each channel. From a
reference waveform OCxREF, it generates 2 outputs OCx and OCxN. If OCx and OCxN are
active high:

e The OCx output signal is the same as the reference signal except for the rising edge,
which is delayed relative to the reference rising edge.

e The OCxN output signal is the opposite of the reference signal except for the rising
edge, which is delayed relative to the reference falling edge.

If the delay is greater than the width of the active output (OCx or OCxN) then the
corresponding pulse is not generated.

The following figures show the relationships between the output signals of the dead-time
generator and the reference signal OCxREF. (we suppose CCxP=0, CCxNP=0, MOE=1,
CCxE=1 and CCxNE=1 in these examples)

Figure 189. Complementary output with dead-time insertion

OCxXREF B —
0Cx | Do

E : ;<—>: delay
OCxN .

MS31095V1

Figure 190. Dead-time waveforms with delay greater than the negative pulse

OCxREF ' :

0Cx i

OCxN

MS31096V1
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RMO0091 General-purpose timers (TIM15/16/17)

Bit 1 UDIS: Update disable
This bit is set and cleared by software to enable/disable UEV event generation.
0: UEV enabled. The Update (UEV) event is generated by one of the following events:
—  Counter overflow/underflow
—  Setting the UG bit
- Update generation through the slave mode controller
Buffered registers are then loaded with their preload values.

1: UEV disabled. The Update event is not generated, shadow registers keep their value
(ARR, PSC, CCRx). However the counter and the prescaler are reinitialized if the UG bit is
set or if a hardware reset is received from the slave mode controller.

Bit 0 CEN: Counter enable

0: Counter disabled
1: Counter enabled

Note: External clock and gated mode can work only if the CEN bit has been previously set by
software. However trigger mode can set the CEN bit automatically by hardware.

20.5.2 TIM15 control register 2 (TIM15_CR2)
Address offset: 0x04
Reset value: 0x0000

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
OIS2 | OISIN | OlIs1 MMSJ[2:0] CCDS | CCus CCPC

Bit 15:11 Reserved, always read as 0.

Bit 10 OIS2: Output idle state 2 (OC2 output)

0: OC2=0 when MOE=0
1: OC2=1 when MOE=0

Note: This bit cannot be modified as long as LOCK level 1, 2 or 3 has been programmed
(LOCK bits in the TIMx_BKR register).
Bit 9 OIS1N: Output Idle state 1 (OC1N output)

0: OC1N=0 after a dead-time when MOE=0
1: OC1N=1 after a dead-time when MOE=0

Note: This bit can not be modified as long as LOCK level 1, 2 or 3 has been programmed
(LOCK bits in TIMx_BKR register).
Bit 8 OIS1: Output Idle state 1 (OC1 output)

0: OC1=0 (after a dead-time if OC1N is implemented) when MOE=0
1: OC1=1 (after a dead-time if OC1N is implemented) when MOE=0
Note: This bit can not be modified as long as LOCK level 1, 2 or 3 has been programmed
(LOCK bits in TIMx_BKR register).

Bit7 Reserved, always read as 0.

3
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General-purpose timers (TIM15/16/17)

RM0091

Input capture mode

Bits 15:12 IC2F: Input capture 2 filter

Bits 11:10
Bits 9:8

Bits 7:4

IC2PSC[1:0]: Input capture 2 prescaler

CC2S: Capture/Compare 2 selection
This bit-field defines the direction of the channel (input/output) as well as the used input.
00: CC2 channel is configured as output

01: CC2 channel is configured as input, IC2 is mapped on TI2
10: CC2 channel is configured as input, IC2 is mapped on TI1

11: CC2 channel is configured as input, IC2 is mapped on TRC. This mode is working only if an

internal trigger input is selected through TS bit (TIMx_SMCR register)
Note: CC2S bits are writable only when the channel is OFF (CC2E = ‘0’ in TIMx_CCER).

IC1F[3:0]: Input capture 1 filter

This bit-field defines the frequency used to sample TI1 input and the length of the digital filter applied to
TI1. The digital filter is made of an event counter in which N consecutive events are needed to validate
a transition on the output:

0000: No filter, sampling is done at fp1g

0001: fsampLinG = fok_int: N =2
0010: fsampLinG = fek_in: N = 4
0011: fsampLing = fok Nt N =8
0100: fsampLing = foTs /2, N =6
0101: fsampLing = fo1s /2, N =8
0110: fsampLing = fors /4. N =6
0111: fsampLinG = fors /4. N =8
1000: fsampLinG = foTs/ 8, N =6
1001: fsampLinG = foTs/ 8, N =8

1010: fSAMPUNG = fDTS/ 16, N=5

1011: fsampLING = ToTs/ 16, N = 6
1100: fSAMPLING = fDTS/ 16, N=8
1101: fsampLinG = fo1s /32, N =5
1110: fsampLing = fors / 32, N = 6
1111: fSAMPLING = fDTs/32, N=8

Bits 3:2 IC1PSC: Input capture 1 prescaler

520/1004

This bit-field defines the ratio of the prescaler acting on CC1 input (IC1).

The prescaler is reset as soon as CC1E='0’ (TIMx_CCER register).

00: no prescaler, capture is done each time an edge is detected on the capture input
01: capture is done once every 2 events

10: capture is done once every 4 events

11: capture is done once every 8 events

Bits 1:0 CC1S: Capture/Compare 1 Selection
This bit-field defines the direction of the channel (input/output) as well as the used input.

00: CC1 channel is configured as output
01: CC1 channel is configured as input, IC1 is mapped on TI1
10: CC1 channel is configured as input, IC1 is mapped on TI2

Note: Care must be taken that fp1g is replaced in the formula by CK_INT when ICxF[3:0] = 1, 2 or 3.

11: CC1 channel is configured as input, IC1 is mapped on TRC. This mode is working only if an

internal trigger input is selected through TS bit (TIMx_SMCR register)
Note: CCL1S bits are writable only when the channel is OFF (CC1E = ‘0’ in TIMx_CCER).
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Real-time clock (RTC) RMO0091

25.7.4 RTC initialization and status register (RTC_ISR)
This register is write protected (except for RTC_ISR[13:8] bits). The write access procedure
is described in RTC register write protection on page 584.
Address offset: 0x0C
RTC domain reset value: 0x0000 0007
System reset: not affected except INIT, INITF, and RSF bits which are cleared to ‘0’
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
RECALPF
r
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TAMP3F | TAMP2F | TAMP1F | TSOVF | TSF |WUTF ALRAF | INIT | INITF | RSF [ INITS | SHPF | WUTWF ALRAWF
rc_w0 rc_w0 rc w0 | rc_w0 | rc_wO |rc_wO0 rc_w0 rw r rc_w0 r r r r
Bits 31:17 Reserved, must be kept at reset value

Bit 16

Bit 15

Bit 14

Bit 13

Bit 12

Bit 11

Bit 10

600/1004

Bit 9

RECALPF: Recalibration pending Flag

The RECALPF status flag is automatically set to ‘“1° when software writes to the RTC_CALR
register, indicating that the RTC_CALR register is blocked. When the new calibration settings
are taken into account, this bit returns to ‘0’. Refer to Re-calibration on-the-fly.

TAMP3F: RTC_TAMP3 detection flag
This flag is set by hardware when a tamper detection event is detected on the RTC_TAMP3
input.
It is cleared by software writing 0
TAMP2F: RTC_TAMP2 detection flag
This flag is set by hardware when a tamper detection event is detected on the RTC_TAMP2
input.
It is cleared by software writing 0

TAMP1F: RTC_TAMP1 detection flag

This flag is set by hardware when a tamper detection event is detected on the RTC_TAMP1
input.

It is cleared by software writing 0

TSOVF: Time-stamp overflow flag
This flag is set by hardware when a time-stamp event occurs while TSF is already set.

This flag is cleared by software by writing 0. It is recommended to check and then clear
TSOVF only after clearing the TSF bit. Otherwise, an overflow might not be noticed if a time-
stamp event occurs immediately before the TSF bit is cleared.

TSF: Time-stamp flag

This flag is set by hardware when a time-stamp event occurs.
This flag is cleared by software by writing 0.

WUTF: Wakeup timer flag
This flag is set by hardware when the wakeup auto-reload counter reaches O.
This flag is cleared by software by writing 0.
This flag must be cleared by software at least 1.5 RTCCLK periods before WUTF is set to 1
again.

Reserved, must be kept at reset value.
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e If the master addresses a 10-bit address slave, transmits data to this slave and then
reads data from the same slave, a master transmission flow must be done first. Then a
repeated start is set with the 10 bit slave address configured with HEAD10R=1. In this
case the master sends this sequence: ReStart + Slave address 10-bit header Read.

Figure 230. 10-bit address read access with HEAD10R=1

11110XX 0
Slave address ST Slave address —
S 1st 7 bits R/W A 2nd byte A DATA A DATA | A/A
Write
11110XX 1
»| s | Staveaddress | g [ A | pata [ A DATA | Al P
1st 7 bits

Read

MS19823V1

Master transmitter

In the case of a write transfer, the TXIS flag is set after each byte transmission, after the 9th
SCL pulse when an ACK is received.

A TXIS event generates an interrupt if the TXIE bit is set in the I2C_CR1 register. The flag is
cleared when the 12C_TXDR register is written with the next data byte to be transmitted.

The number of TXIS events during the transfer corresponds to the value programmed in
NBYTES][7:0]. If the total number of data bytes to be sent is greater than 255, reload mode
must be selected by setting the RELOAD bit in the 12C_CR2 register. In this case, when
NBYTES data have been transferred, the TCR flag is set and the SCL line is stretched low
until NBYTES[7:0] is written to a non-zero value.

The TXIS flag is not set when a NACK is received.
e When RELOAD=0 and NBYTES data have been transferred:
— In automatic end mode (AUTOEND=1), a STOP is automatically sent.
— In software end mode (AUTOEND=0), the TC flag is set and the SCL line is
stretched low in order to perform software actions:
A RESTART condition can be requested by setting the START bit in the 2C_CR2
register with the proper slave address configuration, and number of bytes to be
transferred. Setting the START bit clears the TC flag and the START condition is
sent on the bus.
A STOP condition can be requested by setting the STOP bit in the I2C_CR2
register. Setting the STOP bit clears the TC flag and the STOP condition is sent on
the bus.
e Ifa NACK s received: the TXIS flag is not set, and a STOP condition is automatically
sent after the NACK reception. the NACKF flag is set in the 12C_ISR register, and an
interrupt is generated if the NACKIE bit is set.

3
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When configured as a host (SMBHEN=1), the ALERT flag is set in the 12C_ISR register
when a falling edge is detected on the SMBA pin and ALERTEN=1. An interrupt is
generated if the ERRIE bit is set in the 12C_CR1 register. When ALERTEN=0, the ALERT
line is considered high even if the external SMBA pin is low.

If the SMBus ALERT pin is not needed, the SMBA pin can be used as a standard GPIO if
ALERTEN=0.

Packet error checking

A packet error checking mechanism has been introduced in the SMBus specification to
improve reliability and communication robustness. Packet Error Checking is implemented
by appending a Packet Error Code (PEC) at the end of each message transfer. The PEC is
calculated by using the C(x) = xg + x? +x +1 CRC-8 polynomial on all the message bytes
(including addresses and read/write bits).

The peripheral embeds a hardware PEC calculator and allows to send a Not Acknowledge
automatically when the received byte does not match with the hardware calculated PEC.

Timeouts

This peripheral embeds hardware timers in order to be compliant with the 3 timeouts defined
in SMBus specification version 2.0.

Table 94. SMBus timeout specifications

Limits
Symbol Parameter Unit
Min Max
triMEOUT Detect clock low timeout 25 35 ms
tLow-sext'? | Cumulative clock low extend time (slave device) - 25 ms
tLow-mexT? | Cumulative clock low extend time (master device) - 10 ms

1. tLow:sext is the cumulative time a given slave device is allowed to extend the clock cycles in one message
from the initial START to the STOP. It is possible that, another slave device or the master will also extend
the clock causing the combined clock low extend time to be greater than t_ ow.sexr- Therefore, this
parameter is measured with the slave device as the sole target of a full-speed master.

2. towwmext is the cumulative time a master device is allowed to extend its clock cycles within each byte of a

message as defined from START-to-ACK, ACK-to-ACK, or ACK-to-STOP. It is possible that a slave device
or another master will also extend the clock causing the combined clock low time to be greater than

tLow:mMexT ON a given byte. Therefore, this parameter is measured with a full speed slave device as the sole
target of the master.
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Figure 241. Bus transfer diagrams for SMBus slave receiver (SBC=1)

Example SMBus slave receiver 2 bytes + PEC legend:

|:| transmission
ADDR RXNE RXNE RXNE

A A A A [ reception

S |Address A data1 A | data2 A| PEC AP —— SCL stretch
\ \
EV1 EV2 EV3 EV4
NBYTES ) 3

EV1: ADDR ISR: check ADDCODE and DIR, program NBYTES = 3, PECBYTE=1, RELOAD=0, set ADDRCF
EV2: RXNE ISR: rd data1
EV3: RXNE ISR: rd data2
EV4: RXNE ISR: rd PEC

Example SMBus slave receiver 2 bytes + PEC, with ACK control legend :

(RELOAD=1/0) |:| transmission
ADDR RXNE,TCR RXNE,TCR RXNE .
A [ ] reception

| s|address| [A] datat | [A] data2 | [A] PEC AlP] —— SCL stretch

A A A A
EV1 EV2 EV3 EV4

NBYTES X 1

EV1: ADDR ISR: check ADDCODE and DIR, program NBYTES = 1, PECBYTE=1, RELOAD=1, set ADDRCF
EV2: RXNE-TCR ISR: rd data1, program NACK=0 and NBYTES =1

EV3: RXNE-TCR ISR: rd data2, program NACK=0, NBYTES = 1 and RELOAD=0

EV4: RXNE-TCR ISR: rd PEC

MS19870V1

This section is relevant only when SMBus feature is supported. Please refer to Section 26.3:
12C implementation.

In addition to 12C master transfer management (refer to Section 26.4.9: 12C master mode)
some additional software flowcharts are provided to support SMBus.

SMBus Master transmitter

When the SMBus master wants to transmit the PEC, the PECBYTE bit must be set and the
number of bytes must be programmed in the NBYTES[7:0] field, before setting the START
bit. In this case the total number of TXIS interrupts will be NBYTES-1. So if the PECBYTE
bit is set when NBYTES=0x1, the content of the I2C_PECR register is automatically
transmitted.

If the SMBus master wants to send a STOP condition after the PEC, automatic end mode
should be selected (AUTOEND=1). In this case, the STOP condition automatically follows
the PEC transmission.
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Note:

3

USART baud rate generation

The baud rate for the receiver and transmitter (Rx and Tx) are both set to the same value as
programmed in the USART_BRR register.

Equation 1: Baud rate for standard USART (SPI mode included) (OVERS8 = 0 or 1)

In case of oversampling by 16, the equation is:

fCK

Tx/Rx baud = USARTDIV

In case of oversampling by 8, the equation is:

2x fok

Tx/Rx baud = USARTDIV

Equation 2: Baud rate in Smartcard, LIN and IrDA modes (OVERS = 0)
In Smartcard, LIN and IrDA modes, only Oversampling by 16 is supported:

fCK

Tx/Rx baud = USARTDIV

USARTDIV is an unsigned fixed point number that is coded on the USART_BRR register.
e  When OVERS = 0, BRR = USARTDIV.
e  When OVERS =1
— BRR[2:0] = USARTDIV[3:0] shifted 1 bit to the right.
— BRR[3] must be kept cleared.
— BRR[15:4] = USARTDIV[15:4]
The baud counters are updated to the new value in the baud registers after a write operation

to USART_BRR. Hence the baud rate register value should not be changed during
communication.

In case of oversampling by 16 or 8, USARTDIV must be greater than or equal to 0d16.
How to derive USARTDIV from USART_BRR register values

Example 1

To obtain 9600 baud with fox = 8 MHz.

¢ In case of oversampling by 16:
USARTDIV = 8 000 000/9600
BRR = USARTDIV = 833d = 0341h

e In case of oversampling by 8:
USARTDIV =2 * 8 000 000/9600
USARTDIV = 1666,66 (1667d = 683h)
BRR[3:0] =3h <<1=1h
BRR = 0x681
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Table 110. USART register map and reset values (continued)

Offset| Register |5\3\2%\K|Q|Q|3[Q(R[[R[2[R[EL[2F|2 Y E[2]o|o|~|o|o|<|o|~|<|o
S| S|l 2yl n bl |55 e sl al el o]y | w w
USART_ISR < < 22 = =| @ < |
ox1C ww =z G0 a2 |D&OL8F &80 N
Reset value o|jojo|o0f0O|0O|O|OfO o|o|jof0OfO|1|1|0f0O|OfO|O]|O
w w W) L L) L w Wl w| w
[ORN®] O Of w
USART_ICR S Q 218l |38 |9 |zasgle
= ol F =l @ (&S] J| gl =W W
0x20 £ O oo ol o = 0| o Lo
Reset value 0 0 0|0 00 0 o|(0f0|0]|O
USART_RDR RDR[8:0]
0x24
Reset value X‘X‘X|X‘X|X‘X‘X‘X
USART_TDR TDRI[8:0]
0x28
Reset value X‘X‘X|X‘X|X‘X‘X‘X
Refer to Section 2.2 on page 45 for the register boundary addresses.
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Controller area network (bxCAN)

Table 118. bxCAN register map and reset values (continued)

Offset | Register |5/2/2/2|K|€|Q|3|R|}|X|R|2|2|N|€|22|2|Y|T|2|o ||~ |o|n|v|n|n|-|o
CAN_TDTOR TIME[15:0] 5 DLC[3:0]
'_
0x184
Resetvalue | x | x [ x| x| x|[x|x|[x|x|x|[x|x|[x|x|x|[x]|=[=|=|-[=|-]|-|x|-|[-|-]|-|x|x|[x]|x
CAN_TDLOR DATA3[7:0] DATAZ2[7:0] DATA1[7:0] DATAO[7:0]
0x188
Reset value x‘x|x|x|x|x|x|x x|x‘x|x|x|x|x‘x x‘x|x|x|x|x|x|x x|x‘x|x|x|x|x‘x
CAN_TDHOR DATA7[7:0] DATAG6[7:0] DATAS5[7:0] DATA4[7:0]
0x18C
Reset value x‘x|x‘x‘x‘x‘x|x x|x‘x x‘x‘x‘x‘x x‘x|x‘x‘x‘x‘x|x x|x‘x‘x‘xxxx
wlxl €
CAN_THR STID[10:0)/EXID[28:18] EXID[17:0] al = %
0x190 slEE
Reset value x‘x|x‘x‘x‘x‘x|x‘x|x‘x x‘x‘x‘x‘xxxxxxxxxxxxxxxxO
CAN_TDT1R TIME[15:0] 5 DLC[3:0]
0x194 F
Resetvalue | x | X | X | x| X[ X |[x|[x|x|x|x|x|[x|[x|[x]|x]|=|=|=|=-{=]=|=-|x|=-|-|-[-]|x]|x]|x]|X
CAN_TDL1R DATA3[7:0] DATAZ2[7:0] DATA1[7:0] DATAO[7:0]
0x198
Reset value x‘x|x‘x‘x‘x‘x|x x|x‘x‘x‘x‘x‘x‘x x‘x|x‘x‘x‘x‘x|x x|x‘x‘x‘x‘x‘x‘x
CAN_TDH1R DATA7[7:0] DATAG6[7:0] DATAS5[7:0] DATA4[7:0]
0x19C
Reset value x‘x|x‘x‘x‘x‘x|x x|x‘x x‘x‘x‘x‘x x‘x|x‘x‘x‘x‘x|x x|x‘x‘x‘xxxx
wlxl €
CAN_TI2R STID[10:0/EXID[28:18] EXID[17:0] al e %
0x1A0 slEE
Reset value x‘x|x|x|x|x|x|x‘x|x‘x xlxlxlx‘xxxxxxxxxxxxxxxxO
'_
CAN_TDT2R TIME[15:0] O] DLC[3:0]
0x1A4 =
Resetvalue | x | x | x| x| x|[x|[x|[x|x|x|x|x|[x|[x|[x]|x]|=-|-|=-|-({-]|-|-|x|-|-|-|[-|x|x]|x]|x
CAN_TDL2R DATA3[7:0] DATAZ2[7:0] DATA1[7:0] DATAO[7:0]
0x1A8
Reset value x‘x|x‘x‘x‘x‘x|x x|x‘x‘x‘x‘x‘x‘x x‘x|x‘x‘x‘x‘x|x x|x‘x‘x‘x‘x‘x‘x
CAN_TDH2R DATA7[7:0] DATAG6[7:0] DATAS5[7:0] DATA4([7:0]
0x1AC
Reset value x‘x|x‘x‘x‘x‘x|x x|x‘x x‘x‘x‘x‘x x‘x|x‘x‘x‘x‘x|x x|x‘x‘x‘xxxx
CAN_RIOR STID[10:0)/EXID[28:18] EXID[17:0] LIQJ 'n_:
= x
0x1B0
Resetvalue | x | x | x| x| X[ x|[x|[x|x|x|x|x|[x|[x|[x|x|Xx|x|[Xx|[x|[x|[x|x|x|x|[x|[x|[x]|[x]|x]|x]-=-
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A.10.2

964/1004

/* (2) Force update generation (UG = 1) */
TIMCAR->CRL |= TIMCR1L_CEN, /* (1) */
TIMCAR->EGR | = TIMEGR UG /* (2) */

/* Configure TIMENV interrupt */

/* (1) Enable Interrupt on TIMENV */

/[* (2) Set priority for TIMENV */

NVI C_Enabl el R TIMENV_IRQn); /* (1) */
NVIC SetPriority(TIMENV_IRM,0); /* (2) */

IRQHandler for IRTIM code example

/**
* Description: This function handles TIM 16 interrupt request.
* This interrupt subroutine conmputes the |aps between 2
* rising edges on T1IC.
* This laps is stored in the "Counter" variable.
*/
voi d TI ML6_I RQHandl er (voi d)
{

uint8_t bit_msg = 0;

if ((SendOperationReady == 1)
&& (BitsSent Counter < (RC5_d obal FraneLength * 2)))

{ if (BitsSentCounter < 32)
{ SendQper at i onConpl eted = 0x00;
bit_msg = (uint8_t)((Manchester Codedvsg >> BitsSent Counter)& 1);
if (bit_nmsg== 1)
{ /* Force active level - OCLREF is forced high */
TI M_ENV->CCVR1 | = TI M_CCVR1_OC1M 0;
}
el se
{
/* Force inactive level - OCLREF is forced |ow */
TI M ENV- >CCVMR1 &= (uint16_t)(~TI M_CCVR1_OC1M 0);
}
}
Bi t sSent Count er ++;
}
el se
{

SendQper at i onConpl eted = 0x01;
SendQper at i onReady = O0;
Bi t sSent Counter = O;

}

/* Clear TIMENV update interrupt */

TI M ENV->SR &= (uint16_t)(~TIM SR U F);
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