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What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Embedded microcontrollers are used in virtually every
sector of electronics, providing the necessary control and
processing power for a multitude of applications. In
consumer electronics, they manage the operations of
smartphones, home appliances, and wearable devices. In
automotive systems, microcontrollers control engine
functions, safety features, and infotainment systems.
Industrial applications rely on microcontrollers for
automation, robotics, and process control. Additionally,
microcontrollers are integral in medical devices, handling
functions such as monitoring, diagnostics, and control of
therapeutic equipment. Their versatility and
programmability make them essential components in
creating efficient, responsive, and intelligent electronic
systems.

Common Subcategories of "Embedded -
Microcontrollers"

Embedded microcontrollers can be categorized based on
their architecture, performance, and application focus.
Common subcategories include 8-bit, 16-bit, and 32-bit
microcontrollers, differentiated by their processing power
and memory capacity. 8-bit microcontrollers are typically
used in simple applications like basic control systems and
small devices. 16-bit microcontrollers offer a balance
between performance and complexity, suitable for
medium-scale applications like industrial automation. 32-
bit microcontrollers provide high performance and are
used in complex applications requiring advanced
processing, such as automotive systems and sophisticated
consumer electronics. Each subcategory serves a specific
range of applications, providing tailored solutions for
different performance and complexity needs.

Types of "Embedded - Microcontrollers"

There are various types of embedded microcontrollers,
each designed to meet specific application requirements.
General-purpose microcontrollers are versatile and used in
a wide range of applications, offering a balance of
performance, memory, and peripheral options. Special-
purpose microcontrollers are tailored for specific tasks,
such as automotive controllers, which include features like
built-in motor control peripherals and automotive-grade
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3.7.13 FLASH register map

         

Table 14. Flash interface - register map and reset values
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11.4.7 DMA request mapping

DMA controller

The hardware requests from the peripherals (TIM1/2/3/6/7/15/16, ADC1, DAC1/2, SPI1/2/3, 
I2C1/2/3/4, SDMMC1, QUADSPI, SWPMI1, SAI1, AES, USART1/2/3, UART4 and 
LPUART1) are mapped to the DMA1 or DMA2 channels (1 to 7) through the DMA1/2 
channel selection register. 

Refer to Figure 26: DMA1 request mapping and Figure 27: DMA2 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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15.5.6 QUADSPI communication configuration register (QUADSPI_CCR)

Address offset: 0x0014

Reset value: 0x0000 0000

         

Bits 31:0 DL[31: 0]: Data length

Number of data to be retrieved (value+1) in indirect and status-polling modes. A value 
no greater than 3 (indicating 4 bytes) should be used for status-polling mode.
All 1s in indirect mode means undefined length, where QUADSPI will continue until the 
end of memory, as defined by FSIZE.
0x0000_0000: 1 byte is to be transferred
0x0000_0001: 2 bytes are to be transferred
0x0000_0002: 3 bytes are to be transferred
0x0000_0003: 4 bytes are to be transferred
...
0xFFFF_FFFD: 4,294,967,294 (4G-2) bytes are to be transferred
0xFFFF_FFFE: 4,294,967,295 (4G-1) bytes are to be transferred
0xFFFF_FFFF: undefined length -- all bytes until the end of Flash memory (as defined 
by FSIZE) are to be transferred. Continue reading indefinitely if FSIZE = 0x1F.
DL[0] is stuck at ‘1’ in dual-flash mode (DFM = 1) even when ‘0’ is written to this bit, thus 
assuring that each access transfers an even number of bytes.
This field has no effect when in memory-mapped mode (FMODE = 10).
This field can be written only when BUSY = 0.

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

DDRM DHHC Res. SIOO FMODE[1:0] DMODE Res. DCYC[4:0] ABSIZE

rw rw rw rw rw rw rw rw rw rw rw rw rw rw

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

ABMODE ADSIZE ADMODE IMODE INSTRUCTION[7:0]

rw rw rw rw rw rw rw rw rw rw rw rw rw rw rw rw

Bit 31 DDRM: Double data rate mode

This bit sets the DDR mode for the address, alternate byte and data phase:
0: DDR Mode disabled
1: DDR Mode enabled
This field can be written only when BUSY = 0.

Bit 30 DHHC: DDR hold

Delay the data output by 1/4 of the QUADSPI output clock cycle in DDR mode:
0: Delay the data output using analog delay
1: Delay the data output by 1/4 of a QUADSPI output clock cycle.
This feature is only active in DDR mode.
This field can be written only when BUSY = 0.

Bit 29 Reserved, must be kept at reset value.
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Figure 71. Example of overrun (OVR)

Note: There is no overrun detection on the injected channels since there is a dedicated data 
register for each of the four injected channels.

Managing a sequence of conversion without using the DMA

If the conversions are slow enough, the conversion sequence can be handled by the 
software. In this case the software must use the EOC flag and its associated interrupt to 
handle each data. Each time a conversion is complete, EOC is set and the ADC_DR 
register can be read. OVRMOD should be configured to 0 to manage overrun events as an 
error.

Managing conversions without using the DMA and without overrun 

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). In this case, the OVRMOD bit must be 
configured to 1 and OVR flag should be ignored by the software. An overrun event will not 
prevent the ADC from continuing to convert and the ADC_DR register will always contain 
the latest conversion.

Managing conversions using the DMA

Since converted channel values are stored into a unique data register, it is useful to use 
DMA for conversion of more than one channel. This avoids the loss of the data already 
stored in the ADC_DR register.

When the DMA mode is enabled (DMAEN bit set to 1 in the ADC_CFGR register), a DMA 
request is generated after each conversion of a channel. This allows the transfer of the 
converted data from the ADC_DR register to the destination location selected by the 
software.
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Oversampling regular channels only

The regular oversampling mode bit ROVSM defines how the regular oversampling 
sequence is resumed if it is interrupted by injected conversion:

• in continued mode, the accumulation re-starts from the last valid data (prior to the 
conversion abort request due to the injected trigger). This ensures that oversampling 
will be completed whatever the injection frequency (providing at least one regular 
conversion can be completed between triggers);

• in resumed mode, the accumulation re-starts from 0 (previous conversions results are 
ignored). This mode allows to guarantee that all data used for oversampling were 
converted back-to-back within a single timeslot. Care must be taken to have a injection 
trigger period above the oversampling period length. If this condition is not respected, 
the oversampling cannot be completed and the regular sequencer will be blocked.

The Figure 85 gives examples for a 4x oversampling ratio.

Figure 85. Regular oversampling modes (4x ratio)

Oversampling Injected channels only

The Injected oversampling mode bit JOVSE enables oversampling solely for conversions in 
the injected sequencer.



DocID027295 Rev 3 431/1472

RM0394 Analog-to-digital converters (ADC)

458

16.6.3 ADC control register (ADC_CR)

Address offset: 0x08

Reset value: 0x2000 0000

         

         

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

AD
CAL

ADCA
LDIF

DEEP
PWD

ADVREG
EN

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res.

rs rw rw rw

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

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res.
JAD
STP

AD
STP

JAD
START

AD
START

AD
DIS

AD
EN

rs rs rs rs rs rs

Bit 31 ADCAL: ADC calibration

This bit is set by software to start the calibration of the ADC. Program first the bit ADCALDIF 
to determine if this calibration applies for single-ended or differential inputs mode.
It is cleared by hardware after calibration is complete.
0: Calibration complete
1: Write 1 to calibrate the ADC. Read at 1 means that a calibration in progress.

Note: Software is allowed to launch a calibration by setting ADCAL only when ADEN=0.

Note: Software is allowed to update the calibration factor by writing ADC_CALFACT only when 
ADEN=1 and ADSTART=0 and JADSTART=0 (ADC enabled and no conversion is 
ongoing)

Bit 30 ADCALDIF: Differential mode for calibration

This bit is set and cleared by software to configure the single-ended or differential inputs 
mode for the calibration.
0: Writing ADCAL will launch a calibration in single-ended inputs mode.
1: Writing ADCAL will launch a calibration in differential inputs mode.

Note: Software is allowed to write this bit only when the ADC is disabled and is not calibrating 
(ADCAL=0, JADSTART=0, JADSTP=0, ADSTART=0, ADSTP=0, ADDIS=0 and 
ADEN=0).

Bit 29 DEEPPWD: Deep-power-down enable

This bit is set and cleared by software to put the ADC in Deep-power-down mode.
0: ADC not in Deep-power down
1: ADC in Deep-power-down (default reset state)

Note: Software is allowed to write this bit only when the ADC is disabled (ADCAL=0, 
JADSTART=0, JADSTP=0, ADSTART=0, ADSTP=0, ADDIS=0 and ADEN=0).

Bit 28 ADVREGEN: ADC voltage regulator enable

This bits is set by software to enable the ADC voltage regulator.
Before performing any operation such as launching a calibration or enabling the ADC, the 
ADC voltage regulator must first be enabled and the software must wait for the regulator 
start-up time.
0: ADC Voltage regulator disabled
1: ADC Voltage regulator enabled.
For more details about the ADC voltage regulator enable and disable sequences, refer to 
Section 16.4.6: ADC Deep-power-down mode (DEEPPWD) & ADC Voltage Regulator 
(ADVREGEN).
The software can program this bit field only when the ADC is disabled (ADCAL=0, 
JADSTART=0, ADSTART=0, ADSTP=0, ADDIS=0 and ADEN=0).
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16.6.5 ADC configuration register 2 (ADC_CFGR2)

Address offset: 0x10

Reset value: 0x0000 0000

         

Bit 2 DFSDMCFG: DFSDM mode configuration 

This bit is set and cleared by software to enable the DFSDM mode. It is effective only when
DMAEN=0.
0: DFSDM mode disabled
1: DFSDM mode enabled

Note: To make sure no conversion is ongoing, the software is allowed to write this bit only when 
ADSTART= 0 and JADSTART= 0.

Bit 1 DMACFG: Direct memory access configuration

This bit is set and cleared by software to select between two DMA modes of operation and is 
effective only when DMAEN=1.
0: DMA One Shot mode selected
1: DMA Circular mode selected
For more details, refer to Section : Managing conversions using the DMA

Note: Software is allowed to write this bit only when ADSTART=0 and JADSTART=0 (which ensures 
that no conversion is ongoing).

Bit 0 DMAEN: Direct memory access enable

This bit is set and cleared by software to enable the generation of DMA requests. This allows to use 
the GP-DMA to manage automatically the converted data. For more details, refer to Section : 
Managing conversions using the DMA.
0: DMA disabled
1: DMA enabled

Note: Software is allowed to write this bit only when ADSTART=0 and JADSTART=0 (which ensures 
that no conversion is ongoing).

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

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res.

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

Res. Res. Res. Res. Res.
ROV
SM

TROVS OVSS[3:0] OVSR[2:0] JOVSE ROVSE

rw rw rw rw rw rw rw rw rw rw rw
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21 Digital filter for sigma delta modulators (DFSDM)

DFSDM is available only on STM32L451xx, STM32L452xx and STM32L462xx.

21.1 Introduction

Digital filter for sigma delta modulators (DFSDM) is a high-performance module dedicated to 
interface external Σ∆ modulators to a microcontroller. It is featuring up to 4 external digital 
serial interfaces (channels) and up to 2 digital filters with flexible Sigma Delta stream digital 
processing options to offer up to 24-bit final ADC resolution. DFSDM also features optional 
parallel data stream input from microcontroller memory.

An external Σ∆ modulator provides digital data stream of converted analog values from the 
external Σ∆ modulator analog input. This digital data stream is sent into a DFSDM input 
channel through a serial interface. DFSDM supports several standards to connect various 
Σ∆ modulator outputs: SPI interface and Manchester coded 1-wire interface (both with 
adjustable parameters). DFSDM module supports the connection of up to 4 multiplexed 
input digital serial channels which are shared with up to 2 DFSDM modules. DFSDM 
module also supports alternative parallel data inputs from up to 4 internal 16-bit data 
channels (from microcontrollers memory).

DFSDM is converting an input data stream into a final digital data word which represents an 
analog input value on a Σ∆ modulator analog input. The conversion is based on a 
configurable digital process: the digital filtering and decimation of the input serial data 
stream. 

The conversion speed and resolution are adjustable according to configurable parameters 
for digital processing: filter type, filter order, length of filter, integrator length. The maximum 
output data resolution is up to 24 bits. There are two conversion modes: single conversion 
mode and continuous mode. The data can be automatically stored in a system RAM buffer 
through DMA, thus reducing the software overhead. 

A flexible timer triggering system can be used to control the start of conversion of DFSDM. 
This timing control is capable of triggering simultaneous conversions or inserting a 
programmable delay between conversions.

DFSDM features an analog watchdog function. Analog watchdog can be assigned to any of 
the input channel data stream or to final output data. Analog watchdog has its own digital 
filtering of input data stream to reach the required speed and resolution of watched data. 

To detect short-circuit in control applications, there is a short-circuit detector. This block 
watches each input channel data stream for occurrence of stable data for a defined time 
duration (several 0’s or 1’s in an input data stream).

An extremes detector block watches final output data and stores maximum and minimum 
values from the output data values. The extremes values stored can be restarted by 
software.

Two power modes are supported: normal mode and stop mode.
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23.6.4 TSC interrupt status register (TSC_ISR)

Address offset: 0x0C

Reset value: 0x0000 0000

         

23.6.5 TSC I/O hysteresis control register (TSC_IOHCR)

Address offset: 0x10

Reset value: 0xFFFF FFFF

         

         

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

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res.

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

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. MCEF EOAF

r r

Bits 31:2 Reserved, must be kept at reset value.

Bit 1 MCEF: Max count error flag

This bit is set by hardware as soon as an analog I/O group counter reaches the max count 
value specified. It is cleared by software writing 1 to the bit MCEIC of the TSC_ICR register.

0: No max count error (MCE) detected
1: Max count error (MCE) detected

Bit 0 EOAF: End of acquisition flag

This bit is set by hardware when the acquisition of all enabled group is complete (all GxS bits 
of all enabled analog I/O groups are set or when a max count error is detected). It is cleared by 
software writing 1 to the bit EOAIC of the TSC_ICR register.

0: Acquisition is ongoing or not started
1: Acquisition is complete

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

Res. Res. Res. Res. G7_IO4 G7_IO3 G7_IO2 G7_IO1 G6_IO4 G6_IO3 G6_IO2 G6_IO1 G5_IO4 G5_IO3 G5_IO2 G5_IO1

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

G4_IO4 G4_IO3 G4_IO2 G4_IO1 G3_IO4 G3_IO3 G3_IO2 G3_IO1 G2_IO4 G2_IO3 G2_IO2 G2_IO1 G1_IO4 G1_IO3 G1_IO2 G1_IO1

rw rw rw rw rw rw rw rw rw rw rw rw rw rw rw rw

Bits 31:28 Reserved, must be kept at reset value.

Bits 27:0 Gx_IOy: Gx_IOy Schmitt trigger hysteresis mode

These bits are set and cleared by software to enable/disable the Gx_IOy Schmitt trigger 
hysteresis.

0: Gx_IOy Schmitt trigger hysteresis disabled
1: Gx_IOy Schmitt trigger hysteresis enabled

Note: These bits control the I/O Schmitt trigger hysteresis whatever the I/O control mode is 
(even if controlled by standard GPIO registers).
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26 Advanced-control timers (TIM1)

26.1 TIM1 introduction

The advanced-control timer (TIM1) consists of a 16-bit auto-reload counter driven by a 
programmable prescaler.

It may be used for a variety of purposes, including measuring the pulse lengths of input 
signals (input capture) or generating output waveforms (output compare, PWM, 
complementary PWM with dead-time insertion).

Pulse lengths and waveform periods can be modulated from a few microseconds to several 
milliseconds using the timer prescaler and the RCC clock controller prescalers.

The advanced-control (TIM1) and general-purpose (TIMx) timers are completely 
independent, and do not share any resources. They can be synchronized together as 
described in Section 26.3.26: Timer synchronization.

26.2 TIM1 main features

TIM1 timer features include:

• 16-bit up, down, up/down auto-reload counter.

• 16-bit programmable prescaler allowing dividing (also “on the fly”) the counter clock 
frequency either by any factor between 1 and 65536.

• Up to 6 independent channels for:

– Input Capture (but channels 5 and 6)

– Output Compare

– PWM generation (Edge and Center-aligned Mode)

– One-pulse mode output

• Complementary outputs with programmable dead-time

• Synchronization circuit to control the timer with external signals and to interconnect 
several timers together.

• Repetition counter to update the timer registers only after a given number of cycles of 
the counter.

• 2 break inputs to put the timer’s output signals in a safe user selectable configuration.

• 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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Bits 6:4 OC1M: Output Compare 1 mode

These bits define the behavior of the output reference signal OC1REF from which OC1 and 
OC1N are derived. OC1REF is active high whereas OC1 and OC1N active level depends 
on CC1P and CC1NP bits.
0000: Frozen - The comparison between the output compare register TIMx_CCR1 and the 
counter TIMx_CNT has no effect on the outputs.(this mode is used to generate a timing 
base).
0001: Set channel 1 to active level on match. OC1REF signal is forced high when the 
counter TIMx_CNT matches the capture/compare register 1 (TIMx_CCR1).
0010: Set channel 1 to inactive level on match. OC1REF signal is forced low when the 
counter TIMx_CNT matches the capture/compare register 1 (TIMx_CCR1).
0011: Toggle - OC1REF toggles when TIMx_CNT=TIMx_CCR1.
0100: Force inactive level - OC1REF is forced low.
0101: Force active level - OC1REF is forced high.
0110: PWM mode 1 - In upcounting, channel 1 is active as long as TIMx_CNT<TIMx_CCR1 
else inactive. In downcounting, channel 1 is inactive (OC1REF=‘0’) as long as 
TIMx_CNT>TIMx_CCR1 else active (OC1REF=’1’).
0111: PWM mode 2 - In upcounting, channel 1 is inactive as long as 
TIMx_CNT<TIMx_CCR1 else active. In downcounting, channel 1 is active as long as 
TIMx_CNT>TIMx_CCR1 else inactive.
1000: Retrigerrable OPM mode 1 - In up-counting mode, the channel is active until a trigger 
event is detected (on TRGI signal). Then, a comparison is performed as in PWM mode 1 
and the channels becomes active again at the next update. In down-counting mode, the 
channel is inactive until a trigger event is detected (on TRGI signal). Then, a comparison is 
performed as in PWM mode 1 and the channels becomes inactive again at the next update.
1001: Retrigerrable OPM mode 2 - In up-counting mode, the channel is inactive until a 
trigger event is detected (on TRGI signal). Then, a comparison is performed as in PWM 
mode 2 and the channels becomes inactive again at the next update. In down-counting 
mode, the channel is active until a trigger event is detected (on TRGI signal). Then, a 
comparison is performed as in PWM mode 1 and the channels becomes active again at the 
next update.
1010: Reserved,
1011: Reserved,
1100: Combined PWM mode 1 - OC1REF has the same behavior as in PWM mode 1. 
OC1REFC is the logical OR between OC1REF and OC2REF.
1101: Combined PWM mode 2 - OC1REF has the same behavior as in PWM mode 2. 
OC1REFC is the logical AND between OC1REF and OC2REF.
1110: Asymmetric PWM mode 1 - OC1REF has the same behavior as in PWM mode 1. 
OC1REFC outputs OC1REF when the counter is counting up, OC2REF when it is counting 
down.
1111: Asymmetric PWM mode 2 - OC1REF has the same behavior as in PWM mode 2. 
OC1REFC outputs OC1REF when the counter is counting up, OC2REF when it is counting 
down.

Note: These bits can not be modified as long as LOCK level 3 has been programmed (LOCK 
bits in TIMx_BDTR register) and CC1S=’00’ (the channel is configured in output).

Note: In PWM mode, the OCREF level changes only when the result of the comparison 
changes or when the output compare mode switches from “frozen” mode to “PWM” 
mode.

Note: On channels having a complementary output, this bit field is preloaded. If the CCPC bit 
is set in the TIMx_CR2 register then the OC1M active bits take the new value from the 
preloaded bits only when a COM event is generated.
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Table 127. TIM2/TIM3 register map and reset values  (continued)

Offset Register 3
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28.5.3 TIM15 slave mode control register (TIM15_SMCR)

Address offset: 0x08

Reset value: 0x0000 0000

         

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

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. SMS[3]

rw

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

Res. Res. Res. Res. Res. Res. Res. Res. MSM TS[2:0] Res. SMS[2:0]

rw rw rw rw rw rw rw

Bits 31:17 Reserved, must be kept at reset value.

Bit 16 SMS[3]: Slave mode selection - bit 3

Refer to SMS description - bits 2:0.

Bits 15:8 Reserved, must be kept at reset value.

Bit 7 MSM: Master/slave mode

0: No action
1: The effect of an event on the trigger input (TRGI) is delayed to allow a perfect 
synchronization between the current timer and its slaves (through TRGO). It is useful if we 
want to synchronize several timers on a single external event.

Bits 6:4 TS[2:0]: Trigger selection

This bit field selects the trigger input to be used to synchronize the counter.

000: Internal Trigger 0 (ITR0) 
001: Internal Trigger 1 (ITR1)
010: Internal Trigger 2 (ITR2)
011: Internal Trigger 3 (ITR3)
100: TI1 Edge Detector (TI1F_ED)
101: Filtered Timer Input 1 (TI1FP1)
110: Filtered Timer Input 2 (TI2FP2)

See Table 128: TIMx Internal trigger connection on page 876 for more details on ITRx 
meaning for each Timer.

Note: These bits must be changed only when they are not used (e.g. when SMS=000) to 
avoid wrong edge detections at the transition.

Bit 3 Reserved, must be kept at reset value.
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28.5.7 TIM15 capture/compare mode register 1 (TIM15_CCMR1)

Address offset: 0x18

Reset value: 0x0000 0000

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 
function when the channel is configured in input. So you must take care that the same bit 
can have a different meaning for the input stage and for the output stage.

Output compare mode:

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

Res. Res. Res. Res. Res. Res. Res.

OC2M 
[3] Res. Res. Res. Res. Res. Res. Res.

OC1M 
[3]

Res. Res.

rw rw

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

Res. OC2M[2:0]
OC2
PE

OC2
FE CC2S[1:0]

Res. OC1M[2:0]
OC1
PE

OC1
FE CC1S[1:0]

IC2F[3:0] IC2PSC[1:0] IC1F[3:0] IC1PSC[1:0]

rw rw rw rw rw rw rw rw rw rw rw rw rw rw rw rw

Bits 31:25 Reserved, always read as 0

Bit 24 OC2M[3]: Output Compare 2 mode - bit 3

Bits 23:17 Reserved, always read as 0

Bit 16 OC1M[3]: Output Compare 1 mode - bit 3

refer to OC1M description on bits 6:4

Bit 15 Reserved, always read as 0

Bits 14:12 OC2M[2:0]: Output Compare 2 mode

Bit 11 OC2PE: Output Compare 2 preload enable

Bit 10 OC2FE: Output Compare 2 fast enable

Bits 9:8 CC2S[1:0]: 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 the TS bit (TIMx_SMCR register)

Note: CC2S bits are writable only when the channel is OFF (CC2E = ‘0’ in TIMx_CCER).

Bit 7 Reserved, always read as 0
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32.4 IWDG registers

Refer to Section 1.1 on page 57 for a list of abbreviations used in register descriptions.

The peripheral registers can be accessed by half-words (16-bit) or words (32-bit).

32.4.1 Key register (IWDG_KR)

Address offset: 0x00

Reset value: 0x0000 0000 (reset by Standby mode)

         

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

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res.

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

KEY[15:0]

w w w w w w w w w w w w w w w w

Bits 31:16 Reserved, must be kept at reset value.

Bits 15:0 KEY[15:0]: Key value (write only, read 0x0000)

These bits must be written by software at regular intervals with the key value 0xAAAA, 
otherwise the watchdog generates a reset when the counter reaches 0. 

Writing the key value 0x5555 to enable access to the IWDG_PR, IWDG_RLR and 
IWDG_WINR registers (see Section 32.3.6: Register access protection)

Writing the key value 0xCCCC starts the watchdog (except if the hardware watchdog option is 
selected)
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Figure 367. Reception using DMA

Error flagging and interrupt generation in multibuffer communication 

In multibuffer communication if any error occurs during the transaction the error flag is 
asserted after the current byte. An interrupt is generated if the interrupt enable flag is set. 
For framing error, overrun error and noise flag which are asserted with RXNE in single byte 
reception, there is a separate error flag interrupt enable bit (EIE bit in the USART_CR3 
register), which, if set, enables an interrupt after the current byte if any of these errors occur.

36.5.16 RS232 hardware flow control and RS485 driver enable
using USART

It is possible to control the serial data flow between 2 devices by using the CTS input and 
the RTS output. The Figure 368 shows how to connect 2 devices in this mode:

Figure 368. Hardware flow control between 2 USARTs
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Figure 376. Mute mode using Idle line detection

Note: If the MMRQ is set while the IDLE character has already elapsed, mute mode will not be 
entered (RWU is not set).

If the LPUART is activated while the line is IDLE, the idle state is detected after the duration 
of one IDLE frame (not only after the reception of one character frame).

4-bit/7-bit address mark detection (WAKE=1)

In this mode, bytes are recognized as addresses if their MSB is a ‘1’ otherwise they are 
considered as data. In an address byte, the address of the targeted receiver is put in the 4 
or 7 LSBs. The choice of 7 or 4 bit address detection is done using the ADDM7 bit. This 4-
bit/7-bit word is compared by the receiver with its own address which is programmed in the 
ADD bits in the LPUART_CR2 register.

Note: In 7-bit and 9-bit data modes, address detection is done on 6-bit and 8-bit addresses 
(ADD[5:0] and ADD[7:0]) respectively.

The LPUART enters mute mode when an address character is received which does not 
match its programmed address. In this case, the RWU bit is set by hardware. The RXNE 
flag is not set for this address byte and no interrupt or DMA request is issued when the 
LPUART enters mute mode.

The LPUART also enters mute mode when the MMRQ bit is written to 1. The RWU bit is 
also automatically set in this case.

The LPUART exits from mute mode when an address character is received which matches 
the programmed address. Then the RWU bit is cleared and subsequent bytes are received 
normally. The RXNE bit is set for the address character since the RWU bit has been 
cleared.

An example of mute mode behavior using address mark detection is given in Figure 355.
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Figure 396. Master full-duplex communication with CRC 

Assumptions for master full-duplex communication with CRC example:

• Data size = 16 bit

• CRC enabled

If DMA is used:

• Number of Tx frames transacted by DMA is set to 2

• Number of Rx frames transacted by DMA is set to 3

See also : Communication diagrams on page 1208 for details about common assumptions 
and notes.
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Slave mode

The SAI expects to receive timing signals from an external device.

• If the SAI sub-block is configured in asynchronous mode, then SCK_x and FS_x pins 
are configured as inputs. 

• If the SAI sub-block is configured to operate synchronously with the second audio sub-
block, the corresponding SCK_x and FS_x pins are left free to be used as general 
purpose I/Os. 

In slave mode, MCLK_x pin is not used and can be assigned to another function.

It is recommended to enable the slave device before enabling the master.

Configuring and enabling SAI modes

Each audio sub-block can be independently defined as a transmitter or receiver through the 
MODE bit in the SAI_xCR1 register of the corresponding audio block. As a result, SAI_SD_x 
pin will be respectively configured as an output or an input.

Two master audio blocks in the same SAI can be configured with two different MCLK and 
SCK clock frequencies. In this case they have to be configured in asynchronous mode. 

Each of the audio blocks in the SAI are enabled by bit SAIXEN in the SAI_xCR1 register. As 
soon as this bit is active, the transmitter or the receiver is sensitive to the activity on the 
clock line, data line and synchronization line in slave mode. 

In master TX mode, enabling the audio block immediately generates the bit clock for the 
external slaves even if there is no data in the FIFO, However FS signal generation is 
conditioned by the presence of data in the FIFO. After the FIFO receives the first data to 
transmit, this data is output to external slaves. If there is no data to transmit in the FIFO, 0 
values are then sent in the audio frame with an underrun flag generation.

In slave mode, the audio frame starts when the audio block is enabled and when a start of 
frame is detected.

In Slave TX mode, no underrun event is possible on the first frame after the audio block is 
enabled, because the mandatory operating sequence in this case is:

1. Write into the SAI_xDR (by software or by DMA).

2. Wait until the FIFO threshold (FLH) flag is different from 000b (FIFO empty).

3. Enable the audio block in slave transmitter mode.

39.4.4 SAI synchronization mode

SAI sub-clock A and B can be synchronized.

Internal synchronization

An audio sub-block can be configured to operate synchronously with the second audio sub-
block in the same SAI. In this case, the bit clock and the frame synchronization signals are 
shared to reduce the number of external pins used for the communication. The audio block 
configured in synchronous mode sees its own SCK_x, FS_x, and MCLK_x pins released 
back as GPIOs while the audio block configured in asynchronous mode is the one for which 
FS_x and SCK_x ad MCLK_x I/O pins are relevant (if the audio block is considered as 
master).
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31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Res. Res. Res. Res. Res. Res. Res. Res. Res.
SDIO
ITC

Res. Res. Res. Res. Res. Res.

rw

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

Res. Res. Res. Res. Res.
DBCK
ENDC

Res.
DATA
ENDC

CMD
SENTC

CMD
REND

C

RX
OVERR

C

TX
UNDERR

C

DTIME
OUTC

CTIME
OUTC

DCRC
FAILC

CCRC
FAILC

rw rw rw rw rw rw rw rw rw rw

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

Bit 22 SDIOITC: SDIOIT flag clear bit

Set by software to clear the SDIOIT flag.
0: SDIOIT not cleared
1: SDIOIT cleared

Bits 21:11 Reserved, must be kept at reset value.

Bit 10 DBCKENDC: DBCKEND flag clear bit

Set by software to clear the DBCKEND flag.
0: DBCKEND not cleared
1: DBCKEND cleared

Bit 9 Reserved, must be kept at reset value.

Bit 8 DATAENDC: DATAEND flag clear bit

Set by software to clear the DATAEND flag.
0: DATAEND not cleared
1: DATAEND cleared

Bit 7 CMDSENTC: CMDSENT flag clear bit

Set by software to clear the CMDSENT flag.
0: CMDSENT not cleared
1: CMDSENT cleared

Bit 6 CMDRENDC: CMDREND flag clear bit

Set by software to clear the CMDREND flag.
0: CMDREND not cleared
1: CMDREND cleared

Bit 5 RXOVERRC: RXOVERR flag clear bit

Set by software to clear the RXOVERR flag.
0: RXOVERR not cleared
1: RXOVERR cleared

Bit 4 TXUNDERRC: TXUNDERR flag clear bit

Set by software to clear TXUNDERR flag.
0: TXUNDERR not cleared
1: TXUNDERR cleared

Bit 3 DTIMEOUTC: DTIMEOUT flag clear bit

Set by software to clear the DTIMEOUT flag.
0: DTIMEOUT not cleared
1: DTIMEOUT cleared


