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Power control (PWR) RMO0394

5.4.2 Power control register 2 (PWR_CR2)
Address offset: 0x04
Reset value: 0x0000 0000. This register is reset when exiting the Standby mode.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
PVME1
usv® PVME4 | PVME3 ) PLS[2:0] PVDE
rw w w w w | w | w w

1. Available on STM32L4x2xx and STM32L4x3xx devices only.

Bits 31:11 Reserved, must be kept at reset value.

Bit 10 USV("): Vppgp USB supply valid
This bit is used to validate the Vppsg supply for electrical and logical isolation purpose.
Setting this bit is mandatory to use the USB FS peripheral. If Vppygpg is not always

present in the application, the PVM can be used to determine whether this supply is ready or
not.

0: Vppusg is not present. Logical and electrical isolation is applied to ignore this supply.
1: VDDUSB is valid.
Bits 9:8 Reserved, must be kept at reset value.

Bit 7 PVME4: Peripheral voltage monitoring 4 enable: Vppp vs. 2.2V
0: PVM4 (Vppa monitoring vs. 2.2V threshold) disable.
1: PVYM4 (Vppa monitoring vs. 2.2V threshold) enable.

Bit 6 PVMES3: Peripheral voltage monitoring 3 enable: Vppp vs. 1.62V
0: PVM3 (Vppa monitoring vs. 1.62V threshold) disable.
1: PVYM3 (Vpppa monitoring vs. 1.62V threshold) enable.

Bit 5 Reserved, must be kept at reset value.

3
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Power control (PWR)

RM0394

Table 29. PWR register map and reset values (continued)

Offset

i O M 0|~
Register (S|22(Q(IN

©
N

[x¢]
NN

N~ OO0 |N(©
N|N(N| ™|~

15
14
13
12
1"

10

o

8
7

6
5
4

3
2

1
0

0x044

PWR_PDCRE

Reset value

o |PD15
o |PD14
o |PD13
o |PD12
o |PD11
o |PD10
o| PD9
o| PD8
o| PD7
o | PD6
o| PD5
o | PD4

o| PD2
o| PD1

0x058

PWR_PUCRH

o |PU1

Reset value

0x05C

PWR_PDCRH

o |PD3| o|PU3| o| PD3

o |PDO| ©|PUO| o | PDO

o |PD1

Reset value

Refer toSection 2.2.2: Memory map and register boundary addresses for the register

boundary addresses.
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RM0394

Quad-SPI interface (QUADSPI)

15.5.14 QUADSPI register map

Table 52. QUADSPI register map and reset values

Offset| Register |5|3|@I2|K|C|2I3|R|N|c|8|2|2(s]e|o|2 || e|2|o|o|~|o 0| |n|~|-|o
_ s|2] |wlw|w|w|w FTHRES |- El=z|E |k
ox0000 | QUADSPICR PRESCALER(7:0] Ei o= E EE o) §§ ééﬂ‘égw
Resetvalue |0]o]o[o]ofofofo]o]o olof[ofolo 00|o|ooo olofofo]o
w
QUADSPI_DCR FSIZE[4:0] CSHT é
0x0004 s
[&]
Reset value ofofofofo o|o|o 0
00005 | QUADSPLSR FLEVEL[5:0] %é%ﬁéé
Reset value oj(ofofofof|o o(ofofofo|o
UADSPI_FCR 5| |6
OXOOOCQ - 58 55
Reset value 0|0 0|0
QUADSPI_DLR DL[31:0]
0x0010
Reset value 00000|o 0|000|0|0|0|0 0|0 0|0 0|0 0|0 o|o o|o|o|0|0|0|0|0
g | g g|21g8 |2 |8
s|o ol = = = = = o =
050014 QUADSPI_CCR DSC% 8 LéJ § DCYC[4:0] g g (“% § :I%J INSTRUCTION[7:0]
z | 3 2|3 (2 |5 |=2
Resetvalue |00 00|o o|o o|0|0|o|0 0|0 0|0 0|0 0|0 o|o o|0|0|0|0|0|0|0
QUADSPI_AR ADDRESS[31:0]
0x0018
Reset value 0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|o|o|o|o|0|0|0|0|0
QUADSPI_ABR ALTERNATE[31:0]
0x001C
Reset value 0|0|o|0|0|0|0|o|o|o|0|0|o|0|0|0|0|0|0|0|0|0|o|o|o|o|o|0|0|0|0|0
QUADSPI_DR DATA[31:0]
0x0020
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
QUADSPI_ .
00024 PSMKR MASK[31:0]
Reset value 0|0|0|0|0|0|0|o|o|o|0|0|o|0|0|0|0|0|0|0|0|0|o|o|o|o|o|0|0|0|0|0
0x0028 Qggﬂf\g‘— MATCH[31:0]
Reset value 00000000000000000|0|0|0|0|0|0|o|o|o|o|0|0|0|0|0
QUADSPI_PIR INTERVAL[15:0]
0x002C
Reset value o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o
030050 QUL‘:,DTS&P'— TIMEOUT[15:0]
Reset value 0|0|0|0|0|0|o|o|o|o|o|o|o|o|0|0

3

Refer to Section 2.2.2 for the register boundary addresses.
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RMO0394 Digital-to-analog converter (DAC)

17.6.2 DAC software trigger register (DAC_SWTRGR)

Address offset: 0x04
Reset value: 0x0000 0000

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

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
SWTRIG2 | SWTRIG1

w w

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

Bit 1 SWTRIG2: DAC channel2 software trigger
This bit is set by software to trigger the DAC in software trigger mode.
0: No trigger
1: Trigger
Note: This bit is cleared by hardware (one APB1 clock cycle later) once the DAC_DHR2
register value has been loaded into the DAC_DOR?2 register.

Bit 0 SWTRIG1: DAC channel1 software trigger
This bit is set by software to trigger the DAC in software trigger mode.
0: No trigger
1: Trigger
Note: This bit is cleared by hardware (one APB1 clock cycle later) once the DAC_DHR1
register value has been loaded into the DAC_DOR1 register.

17.6.3 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
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DACC1DHR[11:0]

Bits 31:12 Reserved, must be kept at reset value.

Bits 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 channel1.

17.6.4 DAC channel1 12-bit left aligned data holding register
(DAC_DHR12L1)

Address offset: 0x0C
Reset value: 0x0000 0000

3
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RM0394

Digital filter for sigma delta modulators (DFSDM)

21.4.13

3

Data unit block

The data unit block is the last block of the whole processing path: External ZA modulators -
Serial transceivers - Sinc filter - Integrator - Data unit block.

The output data rate depends on the serial data stream rate, and filter and integrator
settings. The maximum output data rate is:

fokin
Fosr' (losr=1+Forp) +(Forp+1)

Datarate[ samples / s = ...FAST =0, Sincx filter

fCKIN

Datarate[ samples / s = Fosn (oeg—1+H 72+

...FAST = 0, FastSinc filter

or

fCKIN

_— ...FAST =1
Fosr losr

Datarate[ samples / s =

Maximum output data rate in case of parallel data input:

fOATAIN RATE
Fosr® (osr=1+Forp) +(Forp+ 1)

Datarate[ samples / s = ...FAST =0, Sincx filter

or

foaTAIN_RATE
Fosr® Uosr—1+4)+(2+1)

Datarate[ samples / s7| = ...FAST =0, FastSinc filter

or

fDATAI N_RATE

Datarate[ samples / s| =
Fosr™ losr

...FAST=1 or any filter bypass case (Fogg = 1)

where: foatain RATE---iNPUt data rate from CPU/DMA

The right bit-shift of final data is performed in this module because the final data width is 24-
bit and data coming from the processing path can be up to 32 bits. This right bit-shift is
configurable in the range 0-31 bits for each selected input channel (see DTRBS[4:0] bits in
DFSDM_CHyCFGR?2 register). The right bit-shift is rounding the result to nearest integer
value. The sign of shifted result is maintained - to have valid 24-bit signed format of result
data.

In the next step, an offset correction of the result is performed. The offset correction value
(OFFSET[23:0] stored in register DFSDM_CHyCFGR?2) is subtracted from the output data
for a given channel. Data in the OFFSET[23:0] field is set by software by the appropriate
calibration routine.

Due to the fact that all operations in digital processing are performed on 32-bit signed
registers, the following conditions must be fulfilled not to overflow the result:

FOSR FORD |0SR <= 231 .. for Sinc* filters, x = 1..5)
2 .FOSR?2.10SR <= 23" . for FastSinc filter)

DocID027295 Rev 3 543/1472




Digital filter for sigma delta modulators (DFSDM) RMO0394

Bit 2 Reserved, must be kept at reset value.

Bit 1 JSWSTART: Start a conversion of the injected group of channels

0: Writing ‘0’ has no effect.

1: Writing ‘1’ makes a request to convert the channels in the injected conversion group, causing
JCIP to become ‘1’ at the same time. If JCIP=1 already, then writing to JSWSTART has no effect.
Writing ‘1" has no effect if JSYNC=1.

This bit is always read as ‘0’.

Bit 0 DFEN: DFSDM_FLTx enable
0: DFSDM_FLTx is disabled. All conversions of given DFSDM_FLTx are stopped immediately and
all DFSDM_FLTx functions are stopped.
1: DFSDM_FLTx is enabled. If DFSDM_FLTx is enabled, then DFSDM_FLTx starts operating
according to its setting.
Data which are cleared by setting DFEN=0:
—register DFSDM_FLTxISR is set to the reset state
—register DFSDM_FLTXAWSR is set to the reset state

21.8.2 DFSDM control register 2 (DFSDM_FLTxCR2)
Address offset: 0x104 + 0x80 * x, x = 0...1
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
AWDCH[3:0]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
, CKAB ROVR | JOVR | REOC | JEOC
EXCHI3:0] & | SCDIE | AwDIE | T2 & ' e

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

Bits 19:16 AWDCH[3:0]: Analog watchdog channel selection
These bits select the input channel to be guarded continuously by the analog watchdog
AWDCH][y] = 0: Analog watchdog is disabled on channel y
AWDCH][y] = 1: Analog watchdog is enabled on channel y

Bits 15:12 Reserved, must be kept at reset value.

Bits 11:8 EXCH[3:0]: Extremes detector channel selection
These bits select the input channels to be taken by the Extremes detector
EXCH]Jy] = 0: Extremes detector does not accept data from channel y
EXCHIy] = 1: Extremes detector accepts data from channel y

Bit 7 Reserved, must be kept at reset value.

Bit 6 CKABIE: Clock absence interrupt enable
0: Detection of channel input clock absence interrupt is disabled
1: Detection of channel input clock absence interrupt is enabled
Please see the explanation of CKABF[3:0] in DFSDM_FLTxISR.
Note: CKABIE is present only in DFSDM_FLTOCR?2 register (filter x=0)

3
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Touch sensing controller (TSC)

RM0394

Bits 31:23
Bits 22:16

Bits 15:7
Bits 6:0

Reserved, must be kept at reset value.

GxS: Analog I/O group x status
These bits are set by hardware when the acquisition on the corresponding enabled analog I/0
group x is complete. They are cleared by hardware when a new acquisition is started.
0: Acquisition on analog I/O group x is ongoing or not started
1: Acquisition on analog I/O group x is complete
Note: When a max count error is detected the remaining GxS bits of the enabled analog I/0O
groups are not set.

Reserved, must be kept at reset value.

GxE: Analog I/O group x enable
These bits are set and cleared by software to enable/disable the acquisition (counter is
counting) on the corresponding analog I/O group x.

0: Acquisition on analog I/O group x disabled
1: Acquisition on analog I/O group x enabled

23.6.10 TSC I/O group x counter register (TSC_IOGxCR) (x =1..7)

Address offset: 0x30 + 0x04 x Analog I/O group number
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 4 3 2 1 0
CNT[13:0]

r | r | r | r | r | r | r | r | r | r | r | r | r | r

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

Bits 13:0 CNT[13:0]: Counter value

620/1472

These bits represent the number of charge transfer cycles generated on the analog 1/0 group
x to complete its acquisition (voltage across Cg has reached the threshold).

3
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RMO0394 Advanced encryption standard hardware accelerator (AES)

25.14.5 AES key register 0 (AES_KEYRO) (LSB: key [31:0])

Address offset: 0x10
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
KEYRO0[31:16]

v T Lo o [ [ T [ [ [ [ o [ [ [ v [ [
15 14 13 12 " 10 9 8 7 6 5 4 3 2 1 0
KEYRO[15:0]

v T Lo o [ [ Lo [ [ [ [ o [ [ [ v [ [

Bits 31:0 KEYRO0[31:0]: Data output register (LSB key [31:0])
This register must be written before the EN bit in the AES_CR register is set:

In mode 1 (encryption), mode 2 (key derivation) and mode 4 (key derivation + decryption), the value to
be written represents the encryption key from LSB, meaning key [31:0].

In mode 3 (decryption), the value to be written represents the decryption key from LSB, meaning key
[31:0]. When the register is written with the encryption key in this decryption mode, reading it before
the AES is enabled will return the encryption value. Reading it after CCF flag is set will return the
derivation key.

Reading this register while AES is enabled returns an unpredictable value.

Note: This register does not contain the derivation key in mode 4 (derivation key + decryption). It
always contains the encryption key value.

25.14.6  AES key register 1 (AES_KEYR1) (key[63:32])
Address offset: 0x14
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
KEYR1[31:16]
o r ] | ] 1] ]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
KEYR1[15:0]

Bits 31:0 KEYR1[31:0]: Data output register (key [63:32])
Refer to the description of AES_KEYRO.

3
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RM0394

Advanced-control timers (TIM1)

26

26.1

26.2

3

Advanced-control timers (TIM1)

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.

TIM1 main features

TIM1 timer features include:
e  16-bit up, down, up/down auto-reload counter.

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

e 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

e  Complementary outputs with programmable dead-time

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

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

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

e  Supports incremental (quadrature) encoder and Hall-sensor circuitry for positioning
purposes

e  Trigger input for external clock or cycle-by-cycle current management
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Advanced-control timers (TIM1) RM0394

26.4 TIM1 registers

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

26.4.1 TIM1 control register 1 (TIMx_CR1)

Address offset: 0x00
Reset value: 0x0000

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
UIFRE ] ]
VAP CKDI[1:0] ARPE CMS[1:0] DIR | OPM | URS | UDIS | CEN
w rw rw rw rw rw w rw rw rw rw

Bits 15:12 Reserved, must be kept at reset value.

Bit 11 UIFREMAP: UIF status bit remapping

0: No remapping. UIF status bit is not copied to TIMx_CNT register bit 31.
1: Remapping enabled. UIF status bit is copied to TIMx_CNT register bit 31.

Bit 10 Reserved, must be kept at reset value.

Bits 9:8 CKDI[1:0]: Clock division
This bit-field indicates the division ratio between the timer clock (CK_INT) frequency and the
dead-time and sampling clock (tptg)used by the dead-time generators and the digital filters
(ETR, TIx),
00: tprs=tck INT
01: tprs=2"tck NT
10: tprs=4"tck INT
11: Reserved, do not program this value

Bit 7 ARPE: Auto-reload preload enable

0: TIMx_ARR register is not buffered
1: TIMx_ARR register is buffered

Bits 6:5 CMS[1:0]: Center-aligned mode selection
00: Edge-aligned mode. The counter counts up or down depending on the direction bit
(DIR).
01: Center-aligned mode 1. The counter counts up and down alternatively. Output compare
interrupt flags of channels configured in output (CCxS=00 in TIMx_CCMRX register) are set
only when the counter is counting down.
10: Center-aligned mode 2. The counter counts up and down alternatively. Output compare
interrupt flags of channels configured in output (CCxS=00 in TIMx_CCMRX register) are set
only when the counter is counting up.
11: Center-aligned mode 3. The counter counts up and down alternatively. Output compare
interrupt flags of channels configured in output (CCxS=00 in TIMx_CCMRX register) are set
both when the counter is counting up or down.

Note: It is not allowed to switch from edge-aligned mode to center-aligned mode as long as
the counter is enabled (CEN=1)

Bit 4 DIR: Direction

0: Counter used as upcounter
1: Counter used as downcounter

Note: This bit is read only when the timer is configured in Center-aligned mode or Encoder
mode.
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Advanced-control timers (TIM1) RM0394

Bits 12:8 DBL[4:0]: DMA burst length
This 5-bit vector defines the length of DMA transfers (the timer recognizes a burst transfer
when a read or a write access is done to the TIMx_DMAR address), i.e. the number of
transfers. Transfers can be in half-words or in bytes (see example below).
00000: 1 transfer
00001: 2 transfers
00010: 3 transfers

10001: 18 transfers

Example: Let us consider the following transfer: DBL = 7 bytes & DBA = TIM2_CR1.

— If DBL = 7 bytes and DBA = TIM2_CR1 represents the address of the byte to be
transferred, the address of the transfer should be given by the following equation:

(TIMx_CR1 address) + DBA + (DMA index), where DMA index = DBL

In this example, 7 bytes are added to (TIMx_CR1 address) + DBA, which gives us the

address from/to which the data will be copied. In this case, the transfer is done to 7 registers

starting from the following address: (TIMx_CR1 address) + DBA

According to the configuration of the DMA Data Size, several cases may occur:

— If you configure the DMA Data Size in half-words, 16-bit data will be transferred to each of
the 7 registers.

— If you configure the DMA Data Size in bytes, the data will also be transferred to 7 registers:
the first register will contain the first MSB byte, the second register, the first LSB byte and
so on. So with the transfer Timer, you also have to specify the size of data transferred by
DMA.

Bits 7:5 Reserved, must be kept at reset value.

Bits 4:0 DBA[4:0]: DMA base address

This 5-bits vector defines the base-address for DMA transfers (when read/write access are
done through the TIMx_DMAR address). DBA is defined as an offset starting from the
address of the TIMx_CR1 register.

Example:

00000: TIMx_CR1,

00001: TIMx_CR2,

00010: TIMx_SMCR,

26.4.20 TIM1 DMA address for full transfer (TIMx_DMAR)

Address offset: 0x4C
Reset value: 0x0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
DMAB([31:16]
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
DMAB[15:0]
756/1472 DoclD027295 Rev 3 ‘Yl




RMO0394 General-purpose timers (TIM15/TIM16)

Bit 10 CC2DE: Capture/Compare 2 DMA request enable

0: CC2 DMA request disabled
1: CC2 DMA request enabled

Bit9 CC1DE: Capture/Compare 1 DMA request enable
0: CC1 DMA request disabled
1: CC1 DMA request enabled

Bit 8 UDE: Update DMA request enable
0: Update DMA request disabled
1: Update DMA request enabled
Bit 7 BIE: Break interrupt enable
0: Break interrupt disabled
1: Break interrupt enabled
Bit 6 TIE: Trigger interrupt enable
0: Trigger interrupt disabled
1: Trigger interrupt enabled
Bit 5 COMIE: COM interrupt enable
0: COM interrupt disabled
1: COM interrupt enabled
Bits 4:3 Reserved, must be kept at reset value.

Bit 2 CC2IE: Capture/Compare 2 interrupt enable

0: CC2 interrupt disabled
1: CC2 interrupt enabled

Bit 1 CC1IE: Capture/Compare 1 interrupt enable

0: CC1 interrupt disabled
1: CC1 interrupt enabled

Bit 0 UIE: Update interrupt enable

0: Update interrupt disabled
1: Update interrupt enabled

28.5.5 TIM15 status register (TIM15_SR)

Address offset: 0x10
Reset value: 0x0000

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
CC20F | CC10F BIF TIF | COMIF CC2IF | CC1IF | UIF
rc_w0 | rc_w0 rc_w0 | rc_w0 | rc_w0 rc_w0 | rc_w0 | rc_w0

Bits 15:11 Reserved, must be kept at reset value.

Bit 10 CC20F: Capture/Compare 2 overcapture flag
Refer to CC10F description

Bit9 CC10F: Capture/Compare 1 overcapture flag
This flag is set by hardware only when the corresponding channel is configured in input
capture mode. It is cleared by software by writing it to ‘0’.
0: No overcapture has been detected
1: The counter value has been captured in TIMx_CCR1 register while CC1IF flag was
already set
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Note:

Note:
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e When the SCL falling edge is internally detected, a delay is inserted before sending
SDA Output. This delay is tSDADEL = SDADEL x tPRESC + t|2CCLK where tPRESC = (PRESC+1)

X tiaceLk-
TSDADEL impaCtS the hold time tHD;DAT.
The total SDA output delay is:
tsynct * {[SDADEL x (PRESC+1) + 1] X tipccik }

tsyncq duration depends on these parameters:
—  SCL falling slope
—  When enabled, input delay brought by the analog filter: tar(min) < tar < tar(max) NS-
— When enabled, input delay brought by the digital filter: tpyg = DNF X tocok
—  Delay due to SCL synchronization to I2CCLK clock (2 to 3 I2CCLK periods)

In order to bridge the undefined region of the SCL falling edge, the user must program
SDADEL in such a way that:

{tf (max) *tHD;DAT (min) ~taF(min) = [((DNF +3) X tioccLkl} / {(PRESC +1) X tipccLk } < SDADEL
SDADEL = {typ.paT (max) “taF(max) - (DNF+4) x tiaccrkl} / {(PRESC +1) X tiaccik }

tar(min) / tar(max) @re part of the equation only when the analog filter is enabled. Refer to
device datasheet for tpr values.

The maximum typ.pat could be 3.45 ps, 0.9 ps and 0.45 ps for Standard-mode, Fast-mode
and Fast-mode Plus, but must be less than the maximum of typ.pat by a transition time.
This maximum must only be met if the device does not stretch the LOW period (t, oy ) of the
SCL signal. If the clock stretches the SCL, the data must be valid by the set-up time before
it releases the clock.

The SDA rising edge is usually the worst case, so in this case the previous equation
becomes:

SDADEL = {typ.pAT (max) ~tr (max) ~260 ns - [[DNF+4) x tjocc ]} / {(PRESC +1) X tiocerk }-

This condition can be violated when NOSTRETCH=0, because the device stretches SCL
low to guarantee the set-up time, according to the SCLDEL value.

Refer to Table 150: 12C-SMBUS specification data setup and hold times for t, t,, typ.par and
typ.paT standard values.

e  After tgpapgL delay, or after sending SDA output in case the slave had to stretch the
clock because the data was not yet written in 12C_TXDR register, SCL line is kept at
low level during the setup time. This setup time is tgg pg. = (SCLDEL+1) X tpregc Where
trresc = (PRESC+1) X tipcovk.

tscLpEL impaCtS the Setup time tSU;DAT.

In order to bridge the undefined region of the SDA transition (rising edge usually worst
case), the user must program SCLDEL in such a way that:

{Itr (max) * tsu;DAT (min)l / [(PRESC+1)] x tipccikl} - 1 <= SCLDEL

Refer to Table 150: 12C-SMBUS specification data setup and hold times for t. and tgyy.pat
standard values.

The SDA and SCL transition time values to be used are the ones in the application. Using
the maximum values from the standard increases the constraints for the SDADEL and
SCLDEL calculation, but ensures the feature whatever the application.
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Bit 23

Bit 22

Bit 21

Bit 20

Bit 19

Bit 18

Bit 17

Bit 16

PECEN: PEC enable
0: PEC calculation disabled
1: PEC calculation enabled

Note: If the SMBus feature is not supported, this bit is reserved and forced by hardware to ‘0.
Please refer to Section 35.3: 12C implementation.

ALERTEN: SMBus alert enable
Device mode (SMBHEN=0):

0: Releases SMBA pin high and Alert Response Address Header disabled: 0001100x
followed by NACK.

1: Drives SMBA pin low and Alert Response Address Header enables: 0001100x followed
by ACK.

Host mode (SMBHEN=1):
0: SMBus Alert pin (SMBA) not supported.
1: SMBus Alert pin (SMBA) supported.
Note: When ALERTEN=0, the SMBA pin can be used as a standard GPIO.

If the SMBus feature is not supported, this bit is reserved and forced by hardware to ‘0’.
Please refer to Section 35.3: 12C implementation.

SMBDEN: SMBus Device Default address enable

0: Device default address disabled. Address 0b1100001x is NACKed.
1: Device default address enabled. Address Ob1100001x is ACKed.

Note: If the SMBus feature is not supported, this bit is reserved and forced by hardware to ‘0.
Please refer to Section 35.3: 12C implementation.

SMBHEN: SMBus Host address enable

0: Host address disabled. Address 0b0001000x is NACKed.
1: Host address enabled. Address 0b0001000x is ACKed.

Note: If the SMBus feature is not supported, this bit is reserved and forced by hardware to ‘0.
Please refer to Section 35.3: 12C implementation.

GCEN: General call enable

0: General call disabled. Address 0b00000000 is NACKed.
1: General call enabled. Address 0b00000000 is ACKed.

WUPEN: Wakeup from Stop mode enable

0: Wakeup from Stop mode disable.
1: Wakeup from Stop mode enable.

Note: If the Wakeup from Stop mode feature is not supported, this bit is reserved and forced
by hardware to ‘0’. Please refer to Section 35.3: 12C implementation.

Note: WUPEN can be set only when DNF = ‘0000’

NOSTRETCH: Clock stretching disable

This bit is used to disable clock stretching in slave mode. It must be kept cleared in master
mode.

0: Clock stretching enabled
1: Clock stretching disabled

Note: This bit can only be programmed when the 12C is disabled (PE = 0).

SBC: Slave byte control
This bit is used to enable hardware byte control in slave mode.

0: Slave byte control disabled
1: Slave byte control enabled
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38.4.8

38.4.9
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(1) Step is not required in slave mode.

(2) Step is not required in Tl mode.

(3) Step is not required in NSSP mode.

(4) The step is not required in slave mode except slave working at Tl mode

Procedure for enabling SPI

It is recommended to enable the SPI slave before the master sends the clock. If not,
undesired data transmission might occur. The data register of the slave must already
contain data to be sent before starting communication with the master (either on the first
edge of the communication clock, or before the end of the ongoing communication if the
clock signal is continuous). The SCK signal must be settled at an idle state level
corresponding to the selected polarity before the SPI slave is enabled.

The master at full-duplex (or in any transmit-only mode) starts to communicate when the
SPIl is enabled and TXFIFO is not empty, or with the next write to TXFIFO.

In any master receive only mode (RXONLY=1 or BIDIMODE=1 & BIDIOE=0), master starts
to communicate and the clock starts running immediately after SPI is enabled.

For handling DMA, follow the dedicated section.

Data transmission and reception procedures

RXFIFO and TXFIFO

All SPI data transactions pass through the 32-bit embedded FIFOs. This enables the SPI to
work in a continuous flow, and prevents overruns when the data frame size is short. Each
direction has its own FIFO called TXFIFO and RXFIFO. These FIFOs are used in all SPI
modes except for receiver-only mode (slave or master) with CRC calculation enabled (see
Section 38.4.14: CRC calculation).

The handling of FIFOs depends on the data exchange mode (duplex, simplex), data frame
format (number of bits in the frame), access size performed on the FIFO data registers (8-bit
or 16-bit), and whether or not data packing is used when accessing the FIFOs (see
Section 38.4.13: Tl mode).

A read access to the SPIx_DR register returns the oldest value stored in RXFIFO that has
not been read yet. A write access to the SPIx_DR stores the written data in the TXFIFO at
the end of a send queue. The read access must be always aligned with the RXFIFO
threshold configured by the FRXTH bit in SPIx_CR2 register. FTLVL[1:0] and FRLVL[1:0]
bits indicate the current occupancy level of both FIFOs.

A read access to the SPIx_DR register must be managed by the RXNE event. This event is
triggered when data is stored in RXFIFO and the threshold (defined by FRXTH bit) is
reached. When RXNE is cleared, RXFIFO is considered to be empty. In a similar way, write
access of a data frame to be transmitted is managed by the TXE event. This event is
triggered when the TXFIFO level is less than or equal to half of its capacity. Otherwise TXE
is cleared and the TXFIFO is considered as full. In this way, RXFIFO can store up to four
data frames, whereas TXFIFO can only store up to three when the data frame format is not
greater than 8 bits. This difference prevents possible corruption of 3x 8-bit data frames
already stored in the TXFIFO when software tries to write more data in 16-bit mode into
TXFIFO. Both TXE and RXNE events can be polled or handled by interrupts. See

Figure 394 through Figure 397.
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Communication diagrams

Some typical timing schemes are explained in this section. These schemes are valid no
matter if the SPI events are handled by polling, interrupts or DMA. For simplicity, the
LSBFIRST=0, CPOL=0 and CPHA=1 setting is used as a common assumption here. No
complete configuration of DMA streams is provided.

The following numbered notes are common for Figure 394 on page 1209 through
Figure 397 on page 1212.

1. The slave starts to control MISO line as NSS is active and SPI is enabled, and is
disconnected from the line when one of them is released. Sufficient time must be
provided for the slave to prepare data dedicated to the master in advance before its
transaction starts.

At the master, the SPI peripheral takes control at MOSI and SCK signals (occasionally
at NSS signal as well) only if SPI is enabled. If SPI is disabled the SPI peripheral is
disconnected from GPIO logic, so the levels at these lines depends on GPIO setting
exclusively.

2. Atthe master, BSY stays active between frames if the communication (clock signal) is
continuous. At the slave, BSY signal always goes down for at least one clock cycle
between data frames.

3. The TXE signal is cleared only if TXFIFO is full.

4. The DMA arbitration process starts just after the TXDMAEN bit is set. The TXE
interrupt is generated just after the TXEIE is set. As the TXE signal is at an active level,
data transfers to TxFIFO start, until TxFIFO becomes full or the DMA transfer
completes.

5. If all the data to be sent can fit into TxFIFO, the DMA Tx TCIF flag can be raised even
before communication on the SPI bus starts. This flag always rises before the SPI
transaction is completed.

6. The CRC value for a package is calculated continuously frame by frame in the
SPIx_TxCRCR and SPIx_RxCRCR registers. The CRC information is processed after
the entire data package has completed, either automatically by DMA (Tx channel must
be set to the number of data frames to be processed) or by SW (the user must handle
CRCNEXT bit during the last data frame processing).

While the CRC value calculated in SPIx_TxCRCR is simply sent out by transmitter,
received CRC information is loaded into RxFIFO and then compared with the
SPIx_RxCRCR register content (CRC error flag can be raised here if any difference).
This is why the user must take care to flush this information from the FIFO, either by
software reading out all the stored content of RxFIFO, or by DMA when the proper
number of data frames is preset for Rx channel (humber of data frames + number of
CRC frames) (see the settings at the example assumption).

7. Indata packed mode, TxE and RxNE events are paired and each read/write access to
the FIFO is 16 bits wide until the number of data frames are even. If the TxFIFO is %
full FTLVL status stays at FIFO full level. That is why the last odd data frame cannot be
stored before the TxFIFO becomes 7% full. This frame is stored into TxFIFO with an 8-
bit access either by software or automatically by DMA when LDMA_TX control is set.

8. Toreceive the last odd data frame in packed mode, the Rx threshold must be changed
to 8-bit when the last data frame is processed, either by software setting FRXTH=1 or
automatically by a DMA internal signal when LDMA_RXis set.

3
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39.3 SAl implementation

Table 183. STM32L43xxx/44xxx/45xxx/46xxx SAl interfaces

Reference

SAI

SAI2

STM32L43xxx/44xxx/45xxX/46XXX

X

3
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RMO0394 Controller area network (bxCAN)

CAN mailbox data low register (CAN_TDLxR) (x = 0..2)

All bits of this register are write protected when the mailbox is not in empty state.

Address offsets: 0x188, 0x198, O0x1A8
Reset value: OxXXXX XXXX

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
DATA3([7:0] DATA2[7:0]

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DATA1[7:0] DATAO[7:0]

Bits 31:24 DATA3[7:0]: Data byte 3
Data byte 3 of the message.

Bits 23:16 DATAZ2[7:0]: Data byte 2
Data byte 2 of the message.

Bits 15:8 DATA1[7:0]: Data byte 1
Data byte 1 of the message.

Bits 7:0 DATAO[7:0]: Data byte 0
Data byte 0 of the message.
A message can contain from 0 to 8 data bytes and starts with byte 0.

CAN mailbox data high register (CAN_TDHxR) (x = 0..2)

All bits of this register are write protected when the mailbox is not in empty state.

Address offsets: 0x18C, 0x19C, 0x1AC
Reset value: OxXXXX XXXX

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
DATA7[7:0] DATAB[7:0]

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DATAS5(7:0] DATA4[7:0]

3
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RM0394 Device electronic signature

Address offset: 0x04
Read only = OxXXXX XXXX where X is factory-programmed

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

UID[63:48]

Bits 31:8 UID[63:40]: LOT_NUM][23:0]
Lot number (ASCII encoded)

Bits 7:0 UID[39:32]: WAF_NUM([7:0]
Wafer number (8-bit unsigned number)
Address offset: 0x08
Read only = OxXXXX XXXX where X is factory-programmed

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

UID[95:80]

Bits 31:0 UID[95:64]: LOT_NUM[55:24]
Lot number (ASCII encoded)

45.2 Flash size data register

Base address: Ox1FFF 75E0

Address offset: 0x00
Read only = OxXXXX where X is factory-programmed

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

FLASH_SIZE

Bits 15:0 FLASH_SIZE[15:0]: Flash memory size
This bitfield indicates the size of the device Flash memory expressed in Kbytes.

As an example, 0x040 corresponds to 64 Kbytes.
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