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STM32L431xx Functional overview

3.12

3.13

3

General-purpose inputs/outputs (GPIOs)

Each of the GPIO pins can be configured by software as output (push-pull or open-drain), as
input (with or without pull-up or pull-down) or as peripheral alternate function. Most of the
GPIO pins are shared with digital or analog alternate functions. Fast I/O toggling can be
achieved thanks to their mapping on the AHB2 bus.

The 1/Os alternate function configuration can be locked if needed following a specific
sequence in order to avoid spurious writing to the 1/Os registers.

Direct memory access controller (DMA)

The device embeds 2 DMAs. Refer to Table 6: DMA implementation for the features
implementation.

Direct memory access (DMA) is used in order to provide high-speed data transfer between
peripherals and memory as well as memory to memory. Data can be quickly moved by DMA
without any CPU actions. This keeps CPU resources free for other operations.

The two DMA controllers have 14 channels in total, each dedicated to managing memory
access requests from one or more peripherals. Each has an arbiter for handling the priority
between DMA requests.

The DMA supports:

e 14 independently configurable channels (requests)

e Each channel is connected to dedicated hardware DMA requests, software trigger is
also supported on each channel. This configuration is done by software.

e  Priorities between requests from channels of one DMA are software programmable (4
levels consisting of very high, high, medium, low) or hardware in case of equality
(request 1 has priority over request 2, etc.)

e Independent source and destination transfer size (byte, half word, word), emulating
packing and unpacking. Source/destination addresses must be aligned on the data
size.

e  Support for circular buffer management

e 3 event flags (DMA Half Transfer, DMA Transfer complete and DMA Transfer Error)
logically ORed together in a single interrupt request for each channel

e  Memory-to-memory transfer

e  Peripheral-to-memory and memory-to-peripheral, and peripheral-to-peripheral
transfers

e Access to Flash, SRAM, APB and AHB peripherals as source and destination
e  Programmable number of data to be transferred: up to 65536.

Table 6. DMA implementation

DMA features DMA1 DMA2
Number of regular channels 7 7
DoclD028800 Rev 1 31/200




STM32L431xx Functional overview

3.26

3

Low-power universal asynchronous receiver transmitter
(LPUART)

The device embeds one Low-Power UART. The LPUART supports asynchronous serial
communication with minimum power consumption. It supports half duplex single wire
communication and modem operations (CTS/RTS). It allows multiprocessor
communication.

The LPUART has a clock domain independent from the CPU clock, and can wakeup the
system from Stop mode using baudrates up to 220 Kbaud. The wake up events from Stop
mode are programmable and can be:

e  Start bit detection

e Any received data frame

e A specific programmed data frame

Only a 32.768 kHz clock (LSE) is needed to allow LPUART communication up to 9600
baud. Therefore, even in Stop mode, the LPUART can wait for an incoming frame while

having an extremely low energy consumption. Higher speed clock can be used to reach
higher baudrates.

LPUART interface can be served by the DMA controller.

DocID028800 Rev 1 43/200




STM32L431xx

Pinouts and pin description

Table 14. STM32L431xx pin definitions (continued)

Pin Number

UFQFPN32
LQFP48

UFQFPN48
WLCSP49

WLCSP64

LQFP64

UFBGAG64

LQFP100

UFBGA100

Pin name
(function
after
reset)

Pin type
1/0 structure

Notes

Pin functions

Alternate functions

Additional
functions

K11

PB14 FT_f

TIM1_CH2N, 12C2_SDA,
SPI2_MISO,
USART3_RTS_DE,
TSC_G1_103,
SWPMI1_RX,
SAI1_MCLK_A,
TIM15_CH1, EVENTOUT

28

D3

F2

36

F7

54

K10

PB15 I/0 FT

RTC_REFIN,
TIM1_CH3N,
SPI2_MOSI,

TSC_G1_104,
SWPMI1_SUSPEND,
SAI1_SD_A,
TIM15_CH2, EVENTOUT

55

K9

PD8 I/0 FT

USART3_TX,
EVENTOUT

56

K8

PD9 I/0 FT

USART3_RX,
EVENTOUT

57

J12

PD10 /0 | FT

USART3_CK,
TSC_G6_|01,
EVENTOUT

58

J1

PD11 I/0 FT

USART3_CTS,

TSC_G6_102,

LPTIM2_ETR,
EVENTOUT

59

J10

PD12 I/0 FT

USART3_RTS_DE,
TSC_G6_103,
LPTIM2_IN1,
EVENTOUT

60

H12

PD13 /0 | FT

TSC_G6_104,
LPTIM2_OUT,
EVENTOUT

61

H11

PD14 I/0 FT

EVENTOUT

62

H10

PD15 I/0 FT

EVENTOUT

F1

37

F6

63

E12

PC6 /0| FT

TSC_G4_|01,
SDMMC1_D§,
EVENTOUT

E1

38

E7

64

E11

PC7 I/0 FT

TSC_G4_102,
SDMMC1_D7,
EVENTOUT

3
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Table 16. Alternate function AF8 to AF15 (for AF0 to AF7 see Table 15) (continued)

AF8 AF9 AF10 AF11 AF12 AF13 AF14 AF15
Port Sc':jmpﬁy TIM2/TIM15/
LPUART1 CAN1/TSC QUADSPI sty SAI1 e Y| EVENTOUT
SWPMI1

PCO | LPUART_RX - - - - LPTIM2_IN1 | EVENTOUT
PortC| PC1 | LPUART1 TX - - - - - EVENTOUT
PC2 - - - - - - EVENTOUT
PC3 - - - - SAM_SD A | LPTIM2_ETR | EVENTOUT
PC4 - - - - - - EVENTOUT
PC5 - - - - - - EVENTOUT
PC6 - TSC_G4_101 - SDMMC1_D6 - - EVENTOUT
PC7 - TSC_G4_l02 - SDMMC1_D7 - - EVENTOUT

PC8 - TSC_G4_103 - SDMMC1_DO - - EVENTOUT
PortC| PC9 - TSC_G4_l04 SDMMC1_D1 - - EVENTOUT
PC10 - TSC_G3_102 - SDMMC1_D2 - - EVENTOUT
PC11 - TSC_G3_103 - SDMMC1_D3 - - EVENTOUT
PC12 - TSC_G3_104 - SDMMC1_CK - - EVENTOUT
PC13 ; - - - - - - EVENTOUT
PC14 ; - - - - - - EVENTOUT
PC15 ; - - - - - - EVENTOUT
PDO - CAN1_RX - - - - - EVENTOUT
oot | PO - CAN1_TX - - - - - EVENTOUT
PD2 - TSC_SYNC - SD&",\';"SL - - EVENTOUT

XXLEYIZENLS
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Electrical characteristics

STM32L431xx

Table 23. Embedded reset and power control block characteristics (continued)

Symbol Parameter Conditions(¥ |  Min Typ | Max | Unit
Rising edge 2.26 2.31 2.36
VPVD1 PVD threshold 1 \
Falling edge 215 2.20 2.25
Rising edge 2.41 2.46 2.51
VPVD2 PVD threshold 2 \Y
Falling edge 2.31 2.36 2.41
Rising edge 2.56 2.61 2.66
VPVD3 PVD threshold 3 \
Falling edge 247 2.52 2.57
Rising edge 2.69 2.74 2.79
VPVD4 PVD threshold 4 \
Falling edge 2.59 2.64 2.69
Rising edge 2.85 2.91 2.96
Vpyps PVD threshold 5 \Y
Falling edge 2.75 2.81 2.86
Rising edge 2.92 2.98 3.04
VPVD6 PVD threshold 6 \Y
Falling edge 2.84 2.90 2.96
Hysteresis in
continuous - 20 -
Vhyst BORHo | Hysteresis voltage of BORHO mode mvV
Hysteresis in ) 30 )
other mode
Hysteresis voltage of BORH
Vhyst BOR_PVD | (gxcept BORHO) and PVD ) ) 100 - mv
Ibb BOR®) (except BOR0) and ) ) 1 1 16 A
(BOR_PVD)®@ | PVD consumption from Vpp ' ' H
; Rising edge 1.61 1.65 1.69
Vovua VDD/_\ pgrlpheral voltage Vv
monitoring Falling edge 1.6 164 | 1.68
; Rising edge 1.78 1.82 1.86
Vovna VDDA pgnpheral voltage Vv
monitoring Falling edge 177 | 1.81 | 1.85
Vhyst pym3 | PVM3 hysteresis - - 10 - mV
Vhyst Pymsa | PVM4 hysteresis - - 10 - mV
oo ((F;;/M” PVM1 consumption from Vpp - - 0.2 - uA
oo PVM3 and PVM4
(PVM3/PVM4) . - - 2 - MA
) consumption from Vpp

1. Continuous mode means Run/Sleep modes, or temperature sensor enable in Low-power run/Low-power

sleep modes.

Guaranteed by design.

3. BORO is enabled in all modes (except shutdown) and its consumption is therefore included in the supply
current characteristics tables.

84/200
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g Table 34. Current consumption in Stop 1 mode
S Conditions TYP max(®
Symbol Parameter Unit
- Vpp | 25°C | 55°C | 85°C ([105°C|125°C| 25°C | 65°C | 85°C [105°C |125°C
Supply 1.8V | 434 | 124 | 43.6 96.4 204 9.3 27.4 98.9 198.7 | 397.5
Ipp (Stop 1) current in ) 24V | 435|125 [ 438 | 97 | 205 | 94 | 276 | 995 | 199.0 | 398.0 A
bb Stop 1 mode, 3V | 441 | 126 | 441 | 97.7 | 207 | 95 | 27.8 | 100.3 | 200.4 | 400.8
RTC disabled 36V | 456 | 129 | 448 | 989 | 210 | 9.7 | 283 | 101.7 | 2021 | 404.2
1.8V | 463 | 12.7 | 439 96.8 205 9.9 28.0 99.5 198.9 | 397.8
24V | 478 | 128 | 44.2 97.4 206 10.1 28.3 100.3 | 199.5 | 399.0
RTC clocked by LSI
3V | 4.93 13 44.6 98.1 207 10.4 28.7 101.2 | 200.9 | 401.9
36V | 505 | 134 | 453 99.5 210 10.8 294 102.8 | 202.5 | 405.0
Supply 1.8V | 4.7 12.8 44 96.9 205 - - - - -
Ipp (Stop 1 | currentin stop | RTC clocked by LSE 24V | 495 | 13 | 444 | 976 | 206 - - - - - uA
g with RTC) |1 mode, bypassed, at 32768 Hz 3V | 533 | 136 | 454 | 99.1 209 - - - - -
g RTC enabled 36V | 691 | 161 | 488 | 103 | 216 - - ; - ;
g 18V | 476 | 123 | 43.7 99.1 - - - - - -
8 RTC clocked by LSE quar‘tz(z) 24V 4.95 12.4 43.8 99.3 - - - - - -
&y in low drive mode 3V | 51 | 126 | 441 | 99.6 - - - - - -
<
- 36V | 565 13 44.8 101 - - - - - -
Wakeup clock MSI = 48 MHz,
voltage Range 1. 3V 1.14 - - - - - - - - -
See @),
Supply  \akeup clock MSI = 4 MHz,
Ipp (wakeup | current during voltage Range 2. 3V | 122 _ _ _ . . - R - - mA
from Stop1) | wakeup from See @ ’
Stop 1 ee ™.
Wakeup clock HSI16 =
16 MHz, voltage Range 1. 3V 1.20 - - - - - - - - -
See ),

1.

Guaranteed based on test during characterization, unless otherwise specified.

2. Based on characterization done with a 32.768 kHz crystal (MC306-G-06Q-32.768, manufacturer JFEVNY) with two 6.8 pF loading capacitors.

S

’] 3. Wakeup with code execution from Flash. Average value given for a typical wakeup time as specified in Table 40: Low-power mode wakeup timings.

soljsLIajorIRYI |BOLI}O3|T
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Electrical characteristics STM32L431xx

Caution:

102/200

1/0 system current consumption
The current consumption of the I/O system has two components: static and dynamic.
1/0 static current consumption

All the 1/0Os used as inputs with pull-up generate current consumption when the pin is
externally held low. The value of this current consumption can be simply computed by using
the pull-up/pull-down resistors values given in Table 59: I/O static characteristics.

For the output pins, any external pull-down or external load must also be considered to
estimate the current consumption.

Additional 1/0 current consumption is due to I/Os configured as inputs if an intermediate
voltage level is externally applied. This current consumption is caused by the input Schmitt
trigger circuits used to discriminate the input value. Unless this specific configuration is
required by the application, this supply current consumption can be avoided by configuring
these I/Os in analog mode. This is notably the case of ADC input pins which should be
configured as analog inputs.

Any floating input pin can also settle to an intermediate voltage level or switch inadvertently,
as a result of external electromagnetic noise. To avoid current consumption related to
floating pins, they must either be configured in analog mode, or forced internally to a definite
digital value. This can be done either by using pull-up/down resistors or by configuring the
pins in output mode.

1/0 dynamic current consumption

In addition to the internal peripheral current consumption measured previously (see

Table 39: Peripheral current consumption), the 1/Os used by an application also contribute
to the current consumption. When an 1/O pin switches, it uses the current from the 1/0
supply voltage to supply the I/O pin circuitry and to charge/discharge the capacitive load
(internal or external) connected to the pin:

lsw = Vbpiox X fswx C

where
Isw is the current sunk by a switching 1/O to charge/discharge the capacitive load
Vppiox is the I/O supply voltage
fsw is the 1/0 switching frequency
C is the total capacitance seen by the 1/O pin: C = C\y1+ Cext + Cs
Cg is the PCB board capacitance including the pad pin.

The test pin is configured in push-pull output mode and is toggled by software at a fixed
frequency.

3
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Electrical characteristics STM32L431xx
Table 40. Low-power mode wakeup timings(” (continued)
Symbol Parameter Conditions Typ | Max | Unit
Wakeup clock MSI = 48 MHz 38 | 5.7
Range 1 Wak lock HSI1 16 MH 4.1
Wake up time from Stop 0 akeup clock HSI16 = 16 MHz | 4. 6.9
mode to Run mode in Wakeup clock MSI = 24 MHz 407 | 6.2
Flash Range 2 Wakeup clock HSI16 = 16 MHz | 4.1 | 6.8
Wakeup clock MSI = 4 MHz 845 | 11.8
t us
WUSTOPO Wakeup clock MSI =48 MHz | 1.5 | 2.9
Range 1 Wak lock HSI1 16 MH 24 |2
Wake up time from Stop 0 akeup clock HSI16 = 16 MHz | 2. 76
mode to Run mode in Wakeup clock MSI = 24 MHz 24 | 3.48
SRAMT Range 2 Wakeup clock HSI16 =16 MHz | 2.4 | 2.76
Wakeup clock MSI =4 MHz 8.16 |10.94
Wakeup clock MSI = 48 MHz 6.34 | 7.86
Range 1
Wakeup clock HSI16 = 16 MHz | 6.84 | 8.23
Wake up time from Stop 1 Wakeup clock MSI = 24 MHz | 6.74 | 8.1
mode to Run in Flash
Range 2 Wakeup clock HSI16 = 16 MHz | 6.89 | 8.21
Wakeup clock MSI = 4 MHz 1047 | 12.1
Wakeup clock MSI = 48 MHz 4.7 | 5.97
Range 1
Wake up time from Stop 1 Wakeup clock HSI16 =16 MHz | 5.9 | 6.92
twusTopt | Mode to Run mode in Wakeup clock MSI = 24 MHz 54 | 6.51 us
SRAMT Range 2 Wakeup clock HSI16 =16 MHz | 5.9 | 6.92
Wakeup clock MSI = 4 MHz 1.1 | 122
Wake up time from Stop 1
mode to Low-power run Requlator i 16.4 (17.73
mode in Flash | egulatorin
OW-DOWET | \vakeup clock MSI = 2 MHz
. mode (LPR=1
Wake up time from Stop 1 |. PWR CR1
mode to Low-power run n — ) 17.3 [ 18.82
mode in SRAM1
106/200 DoclD028800 Rev 1 Kys
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Electrical characteristics

Note: For information on selecting the crystal, refer to the application note AN2867 “Oscillator
design guide for ST microcontrollers” available from the ST website www.st.com.
Figure 22. Typical application with an 8 MHz crystal
Resonator with integrated
capacitors
. Cu
P 0SC_IN o
I I I: Bias |>
: * 8MHz controlled
_,_'-_.." = : resonator Re gain
g ‘ II i .
e AR Rex (D LrIOSC_OUT
CLZ
MS19876V1
1. Rgxt value depends on the crystal characteristics.
Low-speed external clock generated from a crystal resonator
The low-speed external (LSE) clock can be supplied with a 32.768 kHz crystal resonator
oscillator. All the information given in this paragraph are based on design simulation results
obtained with typical external components specified in Table 46. In the application, the
resonator and the load capacitors have to be placed as close as possible to the oscillator
pins in order to minimize output distortion and startup stabilization time. Refer to the crystal
resonator manufacturer for more details on the resonator characteristics (frequency,
package, accuracy).
Table 46. LSE oscillator characteristics (f_sg = 32.768 kHz)(")
Symbol Parameter Conditions®? Min | Typ | Max | Unit
LSEDRV[1:0] = 00 s |
Low drive capability
LSEDRV[1:0] = 01 C a5 |
Medium low drive capability
lppsg) | LSE current consumption nA
LSEDRV[1:0] = 10 ) 500 )
Medium high drive capability
LSEDRV[1:0] = 11 ~leso | -
High drive capability
LSEDRV[1:0] = 00 ) _ | os
Low drive capability ’
LSEDRV[1:0] = 01
. . o - - 0.75
Maximum critical crystal | Medium low drive capability
GMeritmax MAV
gm LSEDRV[1:0] = 10 ) ) 17
Medium high drive capability ’
LSEDRV[1:0] = 11 ) R P
High drive capability ’
tSU(LSE)(3) Startup time Vpp is stabilized - 2 - s
1S7 DoclD028800 Rev 1 111/200
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Table 61. /0 AC characteristics(1(2

Speed | Symbol Parameter Conditions Min Max Unit
C=50 pF, 1.62 V=Vpppx=2.7 V - 1
C=50 pF, 1.08 V<Vppoxs1.62 V - 0.1
Fmax | Maximum frequency MHz
C=10 pF, 2.7 V<Vpp0x<3.6 V - 10
00 C=10 pF, 1.08 V=Vpp oxs1.62 V - 0.1
C=50 pF, 1.62 V=Vpppx=2.7 V - 52
C=50 pF, 1.08 V=V <1.62V - 140
Tr/Tf | Output rise and fall time DDIOx ns
C=10 pF, 2.7 V<Vpp0x<3.6 V - 17
C=10 pF, 1.08 V<Vpp ox=1.62 V - 110
C=50 pF, 1.62 V=Vpppx=2.7 V - 10
C=50 pF, 1.08 V=V <1.62V - 1
Fmax | Maximum frequency DDIOx MHz
C=10 pF, 2.7 V<Vpp0x<3.6 V - 50
o C=10 pF, 1.08 V<Vpp ox=1.62 V - 1
C=50 pF, 1.62 V=Vpppx=2.7 V - 16
C=50 pF, 1.08 V=V <1.62V - 40
Tr/Tf | Output rise and fall time DDIOx ns
C=10 pF, 2.7 V<Vpp0x<3.6 V - 4.5
C=10 pF, 1.08 V<Vpp ox=1.62 V - 21
128/200 DoclD028800 Rev 1 Kys
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Table 66. ADC accuracy - limited test conditions 1(1(2)()

Sg:;- Parameter Conditions® Min | Typ | Max | Unit
Single Fast channel (max speed) | - 4 5
Total ended Slow channel (max speed)| - | 4 | 5
ET |unadjusted
error ) | Fast channel (max speed) | - | 3.5 | 4.5
Differential
Slow channel (max speed) | - | 3.5 | 4.5
Single Fast channel (max speed) | - 1125
o | Offset ended Slow channel (max speed) | - 1|25
error Fast channel (maxspeed) | - | 15| 25
Differential
Slow channel (max speed) | - 15|25
Single Fast channel (max speed) | - | 25 | 4.5
ended Slow channel (max speed) | - | 2.5 | 4.5
EG |Gain error LSB
Fast channel (max speed) | - | 25| 3.5
Differential
Slow channel (max speed) | - | 25| 3.5
Single Fast channel (max speed) | - 1115
Differential ended Slow channel (max speed) | - 1115
ED |linearity
error ADC clock frequency < Fast channel (max speed) | - 1 1.2
80 MHz Differential
7 Slow channel (max speed) | - 1 1.2
Sampling rate < 5.33 Msps,
Vppa = VREF+ =3V, Single Fast channel (max speed) | - 15| 25
Integral TA=25°C ended Slow channel (max speed) | - | 1.5 | 2.5
EL |linearity
error ] | Fast channel (max speed) | - 1 2
Differential
Slow channel (max speed) | - 1 2
Single Fast channel (max speed) | 10.410.5| -
Effective ended Slow channel (max speed) | 10.4 | 10.5| -
ENOB | number of bits
bits Fast channel (max speed) | 10.8 (10.9| -
Differential
Slow channel (max speed) | 10.810.9| -
Signal-to Single Fast channel (max speed) |64.4| 65 | -
noise and ended Slow channel (max speed) [64.4| 65 | -
SINAD | . )
distortion Fast channel (max speed) | 66.8 |67.4| -
ratio Differential
Slow channel (max speed) |66.8 |67.4| -
dB
Single Fast channel (max speed) | 65 | 66 -
SNR | Signakto- ended Slow channel (max speed) | 65 | 66 | -
noise ratio Fast channel (max speed) | 67 | 68 | -
Differential
Slow channel (max speed) | 67 | 68 -
136/200 DoclD028800 Rev 1 Kys
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Table 69. ADC accuracy - limited test conditions 4(1(2()

Sg:;- Parameter Conditions® Min | Typ | Max | Unit
Single Fast channel (max speed) | - 5 | 54
Total ended Slow channel (max speed)| - | 4 | 5
ET |unadjusted
error ) | Fast channel (max speed) | - 4 5
Differential
Slow channel (max speed) | - | 3.5 | 4.5
Single Fast channel (max speed) | - 2 4
o | Offset ended Slow channel (max speed) | - 2 | 4
error Fast channel (max speed) | - 2 |35
Differential
Slow channel (max speed) | - 2 | 35
Single Fast channel (max speed) | - 4 |45
ended Slow channel (max speed) | - 4 |45
EG |Gain error LSB
Fast channel (max speed) | - 3 4
Differential
Slow channel (max speed) | - 3 4
Single Fast channel (max speed) | - 1115
Differential ended Slow channel (max speed) | - 1115
ED |linearity
error ADC clock frequency < ) . Fast channel (max speed) | - 1 1.2
26 MHz Differential
’ Slow channel (max speed) | - 1 1.2
1.65V< VDDA = VREF+ <
36V, Single Fast channel (maxspeed) | - | 25| 3
Integral Voltage scaling Range 2 | ended Slow channel (max speed) | - |25 | 3
EL |linearity
error ] | Fast channel (max speed) | - 2 |25
Differential
Slow channel (max speed) | - 2 |25
Single Fast channel (max speed) | 10.210.5| -
Effective ended Slow channel (max speed) [ 10.2|10.5| -
ENOB | number of bits
bits Fast channel (max speed) | 10.6 (10.7| -
Differential
Slow channel (max speed) | 10.6 | 10.7 | -
. Single Fast channel (max speed) | 63 | 65 | -
Signal-to- ended
SINAD | noise and Slow channel (max speed) | 63 | 65 | -
dis'tortion Fast channel (max speed) | 65 | 66 | -
ratio Differential
Slow channel (max speed) | 65 | 66 -
dB
Single Fast channel (max speed) | 64 | 65 -
SNR | Signakto- ended Slow channel (max speed) | 64 | 65 | -
noise ratio Fast channel (max speed) | 66 | 67 | -
Differential
Slow channel (max speed) | 66 | 67 -
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Table 71. DAC accuracy(” (continued)
Symbol Parameter Conditions Min Typ Max Unit
DAC output buffer ON ) ) 105
CL <50 pF, RL25kQ -
Gain Gain error(® %
DAC output buffer OFF ) _ +0.5
CL =50 pF, noRL e
DAC output buffer ON ) ) +30
Total CL <50 pF, RL 2 5 kQ =
TUE unadjusted LSB
error DAC output buffer OFF ) ) +12
CL =50 pF, no RL -
Total
unadjusted DAC output buffer ON
TUECal error after CL <50 pF, RL=5kQ ) ) 23 LSB
calibration
DAC output buffer ON
CL <50 pF, RL=5kQ - 71.2 -
ianal-to-noi 1 kHz, BW 500 kHz
SNR Slgnal to-noise dB
ratio DAC output buffer OFF
CL <50 pF, noRL, 1 kHz - 71.6 -
BW 500 kHz
DAC output buffer ON ) 78 )
Total harmonic CL <50 pF, RL 25kQ, 1 kHz
THD . . dB
distortion DAC output buffer OFF i 79 i
CL <50 pF, noRL, 1 kHz
DAC output buffer ON 704
Signal-to-noise | c < 50 pF, RL > 5 kQ, 1 kHz i : i
SINAD and distortion dB
ratio DAC output buffer OFF ) 71 )
CL <50 pF, noRL, 1 kHz
DAC output buffer ON ) 1.4 )
Effective CL <50 pF, RL=5kQ, 1 kHz )
ENOB . bits
number of bits | pAC output buffer OFF ) 15 )
CL =50 pF, no RL, 1 kHz ’

Guaranteed by design.

o~ N~

148/200

Difference between two consecutive codes - 1 LSB.

Difference between the value measured at Code (0x001) and the ideal value.

DoclD028800 Rev 1

Difference between measured value at Code i and the value at Code i on a line drawn between Code 0 and last Code 4095.

Difference between ideal slope of the transfer function and measured slope computed from code 0x000 and OxFFF when
buffer is OFF, and from code giving 0.2 V and (Vrgg+ — 0.2) V when buffer is ON.
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STM32L431xx Electrical characteristics

Table 82. SPI characteristics(") (continued)

Symbol Parameter Conditions Min Typ Max Unit

Slave mode 2.7 < Vpp <3.6 V ) 125 135
Voltage Range 1
Slave mode 1.71 <Vpp <3.6 V

t - 12.5 24

YO pata output valid time | Voltage Range 1 ns
Slave mode 1.71 <Vpp <3.6 V
Voltage Range 2 ) 125 33

tymo) Master mode - 4.5 6

thso Slave mode 7 - -

(50) Data output hold time ns
thvo) Master mode 0 - -

1. Guaranteed by characterization results.

2. Maximum frequency in Slave transmitter mode is determined by the sum of t,so) and tg, ;) which has to fit into SCK low or
high phase preceding the SCK sampling edge. This value can be achieved when the § l]%gl communicates with a master
having tg, i) = 0 while Duty(SCK) = 50 %.

Figure 33. SPI timing diagram - slave mode and CPHA =0

NSS input \ /u
- Al
tSU(NSS) ! te(SCK) —— th(NSS) ~——»!|
I I y—= | "
5 [cPHA=0 . f .\ [ .\ /, \ I
2 |cPoL=0 . ! ' | # . .
= tw(SCKH) ' I 1
% |cPHA=0 | tuscKL) 1T > : h I :
o [cPoL=1 = . . . ! ' .
| 1 | 1 |
1 |I | - I| 1
! . oh tv(S0) -+¢— th (SO)—.<—>| > SCK) tdis(SO) ~e—
ta(so) —>; i ! tf(scK) X
| 1 | 1
MISO —( '\ MSB OUT X BIT6 OUT X LSB OUT )—
OUTPUT r . ' !
tsu(sl) —>.—:<I—
1
MOSI . o
NPUT X | MSBIN X BITT IN X LSBIN X
:<—th(SI) —>:
ai14134c
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SAIl characteristics

Unless otherwise specified, the parameters given in Table 85 for SAl are derived
from tests performed under the ambient temperature, fpc| ky frequency and Vpp

supply voltage conditions summarized inTable 21: General operating conditions, with

the following configuration:

e  Output speed is set to OSPEEDRy[1:0] = 10

e Capacitive load C = 30 pF

e  Measurement points are done at CMOS levels: 0.5 x Vpp

Refer to Section 6.3.14: I/O port characteristics for more details on the input/output

alternate function characteristics (CK,SD,FS).

Table 85. SAI characteristics(

Symbol Parameter Conditions

Min

Max

Unit

fMeLk SAl Main clock output -

50

MHz

Master transmitter
27<Vpp<36
Voltage Range 1

18.5

Master transmitter
1.71<Vpp<3.6
Voltage Range 1

12.5

Master receiver
Voltage Range 1

25

fok SAl clock frequency(® | Slave transmitter
27<Vpp=s36
Voltage Range 1

225

MHz

Slave transmitter
1.71<Vpp<3.6
Voltage Range 1

14.5

Slave receiver
Voltage Range 1

25

Voltage Range 2

12.5

Master mode
27=Vpp=<36

22

tyFs) FS valid time Mastor mode

1.71<Vpp < 3.6

40

ns

th(Fs) FS hold time Master mode

ns

tsu(Fs) FS setup time Slave mode

ns

th(Fs) FS hold time Slave mode

ns

tsu(sb_A_MR) Master receiver

Data input setup time
tsu(sb_B_sR) Slave receiver

1.5

ns

th(sb_A_MR) Master receiver

Data input hold time

th(sp_B_sR) Slave receiver

25

ns

DoclD028800 Rev 1
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Package information

7.5 WLCSP64 package information
Figure 54. WLCSP64 - 64-ball, 3.141 x 3.127 mm, 0.35 mm pitch wafer level chip scale
package outline
— //TebblZ]
F—-t o |
G 8 1
Hogadaoss
00000000 - " Detal A
_ 100000000 | |,
O OOO|OOO O
e 00000000
* 100000000
rH??OOiOOO? G
-P\ L—e i -D| < F
Bump side
D
| T
| Bump // \
| Eleee1Z] ‘/ sl \'
| OleeeZ \ )
- l& ————— L — | E v\ A\ J _/
A1 Ofientation b\ L
reiference ¢ -
' ¢ccc@ Z X|Y ——————
| \. 4 PdddM |z Seating plane
| s
(4x)
Wafer back side (rcl:))t% ae|(lj®0°)
WLCSP64_A064_ME_V1
1. Drawing is not to scale.
Table 95. WLCSP64 - 64-ball, 3.141 x 3.127 mm, 0.35 mm pitch wafer level chip scale
package mechanical data
millimeters inches(!)
Symbol
Min Typ Max Min Typ Max
A 0.516 0.546 0.576 0.0203 0.0215 0.0227
A1 - 0.166 - - 0.0065 -
A2 - 0.380 - - 0.0150 -
A3 - 0.025 - - 0.0010 -
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Device marking

The following figure gives an example of topside marking orientation versus ball A1 identifier
location.

Figure 56. WLCSP64 marking (package top view)

Pin 1 identifier ——»O

L43LRCE

\

Product identification(1)

A

Revision code

Y Ww A
Date code

MSv40137V1

1. Parts marked as “ES”, “E” or accompanied by an Engineering Sample notification letter, are not yet
qualified and therefore not yet ready to be used in production and any consequences deriving from such
usage will not be at ST charge. In no event, ST will be liable for any customer usage of these engineering
samples in production. ST Quality has to be contacted prior to any decision to use these Engineering
samples to run qualification activity.

3
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Package information

Table 97. WLCSP49 - 49-ball, 3.141 x 3.127 mm, 0.4 mm pitch wafer level chip scale
package mechanical data

millimeters inches(!)
Symbol
Min Typ Max Min Typ Max

A 0.525 0.555 0.585 0.0207 0.0219 0.0230
A1 - 0.175 - - 0.0069 -
A2 - 0.380 - - 0.0150 -

A3®) - 0.025 - - 0.0010 -
b®) 0.220 0.250 0.280 0.0087 0.0098 0.0110

D 3.106 3.141 3.176 0.1223 0.1237 0.1250

E 3.092 3.127 3.162 0.1217 0.1231 0.1245

e - 0.400 - - 0.0157 -
el - 2.400 - - 0.0945 -
e2 - 2.400 - - 0.0945 -

F - 0.3705 - - 0.0146 -

G - 0.3635 - - 0.0143 -
aaa - - 0.100 - - 0.0039
bbb - - 0.100 - - 0.0039
cce - - 0.100 - - 0.0039
ddd - - 0.050 - - 0.0020
eee - - 0.050 - - 0.0020

1. Values in inches are converted from mm and rounded to 4 decimal digits.

2. Back side coating

3. Dimension is measured at the maximum bump diameter parallel to primary datum Z.

Figure 58. WLCSP49 - 49-ball, 3.141 x 3.127 mm, 0.4 mm pitch wafer level chip scale

package recommended footprint

0000000
0000000
0000000 | Dpad
00000 Dsm
00000
0000000
00000

WLCSP49_A04Z_FP_V1
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Table 99. LQFP48 - 48-pin, 7 x 7 mm low-profile quad flat package

mechanical data

millimeters inches(!)
Symbol
Min Typ Max Min Typ Max

A - - 1.600 - - 0.0630
A1 0.050 - 0.150 0.0020 - 0.0059
A2 1.350 1.400 1.450 0.0531 0.0551 0.0571

b 0.170 0.220 0.270 0.0067 0.0087 0.0106

0.090 - 0.200 0.0035 - 0.0079

D 8.800 9.000 9.200 0.3465 0.3543 0.3622
D1 6.800 7.000 7.200 0.2677 0.2756 0.2835
D3 - 5.500 - - 0.2165 -

E 8.800 9.000 9.200 0.3465 0.3543 0.3622
E1 6.800 7.000 7.200 0.2677 0.2756 0.2835
E3 - 5.500 - - 0.2165 -

e - 0.500 - - 0.0197 -

L 0.450 0.600 0.750 0.0177 0.0236 0.0295
L1 - 1.000 - - 0.0394 -

k 0° 3.5° 7° 0° 3.5° 7°
ccc - - 0.080 - - 0.0031

1.

Values in inches are converted from mm and rounded to 4 decimal digits.
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