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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.
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Active

ARM® Cortex®-M4
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FLASH

128K x 8
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Surface Mount
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STM32L476xx Functional overview
Table 5. Functionalities depending on the working mode(?)
Stop 0/1 Stop 2 Standby |Shutdown
2 2 2 2
Low- | Low- S 5 S =
Peripheral Run Sleep | power | power § § § § VBAT
run sleep - o - o - o - o
o o o o
=} = =} =
2 < < <
(1} © © ©
= = = =
CPU Y - Y - - - - - - - - - -
Flash memory (up 2) (2) ) 2) _ _ . _ _ _ . _ _
to 1 MB) © © © ©
SRAM1 (up to (3) (3) _ _ _ _ . _ _
96 KB) Y Y Y Y Y Y
SRAM2 (32 KB) Y y®) Y Ye |y - |y - |o® - - - -
FSMC O ) o O - - - - - - - - -
Quad SPI (0] 0] (0] (0] - - - - - - - - -
Backup Registers Y Y Y Y Y - Y - Y - Y - Y
Brown-out reset
(BOR) Y Y Y Y Y Y Y Y Y Y - - -
Programmable
Voltage Detector (0] O 0] (0] O (0] (0] (0] - - - - -
(PVD)
Peripheral Voltage
Monitor (PVMXx; (e} (0] (0] (0] (0] O (e} (0] - - - - -
x=1,2,3,4)
DMA 0] o 0] (0] - - - - - - - - -
High Speed Internal (5) _ (5) ) ) _ ) ) )
(HSI16) © © © o
High Speed
External (HSE) o o o o . ) ) ) ) ) ) ) )
Low Speed Internal
(LSI) (0] O 0] (0] o - (0] - 0] - - - -
Low Speed External
(LSE) o ) o O ) - 0] - o - 0] - )
Multi-Speed Internal
(MSI) (0] 0] (0] (0] - - - - - - - - -
Clock Security
System (CSS) © © © © ) ) ) ) ) ) ) ) )
Clock Security
System on LSE O ) o O ) 6] O (0] 0] (0] - - -
RTC / Auto wakeup (0] (0] (0] (0] (0] (0] (0] (0] (0] (0] (0] (0] 0]
Number of RTC 3 3 3 3 |3 0|3 0|3 0|3 o 3
Tamper pins
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STM32L476xx Functional overview

interrupt is generated if enabled. LSE failure can also be detected and generated an
interrupt.
e  Clock-out capability:
— MCO: microcontroller clock output: it outputs one of the internal clocks for
external use by the application
— LSCO: low speed clock output: it outputs LS| or LSE in all low-power modes
(except VBAT).

Several prescalers allow to configure the AHB frequency, the high speed APB (APB2) and
the low speed APB (APB1) domains. The maximum frequency of the AHB and the APB
domains is 80 MHz.

3
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Functional overview STM32L476xx

3.14

3.141

3.14.2

36/232

Interrupts and events

Nested vectored interrupt controller (NVIC)

The devices embed a nested vectored interrupt controller able to manage 16 priority levels,
and handle up to 81 maskable interrupt channels plus the 16 interrupt lines of the Cortex®-
M4.

The NVIC benefits are the following:

e Closely coupled NVIC gives low latency interrupt processing

e Interrupt entry vector table address passed directly to the core

e Allows early processing of interrupts

e  Processing of late arriving higher priority interrupts

e  Support for tail chaining

e  Processor state automatically saved

e Interrupt entry restored on interrupt exit with no instruction overhead

The NVIC hardware block provides flexible interrupt management features with minimal
interrupt latency.

Extended interrupt/event controller (EXTI)

The extended interrupt/event controller consists of 36 edge detector lines used to generate
interrupt/event requests and wake-up the system from Stop mode. Each external line can be
independently configured to select the trigger event (rising edge, falling edge, both) and can
be masked independently A pending register maintains the status of the interrupt requests.
The internal lines are connected to peripherals with wakeup from Stop mode capability. The
EXTI can detect an external line with a pulse width shorter than the internal clock period. Up
to 114 GPIOs can be connected to the 16 external interrupt lines.

3
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3.25

46/232

Real-time clock (RTC) and backup registers

The RTC is an independent BCD timer/counter. It supports the following features:

e Calendar with subsecond, seconds, minutes, hours (12 or 24 format), week day, date,
month, year, in BCD (binary-coded decimal) format.

e  Automatic correction for 28, 29 (leap year), 30, and 31 days of the month.
e  Two programmable alarms.

e On-the-fly correction from 1 to 32767 RTC clock pulses. This can be used to
synchronize it with a master clock.

e Reference clock detection: a more precise second source clock (50 or 60 Hz) can be
used to enhance the calendar precision.

e Digital calibration circuit with 0.95 ppm resolution, to compensate for quartz crystal
inaccuracy.

e  Three anti-tamper detection pins with programmable filter.

e Timestamp feature which can be used to save the calendar content. This function can
be triggered by an event on the timestamp pin, or by a tamper event, or by a switch to
VBAT mode.

e 17-bit auto-reload wakeup timer (WUT) for periodic events with programmable
resolution and period.

The RTC and the 32 backup registers are supplied through a switch that takes power either
from the Vpp supply when present or from the VBAT pin.

The backup registers are 32-bit registers used to store 128 bytes of user application data
when VDD power is not present. They are not reset by a system or power reset, or when the
device wakes up from Standby or Shutdown mode.

The RTC clock sources can be:

e A 32.768 kHz external crystal (LSE)

e  An external resonator or oscillator (LSE)

e The internal low power RC oscillator (LSI, with typical frequency of 32 kHz)

e The high-speed external clock (HSE) divided by 32.

The RTC is functional in VBAT mode and in all low-power modes when it is clocked by the

LSE. When clocked by the LSI, the RTC is not functional in VBAT mode, but is functional in
all low-power modes except Shutdown mode.

All RTC events (Alarm, WakeUp Timer, Timestamp or Tamper) can generate an interrupt
and wakeup the device from the low-power modes.

3
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Functional overview

3.35

3

The maijor features are:

Combined Rx and Tx FIFO size of 1.25 KB with dynamic FIFO sizing

Supports the session request protocol (SRP) and host negotiation protocol (HNP)

1 bidirectional control endpoint + 5 IN endpoints + 5 OUT endpoints
8 host channels with periodic OUT support

HNP/SNP/IP inside (no need for any external resistor)

Software configurable to OTG 1.3 and OTG 2.0 modes of operation
OTG 2.0 Supports ADP (Attach detection Protocol)

USB 2.0 LPM (Link Power Management) support

Battery Charging Specification Revision 1.2 support

Internal FS OTG PHY support

For OTG/Host modes, a power switch is needed in case bus-powered devices are
connected.

Flexible static memory controller (FSMC)

The Flexible static memory controller (FSMC) includes two memory controllers:

The NOR/PSRAM memory controller
The NAND/memory controller

This memory controller is also named Flexible memory controller (FMC).

The main features of the FMC controller are the following:

Interface with static-memory mapped devices including:

—  Static random access memory (SRAM)

— NOR Flash memory/OneNAND Flash memory

— PSRAM (4 memory banks)

— NAND Flash memory with ECC hardware to check up to 8 Kbyte of data
8-,16- bit data bus width

Independent Chip Select control for each memory bank

Independent configuration for each memory bank

Write FIFO

The Maximum FMC_CLK frequency for synchronous accesses is HCLK/2.

LCD parallel interface

The FMC can be configured to interface seamlessly with most graphic LCD controllers. It

supports the Intel 8080 and Motorola 6800 modes, and is flexible enough to adapt to

specific LCD interfaces. This LCD parallel interface capability makes it easy to build cost

effective graphic applications using LCD modules with embedded controllers or high

performance solutions using external controllers with dedicated acceleration.

DocID025976 Rev 4
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STM32L476xx

Pinouts and pin description

Table 15. STM32L476xxSTM32L476xx pin definitions (continued)

Pin Number Pin functions
~ Pin name g
<|E®lg |23 (function after | © g s
S G 6|lz|S|x t < 2 » Alternate functions Additional
Elojlo|:|al & reset) 2 ® ° functions
gl | d|ag|w | g £ o) o
J|=s 2|35 |2 o = z
12C2_SMBA, FMC_AZ2,
- - - - D4 | 12 PF2 1/0 FT - EVENTOUT -
- - - - E4 | 13 PF3 110 FT a - FMC_A3, EVENTOUT ADC3 _IN6
- - - - F3 | 14 PF4 110 FT a - FMC_A4, EVENTOUT ADC3 _IN7
- - - - F4 | 15 PF5 110 FT_a - FMC_A5, EVENTOUT ADC3_IN8
-1 -T10]F2] 16 VSS S - - - -
oo 1 e2 |7 VDD S - - - -
TIM5_ETR, TIM5_CH1,
- - - - - 18 PF6 1/10 FT_a - SAI1_SD_B, EVENTOUT ADC3_IN9
TIM5_CH2,
N R T PF7 o | FTa | - SAI_MCLK_B, ADC3_IN10
EVENTOUT
TIM5_CH3, SAI1_SCK_B,
- - - - - 20 PF8 110 FT_a - EVENTOUT ADC3_IN11
TIM5_CH4, SAI1_FS_B,
- - - - - 21 PF9 110 FT a - TIM15_CH1, EVENTOUT ADC3 IN12
- - - - - 22 PF10 110 FT_a - TIM15_CH2, EVENTOUT | ADC3_IN13
5 |D9|D9| 12 | F1 23 PHO(-F(’)HSOC):JN 110 FT - EVENTOUT OSC_IN
6 |D8|D8| 13 | G1 | 24 PH1_(OP?_|?70UT 1/10 FT - EVENTOUT OSC_OuT
7 |E9Q|E9| 14 | H2 | 25 NRST 110 RST - - -
LPTIM1_IN1, 12C3_SCL,
DFSDM_DATIN4,
8 |F9|F9| 15 | H1 26 PCO /10 | FT_fla - LPUART1_RX, AD|('3\11123_
LCD_SEG18,
LPTIM2_IN1, EVENTOUT
LPTIM1_OUT, 12C3_SDA,
DFSDM_CKIN4, ADC123
9 |[F8|F8| 16 | J2 | 27 PC1 /10 | FT_fla - LPUART_TX, IN2
LCD_SEG19, EVENTOUT
LPTIM1_IN2, SPI12_MISO, ADC123
10 |F7 |F7 | 17 | J3 | 28 PC2 1/0 FT_la - DFSDM_CKOUT, IN3 -
LCD_SEG20, EVENTOUT
LPTIM1_ETR,
SPI2_MOSI, LCD_VLCD, | ADC123_
M1 |1G7|G7| 18 | K2 | 29 PC3 110 FT_a - SAI1_SD_A, IN4
LPTIM2_ETR, EVENTOUT
- -T1e] - [ 30 VSSA s -] ] -
‘Yl DoclD025976 Rev 4 61/232




Pinouts and pin description STM32L476xx

Table 15. STM32L476xxSTM32L476xx pin definitions (continued)

Pin Number Pin functions
~ Pin name g
</ 82223 (function after | © = s
S G 6|lz|S|x t < 2 » Alternate functions Additional
Elojlo|:|al & reset) 2 ® ° functions
gl | d|ag|w | g £ o) o
b O I - I T I T o = z
TSC_G8_I02, FMC_A9,
- - - - J9 | 55 PF15 1/0 FT - EVENTOUT -
TSC_G8_I03, FMC_A10,
- - - - H9 | 56 PGO 110 FT - EVENTOUT -
TSC_G8_104, FMC_A11,
- - - - G9 | 57 PG1 110 FT - EVENTOUT -
TIM1_ETR,
DFSDM_DATIN2,
- | - |E6| 38| M7 58 PE7 O | FT | | £uc s SAI1 SD B, -
EVENTOUT
TIM1_CH1N,
- - |F6| 39 | L7 | 59 PES8 110 FT - | DFSDM_CKIN2, FMC_D5, -
SAI1_SCK_B, EVENTOUT
TIM1_CH1,
DFSDM_CKOUT,
| -] -1]40| M8 60 PE9 O | FT | - | fve b6 SAl FS B, ;
EVENTOUT
-1 -1 -1Fe et VSS s - - - -
- -] -1c6]62 VDD s - - - -
TIM1_CH2N,
DFSDM_DATIN4,
TSC_G5 101,
- - - | M L8 | 63 PE10 110 FT - QUADSPI_CLK, FMC_D7, -
SAI_MCLK_B,
EVENTOUT
TIM1_CH2,
DFSDM_CKIN4,
- - - |42 | M9 | 64 PE11 110 FT - TSC_G5 102, -
QUADSPI_NCS, FMC_DS8,
EVENTOUT
TIM1_CH3N, SPI1_NSS,
DFSDM_DATINS,
- - - 143 | L9 | 65 PE12 1/0 FT - TSC_G5_103, -
QUADSPI_BK1_100,
FMC_D9, EVENTOUT
TIM1_CH3, SPI1_SCK,
DFSDM_CKINS,
- - - | 44 |M10| 66 PE13 1/0 FT - TSC_G5_104, -
QUADSPI_BK1_IO1,
FMC_D10, EVENTOUT
64/232 DoclD025976 Rev 4 ‘Yl
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Table 16. Alternate function AF0 to AF7 (for AF8 to AF15 see Table 17) (continued)

AFO0 AF1 AF2 AF3 AF4 AF5 AF6 AF7
Port TIM1/TIM2/ TIM1/TIM2/ USART1/
SYS_AF TIM5/TIMS8/ TIM3/TIM4/ TIM8 12C1/12C2/12C3 | SPI1/SPI2 SPI3/DFSDM USART2/
LPTIM1 TIM5 USART3
PDO - - - - - SPI2_NSS |DFSDM_DATIN7 -
PD1 - - - - - SPI2_SCK DFSDM_CKIN7 -
PD2 - - TIM3_ETR - - - - USART3_RTS_
DE
PD3 - - - - - SPI2_MISO |DFSDM_DATINO | USART2_CTS
PD4 - - - - - SPI2_MOS| | DFSDM_CKINO USARTDZE—RTS—
PD5 - - - - - - - USART2_TX
PD6 - - - - - - DFSDM_DATIN1| USART2_RX
PortD| PD7 - - - - - - DFSDM_CKIN1 | USART2_CK
PDS8 - - - - - - - USART3_TX
PD9 - - - - - - - USART3_RX
PD10 - - - - - - - USART3_CK
PD11 - - - - - - - USART3_CTS
PD12 - - TIM4_CH1 - . 3 i USART3_RTS
DE
PD13 - - TIM4_CH2 - - - - -
PD14 - - TIM4_CH3 - - - - -
PD15 - - TIM4_CH4 - - - - -

uonduosap uid pue sinould
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Table 16. Alternate function AF0 to AF7 (for AF8 to AF15 see Table 17) (continued)

AFO0 AF1 AF2 AF3 AF4 AF5 AF6 AF7

Port TIM1/TIM2/ TIM1/TIM2/ USART1/

SYS_AF TIM5/TIM8/ TIM3/TIM4/ TIM8 12C1/12C2/12C3 SPI1/SPI2 SPI3/DFSDM USART2/

LPTIM1 TIM5 USART3
PFO - - - - 12C2_SDA - - -
PF1 - - - - 12C2_SCL - - -
PF2 - - - - 12C2_SMBA - - -
PF3 - - - - - - - -
PF4 - - - - - - - -
PF5 - - - - - - - -
PF6 - TIM5_ETR TIM5_CHA1 - - - - -
PF7 - - TIM5_CH2 - - - - -

Port F

PF8 - - TIM5_CH3 - - - - -
PF9 - - TIM5_CH4 - - - - -
PF10 - - - - - - - -
PF11 - - - - - - - -
PF12 - - - - - - - -
PF13 - - - - - - DFSDM_DATING -
PF14 - - - - - - DFSDM_CKING -
PF15 - - - - - - - -

uonduosap uid pue sinould
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Table 17. Alternate function AF8 to AF15 (for AF0 to AF7 see Table 16) (continued)

AF8 AF9 AF10 AF11 AF12 AF13 AF14 AF15
Port UART4, SDMMC1, COMP1, TIM2, TIM15,
UART5, | CAN1,TSC |OTG_FS, QUADSPI LCD COMP2, FMC, SAI, SAI2 | TIM16,TIM17, | EVENTOUT
LPUART1 SWPMI1 LPTIM2
PCO LPURA)F(m— ; ; LCD_SEG18 ; ; LPTIM2_IN1 | EVENTOUT
PC1 | LPUART1_TX - i LCD_SEG19 - i - EVENTOUT
PC2 i i ; LCD_SEG20 i i ] EVENTOUT
PC3 - - - LCD_VLCD - SAI1_SD_A | LPTIM2_ETR | EVENTOUT
PC4 i i ; LCD_SEG22 i - . EVENTOUT
PC5 - - - LCD_SEG23 - - i EVENTOUT
PC6 ; TSC_G4 101 ; LCD_SEG24 | SDMMC1_D6 SA'Z—X'CLK— ; EVENTOUT
pC7 ; TSC_G4_102 ; LCD_SEG25 | SDMMC1_D7 SA'Z—I';"CLK— ; EVENTOUT
PC8 - TSC_G4_103 ; LCD_SEG26 | SDMMCA1_DO i } EVENTOUT
PortC TIM8_BKIN2
PCY ; TSC_G4_I04 | OTG_FS_NOE | LCD_SEG27 | SDMMC1_D1 |SAI2_EXTCLK | 'C=SBNa | EvENTOUT
LCD_COM4/
PC10 | UART4 TX | TSC_G3_102 - LCD _SEG28/| SDMMC1._D2 | SAI2_SCK_B ; EVENTOUT
LCD_SEG40
LCD_COMS/
PC11 | UART4 RX | TSC_G3 103 ; LCD SEG29/| SDMMC1_D3 SAQ—E"CLK— ; EVENTOUT
LCD_SEG41
LCD_COMS/
PC12 | UART5 TX | TSC_G3_104 - LCD_SEG30/ | SDMMC1 CK | SAI2 SD_B - EVENTOUT
LCD_SEG42
PC13 i i ; ; i - ; EVENTOUT
PC14 - - - - i i - EVENTOUT
PC15 i i ; ; i - ; EVENTOUT

uonduosap uid pue sjnouid
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Electrical characteristics

Table 24. Embedded reset and power control block characteristics

Symbol Parameter Conditions(") Min Typ Max Unit
2) |Reset temporization after . )
[RSTTEMPO™™ | BORO is detected Vop rising 250 | 400 HS
Rising edge 1.62 1.66 1.7
VBORO(Z) Brown-out reset threshold 0 \Y
Falling edge 1.6 1.64 1.69
Rising edge 2.06 21 2.14
VBoR1 Brown-out reset threshold 1 \Y
Falling edge 1.96 2 2.04
Rising edge 2.26 2.31 2.35
VBoRr2 Brown-out reset threshold 2 \Y
Falling edge 2.16 2.20 2.24
Rising edge 2.56 2.61 2.66
VBoR3 Brown-out reset threshold 3 \Y
Falling edge 2.47 2.52 2.57
Rising edge 2.85 2.90 2.95
VBoR4 Brown-out reset threshold 4 \Y
Falling edge 2.76 2.81 2.86
v Programmable voltage Rising edge 2.1 215 | 2.19 v
PVDO detector threshold 0 FaIIing edge 2 2.05 21
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 \Y
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 275 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
Iob BOR®) (except BOR0) and ) ) 1 1 16 A
(BOR_PVD)®@ | PVD consumption from Vpp ' H
Vouus VDDpSB_ peripheral voltage ) 118 122 126 Vv
monitoring
IS73 DoclD025976 Rev 4 99/232
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Table 24. Embedded reset and power control block characteristics (continued)

Symbol Parameter Conditions(¥ |  Min Typ | Max | Unit
Vppioz peripheral voltage
Vevme monitoring ) 0.92 0.96 1 v
Vppa peripheral voltage Rising edge 1.61 1.65 1.69
Vevms o v
monitoring Falling edge 1.6 164 | 1.68
; Rising edge 1.78 1.82 1.86
Veuna VDDA pgnpheral voltage v
monitoring Falling edge 177 | 181 | 185
Vhyst pym3 | PVM3 hysteresis - - 10 - mV
Vhyst pymsa | PVM4 hysteresis - - 10 - mV
oo PVM1 and PVM2
(PVM1/PVM2) . - - 0.2 - HA
@) consumption from Vpp
o PVM3 and PVM4
(PVM3/PVM4) : - - 2 - pA
) consumption from Vpp

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

sleep modes.

Guaranteed by design.

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

DocID025976 Rev 4
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STM32L476xx Electrical characteristics

6.3.4 Embedded voltage reference

The parameters given in Table 25 are derived from tests performed under the ambient
temperature and supply voltage conditions summarized in Table 22: General operating

conditions.
Table 25. Embedded internal voltage reference
Symbol Parameter Conditions Min Typ Max Unit
VREFINT Internal reference voltage —40°C<Tp<+130°C 1.182 |1.212| 1.232 \Y,
ADC sampling time when
ts_vrefint Q) reading the internal reference - 42) - - us
voltage
Start time of reference voltage
start_vrefint | puffer when ADC is enable ° ) ) 8 122 Hs

VgrernT buffer consumption

from Vpp when converted by - - 12.5 | 2002 MA
Ioo(VReFINTBUF) | Apc

Internal reference voltage

AVRgrINT | spread over the temperature | Vpp =3V - 5 | 750 | mv
range
Average temperature o ° _ 2) o
Teoeff coefficient —40°C < Ty <+130°C 30 50 ppm/°C
Acoeff Long term stability 1000 hours, T = 25°C - - T8D@ | ppm
VDDCoeff Average voltage coefficient 30V<Vpp<36V - 250 | 1200 | ppm/V
VRerINT piv1 | 1/4 reference voltage 24 25 26
0,
VRerINT DIv2 | 1/2 reference voltage - 49 50 51 &
= VREFINT
VREFINT DIV3 | 3/4 reference voltage 74 75 76

1. The shortest sampling time can be determined in the application by multiple iterations.
2. Guaranteed by design.

3
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High-speed external clock generated from a crystal/ceramic resonator

The high-speed external (HSE) clock can be supplied with a 4 to 48 MHz crystal/ceramic
resonator oscillator. All the information given in this paragraph are based on design
simulation results obtained with typical external components specified in Table 45. 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 45. HSE oscillator characteristics(?

Symbol Parameter Conditions(® Min | Typ | Max | Unit
fosc_ in | Oscillator frequency - 4 8 48 MHz
Re Feedback resistor - - 200 - kQ
During startup(®) - - 5.5
VDD =3 V,
Rm =30 Q, - 0.44 -
CL =10 pF@8 MHz
VDD =3 V,
Rm =45 Q, - 0.45 -
CL =10 pF@8 MHz
I HSE current consumption Vbp =3V, mA
PP(HSE) Rm =300, - |o6s| -
CL = 5 pF@48 MHz
VDD =3 V,
Rm =30 Q, - 0.94 -
CL =10 pF@48 MHz
VDD =3 V,
Rm =30 Q, - 1.77 -

CL = 20 pF@48 MHz

Maximum critical crystal

G
m transconductance

Startup - - 1.5 | mANV

tSU(HSE)(4) Startup time Vpp is stabilized - 2 - ms

Guaranteed by design.
Resonator characteristics given by the crystal/ceramic resonator manufacturer.

This consumption level occurs during the first 2/3 of the tgy(Hsg) startup time

oL nd o~

tsu(Hsk) is the startup time measured from the moment it is enabled (by software) to a stabilized 8 MHz
oscillation is reached. This value is measured for a standard crystal resonator and it can vary significantly
with the crystal manufacturer

For C, 4 and C| 5, it is recommended to use high-quality external ceramic capacitors in the
5 pF to 20 pF range (typ.), designed for high-frequency applications, and selected to match
the requirements of the crystal or resonator (see Figure 18). C; 4 and C| 5, are usually the
same size. The crystal manufacturer typically specifies a load capacitance which is the
series combination of C 4 and C| ,. PCB and MCU pin capacitance must be included (10 pF
can be used as a rough estimate of the combined pin and board capacitance) when sizing
C|_1 and C|_2.
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EMC characteristics

Susceptibility tests are performed on a sample basis during device characterization.

Functional EMS (electromagnetic susceptibility)

While a simple application is executed on the device (toggling 2 LEDs through 1/O ports).
the device is stressed by two electromagnetic events until a failure occurs. The failure is
indicated by the LEDs:

e Electrostatic discharge (ESD) (positive and negative) is applied to all device pins until
a functional disturbance occurs. This test is compliant with the IEC 61000-4-2 standard.

e FTB: A Burst of Fast Transient voltage (positive and negative) is applied to Vpp and
Vgg through a 100 pF capacitor, until a functional disturbance occurs. This test is
compliant with the IEC 61000-4-4 standard.

A device reset allows normal operations to be resumed.

The test results are given in Table 53. They are based on the EMS levels and classes
defined in application note AN1709.

Table 53. EMS characteristics

Level/

Symbol Parameter Conditions
Class

Voltage limits to be applied on any I/0 pin Vop =33V, Tq = +25°C,

VFESD . . . fHCLK =80 MHZ, 3B
to induce a functional disturbance conforming to IEC 61000-4-2
Fast transient voltage burst limits to be Vpp =3.3V, Tp = +25 °C,

Verrg | applied through 100 pF on Vpp and Vgs | fyck = 80 MHz, 4A
pins to induce a functional disturbance conforming to IEC 61000-4-4

Designing hardened software to avoid noise problems

EMC characterization and optimization are performed at component level with a typical
application environment and simplified MCU software. It should be noted that good EMC
performance is highly dependent on the user application and the software in particular.

Therefore it is recommended that the user applies EMC software optimization and
prequalification tests in relation with the EMC level requested for his application.

Software recommendations

The software flowchart must include the management of runaway conditions such as:
e  Corrupted program counter

e  Unexpected reset

e  Critical Data corruption (control registers...)
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Communication interfaces characteristics

I2C interface characteristics

The 12C interface meets the timings requirements of the 1°C-bus specification and user
manual rev. 03 for:

e  Standard-mode (Sm): with a bit rate up to 100 kbit/s

e Fast-mode (Fm): with a bit rate up to 400 kbit/s

e  Fast-mode Plus (Fm+): with a bit rate up to 1 Mbit/s.

The 12C timings requirements are guaranteed by design when the 12C peripheral is properly
configured (refer to RM0351 reference manual).

The SDA and SCL /O requirements are met with the following restrictions: the SDA and
SCL I/O pins are not “true” open-drain. When configured as open-drain, the PMOS
connected between the I/0O pin and Vpp oy is disabled, but is still present. Only FT_f I/O pins
support Fm+ low level output current maximum requirement. Refer to Section 6.3.14: I/0
port characteristics for the 12C 1/Os characteristics.

All 12C SDA and SCL I/Os embed an analog filter. Refer to the table below for the analog
filter characteristics:

Table 82. 12C analog filter characteristics(!)

Symbol Parameter Min Max Unit
Maximum pulse width of spikes
taF that are suppressed by the analog 50(2) 2600 ns
filter

1. Guaranteed by design.
2. Spikes with widths below tar(min) are filtered.

3. Spikes with widths above tar(max) are not filtered
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Package information

In order to meet environmental requirements, ST offers these devices in different grades of
ECOPACK® packages, depending on their level of environmental compliance. ECOPACK®
specifications, grade definitions and product status are available at: www.st.com.

ECOPACK® is an ST trademark.

LQFP144 package information

Figure 49. LQFP144 - 144-pin, 20 x 20 mm low-profile quad flat package outline
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Using the values obtained in Table 113 T j,,.« is calculated as follows:

— For LQFP64, 45 °C/W

Tjmax = 100 °C + (45 °C/W x 134 mW) =100 °C + 6.03 °C = 106.03 °C
This is above the range of the suffix 6 version parts (—40 < T; < 105 °C).

In this case, parts must be ordered at least with the temperature range suffix 7 (see
Section 8: Part numbering) unless we reduce the power dissipation in order to be able to
use suffix 6 parts.

Refer to Figure 67 to select the required temperature range (suffix 6 or 7) according to your
ambient temperature or power requirements.

Figure 67. LQFP64 Pp max vs. Tp
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Part numbering

Table 114. STM32L476xx ordering information scheme

Example:

Device family

STM32

STM32 = ARM® based 32-bit microcontroller

Product type

L

L = ultra-low-power

Device subfamily

476

476: STM32L476xx

Pin count

R G T

R =64 pins
J =72 pins
M = 81 pins
V =100 pins
Q=132 pins
Z = 144 pins

Flash memory size

C = 256 KB of Flash memory
E = 512 KB of Flash memory
G =1 MB of Flash memory

Package

T = LQFP ECOPACK®2
| = UFBGA ECOPACK®2
Y = CSP ECOPACK®?2

Temperature range

6

6 = Industrial temperature range, -40 to 85 °C (105 °C junction)

7 = Industrial temperature range, -40 to 105 °C (125 °C junction)

3 = Industrial temperature range, -40 to 125 °C (130 °C junction)

Packing

TR

TR = tape and reel

XXX = programmed parts
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