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Description STM32L476xx

2 Description

The STM32L476xx devices are the ultra-low-power microcontrollers based on the high-
performance ARM® Cortex®-M4 32-bit RISC core operating at a frequency of up to 80 MHz.
The Cortex-M4 core features a Floating point unit (FPU) single precision which supports all
ARM single-precision data-processing instructions and data types. It also implements a full
set of DSP instructions and a memory protection unit (MPU) which enhances application
security.

The STM32L476xx devices embed high-speed memories (Flash memory up to 1 Mbyte, up
to 128 Kbyte of SRAM), a flexible external memory controller (FSMC) for static memories
(for devices with packages of 100 pins and more), a Quad SPI flash memories interface
(available on all packages) and an extensive range of enhanced 1/Os and peripherals
connected to two APB buses, two AHB buses and a 32-bit multi-AHB bus matrix.

The STM32L476xx devices embed several protection mechanisms for embedded Flash
memory and SRAM: readout protection, write protection, proprietary code readout
protection and Firewall.

The devices offer up to three fast 12-bit ADCs (5 Msps), two comparators, two operational
amplifiers, two DAC channels, an internal voltage reference buffer, a low-power RTC, two
general-purpose 32-bit timer, two 16-bit PWM timers dedicated to motor control, seven
general-purpose 16-bit timers, and two 16-bit low-power timers. The devices support four
digital filters for external sigma delta modulators (DFSDM).

In addition, up to 24 capacitive sensing channels are available. The devices also embed an
integrated LCD driver 8x40 or 4x44, with internal step-up converter.

They also feature standard and advanced communication interfaces.

e Three l2Cs

e Three SPIs

e Three USARTSs, two UARTs and one Low-Power UART.

e  Two SAls (Serial Audio Interfaces)

e One SDMMC

e One CAN

e One USB OTG full-speed

e  One SWPMI (Single Wire Protocol Master Interface)

The STM32L476xx operates in the -40 to +85 °C (+105 °C junction), -40 to +105 °C

(+125 °C junction) and -40 to +125 °C (+130 °C junction) temperature ranges from a 1.71 to

3.6 V power supply. A comprehensive set of power-saving modes allows the design of low-
power applications.

Some independent power supplies are supported: analog independent supply input for
ADC, DAC, OPAMPs and comparators, 3.3 V dedicated supply input for USB and up to 14
I/Os can be supplied independently down to 1.08V. A VBAT input allows to backup the RTC
and backup registers.

The STM32L476xx family offers six packages from 64-pin to 144-pin packages.
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STM32L476xx Pinouts and pin description

Table 15. STM32L476xxSTM32L476xx pin definitions (continued)

Pin Number Pin functions
~ Pin name g
N o|g |2 |3 i B
3 ® | & 2183 (functiongfter | & = Alternate functions Additional
Lolol . 8 a reset) 2 ® 51'"3 functions
gl | d|ag|w | g £ o) o
b O I - I T I T o = z
TIM4_CH1,
USART3_RTS_DE,
TSC_G6_103,
- | -] -1]59]J10]| 81 PD12 /o | FTI | - LCD__SEG32, FMC. A17, -
SAI2_FS_A, LPTIM2_IN1,
EVENTOUT
TIM4_CH2, TSC_G6_104,
- | -] -1]60]|H12| 82 PD13 /O | FTl | - | LCD_SEG33, FMC_A18, -
LPTIM2_OUT, EVENTOUT
-] -] - - | 83 VSS S - - - -
-] -] - - | 84 VDD S - - - -
TIM4_CH3, LCD_SEG34,
-] -] -1]61|H11]| 85 PD14 Vo | FTI | - FMC. DO, EVENTOUT -
TIM4_CH4, LCD_SEG35,
- | -|-162|H10]| 86 PD15 o | FTI | - FMC._D1, EVENTOUT -
SPI1_SCK, FMC_A12,
o I e B AL PG2 VO | FT_s | - |'sa2 SCK_B, EVENTOUT -
SPI1_MISO, FMC_A13,
o A R R I PG3 Vo | FT_s | - SAI2_FS_B, EVENTOUT )
SPI1_MOSI, FMC_A14,
-] -1|-1] - |F10]| 89 PG4 /o | FT.s | - SAI2_MCLK_B, -
EVENTOUT
SPI1_NSS,
LPUART1_CTS,
-l -1 -] - |E9| 9 PG5 /O | FT.s | - FMC_A15, SAI2 SD. B, -
EVENTOUT
[2C3_SMBA,
-l -] -] - | G4 91 PG6 /O | FT.s | - LPUART1_RTS_DE, -
EVENTOUT
I2C3_SCL, LPUART1_TX,
o A R B R PG7 Vo | FT_fs | - FMC_INT3, EVENTOUT )
[2C3_SDA, LPUART1_RX,
-l -] -] -1]J6 |93 PG8 /O | FT fs | - EVENTOUT -
-] -] - - | 94 VSS S - - - -
-] -] - - | 95 VDDIO2 S - - - -
oC ev
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Table 16. Alternate function AF0 to AF7 (for AF8 to AF15 see Table 17) (continued)

AFO AF1 AF2 AF3 AF4 AF5 AF6 AF7
Port TIMATIM2I | TIMATIMZ/ USART1/
SYS_AF TIMS/TIMS/ | TIM3/TIM4/ TIMS 12C112C2/12C3 | SPI/SPI2 | SPI3IDFSDM | USART2/
LPTIM1 TIM5 USART3
PGO ) ] - ) ) ] ] 3
PG - - - - - - - -
PG2 - - - - - SPI1_SCK - i
PG3 - - - - - SPI1_MISO - -
PG4 - - - - - SPI1_MOSI - -
PG5 - - - - - SPI1_NSS - -
PG6 - - - - 12C3_SMBA - - -
PG7 - - - - 12C3_SCL - - -
PG8 - - - - 12C3_SDA - - -
Port G
PGY ] ; - - ] ; SPI3_SCK | USART1_TX
PG10 - LPTIM1_IN1 - - - ; SPI3_MISO | USART1_RX
PG11 - LPTIM1_IN2 - - - - SPI3_MOSI | USART1_CTS
PG12 - LPTIM1_ETR - - ; ; SPI3_NSS USARSE—RTS—
PG13 i i - - 12C1_SDA ] ] USART1_CK
PG14 - - - - 12C1_SCL - - -
PG15 - LPTIM1_OUT - - 12C1_SMBA i i i
PHO - - - - - - - -
Port H
PH1 - i - - - i i i
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Memory mapping STM32L476xx

Table 18. STM32L476xx memory map and peripheral register boundary
addresses (continued)“)

Bus Boundary address (bs;tz:s) Peripheral
0x4001 6400 - 0x4001 FFFF 39 KB Reserved
0x4001 6000 - 0x4000 63FF 1 KB DFSDM
0x4001 5C00 - 0x4000 5FFF 1 KB Reserved
0x4001 5800 - 0x4000 5BFF 1 KB SAI2

APB2 0x4001 5400 - 0x4000 57FF 1 KB SAl1
0x4001 4C00 - 0x4000 53FF 2 KB Reserved
0x4001 4800 - 0x4001 4BFF 1 KB TIM17
0x4001 4400 - 0x4001 47FF 1 KB TIM16
0x4001 4000 - 0x4001 43FF 1KB TIM15
0x4001 3C00 - 0x4001 3FFF 1 KB Reserved
0x4001 3800 - 0x4001 3BFF 1KB USART1
0x4001 3400 - 0x4001 37FF 1KB TIM8
0x4001 3000 - 0x4001 33FF 1 KB SPI1
0x4001 2C00 - 0x4001 2FFF 1KB TIM1
0x4001 2800 - 0x4001 2BFF 1 KB SDMMCA1

APB2 0x4001 2000 - 0x4001 27FF 2 KB Reserved
0x4001 1C00 - 0x4001 1FFF 1KB FIREWALL
0x4001 0800- 0x4001 1BFF 5 KB Reserved
0x4001 0400 - 0x4001 O7FF 1 KB EXTI
0x4001 0200 - 0x4001 03FF COMP
0x4001 0030 - 0x4001 O1FF 1 KB VREFBUF
0x4001 0000 - 0x4001 002F SYSCFG

90/232 DoclD025976 Rev 4 m




STM32L476xx

Memory mapping

Table 18. STM32L476xx memory map and peripheral register boundary

addresses (continued)“)

Bus Boundary address (bs;tz:s) Peripheral
0x4000 9800 - 0x4000 FFFF 26 KB Reserved
0x4000 9400 - 0x4000 97FF 1 KB LPTIM2
0x4000 8C00 - 0x4000 93FF 2 KB Reserved
0x4000 8800 - 0x4000 8BFF 1 KB SWPMI1
0x4000 8400 - 0x4000 87FF 1 KB Reserved
0x4000 8000 - 0x4000 83FF 1 KB LPUART1
0x4000 7C00 - 0x4000 7FFF 1KB LPTIM1
0x4000 7800 - 0x4000 7BFF 1 KB OPAMP
0x4000 7400 - 0x4000 77FF 1 KB DAC
0x4000 7000 - 0x4000 73FF 1 KB PWR

APBT 0x4000 6800 - 0x4000 6FFF 1 KB Reserved
0x4000 6400 - 0x4000 67FF 1 KB CANT1
0x4000 6000 - 0x4000 63FF 1 KB Reserved
0x4000 5C00- 0x4000 5FFF 1 KB 12C3
0x4000 5800 - 0x4000 5BFF 1 KB [2C2
0x4000 5400 - 0x4000 57FF 1 KB 12C1
0x4000 5000 - 0x4000 53FF 1 KB UART5
0x4000 4C00 - 0x4000 4FFF 1KB UART4
0x4000 4800 - 0x4000 4BFF 1KB USART3
0x4000 4400 - 0x4000 47FF 1 KB USART2

3
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Electrical characteristics

STM32L476xx

6.1.6 Power supply scheme

Figure 13. Power supply scheme
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Caution:  Each power supply pair (Vpp/Vss, Vppa/Vssa etc.) must be decoupled with filtering ceramic
capacitors as shown above. These capacitors must be placed as close as possible to, or
below, the appropriate pins on the underside of the PCB to ensure the good functionality of

the device.

94/232
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Electrical characteristics STM32L476xx

Table 22. General operating conditions (continued)

Symbol Parameter Conditions Min Max Unit

Ambient temperature for the Maximum power dissipation —40 85
suffix 6 version Low-power dissipation(®) -40 105

- Ambient temperature for the Maximum power dissipation —40 105 oc
suffix 7 version Low-power dissipation(®) —-40 125
Ambient temperature for the Maximum power dissipation —40 125
suffix 3 version Low-power dissipation(®) —40 130
Suffix 6 version —40 105

TJ Junction temperature range | Suffix 7 version —40 125 °C
Suffix 3 version —40 130

1. When RESET is released functionality is guaranteed down to Vgorg Min.

2. This formula has to be applied only on the power supplies related to the 10 structure described by the pin definition table.
Maximum 1/O input voltage is the smallest value between MIN(Vpp, Vppa, Vopioz2: Voouse: Vicp)+3.6 V and 5.5V.

3. For operation with voltage higher than Min (Vpp, Vppa, Vopio2: Vopuse: Vicp) +0-3 V, the internal Pull-up and Pull-Down
resistors must be disabled.

4. If Ty is lower, higher Pp values are allowed as long as T does not exceed T o4 (S€€ Section 7.7: Thermal characteristics).

In low-power dissipation state, T can be extended to this range as long as T, does not exceed T ..o« (S€€ Section 7.7:
Thermal characteristics).

6.3.2 Operating conditions at power-up / power-down

The parameters given in Table 23 are derived from tests performed under the ambient
temperature condition summarized in Table 22.

Table 23. Operating conditions at power-up / power-down

Symbol Parameter Conditions Min Max Unit
Vpp rise time rate 0 °°
tvbp , -
Vpp fall time rate 10 o0
. Vppa rise time rate 0 e
VDDA -
Vppa fall time rate 10 o0
us/V
VDDUSB rise time rate 0 i
tvppuss -
Vppusg fall time rate 10 o0
Vppio2 rise time rate 0 °°
tvbpio2 -
Vppio2 fall time rate 10 o0
6.3.3 Embedded reset and power control block characteristics

The parameters given in Table 24 are derived from tests performed under the ambient
temperature conditions summarized in Table 22: General operating conditions.

3
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Electrical characteristics

STM32L476xx

100/232

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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Table 32. Current consumption in Sleep and Low-power sleep modes, Flash ON

Conditions TYP max(
Symbol Parameter Voltage Unit
- Age | ¢ .k | 25°C |55°C| 85°C |105°C [125°C| 25°C | 55°C | 85°C |105°C |125°C
scaling
26 MHz | 092 | 096 | 1.07 | 125 | 159 | 1.012 | 114 | 1.36 | 1.77 | 2.40
16MHz | 061 | 065 | 0.75 | 092 | 127 | 069 | 0.78 | 097 | 132 | 2.04
8MHz | 0.36 | 0.40 | 050 | 0.66 | 1.01 | 042 | 050 | 068 | 1.03 | 1.75
Range2| 4MHz | 024 | 027 | 0.37 | 053 | 0.87 | 028 | 0.36 | 0.54 | 0.89 | 1.60
Ig%Lgl\jl:'HZSE up 2MHz | 018 | 020 | 030 | 047 | 081 | 0215 | 029 | 046 | 082 | 153
Supply |included, bypass 1MHz | 015 | 017 | 027 | 043 | 077 | 018 | 025 | 044 | 078 | 1.49
current in | mode 100 kHz | 0.12 | 0.14 0.24 0.41 0.74 0.15 0.21 0.39 0.74 1.44
Ipp(Sleep) | Il ON ab mA
Segp 28 MHa (ﬁve 80MHz | 296 | 3.00 | 313 | 3.33 | 3.73 | 326 | 343 | 3.72 | 413 | 497
mode, za
peripherals 72MHz | 269 | 273 | 285 | 305 | 345 | 296 | 321 | 350 | 3.71 | 454
disable 64 MHz | 2.41 | 245 | 258 | 277 | 317 | 265 | 2.88 | 317 | 3.58 | 4.21
Range 1| 48 MHz | 1.88 | 1.93 | 2.07 | 227 | 267 | 210 | 227 | 241 | 283 | 3.66
32MHz | 130 | 135 | 148 | 168 | 208 | 143 | 156 | 1.85 | 226 | 3.10
24MHz | 1.01 | 1.05| 117 | 137 | 176 | 111 | 123 | 152 | 193 | 277
16 MHz | 0.71 | 075 | 087 | 1.07 | 145 | 080 | 0.90 | 119 | 160 | 2.44
Supply 2MHz | 96 126 | 233 412 775 130 | 202 402 777 | 1527
currentin | =f 1MHz | 65 94 202 381 742 95 166 358 733 | 1483
Ipp(LPSleep) | low-power *|*|CLK. hMS'I disabl pA
sleep |2 Peripherals disable 400 kHz | 43 73 181 359 718 75 138 331 706 | 1456
mode 100 kHz | 33 63 171 348 708 65 128 322 691 1441

1.

Guaranteed by characterization results, unless otherwise specified.
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STM32L476xx Electrical characteristics

6.3.8 Internal clock source characteristics

The parameters given in Table 47 are derived from tests performed under ambient
temperature and supply voltage conditions summarized in Table 22: General operating
conditions. The provided curves are characterization results, not tested in production.

High-speed internal (HS116) RC oscillator

Table 47. HSI16 oscillator characteristics(!

Symbol Parameter Conditions Min Typ Max Unit
fusi1e HSI16 Frequency Vpp=3.0V, Tp=30 °C 15.88 - 16.08| MHz
Trimming code is not a
multiple of 64 0.2 0.3 0.4
TRIM HSI16 user trimming step %
Trimming code is a 4 6 8
multiple of 64
DuCy(HSI16)? | Duty Cycle - 45 - 55 %
Ao (HSI16) HSI16 oscillator frequency | TA= 0 t0 85 °C -1 - 1 %
T .
emp drift over temperature Ta=-40t0 125 °C -2 - 15 %
HSI16 oscillator frequency _ o
Aypp(HSI16) drift over Vpp Vpp=1.62V1to 3.6V -0.1 - 0.05 %o
tSU(HSI16)(2) HSI1 6 oscillator start-up ) ) 08 192 us
time
(2) | HSI16 oscillator ) )
tstab(HSI16) stabilization time 3 5 HS
IDD(HSI16)(2) HSI16 osglllator power ) ) 155 190 uA
consumption
1. Guaranteed by characterization results.
2. Guaranteed by design.
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Electrical characteristics STM32L476xx
Table 48. MSI oscillator characteristics(!) (continued)
Symbol Parameter Conditions Min Typ Max | Unit
VDD=1 62V
to 3.6V 12 i
Range 0to 3 V22V 0.5
DD=4- N -
to 3.6V 0.5
MSI oscillator :/Dg?\./GZ Y 25 i
; o 3.
Avpp(MSH? | requency drift e ode [Range 4 to 7 0.7 | %
over Vpp Vpp=2.4V
(reference is 3 V) t0 3.6 V -0.8 }
VDD=1 62V 5 .
to 3.6V
Range 8 to 11 1
VDD=2'4 V 16 .
to3.6V :
AF Frequency Tp=-4010 85 °C - 1 2
NSIA'IV'%{%SG variation in MSI mode %
(MS1) sampling mode(®) Tpo=-40t0 125 °C - 2 4
for next ) ) ) 3458
P_USB Period jitter for | PLL mode | transition ' s
Jitter(MS1)®) | USB clock® Range 11 [for paired ] ] ] 5016
transition :
for next ) ) _ 5
MT_USB Medium term jitter | PLL mode | transition o
Jitter(MSI)®) | for USB clock®  |Range 11 [for paired ] ] ] 1
transition
CC jitter(MS1)(®) RMS cycle-to- PLL mode Range 11 - - 60 - ps
cycle jitter
P jitter(MSI1)®) | RMS Period jitter | PLL mode Range 11 - - 50 - ps
Range 0 - - 10 20
Range 1 - - 5 10
i Range 2 - - 4 8
tSU(MSI)(G) MSI oscnllator us
start-up time Range 3 _ _ 3 7
Range 4to7 - - 3 6
Range 8 to 11 - - 25 6
10 % of final ) ) 025 05
frequency ' '
) |MSI oscillator PLL mode |5 % of final ) )
tsTag(MSI) stabilization time |Range 11 | frequency 0.5 125 | ms
1 % of final ) ) ) 25
frequency '

134/232
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STM32L476xx Electrical characteristics

6.3.11

3

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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STM32L476xx

Electrical characteristics

Output voltage levels

Unless otherwise specified, the parameters given in the table below are derived from tests
performed under the ambient temperature and supply voltage conditions summarized in
Table 22: General operating conditions. All 1/Os are CMOS- and TTL-compliant (FT ORTT

unless otherwise specified).

Table 59. Output voltage characteristics(!)

Symbol Parameter Conditions Min Max Unit
VoL | Output low level voltage for an I/0 pin | CMOS port(z) - 0.4
ol =8 mA
Vo | Output high level voltage for an I/O pin Vopiox 2 2.7 V Vppiox-0-4 -
VoL® | Output low level voltage for an 1/0 pin | TTL port(®) - 0.4
Ilol =8 mA
Vor™ | Output high level voltage for an I/0 pin Vppiox 2 2.7 V 24 -
VoL ®) | Output low level voltage for an 1/0 pin lliol = 20 mA - 1.3
Vou® | Output high level voltage for an 1/O pin Vopiox 2 2.7V Vpopiox-1-3 -
VoL | Output low level voltage for an 1/0 pin ol = 4 mA - 0.45
Vou® | Output high level voltage for an 1/0 pin | Vobiox = 1.62V Vppiox-0-45 - v
VoL@ | Output low level voltage for an I/O pin ol = 2 mA - 0.35xVppjox
VOH(3) Output high level voltage for an 1/O pin 1.62V 2 Vppjox 21.08 V 0.65xVpp)|ox -
||IO|=20 mA _ 0.4
Vppiox = 2.7V
Vv Output low level voltage for an FT 1/10O ol = 10 mA
M | pin in FM+ mode (FT I/O with "f" Ve 2162V - 0.4
option) DDIOx = -
|I|O| =2mA _ 04

1.62 V 2 Vppjox 2 1.08 V

1. The |, current sourced or sunk by the device must always respect the absolute maximum rating specified in Table 19:
Voltage characteristics, and the sum of the currents sourced or sunk by all the I/Os (/O ports and control pins) must always
respect the absolute maximum ratings l,o.

3

TTL and CMOS outputs are compatible with JEDEC standards JESD36 and JESD52.

Guaranteed by design.

Input/output AC characteristics

The definition and values of input/output AC characteristics are given in Figure 23 and

Table 60, respectively.

Unless otherwise specified, the parameters given are derived from tests performed under
the ambient temperature and supply voltage conditions summarized in Table 22: General

operating conditions.
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Table 67. ADC accuracy - limited test conditions 3(1(2()

Sg:;- Parameter Conditions¥ Min | Typ | Max | Unit
Single Fast channel (max speed) | - | 55|75
Total ended Slow channel (max speed) | - | 45 | 6.5
ET |unadjusted
error ) . Fast channel (maxspeed) | - | 45|75
Differential
Slow channel (max speed) | - | 45| 5.5
Single Fast channel (max speed) | - 2 5
o | Offset ended Slow channel (max speed) | - | 25| 5
error Fast channel (max speed) | - 2 |35
Differential
Slow channel (max speed) | - | 25| 3
Single Fast channel (maxspeed) | - | 45| 7
ended Slow channel (max speed) | - | 3.5 | 6
EG | Gain error LSB
Fast channel (maxspeed) | - | 35| 4
Differential
Slow channel (max speed) | - | 35| 5
Single Fast channel (max speed) | - 12 |15
ED :Differential ended Slow channel (max speed) | - | 1.2 | 15
inearity
error ADC clock frequency < Fast channel (max speed) | - 1 1.2
80 MHz, Differential
Sampling rate < 5.33 Msps, Slow channel (max speed) | - | 1 | 1.2
:1325\/V <Vbpa = VREF+= | gingle Fast channel (max speed) | - | 3 | 3.5
Integral V. ’ . ended Slow channel (max speed) | - | 2.5 | 3.5
EL |linearity oltage scaling Range 1
error ] | Fast channel (max speed) | - 2 |25
Differential
Slow channel (max speed) | - 2 |25
Single Fast channel (max speed) | 10 |10.4| -
Effective ended Slow channel (max speed) | 10 [10.4| -
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) | 62 | 64 -
Signal-to- ended
SINAD noise and Slow channel (max speed) | 62 | 64 -
distortion Fast channel (max speed) | 65 | 66 | -
ratio Differential
Slow channel (max speed) | 65 | 66 -
dB
Single Fast channel (max speed) | 63 | 65 -
SNR Signal-to- ended Slow channel (max speed) | 63 | 65 | -
noise ratio Fast channel (max speed) | 66 | 67 | -
Differential
Slow channel (max speed) | 66 | 67 -
158/232 DoclD025976 Rev 4 Kys




STM32L476xx

Electrical characteristics

3. Refer to Table 58: I/O static characteristics.

4. Ton is the Refresh phase duration. Toff is the Hold phase duration. Refer to RM0351 reference manual for more details.

Figure 27. 12-bit buffered / non-buffered DAC

Buffered/non-buffered DAC
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1. The DAC integrates an output buffer that can be used to reduce the output impedance and to drive external loads directly

without the use of an external operational amplifier. The buffer can be bypassed by configuring the BOFFx bit in the

DAC_CR register.

Table 70. DAC accuracy(!

Symbol Parameter Conditions Min Typ Max Unit
Differential non | DPAC output buffer ON - - +2
DNL . £ )
linearity DAC output buffer OFF - - +2
- monotonicity 10 bits guaranteed
DAC output buffer ON ) ) +4
Integral non CL <50 pF, RL=5kQ -
INL i £ (3)
inearity DAC output buffer OFF ) ) 44
CL <50 pF, no RL -
VRep+ =3.6V - - +12
DAC output buffer ON LSB
Offset error at | CL <50 pF, RL25kQ _
Offset | code 0x8001) Vrer+ =18V - - *25
DAC output buffer OFF ) _ +8
CL =50 pF, noRL -
Offset error at | DAC output buffer OFF
Offset! | Code 0x0014) | CL < 50 pF, no RL - - *5
VREF =36V - - +5
OffsetCal S;f;: tosz;g)(; ™| DAC output bufer ON i
after calibration CL <50 pF, RL25kQ
VREF+ =18V - - +7
Kys DoclD025976 Rev 4 165/232




STM32L476xx

Electrical characteristics

6.3.20 Comparator characteristics
Table 72. COMP characteristics(?)
Symbol Parameter Conditions Min | Typ | Max | Unit
Vppa Analog supply voltage - 1.62 - 3.6
Comparator input voltage
Vin range - 0 - |Voba| V
Vgg® Scaler input voltage - VREFINT
Vsc Scaler offset voltage - - +5 10 mV
looa(SCALER) Scaler static consumption BRG_EN=0 (bridge disable) - 200 | 300 nA
DDA
from Vppa BRG_EN=1 (bridge enable) - 0.8 1 A
tsTaRT scaLER | Scaler startup time - - 100 | 200 ps
High-speed | VDDA Z22.7V - - 5
mode < - -
Comparator startup time to Vopa<27V !
tsTART reach propagation delay Vopaz 2.7V - - 15 VS
ificati Medium mode
specification Voon < 2.7V i i 25
Ultra-low-power mode - - 80
High-speed | VbDAZ2.7V - 55 | 80 s
mode < -
Propagation delay for Vopa <27V 65 100
tp®) 200 mV step Vod ) Vppa 2 2.7V - | 055 09
i i edium mode
with 100 mV overdrive Vooa < 2.7V _ 065 y us
Ultra-low-power mode - 5 12
Full common
Voffset Comparator offset error mode range - - 15 120 mV
No hysteresis - 0 -
Low hysteresis - 8 -
Vhys Comparator hysteresis mV
Medium hysteresis - 15 -
High hysteresis - 27 -
Static - 400 | 600
Ultra-low- With 50 kHz nA
power mode | 1100 mV overdrive - 1200 -
square signal
Static - 5 7
lopa(COMP) Compa]r(ator i:/onsumptlon Medium mode | With 50 kHz
rom Vppa +100 mV overdrive - 6 -
square signal
A
Static - 70 100
High-speed | with 50 kHz
mode +100 mV overdrive - 75 -
square signal
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Quad SPI characteristics

Unless otherwise specified, the parameters given in Table 84 and Table 85 for Quad SPI
are derived from tests performed under the ambient temperature, fayg frequency and Vpp

supply voltage conditions summarized in Table 22: General operating conditions, with the
following configuration:

e  Output speed is set to OSPEEDRYy[1:0] = 11

e Capacitive load C = 15 or 20 pF

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

Refer to Section 6.3.14: /0O port characteristics for more details on the input/output alternate
function characteristics.

Table 84. Quad SPI characteristics in SDR mode(?)

Symbol Parameter Conditions Min Typ Max Unit
1.71< VDD< 3.6 V, CLOAD =20 pF 40
Voltage Range 1
1.71< VDD< 3.6 V, CLOAD =15 pF 48
Fok Voltage Range 1
Quad SPI clock frequency MHz
1h(ck) 2.7<Vpp< 3.6V, C oap = 15 pF ] ] 50
Voltage Range 1
1.71 <VDD<3'6VCLOAD=20 pF 26
Voltage Range 2
twckH) | Quad SPI clock highand | ¢ 48 MHz, presc=0 beky22 | - | fewf2
; AHBCLK™ ) =
I tokf2 | - | tewy/2+2
Voltage Range 1 4 - -
tsny Data input setup time
Voltage Range 2 3.5 - -
Voltage Range 1 5.5 - -
thany Data input hold time ns
Voltage Range 2 6.5 - -
Voltage Range 1 - 25 5
t Data output valid time
vioun) Voltage Range 2 - 3 5
Voltage Range 1 1.5 - -
thoout) | Data output hold time
Voltage Range 2 2 - -

1. Guaranteed by characterization results.

3
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Table 98. Synchronous multiplexed NOR/PSRAM read timings("(?)

Symbol Parameter Min Max Unit
twicLk) FMC_CLK period 2Thek-1 -
tycikinexy) | FMC_CLK low to FMC_NEX low (x=0..2) - 2
ta(cLkH_NExH) | FMC_CLK high to FMC_NEX high (x= 0...2) ThoLkt0.5 -
tyicLkL-NaDvL) | FMC_CLK low to FMC_NADV low - 25
tycLkL-NADVH) | FMC_CLK low to FMC_NADV high 1 -
tycLk-av) | FMC_CLK low to FMC_Ax valid (x=16...25) - 3.5
tycLkh-alv) | FMC_CLK high to FMC_Ax invalid (x=16...25) Thelk -
tycLk-NoeL) | FMC_CLK low to FMC_NOE low - 1.5 ns
ty(cLkH-NoEH) | FMC_CLK high to FMC_NOE high Tholkt1 -
tycLke-apyy | FMC_CLK low to FMC_AD[15:0] valid - 4
tycLkr-abvy | FMC_CLK low to FMC_AD[15:0] invalid 0 -
tsuiabv-cLkH) | FMC_A/D[15:0] valid data before FMC_CLK high 0 -
thicLkH-aDv) | FMC_A/D[15:0] valid data after FMC_CLK high 25 -
tsuNnwAIT-cLkH) | FMC_NWAIT valid before FMC_CLK high 0 -
th(cLkH-NwaIT) | FMC_NWAIT valid after FMC_CLK high 4 -

1. CL=30 pF.

2. Guaranteed by characterization results.
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Package information

Table 105. UFBGA132 - 132-ball, 7 x 7 mm ultra thin fine pitch ball grid array

package mechanical data (continued)

millimeters inches(")
Symbol
Min Typ Max Min Typ Max
e 0.500 - 0.0197
Z 0.750 - 0.0295
ddd 0.080 - 0.0031
eee 0.150 - 0.0059
fff 0.050 - 0.0020 -

1.

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

Figure 53. UFBGA132 - 132-ball, 7 x 7 mm ultra thin fine pitch ball grid array

package recommended footprint
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Table 106. UFBGA132 recommended PCB design rules (0.5 mm pitch BGA)

Dimension Recommended values
Pitch 0.5 mm
Dpad 0.280 mm
Dsm 0.370 mm typ. (depends on the soldermask

registration tolerance)

Stencil opening

0.280 mm

Stencil thickness

Between 0.100 mm and 0.125 mm

Pad trace width

0.100 mm

Ball diameter

0.280 mm

3
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