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What is "Embedded - Microcontrollers"?

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

Applications of "Embedded -
Microcontrollers"

Active

ARM® Cortex®-M4

32-Bit Single-Core

80MHz

CANbus, EBI/EMI, I2C, IrDA, LINbus, MMC/SD, QSPI, SAI, SPI, SWPMI, UART/USART, USB OTG
Brown-out Detect/Reset, DMA, LCD, PWM, WDT
109

1MB (1M x 8)

FLASH

128K x 8

1.71V ~ 3.6V

A/D 19x12b; D/A 2x12b

Internal

-40°C ~ 125°C (TA)

Surface Mount

132-UFBGA

132-UFBGA (7x7)
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STM32L476xx Description
Table 2. STM32L476xx family device features and peripheral counts
. STM32L476 | STM32L476 STM32L476 STM32L476 | STM32L476 STM32L476
Peripheral
Zx Qx Vx Mx Jx Rx

Flash memory 512KB| 1MB |512KB| 1MB |[256KB | 512KB | 1MB |512KB| 1MB [512KB| 1MB |256KB | 512KB | 1MB
SRAM 128KB
Extgrnal memory controller for Yes Yes Yes(M No No No
static memories
Quad SPI Yes

Advanced 2 (16-bit)

control

General 5 (16-bit)

purpose 2 (32-bit)

Basic 2 (16-bit)
Timers Low -power 2 (16-bit)

SysTick timer 1

Watchdog

timers 2

(independent,

window)

SPI 3

12c 3

USART 3

UART 2

LPUART 1
Comm.
interfaces SAl 2

CAN 1

USB OTG FS Yes

SDMMC Yes

SWPMI Yes
Digital filters for sigma-delta Yes (4 filters)
modulators
Number of channels 8
RTC Yes
Tamper pins 3 2 2 2
LCD Yes Yes Yes Yes Yes Yes
COM x SEG 8x40 or 4x44 | 8x40 or 4x44 8x40 or 4x44 8x30 or 4x32 | 8x28 or 4x32 8x28 or 4x32
Random generator Yes
GPIOs 114 109 82 65 57 51
Wakeup pins 5 5 5 4 4 4
Nb of 1/0s down to 1.08 V 14 14 0 6 6 0
Capacitive sensing 24 24 21 12 12 12
Number of channels
12-bit ADCs 3 3 3 3 3 3
Number of channels 24 19 16 16 16 16
12-bit DAC channels 2
Internal voltage reference
buffer ’ Yes No
Analog comparator 2
Operational amplifiers 2
Kys DoclD025976 Rev 4 13/232
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Table 4. STM32L476 modes overview

Mode Regulator CPU |[Flash| SRAM |Clocks DMA & Peripherals(z) Wakeup source Consumptionm Wakeup time
Range 1 All 112 yA/MHz
Run Yes |[ON®| ON Any N/A N/A
Range2 All except OTG_FS, RNG 100 yA/MHz
Any .
toR 1: 4
LPRun | LPR Yes |ON@®| ON |[except| All except OTG_FS, RNG N/A 136 AIMHz | O on9e T HS
PLL to Range 2: 64 s
R 1 All ; 7 MH |
Sleep ange No ON@® | ON® Any Any interrupt or 37 pAIMHz 6 cycles
Range 2 All except OTG_FS, RNG event 35 WA/MHz 6 cycles
Any Any int t
LPSleep | LPR No |ON®| ON® |except| Allexcept OTG_FS, RNG ny 'gvirrr“t*p or 40 pA/MHz 6 cycles
PLL
Range 1 BOR, PVD, PVM
RTC, LCD,IWDG Reset pin, all I/0s
COMPXx (x=1,2) BOR, PVD, PVM
DACx (x=1,2) RTC, LCD,IWDG
OPAMPXx (x=1,2) COMPx (x=1..2)
LSE USARTx (x=1...5)®) USARTXx (x=1...5)©) 0.7 us in SRAM
Stop 0 N Off ON 108 pA
oP Range 2 ° Lsl LPUART1® LPUART1® H 4.5 s in Flash
12Cx (x=1...3)") 12Cx (x=1...3)7)
LPTIMx (x=1,2) LPTIMx (x=1,2)
OTG_Fs®
All other peripherals are SWPMI1®)

frozen.

MBIAIBAO |euol}oun4
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Functional overview

STM32L476xx

3.10

Several peripherals have direct connections between them. This allows autonomous

Interconnect matrix

communication between peripherals, saving CPU resources thus power supply
consumption. In addition, these hardware connections allow fast and predictable latency.

Depending on peripherals, these interconnections can operate in Run, Sleep, low-power run
and sleep, Stop 0, Stop 1 and Stop 2 modes.

Table 6. STM32L476xx peripherals interconnect matrix

PVD

DFSDM (analog
watchdog, short circuit
detection)

| 9| «
2 2 o
o 5| 0| 2| ~
7]
Interconnect source Inter(?onr'iect Interconnect action 5 o § g - g
destination Xl pnl al ooz
1 o o 7]
2l 3| 8
91 3| &
aull W
TIMx Timers synchronization or chaining Y[Y|Y|Y]|-]|-
ADCx
DACx Conversion triggers Y[Y|Y|Y]|-]|-
TIMx DFSDM
DMA Memory to memory transfer trigger YIY|Y|Y]|-]|-
COMPx Comparator output blanking Y[Y|Y|Y]|-]|-
TIM1, 8 Timer input channel, trigger, break from vivivly|-l-
TIM2, 3 analog signals comparison
COMPx : :
LPTIMERxX pr-powertlmgrtrlggered by analog vivivlyly (\1()
signals comparison
ADCx TIM1, 8 Timer triggered by analog watchdog Y[Y|Y|Y]|-]|-
TIM16 Timer input channel from RTC events Y Y|Y]|-]-
RTC ] - -
LPTIMERx Low-power timer triggered by RTC alarms vivlivylyly (\1{)
or tampers
Al clocks sources (internal | TIM2 Clock source used as input channel for vivivylyl-1-
and external) TIM15, 16, 17 RC measurement and trimming
uSB TIM2 Timer triggered by USB SOF Y|Y|-]-]-]|-
CSS
CPU (hard fault)
RAM (parity error)
Flash memory (ECC error) TIM1 8
COMPx ’ Timer break Y|Y|Y|Y]|-]-
TIM15,16,17

30/232
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Functional overview STM32L476xx

3.24.2

3.24.3

3.24.4

44/232

Many features are shared with those of the general-purpose TIMx timers (described in
Section 3.24.2) using the same architecture, so the advanced-control timers can work
together with the TIMx timers via the Timer Link feature for synchronization or event
chaining.

General-purpose timers (TIM2, TIM3, TIM4, TIM5, TIM15, TIM16,
TIM17)

There are up to seven synchronizable general-purpose timers embedded in the
STM32L476 (see Table 10 for differences). Each general-purpose timer can be used to
generate PWM outputs, or act as a simple time base.

e TIM2, TIM3, TIM4 and TIM5
They are full-featured general-purpose timers:
— TIM2 and TIM5 have a 32-bit auto-reload up/downcounter and 32-bit prescaler
—  TIM3 and TIM4 have 16-bit auto-reload up/downcounter and 16-bit prescaler.

These timers feature 4 independent channels for input capture/output compare, PWM
or one-pulse mode output. They can work together, or with the other general-purpose
timers via the Timer Link feature for synchronization or event chaining.

The counters can be frozen in debug mode.

All have independent DMA request generation and support quadrature encoders.
e TIM15,16 and 17

They are general-purpose timers with mid-range features:

They have 16-bit auto-reload upcounters and 16-bit prescalers.

—  TIM15 has 2 channels and 1 complementary channel

— TIM16 and TIM17 have 1 channel and 1 complementary channel

All channels can be used for input capture/output compare, PWM or one-pulse mode
output.

The timers can work together via the Timer Link feature for synchronization or event
chaining. The timers have independent DMA request generation.

The counters can be frozen in debug mode.

Basic timers (TIM6 and TIM7)

The basic timers are mainly used for DAC trigger generation. They can also be used as
generic 16-bit timebases.

Low-power timer (LPTIM1 and LPTIM2)

The devices embed two low-power timers. These timers have an independent clock and are
running in Stop mode if they are clocked by LSE, LSI or an external clock. They are able to
wakeup the system from Stop mode.

LPTIM1 is active in Stop 0, Stop 1 and Stop 2 modes.
LPTIM2 is active in Stop 0 and Stop 1 mode.

3
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STM32L476xx

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

Figure 5. STM32L476Qx UFBGA132 ballout(!)

1 2 3 4 5 6 7 8 9 10 1" 12
A PE3 PE1 PB8 BOOTO PD7 PD5 PB4 PB3 PA15 PA14 PA13 PA12
B PE4 PE2 PB9 PB7 PB6 PD6 PD4 PD3 PD1 PC12 PC10 PA11
c PC13 PE5 PEO VDD PB5 PG14 PG13 PD2 PDO PC11 VDDUSB PA10
D OSP((::;;-IN PE6 Vss PF2 PF1 PFO PG12 PG10 PG9 PA9 PA8 PC9
E oscP:?; 56UT VBAT VSS PF3 PG5 PC8 PC7 PC6
F PHO0-OSC_IN vss PF4 PF5 vss vss PG3 PG4 vss vss
G OSPCH1O-UT VDD PG11 PG6 VDD VDDIO2 PG1 PG2 VDD VDD
H PCO NRST VDD PG7 PGO PD15 PD14 PD13
J VSSA/VREF- PC1 PC2 PA4 PA7 PG8 PF12 PF14 PF15 PD12 PD11 PD10
K PG15 PC3 PA2 PAS PC4 PF11 PF13 PD9 PD8 PB15 PB14 PB13
L VREF+ PAO PA3 PA6 PC5 PB2 PE8 PE10 PE12 PB10 PB11 PB12
OPAMP1 OPAMP2.
M VDDA PA1 VINM - VINM - PBO PB1 PE7 PE9 PE11 PE13 PE14 PE15
MSv35003V7
1. The above figure shows the package top view.
Figure 6. STM32L476Vx LQFP100 pinout(!
PE2 VDD
PE3 VsS
PE4 VDDUSB
PE5 PA13
PE6 PA12
VBAT PA11
PC13 PA10
PC14-0SC32_IN PA9
PC15-0SC32_OUT PA8
VSS PC9
VDD PC8
PH0-OSC_IN PC7
PH1-0SC_OUT LQFP100 PC6
NRST PD15
PCO PD14
PC1 PD13
PC2 PD12
PC3 PD11
VSSA PD10
VREF- PD9
VREF+ PD8
VDDA PB15
PAO PB14
PA1 PB13
PA2 PB12
MS31271V3
1. The above figure shows the package top view.

3
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Pinouts and pin description

STM32L476xx

2. The related I/O structures in Table 15 are: FT_I, FT_fl, FT_lu.
3. The related I/O structures in Table 15 are: FT_u, FT_lu.
4. The related I/O structures in Table 15 are: FT_a, FT_la, FT_fa, FT_fla, TT_a, TT_la.
5. The related I/O structures in Table 15 are: FT_s, FT_fs.
Table 15. STM32L476xxSTM32L476xx pin definitions
Pin Number Pin functions
~ Pin name g
N lo|e 2 3 functi ft "3
3 ® | & SRR o g = Alternate functions Additional
Elolo| B 8 & reset) 2 k7] § functions
gl d|gd|ag|w | O £ o o
b IO - e T R T a = Z
TRACECK, TIM3_ETR,
TSC_G7_101,
- - - 1 B2 1 PE2 1/0 FT_I - LCD_SEG38, FMC_A23, -
SAI1_MCLK_A,
EVENTOUT
TRACEDO, TIM3_CH1,
TSC_G7_102,
o2 A2 PE3 VO | FTI | - | | cp SEG39, FMC_A19, -
SAIM1_SD_B, EVENTOUT
TRACED1, TIM3_CH2,
DFSDM_DATINS,
R PE4 Vo FT © | TSC_G7_103, FMC_A20, i
SAI1_FS_A, EVENTOUT
TRACED2, TIM3_CH3,
DFSDM_CKINS3,
o B N N B PES Vo FT " | TSC_G7_l04, FMC_A21, )
SAI1_SCK_A, EVENTOUT
TRACEDS3, TIM3_CH4, RTC_
- - - 5 | D2| 5 PEG6 1/0 FT - FMC_A22, SAI1_SD_A, TAMP3/
EVENTOUT WKUP3
1|/B9|B9| 6 | E2 | 6 VBAT S - - - -
RTC_
™) TAMP1/
2 |B8|B8| 7 | C1 7 PC13 /0 FT @) EVENTOUT RTC_TS/
RTC_OUT/
WKUP2
PC14- (1
3 1C9|C9| 8 | D1 8 OSC32_IN 1/0 FT @) EVENTOUT OSC32_IN
(PC14)
PC15- (1)
4 |cs|cs| 9 |E1| 9 | oscazoutr |0 | FT |, EVENTOUT 0SC32_
@ ouT
(PC15)
12C2_SDA, FMC_AQO,
- - - - | D6 | 10 PFO 1/0 FT_f - EVENTOUT -
12C2_SCL, FMC_AT1,
- - - - | D5 | 11 PF1 1/0 FT_f - EVENTOUT -
60/232 DoclD025976 Rev 4 Kys




Pinouts and pin description STM32L476xx

Table 15. STM32L476xxSTM32L476xx pin definitions (continued)

Pin Number Pin functions
~ Pin name g
N o|g |2 |3 i g
S % % 2| g = (function after g 2 Alternate functions Additional
ald|lo|x9Q |8 reset) = ® 2 functions
g|ld|d|a|luw Qg £ @) o
a3 |5 | a o = Z
LPTIM1_IN2, TIM4_CH2,
TIM8_BKIN, 12C1_SDA,
DFSDM_CKINS,
USART1_RX, COMP2_
59 | A7 | A7 | 93 | B4 | 137 PB7 /O | FT_fla | - UART4_CTS, INM,
TSC_G2_104, PVD_IN
LCD_SEG21, FMC_NL,
TIM8_BKIN_COMP1,
TIM17_CH1N, EVENTOUT
60 | D7 |D7| 94 | A4 | 138 BOOTO I - - - -
TIM4_CH3, 12C1_SCL,
DFSDM_DATING,
CAN1_RX, LCD_SEG16,
61 |E7 |E7| 95 | A3 | 139 PB8 /O | FT_fl - SDMMC1_D4, -
SAIM1_MCLK_A,
TIM16_CH1, EVENTOUT
IR_OUT, TIM4_CH4,
12C1_SDA, SPI2_NSS,
DFSDM_CKINSG,
62 |E8 |E8| 96 | B3 | 140 PB9 /O | FT_fl - CAN1_TX, LCD_COM3, -
SDMMC1_D5,
SAI1_FS_A, TIM17_CHf1,
EVENTOUT
TIM4_ETR, LCD_SEG36,
-l -1-197|C3|141 PEO I/0 FT_I - | FMC_NBLO, TIM16_CHf1, -
EVENTOUT
LCD_SEG37, FMC_NBLH1,
- -] - 198 | A2 | 142 PE1 1/0 FT_I * | TIM17_CH1, EVENTOUT -
63 | A8 | A8 | 99 | D3 | 143 VSS S - - - -
64 | A9 | A9 |100| C4 | 144 VDD S - - - -

1. PC13, PC14 and PC15 are supplied through the power switch. Since the switch only sinks a limited amount of current
(3 mA), the use of GPIOs PC13 to PC15 in output mode is limited:
- The speed should not exceed 2 MHz with a maximum load of 30 pF
- These GPIOs must not be used as current sources (e.g. to drive an LED).

2. After a Backup domain power-up, PC13, PC14 and PC15 operate as GPIOs. Their function then depends on the content of
the RTC registers which are not reset by the system reset. For details on how to manage these GPIOs, refer to the Backup
domain and RTC register descriptions in the RM0351 reference manual.

3. After reset, these pins are configured as JTAG/SW debug alternate functions, and the internal pull-up on PA15, PA13, PB4
pins and the internal pull-down on PA14 pin are activated.

3
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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,
UARTS, CAN1, TSC | OTG_FS, QUADSPI LCD COMP2, FMC, SAI1, SAI2 | TIM16,TIM17, | EVENTOUT
LPUART1 SWPMI1 LPTIM2
PFO - - - - FMC_AO - - EVENTOUT
PF1 - - - - FMC_A1 - - EVENTOUT
PF2 - - - - FMC_A2 - - EVENTOUT
PF3 - - - - FMC_A3 - - EVENTOUT
PF4 - - - - FMC_A4 - - EVENTOUT
PE5 - - - - FMC_A5 - - EVENTOUT
PF6 - - - - - SAI1_SD_B - EVENTOUT
g ) ) i ) i SAIM_MCLK_ ) EVENTOUT
Port F B

PF8 - - - - - SAI1_SCK_B - EVENTOUT
PF9 - - - - - SAIM_FS_B | TIM15_CH1 | EVENTOUT
PF10 - - - - - - TIM15_CH2 | EVENTOUT
PF11 - - - - - - - EVENTOUT
PF12 - - - - FMC_A®6 - - EVENTOUT
PF13 - - - - FMC_A7 - - EVENTOUT
PF14 - TSC_G8_IO1 - - FMC_A8 - - EVENTOUT
PF15 - TSC_G8_102 - - FMC_A9 - - EVENTOUT

XX9.y1ZENLS
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Table 37. Current consumption in Standby mode

Conditions TYP MAX()
Symbol Parameter Unit
- Vpp | 25°C |55°C | 85°C |105°C [125°C| 25°C | 55°C | 85°C |105°C |125°C
1.8V | 114 | 355 | 1540 | 4146 |10735| 176 | 888 | 3850 | 10365 | 26838
24V | 138 | 407 | 1795 | 4828 | 12451 | 223 | 1018 | 4488 | 12070 | 31128
Supply current | N0 independent watchdog | 3V | 150 | 486 | 2074 | 5589 | 14291 | 263 | 1215 | 5185 | 13973 | 35728
in Standby 17320
mode (backup 36V | 198 | 618 | 2608 | 6928 | 17499 | 383 | 1545 | 6520 | (3) | 43748
Ipp(Standby) . nA
registers
retained), 18V 317 B - B B B B - B B
RTC disabled Wlth independent 24 V 391 - - - - - - - - -
watchdog 3V | 438 - - - - - - - - -
36V | 566 - - - - - - - - -
1.8V | 377 | 621 | 1873 | 4564 | 11318 | 491 | 1207 | 4250 | 10867 | 27537
RTC clocked by LS, no 24V | 464 | 756 | 2210 | 5348 | 13166 | 614 | 1436 | 4986 | 12694 | 31986
independent watchdog 3V | 572 | 913 | 2599 | 6219 | 15197 | 770 | 1727 | 5815 | 14729 | 36815
36V | 722 | 1144 | 3253 | 7724 | 18696 | 1012 | 2176 | 7294 | 18275 | 45184 A
n
1.8V | 456 - - - - - - - - -
RTC clocked by LSI, with | 2.4V | 557 - - - - - - - - -
Supply current | jndependent watchdog 3V | 663 _ _ _ _ _ _ _ _ _
in Standby
Ipp(Standby | mode (backup 3.6V | 885 - - - - - - - - -
with RTC) | registers 18V | 289 | 527 | 1747 | 4402 | 11009 | - - - - -
retained),
RTC ena)bled RTC clocked by LSE 24V )| 396 | 671 | 2108 | 5202 | 12869 - - - - -
bypassed at 32768Hz 3V | 528 | 853 | 2531 | 6095 | 14915 | - - - - -
36V| 710 | 1111 | 3115 | 7470 | 18221 - - - - - A
n
1.8V | 416 | 640 | 1862 | 4479 | 11908 | - - - - -
RTC clocked by LSE 24V | 514 | 796 | 2193 | 5236 | 13689 - - - - -
quartz ®) in low drive mode [ 3V | 652 | 961 | 2589 | 6103 | 15598 | - - - - -
36V | 821 | 1226 | 3235 | 7551 | 17947 | - - - - -

soljsLIajorIRYI |BOLI}O3|T
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STM32L476xx

Electrical characteristics

On-chip peripheral current consumption

The current consumption of the on-chip peripherals is given in Table 40. The MCU is placed
under the following conditions:

All /O pins are in Analog mode

The given value is calculated by measuring the difference of the current consumptions:
— when the peripheral is clocked on

— when the peripheral is clocked off

Ambient operating temperature and supply voltage conditions summarized in Table 19:
Voltage characteristics

The power consumption of the digital part of the on-chip peripherals is given in

Table 40. The power consumption of the analog part of the peripherals (where
applicable) is indicated in each related section of the datasheet.

Table 40. Peripheral current consumption

Peripheral Range 1 Range 2 LO‘:;ZO:;’:(:;U" Unit
Bus Matrix(") 45 3.7 4.1
ADC independent clock domain 0.4 0.1 0.2
ADC AHB clock domain 55 4.7 55
CRC 0.4 0.2 0.3
DMA1 1.4 1.3 14
DMA2 15 1.3 14
FLASH 6.2 5.2 5.8
FMC 8.9 75 8.4
GPIOA® 4.8 3.8 4.4
GPI0B® 4.8 4.0 4.6
GPIOC® 45 3.8 43
AHB GPIOD®@) 4.6 3.9 4.4 LAMHZ
GPIOE® 5.2 45 4.9
GPIOF() 5.9 4.9 5.7
GPIOG®) 43 3.8 4.2
GPIOH®@ 0.7 0.6 0.8
dOc')I'n:-}a_iES independent clock 239 NA NA
OTG_FS AHB clock domain 16.4 NA NA
QUADSPI 7.8 6.7 7.3
RNG independent clock domain 2.2 NA NA
RNG AHB clock domain 0.6 NA NA
SRAM1 0.9 0.8 0.9
‘Y_I DoclD025976 Rev 4 121/232




STM32L476xx Electrical characteristics

Table 58. 1/0 static characteristics (continued)

Symbol Parameter Conditions Min Typ Max Unit
V|N < MaX(VDDxxx)(4) - - +100
FT_xx input leakage max%DDXXX) <1\<}’(\‘4)‘(5) - - 65003)(6)
Current(3) ax( DDXXX)+
Max VDDXX )+1 V< _ _ (6)
VIN £ 5.5 VCI6) 200
VN £ Max(Vppxxx) “) - - +150
FT_u, FT uand | MaX(VoDxood = Vin < ; ) 2500(3)(7)
Max(Vppxxx)*1 V
| PC3 10 A
ko Max(Vppxxx)*+1V < 7
VIN<5.5 Vﬁ )(5)(T7) - - 250( )
VN £ Max(V )(©) - - +150
TT_xx input leakage N ?DXXX
current Max(Vppxxx) < VIN < ) ) 3)
3.6\ 5’ 2000
OPAMPx_VINM
.(x=1,2) dedicated T,=75°C i i 1
input leakage current
(UFBGA132 only)
Weak pull-up _
Reu equivalent resistor () ViN = Vss 25 40 55 kQ
Weak pull-down _
Rep equivalent resistor(®) ViN = Vbpiox 25 40 95 kQ
Cio | 1/O pin capacitance - - 5 - pF

Refer to Figure 22: I/0O input characteristics.

Tested in production.

Guaranteed by design.

Max(Vppxxx) is the maximum value of all the 1/O supplies. Refer to Table: Legend/Abbreviations used in the pinout table.
All TX_xx 10 except FT_lu, FT_u and PC3.

This value represents the pad leakage of the 10 itself. The total product pad leakage is provided by this formula:
Iotal_lleak_max = 10 HA + [number of IOs where V)y is applied on the pad] x lkg(Max).

o0 k0N =

7. To sustain a voltage higher than MIN(Vpp, Vppa: Vbopio2: Vobuse: Vicp) +0-3 V, the internal Pull-up and Pull-Down
resistors must be disabled.

8. Pull-up and pull-down resistors are designed with a true resistance in series with a switchable PMOS/NMOS. This
PMOS/NMOS contribution to the series resistance is minimal (~10% order).

3
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Electrical characteristics

STM32L476xx

6.3.15

Figure 23. I/O AC characteristics definition(!

90%

10%

T

Maximum frequency is achieved if (ty+ t¢ (< 2/3)T and if the duty cycle is (45-55%)
when loaded by the specified capacitance.

MS32132V2

1. Refer to Table 60: I/O AC characteristics.

NRST pin characteristics

The NRST pin input driver uses the CMOS technology. It is connected to a permanent pull-

up resistor, Rpy.

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.

Table 61. NRST pin characteristics("

Symbol

Parameter

Conditions

Min

Typ

Max

Unit

VIL(NRST)

NRST input low level
voltage

0.3XVDD|OX

VIH(NRST)

NRST input high level
voltage

0.7xVppiox

Vhys(NRST)

NRST Schmitt trigger
voltage hysteresis

200

mV

Rey

Weak pull-up

equivalent resistor(®)

VN = Vss

25

40

55

kQ

VENRST)

NRST input filtered
pulse

70

ns

VNF(NRST)

NRST input not filtered
pulse

171V <Vpp<3.6V

350

ns

1. Guaranteed by design.

2. The pull-up is designed with a true resistance in series with a switchable PMOS. This PMOS contribution to the series
resistance is minimal (~10% order).
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Figure 24. Recommended NRST pin protection

External
reset circuit(1)

Vob
- . Rpy
e NRST® Internal reset
/! [ Fiter ———
S
-

L

MS19878V2

The reset network protects the device against parasitic resets.

2. The user must ensure that the level on the NRST pin can go below the V) (yrsT) max level specified in
Table 61: NRST pin characteristics. Otherwise the reset will not be taken into account by the device.

6.3.16 Analog switches booster

Table 62. Analog switches booster characteristics(!

Symbol Parameter Min Typ Max Unit
Vpp Supply voltage 1.62 - 3.6 v
VBoosT Boost supply 27 - 4
tsusoosT) | Booster startup time - - 240 us
Booster consumption for 250
1.62V<Vpp<20V
Booster consumption for
lbo@o0ST) |50y < Vpp S 2.7V - - 500 pA
Boost tion fi
ooster consumption for i i 900

27V<Vpp<36V

1. Guaranteed by design.
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Table 69. DAC characteristics(" (continued)
Symbol Parameter Conditions Min Typ Max Unit
DAC output buffer
DAC OUT  |ON,Cgy=100nF | = 0 35
Sampling time in sample | pin connected ms
and hold mode (code 3ﬁg outeut :’gger:F - | 105 18
transition between the ' “SH
tsamp lowest input code and the |DAC_OUT
highest input code when pin not
DACOUT reaches final connected DAC output buffer _ 9 35 s
value +1LSB) (internal OFF ' H
connection
only)
Sample and hold mode,
lieak Output leakage current DACpOUT oin connected - - -3) nA
Cly Interngl sample and hold ) 592 7 8.8 oF
capacitor
tTRIM :\i/lr:]dedle code offset trim DAC output buffer ON 50 - - us
Middle code offset for 1 | VReF+ = 3.6V - 1500 -
Voffset ; MV
trim code step VRers = 1.8V _ 750 _
No load, middle
’ - 315 500
DAC output | code (0x800)
buffer ON No load, worst code
(OXF1C) - 450 670
Ipa(DAC) 5AC consumption from | pAC output | No load, middle i i 0.2 uA
DDA buffer OFF code (0x800)
315« 670 x
Sample and hold mode, Cgy = ) Ton/(Ton | Ton/(Ton
100 nF +Toff) +Toff)
4) )
No load, middle
’ - 185 240
DAC output code (0x800)
buffer ON No load, worst code
(OXF1C) - 340 400
DAC output No load, middle
buffer OFF | code (0x800) L
Ippy(DAC) \II;AC consumption from 185 400, VA
REF+ Sample and hold mode, buffer ON, ) Ton/(Ton | Ton/(Ton
Csn = 100 nF, worst case +Toff) +Toff)
“) O
155 x 205 «
Sample and hold mode, buffer OFF, _ Ton/(Ton | Ton/(Ton
Csn = 100 nF, worst case +'{2)ﬁ) +'ch>)ff)

1. Guaranteed by design.

2. In buffered mode, the output can overshoot above the final value for low input code (starting from min value).
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Table 73. OPAMP characteristics(?) (continued)

Symbol Parameter Conditions Min Typ Max Unit
Normal mode (F;'-OAD f iokg’DC 70 85 -
PSRR | ion C o <5000 8
; LoAap = 50 pf, .
Low-power mode RLoap = 20 kQ DC 72 90
Normal mode Vppa 224V 550 | 1600 | 2200
Gain Bandwidth | Low-power mode | (OPA_RANGE =1) 100 | 420 | 600
cBw Product Normal mode 250 | 700 | 950 hz
Vppa <2.4V
Low-power mode |(OPA_RANGE=0) | 40 | 180 | 280
Normal mode - 700 -
Slew rate Vppa224V
SRO) (from 10 and Low-power mode - 180 - Vims
90% of output | Normal mode - 300 -
voltage) Vppa <24V
Low-power mode - 80 -
Normal mode 55 110 -
AO Open loop gain dB
Low-power mode 45 110 -
VDDA -
Normal mode - -
Vv 3) High saturation lioad = Max or Rigaq = 100
OHSAT voltage min Input at Vppa. [y, -
Low-power mode e - - mv
vV 3) Low saturation | Normal mode libag =Maxor Rigag = |~ i 100
OLSAT voltage Low-power mode | Min Input at 0. - - 50
Normal mode - 74 -
Pm Phase margin °
Low-power mode - 66 -
Normal mode - 13 -
GM Gain margin dB
Low-power mode - 20 -
CLOAD <50 pf,
Normal mode Rioap 24 kO - 5 10
follower
. Wake up time configuration s
WAKEUP
from OFF state. CLoab < 50 pf,
>
Low-power mode Rioap 220 kO - 10 30
follower
configuration
Dedicated input (BGA132 only) - - -4
OPAMP input
Ibias bias current General purpose input (all packages ) } (4 nA
except BGA132)
- 2 -
PGA qain® Non inverting ) B 4 B )
9 gain value - 8 -
- 16 -
1S7 DoclD025976 Rev 4 171/232
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Table 79. TIMx(") characteristics

Symbol Parameter Conditions Min Max Unit
. o - 1 - trimxcLk
tres(tivy | Timer resolution time
leMXCLK =80 MHz 12.5 - ns
¢ Timer external clock - 0 frimxcLk/2 MHz
EXT frequency on CH1to CH4 [ =80 MHz 0 40 MHz
TIMx (except TIM2 ) 16
Resty | Timer resolution and TIMS) bit
TIM2 and TIM5 - 32
) 16-bit counter clock - 1 65536 trimxcLk
NTER ;
cou period frmcLk = 80 MHz | 0.0125 819.2 us
t Maximum possible count B - 65536 x 65536 | trivxcLk
MAX_COUNT | with 32-bit counter frmcLk = 80 MHz i 53.68 S
1. TIMx is used as a general term in which x stands for 1,2,3,4,5,6,7,8,15,16 or 17.
Table 80. IWDG min/max timeout period at 32 kHz (LSI)(")
. . . Min timeout RL[11:0]= Max timeout RL[11:0]= .
Prescaler divider | PR[2:0] bits 0x000 OXFFF Unit
14 0 0.125 512
/8 1 0.250 1024
/16 2 0.500 2048
/32 3 1.0 4096 ms
/64 4 2.0 8192
/128 5 4.0 16384
/256 6or7 8.0 32768

1. The exact timings still depend on the phasing of the APB interface clock versus the LSI clock so that there
is always a full RC period of uncertainty.

Table 81. WWDG min/max timeout value at 80 MHz (PCLK)

Prescaler WDGTB Min timeout value Max timeout value Unit
1 0 0.0512 3.2768
2 1 0.1024 6.5536
ms
4 2 0.2048 13.1072
8 3 0.4096 26.2144
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Figure 38. Asynchronous non-multiplexed SRAM/PSRAM/NOR write waveforms

tw(NE) >
FMC_NEx :\ /_
FMC_NOE _/
e— ty(NWE_NE tw(NWE)—>te »Lth(NE_NWE)
FMC_NWE 1 /_
> ty(A_NE) th(A_NWE)T+ >
FMC_A[25:0] Y Address ) §
> ty(BL_NE) th(BL_NWE)T< >
FMC_NBL[1:0] T NBL X
e«——ty(Data_NE}—{ th(Data_NWE)
FMC_D[15:0] Data
ty(NADV_NE)
tw(NADV)
FMC_NADV (1)
FMC_NWAIT
th(NE_NWAIT) —p
tsu(NWAIT_NE) — |
MS32754V1

Table 92. Asynchronous non-multiplexed SRAM/PSRAM/NOR write timings(1)(2)

Symbol Parameter Min Max Unit
tw(NE) FMC_NE low time 3Thek-1 3Thekt2
tynwe_Ng) | FMC_NEXx low to FMC_NWE low THeLk-0.5 THewk*1.5
twnwey | FMC_NWE low time Thek-1 Tholkt1
thve_Nwe) | FMC_NWE high to FMC_NE high hold time Thelk-0.5 -
tya Ny |FMC_NEX low to FMC_A valid - 0
th(a NwE) | Address hold time after FMC_NWE high Thek-1 - .
tyeL Ney | FMC_NEXx low to FMC_BL valid - 1.5
theL_nwe) | FMC_BL hold time after FMC_NWE high THeLk-0.5 -
typata_NE) | Data to FMC_NEx low to Data valid - Thelkt4
th(pata_Nwe) | Data hold time after FMC_NWE high Theolkt1 -
tynabv_NE) | FMC_NEx low to FMC_NADV low - 1
twnaDy) | FMC_NADV low time - TheoLkt0.5
1. CL =30 pF.

2. Guaranteed by characterization results.
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Figure 45. NAND controller waveforms for read access

FMC_NCEx

—

ALE (FMC_A17) ><
CLE (FMC_A16)

-

FMC_NWE J

ta(NCE-NOE)

FMC_NOE (NRE) /

FMC_DI[15:0]

th(NOE-ALE)

A

tsu(p-NOE)

A 4

th(NOE-D)

>7

MSv38003V1

Figure 46. NAND controller waveforms for write access
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Figure 47. NAND controller waveforms for common memory read access
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Figure 48. NAND controller waveforms for common memory write access
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Table 102. Switching characteristics for NAND Flash read cycles“)(z)

h 4

MSv38006V1

Symbol Parameter Min Max Unit
Tw(NOE) FMC_NOE low width 4Thok-1 | 4THokt!

Tsu-NoE) | FMC_D[15-0] valid data before FMC_NOE high 16 -

ThNnoe-p) | FMC_D[15-0] valid data after FMC_NOE high 6 - ns
Tance-Nog) | FMC_NCE valid before FMC_NOE low - 3THeokt1
ThNoe-ALE) | FMC_NOE high to FMC_ALE invalid 2TheLk-2 -

1. CL=30 pF.

2. Guaranteed by characterization results.

Table 103. Switching characteristics for NAND Flash write cycles(!)(?

Symbol Parameter Min Max Unit
Tw(NWE) FMC_NWE low width 4Thek-1 4ThoLkt1
Ty(NWE-D) FMC_NWE low to FMC_D[15-0] valid - 25
Th(NWE-D) FMC_NWE high to FMC_D[15-0] invalid 3ThoLk-4 - .
Td(D-NWE) FMC_DI[15-0] valid before FMC_NWE high 5Thelk-3 -
Tance_nwe) | FMC_NCE valid before FMC_NWE low - 3ThHekt1
Thnwe-aLe) | FMC_NWE high to FMC_ALE invalid 2Theok2 -
1. CL =30 pF.

2. Guaranteed by characterization results.
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