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Features

Includes ST state-of-the-art patented technology.

Ultra-low-power

. 1.71 V to 3.6 V power supply

. -40 °C to +105 °C temperature range

. VeaT mode: supply for RTC, 32 x 32-bit backup registers

. 1.6 pA Stop 3 mode with 8-Kbyte SRAM

. 2.2 uA Stop 3 mode with full SRAM

. 3.8 pA Stop 2 mode with 8-Kbyte SRAM

. 4.5 pA Stop 2 mode with full SRAM

. 9.5 yA/MHz Run mode @ 3.3 V (While(1) SMPS step-down converter mode)

. 13 uA/MHz Run mode @ 3.3 V/48 MHz (CoreMark® SMPS step-down
converter mode)

. 16 WA/MHz Run mode @ 3.3 V/96 MHz (CoreMark® SMPS step-down
converter mode)

. Brownout reset (BOR) in all modes except shutdown

Arm® 32-bit Cortex®-M33 CPU with TrustZone® and FPU

ART Accelerator

. 8-Kbyte instruction cache allowing 0-wait-state execution from flash and
external memories: frequency up to 96 MHz, MPU, 144 DMIPS and DSP
instructions

Power management

. Embedded regulator (LDO) and SMPS step-down converter supporting switch
on-the-fly and voltage scaling

Benchmarks

. 395.4 CoreMark®(4.12 CoreMark®MHz)
. 500 ULPMark™-CP

. 117 ULPMark™-CM

. 202000 SecureMark™-TLS

Memories

. up to 1-Mbyte flash memory with ECC, 2 banks read-while-write
. 256 Kbytes of SRAM including 64 Kbytes with hardware parity check

. OCTOSPI external memory interface supporting SRAM, PSRAM, NOR,
NAND, and FRAM memories

Security
. Arm® TrustZone® and securable 1/0s, memories, and peripherals
. Flexible life cycle scheme with RDP and password protected debug

For further information, contact your local STMicroelectronics sales office.


https://www.st.com/en/product/stm32u375ce?ecmp=tt9470_gl_link_feb2019&rt=ds&id=DS14861
https://www.st.com/en/product/stm32u375cg?ecmp=tt9470_gl_link_feb2019&rt=ds&id=DS14861
https://www.st.com/en/product/stm32u375ke?ecmp=tt9470_gl_link_feb2019&rt=ds&id=DS14861
https://www.st.com/en/product/stm32u375kg?ecmp=tt9470_gl_link_feb2019&rt=ds&id=DS14861
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. Root of trust due to unique boot entry and secure hide protection area (HDP)
. Secure firmware installation (SFI) from embedded root secure services (RSS)
. Secure firmware upgrade

. Support of Trusted firmware for Cortex®M (TF-M)

. Public key accelerator, ECDSA signature verification

. Key hardware protection

. Attestation keys

. HASH hardware accelerator

. True random number generator, NIST SP800-90B compliant
. 96-bit unique ID

. 512-byte OTP (one-time programmable)

. Antitamper protection

Clock management

. 4 to 50 MHz crystal oscillator

. 32.768 kHz crystal oscillator for RTC (LSE)

. Internal 16 MHz factory-trimmed RC (1 %)

. Internal low-power RC with frequency 32 kHz or 250 Hz (+5 %)

. 2 internal multispeed 3 MHz to 96 MHz oscillators

. Internal 48 MHz with clock recovery

. Accurate MSI in PLL-mode and up to 96 MHz with 32.768 kHz, 16 MHz, or 32 MHz crystal oscillator

General-purpose inputs/outputs

. Up to 82 fast I/0s with interrupt capability most 5 V-tolerant and up to 14 1/Os with independent supply
down to 1.08 V

Up to 15 timers and 2 watchdogs

. 1x 16-bit advanced motor-control, 3x 32-bit and 3x 16-bit general purpose, 2x 16-bit basic, 4x low-power
16-bit timers (available in Stop mode), 2x watchdogs, 2x SysTick timer

RTC with hardware calendar, alarms, and calibration

Up to 19 communication peripherals

. 1 USB 2.0 full-speed controller

. 1 SAl (serial audio interface)

. 3 12C FM+(1 Mbit/s), SMBus/PMBus™

. 2 13C (SDR), with support of 12C FM+ mode

. 2 USARTs and 2 UARTSs (SPI, ISO 7816, LIN, IrDA, modem), 1 LPUART
. 3 SPIs (6 SPIs including 1 with OCTOSPI + 2 with USART)

. 1 CAN FD controller

. 1 SDMMC interface

. 1 audio digital filter with sound-activity detection

12-channel GPDMA controller, functional in Sleep and Stop modes (up to Stop 2)

Up to 21 capacitive sensing channels

. Support touch key, linear, and rotary touch sensors

Rich analog peripherals (independent supply)

. 2x 12-bit ADC 2.5 Msps, with hardware oversampling
. 12-bit DAC module with 2 D/A converters, low-power sample and hold, autonomous in Stop 1 mode
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. 2 operational amplifiers with built-in PGA
. 2 ultralow-power comparators

CRC calculation unit

Debug
. Development support: serial-wire debug (SWD), JTAG, Embedded Trace Macrocell™ (ETM)

All packages are ECOPACK2 compliant.
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Introduction

1 Introduction

This document provides information on STM32U375xx devices, such as description, functional overview, pin
assignment and definition, electrical characteristics, packaging and ordering information.

For information on the device errata with respect to the datasheet and reference manual, refer to the
STM32U375xx errata sheet (ES0626).

For information on the Arm® Cortex®-M33 core, refer to the Arm® Cortex®-M33 Processor Technical Reference
Manual, available from the www.arm.com website.

arm

Note: Arm and Cortex are registered trademarks of Arm Limited (or its subsidiaries or affiliates) in the US and/or
elsewhere.

Arm and TrustZone are registered trademarks of Arm Limited (or its subsidiaries or affiliates) in the US and/or
elsewhere.

The Arm word and logo are trademarks of Arm Limited (or its subsidiaries) in the US and/or elsewhere. All rights
reserved.
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2 Description

The STM32U375xx devices belong to an ultra low-power microcontrollers family (STM32U3 series) based on the
high-performance Arm® Cortex®-M33 32-bit RISC core. They operate at a frequency of up to 96 MHz.

The Cortex®-M33 core features a single-precision FPU (floating-point unit), that supports all the Arm®
single-precision data-processing instructions and all the data types.

The Cortex®-M33 core also implements a full set of DSP (digital signal processing) instructions and a MPU
(memory protection unit) that enhances the application security.

The STM32U3 series is the first STM32 series based on near-threshold voltage technology to deliver
breakthrough improvement in battery life. With near-threshold technology, STM32U3 devices reduce the active
consumption down to 10pA/MHz, resulting in significantly longer battery life for any application.

The devices embed high-speed memories (up to 1-Mbyte flash memory and 256-Kbytes SRAM), one Octo/Quad-
SPI flash memory interface, an extensive range of enhanced 1/Os, peripherals connected to three APB buses, two
AHB buses, and a 32-bit multi-AHB bus matrix.

The STM32U375xx devices embed several protection mechanisms for embedded flash memory and SRAM:
readout protection, write protection, secure proprietary code readout protection, secure, and hide protection
areas.

These devices offer two 12-bit ADC (2.5 Msps), two comparators, two operational amplifiers, two DAC channels,
an internal voltage reference buffer, a low-power RTC, three general-purpose 32-bit timer, one 16-bit PWM timer
dedicated to motor control, three general-purpose 16-bit timers, two basic 16-bit timers and up to four 16-bit low-
power timers.

The STM32U375xx devices embed a low-power digital filter dedicated to audio signals (ADF), with one filter
supporting sound-activity detection. In addition, up to 21 capacitive sensing channels are available.

The STM32U3 series also feature standard and advanced communication interfaces such as:
. Three 12Cs

. Two 13Cs

. Three SPIs and one OCTOSPI

. Two USARTSs, two UARTs and one low-power UART
. One SAl

. One SDMMC

. One FDCAN

. One USB full-speed

And several peripherals reinforcing security:

. One public key accelerator (PKA), DPA resistant

. One HASH (SHA-256) hardware accelerator

. One true random number generator

The STM32U375xx devices offer high protection against transient and environmental perturbation attacks thanks
to several internal monitoring generating secret data erase in case of attack.

The devices operate in the -40 to +105 °C (+110 °C junction) temperature ranges from a 1.71 to 3.6 V power
supply.

Some independent power supplies are supported like an analog independent supply input for ADC, DAC,
OPAMPs and comparators, a 3.3 V dedicated supply input for USB and up to 14 I/Os, that can be supplied
independently down to 1.08 V. A VBAT input is available for connecting a backup battery in order to preserve the
RTC functionality and to backup 32 32-bit registers.

The STM32U375xx devices offer 16 packages from 32-pin to 100-pin.
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Table 1. STM32U375xx features and peripheral counts

x P % x x x x
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Peripherals = = S 2 2 2 2
) ) & ) ™ ® ©®
= = = = = =
= = = = = =
(7 (%) = n (7 n (7
Flash memory (KBytes) 512 (for STM32U375xE) - 1024 (for STM32U375xG)
SRAM (KBytes) 256
OCTOSPI 1 1
Advanced 1 (16 bit)
control
General 3 (16 bit) + 3 (32 bit)
purpose
Basic 2 (16 bit)
Timers Low power 4
SysTick timer 2
Watchdog
timers 2
(independent,
window)
SPI 2 3 3@ 3
12C 2 3
13C 2
USART 2
Communication UART 1 2 1 2
interfaces LPUART 1
SAl 1
FDCAN 1
USB FS 1 host or 1 device
SDMMC 0 1) 1 0 1
Audio digital filter (ADF) 1
Real time clock (RTC) Yes
Tamper pins (legacy/SMPS 2INA 33 NA/3 4/3 NA/3 NA/3 5/4
package)
True random number generator Yes
HASH Yes
Public key accelerator (PKA) ECDSA signature verification
GPIOs (legacy/SMPS package) 25/NA 37/33 NA/35 51/47 NA/52 NA/47 82/79
- ins®)
Wake-up pins' ’ (legacy/SMPS 12/NA 1715 NA/16 18/17 NA/17 NA/15 22/22
package)
Number of I/Os down to 1.08 V
(legacy/SMPS package) 0/NA 0/0 NA/O 0/0 NA/O0 NA/14 0/0
Number of capacitive channels
(legacy/SMPS package) 3/NA 6/5 NA/5 12/11 NA/13 NA/5 21/20
ADC 12-bit ADC 2
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Number of
ADC channels )
(legacy/SMPS 10/NA 11/10 NA/11 17/15 NA/17 NA/11 20/18
package)
12-bit DAC 1
DAC Number of
12-bit D/A 2
converters
Internal voltage reference buffer No Yes
Analog comparator 2
Operational amplifiers 2
Maximum CPU frequency 96 MHz
Operating voltage 1.711t03.60 V
Operating temperatures Ambient operating temperature: -40 to 105 °C Junction temperature: -40 to 110 °C
LQFP48, LQFP64, LQFP100,
Package UFQFPN32 UFQFPN48 WLCSP52 UFBGAG4 WLCSP68 WLCSP68 UFBGA100

Only single-mode, dual-mode, and quad-mode are supported.
SPI 2 is patrtially supported with only SCK/MISO/MQOSI signals.
Command direction signal not supported on devices with SMPS.
Maximum of 8 pins can be used simultaneously.

Number of pins with at least one ADC channel.

SRS
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Figure 1. STM32U375xx block diagram
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3 Functional overview

3.1 Arm®Cortex®-M33 core with TrustZone® and FPU

The Cortex®-M33 with TrustZone® and FPU is a highly energy-efficient processor designed for microcontrollers
and deeply embedded applications, especially those requiring efficient security.

The Cortex®-M33 processor delivers a high computational performance with low-power consumption and an
advanced response to interrupts. It features:

. Arm® TrustZone® technology, using the Armv8_M main extension supporting secure and nonsecure states
. MPUs (memory protection units), supporting up to 16 regions for secure and nonsecure applications

. Configurable SAU (secure attribute unit) supporting up to eight memory regions as secure or nonsecure

. Floating-point arithmetic functionality with support for single-precision arithmetic

The processor supports a set of DSP instructions that allows an efficient signal processing and a complex
algorithm execution.
The Cortex®-M33 processor supports the following bus interfaces:

. System AHB bus:
The S-AHB (system AHB) bus interface is used for any instruction fetch and data access to the memory-
mapped SRAM, peripheral, external RAM and external device, or Vendor_SYS regions of the Armv8-M
memory map.

. Code AHB bus:
The C-AHB (code AHB) bus interface is used for any instruction fetch and data access to the code region
of the Armv8-M memory map.

Figure 1 shows the general block diagram of the STM32U375xx devices.

3.2 Instruction cache (ICACHE)

The ICACHE is introduced on the C-AHB code bus of the Cortex®-M33 processor to improve performance when
fetching instruction (or data) from both internal and external memories.

ICACHE offers the following features:
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. Multibus interface:

- Slave port receiving the memory requests from the Cortex®-M33 C-AHB code execution port
- Master1 port performing refill requests to internal memories (Flash memory and SRAMs)

- Master2 port performing refill requests to external memories (external flash memory and RAMs
through Octo-SPI interface)

- Second slave port dedicated to ICACHE registers access
. Close to zero wait-states instructions/data access performance:
- 0 wait-state on cache hit

- Hit-under-miss capability, allowing to serve new processor requests while a line refill (due to a
previous cache miss) is still ongoing

- Critical-word-first refill policy, minimizing processor stalls on cache miss

- Hit ratio improved by two-ways set-associative architecture and pLRU-t replacement policy (pseudo-
least-recently-used, based on binary tree), algorithm with best complexity/performance balance

- Dual master ports allowing to decouple internal and external memory traffics, on fast and slow buses,
respectively; also minimizing impact on interrupt latency

- Optimal cache line refill thanks to AHB burst transactions (of the cache line size)
- Performance monitoring by means of a hit counter and a miss counter

. Extension of cacheable region beyond the code memory space, by means of address remapping logic that
allows four cacheable external regions to be defined
. Power consumption reduced intrinsically (more accesses to cache memory rather to bigger main

memories); even improved by configuring ICACHE as direct mapped (rather than the default two-ways set-
associative mode)

. TrustZone® security support

. Maintenance operation for software management of cache coherency

. Error management: detection of unexpected cacheable write access, with optional interrupt raising
3.3 Memory protection unit

The MPU (memory protection unit) is used to manage the CPU accesses to the memory and to prevent one task
to accidentally corrupt the memory or the resources used by any other active task. This memory area is organized
into up to 16 protected areas. The MPU regions and registers are banked across secure and nonsecure states.

The MPU is especially helpful for applications where some critical or certified code must be protected against the
misbehavior of other tasks. It is usually managed by an RTOS (realtime operating system).

If a program accesses a memory location that is prohibited by the MPU, the RTOS can detect it and take action.
In an RTOS environment, the kernel can dynamically update the MPU area setting based on the process to be
executed.

The MPU is optional and can be bypassed for applications that do not need it.

3.4 Embedded flash memory

The devices feature up to 1 Mbyte of embedded flash memory that is available for storing programs and data. The
flash memory supports up to 10 000 cycles.

A 64-bit instruction prefetch is implemented and can optionally be enabled.

The flash memory interface features:

. Dual-bank operating modes

. Read-while-write (RWW)

This allows a read operation to be performed from one bank while an erase or program operation is performed to
the other bank. The dual-bank boot is also supported. For 1-MByte devices: each bank contains 128 pages of 4

KBytes. For 512-KByte devices: each bank contains 64 pages of 4 KBytes. The flash memory also embeds 512-
byte OTP (one-time programmable) for user data.

Note: Program, erase, and option change operations are only allowed in Range 1. An error is reported when those
operations are launched in Range 2.

The option bytes allow the configuration of flexible protections:
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. Readout protection (RDP) to protect the whole memory, has four levels of protection available (see Table 2
and Table 3).

- Level 0: no readout protection

— Level 0.5: available only when TrustZone® is enabled
All read/write operations (if no write protection is set) from/to the nonsecure flash memory are
possible. The debug access to secure area is prohibited. Debug access to nonsecure area remains
possible.

- Level 1: memory readout protection
The flash memory cannot be read from or written to if either the debug features are connected or the
boot in RAM or bootloader are selected. If TrustZone® is enabled, the nonsecure debug is possible
and the boot in SRAM is not possible. Regressions from Level 1 to lower levels can be protected by
password authentication.

— Level 2: chip readout protection
The debug features (Cortex®-M33 JTAG and serial wire), the boot in RAM and the bootloader
selection are disabled. A secure secret key can be configured in the secure options to allow the
regression capability from Level 2 to Level 1. By default, this Level 2 selection is irreversible. If the
secret key was previously configured in lower RDP levels, the device enables the RDP regression
from Level 2 to Level 1 after password authentication through JTAG/SWD interface.

Note: In order to reach the best protection level, it is recommended to activate TrustZone® and to set the
RDP Level 2 with password authentication regression enabled.
. Write protection (WRP) to protect areas against erasing and programming. Two areas per bank can be

selected with 4-Kbyte granularity.

Table 2. Access status versus protection level and execution modes when TZEN =0

EE G CUC Debug/boot from RAM/bootloader(")
Area RDP level (boot from flash memory)
1

| Read | Write | Erase | Resd | Wnte | (Erase |
Yes Yes Yes No No No(@
Flash main memory

2 Yes Yes Yes N/A N/A N/A

1 Yes No No Yes No No
System memory®)

2 Yes No No N/A N/A N/A

1 Yes Yes?) N/A Yes Yes?) N/A

Option bytes®)
2 Yes No®) N/A N/A N/A N/A
1 Yes Yes(®) N/A Yes Yes(®) N/A
OTP

2 Yes Yes!©) N/A N/A N/A N/A

1 Yes Yes N/A No No N/A7)
Backup registers

2 Yes Yes N/A N/A N/A N/A

1 Yes Yes N/A No No N/A®)

SRAM2
2 Yes Yes N/A N/A N/A N/A

When the protection level 2 is active, the debug port, the boot from RAM and the boot from system memory are disabled.
The flash main memory is erased when the RDP option byte changes from level 1 to level 0.

The system memory is only read-accessible, whatever the protection level (0, 1 or 2) and execution mode.

Option bytes are only accessible through the flash memory interface registers and OPSTRT bit.

SWAP_BANK option bit can be modified.

OTP can only be written once.

The backup registers are erased when RDP changes from level 1 to level 0.

All SRAMSs are erased when RDP changes from level 1 to level 0.

© N O oA DN~
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Table 3. Access status versus protection level and execution modes when TZEN =1

User execution Debug/boot from RAM/bootloader(")
RDP level (boot from flash memo
B T B T T

Flash main memory

2 Yes Yes Yes N/A N/A N/A

1 Yes No No Yes No No
System memory?)

2 Yes No No N/A N/A N/A

1 Yes Yes® N/A Yes Yes®) N/A

Option bytes®)
2 Yes No®) N/A N/A N/A N/A
1 Yes Yes©) N/A Yes Yes®) N/A
OoTP

2 Yes Yes(®) N/A N/A N/A N/A

1 Yes Yes N/A No No N/A7)
Backup registers

2 Yes Yes N/A N/A N/A N/A

1 Yes Yes N/A No No N/A®)

SRAM2
2 Yes Yes N/A N/A N/A N/A

When the protection level 2 is active, the debug port, the boot from RAM and the boot from system memory are disabled.
The system memory is only read-accessible, whatever the protection level (0, 1 or 2) and execution mode.

Option bytes are only accessible through the flash registers interface and OPTSTRT bit.

The flash main memory is erased when the RDP option byte changes from level 1 to level 0.

SWAP_BANK option bit can be modified.

OTP can only be written once.

The backup registers are erased when RDP changes from level 1 to level 0.

All SRAMs are erased when RDP changes from level 1 to level 0.

©® N O oA WD

The whole nonvolatile memory embeds the error correction code (ECC) feature supporting:
. Single-error detection and correction

. Double-error detection

. ECC fail address report

3.4.1 TrustZone® security

When the TrustZone® security is enabled through option bytes, the whole flash memory is secure after reset and
the following protections are available:

. Nonvolatile watermark based secure flash memory area
The secure area can be accessed only in secure mode. One area per bank can be selected with a page
granularity.

. Secure hide-protection area (HDP) and secure hide-protection extension area

It is part of the flash memory secure area and can be protected to deny access to this area by any data
read, write, and instruction fetch. For example, a software code in the secure flash memory hide-protection
area can be executed only once and deny any further access to this area until the next system reset. One
area per bank can be selected in the secure area. This area can be extended by pages that belong to the
secure area (HDP extension).

. Volatile block based secure flash memory area
Each page can be programmed on-the-fly as secure or nonsecure.

3.4.2 Privilege protection
Each flash memory page can be programmed on the fly as privileged or unprivileged.
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3.5 Embedded SRAM

The STM32U375xx devices feature 256 Kbytes of SRAM, made of several blocks that can be powered down in
Stop mode to reduce consumption:

. SRAM1: 2 x 16 Kbytes + 5 x 32 Kbytes blocks (total 192 Kbytes)

. SRAM2: 32 Kbytes + 24 Kbytes + 8 Kbytes blocks (total 64 Kbytes) with optional hardware parity check. In
addition, SRAM2 blocks can be retained in Standby mode.

3.5.1 TrustZone® security

When the TrustZone® security is enabled, all SRAMSs are secure after reset. Both SRAMs can be programmed as
secure or nonsecure by blocks, using the MPCBB (block-based memory protection controller).

The granularity of SRAM secure block based is a page of 512 bytes.

3.5.2 Privilege protection

Both SRAMs can be programmed as privileged or unprivileged by blocks, using the MPCBB. The granularity of
SRAM privilege block based is a page of 512 bytes.

3.6 Boot modes

At startup, a BOOTO pin, nBOOTO0 and nSWBOOTO option bits of the FLASH_OPTR register, and ADD[24:0]
option bytes of the FLASH_BOOTOR, FLASH_BOOT1R or FLASH_SBOOTOR registers are used to select the
boot memory address that includes:

. Boot from any address in user flash memory.
. Boot from the system memory bootloader.

. Boot from any address in embedded SRAM.
. Boot from RSS (root security services).

The BOOTO value comes from the PH3-BOOTO0 (PB7-BOOTO for STM32U375CG) pin or from an option bit
depending on the value of a user option bit to free the GPIO pad if needed.

The bootloader is located in the system memory, programmed by ST during production. The bootloader is used to
reprogram the flash memory by using USART, 12C, SPI, FDCAN, or USB FS in device mode through the DFU
(device firmware upgrade).

The bootloader is available on all devices. Refer to the application note STM32 microcontroller system memory
boot mode (AN2606) for more details.

The embedded RSS are located in the secure information block, programmed by ST during production.

For example, the RSS enable the SFI (secure firmware installation), thanks to the RSSe SFI (RSS extension
firmware).

This feature allows the customer to produce the confidentiality of the firmware to be provisioned into the STM32,
when production is sub-contracted to untrusted third-party.

The RSS are available on all devices, after enabling the TrustZone® through the TZEN option bit. Refer to the
application note overview secure firmware install (SFI) (AN4992) for more details.

Refer to Table 4 and Table 5 for boot modes when TrustZone® is disabled and enabled respectively.

Table 4. Boot modes when TrustZone® is disabled (TZEN = 0)

NBOOTO BOOTO NSWBOOTO Boot address option-byte Boot area ST programmed
selection default value

ADDI[24:0] in Nonsecure boot base address 0 defined by user
FLASH_BOOTOR option bytes in FLASH_BOOTOR Flash: 0x0800 0000
) 1 1 ADDI[24:0] in Nonsecure boot base address 0 defined by user | Bootloader: 0XOBF8
FLASH_BOOT1R option bytes in FLASH_BOOT1R FO00
_ ADDI[24:0] in Nonsecure boot base address 0 defined by user .
1 0 FLASH_BOOTOR option bytes in FLASH_BOOTOR Flash: 0x0800 0000
0 ) 0 ADDJ[24:0] in Nonsecure boot base address 0 defined by user | Bootloader: 0xXOBF8
FLASH_BOOT1R option bytes in FLASH_BOOT1R FO000
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When TrustZone® is enabled by setting the TZEN option bit, the boot space must be in the secure area. The
ADD[24:0] option bytes in FLASH_SBOOTOR register option bytes are used to select the boot secure memory
address.

A unique boot entry option can be selected by setting the BOOT_LOCK option bit, allowing to boot always at the
secure base boot address selected by user option bytes. All other boot options are ignored.

Table 5. Boot modes when TrustZone® is enabled (TZEN = 1)

BOOT_ BOOTO RSS Boot address option- ST programmed
LOCK NBOOTO NSWBOOTO command byte selection Boot area default value

ADD[24:0] in Secure boot base address 0 Flash:

- 0 ! 0 FLASH_SBOOTOR deﬁ”elfl_t:’s‘ﬁfsré’gtg%g’tes N 0x0C00 0000
] 1 1 0 N/A RSS DMORES 0000

A Secure boot base address 0 .
° ! - 0 0 FL:SDHE)_[égg]OIr'}OR deﬁ”eFstX’S"‘jf’Sré’gtg%%’tes N 530000 0000
0 - 0 0 NIA RSS DVOFFS 0000
- - - 70 N/A RSS OVOFFS 0000

: : : i : ADDI240Lin e R e e bytonn | Flash
FLASH_SBOOTOR 0x0C00 0000

FLASH_SBOOTOR

The boot address option bytes allow any boot memory address to be programmed. However, the allowed address
space depends on the flash memory RDP level.

If the programmed boot memory address is out of the allowed memory-mapped area when RDP level is 0.5 or
more, the default boot address is forced either in secure flash memory or nonsecure flash memory, depending on
the TrustZone® security option as described in the table below.

Table 6. Boot space versus RDP protection

m TZEN =1 TZEN =0

0 Any boot address Any boot address
0.5 N/A
1 Boot address only in RSS (0xOFF8 0000) or secure flash memory: Any boot address
0x0CO00 0000 - 0xOCOF FFFF Boot address only in flash memory:
2 Otherwise, the forced boot address is 0xOFF8 0000. 0x0800 0000 - 0x080F FFFF

Otherwise, forced boot address is 0x0800 0000.

3.7 Global TrustZone® controller (GTZC)

GTZC is used to configure TrustZone® and privileged attributes within the full system.
The GTZC includes three different subblocks:

. TZSC: TrustZone® security controller
This sub-block defines the secure/privileged state of slave peripherals. The TZSC informs some
peripherals (such as RCC or GPIOs) about the secure status of each securable peripheral, by sharing with
RCC and /O logic.

. TZIC: TrustZone® illegal access controller
This subblock gathers all security illegal access events in the system and generates a secure interrupt
towards NVIC.
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MPCBB: Memory protection controller - block-based
This sub-block configures the internal RAM in a TrustZone®-system product having segmented SRAM
(pages of 512 bytes) with programmable-security and privileged attributes.

The GTZC main features are:
. Three independent 32-bit AHB interfaces for TZSC, TZIC, and MPCBB

. TZIC accessible only with secure transactions
. Secure and nonsecure access supported for privileged/unprivileged part of TZSC and MPCBB
. Set of registers to define product security settings:

- Secure/privileged blocks for internal SRAMs
— Secure/privileged access mode for securable peripherals
- Secure/privileged access mode for securable masters

3.71 TrustZone® security architecture
The security architecture is based on Arm® TrustZone® with the Armv8_M main extension.

When the TrustZone® is enabled, the SAU (security attribution unit) and IDAU (implementation defined attribution
unit) define the access permissions based on secure and nonsecure state.
. SAU: up to eight SAU configurable regions are available for security attribution.

. IDAU: It provides a first memory partition as nonsecure or nonsecure callable attributes. It is then combined
with the results from the SAU security attribution and the higher security state is selected.

Based on IDAU security attribution, the flash memory, system SRAMs and peripherals memory space are aliased
twice for secure and nonsecure states. However, the external memory space is not aliased.

Table 7 shows an example of typical SAU regions configuration based on IDAU regions. The user can split and
choose the secure, nonsecure, or NSC regions for external memories as needed.

Table 7. Example of memory map security attribution versus SAU configuration regions

Region description | Address range IDAU_sec_urlty LS Y .att"bl.'t'on UBicsl Final security attribution
attribution configuration

Code
0x0000 0000 , Secure or nonsecure or
Nonsecure Secure or nonsecure or NSC (1) N
OxO7FF FFFF SC

external memories
0x0800 0000

Nonsecure
Code O0xOBFF FFFF

flash and SRAM 0x0C00 0000
OXOFFF FFFF

NSC Secure or NSC Secure or NSC
0x1000 0000
Code 0x17FF FFFF

external memories =~ 0x1800 0000
Ox1FFF FFFF

Nonsecure

0x2000 0000
O0x2FFF FFFF
SRAM
0x3000 0000

Ox3FFF FFFF

NSC Secure or NSC Secure or NSC

0x4000 0000
Ox4FFF FFFF

Nonsecure

Peripherals
0x5000 0000

OX5FFF FFFF

NSC Secure or NSC Secure or NSC

) 0x6000 0000 Secure or nonsecure or
External memories Nonsecure Secure or nonsecure or NSC

OXDFFF FFFF NSC
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1. NSC = nonsecure callable.

3.7.2 TrustZone®peripheral classification

When the TrustZone® security is active, a peripheral can be either securable or TrustZone®-aware type as
follows:

. Securable: peripheral protected by an AHB/APB firewall gate that is controlled from TZSC to define
security properties

. TrustZone®-aware: peripheral connected directly to AHB or APB bus and implementing a specific
TrustZone® behavior such as a subset of registers being secure

3.7.3 Default TrustZone® security state
The default system security state is detailed below:
. CPU:
- Cortex®-M33 is in a secure state after reset. The boot address must be in a secure address.
. Memory map:
- SAU is fully secure after reset. Consequently, all memory map is fully secure. Up to eight SAU
configurable regions are available for security attribution.
. Flash memory:
- Flash memory security area is defined by watermarking user options.
- Flash memory block-based area is nonsecure after reset.

. SRAMSs:
- All SRAMs are secure after reset. MPCBBx (memory protection block-based controllers) are secure.
. External memories:

- OCTOSPI does not support any TrustZone® protection.
. Peripherals
- Securable peripherals are nonsecure after reset.
- TrustZone®-aware peripherals are nonsecure after reset. Their secure configuration registers are

secure.
. All GPIOs are secure after reset.
. Interrupts:

- NVIC: All interrupts are secure after reset. NVIC is banked for secure and nonsecure state.
- TZIC: All illegal access interrupts are disabled after reset.

3.8 Power supply management
The PWR (power controller) main features are:
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. Power supplies and supply domains
- Core domain (VCORE)
- Vpp domain

- Backup domain (VgaT)
- Analog domain (Vppa)
- SMPS power stage (Vppsmps, available only on SMPS packages)
= Vppio2 domain
- Vppusg for USB transceiver
. System supply voltage regulation
- SMPS step-down converter
- Voltage regulator (LDO)
. Power supply supervision
- BOR monitor
- PVD monitor
- PVM monitor (Vppa, Vbbuss: Vbbioz)
. Power management
- Operating modes
- Voltage scaling control
- Low-power modes
. Vpat battery charging

. TrustZone® security and privileged protection

3.8.1 Power supply schemes

The devices require a 1.71 V to 3.6 V Vpp operating voltage supply. Several independent supplies can be
provided for specific peripherals. Those supplies must not be provided without a valid operating supply on the
VDD pin:

. Vpp = 1.71 V to 3.6 V (functionality guaranteed down to Vgpry min value)

Vpp is the external power supply for the 1/Os, the internal regulator and the system analog such as reset, power
management and internal clocks. It is provided externally through the VDD pins.

. Vppa = 1.58 V (COMPs) /1.6 V (DACs, OPAMPs) / 1.62 V (ADCs) / 1.8 V (VREFBUF) to 3.6 V

Vppa is the external analog power supply for ADCs, DACs, voltage reference buffer, operational amplifiers, and
comparators. The Vppa voltage level is independent from the Vpp voltage and must be connected to the VDD pin
when these peripherals are not used.

. VDDSMPS =1.71Vto36V

Vppswmps is the external power supply for the SMPS step-down converter. It is provided externally through a
VDDSMPS supply pin. It must be connected to the same supply VDD pin when the SMPS is used in the
application. When the SMPS is not used, it is recommended to connect both Vppgups and Vi xsmps to GND.

. V| xsmps is the switched SMPS step-down converter output.

Note: The SMPS power supply pins are available only on a specific package with SMPS step-down converter option.
. Vppusg =3.0Vto 3.6V

Vppuss is the external independent power supply for USB transceivers. Vppysg voltage level is independent from
the Vpp voltage and must be connected to VDD or VSS pin (preferably to VDD) when the USB is not used.

i Vppio2 =1.08Vto 3.6V

Vppio2 is the external power supply for 14 1/Os (port G[15:2]). The Vppo2 voltage level is independent from the
Vpp voltage and must be connected to VDD or VSS pin (preferably to VDD) when PG[15:2] are not used.

° Vear =1.55V1t03.6V

VpaT is the power supply when VDD is not present (through power switch) for RTC, TAMP, external 32 kHz
oscillator, and backup registers.
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. VREF-, VREF+

VRer+ is the input reference voltage for ADCs and DACs. It is also the output of the internal voltage reference
buffer when enabled.

VRer+ can be grounded when ADC and DAC are not active.

The internal voltage reference buffer supports four output voltages:

. VRer+ around 1.5 V. This requires Vppa = 1.8 V.
. VRer+ around 1.8 V. This requires Vppa = 2.1 V.
. VRefr+ around 2.048 V. This requires Vppa =2 2.4 V.
. VRer+ around 2.5 V. This requires Vppa 2 2.8 V.

VREF- and VREF+ pins are not available on all packages. When not available, they are bonded to VSSA and
VDDA, respectively.

When the VREF+ is double-bonded with VDDA in a package, the internal voltage reference buffer is not available
and must be kept disabled.

VRer- must always be equal to Vgga.
The STM32U375xx devices embed two regulators: one LDO and one SMPS in parallel to provide the Vcore
supply for digital peripherals, SRAM1, SRAM2, and embedded flash memory. The SMPS generates this voltage

on VDD11 (two pins), with a total external capacitor of 4.7 yF typical. SMPS requires an external coil of 2.2 yH
typical. The LDO generates this voltage on a VCAP pin connected to an external capacitor of 4.7 uF typical.

Both regulators can provide two different voltages (voltage scaling) and can operate in Stop mode.
It is possible to switch from SMPS to LDO and from LDO to SMPS on-the-fly.

Figure 2. STM32U375xx power supply overview (without SMPS)
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Figure 3. STM32U375xxxxQ power supply overview (with SMPS)

Vopa domain

A/D converters

VDDA g: Comparators

D/A converters
VSSA Operational amplifiers
Voltage reference buffer

VDDsgg %:J USB transceiver ‘

Vbpio2 domain

VDDIO2 E Voooz 1 s
VSS PG[15:2]

Vop domain
\bbio1 /O ring
| Reset block !
| Temperature sensor | Vcore domain
I Internal RC oscillators |
|
,,,,,,,,,,,,,, %
VSS [} | Standby circuitry I Core
! (Wake-up logic, IWDG) |
VDD [} [ ! SRAM1
__ Voltage regulator _ _ SRAM2
| |Veore | o
2x VDD11 [J ; H ! peripherals
|
\\//é)D(gMIES '_| SMPs regulator !
VSSSMPS [1H— e ‘

Flash memory

Backup domain
Vsw | LSE crystal 32 kHz oscillator
VBAT [ o~—— Backup registers
RCC_BDCR registers
RTC
TAMP

Low-voltage detector

DT72469V1

In this document, Vppjox (with x = 1 or 2) refers to the 1/0O power supply. Vpp|o1 is supplied by Vpp. Vppio2 is the
independent power supply for PG[15:2].
Vsw = Vpp when Vpp is above VgoRro, and Vsyw = VeaT When Vpp is below VgoRro.

During power-up and power-down phases, the following power sequence requirements must be respected:

. When Vpp is below 1V, other power supplies (Vppa, Vbpio2, Vbpuss) must remain below Vpp + 300 mV.
. When Vpp is above 1V, all power supplies are independent.
. During the power-down phase, Vpp can temporarily become lower than other supplies only if the energy

provided to the MCU remains below 1 mJ. This allows external decoupling capacitors to be discharged with
different time constants during the powerdown transient phase.
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Figure 4. Power-up/down sequence
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1. Vppx refers to any power supply among Vppa, Vppuss, and Vppioz-

3.8.2 Power supply supervisor
The device has an integrated brownout reset (BOR) circuitry. The BOR is active in all power modes (except
for Shutdown mode), and cannot be disabled.

During power-on, the BOR keeps the device under reset until the supply voltage Vpp reaches the specified
VBORX threshold. When Vpp drops below the selected threshold, a device reset is generated. When Vpp is
above the VBORX upper limit, the device reset is released and the system can start.

Five BOR thresholds can be selected through option bytes. BORO provides the always enabled power-on/
powerdown functionality, independent from any other higher BOR level selection.

The devices feature an embedded programmable voltage detector (PVD) that monitors the Vpp power supply and
compares it to the Vpyp threshold. An interrupt can be generated when Vpp drops below and/or rises above the
Vpyp threshold. The interrupt service routine can then generate a warning message and/or put the MCU into a
safe state. The PVD is enabled by software.

In addition, the devices embed a peripheral voltage monitor that compares the independent supply voltages Vppa,
Vbpusg, and Vppjoz to ensure that the peripheral is in its functional supply range.

The devices support dynamic voltage scaling. The dynamic voltage scaling is a power management technique
that consists in increasing or decreasing the voltage used for the digital peripherals (Vcorg), according to the
application performance and power consumption needs.

The regulator operates in the following ranges:

. Range 1 (Vcore = 0.9 V) with CPU and peripherals running at up to 96 MHz

. Range 2 (Vcore = 0.75 V) with CPU and peripherals running at up to 48 MHz

3.8.3 Reset mode

In order to improve the consumption under reset, the 1/O state under and after reset is "analog state" (the I/O
Schmitt trigger is disabled). In addition, when the reset source is internal (not coming from the NRST pin), the
built-in pull-up resistor on the NRST pin is deactivated.
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3.8.4 VBAT operation
The VBAT pin allows the device Vgat domain to be powered from an external battery or an external
supercapacitor.

The VBAT pin supplies the RTC with LSE, antitamper detection (TAMP), backup registers. Five antitamper
detection pins are available in Vgar mode.

The VBAT operation is automatically activated when Vpp is not present. An internal Vgat battery charging circuit
is embedded and can be activated when Vpp is present.

Note: When the microcontroller is supplied from Vat, neither external interrupts nor RTC/TAMP alarm/events exit the
microcontroller from the Vgt operation.

3.8.5 PWR TrustZone® security

When the TrustZone® security is activated by the TZEN option bit, some PWR register fields can be secured
against nonsecure access.

The PWR TrustZone® security allows the following features to be secured:

. Low-power mode

. WKUP (wake-up) pins

. Voltage detection and monitoring

. VgaT mode

. I/0Os pull-up/pull-down configuration

Other PWR configuration bits are secure when:

. The system clock selection is secure in RCC: the voltage scaling configuration and the regulator booster
(BOOSTEN) are secure.

. A GPIO is configured as secure: its corresponding bit for pull-up/pull-down configuration in Standby mode
is secure.

3.9 Low-power modes

The ultra-low-power STM32U375xx devices support several low-power modes to save power when the CPU does
not need to be kept running, for example when waiting for an external event. It is up to the user to select the mode
that gives the best compromise between low-power consumption, short startup time, and available wake-up
sources.

Table 8. STM32U375xx low-power modes overview details the related low-power modes.

Table 8. STM32U375xx low-power modes overview

Mode name Entry Wake-up source Wake-up Effect on clocks | Voltage regulators
system clock

Sleep WFI orreturn Any interrupt Same as before CPU clock OFF
from ISR y P : No effect on other Range
(Sleep-now or entering Sleep
Sleep-on-exit) WEE Wake. mode clocks or analog 1,2
ake-up event clock sources
LPMS = 000 + SLEEPDEEP bit All clocks OFF Range
Stop 0 + WFI or return except LS| and
from ISR or WFE Any EXTl line HSI16 when LSE 1,2
: (configured in the = STOPWUCK = 1in MSIK, MSIS or
LPMS = 001 + SLEEPDEEP bit  EXTI registers) RCC_CFGR1 HSI16 can be
Stop 1 + WFl or return Any PWR wake-up MSIS with the enabled
from ISR or WFE line (WKUP pins and =~ frequency before o h5rarily when L
13C reset pattern) entenng.th.e Stop requested by an |ow-pgvl\\;|el:;-s
LPMS = 010 + SLEEPDEEP bit = Specific peripherals =~ mode, limited to autonomous regu atErD(O) or
Stop 2 + WFI or return events/interrupts!") S?FBO'\;\TVZUévze—no peripheral, or
from ISR or WFE - forced to be kept

enabled.
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Mode name Entry Wake-up source Wake-up Effect on clocks | Voltage regulators
system clock

LPMS = 011 + SLEEPDEEP bit

Stop 3 + WFI or return
from ISR or WFE
. LPMS = 10x+
Standby with 2251 = 1+ SLEEPDEEP bit +
SRAM2_
8 Kbvtes WFI or return
4 from ISR or WFE
LPMS = 10x+
. RRS1 = RRS2 = RRS3 = 1+
gtsz‘l’\'ﬂbg’ ";"tn SLEEPDEEP bit + WFI or
-y return
from ISR or WFE
LPMS = 10x +
RRS1=RRS2=RRS3=0 +
Standby SLEEPDEEP bit + WFI or
return
from ISR or WFE
LPMS = 11x + SLEEPDEEP bit
Shutdown + WFI or return

from ISR or WFE

WKUP pin edge,
RTC/TAMP events/
interrupts (', external
reset in NRST pin,
IWDG events/
interrupts (') or reset,
13C reset pattern

WKUP pin edge,
RTC/TAMP events/
interrupts (', external
reset in NRST pin,
13C reset pattern

HSI16 when
STOPWUCK =1 in
RCC_CFGR1
MSIS with the
frequency before
entering the Stop
mode, limited to

48 MHz, when
STOPWUCK =0 Low-power
regulator (SMPS or
LDO)
All clocks OFF
except LS| and
LSE
MSIS from 3 MHz
up to 12 MHz
OFF
All clocks OFF
MSIS 12 MHz except LSE OFF

1. A wake-up event from Stop mode can be generated with the peripheral interrupt signal.

By default, the microcontroller is in Run mode after a system or a power reset. It is up to the user to select one of
the low-power modes described below:
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. Sleep mode
CPU clock off, all peripherals including Cortex®-M33 core such as NVIC and SysTick can run and wake up
the CPU when an interrupt or an event occurs.

. Stop 0, Stop 1, Stop 2, and Stop 3 modes
Stop mode achieves the lowest power consumption while retaining the content of SRAM and registers. The
SRAMs can be totally or partially switched off to further reduce consumption. All clocks in the core domain
are stopped. The MSI (MSIS and MSIK) RC, the HSI16 RC and the HSE crystal oscillators are disabled.
The LSE or LSl is still running.
The RTC can remain active (Stop mode with RTC, Stop mode without RTC).
Some peripherals are autonomous and can operate in Stop mode by requesting their kernel clock and their
bus (APB or AHB) when needed, in order to transfer data with GPDMA1 depending on peripherals and
power mode.
In Stop 0 mode, the regulator remains in main regulator mode, allowing a very fast wake-up time but with
much higher consumption.
In Stop 1, the regulator is in low-power mode, and the whole core domain is fully powered. All autonomous
peripherals are functional.
In Stop 2 mode, most of the core domain (D1 domain) is put in a lower leakage mode, keeping registers
retention, but without any possible functionality. The D2 domain, embedding APB3 peripherals, is kept fully
powered, so those peripherals can be kept functional.
Stop 3 is the lowest power mode with full retention, but the functional peripherals and sources of wake-up
are reduced to the same ones than in Standby mode.
The system clock when exiting from Stop mode can be either MSIS up to 48 MHz or HSI16, depending on
software configuration.

. Standby mode
The Standby mode is used to achieve the lowest power consumption with BOR. The internal regulator is
switched off so that the core domain is powered off. The MSI (MSIS and MSIK) RC, the HSI16 RC and the
HSE crystal oscillators are also switched off.
The RTC can remain active (Standby mode with RTC, Standby mode without RTC).
The brownout reset (BOR) always remains active in Standby mode.
The state of each I/0O during Standby mode can be selected by software: 1/0 with internal pull-up, internal
pull-down or floating.
After entering Standby mode, SRAMs and register contents are lost except for registers in the backup
domain and Standby circuitry. Optionally, the full SRAM2 or 8 Kbytes or 24 Kbytes or 32 Kbytes can be
retained in Standby mode, supplied by the low-power regulator (standby with SRAM2 retention mode).
The BOR can be configured in ultra-low-power mode to further reduce power consumption during Standby
mode.
The device exits Standby mode when an external reset (NRST pin), an IWDG early wake-up event or
reset, WKUP pin event (configurable rising or falling edge), an RTC event (alarm, periodic wake-up,
timestamp), a tamper detection, or a I3C reset pattern detection occurs.
The system clock after wake-up is MSIS up to 12 MHz.

. Shutdown mode
The Shutdown mode allows the lowest power consumption. The internal regulator is switched off so that
the core domain is powered off. The HSI16, the MSI (MSIS and MSIK), the LSI, and the HSE oscillators are
also switched off.
The RTC can remain active (Shutdown mode with RTC, Shutdown mode without RTC).
The BOR is not available in Shutdown mode. No power voltage monitoring is possible in this mode,
therefore the switch to backup domain is not supported.
SRAMs and register contents are lost except for registers in the backup domain.
The device exits Shutdown mode when an external reset (NRST pin), a WKUP pin event (configurable
rising or falling edge), or an RTC event occurs (alarm, periodic wake-up, timestamp), a tamper detection or
a I13C reset pattern detection.
The system clock after wake-up is MSIS at 12 MHz.

3.91 Autonomous peripherals

Several peripherals support the autonomous mode that allows it to be functional and perform DMA transfers in
Stop 0, Stop 1, and Stop 2 modes. Their interrupts wake up from Stop mode.

In Stop 0 and Stop 1 modes, the autonomous peripherals are DAC1 (2 channels), LPTIMx (x = 1 to 4),
U(S)ARTx (x =1, 3, 4, 5), LPUART1, SPIx (x = 1 to 3), 12Cx (x = 1 to 3), I3Cx (x = 1 to 2), ADF1, and GPDMA1.
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In Stop 2 mode, the autonomous peripherals are LPTIM1, LPTIM3, LPTIM4, LPUART1, and I12C3. If one of these
peripherals requests the AHB/APB clocks for a DMA transfer, the whole core domain is switched to Stop 1 higher
leakage mode and the clock is distributed to GPDMA1, enabled SRAMs, and peripherals in order to perform the

autonomous peripheral DMA transfer. Then the core domain automatically returns to Stop 2 lower leakage mode.

Table 9. Functionalities depending on the working mode

Y = yes (enable). O = optional (disable by default, can be enabled by software). - = not available.

2 2 2 2 2

F 3 F 3 3

© © © © ©

Peripheral § g § § §

o o Q o -3

3 T 3 3 3

(] Q (] Q (]

s s s s s

= = = = =
CPU Y - - - - - - - - - - -
Flash memory (up to ) m ) ) ) ) ) ) ) ) ) ) )
1 Mbyte) o o © ©
SRAM1 (192 Kbytes) YO y® 0B - o® - o) - - - - - -
SRAM2 (64 Kbytes) YE oy ol o’ 0B o®) o) - o - - - -
OCTOSPI1 O o} - - - - - - - - - - -
Backup registers Y Y Y - Y - Y - Y - Y - Y
Brownout reset (BOR) Y Y Y Y Y Y Y - - -
Programmable voltage
detector (PVD) o o 0 o o o . . . . . . .
Peripheral voltage
monitor o o o o o o . . . . } . .
GTzZC o o} O o® 0} o®) - - - - - - -
RAMCFG 6} O O o’ O o - - - - - - -
GPDMA1 O o o® o ol oo - - - - - - -
High-speed internal (1) ) (1) ) ) ) ) ) ) ) )
(HSI16) 0| 0
Oscillator HSI48 (6] (6] - - - - - - - - - - -
High-speed external ) ) ) ) ) B ) ) ) ) B
(HSE) 010
Low-speed internal
(LSI) 6 o © - ¢ - 0 - 0 - ; ) ;
Low-speed external
(LSE) O O O - 0} - o} - O - O - 0]
Multi-speed internal o o (1) ) 11) ) ) ) ) ) ) ) )
(MSIS and MSIK)
Clock security system
(CSS) o o ) ) ) ) ) . ) ) ) ) .
Clock security system
on LSE O 6} O o} o} 0O o} 0] O O O 0O )
RTC/TAMP (0] (6] (0] (6] (0] (6] (6] 0] O O O o} )
Number of TAMP 5 5 5 o 5 o 5 0 5 o 5 o 5
tamper pins
usSB O o} - o} - - - - - - - - -
USARTx (x=1,3,4,5) O o 0 o2 - - - - - - - - -
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2 2 = 2 2
1] 1] © © 1]
Peripheral e = 2 o 3

o (3] (3] (3] o

o o o o o

=] =] =} = =]

@ @ @ @ @

= £ X £ =

(] (] (] (1] (]

= = = =
Low-power UART 12) 12) (12) i ) i i i i i
(LPUARTA) 0| o o o o
12Cx (x=1, 2) O o 0" o2 - - - - - - - - -
12C3 O O 0(13) 0(13) 0(13) 0(13) - - - - ~ _ -
13Cx (x=1, 2) (0] o o' o4 - 015 - 015) - 015 - o15) _
SPIx (x=1, 2, 3) O o 09 016 - - - - - - - - -
FDCAN1 O o} - - - - - - - - - - -
SDMMC1 e} O - - - - - - - - - - -
SAI1 e} e} - - - - - - - - - - -
ADC12 e} e} - - - - - - - - - - -
DAC1 (2 converters) e} o o - - - - - - - - - -
VREFBUF o} o} O - - - - - - - - - -
OPAMPx (x =1, 2) e} (e} (e} - - - - - - - - - -
COMPx (x =1, 2) e} e} O e} o e} - - - - - - -
Temperature sensor O O O - - - - - - - - - -
Timers (TIMx) O o} - - - - - - - - - - -
LPTIMx (x =1, 3, 4) (e} o oU® o18) ol18) 018) - - - R R R _
LPTIM2 e} o o8 o8 - - - - - - - - -
Independent watchdog
(IWDG) O e} O e} o e} e} @) o o - - -
Window watchdog
(WWDG) o] 0 |- - - - - - - - - - -
SysTick timer (0] (0] - - - - - - - - - - -

Audio digital filter
(ADF)

Touch sensing

controller (TSC) o o . . ) . . . . . . . .
Random number o o ) ) ) ) ) ) ) ) } ) )
generator (RNG)

Public key accelerator

(PKA) o o . . ) . . . . ) ) . .
HASH accelerator (6] (6] - - - - - - - - - - -

CRC calculation unit O O - - - - - - - - - - -

GPIOs O O O e} 0} o} (20) 22 pins (20) 22 pins @1 22 pins -
1. The flash banks can be configured in power-down mode. By default, they are not in power-down mode.
2. Flash can be accessed by GPDMA1 in Stop 0, Stop 1 and Stop 2 modes. ECC error interrupt or NMI wakes up from these Stop modes.
3. The SRAMs can be definitively powered off independently until the next device power on reset.
4. The SRAM clock can be gated on or off independently.
5. Subblocks of SRAM1 and SRAM?2 can be powered-off to save power consumption. SRAM1 and SRAM2 can be accessed by GPDMA1 in

Stop 0, Stop 1 and Stop 2 modes.
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6. Parity error interrupt or NMI wakes up from Stop mode.

7. Content of 32-Kbyte, 24-Kbyte and/or 8-Kbyte block.

8. lllegal access interrupt wakes up from Stop 0, 1, 2 modes.

9. GPDMA1 transfers are functional and autonomous in Stop 0 and 1 mode. Interrupts wake up from these Stop modes.

10. In Stop 2 mode, GPDMA1 supports only LPUART1, 12C3, LPTIM1, LPTIM3, and LPTIM4 requests. None of GPDMA1 triggers are
supported. Interrupts wake up from Stop 2 modes.

11. Some peripherals with autonomous mode and wake-up from Stop capability can request HSI16, MSIS or MSIK to be enabled. In this case,
the oscillator is woken up by the peripheral, and is automatically put off when no peripheral needs it.

12. USART and LPUART reception and transmission is functional and autonomous in Stop mode, in asynchronous and in SPI master modes.
Interrupts wake up from Stop mode.

13. 12C reception and transmission is functional and autonomous in Stop mode. Interrupts wake up from Stop mode.

14. 13C reception and transmission, in controller and target modes, is functional and autonomous in Stop mode. Interrupts wake up from Stop
mode .

15. I3C reset pattern detection wakes up from Stop 2, Stop 3, Standby and Shutdown modes. I3C pull-ups can be applied in Stop and Standby
modes.

16. SPI reception and transmission is functional and autonomous in Stop mode. Interrupts wake up from Stop mode.
17. DAC1 (2 channels) conversion in sample and hold mode is functional and autonomous in Stop mode.

18. LPTIM is functional and autonomous in Stop mode. Interrupts wake up from Stop mode.

19. ADF is functional and autonomous in Stop mode. Interrupts wake up from Stop mode.

20. 1/Os can be configured with internal pull-up, pull-down, or floating in Stop 3 and Standby mode.

21. I/Os can be configured with internal pull-up, pull-down or floating in Shutdown mode but the configuration is lost when exiting the Shutdown
mode.

3.10 Peripheral interconnect matrix

Several peripherals have direct connections between them, that allow autonomous communication between them
and support the saving of CPU resources (thus power supply consumption). In addition, these hardware
connections allow fast and predictable latency.

Depending on the peripherals, these interconnections can operate in Run, Sleep, Stop 0, Stop 1, and Stop 2
modes.

3.1 Reset and clock controller (RCC)

The RCC (reset and clock control) manages different reset types, and generates all clocks for the bus and
peripherals.

The clock controller distributes the clocks coming from the different oscillators to the core and to the peripherals. It
also manages the clock gating for low-power modes and ensures the clock robustness. It features:
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. Clock prescaler: in order to get the best trade-off between speed and current consumption, the clock
frequency to the CPU and peripherals can be adjusted by a programmable prescaler.

. Clock management: in order to reduce the power consumption, the clock controller can stop the clock to
the core, individual peripherals, or memory.

. System clock source: three different clock sources can be used to drive the system clock (SYSCLK).

- HSE: high-speed external crystal or clock, from 4 to 50 MHz.
- HSI16: high-speed internal 16 MHz RC oscillator clock, trimmable by software.

- MSIS: multi-speed internal RC oscillator clock, from 3 to 96 MHz (six possible frequencies, from two
internal RC oscillators), trimmable by software. When a 32.768 kHz, a 32 MHz or a 16 MHz external
oscillator is present in the application, the MSI frequency can be automatically timmed by hardware
to reach better accuracy.

. HSI148 (RC48 with clock recovery system) internal 48 MHz clock source that can be used to drive the USB,
the SDMMC, or the RNG peripherals. This clock can be output on the MCO.

. Auxiliary clock source: two ultra-low-power clock sources that can be used to drive the real-time clock:

- LSE (32.768 kHz low-speed external crystal). The LSE can also be configured in bypass mode for an
external clock.

- LSI (32 kHz low-speed internal RC), also used to drive the independent watchdog. The LSI clock
accuracy is + 5% accuracy. The LSI clock can be divided by 128 to output a 250 Hz as source clock.

. Peripheral clock sources: several peripherals can have their own independent clock whatever the system
clock as a result of the MSIK, HSI48, HSI16 and/or low-speed oscillators.

. Startup clock: after reset, the microcontroller restarts by default with an internal 12 MHz clock MSI. The
prescaler ratio and clock source can be changed by the application program as soon as the code execution
starts.

. CSS (clock security system): this feature can be enabled by software. If an HSE clock failure occurs, the

master clock automatically switches to HSI116 and a software interrupt is generated if enabled. LSE failure
can also be detected and generates an interrupt.

. 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 LSI or LSE in all low-power modes (except Vgar mode).

Several prescalers allow AHB and APB frequencies configuration. The maximum frequency of the AHB and the
APB clock domains is 96 MHz.
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Figure 5. Clock tree
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3.11.1 RCC TrustZone®security

When the TrustZone® security is activated by the TZEN option bit and security is enabled in the RCC, the bits
controlling the peripheral clocks and resets become TrustZone®-aware:

. If the peripheral is securable and programmed as secure in the TZSC, the peripheral clock and reset bits
become secure.

. If the peripheral is TrustZone®-aware, the peripheral clock and reset bits become secure as soon as at
least one function is configured as secure inside the peripheral.

A peripheral is in secure state:

. For securable peripherals by TZSC (TrustZone® security controller), the SEC security bit corresponding to
this peripheral is set in the GTZC TZSC secure configuration registers.

. For TrustZone®-aware peripherals, a security feature of this peripheral is enabled through its dedicated
bits.

3.12 Clock recovery system (CRS)

The clock recovery system (CRS) is an advanced digital controller acting on the internal fine-granularity trimmable
RC oscillator HS148. The CRS provides a powerful means for oscillator output frequency evaluation, based on
comparison with a selectable synchronization signal. It can do automatic adjustments of oscillator trimming based
on the measured frequency error value, while keeping the possibility of a manual trimming for faster start-up
convergence.

The CRS is ideally suited to provide a precise clock to the USB peripheral. In such case, the synchronization
signal can be derived from the start-of-frame (SOF) packet signalization on the USB bus. The synchronization
signal can also be derived from the LSE oscillator output, a GPIO alternate function (CRS_SYNC), or it can be
generated by user software.

3.13 General-purpose inputs/outputs (GPIO)

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.

After reset, all GPIOs are in analog mode to reduce power consumption.

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

3.13.1 GPIOs TrustZone® security

Each 1/0O pin of GPIO port can be individually configured as secure. When the selected 1/O pin is configured as
secure, its corresponding configuration bits for alternate function, mode selection, 1/O data are secure against a
nonsecure access. The associated registers bit access is restricted to a secure software only. After reset, all
GPIO ports are secure.

3.14 Multi-AHB bus matrix

A 32-bit multi-AHB bus matrix interconnects all masters (CPU, GPDMA1, SDMMC1) and slave (flash memory,
RAM, OCTOSPI, SRAMs, AHB, and APB) peripherals. It also ensures a seamless and efficient operation even
when several high-speed peripherals work simultaneously.

DS14861 - Rev 3 page 29/229



‘_ STM32U375xx
,l Functional overview

3.15 General purpose direct memory access controller (GPDMA)
The general purpose direct memory access (GPDMA) controller is a bus master and system peripheral.

The GPDMA is used to perform programmable data transfers between memory-mapped peripherals and/or
memories via linked-lists, upon the control of an off-loaded CPU.

The GPDMA main features are:
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. Dual bidirectional AHB master

. Memory-mapped data transfers from a source to a destination:
- Peripheral-to-memory
- Memory-to-peripheral
- Memory-to-memory
- Peripheral-to-peripheral
. Autonomous data transfers during low-power modes
. Transfers arbitration based on a four-grade programmed priority at a channel level:
- One high-priority traffic class, for time-sensitive channels (queue 3)

- Three low-priority traffic classes, with a weighted round-robin allocation for non time-sensitive
channels (queues 0, 1, 2)

. Per channel event generation, on any of the following events: transfer complete, half transfer complete,
data transfer error, user setting error, link transfer error, completed suspension, and trigger overrun.

. Per channel interrupt generation, with separately programmed interrupt enable per event

. 12 concurrent DMA channels:

- Per channel FIFO for queuing source and destination transfers

- Intra-channel GPDMA transfers chaining via programmable linked-list into memory, supporting two
execution modes: run-to-completion and link step mode.

— Intra-channel and inter-channel GPDMA transfers chaining via programmable GPDMA input triggers
connection to GPDMA task completion events.

. Per linked-list item within a channel:
- Separately programmed source and destination transfers

- Programmable data handling between source and destination: byte-based reordering, packing or
unpacking, padding or truncation, sign extension and left/right realignment

- Programmable number of data bytes to be transferred from the source, defining the block level

- Linear source and destination addressing: either fixed or contiguously incremented addressing,
programmed at a block level, between successive burst transfers

- 2D source and destination addressing: programmable signed address offsets between successive
burst transfers (non-contiguous addressing within a block, combined with programmable signed
address offsets between successive blocks, at a second 2D/repeated block level, for a reduced set of
channels.

- Support for scatter-gather (multi-buffer transfers), data interleaving and deinterleaving via 2D
addressing

- Programmable GPDMA request and trigger selection
- Programmable GPDMA half-transfer and transfer complete events generation

- Pointer to the next linked-list item and its data structure in memory, with automatic update of the
GPDMA linked-list control registers

. Debug:

- Channel suspend and resume support

- Channel status reporting including FIFO level and event flags
. TrustZone® support:

- Support for secure and nonsecure GPDMA transfers, independently at a first channel level, and
independently at a source/destination and link sublevels

- Secure and nonsecure interrupts reporting, resulting from any of the respectively secure and
nonsecure channels

- TrustZone®-aware AHB slave port, protecting any GPDMA secure resource (register, register field)
from a nonsecure access

. Privileged/unprivileged support:
- Support for privileged and unprivileged GPDMA transfers, independently at channel level
- Privileged-aware AHB slave port
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3.16 Interrupts and events

3.16.1 Nested vectored interrupt controller (NVIC)
The devices embed an NVIC that is able to manage 16 priority levels and to handle up to 96 maskable interrupt
channels plus the 16 interrupt lines of the Cortex®-M33.

The NVIC and the processor core interface are closely coupled, enabling low-latency interrupt processing and
efficient processing of late-arriving interrupts.

The NVIC registers are banked across secure and nonsecure states.
All interrupts including the core exceptions are managed by the NVIC.

3.16.2 Extended interrupt/event controller (EXTI)

The EXTI manages the individual CPU and system wake-up through configurable event inputs. It provides wake-
up requests to the power control, and generates an interrupt request to the CPU NVIC and events to the CPU
event input. For the CPU, an additional event generation block (EVG) is needed to generate the CPU event
signal.

The EXTI wake-up requests allow the system to be woken up from Stop modes.

The interrupt request and event request generation can also be used in Run modes. The EXTI also includes the
EXTI multiplexer I/O port selection.

The EXTI main features are the following:
. Up to 23 input events supported
. All event inputs allowed to wake up the system
. Configurable events (signals from 1/Os or peripherals able to generate a pulse)
- Selectable active trigger edge
- Interrupt pending status register bit independent for the rising and falling edge

- Individual interrupt and event generation mask, used for conditioning the CPU wake-up, interrupt, and
event generation

- Software trigger possibility
. TrustZone® secure events
- The access to control and configuration bits of secure input events can be made secure and/or
privileged.
. EXTI I/0 port selection

3.17 Cyclic redundancy check calculation unit (CRC)
The CRC (cyclic redundancy check) calculation unit is used to get a CRC code from 8-, 16-, or 32-bit data word
and a generator polynomial.

Among other applications, CRC-based techniques are used to verify data transmission or storage integrity. In the
scope of the functional safety standards, they offer a means of verifying the Flash memory integrity. The CRC
calculation unit helps compute a signature of the software during runtime, to be compared with a reference
signature generated at link time and stored at a given memory location.

The CRC main features are the following:

. Uses CRC-32 (Ethernet) polynomial: 0x4C11DB7

. Alternatively, uses a fully programmable polynomial with programmable size (7, 8, 16, 32 bits)
. Handles 8-,16-, 32-bit data size

. Programmable CRC initial value

. Single input/output 32-bit data register

. Input buffer to avoid bus stall during calculation

. CRC computation done in four AHB clock cycles (HCLK) for the 32-bit data size

. General-purpose 8-bit register (can be used for temporary storage)

. Reversibility options on 1/0 data
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3.18 Octo-SPI interface (OCTOSPI)

The OCTOSPI supports most external serial memories such as serial PSRAMs, serial NAND and serial NOR
flash memories, HyperRAM™ and HyperFlash™ memories, with the following functional modes:

. Indirect mode: all the operations are performed using the OCTOSPI registers to preset commands,
addresses, data, and transfer parameters.

. Automatic status-polling mode: the external memory status register is periodically read and an interrupt can
be generated in case of flag setting.

. Memory-mapped mode: the external memory is memory mapped and is seen by the system as if it were an

internal memory supporting read and write operation.
The OCTOSPI supports the following protocols with associated frame formats:

. The standard frame format with the command, address, alternate byte, dummy cycles, and data phase

. The HyperBus™ frame format

The OCTOSPI offers the following features:

. Three functional modes: Indirect, Status-polling, and Memory-mapped

. Read and write support in Memory-mapped mode

. Supports for single, dual, quad, and octal communication

. Dual memory configuration, where eight bits can be sent/received simultaneously by accessing two quad

memories in parallel.
. SDR (single-data rate) and DTR (double-transfer rate) support

. Data strobe support

. Fully programmable opcode

. Fully programmable frame format

. Support wrapped-type access to memory in read direction

. HyperBus™ support

. Integrated FIFO for reception and transmission

. 8-, 16-, and 32-bit data accesses allowed

. DMA channel for Indirect mode operations

. DMA protocol support

. Interrupt generation on FIFO threshold, timeout, operation complete, and access error
. AHB interface with transaction acceptance limited to one (the interface accepts the next transfer on the

AHB bus only once the previous is completed on memory side)
The OCTOSPI registers can be configured as secure through the TZSC controller.

3.19 Delay block

The delay block (DLYB) is used to generate an output clock that is dephased from the input clock. The phase of
the output clock must be programmed by the user application. The output clock is then used to clock the data
received by another peripheral such as an SDMMC1 or OCTOSPI interface.

The delay is voltage and temperature dependent, that may require the application to reconfigure and recenter the
output clock phase with the received data.

The main features of DLYB are:

. Input clock frequency ranging from 25 MHz to the maximum frequency supported by the communication
interface (see datasheet)
. Up to 12 oversampling phases

3.20 Analog-to-digital converter (ADC)

The STM32U375xx devices embed up to two ADCs, ADC1 and ADC2. These are tightly coupled and can operate
in dual mode (ADC1 is master). Each ADC module consists of one 12-bit successive approximation analog-to-
digital converter. Each ADC has up to 19 multiplexed channels. A/D conversion of the various channels can be
performed in single, continuous, scan, or discontinuous mode. The result of the ADC is stored in a left-aligned or
right-aligned (default configuration) 32-bit data register.

The ADCs are mapped on the AHB bus to allow fast data handling.
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The analog watchdog features allow the application to detect if the input voltage goes outside the user-defined
high or low thresholds.

A built-in hardware oversampler allows improving analog performances while off-loading the related
computational burden from the CPU.

An efficient low-power mode is implemented to allow very low consumption at low frequency. The main features

are:
. High performance
- Up to two ADCs which can operate in dual mode
- ADC1 is connected to 15 external channels + four internal channels
— ADC2 is connected to 13 external channels + six internal channels
. 12, 10, 8 or 6-bit configurable resolution
. ADC conversion time is independent from the AHB bus clock frequency
. Faster conversion time by lowering resolution
. AHB slave bus interface to allow fast data handling
. Offset calibration support
. Channel-wise programmable sampling time
. Flexible sampling time control
. Up to four injected channels (analog inputs assignment to regular or injected channels is fully configurable)
. Hardware assistant to prepare the context of the injected channels to allow fast context switching
. Data alignment with in-built data coherency
. Data can be managed by DMA for regular channel conversions
. Data can be routed to MDF for postprocessing
. Four dedicated data registers for the injected channels
. Low-power
— Speed adaptive low-power mode to reduce ADC consumption when operating at low frequency
- Provides automatic control to avoid ADC overrun in low AHB bus clock frequency application
(autodelay mode)
- Allows slow bus frequency application while keeping optimum ADC performance
. Oversampler
- 32-bit data register
- Oversampling ratio adjustable from 2 to 1024
- Programmable data right shift
. Data preconditioning

- Gain compensation
- Offset compensation
. Analog input channels
- External analog inputs (per ADC): up to 15 GPIO pads
- 1 channel for the internal reference voltage (VREFINT)
- 1 channel for the internal temperature sensor (VSENSE)
- 1 channel for monitoring the external VBAT power supply pin
- 1 channel for monitoring VCORE internal voltage
- Connection to DAC internal channels
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. Start-of-conversion can be initiated:

- By software for both regular and injected conversions

- By hardware triggers with configurable polarity (internal timers events or GPIO input events) for both
regular and injected conversions

. Conversion modes
- Each ADC can convert a single channel or can scan a sequence of channels
- Single mode converts selected inputs once per trigger
- Continuous mode converts selected inputs continuously
- Discontinuous mode

. Interrupt generation at ADC ready, the end of sampling, the end of conversion (regular or injected), end of
sequence conversion (regular or injected), analog watchdog 1, 2 or 3 or overrun events

. 3 analog watchdogs per ADC
° ADC input range: Vssa <V|N < VREF+

3.20.1 Temperature sensor
The temperature sensor can be used to measure the junction temperature (TJ) of the device.

The temperature sensor is internally connected to the ADC input channels that are used to convert the sensor
output voltage to a digital value. When not in use, the sensor can be put in power-down mode. It supports the
temperature range —40 to 110°C.

The temperature sensor output voltage changes linearly with temperature. The offset of this line varies from chip
to chip due to process variation (up to 45°C from one chip to another). The uncalibrated internal temperature
sensor is more suited for applications that detect temperature variations instead of absolute temperatures.

To improve the accuracy of the temperature sensor measurement, each device is individually factory-calibrated by
ST. The temperature sensor factory calibration data are stored by STMicroelectronics in the system memory area,
accessible in read-only mode.

Table 10. Temperature sensor calibration values

Calibration value o
Description Memory address

Temperature sensor 12-bit raw data acquired by ADC1
TS_CAL1 at 30°C (¢ 5°C), 0XOBFA 0710 - 0xOBFA 0711
Vppa = VRep+ = 3.0V (£ 10 mV)

Temperature sensor 12-bit raw data acquired by ADC1

TS _CAL2 at 110°C (¢ 5°C), 0XOBFA 0742 - 0xOBFA 0743
Vppa = VRer+ = 3.0V (+ 10 mV)

3.20.2 Internal voltage reference (VREFINT)

The VREFINT provides a stable (bandgap) voltage output for the ADC and the comparators. The VREFINT is
internally connected to ADC1 and ADC2 input channels.

The precise voltage of VREFINT is individually measured for each part by STMicroelectronics during production
test and stored in the system memory area. It is accessible in read-only mode.

Table 11. Internal voltage reference calibration value

Calibration value o
Description Memory address

12-bit raw data acquired by ADC1 at 30°C (+ 5°C),
VREFINT_CAL 0xOBFA 07A5 - 0xOBFA 07A6
- Vppa = VRer+ = 3.0V (£ 10 mV)
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3.20.3 VpaT battery voltage monitoring

This embedded hardware enables the application to measure the Vgar battery voltage using ADC1 or ADC2 input
channel. As the Vgat voltage may be higher than the Vppa, to ensure the correct operation of the ADC, the VBAT
pin is internally connected to a bridge divider by 4. As a consequence, the converted digital value is one fourth of

the Vgat voltage. To prevent any unwanted consumption on the battery, it is recommended to enable the bridge

divider only when needed, for ADC conversion.

3.21 Digital-to-analog converter (DAC)

The DAC module is a 12-bit, voltage output digital-to-analog converter. The DAC can be configured in 8- or 12-bit
mode and may be used with the DMA controller. In 12-bit mode, the data may be left- or right-aligned.

The DAC features two output channels, each with its own converter. In dual DAC channel mode, conversions can
be done independently or simultaneously when both channels are grouped together for synchronous update
operations. An input reference pin, VREF+ (shared with other analog peripherals) is available for better resolution.
An internal reference can also be set on the same input.

The DAC_OUTXx pin can be used as a general-purpose input/output (GPIO) when the DAC output is disconnected
from the output pad and connected to on chip peripheral. The DAC output buffer can be optionally enabled to
allow a high drive output current. An individual calibration can be applied on each DAC output channel. The DAC
output channels support a low-power mode, the sample and hold mode.

The digital interface supports the following features:

. One DAC interface, maximum two output channels
. Left or right data alignment in 12-bit mode

. Synchronized update capability

. Noise-wave and triangular-wave generation

. Dual DAC channel for independent or simultaneous conversions

. DMA capability for each channel including DMA underrun error detection
. Double data DMA capability to reduce the bus activity

. External triggers for conversion

. DAC output channel buffered/unbuffered modes

. Buffer offset calibration

. Each DAC output can be disconnected from the DAC_OUTx output pin
. DAC output connection to on-chip peripherals

. Sample and hold mode for low-power operation in Stop mode.

. Autonomous mode to reduce the power consumption for the system

. Voltage reference input

3.22 Voltage reference buffer (VREFBUF)

The devices embed a voltage reference buffer that can be used as voltage reference for ADCs, DACs and also as
voltage reference for external components through the VREF+ pin.

The internal voltage reference buffer supports four voltages: 1.5V, 1.8V, 2.048 V, and 2.5 V.

An external voltage reference can be provided through the VREF+ pin when the internal voltage reference buffer
is off.

The VREF+ pin is double-bonded with VDDA on some packages. In these packages, the internal voltage
reference buffer is not available.

3.23 Comparators (COMP)

The device embeds two ultra-low-power comparators, COMP1 and COMP2. These comparators can be used for
a variety of functions including:

. Wake-up from low-power mode triggered by an analog signal
. Analog signal conditioning
. Cycle-by-cycle current control loop when combined with a PWM output from a timer

The COMP main features are:
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. Each comparator has configurable plus and minus inputs used for flexible voltage selection:
- Multiplexed 1/O pins

- Internal reference voltage and three submultiple values (1/4, 1/2, 3/4) provided by a scaler (buffered
voltage divider)

- Programmable hysteresis

. Programmable speed/consumption

. Outputs that can be redirected to an I/O or to timer inputs for triggering break events for fast PWM
shutdowns

. Comparator outputs with blanking source

. Comparators that can be combined as a window comparator

. Interrupt generation capability for each comparator with wake-up from Sleep and Stop modes (through the

EXTI controller)

3.24 Operational amplifiers (OPAMP)

The STM32U375xx devices embed two operational amplifiers with two inputs and one output each. The three
I/Os can be connected to the external pins, this enables any type of external interconnections. The operational
amplifier can be configured internally as a follower or as an amplifier with a non-inverting gain ranging from 2 to
16. The positive input can be connected to the internal DAC. The output can be connected to the internal ADC.

The operational amplifier features are:

. Rail-to-rail input voltage range

. Low input bias current

. Low input offset voltage

. Low-power mode

. High-speed mode to achieve a better slew rate
. Fast wake-up time

. Gain bandwidth of 1.6 MHz

3.25 Audio digital filter (ADF)

The ADF is a high-performance module dedicated to the connection of external > A modulators. It is mainly
targeted for the following applications:

. Audio capture signals

. Metering

The ADF features one digital serial interface (SITFO) and one digital filter (DFLTO) with flexible digital processing
options to offer up to 24-bit final resolution.

The ADF serial interface supports several standards allowing the connection of various Y A modulator sensors:

. SPl interface

. Manchester coded 1-wire interface

. PDM interface

The ADF converts an input data stream into clean decimated digital data words. This conversion is done thanks to
low-pass digital filters and decimation blocks. In addition, it is possible to insert a high-pass filter.

The conversion speed and resolution are adjustable according to configurable parameters for digital processing:
filter type, filter order, decimation ratio. The maximum output data resolution is up to 24 bits. There are two
conversion modes: single conversion and continuous modes. The data can be automatically stored in a system
RAM buffer through DMA, thus reducing the software overhead.

A SAD (sound activity detector) is available for the detection of "speech-like" signals. The SAD is connected at
the output of DFLTO. Several parameters can be programmed to properly adjust the SAD to the sound
environment. The SAD can strongly reduce the power consumption by preventing the storage of samples into the
system memory as long as the observed signal does not match the programmed criteria.

All the digital processing is performed using only the kernel clock. The ADF requests the bus interface clock (AHB
clock) only when data must be transferred or when a specific event requests the attention of the system
processor.

The ADF main features are:
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. AHB interface
. One serial digital input:

- Configurable SPI interface to connect various digital sensors
- Configurable Manchester coded interface support
- Compatible with PDM interface to support digital microphones
. Two common clocks input/output for Y A modulators
. One flexible digital filter path, including:
- An MCIC filter configurable in Sinc4 or Sinc5 filter with an adjustable decimation ratio
- A reshape filter to improve the out-off band rejection and in-band ripple
- A high-pass filter to cancel the DC offset
- Gain control
- Saturation blocks

. Clock absence detector
. 24-bit signed output data resolution
. Continuous or single conversion
. Possibility to delay independently each bitstream
. One trigger input
. Autonomous functionality in Stop modes
. DMA can be used to read the conversion data
. Interrupts services
3.26 Touch sensing controller (TSC)

The TSC provides a simple solution to add capacitive sensing functionality to any application. A capacitive
sensing technology is able to detect finger presence near an electrode that is protected from direct touch by a
dielectric (such as glass or plastic). The capacitive variation introduced by the finger (or any conductive object) is
measured using a proven implementation based on a surface charge transfer acquisition principle.

The TSC is fully supported by the STMTouch touch sensing firmware library that is free to use and allows touch
sensing functionality to be implemented reliably in the end application.

The TSC main features are the following:

. Proven and robust surface charge transfer acquisition principle
. Supports up to 21 capacitive sensing channels
. Up to seven capacitive sensing channels can be acquired in parallel offering a very good response time
. Spread spectrum feature to improve system robustness in noisy environments
. Full hardware management of the charge transfer acquisition sequence
. Programmable charge transfer frequency
. Programmable sampling capacitor I/O pin
. Programmable channel I/O pin
. Programmable max count value to avoid long acquisition when a channel is faulty
. Dedicated end of acquisition and max count error flags with interrupt capability
. One sampling capacitor for up to three capacitive sensing channels to reduce the system components
. Compatible with proximity, touchkey, linear and rotary touch sensor implementation
. Designed to operate with STMTouch touch sensing firmware library
Note: The number of capacitive sensing channels is dependent on the size of the packages and subject to I/O
availability.
3.27 Random number generator (RNG)

The RNG is a true random number generator that provides full entropy outputs to the application as 32-bit
samples. It is composed of a live entropy source (analog) and an internal conditioning component.

The RNG is a NIST SP 800-90B compliant entropy source that can be used to construct a nondeterministic
random bit generator (NDRBG).
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The RNG true random number generator has been precertified NIST SP800-90B. It has also been tested using
the German BSI statistical tests of AIS-31 (TO to T8).

The RNG main features are the following:

. The RNG delivers 32-bit true random numbers, produced by an analog entropy source conditioned by a
NIST SP800-90B approved conditioning stage.

. It can be used as the entropy source to construct a nondeterministic random bit generator (NDRBG).

. In the NIST configuration, it produces four 32-bit random samples every 412 AHB clock cycles if fapg <
fihreshold (256 RNG clock cycles otherwise).

. It embeds startup and NIST SP800-90B approved continuous health tests (repetition count and adaptive
proportion tests), associated with specific error management

. It can be disabled to reduce power consumption, or enabled with an automatic low-power mode (default
configuration).

. It has an AMBA® AHB slave peripheral, accessible through 32-bit word single accesses only (else an AHB

bus error is generated, and the write accesses are ignored).

3.28 HASH hardware accelerator (HASH)

The hash processor is a fully compliant implementation of the secure hash algorithm (SHA1, SHA-2 family), and
the HMAC (keyed-hash message authentication code) algorithm. HMAC is suitable for applications requiring
message authentication.

The hash processor computes FIPS (Federal Information Processing Standards) approved digests of length of
160, 224, 256 bits, for messages of any length less than 264 bits (for SHA-1, SHA-224 and SHA-256) or less than
2128 pits (for SHA-384, SHA-512).

The HASH main features are:

. Suitable for data authentication applications, compliant with:

- Federal Information Processing Standards Publication FIPS PUB 180-4, Secure Hash Standard
(SHA-1 and SHA-2 family)

- Federal Information Processing Standards Publication FIPS PUB 186-4, Digital Signature Standard
(DSS)

— Internet Engineering Task Force (IETF) Request For Comments RFC 2104, HMAC: Keyed-Hashing
for Message Authentication and Federal Information Processing Standards Publication FIPS PUB
198-1, The Keyed-Hash Message Authentication Code (HMAC)

. Fast computation of SHA-1, SHA2-224, SHA2-256, SHA2-384, and SHA2-512

- 82 (respectively 66) clock cycles for processing one 512-bit block of data using SHA-1 (respectively
SHA-256) algorithm

- Support for SHA-2 truncated outputs (SHA2-512/224, SHA2-512/256)

- 98 clock cycles for processing one 1024-bit block of data using either SHA2-384 or SHA2-512
algorithm

. Corresponding 32-bit words of the digest from consecutive message blocks are added to each other to
form the digest of the whole message:

- Automatic 32-bit words swapping to comply with the internal little-endian representation of the input
bit string

- Supported word swapping format: bits, bytes, half-words, and 32-bit words
. Support for HMAC mode with all supported algorithm

. Automatic padding to complete the input bit string to fit digest minimum block size

. Single 32-bit, write-only, input register associated to an internal input FIFO, corresponding to a 64-byte
block size (16 x 32 bits)

. AHB slave peripheral, accessible by 32-bit words only (else an AHB error is generated)

. 8 x 32-bit words (HO to H7) for output messages

. Automatic data flow control with support of direct memory access (DMA) using one channel. Single or fixed
burst of 4 supported.

. Interruptible message digest computation, on a per-32-bit word basis

- Reloadable digest registers
- Hashing computation suspend/resume mechanism, including DMA

DS14861 - Rev 3 page 39/229



STM32U375xx
‘Yl

Functional overview

3.29 Public key accelerator (PKA)

The PKA (public key accelerator) can verify ECDSA signatures, with all needed computation performed within the
accelerator. Application CPU is only needed to manage the inputs and the outputs of the operation.

The PKA main features are:
. ECDSA signature verification
. Capability to handle operands up to 640 bits

. AMBA® AHB slave peripheral, accessible through 32-bit word single accesses only (otherwise an AHB bus
error is generated, and write accesses are ignored)

3.30 Timers and watchdogs

The devices include an advanced control timer, up to six general-purpose timers, two basic timers, up to four low-
power timers, two watchdog timers and two SysTick timers.

The table below compares the features of the advanced control, general-purpose and basic timers.

Table 12. Timer feature comparison

Capture/
Counter Counter DMA request Complementary

Timer type resolution type Prescaler factor generation compare outputs

channels

Advanced Up, down, Any integer between 1

control TIM1 16 bits Up/down and 65536 Yes 6 4
General- TIM2, TIM3, . Up, down, Any integer between 1
purpose TIM4 32 bits Up/down and 65536 Yes 4 No
General- . Any integer between 1
purpose TIM15 16 bits Up and 65536 Yes 2 1
General- TIM16, . Any integer between 1
purpose TIM17 16 bits Up and 65536 Yes 1 1
) . Any integer between 1
Basic TIM6, TIM7 16 bits Up and 65536 Yes 0 No
LPTIM1,
LPTIM2 . 1,2,4,8,16, 32, 64, or
u s 3 &5 T Oy s ’ 3 (1)
Low-power LPTIMS3, 16 bits Up 128 Yes 2 No
LPTIM4

1. LPTIM4 has no capture/compare channel.

3.30.1 Advanced-control timers (TIM1)

The advanced-control timers can each be seen as a three-phase PWM multiplexed on six channels. They have
complementary PWM outputs with programmable inserted deadtimes. They can also be seen as complete
general-purpose timers.

The four independent channels can be used for:

. Input capture

. Output compare

. PWM generation (edge or center-aligned modes) with full modulation capability (0 - 100%)
. One-pulse mode output

In Debug mode, the advanced-control timer counter can be frozen and the PWM outputs disabled in order to turn
off any power switches driven by these outputs.

Many features are shared with the general-purpose TIMx timers (described in the next section) 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.
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3.30.2 General-purpose timers (TIM2, TIM3, TIM4, TIM15, TIM16, TIM17)

There are up to six synchronizable general-purpose timers embedded in the STM32U375xx devices (see
Table 12. Timer feature comparison for differences). Each general-purpose timer can be used to generate PWM
outputs, or act as a simple time base.

. TIM2, TIM3, and TIM4
They are full-featured general-purpose timers with 32-bit autoreload up/downcounter and 16-bit prescaler.

These timers feature four 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.
. TIM15, 16, and 17

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

They have 16-bit autoreload upcounters and 16-bit prescalers.

. TIM15 has two channels and one complementary channel

. TIM16 and TIM17 have one channel and one 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.

3.30.3 Basic timers (TIM6 and TIM7)

The basic timers TIM6 and TIM7 consist of a 16-bit auto-reload counter driven by a programmable prescaler.
They may be used as generic timers for time-base generation. The basic timer can also be used for triggering the
digital-to-analog converter. This is done with the trigger output of the timer.

3.30.4 Low-power timers (LPTIM1, LPTIM2, LPTIM3, LPTIM4)

The devices embed four low-power timers. Due to its diversity of clock sources, the LPTIM is able to keep running
in all power modes except for Standby mode. They are able to wake up the system from Stop mode.

LPTIM1, LPTIM3, and LPTIM4 are active in Stop 0, Stop 1 and Stop 2 modes.
LPTIM2 is active in Stop 0 and Stop 1 mode.
The low-power timer supports the following features:
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. 16-bit up counter with 16-bit autoreload register
. 3-bit prescaler with eight possible dividing factors (1, 2, 4, 8, 16, 32, 64, 128)
. Selectable clock

- Internal clock sources: configurable internal clock source (see Section 3.11: Reset and clock
controller (RCC))

- External clock source over LPTIM input (working with no LP oscillator running, used by Pulse
Counter application)

. 16-bit ARR autoreload register

. 16-bit capture/compare register
. Continuous/One-shot mode
. Selectable software/hardware input trigger

. Programmable digital glitch filter
. Configurable output: pulse, PWM
. Configurable 1/O polarity

. Encoder mode
. Repetition counter
. Up to 2 independent channels for:

— Input capture
- PWM generation (edge-aligned mode)
- One-pulse mode output
. Interrupt generation on 10 events
. DMA request generation on the following events:
— Update event
— Input capture

3.30.5 Infrared interface

An infrared interface (IRTIM) for remote control is available on the device. It can be used with an infrared LED to
perform remote control functions. It uses internal connections with USART1, UART4, TIM16, and TIM17.

3.30.6 Independent watchdog (IWDG)

The independent watchdog (IWDG) peripheral offers a high safety level, thanks to its capability to detect
malfunctions due to software or hardware failures.

The IWDG is clocked by an independent clock, and stays active even if the main clock fails. In addition, the
watchdog function is performed in the VDD voltage domain, allowing the IWDG to remain functional even in low-
power modes.

The IWDG is best suited for applications that require the watchdog to run as a totally independent process outside
the main application, making it very reliable to detect any unexpected behavior.

The main features of IWDG are:

. 12-bit down-counter

. Dual voltage domain, thus enabling operation in low-power modes
. Independent clock

. Early wake-up interrupt generation

. Reset generation

- In case of timeout
- In case of refresh outside the expected window

3.30.7 Window watchdog (WWDG)

The system window watchdog (WWDG) is used to detect the occurrence of a software fault, usually generated by
external interference or by unforeseen logical conditions, which causes the application program to abandon its
normal sequence.

The watchdog circuit generates a device reset on expiry of a programmed time period, unless the program
refreshes the contents of the down-counter before the T6 bit becomes cleared.
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A device reset is also generated when the 7-bit down-counter value (in the control register) is refreshed before the
down-counter reaches the window register value. This implies that the counter must be refreshed within a limited
window.

The WWDG clock is prescaled from the APB clock and has a configurable time window that can be programmed
to detect abnormally late or early application behavior.

The WWDG is best suited for applications that require the watchdog to react within an accurate timing window.
The main features of WWDG are:
. Programmable free-running down-counter

. Conditional reset:
- Reset (if WWDG activated) when the down-counter value becomes lower than 0x40
- Reset (if WWDG activated) if the down-counter is reloaded outside the window
. Early wake-up interrupt (EWI) (if enabled and WWDG activated) when the down-counter is equal to 0x40

3.30.8 SysTick timer
The Cortex®-M33 with TrustZone® embeds two SysTick timers.
When TrustZone® is activated, two SysTick timers are available:
. SysTick, secure instance
. SysTick, nonsecure instance

When TrustZone® is disabled, only one SysTick timer is available. This timer (secure or nonsecure) is dedicated
to real-time operating systems, but can also be used as a standard down counter. It features:

. A 24-bit down counter

. Autoreload capability

. Maskable system interrupt generation when the counter reaches 0

. Programmable clock source

3.31 Real-time clock (RTC)

The RTC supports the following features:

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

. Binary mode with 32-bit free-running counter

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

. Two programmable alarms

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

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

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

. Timestamp feature that 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 Vgat mode

. 17-bit autoreload wake-up timer (WUT) for periodic events with programmable resolution and period

. TrustZone® support:

- RTC fully securable
- Alarm A, alarm B, wake-up timer and timestamp individual secure or nonsecure configuration
— Alarm A, alarm B, wake-up timer and timestamp individual privilege protection
The RTC is supplied through a switch that takes power either from the Vpp supply when present or from the
VBAT pin.
The RTC clock sources can be one of the following:
. 32.768 kHz external crystal (LSE)
. External resonator or oscillator (LSE)
. Internal low-power RC oscillator (LSI, with typical frequency of 32 kHz)
. High-speed external clock (HSE), divided by a prescaler in the RCC.
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The RTC is functional in Vgat mode and in all low-power modes when it is clocked by the LSE.

All RTC events (alarm, wake-up timer, timestamp) can generate an interrupt and wake-up the device from the low-
power modes.

3.32 Tamper and backup registers (TAMP)

The antitamper detection circuit is used to protect sensitive data from external attacks. Thirty-two 32-bit backup
registers are retained in all low-power modes and also in Vgar mode. The backup registers, as well as other
secrets in the device, are protected by this antitamper detection circuit with five tamper pins and nine internal
tampers. The external tamper pins can be configured for edge detection, or level detection with or without filtering.

TAMP main features:

. A tamper detection can optionally erase the backup registers, SRAM2, cache, and cryptographic
peripherals. The device resources protected by tamper are named "device secrets". The list of device
secrets is configurable by software.

. 32 32-bit backup registers:

- The backup registers (TAMP_BKPxR) are implemented in the backup domain that remains powered-
on by Vgar when the Vpp power is switched off.

. Up to five tamper pins for five external tamper detection events:
- Passive tampers: ultra-low-power edge or level detection with internal pull-up hardware management
- Configurable digital filter
. Nine internal tamper events to protect against transient or environmental perturbation attacks
. Each tamper can be configured in two modes:
- Confirmed mode: immediate erase of secrets on tamper detection, including backup registers erase
- Potential mode: most of the secrets erase following a tamper detection are launched by software
. Any tamper detection can generate an RTC timestamp event.
. TrustZone® support:
- Tamper secure or nonsecure configuration
- Backup registers configuration in three configurable-size areas:
° One read/write secure area
° One write secure/read nonsecure area
° One read/write nonsecure area

. Tamper configuration and backup registers privilege protection
. Monotonic counter
3.33 Inter-integrated circuit interface (12C)

The device embeds three 12C. Refer to Table 13 for the features implementation.

The 12C (inter-integrated circuit) bus interface handles communications between the microcontroller and the serial
I2C bus. It provides multicontroller capability, and controls all 12C bus-specific sequencing, protocol, arbitration,
and timing. It supports Standard-mode (Sm), Fast-mode (Fm) and Fast-mode Plus (Fm+).

The 12C peripheral supports:
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. I2C-bus specification rev 3.0 compatibility:

— Target and controller modes
— Multicontroller capability
- Standard-mode (up to 100 kHz)
- Fast-mode (up to 400 kHz)
- Fast-mode Plus (up to 1 MHz)
- 7-bit and 10-bit addressing mode
- Multiple 7-bit target addresses (2 addresses, 1 with configurable mask)
- Programmable setup and hold times
- Easy to use event management
- Optional clock stretching
- Software reset
. System management bus (SMBus) specification rev 3.0 compatibility:
— Hardware PEC (packet error checking) generation and verification with ACK control
- Command and data acknowledge control
- Address resolution protocol (ARP) support

- SMBus alert
- Timeouts and idle condition detection

. Power system management protocol (PMBus) specification rev 1.3 compatibility

. Independent clock: a choice of independent clock sources allowing the 12C communication speed to be
independent from the PCLK reprogramming

. Autonomous functionality in Stop modes with wake-up from Stop capability

. Programmable analog and digital noise filters

1-byte buffer with DMA capability

Table 13. 12C implementation

12C features 12C1 12C2 12C3

Standard-mode (up to 100 Kbit/s)

Fast-mode (up to 400 Kbit/s)

Fast-mode Plus with 20 mA output drive I/Os (up to 1 Mbit/s)
Programmable analog and digital noise filters
SMBus/PMBus hardware support

Independent clock

X X X X X X
X X X X X X

Autonomous in Stop 0, Stop 1 mode with wake-up capability

X X | X X | X X X

Autonomous in Stop 2 mode with wake-up capability - -

1. X = supported.

3.34 Improved inter-integrated circuit interface (I13C)
The devices embed two instances of I3C. The 13C interface handles communication between this device and
others, such as sensors and host processor, connected on an I3C bus. An I13C bus is a two-wire, serial single-
ended, multidrop bus, intended to improve a legacy I12C bus.
The I3C SDR-only peripheral implements all the features required by the MIPI® I3C specification v1.1. It can
control all I3C bus-specific sequencing, protocol, arbitration, and timing, and can act as controller (formerly known
as master), or as target (formerly known as slave).
When acting as a controller, the 13C peripheral improves the features of the I12C interface preserving some
backward compatibility: it allows an I2C target to operate on an I3C bus in legacy I2C fast mode (Fm) or legacy |
2C fast mode plus (Fm+), provided that the latter does not perform clock stretching.

The 13C peripheral can be used with DMA, to off-load the CPU.

DS14861 - Rev 3 page 45/229



‘_ STM32U375xx
,l Functional overview

The 13C peripheral supports:
. MIPI® 13C specification v1.1, as:
- I3C SDR-only primary controller
- I3C SDR-only secondary controller
- I3C SDR-only target
- I3C SCL bus clock frequency up to 12.5 MHz
. Registers configuration from the host application via the APB slave port
. Queued data transfers:
- Transmit FIFO (TX-FIFO) for data bytes/words to be transmitted on the I3C bus
- Receive FIFO (RX-FIFO) for received data bytes/words on the I13C bus
— For each FIFO, an optional DMA mode with a dedicated DMA channel
. Queued control/status transfers, when controller:
- Control FIFO (C-FIFO) for control words to be sent on the I3C bus
- Optional status FIFO (S-FIFO) for status words as received on the 13C bus
- For each FIFO, an optional DMA mode with a dedicated DMA channel
. Messages:

Legacy |2C read/write messages to legacy 12C targets in Fm/Fm+
I3C SDR read/write private messages
I3C SDR broadcast CCC messages
I13C SDR read/write direct CCC messages
. Frame-level management, when controller:

- Software-triggered or hardware-triggered transfer

- Optional C-FIFO and TX-FIFO preload

- Multiple messages encapsulation

- Optional arbitrable header generation on the I3C bus

- HDR exit pattern generation on the I3C bus for error recovery
. Programmable bus timing, when controller:

- SCL high and low period
- SDA hold time
- Bus free (minimum) time
- Bus available/idle condition time
- Clock stall time
. Target-initiated requests management:
- Simultaneous support up to four targets, when controller

- In-band interrupts, with programmable IBI payload (up to 4 bytes), with pending read notification
support

- Bus control request, with recovery flow support and hand-off delay
- Hot-join mechanism
. HDR exit pattern detection, when target
. Bus error management:
- CEx with x =0, 1, 2, 3 when controller
- TEx with x =0, 1, ..., 6 when target
- Bus control switch error and recovery
- Target reset
. Individual programmable event-based management:
- Per-event identification with flag reporting and clear control

- Host application notification via flag polling, and/or via interrupt with a per-event programmable
enable

- Error type identification
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. Wake-up from Stop mode(s), as controller:

— On an in-band interrupt without payload
- On a hot-join request
- On a controller-role request
. Wake-up from Stop mode(s), as target:
- On a reset pattern
- On a missed start

. Wake-up from Standby and Shutdown modes on a target reset pattern
. Autonomous mode and transfers during Stop mode(s) with DMA
. Multiclock domain management:

- Separate APB clock and kernel clock, driven from independently programmed clock sources via the
RCC, in addition to the SCL clock

- Minimum operating frequency for the kernel clock and the APB clock vs. the application-driven SCL
clock

Table 14. 13C peripheral controller/target features versus MIPI® v1.1

® I13C peripheral
Feature AlETRE Comments
vi1 When controller | When target
X X X -

I3C SDR message

Mandatory when the controller and the

Legacy |12C message (Fm/Fm+) X X - 13C bus is mixed with (external) legacy
I2C target(s)
HDR DDR message X - - Optional in MIPI v1.1
HDR-TSL/TSP, HDR-BT X - - Optional in MIPI v1.1
Dynamic address assignment X X X -

No (intended) support of the peripheral

Static address X X ) as a target on an 12C bus
Grouped addressing X X - Optional in MIPI v1.1
cCCs X X X Mandatory :p533££§:§éional CCCs
Error detection and recovery X X X -
In-band interrupt (with MDB) X X X -
Secondary controller X X X -
Hot-join mechanism X X X -
Target reset X X X -
Synchronous timing control X X - Optional in MIPI v1.1
Asynchronous timing control 0 X N ) Mandatory in MIPI v1.1 when controller
Optional in MIPI V1.1 when target
Asynchronous timing control 1,2,3 X - - Optional in MIPI v1.1
Device to device tunneling X X - Optional in MIPI v1.1
Multilane data transfer X - - Optional in MIPI v1.1
Monitoring device early X - - Optional in MIPI v1.1
termination
3.35 Universal synchronous/asynchronous receiver transmitter (USART)

The devices have two embedded universal synchronous receiver transmitters (USART1 and USART3) and two
universal asynchronous receiver transmitters (UART4 and UARTS).
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The USART offers a flexible means to perform full-duplex data exchange with external equipment requiring an
industry standard NRZ asynchronous serial data format. A very wide range of baud rates can be achieved
through a fractional baud rate generator.

The USART supports both synchronous one-way and half-duplex single-wire communications, as well as LIN
(local interconnection network), Smartcard protocol, IrDA (infrared data association) SIR ENDEC specifications,
and modem operations (CTS/RTS). Multiprocessor communications are also supported.

High-speed data communications are possible by using the DMA (direct memory access) for multibuffer

configuration.

The USART main features are:

. Full-duplex asynchronous communication

. NRZ standard format (mark/space)

. Configurable oversampling method by 16 or 8 to achieve the best compromise between speed and clock
tolerance

. Baud rate generator systems

. Two internal FIFOs for transmit and receive data

. Each FIFO can be enabled/disabled by software and come with a status flag.

. A common programmable transmit and receive baud rate

. Dual-clock domain with dedicated kernel clock for peripherals independent from PCLK

. Auto baud rate detection

. Programmable data word length (7, 8 or 9 bits)
. Programmable data order with MSB-first or LSB-first shifting
. Configurable stop bits (1 or 2 stop bits)

. Synchronous SPI master/slave mode and clock output/input for synchronous communications
. SPI slave transmission underrun error flag

. Single-wire half-duplex communications

. Continuous communications using DMA

. Received/transmitted bytes are buffered in reserved SRAM using centralized DMA
. Separate enable bits for transmitter and receiver

. Separate signal polarity control for transmission and reception

. Swappable Tx/Rx pin configuration

. Hardware flow control for modem and RS-485 transceiver

. Communication control/error detection flags

. Parity control:

- Transmits parity bit
- Checks parity of received data byte

. Interrupt sources with flags
. Multiprocessor communications: wake-up from Mute mode by idle line detection or address mark detection
. Autonomous functionality in Stop mode with wake-up from Stop mode capability
. LIN master synchronous break send capability and LIN slave break detection capability
- 13-bit break generation and 10/11-bit break detection when USART is hardware configured for LIN
. IrDA SIR encoder decoder supporting 3/16-bit duration for Normal mode
. Smartcard mode

- Supports the T =0 and T = 1 asynchronous protocols for smartcards as defined in the ISO/IEC
7816-3 standard

- 0.5 and 1.5 stop bits for Smartcard operation
. Support for Modbus communication
- Timeout feature
- CRILF character recognition
Refer to Table 15. USART and LPUART features for more details.
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3.36 Low-power universal asynchronous receiver transmitter (LPUART)

The devices embed one low-power UART. The LPUART is an UART that enables bidirectional UART
communications with a limited power consumption. Only 32.768 kHz LSE clock is required to enable UART
communications up to 9600 baud. Higher baud rates can be reached when the LPUART is clocked by clock
sources different from the LSE clock.

Even when the microcontroller is in low-power mode, the LPUART can wait for an incoming UART frame while
having an extremely low energy consumption. The LPUART includes all necessary hardware support to make
asynchronous serial communications possible with minimum power consumption.

It supports Half-duplex Single-wire communications and modem operations (CTS/RTS). It also supports
multiprocessor communications DMA (direct memory access) can be used for data transmission/reception.

The LPUART main features are:

. Full-duplex asynchronous communications
. NRZ standard format (mark/space)
. Programmable baud rate
. From 300 baud/s to 9600 baud/s using a 32.768 kHz clock source
. Higher baud rates can be achieved by using a higher frequency clock source
. Two internal FIFOs to transmit and receive data
Each FIFO can be enabled/disabled by software and come with status flags for FIFOs states.
. Dual-clock domain with dedicated kernel clock for peripherals independent from PCLK
. Programmable data word length (7 or 8 or 9 bits)

. Programmable data order with MSB-first or LSB-first shifting
. Configurable stop bits (1 or 2 stop bits)

. Single-wire half-duplex communications

. Continuous communications using DMA

. Received/transmitted bytes are buffered in reserved SRAM using centralized DMA
. Separate enable bits for transmitter and receiver

. Separate signal polarity control for transmission and reception

. Swappable Tx/Rx pin configuration

. Hardware flow control for modem and RS-485 transceiver

. Transfer detection flags:

- Receive buffer full

- Transmit buffer empty

- Busy and end of transmission flags
. Parity control:

- Transmits parity bit

- Checks parity of received data byte
. Four error detection flags:

- Overrun error
Noise detection
- Frame error
Parity error

. Interrupt sources with flags
. Multiprocessor communications: Wake-up from Mute mode by idle line detection or address mark detection
. Autonomous functionality in Stop mode with wake-up from Stop capability

Table 15. USART and LPUART features

Modes/features USART1/3 UART4/5 LPUART1

Hardware flow control for modem
Continuous communication using DMA X X X

Multiprocessor communication X X X
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Modes/features USART1/3 UART4/5 LPUART1

Synchronous SPI mode (master/slave)

Smartcard mode X - -
Single-wire half-duplex communication X X X
IrDA SIR ENDEC block X X -
LIN mode X X -
Dual-clock domain and wake-up from low power X X X
Receiver timeout interrupt X X -
Modbus communication X X -
Auto-baud rate detection X X -
Driver enable X X X
USART data length 7, 8, and 9 bits

Tx/Rx FIFO X X X
Tx/Rx FIFO size 8 bytes
Autonomous in Stop 0 and Stop 1 mode with wake-up capability X X

Autonomous in Stop 2 mode with wake-up capability - -

1. X =supported.

3.37 Serial peripheral interface (SPI)
The devices embed three serial peripheral interfaces (SPI) that can be used to communicate with external
devices while using the specific synchronous protocol. The SPI protocol supports half-duplex, full-duplex, and
simplex synchronous, serial communication with external devices.
The interface can be configured as master or slave and can operate in multislave or multimaster configurations.
The device configured as master provides communication clock (SCK) to the slave device. The slave select (SS)
and ready (RDY) signals can be applied optionally just to setup communication with concrete slave and to assure
it handles the data flow properly. The Motorola® data format is used by default, but some other specific modes
are supported as well.

The SPI main features are:
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. Full-duplex synchronous transfers on three lines

. Half-duplex synchronous transfer on two lines (with bidirectional data line)

. Simplex synchronous transfers on two lines (with unidirectional data line)

. From 4-bit up to 32-bit data size selection or fixed to multiply of 8-bit

. Multimaster or multislave mode capability

. Dual-clock domain, separated clock for the peripheral kernel that can be independent of APB bus clock
. Baud rate prescaler up to kernel frequency/2 or bypass from RCC in Master mode
. Protection of configuration and setting

. Hardware or software management of SS for both master and slave

. Adjustable minimum delays between data and between SS and data flow

. Configurable SS signal polarity and timing, MISO x MOSI swap capability

. Programmable clock polarity and phase

. Programmable data order with MSB-first or LSB-first shifting

. Programmable number of data within a transaction to control SS and CRC

. Dedicated transmission and reception flags with interrupt capability

. SPI Motorola® and Texas Instruments® formats support

. Hardware CRC feature can secure communication at the end of transaction by:

- Adding CRC value in Tx mode
- Automatic CRC error checking for Rx mode

. Error detection with interrupt capability in case of data overrun, CRC error, data underrun, the mode fault
and frame error at dependency on the operating mode

. Two multiples of 8-bit embedded Rx and Tx FIFOs (FIFO size depends on instance)
. Configurable FIFO thresholds (data packing)

. Capability to handle data streams by system DMA controller

. Configurable behavior at slave underrun condition (support of cascaded circular buffers)

. Autonomous functionality in Stop modes (handling of the transaction flow and required clock distribution)
with wake-up from stop capability

. Optional status pin RDY signalizing the slave device ready to handle the data flow.

Table 16. SPI features

SPI1, SPI2 SPI3
SPI feature
(full feature set instances) (limited feature set instance)

Data size Configurable from 4 to 32-bit 8/16-bit

CRC polynomial length configurable from 5

CRC computation CRC polynomial length 9/17-bit

to 33-bit
Size of FIFOs 16x 8-bit 8x 8-bit
Up to 1024, no remaining data
Number of transfered data Up to 65536 counter (CTSIZE)
Autonomous in Stop 0 and Stop 1 mode Yes Yes

with wake-up capability

3.38 Serial audio interfaces (SAl)

The devices embed one SAI. Refer to Table 17. SAl features for the features implementation. The SAl bus
interface handles communications between the microcontroller and the serial audio protocol.

The SAI peripheral supports:
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. Two independent audio subblocks that can be transmitters or receivers with their respective FIFO

. 8-word integrated FIFOs for each audio subblock

. Synchronous or asynchronous mode between the audio subblocks

. Master or slave configuration independent for both audio subblocks

. Clock generator for each audio block to target independent audio frequency sampling when both audio

subblocks are configured in master mode
. Data size configurable: 8-, 10-, 16-, 20-, 24-, 32-bit

. Peripheral with large configurability and flexibility allowing to target as example the following audio protocol:
12S, LSB or MSB-justified, PCM/DSP, TDM, AC'97

. Up to 16 slots available with configurable size

. Number of bits by frame may be configurable

. PDM interface, supporting up to 4 microphone pairs

. SPDIF output available if required

. Frame synchronization active level configurable (offset, bit length, level)

. First active bit position in the slot is configurable

. LSB first or MSB first for data transfer

. Mute mode

. Stereo/mono audio frame capability

. Communication clock strobing edge configurable (SCK)

. Error flags with associated interrupts if enabled respectively

- Overrun and underrun detection
- Anticipated frame synchronization signal detection in Slave mode
- Late frame synchronization signal detection in Slave mode
- Codec not ready for the AC'97 mode in reception
. Interruption sources when enabled:
- Errors
- FIFO requests
. 2-channel DMA interface

Table 17. SAIl features

12S, LSB or MSB-justified, PCM/DSP, TDM, AC'97 X
Mute mode X
Stereo/mono audio frame capability. X

16 slots X
Data size configurable: 8-, 10-, 16-, 20-, 24-, 32-bit X
FIFO size X (8 words)
SPDIF X
PDM X(2)

1. X = supported.
2. Only signals D[3:1], and CK[2:1] are available.

3.39 Secure digital input/output and MultiMediaCards interface (SDMMC)

The SDMMC (SD/SDIO embedded MultiMediaCard eMMC™ host interface) provides an interface between the
AHB bus and SD memory cards, SDIO cards and eMMC devices.

The MultiMediaCard system specifications are available through the MultiMediaCard association website at
www.jedec.org, published by the MMCA technical committee.

SD memory card and SD I/O card system specifications are available through the SD card Association website at
www.sdcard.org.
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The SDMMC features include the following:

. Compliance with Embedded MultiMediaCard System Specification Version 5.1

Card support for three different databus modes: 1-bit (default), 4-bit and 8-bit

(HS200 SDMMC_CK speed limited to maximum allowed 1/O speed) (HS400 is not supported).

. Full compatibility with previous versions of MultiMediaCards (backward compatibility).

. Full compliance with SD memory card specifications version 6.0

(SDR104 SDMMC_CK speed limited to maximum allowed I/O speed, SPI mode and UHS-II mode not supported).
. Full compliance with SDIO card specification version 4.0

Card support for two different databus modes: 1-bit (default) and 4-bit

(SDR104 SDMMC_CK speed limited to maximum allowed I/O speed, SPI mode and UHS-II mode not supported).
. Data transfer up to 208 Mbyte/s for the 8-bit mode

(Depending maximum allowed /O speed).

. Data and command output enable signals to control external bidirectional drivers

. IDMA linked list support

The MultiMediaCard/SD bus connects cards to the host.

The current version of the SDMMC supports only one SD/SDIO/eMMC card at any one time and a stack of
eMMC.

Table 18. SDMMC features

SDMMC modes/features SDMMC1

Variable delay (SDR104, HS200)
SDMMC_CKIN
SDMMC_CDIR, SDMMC_DODIR
SDMMC_D123DIR

X X X X

1. X = supported.

3.40 Controller area network (FDCAN)

The controller area network (CAN) subsystem consists of one CAN module, a shared message RAM memory and
a configuration block.

The modules (FDCAN) are compliant with ISO 11898-1: 2015 (CAN protocol specification version 2.0 part A, B)
and CAN FD protocol specification version 1.0.

A 0.8-Kbyte message RAM implements filters, receives FIFOs, transmits event FIFOs, and transmits FIFOs.
The FDCAN main features are:

. Conform with CAN protocol version 2.0 part A, B, and ISO 11898-1: 2015, -4

. CAN FD with maximum 64 data bytes supported

. CAN error logging

. AUTOSAR and J1939 support

. Improved acceptance filtering

. 2 receive FIFOs of three payloads each (up to 64 bytes per payload)

. Separate signaling on reception of high priority messages

. Configurable transmit FIFO / queue of three payloads (up to 64 bytes per payload)
. Transmit Event FIFO

. Programmable loop-back test mode

. Maskable module interrupts

. Two clock domains: APB bus interface and CAN core kernel clock
. Power-down support
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3.41 USB full-speed (USB)

The devices embed a USB full-speed device/host peripheral with integrated transceivers. The USB peripheral
implements an interface between a full-speed USB 2.0 bus and the APB2 bus. USB suspend/resume are
supported, which permits to stop the device clocks for low-power consumption.

This interface requires a precise 48 MHz clock that can be generated by the internal 48 MHz oscillator (HSI48) in
automatic-trimming mode. The synchronization for this oscillator can be taken from the USB data stream itself
(SOF signalization) that allows crystal less operation.

The USB full-speed features are:

. USB specification version 2.0 full-speed compliant

. Supports both Host and Device modes

. Configurable number of endpoints from 1 to 8

. Dedicated packet buffer memory (SRAM) of 2048 bytes

. Cyclic redundancy check (CRC) generation/checking, Non-return-to-zero Inverted (NRZI) encoding/
decoding and bit-stuffing

. Isochronous transfers support

. Double-buffered bulk/isochronous endpoint/channel support

. USB Suspend/Resume operations

. Frame locked clock pulse generation

. USB 2.0 Link Power Management support (Device mode only)
. Battery Charging Specification Revision 1.2 support (Device mode only)
. USB connect / disconnect capability (controllable embedded pull-up resistor on USB_DP line)

Table 19. USB features

USB featurest) [ ]

Host mode X

Number of endpoints

Size of dedicated packet buffer memory SRAM 2048 bytes
Dedicated packet buffer memory SRAM access scheme 32 bits
USB 2.0 Link Power Management (LPM) support in device X
Battery Charging Detection BCD support for device X
Embedded pull-up resistor on USB_DP line X
1. X = supported
3.42 Development support
3.42.1 Serial-wire/JTAG debug port (SWJ-DP)

The Arm SWJ-DP interface is embedded and is a combined JTAG and serial-wire debug port that enables either
a serial wire debug or a JTAG probe to be connected to the target.

Debug is performed using two pins only instead of five required by the JTAG (JTAG pins can be reused as GPIO
with alternate function): the JTAG TMS and TCK pins are shared with SWDIO and SWCLK, respectively, and a
specific sequence on the TMS pin is used to switch between JTAG-DP and SW-DP.

3.42.2 Embedded Trace Macrocell

The Arm Embedded Trace Macrocell (ETM) provides a greater visibility of the instruction and data flow inside the
CPU core by streaming compressed data at a very high rate from the devices through a small number of ETM
pins to an external hardware trace port analyzer (TPA) device.

Real-time instruction and data flow activity be recorded and then formatted for display on the host computer that
runs the debugger software. TPA hardware is commercially available from common development tool vendors.

The ETM operates with third party debugger software tools.
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4 Pinouts/ballouts, pin description, and alternate functions

4.1 Pinout/ballout schematics

Figure 6. UFQFPN32 pinout

Package top view

o
=
[}
(]
o Q ©
O <L~ © WS O =
7 RS I I I B R
>S>ao0o00oaa
N’ L‘—: o’ & eo’ Lv\: co’ It}
@ M M N N N NN
VDD |1 24( | PA14
PC14-OSC32_IN [ 32 230 | PA13
PC15-0SC32_OUT | 33 22( | PA12
NRST | 4 210 | PA11
VDDA [ 735 UFQFPN32 207 PA10
PAO | 36 19| PA9
PA1 [ 37 18."| PA8
PA2 | 38 17| vDD
™ < 0 ©
2y S S
M T 0 O©N QO < 0 N
- - =
3
N
~
=
o
Figure 7. LQFP48_SMPS pinout
Package top view
o
=
o]
o
T @
O Ood~ oy oI
OV OO IomOMdmaOMO < <
>>>oodoaoaoooaa
OO0O0O00O00O00O00O00OM0M00
DN O LT ONT O DN
S TITITTITTTITON®
VBAT [] 1 36 [] vDD
PC13 [ 2 35 [] vSS
PC14-0SC32_IN [ 3 34 [] PA13
PC15-0OSC32_OUT [| 4 33 [] PA12
PHO-OSC_IN [| 5 32 ] PANM
PH1-OSC_OUT [| 6 31 [] PA10
NRST [ 7 LQFP48 30 [] PA9
VSSA [] 8 29 [] PA8
VDDA [ 9 28 [] PB15
PAO [] 10 27 [] PB14
PA1 ] 11 26 [] PB13
PA2 [] 12 25 [] VDD
M < 0O O~ 000 O - N O I
- - - v - - - A NNNN
oot gd
DTV ONQ T DD -0 b
REFREPRLLLERS 2
R RS <
X898~ N
g2 &

DS14861 - Rev 3 page 55/229




<71 STM32U375xx
> /4

Pinouts/ballouts, pin description, and alternate functions

Figure 8. LQFP48 pinout

Package top view
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Figure 10. UFQFPN48 pinout
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Figure 12. LQFP64_SMPS pinout
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Figure 14. UFBGA64_SMPS ballout
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Figure 15. UFBGAG64 ballout

Package top view
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Figure 16. WLCSP68-Q_SMPS ballout

Package top view
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Figure 17. WLCSP68-G_SMPS ballout
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Pinouts/ballouts, pin description, and alternate functions

DS14861 - Rev 3

Package top view

PE2 []

PE3 []

PE4 []

PE5 []

PE6 []

VBAT []

PC13 []
PC14-0SC32_IN ]
PC15-0SC32_0UT ]
vss [

VDD []
PHO-OSC_IN []
PH1-0SC_OUT [
NRST []

PCO []

PC1 []

pC2 [

PC3 ]

VSSA []

VREF+ []

VDDA []

PAO []

PA1 []

PA2 []

PA3 []

© O NGO WN =

Figure 18. LQFP100_SMPS pinout

100 [J VDD

99 [] vss

98 [] VDD11
97 [] PEO

96 [] PB9

95 [] PB8

94 [7] PH3-BOOTO

93 [] PB7

92 [] PB6

91 [] PB5

90 [] PB4

89 [] PB3

88 [] PD7

87 [] PD6

86 [] PD5

85 [] PD4

LQFP100

84 [] PD3

83 [] PD2

82 [ PD1

81 ] PDO

80 [] PC12

79 [ PC11

78 [] PC10

77 [] PA15

76 [ PA14

vss [ 26
VDD [ 27
PA4 [] 28
PA5 [] 29
PA6 [] 30
PA7 [] 31
PBO [ 32
PB1 [] 33
PB2 [ 34
PE7 [] 35
PES [] 36
PE9 [] 37
PE10 [] 38
PE11 [] 39
PE12 [] 40
PE13 [] 41
PE14 [ 42
PE15 [] 43
PB10 [] 44
PB11 [] 45

VLXSMPS [] 46
VDDSMPS [| 47

VSSSMPS [] 48

VDD11 [] 49

vss [] 50

75
74
7
72
71
70
69
68
67
66
65
64
63
62
61
60
59
58
57
56
55
54
53
52
51

w

] vDD
(] vss
] vDD!

] PA11

] PA9
] PAS
] PCO
] PC8
] PcC7
] PC6

] PD9
] PD8

] vDD

USB

] PA13
] PA12

] PA10

] PD15
] PD14
] PD13
] PD12
] PD11
] PD10

[ PB15
] PB14
] PB13
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‘_ STM32U375xx
, l Pinouts/ballouts, pin description, and alternate functions

Figure 19. LQFP100 pinout

Package top view
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PE2 ] 1 75 [] vDD

PE3[]2 74 []vss

PE4[] 3 73 [] VDDUSB

PES5 [] 4 72 [] PA13

PE6 [] 5 71 [ PA12

VBAT [] 6 70 [ PA11

PC13[]7 69 [] PA10

PC14-OSC32_IN [] 8 68 [] PA9

PC15-0SC32_OUT [] 9 67 [] PA8

vss ] 10 66 [ ] PC9

VDD [] 11 65 [ PC8

PHO-OSC_IN [] 12 64 []PCT7

PH1-0SC_OUT [] 13 LQFP100 63 [] PC6

NRST [] 14 62 [] PD15

PCo [] 15 61[] PD14

PC1[] 16 60 [] PD13

PC2 [] 17 59 [] PD12

PC3 [] 18 58 [] PD11

VSSA [] 19 57 [] PD10

VREF- [] 20 56 [] PD9

VREF+ [ 21 55 [] PD8

VDDA [] 22 54 [] PB15

PAO [] 23 53 [] PB14

PA1 [] 24 52 [] PB13

PA2 [] 25 51[] PB12
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, l Pinouts/ballouts, pin description, and alternate functions

Figure 20. UFBGA100_SMPS ballout

Package top view

DT72460V1
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Figure 21. UFBGA100 ballout

Package top view
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4.2 Pin description

Table 20. Legend/abbreviations used in the pinout table

o
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Pin name Unless otherwise specified in brackets below the pin name, the pin function during and after reset is the same as the actual pin name
S Supply pin
Pin type | Input only pin
1/0 Input/output pin
FT 5 V-tolerant I/0
TT 3.6 V-tolerant I/O
RST Bidirectional reset pin with embedded weak pull-up resistor

Option for TT or FT I/0s(")

_a I/0, with analog switch function supplied by Vppa
1/0 structure _f I/0, Fm+ capable

_h 1/0O with high-speed low-voltage mode

_s I/0 supplied only by Vppio2

_t I/0O with a function supplied by Vgw

u 1/O, with USB function supplied by Vppyss

_o I/0 with OSC32_IN/OSC32_OUT capability
Notes Unless otherwise specified by a note, all I/Os are set as analog inputs during and after reset.

Alternate functions | Functions selected through GPIOx_AFR registers
Pin functions
Additional functions | Functions directly selected/enabled through peripheral registers

1. The related I/O structures in the table below are a concatenation of various options. Examples: FT_hat, FT_fs, FT_u, TT_a.

62¢/L9 abed
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The function availability depends on the chosen device.

g
Lu|zw
Es|Es
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gwn|Cn
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WLCSP52 SMPS

1 1 D6
2 2 F6
3 3 D8
4 4 E7
5 5 F8

LQFP64 SMPS

UFBGA64 SMPS

B1

B3

C1

C2

D1

WLCSP68 SMPS-Q

E7

E9

F8

G9

WLCSP68 SMPS-G

C9

F8

E9

G9

J9

LQFP100 SMPS

10
1

12

UFBGA100 SMPS

B2

B3

D3

C2

C1

E3

D1

D2

L10
B7

E1

UFQFPN32

LQFP48
UFQFPN48

Table 21. STM32U375xx pin/ball definitions

UFBGA64

B2

A2

A1

B1

C1

LQFP100

10
1

12

UFBGA100

A1

B1

C2

D2

E2

C1

D1

E1

D3
Cc4

F1

Pin name
(function after reset)

PE2

PE3

PE4

PE5

PEG6

VBAT

PC13

PC14-
0SC32_IN
(PC14)

PC15-
0SC32_0OUT
(PC15)

VSS
VDD

PHO0-OSC_IN
(PHO)

1’0

110

110

110

110

1’0

1’0

1’0

1/0 structure

FT_a

FT_ha

FT_a

FT a

FT

FT

FT_ o

FT o

FT

Additional

Alternate functions .
functions

TRACECLK, TIM3_ETR,
SAI1_CK1, TSC_G7_I01,
SAI1_MCLK_A,
EVENTOUT

TRACEDO, TIM3_CHH1,
OCTOSPI1_DQS,
TSC_G7_102,
SAI1_SD_B, EVENTOUT

TRACED1, TIM3_CH2,

SAI1_D2, TSC_G7_l03, WKUP1
SAI1_FS_A, EVENTOUT
TRACED2, TIM3_CH3,
SAI1_CK2, TSC_G7_104,
SAI1_SCK_A, WKUP2
EVENTOUT
TRACED3, TIM3_CH4,
SAI1_D1, SAI1_SD_A, TXV“';;’ Pl?riis
EVENTOUT -
WKUP2, RTC_TS/
EVENTOUT RTC_OUT1,
TAMP_IN1
EVENTOUT 0SC32_IN
EVENTOUT 0SC32_0UT
EVENTOUT 0SC_IN
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n
o
=
n

WLCSP52 SMPS

H8

J7

K8

LQFP64 SMPS

[«

10

i

12

13

UFBGA64 SMPS

E2

E3

E4

F2

F1

G1

WLCSP68 SMPS-Q

H8

J9

G7

H6

K8

L9

M8

N9

WLCSP68 SMPS-G

H8

G7

K8

L9

LQFP100 SMPS

15

16

17

18

19

20
21

UFBGA100 SMPS

m
N

F1

F2

G1

G2

H3

H2

H1
J1

UFQFPN32

LQFP48
UFQFPN48

10

1"

12

13

UFBGAG64

E3

E2

F2

G1

F1

H1

LQFP100

15

16

17

18

19
20
21
22

UFBGA100

H1

J2

J3

K2

J1
K1
L1
M1

Pin name
(function after reset)

PH1-
0SC_ouT
(PH1)

NRST

PCO

PC1

PC2

PC3

VSSA
VREF-
VREF+
VDDA

110

110

1’0

170

1’0

1’0

n o nu n

1/0 structure

FT_fha

FT fha

FT ha

FT_ha

Alternate functions

EVENTOUT

LPTIM1_INA,
OCTOSPI1_|O7,
12C3_SCL(boot),

SPI2_RDY, 13C2_SCL,
LPUART1_RX,
SDMMC1_D5,

LPTIM2_IN1, EVENTOUT

TRACEDO, LPTIM1_CH1,
SPI2_MOSI,
12C3_SDA(boot),
13C1_SDA, 13C2_SDA,
LPUART1_TX,
OCTOSPI1_|04,
SAI1_SD_A, EVENTOUT

LPTIM1_IN2,
SPI2_MISO,
OCTOSPI1_IO5,
EVENTOUT

LPTIM1_ETR,
LPTIM3_CH1, SAI1_D1,
SPI2_MOSI,
OCTOSPI1_|08,
SAI1_SD_A,
LPTIM2_ETR,
EVENTOUT

Additional
functions

0SC_ouT

ADC1_IN1

ADC1_IN2

ADC2_IN1

ADC2_IN2

VREFBUF_OUT
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10

1

12

13

14

15

1

12

13

14

15

WLCSP52 SMPS

G5

H4

M8

L7
N7

K6

J5

LQFP64 SMPS

15

16

17

18
19

20

21

UFBGA64 SMPS

F3

G2

H2

H1

F4

G3

WLCSP68 SMPS-Q

J7

L7

K6

N7

P8
R9

P6

M6

WLCSP68 SMPS-G

J7

L7

M8

N9

P8
R9

N7

K6

LQFP100 SMPS

23

24

25

26
27

28

29

UFBGA100 SMPS

J2

K1

K2

K3
C3

L1

L2

UFQFPN32

10

1

LQFP48
UFQFPN48

10

1

12

13

14

15

14

15

16

17

18
19

20

21

UFBGAG64

G2

H2

F3

G3

C2
E6

H3

F4

LQFP100

23

24

25

26

27
28

29

30

UFBGA100

M2

K3

L3

E3
G11

M3

K4

Pin name
(function after reset)

PAO

PA1

PA2

PA3

VSS
VDD

PA4

PA5

110

110

1’0

170

1’0

110

1/0 structure

FT_at

FT fhat

FT ha

TT_ha

TT ha

TT_a

Alternate functions

TIM2_CH1, SPI3_RDY,
UART4_TX, AUDIOCLK,
TIM2_ETR, EVENTOUT

LPTIM1_CH2,
TIM2_CH2, 12C2_SMBA,
12C1_SMBA, SPI1_SCK,
13C1_SDA(boot),
UART4_RX,
OCTOSPI1_DQS,
TIM15_CH1N,
EVENTOUT

TIM2_CH3, SPI1_RDY,
LPUART1_TX,
OCTOSPIM_NCS,
TIM15_CH1, EVENTOUT

TIM2_CH4, SAI1_CK1,
LPUART1_RX,
OCTOSPI1_CLK,
SAI1_MCLK_A,
TIM15_CH2, EVENTOUT

OCTOSPI1_NCS,
SPI1_NSS(boot*)),
SPI3_NSS, SAl1_FS_B,
LPTIM2_CHf,
EVENTOUT

PWR_CSLEEP,
TIM2_CH1, TIM2_ETR,
SPI1_SCK(boot*)),
USART3_RX,
LPTIM2_ETR,
EVENTOUT

Additional
functions

OPAMP1_VINP,
ADC1_IN3,
WKUP1,
TAMP_IN2

OPAMP1_VINM,
ADC1_IN4,
WKUP3,
TAMP_IN5

COMP1_INP3,
ADC1_IN5,
WKUP4/LSCO

OPAMP1_VOUT,
COMP1_INP4,
ADC1_ING,
WKUPS

ADC1_IN7,
ADC2_IN3,
DAC1_OUT1,
WKUP2

ADC1_IN8,
ADC2_IN4,
DAC1_OUT2,
WKUP6

suoljouny ajeulajje pue ‘uonduosep uid ‘synojjeq/synouid

XXGLENZENLS



o
(7]
-
N
©
2
-
|

)
<

w

622/1L abed

g
Lolzo
m% n.%
[ '
gwn|Cn
| L
=}

16

17

18

19

16

17

18

19

WLCSP52 SMPS

M6

J3

K4

L5

LQFP64 SMPS

22

23

24

25

UFBGA64 SMPS

F5

H3

H4

G5

WLCSP68 SMPS-Q

J5

R7

N5

L5

WLCSP68 SMPS-G

R7

M6

N5

P6

LQFP100 SMPS

30

31

32

33

UFBGA100 SMPS

M1

M2

L3

M3

UFQFPN32

12

13

14

15

LQFP48
UFQFPN48

16

17

18

19

22

23

24

25

26

27

UFBGAG64

G4

H4

H5

H6

F5

G5

LQFP100

31

32

33

34

35

36

UFBGA100

L4

M4

K5

L5

M5

M6

Pin name
(function after reset)

PAG

PA7

PC4

PC5

PBO

PB1

110

110

110

110

110

110

1/0 structure

FT_fha

FT _fha

FT_ha

FT_at

TT_ha

FT ha

Alternate functions

TIM1_BKIN, TIM3_CH1,
I3C2_SDA, 12C2_SDA,
SPI1_MISO(boot),
13C1_SDA,
USART3_CTS/
USART3_NSS,
LPUART1_CTS,
OCTOSPI1_|03,
TIM16_CH1, EVENTOUT

PWR_CSTOP,
TIM1_CHA1N, TIM3_CH2,
12C3_SCL,
SPI1_MOSI(boot),
I3C1_SCL, USART3_TX,
OCTOSPI1_|02,
LPTIM2_CH2,
TIM17_CH1, EVENTOUT

USART3_TX,
OCTOSPI1_|07,
EVENTOUT

TIM1_CH4N, SAI1_D3,
USART3_RX,
EVENTOUT

TIM1_CH2N, TIM3_CHS3,
LPTIM3_CH1, SPI1_NSS,
USART3_CK,
OCTOSPI1_IO1,
COMP1_OUT,
AUDIOCLK, EVENTOUT

TIM1_CH3N, TIM3_CH4,
LPTIM3_CH2,
USART3_RTS/
USART3_DE,
LPUART1_RTS/
LPUART1_DE,
OCTOSPI1_I0O0,
LPTIM2_IN1, EVENTOUT

Additional
functions

OPAMP2_VINP,
ADC1_IN9,
ADC2_IN5,

WKUP7

OPAMP2_VINM,
ADC1_IN10,
ADC2_ING,
WKUP8

COMP1_INM2,
ADC1_IN11,
ADC2_IN7

COMP1_INP1,
ADC1_IN12,
ADC2_IN8,
WKUP5,
TAMP_IN4

OPAMP2_VOUT,
ADC1_IN13,
ADC2_IN9

COMP1_INM1,
ADC1_IN14,
ADC2_IN10,

WKUP4
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WLCSP52 SMPS

LQFP64 SMPS

UFBGA64 SMPS

WLCSP68 SMPS-Q

R5

WLCSP68 SMPS-G

R5

LQFP100 SMPS

35

36

37

38

39

40

41

42

UFBGA100 SMPS

K5

M4

L5

M5

L6

M6

L7

M7

UFQFPN32

LQFP48
UFQFPN48

20

28

UFBGAG64

G6

LQFP100

37

38

39

40

41

42

43

44

45

UFBGA100

L6

M7

L7

M8

L8

M9

L9

M10

M11

Pin name
(function after reset)

PB2

PE7

PE8

PE9

PE10

PE11

PE12

PE13

PE14

110

110

1’0

170

1’0

1’0

110

110

110

1/0 structure

FT _fha

FT

FT

FT_h

FT ha

FT_ha

FT_ha

FT_ha

FT_h

Alternate functions

LPTIM1_CH1, 12C2_SCL,

12C3_SMBA, SPI1_RDY,
1I3C1_SCL,
OCTOSPI1_DQS,
EVENTOUT

TIM1_ETR, SAI1_SD_B,
EVENTOUT

TIM1_CHA1N,
SAIM_SCK_B,
EVENTOUT

TIM1_CH1, ADF1_CCKO,
OCTOSPI1_NCLK,
SAl1_FS_B, EVENTOUT

TIM1_CH2N,
ADF1_SDIO,
TSC_G5_101,
OCTOSPI1_CLK,
SAI1_MCLK_B,
EVENTOUT

TIM1_CH2, SPI1_RDY,
TSC_G5_102,
OCTOSPI1_NCS,
EVENTOUT

TIM1_CH3N, SPI1_NSS,
TSC_G5_103,
OCTOSPI1_|00,
EVENTOUT

TIM1_CH3, SPI1_SCK,
TSC_G5_104,
OCTOSPI1_|O1,
EVENTOUT

TIM1_CH4, TIM1_BKINZ2,
SPI1_MISO,
OCTOSPI1_I02,
EVENTOUT

Additional
functions

COMP1_INP2,
ADC1_IN15,
WKUP1,
RTC_OUT2

WKUPG6

WKUP7
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20
21
22

23
24
25

20
21
22

23
24
25

WLCSP52 SMPS

M4
N3
L3

M2
L1
N1

LQFP64 SMPS

27

28
29
30

31
32
33

UFBGA64 SMPS

F6

H5
H6
G6

H7
B2
A1

WLCSP68 SMPS-Q

K4

M4

P4
R3
N3

P2
N1
R1

WLCSP68 SMPS-G

P4
R3
N3

P2
N1
R1

LQFP100 SMPS

44

45

46
47
48

49
50
51

UFBGA100 SMPS

M8

K8

M9
M10
L9

K9
C4
K10

UFQFPN32

16
17

LQFP48
UFQFPN48

21

22

23
24

29

30

31
32

UFBGAG64

G7

H7

D4
D2

LQFP100

46

47

48

49
50

UFBGA100
Pin name
(function after reset)

M12 PE15
L10 PB10

- PB11

- VLXSMPS

- VDDSMPS

- VSSSMPS
L1 VCAP

- VDD11
F11 VSS
G12 VDD

1/0 structure

IO FT_h
IO FT_fh
/IO = FT_fh
S -

S -

S -

S -

S -

S -

S -

Alternate functions

TIM1_BKIN, TIM1_CH4N,
SPI1_MOSI,
OCTOSPI1_I03,
EVENTOUT

TIM2_CH3,
LPTIM3_CH1, I3C2_SCL,
12C2_SCL(boot),
SPI2_SCK, 13C1_SCL,
USART3_TX,
- LPUART1_RX,
TSC_SYNC,
OCTOSPI1_CLK,
COMP1_OUT,
SAI1_SCK_A,
EVENTOUT

TIM2_CH4,
12C2_SDA(boot),
SPI2_RDY, USART3_RX,
- LPUART1_TX,
OCTOSPI1_NCS,
COMP2_OUT,
EVENTOUT

Additional
functions

WKUP8
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26

27

28

26

27

28

WLCSP52 SMPS

K2

J1

G1

LQFP64 SMPS

34

35

36

UFBGA64 SMPS

G8

E6

F7

WLCSP68 SMPS-Q

M2

L3

L1

K2

WLCSP68 SMPS-G

M4

M2

L3

LQFP100 SMPS

52

53

54

55

56

UFBGA100 SMPS

L1

M11

M12

J10

K11

UFQFPN32

LQFP48
UFQFPN48

25

26

27

28

33

34

35

36

UFBGAG64

H8

G8

F8

F7

LQFP100

51

52

53

54

55

56

UFBGA100

L12

K12

K11

K10

K9

K8

Pin name
(function after reset)

PB12

PB13

PB14

PB15

PD8

PD9

110

110

1’0

170

1’0

1’0

1/0 structure

FT fha

FT _fha

FT fha

FT_a

FT

FT

Alternate functions

TIM1_BKIN, 13C1_SDA,
12C2_SMBA, SPI2_NSS,
13C2_SDA, USART3_CK,
LPUART1_RTS/
LPUART1_DE,
TSC_G1_l01,
OCTOSPI1_NCLK,
TIM15_BKIN,
EVENTOUT

TIM1_CH1N,
LPTIM3_IN1,
13C1_SCL(boot),
12C2_SCL, SPI2_SCK,
13C2_SCL,
USART3_CTS/
USART3_NSS,
LPUART1_CTS,
TSC_G1_102,
TIM15_CH1N,
EVENTOUT

TIM1_CH2N,
LPTIM3_ETR, 12C2_SDA,
SPI2_MISO, 13C2_SDA,
USART3_RTS/
USART3_DE,
TSC_G1_103,
TIM15_CH1, EVENTOUT

RTC_REFIN,
TIM1_CH3N,
LPTIM2_IN2, SAI1_D3,
SPI2_MOSI,
TSC_G1_104,
TIM15_CH2, EVENTOUT

USART3_TX,
EVENTOUT

LPTIM2_INZ2,
USART3_RX,
LPTIM3_IN1, EVENTOUT

Additional
functions

WKUP7
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UFQFPN32
LQFP48
UFQFPN48
UFBGAG64
LQFP100
UFBGA100

o]
<
o
L
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WLCSP52 SMPS
LQFP64 SMPS
UFBGA64 SMPS
WLCSP68 SMPS-Q
WLCSP68 SMPS-G
LQFP100 SMPS
UFBGA100 SMPS
Pin name
(function after reset)
1/0O structure

LPTIM2_CH2,
USART3_CK,
- - - - - - - 57 @ L12 - - - - 57 @ J12 PD10 110 FT_a - TSC_G6_I01, -
LPTIM3_ETR,
EVENTOUT

I12C3_SMBA,
USART3_CTS/
USART3_NSS,
- - - - - - - 58 K12 - - - - 58 J11 PD11 110 FT_a - TSC_G6_102, ADC2_IN11
LPTIM2_ETR,
EVENTOUT

TIM4_CH1, 13C1_SCL,
12C3_SCL,
USART3_RTS/
USART3_DE,
TSC_G6_103,
LPTIM2_IN1, EVENTOUT

TIM4_CH2, 13C1_SDA,
12C3_SDA, TSC_G6_I04,
- - - - - - 80 M1 - - - - 80 HI2 PD13 /O FT fha - LPTIM4_IN1, ADC2_IN13
LPTIM2_CH1,
EVENTOUT

TIM4_CH3,
- - - - o - o8t J2 - - - - Bl HN PD14 10 FT - LPTIM3_CH1, -
EVENTOUT

TIM4_CH4,
A - - 82 HMM | - - - - 62 H10 PD15 /0 FT - LPTIM3_CH2, -
EVENTOUT

- - - - - J3 - 59  H10 - - - - 59 = J10 PD12 /O = FT_fha ADC2_IN12

SPI1_SCK(boot ),
I I I B I - S e - PG2 /0O FT_hs = © OCTOSPI1_l03, -
EVENTOUT

SPI1_MISO(boot®),
A T N P T - - S - PG3 IO FT hs = ® OCTOSPI1_|04, -
EVENTOUT

SPI1_MOSI(boot®),
- - - - - - K2 - - S - PG4 IO FT_hs = © OCTOSPI1_|00, -

622/5. abed

EVENTOUT
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WLCSP52 SMPS

LQFP64 SMPS

37

38

UFBGA64 SMPS

F8

E7

WLCSP68 SMPS-Q

H2

G3

WLCSP68 SMPS-G

K4

J1

J3

J5

H2
G1

LQFP100 SMPS

63

64

UFBGA100 SMPS

H12

G11

UFQFPN32

LQFP48
UFQFPN48

37

38

UFBGAG64

F6

E7

LQFP100

63

64

UFBGA100

E12

EN

Pin name
(function after reset)

PG5

PG6

PG7

PG8

VSS

VDDIO2

PC6

PC7

1/0 structure

IO FT_hs
IO FT_hs
IO | FT_fhs
IO | FT_fhs
ST

IO FT_ha
IO FT_ha

5

e

Additional

Alternate functions .
functions

SPI1_NSS(boot?),
LPUART1_CTS,
OCTOSPI1_|O1,

EVENTOUT

OCTOSPI1_DQS,
12C3_SMBA, SPI1_RDY,
LPUART1_RTS/ -
LPUART1_DE,
EVENTOUT

SAI1_CK1, 12C3_SCL,
13C1_SCL,
LPUART1_TX, -
SAI1_MCLK_A,
EVENTOUT

12C3_SDA, 13C1_SDA,
LPUART1_RX,
OCTOSPI1_|02,
EVENTOUT

PWR_CSLEEP,
TIM3_CH{,
SDMMC1_DODIR,
TSC_G4_l01, -
OCTOSPI1_IO3,
SDMMC1_DS,
EVENTOUT

TIM3_CH2,
SDMMC1_D123DIR,
TSC_G4 102,
SDMMC1_D7,
LPTIM2_CH2,
EVENTOUT
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29

30

31

32

29

30

31

32

WLCSP52 SMPS

H2

G3

F2

E1

LQFP64 SMPS

40

41

42

43

44

UFBGA64 SMPS

D8

D7

D6

D5

C8

WLCSP68 SMPS-Q

G1

F2

H4

G5

F4

E1

WLCSP68 SMPS-G

H6

G3

F2

E1

LQFP100 SMPS

66

67

68

69

70

UFBGA100 SMPS

G12

F11

F12

EN

E12

D12

UFQFPN32

18

19

20

21

LQFP48
UFQFPN48

29

30

31

32

39

40

41

42

43

44

UFBGAG64

E8

D8

D7

C7

Cé

C8

LQFP100

65

66

67

68

69

70

UFBGA100

E10

D12

D11

D10

C12

B12

Pin name
(function after reset)

PC8

PC9

PA8

PA9

PA10

PA11

110

110

1’0

170

1’0

1’0

1/0 structure

FT_ha

FT ha

FT_h

FT

FT

FT u

Alternate functions

PWR_CSTOP,
TIM3_CH3,
TSC_G4 103,
SDMMC1_DO,
LPTIM3_CHf,
EVENTOUT

TRACEDO, TIM3_CH4,

TSC_G4_104, USB_NOE,

SDMMC1_D1,
LPTIM3_CH2,
EVENTOUT

MCO, TIM1_CHA1,
SAI1_CK2, SPI1_RDY,
USART1_CK, MCO2,
TRACECLK,
SAI1_SCK_A,
LPTIM2_CHA,
EVENTOUT

MCO, TIM1_CH2,
SPI2_SCK,
USART1_TX(boot),
LPUART1_TX,
SAI1_FS_A,
TIM15_BKIN,
EVENTOUT

CRS_SYNC, TIM1_CH3,
LPTIM2_IN2, SAI1_D1,
USART1_RX(boot),
LPUART1_RX, MCO?2,
SAI1_SD_A,
TIM17_BKIN,
EVENTOUT

TIM1_CH4, TIM1_BKIN2,
SPI1_MISO,
USART1_CTS/
USART1_NSS,
FDCAN1_RX,
EVENTOUT

Additional
functions

USB_DM(boot)
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33

37

38

33

34

35

36

37

38

WLCSP52 SMPS

E3

B2
D2
A1

C3

A3

LQFP64 SMPS

45

46

47
48

49

50

51

UFBGA64 SMPS

C6

G7
B8

H8

C5

c4

A7

WLCSP68 SMPS-Q

C1

E3

B2
D2
A1

C3

D4

ES

WLCSP68 SMPS-G

C1

H4

A1
D2
B2

F4

E3

LQFP100 SMPS

72

73
74
75

76

7

78

UFBGA100 SMPS

D11

C12

E10
C8
C10

C11

B12

A12

UFQFPN32

22

23

24

25

LQFP48
UFQFPN48

33

34

35

36

37

38

45

46

47
48

49

50

51

UFBGAG64

B8

A8

D5
E5

A7

A6

B7

LQFP100

71

72

73
74
75

76

77

78

UFBGA100

A12

A1

c1
F12
G2

A10

A9

B11

Pin name
(function after reset)

PA12

PA13 (JTMS/
SWDIO)

VSS
VDDUSB
VSS
VDD

PA14 (JTCK/
SWCLK)

PA15 (JTDI)

PC10

110

110

nw 0w nu nw

110

110

110

1/0 structure

FT_u

FT

FT

FT_a

FT ha

@

Alternate functions

TIM1_ETR, TIM4_ETR,
SPI1_MOSI,
USART1_RTS/
USART1_DE,
FDCAN1_TX,
EVENTOUT

JTMS/SWDIO, IR_OUT,
USB_NOE, SAI1_SD_B,
EVENTOUT

JTCK/SWCLK,
LPTIM1_CHA,
12C2_SMBA,
12C1_SMBA,
12C3_SMBA, SAI1_FS_B,
EVENTOUT

JTDI, TIM2_CHA1,
TIM2_ETR, SAl1_D2,
SPI1_NSS,
SPI3_NSS(boot),
USART3_RTS/
USART3_DE,
UART4_RTS/UART4_DE,
TSC_G3_l01,
EVENTOUT

TRACED1, LPTIM3_ETR,
ADF1_CCK1, SPI3_SCK,
USART3_TX(boot),
UART4_TX,
TSC_G3_102,
OCTOSPI1_|00,
SDMMC1_D2,
EVENTOUT

Additional
functions

USB_DP(boot)
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WLCSP52 SMPS

LQFP64 SMPS

52

53

54

UFBGA64 SMPS

B5

B6

A6

WLCSP68 SMPS-Q

B4

A3

C5

WLCSP68 SMPS-G

LQFP100 SMPS

79

80

81

82

83

84

85

UFBGA100 SMPS

B11

C9

A11

B10

A10

B9

A9

UFQFPN32

LQFP48
UFQFPN48

52

53

54

UFBGAG64

B6

C5

B5

LQFP100

79

80

81

82

83

84

85

UFBGA100

Cc10

B10

C9

B9

C8

B8

B7

Pin name
(function after reset)

PC11

PC12

PDO

PD1

PD2

PD3

PD4

110

110

1’0

170

1’0

1’0

110

1/0 structure

FT_ha

FT ha

FT

FT

FT_h

FT_h

FT_h

Additional

Alternate functions .
functions

LPTIM3_IN1,
ADF1_SDIO,
OCTOSPI1_NCS,
SPI3_MISO,
USART3_RX(boot), -
UART4_RX,
TSC_G3_103,
SDMMC1_D3,
EVENTOUT

TRACED3, SPI3_MOSI,
USART3_CK,
UART5_TX,
TSC_G3_104, -
OCTOSPI1_|Of1,
SDMMC1_CK,
EVENTOUT

SPI2_NSS(boot),
FDCAN1_RX, -
EVENTOUT

SPI2_SCK(boot),
FDCAN1_TX, -
EVENTOUT

TRACED2, TIM3_ETR,
USART3_RTS/
USART3_DE,
UART5_RX, TSC_SYNC,
OCTOSPI1_|02,
SDMMC1_CMD,
LPTIM4_ETR,
EVENTOUT

SPI2_SCK,
SPI2_MISO(boot), -
EVENTOUT

SPI2_MOSI(boot),
OCTOSPI1_|04, -
EVENTOUT
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WLCSP52 SMPS

LQFP64 SMPS

UFBGA64 SMPS

WLCSP68 SMPS-Q

WLCSP68 SMPS-G

C3

A3

G5

D4

ES5

B4

LQFP100 SMPS

87

88

UFBGA100 SMPS

>
o]

B8

A7

UFQFPN32

LQFP48

UFQFPN48

UFBGAG64

LQFP100

87

88

UFBGA100

B6

A5

Pin name
(function after reset)

PD5

PD6

PD7

PG9

PG10

PG11

PG12

PG13

PG14

110

110

1’0

170

1’0

1’0

110

110

110

Additional

Alternate functions .
functions

1/0 structure

SPI2_RDY,
OCTOSPI1_|O5, -
EVENTOUT

SAI1_D1, SPI3_MOSI,
OCTOSPI1_|0O6, -
SAIM_SD_A, EVENTOUT

OCTOSPI1_|O7,
LPTIM4_OUT, .
EVENTOUT

SPI3_SCK, USART1_TX,
i OCTOSPI1_I06
(6) — ’ -
FT_hs TIM15_CH1N,

EVENTOUT

LPTIM1_IN1,
SPI3_MISO,
USART1_RX, -
OCTOSPI1_|07,
TIM15_CH1, EVENTOUT

FT.h -

FT.h -

FT hs = ©

LPTIM1_IN2,
OCTOSPI1_|05,

. SPI3_MOSI,
USART1_CTS/
USART1_NSS,

TIM15_CH2, EVENTOUT

LPTIM1_ETR, SPI3_NSS,
USART1_RTS/
USART1_DE, -
OCTOSPI1_NCS,
EVENTOUT

12C1_SDA, 13C2_SCL,
SPI3_RDY, USART1_CK
® _RDY, _CK, .
FT_fhs | © OCTOSPIH_CLK,

EVENTOUT

FT_hs

FT_hs = ©

LPTIM1_CH2, 12C1_SCL,
I3C2_SDA
(6) — > -
FT_fhs OCTOSPI1_NCLK,

EVENTOUT
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CnC0wn| ¢ (& | &5 |a |a |& < g CcO L |og| @ o5 o
| L o TR o 7)) N e (0] L |Jdw =) = 1 7] =
=) | (<] ™ Qo o c m =] =] =] S
2|95 83|96 2
- - - - - - les -] - - - -T-] - VSS S - - - -
Y - - - -] - - - VDDIO2 S - - - -
LPTIM1_CH1,
12C1_SMBA
- - - - - - - - - - - - - - ®) — ; -
F6 PG15 IO = FT_hs OCTOSPI. DGS,
EVENTOUT
JTDO/TRACESWO,
TIM2_CH2,
LPTIM1_CH1,
ADF1_CCKO, 12C1_SDA,
PB3 (JTDO/ SPIT_SCK,
39 39 B4 55 A5 A5 D6 89 B6 26 39 55 A5 89 A8 oot .l VO FTfha - SPI3_SCK(boot), COMP2_INM2
USART1_RTS/
USART1_DE,
CRS_SYNC,
SAI1_SCK_B,
EVENTOUT

NJTRST, LPTIM1_CH2,
TIM3_CH1, ADF1_SDIO,
12C3_SDA, SPI1_MISO,
SPI3_MISO(boot),
USART1_CTS/
USART1_NSS,
UART5_RTS/UART5_DE,
TSC_G2_I01,
OCTOSPI1_|04,
SAI1_MCLK_B,
TIM17_BKIN,
EVENTOUT

40 40 D4 56 B4 B6  B6 90 A6 27 40 56 A4 90 A7 PB4 (NJTRST) /O @ FT_fha ® COMP2_INP1

o
0

(]
o
©
=
N
N
©
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WLCSP52 SMPS
LQFP64 SMPS
UFBGA64 SMPS
WLCSP68 SMPS-Q
WLCSP68 SMPS-G
LQFP100 SMPS
UFBGA100 SMPS
UFQFPN32
LQFP48
UFQFPN48
UFBGAG64
LQFP100
UFBGA100
Pin name
(function after reset)
1/0O structure

LPTIM1_IN1, TIM3_CH2,
OCTOSPI1_NCLK,
12C1_SMBA, SPI1_MOSI,
SPI3_MOSI(boot),
USART1_CK,
UART5_CTS, WKUP6

TSC_G2_102,

COMP2_OUT,
SAI1_SD_B,
TIM16_BKIN,
EVENTOUT

41 41 A5 57 D4 D6  E7 91 B5 28 41 57 C4 A C5 PB5 110 FT_ha

LPTIM1_ETR,
TIM4_CH{,
12C1_SCL(boot),
I3C1_SCL, 13C2_SCL,
USART1_TX, COMP2_INP2,
TSC_G2_103, WKUP3
OCTOSPI1_|O5,
SAl1_FS_B,
TIM16_CH1N,
EVENTOUT

42 42 F4 58 A4 F6  C7 92 A5 29 42 58 D3 92 B5 PB6 /O = FT_fha

LPTIM1_IN2, TIM4_CH2,
12C1_SDA(boot),
USART1_RX,
UART4_CTS, COMP2_INMA1,
TSC_G2_104, PVD_IN, WKUP4
OCTOSPI1_I06,
TIM17_CH1N,
EVENTOUT

44 44 C5 60 A3 A7 B8 94 A3 - 44 60 B4 94 A4 PH3-BOOTO 110 FT_fh - TIM4_CH4, 13C1_SDA, -

(PH3) I3C2_SDA, EVENTOUT

TIM4_CH3, SAI1_CK1,
12C1_SCL, 13C2_SCL,
SPI3_RDY,
SDMMC1_CKIN,
FDCAN1_RX(boot),
SDMMC1_D4,
SAI1_MCLK_A,
TIM16_CH1, EVENTOUT

43 43 E5 59 D3 C7 A7 93 A4 30 43 59 C3 93 B4 PB7 /0 = FT_fha Y

45 45 B6 61 C3 B8 - 95 B4 - 45 61 B3 95 A3 PB8 110 FT_fh WKUP5

622/28 abed
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WLCSP52 SMPS
LQFP64 SMPS
UFBGA64 SMPS
WLCSP68 SMPS-Q
WLCSP68 SMPS-G
LQFP100 SMPS
UFBGA100 SMPS
UFQFPN32
LQFP48
UFQFPN48
UFBGAG64
LQFP100
UFBGA100
Pin name
(function after reset)
1/0O structure

IR_OUT, TIM4_CH4,
SAI1_D2, 12C1_SDA,
SPI2_NSS, 13C2_SDA,
SDMMC1_CDIR,

- - AT - - C9 - 9% Al - 46 62 A3 9 B3 PB9 IO = FT_fh - FDCANY, TX(boot), -
SDMMC1_D5,
SAI1_FS_A, TIM17_CH1,
EVENTOUT

TIM4_ETR, TIM16_CHA1,
- - - - - - - 9T A2 - - - - 97 c3 PEO /0 FT - EVENTOUT -
A T e i R - - - - - 98 A2 PE1 /0 FT - TIM17_CH1, EVENTOUT -
I T I I R S T U B - VCAP s - - - -
46 46 - 62 A2 - - 98 C5 - - - - - - VDD11 s - - - -
47 47 C7 63 B7 D8 D8 99 D10 32 47 63 D6 99 F2 VSS s - - - -
48 48 B8 64 A8 A9 A9 100 K4 1 48 64 E4 100 H3 VDD s - - - -

1. PC13, PC14 and PC15 are supplied through the power switch (by VSW). Since the switch only sinks a limited amount of current (3 mA), the use of PC13 to PC15 GPIOs in output
mode is limited. PC13 speed must not exceed 2 MHz with a maximum load of 30 pF. Refer to FT_o electrical characteristics for PC14, PC15. These GPIOs must not be used as
current sources (for example to drive a LED).

2. After a backup domain power-up, PC13, PC14 and PC15 operate as GPIOs. Their function depends on the content of the RTC registers that 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 product reference manual.

After reset, this pin is configured as JTAG/SWD alternate functions. The internal pull-up on PA15, PA13, PB4 pins and the internal pull-down on PA14 pin are activated.
Boot for all packages except WLCSP68 SMPS-G package.

Boot only for WLCSP68 SMPS-G package.

Power supply is VDDIOZ2.

On the UFQFPN32 package the pin PB7 is internally connected to BOOTO, and therefore it is denoted as PB7-BOOTO.

NS Ok W
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4.3 Alternate functions

Table 22. Alternate function AF0 to AF7
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See Table 23 for AF8 to AF15.

[ & [ m s [ s [ & [ s ]

ADF1/12C1/2/ 12C3/ 13C1/2/

622/v8 abed

CRSILPTIM1/ LPTIM1/2/3/ 13C1/2/
SYS AF LPTIM1/ TIM1/2 TINM1/2/3/4 0CTOSPII SAH/ | 12C1/2/3/ LPTIM3 oggﬁ/s;;/ 13C1/2/ SPI3 USART1/3
SPI2/ TIM1/ USB
PAO - TIM2_CH1 - - - - SPI3_RDY -
PA1 LPTIM1_CH2 TIM2_CH2 - 12C2_SMBA 12C1_SMBA SPI1_SCK I3C1_SDA -
PA2 - TIM2_CH3 - - - SPI1_RDY - -
PA3 - TIM2_CH4 - SAI1_CK1 - - - -
PA4 - - - OCTOSPI1_NCS - SPI1_NSS SPI3_NSS -
PA5 PWR_CSLEEP TIM2_CH1 TIM2_ETR - - SPI1_SCK - USART3_RX
USART3_CTS/
PAG - TIM1_BKIN TIM3_CH1 13C2_SDA [2C2_SDA SPI1_MISO I3C1_SDA USARTZ NSS
PA7 PWR_CSTOP TIM1_CH1N TIM3_CH2 - 12C3_SCL SPI1_MOSI 13C1_SCL USART3_TX
<
£ PA8 MCO TIM1_CH1 - SAI1_CK2 - SPI1_RDY - USART1_CK
- PA9 MCO TIM1_CH2 - SPI2_SCK - - - USART1_TX
PA10 CRS_SYNC TIM1_CH3 LPTIM2_IN2 SAI1_D1 - - - USART1_RX
USART1_CTS/
PA11 - TIM1_CH4 TIM1_BKIN2 - - SPI1_MISO - USART1_NSS
USART1_RTS/
PA12 - TIM1_ETR TIM4_ETR - - SPI1_MOSI - USARTT DE
PA13 JTMS/SWDIO IR_OUT - - - - - -
PA14 JTCK/SWCLK LPTIM1_CH1 - [2C2_SMBA 12C1_SMBA [2C3_SMBA - -
USART3_RTS/
PA15 JTDI TIM2_CH1 TIM2_ETR SAI1_D2 - SPI1_NSS SPI3_NSS USART3 DE
PBO - TIM1_CH2N TIM3_CH3 - LPTIM3_CH1 SPI1_NSS - USART3_CK
USART3_RTS/
o PB1 - TIM1_CH3N TIM3_CH4 - LPTIM3_CH2 - - USARTS, DE
b
S PB2 - LPTIM1_CH1 - 12C2_SCL 12C3_SMBA SPI1_RDY I3C1_SCL -
JTDO/ USART1_RTS/
PB3 TRACESWO TIM2_CH2 LPTIM1_CH1 ADF1_CCKO 12C1_SDA SPI1_SCK SPI3_SCK USARTT DE
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Port B

Port C

PB4

PB5
PB6
PB7
PB8
PB9
PB10
PB11
PB12

PB13

PB14

PB15
PCO
PC1
PC2
PC3
PC4
PC5
PC6
PC7
PC8
PC9

PC10

PC11

PC12

PC13

CRS/LPTIM1/
SYS_AF

NJTRST

RTC_REFIN

TRACEDO

PWR_CSLEEP
PWR_CSTOP
TRACEDO
TRACED1

TRACED3

LPTIM1/ TIM1/2

LPTIM1_CH2

LPTIM1_IN1
LPTIM1_ETR
LPTIM1_IN2
IR_OUT
TIM2_CH3
TIM2_CH4
TIM1_BKIN

TIM1_CH1N

TIM1_CH2N

TIM1_CH3N
LPTIM1_IN1
LPTIM1_CH1
LPTIM1_IN2
LPTIM1_ETR

TIM1_CH4N

LPTIM1/2/3/
TIM1/2/3/4

TIM3_CH1

TIM3_CH2
TIM4_CHA1
TIM4_CH2
TIM4_CH3
TIM4_CH4
LPTIM3_CH1

LPTIM3_IN1

LPTIM3_ETR

LPTIM2_IN2

LPTIM3_CH1

TIM3_CH1
TIM3_CH?2
TIM3_CH3
TIM3_CH4

LPTIM3_ETR

LPTIM3_IN1

13C1/2/

OCTOSPI1/ SAI1/
SPI2/ TIM1/ USB

ADF1_SDIO

OCTOSPIM_NCLK

SAI1_CK1
SAl1_D2
13C2_SCL

I3C1_SDA

I3C1_SCL

SAl1_D3

OCTOSPI1_IO7

SPI2_MOSI

SAlI1_D1

SAl1_D3

ADF1_CCK1
ADF1_SDIO

12C1/2/3/ LPTIM3

12C3_SDA

12C1_SMBA
12C1_SCL
12C1_SDA
12C1_SCL
12C1_SDA
12C2_SCL
12C2_SDA

12C2_SMBA

12C2_SCL

12C2_SDA

12C3_SCL
12C3_SDA

12C3/ 13C1/2/
OCTOSPI1/

SPI1/2/3

SPI1_MISO

SPI1_MOSI
13C1_SCL
13C2_SCL
SPI2_NSS
SPI2_SCK
SPI2_RDY
SPI2_NSS

SPI2_SCK

SPI2_MISO

SPI2_MOSI
SPI2_RDY
13C1_SDA

SPI2_MISO

SPI2_MOSI

OCTOSPI1_NCS

13C1/2/ SPI3

SPI3_MISO

SPI3_MOSI
13C2_SCL
SPI3_RDY
13C2_SDA
I3C1_SCL

I3C2_SDA

13C2_SCL

13C2_SDA

13C2_SCL
13C2_SDA

SPI3_SCK
SPI3_MISO
SPI3_MOSI

T N T S N S N 2

ADF1/12C1/2/

USART1/3

USART1_CTS/
USART1_NSS

USART1_CK
USART1_TX
USART1_RX

USART3_TX
USART3_RX
USART3_CK

USART3_CTS/
USART3_NSS

USART3_RTS/
USART3_DE

USART3_TX
USART3_RX

USART3_TX
USART3_RX
USART3_CK

suoljouny ajeulajje pue ‘uonduosep uid ‘synojjeq/synouid

XXGLENZENLS



o
(7]
=
N
©
2
=
2
<

w

622/98 abed

Port C

Port D

Port E

PC14

PC15
PDO
PD1

PD2

PD3
PD4
PD5
PD6
PD7
PD8
PD9

PD10

PD11

PD12

PD13

PD14

PD15
PEO
PE1
PE2
PE3
PE4
PE5
PE6
PE7

[ m [ & [ m [ s [ s [ [ & ]

ADF1/12C1/2/

CRS/LPTIM1/
SYS_AF

TRACED2

TRACECLK
TRACEDO
TRACED1
TRACED2
TRACED3

LPTIM1/ TIM1/2

TIM1_ETR

LPTIM1/2/3/
TIM1/2/3/4

TIM3_ETR

LPTIM2_IN2
LPTIM2_CH2

TIM4_CHA1

TIM4_CH?2
TIM4_CH3
TIM4_CH4
TIM4_ETR
TIM3_ETR
TIM3_CH1
TIM3_CH?2
TIM3_CH3
TIM3_CH4

13C1/2/
OCTOSPI1/ SAI1/
SPI2/ TIM1/ USB

SPI2_SCK

SAI1_D1

13C1_SCL

I3C1_SDA

SAI1_CK1
OCTOSPI1_DQS
SAl1_D2
SAI1_CK2
SAI1_D1

12C1/2/3/ LPTIM3

12C3_SMBA

[2C3_SCL

[2C3_SDA

12C3/ 13C1/2/
OCTOSPI1/
SPI1/2/3

SPI2_NSS
SPI2_SCK

SPI2_MISO
SPI2_MOSI
SPI2_RDY
SPI3_MOSI

13C1/2/ SPI3 USART1/3

USART3_RTS/
USART3_DE

- USART3_TX
- USART3_RX
- USART3_CK

USART3_CTS/
USART3_NSS

USART3_RTS/
USART3_DE
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Port E

Port G

Port H

PES8
PE9
PE10
PE11
PE12
PE13
PE14
PE15
PG2
PG3
PG4
PG5
PG6
PG7
PG8
PG9
PG10

PG11

PG12

PG13

PG14

PG15
PHO
PH1
PH3

[ m [ & [ m [ s [ s [ [ & ]

13C1/2/ SPI3 USART1/3

CRS/LPTIM1/
SYS_AF

LPTIM1/ TIM1/2

TIM1_CH1N
TIM1_CH1
TIM1_CH2N
TIM1_CH2
TIM1_CH3N
TIM1_CH3
TIM1_CH4
TIM1_BKIN

LPTIM1_IN1

LPTIM1_IN2

LPTIM1_ETR

LPTIM1_CH2
LPTIM1_CH1

LPTIM1/2/3/
TIM1/2/3/4

TIM1_BKIN2

TIM4_CH4

ADF1/12C1/2/
13C1/2/
OCTOSPI1/ SAI1/
SPI2/ TIM1/ USB

ADF1_CCKO
ADF1_SDIO

TIM1_CH4N

OCTOSPI1_DQS
SAI1_CK1

OCTOSPI1_IO5

I3C1_SDA

12C1/2/3/ LPTIM3

12C3_SMBA
12C3_SCL
12C3_SDA

12C1_SDA
12C1_SCL
12C1_SMBA

12C3/ 13C1/2/
OCTOSPI1/
SPI1/2/3

SPI1_RDY
SPI1_NSS
SPI1_SCK
SPI1_MISO
SPI1_MOSI
SPI1_SCK
SPI1_MISO
SPI1_MOSI
SPI1_NSS
SPI1_RDY
13C1_SCL
I3C1_SDA

13C2_SCL
13C2_SDA

SPI3_SCK
SPI3_MISO

SPI3_MOSI

SPI3_NSS

SPI3_RDY

I3C2_SDA

USART1_TX
USART1_RX

USART1_CTS/
USART1_NSS

USART1_RTS/
USART1_DE

USART1_CK

suoljouny ajeulajje pue ‘uonduosep uid ‘synojjeq/synouid

XXGLENZENLS



o
(7]
=
N
©
2
=
2
<

w

622/88 abed

See Table 22 for AFO to AF7.

PAO

Port A

Port B

PA1
PA2
PA3
PA4
PAS5
PAG
PA7
PA8
PA9
PA10
PA11
PA12
PA13
PA14

PA15

PBO

PB1

PB2
PB3

PB4

PB5
PB6
PB7
PB8
PB9

UART4_TX
UART4_RX
LPUART1_TX
LPUART1_RX

LPUART1_CTS

LPUART1_TX
LPUART1_RX

UART4_RTS/
UART4_DE

LPUART1_RTS/
LPUART1_DE

UART5_RTS/
UART5_DE

UART5_CTS
UART4_CTS
SDMMC1_CKIN
SDMMC1_CDIR

FDCAN1_RX
FDCAN1_TX

TSC_G3_l01

TSC_G2_101

TSC_G2_102
TSC_G2_103
TSC_G2_104
FDCAN1_RX
FDCAN1_TX

OCTOSPI1_DQS
OCTOSPI1_NCS
OCTOSPI1_CLK

OCTOSPI1_IO3
OCTOSPI1_|O2

USB_NOE

OCTOSPI1_IO1
OCTOSPI1_IO0

OCTOSPI1_DQS
CRS_SYNC

OCTOSPI1_|04

OCTOSPI1_IO5
OCTOSPI1_IO6

Table 23. Alternate function AF8 to AF15

MCO2

MCO2

AF12

TRACECLK

COMP1_OUT

COMP2_OUT

SDMMC1_D4
SDMMC1_D5

AUDIOCLK

SAI1_MCLK_A
SAl1_FS_B

LPTIM2_CH2
SAI1_SCK_A
SAI1_FS_A
SAI1_SD_A

SAI1_SD_B
SAl1_FS B

AUDIOCLK

SAI1_SCK_B
SAI1_MCLK_B

SAl1_SD B
SAl1_FS B
SAI1_MCLK_A
SAIM_FS_A

TIM2_ETR
TIM15_CH1N
TIM15_CH1
TIM15_CH2
LPTIM2_CH1
LPTIM2_ETR
TIM16_CH1
TIM17_CHA1
LPTIM2_CH1
TIM15_BKIN
TIM17_BKIN

LPTIM2_IN1

TIM17_BKIN

TIM16_BKIN

TIM16_CH1N

TIM17_CH1N
TIM16_CH1
TIM17_CH1

AF15

LPUART1/ CRS/ OCTOSPI1/ COMP112/ LPTIM2/3/ EVENTO
SDMMC1/ UART4/5 HRCANLAEE N2 SDMMC1/ SYS_AF SALLZL AT TIM2/15/16/17

EVENTOUT
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LPUART1/ CRS/ OCTOSPH/ COMP1/2/ LPTIM2/3/ EVENTO
SDMMC1/ UART4/5 | FDCAN1/TSC SlEeR SDMMC1/ Sys_AF | LPTIM2/4/ SAI1 TIM2/15/16/17

AF12

AF14

AF15

PB10 LPUART1_RX TSC_SYNC OCTOSPI1_CLK COMP1_OUT SAI1_SCK_A
PB11 LPUART1_TX - OCTOSPI1_NCS COMP2_OUT - -
% PB12 LE’;JUAEFE{JES/ TSC_G1_l01 OCTOSPI1_NCLK - - TIM15_BKIN
o
PB13 LPUART1_CTS TSC_G1_102 - - - - TIM15_CH1N
PB14 - TSC_G1_103 - - - - TIM15_CH1
PB15 - TSC_G1_104 - - - - TIM15_CH2
PCO LPUART1_RX - - SDMMC1_D5 - LPTIM2_IN1
PC1 LPUART1_TX - OCTOSPI1_I04 - SAI1_SD_A -
PC2 - - OCTOSPI1_IO5 - - -
PC3 - - OCTOSPI1_I06 - SAI1_SD_A LPTIM2_ETR
PC4 - - OCTOSPI1_IO7 - - -
PC5 - - - - - -
PC6 SDMMC1_DODIR TSC_G4_l01 OCTOSPI1_I03 SDMMC1_D6 - - =
o PC7  SDMMC1_D123DIR  TSC_G4_|02 - SDMMC1_D7 - LPTIM2_CH2 g
g PC8 - TSC_G4_103 - SDMMC1_DO - LPTIM3_CH1 %
PC9 - TSC_G4 104 USB_NOE SDMMC1_D1 - LPTIM3_CH2
PC10 UART4_TX TSC_G3_102 OCTOSPI1_I00 SDMMC1_D2 - -
PC11 UART4_RX TSC_G3_103 - SDMMC1_D3 - -
PC12 UART5_TX TSC_G3_104 OCTOSPI1_IO1 SDMMC1_CK - -
PC13 - - - - - -
PC14 - - - - - -
PC15 - - - - - -
PDO - FDCAN1_RX - - - -
PD1 - FDCAN1_TX - - - -
a PD2 UART5_RX TSC_SYNC OCTOSPI1_I02 SDMMC1_CMD LPTIM4_ETR -
E PD3 - - - - - -
PD4 - - OCTOSPI1_104 - - -
PD5 - - OCTOSPI1_IO5 - - -
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PD6

Port D

Port E

Port G

PD7
PD8
PD9

PD10

PD11

PD12

PD13

PD14

PD15
PEO
PE1
PE2
PE3
PE4
PE5
PE6
PE7
PE8
PE9

PE10

PE11

PE12

PE13

PE14

PE15
PG2
PG3
PG4

LPUART1/ CRS/ OCTOSPH/ COMP1/2/ LPTIM2/3/ EVENTO
SDMMC1/ UART4/5 | FDCAN1/TSC SlEeR SDMMC1/ Sys_AF | LPTIM2/4/ SAI1 TIM2/15/16/17

- TSC_G6_lO1
- TSC_G6_102
- TSC_G6_103
- TSC_G6_104

- TSC_G7_101
- TSC_G7_102
- TSC_G7_103
- TSC_G7_104

- TSC_G5_I01
- TSC_G5_102
- TSC_G5_103
- TSC_G5_104

OCTOSPI1_lO6
OCTOSPI1_IO7

OCTOSPI1_NCLK
OCTOSPI1_CLK
OCTOSPI1_NCS
OCTOSPI1_I00
OCTOSPI1_|O1
OCTOSPI1_|02
OCTOSPI1_IO3
OCTOSPI1_I03
OCTOSPI1_|04
OCTOSPI1_I00

AF12

SAIM_SD_A
LPTIM4_OUT

LPTIM4_IN1

SAI1_MCLK_A
SAl1_SD B
SAI1_FS_A

SAI1_SCK_A
SAI1_SD_A
SAl1_SD_B

SAI1_SCK_B
SAl1_FS_B

SAlI1_MCLK_B

AF14

LPTIM3_IN1
LPTIM3_ETR
LPTIM2_ETR
LPTIM2_IN1
LPTIM2_CH1
LPTIM3_CH1
LPTIM3_CH2
TIM16_CH1
TIM17_CH1

AF15

EVENTOUT
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PG5

Port G

Port H

PG6

PG7
PG8
PG9
PG10
PG11
PG12
PG13
PG14
PG15
PHO
PH1
PH3

LPUART1/ CRS/ OCTOSPH/ COMP1/2/ LPTIM2/3/ EVENTO
SDMMC1/ UART4/5 | FDCAN1/TSC SlEeR SDMMC1/ Sys_AF | LPTIM2/4/ SAI1 TIM2/15/16/17

LPUART1_CTS

LPUART1_RTS/
LPUART1_DE

LPUART1_TX
LPUART1_RX

OCTOSPI1_IO1

OCTOSPI1_I02
OCTOSPI1_I06
OCTOSPI1_IO7

OCTOSPI1_NCS
OCTOSPI1_CLK
OCTOSPI1_NCLK
OCTOSPI1_DQS

AF12

SAI1_MCLK_A

AF14

TIM15_CH1N
TIM15_CHA1
TIM15_CH?2

AF15

EVENTOUT
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5 Electrical characteristics

5.1 Parameter conditions
Unless otherwise specified, all voltages are referenced to Vgs.

511 Minimum and maximum values

Unless otherwise specified, the minimum and maximum values are guaranteed in the worst conditions of ambient
temperature, supply voltage, and frequencies by tests in production on 100% of the devices with an ambient
temperature at Tp = 25°C and Ta = Ta(Max) (given by the selected temperature range).

Data based on characterization results, design simulation and/or technology characteristics are indicated in the
table footnotes, and are not tested in production. Based on characterization, the minimum and maximum values
refer to sample tests and represent the mean value plus or minus three times the standard deviation (mean * 30).

5.1.2 Typical values
Unless otherwise specified, typical data are based on Ta = 25°C, Vpp = Vppa = 3 V. They are given only as
design guidelines and are not tested.

Typical ADC accuracy values are determined by characterization of a batch of samples from a standard diffusion
lot over the full temperature range and supply voltage range, where 95% of the devices have an error less than or
equal to the value indicated (mean * 20).

51.3 Typical curves
Unless otherwise specified, all typical curves are given only as design guidelines and are not tested.

51.4 Loading capacitor
The loading conditions used for pin parameter measurement are shown in Figure 22.

5.1.5 Pin input voltage
The input voltage measurement on a pin of the device is described in Figure 23.

Figure 22. Pin loading conditions Figure 23. Pin input voltage

Device pin
4[:] Device pin :] vice pl

C=50pF ——

DT47493V1
DT47494V1

5.1.6 Power supply scheme

Each power supply pair (such as Vpp/Vss or Vppa/Vssa) must be decoupled with filtering ceramic capacitors as
shown in the following figures. These capacitors must be placed as close as possible to, or below, the appropriate
pins on the underside of the PCB to ensure the proper functionality of the device.
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Figure 24. STM32U375xx power supply scheme (without SMPS)

VBAT IJ‘l
1.55-3.6V i Backup circuitry
e (LSE, RTC, TAMP
(X backup registers)
3.3V
T B VDDUSB
e
- 100 nF VCAP Power switch
- LT
4.7 uF I
Voo B Vcore
T nx VDD LDO o Vooe I
IFI_‘I—" regulator N CORE :
1
Vobio1 1 :
5 Kernel logic :
n x 100 nF gl 1o (CPU, digital | 1
+1x10 yF GPIOS[ 5 logic and :
3 memories) |
1
! I
nxVss : I
! l
- | 1
Vobio2 : 1
1
1
T mxvopioz | | !
4 Vopio2 1 |
m x 100 nF B |
+4.7 pF 5 Vo I
H GPlOSI: 3 logic 1
E 1
m x VSS |
= b e i
ADCs/
DACs/
OPAMPs/
COMPs/
VREFBUF

DT73830V2

The external capacitor on VCAP pin requires the following characteristics:
. COUT =4.7 yF

. COUT ESR <20 mQ at 3 MHz

. COUT rated voltage 2 10 V
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Figure 25. STM32U375xx power supply scheme (with SMPS)

LT
1.55-3.6V VBAT i Backup circuitry
e (LSE, RTC, TAMP,
33V ¢l backup registers)
T - VDDUSB [:l Power switch
— 100 nF
-
Voo —_
T VDDSMPS
[ —\Voltage tegulator
10 yF e e 100 NF mrm === -=-—
B I : Vcore
1 P == = = ————
1 ;. 1
: ;| smpson | | I
1 | 1 1
2.2 uH 1 | 1 1
1-2 x VDD11 1 : 1 :
4.7 UF, OF et : I : . "
2x2.2yF == VSSSMPS | i 1 I Kernel logic 1
- LT 2. 2iSMPS OFF | I (CPU, digital !
- : I : and memories) I
Voo I 1 I 1
T | i |
1 1
1 1
' |
Vopio1 : :
!
n x 100 nF 5 IQ !
9| logic I
+10 pF 8 !
1
1
1
1
— 1 1
- 1 1
Vbpio2 | 1
1
T mxvopioz | : !
e Vopioz f
m x100 nF | OUT & o :
+4.7 yF =
M GPIOs N 2| logic :
m x VSS 3 I
i -, " :
- o d
Voo VDDA
VREF ADGY/
S
100 nF DACs/
¥ I VREF+ OPAM:‘s/
COMPs/
VREFBUF
3
2
o
&
Note: SMPS and LDO regulators provide, in a concurrent way, the Vcorg supply depending on application

requirements. However, only one of them is active at the same time. When SMPS is active, it feeds the Vcore
on the two VDD 11 pins supplied by the filtered SMPS VLXSMPS output pin. A 2.2 uH coil and a 2.2 uF capacitor
on each VDD11 pin are then required. When LDO is active, it supplies the Vcore and regulates it using the

same decoupling capacitors on VDD11 pins.

Note: It is recommended to add a decoupling capacitor of 100 nF near each VDD 11 pin/ball, but it is not mandatory.
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The external capacitors on VDD11 pins require the following characteristics:

. COUT =2 x 2.2 yF +20%

. COUT ESR <20 mQ at 3 MHz

. COUT rated voltage = 10 V

The external capacitor on VDDSMPS pin requires the following characteristics:
. CIN =10 pF £20%

. CINESR <10 mQ at 3 MHz

. CIN rated voltage 210 V

The external inductance between VLXSMPS and VDD11 requires the following characteristics:
. L =22 pyH +20%

. LISAT>0.5A

. L DCR <200 mQ

51.7 Current consumption measurement

The Ipp parameters given in various tables in the next sections, represent the total MCU consumption including
the current supplying Vpp, Vppioz2, Voba, Vobuss. Veat, and Vppswps (if the device embeds the SMPS).

Figure 26. Current consumption measurement

l < > VBAT[‘]

IbD_VBAT

= \
IpD |

( > VDD 0

] VDDA[

LT

) VDDUSB[

LT

. VDDSMPS[

J \VDDIO2 [9

LT

DT62920V2

5.2 Absolute maximum ratings

Stresses above the absolute maximum ratings listed in Table 24, Table 25, and Table 26 may damage
permanently the device. These are stress ratings only and the functional operation of the device at these
conditions is not implied. Exposure to maximum rating conditions for extended periods may affect device
reliability. Device mission profile (application conditions) is compliant with JEDEC JESD47 qualification standard.
Extended mission profiles are available on demand.

Table 24. Voltage characteristics

All main power (VDD, VDDSMPS, VDDA, VDDUSB, VDDIO2, VBAT) and ground (VSS, VSSA) pins must always be connected to the external
power supply, in the permitted range.

The I/O structure options listed in this table can be a concatenation of options including the option explicitly listed. For instance, TT_a refers to
any TT I/O with _a option. TT_xx refers to any TT I/O and FT_xx refers to any FT 1/O.

e B =

External main supply voltage (including Vpp'"®®), Vppsmps. Voba, Vbbuse. 03 40

V, -V
DOXYSS  \opio2 2, Var, VRers) '

Vpbiox'?) - Vgg | /0 supply when HSLV®) =0 -0.3 4.0
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e ————

Vppiox? - Vss | 1/0 supply when HSLV = 1 2.75
Min (min (Vpp, Vpbpa,
Input voltage on FT_xx pins Vss - 0.3 Vppuss, Vopio2) + 4.0, 6.0)%)
ViN“ ° \Y
Input voltage on PC13 and FT_o pins in Vgar mode Vgs - 0.3 4.0
Input voltage on any other pins Vss-0.3 4.0
VRer+ - Vppa  Allowed voltage difference for VRgg+ > Vppa - 0.4
AVppx Variations between different VDDx power pins of the same domain - 50.0
Vssx-Vss | Variations between all the different ground pins!”) - 50.0 m

IfHSLV = 0.

Vbpio1 or Vppioz or Vsw. Vppio1 = Vpp.

HSLV = High-speed low-voltage mode. Refer to General-purpose I/Os (GPIO) section of RM0487.

Vny maximum must always be respected. Refer to Table 25 for the maximum allowed injected current values.

This formula has to be applied only on the power supplies related to the I/O structure described in the pin definition table.
To sustain a voltage higher than 4 V, the internal pull-up/pull-down resistors must be disabled.

Including VREF- pin.

NSO o kW N

Table 25. Current characteristics

>IVpp Total current into sum of all Vpp power lines (source)'")
YIVss Total current out of sum of all Vgg ground lines (sink)!") 150
IVpp Maximum current into each VDD power pin (source)(!) 100
IVss Maximum current out of each VSS ground pin (sink)'") 100
o Output current sunk by any I/0O and control pin 20 A

Output current sourced by any I/O and control pin 20

Slen Total output current sunk by sum of all I/Os and control pins) 120
Total output current sourced by sum of all I/Os and control pins(®) 120
Iingeriny @) Injected current on FT_xx, TT_xx, RST pins -5/+0
YIINJPIN) Total injected current (sum of all I/Os and control pins)®) 25

1. All main power (Vpp, Vppsmps, Vooa, Vopuss, Vopio2: Vear) and ground (Vss, Vssa) pins must always be connected to the external power
supplies, in the permitted range.

2. This current consumption must be correctly distributed over all I/Os and control pins. The total output current must not be sunk/sourced
between two consecutive power supply pins, referring to high pin count QFP packages.

3. A negative injection is induced by Viy < Vss. inyepiny must never be exceeded. Refer also to Table 24 for the minimum allowed input voltage
values.

4. Positive injection (when V)y > Vppjox) is not possible on these I/Os and does not occur for input voltages lower than the specified maximum
value.

5. When several inputs are submitted to a current injection, the maximum ¥ Iinypin) is the absolute sum of the negative injected currents
(instantaneous values).

Table 26. Thermal characteristics

Tste Storage temperature range —65 to +150
°C
Ty Maximum junction temperature 110
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5.3

5.3.1

Operating conditions

General operating conditions

Table 27. General operating conditions

Vbb

Vbpsmps

Vbpio2

Vbbpuss

Vbpa

VBar

VIN

lio_sw

Vcore

fhewk

fPcLkx

Standard
operating
voltage

Supply voltage
for the internal
SMPS
step-down
converter

Supply voltage
for PG[15:2]
I/Os

USB supply
voltage

Analog supply
voltage

Backup domain
supply voltage

I/O input
voltage

Sum of output
current sourced
by all I/0s
powered by

Vaw/®

Internal
regulator ON

AHB clock
frequency

APB1, APB2,
APB3 clock

(x=1,2,3) frequency

HSLV(")
HSLV = 1

At least one 1/O in PG[15:2] used,
HSLV =0

At least one I/0 in PG[15:2] used,
HSLV =1

PG[15:2] not used

USB used

USB not used

COMP used

DAC or OPAMP used

ADC used

VREFBUF used (normal mode)

ADC, DAC, COMP, OPAMP, and
VREFBUF not used

All'l/Os except TT_xx pins

Input voltage on PC13 and FT_o pins in

VgaT mode

TT_xx 1/Os

Range 1
Range 2
Range 1
Range 2
Range 1

Range 2

1.71¢

1.712)

1.08

3.0

1.58
1.60
1.62
1.80

1.58

1.55

0.8
0.65

Vbb

0.9
0.75

2.7

3.6

2.7

3.6

3.6

3.6

3.6

Min(min(Vpp, Vppa,
Vbpuss,
Vppio2) + 3.6, 5.5))
(4)

3.6

Vppiox + 0.3

1.0
0.85
96
48
9

MHz

48
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UFQFPN32
LQFP48
UFQFPN48
WLCSP52
Power
= dissipation at LQFP64
D TA =85 °C for UFBGA64
suffix 6(%)
WLCSP68-G
WLCSP68-Q
LQFP100 See Section 6.11: Package thermal characteristics
for application appropriate thermal resistance and
UFBGA100 package. The power dissipation is then calculated
UFQFPN32 according to ambient temperature (T) and mW
maximum junction temperature (T;) and selected
LQFP48 thermal resistance.
UFQFPN48
WLCSP52
Power
Po dissipation at LQFP64
TA = 105 °C for UFBGA64
suffix 7(9)
WLCSP68-G
WLCSP68-Q
LQFP100
UFBGA100
Ambient Maximum power dissipation 85
temperature for
suffix 6 Low-power dissipation!”) 105
Ta -40 -
Ambient Maximum power dissipation 105
temperature for °C
suffix 7 Low-power dissipation!”) 110
Junction Suffix 6 version 105
Ty temperature -40 -
range Suffix 7 version 110

1. HSLV means high-speed low-voltage mode (refer to the product reference manual).
When RESET is released, the functionality is guaranteed down to Vgory min.

This formula has to be applied only on the power supplies related to the I/O structure described by the pin definition table. The maximum I/O
input voltage is the smallest value between Min (Vpp, Vppa, Vppuss: Vopio2) + 3.6 V, and 5.5 V.

4. For operation with voltage higher than Min (Vpp, Vppa, Vppuss, Vppio2) + 0.3V, the internal pull-up and pull-down resistors must be
disabled.

The I/Os powered by Vg are: PC13, PC14, PC15
If Ty is lower, higher Pp values are allowed as long as T does not exceed T jmax (see Section 6.11: Package thermal characteristics).

In low-power dissipation state, T can be extended to this range as long as T does not exceed T; max (see Section 6.11: Package thermal
characteristics).

5.3.2 Operating conditions at power-up/power-down

The parameters given in the table below are derived from tests performed under the ambient temperature
condition summarized in Table 27.
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Table 28. Operating conditions at power-up/power-down

e e ™ S L7 LR
- 0 0

Vpp rise-time rate

us/V
tvop ULPMEN =0 20 o

Vpp fall-time rate
Standby mode, BOR level 0 selected with ULPMEN = 1 250 0 ms/V

5.3.3 Embedded reset and power control block characteristics

The parameters given in the table below are derived from tests performed under the ambient temperature
conditions summarized in Table 27.

Table 29. Embedded reset and power control block characteristics

The values in this table are evaluated by characterization and not tested in production, unless otherwise specified.

S R B

Reset temporization

IRSTTEMPO  ;fier BORO released Vop rising ) ) ) 900 HS
Rising edge - 1.63 1.65 1.67
Vone Brownout reset Range 1 1.62 1.63 1.65

threshold 0 Falling edge Range 2 and
low-power 1.61 1.63 1.65
modes

Veori Brownout reset Rising edge - 2.07 2.09 211
threshold 1 Falling edge - 2.00 2.02 2.04
Veors Brownout reset Rising edge - 2.28 2.30 2.32
threshold 2 Falling edge - 2.17 2.20 2.23
Veors Brownout reset Rising edge - 2.57 2.60 2.63
threshold 3 Falling edge - 2.48 2.51 2.54
Veors Brownout reset Rising edge - 2.86 2.89 2.92
threshold 4 Falling edge - 2.77 2.80 2.83

v Programmable voltage Rising edge - 212 214 2.16 v
Fvpo detector threshold 0 p4)ling edge - 2.02 2.04 2.06
v Programmable voltage Rising edge - 2.27 2.30 2.32
PVeT detector threshold 1 Falling edge - 217 2.20 2.23
v Programmable voltage Rising edge - 2.43 2.45 2.48
Fvb2 detector threshold 2 p4ing edge - 2.32 2.35 2.37
v Programmable voltage Rising edge - 2.57 2.60 2.63
FVps detector threshold 3 4)ling edge - 2.48 2.51 2.54
v Programmable voltage Rising edge - 2.70 2.73 2.76
PV detector threshold 4 4)jing edge - 2.60 2.63 2.66
v Programmable voltage Rising edge - 2.86 2.89 2.92
Fvpe detector threshold 5 yjing edge - 2.76 2.80 2.83
v Programmable voltage Rising edge - 2.94 2.97 3.00
FVbe detector threshold 6 ying edge - 2.85 2.89 2.92

Viyet BORO gésli%resm voltage of B ) } 19 R Y
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Hysteresis voltage of

Vhyst BOR_PVD | BOR (unless BORO) - - - 83 _ mv
and PVD
tBOR0_sampling | BORO sampling period = ULPMEN = 1 - - 30 55 ms

additional BORO
consumption if

Ibb BORO | (| pMEN = 0 versus | Standby mode - - 60 - nA
ULPMEN =1
BOR(") (unless BORO0)
Ipbb_ Bor pvp | @nd PVD consumption | - - R 1 15 uA
from Vpp'?
. Vppa voltage monitor 1 | Rising edge - 1.62 1.67 1.71
threshold Falling edge - 1.59 1.63 1.67
Vaniz Vppa voltage monitor 2 Rising edge - 1.80 1.85 1.89 v
threshold Falling edge - 1.76 1.81 1.85
Viogym | /Dpio2 voltage monitor - 0.98 1.01 1.03

threshold

Vppusg Voltage
V - - -
uvM monitor threshold 118 1.21 124

Vhyst AVM Hysteresis o.f Vooa - - - 40 - mV
- voltage monitor

Voltage monitor
consumption from Vpp
Ipb_vm (AVM1, AVM2, I02VM, | - - - 0.4 0.6
or UVM single
instance) pA

Vppa voltage monitor
Ipb_AvM_A | consumption from - - - 1.25 1.85
Vppa (Resistor bridge)

1. BORO is enabled in all modes (except Shutdown) and its consumption is therefore included in the supply current characteristics tables (refer
to Section 5.3.6: Supply current characteristics).

2. This is also the consumption saved in Standby mode when ULPMEN = 1

5.3.4 SMPS characteristics
SMPS is asynchronous in all ranges and in low-power modes.

5.3.5 Embedded voltage reference

The parameters given in Table 30. Embedded internal voltage reference are derived from tests performed under
the ambient temperature and supply voltage conditions summarized in Table 27.
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Table 30. Embedded internal voltage reference

The values in this table are specified by design and not tested in production.

sobel [ Rmmem | Gedie [me [owe [ [ G|

Range 1 1.175 1.215 1.243 v
Vrerint' Internal reference
voltages Range 2 and low-power 1.170 1 o5  2a y
modes

ADC sampling time when
ts_vrefint” reading the internal - 12.65 - - us
reference voltage

Start time of reference
tstart_vrefint voltage buffer when ADC - 4 6 us
is enabled

VRerINT buffer
Iop(VREFINTBUF) consumption from Vpp - 15 2.1 MA
when converted by ADC

Internal reference
AVReFINT voltage spread over the Vbp=3V - 6 15 mv
temperature range

Average temperature

-40°C<Ty;<110° ; o
Teoeft coefficient 40°C<Ty<110°C 62 150 ppm/°C
Acoeff Long-term stability 1000 hours, Ty = 25°C - 400 - ppm
Average voltage 3.0V=Vpp=<3.6Vfor
@) i
VoDcoefrt coefficient -40°C < Ty < +110°C 600 2300 ppm/V
Average voltage 1.8V <Vpp<3.6V for
®) )
VbDooefr2 coefficient 40°C <T, < +110°C 270 1150 ppPm/V
VREFINT_DIV1 1/4 reference voltage Vpp =33V 24 25 26
VREFINT_DIV2 1/2 reference voltage Vpp =33V 49 50 51 % VREFINT
VREFINT_DIV3 3/4 reference voltage Vpp=3.3V 74 75 76

1. VgerinT does not take into account package and soldering effects.
2. The shortest sampling time for the application can be determined by multiple iterations.
3. Evaluated by characterization, not tested in production.

Figure 27. VRerINT Versus temperature
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5.3.6 Supply current characteristics

The current consumption is a function of several parameters and factors such as the operating voltage, ambient
temperature, 1/0O pin loading, device software configuration, operating frequencies, I/O pin switching rate, program
location in memory and executed binary code.

The current consumption is measured as described in Section 5.1.7: Current consumption measurement.

Typical and maximum current consumption

The MCU is placed under the following conditions:

. All'I/O pins are in analog input mode.
. All peripherals are disabled except when explicitly mentioned.
. The flash memory access time is adjusted with the minimum wait-state number, depending on the fyc K

frequency (refer to the tables Number of wait states according to CPU clock (HCLK) frequency available in
the product reference manual).

. When the peripherals are enabled, fpck = fucLk-

. The voltage scaling range is adjusted to fyc k frequency as follows:
- Voltage range 1: Up to 96 MHz
- Voltage range 2: Up to 48 MHz

The parameters given in the tables below are derived from tests performed under ambient temperature and
supply voltage conditions summarized in Table 27. General operating conditions .

Table 31. Current consumption in Run mode on LDO, Coremark code with data processing running from flash memory,
ICACHE ON in 1-way, prefetch ON

The current consumption from SRAM is similar.

M 1 71V <Vpp <
Symbol | Parameter >

Range

1 6.15
feLk = fusi, all 48 205 | 240 335 475 30 38 67 11
peripherals disable,
flash memory bank 2 24 1.15 145 245 3.85 20 28 57 10
in powered down, all |~ Range 12 068 100 200 340 15 23 52 95
SRAMSs enabled 2
6 0.45 0.79 | 1.75 3.15 1.2 21 4.9 9.2
3 0.34 068 | 165 3.05 11 1.9 438 9.1
oo Supply
(Run) current in fucLk = fus), all mA
Run mode peripherals disable, Ranae
flash memory bank 2 29 16 0.995 1.35 23 3.7 18 27 | 55 9.8
in powered down, all
SRAMs enabled
fhcLk = fuse bypass
mode, all peripherals
disable, flash memory | Range | 4 22 255 35 49 31 40 68 12
bank 2 in powered 2
down, all SRAMs
enabled

1. Evaluated by characterization. Not tested in production.
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Table 32. Current consumption in Run mode on SMPS, Coremark code with data processing running from flash
memory, ICACHE ON in 1-way, prefetch ON

The current consumption from SRAM is similar.

< < (1)
Condltlons Typ at Vpp = Max at 1.71 V(;) Vpp < 3.6 V!
Symbol Parameter
4.7 6.8 11

Range 1 250 275 3.45 3.9
frek = fusy, all 48 1 1.2 1.75 2.5 1.6 2.1 3.8 6.1
peripherals disable, 24 0.56 0.75 1.3 2.05 1.1 1.6 3.3 5.6
flash memory bank 2 in
powered down, all Range2 12 035 054 105 185 08 13 30 54
SRAMs enabled 6 024 043 096 17 064 12 29 52
3 0.19  0.37 0.9 1.65 0.57 1.1 2.8 5.2
Supply _
IDRD current in fHC'_-K = fhs, ?" mA
(Run) Run mode | Peripherals disable,

flash memory bank 2 in | Range 2 16 058 077 13 2.1 1.1 1.6 3.3 5.7
powered down, all
SRAMSs enabled

fucLk = fuse bypass
mode, all peripherals

disable, flash memory g o5 48 105 125 18 255 16 21 38 62
bank 2 in powered

down, all SRAMs
enabled

1. Evaluated by characterization. Not tested in production.
2. The maximum value is at Vpp = 1.71 V in Run mode on SMPS.

Table 33. Current consumption in Run mode on SMPS, Coremark code with data processing running from
flash memory, ICACHE ON in 1-way, prefetch ON Vpp =3V

Condlt ns Typ at Vpp =3.0V Max at Vpp = 3.0 V(!
Symbol Paramet
er fHcLk o 55° 85° 105° 30° 55° 85° o
2.6

The current consumption from SRAM is similar.

Range
1

fheLk = fumsi, all 48 066 08 12 175 11 15 26 43
ipherals disable,

et bk o 24 038 051 089 145 07 12 23 39
power down, all  Range 45 o5 038 076 13 055 097 21 38

SRAMs enabled 2
6 0.18 0.31 0.69 125 047 0.9 2.1 3.7

1.65 1.85

Supply 3 015 028 066 12 044 086 2 3.6
current in
Run
mode

IDD(Run) fHCLK = fHSIs all mA
peripherals disable,
flash bank 2 in
power down, all

SRAMs enabled

Range ' 45 | 045 059 097 155 078 12 24 4

fheLk = fuse bypass
mode, all

peripherals disable, Range
flash bank 2 in 9 48 075 091 13 185 12 16 27 4.4
power down, all

SRAMs enabled

1. Evaluated by characterization. Not tested in production.
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Table 34. Typical current consumption in Run modes on LDO, with different codes running from flash memory, ICACHE
ON (1-way), prefetch ON

The current consumption from SRAM is similar.

T T
Symbol | Parameter Unit Unit

Reduced 215 | 215 215 448 448 448
code
fuoLk = fus) = 48 MHz, Coremark | 2.05  2.05 205 427 427 | 427
all peripherals disable, SecureMark | 2.25 @ 225 225 46.9 @ 469 @ 46.9 A/
flash memory bank 2in | Range 2 mA MHz
powered down, all Dhrystone ' 535 235 235 49 | 49 49
SRAMs enabled 2.1
While(1) 15 15 15 313 313 313
Fibonacci 1.8 1.8 1.8 37.5 37.5 37.5
Reduced 475 475 475 495 495 495
code
fuoLk = futs) = 96 MHz, Coremark | 4.55 455 @ 4.60 474 | 474 | 479
Supply all peripherals disable, SecureMark | 4.95 = 495 @ 4.95 516 516 516 |
Ipp (Run) ' current in flash memory bank 2in | Range 1 mA MHz
Runmode  powered down, all Dhrystone 5 15 515 5.5 536 536 53.6
SRAMs enabled 2.1
While(1) 34 34 34 354 354 354
Fibonacci 4 3.95 4 417 411 417
Reduced 115 115 1.2 479 479 50
code
fheLk = fusi = 24 MHz, Coremark 115 115  1.15 479 479 479
ePOD booster disabled,
all peripherals disable, SecureMark = 1.2 1.2 1.2 50 50 50 A/
; Range 2 mA
flash memory bank 2 in Dhrystone MHz
powered down, all 21 125 125  1.25 521 521 @ 52.1
SRAMs enabled
While(1) 085 0.84 0.85 352 350 352
Fibonacci 0.99  0.99 1 413 413 415

Table 35. Typical current consumption in Run modes on LDO, with different codes running from flash memory in low-
power mode, ICACHE1 way, prefetch ON

The current consumption from SRAM is similar.

Symbol | Parameter

Reduced

115 115  1.15 479 479 | 479
code
fHCLK = st| =24 MHZ,
6POD booster disabled, Coremark 1.1 1.1 1.1 458 | 458 @ 458
Supply all peripherals disable, SecureMark = 1.2 | 1.2 | 1.2 50 50 5 A/
Ipp (Run) | current in flash memory bank 2in | Range 2 mA MHz
Run mode powered down, SRAM2 Dhrystone 1.25 1.25 1.25 52.1 521 521
enabled, SRAM1 in 21
power down While(1) 0.81 081 081 338 338 338
Fibonacci 096 096 0.96 40 40 40
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Table 36. Typical current consumption in Run modes on SMPS, with different codes running from flash memory,
ICACHE ON (1-way), prefetch ON

The current consumption from SRAM is similar.

Symbol | Parameter Unit Unit

Reduced 1.05 070 0.66 219 146 136
code
foLk = fus) = 48 MHz, Coremark 1 0.66 = 0.62 208  13.8 129
all peripherals disable, SecureMark | 1.10 = 0.72  0.68 22.9 15 141 A/
flash memory bank 2in | Range 2 mA
Dhrystone MHz
powered down, all ry 115 075 0.71 240 156 147
SRAMs enabled 2.1
While(1) 074 049 046 154 | 101 95
Fibonacci 0.88 0.57 0.54 18.2 1.9 111
Reduced 265 175 165 276 182 172
code
foLk = fus; = 96 MHz, Coremark | 250 165 155 26.04  17.2 | 16.1
Supply all peripherals disable, SecureMark | 2.75 | 1.80 | 1.70 286 188 17.7 uA/
Ipp (Run) | current in flash memory bank 2in | Range 1 mA
R d Dhrystone MHz
unmode  powered down, all 285  1.85 1.75 29.7  19.3 182
SRAMs enabled 2.1
While(1) 190 125 1.2 19.8 @ 13 125
Fibonacci 220 145 | 135 229 | 151 141
Reduced ' 559 040 038 246 165 156
code
fHoLk = fus) = 24 MHz,e Coremark 0.57  0.38  0.36 235 158 14.8
POD booster disabled,
all peripherals disable, SecureMark | 0.61 | 0.41 | 0.39 254 171 1604
; Range 2 mA
flash memory bank 2 in Dhrystone MHz
powered down, all 21 064 043 04 265 17.7 16.7
SRAMs enabled i
While(1) 043 029  0.28 177 | 124 115
Fibonacci 050 @ 0.34 0.32 206  13.96  13.1

Table 37. Typical current consumption in Run modes on SMPS, with different codes running from flash memory in low-
power mode, ICACHE1 way, prefetch ON

The current consumption from SRAM is similar.
Conditions

[ Gedme [ wme |
Symbol Parameter

Reduced

0.56 0.37 0.35 23.3 154 144
Code

frcLk = fus = 24 MHz, ePOD Coremark | 0.54 0.35 0.33 223 146 138

Supply booster disabled, all peripherals Range SecureMark = 0.58 0.38 0.36 242 158 15 HA/M

Ipp (Run) | current in Run disable,flash bank 2 in power > mA Hz
mode down, SRAM2 enabled, SRAM1 in Dhrystone 061 040 0.38 252 16.7 15.6
power down 2.1

While(1) 0.40 0.26 0.25 16.7 10.8 10.2
Fibonacci 0.47 0.31 0.29 194 127 11.9
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Table 38. Current consumption in Sleep mode on LDO, flash memory in power down

Condltlons _ Max at 1.71 V < Vpp 3.6
Symbol | Parameter fueLk i i o i i . . .
Voltage scaling (MHz) 25°C | 55°C | 85°C | 105°C | 30°C | 55°C | 85°C | 105°C
Range 1 1.5 1.9 3.1 4.7 13.0
48 0.71 | 1.05 2 3.4 1.5 2.3 5.2 9.4

fheLk = fumsi, all 24 044 078 175 3.15 12 20 49 9.1
peripherals disable, all
SRAMS enabled Range 2 12 0.33  0.66  1.65 3 099 19 48 9.0
Supply 6 027 06 155 295 092 18 47 8.9
o current in 3 024 057 155 295 089 1.8 47 8.9 mA
(Sleep)  Sleep
mode fHCLK = fHSh all
peripherals disable, all | Range 2 16 0.53  0.87 185 3.25 13 21 50 9.2
SRAMs enabled

fucLk = fuse bypass

mode, all peripherals

disable. all SRAMs Range 2 48 084 12 215 3.55 1.6 2.5 5.4 9.6
enabled

1. Evaluated by characterization. Not tested in production.

Table 39. Current consumption in Sleep mode on SMPS, flash memory in power down

Condltlons TypatVpp=1.8V Max at 1.71 V < Vpp 3.6 V(12

Symbol Parameter
Voltage scaling (:nilLK) 25°C | 55°C | 85°C | 105°C | 30°C | 55°C | 85°C | 105°C
Range 1 087 110 180 | 275 150 | 230 4.80 @ 8.30

48 0.36 0.54 1.05 1.85 0.72 1.30 2.90 5.40
24 0.23 0.41 0.93 1.70 0.57 1.10 2.80 5.20

fhewk = fumsi, all

peripherals
disable, all Range 2 12 017 035 088 | 165 050 | 100 270 520
SRAMs enabled
6 014 = 033 085 160 @047 @097 270 510
Supply 3 0.13 | 0.31 083 160 | 045 095 270 @510
Ibb current in mA
(Sleep) Sleep frcLk = fus, all
mode peripherals

) Range 2 16 0.35 0.54 1.05 1.85 0.71 1.30 2.90 5.40
disable, all

SRAMs enabled

frheik = fuse

bypass mode, all

peripherals Range 2 48 0.40 0.58 1.10 1.85 0.77 1.30 3.00 5.40
disable, all

SRAMs enabled

1. Evaluated by characterization. Not tested in production.
2. The maximum value is at Vpp = 1.71 V in Sleep mode on SMPS..

DS14861 - Rev 3 page 106/229



‘_ STM32U375xx
’l Electrical characteristics

Table 40. Current consumption in Sleep mode on SMPS, flash memory in power down, Vpp =3.0 V

Condltlons TypatVpp=3.0V Max at VDD = 3.0 V“)
Symbol Parameter f
Voltage scaling (:n%zK) 25°C | 55°C | 85°C | 105°C | 30°C | 55°C | 85°C | 105°C
Range 1 063 080 125 195 110 | 170 340 @ 5.80

48 0.24 0.37 0.75 1.30 0.49 0.92 2.10 3.80
24 0.16 0.29 0.67 1.20 0.41 0.84 2.00 3.60

fheLk = fusi, all

peripherals
disable, all Range 2 12 013 = 026 063 | 120 037 | 0.80 200 3.60
SRAMs enabled
6 011 024 062 115 035 078 200 @ 3.60
Supply 3 010 023 061 115 034 077 190  3.60
Ibb current in mA
(Sleep) Sleep fucLk = fusi, all
mode peripherals Range2 16 | 030 043 081 135 055 099 220 3.80
disable, all
SRAMs enabled
fHeLk = fHse
bypass mode, all
peripherals Range2 = 48 030 049 086 140 056 | 110 220 @ 3.90
disable, all

SRAMs enabled

1. Evaluated by characterization. Not tested in production.

Table 41. SRAM1/SRAM2 current consumption in Run/Sleep modes with LDO and SMPS

Voltage fHCLK

Symbol | Parameter li _“
il e 105°C 105°C

SRAM1 supply 24 0.02 0.06 0.18 0.35 0.08 0.18 0.53 1.10

current in Run/ Range 2
Iop Sleep mode 4 002 006 018 035 008 019 054 10
(SRAM1) (SRAM1PD = 1 m
VS. Range 1 96 0.02 0.07 0.19 0.38 0.08 0.20 0.57 1.20
SRAM1PD = 0)
LDO
SRAM2 supply 24 0.01 0.02 0.07 0.14 0.03 0.07 0.22 0.42
current in Run/ Range 2
Iop Sleep mode 4 001 002 007 04 003 007 02 042
(SRAM2) (SRAM2PD =1 m
VS. Range 1 96 0.01 0.03 0.08 0.15 0.03 0.08 0.23 0.45
SRAM2PD = 0)
SRAM1 supply 24 0.02 0.05 0.14 0.27 0.07 0.15 0.41 0.80
current in Run/ Range 2
oo Sleop mode 4 002 005 014 027 007 015 041 080
(SRAM1) (SRAM1PD =1 m
VS. Range 1 96 0.02 0.05 0.14 0.28 0.07 0.15 0.42 0.83
\S/Mpss o SRAM1PD = 0)
VDD SRAM2 supply 24 0.01 0.02 0.05 0.11 0.03 0.06 0.16 0.32
current in Run/ Range 2
oo Sleop mode 4 001 002 005 010 003 006 016 030
(SRAM2) (SRAM2PD =1 m
VS. Range 1 96 0.01 0.02 0.05 0.11 0.03 0.06 0.17 0.33
SRAM2PD = 0)
SRAM1 supply 24 0.03 0.08 0.23 0.44 0.12 0.25 0.72 1.40
current in Run/ Range 2
oo . Steep mode 48 003 008 023 044 012 02 072 140
(SRAM1) SMPS™ 1 (sRAM1PD = 1 m
V8. Range 1 96 0.03 0.08 0.23 0.46 0.13 0.27 0.74 1.50
SRAM1PD = 0)
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Electrical characteristics

SRAM2 supply 24 0.01 0.03 0.09 0.18 0.05 0.10 0.28 0.56
current in Run/ Range 2 48 0.01 0.03 0.09 0.17 0.05 0.10 0.28 0.53
Ibp SMPS() Sleep mode : : : : : : : : mA
(SRAM2) (SRAM2PD =1
vs. Range 1 96 0.01 0.03 0.09 0.18 0.05 0.11 0.29 0.58
SRAM2PD = 0)(")

1. The typical value is measured at Vpp = 1.8 V. The maximum value is for 1.71 V< VDD < 3.6 V and is at VDD = 1.71 V in Run/Sleep mode
on SMPS.

Table 42. Flash banks static power consumption, when supplied by LDO/SMPS

Flash bank 1 static consumption in normal mode
(1)
Ipp (Flash_Bank1) (PD1 = 1vs. PD1 = 0) 18 19 21 25

Flash bank 2 static consumption in normal mode 18 18 20 23 25 o5 28 32

(1)
Ipp (Flash_Bankz2) (PD2 = 1 vs. PD2 = 0) WA

; One Flash bank additional static consumption in
Ipp (Flash_Bank_LPM)“?) ' normal mode versus low-power mode (LPM=0vs. 10 11 11 15 14 15 15 21
LPM =1)
1. When flash memory is in power down in Sleep mode (SLEEP_PD=1), Bank 1 and Bank 2 are in power down.

2. If no bank is in power-down, the flash memory additional static consumption in normal mode versus low-power mode is 2 x
IDD(Flash_Bank_LPM)

Table 43. Current consumption in Stop 0 mode on SMPS

Symbol | Parameter

81.5 220 615 1200 1900 3600
. 2.4 68 175 | 480 910 @ 250 530 1500 2800

Supply current in Stop 0 mode,
regulator in Range 2, RTC disabled, 8 3 60.5 150 400 760 @ 220 450 1200 2300

KB SRAM2 + ICACHE retained
3.3 59 140 375 710 | 220 @ 420 1200 2200
Iob 3.6 57 135 355 670 | 210 410 1100 2100

MA

(Stop 0) 1.8 89 | 235 645 1250 330 710 2000 3800
. 2.4 75 185 510 970 | 270 560 1600 3000

Supply current in Stop 0 mode,
regulator in Range 2, RTC disabled, all 3 68 | 160 430 820 & 250 480 1300 2500

SRAMSs retained

3.3 66 155 | 405 770 @ 240 470 1300 2400
3.6 64 145 | 385 730 @ 230 440 1200 2200

1. Evaluated by characterization. Not tested in production.
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Table 44. Current consumption in Stop 0 mode on LDO

Symbol Parameter

165 1250 = 2400 1400 = 3800 7200

Supply current in Stop 0 24 165 455 1250 = 2400 600 1400 = 3800 7200
mode, regulator in Range 2,

RTC disabled, 8 KB 3 165 455 1250 = 2400 600 1400 = 3800 7200

SRAM2 + ICACHE retained 3.3 165 455 1250 = 2450 600 1400 = 3800 7400

3.6 165 455 1250 = 2450 600 1400 = 3800 7400

Ipp (Stop 0) MA

1.8 175 465 1300 = 2450 640 1400 = 3900 7400

Supply current in Stop 0 24 175 465 1300 = 2500 640 1400 = 3900 7500
mode, regulator in Range 2,

RTC disabled. all SRAMs 3 175 465 1300 = 2500 640 1400 = 3900 7500

retained 3.3 175 465 1300 = 2500 640 1400 = 3900 7500

3.6 175 465 1300 = 2500 640 1400 = 3900 7500

1. Evaluated by characterization. Not tested in production.

Table 45. Current consumption in Stop 1 mode on LDO

Symbol Parameter

145 1250 | 2400 1300 = 3800 = 7200
Supply current in 2.4 145 435 1250 = 2450 530 1400 3800 | 7400
Stop 1 mode, RTC
disabled, 8 KB 3 145 435 1250 | 2450 530 1400 = 3800 = 7400
SRAM2 + ICACHE
etainod 3.3 145 435 1250 | 2450 530 1400 = 3800 = 7400
oo 36 145 435 1250 = 2450 530 1400 | 3800 = 7400
(Stop 1) 1.8 150 445 1300 2500 550 1400 3900 7500
dfstg&; dmgl(lngTI\SI;s 3 150 445 | 1300 | 2500 = 550 | 1400 | 3900 7500
retained 3.3 150 445 1300 | 2500 550 1400 = 3900 = 7500
3.6 150 450 1300 = 2500 550 1400 = 3900 = 7500
A
1.8 145 430 1250 | 2400 530 1300 = 3800 = 7200 H
Supply current in
Stop 1 mode, RTC(" 2.4 145 435 1250 | 2450 530 1400 = 3800 = 7400
C'OCIEI?"; bg’ kg' 32 3 145 435 1250 | 2450 = 530 1400 | 3800 7400
SRAM2 + ICACHE 33 145 435 1250 = 2450 530 1400 | 3800 = 7400
Iop retained
(stop 1 3.6 145 435 1250 = 2450 530 1400 = 3800 = 7400
with Supply current in 1.8 145 430 1250 = 2400 530 1300 = 3800 = 7200
RTC
) Stop 1 mode, RTC(" 2.4 145 435 1250 = 2450 530 1400 3800 = 7400
clocked by LSE
bypassed at 3 145 435 1250 | 2450 530 1400 = 3800 = 7400
32768 Hz, 8 KB
SRAM? + ICACHE 3.3 145 435 1250 | 2450 530 1400 = 3800 = 7400
retained 36 145 435 1250 | 2450 530 1400 = 3800 = 7400
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Symbol Parameter

Supply current in 140 1250 2400

Stop 1 mode, RTC("

oo clocked by LSE 2.4 140 425 1250 2400 - - - -
(Stop 1 | Quartzin LOW-drive 3 140 430 1250 | 2400 - - - - A
: moae,
F‘gg) RCC_BDCR.LSESY 3.3 140 430 1250 2400 - - - -
SEN =0, 8 KB
SRAM2 + ICACHE 3.6 140 430 1250 | 2450 - - - -
retained

1. RTC with default configuration except RTC_CALR.LPCAL = 1
2. Evaluated by characterization. Not tested in production.

Table 46. Current consumption during wake-up from Stop 1 mode on LDO

S ——
Symbol Parameter
_

Electrical charge Wake-up clock is MSI 48 MHz

Gpp (wake-up from - consumed during e clock is HSI 16 MHz 3 12 nAs
Stop 1) wake-up from Stop 1
mode Wake-up clock is MSI 3 MHz 18

Table 47. Current consumption in Stop 1 mode on SMPS

Symbol Parameter
-

615 1200 1900 3600
. 2.4 68 175 480 910 250 530 1500 2800
Supply current in Stop 1
mode, RTC disabled, 8 KB 3 61 150 400 760 220 450 1200 2300
SRAM2 + |CACHE retained
3.3 58 140 375 710 210 420 1200 2200
Ibb 3.6 57 135 355 670 210 410 1100 2100
(Stop 1) 1.8 89 230 645 1250 320 690 2000 = 3800
) 2.4 75 185 505 970 280 560 1600 3000
Supply current in Stop 1
mode, RTC disabled, all 3 68 160 430 820 250 480 1300 2500
SRAMs retained
3.3 65 150 405 770 240 450 1300 2400
3.6 64 145 385 725 230 440 1200 2200
A
1.8 82 220 615 1200 300 660 1900 3600 H
Supply current in Stop 1 2.4 69 175 480 910 250 530 1500 2800
mode, RTC!") clocked by LSI
32 kHz, 8 KB 3 61 150 400 760 220 450 1200 2300
SRAM2 + |CACHE retained 3.3 59 140 375 710 220 420 1200 2200
oo 3.6 57 135 355 670 210 410 1100 | 2100
(Stop 1
with 1.8 82 220 615 1200 300 660 1900 3600
RTC)
Supply current in Stop 1 2.4 69 175 480 910 250 530 1500 2800
mode, RTC!") clocked by LSE
bypassed at 32768 Hz, 8 KB 3 61 150 400 760 220 450 1200 2300
SRAM2 + ICACHE retained 3.3 59 140 375 710 220 420 1200 2200
3.6 57 135 355 670 210 410 1100 2100
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Symbol Parameter
-

215 1100
Supply current in Stop 1
Ibb | mode, RTC!" clocked by LSE 24 68 170 470 900 - - - -

(Stop 1 quartz in low-drive mode, A
with | RCC_BDCR.LSESYSEN=0, 3 60 145 395 755 - - i i H
RTC) 8 KB SRAM2 + ICACHE 3.3 58 140 370 705 ; i, i, -

retained
3.6 57 135 350 665 - - - -

1. RTC with default configuration but RTC_CALR.LPCAL =1
2. Evaluated by characterization. Not tested in production.

Table 48. Current consumption during wake-up from Stop 1 mode on SMPS

T oo [ e |
Symbol Parameter
—w ]

Wake-up clock is MSI

Electrical charge 48 MHz
Qop (wake-up from consumed during Wake-up clock is HSI 3 nAs
Stop 1) wake-up from Stop 1 6
16 MHz
mode
Wake-up clock is MSI 3 MHz 10

Table 49. Current consumption in Stop 2 mode on LDO

Symbol Parameter

415 125 130
Supply current in 2.4 13 425 130 255 47 130 390 770
Stop 2 mode, RTC
disabled, 8 KB 3 13 425 130 260 47 130 390 780
SRAM2 + ICACHE
retalned 3.3 13 43 130 260 47 130 390 780
Ioo 3.6 135 44 130 260 49 140 390 780
(Stop 2) 1.8 15.5 495 155 315 56 150 470 950
Sit:;’blzezwa‘f'sgfﬂs 3 155 505 155 320 56 160 470 960
retained 3.3 15.5 51.0 160 320 56 160 480 960
3.6 16 51.5 160 325 58 160 480 980
A
1.8 13 42 125 255 47 130 380 770 H
Supply current in
Stop 2 mode, RTC(" 2.4 13 43 130 255 47 130 390 770
g';ck':_lezd ZVK'I-BS' 3 135 43 130 260 49 130 390 780
SRAM2 + ICACHE 3.3 135 43.5 130 260 49 140 390 780
Iop retained
Stop 2 3.6 14 44.5 135 260 51 140 410 780
with 1.8 13 415 125 255 47 130 380 770
RTC) | Supply currentin
Stop 2 mode, RTC(") 24 13 42.5 130 255 47 130 390 770
g';’g'ﬁzd gyK'ES' 3 13 43 130 260 47 130 390 780
SRAM2 + ICACHE 3.3 13 43 130 260 47 130 390 780
retained
3.6 135 44 130 260 49 140 390 780
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Symbol Parameter

Supply current in 13.0 125 130

Stop 2 mode, RTC'" 24 13 43 130 255 47 130 390 770

clocked by LSE

bypassed at 3 13 43 130 260 47 130 390 780

32768 Hz, 8 KB

SRAM2 + ICACHE 3.3 13.5 43.5 130 260 49 140 390 780

retained 36 14.0 44 135 260 51 140 410 780

Supply current in 1.8 13 41.5 125 250 - - - -

Stop 2 mode, RTC(")

clocked by LSE 2.4 13 42 130 255 - - - -
Ipp quartz in low-drive 3 13 425 130 255 - - - -

(Stop 2  mode, A
with | RCC_BDCR.LSESY 3.3 13 43 130 255 - - - - H
RTC) SEN=0,8KB

SRAM2 + ICACHE 3.6 13.5 44 130 260 - - - -

retained

Supply current in 1.8 13 415 125 250 - - - -

Stop 2 mode, RTC("

clocked by LSE 2.4 13 42.5 130 255 - - - -

quartz in low-drive 3 13 425 130 255 - - - -

mode,

RCC_BDCR.LSESY 3.3 13.5 43 130 255 - - - -

SEN=1,8 KB

SRAM2 + ICACHE 36 14 44 130 260 - - - -

retained

1. RTC with default configuration but RTC_CALR.LPCAL = 1
2. Evaluated by characterization. Not tested in production.

Table 50. SRAM static power consumption in Stop 2 when supplied by LDO

Max®)

SRAM1 16-Kbyte page x (x = 1, or 2)
Iop (SRAM1_16kB)(") static consumption (SRAM1PDSx = = 0.21 0.41 165 | 3.95 0.74 1.30 5 12
1 vs. SRAM1PDSx = 0)

SRAM1 32-Kbyte page x (x =3
6, or 7) static consumption
(SRAM1PDSx = 1 vs.
SRAM1PDSx = 0)

Iob (SRAM1_32kB)(") 038 086 325 740 140 260 98 23

SRAM2 32-Kbyte page 1 static
Ipp (SRAM2_32kB)?) consumption (SRAM2PDS1=1vs. = 047 120 425 950 170 3.60 13 29
SRAM2PDS1 = 0)

SRAM2 24-Kbyte page 2 static
Ipp (SRAM2_24kB)?) consumption (SRAM2PDS2=1vs. | 0.35 0.85 3.25 7.2 1.30  2.60 10 22
SRAM2PDS2 = 0) HA

SRAM2 8-Kbyte page 3 static
Ipp (SRAM2_8kB)?) consumption (SRAM2PDS3=1vs. = 0.18 025 1.10 | 237 065 0.75 3.3 7.2
SRAM2PDS3 = 0)

ICACHE SRAM static consumption

Ipp (ICRAM) (ICRAMPDS = 1 vs. ICRAMPDS = 0) 013 032  1.30 2.8 0.46 = 0.96 3.9 8.4
FDCAN and USB SRAM static
Iop (PRAM) consumption (PRAMPDS = 1 vs. 0.11 0.16 | 0.44 0.81 0.40 @ 0.48 14 2.5
PRAMPDS = 0)
PKA SRAM static consumption
Iop (PKARAM) (PKARAMPDS = 1 vs. 0.11 0.18 | 068 125 038 054 2.1 3.8

PKARAMPDS = 0)
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1. SRAMT1 total consumption is 2 x Ipp(SRAM1_16kB) + 5 x Ipp(SRAM1_32kB).
2. SRAM2 total consumption is Ipp(SRAM2_32kB) + Ipp(SRAM2_24kB) + IDD(SRAM2_8kB).

3. Evaluated by characterization. Not tested in production.

Table 51. Current consumption during wake-up from Stop 2 mode on LDO

_ cowm | |
Symbol Parameter
R (=

Electrical charge Wake-up clock is MSI 48 MHz

Qpp (wake-up from consumed during .
Stop 2) wake-up from Stop 2 Wake-up clock is HSI 16 MHz 3.0 12 nAs
mode Wake-up clock is MSI 3 MHz 18

Table 52. Current consumption in Stop 2 mode on SMPS

Symbol Parameter

61.5 125 190
. 2.4 4.7 15.5 47.5 96.5 17 47 150 290
Supply current in Stop 2
mode, RTC disabled, 8 KB 3 4.0 13 40 81.0 15 39 120 250
SRAM2 + ICACHE retained
3.3 3.8 125 37.5 77 14 38 120 240
oo 3.6 4.1 12 36.5 74.5 15 36 110 230
(Stop 2) 1.8 7.5 23.5 74.5 155 28 71 230 470
. 24 5.7 18 57 120 21 54 180 360
Supply current in Stop 2
mode, RTC disabled, all 3 4.8 15 47.5 99.5 18 45 150 300
SRAMSs retained
3.3 4.6 14.5 45 93.5 17 44 140 290
3.6 4.7 14 435 90 17 42 140 270
1.8 6.5 20.5 62 125 24 62 190 380
Supply current in Stop 2 24 5.1 16 48 97 19 48 150 300
mode, RTC(") clocked by LSI
32 kHz, 8 KB 3 44 13.5 40.5 81.5 16 41 130 250 pA
SRAM2 + ICACHE retained 3.3 43 13 38.5 77.5 16 39 120 240
3.6 4.6 13 37 75 17 39 120 230
1.8 6.3 20 61.5 125 23 60 190 380
Ipb Supply current in Stop 2 24 4.8 15.5 48 96.5 18 47 150 290
(Stop 2  mode, RTC!" clocked by LSI
ith | 250 Hz, 8 KB 3 4.1 13 40 81.5 15 39 120 250
RTC) SRAM2 +ICACHE retained 3.3 4.0 125 38 77 15 38 120 240
3.6 4.2 12.5 37 745 15 38 120 230
1.8 6.4 20.5 62 125 23 62 190 380
Supply current in Stop 2 24 5.0 15.5 48 97 18 47 150 300
mode, RTC!" clocked by
LSE bypassed at 32768 Hz, 3 4.2 13 40 81.5 16 39 120 250
8 KB SRAM2 + ICACHE
retained 3.3 4.2 125 38 77.5 15 38 120 240
3.6 4.4 125 37 75 16 38 120 230
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Symbol Parameter

Supply current in Stop 2 125
mode, RTC!") clocked by 24 50 155 475 955 - - - -
LSE quartz in low-drive
mode, 3 4.3 13 39.5 81 - - - -
RCC_BDCR.LSESYSEN =0
oo+ 8 KB SRAM2 + ICACHE 33 41 125 | 38 | 765 - - - -
(Stop 2 retained 3.6 4.4 12.5 37 74 - - - - A
: M
with
RTC) Supply current in Stop 2 18 6.5 20 61 125 - - - -
mode, RTC(.” C|OCke.d by 24 51 15.5 475 96 _ - _ -
LSE quartz in low-drive
mode, 3 4.4 13.5 40 81 - - - -
RCC_BDCR.LSESYSEN = 1
8 KB SRAM2 + ICACHE 3.3 4.3 12.5 38 77 - - - -
retained 3.6 4.5 12.5 37 74.5 - - - -
1. RTC with default configuration but RTC_CALR.LPCAL = 1
2. Evaluated by characterization. Not tested in production.
Table 53. SRAM static power consumption in Stop 2 when supplied by SMPS
Symbol Parameter
SRAM1 16-Kbyte page
X (x =1, or 2) static
Ipp (SRAM1_16kB)") | consumption 0.05 0.14 0.45 1.10 0.17 0.41 1.40 3.30
(SRAM1PDSx = 1 vs.
SRAM1PDSx = 0)
SRAM1 32-Kbyte page
X(x=3,..6,0r7)
Ipp (SRAM1_32kB)") | static consumption 0.10 0.26 0.91 2.15 0.35 0.78 2.80 6.50
(SRAM1PDSx = 1 vs.
SRAM1PDSx = 0)
SRAM2 32-Kbyte page
1 static consumption
(2)
Ipp (SRAM2_32kB) (SRAM2PDS1 = 1 vs. 0.12 0.34 1.20 2.75 0.44 1.10 3.60 8.30
SRAM2PDS1 = 0)
SRAM2 24-Kbyte page
2 static consumption
(2)
Ipp (SRAM2_24kB) (SRAM2PDS2 = 1 vs. 0.08 0.25 0.90 2.05 0.31 0.75 2.70 6.20
SRAM2PDS2 = 0) HA
SRAM2 8-Kbyte page
3 static consumption
(2)
Ipp (SRAM2_8kB) (SRAM2PDS3 = 1 vs. 0.03 0.08 0.32 0.69 0.12 0.25 0.96 2.10
SRAM2PDS3 = 0)
ICACHE SRAM static
consumption
Ipp (ICRAM) (ICRAMPDS = 1 vs. 0.03 0.09 0.32 0.78 0.13 0.27 0.96 2.40
ICRAMPDS = 0)
FDCAN and USB
SRAM static
Iop (PRAM) consumption 0.03 0.05 0.13 0.30 0.12 0.15 0.40 0.90
(PRAMPDS = 1 vs.
PRAMPDS = 0)
PKA SRAM static
Iop (PKARAM) consumption 003 | 006 & 020 0.41 0.11 0.18 | 0.60 1.30

(PKARAMPDS = 1 vs.
PKARAMPDS = 0)
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1. SRAM1 total consumption is 2 x IDD (SRAM1_16kB) + 5 x IDD (SRAM1_32kB).
2. SRAM2 total consumption is IDD (SRAM2_32kB) + IDD(SRAM2_24kB) + IDD (SRAM2_8kB).
3. Evaluated by characterization. Not tested in production.

Table 54. Current consumption during wake-up from Stop 2 mode on SMPS

C e
Symbol Parameter
_

Wake-up clock is MSI

) 48 MHz
Electrical charge
Qpp (wake-up from consumed during Wake-up clock is HSI 3 10 nAs
Stop 2) wake-up from Stop 2 16 MHz
mode .
Wake-up clock is MSI 15
3 MHz

Table 55. Current consumption in Stop 3 mode on LDO

Symbol Parameter

4.65 16.0 51.0 110 160
. 2.4 4.70 16.0 51.5 110 17 48 160 330
Supply current in Stop 3
mode, RTC disabled, 8 KB 3 4.80 16.0 52.0 110 18 48 160 330
SRAM2 + ICACHE retained
3.3 4.90 16.5 53.0 110 18 50 160 330
Iob 3.6 5.30 17.0 54.5 115 20 51 170 350
(Stop 3) 1.8 7.00 23.0 76.5 165 26 69 230 500
. 2.4 7.05 23.0 77.0 170 26 69 240 510
Supply current in Stop 3
mode, RTC disabled, all 3 715 23.5 77.5 170 26 71 240 510
SRAMs retained
3.3 7.30 23.5 79.0 170 27 71 240 510
3.6 7.75 24.5 80.0 170 28 74 240 510
1.8 4.95 16.0 51.5 110 18 48 160 330
Supply current in Stop 3 2.4 5.05 16.5 52.0 110 19 50 160 330
mode, RTC!") clocked by LSI
32 kHz, 8 KB 3 5.25 16.5 52.5 110 19 50 160 330 pA
SRAM2 + ICACHE retained 3.3 5.45 17.0 53.5 110 20 51 170 330
3.6 5.90 18.0 55.0 115 22 54 170 350
1.8 4.80 16.0 51.0 110 18 48 160 330
Iob Supply current in Stop 3 2.4 4.80 16.0 51.5 110 18 48 160 330
(Stop 3 = mode, RTC" clocked by LS|
with 250 Hz, 8 KB 3 4.90 16.5 52.5 110 18 50 160 330
RTC) = SRAM2 + ICACHE retained 33 505 165 = 530 110 19 50 160 330
3.6 5.65 17.5 54.5 115 21 53 170 350
1.8 4.90 16.0 51.0 110 18 48 160 330
Supply current in Stop 3 24 5.00 16.5 52.0 110 19 50 160 330
mode, RTC!" clocked by LSE
bypassed at 32768 Hz, 8 KB 3 5.10 16.5 52.5 110 19 50 160 330
SRAM2 + ICACHE retained 3.3 5.25 17.0 53.5 110 19 51 170 330
3.6 5.70 17.5 54.5 115 21 53 170 350
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Symbol Parameter

4.95 16.0 50.5 105
Supply current in Stop 3

mode, RTC(") clocked by LSE 2.4 5.05 16.0 51.5 110 - - - -
quartz in low-drive mode,

RCC_BDCR.LSESYSEN =0, 3 510 165 | 525 10 . . . .
8 KB SRAM2 + ICACHE 3.3 5.30 17.0 53.5 110 - - - -
Ipp retained
(Stop 3 3.6 5.75 17.5 54.5 115 - - - - A
: M
with 1.8 500 160 = 510 | 105 - - - -
RTC) Supply current in Stop 3
mode, RTC(") clocked by LSE 2.4 5.05 16.5 51.5 110 - - - -
quartz in low-drive mode, _ _ R R
RCC_BDCR.LSESYSEN =1, 3 5.20 16.5 525 10
8 KB SRAM2 + ICACHE 3.3 5.40 17.0 53.5 110 - - - -
retained
3.6 5.90 17.5 55.0 115 - - - -

1. RTC with default configuration except RTC_CALR.LPCAL = 1
2. Evaluated by characterization. Not tested in production.

Table 56. SRAM static power consumption in Stop 3 when supplied by LDO

o [ wae
Symbol Parameter

SRAM1 16-Kbyte page x
Iop (SRAM1_16kB) (X =1, or 2) static
<3D( -16kB) consumption 0.11 0.41 155 | 340 @ 040 @ 130 = 470 | 11.00
(SRAM1PDSx = 1 vs.
SRAM1PDSx = 0)

SRAM1 32-Kbyte page x

Inn (SRAM1 32kB (x=3, ..., 6, or 7) static

(RD( —32kB) consumption 026 | 083 305 68 | 094 250 @ 920 | 21.00
(SRAM1PDSx = 1 vs.
SRAM1PDSx = 0)

SRAM2 32-Kbyte page 1
Ipp (SRAM2_32kB) | static consumption
@ (SRAM2PDS1 = 1 vs.
SRAM2PDS1 = 0)

0.31 0.93 3.95 8.90 1.20 2.80 12.00 = 27.00

SRAM2 24-Kbyte page 2

Ipp (SRAM2_24kB) | static consumption

P (SRAM2PDS2 = 1 vs. 0.22 0.78 3.05 6.70 0.80 2.40 9.20 21.00 A
SRAM2PDS2 = 0)

SRAM2 8-Kbyte page 3 static
consumption

(SRAM2PDS3 = 1 vs.
SRAM2PDS3 = 0)

ICACHE SRAM static
Ipp (ICRAM) consumption (ICRAMPDS = 1 0.10 0.27 1.20 2.45 0.35 0.81 3.60 7.40
vs. ICRAMPDS = 0)

FDCAN and USB SRAM static
Ipp (PRAM) consumption (PRAMPDS =1 0.03 0.08 0.39 0.70 0.1 0.25 1.20 2.10
vs. PRAMPDS = 0)

PKA SRAM static

consumption
Ipp (PKARAM) (PKARAMPDS = 1 vs. 0.06 0.10 0.55 1.50 0.21 0.30 1.70 4.50

PKARAMPDS = 0)

Ipp (SRAM2_8kB)®?) 0.07 0.24 1.05 2.25 0.26 0.72 3.20 6.80

1. SRAMT1 total consumption is 2 x Ipp(SRAM1_16kB) + 5 x Ipp(SRAM1_32kB).
2. SRAM2 total consumption is Ipp(SRAM2_32kB) + Ipp(SRAM2_24kB) + Ipp(SRAM2_8kB).
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3. Evaluated by characterization. Not tested in production.

Table 57. Current consumption during wake-up from Stop 3 mode on LDO

5°C

Electrical charge Wake-up clock is MSI 48 MHz 150

Qpp (wake-up from consumed during .

Stop 3) wakeup from Stop 3 Wake-up clock is HSI 16 MHz 3.0 150 nAs
mode Wake-up clock is MSI 3 MHz 160

Table 58. Current consumption in Stop 3 mode on SMPS

Symbol Parameter

2.25 7.5 52.5 160
3 mode, RTC disabled,
8 KB SRAM2 + 3 1.55 5.0 16.5 36 5.6 15 50 110
ICACHE retained 3.3 1.60 5.0 16 35 5.8 15 48 110
Ibp 3.6 1.95 54 16.5 35 71 17 50 110
(Stop 3) 1.8 3.30 10.5 35.5 79.5 12.0 32 110 240
. 2.4 2.55 8.2 27.5 62 9.2 25 83 190
Supply current in Stop
3 mode, RTC disabled, 3 2.20 7.0 23.5 52.5 8.0 21 71 160
all SRAMs retained
3.3 2.20 6.8 22.5 50.5 8.0 21 68 160
3.6 2.50 71 225 495 9.1 22 68 150
1.8 2.55 7.8 24.5 52.5 9.2 24 74 160
Supply current in Stop 24 2.15 6.2 19.5 42 7.8 19 59 130
3 mode, RTC® clocked
by LSI 32 kHz, 8 KB 3 2.00 55 17 36.5 7.3 17 51 110
SRAM2 + ICACHE
retained 3.3 2.10 55 16.5 35.5 7.6 17 50 110
3.6 2.50 6.0 17 35.5 9.1 18 51 110
1.8 235 76 | 245 525 85 23 74 160 WA
Supply current in Stop 2.4 1.90 6.0 19.0 | 415 6.9 18 57 130
3 mode, RTC® clocked
by LSI 250 Hz, 8 KB 3 1.70 5.2 16.5 36 6.2 16 50 110
SRAM2 + ICACHE
rotained 3.3 175 51 160 355 64 16 48 110
Iop (Stop 3.6 2.10 5.6 16.5 35.5 7.6 17 50 110
3 with 1.8 2.45 7.7 24.5 53 8.9 23 74 160
RTC) Supply current in Stop
3 mode, RTC® clocked 2.4 2.00 6.1 19.5 42 73 19 59 130
by LSE bypassed at
32768 Hz, 8 KB 3 1.85 5.3 16.5 36.5 6.7 16 50 110
SRAM2 + ICACHE 3.3 1.95 5.3 16.5 35.5 71 16 50 110
retained
3.6 2.30 5.8 16.5 35.5 8.3 18 50 110
Supply current in Stop 1.8 2.55 7.7 245 52.5 - - - -
3 mode, RTC® clocked
by LSE quartz in low- 24 210 6.1 195 42 ) ) } )
drive mode, 3 1.90 5.4 16.5 36.5 - - - -
RCC_BDCR.
LSESYSEN =0, 8 KB 3.3 1.95 54 16.5 35.5 - - - -
SRAM2 + ICACHE
retained 36 2.35 5.8 165 | 355 - - - -
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Symbol Parameter

Supply current in Stop 2.60 24.5 52.5
3 mode, RTC® clocked
lop (Stop | bY LSE quartz inlow- 2.4 220 62 | 195 42 - - - -
3 with drive mode, 3 2.00 55 170 | 365 - - - - uA
RTC) RCC_BDCR.
LSESYSEN =1, 8 KB 3.3 2.10 5.5 16.5 35.5 - - - -
SRAM2 + ICACHE
retained 3.6 2.45 5.9 17.0 35.5 - y - -

1. Evaluated by characterization. Not tested in production.
2. RTC with default configuration but RTC_CALR.LPCAL=1

Table 59. SRAM static power consumption in Stop 3 when supplied by SMPS

e | e
Symbol Parameter

SRAM1 16-Kbyte page x (x = 1, or 2)
Ipp (SRAM1_16kB)?) | static consumption (SRAM1PDSx=1 | 0.04 0.14 0.44  1.05 0.15 0.41 1.40 3.20
vs. SRAM1PDSx = 0)

SRAM1 32-Kbyte page x (x =3, ..., 6,
Ipp (SRAM1_32kB)® | or 7) static consumption (SRAM1PDSx ' 0.08  0.25 0.90 2.05 0.30 0.75 2.70 6.20
=1 vs. SRAM1PDSx = 0)

SRAM2 32-Kbyte page 1 static
Ipp (SRAM2_32kB)® | consumption (SRAM2PDS1 = 1 vs. 0.10 0.32 115 255 0.35 096 3.50 7.70
SRAM2PDS1 = 0)

SRAM2 24-Kbyte page 2 static
Ipp (SRAM2_24kB)®) | consumption (SRAM2PDS2 = 1 vs. 0.07 023 085 195 0.24 0.69 260 5.90
SRAM2PDS2 = 0) LA

SRAM2 8-Kbyte page 3 static
Ipp (SRAM2_8kB)™ consumption (SRAM2PDS3 = 1 vs. 0.02 0.10 0.32 0.72 0.09 0.29 0.95 2.20
SRAM2PDS3 = 0)

ICACHE SRAM static consumption

Iop (ICRAM) (ICRAMPDS = 1 vs. ICRAMPDS = 0) | 003 011 035 076 012 033 1.10 230
FDCAN and USB SRAM static
Iop (PRAM) consumption (PRAMPDS =1vs. ~ 0.01  0.02 0.11 024 0.2 0.06 032 0.71

PRAMPDS = 0)

PKA SRAM static consumption
Ipp (PKARAM) (PKARAMPDS = 1 vs. PKARAMPDS =  0.01  0.05 0.17 045 0.03 0.14 0.51  1.40
0)
1. Evaluated by characterization. Not tested in production.
2. SRAM1 total consumption is 2 x IDD(SRAM1_16kB) + 5 x IDD(SRAM1_32kB).
3. SRAM2 total consumption is IDD(SRAM2_32kB) + IDD(SRAM2_24kB) + IDD(SRAM2_8kB).

Table 60. Current consumption during wake-up from Stop 3 mode on SMPS

T ot [ e
Symbol Parameter
—w e

Wake-up clock is MSI

Electrical 48 MHz
charge
Qpp (wake-up from consumed Wake-up clock is HSI
Stop 3) during wake- 16 MHz 3.0 40 nAs
up from Stop 3 :
mode Wake-up clock is MSI 60

3 MHz
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Table 61. Current consumption in Standby mode

Evaluated by characterization. Not tested in productlon

Symbol Parameter

0.10 031 094

Noindependent 24 012 04 20 70 038 11 50 18
F\’Nv?/thﬁg?{. 3 018 06 25 79 055 15 62 20
ULPMEN=1 | 33 033 09 32 94 11 23 80 24
36 081 17 47 115 25 43 12 29

18 012 05 20 62 036 130 50 16

2.4 0.21 0.5 2.1 6.8 0.64 1.3 5.3 17
No independent

erl:gmn watehdog 3 027 07 25 75 084 17 63 19
Standby 33 041 10 32 89 13 25 80 23
oo mode 36 087 18 47 1.0 27 44 12 28
(backup
(Standby) ' roisters 18 043 07 22 66 14 18 54 17
ra;'?gd)’ with independent 24 | 054 08 25 74 17 22 62 18
disabled watchdog
isable dlocked by LS 3 069 11 29 80 22 28 73 20
32 kHz 33 090 15 3.7 9.4 2.8 3.7 9.3 24
36 140 23 52 115 44 58 13 29
18 026 05 20 65 081 14 50 17
with independent 2.4 0.30 0.6 2.2 6.9 0.92 1.5 5.4 18
watchdog
clocked by LSI 3 03 08 26 76 12 20 65 19 LA
250 Hz 33 054 11 | 34 90 17 28 84 23
36 100 19 48 1.0 32 48 12 28
18 044 07 22 66 14 18 54 17
RTCDclocked = 24 055 09 25 71 18 22 62 18
byLSI82kHz,no 3 70 14 20 80 22 28 73 20
independent
watchdog 33 091 15 38 94 29 37 94 24
36 140 24 52 115 44 59 13 29
Supply 18 026 05 20 65 081 14 50 17
current in
| Standby RTC clocked = 24 030 06 | 22 69 094 15 55 18
DD mode
byLSI250Hz, ' 5 537 08 26 76 12 20 65 19

(Standby (backup

- ) no independent
with RTC) registers

| watchdog 33 054 141 34 9.0 1.7 2.8 8.4 23
retained),
RTC 36  1.00 20 48 110 32 4.9 12 28
enabled
18 050 08 2.3 6.7 1.6 2.0 5.7 17
RTC( and 24 064 09 25 72 20 24 63 18
independent
watchdog 3 082 1.2 3.1 8.1 2.6 3.0 7.7 21

clocked by LSI

32 kHz 3.3 1.05 1.6 3.9 9.5 3.3 4.0 10 24

3.6 1.55 2.5 5.4 1.5 4.9 6.3 14 29
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Symbol Parameter

0.26 0.81
RTC( and 24 030 06 22 69 094 15 55 18
independent
watchdog 3 038 08 26 76 12 20 65 19

clockedbylSI 55" " 054 11 34 90 17 28 84 23

250 Hz
36 100 20 48 10 32 49 12 28

Supply
current in 1.8 0.36 0.6 2.1 6.6 1.2 1.6 5.3 17
Standby 24 045 08 24 71 14 19 59 18

Iop mode RTC( clocked
(Standby (backup | by | SE bypassed =~ 3 056 10 28 79 18 25 70 20
with RTC registers 2768 H

) retained), at 32768 Hz 33 074 13 36 93 23 33 90 24
RTC 36 125 22 51 115 39 54 13 29

enabled

18 045 07 22 66 - ) ) )
24 055 09 25 74 ] ) ) )

RTC() clocked

by LSE quartz in 3 0.63 1.1 2.9 7.9 - - - -

low-drive mode 35 79 | 14 | 37 93 - ) ) )
36 125 22 51 115 - ) ) )

1.8 1.19 3.3 12 26 4.3 10 35 78

Supply
current to be 24 145 33 1 26 42 1 35 78
oo added in
Standby 3 113 34 12 26 | 4.1 11 35 7 A
(SRAM2) mode when
full SRAM2 33 114 33 1 26 | 42 10 34 77
is retained 36 114 33 11 26 | 41 10 35 77
LDO
Supply 18 043 12 | 41 94 16 36 13 29
current to be
| added in 24 040 12 43 93 15 38 13 28
DD
(SRAM |~ Standby 3 045 13 42 90 17 38 13 27
8K mode when
—8K) SRAM2 33 053 14 42 92 | 20 42 | 13 28
8 KB page 3
Supply 18 063 17 | 55 124 23 51 17 38
current to be 24 040 12 41 93 15 36 13 28
Iob added in
Standby 3 03 10 33 75 13 30 10 23
(SRAM2) " 1 ode when
full SRAM?2 33 033 09 30 67 12 27 90 20
is retained 36 029 07 26 60 11 21 77 18
SMPS
Supply 18 029 07 | 22 49 11 21 65 15
current to be
| added in 24 017 05 15 33 06 14 45 10
DD
(SRAMz |~ Standby 3 014 04 12 25 051 12 36 75
8K mode when
-8K) SRAM2 33 013 03 11 22 047 10 32 65
8 KB page 3
is retained 36 01 02 07 20 040 06 @ 21 60
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Table 62. Current consumption during wake-up from Standby mode

==
Symbol Parameter
—

Electrical charge Wake-up clock is MSI

Qpp (wakeup from ' consumed during 12 MHz 3 uAs
Standby) wakeup from Wake-up clock is MSI
Standby mode 3 MHz 25

Table 63. Current consumption in Shutdown mode

Symbol Parameter

Supply 0.12 0.58
current in 24 | 014 04 18 | 46 | 064 13 45 12
Iob Shutdown
(Shutdown) mode (backup - 3 020 06 22 54 075 16 55 14
registers
retained), 33 036 09 30 67 12 24 74 17
RTC disabled 36 08 18 44 89 26 44 1 23
18 | 030 06 18 45 092 17 45 12
RTC® 24 034 07 20 48 11 17 50 12
clocked by
LSE 3 045 09 25 56 14 22 62 14 | pA
Supply bypassed at
current in 30768 Ha 33 065 12 32 70 21 30 80 18
Iop Shutdown 36 115 24 47 | 93 36 52 12 24
(Shutdown = mode (backup
with RTC) | registers 18 | 045 08 20 @ 46 - : B .
retained), RTC® 24 049 08 22 50 ] ) - )

RTC enabled clocked by
LSE quartz in 3 0.58 1.0 2.6 5.7 - - - -

low-drive
mode 3.3 0.73 14 3.4 71 - - - -
3.6 1.25 2.2 4.8 9.4 - - - -

1. Evaluated by characterization. Not tested in production.
2. RTC with default configuration but RTC_CALR.LPCAL = 1

Table 64. Current consumption during wake-up from Shutdown mode

Parameter

Electrical charge
Qpp (wakeup from | consumed during | Wake-up clock is
Shutdown) wakeup from MSI 12 MHz
Shutdown mode

3.0 15 UuAs
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Table 65. Current consumption in Vgar mode

Symbol

Supply 001 007 033 085 004 018 @ 083
current in
VBAT 24 | 001 008 036 091 004 020 09 @ 23
Ibo mode 3 002 010 042 100 007 025 11 25
(Vear) (backup -
BAT) | registers 33 006 = 020 070 165 020 @049 18 42
retained),
RTC 36 017 037 099 205 053 093 25 52
disabled
18 | 030 038 067 120 036 052 1.2 26
RTC 24 037 045 076 135 043 061 14 28
clocked by
LSE 3 046 = 056 091 150 056 @076 16 3.1
bypassed

3.3 0.56 0.71 1.25 2.20 0.74 1.10 24 4.8
3.6 0.73 0.95 1.60 2.70 1.20 1.6 3.2 5.9
RTC®) 1.8 0.23 0.30 0.59 1.15 0.28 0.43 1.2 2.5

Clof_'g’gby 24 026 035 066 120 032 049 13 = 26

bypassed 3 032 | 042 076 140 @040 @ 0.61 1.5 3.0 HA
Supply | at 32 KHz,
currentin  RTC_CALR 3.3 040 055 110 @205 @ 0.56 0.9 2.2 4.6

VBAT LPCAL =

at 32 KHz

mode 1 36 | 056 077 140 250 1.0 1.4 3.0 5.7
Ipp(Vear (backup
with RTC) | egisters 18 | 042 051 079 @ 1.35 . - - -
retained),  RTC” ' 54 | 047 056 086 140 - ] ] ]

RTC clocked by
enabled |SEquartz 3 | 052 063 097 160 - - - -

LSE qua
e © 33 | 059 075 130 225 - - : -

36 075 098 160 270 - - : -
RTC® 18 035 043 072 125 - - : -

clocked by
LSE quartz 24 037 045 076 130 - - - -
inlow-drive | 3 039 = 049 084 145 - - - -
mode,
RTC_CALR 33 044 060 115 210 - - - ;
.LPCAL =
1 36 | 058 081 145 255 - - - -

1. Evaluated by characterization. Not tested in production.
2. RTC with default configuration except for what is specified

1/0 system current consumption

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

1/0 static current consumption

All the I/Os used as inputs with pull-up or pull-down generate current consumption when the pin is externally held
to the opposite level. The value of this current consumption can be simply computed by using the pull-up/pull-
down resistors values given in Section 5.3.14: |/O port characteristics.

For the output pins, any internal or external pull-up or pull-down or external load must also be considered to
estimate the current consumption.
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Additional I/O 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 the ADC input pins that must be
configured as analog inputs.

Caution: 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 on-chip peripheral current consumption (see Table 67 for peripheral current consumption in Run
mode), the 1/Os used by an application also contribute to the current consumption. When an I/O pin switches, it
uses the current from the 1/0 supply voltage to supply the 1/O pin circuitry and to charge/discharge the capacitive
load (internal and external) connected to the pin:

Isw = Vbpiox * fsw x C

Where:

. Isw is the current sunk by a switching 1/O to charge/discharge the capacitive load.
. Vppiox is the 1/0 supply voltage.

. fsw is the 1/0O switching frequency.

. C is the total capacitance seen by the 1/0 pin: C = CjyT + CgxT + 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.

On-chip peripheral current consumption
The current consumption of the on-chip peripherals is given in the table below. The MCU is placed under the
following conditions:
. All I/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

. The ambient operating temperature and supply voltage conditions are summarized in Table 27. General
operating conditions .
. The power consumption of the digital part of the on-chip peripherals is given in the table below. The power

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

Table 66. Typical dynamic current consumption of peripherals

Indep = Independent clock domain

ADF1 0.83 0.71 0.27 0.21 0.35
ADF1 Indep 0.24 0.18 - 0.08 0.06 -
CRC1 0.31 0.26 - 0.1 0.08 -
- FLASH 2.47 2.14 - 0.81 0.62 -
@ UA/MHz
z GPDMA1 1.26 1.09 1.53 0.41 0.32 0.5
GTZC1 0.24 0.21 - 0.08 0.06 -
PWR 0.07 0.05 - 0.02 0.02 -
RAMCFG 0.29 0.25 - 0.1 0.07 -
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Peripheral

5 SRAM1 0.42 0.36 0.14 0.1

< TSC 1.29 1.11 - 0.43 0.33 -
ADC12 5.42 4.7 - 177 1.36 -
ADC12 Indep 1.07 0.92 - 0.35 0.27 -

DACH 1.41 122 3.53 0.46 0.36 1.18
GPIOA 0.05 0.04 - 0.02 0.01 -
GPIOB 0.08 0.07 - 0.03 0.02 -
GPIOC 0.05 0.04 - 0.02 0.01 -
GPIOD 0.08 0.07 , 0.03 0.02 ;
GPIOE 0.05 0.04 - 0.02 0.01 -
GPIOG 0.06 0.05 - 0.02 0.02 -
8 GPIOH 0.04 0.03 - 0.01 0.01 -
< HASH1 1.13 0.97 - 0.37 0.28 -
OsPI1 0.69 0.6 - 0.25 0.18 -
OSPI1 Indep 0.44 0.38 - 0.14 0.11 -
PKA 5.6 4.92 - 1.86 1.43 -
RNG1 137 1.18 , 0.45 0.35 ;
RNG1 Indep 0.14 0.11 - 0.05 0.03 -
SDMMCH 7.75 6.68 - 2.56 1.94 -
SDMMC1 Indep 0.93 0.8 - 0.31 0.23 -

WA/MHz

SRAM2 0.8 0.7 - 0.28 0.2 -
CRS 0.28 0.23 - 0.09 0.06 -
FDCAN1 3.31 2.85 - 1.08 0.82 -
FDCAN1 Indep 1.8 157 - 0.59 0.45 -

12C1 0.61 0.52 2.84 0.19 0.15 0.93
12C1 Indep 1.38 1.19 , 0.45 0.35 ;

12C2 0.6 0.51 2.9 0.19 0.15 0.94
12C2 Indep 144 1.23 - 0.47 0.36 -

13C1 0.34 0.3 28 0.11 0.08 0.91
13C1 Indep 16 137 - 0.52 0.4 -
o LPTIM2 0.94 0.82 - 0.31 0.23 -
* LPTIM2Indep 2.58 2.22 - 0.85 0.65 -
OPAMP 0.28 0.24 - 0.1 0.07 -

RTCAPB 2.49 2.15 3.35 0.82 0.62 1.09

SPI2 1.34 1.15 2.77 0.43 0.33 0.9
SPI2 Indep 0.57 0.49 - 0.19 0.14 -

SPI3 1.07 0.91 2.38 0.34 0.27 0.77
SPI3 Indep 0.46 0.39 - 0.15 0.12 -
TIM2 2.65 2.28 - 0.86 0.69 -
TIM3 2.63 2.26 - 0.85 0.67 -
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Peripheral

TIM4 2.64 227 0.86 0.68
TIM6 0.62 0.53 - 0.2 0.17 -
TIM7 0.63 0.54 - 0.2 0.16 ]
UART4 3.73 3.2 213 1.21 0.93 0.69
UART4 Indep 246 212 - 0.8 0.61 -
g UARTS5 3.7 317 2.09 12 0.92 0.68
UARTS Indep 246 2.12 - 0.81 0.61 -
USART3 4.28 3.69 23 1.39 1.07 0.75
USARTS3 Indep 2.83 2.44 - 0.93 0.71 -
VREF 0.16 0.14 - 0.06 0.04 -
WWDG1 0.23 0.19 - 0.07 0.06 ]
132 0.38 0.31 2.75 0.12 0.09 0.9
13C2 Indep 17 1.46 - 0.56 0.42 -
SAI1 118 1.01 - 0.38 0.3 -
SAI1 Indep 0.73 0.62 - 0.24 0.18 -
SPI1 1.27 1.08 262 0.41 0.32 0.86
SPI1 Indep 0.68 0.59 - 0.22 0.17 -
& TIM1 3.89 3.35 - 127 0.97 -
& TIM15 2.28 1.96 ; 0.75 0.58 ] A
TIM16 1.41 12 - 0.46 0.36 ]
TIM17 1.71 1.46 - 0.56 0.43 ]
USARTA 3.95 3.38 2 1.29 0.99 0.65
USARTA Indep 263 227 - 0.86 0.66 -
USB1 2.41 2.06 - 0.78 0.6 -
USB1 Indep 0.77 0.66 - 0.25 0.19 -
comMP 0.26 0.22 0.26 0.08 0.06 0.08
12C3 0.64 0.55 213 0.21 0.16 0.7
12C3 Indep 1.49 1.29 1.49 0.49 0.37 0.49
LPTIM1 113 0.97 113 0.37 0.28 0.37
LPTIM1 Indep 2.96 257 295 0.98 0.74 0.97
@ LPTIM3 0.88 0.75 0.88 0.29 0.22 0.28
% LPTIM3 Indep 2.59 222 257 0.85 0.64 0.85
LPTIM4 0.71 0.61 0.71 0.23 0.18 0.23
LPTIM4 Indep 168 143 167 0.55 0.42 0.55
LPUARTH 116 1.01 115 0.38 0.29 0.38
LPUARTA Indep 2 1.72 2 0.66 05 0.66
SYSCFG 0.28 0.25 - 0.09 0.07 -
- ALL_ON 104.17 99.41 58.74 37.58 28.85 19.25
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5.3.7 Wake-up time from low-power modes and voltage scaling transition times

The wake-up times given in the table below are the latency between the event and the execution of the first user
instruction (FSTEN = 1 in PWR_CR3 if not mentioned).

The device goes in low-power mode after the WFE (wait for event) instruction.

Table 67. Low-power mode wake-up timings on LDO

SymbOI Tys?)e(g)v e (1)(3 V) “

Wake-up time from SLEEP_PD=0 CPU cycles
twu)(Sleep Sleep mode to Run
mode SLEEP_PD = 1 with MSI = 48 MHz - 9.5 18 ys

Wake-up in flash, range 2, MSI
PWR_CR2.FLASHFWU = 1 3.7 4

PWR_CR2.SRAMFWU=1 ICACHE OFf = 8 MHZ
MSI
48 MHz 9.8 18
Wake-up in flash, range 2, HSI
) PWR_CR2.FLASHFWU =0 9.7 18
Wake up time fram PWR_CR2.SRAMFWU=0 16 MHz
Stop 0 mode to Run -
twu(Stop 0) mode all SRAMs 3'\{\'/'8'_"2 14.7 23 Hs
retained
MSI
48 MHz 35 4
Wake-up in SRAM2, range 2 HsI
PWR_CR2.FLASHFWU =0 16 MHz 4.9 5
PWR_CR2.SRAMFWU=0
3'\:/'?_:2 10.8 1
Wake-up in flash, MSI
PWR_CR2.FLASHFWU = 1 48 MHz 15.8 19
PWR_CR2.SRAMFWU = 1 ICACHE OFF
MSI
48 MHz 218 32
Wake-up in flash, HsI
) PWR_CR2.FLASHFWU =0 20.0 31
Wake-up time from PWR_CR2.SRAMFWU = 0 16 MHz
Stop 1 mode to Run -
tw(Stop 1) mode all SRAMs 3“:/'3'_"2 26.8 37 Hs
retained
MSI
48 MHz 156 19
Wake-up in SRAM2, range 2 HsI
PWR_CR2.FLASHFWU =0 16 MHz 16.9 21
PWR_CR2.SRAMFWU =0
MSI
3 MHz 229 27
MSI
48 MHz 28.5 45
. HSI
Wake-up in flash ICACHE OFF 16 MHz 294 46
Wake-up time from 3I\|/\I/ISI-I| 40.9 58
tuu(Stop 2) Stop 2 mode to Run z s
wu mode all SRAMs MS| H
retained 48 MHz 19.9 33
. HSI
Wake-up in SRAM2, range 2 16 MHz 23.9 36
MSI
3 MHz 36.4 49
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SymbOI TY%O((:;)V e (1)(3 V) “

Wake-up in flash, PWR_CR3.FSTEN =0 MSI

ICACHE OFF 48 MHz
MSI
48 MHz 39.2 58
Wake-up in flash s
PWR_CR3.FSTEN=1 16 MHz 401 58
Wake-up time from ICACHE OFF
Stop 3 mode to Run MSI
fwu(Stop 3) mode all SRAMs 3 MHz 51.8 70 us
retained MS|
48 MHz 31.6 45
Wake-up in SRAM2, range 2 HSI 34.4 48
ake-up , range 16 MHz .
MSI
3 MHz 45.6 60
) _ MSI
Wake-up in flash, PWR_CR3.FSTEN =0 12 MHz 56.2 73
Wake-up time from
twu(Standby with Standby with MSI
SRAM2) SRAM2 mode to 12 MHz %6.2 IS Hs
Run mode Wake-up in flash PWR_CR3.FSTEN=1
MSI
3 MHz 131.6 149
Wake-up in flash, PWR_CR3.FSTEN =0 MSI 62.9 131
P » PIVR_URS. 12 MHz '
Wake-up time from MSI
twu(Standby) Standby mode to 12 MHz 62.9 81 us
Run mode Wake-up in flash PWR_CR3.FSTEN = 1
MSI
3 MHz 138.4 158
Wake-up time from MSI
twu(Shutdown) Shutdown mode to - 12 MHz 190.4 298 us

Run mode

1. Evaluated by characterization and not tested in production. Temperature range from -40°C to 110°C

Table 68. Low-power mode wake-up timings on SMPS

Parameter Conditions

Number
S| Wake-up time from Sleep mode to SLEEP_PD =0 - 15 18 of CPU
twu(Sleep) Run mode cycles
SLEEP_PD = 1 with MSI = 48 MHz - 9.5 18 us
Wake-up in flash, range 2,
PWR_CR2.FLASHFWU = 1 MSI 48 37 4
PWR_CR2.SRAMFWU = 1 ICACHE MHz ’
OFF
) MSI 48
tu(Stop 0) Wake-up time from Stop 0 mode to MHz 9.8 18 us

Run mode all SRAMs retained .
Wake-up in flash, range 2, HSI 16

PWR_CR2.FLASHFWU =0 MHz 9.7 18
PWR_CR2.SRAMFWU =0
MSI 3

MHz 14.7 23
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Typ )
Parameter Conditions 3V, M:)\(I
MSI 48
MHz 3.5 4

: Wake-up in SRAM2, range 2
Wake-up time from Stop 0 mode t
twu(Stop 0) axe-Up time trom S1op © moce fo PWR_CR2.FLASHFWU =0 HSI 16 4.9 5 s
Run mode all SRAMs retained

PWR_CR2.SRAMFWU = 0 MHz

MSI 3
MHz 10.8 11
Wake-up in flash,
PWR_CR2.FLASHFWU = 1 MSI 48 91 10
PWR_CR2.SRAMFWU = 1 ICACHE MHz ’
OFF
MSI 48
MHz 15.1 23
Wake-up in flash, HSI 16
PWR_CR2.FLASHFWU =0 MHz 15.0 23
fu(Stop 1) Wake-up time from Stop 1 mode to PWR_CR2.SRAMFWU =0 s
wu Run mode all SRAMs retained MSI 3 H
19.3 23
MHz
MSI 48
MHz 8.9 10
Wake-up in SRAM2, range 2 HSI 16

PWR_CR2.FLASHFWU =0 MHz 10.2 1
PWR_CR2.SRAMFWU =0

MSI 3

MHz 16.2 17
MSI 48
MHz 28.5 45
Wake-up in flash ICACHE OFF HSI 16 29.3 46
MHz
WSS 409 8
tyu(Stop 2) Wake-up time from Stop 2 mode to z s
wu Run mode all SRAMs retained H
MSI 48
19.9 33
MHz
. HSI 16
Wake-up in SRAM2, range 2 MHz 24 36
MSI 3
MHz 36.4 49
Wake-up in flash, MSI 48 39 1 56
PWR_CR3.FSTEN = 0 ICACHE OFF MHz ’
MSI 48
MHz 39.1 56
Wake-up in flash
PWR_CR3.FSTEN =1 Hl\jll-i126 40.0 57
ICACHE OFF
Wake-up time from Stop 3 mode to MSI 3
twu(Stop 3) Run mode all SRAMs retained MHz 516 69 HS
MSI 48
MHz 314 44
. HSI 16
Wake-up in SRAM2, range 2 MHz 34.2 47
MSI 3
MHz 45.4 58
twy(Standby with  Wake-up time from Standby with Wake-up in flash, MSIM2 1 ooy 73 s
SRAM2) SRAM2 mode to Run mode PWR_CR3.FSTEN =0 MHz H
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Typ )
Parameter Conditions 3V, M:)\(I
. . ) MSI 12 56.2 73
twu(Standby with | Wake-up time from Standby with Wake-up in flash, MHz s
SRAM2) SRAM2 mode to Run mode PWR CR3.FSTEN =1 H
— MSI 3
131.6 149
MHz
Wake-up in flash, MSI 12
PWR_CR3.FSTEN =0 MHz 62.9 132
Wake-up time from Standby mode MSI 12
twu(Standby) to Run mode MHz 62.9 81 us
Wake-up in flash, PWR_CR3.FSTEN =1
MSI 3
MHz 138.3 158
Wake-up time from Shutdown MSI 12
twu(Shutdown) mode to Run mode - MHz 192.0 300 us

1. Evaluated by characterization and not tested in production. Temperature range from -40°C to 110°C

Table 69. Regulator mode transition times

Range 2 (EPOD booster OFF) 17.9
tLpo'? SMPS to LDO transition time Range 2 (EPOD booster ON) 16.6 21 us
Range 1 (with EPOD booster ON) 15.6 19
Range 2 (EPOD booster OFF) 14.6 17
tsmps LDO to SMPS transition time Range 2 (EPOD booster ON) 13.4 16 us
Range 1 (with EPOD booster ON) 16.5 19
LDO 5.3 8.7
Range 1 to range 2
SMPS 3.6 4.7
tvosT (without EPOD booster) us
LDO 19.5 22
Range 2 to range 1
SMPS 26.2 31
LDO 4.4 7.3
Range 1 to range 2
SMPS 2.8 3.7
tvosT (with EPOD booster) us
LDO 18.9 23
Range 2 to range 1
SMPS 251 23

1. Evaluated by characterization and not tested in production. Temperature range from -40°C to 110°C.
2. Time to PWR_SVMSR.REGS change

Table 70. Wake-up time using USART/LPUART

e ———

twuusarT/ | Wake-up time needed to calculate the maximum USART/LPUART baudrate allowing to wake up from Stop )
twuLpuarT mode when USART/LPUART clock source is HSI116/MSI HS

1. Guaranteed by design.
2. This wakeup time is HSI16 or the MSI oscillator maximum startup time

5.3.8 External clock timing characteristics

High-speed external user clock generated from an external source

In bypass mode, the HSE oscillator is switched off and the input pin is a standard GPIO.
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The external clock signal has to respect the I/O characteristics in Section 5.3.14: 1/0 port characteristics.
However, the recommended clock input waveform is shown in the figure below.

Table 71. High-speed external user clock characteristics

Specified by design and not tested in production.

S I T N

Digital mode (HSEYBYP =1, HSEEXT = 1)

fisE ext User external clock source MHz
ex
- frequency Analolog mode (HSEYBYP = 1, HSEEXT = 0) 4 - 50
Visen \?ongLN input pin high-level Digital mode (HSEYBYP = 1, HSEEXT = 1) 0.7%xVpp - Vpp
\Y
VHsEL \?Osltgg('aN input pin low-level Digital mode (HSEYBYP = 1, HSEEXT = 1) Vss - 03x% Vpp
Digital mode (HSEYBYP = 1, HSEEXT = 1), voltage 7 ) )
t scaling range 1
WHSEH) " 5SC_IN high or low time ns
tw(HSEL) Digital mode (HSEYBYP = 1, HSEEXT = 1), voltage 18 i i
scaling range 2
DuCynse  OSC_IN duty cycle Digital mode (HSEYBYP =1, HSEEXT = 1) 45 - 55 %
VHse_ext PP | OSC_IN peak-to-peak amplitude 0.2 - 2/3 Vpp
\Y
VHse_ext | OSC_IN input range Analog mode (HSEBYP = 1, HSEEXT = 0) 0 - Voo
tr(HsE), tiHse) OSC_IN rise and fall time fgfsexlt - 03/fextext ns

Figure 28. AC timing diagram for high-speed external clock source (digital mode)

VHse

tw(HSEH)
D
Vusew | i !
U
V40)/) ity Attt Wit ietteintely’ detiieiiiietintel ittty Sttt
V 30% ---------- (A W (R |\ 1
HSEL ~ [mmmm-ee- i i i i ©
] T T ] > 3
R > € t 8
i Thse i tw(HSEL) 5
©
a
Figure 29. AC timing diagram for high-speed external clock source (analog mode)
VHSE_ext
/
A
90%
|
|
|
VHSE_ext_PP |
|
|
|
|
|
10% |
‘ |
|
| | | |
| | ol
1 1 ! | |
| [ l |—p T t S
| tiHsE) tr(HsE) ! ]
< . 3
tHse_ext = 1/fHSE_ext =
)
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Low-speed external user clock generated from an external source

In bypass mode, the LSE oscillator is switched off and the input pin is directly connected to the LSE clock detector
(LSECSS). The external clock signal has to respect the parameters specified in Table 72, as shown also by the
waveforms in Figure 30 and Figure 31

Table 72. Low-speed external user clock characteristics

Specified by design and not tested in production.

5

User external clock source

fLSE_ext frequency 32.768 40 i
OSC32_IN peak-to-peak )

VLSE ext PP amplitude 0.3 Vew ]

VLSE_ext OSC32_IN input range 0 i Vot

tw(LSEH) OSC32_IN high or low time for 10 ] _ .

tw(LsEL) square signal input

1. In case Var mode is used, V| sg ext must be lower than Voo in order to respect this requirement when the switch to Var
oceurs.

Figure 30. AC timing diagram for low-speed external square clock source

VLSE_ext
tw(LSEH)
:4—»:
VLISEH  |roccmcmees —\ ! i
70%[===========fmmmmmm o\ oo / - / ---
VLSE_ext_PPI ° / \ /
30%f-=mmmmmm e e e -f--
ViseL ™ oo 4 — h d
I H ! h » ®
; : > t =
' tLse = 1/fLsE_ext ! twisel) @
< o
i g 5

Figure 31. AC timing diagram for low-speed external sinusoidal clock source

VLSE ext
A

VLSE_ext_PP

tLse ext = 1/fLSE ext

DT69160V1

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

The high-speed external (HSE) clock can be supplied with a 4 to 50 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 the table below.
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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 the output distortion and startup stabilization time. Refer to the crystal resonator
manufacturer for more details on the resonator characteristics (frequency, package, accuracy).

Table 73. HSE oscillator characteristics

Specified by design and not tested in production.

e T T B
- 4 - 50 MHz

fosc_IN | Oscillator frequency

R Feedback resistor - - 200 - kQ
During startup® - - 8
Vpp =3V, Rm=300Q,C_ =10 pF @ 4 MHz - 790 -
Vpp =3V, Rm=300Q, C_ =10 pF @ 8 MHz - 910 -
IppHse) | HSE current consumption Vbp=3V,Rm=45Q,C_ =10 pF @ 8 MHz - 930 - pA
Vpp=3V,Rm=30Q,C| =5pF @ 48 MHz - 11430 -
Vpp=3V,Rm=30Q, C_ =10 pF @ 48 MHz - 11960 -
Vpp=3V,Rm=300Q, C_=20pF @ 48 MHz - 3000 -
Gmgritmax  Maximum critical crystal transconductance G, Startup - - 1.5  mANV
tsuse)”® | Startup time Vpp stabilized - 2 - ms

1. Resonator characteristics given by the crystal/ceramic resonator manufacturer.
This consumption level occurs during the first 2/3 of the tsysg) Startup time.

3. tsuHse) Is the startup time measured from the moment it is enabled (by sofiware) 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.

Note: For information on selecting the crystal, refer to the application note 'Oscillator design guide for STM8AF/AL/S,
STM32 MCUs and MPUs' (AN2867).

Figure 32. Typical application with a 8 MHz crystal

Resonator with integrated

capacitors
“. Cu
OSC_IN fuse
i I B Bias
: i 8MHz controlled
B ? - _,-' resonator Rr gain
= "‘-, I .l; ': '””” rj b
e I ........ . Rexr (D I'|‘|osc_OUT
Cr2

DT19876V1

(1): Rext value depends on the crystal characteristics.
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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 the table below. 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 74. LSE oscillator characteristics (f_sg = 32.768 kHz)

Specified by design and not tested in production.

S WWW

LSEDRV[1:0] = 00, low-drive capability

LSEDRV[1:0] = 01, medium low-drive capability - 380 -

IppLse) | LSE current consumption nA
LSEDRV[1:0] = 10, medium high-drive capability - 520 -
LSEDRV[1:0] = 11, high-drive capability - 660 -
LSEDRV[1:0] = 00, low-drive capability - - 0.5
LSEDRV[1:0] = 01, medium low-drive capability - - 0.75

GMgritmax | Maximum critical crystal Gm AN
LSEDRV[1:0] = 10, medium high-drive capability - - 1.7
LSEDRV[1:0] = 11, high-drive capability - - 2.7

Cs parA | Internal stray parasitic capacitance® - - 3 - pF

tsuse)® | Startup time Vpp is stabilized - 2 _ s

1. Refer to the note below this table.
Cs_Para Is the equivalent capacitance seen by the crystal due to OSC32_IN and OSC32_OUT internal parasitic capacitances.

3. tsusk) is the startup time measured from the moment it is enabled (by software) to a stabilized 32.768 kHz oscillation is reached. This
value is measured for a standard crystal and it can vary significantly with the crystal manufacturer

Note: For information on selecting the crystal, refer to the application note 'Oscillator design guide for STM8SAF/AL/S,
STM32 MCUs and MPUs' (AN2867).

Figure 33. Typical application with a 32.768 kHz crystal

Resonator with integrated capacitors

N
\\\ Cu_
/ - \.\ OSC32_IN fise
_I lé?.\?sshngz resonator Drive 4|>—>
_l:‘_‘ (- ) : Cs programmable
— \ —I e amplifier
~JAE - 0SC32_0UT

Note: CL1 and CL2 are external load capacitances. Cs (stray capacitance) is the sum of the device OSC32_IN/OSC32_OUT pins
equivalent parasitic capacitance (Cs_rara), and the PCB parasitic capacitance.

DT70418V1

Note: An external resistor is not required between OSC32_IN and OSC32_OUT and it is forbidden to add one.

5.3.9 Internal clock timing characteristics

The parameters given in the tables below are derived from tests performed under ambient temperature and
supply voltage conditions summarized in Table 27. The curves provided are characterization results, not tested in
production.
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High-speed internal (HSI16) RC oscillator

Table 75. HSI16 oscillator characteristics

symoel | puamair | camtions | uin Ly an |

Vpp=3.0V,T;=30°C 15.92 16 | 16.08
frsite!” HSI16 frequency after factory calibration Ty=-10°Ct0 100 °C, 1.58 <Vpp < 3.6V 15.84 - | 16.16  MHz
Ty=—-40°Cto 110 °C,1.58<Vpp<3.6V 15.65 - 16.25
TRIM®) HSI16 user trimming step - 18 29 40 kHz
DuCy(Hsie)® | Duty cycle - 45 - 55 %
tsurisite)” | HSI16 oscillator startup time - - 25 36
us
tstab(Hs116)”) | HSI16 oscillator stabilization time At 1 % of target frequency - 4 6
IppHsie)® | HSI16 oscillator power consumption - - 150 210 pA
1. Evaluated by characterization. Not tested in production. Does not take into account package and soldering effects.
2. Specified by design. Not tested in production.
Figure 34. HSI16 frequency versus temperature and Vpp
162-\ -
16.2 16.17
16|16 . 16.15 e
16.11
161 16.08
E 15.95
=
g = 592 1591
g 582 15.87
[ 15185 15.8 \-\
15.75 15'8
15.65./ 1565
-40 -20 0 20 40 60 80 100 <
Temperature (°C) %
+/-1% —a—HSI16 min freq —a—HSI16 max freq ———temp +/-1% -2% .@
[a]

Multispeed internal (MSI) RC oscillator

Table 76. MSI oscillator characteristics

Evaluated by characterization and not tested in production, unless otherwise specified.

Symoor | parmor | omttons—————un || wax_lunw

MSI Range 0" | 95.50 96.00 96.50

MSI Range 1 47.75 48.00 48.25

MSI Range 2 | 23.88 24.00 24.12

s M:ﬂl;:e;ggg:;y Vpp = 3 Voand T, = MSI mode MSI Range 3 11.95 12.00 12.06 MHz

calibration 30°C MSI Range 4() ' 23.88  24.00 24.12

MSI Range 5 11.95 12.00 12.06

MSI Range 6 5.97 6.00 6.03

MSI Range 7 2.98 3.00 3.02
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symoal | paramor | omttons " un || waxlunw

fusi

MSI frequency
after factory
calibration

PLL mode @XTAL =

32.768 kHz
Vpp=3VandT;=
30°C
PLL mode XTAL =
16 MHz

MSI Range 0
MSI Range 1
MSI Range 2
MSI Range 3

MSI Range 4
MSIPLL1N[1:0] =
0x

MSI Range 5
MSIPLL1N[1:0] =
0x

MSI Range 6
MSIPLL1N[1:0] =
0x

MSI Range 7
MSIPLL1N[1:0] =
0x

MSI Range 4
MSIPLL1N[1:0] =
10

MSI Range 5
MSIPLL1N[1:0] =
10

MSI Range 6
MSIPLL1N[1:0] =
10

MSI Range 7
MSIPLL1N[1:0] =
10

MSI Range 4
MSIPLL1N[1:0] =
11

MSI Range 5
MSIPLL1N[1:0] =
1

MSI Range 6
MSIPLL1N[1:0] =
1

MSI Range 7
MSIPLL1N[1:0] =
1

MSI Range 0
MSI Range 1
MSI Range 2
MSI Range 3

MSI Range 4
MSIPLL1N[1:0] =
0x

MSI Range 5
MSIPLL1N[1:0] =
0x

MSI Range 6
MSIPLL1N[1:0] =
0x

96.01
48.005
24.0026
12.0013

23.986

11.003

5.9966

2.9983

22.5772

11.2866

5.6443

2.82215

24.576

12.288

6.144

3.072

96
48
24
12

24.0156

12.0078

6.0039

MHz

MHz
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symoel | paramor | oomttons " un | > warlunw

MSI Range 7
MSIPLL1N[1:0] = - 3.00195 -
0x
MSI Range 4
MSIPLL1N[1:0] = - 22.5809 -
10
MSI Range 5
MSIPLL1N[1:0] = - 11.29045 -
10
MSI Range 6
MSIPLL1N[1:0] = - 5.6452 -
10
MSlfrequency /- 3vandT;=  PLL mode XTAL = MSI Range 7
fumsi after factory . MSIPLLIN[1:0] = = - 2.8226 - MHz
oo 30°C 16 MHz
calibration 10
MSI Range 4
MSIPLL1N[1:0] = - 24.577 -
1
MSI Range 5
MSIPLL1N[1:0] = - 12.2885 -
1
MSI Range 6
MSIPLL1N[1:0] = - 6.1442 -
1
MSI Range 7
MSIPLL1N[1:0] = - 3.0721 -
1
MSI Range 0 45 - 55
DuCy(MSI)® Duty cycle MSI Range 4 40 - 60 %
MSI others ranges 48 - 52
TRIM User trimming ) ) 04 ) %
step
USER TRIM User trimming o
COVERAGE coverage 64 steps - 6 - %
MSI oscillator
frequency drift
@ over _ . o _ _ _ 0
Atemp(MSI) temperature MSI mode TJ=-40t0 110 °C 3 2 %
(reference is
30 °C)
VDD =1.58 Vto
3.6V 2 i !
. MSIrange O to 3
MSI oscillator Vpp=24Vto
frequency drift 36V -1 . 1
Aypp(MSH®) over Vpp MSI mode %
(reference is Vbp =1.58 V to 2 _ 1
3V) 36V
MSIrange 4 to 7
Vpp=2.4Vto 1 _ 1
36V
MSI frequency
AF MSI iation i
samPLING(MSI) | variation in MSI mode TJ=-40t0 110 °C - - - 02 | -
4)3) sampling mode
(MSIBIAS = 1)
-to- 96 MHz (Range 0) 14
CCjitter(Msh® | a0 BYoleto PLL mode - ; - ps
cycle jitter 24 MHz (Range 4, 35.5
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- RMS Cycle-to-
3)
CC jitter(MSI) cycle jitter
. RMS period
(3)
P jitter(MSI) jitter
MSI oscillator

(3)
tsuMS1) startup time )

MSI oscillator

) (3)
tswitch(MS) transition time(®)

MSI oscillator
stabilization
time

tstab(MSI)(s)

MSI PLL mode
oscillator power
consumption
when disabled
with PLL
accuracy
retention

Ipp(MSI OFF
PLLFAST)®

PLL mode

PLL mode

MSI range 0 to 3

MSI range 4 to 7

Normal mode

PLL mode
MSIPLLFAST =0

PLL mode
MSIPLLFAST =1

LDO

SMPS

Conditions
MSIPLL1N[1:0] = 0x)

22.5 MHz (Range 4,
MSIPLL1N[1:0] = 10) -

24.6 MHz (Range 4,
MSIPLL1N[1:0] = 11)

96 MHz (Range 0)

24 MHz (Range 4,
MSIPLL1N[1:0] = 0x)

22.5 MHz (Range 4, B
MSIPLL1N[1:0] = 10)

24.6 MHz (Range 4,
MSIPLL1N[1:0] = 11)

Supply Range 1

Supply Range 2and ~ Final frequency
Stop modes
MSI Range 0 to 3,
CKIN = 16 MHz
o )
CKIN = 32.768 kHz q Yy
MSI Range 4 to 7
MSI Range 0 to 3
1% of final
frequency

MSI Range 4 to 7

MSI Range 0 to
3, CKIN =
16 MHz

MSI Range 0 to
3, CKIN =
32.768 kHz

MSI Range 4 to 7

MSI Range 0 to
3, CKIN =
16 MHz

MSIPLLEN =1 and
MSIPLLFAST =1

i o

38
- - ps
34.5
11
26
- - ps
28
25
130 ns
+ 38
- - cycles
of 96
MHz
350 ns
+16
- - cycles
of 24
MHz
2
destination
- + 2 source - -
MSI
cycles!”)
- - 10
us
- - 200
- - 0.15
) ) 08 ms
- - 0.75
28
} cycles }
of
96 MHz
15
} cycles )
of
24 MHz
- 32 -
- 20 -
MA
- 8 -
- 25 -
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symoel | paramor | oomttons " un || waxlunw

MSI PLL mode MSI Range 0 to
oscillator power 3, CKIN = _ 14 _
Iop(MSI OFF ;ﬁg:‘;’;g‘t')‘l’:d . MSIPLLEN = 1 and 32.768 kHz A
PLLFAST)® with PLL MSIPLLFAST =1
accuracy MSI Range 4 to 7 - 6.5 -
retention
32 +
MSI Range 0 to 3 - 0.7 yA/MH -
z
MSI oscillator LDO - HA
24 +
power
consumption MSI Range 4 to 7 - 0.5 yA/MH -
when ON in z
continuous 28 +
mode (voltage MSIRange Oto3 - 0.2 pA/MH -
scaling Range z
1) SMPS - MA
233+
MSI Range 4 to 7 - 0.15 yA/M -
Hz -
Ipp(MSI)©)
12+
MSI Range 0 to 3 - 0.7 yA/MH -
z
MSI oscillator LDO - HA
power 4+
consumption MSI Range 4 to 7 - 0.5 yA/MH -
when ON in z
sampling mode 8+
(voltage scaling MSIRange 0to3 -  O02pAMH -
Range 2 and z
Stop modes) SMPS - pA
3.3+
MSI Range 4 to 7 - 0.15 yA/M -
Hz

1. Tested in production

2. In PLL mode, the MSI accuracy is the LSE crystal accuracy.

3. Specified by design. Not tested in production.

4. This is a deviation for an individual part once the initial frequency has been measured.
5. The MSI startup time is the time when the four MSIRC are in power down.

6. This delay is the time to switch from one MSIRC to another one. In case the destination MSIRC is in power down, the total delay is tsu(MSI)
+ tswitch(MSl).

7. When the source and destination clocks are generated from the same MSIRCx (x=0, 1).

High-speed internal 48 MHz (HS148) RC oscillator

Table 77. HS148 oscillator characteristics

e ——

fHs48 HS148 frequency after factory calibration Vpp=3.0V, T;=30°C 475 48.5 MHz
TRIM™ User trimming step - - 0.12 0.18
USER
TRIM User trimming coverage 163 steps 45 1756 -
COVERAGE®
%
DUCy(HSMg)(” Duty cycle - 45 - 55

ACCysiag REL | Accuracy of the HSI48 oscillator over temperature (factory calibrated)® | 1.58V <Vpp=3.6V,
@ Reference is 3 V and 30 °C. Ty=-40to0 110 °C
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O NS L T )

3.0V<sVpps36V 0.025  0.05
AyppHsis)! | HSI48 oscillator frequency drift with Vpp®) %
158V <Vpp 3.6V - 005 0.1

Next transition jitter
N jitter(") - - 015 -
Accumulated jitter on 28 cycles®)

ns
Paired transition jitter
P jitter(”) - - 2025 -
Accumulated jitter on 56 cycles®)
tsutisias) ) | HSI48 oscillator startup time - - 2.5 6 us
IppHsi4s)) | HSI48 oscillator power consumption - - 350 | 400 @ pA

Specified by design. Not tested in production.
Evaluated by characterization. Not tested in production.
Afyys) = ACCrsiqs reL + AVpp.

These values are obtained with one of the following formulas: (Freq(3.6 V) - Freq(3.0 V)) / Freq(3.0 V) or
(Freq(3.6 V) Freq(1.58 V))/freq(1.58 V).

5. Jitter measurements are performed without the clock source activated in parallel.

AW~

Figure 35. HSI48 frequency versus temperature

Frequency [MHz]

-60 -40 20 0 20 40 60 80 100 120
Temperature (°C)

DT77004V1

—e—Average —@—Min Max

Low-speed internal (LSI) RC oscillator

Table 78. LSl oscillator characteristics

symoel | paamair | anions i T e i

Vpp=3.0V, Ty =30 °C, LSIPREDIV =0 314 320 326

fLsi LSI frequency Vpp =3.0V, T; =30 °C, LSIPREDIV =1 0.245 0.25 0.255 kHz
1.71V < Vpp < 3.6, Ty =40 to 110 °C LSIPREDIV = 0" 304 320 33.6

DuCy(LSl) ' LSI duty cycle LSIPREDIV = 1 - 50 - %
tsuws)'? | LSl oscillator startup time - - 230 260

tstap(Lsl)'? | LSI oscillator stabilization time 5% of final frequency - 230 260 _
LSIPREDIV =0 - 140 @ 255

Ipps)'? | LSl oscillator power consumption nA
LSIPREDIV =1 - 130 240
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1. Evaluated by characterization, not tested in production, unless otherwise specified.
2. Specified by design, not tested in production.

5.3.10 Flash memory characteristics

Table 79. Flash memory characteristics

Specified by design and not tested in production.

Normal mode 72.8 80.8
tprog 64-bit programming time us
Burst mode 42.2 46.8
faug = 96 MHz, normal mode 37.2 41.3
torog_page | One 4-Kbyte page programming time
fans = 96 MHz, burst mode 21.6 24.0
fang = 96 MHz, normal mode 4767.3 5291.7
torog_bank | One 512-Kbyte bank programming time
fans = 96 MHz, burst mode 2764.9 3069 ms
tERASE One 4-Kbyte page erase time 10 k endurance cycles 11.8 13.1
Mass erase time (one bank) 11.9 13.2
tME 10 k endurance cycles
Mass erase time (two banks) 23.9 26.5
Write mode 1.4 -
Average consumption from Vpp
Erase mode 1.7 -
IDD(2> mA
Write mode 4.0 -
Maximum current (peak)
Erase mode 6.4 -

1. Evaluated by characterization after cycling. Not tested in production.
2. Evaluated by characterization. Not tested in production.

Table 80. Flash memory endurance and data retention

NENnD Endurance Ta=-40t0 105 °C Kcycle
Ta =85 °C after 1 Kcycle® 30
Ta = 105 °C after 1 Kcycle? 15
Whole bank
tRET Data retention Ta =55 °C after 10 Kcycles® 30 Year
Ta =85 °C after 10 Kcycles® 15
Ta = 105 °C after 10 Kcycles®) 10

1. Evaluated by characterization. Not tested in production.
2. Cycling performed over the whole temperature range.

5.3.11 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 two LEDs through the 1/O ports), the device is
stressed by two electromagnetic events until a failure occurs. The failure is indicated by the LEDs as follows:

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

. FTB (fast transient voltage burst) (positive and negative): applied to VDD and VSS pins through a 100 pF
capacitor, until a functional disturbance occurs. This test is compliant with the IEC 61000-4-4 standard.
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A device reset allows normal operations to be resumed.

The test results are given in the table below. They are based on the EMS levels and classes defined in application
note EMC design guide for STM8, STM32 and Legacy MCUs (AN1709).

Table 81. EMS characteristics

Symbol Parameter Conditions el
Class

Voltage limits to be applied on any I/O pinto  Vpp = 3.3V, Ta = 25°C, fycLk = 96 MHz, LQFP100_SMPS package

V
FESD | induce a functional disturbance conforming to IEC 61000-4-2

Fast transient voltage burst limits to be
Vertg | applied through 100 pF on Vpp and Vgs
pins to induce a functional disturbance

Vpp = 3.3V, Ta = 25°C, fucLk = 96 MHz, LQFP100_SMPS package

conforming to IEC 61000-4-4 5A

Designing hardened software to avoid noise problems

The EMC characterization and optimization are performed at component level with a typical application
environment and simplified MCU software. Note 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 the application.

Software recommendations
The software flowchart must include the management of runaway conditions such as:

. Corrupted program counter
. Unexpected reset
. Critical data corruption (control registers)

Prequalification trials

Most of the common failures (unexpected reset and program counter corruption) can be reproduced by manually
forcing a low state on the NRST pin or the oscillator pins for one second.

To complete these trials, ESD stress can be applied directly on the device, over the range of specification values.
When unexpected behavior is detected, the software can be hardened to prevent unrecoverable errors occurring.
See application note Software techniques for improving microcontrollers EMC performance (AN1015) for more
details.

Electromagnetic Interference (EMI)

The electromagnetic field emitted by the device is monitored while a simple application is executed (toggling two
LEDs through the 1/O ports). This emission test is compliant with IEC 61967-2 standard that specifies the test
board and the pin loading.

Table 82. EMI characteristics for fysg = 16 MHz and fyc Lk = 96 MHz

0.1 MHz to 30 MHz

30 MHz to 130 MHz 10
Peak!") Vop = 3.6V, Ta= 25°C,
SemI 130 MHz to 1 GHz 10 dBuVv
LQFP100_SMPS package compliant with IEC 61967-2
1GHzto 2 GHz 18
Level®@ 0.1 MHz to 2 GHz 4

1. Refer to the EMI radiated test section of the application note EMC design guide for STM8, STM32 and Legacy MCUs (AN1709).
2. Refer to the EMI level classification section of the application note EMC design guide for STM8, STM32 and Legacy MCUs (AN1709).

5.3.12 Electrical sensitivity characteristics

Based on three different tests (ESD, latch-up) using specific measurement methods, the device is stressed in
order to determine its performance in terms of electrical sensitivity.
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Electrostatic discharge (ESD)

Electrostatic discharges (a positive then a negative pulse separated by 1 second) are applied to the pins of each
sample according to each pin combination. The sample size depends on the number of supply pins in the device
(3 parts x (n+1) supply pins). This test conforms to the ANSI/JEDEC standard.

Table 83. ESD absolute maximum ratings

Specified by design and not tested in production.

Electrostatic

discharge Ta = 25°C conforming
VESD(HBM) voltage to ANSI/ESDA/JEDEC  All - 2 2000
(human body | JS- 001
model)
LQFP100 LDO
and SMPS - c1 250
UFQFPN 32
LQFP48
SMPS
UFQFPN 48
LDO and
SMPS
V
Electrostatic WLCSP52 and
discharge TA = 25°C conforming  ywLcsPes(!)
VESD(CDM) voltage to ANSI/ESDA/JEDEC - C2a 500
(charge device | JS- 002 LQFP64 LDO
model) and SMPS
UFBGAG64
LDO and
SMPS
UFBGA100
LDO and
SMPS
All except PA3 C2a 500
LQFP48 LDO
PA3 C1 250

1. For both WLCSP68 packages, WLCSP68-G and WLCSP68-Q.

Static latch-up

The following complementary static tests are required on three parts to assess the latch-up performance:
. A supply overvoltage is applied to each power supply pin.

. A current injection is applied to each input, output, and configurable 1/O pin.

These tests are compliant with EIA/JESD 78E IC latch-up standard.

Table 84. Electrical sensitivities

= 110°C conforming to

Static latch-up class JESD78
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5.3.13 1/0 current injection characteristics

As a general rule, the current injection to the 1/O pins, due to external voltage below Vgg or above Vpp|ox (for
standard, 3.3 V-capable I/O pins) must be avoided during normal product operation. However, in order to give an
indication of the robustness of the microcontroller if abnormal injection accidentally happens, some susceptibility
tests are performed on a sample basis during the device characterization.

Functional susceptibility to I/O current injection

While a simple application is executed on the device, the device is stressed by injecting current into the 1/O pins
programmed in floating-input mode. While this current is injected into the I/O pin, one at a time, the device is
checked for functional failures.

The failure is indicated by an out-of-range parameter, such as an ADC error above a certain limit (higher than

5 LSB TUE), out of conventional limits of induced leakage current on adjacent pins (out of the 5 pA/+0 pA range),
or other functional failure (for example reset occurrence or oscillator frequency deviation).

The characterization results are given in the table below. The negative induced leakage current is caused by the
negative injection. The positive induced leakage current is caused by the positive injection.

Table 85. 1/0 current injection susceptibility

The I/O structure options listed in this table can be a concatenation of options including the option explicitly listed. For instance, TT_a refers to
any TT I/O with _a option. TT_xx refers to any TT I/O and FT_xx refers to any FT I/O.
Evaluated by characterization. Not tested in production.

Functional susceptibility
Symbol Description Unit
Negative injection Positive injection

Injected current on PA3/PA4/PA5 and PBO pins 0 0
lINg Injected current on PB2/PB5 pins 0 N/A mA
Injected current on all other pins 5 N/A
5.3.14 1/0 port characteristics

General input/output characteristics

Unless otherwise specified, the parameters given in Table 86 are derived from tests performed under the
conditions summarized in Table 27. All I/Os are designed as CMOS and TTL-compliant.

Note: For information on GPIO configuration, refer to the application note STM32 GPIO configuration for hardware
settings and low-power consumption (AN4899).
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Table 86. 1/O static characteristics

The /O structure options listed in this table can be a concatenation of options including the option explicitly listed. For instance, TT_a refers to
any TT I/O with _a option. TT_xx refers to any TT I/O and FT_xx refers to any FT I/O.
All I/Os are CMOS- and TTL-compliant (no software configuration required). Their characteristics cover more than the strict CMOS-technology
or TTL parameters. The coverage of these requirements is shown in the figure below.

1.08 V £ Vppjox<3.6V 0.3 Vppjox
VL' /O input low-level voltage
All 1/0s - - 0.38 Vppiox?
1.08 V< Vppiox<3.6V 0.7 Vppiox - - v
Vi | 1/O input high-level voltage vV +
All 1/0s 0-5Vopiox + | -
0.2
Vhys® | Input hysteresis TT_xx, FT_xx I/0Os - 250 - mV
VN £ Max (VDDXXX)M) - - 150
All'l/Os except Max (V <Viy® <M
FT u, FT o, PC13, Max (VoDxood) < Vin'™ < Max - - 2000
TT xx (Vbpxxx) + 1V
Max (Vppxxx) + 1V < V|y<5.5V0O) - - 500
ViN < Max (Vppxxx) - - 50
kg | Input leakage current FT o 1/Os M?XV(VDDXXX) < V)N £ Max (Vppxxx) ) ) 500 nA
— +
Max (Vppxxx) +1V < V|y 5.5 VO - - 200
VNS Max (Vppxxx) - - 200
< <
FT ul/o Max (Vppxxx) < ViN < Max (Vppxxx) ) ) 2500
+1V
Max (Vppxxx) £ VIN< 5.5 - - 500
|
(;;g) Input leakage current TT xx I/Os VN < Max (Vppxxx) - - 500 nA
Weak pull-up equivalent
R -
PU resistor® 30 40 50
: kQ
ReD Wegk plélldown equivalent ) 30 40 50
resistor(®)
Cio 1/O pin capacitance - - 5 - pF

1. Refer to Figure 36. I/O input characteristics.
2. Specified by design. Not tested in production.

3. This parameter represents the pad leakage of the I/O itself. The total product pad leakage is provided by the following formula:
ITotal_leak_max = 10 LA + [number of I/Os where V) is applied on the pad] * ljg max.

4. Max (Vppxxx) is the maximum value of all the I/O supplies. The I/O supplies depend on the I/O structure options, as described in Table 20.
To sustain a voltage higher than Min (Vpp, Vppa, Vpopuss, Vbpio2) +0.3 V, the internal pull-up and pull-down resistors must be disabled.

6. The 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).
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Figure 36. 1/0 input characteristics

TTL requirement Vi, min =2V

~ — CMOS VIL spec 30%
~——— CMOS VIH spec 0%
= = TTLVIL spec
=—TTL VIH spec

- = VIL_nie
—VIH_nle

TTL requirement Viy min|= 0.8V

DT69136V1

Output driving current

The GPIOs (except PC13, PC14, PC15) can sink or source up to + 8 mA, and sink or source up to + 20 mA (with
a relaxed Vo /Von). PC13, PC14, PC15 are limited in source capability: +3 mA shared between the three 1/Os.

These GPIOs have the same sink capability than other GPIOs.

In the user application, the number of I/O pins tat can drive current must be limited to respect the absolute
maximum rating specified in Section 5.2: Absolute maximum ratings:

. The sum of the currents sourced by all the 1/0Os on Vppjox, plus the maximum consumption of the MCU
sourced on Vpp, cannot exceed the absolute maximum rating > Iy,pp (see Table 25. Current
characteristics).

. The sum of the currents sunk by all the I/Os on Vgg, plus the maximum consumption of the MCU sunk on

Vss, cannot exceed the absolute maximum rating > lyss (see Table 25. Current 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 27. All I/Os are CMOS- and TTL-
compliant (FT or TT unless otherwise specified).
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Table 87. Output voltage characteristics (all I/Os except FT_o and PC13)

The /O structure options listed in this table can be a concatenation of options including the option explicitly listed. For instance, TT_a refers to
any TT I/O with _a option. TT_xx refers to any TT I/O and FT_xx refers to any FT I/O.

The l,p current sourced or sunk by the device must always respect the absolute maximum rating specified in Table 25, and the sum of the
currents sourced or sunk by all the 1/Os (/O ports and control pins) must always respect the absolute maximum ratings l|o.

symua | e Gomatons | in s
- 0.4

VoL Output low-level voltage
CMOSs port“), hol =8 mA, 2.7V < Vppjox £3.6 V

Vo | Output high-level voltage Vppiox-0.4 | -
VoL® | Output low-level voltage - 0.4
TTL pOI’t“),lhol =8mA, 2.7V <Vppox<3.6V
Von'® | Output high-level voltage 2.4 -
VoL? | Output low-level voltage - 1.3
Al /Os, [lio] = 20 mA, 2.7 V < Vppjox < 3.6 V
Von@ | Output high-level voltage Vbpiox-1.3 | -
VoL? | Output low-level voltage - 04 V
ol =4 mA, 1.58 V < Vppjox < 3.6 V
Von'® | Output high-level voltage Vppiox-0.4 | -
VoL? | Output low-level voltage - 0.4
ol =1 mA, 1.08 V £ Vppjox< 3.6V
Von? | Output high-level voltage Vppiox-0.4 | -
ol =20 mA, 2.7 V £ Vppjox< 3.6 V - 0.4
VoL 2l;tdp:t low-level voltage for a FT_f I/O pin in FM+ ol = 10 mA, 1.58 V < Vppiox < 3.6 V _ 0.4
|lol =2 mA, 1.08 V £ Vppjox< 3.6 V - 0.4

1. TTL and CMOS outputs are compatible with JEDEC standards JESD36 and JESD52.
2. Specified by design. Not tested in production.

Table 88. Output voltage characteristics for FT_o and PC13 I/Os

Specified by design and not tested in production.

VoL Output low-level voltage
ol =0.5mA, 27V <Vgy<36YV,
VoH Output high-level voltage Vsw - 0.4 -
\Y
VoL Output low-level voltage - 0.4
[lol =0.25mA, 1.58 V< Vg <36V
VoH Output high-level voltage Vsw - 0.4 -

Output AC characteristics

The definition and values of output AC characteristics are given in Figure 37. Output AC characteristics definition
and in the table below respectively.

Unless otherwise specified, the parameters given are derived from tests performed under the ambient
temperature and supply voltage conditions summarized in Table 27.
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Table 89. Output AC characteristics, HSLV OFF (all I/0s except FT_o I/Os and PC13)

FT_o I/O characteristics are provided in Table 91.

The 1/O structure options listed in this table can be a concatenation of options including the option explicitly listed. For instance, TT_a refers to
any TT I/O with _a option. TT_xx refers to any TT I/O and FT_xx refers to any FT 1/O.

The 1/0O speed is configured using the OSPEEDRY[1:0] bits. Refer to the product reference manual for a description of GPIO port configuration
register.

Specified by design. Not tested in production.

T O S [T T TS

C=50pF, 2.7V <Vppox<3.6V

C=50pF, 1.58 V < Vppiox < 2.7 V - 4
Maximum frequency C =50 pF, 1.08 V < Vppjox < 1.58 V § 1
Fmax MHz
all I/Os C=10pF, 2.7V < Vppiox < 3.6 V - 20
C=10pF, 1.58 V < Vppiox < 2.7 V - 4
C =10 pF, 1.08 V < Vppjox < 1.58 V y 1
00
C=50pF, 2.7V <Vppjox<36V - 16.2
C =50 pF, 1.58 V < Vppjox < 2.7 V - 30.1
¢, ~ Outputrise and fall ime C=50pF, 1.08 V <Vppjox < 1.58 V - 56.4 -
T
all 1/0s C=10pF, 2.7 V< Vppiox < 3.6 V - 10.2
C=10pF, 1.58 V < Vppiox < 2.7 V - 20.7
C =10 pF, 1.08 VV < Vppjox < 1.58 V . 39.8
C=30pF, 2.7V =<Vppox<3.6V - 40
C=30pF, 1.58 V £ Vppjox <2.7V - 12
Maximum frequency C =30pF, 1.08 V < Vppiox < 1.58 V ) 8
Fmax MHz
all 1/0s C=10pF, 2.7V < Vppiox < 3.6 V - 55
C=10pF, 1.58 V£ Vppjox <2.7V - 12
C =10 pF, 1.08 V < Vpp|ox £<1.58 V - 3
01
C=30pF, 2.7V < Vppiox < 3.6 V . 5.4
C=30pF, 1.58V £ Vppjox <2.7V - 9.5
L Output rise and fall time C =30 pF, 1.08 V < Vppjox < 1.58 V - 17.6 i,
I
all 1/0s C=10pF, 2.7V < Vppiox < 3.6 V - 3.6
C=10pF, 1.58 V £ Vppjox <2.7V - 6.5
C=10pF, 1.08 V < Vppiox < 1.58 V - 11.9
C=30pF, 2.7V <Vppox<3.6V - 802
C=30pF, 1.58V <Vppiox<2V - 402
Maximum frequency C =30 pF, 1.08 V < Vppjox < 1.58 V . 6
Fmax MHz
all 1/0s C=10pF, 2.7V < Vppiox < 3.6 V - 110@)@)
C=10pF, 158 V < Vppiox < 2 V - 502
10 and 11"
C =10 pF, 1.08 V < Vppjox < 1.58 V y 6
C=30pF, 2.7V <Vppjox<36V - 3.32)
= . < - @
Lt Output rise and fall time C =30pF, 1.58 V < Vopiox <2V 6.3
’ all 1/Os C =30 pF, 1.08 V < Vppjox < 1.58 V - 11.8
C=10pF, 2.7V <Vppox<3.6V - 2.12)
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10 and 11 " O“ult/pgjt rise and fall time C=10pF, 1.58 V < Vppiox <2V ns

S C =10 pF, 1.08 VV < Vppjox < 1.58 V - 7.2
Fmax Maximum frequency C =550 pF, 1.08 V < Vppiox <3.6 V - 1 MHz

C =100 pF, 1.58 V < Vppjox < 3.6 V - 50
Fm+ C =100 pF, 1.08 V < Vppjox < 1.58 V - 80

t Output fall time®) ns
C =550 pF, 1.58 V < Vppjox < 3.6 V - 100
C =550 pF, 1.08 V < Vppjox < 1.58 V - 220

Very high speed config 11 has the same characteritics as High speed config 10.

Compensation system enabled.

The I/O frequency is actually limited by the device maximum frequency (96 MHz)

The fall time is defined between 70% and 30% of the output waveform according to 12C specification.

AW~
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Table 90. Output AC characteristics, HSLV ON (all I/Os)

The /O structure options listed in this table can be a concatenation of options including the option explicitly listed. For instance, TT_a refers to
any TT I/O with _a option. TT_xx refers to any TT I/O and FT_xx refers to any FT I/O.

The 1/0O speed is configured using the OSPEEDRY[1:0] bits. Refer to the product reference manual for a description of GPIO port configuration
register.

Specified by design. Not tested in production.

T T LT A XY

C =50 pF, 1.58 V < Vppiox < 2.7 V

C =150pF, 1.08 V< Vppjox < 1.58 V - 2
Fmax Maximum frequency MHz
C=10pF, 1.58 V £ Vppjox < 2.7V - 10
C=10pF, 1.08 V< Vppjox < 1.58V - 2
00
C=50pF, 1.58 V£ Vppjox <2.7V - 16.8
C =50pF, 1.08 V< Vppjox < 1.58V - 30.1
to/t Output rise and fall time ns
C=10pF, 1.58 V< Vppjox <2.7V - 10.4
C=10pF, 1.08 V £ Vppjox < 1.58 V - 17.8
C=30pF, 1.58V < Vppjox<2.7V - 50
C =230pF, 1.08 V£ Vppjox < 1.58 V - 10
Fmax Maximum frequency MHz
C=10pF, 1.58 V £ Vppjox <2.7V - 50
C=10pF, 1.08 V< Vppjox<1.58V - 10
01
C=30pF, 1.58 V< Vppjox<2.7V - 5.2
C=30pF, 1.08 V< Vppjox<1.58V - 9.9
te/t Output rise and fall time ns
C=10pF, 1.58 V< Vppjox <2.7V - 3
C=10pF, 1.08 V £ Vppjox < 1.58 V - 5.3
C=30pF, 1.58V < Vppjox <2.7V - 672
C =230pF, 1.08 V£ Vppjox < 1.58 V - 20
Fmax Maximum frequency MHz
C=10pF, 1.58 V £ Vppjox <2.7V - 11023
C=10pF, 1.08 V< Vppjox<1.58V - 20
10 and 11()
C=30pF, 1.58 V£ Vppjox <2.7V - 4.502)
C=30pF, 1.08 V< Vppjox<1.58V - 8.9
te/te Output rise and fall time ns
C=10pF, 1.58 V< Vppjox <2.7V - 2.20)
C=10pF, 1.08 V £ Vppjox < 1.58 V - 4.4

1. Very high speed config 11 has the same characteritics as High speed config 10.
2. Compensation system enabled.
3. The I/O frequency is actually limited by the device maximum frequency (96 MHz).

Table 91. Output AC characteristics for FT_o and PC13 I/Os

Specified by design and not tested in production.

2 S L Y AT

CL=50pF, 2.7V <Vgyw<3.6V, Vpp off

Fmax Maximum frequency MHz
C_ =50 pF, 1.58 V < Vgw < 2.7 V, Vpp off - 0.25
C_=50pF, 2.7V <Vgy 3.6V, Vpp off - 400
t/ts Output rise and fall time ns
CL =50 pF, 1.58 V < Vgy <2.7V, Vpp off - 900
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Figure 37. Output AC characteristics definition

90% 10%
i 50%
10% 90%
tr(10)out <—> < > tf10)out

< T >

Maximum frequency is achieved with a duty cycle at (45 - 55%) when loaded by the
specified capacitance.

DT32132v4

5.3.15 NRST pin characteristics
The NRST pin input driver uses the CMOS technology. It is connected to a permanent pullup 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 27

Table 92. NRST pin characteristics

Specified by design and not tested in production.

Symoa T parmorr | Coraiors | —in | ox —unt

ViLnrsT) | NRST input low-level voltage 3 0.3 X Vppiox
ViHnrsT) | NRST input high-level voltage - 0.7 x Vppiox ) )
Vhys(NRST) | NRST Schmitt trigger voltage hysteresis - - 200 _ mv
Rpu Weak pull-up equivalent resistor(") ViN = Vss 30 40 50 kO
tr(NRST) NRST input filtered pulse - _ _ 50
1.71V<Vpp<3.6V 330 - - ns

tNF(vRsT) | NRST input not-filtered pulse
158V <Vpp 3.6V 1000 - -

1. 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).

Figure 38. Recommended NRST pin protection

External
reset circuit(" Voo
Reu
. NRST®@ Internal reset
F 0.1 pF®
T

DT19878V3

(1): The reset network protects the device against parasitic resets.
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(2): The user must ensure that the level on the NRST pin can go below the V| (nrsT) Mmax level specified in the
above table. Otherwise the reset is not taken into account by the device.

(3): The external capacitor on NRST must be placed as close as possible to the device.

5.3.16 Extended interrupt and event controller input (EXTI) characteristics

The pulse on the interrupt input must have a minimal length in order to guarantee that it is detected by the event
controller.

Table 93. EXTI input characteristics

Specified by design and not tested in production.

- 25 - - ns

PLEC Pulse length to event controller
5.3.17 Analog switches booster

Table 94. Analog switches booster characteristics

Specified by design and not tested in production.

1.6 1.8 3.6 \%

Vbb Supply voltage
tsuBoosT) Booster startup time - - 50 us
IobBoOST) Booster consumption - - 125 PA
5.3.18 12-bit analog-to-digital converter ADC characteristics

Unless otherwise specified, the parameters given in Table 95 are values derived from tests performed under
ambient temperature, fycLk frequency, and Vppa supply voltage conditions summarized in Table 27.

Note: It is recommended to perform a calibration after each power-up.

Table 95. 12-bit ADC characteristics

The voltage booster on the ADC switches must be used when Vppa < 2.4 V (embedded 1/O switches).
Specified by design. Not tested in production.

Vbbpa Analog power supply for ADC ON 1.62 - 3.6
VREF+ Positive reference voltage - 1 - Vbpa \Y
VREF- Negative reference voltage - Vssa
fanc ADC clock frequency 162V <Vpppa<3.6V 0.14 - 55 MHz
ADC clock duty cycle - 45 - 55 %
Resolution = 12 bits 0.01 - 2.75
Resolution = 10 bits 0.012 - 3.05
fs Sampling rate Msps
Resolution = 8 bits 0.014 - 3.43
Resolution = 6 bits 0.0175 - 3.92
ttrRIG External trigger period Resolution = 12 bits 16 - - 1/fapc
Van'" Conversion voltage range - 0 - VREF+ \%
Resolution = 12 bits - - 2.2
Rain®@ ijie::gtgplﬂ impedance Resolution = 10 bits - - 6.8 kQ
Resolution = 8 bits - - 33.0
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External input impedance

Rain® T,= 110°C Resolution = 6 bits - - 47.0
Cabpc Internal sample and hold capacitor - - 5 - pF
tapcvreg_ STUP | ADC LDO startup ready flag time - - - 25 us
tsTaB ADC power-up time LDO already started (3 x 1/fapc) + 1 conversion Cycle
torF_caL Offset calibration time . 123
tLATR Trigger conversion latency \':Véllj': 0, AUTOFF =0, DPD =0, fapc = 3
1/fapc
ts Sampling time - 1.5 - 1499.5
tcony Igﬁ'pﬁ‘;g"t?n%’” time (including Resolution = N bits ts+N+0.5
fs = 2.5 Msps - 360 -
fs =1 Msps - 180 -
IpbA(aDC) ADC consumption on Vppa fs = 10 ksps - 10 -
AUTOFF =1, DPD = 0, no conversion - 9 -
AUTOFF =1, DPD = 1, no conversion - 0.1 -
fs = 2.5 Msps - 18 - KA
fs =1 Msps - 10.2 -
Ippv(ADC) ADC consumption on Vrgr+ fs =10 ksps - 0.12 -
AUTOFF =1, DPD = 0, no conversion - 0.01 -
AUTOFF =1, DPD = 1, no conversion - 0.01 -

1. Depending on the package, Vreg+ can be internally connected to Vppa and Vgeg. can be internally connected to Vsgp.
2. The maximum value of Rain is specified to keep leakage induced offset within the specified tolerance. The tolerance is 2 LSBs.

Table 96. Maximum Rpjy for 12-bit ADC

BOOSTEN and ANASWVDD configured properly according to Vpp and Vppa values.
The values are provided without an external capacitor.
Specified by design. Not tested in production.

RAIN max (Q) Sampling time [ns] SampllngMI(_:iicle at 35 Sampllnﬁnﬁicle at 55
47 276

68 288 11.5
100 306 23.5
150 336
220 377
330 442 23.5
12 bits 470 526
46.5
680 650
1000 840
46.5
1500 1134
2200 1643
246.5
3300 2395 246.5
4700 3342
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RAIN max (Q)® Sampling time [ns] | S2MPIing eycleat3s | Sampling eycle at 55

12 bits

10 bits

8 bits

6800
10000
15000
22000
33000
47
68
100
150
220
330
470
680
1000
1500
2200
3300
4700
6800
10000
15000
22000
33000
47000
47
68
100
150
220
330
470
680
1000
1500
2200
3300
4700
6800
10000
15000
22000

4754
6840
9967
14068
19933
86
90
95
108
116
136
161
212
276
376
516
735
1012
1423
2040
2978
4356
6443
8925
45
46
48
53
59
69
81
101
130
177
242
345
475
670
963
1417
2040

246.5

1499.5

6.5

1.5

23.5

46.5

246.5

1499.5
2.5

6.5

1.5

23.5

246.5

1499.5

N/A

6.5

23.5

46.5

246.5

1499.5

2.5

6.5

23.5

46.5

246.5
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RAIN max (Q) Sampling time [ns] SamplmgMIc-:'icle at 35 Samplmﬁnﬁicle at 55

33000 2995

8 bits 246.5 246.5
47000 4158
47 32
68 32
100 33 15
2.5
150 35
220 37
330 41
470 49 2.5
680 61
6.5
1000 79
6 bits
1500 106 6.5
2200 146
11.5
3300 207
11.5
4700 286
23.5
6800 404
23.5
10000 584 46.5
22000 1250 46.5
33000 1853 246.5
246.5
47000 2607

1. The tolerance is 1 LSB
2. The maximum value of RAIN is obtained in a worst-case scenario: channel conversion in scan mode with channel i connected to VREF+
and channel i + 1 connected to VREF-.

Table 97. 12-bit ADC accuracy
ADC DC accuracy values are measured after internal calibration. Resolution = 12 bits, no oversampling.
The 1/0O analog switch voltage booster is enable when Vppa < 2.4 V (BOOSTEN = 1 in the SYSCFG_CFGR1 when Vppa < 2.4 V). Itis disable

when Vppa =224 V.
Evaluated by characterization. Not tested in production.

Total unadjusted error +7.5

EO Offset error - - 12 5.5
EG Gain error - - 12 6.5 LSB

ED Differential linearity error - - -0.9/+1 -0.9/+1.5

EL Integral linearity error - - 12 +3.5

ENOB Effective number of bits - 9.9 10.9 - bits
SINAD Signal-to-noise and distortion ratio - 61.4 67.4 -

SNR Signal-to-noise ratio - 61.6 67.5 - dB

THD Total harmonic distortion - - -74 -70
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Figure 39. ADC accuracy characteristics

+

[1LSB =
Output code

. (1) Example of an actual transfer curve
e I —— [ (2) Ideal transfer curve

2"-2 (3) End-point correlation line
2"-3
= n = ADC resolution
g Er = total unadjusted error: maximum deviation
between the actual and ideal transfer curves
71 Eo = offset error: maximum deviation between the first
actual transition and the first ideal one
6T Ec = gain error: deviation between the last ideal
5T transition and the last actual one
4+ Ep = differential linearity error: maximum deviation
34 between actual steps and the ideal one
24 EL = integral linearity error: maximum deviation between
11 1 LSB ideal ‘ any actual transition and the end point correlation line
(O e T S L S S s L VRer+ (VoDA)
o o o o o o o
s 2 T2z

(2m%/2")*VRer+
(2"2/2")*VRer+
(2™1/2")*VRer+

(2"/2")*V/Rer+

DT19880V6

Figure 40. Typical connection diagram when using the ADC with FT/TT pins featuring analog switch function

Vopa® VRer+®*)
1
/O Sample-and-hold ADC converter
analog
Ran( . switch Rapc
! LY ! ‘ y LT Converter
tic? (3) __
@ Chparasitic likg Sampling Cabpc

switch with

multiplexing
1 Q
- - Vss Vss Vssa g
N~
©
[a}

(1): Refer to the ADCx characteristic table for the values of Ran and Capc.

(2): Cparasitic represents the capacitance of the PCB (dependent on soldering and PCB layout quality) plus the
pad capacitance (refer to Table 86. I/O static characteristics for the value of the pad capacitance). A high Cparasitic
value downgrades the conversion accuracy. To remedy this, fapc must be reduced.

(3): Refer to Table 86. I/O static characteristics for the values of ljg.
(4): Refer to Section 5.1.6: Power supply scheme.

General PCB design guidelines

The power-supply decoupling must be performed as shown in the corresponding power-supply scheme. The
100 nF capacitor must be ceramic (good quality) and must be placed as close as possible to the chip.
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5.3.19 Temperature sensor characteristics

Table 98. Temperature sensor characteristics

e ——ail

Vsense linearity with temperature °C
Avg_Slope!" Average slope 2 25 3.0 | mv/I°C
V3o Voltage at 30°C (+ 5°C) 700 752 800
Delta(Veontinuous - Vsampling)'® | Difference of voltage between continuous and sampling modes*) - - —10/+4 m
tsTART
Sensor buffer startup time - 1 10
(TS_BUF)®) us
ts_temp"” ADC sampling time when reading the temperature 13 - -
Ipp(rs)® Temperature sensor consumption from Vpp, when selected by ADC - 14 20 MA

1. Evaluated by characterization. Not tested in production.

2. Measured at Vrer+ = Vppa = 3.0 V£ 10 mV. The V39 A/D conversion result is stored in the TS_CAL1 byte. Refer to Table 10. Temperature
sensor calibration values.

3. Specified by design. Not tested in production.

4. The temperature sensor is in continuous mode when the regulator is in range 1. The temperature sensor is in sampling mode when the
regulator is in range 2, or when the device is in Stop 1 mode.

5.3.20 Vcore monitoring characteristics

Table 99. Vcore monitoring characteristics

o AsauS

ts vcore'" ADC sampling time when reading the Vcorg voltage

1. Specified by design. Not tested in production.

5.3.21 Vpat monitoring characteristics

Table 100. VgaT monitoring characteristics

Resistor bridge for Vgat 4x 25.6
Q Ratio on Vgat measurement - 4 - -
Erl? Erroron Q -5 - 5 %
ts vear® ADC sampling time when reading the Vgar 5 - - us

1. 1.58V<Vgar<3.6V
2. Specified by design. Not tested in production.

Table 101. Vgar charging characteristics

VBRS =0

RBC Battery charging resistor kQ
VBRS =1 - 1.5 -
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5.3.22 Digital-to-analog converter characteristics

Table 102. DAC characteristics

Specified by design and not tested in production.

N N S T T N
- 1.6 - 3.6

Vbbpa Analog supply voltage for DAC ON

Vrer+ | Positive reference voltage - 1.6 - Vppa V
VREE- Negative reference voltage - - Vssa -
connected to Vgsa 5 - -
RL Resistive load DAC output buffer ON
connected to Vppa 25 - -
Ro Output impedance DAC output buffer OFF 10 13 16
R Output impedance sample and hold Vopa =27V - - 1.5 kQ
BON mode, output buffer ON Vbpa=2.0V _ _ 25
R Output impedance sample and hold Vbpa=2.7V - - 16.5
BOFF mode, output buffer OFF Vppa = 2.0V ~ R 175
CL DAC output buffer OFF - - 50 pF
Capacitive load
CsH Sample and hold mode - 0.1 1 uF
DAC output buffer ON 0.2 - Vppa - 0.2
Vpac_out | Voltage on DAC_OUT output Vv
DAC output buffer OFF 0 - VREF+
+0.5LSB - 2.05 3.05
Normal mode +1LSB - 1.90 3
Settling time (full scale: for a 12-bit code ' DAC output buffer ON
transition between the lowest and the CL 250 pF, +2LsB B 185 285
tseTTLING | highest input codes when DAC_OUT RL<5kQ +4LSB _ 1.80 28
reaches the final value of + 0.5 LSB, +
1LSB,+2LSB, +4LSB, or+8LSB) +8LSB - 1.75 2.65 us
Normal mode DAC output buffer OFF, + 1 LSB, C_
1.7 3
=10 pF
Wake-up time from off state (setting the lc\l;or<macl) m::)d; D_ACko(;Jtput buffer ON - 4.2 7.5
twakeur!!  ENx bit in the DAC control register) until | CL =90 PR RL=5
the final value + 1 LSB Normal mode DAC output buffer OFF, C_ < 10 pF - 2 5

_— . Normal mode DAC output buffer ON
PSRR | DC Vppa supply rejection ratio CL <50 pF, R, = 5kQ - -80 -28 dB

DAC output buffer

0.7 1.9
Sampling time in sample and hold mode, ON, Cgny =100 nF
Csp = 100 nF DAC_OUT pin connected ms
. . DAC output buffer 105 15
tsamp (code transmon_ betwe_en the lowest input OFF, Csy = 100 nF - .
code and the highest input code when
DACOUT reaches the final value + i
1LSB DAC_OUT pin ot DAC output buffer
) connected (internal 2 8 us
) OFF
connection only)
lleak Output leakage current - - - @ nA
Clint Internal sample and hold capacitor - 7 9.2 1 pF
tTRIM Middle code offset trim time DAC output buffer ON 50 - - us
VRep+ =3.6 V - 1520 -
Vofiset | Middle code offset for 1 trim code step uv
VRer+ = 1.6 V - 680 -
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Symbol | paameor | Gonators _______[wn|_Tip | W Jum

No load, middle code
(0x800) 330 510

DAC output buffer ON
No load, worst code

(OXF1C) 470 680

DAC output buffer OFF o 10ad. middie/worst - 0.3

Ippapac) | DAC consumption from Vppa code (0x800)

330 x 6$0 *
Ton'™ o
Sample and hold mode, Cgy = 100 nF © T+ I(Ton +
ON
Torr)
Torr) @)
No load, middle code
(0x800) - 170 240
DAC output buffer ON
No load, worst code . 300 400 HA
(Ox0E4)

No load, middle/worst
DAC output buffer OFF code (0x800) - 145 180

170 x 400 x
; Ton ToN
Ippvpac) | DAC consumption from VRer+ Sample and hold mode, buffer ON, Cgy =100 nF Ton*+ | /Ton +
(worst code) TorF) TorF)
®) ®)
145 x 180 x
Ton Ton
Sample and hold mode, buffer OFF, Cgyy = 100 nF (Ton + (Ton +
(worst code) Tore) Torr)
®) 3)

1. In buffered mode, the output can overshoot above the final value for low input code (starting from the minimum value).
2. Refer to Table 86. I/O static characteristics.
3. Top is the refresh phase duration. Togr is the hold phase duration (see the product reference manual for more details).

Figure 41. 12-bit buffered/non-buffered DAC
Buffered/non-buffered DAC

Buffer("
_——— —
| [ RLoap
12t | Il bac_ourx " WW—j
digital-to-analog ; | | ‘j
converter | I M =
| _! CLoap

(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.

DT47959V2
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Table 103. DAC accuracy

Specified by design and not tested in production.

symuo | pwamaer | Comons i o e
- +2

DAC output buffer ON -
DNL | Differential nonlinearity!") LSB
DAC output buffer OFF - - +2
- Monotonicity 10 bits guaranteed -
DAC output buffer ON, C_ <50 pF, R_. 25 kQ - - +4
INL Integral nonlinearity®) LSB
DAC output buffer OFF, C|_ < 50 pF, no R - - +4
Offset | Offset error at code 0x800) DAC output buffer OFF, C_ < 50 pF, no R - - | t8
Offset1 | Offset error at code 0x001() DAC output buffer OFF, C_ < 50 pF, no R - - | %5
LSB
Y =36V - - +5
2 REF+
OffsetCal | Offset error at code 0x8002 DAC output buffer ON, C, < 50 pF, R, 2 5 kQ
after calibration VRep+= 1.6V - - +5
DAC output buffer ON, C_ < 50 pF, R_ 25 kQ - - |05
Gain | Gain error'¥) %
DAC output buffer OFF, C|_ < 50 pF, no R - - 05
DAC output buffer OFF, C|_ < 50 pF, no R - - +10
TUE | Total unadjusted error DAC output buffer ON, C| < 50 pF, R, 2 5 kQ, 14 LSB
after calibration -
DAC output buffer ON, C| <50 pF, R 25kQ, 1 kHz, BW=500kHz - 70.6 -
SNR | Signal-to-noise ratio(®)
DAC output buffer OFF, C|_ < 50 pF, no R, 1 kHz, BW = 500 kHz - 72 -
DAC output buffer ON, C| <50 pF, R_ 25kQ, 1 kHz - 79 -
THD | Total harmonic distortion(® dB
DAC output buffer OFF, C| < 50 pF, no R, 1 kHz - 281 -
DAC output buffer ON, C <50 pF, R_. 25 kQ, 1 kHz - 701 -
SINAD | Signal-to-noise and distortion ratio®)
DAC output buffer OFF, C|_ <50 pF, no R, 1 kHz - 715 -
DAC output buffer ON, C < 50 pF, R 25 kQ, 1 kHz - 113 -
ENOB | Effective number of bits bits
DAC output buffer OFF, C|_ < 50 pF, no R, 1 kHz - 116 -

Difference between two consecutive codes minus 1 LSB.
Difference between the value measured at code i and the value measured at code i on a line drawn between code 0 and last code 4095.
Difference between the value measured at code (0x001) and the ideal value.

Difference between the ideal transfer-function slope and the measured slope computed from code 0x000 and OxFFF when the buffer is OFF,
and from code giving 0.2 V and (VREF+ - 0.2 V) when the buffer is ON.

5. Signal is -0.5 dBFS with Fsampling = 1 MHz.

e A
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5.3.23 Voltage reference buffer characteristics

Table 104. VREFBUF characteristics

Specified by design and not tested in production, unless otherwise specified.

soiml [ G [ Gmmim [k e [ [
1.8 -

VRS =000
VRS =001 21 -
Normal mode 3.6
VRS =010 24 -
VRS =011 2.8 -
Vbpa Analog supply voltage
VRS =000 - 1.8
VRS =001 - 2.1
Degraded mode!") 1.62
VRS =010 - 24
VRS =011 - 2.8
VRS =000 1.496 1.5 1.504
Normal mode at VRS = 001 1.795 1.8 1.805 v
VDDA= 3V, TJ =30 °C,
lioad = 10 PA VRS =010 2.042 2.048 2.054
VRS =011 2.493 25 2.507
- Min (Vppa -
Vv () Voltage reference buffer VRS =000 0.15; 1.496) B 1.504
REFBUF_OUT™ | 0t ’
_ Min (Vppa -
VRS =001 0.15: 1.795) 1.805
Degraded mode(" Min (Y
- N (VDDA - )
VRS =010 0.15: 2.042) 2.054
_ Min (Vppa -
VRS =011 0.15: 2.493) 2.507
TRIM Trim step - 0.1 0.175 0.25 %
CL Load capacitor®) - 0.5 1.10 1.50 uF
esr C\_equivalent serial resistor - - - 2 Q
lioad Static load current - - - 4 mA
Rpp Pull-down resistance - - - 400 Q

VppAmin < Vppa<3.6 V,
I|ine_reg Line regulation Normal mode, +0.016 +0.033 +0.053 %
500 YA < liggg <4 mA

Normal mode,

ion® -
lioad_reg Load regulation 500 PA < loaq < 4 MA 50 400 ppm/mA

Teoeff_vrefint +

Tcoeff Temperature coefficient —40°C<Ty<+110°C - - 50 ppm/°C
DC - 65 -

PSRR Power supply rejection dB
100 kHz - 30 -
C_=0.5pF - 110 200

tSTART Startup time CL=1.1pF - 240 350 us
CL=15pF - 320 500

Control of DC current drive on
lINRUSH VRerBUF_ouT"” during startup - - 8 11 mA

phase
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14 18

lioad = 0 UA -
VREFBUF consumption from

| =500 pA - 16 20 A
VDDA load [ M

IDDA(VREFBUF)
IIoad =4 mA - 42 50

In degraded mode, the voltage reference buffer can not accurately maintain the output voltage (Vppa - drop voltage).

Evaluated by characterization. Not tested in production.

The capacitive load must include a 100 nF capacitor in order to cut off the high-frequency noise.

The load regulation value only takes into account the die and package resistance. The parasitic resistance on PCB degrades this value.

To correctly control the VREFBUF inrush current during startup phase and scaling change, the Vppa voltage must be in the range of [1.8
V-3.6 V], [2.1 V-3.6 V], [2.4 V-3.6 V] and [2.8 V-3.6 V] for VRS = 000, 001, 010 and 011 respectively.

O A DN =

Figure 42. VRerBuF_out versus temperature (VRS = 000)

\Y
1.51
1.505 .\'\._/_.r ¢ N
1.5 / o \
1.495
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-40 -20 0 20 40 60 80 100 o
—@— Mean —@—Min —®—Max g
S
D
©
=
[a]
Figure 43. VRerBUF ourt versus temperature (VRS = 001)
\
1.815
1.81
1.805 \\.j Oo— 09
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1795 ./ \
1.79
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Figure 44. VRerBuF_our versus temperature (VRS = 010)
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Figure 45. VRerBUF_out Versus temperature (VRS = 011)
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5.3.24 Comparator characteristics

Table 105. COMP characteristics

The input capacitance is negligible compared to the 1/0 capacitance.
Specified by design and not tested in production, unless otherwise specified.

e ——— el

Vppa Analog supply voltage for COMP ON 158 -
VIN Comparator input voltage range - 0 - Vopa V
Vreeint!"! | Scaler input voltage - )
Vsc Scaler offset voltage - - 5  +10 mV
Scaler bridge disabled® - 02 025
IpbA(scaLER) | Scaler static consumption from Vppa uA
Scaler bridge enabled®) - 07 1
tSTART SCALER = Scaler startup time _ - 130 220
High-speed mode - - 8
i @ | Comparator startup time to reach propagation delay Intermediate mode - - 12 s
START specification Medium mode _ _ 16
Ultra-low-power mode - - 60

DS14861 - Rev 3 page 162/229



‘_ STM32U375xx
’l Electrical characteristics

T S T

High-speed mode 100
o Propagation delay for 200 mV step with 100 mV Intermediate mode - 240 490 ns
overdrive Medium mode - 400 740
Ultra-low-power mode - 4 75  ps
Voffset'” Comparator offset error Full common mode range - +8 | 20
No hysteresis - 0 -
Low hysteresis - 13 - omv
Vhys' ! Comparator hysteresis
Medium hysteresis - 26 -
High hysteresis - 39 -
Ipias'” Comparator input bias current - ®) nA
High-speed mode, static - 43 72
High-speed mode, with 50 kHz, 100 mV
; . - 44 73
overdrive square signal
Intermediate mode, static - 85 14
Intermediate mode with 50 kHz, £100 mV 9 15
) overdrive square signal
Iopacomp)® | Comparator consumption from Vppa uA
Medium mode, static - 4 7
Medium mode, with 50 kHz, £+100 mV
) ; 45 75
overdrive square signal
Ultra-low-power mode, static - 038 1.05
Ultra-low-power mode, with 50 kHz, } 15 25

+100 mV overdrive square signal

Refer to Table 30. Embedded internal voltage reference

No VgegnT division, includes only buffer consumption.

VRerinT division, includes resistor bridge and buffer consumption.

Evaluated by characterization. Not tested in production.

Mostly I/O leakage when used in analog mode. Refer to Iyq parameter in Table 86. /O static characteristics.

SIS

5.3.25 Operational amplifiers characteristics

Table 106. OPAMP characteristics

OPA_RANGE must be set to 1 in OPAMP1_CSR.
Specified by design and not tested in production, unless otherwise specified.

™ S Y

Voo Analog supply voltage range ) 160 )

for OPAMP ON v
CMIR Common mode input range - 0 - Vbpa
T, =30°C, no load on output, normal mode - - +3
T,=30°C, no load on output, low-power mode - - +3
VIoFrseT Input offset voltage mv
All voltages and temperature, normal mode - - +7
All voltages and temperature, low-power mode - - +11.5
AViorrser :nput offfet voltage drift over ~ Normal mode - 7 - Ve
emperature Low-power mode - +15 -
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symoel | parmor | Comtiors | T | x| uni |

TRIMOFFSETP
TRIMLPOFFSETP

TRIMOFFSETN
TRIMLPOFFSETN

ILoaD

ILoAD_PGA

RLoap
CLoaD

CMRR

PSRR

GBW

SR

AO

om

GM

Vonsat!”

Vorsat!”

twakeuP

Ibias

PGA gain'"

Offset trim step at low
common input voltage (0.1 x
Vbpa)

Offset trim step at high
common input voltage (0.9 x

Vbpa)

Drive current

Drive current in PGA mode

Resistive load (connected to
VSSA or VDDA)

Capacitive load

Common mode rejection ratio

Power supply rejection ratio

Gain bandwidth product

Slew rate (from 10% and 90%
of output voltage)

Open loop gain

Phase margin

Gain margin

High saturation voltage

Low saturation voltage

Wake-up time from OFF state

OPAMP input bias current

Non-inverting gain value

Normal mode
Low-power mode
Normal mode
Low-power mode
Normal mode

Low-power mode

Normal mode

Low-power mode

Normal mode

Low-power mode

Normal mode
Low-power mode
Normal mode
Low-power mode
Normal mode
Low-power mode
Normal mode
Low-power mode
Normal mode
Low-power mode
Normal mode

Low-power mode

Normal mode

Low-power mode

Normal mode

Low-power mode

Normal mode

Low-power mode

CrLoap <50 pF, (¥
Rioap 2 3.9kQ, DC

CLoap =50 pF,
RLoap = 20 kQ", DC

Standard speed mode
(OPAHSM = 0)

High speed mode
(OPAHSM = 1)

ILoap max or R pap min,
Input at Vppa

ILOAD max or RLOAD min,
Inputat 0 V

CLoaD < 50 pF,

R oap 2 3.9 kQ, follower
config.

ClLoap = 50 pF,

RLoaD 2 20 kQ, follower config.

General purpose input

PGA_GAIN[1:0] =

00

3.9
20

35

32

0.4
0.23
05
0.14
1.4
0.38
72
77
54
54

Vbpa
-100

Vbpa
-50

1.05 1.25
mV
1.05 1.25
- 500
- 100
uA
- 450
- 50
kQ
- 50 pF
79 -
69 -
75 - dB
69 -
2 3.1
MHz
0.5 0.76
1 3.2
0.25 0.75
V/us
3.2 5.6
0.82 1.5
105 -
dB
106 -
67 -
65 -
9 -
dB
17 -
- - mV
- 100
- 50
4 10
us
20 40
R @ nA
2 - -
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Symoel | paramor | Ganions i’

PGA gain'"

Rnetwork

Delta R

PGA gain error

PGA BW

en

IDDA(OPAMP)

Non-inverting gain value

R2/R1 internal resistance
values in non-inverting PGA
mode(®)

Resistance variation
(R1 or R2)

PGA gain error

PGA bandwidth for different
non inverting gain

Voltage noise density

OPAMP consumption from
Voba

1. Evaluated by characterization. Not tested in production.

PGA_GAIN[1:0] = 01
PGA_GAIN[1:0] =10
PGA_GAIN[1:0] = 11
PGA gain =2

PGA gain =4

PGA gain=8

PGA gain = 16

PGA gain =2
PGA gain=4
PGA gain=8
PGA gain = 16

At 1 kHz,
output loaded with 3.9 kQ

At 1 kHz,
output loaded with 20 kQ

Normal mode

Low-power mode

At 10 kHz, output loaded with

Normal mode 3.9 kO

at 10 kHz, output loaded with

Low-power mode 20 kQ

Normal mode no load, quiescent mode,

Low-power mode | Standard speed

Normal mode no load, quiescent mode,

Low-power mode | high-speed mode

Mostly I/O leakage when used in analog mode. Refer to Iyq parameter in Table 86. /O static characteristics.

_ Typ | Max | unit |
4 -

8
16
80/80
120/40
140/20
150/10

GBW/2

GBW/4

GBW/8
GBW/16

220

350

190

210

130
40
138
42

190
58
205
60

kQ/ kQ

%

MHz

nVv
NHz

MA

R2 is the internal resistance between the OPAMP output and the OPAMP inverting input. R1 is the internal resistance between the OPAMP
inverting input and ground. PGA gain = 1 + R2/R1.
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Figure 46. OPAMP voltage noise density, normal mode, R; poap = 3.9 kQ
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Figure 47. OPAMP voltage noise density, low-power mode, R| pap = 20 kQ
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5.3.26 ADF characteristics

. Output speed set to OSPEEDRYy[1:0] = 10
. Capacitive load C| = 30 pF

. Measurement points done at 0.5 x Vpp level
. I/O compensation cell activated

. HSLV activated when Vpp 2.7V

. Voltage scaling range 1

Refer to Table 86. I/O static characteristics for more details on the input/output alternate function characteristics.
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Table 107. ADF characteristics

Evaluated by characterization and not tested in production.

Sz “WW

Input clock frequency via

feck ADF_CCK][1:0] pin, in SLAVE SPI mode ) )
focko Output clock frequency in MASTER SPI ) . 25
mode 1.71<Vpp <36V MHz
Output clock frequency in LF_MASTER ) )
feekoLr SPI mode 5
fsyms Input symbol rate in Manchester mode - - 20

ADF_CCK]1:0] input clock high and low

tHeekr tLeek time In SLAVE SPI mode 2% Tadf_proc_ck“) - -
theeko tLecko g'av':ﬁ—n?g'(“ O] output clock highand | \ASTER SPI mode 2 x Tadf proc_ck = - | -
t . .
HCCKOLF ADF__CCK[1 :0] output clock high and In LF_MASTER SPI mode Tadf_proc_ck B B
tLccKOLF low time
t Data setup time with respect to 45
SUCCKI ADF_CCK[1:0] input In SLAVE SPI mode: ADF_CCK][1:0] : - -
- configured in input, measured on rising
Data hold time with respect to and falling edge B B ns
tHDCCKI ADF_CCK[1:0] input 10
t Data setup time with respect to 45
SUCCKO ADF_CCK[1:0] output In MASTER SPI mode: ADF_CCK]1:0] : - B
configured in output, measured on rising
Data hold time with respect to and falling edge _ _
HDCCKO | ADF CCK[1:0] output 05
t Data setup time with respect to 15
SUCCKOLF ADF_CCK[1:0] output In LF_MASTER SPI mode: ADF_CCK][1:0] ” B
configured in output, measured on rising
Data hold time with respect to and falling edge 0 - -

tHDCCKOLF | ADF CCK[1:0] output

1. Tadf_proc_ck is the period of the ADF processing clock.

Figure 48. ADF timing diagram

feeki, feoko, fockoLr

tsuccki  thpccki  tsuccki  tHpeck
tsuccko  thpccko  tsuccko  tHpccko tLceki, tocko, tHcekt, tHecko,
tsucckoLF tHpcekoLF tsucckoLr tHpcekoLF {LCCKOLF {HCCKOLF
T\
ADF_CCK (I/O)
J —
I \ I \ I %
ADF_SDIx () ‘ H H ) g
e
o
5.3.27 Timer characteristics

The parameters given in Table 108, Table 109, and Table 110 are specified by design, not tested in production.

Refer to Table 86. I/O static characteristics for details on the input/output alternate function characteristics (output
compare, input capture, external clock, PWM output).
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Table 108. TIMx characteristics

TIMx, is used as a general term in which x stands for 1, 2, 3, 4, 6, 7, 15, 16, 17.

S N N K N
- 1 -

trimxcLK
tRes(TIM) Timer resolution time
frimMxcLK = 96 MHz 10.4 - ns
- 0 frimxcLk/4
fEXT Timer external clock frequency on CH1 to CH4 MHz
frimxcLk = 96 MHz 0 24
TIMx (except TIM2/TIM3/TIM4) - 16
Res(TIM) | Timer resolution bit
TIM2/TIM3/TIM4 - 32
- 1 65536 triMxcLk
tcounTER | 16-bit counter clock period
frimxcLk = 96 MHz 0.010 682.7 us

- 65536 x 65536 | tivMxCLK

tMax_counT | Maximum possible count with 32-bit counter
frimxcLk = 96 MHz - 44.739 s

Table 109. IWDG min/max timeout period at 32 kHz (LSI)

For the values in this table, 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.

Prescaler divider PR[2:0] bits Min timeout RL[11:0] = 0x000 Max timeout RL[11:0] = OXFFF m

Nd

14 0 0.125 512
/8 1 0.250 1024
/16 2 0.500 2048
132 3 1.0 4096 ms
164 4 2.0 8192
/128 5 4.0 16384
/256 6or7 8.0 32768

Table 110. WWDG min/max timeout value at 96 MHz (PCLK)

WDGTB Min timeout values Max timeout value m
1 0

0.0427 2.731

2 1 0.0853 5.461

4 2 0.1707 10.923

8 3 0.3413 21.845

ms

16 4 0.6827 43.691

32 5 1.3653 87.381

64 6 2.7307 174.763
128 7 5.4613 349.525

5.3.28 OCTOSPI characteristics

Unless otherwise specified, the parameters given in Table 111, Table 112, and Table 113 are derived from tests
performed under the ambient temperature, fayg frequency and Vpp supply voltage conditions summarized in
Table 27, with the following configuration:
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. Output speed set to OSPEEDRy[1:0] = 10
. Delay block enabled for DTR (with DQS)/HyperBus

. Measurement points done at 0.5 x Vpp level
. I/0 compensation cell activated

. HSLV activated when Vpp 2.7V

. Voltage scaling range 1

Refer to Table 86. I/O static characteristics for more details on the input/output alternate function characteristics.

Table 111. OCTOSPI characteristics in SDR mode

Measured values in this table apply to Octo- and Quad-SPI data modes. Delay block bypassed.
Evaluated by characterization. Not tested in production.

S S WS 7] B

2.7V <Vppjox < 3.6 V Voltage range 1

CL=15pF
1.71V < Vppjox < 3.6 V Voltage range 1
- - 93
C|_ =15 pF
ficLky | OCTOSPI clock frequency MHz
1.71V < Vppjox < 3.6 V Voltage range 2 i ) 48
CL=15pF
1.08 V < Vppjo2 < 1.32V 15
CL=15pF ’ i
tw(CLKH) ; ;
OCTOSPI clock high and low time PRESCALER[7:0]=n(n=0,1,3,5,.255)  tciky2-0.5 - tcLky2
t (even division)
w(CLKL)
(n12) x H(cLky/(n+1) (n12) x tcLky
tw(CLKH) ) . ) 5) - (n+1() 4
OCTOSPI clock high and low time PRESCALER[7:0] = n (n = 2, 4, 6,..254) :
; (odd division) T ((n/2)+1) x t oLy ((n/2)+1) x
W(CLKL) (n+1)-05 T tewky/(n+1)
Voltage range 1 3 - -
tsipq) | Data input setup time ns
Voltage range 2 5 - -
Voltage range 1 3 - -
thipq) | Data input hold time
Voltage range 2 3.5 - -
Voltage range 1 - 1 3
tyiout) | Data output valid time
Voltage range 2 - 1.5 3.5
Voltage range 1 0 - -
th(out) | Data output hold time
Voltage range 2 0 - -

Table 112. OCTOSPI characteristics in DTR mode (no DQS)

Measured values in this table apply to Octo- and Quad-SPI data modes. Delay block bypassed.
Evaluated by characterization. Not tested in production.

= B B =

1.71V < Vppjox < 3.6 V Voltage range 1

CL=15pF - ; 48"
fiolk) | OCTOSPI dlock frequency é.L71=\:5<;::DD|ox < 3.6 V Voltage range 2 ) ) ol i
1.08 V < Vppioz € 1.32V
CL =15 pF . . 1500
taoriy | OCTOSPI clock highandlow ppesen ER7:01=n (n=0,1,3,5..255)  touky2- 05 - tcky2+05 | ns

time (even division)

DS14861 - Rev 3 page 169/229



STM32U375xx

Electrical characteristics

S oo i | e ot

Lys

Parameter
OCTOSPI clock high and low

Symbol

tWELKL | fime (even division) PRESCALER[7:0]=n (n=0,1,3,5,.255) tcLky2-0.5 - tcLky2 + 0.5
(n/2) x tcky (n/2) x tcLky
thw(OLKH) (n+1)-0.5 ; (n+1) + 0.5
OCTOSPI clock high and low P _
time (odd division) PRESCALER[7:01=n(n=2,4,6..250) " ((n12)+1) x ((n/2)+1) x
tw(cLKL) tcLky/(n+1) - - teLky/(n+1) +
0.5 0.5
tsran) Voltage range 1 3 . )
t Data input setup time
Sf(IN) Voltage range 2 5 - -
t Voltage range 1 3.5 - -
thr(lN) Data input hold time ns
hf(IN) Voltage range 2 4 - -
Data output valid time, Voltage range 1 - 8.5 13
tur(ouT) DHQC =0 Voltage range 2 - 12.5 21.5
t
ViOUT) ' Data output valid time, Voltage range 1 ) e+ |y a3
DHQC =1 All prescaler values (except 0) 1.5 (L) ’
Data output hold time, Voltage range 1 5.5 - -
throury  DHAC =0 Voltage range 2 10 - -
thiouT) .
Dat tput hold time, Voltage range 1
ata output hold time 9 g toLky4 - 1 - -

DHQC =1 All prescaler values (except 0)

1. Activating DHQC is mandatory to reach this frequency.

Table 113. OCTOSPI characteristics in DTR mode (with DQS)/HyperBus

Delay block bypassed.
Evaluated by characterization. Not tested in production.

1.71V < Vppjox < 3.6 V Voltage range
1 . . 4812
CL=15pF
ficlky | OCTOSPI clock frequency 1.7V < Vppjox < 3.6 V Voltage range 2 i i 24()2) MHz
CL=15pF
< <
1.08 V < Vppioz < 1.32 V ] ] -
CL=15pF
W(CLKH) | OCTOSPI clock high and low PRESCALER[7:0] = n {ou2-0.5 ) {oug2 + 05
tw(CLKL) time (even division) (n=0,1,3,5,..255)
(n/2) = tcLky (n/2) * tcLky
t -
W(CLKH) (n+1)-0.5 (n+1) +0.5
OCTOSPI clock high and low T~ _
time (0dd division) PRESCALERI7:01=n(n=2,4.6..25) " ((n12)+1) x ((2)+1)x NS
tWy(CLKL) tcLky/(n+1) - - teLky/(n+1) +
0.5 0.5
tycLkL) | Clock valid time - - - tek) + 2
thyick) | Clock hold time - tcLKy2 - 1 ; )
CLK, NCLK crossing level on _
(3) ’ = -
Voorot” | LK rising edge Vppiox = 1.8V 1230 1450
mV
CLK, NCLK crossing level on _
(3) ’ = -
Vooiek)” | o k falling edge Vppiox = 1.8V 819 900
tw(cs) Chip select high time - 3 x tcoLk) - _ ns
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tvipq) Data input valid time

typs) Data strobe input valid time - 0 - -
th(ps) Data strobe input hold time - 0 - -
tyrwps) | Data strobe output valid time - - - 3 x tcLk)
t Voltage range 1 -0.5 - -
s'PQ  pata input setup time
tsf(0Q) Voltage range 2 1.25 - -
t Voltage range 1 25 - -
thr(DQ) Data input hold time
hf(IN) Voltage range 2 2.5 - - ns
Data output valid time, Voltage range 1 - 8.5 13
twoury | PHQC=0 Voltage range 2 - 12.5 215
t
ViOUT) " Data output valid time, Voltage range 1 ] /Aty t 35
DHQC =1 All prescaler values (except 0) 1.5 (CLK) '
Voltage range 1 5.5 - -
Data output hold time, DHQC =0
throuT) Voltage range 2 10 - _
thicouT)

Voltage range 1

Data output hold time, DHQC =1 All prescaler values (except 0)

tcLky4 - 1 - -

1. Maximum frequency values are given for a RWDS to DQ skew of maximum +1.0 ns.
2. Activating DHQC is mandatory to reach this frequency.
3. P10/PB5, PB4/PB5, and PA3/PB5 are recommended to be in line with crossing specification.

Figure 49. OCTOSPI timing diagram - SDR mode

trcLk) tcLk) tw(CLKH) ‘ tw(cLKL) ‘ tf(‘CL‘K)
Clock —w _\—/_\—n—
C itviour) thouT) 1 1 C
“— “—
Data output  ————————————{ DO D1 X D2 )—n—
tsan) th(in)
: 2
Data input ( DO D1 D2 )—5— S
P
o
Figure 50. OCTOSPI timing diagram - DDR mode
tr(cLK) tcLk) tw(CLKH) twcLkL) ticLk)
Clock —/_\— I N/ 4\—5—
b itviour)  thyouT) twour)  thioum) s
) “— “— —
Dataoutput —— [ po p1] | D2 D3 p4) f D5 }—s
tsf(N) thiny tsrny thrny
=
. S
Data input { o Y b1 f b2 ) b3 J) oa f b5 }—s 2
©
o
=
o
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Figure 51. OCTOSPI HyperBus clock

trcLk) tcLk) tw(CLKH) tw(CLKL) trcLk)
trNCLK) t(NeLk) twiNCLKL)  tw(NCLKH) trNCLK)
— < < » » —
NCLK -3, greeees, e, e g
Fh X £ \ / \ C X Vob(cLk) i
LK ! \ p \ k \ p \ k T 2
Z £
&)
Figure 52. OCTOSPI HyperBus read
tw(cs)
NCS |
tvcLk) |<7 tacc Initial access 4’| th(CLKg
tv(RwDS)
>
RWDS
I
tvour; thouT) ¢— —
vouT) fw—n‘ ) | Latency count
pQ7:0)—————{ s frasf e 1e0) 70 ) 2 Y
- ' ! .
>
+—Command address ——* Memory drives DQ[7:0] and RWDS. 8
N
Host drives DQ[7:0] and the memory drives RWDS. E
Figure 53. OCTOSPI HyperBus read with double latency
NCS [ \ /
|<— trwr=Read/write recovery—-|<— Additional latency —-|<7 tacc = Access —-|
L'tCKDS
RWDS — [ High = 2x latency count /_\_/_\_/_
Low = 1x latency count RWDS and data
are edge aligned
oorro )
(2l
>
I'—C"mma”d address —’| Memory drives DQ[7:0] and RWDS. 3
Host drives DQJ[7:0] and the memory drives RWDS. E
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Figure 54. OCTOSPI HyperBus write

tw(cs)

NCS_/

[«—— Read write recovery ——se————— Access latency ———————
‘tv(CLK) . thcLk

CLK, NCLK

! tvour; thiouT)
t"(Rl"’DS) High = 2x latency count el o

RWDS Low = 1x Iatg}ency count \ V_‘_

| [&—— Latency count———————*

tviour) thiour) tviout) thiouT)
“— hmd

oaro 0 ) i
—! — — .
I‘_Comma“d address _’I Host drives DQ[7:0] and RWDS. g
@
Host drives DQ[7:0] and the memory drives RWDS. E
[a]
5.3.29 SD/SDIO/esMMC card host interfaces (SDMMC) characteristics

Unless otherwise specified, the parameters given in Table 114 and Table 115 are derived from tests performed
under the ambient temperature, fang frequency and Vpp supply voltage conditions summarized in Table 27, with
the following configuration:

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

. Capacitive load CL = 30 pF, unless otherwise specified
. Measurement points done at 0.5 x Vpp level

. I/0 compensation cell activated

. HSLV activated when Vpp 2.7V

. Voltage scaling range 1

Refer to Table 86. I/O static characteristics for more details on the input/output alternate function characteristics.

Table 114. SD/esMMC characteristics (Vpp = 2.7 V to 3.6 V)

Evaluated by characterization. Not tested in production.

fpp Clock frequency in data transfer mode
tw(ckr) Clock low time fpp = 48 MHz 9.5 10.5 -
tw(ckH) Clock high time fpp = 48 MHz 9.5 10.5 - "
CMD, D inputs (referenced to CK) in esMMC legacy/SDR/DDR and SD HS/SDR?/DDR*) modes
tisu Input setup time HS - 4 - -
tiH Input hold time HS - 1.5 - - ns
tipw® Input valid window (variable window) - 4.5 - -
CMD, D outputs (referenced to CK) in esMMC legacy/SDR/DDR and SD HS/SDR®/DDR? modes
tov Output valid time HS - - 6 6.6
toH Output hold time HS - 4 - - "
CMD, D inputs (referenced to CK) in SD default mode
tisu Input setup time SD - 4 - -
tiH Input hold time SD - 0.5 - - "
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CMD, D outputs (referenced to CK) in SD default mode

tov Output valid default time SD - - 0.5 1.5
ns
ton Output hold default time SD - 0 - -

1. With capacitive load C; = 20 pF.
2. For SD 1.8 V support, an external voltage converter is needed.
3. Minimum window of time where the data needs to be stable for proper sampling in tuning mode.

Table 115. eeMMC characteristics (Vpp =1.71Vto 1.9 V)

Evaluated by characterization. Not tested in production.

I T S T ST T

fpp Clock frequency in data transfer mode
tw(ckL) Clock low time fpp =48 MHz 9.5 10.5 -
ns
tw(CkH) Clock high time fpp = 48 MHz 95 10.5 -
CMD, D inputs (referenced to CK) in eeMMC mode
tisu Input setup time HS - 3 - -
tiH Input hold time HS - 2.5 - - ns
tipw® Input valid window (variable window) - 5 - -
CMD, D outputs (referenced to CK) in eeMMC mode
tov Output valid time HS - - 6 7.5
ns
ton Output hold time HS - 4 - -
1. With capacitive load CL = 20 pF.
2. Minimum window of time where the data needs to be stable for proper sampling in tuning mode.
Figure 55. SD high-speed mode
l—— tcick) ———p»
tw(ckH) L twickL)
CK o/
toH
lg—— tov—— » <
D, CMD output :)( X
tisu > L >
D, CMD input S
&
Figure 56. SD default mode
CK
I tov t4— toH -
3
5
D, CMD output £
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Figure 57. SDMMC DDR mode

D input ; Valid data | . ; Valid data 3

g tisu i j tisu i

< twickH) > | § §
CK
tw(ckL) o
¢ tov N tov !
§ RN § AN

D output . Valddata | . Valddata | 3
/ / é
©
[a)

5.3.30 Delay block characteristics

Unless otherwise specified, the parameters given in Table 116 are derived from tests performed under the
ambient temperature, fyck frequency and Vpp supply voltage conditions summarized in Table 27.

Table 116. Delay block characteristics

Evaluated by characterization. Not tested in production.

tinit Initial delay 1360 2560
ps
ta Unit delay . 55 63 87
5.3.31 I2C interface characteristics

The 12C interface meets the timings requirements of the 12C-bus specification and user manual rev. 03 for:
. Standard-mode (Sm): with a bitrate up to 100 Kbit/s

. Fast-mode (Fm): with a bitrate up to 400 Kbit/s

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

The 12C timings requirements are specified by design, not tested in production, when the 12C peripheral is
properly configured (refer to the product reference manual).

The SDA and SCL I/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/O pin and Vpp|ox is
disabled, but is still present. Only FT_f I/O pins support Fm+ low-level output-current maximum requirement.
Refer to Table 86. I/O static characteristics for the 12C 1/0Os characteristics.

All 12C SDA and SCL 1/Os embed an analog filter. Refer to the table below for the analog filter characteristics.

Table 117. 12C analog filter characteristics

The measurement points are performed at 50% Vpp.
Evaluated by characterization. Not tested in production.

S S T N A

taF Maximum pulse width of spikes that are suppressed by the analog filter 50" 1602 ns

1. Spikes with widths below tar min are filtered.
2. Spikes with width above tar max are not filtered.

5.3.32 I13C interface characteristics

The I13C interface meets the timing requirements of the MIPI® 13C specification v1.1.
The I3C peripheral supports:
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. I3C SDR-only as controller
. I3C SDR-only as target
. I3C SCL bus clock frequency up to 12.5 MHz

The parameters given in Table 118 below are obtained with the following configuration:
. Output speed is set to OSPEEDRYy[1:0] = 10

. 1/0 Compensation cell activated
. HSLV activated when Vpp £2.7 V
. Voltage scaling range 1

The 13C timings are in line with the MIPI specification, except for the ones given in Table 118, 13C open-drain
measured timing. For tSy_op, this can be mitigated by increasing the corresponding SCL low duration in the
I3C_TIMINGRO register. For further details refer to AN5879.

Table 118. Open drain timing measurements

Evaluated by characterization. Not tested in production.

Controller 210
1.71V < Vppiox < 3.6 V
tsu_op SDA data setup time during open drain mode ns
Controller 04 501

1.08 V < Vppioz < 1.32 V

1. SDA data setup time during open drain mode is required to be Min 3ns in the MIPI specification.

Table 119. Push pull timing measurements

Evaluated by characterization. Not tested in production.

Target
1.71V < Vppiox < 3.6 1.5
\
tsco Clock in tt;)rd::a out for Target 12 ns
9 1.2V < Vppioz £ 1.32V
Target 140

1.08 V<Vppjp2s1.2V

1. tsco clock in to data out is required to be Max 12 ns in MIPI specification.

5.3.33 USART characteristics

Unless otherwise specified, the parameters given in Table 120 are derived from tests performed under the
ambient temperature, fpc kx frequency and Vpp supply voltage conditions summarized in not found, with the
following configuration:

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

. Capacitive load C| = 30 pF

. Measurement points done at 0.5 x Vpp level
. 1/0 compensation cell activated

. HSLV activated when Vpp 2.7V

. Voltage scaling range 1

Refer to Section 5.3.14: 1/0 port characteristics for more details on the input/output alternate function
characteristics (NSS, CK, TX, RX for USART).
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Table 120. USART (SPI mode) characteristics

Evaluated by characterization. Not tested in product|on

SPI master mode 1.71V <

Vppiox £3.6 V
USART clock SPI slave mode 1.71V <
fex frequency Vbpiox < 3.6 V - 32 MHz
SPI master or slave mode 15
1.08 V< Vppjo2£1.32V
tsu(Nss) NS?rT?:tup SPI Ssave mode tyer!!) + 3 - -
th(Nss) NStﬁnr;old SPI slave mode 2 - -
tw(CckH) ;
CK high and SPI master mode 1/ ek 121 Uik l2 | Alfox /2+1
t low time
w(CKL)
tsu(Rx) Data input SPI master mode 14/22(2) _ )
tsurx) setup time SPI slave mode 25 - -
th(rX) Data input SPI master mode 0.5 - -
th(rx) hold time SPI slave mode 1 - -
2.7V <
Vppiox < 3.6 -
\Y
ty(Tx) T1v< 11.5 15.5 ns
SPI Slave vV, ' <?3 6 i
mode DD'O\)/( -
1.08V<
Data output <
Valld tlme VDD02V— 132 155 235
27V <
Vppiox < 3.6 2
\%
SPI Master
v mode 171V < ) 05
Vppiox < 3.6 25
\
Data output
th(tx) hold time SPI slave mode 8 - -
th(tx) Data output SPI master mode 0 - -

hold time

1. Tyeris the usart_ker_ck_pres clock period.
2. When using SPI on port G.
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Figure 58. USART timing diagram in SPI master mode

T ——
—tw(CkH)—»
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% | CPHA=1 "\ /
CPOL=1 \ ........ _
tsu(Rx) th(RX)— |
RX input MSB IN BIT6 IN >< LSB IN X
TX output >< MSB OUT BIT1 OUT LSB OUT >< g
©
Tv(TX) th(TX) > §
©
[a]

Figure 59. USART timing diagram in SPI slave mode

NSS input
< 1/fex: =§ ——th(NsSSy—— P
4—tsu(Nss)—Pe4—rtw(ckH—» i
CPHA=0 . T |
5 CPOL=0 | b
=3 | —
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S | cPHA=O — T 1 —
CPOL=1 - /St N !
—tw(CKL)—Pra—ty(TX)— P } th(TX)
TX output ( First bit OUT Next bits OUT Last bit OUT >—
tsu(RX) la—»-t th(RX) >
g
RX input First bit IN Next bits IN >< Last bit IN >< §
5
5.3.34 SPI characteristics

Unless otherwise specified, the parameters given in Table 121 are derived from tests performed under the
ambient temperature, fpckx frequency and supply voltage conditions summarized in Table 27.

. Output speed set to OSPEEDRy[1:0] = 10
. Capacitive load C| = 30 pF
. Measurement points done at 0.5 x Vpp level

. I/0 compensation cell activated
. HSLV activated when Vpp 2.7V

Refer to Table 86. I/O static characteristics for more details on the input/output alternate function characteristics
(NSS, SCK, MOSI, MISO for SPI).

Table 121. SPI characteristics

Evaluated by characterization. Not tested in production.

T T BTN K7 M Y

fsck SPI clock frequency Master mode,1.71 V < Vppjox < 3.6 V, - 48/33(1)
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symoe | pasmeir | Comtons it | e un

Voltage range 1

Slave receiver mode, 1.71V < Vppjox <3.6 V,

- - 96
Voltage range 1
Slave mode transmitter/full duplex®),
1.71V < Vppiox < 3.6V, - - 33/25?)
Voltage range 1
fsck SPI clock frequency MHz
Slave mode transmitter/full duplex®),
2.7V £Vppiox 3.6V, - - 31
voltage range 1
Master or slave mode, 1.71V <V <36V,
ppioX - - 2411852
Voltage range 2
Master or slave mode, 1.08 V < Vppjo2 < 1.32 V¥ - - 15
tsuinss) | NSS setup time Slave mode 4 x TpcLk - -
thinss) | NSS hold time Slave mode 2 x TpeLk - -
t
WSCKH) ' SCK high and low time Master mode(® tsck-1  ftsck  tsck*1
tw(sckL)
tsu(viy Master mode 3.5 - -
Data input setup time ns
tsu(si) Slave mode 25 i, .
themi Master mode 3 - .
Data input hold time
th(siy Slave mode 1 - -
taso) | Data output access time Slave mode 12 14.5 28
tdis(so) | Data output disable time Slave mode 7 14 28
Slave mode, 2.7 V < Vppiox<3.6 V, 12 16
Voltage range 1
Slave mode, 1.71 V<V <27V,
bbiox - 12 157202
tv(s0) 5 " Voltage range 1
ata output valid time
Slave mode, 1.71 V<V <36V,
ppiox - 15 | 20.5/26.5)
Voltage range 2
ns
Slave mode, 1.08 V < Vppjo2 < 1.32 V¥ - 19 22
tymo) Master mode - 0.5 1.5/7.50)
Slave mode 8.5 - -
thso
(o) Data output hold time Slave mode, 1.08 V < Vppjo2 < 1.32 V¥ 13 _ _
th(mo) Master mode 0 - -

1. When using PA5, PA9, PD1.
2. When using PA11.

3. Maximum frequency in Slave transmitter mode is determined by the sum of tv(SO) and tsu(Ml) which must fit into SCK low or high phase
preceding the SCK sampling edge. This value can be achieved when the SPl communicates with a master having tsu(Ml) = 0 while
Duty(SCK) = 50%.

The SPI is mapped on port G I/Os, that is supplied by Vpp,o2 specified down to 1.08 V. The SPI is tested at this value.
tsck = tspi_ker ck * baud rate prescaler.
6. When using PA12/PB15.
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Figure 60. SPI timing diagram - slave mode and CPHA =0

NSS input —\

e te(scKy =§ ‘: th(NSS) >
<—tsu(NSS)—><—tw(SCKH)—>1 1 ‘ ‘
3| cro=0__ |  / : ! ; L
£ | ! |
X - ‘ ! 5 I
3 CPHA=0 i : 1
CPOL=1 ! __/ | ‘
—ta(30)~j<—hi <—tw(scr<|_)—><—tv(so)—>§ #:-tn(so)-hi —tdis(s0y } :
MISO output 4< | First bit OUT >< Next bits OUT >< Last bit OUT >—
—tsu(SI)—*N;<—th(Sl)—> g
©
-— w0
<
MOS! input | First bit IN NextbitsN. X Lastbitin X g
- a
Figure 61. SPI timing diagram - slave mode and CPHA = 1
NSS input \ ‘
«——te(sck———W ;!fth(NSS)—b
t—tsu(NSS) P tw(SCKH)— P 1 3
CPHA=1 ; L ; :
= CPOL=0 / f =
Q. | 1 i |
£ — ! ' : 3
X — i ‘; ‘1 :
® | CPHA=1 = ‘ ‘ |
CPOL=1 i i __ | !
*ta(sor<—ﬂ €—tw(sckL)—P ‘<tv(50)>‘ —th(SO)_‘H—> —tais(soy—t¢—
MISO output —< >< First bit OUT Next bits OUT Last bit OUT >~
‘ Hetsu(siyPie——thsi——»
1 | N
; Y —
MOSI input >< First bit IN >< Next bits IN >< Last bit IN >< §E
I I =
\ S o
Note: Measurement points are done at 0.3 Vpp and 0.7 Vpp levels.
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Figure 62. SPI timing diagram - master mode

High
NSS input | ‘
Hc(SCK)ﬂ
]*tw(SCKH)»i | %
5 ( CPHA=0 )\ — I
% CPOL=0 ; ; ; !
2 1 | f |
S | CcPHA=0 —\—/—L J—\I
@ {_cpoL=1 ! A !
«—tw(sckLy > |
= ( CPHA=1 ‘ e |
& | cPoL=0 m \ / \
> | | |
o ! ! !
S | CPHA=1 m J—\—/
» |_CPOL=1 | | E— i
—tsu(miy— € th(uy—— 3
MISO input >< Firstbit IN | >< Next bits IN_ | >< Last bit IN ><
MOSI output >< First bit OUT >< Next bits OUT >< Last bit OUT x %
A L ®
*tv(MOﬁ:‘—V: —thmoy i E
| gl E
Note: Measurement points are done at 0.3 Vpp and 0.7 Vpp levels.
5.3.35 SAl characteristics

Unless otherwise specified, the parameters given in Table 122 are derived from tests performed under the
ambient temperature, fpc kx frequency and Vpp supply voltage conditions summarized inTable 27, with the
following configuration:

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

. Capacitive load C| = 30 pF

. Measurement points done at 0.5 x Vpp level
. 1/0 compensation cell activated

. HSLV activated when Vpp 2.7V

. Voltage scaling range 1

Refer to Table 86. I/O static characteristics for more details on the input/output alternate function characteristics
(SCK, SD, FS).

Table 122. SAIl characteristics

Evaluated by characterization. Not tested in production.

syl | parmrr | comions ————uin| i
- - 50

fmck SAIl main clock output

Master transmitter, 2.7 V < Vppjox < 3.6 V - 28.5

Master transmitter, 1.71 V < Vppjox < 3.6 V - 28.5/19.5(2)3)

Master receiver, 1.71 V < Vppjox £ 3.6 V - 31/21.50) MHz
fsek SAl clock frequency(!)

Slave transmitter, 2.7 V < Vppjox < 3.6 V - 30

Slave transmitter, 1.71 V < Vppjox < 3.6 V - 30/20.5?)

Slave receiver, 1.71V < Vppiox < 3.6 V - 50
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N S [ MR )

Master mode, 2.7 V < Vppjox <3.6 V

(FS) FS valid time
Master mode 1.71 V < Vppjox <3.6 V - 16/23)
th(rs) FS hold time Master mode 8 -
tsu(Fs) FS setup time Slave mode 1.5 -
th(Fs) FS hold time Slave mode 1 -
tsu(Sp_A_MR) Master receiver 25 .
Data input setup time
tsu(sb_B_SR) Slave receiver 2 _
th(sb_A_MR) Master receiver 1.5 - ns
Data input hold time
th(sb_B_SR) Slave receiver 1 .
Slave transmitter (after enable edge), 2.7 V < Vppiox < 3.6 V - 16.5

tysp_B_sT) | Data output valid time

Slave transmitter (after enable edge), 1.71 V < Vppjox £ 3.6 V - 16.5/24(2)
thsp_B_st) | Data output hold time Slave transmitter (after enable edge) 7.5 -

Master transmitter (after enable edge), 2.7 V < Vppiox < 3.6 V - 175
tysp_a_mT) | Data output valid time

Master transmitter (after enable edge), 1.71 V < Vppjox < 3.6 V - 17.5/25.5(2)

th(so_a_mT) | Data output hold time Master transmitter (after enable edge) 7 -

1. APB clock frequency that must be at least twice SAl clock frequency.
2. When using PE6/PA10/PA13/PE7
3. When using PE4/PA9/PA14

Figure 63. SAl master timing diagram

1/fSCK

SAI_SCK_X 5

(CKSTR = 0) \ \ / —\_

SAI_SCK_X —

(CKSTR = 1) / / \ I -
o th(FS)

< —

t(FS) ‘ tv(SD_MT)iq_ <« th(SD_MT)

SAI_SD_X
(transmit) >< >< >< Slotin >< X Slot n+2 xi
tsu(SD_MR) g piq p: th(SD_MR)

SALSDX \ \ N sen Y X

DT32771V2
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Figure 64. SAl slave timing digram

1/fSCK
SAISCK X 7\ 3 ——
(CKSTR = 0) § 3
SAI_SCK_X _
(CKSTR=1) / —\— —\— _/—
tW(CKH_X) |4 >§< p tW(CKL_X) ‘ * th(FS)
SAI_FS_X Y §
(input) h /
tsu(FS) (q—p tv(SD_ST) > «_p: th(SD_ST)
SAI_SD_X
(transmit) >< >< >< Stotn >< >< Slotn+2 ><
tsUSD_SR) 1 pig p: th(SD_SR)
i | g
SAI_SD_X j 1 )C g
(receive) >< >< >< Slotn >< >< E’
o

5.3.36 USB_FS characteristics

Table 123. USB_FS characteristics

N S R TR T T

Vbpuse | USB transceiver operating supply voltage
Rpul Embedded USB_DP pullup value during idle - 900 - 1575
Rpur Embedded USB_DP pullup value during reception - 1425 - 3090 Q
Zprv Output driver impedance High and low driver 28 36 44

1. USB functionality is ensured down to 2.7 V, but some USB electrical characteristics are degraded in 2.7 to 3.0 V range.

2. No external termination series resistors are required on USB_DP (D+) and USB_DM (D-). The matching impedance is already included in
the embedded driver.

5.3.37 JTAG/SWD interface characteristics

Unless otherwise specified, the parameters given in Table 124 and Table 125 are derived from tests performed
under the ambient temperature, fycLkx frequency and Vpp supply voltage conditions summarized in Table 27,
with the following configuration:

. Output speed set to OSPEEDRy[1:0] = 10
. Capacitive load C| = 30 pF
. Measurement points done at 0.5 x Vpp level

Refer to Table 86. |/O static characteristics for more details on the input/output characteristics.
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Table 124. JTAG characteristics

Evaluated by characterization. Not tested in production.

Frek TCK clock frequency 1.71V < Vppiox S 3.6 V
tisutms) TMS input setup time - 4 _ _

tin(Tms) TMS input hold time - 05 . )

tisu(TDI) TDI input setup time - 15 - ,

tin(rol) TDI input hold time - 0.5 - - e
tov(TDO) TDO output valid time 1.71V < Vppjox £ 3.6 V ; 135 145
toh(TDO) TDO output hold time - 8.5 - -

Figure 65. JTAG timing diagram

NSS input T

- te(scky :i §~ th(Nssy >
<—tsu(NSS)—><—tw(SCKH)—>§ ; é
~ CPHA=0 w -\ L\
3 CPOL=0 | 3 i
£ | | |
x | | |
2 CPHA=0 — ; | ‘
CPOL=1 3 _ ! |
—ta(so)—« » <—tw(SCKL)—>H—tv(SO)+ <l-th(sox-> —tdis(SO)—<—N:

MISO output ——— First bit OUT Next bits OUT Last bit OUT >—

—tsu(siy < th(sly » o

- g

MOSI input First bit IN Next bits IN >< Last bit IN >< ?_r

p— (=]

Table 125. SWD characteristics

Evaluated by characterization. Not tested in production.

2.7V <Vppiox<3.6V

Fsweik SWCLK clock frequency MHz

1.71V < Vppiox<3.6V - - 38

tisuiswbio) SWDIO input setup time - 25 . _

tiniswpio) SWDIO input hold time - 0.5 - -
2.7V <Vppiox<36V - 1.5 15 ns

tov(swpIO) SWDIO output valid time
1.71V = Vppjox<3.6 V - 11.5 26

toh(swplo) SWDIO output hold time - 9.5 - -
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Figure 66. SWD timing diagram

. \
NSS input
«—————tescky > ——th(nss)—

¢tsu(NSS)+IHftw(SCKH)—> :.
CPHA=1 ; | - |
= CPOL=0 / / \ /

o | i
£ — ' i \
~ ! : : |
3 CPHA=1 - * ‘
CPOL=1 ! A - \

—ta(soy I‘<ftw(s<:y<|_)—> "<tv(50)> _th(SO)—“‘—P 7tdis(sor<—h:
MISO output ——— >< First bit OUT Next bits OUT Last bit OUT 3»—

tsus)yPre——rths)y—»

MOSI input First bit IN Next bits IN >< Last bit IN

DT40459v2
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6 Package information

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.

6.1 Device marking

Refer to technical note "Reference device marking schematics for STM32 microcontrollers and microprocessors”
(TN1433) available on www.st.com, for the location of pin 1 / ball A1 as well as the location and orientation of the
marking areas versus pin 1/ ball A1.

Parts marked as "ES", "E" or accompanied by an engineering sample notification letter, are not yet qualified and
therefore not approved for use in production. ST is not responsible for any consequences resulting from such use.
In no event will ST be liable for the customer using any of these engineering samples in production. ST’s Quality
department must be contacted prior to any decision to use these engineering samples to run a qualification
activity.

A WLCSP simplified marking example (if any) is provided in the corresponding package information subsection.
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6.2 UFQFPN32 package information (A0B8)
This UFQFPN is a 32-pin, 5 x 5 mm, 0.5 mm pitch ultra-thin fine pitch quad flat package.

Figure 67. UFQFPN32 - Outline

D2 »[ @] T@[CIATE] EXPOSED PAD
\
b T
Hl URVAVAVJIUAVAY Uﬁ/g,ie
[@[bbb@[CTA[B] [D d
) -
J:Q’ S B
D) d
%—:) (=
20 d
1 D// - G
PIN 1 identifier n n n n ‘ n n n F
Circ(L:Jraar"a‘frecrsilrape 32 _4 }‘_ ‘ TL
e
BOTTOM VIEW

A Ve
/] cec] C ¥ ‘

PIN 1 IDENTIFIER
LASER MARKING AREA

|
‘ DETAIL A
|
|

AOB8_UFQFPN32_ME_V4

TOP VIEW

1. Drawing is not to scale.
2. All leads/pads should also be soldered to the PCB to improve the lead/pad solder joint life.

3. There is an exposed die pad on the underside of the UFQFPN package. It is recommended to connect and
solder this backside pad to PCB ground.
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Table 126. UFQFPN32 - Mechanical data

[ mmmd —
Cm T [ [ [ we [ w |
ABIH) 0.50 0.55 0.60 0.0197 0.0217 0.0236
A1) 0.00 - 0.05 0.000 - 0.0020
A3© - 0.15 - - 0.0060 -
b(") 0.18 0.25 0.30 0.0071 0.010 0.0118
DE® 5.00 BSC 0.1969 BSC
D2 3.50 3.60 3.70 0.139 0.143 0.147
E®)X) 5.00 BSC 0.1969 BSC
E2 3.50 3.60 3.70 0.139 0.143 0.147
el - 0.50 - - 0.02 -
N0 32
K 0.15 - - 0.006 - -
L 0.30 - 0.50 0.0119 - 0.0199
R 0.09 - - 0.004 - -

1. All dimensions are in millimeters. Dimensioning and tolerancing schemes are conform to ASME Y14.5M-2018 except
European .

2. Values in inches are converted from mm and rounded to 4 decimal digits.
3. UFQFPN stands for Ultra thin Fine pitch Quad Flat Package No lead: A < 0.60mm / Fine pitch e < 1.00mm.

4. The profile height, A, is the distance from the seating plane to the highest point on the package. It is measured
perpendicular to the seating plane.

5. A1 is the vertical distance from the bottom surface of the plastic body to the nearest metallized package feature.
A3 is the distance from the seating plane to the upper surface of the terminals.

7. Dimension b applies to metallized terminal. If the terminal has the optional radius on the other end of the terminal, the
dimension b must not be measured in that radius area.

8. Dimensions D and E do not include mold protrusion, not to exceed 0,15mm.

9. BSC stands for BASIC dimensions. It corresponds to the nominal value and has no tolerance. For tolerances refer to
Table 127

10. N represents the total number of terminals.

Table 127. Tolerance of form and position

S— Tolerance of form and position2 Tolerance of form and position®
In millimeters In inches

aaa 0.15 0.006
bbb 0.10 0.004

cce 0.10 0.004
ddd 0.05 0.002
eee 0.10 0.004

fff 0.10 0.004

1. For the tolerance of form and position definitions see Table 128.

2. All dimensions are in millimetres. Dimensioning and tolerancing schemes are conform to ASME Y14.5M-2018 except
European .

3. Values in inches are converted from mm and rounded to 4 decimal digits.
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Table 128. Tolerance of form and position symbol definition

The bilateral profile tolerance that controls the position of the plastic body sides. The centres of the profile zones are
defined by the basic dimensions D and E.

aaa

The tolerance that controls the position of the terminals with respect to Datums A and B. The centre of the tolerance

bbb zone for each terminal is defined by basic dimension e as related to datums A and B.

cce The tolerance located parallel to the seating plane in which the top surface of the package must be located.

The tolerance that controls the position of the terminals to each other. The centres of the profile zones are defined

ddd by basic dimension e.
cee The unilateral tolerance located above the seating plane wherein the bottom surface of all terminals must be located
= coplanarity
- The tolerance that controls the position of the exposed metal heat feature. The centre of the tolerance zone is the

data defined by the centrelines of the package body

Figure 68. UFQFPN32 - Footprint example
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1. Dimensions are expressed in millimeters.
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6.3 LQFP48 package information (5B)
This LQFP is a 48-pins, 7 x 7 mm, low-profile quad flat package.
Note: See list of notes in the notes section.

Figure 69. LQFP48- Outline('5)

BOTTOMVIEW | Package LQFP48 (package code 5B)
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(2)(5) D1
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— = @ @
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Table 129. LQFP48 - Mechanical data

inches(1%)

[ [w o [ o | w [ &m ]

A 1.60 - 0.0630
A1(12) 0.05 - 0.15 0.0020 - 0.0059
A2 1.35 1.40 1.45 0.0531 0.0551 0.0571
p(@.)(11.) 0.17 0.22 0.27 0.0067 0.0087 0.0106
b1(11) 0.17 0.20 0.23 0.0067 0.0079 0.0090
c(11) 0.09 - 0.20 0.0035 - 0.0079
c1(11) 0.09 - 0.16 0.0035 - 0.0063
D#) 9.00 BSC 0.3543 BSC
D15, 7.00 BSC 0.2756 BSC
E“) 9.00 BSC 0.3543 BSC
E1(4.)(5.) 7.00 BSC 0.2756 BSC
e 0.50 BSC 0.1970 BSC
L 0.45 0.60 0.75 0.0177 0.0236 0.0295
L1 1.00 REF 0.0394 REF
N(13.) 48
0 0° 3.5° 7° 0° 3.5° 7°
01 0° - - 0° - -
02 10° 12° 14° 10° 12° 14°
03 10° 12° 14° 10° 12° 14°
R1 0.08 - - 0.0031 - -
R2 0.08 - 0.20 0.0031 - 0.0079
S 0.20 - - 0.0079 - -
aaal)(7) 0.20 0.0079
bbb(1)(7.) 0.20 0.0079
cec(1(7) 0.08 0.0031
ddd(1:)7.) 0.08 0.0031

Notes:
1. Dimensioning and tolerancing schemes conform to ASME Y 14.5M-1994.

2. The Top package body size may be smaller than the bottom package size by as much as 0.15 mm.

3. Datums A-B and D to be determined at datum plane H.

4. To be determined at seating datum plane C.

5. Dimensions D1 and E1 do not include mold flash or protrusions. Allowable mold flash or protrusions is “0.25
mm” per side. D1 and E1 are Maximum plastic body size dimensions including mold mismatch.

6. Details of pin 1 identifier are optional but must be located within the zone indicated.

7. All Dimensions are in millimeters.

8. No intrusion allowed inwards the leads.

9. Dimension “b” does not include dambar protrusion. Allowable dambar protrusion shall not cause the lead width

to exceed the maximum “b” dimension by more than 0.08 mm. Dambar cannot be located on the lower radius
or the foot. Minimum space between protrusion and an adjacent lead is 0.07 mm for 0.4 mm and 0.5 mm pitch
packages.
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10. Exact shape of each corner is optional.

11. These dimensions apply to the flat section of the lead between 0.10 mm and 0.25 mm from the lead tip.
12. A1 is defined as the distance from the seating plane to the lowest point on the package body.

13.“N” is the number of terminal positions for the specified body size.

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

15. Drawing is not to scale.

Figure 70. LQFP48 - Footprint example
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1. Dimensions are expressed in millimeters.
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6.4 UFQFPN48 package information (A0B9)
This UFQFPN is a 48-lead, 7 x 7 mm, 0.5 mm pitch, ultra thin fine pitch quad flat package.

Figure 71. UFQFPN48 - Outline
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1. Drawing is not to scale.
2. All leads/pads should also be soldered to the PCB to improve the lead/pad solder joint life.

3. There is an exposed die pad on the under side of the UFQFPN48 package. It is recommended to connect and
solder this back-side pad to PCB ground.
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Table 130. UFQFPN48 - Mechanical data

Inches ()

T I R
Lo Tome o [ w0 om ]

A 0.50 0.55 0.60 0.0197 0.0217 0.0236
A1 0.00 - 0.05 0.0000 - 0.0020
b 0.18 0.25 0.30 0.0071 0.0098 0.0118
D®@ 7.00 BSC 0.2756 BSC
D2 5.50 5.60 5.70 0.2165 0.2205 0.2244
E@ 7.00 BSC 0.2756 BSC
E20) 5.50 5.60 5.70 0.2165 0.2205 0.2244
e 0.50 BSC 0.0197 BSC
N 48
L 0.30 - 0.50 0.0118 - 0.0197
R 0.10 - - 0.0039 - -
aaa 0.15 0.0059
bbb 0.10 0.0039
cce 0.10 0.0039
ddd 0.05 0.0020
eee 0.08 0.0031
fff 0.10 0.0039

1. Values in inches are converted from mm and rounded to four decimal digits.
2. Dimensions D and E do not include mold protrusion, not exceed 0.15 mm.
3. Dimensions D2 and E2 are not in accordance with JEDEC.

Figure 72. UFQFPN48 - Footprint example
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1. Dimensions are expressed in millimeters.
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6.5 WLCSP52 package information (B0JQ)
This WLCSP is a 52-ball, 3.17 x 3.11 mm, 0.4 mm pitch, wafer-level chip-scale package.

Figure 73. WLCSP52 - Outline
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Table 131. WLCSP52 - Mechanical data

Symbol(
T [ e [
AB) - - 0.58 - - 0.0228
A1 0.14 - - 0.0055 - -
A2 - 0.38 - - 0.0150 -
A3 0.025 - 0.0010 -
b(®) 0.25 0.28 0.0091 0.0098 0.0110
D® 3.17 BSC 0.1248 BSC
D1®) 2.43BSC 0.0957 BSC
E®) 3.11 BSC 0.1224 BSC
E10) 2.40BSC 0.0945 BSC
eDO7) 0.69 BSC 0.0272 BSC
eEO)) 0.40 BSC 0.0157 BSC
eSO 0.40 BSC 0.0157 BSC
N®) 52
SD©)©) 0.173 BSC 0.0068 BSC
SE®)1®) 0.200 BSC 0.0079 BSC

1. Dimensioning and tolerancing schemes conform to ASME Y14.5M-2018.

2. Values in inches are converted from millimeters and rounded to four decimal places, except for N, which represents the pin
number.

3. The profile height A is the distance from the seating plane to the highest point on the package. It is measured perpendicular
to the seating plane.

4. Af1is defined as the distance from the seating plane to the lowest point of the package body.

5. Dimension b is measured at the maximum diameter of the terminal (ball) in a plane parallel to datum C.
6. BSC stands for basic dimensions. It corresponds to the nominal value and does not include tolerances.
7. The solder balls grid pitch represents the distance between the centers of adjacent solder balls.
8. N represents the total number of balls.
9. Basic dimensions SD and SE are define the ball matrix position relative to datums A and B.

Table 132. WLCSP52 - Tolerance of form and position

Symbol( Inches®
o | Max | Mn | T | Max
aaa® 0.02 0.0008
bbb*) 0.06 0.0024
ccc®) 0.03 0.0012
ddd® 0.015 0.0006

Dimensioning and tolerancing schemes conform to ASME Y14.5M-2018.

Values in inches are converted from millimeters and rounded to four decimal places.

The tolerance controls the location and orientation of the sides of the packages.

The parallelism tolerance regulates the orientation of the top surface of the package relative to datum C.

The profile tolerance regulates the location of the crowns of the balls relative to datum C. It represents the coplanarity of the
balls.

6. The position tolerance regulates the location of the pattern of balls relative to datums A and B.

O R WD~
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Figure 74. WLCSP52 - Footprint example
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Note: The drawing is not to scale.

Table 133. WLCSP52 - Example of PCB design rules

Pitch 0.40 mm
Dpad 0.250 mm
Dsm 0.325 mm typical (depends on the solder mask registration tolerance)
Stencil opening 0.325 mm
Stencil thickness 0.100 mm
6.5.1 Device marking for WLCSP52

The following figure gives an example of topside marking versus ball A1 position identifier location.
The printed markings may differ depending on the supply chain.
Other optional marking or inset/upset marks, which depend on supply chain operations, are not indicated below.

Figure 75. WLCSP52 Device marking
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1. Parts marked as “ES”, “E” or accompanied by an Engineering Sample notification letter, are not yet qualified
and therefore not approved for use in production. ST is not responsible for any consequences resulting from
such use. In no event will ST be liable for the customer using any of these engineering samples in production.
ST’s Quality department must be contacted prior to any decision to use these engineering samples to run a
qualification activity.
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6.6 LQFP64 package information (5W)
This is a 64-pin, 10 x 10 mm low-profile quad flat package.

Figure 76. LQFP64 - Outline(15)
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Table 134. LQFP64 - Mechanical data

inches(1%)

L T o [ W [ Em ]

A 1.60 - 0.0630
A1(12) 0.05 - 0.15 0.0020 - 0.0059
A2 1.35 1.40 1.45 0.0531 0.0551 0.0571
p(9)(11.) 0.17 0.22 0.27 0.0067 0.0087 0.0106
p1(11) 0.17 0.20 0.23 00067 0.0079 0.0091
c(11) 0.09 - 0.20 0.0035 - 0.0079
c1(11) 0.09 - 0.16 0.0035 - 0.0063
D) 12.00 BSC 0.4724 BSC
D1(2.)(5.) 10.00 BSC 0.3937 BSC
E#) 12.00 BSC 0.4724 BSC
E1(2)65) 10.00 BSC 0.3937 BSC
e 0.50 BSC 0.0197 BSC
L 0.45 0.60 0.75 0.0177 0.0236 0.0295
L1 1.00 REF 0.0394 REF
N(13) 64
C) 0° 3.5° 7° 0° 3.5° 7°
o1 0° - - 0° - -
02 10° 12° 14° 10° 12° 14°
03 10° 12° 14° 10° 12° 14°
R1 0.08 - - 0.0031 - -
R2 0.08 - 0.20 0.0031 - 0.0079
S 0.20 - - 0.0079 - -
aaa(l) 0.20 0.0079
bbb(1-) 0.20 0.0079
coc(™) 0.08 0.0031
ddd(*) 0.08 0.0031

DS14861 - Rev 3 page 200/229



<71 STM32U375xx
> /4

Package information

Notes
1. Dimensioning and tolerancing schemes conform to ASME Y14.5M-1994.

2. The top package body size may be smaller than the bottom package size by as much as 0.15 mm.

3. Datums A-B and D to be determined at datum plane H.

4. To be determined at seating datum plane C.

5. Dimensions D1and E1 do not include mold flash or protrusions. Allowable mold flash or protrusions is “0.25
mm” per side. D1 and E1 are Maximum plastic body size dimensions including mold mismatch.

6. Details of pin 1 identifier are optional but must be located within the zone indicated.

7. All dimensions are in millimeters.

8. No intrusion allowed inwards the leads.

9. Dimension “b” does not include dambar protrusion. Allowable dambar protrusion shall not cause the lead width

to exceed the maximum “b” dimension by more than 0.08 mm. Dambar cannot be located on the lower radius
or the foot. Minimum space between protrusion and an adjacent lead is 0.07 mm for 0.4 mm and 0.5 mm pitch
packages.

10. Exact shape of each corner is optional.

11. These dimensions apply to the flat section of the lead between 0.10 mm and 0.25 mm from the lead tip.
12. A1 is defined as the distance from the seating plane to the lowest point on the package body.

13. N is the number of terminal positions for the specified body size.

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

15. Drawing is not to scale.
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6.7 UFBGAG64 package information (A019)
This UFBGA is a 64-ball, 5 x 5 mm, 0.50 mm pitch, ultra fine pitch ball grid array package.

Note: See list of notes in the notes section.
Figure 77. UFBGA64 - Outline(3")
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Table 135. UFBGAG64 - Mechanical data

T I I T R
A2)E) - - 0.60 - - 0.0236
A1) 0.05 - - 0.0020 - -
A2 - 0.43 - - 0.0169 -
b(6) 0.23 0.28 0.33 0.0090 0.0110 0.0130
D) 5.00 BSC 0.1969 BSC
D1 3.50 BSC 0.1378 BSC
E 5.00 BSC 0.1969 BSC
E1 3.50 BSC 0.1378 BSC
e®) 0.50 BSC 0.0197 BSC
N(10.) 64
sp(11) 0.25BSC 0.0098 BSC
SE(11) 0.25BSC 0.0098 BSC
aaa 0.15 0.0059
cce 0.20 0.0079
ddd 0.08 0.0031
eee 0.15 0.0059
fff 0.05 0.0020

Notes:
1. Dimensioning and tolerancing schemes conform to ASME Y14.5M-2009 apart European projection.
2. UFBGA stands for ultra profile fine pitch ball grid array: 0.50 mm < A < 0.65 mm / fine pitch e < 1.00 mm.

3. The profile height, A, is the distance from the seating plane to the highest point on the package. It is measured
perpendicular to the seating plane.

4. A1 is defined as the distance from the seating plane to the lowest point on the package body.

5. Dimension b is measured at the maximum diameter of the terminal (ball) in a plane parallel to primary datum
C.

6. BSC stands for BASIC dimensions. It corresponds to the nominal value and has no tolerance. For tolerances
refer to form and position table. On the drawing these dimensions are framed.

7. Primary datum C is defined by the plane established by the contact points of three or more solder balls that
support the device when it is placed on top of a planar surface.

8. The terminal (ball) A1 corner must be identified on the top surface of the package by using a corner chamfer,
ink or metallized markings, or other feature of package body or integral heat slug. A distinguish feature is
allowable on the bottom surface of the package to identify the terminal A1 corner. Exact shape of each corner
is optional.

9. e represents the solder ball grid pitch.
10. N represents the total number of balls on the BGA.

11. Basic dimensions SD and SE are defined with respect to datums A and B. It defines the position of the centre
ball(s) in the outer row or column of a fully populated matrix.

12. Values in inches are converted from mm and rounded to 4 decimal digits.
13. Drawing is not to scale
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Figure 78. UFBGAG64 - Footprint example
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Table 136. UFBGA64 - Recommended PCB design rules (0.50 mm pitch BGA)

Pitch 0.50 mm
Dpad 0.280 mm
Dsm 0.370 mm typ. (depends on the soldermask registration
tolerance)
Stencil opening 0.280 mm aperture diameter
Stencil thickness Between 0.100 mm and 0.125 mm
Pad trace width 0.100 mm
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6.8 WLCSP68 package information (B0OJP)
This WLCSP is a 68-ball, 3.11 x 3.17 mm, 0.35 mm pitch, wafer-level chip-scale package.

Figure 79. WLCSP68 - Outline
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Table 137. WLCSP68 - Mechanical data

Symbol(
T [ e [
AB) - - 0.58 - - 0.0228
A1 0.12 - - 0.0047 - -
A2 - 0.38 - - 0.0150 -
A3 0.025 - 0.0010 -
b(®) 0.23 0.25 0.0079 0.0091 0.0098
D® 3.1 BSC 0.1224 BSC
D1®) 2.45BSC 0.0965 BSC
E®) 3.17 BSC 0.1248 BSC
E10) 2.43BSC 0.0957 BSC
eDO7) 0.35BSC 0.0138 BSC
eEO)) 0.61 BSC 0.0240 BSC
eSO 0.35BSC 0.0138 BSC
N®) 68
SD©)©) 0.175 BSC 0.0069 BSC
SE®)1®) 0.606 BSC 0.0239 BSC

1. Dimensioning and tolerancing schemes conform to ASME Y14.5M-2018.

2. Values in inches are converted from mm and rounded to four decimal places, except for N, which represents the pin
number.

3. The profile height A is the distance from the seating plane to the highest point on the package. It is measured perpendicular
to the seating plane.

4. Af1is defined as the distance from the seating plane to the lowest point of the package body.

5. Dimension b is measured at the maximum diameter of the terminal (ball) in a plane parallel to datum C.
6. BSC stands for basic dimensions. It corresponds to the nominal value and does not include tolerances.
7. The solder balls grid pitch represents the distance between the centers of adjacent solder balls.
8. N represents the total number of balls.
9. Basic dimensions SD and SE are define the ball matrix position relative to datums A and B.

Table 138. WLCSP68 - Tolerance of form and position

Symbol( Inches®
o | Max | Mn | T | Max
aaa® 0.02 0.0008
bbb*) 0.06 0.0024
ccc®) 0.03 0.0012
ddd® 0.015 0.0006

Dimensioning and tolerancing schemes conform to ASME Y14.5M-2018.

Values in inches are converted from millimeters and rounded to four decimal places.

The tolerance controls the location and orientation of the sides of the packages.

The parallelism tolerance regulates the orientation of the top surface of the package relative to datum C.

The profile tolerance regulates the location of the crowns of the balls relative to datum C. It represents the coplanarity of the
balls.

6. The position tolerance regulates the location of the pattern of balls relative to datums A and B.

O R WD~
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Figure 80. WLCSP68 - Footprint example
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Note: The drawing is not to scale.

Table 139. WLCSP68 - Example of PCB design rules

Pitch 0.35 mm
Dpad 0.200 mm
Dsm 0.275 mm typical (depends on the solder mask registration tolerance)
Stencil opening 0.275 mm
Stencil thickness 0.100 mm
6.8.1 Device marking for WLCSP68

The following figure gives an example of topside marking versus ball A1 position identifier location.
The printed markings may differ depending on the supply chain.
Other optional marking or inset/upset marks, which depend on supply chain operations, are not indicated below.

Figure 81. WLCSP68 Device marking
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1. Parts marked as “ES”, “E” or accompanied by an Engineering Sample notification letter, are not yet qualified
and therefore not approved for use in production. ST is not responsible for any consequences resulting from
such use. In no event will ST be liable for the customer using any of these engineering samples in production.
ST’s Quality department must be contacted prior to any decision to use these engineering samples to run a
qualification activity.
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6.9

Note:

LQFP100 package information (1L)
This LQFP is a 100-pin, 14 x 14 mm, low-profile quad flat package.

See list of notes in the notes section.

AAARRAARAARR

Figure 82. LQFP100 - Outline(15)
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Table 140. LQFP100 - Mechanical data

A 7 N 7 N
A - 1.50 1.60 - 0.0590 0.0630
A1(12) 0.05 - 0.15 0.0020 - 0.0059
A2 1.35 1.40 1.45 0.0531 0.0551 0.0571
p(9)(11.) 0.17 0.22 0.27 0.0067 0.0087 0.0106
b1(11) 0.17 0.20 0.23 0.0067 0.0079 0.0090
c(11) 0.09 - 0.20 0.0035 - 0.0079
c1(11) 0.09 - 0.16 0.0035 - 0.0063
D#) 16.00 BSC 0.6299 BSC
D1(2.)(5.) 14.00 BSC 0.5512 BSC
E(#) 16.00 BSC 0.6299 BSC
E1(2)65) 14.00 BSC 0.5512 BSC
e 0.50 BSC 0.0197 BSC
L 0.45 0.60 0.75 0.0177 0.0236 0.0295
L1(1)(11) - 1.00 - - 0.0394 -
N(13.) 100
o 0° 3.5° 7° 0° 3.5° 7°
o1 0° - - 0° - -
02 10° 12° 14° 10° 12° 14°
03 10° 12° 14° 10° 12° 14°
R1 0.08 - - 0.0031 - -
R2 0.08 - 0.20 0.0031 - 0.0079
S 0.20 - - 0.0079 - -
aaa(l) 0.20 0.0079
bbb(1-) 0.20 0.0079
cee(h) 0.08 0.0031
ddd(™) 0.08 0.0031
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Notes
1. Dimensioning and tolerancing schemes conform to ASME Y14.5M-1994.

2. The top package body size may be smaller than the bottom package size by as much as 0.15 mm.
3. Datums A-B and D to be determined at datum plane H.

4. To be determined at seating datum plane C.

5

. Dimensions D1 and E1 do not include mold flash or protrusions. Allowable mold flash or protrusions is “0.25
mm” per side. D1 and E1 are maximum plastic body size dimensions including mold mismatch.

Details of pin 1 identifier are optional but must be located within the zone indicated.
All dimensions are in millimeters.
No intrusion is allowed inwards the leads.

Dimension “b” does not include a dambar protrusion. Allowable dambar protrusion shall not cause the lead
width to exceed the maximum “b” dimension by more than 0.08 mm. Dambar cannot be located on the lower
radius or the foot. The minimum space between the protrusion and an adjacent lead is 0.07 mm for 0.4 mm
and 0.5 mm pitch packages.

10. The exact shape of each corner is optional.

11. These dimensions apply to the flat section of the lead between 0.10 mm and 0.25 mm from the lead tip.

© © N

12. A1 is defined as the distance from the seating plane to the lowest point on the package body.
13.“N” is the number of terminal positions for the specified body size.

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

15. Drawing is not to scale.

Figure 83. LQFP100 - Footprint example
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1. Dimensions are expressed in millimeters.
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6.10 UFBGA100 package information (A0C2)
This UFBGA is a 100-ball, 7 x 7 mm, 0.50 mm pitch, ultra fine pitch ball grid array package.

Note: See list of notes in the notes section.
Figure 84. UFBGA100 - Outline(!3)
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Table 141. UFBGA100 - Mechanical data

S T N T N S

A2)3.) - - 0.60 - - 0.0236
A14) 0.05 - - 0.0020 - -
A2 - 0.43 - - 0.0169 -
p(5-) 0.23 0.28 0.33 0.0090 0.0110 0.0130
D 7.00 BSC 0.2756 BSC

D1 5.50 BSC 0.2165 BSC

E 7.00 BSC 0.2756 BSC

E1 5.50 BSC 0.2165 BSC

e®) 0.50 BSC 0.0197 BSC

N(10.) 100
sp(i1) 0.25BSC 0.0098 BSC
SE(11) 0.25BSC 0.0098 BSC

aaa 0.15 0.0059

cce 0.20 0.0079

ddd 0.08 0.0031

eee 0.15 0.0059

fff 0.05 0.0020

1. Dimensioning and tolerancing schemes conform to ASME Y14.5M-2009 apart European projection.
2. UFBGA stands for ultra profile fine pitch ball grid array: 0.50 mm < A < 0.65 mm / fine pitch e < 1.00 mm.

3. The profile height, A, is the distance from the seating plane to the highest point on the package. It is measured
perpendicular to the seating plane.

4. A1 is defined as the distance from the seating plane to the lowest point on the package body.

5. Dimension b is measured at the maximum diameter of the terminal (ball) in a plane parallel to primary datum
C.

6. BSC stands for BASIC dimensions. It corresponds to the nominal value and has no tolerance. For tolerances
refer to form and position table. On the drawing these dimensions are framed.

7. Primary datum C is defined by the plane established by the contact points of three or more solder balls that
support the device when it is placed on top of a planar surface.

8. The terminal (ball) A1 corner must be identified on the top surface of the package by using a corner chamfer,
ink or metallized markings, or other feature of package body or integral heat slug. A distinguish feature is
allowable on the bottom surface of the package to identify the terminal A1 corner. Exact shape of each corner
is optional.

9. e represents the solder ball grid pitch.
10. N represents the total number of balls on the BGA.

11. Basic dimensions SD and SE are defined with respect to datums A and B. It defines the position of the centre
ball(s) in the outer row or column of a fully populated matrix.

12. Values in inches are converted from mm and rounded to 4 decimal digits.
13. Drawing is not to scale.
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Figure 85. UFBGA100 - Footprint example
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Dsm

Table 142. UFBGA100 - Recommended PCB design rules (0.50 mm pitch BGA)

Pitch 0.50 mm
Dpad 0.280 mm
Dsm 0.370 mm typ. (depends on the soldermask registration
tolerance)
Stencil opening 0.280 mm aperture diameter
Stencil thickness Between 0.100 mm and 0.125 mm
6.11 Package thermal characteristics
The maximum chip-junction temperature, T; max, in degrees Celsius, can be calculated using the following
equation:
T;max = T4 max + (PD max X OJA)
where:
. Ta max is the maximum ambient temperature in °C.
. Oya is the package junction-to-ambient thermal resistance in °C/W.
. Pp max is the sum of Pyt max and Pj,o max:
Ppmax = P;yr max + P;o max
. P)nT max is the product of Ipp and Vpp, expressed in Watts. This is the maximum chip internal power.

Pi;0 max represents the maximum power dissipation on output pins:

Pjjo max = Z (VOL X IOL) + Z ((VDDIOx - VOH)) X Ioy

taking into account the actual Vo /loL and Vop/lon of the 1/0s at low and high level in the application.
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Table 143. Package thermal characteristics

UFQFPN32 5 x 5 mm 36.0
LQFP48 7 x 7 mm 49.4
UFQFPN48 7 x 7. mm 29.0
WLCSP52 3.17 x3.11 55.6
Oja Thermal resistance junction-ambient LQFP64 10 x 10 mm 42.6
UFBGA64 7 x 7 mm 51.6
WLCSP68 3.17 x3.11 54.1
LQFP100 - 14 x 14 mm 36.7
UFBGA1007 x 7 mm 457
UFQFPN32 5 x 5 mm 17.7
LQFP48 7 x 7 mm 26.8
UFQFPN48 7 x 7 mm 13.4
WLCSP52 3.17 x3.11 31.2
Oyg  Thermal resistance junction-board LQFP64 10 x 10 mm 25.0 °C/W
UFBGA64 7 x 7 mm 35.0
WLCSP68 3.17 x3.11 29.8
LQFP100 - 14 x 14 mm 22.6
UFBGA100 7 x 7 mm 31.8
UFQFPN32 5 x 5 mm 13.9
LQFP48 7 x 7 mm 13.0
UFQFPN48 7 x 7 mm 9.70
WLCSP52 3.17 x3.11 3.30
Oyc Thermal resistance junction-top case LQFP64 10 x 10 mm 10.9
UFBGA64 7 x 7 mm 13.7
WLCSP68 3.17 x3.11 3.30
LQFP100 - 14 x 14 mm 9.00
UFBGA100 7 x 7. mm 12.3
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7 Ordering information

Example: STM32 U 375 \% G T 6 Q TR

Device family

STM32 = Arm®-based 32-bit
microcontroller

Product type

U = Ultra-low-power

Device subfamily

375 = STM32U375xx

Pin count

K = 32 pins

C =48/52 pins

R = 64/68 balls/pins
V =100 balls/pins

Flash memory size
G = 1 Mbyte
E = 512 Kbyte

Package
T=LQFP

U = UFQFPN
| = UFBGA
Y = WLCSP

Temperature range
6 = Industrial temperature range, —40 to 85°C (105 °C junction)
7 = Industrial temperature range, —40 to 105°C (110 °C junction)

Dedicated pinout
Q = Dedicated pinout including SMPS step-down converter

G = Dedicated pinout including SMPS step-down converter and GPIO port G

Packing
TR = Tape and reel

xxx = Programmed parts

Note: For a list of available options (such as speed and package) or for further information on any aspect of this
device, contact your nearest ST sales office.
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Important security notice

The STMicroelectronics group of companies (ST) places a high value on product security, which is why the ST
product(s) identified in this documentation may be certified by various security certification bodies and/or may
implement our own security measures as set forth herein. However, no level of security certification and/or built-in
security measures can guarantee that ST products are resistant to all forms of attacks. As such, it is the
responsibility of each of ST's customers to determine if the level of security provided in an ST product meets the
customer needs both in relation to the ST product alone, as well as when combined with other components and/or
software for the customer end product or application. In particular, take note that:

. ST products may have been certified by one or more security certification bodies, such as Platform
Security Architecture (www.psacertified.org) and/or Security Evaluation standard for loT Platforms
(www.trustcb.com). For details concerning whether the ST product(s) referenced herein have received
security certification along with the level and current status of such certification, either visit the relevant
certification standards website or go to the relevant product page on www.st.com for the most up to date
information. As the status and/or level of security certification for an ST product can change from time to
time, customers should re-check security certification status/level as needed. If an ST product is not shown
to be certified under a particular security standard, customers should not assume it is certified.

. Certification bodies have the right to evaluate, grant and revoke security certification in relation to ST
products. These certification bodies are therefore independently responsible for granting or revoking
security certification for an ST product, and ST does not take any responsibility for mistakes, evaluations,
assessments, testing, or other activity carried out by the certification body with respect to any ST product.

. Industry-based cryptographic algorithms (such as AES, DES, or MD5) and other open standard
technologies which may be used in conjunction with an ST product are based on standards which were not
developed by ST. ST does not take responsibility for any flaws in such cryptographic algorithms or open
technologies or for any methods which have been or may be developed to bypass, decrypt or crack such
algorithms or technologies.

. While robust security testing may be done, no level of certification can absolutely guarantee protections
against all attacks, including, for example, against advanced attacks which have not been tested for,
against new or unidentified forms of attack, or against any form of attack when using an ST product outside
of its specification or intended use, or in conjunction with other components or software which are used by
customer to create their end product or application. ST is not responsible for resistance against such
attacks. As such, regardless of the incorporated security features and/or any information or support that
may be provided by ST, each customer is solely responsible for determining if the level of attacks tested for
meets their needs, both in relation to the ST product alone and when incorporated into a customer end
product or application.

. All security features of ST products (inclusive of any hardware, software, documentation, and the like),
including but not limited to any enhanced security features added by ST, are provided on an "AS IS"
BASIS. AS SUCH, TO THE EXTENT PERMITTED BY APPLICABLE LAW, ST DISCLAIMS ALL
WARRANTIES, EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE IMPLIED
WARRANTIES OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE, unless the
applicable written and signed contract terms specifically provide otherwise.
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Table 144. Document revision history

T T

24-Feb-2025 1 Initial release.

28-Feb-2025 2 Updated Section 2: Description.
Updated:
. Document title.
. Benchmarks.

. Figure 1. STM32U375xx block diagram.
. Section 3.5: Embedded SRAM.

. Vpar in Section 3.8.1: Power supply schemes.
. Figure 5. Clock tree.
. Table 20. Legend/abbreviations used in the pinout table.

. Table 21. STM32U375xx pin/ball definitions.
. Figure 24. STM32U375xx power supply scheme (without SMPS).
. Figure 25. STM32U375xx power supply scheme (with SMPS).

. Table 24. Voltage characteristics.

. Table 27. General operating conditions .

. Table 29. Embedded reset and power control block characteristics.

. Table 31. Current consumption in Run mode on LDO, Coremark code with

data processing running from flash memory, ICACHE ON in 1-way,
prefetch ON.

. Table 32. Current consumption in Run mode on SMPS, Coremark code

10-Feb-2026 3 with data processing running from flash memory, ICACHE ON in 1-way,
prefetch ON.

. Table 33. Current consumption in Run mode on SMPS, Coremark code

with data processing running from flash memory, ICACHE ON in 1-way,
prefetch ON Vpp =3 V.

. Table 38. Current consumption in Sleep mode on LDO, flash memory in
power down.

. Table 39. Current consumption in Sleep mode on SMPS, flash memory in
power down.

. Table 40. Current consumption in Sleep mode on SMPS, flash memory in
power down, Vpp = 3.0 V.

. Table 61. Current consumption in Standby mode.

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

. Table 83. ESD absolute maximum ratings.

. Table 86. /O static characteristics.

. Table 98. Temperature sensor characteristics.

. Section 6.6: LQFP64 package information (5W).

. Section 6.5: WLCSP52 package information (BOJQ).
. Section 6.8: WLCSP68 package information (BOJP)
. Table 143. Package thermal characteristics.
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IMPORTANT NOTICE — READ CAREFULLY

STMicroelectronics NV and its subsidiaries (“ST”) reserve the right to make changes, corrections, enhancements, modifications, and improvements to ST
products and/or to this document at any time without notice.

In the event of any conflict between the provisions of this document and the provisions of any contractual arrangement in force between the purchasers and
ST, the provisions of such contractual arrangement shall prevail.

The purchasers should obtain the latest relevant information on ST products before placing orders. ST products are sold pursuant to ST’s terms and
conditions of sale in place at the time of order acknowledgment.

The purchasers are solely responsible for the choice, selection, and use of ST products and ST assumes no liability for application assistance or the design of
the purchasers’ products.

No license, express or implied, to any intellectual property right is granted by ST herein.
Resale of ST products with provisions different from the information set forth herein shall void any warranty granted by ST for such product.

If the purchasers identify an ST product that meets their functional and performance requirements but that is not designated for the purchasers' market
segment, the purchasers shall contact ST for more information.

ST and the ST logo are trademarks of ST. For additional information about ST trademarks, refer to www.st.com/trademarks. All other product or service names
are the property of their respective owners.

Information in this document supersedes and replaces information previously supplied in any prior versions of this document.

© 2026 STMicroelectronics — All rights reserved
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