Prerelease product(s)

7]

STM32H7Pxxx

Datasheet

32-bit Arm® Cortex®-M7 520 MHz MCUs, Neural-ART Accelerator, hardware
signal processor, up to 2MB flash, 736 KB RAM, USB, 3x FD-CAN, 4x 12-bit

LQFP100 (14 x 14 mm) pitch 0.5 mm
LQFP100 EP (14 x 14 mm) pitch 0.5 mm
LQFP128 (14 x 14 mm) pitch 0.4 mm
LQFP144 (20 x 20 mm) pitch 0.5 mm
LQFP144 EP (20 x 20 mm) pitch 0.5 mm
LQFP176 (24 x 24 mm) pitch 0.5 mm
LQFP176 EP (24 x 24 mm) pitch 0.5 mm

TFBGA100 (8 x 8 mm) pitch 0.8 mm
UFBGA176+25 (10 x 10 mm) pitch 0.65 mm

STM32H7P4xx

STM32H7P5xx

Product summary

STM32H7P4VG,
STM32H7P4QG,
STM32H7P4ZG,

STM32H7P4IG,
STM32H7P4VI,
STM32H7P4Ql,
STM32H7P4ZI,
STM32H7P4lI

STM32H7P5VG,
STM32H7P5QG,
STM32H7P5ZG,

STM32H7P5IG,
STM32H7P5VI,
STM32H7P5Ql,
STM32H7P5ZI,
STM32H7P5II
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ADCs, 2 DAC outputs, 2% high-res timers, 3% adv. motor control timers

Features

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

Cores

. 32-bit Arm® Cortex®-M7 core with DP-FPU and L1 cache:
32 Kbytes of data and 32 Kbytes of instruction cache allowing to fill one cache
line in a single access from the 128-bit embedded flash memory, frequency up
to 520 MHz, MPU, 2773 CoreMark® (5.33 CoreMark®MHz), and DSP
instructions

Neural processing unit (NPU)

. ST Neural-ART Accelerator, frequency up to 520 MHz, 85 Gops
. Specialized hardware units for DNN (deep-neural network) inference functions
. Flexible dedicated stream processing engine

Signal processing unit (HSP)

. Hardware signal processor (HSP) enabling matrix, vector and digital signal
processing operation

. 32-bit floating point support

. Matrix / vector algebra, (i)FFT transform, filtering & convolution, math
operators

Mathematical acceleration

. CORDIC for trigonometric functions acceleration
. FMAC: Filter mathematical accelerator
Memories

. Up to 2 Mbytes dual bank flash memory plus 1 Kbyte of OTP memory

. 736 Kbytes of on-chip RAM: 192 Kbytes of ITCM SRAM + 128 Kbytes of
DTCM SRAM for time critical routines, 416 Kbytes of user SRAM, and
4 Kbytes of SRAM in backup domain

. Octo-SPI memory interface with support for serial PSRAM/NOR, hyper RAM/
flash frame formats, running up to 100 MHz in SRD mode and DTR mode

. Flexible external memory controller with up to 16-bit data bus:

- SRAM, PSRAM, NOR flash memory clocked up to 100 MHz in
synchronous mode

- SDRAM/LPSDR SDRAM
- 8/16-bit NAND flash memories
. CRC calculation unit
Security
. ROP, PC-ROP, active tamper, secure firmware upgrade support, secure

access mode
. HASH (MD5, SHA-1, SHA-2), HMAC

www.st.com

For further information, contact your local STMicroelectronics sales office.
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. 1x 32-bit, NIST SP 800-90B compliant, true random generator

Reset and power management

. 1.71 to 3.6 V application supply and I/Os
. POR, PDR, PVD and BOR
. Integrated high efficiency SMPS step-down converter or LDO regulator

. Voltage scaling in Run and Stop mode
. Backup regulator (~0.9 V)
. Low-power modes: Sleep, Stop and Standby

. VaT battery operating mode with charging capability
. CPU power state monitoring pins

Low-power consumption

. Stop: down to TBD pA with full RAM retention
. Standby: TBD pA (backup SRAM Off, RTC/LSE On)
. Vgar: TBD pA (RTC and LSE On)

Clock management

. Internal oscillators: 64 MHz HSI, 48 MHz HSI48, 4 MHz CSI, 32 kHz LSI
. External oscillators: 4-50 MHz HSE, 32.768 kHz LSE
. 3x PLLs (1 for the system clock, 2 for kernel clocks) with fractional mode

General-purpose inputs/outputs

. Up to 134 1/O ports with interrupt capability
. Fast 1/0s capable of up to 133 MHz
. Up to 132 5-V-tolerant I/Os

Interconnect matrix

. 64-bit high bandwidth AXI interconnect with programmable priority
. 32-bit AHB matrix
. Independent peripheral buses (6 x AHB, 3 x APB)

Prerelease product(s)

2 DMA controllers to offload the CPU

. High-performance direct memory access controller (HPDMA) on AXI interconnect
. General purpose direct memory access controller (GPDMA) on AHB interconnect

Up to 20 communication peripherals

. 3x [2C FM+ interfaces (SMBus/PMBus)

. 1x I3C
. 5x USART + 5x UART (ISO7816 interface, LIN, IrDA, modem control) and 1x LPUART
. 6x SPI, including 3 with full-duplex 12S audio class accuracy

. 1x SD/SDIO/MMC interfaces (up to 100 MHz)
. 3x CAN-FD controllers
. 1x USB OTG full speed interfaces

Analog peripherals

. 4x 12-bit ADCs, up to 5 MSPS and 44 channels
. 1% internal voltage reference (1.8 — 2.9 V)
. 1% analog and 1x digital temperature sensors
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. 1% 12-bit dual-channel DAC with output buffers + 3% 12-bit dual-channel fast DAC for internal use
. 8x fast comparators with window mode
. 1% CIC decimation filter for PDM digital microphone

Up to 27 timers and 2 watchdogs
. 2x high resolution timers for precise PWM control (up to 520 MHz)

. 4x 32-bit timers with up to 4 IC/OC/PWM or pulse counter and quadrature (incremental) encoder input (up
to 520 MHz)
. 3x 16-bit advanced motor control timers (up to 520 MHz)

. 9x 16-bit general-purpose timers (up to 520 MHz)
. 2x 16-bit general-purpose timers (up to 520 MHz)
. 5x 16-bit low-power timers (up to 100 MHz)

. 2x watchdogs (independent and window)

. 1% SysTick timer

. RTC with sub-second accuracy and hardware calendar
Debug mode

. SWD and JTAG interfaces
. 4 KB embedded trace buffer

96-bit unique ID

All packages are ECOPACK2 compliant

Prerelease product(s)
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1 Introduction

This document provides information on STM32H7Pxxx devices, such as description, functional overview, pin
assignment and definition, electrical characteristics, packaging and ordering information.

For information on the Arm® Cortex®- M7 core, refer to the Cortex®- M7 Technical Reference Manual, available
from the www.arm.com website.

Note: Arm and Cortex 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.

arm
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2 Description

STM32H7Pxxx devices are based on the high-performance Arm® Cortex®-M7 32-bit RISC core operating at up to
520 MHz. The Cortex®-M7 core features a floating-point unit (FPU) which supports Arm® double-precision (IEEE

754 compliant) and single-precision data-processing instructions and data types. STM32H7Pxxx devices support

a full set of DSP instructions and a memory protection unit (MPU) to enhance application security.

In addition to the CPU, all devices include a high-performance signal processing (HSP) unit capable of
accelerating and off loading mathematical and signal processing tasks. Specific part numbers incorporate
STMicroelectronics Neural-ART Accelerator.

STM32H7Pxxx devices incorporate high-speed embedded memories with a dual-bank flash memory of 2 Mbytes,
736 Kbytes of RAM (including 320 Kbytes of TCM RAM, 416 Kbytes of user SRAM and 4 Kbytes of backup

SRAM), as well as an extensive range of enhanced I/Os and peripherals connected to three APB buses, five AHB
buses, a 32-bit multilayer AHB bus matrix, and a 64-bit AXI interconnect for internal and external memory access.

All the devices offer four ADCs, eight DACs, of which six dedicated to internal voltage comparators, eight fast
voltage comparators, a filter for a digital microphone, a low-power RTC, four 32-bit timers, nine general-purpose
16-bit timers, three PWM 16-bit timers for motor control, two basic timers, five low-power timers, a true random
number generator (RNG) and a HASH accelerator.

All devices also feature the following communication interfaces:
. Standard interfaces

- Three 12Cs and one 13C

- Five USARTs, five UARTSs, and one LPUART

- Six SPIs, three with I2S in full-duplex mode. To achieve audio class accuracy, the 12S peripherals can
be clocked via an external clock to allow synchronization.

- One SDMMC interface
- A USB OTG full-speed
- Three FDCAN interfaces
. Advanced interfaces including
- A flexible memory control (FMC) interface
- An octo-SPI memory interface
Refer to Table 1 for the list of peripherals available on each part number.

STM32H7Pxxx devices operate in the -40 to +125°C ambient temperature range from a 1.71 to 3.6 V power
supply. The supply voltage must stay above 1.71 V which is the embedded power voltage detector threshold. The
device embeds an integrated voltage regulator to supply the core, or a high efficiency SMPS depending on the
part number.

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

The CPU and domain states can be directly monitored on some GPIOs configured as alternate functions.
STM32H7Pxxx devices are offered in several packages ranging from 100 to 176 pins/balls.

These features make the STM32H7Pxxx microcontrollers suitable for a wide range of applications:
. Industrial applications: PLC, inverters, circuit breakers

Table 1. STM32H7Pxxx features and peripheral counts
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STM32H7PxVIT6Q
STM32H7PxVIH6Q
STM32H7PxVIZ3Q
STM32H7PxQIT6Q
STM32H7PxZIT6Q
STM32H7PxZIZ3Q
STM32H7PxlIZ3Q
STM32H7PxIIK6Q
STM32H7PxVGT6
STM32H7PxVIT6
STM32H7PxVGH6
STM32H7PxVIH6
STM32H7PxQGT6
STM32H7PxQIT6
STM32H7PxZGT6
STM32H7PxZIT6
STM32H7PxIGT6
STM32H7PxIIT6
STM32H7PxIGK6
STM32H7PxIIK6

Neural-ART Accelerator ™)

(NPU) Yes

Flash size in Mbyte 2 1 2 1 2 1 2 1 2 1 2 1 2
SRAM in | OnAXI 320

Kbyte On AHB 9
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SRAM in
Kbyte DTCM 128
Backup SRAM in Kbytes 4
PA 16
PB 16
PC 16
PD 8 10 11 16 11 13 16
PE 9 10 14 | 15 16 9 14 15 16
GPIO PF 4 6 13 16 4 13 16
’m' PG 0 1 3 6 12 16 0 6 9 16
+ PH 2 4 7 16 2 4 16
% PI 1 2 3 1 6
g Total GPIOs 72 74 79 97 160 117 131 75 77 100 109 134
—
o 8-bit display Yes
Multiplexed
% NOR/PSRAM Yes
M FMC NOR flash /
O PSRAM 16-bit No Yes No Yes
K 16-bit NAND Yes
—
) 16-bit SDRAM No Yes No Yes
E XSPI Yes
SDIO 4 bits
internal Yes
transceiver
SDIO 4 bits
external Yes
sSDMMC | transceiver
eMMC internal
. Yes
transceiver
eMMC
external Yes
transceiver
USB OTG-FS Yes
UCPD Yes
Number of 5
instances
HRTIM Number of
channels v~ o 2 N w ~ =) o
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Advanced 3
TIMERS control
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channels ~ © IS
(Fast/Slow) § %’ i
Total/buffered
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COMP
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USART/UART/LPUART
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CORDIC
Serial wire/
JTAG

Debug tl?iIZ;(I;{rGI input No Yes
DBTRGO No Yes

output trigger

]
©o
<
X
o
~
El=
N
[52]
=
=
(72}

STM32H7PxVGT6

STM32H7PxVIT6
STM32H7PxVGH6

N

15/16/13/14

36(18/18)

8/2

No/No

w o o

N

5/5/1

Yes/Yes

No

No

STM32H7PxVIH6
STM32H7PxQGT6

7
6(4/4)

STM32H7PxQIT6

STM32H7PxZGT6

STM32H7PxZIT6
STM32H7PxIGT6
STM32H7PxIIT6
STM32H7PxIGK6
STM32H7PxIIK6

16/18/17/18

5
N
S
o
<
<
Yes/Yes
8
7(5/5)
Yes
Yes



IMIIXdLHZENLS

INOIXdLHZENLS

9LIIXdZHCEWLS

919IXdLHZENLS

91IZXdLHZEWLS

919ZXd.LHZENLS

91I0Xd.ZHZENLS

91DDXdLHZENLS

9HIAXdLHZENLS

9HOAXdLHZENLS

9LIAXdLHZENLS

91LOAXdLHZENLS

OIMIIXdLHZEWLS

Description

STM32H7Pxxx

DEZIIXdLHZEWLS
D9LIIXdLHZEWLS

DEZIZXdLHZEWLS

D91IZXd.ZHZEWLS

DILIOXdLHZENWLS

DEZINXdLHZENLS

D9HIAXdLHZENWLS

DILINXdLHZENLS

DBTRGIO

9/1vod4Nn
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STM32H7P5xx devices include the NPU, STM32H7P4xx devices do not.
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Figure 1. STM32H7Pxxx block diagram
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Functional overview

3 Functional overview

3.1 Arm® Cortex®-M7 with FPU

The Arm®Cortex®-M7 with double-precision FPU processor is the latest generation of Arm processors for
embedded systems. It was developed to provide a low-cost platform that meets the needs of MCU
implementation, with a reduced pin count and optimized power consumption, while delivering outstanding
computational performance and low interrupt latency.

TheCortex®-M7 processor is a highly efficient high-performance featuring:

. Six-stage dual-issue pipeline

. Dynamic branch prediction

. Harvard architecture with L1 caches (16 Kbytes of I-cache and 16 Kbytes of D-cache)
. 64-bit AXI4 interface

. 64-bit ITCM interface

. 2x32-bit DTCM interfaces

The following memory interfaces are supported:

. Separate Instruction and Data buses (Harvard Architecture) to optimize CPU latency
. Tightly Coupled Memory (TCM) interface designed for fast and deterministic SRAM accesses
. AXI Bus interface to optimize Burst transfers

. Dedicated low-latency AHB-Lite peripheral bus (AHBP) to connect to peripherals.

The processor supports a set of DSP instructions which allow efficient signal processing and complex algorithm
execution.

It also supports single and double precision FPU (floating point unit) speeds up software development by using
metalanguage development tools, while avoiding saturation.

Refer to Figure 1 for the general block diagram of the STM32H7B3xI family.
Cortex®-M7 with FPU core is binary compatible with the Cortex®-M4 core.

w
[\

Memory protection unit (MPU)

The memory protection unit (MPU) manages the CPU access rights and the attributes of the system resources. It
has to be programmed and enabled before use. lts main purposes are to prevent an untrusted user program to
accidentally corrupt data used by the OS and/or by a privileged task, but also to protect data processes or
read-protect memory regions.

The MPU defines access rules for privileged accesses and user program accesses. It allows defining up to 16
protected regions that can in turn be divided into up to eight independent subregions, where region address, size,
and attributes can be configured. The protection area ranges from 32 bytes to 4 Gbytes of addressable memory.

When an unauthorized access is performed, a memory management exception is generated.

Prerelease product(s)

3.3 Memories

3.31 Embedded flash memory

The STM32H7Pxxx devices embed 1 or 2 Mbytes of dual-bank nonvolatile flash memory that can be used for
storing programs and data.

The flash memory is composed of 128-bit words that can be used for storing code and data constants. Each word
has an additional 9-bit ECC field for error detection and correction. The flash memory can be programmed by
word and erased by sector. The dual-bank architecture means that one bank can be read while the other bank is
being erased or programmed.

The flash memory is organized as follows:

. 2 x 512 Kbytes / 1 Mbyte of user flash memory, divided into 8 Kbyte sectors

. 2 x 64 Kbytes of system flash memory from which the device can boot

. 1 Kbyte of OTP (one-time programmable) memory containing option bytes for user configuration
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3.3.2 Security

The STM32H7Pxxx supports nonvolatile code and data security management including:

. 128-bit password-based debug reopening with RAM and flash automatic erase

. Temporal isolation based on application HDPL (hidden data protection level)

. Securable user flash area per bank

. Unique boot entry enforcement on a closed device

. 32 x 128-bit nonvolatile option byte keys

. Sector group write-protection per bank, protecting up to 32 groups of four sectors (32 Kbyte) per bank
3.33 Embedded SRAM

All devices feature:
. 320 Kbytes of SRAM mapped on the AXI bus matrix:
- AXISRAM1: 128 Kbyte
AXISRAM2: 64 Kbyte
AXISRAMS: 64 Kbyte
AXISRAM4: 64 Kbyte
. 96 Kbytes of AHB-RAM mapped on the AHB bus matrix:
- AHBSRAM1: 16 Kbyte
- AHBSRAM2: 16 Kbyte
- AHBSRAMS3: 64 Kbyte
. 4 Kbytes of backup SRAM
The content of this area is protected against possible unwanted write accesses and is retained in Standby
or VgaT mode.
. Tightly coupled memory (ITCM and DTCM):
- 192 Kbytes of tightly coupled instruction SRAM (ITCM)
. This RAM is connected to a dedicated 64-bit interface. It can be used for deterministic or critical real-time
code execution.
- 2 x 64 Kbytes of tightly coupled data SRAM (DTCM)
. This RAM is connected on two dedicated 32-bit interfaces. It can be used for critical real-time data, such as

stack/heap memory. The DTCM SRAMs can be accessed in parallel thanks to the Cortex®-M7 dual issue
capability.

Prerelease product(s)

3.4 Boot modes
At startup, the boot memory space is selected by the BOOTO pin and NVSTATE option bits.
If NVSTATE is OPEN:
. If BOOTO = 0: boot from user flash memory at address 0x8000 0000
. If BOOTO = 1: boot from bootloader
If NVSTATE is CLOSED:
. Boot from RSS in system flash memory at address 0x1FF0 0080

The bootloader is in nonuser system flash memory. It is used to program the user flash memory through a serial
interface (USART, 12C/I3C, SPI, USB, FDCAN). Refer to STM32 microcontroller system memory boot mode
application note (AN2606) for details.

3.5 Power supply management

STM32H7P MCUs require at least one power supply to operate fully. The user must select either an LDO or an
SMPS, depending on the package and part number (see Table 2). Additional power supplies or voltage
references are necessary for specific use cases.

DS15208 - Rev 1 page 11/234



x 2 3
X 2 IMIIXdLHZENLS &
&5 9/1v984n s
~ 3 9IMOIXdLHZEWLS )
L3 =
oS 9LIIXdZHZEWLS
= 3 9/1d401
= 5 9LOIXdLHZEWLS
S ('8
9LIZXdLHZENLS
PLd4OT
919ZXdLHZEWLS
o [2]
z L °
9LIOXdZHZEWLS 2
8Z1d401
9190Xd.LHZENLS
9HIAXdLHZEWLS
00LvOg4L
Rl 9HONXdZHZEWLS
a
9 91INXdLHZEINLS
» 001d4O1T
B 919AXdLHZENLS
[
15
Sl O9MIIXdLHZEINLS 9/1vog4n
S
v 3l OEZIXdZHZEWLS 8 d3-9/1d401
Dalu
nL [e]
PR 09LIIXdZHZEWLS 2 9/1d4OT
s
0EZIZXdLHZENLS & d3vriddol
& 2
DILIZXdLHZENLS PrLd401
o
P4
DILIOXdLHZENLS 8Z1d4OT
DEZINXLHZENLS & d3-001d401
DYHIAXALHZENLS 00LYOg4L
[e]
P4
OILINXdLHZEWLS 00Ld401 -
>
el © n m.
N g 2 3 g g
®© © -
P 2 80 £.2 3
£3 29 582 ¢ 2

(s)1onpoid ases|alald



‘ STM32H7Pxxx
,l Functional overview

Figure 2. Power supply versus power domain
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Note: VDDSMPS, VLXSMPS and VSSSMPS are only available on the STM32H7PxVIT6Q, STM32H7PxVIH6Q,
STM32H7PxVIZ3Q, STM32H7PxQIT6Q, STM32H7PxZIT6Q, STM32H7PxZIZ3Q, STM32H7PxIIT6Q and
STM32H7PxI1Z3Q.

The internal STM32H7P system is supplied through different power domains: core domain, Vpp domain, backup
domain, and analog domain. Figure 2 illustrates the power supply layout in relation to the power domains.

Table 3 lists the pin names, signal types, and descriptions for supply input and output signals connected to the
package pins or balls.
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Vbb
Vss
Vbpa

Vssa

VBaT

Vbpsmps
Vixsmps

Vsssmps

Veap

VREF+

VREF-

VREFDAC+

VREFDAC-

Table 3. PWR input and output signals connected to package pins/balls

Supply input
Supply input
Supply input

Supply input

Supply input/output

Supply input
Supply output
Supply input

Supply input

Supply input/output

Supply input

Supply input/output

Supply input

Main 1/0 and Vpp domain supply input.

Main ground.

External analog power supply for analog peripherals.
Separate isolated ground for analog peripherals.

Backup battery supply:
. Optional external supply for the backup domain when Vpp is not present.
. It can also be used to charge the external battery.

Supply for switch-mode power supply (SMPS) step-down converter.
SMPS step-down converter output.

Ground for SMPS step-down converter.

Digital core supply input pin:

For the SMPS package, it is supplied by the embedded SMPS or from an external
source. For the LDO package, it is used to attach the bulk output capacitor of the
internal LDO or an external source in bypass mode.

Refer to Figure 3. System supply configurations for the different possible
configurations.

Reference voltage for ADCs:
It can be generated from the internal Vrgrgyr or provided by an external source.
Ground reference for ADCs.

Reference voltage for DACs:

It can be provided by an external source or by VRgg+ when the internal VRgegur is
activated.

Ground reference for DACs.

There are four possible supply configurations illustrated in Figure 3, depending on the selected part number:

Integrated voltage regulator is used (a low-cost solution in terms of external components).
Integrated SMPS step-down converter is used (a high-efficiency solution).

External supply source is used (the integrated voltage regulator or integrated SMPS step-down converter
is bypassed).
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Figure 3. System supply configurations
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(D) 3.51 Power supply scheme
CT) . Vpp = 1.71 to 3.6 V: external power supply for digital I/Os, provided externally through VDD pins. It also
— supplies power to the integrated voltage regulator and Vgyy (backup) domain.
D— . Vppa= 1.62 to 3.6 V: external analog power supplies for ADC, DAC, COMP, voltage reference, reset
blocks, oscillators, and PLL.
. Va7 = 1.2 to 3.6 V: power supply for the Vgyw domain when Vpp is not present.
. Vcap: core power domain (Vcore) supply. The voltage level can be varied according to the operating

frequency and power mode. Vcap can be supplied by the integrated voltage regulator or SMPS, depending
on the package option, or by an external supply.

. Vppsmps = 1.71 to 3.6 V: integrated step-down converter input typically connected to Vpp.
. Vi xsmps: integrated step-down converter output to external inductor.
Note: For I/0 speed optimization at low Vpp supply, refer to Section 3.8: General-purpose input/outputs (GPIOs).

The features available on the device depend on the package (refer to Table 1. STM32H7Pxxx features and
peripheral counts).

3.5.2 Power supply supervisor

The STM32H7Pxxx devices have an integrated power-on reset (POR)/ power-down reset (PDR) circuitry coupled
with a brownout reset (BOR) circuitry:
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. Power-on reset (POR)
The POR supervisor monitors the Vpp power supply and compares it to a fixed threshold. The devices

remain in reset mode when Vpp is below this threshold.

. Power-down reset (PDR)
The PDR supervisor monitors the Vpp power supply. A reset is generated when Vpp drops below a fixed

threshold.

. Brownout reset (BOR)
The BOR supervisor monitors the Vpp power supply. Three BOR thresholds (from 2.1 to 2.7 V) can be
configured through option bytes. A reset is generated when Vpp drops below this threshold.

. Programmable voltage detector (PVD)
The PVD monitors the Vpp power supply by comparing it with a threshold selected from a set of predefined
values.
It can also monitor the voltage level of the PVD_IN pin by comparing it with an internal VrggnT VOltage
reference level.

. Analog voltage detector (AVD)
The AVD monitors the Vppa power supply by comparing it with a threshold selected from a set of
predefined values.

. Vpat threshold
The Vgat battery voltage level can be monitored by comparing it with two threshold levels.

. Temperature threshold
A dedicated temperature sensor monitors the junction temperature and compares it with two threshold
levels.
3.53 Voltage regulator (option)

The integrated voltage regulator supplies the Vcorg domain. The output voltage can be set to one of five levels
according to the application needs:
. Run mode (VOSO to VOS2)
- VOSO0: high performance
- VOS1: medium performance and consumption
- VOS2: low-power consumption
. Stop mode (SVOSL, SVOSH)

- SVOSH: low frequency clock can be maintained for some peripherals (UART, SPI, I12C, LPTIM)
- SVOSL: wake-up from Stop mode is possible through GPIO or asynchronous interrupt.

Prerelease product(s)

3.54 SMPS step-down converter (option)

The built-in SMPS step-down converter is a highly power-efficient DC-DC nonlinear switching regulator that
provides lower power consumption than a low-drop-out voltage regulator (LDO).

The step-down converter is used to supply the Vcorg domain

. The SMPS step-down converter operating modes follow the device system operating modes (Run, Stop,
Standby).

. The SMPS step-down converter output voltage is set according to the VOS and SVOS bits (voltage
scaling)

An external power supply can be used to supply the Vcore domain. In this case, the integrated SMPS step-down
converter does not start up. It is up to the user to ensure that the VCORE power-on constraints are respected,
and the voltage is correctly set according to the selected operating mode.

3.6 Low-power modes
There are several ways to reduce power consumption on STM32H7Pxxx:

. Decrease dynamic power consumption by slowing down the system clocks even in Run mode and by
individually clock gating the peripherals that are not used.

. Save power consumption when the CPU is idle, by selecting among the available low-power modes
according to the user application needs. This allows achieving the best compromise between short startup
time, low-power consumption, as well as available wake-up sources.
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The devices feature four low-power modes:

. Sleep mode (CPU clock stopped)

. Stop mode (all clocks stopped, with the exception of certain peripheral clocks such as 12C, 13C, UART,
RTC, low-power timer, that can optionally be maintained active)

. Standby mode (Vcore domain powered down)
. Battery backup mode (VgaT domain only, supplied by an external battery)

Sleep and Stop low-power modes are entered by the MCU when executing the WFI (wait for interrupt) or WFE

(wait for event) instructions, or when the SLEEPONEXIT bit of the Cortex®-M7 core is set after returning from an
interrupt service routine.

The system can enter Stop or Standby when all EXTI wakeup sources are cleared.
Some GPIO pins can be used to monitor CPU low-power states:

Table 4. Overview of low-power mode monitoring pins

PWR_CSLEEP CPU clock OFF
PWR_CSTOP CPU domain in low-power mode
~~
2
— 3.7 Reset and clock controller (RCC)
(:'_)) The RCC manages the generation of all the clocks, as well as the clock gating and the control of the system and
®) peripheral resets. It provides a high flexibility in the choice of clock sources and can be configured to apply clock
o ratios to improve the power consumption. In addition, on some communication peripherals that are capable of
- working with two different clock domains (either a bus interface clock or a kernel peripheral clock), the system
o frequency can be changed without modifying the baud rate.
)
N 3.71 Clock management
CG The devices embed four internal oscillators, two oscillators with external crystal or resonator, two internal
(D) oscillators with fast startup time and three PLLs.
E The RCC receives the following clock source inputs:
CT) . Internal oscillators:
— - 64 MHz HSI clock (1% accuracy)
al - 48 MHz RC oscillator
- 4 MHz CSI clock
- 32 kHz LSI clock
. External oscillators:
- 4-50 MHz HSE clock
- 32.768 kHz LSE clock
The RCC provides three PLLs: one for system clock, two for peripheral clocks.
The system starts on the HSI clock. The user application can then select the clock configuration.
A high precision can be achieved for the 48 MHz clock by using the embedded clock recovery system (CRS). It
uses the OTG_FS_SOF (USB start of frame) signal, the LSE, or an external signal (CRS_SYNC) to fine-tune the
oscillator frequency on-the-fly.
3.7.2 System reset sources

The power-on reset initializes all registers, while the system reset reinitializes the system except for:
. The debug

. Part of the RCC

. The power controller status registers

. The backup power domain

A system reset is generated in the following cases:
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. Power-on reset (pwr_por_rst)

. Brownout reset

. Low level on NRST pin (external reset)
. Window watchdog

. Independent watchdog

. Software reset

. Low-power mode security reset

. Exit from Standby

3.8 General-purpose input/outputs (GPIOs)
Each of the GPIO pins can be configured by software as:
. Output (push-pull or open-drain, with or without pull-up or pull-down)
. Input (floating, with or without pull-up or pull-down)
. Peripheral alternate function

Most of the GPIO pins are shared with digital or analog alternate functions. All GPIOs are high-current-capable
and have speed selection to better manage internal noise, power consumption, and electromagnetic emission.

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

The I/0O configuration can be locked if needed by following a specific sequence to avoid spurious writing to the

I/Os registers.

To maximize the performance, the 1/0 high-speed feature, HSLV, can be activated at low device supply voltage
(Vpp < 2.7 V). This is needed to achieve the performance required for peripherals such as the SDMMC, FMC,

and XSPI.

Bus-interconnect matrix

The devices feature an AXI bus matrix, an AHB bus matrix, and bus bridges that allow bus masters to
interconnect with memory and peripherals (see Figure 4).

Prerelease product(s)
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Figure 4. STM32H7Pxxx bus matrix
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3.10 DMA controllers

The devices feature two DMA instances to perform background transfers between memories and/or peripherals

and thereby offload the CPU.

. A high-performance direct memory access (HPDMA) controller
The HPDMA has two bus master ports, one connected to the AXI matrix and one to the AHB matrix. This
prioritizes bulk data transfers between AXI memories (AXISRAM, embedded flash, external flash/SRAM)
and the CPU tightly coupled memories (ITCM, DTCM). It can manage up to 16 channels. Four channels
have a 64-byte FIFO and support 2D addressing. The remaining channels have a 16-byte FIFO and
support fixed increment addressing.

. A general-purpose direct memory access (GPDMA) controller
The GPDMA has two bus leader ports, both connected to the AHB matrix. This is intended for
peripheral-to-memory and memory to peripheral data transfers. It can manage up to 16 channels. Four
channels have a 32-byte FIFO and support 2D addressing. The remaining channels have an 8-byte FIFO
and support fixed increment addressing.

Both DMA controllers receive the same DMA requests and trigger signals from peripherals.
3.1 Nested vectored interrupt controller (NVIC)

The devices embed a nested vectored interrupt controller which can manage 16 priority levels and handle up to
184 maskable interrupt channels plus the 16 interrupt lines of the Cortex®-M7 with FPU core.
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. Closely coupled NVIC gives low-latency interrupt processing

. Interrupt entry vector table address passed directly to the core

. Allows early processing of interrupts

. Processing of late arriving, higher-priority interrupts

. Support tail chaining

. Processor context automatically saved

. Interrupt entry restored on interrupt exit with no instruction overhead

This hardware block provides flexible interrupt management features with minimum interrupt latency.

3.12 Extended interrupt and event controller (EXTI)

The EXTI controller performs interrupt and event management. In addition, it can wake up the processor, power
domains and/or SRD domain from Stop mode.

The EXTI handles up to 78 independent event/interrupt lines split into 34 configurable events and 44 direct
events.

Configurable events have dedicated pending flags, active edge selection, and software trigger capable. Direct
events provide interrupts or events from peripherals having a status flag.

AU) 3.13 Neural-ART Accelerator (NPU)
:/ Neural-ART Accelerator is a branded family of design-time parametric and runtime reconfigurable neural
O processing unit (NPU) cores. These cores are specifically designed to accelerate (in area-constrained embedded
=S and loT devices) the inference execution of a wide range of quantized convolutional neural network (CNN)
O models.
(@) The NPU implemented in the STM32H7Pxxx is configured with the following functional units:
E . Stream switch - connects output stream link ports to input stream link ports
. Convolutional accelerator - implements clusters of multiply-accumulate (MAC) engines supporting fixed-
% point acceleration of the 3x3 convolutions. It can be configured as 16- or 8-bit MACs
] . Pooling unit - 2D windowed (MxN) min, max, average pooling, as well as global max, min, or average
ling
B poo
e . Activation unit - compute ReLU-like activations such as plain, parametric, and thresholded ReLUs. There is
&) also a generic function evaluator using a second-degree piece-wise polynomial approximation (y = ax? + bx
(<h) +cory=(ax+b)xx+c)
S . 2 scalar arithmetic units: x x y; MIN(x,y); MAX(x,y); logical AND, OR, NOT; bitwise AND, OR, XOR, NOT;
al comparison operations like =, <, 2, >; ABS(x); SIGN(x), CLIP(x)
. Six stream engines with embedded encryption/decryption
. Dual 64-bit AXI interface
. Epoch controller
. Debug controller

The Neural-ART Accelerator is configured using the ST Edge Al tool suite.

3.14 Hardware signal processor (HSP)

The hardware signal processor (HSP) is a signal coprocessor engine. The HSP is built around a dedicated
high-performance signal processor engine (SPE) working in 32-bit floating-point or 8-bit integer data. The HSP
embeds a library of more than 70 built-in standard functions, optimized for signal processing operations such as:
FFT, DCT, filtering.

In addition, the HSP also embeds functions dedicated to neural network, working on 8-bit integer. The most
commonly used operations are supported such as 2D convolution, depth-wise convolution, point-wise
convolution. HSP is supported by the STM32 CubeAl software, allowing implementation of complete neural
networks.

The HSP can be used as an accelerator leveraging significantly the computing possibilities of the circuit. The HSP
can also work autonomously thanks to its sequencer. The sequencer allows the application to record at any time a
sequence of operations and execute this sequence when a specific event is activated. The application can record
up to 37 sequences, making the HSP more than just an accelerator.

The HSP has a dedicated SRAM, which is available for use by the system when the HSP is not used.
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3.15 Filter math accelerator (FMAC)

The filter math accelerator unit performs 16-bit fixed-point arithmetic operations on vectors. It comprises a
multiplier/accumulator (MAC) unit, together with address generation logic which allows it to index vector elements
held in local memory.

The unit includes support for circular buffers on input and output, which allows digital filters to be implemented.
Both finite and infinite impulse response filters can be realized.

The unit allows frequent or lengthy filtering operations to be offloaded from the CPU, freeing up the processor for
other tasks. In many cases it can accelerate such calculations compared to a software implementation, resulting
in a speed-up of time critical tasks.

. 16 x 16-bit multiplier

. 24 + 2-bit accumulator with addition and subtraction
. 16-bit input and output data

. 256 x 16-bit local memory

. Up to three areas can be defined in memory for data buffers (two inputs, one output), defined by
programmable base address pointers and associated size registers
. Input and output buffers can be circular
. Filter functions: FIR, IR (direct form 1)
— . Vector functions: dot product, convolution, correlation
\U_), . AHB slave interface
-lG . DMA read and write data channels
-
®) 3.16 CORDIC coprocessor (CORDIC)
o The CORDIC coprocessor provides hardware acceleration of mathematical functions (mainly trigonometric ones)
E commonly used in motor control, metering, signal processing, and many other applications.
It speeds up the calculation of these functions compared to a software implementation, making possible the use
() of a lower operating frequency, or freeing up processor cycles to perform other tasks.
CU)G . 24-bit CORDIC rotation engine
(«}) . Circular and Hyperbolic modes
E . Rotation and Vectoring modes
— . Functions: sine, cosine, sinh, cosh, atan, atan2, atanh, modulus, square root, natural logarithm
9 . Programmable precision
(al . Low latency AHB slave interface
. Results can be read as soon as ready, without polling or interrupt
. DMA read and write channels

. Multiple register read/write by DMA

3.17 Cyclic redundancy check calculation unit (CRC)

The CRC (cyclic redundancy check) calculation unit is used to obtain a CRC code using a programmable
polynomial. Among other applications, CRC-based techniques are used to verify data transmission or storage
integrity. In the scope of the EN/IEC 60335-1 standard, 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.

3.18 Flexible memory controller (FMC)

The FMC controller main features are the following:
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. Interface with static-memory mapped devices including:
- Static random-access memory (SRAM)
- NOR flash memory/OneNAND flash memory
PSRAM (four memory banks)
- NAND flash memory with ECC hardware to check up to 8 Kbytes of data

. Interface with synchronous DRAM (SDRAM/Mobile LPSDR SDRAM) memories
. 8-,16-bit data bus width

. Independent chip select control for each memory bank

. Independent configuration for each memory bank

. Write FIFO
. Read FIFO for SDRAM controller

. The maximum FMC_CLK/FMC_SDCLK frequency for synchronous accesses is the FMC kernel clock
divided by 2.

3.19 Extended-SPI memory interface (XSPI)

The XSPI is a specialized communication interface targeting single, dual, quad, or octal SPI memories.
It supports single/dual/quad/octal SPI formats.

3.20 Analog-to-digital converters (ADC)

The STM32H7Pxxx devices embed four analog-to-digital converters, whose resolution can be configured to 12,
10, 8 or 6 bits. Each ADC shares up to 18 external channels, performing conversions in single-shot or scan mode.
In scan mode, automatic conversion is performed on a selected group of analog inputs.

Additional logic functions embedded in the ADC interface allow:

~~

(0p) Multiplex of single/dual/quad/octal SPI over the same bus can be achieved using the integrated I/O manager. The
el XSPI can operate in any of the three following modes:

(&) . Indirect mode: all the operations are performed using the XSPI registers

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

— . emory-mapped mode: the external memory is memory mapped and it is seen by the system as if it was

M d mode: th t | i danditi by th it if it

o an internal memory supporting both read and write operations.

Q The XSPI supports two frame formats supported by most external serial memories such as serial PSRAMs, serial
N NOR flash memories, HyperRAM™ and HyperFlash™ memories:

. e classical frame format wi e command, address, alternate byte, dummy cycles, and data phase

® The classical fi f t with th d, add It te byte, d | d data ph
2 . The HyperBus™ frame format

)

—

)

—

al

. Simultaneous sample and hold

. Interleaved sample and hold

The ADC can be served by the DMA controller, allowing automatic transfer of ADC converted values to a
destination location without any software action.

In addition, an analog watchdog feature can accurately monitor the converted voltage of one, some or all selected
channels. An interrupt is generated when the converted voltage is outside the programmed thresholds.

To synchronize A/D conversion and timers, the ADCs could be triggered by any of TIM1, TIM3, TIM4, TIM6, TIM8,
TIM9, TIM15, TIM20 and LPTIM1 timers, as well as the high-resolution timers HRTIM1/2.

3.21 Analog temperature sensor

The STM32H7Pxxx embeds an analog temperature sensor that generates a voltage (Vts) that varies linearly with
the temperature. This temperature sensor is internally connected to ADC1_IN16. The conversion range is
between 1.7 V and 3.6 V. It can measure the device junction temperature ranging from -40 to +125°C.

The temperature sensor has good linearity, but it has to be calibrated to obtain a good overall accuracy of the
temperature measurement. As the temperature sensor offset varies from device to device due to process
variation, the uncalibrated internal temperature sensor is suitable for applications that detect temperature changes
only.
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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 ST in the system memory area, which is
accessible in read-only mode.

3.22 Digital temperature sensor (DTS)

The STM32H7Pxxx embeds a sensor that converts the temperature into a square wave whose frequency is
proportional to the temperature. The PCLK or the LSE clock can be used as reference clock for the
measurements. A formula given in the product reference manual (RM0455) allows the temperature to be
calculated according to the measured frequency stored in the DTS_DR register.

3.23 VpaT operation

The VgaTt power domain contains the RTC, the backup registers, and the backup SRAM.

To optimize battery duration, this power domain is supplied by Vpp when available or by the voltage applied on
VBAT pin (when Vpp supply is not present). Vgat power is switched when the PDR detects that Vpp dropped
below the PDR level.

The voltage on the VBAT pin can be provided by an external battery, a supercapacitor or directly by Vpp. In the
latter case, Vgar mode is not functional.

VgaT Operation is activated when Vpp is not present.

The Vgat pin supplies the RTC, the backup registers, and the backup SRAM.

The devices embed an internal Vgat battery charging circuitry that can be activated when Vpp is present.

Note: When the microcontroller is supplied from Vgar, the external interrupts and RTC alarm/events do not wake it
from VgaT mode.

3.24 Digital-to-analog converters (DAC)

The devices feature one dual-channel buffered DAC (DAC1) and three dual-channel unbuffered DACs (DAC2-4).
Each dual-channel DAC contains two digital-to-analog converters.

The two buffered DAC channels can be used to convert digital signals into analog voltage signal outputs. They
can also be used to generate reference voltages for the embedded comparators (COMP1-6).

The six unbuffered DAC channels are only connected to the embedded comparators (COMP1-8).
The following features are supported by all DAC channels:

. 8-bit or 12-bit monotonic output

. Left or right data alignment in 12-bit mode

. Synchronized update capability

. Noise-wave generation

. Triangular-wave generation

. Dual channel pairs support independent or simultaneous conversions
. DMA capability for each channel including underrun error detection

. External triggers for conversion

. External voltage reference input Vrgg+ or internal Vgrgpgur reference

Prerelease product(s)

The DAC channels are triggered through the timer update outputs that are also connected to different DMA
streams.

3.25 Voltage reference buffer (VREFBUF)

The built-in voltage reference buffer can be used as voltage reference for ADCs and DACs, as well as voltage
reference for external components through the VREF+ pin.

Five different voltages are supported (refer to the reference manual for details).

3.26 Ultralow-power comparators (COMP)

The STM32H7Pxxx devices embed eight rail-to-rail comparators. They feature programmable reference voltage
(internal or external), hysteresis, and speed (low speed for low-power) as well as selectable output polarity.

The reference voltage can be one of the following:

DS15208 - Rev 1 page 23/234



STM32H7Pxxx
‘Yl

Functional overview

* An external I/O
* A DAC output channel
* An internal reference voltage or submultiple (1/4, 1/2, 3/4)

All comparators can wake up from Stop mode, generate interrupts and breaks for the timers, and be combined
into a window comparator.

3.27 Audio digital filter (ADF)

The audio digital filter (ADF) is a high-performance module dedicated to the connection of external sigma-delta
(2A) modulators. The ADF implements a single interface and filter.

3.28 True random number generator (RNG)

All devices embed an RNG that delivers 32-bit random numbers generated by an integrated analog circuit. 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.

3.29 Cryptographic acceleration (HASH)

The devices embed a cryptographic processor that supports the advanced cryptographic algorithms usually

~~ required to ensure authentication and data integrity:
< . Universal HASH
+—) .
O - SHA-1 and SHA-2 (secure HASH algorithms)
- - MD5
[®) - HMAC
@)
—
o 3.30 Timers and watchdogs
(D) The devices include three advanced-control timers, 13 general-purpose timers, two basic timers, five low-power
(@p] timers, two watchdogs and a SysTick timer.
® All timer counters can be frozen in Debug mode.
2 Table 5 compares the features of the advanced-control, general-purpose, basic, and low-power timers.
)
—
(D) Table 5. Timer feature comparison
—
D— Capture/ -
. . Counter DMA request SIE
Timer type Timer . Counter type Prescaler factor ti compare mentary
resolution generation tout
channels outputs
High resolution  HRTIM1/2 16-bit Up, Down, Up/ 1 5 4 Yes 12 6
down
Any integer between 1
Advanced-control | TIM1/8/20 16-bit gg\;w?OW”’ Upl o 65536 Yes 7 4
Any integer between 1
TIM2/3/4/5 32-bit Up, Down, Up/ e o eeae Yes 4 No
down
Any integer between 1
TIM9/12 16-bit Up and 65536 No 2 No
Any integer between 1
TIM10/11/13/14 16-bit Up and 65536 No 1 No

Up, Down, Up/ | Any integer between 1

General purpose | 1\145 16-bit i and 65536 Yes 2 1

Any integer between 1
TIM16/17 16-bit op, Down, Upf o 65536 Yes 1 1

Any integer between 1
Basic TIM6/7 16-bit Up and 65536 Yes 0 No
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Capture/ Comple-

Counter DMA request
Timer type Timer . Counter type Prescaler factor F compare mentary
resolution generation
channels outputs
LPTIM1/2/3 16-bit Up 1,2,4,8,16, 32,64,

128
Low-power timer
1,2, 4,8, 16, 32, 64,

LPTIM4/5/6 16-bit Up 128

No 0 No

3.30.1 High-resolution timer (HRTIM1/2)

The high-resolution timer (HRTIM) is a versatile digital signal generator that provides multiple types of control
signals, including duty cycle, frequency, or phase modulation. These signals can also be externally constrained,
for example, by current limits or zero-crossing detection.

HRTIM consists of seven timers: one master and six slaves. It offers twelve high-resolution outputs (channels
CHA1/CHAZ2 to CHF1/CHF2), which can be coupled as complementary pairs with deadtime insertion. The timer
features eight fault inputs for protection and sixteen inputs to handle external events, such as current limitation,
zero voltage, or zero current switching. Each fault and external event input can connect to peripherals, such as
on-chip comparators.

The HRTIM timer kernel operates at up to 520 MHz, providing a resolution down to 1.9 ns for both outputs and
capture inputs. This resolution is available in all operating modes, including variable duty cycle, variable
frequency, variable phase, and constant ON/OFF time. The slave timers can be synchronized and combined to
control large multi-switch or multi-level converters (up to 24 channels), or operate independently to manage
multiple single or dual-switch converters.

Waveforms are defined by a combination of user-defined timings and external events, such as analog or digital
feedback signals. HRTIM includes options for blanking and filtering spurious events or faults. It offers multiple
features to offload the CPU, including DMA requests, burst mode controller, push-pull, auto-delayed and topology-
specific protection schemes. HRTIM supports a wide variety of topologies, including LLC, totem pole PFC, buck or
boost converters, in voltage or current mode. It is also suitable for controlling multi-level topologies, including a
dedicated protection mode for NPC inverters.

HRTIM is designed for digital power applications, including lighting and welding, digital power supplies for telecom
and data centers, single or three-phase PFC, three-phase UPS, solar applications (MPPT and grid-tied inverters),
and energy storage systems.

In debug mode, HRTIM counters can be frozen, and the PWM outputs enter a safe state.

Prerelease product(s)

3.30.2 Advanced-control timers (TIM1, TIM8, TIM20)

The advanced-control timers (TIM1, TIM8, TIM20) can be seen as three-phase PWM generators multiplexed on
six channels. They have complementary PWM outputs with programmable inserted dead times. They can also be
considered as complete general-purpose timers. Their seven independent channels can be used for:

. Input capture

. Output compare

. PWM generation (edge- or center-aligned modes)
. One-pulse mode output

If configured as standard 16-bit timers, they have the same features as the general-purpose timers. If configured
as 16-bit PWM generators, they have full modulation capability (0-100%).

The advanced-control timers can work together with the general-purpose timers via the timer link feature for
synchronization or event chaining.

The advanced-control timers support independent DMA request generation.

3.30.3 General-purpose timers
There are 13 general-purpose timers embedded in the STM32H7Pxxx devices (see

Table 5. Timer feature comparison for differences). All general purpose and advanced control timers share the
same clock which operates at the CPU frequency, allowing synchronized operation.
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3.30.4

3.30.5

3.30.6

3.30.7

3.30.8

. TIM2, TIM3, TIM4, and TIM5
The devices include four full-featured general-purpose timers: TIM2, TIM3, TIM4, and TIM5. These timers
are based on a 32-bit auto reload up/down counter and a 16-bit prescaler. All timers feature four
independent channels for input capture/output compare, PWM, or one-pulse mode output. This gives up to
16 input capture/output compare/PWMs on the largest packages.
TIM2, TIM3, TIM4, and TIM5 general-purpose timers can work together, or with the other general-purpose
timers and the advanced-control timers (TIM1, TIM8, TIM20) via the timer link feature for synchronization
or event chaining.
Any of these general-purpose timers can be used to generate PWM outputs.
TIM2, TIM3, TIM4, and TIM5 all have independent DMA request generation. They are capable of handling
quadrature (incremental) encoder signals and the digital outputs from one to four hall-effect sensors.

. TIM9, TIM10, TIM11, IM12, TIM13, TIM14, TIM15, TIM16, and TIM17
These timers are based on a 16-bit auto reload upcounter and a 16-bit prescaler. TIM10, TIM11, TIM13,
TIM14, TIM16, and TIM17 feature one independent channel, whereas TIM9, TIM12 and TIM15 have two
independent channels for input capture/output compare, PWM or one-pulse mode output. TIM15, TIM16,
and TIM17 also feature complementary outputs with dead time insertion.

Basic timers (TIM6, TIM?)

These timers are mainly used for DAC trigger and waveform generation. They can also be used as a generic
16-bit time base.

TIM6 and TIM7 support independent DMA request generation.

Low-power timers (LPTIM1-6)

The low-power timers feature an independent clock and can operate in Stop mode if they are clocked by LSE,
LSI, or an external clock. The low-power timers can wake up the devices from Stop mode.

The low-power timers support the following features:

. 16-bit up counter with 16-bit auto reload register
. 16-bit compare register

. Input capture (LPTIM1-3)

. Configurable output: pulse, PWM

. Continuous/one-shot mode

. Selectable software / hardware input trigger

. Selectable clock source:

- Internal clock source: LSE, LSI, HSI, or APB clock
- External clock source over LPTIM input (working even with no internal clock source running, used by
the pulse counter application)
. Programmable digital glitch filter
. Encoder mode (LPTIM1-3)

Independent watchdog

The independent watchdog is based on a 12-bit down counter and 8-bit prescaler. It is clocked from an
independent 32 kHz internal RC and as it operates independently from the main clock, it can operate in Stop and
Standby modes. It can be used either as a watchdog to reset the device when a problem occurs, or as a free-
running timer for application timeout management. It is hardware- or software-configurable through the option
bytes.

Window watchdog

The window watchdog is based on a 7-bit down counter that can be set as free-running. It can be used as a
watchdog to reset the device when a problem occurs. It is clocked from the main clock. It has an early warning
interrupt capability and the counter can be frozen in debug mode.

SysTick timer

This timer is intended for real-time operating systems, but can also be used as a standard down counter. It
features:
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. A 24-bit down counter
. Auto reload capability
. Maskable system interrupt generation when the counter reaches 0
. Programmable clock source.
3.31 Real-time clock (RTC)

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

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

. 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 which can be used to save the calendar content. This function can be triggered by an

event on the timestamp pin, or by a tamper event, or by a switch to Vgar mode.
. 17-bit auto reload wake-up timer (WUT) for periodic events with programmable resolution and period
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:
. A 32.768 kHz external crystal (LSE)
. An external resonator or oscillator (LSE)
. The internal low-power RC oscillator (LSI, with typical frequency of 32 kHz)
. The high-speed external clock (HSE) divided by 32.
The RTC is functional in Vgar mode and in all low-power modes when it is clocked by the LSE. When clocked by
the LSI, the RTC is not functional in Vgat mode, but is functional in all low-power modes.

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

Prerelease product(s)

3.32 Tamper and backup registers (TAMP)
The TAMP main features are the following:
. 32 backup registers:

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

. Five external tamper detection events
- Each external event can be configured to be active or passive
- External passive tampers with configurable filter and internal pull-up

. Fifteen internal tamper events
. Any tamper detection can generate an RTC timestamp event
. Any tamper detection can erase the RTC backup registers, the backup SRAM, and the AXISRAM1
. Monotonic counter
3.33 Inter-integrated circuit interface (12C)

The STM32H7Pxxx embeds three 12C interfaces.
The 12C bus interface handles communications between the microcontroller and the serial 12C bus. It controls all
I2C bus-specific sequencing, protocol, arbitration, and timing. The 12C peripheral supports:
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. I2C-bus rev 3 specification compatibility:
- Target and controller modes, multicontroller capability
- Standard mode (Sm), with a bit rate up to 100 Kbit/s
- Fast mode (Fm), with a bit rate up to 400 Kbit/s
- Fast mode plus (Fm+), with a bit rate up to 1 Mbit/s and 20 mA output drive I/Os
- 7-bit and 10-bit addressing mode, multiple 7-bit target addresses
- Programmable setup and hold times
- Optional clock stretching
. System management bus (SMBus) specification rev 3.3 compatibility:
- Hardware PEC (packet error checking) generation and verification with ACK control
- Address resolution protocol (ARP) support
- Host and device support

- SMBus alert
- Timeout 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.

. Wake-up from Stop mode on address match

. Programmable analog and digital noise filters

. 1-byte buffer with DMA capability

3.34 Improved inter-integrated circuit interface (I13C)
The I3C interface handles communication between this device and others, such as sensors and host processor,
connected on an I13C bus.
The 13C SDR-only peripheral implements all the features required by the MIPI I13C specification v1.1.

It can control all I3C bus-specific sequencing, protocol, arbitration, and timing, and can act as controller, or as
target.

When acting as a controller, the I3C peripheral improves the features of the 12C interface preserving some

backward compatibility: it allows an I2C target to operate on an I3C bus in legacy 12C fast mode (Fm) or legacy 12C
fast mode plus (Fm+), provided that the latter does not perform clock stretching.

The I3C peripheral can be used with DMA, to off-load the CPU.
The 13C peripheral supports:

Prerelease product(s)

. MIPI I3C specification v1.1 as:
— 1I3C SDR-only primary controller
- 1I3C SDR-only secondary controller
- 1I3C SDR-only target
° I3C SCL bus clock frequency up to 12.5 MHz
° 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 13C 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 I2C read/write messages to legacy 12C targets in Fm/Fm+
. I3C SDR read/write private messages
. I3C SDR broadcast CCC messages
. I3C SDR read/write direct CCC messages
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3.35 Universal synchronous/asynchronous receiver transmitter (USART)

The STM32H7Pxxx devices have five embedded universal synchronous receiver transmitters (USART1,
USART2, USART3, USART6, and USART10) and five universal asynchronous receiver transmitters (UART4,
UARTS5, UART7, UARTS, and UART9). Refer to the table below for a summary of USARTx and UARTX features.

These interfaces provide asynchronous communication, IrDA SIR ENDEC support, multiprocessor
communication mode, single-wire half-duplex communication mode and have LIN Master/Slave capability. They
provide hardware management of the CTS and RTS signals, and RS-485 driver enable. They are able to
communicate at speeds of up to 10 Mbit/s.

USART1, USART2, USART3, USART6, and USART10 also provide Smartcard mode (ISO 7816 compliant) and
SPI-like communication capability.

The USARTs embed a transmit FIFO (TXFIFO) and a receive FIFO (RXFIFO). FIFO mode is enabled by software
and is disabled by default.

All USARTSs have a clock domain independent from the CPU clock, allowing the USARTx to wake up the MCU
from Stop mode. The wake-up from Stop modes are programmable and can be done on:

. Start bit detection

. Any received data frame

. A specific programmed data frame

. Specific TXFIFO/RXFIFO status when FIFO mode is enabled.
All USART interfaces can be served by the DMA controller.

Table 6. USART features
X = supported.

USART modes/features USART1/2/3/6/10 UARTA4/5/7/8/9

Hardware flow control for modem X X
X
X

Continuous communication using DMA
Multiprocessor communication

Synchronous mode (Master/Slave)

Smartcard mode

Single-wire half-duplex communication

IrDA SIR ENDEC block

Prerelease product(s)

LIN mode

Dual clock domain and wake-up from Low power mode
Receiver timeout interrupt

Modbus communication

Auto baud rate detection

X X | X X X X X X X|X X X

X X | X X X X X X

Driver enable
USART data length 7, 8 and 9 bits

Tx/Rx FIFO X X
Tx/Rx FIFO size 16

3.36 Low-power universal asynchronous receiver transmitter (LPUART)

The device embeds one Low-power UART (LPUART1). The LPUART supports asynchronous serial
communication with minimum power consumption. It supports half duplex single wire communication and modem
operations (CTS/RTS). It allows multiprocessor communication.

The LPUART embeds a transmit FIFO (TXFIFO) and a receive FIFO (RXFIFO). FIFO mode is enabled by
software and is disabled by default.

The LPUART has a clock domain independent from the CPU clock and can wake up the system from Stop mode.
The wake-up from Stop mode is programmable and can be done on:
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. Start bit detection

. Any received data frame

. A specific programmed data frame

. Specific TXFIFO/RXFIFO status when FIFO mode is enabled.

Only a 32.768 kHz clock (LSE) is needed to allow LPUART communication up to 9600 baud. Therefore, even in

Stop mode, the LPUART can wait for an incoming frame while having an extremely low energy consumption.
Higher speed clock can be used to reach higher baud rate.

LPUART interface can be served by the DMA controller.

3.37 Serial peripheral interfaces (SPI) / integrated interchip sound interfaces (I12S)

The devices feature up to six SPIs (SPI1/12S1, SPI12/12S2, SPI3/12S3, and SPI14, SPI5, SPI6) that allow
communicating up to 125 Mbit/s in master and slave modes, in half-duplex, full-duplex, and simplex modes. The
3-bit prescaler gives eight master mode frequencies and the frame is configurable from 4 to 32 bits for SPI1/12S1,
SPI2/12S2, SPI13/12S3, from 4 to 16 bits for the others. All SPI interfaces support NSS pulse mode, Tl mode,
hardware CRC calculation, and 16x 8-bit embedded Rx and Tx FIFOs (SPI11/12S1, SPI12/12S2, SPI13/12S3) or 8x 8-
bit embedded Rx and Tx FIFOs (SPI4, SPI5, SP16/12S6), all with DMA capability.

Three standard 12S interfaces (multiplexed with SPI1, SPI2, SPI3) are available. They can be operated in master
or slave mode, in simplex communication modes, and can be configured to operate with a 16-/32-bit resolution as
an input or output channel. Audio sampling frequencies from 8 kHz up to 192 kHz are supported. When one or all
12S interfaces is/are configured in master mode, the master clock can be output to the external DAC/codec at 256
times the sampling frequency. All 12S interfaces support 16x 8-bit embedded Rx and Tx FIFOs with DMA
capability.

3.38 SD/SDIO/MMC card host interface (SDMMC)

The SD/SDIO, embedded MultiMediaCard (esMMC) host interface (SDMMC) provides an interface between the

AHB bus and SD memory cards, SDIO cards and esMMC devices.

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 1/O speed, SPI mode
and UHS-II mode not supported).

Prerelease product(s)

. Data transfer up to 208 Mbyte/s for the 8-bit mode (depending on maximum allowed 1/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/esMMC card at any one time and a stack of
e*MMC.

3.39 Controller area network (FDCAN1, FDCAN2, FDCAN3)

The controller area network (CAN) subsystem consists of three CAN modules, a shared message RAM, and a
configuration block. Refer to the memory map for the base address of each of these parts. 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 per FDCAN instance is used for filtering, transmitting event
FIFOs, and receiving and transmitting FIFOs.

3.40 USB on-the-go full-speed (OTG_FS)

The USB OTG is a dual-role device (DRD) controller that supports both device and host functions and is fully
compliant with the On-The-Go supplement to the USB 2.0 specification. It can also be configured as a host-only
or device-only controller, fully compliant with the USB 2.0 specification.
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OTG_FS supports 12 Mbps (full speed) in host configuration and device configuration, as well as 1.5 Mbps (low
speed) in host configuration only.

The main features are:

. On-chip full-speed PHY interface

. Integrated support for A-B device identification (ID line)

. It allows the host to turn Vgyg off to conserve battery power in OTG applications

. It supports OTG monitoring of Vgyg levels with internal comparators

. It supports dynamic host-peripheral switch of role

. Software configurable as USB On-The-Go full-speed dual role device

. It supports FS SOF and LS keep-alives with SOF pulse PAD connectivity, SOF pulse internal connection to
timer (TIMx), configurable framing period, and configurable end of frame interrupt

. It includes power-saving features such as system stop during USB suspend, switch-off of clock domains
internal to the digital core, PHY, and DFIFO power management.

. It features a dedicated RAM of 1.25 Kbyte with advanced FIFO control:

- Configurable partitioning of RAM space into different FIFOs for flexible and efficient use of RAM
Each FIFO can hold multiple packets
- Dynamic memory allocation

/UT - Configurable FIFO sizes that are not powers of 2 to allow the use of contiguous memory locations
:/ . It ensures max USB bandwidth for up to one frame (1 ms) without system intervention.
(@) . It supports charging port detection as described in Battery Charging Specification Revision 1.2
)
ch) 3.41 Debug infrastructure
b The devices offer a comprehensive set of debug and trace features to support software development and system
o integration.
(D) . Breakpoint debugging
N . Code execution tracing
8 . Software instrumentation
— . JTAG debug port
9 . Serial-wire debug port
o . Trigger input and output
E . Single-wire trace port
. Parallel trace port
. Arm®CoreSight™ debug and trace components

The debug can be controlled via a JTAG/Serial-wire debug access port, using industry-standard debugging tools.
The trace port performs data capture for logging and analysis.
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4 Pinouts/ballouts, pin description, and alternate functions

4.1 Pinout/ballout schematics

Figure 5. STM32H7Pxxx LQFP100 pinout
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1. The above figure shows the package top view.
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‘ STM32H7Pxxx
,l Pinouts/ballouts, pin description, and alternate functions

Figure 6. STM32H7Pxxx LQFP100 SMPS pinout
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1. The above figure shows the package top view.
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‘ STM32H7Pxxx
,l Pinouts/ballouts, pin description, and alternate functions

Figure 7. STM32H7Pxxx LQFP100 SMPS EP pinout
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1. The above figure shows the package top view.
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Pinouts/ballouts, pin description, and alternate functions

Figure 8. STM32H7Pxxx TFBGA100 ballout
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1. The above figure shows the package top view.
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‘ STM32H7Pxxx
,l Pinouts/ballouts, pin description, and alternate functions

Figure 9. STM32H7Pxxx TFBGA100 SMPS ballout
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1. The above figure shows the package top view.
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STM32H7Pxxx

Pinouts/ballouts, pin description, and alternate functions

Figure 10. STM32H7Pxxx LQFP128 pinout
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The above figure shows the package top view.
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STM32H7Pxxx

Pinouts/ballouts, pin description, and alternate functions

Figure 11. STM32H7Pxxx LQFP128 SMPS pinout
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The above figure shows the package top view.
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STM32H7Pxxx

Pinouts/ballouts, pin description, and alternate functions

Figure 12. STM32H7Pxxx LQFP144 pinout
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STM32H7Pxxx

Pinouts/ballouts, pin description, and alternate functions

Figure 13. STM32H7Pxxx LQFP144 SMPS pinout
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STM32H7Pxxx

Pinouts/ballouts, pin description, and alternate functions

Figure 14. STM32H7Pxxx LQFP144 SMPS EP pinout

Zivd O
8vd []
6vd []

0Lo08 []
aan
dvon ]
80d []
60d []
010d ]
€LHd ]
¥iHd ]

SLHd ]
zad [
€ad [
¥ad ]
Sad [
aan
9ad [
,ad [

oLod [

1od
219d
€19d []
y19d ]
aan
dvon ]

§19d ]
€ad ]
vad ]

elvd ]

yivd ]

Sivd ]
6ad ]
1ad
aan

yid [

cel
€€l
el
sel
o€l
L€l
8¢l
6€l
ovlL
34
vl
eyl
vyl

PA11
PA10
PD1
PDO
PB7
PB6
PB5
PC7
PC6
PC12
PC11
PB8
P12
NRST
PD12
PD11
VDD

108
107
106
105
104
103
102
101
100
99
98
97
96
95
94
93
92

VDDSMPS
VLXSMPS

VCAP

91
920

LA2099.10

VSSSMPS
VSS

PG9
PG4
PD15
PD14
PD13
PD10
PD9
PD8
PB15
PB14
PB13
PB12
VDD
PB11
PEO

84
83
82
78
7
76
75
74
73

89
88
87
86
85
81
80
79

¢.[dolad
L2[dslad
0.0 viad
69 [0 ¢€13d
89 [ zlad
291 1ad

LQFP144 SMPS EP

99 [ ol3d
59 (1 SHd
v9 [ aaa
\ €9 [J 4387
29 [ +438A
19 [ vHd
09 [1 +Ova43uA
65 [1 vaan
85 [1 vssA
25 (1 -ova43un
95 1 63d
ss 1 83d
RPEY
es [ 1od
2s [ 09d
15 [ s1d
0s O vldd
6v [ €l4d
8y 1 zbad
v 0 1ad
ov 01 aan
sv (1 zad
vy (1 1ad
ey 1 0ad

10
1"
12
13
14
15
16
17

PC15-0SC32_OUT
PG2
PG3
PFO
PF1
PF3
PF4

VCAP
VDD

PC14-0SC32_IN

18
19

PF5
PF6

2y [ 50d
L [ v0d
ov [ 2vd
6¢ [J 9vd
8¢ [ Svd
2€ [ vvd

24
25
26
27
28
29
30
34
35
36

20
21
22
23
31
32
33

PF7
PF8
PF9
PF10
PH1-OSC_OUT
PCO
VDD
PC1
PC2
PC3
PF2
PAO
PA1
PA2
VDD
PA3

PHO0-OSC_IN

(s)1onpoud ases|aiaid

The above figure shows the package top view.
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Pinouts/ballouts, pin description, and alternate functions

Figure 15. STM32H7Pxxx LQFP176 pinout
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1. The above figure shows the package top view.

page 42/234
DS15208 - Rev 1




STM32H7Pxxx
‘Yl

Pinouts/ballouts, pin description, and alternate functions

Figure 16. STM32H7Pxxx LQFP176 SMPS pinout
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1. The above figure shows the package top view.
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STM32H7Pxxx

Pinouts/ballouts, pin description, and alternate functions

PE2
PE3
PE4
PE5
PE6
PI8
PC13
VBAT
VSS
PC14-0SC32_IN
PC15-0SC32_OUT
VDD
PG2
PG3
PFO
PF1
PF3
PF4
VCAP
VSS
VDD
PF5
PF6
PF7
PF8
PF9
PF10
PHO-OSC_IN
PH1-0SC_OUT
PCO
VSS
VDD
PC1
PC2
PC3
PF2
PAO
PA1
PA2
PH2
PH3
VDD
VSS
PA3

©CoO~NOOA~WN =

i
o

[]
©
~
-~

DS15208 - Rev 1

1.

PA4 [] 45
PA5 [ 46
PA6 [ 47
PA7 [ 48
PC4 O] 49
PC5 [ 50
PBO ] 51
PB1 [ 52
PB2 [ 53
VSS [ 54

VDD [ 55

175 3 VDD
174 O VSS

173 O PE1

Figure 17. STM32H7Pxxx LQFP176 SMPS EP pinout
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Figure 18. STM32H7Pxxx UFBGA176+25 ballout
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1. The above figure shows the package top view.
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Figure 19. STM32H7Pxxx UFBGA176+25 SMPS ballout
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1. The above figure shows the package top view.
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4.2 Pin/ball description

Table 7. Legend/abbreviations used in the pinout/ballout table

o
(73
=
[
N
(=]
o
3
<

-

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/ball name.
| Input-only pin
110 Input/output pin
Pin type
O Output-only pin
S Supply pin
FT 5 V-tolerent I/0
TT 3.6 V-tolerant I/O
TTa 3.6 V-tolerant I/O with internal clamping to Vppa
B Dedicated BOOTO pin
RST Bidirectional reset pin with embedded weak pull-up resistor

Options for TT and FT 1/0Os")
1/O structure

_a I/0 with analog switch function supplied by Vppa
b I/0 with SMBUS 3.3 capability
C USB Type-C power delivery capable I/O
d USB Type-C power delivery dead battery function 1/O
_f 12C Fm+ capable 1/10
_h High-speed low-voltage 1/0
Notes Unless otherwise specified by a note, all I/Os are set as floating 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_at, FT_f, FT ¢, TT _a.

Note: Alternate functions listed in following tables may be absent in some devices or packages (see Section 2 for details).
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Table 8. STM32H7Pxxx pin/ball definitions
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o | S| 8 |2 |2 eSS 2|8 |e|S|8| 2% | 2| pinname function after | Pi i
S * s = 2 S| o |3 |b|sS|8|>|= © o Pin name (function after Pin 110 Alternate functions Addltl_onal
o o 7 < S la|lo(la(x | |a o[ | <= + reset) type | structure functions
| S| |9 | k(¥ | J|z|x|f|le| < Q
SIE|E|E|S|SIE|SEZ|ISEE ez
g |k |F | @ <} G| gleE| 5|9
| g = | - | g - | g E
- -l -
=)
TRACECLK,
LPTIM1_IN2,
TIM3_CH1,
TIM8_CHA4N,
HSP1_SNPO,
12C2_SCL,
USART10_CK,
100 100 100 B1 B1 1 1 1 1 1 1 1 1 A2 A2 PE2 110 FT_fh - SPI4_SCK, -
UARTS8_TX,
TIM20_CHf1,
HRTIM2_FLT5,
TIM1_CH3, FMC_A23,
LPTIM4_ETR,
SDMMC1_CK,
EVENTOUT
TRACEDO,
HRTIM1_EEVS,
TIM3_CH2,
HRTIM2_EEV13,
HSP1_SNP1,
12C2_SDA, SPI4_NSS,
TIM20_CH?2,
1 1 1 c3 ¢33 2 2 2 2 2 2 2 2 B3 B3 PE3 110 FT_fh - 12C1_SDA, TAMP_OUT5
USART6_CTS/
USART6_NSS,
TIM1_CH1, FMC_A19,
LPTIM4_OUT,
SDMMC1_DO0,
EVENTOUT

TRACED1, TIM3_CH3,
HRTIM2_EEV14,
12C3_SDA(boot),
SPI1_NSS/12S1_WS,
USART10_CTS/

2 2 2 'c2 €2 3 3 3 3 3 3 3 3 C3 C3 PE4 /IO FT_fhb - USART10_NSS, -
SPI4_NSS,
TIM20_CH1N,
12C1_SMBA,
HSP1_SNP2,
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LQFP100 SMPS

LQFP100 SMPS EP

TFBGA100

C1

D1

TFBGA100 SMPS

C1

D1

LQFP128

LQFP128 SMPS

LQFP144

LQFP144 SMPS

LQFP144 SMPS EP

LQFP176

LQFP176 SMPS

LQFP176 SMPS EP

UFBGA176+25

B2

B1

C2

UFBGA176+25 SMPS

B2

B1

C2

Pin name (function after

PE5

PEG6

PI8

reset)

Pin 1/0
type | structure

IO FT_fhb
/IO FT_fhb
IO FT_h

Alternate functions

[2C2_SMBA,
FMC_A20,
SDMMC1_DA,
EVENTOUT

TRACED?2, I13C1_SCL,
TIM3_CH4,
HRTIM2_EEV12,
12C3_SCL(boot),
12C2_SCL,
USART10_RTS,
SPI4_MISO,
TIM20_CHZ2N,
HSP1_SNP3,
LPTIM4_IN1,
FMC_A21,
HRTIM2_FLT7,
SDMMC1_D2,
EVENTOUT

TRACED3, 13C1_SDA,
TIM4_CH3,
HRTIM2_EEV16,
HSP1_SNP4,
12C2_SDA,
TIM20_CH3N,
SPl4_MOSI,
12C3_SMBA,
12C1_SCL,
USART6_RTS,
FMC_A22,
SDMMC1_D3,
EVENTOUT

LPTIM2_IN2,
UART8_RX,
HRTIM2_EEV7,
EVENTOUT

Additional
functions

WKUP3,
TAMP_IN2/
TAMP_OUT1
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LQFP100 SMPS

LQFP100 SMPS EP

TFBGA100

D3

D2
E4

E1

E2

ES5
E6

TFBGA100 SMPS

D3

D2
E4

E1

E2

ES
E6

LQFP128

LQFP128 SMPS

LQFP144

LQFP144 SMPS

LQFP144 SMPS EP

LQFP176

10

1

12

LQFP176 SMPS

11

12

LQFP176 SMPS EP
UFBGA176+25
UFBGA176+25 SMPS

7 D3 D3
8 C1 C1
9 A15 A15
10 D1 D1
1 D2 D2
12 D12 D12
- D5 D5

Pin name (function after Pin
reset)

PC13 110
VBAT

VSS

PC14- /0

0SC32_IN(OSC32_IN)

PC15-

0sc32_ouT(oscaz_out) 'O

VDD S
VSS

110

type | structure

FT )
FT @
FT ®

Alternate functions

TIM1_BKIN,
LPUART1_TX,
TIM8_BKIN,
SPI2_NSS/12S2_WS,
TIM17_BKIN,
UART4_TX,
FDCAN1_RX,
HRTIM1_EEV14,
HRTIM2_EEV4,
EVENTOUT

TIM16_BKIN,
TIM1_BKIN,
LPUART1_RX,
LPTIM1_IN1,
USART2_RX,
UART4_RX,
UART5_RX(boot),
HRTIM1_FLT7,
HRTIM2_EEV2,
EVENTOUT

TIM15_BKIN,
LPUART1_TX,
TIM8_BKIN,
LPTIM1_IN2,
USART2_TX,
UART4_TX,
UART5_TX(boot),
HRTIM1_FLT8,
HRTIM2_FLT8,
EVENTOUT

Additional
functions

RTC_OUT1/
RTC_TS,
WKUP4,
TAMP_IN1/
TAMP_OUT?2

0SC32_IN

0SC32_OuT
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o o (%) < S flo|Els|®|E|lo|®d| + reset) type | structure functions
o
L[S |9 | ||¥| L |TF | 2|L|[blo| I ~
Sle |2 |€ 3|99 |a|F|9|2|E|8 %
SIE|E (8|7 5|58 (58| &3
24| g b a 2| g =g @
=)
HRTIM2_FLT1,
- - - - - - - - - 10 (13 13 13 | E2 E2 PG2 I/0 FT_h - lFJégI\iqR)F\(’,X -
EVENTOUT
HRTIM2_EEVO,
UART4_TX,
- - - - - - - - - 11 14 14 14 ES3 E3 PG3 I/0 FT_h - LPTIM1_CHf1, -
FDCAN1_TX,
EVENTOUT
HRTIM1_SCIN,
HRTIM2_EEV9,
- - - - - 10 /10 10 10 12 15 15 15 E1 E1 PFO I/0 FT_h - szgfﬁl_\r/l']lS?)/JZSZ_SDl, -
HRTIM1_EEV4,
FMC_A4, EVENTOUT
TIM16_CH1,
HRTIM2_FLT3,
SPI5_RDY,
- - - - - - - 1 11 13 16 16 16 F3 F3 PF1 I/0 FT_h - USART1_RX, -
HRTIM1_EEVS,
FMC_SDNWE,
EVENTOUT
HRTIM1_EEV1,
HRTIM2_FLT2,
SPI2_SCK/1252_CK,
- - - - - " 11 12 12 14 17 17 17 F2 F2 PF3 110 FT_h - SPI3_NSS/I12S3_WS, -
USART2_TX,
TIM20_CH4, FMC_A3,
EVENTOUT
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10
1

12

LQFP100 SMPS

10
1

12

LQFP100 SMPS EP

10

1"

TFBGA100

E3

F4
F7
F5
G4

TFBGA100 SMPS

E3

F4
F7

F5

LQFP128

12

13
14

15

LQFP128 SMPS

12

13
14

15

LQFP144

13

14
15

16

17

18

LQFP144 SMPS

13

14
15

16

17

18

LQFP144 SMPS EP

15

16

17

18

19

LQFP176

18

19
20

21

22

23

LQFP176 SMPS

18

19
20

21

22

23

LQFP176 SMPS EP

19
20

21

22

23

UFBGA176+25

F1

G4
D7
F6
F10

G3

G2

UFBGA176+25 SMPS

F1

G4
D7

F6

G3

G2

Pin name (function after

PF4

VCAP
VSS
VDD
VDD

PF5

PF6

reset)

1’0

nw o nu n

110

1’0

Pin
type | structure

110

FT_h

FT_h

FT_h

Alternate functions

HRTIM1_EEV2,
HRTIM2_FLT4,
HSP1_SNP5,
SPI2_MOSI/
1282_SDO,
USART2_RX,
TIM20_CH1N,
LPTIM3_CH2,
FMC_D11/FMC_AD11,
COMP1_OUT,
TIM10_CHH1,
EVENTOUT

HRTIM2_EEV9,
SPI5_RDY,
TIM20_CH2N,
FMC_NCAS,
HRTIM2_SCOUT,
EVENTOUT

TIM5_ETR,
HRTIM2_EEV2,
TIM5_CH{,
SPI5_NSS,
USART3_RTS,
TIM4_CH4,
UART7_RX,
EVENTOUT

Additional
functions
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o o 7 < S ol |la|S| (g |©0|n - + reset) type | structure functions
L 2| |9 |z |u|f e (f|lg|ls|(Elel &R
S E |2 E|3|9|E|9E|Z|9E|F|8 |3
5 0E |- |8 (7|5 (5| |58 E|S
- g t = - g | g E
=)
TRACEDS,
HRTIM2_EEVS,
TIM4_CH3,
TIM5_CHZ2,
- - 12 - - 16 16 19 (19 20 24 24 24 G1 G1 PF7 110 FT_ha - SPI5_SCK, SPI3_SCK/ COMP3_INP3
12S3_CK, UART7_TX,
TIM20_BKIN,
FMC_A10,
EVENTOUT
TRACECLK,
HRTIM2_EEVG,
TIM4_CH2,
TIM5_CHS3,
- - - - - 17 17 20 20 21 25 25 25 H2 H2  PF8 110 FT_ha - SPI5_MISO, COMP1_INP3
SPI3_MISO/I12S3_SDlI,
UART7_RTS,
TIM20_BKIN2,
EVENTOUT
HRTIM2_EEV4,
TIM4_CH1,
TIM15_CHA1,
TIM5_CH4,
SPI5_MOSI,
USART6E_RX,
13 13 13 F3 ' F3 18 18 21 21 |22 26 26 26 H1 H1 PF9 110 FT_ha - Silé__jCé()/(lZSz_CK, COMP2_INP3
TIM20_BKIN,
LPTIM3_IN1,
FMC_D9/FMC_AD?9,
HRTIM2_SCIN,
SDMMC1_CMD,
EVENTOUT
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14

15

16

17

LQFP100 SMPS

14

15

16

17

LQFP100 SMPS EP

14

15

16

17

TFBGA100

G1

F1

F2

G2

TFBGA100 SMPS

G1

F1

F2

G2

LQFP128

19

LQFP128 SMPS

19

LQFP144

22

LQFP144 SMPS

22

LQFP144 SMPS EP

23

LQFP176

27

LQFP176 SMPS

27

LQFP176 SMPS EP

27

UFBGA176+25

H3

20 120 23 23 24 28 28 28 J1

21

21

24 24 25 29 29 29 J2

22 22 125 25 26 30 30 30 J3

UFBGA176+25 SMPS

H3

N

J2

J3

Pin name (function after
reset)

PF10

PHO-OSC_IN(PHO)

PH1-0SC_OUT(PH1)

PCO

Pin

type | structure

1’0

110

110

110

110

FT_h

FT_ha

FT_ha

FT_ha

Alternate functions

HRTIM1_SCOUT,
HRTIM2_EEV3,
TIM15_CH2,
SPI2_NSS/12S2_WS,
USART6_TX,
UART7_CTS,
TIM20_BKIN2,
USART10_TX,
LPTIM3_IN2,
FMC_D10/FMC_AD10,
EVENTOUT

HRTIM1_EEV7,
TIM1_CH3N,
TIM8_CHS3,
TIM5_CHA,
SPI2_SCK/I2S2_CK,
USART1_TX,
XSPI1_DQS0,
HRTIM2_FLT1,
TIM13_CHA,
EVENTOUT

HRTIM1_EEV11,
TIM1_ETR,
TIM8_CH4,
SPI2_SCK/I2S2_CK,
USART1_RX,
XSPI1_NCS2,
HRTIM1_FLT1,
TIM10_CHA,
EVENTOUT

AUDIOCLK,
HRTIM1_EEVS,
HRTIM2_EEVS,
XSPI1_IO1,
TIM11_CH1,
LPTIM1_CH1,
TIM1_CH1, SPI2_RDY,
LPUART1_RX,
USART6_CK,
USART10_CTS/

Additional
functions

ADC1_INP10,
ADC1_INNG9,
0SC_IN

ADC2_INP10,
ADC2_INN9,
0SC_OUT

ADC1_INP6,
ADC1_INNS,
ADC2_INP6,
ADC2_INNS,
COMP3_INM2,
WKUP7
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reset) type | structure
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18

19

LQFP100 SMPS

18

19

LQFP100 SMPS EP

18

19

TFBGA100

G6
G7

G3

H1

TFBGA100 SMPS

G6
F6

G3

H1

LQFP144

LQFP128
LQFP128 SMPS

23 23 28

LQFP144 SMPS

26
27

28

LQFP144 SMPS EP

27

28

LQFP176

31
32

33

LQFP176 SMPS

31
32

33

LQFP176 SMPS EP

31
32

33

UFBGA176+25

D9
H6

K2

24 24 129 29 29 34 34 34 K1

UFBGA176+25 SMPS

D9
F8

K2

K1

VSS
VDD

PC1

PC2

110

110

FT ha

FT ha

USART10_NSS,
SDMMC1_D4,
COMP7_OUT,
ADF1_CCKO,
EVENTOUT

TRACEDO,
HRTIM1_EEVS,
HRTIM2_EEVS,
XSPI1_102,
TIM14_CH1,
SPI12_MOSI/
1282_SDO,
USART10_RX,
USART1_RTS,
LPUART1_TX,
TIM1_CH2,
LPTIM3_CH1,
SDMMC1_DS5,
HSP1_SNPO,
ADF1_CCK1,
EVENTOUT

PWR_CSTOP,
TIM1_CH3,
TIM2_ETR,
SPI2_MOSI/
12S2_SDO,
UART9_CTS,
TIM20_CH2,
HRTIM2_FLT7,
SDMMC1_DS,
FMC_NWAIT,
ADF1_SDIO,
COMP3_OUT,
EVENTOUT

ADC1_INP7,
ADC1_INNG,
ADC2_INP7,
ADC2_INNG,
COMP3_INP2,
WKUP6

ADC1_INPS8,
ADC1_INN7,
ADC2_INPS8,
ADC2_INN7
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Additional
functions

Pin name (function after Pin /10

Alternate functions
reset) type | structure

LQFP128
LQFP144
LQFP176

o
o
=
o
[
(<}
|

LQFP100 SMPS
LQFP100 SMPS EP
TFBGA100
TFBGA100 SMPS
LQFP128 SMPS
LQFP144 SMPS
LQFP144 SMPS EP
LQFP176 SMPS
LQFP176 SMPS EP
UFBGA176+25
UFBGA176+25 SMPS

PWR_CSLEEP,
HRTIM1_EEV9,
TIM1_CH4,
XSPI1_l00,
HSP1_SNP1,
SPI2_MISO/12S2_SDI,
SPI3_NSS/12S3_WS,
UART9_RTS,
TIM20_CH2N,
USART10_TX,
LPTIM3_CH2,
SDMMC1_D7,
HRTIM2_EEV9,
COMP8_OUT,
EVENTOUT

TIM16_CH1N,
HRTIM2_FLT5,
XSPI1_NCLK,
TIM17_CHA,
SPI3_MOSI/
1283_SDO,
TIM20_CH3,
USART10_RX,
TIM2_CH4,
LPTIM3_CH1,
FMC_D14/FMC_AD14,
EVENTOUT

TRACECLK,
TIM2_CHA,
TIM5_CHA,
XSPI1_CLK,
TIM11_CH1,
SPI6_NSS, SPI3_RDY,
USART2_CTS/
USART2_NSS,
UART4_TX(boot),
HSP1_SNP2,
LPTIM3_IN1,
FMC_D15/FMC_AD15,

ADC1_INP9,
ADC1_INNS,
ADC2_INP9,
ADC2_INN8

20 20 20 ' J1 J1 25 25 30 30 30 35 35 35 L2 L2 PC3 110 FT_ha -

ADC1_INP5,

36 36 36 L1 L1 PF2 110 ADC1_INN4

21 21 21 K1 K1 26 26 31 31 31 FT_ha -

ADC1_INP1,
ADC1_INNO,
ADC2_INP1,
ADC2_INNO,
COMP1_INM2,
COMP3_INP1,
WKUP1,
TAMP_IN3

22 22 22 H2 H2 27 27 32 32 32 37 37 37 K3 K3 PAO 110 FT_ha -

¥£2/95 abed

COMP1_OUT,
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23

24

25
26

LQFP100 SMPS

23

24

25
26

LQFP100 SMPS EP

23

24

25

TFBGA100
TFBGA100 SMPS

2 92
H3  H3
- G4

LQFP128

LQFP128 SMPS

LQFP144

LQFP144 SMPS
LQFP144 SMPS EP

LQFP176

LQFP176 SMPS

LQFP176 SMPS EP

UFBGA176+25

28 28 |33 33 33 |38 38 38 L3

29

30
31

31

36

34 34

39

40

41

42
43

39

40

41

42
43

39

40

41

42
43

M2

N1

M1

H10
D11

UFBGA176+25 SMPS

L3

M2

N1

M1

F10
D11

Pin name (function after

PA1

PA2

PH2

PH3

VDD
VSS

reset)

Pin 1/0
type | structure

/O  FT_ha
/O  FT_ha
/o FT_f
/o FT_f

Alternate functions

TIM8_BKIN,
EVENTOUT

RTC_REFIN,
TIM2_CH2,
TIM5_CH2,
XSPI1_I03,
LPTIM1_INT,
USART2_RTS,
UART4_RX(boot),
TIM15_CH1N,
USART10_CK,
FMC_AS5,
HRTIM2_EEV10,
TIM10_CHA,
EVENTOUT

TIM2_CH3,
TIM5_CH3,
LPUART1_TX,
LPTIM1_IN2,
SPI6_MOSI,

USART2_TX(boot),

UART4_CTS,
TIM15_CHH1,
XSPI1_NCS1,
HRTIM1_EEV3,
FMC_NES3,
COMP2_OUT,
EVENTOUT

LPTIM1_IN2,
HRTIM2_SCOUT,
12C1_SCL,
EVENTOUT

HRTIM2_FLTS8,
12C1_SDA,
EVENTOUT

Additional
functions

ADC1_INP2,
ADC1_INNT1,
ADC2_INP2,
ADC2_INNT,
COMP1_INP1,
TAMP_IN4

ADC1_INP3,
ADC1_INN2,
COMP2_INM2,
COMP3_INM1,
WKUP2,
TAMP_OUT3
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Alternate functions
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27

28

29

LQFP100 SMPS

27

28

29

LQFP100 SMPS EP

26

27

28

TFBGA100

K2

K3

J3

TFBGA100 SMPS

K2

K3

J3

LQFP128

32

LQFP128 SMPS

32

LQFP144

37

LQFP144 SMPS

37

LQFP144 SMPS EP

36

LQFP176

44

LQFP176 SMPS

44

LQFP176 SMPS EP

44

UFBGA176+25

M3

33 33 38 38 37 45 45 45 P1

34 34 39 39 38 46 46 46 N2

UFBGA176+25 SMPS

M3

P1

N2

PA3

PA4

PA5

1’0

110

110

FT_ha

TT ha

TT ha

TIM2_CH4,
TIM5_CH4,
LPUART1_RX,
USART2_RX(boot),
TIM15_CH2,
XSPI1_DQS0,
FMC_NL,
HRTIM2_EEV7,
EVENTOUT

HRTIM2_EEVS5,
TIM3_CH4,
HRTIM2_FLT3,
SPI1_NSS/I2S1_WS,
LPTIM2_CH1,
USART2_CK,
SPI6_NSS,
XSPI1_NCS2,
SDMMC1_CKIN,
FDCAN2_RX,
EVENTOUT

HRTIM2_EEV10,
TIM2_CH1,
USART6_CTS/
USART6_NSS,
TIM8_CH4,
SDMMC1_CMD,
ADF1_CCKO,
SPI6_SCK,
LPTIM1_CH2,
XSPI1_NCSH1,
TIM9_CHA,
FDCAN2_TX,
UART5_RX,
EVENTOUT

ADC1_INP4,
ADC1_INN3,
COMP2_INP2

ADC2_INP17,
ADC2_INN16,
DAC1_OUTH,
COMP1_INM1

ADC2_INP13,
ADC2_INN12,
DAC1_OUT2,
COMP2_INM1
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Pin name (function after Pin /10

Alternate functions
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|

30

31

32

LQFP100 SMPS

30

31

32

LQFP100 SMPS EP

29

30

31

TFBGA100

K4

J4

K5

TFBGA100 SMPS

K4

Ja

K5

LQFP128
LQFP128 SMPS
LQFP144
LQFP144 SMPS
LQFP144 SMPS EP

35 35 40 40 39

36 36 41 41 40

37 37 42 42 M

LQFP176
LQFP176 SMPS
LQFP176 SMPS EP
UFBGA176+25

47 47 |47 P2

48 48 48 N3

49 49 49 R2

UFBGA176+25 SMPS

P2

N3

R2

PAGB

PA7

PC4

1’0

110

110

FT ha

FT_ha

FT_ha

TIM16_CH1,
TIM3_CH1,
USART6_RTS,
TIM8_BKIN,
SDMMC1_DO,
TIM1_BKIN,
ADF1_CCK1,
SPI6_MISO,
FDCAN1_RX(boot),
TIM8_CH2,
LPTIM3_IN2,
HRTIM2_EEV11,
COMP1_OUT,
UART5_TX,
EVENTOUT

TIM17_CHA,
TIM3_CH2,
SDMMC1_DA,
TIM8_CH1N,
SPI1_RDY,
TIM1_CH1N,
USART1_CK,
ADF1_SDIO,
FDCAN1_TX(boot),
LPTIM3_ETR,
HRTIM1_EEV10,
FMC_NWE,
HRTIM2_EEV4,
COMP2_OUT,
EVENTOUT

HRTIM1_FLT1,
TIM1_ETR,
LPTIM2_ETR,
USART1_TX,
1281_MCK,
TIM8_CH2,
LPTIM1_CH1,
FMC_D13/FMC_AD13,
HRTIM2_EEVA,
EVENTOUT

ADC2_INP3,
ADC2_INN2

ADC2_INP4,
ADC2_INN3,
COMP2_INP1

ADC2_INP5,
ADC2_INN4
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33

34

35

LQFP100 SMPS

33

34

35

LQFP100 SMPS EP

32

33

34

TFBGA100

H4

J5

H5

TFBGA100 SMPS

H4

J5

H5

LQFP128

38

LQFP128 SMPS

38

LQFP144

43

LQFP144 SMPS

43

LQFP144 SMPS EP

42

LQFP176

50

39 39 44 44 43 51

LQFP176 SMPS

50

51

LQFP176 SMPS EP

50

51

UFBGA176+25

N4

P3

40 40 (45 45 44 52 52 52 P4

UFBGA176+25 SMPS

N4

P3

P4

Pin name (function after

PC5

PBO

PB1

reset)

1’0

110

110

Pin
type | structure

110

FT_ha

FT_ha

FT_ha

Additional

Alternate functions .
functions

HRTIM1_EEV10,
TIM15_BKIN,
USART1_RX,
LPTIM1_IN2,
TIM1_CH4N,
SPI3_NSS/I2S3_WS,
TIM1_BKIN2,
FMC_D12/FMC_AD12,
HRTIM2_FLT1,
TIM12_CH2,
EVENTOUT

TIM16_BKIN,

TIM1_CH4,

LPTIM2_IN2,

TIM8_CH2N,

SPI1_SCK/I281_CK,

TIM1_CH2N, ADC1_INP15,
TIM17_CH1N, ADC1_INN14,
SPI6_SCK, SPI3_SCK/  ADC3_INP12,
12S3_CK, ADC3_INN11,
USART6_TX, COMP4_INP1
HRTIM1_FLT5,

FMC_INT,

SDMMC1_D2,

COMP5_OUT,

EVENTOUT

HRTIM1_SCOUT,
TIM3_CH3,
LPTIM2_CH2,
TIM8_CH3N,
SPI1_MISO/I2S1_SDI,
TIM1_CH3N,
USART2_RX,
SPI6_MISO,
SPI3_MISO/I2S3_SDl,
SDMMC1_D3,
HRTIM1_EEVS,
XSPI1_CLK,
COMP4_OUT,

ADC2_INP11,
ADC2_INN10

ADC1_INP12,
ADC1_INN11,
ADC3_INP1,
ADC3_INNO,
COMP1_INP2
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Additional
functions

Pin name (function after Pin /10

Alternate functions
reset) type | structure

LQFP128
LQFP144
LQFP176

o
o
=
o
[
(<}
|

LQFP100 SMPS
LQFP100 SMPS EP
TFBGA100
TFBGA100 SMPS
LQFP128 SMPS
LQFP144 SMPS
LQFP144 SMPS EP
LQFP176 SMPS
LQFP176 SMPS EP
UFBGA176+25
UFBGA176+25 SMPS

¥£2/19 abed

41

42
43

44

45

46

41

42
43

44

45

46

46

47
48

49

50

51

46

47
48

49

50

51

45

46

47

48

49

54
55

56

57

58

53

54
55

56

57

58

53

54
55

56

57

58

R3

E4
K6

N5

R4

P5

R3

E4
H6

N5

R4

P5

PB2

VSS
VDD

PF11

PF12

PF13

110

110

1’0

1’0

FT_ha

FT ha

FT ha

FT_ha

TIM20_CH1N,
EVENTOUT

RTC_OUT2,
SDMMC1_CK,
TIM3_CH4,
HRTIM1_FLTS,
TIM5_CHA,
SPI1_MOSI/
1251_SDO,
TIM20_CHH,
SPI6_MOSI,
LPTIM1_CH1,
USART6_RX,
HRTIM1_SCIN,
XSPI1_NCLK,
HRTIM2_FLT2,
COMP8_OUT,
EVENTOUT

HRTIM2_EEV10,
TIM20_ETR,
HRTIM1_EEV12,
FMC_A1, EVENTOUT

LPTIM1_ETR,
HRTIM2_FLTS5,
TIM1_CH4N,
TIM20_CHf1,
HRTIM1_EEV13,
FMC_AG, EVENTOUT

LPTIM1_CH2,
HRTIM2_SCOUT,
TIM20_CH2,
HRTIM1_EEV15,
FMC_A7,
HRTIM2_EEVA1,
EVENTOUT

ADC2_INP12,
ADC2_INN11,
PVD_IN

COMP5_INP3

ADC2_INP16,
ADC2_INN15,
ADC3_INP8,
ADC3_INN7,
COMP6_INP3

ADC2_INPO,
ADC3_INP9,
ADC3_INN8

suoljouny ajeulajje pue ‘uonduosep uid ‘synojjeq/synouid

XXXd/ZHZENLS




(=]
(7]
-
a
N
(=3
0
'

)
<

-

¥£2/z9 abed

o
o
=
o
[
(<}
|

LQFP100 SMPS

LQFP100 SMPS EP

37

38

TFBGA100

TFBGA100 SMPS

LQFP128

47

48

49

LQFP128 SMPS

47

48

LQFP144

52

53

LQFP144 SMPS

52

53

LQFP144 SMPS EP

50

51

52

53

LQFP176

60

LQFP176 SMPS

59

60

61

LQFP176 SMPS EP

60

61

UFBGA176+25

R5

N6

K8
E12

R6

P6

UFBGA176+25 SMPS

R5

N6

H10
E12

R6

P6

P7

Pin name (function after

PF14

PF15

VDD
VSS

PGO

PG1

PE7

reset)

Pin 1/0
type | structure

/O FT_ha
/IO FT_ ha
IO FT h
IO FT h
/O FT_ha

Alternate functions

HRTIM2_SCIN,
LPTIM2_CHA1,
TIM5_CHA,
UART9_RTS,
TIM20_CH3N,
HRTIM1_EEV14,

FMC_A8, EVENTOUT

HRTIM2_EEV9,
LPTIM2_CH2,
TIM5_CH2,
UART9_CTS,
TIM20_CH4,
HRTIM1_EEV16,
FMC_A9,

HRTIM2_SCOUT,

EVENTOUT

HRTIM2_EEV3,
LPTIM2_IN1,
FDCAN3_RX,
TIM20_CH1N,
EVENTOUT

LPTIM2_IN2,
SPI12_MOSI/
1282_SDO,
FDCAN3_TX,
TIM20_CH2N,
HRTIM1_FLTS5,
HRTIM2_FLT1,
EVENTOUT

TIM1_ETR,
UART7_RX,
HRTIM2_FLT7,
HRTIM1_EEVA4,
FMC_SDCKEQ,
EVENTOUT

Additional
functions

COMP7_INP3

ADC1_INPO

ADC3_INP13,
ADC3_INN12,
COMP4_INP2
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39
40

41
42

LQFP100 SMPS

39
40

41
42

LQFP100 SMPS EP

39
40

41
42

TFBGA100

J6

K6

K7
J7

TFBGA100 SMPS

J6

K6

K7
J7

LQFP128

50

51

52

53

54
55

56
57

58

LQFP128 SMPS

50

51

52

53

54
55

56
57

58

LQFP144

55

56

57

58
59
60

61

62
63
64
65

LQFP144 SMPS

55

56

57

58
59
60

61

62
63
64
65

LQFP144 SMPS EP

55

56

57

58
59
60

61

62
63

64

LQFP176

64

65

66

67
68
69

70

71
72
73
74

LQFP176 SMPS

64

66

67
68
69

70

71
72
73
74

LQFP176 SMPS EP

64

65

70

71
72
73
74

UFBGA176+25

N7

R7

M8
N8

N9
M9

R8

N10
M10

K10

UFBGA176+25 SMPS

N7

R7

M8
N8

N9
M9

R8

N10
M10
F4
K6

Pin name (function after
reset)

PES8

PE9

VREFDAC-
VSSA
VSSA
VDDA
VREFDAC+

PH4

VREF+
VREF-
VSS
VDD

Pin

type | structure

1’0

1’0

»w 0 o n n

nw nu 0 n

110

FT_ha

FT_ha

FT_h

Alternate functions

TIM5_CH3,
TIM1_CH1N,
TIM20_CH4N,
UART7_TX,
FDCAN1_RX,
HRTIM2_FLT8,
HRTIM1_EEV10,
FMC_SDNEDO,
EVENTOUT

TIM5_ETR,
TIM1_CHA,
UART7_RTS,
FDCAN1_TX,
HRTIM1_FLT3,
FMC_A2, EVENTOUT

HRTIM2_FLT®,
SPI6_RDY, FMC_A14/
FMC_BAO,
EVENTOUT

Additional
functions

ADC4_INPS,
ADC4_INNS,
COMP4_INM1

ADC4_INP17,
ADC4_INN16
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Pin name (function after Pin /10

Alternate functions
reset) type | structure
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43

44

LQFP100 SMPS

43

44

LQFP100 SMPS EP

43

44

TFBGA100

K8

H7

TFBGA100 SMPS

K8

H7

LQFP128

59

60

61

62

LQFP128 SMPS

59

60

61

62

LQFP144

66

67

68

69

70

LQFP144 SMPS

66

67

68

69

70

LQFP144 SMPS EP

65

66

67

68

69

LQFP176

75

76

7

78

79

LQFP176 SMPS

75

76

7

78

79

LQFP176 SMPS EP

75

76

7

78

79

UFBGA176+25

P8

R9

P9

R10

P10

UFBGA176+25 SMPS

P8

R9

P9

R10

P10

PH5

PE10

PE11

PE12

PE13

1’0

1’0

110

110

1’0

FT_ha

FT_ha

FT_ha

FT_ha

FT_ha

HRTIM1_SCOUT,
TIM17_CHH1,
TIM20_CH2N,
SPI6_RDY, FMC_A15/
FMC_BAT1,
EVENTOUT

HRTIM2_FLT3,
TIM1_CH2N,
UART7_CTS,
HRTIM1_FLT7,
FMC_NRAS,
EVENTOUT

HRTIM2_FLT4,
TIM1_CH2,
HRTIM1_FLT8,
FDCAN2_TX,
EVENTOUT

HRTIM2_FLT5,
TIM1_CH3N,
USART6_CK,
LPTIM3_ETR,
FMC_D8/FMC_ADS,
FDCAN2_RX,
EVENTOUT

HRTIM2_FLTS6,
TIM1_CH3,
USART6_RX,
SPl4_MISO,
TIM20_BKIN2,
UART5_RTS,
HRTIM1_FLT®6,
FMC_DO/FMC_ADO,
EVENTOUT

COMPS8_INP3

ADC3_INP14,
ADC3_INN13,
ADC4_INP14,
ADC4_INN13,
COMP8_INM2

ADC4_INP15,
ADC4_INN14

ADC3_INP16,
ADC3_INN15,
ADC4_INP16,
ADC4_INN15,
COMP8_INM1

ADC3_INP3,
ADC3_INN2,
COMP4_INP3
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LQFP100 SMPS
LQFP100 SMPS EP

45 45 45
46 46 46
47 47 47

TFBGA100

K9

J8

TFBGA100 SMPS

K9

J8

LQFP128

63

64

LQFP128 SMPS

63

64

LQFP144

71

72

LQFP144 SMPS

71

72

LQFP144 SMPS EP

70

71

LQFP176
LQFP176 SMPS
LQFP176 SMPS EP
UFBGA176+25

80 80 80 RM

81 81 81 P11

UFBGA176+25 SMPS

R11

P11

PE14

PE15

K10 K10 65 65 |73 73 72 82 82 82 R12 R12 PB10

73

83 83 83 N

84 84 84 M4

N11

K8

PEO

VDD

1’0

1’0

110

110

FT_ha

FT_ha

FT_ha

FT_h

HRTIM2_EEV3,
TIM1_CH4,
USART6_TX,
TIM1_BKIN2,
SPI4_MOSI,
UART5_CTS,
HRTIM1_EEV3,
FMC_D1/FMC_ADH1,
EVENTOUT

HRTIM2_EEV2,
TIM1_BKIN,
TIM1_CH4N,
USART3_RX,
SPI4_SCK,
HRTIM1_FLT2,
FMC_D2/FMC_AD2,
EVENTOUT

HRTIM1_FLT3,
TIM2_CHS3,
HSP1_SNP3,
LPTIM2_IN1,
USART3_TX,
LPUART1_RX,
TIM1_BKIN,
FMC_CLK,
HRTIM2_EEV9,
CRS_SYNC,
EVENTOUT

TIM16_CHA,
LPTIM2_CH2,
USART1_TX,
LPTIM2_ETR,
SPI3_RDY,
TIM20_CH4N,
TIM20_ETR,
HRTIM1_FLT2,
EVENTOUT

ADC3_INP4,
ADC3_INN3,
ADC4_INP1,
ADC4_INND,
COMP5_INP2

ADC3_INP2,
ADC3_INNT,
ADC4_INP2,
ADC4_INNT,
COMP6_INP2,
COMPS8_INP1

ADC3_INPO,
ADC4_INP9,
ADC4_INNS,
COMP5_INM1
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48

LQFP100 SMPS

48

LQFP100 SMPS EP

48

TFBGA100

Jo

TFBGA100 SMPS

Jo

o

(7] n (W

o o 7))
o ([= | |[=|a|©
N ) < ) s N~
alola|s |9 |a
T R T ™
Cla|Q|a | |C
-l T -l ™ a -l

(¢} g |

| - | g

-
- - - - - 85
- - - - - 86
- - - - - 87

66 66 74 74 74 88 88 88 P13 P13 PBM

LQFP176 SMPS

86

87

LQFP176 SMPS EP

86

87

UFBGA176+25
UFBGA176+25 SMPS

F7 | VSS

n
~

R13 R13 PH6

P12 P12 PH7

89 89 89 N12 N12 PH8

Pin name (function after

reset)

1’0

1’0

110

1’0

1/0
structure

FT_h

FT_th

FT_ha

FT_th

Alternate functions

HRTIM1_EEV2,
12C2_SMBA,
SPI5_SCK,
USART1_RX,
LPTIM1_ETR,
HRTIM2_FLT2,
FDCAN2_RX,
EVENTOUT

HRTIM1_EEV7,
12C3_SCL,
SPI5_MISO,
HRTIM2_FLT3,
FDCAN2_TX,
EVENTOUT

HRTIM1_FLT4,
TIM1_CH3N,
LPTIM2_ETR,
HSP1_SNP4,
SPI2_RDY,
USART3_RX,
LPUART1_TX,
SPI4_NSS,
TIM2_CH4,
TIM9_CHA,
FMC_NBL1,
HRTIM2_EEVS,
EVENTOUT

[2C3_SDA,
SPI5_MOSI,
HRTIM1_FLTS,
TIM10_CHA,
EVENTOUT

Additional
functions

ADC1_INP14,
ADC1_INN13,
ADC2_INP14,
ADC2_INN13,
COMPG6_INP1
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c.", (7)) & 2 (7)) (7)) & (7)) & 7 %
3 S & s = 2 S| o |3 |d|= (8|5 © o in name (function after in ATETE G TS |t|_ona
o o 7 < S ol |la|S| (g |©0|n > + reset) type | structure functions
L 2| |9 |z |u|f e (f|lg|ls|(Elel &R
sla|2|@|S|IC|e|lg|&a|F|C|e|E| 8|z
SIE|F |8 |7 |67 |5(E|7|85E 5|3
| g = - - | g - | g E
| | | 5
TIM11_CH1,
SPI5_NSS,
FDCAN3_RX,
- - - - - - - |- - - |90 90 90 R14 R14 PH9 I/0 FT_h - 12C3_SMBA, -
HRTIM1_EEV4,
EVENTOUT
SPI5_RDY,
FDCAN3_TX,
HSP1_SNPO,
- - - - - - - |- - - 191 91 91 N13 N13 PH10 110 FT_h - HRTIM1_EEVS6, -
HRTIM2_FLT5,
TIM12_CH1,
EVENTOUT
HRTIM2_EEV11,
I3C1_SCL, 12C2_SCL,
- - - - - - - - - - 192 92 92 P14 P14 PHM 110 FT_fh - HSP1_SNP1, -
TIM13_CH1,
EVENTOUT
HRTIM2_EEV15,
I3C1_SDA, 12C2_SDA,
- - - - - - - |- - - /93 93 93 N14 N14 PH12 110 FT_fh - HSP1_SNP2, -
TIM9_CH1,
EVENTOUT
49 |49 49 - - 67 67 75 75 75 94 94 94 M12 K10 VDD S - - - -
50 50 - - - 68 68 76 76 - 95 95 95 F9 F9 VSS S - - - -
HRTIM1_FLT2,
TIM5_CH4,
TIM8_BKIN2,
TIM14_CHA1, ADC1_INP11,
SPI2_NSS/12S2_WS,  ADC1_INN10,
USART3_CK, ADC4_INP3,
51 51 50 H8 H8 69 69 77 77 76 96 96 96 P15 P15 PB12 I/0 FT_ha - LPUART1_RTS, ADC4_INN2,
TIM1_BKIN, COMP7_INM2,
UCPD1_FRSTX1, COMP8_INP2
3 TIM9_CH2, FMC_D3/
® FMC_AD3,
2 FDCAN1_RX,
3
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Pin name (function after Pin /10

Alternate functions
reset) type | structure
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52

53

54

LQFP100 SMPS

52

53

54

LQFP100 SMPS EP

51

52

53

TFBGA100

H9

J10

G8

TFBGA100 SMPS

H9

LQFP128
LQFP128 SMPS
LQFP144
LQFP144 SMPS
LQFP144 SMPS EP
LQFP176
LQFP176 SMPS
LQFP176 SMPS EP
UFBGA176+25
UFBGA176+25 SMPS

70 70 78 78 |77 97 97 97 M13 M13 PB13

J10 71 71 79 79 78 98 98 98 N15 N15 PB14

G8

72 72 80 80 79 99 99 99 M14 M14 PB15

110

110

110

FT_ha

FT_ha

FT ha

UART5_RX,
EVENTOUT

HRTIM1_FLTS,
TIM1_CHA,
LPTIM2_CH1,
TIM14_CHA,
SPI2_SCK/I2S2_CK,
USART3_CTS/
USART3_NSS,
LPUART1_CTS,
LPTIM1_ETR,
TIM8_CH4,
HRTIM2_FLT7,
FMC_DA4/FMC_AD4,
FDCAN1_TX,
UART5_TX,
EVENTOUT

MCO2, TIM15_CHT1,
TIM1_CH2,
HRTIM2_EEVS,
USART1_TX,
SPI2_MISO/I2S2_SDI,
USART3_RTS,
UART4_RTS,
LPTIM1_CH2,
TIM8_CH4N,
HRTIM1_EEVA1,
FMC_NOE,
COMP4_OUT,
EVENTOUT

MCO2, TIM15_CH2,
TIM15_CHI1N,
USART1_RX,
SPI12_MOSI/
1282_SDO,
TIM1_CH3,
UART9_TX,
UART4_CTS,
UART5_RX,
HSP1_SNP5,

ADC3_INP5,
ADC3_INN4,
ADC4_INPS8,
ADC4_INN7,
COMP5_INP1

ADC1_INP13,
ADC1_INN12,
ADC4_INP4,
ADC4_INN3,
COMP7_INP1

ADC2_INP15,
ADC2_INN14,
ADC4_INPS5,
ADC4_INN4,
COMP4_INM2,
COMP6_INM2
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g o

c.", (7)) & 2 (7)) (7)) & (7)) & 7 %

3 S & s = 2 S| o |3 |d|= (8|5 © o in name (function after in ATETE G TS |t|_ona
o o 7 < S ol |la|S| (g |©0|n - + reset) type | structure functions
L 2| |9 |z |u|f e (f|lg|ls|(Elel &R
sla|2|@|S|IC|e|lg|&a|F|C|e|E| 8|z

SIE |- (2|7 |8 |57 |8|E|5 |8
| g = - - | g - | g E
- | ' S
HRTIM1_EEVZ2,
FMC_NWE,
HRTIM2_FLT4,
COMP3_OUT,
EVENTOUT
HRTIM1_EEV4,
TIM4_ETR,
HRTIM2_FLT1, ADC3_INPS,
10 110 10 SPI5_SCK, ADC3_INN5
55 55 54 H10 H10 73 73 |81 81 80 M15 M15 PD8 110 FT_ha - USART3_TX, - ;
0 0 O ADC4_INP12,
TIM20_ETR, FMC_D5/ ADC4 INN11
FMC_ADS5, -
CRS_SYNC,
EVENTOUT
HRTIM1_EEVS6,
HRTIM2_EEV1,
SPI5_MISO, ADC3_INP15,
10 110 10 USART3_RX, ADC3_INN14,
56 56 55 F9 F9 74 |74 82 82 81 1 1 1 L14 L14 PD9 110 FT_ha - TIM20_CH3N, ADC4_INP13,
TIM9_CH2, FMC_D6/ | ADC4_INN12
FMC_ADS,
EVENTOUT
HRTIM1_SCOUT,
HRTIM2_EEVS,
LPTIM2_CH2, ADC3_INP7,
10 10 10 SPI5_MOSI, ADC3_INNG,
57 57 56 F8 F8 75 75 83 83 82 o 2 o L15 L15 PD10 110 FT_ha - USART3_CK, ADC4_INP7,
TIM20_CH3, ADC4_INNG,
HRTIM1_EEV9, COMP6_INM1
FMC_D7/FMC_AD7,
EVENTOUT

o
o

Q
@
-]
©
N
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I
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LQFP128

o
o
=
o
[
(<}
|

LQFP100 SMPS
LQFP100 SMPS EP
TFBGA100
TFBGA100 SMPS

58 - - F10 - 76
59 - - G10 |- 77
60 - - G9 -

LQFP128 SMPS

76

LQFP144

84

87

LQFP144 SMPS

84

LQFP144 SMPS EP

83

78 78 86 86 85

86

LQFP176

10

LQFP176 SMPS

10

LQFP176 SMPS EP

10

10
7

10
8

UFBGA176+25

L13

F12

K14

UFBGA176+25 SMPS

L13

M4

F12

K14

Pin name (function after

PD13

VDD

VSS

PD14

K13 K13 PD15

K15 K15 PG4

reset)

1’0

110

1’0

110

Pin
type | structure

110

FT_ha

FT_ha

FT_ha

FT_h

Alternate functions

LPTIM1_CHA1,
TIM4_CH2,
LPTIM2_CHA1,
SPI5_NSS, SPl4_RDY,
SPI3_RDY,
XSPI1_108,
HRTIM1_FLT1,
HRTIM2_FLT1,
EVENTOUT

HRTIM1_EEV11,
TIM4_CH3,
XSPI1_|O5,
UART8_CTS,
FMC_SDCKET,
HRTIM2_EEVS,
EVENTOUT

TIM1_CH1,
TIM4_CH4,
XSPI1_l04,
TIM16_BKIN,
SPI2_NSS/I12S2_WS,
UART8_RTS,
TIM1_BKIN,
HRTIM1_FLT4,
FMC_SDNET1,
HRTIM2_EEV7,
EVENTOUT

HRTIM1_EEV2,
SPI1_MISO/I1251_SDlI,
TIM5_CH1,
SPI5_NSS,
TIM20_BKINZ2,
HRTIM2_FLTS5,
EVENTOUT

Additional
functions

ADC3_INP10,
ADC3_INN9,
ADC4_INP10,
ADC4_INN9,
COMP5_INM2

ADC3_INP11,
ADC3_INN10,
ADC4_INP11,
ADC4_INN10,
COMP7_INP2

ADC4_INPO,
COMP7_INM1
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61

62

LQFP100 SMPS

58

59

60

61

62

LQFP100 SMPS EP

57

58

59

60

TFBGA100

E7

TFBGA100 SMPS

G9

G10

F10

E7

LQFP128

80

81

82

83

LQFP128 SMPS

79

80

81

LQFP144

88

89

90

91

LQFP144 SMPS

87

88

89

LQFP144 SMPS EP

87

LQFP176

LQFP176 SMPS

LQFP176 SMPS EP

1

1

1

UFBGA176+25

J13

J14

H14

H15

J15

H12

G8

UFBGA176+25 SMPS

J13

J14

J15

H15

H14

H12

G6

Pin name (function after
reset)

PG5

PG9

PIO

PI1

PI3

VSSSMPS

VLXSMPS

VDDSMPS

VCAP

VSS

1’0

110

110

110

1’0

structure

FT_h

FT_h

FT_h

FT_h

FT_h

Alternate functions

HRTIM1_EEV7,
SPI1_MOSI/
1251_SDO,

TIM5_CH3, SPI5_RDY,

LPUART1_CTS,
TIM20_ETR,
HRTIM2_FLT®6,
EVENTOUT

HRTIM1_FLT1,
SPI1_SCK/I2S1_CK,
TIM5_CH4,
SPI3_SCK/I2S3_CK,
UART9_RX,
HRTIM2_FLT7,
TIM15_CH1N,
EVENTOUT

SPI2_NSS/2S2_WS,
UART8_RX,
EVENTOUT

SPI2_SCK/I2S2_CK,
UART8_TX,
EVENTOUT

UARTS8_CTS,
FDCAN1_RX,
EVENTOUT

Additional
functions
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Pin name (function after Pin /10 . Additional
Alternate functions R
reset) type | structure functions

LQFP128
LQFP144
LQFP176

o
o
=
o
[
(<}
|

LQFP100 SMPS
LQFP100 SMPS EP
TFBGA100
TFBGA100 SMPS
LQFP128 SMPS
LQFP144 SMPS
LQFP144 SMPS EP
LQFP176 SMPS
LQFP176 SMPS EP
UFBGA176+25
UFBGA176+25 SMPS

- - - G610 G8 VSS s - - - -

63 63 61 |- - 84 84 92 92 92 6 6 - M12 | VDD S - - - -

TIM5_ETR,

TIM4_CH2,

LPTIM2_IN2,

LPTIM5_IN1,

SPI5_NSS,

TIM8_ETR,

USART3_CTS/

64 64 62 E9 E9 85 85 93 93 93 ; H13 H13 PD11 /0 | FT_h - USART3_NSS, -
UART4_RX,

USART10_TX,

HRTIM1_CHE1,

FMC_A16/FMC_CLE,

ADF1_CCKO,

UART7_RX,

EVENTOUT

TIM4_CH3,
LPTIM2_IN1,
SPI5_RDY,
USART3_RTS,
UART4_TX,

1 11 1 LPTIM1_INT,

65 65 63 E8 E8 86 8 94 94 94 o o o Gl4 Gl4 PDI12 /0 | FT_h - USARTI0, RX, -

HRTIM1_CHE2,
FMC_A17/FMC_ALE,
ADF1_CCK1,
UART7_TX,
EVENTOUT

G15 G15 NRST 1’0 RST - - -

66 66 64 E10 E10 87 87 95 95 95 ;1 ;1 "

9

vez/zL abed
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67

68

LQFP100 SMPS

67

68

LQFP100 SMPS EP

65

66

TFBGA100
TFBGA100 SMPS
LQFP128
LQFP128 SMPS
LQFP144
LQFP144 SMPS
LQFP144 SMPS EP
LQFP176

D9 D9 88 88 96 96 96 (1)2
12

D10 D10 89 89 97 97 97 1

) } I T e 12
2

LQFP176 SMPS

12
1

12
2

LQFP176 SMPS EP

12
1

12
2

UFBGA176+25

UFBGA176+25 SMPS

G13 | G13 PI2

F15

F13

F15 PB8

F13 | PG6

Pin name (function after

reset)

Pin 1/0
type | structure

/IO FT_fh
/O | FT_fh
/0 | FT_h

Alternate functions

TIM15_BKIN,
SPI1_MOSI/
1281_SDO,
SDMMC1_D123DIR,
12C2_SCL,
13C1_SCL(boot),
SDMMC1_D7,
USART2_TX,
UART8_RX,
TIM20_CH4,
TIM8_BKIN2,
USART10_CK,
HRTIM1_CHDH,
ADF1_SDIO,
COMP5_OUT,
EVENTOUT

SDMMC1_D5,
SPI1_SCK/I281_CK,
12C2__SDA,
13C1_SDA(boot),
TIM20_CH4N,
USART3_RX,
UART8_TX,
TIM20_BKIN,
TIM8_ETR,
USART10_CTS/
USART10_NSS,
HRTIM1_CHD2,
COMP7_OUT,
SDMMC1_CDIR,
EVENTOUT

HRTIM2_EEVA,
SPI1_RDY,
12C3_SMBA,
LPUART1_RTS,
TIM20_BKIN,
UCPD1_FRSTX1,
COMP6_OUT,
EVENTOUT

Additional
functions
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2
g o
c.", (7)) & 2 (7)) (7)) & (7)) & 7 %
3 S & s = 2 S| o |3 |d|= (8|5 © o in name (function after ATETE G TS |t|_ona
o o 7 < S ol |la|S| (g |©0|n - + reset) structure functions
L 2| |9 |z |u|f e (f|lg|ls|(Elel &R
S|E|2|E|S|S|E|9|2|Z2(|E|E|8 %
SIE|F |8 |7 |67 |5(E|7|85E 5|3
| g = - - | g - | g E
| | | 5
- - - - - S R R G12 |G9 VSS S - - - -
HRTIM2_EEV5,
12 12 12 LPUART1_TX,
- - - - - S R e e e P P F14 F14 PG7 I/0 FT_h - UCPD1_FRSTX2, -
COMP8_OUT,
EVENTOUT
- - - - - N - R R H4 G10 VSS S - - - -
HRTIM2_EEV13,
SPI6_NSS,
- - - - - E N 12 12 12 E15 E15 PG8 110 FT_h - UART9_RTS, -
LPUART1_RX,
EVENTOUT
TRACED1,
HRTIM1_CHCA1,
TIM4_CH1,
LPUART1_CTS,
TIM8_CH2N,
SPI1_MISO/I1281_SDlI,
12 12 12 SPI3_MISO/I2S3_SDlI,
69 69 67 D8 D8 90 90 98 98 98 5 5 5 E14 E14 PC11 110 FT_fh - USART3_RX, -
UART4_RX,
UCPD1_FRSTX2,
TIM1_ETR,
HRTIM2_EEV4,
XSPI1_107,
TIM12_CH1,
EVENTOUT
TRACEDS,
HRTIM1_CHC2,
TIM5_CH2,
LPUART1_RTS,
12 12 12 12C2_SDA,
70 70 68 C10 C10 91 91 99 99 99 6 6 6 D15 D15 PC12 110 FT_fh - XSPI1_l08, -
SPI3_MOSI/
= 12S3_SDO,
e USART3_CK,
2 SPI6_SCK,
S TIM8_CH3N,
w
5
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g o

c.", (7)) & 2 (7)) (7)) & (7)) & 7 %

3 S & s = 2 S| o |3 |d|= (8|5 © o in name (function after in ATETE G TS |t|_ona
o o 7 < S ol |la|S| (g |©0|n - + reset) type | structure functions
L 2| |9 |z |u|f e (f|lg|ls|(Elel &R
SIE|2 (8|3 |9(E|9|E|2|9(E|E|8]%

SIE |- (2|7 |8 |57 |8|E|5 |8
| g = - - | g - | g E
- | ' S
FMC_A18,
HRTIM2_EEV15,
TIM13_CH1,
EVENTOUT
- - - - - - - - - - - - - H7 G12 VSS S - - - -
12 112 12
- - - - - - - - - - 7 7 7 - - VDD S - - - -
HRTIM1_EEV10,
TIM3_CH1,
TIM8_BKIN,
TIM8_CH1,
SDMMC1_D6,
SDMMC1_DODIR,
1282_MCK,
7 71 69 C9 C9 92 92 (1)0 (1)0 (1)0 ;2 ;2 ;2 E13 E13 | PC6 110 FT_h - UART9_TX, -
XSPI1_lO5,
USART10_RTS,
HRTIM1_CHFA1,
HRTIM2_EEV14,
LPTIM5_OUT,
COMP6_OUT,
EVENTOUT
TRACED?2,
HRTIM1_FLTS,
TIM3_CH2, 12C3_SCL,
TIM8_CH3,
XSPI1_104,
10 10 10 12 12 12 USART3_RTS,
72 72 70 A10 A10 93 93 1 1 1 9 9 o9 C15 C15 PC7 I/0 FT_fh - UART9_RX, -
12S3_MCK,
HRTIM1_CHF2,
HRTIM2_EEV13,
COMP5_OUT,
EVENTOUT

o
o
Q
@
=
N
%)
I
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73

74

75

LQFP100 SMPS

73

74

75

LQFP100 SMPS EP

71

72

73

TFBGA100

TFBGA100 SMPS

LQFP144

LQFP128
LQFP128 SMPS

B10 B10 94 94

B9

C8

B9

C8

10
95 95 3

10
96 96 4

LQFP144 SMPS

10
3

10
4

LQFP144 SMPS EP

10
3

10
4

LQFP176

13
1

13
2

LQFP176 SMPS

13
1

13
2

LQFP176 SMPS EP

13
1

13
2

UFBGA176+25
UFBGA176+25 SMPS

D14 D14 PB5

B15 B15 PB6

D13 D13 PB7

Pin name (function after

reset)

1’0

110

110

Pin
type | structure

110

FT fdh

FT_fdh

FT_h

Alternate functions

TIM16_CH1,
TIM4_CH3,
TIM8_CH2N,
USART6_CK,
12S2_MCK,
USART3_CTS/
USART3_NSS,
12C3_SDA,
12C1_SCL(boot),
TIM8_CHAN,
LPTIM5_ETR,
HRTIM1_CHAA1,
COMP4_OUT,
CRS_SYNC,
EVENTOUT

TIM1_BKIN2,
TIM4_CH4,
12C1_SDA(boot),
TIM8_CH2,
USART2_TX,
UART4_CTS,
SPI3_SCK/I2S3_CK,
SDMMC1_D4,
HRTIM2_FLT2,
HRTIM1_CHA2,
COMP7_OUT,
TIM12_CHA,
EVENTOUT

HRTIM1_CHB1,
TIM2_CH1,
TIM8_CHA,
SPI1_NSS/I2S1_WS,
SPI3_NSS/2S3_WS,
SPI6_NSS,
FDCAN3_TX,
TIM1_BKIN,
TIM2_ETR, FMC_A24,
HRTIM2_FLT3,
COMP1_OUT,

Additional
functions

UCPD1_DBCC
2

UCPD1_DBCC
1

OTG_FS_VBU
s
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76

LQFP100 SMPS

76

LQFP100 SMPS EP

74

TFBGA100

A9

TFBGA100 SMPS

A9

LQFP144

LQFP128
LQFP128 SMPS

97 97

10

98 986

10

99 997

LQFP144 SMPS

10
6

10
7

LQFP144 SMPS EP

10

10
6

10
7

LQFP176

13

13
4

13
5

LQFP176 SMPS

13

13
4

13
5

LQFP176 SMPS EP

13

13
4

13
5

Pin name (function after
reset)

UFBGA176+25
UFBGA176+25 SMPS

B14 ' B14 PDO

C14 |C14 PD1

C13 | C13 PA10

Pin

type | structure

110

110

110

110

FT_th

FT_fh

FT_h

Alternate functions

TIM12_CH2,
EVENTOUT

HRTIM1_EEVS5,
[2C2_SMBA,
XSPI1_DQS0,
12C3_SCL,
SPI1_MOSI/
1251_SDO,
UART4_RX,
FDCAN1_RX,
I3C1_SCL, FMC_A25,
TIM8_CH4N,
EVENTOUT

HRTIM1_EEVS,
SPI1_MISO/12S1_SDI,
XSPI1_NCS2,
12C3_SDA,
UART4_TX,
FDCAN1_TX,
TIM8_CH4, I3C1_SDA,
TIM8_BKIN2,
EVENTOUT

TIM17_BKIN,
TIM2_CH1,
LPUART1_TX,
TIM8_CH1N,
FMC_NBLO,
TIM1_CH3,
USART1_RX,
UART4_RX,
UCPD1_FRSTX2,
TIM8_BKIN,
TIM1_CH3N,
HRTIM1_CHB2,
FDCAN2_TX,
COMP6_OUT,
EVENTOUT

Additional
functions

OTG_FS_ID
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X
a
5 o o o &
: o | W @ » o | W oW 5 | =
g o % 4 S Z | o % < % 2o % 2 g e ; ; ; P
3 S & s = 2 S| o |3 |d|= (8|5 © o Pin name (function after Pin /10 Alternate functions Addltl_onal
o o 7 < S ol |la|S| (g |©0|n > + reset) type | structure functions
L | S| |9 = | |¥| L (¥ (gl |Nlo| < 2
Sle |E|B|3|8(z|8|e(2|8|E|E|8 |3
g |k |F | @ e} g |k glE|lY5 |
| G = | 4| g e m
| - ' %
TIM1_CH4N,
TIM1_BKIN2,
SPI2_MISO/I12S2_8SDlI,
TIM1_CH1N,
USART1_CTS/
USART1_NSS,
10 10 10 10 10 13 13 13 UART4_RX, OTG_FS_DM(b
77 77 |75 B8 B8 o 0 8 8 8 6 6 6 A14  A14 | PAN I/0 FT_h - FDCANT_RX, oot)
HRTIM2_EEV11,
LPTIM4_OUT,
HRTIM1_FLT1,
FDCAN2_RX,
TIM13_CH1,
EVENTOUT

MCO1, TIM16_CH1N,
HRTIM2_EEV12,
SPI2_MOSI/
1252_SDO,
TIM1_CH2N,
USART1_RTS,
78 78 |76 A8 A8 10 10 ;0 ;O ;O ;3 ;3 ;3 B13 B13  PA12 /0 | FT_h - UART4_TX,
FDCAN1_TX,
UART7_TX,
HRTIM1_EEV7,
ADF1_SDIO,
COMP2_OUT,
EVENTOUT

OTG_FS_DP(b
oot)

TIM1_ETR,
TIM4_ETR,
LPUART1_RX,
USART1_CK,
[2C2_SMBA,
FDCAN3_RX,
79 |79 77 B7 B7 ;O ;O (1)1 (1)1 (1)1 ;3 ;3 :33 A13  A13 PAS 10 | FT_c - USART2_RX, UCPD1_CCH1
UART9_RX,
TIM15_BKIN,
SPI1_RDY,
TIM1_CH3N,
HRTIM1_EEV4,
UART7_RX,

o
o

Q
@
=
=4
N
%)
I
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X
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3 o o o
N o | W @ » o | W o |W| 4 | S
g o % 4 S Z | o % < % 2o % 2 g e ; ; ; i
< S & = =) 2 S| o |¥I|>|=s|8|a|= © o Pin name (function after Pin /10 Alternate functions Addltl_onal
o o 7 < S ol |la|S| (g |©0|n - + reset) type | structure functions
L | 2| |9 |« ||V (¥ | g|lc|(b|lo| I N
SIS |E|3|F|EIS|E|Z(S|E|5| 8%
g |k |F | @ e} g |k glE|lY5 |
| G = | 4| g J | g m
| - ' %
ADF1_CCKOo,
EVENTOUT
TIM16_BKIN,
TIM2_ETR,
LPUART1_TX,
TIM8_ETR,
TIM2_CHS3,
LPTIM2_IN2,
10 10 11 11 11 13 13 13 USART1_TX,
80 8 |78 |C7 C7 33 1 1 1 9 9 9 C12 |C12 PA9 110 FT_c - UART4_RTS. UCPD1_CC2
LPTIM4_ETR,
HRTIM1_FLT3,
HRTIM1_EEV9,
UART7_TX,
ADF1_CCK1,
EVENTOUT
10 10 11 11 11 14 14 14
81 81 79 A7 A7 4 4 2 2 2 0 0 0 B12 |B12 BOOTO B - - BOOTO
10 10 11 11 11 14 14 14
82 82 80 - - 5 5 3 3 3 1 1 1" - VDD S - - - -
10 10 11 N 14 14 14
83 83 - - - 6 6 4 4 " 2 2 2 H8 H4 | VSS S - - - -
10 10 11 11 11 14 14 14
84 84 81 D6 D6 7 7 5 5 4 3 3 3 D10 D10 | VCAP S - - - -
HRTIM2_CHA1,
TIM3_CHS3, I3C1_SCL,
TIM8_CH3,
TIM20_CH3,
10 10 11 11 11 14 14 14 SPI4_SCK, I2C3_SCL,
865 8 82 C6 C6 8 8 6 6 5 4 4 4 C11 C11 PC8 110 FT_fh - UCPD1_FRSTXZ, -

HRTIM1_EEV15,
FMC_NE2/FMC_NCE,
TIM10_CH1,
EVENTOUT

o
o
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=
©
N
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I
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g o
c.", (7)) & 2 (7)) (7)) & (7)) & 7 %
3 S & s = 2 S| o |3 |d|= (8|5 © o in name (function after in ATETE G TS |t|_ona
o o 7 < S ol |la|S| (g |©0|n - + reset) type | structure functions
L 2| |9 |z |u|f e (f|lg|ls|(Elel &R
SIE|2 (8|3 |9(E|9|E|2|9(E|E|8]%
SIE |- (2|7 |8 |57 |8|E|5 |8
| g = - - | g - | g E
- | ' S
HRTIM2_CHA2,
TIM3_CH2, I3C1_SDA,
TIM8_CH4,
TIM8_BKIN2,
10 10 1 11 11 14 14 14 UART9_TX,
86 86 83 A6 A6 9 9 7 7 6 5 5 5 A12 A12 PC9 I/0 FT_fh - 12C3_SDA, -
SPI4_MISO,
HRTIM1_EEV16,
FMC_NE4,
EVENTOUT
DBTRGIO,
HRTIM1_EEV1,
12C2_SMBA,
TIM8_CH1N,
12C3_SMBA,
SPI1_RDY,
TIM20_CHA4N,
"1 11 11 11 11 14 14 14 USART3_TX,
87 87 84 B6 B6 o 0o 8 8 7 6 6 6 B11 |B11 PC10 110 FT_h - UART4_TX, -
SPI14_RDY,
TIM1_BKIN,
HRTIM2_FLTS,

FMC_NE1/FMC_NCE,
UCPD1_FRSTX1,
COMPS8_OUT,
EVENTOUT

HRTIM2_EEV10,
LPTIM1_IN2,
UART8_RX,

- - - - - - |- - - ;1 ;4 ;4 ;4 A11 A1l PH13 /0 | FT_h - UART4_TX, -
FDCAN1_TX,
HSP1_SNP3,
EVENTOUT

o
o

Q
@
®
S
N
%)
I
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Pin name (function after i /10 . Additional
Alternate functions R
reset) structure functions

LQFP128
LQFP144
LQFP176

o
o
=
o
[
(<}
|

LQFP100 SMPS
LQFP100 SMPS EP
TFBGA100
TFBGA100 SMPS
LQFP128 SMPS
LQFP144 SMPS
LQFP144 SMPS EP
LQFP176 SMPS
LQFP176 SMPS EP
UFBGA176+25
UFBGA176+25 SMPS

HRTIM2_FLT4,
SPI2_MISO/I2S2_SDI,
SPI3_MOSI/

12S3_SDO,

S N N R N P P Y g C10 C10 PH14 IO FT.h - UARTS. RX, -
FDCAN1_RX,

HSP1_SNP4,

EVENTOUT

HRTIM2_EEV4,

SPI2_MOSI/

1252_SDO,

e - - ]- - g B10 B10 PHI5 /0 | FT_h - SPI3_MISO/I2S3_SD!, -
SPI6_RDY,

HSP1_SNP5,

EVENTOUT

- - - - - - - - = = -+ = - J H8 vss s - - - -

TRACED?2,
HRTIM2_CHBH1,
TIM3_ETR,
XSPI1_CLK,
TIM8_BKIN,
SPI1_SCK/I2S1_CK,
88 88 8 A5 A5 . o o ° 7 7 0 A0 Al0 PD2 /0 | FT_h - SPI4MOSI. WKUP8
TIM20_ETR,
UART5_RX,
HRTIM1_EEV12,
LPTIM5_OUT,
EVENTOUT

HRTIM2_CHB2,
TIM1_CH1,
XSPI1_NCLK,
TIM8_BKIN2,
SPI12_SCK/I2S2_CK,
89 89 86 A4 A4 ;1 ;1 (1)2 (1)2 ;2 15 15 15 B9 B9 PD3 110 FT_h - USART2_CTS/ -

USART2_NSS,
UART5_TX,
TIM2_CH4,
HRTIM1_EEV3,
EVENTOUT

¥¢£z/18 abed
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2 o (7 o s o alon ) N 77}
< = | = S (2| o & 13|35 s Q = s © 9 Pin name (function after | Pin 110 Alternate functions Additional
o o (%) < S [E|lo|la|lx|® | gl |®| < + reset) type | structure functions
©o
L[S |9 | ||¥| L |TF | 2|L|[blo| I ~
Sl |2 |E |3 /98|98 (|98|F| 8%
sle (=878 |8|8|" |58 K3
- g t = - g | g E
=)
TIM1_CH2,
TIM2_CH2,
USART1_CTS/
USART1_NSS,
90 90 87 ' B5 B5 ;1 ;1 12 12 :132 ;5 ;5 ;5 C9 C9 PD4 I/0 FT_h - )lggéﬁT?(S?Ts -
SPI4_NSS,
HRTIM1_FLT3,
HRTIM2_CHC1,
EVENTOUT
HRTIM2_CHC2,
TIM4_CH4,
TIM8_ETR, SPI2_RDY,
[2C1_SMBA,
USART2_TX,
11 1 12 (12 12 15 15 15 XSPI1_102,
) . 88 |- ) 4 4 2 2 4 3 3 3 A A PDS WO |FT_h ) TIM1_BKIN, )
TIM1_BKIN2,
HRTIM1_EEV10,
FMC_NWE,
LPTIM5_ETR,
EVENTOUT
12 12 15 15 15
R S R R E N P P P DA DA DA I CRAYES s - - - -
12 12 12 15 15 15
) ) ) ) ) ) . 4 4 5 5 5 5 ) VDD S . . . )
HRTIM2_CHD1,
SPI1_MISO/12S1_SDl,
1I3C1_SCL, 12C1_SCL,
USART2_RX,
"1 11 12 12 12 15 15 |15 XSPI1_101,
- - 8 066 5 5 5 5 6 6 6 6 D8 B8 PD6 VO | FT_fh - SPI3_MISO/I2S3_SDI, .
TIM2_CH1,
HRTIM1_FLT5,
LPTIM5_IN1,
EVENTOUT

o
o
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7
w | & @ 7 w | o | @ <
S |9 | o | = & s |2 g 9| 9 ) . . . o
= | = S (2| o & 13|35 s Q = s © 9 Pin name (function after | Pin 110 Alternate functions Additional
o S %) g S | & ® o 3| a © 0| < & reset) type | structure functions
T =) = | [ < | o o | < ~
55 |8|e|5|8|5(82(F|8|2|8|5]¢
S |5 (8| |87 |5(2|"(8|8|E |3
- g t = - g | g E
=)
HRTIM2_CHD2,
SPI1_MOSI/
12S1_SDO, I3C1_SDA,
TIM2_ETR, 12C1_SDA,
"7 11 12 12 12 15 15 15 USART2_CK,
- - 90 B4 B4 6 6 6 6 7 7 7 7 A8 A8 PD7 I/0 FT_fh - XSPI1_100, -
FDCAN1_RX,
TIM2_CH3,
TIM9_CHH1,
EVENTOUT
DBTRGI,
HRTIM2_CHE1,
SPI1_NSS/I2S1_WS,
XSPI1_NCSH,
12C2_SDA, SPI3_SCK/
o et o . I m12 12 12 15 15 15 s 0 pg10 o FT.fh - 1283 _CK, ;
T\T 7|7 |8 (8 |8 |8 LPUART1_TX,
FDCAN1_TX,
TIM8_CH?2,
TIM9_CH2,
EVENTOUT
DBTRGO,
HRTIM2_CHEZ2,
SPI1_SCK/I1281_CK,
12C2_SCL, SPI3_NSS/
12S3_WS,
- - - - - :31 ;1 ;2 ;2 ;2 ;5 ;5 ;5 A7 A7 PG11 I/0 FT_fh - TIM20_CHA1, -
LPTIM1_IN2,
TIM8_CHA,
TIM12_CH2,
ADF1_CCKO,
EVENTOUT

vez/cg abed
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Pin name (function after Pin /10 . Additional
Alternate functions R
reset) type | structure functions

LQFP128
LQFP144
LQFP176

o
o
=
o
[
(<}
|

LQFP100 SMPS
LQFP100 SMPS EP
TFBGA100
TFBGA100 SMPS
LQFP128 SMPS
LQFP144 SMPS
LQFP144 SMPS EP
LQFP176 SMPS
LQFP176 SMPS EP
UFBGA176+25
UFBGA176+25 SMPS

HRTIM2_CHF1,

TIM15_CH1N,

SPI6_MISO,

UART9_RTS,

O e P P o C7 C7T PGI2 IO FT_h - LPUART1_RX, -
LPTIM1_IN1,

TIM8_CH3N, FMC_AO,

ADF1_CCK1,

EVENTOUT

TRACEDO,
HRTIM2_CHF2,

I3C1_SDA, 12C3_SDA,
SPI6_SCK,

UART9_CTS,

S L N EE P P DA B B7 B7 PG13 /IO FT_fh - LPTIMI_ CH1, -
FMC_A11,

COMP6_OUT,

TIM12_CH2,

EVENTOUT

TRACEDH,
LPTIM1_ETR,
I3C1_SCL, 12C3_SCL,
SPI6_MOSI,
SPI3_MOSI/
1283_SDO,

UART9_TX,

A P T . halp , C6 C6 PG4 /O | FT_fh - TIM20 CHIN, -
LPTIM1_CH2,
HRTIM1_FLT4,
FMC_A12,
HRTIM2_FLT1,
ADF1_SDIO,
EVENTOUT

91 91 92 - ) 12 112 13 13 13 (16 16 16 _ ) VDD s ) ) ) )

92 92 - - - 1 1 - 4 J7 J4 VSS S - - - -

veziys abed
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o
o
=
o
[
(<}
|

93

94

95

LQFP100 SMPS

93

94

95

LQFP100 SMPS EP

93

94

95

TFBGA100

D4

A3

C4

TFBGA100 SMPS

@)
=

A3

c4

LQFP128

N =
N

12
3

12
4

LQFP128 SMPS

N =
N

12
3

12
4

LQFP144

13
6

13
7

LQFP144 SMPS

NN
w

13
6

13
7

LQFP144 SMPS EP

13
6

13
7

LQFP176

16
7

16
8

LQFP176 SMPS

o1 =
[}

16
7

16
8

LQFP176 SMPS EP

16
7

16
8

UFBGA176+25

D6

J9

A6

B6

A5

UFBGA176+25 SMPS

D6

J7

A6

B6

A5

Pin name (function after
reset)

VCAP

VSS

PG15

PB3(JTDO/TRACESWO)

PB4(NJTRST)

Pin

type | structure

1’0

110

1’0

110

FT_h

FT_th

FT_fhb

(6)

Alternate functions

HRTIM2_EEV10,
SPI6_NSS,
UART9_CTS,
SPl4_RDY, FMC_A13,
COMP1_OUT,
EVENTOUT

JTDO/TRACESWO,
TIM2_CH2,
TIM3_ETR,
XSPI1_|O4,
12C2_SDA(boot),
TIM8_CH1N,
FDCAN3_RX,
USART3_TX,
[2C3_SDA,
LPTIM4_IN1,
TIM4_ETR, I3C1_SDA,
HRTIM1_FLT5,
UART7_RX,
UART5_RTS,
EVENTOUT

NJTRST, TIM16_CH1,
TIM3_CH1,
XSPI1_lO5,
12C2_SCL(boot),
TIM8_CH2N,
FDCAN3_TX,
TIM17_BKIN,
12C3_SCL,
12C1_SMBA,
TIM2_CH1, I3C1_SCL,
HRTIM1_EEV15,
UART7_TX,
UART5_CTS,
EVENTOUT

Additional
functions
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96

97

98

LQFP100 SMPS

96

97

98

LQFP100 SMPS EP

96

97

98

TFBGA100

A2

B3

A1

TFBGA100 SMPS

A2

B3

A1

LQFP128

12
6

12
7

LQFP128 SMPS

12
6

12
7

LQFP144

13
9

14
0

LQFP144 SMPS

13
9

14
0

LQFP144 SMPS EP

13
9

14
0

LQFP176

17
0

17
1

LQFP176 SMPS

17
0

17
1

LQFP176 SMPS EP

17
0

17
1

UFBGA176+25

A4

B5

B4

UFBGA176+25 SMPS

A4

BS

B4

Pin name (function after

reset)

PA13(JTMS/SWDIO)

PA14(JTCK/SWCLK)

PA15(JTDI)

Pin

type | structure

1’0

110

110

110

FT_fh

FT_h

FT_fhb

7

©)

Alternate functions

JTMS/SWDIO,
HRTIM1_FLT7,
TIM3_CH4, 12C3_SCL,
SPI1_MOSI/
1281_SDO,
SPI3_MOSI/
1283_SDO,
SPI6_MOSI,
TIM15_BKIN,
OTG_FS_SOF,
FDCAN2_RX,
TIM8_CH3N,
EVENTOUT

JTCK/SWCLK,
TIM16_CH1N,
TIM4_CHA,
LPUART1_CTS,
SPI1_SCK/I2S1_CK,
UARTS_TX,
TIM15_CHH1,
FDCAN2_TX,
TIM8_CH1,
EVENTOUT

JTDI, HRTIM1_SCIN,
TIM4_CH2,
13C1_SCL(boot),
12C1_SCL,
XSPI1_l086,
TIM3_ETR,
TIM17_CH1N,
TIM3_CH3,
FDCAN1_RX,
TIM8_BKIN,
SPI1_NSS/I12S1_WS,
HRTIM1_EEVS,
TIM15_BKIN,
TIM2_CH1,
EVENTOUT

Additional
functions

suoljouny ajeulajje pue ‘uonduosep uid ‘synojjeq/synouid

XXXd/ZHZENLS



(=]
(7]
-
a
N
(=3
0
'

)
<

-

Pin name (function after Pin /10 . Additional
Alternate functions R
reset) type | structure functions

LQFP128
LQFP144
LQFP176

o
o
-
o
L
<]
-

LQFP100 SMPS
LQFP100 SMPS EP
TFBGA100
TFBGA100 SMPS
LQFP128 SMPS
LQFP144 SMPS
LQFP144 SMPS EP
LQFP176 SMPS
LQFP176 SMPS EP
UFBGA176+25
UFBGA176+25 SMPS

MCO1, TIM17_CHT1,

TIM4_CH4,
I3C1_SDA(boot),
12C1_SDA,
XSPI1_107,
TIM20_CH3,
SPI2_NSS/1282_ WS,  WKUPS5,
99 99 99 B2 B2 ;2 ;2 14 14 ]4 ;7 ;7 ;7 Cc5 C5 PB9 /IO FT_fhb UARTS_RX, TAMP_IN5/
TIM1_CH2, TAMP_OUT4
TIM8_CH3,
HRTIM2_FLT®,
HRTIM1_EEV5,
FDCAN1_TX,
COMP3_OUT,
EVENTOUT
HRTIM1_EEVS,
TIM4_ETR,
TIM20_CH4,
14 14 14 17 17 17 TIM17_CH1,
S R N e R A P P A P P P P vt I I S IO FT_h - UARTE TX, -
LPTIM1_IN2,
FMC_SDCLK,
EVENTOUT
14 14 17 17 17
S N e e N e A P R A R DA I BRAYES s - - - -
14 14 14 17 17 17
- " " " 4 4 3 5 5 5 - - VDD S |- . . .
14 17 17 17 UART8_RTS,
S N E N e N R N N D/ PSP B e” S A T IO FT_h - EVENTOUT -
- - - D7 D7 - - - - - - - - D4 D4 VDD s - - - -
- - - D5 D5 - - - = = = - - A Al vss s - - - -
- - - - - - - - - - - - - - R15 vss s - - - -
. - - - - - - - - - - - - - - Rl vss s - - - -
S e e e e N VAR AV s - - - -
@
N - - - - - - - - - -+ - - - M7 vss s - - - -
w
s
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hl STM32H7Pxxx
*\ Pinouts/ballouts, pin description, and alternate functions

Additional
functions

I Alternate functions

1/0
structure

Pin
type
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©
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o
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> > > > > > > > > > > > > > > > > > > >
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© ® N> oA

o
o
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L
<]
-

A 0 3 5 4
7)) o (7] n (7] 0 =
o (7] s o [ ] Ll »n N 0
= o S 0| = || = ||| =|a + i i i it
& = =] 2 S| o |¥I|>|=s|8|a|= © o Pin name (function after Pin /10 Alternate functions Addltl_onal
o 7 < S ol |la|S| (g |©0|n - & reset) type | structure functions
e | o o c k(Y e |¥F ||l (E|lo]| I =
o =) 1] < glalolalTXTlaola | Q -
g | @ (<] g | gluw| 5 |9
| g = - | g | g E
=)
- - - - - - - - - - - - K12 - VSS S - - - -
- - - - - - - - - - - - K9 - VSS S - - - -
- - - - - - - - - - - - K7 - VSS S - - - -
- - - - - - - - - - - - K4 - VSS S - - - -
- - - - - - - - - - - - J12 |- VSS S - - - -
- - F6 - - - - - - - - - F8 - VDD S - - - -

Tamper input is supplied by VSW.
Power supply is VSW - RTC and tamper pin (input/output). PC13, PC14, PC15 can provide limited amount of current, the use of PC14, PC15 GPIOs in output mode is limited - The
speed must not exceed 1TMHz. These GPIOs must not be used as current sources (for example to drive a LED).

Power supply is VSW - LSE pins. PC13, PC14, PC15 can provide limited amount of current, the use of PC13, PC14, PC15 GPIOs in output mode is limited - The speed must not
exceed 500kHz with a maximum load of 30 pF. Speed in input mode must not exceed 1MHz. These GPIOs must not be used as current sources (for example to drive a LED).

I3C1_SDA is not a bootloader pin on LQFP64 SMPS package.

JTDO default debug pin.

NJRST default debug pin. The internal pull-up is activated after reset.
SWDIO default debug pin. The internal pull-up is activated after reset.
SWCLK default debug pin. The internal pull-down is activated after reset.
JTDI default debug pin. The internal pull-up is activated after reset.

4.3 Alternate functions

Table 9. Alternate functions AF0 to AF7

L e [ as [ o | & [ &8 [ 8 | &7 |

HRTIM1/2 / FMC(NORmuUX)/ | tpoana ey ) ey

12C3/13C1/
LPTIM2 /
LPUART1 /
SDMMC1 /
TIM8/15 /
USART6 / XSPI1

HRTIM1/2 /13C1 / HRTIM2 / 12C2 /

SPI251/
TIM1/2/3/4/5/15

LPTIM1 /
SDMMC1 /
TIM1/2/5/15/16/17

PAO TRACECLK TIM2_CH1 TIM5_CH1 XSPI1_CLK

Port A

HSP1 /12C1/2/3 |
LPTIMS /
TIM2/5/8/11/14/16/17 |
USART1/6

TIM11_CH1

FMC(NOR_RAM) /
FMC(SDRAM_16bit) /
12C2 /13C1/LPTIM1 /
SDMMC1 / SPI2S1/2 /

SPI5/6 / TIM2/8 /
XSPH

SPI252/3 /
SP14/6 /
TIM17 /

UART7/8/9 /
USART1/2/3

LPTIM2 /
SDMMC1 /
SPI2S3 / SPI6 /
TIM1/3/8/20 /
USART6/10

USART2_CTS/

SPI6_NSS USART2_NSS

SPI3_RDY
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R I N T - T - -

HRTIM1/2 / FMC(NORmux) | | coon o oo ADF1/
12C3/13C1 / FMC(NOR_RAM) /
] LPTIM2 / SPI252/3 |
LPTIM2 / FMC(SDRAM_16bit)/ | &v 12/ ri2s2rs
LPUART1 / 12C2 / 13C1 / LPTIMA /
SDMMC1 / SDMMC1 / SPizs1j2 /| SP12S3/SPI6/ Ll
TIM1/3/8/20/ | UART7/8/9/

TIM8/15 / SPI5/6 / TIM2/8 /
USART6 / XSPH XSPI1 USART6/10 USART1/2/3

HRTIM1/2 /13C1 / HSP1 /12C1/2/3 /|
LPTIMS /
TIM2/5/8/11/14/16/17 |

USART1/6

HRTIM2 /12C2 /
SPI251/
TIM1/2/3/4/5/15

(=]
(7]
-
a
N
(=3
©o
'

5
<

-

LPTIM1 /
SDMMC1 /
TIM1/2/5/15/16/17

¥£2/06 2bed

Port A

Port B

PA1 | RTC_REFIN
PA2 -
PA3 -
PA4 -

PA5 -

PAB -
PA7 -
PA8 -
PA9 -
PA10 -

PA11 -
PA12 MCO1
PA13 | JTMS/SWDIO

PA14 = JTCK/SWCLK

PA15 JTDI
PBO -

PB1 -

PB2  RTC_OUT2

JTDO/

PB3 ' TrRAcCESWO
PB4 NJTRST
PB5 -

PB6 -

TIM2_CH2

TIM2_CH3

TIM2_CH4
HRTIM2_EEV5

HRTIM2_EEV10

TIM16_CH1
TIM17_CH1
TIM1_ETR
TIM16_BKIN
TIM17_BKIN

TIM1_CH4N
TIM16_CH1N
HRTIM1_FLT7

TIM16_CH1N
HRTIM1_SCIN
TIM16_BKIN

HRTIM1_SCOUT

SDMMC1_CK
TIM2_CH2
TIM16_CH1
TIM16_CH1

TIM1_BKIN2

TIM5_CH2
TIM5_CH3
TIM5_CH4
TIM3_CH4

TIM2_CH1

TIM3_CH1
TIM3_CH?2
TIM4_ETR
TIM2_ETR
TIM2_CH1

TIM1_BKIN2
HRTIM2_EEV12
TIM3_CH4

TIM4_CH1
TIM4_CH2
TIM1_CH4
TIM3_CH3
TIM3_CH4

TIM3_ETR
TIM3_CH1
TIM4_CH3

TIM4_CH4

XSPI1_103
LPUART1_TX
LPUART1_RX
HRTIM2_FLT3

USART6_CTS/
USART6_NSS

USART6_RTS
SDMMC1_D1
LPUART1_RX
LPUART1_TX
LPUART1_TX

LPUART1_CTS
13C1_SCL
LPTIM2_IN2
LPTIM2_CH2
HRTIM1_FLT6

XSPI1_l04
XSPI1_l05

TIM8_CH2N

TIM8_CH4

TIM8_BKIN
TIM8_CH1N
USART1_CK
TIM8_ETR
TIM8_CH1N

12C3_SCL

12C1_SCL
TIM8_CH2N
TIM8_CH3N

TIM5_CH1

12C2_SDA
12C2_SCL
USART6_CK

I2C1_SDA

LPTIM1_IN1
LPTIM1_IN2

SPI1_NSS/12S1_WS
SDMMC1_CMD

SDMMC1_DO
SPI1_RDY
12C2_SMBA
TIM2_CH3
FMC_NBLO

SPI2_MISO/I2S2_SDI
SPI2_MOSI/12S2_SDO
SPI1_MOSI/1281_SDO

SPI1_SCK/I281_CK
XSPI1_106
SPI1_SCK/I281_CK
SPI1_MISO/I2S1_SDI
SPI1_MOSI/I281_SDO

TIM8_CH1N
TIM8_CH2N
12S2_MCK

TIM8_CH2

SPI6_MOSI

LPTIM2_CH1

TIM1_BKIN
TIM1_CH1N
FDCAN3_RX
LPTIM2_IN2

TIM1_CH3

TIM1_CH1N

TIM1_CH2N

TIM3_ETR
TIM1_CH2N
TIM1_CH3N
TIM20_CH1

FDCAN3_RX

FDCAN3_TX

USART2_RTS
USART2_TX
USART2_RX
USART2_CK

ADF1_CCKO

ADF1_CCK1
USART1_CK
USART2_RX
USART1_TX
USART1_RX

USART1_CTS/
USART1_NSS

USART1_RTS

SPI3_MOSI/
12S3_SDO

UART8_TX
TIM17_CH1N
TIM17_CH1N
USART2_RX

USART3_TX

TIM17_BKIN

USART3_CTS/
USART3_NSS

USART2_TX
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L a0 | oa | a2z | A | A | A | A | A
(%]
N
¢ 1203 /13C1 1 FMC(NOR RAM) / | FDCANS/12C1/ | ADF1/
] HRTIM1/2 / 13C1 / HSP1/12C1/2/3 / — ) LPTIM2 / SPI2S2/3 /
HRTIM2 / 12C2 / LPTIM2 / FMC(SDRAM_16bit) /
< LPTIM1 / LPTIM5 / SDMMC1 / SPI4/6 |
- SPI2S1 / LPUART1 / 12C2/13C1 / LPTIM1 /
SDMMC1 / RIS sovmct /| TIM2ISI8M1M4M6NT | | goun o ooty | SPI2S3/SPI6 / TIMA7 /
TIM1/2/5/15/16/17 USART1/6 TIM1/3/8/20 / UART7/8/9 /
TIM8/15 / SPI5/6 / TIM2/8 / R T
USART6 / XSP1 XSPI1
PB7 - HRTIM1_CHB1 TIM2_CH1 TIM8_CH1 - SPI1_NSS/1251_WS SIE'S33—'\\'§’SS’ SPI6_NSS
PB8 - SDMMC1_D5 SIZQTS(?}I((/ - [2C2_SDA I3C1_SDA TIM20_CH4N USART3_RX
PB9 MCO1 TIM17_CH1 TIM4_CH4 I3C1_SDA 12C1_SDA XSPI1_|07 TIM20_CH3 SIZ'SZZ—"\‘/S?
< PB10 - HRTIM1_FLT3 TIM2_CH3 - HSP1_SNP3 - LPTIM2_IN1 USART3_TX
[e]
o PB11 - HRTIM1_FLT4 TIM1_CH3N LPTIM2_ETR HSP1_SNP4 SPI2_RDY - USART3_RX
PB12 - HRTIM1_FLT2 TIM5_CH4 TIM8_BKIN2 TIM14_CH1 SPI2_NSS/1252_WS - USART3_CK
USART3_CTS/
PB13 - HRTIM1_FLT6 TIM1_CH1 LPTIM2_CH1 TIM14_CH1 SPI2_SCK/I282_CK - USART3 NSS
PB14 MCO2 TIM15_CH1 TIM1_CH2 HRTIM2_EEV6 USART1_TX SPI2_MISO/I2S2_SDI - USART3_RTS
PB15 MCO2 TIM15_CH2 TIM15_CH1N - USART1_RX SPI2_MOSI/1282_SDO TIM1_CH3 UART9_TX
PCO = AUDIOCLK HRTIM1_EEV8 | HRTIM2_EEV8 XSPI1_|O1 TIM11_CH1 LPTIM1_CH1 TIM1_CH1 SPI2_RDY
PC1 TRACEDO HRTIM1_EEV5 | HRTIM2_EEV5 XSPI1_102 TIM14_CH1 SPI2_MOSI/282_SDO ~ USART10_RX | USART1_RTS
PC2 = PWR_CSTOP TIM1_CH3 TIM2_ETR - - SPI2_MOSI/1282_SDO - UART9_CTS
SPI3_NSS/
PC3 | PWR_CSLEEP  HRTIM1_EEV9 TIM1_CH4 XSPI1_|00 HSP1_SNP1 SPI2_MISO/I2S2_SDI 1553 WS UART9_RTS
PC4 - HRTIM1_FLT1 TIM1_ETR LPTIM2_ETR USART1_TX 1281_MCK TIM8_CH2 -
o PC5 - HRTIM1_EEV10 TIM15_BKIN - USART1_RX LPTIM1_IN2 TIM1_CH4N SPI3_NSS/
o 12S3_WS
[e]
o PC6 - HRTIM1_EEV10 TIM3_CH1 TIM8_BKIN TIM8_CH1 SDMMC1_D6 SDMMC1_DODIR = 1282_MCK
PC7 TRACED2 HRTIM1_FLT5 TIM3_CH2 12C3_SCL TIM8_CH3 XSPI1_|04 - USART3_RTS
PC8 - HRTIM2_CHAT1 TIM3_CH3 I3C1_SCL TIM8_CH3 - TIM20_CH3 SPI4_SCK
PC9 - HRTIM2_CHA2 TIM3_CH2 13C1_SDA TIM8_CH4 - TIM8_BKIN2 UART9_TX
PC10  DBTRGIO HRTIM1_EEV1 12C2_SMBA TIM8_CH1IN 12C3_SMBA SPI1_RDY TIM20_CH4N USART3_TX
SPI3_MISO/
PC11 | TRACED1 HRTIM1_CHC1 TIM4_CH1 LPUART1_CTS TIM8_CH2N SPI1_MISO/I2S1_SDI 1253 SDI USART3_RX
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Port C

Port D

Port E

PC12

PC13
PC14
PC15
PDO

PD1

PD2

PD3

PD4

PD5

PD6

PD7

PD8
PD9
PD10

PD11

PD12
PD13
PD14

PD15

PEO

R I N T - T - -

FDCAN3 /12C1/

TRACED3

TRACED2

HRTIM1/2 /13C1 /

LPTIM1 /
SDMMC1 /
TIM1/2/5/15/16/17

HRTIM1_CHC2

TIM16_BKIN
TIM15_BKIN
HRTIM1_EEV5

HRTIM1_EEV8
HRTIM2_CHB1

HRTIM2_CHB2

TIM1_CH2
HRTIM2_CHC2

HRTIM2_CHD1

HRTIM2_CHD2

HRTIM1_EEV4
HRTIM1_EEV6

HRTIM1_SCOUT

TIM5_ETR

LPTIM1_CHA1
HRTIM1_EEV11

TIM1_CH1

TIM16_CHA1

HRTIM2 /12C2 /

SPI251/

TIM1/2/3/4/5/15

TIM5_CH2

TIM1_BKIN
TIM1_BKIN
12C2_SMBA

SPI1_MISO/
12S1_SDI

TIM3_ETR

TIM1_CH1

TIM2_CH2

TIM4_CH4

SPIM1_MISO/
12S1_SDI

SPI1_MOSI/
12S81_SDO

TIM4_ETR
HRTIM2_EEV1
HRTIM2_EEV5

TIM4_CH2

TIM4_CH3
TIM4_CH2
TIM4_CH3

TIM4_CH4

HRTIM1/2 /
12C3/13C1/
LPTIM2 /
LPUART1 /
SDMMC1 /
TIM8/15 /

USART6 / XSPI1

LPUART1_RTS

LPUART1_TX
LPUART1_RX
LPUART1_TX
XSPI1_DQS0

XSPI1_NCS2
XSPI1_CLK

XSPIM_NCLK

13C1_SCL

13C1_SDA

HRTIM2_FLT1

LPTIM2_CH2
LPTIM2_IN2

LPTIM2_IN1
LPTIM2_CH1
XSPI1_I05

XSPI1_I04

LPTIM2_CH2

HSP1 /12C1/2/3 /|

LPTIMS /

TIM2/5/8/11/14/16/17 |

USART1/6

12C2_SDA

TIM8_BKIN

TIM8_BKIN
12C3_SCL

12C3_SDA
TIM8_BKIN
TIM8_BKIN2

USART1_CTS/
USART1_NSS

TIM8_ETR

TIM2_ETR

LPTIMS_IN1

TIM16_BKIN

USART1_TX

FMC(NORmux) /
FMC(NOR_RAM) /
FMC(SDRAM_16bit) /
12C2/13C1/LPTIM1 /
SDMMC1 / SPI12S1/2 /
SPI5/6 / TIM2/8 /
XSPI1

XSPI1_106

SPI2_NSS/1252_ WS
LPTIM1_IN1
LPTIM1_IN2

SPI1_MOSI/1281_SDO

SPI1_SCK/I281_CK

SPI2_SCK/I2S2_CK

SPI12_RDY

SPI5_SCK
SPI5_MISO
SPI5_MOSI

SPI5_NSS

SPI5_RDY
SPI5_NSS

LPTIM2 /
SDMMC1 /

SPI2S3 / SPI6 /

TIM1/3/8/20 /
USART6/10

SPI3_MOSI/
1283_SDO

I2C1_SMBA

12C1_SCL

12C1_SDA

TIM8_ETR

LPTIM2_ETR

ADF1/
SPI252/3 /
SP14/6 /
TIM17 /
UART7/8/9 /
USART1/2/3

USART3_CK

TIM17_BKIN
USART2_RX
USART2_TX

SPI4_MOSI

USART2_CTS/
USART2_NSS

USART2_RTS
USART2_TX

USART2_RX

USART2_CK

USART3_TX
USART3_RX
USART3_CK

USART3_CTS/
USART3_NSS

USART3_RTS
SP14_RDY

SPI2_NSS/
12S2_ WS

SPI3_RDY
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Port E

Port F

PE1
PE2
PE3

PE4

PE5
PE6
PE7
PES8
PE9
PE10
PE11
PE12
PE13
PE14
PE15
PFO
PF1

PF2

PF3

PF4
PF5
PF6

PF7

R I N T - T - -

TRACECLK
TRACEDO

TRACED1

TRACED2
TRACED3

TRACED3

HRTIM1/2 /13C1 /

LPTIM1 /
SDMMC1 /
TIM1/2/5/15/16/17

HRTIM1_EEV8
LPTIM1_IN2
HRTIM1_EEVS8

I3C1_SCL
13C1_SDA
TIM5_CH3
TIM5_ETR
HRTIM2_FLT3
HRTIM2_FLT4
HRTIM2_FLT5
HRTIM2_FLT6
HRTIM2_EEV3
HRTIM2_EEV2
HRTIM1_SCIN
TIM16_CH1

TIM16_CH1N

HRTIM1_EEV1

HRTIM1_EEV2

TIM5_ETR

HRTIM2_EEVS8

HRTIM2 /12C2 /

SPI251/
TIM1/2/3/4/5/15

TIM4_ETR
TIM3_CH1
TIM3_CH2

TIM3_CH3

TIM3_CH4
TIM4_CH3
TIM1_ETR
TIM1_CH1N
TIM1_CH1
TIM1_CH2N
TIM1_CH?2
TIM1_CH3N
TIM1_CH3
TIM1_CH4
TIM1_BKIN
HRTIM2_EEV9
HRTIM2_FLT3

HRTIM2_FLT5

HRTIM2_FLT2

HRTIM2_FLT4
HRTIM2_EEV9
HRTIM2_EEV2

TIM4_CH3

HRTIM1/2 /
12C3/13C1/
LPTIM2 /
LPUART1 /
SDMMC1 /
TIM8/15 /
USART6 / XSPI1

TIM8_CH4N
HRTIM2_EEV13

HRTIM2_EEV14

HRTIM2_EEV12
HRTIM2_EEV16

USART6_CK
USART6_RX
USART6_TX

XSPI1_NCLK

HSP1 /12C1/2/3 /|

LPTIMS /

TIM2/5/8/11/14/16/17 |

USART1/6

HSP1_SNPO
HSP1_SNP1

12C3_SDA

12C3_SCL
HSP1_SNP4

TIM17_CH1

HSP1_SNP5

TIM5_CH1

TIM5_CH2

FMC(NORmux) /
FMC(NOR_RAM) /
FMC(SDRAM_16bit) /
12C2/13C1/LPTIM1 /
SDMMC1 / SPI12S1/2 /
SPI5/6 / TIM2/8 /
XSPI1

12C2_SCL
12C2_SDA

SPI1_NSS/12S1_WS

12C2_SCL
12C2_SDA

SPI2_MISO/I2S2_SDI
SPI5_RDY

SPI12_SCK/I12S2_CK

SPI2_MOSI/12S2_SDO
SPI5_RDY
SPI5_NSS

SPI5_SCK

FDCAN3 /12C1/
LPTIM2 /
SDMMC1 /
SPI2S3 / SPI6 /
TIM1/3/8/20 /
USART6/10
TIM20_CH4
USART10_CK

USART10_CTS/
USART10_NSS

USART10_RTS
TIM20_CH3N

TIM20_CH4N

TIM1_BKIN2
TIM1_CH4N

SPI3_MOSI/
1283_SDO

SPI3_NSS/
12S3_WS

SPI3_SCK/
12S3_CK

ADF1/
SPI252/3 /
SP14/6 /
TIM17 /
UART7/8/9 /
USART1/2/3

TIM17_CH1
SPl4_SCK
SPl4_NSS

SPI4_NSS

SPI4_MISO
SPI4_MOSI
UART7_RX
UART7_TX
UART7_RTS
UART7_CTS

SPI4_MISO
SPI4_MOSI
USART3_RX
USART1_TX
USART1_RX

USART2_TX

USART2_RX

USART3_RTS

UART7_TX
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Port F

Port G

R I N T - T - -

PF8 TRACECLK

PF9 -

PF10 -
PF11 -
PF12 -
PF13 -
PF14 -
PF15 -
PGO -

PG1 -

PG2 -
PG3 -

PG4 -

PG5 -

PG6 -
PG7 -
PG8 -

PG9 -

PG1 DBTRGI

PG11 DBTRGO

PG1

HRTIM1/2 /13C1 /

LPTIM1 /
SDMMC1 /
TIM1/2/5/15/16/17

HRTIM2_EEV6

HRTIM2_EEV4

HRTIM1_SCOUT

LPTIM1_ETR
LPTIM1_CH2

HRTIM2_FLT1
HRTIM2_EEV9

HRTIM1_EEV2

HRTIM1_EEV7

HRTIM2_EEV1
HRTIM2_EEV5
HRTIM2_EEV13

HRTIM1_FLT1

HRTIM2_CHE1

HRTIM2_CHE2

HRTIM2_CHF1

HRTIM2 /12C2 /
SPI251/
TIM1/2/3/4/5/15

TIM4_CH2

TIM4_CH1

HRTIM2_EEV3
HRTIM2_EEV10
HRTIM2_FLT5
HRTIM2_SCOUT
HRTIM2_SCIN
HRTIM2_EEV9
HRTIM2_EEV3

SPI1_MISO/
1281_SDI

SPI1_MOSI/
12S1_SDO

SPI1_RDY

SPI1_SCK/
1281_CK

SPI1_NSS/
12S1_WS

SPI1_SCK/
1281_CK

TIM15_CH1N

HRTIM1/2 /
12C3/13C1/
LPTIM2 /
LPUART1 /
SDMMC1 /
TIM8/15 /

USART6 / XSPI1

TIM15_CH1

TIM15_CH2

LPTIM2_CH1
LPTIM2_CH2
LPTIM2_IN1

LPTIM2_IN2

XSPI1_NC$S1

HSP1 /12C1/2/3 /|

LPTIMS /

TIM2/5/8/11/14/16/17 |

USART1/6

TIM5_CH3

TIM5_CH4

TIM5_CH1
TIM5_CH2

TIM5_CH1

TIM5_CH3

12C3_SMBA

TIM5_CH4

12C2_SDA

12C2_SCL

FMC(NORmux) /
FMC(NOR_RAM) /

FMC(SDRAM_16bit) /
12C2/13C1/LPTIM1 /
SDMMC1 / SPI2S1/2 /

SPI5/6 / TIM2/8 /
XSPI1

SPI5_MISO

SPI5_MOSI

SPI2_NSS/1252_ WS

SPI5_NSS

SPI5_RDY

SPI6_NSS

SPI6_MISO

FDCAN3 /12C1/ ADF1 |
LPTIM2 / SPI2S2/3 |
SDMMC1 / SP14/6 |
SPI2S3 / SPI6 / TIM17 /
TIM1/3/8/20 / UART7/8/9 /
USART6/10 USART1/2/3
SPI3_MISO/
1263 SDI UART7_RTS
SPI2_SCK/
USART6_RX 255 OK
USART6_TX UART7_CTS
TIM1_CH4N -
- UART9_RTS
- UART9_CTS
) SPI2_MOSI/
12S2_SDO
- UART9_RTS
SPI3_SCK/
1283 CK UART9_RX
) SPI3_SCK/
12S3_CK
) SPI3_NSS/
1283 WS
- UART9_RTS
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@ a0 | A | a2 | A | A | a5 | A | AF7 |
(3]
N
¢ e FMG(NOR RAny/ | FDCANS/IZC1/ | ADF1/
7 HRTIMA/2 / 13C1 / HSP1 /12C1/2/3 | il LPTIM2 / SPI2S2/3 /
HRTIM2 / 12C2 / LPTIM2 / FMC(SDRAM_16bit) /
< LPTIM1 / LPTIMS / SDMMC1 / SPI4/6 /
Y SPI2S1 / LPUART1 / 12C2 /13C1 / LPTIMA /
SDMMC1 / Tvraasits | Somar) | TM2isiB1M4ien7 1 | asa 3 L LETY L sPI2s3 spie / TIM17 /
TIM1/2/5115/16/17 USART1/6 TIM1/3/8/20/ | UART7/8/9/
TIM8/15 / SPI5/6 / TIM2/8 | o DSARTAID
USART6 / XSPI1 XSPI1
§G1 TRACEDO HRTIM2_CHF2 ; 13C1_SDA 12C3_SDA SPI6_SCK ; UART9_CTS
© PG1 SPI3_MOSI/
= _ A
5 TRACED1 LPTIM1_ETR 13C1_SCL 12C3_SCL SPI6_MOSI 255 DO UART9_TX
PG1
. ; ; HRTIM2_EEV10 ; ; SPI6_NSS ; UART9_CTS
PHO ; HRTIM1_EEV7 TIM1_CH3N TIM8_CH3 TIM5_CH1 SPI2_SCK/I2S2_CK ] USART1_TX
PH1 ; HRTIM1_EEV11 TIM1_ETR ] TIM8_CH4 SPI2_SCK/I2S2_CK ] USART1_RX
PH2 ; LPTIM1_IN2 | HRTIM2_SCOUT ] 12C1_SCL ] ] ]
PH3 - ] HRTIM2_FLT8 ] 12C1_SDA ] ] ]
PH4 ; HRTIM2_FLT6 ] ] ] ] ] SPI6_RDY
PH5 ; HRTIM1_SCOUT ] ] TIM17_CH1 ] TIM20_CH2N SPI6_RDY
PH6 ; HRTIM1_EEV?2 ] ] 12C2_SMBA SPI5_SCK ] USART1_RX
PH7 ; HRTIMA_EEV7 ] ] 12C3_SCL SPI5_MISO ] ]
T
= PH8 ; ] ] ] 12C3_SDA SPI5_MOSI ] ]
- PH9 ; ] ] ] TIM11_CH1 SPI5_NSS FDCAN3_RX ]
PH10 ; ] ] ] ] SPI5_RDY FDCAN3_TX ]
PH11 - ] HRTIM2_EEV11 13C1_SCL 12C2_SCL ] ] ]
PH12 ; ] HRTIM2_EEV15  I3C1_SDA 12C2_SDA ] ] ]
PH13 ; ] HRTIM2_EEV10 ] ; LPTIM1_IN2 ] UART8_RX
SPI3_MOSI/
PH14 ; ; HRTIM2_FLT4 ; ; SPI2_MISO/I2S2_SDI ; 255 SD0
SPI3_MISO/
PH15 ; ; HRTIM2_EEV4 ; ; SPI2_MOSI/I2S2_SDO ; 1253 SO
PIO ; ] ] ] ; SPI2_ NSS/I252_ WS ] UART8_RX
z PI1 ; ] ] ] ) SPI2_SCK/I2S2_CK ] UART8_TX
[o]
o
PI2 ; TIM15_BKIN SPI1_MOSI/ | SDMMC1_D123 12C2_SCL 13C1_SCL SDMMC1 D7 | USART2 TX

1281_SDO DIR

o
o

Q
@
©
%I
%)
I
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[
N
S HRTIM1/2 / FMC(NORmux) /
- 12C3/13C1 / FMC(NOR_RAM)/ | TDCAN3/12C1/ | ADF1/
» HRTIM1/2 / 13C1 / HSP1/12C1/2/3 | ) LPTIM2 / SPI2S2/3 /
HRTIM2 / 12C2 / LPTIM2 / FMC(SDRAM_16bit) /
< LPTIMA / LPTIM5 / SDMMCH1 / SPI4/6 |
- SPI281 / LPUART1 / 12C2/13C1 / LPTIM1 /
SDMMCH1 / TIM1/2/3/4/5115 SoMMC1] | TIM2/SI8IM1MAM6MT I | oby o ool o | SPI2S3/ SPI6 | TIMA7 /
TIM1/2/5/15/16/17 USART1/6 TIM1/3/8/20 / UART7/8/9 /
TIM8/15 / SPI5/6 / TIM2/8 | USART6/10 USART1/2/3
USART6 / XSPI1 XSPI1
PI3 - - - - - - - UART8_CTS
§ PI4 - - - - - - - UART8_RTS
PI8 - - - - - - LPTIM2_IN2 UART8_RX

Table 10. Alternate functions AF8 to AF15

o
o
Q
@
©
s
%)
I

ADF1/
Rz | FMCNORMW) | pycinanD1e) /| compiiaern /
FDCAN1/12C1/|  HSP1/ FMC(NORmux) | FDCAN1/2/
ADF1 / LPTIM1/4 / LPTIM3/4 / F;V'lckf:(T)l':ﬁ'}?/M / FMC(NORmux) ADF1 /
FDCAN3/12C3/| SPI2s3/sPia/ | spmmct/ | D HRTMI2 ] emcnor_ram / COMP2/3/5/618 /
LPUART1/ | TIM1/5/20 SPI2S1 / 1202/ 8¢ Y, FMC(NOR_RAM CRS / EVENTOUT
SPI6/TIM3/20/ |  UARTS5/ TIMA1/2/4/8 | P3| FMC(SDRAML1 | )/ HRTIMZ SDMMC1 /
UARTA4/8/9 / UCPD1 / UART? | el 6bit) / HSP1/ | TIM2/810/12/13/
XSPI1 USART10/ UCPD1 / ) HRTIM1/2 / LPTIM4/5/ | 15/20 | UART5/7
XSPI USART6/10 / SP2s | SDMMC1 / SDMMC1 /
XSPI1 vanrel XSPI1 TIM12/15 |
UART? / UCPD1
FMC_D15/
PAO UART4_TX - HSP1_SNP2  LPTIM3_IN1 - COMP1_OUT | TIM8_BKIN EVENTOUT
- - - FMC_AD15 - -
PA1 UART4 RX | TIM15_CHIN ] USART10_CK FMC_A5  HRTIM2_EEV10  TIM10_CH1 EVENTOUT
PA2 UART4 CTS = TIM15_CH1  XSPI1_NCS1 - HRTIMI_EEV3 ~ FMC_NE3  COMP2 OUT = EVENTOUT
PA3 . TIM15_CH2 | XSPH_DQSO - FMC_NL  HRTIM2_EEV7 . EVENTOUT
PA4 SPI6_NSS - XSPI1_NCS2  SDMMC1_CKIN - FDCAN2_RX - EVENTOUT
<C
s PA5 SPI6_SCK  LPTIM1_CH2 = XSPHM_NCS1 | TIM9_CH1 - FDCAN2 TX = UART5_RX  EVENTOUT
o
PAG SPIB_MISO  FDCANY RX  TIM8_CH2 LPTIM3_IN2 | HRTIM2_EEV11 COMP1_OUT = UART5_TX  EVENTOUT
PA7 ADF1_SDI0 | FDCANY_TX  LPTIM3_ETR HRTIMI_EEVI0 FMC_NWE  HRTIM2_EEV4 COMP2 OUT = EVENTOUT
PAS UART9 RX | TIMI5_BKIN  SPI_RDY  TIMI_CH3N  HRTIM1_EEV4  UART7 RX  ADF1_CCKO | EVENTOUT
PA9 UART4_RTS - LPTIM4_ETR | HRTIM1_FLT3 HRTIM1_EEV9  UARTZ.TX | ADF1_CCK1 | EVENTOUT
PA10 UART4 Rx  YCPDLFRSTX' Liyie BKIN' | TIM1_CH3N | HRTIM1_ CHB2 =~ FDCAN2 TX = COMP6_OUT = EVENTOUT

2
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Port A

Port B

PA11
PA12
PA13
PA14

PA15

PBO

PB1

PB2
PB3
PB4
PB5

PB6

PB7

PB8

PB9
PB10
PB11

PB12

PB13

ADF1/
FDCAN3 /12C3 /
LPUART1/
SPI6 / TIM3/20 /
UART4/8/9 /
XSPI1

UART4_RX
UART4_TX
SPI6_MOSI

TIM3_CH3

SPI6_SCK

SPI6_MISO

SPI6_MOSI
12C3_SDA
12C3_SCL
12C3_SDA

UART4_CTS
FDCAN3_TX
UART8_TX

UART8_RX
LPUART1_RX
LPUART1_TX

LPUART1_RTS

LPUART1_CTS

FDCAN1 /12C1 /
LPTIM1/4 /
SPI2S3 / SP14 /
TIM1/15/20 /
UARTS /
UCPD1/
USART10/
XSPI1

FDCAN1_RX
FDCAN1_TX
TIM15_BKIN
TIM15_CH1

FDCAN1_RX

SPI3_SCK/
12S3_CK

SPI3_MISO/
12S83_SDI

LPTIM1_CHA1
LPTIM4_IN1
12C1_SMBA

12C1_SCL

SPI3_SCK/
12S3_CK

TIM1_BKIN
TIM20_BKIN

TIM1_CH2
TIM1_BKIN
SPI4_NSS

TIM1_BKIN

LPTIM1_ETR

HRTIM2 /
HSP1/
LPTIM3/4 /
SDMMC1 /
SPI251/
TIM1/2/4/8 |
UART7 /
UCPD1/
USART6/10 /
XSPI1

HRTIM2_EEV11
UART7_TX

TIM8_BKIN

USART6_TX

SDMMC1_D3

USART6_RX
TIM4_ETR
TIM2_CH1

TIM8_CH1N

SDMMC1_D4
TIM2_ETR
TIM8_ETR

TIM8_CH3

TIM2_CH4

UCPD1_FRSTX
1

TIM8_CH4

FMC(NOR_RAM
) HRTIM1/2 /
12C2/13C1 /
LPTIM3/4/5 /
OTG_FS/
SDMMC1 /
SPI251/
TIM1/9 /
USART10

LPTIM4_OUT

OTG_FS_SOF

SPI1_NSS/
12S1_WS

HRTIM1_FLT5

HRTIM1_EEV6

HRTIM1_SCIN
I3C1_SDA
13C1_SCL

LPTIM5_ETR

HRTIM2_FLT2

FMC_A24

USART10_CTS/
USART10_NSS

HRTIM2_FLT6

TIM9_CH1

TIM9_CH2

HRTIM2_FLT7

FMC(NAND16) /
FMC(NORmux)
/

FMC(NOR_RAM
)/
FMC(SDRAM_1
6bit) /
HRTIM1/2 /
SDMMC1 /
XSPI1

HRTIM1_FLT1
HRTIM1_EEV7

HRTIM1_EEV6
FMC_INT

XSPI1_CLK

XSPIM_NCLK
HRTIM1_FLT5
HRTIM1_EEV15
HRTIM1_CHA1

HRTIM1_CHA2
HRTIM2_FLT3
HRTIM1_CHD2

HRTIM1_EEV5
FMC_CLK
FMC_NBL1

FMC_D3/
FMC_AD3

FMC_D4/
FMC_AD4

ADF1/
COMP1/4/6/7 |
FDCAN1/2/

FMC(NORmux)

/

FMC(NOR_RAM

) HRTIM2 /
HSP1 /
LPTIM4/5 /
SDMMC1 /
TIM12/15 /

UART7 / UCPD1

FDCAN2_RX
ADF1_SDIO

FDCAN2_RX
FDCAN2_TX

TIM15_BKIN

SDMMC1_D2

COMP4_OUT

HRTIM2_FLT2
UART7_RX
UART7_TX

COMP4_OUT

COMP7_OUT
COMP1_OUT
COMP7_OUT

FDCAN1_TX
HRTIM2_EEV9
HRTIM2_EEV8

FDCAN1_RX

FDCAN1_TX

ADF1/
COMP2/3/5/6/8 |
CRS/
SDMMC1 /
TIM2/8/10/12/13/
15/20 / UART5/7

TIM13_CH1
COMP2_OUT
TIM8_CH3N
TIM8_CH1

TIM2_CH1

COMP5_OUT

TIM20_CH1N

COMP8_OUT
UART5_RTS
UART5_CTS
CRS_SYNC

TIM12_CHA1
TIM12_CH2
SDMMC1_CDIR

COMP3_OUT
CRS_SYNC

UART5_RX

UARTS5_TX

FMC(NORmux)
/

EVENTOUT

EVENTOUT
EVENTOUT
EVENTOUT
EVENTOUT

EVENTOUT

EVENTOUT

EVENTOUT

EVENTOUT
EVENTOUT
EVENTOUT
EVENTOUT

EVENTOUT

EVENTOUT

EVENTOUT

EVENTOUT
EVENTOUT
EVENTOUT

EVENTOUT

EVENTOUT
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FDCAN1 /12C1 /
ADF1/ LPTIM1/4 /
FDCAN3 /12C3 /| SPI2S3/SPI4 /
TIM1/15/20 /
UARTS /
UCPD1/

(=]
(7]
-
o
N
(=]
0
'

X
]

<

-

ADF1/
COMP2/3/5/6/8 |
FMC(NOR_RAM CRS/

SDMMC1 /
TIM2/8/10/12/13/
15/20 / UART5/7

LPUART1/
SPI6 / TIM3/20 /
UART4/8/9 /

XSPI1 USART10/

EVENTOUT

¥¢£2/86 abed

Port B

Port C

Port D

PB14
PB15

PCO

PC1
PC2
PC3

PC4

PC5

PC6
PC7

PC8

PC9

PC10

PC11

PC12
PC13
PC14
PC15

PDO

UART4_RTS
UART4_CTS

LPUART1_RX

LPUART1_TX

TIM20_CH2N

UART9_TX
UART9_RX

12C3_SCL
12C3_SDA

UART4_TX

UART4_RX

SPI6_SCK
UART4_TX
UART4_RX
UART4_TX

UART4_RX

XSPI1

LPTIM1_CH2
UART5_RX

TIM1_CH2
TIM20_CH2
USART10_TX

LPTIM1_CHA1

TIM1_BKIN2

XSPI1_I05
1253_MCK

SPl4_MISO
SPl4_RDY

UCPD1_FRSTX
2

FDCAN1_RX
UART5_RX
UART5_TX

FDCAN1_RX

ADF1/
Hrrimz | FMCNORMW) | pycinanD1e) /| compiiaern /
HSP1 / FMC(NORmux) | FDCAN1/2/
LPTIM3/4 / F;V'/ckfg%':ﬁ??/” / FMC(NORmux)
SDMMC1 / FMC(NOR_RAM /
12C2 /131 /
s | LPTIM3/4/5 | )/

TIMA/2/4/8 | PTIN3S ! | FMC(SDRAML1 | )/ HRTIM2
UART? | el 6bit) / HSP1 /
UCPD1 / ot HRTIM1/2 / LPTIM4/5 |

USART6/10 / SP2s | SDMMC1 / SDMMC1 /

XSPI1 vanrel XSPI1 TIM12/15 |
UART?7 / UCPD1
TIM8_CH4N  HRTIM1_ EEV1 ~ FMC_NOE  COMP4_OUT
HSP1_SNP5 = HRTIM1_EEV2 ~ FMC_NWE  HRTIM2_FLT4
USART10_CTS/
USART6 CK | [ ARTI-NCR  SDMMC1_D4  COMP7_OUT
) LPTIM3_CH1  SDMMC1 D5  HSP1_SNPO
HRTIM2_FLT7 = SDMMC1_ D6 = FMC_NWAIT = ADF1_SDIO
] LPTIM3_CH2 ~ SDMMC1_D7 | HRTIM2_EEV9
FMC_D13/
- - FMG Jots | HRTIMZ_EEVY
FMC_D12/
; - ENG Fore | HRTIMZ_FLTY
USART10_RTS = HRTIM1_CHF1 HRTIM2_EEVi4  LPTIM5_OUT
) HRTIM1_CHF2 HRTIM2_EEV13 -

UCPD1_FRSTX
2

TIM1_BKIN

TIM1_ETR

TIM8_CH3N

HRTIM1_EEV15

HRTIM1_EEV16

HRTIM2_FLT8

HRTIM2_EEV4

FMC_A18

HRTIM1_EEV14

HRTIM1_FLT7
HRTIM1_FLT8

13C1_SCL

FMC_NE2/
FMC_NCE

FMC_NE4

FMC_NE1/
FMC_NCE

XSPI1_IO7

HRTIM2_EEV15

HRTIM2_FLT8

FMC_A25

UCPD1_FRSTX
1

HRTIM2_EEV4
HRTIM2_EEV2

COMP3_OUT
ADF1_CCKO0

ADF1_CCK1
COMP3_OUT
COMP8_OUT

TIM12_CH2

COMP6_OUT
COMP5_OUT

TIM10_CHA1

COMP8_OUT

TIM12_CHA1

TIM13_CH1

TIM8_CH4N

EVENTOUT
EVENTOUT

EVENTOUT

EVENTOUT
EVENTOUT
EVENTOUT

EVENTOUT

EVENTOUT

EVENTOUT
EVENTOUT

EVENTOUT

EVENTOUT

EVENTOUT

EVENTOUT

EVENTOUT
EVENTOUT
EVENTOUT
EVENTOUT

EVENTOUT
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(3]
g FMC(NORmux) [l g
. HRTIM2 / / FMC(NAND16) /| COMP1/4/6/7 |
3 FDCANT/I2C1/|  HSP1/  |Lucodo ool FMC(NORmux) | FDCANt/2
2 ADF1/ LPTIM1/4 / Lpmimaias | PSRN / FMC(NORmux) ADF1/
FDCAN3/12C3/| SPI2S3/SPI4/ | SDMMCA / a2 | FMC(NOR_RAM / COMP2/3/5/6/8 |
LPUART1/ | TIM1/15/20/ SPI2S1/ ezl e Y, FMC(NOR_RAM CRS / EVENTOUT
SPI6/TIM3/20/ |  UARTS/ TIM1/214/8 | PTNSS! | FMC(SDRAM_1 | ) /HRTIMZ | SDMMC1 /
UARTA4/8/9 / UCPDA / UART7 / SOl 6bit) / HSP1/ | TIM2/811012/13/
XSPI1 USART10 / UCPD1/ ety HRTIMA/2 / LPTIM4/5/ | 15/20 / UARTS/7
XSPI1 USART6/10 / v SDMMC1 / SDMMC1 /
XSPI1 s XSPI1 TIM12/15 /
UART7 / UCPD1
PD1 UART4 TX  FDCAN1_TX  TIM8_CH4 13C1_SDA - - TIM8_BKIN2  EVENTOUT
PD2 TIM20 ETR | UART5_RX ] HRTIM1_EEV12 - LPTIM5_OUT - EVENTOUT
PD3 - UARTS5_TX TIM2_CH4  HRTIM1_EEV3 - - - EVENTOUT
PD4 XSPI1_103 SPI4_NSS ] HRTIM1_FLT3 - HRTIM2_CHC1 - EVENTOUT
PD5 XSPI1_102 TIM1_BKIN | TIM1_BKIN2 | HRTIM1_EEV10 FMC_NWE  LPTIM5_ETR - EVENTOUT
PD6 XSPI1_101 S MOl TIM2_CH1  HRTIM1_FLT5 - LPTIM5_IN1 - EVENTOUT
PD7 XSPI1 100 FDCAN1 RX  TIM2_CH3 TIMg_CH1 - - - EVENTOUT
FMC_D5/
. PD8 - TIM20_ETR - - FNG ADS - CRS_SYNC | EVENTOUT
=
[e)
g FMC_D6/
PD9 - TIM20_CH3N - TIM_CH2 ENG Ao - - EVENTOUT
FMC_D7/
PD10 - TIM20_CH3 ; HRTIMI_EEVe | [EOT - - EVENTOUT
FMC_A16/
PD11 UART4_RX - USART10_TX = HRTIM1_CHE1 ~ MC-A10 ADF1_CCKO = UART7_RX  EVENTOUT
FMC_A17/
PD12 UART4_TX  LPTIMIINT  USARTIO_RX  HRTIMi_CHE2 — et ADF1_CCK1 | UART7_TX EVENTOUT
PD13 - SPI3_RDY XSPI_I06  HRTIM1_FLT1 = HRTIM2_FLTA - - EVENTOUT
PD14 UART8_CTS - ] ] FMC_SDCKE1 = HRTIM2_EEV6 - EVENTOUT
PD15 UART8 RTS | TIM1_BKIN - HRTIM1_FLT4 = FMC_SDNE1  HRTIM2_EEV7 - EVENTOUT
PEO TIM20_CH4N  TIM20_ETR - HRTIM1_FLT2 - - . EVENTOUT
. PE1 UART8 TX  LPTIM1_IN2 ] - FMC_SDCLK - - EVENTOUT
3 g PE2 UART8 TX  TIM20_CH1 | HRTIM2_FLT5 = TIM1_CH3 FMC_A23 LPTIM4_ETR =~ SDMMC1_CK = EVENTOUT
«Q o
D
® USART6_CTS/
g PE3 TIM20_CH2 2C1SDA  Uamrenos  TIM1_CHI FMC_A19  LPTIM4_OUT = SDMMC1 DO  EVENTOUT
g
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Port E

Port F

PE4
PES
PEG
PE7
PE8
PE9
PE10
PE11

PE12

PE13

PE14

PE15

PFO
PF1

PF2

PF3

PF4

PF5

PF6

FMC(NORmux)
/

ADF1/
FDCAN3 /12C3 /
LPUART1/
SPI6 / TIM3/20 /
UART4/8/9 /
XSPI1

TIM20_CH1N

12C3_SMBA

TIM20_BKIN2

TIM20_CH3
TIM20_CH4

TIM20_CH1N

TIM20_CH2N

FDCAN1 /12C1 /

LPTIM1/4 /

SPI2S3 / SP14 /

TIM1/15/20 /
UARTS /
UCPD1/

USART10/

XSPI1

12C1_SMBA
TIM20_CH2N
12C1_SCL

FDCAN1_RX
FDCAN1_TX

UART5_RTS

UART5_CTS

SPI14_SCK

USART10_RX

HRTIM2 /
HSP1/
LPTIM3/4 /
SDMMC1 /
SPI251/
TIM1/2/4/8 |
UART7 /
UCPD1/
USART6/10 /
XSPI1

HSP1_SNP2
HSP1_SNP3
USART6_RTS
HRTIM2_FLT7
HRTIM2_FLT8

TIM2_CH4

TIM4_CH4

FMC(NOR_RAM
) HRTIM1/2 /
12C2/13C1 /
LPTIM3/4/5 /
OTG_FS/
SDMMC1 /
SPI251/
TIM1/9 /
USART10

12C2_SMBA
LPTIM4_IN1

HRTIM1_EEV4
HRTIM1_EEV10
HRTIM1_FLT3
HRTIM1_FLT7
HRTIM1_FLT8

LPTIM3_ETR

HRTIM1_FLT6

HRTIM1_EEV3

HRTIM1_FLT2

HRTIM1_EEV4
HRTIM1_EEV8

LPTIM3_CH1

LPTIM3_CH2

FMC(NAND16) /

FMC(NORmux)
/

FMC(NOR_RAM

)/
FMC(SDRAM_1
6bit) /
HRTIM1/2 /
SDMMC1 /
XSPI1

FMC_A20
FMC_A21
FMC_A22

FMC_SDCKEO

FMC_SDNEO
FMC_A2
FMC_NRAS

FMC_D8/
FMC_ADS

FMC_DO/
FMC_ADO

FMC_D1/
FMC_AD1

FMC_D2/
FMC_AD2

FMC_A4
FMC_SDNWE

FMC_D14/
FMC_AD14

FMC_A3

FMC_D11/
FMC_AD11

FMC_NCAS

ADF1/
COMP1/4/617 |
FDCAN1/2 /
FMC(NORmux)
/
FMC(NOR_RAM
)/ HRTIM2 /
HSP1/
LPTIM4/5 /
SDMMC1 /
TIM12/15/
UART7 / UCPD1

HRTIM2_FLT7

FDCAN2_TX

FDCAN2_RX

COMP1_OUT

HRTIM2_SCOU
T

UART7_RX

ADF1/
COMP2/3/5/6/8 |
CRS/
SDMMC1 /
TIM2/8/10/12/13/
15/20 / UART5/7

SDMMC1_D1
SDMMC1_D2
SDMMC1_D3

TIM10_CH1

EVENTOUT

EVENTOUT
EVENTOUT
EVENTOUT
EVENTOUT
EVENTOUT
EVENTOUT
EVENTOUT
EVENTOUT

EVENTOUT

EVENTOUT

EVENTOUT

EVENTOUT

EVENTOUT
EVENTOUT

EVENTOUT

EVENTOUT

EVENTOUT

EVENTOUT

EVENTOUT

suoljouny ajeulajje pue ‘uonduosep uid ‘synojjeq/synouid

XXXd/ZHZENLS



L& [ o [ o [ [ 6B [ oF G S

FMC(NORmux)
/

ADF1/

HRTIM2 / FMC(NAND16) / | COMP1/4/6/7 |

FDCAN1 /12C1 / HSP1/ FDCAN1/2/

(=]
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Port F

Port G

PF7
PF8

PF9

PF10

PF11
PF12
PF13
PF14

PF15

PGO
PG1
PG2
PG3
PG4
PG5

PG6

PG7

PG8
PG9
PG10

ADF1/

FDCAN3 /12C3 /

LPUART1/
SPI6 / TIM3/20 /
UART4/8/9 /
XSPI1

TIM20_BKIN
TIM20_BKIN2

UART4_RX

TIM20_BKIN2

FDCAN3_RX
FDCAN3_TX
UART4_RX
UART4_TX
TIM20_BKIN2
LPUART1_CTS

LPUART1_RTS

LPUART1_TX

LPUART1_RX

LPUART1_TX

LPTIM1/4 /
SPI2S3 / SP14 /
TIM1/15/20 /
UARTS /
UCPD1/
USART10/
XSPI1

TIM20_BKIN

USART10_TX

TIM20_ETR
TIM20_CH1
TIM20_CH?2

TIM20_CH3N

TIM20_CH4

TIM20_CH1N
TIM20_CH2N
FDCAN1_RX
LPTIM1_CH1

TIM20_ETR

TIM20_BKIN

FDCAN1_TX

LPTIM3/4 /
SDMMC1 /
SPI251/
TIM1/2/4/8 |
UART7 /
UCPD1/
USART6/10 /
XSPI1

TIM8_CH2

FMC(NOR_RAM
) HRTIM1/2 /
12C2/13C1 /
LPTIM3/4/5 /
OTG_FS/
SDMMC1 /
SPI251/
TIM1/9 /
USART10

LPTIM3_IN1

LPTIM3_IN2

HRTIM1_EEV12
HRTIM1_EEV13
HRTIM1_EEV15
HRTIM1_EEV14

HRTIM1_EEV16

HRTIM1_FLT5

TIM9_CH2

FMC(NORmux)
/

FMC(NOR_RAM

)/
FMC(SDRAM_1
6bit) /
HRTIM1/2 /
SDMMC1 /
XSPI1

FMC_A10

FMC_D9/
FMC_AD9

FMC_D10/
FMC_AD10

FMC_A1
FMC_A6
FMC_A7
FMC_A8

FMC_A9

HRTIM2_FLT1

FMC(NORmux)
/

FMC(NOR_RAM

) HRTIM2 /
HSP1 /
LPTIM4/5 /
SDMMC1 /
TIM12/15 /

UART7 / UCPD1

HRTIM2_SCIN

HRTIM2_EEV1

HRTIM2_SCOU
T

FDCAN1_TX
HRTIM2_FLT5
HRTIM2_FLT6

UCPD1_FRSTX
1

UCPD1_FRSTX
2

HRTIM2_FLT7

ADF1/
COMP2/3/5/6/8 |
CRS/
SDMMC1 /
TIM2/8/10/12/13/
15/20 / UART5/7

SDMMC1_CMD

COMP6_OUT

COMP8_OUT

TIM15_CH1N

EVENTOUT

EVENTOUT
EVENTOUT

EVENTOUT

EVENTOUT

EVENTOUT
EVENTOUT
EVENTOUT
EVENTOUT

EVENTOUT

EVENTOUT
EVENTOUT
EVENTOUT
EVENTOUT
EVENTOUT
EVENTOUT

EVENTOUT

EVENTOUT

EVENTOUT
EVENTOUT
EVENTOUT
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Port G

PortH

PG11
PG12
PG13
PG14
PG15
PHO
PH1
PH2
PH3

PH4

PH5

PH6
PH7
PH8
PH9
PH10
PH11
PH12
PH13
PH14
PH15

FMC(NORmux)
/

ADF1/
FDCAN3 /12C3 /
LPUART1/
SPI6 / TIM3/20 /
UART4/8/9 /
XSPI1

TIM20_CH1
LPUART1_RX

TIM20_CH1N

XSPI1_DQS0
XSPI1_NCS2

[2C3_SMBA

UART4_TX
UART4_RX
SPI6_RDY

FDCAN1 /12C1 /
LPTIM1/4 /
SPI2S3 / SP14 /
TIM1/15/20 /
UARTS /
UCPD1/
USART10/
XSPI1

LPTIM1_IN2
LPTIM1_IN1
LPTIM1_CH1
LPTIM1_CH2
SP14_RDY

LPTIM1_ETR

FDCAN1_TX
FDCAN1_RX

HRTIM2 /
HSP1/
LPTIM3/4 /
SDMMC1 /
SPI251/
TIM1/2/4/8 |
UART7 /
UCPD1/
USART6/10 /
XSPI1

TIM8_CH1
TIM8_CH3N

HSP1_SNPO
HSP1_SNP1
HSP1_SNP2
HSP1_SNP3
HSP1_SNP4
HSP1_SNP5

FMC(NOR_RAM

) HRTIM1/2 /
12C2/13C1 /
LPTIM3/4/5 /

OTG_FS/
SDMMC1 /
SPI251/
TIM1/9 /
USART10

HRTIM1_FLT4

HRTIM1_FLT6
HRTIM1_EEV4
HRTIM1_EEV6

TIM9_CH1

FMC(NAND16) /
FMC(NORmux)
/

FMC(NOR_RAM
)/
FMC(SDRAM_1
6bit) /
HRTIM1/2 /
SDMMC1 /
XSPI1

FMC_A0
FMC_A11
FMC_A12
FMC_A13

HRTIM1_FLT1

FMC_A14/
FMC_BAO

FMC_A15/
FMC_BA1

HRTIM2_FLT2
HRTIM2_FLT3

HRTIM2_FLT5

ADF1/
COMP1/4/617 |
FDCAN1/2 /
FMC(NORmux)
/
FMC(NOR_RAM
)/ HRTIM2 /
HSP1/
LPTIM4/5 /
SDMMC1 /
TIM12/15/
UART7 / UCPD1

TIM12_CH2
COMP6_OUT
HRTIM2_FLT1
COMP1_OUT
HRTIM2_FLT1

FDCAN2_RX
FDCAN2_TX

ADF1/
COMP2/3/5/6/8 |
CRS/
SDMMC1 /
TIM2/8/10/12/13/
15/20 / UART5/7

ADF1_CCKO
ADF1_CCK1
TIM12_CH2
ADF1_SDIO
TIM13_CH1
TIM10_CH1

TIM10_CHA1

TIM12_CH1
TIM13_CH1

EVENTOUT

EVENTOUT
EVENTOUT
EVENTOUT
EVENTOUT
EVENTOUT
EVENTOUT
EVENTOUT
EVENTOUT
EVENTOUT

EVENTOUT

EVENTOUT

EVENTOUT
EVENTOUT
EVENTOUT
EVENTOUT
EVENTOUT
EVENTOUT
EVENTOUT
EVENTOUT
EVENTOUT
EVENTOUT
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Port |

PIO
PI1
PI2
PI3
Pl4
PI8

ADF1/
FDCAN3 /12C3 /
LPUART1/
SPI6 / TIM3/20 /
UART4/8/9 /
XSPI1

UART8_RX

FDCAN1 /12C1 /
LPTIM1/4 /
SPI2S3 / SP14 /
TIM1/15/20 /
UARTS /
UCPD1/
USART10/
XSPI1

TIM20_CH4
FDCAN1_RX

HRTIM2 /
HSP1/
LPTIM3/4 /
SDMMC1 /
SPI251/
TIM1/2/4/8 |
UART7 /
UCPD1/
USART6/10 /
XSPI1

TIM8_BKIN2

ADF1/
FMC(NAND16) / | COMP1/4/6/7 |
FMC(NORmux) FDCAN1/2 /
/ FMC(NORmux)
FMC(NOR_RAM /
)/ FMC(NOR_RAM
FMC(SDRAM_1 )/ HRTIM2 /
6bit) / HSP1/
HRTIM1/2 / LPTIM4/5 /
SDMMC1 / SDMMC1 /
XSPI1 TIM12/15/
UART7 / UCPD1

FMC(NORmux)
/

FMC(NOR_RAM
) HRTIM1/2 /
12C2/13C1 /
LPTIM3/4/5 /
OTG_FS/
SDMMC1 /
SPI251/
TIM1/9 /
USART10

USART10_CK | HRTIM1_CHD1 ADF1_SDIO

HRTIM2_EEV7

ADF1/
COMP2/3/5/6/8 |
CRS/
SDMMC1 /
TIM2/8/10/12/13/
15/20 / UART5/7

COMP5_OUT

EVENTOUT

EVENTOUT
EVENTOUT
EVENTOUT
EVENTOUT
EVENTOUT
EVENTOUT
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‘_ STM32H7Pxxx
,’ Electrical characteristics

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 junction
temperature, supply voltage and frequencies by tests in production on 100 % of the devices with an junction
temperature at T; = 25 °C and T, = Tymax (given by the selected temperature range).

Data based on characterization results, design simulation and/or technology characteristics are indicated in the
table footnotes. 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 T = 25°C, Vpp = Vppa = 3.3V (forthe 2.7 < Vpp <3.6 V
range). 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 20.

5.1.5 Pin input voltage
The input voltage measurement on a pin of the device is described in Figure 21.

Figure 20. Pin loading conditions Figure 21. Pin input voltage

Prerelease product(s)

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

C=50pF ——

DT47493V2
DT47494V2

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 22. STM32H7Pxxx power supply scheme (with SMPS)

SMPS BYPASS
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| | floating | converter
I I I I i VrBsmps
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| || i -~ L 5! Core domain |
| = = £ = L , i
! 1 T TITTT - !
| | | 4%100 nF : 1
_______ —_— 1
| L - bommmome
| = L L L
| LT T 7T
| 47uF 47uF  4TuF 47 uF |
Two different possible use cases
@ 0
O os [T
O
%!
> Vop _ X VDDr
- - o 1 L I .
g a7 “FI x100nF L i Voo !
1 .
— : domain :
Q Power switch 1 TTTETTT 1
1 1
Two different possible use cases 1 9. : Vsw : Backu.p :
(D) ol T T ! +e—p domain |
¢ 1 1
7p)] [ X 1 ! 1
G — _— 2 | Battery e ___1 Lo——__1
| =
% L__z__
| -
) VooA VDDA| rgtmmomomoo-
— > Analog domain!
D_ { 1
1 uF 1
M I : :
- - 1
VREF+ s ! 1 : 1
—— T T -1-”; T ]“’: ]
|
Three different | 1 :
possible use cases =TT ==~ : 1
. I :
{ 1
{ 1
{ 1
Internal VREFBUF ! 1
enabled I :
VREFDACH -1-1  VREFDAC+ i I
[ —— | ldtdieditiond + 1 Ir 1
—-—- 1pF T
Three different '- - J:_ - .: :
possible use cases 1
1
1
_____ 1
: : Defines different use case options. :
D 1 )
1 | Define power domains.

X Number of VDD pins which may vary depending on the package.

DT80513V2
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Figure 23. STM32H7Pxxx power supply scheme (with LDO)
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X Number of VDD pins which may vary depending on the package.

DT80512V1

Depending on the selected part number, the core domain is supplied by either an integrated low-dropout voltage
regulator (LDO) (see Figure 23), or a switched-mode power supply (SMPS) (see Figure 22).
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The SMPS output on V| xsmps connects to the core domain supply pins (VCAP) through a filter composed of a
2.2 pH series inductor and a ~20 uF parallel capacitor. Use four 4.7 uF capacitors, placed as close as possible to
each VCAP pin.

The LDO output connects internally to the core domain. Decoupling capacitors—three 2.2 yF and one 100 nF—
must be placed as close as possible to the VCAP pins.

The integrated voltage regulator (LDO or SMPS) can be bypassed and replaced with an external supply
connected to the VCAP pins. In this case, use four 100 nF decoupling capacitors, placed as close as possible to
each VCAP pin.

5.2 Absolute maximum ratings

Stresses above the absolute maximum ratings listed in Table 11. Voltage characteristics, Table 12. Current
characteristics, and Table 13. Thermal characteristics may cause permanent damage to 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 11. Voltage characteristics

N\ All main power (VDD, VDDSMPS, VDDA, VREF+, and VREFDAC+) and ground (VSS, VSSA, VREF+, and VREFDAC+) pins
7y} must always be connected to the external power supply, in the permitted range.
b5t mbol | Range | Wn W it
&
D External main supply voltage (including
© Vopx - Vss Vb, Vpbsmps: Vbpa. VREFDAC+, and -0.3 4.0 \Y
(@) VREF+)
L .
o Veap External VCQRE supply voltage (bypass Vgs-0.3 min (Vpp, Vppa, Vv
mode operation) 1.40V)
8)) ) min (min(Vpp,
Input V(_)Itage on FT_xxx pins except Vs -0.3 Vppa) + 4.0, 6.0 V) Vv
CG FT_c pins
q) (2)@3)
E Input voltage on TT_xx pins Vgs-0.3 4.0
—
(<h) min (min(Vpp,
— ) Input voltage on BOOTO pin Vgs-0.3 Vppa) +4.0,6.0V)
0 ViN )
Input voltage on FT_c pins Vss -0.3 55
Input voltage on FT_fb pins Vss-0.3 5.5
\Y,
Input voltage on COMP inputs Vssa -0.3 Vppa + 0.3
Input voltage on any other pins Vgs-0.3 4.0
VAN Input voltage on ADC inputs Vssa-0.3 min (Vooa, VReF+)

+0.3V

Vv Y Allowed voltage difference for Vrgg+ > 04
REF+TDDA Vppa or VRerpac+, > VbpA i :

IAVooyd V?riations between diffgrent Vppx power ) 500
pins of the same domain

mV

Variations between all the different
VsV -
[Vssx-Vss| ground pins 50.0

1. Vjy maximum must always be respected. Refer to Table 12. Current characteristics for the maximum allowed injected
current values.

2. This formula must be applied on power supplies related to the I/O structure described by the pin definition table.

3. To sustain a voltage higher than 4 V the internal pull-up/pull-down resistors must be disabled. Internal analog switch must
also be disabled.
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Table 12. Current characteristics

S S T [T

2IVpp Total current into sum of all Vpp power lines (source)") 620.0
ZIVss Total current out of sum of all Vgg ground lines (sink)(") 620.0
IVbp Maximum current into each Vpp power pin (source)!") 100.0
IVss Maximum current out of each Vgg ground pin (sink)!") 100.0
lio Output current sunk by any I/0 and control pin 20.0 mA
Zlpiny Total output current sunk by sum of all I/Os and control pins(®) 140.0
Total output current sourced by sum of all I/Os and control pins'®) 140.0
Iingeiny & Injected current on FT_xx, TT_xx, RST pins -5/0
ZINJ(PIN) Total injected current (sum of all I/Os and control pins)®®) +25

1. All main power (Vpp, Vppsmps, Vppa) and ground (Vss, Vssa) pins must always be connected to the external power supply,
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

(7p) sunk/sourced between two consecutive power supply pins referring to high pin count QFP packages.
_l\_,/ 3. Positive injection (when V) > Vpp) is not possible on these I/Os and does not occur for input voltages lower than the
(@] specified maximum value.
. negative injection is induced by Vn < Vss. inypin) must never be exceeded. Refer also to Table 11. Voltage
- 4. A tive injection is induced by V, Vss. linupin t b ded. Refer also to Table 11. Volt.
© characteristics for the minimum allowed input voltage values.
O 5. When several inputs are submitted to a current injection, the maximum ¥ linypin) is the absolute sum of the negative
b injected currents (instantaneous values).
o
able 13. Thermal characteristics
8)) Table 13. Th I ch teristi
S S s
T) Tste Storage temperature range -65 to +150
O J aximum junction temperature
et T Maxi ‘unction t t 140 °C
E 1. In VOS2 voltage range. Refer to Table 14. General operating conditions for the maximum junction temperature for each
voltage range.
5.3 Operating conditions
5.3.1 General operating conditions

Table 14. General operating conditions

conditions

Standard operating voltage 1.62(1

Supply voltage for the internal

y ) V
DDSMPS SMPS step-down converter > ’

COMP used 2.50 -
DAC used 1.62 -

Vppa Analog supply voltage ADC used 162 ) 3.6 \Y
VREFBUF used 2.50 -

ADC, DAC, COMP,
VREFBUF not used
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Symbol Parameter LN
conditions

VBaT Backup domain operating voltage | -
All I/0 except FT_c 03 ~ | MIN(MIN(Vpp, Vppa) +
and TT_xx : 3.6V, 5.5V)20)
VIN 1/0O Input voltage FT /0 03 i} 50 \%
TT xx 11O -0.3 - Vpp +0.3
VOS0“ 1.25 1.30 1.35
VOS1 1.15 1.20 1.25
Internal regulator ON (LDO or
SMPS) VOS2 1.05 1.10 1.15
SVOSH - 1.00 -
VCoRE SVOSL - 0.74 - Vv
VOSso“ 1.32 1.35 1.40
Bypass: external VgoRe voltage VOS1 117 1.20 1.26
must be supplied from external
—~~ regulator on VCAP pins VOS2 1.07 1.10 1.15
\m, SVOSH 1.00 - 1.15
)
(&) VOS0“ - - 275
g facLk, THCLK AXI, AHB, APB2 clock frequency | VOS1 - - 200 MHz
(@) VOS2 - - 150
—
(@} VOS0“ - - 137.5
fPcLkx
(D) APB1, APB4 clock frequency VOS1 - - 100 MHz
x=1,2,3)
c(/)5 VOS2 - - 75
@ Ta Ambient temperature - —40 - 1250) °C
K VOS0 -40 - 105
E Ty Junction temperature VOSH1 -40 - 125 °C
E VOS2 —40 - 140
1. When RESET is released, functionality is guaranteed down to the maximum PDR voltage.
2. Apply this formula to power supplies associated with the 10 structure described in the pin definition table.
3. For operation with a voltage higher than Min (Vpp, Vppa) + 0.3 V, disable the internal pull-up and pull-down resistors.
4. In VOSO0 mode the maximum T is 105°C.
5. Absolute maximum. The maximum ambient temperature can be calculated from the power dissipation and the package

thermal characteristics. See Table 13. Thermal characteristics. Ensure that T j does not exceed the maximum value for the
selected VOS.

Table 15. Maximum allowed clock frequencies

CPU (ECC off)

Tepu_taax CPU (ECC on) 465 370 300

facLk AXI fepu_max/2

fHoLk AHB fepu_max/2 MHz
fpcLK2 APB2 fepu_max/2

fpoLk APB1, APB4 fepu_max/4

fiTck JTAG/SWD 40
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NPU

frpu_ker_ck fcpu_max
Thsp_ker_ck HSP fepu_max/2
fime_ker_ck FMC fcpu_max/2
fxspi_ker_ck XSPI1 fepu_max/2
fsdmme_ker_ck SDMMC1 200
fadf_ker_ck ADF fepu_max/2
ftdcan_ker_ck FDCAN 125
fioe_ker_ck 12C1-3 fcpu_max/4
fiac_ker_ck 13C1 fecpu_max/4
fitim_ker_ck LPTIM1-5 fepu_max/4
fim_ker ck TIM2-7, TIM10-14 fepu_MAX
ftim_ker_ck TIM1, TIM8, TIM9, TIM15-17, TIM20 fepu_max MHz
,UT ftim_ker_ck HRTIM1-2 fepu_max
4\—0/ fhsid8_ker_ck RNG 48
8 fspi_ker_ck SPI1-6 fepu_max/2
g fiouart_ker_ck LPUART1 fcpu_max/4
= fysart_ker ok USART1/2/3/6/10 fopu_max/4
3 fuart_ker_ck UART4/5/7/8/9 fepu_max/4
(7))} fusbfs_ker_clk OTG-FS 48
8 fucpd_ker_clk UCPD 25
K fadc_ker ck ADC1/2/3/4 80
CT) fdac_ker_clk DAC1/2 fcpu_max
E fric_ker_ck RTC 1
frte_ker ok TAMPER 4

1. Specified by design. Not tested in production.

2. The maximum kernel clock frequency is limited by the maximum peripheral clock frequency. Refer to the electrical
characteristics of each peripheral.

5.3.2 VCAP external capacitor

The stabilization for the embedded LDO regulator is achieved by connecting an external capacitor Cgxt (whose
value is specified in Table 16. Characteristics of LDO regulator external components) to the VCAPx (one or two
pins, depending upon the package). Three external capacitors must be connected to VCAP pins.

Figure 24. External capacitor Cext equivalent circuit

C
— ] | -
[
ESR
]
L 1
R Leak
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Table 16. Characteristics of LDO regulator external components

s

Capacitance of external capacitor on each VCAP pin LDO mode
Cext Capacitance of external capacitor on each VCAP pin Bypass mode - 100 - nF
ESR of external capacitor 2.4 MHz - - 100  mQ

1. Tolerance: -20% to +20% under all conditions.

5.3.3 SMPS step-down converter
The devices embed a high power efficiency SMPS step-down converter requiring external components.

Table 17. Characteristics of SMPS step-down converter external components

T e T A o

Capacitance of external capacitor on VDDSMPS

Cin
ESR of external capacitor 2.4 MHz - - 10 mQ
,UT Criit Capacitance of external capacitor on VLXSMPS pin - - 220 - pF
N’ Capacitance of external capacitor on each VCAP pin - - 4.7 - uF
+2 Cout
(5) ESR of external capacitor 2.4 MHz - - 20 mQ
e . Inductance of external Inductor on VLXSMPS pin - - 2.2 - uH
E Serial DC resistance - - - 150 | mQ
o | DC current at which the inductance drops 30% from the value 1 ) i A
SAT without current
CD . . .
(7)) | Average current for which the temperature of the inductor is ) 1 ) ) A
CG RMS raised 40 °C by the DC current
2 1. Tolerance: -50% to +30% under all conditions.
@ . N . .
b The SMPS current consumption can be determined using the following formula based on the maximum LDO
2 current consumption provided in Section 5.3.7: Supply current characteristics:
al Ippsmps = IbpLpbo * Veore / (Vop * efficiency)

IppLpo is the current in LDO configuration given in the following tables, Vcore is the digital core supply (VCAP),
and efficiency is defined in the following curves.
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Figure 25. SMPS efficiency versus load current in Run, Sleep, and Stop mode, T; = 30°C
Efficiency (%)
100
90

VDDSMPS = 3.3V, VOS0

VDDSMPS = 3.3V, VOS1

70 —— VDDSMPS = 3.3V, VOS2
60
50
40
>
g
~ “ 10 100 1000 Curent(mA) S
[a]
9,
)
(:-_)) Note: Stop mode is equivalent to VOS2 mode.
= 5.34 (0] i iti
o 3. perating conditions at power-up/down
b Subject to general operating conditions for Tp.
o
% Table 18. Operating conditions at power-up/down (regulator ON)
s N = S— =
q) V|
— pD rise time rate
o tvop i
| - Vpp fall time rate 10
) o w© us/V
e Vppa rise time rate 0
(al tvbba
Vppa fall time rate 10
5.3.5 Embedded reset and power control block characteristics

The parameters given in Table 19 are derived from tests performed under ambient temperature and Vpp supply
voltage conditions summarized in Section 5.3.1: General operating conditions.

Table 19. Embedded reset and power control block characteristics

Evaluated by characterization and not tested in production, unless otherwise specified.

e e ol [

trsTTEMPO " Reset delay after POR released Vpp rising
VeoRPOR Power-on/power-down reset threshold ( Rising edge 162 167  1.71 v
BOR_LEV =0) Falling edge 158 162 | 1.68

Rising edge 204 210 2.15
VBOR1 Brown-out reset threshold 1 (BOR_LEV = 1) \%
Falling edge 195 2.00 | 2.06

Rising edge 234 241 2.47
VBOR2 Brown-out reset threshold 2 (BOR_LEV = 2) \Y,
Falling edge 225 2.31 2.37

VBOR3 Brown-out reset threshold 3 (BOR_LEV = 3) Rising edge 263 270 278 v
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VBOR3 Brown-out reset threshold 3 (BOR_LEV = 3) Falling edge 254 261 2.68

Rising edge 1.90 1.96 2.01
Vpvbo Programmable voltage detector threshold 0 \
Falling edge 1.81 1.86 1.91

Rising edge 205 210 2.16
VpyD1 Programmable voltage detector threshold 1 \Y
Falling edge 196 2.01 2.06

Rising edge 219 226 2.32
VpvD2 Programmable voltage detector threshold 2 \
Falling edge 210 215 2.21

Rising edge 235 241 2.47
VpvD3 Programmable voltage detector threshold 3 V
Falling edge 225 231 2.37

Rising edge 249 256 2.62
Vpvpa Programmable voltage detector threshold 4 \
Falling edge 239 245 2.51

Rising edge 264 271 2.78
VpvDs Programmable voltage detector threshold 5 \Y
Falling edge 255 2.61 2.68

’ ) ) Rising edge 278 286 @ 294
VpvDs Programmable voltage detector threshold 6 \%
+— Falling edge 269 276 @ 2.83
& .
- Vhyst POR_PDR | Hysteresis for power-on/power-down reset Hysteresis in - 43 - mV
S Run mode
o Vhyst BOR PvD | Hysteresis voltage of BOR Hysteresis in - 100 - mvV
— YSLEUR Run mode
o Ipp_pvp'"” PVD consumption from Vpp - - - 0.63
MA
8)) Ibb_POR_PDR POR and PDR consumption from Vpp - 0.8 - 1.2
CG Rising edge 1.66 1.71 1.76
(D) Vavbo Vppa voltage monitor 0 threshold
T) Falling edge 1.56  1.61 1.66
| - Rising edge 206 212 219
() VavD1 Vppa Vvoltage monitor 1 threshold
Pl Falling edge 196 2.02 | 2.08
V
al Risingedge 242 250 258
VavD2 Vppa Vvoltage monitor 2 threshold
Falling edge 235 242 2.49
Rising edge 274 283 @ 291
VavD3 Vppa Vvoltage monitor 3 threshold
Falling edge 264 272 2.80
Vhyst_ AVD Hysteresis of Vppa voltage detector - - 100.00 - mV
Ipp_avp " Analog voltage detector consumption from Vpp (AVD) - - - 0.25 puA
|DD_AVD_A(1) Analog voltage detector consumption from Vppa (resistor ) ) . 025 A

bridge)
1. Specified by design. Not tested in production.
5.3.6 Embedded reference voltage

The parameters given in Table 20 are derived from tests performed under the ambient temperature and supply
voltage conditions summarized in Section 5.3.1.

Table 20. Embedded reference voltage

N (T T T

Vrerint'" Internal reference voltages -40°C < T, < 140°C 118 1216 1.255
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e e N S I

) ADC sampling time when reading the internal
reference voltage

ts _vrefint 203

¢ 3) VeaT sampling time when reading the internal 9 s
S_vbat reference voltage H

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

All the run-mode current consumption measurements given in this section are performed with a CoreMark code.

t (3 Start time of reference voltage buffer when ) ) ) 4.4
start_vrefint ADC is enable B
lrefour Reference buffer consumption for ADC Vpp =33V 9 135 23 PA
AVrernt® Internal reference voltage spread over the —40°C < T, < 140°C R 5 15 mv
temperature range
- Average temperature o
Teoeff Average temperature coefficient coefficient - 20 70 ppm/°C
VbDcoeff Average voltage coefficient 3.0V<Vpp<36 V - 10 1370 ppm/V
VReFINT piv1 ¥ | 1/4 reference voltage - R 25 ;
VREFINT7D|V2 ®) 1/2 reference voltage - - 50 - % VREF|NT
. VRerINT piva ) | 3/4 reference voltage - - 75 -
)
:/ 1.  VgernT does not take into account package and soldering effects.
(&) 2. The shortest sampling time for the application can be determined by multiple iterations.
- 3. Specified by design. Not tested in production.
y [¢]
®;
E Table 21. Internal reference voltage calibration value
o
m VREFINT_CAL Raw data acquired at 30°C, Vppa = 3.3V 0Ox08FF F810 - Ox08FF F811
2 5.3.7 Supply current characteristics
)
—
)
—

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 “FLASH recommended number of wait states and programming delay”
available in the reference manual).

. When the peripherals are enabled, the AHB clock frequency is the CPU frequency and the APB clock
frequency is AHB frequency.

The parameters given in the following tables are derived from tests performed under supply voltage conditions
summarized in Section 5.3.1, and, unless otherwise specified, at ambient temperature.

The maximum current consumption is given for LDO regulator ON.
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Table 22. Typical and maximum current consumption in Run mode, code with data processing running from flash
memory, 2-way instruction cache ON, PREFETCH ON

. - o Max()()
Symbol Parameter Conditions GIELLEE Lég SN)IISS
(MHz) T,=25°C | T, =85°C | T, = 105°C | T, = 140°C
280 ~ TBD @ TBD TBD TBD TBD TBD
VOS0
240  TBD @ TBD TBD TBD TBD TBD
240  TBD @ TBD TBD TBD TBD TBD
All peripherals ' \ng1 ' 500 TBD | TBD TBD TBD TBD TBD
disabled
170 | TBD = TBD TBD TBD TBD TBD
170 | TBD = TBD TBD TBD TBD TBD
VOS2
| Supply current in 100 | TBD = TBD TBD TBD TBD TBD
DD(Run mA
R4 Run mode 280 TBD TBD TBD TBD TBD TBD
VOS0
240 | TBD @ TBD TBD TBD TBD TBD
240  TBD @ TBD TBD TBD TBD TBD
Allperipherals ' ng1 500 TBD | TBD TBD TBD TBD TBD
enabled
170 | TBD @ TBD TBD TBD TBD TBD
170 | TBD @ TBD TBD TBD TBD TBD
VOS2
100 | TBD = TBD TBD TBD TBD TBD

Prerelease product(s)

Supply current in

ob(Run) Run mode

VOSSO0

All peripherals
perip VOS1

disabled

VOS2

fHcLk
(MHz2)

280
240
240
200
170
170
100

Typ
LDO

TBD
TBD
TBD
TBD
TBD
TBD
TBD

Typ

Max(1@

1. The maximum values are given for LDO regulator ON. Refer to Section 5.3.3 for the SMPS maximum current consumption.
2. Evaluated by characterization. Not tested in production.

1. The maximum values are given for LDO regulator ON. Refer to Section 5.3.3 for the SMPS maximum current consumption.

Table 23. Typical and maximum current consumption in Run mode, code with data processing running from flash
memory, 1-way instruction cache ON, PREFETCH ON

mA

2. Evaluated by characterization. Not tested in production.

Table 24. Typical and maximum current consumption in Run mode, code with data processing running from SRAM with
cache 1-way

Max(n(z)
i ficLk Typ Typ
Parameter Conditions (MHz) LDO SMPS TJ—105 TJ=140 Unit
280 TBD
| : All peripherals | VOS0

DD Supply current in Run peripherals 240 TBD TBD TBD TBD  TBD = TBD mA

(Run) K mode disabled

VOS1 240 TBD TBD TBD TBD TBD TBD
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Max(1)(2>
" fheLk Typ
Symbol Parameter Conditions (MHz) SMPS TJ = 25 TJ = 105 TJ - 140
200 TBD
VOS1
Ibb  Supply currentin Run  All peripherals 170 TBD TBD TBD TBD TBD TBD A
(Run)  Mode disabled 170 TBD TBD TBD TBD TBD TBD
VOS2
100 TBD TBD TBD TBD TBD TBD

1. The maximum values are given for LDO regulator ON. Refer to Section 5.3.3 for the SMPS maximum current consumption.
2. Evaluated by characterization. Not tested in production.

Table 25. Typical and maximum current consumption in Run mode, code with data processing running from SRAM with

cache 2-way
Max(1)(2)
Symbol | P t Conditi fucLk | vy Do
ymbo arameter onditions (MHz) yp SMPS TJ - 105 T, = 14oo
~~
2 VOS0
+— 240 TBD TBD TBD TBD TBD TBD
% Suppl Al 240 TBD TBD TBD TBD TBD TBD
upply :
@) Ipb(Run) | current in peripherals VOS1 200 TBD TBD TBD TBD TBD TBD mA
Run mode i
e disabled 170 TBD TBD TBD TBD TBD TBD
o 170 TBD TBD TBD TBD TBD TBD
VOS2
(b} 100 TBD TBD TBD TBD TBD TBD
7))
cﬁ 1. The maximum values are given for LDO regulator ON. Refer to Section 5.3.3 for the SMPS maximum current consumption.
(D) 2. Evaluated by characterization. Not tested in production.
)
CT) Table 26. Typical consumption in Run mode with CoreMark running from flash memory and SRAM
b Evaluated by characterization. Not tested in production.
D_ Conditions f
HCLK Typ Typ Typ Typ
Symbol Parameter - (MHz) LDO | SMPS LDO | SMPS
280 TBD TBD TBD TBD
24 TBD TBD TBD TBD
All peripherals disabled, 0
instruction cache 2-way, FLASH 200 TBD TBD TBD TBD
prefetch ON 170 TBD = TBD TBD =~ TBD
100 TBD TBD TBD TBD
280 TBD TBD TBD TBD
. All peripherals disabled, 240 TBD TBD TBD TBD
IDb(Run) Supply current in Run ' jnstryction cache 1-way, FLASH mA PA/MHz
mode prefetch ON 170 TBD TBD TBD TBD
100 TBD TBD TBD TBD
280 TBD TBD TBD TBD
240 TBD TBD TBD TBD
All peripherals disabled, SRAM 200 TBD = TBD TBD = TBD
instruction cache 2-way
170 TBD TBD TBD TBD
100 TBD TBD TBD TBD
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Symbol Parameter Condltlons froLk Typ Typ Typ Typ
per|phera| (MHz) | LDO | SMPS LDO | SMPS

STM32H7Pxxx

280 TBD = TBD TBD =~ TBD

IpD(Ru) Supply current in Run | All peripherals disabled, SRAM 240 TBD TBD | .| TED TBD UAIMHZ
mode instruction cache 1-way 170 TBD TBD TBD TBD
100 TBD = TBD TBD = TBD

Table 27. Typical consumption in Run mode with SecureMark running from flash memory and SRAM

Evaluated by characterization. Not tested in production.

Symbol Parameter Condltlons fueLk Typ Typ Typ Typ
per.phera| (MHz) LDO | SMPS LDO | SMPS

280 TBD TBD TBD TBD
All peripherals disabled, 240 TBD TBD TBD TBD
instruction cache 2-way, FLASH
prefetch ON 170 TBD TBD TBD TBD
N ; 100 TBD TBD TBD TBD
7)) Ipb(Run) Sur:jply current in Run mA UAMHzZ
= mode 280 TBD TBD TBD TBD
O All peripherals disabled, 240 TBD TBD TBD TBD
D instruction cache 1-way, FLASH
e prefetch ON 170 TBD TBD TBD TBD
o 100 TBD = TBD TBD = TBD
—
o
()} Table 28. Typical and maximum current consumption in Sleep mode
% fhoLk Typ Typ Max(1)e
Symbol Parameter Conditions Unit
(b)) (MHz) | LDO | SMPS |1, =25°C|T,=85°C|T,;=105°C|T,=140°C
QO 280 TBD TBD TBD TBD TBD TBD
— VOS0
D 240 TBD TBD TBD TBD TBD TBD
—
D_ IbD(sleep) Supply currentin | All peripherals VOS1 200 8D TBD 8D 8D TBD 8D mA
sleep .
sleep mode disabled 1770 | TBD = TBD TBD TBD TBD TBD
170 TBD TBD TBD TBD TBD TBD
VOS2
100 TBD TBD TBD TBD TBD TBD

1. The maximum values are given for LDO regulator ON. Refer to Section 5.3.3 for the SMPS maximum current consumption.
2. Evaluated by characterization. Not tested in production.

Table 29. Typical and maximum current consumption in Stop mode

Symbol Parameter Conditions Typ LDO | Typ SMPS
T;=25°C | T;=85°C |Ty;=105°C | T, =140°C

Flash memory
in low power
mode, SRAMs
Supply ON

IpD(stop) ;l:;rpent in _Flash memory mA
in normal
mode, SRAMs
ON

TBD TBD TBD TBD TBD TBD

TBD TBD TBD TBD TBD TBD
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Max()@

Symbol Parameter Conditions Typ LDO | Typ SMPS
T;=25°C | T;=85°C |Ty;=105°C | T, =140°C

Flash memory
in low power
mode, SRAMs
OFF except
Supply SRAM2 16
Ipb(stop) | current in Kbytes ON I
Stop

TBD TBD TBD TBD TBD TBD

Flash memory

in low power

mode, SRAMs TBD TBD TBD TBD TBD TBD
OFF except

SRAM2 ON

1. The maximum values are given for LDO regulator ON. Refer to Section 5.3.3 for the SMPS maximum current consumption.
2. Evaluated by characterization - Not tested in production.

Table 30. Typical and maximum current consumption in Standby mode

Symbol Parameter
Supply current in standby mode, TBD TBD
IpD(standby) pA
IWDG OFF ON TBD @ TBD TBD TBD TBD TBD

1. Evaluated by characterization. Not tested in production.
2. LSE is in medium-low drive mode.

1/0 system current consumption

All the I/Os used as inputs with pull-up generate a current consumption when the pin is externally held low. The
value of this current consumption can be simply computed by using the pull-up/pull-down resistors values given in
Table 51.

To estimate the current consumption for the output pins, consider also external pull-downs or loads.

An 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 Schmitt trigger circuits used to discriminate the
input value. Unless this specific configuration is required by the application, this current consumption can be
avoided by configuring the 1/Os in analog mode. This is notably the case of ADC input pins, to be configured as
analog inputs.

Prerelease product(s)

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 a 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 by using pull-up/down
resistors, or by configuring the pins in output mode.

In addition to the internal peripheral current consumption, the I/Os used by an application also contribute to the
current consumption. When an I/O pin switches, it uses the current from the MCU supply voltage to supply the I/O
pin circuitry and to charge/discharge the capacitive load (internal or external) connected to the pin where:

. Isw is the current sunk by a switching 1/0 to charge/discharge the capacitive load

. Vppx is the MCU supply voltage

. fsw is the I/O switching frequency

. C_ is the total capacitance seen by the 1/0 pin: C = Cjy1+ CegxT + Cs

. 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 MCU is placed under the following conditions:
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. At startup, all I/O pins are in analog input configuration

. All peripherals are disabled unless otherwise mentioned

. The I/O compensation cell is enabled

. fucik is the CPU clock, feeLk = free_cpu_cks @Nd fHoLk = frec_cpu_ck-

The given value is calculated by measuring the difference of current consumption:

. With all peripherals clocked off

. With only one peripheral clocked on

. frec_cpu_ck = 260 MHz (VOSO0), free cpu_ck = 217 MHz (VOS1), fiee cpu_ck = 175 MHz (VOS2)
. Ambient operating temperature is 25°C and Vpp = 3.3V

Table 31. Peripheral current consumption in Sleep mode

IDD (typ)
Peripheral

AHB1
ADF . : .
AHB1 OTG-FS - - - HA/MHz
HSP - - -
GPDMA - - -
AHB3 - - -
DACH1 - - -
DAC2 . . i
DAC3 - - -
DAC4 - - -
DAC5 - - -
AHB3 DAC6 - - - HA/MHz
DAC7 - - -
DAC8 - - -
ADC12 - - -
ADC3-4 - - -

Prerelease product(s)

RNG - - -
HASH - - _
AHB2 - - _
AHB2 FMAC - - - HA/MHz
CORDIC - - _
AHB4 - - -
CRC - - -
PWR - - -
GPIOI - - -
AHB4 GPIOH - - - pA/MHz
GPIOG - - -
GPIOF - - -
GPIOE - - -
GPIOD - - -
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IDD (typ)
Peripheral
VOS0 VOS1 VOS2

GPIOC
AHB4 GPIOB - - - MA/MHz

GPIOA - - -
SDMMCH1 - - -
HPDMA - - -
NPU - - -
FMC - - -

AHB5 HA/MHz
XSPI1 - - -
FLASH - - -
DB-SDMMCH1 - - -
DB-XSPI1 - - -
APB1 - - -
FDCAN1 - - -
FDCAN2 - - -
CRS - - -
12C2 - . .
12C3 - - -
12C1 - - -
UART5 - - -
UART4 - - -
UART7 - - -
UARTS - - -
USART3 - - -
USART2 - . :
SPI3 - - -

Prerelease product(s)

APB1 SPI2 - - - HA/MHz

WWDG1 - - -
TIM14 - - -
TIM13 - - -
TIM12 - : .
TIM11 - - -
TIM10 - . :
TIM7 - - -
TIM6 - - -
TIM5 - : .
TIM4 - - -
TIM3 - - -
TIM2 - : .
UCPD1 - - -
13C1 - . :
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Peripheral
APB2 - - -
HRTIM2 - - -
HRTIM1 - - -
TIM20 - - -
TIM17 - - -
TIM16 - - -
TIM15 - - -
USART10 - - -

APB2 UART9 - - - MA/MHz
USART6 - - -
USART1 - - -
TIM9 - - -
TIM8 - - -
SPI5 - - -
SPI4 - - -
SPI1 - - -
TIM1 - - -
APB4 - - -
VREFBUF - - -
LPTIM5 - - -
LPTIM4 - - -
LPTIM3 - - -
LPTIM2 - - -
COMP1 - - -
COMP2 - - -

Prerelease product(s)

COMP3 - - -
APB4 COMP4 - - - HA/MHz

COMP5 - - -

COMP6 - - -

COMP7 - - -

COMP8 - - -

SPI6 - - -

12C3 - - -

LPUART1 - - -

RTC - - -

SBS - - -

Wake-up time from low-power modes

The times given in Table 32 are measured starting from the wake-up event trigger up to the first instruction
executed by the CPU:
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. For Stop or Sleep modes: the wake-up event is WFE.
. WKUP (PAO0) pin is used to wake-up from Standby, Stop and Sleep modes.

All timings are derived from tests performed under ambient temperature and Vpp = 3.3 V.

Table 32. Low-power mode wake-up timings

T I S N [ TN

Instruction cache enabled

twusLeep | Wake-up time from Sleep mode CPU clock cycles
Instruction cache disabled 15 16
HSI 64 MHz, flash memory in normal mode 241 TBD
twustor | Wake-up time from Stop mode
HSI 64 MHz, flash memory in low-power mode 27.6  TBD us
twustey  Wake-up time from Standby mode VCAP capacitors discharged 372.5 TBD
5.3.8 External clock source characteristics

High-speed external user clock generated from an external source

’U) ' In bypass mode the HSE oscillator is switched off and the input pin is a standard GPIO.
:/ The external clock signal must respect the Table 33. High-speed external user clock characteristics in addition to
(&) Table 51. 1/O static characteristics.
)
g Table 33. High-speed external user clock characteristics
e Specified by design. Not tested in production.
QN - == S == =N = 2 = =
8)) fHSE_ext User external clock source frequency External digital/analog clock
CG VHseH Digital OSC_IN input high level voltage 0.7 Vpp - Vpp
m External digital clock V
T) VHSEL Digital OSC_IN input low level voltage Vss - 0.3 Vpp
E tw(HSEH)/tw(HSEL)“) Digital OSC_IN input high or low time External digital clock 7 - - ns
j - ; @ -swi -to-
D_ Visw(HSEH) Anallo_tg (Ijow swing OSC_IN peak-to-peak 0.2 ) 2/3 Vpp v
(VHSEH -VHSEL) amplitude External analog low swing clock
DuCynsg Analog low-swing OSC_IN duty cycle 45 50 55 %
Analog low-swing OSC_|IN rise and fall External analog low swing clock, )
trHsE) / t(HSE) times 10% to 90% 0.05 / fHsE_ext 0.3 /fHsg ext ns

1. The rise and fall times for a digital input signal are not specified, but the Vysgy and Vysg, conditions must be fulfilled.

2. The DC component of the signal must ensure that the signal peaks are located between Vpp and Vss.
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Figure 26. High-speed external clock source AC timing diagram

VHsEH

VHsEL

. ! "
tr(HsE) e 1 tf(HsE) i: P twi(HsE) < > twiise) t
1
r——Thse —PE
fhise_ext
EXTERNAL = I
CLOCK SOURCE OSC_IN
M - STM32

DT37877V1

~~
2 Low-speed external user clock generated from an external source
)
(&) In bypass mode the LSE oscillator is switched off and the input pin is a standard GPIO.
> The external clock signal must respect the Table 34. Low-speed external user clock characteristics in addition to
(@) Table 51. 1/O static characteristics.
o
—
o Table 34. Low-speed external user clock characteristics
(D) Specified by design. Not tested in production.
7p)] Symbol Parameter Conditions Typ Unit
qv)
User external clock source -
2 fLSE_ext frequency External digital clock - 32.768 1000 kHz
)
— Digital OSC32_IN input high )
(D) Visen level voltage 0.7 Voo Voo
o External digital clock \
Digital OSC32_IN input low
al Vise level voltage Vss . 0-3 Voo
Digital OSC_IN input high -
tw(LSEH)tw(LSEL) | OIV%I t?m e NPUtNIGN O" ' £, ternal digital clock 250 - - ns
Note: For information on selecting the crystal, refer to AN2867 “Guidelines for oscillator design on STM8AF/AL/S and

STM32 MCUs/MPUSs” available from www.st.com.
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Figure 27. Low-speed external clock source AC timing diagram
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2 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 characterization results obtained with typical external
[®) components specified in Table 35. 4-50 MHz HSE oscillator characteristics. In the application, the resonator and
o the load capacitors must be placed as close as possible to the oscillator pins to minimize output distortion and
E startup stabilization time. Refer to the crystal resonator manufacturer for more details on the resonator
characteristics (frequency, package, accuracy).
)
CU)G Table 35. 4-50 MHz HSE oscillator characteristics
G) Evaluated by characterization. Not tested in production.
© e T e
B Oscillator frequency
E R Feedback resistor - - 200 - kQ
During startup'® - - 10

Vpp=3V,Rm=200Q,

CL = 10 pF at 4 MHz - 044 -
Vpp =3V, Rm=20Q,
- 044 -
CL = 10 pF at 8 MHz
IDD(HSE) HSE current consumption Vpp =3V, Rm=20 0 mA
’ ’ - 055 -
CL =10 pF at 16 MHz
Vbp=3V,Rm=20Q,
- 0.67 -
CL =10 pF at 32 MHz
Vpp =3V, Rm =20 Q, 117
C_ = 10 pF at 48 MHz ) : )
GMgritmax Maximum critical crystal gm Startup - - 15 mA/N
tsuHse)” Startup time Vpp is stabilized - 2 ; ms

1. Resonator characteristics given by the crystal/ceramic resonator manufacturer.
This consumption level occurs during the first 2/3 of the tsynsg) startup time.

tsu(Hse) s the startup time measured from the moment it is enabled (by software) to a stabilized 8 MHz oscillation is
reached. This value is measured for a standard crystal resonator and it can vary significantly with the crystal manufacturer.
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Note: For information on selecting the crystal, refer to AN2867 “Guidelines for oscillator design on STM8AF/AL/S and
STM32 MCUs/MPUSs”, available from www.st.com.

Figure 28. Typical application with an 8 MHz crystal

CL1
OSC_IN fuse
I Bias
8 MHz controlled
J__‘ resonator Re gain
= —| I—I—MM ] .
Rexr (1 LFIOSC—OUT

DT77036V1

/UT 1. RexT value depends on the crystal characteristics.
N—
-IG 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 is based on design simulation results obtained wi pical externa
@) inf tion gi in thi graph is based on design simulati Its obtained with typical ext I
(@) components specified in Table 36. LSE oscillator characteristics (f sg = 32.768 kHz). In the application, the
resonator and the load capacitors must be placed as close as possible to the oscillator pins to minimize outpu
b t d the load it t be placed | ible to th illator pins to minimi tput
o distortion and startup stabilization time. Refer to the crystal resonator manufacturer for more details on the
()] resonator characteristics (frequency, package, accuracy).
7))
8 Table 36. LSE oscillator characteristics (f_sg = 32.768 kHz)
Specified by design. Not tested in production.
[3)
= I [ o 2
— F Oscillator frequency 32.768
LSEDRV[1:0] = i 333 )

Medium low drive capability

. LSEDRV[1:0] = 10
| - -
DD LSE current consumption Medium high drive capability 462 nA

LSEDRV[1:0] = 11

High drive capability
LSEDRV[1:0] =

Medium low drive capability

. - LSEDRV[1:0] = 10
Gmey - -
Mcritmax Maximum critical crystal gm Medium high drive capability 1.7 ANV

LSEDRV[1:0] = 11
High drive capability

- 747 -

- - 0.75

- - 2.7

tsuse)? Startup time Vpp is stabilized - 2 . s

1. Refer to the note and caution paragraphs below the table, and to AN2867 “Guidelines for oscillator design on STM8AF/AL/S
and STM32 MCUs/MPUSs".

2. tsysk) Is the startup time measured from the moment it is enabled (by software) to when a stabilized 32.768 kHz oscillation
is reached. This value is measured for a standard crystal and can vary significantly with the crystal manufacturer

Note: For information on selecting the crystal, refer to AN2867 “Guidelines for oscillator design on STM8AF/AL/S and
STM32 MCUs/MPUSs”, available from www.st.com.
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Figure 29. Typical application with a 32.768 kHz crystal

Resonator with integrated

capacitors
* Cr1
..‘.,,‘ . . ....'. OSC32_|N [ fLSE
: I I "-_ Drive
: . 32.768 kHz
J:'__—ﬂ 1 ! resonator programmable
I amplifier
- ‘.‘.. . .
e AR “ 0SC32_0UT s
CL2 &
o
i
[a]
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 source characteristics
’U)‘ The parameters given in Table 37. HSI48 oscillator characteristics to Table 40. LS| oscillator characteristics are
~ derived from tests performed under ambient temperature and Vpp supply voltage conditions summarized in
"5‘ Section 5.3.1.
- . . .
o) 48 MHz high-speed internal RC oscillator (HS148)
o
o Table 37. HSI48 oscillator characteristics
® smbol | P | Condons | Wn | | i
CU)G fHsias HS148 frequency Vpp =3.3V,Ty=30°C 4751 48 485 MHz
(D) TRIM®) User trimming step - - 0175 -
—_— %
(D) USER TRIM COVERAGE®) | User trimming coverage +32 steps +4.79 | +5.60 -
—
(D) DuCy(Hsi4s) ! Duty cycle - 45 - 55 %
—
D_ 4 Accuracy of the HSI48 oscillator over temperature Ty =-4010 125°C 4.5 B 35
ACChsi4s_reL ™ < an o %
— (reference is 30 °C) T, =-40 to 140°C 45 R 4.0
Vpp =3.0t036V - 0.025 0.05
Avpp(Hsiag) Y HSI48 oscillator frequency drift with Vpp'®) %
Vpp = 1.62t03.6 V - 005 0.1
tsu(Hsias)”) HSI48 oscillator start-up time - - 2.1 40 | pus
Ipp(Hsi4s) ) HSI48 oscillator power consumption - - 350 @ 400 @ pA
Next transition jitter
N jitter®) - - +0.15 -
Accumulated jitter on 28 cycles®) ns
P+ jitter® Paired transition jitter accumulated jitter on 56 cycles® - - %025 -
1. Calibrated during manufacturing tests.
2. Specified by design. Not tested in production.
3. Evaluated by characterization. Not tested in production.
4. Afys) = ACChsias ReL + AVpp(Hsi4g)
5. These values are obtained by using the formula: (Freq(3.6 V) - Freq(3.0 V)) / Freq(3.0 V) or (Freq(3.6 V) - Freq(1.62 V)) / Freq(1.62 V).
6. Jitter measurements are performed without clock sources activated in parallel.
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Figure 30. HSI48 frequency versus temperature
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e 64 MHz high-speed internal RC oscillator (HSI)
) . i
— Table 38. HSI oscillator characteristics
9 Specified by design and not tested in production, unless otherwise specified.
T T T T A
fhsi Frequency Vpp=3.3V, T;=30°C 63.7) 64.0 64.3) MHz
Trimming is not a multiple of 32 - 0.24  0.32
Trimming is 128, 256, and 384 52  -18 -
TRIM User trimming step Trimming is 64, 192, 320, and 488 14 08 - %

Other trimmings are multiples of 32 (not including 06

multiples of 64 and 128) 025 -
DuCy(HSI) ' Duty cycle - 45 - 55 %
Avop(HSI) HSI oscillator frequency drift over Vpp Vpp = 1.6210 3.6 V 042 i 0.03
(reference: 3.3 V)
- ° %
Aremp(HSI) HSI oscillator frequency drift over temperature Ty=-2010 105°C -1 - 1)
(reference is 64 MHz) T,= -40°C to Tymax 2) ) 1@
tsu(HSI) HSI oscillator start-up time - - 14 20  us
tstab(HSI) | HSI oscillator stabilization time At 1% of target frequency - 4 8 us
Ipp(HSI) HSI oscillator power consumption - - 300 @ 400 MA

1. Specified by test in production.
2. Specified by characterization.
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Figure 31. HSI frequency versus temperature (TBD)
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— 4 MHz low-power internal RC oscillator (CSl)
o
Q Table 39. CSl oscillator characteristics
CU)G Specified by design and not tested in production, unless otherwise specified.
5 mbol | pamesr | Condions | Wn | Ty | | Unc
(D) frsi CSl frequency Vpp =3.3V, T;=30°C 3960 4  4.04 MHz
—
(b} Trimming is not a multiple of 16 - 0.40 0.75
—
D_ TRIM CSI Trimming step Trimming is a multiple of 32 -4.75 -2.75 0.75 %
Other trimming values -0.43 0 0.75
DuCycsiy | Duty Cycle - 45 - 55 %
Avpp (csly | CSl oscillator frequency drift over Vpp Vpp=1.62Vt03.6V -0.06 - 0.06 %
T,;=0to 85°C -3.7) - 4.52)
Atemp (csiy | CSl oscillator frequency drift over temperature %
Ty =-40 to 140°C 112 - 7.52)
tsu (csl) CSl oscillator start-up time - - 1 2 us
tstab (csl) CSl oscillator stabilization time to reach 3% of target frequency - - 4 cycles
Ipp (cs1y CSl oscillator power consumption - - 23 30 HA

1. Specified by test in production.
2. Specified by characterization.

Low-speed internal (LSI) RC oscillator

Table 40. LSI oscillator characteristics

N T S T R N TN IR

i Frequency Vpp =33V, Ty=25°C 31.40 32.6" | kHz
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symoel | parameer | comtons | uin | e i

Ty=-40to 110°C, Vpp=1.62t0 3.6 V 29762 - | 33.62
fLsi Frequency KHz
T, = -40 to 140°C, Vpp = 1.62t0 3.6 V 2042 | - | 3362
tsus))’® | LSl oscillator start-up time - - 80 | 130
LSl oscillator stabilization time Hs
tstab(Ls))” - - 120 170
(5% of final value)
Ippsn™ | LS oscillator power consumption - - 130 280 @ nA

1. Calibrated during manufacturing tests.
2. Evaluated by characterization. Not tested in production.
3. Specified by design. Not tested in production.

5.3.10 PLL characteristics

The parameters given in Table 41. PLL characteristics (high VCO frequency range) are derived from tests
performed under temperature and Vpp supply voltage conditions summarized in Section 5.3.1.

’U)‘ Table 41. PLL characteristics (high VCO frequency range)
4\_,/ Specified by design and not tested in production, unless otherwise specified.
o symbol | parameer | Candions ——n| Ty | ox_Lunit
-
PLL input clock - 2 - 16 MHz
o feLL_IN
o PLL input clock duty cycle - 10 - 90 %
—
o VOS0 1.5 - 520"
Q foLL ouT gL_II__ multiplier output clock P, Q, R, VOS1 15 R 43501
’ MHz
CU)G VOS2 1.5 - 35001
(D) fvco_out  PLL VCO output - 384 - 16722
o Normal mode 15 50 | 150?
b tLock PLL lock time us
(D) Sigma-delta mode (fp_L |y = 8 MHZz) 25 60 @ 1202
et _
al Cycle-to-cycle jitter multiplier output fveo_out = 384 MHz - 35 - +ps
clock P, Q, R, S, T fVCOfOUT =1672 MHz _ 15 _
Period jitter multiplier output clock P, fvco_out = 384 MHz - | 32 )
QRS T fyco_ouT = 1672 MHz - 10 -
Normal mode (Fp_L_in = 2 MHz), +0.18
Jitter fVCO_OUT =384 MHz -
Normal mode (Fpr_n = 16 MHz), +0.5 %
Long term jitter multiplier output fveo_our = 384 MHz
clockP, Q,R, S, T Sigma-delta mode (fp N = 2 MHz), 8D
fVCO_OUT =560 MHz ) )
Sigma-delta mode (fpLL_jn = 16 MHz), TBD
fVCO_OUT =560 MHz ) )
Vbp - 390 548
fVCO_OUT freq = 384 MHz
VcoRre - | 590 @ 3800
IpppLL) | PLL power consumption MA
Vbp - /1000 1100
fVCO_OUT =1672 MHz
VCoRrEe - 3500 9020

1. This value must not exceed the maximum frequency because of the product limitation.
2. Evaluated by characterization. Not tested in production.

DS15208 - Rev 1 page 129/234



‘_ STM32H7Pxxx
’l Electrical characteristics

Table 42. PLL characteristics (low VCO frequency range)

Specified by design and not tested in production, unless otherwise specified

S S [TIE TR )

PLL input clock

fPLL_N :
PLL input clock duty cycle - 10 - 90 %
VOS0 117 - 210
foLL ouT PLL multiplier output VOS1 117 R 210
- clock P, Q, R MHz
VOS2 117 - 160"
fvco_out PLL VCO output - 150 - 420
Normal mode - 60 100
tLock PLL lock time us
Sigma-delta mode - | TBD TBD®@
Cycle-to-cycle jitter fvco_out = 150 MHz - 20 -
multiplier output clock P, *ps
QR,S,T fvco_out = 420 MHz - 12 _
Period jitter multiplier fvco_out = 150 MHz - 15 ) ips
’m‘ Jitter outputclock P, Q, R, S, T fyco_out = 420 MHz _ 8 B
N’
s Normal mode
(&) f = 150 MHz e
S Long term jitter multiplier = 'VCO_OUT foLL =2 MHz %
- 0
S outputclock P, Q, R, S, T | Normal mode, - £055
o fVCOfOUT =420 MHz ) - )
—
o Voo - 200 290
fVCO_OUT =420 MHz
(D) PLL power consumption Vcore - 625 4880
N IpD(PLL) on V. pA
DD Vbp - 460 510
(0] fyco_out = 150 MHz
) VcoRre - 1690 6400
G) 1. This value must not exceed the maximum frequency because of the product limitation.
—
B) 2. Evaluated by characterization. Not tested in production.
—
al 5.3.11 Memory characteristics

Flash memory

The characteristics are given at T; = -40 to 140°C unless otherwise specified.
The devices are shipped to customers with the flash memory erased.

Table 43. Flash memory characteristics

Word program?)
Ibp Supply current Page erase - 1.8 4 mA

Mass erase - 2.0 4

1. Specified by design. Not tested in production.
2. Data are evaluated with a write of 50% of the programmed bits equal to 0.

Table 44. Flash memory programming

Data are valid for program memory and high-cycling data memory.

. — e e

tprog Word programming time 128 bits (user area)
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5.3.12

T N TR )

tprog Word programming time 16 bits (OTP area)

tERASE Sector (8 Kbytes) erase time - - 2 2.2 ms
tvE Single bank erase time - - 256 282 ms
teE Dual bank mass erase time - - 512 563 ms
Vorog Programming voltage - 1.8 - 3.6 \%

1. Specified by design. Not tested in production.

Table 45. Flash memory endurance and data retention

Evaluated by characterization and not tested in production, unless otherwise specified.

symoe " parmor = onaens | i

NPEND Endurance program memory Ty =-40 to +140°C 10 | kcycles
1 kcycle at Tp = 85°C 30

tpreT Program memory, data retention Years
10 kecycles at Ta = 55°C 20

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

Functional EMS (electromagnetic susceptibility)
While a simple application is executed (toggling two LEDs through |/O ports), the device is stressed by two
electromagnetic events until a failure occurs. The failure is indicated by the LEDs:

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

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

A device reset allows resuming normal operation.

The test results are given in Table 46. EMS characteristics. They are based on the EMS levels and classes
defined in AN1709 “EMC design guide for STM8, STM32 and legacy MCUs”.

Table 46. EMS characteristics

Veesp Voltage limits to apply on any 1/O pin to induce a functional Vpp = 3.3V, Ta = 25°C,
disturbance
- - LQFP176 SMPS, fcp, = 550 MHz,
Vv Fast transient voltage burst limits to apply through 100 pF on VDD 5A
FTB and VSS pins to induce a functional disturbance conform to IEC 61000-4-2

As a consequence, it is recommended to add a serial resistor (1 kQ), located as close as possible to the MCU, to
the pins exposed to noise (connected to tracks longer than 50 mm on PCB).

Designing hardened software to avoid noise problems

EMC characterization and optimization are performed at component level with a typical application environment
and simplified MCU software. Note that good EMC performance is highly dependent upon 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 its application.

Software recommendations
The software flow must include the management of runaway conditions such as:
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. Corrupted program counter
. Unexpected reset
. Critical data corruption (such as 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 or on the oscillator pins for 1 s.

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 AN1015 “Software techniques for improving microcontrollers EMC performance”).

Electromagnetic interference (EMI)

The electromagnetic field emitted by the device is monitored while a simple application, executing EEMBC code,
is running. This emission test is compliant with SAE IEC61967-2 standard, which specifies the test board and the
pin loading.

Table 47. EMI characteristics

Max vs. [fHSE/fCPU]
Parameter Conditions Monitored frequency band
24/550 MHz

0.1 to 30 MHz 43
Voo =36V, To= 25 °C, 30 to 130 MHz 18 .y
SEmI Peak level) | LQFP128 SMPS 130 MHz to 1 GHz 27
conforming to IEC61967-2 1 GHz to 2 GHz 27
EMI level 4 -

1. Refer to the EMI radiated test chapter of application note AN1709 “EMC design guide for STM8, STM32 and legacy MCUs”
available from the ST website www.st.com.

5.3.13 Absolute maximum ratings (electrical sensitivity)

Based on three different tests (ESD, LU) using specific measurement methods, the device is stressed to
determine its performance in terms of electrical sensitivity.

Prerelease product(s)

Electrostatic discharge (ESD)

Electrostatic discharges (a positive pulse followed by a negative one) are applied to the pins of each sample
according to each pin combination. This test conforms to the ANSI/ESDA/JEDEC JS-001 and ANSI/ESDA/
JEDEC JS-002 standards.

Table 48. ESD absolute maximum ratings

T T S T )

Electrostatic Packages with SMPS

Ta =25°C,
discharge
v It conforming to ANSI/
ESD(HBM) | Vollage ESDA/JEDEC ;
(human body Packages without SMPS 2 2000
model) JS-001
\Y
Electrostatic Ta=25°C, LQFP176/144/128 250
discharge conforming to ANSI/ | LQFP100 750
VEsD(CDM) voltage ESDA/JESEC C2a
charge
(charg JS-002 UFBGA/TFBGA 1250

device model)

1. Evaluated by characterization. Not tested in production.

Static latch-up

Two complementary static tests are required on six parts to assess the latch-up performance:
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. A supply overvoltage is applied to each power supply pin
. A current injection is applied to each input, output and configurable 1/0O pin

These tests are compliant with the JESD78 IC latch-up standard.

Table 49. Electrical sensitivities

Static latch-up class T, =140 °C, conforming to JESD78 Il level A

5.3.14 1/0 current injection characteristics

As a general rule, avoid current injection to the 1/0 pins, due to external voltage below Vgg or above Vpp (for
standard, 3.3 V-capable 1/O pins) during the normal product operation. To give an indication of the device
robustness when an abnormal injection accidentally happens, susceptibility tests are performed on a sample
basis during the characterization.

Functional susceptibility to I/O current injection

While a simple application is executed, the device is stressed by injecting current into the 1/O pins (one at the

~~ ime) programmed in floating input mode, and checked for functional failures. The failure is indicated by an out o
time) d in floating input mod d checked for functional fail The failure is indicated b t of
7p] range parameter: ADC error above a certain limit (higher than 5 LSB TUE), out of conventional limits (-5 / +0 pA
+— range) of induced leakage current on adjacent pins, or other functional failures (such as reset, oscillator frequency
&) deviation).
=) The following table shows 1/Os current injection susceptibility data. Negative/positive induced leakage currents
_ccj) are caused, respectively, by negative/positive injection.
—
o Table 50. I/O current injection susceptibility
()] Evaluated by characterization. Not tested in production.
9
CG Symbol Description
S
G) | Injected current on pins PA4, PA5, PC14, PC15 0
S INJ mA
(¢} Injected current on all other pins 5 N/A
—
al
5.3.15 1/0 port characteristics

General input/output characteristics

Unless otherwise specified, the parameters given in Table 51. |/O static characteristics are derived from tests
performed under the conditions summarized in Section 5.3.1: General operating conditions. All I/Os are CMOS
and TTL compliant (except for BOOTO).

Note: For information on GPIO configuration, refer to AN4899 “STM32 GPIO configuration for hardware settings and
low-power consumption”, available on www.st.com.

Table 51. 1/0O static characteristics

= N N )

1/0 input low level
voltage except - - 0.3Vpp'"
BOOTO

1/0 input low level

It t ; - 0.4Vpp=0.12)
Vi BOOTo P 162V < Vpp < 3.6 V bb v

FT_fb 1/Oin
SMBUS 3.3 mode
input low level
voltage
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e e e 7.3 B L

BOOTO I/O input 162V <Vpp<3.6 V 0.19Vpp+0.1©
low level voltage

1/0 input high level
voltage except 0.7 x Vpp'" - .
BOOTO

1/0 input high level
voltage except 0.52 x Vpp + 0.18%?) - -
BOOTO

Vi 1.62 V<Vpp<3.6 V \%
FT_fo /O in
SMBUS 3.3 mode
input high level
voltage

BOOTO I/O input
high level voltage

TT_xx, FT_xxx and
NRST /O input - 250 -
hysteresis

FT fb /O in
@ _
Vs SMBUS 33 mode | 02V <Vop <36V ; 80 ; mV

input hysteresis

BOOTO /O input
hysteresis

1.35 - -

0.17 x Vpp + 0.6) - -

- 200 -

0<ViNn<Vpp - - +/-200

FT_xx input Voo < Vi € (Vpp + 1 V) ; - 2500
leakage current(®)

@®
lieak Vpp < VjN £ 5.5 V) - - 750 nA
TT_xx input

<V < _ . 2
leakage current 0<ViNsVop +/-200

Weak pull-up
Rpy equivalent VN = Vss 30 40 50
resistor(®)
kQ
Weak pull-down
Rpp equivalent VN = VbDp 30 40 50

resistor(®)

Prerelease product(s)

Cio /0 pin capacitance - - 5 . oF

1. Complies with CMOS requirements.
2. Specified by design. Not tested in production.

3. This parameter represents the pad leakage current of the I/O. The total pad leakage current for the product is calculated using the following
formula: Itota) jieak_max = 10 LA + [number of I/Os with V) applied to the pad] * ljgax(max).

4. V)n must be less than Vpp + 3.6 V.

The pull-up and pull-down resistors are designed with a true resistance in series with a switchable PMOS or NMOS transistor. The
contribution of the PMOS or NMOS transistor to the series resistance is minimal, approximately 10 percent.

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 for FT 1/Os is shown in the
following figure.
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Figure 32. V|LIV|y for all I/0s except BOOTO

Vin [V]
3
Minimum required logic level 1 zone S 20T
25 CMOS requ‘\reme““
Tested I productol (
2 TTL standard requirement ViHmin = 2V PR
0,52 Voot 018
Based on Simulation Virmin = 0.52 \oP
1.5
. o -04
Undefined input range e on simulaion Vimax = 0.4 VoD
1 TTL standard requirement ViLmax = 0.8V - \ =0.3 Voo
— ’ Tested in production (bmos-requrrem%‘«)- S
05
Minimum required logic level 0 zone
(U } + } + } + } + } + } + } + } + } + }
~~ 1.6 1.8 2.0 22 2.4 26 2.8 3.0 3.2 3.4 36
U) VoD(min) VDD [V] VbD(max)
+—) <
(@) ——  Device characteristics g
v
> ——= Tested thresholds 3
o
®; 5
— L
o Output driving current
Q The GPIOs (general purpose input/outputs) can sink or source up to +8 mA, and sink or source up to £20 mA
N (with a relaxed Vo /VoR)-
® In the user application, the number of I/O pins that can drive current must be limited to respect the absolute
) maximum rating specified in Section 5.2: Absolute maximum ratings. In particular:
(D) . The sum of the currents sourced by all the 1/Os on Vpp_plus the maximum Run consumption of the MCU
CT) sourced on Vpp, cannot exceed the absolute maximum rating > lypp (see Table 12. Current
o characteristics).
(al . The sum of the currents sunk by all the I/Os on Vgg plus the maximum Run consumption of the MCU sunk

on Vgg cannot exceed the absolute maximum rating > lysg (see Table 12. Current characteristics).

Output voltage levels

Unless otherwise specified, the parameters given in Table 52. Output voltage characteristics for all I/Os except
PC13, PC14, PC15, PA8 and PA9 are derived from tests performed under ambient temperature and Vpp supply
voltage conditions summarized in Section 5.3.1: General operating conditions. All I/Os are CMOS and TTL
compliant.

Table 52. Output voltage characteristics for all I/Os except PC13, PC14, PC15, PA8 and PA9

The l,p current sourced or sunk by the device must always comply with the absolute maximum rating specified in
Table 11. Voltage characteristics. The sum of the currents sourced or sunk by all the 1/Os (I/O ports and control pins) must
always comply with the absolute maximum ratings for Zl,o.

CMOS port®
VoL Output low level voltage lio=8mA - 04
162V <Vpp <36V
\
CMOS port®
VoH Output high level voltage lio =-8 mA Vpp - 0.4 -

162V <Vpp<3.6V
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TTL port®
Vo, '" Output low level voltage lio=8mA - 0.4
162V <Vpp<3.6V

TTL port®
Von'" Output high level voltage lio =-8mA 2.4 -
162V <Vpp <36V
Vo, " Output low level voltage io = 20 mA - 1.3
1.62V<Vpp<36V
\%
) i ||o =-20 mA
VoH Output high level voltage Vop-1.3 -

162V <Vpp<3.6V

v ) Output low level voltage for an FTf10 pin | lio =20 mA
OLFM+ in FM+ mode 162V <Vpp<3.6V

v 0 Output low level voltage foran FT_b /0 lio =20 mA
OLSMBUS3 pin (FT I/O with “b” option) 1.62V<Vpp<3.6V

" Output high level voltage for an FT_b I/0 | lio =-20 mA

~ -
7)) VorsmBus3 pin (FT 1/0 with “b” option) 1.62V<Vpp<3.6V 8D
N’
= 1. Specified by design and not tested in production, unless otherwise specified.
&)
S 2. TTL and CMOS outputs comply with JEDEC standards JESD36 and JESD52.
®;
E Table 53. Output voltage characteristics for PA8 and PA9
o The ljp current sourced or sunk by the device must always comply with the absolute maximum rating specified in
Q Table 11. Voltage characteristics. The sum of the currents sourced or sunk by all the 1/Os (I/0 ports and control pins) must
N always comply with the absolute maximum ratings for Zlo.
- Symbol | parmeer | Condons __|__n | ax | Uit
2 CMOS port?
) Vo " Output low level voltage lio=2mA - 0.4
—
1.62V<Vpp<s36V
)
— CMOS port®?
al Von Output high level voltage lio =-2mA Vpp - 0.4 -
1.62V<Vpp<s3.6V
TTL port®
Vo, " Output low level voltage lio=2mA - 0.4
1.62V<Vpp<3.6V \
TTL port®
Vou'" Output high level voltage lio=-2mA 2.4 -
1.62V<Vpp<s3.6V
Vo, " Output low level voltage o= 1mA - 0.4
oL P 9 162V <Vpp<3.6V '
) . ||0 =-1mA
VoH Output high level voltage Vpp - 0.4 -

162V <Vpp<3.6V

1. Specified by design. Not tested in production.
2. TTL and CMOS outputs comply with JEDEC standards JESD36 and JESD52.
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Table 54. Output voltage characteristics for PC13, PC14, and PC15

The lp current sourced or sunk by the device must always comply with the absolute maximum rating specified in
Table 11. Voltage characteristics. The sum of the currents sourced or sunk by all the I/Os (I/O ports and control pins) must
always comply with the absolute maximum ratings for ZIo.

CMOS port'"
VoL Output low level voltage lio=0.5mA - 04
162V <Vpp <36V

CMOS port'")
VoH Output high level voltage lio=-0.5mA Vpp-04 -
1.62V <Vpp <3.6V
\%
TTL port™
VoL@ Output low level voltage lio=0.5mA - 04

162V <Vpp<3.6V

TTL port'"
Von? Output high level voltage lio=-0.5mA 2.4 -
162V <Vpp<3.6V

~~
7p] 1. TTL and CMOS outputs comply with JEDEC standards JESD36 and JESD52.
= 2. Specified by design. Not tested in production.
&
= - -
O Table 55. Output timing characteristics for all I/Os except for PA8, and PA9
E Specified by design. Not tested in production.
5 £ == === R 151 =) 3
(4} C=50pF, 1.62V<Vpp<3.6V
CU)G C=40pF, 1.62V<Vpp<3.6V - 10
(D) Frmax'" Maximum frequency C=30pF, 1.62V<Vpps36V - 12 MHz
(D) C=20pF, 1.62V<Vpp<3.6V - 14
—
(D) C=10pF, 1.62V<Vpp<3.6V - 16
j - 00
D_ C=50pF, 1.62V<Vpps3.6V - 18.0
C=40pF, 1.62V<Vpp<s3.6V - 17.0
Output high to low level fall time
t/t?) and output low to high level rise C=30pF, 1.62V<Vpps3.6V - 155 | ns
time
C=20pF,1.62V<Vpps3.6V - 14.2
C=10pF, 1.62V<Vpp<3.6V - 12.2
C=50pF, 1.62V<Vpps3.6V - 40
C=40pF, 1.62V<sVpp<s3.6V - 45
Frnax" Maximum frequency C=30pF, 1.62V<Vpp<3.6V - 50 @ MHz
C=20pF, 1.62V<Vpp<3.6V - 55
C=10pF, 1.62V<Vpp<3.6V - 60
01
C=50pF, 1.62V<Vpp<3.6V - 6.2
C=40pF, 1.62V<Vpps3.6V - 5.7
Output high to low level fall time
t/t?) and output low to high level rise C=30pF, 1.62V<Vpp<3.6V - 5.1 ns
time
C=20pF, 1.62V<Vpps3.6V - 4.5
C=10pF, 1.62V<Vpp<s3.6V - 3.7
10 Frmax'" Maximum frequency C=50pF, 1.62V<Vpp<s3.6V - 80 | MHz
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C=40pF, 1.62V<Vpp<3.6V

C=30pF, 1.62V<Vpp<3.6V - 100
Frax'" Maximum frequency MHz
C=20pF,1.62V<Vpp<3.6V - 110
C=10pF, 1.62V<Vpp<3.6V - 133
10 C=50pF,1.62V<Vpp<3.6V - 38
C=40pF, 162V <Vpp<3.6V - 34
Output high to low level fall time
/) and output low to high level rise C=30pF, 1.62V<Vpp<3.6V - 2.9 ns
time
C=20pF,1.62V<Vpp<3.6V - 25
C=10pF, 1.62V<Vpp<3.6V - 19
C=50pF, 1.62V<Vpp<3.6V - 100
C=40pF,1.62V<Vpp<3.6V - 120
Frmax'" Maximum frequency C=30pF,162V<Vpps36V - 140  MHz
C=20pF,1.62V<Vpp<3.6V - 166
C=10pF, 1.62V<Vpp<3.6V - 200
1"
C=50pF, 1.62V<Vpp<3.6V - 33
C=40pF,1.62V<Vpp<3.6V - 28
Output high to low level fall time
/) and output low to high level rise C=30pF, 1.62V<Vpp<3.6V - 2.3 ns
time
C=20pF,1.62V<Vpp<3.6V - 19
C=10pF, 1.62V<Vpp<3.6V - 14

1. The maximum frequency is defined under the following conditions: (t, + t) < 2/3 T, skew < 1/20 T, and the duty cycle is
between 45% and 55%.

2. The fall time is defined as the interval between 90% and 10% of the output waveform. The rise time is defined as the interval
between 10% and 90% of the output waveform.

Prerelease product(s)

Table 56. Output timing characteristics for PA8, and PA9

Specified by design. Not tested in production.

I N I T 7

C =50 pF

(1) i -

Frmax Maximum frequency 162V <Vpp <36V 2 MHz
00

/42 Output high to low level fall time and output low to high level rise C=50pF 166 ns

r time 162V<Vpps36V

Fmax!  Maximum fi ©=30pF 10 MH

max aximum frequency 162V<Vpp <36V z

01

e Output high to low level fall time and output low to high level rise | C =30 pF 33 | ns

time 1.62V<Vpp<3.6V

1. The maximum frequency is defined under the following conditions: (t, + t) < 2/3 T, skew < 1/20 T, and the duty cycle is
between 45% and 55%.

2. The fall time is defined as the interval between 90% and 10% of the output waveform. The rise time is defined as the interval
between 10% and 90% of the output waveform.

5.3.16 NRST pin characteristics

The NRST pin input driver uses CMOS technology. It is connected to a permanent pull-up resistor, Rpy (see
Table 51. 1/O static characteristics).
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Unless otherwise specified, the parameters in Table 57. NRST pin characteristics are derived from tests
performed under the ambient temperature and Vpp supply voltage conditions summarized in Section 5.3.1.

Table 57. NRST pin characteristics

A N [ ETA I T
Rey'"

Weak pull-up equivalent resistor?) ViN = Vss
VEnNRsT) " NRST Input filtered pulse 162V <Vpp<36V - - 50
ns
VnenNrsT) " NRST Input not filtered pulse 1.62V <Vpp<3.6V 350 - -

1. Specified by design. Not tested in production.

2. The pull-up circuit is designed with a true resistor in series with a switchable PMOS transistor. The contribution of the PMOS
transistor to the total series resistance must be minimal, typically on the order of 10 percent.

Figure 33. Recommended NRST pin protection

External
reset circuit" Voo
Reu
* NRST® Internal reset
T S [ ] Filter  |————
F 01 pF |
7 T

DT77037V1

1. The reset network protects the device against parasitic resets.

2. The user must ensure that the level on the NRST pin can go below the V) (wrsT) max level specified in
Table 51. I/O static characteristics, otherwise the reset is not taken into account by the device.

Prerelease product(s)

5.3.17 FMC characteristics
Unless otherwise specified, the parameters given in Table 58 to Table 71 for the FMC interface are derived from
tests performed under the ambient temperature, fyc g frequency and Vpp supply voltage conditions summarized
in Table 14. General operating conditions, with the following configuration:
. Output speed is set to OSPEEDRy[1:0] = 11
. Measurement points are done at CMOS levels: 0.5 x Vpp
. 10 compensation cell activated
. HSLV activated when VDD £ 2.7 V
. VOS level set to VOS high.
Refer to Section 5.3.15: 1/0 port characteristics for more details on the input/output characteristics.

5.3.17.1 Asynchronous waveforms and timings

Figure 34 through Figure 37 represent asynchronous waveforms and Table 58 through Table 65 provide the
corresponding timings. The results shown in these tables are obtained with the following FMC configuration:

. AddressSetupTime = 0x1

. AddressHoldTime = 0x1

. DataSetupTime = 0x1 (except for asynchronous NWAIT mode, DataSetupTime = 0x5)
. BusTurnAroundDuration = 0x0

. Capacitive load C| = 30 pF

In all the timing tables, the Tgmc ker ck is the fmc_ker_ck clock period.
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Table 58. Asynchronous non-multiplexed SRAM/PSRAM/NOR read timings

Evaluated by characterization, not tested in production.

symoa e L]
E)

twNE) FMC_NE low time 3Ttme_ker_ck - 1 3Tfme_ker ok + 1

tv(NOE_NE) FMC_NEXx low to FMC_NOE low 0 15
tw(NOE) FMC_NOE low time 2Time_ker ck - 1 2Tfme_ker ok + 1
th(NE_NOE) FMC_NOE high to FMC_NE high hold time Ttme_ker_ck -
tvA_NE) FMC_NEx low to FMC_A valid - 1
th(A_NOE) Address hold time after FMC_NOE high 2Ttme ker k-1 -
tsu(Data_NE) Data to FMC_NEX high setup time Time_ker ck + 15 - ns
tsu(Data_NOE) Data to FMC_NOEX high setup time 15 -
th(Data_NOE) Data hold time after FMC_NOE high 0 -
th(Data_NE) Data hold time after FMC_NEx high 0 -

A~ ty(NADV_NE) FMC_NEx low to FMC_NADV low - 15

\U_)/ tw(NADV) FMC_NADV low time - Ttme,_ker ck + 1

)

&)

> Table 59. Asynchronous non-multiplexed SRAM/PSRAM/NOR read - NWAIT timings

g Evaluated by characterization, not tested in production unless otherwise specified.

— NWAIT pulse width is equal to 1 fmc_ker_ck clock cycle.

S CSmeo | ewmer W u

8)) tw(NE) FMC_NE low time 8Tfmc_ker ck - 1 8Tfme_ker ok + 1

@® tw(NOE) FMC_NWE low time 7Ttmo_ker_ck - 1 7Ttme_ker ck + 1

2 tw(NWAIT) FMC_NWAIT low time Tmc_ker_ck - ns

&) tsu(NWAIT_NE) FMC_NWAIT valid before FMC_NEXx high 5Tfmc_ker_ck + 16 -

e th(NE_NWAIT) FMC_NEX hold time after FMC_NWAIT invalid 4Tfmc_ker ck + 16 -

al
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Prerelease product(s)

Figure 34. Asynchronous non-multiplexed SRAM/PSRAM/NOR read waveforms

FMC_NE \

tw(NE)

—

FMC_NOE

tv(NOE_NE) _qi tw(NOE) >la>
—
/

th(NE_NOE)

FMC_NWE /
- —

th(A_NOE) —

FMC_A[25:0]

§I tv(A_NE)

Address

’T tv(BL_NE)

FMC_NBL[1:0]

th(BL_NOE) T«

—
—

-——————— tsu(Data_NOE)

th(Data_NE)

la——— tsu(Data_NE) —— !

th(Data_NOE)

FMC_D[15:0]

tv(NADV_NE)

tw(NADV)

FMC_NADV (1)

Data

FMC_NWAIT

1. Mode 2/B, C and D only. In Mode 1, FMC_NADV is not used.

th(NE_NWAIT) —P

tsu(NWAIT_NE) ——p

Table 60. Asynchronous non-multiplexed SRAM/PSRAM/NOR write timings

Evaluated by characterization, not tested in production.

Symbol
tw(NE)
tyNWE_NE)
tw(NwE)
th(NE_NWE)
tva_NE)
th(a_NWE)
tvBL_NE)
th(BL_NWE)
ty(Data_NE)
th(Data NWE)
ty(NADV_NE)

tw(NADV)
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Parameter
FMC_NE low time
FMC_NEXx low to FMC_NWE low

FMC_NWE low time

FMC_NWE high to FMC_NE high hold time

FMC_NEXx low to FMC_A valid

Address hold time after FMC_NWE high
FMC_NEXx low to FMC_BL valid
FMC_BL hold time after FMC_NWE high
FMC_NEX low to data valid

Data hold time after FMC_NWE high
FMC_NEx low to FMC_NADV low
FMC_NADV low time

3Tfmc7ker7ck -1
Tfmc_ker_ck -1
Tfmc_ker_ck -05
Tfmc_ker_ck +1

Tfmcfkerick

Tfmc_ker_ck +0.5

Tfme_ker ck + 2

3Tfmcfkerick +1
Tfme_ker ck + 0.5

Tfmc_ker_ck +0.5

0.5

Tfmcﬁkerﬁck +1

0.5

Tfmc_ker_ck +0.5

ns

DT32753V1
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Table 61. Asynchronous non-multiplexed SRAM/PSRAM/NOR write - NWAIT timings

Evaluated by characterization, not tested in production.
NWAIT pulse width is equal to 1 fmc_ker_ck clock cycle.

tw(NE) FMC_NE low time 8Tfmc_ker_ck - 1 8Tfmc_ker ck * 1
tw(NwE) FMC_NWE low time 6Tfmc_ker ck - 1 6Tfmc_ker ck * 1
ns
tsu(NWAIT_NE) FMC_NWAIT valid before FMC_NEx high 5Tfme_ker_ck + 16 -
th(NE_NWAIT) FMC_NEXx hold time after FMC_NWAIT invalid 4Tfmc_ker ck + 16 -
Figure 35. Asynchronous non-multiplexed SRAM/PSRAM/NOR write waveforms
> tw(NE) >
FMC_NEX -------- \ /
— FMC_NOE /
) - —/
:/ l¢— tvNnwE_NE) tw(NWE) >l p- th(NE_NWE)
o FMC_NWE f
- /
@) > tvA_NE) thea_NwE) T >
©
FMC_A[25:0 Address X
o Aol
> tvBL_NE) th(BL_NWE) 1« >
q) (BL_| )
CU)G FMC_NBL[1:0] NBL X
q) la—— tupata NE) — th(Data_NWE) —|
E FMC_D[15:0] Data
q) > tv(NADV_NE)
-
D_ tw(NADV)
FMC_NADV(1)
FMC_NWAIT
th(NE_NWAIT) —] %
o]
tSUNWAIT_NE) —— o S
o
[a]

1. Mode 2/B, C and D only. In Mode 1, FMC_NADV is not used.

Table 62. Asynchronous multiplexed PSRAM/NOR read timings

Evaluated by characterization, not tested in production.

tw(NE) FMC_NE low time 4Tfme_ker ck - 1 4Tfme_ker ck + 1
tnoe NE)  FMC_NEX low to FMC_NOE low 2Time ker k=1 2Timo ker ok + 1
tw(NOE) FMC_NOE low time Ttme_ker_ck - 1 Ttme_ker ck + 1 ns

th(NE_NOE) FMC_NOE high to FMC_NE high hold time
tvA_NE) FMC_NEXx low to FMC_A valid
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tv(NADV_NE) FMC_NEXx low to FMC_NADV low

tw(NADV) FMC_NADV low time Trmc_ker_ck - 1 Ttme_ker_ck + 1
th(AD_NADV) FMC_AD(address) valid hold time after FMC_NADV high Ttme_ker_ck - 3.5 -

th(a_NOE) Address hold time after FMC_NOE high 2Tfmc_ker ck = 1-5 - .
tsu(Data_NE) Data to FMC_NEXx high setup time Time_ker_ck + 15 - ®
tsu(pata_NoE) = Data to FMC_NOE high setup time 15 -

th(Data_NE) Data hold time after FMC_NEXx high 0 -

th(Data_NOE) Data hold time after FMC_NOE high 0 -

Table 63. Asynchronous multiplexed PSRAM/NOR read - NWAIT timings

Evaluated by characterization, not tested in production.

Como e e Lun

A~ tw(NE) FMC_NE low time OTme_ker ck = 1 9Tfme_ker ck + 1
\U_)/ tw(NOE) FMC_NWE low time 6Timc_ker ck - 1 6Tfmc_ker ck + 1
o ns
o tsuN\WAIT NE)  FMC_NWAIT valid before FMC_NEX high 5Timo ker ok * 16 ;
g th(NE_NWAIT) FMC_NEXx hold time after FMC_NWAIT invalid 4Tfmc_ker ck + 16 -
@)
a Figure 36. Asynchronous multiplexed PSRAM/NOR read waveforms
% tw(NE)
CG FMC_NE \ /
i) le—  tvNOE_NE) th(NE_NOE) —p»
q) —
et FMC_NOE /'
2 twiNoE) —— >
al FMC_NWE /
- — -
»la tiaNE) th(A_NOE) e
FMC_A[25:16] X Address
| e tv(BLNE) th(BL_NOE) —e
FMC_NBL[1:0] NBL
»| ¢ th(Data_NE)
l¢——— tsu(Data_NE) >
<« tv(A_NE) le—— tsu(Data_NOE) > th(Data_NOE)
FMC_ADI[15:0] Address ( Data )<
tv(NADV_NE) > » th(AD_NADV)
> tw(NADV)
FMC_NADV \ /
FMC_NWAIT
th(NE_NWAIT) é
tsu(NWAIT_NE) —— g
o
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Table 64. Asynchronous multiplexed PSRAM/NOR write timings

Evaluated by characterization, not tested in production .

twNE)

FMC_NE low time

4Tfmc ker_ck - 1

e S N T N Y
E)

4Tfmc ker_ck * 1

ns

tsu(NWAIT_NE) FMC_NWAIT valid before FMC_NEXx high 5Tfmc_ker_ck + 16 -

th(NE_NWAIT) FMC_NEXx hold time after FMC_NWAIT invalid 4Ttmc_ker ck + 16 -

ty(NWE_NE) FMC_NEXx low to FMC_NWE low Time_ker ok~ 05 | Tfme_ker ok * 0.5
tw(NWE) FMC_NWE low time 2Tfme_ker ck - 0.5 | 2Tfmc ker ck + 0.5
th(NE_NWE) FMC_NWE high to FMC_NE high hold time Time_ker_ck - 1 -
tva NE) FMC_NEXx low to FMC_A valid - 0.5
ty(NADV_NE) FMC_NEx low to FMC_NADV low 0 05
tw(NADV) FMC_NADYV low time Trmc_ker_ck = 0.5 | Timc_ker_ck + 0.5 | ns
th(AD_NADV) FMC_AD(address) valid hold time after FMC_NADV high Timc_ker ck - 1-5 -
th(a_NWE) Address hold time after FMC_NWE high Timc_ker_ck -
th(eL_NWE) FMC_BL hold time after FMC_NWE high Tfmc_ker ck + 0.5 -
—~ tvBL_NE) FMC_NEx low to FMC_BL valid - 0
\U_)/ tyata_NADV) | FMC_NADV high to Data valid i Time_ker_ck * 0.5
e
(@) th(pata Nwe) | Data hold time after FMC_NWE high Tfme_ker ck + 2 -
)
O : : -
(@) Table 65. Asynchronous multiplexed PSRAM/NOR write - NWAIT timings
—
o Evaluated by characterization, not tested in production.
NWAIT pulse width is equal to 1 fmc_ker_ck clock cycle.
@ smbol | paamaar | U]
m .
CG tw(NE) FMC_NE low time 9Tfme_ker ck - 1 9Ttme_ker ok + 1
2 tw(NWE) FMC_NWE low time TTtmc_ker_ck = 1 TTfme_ker ck * 1
)
—
)
j -
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Figure 37. Asynchronous multiplexed PSRAM/NOR write waveforms

tw(NE) >
FMC_NEX =~
FMC_NOE
-« ty(NWE_NE) tw(NWE) > »-th(NE_NWE)
FMC_NWE
>« tyA NE) th(A NWE) 14 >
FMC_A[25:16] Address
»— < ly(BL_NE) th(BL_NWE) < >
FMC_NBL[1:0] NBL
—~ >l tv(A_NE) ty(Data_NADV) th(Data_NWE)
7p]
N—r’ FMC_ADI[15:0] Address Data
)
o ty(NADV_NE) > th(AD_NADV)
>
© tw(NADV) —m
—
o FMC_NADV
CU)G FMC_NWAIT
2
)] thNE_NWAIT) ™| £
[s2]
(D) tsu(NWAIT_NE)— ™ 5
—
S 5.3.17.2 Synchronous waveforms and timings

Figure 38 through Figure 41 represent synchronous waveforms and Table 66 through Table 69 provide the
corresponding timings. The results shown in these tables are obtained with the following FMC configuration:

. BurstAccessMode = FMC_BurstAccessMode_Enable

. MemoryType = FMC_MemoryType_ CRAM

. WriteBurst = FMC_WriteBurst_Enable

. CLKDivision = 1

. DataLatency = 1 for NOR flash; DataLatency = 0 for PSRAM

In all the timing tables, the Timc_ker ck is the fmc_ker_ck clock period, with the following FMC_CLK maximum
values:

. For 3.0V <Vpp < 3.6 V, FMC_CLK = 70 MHz at 20 pF (66 MHz when using FMC_NWAIT)
. For 1.71 V <Vpp < 1.89 V, FMC_CLK =70 MHz at 20 pF (66 MHz when using FMC_NWAIT)

Table 66. Synchronous non-multiplexed NOR/PSRAM read timings

Evaluated by characterization, not tested in production unless otherwise specified.

I R T T

tw(cLK) FMC_CLK period
tCLKL-NEXL) FMC_CLK low to FMC_NEx low (x = 0..2) - - TBD ns
td(CLKH-NExH) FMC_CLK high to FMC_NEXx high (x = 0..2) TBD - -
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ta(cLKL-NADVL) FMC_CLK low to FMC_NADV low

td(CLKL-NADVH) FMC_CLK low to FMC_NADV high TBD - -
ta(cLKL-AV) FMC_CLK low to FMC_Ax valid (x = 0..25) - - TBD
ta(cLKH-AIV) FMC_CLK high to FMC_Ax invalid (x = 0..25) TBD - -
td(CLKL-NOEL) FMC_CLK low to FMC_NOE low - - 0
td(CLKH-NOEH) FMC_CLK high to FMC_NOE high TBD - - ns
tsu(DV-CLKH) FMC_D[15:0] valid data before FMC_CLK high TBD - -
th(CLKH-DV) FMC_DI[15:0] valid data after FMC_CLK high TBD - -
{NWAIT-CLKH) FMC_NWAIT valid before FMC_CLK high TBD - -
th(CLKH-NWAIT) FMC_NWAIT valid after FMC_CLK high TBD - -
td(NEXL-NWAITV) FMC_NEx low to FMC_NWAIT valid (x = 0..2) - - TBD

Figure 38. Synchronous non-multiplexed NOR/PSRAM read timings

USTURN =0

W

FMC_CLK

< Da:ta latency =0 é cycles)

ta(CLKL-NADVL) —» R td(CLKLELNADVH)
FMC_NADV i VS

—»> td(cLKL-AV) td(CLKH-AIV)
FMC_A[25:0]

' | —»a—td(CLKL-NOEL)

td(bLKH NOEH)‘.

;%

FMC_NOE

tsu(ADV-CLKH)
FMC_D[15:0] Xiot X | ;D

th(CLKH-ADV)

Prerelease product(s)

NN

td(ELKH-NEXHy P
FMC_NEXx

EMC NWAIT i ' tsu(NWAITVwKILKH) PP CLKH-NWAITY) i
(WAITCFG = 1b, /——\_ —C
WAITPOL = 0b i . : i/

) : | i t —P— - tsuNWATVIELRA) ™| th(CLKH-NWAITV)

FMC_NWAIT H H ; : SUNWAITY-CLKH) » (CLKHNWAIT ,) :
(WAITCFG = 0b, ; ! ! ! ; : ! \
WAITPOL = 0b) v — !

| tSUNWAITVECLKH)—[#-I— t, o KHNWAITY)

DT72213V1

Table 67. Synchronous non-multiplexed PSRAM write timings

Evaluated by characterization, not tested in production unless otherwise specified.

e RS
CLK

FMC_CLK period
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td(CLKL-NExL) FMC_CLK low to FMC_NEXx low (x = 0..2)
{(CLKH-NExH) FMC_CLK high to FMC_NEXx high (x = 0..2) TBD - -
ta(cLKL-NADVL) FMC_CLK low to FMC_NADV low - - TBD
td(CLKL-NADVH) FMC_CLK low to FMC_NADV high TBD - -
ta(cLKL-Av) FMC_CLK low to FMC_Ax valid (x = 0..25) - - 0
ta(cLkH-AIV) FMC_CLK high to FMC_Ax invalid (x = 0..25) TBD - -
ta(CLKL-NWEL) FMC_CLK low to FMC_NWE low - - TBD
ns
td(CLKH-NWEH) FMC_CLK high to FMC_NWE high TBD - -
td(CLKL-Data) FMC_DI[15:0] valid data after FMC_CLK low - - TBD
ta(cLKL-NBLL) FMC_CLK low to FMC_NBL low - - TBD
td(CLKH-NBLH) FMC_CLK high to FMC_NBL high TBD - -
tsu(NWAIT-CLKH) FMC_NWAIT valid before FMC_CLK high TBD - -
7)) th(CLKH-NWAIT) FMC_NWAIT valid after FMC_CLK high TBD - -
=) t4(NEXL-NWAITV) FMC_NEXx low to FMC_NWAIT valid (x = 0..2) - - TBD
(&)
>
@) Figure 39. Synchronous non-multiplexed PSRAM write timings
@)
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Table 68. Synchronous multiplexed NOR/PSRAM read timings

Evaluated by characterization, not tested in production unless otherwise specified.

Prerelease product(s)
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tw(cLk) FMC_CLK period

td(CLKL-NEXL) FMC_CLK low to FMC_NEXx low (x = 0..2) - TBD
td(CLKH-NExH) FMC_CLK high to FMC_NEXx high (x = 0..2) TBD -
ta(cLKL-NADVL) FMC_CLK low to FMC_NADV low - TBD
td(CLKL-NADVH) FMC_CLK low to FMC_NADYV high TBD -
ta(cLKL-AV) FMC_CLK low to FMC_Ax valid (x = 16..25) - 0
ta(cLkH-AIv) FMC_CLK high to FMC_AXx invalid (x = 16..25) TBD -
td(CLKL-NOEL) FMC_CLK low to FMC_NOE low - TBD
td(CLKH-NOEH) FMC_CLK high to FMC_NOE high TBD - "
ta(CcLKL-ADV) FMC_CLK low to FMC_AD[15:0] valid - TBD
tacLkL-ADIV) FMC_CLK low to FMC_AD[15:0] invalid TBD -
tsu(ADV-CLKH) FMC_A/D[15:0] valid data before FMC_CLK high TBD -
th(CLKH-ADV) FMC_A/D[15:0] valid data after FMC_CLK high TBD -
tsu(NWAIT-CLKH) FMC_NWAIT valid before FMC_CLK high TBD -
th(CLKH-NWAIT) FMC_NWAIT valid after FMC_CLK high TBD -
td(NEXL-NWAITV) FMC_NEXx low to FMC_NWAIT valid (x = 0..2) - TBD
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Figure 40. Synchronous multiplexed NOR/PSRAM read timings
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— Table 69. Synchronous multiplexed PSRAM write timings

e Evaluated by characterization, not tested in production unless otherwise specified.

ol Symbol | Paamer | Min [ Typ | Max | Unt|
tw(cLK) FMC_CLK period TBD - -
td(CLKL-NExL) FMC_CLK low to FMC_NEXx low (x = 0..2) - - TBD
td(CLKH-NExH) FMC_CLK high to FMC_NEXx high (x = 0..2) TBD - -
ta(cLKL-NADVL) FMC_CLK low to FMC_NADV low - - TBD
td(CLKL-NADVH) FMC_CLK low to FMC_NADV high TBD - -
tacLkL-Av) FMC_CLK low to FMC_Ax valid (x = 16..25) - - TBD
ta(CLKH-AIV) FMC_CLK high to FMC_Ax invalid (x = 16..25) TBD - -
t4(CLKL-NWEL) FMC_CLK low to FMC_NWE low - - TBD  ns
t(CLKH-NWEH) FMC_CLK high to FMC_NWE high TBD - -
ta(cLKL-ADV) FMC_CLK low to FMC_AD[15:0] valid - - TBD
ta(cLKL-ADIV) FMC_CLK low to FMC_ADI[15:0] invalid TBD - -
t4(CLKL-DATA) FMC_A/D[15:0] valid data after FMC_CLK low - - TBD
td(CLKL-NBLL) FMC_CLK low to FMC_NBL low TBD - -
td(CLKH-NBLH) FMC_CLK high to FMC_NBL high TBD - -
tsu(NWAIT-CLKH) FMC_NWAIT valid before FMC_CLK high TBD - -
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th(CLKH-NWAIT) FMC_NWAIT valid after FMC_CLK high

ns
td(NEXL-NWAITV) FMC_NEXx low to FMC_NWAIT valid (x = 0..2) - - TBD

Figure 41. Synchronous multiplexed PSRAM write timings
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-
D‘ 5.3.17.3 NAND controller waveforms and timings

Figure 42 and Figure 43 represent synchronous waveforms, and Table 70 and Table 71 provide the corresponding
timings. The results shown in this table are obtained with the following FMC configuration:

. COM.FMC_SetupTime = 0x01

. COM.FMC_WaitSetupTime = 0x03

. COM.FMC_HoldSetupTime = 0x02

. COM.FMC_HiZSetupTime = 0x01

. ATT.FMC_SetupTime = 0x01

. ATT.FMC_WaitSetupTime = 0x03

. ATT.FMC_HoldSetupTime = 0x02

. ATT.FMC_HiZSetupTime = 0x01

. Bank = FMC_Bank_NAND

. MemoryDataWidth = FMC_MemoryDataWidth_16b
. ECC = FMC_ECC_Enable

. ECCPageSize = FMC_ECCPageSize_512Bytes

. TCLRSetupTime =0

. TARSetupTime =0

. CL = 30-pF

In all timing tables, the Tmc ker ck is the fmc_ker_ck clock period.
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Table 70. NAND flash read timings

Evaluated by characterization, not tested in production.

symoar | pwamar e o

tw(NOE) FMC_NOE low width 4Tfmc_ker ck - 0.5 4Tfmc_ker ck + 0.5
tsu(D-NOE) FMC_D[15-0] valid data before FMC_NOE high 12.5 -

th(NOE-D) FMC_D[15-0] valid data after FMC_NOE high 0 - ns
td4(ALE-NOE) FMC_ALE valid before FMC_NOE low - 3Tfmc_ker_ck + 0.5
th(NOE-ALE) FMC_NWE high to FMC_ALE invalid 4Tfme_ker ck - 1 -

Figure 42. NAND controller waveforms for read access

FMC_NCEx \ /

ALE (FMC_A17)
CLE (FMC_A16)
+— td(ALE-NOE) th(NOE-ALE)

~~
)
N’
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>
Q FMC_DIy:0] < >7 2
)] £
] a
G) 1. y =7 or 15 depending on the NAND flash memory interface.
)
CT) Table 71. NAND flash write timings
e Evaluated by characterization, not tested in production.
o e 2 I N )
tw(NwE) FMC_NWE low width 4Tfme_ker ok - 0.5 4Tfme_ker ck + 0.5
ty(NWE-D) FMC_NWE low to FMC_DI[15-0] valid 0 -
th(N\WE-D) FMC_NWE high to FMC_D[15-0] invalid 2Tfme_ker ck * 1 -
ns
ta(o-NwE) FMC_D[15-0] valid before FMC_NWE high STfmc_ker_ck - 2 -
ta(ALE-NWE) FMC_ALE valid before FMC_NWE low - 3Tfme_ker _ck - 1
th(NWE-ALE) FMC_NWE high to FMC_ALE invalid 2Tfme_ker ck + 1.5 -
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Figure 43. NAND controller waveforms for write access

FMC_NCEx \ /

ALE (FMC_A17)
CLE (FMC_A16)
ta(ALE-NWE) le—— twiNWE) —————p] th(NWE-ALE)

FMC_NWE /

FMC_NOE (NRE) /
l¢— tdo-NwE) —— P
tv(NWE-D) |¢——— th(nweD)

FMC_DIy:0]

DT73151V2

~~
(7p) 1. y =7 or 15 depending on the NAND flash memory interface.
—’
e
&) 5.3.17.4 SDRAM waveforms and timings
g In all timing tables, Tfmc_ker_ck is the fmc_ker_ck clock period, with the following FMC_SDCLK maximum
o values:
— . For 2.7 V < 3.6 V: maximum FMC_CLK = 95 MHz at 20 pF
o - For2.7V <36 V: maximum FMC_CLK = 100 MHz at 15 pF
(b} . For 1.71 V < 1.9 V: maximum FMC_CLK = 90 MHz at 20 pF
C(@ . For 1.71 V < 1.9 V: maximum FMC_CLK = 95 MHz at 15 pF
(«p) Note: At VOS low, the performance can be degraded by up to 7% compared to VOS high.
)
CT) Table 72. SDRAM read timings
|- Evaluated by characterization, not tested in production.

O T N T
tw(sDCLK) FMC_SDCLK period 2 Ttmc_ker_ck - 0.5 2 Tme_ker_ck * 0.5
tsu(SDCLKH _Data) Data input setup time 3 -
th(SDCLK H_Data) Data input hold time 1 -
ty(spcLKL_Add) Address valid time - 15
ta(sbcLKL- SDNE) Chip select valid time - 15

ns
th(SDCLKL- SDNE) Chip select hold time 0 _
td(sDCLKL-SDNRAS) SDNRAS valid time - 2
th(SDCLKL-SDNRAS) SDNRAS hold time 0 -
ta(sbcLkL-sDNCAS) SDNCAS valid time - 1
th(SDCLKL-SDNCAS) SDNCAS hold time 0 -

Table 73. LPSDR SDRAM read timings

Evaluated by characterization, not tested in production.

tw(sbcLk) FMC_SDCLK period 2 Time ker ck = 0.5 | 2 Trme_ker ok + 0.5 ns
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tsu(SDCLKH _Data) Data input setup time

th(SDCLK H_Data) Data input hold time 1 -

ta(spcLkL_Ada) Address valid time - 15

td(SDCLKL- SDNE) Chip select valid time - 15

th(SDCLKL- SDNE) Chip select hold time 0 - ns
taspcLKL-SDNRAS) | SDNRAS valid time R 2

th(sbcLkL-sSDNRAS) | SDNRAS hold time 0 -

taispcLkL-spncas) | SDNCAS valid time - 1

th(sbcLkL-sbNcas) | SDNCAS hold time 0 -

Figure 44. SDRAM read access waveforms (CL = 1)

FMC_SDCLK _\ \_{_\_*’_\J_\_*'_\_f{_\

td(SHCLKL {AddC)

.

td(SDCLKL_AddR) 1—h‘ ‘V—f th(SDCLKL AddR)
FMC_A[12:0] x‘ Row n X Coll X Col2 X Coli X Coln X
4 th(SDCLKL} AddC)
& td(SDELKL_SNDE) » th(SDCLKL_SNDE)

|.-¥

FMC_SDNE[1:0] \

td(SDCLKL_NRAS) ~ -»—t

A4

th(SDCLKL_NRAS)

FMC_SDNRAS o/

Prerelease product(s)

» td(SDCLKL_INCAS) i th(SDCLKL_NCAS)
FMC_SDNCAS /—
FMC_SDNWE
tsu(SDCLKH_Data) 44— th(SPCLKH_Datp)
FMC_D[31:0] { Datal XDataZ X Datai X Datdn X

Table 74. SDRAM write timings

Evaluated by characterization, not tested in production.

tw(sDCLK) FMC_SDCLK period 2 Time ker ck-05 2 Time ker ck + 0.5
td(SDCLKL _Data) Data output valid time - 15

th(SDCLKL _Data) Data output hold time 0 -

ta(sDCLKL_Add) Address valid time - 2

tyispcLkL-sDNwE) | SDNWE valid time - 15

th(spcLkL-sDNwE) | SDNWE hold time 0 - ns
t4(SDCLKL- SDNE) Chip select valid time - 1

tgl(j?\l%?LKL_ Chip select hold time 0 }

ta(sDCLKL-SDNRAS) | SDNRAS valid time - 15
th(sDCLKL-SDNRAS) | SDNRAS hold time 0 }
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ta(spcLkL-spNcas) | SDNCAS valid time

ns
th(sbcLkL-sDNcas) | SDNCAS hold time 0 -

Table 75. LPSDR SDRAM Write timings

Evaluated by characterization, not tested in production.

tw(sbcLk) FMC_SDCLK period 2 Time ker ck- 05 | 2 Trme ker ok + 0.5
td(SDCLKL _Data) Data output valid time - 15
th(SDCLKL _Data) Data output hold time 0 -
ta(sDCLKL_Add) Address valid time R 2
taspcLkL-soNwe) | SDNWE valid time - 15
thsbcLkL-sonwe)  SDNWE hold time 05 _
ta(sbcLKL- SDNE) Chip select valid time - 1 ns
th(SDCLKL- SDNE) Chip select hold time 0 B}
tyispcLkL-SDNRAS) | SDNRAS valid time - 15
th(spcLkL-sSDNRAS) | SDNRAS hold time 0 -
taspcLkL-sDNCAS) | SDNCAS valid time R 15
th(sbcLkL-sDNCAs) | SDNCAS hold time 0 -

Figure 45. SDRAM write access waveforms

FMC_SDCLK _\J \_{_\_*’_\_{_\_f'_\_f{_\

o td(SDCLKL {AddG)
td(SDCLKL_AddR) *—f th(SOCLKLAddR)

-
FMC_A[12:0] _:X Row n X Coll X Col2 X Coli X Coln X
%

th(SDCLKL} AddC)

Prerelease product(s)

¢ td(SDELKL_SNDE) b th(SDCLKL_SNDE)

h 4

FMC_SDNE([1:0] \
td(SDCLKL_NRAS)  »—¢

FMC_SDNRAS N

th(SOCLKL_INRAS)

A4

td(SOCLKL_INCAS) > th(SDCLKL_NCAS)

FMC_SDNCAS

h 4

td(SOCLKL_NWE b th(SDCLKL_NWE)

h 4

A

td(SDCLKL! Data)

FMC_D[31:0] Datal; XDataZ X Datai X Datan

td(SDCLKL_NBL) e -i—i« th(SDCLKL_Data)

FMC_NBL[3:0] X

<
*
FMC_SDNWE /—

5.3.18 Extended interrupt and event controller input (EXTI) characteristics
The pulse on the interrupt input must have a minimal length to ensure its detection by the event controller.
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Table 76. EXTI input characteristics
Specified by design. Not tested in production.

R T

PLEC Pulse length to event controller

5.3.19 XSPI interface characteristics

Unless otherwise specified, the parameters given in Table 77 and Table 78 are derived from tests performed
under the ambient temperature, fycLk frequency and Vpp supply voltage conditions summarized in

Section 5.3.1: General operating conditions, with the following configuration:

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

. Measurement points are done at CMOS levels: 0.5 Vpp

. 1/0 compensation cell activated

. VOS level set to VOSO

Refer to Section 5.3.15: /O port characteristics for more details on the input/output alternate function
characteristics.

/UT Table 77. XSPI characteristics in SDR mode
N’ All values apply to octo-SPI and quad-SPI modes.
"G Evaluated by characterization. Not tested in production.
S Delay block bypassed.
E 171V < Vpp < 3.6V, 100
Q CL=15pF
fleLk) Clock frequency . } MHz
271V <Vpp<36V,
CD po 130
(@p] C_L=15pF
B tw(CLKH) Clock high and low  PRESCALER[7:0] = n YoLky2 ] feky2 + 1
E fw(CLKL) time, even division (=0, 1, 3,5, ..., 255) teky2 - 1 tcLy/2
—
(¢} bw(CLKH) Clock high and low | PRESCALER[7:0] = n (n/2) x Ly (n+ 1) (n12) oy (n+ 1) + 1
L i ivisi - -
D- tW(CLKL) time, odd division ( 2, 4, 6, ceey 254) (n/2 + 1) x t(CLK)/ (n + 1) -1 (n/2 + 1) x t(CLK)/ (n + 1)
Data input setu
ts0Ny time P P ) 25 ) ) ns
Data input hold
than) time P ) 2 ) )
touT) 5:1? output valid ) ) 05 10
Data output hold
thouT) ata output ho ) 0 ) )
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Figure 46. XSPI SDR read/write timing diagram

trcLk) tck) tw(CLKH) tw(cLkL) trcLk)
e ! “ " y had
b 1tvour) thouT) ! ! Lo
— —
Data output DO D1 X D2 )—n—
tsan) th(in)

Data input ( DO D1 D2 )—n— g
\ =
©
@
o

Table 78. XSPI characteristics in DTR mode (no DQS)

All values apply to octo-SPI and quad-SPI modes.
Evaluated by characterization. Not tested in production.

~~
(0p) Delay block bypassed.
T T TS T T T
g feLk) Clock frequency 1.71V <Vpp<3.6V,C_L=15pF 100
g bw(CLKH) Clock high and low time,  PRESCALER[7:0] = n Yowky2 ) foky2 + 1
o fw(CLKL) even division (=0,1,3,5, ..., 255) tcky2 - 1 tcLky2
o
tw(cLKH) (n/2) * tcLiy (n/2) x tcLy
Q i i 0] = (n+1) (n+1)+1
%) Clock high and low time, PRESCALER[7:0] =n )
CG tw(CLKL) odd division (= 2,4,6, ..., 254) (n/2 + 1) x t(CLK)/ (n/2 + 1) x t(CLK)/
(n+1)-1 (n+1)
)
T) tsrinystsf(INy Data input setup time - 2 ) ) _
E thr(In)s thr(iN) Data input hold time - 2 - R
E t DHQC =0 - 3.5 45
vr(OUT), S
Data output valid time -
tvfouT) P DHQC =1, - Yoy + tckyd + 1.5
PRESCALER][7:0] =1, 2... 0.5
; DHQC =0 1 - -
t:;(gﬂl)' Data output hold time DHQC = 1 0
©un PRESCALER[7:0] = 1, 2... YeLky4-0.5 . -
1. Set DHQC to reach the specified frequency.
Table 79. XSPI characteristics in DTR mode (with DQS) / HyperBus
Evaluated by characterization. Not tested in production.
Delay block activated.
feLk) Clock frequency 171V <Vpp < 3.6V, C_=15pF 1110
bw(CLKH) Clock high and low time, even = PRESCALER[7:0] = n Yowky2 ) foLky2 + 1
tw(CLKL) division (=0,1,3,5, ..., 255) teky2 - 1 tcLky2
tu(OLKH) (n/2) * tcLky (n/2) * tcLky ns
Clock high and low time, odd = PRESCALER[7:0] = n (n+1) ) (n+1)+1
division (=2,4,6, ...,254) (/2 + 1) x toLky (/2 + 1)t oLy
tw(cLKL) (LK) (CLK)
(n+1)-1 (n+1)
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tv(CLK) Clock valid time t(CLK) + 2
ns
th(cLk) Clock hold time - teLiy2 - 1 ; )
CLK, NCLK crossing level on
(3) ’ = -
Vobr(cLk) CLK rising edge Vpp=1.8V 1015 1320
mV
CLK, NCLK crossing level on
(3) ’ = -
VoDf(CLK) CLK falling edge Vpp=18V 975 1310
tw(cs) Chip select high time - 3 x tcLk) - -
tvpQ) Data input valid time - 0 - -
tvps) Data strobe input valid time - 0 - -
th(ps) Data strobe input hold time - 0 - -
tyrwDS) Data strobe output valid time - - - 3 x tcLk)
tsrpa)tsio) | Data input setup time - 05 - i
ns
thrpQ): thr(DQ) Data input hold time - 4 - _
’U)‘ DHQC= 0 - 35 4.5
:/ tvrouT), tvf(ouT) | Data output valid time DHQC =1, ) t(CLK)/4 + foL/d + 1.5
O PRESCALER[7:0] = 1, 2... 05 (CLK)
g DHQC =0 1 - -
O throuT), thfouT)  Data output hold time DHQC =1, t 14-05
- PRESCALER[7:0] = 1, 2... (CLKy = 5 . -
1. Maximum frequency values are specified for a maximum RWDS-to-DQ skew of 1 ns.
1)) 2. Set DHQC to reach the specified frequency.
CU)G 3. Itis recommended that PD2/PD3 are aligned according to the crossing specification.
) : Lo
—_— Figure 47. XSPI timing diagram - DTR mode
)
—
CD trcLk) tcLk) tw(CLKH) tw(cLKL) ticLk)
S N : L N
b itviout)  throuT) tvrouT) thicouT) b
— — — —
Data output DO D1 X D2 D3 D4 X D5 )—5—
tsfiny thfany tsr(N) throny
. [ s
Data input { DO X D1 X D2 X D3 X D4 X D5 )—5— 5
o
o
Figure 48. XSPI HyperBus clock
trcLk) tcLk) tw(CLKH) tw(cLKL) ticLk)
trNCLK) t(NCLK) twiNcLKL)  tw(NCLKH) trNCLK)
iﬁ—b ¢ H L
NCLK -+ YVanYanVananVanan\ g
% “. ." “. 4 “\ ." ; 3 ," Vob(cLK) g
CLK /N / \ / \ / \ / s 3
[a]
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Figure 49. XSPI HyperBus read

twcs)
NCS |
tvcwk) [¢——— tacc = initial access ———» thiewk)
> hE—
CLK, NCLK SRR u B a B a0 e D o
tv(RWDS) tv(ps) th(ps)
— > ! ¢
RWDS \ \ —
tvour) thouT) e Latency count ———————»} tvoa) ts@Q) th(oq)
— —n | ! :‘H >
DQI[7:0] (47:40:39:32X§E‘X23:16X15:8 X 7.0 ) %nX Qn XDR"I Dp+1}—
Command address Memory drives DQ[7:0] and RWDS. g
’ \ @
2 Host drives DQ[7:0] and the memory drives RWDS. £
N =
) o
&
g Figure 50. XSPI HyperBus write
@)
— twcs)
o L
(D) NCS ]
7))
(qv] «—— Read write recovery ——s<—————— Access latency —————
Q) tv(cLk) thcLk)
[ ' =
) |
N t tviour) th(ouT)
al VRWDS)  High = 2x latehcy count —! o

RWDS f\ Low = 1x latency count ; \ / \ _-_

[¢—  Latency count ———————>

tviouT) thiouT) tvjouT) thiouT)
— — — i

. . . . . . 0\ Dn\ Dn VDn+1
DQ7:0] —(47.40 39.32X31.24 23.16X15.8X 70 ) \ X ! X A |
< Command address > Host drives DQ[7:0] and RWDS.

Host drives DQ[7:0] and the memory drives RWDS.

(w)
>
X

DT47734V1

5.3.20 Delay block (DLYB) characteristics

Unless otherwise specified, the parameters given in Table 80. Delay block characteristics are derived from tests
performed under the ambient temperature, fyc K frequency and Vpp supply voltage summarized in
Section 5.3.1: General operating conditions, with the following configuration:
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5.3.21

Table 80. Delay block characteristics

tinit Initial delay 1200 1440 1750 ps
ta Unit delay - 42 46 48 ps

SD/SDIO MMC card host interface (SDMMC) characteristics

Unless otherwise specified, the parameters given in Table 81 and Table 82 are derived from tests performed
under the ambient temperature, fycLk frequency and Vpp supply voltage conditions summarized in
Table 14. General operating conditions, with the following configuration:

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

. Capacitive load C = 30 pF

. Measurement points are done at CMOS levels: 0.5 x Vpp
. I/0 Compensation cell activated.

. HSLV activated when Vpp <2V

. VOS level set to VOSO0. Refer to Section 5.3.15: 1/0 port characteristics for more details on the input/output
characteristics.

Refer to Table 51. I/O static characteristics for more details on the input/output characteristics.

In the following tables, Tker is the period of the SDMMC kernel clock provided by the RCC (reset and clock
control) unit.

Table 81. SD/eMMC characteristics (Vpp = 2.7 V to 3.6 V)

Evaluated by characterization, not tested in production.

Clock frequency in data transfer mode 1151
tc(ck) Clock period - 8.7 - -
twckL) | Clock low time fop = 48 MHz 9.5 10.5 - ns
twickH) | Clock high time fop = 48 MHz 9.5 10.5 -

CMD, D inputs (referenced to CK) in eMMC legacy/SDR/DDR and SD HS/SDR®/DDR? mode

tisu Input setup time HS - 3.5 - -

tiHp Input hold time HS - 1.5 - - "
Tiow'® | Input valid window (variable window) - 45 - - -
tov Output valid time HS - - (Tker/2) = (Tker/2)+0.5

toH Output hold time HS (Tker/2)—-0.5 "
tisup Input setup time SD

tiHD Input hold time SD "
tovp Output valid default time SD

toHD 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.
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Table 82. eMMC characteristics (Vpp =1.71 V to 1.9 V)

Evaluated by characterization, not tested in production.

Clock frequency in data transfer mode 1151
tc(ck) Clock period - 8.7 - -
tw(ckL) | Clock low time fpp =52 MHz 9.5 10.5 - ns
twickH) | Clock high time fop = 52 MHz 9.5 10.5 -

CMD, D inputs (referenced to CK) in eMMC mode

tisu Input setup time HS - 2 - -
tiH Input hold time HS - 1.5 - - ns
tigw'?) Input valid window (variable window) - 3 - -

CMD, D outputs (referenced to CK) in eMMC mode

tov Output valid time HS - - (Tker/2) | (Tker/2)+0.5
ns
ton Output hold time HS - (Tker/2)-0.5 - -
1. With capacitive load C; = 20 pF
2. Minimum window of time where the data needs to be stable for proper sampling in tuning mode.
Figure 51. SDIO high speed mode
ek ———
twickH) twicky)
CK
toH
- tov— pl <
D, CMD output
tisu — P b
D, CMD input S
&
Figure 52. SD default mode
CK
L tov 4 ton -
3
5
D, CMD output g
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Figure 53. SDMMC DDR mode

trcLk) tck) tw(CLKH) tw(cLKL) trcLk)

i tviout)  thiou) tvriou) thicouT) i
—

Data output DO D1 X D2 D3 D4 X D5 )—5—

Data input [ Do X D1 X D2 X D3 X D4 X D5

DT36879V1

5.3.22 Analog-to-digital converter characteristics

Unless otherwise specified, the parameters given in Table 83 are derived from tests performed under the ambient
temperature, fycLk frequency, and Vppa supply voltage conditions summarized in Section 5.3.1: General

AU) operating conditions.
vq—o Note: It is recommended to perform an ADC calibration after each power-up.
&
g Table 83. 12-bit ADC characteristics
O I T T N T
—
o Analog power
Vbbpa supply for ADC - 2.5 - 3.6
1)) ON
c"@ Positive
beb) VREF+ reference - 1.8 - Vbpa \Y
B voltage
9 Negative
) VREE- reference - Vssa
o voltage
D_ ADC clock
fadc_ker_ck'" frequency 25V<Vppp<36V 15 - 80 MHz
Resolution
= 12 bits - 5.00 -
R 25V <Vppas36V,
Sampling rate | Resolution . 571 i
=10 bits -40°C < T, < 140°C,
for fast
channels All Modes
Resolution f, = 80 MHz,
(ADCX_IN[O:5]) | = g pits adoker_ok - 6.67 -
SMP =25
fs with Reso_lution ) 8.00 )
RAIN = 47 Q =6 bits VISPS
and Resolution 25V <Vppa<3.6V,
Cpcg = 22 pF = 12 bits - 3.08 -

-40°C < T, < 140°C,
Sampling rate | Resolution

for slow =10 bits fadc_ker_ck = 80 MHz, - 5.00 -
channels All modes
; SMP = shortest
. Resolution
gADCx_IN[6.19] C 8 bits possible (see - 5.71 -
Table 84. Minimum

Resolution sampling time versus 8.00

= 6 bits RaiN) B ) -
External trigger = Regular + 65+ ) }

trrRiG period conversions ts+6.5+N 21 1/fadc_ker_ck
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External trigger | Injected

frRiG period conversions | S+ 72+ N i ) Wtade_ker_ck
Conversion
VAN voltage range ) 0 ) VReF+
Differential ) VRef/2 - Vrer/2 VRer/
mode 10% 2+10% v
Common mode _ _
Vemv input voltage Pseudo- PDIFFREF=0 (reference voltage = VRgr.) VREE- - VREF+
differential - -
PDIFFREF=1 (reference voltage =
VRep/2 - \Y
mode VRer/2) REF REF+
fadc_ker_ck =
80 MHz,
ts = 2.5, Resolution = 12 bits, Ty = 140°C - - 321 -
Tolerance
4 LSBs
Resolution = 12 bits, T; = 125°C - - 220 -
PN Ran®? External input Resolution = 10 bits, Ty = 140°C - - 1039 -
7p] impedance £ -
N— adc_ker_ck K i o
.'(3 80 MHz, Resolution = 10 bits, T; = 125°C - - 2100 -
S ts = 2.5, Resolution = 8 bits, T; = 140°C - - 6327 -
© Tolerance Resolution = 8 bits, T, = 125°C - - 12000 -
(@) 2LSBs
— Resolution = 6 bits, T; = 140°C - - 47620 -
o
O Resolution = 6 bits, Tj = 125°C - - 80000 -
7)) Internal sample
CG Capc and hold - - 3 - pF
capacitor
(D) p
E ADC LDO
- t internal voltage
B ADCVREG_ STUP regulator - - 5 10 us
o startup time
D' tsTaB ADC power-up ADC LDO internal voltage regulator already started 1 - conversion
time cycle
Offset
torF_cAL calibration time - 1335
Trigger
conversion
latency for
regular ) )
WATR channels 1 2
without
aborting the
conversion
i 1/fadc ker_ck
Trigger S
conversion
tLATRINY latency for - 2 - 3
injected
channels
ts Sampling time - 2.5 - 848.5
Total
conversion time . .
tconv (including N-bits resolution ts+1.5+N

sampling time)
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fs =5 MSPS
consumptlon _
on Vppa and fs =1 MSPS - 190 -
IpbA_p(ADC) VREF,
Differential fs = 0.1 MSPS - 50 -
mode
ADC fs = 2.5 MSPS - 500 -
consumption .
on Vppa and fs =1 MSPS - 150 -
IDDA_SE(ADC)  Vggr
Single-ended fs = 0.1 MSPS - 50 - uA
mode
fADC =80 MHz - 265 -
fADC =50 MHz - 175 -
ADC fADC =25 MHz - 90 -
Ipb(anc) consumption
on Vpp fapc = 12,5 MHz - 45 -
N
(7)) fapc = 6,25 MHz . 29 B
N’
"5‘ fapc = 3,125 MHz y 11 -
> 1. This frequency is the analog ADC specification, it must respect the value in Table 15. Maximum allowed clock frequencies.
o 2. For more detailed RAIN selection see Table 84. Minimum sampling time versus R . Maximum allowed RAIN depends from ljgai current for
E given pin (see Table 51. I/O static characteristics.
o
(¢)) Table 84. Minimum sampling time versus RN
c(@ Specified by design. Not tested in production.
Tolerance for 2 LSB error. Data valid up to T; = 140°C, with a 22 pF PCB capacitor, and Vppa = 2.7 V.
i) Maximum allowed RpjN for extra-long sampling time depends on the lig4k current for the given pin, causing a voltage drop
(D) across Rpn (see Table 51. 1/O static characteristics).
—
(D) Minimum sampling time (s)
aut Resolution Rain (Q)
D_ Fast channels(! Slow channels @
3.75E-08 6.16E-08
68 4.05E-08 6.29E-08
100 4.59E-08 6.65E-08
150 5.52E-08 7.23E-08
220 6.96E-08 8.41E-08
12 bits
330 9.31E-08 1.05E-07
470 1.24E-07 1.34E-07
680 1.72E-07 1.79E-07
1000 2.45E-07 2.52E-07
1500 3.63E-07 3.67E-07
47 3.20E-08 5.10E-08
68 3.43E-08 5.25E-08
100 3.82E-08 5.52E-08
10 bits
150 4.55E-08 6.06E-08
220 5.70E-08 6.94E-08
330 7.56E-08 8.61E-08
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Minimum sampling time (s)
Resolution Ran (Q)
Fast channels(" Slow channels @
470

9.96E-08 1.09E-07
680 1.37E-07 1.45E-07
1000 1.96E-07 2.01E-07
10 bits 1500 2.88E-07 2.91E-07
2200 4.19E-07 4.18E-07
3300 6.28E-07 6.23E-07
4700 8.96E-07 8.83E-07
6800 1.30E-06 1.27E-06
47 2.64E-08 4.17E-08
68 2.76E-08 4.24E-08
100 3.02E-08 4.39E-08
150 3.51E-08 4.66E-08
,UT 220 4.27E-08 5.13E-08
gl 330 5.52E-08 6.19E-08
(:'5) 470 7.17E-08 7.72E-08
o] 680 9.68E-08 1.00E-07

o 8 bits
= 1000 1.34E-07 1.37E-07
o 1500 1.93E-07 1.94E-07
Q 2200 2.76E-07 2.74E-07
CU)G 3300 4.06E-07 4.01E-07
QD 4700 5.73E-07 5.62E-07
&) 6800 8.21E-07 7.99E-07
@ 10000 1.20E-06 1.17E-06
E 15000 1.79E-06 1.74E-06
47 2.14E-08 3.16E-08
68 2.23E-08 3.21E-08
100 2.40E-08 3.31E-08
150 2.68E-08 3.52E-08
220 3.13E-08 3.87E-08
330 3.89E-08 4.51E-08
470 4.88E-08 5.39E-08
680 6.38E-08 6.79E-08

6 bits
1000 8.70E-08 8.97E-08
1500 1.23E-07 1.24E-07
2200 1.73E-07 1.73E-07
3300 2.53E-07 2.49E-07
4700 3.53E-07 3.45E-07
6800 5.04E-07 4.90E-07
10000 7.34E-07 7.11E-07
15000 1.09E-06 1.05E-06
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1. Fast channels range from ADCx_INPO to ADCx_INP5.
2. Slow channels correspond to all ADC inputs except the fast channels.

Table 85. ADC accuracy - LDO mode

Evaluated by characterization for LQFP128 package. Not tested in production.
ADC DC accuracy values are measured after internal calibration in continuous mode.
Characterized at 1 MHz and 80 MHz.

symoa | parameer | Gonions————Juin | x| o]

Single ended = - +/-3 +/-7
ET Total unadjusted error Fast and slow channels fagc ker ck = 80 MHz
- Differential - +/-3 +/-6
Single ended = - -2 +0/-6
EO Offset error Fast and slow channels fagc ker ck = 80 MHz
o7 Differential - -2 +1/-5
Single ended = - +3 +9
EG Gain error Fast and slow channels fagc ker ck = 80 MHz LSBs
-7 Differential - +3 +8
Single ended - | +/-0.75 +1.6/-1
ED Differential linearity error | Fast and slow channels faqc ker ck = 80 MHz
Differential - | +-0.75 +1.7/-1
Single ended = - +/-2 +/-4
EL Integral linearity error Fast and slow channels fagc ker ck = 80 MHz
- Differential - +/-1 +/-2.5
Single ended 10 | 10.8 -
ENOB | Effective number of bits | Fast and slow channels fagc_ker ck = 80 MHz Bits

Differential 1 11.5 -

; ; Single ended 62 68 -
SINAD | Signal-to-noise and Fast and slow channels fage er o = 80 MHz —°
distortion ratio - Differential 68 = 71 -
Single ended 62 70 -
SNR Signal-to-noise ratio Fast and slow channels fagc_ker ck = 80 MHz dB
Differential 69 72 -

Single ended  -70 -75 -
THD Total harmonic distortion = Fast and slow channels faqc ker ck = 80 MHz
- Differential -75  -80 -

Prerelease product(s)

Table 86. ADC accuracy (ADC1) - SMPS mode

Evaluated by characterization for LQFP128 package. Not tested in production.

ADC DC accuracy values are measured after internal calibration in continuous mode.

Characterized at 1 MHz and 80 MHz.

Accuracy values are valid for all ADC pins except PD15, PD14, PD13, PD10, PD9, PD8, PB15, PB14, PB13, and PB12. For
these specific pins, refer to ANXXXX.

e I = () e

Single ended | -  +/-4 -
ET Total unadjusted error Fast and slow channels fagc ker ck = 80 MHz
- Differential - H-4 -
Single ended | - -3 -
EO Offset error Fast and slow channels fagc ker ck = 80 MHz
- Differential - -3 -
Single ended | - +4 -
EG Gain error Fast and slow channels fagc ker ck = 80 MHz LSBs
- Differential -+ -
Single ended - +/-1 -
ED Differential linearity error Fast and slow channels fagc_ker ck = 80 MHz
Differential - A1 -
Single ended | - | +/-2 -
EL Integral linearity error Fast and slow channels fagc_ker ck = 80 MHz
Differential - 2 -
ENOB | Effective number of bits Fast and slow channels faqc ker ok = 80 MHz | Single ended - 10.8 - Bits
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ENOB | Effective number of bits Fast and slow channels fagc_ker ck = 80 MHz | Differential - 115 Bits
; 40-Noi ; ; Single ended = - 68 -
SINAD | Signal-to-noise and distortion ot g slow channels fage ker ok = 80 MHz
ratio - Differential | - 71 -
Single ended | - 70 -
SNR Signal-to-noise ratio Fast and slow channels fa4c ker ck = 80 MHz dB
o Differential - 72 -
Single ended | - | -75 -
THD Total harmonic distortion Fast and slow channels fagc ker ck = 80 MHz
- Differential - -80 -

Table 87. ADC accuracy (ADC1+ADC2+ADC3+ADC4) - SMPS mode

Data evaluated by characterization for LQFP128 package. Not tested in production.

ADC DC accuracy values are measured after internal calibration in continuous mode.

Characterized at 1 MHz and 80 MHz.

Accuracy values are valid for all ADC pins except PD15, PD14, PD13, PD10, PD9, PD8, PB15, PB14, PB13, and PB12. For
these specific pins, refer to ANXXXX.

S 1 .7 2

~~
2 Single ended | - = +/-5
_l\_,/ ET Total unadjusted error Fast and slow channels fagc ker ck = 80 MHz
8 - Differential - +/-5 -
- Single ended = - -4 -
[®) EO Offset error Fast and slow channels fagc ker ck = 80 MHz
o o Differential - -4 -
— Single ended | - = +/-5 -
(@} EG Gain error Fast and slow channels fagc ker ck = 80 MHz LSBs
O - Differential - +/-5 -
N Single ended - +/-1 -
ED Differential linearity error Fast and slow channels fagc ker ck = 80 MHz
8 Differential = - | +-1 -
— Singleended - | +/-25 -
(D) EL Integral linearity error Fast and slow channels fagc ker ck = 80 MHz
— - Differential - +-25 -
2 Single ended = - 10.8 -
ENOB | Effective number of bits Fast and slow channels fagc ker ck = 80 MHz Bits
al — Differential - 115 -
i ; Single ended = - 68 -
SINAD | Signal-to-noise and Fast and slow channels fage ker ok = 80 MHz 2
distortion ratio == Differential . 71 _
Single ended = - 70 -
SNR Signal-to-noise ratio Fast and slow channels fagc_ker ck = 80 MHz dB
Differential - 72 -
Single ended = - -70 -
THD Total harmonic distortion Fast and slow channels fagc ker ck = 80 MHz
- Differential - -80 -
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Figure 54. ADC accuracy characteristics

VREF+ Voba

[1LSB =

Output code

2.1 T

2"-2
2"-3

(1) Example of an actual transfer curve
(2) Ideal transfer curve
(3) End-point correlation line

n = ADC resolution

Er = total unadjusted error: maximum deviation
between the actual and ideal transfer curves

Eo = offset error: maximum deviation between the first

7 actual transition and the first ideal one

61 E Ec = gain error: deviation between the last ideal
511 5% transition and the last actual one

4+ 4.7 Ep = differential linearity error: maximum deviation
34+ £ between actual steps and the ideal one

EL = integral linearity error: maximum deviation between

11 41>LSB ;deal any actual transition and the end point correlation line
B s w2 e e ws mm VN (VS
Vesa & 5 & § & & &5 5§
AN A S 2% L& 3
& aa 3
i
~~~ [a]
)
N—r’
)
O - - - - - . 0 - -
D Figure 55. Typical connection diagram when using the ADC with FT/TT pins featuring analog switch
[®) function
—
o
(7)) Vopa® Vrer+4)
qv) -
Q) /0 Sample-and-hold ADC converter
D) analog
— Ran® switch Ranc
. [ . . —
(D) LI y y — Converter
| ——
D— @ Cparasitic(z) |Ikg(3) - Sampllng Cabc
switch with
multiplexing
1 2
- - Vss Vss Vssa <
3
=
[a]
Note: 1. Refer toTable 83. 12-bit ADC characteristics for the values of Ray and Capc.

2. Cparasitic represents the capacitance of the PCB (dependent on soldering and PCB layout quality) plus the
P
pad capacitance (refer to Section 5.3.15: I/O port characteristics) for the value of the pad capacitance). A
high Cparasitic value downgrades conversion accuracy. To remedy this, fage_ker ck Should be reduced.

3. Refer to Section 5.3.15: /O port characteristics for the values of lg.
4. Refer to Section 5.1.6: Power supply scheme.
General PCB design guidelines:

It is recommended to perform power supply decoupling as shown in Figure 23 or Figure 22 and Figure 56,
depending on whether VRgp+ is connected to Vppa or not. The 1 yF capacitors must be ceramic (good quality),

and placed as close as possible to the chip.
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Figure 56. Power supply and reference decoupling (Vrer+ not connected to Vppa)

STM32
® - [ Vrkers
1 uF // 100 nF ——
:I VobA
1 WF // 100 nF
o Vssa/VREer-

DT77039V1

~~
7y}
el 5.3.23 DAC characteristics
(&)
> i
S Table 88. DAC 1 characteristics
O Specified by design and not tested in production, unless otherwise specified.
E Refer to Table 51. I/O static characteristics.
8 Vppa Analog supply voltage - 1.62 3.3 3.6
CG VREFDAC+ Positive reference voltage - 1.62 - Vbba Vv
) )
E VREFDAC- Negative reference voltage - Vssa
S Connected to 5
CD DAC output Vssa ) )
S R Resistive load buffer ON
(al urrer Connected to
v, 25 - -
DDA
Ro Output impedance DAC output buffer OFF 9.6 1.7 13.8 kQ
Output impedance sample and DAC output - ) )
Reon hold mode, output buffer ON buffer ON Vop =162V 16
Output impedance sample and DAC output - ) )
Reorr hold mode, output buffer OFF buffer OFF Vop =162V 165
CL DAC output buffer ON - - 50 pF
Capacitive load
CsH Sample and hold mode - 0.1 1 uF
DAC output buffer ON Vssa + 0.2 - Vppa—0.2
Vpac_out Voltage on DAC_OUT output \%
DAC output buffer OFF VREFDAC- - VREFDAC+
+0.5LSB - 2.05 3
Normal mode +1 LSB - 1.97 2.87
Settling time (full scale: fora 12- | DAC output
bit code transition between the buffer ON C < t21SB - 1.67 2.84
tseTTLING lowest and the highest input 50pF, RL25kQ | +4 | SB - 1.66 278 ps
codes when DAC_OUT reaches
the final value. +8 LSB - 1.65 2.7
Normal mode, DAC output buffer ) 17 9
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Wakeup time from off state Normal mode, DAC output buffer )

. (seftingthe ENxbitinthe DAC ~ ON CL=S0PF R =5k

Control register) until the 1 LSB ' Normal mode. DAC output buffer
final value OFF, CL <10 pF

twakeup us

- . Normal mode DAC output buffer
PSRR DC Vppa supply rejection ratio ON C, < 50pF, R, = 5kQ - -80 -28 dB
DAC_MCR:MODEXx[2:0] = 000 or

Minimal time between two 001 C <50 pF, R, 2 5 kQ

consecutive writes into the

Tw tow DAC_DORKX register to guarantee ' paoc MCR: MODEX[2:0] = 010 or Js
a correct DAC_OUT for a small o011 14 . _
variation of the input code (1 LSB) CL<10pF ’
DAC output
buffer ON, - 0.7 2.6
. Csy = 100 nF
Sampling time in Sample and DAC_OUT pin ms
Hold mode. (Code transition connected DAC output
t between the lowest input code buffer OFF, - 11.5 18.7
~~ SAMP and the highest input code when Csn =100 nF
(@p] DACOUT reaches final value
\H/ +1 LSB) DAC_OUT pig DAG
not connecte: output
S (internal buffer OFF - 03 0.6 us
g connection only)
Sample and hold mode, DAC_OUT ) ) _
e lleak Output leakage current pin connected 3 nA
o
Ciint Intern'fll sample and hold ) 18 29 26 oF
q) capacitor
C(g tTRIM Middle code offset trim time DAC output buffer ON 50 - - us
) Vet Middle code offset for 1 trim code | VREFDAC+=3.6V ) 850 ) WV
— orise
() step VRrerpAc+ = -8V - 425 -
—
(D) No load, middle ) 360 )
— DAC output code (0x800)
ol buffer ON No load, worst i 490 i
code (0xF1C)
Iopa(DAC) DAC consumption from Vppa DAC outout No load, middle/
buffer OIEF worst code - 20 -
(0x800)
Sample and hold mode, 360 x Ton/
Cgn = 100 nF i (Ton+Toff) 2 i
No load, middle
’ - 170 - A
DAC output code (0x800) H
buffer ON No load, worst 170 i
code (0xF1C)
No load, middle/
Ippv(DAC) DAC consumption from VRerpac+ Eﬁfifgﬁ;t worst code - 160 -
(0x800)
Sample and Hold mode, Buffer ON, 170 x Ton/
Csny=100 nF (worst code) ) (Toff+Toff)) )
Sample and Hold mode, Buffer 160 x Ton/
OFF, Cg4=100 nF (worst code) . (Toff+Toff) 2 )

1. In buffered mode, the output can overshoot the final value for low input codes (starting from the minimum value).
2. Ton is the refresh phase duration, and Toff is the hold phase duration. For more information, see the reference manual.
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Figure 57. 12-bit buffered/non-buffered DAC

Buffered/non-buffered DAC

Buffer™
—_——— — —
| | RLoap
12-bit I || bac_our [ WW
digital-to-analog ! | | ‘j
converter | I I =
| _! 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

Table 89. DAC 1 accuracy

Specified by design and not tested in production, unless otherwise specified.

-2 - 2

) Differential non A DAC output buffer ON LSB
= DNL linearity"" DAC output buffer OFF 2 -2
8 Monotonicity 10 bits Guaranteed -
I®) Integral non DAC output buffer ON, C <50 pF, R =25 kQ -4 - 4
INL . ) LSB
e linearity'*) DAC output buffer OFF, C, < 50 pF, no R 4 - 4
Q DAC output VREFDAC+ =36V - - +12
@ buffer ON,
Offset errorat | C < 50 pF, -
CU)G Offset code 0x800 R. 2 5kQ VReFDAC+ = 1.8V - - | £25 | LSB
G) DAC output buffer OFF, C|_ < 50 pF, no R - - +8
()
o Offset1 Offset error at ' ¢ output buffer OFF, C, < 50 pF, no R, - - 5 LSB
B) code 0x001¢)
E Offset error at | DAC output  VRerpac+ = 3.6 V - - £5
buffer ON,
OfseiCal S0 oy CL% 50 pF LS8
- ’ V =18V - - +7
calibration RL25kQ REFDAC+
DAC output buffer ON,C| < 50 pF, R = 5 kQ - - +1
Gain Gain error® %
DAC output buffer OFF, C|_ < 50 pF, no R - - +1
Total DAC output buffer ON C_ < 50pF, R 25 kQ - - +30
TUE undajusted LSB
error DAC output buffer OFF C_ < 50pF, no R - - +12
Total
TUECal undajusted DAC output buffer ON C| < 50pF, R, = 5 kQ - - 23  LSB
error after
calibration
Simal ~ DAC output buffer ON C(_ < 50pF, R 2 5 kQ, 1 kHz, _ lersl -
ignal-to-noise  BW 500 kHz :
SNR ratio®) dB
DAC output buffer OFF C_ < 50pF, no R, 1 kHz, BW 500 kHz - 67.8 -
_ DAC output buffer ON C_ < 50pF, R 2 5kQ, 1 kHz ; '768' ;
THD Tgtal hf’:armsonlc dB
distorsion(®) 78
DAC output buffer OFF C_ < 50pF, no R, 1 kHz - 6 ’ -
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Signal-to-noise ' DAC output buffer ON C < 50pF, R 25 kQ, 1 kHz 67.5

SINAD and distorsion dB
ratio® DAC output buffer OFF C_ < 50pF, no R, 1 kHz - 675 -

os Effective DAC output buffer ON C|_ < 50pF, R 2 5 kQ, 1 kHz - 109 - bits
number of bits | pAC output buffer OFF Cy_ < 50pF, no Ry, 1 kHz - 109 -

1. Difference between two consecutive codes minus 1 LSB.

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

Difference between the value measured at code 0x001 and the ideal value.

4. Difference between the ideal slope of the transfer function and the measured slope computed from code 0x000 and code
OxFFF when the buffer is off, and from the code that gives 0.2.

5. The signal level is -0.5 dBFS with a sampling frequency of 1 MHz.

Table 90. DAC 2-4 characteristics

Specified by design and not tested in production, unless otherwise specified.
Refer to Table 51. 1/O static characteristics.

O T s e | el ]
N’
45 Vpba Analog supply voltage 2.50 3.6
) VREFDACH+ Positive reference voltage - 2.50 - Vbpa v
g VREFDAC- Negative reference voltage - Vssa
fey Vdac_out Voltage on dac_out output - VRerDAC- | - | VREFDAC+ -
i~ 10%
Q 90% - 16 22
CU)G With one 5% - 95% - 21 29
) Bc/’\"épg;?:)?ft N 1%-99% - 33 46
() 32LSB - 40 53
b Settling time (full scale: for a 12-bit code
) ¢ transition between the lowest and the 1LSB - 64 87 -
- SETTLING  highest input codes when DAC_OUT 10% -
D— reaches the final value. 90% - 24 32
With two 5% - 95% - 32 43
comparator on o _0Qo )
DAC output 1% - 99% 49 67
32LSB - 57 75
1LSB - 93 125142

Wakeup time from off state (setting the
twakeup ENx bit in the DAC control register) untii | Normal mode, C|_ < 10 pF - 1.4 3.5 us
the +1 LSB final value

PSRR Vbpa supply rejection ratio - - -80 -60 dB

Sampling time in sample and hold mode.
t (code transition between the lowest input ) } 0.7 ) s
SAMP code and the highest input code when ' H

DACOUT reaches final value +1 LSB)

Ciint Internal sample and hold capacitor - 1.44 1.8 21 pF

dV/dt (hold  Voltage decay rate in sample and hold - e } ) mV/m

phase) mode, during hold phase Csn =18 pF, T=55"C 50 s
VReFDAC+ = 3.6 V - 850 -

Voffset Middle code offset for 1 trim code step v
VREFDAC+ =18V - 425 -

Iopa(DAC) DAC consumption from Vppa No load, middle code (0x800) - 20 - pA
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Ippv(DAC) DAC consumption from VRerpac+ No load, middle code (0x800) -

Table 91. DAC 2-4 accuracy

Specified by design and not tested in production, unless otherwise specified.

symool|—paramair " conains i x| un
-2 - 2 LSB

Differential non linearity!") -

DNL
Monotonicity 10 bits Guaranteed -
INL Integral non linearity(?) - -5 - 5 LSB
TUE Total undajusted error - - - +12 | LSB
DCS d  Dynamic code spike Spike _amplltude_on DAC voltage when DAC output ) 0 2 LSB
value is decreasing
DCS i Dynamic code spike Spike amplitude on DAC voltage when DAC output 0 4 LSB

value is increasing

1. Difference between the value measured at code i and the value measured at code i on a line drawn between code 0 and the

/(;)\ last code 4095.
~— 2. Difference between the value measured at code 0x001 and the ideal value.
i
O -
S 5.3.24 Analog temperature sensor characteristics
®;
e Table 92. Analog temperature sensor characteristics
= S O === S— P21 7 =3
8)) Vsense linearity with temperature (from Vggnsor Voltage)
T °C
CG Vsense linearity with temperature (from ADC counter) - - 3
2 Average slope (from Vgensor Vvoltage)) - 2 -
(D) Avg_Slope? mv/°C
— Average slope (from ADC counter) - 2 -
9 V30 Voltage at 30°C £ 5 °C - 062 - \Y
D— tstart_run'" Startup time in Run mode (buffer startup) - - 252
us
ts_temp'” ADC sampling time when reading the temperature 9 - -
lsens' " Sensor consumption - 018 0.31
MA
lsensbuf " Sensor buffer consumption - 3.8 | 6.5

1. Specified by design. Not tested in production.
2. Evaluated by characterization. Not tested in production.
3. Measured at Vppa = 3.3 V+10 mV. The V30 ADC conversion result is stored in the TS_CAL1 byte.

Table 93. Temperature sensor calibration values

TS_CAL1 Tempe_rature sensor raw data acquired value at 30 °C, 0x08FF F814 - 0XO8FF F815
Vppa=3.3V
Temperature sensor raw data acquired value at 140 °C,

Vbpa =3.3V Ox08FF F818 - 0x08FF F819

TS_CAL2
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5.3.25 Digital temperature sensor characteristics

Table 94. Digital temperature sensor characteristics

Specified by design and not tested in production, unless otherwise specified.

I T N L T LTI

fors'” Output clock frequency 1150 KkHz
T Temperature linearity coefficient VOS2 1660 | 2100 | 2750 Hz/°C
Ty =-40°C to 30°C -13 - 4
TroTaL ERROR'" | Temperature offset measurement, all VOS °c
N T, =30°C to 140°C 7 - 2
VOS2 0 - 0
Tvbp_core Additional error due to supply variation °C
B VOSO0, VOS1 -1 - 1
trRIM Calibration time - - } 2 ms
twake_up Wake-up time from off state until DTS ready bit is set - - 67 116 ys
IbDCORE_DTS DTS consumption on VDD_CORE - 8.5 30 70 MA

N
(@p] 1. Evaluated by characterization. Not tested in production.
N’
S
% 5.3.26 Vcore monitoring characteristics
®;
(@) Table 95. Vgorge monitoring characteristics
—
o Specified by design. Not tested in production.
T ———at L
" "
(7)) Ts_vcore ADC sampling time when reading the VcoRe voltage
@ L
T) 5.3.27 Temperature monitoring
—
e Table 96. Temperature monitoring characteristics
D_ Specified by design and not tested in production, unless otherwise specified.
TEMPhign High temperature monitoring 130 135
°C
TEMPjow Low temperature monitoring -40 -35 -30
5.3.28 VRerBUF characteristics

Table 97. VRergur characteristics

Specified by design and not tested in production, unless otherwise specified.

T TS T TN NN Y

VRS = 000 3.135
Normal mode VRS = 001 2.8 - 3.6
Vopa =33V VRS = 010 2.7 - 3.6
Vooa O;f:;% supply VRS = 011 2.7 - 36 v
VRS = 000 27 - 3.135
Degraded mode!(") VRS =001 27 - 2.8
VRS =010 - - -
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Analog supply
Vbpa voltage Degraded mode(") VRS = 011
VRS =000 2.9000
Normal mode at 30°C, VRS =001 2,498 25000  2,5035()
lLoap = 100 pA VRS = 010 20460 20490  2.0520
VRS =011 1.8010 | 1.8040 1.8060 v
Voltage reference VDDA -
VREFBUF_OUT | ptrer output VRS =000 150 mV - Vbpa
o VRS = 001 Vooa- Vooa
Degraded mode 150 mV
VRS =010 - - -
VRS =011 - - -
TRIM Trim step - - - +0.05 £0.1 %
resolution
— CL Load capacitor - - 0.5 1 1.50 uF
(0] . .
Equivalent serial
— esr resistor of C|_ 2 Q
(&)
- lioad Static load current - _ i ) 4 mA
(@) ILoap = 500 pA - 200 -
O liine_reg Line regulation 28V <Vppas<36V ppm/V
E lioad = 4 MA - 100 -
load._re oad regulation PAS Il oapS4m ormal Mode - -
D) load_reg Load regulati 500 pA<lopp<4mMA  Normal Mod 50 Pprv/
(7))
© T Temperature _40°C < T < +140°C i i i Teoeff ppm/
Q coeff coefficient J VRepINT + 100 °C
O DC - - 60 -
9 PSRR quer supply dB
) rejection 100 kHz - - 40 -
E CL=05pF - - 300 -
tSTART Start-up time CL=1uF - - 500 - us
CL=15F - - 650 -
Control of
maximum DC
current drive on
| - - -
INRUSH VREFBUF_OUT 8 mA
during startup
phase(®)
ILOAD =0 HA - - 15 25
VREFBUF
IpbA(VREFBUF) | consumption from | I oap = 500 pA - - 16 30 pA
Vbpa
ILOAD =4 mA - - 32 50

In degraded mode, the voltage reference buffer cannot maintain the output voltage (Vppa minus drop voltage) accurately.
2. Evaluated by characterization. Not tested in production.

3. To control the Vrergur liInRusH current during startup and scaling changes, ensure that the VDDA voltage is in the range of
27Vto3.6V.
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5.3.29 Comparator characteristics

Table 98. COMP characteristics

S S

Vbbpa Analog supply voltage 25 33 36
VN Comparator input voltage range - 0 - Vopa| V
Vgg'" Scaler input voltage - VREFINT
Vsc Scaler offset voltage - - 45 10  mVv
) ) BRG_EN=0 (bridge disable) - 200 300
Ibpa(SCALER) | Scaler static consumption from Vppa nA
BRG_EN=1 (bridge enable) - 800 1000
tSTART _SCALER | Scaler startup time - - 140 250 s
Comparator startup time to reach 01=02) B
tSTART propagation delay specification PWRMODE[1:0]=0 2 5 Hs
Propagation delay for 200 mV step | 20 PF load DGLT=0 - 1430
tp'® . ) ns
f(;)\ with 100 mV overdrive PWRMODE[1:0] = 0% DGLT = 1 - 20 50
:/ Voffset Comparator offset error Full common mode range 25 - 3 mV
&)
HYST[2:0]=0 - 0 -
S [2:0]
@) HYST[2:0] =1 6 10 13
o ol =
bl HYST[2:0] =2 13 20 25
o HYST[2:0] = 3 22 30 37
Vhys Comparator hysteresis mV
Q HYST[2:0] =4 30 40 50
CU)G HYST[2:0] =5 40 50 63
(D) HYST[2:0]1 =6 58 | 73 90
&) HYST[2:0] = 7 78 95 118
(D) , Static - 500 680
— Iopa(COMP) | Comparator consumption from Vppa uA
D_ With 50 kHz £100 mV overdrive square signal | - 500 -

1. Refer to Table 20. Embedded reference voltage.
2. PWRMODE[1:0] > 0 is not supported on this product.
3. Evaluated by characterization and not tested in production.

5.3.30 Audio digital filter (ADF) characteristics

Unless otherwise specified, the parameters given in Table 99 are derived from tests performed under the ambient
temperature, fang frequency and Vpp supply voltage conditions summarized in Table 14. General operating
conditions, with the following configuration:

. Output speed is set to OSPEEDRYy[1:0] = 10

. Capacitive load C| = 30 pF

. Measurement points are done at CMOS levels: 0.5 x Vpp
. 10 compensation cell activated.

. HSLV activated when Vpp £2.7 V

. Voltage scaling range 1

Refer to Table 51. |/O static characteristics for more details on the input/output characteristics.
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Table 99. ADF timing measurements

Evaluated by characterization, not tested in production.

sob) [ Gmmwm L emdies [ Oe o [t [owm

Input clock frequency via
fccki | ADF_CCK[1:0] pin, in 1.71V<Vpp<s36V - . 25 MHz
SLAVE_SPI mode

focko Output clock frequency in 27V<Vpp<36V : - 25/101" MHz
MASTER_SPI 171V <Vpp <36V - : 25/4()
focKOLE Output clock frequency in 27V<Vpp=36V : - 5 MHz
LF_MASTER_SPI 171V <Vpp<3.6V § - 5/4(1)
Input symbol rate in
fsyMB | \ANCHESTER mode - - - 20 MHz
tHcekis | ADF_CCK[1:0] input clock 2 x Tadf_pr

In SLAVE_SPI mode - -

tLceki high and low time oc_ck®
t , :
HCCKO ADF_C_CK[1 :0] outp_ut In MASTER_SPI mode 2 x Tadfgpr ) )
ticcko | clock high and low time oc_ck®
~~
) thcckoLF, | ADF_CCK[1:0] output In LF_MASTER_SPI Tadf_proc_c ) )
4\_,/ ticckoLr | clock high and low time mode k@
& :
> tsucoki | oo ?é“;{}'_gﬁ wrt In SLAVE_SPI mode: 2 ] ]
®) — -Ulinpu ADF_CCK[1:0] configured
(@) ; Data hold time w.r.t. in input, measured on 1 ns
bt HDCCKI ADF_CCK[1:0] input rising and falling edge - -
tsuccko | Data setup time w.r.t. In MASTER_SPI mode: = 3.5/5.7() ] ]
) ADF_CCK([1:0] output ADF_CCK[1:0] configured
N Data hold time w.r.t. in output, measured on
(g tioccko | ApF CCK[1:0] output rising and falling edge 0.5 - -
b _
— Data setup time w.r.t. In LF_MASTER_SPI ) ) )
() ISUCCKOLF | ADF CCK1:0] output mode: ADF_CCK[1:0] = 11-5/64
B configured in output,
Data hold time w.r.t. d isi d
t measured on rising an 0 R R
E HDCCKOLF ADF_CCK][1:0] output falling edge
1. When using PA8/PA9.
2. Tadf _proc_ck is the period of the ADF processing clock.
Figure 58. ADF timing diagram
tsuccki  thpceki  tsuccki  thpccki fec, fecxo, feckorr »
tsuccko  tHpccko  tsuccko  tHbccko tLeeki, tLecko, tHeek, tHecko,
tsucckoLF tHpcckoLF tsucckoLr tHocckoLF tLCCKOLF tHCCKOLF
T\
ADF_CCK (I/0)
J | S
i \ i \ i ;
ADF_SDIx (I) \ p= H ) g
©
[a]

5.3.31 Timer characteristics
The parameters given in Table 100 are specified by design.

Refer to Section 5.3.15: 1/0O port characteristics for details on the input/output alternate function characteristics
(output compare, input capture, external clock, PWM output).

IDTBL00-9179
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Table 100. TIMx characteristics
TIMx is a general term in which x represents 1, 2, 3, 4, 5,6, 7, 8, 9, 10, 11, 12, 15, 16, 17, or 20.

T A T [ R

- triMxCLK

tRES(TIM) Timer resolution time

fT|MXC|_K =520 MHz 1.92 - ns

- 0 frimxcik/2  MHz

fexT Timer external clock frequency on CH1 to CH4

frimxcLk = 520 MHz 0 260 MHz

TIMx (except TIM2, TIM3, TIM4 16
ResTim Timer resolution and TIMS) bits

TIM2, TIM3, TIM4 and TIM5 - 32

- 1 65536  tTIMxCLK
tcounTER 16-bit counter clock period
frimxcLk = 520 MHz 192 126031 ns

TIM2, TIM3, TIM4 and TIM5 232 tTIMxCLK

tmax_counT | Maximum possible count with 32-bit counter

frimxcLk = 520 MHz - 8.26 s
U) - 0 frivxcLk/4 MHz
fenc Encoder frequency on TI1 and TI2 input pins
+— frimxcLk = 520 MHz 0 130 MHz
(5) tw(NDEX) Index pulse width on ETR input - 2 - tTIMxCLK
[®) Pulse width on TI1 and TI2 inputs in all encoder ) 5 ) t
(@) ) modes except directional clock x1 TIMXCLK
— W(TI,TI2
o ( ) Pulse width on TI1 and TI2 inputs in directional ) 3 ) t
clock x1 mode TIMXCLK
1))
7p)]
(40 Table 101. IWDG min/max timeout period at 32 kHz (LSI)
2 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
(D) period of uncertainty.
— Prescaler divider PR[2:0] bits Min timeout RL[11:0] = 0x000 Max timeout RL[11:0] = OxFFF
) [2:0] [11:0] = [11:0] =
E 14 0.125 512
8 1 0.250 1024
/16 2 0.500 2048
/32 3 1.0 4096 ms
/64 4 2.0 8192
/128 5 4.0 16384
/256 6or7 8.0 32768

Table 102. WWDG min/max timeout value at 280 MHz (PCLK)

WDGTB Min timeout value Max timeout value m

0.014625 0.936

2 1 0.02925 1.872
ms

4 2 0.0585 3.744

8 3 0.117 7.488
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5.3.32 Low-power timer characteristics

Table 103. LPTIMx characteristics

LPTIMx is a general term in which x represents 1 to 6.

T I Y NS TN

tRES(TIM) Timer resolution time 1 - tLPTIM_KER_CK

fLPTIM_KER_CK Timer kernel clock 0 130 MHz

fexT Timer external clock frequency on input1 and input2 0  fLpTiM_KER CK/3 MHz

ResTim Timer resolution - 16 bits

tMAX_CounT Maximum possible count - 65536 tLPTIM_KER CK
5.3.33 High resolution timer

The parameters given in Table 104 are derived from tests performed under ambient temperature and supply
voltage conditions summarized in Section 5.3.1: General operating conditions.

7p) Table 104. HRTIM characteristics
N’
2 Symbol Parameter Conditions Typ
(&)
- Timer ambient temperature range | fyrTiM = 435 MHz
g tRES(HRTIM) High resolution step size furTIM = 520 MHz, Ta from -40 to 105°C - 1.92 - ns
— ResyrTIM Timer resolution - - - 16 bit
o
o i, 0.125 - 16 tHrTIM
tote Dead time generator clock period
c(@ fHRTIM =520 MHz 1.92 - 30.8 ns
- - - 511 tote
2 |toTrl/[toTF| max ' Dead time range (absolute value)
(D) fHrTIM = 520 MHz - - 15723 ns
—
O - 1/256 - 1/16 | fHRTIM
— feHprra Chopper stage clock frequency
D- fHrTIM = 520 MHZ 2.03 - 32.5 MHz
- 16 - 256 | tHrTIM
fisTPW Chopper first pulse length
fHrTIM = 520 MHZ 308 | - 492 ns

Table 105. HRTIM output response to fault protection

s | conatens—— i [t | o]

Propagation delay from
tLAT(DF) Digital fault response latency HRTIM_FLTx digital input to - 9 20
HRTIM_CHpxy output pin

tw(rLT) Minimum fault pulse width - 7 - - ns

Propagation delay from
tLAT(AF) Analog fault response latency | COMPx_INP input pin to - 16 31
HRTIM_CHxy output pin

1. Evaluated by characterization. Not tested in production.
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Table 106. HRTIM output response to external events 1 to 5 (low-latency mode)

The EEXFAST bit in the HRTIM_EECRH1 register is set to enable low latency mode. This function is available on external event
channels 1 to 5.

e S T (o

Digital external event response Propagation delay from HRTIM_EEVx digital input

UAT(DEEV) latency to HRTIM_CHxy output pin (30pF load) 12 2

t Minimum external event pulse

W(EEV) width - 7 - - ns
Analog external event response Propagation delay from COMPx_INP input pin to )

WAT(AEEV) latency HRTIM_CHpxy output pin (30pF load) 18 22

1. Evaluated by characterization. Not tested in production.

Table 107. HRTIM output response to external events 1 to 10 (synchronous mode)

The EXFAST bit in the HRTIM_EECR1 or HRTIM_EECR2 register is cleared to enable synchronous mode. External event
filtering is disabled; that is, EExF[3:0] = 0000 in the HRTIM_EECR2 register.

sy | parmoar | comatons i 1y e i

t Digital external event Propagation delay from HRTIM_EEVx digital inputto = _ 12 29

LAT(DEEV) response latency HRTIM_CHxy output pin (30 pF load)

t Minimum external event pulse

W(EEV) width - 7 - - ns
Analog external event Propagation delay from COMPx_INP input pin to

t —

LATIABEV) | response latency HRTIM_CHxy output pin (30 pF load)?) 18] 22

t External event response iitter Jitter of the delay from HRTIM_EEVXx digital input or ) ) 1 ¢ @
JIT(EEY) ponse) COMPx_INP to HRTIM_CHxy output pin HRTIM

)
1. Evaluated by characterization. Not tested in production.

2. This parameter is specified for fyrTimy = 400 MHz.
3. turTiM = 1/furTIM With fHrRTIM = 400 MHzZ.

Table 108. HRTIM synchronization input / output

Prerelease product(s)

Specified by design and not tested in production, unless otherwise specified.

Sy = o Conors iy e |
- 2 -

tw(synciny | Minimum pulse width on SYNCIN inputs, including HRTIM_SCIN - tHrTIM
tRES(ESR) Response time to external synchronization request - - - 3 | tHRTIM
- - 16 - tHrRTIM

tw(syncour) | Pulse width on HRTIM_SCOUT output
furTIM = 520 MHZ - 30.8 - ns

5.3.34 Communication interfaces

I2C interface characteristics

The I2C interface meets the timings requirements of the 12C-bus specification and user manual revision 03 for:
. Standard-mode (Sm): with a bit rate up to 100 kbit/s

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

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

. SMBUS 2.0 specifications

. SMBUS 3.3 specifications (on FT_fhb I/O)

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).
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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 1/0 pin and Vpp is disabled, but still present. Only FT_f I/O pins support Fm+ low

level output current maximum requirement. Refer to Section 5.3.15: 1/O port characteristics for the 12C 1/0Os
characteristics.

All 12C SDA and SCL 1/Os embed an analog filter, refer to Table 109. I2C analog filter characteristics for its
characteristics.

Table 109. I2C analog filter characteristics

Evaluated by characterization. Not tested in production.
Measurement points are done at 50% Vpp.

symoar | e i e | |
180

Maximum pulse width of spikes suppressed by analog filter 50" ns

1. Spikes with widths less than tarmin) are filtered.

2. Spikes with widths greater than tarmax) are not filtered.

USART interface characteristics

Unless otherwise specified, the parameters given in Table 110. USART characteristics are derived from tests
performed under the ambient temperature, fpckx frequency and Vpp supply voltage conditions summarized in
Section 5.3.1, with the following configuration:

. Output speed is set to OSPEEDRy[1:0] = 11

. Capacitive load C| = 30 pF

. Measurement points are done at CMOS levels: 0.5 Vpp

. I/O compensation cell activated

. VOS level set to VOSO
. HSLV activated when Vpp 2.7 V

Refer to Section 5.3.15: 1/O port characteristics for more details on the input/output alternate function
characteristics (NSS, CK, TX, RX for USART).

Table 110. USART characteristics

Evaluated by characterization. Not tested in production.

Prerelease product(s)

Master mode 15.5/41)
fok USART clock frequency Slave receiver - - 41.5 MHz
Slave transmitter 35.5/4(1)
Master mode 1000/fck
Tck USART clock period Slave receiver 241 - - ns
Slave transmitter 1000/fck
tsuNss) NSS setup time Slave mode Tk +2.5 - -
th(nss) NSS hold time Slave mode 1 - -
t
W(CKH) CK high and low time Master mode Tek/2 -1 Tek/2 Tek/2 +1
tw(ckL)
ns
Master mode 13 - -
tsurx) Data input setup time
Slave mode 4 - -
Master mode 0 - -
th(RX) Data input hold time
Slave mode 0.5 - -
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1.5

Master mode - 2/87(1)
ty(Tx) Data output valid time

Slave mode - 12 14/115(")

Slave mode 1 - -
th(tx) Data output hold time

Master mode 9 - -

1. When using PA9.

Figure 59. USART timing diagram in Master mode

ek
—tw(CKH)— P |
= | CPHA=0 EE— B — I
g CPOL=0 J
] e — ]
S a
S |cPHA=O T ) —\_ T
CPOL=1 / | —
—tw(ckL)—> 5
- [ CPHA=1 T 3
~N 3 CPOL=0 )
® g N — ; \
) 6 CPHA=1 1
o CPOL=1 \ (A /3 /
) tsu(Rx) th(RX) i
O RX input MSB IN BIT6 IN >< LSB IN
—
o \
b TX output >< MSB OUT BIT1 OUT >< LSB OUT >< o
©
(@p] tu(Tx) i th(Tx) > g
(40 5
Q
&) 1. Measurement points are done at 0.5Vpp and with external C; = 30 pF.
() : N .
Pl Figure 60. USART timing diagram in Slave mode
NSS input \ {
< 1/fex > [¢———————th(NSS)—— P

«—tsu(nssy—Pe—tw(cKkH— ;

CPHA=0 . T : —\—
CPOL=0____ / \ I
CPHA=0 — T —\_ ﬁ I_
cPoL=t |+ N____ /.. ‘

CK input

r—tw(CKL)— Pty (T [P
TX output 4< First bit OUT Next bits OUT Last bit OUT >—
tsu(Rx) ja->re th(RX) »>

g

RX input First bit IN NextbisN_~ X Lastbitin =~ X 2
©
©
[a]

I13C interface characteristics

The I13C interface meets the timings requirements of the MIPI® I13C specification v1.1.
The 13C 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 111. I3C open-drain measured timing 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

The timings are in line with MIPI specification, except for the ones given in Table 111. I3C open-drain measured
timing and Table 112. I3C push-pull measured timing. For tsy_op this can be mitigated by increasing the
corresponding SCL low duration in the I3C_TIMINGRO register. For tgco this can be mitigated by enabling and
adjusting the clock stall time both on the address ACK phase and on the data read Tbit phase in the
I3C_TIMINGR?2 register. This can also be mitigated by increasing the SCL low duration in the I3C_TIMINGRO
register. For further details refer to AN5879.

Table 111. 13C open-drain measured timing

13C open drain
mode .
. Timin
Symbol Parameter Conditions (specification) measuren?ents

~~

7p]
N

O

S5 tsu_op CS)E;‘] ‘éar;?nsgtgg;'me " Controller 1.71 V < Vpp < 3.6 V 3 - TkerV+18 | ns
g 1. Tker is the period of the I3C kernel clock provided by the RCC (reset and clock control) unit.

—

. Table 112. 13C push-pull measured timing

)

N I13C push-pull

mode T
. R Timing

8 Symbol Parameter Conditions (specification) measurements

) _ in | wax |

— Target 2.7V < Vpp <3.6 V 12

(¢} tsco Clock in to data out for ' ob = = B 12 ns
Dt target Target 1.71V € Vpp 2.7 V 30

SPI interface characteristics

Unless otherwise specified, the parameters given in Table 113. SPI characteristics are derived from tests
performed under the ambient temperature, fpckx frequency and Vpp supply voltage conditions summarized in
Section 5.3.1, with the following configuration:

. Output speed is set to OSPEEDRYy[1:0] = 11
. Capacitive load C| = 30 pF
. Measurement points are done at CMOS levels: 0.5 Vpp

. I/0 compensation cell activated
. VOS level set to VOSO
. HSLV activated when Vpp < 2.7V

Refer to Section 5.3.15: 1/0 port characteristics for more details on the input/output alternate function
characteristics (NSS, SCK, MOSI, MISO for SPI).

Table 113. SPI characteristics

Evaluated by characterization. Not tested in production.

T T

Master mode

fsck SPI clock frequency 171V < Vpp <36V - R MHz
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symoel | paramsor | Gondions | —n | yp | ax_uni|

SP11,4,5,6
Master mode
171V <Vpp < 3.6V 80
SPI12,3
Master mode
27V <Vpp<36V 130
SPI12,3,4,5
‘ Master mode
SCK SPI clock frequency 27V <Vpp<36V - - 125 MHz
SPI1,6
Slave receiver mode 125
171V <Vpp <36V
Slave mode transmitter/full duplex 355
171V <Vpp <36V :
Slave mode transmitter/full duplex 415
27V <Vpp<36V ’
~~
. n , te(sck) SPI clock period - - 1000/fsck -
"5 tsu(Nss) NSS setup time Slave mode 4/6.5")
g thss) NSS hold time Slave mode 2/3.501)
(@) tw(sckH) twisckL) | SCK high and low time | Master mode Prescaler = 2 tescky2-1 | tescry2 | tescky2 + 1
—
o tsuomi) Master mode 35
Data input setup time
(D) tsu(si) Slave mode 2
CU)G thomiy Master mode 0.5
Data input hold time
(D) th(si) Slave mode 15 ns
9 taiso) Data output access time | Slave mode 9.5 12.5/14 | 17.5/20()
9 tais(so) Data output disable time | Slave mode 6.5 9/10.5" | 13/15.5()
D_ Slave mode 2.7V < Vpp <3.6 V 8.5 12
tyso)
Data output valid time Slave mode 1.71V <Vpp <3.6 V - 85 14
tymo) Master mode 1.71V <Vpp <3.6 V 1 1.5
th(so) Slave mode 6
Data output hold time - -
thmo) Master mode 0

1. When using PC13.
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Figure 61. SPI timing diagram - Master mode

High
SS input™ ‘
4——tc(SCK)——P‘;
[€—tw(sckH) > 3
5 ( CPHA=0 Em— - —
% CPOL=0 i
o - !
N -
O CPHA=0
@ _cpoL=1 , __ \ /
—tw(sckL)—
= ( CPHA=1 B
g | CPOL=0 / \ \
=} -
o
S | cPHA=1 T\ ) __/7 /
n CPOL=1 N
—tsuviy > thmiy
MISO input First bit IN Next bits IN >< Last bit IN X
—~
) MOSI output >< First bit OUT Next bits OUT Last bit OUT >< ~
N S
B < A B 3
O —tvvoy —th(moy*> §
S &6
[®)
9 1. The SS input can be configured to active low or active high.
o
O Figure 62. SPI timing diagram - Slave mode and CPHA =0
7)) I
CG NSS input \
) ‘ T
E ——————te(scK P ———thNss——— >
b 4—tsu(Nss)— P 4—tw(sCKH)—P | |
) . i - |
— _ [ CPHA=0 Ve \ / \
al 2 | CcPOL=0 3 3 I
£ : J
x | 5 -
Q| CPHA=O —\_ _/—\I
CPOL=1 _ 3 5
—ta(so)—1 > r—tw(SCKL—Pe—ty(s0oy P *—lh(so» —tdis(SO)—4—hi
MISO output ——— First bit OUT Next bits OUT Last bit OUT >—
—tsu(S|)—§<—><—th(S|)—>
: — S
MOSI input >< First bit IN Next bits IN >< Last bit IN >< §
- <
=
o
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Figure 63. SPI timing diagram - Slave mode and CPHA =1

. VOS level set to VOSO

Refer to Section 5.3.15: 1/O port characteristics for more details on the input/output alternate function
characteristics (CK,SD,WS).

SS input™
i tosoK————» ——thss—»
CPHAS «tsu(SS)‘P%‘*tw(SCKH)—Pi |
5 | CPOL=0 f \‘ [\ f
Q. \ 1 h h
£ — : | n |
X _ ! 5 2 ':
& | CPHA=1 = = ‘ '
CPOL=1 ! ; o !
—ta(so) Ftw(scm_)—bé «tv(soy —th(so)—¢—> *tdis(SO)*Hi
MISO output >< First bit OUT Next bits OUT Last bit OUT >7
wsu(s)Pe—ths)—»
MOSI input First bit IN Next bits IN >< Last bit IN >< %
o T ) S ) W 2
9, :
)
8 1. The SS input can be configured to active low or active high.
[®)
@) I2S interface characteristics
—
nless otherwise specified, the parameters given in Table . ynamic characteristics are derived from tests
Unl therwi ified, th t i in Table 114. 12S d ic ch teristi derived f test
performed under the ambient temperature, fpc kx frequency and Vpp supply voltage conditions summarized in
% Section 5.3.1, with the following configuration:
© . Output speed is set to OSPEEDRy[1:0] = 11
(D) . Capacitive load C|_ = 30 pF
(D) . Measurement points are done at CMOS levels: 0.5 Vpp
— . .
QO . I/O compensation cell activated
—

Table 114. 128 dynamic characteristics

Evaluated by characterization. Not tested in production.

symoor | pwamaer | Gondtons | in || unt
- - 50

fmek I2S main clock output
Master receiver - 50/31.5(")
Master transmitter - 50/31.5(") MHz
fek 12S clock frequency
Slave receiver - 50
Slave transmitter - 21
Master receiver 20/31.75( -
Master transmitter 20/31.75") -
teck) I2S clock period ns
Slave receiver 20 -
Slave transmitter 48 -
tyws) WS valid time - 2.5/9.5(1
Master mode ns
th(WS) WS hold time 0.5 -
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tsuws) WS setup time 25
Slave mode
thows) WS hold time 2 -
tsu(sp_MmR) Master receiver 35 -
Data input setup time
tsusb_sRr) Slave receiver 2 R
th(sp_mR) Master receiver 0.5 -
Data input hold time ns
th(sp_sR) Slave receiver 1.5 -
tysp_sT) Slave transmitter (after CK|) - 14
Data output valid time
ty(sp_wmm) Master transmitter (after CK|) - 1.5
th(sp_sT) Slave transmitter (after CK|) 6 -
Data output hold time
th(sp_mm) Master transmitter (after CK|) 0.5 -

1. When using PC13.

Figure 64. I2S target timing diagram (Philips protocol)()

~~
7y}
45 rt— tc(CK) —p
- s |cPoL=0 \ —\_ /
S % —
N i i !
| - (@) —\——\\— '4/'
CPOL = 1
o i
Q tw(CKH) —= »t > tw(CKL)
N WS input . : .
qv] : :
(D) tsu(Ws) i -
9 SDtransmit X LSB transmit(z)X MSB transmit
2 tsu(SD_SR) |
D_ SDreceive X LSB receive(2) 1 MSB receive

DT39721V1

1. LSB transmit/receive of the previously transmitted byte. No LSB transmit/receive is sent before the first byte.
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Figure 65. I2S controller timing diagram (Philips protocol)(!)

e t(CK) o Lo-tr(CK)

'« tc(CK
§- CPOL=0 / \
3 tW(CKH) —e—»!
4 H
(@] | |

CPOL = 1 \ / \ .

tV(WS) plie L tw(CKL) ’
WS output \’ |
lep tV(SD_MT) | (SD_MT)
SDtransmit X LSB transmlt(Z)X M$B transmit Bitn transmit JLSB transmit

DT39720V1

tsu(SD_MR) th(SD_MR)
SDreceive X LSB receive(2) [ MSB receive Bitn receive X LSB receive

1. LSB transmit/receive of the previously transmitted byte. No LSB transmit/receive is sent before the first byte.

2. Refer to Section 5.3.15: /O port characteristics for more details on the input/output alternate function
characteristics (FDCANx_TX and FDCANXx_RX).

USB full speed (FS) characteristics
The USB interface is fully compliant with the USB specification version 2.0.

Table 115. USB DC electrical characteristics

e T —— R

USB full speed transceiver operating voltage

Prerelease product(s)

Vp©® Differential input sensitivity Over VCM range 0.2 - -

Vem® | Differential input common mode range Includes Vp, range 0.8 - 25 \Y

Vsel® | Single ended receiver input threshold - 0.8 - 2.0

VoL Static output level low R of 1.5kQt0 3.6 V - - 0.3

Vou Static output level high Ry of 15 kQ to Vgg® 28 - 36 Y

Rpp'® Pull down resistor on PA11, PA12 (USB_DM, USB_DP) VN =Vpp 1425 - 24.8

Re® Pull-up resistor on PA12 (USB_DP) V|N = Vss, during idle 0.9 125 1575 kQ
Pull-up resistor on PA12 (USB_DP) V|N = Vsg during reception | 1.425 2.25 3.09

1. All the voltages are measured from the local ground potential.

2. The USB full speed transceiver functionality is ensured down to 2.7 V but not the full USB full speed electrical
characteristics, which are degraded in the 2.7-to-3.0 V Vpp voltage range.

3. Specified by design. Not tested in production.
4. Ry is the load connected on the USB full speed drivers.
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Figure 66. USB timings - definition of data signal rise and fall time

Cross overpoints
Differential data lines

<
%

DT77056V1

Table 116. USB startup time

tstarTUP!" USB transceiver startup time

1. Specified by design. Not tested in production.

Table 117. USB electrical characteristics

PPN Specified by design. Not tested in production.

)] . —

N’ Driver characteristics

e

C L e ] mme (olslm
-

O trs Rise time in LS(") CL =200 to 600 pF

e tis Fall time in LS(") Cy =200 to 600 pF 75 300 ns
o trfmLs Rise/fall time matching in LS t/te 80 125 %
8)) trrs Rise time in FS(") CL=50pF 4 20 ns
(g tirs Fall time in FS() CL=50pF 4 20 ns

2 trimFs Rise/fall time matching in FS t/te 90 111 %
E VcRrs Output signal crossover voltage (LS/FS) - 1.3 2.0 \%
9 Zprv Output driver impedance?) Driving high or low 28 44 Q
D— 1. Measured from 10% to 90% of the data signal. For more detailed information, refer to USB specification - chapter 7 (version

2.0).

2. No external termination series resistors are required on DP (D+) and DM (D-) pins since the matching impedance is
included in the embedded driver.

Table 118. USB BCD DC electrical characteristics
Specified by design. Not tested in production.

T T S S [T T

Primary detection mode consumption

IpD(USBBCD) pA
Secondary detection mode consumption - - - 300

RpaT LkG Data line leakage resistance - 300 - - kQ

VDAT_LKG Data line leakage voltage - 0.0 - 3.6

Rpcp_pat Dedicated charging port resistance across D+/D- - - - 200

Viae Hi Logic high . 20 B} 3.6

Viee_Low Logic low - . . 0.8

Viee Logic threshold - 0.8 - 2.0 v

VDAT_REF Data detect voltage - 025 - 0.4
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I — 1

Vbp_src D+ source voltage

VbMm_src D- source voltage - 0.5 . 0.7
Ipp_siNk D+ sink current - 25 } 175
IpM_SINK D- sink current - 25 - 175 KA

Table 119. UCPD characteristics

Sink mode only
UCPD operating

. \%
supply voltage Sink and source 3135 3.3 3.465
mode

Vbb

JTAG/SWD interface characteristics

Unless otherwise specified, the parameters given in Table 120. Dynamic JTAG characteristics and

~~ Table 121. Dynamic SWD characteristics for JTAG/SWD are derived from tests performed under the ambient
7p] temperature, fcc ¢ ck frequency and Vpp supply voltage summarized in Section 5.3.1: General operating
+) conditions, with the following configuration:
(:__)) . Output speed is set to OSPEEDRy[1:0] = 11
@) . Capacitive load C = 30 pF
e . Measurement points are done at CMOS levels: 0.5 Vpp
o Refer to Section 5.3.15: /O port characteristics for more details on the input/output characteristics:
)
) Table 120. Dynamic JTAG characteristics
qv)
5 R e NS
T) Frek Tck clock frequency
—_
(D) tisuTms) TMS input setup time - 25 - -
—
D_ tin(rms) TMS input hold time - 15 ; }
tisu(toI) TDI input setup time - 15 - -
ns
tin(TDI) TDI input hold time - 0.1 - -
tov(TDO) TDO output valid time - - 11.5 15
ton(tpo) TDO output hold time - 8 - -

Table 121. Dynamic SWD characteristics

Fswecik SWCLK clock frequency

tisu(swplio) SWDIO input setup time - 2 - -

tih;swplo) SWDIO input hold time - 1 - -

tov(swbio) SWDIO output valid time - - 10 13 e
ton(swplo) SWDIO output hold time - 6 - -
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Figure 67. JTAG timing diagram
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Figure 68. SWD timing diagram
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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.

6.2 LQFP100 package information (1L)
This LQFP is a 100-pin, 14 x 14 mm, low-profile quad flat package.

Note: See list of notes in the notes section.

Prerelease product(s)
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Figure 69. LQFP100 - Outline(15)

Package LQFP100 (Package code 1L)

AARAARARRAAA
O

fAARARARRAAA

—_— o |
—_— o |
== =5 92 __ 61
== ==
E E /@ R1
i g H R2 Q’g;
== = S
== ®) = . @é\
==t D1/4— =S \/ B2 GAUGE PLANE
0 o |
= = AN
== T — S i ) )
= @ | E4 O = 63 sl
axnaTIPS [ 1 = - )
heheb] TNITEANUETREUERUROORENY oo e e
BOTTOM VIEW SECTION A-A
~~~ (N-4)x e (13)
(7)) \
= AI }J \.4, ©) (1)
—J0.05 iy b
(5) I—I—,AZ A1(12) b [¢laa@lc]AdD [2ccclc] ‘_w_’ WITH PLATING
®) SIDE VIEW
o !
— D 4)
o @ ) D1 (- c el (1)
Q w0 ||y ole) @ l
7 HARARARRARARARRARRRRARARR VRN
@ 1 .
2 == O Em =5 SECTION B-B
O = ) =
— S DA™ N ) = @
@ (Al = =Bl |
— == =
(al = = E1 E
== SECTION A-A |ER
= A2 A
| o | w0
[=— = >
| o o | |
(== — E
= e | LLII
=
HEEREEEEREEEREEEE R v S
B
TOP VIEW g
=

DS15208 - Rev 1 page 192/234



STM32H7Pxxx
‘Yl

Package information

Table 122. LQFP100 - Mechanical data

T 3 T T 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
b(@)(11) 017 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
c101) 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
,UT E12)6) 14.00 BSC 0.5512 BSC
el e 0.50 BSC 0.0197 BSC
(5) L 0.45 0.60 0.75 0.0177 0.0236 0.0295
e L1(1)(11) - 1.00 - - 0.0394 -
E N(13) 100
£, © 0° 3.5° 7° 0° 35° 7°
Q o1 0° - - 0° - -
CU)G 02 10° 12° 14° 10° 12° 14°
QD o3 10° 12° 14° 10° 12° 14°
&) R1 0.08 - - 0.0031 - -
o R2 0.08 - 0.20 0.0031 - 0.0079
E S 0.20 - - 0.0079 - -
aaa(’) 0.20 0.0079
bbb(1) 0.20 0.0079
cecl) 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.

The top package body size may be smaller than the bottom package size by as much as 0.15 mm.
Datums A-B and D to be determined at datum plane H.

To be determined at seating datum plane C.

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.

o~ N

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.

~~
7y} 14. Values in inches are converted from mm and rounded to 4 decimal digits.
7 15. Drawing is not to scale.
&)
g Figure 70. LQFP100 - Footprint example
@)
= 75 51
< E— 11
q.) Eﬂ% 05 e ESO
) = ‘ N —
® = =
m g 0.3 E
E 16.7 14.3_§ =|
= = =
) = =
— = =
al = = -
=00 =2 2
A 4 . . [a]
! IO aaaaanng] - Ay
O|
f————— 123 ————p §
16.7 gl
1. Dimensions are expressed in millimeters.
6.3 LQFP100-EP package information (OS_A)
This LQFP is a 100-pin, 14 x 14 mm, low-profile quad flat package with an exposed pad (EP) measuring 5.5 x
5.5 mm.
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Figure 71. LQFP100-EP - Outline

Bottom view

Section A - A

02,

— DI/h—H ‘

1

@ \ EW(A O

AR AR R AARR AR AR ARAR AR
[LEELUEEEEREL R EEERRIELH

o
4x N/4 T\PS‘

‘ =
e VHHHHHHHHHHHH#JHHHHHHHHHHHH Boof-20] X 7 — g Gauge plane

D

e

YT o ‘ )
W amii A,

Eisdredad o @@ |

Section B - B

h(b)ﬂ

2=

AR ARRRAARA RO ARRAAAR AR AAE [

\
O \ EL/A
|

Base metal

Prerelease product(s)

ARAARRARARAR L RARARARAANAR
AL

OS_LQFP100_ME_V1

Topview  JHHEHDEHDEH0YHEEHRABEH0YH

1. The drawing is not to scale.
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Table 123. LQFP100-EP - Mechanical data

Inches®

Symbol(

o1 0° - ] 0° ; -
o2 10° 12° 14° 10° 120 14°
o3 10° 12° 14° 10° 12° 14°
AG) - - 1.60 . ; 0.0630
A1) 0.05 - 0.15 0.0020 ; 0.0059
A2 135 1.40 1.45 0.0531 0.0551 0.0571
bS)®) 0.17 0.22 0.27 0.0067 0.0087 0.0106
b1 0.17 0.20 0.23 0.0067 0.0079 0.0091
c® 0.09 - 0.20 0.0035 ; 0.0079
- 10 0.09 - 0.16 0.0035 ; 0.0063
D D)®) 16.00 BSC 0.6299 BSC
O D1EX10) 14.00 BSC 0.5512 BSC
2 D2(1") - - 5.55 ; ; 0.2185
-8 D3(12) 4.65 - - 0.1831 ; .
E e® 0.50 BSC 0.0197 BSC
O EME) 16.00 BSC 0.6299 BSC
n E1@G10X10) 14.00 BSC 0.5512 BSC
8 E201) . - 5.55 - ; 0.2185
K E3(? 4.65 - - 0.1831 - -
CT) L 0.45 0.60 0.75 0.0177 0.0236 0.0295
E L1 1.00 REF 0.0394 REF
NIEE) 100
R1 0.08 - - 0.0031 ; -
R2 0.08 - 0.20 0.0031 ; 0.0079
s 0.20 - - 0.0079 ; -
aaa''? 0.20 0.0079
bbb () 0.20 0.0079
cecl) 0.08 0.0031
ddd%) 0.08 0.0031

1. Dimensioning and tolerancing schemes conform to ASME Y14.5M-1994.

2. Values in inches are converted from millimeters and rounded to four decimal digits, except for the © values, which are
provided in degrees.

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.

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.

These dimensions apply to the flat section of the lead between 0.10 mm and 0.25 mm from the lead tip.
7. To be determined at seating datum plane C.
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8. BSC stands for basic dimensions. It corresponds to the nominal value and has no tolerance.
9. Top package body size may be smaller than the bottom package size by as much as 0.15 mm.

10. 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.

11. Dimensions D2 and E2 show the maximum exposed metal area on the package surface where the exposed pad is located.
It includes all metal protrusions from exposed pad itself.

12. Dimensions D3 and E3 show the minimum solderable area, defined as the portion of exposed pad which is guaranteed to
be free from resin flashes/bleeds, bordered by internal edge of inner groove.

13. N represents the total number of pins on the QFP.

14. Tolerance of form and position.

Figure 72. LQFP100-EP - Footprint example
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6.4 TFBGA100 package information (A08Q)

This TFBGA is a 100 ball, 8 x 8 mm, 0.8 mm pitch, thin profile fine pitch ball grid array package.

Note: See list of notes in the notes section.
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Figure 73. TFBGA100 - Outline('3)
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Table 124. TFBGA100 - Mechanical data

_ Min | T | Max | Mn | T | M|
A2)3) - - 1.20 - - 0.0472
A1) 0.15 - - 0.0059 - -
A2 - 0.74 - - 0.0291 -
b(5.) 0.35 0.40 0.45 0.0138 0.0157 0.0177
D 8.00 BSC(®) 0.3150 BSC
D1 7.20 BSC 0.2835 BSC
E 8.00 BSC 0.3150 BSC
E1 7.20 BSC 0.2835 BSC
e(©) 0.80 BSC 0.0315 BSC
N(10.) 100
sp() 0.40 BSC 0.0157
SE(11) 0.40 BSC 0.0157
aaa 0.15 0.0059
cce 0.20 0.0079
ddd 0.10 0.0039
eee 0.15 0.0059
fff 0.08 0.0031

Notes:
1. Dimensioning and tolerancing schemes conform to ASME Y14.5M-2018
2. TFBGA stands for thin profile fine pitch ball grid array: 1.00 mm < A £ 1.20 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.

Prerelease product(s)

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 metalized 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 74. TFBGA100 - Footprint example

Dpad

DT_BGA_WLCSP_FT_V1

Dsm

Table 125. TFBGA100 - Example of PCB design rules (0.8 mm pitch BGA)

I
Pitch 0.8
Dpad 0.400 mm

0.470 mm typical

Dsm
(depends on the soldermask registration tolerance)
Stencil opening 0.400 mm
Stencil thickness Between 0.100 mm and 0.125 mm
Pad trace width 0.120 mm
6.5 LQFP128 package information (TC)

This LQFP128 is a 128-pin, 14 x 14 mm low-profile quad flat package.

Prerelease product(s)
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Figure 75. LQFP128 - Outline
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Note: Drawing is not to scale.
Datums A-B and D to be determined at datum plane H.
Details of pin 1 identifier are optional but must be located within the zone indicated.

No intrusion allowed inwards the leads.

N 0N~
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Table 126. LQFP128 - Mechanical data

Symbol
0 T N
A - - 1,60 - ] 0.0630
A1) 0.05 - 0.15 0.0020 - 0.0059
A2 1.35 1.40 1.45 0.0531 0.0551 0.0571
b 0.13 0.18 0.23 0.0051 0.0071 0.0091
b1 0.13 0.16 0.19 0.0051 0.0063 0.0075
) 0.09 - 0.20 0.0035 ] 0.0079
1) 0.09 - 0.16 0.0035 - 0.0063
D) 16.00 BSC 0.6299 BSC
D107 14.00 BSC 0.5512 BSC
EO® 16.00 BSC 0.6299 BSC
. E1600) 14.00 BSC 0.5512 BSC
v e 0.40 BSC 0.0157 BSC
O L 0.45 0.60 0.75 0.0177 0.0236 0.0295
) L1 1.00 REF 0.0394 REF
[®)
o N®) 128
E 8 0° 3.5° 7° 0° 3.5° 7°
O o1 0° - - 0° ] -
) 02 10° 12° 14° 10° 12° 14°
8 03 10° 12° 14° 10° 12° 14°
D R1 0.08 - - 0.0031 - -
— R2 0.08 - 0.20 0.0031 - 0.0079
D s 0.20 - - 0.0079 - -
ok aaa® 0.20 0.0079
bbb 0.20 0.0079
cec® 0.08 0.0031
ddd® 0.07 0.0027

1. Values in inches are converted from mm and rounded to 4 decimal digits.
2. Af1is defined as the distance from the seating plane to the lowest point on the package body.

@

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.

These dimensions apply to the flat section of the lead between 0.10 mm and 0.25 mm from the lead tip.
To be determined at seating datum plane C.
The Top package body size may be smaller than the bottom package size by as much as 0.15 mm.

N S O N

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.

S

“N” is the number of terminal positions for the specified body size.
9. Dimensioning and tolerancing schemes conform to ASME Y14.5M-1994.
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Figure 76. LQFP128 - Footprint example
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1. Dimensions are expressed in millimeters.

6.6 LQFP144 package information (1A)
LQFP144 is a 144-pin, 20 x 20 mm low-profile quad flat package.

Note: See list of notes in the notes section.

Prerelease product(s)
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Figure 77. LQFP144 - Outline('5)
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Table 127. LQFP144 - Mechanical data

Millimeters Inches(14)

L T o [ W [ Em ]

A 1.60 - 0.0630
A1012) 0.05 - 0.15 0.0020 - 0.0059
A2 1.35 1.40 1.45 0.0531 0.0551 0.0571
b(@.)(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
(1) 0.09 - 0.20 0.0035 - 0.0079
c1(11) 0.09 - 0.16 0.0035 - 0.0063
D) 22.00 BSC 0.8661 BSC
D1(2)(5) 20.00 BSC 0.7874 BSC
E(4) 22.00 BSC 0.8661 BSC
/UT E1(2)65) 20.00 BSC 0.7874 BSC
el e 0.50 BSC 0.0197 BSC
(:'3) L 0.45 0.60 0.75 0.0177 0.0236 0.0295
S L1 1.00 REF 0.0394 REF
o N(13) 144
o ° 0° 3.5° 7° 0° 3.5° 7°
Q o1 0° - - 0° - -
CU)G 02 10° 12° 14° 10° 12° 14°
Q 03 10° 12° 14° 10° 12° 14°
&) R1 0.08 - - 0.0031 - -
Q R2 0.08 - 0.20 0.0031 - 0.0079
E S 0.20 - - 0.0079 - -
aaa 0.20 0.0079
bbb 0.20 0.0079
cee 0.08 0.0031
ddd 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 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.
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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 78. LQFP144 - Footprint example
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6.7 LQFP144-EP package information (ZO_A)
This LQFP is a 144-pin, 20 x 20 mm low-profile quad flat package with an exposed pad (EP) measuring 5.5 x 5.5

mm.
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Millimeters Inches®
0.05 - 0.15 0.0020 - 0.0059
A2 1.35 1.40 1.45 0.0531 0.0551 0.0571
b(©)E) 0.17 0.22 0.27 0.0067 0.0087 0.0106
b1©) 0.17 0.20 0.23 0.0067 0.0079 0.0090
c® 0.09 - 0.20 0.0035 - 0.0079
c16) 0.09 - 0.16 0.0035 - 0.0063
D(7)(E) 22.00 BSC 0.8661 BSC
D1(8)(9)(10) 20.00 BSC 0.7874 BSC
D201 - - 5.55 - - 0.2185
D3(12) 4.65 - - 0.1831 - -
el® - 0.50 BSC - - 0.0197 BSC -
~~ E(™)©) - 22.00 BSC - - 0.8661 BSC -
\U_)/ E1(8)©)(10) - 20.00 BSC - - 0.7874 BSC -
.'(3 E2011) - - 5.55 - - 0.2185
g E3(12) 4.65 - - 0.1831 - -
O L 0.45 0.60 0.75 0.0177 0.0236 0.0295
a L1 - 1.00 REF - - 0.0394 REF -
q) R1 0.08 - - 0.0031 - -
U) R2 0.08 - 0.20 0.0031 - 0.0079
8 S 0.20 - - 0.0079 - -
q) [C] 0° 3.5° 7° 0° 3.5° 7°
- o1 0° - . 0° . .
2 o2 10° 12° 14° 10° 12° 14°
D- e3 10° 12° 14° 10° 12° 14°

1. Dimensioning and tolerancing schemes conform to ASME Y14.5M-1994.

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. A1 is defined as the distance from the seating plane to the lowest point on the package body.

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.

These dimensions apply to the flat section of the lead between 0.10 mm and 0.25 mm from the lead tip.
To be determined at seating datum plane C.

S

BSC stands for basic dimensions. It corresponds to the nominal value and has no tolerance.
Top package body size may be smaller than the bottom package size by as much as 0.15 mm.

10. 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.

11. Dimensions D2 and E2 show the maximum exposed metal area on the package surface where the exposed pad is located.
It includes all metal protrusions from exposed pad itself.

12. Dimensions D3 and E3 show the minimum solderable area, defined as the portion of exposed pad which is guaranteed to
be free from resin flashes/bleeds, bordered by internal edge of inner groove.

© © N>
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Table 129. LQFP144-EP - Tolerance of form and position

" Inches®
Symbol
aaal® 0.20 0.0079
bbb*) 0.20 0.0079
cccl®) 0.08 0.0031
ddd©) 0.08 0.0031

Dimensioning and tolerancing schemes conform to ASME Y14.5M-1994.

Values in inches are converted from millimeters and rounded to four decimal places.

The tolerance controls the position of the terminal pattern with respect to datum A and B.

The bilateral profile tolerance controls the position of the plastic body sides.

The unilateral tolerance is located above the seating plane, where the bottom surface of all terminals must be located.

The tolerance controls the position of the terminals relative to each other. The centers of the profile zones are defined by the
basic dimension e.

S

Prerelease product(s)
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Figure 80. LQFP144-EP - Footprint example
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6.8 LQFP176 package information (1T)

This LQFP is a 176-pin, 24 x 24 mm, 0.5 mm pitch, low profile quad flat package.

Note: See list of notes in the notes section.
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Figure 81. LQFP176 - Outline(15)
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Table 130. LQFP176 - Mechanical data

millmeters
m—m“—“
A 1.600 0.0630
A1(12) 0.050 - 0.150 0.0020 - 0.0059
A2 1.350 1.400 1.450 0.0531 0.0551 0.0571
b(©)(11.) 0.170 0.220 0.270 0.0067 0.0087 0.0106
b1(11) 0.170 0.200 0.230 0.0067 0.0079 0.0091
ol11) 0.090 - 0.200 0.0035 - 0.0079
c101) 0.090 - 0.160 0.0035 - 0.063
D) 26.000 1.0236
D1(2)5) 24.000 0.9449
E(4) 26.000 0.0197
,UT E1(2)65) 24.000 0.9449
el e 0.500 0.1970
(:-_)) L 0.450 0.600 0.750 0.0177 0.0236 0.0295
®) L101)(11) 1 REF 0.0394 REF
E N(13) 176
o ) 0° 3.5° 7° 0° 3.5° 7
Q o1 0° - - 0° - -
CU)G 02 10° 12° 14° 10° 12° 14°
QD 63 10° 12° 14° 10° 12° 14°
&) R1 0.080 - - 0.0031 - -
) R2 0.080 - 0.200 0.0031 - 0.0079
E s 0.200 - - 0.0079 - -
aaa(l) 0.200 0.0079
bbb(1) 0.200 0.0079
cee(1) 0.080 0.0031
ddd(1) 0.080 0.0031
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Notes

1. Dimensioning and tolerancing schemes conform to ASME Y14.5M-1994.

The top package body size may be smaller than the bottom package size by as much as 0.15 mm.
Datums A-B and D to be determined at datum plane H.

To be determined at seating datum plane C.

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.

Details of pin 1 identifier are optional but must be located within the zone indicated.
All dimensions are in millimeters.

o~ N

No intrusion allowed inwards the leads.

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.

© © N

~~
7y} 14. Values in inches are converted from mm and rounded to 4 decimal digits.
7 15. Drawing is not to scale.
&
g Figure 82. LQFP176 - Footprint example
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Note: Dimensions are expressed in millimeters.
6.9 LQFP176-EP package information (A0OA4_A)
This LQFP is a 176-pin, 24 x 24 mm low-profile quad flat package with an exposed pad (EP) measuring 6.0 x 6.0

mm.
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Figure 83. LQFP176-EP - Outline
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Table 131. LQFP176-EP - Mechanical data

Inches®

Symbol(

o1 0° - - 0° ; -
02 10° 12° 14° 10° 12° 14°
03 10° 12° 14° 10° 12° 14°
A ; - 1,60 - ; 0.0630
A1) 0.05 - 0.15 0.0020 ; 0.0059
A2 1.35 1.40 1.45 0.0531 0.0551 0.0571
bE7) 0.17 0.22 0.27 0.0067 0.0087 0.0106
b1 0.17 0.20 0.23 0.0067 0.0079 0.0091
e 0.09 . 0.20 0.0035 ] 0.0079
. ) 0.09 - 0.16 0.0035 } 0.0063
v D® 26.00 BSC® 1.0236 BSC
O D100 24.00 BSC 0.9449 BSC
=) D202 ] - 6.05 - } 0.2382
_8 D301 5.15 - - 0.2028 ; -
a e 0.50 BSC 0.197 BSC
O E 26.00 BSC 1.0236 BSC
) E101) 24.00 BSC 0.9449 BSC
8 E201%) ] - 6.05 - ; 0.2382
O E3019) 5.15 - - 0.2028 } -
CT) L 0.45 0.60 0.75 0.0177 0.0236 0.0295
— L1 1.00 REF 0.0394 REF
as NG 176
R1 0.08 - - 0.0031 } -
R2 0.08 - 0.20 0.0031 } 0.0079
s 0.20 . - 0.0079 ; .

1. Dimensioning and tolerancing schemes conform to ASME Y14.5M-1994.

2. Values in inches are converted from millimeters and rounded to four decimal digits. However, © values are provided in
degrees, and N represents the number of pins.

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. The optional exposed pad is typically aligned with the top or bottom side of the package and must not extend beyond that
surface.

5. A1 is defined as the distance from the seating plane to the lowest point on the package body.

6. Dimension b does not include a dambar protrusion. The allowable dambar protrusion must not cause the lead width to
exceed the maximum b dimension by more than 0.08 mm. The dambar must not 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.

7. These dimensions apply to the flat section of the lead between 0.10 mm and 0.25 mm from the lead tip.
8. To be determined at seating datum plane C.

9. BSC stands for basic dimensions. It corresponds to the nominal value and has no tolerance.

10. The top package body size can be smaller than the bottom package size by up to 0.15 mm.

11. 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.
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12. Dimensions D2 and E2 show the maximum exposed metal area on the package surface where the exposed pad is located.
It includes all metal protrusions from the exposed pad itself.

13. Dimensions D3 and E3 show the minimum solderable area, defined as the portion of the exposed pad, which is guaranteed
to be free from resin flashes/bleeds, bordered by internal edge of inner groove.

14. N represents the total number of pins.

Table 132. LQFP176-EP - Tolerance of form and position

T T inches?
_ win | e | M [ Mn | T | Max |
aaa® 0.20 0.0079
bbb 0.20 0.0079
ccc®) 0.08 0.0031
ddd® 0.08 0.0031

1. Dimensioning and tolerancing schemes conform to ASME Y14.5M-1994.
2. Values in inches are converted from millimeters and rounded to four decimal digits.

3. The tolerance controls the position of the terminals with respect to datums A and B. The center of the tolerance zone for
each terminal is defined by basic dimension e as related to datums A and B.

4. The bilateral profile tolerance controls the position of the plastic body sides. The centers of the profile zones are defined by
the basic dimensions D and E.

5. The unilateral tolerance above the seating plane specifies the location of the bottom surface of all terminals. It is commonly
known as the coplanarity of the package terminals.

6. The tolerance controls the position of the terminals to each other. The centers of the profile zones are defined by basic
dimension e.

Prerelease product(s)
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Figure 84. LQFP176-EP - Footnote example
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6.10 UFBGA(176+25) package information (AOE7)

This UFBGA is a 176+25 balls, 10 x 10 mm, 0.65 mm pitch, ultra thin profile fine pitch ball grid array package.
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Figure 85. UFBGA(176+25) - Outline
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1. Drawing is not to scale.

The terminal A1 corner must be identified on the top surface by using a corner chamfer, ink or metalized
markings, or other feature of package body or integral heat slug. A distinguishing feature is allowable on the
bottom surface of the package to identify the terminal A1 corner. Exact shape of each corner is optional.

Prerelease product(s)
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Table 133. UFBGA(176+25) - Mechanical data

e [ e [ |

A2 - - 0.60 - - 0.0236

A1 0.05 0.08 0.1 0.0020 0.0031 0.0043
A2 - 0.45 - - 0.0177 -
A3 - 0.13 - - 0.0051 -
A4 - 0.32 - - 0.0126 -

0.24 0.29 0.34 0.0094 0.0114 0.0134

D 9.85 10.00 10.15 0.3878 0.03937 0.3996
D1 - 9.10 - - 0.3583 -

E 9.85 10.00 10.15 0.3878 0.03937 0.3996
E1 - 9.10 - - 0.3583 -
e - 0.65 - - 0.0256 -
F - 0.45 - - 0.0177 -

ddd - - 0.08 - - 0.0031

eee ) - - 0.15 - - 0.0059

fff(4) - - 0.05 - - 0.0020

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

Ultra thin profile: 0.50 < A Max \u0001 0.65 mm / Fine pitch: e < 1.00 mm. The total profile height (Dim.A) is measured from
the seating plane “C” to the top of the component.

3. The tolerance of position that controls the location of the pattern of balls with respect to datum A and B. For each ball there
is a cylindrical tolerance zone eee perpendicular to datum C and located on true position with respect to datum A and B as
defined by e. The axis perpendicular to datum C of each ball must lie within this tolerance zone.

4. The tolerance of position that controls the location of the balls within the matrix with respect to each other. For each ball
there is a cylindrical tolerance zone fff perpendicular to datum C and located on true position as defined by e. The axis
perpendicular to datum C of each ball must lie within this tolerance zone. Each tolerance zone fff in the array is contained
entirely in the respective zone eee above The axis of each ball must lie simultaneously in both tolerance zones.

Prerelease product(s)

Figure 86. UFBGA(176+25) - Footprint example
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Table 134. UFBGA(176+25) - Example of PCB design rules (0.65 mm pitch BGA)

Pitch 0.65 mm
Dpad 0.300 mm
Dsm 0.400 mm typ. (depends on the soldermask registration
tolerance)
Stencil opening 0.300 mm aperture diameter
Stencil thickness Between 0.100 mm and 0.125 mm
Pad trace width 0.100 mm
6.11 Package thermal characteristics
The maximum chip-junction temperature, T max, in degrees Celsius, can be calculated using the following
equation:
Tymax =T, 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 = Pjyrmax + Py /o max)
. PinT max is the product of Ipp and Vpp, expressed in Watts. This is the maximum chip internal power.

Pj,0 max represents the maximum power dissipation on output pins:

Pyjo max = Z (VOL X IOL) + Z ((VDDIOx - VOH) X IOH)

taking into account the actual Vg /lo. and Von/lon of the 1/Os at low and high level in the application.

Prerelease product(s)
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Table 135. Package thermal characteristics

LQFP100 14x14 mm 33.8
LQFP100-EP 14x14 mm 22.5
TFBGA100 8x8 mm 343
LQFP128 14x14 mm 35.7
Oa Thermal resistance junction-ambient LQFP144 20x20 mm 35.2
LQFP144-EP 20%20 mm 21.6
LQFP176 24x24 mm 33.9
LQFP176-EP 24x24 mm 20.6
UFBGA176+25 10x10 mm 33.8
LQFP100 14x14 mm 19.6
LQFP100-EP 14x14 mm 10.5
TFBGA100 8x8 mm 20.8
,(;)\ LQFP128 14x14 mm 21.5
4\_;/ X} Thermal resistance junction-board LQFP144 20x20 mm 24 °C/W
8 LQFP144-EP 20%20 mm 11.6
@) LQFP176 24x24 mm 23.9
9 LQFP176-EP 24x24 mm 11.6
o UFBGA176+25 10x10 mm 21.5
) LQFP100 14x14 mm 7.3
CU)G LQFP100-EP 14x14 mm 14.4
QD TFBGA100 8x8 mm 1.8
&) LQFP128 14x14 mm 8.1
(D) Oyc Thermal resistance junction-top case LQFP144 20x20 mm 7.4
E LQFP144-EP 20%20 mm 10.1
LQFP176 24x24 mm 71
LQFP176-EP 24x24 mm 11.8
UFBGA176+25 10x10 mm 8.2

6.11.1 Reference documents

. JESD51-2 Integrated Circuits Thermal Test Method Environment Conditions - Natural Convection (Still Air)
available on www.jedec.org.

. For information on thermal management, refer to application note "Guidelines for thermal management on
STM32 applications" (AN5036) available on www.st.com.
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7 Ordering information

Example: STM32 H 7Px | T 6 Q

Device family

STM32 = Arm® -based 32-bit MCUs

Product type

H = high performance

Device subfamily
7P4 = with HSP
7P5 = with Neural-ART Accelerator and HSP

Pin count

1 =176 pins
Z =144 pins
Q = 128 pins
V =100 pins

NVM size
| = 2048 Kbytes
G = 1024 Kbytes

Package

T=LQFP

K=UFBGA

H=TFBGA

Z= LQFP with exposed pad

Prerelease product(s)

Junction temperature range
3=-40°C<Ty<+125°C
6=-40°C<Ty<+85°C

Options
Q = SMPS

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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