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Memories
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— 1024 bytes of OTP memory

— SRAM: 320 Kbytes (including 64 Kbytes of
data TCM RAM for critical real-time data) +
16 Kbytes of instruction TCM RAM (for
critical real-time routines) + 4 Kbytes of
backup SRAM (available in the lowest
power modes)

— Flexible external memory controller with up
to 32-bit data bus: SRAM, PSRAM,
SDRAM/LPSDR SDRAM, NOR/NAND
memories

Dual mode Quad-SPI

LCD parallel interface, 8080/6800 modes

LCD-TFT controller up to XGA resolution with

dedicated Chrom-ART Accelerator™ for

enhanced graphic content creation (DMA2D)

Clock, reset and supply management

— 1.7 Vto 3.6 V application supply and I/Os

POR, PDR, PVD and BOR

Dedicated USB power
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Internal 16 MHz factory-trimmed RC (1%
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— 32 kHz oscillator for RTC with calibration
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LQFP176 (24x24 mm) (4.5%5.8 mm)
LQFP208 (28x28 mm) _ TFBGA100 (8x8 mm)

General-purpose DMA: 16-stream DMA
controller with FIFOs and burst support
Debug mode

- SWD %JTAG interfaces

— Cortex~-M7 Trace Macrocell™
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muxed simplex I°S for audio class
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— 2 x SAls (serial audio interface)

— 2 x CANs (2.0B active) and SDMMC
interface

— SPDIFRX interface

— HDMI-CEC

Advanced connectivity

— USB 2.0 full-speed device/host/OTG
controller with on-chip PHY

— USB 2.0 high-speed/full-speed
device/host/OTG controller with dedicated
DMA, on-chip full-speed PHY and ULPI

— 10/100 Ethernet MAC with dedicated DMA:
supports IEEE 1588v2 hardware, MII/RMII

8- to 14-bit parallel camera interface up to

54 Mbyte/s

— Internal 32 kHz RC with calibration s Lk random number generator
Low-power e RTC: subsecond accuracy, hardware calendar
— Sleep, Stop and Standby modes e 96-bit unique ID
— Vpgat supply for RTC, 32x32-bit backup
registers + 4 Kbytes of backup SRAM Table 1. Devi
3%12-bit, 28.4 g/ISPS ADC: up to 24 channels able 1. Device summary
and 7.2 MSPS in triple interleaved mode
2x12-bit D/A converters Reference Part number
Up to 18 timers: up to thirteen éG'bit (1x I?W' STM32F745IE, STM32F745VE, STM32F745VG
power 16-bit timer available in Stop mode) and STM32F745xx ’ d ’
two 32-bit timers, each with up to 4 STM32F745ZE, STM32F745ZG, STM32F745IG
IC/OC/PWM or pulse counter and quadrature
(incremental) encoder input. All 15 timers STM32F746BE, STM32F746BG, STM32F746IE,
running up to 216 MHz. 2x watchdogs, SysTick STM32F746xx | STM32F7461G, STM32F746NE, STM32F746NG,
timer STM32F746VE, STM32F746VG, STM32F746ZE,
STM32F7462G
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Introduction

This datasheet provides the ordering information and mechanical device characteristics of
the STM32F750x8 microcontrollers.

This document should be ready in conjunction with the STM32F75xxx and STM32F74xxx
advanced Arm®-based 32-bit MCUs reference manual (RM0385). The reference manual is
available from the STMicroelectronics website www.st.com.

For information on the Arm®@) Cortex®-M7 core, refer to the Cortex®-M7 technical
reference manual available from the http://www.arm.com website.

For information on the device errata with respect to the datasheet and reference manual,
refer to the STM32xxx errata sheet (ES334), available on the STMicroelectronics website
www.st.com.

CERTIFIED arm

a. Arm is a registered trademark of Arm Limited (or its subsidiaries) in the US and/or elsewhere.

J
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Description

The STM32F745xx and STM32F746xx devices are based on the high-performance Arm®
Cortex®-M7 32-bit RISC core operating at up to 216 MHz frequency. The Cortex®-M7 core
features a single floating point unit (SFPU) precision which supports all Arm® single-
precision data-processing instructions and data types. It also implements a full set of DSP
instructions and a memory protection unit (MPU) which enhances the application security.

The STM32F745xx and STM32F746xx devices incorporate high-speed embedded
memories with a flash memory up to 1 Mbytes, 320 Kbytes of SRAM (including 64 Kbytes of
Data TCM RAM for critical real-time data), 16 Kbytes of instruction TCM RAM (for critical
real-time routines), 4 Kbytes of backup SRAM available in the lowest power modes, and an
extensive range of enhanced I/Os and peripherals connected to two APB buses, two AHB
buses, a 32-bit multi-AHB bus matrix and a multi layer AXI interconnect supporting internal
and external memories access.

All the devices offer three 12-bit ADCs, two DACs, a low-power RTC, thirteen general-
purpose 16-bit timers including two PWM timers for motor control and one low-power timer
available in Stop mode, two general-purpose 32-bit timers, a true random number generator
(RNG). They also feature standard and advanced communication interfaces.

e Upto four I°Cs

e Six SPIs, three I%Ss in duplex mode. To achieve the audio class accuracy, the 12S
peripherals can be clocked via a dedicated internal audio PLL or via an external clock
to allow synchronization.

e  Four USARTSs plus four UARTs

e AnUSB OTG full-speed and a USB OTG high-speed with full-speed capability (with the
ULPI),

e Two CANs

e  Two SAl serial audio interfaces
e  An SDMMC host interface

e Ethernet and camera interfaces
e LCD-TFT display controller

e  Chrom-ART Accelerator™

e SPDIFRX interface

e HDMI-CEC

Advanced peripherals include an SDMMC interface, a flexible memory control (FMC)
interface, a Quad-SPI flash memory interface, a camera interface for CMOS sensors.

The STM32F745xx and STM32F746xx devices operate in the —40 to +105 °C temperature
range from a 1.7 to 3.6 VV power supply. A dedicated supply input for USB (OTG_FS and
OTG_HS) is available on all the packages except LQFP100 for a greater power supply
choice.

The supply voltage can drop to 1.7 V with the use of an external power supply supervisor. A
comprehensive set of power-saving mode allows the design of low-power applications.

The STM32F745xx and STM32F746xx devices offer devices in 8 packages ranging from
100 pins to 216 pins. The set of included peripherals changes with the device chosen.
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These features make the STM32F745xx and STM32F746xx microcontrollers suitable for a
wide range of applications.

Motor drive and application control,

Medical equipment,

Industrial applications: PLC, inverters, circuit breakers,
Printers, and scanners,

Alarm systems, video intercom, and HVAC,

Home audio appliances,

Mobile applications, Internet of Things,

Wearable devices: smartwatches.

DS10916 Rev 5

3




G A9Y 91601LSA

8v¢/SlL

21

Full compatibility throughout the family

Table 2. STM32F745xx and STM32F746xx features and peripheral counts

Peripherals STM32F745Vx | STM32F746Vx | STM32F745Zx | STM32F746Zx | STM32F745Ix | STM32F746Ix | STM32F745Bx | STM32F746Bx | STM32F745Nx | STM32F746Nx
Flash memory in Kbytes 512 1024 | 512 1024 | 512 1024 | 512 1024 | 512 | 1024 | 512 | 1024 | 512 1024 512 1024 512 1024 512 1024
System 320(240+16+64)
SRAM in )
Kbytes Instruction 16
Backup 4
FMC memory controller Yes(!)
Ethernet Yes
General- 10
purpose
Advanced- 2
Timers control
Basic 2
Low-power 1
Random number generator Yes
SPI/ 12 4/3 (simplex)@ 6/3 (simplex)®@
12c 4
USART/
UART 44
USB OTG Yes
FS
Communication
interfaces USB OTG Yes
HS
CAN 2
SAl 2
SPDIFRX 4 inputs
SDMMC Yes
Camera interface Yes
LCD-TFT No Yes No Yes No Yes No Yes No Yes
Chrom-ART Accelerator™
Yes
(DMA2D)

XX9¥L4ZENLS XXGYL4ZEINLS
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Table 2. STM32F745xx and STM32F746xx features and peripheral counts (continued)

STM32F745Nx | STM32F746Nx

Peripherals STM32F745Vx | STM32F746Vx | STM32F745Zx | STM32F746Zx | STM32F745Ix | STM32F746Ix | STM32F745Bx | STM32F746Bx

GPIOs 82 114 140 168

12-bit ADC 3

Number of channels 16 24

12-bit DAC Yes

Number of channels 2

Maximum CPU frequency 216 MHz®

Operating voltage 1.7t0 3.6 V@

Ambient temperatures: —40 to +85 °C /-40 to +105 °c(®)
Operating temperatures
Junction temperature: —40 to + 125 °C

package Larp100 WLCSP143 UPEGA1S LaFP208 TFBGA216
1. For the LQFP100 package, only FMC Bank1 is available. Bank1 can only support a multiplexed NOR/PSRAM memory using the NE1 Chip Select.
2. The SPI1, SPI2 and SPI3 interfaces give the flexibility to work in an exclusive way in either the SPI mode or the 12S audio mode.
3. 216 MHz maximum frequency for -40°C to + 85°C ambient temperature range (200 MHz maximum frequency for -40°C to + 105°C ambient temperature range).
4. VDD/VDDA minimum value of 1.7 V is obtained when the internal reset is OFF (refer to Section 3.17.2: Internal reset OFF).
5. Not available for WLCSP packages.

uonduosaqg
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The STM32F745xx and STM32F746xx devices are fully pin-to-pin, compatible with the
STM32F4xxxx devices, allowing the user to try different peripherals, and reaching higher
performances (higher frequency) for a greater degree of freedom during the development
cycle.

Figure 1 give compatible board designs between the STM32F4xx families.

Figure 1. Compatible board design for LQFP100 package
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STM32F429xx / STM32F439xx
STM32F415xx /| STM32F417xx
PC3 {18 STM32F405xx / STM32F407xx
vDD 19
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VREF+ [ 21
VDDA [ 22
PAO-WKUP [ 23
PA1 24
PA2 25
26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50
|:||:|HUUDDDDUUUDDDUUHHEHHUUU
Q @ T v © N X O - 0 N o0 oo - =« 23 © 2 - §Foa
< o a @ =
&>>E§EEEE&“&EEEEEEEEEEEE&?
>
PC3 18 STM32F745xx /| STM32F746xx
VSSA O] 19
VREF+ ] 20
VDDA ] 21
PAO-WKUP ] 22
PA1 423 Pins 19 to 49 are not compatible
PA2 []24
PA3 25
26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50
00000 oro0Dooorooo0oO0oooOoooOooOoaoOod
WO T v o ¥ VW oo~ o2 823w 2 § 0o
< [ =]
22155&88$EEEEEEE&EEEEE§>>
MSv37550V1

The STM32F745xx and STM32F746xx LQFP144, LQFP176, LQFP208, TFBGA216,
UFBGA176, WLCSP143 packages are fully pin to pin compatible with STM32F4xxxx
devices.
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Figure 2. STM32F745xx and STM32F746xx block diagram
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1. The timers connected to APB2 are clocked from TIMxCLK up to 216 MHz, while the timers connected to APB1 are clocked
from TIMxCLK either up to 108 MHz or 216 MHz depending on TIMPRE bit configuration in the RCC_DCKCFGR register.
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3.1

Note:

3.2

3

Functional overview

Arm® Cortex®-M7 with FPU

The Arm® Cortex®-M7 with 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 a low-power consumption, while
delivering an outstanding computational performance and low interrupt latency.
The Cortex®-M7 processor is a highly efficient high-performance featuring:

—  Six-stage dual-issue pipeline

—  Dynamic branch prediction

— Harvard caches (4 Kbytes of |I-cache and 4 Kbytes of D-cache)

—  64-bit AX14 interface

—  64-bit ITCM interface

—  2x32-bit DTCM interfaces

The processor supports the following memory interfaces:

e Tightly Coupled Memory (TCM) interface.

e Harvard instruction and data caches and AXI master (AXIM) interface.
e Dedicated low-latency AHB-Lite peripheral (AHBP) interface.

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

Its single precision FPU (floating point unit) speeds up the software development by using
metalanguage development tools, while avoiding saturation.

Figure 2 shows the general block diagram of the STM32F745xx and STM32F746xx
devices.

Cortex®-M7 with FPU core is binary compatible with the Cortex®-M4 core.

Memory protection unit

The memory protection unit (MPU) is used to manage the CPU accesses to memory to
prevent one task to accidentally corrupt the memory or resources used by any other active
task. This memory area is organized into up to 8 protected areas that can in turn be divided
up into 8 subareas. The protection area sizes are between 32 bytes and the whole 4
gigabytes of addressable memory.

The MPU is especially helpful for applications where some critical or certified code has to be
protected against the misbehavior of other tasks. It is usually managed by an RTOS (real-
time operating system). If a program accesses a memory location that is prohibited by the
MPU, the RTOS can detect it and take action. In an RTOS environment, the kernel can
dynamically update the MPU area setting, based on the process to be executed.

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

The STM32F745xx and STM32F746xx devices embed a flash memory of up to 1 Mbyte
available for storing programs and data.

CRC (cyclic redundancy check) calculation unit

The CRC (cyclic redundancy check) calculation unit is used to get a CRC code using a
configurable generator polynomial value and size.

Among other applications, CRC-based techniques are used to verify the data transmission
or storage integrity. In the scope of the EN/IEC 60335-1 standard, they offer a mean of
verifying the flash memory integrity. The CRC calculation unit helps to 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.

Embedded SRAM

All the devices features:

e System SRAM up to 320 Kbytes:
—  SRAM1 on AHB bus Matrix: 240 Kbytes
— SRAM2 on AHB bus Matrix: 16 Kbytes

— DTCM-RAM on TCM interface (Tighly Coupled Memory interface): 64 Kbytes for
critical real-time data.

e Instruction RAM (ITCM-RAM) 16 Kbytes:
— Itis mapped on TCM interface and reserved only for CPU Execution/Instruction
useful for critical real-time routines.

The Data TCM RAM is accessible by the GP-DMAs and peripherals DMAs through specific
AHB slave of the CPU.The TCM RAM instruction is reserved only for CPU. It is accessed at
CPU clock speed with 0-wait states.

e 4 Kbytes of backup SRAM

This area is accessible only from the CPU. lts content is protected against possible
unwanted write accesses, and is retained in Standby or VBAT mode.

AXI-AHB bus matrix

The STM32F745xx and STM32F746xx system architecture is based on 2 sub-systems:
e  An AXI to multi AHB bridge converting AXI4 protocol to AHB-Lite protocol:

—  3xAXl to 32-bit AHB bridges connected to AHB bus matrix

— 1x AXl to 64-bit AHB bridge connected to the embedded flash
e A multi-AHB Bus-Matrix:

—  The 32-bit multi-AHB bus matrix interconnects all the masters (CPU, DMAs,
Ethernet, USB HS, LCD-TFT, and DMA2D) and the slaves (flash memory, RAM,
FMC, Quad-SPI, AHB and APB peripherals) and ensures a seamless and an
efficient operation even when several high-speed peripherals work
simultaneously.

DS10916 Rev 5 ‘Yl




STM32F745xx STM32F746xx

Functional overview

Figure 3. STM32F745xx and STM32F746xx AXI-AHB bus matrix architecture
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1. The above figure has large wires for 64-bits bus and thin wires for 32-bits bus.

3.7

DMA controller (DMA)

The devices feature two general-purpose dual-port DMAs (DMA1 and DMA2) with 8
streams each. They are able to manage memory-to-memory, peripheral-to-memory and
memory-to-peripheral transfers. They feature dedicated FIFOs for APB/AHB peripherals,
support burst transfer and are designed to provide the maximum peripheral bandwidth

(AHB/APB).

The two DMA controllers support circular buffer management, so that no specific code is
needed when the controller reaches the end of the buffer. The two DMA controllers also
have a double buffering feature, which automates the use and switching of two memory
buffers without requiring any special code.

3
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Each stream is connected to dedicated hardware DMA requests, with support for software
trigger on each stream. Configuration is made by software and transfer sizes between
source and destination are independent.

The DMA can be used with the main peripherals:

e SPlandI?’sS

e I2C

e USART

e  General-purpose, basic and advanced-control timers TIMx
e DAC

e SDMMC

e  Camera interface (DCMI)
e ADC

e SAl

e SPDIFRX

e Quad-SPI

e HDMI-CEC

Flexible memory controller (FMC)

The Flexible memory controller (FMC) includes three memory controllers:
e  The NOR/PSRAM memory controller

e  The NAND/memory controller
e  The Synchronous DRAM (SDRAM/Mobile LPSDR SDRAM) controller

The main features of the FMC controller are the following:
e Interface with static-memory mapped devices including:
—  Static random access memory (SRAM)
— NOR flash memory/OneNAND flash memory
— PSRAM (4 memory banks)
— NAND flash memory with ECC hardware to check up to 8 Kbytes of data
e Interface with synchronous DRAM (SDRAM/Mobile LPSDR SDRAM) memories
e  8-,16-,32-bit data bus width
e Independent Chip Select control for each memory bank
¢ Independent configuration for each memory bank
e  Write FIFO
e Read FIFO for SDRAM controller

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

LCD parallel interface

The FMC can be configured to interface seamlessly with most graphic LCD controllers. It
supports the Intel 8080 and Motorola 6800 modes, and is flexible enough to adapt to
specific LCD interfaces. This LCD parallel interface capability makes it easy to build cost-
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effective graphic applications using LCD modules with embedded controllers or high
performance solutions using external controllers with dedicated acceleration.

3.9 Quad-SPI memory interface (QUADSPI)

All devices embed a Quad-SPI memory interface, which is a specialized communication
interface targetting Single, Dual or Quad-SPI flash memories. It can work in:

e Direct mode through registers.
e External flash status register polling mode.
e  Memory mapped mode.

Up to 256 Mbytes external flash are memory mapped, supporting 8, 16 and 32-bit access.
Code execution is supported.

The opcode and the frame format are fully programmable. Communication can be either in
Single Data Rate or Dual Data Rate.

3.10 LCD-TFT controller

The LCD-TFT display controller provides a 24-bit parallel digital RGB (Red, Green, Blue)
and delivers all signals to interface directly to a broad range of LCD and TFT panels up to
XGA (1024x768) resolution with the following features:

e 2 displays layers with dedicated FIFO (64x32-bit)

e  Color Look-Up table (CLUT) up to 256 colors (256x24-bit) per layer

e Up to 8 Input color formats selectable per layer

e Flexible blending between two layers using alpha value (per pixel or constant)
e  Flexible programmable parameters for each layer

e  Color keying (transparency color)

e Up to 4 programmable interrupt events.

3.1 Chrom-ART Accelerator™ (DMA2D)

The Chrom-Art Accelerator™ (DMA2D) is a graphic accelerator which offers advanced bit
blitting, row data copy and pixel format conversion. It supports the following functions:

e Rectangle filling with a fixed color

e Rectangle copy

e Rectangle copy with pixel format conversion

e Rectangle composition with blending and pixel format conversion.

Various image format coding are supported, from indirect 4bpp color mode up to 32bpp
direct color. It embeds dedicated memory to store color lookup tables.

An interrupt can be generated when an operation is complete or at a programmed
watermark.

All the operations are fully automatized and are running independently from the CPU or the
DMAs.

3
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Nested vectored interrupt controller (NVIC)

The devices embed a nested vectored interrupt controller able to manage 16 priority levels,
and handle up to 97 maskable interrupt channels plus the 16 interrupt lines of the Cortex®-
M7 with FPU core.

e  Closely coupled NVIC gives low-latency interrupt processing

e Interrupt entry vector table address passed directly to the core

e Allows early processing of interrupts

e  Processing of late arriving, higher-priority interrupts

e  Support tail chaining

e  Processor state automatically saved

e Interrupt entry restored on interrupt exit with no instruction overhead

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

External interrupt/event controller (EXTI)

The external interrupt/event controller consists of 24 edge-detector lines used to generate
interrupt/event requests. Each line can be independently configured to select the trigger
event (rising edge, falling edge, both) and can be masked independently. A pending register
maintains the status of the interrupt requests. The EXTI can detect an external line with a
pulse width shorter than the Internal APB2 clock period. Up to 168 GPIOs can be connected
to the 16 external interrupt lines.

Clocks and startup

On reset the 16 MHz internal HSI RC oscillator is selected as the default CPU clock. The
16 MHz internal RC oscillator is factory-trimmed to offer 1% accuracy. The application can
then select as system clock either the RC oscillator or an external 4-26 MHz clock source.
This clock can be monitored for failure. If a failure is detected, the system automatically
switches back to the internal RC oscillator and a software interrupt is generated (if enabled).
This clock source is input to a PLL thus allowing to increase the frequency up to 216 MHz.
Similarly, full interrupt management of the PLL clock entry is available when necessary (for
example if an indirectly used external oscillator fails).

Several prescalers allow the configuration of the two AHB buses, the high-speed APB
(APB2) and the low-speed APB (APB1) domains. The maximum frequency of the two AHB
buses is 216 MHz while the maximum frequency of the high-speed APB domains is

108 MHz. The maximum allowed frequency of the low-speed APB domain is 54 MHz.

The devices embed two dedicated PLL (PLLI2S and PLLSAI) which allow to achieve audio
class performance. In this case, the 12S and SAl master clock can generate all standard
sampling frequencies from 8 kHz to 192 kHz.

3
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Note:

3

Boot modes

At startup, the boot memory space is selected by the BOOT pin and BOOT_ADDx option
bytes, allowing to program any boot memory address from 0x0000 0000 to Ox3FFF FFFF
which includes:

e Allflash address space mapped on ITCM or AXIM interface
e AllRAM address space: ITCM, DTCM RAMs and SRAMs mapped on AXIM interface
e  The System memory bootloader

The boot loader is located in system memory. It is used to reprogram the flash memory
through a serial interface.

Power supply schemes

e Vpar = 1.65 10 3.6 V: power supply for RTC, external clock 32 kHz oscillator and
backup registers (through power switch) when Vpp is not present.

e Vpp = 1.7 to 3.6 Vexternal power supply for I/Os and the internal regulator (when
enabled), provided externally through Vpp pins.

e  Vgsa, Vppa = 1.7 to 3.6 V: external analog power supplies for ADC, DAC, reset blocks,
RCs and PLL. Vppp and Vgga must be connected to Vpp and Vgg, respectively.

Vpp/Vppa minimum value of 1.7 V is obtained when the internal reset is OFF (refer to
Section 3.17.2: Internal reset OFF). Refer to Table 3: Voltage regulator configuration mode
versus device operating mode to identify the packages supporting this option.

e Vppysg can be connected either to Vpp or an external independent power supply (3.0
to 3.6V) for USB transceivers (refer to Figure 4 and Figure 5). For example, when
device is powered at 1.8V, an independent power supply 3.3V can be connected to
Vppuse- When the Vppysg is connected to a separated power supply, it is independent
from Vpp or Vppa but it must be the last supply to be provided and the first to
disappear. The following conditions Vppysg must be respected:

—  During power-on phase (Vpp < Vpp min), Vppuse should be always lower than
Vop

—  During power-down phase (Vpp < Vpp min). Vppuss should be always lower than
Vbp

—  Vppsug rising and falling time rate specifications must be respected (see Table 21
and Table 22)

— In operating mode phase, Vppysg could be lower or higher than Vpp.
- If USB (USB OTG_HS/OTG_FS) is used, the associated GPIOs powered by
VDDUSB are Operating between VDDUSB_MIN and VDDUSB_MAX'

- The Vppysg supply both USB transceiver (USB OTG_HS and USB OTG_FS). If
only one USB transceiver is used in the application, the GPIOs associated to the
other USB transceiver are still supplied by Vppysg-

- If USB (USB OTG_HS/OTG_FS) is not used, the associated GPIOs powered by
Vppusg are operating between VDD_M|N and VDD_MAX.
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Figure 4. Vppysg connected to Vpp power supply
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Figure 5. Vppysg connected to external power supply
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Power supply supervisor

Internal reset ON

On packages embedding the PDR_ON pin, the power supply supervisor is enabled by
holding PDR_ON high. On the other packages, the power supply supervisor is always

enabled.

The device has an integrated power-on reset (POR)/ power-down reset (PDR) circuitry

coupled with a Brownout reset (BOR) circuitry. At power-on, POR/PDR is always active and
ensures proper operation starting from 1.8 V. After the 1.8 V POR threshold level is
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reached, the option byte loading process starts, either to confirm or modify default BOR
thresholds, or to disable BOR permanently. Three BOR thresholds are available through
option bytes. The device remains in reset mode when Vpp is below a specified threshold,
VpoRr/PDR ©OF Veor, Without the need for an external reset circuit.

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

Internal reset OFF

This feature is available only on packages featuring the PDR_ON pin. The internal power-on
reset (POR) / power-down reset (PDR) circuitry is disabled through the PDR_ON pin.

An external power supply supervisor should monitor Vpp and should maintain the device in
reset mode as long as Vpp is below a specified threshold. PDR_ON should be connected to
Vgs. Refer to Figure 6: Power supply supervisor interconnection with internal reset OFF.

Figure 6. Power supply supervisor interconnection with internal reset OFF

VDD
ob— Application reset
5 Vesr signal (optional)
] PDR_ON
- PDR not active : 1.7v< Vpp<3.6v
VSS

MSv37553V1

The Vpp specified threshold, below which the device must be maintained under reset, is
1.7 V (see Figure 7).

A comprehensive set of power-saving mode allows to design low-power applications.

When the internal reset is OFF, the following integrated features are no more supported:
e The integrated power-on reset (POR) / power-down reset (PDR) circuitry is disabled
e  The brownout reset (BOR) circuitry must be disabled

e The embedded programmable voltage detector (PVD) is disabled

e Vg7 functionality is no more available and Vgar pin should be connected to Vpp.

All the packages, except for the LQFP100, allow to disable the internal reset through the
PDR_ON signal when connected to Vgg.
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Figure 7. PDR_ON control with internal reset OFF
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3.18 Voltage regulator

The regulator has four operating modes:
e  Regulator ON

— Main regulator mode (MR)

—  Low-power regulator (LPR)

—  Power-down
e  Regulator OFF

3.18.1 Regulator ON

On packages embedding the BYPASS_REG pin, the regulator is enabled by holding
BYPASS_REG low. On all other packages, the regulator is always enabled.
There are three power modes configured by software when the regulator is ON:
¢ MR mode used in Run/sleep modes or in Stop modes
— In Run/Sleep mode

The MR mode is used either in the normal mode (default mode) or the over-drive
mode (enabled by software). Different voltages scaling are provided to reach the
best compromise between the maximum frequency and dynamic power

3
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consumption. The over-drive mode allows operating at a higher frequency than
the normal mode for a given voltage scaling.

—  In Stop modes
The MR can be configured in two ways during Stop mode:
MR operates in normal mode (default mode of MR in Stop mode)
MR operates in under-drive mode (reduced leakage mode).
e LPRis used in the Stop modes:
The LP regulator mode is configured by software when entering Stop mode.
Like the MR mode, the LPR can be configured in two ways during Stop mode:
—  LPR operates in normal mode (default mode when LPR is ON)
— LPR operates in under-drive mode (reduced leakage mode).
e Power-down is used in Standby mode.

The Power-down mode is activated only when entering in Standby mode. The regulator
output is in high impedance and the kernel circuitry is powered down, inducing zero
consumption. The contents of the registers and SRAM are lost.

Refer to Table 3 for a summary of voltage regulator modes versus device operating modes.
Two external ceramic capacitors should be connected on Vcap 1 and Veap o pin.

All packages have the regulator ON feature.

Table 3. Voltage regulator configuration mode versus device operating mode(!)

Voltagfe regu_lator Run mode Sleep mode Stop mode Standby mode
configuration
Normal mode MR MR MR or LPR -
O;iz‘;['z‘ge MR MR - -
Under-drive mode - - MR or LPR -
Power-down mode - - - Yes
1. ‘~ means that the corresponding configuration is not available.

2. The over-drive mode is not available when Vpp = 1.7 to 2.1 V.

Regulator OFF

This feature is available only on packages featuring the BYPASS_REG pin. The regulator is
disabled by holding BYPASS REG high. The regulator OFF mode allows to supply
externally a V4, voltage source through Vcap 4 and Veap 5 pins.

Since the internal voltage scaling is not managed internally, the external voltage value must
be aligned with the targeted maximum frequency.The two 2.2 yF ceramic capacitors should
be replaced by two 100 nF decoupling capacitors.

When the regulator is OFF, there is no more internal monitoring on V4. An external power
supply supervisor should be used to monitor the V4, of the logic power domain. PAO pin
should be used for this purpose, and act as power-on reset on V5, power domain.
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In regulator OFF mode, the following features are no more supported:

PAO cannot be used as a GPIO pin since it allows to reset a part of the V45 logic power
domain which is not reset by the NRST pin.

As long as PAO is kept low, the debug mode cannot be used under power-on reset. As
a consequence, PAO and NRST pins must be managed separately if the debug
connection under reset or pre-reset is required.

The over-drive and under-drive modes are not available.
The Standby mode is not available.

Figure 8. Regulator OFF

V12 External Vcap 12 power

| Supp|y Supervisor AppllCaﬂOn reset
Ext. reset controller active|] signal (optional)

when VCAP_1/2 < Min V12

PAO
Voo

BYPASS_REG

Vear_1

Vear_2

ai18498V3

The following conditions must be respected:

Vpp should always be higher than Vcap 4 and Vcap 5 to avoid current injection
between power domains.

If the time for Voap 4 @and Vepp 2 to reach V4o minimum value is faster than the time for
Vpp to reach 1.7 V, then PAO should be kept low to cover both conditions: until Veap 1
and Vcap o reach Vi minimum value and until Vpp reaches 1.7 V (see Figure 9).

Otherwise, if the time for Vcap 1 @and Vgap o to reach V4, minimum value is slower
than the time for Vpp to reach 1.7 V, then PAO could be asserted low externally (see
Figure 10).

If Veap 4 @nd Veap 2 go below V4, minimum value and Vpp is higher than 1.7 V, then a
reset must be asserted on PAO pin.

The minimum value of V15 depends on the maximum frequency targeted in the application.

3
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Figure 9. Startup in regulator OFF: slow Vpp slope
- power-down reset risen after Voap 1/Vcap 2 stabilization
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1. This figure is valid whatever the internal reset mode (ON or OFF).
Figure 10. Startup in regulator OFF mode: fast Vpp slope
- power-down reset risen before Voap 1/Vcap 2 stabilization
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» time
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1. This figure is valid whatever the internal reset mode (ON or OFF).
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Regulator ON/OFF and internal reset ON/OFF availability

Table 4. Regulator ON/OFF and internal reset ON/OFF availability

Package Regulator ON Regulator OFF | Internal reset ON | Internal reset OFF

LQFP100 Yes No
Yes No

LQFP144,
LQFP208
TFBGA100, Yes Yes
LQFP176 Yes Yes PDR_ON set to PDR_ON set to
WLCSP143, BYPASS_REG set | BYPASS REG set Vbp vss
UFBGA176, to Vgg to Vpp
TFBGA216

Real-time clock (RTC), backup SRAM and backup registers

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

Calendar with subsecond, seconds, minutes, hours (12 or 24 format), week day, 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.

Three anti-tamper detection pins with programmable filter.

Timestamp feature which can be used to save the calendar content. This function can

be triggered by an event on the timestamp pin, or by a tamper event, or by a switch to
VBAT mode.

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

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

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

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.

3
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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 Vgar 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.

Low-power modes

The devices support three low-power modes to achieve the best compromise between low-
power consumption, short startup time and available wake-up sources:

Sleep mode

In Sleep mode, only the CPU is stopped. All peripherals continue to operate and can
wake up the CPU when an interrupt/event occurs.

Stop mode

The Stop mode achieves the lowest power consumption while retaining the contents of

SRAM and registers. All clocks in the 1.2 V domain are stopped, the PLL, the HSI RC
and the HSE crystal oscillators are disabled.

The voltage regulator can be put either in main regulator mode (MR) or in low-power
mode (LPR). Both modes can be configured as follows (see Table 5: Voltage regulator
modes in Stop mode):

—  Normal mode (default mode when MR or LPR is enabled)

—  Under-drive mode.

The device can be woken up from the Stop mode by any of the EXTI line (the EXTI line
source can be one of the 16 external lines, the PVD output, the RTC alarm / wake-up /

tamper / time stamp events, the USB OTG FS/HS wake-up or the Ethernet wake-up
and LPTIM1 asynchronous interrupt).

Table 5. Voltage regulator modes in Stop mode

Voltage regulator .
configuration Main regulator (MR) Low-power regulator (LPR)
Normal mode MR ON LPR ON
Under-drive mode MR in under-drive mode LPR in under-drive mode

Standby mode

The Standby mode is used to achieve the lowest power consumption. The internal
voltage regulator is switched off so that the entire 1.2 V domain is powered off. The
PLL, the HSI RC and the HSE crystal oscillators are also switched off. After entering
Standby mode, the SRAM and register contents are lost except for registers in the
backup domain and the backup SRAM when selected.

The device exits the Standby mode when an external reset (NRST pin), an IWDG reset,
a rising or falling edge on one of the 6 WKUP pins (PAO, PA2, PC1, PC13, PI8, PI11),
or an RTC alarm / wake-up / tamper /time stamp event occurs.

The Standby mode is not supported when the embedded voltage regulator is bypassed
and the 1.2 V domain is controlled by an external power.
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3.21 VgaT Operation

The Vgat pin allows to power the device Vgat domain from an external battery, an external
supercapacitor, or from Vpp when no external battery and an external supercapacitor are
present.

VpaT Operation is activated when Vpp is not present.
The Vgat pin supplies the RTC, the backup registers and the backup SRAM.

Note: When the microcontroller is supplied from Vgur, external interrupts and RTC alarm/events
do not exit it from Vg,r operation.

When PDR_ON pin is connected to Vsg (Internal Reset OFF), the Vgar functionality is no
more available and Vgt pin should be connected to VDD.

3.22 Timers and watchdogs

The devices include two advanced-control timers, eight general-purpose timers, two basic
timers and two watchdog timers.

All timer counters can be frozen in debug mode.

Table 6 compares the features of the advanced-control, general-purpose and basic timers.

3
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Table 6. Timer feature comparison

Max Max
Timer . Counter | Counter | Prescaler DMA Capture/ | Complem interfac | timer
Timer X request | compare entary
type resolution type factor eneration | channels | outout e clock | clock
9 P (MHz) | (MHz)"
Up Any
Advance | TIM1, |0 Down, |, nteger Yes 4 Yes 108 216
d-control | TIM8 Up/down between 1
P and 65536
TIM2 Up, inﬁanyer
' | 32-bit | Down, 9 Yes 4 No 54 | 108/216
TIM5 Un/down between 1
P and 65536
TIM3 Up, inf;nyer
’ 16-bit Down, 9 Yes 4 No 54 108/216
TIM4 Un/down between 1
P and 65536
Any
TIM9 |  16-bit Up integer No 2 No 108 216
between 1
General and 65536
purpose Any
TIM10, . integer
TIMA1 16-bit Up between 1 No 1 No 108 216
and 65536
Any
TIM12 |  16-bit Up integer No 2 No 54 [108/216
between 1
and 65536
Any
TIM13, . integer
TIM14 16-bit Up between 1 No 1 No 54 108/216
and 65536
Any
. TIMG, . integer
Basic TIM7 16-bit Up between 1 Yes 0 No 54 108/216
and 65536

1. The maximum timer clock is either 108 or 216 MHz depending on TIMPRE bit configuration in the RCC_DCKCFGR

register.

J
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3.221 Advanced-control timers (TIM1, TIM8)

The advanced-control timers (TIM1, TIM8) can be seen as three-phase PWM generators
multiplexed on 6 channels. They have complementary PWM outputs with programmable
inserted dead times. They can also be considered as complete general-purpose timers.
Their 4 independent channels can be used for:

e Input capture

e  Output compare

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

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

The advanced-control timer can work together with the TIMx timers via the Timer Link
feature for synchronization or event chaining.

TIM1 and TIM8 support independent DMA request generation.

3.22.2 General-purpose timers (TIMx)

There are ten synchronizable general-purpose timers embedded in the STM32F74xxx
devices (see Table 6 for differences).

e TIM2, TIM3, TIM4, TIM5

The STM32F74xxx include 4 full-featured general-purpose timers: TIM2, TIM5, TIM3,
and TIM4.The TIM2 and TIM5 timers are based on a 32-bit auto-reload
up/downcounter and a 16-bit prescaler. The TIM3 and TIM4 timers are based on a 16-
bit auto-reload up/downcounter and a 16-bit prescaler. They all feature 4 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.

The TIM2, TIM3, TIM4, TIMS general-purpose timers can work together, or with the
other general-purpose timers and the advanced-control timers TIM1 and TIM8 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, TIMS all have independent DMA request generation. They are
capable of handling quadrature (incremental) encoder signals and the digital outputs
from 1 to 4 hall-effect sensors.

e TIM9, TIM10, TIM11, TIM12, TIM13, and TIM14

These timers are based on a 16-bit auto-reload upcounter and a 16-bit prescaler.
TIM10, TIM11, TIM13, and TIM14 feature one independent channel, whereas TIM9
and TIM12 have two independent channels for input capture/output compare, PWM or
one-pulse mode output. They can be synchronized with the TIM2, TIM3, TIM4, TIM5
full-featured general-purpose timers. They can also be used as simple time bases.

3
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Basic timers TIM6 and TIM7

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 timer (LPTIM1)

The low-power timer has an independent clock and is running also in Stop mode if it is
clocked by LSE, LSI or an external clock. It is able to wake-up the devices from Stop mode.
This low-power timer supports the following features:

e  16-bit up counter with 16-bit autoreload register

e  16-bit compare register

e  Configurable output: pulse, PWM

e  Continuous / one-shot mode

e  Selectable software / hardware input trigger

e  Selectable clock source:

e Internal clock source: LSE, LSI, HSI or APB clock

e  External clock source over LPTIM input (working even with no internal clock source
running, used by the Pulse Counter Application)

e  Programmable digital glitch filter
e  Encoder mode

Independent watchdog

The independent watchdog is based on a 12-bit downcounter 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 downcounter 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 dedicated to real-time operating systems, but could also be used as a standard
downcounter. It features:

e A 24-bit downcounter

e Autoreload capability

e  Maskable system interrupt generation when the counter reaches 0

e  Programmable clock source.
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3.23 Inter-integrated circuit interface (I2C)

The devices embed four I2C. Refer to Table 7: 12C implementation for the features
implementation.

The I2C bus interface handles communication between the microcontroller and the serial
I2C bus. It controls all 12C bus-specific sequencing, protocol, arbitration and timing.

The 12C peripheral supports:

[2C-bus specification and user manual rev. 5 compatibility:

—  Target and controller modes, multicontroller capability

—  Standard-mode (Sm), with a bitrate up to 100 kbit/s

—  Fast-mode (Fm), with a bitrate up to 400 kbit/s

—  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 2.0 compatibility:

— Hardware PEC (Packet Error Checking) generation and verification with ACK
control

— Address resolution protocol (ARP) support
— SMBus alert
Power System Management Protocol (PMBus ™) specification rev 1.1 compatibility

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

Programmable analog and digital noise filters
1-byte buffer with DMA capability

Table 7. 12C implementation

12C features(!) l2C1 | 12c2 | 12€3 | 12Cc4
Standard-mode (up to 100 kbit/s) X X X X
Fast-mode (up to 400 kbit/s) X X X
Programmable analog and digital noise filters X X X X
SMBus/PMBus hardware support X X X X
Independent clock X X X X

1.
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X: supported
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Universal synchronous/asynchronous receiver transmitters
(USART)

The devices embed USART. Refer to Table 8: USART implementation for the features
implementation.

The universal synchronous asynchronous receiver transmitter (USART) offers a flexible
means of full-duplex data exchange with external equipment requiring an industry standard
NRZ asynchronous serial data format.

The USART peripheral supports:

e  Full-duplex asynchronous communications

e  Configurable oversampling method by 16 or 8 to give flexibility between speed and
clock tolerance

e Dual clock domain allowing convenient baud rate programming independent from the
PCLK reprogramming

e A common programmable transmit and receive baud rate of up to 27 Mbit/s when
USART clock source is system clock frequency (Max is 216 MHz) and oversampling by
8 is used.

e  Auto baud rate detection

e  Programmable data word length (7 or 8 or 9 bits) word length

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

e  Programmable parity (odd, even, no parity)

e Configurable stop bits (1 or 1.5 or 2 stop bits)

e  Synchronous mode and clock output for synchronous communications
e  Single-wire half-duplex communications

e  Separate signal polarity control for transmission and reception

e  Swappable Tx/Rx pin configuration

e  Hardware flow control for modem and RS-485 transceiver

e  Multiprocessor communications

e LIN master synchronous break send capability and LIN slave break detection capability
e IrDA SIR encoder decoder supporting 3/16 bit duration for normal mode

e  Smartcard mode ( T=0 and T=1 asynchronous protocols for Smartcards as defined in
the ISO/IEC 7816-3 standard )

e  Support for Modbus communication

The table below summarizes the implementation of all U(S)ARTSs instances

Table 8. USART implementation

features(!) USART1/2/3/6 | UART4/5/7/8
Data Length 7, 8 and 9 bits
Hardware flow control for modem X X
Continuous communication using DMA X X
Multiprocessor communication X X
Synchronous mode X -
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Table 8. USART implementation (continued)

features(V) USART1/2/3/6 UART4/5/7/8

>

Smartcard mode

Single-wire half-duplex communication

IrDA SIR ENDEC block

LIN mode

Dual clock domain

Receiver timeout interrupt

Modbus communication

Auto baud rate detection

XX | X[ X| X|X|X]| X
XX | X[ X| X|X|X]| X

Driver Enable

1. X: supported.

Serial peripheral interface (SPI)/inter-integrated sound
interfaces (12S)

The devices feature up to six SPIs in slave and master modes in full-duplex and simplex
communication modes. SPI1, SPI4, SPI5, and SPI6 can communicate at up to 54 Mbits/s,
SPI2 and SPI3 can communicate at up to 27 Mbit/s. The 3-bit prescaler gives 8 master
mode frequencies and the frame is configurable from 4 to 16 bits. The SPI interfaces
support NSS pulse mode, Tl mode and Hardware CRC calculation. All SPIs can be served
by the DMA controller.

Three standard %S interfaces (multiplexed with SPI1, SPI2 and 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 either or both of the
1S 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 12Sx can be served by the DMA controller.

Serial audio interface (SAl)

The devices embed two serial audio interfaces.

The serial audio interface is based on two independent audio subblocks which can operate
as transmitter or receiver with their FIFO. Many audio protocols are supported by each
block: 12S standards, LSB or MSB-justified, PCM/DSP, TDM, AC’97 and SPDIF output,
supporting audio sampling frequencies from 8 kHz up to 192 kHz. Both subblocks can be

configured in master or in slave mode.

In master mode, the master clock can be output to the external DAC/CODEC at 256 times of
the sampling frequency.

The two sub-blocks can be configured in synchronous mode when full-duplex mode is
required.
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SAI1 and SAI2 can be served by the DMA controller

SPDIFRX Receiver Interface (SPDIFRX)

The SPDIFRX peripheral, is designed to receive an S/PDIF flow compliant with IEC-60958
and IEC-61937. These standards support simple stereo streams up to high sample rate,
and compressed multi-channel surround sound, such as those defined by Dolby or DTS (up
to 5.1).

The main features of the SPDIFRX are the following:

e Upto 4 inputs available

e Automatic symbol rate detection

e  Maximum symbol rate: 12.288 MHz

e  Stereo stream from 32 to 192 kHz supported

e  Supports Audio IEC-60958 and IEC-61937, consumer applications

e  Parity bit management

e  Communication using DMA for audio samples

e  Communication using DMA for control and user channel information

e Interrupt capabilities

The SPDIFRX receiver provides all the necessary features to detect the symbol rate, and
decode the incoming data stream. The user can select the wanted SPDIF input, and when a
valid signal will be available, the SPDIFRX will re-sample the incoming signal, decode the
manchester stream, recognize frames, sub-frames and blocks elements. It delivers to the
CPU decoded data, and associated status flags.

The SPDIFRX also offers a signal named spdif_frame_sync, which toggles at the S/PDIF
sub-frame rate that will be used to compute the exact sample rate for clock drift algorithms.

Audio PLL (PLLI2S)

The devices feature an additional dedicated PLL for audio I12S and SAl applications. It allows
to achieve error-free 12S sampling clock accuracy without compromising on the CPU
performance, while using USB peripherals.

The PLLI2S configuration can be modified to manage an 12S/SAl sample rate change
without disabling the main PLL (PLL) used for CPU, USB and Ethernet interfaces.

The audio PLL can be programmed with very low error to obtain sampling rates ranging
from 8 KHz to 192 KHz.

In addition to the audio PLL, a master clock input pin can be used to synchronize the
12S/SAl flow with an external PLL (or Codec output).
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Audio and LCD PLL(PLLSAI)

An additional PLL dedicated to audio and LCD-TFT is used for SAI1 peripheral in case the
PLLI2S is programmed to achieve another audio sampling frequency (49.152 MHz or
11.2896 MHz) and the audio application requires both sampling frequencies simultaneously.

The PLLSAI is also used to generate the LCD-TFT clock.

SD/SDIO/MMC card host interface (SDMMC)

An SDMMC host interface is available, that supports MultiMediaCard System Specification
Version 4.2 in three different databus modes: 1-bit (default), 4-bit and 8-bit.

The interface allows data transfer at up to 50 MHz, and is compliant with the SD Memory
card specification version 2.0.

The SDMMC card specification version 2.0 is also supported with two different databus
modes: 1-bit (default) and 4-bit.

The current version supports only one SD/SDMMC/MMC4.2 card at any one time and a
stack of MMC4.1 or previous.

The SDMMC can be served by the DMA controller

Ethernet MAC interface with dedicated DMA and IEEE 1588
support

The devices provide an IEEE-802.3-2002-compliant media access controller (MAC) for
ethernet LAN communications through an industry-standard medium-independent interface
(MIl) or a reduced medium-independent interface (RMII). The microcontroller requires an
external physical interface device (PHY) to connect to the physical LAN bus (twisted-pair,
fiber, etc.). The PHY is connected to the device MIl port using 17 signals for MIl or 9 signals
for RMII, and can be clocked using the 25 MHz (MlIl) from the microcontroller.

The devices include the following features:

e  Support of 10 and 100 Mbit/s rates

e Dedicated DMA controller allowing high-speed transfers between the dedicated SRAM
and the descriptors

e  Tagged MAC frame support (VLAN support)

e Half-duplex (CSMA/CD) and full-duplex operation
e  MAC control sublayer (control frames) support

e  32-bit CRC generation and removal

e  Several address filtering modes for physical and multicast address (multicast and
group addresses)

. 32-bit status code for each transmitted or received frame

. Internal FIFOs to buffer transmit and receive frames. The transmit FIFO and the
receive FIFO are both 2 Kbytes.

e  Supports hardware PTP (precision time protocol) in accordance with IEEE 1588 2008
(PTP V2) with the time stamp comparator connected to the TIM2 input

e Triggers interrupt when system time becomes greater than target time
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Controller area network (bxCAN)

The two CANs are compliant with the 2.0A and B (active) specifications with a bitrate up to 1
Mbit/s. They can receive and transmit standard frames with 11-bit identifiers as well as
extended frames with 29-bit identifiers. Each CAN has three transmit mailboxes, two receive
FIFOS with 3 stages and 28 shared scalable filter banks (all of them can be used even if one
CAN is used). 256 bytes of SRAM are allocated for each CAN.

Universal serial bus on-the-go full-speed (OTG_FS)

The devices embed an USB OTG full-speed device/host/OTG peripheral with integrated
transceivers. The USB OTG FS peripheral is compliant with the USB 2.0 specification and
with the OTG 2.0 specification. It has software-configurable endpoint setting and supports
suspend/resume. The USB OTG controller requires a dedicated 48 MHz clock that is
generated by a PLL connected to the HSE oscillator.

The maijor features are:

e Combined Rx and Tx FIFO size of 1.28 Kbytes with dynamic FIFO sizing

e  Support of the session request protocol (SRP) and host negotiation protocol (HNP)

e 1 bidirectional control endpoint + 5 IN endpoints + 5 OUT endpoints

e 12 host channels with periodic OUT support

e Software configurable to OTG1.3 and OTG2.0 modes of operation

e USB 2.0 LPM (Link Power Management) support

e Internal FS OTG PHY support

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

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

Universal serial bus on-the-go high-speed (OTG_HS)

The devices embed a USB OTG high-speed (up to 480 Mb/s) device/host/OTG peripheral.
The USB OTG HS supports both full-speed and high-speed operations. It integrates the
transceivers for full-speed operation (12 MB/s) and features a UTMI low-pin interface (ULPI)
for high-speed operation (480 MB/s). When using the USB OTG HS in HS mode, an
external PHY device connected to the ULPI is required.

The USB OTG HS peripheral is compliant with the USB 2.0 specification and with the OTG
2.0 specification. It has software-configurable endpoint setting and supports
suspend/resume. The USB OTG controller requires a dedicated 48 MHz clock that is
generated by a PLL connected to the HSE oscillator.
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The maijor features are:

e Combined Rx and Tx FIFO size of 4 Kbytes with dynamic FIFO sizing

e  Support of the session request protocol (SRP) and host negotiation protocol (HNP)
e 8 bidirectional endpoints

. 16 host channels with periodic OUT support

e  Software configurable to OTG1.3 and OTG2.0 modes of operation

e USB 2.0 LPM (Link Power Management) support

e Internal FS OTG PHY support

e External HS or HS OTG operation supporting ULPI in SDR mode. The OTG PHY is
connected to the microcontroller ULPI port through 12 signals. It can be clocked using
the 60 MHz output.

e Internal USB DMA
e HNP/SNP/IP inside (no need for any external resistor)

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

High-definition multimedia interface (HDMI) - consumer
electronics control (CEC)

The devices embed a HDMI-CEC controller that provides hardware support for the
Consumer Electronics Control (CEC) protocol (Supplement 1 to the HDMI standard).

This protocol provides high-level control functions between all audiovisual products in an
environment. It is specified to operate at low speeds with minimum processing and memory
overhead. It has a clock domain independent from the CPU clock, allowing the HDMI-CEC
controller to wake-up the MCU from Stop mode on data reception.

Digital camera interface (DCMI)

The devices embed a camera interface that can connect with camera modules and CMOS
sensors through an 8-bit to 14-bit parallel interface, to receive video data. The camera
interface can sustain a data transfer rate up to 54 Mbyte/s at 54 MHz. It features:

e  Programmable polarity for the input pixel clock and synchronization signals
e Parallel data communication can be 8-, 10-, 12- or 14-bit

e  Supports 8-bit progressive video monochrome or raw bayer format, YCbCr 4:2:2
progressive video, RGB 565 progressive video or compressed data (like JPEG)

e  Supports continuous mode or snapshot (a single frame) mode
e Capability to automatically crop the image

True Random number generator (RNG)

The RNG is a true random number generator that provides full entropy outputs to the
application as 32-bit samples. It is composed of a live entropy source (analog) and an
internal conditioning component.
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All devices embed an RNG that delivers 32-bit random numbers generated by an integrated
analog circuit.

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), as input (floating, with or without pull-up or pull-down)
or as peripheral alternate function. Most of the GPIO pins are shared with digital or analog
alternate functions. All GP1Os are high-current-capable and have speed selection to better
manage internal noise, power consumption and electromagnetic emission.

The 1/0 configuration can be locked if needed by following a specific sequence in order to
avoid spurious writing to the 1/Os registers.

Fast I/0O handling allowing maximum I/O toggling up to 108 MHz.

Analog-to-digital converters (ADCs)

Three 12-bit analog-to-digital converters are embedded and each ADC shares up to 16
external channels, performing conversions in the 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:

e  Simultaneous sample and hold

¢ Interleaved sample and hold

The ADC can be served by the DMA controller. An analog watchdog feature allows very

precise monitoring of 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,
TIM2, TIM3, TIM4, TIM5, or TIM8 timer.

Temperature sensor

The temperature sensor has to generate a voltage that varies linearly with temperature. The
conversion range is between 1.7 V and 3.6 V. The temperature sensor is internally
connected to the same input channel as Vgat, ADC1_IN18, which is used to convert the
sensor output voltage into a digital value. When the temperature sensor and Vgar
conversion are enabled at the same time, only Vgt conversion is performed.

As the offset of the temperature sensor varies from chip to chip due to process variation, the
internal temperature sensor is mainly suitable for applications that detect temperature
changes instead of absolute temperatures. If an accurate temperature reading is needed,
then an external temperature sensor part should be used.

Digital-to-analog converter (DAC)

The two 12-bit buffered DAC channels can be used to convert two digital signals into two
analog voltage signal outputs.
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This dual digital Interface supports the following features:
e two DAC converters: one for each output channel

e  8-bit or 12-bit monotonic output

e left or right data alignment in 12-bit mode

e synchronized update capability

e noise-wave generation

e triangular-wave generation

e dual DAC channel independent or simultaneous conversions
e  DMA capability for each channel

e external triggers for conversion

e input voltage reference VRgr+

Eight DAC trigger inputs are used in the device. The DAC channels are triggered through
the timer update outputs that are also connected to different DMA streams.

Serial wire JTAG debug port (SWJ-DP)

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

Debug is performed using 2 pins only instead of 5 required by the JTAG (JTAG pins could
be re-use as GPIO with alternate function): the JTAG TMS and TCK pins are shared with
SWDIO and SWCLK, respectively, and a specific sequence on the TMS pin is used to
switch between JTAG-DP and SW-DP.

Embedded Trace Macrocell™

The Arm Embedded Trace Macrocell provides a greater visibility of the instruction and data
flow inside the CPU core by streaming compressed data at a very high rate from the
STM32F74xxx through a small number of ETM pins to an external hardware trace port
analyzer (TPA) device. The TPA is connected to a host computer using USB, Ethernet, or
any other high-speed channel. Real-time instruction and data flow activity can be recorded
and then formatted for display on the host computer that runs the debugger software. TPA
hardware is commercially available from common development tool vendors.

The Embedded Trace Macrocell operates with third party debugger software tools.

3
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Pinouts and pin description

Figure 11. STM32F74xVx LQFP100 pinout
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2. The above figure shows the package top view.
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Figure 12. STM32F74xVx TFBGA100 ballout

10

DOOOO OO B B
PO O®O®® ®
@OORPOOOO®O G
OO OO ROO® G
DOOOH OOOO®®
®O®OO® ®O®® @
®OOOOOOO®® @
GICIOROICROECIONONG
OOOOOOO®O®®
DOOOOOOO®O®®

MSv40497V1
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Figure 13. STM32F74xZx WLCSP143 ballout
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Figure 14. STM32F74xZx LQFP144 pinout
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Figure 15. STM32F74xIx LQFP176 pinout
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Fi

gure 16. STM32F74xBx LQFP208 pinout
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1. The above figure shows the package top view.
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STM32F745xx STM32F746xx

Figure 17. STM32F74xIx UFBGA176 ballout
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1. The above figure shows the package top view.
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Pinouts and pin description

Figure 18. STM32F74xNx TFBGA216 ballout
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1. The above figure shows the package top view.
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Pinouts and pin description

Table 9. Legend/abbreviations used in the pinout table

Name Abbreviation Definition
. Unless otherwise specified in brackets below the pin name, the pin function during and after
Pin name : .
reset is the same as the actual pin name
S Supply pin
Pin type | Input only pin
I/10 Input / output pin
FT 5V tolerant /0
TTa 3.3 V tolerant 1/O directly connected to ADC
I/O structure
B Dedicated BOOT pin
RST Bidirectional reset pin with weak pull-up resistor
Notes Unless otherwise specified by a note, all I/Os are set as floating inputs during and after reset
Alterr_wate Functions selected through GPIOx_AFR registers
functions
Addltl'onal Functions directly selected/enabled through peripheral registers
functions

Table 10. STM32F745xx and STM32F746xx pin and ball definition

Pin Number
Pin g
(<]
o ™ ©o © name Q| * (7)) ces
< Q 3]
S 2 N h =R |8 o | (function 2| 3 2 Alternate functions Addltl_onal
= | < o | Y | < | ¥ | Y| < c| =8 functions
L lo|la | kElo|lk B0 after | =| @ | 2
' ') [T o [T L. (1) o fo)
g|@ | 3 |c | R |C|C| @D reset) =2
4| B s I I i =
TRACECLK, SPI4_SCK,
SAI1_MCLK_A,
1 | A3 | D8 | 1 | A2 | 1 1 A3 PE2 I/O| FT | - QUADSPI_BK1_102, -
ETH_MII_TXD3,
FMC_A23, EVENTOUT
TRACEDO, SAI1_SD_B,
2 | B3 |C10| 2 | A1 2 2 | A2 PE3 /O | FT | - FMC_A19, EVENTOUT -
TRACED1, SPI4_NSS,
SAIM_FS_A, FMC_A20,
3 | C3|B11| 3 | B1 3 3 | A1 PE4 I/O| FT | - DCMI_D4. LCD_BO, -
EVENTOUT
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Table 10. STM32F745xx and STM32F746xx pin and ball definition (continued)

Pin Number
Pin g
[}
(=] (] ©o © name 2| B 7] -
§ 2|3 §_ = g § & | (function| & | 3 -g Alternate functions Addltl_onal
b - S "N - - S - I I ¢ £l 3|2 functions
| O "o’ L lo |k RO after T
¢ | @ |53 |gd|®2|c|c|@D]|reset)! Q
| = ; | S | | o
TRACED2, TIM9_CH1,
SPI4_MISO,
4 |D3|D9| 4 |B2| 4 | 4 |B1| PE5S |I/O|FT|- |SAM_SCK_A FMC_A21, -
DCMI_D6, LCD_GO,
EVENTOUT
TRACED3, TIM1_BKIN2,
TIM9_CH2, SPI4_MOSI,
5 |E3|E8|5 B3| 5|5 |B2| PE6 |IO|FT|-|gap Ség—g%ﬁé A2 -
DCMI_D7, LCD_G1,
EVENTOUT
- - - - -1]-|- e8| vss - |- - -
-l - -1]-|-1]-1]-|F5| vDD - |- - -
6 [B2|C11| 6 |C1|6 | 6 |Cl1| VBAT - |- - -
@ RTC_TAMP2/
- - | - | -|p2| 7|7 |c2| P8 [IO|FT|g, EVENTOUT RTC_TS,WK
UP5
RTC_TAMP1/
@)
7 | A2 |D10| 7 |D1| 8 | 8 |D1| PCI3 |UO|FT |4 EVENTOUT R-(g%TFTV?/fJS
4
PC14- @)
8 | A1 [D1| 8 |E1| 9 | 9 | E1[0OSC32.1|O|FT |4 EVENTOUT 0SC32_IN
N(PC14)
PC15-
o |81 |en| o |Fi|10]10]|F|OSC2 |yo|pr |t EVENTOUT 0SC32_0UT
OUT(PC @) _
15)
- -l -1]-|-1]-1]-|c5| voDO |sS|-|- - -
CAN1_RX, FMC_D30,
- - | -] -|D3| 1|1 |E4| P9 |VO|FT]|- LCD_VSYNC, -
EVENTOUT
ETH_MII_RX_ER,
- | - | - |- |E3[12]|12|D5| PO |I/O|FT|- |FMC_D31,LCD_HSYNC, -
EVENTOUT
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Pinouts and pin description

Table 10. STM32F745xx and STM32F746xx pin and ball definition (continued)

Pin Number
Pin g
o282 || |o|w 2| name B F| g Additional
e g T | S b =18 § (function | & 2 -g Alternate functions functions
a5 |0 |&|g |8 | |G| aftr [£]0|2
G| @ | S |c |8 |c|T|D | reset)V Q
-l = ; -l S -l | o
OTG_HS ULPI DIR,
- - E4 | 13 | 13 | F3 PI11 I/IO| FT| - EVENTOUT WKUP6
- - E7 - F2 | 14 | 14 | F2 VSS - |- - -
- - |E10| - F3 |15 | 15 | F4 VDD - |- - -
12C2_SDA, FMC_AO,
- - F11| 10 | E2 | 16 | 16 | D2 PFO IO | FT | - EVENTOUT -
12C2_SCL, FMC_A1,
- - EQ | M1 | H3 | 17 | 17 | E2 PF1 I/IO| FT| - EVENTOUT -
12C2_SMBA, FMC_A2,
- - |F10| 12 | H2 | 18 | 18 | G2 PF2 I/IO| FT| - EVENTOUT -
LCD_HSYNC,
- - - - - - 19 | E3 P12 /O | FT | - EVENTOUT -
LCD_VSYNC,
- - - - - - 20 | G3 PI13 I/IO| FT| - EVENTOUT -
- - - - - - 21 | H3 PI14 I/O| FT | - | LCD_CLK, EVENTOUT -
- - |G| 13| J2 | 19 | 22 | H2 PF3 I/IO| FT| - FMC_AS, EVENTOUT ADC3_IN9
- - FO | 14 | J3 | 20 | 23 | J2 PF4 IO | FT | - FMC_A4, EVENTOUT ADC3_IN14
- - F8 | 15 | K3 | 21 | 24 | K3 PF5 IO | FT | - FMC_AS5, EVENTOUT ADC3_IN15
10 | C2 | H7 | 16 | G2 | 22 | 25 | H6 VSS S| - |- - -
11 | D2 - 17 | G3 | 23 | 26 | H5 VDD S| - |- - -
TIM10_CH1, SPI5_NSS,
SAI1_SD_B, UART7_Rx,
- - |G10| 18 | K2 | 24 | 27 | K2 PF6 /O | FT | - QUADSPI_BK1_I03, ADC3_IN4
EVENTOUT
TIM11_CH1, SPI5_SCK,
SAI1_MCLK_B,
- - F7 | 19 | K1 | 25 | 28 | K1 PF7 /O | FT | - UART7_Tx, ADC3_IN5
QUADSPI_BK1_102,
EVENTOUT
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Table 10. STM32F745xx and STM32F746xx pin and ball definition (continued)

Pin Number
Pin o
o | @ © © name | & -3 " "
‘8_ g E §_ E § § § (function | & 2 -g Alternate functions 'Lf\:::tllzrrl‘zl
a5 | w | &0 | & . G| aftr [ £|®|2
G| @ | S |c |8 |c|T|D | reset)V Q
| = ; | S | - o
SPI5_MISO,
SAI1_SCK_B,
UART7_RTS,
- | - |H1M|20| L3 |26 |29 | L3 PF8 |[I/O|FT| - TIM13 CH1, ADC3_IN6
QUADSPI_BK1_100,
EVENTOUT
SPI5_MOSI, SAI1_FS_B,
UART7_CTS,
-] - |68 |21 | L2 |27 |30 L2 PFO |[IIO|FT| - TIM14_CH1, ADC3_IN7
QUADSPI_BK1_101,
EVENTOUT
DCMI_D11, LCD_DE,
-] - |G9|22|L1]28|31|L1| PFI0O |I/O|FT]| - EVENTOUT ADC3_IN8
PHO-
12| C1|J11 | 23| G1|29]|32|G1|OSCIN(|[IIO|FT] - EVENTOUT OSC_IN®)
PHO)
PH1-
13 | D1 |H10| 24 | H1 | 30 | 33 | H1 |OSC_OU |I/O| FT | - EVENTOUT 0Sc_ouT®)
T(PH1)
RS
14| E1 | H9 | 25 | J1 |31 | 34 | J1 | NRST |lO| |- - -
SAI2_FS_B,
4y| OTG_HS_ULPI_STP, | ADC123_IN1
15| F1 | H8 | 26 | M2 | 32 | 35 | M2 | PCO |[l/O|FT FMC_SDNWE, LCD. RS, 0
EVENTOUT
TRACEDO, ADC123_IN1
)| SPI2_MOSI/I2S2_SD, 1,
16 | F2 |K11 |27 | M3 |33 |36 | M3| PC1 |[IO|FT SA SD_A ETH MDC, | RTC_TAMP3,
EVENTOUT WKUP3
SPI2_MISO,
OTG_HS_ULPI_DIR,
17 | E2 | J10 | 28 | M4 | 34 | 37 | M4 | PC2 |[I/O|FT |@W ETH_MII_TXD2, ADC1§3—'N1
FMC_SDNEQ,
EVENTOUT
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Pinouts and pin description

Table 10. STM32F745xx and STM32F746xx pin and ball definition (continued)

Pin Number
Pin g
o | @ © © | name | 8| 3| o
< -— iti
§ g E A E § § D, (function | & 2 -g Alternate functions 'Lf\:::tllzrrl‘zl
a5 |0 |&|g |8 | |G| aftr [£]0|2
G| @ | S |c |8 |c|T|D | reset)V Q
-l = ; -l S -l | o
SPI2_MOSI/12S2_SD,
OTG_HS_ULPI_NXT,
18 | F3 | J9 | 29 | M5 | 35 | 38 | L4 PC3 |[I/IO|FT |@® ETH_MI_TX_CLK, ADC1§3—'N1
FMC_SDCKEQ,
EVENTOUT
- | - |G7|3|G3|3 |39 |J5| VDD |S| - |- - -
- -0 - -|l-1-|-1J| vss |s|-|- - -
19 | G1 |K10| 31 | M1 |37 | 40 | M1 | VSSA S| - |- - -
- -] - |- |N| - |- |N| VREF- | S| - |- - -
20| - |L1|[32|P1[38|41|P1|VREF+ |S| - |- - -
21| H1 |[L10 |33 | R1[39 |42 |R1| VDDA | S| - |- - -
TIM2_CH1/TIM2_ETR,
PAO. TIM5_CH1, TIM8_ETR,
5) USART2_CTS, ADC123_INO,
22 | G2 | K9 | 34 | N3 |40 | 43 | N3 WKAl(J)I)D(P /0| FT UART4. TX, SAI2 SD_B, | WKUPT®
ETH_MII_CRS,
EVENTOUT
TIM2_CH2, TIM5_CH2,
USART2_RTS,
UART4_RX,
4)| QUADSPI_BK1_lO3,
23 | H2 | K8 [ 35 | N2 [ 41 | 44 [ N2 | PA1 |UO|FT SAI2 MCK_B, ADC123_IN1
ETH_MII_RX_CLK/ETH_
RMII_REF_CLK,
LCD_R2, EVENTOUT
TIM2_CH3, TIM5_CH3,
TIM9_CH1, USART2_TX,
24 | J2 [ L9 |36 | P2 |42 |45 | P2| PA2 |(IO|FT|® SAI2_SCK_B, AD\?VLZSELNZ'
ETH_MDIO, LCD_R1,
EVENTOUT
LPTIM1_IN2,
QUADSPI_BK2_|00,
SAI2_SCK_B,
- | - | - | - |F4 |43 |46 |K4| PH2 |UO|FT ETH MIl CRS. -
FMC_SDCKEO, LCD_RO,
EVENTOUT
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Table 10. STM32F745xx and STM32F746xx pin and ball definition (continued)

Pin Number
Pin o
o | ™ © © name | & -3 " "
e = = 3 SR |8 & | (function 2|3 -g Alternate functions Addltl_onal
b - S - - - S - B - 4 c| 2|2 functions
|98 |9 || |9 after | 2
¢ | @ |53 |gd|®2|c|c|@D]|reset)! Q
| = ; | S | - o
QUADSPI_BK2_101,
SAI2_MCK_B,
-] - - | - | G4 44| 47| U4 PH3 |I/O|FT| - ETH_MII_COL, -
FMC_SDNEQ, LCD_R1,
EVENTOUT
l2C2_SCL,
-] - - | - |H4 | 45| 48 | H4 | PH4 |I/O|FT|-| OTG_HS_ULPI_NXT, -
EVENTOUT
I2C2_SDA, SPI5_NSS,
-] - - | - | Ja| 46| 49| J3 PH5 |I/O|FT| - FMC_SDNWE, -
EVENTOUT
TIM2_CH4, TIM5_CH4,
TIM9_CH2, USART2_RX,
25| K2 [M11| 37 | R2 | 47 | 50 | R2 PA3 |I/O|FT |®| OTG_HS_ULPI_DO, |ADC123 IN3
ETH_MII_COL, LCD_BS5,
EVENTOUT
26| J1 | - |3 | - |- |51 |Ks| VSS |Ss| - |- - -
BYPASS
-E6N11-L448—L5_REGIFT— - -
27 | K1 | J8 | 39 | K4 |49 | 52 |K5| VDD |S| - |- - -
SPI1_NSS/I12S1_WS,
SPI3_NSS/I12S3_WS,
USART2_CK,
28 | G3 [M10| 40 | N4 | 50 | 53 | N4 | PA4 |I/O TaT “) OTG_HS_SOF, ADDA?ZO—L'J'\#
DCMI_HSYNC, -
LCD_VSYNC,
EVENTOUT
TIM2_CH1/TIM2_ETR,
TIM8_CH1N,
29 | H3 | M9 | 41 | P4 | 51 | 54 | P4 PA5 | I/O TaT @) | SPI1_SCK/2S1_CK, ADDA?ZO—L'J"#Z’
OTG_HS_ULPI_CK, -
LCD_R4, EVENTOUT
TIM1_BKIN, TIM3_CH1,
TIM8_BKIN, SPI1_MISO,
30| J3 [N10| 42 | P3| 52 | 55 | P3 PA6 |[I/O|FT @ TIM13_CH1, ADC12_IN6
DCMI_PIXCLK, LCD_G2,
EVENTOUT
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Pinouts and pin description

Table 10. STM32F745xx and STM32F746xx pin and ball definition (continued)

Pin Number
Pin o
o | @ © © name | & -3 »
< -— iti
e = = < SR |8 o | (function 2|3 -g Alternate functions Addltl_onal
a < o a < a a < c| v |23 functions
& o (Io) e ) e e o after B9
¢ | @ |53 |gd|®2|c|c|@D]|reset)! o
| = ; | S | - o
TIM1_CH1N, TIM3_CH2,
TIM8_CH1N,
SPI1_MOSI/1281_SD,
) TIM14_CH1,
31 | K3 | L8 | 43 | R3 |53 | 56 | R3 PA7 |IIO|FT ETH_MIL_RX_DV/ETH R ADC12_IN7
MIl_CRS_DV,
FMC_SDNWE,
EVENTOUT
12S1_MCK,
SPDIFRX_IN2,
32| G4 | M8 | 44 | N5 | 54 | 57 | N5 | PC4 |1/O|FT|™|ETH_MIl_RXDO/ETH_RM | ADC12_IN14
Il_RXDO, FMC_SDNED,
EVENTOUT
SPDIFRX_IN3,
(4)| ETH_MI_RXD1/ETH_RM
33| H4 | N9 | 45 | P5 |55 |58 | P5| PC5 |I/O|FT lI_RXD1_FMC._SDCKEQ. ADC12_IN15
EVENTOUT
- - |yt | -] -1]-|5]|L7| VDD - - - -
-l - - 1=-1-1]-1]60]L6| VSS - - - -
TIM1_CH2N, TIM3_CHS3,
TIM8_CH2N,
)| UART4_CTS, LCD_R3,
34| J4 |N8 |46 |R5 |56 |61 |R5| PBO |I/O|FT OTG.HS._ULPI D1, ADC12_IN8
ETH_MII_RXD2,
EVENTOUT
TIM1_CH3N, TIM3_CH4,
TIM8_CH3N, LCD_RS,
35| K4 | K7 | 47 | R4 | 57 | 62 | R4 PB1 |I/O|FT|®| OTG_HS ULPI_D2, ADC12_IN9
ETH_MII_RXD3,
EVENTOUT
SAI1_SD_A,
SPI3_MOSI/12S3_SD,
36 | G5 | L7 | 48 |M6 | 58 | 63 | M5 | PB2 |I/O|FT]| - QUADSP! OLK, -
EVENTOUT
-] - - | -1 -1]-1|64|G4a| PM5 |IIO|FT|-| LCD_RO, EVENTOUT -
-] - - | -1 -1]-165|R6 PJO |I/O|FT|-| LCD_R1, EVENTOUT -
-] - - -1 -1-1]66|R7 PJ1  |I/O|FT| - | LCD_R2 EVENTOUT -
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Table 10. STM32F745xx and STM32F746xx pin and ball definition (continued)

Pin Number
Pin g
o | @ © © | name | 8| 3| o
< - iti
§ 2|3 3 = g § & | (function| & | 3 -g Alternate functions Addltl_onal
b - S "N - - S - I I ¢ f £l 3|2 functions
|98 | |9 |z |w |9 after | £
¢ | @ |53 |gd|®2|c|c|@D]|reset)! Q
e I = O A e i
- - - - - - 67 | P7 PJ2 I/IO| FT| - LCD_RS3, EVENTOUT -
- - - - - - 68 | N8 PJ3 IIO| FT| - LCD_R4, EVENTOUT -
- - - - - - 69 | M9 PJ4 I/IO| FT| - LCD_RS5, EVENTOUT -
SPI5_MOSI, SAI2_SD_B,
- - M7 | 49 | R6 | 59 | 70 | P8 PF11 /O | FT | - FMC_SDNRAS, -
DCMI_D12, EVENTOUT
- - N7 | 50 | P6 | 60 | 71 | M6 PF12 |I/O| FT | - FMC_A6, EVENTOUT -
- - - 51 | M8 | 61 | 72 | K7 VSS S| - |- - -
- - - 52 | N8 | 62 | 73 | L8 VDD S| - |- - -
I2C4 SMBA, FMC_A7,
- - K6 | 53 | N6 | 63 | 74 | N6 PF13 [I/O| FT | - EVENTOUT -
12C4_SCL, FMC_A8,
- - L6 | 54 | R7 | 64 | 75 | P6 PF14 |I/O| FT | - EVENTOUT -
12C4_SDA, FMC_A9,
- - M6 | 65 | P7 | 65 | 76 | M8 PF15 [I/O|FT| - EVENTOUT -
- - N6 | 56 | N7 | 66 | 77 | N7 PGO I/O| FT| - | FMC_A10, EVENTOUT -
- - K5 | 57 | M7 | 67 | 78 | M7 PG1 I/O| FT | - | FMC_A11, EVENTOUT -
TIM1_ETR, UART7_RX,
37 | H5 | L5 | 58 | R8 | 68 | 79 | R8 PE7 IO | FT | - QUADSPI_BK2_IO0, -
FMC_D4, EVENTOUT
TIM1_CH1N, UART7 Tx,
38| J5 | M5 | 59 | P8 | 69 | 80 | N9 PE8 I/IO| FT| - QUADSPI_BK2_l01, -
FMC_D5, EVENTOUT
TIM1_CH1, UART7_RTS,
39| K6 | N6 |60 | PO | 70 | 81 | P9 PE9 /O | FT | - QUADSPI_BK2_|02, -
FMC_D6, EVENTOUT
- - H3 | 61 | M9 | 71 | 82 | K8 VSS S| - |- - -
- - J5 | 62 | N9 | 72 | 83 | L9 VDD S| - |- - -
TIM1_CH2N,
UART7_CTS,
40 | G6 | J4 |63 | RO | 73 | 84 | R9 PE10 |I/O|FT | - QUADSPI_BK2 |03, -
FMC_D7, EVENTOUT
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Table 10. STM32F745xx and STM32F746xx pin and ball definition (continued)

Pin Number
Pin g
o | @ © © | name | 8| 3| o .
§ 2|3 §_ = g § & | (function| & | 3 -g Alternate functions Addltl_onal
b - S "N - - S - I I ¢ f £l 3|2 functions
|98 |9 || |9 after a
¢ | @ |53 |gd|®2|c|c|@D]|reset)! Q
e I = O A e i
TIM1_CH2, SPI4_NSS,
41 | H6 | K4 | 64 [P10| 74 | 85 | P10 PE11 /O | FT | - SAI2_SD B, FMC D8, -
LCD_G3, EVENTOUT
TIM1_CH3N, SPI4_SCK,
42 | J6 | L4 | 65 |[R10| 75 | 86 |R10 PE12 I/O| FT | - | SAI2_SCK_B, FMC_D9, -
LCD_B4, EVENTOUT
TIM1_CH3, SPI4_MISO,
43 | K6 | N4 | 66 |[N11| 76 | 87 |R12 PE13 I/O| FT | - | SAI2_FS B, FMC_D10, -
LCD_DE, EVENTOUT
TIM1_CH4, SPI4_MOSI,
44 | G7 | M4 | 67 |P11| 77 | 88 | P11 PE14 I/O| FT | - | SAI2_MCK_B,FMC_D11, -
LCD_CLK, EVENTOUT
TIM1_BKIN, FMC_D12,
45 | H7 | L3 | 68 |[R11| 78 | 89 | R11 PE15 /O | FT | - LCD_R7, EVENTOUT -
TIM2_CH3, 12C2_SCL,
SPI2_SCK/I2S2_CK,
USART3_TX,
46 | J7 | M3 | 69 |R12| 79 | 90 |P12 PB10 /O | FT | - OTG_HS_ULPI_D3, -
ETH_MI_RX_ER,
LCD_G4, EVENTOUT
TIM2_CH4, 12C2_SDA,
USART3_RX,
OTG_HS_ULPI_D4,
47 | K7 | N3 | 70 |R13| 80 | 91 |R13| PBI1 |0 | FT | - | ol u oy 2o o -
MIL_TX_EN, LCD_GS5,
EVENTOUT
48 | F8 | N2 | 71 |M10| 81 | 92 | L11 | VCAP_1 - - - -
49 - H2 - - - 93 | K9 VSS - - - -
50 - J6 | 72 [N10| 82 | 94 | L10 VDD - - - -
- - | - -] -1]-|9|M4a] Ps |IO|FT|-| LCD_R6 EVENTOUT -
12C2_SMBA, SPI5_SCK,
TIM12_CHA1,
- - - - |M11] 83 | 96 | P13 PH6 /O | FT | - ETH_MII_RXD2, -
FMC_SDNE1, DCMI_DS8,
EVENTOUT
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Table 10. STM32F745xx and STM32F746xx pin and ball definition (continued)

Pin Number
Pin g
o | @ © © | name | 8| 3| o "
§ 2|3 §_ = g § & | (function| & | 3 -g Alternate functions Addltl_onal

a | < o T | < |z | &< t El 5|2 functions

|98 |9 || |9 arer a

¢ | @ |53 |gd|®2|c|c|@D]|reset)! Q

T = T I B e i
I12C3_SCL, SPI5_MISO,

ETH_MII_RXD3,

- - - - [N12| 84 | 97 |[N13| PH7 |l/O|FT| - FMC_SDCKEA, -
DCMI_D9, EVENTOUT
12C3_SDA, FMC_D16,

- - - - [M12]| 85 | 98 | P14 PH8 |I/O|FT | - | DCMI_HSYNC, LCD_R2, -

EVENTOUT
I12C3_SMBA,
TIM12_CH2, FMC_D17,
- - - - [M13| 86 | 99 |[N14| PH9 |I/O|FT| - DCMI_DO, LCD,_R3, -
EVENTOUT
TIM5_CH1, 12C4_SMBA,

- - - - | L13| 87 | 100 |P15| PH10 |l/O|FT| - FMC_D18, DCMI_D1, -
LCD_R4, EVENTOUT
TIM5_CH2, 12C4_SCL,

- - - - |L12| 88 | 101 |[N15| PH11 |l/O|FT| - FMC_D19, DCMI_D2, -
LCD_R5, EVENTOUT
TIM5_CH3, 12C4_SDA,

- - - - |K12| 89 [ 102 |M15| PH12 |I/O|FT| - FMC_D20, DCMI_D3, -
LCD_R6, EVENTOUT

- - - - |H12| 90 | - |K10| VSS S| - |- - -

- - - - [J12] 91 | 103 | K11 VDD S| - |- - -

TIM1_BKIN, 12C2_SMBA,
SPI2_NSS/I282_WS,
USART3_CK, CAN2_RX,
51 | K8 | M2 | 73 |P12| 92 | 104 |L13| PB12 |[I/O|FT | - OTG_HS_ULPI_DS5, -
ETH_MII_TXDO/ETH_RM
[I_TXDO, OTG_HS_ID,
EVENTOUT
TIM1_CH1N,
SPI2_SCKI/I252_CK,
USART3_CTS,
52 | J8 | N1 | 74 |P13| 93 | 105 |K14| PB13 |[I/O|FT | - CAN2_TX, OTG—UHSS—VB
OTG_HS_ULPI_DS6,
ETH_MII_TXD1/ETH_RM
[I_TXD1, EVENTOUT
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STM32F745xx STM32F746xx

Pinouts and pin description

Table 10. STM32F745xx and STM32F746xx pin and ball definition (continued)

Pin Number

LQFP100

TFBGA100

WLCSP143

LQFP144
UFBGA176

LQFP176

LQFP208

TFBGA216

Pin
name
(function
after
reset)“)

Pin type

/0 structure

Notes

Alternate functions

Additional
functions

53

H10

K3

75 | R14

94

106

R14

PB14

110

FT

TIM1_CH2N,
TIM8_CH2N,
SPI2_MISO,
USART3_RTS,
TIM12_CH1,
OTG_HS_DM,
EVENTOUT

54

G10

J3

76 | R15

95

107

R15

PB15

1’0

FT

RTC_REFIN,
TIM1_CH3N,
TIM8_CH3N,
SPI2_MOSI/12S2_SD,
TIM12_CH2,
OTG_HS_DP,
EVENTOUT

55

K9

L2

77 | P15

96

108

L15

PD8

1’0

FT

USART3_TX,
SPDIFRX_IN11,
FMC_D13, EVENTOUT

56

J9

M1

78 | P14

97

109

L14

PD9

110

FT

USART3_RX, FMC_D14,
EVENTOUT

57

H9

H4

79 | N15

98

110

K15

PD10

110

FT

USART3_CK, FMC_D15,
LCD_B3, EVENTOUT

58

G9

K2

80 |N14

99

1M

N10

PD11

1’0

FT

12C4_SMBA,
USART3_CTS,
QUADSPI_BK1_100,
SAI2_SD_A,
FMC_A16/FMC_CLE,
EVENTOUT

59

K10

H6

81 | N13

100

112

M10

PD12

1’0

FT

TIM4_CH1, LPTIM1_INT,
12C4_SCL,
USART3_RTS,
QUADSPI_BK1_|01,
SAI2_FS_A,
FMC_A17/FMC_ALE,
EVENTOUT

60

J10

H5

82 |M15

101

113

M11

PD13

1’0

FT

TIM4_CH?2,
LPTIM1_OUT, 12C4_SDA,
QUADSPI_BK1_103,
SAI2_SCK_A, FMC_A18,
EVENTOUT

J
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Table 10. STM32F745xx and STM32F746xx pin and ball definition (continued)

Pin Number
Pin o
o | @ © © | name | 8| 3| o .

el 2 |F |3 || |8 |F (function | & | 3 -g Alternate functions Additional

b - S - - - S - B - 4 c| 2|2 functions

|98 |9 || |9 after | 7| @

¢ | @ |53 |gd|®2|c|c|@D]|reset)! Q

O 2 = T I B O e B
- - - 83 - 102 | 114 | J10 VSS S| - |- - -
- - L1 | 84 | J13 103 | 115 | J11 VDD S| - |- - -

TIM4_CH3, UART8_CTS,
61 | H8 | J2 | 85 |M14| 104 | 116 | L12 PD14 /O | FT | - FMC_DO, EVENTOUT -
TIM4_CH4, UART8_RTS,
62 | G8 | K1 | 86 |L14 | 105| 117 | K13 PD15 |I/O| FT | - FMC_D1, EVENTOUT -
- - - - - - 118 | K12 PJ6 I/O| FT | - LCD_R7, EVENTOUT -
- - - - - - 119 | J12 PJ7 /O | FT | - LCD_GO0, EVENTOUT -
- - - - - - 1120 | H12 PJ8 /O | FT | - LCD_G1, EVENTOUT -
- - - - - - 11211 J13 PJ9 /O | FT | - LCD_G2, EVENTOUT -
- - - - - - | 122 | H13 PJ10 I/O| FT | - LCD_G3, EVENTOUT -
- - - - - - 1123 |G12 PJ11 I/O| FT | - LCD_G4, EVENTOUT -
- - - - - - [ 124 | H11 VDD S| - |- - -
- - - - - - | 125 | H10 VSS S| - |- - -
- - - - - - 1126 |G13 PKO /O | FT | - LCD_G5, EVENTOUT -
- - - - - - | 127 | F12 PK1 /O | FT | - LCD_G6, EVENTOUT -
- - - - - - | 128 | F13 PK2 I/O| FT | - LCD_G7, EVENTOUT -
- - J1 87 | L15|106 | 129 |M13 PG2 I/O| FT | - | FMC_A12, EVENTOUT -
- - G3 | 88 | K15 | 107 | 130 | M12 PG3 I/O| FT | - | FMC_A13, EVENTOUT -
FMC_A14/FMC_BAO,

- - G5 | 89 | K14 | 108 | 131 | N12 PG4 /O | FT | - EVENTOUT -
FMC_A15/FMC_BA1,

- - G6 | 90 | K13 | 109 | 132 | N11 PG5 /O] FT | - EVENTOUT -
DCMI_D12, LCD_R?7,

- - G4 | 91 | J15 | 110 | 133 | J15 PG6 /O | FT | - EVENTOUT -

USART6_CK, FMC_INT,
- - H1 | 92 | J14 | 111 | 134 | J14 PG7 /O | FT | - DCMI_D13, LCD_CLK, -
EVENTOUT
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STM32F745xx STM32F746xx

Pinouts and pin description

Table 10. STM32F745xx and STM32F746xx pin and ball definition (continued)

Pin Number

LQFP100

TFBGA100

WLCSP143

LQFP144
UFBGA176

LQFP176

LQFP208

TFBGA216

Pin
name
(function
after
reset)“)

Pin type

/0 structure

Notes

Alternate functions

Additional
functions

G2

93 |H14

12

135

H14

PG8

110

FT

SPI6_NSS,
SPDIFRX_IN2,
USART6_RTS,

ETH_PPS_OUT,
FMC_SDCLK,
EVENTOUT

D2

94 | G12

113

136

G10

VSS

F6

G1

95 | H13

114

137

G11

VDDUSB

63

F10

F2

96 | H15

115

138

H15

PC6

110

FT

TIM3_CH1, TIM8_CHH,
1252_MCK, USART6_TX,
SDMMC1_D6, DCMI_DO,

LCD_HSYNC,
EVENTOUT

64

E10

F3

97 |G15

116

139

G15

PC7

1’0

FT

TIM3_CH2, TIM8_CH?2,
1283_MCK, USART6_RX,
SDMMC1_D7, DCMI_D1,

LCD_G6, EVENTOUT

65

F9

E4

98 | G14

117

140

G14

PC8

110

FT

TRACED1, TIM3_CH3,
TIM8_CH3, UART5_RTS,
USART6_CK,
SDMMC1_DO0, DCMI_D2,
EVENTOUT

66

E9

E3

99 | F14

118

141

F14

PC9

110

FT

MCO2, TIM3_CH4,
TIM8_CH4, 12C3_SDA,
12S_CKIN, UART5_CTS,

QUADSPI_BK1_|00,
SDMMC1_D1, DCMI_D3,
EVENTOUT

67

D9

F1

100 | F15

119

142

F15

PA8

1’0

FT

MCO1, TIM1_CHH1,
TIM8_BKIN2, 12C3_SCL,
USART1_CK,
OTG_FS_SOF, LCD_RS,
EVENTOUT

68

C9

E2

101 | E15

120

143

E15

PA9

110

FT

TIM1_CH2, 12C3_SMBA,
SPI2_SCK/I2S2_CK,
USART1_TX, DCMI_DO,
EVENTOUT

OTG_FS_VB
us

J
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Table 10. STM32F745xx and STM32F746xx pin and ball definition (continued)

Pin Number
Pin g
o | @ © © | name | 8| 3| o .
§ 2|3 §_ = g § & | (function| & | 3 -g Alternate functions Addltl_onal
b - S "N - - S - I I ¢ f £l 3|2 functions
|98 |9 || |9 after a
¢ | @ |53 |gd|®2|c|c|@D]|reset)! Q
e I = O A e i
TIM1_CH3,USART1_RX,
69 | D10 | D5 | 102 | D15|121 | 144 | D15 PA10 I/O|FT | - | OTG_FS_ID, DCMI_D1, -
EVENTOUT
TIM1_CH4,
USART1_CTS,
70 |{C10 | D4 | 103 |C15| 122 | 145 |C15 PA11 /O | FT | - CAN1_RX,0TG_FS_DM, -
LCD_R4, EVENTOUT
TIM1_ETR,
USART1_RTS,
71 |B10 | E1 | 104 |B15| 123 | 146 | B15 PA12 I/O| FT | - | SAI2_FS_B, CAN1_TX, -
OTG_FS_DP, LCD_RS5,
EVENTOUT
PA13(JT
72 | A10 | D3 | 105 | A15| 124 | 147 | A15 MS- /O | FT | - JE:A/E;\JST%B[I'O, -
SWDIO)
73 | E7 | D1 |106 | F13 125|148 |E11 | VCAP_ 2 | S | - | - - -
74 | E5 | D2 | 107 | F12 | 126 | 149 | F10 VSS S| - |- - -
75| F5 | C1 | 108 | G13 | 127 | 150 | F11 VDD S| - |- - -
TIM8_CH1N, CAN1_TX,
- - - - |E121128 | 151 | E12 PH13 |I/O| FT | - FMC_D21, LCD_G2, -
EVENTOUT
TIM8_CH2N, FMC_D22,
- - - - |E13 1129|152 | E13 PH14 |I/O| FT | - DCMI_D4, LCD_G3, -
EVENTOUT
TIM8_CH3N, FMC_D23,
- - - - |D13|130 (153 |D13| PH15 [l/O|FT| - DCMI_D11, LCD_G4, -
EVENTOUT
TIM5_CH4,
SPI2_NSS/I12S2_ WS,
- - - - |E14 131|154 | E14 PIO /O | FT | - FMC_D24, DCMI_D13, -
LCD_G5, EVENTOUT
TIM8_BKIN2,
SPI2_SCK/I2S2_CK,
- - - - |D14|132 | 155 | D14 PI1 /O | FT | - FMC_D25, DCMI_D8, -
LCD_G6, EVENTOUT
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STM32F745xx STM32F746xx Pinouts and pin description

Table 10. STM32F745xx and STM32F746xx pin and ball definition (continued)

Pin Number
Pin g
]
(=] ™ © © name 2| B 7] aen
e = = 3 SR |8 & | (function 2|3 2 Alternate functions Addltl_onal
STl |2 | T3 || < c|l = |9 functions
L 5 | || g |B |2 g | after | F| | Z
g | @ | 3| | R |C|C| D reset) 2
| = ; | S | - o
TIM8_CH4, SPI2_MISO,
- - - - |C14|1133| 156 | C14 PI12 I/O| FT | - FMC_D26, DCMI_DS9, -
LCD_G7, EVENTOUT
TIM8_ETR,
SPI2_MOSI/12S2_SD,
- - - - | C13|134 | 157 |C13 PI3 I/IO| FT | - FMC_D27, DCMI_D10, -
EVENTOUT
- - F5 - D9 |135| - F9 VSS S - | - - -
- - A1 - C9 | 136 | 158 | E10 VDD S - | - - -
PA14(JT
76 | A9 | B1 | 109 | A14 | 137 | 159 | A14 CK- I/IO| FT | - J-II;(\;/E-I\?'\I!VOCUI:I'K, -
SWCLK)
JTDI,
TIM2_CH1/TIM2_ETR,
HDMI-CEC,
77 | A8 | c2 | 110 | A13| 138 | 160 | A13 PAE)‘?)(JT WO | FT| - | SPI_NSS/2s1 WS, -
SPI3_NSS/I2S3_WS,
UART4_RTS,
EVENTOUT
SPI3_SCK/I2S3_CK,
USART3_TX,
UART4_TX,
78 | B9 | A2 | 111 |B14|139| 161 | B14 PC10 I/O| FT | - QUADSPI_BK1_ 101, -
SDMMC1_D2, DCMI_DS8,
LCD_R2, EVENTOUT
SPI3_MISO,
USART3_RX,
UART4_RX,
79 | B8 | B2 | 112 |B13| 140 | 162 | B13 PC11 I/IO| FT | - QUADSPI_BK2 NCS, -
SDMMC1_D3, DCMI_D4,
EVENTOUT
TRACEDS,
SPI3_MOSI/I2S3_SD,
USART3_CK,
80| C8 | C3 | 113 |A12|141| 163 | A12 PC12 I/IO| FT | - UART5_TX, -
SDMMC1_CK, DCMI_D9,
EVENTOUT
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Table 10. STM32F745xx and STM32F746xx pin and ball definition (continued)

Pin Number
Pin o
o | ™ © © name | 8| 2 | o "
§ 2|3 §_ = g § & | (function| & | 3 -g Alternate functions Addltl_onal
o < o by < a a < t El 5|2 functions
|98 |9 || |9 arer | g
¢ | @ |53 |gd|®2|c|c|@D]|reset)! Q
e I = O A e i
CAN1_RX, FMC_D2,
81 | D8 | B3 | 114 |B12 | 142 | 164 | B12 PDO I/1O| FT | - EVENTOUT -
CAN1_TX, FMC_D3,
82 | E8 | C4 |115|C12| 143|165 | C12 PD1 I/O| FT | - EVENTOUT -
TRACED2, TIM3_ETR,
UART5_RX,
83 | B7 | A3 | 116 |D12 | 144 | 166 | D12 PD2 I/IO| FT | - SDMMC1_CMD, -
DCMI_D11, EVENTOUT
SPI2_SCK/I2S2_CK,
USART2_CTS,
84 | C7 | B4 | 117 | D11 | 145 | 167 | C11 PD3 I/IO| FT | - FMC_CLK, DCMI_D5, -
LCD_G7, EVENTOUT
USART2_RTS,
85 | D7 | B5 | 118 |D10 | 146 | 168 | D11 PD4 IIO| FT | - FMC_NOE, EVENTOUT -
USART2_TX,FMC_NWE,
86 | B6 | A4 | 119 | C11| 147 | 169 | C10 PD5 I/IO| FT | - EVENTOUT -
- - - 120 | D8 | 148 | 170 | F8 VSS S - - - -
- - C5 (121 C8 | 149|171 | E9 VDD S - - - -
SPI3_MOSI/I2S3_SD,
SAI1_SD_A,
87 | C6 | F4 |122|B11| 150|172 | B11 PD6 I/O| FT | - USART2_RX, -
FMC_NWAIT, DCMI_D10,
LCD_B2, EVENTOUT
USART2_CK,
88 | D6 | A5 | 123 | A11| 151|173 | A11 PD7 I/IO| FT | - SPDIFRX_INO, -
FMC_NE1, EVENTOUT
- | - | - |- -] - |174|B10]| P2 [VO|FT|-| LCD_BO, EVENTOUT -
- - - - - - 175 | B9 PJ13 IIO| FT | - LCD_B1, EVENTOUT -
- - - - - - 176 | C9 PJ14 IIO| FT | - LCD_B2, EVENTOUT -
- - - - - - 177 | D10 PJ15 I/IO| FT | - LCD_B3, EVENTOUT -
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Table 10. STM32F745xx and STM32F746xx pin and ball definition (continued)

Pin Number
Pin g
]
o (o) ©o © name Q| * 7] ays
< Q 3]
S e 3 s = = S o | (function 2 s 2 Alternate functions Addltl_onal
Tl |l gl < 5| 8|« AEARE functions
|98 |9 || |9 after | 2
¢ | @ |53 |gd|®2|c|c|@D]|reset)! Q
4 | Bk s ar| L ar| - =
SPDIFRX_IN3,
USART6_RX,
QUADSPI_BK2_ 102,
- - E5 (124 |C10| 152 | 178 | D9 PG9 /O | FT | - SAI2_FS_B, -
FMC_NE2/FMC_NCE,
DCMI_VSYNC,
EVENTOUT
LCD_G3, SAI2_SD B,
- - C6 |125|B10| 153|179 | C8 PG10 |I/O|FT | - FMC_NES3, DCMI_D2, -
LCD_B2, EVENTOUT
SPDIFRX_INO,
ETH_MII TX ENJETH R
- - B6 [126| B9 | 154 | 180 | B8 PG11 I/O| FT | - MII_TX_EN. DCMI_D3, -
LCD_B3, EVENTOUT
LPTIM1_IN1,
SPI6_MISO,
SPDIFRX_IN1,
- - A6 | 127 | B8 | 155|181 | C7 PG12 |I/O|FT| - USART6_RTS. LCD_B4, -
FMC_NE4, LCD_B1,
EVENTOUT
TRACEDO, LPTIM1_OUT,
SPI6_SCK,
USART6_CTS,
- - D6 | 128 | A8 | 156 | 182 | B3 PG13 |I/O|FT | - ETH_MIl_TXDO/ETH_RM -
II_TXDO, FMC_A24,
LCD_RO, EVENTOUT
TRACED1,LPTIM1_ETR,
SPI6_MOSI,
USART6_TX,
- - F6 | 129 | A7 | 157|183 | A4 PG14 |I/O|FT| - QUADSPI_BK2_ 103, -
ETH_MIl_TXD1/ETH_RM
II_TXD1, FMC_A25,
LCD_BO0, EVENTOUT
- - - |130| D7 | 158 | 184 | F7 VSS S| - |- - -
- - E6 [131| C7 | 159|185 | E8 VDD S| - |- - -
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Table 10. STM32F745xx and STM32F746xx pin and ball definition (continued)

Pin Number
Pin g
[}]

o (3] o © name o ‘5 7)) ey
§ CHER §_ = g § & |(function| 2| 3 -g Alternate functions Additional
b - S "N - - S - I I ¢ f £l 3|2 functions
|98 |9 || |9 after |
¢ | @ |53 |gd|®2|c|c|@D]|reset)! Q
| = ; - S - | -

- - | - | -1]-1]-1]18|D8| PK3 |[IO|FT|-| LCD B4, EVENTOUT -
- | - | - | -] -] -1]187|D7| PK4 |WO|FT|-| LCD B5 EVENTOUT -
- | - | - | -] -] -1]18]|ce| PKs |IWO|FT|-| LCD_B6, EVENTOUT -
- | - | - -] -] -1]18|c5| PKe |I/O|FT|-| LCD_B7, EVENTOUT -
- | - | - -1]-1]-1]190]|ca| PK7 |WO|FT|-| LCD_DE, EVENTOUT -
USART6_CTS,
- | - | A7 |132| B7 |160|191 | B7 | PG15 |I/O|FT| - FMC_SDNCAS, -
DCMI_D13, EVENTOUT
JTDO/TRACESWO,
PB3(JTD TIM2_CH2,
89 | A7 | B7 |133|A10| 161|192 |A10| O/TRAC [I/O|FT | - | SPI1_SCK/I2S1_CK, -
ESWO) SPI3_SCK/I2S3_CK,
EVENTOUT
NJTRST, TIM3_CHf,
PB4(NJT SPI1_MISO, SPI3_MISO, )
9 | A6 | C7 [134| A9 | 162193 | A9 | “par [WO| FT | - | ¥ e 85 W,
EVENTOUT
TIM3_CH2, 12C1_SMBA,
SPI1_MOSI/I2S1_SD,
SPI3_MOSI/I2S3_SD,
CAN2_RX,
91 | C5 | C8 |135| A6 | 163|194 | A8 | PBS |O|FT | - | 1o "o -
ETH_PPS_OUT,
FMC_SDCKET1,
DCMI_D10, EVENTOUT
TIM4_CH1, HDMI-CEC,
I2C1_SCL, USART1_TX,
92 | B5 | A8 |136| B6 | 164|195 | B6 | PB6 |I/O|FT]| - QUAD%AP'\I'%%NCS -
FMC_SDNE1, DCMI_D5,
EVENTOUT
TIM4_CH2, 12C1_SDA,
93 | A5 | B8 |137| B5 165|196 | B5 | PB7 |WO|FT| - USAgggﬂ—lR\)/('Smg—NL’ ;
EVENTOUT
94 | D5 | C9 [138| D6 | 166|197 | E6 | BOOT | I | B | - - VPP
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STM32F745xx STM32F746xx

Pinouts and pin description

Table 10. STM32F745xx and STM32F746xx pin and ball definition (continued)

Pin Number
Pin g
o | @ © © | name | 8| 3| o
< e iti
‘8_ 2|3 3 = g § & | (function| & | 3 -g Alternate functions Addltl_onal
b - S "N - - S - I I ¢ f £l 3|2 functions
|98 |9 || |9 after a
¢ | @ |53 |gd|®2|c|c|@D]|reset)! Q
e I = O A e i
TIM4_CH3, TIM10_CHA1,
I2C1_SCL, CAN1_RX,
95 | B4 | A9 |139| A5 (167 | 198 | A7 PB8 /O | FT | - ETH_MII_TXD3, -
SDMMC1_D4, DCMI_D6,
LCD_B6, EVENTOUT
TIM4_CH4, TIM11_CH1,
12C1_SDA,
SPI2_NSS/I2S2 WS,
96 | A4 | B9 |140| B4 | 168 | 199 | B4 PB9 /O | FT | - CAN1_TX, SDMMC1_D5, -
DCMI_D7, LCD_B7,
EVENTOUT
TIM4_ETR,
LPTIM1_ETR,
UART8_Rx,
97 | D4 | B10|141| A4 | 169|200 | A6 PEO /O | FT | - SAI2_ MCK_A, -
FMC_NBLO, DCMI_D2,
EVENTOUT
LPTIM1_IN2, UART8_TX,
98 | C4 | A10| 142 | A3 [ 170|201 | A5 PE1 I/O| FT | - | FMC_NBL1, DCMI_D3, -
EVENTOUT
99 | E4 - - D5 - 1202 | F6 VSS - - - -
- F7 | A11 1143 | C6 | 171|203 | E5 | PDR_ON - - - -
100| F4 | D7 (144 | C5 | 172|204 | E7 VDD - - - -
TIM8_BKIN,
SAI2_MCK_A,
- - - - D4 | 173|205 | C3 P14 /O | FT | - FMC_NBL2, DCMI_D5, -
LCD_B4, EVENTOUT
TIM8_CH1,
SAI2_SCK_A,
- - - - C4 (174|206 | D3 P15 /O | FT | - FMC_NBLS3, -
DCMI_VSYNC, LCD_BS5,
EVENTOUT
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STM32F745xx STM32F746xx

Table 10. STM32F745xx and STM32F746xx pin and ball definition (continued)

Pin Number
Pin g
[}
(=] (] ©o © name Q| * 7] aen
< e 3]
e = = < =R § o | (function 2|3 -g Alternate functions Addltl_onal
b - S "N - - S - I I ¢ gl 2|2 functions
| O |2 || ol |o after gl @
o i} 0 (1) o
g | @ | 3| | R |C|C| D reset) 2
4 | Bk S| 2|5 |22k
TIM8_CH2, SAI2_SD_A,
- - - - | C3 |175|207 | D6 PI6 I/IO| FT | - FMC_D28, DCMI_D86, -
LCD_B6, EVENTOUT
TIM8_CH3, SAI2_FS_A,
- - - - | C2 176|208 | D4 PI7 I/O| FT| - FMC_D29, DCMI_D7, -
LCD_B7, EVENTOUT

N

Function availability depends on the chosen device.

2. PC13, PC14, PC15 and PI8 are supplied through the power switch. Since the switch only sinks a limited amount of current

(3 mA), the use of GPIOs PC13 to PC15 and PI8 in output mode is limited:

- The speed should not exceed 2 MHz with a maximum load of 30 pF.

- These 1/Os must not be used as a current source (e.g. to drive an LED).

3. Main function after the first backup domain power-up. Later on, it depends on the contents of the RTC registers even after
reset (because these registers are not reset by the main reset). For details on how to manage these 1/Os, refer to the RTC
register description sections in the STM32F75xxx and STM32F74xxx reference manual.

4. FT =5V tolerant except when in analog mode or oscillator mode (for PC14, PC15, PHO and PH1).

5. If the device is delivered in an WLCSP143, UFBGA176, LQFP176, TFBGA100 or TFBGA216 package, and the

BYPASS_REG pin is set to VDD (Regulator OFF/internal reset ON mode), then PAO is used as an internal Reset (active

low).

Note: For the UFBGA176 package, the balls “F6, F7, F8, F9, F10, G6, G7, G8, G9, G10, H6, H7,
H8, H9, H10, J6, J7, J8, J9, J10, K6, K7, K8, K9, K10” are connected to VSS and their
purpose is for heat dissipation and package mechanical stability.

74/248

DS10916 Rev 5

3




STM32F745xx STM32F746xx

Pinouts and pin description

J

Table 11. FMC pin definition

Pin name NOR/PSRAM/SR NOR/PSRAM NAND16 SDRAM
AM Mux
PFO AO - - A0
PF1 A1 - - A1
PF2 A2 - - A2
PF3 A3 - - A3
PF4 A4 - - A4
PF5 A5 - - A5
PF12 A6 - - A6
PF13 A7 - - A7
PF14 A8 - - A8
PF15 A9 - - A9
PGO A10 - - A10
PG1 A11 - - A1
PG2 A12 - - A12
PG3 A13 - - -
PG4 A14 - - BAO
PG5 A15 - - BA1
PD11 A16 A16 CLE -
PD12 A17 A17 ALE -
PD13 A18 A18 - -
PE3 A19 A19 - -
PE4 A20 A20 - -
PE5S A21 A21 - -
PE6 A22 A22 - -
PE2 A23 A23 - -
PG13 A24 A24 - -
PG14 A25 A25 - -
PD14 DO DAO DO DO
PD15 D1 DA1 D1 D1
PDO D2 DA2 D2 D2
PD1 D3 DA3 D3 D3
PE7 D4 DA4 D4 D4
PE8 D5 DA5 D5 D5
PE9 D6 DA6 D6 D6
PE10 D7 DA7 D7 D7
DS10916 Rev 5 751248
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Table 11. FMC pin definition (continued)

NOR/PSRAM/SR

NOR/PSRAM

Pin name AM Mux NAND16 SDRAM
PE11 D8 DAS8 D8 D8
PE12 D9 DA9 D9 D9
PE13 D10 DA10 D10 D10
PE14 D11 DA11 D11 D11
PE15 D12 DA12 D12 D12
PD8 D13 DA13 D13 D13
PD9 D14 DA14 D14 D14
PD10 D15 DA15 D15 D15
PH8 D16 - - D16
PH9 D17 - - D17
PH10 D18 - - D18
PH11 D19 - - D19
PH12 D20 - - D20
PH13 D21 - - D21
PH14 D22 - - D22
PH15 D23 - - D23

P10 D24 - - D24
PI1 D25 - - D25
P12 D26 - - D26
PI3 D27 - - D27
P16 D28 - - D28
P17 D29 - - D29
P19 D30 - - D30
PI10 D31 - - D31
PD7 NE1 NE1 - -
PG9 NE2 NE2 NCE -
PG10 NE3 NE3 - -
PG11 - - - -
PG12 NE4 NE4 - -
PD3 CLK CLK - -
PD4 NOE NOE NOE -
PD5 NWE NWE NWE -
PD6 NWAIT NWAIT NWAIT -
PB7 NADV NADV - -

DS10916 Rev 5
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Table 11. FMC pin definition (continued)

Pin name NOR/PSRAM/SR NOR/PSRAM NAND16 SDRAM
AM Mux
PF6 - - - -
PF7 - - - -
PF8 - - - -
PF9 - - - -
PF10 - - - -
PG6 - - - -
PG7 - - INT -
PEO NBLO NBLO - NBLO
PE1 NBL1 NBL1 - NBL1
Pl4 NBL2 - - NBL2
P15 NBL3 - - NBL3
PG8 - - - SDCLK
PCO - - - SDNWE
PF11 - - - SDNRAS
PG15 - - - SDNCAS
PH2 - - - SDCKEQ
PH3 - - - SDNEO
PH6 - - - SDNE1
PH7 - - - SDCKE1
PH5 - - - SDNWE
PC2 - - - SDNEO
PC3 - - - SDCKEQ
PB5 - - - SDCKE1
PB6 - - - SDNE1
DS10916 Rev 5 771248
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Table 12. STM32F745xx and STM32F746xx alternate function mapping

AFO AF1 AF2 AF3 AF4 AF5 AF6 AF7 AF8 AF9 AF10 AF11 | AF12 | AF13 | AF14 | AF15
SAI2/US
PI2/3/U CAN1/2/T | SAI2/QU
Port TIM8/9/10/ S ART6/UA FMC/SD
12C1/2/3/ | SPH/2/3/| SPI3I | SART1/2/ IM12/13/ | ADSPIIO | ETH!
SYS | TIM1/2 | TIM3/4/5 111’1';:?(':“" 4ICEC | 4/5/6 | SAM |3/UARTS/ 'g:g’l’;,’f 14/QUAD | TG2_HS/ | OTG1_FS “#g";gg DCMI | LCD | SYS
SPDIFRX | /S0 SPI/LCD | OTG1_FS -
TIM2_C
PAG | el | TiMs_C | TIMs_ET ) ) ) USART2 | UART4_ ~ |sA.sp_|ETH.MI_| ) ) EVEN
H1 R CTS X B CRS TOUT
CETR -
ETH_MIl_
PA1 | Tm2_c | TmMs_c ) ) ) ) USART2 | UART4_ ngQ?Slg SAI2_MC E?.('_—lcél\'j/l ) ) Lcb R | EVEN
HZ H2 RTS Rx | -BKI KB | -R2 | Tout
- 3 — |_REF_C
LK
TIM2_C | TIM5_C | TIM9_CH USART?2 | SAI2_SC ETH_MDI EVEN
PA2 - H3 H3 1 - - - X K B - - 0 - - LCD_R1 | 1oyt
TIM2_C | TIM5_C | TIM9_CH ] ] ] USART?2 ] ~ |oTeHs_|ETH.MIL| ] EVEN
PA3 - H4 H4 2 “RX ULPLDO | COL LCD_B5 | 1oyt
oaa | ) ) ) | ThS [ TN usarT2 | ) ) | OTG_HS | DCMI_H | LcD_vs | EVEN
- — | K 'SOF | SYNC | YNC | TouT
WS WS
TIM2_C SPI_SC
_ TIM8_CH = OTG_HS EVEN
PAS - | HUTIM2 ; _ ; K251 _ ; ; ; ; _HS_ ; ; ; LCD_R4
Port A TR 1N o ULPI_CK TOUT
TIM1_B | TIM3_C | TIM8_BKI SPI1_MI TIM13_C DCMI_PI EVEN
PAG - KIN H1 N - SO - - - A - . - <ok |ep_e2 [ ST
P11 M ETH_MIl_
oA TIM1_C | TIM3_C | TIM8_CH S TIM14_C RX_DVIE | FMC_SD EVEN
- HIN H2 1N - 2 - - - HA - TH RMIL | NWE - - TOuT
- CRS_DV
TIM1_C TIM8_BKI | 12C3_SC USART1 OTG_FS_ EVEN
PA8 | MCO1 H1 - N2 L - - “CK - - SOF - - - LCD_R6 | rouT
PAS | Tmic ) ) 12C3_SM SK'7|'22§§C ) USART1 ) ) ) ) ) DCMI_D ) EVEN
HZ BA - X 0 TOUT
CK -
BA10 [ Tmic ] ] ] ] ] USART1 ] ] OTG_FS_ ] ] DCMI_D ] EVEN
H3 “RX D 1 TOUT
TIM1_C USART1 CAN1 R | OTG Fs_ EVEN
PAT1 - H4 - - - - - CTs - X DM - - - LCD_R4 | 1oyt
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Table 12. STM32F745xx and STM32F746xx alternate function mapping (continued)

AFO | AF1 AF2 AF3 AF4 AF5 AF6 AF7 AF8 AF9 AF10 AF11 | AF12 | AF13 | AF14 | AF15
SAI2/US
Port TIM8/9/10/ SPI2/31U | ppTeiuA | CANT/2ZIT | SAI2/QU FMC/SD
12C1/2/3/ | SPM/2/3/| SPI3/ | SART1/2/ IM12/13/ | ADSPI/O | ETH/
SYS | TIM1Z | TIM3/4S | 1LPTIM | “aicec | aisie | sal | 3uARTs/ | RI4STI8 | 14:quAD | TG2_HS/ |oTG1_Fs | YUCNO | DCMI 1 LCD | SYS
sPoIFRX | 'SPRIFR | spyLcp | oTG1_Fs =

TIM1_ET USART1 | SAI2_FS | CAN1_T | OTG_FS_ EVEN
PAIZ | - R - - - - - “RTS B X DP - - - | LCBRS | oyt
JTMS- EVEN
PA3 | swpio | - - - - - - - - - - - - - - | Tout
POrA | g | ek ) ) ) ) ) ) ) ) ) ) ) ) ) | Even
SWCLK TOUT

TIM2_C SPI1_NS | SPI3_NS
PA15 | JTDI |HITIM2 | - ; DM | sn281_ | sn2s3_ ; VR - ; ; ; ; ; - | By

_ETR WS WS

TIM1_C | TIM3_C | TIM8_CH UART4_ OTG_HS_| ETH_MIl_ EVEN
PBO - H2N H3 2N - - - - cts | LCPR3 | Uipipi | RXD2 - - - | Tout
TIM1_C | TIM3_C | TIM8_CH OTG_HS_| ETH_MIl_ EVEN
PB1 - H3N H4 3N - - - - - LCD_R6 | yipi D2 | RxD3 - - - | Tout
- ) ) ) ) ) | sain_sp | MO QUADSP ) ) ) ) ) EVEN
A — | CLK TOUT

JTDOIT SPI1_SC | SPI3_SC
PB3 | RACES | MZ2C ; ; ; KI251_ | KN283_ - ; - ; - ; ; - | 5N

WO CK CK
SPI2_NS
TIM3_C SPI1_MI | SPI3_MI - EVEN
PortB | PB4 |NJTRST| - " ; ; oG o5 | si282_ ; ; ; ; ; ; S
WS

oB5 ) ) TIM3_C ) 12C1_SM §SP|I/1|2_QA1 gsp:/?z_éﬂa ) ) CAN2_R | OTG_HS_|ETH_PPS | FMC_SD | DCMI_D ) EVEN
H2 BA X ULPLD7 | _OUT | CKE1 10 TOUT

SD | _sb
oss | . | Tmac| HOmM- |icisc| | usaArTt o |oanat [EPPSRN |Fmcsp|Dpewmip | | EVEN
H1 CEC L X x| B NEA 5 TOUT
TIM4_C 12C1_SD USART1 DCMI_V EVEN
PB7 - - HZ - A - - “RX - - - - FMC_NL | “syng © | Tout
TIM4_C | TIM10_C | 12¢1.SC | ] ] ] CAN1_R ETH_MII_ | SDMMC | DCMI_D EVEN
PB8 - - H3 H1 L X TXD3 | 1 D4 6 | CP-BS | touT
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Table 12. STM32F745xx and STM32F746xx alternate function mapping (continued)

AFO | AF1 AF2 AF3 AF4 AF5 AF6 AF7 AF8 AF9 AF10 AF11 | AF12 | AF13 | AF14 | AF15
SAI2/US
Port TIM8/9/10/ SPI2/31U | ppTeiuA | CANT/2ZIT | SAI2/QU FMC/SD
12C1/2/3/ | SP1/2/31| SPI3I | SART1/2/ IM12/13/ | ADSPIO | ETH/
SYS | TIM1Z | TIM3/4S | 1LPTIM | “aicec | aisie | sal | 3uARTs/ | RI4STI8 | 14:quAD | TG2_HS/ |oTG1_Fs | YUCNO | DCMI 1 LCD | SYS
sPDIFRX | 'SPOIFR | spyicp | oTG1_Fs -
SPI2_NS
oBo ) ) TIM4_C | TIM11_CH | 12C1_sD | 12 ) ) ) CAN1_T ) ) SDMMC | DCMID | | 1y g7 | EVEN
H4 1 A - X 1.05 7 -B7 | tout
WS -
g0 | . | ™M2c ) ) 2c2_sc |SHESC1 USART3 ) _ |ote_Hs_|ETHMIL| ~ e ca | EVEN
H3 C 252 TX ULPI D3 | RX_ER G4 | Tout
ETH_MIL_
TIM2_C 12C2_SD USART3 OTG HS_| TX_ENE EVEN
PB11 - H4 - - A - - “RX - - ULPLD4 |TH RMIL | - - LCD_G5 | rour
TX_EN
SPI2_NS ETH_MIL
PotB | oy | . | TMIB ) ) i2c2_sm | P12 ) USART3 ) CAN2_R | OTG_HS_| TXDOET |OTG HS| ) EVEN
KIN BA - CK X ULPL D5 |H RMILT| _ID TOUT
WS - - _RMILT
XDO
SPI2_SC ETH MIL_
g | . | TM1C ) ) ) P2 ) USART3 ) CAN2_T | OTG_HS_| TXDUET | ) ) EVEN
HIN - CcTs X ULPL D6 | H RMILT TOUT
CK - = _RMIIL_
XD1
oB1a TIM1_C TIM8_CH SPI2_MI USART3 TIM12_C OTG_HS EVEN
- H2N - 2N - o) - “RTS - H1 - - DM - - | Tout
SPI2_M
pg1s | RTCR | TIM1_C | Tims_cH ) Sl ) ) TIM12_C ) ~ |otems| ) EVEN
EFIN | H3N 3N 2 H2 DP TOUT
OTG_HS
SAI2_FS _HS_ FMC_SD EVEN
PCO ; ; ; ; ; ; ; - % ; ULPLST ; pes - |co_rs | EVEN
boq | TRACE | ) ) ) SEaM |sansp| ) ) ) ETHMD | ) ) EVEN
DO e A c TOUT
Port C -
oca ] ] ] ] ] sPizmi| ] ] ~ |ore_ms_|eTHmi_[Fmc_sp| ] EVEN
) ULPLDIR | TXD2 NEO TOUT
PI2_M TG_H
PC3 - - - - - gsmz_sz - - - - %LI%I_NS;(_ ETH_Mil_| FMC_SD - - EVEN
e LNX 17X LK | oKEo TOUT
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Table 12. STM32F745xx and STM32F746xx alternate function mapping (continued)

AFO | AF1 AF2 AF3 AF4 AF5 AF6 AF7 AF8 AF9 AF10 AF11 | AF12 | AF13 | AF14 | AF15
SAI2/US
Port - sPi2/31u | SO2IVS | cANt/2T | sAIziQu EMCISD
12C1/2/3/ | SPM/2/3/| SPI3/ | SART1/2/ IM12/13/ | ADSPI/O | ETH/
SYS | TIM1Z | TIM3/4S | 1LPTIM | “aicec | aisie | sal | 3uARTs/ | RI4STI8 | 14:quAD | TG2_HS/ |oTG1_Fs | YUCNO | DCMI 1 LCD | SYS
sPoIFRX | 'SPRIFR | spyLcp | oTG1_Fs =
ETH_MII_
b4 ) ) ) ) ) 12S1_M ) _|sPDiFRX| ) RXDO/ET |FMC_SD| ) EVEN
CK N2 H RMIL | NEO TOUT
RXDO
ETH_MII_
oGS ) ) ) ) ) ) ) _|sPoDiFRX| ) RXD1ET |FMC_SD | ) EVEN
N3 H_RMIL_ | CKEO TOUT
RXD1
oC6 ] ] TIM3_C | TIM8_CH ] 1252 M ] ] USART6 ] ] ] SDMMC | DCMI_D | LCD_HS | EVEN
H1 1 CK TX 1.D6 0 YNC | TOUT
TM3 C | TiMs_ 12S3 M USART6 SDMMC | DCMI_D EVEN
PCT - - H2 CH2 - - CcK - “RX - - - 1.D7 1 LCD_G6 | rout
pcg | TRACE | TM3 C | TiM8_ ] ] ] UART5_ | USART6 ] ] ] SDMMC [DCMID | EVEN
D1 H3 CH3 RTS “CK 1.D0 2 TOUT
pco | Mcoz . | Tm3c| mme_ |i2casp|msck| . |uaRts_ | | FURDSEL _ |sommc |pemiD| | EVEN
H4 CH4 A N CcTS _BK1_ 1.D1 3 TOUT
Port C 0 -
ecio | ) ) ) ) o 1505550 | usarTs | uarTa_T | 3RRDSE ) ) SDMMC | DCMID | | ) g | EVEN
— | TX x | -BKL 1.D2 8 R2 | tout
CK - 1 -
PG ) ) ) ) ) .| sPis_wi | usarT3 | uaRTa_ | FUADSE ) ) SDMMC |DCMID | EVEN
) “RX rx | B2 1.D3 4 TOUT
SPI3_M
porp | TRACE | ) ) ) | SER | usaRTs |uARTS T| ) ) SDMMC |DCMID | EVEN
D3 e “CK X 1.CK 9 TOUT
EVEN
pci3 | - ; ; ; ; ; ; ; ; ; ; ; ; ; - | 5N
EVEN
pci4 | - ; ; ; ; ; ; ; ; ; ; ; ; ; S
EVEN
pcis | - ; ; ; ; ; ; ; ; ; ; ; ; ; S
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Table 12. STM32F745xx and STM32F746xx alternate function mapping (continued)

AF0 | AF1 | AR2 AF3 AF4 | AF5 | AF6 | AF7 AF8 AF9 | AF10 | AFH1 | AF12 | AF13 | AF14 | AF15
SAI2/US
Port TIM8/9/10/ SPI2/31U | ppTeiuA | CANT/2ZIT | SAI2/QU FMC/SD
12C1/2/3/ | SPM/2/3/ | SPI3/ | SART1/2/ IM12113/ | ADSPIO | ETH/
SYS | TIM1Z | TIM3/4S | 1LPTIM | “aicec | aisie | sal | 3uARTs/ | RI4STI8 | 14:quAD | TG2_HS/ |oTG1_Fs | YUCNO | DCMI 1 LCD | SYS
sPDIFRX | 'SPOIFR | spyicp | oTG1_Fs -
CANT_R EVEN
PDO | - - - - - - - - - M - - |Fmcp2| - - | SUEN
CANT_T EVEN
PD1 | - - - - - - - - - M - - |Fmcp3| - - | 5N
ooy | TRACE [ |TmsET| ] ] ] ~ |uarts_ | ] | sommc [pemip| [ Even
D2 R RX 1CMD | 11 TOUT
SPI2_SC
= USART2 FMC_CL | DCMI_D EVEN
PD3 | - - - - - | kmes2_ |- S - - - - > WD | Lep_e7 | EYEN
cK
ooa | ] ] ] ] ] | usarr2 | ] ] ] FMCN | | even
_RTS OF TOUT
oos | ] ] ] ] ] | usarm2| ] ] ] FMCN | | even
X WE TOUT
SPI3_M
M | sai1_sp | usaRT2 FMC_N | DCMI_D EVEN
PDE | - - - : ©|OSES T A _RX - - - - WAT | 10~ |CPBZ| tour
Portb |~ ] ] ] ] ] ] | USART2 [ SPDIFRX | ] ~ |emcNE| | BveN
CK | _INo 1 TOUT
oos | ] ] ] ] ] | usarTs [sPoiFRX | ] ~ |emcot| | even
X | N 3 TOUT
0o | . ] ] ] ] ] ~ |usarts | ] ] ~ |emcoot| BREEY
_RX 4 TOUT
USART3 FMC_D1 EVEN
PD10 | - - - - - - - o - - - - > - |cps3 | EYEN
ot |- ) ) ) l2ca_sM | _ |usarts| | OUADSPsap sp | [RNMCATI | even
BA cTs _BK1| A - TOUT
- 0 CLE
ooz | - | Tmac | PrMi | 2casc| . |usarts| o |QUADSEsap ps | [FNMCATI | even
H1 N1 N RTS _BK1_| A - TOUT
- 1 ALE
o1 TIMA4_C | LPTIM1_ | 12C4_SD QURDSP | sai2_sc FMC_A1 EVEN
i i H2 out A . . . . B KA - 3 - - TOUT
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Table 12. STM32F745xx and STM32F746xx alternate function mapping (continued)

AFO | AF1 AF2 AF3 AF4 AF5 | AF6 AF7 AF8 AF9 AF10 | AF11 | AF12 | AF13 | AF14 | AF15
SAI2/US
Port TIM8/9/10/ SPI2/31U | ppTeiuA | CANT/2ZIT | SAI2/QU FMC/SD
12C1/2/3/ | SP1/2/31| SPI3/ | SART1/2/ IM12/13/ | ADSPIO | ETH/
SYS | TIM1Z | TIM3/4S | 1LPTIM | “aicec | aisie | sal | 3uARTs/ | RI4STI8 | 14:quAD | TG2_HS/ |oTG1_Fs | YUCNO | DCMI 1 LCD | SYS
sPoIFRX | 'SPRIFR | spyLcp | oTG1_Fs -
TIM4_C UARTS_ EVEN
PD14 1 - - H3 - - - - - CcTs - - - |FMCDO) - © | Tout
Port D
TIM4_C UARTS_ EVEN
PD1S | - - H4 - - - - - RTS - - - FMC_D1 - - TOUT
bEo ] ~ |TmaET|tPTMiE| ] ] ] UARTS_ ] SAI2_MC ~ |emcNB|DeMD| | EvEN
R TR Rx KA Lo 2 TOUT
oEA ] ] I ] ] ] ~ |uarTsT| ] ~ |FmcNB|DCMID| | EVEN
N2 x L7 3 TOUT
oEy | TRACE | ) ) _ |spu_sc| sai_m ) o | oRRESEl ETH M| FMC A2 | | Bven
CLK K CLK_A BRI TXD3 3 TOUT
pgs | TRACE | ] ] ] ~ |sasp| ] ] ] ] FMC_A1 | | Even
DO B 9 TOUT
TRACE SPI4_NS | SAI1_FS FMC_A2 | DCMI_D EVEN
PE4 | b1 - - - - 5 A - - - - - 0 4 | CDBO 1ouT
TRACE TIM9_CH SPI4_MI | SAI1_SC FMC_A2 | DCMI_D EVEN
PES | b2 - - 1 - ) KA - - - - - 1 6 | PO tout
pgg | TRACE | TM1B [ | TiMg_CH ] SPI4_M |SAl1_SD| ] ] SAI2_MC ] FMC_A2 | DCMID | |y o1 | EVEN
D3 KINZ 2 osi A KB 2 7 -G1| Tout
Port E
TIM1_ET UART7_ QUADSPI EVEN
PE7 - R - - - - - - Rx - | _BK2_I00 - FMC D4 - - TOUT
TIM1_C UART7_T QUADSPI EVEN
PE8 - HIN - - - - - - X © | _BK2_I01 - FMCDS| - - TOUT
TIM1_C UART7_ | auapspi ] ] | Even
PE9 - H1 - - - - - - RTS _BK2_102 FMC_D6 TOUT
TIM1_C UART7_ QUADSPI EVEN
PE1O | - H2N - - - - - - CcTs © | Bkeioz| - |FMCDTI - © | Tout
TIM1_C SPI4_NS SAI2_SD_ EVEN
PETT | - W ; ; ; 5 ; ; ; ; 5 - |Fmcos| - |icpes|EYEN
TIM1_C SPI4_SC SAI2_SC EVEN
PE12 | - N ; ; ; y ; ; ; ; B - |Fmcooe| - |icoa|EYEN
TIM1_C SPI4_MI SAI2_FS_ FMC_D1 EVEN
I H3 - - - SO - - - - B - 0 - | LCDDE | 1oyt
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Table 12. STM32F745xx and STM32F746xx alternate function mapping (continued)

AFO | AF1 AF2 AF3 AF4 AF5 AF6 AF7 AF8 AF9 AF10 AF11 | AF12 | AF13 | AF14 | AF15
SAI2/US
Port TIM8/9/10/ SPI2/31U | ppTeiuA | CANT/2ZIT | SAI2/QU FMC/SD

12C1/2/3/ | SPM/2/31| SPI3/ | SARTA/2/ IM12/13/ | ADSPIUO | ETH/

SYS | TIM1Z | TIM3/4S | 1LPTIM | “aicec | aisie | sal | 3uARTs/ | RI4STI8 | 14:quAD | TG2_HS/ |oTG1_Fs | YUCNO | DCMI 1 LCD | SYS
sPDIFRX | 'SPOIFR | spyicp | oTG1_Fs a
ogra | . | TMIC ] ] ] SPI4_M ] ] ] ] SAI2_ MC ] FMC_D1| | LCD_CL | EVEN
H4 oS KB 1 K | TouT
Port E

TIM1_B FMC_D1 EVEN
PE15 | - M ; ; ; ; ; ; ; ; ; ; > - |eorr | EYEN
12C2_SD EVEN
PFO ; ; ; ; A ; ; ; ; ; ; ; FMC A0 | - N
12C2_SC EVEN
PF1 ) ; ; ; . ; ; ) ; ) ) ) FMC_A1| - - | EYEN
12C2_SM EVEN
PF2 ; ; ; ; 2 ; ; ; ; ; ; ; FMC A2 | - - | BYEN
EVEN
PF3 ; ; ; ; ; ; ; ; ; ; ; ; FMC A3 | - - | EUEN
EVEN
PF4 ; ; ; ; ; ; ; ; ; ; ; ; FMC_A4 | - - | SUEN
EVEN
PF5 ; ; ; ; ; ; ; ; ; ; ; ; FMC_A5 | - - | 5N
oF6 ) ) ) TIM10_C _ |sPis_Ns|sansD| UART7_ | 3UADSE ) ) ) ) ) EVEN
Port F H1 S B e |BRI- TOUT
or7 ) ) ~ |mmtcH|  |sPis_sc| sAI_M | varTr_T| AURDSE ) ) ) ) ) EVEN
1 K CLK B X B TOUT
ore ] ] ] ] ] sPis_Mi |saAl1sc| UART7_ | TIM13_C | QuADSPI ] ] ] ] EVEN
) KB RTS H1~ | _BK1_100 TOUT
oro SPI5 M | SAI1_FS UART7_ | TIM14_C | QUADSPI EVEN
- - - - - osi B - CcTs H1 | _BK1 101 - - - © | Tout
DCMI_D EVEN
PF10 | - ; ; ; ; ; ; ; ; ; ; ; ; WDl Lep_pe | EYEN
oF11 ] ] ] ] ] SPI5_M ] ] ] ~ |sa2so |  |Fvcso|pcmip| EVEN
oS B NRAS 12 TOUT
EVEN
PF12 | - ; ; ; ) ; ; . ; ) ) ) FMC A6 | - - | BYEN
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Table 12. STM32F745xx and STM32F746xx alternate function mapping (continued)

AFO | AF1 AF2 AF3 AF4 AF5 AF6 AF7 AF8 AF9 AF10 AF11 | AF12 | AF13 | AF14 | AF15
SAI2/US
Port TIM8/9/10/ SPI2/31U | ppTeiuA | CANT/2ZIT | SAI2/QU FMC/SD
12C1/2/3/ | SPM/2/31| SPI3/ | SARTA/2/ IM12/13/ | ADSPIUO | ETH/
SYS | TIM1Z | TIM3/4S | 1LPTIM | “aicec | aisie | sal | 3uARTs/ | RI4STI8 | 14:quAD | TG2_HS/ |oTG1_Fs | YUCNO | DCMI 1 LCD | SYS
sPDIFRX | 'SPOIFR | spyicp | oTG1_Fs a
12C4_SM EVEN
PF13 | - ; ; ; o ; ; ; ; ; ; ; FMC A7 | - - | SUEN
12C4_SC EVEN
PortF | PF14 | - ; ; ; 5 ; ; ; ; ; ; ; FMC A8 | - A
12C4_SD EVEN
PF15 | - ; ; ; h ; ; ; ; ; ; ; FMC A9 | - - | EEN
FMC_A1 EVEN
PGO - - - - - - - - - - - - 0 - © | Tout
FMC_A1 EVEN
PG1 - - - - - - - - - - - - 1 - © | Tourt
FMC_Af EVEN
PG2 - - - - - - - - - - - - 2 - © | Tourt
FMC_Af EVEN
PG3 - - - - - - - - - - - - 3 - - | Tout
FMC_A1
PG4 ; ; ; ; ; ; ; ; ; ; ; ; 4/FNMC_ ; ; SuEN
BAO
FMC_Af
PortG | PG5 ; ; ; ; ; ; ; ; ; ; ; ; 5FMC_ | - - | 5N
BA1
DCMI_D EVEN
PG6 ; ; ; ; ; ; ; ; ; ; ; ; ; M0 | Leo_rr | EVEN
o7 ] ] ] ] ] ] ] ] USART6 ] ] ] FMC_IN | DcMI D | LcD_cL | EVEN
“CK T 13 K | TouT
. SPI6_NS SPDIFRX | USART6 ETH_PPS | FMC_SD EVEN
- - - - - S - N2 | _RTS - - ouT | clK - © | Tout
bGo ) ) ) ) ) ) _ |sPoiFrx | usarTe | AUADSE fsa ks | [TMONE pow v | EVEN
IN3 Rx | -BK2 B — | SYNG TOUT
- - 2 NCE
SAI2_SD_ FMC_NE | DCMI_D EVEN
PG10 | - ; ; ; ; ; ; - ; LCD_G3 = ; > WD | e B2 | EYEN
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Table 12. STM32F745xx and STM32F746xx alternate function mapping (continued)

AFO | AF1 AF2 AF3 AF4 AF5 AF6 AF7 AF8 AF9 AF10 AF11 | AF12 | AF13 | AF14 | AF15
SAI2/US
Port TIMBI90/ spi/au | SAZIUS | cantiarT | saziqu FNC/SD
12C1/2/3/ | SPM/2/31| SPI3/ | SARTA/2/ IM12/13/ | ADSPIUO | ETH/
SYS | TIM1Z | TIM3/4S | 1LPTIM | “aicec | aisie | sal | 3uARTs/ | RI4STI8 | 14:quAD | TG2_HS/ |oTG1_Fs | YUCNO | DCMI 1 LCD | SYS
sPDIFRX | 'SPOIFR | spyicp | oTG1_Fs a
ETH_MII_
SPDIFRX TX_EN/E DCMI_D EVEN
PG11 | - - - - - - - INO - - - THRMIL |~ 3 | LCD_B3 | 1507
TX_EN
LPTIM1_| SPI6_MI SPDIFRX | USART6 FMC_NE EVEN
PGI1Z | - - - N1 - ) - N “RTs | LCD_B4 - - 4 - | LCDBT | 1oyt
ETH_MII_
TRACE LPTIM1_ SPI6_SC USART6 TXDO/ET | FMC_A2 EVEN
PortG | PG13 | "'py - - ouT - K - - CTs - - HRMILT| 4 - LCD_RO | royt
XDO
QUADSP ETH MIL_
bois | TRACE | | emmiE ) SPI6_M ) ) usaRTe | J0RDSP ) TXDUET | FMC_A2 | | op go | EVEN
D1 TR oS Tx | -BKZ HRMILT| 5 B0 | rout
— 3 — —
XD1
e1s | - ] ] ] ] ] ] ] USART6 ] ] ] FMC_SD | DCMID | EVEN
CTs NCAS 13 TOUT
EVEN
PHO - - - - - - - - - - - - - - © | Tout
EVEN
PH1 - - - - - - - - - - - - - - © | Tout
or ) ) | e ) ) ) ) | QUADSE | saiz_sc [ETHMIL|FMC.SD| || o Ro | EVEN
N2 B2 KB CRS | CKEO RO | 1oyt
o ) ) ) ) ) ) ) ) | QUADSE | sai_MC [ETHMIL |FMC_SD | | | o gy | EVEN
-BK2_| KB coL NEO R\ Tout
Port H
ora 12C2_SC OTG_HS- EVEN
- - - - C - - - - - s - - - - | Tout
o ] ] ] ] 1262.SD |SPI5 NS | ] ] ] ] ] FMC_SD| ] EVEN
A S NWE TOUT
oHG ] ] ] ] 12C2_SM |sPis_sc| ] ] TIM12_C ] ETH_MII_ | FMC_SD | DCMILD | EVEN
BA K H1 RXD2 | NE1 8 TOUT
oH7 ] ] ] ] 1263_SC | SPIs_MI | ] ] ] ] ETH_MIL_ | FMC_SD | DCMILD | EVEN
L SO RXD3 | CKE1 9 TOUT
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Table 12. STM32F745xx and STM32F746xx alternate function mapping (continued)

AFO | AF1 AF2 AF3 AF4 AF5 | AF6 AF7 AF8 AF9 AF10 | AF11 | AF12 | AF13 | AF14 | AF15
SAI2/US
Port TIM8/9/10/ SPI2/31U | ppTeiuA | CANT/2ZIT | SAI2/QU FMC/SD
12C1/2/3/ | SP1/2/31| SPI3I | SART1/2/ IM12/13/ | ADSPIO | ETH/
SYS | TIM1Z | TIM3/4S | 1LPTIM | “aicec | aisie | sal | 3uARTs/ | RI4STI8 | 14:quAD | TG2_HS/ |oTG1_Fs | YUCNO | DCMI 1 LCD | SYS
sPDIFRX | 'SPOIFR | spyicp | oTG1_Fs -
12C3_SD FMC_D1 | DCMI_H EVEN
PH8 - - - - A - - - . - . . 6 syne | CP-R2 | oyt
12C3_SM TIM12_C FMC_D1 | DCMI_D EVEN
PHO - - - - BA - - - - H2 - - 7 o | PR3 | toutT
TIM5_C 12C4_SM FMC_D1 | DCMI_D EVEN
PH10 | - - H1 - BA - - - - - - - 8 1 LCD_R4 | oyt
TIM5_C 12C4_SC FMC_D1 | DCMI_D EVEN
PH11 - - H2 - L - - - - - - - 9 2 |LCDRS | 1oyt
Port H
TIM5_C 12C4_SD FMC_D2 | DCMI_D EVEN
PH12 | - - H3 - A - - - - - - - 0 3 | LCDR6 | 1ouT
TIM8_CH CAN1_T FMC_D2 EVEN
PH13 | - ; ; 8 ; ; ; ; ; M ; ; ; - |ep_ca | EVEN
TIM8_CH FMC_D2 | DCMI_D EVEN
PH14 | - ; ; 8 ; ; ; ; ; ; ; ; > WD | Le_cs | EYVEN
TIM8_CH FMC_D2 | DCMI_D EVEN
PHIS | - - - 3N - - - - - - - - 3 1~ | LCBG4 | tout
SPI2_NS
TIM5_C - FMC_D2 | DCMI_D EVEN
PIO ; ; W ; ; smes2_ | - ; ; ; ; ; > W-P | Lep_es | EYEN
WS
SPI2_SC
TIM8_BKI - FMC_D2 | DCMI_D EVEN
PI1 ; ; ; 8 - Ki2s2_ | - ; ; ; ; ; y WD | Lep_es | FYEN
CK
TIM8_CH SPI2_MI FMC_D2 | DCMI_D EVEN
PI2 - - - 4 - ) - - - - - - 6 9 | LCPC7 | touT
Potl s ) ) | Tims_ET B B~ 8 ) ) ) ) ~ |mvcop2|pecmip| | EVEN
R 7 10 TOUT
“SD
TIM8_BKI SAI2_MC FMC_NB | DCMI_D EVEN
Pi4 - - - N - - - - - - KA - L2 5 | LCDB4 | 1ouT
TIM8_CH SAI2_SC FMC_NB | DCMI_V EVEN
PI5 - - - 1 - - - - - - KA - L3 SYNC | “CP-BS | touT
TIM8_CH SAI2_SD_ FMC_D2 | DCMI_D EVEN
Pi6 - - - 2 - - - - - - A - 8 6 | LCPB6 | touT
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Table 12. STM32F745xx and STM32F746xx alternate function mapping (continued)

AFO | AF1 AF2 AF3 AF4 AF5 | AF6 AF7 AF8 AF9 AF10 | AF11 | AF12 | AF13 | AF14 | AF15
spi2i3ju | SAI2US | o aNyi2T | salziqu

sPDIFRX | 'SPOIFR | spyicp | oTG1_Fs -
o7 ] ] .| mecn ] ] ] ] ] . [sweFs [ |ewc D2 ooMD [ op oy | EVEN
oo ] ] ] ] ] ] ] ] ] CAN1 R ] ~ |mmcos|  [Lco_vs| EvEn
X 0 YNC | TouT
oo | - ] ] ] ] ] ] ] ] ] ] ETHMI_|FMC_D3|  |LcD_Hs | EVEN
RX_ER 1 YNC | TouT
o | |- | - | - | - |- - - ] - =
| - e
o T e
PI4 | - ; ; ; ; ; ; ; ; ; ; ; ; - | HeDCL | EVEN
PIS | - ; ; ; ; ; ; ; ; ; ; ; ; - |co_ro | EYEN
PJO ; ; ; ; ; ; ; ; ; ; ; ; ; - | eore | EYEN
PJ1 ; ; ; : ; ; ; ; ; ; ; ; ; ; LCD_R2 Eg'ﬁ'#
PJ2 ; ; ; ; ; ; ; ; ; ; ; ; ; - |ico_rs | EVEN
PortJ | PJ3 - - - - - - - - - - - - - - LCD_R4 EXE’#
PJ4 - - - - - - - - - - - - - - LCD_R5 -I%E'#
PJ5 ; ; ; ; ; ; ; ; ; ; ; ; ; - |core | EYEN
PJ6 ; ; ; ; ; ; ; ; ; ; ; ; ; - | eorr | EYEN
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Table 12. STM32F745xx and STM32F746xx alternate function mapping (continued)

AF0O | AF1 | AR2 AF3 AF4 | AF5 | AF6 | AF7 AF8 AF9 | AF10 | AF11 | AF12 | AF13 | AF14 | AF15
spiziaiu | SAIZIUS | caNqp2T | salziqu

sPDIFRX | 'SPOIFR | spyicp | oTG1_Fs -
PJ7 - - - - - - - - - - - - - - LCD_GO EXE’#
PJ8 - - - - - - - - - - - - - - LCD_G1 -I%E'#
PJ9 - - - - - - - - - - - - - - LCD_G2 %E'#
Pit0 | - : : : . i . : . : : . . - |Leo_es | EYEN
S N : - -] : : : : . - | - |iopice| EvEN
PJ12 - - - - - - - - - - - - - - LCD_BO %E'#
PJ13 - - - - - - - - - - - - - - LCD_B1 Egﬂ
PJ14 - - - - - - - - - - - - - - LCD_B2 -I%E'#
PJ15 - - - - - - - - - - - - - - LCD_B3 -I%E'#

XX9¥L4ZENLS XXGPL4ZEINLS

uonduosap uid pue sinould



81¢/06

G A9Y 91601LSA

Table 12. STM32F745xx and STM32F746xx alternate function mapping (continued)

AFO | AF1 AF2 AF3 AF4 AF5 AF6 AF7 AF8 AF9 AF10 AF11 | AF12 | AF13 | AF14 | AF15
SAI2/US
Port TIM8/9/10/ SPI2131U | prTejua | CANV2IT| SAR2IQU FMC/SD
12C1/2/3/ | SPM/2/31| SPI3/ | SARTA/2/ IM12/13/ | ADSPIUO | ETH/
SYS | TIM1Z | TIM3/4S | 1LPTIM | “aicec | aisie | sal | 3uARTs/ | RI4STI8 | 14:quAD | TG2_HS/ |oTG1_Fs | YUCNO | DCMI 1 LCD | SYS
sPDIFRX | 'SPOIFR | spyicp | oTG1_Fs a

EVEN

PKO ; ; ; ; ; ; ; ; ; ; ; ; ; - |rep_es | SN
EVEN

PK1 ; ; ; ; ; ; ; ; ; ; ; - ; - |rep_es | SN
EVEN

PK2 ; ; ; ; ; ; ; ; ; ; ; - ; - | eoer | EYEN
EVEN

PK3 ) ; ; ; ; ; ; ; ; ; ; ; ; - |Lco_ea | EYEN

Port K

EVEN

PK4 ; ; ; ; ; ; ; ; ; ; ; ; ; - |coes | EYEN
EVEN

PK5 ; ; ; ; ; ; ; - ; - ; - ; - |coes | SN
EVEN

PK6 - - - - - - - - - - - - - - LCD_B7 TOUT
EVEN

PK7 ; ; ; ; ; ; ; - ; - ; - ; - |reope | SN
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Memory mapping

Refer to the product line reference manual for details on the memory mapping as well as the
boundary addresses for all peripherals.

The memory map is shown in Figure 19.

Figure 19. Memory map

OXFFFF FFFF

0xE000 0000
OXDFFF FFFF

0xD000 0000
OXCFFF FFFF

0xC000 0000
OXOFFF FFFF

0x8000 0000
OXTFFF FFFF

0x6000 0000
OX5FFF FFFF

0x4000 0000
OX3FFF FFFF

0x2000 0000
Ox1FFF FFFF

0x0000 0000

512-Mbyte
Block 7

Cortex-M7
Internal

peripherals

512-Mbyte
Block 6
FMC

512-Mbyte
Block 5
FMC

512-Mbyte
Block 4

Quad SPI and

FMC bank 3

512-Mbyte
Block 3
FMC bank 1 to
bank 2

512-Mbyte
Block 2
Peripherals

512-Mbyte
Block 1
SRAM

Reserved

512-Mbyte
Block 0

SRAM2 (16 KB)

SRAM1 (240 KB)

DTCM (64 KB)

Reserved

Option Bytes

Reserved

Flash memory on AXIM interface|

Reserved

Flash memory on ITCM interface]

Reserved

System memory

0x2005 0000 - 0x3FFF FFFF
0x2004 CO00 - 0x2004 FFFF
0x2001 0000 - 0x2004 BFFF
0x2000 0000 - 0x2000 FFFF
0x1FFF 0020 - 0x1FFF FFFF
0x1FFF 0000 - 0x1FFF 001F

820 0000 - Ox1FFE FFFF
0x0808,0000 - 0x080F FFFF
0x0030 000Q - 0x07FF FFFF
0x0020 0000 - 0XQO2F FFFF
0x0011 0000 - 0x001IEFFF

0x0010 0000 - 0x0010 EDI

Reserved

Cortex-M7 internal

AHB3

Reserved

AHB2

Reserved

AHB1

Reserved

APB2

Reserved

APB1

0xE010 0000 - OxFFFF FFFF

0xE000 0000 - OXEOOF FFFF

0x6000 0000 - 0XDFFF FFFF

0x5006 0CO0 - Ox5FFF FFFF
0x5006 OBFF

0x5000 0000
0x4008 0000 - Ox4FFF FFFF
0x4007 FFFF

0x4002 0000
0x4001 6C00 - 0x4001 FFFF
0x4001 6BFF

0x4001 0000
0x4000 8000 - 0x4000 FFFF
0x4000 7FFF

0x4000 0000
Reserved 0x0000 4000 - 0x000F FFFF
ITCM RAM 0x0000 0000 - 0x0000 3FFF
MS34165V1
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Table 13. STM32F745xx and STM32F746xx register boundary addresses

Bus Boundary address Peripheral

OxEOOF FFFF - OXFFFF FFFF Reserved
Cortex-M7 0xEO000 0000 - OXEOOF FFFF Cortex-M7 internal peripherals
0xD000 0000 - OXDFFF FFFF FMC bank 6
0xC000 0000 - OXCFFF FFFF FMC bank 5
0xA000 1000 - 0xBFFF FFFF Reserved

0xA000 0000- 0xA000 OFFF FMC control register
0x9000 0000 - 0x9FFF FFFF FMC bank 4

0x8000 0000 - Ox8FFF FFFF FMC bank 3

0x7000 0000 - Ox7FFF FFFF FMC bank 2

0x6000 0000 - OX6FFF FFFF FMC bank 1

0x5006 0C00- Ox5FFF FFFF Reserved

0x5006 0800 - 0X5006 OBFF RNG

0x5005 0400 - X5006 07FF Reserved
AHB2 0x5005 0000 - 0X5005 03FF DCMI

0x5004 0000- 0x5004 FFFF Reserved
0x5000 0000 - 0X5003 FFFF USB OTG FS

AHB3

J
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Memory mapping

Table 13. STM32F745xx and STM32F746xx register boundary addresses (continued)

0x4002 3800 - 0x4002 3BFF

Bus Boundary address Peripheral

0x4008 0000- Ox4FFF FFFF Reserved
0x4004 0000 - 0x4007 FFFF USB OTG HS
0x4002 BCOO0- 0x4003 FFFF Reserved
0x4002 BOOO - 0x4002 BBFF DMA2D
0x4002 9400 - 0x4002 AFFF Reserved
0x4002 9000 - 0x4002 93FF
0x4002 8C00 - 0x4002 8FFF
0x4002 8800 - 0x4002 8BFF ETHERNET MAC
0x4002 8400 - 0x4002 87FF
0x4002 8000 - 0x4002 83FF
0x4002 6800 - 0x4002 7FFF Reserved
0x4002 6400 - 0x4002 67FF DMA2
0x4002 6000 - 0x4002 63FF DMA1
0X4002 5000 - 0X4002 5FFF Reserved
0x4002 4000 - 0x4002 4FFF BKPSRAM

AHB1 0x4002 3C00 - 0x4002 3FFF Flash interface register

RCC

0X4002 3400 - 0X4002 37FF Reserved
0x4002 3000 - 0x4002 33FF CRC
0x4002 2C00 - 0x4002 2FFF Reserved
0x4002 2800 - 0x4002 2BFF GPIOK
0x4002 2400 - 0x4002 27FF GPIOJ
0x4002 2000 - 0x4002 23FF GPIOI
0x4002 1C00 - 0x4002 1FFF GPIOH
0x4002 1800 - 0x4002 1BFF GPIOG
0x4002 1400 - 0x4002 17FF GPIOF
0x4002 1000 - 0x4002 13FF GPIOE
0X4002 0CO00 - 0x4002 OFFF GPIOD
0x4002 0800 - 0x4002 OBFF GPIOC
0x4002 0400 - 0x4002 07FF GPIOB
0x4002 0000 - 0x4002 03FF GPIOA
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Table 13. STM32F745xx and STM32F746xx register boundary addresses (continued)

Bus Boundary address Peripheral
0x4001 6C00- 0x4001 FFFF Reserved
0x4001 6800 - 0x4001 6BFF LCD-TFT
0x4001 5C00 - 0x4001 67FF Reserved
0x4001 5800 - 0x4001 5BFF SAl1
0x4001 5400 - 0x4001 57FF SPI6
0x4001 5000 - 0x4001 53FF SPI5
0x4001 5400 - 0x4001 57FF SPI6
0x4001 5000 - 0x4001 53FF SPI5
0x4001 4C00 - 0x4001 4FFF Reserved
0x4001 4800 - 0x4001 4BFF TIM11
0x4001 4400 - 0x4001 47FF TIM10
0x4001 4000 - 0x4001 43FF TIM9
0x4001 3C00 - 0x4001 3FFF EXTI

APB2
0x4001 3800 - 0x4001 3BFF SYSCFG
0x4001 3400 - 0x4001 37FF SPl14
0x4001 3000 - 0x4001 33FF SPI1
0x4001 2C00 - 0x4001 2FFF SDMMC1
0x4001 2400 - 0x4001 2BFF Reserved
0x4001 2000 - 0x4001 23FF ADC1 - ADC2 - ADC3
0x4001 1800 - 0x4001 1FFF Reserved
0x4001 1400 - 0x4001 17FF USART6
0x4001 1000 - 0x4001 13FF USART1
0x4001 0800 - 0x4001 OFFF Reserved
0x4001 0400 - 0x4001 O7FF TIM8
0x4001 0000 - 0x4001 O3FF TIM1
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Table 13. STM32F745xx and STM32F746xx register boundary addresses (continued)

Bus Boundary address Peripheral
0x4000 8000- 0x4000 FFFF Reserved
0x4000 7C00 - 0x4000 7FFF UARTS
0x4000 7800 - 0x4000 7BFF UART7
0x4000 7400 - 0x4000 77FF DAC
0x4000 7000 - 0x4000 73FF PWR
0x4000 6C00 - 0x4000 6FFF Reserved
0x4000 6800 - 0x4000 6BFF CAN2
0x4000 6400 - 0x4000 67FF CAN1
0x4000 6000 - 0x4000 63FF Reserved
0x4000 5C00 - 0x4000 5FFF 12C3
0x4000 5800 - 0x4000 5BFF 12C2
0x4000 5400 - 0x4000 57FF 12C1
0x4000 5000 - 0x4000 53FF UART5
0x4000 4C00 - 0x4000 4FFF UART4
0x4000 4800 - 0x4000 4BFF USART3
0x4000 4400 - 0x4000 47FF USART2
0x4000 4000 - 0x4000 43FF 12S3ext

APBT 0x4000 3C00 - 0x4000 3FFF SPI3/12S3
0x4000 3800 - 0x4000 3BFF SPI2/12S2
0x4000 3400 - 0x4000 37FF 12S2ext
0x4000 3000 - 0x4000 33FF IWDG
0x4000 2C00 - 0x4000 2FFF WWDG

0x4000 2800 - 0x4000 2BFF

RTC & BKP Registers

0x4000 2400 - 0x4000 27FF Reserved
0x4000 2000 - 0x4000 23FF TIM14
0x4000 1C00 - 0x4000 1FFF TIM13
0x4000 1800 - 0x4000 1BFF TIM12
0x4000 1400 - 0x4000 17FF TIM7
0x4000 1000 - 0x4000 13FF TIM6
0x4000 0C00 - 0x4000 OFFF TIM5
0x4000 0800 - 0x4000 OBFF TIM4
0x4000 0400 - 0x4000 O7FF TIM3
0x4000 0000 - 0x4000 03FF TIM2
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STM32F745xx STM32F746xx

Table 14. STM32F745xx and STM32F746xx register boundary addresses

Bus Boundary address Peripheral
OxEOOF FFFF - OXFFFF FFFF Reserved
Cortex-M7 0xEO000 0000 - OXEOOF FFFF Cortex-M7 internal peripherals

0xD000 0000 - OXDFFF FFFF FMC bank 6
0xC000 0000 - OXCFFF FFFF FMC bank 5
0xA000 2000 - 0xBFFF FFFF Reserved
0xA000 1000 - 0xA000 1FFF Quad-SPI control register

AHB3 0xA000 0000- 0xA000 OFFF FMC control register
0x9000 0000 - Ox9FFF FFFF Quad-SPI
0x8000 0000 - Ox8FFF FFFF FMC bank 3
0x7000 0000 - Ox7FFF FFFF FMC bank 2
0x6000 0000 - Ox6FFF FFFF FMC bank 1
0x5006 0C00- Ox5FFF FFFF Reserved
0x5006 0800 - 0x5006 OBFF RNG
0x5005 0400 - 0x5006 07FF Reserved
0x5005 0000 - 0x5005 03FF DCMI

AHB2 0x5004 0000- 0x5004 FFFF Reserved
0x5000 0000 - 0x5003 FFFF USB OTG FS
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Memory mapping

Table 14. STM32F745xx and STM32F746xx register boundary addresses (continued)

0x4002 3800 - 0x4002 3BFF

Bus Boundary address Peripheral

0x4008 0000- Ox4FFF FFFF Reserved
0x4004 0000 - 0x4007 FFFF USB OTG HS
0x4002 BCOO0- 0x4003 FFFF Reserved
0x4002 BOOO - 0x4002 BBFF Chrom-ART (DMA2D)
0x4002 9400 - 0x4002 AFFF Reserved
0x4002 9000 - 0x4002 93FF
0x4002 8C00 - 0x4002 8FFF
0x4002 8800 - 0x4002 8BFF ETHERNET MAC
0x4002 8400 - 0x4002 87FF
0x4002 8000 - 0x4002 83FF
0x4002 6800 - 0x4002 7FFF Reserved
0x4002 6400 - 0x4002 67FF DMA2
0x4002 6000 - 0x4002 63FF DMA1
0x4002 5000 - 0X4002 5FFF Reserved
0x4002 4000 - 0x4002 4FFF BKPSRAM

AHB1 0x4002 3C00 - 0x4002 3FFF Flash interface register

RCC

0X4002 3400 - 0X4002 37FF Reserved
0x4002 3000 - 0x4002 33FF CRC
0x4002 2C00 - 0x4002 2FFF Reserved
0x4002 2800 - 0x4002 2BFF GPIOK
0x4002 2400 - 0x4002 27FF GPIOJ
0x4002 2000 - 0x4002 23FF GPIOI
0x4002 1C00 - 0x4002 1FFF GPIOH
0x4002 1800 - 0x4002 1BFF GPIOG
0x4002 1400 - 0x4002 17FF GPIOF
0x4002 1000 - 0x4002 13FF GPIOE
0X4002 0CO00 - 0x4002 OFFF GPIOD
0x4002 0800 - 0x4002 OBFF GPIOC
0x4002 0400 - 0x4002 07FF GPIOB
0x4002 0000 - 0x4002 03FF GPIOA
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Table 14. STM32F745xx and STM32F746xx register boundary addresses (continued)

Bus Boundary address Peripheral
0x4001 6C00- 0x4001 FFFF Reserved
0x4001 6800 - 0x4001 6BFF LCD-TFT
0x4001 6000 - 0x4001 67FF Reserved
0x4001 5C00 - 0x4001 5FFF SAI2
0x4001 5800 - 0x4001 5BFF SAl1
0x4001 5400 - 0x4001 57FF SPI6
0x4001 5000 - 0x4001 53FF SPI5
0x4001 4C00 - 0x4001 4FFF Reserved
0x4001 4800 - 0x4001 4BFF TIM11
0x4001 4400 - 0x4001 47FF TIM10
0x4001 4000 - 0x4001 43FF TIM9
0x4001 3C00 - 0x4001 3FFF EXTI

APB2 0x4001 3800 - 0x4001 3BFF SYSCFG
0x4001 3400 - 0x4001 37FF SPI14
0x4001 3000 - 0x4001 33FF SPI11/12S1
0x4001 2C00 - 0x4001 2FFF SDMMC
0x4001 2400 - 0x4001 2BFF Reserved
0x4001 2000 - 0x4001 23FF ADC1 - ADC2 - ADC3
0x4001 1800 - 0x4001 1FFF Reserved
0x4001 1400 - 0x4001 17FF USART6
0x4001 1000 - 0x4001 13FF USART1
0x4001 0800 - 0x4001 OFFF Reserved
0x4001 0400 - 0x4001 O7FF TIM8
0x4001 0000 - 0x4001 O3FF TIM1
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Table 14. STM32F745xx and STM32F746xx register boundary addresses (continued)

Bus Boundary address Peripheral
0x4000 8000- 0x4000 FFFF Reserved
0x4000 7C00 - 0x4000 7FFF UARTS
0x4000 7800 - 0x4000 7BFF UART7
0x4000 7400 - 0x4000 77FF DAC
0x4000 7000 - 0x4000 73FF PWR
0x4000 6C00 - 0x4000 6FFF HDMI-CEC
0x4000 6800 - 0x4000 6BFF CAN2
0x4000 6400 - 0x4000 67FF CAN1
0x4000 6000 - 0x4000 63FF 12C4
0x4000 5C00 - 0x4000 5FFF 12C3
0x4000 5800 - 0x4000 5BFF 12C2
0x4000 5400 - 0x4000 57FF 12C1
0x4000 5000 - 0x4000 53FF UART5
0x4000 4C00 - 0x4000 4FFF UART4
0x4000 4800 - 0x4000 4BFF USART3
0x4000 4400 - 0x4000 47FF USART2
0x4000 4000 - 0x4000 43FF SPDIFRX

APBT 0x4000 3C00 - 0x4000 3FFF SPI3 /1283
0x4000 3800 - 0x4000 3BFF SPI2 /1282
0x4000 3400 - 0x4000 37FF Reserved
0x4000 3000 - 0x4000 33FF IWDG
0x4000 2C00 - 0x4000 2FFF WWDG

0x4000 2800 - 0x4000 2BFF

RTC & BKP Registers

0x4000 2400 - 0x4000 27FF

LPTIM1

0x4000 2000 - 0x4000 23FF TIM14
0x4000 1C00 - 0x4000 1FFF TIM13
0x4000 1800 - 0x4000 1BFF TIM12
0x4000 1400 - 0x4000 17FF TIM7
0x4000 1000 - 0x4000 13FF TIM6
0x4000 0C00 - 0x4000 OFFF TIMS
0x4000 0800 - 0x4000 OBFF TIM4
0x4000 0400 - 0x4000 O7FF TIM3
0x4000 0000 - 0x4000 03FF TIM2

DS10916 Rev 5
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6 Electrical characteristics

6.1 Parameter conditions

Unless otherwise specified, all voltages are referenced to Vgg.

6.1.1 Minimum and maximum values

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

Data based on characterization results, design simulation and/or technology characteristics
are indicated in the table footnotes and are not tested in production. Based on
characterization, the minimum and maximum values refer to sample tests and represent the
mean value plus or minus three times the standard deviation (mean30).

6.1.2 Typical values

Unless otherwise specified, typical data are based on Tp = 25 °C, Vpp = 3.3 V (for the
1.7 V <Vpp 3.6 V voltage 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, where 95% of the devices have an
error less than or equal to the value indicated (mean+20).

6.1.3 Typical curves

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

6.1.4 Loading capacitor

The loading conditions used for pin parameter measurement are shown in Figure 20.

6.1.5 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

T 7

MS19011V2 MS19010V2

C =50 pF
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6.1.6

Power supply scheme

Figure 22. Power supply scheme

VBAT —
L ‘
' Backup circuitry
VBAT = *~4 Power switch (OSC32K,RTC,
1.65 to 3.6V Wakeup logic
Backup registers,
- backup RAM)
ouT 5 ;
2| 10 !
GP I0s [ 1 Logic !
IN 3 Kernel logic | !
v = (CPU, ;
oA : digital !
2%2.2 pF i i &RAM) ||
Vop mmem : :
DD ! 1
1/2/...14120 gtﬁgteor o |
19 x 100 nF | v l l
! SS i i
+1x4.7pF ; L L 1/2/..14720 . |
| BYPASS_REG ; Flash memory | !
Vbbouse | | ;
| Vbpuss oGrs|
S uivtvivtvtvivisisipioipioin PHY
Reset
controller
—_—
Analog:
ADC JIRrcs, PLL,

MSv35942V1

1. To connect BYPASS_REG and PDR_ON pins, refer to Section 3.17: Power supply supervisor and Section 3.18: Voltage

regulator

OFF.

Caution:

3

Vppa=Vpp and Vgga=Vss.

The 4.7 pF ceramic capacitor must be connected to one of the Vpp pin.

The two 2.2 yF ceramic capacitors should be replaced by two 100 nF decoupling capacitors when the voltage regulator is

Each power supply pair (Vpp/Vss, Vppa/Vssa ---) must be decoupled with filtering ceramic
capacitors as shown above. These capacitors must be placed as close as possible to, or
below, the appropriate pins on the underside of the PCB to ensure good operation of the
device. It is not recommended to remove filtering capacitors to reduce PCB size or cost.
This might cause incorrect operation of the device.

DS10916 Rev 5
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6.1.7 Current consumption measurement

Figure 23. Current consumption measurement scheme

IDD_VBAT
VBAT,
IpD
@M[
i VDDj::I

L

ai14126

6.2 Absolute maximum ratings

Stresses above the absolute maximum ratings listed in Table 15: Voltage characteristics,
Table 16: Current characteristics, and Table 17: Thermal characteristics may cause
permanent damage to the device. These are stress ratings only and functional operation of
the device at these conditions is not implied. Exposure to maximum rating conditions for
extended periods may affect device reliability.

Table 15. Voltage characteristics

Symbol Ratings Min Max Unit
Vpo-Vss \IE/);tAeTrr;zra]ldrr:/a[i)r;j:S)(l%/)voltage (including Vppa, Vpp, ~03 4.0
Input voltage on FT pins(2) Vgs - 0.3 | Vpp+4.0
Input voltage on TTa pins Vgg— 0.3 4.0 v
vin Input voltage on any other pin Vgg— 0.3 4.0
Input voltage on BOOT pin Vss 9.0
|[AVppyl Variations between different Vpp power pins - 50
|[Vssx Vss| | Variations between all the different ground pins(®) - 50 mv

see Section 6.3.15:
— Absolute maximum
Vespewm) | Electrostatic discharge voltage (human body model) ratings (electrical -

sensitivity)

1. All main power (Vpp, Vppa: Vppusge) and ground (Vggs, Vgga) pins must always be connected to the
external power supply, in the permitted range.

2. V)y maximum value must always be respected. Refer to Table 16 for the values of the maximum allowed
injected current.

3. Include VREF- pin.

J
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Table 16. Current characteristics

Symbol Ratings Max. Unit
>lypp Total current into sum of all Vpp , power lines (source)() 320
> lyss Total current out of sum of all Vgg , ground lines (sink)™ - 320
> lyppuse Total current into Vppysg power line (source) 25
lvop Maximum current into each Vpp , power line (source)() 100
lyss Maximum current out of each Vgs , ground line (sink)™) -100
Output current sunk by any I/0 and control pin 25
o Output current sourced by any I/Os and control pin -25 mA
Total output current sunk by sum of all I/O and control pins @ 120
>lo Total output current sunk by sum of all USB 1/Os 25
Total output current sourced by sum of all I/Os and control pins(z) -120
Injected current on FT, FTf, RST and B pins ®) -5/+0
lINg(PIN)
Injected current on TTa pins(4) 15
ZI|NJ(p|N)(4) Total injected current (sum of all I/O and control pins)®) 125

All main power (Vpp, Vppa) and ground (Vgg, Vssa) pins must always be connected to the external power supply, in the
permitted range.

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

Positive injection is not possible on these 1/0s and does not occur for input voltages lower than the specified maximum
value.

A positive injection is induced by V|y>Vppa While a negative injection is induced by V|\y<Vss. linypin) Must never be
exceeded. Refer to Table 15: Voltage characteristics for the values of the maximum allowed inpu% voftage.

When several inputs are submitted to a current injection, the maximum ZI,NJ(p|N) is the absolute sum of the positive and

negative injected currents (instantaneous values).

Table 17. Thermal characteristics

Symbol Ratings Value Unit
Tste Storage temperature range - 651to +150 oc
T, Maximum junction temperature 125

J
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6.3 Operating conditions

6.3.1 General operating conditions

Table 18. General operating conditions

Symbol Parameter Conditions(") Min | Typ | Max | Unit
Power Scale 3 (VOS[1:0] bits in
PWR_CR register = 0x01), Regulator 0 - 144
ON, over-drive OFF
Over-
drive - 168
Power Scale 2 (VOS[1:0] bits in | oFf
PWR_CR register = 0x10), 0
Regulator ON Over-
fucLk | Internal AHB clock frequency drive - 180
ON
Over-
drive | 180 |MHz
Power Scale 1 (VOS[1:0] bits in | oFf
PWR_CR register= 0x11), 0
Regulator ON Over-
drive - | 216®@
ON
; ; Over-drive OFF 0 - 45
Internal APB1 clock frequency
Pt Over-drive ON 0 | - | 54
; | | APB2 clock f Over-drive OFF 0 - 90
nterna clock frequency
pebie Over-drive ON o | - | 108
Vop Standard operating voltage - 1.70) ] - 3.6
Anal ti It
na oq oPera ing voltage 17®] - 24
Vena@ | (ADC limited to 1.2 M samples) . 6
DRg: Must be the same potential as Vpp'®)
Analog operating voltage 24 36
(ADC limited to 2.4 M samples) ' \Y
USB supply voltage (supply USB not used 1.7 | 3.3 3.6
Vppuss | voltage for PA11,PA12, PB14
and PB15 pins) USB used 3.0 - 3.6
Vgar | Backup operating voltage - 1.65 - 3.6
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Table 18. General operating conditions (continued)

Symbol Parameter Conditions(! Min | Typ | Max | Unit
Power Scale 3 ((VOS[1:0] bits in
PWR_CR register = 0x01), 144 MHz 1.08 |1.14| 1.20
HCLK max frequency
Power Scale 2 ((VOSI[1:0] bits in
Regulator ON: 12 Vinternal | WR_CR register = 0x10), 168 MHz | 4 o | 4 55| 4 35
voltage on V. N pins HCLK max frequency with over-drive
CAP_17YCAP_2 OFF or 180 MHz with over-drive ON
V12 Power Scale 1 ((VOS[1:0] bits in
PWR_CR register = 0x11), 180 MHz
HCLK max frequency with over-drive 1.26 11321 140
OFF or 216 MHz with over-drive ON v
Regulator OFF: 1.2 V external Max frequency 144 MHz 110 {114 | 1.20
voltage must be supplied from - Fyy- " oo 168MHZ 120 | 126 1.32
external regulator on
Veap 1Veap 2 pins(”) Max frequency 180 MHz 1.26 | 1.32| 1.38
Input voltage on RST and FT 2V<Vpp 3.6V -03| - 5.5
(8
pins(® Vop <2V ~03| - | 52
Vv
N Input voltage on TTa pins - -03]| - V%D§‘+
Input voltage on BOOT pin - 0 - 9
LQFP100 - - 465
TFBGA100 - - 351
WLCSP143 - - 641
Power dissipation at To=85°C || qQFpP144 - - 500
Pp for suffix 6 or T4 = 105 °C for mwW
UFBGA176 - - 513
LQFP208 - - 1053
TFBGA216 - - 690
Ambient temperature for 6 suffix | Maximum power dissipation -40 | - 85 °c
. version Low power dissipation('9) -40 | - 105
A
Ambient temperature for 7 suffix | Maximum power dissipation -40 | - 105 °c
version Low power dissipation('%) -40 | - 125
6 suffix version -40 - 105
TJ Junction temperature range °C
7 suffix version -40 - 125

1. The over-drive mode is not supported at the voltage ranges from 1.7 to 2.1 V.

2. 216 MHz maximum frequency for 6 suffix version (200 MHz maximum frequency for 7 suffix version).

w

Internal reset OFF).

o &

S74

When the ADC is used, refer to Table 63: ADC characteristics.
If VRep+ pin is present, it must respect the following condition: Vppa-Vrer+ < 1.2 V.

DS10916 Rev 5
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6. Itis recommended to power Vpp and Vppa from the same source. A maximum difference of 300 mV between Vpp and
Vppa can be tolerated during power-up and power-down operation.

7. The over-drive mode is not supported when the internal regulator is OFF.

8. To sustain a voltage higher than VDD+0.3, the internal Pull-up and Pull-Down resistors must be disabled

9. If Tp is lower, higher Pp values are allowed as long as T does not exceed T jpa-

10. In low power dissipation state, T can be extended to this range as long as T, does not exceed T jpa-

Table 19. Limitations depending on the operating power supply range

Maximum flash .
. Maximum HCLK .
Operating memory access Possible flash
. - frequency vs flash .
power supply | ADC operation | frequency with . 1/0 operation memory
. memory wait states .
range no wait states (1)2) operations
(fFIashmax)
Vpp =1.7 to | Conversion time 180 MHz with 8 W.alt No 1/0 8-bit erase and
3) 20 MHz states and over-drive . program
21V up to 1.2 Msps compensation .
OFF operations only
Vpp =2.1t0 | Conversion time 216 MHz with 9 ngt No I/O 16-biterase and
22 MHz states and over-drive . program
24V up to 1.2 Msps compensation .
ON operations
Vpp = 2.4 to | Conversion time 216 MHz with 8 W.alt 1/0O compensation 16-biterase and
24 MHz states and over-drive program
27V up to 2.4 Msps works .
ON operations
Vpp =2.7 to | Conversion time 216 MHz with 7 W.alt 1/0 compensation 32-biterase and
(4) 30 MHz states and over-drive program
3.6V up to 2.4 Msps works .
ON operations

1. Applicable only when the code is executed from flash memory. When the code is executed from RAM, no wait state is

required.

2. Thanks to the ART accelerator on ITCM interface and L1-cache on AXI interface, the number of wait states given here

does not impact the execution speed from flash memory since the ART accelerator or L1-cache allows to achieve a
performance equivalent to 0-wait state program execution.

3. Vpp/Vppa minimum value of 1.7 V is obtained with the use of an external power supply supervisor (refer to Section 3.17.2:
Internal reset OFF).
4. The voltage range for USB full speed PHYs can drop down to 2.7 V. However the electrical characteristics of D- and D+
pins will be degraded between 2.7 and 3 V.
6.3.2 VCAP1/VCAP2 external capacitor
Stabilization for the main regulator is achieved by connecting an external capacitor Cgx to
the VCAP1/VCAP2 pins. Cgxt is specified in Table 20.
Figure 24. External capacitor Cgxr
C
R ] || .
[
ESR
]
L
R Leak
MS19044V2
1. Legend: ESR is the equivalent series resistance.
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Table 20. VCAP1/VCAP2 operating conditions(")

Symbol Parameter Conditions
CEXT Capacitance of external capacitor 2.2 uF
ESR ESR of external capacitor <2Q

1. When bypassing the voltage regulator, the two 2.2 uF Vap capacitors are not required and should be
replaced by two 100 nF decoupling capacitors.

6.3.3 Operating conditions at power-up / power-down (regulator ON)

Subject to general operating conditions for Ta.

Table 21. Operating conditions at power-up / power-down (regulator ON)

Symbol Parameter Min Max Unit
Vpp rise time rate 20 oo
tvop us/V
Vpp fall time rate 20 o0
6.3.4 Operating conditions at power-up / power-down (regulator OFF)

Subject to general operating conditions for Tx.

Table 22. Operating conditions at power-up / power-down (regulator OFF)“)

Symbol Parameter Conditions Min | Max | Unit
Vpp rise time rate Power-up 20 oo
tvob ,
Vpp fall time rate Power-down 20 oo
us/V
Veap 1 and Vepap 2 rise time rate | Power-up 20 oo
tvcap = =
Veap_1a@nd Veap o fall time rate | Power-down 20 oo

1. To reset the internal logic at power-down, a reset must be applied on pin PAO when Vpp reach below
1.08 V.

6.3.5 Reset and power control block characteristics

The parameters given in Table 23 are derived from tests performed under ambient
temperature and Vpp supply voltage conditions summarized in Table 18.

3
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Table 23. Reset and power control block characteristics

Symbol Parameter Conditions Min | Typ | Max | Unit
PLS[2:0]=000 (rising edge) 209 | 214 | 219 | V
PLS[2:0]=000 (falling edge) 198 | 204 | 208 | V
PLS[2:0]=001 (rising edge) 223 | 230 | 237 | V
PLS[2:0]=001 (falling edge) 213 | 219 | 225 | V
PLS[2:0]=010 (rising edge) 239 | 245 | 2.51 \Y
PLS[2:0]=010 (falling edge) 229 | 235|239 | V
PLS[2:0]=011 (rising edge) 254 | 260 | 265 | V
v Programmable voltage PLS[2:0]=011 (falling edge) 244 | 251 | 256 | V
VD | detector level selection | p| 5[2:01=100 (rising edge) | 2.70 | 2.76 | 2.82 | V
PLS[2:0]=100 (falling edge) 259 | 266 | 2.71 \Y
PLS[2:0]=101 (rising edge) 286 | 293 | 299 | V
PLS[2:0]=101 (falling edge) 275 | 284|292 | V
PLS[2:0]=110 (rising edge) 296 | 3.03 | 310 | V
PLS[2:0]=110 (falling edge) 285 | 293|299 | V
PLS[2:0]=111 (rising edge) 3.07 | 3.14 | 3.21 \%
PLS[2:0]=111 (falling edge) 295 | 303 | 309 | V
Vpyphyst! | PVD hysteresis - - 100 | - | mV
v Power-on/power-down Falling edge 1.60 | 1.68 | 1.76 \Y
PORIPDR | reset threshold Rising edge 164 | 1.72 | 180 | Vv
Vpprhyst!) | PDR hysteresis - - 40 - | mv
Brownout level 1 Falling edge 213 | 219 | 224 | V
VBOR! | threshold o
Rising edge 223 | 229 | 233 \Y,
Brownout level 2 Falling edge 244 | 250 | 2.56 \Y,
VBOR2 | threshold o
Rising edge 253 | 259 | 2.63 \Y,
Brownout level 3 Falling edge 275 | 283|288 | V
VBOR3 | threshold o
Rising edge 285 | 292 | 2.97 V
VBORhyst(1) BOR hysteresis - - 100 - mV
TRS(I)T(EQ"PO POR reset temporization - 05 | 15 | 30 | ms
InRush current on
(1) |voltage regulator power- ) )
IRusH on (POR or wake-up 160 | 250 | mA
from Standby)
InRush energy on
E_ (1) |voltage regulator power- Vpp =17V, Tp =105°C, ) ) 54 c
RUSH on (POR or wake-up lrusH = 171 mA for 31 s ' H
from Standby)

DS10916 Rev 5
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1. Guaranteed by design.

2. The reset temporization is measured from the power-on (POR reset or wake-up from Vga7) to the instant
when first instruction is read by the user application code.

6.3.6 Over-drive switching characteristics

When the over-drive mode switches from enabled to disabled or disabled to enabled, the
system clock is stalled during the internal voltage set-up.

The over-drive switching characteristics are given in Table 24. They are sbject to general
operating conditions for Tx.

Table 24. Over-drive switching characteristics(!)

Symbol Parameter Conditions Min Typ Max Unit
HSI - 45 -
. . HSE max for 4 MHz
Tod_swen | OVer_driveswitch | " i for 26 MHz 45 . 100
- enable time
External HSE
50 MHz i 40 i
us
HSI - 20 -
. . HSE max for 4 MHz
Tod_swdis | OVer-driveswitch | i for 26 MHz. 20 . 80
- disable time
External HSE ) 15 )
50 MHz
1. Guaranteed by design.
6.3.7 Supply current characteristics

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

The current consumption is measured as described in Figure 23: Current consumption
measurement scheme.

All the run-mode current consumption measurements given in this section are performed
with a reduced code that gives a consumption equivalent to CoreMark code.

3
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Typical and maximum current consumption

The MCU is placed under the following conditions:

All /O pins are in input mode with a static value at Vpp or Vgg (no load).
All peripherals are disabled except if it is explicitly mentioned.

The flash memory access time is adjusted both to f, ¢k frequency and Vpp range (see
Table 19: Limitations depending on the operating power supply range).

When the regulator is ON, the voltage scaling and over-drive mode are adjusted to
fucLk frequency as follows:

—  Scale 3 for fyc k < 144 MHz
—  Scale 2 for 144 MHz < fyg x £168 MHz
— Scale 1 for 168 MHz < fyc k £216 MHz. The over-drive is only ON at 216 MHz.

When the regulator is OFF, the V12 is provided externally as described in Table 18:
General operating conditions:

The System clock is HCLK, fPCLK1 = fHCLK/4’ and fPCLKQ = fHCLK/Z'
External clock frequency is 25 MHz and PLL is ON when fyc ¢ is higher than 25 MHz.

The typical current consumption values are obtained for 1.7 V < Vpp < 3.6 V voltage
range and for Tp= 25 °C unless otherwise specified.

The maximum values are obtained for 1.7 V < Vpp < 3.6 V voltage range and a
maximum ambient temperature (T,) unless otherwise specified.

For the voltage range 1.7 V < Vpp < 3.6 V, the maximum frequency is 180 MHz.

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

running from ITCM RAM, regulator ON

Max(1)
Symbol | Parameter Conditions | fyc k (MHZz) Typ Unit
To=25°C|T,=85°C|To=105°C
216 178 208 2304 R
200 165 193 212 230
180 147 1714 185(4) 1984
A;'ngiﬁfgé{é'? 168 130 152 164 177
144 100 116 127 137
iy 44 52 63 73
) cm?rl:gr?tl):n 25 21 25 36 46 i
RUN mode 216 102 1204 1414 -
200 95 111 131 149
180 84 98™ 112(4) 125(4)
Alliipszrtiﬁ:ciga;ls 168 75 87 100 112
144 58 67 77 88
60 25 30 41 51
25 12 15 25 36

1. Guaranteed by characterization results.
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2. When analog peripheral blocks such as ADCs, DACs, HSE, LSE, HSI, or LS| are ON, an additional power consumption

should be considered.

3. When the ADC is ON (ADON bit set in the ADC_CR2 register), add an additional power consumption of 1.73 mA per ADC
for the analog part.

4. Guaranteed by test in production.

Table 26. Typical and maximum current consumption in Run mode, code with data processing
running from flash memory (ART ON except prefetch / L1-cache ON)
or SRAM on AXI (L1-cache ON), regulator ON

Max(V)
Symbol | Parameter Conditions fuck (MHz) Typ Unit
Ta=25°C|Tp=85°C|Tp=105°C
216 186 213 234 -
200 172 197 217 235
180 152 175 189 202
All peripherals
enabled®®) 168 135 155 168 180
144 104 119 130 140
60 46 53 64 74
Supply 25 22 25 36 47
Ibp current in A
RUN mode 216 108 124 146 .
200 100 115 135 154
180 89 102 116 129
All peripherals
disabled® 168 79 90 103 15
144 61 69 80 20

should be considered.

for the analog part.

J

Guaranteed by characterization results.

When analog peripheral blocks such as ADCs, DACs, HSE, LSE, HSI, or LS| are ON, an additional power consumption

DS10916 Rev 5

When the ADC is ON (ADON bit set in the ADC_CR2 register), add an additional power consumption of 1.73 mA per ADC
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Table 27. Typical and maximum current consumption in Run mode, code with data processing
running from flash memory or SRAM on AXI (L1-cache disabled), regulator ON

Max(V)
Symbol | Parameter Conditions fHeLk (MHz) Typ Unit
TA= 25 °C | TA=85 °C | TA=105 °C
216 181 210 233 -
200 168 194 216 234
180 153 176 192 206
All peripherals
enabled®®) 168 136 157 172 184
144 109 125 137 148
SuppY 25 26 30 41 52
Ipp current in oA
RUN mode 216 105 121 145 -
200 98 112 134 153
180 90 103 119 132
All peripherals
disabled® 168 81 93 107 120
25 17 20 31 42

Guaranteed by characterization results.

2. When analog peripheral blocks such as ADCs, DACs, HSE, LSE, HSI, or LSl are ON, an additional power consumption
should be considered.

3. When the ADC is ON (ADON bit set in the ADC_CR2 register), add an additional power consumption of 1.73 mA per ADC
for the analog part.

J
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Table 28. Typical and maximum current consumption in Run mode, code with data processing
running from flash memory on ITCM interface (ART disabled), regulator ON

Max(1)
Symbol | Parameter | Conditions freLk (MHz) Typ Unit
TA= 25 °C | TA=85 °C | TA=105 °C
216 205 237 261 -
200 191 219 241 260
180 176 202 218 232
All peripherals
enabled®®) 168 158 181 196 209
144 130 148 161 172
Supply 25 27 32 43 )
Ibp current in oA
RUN mode 216 130 149 173 -
200 121 138 160 179
180 113 129 145 159
All peripherals
disabled(®) 168 102 116 131 144
144 88 100 112 123

Guaranteed by characterization results.

2. When analog peripheral blocks such as ADCs, DACs, HSE, LSE, HSI, or LSI are ON, an additional power consumption
should be considered.

3. When the ADC is ON (ADON bit set in the ADC_CR2 register), add an additional power consumption of 1.73 mA per ADC
for the analog part.

J
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Table 29. Typical and maximum current consumption in Run mode, code with data processing
running from flash memory (ART ON except prefetch / L1-cache ON)
or SRAM on AXI (L1-cache ON), regulator OFF

Max(1)
Typ Unit
- fucLk ° ° °
Symbol | Parameter | Conditions (MHz2) TA=25°C TA=85°C TA=105 °C
IDD12 | IDD |IDD12 | IDD |IDD12| IDD |IDD12| IDD
180 | 151 1 174 | 2 190 2 | 204 2
Al 168 | 135 1 156 | 2 170 2 182 2
Peripherals | 144 | 108 1 124 | 2 136 2 146 2
20
Supply Enabled 60 | 52 1 60 2 71 2 | 82 2
current in
IDD12/ | RUN mode 25 25 1 29 2 40 2 50 2 .
m
IDD from V12 180 | 89 1 102 2 117 2 130 2
and VDD
supply Al 168 | 80 1 91 2 105 2 18 2
Peripherals 144 66 1 75 2 86 2 97 2
; @3)
Disabled 60 | 33 1 38 2 | a9 2 | 60 2
25 16 1 18 2 29 2 40 2

1. Guaranteed by characterization results.

2. When analog peripheral blocks such as ADCs, DACs, HSE, LSE, HSI, or LS| are ON, an additional power consumption

should be considered.

3. When the ADC is ON (ADON bit set in the ADC_CR?2 register), add an additional power consumption of 1.73 mA per ADC
for the analog part.
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Table 30. Typical and maximum current consumption in Sleep mode, regulator ON

Max(1)
Symbol | Parameter | Conditions | fc k (MHz) Typ Unit
Ta=25°C|T,=85°C|T,=105°C
216 116 1370 1590) -
200 108 127 147 166
Al 180 95 112(3) 1260) 1400)
peripherals 168 85 99 112 125
enabled® 144 65 76 87 98
60 30 35 46 57
Supply 25 15 18 29 39
oo sf;‘;f,?};ﬁe 216 35 460 710) - A
200 32 43 66 86
Al 180 28 3803 530) 700)
peripherals 168 25 33 47 61
disabled 144 20 26 37 50
60 10 14 26 36
25 5 8 20 31

1. Guaranteed by characterization results.

2. When analog peripheral blocks such as ADCs, DACs, HSE, LSE, HSI, or LSI are ON, an additional power consumption
should be considered.

3. Guaranteed by test in production.

Table 31. Typical and maximum current consumption in Sleep mode, regulator OFF

Max(V
Typ Unit
i, fHcLk
Symbol | Parameter | Conditions (MHz) TA=25°C TA= 85 °C TA=105°C
IDD12 | IDD |IDD12| IDD (IDD12| IDD |(IDD12 | IDD
180 94 1 110 2 125 2 138 2
Al 168 83 1 96 2 111 2 123 2
Peripherals | 144 64 1 74 2 85 2 96 2
Suppl Enabled(®
pply 60 29 1 34 2 44 2 55 2
current in
IDD12/ | RUN mode 25 14 1 16 2 27 2 37 2 A
m
IDD from V12 180 | 27 1 36 2 51 2 68 2
and VDD
supply Al 168 | 24 | 1 | 31 | 2 | 45 | 2 | 59 | 2
Peripherals | 144 18 1 24 2 35 2 48 2
Disabled 60 9 1| 12| 2 [ 24 | 2 34 2
25 4 1 6 2 18 2 29 2

1. Guaranteed by characterization results.
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2. When analog peripheral blocks such as ADCs, DACs, HSE, LSE, HSI, or LS| are ON, an additional power consumption

should be co

nsidered.

Table 32. Typical and maximum current consumptions in Stop mode

Max(")
Typ
Symbol Parameter Conditions Vop=3.6V Unit
TA = TA = TA = TA =
25°C | 25°C | 85°C [105°C
Flash memory in Stop mode,
; 0.45 2.00 | 14.00 | 22.00
Supply current in StOP all oscillators OFF, no IWDG
mode, main regulator in .
Run mode Flash memory in Deep power 0.40 200 | 14.00 | 22.00
down mode, all oscillators OFF ’ ' ) '
lDD‘STOP‘NM Flash in St de, all
(normal mode) ash memory in stop mode, a 0.32 | 1.50 | 10.00 | 18.00
mode, main regulator in |Fjash memory in Deep power
Low-power mode down mode, all oscillators OFF, no| 0.27 | 1.50 | 10.00 | 18.00
IWDG mA
Regulator in Run mode, flash
memory in Dgep power down 015 0.80 4.00 700
| Supply current in Stop mode, all oscillators OFF, no
':(’Sﬁzzz—rlif:v' mode, main regulatorin IWDG
mode) LQW voltage and under-|Regulator in Low-power mode,
drive modes flash memory in Deep power down
. 0.10 0.70 4.00 7.00
mode, all oscillators OFF, no
IWDG

1. Data based on characterization, tested in production.
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Table 33. Typical and maximum current consumptions in Standby mode

Typ(1) Max(z)
Ta=25°C TaZ | Ta= | Ta=
Symbol | Parameter Conditions A 25°C | 85°C | 105°C | Unit
Vpp =| Vbp= | Vbp = -
1.7V | 24V |33V Vop =33V
Backup SRAM OFF, RTC and 3) 3) (3)
LSE OFF 1.7 1.9 23 5 15 31
Backup SRAM ON, RTC and 3) (3) (3)
LSE OFF 24 2.6 3.0 6 20 40
Backup SRAM OFF, RTC ON
and LSE in low drive mode 21 24 29 6 19 39
Backup SRAM OFF, RTC ON
and LSE in medium low drive | 2.1 2.4 29 6 19 39
mode
Backup SRAM OFF, RTC ON
and LSE in medium high drive | 2.2 2.5 3.0 7 20 40
Supply current |ode
Ipp sTBY |in Standby WA
- mode Backup SRAM OFF, RTC ON
and LSE in high drive mode 23 26 3.1 7 20 42
Backup SRAM ON, RTC ON
and LSE in low drive mode 2.7 3.0 3.6 8 23 49
Backup SRAM ON, RTC ON
and LSE in Medium low drive | 2.7 3.0 3.6 8 23 49
mode
Backup SRAM ON, RTC ON
and LSE in Medium high drive | 2.8 3.1 3.7 8 24 50
mode
Backup SRAM ON, RTC ON
and LSE in High drive mode 29 32 38 8 25 51

1. PDRis OFF for Vpp=1.7V. When the PDR is OFF (internal reset OFF), the typical current consumption is reduced by
additional 1.2 pA.

Guaranteed by characterization results.

Based on characterization, tested in production.

J
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Table 34. Typical and maximum current consumptions in Vgar mode

Typ Max(?
Symbol | Parameter Conditions(!) Ta=25°C Ta=85°C TA=105°C|
Vear = | VBar= | VBAT= -
1.7V | 24V | 33V Vear =36V
Backup SRAM OFF, RTC and
LSE OFF 0.03 | 0.03 | 0.04 0.2 0.4
Backup SRAM ON, RTC and
LSE OFF 074 | 0.75 | 0.78 3.0 7.0
Backup SRAM OFF, RTC ON
and LSE in low drive mode 0.40 0.52 0.72 28 6.5
Backup SRAM OFF, RTC ON
and LSE in medium low drive 0.40 0.52 0.72 2.8 6.5
mode
Backup SRAM OFF, RTC ON
Supply current [and LSE in medium high drive 054 | 064 | 0.85 3.3 7.6
Ibo_veaTl;, Vgar mode |mode HA
Backup SRAM OFF, RTC ON
and LSE in high drive mode 0.62 | 0.73 | 0.94 3.6 8.4
Backup SRAMON, RTCONand| 4 o5 | 4 15 | 141 5.4 127
LSE in low drive mode
Backup SRAM ON, RTC ON and
LSE in Medium low drive mode 1.16 1.28 1.51 58 136
Backup SRAM ON, RTC ON and
LSE in Medium high drive mode 1.18 13 1.54 59 138
Backup SRAM ON, RTC ON and
LSE in High drive mode 1.36 1.48 1.73 6.7 15.5
1. Crystal used: Abracon ABS07-120-32.768 kHz-T with a C|_ of 6 pF for typical values.
2. Guaranteed by characterization results.
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Figure 25. Typical Vgt current consumption (RTC ON/BKP SRAM OFF and
LSE in low drive mode)
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Figure 26. Typical Vgt current consumption (RTC ON/BKP SRAM OFF and
LSE in medium low drive mode)
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Figure 27. Typical Vgat current consumption (RTC ON/BKP SRAM OFF and
LSE in medium high drive mode)
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Figure 28. Typical Vgt current consumption (RTC ON/BKP SRAM OFF and
LSE in high drive mode)
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Figure 29. Typical Vgat current consumption (RTC ON/BKP SRAM OFF and

LSE in high medium drive mode)
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Caution:

J

/0 system current consumption

The current consumption of the I/O system has two components: static and dynamic.
I/O static current consumption

All the 1/Os used as input with pull-up or pull-down generate current consumption when the
pin is externally held to the opposite level. The value of this current consumption can be
simply computed by using the pull-up/pull-down resistors values given in Table 57: I/O static
characteristics.

For the output pins, any internal or external pull-up or pull-down or external load must also
be considered to estimate the current consumption.

Additional 1/0 current consumption is due to I/Os configured as inputs if an intermediate
voltage level is externally applied. This current consumption is caused by the input Schmitt
trigger circuits used to discriminate the input value. Unless this specific configuration is
required by the application, this supply current consumption can be avoided by configuring
these I/Os in analog mode. This is notably the case of ADC input pins which should be
configured as analog inputs.

Any floating input pin can also settle to an intermediate voltage level or switch inadvertently,
as a result of external electromagnetic noise. To avoid current consumption related to
floating pins, they must either be configured in analog mode, or forced internally to a definite
digital value. This can be done either by using pull-up/down resistors or by configuring the
pins in output mode.

I/O dynamic current consumption

In addition to the internal peripheral current consumption (see Table 36: Peripheral current
consumption), the I/Os used by an application also contribute to the current consumption.
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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 connected to the pin:

where

lsw = Vpp X fswx C

Isw is the current sunk by a switching I/O to charge/discharge the capacitive load
Vpp is the MCU supply voltage

fsw is the /O switching frequency
C is the total capacitance seen by the I/O pin: C = Cjy7+ Cext

The test pin is configured in push-pull output mode and is toggled by software at a fixed

frequency.

Table 35. Switching output I/O current consumptionm

1/0 toggling
o Typ Typ .
Symbol Parameter Conditions frequency (fsw) Unit
VDD=3.3V VDD= 1.8V
MHz
2 0.1 0.1
8 0.4 0.2
25 1.1 0.7
50 2.4 1.3
Cexr = O pF 60 3.1 16
C=Cint + Cs + Cexr
84 4.3 24
90 4.9 2.6
100 5.4 2.8
| I/O switching 108 5.6 - A
bbIo Current 2 0.2 01
8 0.6 0.3
25 1.8 1.1
Cexr = 10 pF 50 3.1 2.3
C= ClNT + CS + CEXT 60 4.6 34
84 9.7 3.6
90 10.12 5.2
100 14.92 5.4
108 18.11 -
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Table 35. Switching output I/O current consumption“) (continued)

1/0 toggling
. Typ Typ .
Symbol Parameter Conditions frequency (fsw) Ve 233V | Vi =18V Unit
MHz DD = V- DD~ !-
2 0.3 0.1
8 1.0 0.5
25 3.5 1.6
Cexr = 22 pF 50 5.9 42
C=Cint + Cs + Cexr
60 10.0 4.4
I/0 switching 84 19.12 5.8
Ippio mA
Current 90 19.6 -
2 0.3 0.2
8 1.3 0.7
Cexr = 33 pF 25 35 23
C=CinT + Cs+Cexr
50 10.26 5.19
60 16.53 -

1.

3

CINT + Cg PCB board capacitance including the pad pin is estimated to15 pF.

On-chip peripheral current consumption

The MCU is placed under the following conditions:
At startup, all I/O pins are in analog input configuration.
All peripherals are disabled unless otherwise mentioned.
I/0O compensation cell enabled.
The ART/L1-cache is ON.
Scale 1 mode selected, internal digital voltage V12 = 1.32 V.

HCLK is the System clock. fPCLK1 = fHCLK/47 and fPCLK2 = fHCLK/2.

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

— with all peripherals clocked off

—  with only one peripheral clocked on

- fhycLk = 216 MHz (Scale 1 + over-drive ON), fc k = 168 MHz (Scale 2),
fHCLK =144 MHz (Scale 3)

Ambient operating temperature is 25 °C and Vpp=3.3 V.

DS10916 Rev 5
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Table 36. Peripheral current consumption

Iop(Typ)!
Peripheral Unit
Scale 1 Scale 2 Scale 3
GPIOA 2.2 2.1 1.9
GPIOB 2.1 1.8 1.7
GPIOC 2.3 2.0 1.9
GPIOD 2.2 1.9 1.8
GPIOE 2.2 1.9 1.8
GPIOF 2.2 1.9 1.8
GPIOG 2.1 1.8 1.7
GPIOH 2.0 1.7 1.7
GPIOI 2.3 2.0 1.7
GPIOJ 2.2 1.9 1.7
AHB1
(up to GPIOK 2.0 1.7 1.7 pA/MHz
216 MHz) CRC 1.0 0.9 0.8
BKPSRAM 0.8 0.7 0.6
DMA1 27xN+5.1 26xXN+4.7 22xN+4
DMA2 22xN+4.9 26xXN+4.4 22xN+4.1
DMA2D 87.1 82.5 69.6
ETH_MAC
ETH_MAC_TX
ETH_MAG_RX 42.1 39.7 34.1
ETH_MAC_PTP
OTG_HS
57.5 54.4 47.6
OTG_HS+ULPI
DCMI 5.1 4.7 4.0
AHB2 RNG 2.8 2.4 2.3
(up to
216 MHz) USB_OTG_FS 31.8 29.9 25.8 HA/MHz
18.9 17.7 15.2
AHB3 FMC
(up to HA/MHz
216 MHz) QsPI 23.2 21.8 18.5
Bus matrix(@) 21.06 20.3 17.2 UA/MHz
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Table 36. Peripheral current consumption (continued)

Iop(Typ)"
Peripheral Unit
Scale 1 Scale 2 Scale 3

TIM2 19.8 18.7 16.1
TIM3 16.6 15.1 13.6
TIM4 16.2 15.1 13.3
TIM5 19 17.8 15.8

TIM6 3 2.7 25

TIM7 3 2.7 25
TIM12 12.4 11.3 10.3

TIM13 6 5.3 5

TIM14 6 5.3 5

LPTIM1 9.4 8.7 8.1

WWDG 1.8 1.6 1.4

SP12/12520) 3 2.9 2.8
SPI3/1253() 3.2 2.9 2.8

APB1 SPDIFRX 2.2 2 1.7

(up to USART2 12.8 12 10.8 UA/MHz

54 MHz) USART3 15.6 14.2 13.1
UART4 11.8 10.7 9.7

UART5 11.2 10 9.2

12C1 9.8 8.7 7.8

12C2 8.6 7.8 7.2

12C3 8.6 7.8 7.2

12C4 12 10.9 9.7

CAN1 6.8 6 5.6

CAN2 6.8 6 5.8

CEC 1 0.7 0.8

PWR 1.2 0.9 0.8

DAC#) 3 2.7 25

UART7 12.4 11.6 10

UART8 10.4 9.3 8.6
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Table 36. Peripheral current consumption (continued)

Iop(Typ)™
Peripheral Unit
Scale 1 Scale 2 Scale 3

TIM1 25.2 23.9 20.4
TIM8 25.3 24 20.4

USART1 10.3 9.8 8.2

USART6 10.1 9.7 8.1

ADC1(®) 45 4.4 35

ADC2®) 45 4.4 35

ADC3®) 45 4.4 3.3

SDMMC1 8.5 7.9 6.7

APB2 SPI11/1281G) 3.1 3 25

(up to SPI4 3.1 3 25 WA/MHz

108 MHz) [ syscra 15 14 1
TIM9 8.8 8.4 6.9

TIM10 5.6 5.2 4.3

TIM11 5.4 5.2 4.3

SPI5 3 2.8 2.2

SPI6 3 2.8 2.2

SAl1 3.4 3.3 2.6

SAI2 3.3 3.2 25
LTDC 56.7 53.8 457

When the 1/0 compensation cell is ON, Ipp typical value increases by 0.22 mA.
The BusMatrix is automatically active when at least one master is ON.
To enable an 128 peripheral, first set the I2SMOD bit and then the I2SE bit in the SPI_I2SCFGR register.

When the DAC is ON and EN1/2 bits are set in DAC_CR register, add an additional power consumption of
0.75 mA per DAC channel for the analog part.

5. When the ADC is ON (ADON bit set in the ADC_CR2 register), add an additional power consumption of
1.73 mA per ADC for the analog part.

HwDnd =

J
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6.3.8 Wake-up time from low-power modes
The wake-up times given in Table 37 are measured starting from the wake-up event trigger
up to the first instruction executed by the CPU:
e  For Stop or Sleep modes: the wake-up event is WFE.
e  WKUP (PAO) 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 37. Low-power mode wake-up timings
Symbol Parameter Conditions Typ(" Max(V Unit
CPU
twusLeep'?) | Wake up from Sleep - 13 13 clock
cycles
Main regulator is ON 14 14.9
Maln regulator is ON and flash memory 104.1 107.6
in Deep power down mode
Wake up from Stop mode
twusTop® | with MR/LP regulator in
normal mode Low power regulator is ON 214 242
Low power regulator is ON and flash 1115 116.5
memory in Deep power down mode
Hs
Main regulator in under-drive mode
(flash memory in Deep power-down 107.4 113.2
Wake up from Stop mode | M°d€)
twusTop® | with MR/LP regulator in | Low power regulator in under-drive
Under-drive mode mode
. 112.7 120
(flash memory in Deep power-down
mode )
tWUSTDBY | Wake up from Standby Exit Standby mode on rising edge 308 313
2
@ mode Exit Standby mode on falling edge 307 313
1. Guaranteed by characterization results.
2. The wake-up times are measured from the wake-up event to the point in which the application code reads the first
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6.3.9
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External clock source characteristics

High-speed external user clock generated from an external source

In bypass mode the HSE oscillator is switched off and the input pin is a standard 1/O. The
external clock signal has to respect the Table 57: I/O static characteristics. However, the
recommended clock input waveform is shown in Figure 30.

The characteristics given in Table 38 result from tests performed using an high-speed
external clock source, and under ambient temperature and supply voltage conditions
summarized in Table 18.

Table 38. High-speed external user clock characteristics

Symbol Parameter Conditions Min Typ Max | Unit
External user clock source
fhsE_ext frequency(") ! i 0 | MHz
Vusen | OSC_IN input pin high level voltage 0.7Vpp - Vbp v
Vuser | OSC_IN input pin low level voltage ) Vss - 0.3Vpp
bw(HSE) OSC_IN high or low time(") 5 - -
tw(HsE) s
trHsE) OSC_IN rise or fall time(!) - - 10
tiHsE)
Cinnse) | OSC_IN input capacitance(") - - 5 - pF
DuCy(HSE) Duty cycle - 45 - 55 %
I OSC_IN Input leakage current Vss<Vin<Vpp - - +1 MA

1. Guaranteed by design.

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 I/O. The
external clock signal has to respect the Table 57: I/O static characteristics. However, the
recommended clock input waveform is shown in Figure 31.

The characteristics given in Table 39 result from tests performed using an low-speed
external clock source, and under ambient temperature and supply voltage conditions
summarized in Table 18.

3
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Table 39. Low-speed external user clock characteristics

Symbol Parameter Conditions Min Typ Max Unit
User External clock source
fLSE ext frequency() - 32.768 1000 kHz
OSC32_IN input pin high level i
VISEH | yoltage 0.7Vbp Voo v
Vi sEL OSC32_IN input pin low level voltage - Vss - 0.3Vpp
bw(LsE) OSC32_IN high or low time(") 450 - -
trLsE)
ns
t(LSE) | 0SC32 IN rise or fall time(") ; ; 50
tiLsE)
Cinise) | OSC32_IN input capacitance(" - - 5 - pF
DuCy sy | Duty cycle - 30 - 70 %
I OSC32_IN Input leakage current Vgs <ViN<Vpp - - 11 MA

1. Guaranteed by design.

3

Figure 30. High-speed external clock source AC timing diagram
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Figure 31. Low-speed external clock source AC timing diagram
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High-speed external clock generated from a crystal/ceramic resonator

The high-speed external (HSE) clock can be supplied with a 4 to 26 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 40. In
the application, the resonator and the load capacitors have to be placed as close as
possible to the oscillator pins in order to minimize output distortion and startup stabilization
time. Refer to the crystal resonator manufacturer for more details on the resonator
characteristics (frequency, package, accuracy).

Table 40. HSE 4-26 MHz oscillator characteristics(1

Symbol Parameter Conditions Min | Typ | Max | Unit
fosc IN Oscillator frequency - 4 - 26 | MHz
Rg Feedback resistor - - 200 - kQ
VDD=3.3 V,
ESR= 30 Q, - 450 -
C_ =5 pF@25 MHz
Ibp HSE current consumption MA
VDD=3'3 V,
ESR=30 Q, - 530 -
C, =10 pF@25 MHz
ACCpse® | HSE accuracy - - 500 - 500 | ppm
G,_crit_max | Maximum critical crystal g, Startup - - 1 mA/V
tSU(HSE(3) Startup time Vpp is stabilized - 2 - ms

Guaranteed by design.

2. This parameter depends on the crystal used in the application. The minimum and maximum values must

be respected to comply with USB standard specifications.

3. tsusk) is the startup time measured from the moment it is enabled (by software) to a stabilized 8 MHz

oscillation is reached. This value is based on characterization results. It is measured for a standard crystal
resonator and it can vary significantly with the crystal manufacturer.

3
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Note:

3

For C 4 and C| ,, it is recommended to use high-quality external ceramic capacitors
designed for high-frequency applications, and selected to match the requirements of the
crystal or resonator (see Figure 32). C; 4 and C, are usually the same size. The crystal
manufacturer typically specifies a load capacitance which is the series combination of C 4
and C,. PCB and MCU pin capacitance must be included when sizing C, 1 and C| 5.

For information on selecting the crystal, refer to the application note AN2867 “Guidelines for
Oscillator Design on STM8AF/AL/S and STM32 MCUs/MPUSs.” available from the ST
website www.st.com.

Figure 32. Typical application with an 8 MHz crystal
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1. Rgxr value depends on the crystal characteristics.
Low-speed external clock generated from a crystal/ceramic resonator

The low-speed external (LSE) clock can be supplied with a 32.768 kHz crystal/ceramic
resonator oscillator. All the information given in this paragraph are based on
characterization results obtained with typical external components specified in Table 41. In
the application, the resonator and the load capacitors have to be placed as close as
possible to the oscillator pins in order to minimize output distortion and startup stabilization
time. Refer to the crystal resonator manufacturer for more details on the resonator
characteristics (frequency, package, accuracy).

Table 41. LSE oscillator characteristics (f_ge = 32.768 kHz) (1)

Symbol Parameter Conditions Min | Typ | Max | Unit
LSEDRV[1:0]=
. [1:0] 00 - 250 -
Low drive capability
LSEDRV[1:0]=10
[1:0] - 300 -

Medium low drive capability
Ibp LSE current consumption nA
LSEDRV[1:0]=01

- 370 -
Medium high drive capability
!_SED.RV[1 :O]=1.1. i 480 i
High drive capability
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Table 41. LSE oscillator characteristics (f_gg = 32.768 kHz) U] (continued)

Symbol Parameter Conditions Min | Typ | Max | Unit
LSEDRV[1:0]=
S . [1:0] OO - - 1048
Low drive capability
LSEDRV[1:0]=10
[1:0] - - 1075

Medium low drive capability
Gp,_crit_max | Maximum critical crystal g, HANV
LSEDRV[1:0]=01

- - 1.7
Medium high drive capability
LSEDRV[1:0]=11 .
High drive capability '
tgy® start-up time Vpp is stabilized - 2 - s

1. Guaranteed by design.

2. Guaranteed by characterization results. tg is the start-up time measured from the moment it is enabled
(by software) to a stabilized 32.768 kHz oscillation is reached. This value is measured for a standard
crystal resonator and it can vary significantly with the crystal manufacturer.

Note: For information on selecting the crystal, refer to the application note AN2867 “Guidelines for
Oscillator Design on STM8AF/AL/S and STM32 MCUs/MPUSs.” available from the ST
website www.st.com.

Figure 33. Typical application with a 32.768 kHz crystal
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6.3.10

J

Internal clock source characteristics

The parameters given in Table 42 and Table 43 are derived from tests performed under
ambient temperature and Vpp supply voltage conditions summarized in Table 18.

High-speed internal (HSI) RC oscillator

Table 42. HSI oscillator characteristics (1

Symbol Parameter Conditions Min | Typ | Max | Unit
fusi Frequency - - 16 - MHz
HSI user trimming step(@) - - - 1 %
Tp=-40t0105°CO®| -8 - 45 | %
ACChg
Accuracy of the HSI oscillator To=-10t085°CC® | -4 - 4 %
Tp=25°CH4 -1 - 1 %
tsu(HSD(z) HSI oscillator startup time - - 2.2 4 us
IDD(HS|)(2) HSI oscillator power consumption - - 60 80 MA
1. Vpp =3.3V, PLL OFF, T = —40 to 125 °C unless otherwise specified.
2. Guaranteed by design.
3. Guaranteed by characterization results.
4. Factory calibrated, parts not soldered.

Figure 34. HSI deviation versus temperature
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1. Guaranteed by characterization results.
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Low-speed internal (LSI) RC oscillator

Table 43. LSI oscillator characteristics (1)

Symbol Parameter Min Typ Max Unit
fLg® Frequency 17 32 47 kHz

tsuwsy’® | LSl oscillator startup time - 15 40 us

IDD(LS|)(3) LS| oscillator power consumption - 0.4 0.6 MA

1. Vpp =3V, Tp =—40to 105 °C unless otherwise specified.
Guaranteed by characterization results.

Guaranteed by design.

Figure 35. LSI deviation versus temperature
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6.3.11 PLL characteristics

The parameters given in Table 44 and Table 45 are derived from tests performed under
temperature and Vpp supply voltage conditions summarized in Table 18.

Table 44. Main PLL characteristics

Symbol Parameter Conditions Min Typ Max Unit
foLL N PLL input clock(") - 0.95() 1 2.10
fPLL ouT PLL multiplier output clock - 24 - 216
fovLas ouT glf(s) (I;\I/I(Hz PLL multiplier output ) ) 48 5 | MHZ
fyco_out PLL VCO output - 100 - 432

J
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Table 44. Main PLL characteristics (continued)

Symbol Parameter Conditions Min Typ Max Unit
VCO freq = 100 MHz 75 - 200
t ock PLL lock time us
VCO freq = 432 MHz 100 - 300
RMS - 25 -
Cycle-to-cycle jitter peak
to - +150 -
System clock peak
216 MHz RMS - 15 -
Period Jitter peak
Jitter(®) to ) 1200 ) ps
peak
Main clock output (MCO) for Cycle to cycle at 50 MHz ) 32 )
RMII Ethernet on 1000 samples
Main clock output (MCO) for MIl | Cycle to cycle at 25 MHz ) 40 )
Ethernet on 1000 samples
Bit Time CAN jitter Cycletocycleat 1MHz | 330 -
on 1000 samples
. VCO freq = 100 MHz 0.15 0.40
IDD(pLL)(4) PLL power consumption on Vpp VCO freq = 432 MHz 0.45 - 0.75 mA
. VCO freq = 100 MHz 0.30 0.40
IDDA(pLL)(4) PLL power consumption on Vppa VCO freq = 432 MHz 0.55 - 0.85 mA

1. Take care of using the appropriate division factor M to obtain the specified PLL input clock values. The M factor is shared
between PLL and PLLI2S.

Guaranteed by design.

The use of 2 PLLs in parallel could degraded the Jitter up to +30%.

4. Guaranteed by characterization results.

Table 45. PLLI2S characteristics

Symbol Parameter Conditions Min Typ Max Unit
fpLLI2S IN PLLI2S input clock(") - 0.95() 1 2.10
PLLI2S multiplier output clock for
feLLI2SP_OUT | gppIFRX - - - 216
PLLI2S multiplier output clock for
feLLizsQ_ouT | gp) P P - - - 216 | MHz
PLLI2S multiplier output clock for
fPLLI2SR_OUT | |0g - - - 216
fvco_out PLLI2S VCO output - 100 - 432
VCO freq = 100 MHz 75 - 200
t ock PLLI2S lock time [V
VCO freq = 432 MHz 100 - 300
Kys DS10916 Rev 5 153/248
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Table 45. PLLI2S characteristics (continued)

Symbol Parameter Conditions Min Typ Max Unit
Cycle to cycle at RMS B 90 B
12.288 MHz on peak
48KHz period, to - 280 - ps
N=432, R=5 peak
Master 12S clock jitter
L (3) Average frequency of
Jitter 12.288 MHz %
N=432,R=5 ) ; ps
on 1000 samples
.. Cycle to cycle at 48 KHz
WS 12S clock jitt - 400 -
clock Jitter on 1000 samples ps
| (4) |PLLI2S power consumption on | VCO freq = 100 MHz 0.15 i 0.40 mA
DD(PLLI2S) ~ | vy VCO freq = 432 MHz 0.45 0.75
| (4) | PLLI2S power consumption on | VCO freq = 100 MHz 0.30 i 0.40 mA
DDA(PLLIZS) ™ | VoA VCO freq = 432 MHz 0.55 0.85
1. Take care of using the appropriate division factor M to have the specified PLL input clock values.
2. Guaranteed by design.
3. Value given with main PLL running.
4. Guaranteed by characterization results.
Table 46. PLLISAI characteristics
Symbol Parameter Conditions Min Typ Max Unit
foLLSAL IN PLLSAI input clock(") - 0.95() 1 2.10
PLLSAI multiplier output clock
fPLLSAIP_OUT | for 48 MHz - - 48 75
PLLSAI multiplier output clock
fF’LLSAlQ_OUT for SAI - - - 216 MHz
" PLLSAI multiplier output clock ) ) ) 216
PLLSAIR_OUT for LCD-TFT
fVCO_OUT PLLSAI VCO output - 100 - 432
VCO freq = 100 MHz 75 - 200
t ock PLLSAI lock time bs
VCO freq = 432 MHz 100 - 300
154/248 DS10916 Rev 5 Kys
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Table 46. PLLISAI characteristics (continued)

Symbol Parameter Conditions Min Typ Max Unit
Cycle to cycle at RMS B 90 B
12.288 MH'z on peak
48KHz period, to . 180 B ps
N=432, R=5 peak

Master SAI clock jitter
Average frequency of

Jitter 12.288 MHz
N=432,R=5 ) %0 ; ps
on 1000 samples

. Cycle to cycle at 48 KHz
FS clock jitt - 400 -
clock Jiter on 1000 samples ps

| (4) | PLLSAI power consumption on [ VCO freq = 100 MHz 0.15 i 0.40 mA

DD(PLLSAN" | vpp VCO freq = 432 MHz 0.45 0.75

| (4) | PLLSAI power consumption on | VCO freq = 100 MHz 0.30 i 0.40 mA

DDA(PLLSAN™ ™| VoA VCO freq = 432 MHz 0.55 0.85

1. Take care of using the appropriate division factor M to have the specified PLL input clock values.
2. Guaranteed by design.

3. Value given with main PLL running.

4

Guaranteed by characterization results.

6.3.12 PLL spread spectrum clock generation (SSCG) characteristics

The spread spectrum clock generation (SSCG) feature allows to reduce electromagnetic
interferences (see Table 53: EMI characteristics). It is available only on the main PLL.

Table 47. SSCG parameters constraint

Symbol Parameter Min Typ Max(1) Unit

fMod Modulation frequency - - 10 KHz
md Peak modulation depth 0.25 - 2 %
MODEPER * INCSTEP - - - 215 -1 -

1. Guaranteed by design.

Equation 1
The frequency modulation period (MODEPER) is given by the equation below:

MODEPER = round[fp | v/ (4% fyeq)]

foLL v and fyoq must be expressed in Hz.
As an example:

If foLL (v =1 MHz, and fyyop = 1 kHz, the modulation depth (MODEPER) is given by
equation 1:

MODEPER = round[10%/ (4x 10%)] = 250

3

DS10916 Rev 5 155/248




Electrical characteristics STM32F745xx STM32F746xx

Equation 2
Equation 2 allows to calculate the increment step (INCSTEP):

INCSTEP = round[((2"°~1)x md x PLLN)/ (100 x 5x MODEPER)]

fyco_out must be expressed in MHz.
With a modulation depth (md) = £2 % (4 % peak to peak), and PLLN = 240 (in MHz):

INCSTEP = round[((2'°=1)x 2 x 240)/ (100 x 5x 250)] = 126md(quantitazed)%

An amplitude quantization error may be generated because the linear modulation profile is
obtained by taking the quantized values (rounded to the nearest integer) of MODPER and
INCSTEP. As a result, the achieved modulation depth is quantized. The percentage
quantized modulation depth is given by the following formula:

md — (MODEPERx INCSTEP x 100 x 5)/ ((2'°~1)x PLLN)

[
quantized %

As a result:

md 4% = (250 x 126 x 100x 5)/ ((2'°—1)x 240) = 2.002%(peak)

quantize

Figure 36 and Figure 37 show the main PLL output clock waveforms in center spread and
down spread modes, where:

FOis fPLL_OUT nominal.
Tmode I8 the modulation period.
md is the modulation depth.

Figure 36. PLL output clock waveforms in center spread mode
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Figure 37. PLL output clock waveforms in down spread mode
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6.3.13 Memory characteristics

Flash memory
The characteristics are given at TA = —40 to 105 °C unless otherwise specified.

The devices are shipped to customers with the flash memory erased.

Table 48. Flash memory characteristics

Symbol Parameter Conditions Min Typ Max | Unit
Write / Erase 8-bit mode, Vpp = 1.7V - 14 -

Ibp Supply current | Write / Erase 16-bit mode, Vpp =2.1V - 17 - mA
Write / Erase 32-bit mode, Vpp =3.3V - 24 -

Table 49. Flash memory programming

Symbol Parameter Conditions Min | Typ |Max(" | Unit

torog Word programming time ?FzgglgéaEr;/f;agz%jl?r’zllelism - 16 | 100@ | ps
?Fl)'g?glazr;f;age parallelism i 400 800

terases2ks | Sector (32 KB) erase time E’Fgg?éaElee;a?g parallelism |~ _ 250 | 600 | ms
?F:ggl;éaEr;/f;a;g parallelism ) 200 500
?Fl)'g?glazr;f;age parallelism i 1100 | 2400

terase128kB | Sector (128 KB) erase time E’Fgg?éaElee;a?g parallelism | _ 800 | 1400 | ms
?F:ggl;éaEr;/f;a;g parallelism ) 500 | 1100
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Table 49. Flash memory programming (continued)

Symbol Parameter Conditions Min® | Typ |Max(™ | Unit
Program/erase parallelism ) 21 4
(PSIZE) =x 8 '
. Program/erase parallelism
terasE256KB | Sector (256 KB) erase time (PS?ZE) =x 16p - 1.5 2.6 s
Program/erase parallelism ) 1 2
(PSIZE) =x 32
Program/erase parallelism ) 8 16
(PSIZE) =x 8
. Program/erase parallelism
tvE Mass erase time (PSIZE) = x 16 - 5.6 11.2 s
Program/erase parallelism ) 4 8
(PSIZE) =x 32
32-bit program operation 2.7 - 3.6 \%
Vorog Programming voltage 16-bit program operation 2.1 - 3.6 \%
8-bit program operation 1.7 - 3.6 \%
1. Guaranteed by characterization results.
2. The maximum programming time is measured after 100K erase operations.
Table 50. Flash memory programming with Vpp
Symbol Parameter Conditions Min® | Typ | Max(™ | Unit
torog Double word programming - 16 100 us
terasesokp | Sector (32 KB) erase time Tp =0to +40 °C - 180 -
terasE128kB | Sector (128 KB) erase time Vpp=3.3V - 450 - ms
terasE256KB | Sector (256 KB) erase time Vep=85V - 900 -
tve Mass erase time - 6.9 - ]
Vorog Programming voltage - 2.7 - 3.6 \%
Vpp Vpp voltage range - 7 - 9 \%
Minimum current sunk on
lpp the Vpp pin ) 10 i i mA
3) Cumulative time during ) ) i
tvpp which Vpp is applied 1| hour

1. Guaranteed by design.

2. The maximum programming time is measured after 100K erase operations.

3. Vpp should only be connected during programming/erasing.
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Table 51. Flash memory endurance and data retention

Value
Symbol Parameter Conditions Unit
Min(")
Ta =—40 to +85 °C (6 suffix versions)
N Endurance kcycles
END ! T, =—40 to +105 °C (7 suffix versions) 10 4
1 keycle® at T, = 85 °C 30
tReT Data retention |1 kcycle® at Tao=105°C 10 Years
10 keycles® at T, = 55 °C 20

1. Guaranteed by characterization results.

2. Cycling performed over the whole temperature range.

6.3.14 EMC characteristics

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

Functional EMS (electromagnetic susceptibility)

While a simple application is executed on the device (toggling 2 LEDs through 1/O ports).
the device is stressed by two electromagnetic events until a failure occurs. The failure is
indicated by the LEDs:
o Electrostatic discharge (ESD) (positive and negative) is applied to all device pins until
a functional disturbance occurs. This test is compliant with the IEC 61000-4-2 standard.

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

A device reset allows normal operations to be resumed.

The test results are given in Table 52. They are based on the EMS levels and classes
defined in application note AN1709.

Table 52. EMS characteristics

Symbol Parameter Conditions Level/
Class
. . . VDD =33V, TA =+25°C, fHCLK =

Veggp | Volage limits to be applied on any O pinto | 536"\, conforms to IEC 61000- | 28
induce a functional disturbance 4-2
Fast transient voltage burst limits to be Vpp = 3.3V, TFBGA216, T

Verrg | applied through 100 pF on Vpp and Vgg =+25 °C, fyck = 216 MHz, 4A
pins to induce a functional disturbance conforms 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).

3
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Designing hardened software to avoid noise problems

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

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

Software recommendations

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

e  Unexpected reset

e  Critical Data corruption (control registers...)

Prequalification trials

Most of the common failures (unexpected reset and program counter corruption) can be
reproduced by manually forcing a low state on the NRST pin or the Oscillator pins for 1
second.

To complete these trials, ESD stress can be applied directly on the device, over the range of
specification values. When unexpected behavior is detected, the software can be hardened
to prevent unrecoverable errors occurring (see application note AN1015).

Electromagnetic Interference (EMI)

The electromagnetic field emitted by the device are 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 53. EMI characteristics

Max vs.
Symbol | Parameter Conditions frezn:enll::;rign d [fuse/fepul Unit
25/200 MHz
0.1 MHz to 30 7
MHz
) 30 MHz to 130 1
S Peak'” |ypD =3.6V, TA= 25 °C, LQFP64 package MHz dBpv
EMI compliant with IEC 61967-2 130 MHz o 1 GHz 8
1 GHz to 2 GHz 7
Level®? 0.1 MHz to 2 GHz 25 -

1. Refer to AN1709 "EMI radiated test" chapter.
2. Refer to AN1709 "EMI level classification" chapter

6.3.15
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Absolute maximum ratings (electrical sensitivity)

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

Electrostatic discharges (a positive then a negative pulse separated by 1 second) are
applied to the pins of each sample according to each pin combination. The sample size
depends on the number of supply pins in the device (3 parts x (n+1) supply pins). This test
conforms to the ANSI/ESDA/JEDEC JS-001-2012 and ANSI/ESD S5.3.1-2009 standards.

Table 54. ESD absolute maximum ratings

Symbol Ratings Conditions Class Mvaa)::‘n;(l:?‘ Unit
Vv Electrostatic discharge Tp= +25 °C conforming to 5 2000
ESD(HBM) | yoltage (human body model) | ANSI/ESDA/JEDEC JS-001-2012
Ta= *+25 °C conforming to ANSI/ESD
Electrostatic discharge S5.3.1-2009, LQFP100, LQFP144, v
VEsp(com) voltage (charge device model) LQFP176, LQFP208, WLCSP143, c3 250
UFBGA176, TFBGA100 and TFBGA216
packages
1. Guaranteed by characterization results.
Static latchup
Two complementary static tests are required on six parts to assess the latchup
performance:
e  Asupply overvoltage is applied to each power supply pin
e Acurrent injection is applied to each input, output and configurable I/O pin
These tests are compliant with EIA/JJESD 78A IC latchup standard.
Table 55. Electrical sensitivities
Symbol Parameter Conditions Class
LU Static latch-up class Ta= +105 °C conforming to JESD78A Il level A
6.3.16 I/0 current injection characteristics

3

As a general rule, current injection to the I/O pins, due to external voltage below Vgg or
above Vpp (for standard, 3 V-capable I/O pins) should be avoided during normal product
operation. However, in order to give an indication of the robustness of the microcontroller in
cases when abnormal injection accidentally happens, susceptibility tests are performed on a
sample basis during device characterization.

Functional susceptibilty to I/O current injection

While a simple application is executed on the device, the device is stressed by injecting
current into the I/O pins programmed in floating input mode. While current is injected into
the 1/0O pin, one at a time, the device is checked for functional failures.

The failure is indicated by an out of range parameter: ADC error above a certain limit (>5
LSB TUE), out of conventional limits of induced leakage current on adjacent pins (out of —
5 pyA/+0 pArange), or other functional failure (for example reset, oscillator frequency
deviation).
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Negative induced leakage current is caused by negative injection and positive induced
leakage current by positive injection.

The test results are given in Table 56.

Table 56. I/O current injection susceptibility(")

Functional susceptibility
Symbol Description Negative Positive Unit
injection injection
Injected current on BOOT pin -0 NA
Injected current on NRST pin -0 NA
Ny Injected current on PAO, PCO pins -0 NA mA
Injected current on any other FT pin -5 NA
Injected current on any other pins -5 +5

1. NA = not applicable.

Note: It is recommended to add a Schottky diode (pin to ground) to analog pins which may
potentially inject negative currents.

6.3.17 /0 port characteristics
General input/output characteristics
Unless otherwise specified, the parameters given in Table 57: I/O static characteristics are
derived from tests performed under the conditions summarized in Table 18. All I/Os are
CMOS and TTL compliant.

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

Table 57. 1/O static characteristics
Symbol Parameter Conditions Min Typ Max Unit
_ 0.35Vpp - 0.04
FT, TTa and NRST 1/O input 1.7 VeVpp<3.6 V ) ) (1)
low level voltage
0.3Vpp?
Vi 1.75V<Vpp <3.6 V, - ) ) v
i 40 °C<Tp <105 °C
BOOT I/O input low level A 0-1VDD+0-1(1)
voltage 1.7 VVpp <3.6 V, ) )
0 °C<Tp<105°C
162/248 DS10916 Rev 5 Kys
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Table 57. 1/O static characteristics (continued)

Symbol Parameter Conditions Min Typ Max Unit
i 0.45Vpp+0.3M
9 g 0.7Vpp
PREEE v
: ; °C<Tp<105°
BOOT I/O input high level A 0-17VDD+0-7(1) i i
voltage 1.7 VVpp <3.6 V,
0 °C<Tp<105°C
FT, TTa and NRST 1/O input o 3) ) )
hysteresis 1.7 V<Vpp<3.6 V 10%Vpp
1.75V<Vpp<3.6 V, —
Vhys 40 °C<TA <105 °C v
BOOT I/O input hysteresis 0.1 - -
1.7 VVpp<3.6 V,
0 °C<Tp<105°C
/0 input leakage current ) Vss <Vin<Vpp - - 1
kg [1/O FT input leakage current HA
(5) P 9 ViN=5V - - 3
All pins
except for
PA10/PB12
(OTG_FS_ID 30 40 50
Weak pull-up ,OTG_HS_ID
Rpy |equivalent ) Vin=Vss
resistor(6)
PA10/PB12
(OTG_FS_ID
JOTG_HS_ID ! 10 14
)
kQ
All pins
except for
PA10/PB12
30 40 50
Weak pull- (OTG_FS_ID
down ,OTG_HS_ID
Rep equivalent ) Vin=Vop
resistor(’) PA10/PB12
(OTG_FS_ID
,OTG_HS_ID ’ 10 14
)
Cio® | 1/0 pin capacitance - - 5 - pF

Guaranteed by design.
Tested in production.
With @ minimum of 200 mV.

Leakage could be higher than the maximum value, if negative current is injected on adjacent pins, Refer to Table 56: I/O
current injection susceptibility

N~

5. To sustain a voltage higher than VDD +0.3 V, the internal pull-up/pull-down resistors must be disabled. Leakage could be
higher than the maximum value, if negative current is injected on adjacent pins.Refer to Table 56: I/O current injection
susceptibility

6. Pull-up resistors are designed with a true resistance in series with a switchable PMOS. This PMOS contribution to the
series resistance is minimum (~10% order).
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7. Pull-down resistors are designed with a true resistance in series with a switchable NMOS. This NMOS contribution to the
series resistance is minimum (~10% order).

8. Hysteresis voltage between Schmitt trigger switching levels. Guaranteed by characterization results.

164/248

All'l/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 Figure 38.

Figure 38. FT I/O input characteristics

VILVIH (V)

A

2.52

TL requirement

20 VIHmin = 2V

1.92

122 /7~ O~ A

1.065

—\
0.8 =56 O
20> TTL requirement VILmax
.58 =0.8V

p VDD (V)

1.7 20 24 27 3.3 3.6 MS33746V1

Output driving current

The GPIOs (general purpose input/outputs) can sink or source up to #8 mA, and sink or
source up to 220 mA (with a relaxed Vg, /Vop) except PC13, PC14, PC15 and PI8 which
can sink or source up to £3mA. When using the PC13 to PC15 and PI8 GPIOs in output
mode, the speed should not exceed 2 MHz with a maximum load of 30 pF.

In the user application, the number of I/O pins which can drive current must be limited to
respect the absolute maximum rating specified in Section 6.2. In particular:

e The sum of the currents sourced by all the I/Os on Vpp plus the maximum Run
consumption of the MCU sourced on Vpp cannot exceed the absolute maximum rating
>lypp (see Table 16).

e  The sum of the currents sunk by all the 1/0Os on Vgg plus the maximum Run
consumption of the MCU sunk on Vgg cannot exceed the absolute maximum rating
Ylygs (see Table 16).

J
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Output voltage levels

Unless otherwise specified, the parameters given in Table 58 are derived from tests
performed under ambient temperature and Vpp supply voltage conditions summarized in
Table 18. All I/Os are CMOS and TTL compliant.

Table 58. Output voltage characteristics

Symbol Parameter Conditions Min Max | Unit
CMOS port@
Vo (") | Output low level voltage for an 1/0 pin lio=+8 mA - 0.4
2.7V <Vpp 36V
Output high level voltage for an 10 pin | C"1OS PO
@) |Output high level voltage for an 1/0 pin _ _ i
Von except PC14 lio=-8 MA Vpp — 0.4 v
27V SVDD 36V
CMOS port®
Vou® | Output high level voltage for PC14 lio=-2mA Vpp - 0.4 -
2.7V <Vpp 36V
TTL port@
VoL (1) | Output low level voltage for an I/O pin lio =+8mA - 0.4
2.7V SVDD 36V
\%
Output high level volt f 1/O pi Tk por’[(2)
@3) |Output high level voltage for an 1/0 pin _ i
Von except PC14 o =-8mA 24
2.7V Vpp 3.6V
lio=+20 mA
Vo (" | Output low level voltage for an 1/O pin 2'7'(\3/ Vop 36V - 1.34) y
Vor® Output high level voltage for an 1/0 pin lio=-20 mA Vpp-13@ i
except PC14 27V Vpp 86V
lio=+6 mA
VoM | Output low level voltage for an I/0 pin 10 - 0.44)
oL uiputiowlevelvotiag PN 4 8vavp, 86V y
VOH(3) Output high level voltage for an 1/O pin llo=-6 mA VDD_0-4(4) i
except PC14 1.8V <Vpp 8.6V
lio = +4 MA
Vo (" | Output low level voltage for an I/O pi 10 - 0.40)
oL utput low level voltage for an 1/0 pin 17V Vpp 3.6V
@3) |Output high level voltage for an 1/0 pin lio=-4 mA _0 40 i
Vo™ | except PC14 17V «vpp 3.6V | VoD 704 v
lio=-1mA
Vou® | Output high level voltage for PC14 10 Vpp-04®| -
OH utput high fevet voltag 1.7V Vpp 3.6V | DD

1. The ljp current sunk by the device must always respect the absolute maximum rating specified in Table 16.
and the sum of |, (/0 ports and control pins) must not exceed lygs.

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

The |,o current sourced by the device must always respect the absolute maximum rating specified in
Table 16 and the sum of || (I/O ports and control pins) must not exceed lypp.

4. Based on characterization data.

Guaranteed by design.
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Input/output AC characteristics

The definition and values of input/output AC characteristics are given in Figure 39 and
Table 59, respectively.

Unless otherwise specified, the parameters given in Table 59 are derived from tests
performed under the ambient temperature and Vpp supply voltage conditions summarized

in Table 18.
Table 59. I/0 AC characteristics!!)2)
OSPEEDRy
[1:0] bit Symbol Parameter Conditions Min | Typ | Max | Unit
value(!
C_=50pF, Vpp2 2.7V - - 4
C_=50pF, Vpp21.7V - - 2
fmax(i0)out | Maximum frequency(®) C_.=10pF, Vpp227V - - 8 MHz
00 CL=10 pF,VDDZ1.8V - - 4
CL=10pF,VDDZ1.7V - - 3
Output high to low level fall _ _
ttf('o)"“t/ time and output low to high g%-vso PR.Vpp=1.7Vio| - 100 | ns
r(I0)out  |level rise time '
C_=50pF, Vpp=z 2.7V - - 25
C_=50pF, Vppz 1.8V - - 12.5
C_=50pF, Vpp2 1.7V - - 10
fmax(oyout |Maximum frequency(®) L op MHz
C_.=10pF, Vpp22.7V - - 50
o1 C_ =10 pF, Vpp= 1.8V - - 20
C_.=10 pF, Vpp2 1.7V - - 12.5
C_ =50 pF, Vpp227V - - 10
Output high to low level fall  |c, =10 pF, Vpp 2 2.7 V - - 6
ttf('o)"“t/ time and output low to high = bo ns
rI0)out  ||evel rise time C =50pF, Vpp21.7V - - 20
C_.=10pF, Vpp21.7V - - 10
CL=40pF, Vpp227V - - | 504
C_=10pF,Vpp227V - - | 100¥
fmax(oyout |Maximum frequency(®) C_ =40 pF, Vpp21.7V - - 25 | MHz
CL=10pF,VDD21.8V - - 50
10 C_.=10pF, Vpp21.7V - - 425
CL =40 pF, VDD 227V - - 6
Output high to low level fall C =10 pF, Vpp 227V - - 4
ttf('o)(’“t/ time and output low to high L bo ns
r0)out ljevel rise time CL=40pF,Vpp21.7V - - 10
C =10 pF, Vpp21.7V - - 6
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Table 59. I/O AC characteristics(1(2) (continued)

OSPEEDRy
[1:0] bit Symbol Parameter Conditions Min | Typ Max | Unit
value(?
CL=30pF, Vpp22.7V - - | 100@
C =30pF, Vpp218V - - 50
; Mani ; 3) C_=30pF, Vpp21.7V - - 425 MH
aximum frequency z
max(OJout C_ =10 pF, Vpp2 2.7V - - [180®
C =10pF, Vpp218V - - 100
1" C|_=10 pF,VDDZ1.7V - - 72.5
C_ =380pF, Vppz2.7V - - 4
C_ =30 pF, Vpp 218V - - 6
Output high to low level fall  |c, =30 pF, Vpp 21.7 V - - 7
ttf('o)"“t/ time and output low to high = bo ns
rI0)out  ||evel rise time C =10pF, Vpp227V - - 25
CL= 10 pF, VDD 218V - - 3.5
C_=10pF, Vpp21.7V - - 4
Pulse width of external signals
- tEXTIpw |detected by the EXTI - 10 - - ns
controller

1. Guaranteed by design.

2. The l/O speed is configured using the OSPEEDRYy[1:0] bits. Refer to the STM32F75xxx and STM32F74xxx reference
manual for a description of the GPIOx_SPEEDR GPIO port output speed register.

The maximum frequency is defined in Figure 39.

For maximum frequencies above 50 MHz and Vpp > 2.4 V, the compensation cell should be used.

Figure 39. /0 AC characteristics definition

90% 10%

Maximum frequency is achieved with a duty cycle at (45 - 55%) when loaded by the
specified capacitance.

MS32132v4

J
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6.3.18 NRST pin characteristics

The NRST pin input driver uses CMOS technology. It is connected to a permanent pull-up
resistor, Rpy (see Table 57: I/O static characteristics).

Unless otherwise specified, the parameters given in Table 60 are derived from tests
performed under the ambient temperature and Vpp supply voltage conditions summarized

in Table 18.
Table 60. NRST pin characteristics
Symbol Parameter Conditions Min Typ Max Unit
Rpy Weak pull-up equivalent resistor(!) Vin=Vss 30 40 50 kQ
VF(NRST)(z) NRST Input filtered pulse - - - 100 ns
VnenrsT)?) | NRST Input not filtered pulse Vpp > 2.7V 300 - - ns
TnrsT out | Generated reset pulse duration Internal Reset source 20 - - us

1. The pull-up is designed with a true resistance in series with a switchable PMOS. This PMOS contribution to the series
resistance must be minimum (~10% order).

2. Guaranteed by design.

Figure 40. Recommended NRST pin protection

External -0

reset circuit (1)

LT ~ NRSTQ RPU Internal Reset

. [ Fiter |——
l J_0 1 pF

% I

\7 = STM32F

ai14132c

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, (yrsT) Max level specified in
Table 57. Otherwise the reset is not taken into account by the device.

J
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6.3.19 TIM timer characteristics
The parameters given in Table 61 are guaranteed by design.
Refer to Section 6.3.17: I/0 port characteristics for details on the input/output alternate
function characteristics (output compare, input capture, external clock, PWM output).
Table 61. TIMx characteristics(1(2)
Symbol Parameter Conditions(® Min Max Unit
AHB/APBXx prescaler=1
or2or4, frmxcLk = 1 - trimxcLk
216 MHz
tres(Tim) Timer resolution time
AHB/APBXx
prescaler>4, frjyxcLk = 1 - trimxcLk
108 MHz
Timer external clock
fexT 0 fimxcik/2 | MHz
frequency on CH1to CH4 | ¢\ -\ =216 MHz X
Restim Timer resolution - 16/32 bit
t Maximum possible count ) ) 65536 x t
MAX_COUNT | yith 32-bit counter 65536 | |MxCLK
TIMx is used as a general term to refer to the TIM1 to TIM12 timers.
2. Guaranteed by design.
The maximum timer frequency on APB1 or APB2 is up to 216 MHz, by setting the TIMPRE bit in the
RCC_DCKCFGR register, if APBx prescaler is 1 or 2 or 4, then TIMXCLK = HCLK, otherwise TIMxCLK =
4x PCLKXx.
6.3.20 RTC characteristics
Table 62. RTC characteristics
Symbol Parameter Conditions Min Max
.| Any read/write operation
- fpcLk1/RTCCLK frequency ratio from/to an RTC register 4 -
6.3.21 12-bit ADC characteristics
Unless otherwise specified, the parameters given in Table 63 are derived from tests
performed under the ambient temperature, fpc| k2 frequency and Vppp supply voltage
conditions summarized in Table 18.
Table 63. ADC characteristics
Symbol Parameter Conditions Min Typ Max Unit
Vppa | Power supply 1.7() - 3.6 Vv
" Vopa ~VRrer+ < 1.2V @)
Vgrer+ | Positive reference voltage 1.7 - Vppa Vv
Vgrer- | Negative reference voltage - - 0 - \Y
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Table 63. ADC characteristics (continued)

Symbol Parameter Conditions Min Typ Max Unit
Vppa=17Mt0 2.4V 0.6 15 18 MHz
fapc | ADC clock frequency
Vppa=241t03.6V 0.6 30 36 MHz
, fanc = 30 MHz, - - 1764 | kHz
frric® | External trigger frequency 12-bit resolution
- - - 17 1fapc
0
Vain | Conversion voltage range(® - (Vssaor VRer. - VREF+ \
tied to ground)
@) . . See Equation 1 for ) )
RAIN External input impedance details 50 kQ
Rapc®?™ | Sampling switch resistance - - - 6 kQ
2) |Internal sample and hold ) )
Capc capacitor 4 7 PF
¢ () |Injection trigger conversion fapc =30 MHz - - 0.100 Hs
lat latency - - 30 | 1fapc
e Regular trigger conversion fapc = 30 MHz - - 0.067 Hs
atr latency - - 20) 1 1/fapc
fapc = 30 MHz 0.100 - 16 [V
ts(z) Sampling time ADC
- 3 - 480 1fapc
tstag'® | Power-up time - - 2 3 us
fADC =30 MHz
0.50 - 16.40
12-bit resolution Hs
fADC =30 MHz
0.43 - 16.34
10-bit resolution 6 Hs
Total conversion time (including f = 30 MHz
tconv® T ADC 0.37 - 16.27
CONVZ™ | sampling time) 8-bit resolution Hs
fADC =30 MHz
0.30 - 16.20
6-bit resolution Hs
9 to 492 (tg for sampling +n-bit resolution for successive
S 1fapc
approximation)
12-bit resolution
- - 2 Msps
Single ADC P
Sampling rate 12-bit resolution
fs(z) (fapc = 30 MHz, and Interlear\:]eoclij):al ADC - - 3.75 Msps
ts = 3 ADC cycles)
12-bit resolution
Interleave Triple ADC - - 6 Msps
mode
170/248 DS10916 Rev 5 1S7




STM32F745xx STM32F746xx Electrical characteristics

Table 63. ADC characteristics (continued)

Symbol Parameter Conditions Min Typ Max Unit
ADC Vggg DC current

IVREF+(2) consumption in conversion - - 300 500 pA
mode
ADC Vppa DC current

lvopa® | consumption in conversion - - 1.6 1.8 mA
mode

1. Vppa minimum value of 1.7 V is obtained with the use of an external power supply supervisor (refer to Section 3.17.2:
Internal reset OFF).

Guaranteed by characterization results.
VRer+ is internally connected to Vppa and Vreg. is internally connected to Vgga.

Rapc maximum value is given for Vpp=1.7 V, and minimum value for Vpp=3.3 V.

o &~ Db

For external triggers, a delay of 1/fpc| ko must be added to the latency specified in Table 63.

Equation 1: Ry max formula

_ (k—0.5)

Ran T2 Rapc

N
fapc X Cape X IN(2 )
The formula above (Equation 1) is used to determine the maximum external impedance

allowed for an error below 1/4 of LSB. N = 12 (from 12-bit resolution) and k is the number of
sampling periods defined in the ADC_SMPR1 register.

Table 64. ADC static accuracy at fopc = 18 MHz

Symbol Parameter Test conditions Typ Max(") Unit
ET Total unadjusted error +3 +4
f =18 MHz
EO Offset error ADC 12 +3
VDDA= 1.7t03.6V LSB
EG Gain error Vgep = 1.71t03.6V 11 +3
ED |Differential linearity error Voba—VrRer < 1.2V +1 +2
EL Integral linearity error +2 +3
1. Guaranteed by characterization results.
Table 65. ADC static accuracy at fopc = 30 MHz
Symbol Parameter Test conditions Typ Max(!) Unit
ET Total unadjusted error 12 5
fADC =30 MHZ, + +
EO Offset error Ra < 10 kQ, 1.5 +2.5
EG Gain error Vppa=2.41t03.6V, 1.5 4 LSB
. . . . VREF =1.7t03.6 V,
ED Differential linearity error Vppa-Veer < 1.2V 11 12
EL Integral linearity error 1.5 +3

1. Guaranteed by characterization results.

3
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Table 66. ADC static accuracy at fapc = 36 MHz

Symbol Parameter Test conditions Typ Max(1) Unit
ET Total unadjusted error 4 7
EO | Offset error fapc =36 MHz, +2 +3

VDDA =241t03.6 V,

i LSB
EG | Gain error Vrer = 171036V *3 +6
ED | Differential linearity error Vopa—VRep< 1.2V 12 +3
EL Integral linearity error +3 16

1. Guaranteed by characterization results.

Table 67. ADC dynamic accuracy at fapc = 18 MHz - limited test conditions(!)

Symbol Parameter Test conditions Min Typ | Max | Unit
ENOB Effective number of bits fApc =18 MHz 10.3 | 104 - bits
SINAD Signal-to-noise and distortion ratio Vppa = Vrers= 1.7V 64 64.2 -

SNR Signal-to-noise ratio Input Frequency = 20 KHz 64 65 - dB
THD Total harmonic distortion Temperature = 25 °C —67 | -72| -

1. Guaranteed by characterization results.

Table 68. ADC dynamic accuracy at fopc = 36 MHz - limited test conditions()

Symbol Parameter Test conditions Min Typ Max | Unit
ENOB Effective number of bits fapc =36 MHz 10.6 10.8 - bits
SINAD Signal-to noise and distortion ratio Vppa = Vreps = 3.3V 66 67 -

SNR Signal-to noise ratio Input Frequency = 20 KHz 64 68 - dB
THD Total harmonic distortion Temperature =25 °C -70 | -72 | -

1. Guaranteed by characterization results.

Note: ADC accuracy vs. negative injection current: injecting a negative current on any analog

input pins should be avoided as this significantly reduces the accuracy of the conversion
being performed on another analog input. It is recommended to add a Schottky diode (pin to
ground) to analog pins which may potentially inject negative currents.

Any positive injection current within the limits specified for Iy piny @and Zlinyeiny in
Section 6.3.17 does not affect the ADC accuracy.

3
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Figure 41. ADC accuracy characteristics

VREF‘ vDDA
> (or

[1LSB =

Output code

N (1) Example of an actual transfer curve
e T (2) Ideal transfer curve

2"-2 (3) End-point correlation line
2"-3
n = ADC resolution
Er = total unadjusted error: maximum deviation
between the actual and ideal transfer curves
71 Eo = offset error: maximum deviation between the first
actual transition and the first ideal one
61 Eg = gain error: deviation between the last ideal
S+ transition and the last actual one
4+ Ep = differential linearity error: maximum deviation
34 f between actual steps and the ideal one
24 ! E, = integral linearity error: maximum deviation between
11 1 LSB ideal any actual transition and the end point correlation line
0+ | /L'—Q—'—H—H—‘—V Vrer+ (Vooa)
Vssa iof g
o o o
zzz

MSv19880V6

See also Table 65.

Example of an actual transfer curve.
Ideal transfer curve.

End point correlation line.

Et = Total Unadjusted Error: maximum deviation between the actual and the ideal transfer curves.
EO = Offset Error: deviation between the first actual transition and the first ideal one.

EG = Gain Error: deviation between the last ideal transition and the last actual one.

ED = Differential Linearity Error: maximum deviation between actual steps and the ideal one.

EL = Integral Linearity Error: maximum deviation between any actual transition and the end point
correlation line.

o KM b=

Figure 42. Typical connection diagram using the ADC

4 4
Vppa® Vrere®

/O Sample-and-hold ADC converter

analog

Ran'" switch Rapc
/1

o - ;
L ’ ° = Converter
Cparasilic(2> I.kg<3) - Chapc

Sampling
switch with
multiplexing
J

Vss VSS VSSA

MSv67871V3

Refer to Table 63 for the values of Ryn, Rapc @and Capc-

2. Cparasitic represents the capacitance of the PCB (dependent on soldering and PCB layout quality) plus the
pad capacitance (roughly 5 pF). A high Cp;asitic value downgrades conversion accuracy. To remedy this,
fapc should be reduced.

Refer to Table 57: I/O static characteristics for the value of I
Refer to Figure 22: Power supply scheme.
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General PCB design guidelines

Power supply decoupling should be performed as shown in Figure 43 or Figure 44,
depending on whether Vrgg. is connected to Vppp or not. The 10 nF capacitors should be
ceramic (good quality). They should be placed them as close as possible to the chip.

Figure 43. Power supply and reference decoupling (Vrgg+ not connected to Vppa)

STM32F

@ : [:l VRer+ (1
1
1
1
1
1
1
1
1
1uF/100F —— :
1

—.—[:l VDDA
1uF /10 nF
@ L [:l Vssa/Vrer-

ai17535b

1. Vgeg+ input is available on all the packages except TFBGA100 whereas the Vrgp_ is available only on
u

R
FBGA176 and TFBGA216. When Vggg. is not available, it is internally connected to Vppp and Vgga.

Figure 44. Power supply and reference decoupling (Vgrgg+ connected to Vppa)

STM32F

 J
L

(1)
L:l VREF+/VDDA

1uF /110 nF

] vrervssa

@
1

ai17536¢

£f+ input is available on all the packages except TFBGA100, whereas the Vrgp_ is available only on

1. VR
UFBGA176 and TFBGA216. When Vggg. is not available, it is internally connected to Vppa and Vgga.
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6.3.22 Temperature sensor characteristics
Table 69. Temperature sensor characteristics
Symbol Parameter Min | Typ | Max Unit
.M Vsense linearity with temperature - + 2 °C
Avg_SIopem Average slope - 2.5 - mV/°C
Vys!) Voltage at 25 °C - 076 - %
tsTart'?) | Startup time - 6 10 us
TS_temp(z) ADC sampling time when reading the temperature (1 °C accuracy) | 10 - - us

1. Guaranteed by characterization results.

2. Guaranteed by design.

Table 70. Temperature sensor calibration values

Symbol Parameter Memory address
TS_CAL1 | TS ADC raw data acquired at temperature of 30 °C, Vppa=3.3V | Ox1FFO0 F44C - Ox1FFO0 F44D
TS_CAL2 | TS ADC raw data acquired at temperature of 110 °C, Vppa= 3.3V | Ox1FFO0 F44E - Ox1FFO F44F

6.3.23  Vpar monitoring characteristics
Table 71. Vgat monitoring characteristics
Symbol Parameter Min Typ Max Unit
R Resistor bridge for Vgat - 50 - KQ
Q Ratio on Vgar measurement - 4 - -
Er() Erroron Q -1 - +1 %
@2 |ADC sampling time when reading the Vgt ) )
Ts_voat 1 mV accuracy 5 HS
1. Guaranteed by design.
2. Shortest sampling time can be determined in the application by multiple iterations.
6.3.24 Reference voltage
The parameters given in Table 72 are derived from tests performed under ambient
temperature and Vpp supply voltage conditions summarized in Table 18.
Table 72. internal reference voltage
Symbol Parameter Conditions Min | Typ Max Unit

Vrerint | Internal reference voltage —40°C<Tp<+105°C | 1.18 | 1.21 | 1.24 \

T (1) |ADC sampling time when reading the ) 10 ) ) s

S_vrefint’ * | internal reference voltage M

) | Internal reference voltage spread over the - )
VRERINT_s temperature range Vop =3V +10mV 3 5 mV
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Table 72. internal reference voltage (continued)

Symbol Parameter Conditions Min | Typ | Max Unit
TCoeﬁ(z) Temperature coefficient - - 30 50 |ppm/°C
tSTART(z) Startup time - - 6 10 us

Guaranteed by design.

Shortest sampling time can be determined in the application by multiple iterations.

Table 73. Internal reference voltage calibration values

Symbol Parameter Memory address
VRerIN_caL | Raw data acquired at temperature of 30 °C Vppp =3.3 V 0x1FFO F44A - Ox1FFO0 F44B
6.3.25 DAC electrical characteristics
Table 74. DAC characteristics
Symbol Parameter Min | Typ Max | Unit Comments
Vppa |Analog supply voltage 1.7() - 3.6 \Y -
Vrer+ |Reference supply voltage 1.7() - 3.6 V' |Vrer+ YVppa
Vgsp  |Ground 0 - 0 \Y -
Rioap® |Resistive load with buffer ON| 5 - - kQ -
Impedance outout with buffer When the buffer is OFF, the Minimum
Ro® | Opm P - - 15 | kQ |resistive load between DAC_OUT and
Vgs to have a 1% accuracy is 1.5 MQ
@ - ) ) Maximum capacitive load at DAC_OUT
Croap™ |Capacitive load 50 PF pin (when the buffer is ON).
DAC_OUT |Lower DAC_OUT voltage It gives the maximum output excursion of
—2) - S 0.2 - - V' |the DAC.
min with buffer ON
It corresponds to 12-bit input code
DAC_OUT |Higher DAC_OUT voltage Vopa - (0xOE0) to (OxF1C) at Ve, = 3.6 V and
max@  |with buffer ON - - 02 V' |(0x1C7) to (OXE38) at Vrgr+ = 1.7V
DAC_OUT |Lower DAC_OUT voltage
in@ | with buffer OFF S R R L P i i
min with butrer It gives the maximum output excursion of
DAC_OUT |Higher DAC_OUT voltage ) o VRerso| the DAC.
max(®)  |with buffer OFF 1LSB
With no load, worst code (0x800) at
- 170 240 VRer+ = 3.6 Vin terms of DC
DAC DC Vggr current consumption on the inputs
IVRE,:+(4) consumption in quiescent MA
mode (Standby mode) With no load, worst code (0xF1C) at
- 50 75 VRer+ = 3.6 V in terms of DC
consumption on the inputs
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Table 74. DAC characteristics (continued)

Symbol Parameter Min | Typ Max | Unit Comments
) 280 380 uA Wlth no load, middle code (0x800) on the
DAC DC Vppp current inputs
Ippa™® CO”SU('?)F’“O” in quiescent With no load, worst code (0xF1C) at
mode - 475 | 625 | WA |Vgeg: =3.6 Vinterms of DC
consumption on the inputs
Differential non linearity - - +0.5 | LSB |Given for the DAC in 10-bit configuration.
DNL® | Difference between two
consecutive code-1LSB) - - - - -
- - 12 LSB |Given for the DAC in 12-bit configuration.
Integral non linearity - - 11 LSB |Given for the DAC in 10-bit configuration.
(difference between
INL@) measured value at Code i
and the value at Codeiona | . - +4 | LSB |Given for the DAC in 12-bit configuration.
line drawn between Code 0
and last Code 1023)
- - +10 mV |Given for the DAC in 12-bit configuration
Offset error
(difference between ) ) +3 LSB Given for the DAC in 10-bit at Vrgg+ =
Offset® | measured value at Code - 36V
(0x800) and the ideal value = ] ] +12 | Lsp |Given for the DAC in 12-bit at Vrers =
VREF+/2) = 36V
Gain . o . . . ) .
error® Gain error - - +0.5 % |Given for the DAC in 12-bit configuration
Settling time (full scale: for a
10-bit input code transition
t (4)|between the lowest and the ) 3 6 s CLoap <50 pF,
SETTLING " highest input codes when U IR oap = 5 kQ
DAC_OUT reaches final
value +4L.SB
Total Harmonic Distortion C <50 pF
THD® ; ; ) 48 |CLoap :
Buffer ON RLOAD >5kQ
Max frequency for a correct
Update |DAC_OUT change when ) ) 1 MS/s CLoap <50 pF,
rate®  |small variation in the input RLoap = 5 kQ
code (from code i to i+1LSB)
Wake-up time from off state CLoap £50 pF, R pap =5 kQ
twakeup™® |(Setting the ENx bit in the - 6.5 10 Us |input code between lowest and highest
DAC Control register) possible ones.
Power supply rejection ratio
PSRR+ () |(to Vppp) (static DC - | -67 | —40 | dB |NoR_oap, CLoap = 50 pF
measurement)
1. Vppa minimum value of 1.7 V is obtained with the use of an external power supply supervisor (refer to Section 3.17.2:

Internal reset OFF).
2. Guaranteed by design.

3. The quiescent mode corresponds to a state where the DAC maintains a stable output level to ensure that no dynamic
consumption occurs.

4. Guaranteed by characterization results.

S72
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Figure 45. 12-bit buffered /non-buffered DAC

Buffered/Non-buffered DAC

Buffer(1)
—_—— - R
12-bit DAC_OUTx
digital o I I W\/\/
analog I 1 ¥ '1
converter || =
| — — | CL

ai17157Vv3

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.

6.3.26 Communications interfaces

I2C interface characteristics

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

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

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

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

The I°C timings requirements are guaranteed by design when the 12C peripheral is properly

configured (refer to RM0385 reference manual) and when the 12CCLK frequency is greater
than the minimum shown in the table below:

Table 75. Minimum I2CCLK frequency in all 12C modes

Symbol Parameter Condition Min Unit
Standard-mode 2
Analog Filter ON 10
DNF=0
Fast-mode
12CCLK Analog Filter OFF 9
f(I2CCLK) frequency DNF=1 MHz
Analog Filter ON
22.
DNF=0 >
Fast-mode Plus
Analog Filter OFF 16
DNF=1

The SDA and SCL 1I/O requirements are met with the following restrictions: the SDA and
SCL I/O pins are not “true” open-drain. When configured as open-drain, the PMOS
connected between the I/O pin and Vpp is disabled, but is still present.

3
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The 20mA output drive requirement in Fast-mode Plus is not supported. This limits the

maximum load Cload supported in Fm+, which is given by these formulas:

e Tr(SDA/SCL)=0.8473xRpXCjpaq
e Rp(min)= (VDD-Vg| (max))/lg (max)

Where Rp is the 12C lines pull-up. Refer to Section 6.3.17: I/0O port characteristics for the
12C 1/Os characteristics.

All 1°C SDA and SCL I/Os embed an analog filter. Refer to the table below for the analog
filter characteristics:

Table 76. 12C analog filter characteristics(!)

Symbol Parameter Min Max Unit
Maximum pulse width of spikes
tar that are suppressed by the analog 50(2) 150(3) ns

filter

1. Guaranteed by characterization results.

2. Spikes with widths below ta(min) are filtered.

3. Spikes with widths above tarmay) are not filtered
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SPIl interface characteristics

Unless otherwise specified, the parameters given in Table 77 for the SPI interface are
derived from tests performed under the ambient temperature, fpoc| kx frequency and Vpp
supply voltage conditions summarized in Table 18, with the following configuration:

e  Output speed is set to OSPEEDRYy[1:0] = 11
e Capacitive load C = 30 pF
e  Measurement points are done at CMOS levels: 0.5Vpp

Refer to Section 6.3.17: /0O port characteristics for more details on the input/output alternate
function characteristics (NSS, SCK, MOSI, MISO for SPI).

Table 77. SPI dynamic characteristics(!)

Symbol

Parameter Conditions Min Typ Max Unit

fsck
1e(sck)

Master mode
SPI1,4,5,6 54(2)
2.7<sVDD<3.6

Master mode
SPI1,4,5,6 27
1.71<VDD<3.6

Master transmitter mode
SPI1,4,5,6 54
1.71=sVDD<3.6

Slave receiver mode
SPI clock frequency SPI1,4,5,6 - - 54 MHz
1.71<sVDD<3.6

Slave mode transmitter/full duplex
SPI1,4,5,6 50(3)
2.7<VDD<3.6

Slave mode transmitter/full duplex
SPI1,4,5,6 38
1.71=vDD<3.6

Master & Slave mode
SPI2,3 27
1.71<VDD=<3.6

tsu(NSS)

NSS setup time Slave mode, SPI presc = 2 4*Tpclk - -

th(NSS)

NSS hold time Slave mode, SPI presc = 2 2*Tpclk - -

tw(SCKH)
tw(SCKL)

ns
SCK high and low time Master mode Tpclk-2 | Tpclk | Tpclk+2
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Table 77. SPI dynamic characteristics( (continued)

Symbol Parameter Conditions Min Typ Max Unit
tsu(Ml) Master mode 55 - -
Data input setup time
tsu(Sl) Slave mode 4 - -
th(MI) Master mode 4 - -
Data input hold time
th(SI) Slave mode 2 - -
ta(SO) | Data output access time Slave mode 7 - 21
tdis(SO) | Data output disable time Slave mode 5 - 12 ns
Slave mode 2.7<VDD<3.6V - 6.5 10
tv(SO)
Data output valid time Slave mode 1.71<VDD<3.6V - 6.5 13
tv(MO) Master mode - 2 4
Slave mode 5.5
th(SO) Data output hold time 1.71<VDD=<3.6V '
th(MO) Master mode 0 - -

Guaranteed by characterization results.

2. Excepting SPI1 with SCK 10 pin mapped on PAS5. In this configuration, Maximum achievable frequency is 40MHz.

Maximum Frequency of Slave Transmitter is determined by sum of Tv(SO) and Tsu(Ml) intervals which has to fit into SCK

level phase preceding the SCK sampling edge.This value can be achieved when it communicates with a Master having
Tsu(MI)=0 while signal Duty(SCK)=50%.

Figure 46. SPI timing diagram - slave mode and CPHA =0

NSS input N\ 3

< tc(SCK) >

i—tsy(nssyPE—tw(sckH—>

CPHA=0 3 ‘ - | ;
CPOL=0 ! ‘ ) ;

5
a ! L
£ ! | |
X e : i i L
3 CPHA=0 1 | ‘
CPOL=1 | : - | i
—ta(soy 3 § 4’_tw(SCKL)_"3‘<_tv(SO)_N; 4:-1h<sor>§ _tdis(SO)_‘_’§
MISO output ( First bit OUT Next bits OUT Last bit OUT >—

—tsus— ety

MOSI input >Q First bit IN >< Next bits IN >< Last bit IN ><

MSv41658V2

3

DS10916 Rev 5 181/248




Electrical characteristics STM32F745xx STM32F746xx

Figure 47. SPI timing diagram - slave mode and CPHA =1

NSS input
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—taso) —ty(sckLy > <ty 50> —thsoy—¢—> *tdis(sor<—>§
MISO output >< First bit OUT Next bits OUT Last bit OUT -
g s Pe—th sy —>
MOSI input First bit IN Next bits IN >< Last bit IN ><
MSv41659V2
Figure 48. SPI timing diagram - master mode
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MISO input >< First bit IN | >< Next bits IN | >< Last bit IN ><
MOSI output >< First bit OUT >< Next bits OUT | >< Last bit OUT ><
*tv(MO)H *th(Mor;*';

MSv72626V1

I2S interface characteristics

Unless otherwise specified, the parameters given in Table 78 for the 12S interface are
derived from tests performed under the ambient temperature, fpc| kx frequency and Vpp
supply voltage conditions summarized in Table 18, with the following configuration:

e  Output speed is set to OSPEEDRYy[1:0] = 10
e Capacitive load C = 30 pF
e Measurement points are done at CMOS levels: 0.5Vpp

J
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Refer to Section 6.3.17: I/0 port characteristics for more details on the input/output alternate
function characteristics (CK, SD, WS).

Table 78. IS dynamic characteristics(")

Symbol Parameter Conditions Min Max Unit
fack 12S Main clock output - 256x8K | 256xFs®) | MHz
Master data: 32 bits - 64xFs
fek 12S clock frequency MHz
Slave data: 32 bits - 64xFs
Dck 12S clock frequency duty cycle | Slave receiver 30 70 %
tyws) WS valid time Master mode - 5 o
thws) WS hold time Master mode 0 -
Slave mode 5 -
tsuws) WS setup time Slave mode 3 ]
PCM short pulse mode(®
Slave mode 0 -
thws) WS hold time Slave mode )
PCM short pulse mode(®
tsusp MR Master receiver 5 -
Su(SD_MR) Data input setup time ns
tsuisb_sRr) Slave receiver 1 -
th(sb MR Master receiver 5 -
(SD_MR) Data input hold time
th(sp_sR) Slave receiver 1.5 -
tysp_sT) Slave transmitter (after enable edge) - 16
= Data output valid time
tysp_mT) Master transmitter (after enable edge) - 3.5
thsp sT Slave transmitter (after enable edge) 5 -
(5D_ST) Data output hold time
th(sp_wmT) Master transmitter (after enable edge) 0 -

1. Guaranteed by characterization results.

2. The maximum value of 256xFs is 45 MHz (APB1 maximum frequency).

3. Measurement done with respect to 12S_CK rising edge.

Note:

J

Refer to RM0385 reference manual I12S section for more details on the sampling frequency

(Fs).

fvck fox, and Dey values reflect only the digital peripheral behavior. The values of these

parameters might be slightly impacted by the source clock precision. Dqk depends mainly
on the value of ODD bit. The digital contribution leads to a minimum value of
(12SDIV/(2*12SDIV+0DD) and a maximum value of (I2SDIV+0ODD)/(2*12SDIV+0DD). Fg
maximum value is supported for each mode/condition.
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Figure 49. 12s target timing diagram (Philips protocol)m

- to(CK) —!

CK Input

tW(CKH) — tW(CKL)

WS input —l_ui i i %
tsu(ws) tv(SD_ST) th(SD_ST)
SDtransmit X LSB transmit(") X MISB transmi:_; Bitn-t;z;n-s-rr;i; LLSB transmit

tsu(SD_SR) ' h(SD_SR)
SDreceive X LSB receive!! MSB receive Bitn receive LSB receive

MS46528V1

1. LSB transmit/receive of the previously transmitted byte. No LSB transmit/receive is sent before the first

byte.
Figure 50. I2S controller timing diagram (Philips protocol)“)
RN
. ti(CK) >t tr(CK)
\
*+— tg(CK) —™ \
5[ cror=0 _\_/_
3 :
x -yl
O U
CPOL =1 -\_/_

tv(ws) . - tw(CKL) ! = th(ws)
WS output E E !

v(SD_MT) ; h(SD_MT)
SDtransmit X LSB transmit“)X M$8B transmit Bitn transmit LSB transmit

tsu(SD_MR) h(SD_MR)
SDreceive X LSB receive(!) MSB receive Bitn receive LSB receive

MS46529V1

1. LSB transmit/receive of the previously transmitted byte. No LSB transmit/receive is sent before the first

byte.
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SAIl characteristics

Unless otherwise specified, the parameters given in Table 79 for SAl are derived from tests
performed under the ambient temperature, fpc| kx frequency and VDD supply voltage
conditions summarized in Table 18, with the following configuration:

e  Output speed is set to OSPEEDRYy[1:0] = 10
e  Capacitive load C=30 pF
e Measurement points are performed at CMOS levels: 0.5Vpp

Refer to Section 6.3.17: /0O port characteristics for more details on the input/output alternate
function characteristics (SCK,SD,WS).

Table 79. SAI characteristics("

Symbol Parameter Conditions Min Max Unit
facKL SAI Main clock output - 256 x 8K | 256xFs(?) MHz
Master data: 32 bits - 128xFs
Fsck SAI clock frequency MHz
Slave data: 32 bits - 128xFs
Dsck SAl clock Zr;ccl]leJency duty Slave receiver 30 70 %
ty(Fs) FS valid time Master mode 8 22
tsu(Fs) FS setup time Slave mode 2 -
s Master mode 8 -
{ FS hold time
h(Fs) Slave mode 0 -
tsu(sb MR Master receiver 5 -
Su(SD_MR) Data input setup time
tsu(sb_sRr) Slave receiver 3 -
th(sb MR Master receiver 0 - ns
(SP_MR) Data input hold time
th(sp_sR) Slave receiver 6 -
tv(SD_ST) Slave transmitter (after enable ) 15
t edge)
h(SD_ST) Data output valid time
¢ Master transmitter (after enable 20
v(SD_MT) edge) -
. Master transmitter (after enable
thsp_mT) Data output hold time edge)( 7 -

1. Guaranteed by characterization results.

2. 256xFs maximum corresponds to 45 MHz (APB2 xaximum frequency)

J
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Figure 51. SAl master timing waveforms

1/fSCK
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Figure 52. SAl slave timing waveforms
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USB OTG full speed (FS) characteristics

This interface is present in both the USB OTG HS and USB OTG FS controllers.

Table 80. USB OTG full speed startup time

Symbol Parameter Max Unit
tstartup!” USB OTG full speed transceiver startup time 1 bs
1. Guaranteed by design.
Table 81. USB OTG full speed DC electrical characteristics
Symbol Parameter Conditions I\I(I:r; Typ. M(?)x Unit
USB OTG full speed
Vbpusg | transceiver operating - 3.00 | - 3.6 \Y
voltage
Input Vp® | Differential input sensitivity Il(JUSSBBT_'FSS—gFf;g),\%' 0.2 - -
levels - . —
Vey® Differential common mode Includes Vp, range 08 ) 25 | v
range
@3) | Single ended receiver ) )
VsE™ | threshold 13 20
Output| VoL |Staticoutputlevel low R of 1.5 kQto 3.6 V& - - | 03 v
levels | v, |Static output level high R of 15kQto Vgs™® | 28 | - | 36
PA11, PA12, PB14, PB15
(USB_FS_DP/DM, 17 21| 24
R USB_HS_DP/DM) Ve zy
i PA9, PB13 TR
(OTG_FS_VBUS, 065 | 11| 20
OTG_HS_VBUS) kQ
PA12, PB15 (USB_FS_DP, _
USB_HS_DP) ViN = Vss 1.5 | 1.8 | 21
Rpy PA9, PB13
(OTG_FS_VBUS, V|N = Vss 0.25 [0.37| 0.55
OTG_HS_VBUS)

1. All the voltages are measured from the local ground potential.

2. The USB OTG 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-to0-3.0 V Vppysg voltage range.

3. Guaranteed by design.
4. R is the load connected on the USB OTG full speed drivers.

Note: When VBUS sensing feature is enabled, PA9 and PB13 should be left at their default state
(floating input), not as alternate function. A typical 200 uA current consumption of the
sensing block (current to voltage conversion to determine the different sessions) can be
observed on PA9 and PB13 when the feature is enabled.

3
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Figure 53. USB OTG full speed timings: definition of data signal rise and fall time

Cross over
points
Differential
data lines / \
VCRS ------- X |
1
)
Vss 1] 1
tr Pr—r tr Pr—le
ai14137b
Table 82. USB OTG full speed electrical characteristics("
Driver characteristics
Symbol Parameter Conditions Min Max Unit
t, Rise time(®) C_=50pF 4 20 ns
te Fall time(® C_ =50 pF 4 20 ns
tefm Rise/ fall time matching t/ts 90 110 %
VeRs Output signal crossover voltage - 1.3 20 \Y
Zpry | Output driver impedance®) D”V'n% \:'gh or 28 44 Q

Guaranteed by design.

2. Measured from 10% to 90% of the data signal. For more detailed informations, please refer to USB
Specification - Chapter 7 (version 2.0).

3. No external termination series resistors are required on DP (D+) and DM (D-) pins since the matching
impedance is included in the embedded driver.

USB high speed (HS) characteristics

Unless otherwise specified, the parameters given in Table 85 for ULPI are derived from
tests performed under the ambient temperature, fc  frequency summarized in Table 84
and Vpp supply voltage conditions summarized in Table 83, with the following configuration:

e  Output speed is set to OSPEEDRYy[1:0] = 11, unless otherwise specified
e  Capacitive load C = 20 pF, unless otherwise specified
e  Measurement points are done at CMOS levels: 0.5Vpp.

Refer to Section 6.3.17: I/O port characteristics for more details on the input/output
characteristics.

Table 83. USB HS DC electrical characteristics

Symbol Parameter Min.() Max.(!) Unit

Input level Vop USB OTG HS operating voltage 1.7 3.6 \Y

1. All the voltages are measured from the local ground potential.

3
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Table 84. USB HS clock timing parameters(")

Symbol Parameter Min Typ Max Unit
ficLk value to guarantee proper operation of
USB HS interface 30 MHz
FstarT gBiT | Frequency (first transition) | 8-bit £10% 54 60 66 MHz
FsteaDY Frequency (steady state) 500 ppm 59.97 60 60.03 | MHz
DstarT geiT | Duty cycle (first transition) | 8-bit +10% 40 50 60 %
DsTtEADY Duty cycle (steady state) +500 ppm 49.975 50 50.025 %
¢ Time to reach the steady state frequency and ) ) 14 ms
STEADY duty cycle after the first transition '
ISTART DEV | Clock startup time after the | Peripheral - - 5.6 ms
tSTART HOST de-assertion of SuspendM Host _ i _
¢ PHY preparation time after the first transition ) ) ) s
PREP of the input clock H
1. Guaranteed by design.
Figure 54. ULPI timing diagram
Clock \ /_\_/ \ [ \ /
t > tHe
Control In sc / i
(ULPI_DIR, /
ULPI_NXT) SD »THD
data In ( *
(8-bit) /
t < >t
Control out DC
(ULPI_STP)
d =
ata out
(8-bit) X
ai17361c
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Table 85. Dynamic characteristics: USB ULPI(")

Symbol Parameter Conditions Min. | Typ. | Max. | Unit
tsc Control in (ULPI_DIR, ULPI_NXT) setup time - 3 - -
the Control in (ULPI_DIR, ULPI_NXT) hold time - 1 - -
tsp Data in setup time - 1.5 - -
tHp Data in hold time - 0.5 - -
27V <Vpp<3.6YV,
C, = 20 pF and - 55 9 | M
OSPEEDRYy[1:0] = 11
toc/top | Data/control output delay - -

1.7V <Vpp<386YV, 5.5 11.5
C_=15pF and -
OSPEEDRYy[1:0] = 11

1. Guaranteed by characterization results.

190/248

Ethernet characteristics

Unless otherwise specified, the parameters given in Table 86, Table 87 and Table 88 for
SMI, RMII and MII are derived from tests performed under the ambient temperature, fyc
frequency summarized in Table 18 and Vpp supply voltage conditions summarized in
Table 86, with the following configuration:

e  Output speed is set to OSPEEDRy[1:0] = 10
e Capacitive load C = 20 pF
e Measurement points are done at CMOS levels: 0.5Vpp.

Refer to Section 6.3.17: I/O port characteristics for more details on the input/output
characteristics.

Table 86 gives the list of Ethernet MAC signals for the SMI (station management interface)
and Figure 55 shows the corresponding timing diagram.

Figure 55. Ethernet SMI timing diagram

N
X~

tsu(MDIO) th(MDIO
ETH_MDIO(l) J( 1

tMDC——_ |

ETH_MDC

td(MDIO)

ETH_MDIO(O)
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Table 86. Dynamics characteristics: Ethernet MAC signals for SMI(")

Symbol Parameter Min Typ Max Unit
tmpe MDC cycle time(2.38 MHz) 400 400 403

Tympioy | Write data valid time 10 10.5 12,5 o

tsumpio) | Read data setup time 12,5 - -

thwpioy | Read data hold time 0 - -

1. Guaranteed by characterization results.

Table 87 gives the list of Ethernet MAC signals for the RMII and Figure 56 shows the
corresponding timing diagram.

Figure 56. Ethernet RMII timing diagram

RMII_REF_CLK
t4(TXEN)
“—t4(TxD)

RMII_TX_EN
RMII_TXD[1:0]

tsu(RXD) tih(RXD)

tsu(CRS) tih(CRS)
RMII_RXDI[1:0]
RMII_CRS_DV

ai15667b

Table 87. Dynamics characteristics: Ethernet MAC signals for RMII(")

Symbol Parameter Min Typ Max Unit
tsurxp) | Receive data setup time 1 - -

tinrxpy | Receive data hold time 1.5 - -

tsucrs) | Carrier sense setup time 1 - - o
tincrs) | Carrier sense hold time 1 - -

tyxen) | Transmit enable valid delay time 5 6 10.5

tyxp) | Transmit data valid delay time 5 6 12

1. Guaranteed by characterization results.

J
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Table 88 gives the list of Ethernet MAC signals for MIl and Figure 56 shows the
corresponding timing diagram.

Figure 57. Ethernet MIl timing diagram

MII_RX_CLK

tsu(RXD) tih(RXD)

tsu(ER) tih(ER)

tsu(DV) tih(DV)
MII_RXDI[3:0]
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MII_RX_ER
MII_TX_CLK

td(TXEN)

td(TXD)

MIL_TX_EN
MII_TXD[3:0]

ai15668b

Table 88. Dynamics characteristics: Ethernet MAC signals for MiI(!)

Symbol Parameter Min Typ Max Unit
tsyrxp) | Receive data setup time 3 - -
tinrxp) | Receive data hold time 1.5 - -
tsupv) |Data valid setup time 0 - -
tinpvy) |Data valid hold time 1.5 - - o
tsyEer) | Error setup time 1.5 - -
tiner) | Error hold time 0.5 - -
tyrxeny | Transmit enable valid delay time 6.5 7 13.5
tyrxpy | Transmit data valid delay time 6.5 7 13.5

1. Guaranteed by characterization results.

CAN (controller area network) interface

Refer to Section 6.3.17: /O port characteristics for more details on the input/output alternate
function characteristics (CANx_TX and CANx_RX).

J
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6.3.27

3

FMC characteristics

Unless otherwise specified, the parameters given in Table 89 to Table 102 for the FMC
interface are derived from tests performed under the ambient temperature, fyc|  frequency
and Vpp supply voltage conditions summarized in Table 18, with the following configuration:

e  Output speed is set to OSPEEDRy[1:0] = 11
e  Measurement points are done at CMOS levels: 0.5Vpp

Refer to Section 6.3.17: I/O port characteristics for more details on the input/output
characteristics.

Asynchronous waveforms and timings

Figure 58 through Figure 61 represent asynchronous waveforms and Table 89 through
Table 96 provide the corresponding timings. The results shown in these tables are obtained
with the following FMC configuration:

e  AddressSetupTime = 0x1

e  AddressHoldTime = 0x1

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

e  Capcitive load CL = 30 pF

In all timing tables, the Ty k is the HCLK clock period
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Figure 58. Asynchronous non-multiplexed SRAM/PSRAM/NOR read waveforms
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> tysL NE) th@L_NOE) 1€
FMC_NBL[1:0] _T ’y—
th(Data_NE)
le——tsu(Data_NOE)—> th(Data_NOE)
le———tsy(Data NE) ———»t
FMC_D[15:0] Data X
> ty(NADV_NE)

tw(NADV)

FMC_NADV (1)

FMC_NWAIT

th(NE_NWAIT) —]

tsu(NWAIT_NE) — |

MS32753V1

1. Mode 2/B, C and D only. In Mode 1, FMC_NADV is not used.
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Table 89. Asynchronous non-multiplexed SRAM/PSRAM/NOR read timings(?)

Symbol Parameter Min Max Unit
tw(NE) FMC_NE low time 2Thelk— 0.5 | 2 Thokt1.5
ty(NOE_NE) FMC_NEx low to FMC_NOE low 0 1
tw(NOE) FMC_NOE low time 2Thok— 1 2Thokt 1
th(NE_NOE) FMC_NOE high to FMC_NE high hold time 0 -
ty(A_NE) FMC_NEx low to FMC_A valid - 0.5
th(A_NOE) Address hold time after FMC_NOE high 0 -
ty(BL NE) FMC_NEx low to FMC_BL valid - 0.5 -
th(BL_NOE) FMC_BL hold time after FMC_NOE high 0 -
tsupata NEy | Data to FMC_NEX high setup time Thewk - 2 -
tsu(pata_NoE) | Data to FMC_NOEX high setup time Thewk -2 -
thpata_NoE) | Data hold time after FMC_NOE high 0 -
th(Data_NE) Data hold time after FMC_NEXx high 0 -
tynabv NE) | FMC_NEx low to FMC_NADV low - 0
tw(NADV) FMC_NADV low time - Thelk +H1
1. C_=30pF.

Table 90. Asynchronous non-multiplexed SRAM/PSRAM/NOR read - NWAIT timings("

Symbol Parameter Min Max Unit
tW(NE) FMC_NE low time 7THCLK -1 7THCLK
tW(NOE) FMC_NWE low time 5THCLK -1 5THCLK +1
ns
tW(NWAIT) FMC_NWA'T low time THCLK -0.5
tSU(NWAlT_NE) FMC_NWA'T valid before FMC_NEX hlgh 5THCLK +1.5 -
thve_ NWAIT) | FMC_NEX hold time after FMC_NWAIT invalid | 4Ty +1 -
1. Guaranteed by characterization results.
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Figure 59. Asynchronous non-multiplexed SRAM/PSRAM/NOR write waveforms
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1. Mode 2/B, C and D only. In Mode 1, FMC_NADV is not used.

Table 91. Asynchronous non-multiplexed SRAM/PSRAM/NOR write timings“)

Symbol Parameter Min Max Unit
tw(NE) FMC_NE low time 3Thek=0.5 | 3Thokt1.5
tynwe_Ne)y | FMC_NEx low to FMC_NWE low TheLk—0.5 Thok* 1
tw(NWE) FMC_NWE low time Thelk—0.5 Thok* 1
thne_nwe) | FMC_NWE high to FMC_NE high hold time Thelk —0.5 -
tya NE) FMC_NEx low to FMC_A valid - 0
thia Nnwey | Address hold time after FMC_NWE high Thelk=0.5 - -
ty(BL NE) FMC_NEx low to FMC_BL valid - 0
theL Nnwey | FMC_BL hold time after FMC_NWE high TheLk—0.5 -
typata_NE) | Data to FMC_NEXx low to Data valid - THek* 3
thpata_Nnwe) | Data hold time after FMC_NWE high Thelk+0.5 -
tynapv_NE)y | FMC_NEx low to FMC_NADV low - 0
tw(NADV) FMC_NADYV low time - Thekt 0.5

1. Guaranteed by characterization results.
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Table 92. Asynchronous non-multiplexed SRAM/PSRAM/NOR write - NWAIT

timings“)
Symbol Parameter Min Max Unit
tW(NE) FMC_NE low time 8THCLK_0'5 8THCLK+1 5
tW(NWE) FMC_NWE low time 6THcLk—0.5 6THoLk*1

ns
tSU(NWAlT_NE) FMC_NWA'T valid before FMC_NEX hlgh 6THCLK_1 -

FMC_NEXx hold time after FMC_NWAIT
invalid

th(NE_NWAIT) 4Thok*2 -

1. Guaranteed by characterization results.

Figure 60. Asynchronous multiplexed PSRAM/NOR read waveforms
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Table 93. Asynchronous multiplexed PSRAM/NOR read timings("

Symbol Parameter Min Max Unit
tw(NE) FMC_NE low time 3Thelk=0.5 | 3TheLkt1.5
ty(NOE_NE) FMC_NEXx low to FMC_NOE low 2Thok=1 | 2THeLkt0.5
tow(NOE) FMC_NOE low time Thelk=0.5 | Thck*0.5
th(NE_NOE) FMC_NOE high to FMC_NE high hold time 0 -
tya NE) FMC_NEx low to FMC_A valid - 0.5
tynabv NEy | FMC_NEx low to FMC_NADV low 0 0.5
tw(NADV) FMC_NADYV low time Tholk=0.5 | Thclk*1-5
t(AD_NADY) Emg_/';\li(Da\(;il}eis) valid hold time after 0 ) ns
_ gh)
th(A_NOE) Address hold time after FMC_NOE high Thek=0.5 -
th(BL_NOE) FMC_BL time after FMC_NOE high 0 -
ty(BL_NE) FMC_NEx low to FMC_BL valid - 0.5
tsuata NE)y | Data to FMC_NEX high setup time THeLk—2 -
tsu(pata_NoE) | Data to FMC_NOE high setup time THeLk—2 -
th(Data_NE) Data hold time after FMC_NEXx high 0 -
thpata_NoE) | Data hold time after FMC_NOE high 0 -
1. Guaranteed by characterization results.
Table 94. Asynchronous multiplexed PSRAM/NOR read-NWAIT timings")
Symbol Parameter Min Max Unit
tw(NE) FMC_NE low time 8TheLk—1 8TheoLkt2
tw(NOE) FMC_NWE low time 5Theik—1 5Theik 1 ns
tsunwair Ny | FMC_NWAIT valid before FMC_NEx high | 5Tyc k +1.5 -
trNE_ WA FMC_NEXx hold time after FMC_NWAIT AThoLcH i

invalid

1.

Guaranteed by characterization results.
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Figure 61. Asynchronous multiplexed PSRAM/NOR write waveforms
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Table 95. Asynchronous multiplexed PSRAM/NOR write timings(")

Symbol Parameter Min Max Unit
tw(NE) FMC_NE low time 4Thek=0.5 | 4Ty k1.5
ty(NWE_NE) FMC_NEXx low to FMC_NWE low Thek=1 TheLkt0.5
tw(NWE) FMC_NWE low time 2Thek=0.5 | 2THokt0.5
th(NE_NWE) FMC_NWE high to FMC_NE high hold time Thelk -
ty(a_NE) FMC_NEXx low to FMC_A valid - 0
tynabv NEy | FMC_NEXx low to FMC_NADYV low 0 0.5
tw(NADV) FMC_NADV low time Thotk=05 | Thotk* 15 | o
th(AD_NADY) Emg_ﬁig\\?rsisgi))valid hold time after ThoLK=2 )
th(A_NWE) Address hold time after FMC_NWE high Thelk -
th(BL_NWE) FMC_BL hold time after FMC_NWE high Thelk—2 -
ty(BL_NE) FMC_NEx low to FMC_BL valid - 0
tyData_NADv) | FMC_NADV high to Data valid - THelk 2
thpata Nwe) | Data hold time after FMC_NWE high Thek +0.5 -
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1. Guaranteed by characterization results.

Table 96. Asynchronous multiplexed PSRAM/NOR write-NWAIT timings(")

Symbol Parameter Min Max Unit
tW(NE) FMC_NE low time 9THeLK 9THek*1-5
tW(NWE) FMC_NWE low time 7THCLK_O'5 7THCLK+O'5 ns
tSU(NWAlT_NE) FMC_NWA'T valid before FMC_NEX hlgh 6THCLK+2 -
FMC_NEx hold time after FMC_NWAIT
th(NE_NWAIT) | invalid 4Therk—1 -

1. Guaranteed by characterization results.

Synchronous waveforms and timings

Figure 62 through Figure 65 represent synchronous waveforms and Table 97 through
Table 100 provide the corresponding timings. The results shown in these tables are
obtained with the following FMC configuration:

e  BurstAccessMode = FMC_BurstAccessMode Enabile;

e  MemoryType = FMC_MemoryType_CRAM,;

e  WriteBurst = FMC_WriteBurst_Enable;

e CLKDivision = 1;

e DatalLatency = 1 for NOR flash; DataLatency = 0 for PSRAM

e CL =30 pF on data and address lines. CL = 10 pF on FMC_CLK unless otherwise
specified.

In all timing tables, the Ty k is the HCLK clock period.

—  For 2.7 V<Vpp<3.6 V, maximum FMC_CLK = 108 MHz at CL=20 pF or 90 MHz at
CL=30 pF (on FMC_CLK).

—  For 1.71 V&Vpp<2.7 V, maximum FMC_CLK = 70 MHz at CL=10 pF (on FMC_CLK).

3

200/248 DS10916 Rev 5




STM32F745xx STM32F746xx Electrical characteristics

3

Figure 62. Synchronous multiplexed NOR/PSRAM read timings
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Table 97. Synchronous multiplexed NOR/PSRAM read timings!")

Symbol Parameter Min Max Unit
twcLk) FMC_CLK period 2THek—0.5 -
tacikinexy) | FMC_CLK low to FMC_NEX low (x=0..2) - 2
tacLkH_NexH) | FMC_CLK high to FMC_NEX high (x=0...2) Thelk*0.5 -
tacLke-NabvL) | FMC_CLK low to FMC_NADV low - 1.5
tycLkL-NaDvH) | FMC_CLK low to FMC_NADV high 0 -
ty(cLKL-AV) FMC_CLK low to FMC_Ax valid (x=16...25) - 2
ta(CLKH-AIV) FMC_CLK high to FMC_Ax invalid (x=16...25) Thelk -
tycikinoer) | FMC_CLK low to FMC_NOE low - 2 ns
tacLkH-NoeH) | FMC_CLK high to FMC_NOE high TheLk—0.5 -
tycLk-apyy | FMC_CLK low to FMC_AD[15:0] valid - 3
tycLki-apvy | FMC_CLK low to FMC_AD[15:0] invalid 0 -
tu(ADV-CLKH) Eil\élr?_A/D“S:O] valid data before FMC_CLK 15 )
thcLkH-apy) | FMC_A/D[15:0] valid data after FMC_CLK high 1 -
tsunwAIT-cLkH) | FMC_NWAIT valid before FMC_CLK high 2 -
thicLkH-NwaiT) | FMC_NWAIT valid after FMC_CLK high 3.5 -

Guaranteed by characterization results.
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Figure 63. Synchronous multiplexed PSRAM write timings
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Table 98. Synchronous multiplexed PSRAM write timings("

Symbol Parameter Min Max Unit
twicLk) FMC_CLK period 2THeLk—0.5 -
taccLknexy) | FMC_CLK low to FMC_NEX low (x=0..2) - 1.5
tacLkH-NExH) | FMC_CLK high to FMC_NEX high (x=0...2) ThoLkt0.5 -
tacLkL-NaDvL) | FMC_CLK low to FMC_NADV low - 1.5
ty(cLkL-NADVH) | FMC_CLK low to FMC_NADV high 0 -
tycLkL-avy | FMC_CLK low to FMC_Ax valid (x=16...25) - 2
tycLkn-alv) | FMC_CLK high to FMC_Ax invalid (x=16...25) THelk -
tacik-nweL) | FMC_CLK low to FMC_NWE low - 1.5 o
tcLkH-nwer) | FMC_CLK high to FMC_NWE high TheLk—0.5 -
tycLkL-apv) | FMC_CLK low to FMC_AD[15:0] valid - 3
tycLkL-apvy | FMC_CLK low to FMC_AD[15:0] invalid 0 -
tacLkL-pata) | FMC_A/D[15:0] valid data after FMC_CLK low - 3.5
tycLknsLy) | FMC_CLK low to FMC_NBL low 1 -
ta(cLkn-NBLH) | FMC_CLK high to FMC_NBL high Thekt0.5 -
tsu(nwAIT-cLKH) | FMC_NWAIT valid before FMC_CLK high 2 -
th(cLkH-NwAIT) | FMC_NWAIT valid after FMC_CLK high 3.5 -

1. Guaranteed by characterization results.
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Figure 64. Synchronous non-multiplexed NOR/PSRAM read timings
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Table 99. Synchronous non-multiplexed NOR/PSRAM read timings'")

Symbol Parameter Min Max Unit
twicLk) FMC_CLK period 2Theok—1 -
tcikinexy) | FMC_CLK low to FMC_NEx low (x=0..2) - 25
ta(cLkH-NExH) | FMC_CLK high to FMC_NEXx high (x=0...2) ThoLkt0.5 -
ty(cLkL-NaDVL) | FMC_CLK low to FMC_NADV low - 0
ty(cLkL-NADVH) | FMC_CLK low to FMC_NADV high 0 -
tycLk-av) | FMC_CLK low to FMC_Ax valid (x=16...25) - 25
tycLkH-alv) | FMC_CLK high to FMC_Ax invalid (x=16...25) Thelk - ns
tacLknoeL) | FMC_CLK low to FMC_NOE low - 2
ta(cLkH-NoEH) | FMC_CLK high to FMC_NOE high TheLkt0.5 -
tsupv-cLkH) | FMC_D[15:0] valid data before FMC_CLK high 1.5 -
thcLkr-ovy | FMC_D[15:0] valid data after FMC_CLK high 1 -
tnwaiT-cLkH) | FMC_NWAIT valid before FMC_CLK high 2 -
th(cLkH-NwAIT) | FMC_NWAIT valid after FMC_CLK high 35 -
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1. Guaranteed by characterization results.

Figure 65. Synchronous non-multiplexed PSRAM write timings
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Table 100. Synchronous non-multiplexed PSRAM write timings?)

Symbol Parameter Min Max Unit
tcLk) FMC_CLK period 2THek-1 -
taccLkinexy) | FMC_CLK low to FMC_NEX low (x=0..2) - 25
tcLkH-NExH) | FMC_CLK high to FMC_NEX high (x= 0...2) Thelk*0.5 -
tacLkL-NaDvL) | FMC_CLK low to FMC_NADV low - 1.5
ty(cLkL-NADVH) | FMC_CLK low to FMC_NADV high 0 -
tycLkL-avy | FMC_CLK low to FMC_Ax valid (x=16...25) - 25
tycLkH-alv) | FMC_CLK high to FMC_Ax invalid (x=16...25) 0 - -
taycik-nweL) | FMC_CLK low to FMC_NWE low - 1.5
ty(cLkH-NweH) | FMC_CLK high to FMC_NWE high Tholkt1 -
tycLkL-Data) | FMC_D[15:0] valid data after FMC_CLK low - 3
tycLkL-nBLL) | FMC_CLK low to FMC_NBL low 1.5 -
ty(cLkH-NBLH) | FMC_CLK high to FMC_NBL high TheoLkt0.5 -
tsu(NwAIT-cLKH) | FMC_NWAIT valid before FMC_CLK high 2 -
th(cLkH-NwAIT) | FMC_NWAIT valid after FMC_CLK high 3.5 -

1.

Guaranteed by characterization results.

NAND controller waveforms and timings

Figure 66 through Figure 69 represent synchronous waveforms, and Table 101 and

Table 102 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_Enabile;

ECCPageSize = FMC_ECCPageSize_512Bytes;
TCLRSetupTime = 0;

TARSetupTime = 0.

In all timing tables, the Ty k is the HCLK clock period.

3
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Figure 66. NAND controller waveforms for read access
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1. y =7 or 15 depending on the NAND flash memory interface

Figure 67. NAND controller waveforms for write access
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1. y =7 or 15 depending on the NAND flash memory interface.

J

208/248 DS10916 Rev 5




STM32F745xx STM32F746xx

Electrical characteristics

Figure 68. NAND controller waveforms for common memory read access
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Figure 69. NAND controller waveforms for common memory write access
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Table 101. Switching characteristics for NAND flash read cycles()

Symbol Parameter Min Max Unit
tw(NOE) FMC_NOE low width 4THek—0.5 4Thelk

tsup-noEy | FMC_D[15-0] valid data before FMC_NOE high 13 -

thnoe-p) | FMC_D[15-0] valid data after FMC_NOE high 3 - ns

tyaLeE-NoE) | FMC_ALE valid before FMC_NOE low - 3Thck—0.5

thnoe-ALE) | FMC_NWE high to FMC_ALE invalid 3Thek—2 -

1. Guaranteed by characterization results.
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Table 102. Switching characteristics for NAND flash write cycles()

Symbol Parameter Min Max Unit

tw(NWE) FMC_NWE low width 4THcLk—0.5 4THcLk

ty(NWE-D) FMC_NWE low to FMC_D[15-0] valid 0 -

th(NWE-D) FMC_NWE high to FMC_D[15-0] invalid 3Thek—1 - -

ta(D-NWE) FMC_DI[15-0] valid before FMC_NWE high 5Thek=3 -
tyaLe-nwg) | FMC_ALE valid before FMC_NWE low - 3Thck—0.5
thnwe-ALE) | FMC_NWE high to FMC_ALE invalid 3Theok—2 -

1. Guaranteed by characterization results.
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SDRAM waveforms and timings

e CL =30 pF on data and address lines. CL = 10 pF on FMC_SDCLK unless otherwise
specified.

In all timing tables, the Ty« is the HCLK clock period.
—  For 3.0 V£Vpp<3.6 V, maximum FMC_SDCLK= 100 MHz at CL=20 pF (on

FMC_SDCLK).

—  For 2.7 V=Vpp<3.6 V, maximum FMC_SDCLK = 90 MHz at CL=30 pF (on
FMC_SDCLK).

- For1.71 VVpp<1.9 V, maximum FMC_SDCLK = 70 MHz at CL=10 pF (on
FMC_SDCLK).

Figure 70. SDRAM read access waveforms (CL = 1)
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Table 103. SDRAM read timings(")

Symbol Parameter Min Max Unit
tw(spcLk) FMC_SDCLK period 2ThoLk—0.5 2ThoLkt0.5
tsu(SDCLKH _Data) Data input setup time 3.5 -
th(SDCLKH_Data) Data input hold time 15 _
ty(SDCLKL_Add) Address valid time - 4
t4(SDCLKL- SDNE) Chip select valid time - 0.5 ,
th(SDCLKL_SDNE) Chip select hold time 0 -
t4(SDCLKL_SDNRAS) SDNRAS valid time - 05
th(SDCLKL_SDNRAS) SDNRAS hold time 0 )
td(SDCLKL_SDNCAS) SDNCAS valid time - 05
th(sbcLkL_SDNCAS) SDNCAS hold time 0 -

1. Guaranteed by characterization results.

Table 104. LPSDR SDRAM read timings(?)

Symbol Parameter Min Max Unit
tw(sbcLk) FMC_SDCLK period 2THek—0.5 2THek*0.5
tsu(SDCLKH_Data) Data input setup time 3 .
th(SDCLKH_Data) Data input hold time 1.5 -
taspcLKL Add) Address valid time - 35
t4(SDCLKL_SDNE) Chip select valid time - 0.5 i,
th(SDCLKL_SDNE) Chip select hold time 0 .
ty(spcLKL_SDNRAS SDNRAS valid time - 0.5
th(SDCLKL_SDNRAS) SDNRAS hold time 0 _
t4(SDCLKL_SDNCAS) SDNCAS valid time - 05
th(SDCLKL_SDNCAS) SDNCAS hold time 0 -

1. Guaranteed by characterization results.

J
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Figure 71. SDRAM write access waveforms

FMC_A[12:0]

FMC_SDNE[1:0]

FMC_SDNRAS

FMC_SDNCAS

td(SDCLKL_AddR) w—» +-—<

td(SDCLKL AddC)
th(SDCLKL AqdR)

XRown X CoI1' X Col2 X o X

td(SDCLKL_NBL)

FMC_SDNWE | \ i

>«

H th( SDCLKL _AddC) !

+—< td(SIZ]CLKL SNDE)

: H th(SDCLKL_SNDE)

td(SDCLKL_NRAS) +—4 +—4 th(SDCLKL NRAS) ;

> d(SDCLKL_NWE)

td(SDCLKL Data) bi—i< :

FMC_D[31:0] ——( Data X[I)ataZEX

Data| X Datan: >—:

>« th(SDCLKL_Data)

FMC_NBL[3:0]

A

MS32752V2

Table 105. SDRAM write timings'!)

Symbol Parameter Min Max Unit
tw(spcLk) FMC_SDCLK period 2ThcLk-0.5 2ThoLk*0.5
ty(SDCLKL Data) Data output valid time - 2
th(SDCLKL _Data) Data output hold time 0.5 R
ty(SDCLKL_Add) Address valid time - 4
t4(SDCLKL_SDNWE) SDNWE valid time - 0.5
th(SDCLKL_SDNWE) SDNWE hold time 0 .
t4(SDCLKL_ SDNE) Chip select valid time - 0.5 ns
th(SDCLKL-_SDNE) Chip select hold time 0 _
t4(SDCLKL_SDNRAS) SDNRAS valid time - 0.5
th(SDCLKL_SDNRAS) SDNRAS hold time 0 _
t4(SDCLKL_SDNCAS) SDNCAS valid time - 0.5
t4(SDCLKL_SDNCAS) SDNCAS hold time 0 -
1. Guaranteed by characterization results.
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Table 106. LPSDR SDRAM write timings(")

Symbol Parameter Min Max Unit
tw(sbcLk) FMC_SDCLK period 2ThoLk-0.5 2TheLkt0.5
tySDCLKL Data) Data output valid time - 4
th(SDCLKL _Data) Data output hold time 0 .
td(SDCLKL_Add) Address valid time - 35
t4(SDCLKL-SDNWE) SDNWE valid time - 0.5
th(SDCLKL-SDNWE) SDNWE hold time 0 - N
t4(SDCLKL- SDNE) Chip select valid time - 0.5
th(SDCLKL- SDNE) Chip select hold time 0 .
td(SDCLKL-SDNRAS) SDNRAS valid time - 0.5
th(SDCLKL-SDNRAS) SDNRAS hold time 0 -
td(SDCLKL-SDNCAS) SDNCAS valid time - 0.5
t4(SDCLKL-SDNCAS) SDNCAS hold time 0 -

1. Guaranteed by characterization results.

Quad-SPI interface characteristics

Unless otherwise specified, the parameters given in Table 107 and Table 108 for Quad-SPI
are derived from tests performed under the ambient temperature, fapg frequency and Vpp
supply voltage conditions summarized in Table 18: General operating conditions, with the
following configuration:

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

e Capacitive load C = 20 pF

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

Refer to Section 6.3.17: /O port characteristics for more details on the input/output alternate
function characteristics.

Table 107. Quad-SPI characteristics in SDR mode("

Symbol Parameter Conditions Min Typ Max Unit
2.7 V<Vpp<3.6 V
C|_—2DcL)) pF i i 108
Fok1/(CK) Quad-SPI clock MHz
frequency 1.71 V<Vpp<3.6 V 100
CL=15 pF i i

3
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Table 107. Quad-SPI characteristics (continued)in SDR mode(") (continued)

Symbol Parameter Conditions Min Typ Max Unit
tW(CKH) | Quad-SPI clock high and HCKY2-1| - | HCK)2
tw(CKL) low time t(CK)/2 - | t(CK)2+1
ts(IN) Data input setup time 1 - -
th(IN) Data input hold time 3 - - ns
2.7 V<Vpp<3.6V - 1.5 3
tv(OUT) Data output valid time
1.71 V<Vpp<3.6 V - 1.5 4
th(OUT) Data output hold time - 0 - -
1. Guaranteed by characterization results.
Table 108. Quad-SPI characteristics in DDR mode(")
Symbol Parameter Conditions Min Typ Max Unit
2.7V<Vpp<3.6V 80
CL=20 pF
1.8 V<Vpp<3.6 V
Fck1/t(CK -SPI clock f - - MH
ck1/t(CK) | Quad-SPI clock frequency CL=15 pF 80 z
1.71 V<Vpp<3.6 V 80
CL=10 pF
tw(CKH) HCK)2 - t(CK)/2
Quad-SPI clock high and ) -1
low time
tw(CKL) {(CK)/2 ; t(Cf)’z"
2.7 V<Vpp<3.6 V 1.5 - -
ts(IN), Data input setup time bb
tsf(IN) 1.71 V<Vpp<2 V 0.75 - -
2.7 V<Vpp<3.6 V 3.5 - -
thr(IN), Data input hold time bb
thf(IN) 1.71 V<Vpp<2 V 45
ns
2.7 V<Vpp<3.6 V - 8 10.5
1.71V<Vpp<3.6 V
tvr(OUT), A ~ - 8 14.5
tvf(OUT) Data output valid time DHHC=0
DHHC=1 i Thclk/2 | Thclk/2
Pres=1, 2... +1.75 +2.25
DHHC=0 7.5 - -
thr(OUT), .
thf(OUT) Data output hold time DHHC=1 Thelk/2 ) )
Pres=1, 2... +1.5

1.

Guaranteed by characterization results.
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Figure 72. Quad-SPI timing diagram - SDR mode
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Figure 73. Quad-SPI timing diagram - DDR mode
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6.3.29 Camera interface (DCMI) timing specifications

Unless otherwise specified, the parameters given in Table 109 for DCMI are derived
from tests performed under the ambient temperature, f ¢k frequency and Vpp supply
voltage summarized in Table 18, with the following configuration:

e DCMI_PIXCLK polarity: falling
¢ DCMI_VSYNC and DCMI_HSYNC polarity: high
e Data formats: 14 bits

Table 109. DCMI characteristics(!

Symbol Parameter Min Max Unit
- Frequency ratio DCMI_PIXCLK/fycLk - 0.4
DCMI_PIXCLK | Pixel clock input - 54 MHz
Dpixel Pixel clock input duty cycle 30 70 %
tsu(DATA) Data input setup time 3.5 -
thDATA) Data input hold time 0 -
t
Su(HSYNC) | pcMI_HSYNC/DCMI_VSYNC input setup time 25 - ns
tsuvsyne)
t
h(HSYNC) | pCMI_HSYNC/DCMI_VSYNC input hold time 0 -
thvsyne)

1. Guaranteed by characterization results.

J
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Figure 74. DCMI timing diagram
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6.3.30 LCD-TFT controller (LTDC) characteristics

Unless otherwise specified, the parameters given in Table 110 for LCD-TFT are derived
from tests performed under the ambient temperature, fucik frequency and Vpp supply
voltage summarized in Table 18, with the following configuration:

e LCD_CLK polarity: high

e LCD_DE polarity : low

e LCD_VSYNC and LCD_HSYNC polarity: high
e Pixel formats: 24 bits

Table 110. LTDC characteristics (1)

Symbol Parameter Min Max Unit
folk LTDC clock output frequency - 83 MHz
Dcik LTDC clock output duty cycle 45 55 %
fw(CLKH) Clock High time, low time tw(CLK)/2 - 0.5 | tw(CLK)/2+0.5
tw(cLky)
tyDATA) Data output valid time - 6
th(DATA) Data OUtpUt hold time 2 -
tyHsyNC)

t HSYNC/VSYNC/DE output valid ) 3 ns
Vv(VSYNC) time

ty(og)

th(HsyNe)

¢ HSYNC/VSYNC/DE output hold 05
h(VSYNC) time . -

th(DE)

1. Guaranteed by characterization results.
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Figure 75. LCD-TFT horizontal timing diagram
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Figure 76. LCD-TFT vertical timing diagram
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SD/SDIO MMC card host interface (SDMMC) characteristics

Unless otherwise specified, the parameters given in Table 111 for the SDIO/MMC interface
are derived from tests performed under the ambient temperature, fpc| k2 frequency and Vpp
supply voltage conditions summarized in Table 18, with the following configuration:

e  Output speed is set to OSPEEDRYy[1:0] = 11
e Capacitive load C = 30 pF
e  Measurement points are done at CMOS levels: 0.5Vpp

Refer to Section 6.3.17: 1/O port characteristics for more details on the input/output
characteristics.

Figure 77. SDIO high-speed mode
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Figure 78. SD default mode
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Table 111. Dynamic characteristics: SD / MMC characteristics, Vpp=2.7V to 3.6v("

Symbol Parameter Conditions Min Typ Max Unit
fop Clock frequency in data transfer mode - 0 - 50 MHz
- SDMMC_CK/PCLK2 frequency ratio - - - 8/3 -
tyw(ckL) Clock low time fpp =50 MHz 9.5 10.5 - o
tw(ckH) Clock high time fpp =50 MHz 8.5 9.5 -
CMD, D inputs (referenced to CK) in MMC and SD HS mode
tisu Input setup time HS fpp =50 MHz 25 - -
tin Input hold time HS fpp =50 MHz 3 - - e
CMD, D outputs (referenced to CK) in MMC and SD HS mode
tov Output valid time HS fpp =50 MHz - 11.5 12
ton Output hold time HS fpp =50 MHz 10.5 - - ne
CMD, D inputs (referenced to CK) in SD default mode
tISUD Input setup time SD fpp =25 MHz 2 - -
tIHD Input hold time SD fpp =25 MHz 4 - - "
CMD, D outputs (referenced to CK) in SD default mode
tovD Output valid default time SD fpp =25 MHz - 1.5 2
tOHD Output hold default time SD fpp =25 MHz 0.5 - - e

1. Guaranteed by characterization results,.

Table 112. Dynamic characteristics: eMMC characteristics, Vpp=1.71V to 1.9v(1(2)

Symbol Parameter Conditions Min Typ Max Unit
fep Clock frequency in data transfer mode - 0 - 50 MHz
- SDMMC_CKI/fPCLK2 frequency ratio - - - 8/3 -
tw(ckL) Clock low time fpp =50 MHz 9.5 10.5 - o
tw(ckH) Clock high time fpp =50 MHz 8.5 9.5 -
CMD, D inputs (referenced to CK) in eMMC mode
tisu Input setup time HS fpp =50 MHz 0.5 - -
tin Input hold time HS fpp =50 MHz 3.5 - - ne
CMD, D outputs (referenced to CK) in eMMC mode
tov Output valid time HS fpp =50 MHz - 12 12.5
ton Output hold time HS fpp =50 MHz 11 - - ne

1. Guarantee

d by characterization results.

2. Cload = 20 pF.
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3

Package information

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

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.

DS10916 Rev 5 221/226



http://www.st.com

Package information STM32F745xx STM32F746xx

7.2 LQFP100, 14 x 14 mm low-profile quad flat package

information
Figure 79. LQFP100, 14 x 14 mm 100-pin low-profile quad flat package outline
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1. Drawing is not to scale.

Table 113. LQPF100, 14 x 14 mm 100-pin low-profile quad flat package mechanical

data
millimeters inches(!)
Symbol
Min Typ Max Min Typ Max

A - - 1.600 - - 0.0630
A1 0.050 - 0.150 0.0020 - 0.0059
A2 1.350 1.400 1.450 0.0531 0.0551 0.0571
b 0.170 0.220 0.270 0.0067 0.0087 0.0106
0.090 - 0.200 0.0035 - 0.0079
D 15.800 16.000 16.200 0.6220 0.6299 0.6378
D1 13.800 14.000 14.200 0.5433 0.5512 0.5591

D3 - 12.000 - - 0.4724 -
E 15.800 16.000 16.200 0.6220 0.6299 0.6378

J

222/226 DS10916 Rev 5




STM32F745xx STM32F746xx

Package information

Table 113. LQPF100, 14 x 14 mm 100-pin low-profile quad flat package mechanical
data (continued)

millimeters inches(!)
Symbol
Min Typ Max Min Typ Max

E1 13.800 14.000 14.200 0.5433 0.5512 0.5591
E3 - 12.000 - - 0.4724 -

e - 0.500 - - 0.0197 -

L 0.450 0.600 0.750 0.0177 0.0236 0.0295
L1 - 1.000 - - 0.0394 -

k 0° 3.5° 7° 0° 3.5° 7°
ccc - - 0.080 - - 0.0031

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

Figure 80. LQFP100, 14 x 14 mm, 100-pin low-profile quad flat package
recommended footprint

16.7

111000

76 50
[ ] 0.5—>e [ ]
—= —=
—= v [—]
— o ——
[ ] A —
—= —=
—= 03 C=
= —
[ ] —=
—= —=
103 =3 —=
—= =
= =
—= —=
—= —=
= =
[ ] [ ]
—= —=
—= —
—= —
—= —=
—= —=
100 =
v

11ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ[ll

Ty

25

12.3 >

<
<

16.7

==

A4

A

ai14906¢

1. Dimensions are expressed in millimeters.

J
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7.3 TFBGA100, 8 x 8 x 0.8 mm thin fine-pitch ball grid array
package information

Figure 81. TFBGA100, 8 x 8 x 0.8 mm thin fine-pitch ball grid array
package outline
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1. Drawing is not to scale.
Table 114. TFBGA100, 8 x 8 x 0.8 mm thin fine-pitch ball grid array
package mechanical data
millimeters inches(!)
Symbol
Min Typ Max Min Typ Max
A - - 1.100 - - 0.0433
A1 0.150 - - 0.0059 - -
A2 - 0.760 - - 0.0299 -
b 0.350 0.400 0.450 0.0138 0.0157 0.0177
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Table 114. TFBGA100, 8 x 8 x 0.8 mm thin fine-pitch ball grid array
package mechanical data (continued)

millimeters inches(")
Symbol
Min Typ Max Min Typ Max
D 7.850 8.000 8.150 0.3091 0.3150 0.3209
D1 7.200 0.2835
E 7.850 8.000 8.150 0.3091 0.3150 0.3209
E1 7.200 0.2835
e 0.800 0.0315
F 0.400 0.0157
G 0.400 0.0157
ddd 0.100 0.0039
eee 0.150 0.0059
fff 0.080 0.0031
1. Values in inches are converted from mm and rounded to 4 decimal digits.
Figure 82. TFBGA100, 8 x 8 x 0.8 mm thin fine-pitch ball grid array
package recommended footprint
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1. Dimensions are expressed in millimeters.
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Table 115. TFBGA100 recommended PCB design rules (0.8 mm pitch BGA)

Dimension Recommended values

Pitch 0.8
Dpad 0.400 mm

0.470 mm typ (depends on the soldermask

Dsm registration tolerance)
Stencil opening 0.400 mm
Stencil thickness Between 0.100 mm and 0.125 mm
Pad trace width 0.120 mm
226/226 DS10916 Rev 5 1S77
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WLCSP143, 4.539x 5.849 mm, 0.4 mm pitch wafer level chip
scale package information

Figure 83. WLCSP143, 4.539x 5.849 mm, 0.4 mm pitch wafer level chip scale
package outline
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1. Drawing is not to scale.

Table 116. WLCSP143, 4.539x 5.849 mm, 0.4 mm pitch wafer level chip scale
package mechanical data

millimeters inches("
Symbol
Min Typ Max Min Typ Max
A 0.525 0.555 0.585 0.0207 0.0219 0.0230
A1 - 0.175 - - 0.0069 -
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Table 116. WLCSP143, 4.539x 5.849 mm, 0.4 mm pitch wafer level chip scale
package mechanical data (continued)

millimeters inches(!)
Symbol
Min Typ Max Min Typ Max
A2 - 0.380 - - 0.0150 -
A3®) - 0.025 - - 0.0010 -
b®) 0.220 0.250 0.280 0.0087 0.0098 0.0110
D 4.504 4.539 4574 0.1773 0.1787 0.1801
E 5.814 5.849 5.884 0.2289 0.2303 0.2317
e - 0.400 - - 0.0157 -
el - 4.000 - - 0.1575 -
e2 - 4.800 - - 0.1890 -
F - 0.2695 - - 0.0106 -
G - 0.5245 - - 0.0206 -
aaa - - 0.100 - - 0.0039
bbb - - 0.100 - - 0.0039
cce - - 0.100 - - 0.0039
ddd - - 0.050 - - 0.0020
eee - - 0.050 - - 0.0020

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

2. Back side coating.

3. Dimension is measured at the maximum bump diameter parallel to primary datum Z.

Figure 84. WLCSP143, 4.539x 5.849 mm, 0.4 mm pitch wafer level chip scale
package recommended footprint
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Table 117. WLCSP143 recommended PCB design rules

Dimension Recommended values

Pitch 0.4

Dpad 0.225 mm

D 0.290 mm typ. (depends on the soldermask

sm ) .
registration tolerance)
Stencil opening 0.250 mm
Stencil thickness 0.100 mm

Marking of engineering samples

The following figure gives an example of topside marking orientation versus ball A1 identifier
location.

Figure 85. WLCSP143, 0.4 mm pitch wafer level chip scale package
top view example

Qi

Ball A1
identifier
Product identification()
[Nl
ES3IE2F?UkLZGYL
Date code Revision code
YIWW R

MS37557V1

1. Parts marked as “ES”, “E” or accompanied by an Engineering Sample notification letter, are not yet
qualified and therefore not yet ready to be used in production and any consequences deriving from such
usage will not be at ST charge. In no event, ST will be liable for any customer usage of these engineering
samples in production. ST Quality has to be contacted prior to any decision to use these Engineering
samples to run qualification activity.

3
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LQFP144, 20 x 20 mm low-profile quad flat package

information

Figure 86. LQFP144, 20 x 20 mm, 144-pin low-profile quad flat package outline
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1.

Drawing is not to scale.

Table 118. LQFP144, 20 x 20 mm, 144-pin low-profile quad flat package

mechanical data

millimeters inches(")
Symbol
Min Typ Max Min Typ Max

A - - 1.600 - - 0.0630

A1 0.050 - 0.150 0.0020 - 0.0059
A2 1.350 1.400 1.450 0.0531 0.0551 0.0571

b 0.170 0.220 0.270 0.0067 0.0087 0.0106
0.090 - 0.200 0.0035 - 0.0079

D 21.800 22.000 22.200 0.8583 0.8661 0.874
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Table 118. LQFP144, 20 x 20 mm, 144-pin low-profile quad flat package
mechanical data (continued)

millimeters inches(!
Symbol
Min Typ Max Min Typ Max
D1 19.800 20.000 20.200 0.7795 0.7874 0.7953
D3 - 17.500 - - 0.689 -

E 21.800 22.000 22.200 0.8583 0.8661 0.8740
E1 19.800 20.000 20.200 0.7795 0.7874 0.7953
E3 - 17.500 - - 0.6890 -

e - 0.500 - - 0.0197 -

L 0.450 0.600 0.750 0.0177 0.0236 0.0295
L1 - 1.000 - - 0.0394 -

k 0° 3.5° 7° 0° 3.5° 7°
cce - - 0.080 - - 0.0031

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

Figure 87. LQFP144, 20 x 20 mm, 144-pin low-profile quad flat package
recommended footprint
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1. Dimensions are expressed in millimeters.
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LQFP176, 24 x 24 mm low-profile quad flat package
information

Figure 88. LQFP176, 24 x 24 mm, 176-pin low-profile quad flat package outline
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1. Drawing is not to scale.

Table 119. LQFP176, 24 x 24 mm, 176-pin low-profile quad flat package
mechanical data

millimeters inches(")
Symbol
Min Typ Max Min Typ Max
A - - 1.600 - - 0.0630
A1 0.050 - 0.150 0.0020 - 0.0059
A2 1.350 - 1.450 0.0531 - 0.0060
b 0.170 - 0.270 0.0067 - 0.0106
C 0.090 - 0.200 0.0035 - 0.0079
D 23.900 - 24.100 0.9409 - 0.9488
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Table 119. LQFP176, 24 x 24 mm, 176-pin low-profile quad flat package
mechanical data (continued)

millimeters inches(!
Symbol
Min Typ Max Min Typ Max

E 23.900 - 24.100 0.9409 - 0.9488
e - 0.500 - - 0.0197 -
HD 25.900 - 26.100 1.0200 - 1.0276
HE 25.900 - 26.100 1.0200 - 1.0276

L 0.450 - 0.750 0.0177 - 0.0295
L1 - 1.000 - - 0.0394 -
ZD - 1.250 - - 0.0492 -
ZE - 1.250 - - 0.0492 -
cce - - 0.080 - - 0.0031
k 0° - 7° 0° - 7°

1. Values in inches are converted from mm and rounded to 4 decimal digits.
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Figure 89. LQFP176, 24 x 24 mm, 176-pin low-profile quad flat package
recommended footprint
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LQFP208, 28 x 28 mm low-profile quad flat package
information

Figure 90. LQFP208, 28 x 28 mm, 208-pin low-profile quad flat package outline

SEATING
PLANE

|
44, l ] k%

3
GAUGE PLANE

‘—!J_ _\ v ;
<, <E’ r?K
[« D L1
L D1 L
D D3 J
HHHHHHHHHHHHHHHHHH%HHHHHHHHHHHHHHHHHHH T T
= | E]
=Bl
= _i_ ————— W w
|
208 | 53_,,_ |
TR | ML |

UH_ME_V2

1.

Drawing is not to scale.

Table 120. LQFP208, 28 x 28 mm, 208-pin low-profile quad flat package
mechanical data

millimeters inches(!)
Symbol
Min Typ Max Min Typ Max
A - - 1.600 -- - 0.0630
A1l 0.050 - 0.150 0.0020 - 0.0059
A2 1.350 1.400 1.450 0.0531 0.0551 0.0571
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Table 120. LQFP208, 28 x 28 mm, 208-pin low-profile quad flat package
mechanical data (continued)

millimeters inches(!
Symbol

Min Typ Max Min Typ Max
b 0.170 0.220 0.270 0.0067 0.0087 0.0106

0.090 - 0.200 0.0035 - 0.0079
D 29.800 30.000 30.200 1.1732 1.1811 1.1890
D1 27.800 28.000 28.200 1.0945 1.1024 1.1102
D3 - 25.500 - - 1.0039 -
E 29.800 30.000 30.200 1.1732 1.1811 1.1890
E1 27.800 28.000 28.200 1.0945 1.1024 1.1102
E3 - 25.500 - - 1.0039 -
e - 0.500 - - 0.0197 -
L 0.450 0.600 0.750 0.0177 0.0236 0.0295
L1 - 1.000 - - 0.0394 -
k 0° 3.5° 7.0° 0° 3.5° 7.0°
cce - - 0.080 - - 0.0031

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

J
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Figure 91. LQFP208, 28 x 28 mm, 208-pin low-profile quad flat package
recommended footprint
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1. Dimensions are expressed in millimeters.
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7.8 UFBGA 176+25, 10 x 10 x 0.65 mm ultra thin-pitch ball grid
array package information
Figure 92. UFBGA 176+25, 10 x 10 x 0.65 mm ultra thin fine-pitch ball grid array
package outline
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1. Drawing is not to scale.
Table 121. UFBGA 176+25, 10 x 10 x 0.65 mm ultra thin fine-pitch ball grid array
package mechanical data
millimeters inches("
Symbol
Min Typ Max Min Typ Max

A 0.460 0.530 0.600 0.0181 0.0209 0.0236
A1 0.050 0.080 0.110 0.002 0.0031 0.0043
A2 0.400 0.450 0.500 0.0157 0.0177 0.0197

b 0.230 0.280 0.330 0.0091 0.0110 0.0130

D 9.950 10.000 10.050 0.3917 0.3937 0.3957

E 9.950 10.000 10.050 0.3917 0.3937 0.3957

e - 0.650 - - 0.0256 -

F 0.400 0.450 0.500 0.0157 0.0177 0.0197
ddd - - 0.080 - - 0.0031
eee - - 0.150 - - 0.0059

fff - - 0.080 - - 0.0031

1. Values in inches are converted from mm and rounded to 4 decimal digits.
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Figure 93. UFBGA176+25, 10 x 10 x 0.65 mm, ultra fine-pitch ball grid array

package recommended footprint
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Table 122. UFBGA176+25 recommended PCB design rules (0.65 mm pitch BGA)

Dimension Recommended values
Pitch 0.65 mm
Dpad 0.300 mm
Dsm 0.400 mm typ. (depends on the soldermask reg-

istration tolerance)

Stencil opening

0.300 mm

Stencil thickness

Between 0.100 mm and 0.125 mm

Pad trace width

0.100 mm

3
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7.9 TFBGA216, 13 x 13 x 0.8 mm thin fine-pitch ball grid array

package information

Figure 94. TFBGA216, 13 x 13 x 0.8 mm thin fine-pitch ball grid array
package outline
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1. Drawing is not to scale.

Table 123. TFBGA216, 13 x 13 x 0.8 mm thin fine-pitch ball grid array

package mechanical data

millimeters inches(!)
Symbol
Min Typ Max Min Typ Max
A - - 1.100 - - 0.0433
A1 0.150 - - 0.0059 - -
A2 - 0.760 - - 0.0299 -
b 0.350 0.400 0.450 0.0138 0.0157 0.0177
D 12.850 13.000 13.150 0.5118 0.5118 0.5177
D1 - 11.200 - - 0.4409 -
E 12.850 13.000 13.150 0.5118 0.5118 0.5177
E1 - 11.200 - - 0.4409 -
e - 0.800 - - 0.0315 -
F - 0.900 - - 0.0354 -
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Table 123. TFBGA216, 13 x 13 x 0.8 mm thin fine-pitch ball grid array

package mechanical data (continued)

millimeters inches(")
Symbol
Min Typ Max Min Typ Max
G 0.900 0.0354
ddd 0.100 0.0039
eee 0.150 0.0059
fff 0.080 0.0031

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

Figure 95. TFBGA216, 13 x 13 x 0.8 mm thin fine-pitch ball grid array

package recommended footprint
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Table 124. TFBGA216 recommended PCB design rules (0.8 mm pitch BGA)

Dimension Recommended values
Pitch 0.8
Dpad 0.400 mm
Dsm 0.470 mm typ. (depends on the soldermask reg-

istration tolerance)

Stencil opening

0.400 mm

Stencil thickness

Between 0.100 mm and 0.125 mm

Pad trace width

0.120 mm

3
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710 Thermal characteristics

The maximum chip-junction temperature, T; max, in degrees Celsius, may be calculated
using the following equation:

T, max = Tp max + (Pp max x ©)a)
Where:

Ta max is the maximum ambient temperature in °C,
O, is the package junction-to-ambient thermal resistance, in ° C/W,
Pp max is the sum of Py max and P, max (Pp max = Pyt max + P,omax),

P \nT max is the product of Ipp and Vpp, expressed in Watts. This is the maximum chip
internal power.

P\;o max represents the maximum power dissipation on output pins where:

Piio max=X (VoL * lo) * Z((Vpp — Von) * lon),

taking into account the actual Vg / Ig_ and Vgy / Ioy of the 1/0s at low and high level in the
application.

Table 125. Package thermal characteristics

Symbol Parameter Value Unit

Thermal resistance junction-ambient

LQFP100 - 14 x 14 mm / 0.5 mm pitch 43
Thermal resistance junction-ambient 57
TFBGA100 - 8 x 8 mm / 0.8 mm pitch

Thermal resistance junction-ambient 31.2
WLCSP143 '

Thermal resistance junction-ambient 40

LQFP144 - 20 x 20 mm / 0.5 mm pitch
A °CIW
Thermal resistance junction-ambient

LQFP176 - 24 x 24 mm / 0.5 mm pitch 38
Thermal resistance junction-ambient 19
LQFP208 - 28 x 28 mm / 0.5 mm pitch

Thermal resistance junction-ambient 39
UFBGA176 - 10 x 10 mm / 0.65 mm pitch

Thermal resistance junction-ambient 29

TFBGA216 - 13 x 13 mm / 0.8 mm pitch

Reference document

JESDS51-2 Integrated Circuits Thermal Test Method Environment Conditions - Natural
Convection (Still Air). Available from www.jedec.org.

242/226
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8 Ordering information

Table 126. Ordering information scheme
Example: STM32 F 746 V G T 6 xxx

Device family
STM32 = ARM-based 32-bit microcontroller

Product type

F = general-purpose

Device subfamily

745= STM32F745xx, USB OTG FS/HS, camera interface Ethernet
746= STM32F746xx, USB OTG FS/HS, camera interface, Ethernet, LCD-TFT

Pin count

V =100 pins

Z =143 and 144 pins
| =176 pins

B =208 pins

N =216 pins

Flash memory size

E = 512 Kbytes of Flash memory
G = 1024 Kbytes of Flash memory

Package
T=LQFP
K=UFBGA
H=TFBGA
Y = WLCSP

Temperature range

6 = Industrial temperature range, —40 to 85 °C.
7 = Industrial temperature range, —40 to 105 °c.(h

Options

XXX = programmed parts
TR = tape and reel
1. Not available for WLCSP packages.

For a list of available options (speed, package, etc.) or for further information on any aspect
of this device, please contact your nearest ST sales office.

3
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Appendix A Recommendations when using internal reset
OFF

When the internal reset is OFF, the following integrated features are no longer supported:
e The integrated power-on reset (POR) / power-down reset (PDR) circuitry is disabled.
e  The brownout reset (BOR) circuitry must be disabled.

e  The embedded programmable voltage detector (PVD) is disabled.

e Vgt functionality is no more available and VBAT pin should be connected to Vpp.

e  The over-drive mode is not supported.

A1 Operating conditions
Table 127. Limitations depending on the operating power supply range
Maximum
Flash
Operating memory Maximum Flash Possible Flash
power ADC access memory access .
. - 1/0 operation memory
supply operation frequency frequency with oberations
range with no wait | wait states (1(2) P
states
(fFIashmax)
Vpp =1.7 to C.onverS|on 18Q MHz with 8 | No I/O 8-bit erase and
210G time up to 20 MHz wait states and compensation program
’ 1.2 Msps over-drive OFF operations only

1. Applicable only when the code is executed from Flash memory. When the code is executed from RAM, no
wait state is required.

2. Thanks to the ART accelerator on ITCM interface and L1-cache on AXI interface, the number of wait states
given here does not impact the execution speed from the Flash memory since the ART accelerator or L1-
cache allows to achieve a performance equivalent to 0-wait state program execution.

3. Vpp/Vppa minimum value of 1.7 V, with the use of an external power supply supervisor (refer to
Section 3.17.1: Internal reset ON).

3
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Important security notice

The STMicroelectronics group of companies (ST) places a high value on product security,
which is why the ST product(s) identified in this documentation may be certified by various
security certification bodies and/or may implement our own security measures as set forth
herein. However, no level of security certification and/or built-in security measures can
guarantee that ST products are resistant to all forms of attacks. As such, it is the
responsibility of each of ST's customers to determine if the level of security provided in an
ST product meets the customer needs both in relation to the ST product alone, as well as
when combined with other components and/or software for the customer end product or
application. In particular, take note that:

ST products may have been certified by one or more security certification bodies, such
as Platform Security Architecture (www.psacertified.org) and/or Security Evaluation
standard for loT Platforms (www.trustcb.com). For details concerning whether the ST
product(s) referenced herein have received security certification along with the level
and current status of such certification, either visit the relevant certification standards
website or go to the relevant product page on www.st.com for the most up to date
information. As the status and/or level of security certification for an ST product can
change from time to time, customers should re-check security certification status/level
as needed. If an ST product is not shown to be certified under a particular security
standard, customers should not assume it is certified.

Certification bodies have the right to evaluate, grant and revoke security certification in
relation to ST products. These certification bodies are therefore independently
responsible for granting or revoking security certification for an ST product, and ST
does not take any responsibility for mistakes, evaluations, assessments, testing, or
other activity carried out by the certification body with respect to any ST product.

Industry-based cryptographic algorithms (such as AES, DES, or MD5) and other open
standard technologies which may be used in conjunction with an ST product are based
on standards which were not developed by ST. ST does not take responsibility for any
flaws in such cryptographic algorithms or open technologies or for any methods which
have been or may be developed to bypass, decrypt or crack such algorithms or
technologies.

While robust security testing may be done, no level of certification can absolutely
guarantee protections against all attacks, including, for example, against advanced
attacks which have not been tested for, against new or unidentified forms of attack, or
against any form of attack when using an ST product outside of its specification or
intended use, or in conjunction with other components or software which are used by
customer to create their end product or application. ST is not responsible for resistance
against such attacks. As such, regardless of the incorporated security features and/or
any information or support that may be provided by ST, each customer is solely
responsible for determining if the level of attacks tested for meets their needs, both in
relation to the ST product alone and when incorporated into a customer end product or
application.

All security features of ST products (inclusive of any hardware, software,
documentation, and the like), including but not limited to any enhanced security
features added by ST, are provided on an "AS IS" BASIS. AS SUCH, TO THE EXTENT
PERMITTED BY APPLICABLE LAW, ST DISCLAIMS ALL WARRANTIES, EXPRESS
OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE IMPLIED WARRANTIES OF
MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE, unless the
applicable written and signed contract terms specifically provide otherwise.
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Table 128. Document revision history

Date

Revision

Changes

26-May-2015

1

Initial release.

20-Oct-2015

Updated Table 55: ESD absolute maximum ratings adding packages.
Updated note of Table 34: Typical and maximum current consumptions
in Standby mode.

Updated Figure 11: STM32F750V8 LQFP100 pinout replacing PB13
and PB14 by PE13 and PE14.

Updated Table 53: EMS characteristics replacing 168 MHz by

216 MHz.

Updated Section 3.9: Quad-SPI memory interface (QUADSPI)
removing ‘STM32F75xx’.

Updated Section 3.22.2: General-purpose timers (TIMx) and

Section 3.44: Embedded Trace Macrocell™ modifying STM32F756xx
by STM32F74xxx.

Updated Section 3.1: ARM® Cortex®-M7 with FPU modifying
STM32F756xx family by STM32F745xx and STM32F746xx devices.
Removed Table 86. Ethernet DC electrical characteristics.

Updated all the notes removing ‘not tested in production’.

Updated Table 45: Main PLL characteristics, Table 46: PLLI2S
characteristics and Table 47: PLLISAI characteristics fVCO_OUT
output at min value ‘100’ and VCO freq at 100 MHz.

Updated Table 15: STM32F750x8 register boundary addresses
replacing cortex-M4 by Cortex-M7.

Updated Table 89: Dynamics characteristics: Ethernet MAC signals for
MIltd (TXEN) and td (TXD) min value at 6.5 ns.

10-Dec-2015

Updated Table 11: STM32F750x8 pin and ball definition additional
functions column: WKUP1, 2, 3, 4, 5, 6 must be respectively PAO, PA2,
PC1, PC13, PI8, PI11.

Updated Table 64: ADC characteristics adding Vrgg. negative voltage
reference.

Update Table 16: Voltage characteristics adding table note 3.
Updated Table 71: Temperature sensor calibration values memory
addresses.

Updated Table 74: Internal reference voltage calibration values
memory addresses.
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Table 128. Document revision history (continued)

Date

Revision

Changes

18-Feb-2016

Updated Table 54: EMI characteristics modifying 25/180 MHz by
25/200 MHz.

Updated Figure 13: STM32F756ZxSTM32F74xZx WLCSP143 ballout.

Added TFBGA100 8 x 8 mm package:

— Updated Cover page.

— Updated Section 1: Introduction.

— Updated Table 4: STM32F750x8 features and peripheral counts.

— Updated Table 6: Regulator ON/OFF and internal reset ON/OFF
availability.

— Updated Section 4: Pinouts and pin description adding Figure 12:
STM32F756VxSTM32F74xVx TFBGA100 ballout and adding

TFBGA100 ball description in Table 11: STM32F750x8 pin and ball
definition.

— Updated Table 19: General operating conditions.

— Updated Table 55: ESD absolute maximum ratings.

— Updated notes below Figure 38 and Figure 39.

— Updated Section 7: Package information adding TFBGA100
package information and adding thermal resistance in Table 126:
Package thermal characteristics.

— Updated Table 11: STM32F750x8 pin and ball definition note 5.

Updated Table 37: Peripheral current consumption peripheral

consumption on APB1 and APB2.

Updated Figure 13: STM32F750N8 TFBGA216 ballout.

23-Jul-2025

Updated:
— Features
— Chapter 1: Introduction

— Table 2: STM32F745xx and STM32F746xx features and peripheral
counts

— Chapter 3.37: True Random number generator (RNG)

— Section Table 10.: STM32F745xx and STM32F746xx pin and ball
definition

— Section Table 23.: Reset and power control block characteristics

— Section 6.3.7: Supply current characteristics

— Table 42: HSI oscillator characteristics

— Table 53: EMI characteristics

— Section 6.3.17: /O port characteristics

— Figure 39: I/O AC characteristics definition

— Figure 41: ADC accuracy characteristics

— Figure 42: Typical connection diagram using the ADC

— Figure 66: NAND controller waveforms for read access

— Figure 67: NAND controller waveforms for write access

— Section 8: Ordering information
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IMPORTANT NOTICE - PLEASE READ CAREFULLY

STMicroelectronics NV and its subsidiaries (“ST”) reserve the right to make changes, corrections, enhancements, modifications, and
improvements to ST products and/or to this document at any time without notice. Purchasers should obtain the latest relevant information on
ST products before placing orders. ST products are sold pursuant to ST’s terms and conditions of sale in place at the time of order
acknowledgement.

Purchasers are solely responsible for the choice, selection, and use of ST products and ST assumes no liability for application assistance or
the design of Purchasers’ products.

No license, express or implied, to any intellectual property right is granted by ST herein.

Resale of ST products with provisions different from the information set forth herein shall void any warranty granted by ST for such product.

ST and the ST logo are trademarks of ST. For additional information about ST trademarks, please refer to www.st.com/trademarks. All other
product or service names are the property of their respective owners.

Information in this document supersedes and replaces information previously supplied in any prior versions of this document.

© 2025 STMicroelectronics — All rights reserved
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